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Chapter

1

Introduction to HDF

1.1

1.2

Chapter Overview

This chapter provides a general description of HDF including its native object structures, applica-
tion programming interface, and accompanying command-line utilities. It also provides a short
discussion of HDF’s original purpose and philosophy, and concludes with a list of the platforms
that HDF has been ported to.

What is HDF?

TheHierarchical Data Format or HDF, is a multiobject file format for sharing scientific data in

a distributed environment. HDF was created at the National Center for Supercomputing Applica-
tions to serve the needs of diverse groups of scientists working on projects in various fields. HDF
was designed to address many requirements for storing scientific data, including:

Support for the types of data and metadata commonly used by scientists.

Efficient storage of and access to large data sets.

Platform independence.

Extensibility for future enhancements and compatibility with other standard formats.

In this document, the tertdDF data structureswill be used to describe the primary constructs
HDF provides to store data. These constructs include raster image, palette, scientific data set,
annotation, vdata, and vgroup. They are illustrated in Figure 1a on page 2. Note that the construct
vgroup is designed for the purpose of grouping HDF data structures.

HDF files areself-describing The term “self-description” means that, for each HDF data struc-
ture in a file, there is comprehensive information about the data and its location in the file. This
information is often referred to asetadata Also, many types of data can be included within an
HDF file. For example, it is possible to store symbolic, numerical and graphical data within an
HDF file by using appropriate HDF data structures.
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FIGURE la

HDF Data Structures
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HDF can be viewed as several interactive levels. At its lowest level, HDF is a physical file format
for storing scientific data. At its highest level, HDF is a collection of utilities and applications for
manipulating, viewing, and analyzing data stored in HDF files. Between these levels, HDF is a
software library that provides high-level and low-level programming interfaces. It also includes
supporting software that make it easy to store, retrieve, visualize, analyze, and manage data in
HDF files. See Figure 1b on page 3 for an illustration of the interface levels.

The basic interface layer, or tHew-level AP| is reserved for software developers. It was
designed for direct file I/O of data streams, error handling, memory management, and physical
storage. It is a software toolkit for experienced HDF programmers who wish to make HDF do
something more than what is currently available through the higher-level interfaces. Low-level
routines are available only in C.

The HDFapplication programming interfacespr APIs, include several independent sets of rou-
tines, with each set specifically designed to simplify the process of storing and accessing one type
of data. These interfaces are represented in Figure 1b as the second layer from the top. Although
each interface requires programming, all the low-level details can be ignored. In most cases, all
one must do is make the correct function call at the correct time, and the interface will take care of
the rest. Most HDF interface routines are available in both FORTRAN-77 and C. A complete list
of the high-level interfaces is provided in Section 1.4 on page 4.
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FIGURE 1b

1.3

Three Levels of Interaction with the HDF File
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On the highest levefjeneral applicationsHDF includes variousommand-line utilitiesfor man-
aging and viewing HDF files, sevefdCSA applicationdghat support data visualization and anal-
ysis, and a variety ahird-party applications The HDF utilities are included in the NCSA HDF
distribution.

Source code and documentation for the HDF libraries, as well as binaries for supported platforms,
is freely available but subject to the restrictions listed with the copyright notice at the beginning of
this guide. This material is available via NCSA's anonymous FTP sggvesa.uiuc.edu ,in

the directory/HDF/ . (The HDF FTP server diif.ncsa.uiuc.edu mirrors this material in the
directory/pub/distHDF/ .) Applications supported by NCSA, as well as applications contributed
by members of the worldwide HDF user community, are available on these servers.

Why Was HDF Created?

Scientists commonly generate and process data files on several different machines, use various
software packages to process files and share data files with others who use different machines and
software. Also, they may include different kinds of information within one particular file, or

within a group of files, and the mixture of these different kinds of information may vary from one
file to another. Files may be conceptually related but physically separated. For example, some data
may be dispersed among different files and some in program code. It is also possible that data may
be related only in the scientist’s conception of the data; no physical relationship may exist.

HDF addresses these problems by providing a general-purpose file structure that:

Provides the mechanism for programs to obtain information about the data in a file from
within the file, rather than from another source.

Lets the user store mixtures of data from different sources into a single file as well as store
the data and its related information in separate files, even when the files are processed by the
same application program.

Standardizes the formats and descriptions of many types of commonly-used data sets, such
as raster images and multidimensional arrays.

Encourages the use of a common data format by all machines and programs that produce
files containing specific data.

Can be adapted to accommodate virtually any kind of data.
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1.4 High-Level HDF APIs

HDF APIs are divided into two categories: multifile interfaces (new) and single-file interfaces
(old). The multifile interfaces are those that provide simultaneous access to several HDF files
from within an application, which is an important feature that the single-file interfaces do not sup-
port. It is recommended that the user explore the new interfaces and their features since they are
an improvement over the old interfaces. The old interfaces remain simply because of the need for
backward compatibility.

The HDF I/0O library consists of C and FORTRAN-77 routines for accessing objects and associ-
ated information. Although there is some overlap among object types, in most cases an API oper-
ates on data of only one type. Therefore, you need only familiarize yourself with the APIs specific
to your needs to access data in an HDF file.

The following lists include all of the currently available HDF interfaces and the data that each
interface supports.

The new multifile interfaces are:

- SD API Stores, manages and retrieves multidimensional arrays of char-
acter or numeric data, along with their dimensions and
attributes, in more than one file. It is described in Chapter 3,
Scientific Data Sets (SD API)

« VS API Stores, manages and retrieves multivariate data stored as
records in a table. It is described in Chaptevdatas (VS
API).

- VAPI Creates groups of any primary HDF data structures. It is
described in Chapter ¥groups (V API)

« GRAPI Stores, manages and retrieves raster images, their dimensions

and palettes in more than one file. It can also manipulate unat-
tached palettes in more than one file. It is described in Chapter
8, General Raster Images (GR API)

- AN API Stores, manages and retrieves text used to describe a file or any
of the data structures contained in the file. This interface can
operate on several files at once. It is described in Chapter 10,
Annotations (AN API)

The old single-file interfaces are:

- DFR8 API Stores, manages and retrieves 8-bit raster images, with their
dimensions and palettes in one file. It is described in Chapter 6,
8-Bit Raster Images (DFR8 API)

. DF24 API Stores, manages and retrieves 24-bit images and their dimen-

sions in one file. It is described in ChapteRZ4;bit Raster
Images (DF24 API)

- DFP API Stores and retrieves 8-bit palettes in one file. It is described in
Chapter 9Palettes (DFP APl)
- DFAN API Stores, manages and retrieves text strings used to describe a file

or any of the data structures contained in the file. This interface
only operates on one file at a time. It is described in Chapter
11, Single-file Annotations (DFAN API).

- DFSD API Stores, manages and retrieves multidimensional arrays of inte-
ger or floating-point data, along with their dimensions and
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1.5

1.6

attributes, in one file. It is described in ChapterSihgle-File
Scientific Data Sets (DFSD API)

As these interfaces are the tools used to read and write HDF files, they are the primary focus of
this manual.

In every interface, various programming examples are provided to illustrate the use of the inter-
face routines. Both C and FORTRAN-77 versions are available. Their source code, in ASCII for-
mat, is located on the FTP servers mentioned in SectioMhat is HDF? in the subdirectory
samples/.

Note that the goal of these examples is to illustrate the use of the interface routines; thus, for sim-
plicity, many assumptions have been made, such as the availability or the authentication of the
data. Based on these assumptions, these examples skip the verification of the returned status of
each function. In practice, it is strongly recommended that the user verify the returned value of
every function to ensure the reliability of the user application.

NCSA HDF Command-Line Utilities and Visualization Tools

HDF application software fall within the following three categories:
1. The FORTRAN-77 and C APIs described in Section 1.4 on page 4.
2. Scientific visualization and analysis tools that read and write HDF files.
3.  Command-line utilities that operate directly on HDF files.

Scientific visualization and analysis softwatbat can read and write HDF files is available. This
software includes NCSA-developed tools such as JHV (the Java-based HDF Viewer), user-devel-
oped software, and commercial packages. The use of HDF files guarantees the interoperability of
such tools. Some tools operate on raster images, others on color palettes. Some use images, others
color palettes, still others data and annotations, and so forth. HDF provides the range of data types
that these tools need, in a format that allows different tools with different data requirements to
operate on the same files without confusion.

The HDFcommand-line utilitiesare application programs that can be executed by entering them
at the command prompt, like UNIX commands. They perform common operations on HDF files
for which one would otherwise have to write a program. The HDF utilities are described in detail
in Chapter 15HDF Command-Line Utilities

Primary HDF Platforms

The HDF library and utilities are maintained on a number of different machines and operating sys-
tems. Table 1A lists the primary machines and operating systems HDF is ported to.

TABLE 1A

Primary HDF Platforms

Machine Operating System
Sun Sun4 SunQOS, Solaris
SGI Indy, PowerChallenge, Origin Irix
H/P HP9000 HPUX
SGl/Cray UNICOS
DEC Alpha Digital Unix, OpenVMS
DEC VAX OpenVMS
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Machine Operating System
PC Solaris86, Linux, FreeBSD
PC Windows NT/95
Apple Power Macintosh MacOS

For a complete list of the machines, operating systems (with versions), C and FORTRAN-77 com-
pilers (also with versions), refer to the file named “INSTALL” in the root directory of the HDF
distribution.

1-6 June 23, 1998



Chapter
2

HDF Fundamentals

2.1 Chapter Overview

This chapter provides necessary information for the creation and manipulation of HDF files. It
includes an overview of the HDF file format, basic operations on HDF files, and programming
language issues pertaining to the use of Fortran and ANSI C in HDF programming.

2.2 HDF File Format

An HDF file contains dile header at least onéata descriptor blockand zero or mordata ele-
mentsas depicted in Figure 2a.

FIGURE 2a The Physical Layout of an HDF File Containing One Data Object

HDF File —_ ) HDF File Header HDF File Header

Data Descriptor

Empty Data Descriptor Data Descriptor Block

. Empty Data Descriptor
Data Object

Empty Data Descriptor

I Data Element

The file headeridentifies the file as an HDF file. Aata descriptor bloclcontains a humber of

data descriptorsA data descriptor anddata elementogether form alata object which is the

basic conglomerate structure for encapsulating data in the HDF file. Each of these terms is
described in the following sections.
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2.2.1 File Header

The first component of an HDF file is the file header, which takes up the first four bytes of the
HDF file. Specifically, it consists of four one-byte values that are ASCII representations of control
characters: the first is a control-N, the second is a control-C , the third is a control-S and the fourth
is a control-A ("NA"CNS"MA).

Note that, on some machines, the order of bytes in the file header might be swapped when the
header is written to an HDF file, causing these characters to be written in little-endian order. To
maintain the portability of HDF file header data when developing software for such machines, this
byte swapping must be counteracted by ensuring the characters are read and written in the desired
order.

2.2.2 Data Object

A data object is comprised of a data descriptor and a data element. The data descriptor consists of
information about the type, location, and size of the data element. The data element contains the
actual data. This organization of HDF data makes HDF $idfsdescribing Figure 2b shows two
examples of data objects.

FIGURE 2b Two Data Objects
Data Descriptors Data Elements
rank and dimensiong 2 90 by 100
data 63.2, 54.5, 12.3,
18.2, 1036, -74,
121, 69, 836,
2.2.2.1 Data Descriptor
All data descriptors are twelve bytes long and contain four fields, as depicted in Figure 2c. These
fields are: a 16-bitag, a 16-bitreference numbera 32-bitdata offsetand a 32-bitlata length
FIGURE 2¢ The Contents of a Data Descriptor

Tag R'\leljt;]rte)gfé Offset Length
2 bytes 2 bytes 4 bytes 4 bytes

Tag

A tag is the data descriptor field that identifies the type of data stored in the corresponding data
element. A tag is a 16-bit unsigned integer between 1 and 65,535, and is associated with a mne-
monic name to promote ease to use and the readability of user programs.

2-8
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If a data descriptor has no corresponding data element, the value of itBragdsNULL(or 0).

Tags are assigned by the HDF Group as part of the HDF specification. The following are the
ranges of tag values and their descriptions:

110 32,767 - Tags reserved for HDF Group use
32,768 10 64,999 - User-definable tags

65,000 to 65,535 - Tags reserved for expansion of the HDF specification
A list of commonly-used tags and their descriptions is included in Appendix A of this document.

Reference Number

For each occurrence of a tag in an HDF file, a unique reference number is assigned by the library
with the tag in the data descriptorréference numbeis a 16-bit unsigned integer and can not be
changed during the life of the data object that the reference number specifies.

The combination of a tag and a reference number uniquely identifies the corresponding data
object in the file.

Reference numbers are not necessarily assigned consecutively, so it cannot be assumed that the
value of a reference number has any meaning beyond providing a way of distinguishing among
objects with the same tag. While application programmers may find it convenient to impart some
additional meaning to reference numbers in their code, it is emphasized that the HDF library will
not internally recognize any such meaning.

Data Offset and Length

The data offset field points to the location of the data element in the file by storing the number of
bytes from the beginning of the file to the beginning of the data element. The length field contains
the size of the data element in bytes. The data offset and the length are both 32-bit unsigned inte-
gers.

2.2.2.2 Data Elements

The data element is the raw data portion of a data object.

2.2.3 Data Descriptor Block

Data descriptors are physically stored in a linked list of blocks called data descriptor blocks. The
relationship between the data descriptor block to the other components of an HDF file is illus-
trated in Figure 2a on page 7. The individual components of a data descriptor block are depicted
in Figure 2d on page 10. Each data descriptor in a data descriptor block is assumed to be associ-
ated with a data element unless it contains thé&®gG_NULL(or 0),which indicates that there is

no associated data element. By default, a data descriptor block cdstéiefined aDEF NDDB

data descriptors. The user may reset this limit when creating the HDF file. Refer to Section 2.3.3
for more details.

In addition to data descriptors, each data descriptor block contdets @escriptor headeThe

data descriptor header contains two fieldsck sizeandnext block The block size field is a 16-

bit unsigned integer indicating the number of data descriptors in the data descriptor block. The
next block field is a 32-bit unsigned integer indicating the offset of the next data descriptor block,
if one exists. The last data descriptor header in the list contains a valireitsf next block field.

Figure 2d illustrates the layout of a data descriptor block.
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FIGURE 2d

2.3

Data Descriptor Block

block size | next block | tag | ref | offset |length e tag |ref |[offset |length
data descriptor, . .

« heaclerp —» <= data descriptor® <= e —» 4= data descriptor

< data descriptor block >

2.2.4 Grouping Data Objects in an HDF File

Data objects containing related data in HDF files are usually grouped together by the library.
These groups of data objects are called data sets. The HDF user uses the application interface to
manipulate data sets in a file. As an example, an 8-bit raster image data set requires three objects:
a group object identifying the members of the set, an image object containing the image data, and
a dimension object indicating the size of the image.

Data objects are individually accessible even if they are included in a set, therefore data objects
can belong to more than one set and sets can be included in larger groups. For example, a palette
object included in one raster image set may also be a part of another raster image set if its tag and
reference number are included in a data descriptor within that second set.

Additional information about data objects, including the options available for storing them, can be
found in theHDF Specifications Manuaand from the HDF WWW home page latp:/
hdf.ncsa.uiuc.edu/

Basic Operations on HDF Files Using the Multifile Interfaces

This section describes the basic file operations, some of which are required in working with HDF
files using the multifile interfaces. Except for the SD interface, all applications using other multi-
file interfaces must explicitly use the routindspen andHcloseto control accesses to the HDF
files. In an application using the HDF file format, the file is accessed via its identifier, referred to
asfile identifier. The following subsections describe the file identifier and the basic file operations
common to most multifile interfaces.

2.3.1 File Identifiers

The HDF programming model specifies that a data file is first explicitly created or opened by an
application, manipulated, then explicitly closed by the application. A file identifier is a unique
number that the HDF library assigns to an HDF file when creating or opening the file. The HDF
library creates the file identifier for an HDF file when given its file name, as represented in the
native file system. Interface routines use only the file identifier to access and manipulate the file.
When all operations on the file are complete, the file identifier must be discarded by explicitly
closing the file before terminating the application.

As every file is assigned its own identifier, the order in which files are accessed is very flexible.
For example, it is valid to open a file and obtain an identifier for it, then open a second file without
closing the first file or disposing of the first file identifier. The only requirement made by HDF is
that all file identifiers be individually discarded before the termination of the calling program.

File identifiers created by the routine of one HDF interface can be used by the routines of any
other interfaces, except SD’s.
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2.3.2 Opening HDF Files: Hopen

The routineHopen creates or opens an HDF data file, depending on the access mode specified,
and returns the file identifier that the HDF library has assigned to the fileddjpen syntax is as
follows:

C: file_id = Hopen(flename, access_mode, num_dds_block);
FORTRAN: file_id = hopen(filename, access_mode, num_dds_block)

TheHopen parameters are defined in Table 2A and the following discussion.

TABLE 2A

Hopen Parameter List

Routine Name Parameter Type

[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77

filename char * character*(*) | File name
Hopen

[int32] access_mode intn integer File access mode
(hopen)

num_dds_block intl6 integer Number of data descriptors in a data descriptor blogk

The parametefilename is a character string representing the name of the HDF file to be
accessed.

The parametesaccess_mode specifies how the file should be accessed. All the access modes are
listed in Table 2B. If the access modeIACC _CREATENd the file already exists, the file will be
replaced by the new one. If the access mo@EASCC_REA@N the file does not existiopen will
returnFAIL (or-1). If the access mode FACC WRITEN the file does not exist, a new file will be
created.

The parametenum_dds block specifies the number of data descriptors in a block when the
access mode specified is create. If the access mode is not create, the watueldsf block is
ignored. The default number of data descriptors in a block is 16 (defin®&FasDD$ data
descriptors. The user may spedifyo keep the default or any non-negative integer to reset this
limit when creating the HDF file.

Note that, in the SD interfac8Dstart is used to open files insteadkdbpen. (Refer to Chapter 3,
Scientific Data Sets (SD ARDBf this document for more information 8Dstart.)

TABLE 2B

File Access Code Flags

File Access Flag Flag Value Description
DFACC_READ 1 Read access
DFACC_WRITE 2 Read and write access
DFACC_CREATE 4 Create with read and write access

2.3.3 Closing HDF Files: Hclose

The Hclose routine closes the file designated by the file identifier specified by the parameter
fle_id . TheHclosesyntax is as follows:

C: status = Hclose(file_id);

FORTRAN: status = hclose(file_id)
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Hclosereturns a value o8UCCEEIor 0) if successful oFAIL (or-1) otherwise. The parameter
name and type are listed in Table 2C. Refer also tdHDE Reference Manudbr additional
information regardingdclose

Note thatHcloseis not used to close files in the SD interfaB®endis used for this purpose.
(Refer to Chapter 3Scientific Data Sets (SD ARIQf this document for more information on
SDend)

TABLE 2C

Hclose Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
Hclose
[intn] file_id int32 integer File identifier
(hclose)

2.3.4 Getting the HDF Library and File Versions: Hgetlibversion and
Hgetfileversion

Hgetlibversion returns the version of the HDF library currently being used, as well as additional
textual information regarding the library. The parameter names and data types are listed in Table
2D. Refer also to thelDF Reference Manudbr additional information regardinggetlibver-

sion.

Hgetfileversion returns the version information of the HDF file specified by the parameter
fle_id , as well as additional textual information regarding the nature of the file. The parameter
names and data types are listed in Table 2D. Refer also tdReReference Manudbr addi-

tional information regardingigetfileversion.

The syntax of these routines is as follows:

C: status = Hgetlibversion(&major_v, &minor_v, &release, string);
status = Hgetfileversion(file_id, &major_v, &minor_v,
&release, string);

FORTRAN: status = hglibver(major_v, minor_v, release, string)
status = hdfilver(file_id, major_v, minor_v, release, string)

Both routines return a value BCCEEor 0) if successful oFAIL (or-1) otherwise.
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TABLE 2D

Hgetlibversion and Hgetfileversion Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
major_v uint32* integer Major version number
ngt[l?bv?rsion minor_v uint32* integer Minor version number
intn
(hglibver) release uint32* integer Complete library version number
string char* character*(*) | Additional information about the library version
file_id int32 integer File identifier
- P - - -
Hgetfileversion major_v uint32 integer Major version number
[intn] minor_v uint32* integer Minor version number
(hgfilver) release uint32* integer Complete library version number
string char* character*(*) Additional information about the library versiop

2.4 Programming Issues

This section introduces information relevant to the process of developing programs that use the
HDF library, such as the names of necessary header files, lists of common definitions and issues
concerning FORTRAN-77 and C programming.

2.4.1 Header File Information

The header file “hdf.h” must be included in every HDF application program written in C, except
for programs that call routines in the SD interface. The header file “mfhdf.h” must be included in
all programs that call SD interface routines.

Fortran programmers who use compilers that allow file inclusion can include the files “hdf.inc”
and “dffunc.inc”. If a Fortran compiler that does not support file inclusion is used, HDF library
definitions must be explicitly defined in the Fortran program as they are included in the header
files of the HDF library.

2.4.2 HDF Definitions

The HDF library provides several sets of definitions which can be used easily in the user applica-
tions. These sets include the definitions of the data types, the data type flags, and the limits that set
various maximum values. The definitions of the data types supported by HDF are located in the
“hdf.h” header file, and the data type flags are located in the “hntdefs.h” header file. Both are also
included in Table 2E on page 14, Table 2F on page 14, and Table 2G on page 15. HDF data types
are used for portability in the declaration of variables, and data type flags are used as parameters
in various HDF interface routines.

2.4.2.1 Standard HDF Data Types

The definitions of the fundamental data types are in Table 2E on page 14. AIDENTIFLOAT
(or 5), DFNT_UCHARor 3), andDFNT_CHARor 4) have not been added to this table, they are also sup-
ported by the HDF library for backward compatibility.

If the machine used is big-endian, using these data types will result in no byte-order conversion
being performed. If the machine used is little-endian, the library will convert the byte-order of the
variables to big-endian.
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TABLE 2E Standard HDF Data Types and Flags
HDF Data Type Data Type Flag and Value Description

char8 DFNT_CHARS (4) 8-bit character type

uchar8 DFNT_UCHARS (3) 8-bit unsigned character type

int8 DFNT_INT8 (20) 8-bit integer type

uint8 DFNT_UINTS8 (21) 8-bit unsigned integer type

int16 DFNT_INT16 (22) 16-bit integer type

uint16 DFNT_UINT16 (23) 16-bit unsigned integer type

int32 DFNT_INT32 (24) 32-bit integer type

uint32 DFNT_UINT32 (25) 32-bit unsigned integer type

float32 DFNT_FLOAT32 (5) 32-bit floating-point type

float64 DFNT_FLOAT64 (6) 64-bit floating-point type
Fortran programmers should refer to Section 2.4.3 on page 16 for a discussion of the Fortran data
types.
2.4.2.2 Native Format Data Types
When a native format data type is specified, the corresponding numbers are stored in the HDF file
exactly as they appear in memory, without conversion. For example, on a Cray Y-MP, 8 bytes of
memory, or one Cray word, is used to store most integers. Therefore, an 8-bit signed integer, rep-
resented by th®FNT_INT32 flag, on a Cray Y-MP uses 8 bytes of memory. Consequently, when
the data typ®FNT_NATIVE |[DFNT_INT32  (DFNT_NATIVEbytewise-ORed witlDFNT_INT32) is used
on a Cray Y-MP to specify the data type of an HDF SDS or vdata, each integer stored in the HDF
file is 8 bytes.
The method for constructing the data type flag for each native data type described in the previous
paragraph is used for any of the native data typeDRNE NATIVEflag is bitwise-ORed with the
flag of the corresponding standard data type.
If the user is on a big-endian machine, using native data types will result in no conversion. If the
user is on a little-endian machine, the HDF library will perform little-to-big-endian conversion.
The definitions of the native format data types and the corresponding data type flags appear in
Table 2F.

TABLE 2F Native Format Data Type Definitions

HDF Data Type HDF Data Type Flag and Value Description
int8 DFNT_NINT8 (4116) 8-bit native integer type

uint8 DFNT_NUINTS (4117) 8-bit native unsigned integer type
int16 DFNT_NINT16 (4118) 16-bit native integer type
uint16 DFNT_NUINT16 (4119) 16-bit native unsigned integer type
int32 DFNT_NINT32 (4120) 32-bit native integer type
uint32 DFNT_NUINT32 (4121) 32-bit native unsigned integer type
float32 DFNT_NFLOAT32 (4101) 32-bit native floating-point type
float64 DFNT_NFLOAT64 (4102) 64-bit native floating-point type
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2.4.2.3 Little-Endian Data Types

HDF also provides a “little-endian” option to suppress any rearranging of byte ordering from lit-

tle- to big-endian. This is primarily for users of Intel-based machines who do not want to incur the
cost of reordering data when writing to an HDF file. Note that direct conversions are supported
between little-endian and all other byte-order formats supported by HDF.

The method for constructing the data type flag for each little-endian data type is similar to the
method for constructing native format data type flagsDiNT_LITEND flag is bitwise-ORed with
the flag of the corresponding standard data type.

If the user is on a little-endian machine, using these data types will result in no conversion. If the
user is on a big-endian machine, the HDF library will perform big-to-little-endian conversion.

The definitions of the little-endian data types and the corresponding data type flags appear in
Table 2G.

TABLE 2G Little-Endian Format Data Type Definitions
HDF Data Type HDF Data Type Flag and Value Description

int8 DFNT_LINT8 (16404) 8-bit little-endian integer type

uint8 DFNT_LUINTS (16405) 8-bit little-endian unsigned integer type

intl6 DFNT_LINT16 (16406) 16-bit little-endian integer type

uint16 DFNT_LUINT16 (16407) 16-bit little-endian unsigned integer type

int32 DFNT_LINT32 (16408) 32-bit little-endian integer type

uint32 DFNT_LUINT32 (16409) 32-bit little-endian unsigned integer type

float32 DFNT_LFLOAT32 (16389) 32-bit little-endian floating-point type

float64 DFNT_LFLOAT64 (16390) 64-bit little-endian floating-point type
2.4.2.4 Tag Definitions
These definitions identify the object tags defined and used by the HDF interface library. The con-
cept of object tags is introduced in Section 2.2.2.1 on page 8, and a list of tags can be found in
Appendix A of this manual. Note that tags can also identify properties of data objects.
2.4.2.5 Limit Definitions
These definitions declare the maximum size of specific data object parameters, such as the maxi-
mum length of a vdata field or the maximum number of objects in a vgroup. They are located in
the header file “hlimits.h”. A selection of the most-commonly-used limit definitions appears in
Table 2H.

TABLE 2H Limit Definitions

Definition Name Definition Value Description
FIELDNAMELENMAX 128 Maximum length of a vdata field in bits - 16 characters
VSNAMELENMAX 64 Maximum length of a vdata name in bytes - 64 characters
VGNAMELENMAX 64 Maximum length of a vgroup name in bytes - 64 characters
VSFIELDMAX 256 Maximum number of fields per vdata (64 for Macintosh)
VDEFAULTBLKSIZE 4096 Default block size in a vdata
VDEFAULTNBLKS 32 Default number of blocks in a vdata
MAXNVELT 64 Maximum number of objects in a vgroup
MAX_ORDER 65535 Maximum order of a vdata field

June 23, 1998 2-15



National Center for Supercomputing Applications

MAX_FIELD_SIZE 65535 Maximum length of a field
MAX_NC_DIMS 5000 Maximum number of dimensions per file
MAX_NC_ATTRS 3000 Maximum number of file or variable attributes
MAX_NC_VARS 5000 Maximum number of file attributes
MAX_NC_DIMS 32 Maximum number of variable attributes
MAX_NC_NAME 256 Maximum length of a name - NC interface
MAX_PATH_LEN 1024 Maximum length of an external file name
MAX_FILE 32 Maximum number of open files
MAX_GROUPS 8 Maximum number of groups
MAX_GR_NAME 256 Maximum length of a name - GR interface
MAX_VAR_DIMS 32 Maximum number of dimensions per variable
MAX_REF 65535 The largest number that will fit into a 16-bit word reference variable
MAX_BLOCK_SIZE 65536 Maximum size of blocks in linked blocks

2.4.3 FORTRAN-77 and C Language Issues

HDF provides both FORTRAN-77 and C versions of most of its interface routines. In order to
make the FORTRAN-77 and C versions of each routine as similar as possible, some compromises
have been made in the process of simplifying the interface for both programming languages.

FORTRAN-77-to-C Translation

Nearly all of the HDF library code is written in C. A FORTRAN-77 HDF interface routine trans-
lates all parameter data types to C data types, then calls the C routine that performs the functional-
ity of the interface routine. For examplel8aimg is the FORTRAN-77 equivalent for
DFR8addimage Calls to either routine execute the same C code that adds an 8-bit raster image to
an HDF file. See Figure 2e.

FIGURE 2e Use of a Function Call Converter to Route FORTRAN-77 HDF Calls to the C Library

Your Your
c FORTRAN-77 to C FORTRAN-77
Program Program
DFR8addimage - d8a|mg to DFRSaddlmag* d8aimg

Case Sensitivity

FORTRAN-77 identifiers generally are not case sensitive, whereas C identifiers are. Although all
of the FORTRAN-77 routines shown in this manual are written in lower case, FORTRAN-77 pro-
grams can generally call them using either upper- or lower-case letters without loss of meaning.

Name Length

Because some FORTRAN-77 compilers only interpret identifier names with seven or fewer char-
acters, the first seven characters of the FORTRAN-77 HDF routine names are unique.
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Header Files

The inclusion of header files is not generally permitted by FORTRAN-77 compilers. However, it
is sometimes available as an option. On UNIX systems, for example, the macro proogasdrs

cpp let the compiler include and preprocess header files. If this capability is not available, the user
may have to copy the declarations, definitions, or values needed from the files “dffunc.inc” and
“hdf.inc” into the user application. If the capability is available, the files can be included in the
Fortran code. These two files reside in the include directory after the library is installed on the
user’s system.

Data Type Specifications

When mixing machines, compilers, and languages, it is difficult to maintain consistent data type
definitions. For instance, on some machines an integer is a 32-bit quantity and on others, a 16-bit
guantity. In addition, the differences between FORTRAN-77 and C lead to difficulties in describ-
ing the data types found in the argument lists of HDF routines. To maintain portability, the HDF
library expects assigned names for all data types used in HDF routines. See Table 2I.

TABLE 2l

Correspondence Between Fortran and HDF C Data Types

Data Type FORTRAN C
8-bit signed integer character*1 * int8
8-bit unsigned integer character*1 uint8
16-bit signed integer integer*2 int16
16-bit unsigned integer Not supported uint16
32-bit signed integer integer*4 ** int32
32-bit unsigned integer Not supported uint32
32-bit floating point number real*4 ** float32
64-bit floating point number real*8 ** float64
Native signed integer integer intn
Native unsigned integer Not supported uintn
** if the compiler supports this data type

When using a FORTRAN-77 data type that is not supported, the general practice is to use another
data type of the same size. For example, an 8-bit signed integer can be used to store an 8-bit
unsigned integer variable.

String and Array Specifications

The following conventions are followed in the specification of arrays in this manual:

character+(*) defines a string of an indefinite number of characters. It is the responsibility
of the calling program to allocate enough space to hold the data to be stored in the string.

real x(*) means that refers to an array of reals of indefinite size and of indefinite rank. It
is the responsibility of the calling program to allocate an actual array with the correct num-
ber of dimensions and dimension sizes.

<valid numeric data type> x means that may have one of the numeric data types
listed in the Description column of Table 2I above.

<valid data type> x means that may have any of the data types listed in the Descrip-
tion column of Table 21 above.
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FORTRAN-77 and ANSI C

As much as possible, we have ensured that the HDF interface routines conform to the implementa-
tions of Fortran and C that are in most common use today, namely FORTRAN-77 and ANSI C.

As Fortran-90 is a superset of FORTRAN-77, HDF programs should compile and run correctly
when using a Fortran-90 compiler. However, an HDF library interface that makes full use of For-
tran-90 enhancements is being considered.
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3

Scientific Data Sets (SD API)

3.1

3.2

Chapter Overview

This chapter describes the scientific data model and the interface routines provided by HDF for
creating and accessing the data structures included in the model. This interface is known as the
SD interface or the SD API.

The Scientific Data Set Data Model

The scientific data set, or SDS, is a group of data structures used to store and describe multidimen-
sional arrays of scientific data. Refer to Figure 3a for a graphical overview of the SD data set.
Note that in this chapter the terr8®S SD data setanddata setare used interchangeably; the
termsSDS arrayandarray are also used interchangeably.

A scientific data set consists of required and optional components, which will be discussed in the
following subsections.

FIGURE 3a

The Contents of a Scientific Data Set

SDS
/ Required Components Optional Components \
SDS Array
Predefined Attributes
Name ) .
User-defined Attributes
Data Type
Dimension Scales
Dimensions
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3.2.1 Required SDS Components

Every SDS must contain the following componentsS&S6 array aname adata type and the
dimensionsof the SDS, which are actually the dimensions of the SDS array.

SDS Array

An SDS arrayis a multidimensional data structure that serves as the core structure of an SDS.
This is the primary data component of the SDS model and can be compressed (refer to
Section 3.5.2 on page 46 for a description of SDS compression) and/or stored in external files
(refer the Section 3.5.3.3 on page 52 for a description of external SDS storage). Users of netCDF
should note that SDS arrays are conceptually equivalestritablesin the netCDF data model

An SDS has an index and a reference number associated with ihdEixés a non-negative inte-

ger that describes the relative position of the data set in the file. A valid index ranges from 0 to the
total number of data sets in the file minus 1. Téference numbelis a unique positive integer
assigned to the data set by the SD interface when the data set is created. Various SD interface rou-
tines can be used to obtain an SDS index or reference number depending on the available informa-
tion about the SDS. The index can also be determined if the sequence in which the data sets are
created in the file is known.

In the SD interface, aBDS identifieruniquely identifies a data set within the file. The identifier is
created by the SD interface access routines when a new SDS is created or an existing one is
selected. The identifier is then used by other SD interface routines to access the SDS until the
access to this SDS is terminated. For an existing data set, the index of the data set can be used to
obtain the identifier. Refer to Section 3.4.1 on page 26 for a description of the SD interface routine
that creates SDSs and assigns identifiers to them.

SDS Name

Thenameof an SDS can be provided by the calling program, or is set to "DataSet" by the HDF
library at the creation of the SDS. The name consists of case-sensitive alphanumeric characters, is
assigned only when the data set is created, and cannot be changed. SDS names do not have to be
unique within a file, but their uniqueness makes it easy to semantically distinguish among data
sets in the file.

Data Type

The data contained in an SDS array hakata typeassociated with it. The standard data types
supported by the SD interface include 32- and 64-bit floating-point numbers, 8-, 16- and 32-bit
signed integers, 8-, 16- and 32-bit unsigned integers, and 8-bit characters. The SD interface also
allows the creation of SD data sets consisting of data elements of non-standard lengths (1 to 32
bits). See Section 3.7.6 on page 71 for more information.

Dimensions

SDSdimensionsspecify the shape and size of an SDS array. The number of dimensions of an
array is referred to as th@ank of the array. Each dimension has an index and an identifier
assigned to it. A dimension also has a size and may have a name associated with it.

A dimensionidentifier is a positive number uniquely assigned to the dimension by the library.
This dimension identifier can be retrieved via an SD interface routine. Refer to Section 3.8.1 on
page 72 for a description of how to obtain dimension identifiers.

1. netCDF-3 User’s Guide for Qlune 5, 1997), Section 7, http://www.unidata.ucar.edu/pack-
ages/netcdf/guidec/.
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A dimensionindex is a non-negative number that describes the ordinal location of a dimension
among others in a data set. In other words, when an SDS dimension is created, an index number is
associated with it and is one greater than the index associated with the last created dimension that
belongs to the same data set. The dimension index is convenient in a sequential search or when the
position of the dimension among other dimensions in the SDS is known.

Namescan optionally be assigned to dimensions, however, dimension names are not treated in the
same way as SDS array names. For example, if a name assigned to a dimension was previously
assigned to another dimension the SD interface treats both dimensions as the same data compo-
nent and any changes made to one will be reflected in the other.

Thesizeof a dimension is a positive integer. Also, one dimension of an SDS array can be assigned
the predefined siz6D_UNLIMITED(or 0). This dimension is referred to asamimited dimension

which, as the name suggests, can grow to any length. Refer to Section 3.5.1.3 on page 40 for more
information on unlimited dimensions.

3.2.2 Optional SDS Components

There are three types of optional SDS componests-defined attributespredefined attributes
anddimension scalesThese optional components are only created when specifically requested by
the calling program.

Attributesdescribe the nature and/or the intended usage of the file, data set, or dimension they are

attached to. Attributes have a nhame and value which contains one or more data entries of the same
data type. Thus, in addition to name and value, the data type and number of values are specified
when the attribute is created.

User-Defined Attributes

User-defined attributesare defined by the calling program and contain auxiliary information
about a file, SDS array, or dimension. They are more fully described in Section 3.9 on page 85.

Predefined Attributes

Predefined attributedrave reserved names and, in some cases, predefined data types and/or num-
ber of data entries. Predefined attributes are useful because they establish conventions that appli-
cations can depend on. They are further described in Section 3.10 on page 95.

Dimension Scales

A dimension scale is a sequence of numbers placed along a dimension to demarcate intervals
along it. Dimension scales are described in Section 3.8.4 on page 74.

3.2.3 Annotations and the SD Data Model

In the past, annotations were supported in the SD interface to allow the HDF user to attach
descriptive information (called metadata) to a data set. With the expansion of the SD interface to
include user-defined attributes, the use of annotations to describe metadata should be eliminated.
Metadata once stored as an annotation is now more conveniently stored as an attribute. However,
to ensure backward compatibility with scientific data sets and applications relying on annotations,
the AN annotation interface, described in ChapterAtbotations (AN APIxan be used to anno-

tate SDSs.

There is no cross-compatibility between attributes and annotations; creating one does not auto-
matically create the other.
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3.3 The SD Interface

The SD interface provides routines that store, retrieve, and manipulate scientific data using the
SDS data model. The SD interface supports simultaneous access to more than one SDS in more
than one HDF file. In addition, the SD interface is designed to support a general scientific data
model which is very similar to the netCDF data model developed by the Unidata Progran]l.Center

For those users who have been using the DFSD interface, the SD interface provide a model com-
patible with that supported by the DFSD interface. It is recommended that DFSD users apply the

SD model and interface to their applications since the DFSD interface is less flexible and less

powerful than the SD interface and will eventually be removed from the HDF library.

This section specifies the header file to be used with the SD interface and lists all available SD
interface routines, each of which is accompanied by its purpose and the section where the routine
is discussed.

3.3.1 Header and Include Files Used by the SD Interface

The “mfhdf.h” header file must be included in programs that invoke SD interface routines. FOR-
TRAN-77 users should refer to Section 2.4.3 on page 16.

3.3.2 SD Interface Routines
All C routines in the SD interface begin with the prefix "SD". The equivalent FORTRAN-77 rou-
tines use the prefix "sf'. These routines are categorized as follows:

Access routinesnitialize and terminate access to HDF files and data sets.

Read and write routinesead and write data sets.

General inquiry routinesreturn information about the location, contents, and description of
the scientific data sets in an HDF file.

Dimension routinesaccess and define characteristics of dimensions within a data set.
Dimension scale routineslefine and access dimension scales within a data set.

User-defined attribute routineglescribe and access characteristics of an HDF file, data set
or dimension defined by the HDF user.

Predefined attribute routinesccess previously-defined characteristics of an HDF file, data
set, or dimension.

Compression routinesompress SDS data.

Chunking/tiling routines manage chunked data sets.

Miscellaneous routinegprovide other operations such as external file, n-bit data set, and
compatibility operations.

The SD routines are listed in the following table and are discussed in the following sections of this
document.

1. netCDF-3 User’s Guide for Qlune 5, 1997), Section 2, http://www.unidata.ucar.edu/pack-
ages/netcdf/guidec/.
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TABLE 3A SD Interface Routines
Routine Name
Category Description and Reference
C FORTRAN-77
Opens the HDF file and initializes the SD interface (Section 3.4.1
SDstart fstart
on page 26)
SDcreate sfcreate Creates a new data set (Section 3.4.1 on page 26)
Access SDselect sfselect Selects an existing SDS using its index (Section 3.4.1 on page 26)
SDendaccess sfendacc Terminates access to an SDS (Section 3.4.2 on page 27)
Sbend sfend Terminates access to the SD interface and closes the file
(Section 3.4.2 on page 27)
frdata/sfrc- .
SDreaddata Ze:t: s Reads data from a data set (Section 3.6 on page 55)
Read and Write
) sfwdata/ . .
SDwritedata Writes data to a data set (Section 3.5.1 on page 30)
sfwcdata
- A Retrieves information about the contents of a file (Section 3.7.[L on
SDfileinfo sffinfo
page 63)
SDgetinfo fginfo Retrieves information about a data set (Section 3.7.2 on page|63)
SDidtoref Sidoret Returns the reference number of a data set (Section 3.7.5 on
page 67)
’ ) Distinguishes data sets from dimension scales (Section 3.8.4.4 on
. SDiscoordvar sfiscvar
General Inquiry page 81)
SDisrecord dfisrerd Determines whether a data set is appendable (Section 3.5.1.4 on
page 41)
SDnametoindex L fn2index Returns the index of a data set specified by its name (Section|3.7.3
on page 67)
SDreftoindex shefzindex Retur_ns the index of a data set specified by its reference number
(Section 3.7.4 on page 67)
SDdiminfo kfgdinfo Gets information about a dimension (Section 3.8.4.2 on page ['5)
Dimensions SDgetdimid sfdimid Returns the identifier of a dimension (Section 3.8.1 on page 72)
SDsetdimname sfsdimname Associates a name with a dimension (Section 3.8.2 on page 72)
' Retrieves the scale values for a dimension (Section 3.8.4.3 or
SDgetdimscale gfgdscale
Dimension Scales| page 75)
SDsetdimscale gfsdscale Stores the scale values of a dimension (Section 3.8.4.1 on page 75)
SDattrinfo sfpainfo Gets information about an attribute (Section 3.9.2 on page 89
SDfindattr sthattr Retur_ns the index of an attribute specified by its name
(Section 3.9.2 on page 89)
User-defined - — — -
Attributes SDreadattr sfrnatt/sfr- Reads the values of an attribute specified by its index (Section|3.9.3
catt on page 89)
sfsnatt/sfs- Creates a new attribute and stores its values (Section 3.9.1 ol
SDsetattr
catt page 85)
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SDgetcal sfgcal Retrieves calibration information (Section 3.10.6.2 on page 1083)

Returns the predefined-attribute strings of a data set

SDgetdatasti fdtst .
gerdatasts sl (Section 3.10.2.2 on page 98)
SDgetdimstrs SFadmstr Returns the predefined-attribute strings of a dimension
9 9 (Section 3.10.3.2 on page 99)
sfgfill/sfgc-

SDgeffillvalue Reads the fill value if it exists (Section 3.10.5.2 on page 101)

fill

Retrieves the range of values in the specified data set

SDgett i :
getange rarange (Section 3.10.4.2 on page 100)
Predefined SDsetcal sfscal Defines the calibration information (Section 3.10.6.1 on page 102)
Attributes Sets predefined attributes of the specified data set (Section 3.10.2.1
SDsetdatastrs sfsdtstr
on page 97)
SDsetdimstrs chsdmstr Sets predefined attributes of the specified dimension
(Section 3.10.3.1 on page 98)
. sfsfill/sfsc- Defines the fill value for the specified data set (Section 3.10.5.[1 on
SDsetffillvalue )
fill page 101)
sDsetfilmode sibfimd Sets the fill mode to be applied to all data sets in the specified| file

(Section 3.10.5.3 on page 102)

Defines the maximum and minimum values of the specified data set

SDseti f: )
setrange pisrange (Section 3.10.4.1 on page 99)
Compresses a data set using a specified compression metho
SDsetcompress sfscompress .
. (Section 3.5.2 on page 46)
Compression - -
) ) Defines the non-standard bit length of the data set data
SDsetnbitdataset sfsnbit .
(Section 3.7.6 on page 71)
. . Obtains information about a chunked data set (Section 3.11.5|on
SDgetchunkinfo sfgichnk
page 109)
sfrchnk/ .
SDreadchunk shrechnk Reads data from a chunked data set (Section 3.11.4 on page [L09)
Chunking/ -
. _u ing Makes a non-chunked data set a chunked data set (Section 3{11.1
Tiling SDsetchunk sfschnk
on page 104)
SDsetchunkcache $fechnk Sets the size of the chunk cache (Section 3.11.2 on page 106
) sfwchnk/ . .
SDwritechunk stweehnk Writes data to a chunked data set (Section 3.11.3 on page 107)
) Sets the block size used for storing data sets with unlimited dimen-
SDsetblocksize sfpblsz R .
sion (Section 3.5.1.5 on page 41)
SDsetexternalfile stseker Specifies that a data set is to be stored in an external file
_ (Section 3.5.3.3 on page 52)
Miscellaneous - — - -
SDisdimval bweom fisdmve Determines the current compatibility mode of a dimension
- P (Section 3.8.3.2 on page 74)
SDsetdimval_comp tedmve Sets the future compatibility mode of a dimension (Section 3.§4.3.1

on page 73)

3.3.3 Tags in the SD Interface

A complete list of SDS tags and their descriptions appears in Table D in Appendix A. Refer to
Section 2.2.2.1 on page 8 for a description of tags.

3.4 Programming Model for the SD Interface

This section describes the routines used to initialize the SD interface, create a new SDS or access
an existing one, terminate access to that SDS, and shut down the SD interface. Writing to existing
scientific data sets will be described in Section 3.5 on page 30.

To support multifile access, the SD interface relies on the calling program to initiate and terminate
access to files and data sets. The SD programming model for creating and accessing an SDS in an
HDF file is as follows:
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[

Open a file and initialize the SD interface.

Create a new data set or open an existing one using its index.
3. Perform desired operations on this data set.

4. Terminate access to the data set.

5. Terminate access to the SD interface and close the file.

N

To access a single SDS in an HDF file, the calling program must contain the following calls:

C: sd_id = SDstart(filename, access_mode);

sds_id = SDcreate(sd_id, sds_name, data_type, rank,
dim_sizes);
OR sds_id = SDselect(sd_id, sds_index);
<Optional operations>

status = SDendaccess(sds_id);
status = SDend(sd_id);

FORTRAN: sd_id = sfstart(filename, access_mode)

sds_id = sfcreate(sd_id, sds_name, data_type, rank, dim_sizes)
OR sds_id = sfselect(sd_id, sds_index)
<Optional operations>

status = sfendacc(sds_id)
status = sfend(sd_id)

To access several files at the same time, a program must obtain a separate SD file identifier
(sd_id ) for each file to be opened. Likewise, to access more than one SDS, a calling program
must obtain a separate SDS identifisds(id ) for each SDS. For example, to open two SDSs

stored in two files a program would execute the following series of function calls.

C: sd_id_1 = SDstart(flename_1, access_mode);
sds_id_1 = SDselect(sd_id_1, sds_index_1);
sd_id_2 = SDstart(flename_2, access_mode);
sds_id_2 = SDselect(sd_id_2, sds_index_2);
<Optional operations>
status = SDendaccess(sds_id_1);
status = SDend(sd_id_1);
status = SDendaccess(sds_id_2);
status = SDend(sd_id_2);

FORTRAN: sd_id_1 = sfstart(filename_1, access_mode)
sds_id_1 =sfselect(sd_id_1, sds_index_1)
sd_id_2 = sfstart(filename_2, access_mode)
sds_id_2 = sfselect(sd_id_2, sds_index_2)
<Optional operations>
status = sfendacc(sds_id_1)
status = sfend(sd_id_1)
status = sfendacc(sds_id_2)
status = sfend(sd_id_2)
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3.4.1 Establishing Access to Files and Data Sets: SDstart, SDcreate, and
SDselect

In the SD interfaceSDstart is used to open files rather thedopen. SDstart takes two argu-
ments,flename andaccess_mode , and returns the SD interface identifist,id . Note that the
SD interface identifiersd_id , is notinterchangeable with the file identifidile_id , created by
Hopenand used in other HDF APIs.

The argumenfilename is the name of an HDF or netCDF file.

The argumendccess_mode specifies the type of access required for operations on the file. All the
valid values foraccess_mode are listed in Table 3B. If the file does not exist, specifying
DFACC_READor DFACC WRITE will cause SDstart to return aFALL (or -1) . Specifying
DFACC_CREATEreates a new file with read and write accesBFNCC_CREATIS specified and the

file already exists, the contents of this file will be replaced.

TABLE 3B

File Access Code Flags

File Access Flag Flag Value Description
DFACC_READ 1 Read only access
DFACC_WRITE 2 Read and write access
DFACC_CREATE 4 Create with read and write access

The SD interface identifiers can be obtained and discarded in any order and all SD interface iden-
tifiers must be individually discarded, BDend before the termination of the calling program.

Although it is possible to open a file more than once, it is recommended that the appropriate
access mode be specified é@dstart called only once per file. Repeatedly call®@Dstart on the
same file and with different access modes may cause unexpected results.

SDstart returns an SD identifier or a valuer#iL (or-1). The parameters &Dstart are defined
in Table 3C on page 27.

SDcreate defines a new SDS using the argumesttsd , sds_name, data_type , rank , and
dim_sizes and returns the data set identifisis_id .

The parametesds_name is a character string containing the name to be assigned to the SDS. The
SD interface will generate a default name, "Data Set", for the SDS, if one is not provided, i.e.,
when the parametads_name is set taNULL in C, or an empty string in FORTRAN-77. The max-
imum length of an SDS name64 characters and, #s_name contains more thaé characters,

the name will be truncated before being assigned.

The parametedata_type is a defined name, prefaced DFNT and specifies the type of the data
to be stored in the data set. The header file "hntdefs.h" contains the definitions of all valid data
types, which are described in ChapteHBDF Fundamentalsand listed in Table 2E on page 14.

The parameterank is a positive integer specifying the number of dimensions of the SDS array.
The maximum rank of an SDS array is definedv®x_VAR_DIMSor 32), which is defined in the
header file "netcdf.h".

Each element of the one-dimensional ardmy sizes specifies the length of the corresponding
dimension of the SDS array. The sizedinf_sizes must be the value of the parametak . To
create a data set with an unlimited dimension, assign the val@® @NLIMITED (or 0) to
dim_sizes|0] in C, and talim_sizes(rank) in FORTRAN-77.
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Once an SDS is created, you cannot change its name, data type, size, or shape. However, it is pos-
sible to modify the data set data or to create an empty data set and later add values. To add data or
modify an existing data set, uS®selecto get the data set identifier insteadS@icreate

Note that the SD interface retains no definitions about the size, contents, or rank of an SDS from
one SDS to the next, or from one file to the next.

SDselectinitiates access to an existing data set. The routine takes two argusdeidts:and
sds_index and returns the SDS identifigds id . The argumerdd_id is the SD interface identi-
fier returned bySDstart, andsds_index is the position of the data set in the file. The argument
sds_index is zero-based, meaning that the index of first SDS in the file is 0.

Similar to SD interface identifiers, SDS identifiers can be obtained and discarded in any order as
long as they are discarded properly. Each SDS identifier must be individually disposed of, by
SDendaccessbefore the disposal of the identifier of the interface in which the SDS is opened.

SDcreateandSDselecteach returns an SDS identifier or a valugat (or-1). The parameters
of SDstart, SDcreateandSDselectare further described in Table 3C.

3.4.2 Terminating Access to Files and Data Sets: SDendaccess and SDend

SDendaccess$erminates access to the data set and disposes of the data set iddsitifier The
calling program must make oiPendaccessall for everySDselector SDcreatecall made dur-
ing its execution. Failing to caBDendacces$or each call t&sDselector SDcreatemay result in
a loss of data.

SDendterminates access to the file and the SD interface and disposes of the file idehtifier
The calling program must make o88endcall for everySDstart call made during its execution.
Failing to callSDendfor eachSDstart may result in a loss of data.

SDendaccesandSDendeach returns either a valueSyfCCEE{or 0) or FAIL (or-1). The param-
eters ofSDendaccesandSDendare further described in Table 3C.

TABLE 3C

SDstart, SDcreate, SDselect, SDendaccess, and SDend Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
SDstart filename char * character*(*) | Name of the HDF or netCDF file
[int32]
(sfstart) access_mode int32 integer Type of access
sd_id int32 integer SD interface identifier
SDcreate sds_name char * character*(*)| ASCII string containing the name of the data set|
int: ata_type int. integer ata type of the data set
int32 d int32 i D f the d
(sfereate) rank int32 integer Number of dimensions in the array
dim_sizes int32[] integer(*) | Array defining the size of each dimension
SDselect sd_id int32 integer SD interface identifier
[int32]
(sfselect) sds_index int32 integer Position of the data set within the file
SDendaccess
[intn] sds_id int32 integer Data set identifier
(sfendacc)
SDend
[intn] sd_id int32 integer SD interface identifier
(sfend)
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EXAMPLE 1. Creating an HDF file and an Empty SDS.

This example illustrates the use ®Dstart/sfstart, SDcreate/sfcreate SDendaccess/sfendacc
and SDend/sfendto create the HDF file named SDS.hdf, and an empty data set with the name
SDStemplate in the file.

Note that the Fortran program uses a transformed array to reflect the difference between C and
Fortran internal data storages. When the actual data is written to the data set, SDS.hdf will contain
the same data regardless of the language being used.

C:

#include "mfhdf.h"

#define FILE_NAME  "SDS.hdf"

#define SDS_NAME  "SDStemplate"

#define X_LENGTH 5

#define Y_LENGTH 16

#define RANK 2 [* Number of dimensions of the SDS */

main()

{

/ Variable declaration /

int32 sd_id, sds_id; /* SD interface and data set identifiers */

int32 dim_sizes[2];  /* sizes of the SDS dimensions */

intn status; /* status returned by some routines; has value
SUCCEED or FAIL ¥/

Jradkxksikxiiiokkx End of variable declaration ** sk |

/*

* Create the file and initialize the SD interface.

*

sd_id = SDstart (FILE_NAME, DFACC_CREATE);

/*

* Define the dimensions of the array to be created.
*/

dim_sizes[0] = Y_LENGTH;

dim_sizes[1] = X_LENGTH;

/*

* Create the data set with the name defined in SDS_NAME. Note that

* DFNT_INT32 indicates that the SDS data is of type int32. Refer to

* Table 2E for definitions of other types.

*/

sds_id = SDcreate (sd_id, SDS_NAME, DFNT_INT32, RANK, dim_sizes);

/*

* Terminate access to the data set.
*

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*

status = SDend (sd_id);
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FORTRAN:

C
C
C

OO0

C

C**** \ariable declaration

C

C

C** End of variable declaration

O000

O0000 [eNeN¢e]

[eNeN¢e]

[eNeNe]

program create_SDS
implicit none

Parameter declaration.

character*7 FILE_NAME

character*11 SDS_NAME

integer X_LENGTH, Y_LENGTH, RANK
parameter (FILE_NAME ='SDS.hdf,

+ SDS_NAME ='SDStemplate’,
+ X_LENGTH =5,

+ Y_LENGTH =16,

+ RANK =2)

integer DFACC_CREATE, DFNT_INT32
parameter (DFACC_CREATE =4,
+ DFNT_INT32 = 24)

Function declaration.

integer sfstart, sfcreate, sfendacc, sfend

integer sd_id, sds_id, dim_sizes(2)
integer status

Create the file and initialize the SD interface.
sd_id = sfstart(FILE_NAME, DFACC_CREATE)
Define dimensions of the array to be created.

dim_sizes(1) = X_LENGTH
dim_sizes(2) = Y_LENGTH

Create the array with the name defined in SDS_NAME.
Note that DFNT_INT32 indicates that the SDS data is of type

integer. Refer to Tables 2E and 2! for the definition of other types.

sds_id = sfcreate(sd_id, SDS_NAME, DFNT_INT32, RANK,
dim_sizes)

Terminate access to the data set.
status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.
status = sfend(sd_id)

end
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3.5 Writing Data to an SDS

An SDS can be written partially or entirely. Partial writing includes writing to a contiguous region

of the SDS and writing to selected locations in the SDS according to patterns defined by the user.
This section describes the routiBBwritedata and how it can write data to part of an SDS or to

an entire SDS. The section also illustrates the concepts of compressing SDSs and using external
files to store scientific data.

3.5.1 Writing Data to an SDS Array: SDwritedata

SDwritedata can completely or partially fill an SDS array or append data along the dimension
that is defined to be of unlimited length (see Section 3.5.1.3 on page 40 for a discussion of unlim-
ited-length dimensions). It can also skip a specified number of SDS array elements between write
operations along each dimension.

To write to an existing SDS, the calling program must contain the following sequence of routine
calls:

C: sds_id = SDselect(sd_id, sds_index);
status = SDwritedata(sds_id, start, stride, edges, data);

FORTRAN: sds_id = sfselect(sd_id, sds_index)
status = sfwdata(sds_id, start, stride, edges, data)
OR status = sfwedata(sds_id, start, stride, edges, data)

To write to a new SDS, simply replace the calselectwith the call SDcreate which is
described in Section 3.4.1 on page 26.

SDwritedata takes five argumentsds id , start , stide , edges, anddata . The argument
sds_id is the data set identifier returned P createor SDselect

Before proceeding with the description of the remaining arguments, an explanation of the term
hyperslab(or slab, as it will be used in this chapter) is in ordeslabis a group of SDS array ele-
mentsthat are stored in consecutive locatiottscan be of any size and dimensionality as long as

it is a subset of the array, which means that a single array element and the entire array can both be
considered slabs. A slab is defined by the multidimensional coordinate of its initial vertex and the
lengths of each dimension.

Given this description of the slab concept, the usage of the remaining arguments should become
apparent. The argumestart  is a one-dimensional array specifying the location in the SDS array

at which the write operation will begin. The values of each element of thesgtay are relative

to 0 in both the C and FORTRAN-77 interfaces. The sizaaf must be the same as the num-

ber of dimensions in the SDS array. In addition, each vals@rin must be smaller than its cor-
responding SDS array dimension unless the dimension is unlimited. Violating any of these
conditions causeSDwritedata to returnFAIL .

The argumenstride is a one-dimensional array specifying, for each dimension, the interval
between values to be written. For example, setting the first element of thetadeay equal to 1

writes data to every location along the first dimension. Setting the first element of the array
stride  to 2 writes data to every other location along the first dimension. Figure 3b illustrates this
example, where the shading elements are written and the white elements are skipped. If the argu-
mentstride  is set toNULLin C (or eithero or 1 in FORTRAN-77),SDwritedata operates as if

every element oftide  contains a value of 1, and a contiguous write is performed. For better
performance, it is recommended that the valusridé  be defined aslULL(i.e.,0 or1 in FOR-
TRAN-77) rather than being set to 1.

3-30

June 24, 1998



HDF User's Guide

The size of the arragtide  must be the same as the number of dimensions in the SDS array.
Also, each value istride  must be smaller than or equal to its corresponding SDS array dimen-
sion unless the dimension is unlimited. Violating any of these conditions caDseatedata to
returnFAIL .

FIGURE 3b

An Example of Access Pattern ("Strides")

stride[0] = 2

Array 0 1 2 3 4 5 6 N
Location

The argumengdges is a one-dimensional array specifying the length of each dimension of the
slab to be written. If the slab has fewer dimensions than the SDS data set has, thedgee of

must still be equal to the number of dimensions in the SDS array and all the elements correspond-
ing to the additional dimensions must be set to 1.

Each value in tharrayedges must not be larger than the length of the corresponding dimension in
the SDS data set unless the dimension is unlimited. Attempting to write slabs larger than the size
of the SDS data set will result in an error condition.

In addition, the sum of each value in #reayedges and the corresponding value in thtart
array must be smaller than or equal to its corresponding SDS array dimension unless the dimen-
sion is unlimited. Violating any of these conditions cauPsvritedata to returnFAIL .

The parametedata contains the SDS data to be written. If the SDS array is smaller than the
bufferdata , the amount of data written will be limited to the maximum size of the SDS array.

Be aware that the mapping between the dimensions of a slab and the order in which the slab val-
ues are stored in memory is different between C and FORTRAN-77. In C, the values are stored
with the assumption that the last dimension of the slab varies fastest (or "row-major order" stor-
age), but in FORTRAN-77 the first dimension varies fastest (or "column-major order" storage).
These storage order conventions can cause some confusion when data written by a C program is
read by a FORTRAN-77 program or vice versa.

There are two FORTRAN-77 versions of this routisfvdata and sfwcdata The routinesfw-
data writes numeric scientific data asfivcdatawrites character scientific data.

SDwritedata returns either a value SJJCCEEjor 0) or FAIL (or-1). The parameters of this rou-
tine are described in Table 3D.
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TABLE 3D SDwritedata Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
sds_id int32 integer Data set identifier
) . Array containing the position at which the
start int32 ] integer(") write will start for each dimension
SDwritedata o -
. . . . Array specifying the interval between the val-
fintn] stride int32 {1 integer(*) ues that will be read along each dimension,
(sfwdata/
sfwcdata) } ) Array containing the number of data elemepts
edges ints2 [} integer(*) that will be written along each dimension
data VOIDP <valid numeric data type>(* Buffer for the data to be written
character*(*)
3.5.1.1 Filling an Entire Array
Filling an array is a simple slab operation where the slab begins at the origin of the SDS array and
fills every location in the arragDwritedata fills an entire SDS array with data when all elements
of the arraystart are set t@, the argumendtide  is set equal tt?lULLin C or each element of
the arraystride is set tol in both C and FORTRAN-77, and each element of the atges is
equal to the length of each dimension.
EXAMPLE 2. Writing to an SDS.

This example illustrates the use of the routi®&&select/sfselecand SDwritedata/sfwrite to
select the first SDS in the file SDS.hdf created in Example 1 and to write actual data to it.

C:
#include "mfhdf.h"

#define FILE_NAME  "SDS.hdf"
#define X_LENGTH 5
#define Y_LENGTH 16

main( )

{

/ Variable declaration /

int32 sd_id, sds_id, sds_index;

intn status;

int32 start[2], edges[2];

int32 data[Y_LENGTH][X_LENGTH];
int i, j;

/**kk*************—**k* End of Val’lable deClal’athn *****************kkkk**/

/*
* Data set data initialization.
*/
for (j= 0;j < Y_LENGTH; j++) {
for (i=0; i< X_LENGTH; i++)
datafjJil = (i+j) + 1;

/*
* Open the file and initialize the SD interface.
*
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sd_id = SDstart (FILE_NAME, DFACC_WRITE);

/*

* Attach to the first data set.

*/

sds_index = 0;

sds_id = SDselect (sd_id, sds_index);

/*

* Define the location and size of the data to be written to the data set.
*

start[0] = 0;

start[1] = 0;

edges[0] = Y_LENGTH;

edges[1] = X_LENGTH;

/*

* Write the stored data to the data set. The third argument is set to NULL
* t0 specify contiguous data elements. The last argument must

* be explicitly cast to a generic pointer since SDwritedata is designed

* to write generic data.

*/

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)data);

/*

* Terminate access to the data set.
*

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

OO0

C

program write_data
implicit none

Parameter declaration.

character*7 FILE_NAME

character*11 SDS_NAME

integer  X_LENGTH, Y_LENGTH, RANK
parameter (FILE_NAME ='SDS.hdf,

+ SDS_NAME ='SDStemplate’,

+ X_LENGTH =5,

+ Y_LENGTH =16,

+ RANK =2)

integer DFACC_WRITE, DFNT_INT32
parameter (DFACC_WRITE =2,

+ DFNT_INT32 = 24)

C  Function declaration.

C

C

C*** \ariable declaration

C

integer sfstart, sfselect, sfwdata, sfendacc, sfend

integer sd_id, sds_id, sds_index, status
integer start(2), edges(2), stride(2)
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integer i, j

integer data(X_LENGTH, Y_LENGTH)
C
C** End of variable declaration
C

C
C Data set data initialization.
C
do20j=1, Y_LENGTH
do10i=1, X_LENGTH
data(i,j)=i+j-1
10 continue
20 continue

Open the file and initialize the SD interface.

OO0

sd_id = sfstart(FILE_NAME, DFACC_WRITE)

Attach to the first data set.

[eNeNe]

sds_index=0
sds_id = sfselect(sd_id, sds_index)

Define the location and size of the data to be written
to the data set. Note that setting values of the array stride to 1
specifies the contiguous writing of data.

O0O000

start(1) =0

start(2) =0

edges(1l) = X_LENGTH
edges(2) = Y_LENGTH
stride(1) =1

stride(2) =1

Write the stored data to the data set named in SDS_NAME.
Note that the routine sfwdata is used instead of sfwcdata
to write the numeric data.

O0O000

status = sfwdata(sds_id, start, stride, edges, data)

Terminate access to the data set.

OO0

status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.

OO0

status = sfend(sd_id)

end
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3.5.1.2 Writing Slabs to an SDS Array

To allow preexisting data to be modified, the HDF library does not pr&&@ntritedata from

overwriting one slab with another. As a result, the calling program is responsible for managing
any overlap when writing slabs. The HDF library will issue an error if a slab extends past the valid
boundaries of the SDS array. However, appending data along an unlimited dimension is allowed.

EXAMPLE 3.

Writing a Slab of Data to an SDS.

This example shows how to fill a 3-dimensional SDS array with data by writing series of 2-dimen-

sional slabs to it.

C:

#include "mfhdf.h"

#define FILE_NAME  "SLABS.hdf"
#define SDS_NAME  "FilledBySlabs"
#define X_LENGTH 4

#define Y_LENGTH 5

#define Z LENGTH 6

#define RANK 3

main()

{

/ Variable declaration /

int32 sd_id, sds_id;

intn status;

int32 dim_sizes[3], start[3], edges[3];

int32 data[Z_LENGTH][Y_LENGTH][X_LENGTH]J;
int32 zx_data[Z_LENGTH][X_LENGTH];

int i,j,k;

[FIxwwRk xRk Rk End of variable declaration **skik ik ik ok |

/*
* Data initialization.
*/
for (k=0; k<Z_LENGTH; k++)
for (j=0; j<Y_LENGTH; j++)
for (i=0;i <X_LENGTH; i++)
data[K|[j]i] = (i+1) + (+ 1) + (k+ 1);

/*

* Create the file and initialize the SD interface.

*/

sd_id = SDstart (FILE_NAME, DFACC_CREATE);

/*

* Define dimensions of the array to be created.
*/

dim_sizes[0] = Z LENGTH,;

dim_sizes[1] = Y_LENGTH,;

dim_sizes[2] = X_LENGTH,;

/*
* Create the array with the name defined in SDS_NAME.
*/

sds_id = SDcreate (sd_id, SDS_NAME, DFNT_INT32, RANK, dim_sizes);

/*
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* Set the parameters start and edges to write

* a 6x4 element slab of data to the data set; note

* that edges[1] is set to 1 to define a 2-dimensional slab
* parallel to the ZX plane.

* start[1] (slab position in the array) is initialized inside

* the for loop.

*/

for (j=0;j<Y_LENGTH; j++)
{
start[1] = j;

/*

* |nitialize zx_data buffer (data slab).
*/

for (k=0; k< Z_LENGTH; k++)

{ for (i=0;i<X_LENGTH; i++)
{ zx_data[K][i] = data[K][j[i];
} }
/*

* Write the data slab into the SDS array defined in SDS_NAME.
* Note that the 3rd parameter is NULL which indicates that consecutive
* glabs in the Y direction are written.
*
/
status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)zx_data);
}

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

program write_slab
implicit none

Parameter declaration.

OO0

character*9 FILE_NAME

character*13 SDS_NAME

integer  X_LENGTH, Y_LENGTH, Z_LENGTH, RANK
parameter (FILE_NAME ='SLABS.hdf,

+ SDS_NAME = "FilledBySlabs’,
X_LENGTH =4,

Y_LENGTH =5,

Z LENGTH =6,

RANK =3)

integer DFACC_CREATE, DFNT_INT32
parameter (DFACC_CREATE =4,

+ + + +
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[eNeNe]

C

C**** \ariable declaration

C

C

C** End of variable declaration

OO0

10
20

+ DFNT_INT32 = 24)

Function declaration.

integer sfstart, sfcreate, sfwdata, sfendacc, sfend

integer sd_id, sds_id

integer dim_sizes(3), start(3), edges(3), stride(3)
integer i, j, k, status

integer data(X_LENGTH, Y_LENGTH, Z_LENGTH)
integer xz_data(X_LENGTH, Z_LENGTH)

Data initialization.

do30k=1,Z LENGTH
do20j=1,Y_LENGTH
do10i=1, X_LENGTH
data(i, j, Ky =i+j+k
continue
continue

30 continue

Cc
C
C

OO0

OO0

C
C
C

O0O00000O0

Create the file and initialize the SD interface.
sd_id = sfstart(FILE_NAME, DFACC_CREATE)
Define dimensions of the array to be created.

dim_sizes(1) = X_LENGTH

dim_sizes(2) = Y_LENGTH
dim_sizes(3) =Z_LENGTH

Create the data set with the name defined in SDS_NAME.

sds_id = sfcreate(sd_id, SDS_NAME, DFNT_INT32, RANK,

dim_sizes)

Set the parameters start and edges to write
a 4x6 element slab of data to the data set;

note that edges(2) is set to 1 to define a 2 dimensional slab

parallel to the XZ plane;
start(2) (slab position in the array) is initialized inside the
for loop.

edges(1l) = X_LENGTH
edges(2) =1

edges(3) =Z_LENGTH
start(1) =0

start(3) =0

stride(1) =1

stride(2) =1

stride(3) =1

do60j=1,Y_LENGTH
start(2) =j- 1

Initialize the buffer xz_data (data slab).

June 24, 1998

3-37



National Center for Supercomputing Applications

do50k=1,Z LENGTH
do40i=1,X_LENGTH
xz_data(i, k) = data(i, j, k)
40  continue
50 continue

Write the data slab into SDS array defined in SDS_NAME.
Note that the elements of array stride are setto 1 to
specify that the consecutive slabs in the Y direction are written.

O0O000

status = sfwdata(sds_id, start, stride, edges, xz_data)
60 continue
C
C Terminate access to the data set.
C
status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.

[eNeN¢e]

status = sfend(sd_id)

end

EXAMPLE 4. Altering Values within an SDS Array.

This example demonstrates how the rousi®writedata can be used to alter the values of the
elements in the 10th and 11th rows, at the 2nd column, in the SDS array created in the Example 1
and written in Example 2. FORTRAN-77 routisivdata is used to alter the elements in the 2nd
row, 10th and 11th columns, to reflect the difference between C and Fortran internal storage.

C:

#include "mfhdf.h"
#define FILE_NAME  "SDS.hdf"
main( )

{

/ Variable declaration /

int32 sd_id, sds_id, sds_index;
intn status;

int32 start[2], edges|[2];

int32 new_data[2];

int i, j;

/********************* End Of Vanable declaratlon ***********************/
/*
* Open the file and initialize the SD interface with write access.
*,
/
sd_id = SDstart (FILE_NAME, DFACC_WRITE);

/*

* Select the first data set.

*/

sds_index = 0;

sds_id = SDselect (sd_id, sds_index);

/*
* Set up the start and edge parameters to write new element values
* into 10th row, 2nd column place, and 11th row, 2nd column place.
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*/

start[0] =9; /* starting at 10th row */

start[1] =1; /* starting at 2nd column */

edges[0] =2; /*rows 10th and 11th */
edges[1] =1; /*column 2nd only */

/*

* |nitialize buffer with the new values to be written.
*/

new_data[0] = new_data[1] = 1000;

/*
* Write the new values.
*
/
status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)new_data);

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

program alter_data
implicit none

Parameter declaration.

OO0

character*7 FILE_NAME

integer DFACC_WRITE
parameter (FILE_NAME ='SDS.hdf,
+ DFACC_WRITE = 2)

Function declaration.

OO0

integer sfstart, sfselect, sfwdata, sfendacc, sfend
C
C**** Variable declaration
C

integer sd_id, sds_id, sds_index
integer start(2), edges(2), stride(2)
integer status
integer new_data(2)
C
C*+ End of variable declaration
C

Open the file and initialize the SD interface.

OO0

sd_id = sfstart(FILE_NAME, DFACC_WRITE)

Select the first data set.

OO0

sds_index=0
sds_id = sfselect(sd_id, sds_index)
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Initialize the start, edge, and stride parameters to write
two elements into 2nd row, 10th column and 11th column places.

Specify 2nd row.

O0O0000

start(1) =1

Specify 10th column.

OO0

start(2) =9
edges(1) =1

Two elements are written along 2nd row.

OO0

edges(2) =2
stride(1) =1
stride(2) =1

Initialize the new values to be written.

OO0

new_data(1) = 1000
new_data(2) = 1000

Write the new values.

OO0

status = sfwdata(sds_id, start, stride, edges, new_data)

Terminate access to the data set.

OO0

status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.

[eNeNe]

status = sfend(sd_id)

end

3.5.1.3 Appending Data to an SDS Array along an Unlimited Dimension

An SDS array can be made appendable, however, only along one dimension. This dimension must
be specified as amppendable dimensiowhen it is created.

In C, only the first element of ti&Dcreateparametetim_sizes (i.e., the dimension of the low-

est rank or the slowest-changing dimension) can be assigned thespaliNtIMITED (or 0) to

make the first dimension unlimited. In FORTRAN-77, only B®¢ dimension (i.e., the dimen-

sion of the highest rank or the slowest-changing dimension) can be unlimited. In other words, in
FORTRAN-77dim_sizes(rank) must be set to the vali@® UNLIMITEDto make the last dimen-

sion appendable.

To append data to a data set without overwriting previously-written data, the user must specify the
appropriate coordinates in teart parameter of th&Dwritedata routine. For example, if 15

data elements have been written to an unlimited dimension, appending data to the array requires a
start  coordinate of 15. Specifying a starting coordinate less than the current number of elements
written to the unlimited dimension will result in data being overwritten. In either case, all of the
coordinates in the array except the one corresponding to the unlimited dimension must be equal to
or less than the lengths of their corresponding dimensions.

Any time an unlimited dimension is appended to, the HDF library will automatically adjust the
dimension record to the new length. If the newly-appended data begins beyond the previous length
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of the dimension, the locations between the old data and the beginning of the newly-appended
data are initialized to the assigned fill value if there is one defined by the user, or the default fill
value if none is defined. Refer to Section 3.10.5 on page 100 for a discussion of fill value.

3.5.1.4 Determining whether an SDS Array is Appendable: SDisrecord

SDisrecord determines whether the data set identified by the paramstéd is appendable,
which means that the slowest-changing dimension of the SDS array is declared unlimited when
the data set is created. The syntagDisrecordis as follows:

C: status = SDisrecord(sds_id);
FORTRAN: status = sfisrcrd(sds_id)

SDisrecordreturnsTRUE(or 1) when the data set specified doig_id is appendable arfeALSE (or
0) otherwise. The parameter of this routine is defined in Table 3E.

TABLE 3E

SDisrecord Parameter List

Routine Name Parameter Type

[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77

SDisrecord
[int32] sds_id int32 integer Data set identifier
(sfisrcrd)

3.5.1.5 Setting the Block Size: SDsetblocksize

SDsetblocksizesets the size of the blocks used for storing the data for unlimited dimension data
sets. This is used only when creating new data sets; it does not have any affect on existing data
sets. The syntax of this routine is as follows:

C: status = SDsetblocksize(sds_id, block_size);
FORTRAN: status = sfshisz(sds_id, block_size)

SDsetblocksizemust be called afte3Dcreateor SDselectand beforeSDwritedata. The parame-
terblock size  should be set to a multiple of the desired buffer size.

SDsetblocksizereturns a value oSUCCEED(or 0) or FAIL (or -1). Its parameters are further
described in Table 3F.

TABLE 3F

SDsetblocksize Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
SDsetblocksize sds_id int32 integer Data set identifier
[intn] - ) - ;
(sfsblsz) block_size int32 integer Block size
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EXAMPLE 5.

Appending Data to an SDS Array with an Unlimited Dimension.

This example creates a 10x10 SDS array with one unlimited dimension and writes data to it. The
file is reopened and the routir8Disrecord/sfisrcrd is used to determine whether the selected
SDS array is appendable. Then new data is appended, starting at the 11th row.

C:

#include "mfhdf.h"

#define FILE_NAME  "SDSUNLIMITED.hdf"
#define SDS_NAME  "AppendableData"
#define X_LENGTH 10

#define Y_LENGTH 10

#define RANK 2

main( )

{

/ Variable declaration /

int32 sd_id, sds_id, sds_index;

intn status;

int32 dim_sizes[2];

int32 data[Y_LENGTH][X_LENGTH], append_data[X LENGTH];
int32 start[2], edges[2];

int i, j;

JrHdxkikxiiioekokx End of variable declaration **#xskssikiskkiciokk |

/*

* Data initialization.

*/

for (j=0;j<Y_LENGTH; j++)

{

for (i=0; i < X_LENGTH; i++)

datafj][i] = (i + 1) + (j + 1);

}

/*

* Create the file and initialize the SD interface.

*/

sd_id = SDstart (FILE_NAME, DFACC_CREATE);

/*

* Define dimensions of the array. Make the first dimension
* appendable by defining its length to be unlimited.

*

dim_sizes[0] = SD_UNLIMITED;

dim_sizes[1] = X_LENGTH,;

/*

* Create the array data set.

*/

sds_id = SDcreate (sd_id, SDS_NAME, DFNT_INT32, RANK, dim_sizes);

/*

* Define the location and the size of the data to be written
* to the data set.

*/

start[0] = start[1] = O;

edges[0] = Y_LENGTH;

edges[1] = X_LENGTH;
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/*

* Write the data.

*

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)data);

/*

* Terminate access to the array data set, terminate access
* to the SD interface, and close the file.

*

status = SDendaccess (sds_id);

status = SDend (sd_id);

/*
* Store the array values to be appended to the data set.
*/
for (i=0; i< X_LENGTH; i++)
append_datali] = 1000 + i;

/*

* Reopen the file and initialize the SD interface.
*/

sd_id = SDstart (FILE_NAME, DFACC_WRITE);

/*

* Select the first data set.

*/

sds_index = 0;

sds_id = SDselect (sd_id, sds_index);

/*

* Check if selected SDS is unlimited. If it is not, then terminate access
* to the SD interface and close the file.

*/

if ( SDisrecord (sds_id) )

{

/*

* Define the location of the append to start at the first column
* of the 11th row of the data set and to stop at the end of the
* eleventh row.

*

start[0] = Y_LENGTH,;
start[1] = 0;

edges|

0]=1
edges[1] = X_LENGTH;

/*

* Append data to the data set.

*

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)append_data);
}

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);
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FORTRAN:

program append_sds
implicit none

Parameter declaration.

[eNeN¢e]

character*16 FILE_NAME

character*14 SDS_NAME

integer  X_LENGTH, Y_LENGTH, RANK
parameter (FILE_NAME ='SDSUNLIMITED.hdf",

+ SDS_NAME = "AppendableData’,

+ X_LENGTH = 10,

+ Y_LENGTH = 10,

+ RANK =2)

integer DFACC_CREATE, DFACC_WRITE, SD_UNLIMITED,
+ DFNT_INT32

parameter (DFACC_CREATE =4,

+ DFACC_WRITE =2,

+ SD_UNLIMITED =0,

+ DFNT_INT32 = 24)

C
C  Function declaration.
C

integer sfstart, sfcreate, sfwdata, sfselect
integer sfendacc, sfend
C
C**** Variable declaration
C
integer sd_id, sds_id, sds_index, status
integer dim_sizes(2)
integer start(2), edges(2), stride(2)
integer i, j
integer data (X_LENGTH, Y_LENGTH), append_data(X_LENGTH)
C
C** End of variable declaration
C
C
C Data initialization.
C
do20j=1,Y_LENGTH
do10i=1, X _LENGTH

data(i, j) =i+]j
10 continue
20 continue
C
C Create the file and initialize the SD interface.
C

sd_id = sfstart(FILE_NAME, DFACC_CREATE)

Define dimensions of the array. Make the
last dimension appendable by defining its length as unlimited.

O000

dim_sizes(1) = X_LENGTH
dim_sizes(2) = SD_UNLIMITED

(@]

Create the array data set.
sds_id = sfcreate(sd_id, SDS_NAME, DFNT_INT32, RANK,
dim_sizes)

Define the location and the size of the data to be written
to the data set. Note that the elements of array stride are
set to 1 for contiguous writing.

3-44 June 24, 1998



HDF User's Guide

start(1) =0

start(2) =0

edges(1l) = X_LENGTH
edges(2) = Y_LENGTH
stride(1) =1

stride(2) =1

Write the data.

OO0

status = sfwdata(sds_id, start, stride, edges, data)

Terminate access to the data set, terminate access
to the SD interface, and close the file.

o000

status = sfendacc(sds_id)
status = sfend(sd_id)

Store the array values to be appended to the data set.

[eNeNe]

do30i=1, X_LENGTH
append_data(i) = 1000 +i- 1
continue

Reopen the file and initialize the SD.

0008

sd_id = sfstart(FILE_NAME, DFACC_WRITE)

Select the first data set.

OO0

sds_index=0
sds_id = sfselect(sd_id, sds_index)

Define the location of the append to start at the 11th
column of the 1st row and to stop at the end of the 10th row.

O000

start(1) =0

start(2) = Y_LENGTH
edges(l) = X_LENGTH
edges(2) =1

Append the data to the data set.

OO0

status = sfwdata(sds_id, start, stride, edges, append_data)

Terminate access to the data set.

OO0

status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.

OO0

status = sfend(sd_id)

end
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3.5.2 Compressing SDS Data: SDsetcompress

The SDsetcompressoutine compresses an existing data set or creates a new compressed data set.
It is a simplified interface to theliCcreate routine, and should be used insteadH@icreate
unless the user is familiar with the lower-level routines.

The compression algorithms currently supporte&bBgetcompressire:
Adaptive Huffman
GZIP "deflation” (Lempel/Ziv-77 dictionary coder)
Run-length encoding

In the future, the following algorithms may be included: Lempel/Ziv-78 dictionary coding, an
arithmetic coder, and a faster Huffman algorithm.

The syntax of the routinDsetcompresss as follows:
C: status = SDsetcompress(sds_id, comp_type, &c_info);
FORTRAN: status = sfscompress(sds_id, comp_type, comp_prm)

The parametetomp_type specifies the compression type definition and is s€0OP_CODE_RLE
(or 1) for run-length encoding (RLE)COMP_CODE_SKPHUR@r 3) for Skipping Huffman,
COMP_CODE_DEFLAT@r 4) for GZIP compression, aZOMP_CODE_NOWN& 0) for no compression.

Compression information is specified by the parametéfo in C, and by the parameter
comp_pm in FORTRAN-77. The parameterinfo is a pointer to a union structure of type
comp_info.  (Refer to theSDsetcompresentry in theHDF Reference Manudbr the description

of thecomp_info  structure.) Ifcomp_type is set tocCOMP_CODE_NONECOMP_CODE_R|Ehe param-
etersc_info andcomp_prm are not used;_info can be set tdlULL andcomp_prm can be unde-
fined. If comp_type is set to COMP_CODE_SKPHURRen the structurekphuff in the union
comp_info in C comp_prm(1) in FORTRAN-77) must be provided with the size, in bytes, of the
data elements. If it is set @OMP_CODE_DEFLATHe deflate structure in the uniosmp_info in C
(comp_prm(1) in FORTRAN-77) must be provided with the information about the compression
effort.

For example, to compress signed 16-bit integer data using the adaptive Huffman algorithm, the
following definition andSDsetcompres<all are used.

C: comp_info c_info;
c¢_info.skphuff.skp_size = sizeof(int16);
status = SDsetcompress(sds_id, COMP_CODE_SKPHUFF, &c _info);

FORTRAN: comp_prm(1) =2
COMP_CODE_SKPHUFF =3
status = sfscompress(sds_id, COMP_CODE_SKPHUFF, comp_prm)

To compress a data set using the gzip deflation algorithm with the maximum effort specified, the
following definition andSDsetcompres<all are used.

C: comp_info c_info;
c_info.deflate_level = 9;
status = SDsetcompress(sds_id, COMP_CODE_DEFLATE, &c_info);

FORTRAN: comp_prm(1)=9
COMP_CODE_DEFLATE =4
status = sfscompress(sds_id, COMP_CODE_DEFLATE, comp_prm)
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SDsetcompresgunctionality is currently limited to the following:

- Write the compressed data, in its entirety, to the data set. The data set is built in-core then
written in a single write operation.

- Append to a compressed data set. The data of the data set is read into memory, appended
with data along the unlimited dimension, then compressed and written back to the data set.

The existing compression algorithms supported by HDmatoallow partial modification to a
compressed datastream. Overwriting the contents of existing data sets may be supported in the
future. Note also the&8Dsetcompresgperforms the compression of the data, $Divritedata.

SDsetcompresgeturns a value adUCCEEor 0) or FAIL (or-1). The C version parameters are
further described in Table 3G and the FORTRAN-77 version parameters are further described in
Table 3H.

TABLE 3G SDsetcompress Parameter List
Routine Name Parameter Type -
Parameter Description
[Return Type] c
sds_id int32 Data set identifier
SDsetcompress
[intn] comp_type int32 Compression method
c_info comp_info* Pointer to compression information structure
TABLE 3H sfscompress Parameter List
Routine Name Parameter Type -
Parameter Description
FORTRAN-77
sds_id integer Data set identifier
sfscompress comp_type integer Compression method
comp_prm integer(*) Compression parameters array
EXAMPLE 6. Compressing SDS Data.

This example uses the routiB®setcompress/sfscomprese compress SDS data with the GZIP
compression method. See comments in the program regarding the use of the Skipping Huffman or
RLE compression methods.

C:
#include "mfhdf.h"

#define FILE_NAME  "SDScompressed.hdf"
#define SDS_NAME  "SDSgzip"

#define X_LENGTH 5

#define Y_LENGTH 16

#define RANK 2

main( )

{

/ Variable declaration /

int32  sd_id, sds_id, sds_index;

intn  status;

int32 comp_type; /* Compression flag */
comp_info c_info; /* Compression structure */
int32  start[2], edges[2], dim_sizes[2];
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int32  data[Y_LENGTH][X_LENGTH];
int i

[RIxwwik xRk End of variable declaration **ssik ik ook iok |

/*
* Buffer array data and define array dimensions.
*/
for (j=0;j<Y_LENGTH; j++)
{

for (i=0; i< X_LENGTH; i++)

datafjJi] = (i+]) + 1;

}
dim_sizes[0] = Y_LENGTH,;
dim_sizes[1] = X_LENGTH,;

/*

* Create the file and initialize the SD interface.

*/

sd_id = SDstart (FILE_NAME, DFACC_CREATE);

/*

* Create the data set with the name defined in SDS_NAME.

*

sds_id = SDcreate (sd_id, SDS_NAME, DFNT_INT32, RANK, dim_sizes);

/*

* |ninitialize compression structure element and compression

* flag for GZIP compression and call SDsetcompress.

*

* To use the Skipping Huffman compression method, initialize
* comp_type = COMP_CODE_SKPHUFF

* c_info.skphuff.skp_size = value

* To use the RLE compression method, initialize

* comp_type = COMP_CODE_RLE

* No structure element needs to be initialized.

*

comp_type = COMP_CODE_DEFLATE;
c_info.deflate.level = 6;

status = SDsetcompress (sds_id, comp_type, &c_info);

/*

* Define the location and size of the data set
* to be written to the file.

*/

start[0] = 0;

start[1] = 0;

edges[0] = Y_LENGTH;
edges[1] = X_LENGTH;
/*

* Write the stored data to the data set. The last argument

* must be explicitly cast to a generic pointer since SDwritedata

* is designed to write generic data.

*

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP)data);

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);
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/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

program write_compressed_data
implicit none

Parameter declaration.

OO0

character*17 FILE_NAME

character*7 SDS_NAME

integer ~ X_LENGTH, Y_LENGTH, RANK
parameter (FILE_NAME ='SDScompressed.hdf’,
+ SDS_NAME ='SDSgzip’,

+ X_LENGTH =5,

+ Y_LENGTH = 16,

+ RANK =2)

integer  DFACC_CREATE, DFNT_INT32
parameter (DFACC_CREATE =4,

+ DFNT_INT32 = 24)

integer COMP_CODE_DEFLATE
parameter (COMP_CODE_DEFLATE =4)
integer DEFLATE_LEVEL

parameter (DEFLATE_LEVEL =6)

To use Skipping Huffman compression method, declare
integer COMP_CODE_SKPHUFF
parameter(COMP_CODE_SKPHUFF = 3)

To use RLE compression method, declare
integer COMP_CODE_RLE
parameter(COMP_CODE_RLE =1)

C
C
C
C
C
C
C
C
C Function declaration.

C

integer sfstart, sfcreate, sfwdata, sfendacc, sfend,
+ sfscompress

C

C**** Variable declaration
C

integer sd_id, sds_id, status

integer start(2), edges(2), stride(2), dim_sizes(2)
integer comp_type

integer comp_prm(1)

integer data(X_LENGTH, Y_LENGTH)

integer i, j

** End of variable declaration

Buffer array data and define array dimensions.

O000Q0O

do20j=1, Y_LENGTH
do10i=1, X_LENGTH
data(i,j)=i+j-1
10 continue
20 continue
dim_sizes(1) = X_LENGTH
dim_sizes(2) = Y_LENGTH

June 24, 1998 3-49



National Center for Supercomputing Applications

Open the file and initialize the SD interface.

OO0

sd_id = sfstart(FILE_NAME, DFACC_CREATE)

Create the data set with the name SDS_NAME.

OO0

sds_id = sfcreate(sd_id, SDS_NAME, DFNT_INT32, RANK, dim_sizes)

Initialize compression parameter (deflate level)

and call sfscompress function

For Skipping Huffman compression, comp_prm(1) should be set
to skipping sizes value (skp_size).

O0O0000

comp_type =COMP_CODE_DEFLATE
comp_prm(1) = deflate_level
status = sfscompress(sds_id, comp_type, comp_prm(1))

Define the location and size of the data that will be written to
the data set.

o000

start(1) =0

start(2) =0

edges(l) = X_LENGTH
edges(2) = Y_LENGTH
stride(1) =1

stride(2) =1

Write the stored data to the data set.

OO0

status = sfwdata(sds_id, start, stride, edges, data)

Terminate access to the data set.

[eNeNe]

status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.

OO0

status = sfend(sd_id)

end

3.5.3 External File Operations

The HDF library provides routines to store SDS arrays iexaernal filethat is separate from the
primary file containing the metadata for the array. Such an SDS array is caléeedesnal SDS

array. With external arrays, it is possible to link data sets in the same HDF file to multiple external
files or data sets in different HDF files to the same external file.

External arrays are functionally identical to arrays in the primary data file. The HDF library keeps
track of the beginning of the data set and adds data at the appropriate position in the external file.
When data is written or appended along a specified dimension, the HDF library writes along that
dimension in the external file and updates the appropriate dimension record in the primary file.

There are two methods for creating external SDS arrays. The user can create a new data set in an
external file or move data from an existing internal data set to an external file. In either case, only
the array values are stored externally, all metadata remains in the primary HDF file.

When an external array is created, a sufficient amount of space is reserved in the external file for
the entire data set. The data set will begin at the specified byte offset and extend the length of the
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data set. The write operation will overwrite the target locations in the external file. The external
file may be of any format, provided the data types, byte ordering, and dimension ordering are sup-
ported by HDF. However, the primary file must be an HDF file.

Routines for manipulating external SDS arrays can only be used with HDF files. Unidata-format-
ted netCDF files are not supported by these routines.
3.56.3.1 Specifying the Directory Search Path of an External File: HXsetdir

There are three filesystem locations the HDF external file routines check when determining the
location of an external file. They are, in order of search precedence:

1. The directory path specified by the last call toltt¥ésetdir routine.
2. The directory path specified by the SHDFEXTDIR shell environment variable.
3. The file system locations searched by the standpeth(3)routine.

The syntax oHXsetdir is as follows:
C: status = HXsetdir(dir_list);
FORTRAN: status = hxisdir(dir_list, dir_length)

HXsetdir has one argument, a string specifying the directory list to be searched. This list can con-
sist of one directory name or a set of directory names separated by colons. The FORTRAN-77 ver-
sion of this routine takes an additional argumeintlength , which specifies the length of the
directory list string.

If an error condition is encountereld Xsetdir leaves the directory search path unchanged. The
directory search path specified BiyXsetdir remains in effect throughout the scope of the calling
program.

HXsetdir returns a value oSUCCEEDor 0) or FAIL (or -1). The parameters dfiXsetdir are
described in Table 31 on page 52.
3.5.3.2 Specifying the Location of the Next External File to be Created: HXsetcreatedir

HXsetcreatedir specifies the directory location of the next external file to be created. It overrides
the directory location specified by $SHDFEXTCREATEDIR and the locations searched by the
open(3)call in the same manner HXsetdir. Specifically, the search precedence is:

1. The directory specified by the last call to tH¥setcreatedir routine.
2. The directory specified by the SHDFEXTCREATEDIR shell environment variable.
3. The locations searched by the standgwen(3)routine.

The syntax oHXsetcreatedir is as follows:
C: status = HXsetcreatedir(dir);
FORTRAN: status = hxiscdir(dir, dir_length)

HXsetcreatedir has one argument, the directory location of the next external file to be created.
The FORTRAN-77 version of this routine takes an additional arguniiefength , which spec-

ifies the length of the directory list string. If an error is encountered, the directory location is left
unchanged.

HXsetcreatedir returns a value (8UCCEEor 0) or FAIL (or-1). The parameters dfXsetcreate-
dir are described in Table 3I.
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TABLE 3l

HXsetdir and HXsetcreatedir Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
HXsetdir dir_list char * character*(*) | Directory list to be searched
[intn]
(hxisdir) dir_length Not applicable integer Length of thedir_list string
HXschreatedir dir char * character*(¥) Directory location of the next external file to be crg-
[intn] ated
(hxiscdir) dir_length Not applicable integer | Length of thedir string

3.5.3.3 Creating a Data Set with Data Stored in an External File: SDsetexternalfile
Creating a data set in an external file involves the following steps:

1. Create the data set.
2. Specify that an external data file is to be used.
Write data to the data set.

3.
4. Terminate access to the data set.

To create a data set with data stored in an external file, the calling program must make the follow-
ing calls.

C: sds_id = SDcreate(sd_id, name, data_type, rank, dim_sizes);
status = SDsetexternalfile(sds_id, filename, offset);
status = SDwritedata(sds_id, start, stride, edges, data);
status = SDendaccess(sds_id);

FORTRAN: sds_id = sfcreate(sd_id, name, data_type, rank, dim_sizes)
status = sfsextf(sds_id, filename, offset)

status = sfwdata(sds_id, start, stride, edges, data)
OR status = sfwedata(sds_id, start, stride, edges, data)

status = sfendacc(sds _id)

For a newly-created data s8Dsetexternalfilemarks the SDS identified ks id as one whose
data is to be written to an external file. It does not actually write data to an external file; it marks
the data set as an external data set for all subse§awnitedata operations.

Note that data can only be moved once for any given data sesDsetexternalfilecan only be
called once after a data set has been created. It is the user's responsibility to make sure that the
external data file is kept with the primary HDF file.

The parameteflename is the name of the external data file affset is the number of bytes

from the beginning of the external file to the location where the first byte of data should be writ-
ten. If a file with the name specified Bigname exists in the current directory search path, HDF
will access it as the external file. If the file does not exist, HDF will create one in the directory
named in the last call tBXsetcreatefile If an absolute pathname is specified, the external file
will be created at the location specified by the pathname, overriding the location specified by the
last call toHXsetcreatefile Use caution when writing to existing external or primary files since
the HDF library starts the write operation at the specified offset without determining whether data
is being overwritten.

Once the name of an external file is established, it cannot be changed without breaking the associ-
ation between the data set's metadata and the data it describes.
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SDsetexternalfilereturns a value c8UCCEELor 0) or FAIL (or-1). The parameters @Dsetex-
ternalfile are described in Table 3J.

SDsetexternalfile Parameter List

TABLE 3J
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
sds_id int32 integer Data set identifier
SDset[ienxttne]rnalflle filename char * character*(*) | Name of the file to contain the external data set
(sfsextf) ) . Offset in bytes from the beginning of the external file to
offset int32 integer where the SDS data will be written
3.5.3.4 Moving Existing Data to an External File
Data can be moved from a primary file to an external file. The following steps perform this task:
1. Select the data set.
2. Specify the external data file.
3. Terminate access to the data set.
To move data set data to an external file, the calling program must make the following calls:
C: sds_id = SDselect(sd_id, sds_index);
status = SDsetexternalfile(sds_id, filename, offset);
status = SDendaccess(sds_id);
FORTRAN: sds_id = sfselect(sd_id, sds_index)
status = sfsextf(sds_id, filename, offset)
status = sfendacc(sds_id)
For an existing data seDsetexternalfile moves the data to the external file. Any data in the
external file that occupies the space reserved for the external array will be overwritten as a result
of this operation. Data of an existing data set in the primary file can only be moved to the external
file once. During the operation, the data is written to the external file as a contiguous stream
regardless of how it is stored in the primary file. Because data is moved as is, any unwritten loca-
tions in the data set are preserved in the external file. Subsequent read and write operations per-
formed on the data set will access the external file.
EXAMPLE 7. Moving Data to the External File.

This example illustrates the use of the routB@setexternalfile/sfsextfto move the SDS data
written in Example 2 to the external file.

C:
#include "mfhdf.h"

#define FILE_NAME  "SDS.hdf"
#define EXT_FILE_NAME "ExternalSDS"
#define OFFSET 24

main( )

{

/ Variable declaration /

int32 sd_id, sds_id, sds_index, offset;
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intn status;
/********************* End Of Vanable declaratlon ***********************/

/*

* Open the file and initialize the SD interface.

*/

sd_id = SDstart (FILE_NAME, DFACC_WRITE);

/*

* Select the first data set.

*/

sds_index = 0;

sds_id = SDselect (sd_id, sds_index);

/*
* Create a file with the name EXT_FILE_NAME and move the data set
* values into it, starting at byte location OFFSET.
*
/
status = SDsetexternalfile (sds_id, EXT_FILE_NAME, OFFSET);

/*
* Terminate access to the data set, SD interface, and file.
*
/
status = SDendaccess (sds_id);
status = SDend (sd_id);

FORTRAN:

program write_extfile
implicit none

Parameter declaration.

OO0

character*7 FILE_NAME

character*11 EXT_FILE_NAME

integer OFFSET

integer DFACC_WRITE
parameter (FILE_NAME =’'SDS.hdf,

+ EXT_FILE_NAME ='ExternalSDS’,
+ OFFSET =24,
+ DFACC_WRITE =2)
C
C  Function declaration.
C
integer sfstart, sfselect, sfsextf, sfendacc, sfend
C
C**** Variable declaration
C
integer sd_id, sds_id, sds_index, offset
integer status
C

C** End of variable declaration

Open the HDF file and initialize the SD interface.

OO0

sd_id = sfstart(FILE_NAME, DFACC_WRITE)

Select the first data set.

OO0
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sds_index=0
sds_id = sfselect(sd_id, sds_index)

Create a file with the name EXT_FILE_NAME and move the data set
into it, starting at byte location OFFSET.

o000

status = sfsextf(sds_id, EXT_FILE_NAME, OFFSET)

Terminate access to the data set.

OO0

status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.

OO0

status = sfend(sd_id)

end

3.6 Reading Data from an SDS Array: SDreaddata

Data of an SDS array can be read as an entire array, a subset of the array, or a set of samples of the
array. SDS data is read from an external file in the same way that it is read from a primary file;
whether the SDS array is stored in an external file is transparent to the user. Reading data from an
SDS array involves the following steps:

1. Select the data set.

2. Define the portion of the data to be read.

3. Read data portion as defined.

To read data from an SDS array, the calling program must contain the following function calls:

C: sds_id = SDselect(sd_id, sds_index);
status = SDreaddata(sds _id, start, stride, edges, data);

FORTRAN: sds_id = sfselect(sd_id, sds_index)
status = sfrdata(sds_id, start, stride, edges, data)
OR status = sfrcdata(sds_id, start, stride, edges, data)

Note that step 2 is not illustrated in the function call syntax; it is carried out by assigning values to
the parameterstart , stride , andedges before the routin&Dreaddatais called in step 3.

SDreaddatareads the data according to the definition specified by the pararmseters stride
andedges and stores the data into the buffer providézth . The argumengds_id is the SDS
identifier returned bysDcreateor SDselect As with SDwritedata, the argumentstart |, stride
andedges describe the starting location, the number of elements to skip after each read, and the
number of elements to be read, respectively, for each dimension. For additional information on the
parameterstart , stride , andedges, refer to Section 3.5.1 on page 30.

There are two FORTRAN-77 versions of this routisfedata reads numeric data arsfircdata
reads character data.

SDreaddatareturns a value cUCCEEor 0), including the situation when the data set does not
contain data, oFAIL (or-1). The parameters &Dreaddataare further described in Table 3K.
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p=]
=3

TABLE 3K SDreaddata Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
sds_id int32 integer Data set identifier
) . Array containing the position at which the
%
start int32[ integer(") read will start for each dimension
SDreaddata Array containing the number of data locatig
[intn] stride int32[] integer(*) the current location is to be moved forward
(sfrdata/ before the next read
sfrcdata) L
. . Array containing the number of data elemej
*'
edges int32(] integer(*) to be read along each dimension
- - "
data VOIDP <valid numeric data type>( Buffer the data will be read into
character*(*)
EXAMPLE 8. Reading from an SDS

S

This example uses the routilBDreaddata/sfrdata to read the data that has been written in
Example 2, modified in Example 4, and moved to the external file in the Example 7. Note that the
original file SDS.hdf that contains the SDS metadata and the external file ExternalSDS that con-
tains the SDS raw data should reside in the same directory. The fact that raw data is in the external
file is transparent to the user’s program.

C:
#include "mfhdf.h"

#define FILE_NAME  "SDS.hdf"

#define X_LENGTH 5
#define Y_LENGTH 16

main()

{

/ Variable declaration

int32 sd_id, sds_id, sds_index;

intn status;
int32 start[2], edges|[2];

int32 dataY_LENGTH][X_LENGTH];

int i, j;

[RIxwwik xRk End of variable declaration **ssik ik ik ok |

/*

* Open the file for reading and initialize the SD interface.

*

sd_id = SDstart (FILE_NAME, DFACC_READ);

/*

* Select the first data set.
*/

sds_index = 0;

sds_id = SDselect (sd_id, sds_index);

/*

* Set elements of array start to 0, elements of array edges
* to SDS dimensions,and use NULL for the argument stride in SDreaddata

* to read the entire data.
*
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start[0] = 0;
start[1] = 0;
edges[0] = Y_LENGTH;
edges[1] = X_LENGTH;

/*

* Read entire data into data array.

*/

status = SDreaddata (sds_id, start, NULL, edges, (VOIDP)data);

/*

* Print 10th row; the following numbers should be displayed.
* 10100012 1314

*

for (j = 0; j < X_LENGTH; j++) printf (“%d ", data[9][j]);

printf ("\n");

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

C
C
c

OO0

c
C
C

O000Q0O

program read_data
implicit none

Parameter declaration.

character*7 FILE_NAME

integer X _LENGTH, Y_LENGTH
parameter (FILE_NAME ='SDS.hdf,
+ X_LENGTH =5,

+ Y_LENGTH =16)

integer DFACC_READ, DFNT_INT32
parameter (DFACC_READ =1,

+ DFNT_INT32 = 24)

Function declaration.

integer sfstart, sfselect, sfrdata, sfendacc, sfend

*+% VVariable declaration

integer sd_id, sds_id, sds_index, status
integer start(2), edges(2), stride(2)
integer data(X_LENGTH, Y_LENGTH)
integer j

** End of variable declaration

Open the file and initialize the SD interface.

sd_id = sfstart(FILE_NAME, DFACC_READ)
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Select the first data set.

OO0

sds_index=0
sds_id = sfselect(sd_id, sds_index)

Set elements of the array start to 0, elements of the array edges to
SDS dimensions, and elements of the array stride to 1 to read the
entire data.

O0O000

start(1) =0

start(2) =0

edges(1l) = X_LENGTH
edges(2) = Y_LENGTH
stride(1) =1

stride(2) =1

Read entire data into data array. Note that sfrdata is used
to read the numeric data.

OO0

status = sfrdata(sds_id, start, stride, edges, data)

Print 10th column; the following numbers are displayed:

10100012 13 14

O0000

write(*,*) (data(j,10), j = 1, X_LENGTH)

Terminate access to the data set.

OO0

status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.

OO0

status = sfend(sd_id)

end

EXAMPLE 9.

Reading Subsets of an SDS.

This example shows how parametsesst |, stride , andedges of the routineSDreadata/sfrdata
can be used to read three subsets of an SDS array.

C:
For the first subset, the program reads every 3rd element of the 2nd column starting at the
4th row of the data set created in Example 2 and modified in Examples 4 and 7.
For the second subset the program reads the first 4 elements of the 10th row.
For the third subset, the program reads from the same data set every 6th element of each
column and 4th element of each row starting at 1st column, 3d row.
FORTRAN-77:
Fortran program reads transposed data to reflect the difference in C and Fortran internal
storage.
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#include "mfhdf.h"

#define FILE_NAME  "SDS.hdf"
#define SUB1_LENGTH 5
#define SUB2_LENGTH 4
#define SUB3_LENGTHL1 2
#define SUB3_LENGTH2 3

main( )

{

/ Variable declaration /

int32 sd_id, sds_id, sds_index;

intn status;

int32 start[2], edges[2], stride[2];

int32 subl_data[SUB1 LENGTH];

int32 sub2_data[SUB2_LENGTH];

int32 sub3_data[SUB3_LENGTH2][SUB3_LENGTH1];
int i,j;

Jradkxkskxiiiokx End of variable declaration **#xskiikiiskkicioxk |

/*

* Open the file for reading and initialize the SD interface.
*

sd_id = SDstart (FILE_NAME, DFACC_READ);

/*

* Select the first data set.

*

sds_index =0;

sds_id = SDselect (sd_id, sds_index);

/*

* Reading the first subset.

* Set elements of start, edges, and stride arrays to read

* every 3rd element in the 2nd column starting at 4th row.

*

start[0] = 3; /* 4th row */

start[1] =1; /*2nd column */

edges[0] = SUB1_LENGTH; /* SUB1_LENGTH elements are read along 2nd column*/
edges[1] = 1;

stride[0] = 3; /* every 3rd element is read along 2nd column */
stride[1] = 1;

/*

* Read the data from the file into sub1_data array.

*/

status = SDreaddata (sds_id, start, stride, edges, (VOIDP)subl_data);

/*

* Print what we have just read; the following numbers should be displayed:
* 58100014 17

*/

for (j = 0; j < SUBL_LENGTH; j++) printf ("%d ", sub1_data[j]);

printf ("\n");

/*
* Reading the second subset.

*
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* Set elements of start and edges arrays to read

* first 4 elements of the 10th row.

*

start[0] = 9; /* 10th row */

start[1] = 0; /* 1st column */

edges[0] = 1;

edges[1] = SUB2_LENGTH; /* SUB2_LENGTH elements are read along 10th row */

/*

* Read data from the file into sub2_data array. Note that the third

* parameter is set to NULL for contiguous reading.

*/

status = SDreaddata (sds_id, start, NULL, edges, (VOIDP)sub2_data);

/*

* Print what we have just read; the following numbers should be displayed:
* 10 1000 12 13

*

for (j = 0; j < SUB2_LENGTH,; j++) printf ("%d ", sub2_data[j]);

printf ("\n");

/*

* Reading the third subset.

* Set elements of the arrays start, edges, and stride to read

* every 6th element in the column and 4th element in the row

* starting at 1st column, 3d row.

*

start[0] = 2; /* 3d row */

start[1] = 0; /* 1st column */

edges[0] = SUB3_LENGTH2; /* SUB3_LENGTH2 elements are read along

each column */

edges[1] = SUB3_LENGTHLI; /* SUB3_LENGTHL1 elements are read along
each row */

6; /* read every 6th element along each column */

stride[0] =
1] = 4, /* read every 4th element along each row */

stride[

/*

* Read the data from the file into sub3_data array.

*/

status = SDreaddata (sds_id, start, stride, edges, (VOIDP)sub3_data);

/*
* Print what we have just read; the following numbers should be displayed:

*

* 37
* 913
* 1519

*/

for (j =0;j < SUB3_LENGTHZ2; j++ ) {
for (i =0; i < SUB3_LENGTHZ; i++) printf ("%d ", sub3_data[j][i]);
printf ("\n");

}

/*

* Terminate access to the data set.

*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*

status = SDend (sd_id);
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FORTRAN:

OO0

C
c
C

C

C**** \ariable declaration

C

O000qQO0n

OO0

O0O0000

[eNeN¢e]

** End of variable declaration

program read_subsets
implicit none

Parameter declaration.

character*7 FILE_NAME

parameter (FILE_NAME ='SDS.hdf")
integer DFACC_READ, DFNT_INT32
parameter (DFACC_READ =1,

+ DFNT_INT32 = 24)

integer SUB1_LENGTH, SUB2_LENGTH, SUB3_LENGTH1,
+ SUB3_LENGTH2

parameter (SUB1_LENGTH =5,

+ SUB2_LENGTH =4,

+ SUB3_LENGTH1 =2,

+ SUB3_LENGTH2 =3)

Function declaration.

integer sfstart, sfselect, sfrdata, sfendacc, sfend

integer sd_id, sds_id, sds_index, status

integer start(2), edges(2), stride(2)

integer subl_data(SUB1_LENGTH)

integer sub2_data(SUB2_LENGTH)

integer sub3_data(SUB3_LENGTH1,SUB3_LENGTH2)
integer i, j

Open the file and initialize the SD interface.
sd_id = sfstart(FILE_NAME, DFACC_READ)
Select the first data set.

sds_index=0
sds_id =sfselect(sd_id, sds_index)

Reading the first subset.

Set elements of start, stride, and edges arrays to read
every 3d element in in the 2nd row starting in the 4th column.

start(1) =1

start(2) =3

edges(1l) =1

edges(2) =SUB1_LENGTH
stride(1) =1

stride(2) =3

Read the data from subl_data array.

status = sfrdata(sds_id, start, stride, edges, subl_data)
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O0O000

O0O0000

O0O000 OO0

O0O0000O0

OO0

O0O0000

50
c
c
C
C

c
C

Print what we have just read, the following nhumbers should be displayed:
581000 14 17

write(*,*) (sub1_data(j), j = 1, SUB1_LENGTH)

Reading the second subset.
Set elements of start, stride, and edges arrays to read
first 4 elements of 10th column.
start(1) =0
start(2) =9
edges(l) = SUB2_LENGTH
edges(2) =1
stride(1) =1
stride(2) =1
Read the data into sub2_data array.

status = sfrdata(sds_id, start, stride, edges, sub2_data)

Print what we have just read; the following humbers should be displayed:
101000 12 13
write(*,*) (sub2_data(j), j = 1, SUB2_LENGTH)
Reading the third subset.
Set elements of start, stride and edges arrays to read
every 6th element in the row and every 4th element in the column
starting at 1st row, 3rd column.
start(1) =0
start(2) =2
edges(1l) = SUB3_LENGTH1
edges(2) = SUB3_LENGTH2
stride(1) =4
stride(2) = 6

Read the data from the file into sub3_data array.

status = sfrdata(sds_id, start, stride, edges, sub3_data)

Print what we have just read; the following humbers should be displayed:

3915
71319

do50i=1, SUB3_LENGTH1
write(*,*) (sub3_data(i,j), j = 1, SUB3_LENGTH2)
continue
Terminate access to the data set.

status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.
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status = sfend(sd_id)

end

3.7 Obtaining Information about SD Data Sets

The routines covered in this section provide methods for obtaining information about all scientific
data sets in a file, for identifying the data sets that meet certain criteria, and for obtaining informa-
tion about specific data sets.

SDfileinfo obtains the numbers of data sets and file attributes, set by SD interface routines, in a
file. SDgetinfo provides information about an individual SDS. To retrieve information about all
data sets in a file, a calling program can 88dileinfo to determine the number of data sets, fol-
lowed by repeated calls ®@Dgetinfoto obtain the information about a particular data set.

SDnametoindexor SDreftoindex can be used to obtain the index of an SDS in a file knowing its
name or reference number, respectively. Refer to Section 3.2.1 on page 20 for a description of the
data set index and reference numig®idtoref is used when the reference number of an SDS is
required by another routine and the SDS identifier is available.

These routines are described individually in the following subsections.

3.7.1 Obtaining Information about the Contents of a File: SDfileinfo

SDfileinfo determines the number of scientific data sets and the number of file attributes con-
tained in a file. This information is often useful in index validation or sequential searches. The
syntax ofSDfileinfo is as follows:

C: status = SDfileinfo(sd_id, &n_datasets, &n_file_attrs);
FORTRAN: status = sffinfo(sd_id, n_datasets, n_file_attrs)

SDfileinfo stores the numbers of scientific data sets and file attributes in the parameters
n_datasets andn_file_attrs , respectively. Note that the value returnednbyatasets  will

include the number of SDS arragsd the number of dimension scales. Refer to Section 3.8.4 on
page 74 and Section 3.8.4.4 on page 81 for the description of dimension scales and its association
with SDS arrays as well as how to distinguish between SDS arrays and dimension scales. The file
attributes are those that are createdsbsetattr for an SD interface identifier instead of an SDS
identifier. Refer to Section 3.9.1 on page 85 for the discussi@Degtattr.

SDfileinfo returns a value oSUCCEEor 0) or FAIL (or -1). The parameters @Dfileinfo are
specified in Table 3L on page 64.

3.7.2 Obtaining Information about a Specific SDS: SDgetinfo

SDgetinfoprovides basic information about an SDS array. Often information about an SDS array
is needed before reading and working with the array. For instance, the rank, dimension sizes, and/
or data type of an array are needed to allocate the proper amount of memory to work with the
array. SDgetinfotakes an SDS identifier as input, and retrieves the name, rank, dimension sizes,
data type, and number of attributes for the corresponding SDS. The syntax of this routine is as fol-
lows:
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C: status = SDgetinfo(sds_id, sds_name, &rank, dim_sizes,
&data_type, &n_attrs);

FORTRAN: status =sfginfo(sds_id, sds_name, rank, dim_sizes, data_type,
n_attrs)

SDgetinfostores the name, rank, dimension sizes, data type, and number of attributes of the spec-
ified data set into the parameteatis name, rank , dim_sizes , data_type , andn_attrs , respec-

tively. The parametesds name is a character string. Note that the name of the SDS is limited to

64 characters.

If the data set is created with an unlimited dimension, then in the C interface, the first element of
the dim_sizes array (corresponding to the slowest-changing dimension) contains the number of
records in the unlimited dimension; in the FORTRAN-77 interface, the last element of the array
dim_sizes (corresponding to the slowest-changing dimension) contains this information.

The parametedata type contains any type that HDF supports for the scientific data. Refer to
Table 2E on page 14, for the list of supported data types and their corresponding defined values.
The parameter_atirs  only reflects the number of attributes assigned to the data set specified by
sds_id ; file attributes are not included. US®fileinfo to get the number of file attributes.

SDgetinfo returns a value o8UCCEEQor 0) or FAIL (or -1). The parameters @&Dgetinfo are
specified in Table 3L.

TABLE 3L SDfileinfo and SDgetinfo Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
SDfileinfo sd_id int32 integer SD interface identifier
[intn] n_datasets int32 * integer Number of data sets in the file
(sffinfo) n_file_attrs int32 * integer Number of global attributes in the file
sds_id int32 integer Data set identifier
sds_name char* character*(*)| Name of the data set
S[i_geti]nfo rank int32 * integer Number of dimensions in the data set
intn
(sfginfo) dim_sizes int32 ] integer (*) | Size of each dimension in the data set
data_type int32 * integer Data type of the data in the data set
n_attrs int32 * integer Number of attributes in the data set
EXAMPLE 10. Getting Information about a File and an SDSs.

This example illustrates the use of the rouiXileinfo/sffinfo to obtain the number of data sets
in the file SDS.hdf and the routir@Dgetinfo/sfginfoto retrieve the name, rank, dimension sizes,
data type and number of attributes of the selected data set.

C:

#include "mfhdf.h"
#define FILE_NAME  "SDS.hdf"
main( )

{

/ Variable declaration /

int32 sd_id, sds_id;
intn status;
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int32 n_datasets, n_file_attrs, index;
int32 dim_sizes[MAX_VAR_DIMS];
int32 rank, data_type, n_attrs;

char name[MAX_NC_NAME];

int i;

[RIxwRk xRk Rk End of variable declaration **ssik ik ik ok |

/*

* Open the file and initialize the SD interface.

*

sd_id = SDstart (FILE_NAME, DFACC_READ);

/*

* Determine the number of data sets in the file and the number
* of file attributes.

*/

status = SDfileinfo (sd_id, &n_datasets, &n_file_attrs);

/*

* Access every data set and print its name, rank, dimension sizes,
* data type, and number of attributes.

* The following information should be displayed:

* name = SDStemplate

* rank = 2

* dimension sizes are : 16 5

* data typeis 24

* number of attributes is 0

*/

for (index = 0; index < n_datasets; index++)
{

sds_id = SDselect (sd_id, index);
status = SDgetinfo (sds_id, name, &rank, dim_sizes,
&data_type, &n_attrs);

printf ("name = %s\n", name);

printf ("rank = %d\n", rank);

printf ("dimension sizes are : *);

for (i=0; i< rank; i++) printf ("%d ", dim_sizes][i]);
printf ("\n");

printf ("data type is %d\n", data_type);

printf ("number of attributes is %d\n", n_attrs);

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

}

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:
program get_data_set_info
implicit none
C
C Parameter declaration.
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character*7 FILE_NAME

parameter (FILE_NAME ='SDS.hdf’)

integer DFACC_READ, DFNT_INT32
parameter (DFACC_READ =1,

+ DFNT_INT32 = 24)

integer MAX_NC_NAME, MAX_VAR_DIMS
parameter (MAX_NC_NAME =256,

+ MAX_VAR_DIMS = 32)

C
C  Function declaration.
C

integer sfstart, sffinfo, sfselect, sfginfo
integer sfendacc, sfend

C

C**** Variable declaration

C
integer sd_id, sds_id
integer n_datasets, n_file_attrs, index
integer status, n_attrs
integer rank, data_type
integer dim_sizes(MAX_VAR_DIMS)
character name *(MAX_NC_NAME)
integer i

C

C** End of variable declaration

Open the file and initialize the SD interface.

O000

sd_id = sfstart(FILE_NAME, DFACC_READ)

Determine the number of data sets in the file and the number of
file attributes.

O000

status = sffinfo(sd_id, n_datasets, n_file_attrs)

Access every data set in the file and print its name, rank,
dimension sizes, data type, and number of attributes.
The following information should be displayed:

name = SDStemplate
rank= 2

dimension sizesare: 5 16
datatypeis 24

number of attributes is 0

O0O0000O0O00O00O

do 10 index = 0, n_datasets - 1
sds_id = sfselect(sd_id, index)
status = sfginfo(sds_id, name, rank, dim_sizes, data_type,
n_attrs)
write(*,*) "name =", name(1:15)
write(*,*) "rank =", rank
write(*,*) "dimension sizes are : ", (dim_sizes(i), i=1, rank)
write(*,*) "data type is ", data_type
write(*,*) "number of attributes is ", n_attrs

C
C Terminate access to the current data set.
C
status = sfendacc(sds_id)
10 continue
C

C Terminate access to the SD interface and close the file.
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C
status = sfend(sd_id)

end

3.7.3 Locating an SDS by Name: SDnametoindex

SDnametoindexdetermines and returns the index of a data set in a file given the data set's name.
The syntax of this routine is as follows:

C: sds_index = SDnametoindex(sd_id, sds_name);
FORTRAN: sds_index = sfn2index(sd_id, sds_name)

The parametesds_name is a character string with the maximum lengtléotharacters. If more
than one data set has the name specifiesiyame, SDnametoindexwill return the index of
the first data set. The index can then be usefilbselectto obtain an SDS identifier for the spec-
ified data set.

The SDnametoindexroutine is case-sensitive to the name specifieddbyname and does not
accept wildcards as part of that name. The hame must exactly match the name of the SDS being
searched for.

SDnametoindexreturns the index of a data setFaiL (or-1). The parameters &Dnametoin-
dex are specified in Table 3M.

3.7.4 Locating an SDS by Reference Number: SDreftoindex

SDreftoindex determines and returns the index of a data set in a file given the data set’s reference
number. The syntax of this routine is as follows:

C: sds_index = SDreftoindex(sd_id, ref);
FORTRAN: sds_index = sfref2index(sd_id, ref)

The reference number can be obtained uSidgltoref if the SDS identifier is available. Remem-
ber that reference numbers do not necessarily adhere to any ordering scheme.

SDreftoindex returns either the index of an SDSFaL (or -1). The parameters of this routine
are specified in Table 3M.

3.7.5 Obtaining the Reference Number Assigned to the Specified SDS:
SDidtoref

SDidtoref returns the reference number of the data set identified by the paratseker if the
data set is found, @¢RAIL (or-1) otherwise. The syntax of this routine is as follows:

C: sds_ref = SDidtoref(sds_id);
FORTRAN: sds_ref = sfid2ref(sds_id)

This reference number is often usedMayldtagref to add the data set to a vgroup. Refer to Chap-
ter 5,Vgroups (V API)for more information.

The parameter ddDidtoref is specified in Table 3M.
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TABLE 3M SDnametoindex, SDreftoindex, and SDidtoref Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
SDnametoindex sd_id int32 integer SD interface identifier
[int32]
(sfn2index) sds_name char * character*(*)| Name of the data set
SDreftoindex sd_id int32 integer SD interface identifier
[int32]
(sfref2index) ref int32 integer Reference number of the specified data set
SDidtoref
[int32] sds_id int32 integer Data set identifier
(sfid2ref)
EXAMPLE 11. Locating an SDS by Its Name.

This example uses the routi®nametoindex/sfn2indexto locate the SDS with the specified
name and then reads the data from it.
C:
#include "mfhdf.h"

#define FILE_NAME  "SDS.hdf"
#define SDS_NAME  "SDStemplate”
#define WRONG_NAME "WrongName"
#define X_LENGTH 5

#define Y_LENGTH 16

main()

{

/ Variable declaration /

int32 sd_id, sds_id, sds_index;

intn status;

int32 start[2], edges[2];

int32 data[Y_LENGTH][X_LENGTH];
int i, j;

[rrwsissdissnk End of variable declaration * ik

/*

* Open the file for reading and initialize the SD interface.
*/

sd_id = SDstart (FILE_NAME, DFACC_READ);

/*

* Find index of the data set with the name specified in WRONG_NAME.
* Error condition occurs, since the data set with that name does not exist
* in the file.

*/

sds_index = SDnametoindex (sd_id, WRONG_NAME);

if (sds_index == FAIL)

printf ("Data set with the name \"WrongName\" does not exist\n");

/*

* Find index of the data set with the name specified in SDS_NAME and use
* the index to select the data set.

*/

sds_index = SDnametoindex (sd_id, SDS_NAME);
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sds_id = SDselect (sd_id, sds_index);

/*

* Set elements of the array start to 0, elements of the array edges to

* SDS dimensions, and use NULL for stride argument in SDreaddata to read
* the entire data.

*/

start[0] = 0;
start[1] = 0;
edges[0] = Y_LENGTH;
edges[1] = X_LENGTH;

/*

* Read the entire data into the buffer named data.

*/

status = SDreaddata (sds_id, start, NULL, edges, (VOIDP)data);

/*

* Print 10th row; the following numbers should be displayed:
* 101000 1213 14

*/

for (j = 0; j < X_LENGTH; j++) printf ("%d ", data[9][j]);

printf ("\n");

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

OO0

C
c
C

c
C
C

program locate_by name
implicit none

Parameter declaration.

character*7 FILE_NAME

character*11 SDS_NAME

character*9 WRONG_NAME

integer X _LENGTH, Y_LENGTH
parameter (FILE_NAME ='SDS.hdf,
+ SDS_NAME ='SDStemplate’,
+ WRONG_NAME = "WrongName’,
+ X_LENGTH =5,

+ Y_LENGTH =16)

integer DFACC_READ, DFNT_INT32
parameter (DFACC_READ =1,

+ DFNT_INT32 = 24)

Function declaration.

integer sfstart, sfn2index, sfselect, sfrdata, sfendacc, sfend

*++% VVariable declaration
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O000qQO0n

O0O000

OO0

OO0

OO0 O0O000 [eNeN¢e]

OO0

integer sd_id, sds_id, sds_index, status
integer start(2), edges(2), stride(2)
integer data(X_LENGTH, Y_LENGTH)
integer j

** End of variable declaration

Open the file and initialize the SD interface.
sd_id = sfstart(FILE_NAME, DFACC_READ)
Find index of the data set with the name specified in WRONG_NAME.
Error condition occurs, since a data set with this name
does not exist in the file.
sds_index = sfn2index(sd_id, WRONG_NAME)
if (sds_index .eq. -1) then
write(*,*) "Data set with the name ", WRONG_NAME,
+ " does not exist"
endif

Find index of the data set with the name specified in SDS_NAME
and use the index to attach to the data set.

sds_index = sfn2index(sd_id, SDS_NAME)
sds_id = sfselect(sd_id, sds_index)

Set elements of start array to 0, elements of edges array
to SDS dimensions, and elements of stride array to 1 to read entire data.

start(1) =0
start(2) =0
edges(l) = X_LENGTH
edges(2) = Y_LENGTH
stride(1) =1
stride(2) = 1
Read entire data into array named data.
status = sfrdata(sds_id, start, stride, edges, data)
Print 10th column; the following numbers should be displayed:
101000 12 1314
write(*,*) (data(j,10), j = 1, X_LENGTH)
Terminate access to the data set.
status = sfendacc(sds_id)
Terminate access to the SD interface and close the file.

status = sfend(sd_id)

end
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3.7.6 Creating SDS Arrays Containing Non-standard Length Data:
SDsetnbitdataset

Starting with version 4.0r1, HDF provides the routBi@setnbitdataset allowing the HDF user
to specify that a particular SDS array contains data of a non-standard length.

SDsetnbitdatasetspecifies that the data set identified by the paransd¢eid will contain data
of a non-standard length defined by the parametatshit andbit_ len . Additional informa-
tion about the non-standard bit length decoding are specified in the paraswtess and
flLone . The syntax oSDsetnbitdatasets as follows:

C: status = SDsetnbitdataset(sds_id, start_bit, bit_len,
sign_ext, fill_one);

FORTRAN: status = sfsnbit(sds_id, start_bit, bit_len, sign_ext,
fil_one)

Any length between 1 and 32 bits can be specified. AEsetnbitdatasethas been called for an
SDS array, any read or write operations will convert between the new data length of the SDS array
and the data length of the read or write buffer.

Bit lengths of all data types are counted from the right of the bit field starting with 0. In a bit field
containing the value®1111011 , bits 2 and 7 are set toand all the other bits are setito

The parameterstart_bit specifies the left-most position of the variable-length bit field to be
written. For example, in the bit field described in the preceding paragraph a parsanebér
set to4 would correspond to the fourth bit valueidirom the right.

The parametehit_ len  specifies the number of bits of the variable-length bit field to be written.
This number includes the starting bit and the count proceeds toward the right end of the bit field -
toward the lower-bit numbers. For example, starting at bit 5 and writing 4 bits of the bit field
described in the preceding paragraph would result in the bitfie@ being written to the data

set. This would correspond tastart_bit value of5 and abit_len  value of4.

The parametesign_ext specifies whether to use the left-most bit of the variable-length bit field

to sign-extend to the left-most bit of the data set data. For example, if 9-bit signed integer data is
extracted from bits 17-25 and the bit in position 25, ihen when the data is read back from disk,

bits 26-31 will be set ta. Otherwise bit 25 will b@ and bits 26-31 will be set b Thesign_ext
parameter can be setTRUE(or 1) or FALSE (or 0); specify TRUEto sign-extend.

The parametdfil_one  specifies whether to fill the "background” bits with the valwe 0. This
parameter is also set to eit@UE(or 1) or FALSE(or 0).

The "background” bits of a non-standard length data set are the bits that fall outside of the non-
standard length bit field stored on disk. For example, if five bits of an unsigned 16-bit integer data
set located in bits 5 to 9 are written to disk with the paranfittene  set toTRUE(or 1), then

when the data is reread into memory bits 0 to 4 and 10 to 15 would belséftthoe same 5-bit

data was written with @il_one  value ofFALSE(or 0), then bits 0 to 4 and 10 to 15 would be set

to 0.

The operation offill_one is performed before the operation ©ign_ext . For example, using
thesign_ext example above, bits 0 to 16 and 26 to 31 will first be set to the background bit value,
and then bits 26 to 31 will be sett@r 0 based on the value of the 25th bit.

SDsetnbitdatasetreturns a value dBUCCEERor 0) or FAIL (or-1). The parameters f@Dsetnbit-
datasetare specified in Table 3N.

June 24, 1998 3-71



National Center for Supercomputing Applications

TABLE 3N SDsetnbitdataset Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
sds_id int32 integer Data set identifier
SDsetnbitdataset start_bit intn integer Leftmost bit of the field to be written
[intn] bit_len intn integer Length of the bit field to be written
(sfsnbit) sign_ext intn integer Sign-extend specifier
fill_one intn integer Background bit specifier

3.8 SDS Dimension and Dimension Scale Operations

The concept of dimensions is introduced in Section 3.2.1 on page 20. This section describes SD
interface routines which store and retrieve information on dimensions and dimension scales.
When a dimension scale is set for a dimension, the library stores the dimension and its associated
information as an SDS array. In the following discussion, we will refer to that array (recall
NetCDF) as @oordinate variableor dimension recordThe section concludes with consideration

of related data sets and sharable dimensions.

3.8.1 Selecting a Dimension: SDgetdimid

SDS dimensions are uniquely identified Bynension identifiers which are assigned when a
dimension is created. These dimension identifiers are used within a program to refer to a particu-
lar dimension, its scale, and its attributes. Before working with a dimension, a program must first
obtain a dimension identifier by calling t&®getdimid routine as follows:

C: dim_id = SDgetdimid(sds_id, dim_index);
FORTRAN: dim_id = sfdimid(sds_id, dim_index)

SDgetdimid takes two argumentsds_id anddim_index , and returns a dimension identifier,

dim_id . The argumendim_index is an integer from O to the number of dimensions minus 1. The
number of dimensions in a data set is specified at the time the data set is created. Specifying a
dimension index equal to or larger than the number of dimensions in the data setStxgetes

dimid to return a value dfAlL (or-1).

Unlike file and data set identifiers, dimension identifiers do not require explicit disj3i3gt-
dimid returns a dimension identifier BAIL (or-1). The parameters &Dgetdimid are specified
in Table 30 on page 73.

3.8.2 Naming a Dimension: SDsetdimname

SDsetdimnameassigns a name to a dimension. If two dimensions have the same name, they will
be represented in the file by only one SDS. Therefore changes to one dimension will be reflected
in the other. Naming dimensions is optional but encouraged. Dimensions that are not explicitly
named by the user will have names generated by the HDF librargiieninfo to read existing
dimension names. The syntaxSDsetdimnameis as follows:

C: status = SDsetdimname(dim_id, dim_name);
FORTRAN: status = sfsdmname(dim_id, dim_name)

The argumentim_id in SDsetdimnameis the dimension identifier returned BDgetdimid.
The parametedim_name is a string of alphanumeric characters representing the name for the
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selected dimension. An attempt to rename a dimension &&sgtdimnamewill cause the old
name to be deleted and a new one to be assigned.

Note that when naming dimensions the name of a particular dimensishbe set before
attributes are assigned; once the attributes have been set, the name must not be changed. In other
words, SDsetdimnamemust only be called before any calls 3®setdimscale(described in

Section 3.8.4.1 on page 7% PDsetattr (described in Section 3.9.1 on page 855@rsetdimstrs
(described in Section 3.10.2.1 on page 97).

SDsetdimnamereturns a value c8UCCEELor 0) or FAIL (or-1). The parameters @Dsetdim-
name are described in Table 30.

TABLE 30 SDgetdimid and SDsetdimname Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
SDgetdimid sds_id int32 integer Data set identifier
[int32]
(sfdimid) dim_index intn integer Dimension index
SDsetdimname dim_id int32 integer Dimension identifier
[intn]
(sfsdmname) dim_name char * character*(*) [ Dimension hame

3.8.3 0Old and New Dimension Implementations

Up to and including HDF version 4.0 betal, dimensions were vgroup objects (described in Chap-
ter 5,Vgroups (V API)containing a single field vdata (described in Chapt&fdétas (VS APJ)

with a class name ddimvalo.0 . The vdata had the same number of records as the size of the
dimension, which consisted of the values 0, 1, 2, ... n - 1, where n is the size of the dimension.
These values were not strictly necessary. Consider the case of applications that create large one
dimensional data sets: the disk space taken by these unnecessary values nearly doubles the size of
the HDF file. To avoid these situations, a new representation of dimensions was implemented for
HDF version 4.0 beta 2 and later versions.

Dimensions are still vgroups in the new representation, but the vdata has only one record with a
value of<dimension size> and the class name of the vdata has been chan@ad\talo.1 to
distinguish it from the old version.

Between HDF versions 4.0 betal and 4.1, the old and new dimension representations were written
by default for each dimension created, and both representations were recognized by routines that
operate on dimensions. From HDF version 4.1 forward, SD interface routines recognize only the
new representation. Two compatibility mode routine§Dsetdimval comp and
SDisdimval_bwcomp are provided to allow HDF programs to distinguish between the two
dimension representations, @mpatibility modes

3.8.3.1 Setting the Future Compatibility Mode of a Dimension: SDsetdimval_comp

SDsetdimval_compsets the compatibility mode for the dimension identified by the parameter
dim_id . This operation determines whether the dimension will have the old and new representa-
tions or the new representation only. The synta@$etdimval_compis as follows:

C: status = SDsetdimval_comp(dim_id, comp_mode);

FORTRAN: status = sfsdmvc(dim_id, comp_mode)
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The parametercomp_mode specifies the compatibility mode. It can be set to either
SD_DIMVAL_BW_COMer 1), which specifies compatible mode and that the old and new dimension
representations will be written to the file,%D_DIMVAL BW_INCOMFor 0), which specifies incom-
patible mode and that only the new dimension representation will be written to file. As of HDF
version 4.1rl, the default mode is backward-incompatible. Subsequent calls to
SDsetdimval_compwill override the settings established in previous calls to the routine.

Unlimited dimensions are always backward compatible. Ther&bsetdimval_comptakes no
action when the dimension identified diyn_id is unlimited.

SDsetdimval_compreturns a value oBUCCEED(or 0) or FALL (or -1). The parameters of
SDsetdimval_compare specified in Table 3P on page 74.

3.8.3.2 Determining the Current Compatibility Mode of a Dimension:
SDisdimval_bwcomp

SDisdimval_bwcompdetermines whether the specified dimension has the old and new represen-
tations or the new representation only. The synte&sdimval_bwcompis as follows:

C: comp_mode = SDisdimval_bwcomp(dim_id);
FORTRAN: comp_mode = sfisdmvc(dim_id)

SDisdimval_bwcomp returns one of the three valuessD_DIMVAL BW_COMP(or 1),
SD_DIMVAL_BW_INCOMFor 0), and FAIL (or -1). The interpretation oD DIMVAL_BW_COmand
SD_DIMVAL_BW_INCOMg&re as that in the routirgDsetdimval_comp

The parameters @Disdimval_bwcompare specified in Table 3P.

TABLE 3P SDsetdimval_comp and SDisdimval_bwcomp Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
SDsetdimval_comp dim_id int32 integer Dimension identifier
(sg:r?vc) comp_mode intn integer Compatibility mode
SDisdimval_bwcomp
[intn] dim_id int32 integer Dimension identifier
(sfisdmvc)
3.8.4 Dimension Scales
A dimension scalean be thought of as a series of numbers demarcating intervals along a dimen-
sion. One scale is assigned per dimension. Users of netCDF can think of them as analogous to
coordinate variablesIn the SDS data model, each dimension scale is a one-dimensional array
with name and size equal to its assigned dimension name and size.
For example, if a dimension of length 6 named "depth" is assigned a dimension scale, its scale is a
one-dimensional array of length 6 and is also assigned the name "depth". The name of the dimen-
sion will also appear as the name of the dimension scale.
Recall that when dimension scale is assigned to a dimension, the dimension is implemented as an
SDS array with data being the data scale. Although dimension scales are conceptually different
from SDS arrays, they are implemented as SDS arrays by the SDS interface and are treated simi-
larly by the routines in the interface. For example, whersfileinfo routine returns the number
of data sets in a file, it includes dimension scales in that numberSDisoordvar routine
(described in Section 3.8.4.4 on page 81) distinguishes SDS data sets from dimension scales.
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3.8.4.1 Writing Dimension Scales: SDsetdimscale

SDsetdimscalestores scale information for the dimension identified by the paranietad .
The syntax of this routine is as follows:

C: status = SDsetdimscale(dim_id, n_values, data_type, data);
FORTRAN: status = sfsdscale(dim_id, n_values, data_type, data)

The argument_values specifies the number of scale values along the specified dimension. For a
fixed size dimensionn values must be equal to the size of the dimension. The parameter
data type specifies the data type for the scale valuesdated is an array containing the scale
values.

SDsetdimscalereturns a value ;8UCCEEDor 0) or FAIL (or-1). The parameters of this routine are
specified in Table 3Q on page 76.

3.8.4.2 Obtaining Dimension Scale and Other Dimension Information: SDdiminfo

Before working with an existing dimension scale, it is often necessary to determine its characteris-
tics. For instance, to allocate the proper amount of memory for a scale requires knowledge of its
size and data typ&Ddiminfo provides this basic information, as well as the name and the num-
ber of attributes for a specified dimension.

The syntax of this routine is as follows:

C: status = SDdiminfo(dim_id, dim_name, &dim_size, &data_type,
&n_attrs);

FORTRAN: status = sfgdinfo(dim_id, dim_name, dim_size, data_type,
n_attrs)

SDdiminfo retrieves and stores the dimension’s name, size, data type, and number of attributes
into the parameter$m_name, dim_size , data_type , andn_atrs , respectively.

The parametedim_name will contain the dimension name set 8§psetdimnameor the default
dimension namefakeDim[x] , if SDsetdimnamehas not been called, wherg] [denotes the
dimension index. If the name is not desired, the parardietefiame can be set tlULLin C or an
empty string in FORTRAN-77.

An output value of O for the paramet#n_size indicates that the dimension specified by the
parameterim_id is unlimited. UseSDgetinfo to get the number of elements of the unlimited
dimension.

If scale information is available for the specified dimension, $Bsetdimscalehas been called,
the parametetata type will contain the data type of the scale values; otherwlge, type  will
containo.

SDdiminfo returns a value oc8UCCEELor 0) or FAIL (or-1). The parameters of this routine are
specified in Table 3Q.

3.8.4.3 Reading Dimension Scales: SDgetdimscale

SDgetdimscaleretrieves the scale values of a dimension. These values have previously been
stored bySDsetdimscale The syntax of this routine is as follows:

C: status = SDgetdimscale(dim_id, data);

FORTRAN: status = sfgdscale(dim_id, data)
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SDgetdimscalereads all the scale values and stores them in the lafferwhich is assumed to

be sufficiently allocated to hold all the valu&Ddiminfo should be used to determine whether the

scale has been set for the dimension and to obtain the data type and the number of scale values for
space allocation before callirg@Dgetdimscale Refer to Section 3.8.4.2 on page 75 for a discus-

sion of SDdiminfo.

Note that it is not possible to read a subset of the scale v&Dggtdimscalereturns all of the
scale values stored with the given dimension.

SDgetdimscalereturns a value addUCCEELor 0) or FAIL (or-1). The parameters of this routine
are specified in Table 3Q.

TABLE 3Q SDsetdimscale, SDdiminfo, and SDgetdimscale Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
dim_id int32 integer Dimension identifier
SDs?tdin;scale n_values int32 integer Number of scale values
intn
(sfsdscale) data_type int32 integer Data type to be set for the scale values
data VOIDP <valid data type>(*) | Buffer containing the scale values to be seft
dim_id int32 integer Dimension identifier
SDdiminfo dim_name char * character*(*) Buffer for the dimension name
[intn] n_values int32 * integer Buffer for the dimension size
(sfgdinfo) data_type int32 * integer Buffer for the scale data type
n_attrs int32 * integer Buffer for the attribute count
SDgetdimscale dim_id int32 integer Dimension identifier
intn
(sfédsc]ale) data VOIDP <valid data type>(*) | Buffer for the scale values
EXAMPLE 12. Setting and Retrieving Dimension Information.
This example illustrates the use of the routis&getdimid/sfdimid, SDsetdimname/sfsdm-
name, SDsetdimscale/sfsdscale&SDdiminfo/sfgdinfo, and SDgetdimscale/sfgdscaléo set and
retrieve the dimensions names and dimension scales of the SDS created in Example 2 and modi-
fied in Examples 4 and 7.
C:
#include "mfhdf.h"
#define FILE_NAME  "SDS.hdf"
#define SDS_NAME  "SDStemplate"
#define DIM_NAME_X  "X_Axis"
#define DIM_NAME_Y  "Y_Axis"
#define NAME_LENGTH 6
#define X_LENGTH 5
#define Y_LENGTH 16
#define RANK 2
main( )
{
/ Variable declaration /
int32 sd_id, sds_id, sds_index;
intn  status;
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int32 dim_index, dim_id;

int32 n_values, data_type, n_attrs;

intlé data X[X_LENGTH]; /* X dimension dimension scale */
intl6 data_X_outlX_LENGTH];

float64 data_Y[Y_LENGTH]; /*Y dimension dimension scale */
float64 data_Y_out[Y_LENGTH];

char dim_name[NAME_LENGTH];

int i, j, nrow;

[RIxwRk xRk Rk End of variable declaration **kik ik ik ok |

/*

* |nitialize dimension scales.

*/

for (i=0; i < X_LENGTH; i++) data_X[i] = ;

for (i=0; i < Y_LENGTH; i++) data_Y[i]= 0.1 *;

/*

* Open the file and initialize SD interface.

*

sd_id = SDstart (FILE_NAME, DFACC_WRITE);

/*

* Get the index of the data set specified in SDS_NAME.
*/

sds_index = SDnametoindex (sd_id, SDS_NAME);

/*

* Select the data set corresponding to the returned index.
*/

sds_id = SDselect (sd_id, sds_index);

* For each dimension of the data set specified in SDS_NAME,
* get its dimension identifier and set dimension name
* and dimension scale. Note that data type of dimension scale
* can be different between dimensions and can be different from
* SDS data type.
*
for (dim_index = 0; dim_index < RANK; dim_index++)
{

/*

* Select the dimension at position dim_index.

*/

dim_id = SDgetdimid (sds_id, dim_index);

/*
* Assign name and dimension scale to selected dimension.
*/
switch (dim_index)
{
case O:status = SDsetdimname (dim_id, DIM_NAME_Y);
n_values = Y_LENGTH,;
status = SDsetdimscale (dim_id,n_values,DFNT_FLOAT64, \
(VOIDP)data_Y);
break;
case 1:status = SDsetdimname (dim_id, DIM_NAME_X);
n_values = X_LENGTH,;
status = SDsetdimscale (dim_id,n_values,DFNT_INT16, \
(VOIDP)data_X);
break;
default: break;
}
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/*
* Get and display info about the dimension and its scale values.
* The following information is displayed:

* Information about 1 dimension:

* dimension name is Y_AXxis

* number of scale values is 16

* dimension scale data type is float64
* number of dimension attributes is 0
* Scale values are :

* 0.000 0.100 0.200 0.300
* 0.400 0.500 0.600 0.700
* 0.800 0.900 1.000 1.100
* 1.200 1.300 1.400 1.500
* Information about 2 dimension:

* dimension name is X_Axis

* number of scale values is 5

* dimension scale data type is int16
* number of dimension attributes is 0
* Scale values are :

* 01234

*/

status = SDdiminfo (dim_id, dim_name, &n_values, &data_type, &n_attrs);
printf ("Information about %d dimension:\n", dim_index+1);
printf ("dimension name is %s\n", dim_name);

printf ("number of scale values is %d\n", n_values);

if( data_type == DFNT_FLOAT64)

printf ("dimension scale data type is float64\n");

if( data_type == DFNT_INT16)

printf ("dimension scale data type is int16\n");

printf ("number of dimension attributes is %d\n", n_attrs);
printf ("\n");

printf ("Scale values are :\n");

switch (dim_index)

{
case 0: status = SDgetdimscale (dim_id, (VOIDP)data_Y_out);
nrow = 4;
for (i=0; i<n_values/nrow; i++)
{

for (j=0; j<nrow; j++)
printf (" %-6.3f", data_Y_out[i*nrow + j]);
printf ("\n");
}
break;
case 1. status = SDgetdimscale (dim_id, (VOIDP)data_X_out);
for (i=0; i<n_values; i++) printf (" %d", data_X_out[i]);
break;
default: break;
}
printf ("\n");
} *for dim_index */

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*
* Terminate access to the SD interface and close the file.
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*/
status = SDend (sd_id);
}

FORTRAN:

program dimension_info
implicit none

Parameter declaration.

OO0

character*7 FILE_NAME

character*11 SDS_NAME

character*6 DIM_NAME_X

character*6 DIM_NAME_Y

integer X_LENGTH, Y_LENGTH, RANK
parameter (FILE_NAME ='SDS.hdf,

+ SDS_NAME ='SDStemplate’,
DIM_NAME_X ="X_Axis,
DIM_NAME_Y ='Y_Axis,
X_LENGTH =5,

Y_LENGTH =186,

RANK =2)

integer DFACC_WRITE, DFNT_INT16, DFNT_FLOAT64
parameter (DFACC_WRITE =2,

+ DFNT_INT16 =22,

+ DFNT_FLOAT64 = 6)

+ + + + +

C
C Function declaration.
C
integer sfstart, sfn2index, sfdimid, sfgdinfo
integer sfsdscale, sfgdscale, sfsdmname, sfendacc
integer sfend, sfselect
C
C**** Variable declaration
C

integer sd_id, sds_id, sds_index, status
integer dim_index, dim_id
integer n_values, n_attrs, data_type
integer*2 data_ X(X_LENGTH)
integer*2 data_X_out(X_LENGTH)
real*8 data_Y(Y_LENGTH)
real*8 data_Y_out(Y_LENGTH)
character*6 dim_name
integer i

C

C** End of variable declaration

Initialize dimension scales.

OO0

do10i=1, X_LENGTH
data_X(@)=i-1
10 continue

do20i=1,Y_LENGTH
data_Y()) =0.1*(i- 1)
20 continue
C
C Open the file and initialize SD interface.
C
sd_id = sfstart(FILE_NAME, DFACC_WRITE)
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OO0

O0O0000 OO0

OO0

OO0

O0O000000000000000000000O0O0

(@]

Get the index of the data set with the name specified in SDS_NAME.

sds_index = sfn2index(sd_id, SDS_NAME)

Select the data set corresponding to the returned index.

sds_id = sfselect(sd_id, sds_index)

For each dimension of the data set,

get its dimension identifier and set dimension name

and dimension scales. Note that data type of dimension scale can

be different between dimensions and can be different from SDS data type.

do 30 dim_index = 0, RANK - 1

Select the dimension at position dim_index.
dim_id = sfdimid(sds_id, dim_index)
Assign name and dimension scale to the dimension.

if (dim_index .eq. 0) then

status = sfsdmname(dim_id, DIM_NAME_X)

n_values = X_LENGTH

status = sfsdscale(dim_id, n_values, DFNT_INT16, data_X)
end if
if (dim_index .eq. 1) then

status = sfsdmname(dim_id, DIM_NAME_Y)

n_values=Y_LENGTH

status = sfsdscale(dim_id, n_values, DFNT_FLOATG64, data_Y)
end if

Get and display information about dimension and its scale values.
The following information is displayed:

Information about 1 dimension :
dimension name is X_Axis
number of scale values is 5
dimension scale data type is int16

number of dimension attributes is 0
Scale values are:
01234

Information about 2 dimension :
dimension name is Y_Axis

number of scale values is 16
dimension scale data type is float64
number of dimension attributes is 0

Scale values are:
0.000 0.100 0.200 0.300
0.400 0.500 0.600 0.700
0.800 0.900 1.000 1.100
1200 1.300 1400 1.500

status = sfgdinfo(dim_id, dim_name, n_values, data_type, n_attrs)

write(*,*) "Information about ", dim_index+1," dimension :"
write(*,*) "dimension name is ", dim_name

write(*,*) "number of scale values is", n_values

if (data_type. eq. 22) then
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write(*,*) "dimension scale data type is int16"
endif
if (data_type. eq. 6) then

write(*,*) "dimension scale data type is float64"
endif
write(*,*) "number of dimension attributes is ", n_attrs

write(*,*) "Scale values are:"
if (dim_index .eq. 0) then
status = sfgdscale(dim_id, data_X_out)
write(*,*) (data_X_out(i), i=1, X_LENGTH)
endif
if (dim_index .eq. 1) then
status = sfgdscale(dim_id, data_Y_out)
write(*,100) (data_Y_out(i), i= 1, Y_LENGTH)
100 format(4(1x,f10.3)/)
endif
30 continue

C
C Terminate access to the data set.
C

status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.

[eNeN¢e]

status = sfend(sd_id)
end

3.8.4.4 Distinguishing SDS Arrays from Dimension Scales: SDiscoordvar

The HDF library stores SDS dimensions as data sets. HDF therefore provides theSDigote

ordvar to determine whether a particular data set contains the data of an SDS or an SDS dimen-
sion with dimension scale or attribute assigned to it. The synt@Ristoordvarthis routine is as
follows:

C: status = SDiscoordvar(sds_id);
FORTRAN: status = sfiscvar(sds_id)

If the data set, identified by the paramedgy id , contains the dimension data, a subsequent call
to SDgetinfowill fill the specified arguments with information about a dimension, rather than a
data set.

SDiscoordvar returnsTRUE(or 1) if the specified data set represents a dimension scalerasd
(or 0), otherwise. This routine is further defined in Table 3R.

TABLE 3R

SDiscoordvar Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
SDiscoordvar
[intn] sds_id int32 integer Data set identifier
(sfiscvar)
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EXAMPLE 13.

Distinguishing a Dimension Scale from a Data Set in a File.

This example illustrates the use of the rout8@iscoordvar/sfiscvarto determine whether the
selected SDS array is a data set or a dimension stored as an SDS array (coordinate variable) (see
discussion in Section 3.8.4) and displays the name of the data set or dimension.

C:

#include "mfhdf.h"
#define FILE_NAME  "SDS.hdf"
main()

{

/ Variable declaration /

int32 sd_id, sds_id, sds_index;

intn status;

int32 rank, data_type, dim_sizes[MAX_VAR_DIMS];
int32 n_datasets, n_file_attr, n_attrs;

char sds_name[MAX_NC_NAME];

[FIxwRk xRk End of variable declaration **skik ik ik ok |

/*

* Open the file and initialize the SD interface.

*/

sd_id = SDstart(FILE_NAME, DFACC_READ);

/*

* Obtain information about the file.

*/

status = SDfileinfo(sd_id, &n_datasets, &n_file_attr);

[* Get information about each SDS in the file.

* Check whether it is a coordinate variable, then display retrieved
* information.

* Output displayed:

*

* SDS array with the name SDStemplate

* Coordinate variable with the name Y_Axis

* Coordinate variable with the name X_Axis

*

*/

for (sds_index=0; sds_index< n_datasets; sds_index++)
{

sds_id = SDselect (sd_id, sds_index);
status = SDgetinfo(sds_id, sds_name, &rank, dim_sizes, &data_type,
&n_attrs);
if (SDiscoordvar(sds_id))
printf(" Coordinate variable with the name %s\n", sds_name);
else
printf(" SDS array with the name %s\n", sds_name);

/*

* Terminate access to the selected data set.
*/

status = SDendaccess(sds_id);

}

/*
* Terminate access to the SD interface and close the file.
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*/
status = SDend(sd_id);
}
FORTRAN:
program sds_vrs_coordvar
implicit none
C
C Parameter declaration.
C
character*7 FILE_NAME
parameter (FILE_NAME ='SDS.hdf’)
integer DFACC_READ, DFNT_INT32
parameter (DFACC_READ =1,
+ DFNT_INT32 = 24)
integer MAX_VAR_DIMS
parameter (MAX_VAR_DIMS = 32)
C
C Function declaration.
C
integer sfstart, sfselect, sfiscvar, sffinfo, sfginfo
integer sfendacc, sfend
C
C**** Variable declaration
C
integer sd_id, sds_id, sds_index, status
integer rank, data_type
integer n_datasets, n_file_attrs, n_attrs
integer dim_sizes(MAX_VAR_DIMS)
character*256 sds_name
C
C** End of variable declaration
C
C
C Open the file and initialize the SD interface.
C
sd_id = sfstart(FILE_NAME, DFACC_READ)
C
C Obtain information about the file.
C
status = sffinfo(sd_id, n_datasets, n_file_attrs)
C
C Getinformation about each SDS in the file.
C Check whether it is a coordinate variable, then display retrieved
C information.
C Output displayed:
C
C SDS array with the name SDStemplate
C Coordinate variable with the name X_Axis
C Coordinate variable with the name Y_Axis
C

do 10 sds_index = 0, n_datasets-1
sds_id = sfselect(sd_id, sds_index)
status = sfginfo(sds_id, sds_name, rank, dim_sizes,
+ data_type, n_attrs)
status = sfiscvar(sds_id)
if (status .eq. 1) then
write(*,*) "Coordinate variable with the name ",
+ sds_name(1:6)
else
write(*,*) "SDS array with the name ",
+ sds_name(1:11)
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endif
C
C Terminate access to the data set.
C
status = sfendacc(sds_id)
10 continue
C
C Terminate access to the SD interface and close the file.
C
status = sfend(sd_id)
end

3.8.5 Related Data Sets

SD data sets with one or more dimensions with the same name and size are considered to be
related. Examples of related data sets are cross-sections from the same simulation, frames in an
animation, or images collected from the same apparatus. HDF attempts to preserve this relation-
ship by unifying their dimension scales and attributes. To understand how related data sets are
handled, it is necessary to understand what dimension records are and how they are created.

In the SD interface, dimension records are only created for dimensions of a unique name and size.
To illustrate this, consider a case where there are three scientific data sets, each representing a
unique variable, in an HDF file. (See Figure 3c.) The first two data sets have two dimensions each
and the third data set has three dimensions. There are a total of five dimensions in the file and the
name mapping between the data sets and the dimensions are shown in the figure. Note that if, for
example, the creation of a second dimension named "Altitude" is attempted and the size of the
dimension is different from the existing dimension named "Altitude", an error condition will be
generated.

As expected, assigning a dimension attribute to dimension 1 of either data set will create the
required dimension scale and assign the appropriate attribute. However, because related data sets
share dimension records, they also share dimension attributes. Therefore, it is impossible to assign
an attribute to a dimension without assigning the same attribute to all dimensions of identical
name and size, either within one data set or related data sets.

FIGURE 3c Dimension Records and Attributes Shared Between Related Data Sets
Data Set A Data Set B Data Set C
[ Latitude] [ Congitudg Longitudg
Latitude Longitude Time Altitude
Dimensions
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3.9 User-defined Attributes

User-defined attributesare defined by the calling program and contain auxiliary information
about a file, SDS array, or dimension. This auxiliary information is sometimes cadiediata

because it is data about data. There are two ways to store metadata: as user-defined attributes or as
predefined attributes.

Attributes take the forrabel=value , wherelabel is a character string containitvpX_NC_NAME

(or 256) or fewer characters andlue contains one or more entries of the same data type as
defined at the time the attribute is created. Attributes can be attached to files, data sets, and dimen-
sions. These are referred to, respectivelyfilasattributes data set attributesand dimension
attributes

File attributesdescribe an entire file. They generally contain information pertinent to all
HDF data sets in the file and are sometimes referreddiohal attributes

Data set attributeslescribe individual SDSs. Because their scope is limited to an individual
SDS, data set attributes are sometimes referredltezalsattributes

Dimension attributesprovide information applicable to an individual SDS dimension. It is
possible to assign a unit to one dimension in a data set without assigning a unit to the
remaining dimensions.

For each attribute, aattribute countis maintained that identifies the number of values in the
attribute. Each attribute has a unigugibute index the value of which ranges from 0 to the total
number of attributes minus 1. The attribute index is used to locate an attribute in the object which
the attribute is attached to. Once the attribute is identified, its values and information can be
retrieved.

The data types permitted for attributes are the same as those allowed for SDS arrays. SDS arrays
with general attributes of the same name can have different data types. For example, the attribute
valid_range  specifying the valid range of data values for an array of 16-bit integers might be of
type 16-bit integer, whereas the attribuééid range  for an array of 32-bit floats could be of

type 32-bit floating-point integer.

Attribute names follow the same rules as dimension names. Providing meaningful nhames for
attributes is important, however using standardized names may be necessary if generic applica-
tions and utility programs are to be used. For example, every variable assigned a unit should have
an attribute namediits” associated with it. Furthermore, if an HDF file is to be used with soft-
ware that recognizes "units" attributes, the values of the "units" attributes should be expressed in a
conventional form as a character string that can be interpreted by that software.

The SD interface uses the same functions to access all attributes regardless of the objects they are
assigned to. The difference between accessing a file, array, or dimension attribute lies in the use of
identifiers. File identifiers, SDS identifiers, and dimension identifiers are used to respectively
access file attributes, SDS attributes, and dimension attributes.

3.9.1 Creating or Writing User-defined Attributes: SDsetattr

SDsetattr creates or modifies an attribute for one of the objects: the file, the data set, or the
dimension. If the attribute with the specified name does not &listetattr creates a new one. If

the named attribute already exiSf)setattrresets all the values that are different from those pro-
vided in its argument list. The syntax of this routine is as follows:

C: status = SDsetattr(obj_id, attr_name, data._type, n_values, values);

FORTRAN: status = sfsnatt(obj_id, attr_name, data_type, n_values, values)
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OR status = sfscatt(obj _id, attr_name, data._type, n_values, values)

The parameteobj_id is the identifier of the HDF data object to which the attribute is assigned
and can be a file identifier, SDS identifier, or dimension identifiabjlid specifies an SD inter-
face identifier ¢d_id ), a global attribute will be created which applies to all objects in the file. If
obj_id specifies a data set identifiexd$é_id ), an attribute will be attached only to the specified
data set. Ibbj_id specifies a dimension identifiedify_id ), an attribute will be attached only to
the specified dimension.

The parametesttr name is an ASCII character string containing the name of the attribute. It rep-
resents the label in thabel = value equation and can be no more thaxx_NC_NAME®Tr 256)
characters. If this is set to the hame of an existing attribute, the value portion of the attribute will
be overwritten. Do not us8Dsetattr to assign a name to a dimension, &@setdimname
instead.

The argumentsdata_type , n_values , andvalues describe the right side of thebel = value

equation. The argumemdlues contains one or more values of the same data type. The argument
data type contains any HDF supported data type (see Table 2E on page 14). The parameter
n_values specifies the total number of values in the attribute.

There are two FORTRAN-77 versions of this routietsnatt and sfscatt The routine sfsnatt
writes numeric attribute data asfscattwrites character attribute data.

SDsetattr returns a value c8UCCEEL§or 0) or FAIL (or-1). The parameters &Dsetattr are fur-
ther described in Table 3S on page 90.

EXAMPLE 14. Setting Attributes.

This example shows how the routir&Bsetattr/sfscatt/sfsnattare used to set the attributes of the
file, data set, and data set dimension created in the Examples 2, 4, and 12.

C:

#include "mfhdf.h"

#define FILE_NAME  "SDS.hdf"
#define FILE_ATTR_NAME "File_contents"
#define SDS_ATTR_NAME "Valid_range"
#define DIM_ATTR_NAME "Dim_metric"

main( )

{

/ Variable declaration /

int32 sd_id, sds_id, sds_index;
intn  status;
int32 dim_id, dim_index;
int32 n_values; /* number of values of the file, SDS or
dimension attribute */
char8 file_values[] = "Storm_track_data";
* values of the file attribute */
float32 sds_values[2] ={2., 10.};
[* values of the SDS attribute */
char8 dim_values[] ="Seconds";
[* values of the dimension attribute */

Jradkkxkiicxiokx End of variable declaration ** koo |

/*
* Open the file and initialize the SD interface.
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*
sd_id = SDstart (FILE_NAME, DFACC_WRITE);

/*
* Set an attribute that describes the file contents.
*
/
n_values = 16;
status = SDsetattr (sd_id, FILE_ATTR_NAME, DFNT_CHARS, n_values,
(VOIDP)file_values);

/*

* Select the first data set.

*/

sds_index = 0;

sds_id = SDselect (sd_id, sds_index);

/*

* Assign attribute to the first SDS. Note that attribute values

* may have different data type than SDS data.

*

/

n_values =2;

status = SDsetattr (sds_id, SDS_ATTR_NAME, DFNT_FLOAT32, n_values,
(VOIDP)sds_values);

/*

* Get the the second dimension identifier of the SDS.
*/

dim_index =1,

dim_id = SDgetdimid (sds_id, dim_index);

/*
* Set an attribute of the dimension that specifies the dimension metric.
*
/
n_values = 7,
status = SDsetattr (dim_id, DIM_ATTR_NAME, DFNT_CHARS, n_values,
(VOIDP)dim_values);

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*

* Terminate access to the SD interface and close the file.
*/

status = SDend (sd_id);

FORTRAN:

OO0

program set_attribs
implicit none

Parameter declaration.

character*7 FILE_NAME
character*13 FILE_ATTR_NAME
character*11 SDS_ATTR_NAME
character*10 DIM_ATTR_NAME
parameter (FILE_NAME ='SDS.hdf,

+ FILE_ATTR_NAME = "File_contents’,
+ SDS_ATTR_NAME ='Valid_range’,
+ DIM_ATTR_NAME ='Dim_metric’)
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integer DFACC_WRITE, DFNT_CHARS, DFNT_FLOAT32
parameter (DFACC_WRITE =2,
+ DFNT_CHARS8 =4,
+ DFNT_FLOAT32 =5)
C
C  Function declaration.
C
integer sfstart, sfscatt, sfsnatt, sfselect, sfdimid
integer sfendacc, sfend
C
C**** Variable declaration
C

integer sd_id, sds_id, sds_index, status
integer dim_id, dim_index
integer n_values
character*16 file_values
real sds_values(2)
character*7 dim_values
file_values ='Storm_track data’
sds_values(1) = 2.
sds_values(2) = 10.
dim_values ='Seconds’

C

C*+ End of variable declaration

Open the file and initialize the SD interface.

OO0

sd_id = sfstart(FILE_NAME, DFACC_WRITE)

Set an attribute that describes the file contents.

OO0

n_values =16
status = sfscatt(sd_id, FILE_ATTR_NAME, DFNT_CHARS, n_values,
+ file_values)

Select the first data set.

OO0

sds_index=0
sds_id = sfselect(sd_id, sds_index)

Assign attribute to the first SDS. Note that attribute values
may have different data type than SDS data.

OO0

n_values =2
status = sfsnatt(sds_id, SDS_ATTR_NAME, DFNT_FLOAT32, n_values,
+ sds_values)

Get the identifier for the first dimension.

OO0

dim_index =0
dim_id = sfdimid(sds_id, dim_index)

Set an attribute to the dimension that specifies the
dimension metric.

OO0

n_values =7
status = sfscatt(dim_id, DIM_ATTR_NAME, DFNT_CHARS, n_values,
+ dim_values)

Terminate access to the data set.

OO0

status = sfendacc(sds_id)

3-88 June 24, 1998



HDF User's Guide

C
C Terminate access to the SD interface and close the file.
C

status = sfend(sd_id)

end

3.9.2 Querying User-defined Attributes: SDfindattr and SDattrinfo

Given a file, SDS, or dimension identifier and an attribute ne®idindattr returns a valid
attribute index if the corresponding attribute exists. The attribute index can then be used to retrieve
information about the attribute or its values. Given a file, SDS, or dimension identifier and a valid
attribute indexSDattrinfo retrieves the information about the corresponding attribute if it exists.

The syntax foSDfindattr andSDattrinfo are as follows:

C: attr_index = SDfindattr(obj_id, attr_name);
status = SDattrinfo(obj_id, attr_index, attr_name, &data_type,
&n_values);

FORTRAN: attr_index = sffattr(obj_id, attr_name)
status = sfgainfo(obj_id, attr_index, attr_name, data_type,
n_values)

SDfindattr returns the index of the attribute, which belongs to the object identified by the param-
eterobj_id , and whose name is specified by the paranatename

The parameteobj id can be either an SD interface identifiad_(d ), a data set identifier
(sds_id ), or a dimension identifierdin_id ). SDfindattr is case-sensitive in searching for the
name specified by the paramed#r name and does not accept wildcards as part of that name.

SDattrinfo retrieves the attribute’s name, data type, and number of values into the parameters
attr name ,data type , andn_ values , respectively.

The parameteattr_index specifies the relative position of the attribute within the specified
object. An attribute index may also be determined by either keeping track of the number and order
of attributes as they are written or dumping the contents of the file using the HDF dumping utility,
hdp, which is described in Chapter FDF Command-Line Utilities

SDfindattr returns an attribute index or a valuerafL (or-1). SDattrinfo returns a value UC-
CEED(or 0) or FAIL (or-1). The parameters &Dfindattr andSDattrinfo are further described in
Table 3S on page 90.

3.9.3 Reading User-defined Attributes: SDreadattr

Given a file, SDS, or dimension identifier and an attribute in8&¢eadattr reads the values of
an attribute that belongs to either a file, an SDS, or a dimension. The syntax of this routine is as
follows:

C: status = SDreadattr(obj_id, attr_index, values);
FORTRAN: status = sfrattr(obj_id, attr_index, values)

OR status = sfrnatt(obj_id, attr_index, values)

OR status = sfrcatt(obj_id, attr_index, values)

SDreadattr stores the attribute values in the buffelues , which is assumed to be sufficiently
allocated. The size of the buffer must be at Ieasilues*sizeof (data type) bytes long,
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wheren_values anddata_type are the number of attribute values and their type. The values of
n_values anddata_type can be retrieved usingDattrinfo. Note that the size of the data type
must be determined at the local machine where the application is rusngadattr will also

read attributes and annotations created by the DFSD interface.

The parameteobj id can be either an SD interface identifiad_(d ), a data set identifier
(sds_id ), or a dimension identifiedin_id ).

The parameteattr_index specifies the relative position of the attribute within the specified
object. An attribute index may also be determined by either keeping track of the number and order
of attributes as they are written or dumping the contents of the file using the HDF dumping utility,
hdp, which is described in Chapter FDF Command-Line Utilities

There are three FORTRAN-77 versions of this routsimttr, sfrnatt, andsfrcatt. The routine
sfrattr reads data of all valid data typesftnatt reads numeric attribute data asfcatt reads
character attribute data.

SDreadattr returns a value c8UCCEEL§or 0) or FAIL (or-1). The parameters @&Dreadattr are
further described in Table 3S.

TABLE 3S

SDsetattr, SDfindattr, SDattrinfo, and SDreadattr Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
sd_id, sds_id o int32 integer SD interface, data set, or
dim_id g dimension identifier
SDsetattr attr_name char * character*(*) Name of the attribute
[intn] - - -
(sfsnatt/ data_type int32 integer Data type of the attribute
sfscatt) n_values int32 integer Number of values in the attribute
<vali i > (¥
values VOIDP valid numeric data type>( Buffer containing the data to be written
character*(*)
SDfindattr Sdild., Sd_SJd 0| int32 integer S.D mterfac_e, da_t_a set, or
[int32] dim_id dimension identifier
(sffattr) attr_name char * character*(*) Attribute name
sd_id, sds_id o int32 integer SD interface, data set, or
dim_id g dimension identifier
attr_index int32 integer Index of the attribute to be read
SDattrinfo -
fintn] attr_name char * character*(*) Buffer for the name of the attribute
(sfgainfo) data_type int32 * integer Buf_fer for the data type of the values in the
attribute
. . Buffer for the total number of values in the
n_values int32 * integer .
attribute
sd_id, sds_id o int32 integer SD interface, data set, or dimension idgnti-
SDreadattr dim_id g fier
fintn] attr_index int32 integer Index of the attribute to be read
(sfrattr/
sfrnatt/ <valid data type>(*)/
sfrcatt) values VOIDP <valid numeric data type>(*] Buffer for the attribute values
character*(*)
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EXAMPLE 15. Reading Attributes.

This example uses the routinebfindattr/sffattr , SDattrinfo/sfgainfo, andSDreadattr/sfrattr
to find and read attributes of the file, data set, and data set dimension created in the Example 14.
C:
#include "mfhdf.h"

#define FILE_NAME  "SDS.hdf"
#define FILE_ATTR_NAME "File_contents"
#define SDS_ATTR_NAME "Valid_range"
#define DIM_ATTR_NAME "Dim_metric"

main()

{

/ Variable declaration /

int32 sd_id, sds_id, dim_id;

intn  status;

int32 attr_index, data_type, n_values;
char attr_name[MAX_NC_NAME];
int8 *file_data;

int8 *dim_data;

float32 *sds_data;

int i

[RIxwikxsRRikk ok End of variable declaration **ssikkiik ik ik |

/*

* Open the file and initialize SD interface.

*/

sd_id = SDstart (FILE_NAME, DFACC_READ);

/*

* Find the file attribute defined by FILE_ATTR_NAME.
*

attr_index = SDfindattr (sd_id, FILE_ATTR_NAME);

/*

* Get information about the file attribute. Note that the first

* parameter is an SD interface identifier.

*/

status = SDattrinfo (sd_id, attr_index, attr_name, &data_type, &n_values);

/*

* Allocate a buffer to hold the attribute data.

*/

file_data = (int8 *)malloc (n_values * sizeof (data_type));

/*

* Read the file attribute data.

*

status = SDreadattr (sd_id, attr_index, file_data);

/*

* Print out file attribute value.

*

printf ("File attribute value is : %s\n", file_data);

/*
* Select the first data set.
*/
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sds_id = SDselect (sd_id, 0);

/*

* Find the data set attribute defined by SDS_ATTR_NAME. Note that the
* first parameter is a data set identifier.

*

attr_index = SDfindattr (sds_id, SDS_ATTR_NAME);

/*

* Get information about the data set attribute.

*/

status = SDattrinfo (sds_id, attr_index, attr_name, &data_type, &n_values);

/*

* Allocate a buffer to hold the data set attribute data.

*/

sds_data = (float32 *)malloc (n_values * sizeof (data_type));

/*

* Read the SDS attribute data.

*/

status = SDreadattr (sds_id, attr_index, sds_data);

/*
* Print out SDS attribute data type and values.
*/
if (data_type == DFNT_FLOAT32)
printf ("SDS attribute data type is : float32\n");
printf ("SDS attribute values are : *);
for (i=0; i<n_values; i++) printf (* %f", sds_datali]);
printf ("\n");

/*

* Get the identifier for the second dimension of the SDS.
*/

dim_id = SDgetdimid (sds_id, 1);

/*

* Find dimension attribute defined by DIM_ATTR_NAME.
*

attr_index = SDfindattr (dim_id, DIM_ATTR_NAME);

/*

* Get information about the dimension attribute.

*

status = SDattrinfo (dim_id, attr_index, attr_name, &data_type, &n_values);

/*

* Allocate a buffer to hold the dimension attribute data.

*

dim_data = (int8 *)malloc (n_values * sizeof (data_type));

/*

* Read the dimension attribute data.

*/

status = SDreadattr (dim_id, attr_index, dim_data);

/*

* Print out dimension attribute value.

*

printf ("Dimensional attribute values is : %s\n", dim_data);

/*
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* Terminate access to the data set and to the SD interface and
* close the file.

*/

status = SDendaccess (sds_id);

status = SDend (sd_id);

/*

* Free all buffers.
*/

free (dim_data);
free (sds_data);
free (file_data);

/* Output of this program is :

*  File attribute value is : Storm_track_data

*  SDS attribute data type is : float32

*  SDS attribute values are :  2.000000 10.000000
* Dimensional attribute values is : Seconds

}
FORTRAN:

program attr_info
implicit none

C

C Parameter declaration.

C
character*7 FILE_NAME
character*13 FILE_ATTR_NAME
character*11 SDS_ATTR_NAME
character*10 DIM_ATTR_NAME
parameter (FILE_NAME ='SDS.hdf,
+ FILE_ATTR_NAME = 'File_contents’,
+ SDS_ATTR_NAME ='Valid_range’,
+ DIM_ATTR_NAME ='Dim_metric’)
integer DFACC_READ, DFNT_FLOAT32
parameter (DFACC_READ =1,
+ DFNT_FLOAT32 =5)

C

C  Function declaration.

C
integer sfstart, sffattr, sfgainfo, sfrattr, sfselect
integer sfdimid, sfendacc, sfend

C

C**** Variable declaration

C
integer  sd_id, sds_id, dim_id
integer  attr_index, data_type, n_values, status
real sds_data(2)
character*20 attr_name
character*16 file_data
character*7 dim_data
integer i

C

C** End of variable declaration

Open the file and initialize SD interface.

O000

sd_id = sfstart(FILE_NAME, DFACC_READ)
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OO0 OO0 OO0 OO0 [eNeNe] [eNeN¢e] OO0 OO0

[eNeN¢e]

OO0 OO0 OO0

OO0

Find the file attribute defined by FILE_ATTR_NAME.
Note that the first parameter is an SD interface identifier.

attr_index = sffattr(sd_id, FILE_ATTR_NAME)
Get information about the file attribute.

status = sfgainfo(sd_id, attr_index, attr_name, data_type,
+ n_values)

Read the file attribute data.

status = sfrattr(sd_id, attr_index, file_data)
Print file attribute value.

write(*,*) "File attribute value is : ", file_data
Select the first data set.

sds_id = sfselect(sd_id, 0)

Find the data set attribute defined by SDS_ATTR_NAME.
Note that the first parameter is a data set identifier.

attr_index = sffattr(sds_id, SDS_ATTR_NAME)
Get information about the data set attribute.

status = sfgainfo(sds_id, attr_index, attr_name, data_type,
+ n_values)

Read the SDS attribute data.

status = sfrattr(sds_id, attr_index, sds_data)

Print SDS attribute data type and values.
if (data_type .eq. DFNT_FLOAT32) then

write(*,*) "SDS attribute data type is : float32 "
endif
write(*,*) "SDS attribute values are :"
write(*,¥) (sds_data(i), i=1, n_values)

Get the identifier for the first dimension of the SDS.
dim_id = sfdimid(sds_id, 0)

Find the dimensional attribute defined by DIM_ATTR_NAME.
Note that the first parameter is a dimension identifier.

attr_index = sffattr(dim_id, DIM_ATTR_NAME)
Get information about dimension attribute.

status = sfgainfo(dim_id, attr_index, attr_name, data_type,
+ n_values)

Read the dimension attribute data.

status = sfrattr(dim_id, attr_index, dim_data)
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Print dimension attribute value.

OO0

write(*,*) "Dimensional attribute value is : “, dim_data

Terminate access to the data set.

OO0

status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.

OO0

status = sfend(sd_id)

Output of this program is :

File attribute value is : Storm_track_data
SDS attribute data type is : float32
SDS attribute values are :
2.00000 10.00000
Dimensional attribute value is : Seconds

O0O0000000OO0

end

3.10 Predefined Attributes

Predefined attributesuse reserved names and in some cases predefined data type names. Pre-
defined attributes are categorized as follows:

Labelscan be thought of as variable names. They are often used as keys in searches to find a
particular predefined attribute.

Units are a means of declaring the units pertinent to a specific discipline. A freely-available
library of routines is available to convert between character string and binary forms of unit
specifications and to perform useful operations on the binary forms. This library is used in
some netCDF applications and is recommended for use with HDF applications. For more
information, refer to th@etCDF User's Guide for @vhich can be obtained at
http:/Mww.unidata.ucar.edu/packages/netcdf/guidec/

Formatsdescribe the format in which numeric values will be printed and/or displayed. The
recommended convention is to use standard FORTRAN-77 notation for describing the data
format. For example, "F7.2" means to display seven digits with two digits to the right of the
decimal point.

Coordinate systemsontain information that should be used when interpreting or displaying

the data. For example, the text strings "cartesian”, "polar" and "spherical" are recommended
coordinate system descriptions.

Rangesdefine the maximum and minimum values of a selected valid range. The range may
cover the entire data set, values outside the data set, or a subset of values within a data set.
Because the HDF library does not check or update the range attribute as data is added or
removed from the file, the calling program may assign any values deemed appropriate as
long as they are of the same data type as the SDS array.

Fill value is the value used to fill the areas between non-contiguous writes to SDS arrays.
For more information about fill values, refer to Section 3.10.5 on page 100.

Calibration stores scale and offset values used to create calibrated data in SDS arrays. When
data are calibrated, they are typically reduced from floats, double, or large integers into 8-bit
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or 16-bit integers and "packed" into an appropriately sized array. After the scale and offset
values are applied, the packed array will return to its original form.

Predefined attributes are useful because they establish conventions that applications can depend
on and because they are understood by the HDF library without users having to define them. Pre-
defined attributes also ensure backward compatibility with earlier versions of the HDF library.
They can be assigned only to data sets and dimensions. Table 3T lists the predefined attributes and

the types of object each attribute can be assigned to.

TABLE 3T

Predefined Attributes List

HDF DTa;tseObject Attribute Category Attribute Name Description
SDS Array Label long_name Name of the array
or Unit units Units used for all dimensions and data
Dimension Format format Format for displaying dim scales and array values
Coordinate System cordsys Coordinate system used to interpret the SDS array
Range valid_range Maximum and minimum values within a selected data range
Fill Value __Fillvalue Value used to fill empty locations in an SDS array
scale_factor Value by which each array value is to be multiplied
SDS Array Only
scale_factor_err Error introduced by scaling SDS array data
Calibration add_offset Value to which each array value is to be added
add_offset_err Error introduced by offsetting the SDS array data
calibrated_nt Data type of the calibrated data

While the following netCDF naming conventions are not predefined in HDF, they are highly rec-
ommended to promote consistency of information-sharing among generic applications. Refer to
thenetCDF User's Guide for €or further information.

missing_value An attribute containing a value used to fill areas of an array not intended to
contain either valid data or a fill value. The scope of this attribute is local to the array. An
example of this would be a region where information is unavailable, as in a geographical
grid containing ocean data. The part of the grid where there is land might not have any data
associated with it and in such a casertizging_value  value could be supplied. The
missing_value  attribute is different from theFilvalue  attribute in that fill values are
intended to indicate data that was expected but did not appear, whereas missing values are
used to indicate data that were never expected.

title: A global file attribute containing a description of the contents of a file.

history. A global file attribute containing the name of a program and the arguments used to
derive the file. Well-behaved generic filters (programs that take HDF or netCDF files as
input and produce HDF or netCDF files as output) would be expected to automatically
append their name and the parameters with which they were invoked to the history attribute
of an input file.

3.10.1 Accessing Predefined Attributes

The SD interface provides two methods for accessing predefined attributes. The first method uses
the general attribute routines for user-defined attributes described in Section 3.9 on page 85; the
second employs routines specifically designed for each attribute and will be discussed in the fol-
lowing sections. Although the general attribute routines work well and are recommended in most
cases, the specialized attribute routines are sometimes easier to use, especially when reading or
writing related predefined attributes. This is true for two reasons. First, because predefined
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attributes are guaranteed unique names, the attribute index is unnecessary. Second, attributes with
several components may be read as a group. For example, using the SD routine designed to read
the predefined calibration attribute returns all five components with a single call, rather than five
separate calls.

There is one exception: unlike predefined data set attributes, predefined dimension attributes
should be read or written using the specialized attribute routines only.

The predefined attribute parameters are described in Table 3U. Creating a predefined attribute
with parameters different from these will produce unpredictable results when the attribute is read
using the corresponding predefined-attribute routine.

TABLE 3U

Predefined Attribute Definitions

Category Attribute Name Data Type Number of Values Attribute Description
Label long_name DFNT_CHARS8 String length Pointer to string
Unit units DFNT_CHARS8 String length Pointer to string
Format format DFNT_CHARS8 String length Pointer to string
g;)gtfrate cordsys DFNT_CHARS8 String length Pointer to string
Range valid_range <valid data type> | 2 Pointer to array
Fill Value _Fillvalue <valid data type> | 1 Pointer to fill value
scale_factor DFNT_FLOAT64 1 Pointer to scale
scale_factor_err DFNT_FLOAT64 1 Pointer to scale error
Calibration add_offset DFNT_FLOAT64 1 Pointer to offset
add_offset_err DFNT_FLOAT64 1 Pointer to offset error
calibrated_nt DFNT_INT32 1 Pointer to data type

In addition toSDreadattr, SDfindattr andSDattrinfo are also valid general attribute routines to
use when reading a predefined attrib@Battrinfo is always useful for determining the size of an
attribute whose value contains a string.

3.10.2 SDS String Attributes

This section describes the predefined string attributes of the SDSs and the next section describes
those of the dimensions. Predefined string attributes of an SDS include¢henit, format, and
coordinate system

3.10.2.1 Writing String Attributes of an SDS: SDsetdatastrs

SDsetdatastrsassigns the predefined string attributes label, unit, format, and coordinate system to
an SDS array. The syntax of this routine is as follows:

C: status = SDsetdatastrs(sds _id, label, unit, format, coord_system);
FORTRAN: status = sfsdtstr(sds_id, label, unit, format, coord_system)

If you do not wish to set an attribute, set the corresponding parameterLtin C and an empty
string in FORTRAN-77SDsetdatastrsreturns a value c8UCCEEDjor 0) or FAIL (or-1). Its argu-
ments are further described in Table 3V on page 98.
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3.10.2.2 Reading String Attributes of an SDS: SDgetdatastrs

SDgetdatastrsreads the predefined string attributes label, unit, format, and coordinate system
from an SDS. These string attributes have previously been set by the ®iDEr&latastrs The
syntax ofSDgetdatastrsis as follows:

C: status = SDgetdatastrs(sds_id, label, unit, format,
coord_system, len);

FORTRAN: status = sfgdtstr(sds_id, label, unit, format, coord_system, len)

SDgetdatastrsstores the predefined attributes into the paramédiest , unit , format , and
coord_system , which are character string buffers. If a particular attribute has not been set by
SDsetdatastrs the first character of the corresponding returned string whiub&for C ando for
FORTRAN-77. Each string buffer is assumed to be at leastcharacters long, including the
space to hold theULL termination character. If you do not wish to get a predefined attribute of this
SDS, set the corresponding parametedbLin C and an empty string in FORTRAN-77.

SDgetdatastrsreturns a value oBUCCEED(or 0) or FAIL (or -1). Its parameters are further
described in Table 3V.

TABLE 3V SDsetdatastrs and SDgetdatastrs Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
sds_id int32 integer Data set identifier
* X (*
SDsetdatastrs label char character*(*) | Label for the data
[intn] unit char * character*(*) | Definition of the units
(sfsdtstr) N e S
format char character*(*) | Description of the data format
coord_system char * character*(*)| Description of the coordinate system
sds_id int32 integer Data set identifier
label char * character*(*) | Buffer for the label
SDg[e_tda]tastrs unit char * character*(*) | Buffer for the description of the units
intn
format char * character*(*) | Buffer for the description of the data format
(sfgdtstr)
coord_system char * character*(*)| Buffer for the description of the coordinate system
len intn integer Minimum length of the string buffers

3.10.3 String Attributes of Dimensions

Predefined string attributes of a dimension inclledeel, unit, andformat. They adhere to the
same definitions as those of the label, unit, and format strings for SDS attributes.

3.10.3.1 Writing a String Attribute of a Dimension: SDsetdimstrs

SDsetdimstrsassigns the predefined string attributes label, unit, and format to an SDS dimension
and its scales. The syntax of this routine is as follows:

C: status = SDsetdimstrs(dim_id, label, unit, format);
FORTRAN: status = sfsdmstr(dim_id, label, unit, format)

The argumentiim_id is the dimension identifier, returned I8Dgetdimid, and identifies the
dimension to which the attributes will be assigned. If you do not wish to set an attribute, set the
corresponding parameterkLLin C and an empty string in FORTRAN-77.

3-98

June 24, 1998



HDF User's Guide

SDsetdimstrs returns a value oBUCCEED(or 0) or FAIL (or -1). Its parameters are further
described in Table 3W.

3.10.3.2 Reading a String Attribute of a Dimension: SDgetdimstrs

SDgetdimstrsreads the predefined string attributes label, unit, and format from an SDS dimen-
sion. These string attributes have previously been set by the r&Dsetdimstrs The syntax of
SDgetdimstrsis as follows:

C: status = SDgetdimstrs(dim_id, label, unit, format, len);
FORTRAN: status = sfgdmstr(dim_id, label, unit, format, len)

SDgetdimstrs stores the predefined attributes of the dimension into the argutasts unit
andformat , which are character string buffers. If a particular attribute has not beenSesbi
dimstrs, the first character of the corresponding returned string willuae for C ando for FOR-
TRAN-77. Each string buffer is assumed to be at leasttharacters long, including the space to
hold theNULLtermination character. If you do not wish to get a predefined attribute of this dimen-
sion, set the corresponding parametenuoL in C and an empty string in FORTRAN-77.

SDgetdimstrs returns a value oBUCCEED(or 0) or FALL (or -1). Its parameters are further
described in Table 3W.

TABLE 3W

SDsetdimstrs and SDgetdimstrs Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
dim_id int32 integer Dimension identifier
SDS[?tdiTs"S label char * character*(*) | Label describing the specified dimension
intn
(sfsdmstr) unit char * character*(*) | Units to be used with the specified dimension
format char * character*(*) | Format to use when displaying the scale values
dim_id int32 integer Dimension identifier
* X (k' 1 1
SDgetdimstrs label char character*(*) | Buffer for the dimension label
[intn] unit char * character*(*) | Buffer for the dimension unit
(sfgdmstr) format char * character*(*) | Buffer for the dimension format
len intn integer Maximum length of the string attributes

3.10.4 Range Attributes

The attributerange contains user-defined maximum and minimum values in a selected range.

Since the HDF library does not check or update the range attribute as data is added or removed

from the file, the calling program may assign any values deemed appropriate. Also, because the

maximum and minimum values are supposed to relate to the data set, it is assumed that they are of

the same data type as the data.

3.10.4.1 Writing a Range Attribute: SDsetrange

SDsetrangesets the maximum and minimum range values for the data set identifdsl foy to
the values provided by the paramet@esandmin. The syntax of the routine is as follows:

C: status = SDsetrange(sds_id, max, min);

FORTRAN: status = sfsrange(sds_id, max, min)

June 24, 1998 3-99



National Center for Supercomputing Applications

SDsetrangedoes not compute the maximum and minimum range values, it only stores the values
as given. As a result, the maximum and minimum range values may not always reflect the actual
maximum and minimum range values in the data set data. Recall that the type of max and min is
assumed to be the same as that of the data set data.

SDsetrangereturns a value dSBUCCEEMor 0) or FAIL (or-1). Its parameters are further described
in Table 3X.

3.10.4.2 Reading a Range Attribute: SDgetrange

SDgetrangereads the maximum and minimum valid values of a data set. The syntax of this rou-
tine is as follows:

C: status = SDgetrange(sds_id, &max, &min);
FORTRAN: status = sfgrange(sds_id, max, min)

The maximum and minimum range values are stored in the paramateasdmin, respectively,
and must have previously been setSiysetrange Recall that the type ofiax andmin is assumed
to be the same as that of the data set data.

SDgetrangereturns a value cUCCEEL§or 0) or FAIL (or-1). Its parameters are further described
in Table 3X.

TABLE 3X

SDsetrange and SDgetrange Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
SDsetrange sds_id int32 integer Data set identifier
[intn] max VOIDP <valid data type> Maximum value to be stored
(sfsrange) min VOIDP <valid data type> Minimum value to be stored
SDgetrange sds_id int32 integer Data set identifier
[intn] max VOIDP <valid data type> Buffer for the maximum value
(sfgrange) min VOIDP <valid data type> Buffer for the minimum value

3.10.5 Fill Values and Fill Mode

A fill value is the value used to fill the spaces between non-contiguous writes to SDS arrays; it can
be set withSDsetfillvalue. If a fill value is set before writing data to an SDS, the entire array is
initialized to the specified fill value. By default, any location not subsequently overwritten with
SDS data will contain the fill value.

A fill value must be of the same data type as the array to which it is written. To avoid conversion
errors, use data-specific fill values instead of special architecture-specific values, such as infinity
andNot-a-Numberor NaN.

A fill mode specifies whether the fill value is to be written to all the SDSs in the file; it can be set
with SDsetfillmode

Writing fill values to an SDS can involve more 1/O overhead than is necessary, particularly in situ-
ations where the data set is to be contiguously filled with data before any read operation is made.
In other words, writing fill values is only necessary when there is a possibility that the data set will
be read before all gaps between writes are filled with data, i.e., before all elements in the array
have been assigned values. Thus, for a file that has only data sets containing contiguous data, the
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fill mode should be set t&D_NOFILL (or 256). Avoiding unnecessary filling can substantially
increase the application performance.

For a non-contiguous data set, the array elements that have no actual data values must be filled
with a fill value before the data set is read. Thus, for a file that has a non-contiguous data set, the
fill mode should be set t8D FILL (or 0) and a fill value will be written to the all data sets in the

file.

Note that, currentlySDsetfillmode specifies the fill mode of all data sets in the file. Thus, either
all data sets are ®8D_FILL mode or all data sets areSb_NOFILL mode. However, when a spe-
cific SDS needs to be written with a fill value while others in the file do not, the following proce-
dure can be used: set the fill modest FILL , write data to the data set requiring fill values, then
set the fill mode back t6D NOFILL. This procedure will produce one data set with fill values
while the remaining data sets have no fill values.

3.10.5.1 Writing a Fill Value Attribute: SDsetfillvalue

SDsetfillvalue assigns a new value to the fill value attribute for an SDS array. The syntax of this
routine is as follows:

C: status = SDsetffillvalue(sds_id, fill_val);
FORTRAN: status = sfsfill(sds_id, fill_val)
OR status = sfscfill(sds_id, fill_val)

The argumentil_val is the new fill value. It is recommended that you set the fill value before
writing data to an SDS array, as calli8®setfillvalue after data is written to an SDS array only
changes the fill value attribute — it does not update the existing fill values.

There are two FORTRAN-77 versions of this routisfsfill andsfscfill. sfsfill writes numeric fill
value data andfscfill writes character fill value data.

SDsetfillvalue returns a value oBUCCEED(or 0) or FAIL (or -1). Its parameters are further
described in Table 3Y on page 102.

3.10.5.2 Reading a Fill Value Attribute: SDgetfillvalue

SDgetffillvalue reads in the fill value of an SDS array as specified Byaetfillvalue call or its
equivalent. The syntax of this routine is as follows:

C: status = SDgetffillvalue(sds_id, &fill_val);
FORTRAN: status = sfgfill(sds_id, fill_val)
OR status = sfgcfill(sds_id, fill_val)

The fill value is stored in the argumdittval which is previously allocated based on the data
type of the SDS data.

There are two FORTRAN-77 versions of this routisigfill andsfgcfill. Thesfgfill routine reads
numeric fill value data ansfgcfill reads character fill value data.

SDgetffillvalue returns a value (UCCEELor 0) if a fill value is retrieved successfully, BAIL (or
-1) otherwise, including when the fill value has not been set. The parame&igeffillvalue are
further described in Table 3Y.
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3.10.5.3 Setting the Fill Mode for all SDSs in the Specified File: SDsetfillmode

SDsetfillmode sets the fill mode for all data sets contained in the file identified by the parameter
sd_id . The syntax oSDsetfillmodeis as follows:

C: old_fmode = SDsetfillmode(sd_id, fill_mode);

FORTRAN: old_fmode = sfsfimd(sd_id, fill_mode)

The argumentil_mode is the fill mode to be applied and can be set to ebeFILL (or 0) or
SD_NOFILL (or 256). SD_FILL specifies that fill values will be written to all SDSs in the specified
file by default. If SDsetfillmodeis never called befor8Dsetffillvalue, SD_FILL is the default fill
mode.SD_NOFILL specifies that, by default, fill values will not be written to all SDSs in the speci-
fied file. This can be overridden for a specific SDS by cal$imgetfillmodethen writing data to
this data set before closing the file.

Note that whenever a file has been newly opened, or has been closed and then re-opened, the
defaultsD_FILL fill mode will be in effect until it is changed by a call3®@setfillmode

SDsetfillmodereturns the fill mode value before it is reset or a valuenf (or-1). The parame-
ters of this routine are further described in Table 3Y.

TABLE 3Y

SDsetfillvalue, SDgetfillvalue, and SDsetfilmode Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
SDsetfillvalue sds_id int32 integer Data set identifier
[intn] i .
(sfsfill/ fil_val VOIDP <valid numeric data type>/ .y, 16 to be set
sfscfill) character*(*)
SDgetfillvalue sds_id int32 integer Data set identifier
[intn] ) -
(sfofill fil_val VOIDP <valid numeric data type>/| g o for the fill value
sfgcill) character*(*)
SDsetfillmode sd_id int32 integer SD interface identifier
[intn]
(sfsflmd) fill_mode intn integer Fill mode to be set

3.10.6 Calibration Attributes

The calibration attributesare designed to store calibration information associated with data set
data. When data is calibrated, the values in an array can be represented using a smaller data type
than the original. For instance, an array containing data offibgpe could be stored as an array
containing data of type 8- or 16-bit integer. Note that neither function performs any operation on
the data set.

3.10.6.1 Setting Calibration Information: SDsetcal

SDsetcalstores the scale factor, offset, scale factor error, offset error, and the data type of the
uncalibrated data set for the specified data set. The syntax of this routine is as follows:

C: status = SDsetcal(sds _id, cal, cal_error, offset, off_err,
data_type);

FORTRAN: status = sfscal(sds_id, cal, cal_error, offset, off_err,
data_type)
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SDsetcalhas six argumentsds_id , cal , cal_error , offset , off emr , anddata_type . The
argumental represents a single value that when multiplied against every value in the calibrated
data array reproduces the original data array (assuminffsetn of 0). The argumentffset

represents a single value that when subtracted from every value in the calibrated array reproduces
the original data (assumingofiset  of 1). The values of the calibrated data array relate to the
values of the original data array according to the following equation:

orig_value = cal * (cal_value - offset)

In addition tocal andoffset , SDsetcalalso includes the scale and offset errors. The argument
ca_err contains the potential error of the calibrated data due to scafiseg;err contains
the potential error for the calibrated data due to the offset.

SDsetcalreturns a value cBUCCEEor 0) or FAIL (or-1). Its parameters are further described in
Table 3Z.

3.10.6.2 Reading Calibrated Data: SDgetcal

SDgetcalreads calibration attributes for an SDS array as previously writt8Dbgtcal The syn-
tax of this routine is as follows:

C: status = SDgetcal(sds_id, &cal, &cal_error, &offset,
&offset_err, &data_type);

FORTRAN: status = sfgcal(sds_id, cal, cal_eror, offset, offset_err,
data_type)

Because the HDF library does not actually apply calibration information to theSizgatcalcan
be called anytime before or after the data is read. If a calibration record does n@Ryéttal
returnsFAIL . SDgetcaltakes six argumentsds id , cal , cal_error , offset , offset err , and
data type . Refer to Section 3.10.6.1 for the description of these arguments.

SDgetcal returns a value oSUCCEED(or 0) or FAIL (or -1). The parameters ddDgetcal are
described in Table 3Z.

TABLE 3Z

SDsetcal and SDgetcal Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
sds_id int32 integer Data set identifier
cal float64 real*8 Calibration factor
S?set]cal cal_error float64 real*8 Calibration error
intn
(sfscal) offset float64 real*8 Uncalibrated offset
offset_err float64 real*8 Uncalibrated offset error
data_type int32 integer Data type of uncalibrated data
sds_id int32 integer Data set identifier
cal float64 * real*8 Calibration factor
S[[_)get]cal cal_error float64 * real*8 Calibration error
intn
(sfgcal) offset float64 * real*8 Uncalibrated offset
offset_err float64 * real*8 Uncalibrated offset error
data_type int32 * integer Data type of uncalibrated data
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EXAMPLE 16.

Calibrating Data
Suppose the values in the calibrated atedwal are the following integers:
cal_val[6] = {2, 4, 5, 11, 26, 81}

By applying the calibration equatiarig = cal * (cal_val - offset) with cal=050 and
offset =-2000.0 , the calibrated arragal_vall returns to its original floating-point form:

original_val[6] = {1001.0, 1002.0, 1002.5, 1005.5, 1013.0, 1040.5}

3.11 Chunked (or Tiled) Scientific Data Sets

NOTE: Itis strongly encouraged that HDF users who wish to use the SD chunking routines first
read the section on SD chunking in ChapterH&F Performance Issues$n that section the con-

cepts of chunking are explained, as well as their use in relation to HDF. As the ability to work with
chunked data has been added to HDF functionality for the purpose of addressing specific perfor-
mance-related issues, you should first have the necessary background knowledge to correctly
determine how chunking will positively or adversely affect your application.

This section will refer to both "tiled” and "chunked" SDSs as siroplynked SDSsas tiled SDSs
are the two-dimensional case of chunked SDSs.

3.11.1 Making an SDS a Chunked SDS: SDsetchunk

In HDF, an SDS must first be created as a generic SDS througBDibe=ate routine, then
SDsetchunkis called to make that generic SDS a chunked SDS. Note that there are two restric-
tions that apply to chunked SDSs. The maximum number of chunks in a single HDF file is 65,535
and a chunked SDS cannot contain an unlimited dimenSgsetchunksets the chunk size and

the compression method for a data set. The synt&De&tchunkis as follows:

C: status = SDsetchunk(sds_id, c_def, flag);
FORTRAN: status = sfschnk(sds_id, dim_length, comp_type, comp_prm)

The chunking information is provided in the parametedsf andflag in C, and the parameters
comp_type andcomp_prmm in FORTRAN-77.

In C:
The parametes_def has typeHDF CHUNK_DEWhich is defined as follows:

typedef union hdf_chunk_def u{

int32 chunk_lengths]MAX_VAR_DIMS];
struct {

int32 chunk_lengthsi]MAX_VAR_DIMS];
int32 comp_type;

comp_info cinfo;

} comp;

struct {

int32 chunk_lengthsIMAX_VAR_DIMS];
intn start_bit;

intn bit_len;

intn sign_ext;

intn fill_one;

} nbit;

}HDF_CHUNK_DEF
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Refer to the reference manual page 8Dsetcompressfor the definition of the structure
comp_info .

The parametetag specifies the type of the data set, i.e., if the data set is chunked or chunked
and compressed with either RLE, Skipping Huffman, GZIP, or NBIT compression methods. Valid
values offlag areHDF_CHUNKor a chunked data seHF CHUNK | HDF_COMpPfor a chunked data

set compressed with RLE, Skipping Huffman, and GZIP compression methodsDENAHUNK |
HDF_NBIT) for a chunked NBIT-compressed data set.

There are three pieces of chunking and compression information which should be specified:
chunking dimensions, compression type, and, if needed, compression parameters.

If the data set is chunked, i.elag value is HDF_CHUNKthen the elements of the array
chunk_lengths  in the unionc_def (c_def.chunk_lengths]] ) have to be initialized to the chunk
dimension sizes.

If the data set is chunked and compressed using RLE, Skipping Huffman, or GZIP methods (i.e.,
flag value is set up taHDF CHUNK | HDF_COMp), then the elements of the arrawynk_lengths

of the structureeomp in the unionc_def (c_def.comp.chunk_lengths[] ) have to be initialized

to the chunk dimension sizes.

If the data set is chunked and NBIT compression is applied fag., values is set up to
(HDF_CHUNK | HDF_NBIT)), then the elements of the arreynk lengths  of the structurabit in
the unionc_def (c_def.nbit.chunk_lengths 1) have to be initialized to the chunk dimension
sizes.

The values oHDF_CHUNKHDF_COMRNdHDF_NBIT are defined in the header fheroto.h

Compression types are passed in the fietop_type of the structureinfo , which is an element
of the structurecomp in the unionc_def (c_def.comp.cinfo.comp_type ). Valid compression
types are: COMP_CODE RLEfor RLE, COMP_CODE SKPHUFFfor Skipping Huffman,

COMP_CODE_DEFLAf&r GZIP compression.

For Skipping Huffman and GZIP compression, parameters are passed in corresponding fields of
the structurecinfo . Specify skipping size for Skipping Huffman compression in the field

c_def.comp.cinfo.skphuff.skp_size . Specify deflate level for GZIP compression in the field
c_def.comp.cinfo.deflate_level . Valid values of deflate levels are integers from 1 to 9 inclu-
sive.

NBIT compression parameters are specified in the fistsbit |, bit len , sign_ext , and
flLone  in the structurebit of the unionc_def .

In FORTRAN-77:
Thedim_length  array specifies the chunk dimensions.
Thecomp_type parameter specifies the compression type. Valid compression types and their val-
ues are defined in the hdf.inc file, and are listed below.
COMP_CODE_NOK& 0) for uncompressed data
COMP_CODE_RI®r 1) for data compressed using the RLE compression algorithm
COMP_CODE_NBIfor 2) for data compressed using the NBIT compression algorithm

COMP_CODE_SKPHUf®t 3) for data compressed using the Skipping Huffman compression
algorithm

COMP_CODE_DEFLATar 4) for data compressed using the GZIP compression algorithm

The parametecomp_pm(1) specifies the skipping size for the Skipping Huffman compression
method and the deflate level for the GZIP compression method.
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For NBIT compression, the four elements of the amagp_prm correspond to the four NBIT
compression parameters listed in the structbite . The arraycomp_prm should be initialized as
follows:

comp_prm(1) = value ofstart_bit

comp_prm(2) = value ofhit_len

comp_prm(3) =  value ofsign_ext

comp_prm(4) =  value offil_one

Refer to the description of the uni®ibF CHUNK DEBNd of the routineSDsetnbitdatasetfor
NBIT compression parameter definitions.

SDsetchunkreturns either a value 8UCCEEor 0) or FAIL (or-1). Refer to Table 3AA and Table
3AB for the descriptions of the parameters of both versions.

TABLE 3AA

SDsetchunk Parameter List

Routine Name Parameter Type o
Parameter Description
[Return Type] (o

sds_id int32 Data set identifier

SDsetchunk

fintn] c_def HDF_CHUNK_DEF | Union containing information on how the chunks are to be defineq

flag int32 Flag determining the behavior of the routine

TABLE 3AB

sfschnk Parameter List

Routine Name Parameter Type o
Parameter Description
FORTRAN-77

sds_id integer Data set identifier

sfschnk

dim_length

integer(*) Sizes of the chunk dimensions

comp_type

integer

Compression type

comp_prm

integer(*)

Array containing information needed by the compression algorith

3.11.2 Setting the Maximum Number of Chunks in the Cache:
SDsetchunkcache

To maximize the performance of the HDF library routines when working with chunked SDSs, the
library maintains a separate area of memory specifically for cached data cBDseichunk-
cachesets the maximum number of chunks of the specified SDS that are cached into this segment
of memory. The syntax @Dsetchunkcacheés as follows:

C: status = SDsetchunkcache(sds_id, maxcache, flag);
FORTRAN: status = sfscchnk(sds_id, maxcache, flag)

When the chunk cache has been filled, any additional chunks written to cache memory are cached
according to the Least-Recently-Used (LRU) algorithm. This means that the chunk that has
resided in the cache the longest without being reread or rewritten will be written over with the new
chunk.

By default, when a generic SDS is made a chunked SDS, the parametathe is set to the
number of chunks along the fastest changing dimension. If ne8Bsdichunkcachecan then be
called again to reset the size of the chunk cache.
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Essentially, the value ofiaxcache cannot be set to a value less than the number of chunks cur-
rently cached. If the chunk cachenist full, then the size of the chunk cache is reset to the new
value ofmaxcache only if it is greater than the current number of chunks cached. If the chunk
cache has been completely filled with cached dafsetchunkcachehas already been called,
and the value of the parametesixcache in the current call t& Dsetchunkcaches larger than the
value ofmaxcache in the last call t&sDsetchunkcachethen the value ahaxcache is reset to the

new value.

Currently the only allowed value of the paramétgy is 0, which designates default operation.
In the near future, the vallbF_CACHEALWill be provided to specify that the entire SDS array is
to be cached.

SDsetchunkcachereturns the maximum number of chunks that can be cached (the value of the
parametemaxcache ) if successful andAIL (or -1) otherwise. The parameters $Dsetchunk-
cacheare further described in Table 3AC.

TABLE 3AC

SDsetchunkcache Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
SDsetchunkcache sds_id int32 integer Data set identifier
[intn] maxcache int32 integer Maximum number of chunks to cache
(sfscchnk) flag int32 integer Flag determining the default caching behaviol

3.11.3 Writing Data to Chunked SDSs: SDwritechunk and SDwritedata

Both SDwritedata andSDwritechunk can be used to write to a chunked SDS. Later in this chap-
ter, situations wher8Dwritechunk may be a more appropriate routine tiswritedata will be
discussed, but, for the most part, both routines achieve the same &Bultiedata is discussed

in Section 3.5.1 on page 30. The syntaxsBfwritechunk is as follows:

C: status = SDwritechunk(sds_id, origin, datap);

FORTRAN: status = sfwchnk(sds_id, origin, datap)
OR status = sfwechnk(sds _id, origin, datap)

The location of data in a chunked SDS can be specified in two ways. The first is the standard
method used in the routir@Dwritedata that access both chunked and non-chunked SDSs; this
method refers to the starting location as an offset in elements from the origin of the SDS array
itself. The second method is used by the rouBBevritechunk that only access chunked SDSs;

this method refers to the origin of the chunk as an offset in chunks from the origin of the chunk
array itself. The parameterigin  specifies this offset; it also may be considered as chunk’s coor-
dinates in the chunk array. Figure 3d on page 108 illustrates this method of chunk indexing in a 4-
by-4 element SDS array with 2-by-2 element chunks.
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FIGURE 3d Chunk Indexing as an Offset in Chunks
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SDwritechunk is used when an entire chunk is to be written and requires the chunk offset to be
known. SDwritedata is used when the write operation is to be done regardless of the chunking
scheme used in the SDS. Also, $Bwritechunk is written specifically for chunked SDSs and
does not have the overhead of the additional functionality supported Bpthegtedata routine,
it is much faster thagDwritedata. Note that attempting to u&Dwritechunk for writing to a
non-chunked data set will returrFalL (or-1).
The parametedatap must point to an array containing the entire chunk of data. In other words,
the size of the array must be the same as the chunk size of the SDS to be written to, or an error
condition will result.
There are two FORTRAN-77 versions of this routisfeechnk writes numeric data arsfwcchnk
writes character data.
SDwritechunk returns either a value ®UCCEED(or 0) or FAIL (or -1). The parameters of
SDwritechunk are in Table 3AD. The parametersSfwritedata are listed in Table 3D on page
32.
TABLE 3AD SDwritechunk Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
sds_id int32 integer Data set identifier
Squtechunk . . ) Coordinates of the origin of the chunk t
[intn] origin int32 * integer be written
(sfwehnk/
- - .
sfwcchnk) datap VOIDP <valid numeric data type>( Buffer containing the data to be written
character*(*)
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3.11.4 Reading Data from Chunked SDSs: SDreadchunk and SDreaddata

As both SDwritedata and SDwritechunk can be used to write data to a chunked SDS, both
SDreaddata and SDreadchunk can be used to read data from a chunked SIeaddatais
discussed in Section 3.5.1 on page 30. The synt®boéadchunkis as follows:

C: status = SDreadchunk(sds_id, origin, datap);

FORTRAN: status = sfrchnk(sds_id, origin, datap)
OR status = sfrcchnk(sds _id, origin, datap)

SDreadchunk is used when an entire chunk of data is to be 1®Bdeaddatais used when the

read operation is to be done regardless of the chunking scheme used in the SDSD®&lad;

chunk is written specifically for chunked SDSs and does not have the overhead of the additional
functionality supported by th&@Dreaddataroutine. Therefore, it is much faster tdDreaddata

Note thatSDreadchunk will return FAIL (or -1) when an attempt is made to read from a non-
chunked data set.

As with SDwritechunk, the parametesrigin ~ specifies the coordinates of the chunk to be read,

and the parametelatap must point to an array containing enough space for an entire chunk of
data. In other words, the size of the array must be the same as or greater than the chunk size of the
SDS to be read, or an error condition will result.

There are two FORTRAN-77 versions of this routisfechnk reads numeric data amsfftcchnk
reads character data.

SDreadchunkreturns either a value 8£JCCEE@or 0) or FAIL (or-1). The parameters &Dread-
chunk are further described in Table 3AE. The paramete&Dréaddataare listed in Table 3K
on page 56.

TABLE 3AE

SDreadchunk Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
sds_id int32 integer Data set identifier
SDre_adchunk origin inta2 * integer(*) Coordinates of the origin of the chunk t
[intn] be read
(sfrchnk/sfrcchnk) h - .
datap VOIDP <valid numeric data type>(") Buffer for the returned chunk data
character*(*)

3.11.5 Obtaining Information about a Chunked SDS: SDgetchunkinfo

SDgetchunkinfois used to determine whether an SDS is chunked and how the chunk is defined.
The syntax of this routine is as follows:

C: status = SDgetchunkinfo(sds_id, c_def, flag);
FORTRAN: status = sfgichnk(sds_id, dim_length, flag)

Currently, only information about chunk dimensions is retrieved into the corresponding structure
elementc_def for each type of compression in C, and into the adiraylength  in Fortran. No
information on compression parameters is available in the structung of the union
HDF_CHUNK_DEIFor specific information on def , refer to Section 3.11.1 on page 104.

The value returned in the parameftay indicates the data set type (i.e., whether the data set is
not chunked, chunked, or chunked and compressed).
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If the data set is not chunked, the valuéagf will be HDF_NONEgor -1). If the data set is chunked,
the value ofiag will be HDF_CHUNKor 0). If the data set is chunked and compressed with either
RLE, Skipping Huffman, or GZIP compression algorithm, then the valuéagpf will be
HDF_CHUNK |HDF_COMFor 1). If the data set is chunked and compressed with NBIT compression,
then the value ofag will be HDF_CHUNK | HDF_NBIT (or 2).

If the chunk length for each dimension is not needidl] can be passed in as the value of the
parametecr_def in C.

SDgetchunkinforeturns either a value &UCCEEor 0) or FAIL (or -1 ). Refer to Table 3AF and
Table 3AG for the description of the parameters of both versions.

TABLE 3AF SDgetchunkinfo Parameter List
Routine Name Parameter Type "
Parameter Description
[Return Type] ©
sds_id int32 Data set identifier
SDge[tiErt\r:J]nk|nfo c_def HDF_CHUNK_DEF * | Union structure containing information about the chunks in the [SDS
flag int32 * Flag determining the behavior of the routine
TABLE 3AG sfgichnk Parameter List
Routine Name Parameter Type "
Parameter Description
FORTRAN-77
sds_id integer Data set identifier
sfgichnk dim_length integer(*) Sizes of the chunk dimensions
comp_type integer Compression type
EXAMPLE 17. Writing and Reading a Chunked SDS.

This example demonstrates the use of the rouiisetchunk/sfschnk SDwritedata/sfwdata,
SDwritechunk/sfwchnk, SDgetchunkinfo/sfgichnk SDreaddata/sfrdata and SDreadchunk/

sfrchnk to create a chunked data set, write data to it, get information about the data set, and read
the data back. Note that the Fortran example uses transpose data to reflect the difference between
C and Fortran internal storage.

C:
#include "mfhdf.h"

#define FILE_NAME  "SDSchunked.hdf"
#define SDS_NAME  "ChunkedData"
#define RANK 2

main()

{

/ Variable declaration /

int32 sd_id, sds_id, sds_index;

intn status;

int32 flag, maxcache, new_maxcache;

int32 dim_sizes[2], origin[2];

HDF_CHUNK_DEF c_def, c_def_out; /* Chunking definitions */
int32 comp_flag, c_flags;

int16 all_data[9][4];

int32 start[2], edges[2];
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intl6 chunk_out[3][2];
intl6 row[2] ={5,5};
int16 column[3]={4,4,4}

intl6 fill_value = 0; /* Fill value */
int ij;
/*
* Declare chunks data type and initialize some of them.
*/
int16 chunk1[3][2] = {1, 1,
1,1,
1,1}
int16 chunk2[3][2] = { 2, 2,
2,2,
2,2}
int16 chunk3[3][2] = {3, 3,
3,3,
3,3%
int16 chunké[3][2] = { 6, 6,
6, 6,
6,6}

/********************* End Of Val’lab|e deC|afatI0n ***********************/
/*
* Define chunk’s dimensions.

* In this example we do not use compression.

* To use chunking with RLE, Skipping Huffman, and GZIP
* compression, initialize

* c_def.comp.chunk_lengths[0] = 3;

* c_def.comp.chunk_lengths[1] = 2

* To use chunking with NBIT, initialize

* ¢_def.nbit.chunk_lengths[0] = 3;

* ¢_def.nbit.chunk_lengths[1] = 2;

*/

c_def.chunk_lengths[0] = 3;
c_def.chunk_lengths[1] = 2;

/*

* Create the file and initialize SD interface.

*/

sd_id = SDstart (FILE_NAME, DFACC_CREATE);

/*

* Create 9x4 SDS.

*/

dim_sizes[0] = 9;

dim_sizes[1] = 4;

sds_id = SDcreate (sd_id, SDS_NAME,DFNT_INT16, RANK, dim_sizes);

/*

* Fill the SDS array with the fill value.

*/

status = SDsetfillvalue (sds_id, (VOIDP)&fill_value);

/*
* Create chunked SDS.
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* In this example we do not use compression ( third
* parameter of SDsetchunk is set to HDF_CHUNK).

*

* To use RLE compresssion, set compression type and flag

* ¢_def.comp.comp_type = COMP_CODE_RLE;

* comp_flag = HDF_CHUNK | HDF_COMP;

* To use Skipping Huffman compression, set compression type, flag
* and skipping size skp_size

*

* c_def.comp.comp_type = COMP_CODE_SKPHUFF;
* ¢_def.comp.cinfo.skphuff.skp_size = value;
* comp_flag = HDF_CHUNK | HDF_COMP;

*

* To use GZIP compression, set compression type, flag and
* deflate level

*

* c_def.comp.comp_type = COMP_CODE_DEFLATE;
* c_def.comp.cinfo.deflate.level = value;
* comp_flag = HDF_CHUNK | HDF_COMP;

*

* To use NBIT compression, set compression flag and
* compression parameters

* comp_flag = HDF_CHUNK | HDF_NBIT;
* c_def.nbit.start_bit = valuel;

* c_def.nbit.bit_len =value2;

* c_def.nbit.sign_ext =value3;

* c_def.nbit.fill_one =value4;

*/

comp_flag = HDF_CHUNK;
status = SDsetchunk (sds_id, c_def, comp_flag);

/*

* Set chunk cache to hold maximum of 3 chunks.

*/

maxcache = 3;

flag =0;

new_maxcache = SDsetchunkcache (sds_id, maxcache, flag);

/*
* Write chunks using SDwritechunk function.
* Chunks can be written in any order.

*/

/*

* Write the chunk with the coordinates (0,0).

*/

origin[0] = 0;

origin[1] = 0;

status = SDwritechunk (sds_id, origin, (VOIDP) chunkl);
/*

* Write the chunk with the coordinates (1,0).

*/

origin[0] = 1;

origin[1] = 0;

status = SDwritechunk (sds_id, origin, (VOIDP) chunk3);
/*

* Write the chunk with the coordinates (0,1).

*/
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origin[0] = 0;
origin[1] = 1;
status = SDwritechunk (sds_id, origin, (VOIDP) chunk2);

/*

* Write chunk with the coordinates (1,2) using

* SDwritedata function.

*/

start[0] = 6;

start[1] = 2;

edges[0] = 3;

edges[1] = 2;

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP) chunke6);

/*

* Fill second column in the chunk with the coordinates (1,1)

* using SDwritedata function.

*/

start[0] = 3;

start[1] = 3;

edges[0] = 3;

edges[1] =1;

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP) column);

/*

* Fill second row in the chunk with the coordinates (0,2)

* using SDwritedata function.

*/

start[0] = 7;

start[1] = 0;

edges[0] = 1;

edges[1] = 2;

status = SDwritedata (sds_id, start, NULL, edges, (VOIDP) row);

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*
* Terminate access to the SD interface and close the file.
*
/
status = SDend (sd_id);

/*

* Reopen the file and access the first data set.
*/

sd_id = SDstart (FILE_NAME, DFACC_READ);
sds_index = 0;

sds_id = SDselect (sd_id, sds_index);

/*
* Get information about the SDS. Only chunk lengths and compression
* flag can be returned. Compression information is not available if
* NBIT, Skipping Huffman, or GZIP compression is used.
*/
status = SDgetchunkinfo (sds_id, &c_def_out, &c_flags);
if (c_flags == HDF_CHUNK))
printf(" SDS is chunked\nChunk’s dimensions %dx%d\n",
c_def_out.chunk_lengths[0],
c_def_out.chunk_lengths[1]);
else if (c_flags == (HDF_CHUNK | HDF_COMP))
printf("SDS is chunked and compressed\nChunk’s dimensions %dx%d\n",
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c_def_out.comp.chunk_lengths[0],
c_def_out.comp.chunk_lengths[1]);
else if (c_flags == (HDF_CHUNK | HDF_NBIT))
printf ("SDS is chunked (NBIT)\nChunk’s dimensions %dx%d\n",
c_def_out.nbit.chunk_lengths[0],
c_def_out.nbit.chunk_lengths[1]);

/*

* Read the entire data set using SDreaddata function.

*/

start[0] = 0;

start[1] = 0;

edges[0] =9;

edges[1] = 4;

status = SDreaddata (sds_id, start, NULL, edges, (VOIDP)all_data);

/*

* Print out what we have read.

* The following information should be displayed:
* SDS is chunked

* Chunk’s dimensions 3x2

* 112
* 1122
* 1122
* 3304
* 3304
* 3304
* 0066
* 5566
* 0066
*/
for (j=0; j<9; j++)
{
for (i=0; i<4; i++) printf (" %d", all_datal[j][i]);
printf (“\n");
}
/*
* Read chunk with the coordinates (2,0) and display it.
*/
origin[0] = 2;
origin[1] = 0;

status = SDreadchunk (sds_id, origin, chunk_out);
printf (" Chunk (2,0) \n");
for (j=0; j<3; j++)
{
for (i=0; i<2; i++) printf (" %d", chunk_out[j][i]);
printf ("\n");
}

/*
* Read chunk with the coordinates (1,1) and display it.
*/
origin[0] = 1;
origin[1] = 1;
status = SDreadchunk (sds_id, origin, chunk_out);
printf (" Chunk (1,1) \n");
for (j=0; j<3; j++)
{
for (i=0; i<2; i++) printf (" %d", chunk_out[j][i]);
printf ("\n");
}
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/* The following information is displayed:

* Chunk (2,0)
* 00
* 55
* 00
* Chunk (1,1)
* 04
* 04
* 04

/*

* Terminate access to the data set.
*/

status = SDendaccess (sds_id);

/*
* Terminate access to the SD interface and close the file.
*
/
status = SDend (sd_id);

FORTRAN:

program chunk_examples
implicit none

Parameter declaration.

OO0

character*14 FILE_NAME

character*11 SDS_NAME

integer RANK

parameter (FILE_NAME ='SDSchunked.hdf’,
+ SDS_NAME ='ChunkedData’,

+ RANK =2)

integer DFACC_CREATE, DFACC_READ, DFNT_INT16
parameter (DFACC_CREATE =4,

+ DFACC_READ =1,

+ DFNT_INT16 =22)

integer COMP_CODE_NONE

parameter (COMP_CODE_NONE = 0)

This example does not use compression.
To use RLE compression, declare:

integer COMP_CODE_RLE
parameter (COMP_CODE_RLE =1)

To use NBIT compression, declare:

integer COMP_CODE_NBIT
parameter (COMP_CODE_NBIT =2)

To use Skipping Huffman compression, declare:

integer COMP_CODE_SKPHUFF
parameter (COMP_CODE_SKPHUFF = 3)

To use GZIP compression, declare:

O0O00000000000000O0O00O0OO0
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integer COMP_CODE_DEFLATE
parameter (COMP_CODE_DEFLATE =4)

Function declaration.

integer sfstart, sfcreate, sfendacc, sfend,
+ sfselect, sfsfill, sfschnk, sfwchnk,
+ sfrchnk, sfgichnk, sfwdata, sfrdata,
+ sfscchnk

C

C**** Variable declaration
C

integer sd_id, sds_id, sds_index, status

integer dim_sizes(2), origin(2)

integer fill_value, maxcache, new_maxcache, flag

integer start(2), edges(2), stride(2)

integer*2 all_data(4,9)

integer*2 row(3), column(2)

integer*2 chunk_out(2,3)

integer*2 chunk1(2,3),

+ chunk2(2,3),

+ chunk3(2,3),

+ chunk6(2,3)

integer i, j

Compression flag and parameters.

[eNeN¢e]

integer comp_type, comp_flag, comp_prm(4)

Chunk’s dimensions.

OO0

integer dim_length(2), dim_length_out(2)

Initialize four chunks

OO0

data chunkl /6*1/
data chunk?2 /6*2/
data chunk3 /6*3/
data chunk6 /6*6/

Initialize row and column arrays.

OO0

data row /3*4/
data column /2*5/
C

C*** End of variable declaration

Define chunk’s dimensions.

O000

dim_length(1) =2
dim_length(2) =3

Create the file and initialize SD interface.

OO0

sd_id = sfstart(FILE_NAME, DFACC_CREATE)

Create 4x9 SDS

[eNeN¢e]

dim_sizes(1) =4
dim_sizes(2) =9
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sds_id = sfcreate(sd_id, SDS_NAME, DFNT_INT16,
+ RANK, dim_sizes)

Fill SDS array with the fill value.

OO0

fill_value =0
status = sfsfill( sds_id, fill_value)

Create chunked SDS.
In this example we do not use compression.

To use RLE compression, initialize comp_type parameter
before the call to sfschnk function.
comp_type = COMP_CODE_RLE

To use NBIT, Skipping Huffman, or GZIP compression,
initialize comp_prm array and comp type parameter
before call to sfschnk function

NBIT:
comp_prm(1) = value_of(sign_ext)
comp_prm(2) = value_of(fill_one)
comp_prm(3) = value_of(start_bit)
comp_prm(4) = value_of(bit_len)
comp_type = COMP_CODE_NBIT

Skipping Huffman:
comp_prm(1) = value_of(skp_size)
comp_type =COMP_CODE_SKPHUFF

GZIP:
comp_prm(1) = value_of(deflate_level)
comp_type =COMP_CODE_DEFLATE

O0O000000000000000000000000000

comp_type = COMP_CODE_NONE
status = sfschnk(sds_id, dim_length, comp_type, comp_prm)

Set chunk cache to hold maximum 2 chunks.

OO0

flag=0
maxcache = 2
new_maxcache = sfscchnk(sds_id, maxcache, flag)

Write chunks using SDwritechunk function.
Chunks can be written in any order.

Write chunk with the coordinates (1,1).

O0O0000

origin(1) =1
origin(2) =1
status = sfwchnk(sds_id, origin, chunkl)

Write chunk with the coordinates (1,2).

OO0

origin(1) =1
origin(2) = 2
status = sfwchnk(sds_id, origin, chunk3)

Write chunk with the coordinates (2,1).

OO0

origin(1) =2
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OO0

OO0

OO0

OO0 [eNeN¢e]

OO0

OO0

origin(2) =1
status = sfwchnk(sds_id, origin, chunk2)

Write chunk with the coordinates (2,3).

origin(1) =2
origin(2) =3
status = sfwchnk(sds_id, origin, chunk6)

Fill second row in the chunk with the coordinates (2,2).

start(1) =3

start(2) =3

edges(1l) =1

edges(2) =3

stride(1) =1

stride(2) =1

status = sfwdata(sds_id, start, stride, edges, row)

Fill second column in the chunk with the coordinates (1,3).

start(1) =0

start(2) =7

edges(1) =2

edges(2) =1

stride(1) =1

stride(2) =1

status = sfwdata(sds_id, start, stride, edges, column)

Terminate access to the data set.
status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.
status = sfend(sd_id)

Reopen the file and access the first data set.

sd_id = sfstart(FILE_NAME, DFACC_READ)
sds_index=0
sds_id = sfselect(sd_id, sds_index)

Get information about the SDS.

status = sfgichnk(sds_id, dim_length_out, comp_flag)
if (comp_flag .eq. 0) then

write(*,*) 'SDS is chunked’
endif
if (comp_flag .eq. 1) then

write(*,*) 'SDS is chunked and compressed’
endif
if (comp_flag .eq. 2) then

write(*,*) 'SDS is chunked and NBIT compressed’
endif
write(*,*) 'Chunks dimensions are ’, dim_length_out(1),
+’ X', dim_length_out(2)

C
C Read the whole SDS using sfrdata function and display
C what we have read. The following information will be displayed:
C
C
C SDS is chunked
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Chunks dimensions are 2 x 3

NN R
A O WW
A O WW
A O WW
o O OO
o o 01O
[N NeNe]

O0O0O0O0O0O00OO0
NN PR
NN PR

start(1) =0

start(2) =0

edges(1l) =4

edges(2) =9

stride(1) =1

stride(2) =1

status = sfrdata(sds_id, start, stride, edges, all_data)

Display the SDS.

[eNeN¢e]

write(*,*)

do10i=1,4
write(*,*) (all_data(i,j), j=1,9)
continue

Read chunks with the coordinates (2,2) and (1,3) and display.
The following information will be shown:

Chunk (2,2)

000
444

Chunk (1,3)

050
050

O000000000000085

origin(1) =2
origin(2) = 2
status = sfrchnk(sds_id, origin, chunk_out)
write(*,*)
write(*,*) 'Chunk (2,2)’
write(*,*)
do20i=1,2
write(*,*) (chunk_out(i,j), j=1,3)
20 continue

origin(1) =1
origin(2) =3
status = sfrchnk(sds_id, origin, chunk_out)
write(*,*)
write(*,*) 'Chunk (1,3)’
write(*,*)
do30i=1,2
write(*,*) (chunk_out(i,j), j=1,3)
0 continue

w

Terminate access to the data set.

OO0

status = sfendacc(sds_id)

Terminate access to the SD interface and close the file.

[eNeN¢e]

status = sfend(sd_id)
end
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3.12 Ghost Areas

In cases where the size of the SDS array is not an even multiple of the chunk size, regions of
excess array space beyond the defined dimensions of the SDS will be created. Refer to the follow-
ing illustration.

FIGURE 3e

Array Locations Created Beyond the Defined Dimensions of an SDS

= 1600 ints ——=

In a 1600 by 2000 integer chunked
SDS array with 500 by 500 integer
chunks, a 400 by 2000 integer area
of array locations beyond the
defined dimensions of the SDS

is created (shaded area). These
areas are called "ghost areas".

200
ints

These "ghost areas" can be accessed onyOneadchunk and SDwritechunk; they cannot be
accessed by eith&@Dreaddataor SDwritedata. Therefore, storing data in these areas is not rec-
ommended. Future versions of the HDF library may not include the ability to write to these areas.

If the fill value has been set, the values in these array locations will be initialized to the fill value.
It is highly recommended that users set the fill value before writing to chunked SDSs so that gar-
bage values won't be read from these locations.

3.13 netCDF

HDF supports the netCDF data model and interface developed at the Unidata Program Center
(UPC). Like HDF, netCDF is an interface to a library of data access programs that store and
retrieve data. The file format developed at the UPC to support netCDF uses XDR (eXternal Data
Representation), a non-proprietary external data representation developed by Sun Microsystems
for describing and encoding data. Full documentation on netCDF and the Unidata netCDF inter-
face is available dtttp:/mww.unidata.ucar.edu/packages/netcdf/

The netCDF data model is interchangeable with the SDS data model in so far as it is possible to
use the netCDF calling interface to place an SDS into an HDF file and conversely the SDS inter-
face will read from an XDR-based netCDF file. Because the netCDF interface has not changed
and netCDF files stored in XDR format are readable, existing netCDF programs and data are still
usable, although programs will need to be relinked to the new library. However, there are impor-
tant conceptual differences between the HDF and the netCDF data model that must be understood
to effectively use HDF in working with netCDF data objects and to understand enhancements to
the interface that will be included in the future to make the two APIs much more similar.
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In the HDF model, when a multidimensional SDS is create8bgreate HDF data objects are

also created that provide information about the individual dimensions — one for each dimension.

Each SDS contains within its internal structure the array data as well as pointers to these dimen-
sions. Each dimension is stored in a structure that is in the HDF file but separate from the SDS
array.

If more than one SDS have the same dimension sizes, they may share dimensions by pointing to
the same dimensions. This can be done in application programs by &isgdimnameto

assign the same dimension name to all dimensions that are shared by several SDSs. For example,
suppose you make the following sequence of calls for every SDS in a file:

dim_id = SDgetdimid(sds_id, 0);

ret = SDsetdimname(dim_id, "Lat");
dim_id = SDgetdimid(sds _id, 1);

ret = SDsetdimname(dim_id, “Long");

This will create a shared dimension nameat " that is associated with every SDS as the first
dimension and a dimension namedry" as the second dimension.

This same result is obtained differently in netCDF. Note that a netCDF "variable" is roughly the
same as an HDF SDS. The netCDF interface requires application programs to define all dimen-
sions, usingncdimdef , before defining variables. Those defined dimensions are then used to
define variables imcvardef . Each dimension is defined by a name and a size. All variables using
the same dimension will have the same dimension name and dimension size.

Although the HDF SDS interface will read from and writeekisting XDR-based netCDF files,
HDF cannot be used tyeateXDR-based netCDF files.

There is currently no support for mixing HDF data objects that are not SDSs and netCDF data
objects. For example, a raster image can exist in the same HDF file as a netCDF data object, but
you must use one of the HDF raster image APIs to read the image and the HDF SD or netCDF
interface to read the netCDF data object. The other HDF APIs are currently being modified to
allow multifile access. Closer integration with the netCDF interface will probably be delayed until
the end of that project.

3.13.1 HDF Interface vs. netCDF Interface

Existing netCDF applications can be used to read HDF files and existing HDF applications can be
used to read XDR-based netCDF files. To read an HDF file using a netCDF application, the appli-
cation must be recompiled using the HDF library. For example, recompiling the netCDF utility
ncdump with HDF creates a utility that can dump scientific data sets from both HDF and XDR-
based files. To read an XDR-based file using an HDF application, the application must be relinked
to the HDF library.

The current version of HDF contains several APIs that support essentially the same data model:

« The multifile SD interface.

« The netCDF or NC interface.

- The single-file DFSD interface.

« The multifile GR interface.
The first three models can create, read, and write SDSs in HDF files. Both the SD and NC inter-
faces can read from and write to XDR-based netCDF files, but they cannot create them. This

interoperability means that a single program may contain both SD and NC function calls and thus
transparently read and write scientific data sets to HDF or XDR-based files.
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The SD interface is the only HDF interface capable of accessing the XDR-based netCDF file for-
mat. The DFSD interface cannot access XDR-based files and can only access SDS arrays, dimen-
sion scales, and predefined attributes. A summary of file interoperability among the three
interfaces is provided in the following table.

TABLE 3AH Summary of HDF and XDR File Compatibility for the HDF and netCDF APIs
Files Created by | Files Created by Files Written by
DFSD interface SD interface NC Interface
HDF HDF NCSA HDF Library | UMdata netCDF
Library
Accessed by DFSD Yes Yes Yes No
Accessed by SD Yes Yes Yes Yes
Accessed by NC Yes Yes Yes Yes
A summary of NC function calls and their SD equivalents is presented in the following table.
TABLE 3Al NC Interface Routine Calls and their SD Equivalents

ne

Routine Name SD .
Purpose . Description
c FORTRAN-77 Equivalent
nccreate CCRE SDstart Creates a file
ncopen NCOPN SDstart Opens afile
ncredef NCREDF Not Applicable Sets open file into define mode
ncendef INCENDF Not Applicable Leaves define mode
Operations ncclose CCLOS SDend Closes an open file
ncinquire CINQ §Dfileinfo Inquires about an open file
ncsync NCSNC Not Applicable Synchronizes a file to disk
ncabort NCABOR Not Applicable Backs out of recent definitions
ncsetfill NGSFIL Not Implemented Sets fill mode for writes
ncdimdef NCDDEF SDsetdimname Creates a dimension
) ) ncdimid CDID SDgetdimid Returns a dimension identifier from its nan
Dimensions
ncdiming CDINQ SDdiminfo Inquires about a dimension
ncdimrename NCDREN Not Implemented Renames a dimension
ncvardef CVDEF SDcreate Creates a variable
ncvarid CVID zgzzgcetmindex and Returns a variable identifier from its name
nevaring CVINQ BDgetinfo Returns information about a variable
ncvarputl CVPT1 Not Implemented Writes a single data value
Variables ncvargetl CVGT1 Not Implemented Reads a single data value
nevarput CVPT SDwritedata Writes a hyperslab of values
ncvarget CVGT/NCVGTC SDreaddata Reads a hyperslab of values
ncvarrename CVREN Not Implemented Renames a variable
nctypelen CTLEN DFKNTsize Returns the number of bytes for a data typ
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Attributes

ncattput CAPT/NCAPTC [SDsetattr Creates an attribute

ncatting CAINQ Dattrinfo Returns information about an attribute
ncattcopy CACPY Not Implemented Copies attribute from one file to another
ncattget CAGT/NCAGTC SDreadattr Returns attributes values

ncattname CANAM SDattrinfo Returns name of attribute from its number
ncattrename CAREN Not Implemented Renames an attribute

ncattdel CADEL Not Implemented Deletes an attribute
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Chapter

4

Vdatas (VS API)

4.1 Chapter Overview

This chapter describes the vdata data model, the Vdata interface (also called the VS interface or
the VS API), and the vdata programming model.

4.2 The Vdata Model

The HDFVdata modelprovides a framework for storing customized tablesydatas in HDF

files. The term “vdata” is an abbreviation of “vertex data”, alluding to the fact that the object was
first implemented in HDF to store the vertex and edge information of polygon sets. The vdata
design has since been generalized to apply to a broader variety of applications.

A vdata is like a table that consists of a collectiomemfordswhose values are stored in fixed-
lengthfields. All records have the same structure and all values in each field have the same data
type. Vdatas are uniquely identified byname aclass and a series of individudield names

(See Figure 4a.)

FIGURE 4a

Vdata Table Structure

&1 Vdata Name
General vdata
Class
Class_1 4
y v v Field Name
Field_1 Field_2 Field_3
— 6.9 5.3 6.93
—> 2.3 1.5 23.50
Records —
—> 0.5 3.5 1.22
L 1.8 2.6 0.00
Fields * * *

A vdata nameis a label typically assigned to describe the contents of a vdata. It often serves as a
search key to locate a vdata in a filevdata clasg$urther distinguishes a particular vdata by iden-
tifying the purpose or the use of its data. Finaliyata field namesare labels assigned to the
fields in the vdata.
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4.2.1 Records and Fields

Eachrecordin a vdata is composed of one or more fixed-lerfigtldls. Vdata records and fields
are identified by an index. The record and field indexes are zero-based and are separately incre-
mented by one for each additional record and field in the vdata.

Every field in a vdata is assigned a data type when the vdata is created. The data type of a field
may be any basic HDF data type: character, 8-bit, 16-bit, and 32-bit signed and unsigned integers,
and 32-bit and 64-bit floating point numbers. The maximum length of a vdata record is 32,767
bytes.

The Vdata model allows multiple entries per field as long as they have the same data type. The
number of entries awomponentsdn a field is called therder of the field.

The organizational structure of a vdata is often determined by the data types of its data set or sets.
For example, given a data set describing the location (“X,Y”) and temperature (“Temp”) of points

in a plane, there are several ways to organize the data. (See Figure 4b.) If the “X”, “Y” and
“Temp” values are of the same data type, they could be stored as three single-component fields, as
a two-component “X,Y” field and a single-component “Temp” field, or as a three-component
“X,Y, Temp” field. Generally the “X,Y” data is stored in a single field, but HDF places no restric-
tions on the organization of field data and there are no significant HDF performance issues
involved in choosing one organizational regime over another.

FIGURE 4b

Three Different Vdata Structures for Data of the Same Number Type

Simulation Data 1 Simulation Data 1 Simulation Data 1
2D_Temperature_Grid 2D_Temperature_Grid 2D_Temperature_Grid
X Y Temp X, Y Temp X, Y, Temp
2.30 1.50 23.50 2.30, 1.50 23.50 2.30, 1.50, 23.50
3.40 5.70 8.03 3.40, 5.70 8.03 3.40, 5.70, 8.03
0.50 3.50 1.22 0.50, 3.50 1.22 0.50, 3.50, 1.22
1.80 2.60 0.00 1.80, 2.60 0.00 1.80, 2.60, 0.00

1 Multi-component Field of Order 2

) ) 1 Multi-component Field of Order 3
1 Single-component Field

3 Single-component Fields

4.3 The Vdata Interface

The Vdata interface consists of routines that are used to store and retrieve information about vda-
tas and their contents.

4.3.1 Header Files Used by the Vdata Interface

The header file “hdf.h” must be included in programs that invoke Vdata interface routines.

4.3.2 Vdata Library Routines

Vdata routines begin with the prefixes “VS”, “VF”, “VSQ”, and “VH” in C, and “vsf”, “vf”,
“vsqg”, and “vh” in FORTRAN-77. Vdata routines perform most general vdata operations, VF rou-
tines query information about vdata fields, and VSQ routines query information about specific
vdatas. VH routines are high-level procedures that write to single-field vdatas.
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Vdata routines let you define, organize and manipulate vdatas. They are categorized as follows
and are listed in Table 4A by their categories:

Access routinegontrol access to files and vdatas. Data transfer to and from a vdata can
only occur after the access to the vdata has been initiated and before it is terminated. Some
Vgroup interface routines are included since they are used interchangeably between the
Vdata and Vgroup interfaces. Refer to Chapterdrpups (V API)for a description of the
Vgroup interface.

Read and write routinestore and retrieve the contents of and the information about a
vdata.

File inquiry routines provide information about how vdatas are stored in a file. They are
useful for locating vdatas in the file.

Vdata inquiry routinesprovide specific information about a given vdata, including the
vdata’s name, class, number of records, tag and reference number pairs, size, and interlace
mode.

Field inquiry routines provide specific information about the fields in a given vdata, includ-
ing the field’'s size, name, order, and type, and the number of fields in the vdata.

TABLE 4A

Vdata Interface Routines

Routine Names
Category Description
Cc FORTRAN-77
Vstart Vistart Initializes the Vdata and the Vgroup interfaces (Section 4.3.5/0n
page 130)
VSattach \sfatch Establishes access to a specified vdata (Section 4.3.5 on
page 130)
Access/Create - — -
vSdetach vsfdtch Terminates access to a specified vdata (Section 4.3.6 on
page 130)
Terminates access to the Vdata and the Vgroup interfaces
vend vfend (Section 4.3.6 on page 130)
VSfdefine sffdef Defines a new vdata field (Section 4.5.1.2 on page 141)
vsfrd/
VSread vsfrdc/ Reads one record from a vdata (Section 4.6.2 on page 157)
vsfread
VSseek vsfseek Seeks to a specified record in a vdata (Section 4.5.2.1 on
page 144)
vsfsnat/vsf- Sets the attribute of a vdata field or vdata (Section 4.8.2 on
VSsetattr
scat page 170)
VSsetclass sfscls Assigns a class to a vdata (Section 4.5.1.1 on page 141)
) Specifies the vdata fields to be read or written (Section 4.5.1|3
Read and Write VSsetfields vyfsfid on page 142 and Section 4.6.1 on page 157)
I\;izetlnter— vsfsint Sets the interlace mode for a vdata (Section 4.5.1.4 on page|142)
VSsetname vsfsnam Assigns a name to a vdata (Section 4.5.1.1 on page 141)
VHstoredata hfsd/vhfscd Writes data to a vdata with a single-component field (Section 4.4
on page 135)
vhfsdm/vhf- Writes data to a vdata with a multi-component field (Section 4.4
VHstoredatam
scdm on page 135)
vsfwrt/vsf-
VSwrite wrtc/ Writes records to a vdata (Section 4.5.2.2 on page 145)
vsfwrit
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Vdata
Inquiry

D.3

VSattrinfo vafaint Retrieves information on a given attribute (Section 4.8.7 on
page 173)
VSelts vsfelts Returns the number of records in the specified vdata
(Section 4.9.3 on page 184)
VSfexist sfex Locates a vdata given a list of field names (Section 4.7.4 on
page 166)
) ) Returns the index of a vdata field given the field name
VSfindex vsffidx (Section 4.8.1 on page 170)
VStnattrs Jsfinas Returns the number of attributes of a vdata or vdata field
(Section 4.8.5 on page 172)
) Retrieves the index of an attribute given the attribute name
VSfindattr vsffdat (Section 4.8.6 on page 173)
VSgetattr vsfgnat/vsf- Retrieves the values of a given attribute (Section 4.8.3 on
gcat page 171)
Returns the class name of the specified vdata (Section 4.9.3|
VSgetclass sfgcls
page 184)
) | Retrieves all field names within the specified vdata
VSgetfields vplgfid (Section 4.9.3 on page 184)
VSgetinter- vsfaint Retrieves the interlace mode of the specified vdata
lace 9 (Section 4.9.3 on page 184)
Retrieves the name of the specified vdata (Section 4.9.3 on
VSgetname vsfgnam
page 184)
R ) Returns information about the specified vdata (Section 4.9.1
VSinquire sfing
page 179)
’ ) Determines whether the given vdata is an attribute (Section 4/8.8
VSisattr sfisat
on page 174)
Returns the total number of vdata attributes (Section 4.8.4 o
VSnattrs sfnats
page 172)
Returns the number of records in the specified vdata
VSQuerycount vsgiett (Section 4.9.2 on page 182)
) Returns the field names of the specified vdata (Section 4.9.2 on
VSQueryfields sqfflds page 182)
VSQueryinter- ) Returns the interlace mode of the specified vdata (Section 4
vsdfintr
lace on page 182)
VSQueryname vsafname Returns the name of the specified vdata (Section 4.9.2 on
&4 q page 182)
VSQueryref \saref Retrieves the reference number of the specified vdata
i q (Section 4.9.2 on page 182)
Retrieves the tag of the specified vdata (Section 4.9.2 on
VSQuerytag vsqtag page 182)
. . Retrieves the local size in bytes of the specified vdata record
VSQueryvsize sqfsiz (Section 4.9.2 on page 182)
vsfsnat/vsf- Sets the attribute of a vdata field or vdata (Section 4.8.2 on
VSsetattr
scat page 170)
. . Returns the size of the specified fields in a vdata (Section 4.
VSsizeof sfsiz
on page 184)
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VFfieldesize vitesiz Returns the field size, as stored in a file, of a specified field
(Section 4.9.4 on page 185)
R . Returns the field size, as stored in memory, of a specified fie|
VFfield Vi ;
ieldisize °1z (Section 4.9.4 on page 185)
VEfieldname Uffname Retur_ns the name of the specified field in the given vdata
Field (Section 4.9.4 on page 185)
Inquiry VEfieldorder vifordr Returns the order of the specified field in the given vdata
(Section 4.9.4 on page 185)
) Returns the data type for the specified field in the given vdata
VFfieldt vift ;
ieldtype ype (Section 4.9.4 on page 185)
) Returns the total number of fields in the specified vdata
VFnfield fnfld ’
nhelds ntids (Section 4.9.4 on page 185)
) Searches for a vdata in a file given the vdata’'s name
VSfind ffind :
" vsim (Section 4.7.3 on page 166)
File ! . Returns the reference number of the next vdata in the file
VSgetid fgid ;
Inquiry get vsig! (Section 4.7.2 on page 165)
Returns the reference number of vdatas that are not linked
VSlone vsflone .
any vgroups (Section 4.7.1 on page 165)

4.3.3 ldentifying Vdatas in the Vdata Interface

The Vdata interface identifies vdatas in several ways. Before an existing vdata is accessible, it is
uniquely identified by itseference numberThe reference number of a vdata can be obtained

from the name or the class of the vdata, or by sequentially traversing the file. The concept of ref-
erence number is discussed in Section 2.2.2.1 on page 8.

[o%

When a vdata is attached, it is assigned with an identifier, catlath id which is used by the
Vdata interface routines in accessing the vdata.

4.3.4 Programming Model for the Vdata Interface

The programming model for accessing vdatas is as follows:

1.
2.

3
4.
5.
6.

7.

Open the file.

Initialize the Vdata interface.

Create a new vdata or open an existing one using its reference number.
Perform the desired operations on the vdata.

Terminate access to the vdata.

Terminate access to the Vdata interface.

Close the file.

To access a vdata, the calling program must contain the following calls, which are individually

explained in the following subsections:

C:

FORTRAN:

fle_id =Hopen(flename, fle_access mode, num_dds_block);
status = Vstart(ile_id);
vdata_id=VSatiach(file_id, vdata._ref, vdata._access_mode);
<Optional operations>

status = VSdetach(vdata._id);

status = Vend(fie id);
status = Holose(fie._id);

status = vfstart(fie_id)
vdata_id = vsfatch(file_id, vdata. ref, vdata_access mode)

fle_id =hopen(flename, fle_access mode, num_dds_block)
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<Optional operations>
status =vsfich(vdata._id)
status =viend(file_id)
status = hclose(fie_id)

4.3.5 Accessing Files and Vdatas: Vstart and VSattach

An HDF file must be opened bylopen before it can be accessed using the Vdata interface.
Hopenis described in Chapter BDF Fundamentals

Vstart must be called for every file to be accessed. This routine initializes the internal vdata struc-
tures used by the Vdata interfadéstart has only one argument, the file identifiéle(id )
returned byHopen, and returns eithe8UCCEE[or 0) or FAIL (or-1). Note that thé/start routine

is used by both the Vdata and Vgroup interfaces.

VSattach initiates access to a vdata and must be called before any operations on the vdata may
occur. VSattach takes three argumentfie id , vdata_ref , and vdata_access mode , and
returns either a vdata identifier AL (or-1).

The argumentfile_id is the file identifier returned biopen andvdata ref is the reference
number that identifies the vdata to be accessed. Specifyagref with a value of1 will cre-

ate a new vdata; specifyingata_ref  with a nonexistent reference number will return an error
code ofFAIL (or-1); and specifyingdata_ref  with a valid reference number will initiate access
to the corresponding vdata.

If an existing vdata’s reference number is unknown, it must be obtained prior US#teach

call. (Refer to Chapter 2DF Fundamentalsfor a description of reference numbers.) The HDF
library provides two routines for this purpossfind andVSgetid. VSfind can be used to obtain

the reference number of a vdata when the vdata’s name is kiW@getid can be used to obtain

the reference number when only the location of the vdata within the file is known; this is often
discovered by sequentially traversing the file. These routines are discussed in Section 4.7.2 on
page 165 and Section 4.7.3 on page 166.

The argumentdata_access_mode specifies the access mode™(for read-only access ow' for

read and write access) for subsequent operations on the specified vdata. Although several HDF
user programs may simultaneously read from one vdata, only one write access is allowed at a
time. The t” access mode may only be used with existing vdatas;whactess mode is valid

with both new vdatas/{ata_ref=-1 ) and existing vdatas.

Note that, although a vdata can be created without being written with data, either the routine
VSsetnameor VSsetfieldsmust be called in order for the vdata to exist in the file.

The parameters fdrstart andVSattach are further defined in Table 4B on page 131.

4.3.6 Terminating Access to Vdatas and Files: VSdetach and Vend

VSdetachterminates access to a vdata by updating pertinent information and freeing all memory
associated with the vdata and initialized\tyattach. Once access to the vdata is terminated, its
identifier becomes invalid and any attempt to access it will result in an error condifidatach

takes only one argument, the vdata identifier that is return&Shytach, and returns eithesuc-
CEED(or 0) or FAIL (or-1).

Vend releases all internal data structures allocateddigrt. Vend must be called once for each
call toVstart and only after access to all vdatas have been terminated (i.e., all d4Hdetach
have been made). Attempts to call Vdata interface routines after ce#imdy will result in an
error conditionVend takes one argument, the file identifier that is returneHdgyen, and returns
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either SUCCEELor 0) or FAIL (or -1). Note that the/end routine is used by both the Vdata and
Vgroup interfaces.

In summary, successfully terminating access to a vdata requird&Saietachcall for each call to
VSattach and oneé/end call for each call t&/start.

The parameters forSdetachandVend are further defined in Table 4B.

Hcloseterminates access to a file and should only be called afiéeradl calls have been made to
close the Vdata interface. Refer to ChaptddRF Fundamentalsfor a description oficlose

TABLE 4B Vstart, VSattach, VSdetach, and Vend Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
Vstart
[intn] file_id int32 integer File identifier
(vfstart)
vsattach file_id int32 integer File identifier
[int32] vdata_ref int32 integer Reference number of the vdata
(vsfatch) vdata_access_mode char * character*] Vdata access mode
VSdetach
[int32] vdata_id int32 integer Vdata identifier
(vsfdtch)
Vend
[intn] file_id int32 integer File identifier
(vfend)
EXAMPLE 1. Accessing a Vdata in an HDF File

This example illustrates the usetldbpen/hopen Vstart/vfstart, VSattach/vsfatch VSdetach/
vsfdtch, Vend/vfend, andHclose/hcloseto create and to access different vdatas from different
HDF files.

The program creates an HDF file, named "General_Vdatas.hdf", containing a vdata. The program
also creates a second HDF file, named "Two_Vdatas.hdf", containing two vdatas. Note that, in

this example, the program does not write data to these vdatas. Also note that before closing the
file, the access to its vdatas and its corresponding Vdata interface must be terminated. These

examples request information about a specific vdata.

C:
#include "hdf.h"

#define FILEL_NAME "General_Vdatas.hdf"
#define FILE2_NAME "Two_Vdatas.hdf"
#define VDATA_NAME "Vdata 1"

#define VDATA_CLASS "Empty Vdatas"

main( )
{

/ Variable declaration /

intn status_n;  /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
filel_id, file2_id,
vdata_id, vdatal_id, vdata2_id,
vdata_ref =-1;  /* ref number of a vdata, setto -1 to create */
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[HIxwRd xRk End of variable declaration * ki ik ok |

/*

* Create the first HDF file.

*/

filel_id = Hopen (FILEL_NAME, DFACC_CREATE, 0);

/*
* |nitialize the VS interface associated with the first HDF file.
*,
/
status_n = Vstart (filel_id);

/*

* Create a vdata in the first HDF file.

*

vdata_id = VSattach (filel_id, vdata_ref, "w");

/*
* Assign a name to the vdata.
*,
/
status_32 = VSsetname (vdata_id, VDATA_NAME);

/*

* Other operations on the vdata identified by vdata_id can be carried
* out starting from this point.

*/

/*

* Create the second HDF file.

*/

file2_id = Hopen (FILE2_NAME, DFACC_CREATE, 0);

/*
* |nitialize the VS interface associated with the second HDF file.
*,
/
status_n = Vstart (file2_id);

/*
* Create the first vdata in the second HDF file.
*
vdatal_id = VSattach (file2_id, vdata_ref, "w");

/*

* Create the second vdata in the second HDF file.
*

vdata2_id = VSattach (file2_id, vdata_ref, "w");

/*
* Assign a class name to these vdatas.
*,
/
status_32 = VSsetclass (vdatal_id, VDATA_CLASS);
status_32 = VSsetclass (vdata2_id, VDATA_CLASS);

/*

* Other operations on the vdatas identified by vdatal_id and vdata2_id
* can be carried out starting from this point.

*

/*

* Terminate access to the first vdata in the second HDF file.
*/

status_32 = VSdetach (vdatal_id);
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/*
* Terminate access to the second vdata in the second HDF file.
*
/
status_32 = VSdetach (vdata2_id);

/*

* From this point on, any operations on the vdatas identified by vdatal_id
and vdata2_id are invalid but not on the vdata identified by vdata_id.

*/

/*

* Terminate access to the VS interface associated with the second HDF file.
*/

status_n = Vend (file2_id);

/*
* Close the second HDF file.
*/
status_n = Hclose (file2_id);

/*

* Terminate access to the vdata in the first HDF file.
*

/

status_32 = VSdetach (vdata_id);

/*

* Terminate access to the VS interface associated with the first HDF file.
*/

status_n =Vend (filel_id);

/*

* Close the first HDF file.

*

status_n = Hclose (filel_id);

FORTRAN:

program create_vdatas
implicit none

Parameter declaration

OO0

character*18 FILEL_NAME
character*14 FILE2_NAME
character*7 VDATA_NAME
character*12 VDATA_CLASS

parameter (FILEL_NAME ='General_Vdatas.hdf’,
+ FILE2_NAME ='Two_Vdatas.hdf,

+ VDATA_NAME ='Vdata 1,

+ VDATA_CLASS = Empty Vdatas’)

integer DFACC_CREATE

parameter (DFACC_CREATE = 4)

Function declaration

OO0

integer hopen, hclose
integer vfstart, vsfatch, vsfsnam, vsfscls, vsfdtch, vfend

C
C**** \ariable declaration
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C

C** End of variable declaration

OO0 OO0 OO0 O0O0000 OO0 [eNeN¢e] OO0 OO0

O0O0000O0 OO0

OO0

OO0

integer status

integer filel_id, file2_id

integer vdata_id, vdatal id, vdata2_id
integer vdata_ref

Create the first HDF file.
file1_id = hopen(FILEL_NAME, DFACC_CREATE, 0)
Initialize the VS interface associated with the first HDF file.
status = vfstart(filel_id)
Create a vdata in the first HDF file.

vdata_ref=-1
vdata_id = vsfatch(filel_id, vdata_ref, 'w’)

Assign a name to the vdata.
status = vsfsnam(vdata_id, VDATA_NAME)

Other operations on the vdata identified by vdata_id can be carried out
starting from this point.

Create the second HDF file.
file2_id = hopen(FILE2_NAME, DFACC_CREATE, 0)
Initialize the VS interface associated with the second HDF file.
status = vfstart(file2_id)
Create the first vdata in the second HDF file.
vdatal_id = vsfatch(file2_id, vdata_ref, 'w’)
Create the second vdata in the second HDF file.
vdata2_id = vsfatch(file2_id, vdata_ref, 'w’)
Assign a class name to these vdatas.

status = vsfscls(vdatal_id, VDATA_CLASS)
status = vsfscls(vdata2_id, VDATA_CLASS)

Other operations on the vdatas identified by vdatal_id and vdata2_id
can be carried out starting from this point.
Terminate access to the first vdata in the second HDF file.
status = vsfdtch(vdatal_id)
Terminate access to the second vdata in the second HDF file.

status = vsfdtch(vdata2_id)

Terminate access to the VS interface associated with the second HDF file.
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status = vfend(file2_id)

OO0

status = hclose(file2_id)

OO0

status = vsfdtch(vdata_id)

[eNeN¢e]

status = vfend(file1_id)

Close the first HDF file.

[eNeN¢e]

status = hclose(filel_id)
end

Close the second HDF file.

Terminate access to the vdata in the first HDF file.

terminate access to the VS interface associated with the first HDF file.

4.4 Creating and Writing to Single-Field Vdatas: VHstoredata and

VHstoredatam

There are two methods of writing vdatas that contain one field per record. One requires the use of
several VS routines and the other involves the uséHsitoredata or VHstoredatam, two high-
level routines that encapsulate several VS routines into one.

The high-level VH routines are useful when writing one-field vdatas and complete information
about each vdata is available. If you cannot provide full information about a vdata, you must use
the VS routines described in the next section.

Figure 4c shows two examples of single-field vdatas. The fields can be single-component or
multi-component fields. With a multi-component field, they may contain one or more values of

the same data type.

FIGURE 4c

Single- and Multi-component Vdatas

—— Vdata Name— —

l4
Vdata
—
|4
Class X
—
] |4
Field 1
comp_1
comp_1
Records
comp_1
comp_1

Vdata with Single-component Field

N
Vdata
Class Name——x‘
) Class X
Field Name ——,
Field 1

comp_1, comp_2

comp_1, comp_2

comp_1, comp_2

comp_1, comp_2

Records
<

<

Vdata with Multi-component Field

VHstoredata creates then writes a vdata with one single-componentVielstoredatam creates
and writes a vdata with one multi-component field. In both cases the following steps are involved:

1. Open the file.

2. Initialize the Vdata interface.
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3. Store (create then write to) the vdata.
4. Terminate access to the Vdata interface.
5. Close the file.

These steps correspond to the following sequence of function calls:

C: fle_id =Hopen(flename, fle_access mode, num_dds_block);
status =Vstart(file_id);

* Either \Hstoredata or VVHstoredatam can be called here.
vdata_ref=\Hstoredata(fie_id, fieldname, buf, n_records,
data_type, vdata_name, vdata._dass);
OR vdata_ref=VHstoredatam(fie_id, fieldname, buf, n_records,
data_type, vdata_name, vdata._dass, order);

status = Vend(fie id);
status = Holose(fie._id);

FORTRAN: fie_id=hopen(flename, file_access mode, num_dds_block)
status =vfstart(fie_id)
C Either vhfsdvhfscd or vhisdmi/hiscdm can be called here.
vdata_ref=vhfsd(file_id, fieldname, buf, n_records, data_type,
vdata_name, vdata_dass)
OR vdata_ref=vhfscd(file_id, fieldname, buf, n_records, data._type,
vdata_name, vdata_dass)

OR

vdata_ref=vhfsdm(file_id, fieldname, buf, n_records, data._type,
vdata_name, vdata_dass, order)
OR vdata_ref=vhfscdm(file_id, fieldname, buf, n_records, data._type,
vdata_name, vdata_dass, order)

Status = viend(fle._id)
status =hdoseffie id)

The first seven parameters ¥Hstoredata and VHstoredatam are the same. The parameter
fle_id is the file identifier returned bopen. The parametdieldname specifies the name of

the vdata field. The parametaif contains the data to be stored into the vdata. In C, the data type
of the parametewuf isuint8 ; in FORTRAN-77, it is the data type of the data to be stored. The
parameters records anddata_type contain the number of records in the vdata and the data
type of the vdata data. The parameteksa name andvdata class specify the name and class

of the vdata. The parametader of VHstoredatam specifies the order of the field. The maxi-
mum length of the vdata name is given by WSSBAMELENMAr 64) as defined in the header file
“hlimits.h”.

Note that these two routines do not overwrite existing vdatas but only create new ones before stor-
ing the data.

The FORTRAN-77 version dfHstoredata has two routinesthfsd for numeric data andghfscd
for character data; the FORTRAN-77 versionWistoredatam has two routinesvhfsdm for
numeric data andhfscdm for character data.

Both routines return the reference number of the newly-created vdaaa. qor -1) if the opera-
tion is unsuccessful. The parametersVbotstoredata andVHstoredatam are further described
in Table 4C.
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TABLE 4C VHstoredata and VHstoredatam Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
file_id int32 integer File identifier
fieldname char * character*(*) String containing the name of the field
o <valid numeric data -
VHstoredata buf uint8 type>(*)/character(*) Buffer containing the data to be stored
[int32] - - -
(vhisd/vhfscd) n_records int32 integer Number of records to create in the vda
data_type int32 integer Data type of the stored data
vdata_name char * character*(*) Name of the vdata
vdata_class char * character*(*) Class name of the vdata
file_id int32 integer File identifier
fieldname char * character*(*) String containing the name of the field
. <valid numeric data -
buf uint8 * Buffer containing the data to be stored
VHstoredatam type>(*)/character*(*) 9
[int32] n_records int32 integer Number of records to create in the vdafa
(vhfsdm/ - -
vhfscdm) data_type int32 integer Data type of the stored data
vdata_name char * character*(*) Name of the vdata
vdata_class char * character*(*) Class name of the vdata
order int32 integer Number of field components
EXAMPLE 2. Creating and Storing One-field Vdatas Using VHstoredata and VHstoredatam

This example illustrates the use Hstoredata/vhfscd and VHstoredatam/vhfsdm to create
single-field vdatas.

This example creates and writes two vdatas to the file "General_Vdatas.hdf". The first vdata is
named "First Vdata", contains 5 records, and belongs to a class named "5x1 Array". The second
vdata is named "Second Vdata", contains 6 records, and belongs to a class named "6x4 Array".
The field of the first vdata is a single-component field, i.e., order of 1, and named "Single-compo-
nent Field". The field of the second vdata has an order of 4 and is named "Multi-component
Field".

In these examples two vdatas are created. The first vdata has five records with one field of order 1
and is created from a 5 x 1 array in memory. The second vdata has six records with one field of
order 4 and is created from a 6 x 4 array in memory.

C:

#include "hdf.h"

#define FILE_NAME  "General_Vdatas.hdf"
#define CLASS1_NAME "5x1 Array"
#define CLASS2_NAME "6x4 Array"
#define VDATAL NAME ‘"First Vdata"
#define VDATA2_NAME "Second Vdata"
#define FIELD1_NAME "Single-component Field"
#define FIELD2_NAME "Multi-component Field"
#define N_RECORDS_1 5 /* number of records the first vdata contains */
#define N_RECORDS_2 6 /* number of records the second vdata contains */
#define ORDER_2 4  [* order of the field in the second vdata  */
/* Note that the order of the field in the first vdata is 1 */

main()
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{

/ Variable declaration /

intn status_n;  /*returned status for functions returning an intn */
int32 status_32;  /* returned status for functions returning an int32 */
int32 file_id, vdatal_ref, vdata2_ref;

/*

* Define an array to buffer the data of the first vdata.

*/

char8 vdatal buf [N_RECORDS_1]={V','D’,’A",'T",'A};

/*
* Define an array to buffer the data of the second vdata.
*
int32 vdata2_buf [N_RECORDS_2]J[ORDER_2] ={{1, 2, 3, 4}, {2, 4, 6, 8},
{3,6,9, 12}, {4, 8,12, 16},
{5, 10, 15, 20}, {6, 12, 18, 24}};

[HIxwRRRRRRRdkk Rk End of variable declaration * ks ik ik |

/*

* Open the HDF file for writing.

*/

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);

/*
* |nitialize the VS interface.
*
/
status_n = Vstart (file_id);

/*

* Create the first vdata and populate it with data from the vdatal_buf

* array. Note that the buffer vdatal_buf is cast to (uint8 *) for the

* benefit of generic data type.

*/

vdatal_ref = VHstoredata (file_id, FIELD1_NAME, (uint8 *)vdatal_ buf,
N_RECORDS_1, DFNT_CHARS, VDATA1_NAME, CLASS1_NAME);

/*

* Create the second vdata and populate it with data from the vdata2_buf

* array.

*

vdata2_ref = VHstoredatam (file_id, FIELD2_NAME, (uint8 *)vdata2_buf,
N_RECORDS_2, DFNT_INT32, VDATA2_NAME, CLASS2_NAME, ORDER_2);

/*
* Terminate access to the VS interface and close the HDF file.
*
/
status_n = Vend (file_id);
status_32 = Hclose (file_id);

FORTRAN:

program create_onefield_vdatas
implicit none

Parameter declaration

OO0

character*18 FILE_NAME
character*9 CLASS1_NAME
character*9 CLASS2_NAME
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character*11 VDATA1_NAME

character*12 VDATA2_NAME

character*22 FIELD1_NAME

character*21 FIELD2_NAME

integer N_RECORDS 1, N_RECORDS 2
integer ORDER_2

parameter (FILE_NAME ='General_Vdatas.hdf’,
+ CLASS1_NAME = '5x1 Array’,

+ CLASS2_NAME = '6x4 Array’,

+ VDATAL1_NAME = 'First Vdata’,

+ VDATA2_NAME = 'Second Vdata’,

+ FIELD1_NAME = 'Single-component Field’,
+ FIELD2_NAME = 'Multi-component Field’)
parameter (N_RECORDS_1 =5,
+ N_RECORDS_2 =6,
+ ORDER_2 =4)

integer DFACC_WRITE, DFNT_CHARS8, DFNT_INT32
parameter (DFACC_WRITE = 2,

+ DFNT_CHARS =4,

+ DFNT_INT32 =24)

Function declaration

[eNeN¢e]

integer hopen, hclose
integer vfstart, vhfscd, vhfsdm, vfend

C

C**** Variable declaration
C
integer status
integer file_id
integer vdatal_ref, vdata2_ref
character vdatal_buf(N_RECORDS_ 1)
integer vdata2_buf(ORDER_2, N_RECORDS_2)
data vdatal_buf /'V'D’;AT' A
data vdata2_buf/ 1, 2, 3, 4,
+

2
3
4,
5
6

+ + + +

** End of variable declaration

Open the HDF file for writing.

O000qQO0

file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

Initialize the VS interface.

OO0

status = vfstart(file_id)

OO0

vdatal_ref = vhfscd(file_id, FIELD1_NAME, vdatal_buf, N_RECORDS 1,
+ DFNT_CHARS, VDATA1_NAME, CLASS1_NAME)

OO0

vdata2_ref = vhfsdm(file_id, FIELD2_NAME, vdata2_buf, N RECORDS_2,

Create the first vdata and populate it with data from vdatal_buf array.

Create the second vdata and populate it with data from vdata2_buf array.
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+ DFNT_INT32, VDATA2_NAME, CLASS2_NAME,
+ ORDER_2)
C
C Terminate access to the VS interface and close the HDF file.
C

status = vfend(file_id)
status = hclose(file_id)
end

4.5 Writing to Multi-Field Vdatas

There are several steps involved in creafiegeral vdatasvith more than one field: define the
vdata, define the fields of the vdata, and write the vdata to the file. These steps are usually exe-
cuted within a single program, although it is also possible to define an empty vdata in anticipation
of writing data to it at a later time.

4.5.1 Creating Vdatas

Creating an empty vdata involves the following steps:
1. Open afile.

Initialize the Vdata interface.

Create the new vdata.

Assign a vdata name. (optional)

Assign a vdata class. (optional)

Define the fields.

Initialize fields for writing.

8. Set the interlace mode.

o. Dispose of the vdata identifier.

10. Terminate access to the Vdata interface.

11. Close the file.

a M w0

o

Like the high-level VH interface, the Vdata interface does not retain default settings from one
operation to the next or from one file to the next. Each time a vdata is created, its definitions must
be explicitly reset.

To create a multi-field vdata, the calling program must contain the following:

C: fle_id =Hopen(filename, file_access mode, num_dds _block);
status = Vstart(file_id);
vdata_ id =VSattach(fie_id, -1, vdata_access_mode);
status = VSsetname(vdata _id, vdata_name);
status =VSsetclass(vdata_id, vdata._dass);
status = VSfdefine(vdata _id, fieldnamel, data._typel, orderl);
status = VSfdefine(vdata _id, fieldnameN, data_typeN, orderN);
status =VSsetfields(vdata id, fieldname_list);
status =VSsetinterlace(vdata. id, interlace_mode);
status =VSdetach(vdata._id);
status = Vend(fie_id);
status =Hclose(file_id);
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FORTRAN: fie_id=hopen(flename, fle_access mode, num_dds_block)
status =vfstart(fie_id)
vdata_id=vsfatch(file_id, -1, vdata._access mode)
status =vsfsnam(vdata, id, vdata._name)
status =vsfscls(vdata. id, vdata,_dass)
status =vsfidefivdata._id, fieldnamel, data_typel, orderl)
status =vsfidefivdata. id, fieldnameN, data._typeN, orderN)
status = vsfsfid(vdata. id, fieldname_list)
status =vsfsint(vdata, id, interlace_mode)
status =vsfdich(vdata._id)
status =viend(file_id)
status = hclose(fie_id)

In the routines that followdata_id is the vdata identifier returned MBattach.

4.5.1.1 Assigning a Vdata Name and Class: VSsetname and VSsetclass

VSsetnameassigns a hame to a vdata. If not explicitly named by a c¥lbsetname the name
of the vdata is set by defaultkyLL. A name may be assigned and reassigned at any time after the
vdata is created. The parametedta_name contains the name to be assigned to the vdata.

VSsetclassassigns a class to a vdataVBsetclasds not called, the vdata’s class is set by default
to NULL As with the vdata name, the class may be assigned and reassigned any time after the vdata
is created. The parameteiata_class contains the class name to be assigned to the vdata.

VSsetnameandVSsetclasgeturn eithelSUCCEEQor 0) or FAIL (or-1). The parameters for these
routines are further defined in Table 4E on page 143.

4.5.1.2 Defining a Field within a Vdata: VSfdefine

VSfdefine defines a field within a newly-created vdata. E&3fdefine call assigns the name
contained in the argumefi¢ldname |, the data type contained in the argumdats type , and

the order contained in the argumenter to one new field. Once data is written to a vdata, the
name, data type and order of the field may not be modified or deleted.

The Vdata interface also provides certpiedefined fields A predefined field has a specific
name, data type, and order, so there is no need t&/8&lefine to define a predefined field.
Some applications may require the use of predefined fields in vdatas. Available predefined fields
are discussed in Table 4D.

Note thatVSfdefine does not allocate memory for the field, but simply introduces the field. The
field definition must be completed bySsetfields which is discussed in Section 4.5.1.3 on
page 142.

VSfdefine returns eitheBUCCEEMor 0) or FAIL (or-1). The parameters farSfdefine are further
described in Table 4E on page 143.

TABLE 4D

Predefined Data Types and Field Names for Vdata Fields

Coordinate Point Field Names Normal Component Field Names
Data Type - - -
x-coordinate y-coordinate z-coordinate x-component | y-component z-component
float PX PY Pz NX NY Nz
integer IX Y 1z None None None
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4.5.1.3 Initializing the Fields for Write Access: VSsetfields

VSsetfieldsinitializes read and write access to the fields in a vdata. It must be called prior to read
or write operations. Initializing for read access is discussed in Section 4.6.1 on page 157. For writ-
ing, VSsetfieldsspecifies the fields to be written and the order in which they are to be placed.

The parametéfieldname_list is a comma-separated list of the field names, with no white space
included. The fields can be either the predefined fields or the fields that have been previously
introduced by Sfdefine. VSfdefine allows a user to declare a field, along with its data type and
order, butvSsetfieldsfinalizes the definition by allowing the user to select the fields that are to be
included in the vdata. Thus, any fields created\8fdefine that are not in the parameter
fieldname_list of VSsetfieldswill be ignored. This feature was originally intended for interac-
tive-mode users. The combined width of the fields in the pararfieddeame_list is also the

length of the record and must be less thaX _FIELD SIZE (or 65535). An attempt to create a
larger record will caus¥Ssetfieldsto returnFAIL (or-1).

VSsetfieldsreturns eitheBUCCEEor 0) or FAIL (or -1 ). The parameters farSsetfieldsare fur-
ther defined in Table 4E on page 143.

4.5.1.4 Specifying the Interlace Mode: VSsetinterlace

The Vdata interface supports two types of interlaciitginterlacing andbuffer interlacing. File

interlacing determines how data is stored in a file and buffer interlacing determines how data is
stored in memory. The Vdata interface can write data from a buffer to a file in an interlaced or
non-interlaced manner. It can also read data from a file in an interlaced or non-interlaced manner.

The VSread andVSwrite routines set the buffer’s interlace mode. Mfgwrite routine will be
discussed in Section4.5.2.2 on page 145 and MBeead routine will be discussed in
Section 4.6.2 on page 157.

VSsetinterlacesets the file interlacing mode for a vdata. Setting the paraintetice_mode

to FULL_INTERLACE (or 0) fills the vdata by record, whereas specifyM@_INTERLACE(or 1) fills

the vdata by field. (See Figure 4d.) For multi-component fields, all components are treated as a
single field.

As with file interlacing, the default buffer interlace modé=iL INTERLACE because it is more
efficient to write complete records than it is to write fields if the file and buffer interlace modes
are the same, although both require the same amount of disk space.

In Figure 4d, the illustrated vdata has four fields and three records.

FIGURE 4d

Interlaced and Non-Interlaced Vdata Contents

Vdata Vdata
Mixed_Data_Type Mixed_Data_Type
Temp Height | Speed Ident Temp 1.11 2.22 3.33
1.11 1 11.11 A Height 1 2 3
2.22 2 22.22 B Speed 11.11 22.22 33.33
3.33 3 33.33 C Ident A B C
Interlacing Mode: FULL_INTERLACE Interlacing Mode: NO_INTERLACE

VSsetinterlace can only be used for operations on new vdatas as the interlacing cannot be
changed once the data has been written to a vdata. Records in a fully interlaced vdata can be writ-
ten record-by-record and, thus, can be appended; however, all records in a non-interlaced vdata
must be written at the same time.
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VSsetinterlacereturns eithe SUCCEEL§or 0) or FAIL (or -1). The parameters fdrSsetinterlace
are further described in Table 4E.

TABLE 4E VSsetname, VSsetclass, VSfdefine, VSsetfields, and VSsetinterlace Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
VSsetname vdata_id int32 integer Vdata identifier
[int32]
(vsfsnam) vdata_name char * character*(*) | Vdata name
VSsetclass vdata_id int32 integer Vdata identifier
[int32]
(vsfscls) vdata_class char * character*(*) | Vdata name
vdata_id int32 integer Vdata identifier
VSfdefine fieldname char * character*(*) | Name of the field to be defined
[intn]
intn
(vsffdef) data_type int32 integer Type of the field data
order int32 integer Order of the new field
VSsetfields vdata_id int32 integer Vdata identifier
[intn]
(vsfsfld) fieldname_list char * character*(*) | Names of the vdata fields to be accessed
VSsetinterlace vdata_id int32 integer Vdata identifier
[intn]
(vsfsint) interlace_mode int32 integer Interlace mode

4.5.2 Writing Data to Vdatas

This section describes the vdata writing operatd8v(rite), random access to vdatdSseeR,

and packing and unpacking mechanisms that allow storing vdata fields of different data types

(VSfpack).

Writing to a vdata requires the following steps:
1. Open afile.
2. Initialize the Vdata interface.
3. Initialize fields for writing.

4. Initiate access to the vdata.

o1

6. Write the data.
7. Dispose of the vdata identifier.

8. Terminate access to the Vdata interface.
9. Close the file.

Seek to the target record.

These steps correspond to the following sequence of function calls:

C:

fle_id =Hopen(flename, fle_access mode, num_dds_block);
status = Vstart(ile_id);
vdata_id=VSatiach(file_id, vdata._ref, vdata._access_mode);
status =VSsetfields(vdata _id, fieldname_list);

record_pos =VSseek(vdata_id, record_index);

num_of recs=VSwite(vdata _id, databuf, n_records, intedlace_mode);
status =VSdetach(vdata._id);
status =Vend(file_id);

status =Hclose(file_id);
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FORTRAN: fie_id=hopen(flename, fle_access mode, num_dds_block)
status =vfstart(fie_id)
vdata_id = vsfatch(file_id, vdata. ref, vdata._acoess_mode)
status = vsfsfid(vdata. id, fieldname_list);
record_pos = vsfseek(vdata._id, record_index);

num_of recs = vsfwit(vdata. id, databuf, n_records, interlace_mode)
OR num_of_recs = vsfwrtc(data id, databuf, n_records, interlace_mode)
OR num_of recs = vsfwit(\data id, databuf, n_records, interlace_mode)

status = vsfdich(vdata, id)
status = viend(iie id)
status = holose(fie id)

4.5.2.1 Resetting the Current Position within Vdatas: VSseek

VSseekprovides a mechanism for random access to fully-interlaced vdatas. Random-access for
non-interlaced vdatas is not available. The parametend_index  is the position of the record

to be written. The position of the first record in a vdata is specifie@doyd_index = 0. Any

vdata operation will be performed on this record by default; vdata operations on other records
require thalvSseekbe called first to specify the target record.

Note thatvSseekhas been designed for the purposewarwritingdata, noappendingdata. That
meansVSseekputs the current record pointer at the beginning of the sought record and the subse-
guent write will overwrite the record. To append data to a vdata, the current record pointer must be
put at the end of the last record. Thus, you must seek to the last record then read this record so that
the current record pointer will be put at the end of the record. A write operation will now start at
the end of the last record in the vdata. Figure 4e illustrates a situation Whsgekcan be mis-

used while attempting to append data to the vdata and/fssead is called to correctly place the

record pointer at the end of the vdata for appending.

Note that, because the record location nhumbering starts at 0, the record location and the value of
the parameterecord index  are off by 1. For example, reading the fourth record in the buffer
requiresrecord index  to be set to 3.

FIGURE 4e Setting the Record Pointer to the End of a Vdata
Using: VSseek(vdata_id, 4); Seeks to the end of
the vdata - an error
condition for VSseek \¢
______________________ &
Vdata Record 1 Vdata Record 2 Vdata Record 3 Vdata Record 4
Record
Location -
Seeks to the end of
the vdata  andbuffers
Using: VSseek(vdata_id, 3); the fourth record.
VSread(vdata_id, buffer, 1, FULL_INTERLACE);
\
———————————————— - >
Vdata Record 1 Vdata Record 2 Vdata Record 3 Vdata Record 4
Records
Read -
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In this illustration, the vdata to which we plan to append data contains 4 recordsVSsa®kto

seek to the end of the fourth record by setting the parameetet index to 4 results in an error
condition. Setting the parametecord_index  to 3 places the current record pointer at the begin-

ning of the fourth record. We then ug&read to read the contents of the fourth record into a
buffer; this moves the current record pointer to the end of the fourth record. The contents of the
buffer can then be discarded and a write operation can be called to append data to the end of the
vdata.

VSseekreturns the sought record locationFaL (or -1). Its parameters are further defined in
Table 4F.

4.5.2.2 Writing to a Vdata: VSwrite

VSwrite writes buffered data to a specified vdata. The paramat#uf is a buffer containing
the records to be stored in the vdata. The parametsords  specifies the number of records to
be stored.

Recall that thdile interlacingis set byVSsetinterlacewhen the vdata is created, and thefer
interlacing is specified by the parametiterlace_mode in the call tovSwrite when data is
written to the file. The arragatabuf is assumed to be organized in memory as specified by
interlace_mode . Settinginterlace_mode  to FULL INTERLACE (or 0) indicates that the array in
memory is organized by record, whereadN@ INTERLACHor 1) indicates that the array is orga-
nized by field. (See Figure 4N)Swrite will write interlaced or non-interlaced data to a vdata in a
file: interlaced data in the buffer can be written to the vdata in the file as non-interlaced data and
vice versa. If the data is to be stored with an interlace mode different from that of the buffer,
VSsetinterlace(described in Section 4.5.1.4 on page 142) must be called pM8woite. Mul-

tiple write operations can only be used on fully-interlaced vdatas in the file.

FIGURE 4f

Writing Interlaced or Non-interlaced Buffers into Interlaced or Non-interlaced Vdatas

[ 211 [ 1] 11212 Ja[ 222 [ 2] 2222 [B] 333 | 3] 3333 [C]

Buffer Interlacing: FULL_INTERLACE

[ 211 [ 222 | 333 [ 1[2 ]3] 1111 [ 2222] 33.33 |a[B][C]

Buffer Interlacing: NO_INTERLACE

—> Complex vdata Complex vdata
Mixed_Data_Type Mixed_Data_Type
Temp Height | Speed Ident Temp 1.11 2.22 3.33
1.11 1 11.11 A Height 1 2 3
2.22 2 2222 B Speed 11.11 22.22 33.33
3.33 3 33.33 C Ident A B C
Interlacing Mode: FULL_INTERLACE Interlacing Mode: NO_INTERLACE

The data in the arradatabuf is assumed to contain the exact amount of data in the order needed
to fill the fields defined in the last call tdSsetfields Because/Swrite writes the contents of
databuf contiguously to the vdata, any “padding” due to record alignment must be removed
before attempting to write fromtatabuf to the vdata. For more information on alignment padding
see Section 4.5.2.3 on page 150.
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It should be remembered thdSwrite writes whole records, not individual fields. If a modifica-
tion to one field within a previously-written record is needed, the contents of the record must first
be preserved by reading it to a buffer witBread, which will be described in Section 4.6.2 on
page 157; the record must then be updated in the buffer and written back to the fifSwitte.

To store a vdata to the file after being created, eM@setname VSsetfields or VSwrite must
be called befor¥Sdetachfor the vdata. IVSwrite is not called, the vdata created will be empty.

The FORTRAN-77 version o¥Swrite has three routinessfwrt is for buffered numeric data,

vsfwrtc is for buffered character data avsfwrit is for generic packed data.

VSwrite returns the total number of records writtenFaIiL (or -1). Its parameters are further

defined in Table 4F.

TABLE 4F VSseek and VSwrite Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
VSseek vdata_id int32 integer Vdata identifier
int32
(\Esfsegk) record_index int32 integer Index of the record to seek to
vdata_id int32 integer Vdata identifier
VSwrite i i *
[int32] databuf uint8* <Val(l:?1:rir;2:f( g?ﬁggzr( )/ Buffer containing data to be written
(vsfwrt/vsfwrtc/
vsfwrit) n_records int32 integer Number of records to be written
interlace_mode int32 integer Interlace mode of the buffered data
EXAMPLE 3. Writing a Vdata of Homogeneous Type
This example illustrates the use \6&fdefine/vsffdef VSsetname/vsfsnamVSsetclass/vsfscls
VSsetfields/vsfsfld and VSwrite/vsfwrt to create and write a three-field vdata to the file
"General_Vdatas.hdf". Although the fields have data of the same type, they have different orders.
To clarify the illustration, let us assume that the vdata is used to contain the data of some particles
collected from an experiment. Each record of the data includes the position of a particle, its
weight, and the minimum and maximum temperature the particle can endure. The vdata is named
"Solid Particle”, contains 10 records, and belongs to a class, named "Particle Data". The fields of
the vdata include "Position”, "Mass", and "Temperature”. The field "Position" has an order of 3
for the x, y, and z values representing the position of a particle. The field "Mass" has an order of 1.
The field "Temperature” has an order of 2 for the minimum and maximum temperature. The pro-
gram creates the vdata, sets its name and class name, defines its fields, and then writes the data to
it.
C:
#include "hdf.h"
#define FILE_NAME "General_Vdatas.hdf"
#define N_RECORDS 10 /* number of records the vdata contains */
#define ORDER_1 3 [* order of first field */
#define ORDER_2 1 /* order of second field */
#define ORDER_3 2 [* order of third field */
#define CLASS_NAME  "Particle Data"
#define VDATA_NAME  "Solid Particle”
#define FIELD1_NAME  "Position" /* contains X, y, z values */
#define FIELD2_NAME  "Mass" [* contains weight values */
#define FIELD3_NAME  "Temperature" /* contains min and max values */
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#define FIELDNAME_LIST "Position,Mass, Temperature" /* No spaces b/w names */

/* number of values per record */
#define N_VALS_PER_REC (ORDER_1 + ORDER_2 + ORDER_3)

main()

{

/ Variable declaration /

intn status_n; /* returned status for functions returning an intn */

int32 status_32, /* returned status for functions returning an int32 */
file_id, vdata_id,
vdata_ref=-1, /*ref number of a vdata, set to -1 to create */
num_of_records; /* number of records actually written to vdata */

intl6 rec_num; [* current record number */

float32 data_buf[N_RECORDS][N_VALS_PER_REC]; /* buffer for vdata values */

Jradskskxioenk End of variable declaration ** i xsksskikiskiciokxk |

/*

* Open the HDF file for writing.

*/

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);

/*

* |nitialize the VS interface.
*

status_n = Vstart (file_id);

/*

* Create a new vdata.

*/

vdata_id = VSattach (file_id, vdata_ref, "w");

/*

* Set name and class name of the vdata.

*

status_32 = VSsetname (vdata_id, VDATA_NAME);
status_32 = VSsetclass (vdata_id, CLASS_NAME);

/*

* Introduce each field’s name, data type, and order. This is the first

* part in defining a field.

*/

status_n = VSfdefine (vdata_id, FIELD1_NAME, DFNT_FLOAT32, ORDER_1);
status_n = VSfdefine (vdata_id, FIELD2_NAME, DFNT_FLOAT32, ORDER_2);
status_n = VSfdefine (vdata_id, FIELD3_NAME, DFNT_FLOAT32, ORDER_3);

/*

* Finalize the definition of the fields.

*

status_n = VSsetfields (vdata_id, FIELDNAME_LIST);

/*

* Buffer the data by the record for fully interlaced mode. Note that the
* first three elements contain the three values of the first field, the

* fourth element contains the value of the second field, and the last two
* elements contain the two values of the third field.

*/

for (rec_num = 0; rec_num < N_RECORDS; rec_num++)

data_buf[rec_num][0] = 1.0 * rec_num;
data_buf[rec_num][1] = 2.0 * rec_num;
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data_buf[rec_num][2] = 3.0 * rec_num;
data_buf[rec_num][3] = 0.1 + rec_num;
data_buf[rec_num][4] = 0.0;
data_buf[rec_num][5] = 65.0;

}

/*

* Write the data from data_buf to the vdata with full interlacing mode.

*/

num_of_records = VSwrite (vdata_id, (uint8 *)data_buf, N_RECORDS,
FULL_INTERLACE);

/*

* Terminate access to the vdata and to the VS interface, then close
* the HDF file.

*/

status_32 = VSdetach (vdata_id);

status_n = Vend (file_id);

status_32 = Hclose (file_id);

FORTRAN:

program write_to_vdata
implicit none

Parameter declaration

OO0

character*18 FILE_NAME

character*13 CLASS_NAME

character*14 VDATA_NAME

character*8 FIELD1_NAME

character*4 FIELD2_NAME

character*11 FIELD3_NAME

character*27 FIELDNAME_LIST

integer N_RECORDS

integer ORDER_1, ORDER_2, ORDER_3
integer N_VALS_PER_REC

C
parameter (FILE_NAME ='General_Vdatas.hdf,
+ CLASS_NAME  ='Particle Data’,
+ VDATA_NAME  ='Solid Particle’,
+ FIELD1_NAME ='Position’,
+ FIELD2_NAME ='Mass’,
+ FIELD3_NAME ='Temperature’,
+ FIELDNAME_LIST ='Position,Mass, Temperature’)
parameter (N_RECORDS =10,
+ ORDER_1 =3,
+ ORDER_2 =1,
+ ORDER_3 =2,
+ N_VALS_PER_REC = ORDER_1 + ORDER_2 + ORDER_3)

integer DFACC_WRITE, DFNT_FLOAT32, FULL_INTERLACE
parameter (DFACC_WRITE =2,

+ DFNT_FLOAT32 =5,

+ FULL_INTERLACE =0)

Function declaration

OO0

integer hopen, hclose
integer vfstart, vsfatch, vsfsnam, vsfscls, vsffdef, vsfsfid,
+ vsfwrt, vsfdtch, vfend
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C
C*** \ariable declaration
C

integer status

integer file_id, vdata_id

integer vdata_ref, rec_num, num_of_records

real data_buf(N_VALS PER_REC, N_RECORDS)

** End of variable declaration

Open the HDF file for writing.

O000qQO0

file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

Initialize the VS interface.

[eNeN¢e]

status = vfstart(file_id)

Create a new vdata.

OO0

vdata_ref=-1
vdata_id = vsfatch(file_id, vdata_ref, 'w’)

Set name and class name of the vdata.

OO0

status = vsfsnam(vdata_id, VDATA_NAME)
status = vsfscls(vdata_id, CLASS_NAME)

Introduce each field’s name, data type, and order. This is the
first part in defining a field.

OO0

status = vsffdef(vdata_id, FIELD1_NAME, DFNT_FLOAT32, ORDER_1)
status = vsffdef(vdata_id, FIELD2_NAME, DFNT_FLOAT32, ORDER_2)
status = vsffdef(vdata_id, FIELD3_NAME, DFNT_FLOAT32, ORDER_3)

Finalize the definition of the fields.

OO0

status = vsfsfld(vdata_id, FIELDNAME_LIST)

Buffer the data by the record for fully interlaced mode. Note that the
first three elements contain the three values of the first field,
the forth element contains the value of the second field, and the last two
elements contain the two values of the third field.

O0O0000

do 10 rec_num =1, N_RECORDS
data_buf(1, rec_num) = 1.0 * rec_num
data_buf(2, rec_num) = 2.0 * rec_num
data_buf(3, rec_num) = 3.0 * rec_num
data_buf(4, rec_num) = 0.1 + rec_num
data_buf(5, rec_num) = 0.0
data_buf(6, rec_num) = 65.0
continue

Write the data from data_buf to the vdata with the full interlacing mode.

0008

num_of_records = vsfwrt(vdata_id, data_buf, N_RECORDS,
+ FULL_INTERLACE)
C
C Terminate access to the vdata and to the VS interface, and
C close the HDF file.
C
status = vsfdtch(vdata_id)
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status = vfend(file_id)
status = hclose(file_id)
end

4.5.2.3 Packing or Unpacking Field Data: VSfpack

Storing fields of mixed data types is an efficient use of disk space and is useful in applications that
use structures. However, while data structures in memory containing fields of variable lengths can
contain alignment bytes, field data stored in a vdata cannot include them. This is true for both
fully-interlaced and non-interlaced data. Because of this storing limitation, when variable-length
field types are used, it is generally not possible to write data directly from a structure in memory
into a vdata in a file with ¥ Swrite call or to read data directly into a buffer from the vdata with a
call toVSread. Thus, when writingy Sfpack is used to pack field data into a temporary buffer by
removing the padding, or alignment bytes, and when reading, to unpack field data into vdata fields
by adding necessary alignment bytes. The syntaX$fpack is as follows:

C: status = VSfpack(vdata.id, action, fields_in_buf, buf, buf_size,
n_records, fieldname_list, bufptrs);

FORTRAN: status =vsftpak(vdata id, action, fields _in_buf, buf, buf_size,
n_records, fieldname_list, bufptrs)

OR status =vsfnpak(vdata _id, action, fields_in_buf, buf, buf_size,
n_records, fieldname_list, bufptrs)

The process of removing the alignment bytes is called “packing the array.” An illustration of this
process is provided in Figure 4g. The data provided by the user is stored in the structure in mem-
ory. The field values are aligned with padded byt¥¢Sfpack packs the data into the array in
memory after removing the padded bytes. The packed data is then written to the vdata in the file
by VSwrite.

FIGURE 4g Removing Alignment Bytes When Writing Data From a C Structure to a Vdata

111 222 | 333 ]

]2 3 ] Complex vdata

11.11 22.22 | 3333 | ,

AlBIC \ Mixed_Data_Type
Array
(non-interlaced in memory) Temp Height Speed Ident
(4 bytes) | (2 bytes) | (4 bytes) | (1 byte)

111 | 1] 1141 |A 1.11 1 11.11 A

222 |2 | 2222 |B 2.22 2 22.22 B

333 | 3] 3333 |C 3.33 3 33.33 c

Structure Array Vdata
(aligned in memory) (interlaced in memory) (interlaced in file)
The process illustrated in Figure 4g can be read in the reverse direction for "unpacking the array,"
that is when usinySfpack to fill a structure in memory with vdata field data. In this case, align-
ment bytes are added to the field data to make the data conform to the specific alignment require-
ments of the platform.
VSfpack performs both tasks, packing and unpacking, and the paraastder specifies the
appropriate action for the routine. Valid values for the paranzeien are HDF VSPACKOr 0)
for packing and HDF_VSUNPACKor 1) for unpacking.
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The calling program must allocate sufficient space for the buwfferto hold all packed or
unpacked fields. The parametarf size specifies the size of the buffeaf and should be at
leastn records *( the total size of all fields specified fields_in_buf ).

WhenVSfpack is called to pack field values inbof , the parametéields_in_buf must specify

all fields of the vdata. This can be accomplished either by listing all of the field names in
fields_in_buf or by settingfields_in_buf to NULL in C or to one blank character in FOR-
TRAN-77.

WhenVSfpackis called to unpack field values, the paramédtels_in_buf may specify a sub-
set of the vdata fields. The parameisgds_in_buf can be set tolULLin C or to one space char-
acter in FORTRAN-77 to specify all fields in the vdata.

The parametefieldname_list specifies the field(s) to be packed or unpacked. The parameter
bufptrs  provides pointers to the buffers for each field to be packed or unpacked. The calling pro-
gram is responsible for allocating sufficient space for each field buffer. Significant differences
between the C and FORTRAN-77 functionality are described in the following paragraphs.

In C, fieldname_list can list either all of the fields specified fistds_in_buf or a subset of
those fields. Only ifields_in_buf specifies all of the vdata fields, théigids_in_buf can be
set toNULLto specify all vdata fields. The paramebefptrs contains an array of pointers to the
buffers where field data will be packed or unpacked.

The FORTRAN-77 routines can pack or unpack only one field at a time, so the parameter
fieldname_list contains only the name of that field. The parambtétrs is the buffer for
that field.

The FORTRAN-77 version o¥/Sfpack has two routinesvsfcpak packs or unpacks character
data andssfnpak packs or unpacks numeric data. Refer to the FORTRAN-77 version in Example
4 for a more specific illustration.

VSfpack returns eitheBUCCEEDor 0) or FAIL (or-1). The parameters farSfpack are described
in Table 4G.

TABLE 4G

VSfpack Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
vdata_id int32 integer Vdata identifier
action intn integer Action to be performed
) . i i f i
fields,_in_buf char * character*(*) Fields in the buffebuf to write or read
from the vdata
buf VOIDP integer Buffer for the vdata values
VSfpack - - - —
[intn] buf_size intn integer Buffer size in bytes
(vsfcpak/vstnpak) n_records intn integer Number of records to pack or unpack
fieldname_lis char * character (*) Names of the fields to be packed or
t unpacked
<valid numeric data . ) .
bufptrs VOIDP type>(*)/ Array of pointers to the field buffers in G
and field buffer in FORTRAN-77
character*(*)
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EXAMPLE 4.

Writing a Multi-field and Mixed-type Vdata with Packing

This example illustrates the use \88fpack/vsfnpak/vsfcpak and VSwrite/vsfwrit to write a
vdata with data of different types. Note that the approach used in Example 3 makes it difficult for
the vdata to have mixed-type data.

In this example, the program creates an HDF file, named "Packed_Vdata.hdf", then defines a
vdata which is named "Mixed Data Vdata" and belongs to class "General Data Class". The vdata
contains four order-1 fields, "Temp”, "Height", "Speed", and "ldent" of type float32, intl6,
float32, and char8, respectively. The program then packs the data in fully interlaced mode into a
databuf and writes the packed data to the vdata. Note that, in the C example, a VSfpack call packs
all N_RECORDS and a VSwrite call writes out all N_RECORDS records. In the Fortran example,
N_RECORDS of each field are packed using separate calls to vsfnpak and vsfcpak; vsfwrit writes
packed data to the vdata.

C:

#include "hdf.h"

#define FILE_NAME "Packed_Vdata.hdf"

#define VDATA_NAME "Mixed Data Vdata"

#define CLASS_NAME "General Data Class"

#define FIELD1_NAME  “Temp"

#define FIELD2_NAME  "Height"

#define FIELD3_NAME  "Speed"

#define FIELD4_NAME  “Ident"

#define ORDER 1 /* number of values in the field */

#define N_RECORDS 20 /* number of records the vdata contains */
#define N_FIELDS 4 /* number of fields in the vdata */
#define FIELDNAME_LIST "Temp,Height,Speed,ldent” /* No spaces b/w names */

I* number of bytes of the data to be written, i.e., the size of all the
field values combined times the number of records */
#define BUF_SIZE (2*sizeof(float32) + sizeof(int16) + sizeof(char)) * N_RECORDS

main( )

{

/ Variable declaration /

intn status_n;  /*returned status for functions returning an intn */
int32 status_32, /*returned status for functions returning an int32 */
file_id, vdata_id,
vdata_ref =-1, /*vdata’s reference number, set to -1 to create */
num_of_records; /* number of records actually written to the vdata */
float32 temp[N_RECORDS]; /* buffer to hold values of first field */
intl6 heightitN_RECORDS]; /* buffer to hold values of second field */
float32 speed[N_RECORDS];  /* buffer to hold values of third field */
char8 identfN_RECORDS]; /* buffer to hold values of fourth field */
VOIDP fldbufptrs[N_FIELDS];/*pointers to be pointing to the field buff-
ers*/
uintl6 databuf[BUF_SIZE]; /* buffer to hold the data after being packed*/
int i

/********************** End Of Vanable declaratlon **********************/
/*

* Create an HDF file.

*/

file_id = Hopen (FILE_NAME, DFACC_CREATE, 0);

/*
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* |nitialize the VS interface.
*/
status_n = Vstart (file_id);

/*

* Create a new vdata.

*/

vdata_id = VSattach (file_id, vdata_ref, "w");

/*
* Set name and class name of the vdata.
*
/
status_32 = VSsetname (vdata_id, VDATA_NAME);
status_32 = VSsetclass (vdata_id, CLASS_NAME);

/*

* Introduce each field’s name, data type, and order. This is the first

* part in defining a vdata field.

*/

status_n = VSfdefine (vdata_id, FIELD1_NAME, DFNT_FLOAT32, ORDER);
status_n = VSfdefine (vdata_id, FIELD2_NAME, DFNT_INT16, ORDER);
status_n = VSfdefine (vdata_id, FIELD3_NAME, DFNT_FLOAT32, ORDER);
status_n = VSfdefine (vdata_id, FIELD4_NAME, DFNT_CHARS8, ORDER);

/*

* Finalize the definition of the fields of the vdata.

*/

status_n = VSsetfields (vdata_id, FIELDNAME_LIST);

/*
* Enter data values into the field buffers by the records.
*/
for (i=0;i<N_RECORDS; i++)
{
temp[i] = 1.11 * (i+1);
height[i] = i;
speed[i] = 1.11 * (i+1);
ident[i] ="A" +1i;
}

/*

* Build an array of pointers each of which points to a field buffer that
* holds all values of the field.

*/

fldbufptrs[0] = &temp[0];

fldbufptrs[1] = &height[0];

fldbufptrs[2] = &speed|[0];

fldbufptrs[3] = &ident[0];

/*

* Pack all data in the field buffers that are pointed to by the set of

* pointers fldbufptrs, and store the packed data into the buffer

* databuf. Note that the second parameter is _HDF_VSPACK for packing.

*

status_n = VSfpack (vdata_id, HDF_VSPACK, NULL, (VOIDP)databuf,
BUF_SIZE, N_RECORDS, NULL, (VOIDP)fldbufptrs);

/*

* Write all records of the packed data to the vdata.

*

num_of_records = VSwrite (vdata_id, (uint8 *)databuf, N RECORDS,
FULL_INTERLACE);
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/*

* Terminate access to the vdata and the VS interface, then close
* the HDF file.

*/

status_32 = VSdetach (vdata_id);

status_n = Vend (file_id);

status_32 = Hclose (file_id);

FORTRAN:

program write_mixed_vdata
implicit none

C

C Parameter declaration

C
character*16 FILE_NAME
character*18 CLASS_NAME
character*16 VDATA_NAME
character*4 FIELD1_NAME
character*6 FIELD2_NAME
character*5 FIELD3_NAME
character*5 FIELD4_NAME
character*23 FIELDNAME_LIST
integer N_RECORDS, N_FIELDS, ORDER
integer BUF_SIZE

C
parameter (FILE_NAME ='Packed_Vdata.hdf,
+ CLASS_NAME  ='General Data Class’,
+ VDATA_NAME ='Mixed Data Vdata/,
+ FIELD1_NAME ='Temp’,
+ FIELD2_NAME ='Height,
+ FIELD3_NAME ='Speed,
+ FIELD4_NAME =’ldent,
+ FIELDNAME_LIST ="Temp,Height,Speed,ldent’)
parameter (N_RECORDS = 20,
+ N_FIELDS =4,
+ ORDER =1,

+ BUF_SIZE =(4 + 2+ 4 + 1)*N_RECORDS)

integer DFACC_WRITE, DFNT_FLOAT32, DFNT_INT16, DFNT_CHARS,
+ FULL_INTERLACE, HDF_VSPACK

parameter (DFACC_WRITE =2,

+ DFNT_FLOAT32 =5,

DFNT_INT16 =22,

DFNT_CHAR8 =4,

FULL_INTERLACE =0,

HDF_VSPACK =0)

+ + + +

C

C Function declaration

C
integer hopen, hclose
integer vfstart, vsfatch, vsfsnam, vsfscls, vsffdef, vsfsfid,
+ vsfnpak, vsfcpak, vsfwrit, vsfdtch, vfend

C
C**** Variable declaration
C
integer status
integer file_id, vdata_id
integer vdata_ref, num_of_records
real temp(N_RECORDS)
integer*2 height(N_RECORDS)
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real speed(N_RECORDS)
character ident(N_RECORDS)

integer i
C
C Buffer for packed data should be big enough to hold N_RECORDS.
C
integer databuf(BUF_SIZE/4 + 1)
C
C*+ End of variable declaration
C
C
C  Open the HDF file for writing.
C
file_id = hopen(FILE_NAME, DFACC_WRITE, 0)
C
C Initialize the VS interface.
C
status = vfstart(file_id)
C
C Create a new vdata.
C
vdata_ref=-1
vdata_id = vsfatch(file_id, vdata_ref, 'w’)
C
C Setname and class nhame of the vdata.
C
status = vsfsnam(vdata_id, VDATA_NAME)
status = vsfscls(vdata_id, CLASS_NAME)
C
C Introduce each field's name, data type, and order. This is the
C first part in defining a field.
C
status = vsffdef(vdata_id, FIELD1_NAME, DFNT_FLOAT32, ORDER)
status = vsffdef(vdata_id, FIELD2_NAME, DFNT_INT16, ORDER)
status = vsffdef(vdata_id, FIELD3_NAME, DFNT_FLOAT32, ORDER)
status = vsffdef(vdata_id, FIELD4_NAME, DFNT_CHARS, ORDER)
C
C Finalize the definition of the fields.
C
status = vsfsfld(vdata_id, FIELDNAME_LIST)
C
C Enter data values into the field databufs by the records.
C
do10i=1, N_RECORDS
temp(i) =21.11*i
height(i) =i- 1
speed(i) =1.11*i
ident(i) = char(64+i)
10 continue
C
C Pack N_RECORDS of data into databuf. In Fortran, each field is packed
C using separate calls to vsfnpak or vsfcpak.
C
status = vsfnpak(vdata_id, HDF_VSPACK, ', databuf, BUF_SIZE,
+ N_RECORDS, FIELD1_NAME, temp)
status = vsfnpak(vdata_id, HDF_VSPACK, ', databuf, BUF_SIZE,
+ N_RECORDS, FIELD2_NAME, height)
status = vsfnpak(vdata_id, HDF_VSPACK, ', databuf, BUF_SIZE,
+ N_RECORDS, FIELD3_NAME, speed)
status = vsfcpak(vdata_id, HDF_VSPACK, ', databuf, BUF_SIZE,
+ N_RECORDS, FIELD4_NAME, ident)
C

C Write all the records of the packed data to the vdata.
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C
num_of_records = vsfwrit(vdata_id, databuf, N_ RECORDS,
+ FULL_INTERLACE)

Terminate access to the vdata and to the VS interface, and
close the HDF file.

OO0

status = vsfdtch(vdata_id)
status = vfend(file_id)
status = hclose(file_id)
end

4.6 Reading from Vdatas

Reading from vdatas is more complicated than writing to vdatas, as it usually involves searching
for a particular vdata, then searchinghin that vdata, before actually reading data. The process
of reading from vdatas can be summarized as follows:

1. Identify the appropriate vdata in the file.
2. Obtain information about the vdata.
3. Read in the desired data.
Only Step 3 will be covered in this section assuming that the vdata of interest and its data informa-
tion is known. Step 1 is covered in Section 4.7 on page 165 and Step 2 is covered in Section 4.9
on page 179.
Step 3 can be expanded into the following:
1. Open the file.
Initialize the Vdata interface.
Initiate access to the vdata.
Optionally seek to the appropriate record.
Initialize the fields to be read.
Read the data.
If the fields have different data types, unpack the field data.
Terminate access to the vdata.
Terminate access to the Vdata interface.

o oA wN

© ©

10. Close the file.

The following sequence of function calls corresponds to the above steps:

C: fle_id =Hopen(filename, file_access mode, num_dds _block);
status = Vstart(file_id);
vdata id=VSattach(file_id, vdata_ref, vdata_access mode);
record_pos =VSseek(vdata_id, record_index);
status =VSsetfields(vdata id, fieldname_list);
records _read =VSread(vdata id, databuf, n_records, intedlace_mode);
status = VSfpack(vdata.id, action, fields _in_buf, buf, buf_size,

n_records, fieldname_list, bufptrs);

status =VSdetach(Wdata._id);
status = Vend(fie_id);
status =Hclose(file_id);
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FORTRAN: fie_id=hopen(flename, fle_access mode, num_dds_block)
status =vfstart(fie_id)
vdata_id = vsfatch(file_id, vdata. ref, vdata._access_mode)
record_pos = vsfseek(vdata. id, record_index)
status =vsfsfid(vdata. id, fieldname_list)
records_read = vsfrd(vdata._id, databuf, n_records, interlace_mode)
OR records_read =vsfrdc(vdata._id, databuf, n_records, interlace_mode)

status = vsfcpak(vdata._id, action, fields _in_buf, buf, buf_size,
n_records, fieldname_list, bufptrs)
OR status = vsfnpak(vdata._id, action, fields_in_buf, buf, buf_size,
n_records, fieldname_list, bufptrs)
status = vsfdtch(vdata._id)
status =viend(file_id)
status = hcloseffile_id)

4.6.1 Initializing the Fields for Read Access: VSsetfields

VSsetfieldsestablishes access to the fields to be read by the next read operation. The argument

fieldname_list is a comma-separated string of the field names with no white space. The order
the field names occur fiieldname_list is the order in which the fields will be read. For exam-
ple, assume that a vdata contains fields named A, B, C, D, E, F in that order. The following decla-
rations demonstrate how to ufidname_list to read a single field, a collection of random
fields, and all the fields in reverse order:

Single field:fieldname_list =g

Collection of fieldsfieldname_list =“AE"

Reverse ordefieldname_list =“FEDCBA "

VSsetfieldsreturns eitheBUCCEEor 0) or FAIL (or -1 ). The parameters farSsetfieldsare fur-
ther defined in Table 4E on page 143.

4.6.2 Reading from the Current Vdata: VSread

VSread sequentially retrieves data from the records in a vdata. The paradaetef is the
buffer to store the retrieved data,ecords specifies the number of records to retrieve, and
interlace_mode  specifies the interlace mod&JLL_INTERLACE (or 0) or NO_INTERLACE(or 1), to

be used in the contents ddtabuf .

Prior to the firstvSread call, VSsetfieldsmust be called.

If a VSread call is successful, the data returnedatabuf is formatted according to the interlace
mode specified by the parameitgerlace_mode  and the data fields appear in the order specified
in the last call to/Ssetfieldsfor that vdata.

By default,VSreadreads from the first vdata record. To retrieve an arbitrary record from a vdata,
use VSseekto specify the record position before calliMpread. VSseek is described in
Section 4.5.2.1 on page 144.

The FORTRAN-77 version of/Sread has three routineusfrd reads buffered numeric data,
vsfrdc reads buffered character data asffead reads generic packed data.

VSread returns the total number of records read if successfulFamnd(or -1) otherwise. The
parameters fovSread are further defined in Table 4H.
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TABLE 4H VSread Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
vdata_id int32 integer Vdata identifier
VSread i i *
[int32] databuf uintg* <Valclf1 :rizz?*c(*tja;t;gg:( ) Buffer for the retrieved data
(vsfrd/vsfrdc/ - - -
vsfread) n_records int32 integer Number of records to be retrieved
interlace_mode int32 integer Interlace mode of the buffered data
VSsetfieldsandVSread may be called several times to read from the same vdata. However, note
that VSread operations are sequential. Thus, in the following code segment, the first call to
VSread returns ten “A” data values from the first ten elements in the vdata, while the second call
to VSread returns ten “B” data values from the second ten elements (elements 10 to 19) in the
vdata.
status = VSsetffields(vdata_id, "A");
records_read = VSread(vdata_id, bufferA, 10, interlace_mode);
status = VSsetffields(vdata_id, "B");
records_read = VSread(vdata_id, bufferB, 10, interlace_mode);
To read the first ten “B” data values, the access roBseekmust be called to explicitly posi-
tion the read pointer back to the position of the first record. The following code segment reads the
first ten “A” and “B” values into two separate float arrayfierA andbufferB
status = VSsetffields(vdata_id, "A");
records_read = VSread(vdata_id, bufferA, 10, interlace_mode);
record_pos = VSseek(vdata_id, 0); /* seeks to first record */
status = VSsetfields(vdata_id, "B");
records_read = VSread(vdata_id, bufferB, 10, interlace_mode);
EXAMPLE 5. Reading a Vdata of Homogeneous Type

This example illustrates the use \88find/vsffnd to locate a vdata given its naméSseek/vsf-
seekto move the current position to a desired record @mad/vsfrd to read the data of several
records. The functioW'Sfind will be discussed in Section 4.7.3. The approach used in this exam-
ple can only read data written by a program such as that in Example 3, i.e., without packing.
Reading mixed data vdatas must use the approach illustrated in Example 6.

The program reads 5 records starting from the fourth record of the two fields "Position" and "Tem-
perature” in the vdata "Solid Particle” from the file "General_Vdatas.hdf". After the program uses
VSfind/vsffnd to obtain the reference number of the vdata, it VS=eek/vsfseeko place the
current position at the fourth record, then starts reading 5 records, and displays the data.

C:

#include "hdf.h"

#define FILE_NAME "General_Vdatas.hdf"

#define VDATA_NAME  "Solid Particle"

#define N_RECORDS 5 /* number of records the vdata contains */
#define RECORD_INDEX 3 /* position where reading starts - 4th record */
#define ORDER_1 3 [*order of first field to be read */

#define ORDER_2 2 [*order of second field to be read */

#define FIELDNAME_LIST "Position,Temperature" /* only two fields are read */
#define N_VALS_PER_REC (ORDER_1 + ORDER_2)
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/* number of values per record */

main( )

{

/ Variable declaration /

intn status_n;  /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, vdata_id,
vdata_ref, /*vdata’s reference number */
num_of_records, /* number of records actually written to the vdata */
record_pos; /* position of the current record */
intl6 i, rec_num; /* current record number in the vdata */
float32 databuf[N_RECORDS][N_VALS_PER_REC]; /* buffer for vdata values */

Jradxksikxiokknk End of variable declaration ** sk |

/*

* Open the HDF file for reading.

*/

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*
* |nitialize the VS interface.
*,
/
status_n = Vstart (file_id);

/*

* Get the reference number of the vdata, whose name is specified in

* VDATA_NAME, using VSfind, which will be discussed in Section 4.7.3.
*

vdata_ref = VSfind (file_id, VDATA_NAME);

/*

* Attach to the vdata for reading if it is found, otherwise
* exit the program.

*/

if (vdata_ref == 0) exit;

vdata_id = VSattach (file_id, vdata_ref, "r");

/*

* Specify the fields that will be read.

*/

status_n = VSsetfields (vdata_id, FIELDNAME_LIST);

/*

* Place the current point to the position specified in RECORD_INDEX.
*

/

record_pos = VSseek (vdata_id, RECORD_INDEX);

/*

* Read the next N_RECORDS records from the vdata and store the data

* in the buffer databuf with fully interlaced mode.

*/

num_of_records = VSread (vdata_id, (uint8 *)databuf, N RECORDS,
FULL_INTERLACE);

/*

* Display the read data as many records as the number of records
* returned by VSread.

*/

printf ("\n Particle Position Temperature Range\n\n");

for (rec_num = 0; rec_num < num_of_records; rec_num++)
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{
printf (" %6.2f, %6.2f, %6.2f %6.2f, %6.2f\n",

databuf[rec_num][0], databuf[rec_num][1], databuf[rec_num][2],
databuf[rec_num][3], databuf{rec_num][4]);

}

/*

* Terminate access to the vdata and to the VS interface, then close
* the HDF file.

*/

status_32 = VSdetach (vdata_id);

status_n = Vend (file_id);

status_32 = Hclose (file_id);

FORTRAN:

program read_from_vdata
implicit none

Parameter declaration

OO0

character*18 FILE_NAME

character*14 VDATA_NAME

character20 FIELDNAME_LIST

integer N_RECORDS, RECORD_INDEX
integer ORDER_1, ORDER_2

integer N_VALS_PER_REC

C
parameter (FILE_NAME ='General_Vdatas.hdf,
+ VDATA_NAME  ='Solid Particle’,
+ FIELDNAME_LIST =Position,Temperature’)

parameter (N_RECORDS =5,

+ RECORD_INDEX = 3,

+ ORDER_1 =3,

+ ORDER_2 =2,

+ N_VALS_PER_REC = ORDER_1 + ORDER_2)

integer DFACC_READ, FULL_INTERLACE
parameter (DFACC_READ =1,
+ FULL_INTERLACE =0)

C

C Function declaration

C
integer hopen, hclose
integer vfstart, vsffnd, vsfatch, vsfsfld, vsfrd, vsfseek,
+ vsfdtch, vfend

C
C**** ariable declaration
C
integer status
integer file_id, vdata_id
integer vdata_ref, rec_num, num_of_records, rec_pos
real databuf(N_VALS_PER_REC, N_RECORDS)
integer i

C
C** End of variable declaration
C
C
C Open the HDF file for reading.
C
file_id = hopen(FILE_NAME, DFACC_READ, 0)
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Initialize the VS interface.

OO0

status = vfstart(file_id)

Get the reference number of the vdata, whose name is specified in
VDATA_NAME, using vsffnd, which will be discussed in Section 4.7.3.

OO0

vdata_ref = vsffnd(file_id, VDATA_NAME)

Attach to the vdata for reading if it is found,
otherwise exit the program.

OO0

if (vdata_ref .eq. 0) stop
vdata_id = vsfatch(file_id, vdata_ref, 'r’)

Specify the fields that will be read.

OO0

status = vsfsfld(vdata_id, FIELDNAME_LIST)

Place the current point to the position specified in RECORD_INDEX.

OO0

rec_pos = vsfseek(vdata_id, RECORD_INDEX)

Read the next N_RECORDS from the vdata and store the data in the buffer
databuf with fully interlace mode.

O000

num_of_records = vsfrd(vdata_id, databuf, N_RECORDS,
+ FULL_INTERLACE)

Display the read data as many records as the number of records returned
by vsfrd.

o000

write(*,¥) ' Particle Position ~ Temperature Range’

write(*,*)

do 10 rec_num =1, num_of_records

write(*,1000) (databuf(i, rec_num), i=1, N_VALS PER_REC)

10 continue
1000 format(1x,3(f6.2), 8x,2(f6.2))
C
C Terminate access to the vdata and to the VS interface, and
C close the HDF file.
C

status = vsfdtch(vdata_id)
status = vfend(file_id)
status = hclose(file_id)
end

EXAMPLE 6.

Reading a Multi-field and Mixed-type Vdata with Packing

This example illustrates the useV$read/vsfreadto read part of a mixed data vdata arsf-
pack/vsfnpak/vsfcpakto unpack the data read.

The program reads the vdata "Mixed Data Vdata" that was written to the file "Packed_Vdata.hdf"
by the program in Example 4. In Example 6, all values of the fields "Temp" and "ldent" are read.
The program unpacks and displays all the values after reading is complete. Again, note thatin C
only one call tovSread and one call to/Sfpack are made to read and unpack MIRECORDS
records. In Fortran, data is read with one calldfvead, but each field is unpacked using separate
calls tovsfnpak andvsfcpak
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#include "hdf.h"

#define N_RECORDS 20  /*number of records to be read */
#define N_FIELDS 2 [*number of fields to be read */
#define FILE_NAME "Packed_Vdata.hdf"

#define VDATA_NAME  "Mixed Data Vdata"

#define FIELDNAME_LIST "Temp,ldent"

/* number of bytes of the data to be read */
#define BUFFER_SIZE ( sizeof(float32) + sizeof(char)) * N_RECORDS

main ()

{

/ Variable declaration /

intn status_n;  /*returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */

file_id, vdata_id,

num_of_records, /* number of records actually read */
vdata_ref, [* reference number of the vdata to be read */
buffer_size; /* number of bytes the vdata can hold */

float32 itemp[N_RECORDS]; /* buffer to hold values of first field */
char idents[N_RECORDS]; /* buffer to hold values of fourth field */
uint8 databuf[BUFFER_SIZE]; /* buffer to hold read data, still packed */
VOIDP fldbufptrs[N_FIELDS];/*pointers to be pointing to the field buffers*/
int i;

JrHdkxikxiok End of variable declaration ** kx|

/*

* Open the HDF file for reading.

*/

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*
* |nitialize the VS interface.
*,
/
status_n = Vstart (file_id);

/*
* Get the reference number of the vdata, whose name is specified in
* VDATA_NAME, using VSfind, which will be discussed in Section 4.7.3.
*
/
vdata_ref = VSfind (file_id, VDATA_NAME);

/*

* Attach to the vdata for reading.

*/

vdata_id = VSattach (file_id, vdata_ref, "r");

/*

* Specify the fields that will be read.

*/

status_n = VSsetfields(vdata_id, FIELDNAME_LIST);

/*

* Read N_RECORDS records of the vdata and store the values into the

* buffer databuf.

*

num_of_records = VSread (vdata_id, (uint8 *)databuf, N RECORDS,
FULL_INTERLACE);

4-162

June 23, 1998



HDF User's Guide

/*

* Build an array of pointers each of which points to an array that
*will hold all values of a field after being unpacked.

*/

fldbufptrs[0] = &itemp][0];

fldbufptrs[1] = &idents[0];

/*

* Unpack the data from the buffer databuf and store the values into the

* appropriate field buffers pointed to by the set of pointers fldbufptrs.

* Note that the second parameter is _HDF_VSUNPACK for unpacking and the

* number of records is the one returned by VSread.

*/

status_n = VSfpack (vdata_id, HDF_VSUNPACK, FIELDNAME_LIST, (VOIDP)databuf,
BUFFER_SIZE, num_of_records, NULL, (VOIDP)fldbufptrs);

/*
* Display the read data being stored in the field buffers.
*/
printf ("\n  Temp  Ident\n");
for (i=0; i < num_of_records; i++)
printf (" %6.2f %c\n", itempli], idents][i]);

/*

* Terminate access to the vdata and the VS interface, then close
* the HDF file.

*/

status_32 = VSdetach (vdata_id);

status_n = Vend (file_id);

status_32 = Hclose (file_id);

}
FORTRAN:

program read_mixed_vdata
implicit none

C

C Parameter declaration

C
character*16 FILE_NAME
character*16 VDATA_NAME
character*4 FIELD1_NAME
character*5 FIELD2_NAME
character*10 FIELDNAME_LIST
integer N_RECORDS, N_FIELDS
integer BUFFER_SIZE

C
parameter (FILE_NAME ='Packed_Vdata.hdf,
+ VDATA_NAME ='Mixed Data Vdata/,
+ FIELD1_NAME ='Temp’,
+ FIELD2_NAME =’ldent,
+ FIELDNAME_LIST ='Temp,ldent’)

parameter (N_RECORDS = 20,
+ N_FIELDS =2,
+ BUFFER_SIZE = (4 + 1)*N_RECORDS)

integer DFACC_READ, DFNT_FLOAT32, DFNT_CHARS,
+ FULL_INTERLACE, HDF_VSUNPACK

parameter (DFACC_READ =1,

+ DFNT_FLOAT32 =5,

+ DFNT_CHAR8 =4,

+ FULL_INTERLACE =0,
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+ HDF_VSUNPACK =1)
C
C Function declaration
C
integer hopen, hclose
integer vfstart, vsfatch, vsffnd, vsfsfld,
+ vsfnpak, vsfcpak, vsfread, vsfdtch, vfend

C
C**** Variable declaration
C
integer status
integer file_id, vdata_id
integer vdata_ref, num_of records
real temp(N_RECORDS)
character ident(N_RECORDS)
integer i
C
C Buffer for read packed data should be big enough to hold N_RECORDS.
C
integer databuf(BUFFER_SIZE/4 + 1)
C
C*+ End of variable declaration

Open the HDF file for reading.

o000

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the VS interface.

[eNeN¢e]

status = vfstart(file_id)

Get the reference number of the vdata, whose name is specified in
VDATA_NAME, using vsffnd, which will be discussed in Section 4.7.3.

o000

vdata_ref = vsffnd(file_id, VDATA_NAME)

Attach to the vdata for reading if it is found,
otherwise exit the program.

OO0

if (vdata_ref .eq. 0) stop
vdata_id = vsfatch(file_id, vdata_ref, 'r’)

Specify the fields that will be read.

OO0

status = vsfsfld(vdata_id, FIELDNAME_LIST)

Read N_RECORDS records of the vdata and store the values into the databuf.

OO0

num_of_records = vsfread(vdata_id, databuf, N_RECORDS,
+ FULL_INTERLACE)

C

C Unpack N_RECORDS from databuf into temp and ident arrays.

C InFortran, each field is unpacked using separate calls to

C vsfnpak or vsfcpak.

C
status = vsfnpak(vdata_id, HDF_VSUNPACK, FIELDNAME_LIST, databuf,
+ BUFFER_SIZE, num_of_records, FIELD1_NAME, temp)
status = vsfcpak(vdata_id, HDF_VSUNPACK, FIELDNAME_LIST, databuf,
+ BUFFER_SIZE, num_of_records, FIELD2_NAME, ident)
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C Display the read data being stored in the field databufs.
C
write (*,¥)’ Temp Ident’
do 10i=1, num_of records
write(*,2000) temp(i), ident(i)

10 continue
1000 format (3x,F6.2, 4x, a)
C

C Terminate access to the vdata and to the VS interface, and
C close the HDF file.
C

status = vsfdtch(vdata_id)

status = vfend(file_id)

status = hclose(file_id)

end

4.7 Searching for Vdatas in a File

There are several HDF library routines that perform searches for a specific vdata in a file. In this
section, we introduce these routines; methods for obtaining information about the members of a
given vdata are described in the following section.

4.7.1 Finding All Vdatas that are Not Members of a Vgroup: VSlone

A lone vdatais one that is not a member of a vgroMgroupsare HDF objects that contain sets
of HDF objects, including vgroups. Vgroups are described in Chaptagréups (V API)

VSlone searches an HDF file and retrieves the reference numbers of lone vdatas in the file. The
syntax ofVSloneis as follows:

C: num_of lone vdatas =VSlone(file_id, ref_array, maxsize);
FORTRAN: num_of lone vdatas = vsflone(file_id, ref_array, maxsize)

The parameteref array  is an array allocated to hold the retrieved reference numbers of lone
vdatas and the argumenmtixsize specifies the maximum size ef array . At most, maxsize
reference numbers will be returnedéh array

The space that should be allocatedrébrarray  is dependent upon on how many lone vdatas are
expected in the file. A size ®fAX FIELD SIZE (or 65535) integers is adequate to handle any case.
To use dynamic memory instead of allocating such a large array, firstSlalhe with maxsize

set to a small value like O or 1, then use the returned value to allocate memefrwiay  to be
passed to a subsequent calV®lone

VSlonereturns the number of lone vdatasraiL (or-1). The parameters farSlone are listed in
Table 41 on page 166.
4.7.2 Sequentially Searching for a Vdata: VSgetid

VSgetid sequentially searches through an HDF file to obtain the vdata immediately following the
vdata specified by the reference number in the parawdzierref . The syntax o¥/Sgetidis as
follows:

C: ref_num=VSgetid(fle_id, vdata ref);

FORTRAN: ref num=vsfgid(fle_id, vdata._ref)
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To obtain the reference number of the first vdata in the file, the user must set the parameter
vdata_ref  to -1. ThusVSgetid can be repeatedly called, with the initial valuevdzfta ref  set

to -1 so that the routine will sequentially return the reference number of each vdata in the file,
starting from the first vdata. After the last vdata is reached, subsequent cetigedid will
returnFAIL (or-1).

VSgetid returns a vdata reference numbeFaL (or-1). The parameters fdrSgetid are listed
in Table 41 on page 166.

4.7.3 Determining a Reference Number from a Vdata Name: VSfind

VSfind searches an HDF file for a vdata with the specified name and returns the vdata reference
number. The syntax &fSfind is as follows:

C: ref_num=VSiind(file_id, vdata_name);
FORTRAN: ref_num=vsfind(fle_id, vdata_name)

The parametevdata_name is the search key. Although there may be several identically named
vdatas in the fileySfind will only return the reference number of the first vdata in the file with
the specified name.

VSfind returns either the vdata reference number if the named vdata is foamdh@rwise. The
parameters fovSfind are listed in Table 41.

4.7.4 Searching for a Vdata by Field Name: VSfexist

VSfexist queries a vdata for a set of specified field names and is often useful for locating vdatas
containing particular field names. The syntax of\W&fexist function is as follows:

C: status = VSfexist(vdata _id, fieldname_list);
FORTRAN: status =vsfex(Wdata_id, fieldname_list)

The parametefieldname._list is a string of comma-separated field names containing no white
space, for examplePX,PY,pPZ".

VSfexist returnsSUCCEEor 0) if all of the fields specified in the paramefieldname_list are
found andrAIL (or-1) otherwise. The parameters f@Bfexistare listed in Table 4l.

TABLE 4|

VSlone, VSgetid, VSfind, and VSfexist Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
VSlone file_id int32 integer File identifier
[int32] ref_array int32 ] integer (*) Buffer for a list of lone vdata reference numbers
(vsflone) maxsize int32 integer Maximum number of reference numbers to be buffefed
VSgetid file_id int32 integer File identifier
[int32] - ] -
(vsfgid) vdata_ref int32 integer Reference number of the vdata preceding the vdata
VSfind file_id int32 integer File identifier
[int32] -
(vsffnd) vdata_name char * character(*) | Name of the vdata to find
V Sfexist vdata_id int32 integer Vdata identifier
[intn]
(vsfex) fieldname_list char * character*(*) | Names of the fields to be queried
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EXAMPLE 7.

Locating a Vdata Containing Specified Field Names

This example illustrates the use\sgetid/vsfgidto obtain the reference number of each vdata in
an HDF file and the use dfSfexist/vsfexto determine whether a vdata contains specific fields.

In this example, the program searches the HDF file "General_Vdatas.hdf" to locate the first vdata
containing the fields "Position" and "Temperature". The HDF file is an output of the program in
Example 3.

C:
#include "hdf.h"

#define FILE_NAME "General_Vdatas.hdf"
#define SEARCHED_FIELDS "Position, Temperature"

main()

{

/ Variable declaration /

intn status_n;  /*returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, vdata_id, vdata_ref,
index=0; /*index of the vdata in the file - manually kept */
int8 found_fields; /* TRUE if the specified fields exist in the vdata */

Jradkxksikxioeknk End of variable declaration ** ki |

/*

* Open the HDF file for reading.

*/

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*

* |nitialize the VS interface.
*/

status_n = Vstart (file_id);

/*

* Set the reference number to -1 to start the search from
* the beginning of file.

*/

vdata_ref =-1;

/*

* Assume that the specified fields are not found in the current vdata.
*/

found_fields = FALSE;

/*
* Use VSgetid to obtain each vdata by its reference number then
* attach to the vdata and search for the fields. The loop
* terminates when the last vdata is reached or when a vdata which
* contains the fields listed in SEARCHED_FIELDS is found.
*/
while ((vdata_ref = VSgetid (file_id, vdata_ref)) != FAIL)
{
vdata_id = VSattach (file_id, vdata_ref, "r");
if ((status_n = VSfexist (vdata_id, SEARCHED_FIELDS)) != FAIL)
{
found_fields = TRUE;
break;

}
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/*

* Detach from the current vdata before continuing searching.
*/

status_32 = VSdetach (vdata_id);

index++;/* advance the index by 1 for the next vdata */

}

/*
* Print the index of the vdata containing the fields or a "not found"
* message if no such vdata is found. Also detach from the vdata found.
*/
if (found_fields)
printf ("Fields Position and Temperature were not found.\n");
else
{
printf
("Fields Position and Temperature found in the vdata at position %d\n",
index);
status_32 = VSdetach (vdata_id);
}

/*
* Terminate access to the VS interface and close the HDF file.
*
/
status_n = Vend (file_id);
status_32 = Hclose (file_id);

FORTRAN:

program locate_vdata
implicit none

Parameter declaration

OO0

character*18 FILE_NAME
character*20 SEARCHED_FIELDS

parameter (FILE_NAME ='General_Vdatas.hdf,

+ SEARCHED_FIELDS ='Position,Temperature’)
integer DFACC_READ

parameter (DFACC_READ =1)

Function declaration

OO0

integer hopen, hclose
integer vfstart, vsfatch, vsfgid, vsfex, vsfdtch, vfend

C
C*** Variable declaration
C
integer status
integer file_id, vdata_id, vdata_ref
integer index
logical found_fields
C
C** End of variable declaration

Open the HDF file for reading.

O000
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file_id = hopen(FILE_NAME, DFACC_READ, 0)

C
C Initialize the VS interface.
C
status = vfstart(file_id)
index =0
C
C Set the reference number to -1 to start the search from the beginning
C ofthefile.
C
vdata_ref=-1
C
C Assume that the specified fields are not found in the current vdata.
C
found_fields = .FALSE.
10 continue
C
C Use vsfgid to obtain each vdata by its reference number then
C attach to the vdata and search for the fields. The loop terminates
C when the last vdata is reached or when a vdata which contains the
C fields listed in SEARCHED_FIELDS is found.
C

vdata_ref = vsfgid(file_id, vdata_ref)
if (vdata_ref .eq. -1) goto 100
vdata_id = vsfatch(file_id, vdata_ref, 'r’)
status = vsfex(vdata_id, SEARCHED_FIELDS)
if (status .ne. -1) then
found_fields = .TRUE.
goto 100
endif
status = vsfdtch(vdata_id)
index = index + 1
goto 10

100 continue

C

c
C
c

OO0

[eNeN¢e]

Print the index of the vdata containing the fields or a 'not found’
message if no such vdata is found. Also detach from the vdata found.

if(NOT.found_fields) then

write(*,*) 'Fields Positions and Temperature were not found’
else

write(*,*)
+ ’'Fields Positions and Temperature were found in the vdata’,
+ ’at position ’, index

Terminate access to the vdata

status = vsfdtch(vdata_id)
endif

Terminate access to the VS interface and close the HDF file.

status = vsfdtch(vdata_id)
status = vfend(file_id)
status = hclose(file_id)
end
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4.8 Vdata Attributes

HDF version 4.1r1 and later include the ability to assign attributes to a vdata and/or a vdata field.
The concept of attributes is fully explained in Chapte3@entific Data Sets (SD API)o review

briefly: an attribute has a name, a data type, a number of attribute values, and the attribute values
themselves. All attribute values must be of the same data type. For example, an integer cannot be
added to an attribute value consisting of ten characters, or a character value cannot be included in
an attribute value consisting of 2 32-bit integers.

Any number of attributes can be assigned to either a vdata or any single field in a vdata. However,
each attribute name should be unique within its scope. In other words, the name of a field’s
attribute must be unique among all attributes that belong to that same field, and the name of a
vdata’s attribute must be unique among all attributes assigned to the same vdata.

The following subsections describe routines that retrieve various information about vdata and
vdata field attributes. Those routines that access field attributes require the field index as a param-
eter @ield_index ).

4.8.1 Querying the Index of a Vdata Field Given the Field Name: VSfindex

VSfindex retrieves the index of a field given its narfidgd_name , and stores the value in the
parametefield_index . The syntax o¥Sfindex is as follows:

C: status = VSfindex(vdata._id, field_name, &field_index);
FORTRAN: status =vsflidx(vdata _id, field_name, field_index)

The parametefield_index is the index number that uniquely identifies the location of the field
within the vdata. Field index numbers are assigned in increasing order and are zero-based: for
example, dield_index value of 4 would refer to the fifth field in the vdata.

VSfindex returnsSUCCEED(or 0) if successful andrAIL (or -1) otherwise. The parameters for
VSfindex are further defined in Table 4J.

TABLE 4J

VSfindex Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
VSfindex vdata_id int32 integer Vdata identifier
[intn] field_name char * character*(*) | Name of the vdata field
(vsfiidx) field_index int32 * integer Index of the vdata field

4.8.2 Setting the Attribute of a Vdata or Vdata Field: VSsetattr
VSsetattr attaches an attribute to a vdata or a vdata field. The syni&Sgsftattr is as follows:

C: status = VSsetattr(vdata _id, field_index, attr_name, data. type,
n_values, values);

FORTRAN: status =vsfsnat(vdata._id, field_index, attr_name, data._type,
n_values, values)

OR status = vsfscat(vdata id, field_index, attr_name, data._type,
n_values, values)

4-170

June 23, 1998



HDF User's Guide

If the attribute has already been attached, the new attribute values will replace the current values,
provided the data type and the number of attribute valuesifes ) have not been changed. If
either of these have been changé8setattr will return FAIL (or-1).

Set the parametdeld_index to _HDF VDATAor -1) to set an attribute for a vdata or to a valid
field index to set attribute for a vdata field. A valid field index is a zero-based integer value repre-
senting the ordinal location of a field within the vdata.

The parametesttr name specifies the name of the attribute to be set and can CMSAVIELEN-
MAX(or 64) characters. The parametita type specifies the data type of the attribute values.
Data types supported by HDF are listed in Table 2E on page 14. The panaiaeter contains
attribute values to be written.

The FORTRAN-77 version of Ssetattr has two routinesisfsnatsets numeric attribute data and
vsfscatsets character attribute data.

VSsetattr returnsSUCCEEL{or 0) if successful andFAIL (or -1) otherwise. The parameters for
VSsetattr are described in Table 4K.

4.8.3 Querying the Values of a Vdata or Vdata Field Attribute: VSgetattr

VSgetattr returns all of the values of the specified attribute of the specified vdata field or vdata.
The syntax o/ Sgetattr is as follows:

C: status = VSgetatir(vdata. id, field_index, atfr_index, values);

FORTRAN: status =vsfgnat(vdata id, field_index, attr_index, values)
OR status = vsfgcat(vdata id, field_index, attr_index, values)

Set the parametéield_index to _HDF VDATA(or -1) to retrieve the values of the attribute
attached to the vdata identified by the parametsta_id . Setfield_index to a zero-based inte-

ger value to retrieve the values of an attribute attached to a vdata field; the Vi@deinoiex

will be used as the index of the vdata field. In both cases, the values returned will be those of the
attribute located at the position specified by the paranagtendex , the zero-based index of

the target attribute.

The parametevalues must be sufficiently allocated to hold the retrieved attribute values. Use
VSattrinfo to obtain information about the attribute values for appropriate memory allocation.

The FORTRAN-77 versions dfSgetattr has two routinesvsfgnat gets numeric attribute data
andvsfgcatgets character attribute data.

VSgetattr returnsSUCCEE{or 0) if successful andrAIL (or -1) otherwise. The parameters for
VSgetattr are described in Table 4K.
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TABLE 4K VSsetattr and VSgetattr Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
vdata_id int32 integer Vdata identifier
field_index int32 integer _HDF_VDATAor index of the field
attr_name char * character*(*) Name of the attribute
VSsetattr
[intn] data_type int32 integer Data type of the attribute
(vsfsnat/vsfscat) n_values int32 integer Number of values the attribute contains
<valid numeric data
values VOIDP type>(*)/ Buffer containing the attribute values
character*(*)
vdata_id int32 integer Vdata identifier
field_index int32 integer _HDF_VDATAor index of the field
VSgetattr
fintn] attr_index intn integer Index of the attribute
(vsfgnat/vsfgcat) <valid numeric data
values VOIDP type>(*)/ Buffer containing attribute values
character*(*)
4.8.4 Querying the Total Number of Vdata and Vdata Field Attributes:
VSnattrs
VSnattrs returns the total number of attributes of the specified valiatithe fields contained in
the vdata. This is different from thé&Sfnattrs routine, which returns the number of attributes of
the specified vdatar a specified field contained in the specified vdata. The syntsSo#ttrs is
as follows:
C: num_of atrs =VSnattrs(vdata_id);
FORTRAN: num_of atirs=vsfats(vdata_id)
VSnattrs returns the total number of attributes assigned to the vdata and its fields when success-
ful, andFAIL (or-1) otherwise. The parameters M&nattrs are described in Table 4L.
4.8.5 Querying the Number of Attributes of a Vdata or a Vdata Field:
VSfnattrs
VSfnattrs returns the number of attributes attached to the vdata field specified by the parameter
field_index  or the number of attributes attached to the vdata identifiedidy id . This is dif-
ferent from the routind/Snattrs, which returns the total number of attributes of the specified
vdataandthe fields contained in it. The syntax\é&fnattrs is as follows:
C: num_of attrs =VSfattrs(vdata. id, field_index);
FORTRAN: num_of atirs=vsfinas(vdata_id, field_index)
If field_index is set to a zero-based integer value, it will be used as the index of the vdata field,
and the number of attributes attached to that field will be returnefidlindex is set to
_HDF_VDATA(or -1 ), the number of attributes attached to the vdata specifieddry id  will be
returned.
VSfnattrs returns the number of attributes assigned to the specified vdata or to the specified vdata
field when successful, arfAIL (or -1) otherwise. The parameters fé8fnattrs are described in
Table 4L.
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TABLE 4L

VSnattrs and VSfnattrs Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
VSnattrs
[intn] vdata_id int32 integer Vdata identifier
(vsfnats)
VSfnattrs vdata_id int32 integer Vdata identifier
[int32]
(vsffnas) field_index int32 integer _HDF_VDATAor index of the field

4.8.6 Retrieving the Index of a Vdata or Vdata Field Attribute Given the
Attribute Name: VSfindattr

VSfindattr returns the index of an attribute with the specified name. The attribute must be
attached to either a vdata or one of its fields. The synt&&6hdattrs is as follows:

C: atir_index=VSfindattrivdata._id, field_index, attr_name);
FORTRAN: atir_index =vsfidat(vdata._id, field_index, attr_name)

If field_index is set to HDF VDATA(or -1), the index of the attribute identified by the parameter
attr name and attached to the vdata specifieddista_id  will be returned.

If the parametefield_index is set to a zero-based integer value, the value will be used as the
index of the vdata field. Then, the index of the attribute named by the parameteme and
attached to the field specified by the paramfiier index will be returned.

VSfindattr returns an attribute index if successful, &l (or-1) otherwise. The parameters for
VSfindattr are described in Table 4M on page 174.

4.8.7 Querying Information on a Vdata or Vdata Field Attribute:
VSattrinfo

VSattrinfo returns the name, data type, number of values, and the size of the values of the speci-
fied attribute of the specified vdata field or vdata. The syntaxQa#ttrinfo is as follows:

C: status = VSattrinfo(vdata._id, field_index, attr_index, attr_name,
&data type, &n_values, &size);

FORTRAN: status =vsfainfivdata_id, field_index, attr_index, attr_name,
data_type, n_values, size)

In C, the parameterstr name , data type , n values , andsize can be set tolULL, if the infor-
mation returned by these parameters are not needed.

The parametefield_index is the same as the paramditgat_index in VSsetattr; it can be set
either to a nonnegative integer to specify the field orHDF VDATA(or -1) to specify the vdata
referred to bydata_id

VSattrinfo returnsSUCCEERor 0) if successful andtAIL (or -1) otherwise. The parameters for
VSattrinfo are described in Table 4M.
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4.8.8 Determining whether a Vdata Is an Attribute: VSisattr

The HDF library stores vdata attributes and vdata field attributes as vdatas. HDF therefore pro-
vides the routine/Sisattr to determine whether a particular vdata contains attribute data. The
syntax ofVSisattr is as follows:

C: status = VSisattr(vdata._id);
FORTRAN: status =vsfisat(vdata _id)

VSisattr returnsTRUE(or 1) if the vdata contains an attribute data &AdSE(or 0) otherwise. The
parameters fovSisattr are described in Table 4M.

TABLE 4M VSfindattr, VSattrinfo, and VSisattr Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
VSfindattr vdata_id int32 integer Vdata identifier
[intn] field_index int32 integer _HDF_VDATAr index of the field
(vsffdat) attr_name char * character*(*) Name of the attribute
vdata_id int32 integer Vdata identifier
field_index int32 integer Index of the field
VSattrinfo attr_index intn integer Index of the attribute
[intn] attr_name char * character*(*) Returned name of the attribute
(vsfainf) data_type int32 * integer Returned data type of the attribute
n_values int32 * integer Number of values of the attribute
size int32 * integer Size, in bytes, of the values of the attribute
VSisattr
[intn] vdata_id int32 integer Vdata identifier
(vsfisat)
EXAMPLE 8. Operations on Field and Vdata Attributes

This example illustrates the use\ébsetattr/vsfscat/vsfsnato attach an attribute to a vdata and

to afield in a vdata, the use \gBattrinfo/vsfainf to get information about a field attribute and a
vdata attribute, and the use \éSgetattr/vsfgcat/vsfgnatto get the values of an attribute of a
vdata and the values of an attribute of a field in a vdata. The example also shows the use of
VSfnattrs/vsffnas to obtain the number of attributes attached to a field of a vdata and the use of
VSnattrs/vsfnatsto obtain the total number of attributes attached to both a vdata and its fields.

In this example, the program finds the vdata, named "Solid Particle", in the HDF file
"General_Vdatas.hdf" produced by Example 3. It then obtains the index of the field, named
"Mass", in the vdata. An attribute named "Site Ident" is attached to the vdata to contain the iden-
tification of the experiment sites. Another attribute named "Scales" is attached to the field for its
scale values. The vdata attribute has 3 character values and the field attribute has 4 integer values.

C:
#include "hdf.h"

#define FILE_NAME "General_Vdatas.hdf"

#define VDATA_NAME "Solid Particle"

#define FIELD_NAME  "Mass"

#define VATTR_NAME  "Site Ident"  /* name of the vdata attribute */
#define FATTR_NAME  "Scales" /* name of the field attribute */
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#define VATTR_N_VALUES 3 /* number of values in the vdata attribute */
#define FATTR_N_VALUES 4 /* number of values in the field attribute */

main( )

{

/ Variable declaration /

intn status_n;  /*returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, vdata_ref, vdata_id,
field_index, /*index of a field within the vdata */
n_vdattrs, /* number of vdata attributes */
n_fldattrs, /* number of field attributes */
vdata_type, /*to hold the type of vdata’s attribute */
vdata_n_values,/* to hold the number of vdata’s attribute values */
vdata_size, /*to hold the size of vdata’s attribute values  */
field_type, /*to hold the type of field’s attribute */
field_n_values,/* to hold the number of field’s attribute values */
field_size; /*to hold the size of field’s attribute values ~ */
char vd_attr[VATTR_N_VALUES] = {A’, 'B’, 'C'};/* vdata attribute values*/
int32 fld_attr[FATTR_N_VALUES] ={2, 4, 6, 8}; /*field attribute values*/
char vattr_buf[VATTR_N_VALUES]; /*to hold vdata attribute’s values */
int32 fattr_buf[FATTR_N_VALUES]; /*to hold field attribute’s values */
char vattr_name[30], /* name of vdata attribute */
fattr_name[30]; /* name of field attribute */

[HIxwRR xRk Rk End of variable declaration ** ki iok |

/*

* Open the HDF file for writing.

*/

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);

/*
* |nitialize the VS interface.
*
/
status_n = Vstart (file_id);

/*
* Get the reference number of the vdata named VDATA_NAME.
*
/
vdata_ref = VSfind (file_id, VDATA_NAME);

/*

* Attach to the vdata for writing.

*/

vdata_id = VSattach (file_id, vdata_ref, "w");

/*
* Attach an attribute to the vdata, i.e., indicated by the second parameter.
*
/
status_n = VSsetattr (vdata_id, HDF_VDATA, VATTR_NAME, DFNT_CHAR,
VATTR_N_VALUES, vd_attr);

/*

* Get the index of the field FIELD_NAME within the vdata.

*

status_n = VSfindex (vdata_id, FIELD_NAME, &field_index);

/*
* Attach an attribute to the field field_index.
*,
/
status_n = VSsetattr (vdata_id, field_index, FATTR_NAME, DFNT_INT32,
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FATTR_N_VALUES, fld_attr);

/*

* Get the number of attributes attached to the vdata’s first

* field - should be 0.

*

n_fldattrs = VSfnattrs (vdata_id, 0);

printf ( "Number of attributes of the first field of the vdata: %d\n",
n_fldattrs);

/*

* Get the number of attributes attached to the field specified by

* field_index - should be 1.

*

n_fldattrs = VSfnattrs (vdata_id, field_index);

printf ( "Number of attributes of field %s: %d\n", FIELD_NAME, n_fldattrs);

/*

* Get the total number of the field’s and vdata’s attributes - should be 2.

*/

n_vdattrs = VSnattrs (vdata_id);

printf ( "Number of attributes of the vdata and its fields: %d\n",
n_vdattrs);

/*

* Get information about the vdata’s first attribute, indicated

* by the third parameter which is the index of the attribute.

*

/

status_n = VSattrinfo (vdata_id, _HDF_VDATA, 0, vattr_name,
&vdata_type, &vdata_n_values, &vdata_size);

/*

* Get information about the first attribute of the field specified by

* field_index.

*

status_n = VSattrinfo (vdata_id, field_index, O, fattr_name, &field_type,
&field_n_values, &field_size);

/*

* Get the vdata’s first attribute.

*/

status_n = VSgetattr (vdata_id, HDF_VDATA, 0, vattr_buf);

printf("Values of the vdata attribute = %c %c %c\n", vattr_buf{0],
vattr_buf[1], vattr_buf[2]);

/*

* Get the first attribute of the field specified by field_index.

*/

status_n = VSgetattr (vdata_id, field_index, O, fattr_buf);

printf("Values of the field attribute = %d %d %d %d\n", fattr_buf[0],
fattr_buf[1], fattr_buf{2], fattr_buf[3]);

/*

* Terminate access to the vdata and to the VS interface, then close
* the HDF file.

*/

status_32 = VSdetach (vdata_id);

status_n = Vend (file_id);

status_32 = Hclose (file_id);
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FORTRAN:

program vdata_attributes
implicit none

Parameter declaration

[eNeN¢e]

character*18 FILE_NAME

character*14 VDATA_NAME

character*4 FIELD_NAME

character*10 VATTR_NAME

character*6 FATTR_NAME

integer  VATTR_N_VALUES, FATTR_N_VALUES

parameter (FILE_NAME ='General_Vdatas.hdf’,
+ VDATA_NAME ='Solid Particle’,

+ FIELD_NAME ='Mass’,

+ VATTR_NAME ='Site Ident,

+ FATTR_NAME ='Scales’)

parameter (VATTR_N_VALUES = 3,

+ FATTR_N_VALUES =4)

integer DFACC_WRITE, FULL_INTERLACE, HDF_VDATA
integer DFNT_INT32, DFNT_CHARS8
parameter (DFACC_WRITE = 2,
+ FULL_INTERLACE = 0,
+ HDF_VDATA =-1,
+ DFNT_INT32 =24,
+ DFNT_CHAR8 = 4)
C
C  Function declaration
C
integer hopen, hclose
integer vfstart, vsffnd, vsfatch, vsfscat, vsfsnat,
+ vsffnas, vsffidx, vsfnats, vsfainf, vsfgcat, vsfgnat,
+ vsfdtch, vfend

C
C**** \ariable declaration
C

integer status
integer file_id, vdata_id, vdata_ref
integer field_index, n_vdattrs, n_fldattrs
integer vdata_type, vdata_n_values, vdata_size
integer field_type, field_n_values, field_size
character vd_attr(VATTR_N_VALUES)
integer fld_attr(FATTR_N_VALUES)
character vattr_buf(VATTR_N_VALUES)
integer fattr_buf(FATTR_N_VALUES)
character vattr_name_out(30), fattr_name_out(30)
data vd_attr /A, 'B’, 'C'/
data fld_attr /2, 4, 6, 8/

C

C** End of variable declaration

Open the HDF file for writing.

OO0

file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

Initialize the VS interface.

OO0

status = vfstart(file_id)
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C
C
C

OO0 OO0 OO0

OO0 O000 [eNeN¢e] O000 O000 [eNeNe]

[eNeN¢e]

Get the reference number of the vdata named VDATA_NAME.
vdata_ref = vsffnd(file_id, VDATA_NAME)

Attach to the vdata for writing.
vdata_id = vsfatch(file_id, vdata_ref, 'w’)

Attach an attribute to the vdata, as itis indicated by second parameter.

status = vsfscat(vdata_id, HDF_VDATA, VATTR_NAME, DFNT_CHARS,
+ VATTR_N_VALUES, vd_attr)

Get the index of the field FIELD_NAME within the vdata.
status = vsffidx(vdata_id, FIELD_NAME, field_index)
Attach an attribute to the field with the index field_index.
status = vsfsnat(vdata_id, field_index, FATTR_NAME, DFNT_INT32,
+ FATTR_N_VALUES, fld_attr)
Get the number of attributes attached to the vdata’s first
field - should be 0.
n_fldattrs = vsffnas(vdata_id, 0)
write(*,*) 'Number of attributes of the first field’

write(*,¥) ' of the vdata: ’, n_fldattrs

Get the number of the attributes attached to the field specified by
index field_index - should be 1.

n_fldattrs = vsffnas(vdata_id, field_index)
write(*,*) 'Number of attributes of field ’, FIELD_NAME,
+ n_fldattrs
Get the total number of the field’s and vdata’s attributes - should be 2.
n_vdattrs = vsfnats(vdata_id)
write(*,*) 'Number of attributes of the vdata and its fields: ’,

+ n_vdattrs

Get information about the vdata’s first attribute, indicated by
the third parameter, which is the index of the attribute.

status = vsfainf(vdata_id, HDF_VDATA, 0, vattr_name_out,
+ vdata_type, vdata_n_values, vdata_size)

Get information about the first attribute of the field specified by
field_index.

status = vsfainf(vdata_id, field_index, O, fattr_name_out,
+ field_type, field_n_values, field_size)

Get the vdata’s first attribute.

status = vsfgcat(vdata_id, HDF_VDATA, 0, vattr_buf)
write(*,*) 'Values of vdata attribute ’, vattr_buf

C
C Getthe first attribute of the field specified by field_index.
C
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status = vsfgnat(vdata_id, field_index, O, fattr_buf)
write(*,*) 'Values of the field attribute =, fattr_buf

Terminate access to the vdata and to the VS interface, and
close the HDF file.

o000

status = vsfdtch(vdata_id)
status = vfend(file_id)
status = hclose(file_id)
end

4.9 Obtaining Information about a Specific Vdata

Once a vdata has been located, its contents must be obtained. In this section four categories of
routines that obtain vdata information are described:

- A general inquiry routine namadSinquire.
- A set ofvdata queryroutines with names prefaced by “VSQuery”.

- A set ofvdata inquiryroutines prefaced by “VS”. Some of these routines retrieve specific
vdata information which can also be retrieved by the general inquiry rot@mejuire.

- A set offield queryroutines with names prefaced by “VF".

4.9.1 Obtaining Vdata Information: VSinquire

VSinquire retrieves information about the vdata identified by the paramederid . The rou-
tine has the following syntax:

C: status = VSinquire(vdata._id, &n_records, &interlace_mode,
fieldname _list, &vdata_size, vdata_name);

FORTRAN: status=vsfing(vdata id,n_records,interlace_mode, fieldname_list,
vdata_size, vdata_name)

The parameten records contains the returned number of records in the vdata, the parameter
interlace_mode contains the returned interlace mode of the vdata contents, the parameter
fieldname_list is a comma-separated list of the returned names of all the fields in the vdata, the
parametervdata size is the returned size, in bytes, of the vdata record, and the parameter
vdata_name contains the returned name of the vdata.

If any of the parameters are seNwLLin C, the corresponding data will not be returned.

VSinquire returns eitheGUCCEEfor 0) or FAIL (or-1). The parameters fafSinquire are further
defined in Table 4N.

TABLE 4N VSinquire Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
vdata_id int32 integer Vdata identifier
n_records int32 * integer Number of records in the vdata
VS[inquire interlace_mode int32 * integer Interlace mode
intn
(vsfing) fieldname_list char * character*(*) Buffer for the list of field names
vdata_size int32 * integer Size in bytes of the vdata record
vdata_name char * character*(*) | Name of the vdata
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EXAMPLE 9. Obtaining Vdata Information

This example illustrates the use \68getid/vsfgid and VSinquire/vsfing to obtain information
about all vdatas in an HDF file.

In this example, the program useégSgetid to locate all vdatas in the HDF file
"General_Vdatas.hdf", which is the output of Example 3. For each vdata found, if it is not the
storage of an attribute, the program ug&nquire/vsfing to obtain information about the vdata
and displays its information. Recall that an attribute is also stored as a vdata; the fB¢tion
sattr/vsfisat checks whether a vdata is a storage of an attribute.

C:

#include "hdf.h"

#define FILE_NAME  "General_Vdatas.hdf"
#define FIELD_SIZE 80 /* maximum length of all the field names */

main()

{

/ Variable declaration /

intn status_n;  /*returned status for functions returning an intn */

int32 status_32, /* returned status for functions returning an int32 */
n_records, /*to retrieve the number of records in the vdata */
interlace_mode,/* to retrieve the interlace mode of the vdata  */
vdata_size, /*to retrieve the size of all specified fields  */
file_id, vdata_ref, vdata_id;

char fieldname_list[FIELD_SIZE], /* buffer to retrieve the vdata data */
vdata_name[VSNAMELENMAX]; /* buffer to retrieve the vdata name */

Jradksskxiioekk End of variable declaration ** sk |

/*

* Open the HDF file for reading.

*/

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*
* |nitialize the VS interface.
*,
/
status_n = Vstart (file_id);

/*

* Set vdata_ref to -1 to start the search from the beginning of file.
*/

vdata_ref =-1;

/*
* Use VSgetid to obtain each vdata by its reference number then attach
* to the vdata and get its information. The loop terminates when
* the last vdata is reached.
*/
while ((vdata_ref = VSgetid (file_id, vdata_ref)) = FAIL)
{
/*
* Attach to the current vdata for reading.
*
vdata_id = VSattach (file_id, vdata_ref, "r");

/*
* Test whether the current vdata is not a storage of an attribute, then
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* obtain and display its information.
*,
/
if( VSisattr (vdata_id) '= TRUE )
{
status_n = VSinquire (vdata_id, &n_records, &interlace_mode,
fieldname_list, &vdata_size, vdata_name);
printf ("Vdata %s: - contains %d records\n\tinterlace mode: %s \
\n\tFields: %s - %d bytes\n\t\n", vdata_name, n_records,
interlace_mode == FULL_INTERLACE ? "FULL" : "NONE",
fieldname_list, vdata_size );

}

/*

* Detach from the current vdata.

*/

status_32 = VSdetach (vdata_id);
} I* while */

/*
* Terminate access to the VS interface and close the HDF file.
*
/
status_n = Vend (file_id);
status_32 = Hclose (file_id);

}
FORTRAN:
program vdata_info
implicit none
C
C Parameter declaration
C
character*18 FILE_NAME
integer DFACC_READ, FULL_INTERLACE
integer  FIELD_SIZE
C
parameter (FILE_NAME  ='General_Vdatas.hdf,
+ DFACC_READ =1,
+ FULL_INTERLACE =0,
+ FIELD_SIZE =80)
C
C  Function declaration
C
integer hopen, hclose
integer vfstart, vsfatch, vsfgid, vsfing,
+ vsfisat, vsfdtch, vfend
C
C**** Variable declaration
C
integer  status
integer  file_id, vdata_id, vdata_ref
integer  n_records, interlace_mode, vdata_size
character*64 vdata_name
character*80 fieldname_list
C

C** End of variable declaration

Open the HDF file for reading.

OO0

file_id = hopen(FILE_NAME, DFACC_READ, 0)
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Initialize the VS interface.

OO0

status = vfstart(file_id)

Set the reference number to -1 to start the search from the beginning
of the file.

OO0

vdata_ref=-1
10 continue

Use vsfgid to obtain each vdata by its reference number then
attach to the vdata and get information. The loop terminates
when the last vdata is reached.

O0O000

vdata_ref = vsfgid(file_id, vdata_ref)
if (vdata_ref .eq. -1) goto 100

Attach to the current vdata for reading.

[eNeNe]

vdata_id = vsfatch(file_id, vdata_ref, 'r’)

Test whether the current vdata is not a storage for an attribute,
then obtain and display its information.
if (vsfisat(vdata_id) .ne. 1) then
status = vsfing(vdata_id, n_records, interlace_mode,
+ fieldname_list, vdata_size, vdata_name)
write(*,*) 'Vdata: ’, vdata_name
write(*,*) ‘contains ’, n_records, ' records’
if (interlace_mode .eq. 0) then
write(*,¥) 'Interlace mode: FULL’
else
write(*,¥) 'Interlace mode: NONE’
endif
write(*,*) 'Fields: ’, fieldname_list(1:30)
write(*,*) 'Vdata record size in bytes :’, vdata_size
write(*,*)
endif
C
C Detach from the current vdata.
C
status = vsfdtch(vdata_id)
goto 10
100 continue
C
C Terminate access to the vdata and to the VS interface, and
C close the HDF file.
C
status = vsfdtch(vdata_id)
status = vfend(file_id)
status = hclose(file_id)
end

OO0

4.9.2 VSQuery Vdata Information Retrieval Routines

The syntax of the VSQuery routines are as follows:

C: status = VSQueryname(vdata id, vdaia_name);
status =VSQuenyfields(vdata._id, fields);
status = VSQueryinterace(vdata _id, &interlace_mode);
status = VSQuerycount(vdata id, &n_records);
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vdata_tag=VSQuerytag(vdata._id);
vdata_ref=VSQueryrefivdata_id);
status = VSQuenywsize(vdata_id, &vdata_vsize);

FORTRAN: status =vsgname(wata _id, vdata_name)
status =vsqfids(vdata._id, fields)
status =vsgfintr(vdata._id, interlace_mode)
status = vsgfneft(vdata._id, n_records)
vdata, tag =vsotag(vdata_id)
vdata._ref=vsgrefivdata_id)
status =vsgvsiz(vdata._id, vdata vsize)

All VSQuery routines except SQuerytag andVSQueryref have two arguments. The first argu-
ment identifies the vdata to be queried. The second argument is the type of vdata information
being requested.

VSQuerynameretrieves the name of the specified vdata.

VSQueryfields retrieves the names of the fields in the specified vdata.
VSQueryinterlace retrieves the interlace mode of the specified vdata.
VSQuerycount retrieves the number of records in the specified vdata.
VSQuerytag returns the tag of the specified vdata.

VSQueryref returns the reference number of the specified vdata.
VSQueryvsizeretrieves the size, in bytes, of a record in the specified vdata.

VSQuerytag andVSQueryref return the tag and reference number, respectivelalor(or -1).
All other routines returrSUCCEEQor 0) or FAIL (or -1). The parameters for these routines are
listed in Table 40.

TABLE 40

VSQuery Routines Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
VSQueryname vdata_id int32 integer Vdata identifier
[intn]
(vsgfname) vdata_name char * character*(*) | Name of the vdata
VSQueryfields vdata_id int32 integer Vdata identifier
[intn] Comma-separated list of the field names in t
fields char * character*(*)
(vsqffids) vdata
VSQueryinterlace vdata_id int32 integer Vdata identifier
[intn]
(vsgfintr) interlace_mode int32 * integer Interlace mode
VSQuerycount vdata_id int32 integer Vdata identifier
[intn]
(vsgfnelt) n_records int32 * integer Number of records in the vdata
VSQueryvsize vdata_id int32 integer Vdata identifier
[intn]
(vsqfvsiz) vdata_size int32 * integer Size in bytes of the vdata record
VSQuerytag
[int32] vdata_id int32 integer Vdata identifier
(vsqtag)
VSQueryref
[int32] vdata_id int32 integer Vdata identifier
(vsqref)
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4.9.3 Other Vdata Information Retrieval Routines

The routines described in this section, with names prefaced by “VS”, are used to obtain specific
types of vdata information. The syntax of these routines are as follows:

C: num_of records =VSelts(vdata._id);
num_of_fields =VSgetfields(vdata._id, fieldname_list);
inteface_mode =VSgetinterlace(vdata._id);
size_of fields =VSsizeof(vdata _id, fieldname._list);
status =VSgetname(vdata._id, vdata_name);
status =VSgetclass(vdata, id, vdata._dass);

FORTRAN: num_of records = vsfelis(vdata id)
num_of_fields = vsffid(vdata._id, fieldname_list)
interlace_mode = vsfgint(vdata id)
size_of_fields = vsfsiz(vdata._id, fieldname_list)
status = vsfgnam(vdata._id, vdata._name)
status = vsfels(vdata_id, vdata_class)

With the exception oWSgetclass the information obtained through these routines can also be
obtained througlSinquire. VSinquire provides a way to query commonly used vdata informa-
tion with one routine call. The VS routines in this section are useful in situations where the HDF
programmer wishes to obtain only specific information.

VSeltsreturns the number of records in the specified vdaralor (or-1).

VSgetfieldsretrieves the names of all the fields in the specified vdata and returns the num-
ber of retrieved fields ofAIL (or-1).

VSgetinterlacereturns the interlace mode of the specified vdafalr (or-1).
VSsizeofreturns the size, in bytes, of the specified fieldsadr (or-1).
VSgetnameretrieves the name of the specified vdata and returns €itk@@EEor 0) or
FAIL (or-1).

VSgetclasgetrieves the class of the specified vdata and returns &itle&EERor 0) or
FAIL (or-1).

The parameters for these routines are described in Table 4P.

TABLE 4P

VSelts, VSgetfields, VSgetinterlace, VSsizeof, VSgetname, and VSgetclass Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN -77
VSelts
int: vdata_i int. integer ata identifier
int32 d id int32 i Vdata identifi
(vsfelts)
VSgetfields vdata_id int32 integer Vdata identifier
[int32]
(vsfgfid) fieldname_list char * character*(*) List of field names to be queried
VSgetinterlace
int: vdata_i int. integer ata identifier
int32 d id int32 i Vdata identifi
(vsfgint)
VSsizeof vdata_id int32 integer Vdata identifier
[int32] ] ] ] ) )
(vsfsiz) fieldname_list char * character*(*) List of field names to be queried
VSgetname vdata_id int32 integer Vdata identifier
[int32]
(vsfgnam) vdata_name char * character*(*) | Vdata name
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VSgetclass vdata_id int32 integer Vdata identifier
[int32]
(vsfcls) vdata_class char * character*(*) | Class name of the vdata to be queried

4.9.4 VF Field Information Retrieval Routines

Routines whose names are prefaced by “VF” are used for obtaining information about specific
fields in a vdata. The syntax of these routines are as follows:

C: field_name =VFfieldname(vdata._id, field_index);
field fie_size = VFfieldesize(vdata id, field_index);
field_mem_size =VFieldisize(vdata_id, field_index);
num_of fields =VFnfields(vdaia_id);
field_order = VFiieldorder(vdata. id, field_index);
field _type = VFiieldtype(vdata. id, field_index);

FORTRAN: field_name =vfiname(vdata. id, field_index)
field file_size =ffesiz(data id, field_index)
field_ mem size =Vffisiz(vdata id, field_index)
num_of fields =vinfids(vdata, id)
field_order = vffordr(vdlata, id, field_index)
field_type =Vfitype(vdata_id, field_index)

The functionality of each of the VF routines is as follows:
VFfieldname returns the name of the specified field.

VFfieldesizereturns the size of the specified field as stored in the HDF file. This is the size
of the field as tracked by the HDF library.

VFfieldisize returns the size of the specified field as stored in memory. This is the native
machine size of the field.

VFnfields returns the number of fields in the specified vdata.
VFfieldorder returns the order of the specified field.
VFfieldtype returns the data type of the specified field.

If the operations are unsuccessful, these routines realrn(or -1). The parameters for all of
these routines are described in Table 4Q.

TABLE 4Q VF Routines Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
VFfieldname vdata_id int32 integer Vdata identifier
[char *]
(vffname) field_index int32 integer Field index
VFfieldesize vdata_id int32 integer Vdata identifier
[int32]
(vffesiz) field_index int32 integer Field index
VFfieldisize vdata_id int32 integer Vdata identifier
[int32]
(vffisiz) field_index int32 integer Field index
VFnfields
[int32] vdata_id int32 integer Vdata identifier
(vfnflds)
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VFfieldorder vdata_id int32 integer Vdata identifier
[int32] . ] - .
(vffordr) field_index int32 integer Field index
VFfieldtype vdata_id int32 integer Vdata identifier
[int32] . ] - .
(vfftype) field_index int32 integer Field index

4-186

June 23, 1998




Chapter
5

Vgroups (V API)

5.1 Chapter Overview

This chapter describes the vgroup data model and the Vgroup interface (also called the V interface
or the V API). The first section describes the vgroup data model. The second section introduces
the Vgroup interface, followed by a presentation of a programming model for vgroups. The next
three sections describe the use of the Vgroup interface in accessing and creating vgroups. The
final two sections cover vgroup attributes and obsolete Vgroup interface routines.

5.2 The Vgroup Data Model

A vgroup is a structure designed to associate related data objects. The general structure of a
vgroup is similar to that of the UNIX file system in that the vgroup may contain references to
other vgroups or HDF data objects just as the UNIX directory may contain subdirectories or files
(see Figure 5a). In previous versions of HDF, the data objects in a vgroup were limited to vdatas
and vgroups. The data objects that belong to a vgroup are often referred to as the wigoup’s

bers
FIGURE 5a Similarity of the HDF Vgroup Structure and the UNIX File System
V2N V2N
V2N V2N V2N V2N

Data Data Vgroup Data File File Directory File
object object /\ object /\

Data Data File File

object object

Vgroup Structure UNIX File System
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5.2.1 Vgroup Names and Classes

A vgroup has a requiradyroup nameand an optionalgroup classassociated with it. The vgroup
name and class are used in describing and classifying the data objects belonging to the vgroup.

A vgroup name is a character string and is used to semantically distinguish between vgroups in an
HDF file. If the user does not assign a name to a vgroup, then the HDF library will assign a zero-

length string as the name of the vgroup. Multiple vgroups in a file can have the same name; how-
ever, unigue names make it easier to distinguish among vgroups and are recommended.

A vgroup class is a character string and can be used to classify data objects by their intended use.
For example, a vdata object named "Storm Tracking Data - 5/11/94" and another vdata object
named "Storm Tracking Data - 6/23/94" can be grouped together under a vgroup named "Storm
Tracking Data - 1994". If the data was collected in Anchorage, Alaska the class name might be
"Anchorage Data", particularly if other vgroups contain storm track data collected in different
locations. A class name is not required for a vgroup, therefore the HDF library will not assign a
class name to the vgroup if one is not defined by the user.

The specific use of the vgroup name and class name is solely determined by HDF users.

5.2.2 Vgroup Organization

There are many ways to organize vgroups through the use of the Vgroup interface. Vgroups may
contain any number of vgroups and data objects, including data objects and vgroups that are mem-
bers of other vgroups. Therefore, a data object may have more than one parent vgroup. For exam-
ple, Data object A and Vgroup B, shown in Figure 5b, are members of multiple vgroups with
different organizational structures.

FIGURE 5b

Sharing Data Objects among Vgroups

Vgroup Vgroup
| Vgroup | Vgroup Vgroup B Data
l object
Data Data Data Data Data
object object object A object object

A vgroup can contain any combination of data objects. Figure 5c illustrates a vgroup that contains
two raster images and a vdata.
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FIGURE 5¢

A Vgroup Containing Two 8-Bit Raster Images, or RIS8 Objects, and a Vdata

PX PY
12.456 | 3456.78
1.4567 | 34.5678
45678 | 3.456
RIS8 RIS8 34.5678 3.5678

Vdata

5.2.3 An Example Using Vgroups

Although vgroups can contain any combination of HDF data objects, it is often useful to establish
conventions on the content and structure of vgroups. This section, with the illustration in Figure
5d, describes an example of a vgroup convention that is used by scientific and graphics program-
mers to describe the surfaces of a mathematical or material object as well as its properties.

This vgroup consists of one list of coordinate data, one list of connectivity data, and one list of
node property data. These three lists are stored in separate vdata objects within the vgroup.

Each 2-dimensional coordinate in the list of coordinate data defines the relative location of a ver-
tex, ornode Each entry in the list of connectivity data is an ordered list of node numbers which
describes a polygon. This ordered list is referred to asaheectivity list For example, the num-

ber "2" as an item in a connectivity list would represent the second entry in the nodbldalele.
propertiesare user-defined values attached to each node within the polygon and can be numbers
or characters.

For example, consider a heated mesh of 400 triangles formed by connecting 1000 nodes. A
vgroup describing this mesh might contain the coordinates of the vertices, the temperature value
of the vertices, and a connectivity list describing the edges of the triangles.

FIGURE 5d

Vgroup Structure Describing a Heated Mesh

Vgroup

"Nodes"
Vdata Vdata Vdata
"PX, PY" "TMP" "PLIST"
Node 1 (-1.5, 2.3) 23.55 1,2, 7
Node 2 (-1.5, 1.98) 3.77 2,7,8
Node 3 (-2.4, .67) 0.092 2,83
) (-2.4,-2.5) -3.23 3,8,9

Node 1000
Coordinates of the Temperature at Connectivity list
nodes each node
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5.3 The Vgroup Interface

The Vgroup interface consists of routines for creating and accessing vgroups, and getting infor-
mation about vgroups and their members.

5.3.1 Vgroup Interface Routines
Vgroup interface routine names are prefaced by "V" in C and by "vf* in FORTRAN-77. These
routines are categorized as follows:

- Access/Create routinesontrol access to the Vgroup interface and to individual vgroups.

- Manipulation routinesmodify vgroups’ characteristics, and add and delete vgroups’ mem-
bers.

- Vgroup inquiry routinesobtain information about vgroups. Some of these routines are use-
ful for locating vgroups in a file.

- Member inquiry routinesobtain information about members of vgroups.
- Attributes routinesprovide information about vgroups’ attributes.

The Vgroup interface routines are listed in Table 5A below and described in the following sec-

tions.
TABLE 5A Vgroup Interface Routines
Routine Name -
Category Description
c FORTRAN-77
Initializes the Vdata and Vgroup interfaces (Section 5.4.1 on
Vstart vfstart
page 192)
Vattach vfatch Establishes access to a vgroup (Section 5.4.1 on page 192)
Access/Create - -
Vdetach vfdtch Terminates access to a vgroup (Section 5.4.2 on page 193)
Vend viend Terminates access to the Vdata and Vgroup interfaces
(Section 5.4.2 on page 193)
Vaddtagref Vadtr Adds an HDF data object to a vgroup (Section 5.5.2 on page 195)
Vdelete vdelete Removes a vgroup from a file (Section 5.7.1 on page 221)
Zi?leteta_ vfdtr Detaches a member from a vgroup (Section 5.7.2 on page 221
Manipulation — -
) . Adds a vgroup or vdata to an existing vgroup (Section 5.5.3 on
Vinsert finsrt
page 195)
Vsetclass fscls Assigns a class name to a vgroup (Section 5.5.1 on page 195)
Vsetname vfsnam Assigns a hame to a vgroup (Section 5.5.1 on page 195)
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) ) Returns the reference number of a vgroup given its name
Vfind vfind .
(Section 5.6.1.5 on page 209)
) Returns the reference number of a vgroup specified by class ngme
Viindclass fdcls (Section 5.6.1.6 on page 210)
Vgetclass Mfgcls Retrieves the class of a vgroup (Section 5.6.1.4 on page 209)
. . Returns the reference number for the next vgroup in the HDF file
Vgetid vfgid .
(Section 5.6.1.2 on page 208)
Vgetname vfgnam Retrieves the name of a vgroup (Section 5.6.1.3 on page 209)
. Vgetversi fi Returns the vgroup version of a vgroup (Section 5.8.1 on page 222
Vgroup Inquiry getversion gver group group ( pag )
s . Retrieves general information about a vgroup (Section 5.9.2 on
Vinquire fing
page 229)
Retrieves the reference numbers of vgroups that are not membaers of
Vlone vflone .
other vgroups (Section 5.6.1.1 on page 208)
Returns the number of tag/reference number pairs contained in|the
Vntagrefs fntr - .
specified vgroup (Section 5.6.2.1 on page 213)
Returns the reference number of a vgroup (Section 5.6.2.9 on
VQueryref vagref
page 216)
VQuerytag vgtag Returns the tag of a vgroup (Section 5.6.2.10 on page 217)
Vlocate L fioc Locat_es a vdata in a vgroup given a list of field names
(Section 5.6.2.7 on page 216)
Vaetnext fanxt Returns the identifier of the next vgroup or vdata in a vgroup
g K (Obsolete) (Section 5.9.1 on page 228)
Vaettagref ottr Retrieves a tag/reference number pair for a data object in the vgfoup
getag 9 (Section 5.6.2.2 on page 214)
Retrieves the tag/reference number pairs of all of the data obje¢ts
Vgettagrefs fgttrs . .
belonging to a vgroup (Section 5.6.2.3 on page 214)
Member Inquiry - -
Vingtagref finatr Determines whether a data object belongs to a vgroup
qtag . (Section 5.6.2.4 on page 215)
) ) Determines whether a data object is a vgroup within another vgroup
Visvg vfisvg .
(Section 5.6.2.5 on page 215)
) . Determines whether a data object is a vdata within a vgroup
Visvs Vvfisvs .
(Section 5.6.2.6 on page 215)
Vrefs virefs Retrle_:ves the number of tags of a given tag type in a vgroup
(Section 5.6.2.8 on page 216)
. A Retrieves information of a vgroup attribute (Section 5.8.2 on
Vattrinfo viainfo
page 222)
Viindattr hdatt Returns the index of a vgroup attribute given the attribute name|
(Section 5.8.6 on page 224)
Attributes Vaetattr vfgnatt/ Retrieves the values of a vgroup attribute (Section 5.8.5 on
vfgcatt page 224)
Returns the total number of vgroup attributes (Section 5.8.3 on
Vnattrs Vvnatts
page 223)
visnatt/ . .
Vsetattr viscatt Sets the attribute of a vgroup (Section 5.8.4 on page 223)

5.3.2 Identifying Vgroups in the Vgroup Interface

The Vgroup interface identifies vgroups in several ways. In some cases, a vgroup can be accessed
directly through the use of its unigueference numberin other cases, the reference number and

the routineVattach are used to obtain a vgroup identifier. The reference number of a vgroup can
be obtained from the name or the class of the vgroup, or by sequentially traversing the file. The
concept of reference number is discussed in Section 2.2.2.1 on page 8.

When a vgroup is attached or created, it is assigned an identifier, wgitadp id After a vgroup
has been attached or created, its identifier is used by the Vgroup interface routines in accessing the
vgroup.
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5.4 Programming Model for the Vgroup Interface

The programming model for accessing vgroups is as follows:
1. Open an HDF file.
2. Initialize the Vgroup interface.
3. Create a new vgroup or open an existing one.
4. Perform the desired operations on the vgroup.
5. Terminate access to the vgroup.
6. Terminate access to the Vgroup interface.
7. Close the file.

These steps correspond to the following sequence of function calls:

C: file_id = Hopen(filename, file_access_mode, num_dds_block);
status = Vstart(file_id);
vgroup_id = Vattach(file_id, vgroup_ref, vg_access_mode);
<Optional operations>
status = Vdetach(vgroup_id);
status = Vend(file_id);
status = Hclose(file_id);

FORTRAN: file_id = hopen(flename, file_access_mode, num_dds_block)
status = vistart(file_id)
vgroup_id = vfatch(file_id, vgroup_ref, vg_access_mode)
<Optional operations>
status = vfdtch(vgroup_id)
status = vfend(file_id)
status = hclose(file_id)

The calling program must obtain a separate vgroup identifier for each vgroup to be accessed.

5.4.1 Accessing Files and Vgroups: Vstart and Vattach

An HDF file must be opened hiyiopen before it can be accessed using the Vgroup interface.
Hopenis described in Chapter BDF Fundamentals

The Vgroup interface routines are used in a similar manner to the Vdata interface routines. Before
performing operations on a vgroup, a calling program must\tsthrt for every file to be
accessedvstart initializes the internal vgroup structures in a fistart takes one argument, the

file identifier returned byHopen, and returns eitheBUCCEERor 0) or FAIL (or-1). Note that the

Vstart routine is used by both the Vdata and Vgroup interfaces.

The calling program must also call owettach for every vgroup to be accessa&thttach pro-
vides access to an individual vgroup for all read and write operaWattach takes three argu-
mentsiie_id ,vgroup_ref , andvg_access_mode , and returns either a vgroup identifierFaiL
(or-1).

The argumentile_id is the file identifier returned bMopen. The parametermroup_ref  is the
reference number that identifies the vgroup to be accessed. Speeiying ref  with a value
of -1 will create a new vgroup; specifyingroup_ref ~ with a nonexistent reference number will
return an error code dfAlL (or -1); and specifying/group_ref ~ with a valid reference number
will initiate access to the corresponding vgroup.

5-192 June 23, 1998



HDF User's Guide

When a new vgroup is created, it does not have any members. Additional operations must be per-
formed to add other HDF data objects to the vgroup. Refer to Section 5.5 on page 194 for infor-
mation.

To access an existing vdata, its reference number must be obtained. The Vgroup interface includes
two routines for this purpos¥find andVgetid. Vfind can be used to obtain the reference num-

ber of a vgroup when the vgroup’s name is knoWgetid can be used to obtain the reference
number by sequentially traversing the file. These routines are discussed in Section 5.6.1.5 on
page 209 and Section 5.6.1.2 on page 208.

The parametevg_access_mode in Vattach specifies the type of access'('or "w') required for
operations on the selected vgroup.

Multiple attaches may be made to a vgroup, which will result in several vgroup identifiers being
assigned to the same vgroup. Termination must be properly handled as described in the next sec-
tion.

The parameters ofstart andVattach are defined in Table 5B on page 194.

5.4.2 Terminating Access to Vgroups and Files: Vdetach and Vend

Successfully terminating access to a vgroup requiresMvaleach call for everyVattach call
made. Similarly, successfully terminating access to the Vgroup interface requirgeraheall
for everyVstart call made.

Vdetach terminates access to a vgroup by updating internal library structures and freeing all
memory associated with the vgroup and allocated/dyach. Once a vgroup is detached, its
identifier is invalid and any attempts to access this vgroup identifier will result in an error condi-
tion. Vdetach takes one argumenigroup_id , the vgroup identifier returned byattach, and
returns eitheBUCCEERor 0) or FAIL (or-1).

Vend releases all internal data structures allocate¥start. Attempts to use the Vgroup inter-
face identifier after callin§yend will produce errorsVend takes one argumerite_id , the file
identifier returned byHopen, and returns eitheSUCCEEor 0) or FAIL (or-1). Note that the first
Vend call to a file must occur after alldetach calls for the vgroups in the same file have been
made. Note also that théend routine is used by both the Vdata and Vgroup interfaces.

Hclose must be used to terminate access to the HDF file and only after all Memecalls are
made Hcloseis described in Chapter BDF Fundamentals

The parameters afdetach andVend are also defined in Table 5B.
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TABLE 5B Vstart, Vattach, Vdetach, and Vend Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
Vstart
[intn] file_id int32 integer File identifier
(vfstart)
file_id int32 integer File identifier
Vattach Reference number for an existing vgroup or -1 to
[int32] vgroup_ref int32 integer A g vgroup
(vfatch) Create a new one
vg_access_mode char * character*(*] Access mode of the vgroup operation
Vdetach
[int32] vgroup_id int32 integer Vgroup identifier
(vfdtch)
Vend
[intn] file_id int32 integer File identifier
(vfend)
5.5 Creating and Writing to a Vgroup
There are two steps involved in the creation of a vgroup: creating the vgroup and inserting data
objects into it. Any HDF data object can be inserted into a vgroup. Creation and insertion opera-
tions are usually performed at the same time, but that is not required.
HDF provides two routines that insert an HDF data object into a vgv@ldtagref andVinsert.
Vaddtagref can insert any HDF data object into a vgroup, but requires that the tag and reference
number of the object be available. Refer to Section 2.2.2.1 on page 8 for the description of tags
and reference numbers for HDF data objedissert only inserts a vdata or a vgroup to a vgroup,
but only requires the identifier of the vdata or the vgroup.
Creating a vgroup with a member involves the following steps:
1. Open the HDF file.
2. Initialize the Vgroup interface.
3. Create the new vgroup.
4. Optionally assign a vgroup name.
5. Optionally assign a vgroup class.
6. Insert a data object.
7. Terminate access to the vgroup.
. Terminate access to the Vgroup interface.
9. Close the HDF file.
These steps correspond to the following sequence of function calls:
C: file_id = Hopen(filename, file_access_mode, num_dds_block);
status = Vstart(file_id);
vgroup_id = Vattach(file_id, vgroup_ref, vg_access_mode);
status = Vsetname(vgroup_id, vgroup_name);
status = Vsetclass(vgroup_id, vgroup_class);
f* Use either Vinsert to add a vdata or a vgroup, or
Vaddtagref to add any data object */
num_of tag_refs = Vaddtagref(vgroup_id, obj_tag, obj_ref);
OR obj_pos = Vinsert(vgroup_id, v_id);
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status = Vdetach(vgroup_id);
status = Vend(file_id);
status = Hclose(file_id);

FORTRAN: file_id = hopen(filename, file_access_mode, num_dds_block)
status = vfstart(file_id)
vgroup_id = vfatch(file_id, vgroup_ref, vg_access_mode)
status = vfsnam(vgroup_id, vdata_name)
status = vfscls(vgroup_id, vdata_class)

C Use either Vinsertto add a vdata or a vgroup, or Vaddtagrefto
C add any data object
num_of_tag_refs = vfadtr(vgroup_id, obj_tag, obj_ref)
OR obj_pos = vfinsrt(vgroup_id, v_id)

status = vfdtch(vgroup_id)
status = vfend(file_id)
status = hclose(file_id)

The parametev_id in the calling sequence is either a vdata or vgroup identifier. The parameter
vgroup_id is the vgroup identifier returned Mattach.

When a new vgroup is created, the valuevgrbup_ref  must be set tel and the value of
vg_access_mode must be W'

5.5.1 Assigning a Vgroup Name and Class: Vsetname and Vsetclass

Vsetnameassigns a hame to a vgroup. The paramegtenp_name is a character string with the
name to be assigned to the vgroupVéetnameis not called, the vgroup name is set to a zero-
length character string. A name may be assigned and reset any time after the vgroup is created.

Vsetclassassigns a class to a vgroup. The parammteup_class  is a character string with the

class name to be assigned to the vgrougsétclassis not called, the vgroup class is set to a zero-
length string. As with the vgroup names, the class may be set and reset at any time after the
vgroup is created.

VsetnameandVsetclassreturn eitheSUCCEEor 0) or FAIL (or-1). The parameters of these rou-
tines are further described in Table 5C on page 196.

5.5.2 Inserting Any HDF Data Object into a Vgroup: Vaddtagref

Vaddtagref inserts HDF data objects into the vgroup identifiedigpgup_id . HDF data objects
may be added to a vgroup when the vgroup is created or at any point thereafter.

The parametersbj_tag andobj_ref in Vaddtagref are the tag and reference number, respec-
tively, of the data object to be inserted into the vgroup. Note that duplicated tag and reference
number pairs are allowed.

Vaddtagref returns the total number of tag and reference number pairs, i.e., the total number of
data objects, in the vgroup if the operation is successfuliF-ahd(or -1 ) otherwise. The parame-
ters ofVaddtagref are further described in Table 5C.

5.5.3 Inserting a Vdata or VVgroup Into a VVgroup: Vinsert

Vinsert is a routine designed specifically for inserting vdatas or vgroups into a parent vgroup. To
useVinsert, you must provide the identifier of the parent vgrogmup_id , as well as the iden-
tifier of the vdata or vgroup to be insertedd .
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The parametev_id of Vinsert is either a vdata identifier or a vgroup identifier, depending on

whether a vdata or vgroup is to be inserted.

Vinsert returns the index of the inserted vdata or vgroup if the operation is successfiedland

(or-1) otherwise. The parameters\dhsert are further defined in Table 5C.

TABLE 5C Vsetname, Vsetclass, Vaddtagref, and Vinsert Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
Vsetname vgroup_id int32 integer Vgroup identifier
[int32]
(vfsnam) vgroup_name char * character*(*) | Vgroup name
Vsetclass vgroup_id int32 integer Vgroup identifier
[int32]
(vfscls) vgroup_class char * character*(*) | Vgroup class
Vaddtagref vgroup_id int32 integer Vgroup identifier
[int32] obj_tag int32 integer Tag of the data object to be inserted
(vadtr) obj_ref int32 integer Reference number of the data object to be inserted
Vinsert vgroup_id int32 integer Vgroup identifier
[int32]
(vfinsrt) v_id int32 integer Identifier of the vgroup or vdata to be inserted
EXAMPLE 1. Creating HDF Files and Vgroups

This example illustrates the use Bbpen/hopen Vstart/vfstart, Vattach/vfatch, Vdetach/
vfdtch, Vend/vfend, andHclose/hcloseo create and to access two vgroups in an HDF file.

The program creates the HDF file, named "Two_Vgroups.hdf", and two vgroups stored in the file.

Note that, in this example, the program only create two empty vgroups.

C:
#include "hdf.h"

#define FILE_NAME "Two_Vgroups.hdf"

main()

{

/ Variable declaration /

intn status_n;  /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
vgroup_ref=-1,
vgroupl_id, vgroup2_id, file_id;

/**kk**************h\—*k End of Val’lable deClaI’athn ***********—*—*—**b\'kkk**/

/*

* Create the HDF file.

*/

file_id = Hopen (FILE_NAME, DFACC_CREATE, 0);

/*
* |nitialize the V interface.
*/
status_n = Vstart (file_id);

/*
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* Create the first vgroup. Note that the vgroup reference number is set
* to -1 for creating and the access mode is "w" for writing.

*

/

vgroupl_id = Vattach (file_id, vgroup_ref, "w");

/*

* Create the second vgroup.

*/

vgroup2_id = Vattach (file_id, vgroup_ref, "w");

/*
* Any operations on the vgroups.
*,

/

/*

* Terminate access to the first vgroup.
*

status_32 = Vdetach (vgroupl_id);

/*

* Terminate access to the second vgroup.
*/

status_32 = Vdetach (vgroup2_id);

/*

* Terminate access to the V interface and close the HDF file.
*/

status_n = Vend (file_id);

status_n = Hclose (file_id);

FORTRAN:

program create_vgroup
implicit none

Parameter declaration

OO0

character*15 FILE_NAME

parameter (FILE_NAME ="Two_Vgroups.hdf’)
integer DFACC_CREATE

parameter (DFACC_CREATE = 4)

Function declaration

[eNeN¢e]

integer hopen, hclose
integer vfstart, vfatch, vfdtch, vfend

C
C*** \ariable declaration
C

integer status
integer file_id
integer vgroupl_id, vgroup2_id, vgroup_ref

*++* End of variable declaration

Create the HDF file.

O000qQO0n

file_id = hopen(FILE_NAME, DFACC_CREATE, 0)

(@]

June 23, 1998 5-197



National Center for Supercomputing Applications

C Initialize the V interface.
C
status = vfstart(file_id)

Create the first vgroup. Note that the vgroup reference number is set
to -1 for creating and the access mode is 'w’ for writing.

OO0

vgroup_ref=-1
vgroupl_id = vfatch(file_id, vgroup_ref, 'w’)

Create the second vgroup.

OO0

vgroup2_id = vfatch(file_id, vgroup_ref, 'w’)
Any operations on the vgroups.

Terminate access to the first vgroup.

O0O0000O0

status = vfdtch(vgroupl_id)

Terminate access to the second vgroup.

OO0

status = vfdtch(vgroup2_id)

Terminate access to the V interface and close the HDF file.

[eNeN¢e]

status = vfend(file_id)
status = hclose(file_id)
end

EXAMPLE 2.

Adding an SDS to a New Vgroup

This example illustrates the use\@ddtagref/vfadtr to add an HDF data object, an SDS specifi-
cally, to a vgroup.

In this example, the program first creates the HDF file "General_Vgroups.hdf", then an SDS in
the SD interface, and a vgroup in the Vgroup interface. The SDS is named "Test SD" and is a one-
dimensional array of type int32 of 10 elements. The vgroup is named "SD Vgroup" and is of class
"Common Vgroups". The program then adds the SDS to the vgroup \esiltijagref/vfadtr.

Notice that, when the operations are complete, the program explicitly terminates access to the
SDS, the vgroup, the SD interface, and the Vgroup interface before closing the HDF file. Refer to
Chapter 3Scientific Data Sets (SD APiQr the discussion of the SD routines used in this exam-
ple.

General_Vgroups.hdf Vgroup

Name: SD Vgroup
Class: Common Vgroups

SDS
Name: Test SD
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#include "hdf.h"  /* Note: in this example, hdf.h can be omitted...*/
#include "mfhdf.h" /*...since mfhdf.h already includes hdf.h */

#define FILE_NAME "General_Vgroups.hdf"
#define SDS_NAME "Test SD"

#define VG_NAME  "SD Vgroup"

#define VG_CLASS "Common Vgroups"

main()

{

/ Variable declaration /

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /*returned status for functions returning an int32 */

sd_id, [* SD interface identifier */

sds_id, [* data set identifier */

sds_ref,  /* reference number of the data set */

dim_sizesl[1], /* dimension of the data set - only one */

rank=1, /*rank of the data set array */

vgroup_id, /* vgroup identifier */

file_id;  /* HDF file identifier, same for V interface */

Jradxkiikxioenk End of variable declaration **skisiioxk |

/*

* Create the HDF file.

*/

file_id = Hopen (FILE_NAME, DFACC_CREATE, 0);
/*

* |nitialize the V interface.

*/

status_n = Vstart (file_id);

/*

* |nitialize the SD interface.

*/

sd_id = SDstart (FILE_NAME, DFACC_WRITE);
/*

* Set the size of the SDS’s dimension.

*/

dim_sizes[0] = 10;

/*

* Create the SDS.

*/

sds_id = SDcreate (sd_id, SDS_NAME, DFNT_INT32, rank, dim_sizes);
/*

* Create a vgroup and set its name and class.

*/

vgroup_id = Vattach (file_id, -1, "w");
status_32 = Vsetname (vgroup_id, VG_NAME);
status_32 = Vsetclass (vgroup_id, VG_CLASS);

/*

* Obtain the reference number of the SDS using its identifier.
*/

sds_ref = SDidtoref (sds_id);
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/*

* Add the SDS to the vgroup. Note: the tag DFTAG_NDG is used

* when adding an SDS. Refer to Appendix A for the entire list of tags.
*/

status_32 = Vaddtagref (vgroup_id, DFTAG_NDG, sds_ref);

/*
* Terminate access to the SDS and to the SD interface.
*
/
status_n = SDendaccess (sds_id);
status_n = SDend (sd_id);

/*

* Terminate access to the vgroup and to the V interface, and
* close the HDF file.

*

status_32 = Vdetach (vgroup_id);

status_n = Vend (file_id);

status_n = Hclose (file_id);

FORTRAN:

program add_SDS_to_a_vgroup
implicit none

Parameter declaration

OO0

character*19 FILE_NAME
character*7 SDS_NAME
character*9 VG_NAME

character*13 VG_CLASS

parameter (FILE_NAME = 'General_Vgroups.hdf’,

+ SDS_NAME ='Test SD’,

+ VG_NAME ='SD Vgroup’,

+ VG_CLASS =’Common Vgroups’)

integer DFACC_CREATE, DFACC_WRITE

parameter (DFACC_CREATE = 4, DFACC_WRITE = 2)
integer DFNT_INT32

parameter (DFNT_INT32 = 24)

integer DFTAG_NDG

parameter (DFTAG_NDG = 720)

Function declaration

[eNeN¢e]

integer hopen, hclose
integer vfstart, vfatch, vfsnam, vfscls, vfadtr, vfdtch, vfend
integer sfstart, sfcreate, sfid2ref, sfendacc, sfend

C
C**** Variable declaration
C
integer status
integer file_id
integer vgroup_id
integer sd_id, sds_id, sds_ref
integer dim_sizes(1), rank
C
C** End of variable declaration
C
C
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C Create the HDF file.
C
file_id = hopen(FILE_NAME, DFACC_CREATE, 0)
C
C Initialize the V interface.
C
status = vfstart(file_id)
C
C Initialize SD interface.
C
sd_id = sfstart(FILE_NAME, DFACC_WRITE)
C
C Setthe rank and the size of SDS’s dimension.
C
rank =1
dim_sizes(1) =10
C
C Create the SDS.
C
sds_id = sfcreate(sd_id, SDS_NAME, DFNT_INT32, rank, dim_sizes)
C
C Create a vgroup and set its name and class.
C
vgroup_id = vfatch(file_id, -1 , 'w’)
status = vfsnam(vgroup_id, VG_NAME)
status = vfscls(vgroup_id, VG_CLASS)
C
C Obtain the reference number of the SDS using its identifier.
C
sds_ref = sfid2ref(sds_id)
C
C Add the SDS to the vgroup. Note: the tag DFTAG_NDG is used
C when adding an SDS. Refer to HDF Reference Manual, Section Ill, Table 3K,
C for the entire list of tags.
C
status = vfadtr(vgroup_id, DFTAG_NDG, sds_ref)
C
C Terminate access to the SDS and to the SD interface.
C
status = sfendacc(sds_id)
status = sfend(sd_id)
C
C Terminate access to the vgroup.
C
status = vfdtch(vgroup_id)
C
C Terminate access to the V interface and close the HDF file.
C

status = vfend(file_id)
status = hclose(file_id)
end
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EXAMPLE 3. Adding Three Vdatas into a Vgroup

This example illustrates the use\dhsert/vfinsrt to add a vdata to a vgroup. Note tNadd-
tagrefivfadtrf, used in the previous example, performs the same task and only differs in the argu-
ment list.

In this example, the program creates three vdatas and a vgroup in the existing HDF file
"General_Vgroups.hdf' then adds the three vdatas to the vgroup. Notice that the vdatas and the
vgroup are created in the same interface that is initialized by th&stalit/vfstart. The first

vdata is named "X,Y Coordinates" and has two order-1 fields of type float32. The second vdata is
named "Temperature” and has one order-1 field of type float32. The third vdata is named "Node
List" and has one order-3 field of type int16. The vgroup is named "Vertices" and is of class "Ver-
tex Set". The program us¥msert/vfinsrt to add the vdatas to the vgroup using the vdata identi-
fiers. Refer to Chapter 4/datas (VS APJ)for the discussion of the VS routines used in this

example.
Vgroup
Name: Vertices-
Class: Vertex_set|
TMP PLIST
2355 123
33.77 4,56
10.092 7,89
Vdata Vdata Vdata
Name: PX,PY Name: TMP Name: PLIST
Class: Node List Class: Property List Class: Connectivity
List
C:

#include "hdf.h"

#define FILE_NAME "General_Vgroups.hdf"
#define N_RECORDS 30  /* number of records in the vdatas */

#define ORDER 3 /* order of field FIELD_VD2 */

#define VG_NAME "Vertices"

#define VG_CLASS "Vertex Set"

#define VD1_NAME "X,Y Coordinates" /* first vdata to hold X,Y...*/

#define VD1_CLASS "Position"
#define VD2_NAME "Temperature”
#define VD2_CLASS "Property List"
#define VD3_NAME "Node List"
#define VD3_CLASS "Mesh"

/*...values of the vertices */
/* second vdata to hold the...*/
[*...temperature field */

/* third vdata to hold...*/

/*...the list of nodes */

#define FIELD1_VD1 "PX"  [*first field of first vdata - X values */

#define FIELD2_VD1 "PY"/* second
#define FIELD_VD2 "TMP"/* field of

field of first vdata - Y values */
third vdata */

#define FIELD_VD3 "PLIST"/* field of second vdata */

#define FIELDNAME_LIST "PX,PY" /* field name list for first vdata */

/* Note that the second and third vdatas can use the field names as
the field name lists unless more fields are added to a vdata.

Then a field name list is needed for that

main( )

{

vdata */
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/ Variable declaration /

inth  status_n; /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, vgroup_id,
vdatal_id, vdata2_id, vdata3_id;

int32 num_of_records, /* number of records actually written */
vd_index; /* position of a vdata in the vgroup */
int8 i,j,k=0;

float32 pxy[N_RECORDS][2] = [* buffer for data of the first vdata */
{-15,2.3,-1.5,1.98, -2.4, .67,

-3.4,1.46, -.65, 3.1, -.62, 1.23,
-4,3.8,-3.55,2.3,-1.43, 2.44,
.23,1.13,-1.4,5.43,-1.4,5.8,
-3.4,3.85,-.55, .3,-.21, 1.22,
-1.44,1.9,-1.4,2.8,.94,1.78,
-4,2.32,-87,1.99,-54,4.11,
-1.5,1.35,-1.4,2.21,-.22, 1.8,
-1.1,4.55, -.44, 54,-1.11, 3.93,
-.76,1.9,-2.34,1.7,-2.2,1.21};

float32 tmp[N_RECORDS]; [* buffer for data of the second vdata */

intl6 plisttN_RECORDS][3]; /* buffer for data of the third vdata */

[k End of variable declaration *rkkiettsiaiotoiotokoek |

/*

* Open the HDF file for writing.

*

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);

/*
* |nitialize the V interface.
*/
status_n = Vstart (file_id);

/*
* Buffer the data for the second and third vdatas.
*
for (i=0; i< N_RECORDS; i++)
for (j = 0; j < ORDER,; j++)
plistfilli] = ++k;

for (i=0; i< N_RECORDS; i++)
tmp[i] =i * 10.0;

/*

* Create the vgroup then set its name and class. Note that the vgroup’s

* reference number is set to -1 for creating and the access mode is “w" for
* writing.

*

vgroup_id = Vattach (file_id, -1, "w");

status_32 = Vsetname (vgroup_id, VG_NAME);

status_32 = Vsetclass (vgroup_id, VG_CLASS);

/*

* Create the first vdata then set its name and class. Note that the vdata’s
* reference number is set to -1 for creating and the access mode is "w" for
* writing.

*/

vdatal_id = VSattach (file_id, -1, "w");

status_32 = VSsetname (vdatal_id, VD1_NAME);

status_32 = VSsetclass (vdatal_id, VD1 _CLASS);
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/*

* Introduce and define the fields of the first vdata.

*

status_n = VSfdefine (vdatal_id, FIELD1_VD1, DFNT_FLOAT32, 1);
status_n = VSfdefine (vdatal_id, FIELD2_VD1, DFNT_FLOAT32, 1);
status_n = VSsetfields (vdatal_id, FIELDNAME_LIST);

/*

* Write the buffered data into the first vdata with full interlace mode.

*/

num_of_records = VSwrite (vdatal_id, (uint8 *)pxy, N_RECORDS,
FULL_INTERLACE);

/*

* Insert the vdata into the vgroup using its identifier.
*/

vd_index = Vinsert (vgroup_id, vdatal_id);

/*

* Detach from the first vdata.

*/

status_32 = VSdetach (vdatal_id);

/*

* Create, write, and insert the second vdata to the vgroup using

* steps similar to those used for the first vdata.

*/

vdata2_id = VSattach (file_id, -1, "w");

status_32 = VSsetname (vdata2_id, VD2_NAME);

status_32 = VSsetclass (vdata2_id, VD2_CLASS);

status_n = VSfdefine (vdata2_id, FIELD_VD2, DFNT_FLOAT32, 1);

status_n = VSsetfields (vdata2_id, FIELD_VD2);

num_of_records = VSwrite (vdata2_id, (uint8 *)tmp, N_RECORDS,
FULL_INTERLACE);

vd_index = Vinsert (vgroup_id, vdata2_id);

status_32 = VSdetach (vdata2_id);

/*

* Create, write, and insert the third vdata to the vgroup using

* steps similar to those used for the first and second vdatas.

*/

vdata3_id = VSattach (file_id, -1, "w");

status_32 = VSsetname (vdata3_id, VD3_NAME);

status_32 = VSsetclass (vdata3_id, VD3_CLASS);

status_n = VSfdefine (vdata3_id, FIELD_VD3, DFNT_INT16, 3);

status_n = VSsetfields (vdata3_id, FIELD_VD3);

num_of_records = VSwrite (vdata3_id, (uint8 *)plist, N_RECORDS,
FULL_INTERLACE);

vd_index = Vinsert (vgroup_id, vdata3_id);

status_32 = VSdetach (vdata3_id);

/*
* Terminate access to the vgroup "Vertices".
*
/
status_32 = Vdetach (vgroup_id);

/*

* Terminate access to the V interface and close the HDF file.
*/

status_n = Vend (file_id);

status_n = Hclose (file_id);
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FORTRAN:

program add_vdatas_to_a_vgroup
implicit none

C

C Parameter declaration

C
character*19 FILE_NAME
character*8 VG_NAME
character*10 VG_CLASS
character*15 VD1_NAME
character*8 VD1_CLASS
character*11 VD2_NAME
character*13 VD2_CLASS
character*9 VD3_NAME
character*4 VD3_CLASS

C
parameter (FILE_NAME = 'General_Vgroups.hdf’,
+ VG_NAME ='Vertices',
+ VG_CLASS ='Vertex Set))
parameter (VD1_NAME ='X,Y Coordinates’,
+ VD2_NAME ='Temperature’,
+ VD3_NAME =’Node List’)
parameter (VD1_CLASS = 'Position’,
+ VD2_CLASS ="Property List’,
+ VD3_CLASS ="'Mesh’)
character*2 FIELD1_VD1
character*2 FIELD2_VD1
character*3 FIELD_VD2
character*4 FIELD_VD3
character*5 FIELDNAME_LIST
parameter (FIELD1_VD1 ="PX,
+ FIELD2_VD1 ="PY’,
+ FIELD_VD2 ='TMP’,
+ FIELD_VD3 ='PLIST’,
+ FIELDNAME_LIST ="PX,PY’)
integer N_RECORDS
parameter (N_RECORDS = 30)

integer DFACC_WRITE
parameter (DFACC_WRITE = 2)
integer DFNT_FLOAT32, DFNT_INT16
parameter (DFNT_FLOAT32 =5, DFNT_INT16 = 22)
integer FULL_INTERLACE
parameter (FULL_INTERLACE = 0)
C
C Function declaration
C
integer hopen, hclose
integer vfstart, vfatch, vfsnam, vfscls, vfinsrt, vfdtch, vfend
integer vsfatch, vsfsnam, vsfscls, vsffdef, vsfsfid,
+ vsfwrt, vsfwrtc, vsfdtch

C
C**** \ariable declaration
C

integer status

integer file_id

integer vgroup_id

integer vdatal_id, vdata2_id, vdata3_id, vd_index
integer num_of_records

integer i, j, k

real pxy(2,N_RECORDS), tmp(N_RECORDS)
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integer plist(3,N_RECORDS)

data pxy /-1.5, 2.3, -1.5, 1.98, -2.4, .67,
-3.4,1.46, -.65, 3.1, -.62, 1.23,
-4,3.8,-3.55,2.3,-1.43,2.44,
.23,1.13,-1.4,5.43,-1.4,5.8,
-3.4,3.85,-.55, .3,-.21, 1.22,
-1.44,1.9,-1.4,2.8,.94,1.78,
-4,2.32,-87,1.99,-54,4.11,
-1.5,1.35,-1.4,2.21,-22,1.38,
-1.1,4.55, -.44, 54, -1.11, 3.93,
-76,1.9,-2.34,1.7,-2.2,1.21/

+ 4+ + + ++ + o+ o+

** End of variable declaration

Open the HDF file for writing.

O000Q0O

file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

Initialize the V interface.

OO0

status = vfstart(file_id)

Buffer the data for the third and second vdatas.

[eNeN¢e]

do20i=1, N_RECORDS
do10j=1,3
plist(j,i) = k
k=k+1
10 continue
20 continue
do30i=1, N_RECORDS
tmp(i) = (i-1) * 10.0
30 continue

Create a vgroup and set its name and class.
Note that the vgroup’s reference number is set to -1 for creating
and the access mode is 'w’ for writing.

O0O000

vgroup_id = vfatch(file_id, -1 , 'w’)
status = vfsnam(vgroup_id, VG_NAME)
status = vfscls(vgroup_id, VG_CLASS)

Create the first vdata then set its name and class. Note that the vdata’s
reference number is set to -1 for creating and the access mode is 'w’ for
writing.

O0O000

vdatal_id = vsfatch(file_id, -1, 'w’)
status = vsfsnam(vdatal_id, VD1_NAME)
status = vsfscls(vdatal_id, VD1_CLASS)

Introduce and define the fields of the first vdata.

OO0

status = vsffdef(vdatal_id, FIELD1_VD1, DFNT_FLOAT32, 1)
status = vsffdef(vdatal_id, FIELD2_VD1, DFNT_FLOAT32, 1)
status = vsfsfld(vdatal_id, FIELDNAME_LIST)

Write the buffered data into the first vdata.

OO0

num_of_records = vsfwrt(vdatal_id, pxy, N_RECORDS,
+ FULL_INTERLACE)

OO0

Insert the vdata into the vgroup using its identifier.
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vd_index = vfinsrt(vgroup_id, vdatal_id)

Detach from the first vdata.

OO0

status = vsfdtch(vdatal_id)

Create, write, and insert the second vdata to the vgroup using
steps similar to those used for the first vdata.

OO0

vdata2_id = vsfatch(file_id, -1, 'w’)

status = vsfsnam(vdata2_id, VD2_NAME)

status = vsfscls(vdata2_id, VD2_CLASS)

status = vsffdef(vdata2_id, FIELD_VD2, DFNT_FLOAT32, 1)
status = vsfsfld(vdata2_id, FIELD_VD2)

num_of_records = vsfwrt(vdata2_id, tmp, N_RECORDS,

+ FULL_INTERLACE)

vd_index = vfinsrt(vgroup_id, vdata2_id)

status = vsfdtch(vdata2_id)

Create, write, and insert the third vdata to the vgroup using
steps similar to those used for the first and second vdatas.

OO0

vdata3_id = vsfatch(file_id, -1, 'w’)

status = vsfsnam(vdata3_id, VD3_NAME)

status = vsfscls(vdata3_id, VD3_CLASS)

status = vsffdef(vdata3_id, FIELD_VD3, DFNT_INT16, 3)
status = vsfsfld(vdata3_id, FIELD_VD3)

num_of_records = vsfwrtc(vdata3_id, plist, N_RECORDS,
+ FULL_INTERLACE)

vd_index = vfinsrt(vgroup_id, vdata3_id)

status = vsfdtch(vdata3_id)

Terminate access to the vgroup 'Vertices'.

OO0

status = vfdtch(vgroup_id)

Terminate access to the V interface and close the HDF file.

[eNeN¢e]

status = vfend(file_id)
status = hclose(file_id)
end

5.6 Reading from Vgroups

Reading from vgroups is more complicated than writing to vgroups. The process of reading from
vgroups involves two steps: locating the appropriate vgroup and obtaining information about the
member or members of a vgroup.

Reading from vgroups is more complicated than writing to vgroups. This section describes rou-
tines that locate the appropriate vgroup and obtain information about the member or members of a
vgroup.

5.6.1 Locating Vgroups and Obtaining Vgroup Information

There are several routines provided for the purpose of locating a particular vgroup, each corre-
sponding to an identifying aspect of a vgroup. These aspects include whether the vgroup has
vgroups included in it, the identification of the vgroup in the file based on its reference number,
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and the name and class name of the vgroup. The routines are described in the following subsec-
tions.

5.6.1.1 Locating Lone Vgroups: Vlone

A lone vgroupis one that is not a member of any other vgroups, i.e., not linked with any other
vgroups.Vlone searches the file specified by the paramfiteid  and retrieves the reference
numbers of lone vgroups in the file. This routine is useful for locating unattached vgroups in a file
or the vgroups at the top of a grouping hierarchy. The syntsioak is as follows:

C: num_of_lones = Vione(file_id, ref_array, maxsize);
FORTRAN: num_of_lones = vflone(file_id, ref_array, maxsize)

The parameteref armay is an array allocated to hold the reference numbers of the found
vgroups. The argumentaxsize specifies the maximum size ef_array . At mostmaxsize ref-
erence numbers will be retrievedriai array . The value ofnax_size , the space allocated for

ref array , depends on how many lone vgroups are expected to be found.

To use dynamic memory instead of allocating an unnecessarily large array (i.e., one that will hold
the maximum possible number of reference numbers)Véaile twice. In the first call td/lone,
setmaxsize to a small value, for example, 0 or 1, then use the returned value (the total number of
lone vgroups in the file) to allocate memory fefrarray . This array is then passed into the sec-
ond call toVlone.

Vlone returns the total number of lone vgroups=ai. (or-1). The parameters of this routine are
further defined in Table 5D on page 208.

5.6.1.2 Sequentially Searching for a Vgroup: Vgetid

Vgetid sequentially searches through an HDF file to obtain the reference number of the vgroup
immediately following the vgroup specified by the reference numvgenp_ref . The syntax of
Vgetid is as follows:

C: ref_num = Vgetid(file_id, vgroup_ref);
FORTRAN: ref_num = vfgid(file_id, vgroup_ref)

To initiate a search/getid may be called witlgroup_ref  set to-1. Doing so returns the refer-
ence number of the first vgroup in the file. Any attempt to search past the last vgroup in a file will
causeVgetid to return a value ofAlL (or-1).

Vgetid returns a vgroup reference numbeiFalL (or -1). The parameters &fgetid are further
defined in Table 5D.

TABLE 5D Vlone and Vgetid Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
file_id int32 integer File identifier
[\llr:?;;] ref_array int32 * integer (*) Buffer for the reference numbers of lone vgroups
(vflone) maxsize int32 integer Maximum number of vgroups to store in
ref_array

Vgetid file_id int32 integer File identifier
[int32]
(vigid) vgroup_ref int32 integer Reference number of the current vgroup
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5.6.1.3 Obtaining the Name of a Vgroup: Vgetname

Vgetname retrieves the name of the vgroup identified by the paramgteup_id into the
parametexgroup_name . The syntax o¥/getnameis as follows:

C: status = VVgetname(vgroup_id, vgroup_name);
FORTRAN: status = vignam(vgroup_id, vgroup_name)
The maximum length of the vgroup name is define ¥GMAMELENMARY 64).

Vgetnamereturns eitheBUCCEEor 0) or FAIL (or -1 ). The parameters of this routine are further
defined in Table 5E on page 209.

5.6.1.4 Obtaining the Class Name of a Vgroup: Vgetclass

Vgetclassretrieves the class name of the vgroup specified by the paravgetgr id into the
parametewxgroup_class . The syntax o¥/getclassis as follows:

C: status = Vgetclass(vgroup_id, vgroup_class);
FORTRAN: status = vfgcls(vgroup_id, vgroup_class)
The maximum length of the class name is definestGYAMELENMAXR 64).

Vgetclassreturns eitheSUCCEEDor 0) or FAIL (or -1). The parameters of this routine are further
defined in Table 5E.

TABLE 5E

Vgetname and Vgetclass Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
Vgetname vgroup_id int32 integer Vgroup identifier
[int32]
(vignam) vgroup_name char * character*(*) | Buffer for the name of the vgroup
Vgetclass vgroup_id int32 integer Vgroup identifier
[int32]
(vfgcls) vgroup_class char * character*(*) | Buffer for the vgroup class

5.6.1.5 Locating a Vgroup Given Its Name: Vfind

Vfind searches the file identified lfie_id  for a vgroup with the name specified by the param-
etervgroup_name . The syntax foMfind is as follows:

C: vgroup_ref = Vfind(file_id, vgroup_name);
FORTRAN:  vgroup_ref = vfind(file_id, vgroup_name)

Vfind returns the reference number of the vgroup if one is four@otrerwise. If more than one
vgroup has the same nanwind will return the reference number of the first one.

The parameters affind are further defined in Table 5F.
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5.6.1.6 Locating a Vgroup Given Its Class Name: Vfindclass

Vfindclass searches the file identified Wile_id  for a vgroup with the class name specified by
the parametergroup_class . The syntax o¥findclass s as follows:

C: vgroup_ref = Vfindclass(file_id, vgroup_class);
FORTRAN:  vgroup_ref = vindcls(file_id, vgroup_class)

Vfindclass returns the reference number of the vgroup if one is found,abherwise. If more
than one vgroup has the same class naffiegclass will return the reference number of the first
one.

The parameters offindclass are further defined in Table 5F.

TABLE 5F

Vfind and Vfindclass Parameter Lists

Routine Name Parameter Type

[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77

Vfind file_id int32 integer File identifier
[int32]
(vfind) vgroup_name char * character*(*) | Buffer for the name of the vgroup

Vfindclass file_id int32 integer File identifier
[int32]
(vindcls) vgroup_class char * character*(*) | Buffer for the vgroup class

EXAMPLE 4.

Obtaining Information about Lone Vgroups

This example illustrates the use\dbne/vfloneto obtain the list of reference numbers of all lone
vgroups in the file and the use\égetname/vfgnamandVgetclass/vfgcldo obtain the name and
the class of a vgroup.

In this example, the program caWone/vflone twice. The first call is to obtain the number of

lone vgroups in the file so that sufficient space can be allocated; the later call is to obtain the
actual reference numbers of the lone vgroups. The program then goes through the list of lone
vgroup reference numbers to get and display the name and class of each lone vgroup. The file

used in this example is "General_Vgroups.hdf".
C:

#include "hdf.h"
#define FILE_NAME "General_Vgroups.hdf"
main( )

{

/ Variable declaration /

intn status_n;  /* returned status for functions returning an intn */

int32 status_32, /*returned status for functions returning an int32 */
file_id, vgroup_id;

int32 lone_vg_number,  /* current lone vgroup number */
num_of_lones =0; /* number of lone vgroups */

int32 *ref_array; /* buffer to hold the ref numbers of lone vgroups */

char vgroup_name[VGNAMELENMAX], vgroup_classflVGNAMELENMAX];

/**kk***********k**kk*k End of Val’lable deClal’athn ****************kkkk**/

/*

5-210

June 23, 1998



HDF User's Guide

* Open the HDF file for reading.
*/
file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*
* |nitialize the V interface.
*/
status_n = Vstart (file_id);

/*

* Get and print the names and class names of all the lone vgroups.
* First, call Vlone with num_of_lones set to O to get the number of
* lone vgroups in the file, but not to get their reference numbers.

*/

num_of_lones = Vlone (file_id, NULL, num_of lones);

/*

* Then, if there are any lone vgroups,

*/

if (num_of_lones > 0)

{
/*
* use the num_of_lones returned to allocate sufficient space for the
* puffer ref_array to hold the reference numbers of all lone vgroups,
*/
ref_array = (int32 *) malloc(sizeof(int32) * num_of_lones);

/*

* and call Vlone again to retrieve the reference numbers into
* the buffer ref_array.

*/

num_of_lones = Vlone (file_id, ref_array, num_of_lones);

/*

* Display the name and class of each lone vgroup.

*/

printf (“Lone vgroups in this file are:\n");

for (lone_vg_number = 0; lone_vg_number < num_of_lones;

lone_vg_number++)

{
/*
* Attach to the current vgroup then get and display its
* name and class. Note: the current vgroup must be detached before
* moving to the next.
*
vgroup_id = Vattach (file_id, ref_array[lone_vg_number], "r");
status_32 = Vgetname (vgroup_id, vgroup_name);
status_32 = Vgetclass (vgroup_id, vgroup_class);
printf (" Vgroup name %s and class %s\n", vgroup_name,

vgroup_class);

status_32 = Vdetach (vgroup_id);

} /* for ¥/

Yt

/*

* Terminate access to the V interface and close the file.
*/

status_n = Vend (file_id);

status_n = Hclose (file_id);

/*
* Free the space allocated by this program.
*
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free (ref_array);

}

FORTRAN:

program getinfo_about_vgroup
implicit none

Parameter declaration

[eNeN¢e]

character*19 FILE_NAME

parameter (FILE_NAME = 'General_Vgroups.hdf’)
integer DFACC_READ

parameter (DFACC_READ =1)

integer SIZE

parameter(SIZE = 10)

Function declaration

OO0

integer hopen, hclose
integer vfstart, vfatch, vignam, vfgcls, vflone, vfdtch, vfend

C
C*** Variable declaration
C
integer status
integer file_id
integer vgroup_id
integer lone_vg_number, num_of_lones
character*64 vgroup_name, vgroup_class
integer ref_array(SIZE)

integer i
C
C** End of variable declaration
C
C
C Initialize ref_array.
C

do10i=1, SIZE

ref_array(i) =0

10 continue
C
C Open the HDF file for reading.
C

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the V interface.

OO0

status = vfstart(file_id)

Get and print the name and class name of all lone vgroups.

First, call vflone with num_of_lones set to O to get the number of
lone vgroups in the file and check whether size of ref_array is

big enough to hold reference numbers of ALL lone groups.

If ref_array is not big enough, exit the program after displaying an
informative message.

O0O00000O0

num_of _lones =0

num_of_lones = vflone(file_id, ref_array, num_of_lones)
if (num_of_lones .gt. SIZE) then

write(*,*) num_of_lones, 'lone vgroups is found’

write(*,¥) 'increase the size of ref_array to hold reference’
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write(*,*) 'numbers of all lone vgroups in the file’
stop
endif

If there are any lone groups in the file,

OO0

if (num_of_lones .gt. 0) then

call vflone again to retrieve the reference numbers into ref_array.

OO0

num_of_lones = vflone(file_id, ref_array, num_of_lones)

Display the name and class of each vgroup.

OO0

write(*,*) 'Lone vgroups in the file are:’
do 20 lone_vg_number = 1, num_of_lones

Attach to the current vgroup, then get and display its name and class.
Note: the current vgroup must be detached before moving to the next.

o000

vgroup_name ="’
vgroup_class ="’
vgroup_id = vfatch(file_id, ref_array(lone_vg_number), 'r’)
status = vfgnam(vgroup_id, vgroup_name)
status = vfgcls(vgroup_id, vgroup_class)
write(*,¥) 'Vgroup nhame ', vgroup_name
write(*,¥) "Vgroup class ', vgroup_class
write(*,*)
status = vfdtch(vgroup_id)
20 continue

endif

Terminate access to the V interface and close the HDF file.

OO0

status = vfend(file_id)
status = hclose(file_id)
end

5.6.2 Obtaining Information about the Contents of a VVgroup

This section describes the Vgroup interface routines that allow the user to obtain various informa-
tion about the contents of vgroups.

5.6.2.1 Obtaining the Number of Objects in a Vgroup: Vntagrefs

Vntagrefs returns the number of tag/reference number pairs (i.e., the number of vgroup members)
stored in the specified vgroup. The synta¥/atagrefs is as follows:

C: num_of_tagrefs = Vntagrefs(vgroup_id);
FORTRAN:  num_of tagrefs = vintr(vgroup_id)

Vntagrefs can be used together wkigettagrefsor Vgettagref to identify the data objects linked
to a given vgroup.

Vntagrefs returns O or a positive number representing the number of HDF data objects linked to
the vgroup if successful, ®AIL (or-1) otherwise. The parameterdhtagrefs is further defined
in Table 5G on page 214.
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5.6.2.2 Obtaining the Tag/Reference Number Pair of a Data Object within a Vgroup :
Vgettagref

Vgettagref retrieves the tag/reference number pair of a specified data object stored within the
vgroup identified by the parametayroup_id . The syntax o¥/gettagref is as follows:

C: status = Vgettagref(vgroup_id, index, &obj_tag, &obj_ref);
FORTRAN: status = vfgttr(vgroup_id, index, obj_tag, obj_ref)

Vgettagref stores the tag and reference number in the paranubietry andobj_ref , respec-
tively. The parametendex specifies the location of the data object within the vgroup and is zero-
based.

Often, this routine is called in a loop to identify the tag/reference number pair of each data object
belong to a vgroup. In this cadéntagrefs is used to obtain the loop boundary.

Vgettagref returns eitheBUCCEEor 0) or FAIL (or-1). The parameters of this routine are further
defined in Table 5G on page 214.

5.6.2.3 Obtaining the Tag/Reference Number Pairs of Data Objects in a Vgroup:
Vgettagrefs

Vgettagrefsretrieves the tag/reference number pairs of the members of a vgroup and returns the
number of pairs retrieved. The syntaXMifettagrefsis as follows:

C: num_of_pairs = Vgettagrefs(vgroup_id, tag_array, ref_array,
maxsize);

FORTRAN: num_of_pairs = vfgttrs(vgroup_id, tag_array, ref_array, max-
size)

Vgettagrefs stores the tags into the arrag_aray and the reference numbers into the array
ref array . The parametanaxsize specifies the maximum number of tag/reference number pairs
to return, therefore each array must be at Imastize in size.

Vgettagrefs can be used to obtain the valueneixsize if the tag/reference number pairs for all
members of the vgroup are desired. To do thispaedize to 1 in the first call td/gettagrefs

Vgettagrefsreturns the number of tag/reference number pairalor (or -1 ). The parameters of
this routine are further defined in Table 5G.

TABLE 5G Vntagrefs, Vgettagref, and Vgettagrefs Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
Vntagrefs
[int32] vgroup_id int32 integer Vgroup identifier
(vfntr)
vgroup_id int32 integer Vgroup identifier
VgE_attag]]ref index int32 integer Index of the tag/reference number pair to be retrieve
intn
(vfgttr) obj_tag int32 * integer Tag of the data object
obj_ref int32 * integer Reference number of the data object
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vgroup_id int32 integer Vgroup identifier
Vgettagrefs tag_array int32 ] integer (*) Buffer for the returned tags
[int32] ref_array int32 ] integer (*) Buffer for the returned reference numbers

(vfgttrs) : )
Maximum number of tag/reference number pairs to be

maxsize int32 integer
g returned

5.6.2.4 Testing Whether a Data Object Belongs to a Vgroup: Vingtagref

Vingtagref determines whether a data object is a member of the vgroup specified by the parame-
tervgroup_id . The syntax oVingtagref is as follows:

C: true_false = Vingtagref(vgroup_id, obj_tag, obj_ref);
FORTRAN: true_false = vfingtr(vgroup_id, obj_tag, obj_ref)

The data object is specified by its tag/reference number pair in the paraobgters and
obj_ref . Vingtagref returnsTRUE(or 1) if the object belongs to the vgroup, af&l.SE (or 0) oth-
erwise. The parameters of this routine are further defined in Table 5H on page 215.

5.6.2.5 Testing Whether a Data Object within a VVgroup is a Vgroup: Visvg

Visvg determines whether the data object specified by its reference nwhjbef, , is a vgroup
and is a member of the vgroup identified by the paranwgteup_id . The syntax oVisvg is as
follows:

C: true_false = Visvg(vgroup_id, obj_ref);
FORTRAN: true_false = vfisvg(vgroup_id, obj_ref)

Visvg returns eitheTRUE(or 1) or FALSE (or 0). The parameters of this routine are further defined
in Table 5H on page 215.

5.6.2.6 Testing Whether an HDF Object within a VVgroup is a Vdata: Visvs

Visvs determines whether the data object specified by its reference numjbef, , is a vdata
and is a member of the vgroup identified by the paranvgteup_id . The syntax oWVisvs is as
follows:

C: true_false = Visvs(vgroup_id, obj_ref);
FORTRAN: true_false = vfisvs(vgroup_id, obj_ref)

Visvs returns eitheMRUE(or 1) or FALSE (or 0). The parameters of this routine are further defined

in Table 5H.
TABLE 5H Vingtagref, Visvg, and Visvs Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
Vingtagref vgroup_id int32 integer Vgroup identifier
[intn] obj_tag int32 integer Tag of the data object to be queried
(vfingtr) obj_ref int32 integer Reference number of the data object to be queried
Visvg vgroup_id int32 integer Vgroup identifier
[intn]
(vfisvg) obj_ref int32 integer Data object reference number to be queried
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Visvs vgroup_id int32 integer Vgroup identifier
[intn]
(vfisvs) obj_ref int32 integer Data object reference number to be queried

5.6.2.7 Locating a Vdata in a Vgroup Given Vdata Fields: Vflocate

Vflocate locates a vdata that belongs to the vgroup identified by the parametgr id and
contains the fields specified in the paramdtiiname_list . The syntax oWVflocate is as fol-
lows:

C: vdata_ref = Vlocate(vgroup_id, fieldname_list);
FORTRAN: vdata_ref = vffloc(vgroup_id, fieldname_list)

The parametefieldname._list is a string of comma-separated field names containing no white
space, for example,PXPY,PZ”. Note that a vdata must contain all of the fields specified in
fieldname_list to be qualified.

Vflocate returns the reference number of the vdata, if one is foundrAihd(or -1) otherwise.
The parameters of this routine are further defined in Table 5I.

5.6.2.8 Retrieving the Number of Tags of a Given Type in a VVgroup: Vnrefs

Vnrefs returns the number of tags of the type specified by the parasagtgpe in the vgroup
identified by the parametegroup_id . The syntax oVnrefs is as follows:

C: num_of_tags = Vnrefs(vgroup_id, tag_type);
FORTRAN: num_of_tags = vnrefs(vgroup_id, tag_type)

Possible values of the parametag_type are defined in Appendix A of this manuanrefs
returns 0 or the number of tags if successful, @&lid (or -1) otherwise. The parameters of this
routine are further defined in Table 5I.

TABLE 5l Vflocate and Vnrefs Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
Vflocate vgroup_id int32 integer Vgroup identifier
int32
([\Il?ﬂocl) fieldname_list char * character*(*) | Buffer containing the names of the fields
Vnrefs vgroup_id int32 integer Vgroup identifier
[int32]
(vnrefs) tag_type int32 integer Tag type
5.6.2.9 Retrieving the Reference Number of a Vgroup: VQueryref
VQueryref returns the reference number of the vgroup identified by the parametgrid , or
FAIL (or-1) if unsuccessful. The syntax ¥Queryref is as follows:
C: vgroup_ref = VQueryref(vgroup_id);
FORTRAN:  vgroup_ref = vgref(vgroup_id)
VQueryref is further defined in Table 5J.
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5.6.2.10 Retrieving the Tag of a Vgroup: VQuerytag

VQuerytag returnsDFTAG_VQor 1965), which would be the tag of the vgroup identified by the

parametexgroup_id , or FAIL (or-1) if unsuccessful. The syntax ¥Querytag is as follows:
C: vgroup_tag = VQuerytag(vgroup_id);
FORTRAN: vgroup_tag = vgtag(vgroup_id)

VQuerytag is further defined in Table 5J.

TABLE 5J VQueryref and VQuerytag Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
VQueryref
[int32] vgroup_id int32 integer Vgroup identifier
(varef)
VQuerytag
[int32] vgroup_id int32 integer Vgroup identifier
(vatag)
EXAMPLE 5. Operations on VVgroup Attributes

This example illustrates the use\ffind/vfind to locate a vgroup by its namésetattr/vfscatt to

attach an attribute to the vgrouyattrinfo/vfainfo to obtain information about the vgroup
attribute, and/getattr/vfgcatt to obtain the attribute values.

The program obtains the version of the group then sets an attribute named "First Attribute" for the
vgroup named "SD Vgroup”. Next, the program gets the number of attributes that the vgroup has,
and obtains and displays the name, the number of values, and the values of each attribute.

C:
#include "hdf.h"
#define FILE_NAME  "General_Vgroups.hdf"

#define VGROUP_NAME "SD Vgroup"
#define VGATTR_NAME "First Attribute”

#define N_ATT_VALUES 7 /* number of values in the attribute */
main( )
{

/ Variable declaration /

intn status_n, /* returned status for functions returning an intn */
n_attrs;  /* number of attributes of the vgroup */

int32 status_32, /*returned status for functions returning an int32 */
file_id, vgroup_ref, vgroup_id,
attr_index, i, vg_version,
data_type, n_values, size;

char vg_attr[N_ATT_VALUES] ={V',/g’,r,o’,u,'p’,\0’};

char vgattr_buf[N_ATT_VALUES], attr_name[30];

/**k*************—*—**k*k End of Val’lable deClal’athn ****************kkkk**/

/*

* Open the HDF file for writing.

*

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);
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/*
* |nitialize the V interface.
*/
status_n = Vstart (file_id);

/*

* Get the reference number of the vgroup named VGROUP_NAME.
*/

vgroup_ref = Vfind (file_id, VGROUP_NAME);

/*

* Attach to the vgroup found.

*/

vgroup_id = Vattach (file_id, vgroup_ref, "w");

/*
* Get and display the version of the attached vgroup.
*/
vg_version = Vgetversion (vgroup_id);
switch (vg_version) {
case VSET_NEW_VERSION:
printf ("\nVgroup %s is of the newest version, version 4\n",
VGROUP_NAME);
break;
case VSET_VERSION:
printf ("Vgroup %s is of a version between 3.2 and 4.0r2\n",
VGROUP_NAME);
break;
case VSET_OLD_VERSION:
printf ("Vgroup %s is of version before 3.2\n", VGROUP_NAME);
break;
default:
printf ("Unknown version = %d\n", vg_version);
} I* switch */

/*

* Add the attribute named VGATTR_NAME to the vgroup.

*

/

status_n = Vsetattr (vgroup_id, VGATTR_NAME, DFNT_CHAR, N_ATT_VALUES,

vg_attr);

/*
* Get and display the number of attributes attached to this vgroup.
*

/

n_attrs = Vnattrs (vgroup_id);
printf ("\nThis vgroup has %d attribute(s)\n", n_attrs);

/*
* Get and display the name and the number of values of each attribute.
* Note that the fourth and last parameters are set to NULL because the type
* and the size of the attribute are not desired.
*/
for (attr_index = 0; attr_index < n_attrs; attr_index++)
{
status_n = Vattrinfo (vgroup_id, attr_index, attr_name, NULL,
&n_values, NULL);
printf ("\nAttribute #%d is named %s and has %d values: ",
attr_index+1, attr_name, n_values);

/*
* Get and display the attribute values.
*/

5-218 June 23, 1998



HDF User's Guide

status_n = Vgetattr (vgroup_id, attr_index, vgattr_buf);
for (i=0; i <n_values; i++)
printf ("%c ", vgattr_buf[i]);
printf ("\n");
}

/*

* Terminate access to the vgroup and to the V interface, and close
* the HDF file.

*/

status_32 = Vdetach (vgroup_id);

status_n = Vend (file_id);

status_n = Hclose (file_id);

}
FORTRAN:

program vgroup_attribute
implicit none

C

C Parameter declaration

C
character*19 FILE_NAME
character*9 VGROUP_NAME
character*15 VGATTR_NAME

C
parameter (FILE_NAME ='General_Vgroups.hdf,
+ VGROUP_NAME ='SD Vgroup’,
+ VGATTR_NAME = 'First Attribute’)
integer VSET_NEW_VERSION, VSET_VERSION, VSET_OLD_VERSION
parameter (VSET_NEW_VERSION =4,
+ VSET_VERSION =3,
+ VSET_OLD_VERSION = 2)
integer DFACC_WRITE
parameter (DFACC_WRITE = 2)
integer DFNT_CHAR
parameter (DFNT_CHAR =4)
integer N_ATT_VALUES
parameter (N_ATT_VALUES = 6)

C

C Function declaration

C
integer hopen, hclose
integer vfstart, vfatch, vfgver, vfscatt, vfnatts, vfainfo,
+ vfind, vfgcatt, vfdtch, vfend

C

C**** Variable declaration

C
integer status, n_attrs
integer file_id
integer vgroup_id, vgroup_ref, vg_version
integer attr_index, i
integer data_type, n_values, size
character vg_attr(N_ATT_VALUES)
character vgattr_buf(N_ATT_VALUES), attr_name(30)
data vg_attr /'v','g’,’r',;o’,'u’,'p’/

C

C*+ End of variable declaration

C

C

C Open the HDF file for reading/writing.
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file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

Initialize the V interface.

OO0

status = vfstart(file_id)

Get the reference number of the vgroup named VGROUP_NAME.

OO0

vgroup_ref = vfind(file_id, VGROUP_NAME)

Attach to the vgroup found.

[eNeN¢e]

vgroup_id = vfatch(file_id, vgroup_ref, 'w’)

Get and display the version of the attached vgroup.

[eNeNe]

vg_version = vfgver(vgroup_id)

if (vg_version .eq. VSET_NEW_VERSION) write(*,*)

+ VGROUP_NAME, ' is of the newest version, version 4’
if (vg_version .eq. VSET_VERSION) write(*,*)

+ VGROUP_NAME, ' is of a version between 3.2 and 4.0r2’
if(vg_version .eq. VSET_OLD_VERSION) write(*,*)

+ VGROUP_NAME, ' is of version before 3.2’

if ((vg_version .ne. VSET_NEW_VERSION) .and.

+ (vg_version .ne. VSET_VERSION) .and.

+ (vg_version .ne. VSET_OLD_VERSION)) write(*,¥)

+ ’Unknown version’

Add the attribute named VGATTR_NAME to the vgroup.

[eNeN¢e]

status = vfscatt(vgroup_id, VGATTR_NAME, DFNT_CHAR, N_ATT_VALUES,
+ vg_attr)

Get and display the number of attributes attached to this group.

OO0

n_attrs = vfnatts(vgroup_id)
write(*,¥) "This group has’, n_attrs, ’ attributes’

Get and display the name and the number of values of each attribute.

OO0

do 10 attr_index=1, n_attrs

status = vfainfo(vgroup_id, attr_index-1, attr_name, data_type,
+ n_values, size)
write(*,*) "Attribute #', attr_index-1, " is named ’, attr_name
write(*,*) 'and has’, n_values, ' values:’

Get and display the attribute values.

[eNeN¢e]

status = vfgcatt(vgroup_id, attr_index-1, vgattr_buf)
write(*,*) (vgattr_buf(i), i=1,n_values)
continue

Terminate access to the vgroup.

0008

status = vfdtch(vgroup_id)

Terminate accessto the V interface and close the HDF file.

OO0

status = vfend(file_id)
status = hclose(file_id)
end
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5.7 Deleting Vgroups and Data Objects within a VVgroup

The Vgroup interface includes two routines for deletion: one deletes a vgroup from a file and the
other deletes a data object from a vgroup. These routines are discussed in the following subsec-
tions.

5.7.1 Deleting a Vgroup from a File: Vdelete

Vdeleteremoves the vgroup identified by the paramedesup_id from the file identified by the
parametefile id . The syntax o¥deleteis as follows:

C: status = Vdelete(file_id, vgroup_id);
FORTRAN: status = vdelete(file_id, vgroup_id)
This routine will remove the vgroup from the internal data structures and from the file.

Vdelete returns eitherSUCCEED(or 0) or FAIL (or -1). The parameters ofdelete are further
described in Table 5K on page 221.

5.7.2 Deleting a Data Object from a Vgroup: Vdeletetagref

Vdeletetagrefdeletes the data object, specified by the paramelietsy andobj_ref , from the
vgroup, identified by the parameteyroup_id . The syntax o¥/deletetagrefis as follows:

C: status = Vdeletetagref(vgroup_id, obj_tag, obj_ref);
FORTRAN: status = vfdtr(vgroup_id, obj_tag, obj_ref)

Vingtagref should be used to determine whether the tag/reference number pair exists before call-
ing Vdeletetagref If duplicate tag/reference number pairs are found in the vgktdgdetetagref

deletes the first occurrencéingtagref should also be used to determine whether duplicate tag/
reference number pairs exist in the vgroup.

Vdeletetagrefreturns eitheBUCCEERor 0) or FAIL (or-1). The parameters of this routine are fur-
ther described in Table 5K.

TABLE 5K Vdelete and Vdeletetagref Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
Vdelete file_id int32 integer File identifier
[int32]
(vdelete) vgroup_id int32 integer Vgroup identifier
Vdeletetagref vgroup_id int32 integer Vgroup identifier
[int32] obj_tag int32 integer Tag of the data object to be deleted
(vidtr) obj_ref int32 integer Reference number of the data object to be deleted

5.8 Vgroup Attributes

HDF version 4.1r1 and later include the ability to assign attributes to a vgroup. The concept of
attributes is fully explained in Chapter Scientific Data Sets (SD APIJo review briefly, an

attribute has a name, a data type, a number of attribute values, and the attribute values themselves.
All attribute values must be of the same data type. For example, an attribute value cannot consist
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of ten characters and one integer, or a character value cannot be included in an attribute value con-
sisting of two 32-bit integers.

Any number of attributes can be assigned to a vgroup, however, each attribute hame must be
unique among all attributes in the vgroup.

5.8.1 Obtaining the Vgroup Version Number of a Given Vgroup:
Vgetversion

The structure of the vgroup has gone through several changes since HDF was first written. Deter-
mining the version of any particular vgroup is necessary as some of the older versions of vgroups
do not support some of the newer features, such as attribgeszersion returns the version
number of the vgroup identified by the parametgoup_id . The syntax olVgetversionis as
follows:

C: version_num = Vgetversion(vgroup_id);
FORTRAN: version_num = vfgver(vgroup_id)

There are three valid version numbe¥SET _OLD VERSION (or 2), VSET_VERSION(or 3), and
VSET_NEW_VERSIOfor 4).

VSET_OLD_VERSIONS returned when the vgroup is of a version that corresponds to an HDF library
version before version 3.2.

VSET_VERSIONS returned when the vgroup is of a version that corresponds to an HDF library ver-
sion between versions 3.2 and 4.0 release 2.

VSET_NEW_VERSION returned when the vgroup is of a version that corresponds to an HDF library
version of version 4.1 release 1 or higher.

Vgetversion returns the vgroup version number if successful, xd (or -1) otherwise. This
routine is further defined in Table 5L on page 223.

5.8.2 Obtaining Information on a Given Vgroup Attribute: Vattrinfo

Vattrinfo retrieves the name, data type, number of values, and the size of the values of an attribute
that belongs to the vgroup identified by the paramegeup_id . The syntax oWattrinfo is as
follows:

C: status = Vattrinfo(vgroup_id, attr_index, attr_name,
&data_type, &n_values, &size);

FORTRAN: status = vfainfo(vgroup_id, attr_index, attr_name, data_type,
n_values, size)

Vattrinfo stores the name, data type, number of values, and the size of the value of the attribute
into the parametergtr name , data_type , n_values , andsize , respectively.

The attribute is specified by its indexyy_index . The valid values ddttr_index  range from O
to the total number of attributes attached to the vgroup - 1. The number of vgroup attributes can be
obtained using the routinénattrs .

The parametedata type is an integer number. Refer to Table 2E on page 14 for the definitions
of the data types to interpret this value. The paramsizter contains the number of bytes taken by
an attribute value.

In C, the parameterstr name , data type , n values , andsize can be set tolULL if the infor-
mation returned by these parameters is not needed.
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Vattrinfo returns eitheBUCCEERor 0) or FAIL (or -1). The parameters of this routine are further
described in Table 5L.

5.8.3 Obtaining the Total Number of Vgroup Attributes: Vnattrs

Vnattrs returns the number of attributes assigned to the vgroup specified by the parameter
vgroup_id . The syntax o¥nattrs is as follows:

C: num_of_attrs = Vnattrs(vgroup_id);
FORTRAN: num_of_attrs = vfnatts(vgroup_id)

Vnattrs returns either the number of attributesFai. (or-1). This routine is further defined in
Table 5L.

TABLE 5L

Vgetversion, Vattrinfo, and Vnattrs Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
Vgetversion
[int32] vgroup_id int32 integer Vgroup identifier
(vfgver)
vgroup_id int32 integer Vgroup identifier
attr_index intn integer Index of the attribute
Va;ttrin]fo attr_name char * character*(*) | Returned name of the attribute
intn
(vfainfo) data_type int32 * integer Returned data type of the attribute
n_values int32 * integer Returned number of values of the attribute
size int32 * integer Returned size, in bytes, of the value of the attribute
Vnattrs
[intn] vgroup_id int32 integer Vgroup identifier
(vfnatts)

5.8.4 Setting the Attribute of a Vgroup: Vsetattr

Vsetattr attaches an attribute to the vgroup specified by the paramgetay id . The syntax of
Vsetattr is as follows:

C: status = Vsetattr(vgroup_id, attr_name, data_type, n_values,
attr_values);

FORTRAN: status = vfsnatt(vgroup_id, attr_name, data_type, n_values,
attr_values)

OR status = vfscatt(vgroup_id, attr_name, data_type, n_values,
attr_values)

If the attribute with the name specified in the parama&tename already exists, the new values
will replace the current ones, provided the data type and count are not different. If either the data
type or the count have been changésktattr will return FAIL (or-1).

The parametedata type is an integer number specifying the data type of the attribute values.
Refer to Table 2E on page 14 for the definition of the data types to interpret this value. The param-
eter n_values specifies the number of values to be stored in the attribute. The buffer
attr_values contains the values to be stored in the attribute.
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Note that the FORTRAN-77 version ¥ketattr has two routinesyfsnatt sets a numeric value
attribute andsfscatt sets a character value attribute.

Vsetattr returns eithe SBUCCEEXor 0) or FAIL (or-1). The parameters of this routine are further
defined in Table 5M on page 224.

5.8.5 Retrieving the Values of a Given Vgroup Attribute: Vgetattr

Vgetattr retrieves the values of an attribute of the vgroup specified by the parametprid
The syntax olgetattr is as follows:

C: status = VVgetattr(vgroup_id, attr_index, attr_values);
FORTRAN: status = vfgnatt(vgroup_id, attr_index, attr_values)
OR status = vfgcatt(vgroup_id, attr_index, attr_values)

The attribute is specified by its indexyy_index . The valid values ddttr_index  range from O
to the total number of attributes attached to the vgroup - 1. The number of vgroup attributes can be
obtained using the routinénattrs .

The bufferattr_values must be sufficiently allocated to hold the retrieved attribute values. Use
Vattrinfo to obtain information about the attribute values for appropriate memory allocation.

This routine is often used wiWinquire in a loop to retrieve the total number of attributes.

Note that the FORTRAN-77 version ¥hetattr has two routinesifgnatt gets a numeric value
attribute and/fgcatt gets a character value attribute.

Vgetattr returns eitheBUCCEEor 0) or FAIL (or -1). The parameters of this routine are further
defined in Table 5M on page 224.

5.8.6 Retrieving the Index of a Vgroup Attribute Given the Attribute
Name: Vfindattr

Vfindattr searches the vgroup, identified by the paramefeup_id , for the attribute with the
name specified by the paramesgtr name , and returns the index of that attribute. The syntax of
this routine is as follows:

C: attr_index = Vfindattr(vgroup_id, attr_name);
FORTRAN: attr_index = vffdatt(vgroup_id, attr_name)

Vfindattr returns either an attribute index®AlL (or -1). The parameters of this routine are fur-
ther defined in Table 5M.

TABLE 5M Vsetattr, Vgetattr, and Vfindattr Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
vgroup_id int32 integer Vgroup identifier
attr_name char * character*(*) Name of the attribute
Vsetattr - - -
fintn] data_type int32 integer Data type of the attribute
(vfsnatt/vfscatt) n_values int32 integer Number of values the attribute contain
1 1 *
attr_values VOIDP <valid numeric data type>(*)/ Buffer containing the attribute values
character* (*)
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vgroup_id int32 integer Vgroup identifier
Vﬁsts]ttr attr_index intn integer Index of the attribute
- - .
(vignattivigeaty attr_values VOIDP <valid n;r; ?thg?*t(i)tyw of Buffer containing attribute values
Vfindattr vgroup_id int32 integer Vgroup identifier
[intn]
(vffdatt) attr_name char * character*(*) Name of the target attribute

EXAMPLE 6.

Obtaining Information about the Contents of a Vgroup

This example illustrates the use Wfetid/vfgid to get the reference number of a vgroup,
Vntagrefs/vintr to get the number of HDF data objects in the vgralgettagref/vfgttr to get
the tag/reference number pair of a data object within the vgroupYisuad/vfisvg and Visvs/
vfisvs to determine whether a data object is a vgroup and a vdata, respectively.

In the example, the program traverses the HDF file "General_Vgroups.hdf* from the beginning
and obtains the reference number of each vgroup so it can be attached. Once a vgroup is attached,
the program gets the total number of tag/reference number pairs in the vgroup and displays some
information about the vgroup. The information displayed includes the position of the vgroup in
the file, the tag/reference number pair of each of its data objects, and the message stating whether
the object is a vdata, vgroup, or neither.

C:
#include "hdf.h"

#define FILE_NAME "General_Vgroups.hdf"

main()

{

/ Variable declaration /

intn status_n;  /*returned status for functions returning an intn */
int32 status_32, /*returned status for functions returning an int32 */
file_id, vgroup_id, vgroup_ref,
obj_index, /*index of an object within a vgroup */
num_of_pairs, /* number of tag/ref number pairs, i.e., objects */
obj_tag, obj_ref, /*tag/ref number of an HDF object */
vgroup_pos =0; /* position of a vgroup in the file */

[k End of variable declaration *erkkieitsiaiotiotokock

/*

* Open the HDF file for reading.

*/

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*
* |nitialize the V interface.
*/
status_n = Vstart (file_id);

/*

* Obtain each vgroup in the file by its reference number, get the

* number of objects in the vgroup, and display the information about
* that vgroup.

*/

vgroup_ref = -1, /* setto -1 to search from the beginning of file */
while (TRUE)
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/*

* Get the reference number of the next vgroup in the file.
*/

vgroup_ref = Vgetid (file_id, vgroup_ref);

/*

* Attach to the vgroup for reading or exit the loop if no more vgroups
* are found.

*/

if (vgroup_ref == -1) break;

vgroup_id = Vattach (file_id, vgroup_ref, "r");

/*

* Get the total number of objects in the vgroup.
*/

num_of_pairs = Vntagrefs (vgroup_id);

/*
* |If the vgroup contains any object, print the tag/ref number
* pair of each object in the vgroup, in the order they appear in the
*file, and indicate whether the object is a vdata, vgroup, or neither.
*/
if (num_of_pairs > 0)
{
printf ("\nVgroup #%d contains:\n", vgroup_pos);
for (obj_index = 0; obj_index < num_of_pairs; obj_index++)
{
/*
* Get the tag/ref number pair of the object specified
* by its index, obj_index, and display them.
*
status_n = Vgettagref (vgroup_id, obj_index, &obj_tag, &obj_ref);
printf ("tag = %d, ref = %d", obj_tag, obj_ref);

/*
* State whether the HDF object referred to by obj_ref is a vdata,
* a vgroup, or neither.
*
if (Visvg (vgroup_id, obj_ref))
printf (" <--is a vgroup\n");
else if (Visvs (vgroup_id, obj_ref))
printf (" <-- is a vdata\n");
else
printf (* <-- neither vdata nor vgroup\n");
} I* for */
Yrxif ¥

else
printf ("Vgroup #%d contains no HDF objects\n", vgroup_pos);

/*

* Terminate access to the current vgroup.
*/

status_32 = Vdetach (vgroup_id);

/*

* Move to the next vgroup position.
*/

vgroup_pos++;

} * while */

/*
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* Terminate access to the V interface and close the file.
*/

status_n = Vend (file_id);

status_n = Hclose (file_id);

FORTRAN:

program vgroup_contents
implicit none

Parameter declaration

[eNeN¢e]

character*19 FILE_NAME

parameter (FILE_NAME = 'General_Vgroups.hdf’)
integer DFACC_ READ

parameter (DFACC_READ =1)

Function declaration

OO0

integer hopen, hclose
integer vfstart, vfatch, vfgid, vntrc, vfgttr, vfisvg,
+ vfisvs, vidtch, viend

C
C**** \ariable declaration
C

integer status
integer file_id
integer vgroup_id, vgroup_ref, vgroup_pos
integer obj_index, num_of_pairs
integer obj_tag, obj_ref

C

C*+ End of variable declaration

Open the HDF file for reading.

O000

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the V interface.

OO0

status = vfstart(file_id)

Obtain each vgroup in the file by its reference number, get the
number of objects in the vgroup, and display the information
about that vgroup.

O0O000

vgroup_ref=-1
vgroup_pos =0

10 continue

C Get the reference number of the next vgroup in the file.
vgroup_ref = vfgid(file_id, vgroup_ref)

C
C Attach to the vgroup or go to the end if no additional vgroup is found.
C

if(vgroup_ref. eq. -1) goto 100
vgroup_id = vfatch(file_id, vgroup_ref , 'r')

C Get the total number of objects in the vgroup.
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C
num_of_pairs = vntrc(vgroup_id)
C
C Ifthe vgroup contains any object, print the tag/ref number
C pair of each object in vgroup, in the order they appear in the
C file, and indicate whether the object is a vdata, vgroup, or neither.
C
if (num_of_pairs .gt. 0) then
write(*,*) 'Vgroup # ', vgroup_pos, ' contains:’
do 20 obj_index = 1, num_of_pairs
C
C Get the tag/ref number pair of the object specified by its index
C and display them.
C
status = vfgttr(vgroup_id, obj_index-1, obj_tag, obj_ref)
C
C State whether the HDF object referred to by obj_ref is a vdata,
C avgroup, or neither.
C

if( vfisvg(vgroup_id, obj_ref) .eq. 1) then
write(*,*) 'tag =, obj_tag, ' ref =, obj_ref,
+ ' <--—-isavgroup’
else if ( vfisvs(vgroup_id, obj_ref) .eq. 1) then
write(*,*) 'tag =, obj_tag, ' ref =, obj_ref,
+ ' <---isavdata’
else
write(*,*) 'tag =, obj_tag, ' ref =, obj_ref,
+ ' <--- neither vdata nor vgroup’
endif
20 continue
else
write (*,*) "Vgroup #', vgroup_pos, ' contains no HDF objects’
endif
write(*,*)
vgroup_pos = vgroup_pos + 1
goto 10
100 continue
C
C Terminate access to the vgroup.
C
status = vfdtch(vgroup_id)

Terminate access to the V interface and close the HDF file.

OO0

status = vfend(file_id)
status = hclose(file_id)
end

5.9 Obsolete Vgroup Interface Routines

The following routines have been replaced by newer routines with similar functionality. These
routines are still supported by the Vgroup interface, but their use is not recommended. HDF may
not support these routines in a future version.

5.9.1 Determining the Next Vgroup or Vdata ldentifier: Vgetnext

Vgetnext gets the reference number of the next member of a vgroup. This member can be either a
vgroup or vdata. The syntax fggetnextis as follows:

C: ref_num = Vgetnext(vgroup_id, v_ref);
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FORTRAN: ref_num = vfgnxt(vgroup_id, v_ref)

Vgetnext searches the vgroup, identified by the paramepeup_id , for the vgroup or vdata
whose reference number is specified by the parametefr . If this vgroup or vdata is found,
Vgetnextfinds the next vgroup or vdata and returns its reference numbeefif is set tol , the
routine will return the reference number of the first vgroup or vdata in the vgroup.

Vgetnextis now obsolete as the routiNgettagref provides the same functionality. In addition,
Vgettagref is not restricted to searching for members that are vgroups or vdatas.

Vgetnextreturns a reference number if the next vgroup or vdata is fouRd|Lofor -1 ) when an
error occurs or when there are no more vdatas or vgroups in the vgroup. The paranvaets of
next are further defined in Table 5N.

5.9.2 Determining the Number of Members and Vgroup Name: Vinquire

Vinquire retrieves the number of data objects and the name of the vgroup identified by the param-
etervgroup_id . The syntax foWinquire is as follows:

C: status = Vinquire(vgroup_id, &n_members, vgroup_name);
FORTRAN: status = vfing(vgroup_id, n_members, vgroup_name)

Vinquire stores the number of data objects and the vgroup name in the paranme¢eisers and
vgroup_name , respectively. In C, if eithem_members or vgroup_name is set toNULL, the corre-
sponding data is not returned. The maximum length of the vgroup’s name is definGNANE-
LENMAXoor 64).

Vinquire is now obsolete as théntagrefs routine can be used to get the number of data objects
in a vgroup and/getnamecan be used to retrieve the name of a vgroup.

Vinquire returns eitheBUCCEERor 0) or FAIL (or-1). The parameters of this routines are further
defined in Table 5N.

TABLE 5N Vgetnext and Vinquire Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
Vgetnext vgroup_id int32 integer Vgroup identifier of the parent vgroup
[int32]
(vignxt) v_ref int32 integer Reference number for the target vgroup
Vinquire vgroup_id int32 integer Vgroup identifier
[intn] n_members int32 * integer Pointer to the number of entries in the vgroup
(vfing) vgroup_name char * character*(*) | Buffer for the name of the vgroup

5.10Vgroup Backward Compatibility Issues

5.10.1 Vset Implementation Integrated into the Vgroup Interface

In HDF versions before 2.0, vsets were created and manipulated through an interface separate
from the other HDF interfaces. A pointer to a specially-defined vset structure was returned by the
Vset interface and data type definitions specific to the Vset interface were used. The names of
these definitions were prefaced by "LOCAL_".
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After HDF version 2.0, thegroup_id  identifier replaced the pointer to the vset structure, the
"LOCAL_" data type definitions were made obsolete by newer definitions, and all vset function-
ality was integrated into the Vgroup interface routines. HDF programs written for HDF libraries

earlier than version 2.0 should be modified accordingly in order to function correctly with newer
versions of HDF.
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6

8-Bit Raster Images (DFR8 API)

6.1

6.2

Chapter Overview

This chapter describes the 8-bit raster image data model and the single-file DFR8 interface rou-
tines. The DFR8 interface is a single-file interface that consists of routines for reading and writing
raster image sets.

The 8-Bit Raster Data Model

The data model for th@-bit raster imageset, orRIS8, an acronym for "Raster Image Set, 8-bit",
supports three types of objects; two-dimensional 8-bit raster images, dimensions and palettes. The
latter two items occur once per RIS8. The following figure shows the contents of an 8-bit raster
image set.

FIGURE 6a

8-Bit Raster Image Set Contents

8-Bit Raster Image Set

' !

Image Dimensions Palette
width = 300
Required Optional

6.2.1 Required 8-Bit Raster Image Data Set Objects

Every RIS8 object requires an image and dimension object. Required objects are created by the
HDF library using information provided at the time the image is written.

6.2.1.1 8-Bit Raster Image Data Representation

An 8-bit raster imagas a two-dimensional array of 8-bit numbers which repregixets or "pic-
ture elements".The first row of pixels corresponds to the top row of the image, the second row of
pixels to the second row of the image and so forth. Pixel values range from 0 to 255, and indicate
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to the hardware which colors to use when mapping the corresponding pixels to the screen display.
A color lookup table or palette provides the means of correlating pixel values to colors.

As an example, consider a stream of 8-bit numbers representing a raster image. (See Figure 6b.)
When the image is displayed, the color associated with the first number in the data stream is
placed in the upper left corner of the image. The remainder of the first line is then painted from
left-to-right using as many values from the data stream as is necessary to complete the line. The
remainder of the rows are similarly painted from left-to-right and top-to-bottom until every value

in the data stream appears is represented by one pixel in the image.

FIGURE 6b The Data Representation of an 8-Bit Raster Image
Rows of pixel information
8-bit raster image One pixel
Stream of 8-bit numbers
(d)

An 8-bit raster image (a) is a set of rows displayed from left-to-right consisting

of rows of pixel information (b) where each pixel (c) is represented by values stored

as a single stream of 8-bit numbers (d).
6.2.1.2 8-Bit Raster Image Dimension
The dimensionsof an image are its height and width in pixels.
6.2.2 Optional 8-Bit Raster Image Data Set Objects
6.2.2.1 Palettes
A paletteis a lookup table consisting of 256 unique numerical values, each of which map to the
256 possible pixel color values and is stored in a RIS8 object. For more details on HDF palettes
refer to Chapter 9, titleBalettes(DFP API).
6.2.3 Compression Method
The compression method indicates if and how the image is compressed. It can be, at the program-
mer’s option, explicitly set or left as its default setting of no compression. Compression schemes
supported by HDF version 4.0 axen-length encodingor RLE, joint photographic expert group
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compressionor JPEG, andimage compressiogmor IMCOMP . The list of compression methods
is presented below. (See Table 6A.) The HDF tzg8IP_RLECOMP_IMCOMRNd COMP_JPEGre
respectively defined as the valuas 12 and2 in the "hcomp.h" header file.

TABLE 6A

8-Bit Raster Image Compression Method List

Compression Method Type Compression Code Requirements
None N/A COMP_NONE Image data only (default setting).
RLE Lossless COMP_RLE Image data only.
IPEG Lossy COMP_JPEG If:ﬁca:gf data, quality factor and compatibility
IMCOMP Lossy COMP_IMCOMP Image data and palette.

RLE Compression

The RLE method is a lossless compression method recommended for images where data retention
is critical. The RLE algorithm compresses images by condensing strings of identical pixel values
into two bytes. The first byte identifies the number of pixels in the string and the second byte
records the pixel value for the string.

The amount of space saved by RLE depends upon how much repetition there is among adjacent
pixels. If there is a great deal of repetition, more space is saved and if there is little repetition, the
savings can be very small. In the worst case when every pixel is different from the one that pre-
cedes it an extra byte is added for every 127 bytes in the image.

JPEG Compression

The JPEG, or Joint Photographic Expert Group, compression method is a lossy compression
algorithm whose use is recommended for photographic or scanned images. Using JPEG compres-
sion to reduce the size of an image changes the values of the pixels and hence may alter the mean-
ing of the corresponding data. Version 5.0 of the JPEG library is available in HDF version 4.0.

JPEG compression requires two parameters, the first the level of image quality and the second,
compatibility. Thequality factor determines how much of the data will be lost and thus directly
impacts the size of the compressed image. A quality factor of 1 specifies the lowest quality or
maximum image compression. A quality factor of 100 specifies the highest quality or minimum
image compression. Note that all images compressed using the JPEG algorithm are stored in a
lossy manner, even those stored with a quality factor of 100. Usually, it is best to experiment with
the quality factor to find the most acceptable one.

Thebaseline parameter determines whether the contents of the quantization tables used during
compression are forced into the range of 0 to 255.b&baine parameter is normally set to the
valuel which forces baseline results. You should set the value ohtleéine parameter to val-

ues other tham only if you are familiar with the JPEG algorithm.

IMCOMP Compression

IMCOMP is a lossy compression method available in earlier versions of HDF. IMCOMP com-
pression is generally of inferior quality to JPEG compression and is not recommended unless your
images will be viewed on a 16-color monitor. For backward compatibility, IMCOMP compression

is supported in the HDF library, For details on IMCOMP refer to Appendix F, tibekward
Compatibility Issues
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6.3 The 8-Bit Raster Image Interface

The HDF library contains routines for reading and writing 8-bit raster image sets. The functions
DFR8addimage DFR8putimage andDFR8getimageare sufficient for most reading and writing
operations.

6.3.1 8-Bit Raster Image Library Routines

The names of all C functions in the 8-bit raster image interface are prefaced by "DFR8" and the
names of the equivalent FORTRAN-77 functions are prefaced by "d8". These routines are divided
into the following categories:

- Write routinescreate raster image sets and store them in new files or append them to exist-
ing files.

- Read routineddetermine the dimensions and palette assignment for an image set, read the
actual image data and provide sequential or random read access to any raster image set.

The DFRS8 function calls are further defined in Table 6B and itHDE Reference Guide

TABLE 6B DFR8 Library Routines
Routine Name o
Category c FORTRANT? Description
DFR8addimage d8aimg Appends an 8-bit raster image to a file.
DFR8putimage d8pimg Writes an 8-bit raster image to an existing file or creates the flle.
DFR8setcompress d8setcomp | Sets the compression type.
Write DFRS8setpalette d8spal Sets palette for multiple 8-bit raster images.
DFR8writeref d8wref Stores the raster image using the specified reference number.
None d8sjpeg iis”s]grse?seioiu;lggriggﬂl f:ompatibility factors needed for the JREG
DFR8getdims d8gdims Retrieves dimensions for an 8-bit raster image.
DFR8getimage d8gimg Retrieves an 8-bit raster image and its palette.
DFR8getpalref None T:;ﬂ:;;le;éiiﬁ number of the palette associated with the
Read DFR8lastref d8lref Returns reference number of the last element accessed.
DFR8nimages d8nims Returns number of raster images in a file.
DFR8readref d8rref Gets the next raster image with the specified reference number.

Ignores information about last file accessed and restarts from

DFR8restart d8first .
beginning.

6.4 Writing 8-Bit Raster Images

The DFR8 programming model for writing an 8-bit raster image sets is as follows:
1. Set the compression type if the image is to be compressed. (optional)
2. ldentify the palette if one is to be stored with the image. (optional)
3. Write the raster data to the file.

The two optional steps can be invoked in any order, as long as they are executed before Step 3. By
default, images are stored uncompressed with no associated palette.
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6.4.1 Storing a Raster Image: DFR8putimage and DFR8addimage
To write a raster image to an HDF file, the calling program must contain the following:

C: status = DFR8putimage(filename, image, width, height, compress);

FORTRAN: status = d8pimg(filename, image, width, height, compress)
OR

C: status = DFR8addimage(filename, image, width, height, compress);

FORTRAN: status = d8aimg(filename, image, width, height, compress)

DFR8putimage and DFR8addimagewrite an 8-bit raster image to an HDF file named by the
flename  parameter.When given a new filenam®FR8putimage andDFR8addimagecreate

a new file and write the raster image as the first raster image in the file. When given an existing
filename DFR8putimage overwrites the file whered3FR8addimageappends data to the end of

the file.

In the DFR8putimage and DFR8addimage functions the raster data is passed in thege
parameter and the width and height of the image are passedvittheandheight parameters.

The compression algorithm used to store the image is passed in the compress parameter. Valid
compress values inclugeoMP_NONEOMP_RLECOMP_JPE@NJCOMP_IMCOMBOMP_NONEEpre-

sents no compression (storage onydMP_RLEepresents run-length encodimpmpP_JPEGepre-

sents JPEG compression aroMpP_IMCcoMFrepresents IMCOMP encoding.

Parameters foDFR8putimage andDFR8addimageare further described below. (See Table 6C
on page 235.)

TABLE 6C DFR8putimage and DFR8addimage Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
DFR8_put|mage filename char * character(*) Name qf file the raster image will be
[intn] stored in.
(d8apr:z19) image VOIDP <valid numeric data type> Image data array.
DFR8addimage width int32 integer Number of columns in the raster image|.
[int_n] height int32 integer Number of rows in the raster image.
(d8aimg)
compress intl6 integer Compression type.
EXAMPLE 1. Writing an 8-Bit Raster Image to an HDF File

In the following code exampleBFR8addimageandd8aimg are used to write an 8-bit image to
a file named "Examplel.hdf'. Note that the order in which the dimensions for the image array are
declared differs between C and FORTRAN-77.

C:

#include "hdf.h"

#define WIDTH 5
#define HEIGHT 6

main( )

{
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/* Initialize the image array */
static uint8 raster_data[HEIGHT][WIDTH] =
{1,2,3,4,5,
6,78, 9, 10,
11,12, 13,14, 15,
16, 17, 18, 19, 20,
21,22, 23,24, 25,
26, 27,28,29,30 };

intn status;
[* Write the 8-bit raster image to file */

status = DFR8addimage("Examplel.hdf", raster_data,
WIDTH, HEIGHT, 0);

FORTRAN:
PROGRAM RASTERS8

character*1 raster_data(5,6)
integer retn, d8aimg

integer*4 WIDTH, HEIGHT
parameter(WIDTH = 5, HEIGHT = 6)

C Initialize the image array
dataraster_data/ 1, 2, 3, 4, 5,
6, 7, 8, 9,10,
11,12, 13, 14, 15,
16, 17, 18, 19, 20,
21,22, 23, 24, 25,
26,27,28,29,30/

@B BB BB

C  Write the 8-bit raster image to the file
retn = d8aimg('Examplel.hdf, raster_data, WIDTH, HEIGHT, 0)

end

6.4.2 Adding a Palette to an RIS8 Object: DFR8setpalette

DFR8setpaletteidentifies the palette to be used for the subsequent write operations. It may be
used to assign a palette to a single image or several images. After a palette has been set, it acts as
the current palette until it is replaced by another callE®R8setpalette To create a raster image

set containing a palette, the calling program must contain the following:

C: status = DFR8setpalette(palette);
status = DFR8addimage(filename, image, width, height, compress);
FORTRAN: status = d8spal(palette)

status = d8aimg(flename, image, width, height, compress)

DFR8setpalettetakespalette  as its only parameter. To set the default palette to “no palette”,
passNULL as thepalette  parameterDFR8setpaletteis further defined in the following table.
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TABLE 6D DFR8setpalette Parameter List

Routine Name Parameter Type

[Return Value] Parameter Description

(] FORTRAN-77
(FORTRAN-77)
DFR8setpalette
[intn] palette uint8 * character*(*) Palette to be assigned.
(d8spal)

EXAMPLE 2. Writing a Palette and an Image in RIS8 Format

These examples demonstrate how a palette stored in the@oray and the raw image stored in

the 20 x 20 arrapicture  is written to a RIS8 object. The image is not compressed and, in these
examples, uninitialized. The raster image set is stored as the firstimage in "Example2.hdf". Note
that becausBFR8putimagerecreates the file, anything previously contained in this file will be
erased.

#include "hdf.h"

#define WIDTH 20
#define HEIGHT 20

main( )

{

uint8 colors[256*3], picture[HEIGHT][WIDTH];
uint81, j;

int16 status;

[* Initialize image arrays. */
for (j = 0; j < WIDTH; j++) {
for (i=0; i < HEIGHT; i++)
picture[j][i] = 1;

[* Set the current palette. */
status = DFR8setpalette(colors);

/* Write the image data to the file. */
status = DFR8putimage("Example2.hdf", picture, WIDTH,
HEIGHT, COMP_NONE);

FORTRAN:
PROGRAM WRITE UNCOMPRESSED RIS8

integer d8spal, d8pimg, status, i, j

integer colors(768)

integer*4 WIDTH, HEIGHT, COMP_NONE
parameter (COMP_NONE =0,

+ WIDTH = 20,

+ HEIGHT = 20)

integer picture(WIDTH, HEIGHT)

C Initialize the image data.
do20j=1, WIDTH
do 10i=1, HEIGHT
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picture(j, i) =1
10 continue
20 continue

C Setthe current palette.
status = d8spal(colors)

C  Write the image data to the file.
status = d8pimg('Example2.hdf’, picture, WIDTH, HEIGHT,
+ COMP_NONE)

end

6.4.3 Compressing 8-Bit Raster Image Data: DFR8setcompress

The compression type is determined by the tag passed as the fifth argument in calls to the
DFR8putimage and DFR8addimageroutines.DFR8setcompresss currently required only to

reset the default JPEG compression options. However, future versions of this routine will support
additional compression schemes.

To set non-default compression parameters, the calling program should contain the following
sequence of routines:

C: status = DFR8setcompress(type, ¢_info);
status = DFR8addimage(filename, image, width, height, compress);

FORTRAN: status = d8scomp(type)
<compression-specific code>
status = d8aimg(filename, image, width, height, compress)

Notice that the calling sequence for C differs from the calling sequence for FORTRAN-77. Once
the compression is set, the parametgie in the DFR8setcompresgoutine, ord8scompin
FORTRAN-77, specifies the compression method that will be used when storing the raster
images. However, the info parameter, which is a pointer to a structure that contains informa-
tion specific to the compression scheme indicated byjpee parameter ilDFR8setcompressis
missing fromd8scomp Because data structures of variable size are not supported in FORTRAN-
77, another routine specific to the compression library is required in the FORTRAN-77 calling
sequence.

Thec_info union is described in Chapter 3, titl8dientific Data Sets (SD APIJhe values con-
tained in this union are passed into d8sjpegFORTRAN-77-specific routine

Parameters foDFR8setcompressandd8sjpegare further described in Table 6E below.

TABLE 6E

DFR8setcompress Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
DFR8setcompress type int32 integer Compression method.
[intn]

(d8scomp) c_info comp_info * None Pointer to JPEG information structure.
(d8sjpeg) quality none integer JPEG quality factor.
[integer] baseline none integer JPEG baseline.
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EXAMPLE 3. Writing a Set of Compressed 8-Bit Raster Images

These examples contain a series of calls in which four 20 x 20 images are written to the same file.
The first two use palettpaletteA and are compressed using the RLE method; the third and
fourth use palettpaletteB and are not compressed.

C:
#include "hdf.h"

#define WIDTH 20
#define HEIGHT 20

main ()

{

uint8 paletteA[256*3], paletteB[256*3];

uint8 picturel[HEIGHT][WIDTH], picture2[HEIGHT][WIDTH];
uint8 picture3[HEIGHT][WIDTH], picture4[HEIGHT][WIDTH];
uint81, j;

int16 status;

[* Initialize image arrays. */
for (j = 0; ] < WIDTH; j++) {
for (i=0; i < HEIGHT; i++) {
pictured[j][i] = 1;
picture2[jJ[i] = 1;
picture3[j][i] = 1;
pictured(j][i] = 1,

}

[* Set the first palette. */
status = DFR8setpalette(paletteA);

/* Write the compressed image data to the HDF file. */

status = DFR8putimage("Example3.hdf", (VOIDP)picturel, WIDTH, HEIGHT, \
COMP_RLE);

status = DFR8addimage("Example3.hdf", (VOIDP)picture2, WIDTH, HEIGHT, \
COMP_RLE);

/* Set the second palette. */
status = DFR8setpalette(paletteB);

[* Write the uncompressed image data to the HDF file. */

status = DFR8addimage("Example3.hdf", (VOIDP)picture3, WIDTH, HEIGHT, \
COMP_NONE);

status = DFR8addimage("Example3.hdf", (VOIDP)picture4, WIDTH, HEIGHT, \
COMP_NONE);

FORTRAN:
PROGRAM WRITE IMAGE SETS

integer d8spal, d8pimg, d8aimg, status

integer*4 COMP_RLE, COMP_NONE, WIDTH, HEIGHT
parameter (COMP_RLE =11,

+ COMP_NONE =0,

+ WIDTH = 20,

+ HEIGHT = 20)
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integer paletteA(768), paletteB(768)
integer picturel(WIDTH, HEIGHT), picture2(WIDTH, HEIGHT)
integer picture3(WIDTH, HEIGHT), picture4(WIDTH, HEIGHT)

C Initialize the image data.
do20j=1, WIDTH
do10i=1, HEIGHT
picturel(j,i)=1
picture2(j, i) = 1
picture3(j, i) =1
picture4(j, i) =1
10 continue
20 continue

C Setthe first palette.
status = d8spal(paletteA)

C  Write the compressed image data to the HDF file.
status = d8pimg('Example3.hdf, picturel, WIDTH, HEIGHT,

+ COMP_RLE)
status = d8aimg('Example3.hdf’, picture2, WIDTH, HEIGHT,
+ COMP_RLE)

C Setthe second palette.
status = d8spal(paletteB)

C  Write the uncompressed image data to the HDF file.
status = d8aimg('Example3.hdf, picture3, WIDTH, HEIGHT,
+ COMP_NONE)
status = d8aimg('Example3.hdf’, picture4, WIDTH, HEIGHT,
+ COMP_NONE)

end

EXAMPLE 4. Compressing and Writing a 8-Bit Raster Image

In the following exampledDFR8addimageand DFR8compressare used to compress an 8-bit
image and write it to an HDF file named "Example2.hdf". Notice that compressing an image in C
requires only one function call, whereas compressing an image using FORTRAN-77 requires two.

The second FORTRAN-77 call is required because it is not valid to pass a structure as a parameter
in FORTRAN-77.

C:

#include "hdf.h"
#include "hcomp.h"

#define WIDTH 3
#define HEIGHT 5
#define PIXEL_DEPTH 3

main()
{
/* Initialize the image array. */
static uint8 raster_data[HEIGHT][WIDTH][PIXEL_DEPTH] =
{1,2,3, 45,6, 7,8,9,
10,11,12, 13,14,15, 16,17,18,
19,20,21, 22,23,24, 25,26,27,
28,29,30, 31,32,33, 34,35,36,
37,38,39, 40,41,42, 43,4445 };
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static comp_info compress_info;
intn status;

/* Initialize JPEG compression structure. */
compress_info.jpeg.quality = 60;
compress_info.jpeg.force_baseline = 1;

[* Set IPEG compression for storing the image. */
status = DFR8setcompress(COMP_JPEG, &compress_info);

/* Write the 8-bit image data to file. */
status = DFR8addimage("Example2.hdf", (VOIDP)raster_data, WIDTH,
HEIGHT, COMP_JPEG);

FORTRAN:

PROGRAM COMPRESS RIS8

integer d8aimg, d8scomp, d8sjpeg, status
integer*4 WIDTH, HEIGHT, PIXEL_DEPTH, COMP_JPEG

C COMP_JPEG is defined in hcomp.h.
parameter(WIDTH = 3,
+ HEIGHT =5,
+ COMP_JPEG =1,
+ PIXEL_DEPTH = 3)
character raster_data(PIXEL_DEPTH, WIDTH, HEIGHT)

C Initialize the image array.
data raster_data
+/1,2,3, 45,6, 7,8,9,
+ 10,11,12, 13,14,15, 16,17,18,
+ 19,20,21, 22,23,24, 25,26,27,
+ 28,29,30, 31,32,33, 34,35,36,
+ 37,38,39,40,41,42,43,44,45 |

C Set compression.
status = d8scomp(COMP_JPEG)

C Set JPEG parameters to quality = 60, and turn compatibility on.
status = d8sjpeg(60, 1)

C  Write the 8-bit image data to the HDF file.
status = d8aimg('Example2.hdf’, raster_data, WIDTH, HEIGHT,
+ COMP_JPEG)

end

6.4.4 Specifying the Reference Number of an RIS8: DFR8writeref

DFR8writeref specifies the reference number of the image to be written DR&8addimage
or DFR8putimageis called. Use the following calling sequence to invDi&R8writeref:

C:

status = DFR8writeref(filename, ref);
status = DFR8addimage(filename, image, width, height, compress);

FORTRAN: status = d8wref(filename, ref)

status = d8aimg(filename, image, width, height, compress)
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DFR8writeref assigns the reference number passed irthparameter to the next image the file
specified by thélename parameter. If the value aff is the same as the reference number of an
existing RIS8, the existing raster image data will be overwritten. The parameters for
DFR8writeref are further described below. (See Table 6F.)

It is unlikely that you will need this routine, but if you do, use it with caution. It is not safe to
assume that a reference number indicates the file position of the corresponding image as there is
no guarantee that reference numbers appear in sequence in an HDF file.

TABLE 6F

6.5

DFR8writeref Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
(3 FORTRAN-77
(FORTRAN-77)
DFR8writeref filename char * character*(*) | Name of the HDF file containing the raster image.
[intn]
(d8wref) ref uint16 integer Reference number for next callB&-R8getimage

Reading 8-Bit Raster Images

The DFR8 programming model for reading an 8-bit raster image set is as follows:

1. Determine the dimensions of the image if they are not known prior to the read opera-
tion.

2. Read the image from the file.

6.5.1 Reading a Raster Image: DFR8getimage

If dimensions of the image are knowbFR8getimageis the only function call needed to read a
raster image. If a file is being opened for the first tiDER8getimagereturns the first image in

the file. Additional calls will return successive images in the file, therefore images are read in the
order which they were written to the filBFR8getdimsis called befor&FR8getimageso that

space allocations for the image and palette can be checked and the dimensions verified. If this
information is already knowmFR8getdimsmay be omitted.

To read a raster image from an HDF file, the calling program must contain the following:

C: status = DFR8getimage(filename, image, width, height, palette);

FORTRAN: status = d8gimg(filename, image, width, height, palette)

DFR8getimageretrieves the next 8-bit image from the HDF file name specified bijidhame
parameter. If the image in the file is compres§#eR8getimagefirst decompresses it then places

it in memory at the location pointed to by thege parameter. The dimensions of the array allo-
cated to hold the image are specified bywilaem andheight parameters and may be larger than
the actual image.The palette, if present, is stored in memory at the location pointed tpaby the
ette parameter. If it contains ULL value the palette is not loaded, even if there is one stored
with the image. The parameters foFR8getimageare defined further in Table 6G below.

Notice that in Example 4, as in the cas®BR8addimage the order in which the dimensions for
theimage array are declared differs between C and FORTRAN-77. FORTRAN-77 declarations
require the width before the height while the C declaration requires the height before the width as
FORTRAN-77 arrays are stored in column-major order, while C arrays are stored in row-major
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order. (row-major order implies that the second coordinate varies fastest).d8fierg reads an
image from a file, it assumes column-major order.

6.5.2 Querying the Dimensions of an 8-Bit Raster Image: DFR8getdims

DFR8getdims opens a named file, finds the next image or the first image if the file is being
opened for the first time, retrieves the dimensions of the image and determines if there is a palette
associated with the image. If the file is being opened for the first DR&8getdims returns
information about the first image in the file. If an image has already beenDE&Bgetdims

finds the next image. In this way, images are read in the same order in which they were written to
the file.

To determine the dimensions of an image before attempting to read it, the calling program must
include the following routines:

C: status = DFR8getdims(filename, width, height, haspalette);
status = DFR8getimage(filename, image, width, height, palette);

FORTRAN: status = d8gdim(filename, width, height, haspalette)
status = d8gimg(filename, image, width, height, palette)

DFR8getdimsretrieves dimension and palette information about the next 8-bit image in the file
specified byfilename . The returned information is pointed to by ttieth andheight parame-

ters. Thenaspalette =~ parameter determines the presence of a palette and returns a valtig of
exists ando otherwise. The parameters fDFR8getdims are defined further in the following
table.

| TBLESGG DFR8getdims and DFR8getimage Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
filename char * character*(*) Name of the HDF file containing the set of raster
. images.
DFR8getdims
[intn] width int32 * integer Number of columns in the next raster image.
(d8gdims) height int32 * integer Number of rows in the next raster image.
ispalette intn * integer “1" if a palette exists, otherwise “0”".
filename char * character*(*) | Name of HDF file with the raster image.
DFR8getimage image uint8 * character*(*) | Buffer for the raster image.
[intn] width int32 integer Width of the raster image buffer.
(d8gimg) height int32 integer Height of the raster image buffer.
palette uint8 * character*(*) | Palette assigned to the raster image.

EXAMPLE 5. Reading an 8-Bit Raster Image

The following examples search the "Examplel.hdf' file created in Examplel for the dimensions

of an 8-bit image. Although theFR8getdimscall is optional, it is included as a demonstration of

how to check the dimensions of an image. This example also assumes that the data set does not
include a palette, thereforeJLLis passed as the palette parameter. If the palette argunvent.is

(or "0" in FORTRAN-77), all palette data is ignored.
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#include "hdf.h"

#define WIDTH 5
#define HEIGHT 6

main( )

{

uint8 raster_data[HEIGHT][WIDTH];
int32 width, height;

intn haspal, status;

/* Get the dimensions of the image */
status = DFR8getdims("Examplel.hdf", &width, &height, &haspal);

/* Read the raster data if the dimensions are correct */
if (width <= WIDTH && height <= HEIGHT)
status = DFR8getimage("Examplel.hdf’, (VOIDP)raster_data, width,
height, NULL);

FORTRAN:
PROGRAM RASTERS

character*l image(5, 6)
integer status, height, width, d8gimg, d8gdims, haspal
integer*4 width, height

C Getthe dimensions of the image.
status = d8gdims('Example1.hdf', width, height, haspal)

C Read the raster data if the dimensions are correct.
if (width .le. 5 .and. height .le. 6) then
status = d8gimg('Examplel.hdf, image, width, height, 0)
endif

end

6.5.3 Reading an Image with a Given Reference Number: DFR8readref

DFR8readref accesses specific images that are stored in files containing multiple raster image
sets. It is an optionally used bef@&R8getimageto set the access pointer to the specified raster
image.DFR8readref can be used in connection with vgroups, which identify their members by
tag/reference number pairs. See Chapter 5, §tgdups (V API)for a discussion of vgroups and
tag/reference number pairs.

To access a specific raster image set, use the following calling sequence:
C: status = DFR8readref(filename, ref);

status = DFR8getimage(filename, image, width, height, palette);

FORTRAN: status = d8rref(filename, ref)
status = d8gimg(filename, image, width, height, palette)
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DFR8readref specifies that the targkdr the next read operation performed on the HDF file spec-
ified by thefilename parameter is the object with the reference number named g thEaram-
eter. The parameters required BfFR8readref are defined further in the following table.

DFR8readref Parameter List

TABLE 6H
Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
DFR8readref filename char * character*(*) Name of HDF file containing the raster image.
(c}grtrrgf) ref uint1l6 integer Reference number for next callD&-R8getimage
6.5.4 Specifying the Next 8-Bit Raster Image to be Read: DFR8restart
DFRS8restart causes the next call DFR8getimageor DFR8getdimsto read the first raster
image set in the file. Use the following call to invdBER8restart:
C: status = DFR8restart( );
FORTRAN: status = d8first( )
6.6 8-Bit Raster Image Information Retrieval Routines
6.6.1 Querying the Total Number of 8-Bit Raster Images: DFR8nimages
DFR8nimagesreturns the total number of 8-bit raster image sets in a file and has the following
syntax:
C: num_of_images = DFR8nimages(filename);
FORTRAN: num_of_images = d8nimg(filename)
TABLE 6l DFR8nimages Parameter List

Routine Name Parameter Type

[Return Value] Parameter Description
Cc FORTRAN-77

(FORTRAN-77)

DFR8nimages
[intn] filename char * character*(*) | Name of the HDF file.

(d8nims)

6.6.2 Determining the Reference Number of the Most-Recently-Accessed 8-

Bit Raster Image: DFR8lastref
DFR8lastref returns the reference number most recently used in writing or reading an 8-bit raster
image. This routine is primarily used for attaching annotations to images and adding images to

vgroups. (See Chapters 8, titldsnotations(DFAN APIl)and Chapter 5, titledgroups (V API)
for more detailed information on how to use reference numbers in connection with these applica-

tions.)
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The following calling sequence usB§R8lastrefto find the reference number of the 8-bit raster
image most recently added to an HDF file:

C: status = DFR8addimage(filename, image, width, height, compress);
lastref = DFR8lastref( );

FORTRAN: status = d8aimg(filename, image, width, height, compress)
lastref = d8lref( )

DFR8putimage or DFR8getimagecan be used instead DFR8addimagewith similar results.

6.6.3 Determining the Reference Number of the Palette of the Most-
Recently-Accessed 8-Bit Raster Image: DFR8getpalref

DFR8getpalrefreturns the reference number of the palette associated with the most recently used
in writing or reading an 8-bit raster image. TDER8getdims routine must be called before
DFR8getpalref, asDFR8getdimsinitializes internal structures required DFR8getpalref

There is currently no FORTRAN-77 version of DER8getpalref routine.

TABLE 6J

6.7

DFR8nimages Parameter List

Routine Name Parameter Type o
Parameter Description
[Return Value] C
DFR8getpalref
[intn]

pal_ref uint16 * Pointer to the returned reference number of the palette.

RIS8 Backward Compatibility Issues

6.7.1 Attribute "long_name" Included in HDF for netCDF Compatibility

In several routines of the RIS8 interface, the value returneggb&ly is the value of the attribute
named "long_name" and that the value returnedobytsys is the value of the attribute named
"cordsys".

This was done in order to provide HDF with the ability to read netCDF files. While this aspect of
HDF functionality will not affect its ability to read HDF data files written by programs compiled
with earlier versions of HDF, it is advisable for HDF users to know this to be aware of the signifi-
cance of the "long_name" and "cordsys" attribute names in a list of attributes.

6.7.2 Raster Image Group Implementation with New RIS8 Tags

As HDF has evolved, a variety of structures have been used to store raster image sets. For
instance, HDF first began grouping 8-bit raster images together with dimensions and palettes by
insuring that their reference numbers fell in a certain pattern. This method of organizing raster

images quickly lead to very complicated collections of images, dimension records, and palettes,

and eventually was replaced by an specific grouping structure knowReastex Image Groupor

RIG, with a completely new set of tags.
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To maintain backward compatibility with older versions of HDF, the RIS8 interface supported by
HDF version 4.1 and later recognizes raster images stored using either set of HDF tags. Details on

the different tags and structures used to store raster images can be fountdDif tBpecification
Manual, versions 3.2 or later.
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7

24-bit Raster Images (DF24 API)

7.1

7.2

Chapter Overview

This chapter describes the 24-bit raster data model and the single-file DF24 routines available for
storing and retrieving 24-bit raster images.

The 24-Bit Raster Data Model

The 24-bit raster image sebrRIS24, data model supports two primary data objects: two-dimen-
sional 24-bit raster images and dimensions. The primary member of the seR#shiteraster

image a two-dimensional array of pixels or picture elements. Each pixel is represented by three 8-
bit numbers of image data. An optional compression method describes the method used, if any, to
compress the image. Figure 7a shows the contents of a 24-bit raster image set.

FIGURE 7a

24-Bit Raster Image Set Contents

24-Bit Raster Image Set

y ’

Image

Dimensions

height = 200
width = 300

Required

7.2.1 Required 24-Bit Raster Image Data Set Objects

All 24-bit raster images must contain image data and a dimension record. These objects are cre-
ated by the HDF library using information provided at the time the image is written to file.

7.2.1.1 24-Bit Raster Image Data Representation

The 24-bit raster image object contains a set of 24-bit pixel values, each of which has three 8-bit
components; one for the red, one for the green, and one for the blue color component of the image.
These values, referred to R&B values are arranged in one of three specific ways, as described
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in Section 7.2.2.2 on page 251. The pixel values are arranged in rows, painted from left-to-right,
top-to-bottom. As each pixel in a 24-bit image is represented in the image data by three 8-bit num-
bers, palettes are unnecessary and are not included in the 24-bit raster data model.

As an example, consider a stream of 24-bit numbers representing a raster image (Fig. 4.1a). To
display the image, the color associated with the first number in the data stream appears in the
upper left corner of the image. The remainder of the first line is then painted from left-to-right
using as many values from the data stream as necessary to complete the line. The remainder of the
rows are similarly painted from left-to-right, top-to-bottom until every value in the data stream
appears as one pixel in the image.

FIGURE 7b The Numerical Representation of a 24-Bit Raster Image

Rows of pixel information

24-bit raster image

Stream of 24-bit numbers grouped by pixel

(d)

A 24-bit raster image (a) is a set of rows displayed from left-to-right consisting of
rows of pixels (b) whose values are stored as three 8-bit numbers (c) in a stream
of data (d). In this figure, the image is interleaved by pixel.

7.2.1.2 24-Bit Raster Image Dimension
Thedimensionsof an image are the height and width of the image in pixels.

7.2.2 Optional 24-Bit Raster Image Data Set Objects

7.2.2.1 Compression Method

The only 24-bit compression method currently available in HDF is the JPEG algorithm . The
applicable HDF compression tags @@MP_JPEG andCOMP_NONE.(See Table 7A.) The HDF
tagsCOMP_JPEG and COMP_NONE aredefined as the values ando respectively in the "hdf.h"
header file.
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TABLE 7A 24-Bit Raster Image Compression Method List
Compression Method Type Compression Code Requirements
None Lossless COMP_NONE Image data only (default setting).
IPEG Lossy COMP_JPEG ;gzjz:t\gre data, quality factor and compatibility

JPEG Compression

The JPEG compression method is a lossy compression algorithm whose use is recommended for
photographic or scanned images. Using JPEG compression to reduce the size of an image changes
the values of the pixels and therefore may alter the meaning of the corresponding data.

For more information on the JPEG algorithm, refer to Chapter 6, ttetiRaster Image(OFR8
API).

7.2.2.2 Interlace Modes

Because graphics applications and hardware devices vary in the way they access image data, HDF
supports three interlace formats. By storing an image using a format that is consistent with the
expected application or device, it is possible to achieve substantial improvements in performance.

HDF provides three options for organizing the color components in 24-bit raster images. These
options consist of pixel interlacing, scan-line interlacing, and scan-plane interlacing. (See
Figure 7c.) Storing the color components grouped by pixel, as in red-green-blue, red-green-blue,
etc., is callechpixel interlacing. Storing the color components by line, as in one row of red, one
row of green, one row of blue, one row red, etc., is catzth-line interlacing Finally, storing

the color components grouped by color plane, as in the red components first, the green compo-
nents second, and the blue components last, is cedkaiplane interlacing Unless otherwise
specified, the HDF 24-bit raster model assumes that all 24-bit images are stored using pixel inter-
lacing.

FIGURE 7c RGB Interlace Format for 24-Bit Raster Images

ezl roWw R I 10w G] 1rowB—|>

(+1rowR|1rowG|1rowBr> | AIR | AIG | AIB |

C|.1 row R Trow G[ TTow B, .,
Pixel Interlacing Scan-Line Interlacing Scan-Plane Interlacing

An interlace format describes both the physical format of an image as it is stored in memory and
in the file. When writing to a file, HDF stores a 24-bit image using the same interlace format as it
has in memory. However, when reading from a file, it is possible to make the in-core interlacing

mode different from that used in the file. The following table contains a summary of the interlac-

ing format available in the DF24 interface.
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TABLE 7B 24-Bit Raster Image Interlace Format
format Description DF24setil or d2setil Parameter Size of Image Array
Pixel Components grouped by pixel. DFIL_PIXEL Width x Height x 3
Scan-line Components grouped by row. DFIL_LINE Width x 3 x Height
Scan-plane Components grouped by plane. DFIL_PLANE 3 x Width x Height

7.3 The 24-Bit Raster Interface

The HDF library currently contains several routines for storing 24-bit raster images in the HDF

format. TheDF24addimage DF24putimage andDF24getimageroutines are sufficient for most
reading and writing operations.

7.3.1 24-Bit Raster Image Library Routines

The names of all C routines in the 24-bit raster image interface are prefaced by "DF24". The
equivalent FORTRAN-77 routines are prefaced by "d2". These routines are divided into the fol-

lowing categories:

- Write routinescreate raster image sets and store them in new files or append them to exist-
ing files.

- Read routineddetermine the dimensions and interlace format of an image set, read the

actual image data, and provide sequential or random read access to any raster image set.

The DF24 function calls are more explicitly defined in Table 7C and on their respective pages in

the HDF Reference Guide

er

file.

the

pr

ber.

b

TABLE 7C DF24 Library Routines
Routine Name
Purpose Description
(3 FORTRAN-77
DF24addimage d2aimg Appends a 24-bit raster image to a file.
DE24lastref d2lref Repons the last reference number assigned to a 24-bit rast]
image.
DF24putimage d2pimg Writes a 24-bit raster image to file by overwriting all existing
data.
Write DF24setcompress d2scomp Sets the; compression method for the next raster image written
to the file.
DF24setdims d2sdims Sets the dimensions for the next raster image written to the
DFE24setil d2setil fSilzts the interlace format of the next raster image written to
None d2sine Fortran-specific routine for setting the parameters needed f
Ipeg the JPEG compression algorithm.
DF24getdims d2gdims Retrieves the dimensions before reading the next raster im
DF24getimage d2gimg Reads the next 24-bit raster image.
DF24nimage d2nimg Reports the number of 24-bit raster images in a file.
Read DF24readref d2rref Reads 24-bit raster image with the specified reference num|
DF24req d2reqil I_?etneves the interlace format before reading the next raste
image.
DF24restart d2first Returns to the first 24-bit raster image in the file.
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7.4 Writing 24-Bit Raster Images

The DF24 programming model for writing a 24-bit raster image set is as follows:
1. Set the interlace format if the interlacing is to be different from pixel interlacing.
(optional)
2. Set the compression type if the image is to be compressed. (optional)
3. Write the raster data to the file.

Steps 1 and 2 can be invoked in any order, as long as they are executed before Step 3. By default,
images are stored uncompressed using pixel interlacing.

7.4.1 Writing a 24-Bit Raster Image: DF24putimage and DF24addimage

To write a raster image to an HDF file, the calling program must contain one of the following
function calls:

C: status = DF24putimage(filename, image, width, height);

FORTRAN: status = d2pimg(filename, image, width, height)
OR

C: status = DF24addimage(filename, image, width, height);

FORTRAN: status = d2aimg(filename, image, width, height)

DF24putimageandDF24addimagewrite a 24-bit raster images to the HDF file specified by the
filename parameter. When given a new file naid&24putimageandDF24addimagecreate a

new file and write the raster image as the first raster image in the file. If a file with the specified
filename exists, DF24putimage overwrites the previous contents of the file whereas
DF24addimageappends data to the end of the file.

DF24putimageandDF24addimagepasses the raster data in ihhage parameter and the width

and height of the image in tlnédth andheight parameters. The arrayiage is assumed to be

the width times the height times three bytes in length for each color component. The parameters
for DF24putimageandDF24addimageare further defined below. (See Table 7D on page 253.)

TABLE 7D

DF24putimage and DF24addimage Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
filename char * character*(*) Name of file to store the raster image.
DFZ?puti]mage image VOIDP <valid numeric data typey Raster image to be written.
intn
(d2pimg) width int32 integer Number of columns in the image.
height int32 integer Number of rows in the image.
filename char * character*(*) Name of file to store the raster image.
DFZT_add]image image VOIDP <valid numeric data typey Raster image to be written.
intn
(d2aimg) width int32 integer Number of columns in the image.
height int32 integer Number of rows in the image.
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EXAMPLE 1.

Writing a 24-Bit Raster Image to an HDF File

In the following examplesDF24addimageandd2aimg are used to write a 24-bit image to an
HDF file named "Examplel.hdfDF24addimageassumes row-major order. Therefore, the FOR-
TRAN-77 declaration requires the width (rows) before the height (columns), whereas the C decla-
ration requires the height before the width. The interlace format setting is the default (pixel

interlacing).

C:

#include "hdf.h"

#define WIDTH 5
#define HEIGHT 6
#define PIXEL_DEPTH 3

main()

{

/* Initialize the image array. */
static uint8 raster_data[HEIGHT][WIDTH][PIXEL_DEPTH] =
{1,2,3, 4,5,6, 7,8,9, 10,11,12, 13,14,15,
16,17,18, 19,20,21, 22,23,24, 25,26,27, 28,29,30,
31,32,33, 34,35,36, 37,38,39, 40,41,42, 43,44,45,
46,47,48, 49,50,51, 52,53,54, 55,56,57, 58,59,60,
61,62,63, 64,65,66, 67,68,69, 70,71,72, 73,74,75,
76,77,78, 79,80,81, 82,83,84, 85,86,87, 88,89,90 };
intn status;

[* Write the 24-bit raster image to the HDF file. */

status = DF24addimage("Examplel.hdf', (VOIDP)raster_data, WIDTH, \

HEIGHT);

FORTRAN:

PROGRAM WRITE RIS24

integer status, d2aimg

integer*4 WIDTH, HEIGHT, PIXEL_DEPTH
parameter (WIDTH =5,

+ HEIGHT =6,

+ PIXEL_DEPTH =3)

character raster_data(PIXEL_DEPTH, WIDTH, HEIGHT)

C Initialize the image array.
data raster_data

/1,2,3, 45,6, 7,8,9, 10,11,12, 13,14,15,
16,17,18, 19,20,21, 22,23,24, 25,26,27, 28,29,30,
31,32,33, 34,35,36, 37,38,39, 40,41,42, 43,4445,
46,47,48, 49,50,51, 52,53,54, 55,56,57, 58,59,60,
61,62,63, 64,65,66, 67,68,69, 70,71,72, 73,74,75,
76,77,78, 79,80,81, 82,83,84, 85,86,87, 88,89,90/

+ 4+ + + + +

C  Write the 24-hit raster image to the file.
status = d2aimg(’Examplel.hdf, raster_data, WIDTH,
+ HEIGHT)

end
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7.4.2 Setting the Interlace Format: DF24setil

DF24setilindicates the interlace format to be used for all subsequent write operBiit2#setil
changes the default setting from pixel interlacing to the selected format. When the format is set, it
acts as the default until it is reset by another cdllf@4setil To change the default interlace for-

mat , the calling program must contain the following routines:

C: status = DF24setil();
status = DF24addimage(filename, image, width, height);

FORTRAN: status = d2setil(l)
status = d2aimg(flename, image, width, height)

DF24setil takesil as its only parameter. Valid values for areDFIL_PIXEL , DFIL_LINE , and
DFIL_PLANE. The parameters foDF24setil are further defined below. (See Table 7E on
page 257.)

EXAMPLE 2. Writing 24-Bit Raster Images Using Scan-plane Interlacing

In the following exampledDF24addimageis used to write a 24-bit image to an HDF file called
"Example2.hdf". ThédF24setilfunction used here to change the default format setting from pixel
interlacing to scan-plane interlacing.

C:

#include "hdf.h"
#include "hcomp.h"

#define WIDTH 5
#define HEIGHT 6
#define PIXEL_DEPTH 3

main()

{

/* Initialize the image array. */

static uint8 raster_data[HEIGHT][WIDTH][PIXEL_DEPTH] =
{123, 4,56, 7,8,9, 10,11,12, 13,14,15,

16,17,18, 19,20,21, 22,23,24, 25,26,27, 28,29,30,
31,32,33, 34,35,36, 37,38,39, 40,41,42, 43,4445,
46,47,48, 49,50,51, 52,53,54, 55,56,57, 58,59,60,
61,62,63, 64,65,66, 67,68,69, 70,71,72, 73,74,75,
76,77,78, 79,80,81, 82,83,84, 85,86,87, 88,89,90 };

intn status;

/* Change interlace from pixel to scan-plane. */
status = DF24setil(DFIL_PLANE);

[* Write the 24-bit image data to file. */
status = DF24addimage("Example2.hdf", (VOIDP)raster_data,
WIDTH, HEIGHT);

FORTRAN:
PROGRAM CHANGE INTERLACE

integer status, d2aimg, d2setil
integer*4 WIDTH, HEIGHT, PIXEL_DEPTH, DFIL_PLANE
parameter (WIDTH =5,
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+ HEIGHT =86,
+ PIXEL_DEPTH =3,
+ DFIL_PLANE =2)

integer raster_data(PIXEL_DEPTH, WIDTH, HEIGHT)

C Initialize the image array.

data raster_data

+/1,2,3, 45,6, 7,8,9, 10,11,12, 13,14,15,
16,17,18, 19,20,21, 22,23,24, 25,26,27, 28,29,30,
31,32,33, 34,35,36, 37,38,39, 40,41,42, 43,44,45,
46,47,48, 49,50,51, 52,53,54, 55,56,57, 58,59,60,
61,62,63, 64,65,66, 67,68,69, 70,71,72, 73,74,75,
76,77,78, 79,80,81, 82,83,84, 85,86,87, 88,89,90 /

+

+ + + +

C Change interlace from pixel to scan plane.
status = d2setil(DFIL_PLANE)

C  Write the 24-bit raster image to the file.
status = d2aimg('Example2.hdf’, raster_data, WIDTH,
+ HEIGHT)

end

7.4.3 Compressing Image Data: DF24setcompress and d2sjpeg

DF24setcompressnvokes JPEG compression and sets the JPEG quality and baseline options. To
store a 24-bit raster image using JPEG compression, the calling program must contain the follow-
ing function calls:

C: status = DF24setcompress(type, ¢ _info);
status = DF24addimage(filename, image, width, height);

FORTRAN: status = d2scomp(type) OR status = d2sjpeg(quality, baseline)
status = d2aimg(flename, image, width, height, compress)

Notice that the calling sequence for C is different from the calling sequence for FORTRAN-77.
Once it is set, the parametspe in the DF24setcompressouting or d2scompin FORTRAN-

77, routine specifies the compression method that will be used to store the raster images. How-
ever, thec_info parameter ilDF24setcompresss missing fromd2scompwhich is a pointer to a
structure that contains information specific to the compression method indicated fgyethe
parameter. Because data structures of variable size are not supported in FORTRAN-77, a second
compression-specific routinedZsjpeg is required in the FORTRAN-77 calling sequence.

For more information about theinfo  structure refer to Chapter 6, titl@dbit Raster Images
(DFR8 API)

Default values for quality and baselingdlity=75% , baseline=on ) are used i€_info is a null
structure ord2sjpeg is omitted. Parameters fddF24setcompressand d24sjpeg are further
described in Table 7E below.
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TABLE 7E DF24setil and DF24setcompress Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
DF24setil
[intn] il int32 integer Interlace format to be set.
(d2sil)
DF24setcompress type int32 integer COMP_JPEG
intn
(d2[scoanp) c_info comp_info * None Pointer to JPEG information structure.
(d2sjpeg) quality None integer JPEG compression quality specification.
[integer] baseline None integer JPEG compression baseline specification.
EXAMPLE 3. Compressing and Writing a 24-Bit Raster Image

In the following examplesDF24addimageand DF24compressare used to compress a 24-bit
image and write it to an HDF file named "Example2.hdf". Notice that compressing an image in C
requires only one function call, whereas compressing an image using FORTRAN-77 requires two.
The second FORTRAN-77 call is required because it is not valid to pass a structure as a parameter
in FORTRAN-77.

C:

#include "hdf.h"
#include "hcomp.h"

#define WIDTH 3
#define HEIGHT 5
#define PIXEL_DEPTH 3

main()

{

/* Initialize the image array. */

static uint8 raster_data[HEIGHT][WIDTH][PIXEL_DEPTH] =

{1,2,3, 45,6, 7,8,9,

10,11,12, 13,14,15, 16,17,18,
19,20,21, 22,23,24, 25,26,27,
28,29,30, 31,32,33, 34,35,36,
37,38,39, 40,41,42, 43,4445 };

static comp_info compress_info;

intn status;

/* Initialize JPEG compression structure. */
compress_info.jpeg.quality = 60;
compress_info.jpeg.force_baseline = 1;

/* Set IPEG compression for storing the image. */
status = DF24setcompress(COMP_JPEG, &compress_info);

[* Write the 24-bit image data to file. */
status = DF24addimage("Example2.hdf", (VOIDP)raster_data,
WIDTH, HEIGHT);

FORTRAN:

PROGRAM COMPRESS RIS24
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integer d2aimg, d2scomp, d2sjpeg, status

integer*4 WIDTH, HEIGHT, PIXEL_DEPTH
parameter(WIDTH = 3,

+ HEIGHT =5,

+ PIXEL_DEPTH = 3)

character raster_data(PIXEL_DEPTH, WIDTH, HEIGHT)

C Initialize the image array.

data raster_data

+/1,2,3, 45,6, 7,8,9,
10,11,12, 13,14,15, 16,17,18,
19,20,21, 22,23,24, 25,26,27,
28,29,30, 31,32,33, 34,35,36,
37,38,39, 40,41,42, 43,44,45 |

+

+ + +

C  Set compression.
status = d2scomp(COMP_JPEG)

C Set JPEG parameters to quality = 60, and turn compatibility on.
status = d2sjpeg(60, 1)

C  Write the 24-bit image data to the HDF file.
status = d2aimg('Example2.hdf’, raster_data, WIDTH, HEIGHT)
end

7.5 Reading 24-Bit Raster Images

The DF24 programming model for reading a 24-bit raster image set is as follows:
1. Determine the dimensions for an image if necessary.
2. Specify the interlace format to use when reading the image. (optional)
3. Read the image data from the file.

7.5.1 Reading a Raster Image: DF24getimage

If the dimensions and interlace format of the image are knDF24getimageis the only func-

tion call required to read a raster image. If a file is being opened for the firsDiif@dgetimage
returns the first image in the file. Additional calls will return successive images in the file, there-
fore images are read in the same order in which they were written to the file. Normally,
DF24getdimsandDF24getil are called befor®F24getimageso that, if necessary, space alloca-
tions and interlace format for the image can be checked and the dimensions verified. If this infor-
mation is already known, both function calls may be omitted.

The syntax of th®F24getimageroutine is as follows:

C: status = DF24getimage(filename, image, width, height);

FORTRAN: status = d2gimg(filename, image, width, height)

DF24getimageretrieves the next 24-bit image from the HDF file specified byfittreame
parameter. If the image is compresdeH24getimagedecompresses it and places it in memory at
the location pointed to by theage parameterDF24getimageassumes the data is stored using
pixel interlacing. The space allocated to hold the image is specified hyidthe and height
parameters and may be larger than the actual image.The parameidf24getimageare further
defined below. (See Table 7F on page 259.)
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7.5.2 Determining the Dimensions of an Image: DF24getdims

DF24getdimsopens a named file, finds the next image or the first image if the file is being opened
for the first time, retrieves the dimensions of the image, then determines the interlace format of the
image. Images are read in the order they were written.

To determine the dimensions and interlace format for an image, the calling program must call the
following routines:

C: status = DF24getdims(filename, width, height, il);
status = DF24getimage(filename, image, width, height);

FORTRAN: status = d2gdim(filename, width, height, il)
status = d2gimg(flename, image, width, height)

DF24getdimstakes four parameterename , width , height , andil . It retrieves dimension and
interlace format information of the next 24-bit image stored in the HDF file specified tig-the
name parameter. The width and height are returned in the space pointed to bititheand
height parameters respectively. The parameter is used to determine the interlace format. The
parameters foDF24getdimsare further defined below. (See Table 7F.)

7.5.3 Modifying the Interlacing of an Image: DF24reqil

DF24reqil specifies an interlace format to be used when reading a 24-bit image from a file into
memory. Regardless of what interlace format is used to store the iDB@4reqil forces the
image to be loaded into memory using the specified interlace format.

To set or reset the interlace format, the calling program should call the following routines:
C: status = DF24reqil(il);
status = DF24getimage(filename, image, width, height);
FORTRAN: status = d2reqjilil)
status = d2gimg(flename, image, width, height)

DF24reqil takesil as its only parameter. Valitl values areDFIL_PIXEL , DFIL_LINE and
DFIL_PLANE. As a call toDF24reqil may require a substantial reordering of the data, a much
slower 1/0O performance than would be achieved if the interlace format wasn't reset may result.

The parameters @F24reqil is further defined below. (See Table 7F.)

TABLE 7F

DF24getimage, DF24getdims and DF24reqil Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
filename char * character(*) l;ls::;;ééhe HDF file containing the ras-
DF24getimage .
[intn] image VOIDP <valid numeric data type> Buffer for the raster image.
(d2gimg) width int32 integer Width of the raster image buffer.
height int32 integer Height of the raster image buffer.
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) Name of HDF file containing the raster
filename char * character*(*) . g
image.
. . . Pointer to the number of columns in the|
) *
DFZ[flgeEmms width int32 integer raster image.
intn
(d2gdims) height inta2 * integer P0|r?ter to the number of rows in the ras-
ter image.
. . . Pointer to the interlace format of the rag-
il intn integer .
ter image.
DF?4req|I . . . Pointer to the interlace format of the rag
[intn] il intn integer ter image
(d2reqil) ge.

EXAMPLE 4.

Reading a 24-Bit Raster Image from an HDF File

The following examples read a 24-bit image from the "Example2.hdf* HDF file created in Exam-
ple 2. Although theDF24getdimsfunction call is optional, it is included as a demonstration of
how to verify the image dimensions and interlace format before reading the image data. If the

image dimensions and interlace format are known, onlp#@&4getimagecall is required.

C:

#include "hdf.h"

#define WIDTH 5
#define HEIGHT 6
#define PIXEL_DEPTH 3

main()

{

uint8 raster_data[PIXEL_DEPTH][HEIGHT][WIDTH]J;
int32 width, height;

intn interlace, status;

/* Get the image dimensions from the HDF file. */
status = DF24getdims("Example2.hdf", &width, &height,
&interlace);

/*
* Read raster data if the dimensions are
* correct.
*/
if (width <= WIDTH && height <= HEIGHT)
status = DF24getimage("Example2.hdf", (VOIDP)raster_data,
width, height);

FORTRAN:

PROGRAM READ RIS24

integer d2gimg, d2gdims, status, width, height, interlace
integer*4d X_LENGTH, Y_LENGTH, PIXEL_DEPTH

parameter(X_LENGTH =5, Y_LENGTH =6, PIXEL_DEPTH = 3)
integer raster_data(PIXEL_DEPTH, X_LENGTH, Y_LENGTH)

C Read the dimensions raster image.
status = d2gdims('Example2.hdf’, width, height, interlace)

C Read image data from the HDF file if the dimensions are
C correct.

if (width .eq. X_LENGTH .and. height .eq. Y_LENGTH) then
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status = d2gimg('Example2.hdf’, raster_data, width, height)
endif

end

7.5.4 Reading a 24-Bit Raster Image with a Given Reference Number:
DF24readref

DF24readref is used to access specific images stored in files containing multiple raster image
sets. It is optionally used befoB¥-24getimage DF24readref can be used in connection with
vgroups, which identify their members by tag/reference number pairs. See Chapter 5, titled
Vgroups (V API)for a discussion of vgroups and tag/reference number pairs.

To access a specific raster image set, use the following sequence of routine calls:

C: status = DF24readref(filename, ref);
status DF24getimage(filename, image, width, height);

FORTRAN: status = d2rref(filename, ref)
status = d2gimg(filename, image, width, height)

DF24readref sets the reference number for the next read operation performed on the HDF file
flename to the reference number containededh . Because reference numbers are not always
assigned in sequence, it is not guaranteed that a reference number represents the location of the
image in the file.

The parameters dF24readrefare further described in the following table.

TABLE 7G DF24readref Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77

(FORTRAN-77)

DF24readref filename char * character*(*) | Name of HDF file containing the raster image.

[intn]
(d2rref) ref uintl6 integer Reference number for the next calDB&24getimage

7.5.5 Specifying that the Next Image Read to be the First 24-Bit Raster
Image in the File: DF24restart

DF24restart causes the next call @F24getimageor DF24getdimsto read from the first raster
image set in the file, rather than the RIS24 following the one that was most recently read. Use the
following call to invokeDF24restart:

C: status = DF24restart( );

FORTRAN: status = d2first( )
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TABLE 7H

DF24restart Parameter List

Routine Name Parameter Type

[Return Value] Parameter Description

(FORTRAN-77)

C FORTRAN-77

DF24restart
[intn] None None None None.

(d2first)

7.6 24-Bit Raster Image Information Retrieval Routines

7.6.1 Querying the Total Number of Images in a File: DF24nimages

DF24nimagesreturns the total number of 24-bit raster image sets in a file, and has the following
syntax:

C: num_of_images = DF24nimages(filename);

FORTRAN: num_of_images = d2nimg(filename)

TABLE 7I

DF24nimages Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
(3 FORTRAN-77
(FORTRAN-77)
DF24nimages
[intn] filename char * character*(*) | Name of the HDF file.
(d2nimg)

7.6.2 Querying the Reference Number of the Most Recently Read or
Written 24-Bit Raster Image: DF24lastref

DF24lastrefreturns the reference number of the 24-bit raster image most recently read or written.
This routine is used for attaching annotations to images and adding images to vgroups. (See Chap-
ter 5, titledVgroups (V APland Chapter 10, titlednnotations (DFAN APHor details on how to

use reference numbers in connection with these applications.

The following calling sequence usB§24lastrefto find the reference number of the RIS24 most
recently added to an HDF file:

C: status = DF24addimage(filename, image, width, height, compress);
lastref = DF24lastref( );

FORTRAN: status = d2aimg(filename, image, width, height, compress)
lastref = d2Iref( )

DF24putimageor DF24getimagecan be used in place bF24addimagewith similar results.
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TABLE 7J

DF24lastref Parameter List

Routine Name

Parameter Type

[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
DF24lastref
[uint16] filename None None None.
(d2Iref)
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Chapter

8

General Raster Images (GR API)

8.1

8.2

Chapter Overview

This chapter describes the general raster (GR) data model, the GR interface (also called the
GR API), and the interface routines used to manipulate GR data objects. The GR data model is
designed to provide a flexible means of manipulating raster images. In addition to the GR inter-
face, HDF provides two interfaces for manipulating raster data. The DFR8 interface works with 8-
bit raster images and is described in Chapt8rBit Raster Images (DFR8 APIfhe DF24 inter-

face is designed for 24-bit raster images and is described in Chaérbit, Raster Images

(DF24 API)

The GR Data Model

HDF users familiar with the SD interface will find certain aspects of the GR data model similar to
the SD data model. The interfaces are similar in that both interfaces support data storage in multi-
ple files, attributes, compression, and chunking. They are dissimilar in that palettes can be created
and attached to an image through GR interface routines and customized dimension information is
not supported in the GR interface.

FIGURE 8a

GR Data Set Contents
Raster Image

( Required Components Optional Components \
Name
Palette
Dimensions
2D Array of Pixels Attribute
Pixel Type
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The termsGR data setraster image andimageare used interchangeably in this chapter.

Refer to Figure 8a on page 265 for a graphical overview of the raster image, or GR data set, struc-
ture. Note that GR data sets consist of required and optional components.

8.2.1 Required GR Data Set Components

Every GR data set must contain the following componentage array name pixel type and
dimensions The name, dimensions, and pixel type must be supplied by the user at the time the
GR data set is defined.

Image Array

An image arrayis a two-dimensional array of pixels. This is the primary data component of the
GR model and will be discussed later in this section; it can be compressed, chunked, and/or stored
in external files. Refer to Section 8.6.2 on page 281 for a description of raster image compression
and Section 8.6.3 on page 281 for a description of external image storage.

A raster image has an index and a reference number associated withiftd&his a non-nega-

tive integer that describes the relative position of the raster image in the file. A valid index ranges
from O to the total number of images in the file minus 1. fEfierence numbeis a unique posi-

tive integer assigned to the raster image by the GR interface when the image is created. Various
GR interface routines can be used to obtain an image index or reference number depending on the
available information about the raster image. The index can also be determined if the sequence in
which the images are created in the file is known.

In the GR interface, saster image identifieruniquely identifies a raster image within the file.

The identifier is generated by the GR interface access routines when a new GR data set is created
or an existing one is selected. The identifier is then used by other GR interface routines to access
the raster image until the access to this image is terminated. For an existing raster image, the index
of the image can be used to obtain the identifier.

Image Array Name

Each image array hamameconsisting of a string of case-sensitive alphanumeric characters. The
name must be provided by the calling program at the time the image is created, and cannot be
changed afterward. Image array names do not have to be unique within a file, but if they are not it
can be difficult to distinguish among the raster images in the file.

Pixels and Pixel Type

Each element in an image array corresponds tpeéand each pixel can consist of a number of
color component values pixel componentse.g., Red-Green-Blue or RGB, Cyan-Magenta-Yel-
low-Black or CMYK, etc. Pixel components can be represented by different methods (8-bit
lookup table or 24-bit direct representation, graphically depicted by Figure 6a on page 231 and
Figure 7b on page 250, respectively) and may have different data types.

The data type of pixel components and the humber of components in each pixel are collectively
known as theixel type The GR data model supports all of the HDF-supported data types. A list
of these data types appears provided in Table 2E on page 14.

Pixels can be composed of any number of components.
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8.3

Dimensions

Image arrayimensionsspecify the shape of the image array. A raster image array has two limited
dimensions. The size of each dimension must be specified at the creation of the image and must be
greater than 0.

The GR library does not allow the HDF user to add attributes to a dimension or to set dimension
scale.

8.2.2 Optional GR Data Set Components

There are two types of optional components available for inclusion in a GR dgialsgesand
attributes These components are only created when specifically requested by the calling pro-
gram; the GR interface does not provide predefined palettes or attributes.

Palettes

Palettesare lookup tables attached to images and define a set of color values for each pixel value
in the image array. The GR interface provides similar capabilities for storing and manipulating
palettes as the DFP interface described in Chaptealétites (DFP APl)However, the DFP inter-

face is restricted to single-file operations while the GR interface allows multifile palette opera-
tions.

Eventually, all palette manipulation functionality will reside only within the GR interface. In the
meantime, the single-file DFP routines are fully compatible with palettes created with the GR pal-
ette routines. The GR palette routines are described in Section 8.10 on page 305.

Attributes

Attributes contain auxiliary information about a file, a raster image, or both. The concept of
attributes is described in ChapterSgjentific Data Sets (SD API)

The GR interface does not support dimension attributes.

The GR Interface

The GR consists of routines for storing, retrieving, and manipulating the data in GR data sets.

8.3.1 GR Interface Routines

All C routine names in the GR interface have the prefix “GR” and the equivalent FORTRAN-77
routine names are prefaced by "mg". All GR routines are classifiable within one of the following
categories:

Access routinegnitialize and terminate access to the GR interface and raster images.

Raster image manipulation routinesiodify the data and metadata contained in a GR data
set.

LUT manipulation routinesmodify the palettes, also called color lookup tables or LUTSs,
contained in a GR data set.

Maintenance routinescreate the data and metadata contained in a GR data set and modify
global settings governing the format of the stored data.

Inquiry routines return information about data contained in a GR data set.

The GR routines are listed in the following table and described further in subsequent sections of
this chapter.
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TABLE 8A

GR Library Routines

Routine Name7
Purpose Description
C FORTRAN-77
GRstart mgstart Initializes the GR interface (Section 8.5.1 on page 270)
GRcreate mgcreat Creates a new raster image (Section 8.5.1 on page 270)
Access GRselect mgselct Selects the raster image (Section 8.5.1 on page 270)
GRendaccess mgendac Terminates access to the raster image (Section 8.5.2 on page 2y0)
GRend mgend Terminates access to the GR interface (Section 8.5.2 on page 2[70)
tt/ i i i i .9.
GRgetattr mggna Reads an attribute of a raster image or a file (Section 8.9.4 on
mggcatt page 300)
GRidtoref mhaid2rt Maps a raster image identifier to a reference number (Section 8.8.3 on
page 291)
GRnametoindex mgn2ndx Maps the name of a raster image name to an index (Section 8.8/3 on
page 291)
mgrdimg/
GRreadimage g . g Reads raster image data (Section 8.7.1 on page 283)
Raster Image mgrcimg
Manipulation ) . Maps the reference number of a raster image to its index
GRreftoindex mgr2idx (Section 8.8.3 on page 291)
GRsetatir mgsnatt/ Assigns an attribute to a raster image or a file (Section 8.9.2 on
mgscatt page 296)
mgwrimg/
GRwriteimage 9 ) 9 Writes raster image data (Section 8.6.2 on page 281)
mgwcimg
GRregimageil arimil Sets the interlace mode of the image read for subsequent read ppera-
qmag g tions (Section 8.7.2 on page 284)
GRgetlutid mggltid Gets a palette identifier given the palette’s index (Section 8.10.1{on
page 305)
GRluttoref mgltaré Maps a palette identifier to a reference number (Section 8.10.2 on
page 305)
_LUT . GRreadlut mgrdiut/ Reads palette data from a raster image (Section 8.10.6 on page| 307)
Manipulation magrclut
mgwrlut/
GRwritelut g Writes palette data to a raster image (Section 8.10.4 on page 3(06)
mgweclut
. . Sets the interlace mode of the next palette for subsequent read ppera-
GRreguti mriti tions (Section 8.7.2 on page 284)
GRsetcompress ascom Specifies whether the raster image will be stored in a file as a cgm-
P 9 P pressed raster image (Section 8.6.2 on page 281)
Maintenance — - - - -
GRsetexternal- masxii Specifies that the raster image will be written to an external file
file 9 (Section 8.6.3.1 on page 282)
GRattrinfo mjgatinf Retrieves information about an attribute (Section 8.9.3 on page 299)
) Finds the index of a data object's attribute given an attribute name
GRiindattr mgfndat (Section 8.9.3 on page 299)
Inquir GRiileinfo mbfinfo Retrieves the number of raster images and the number of globa
quiry g attributes in the file (Section 8.8.1 on page 290)
- N Retrieves general information about a raster image (Section 8.8/2 on
GRgetiminfo mggiinf
page 290)
GRagetlutinfo mgglinf Retrieves information about a palette (Section 8.10.3 on page 306)
GRsetchunk mgschnk Creates chunked raster image (Section 8.11.1 on page 315)
. . Retrieves information about a chunked raster image (Section 8.11.2
Chunking GRgetchunkinfo mggichnk on page 316)
GRsetchunkcache ngscchnk iz;sergi;l)mum number of chunks to be cached (Section 8.11.3 pn

8-268

June 24, 1998



HDF User's Guide

8.4

8.5

Header Files Required by the GR Interface

The header file "hdf.h" must be included in any program that utilizes GR interface routines.

Programming Model for the GR Interface

As with the SD interface, the GR interface relies on the calling program to initiate and terminate
access to files and data sets to support multifile access. The GR programming model for accessing
a raster image is as follows:

1. Open an HDF file.

2. Initialize the GR interface.

3. Open an existing raster image or create a new raster image.

4. Perform desired operations on the raster image.

5. Terminate access to the raster image.

6. Terminate access to the GR interface by disposing of the interface identifier.
7. Close the HDF file.

To access a single raster image data set in an HDF file, the calling program must contain the fol-
lowing calls:

C: file_id = Hopen(filename, access_mode, n_dds_block);
or_id = GRstart(file_id);

ri_id = GRselect(gr_id, ri_index);
OR ri_id= GRcreate(gr_id, name, n_comps, data._type, interlace_mode,
dim_sizes);

<Optional operations>
status = GRendaccess(ri_id);
status = GRend(gr_id);
status = Hclose(file_id);

FORTRAN: file_id = hopen(filename, access_mode, n_dds_block)
or_id =mgstart(file_id)

ri_id =mgselct(gr_id, ri_index)
OR fi_id =mgcreat(gr_id, name, n_comps, data_type, intelace_mode,
dim_sizes)

<Optional operations>
status = mgendac(ri_id)
status =mgend(gr_id)
status = hclose(file_id)

To access several files at the same time, a calling program must obtain a separate interface identi-
fier for each file to be opened. Similarly, to access more than one raster image, a calling program
must obtain a separate data set identifier for each data set.

Because every file and raster image is assigned its own identifier, the order in which files and data
sets are accessed is very flexible as long as all file and raster image identifiers are individually dis-
carded before the end of the calling program.
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8.5.1 Accessing Images and Files: GRstart, GRselect, and GRcreate

In the GR interfaceHopen opens the files an@Rstart initiates the GR interface. Note the con-
trast to the SD interface, whe&Dstart performs both tasks. For information on the use of
Hopen, refer to Chapter ZIDF FundamentalsFor information orSDstart, refer to Chapter 3,
Scientific Data Sets (SD API)

GRstart initializes the GR interface and must be called once &ftgren and before any other
GR routines are called. It takes one argumiganid , the file identifier returned bopen, and
returns the interface identifieg_id or FAIL (or -1) upon unsuccessful completiadopen and
GRstart can be called several times to access more than one file.

GRselectspecifies the given image as the current image to be accessed. It takes two arguments,
the GR interface identifiegr id and the raster image indexindex , and returns the raster

image identifiem_id or FAIL (or-1) upon unsuccessful completion. The GR interface identifier

is returned byGRstart. The raster image index specifies the position of the image relative to the
beginning of the file; it is zero-based, meaning that the index of the first image in the file is 0. The
index of a raster image can be obtained from the image’s name using the GRitiametoindex

or from the image’s reference number usiB&reftoindex. These routines are discussed in
Section 8.8.4 on page 291 and Section 8.8.5 on page 291. The index value must be less than the
total number of raster images in the file; that number can be obtainedGRiiiginfo, described

in Section 8.8.1 on page 290.

The parameters faBRstart andGRselectare further defined in Table 8B on page 271.

GRcreate defines a new raster image using the argumgnis , name, n_comps, data_type
interlace_mode  , anddim_sizes . Once a data set is created, you cannot change its name, data
type, dimension, or number of componer@Rcreate does not actually write the image to the
file; this occurs only wheiGRendaccesss called. Thus, failing to caltRendaccesgroperly

will cause a loss of data.

The buffername contains the name of the image; it must not exé#®d GR_NAMEor 256 ). The
parameten_comps specifies the number of pixel components in the raster image; it must have a
value of at least 1. The parametiata_type specifies the data type of the image data; it can be
any of the data types supported by the HDF library. The HDF supported data type are defined in
the header file “hntdefs.h” and listed in Table 2E on page 14.

The parameteinterlace_mode  specifies the interlacing in which the raster image is to be writ-
ten; it can be set to eitheMFGR_INTERLACE_PIXEL(Or 0), MFGR_INTERLACE_LINE(or 1), or
MFGR_INTERLACE_COMPONENT?2 ). These definitions respectively correspond to pixel interlacing,
line interlacing, and component interlacing. The first two interlacing modes are illustrated for the
instance of 24-bit pixel representation in Figure 7c on page 251 of ChapB#-it Raster
Images (DF24 API)Component interlacing, as the name implies, describes interlacing raster data
by color component.

The parametedim_sizes specifies the size of the two dimensions of the image. The dimension
sizes must be specified; their values must be at least 1.

GRcreate returns the value of the raster image identifier if successfighlor (or -1) otherwise.
The parameters faBRstart, GRselect andGRcreate are further defined in Table 8B.

8.5.2 Terminating Access to Images and Files: GRendaccess and GRend

GRendaccesglisposes of the raster image identifiekl and terminates access to the data set
initiated by the corresponding call @Rselector GRcreate. The calling program must make one
GRendaccesgall for everyGRselector GRcreate call made during its execution. Failing to call
GRendaccesgor each call taGRselector GRcreatemay result in a loss of data.
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GRend disposes of the GR interface identifggrid and terminates access to the GR interface

initiated by the corresponding call @Rstart. The calling program must make o@&&end call

for everyGRstart call made during its execution; failing to c&Rend for eachGRstart may
result in a loss of data.

GRendaccessandGRend returnSUCCEEor 0) or FAIL (or-1). The parameters of these routines

are further defined in Table 8B.

Hcloseterminates access to an HDF file and should only be called@Rend has been called
properly. Refer to Chapter BIDF Fundamentalsfor a description oficlose

TABLE 8B

GRstart, GRselect, GRcreate, GRendaccess, and GRend, Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
GRstart
[int32] file_id int32 integer File identifier
(mgstart)
GRselect gr_id int32 integer GR interface identifier
[int32]
(mgselct) ri_index int32 integer Position of the raster image within the file
gr_id int32 integer GR interface identifier
name char * character*(*) | Name of the image
GRcreate n_comps int32 integer Number of components in each pixel
[int32] data_type int32 integer Data type of the pixel component
(mgcreat) —
. . . Interlace mode to be used when writing to the g
interlace_mode int32 integer set
dim_sizes int32 [2] integer (2) | Array defining the size of both dimensions
GRendaccess
[intn] ri_id int32 integer Raster image identifier
(mgendac)
GRend
[intn] gr_id int32 integer GR interface identifier
(mgend)

8.6 Writing Raster Images

ata

A raster image can be written partially or entirely. Partial writing includes writing to a contiguous

region of the image and writing to selected locations in the image according to patterns defined by

the user. This section describes the rouBfavriteimage and how it can write data to part of an

image or to an entire image. The section also illustrates the concepts of compressing raster images

and the use of external files to store image data.

8.6.1 Writing Raster Images: GRwriteimage

GRwriteimage is used to either completely or partially fill an image array.

Writing data to an image array involves the following steps:
1. Open afile and initialize the GR interface.
2. Select an existing raster image or create a new one.
3. Write data to the image array.
4. Terminate access to the raster image.
5. Terminate access to the GR interface and close the file.
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The calling program must contain the following sequence of calls:

C: file_id = Hopen(filename, access_mode, num_dds_block);
or_id = GRstart(file_id);

ri_id = GRselect(gr_id, ri_index);
OR ri_id = GRcreate(gr_id, name, n_comps, number_type,
intelace_mode, dim_sizes);

status = GRwriteimage(ri_id, start, stride, edges, data);
status = GRendaccess(gr_id);

status = GRend(ri_id);

status = Hclose(file_id);

FORTRAN: file_id = hopen(flename, access_mode, num_dds_block)
or_id =mgstart(file_id)

ri_id =mgselct(gr_id, ri_index);
OR ri_id=mgcreat(gr_id,name,n_comps, number_type,intedace_mode,
dim_sizes);

status = mgwrimg(ri_id, start, stride, edges, data)
OR status = mgwremg(ri_id, start, stride, edges, data)

status = mgendac(ri_id)
status =mgend(gr_id)
status = hclose(file_id)

As with SD arrays, whole raster images, subsamples, and slabs can be written. The data to be writ-
ten is defined by the values of the parametars , stride , andedges , which correspond to the
coordinate location of the data origin, number of values to be skipped along each dimension dur-
ing write operation, and number of elements to be written along each dimension.

The arraystart  specifies the starting location of the data to be written. Valid values of each ele-
ment in the arragtart areo to the size of the corresponding raster image dimension - 1. The first
element of the arrastart  specifies an offset from the beginning of the adaty along the fast-
est-changing dimension, which is the second dimension in C and the first dimension in FOR-
TRAN-77. The second element of the arsgyt  specifies an offset from the beginning of the
arraydata along the second fastest-changing dimension, which is the first dimension in C and the
second dimension in FORTRAN-77. For example, if the first value of the staray is 2 and the
second value is 3, the starting location of the data to be written is at the fourth row and third col-
umn in C, and at the third row and fourth column in FORTRAN-77. Note that the correspondence
between elements in the arrsrt  and the raster image dimensions in the GR interface is differ-
ent from that in the SD interface. See Section 3.6 on page Sreaddatafor an example of

this.

The arraystride  specifies the writing pattern along each dimension. For example, if one of the
elements of the arragtide  is 1, then every element along the corresponding dimension of the
arraydata will be written. If one of the elements of thide  array is 2, then every other ele-
ment along the corresponding dimension of the adagy will be written, and so on. The corre-
spondence between elements of the astéde and the dimensions of the arrdgta is the
same as described above for the astay

Note that the FORTRAN-77 version GfRwriteimage has two routineangwrimg writes buff-
ered numeric data amdgwcimg writes buffered character data.

GRwriteimage returns eitheBUCCEED(or 0) or FAIL (or-1). The parameters f@Rwriteimage
are described in Table 8C.
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TABLE 8C GRwriteimage Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
i id int32 integer Raster image identifier returned by

GRcreate

Array containing the x,y-coordinate
start int32 [2] integer (2) location where the write will start for
each dimension

GRwriteimage

. Array containing the number of data
[intn]

stride int32 [2] integer (2) locations the current location is to be

(mgwr_lmg/ moved forward before the next write
mgwcimg)
Array containing the number of data
edges int32 [2] integer (2) elements that will be written along each
dimension
data VOIDP <valid numeric data type>(*)/ Buffer for the image data to be writte
character(*)
EXAMPLE 1. Creating and Writing a Raster Image

This example illustrates the use of the routikspen/hopen, GRstart/mgstart, GRcreate
mgcreat, GRwriteimage/mgwrimg, GRendaccestngendac GRend/mgend and Hclosd
hcloseto create an HDF file and store a raster image in it.

In this example, the program creates the HDF file called "General_RImages.hdf' and a raster
image in the file. The image created is of size 5x10 and named "Image Array 1", and has data of
the int16 data type, 2 components, and interlace nMe@R_INTERLACE_PIXEL Then the program

writes the image data, terminates access to the image and the GR interface, and closes the file.

C:
#include "hdf.h"

#define FILE_NAME "General_RImages.hdf"

#define IMAGE_NAME "Image Array 1"

#define X_LENGTH 10 /* number of columns in the image */
#define Y_LENGTH 5 /* number of rows in the image */
#define N_COMPS 2 /* number of components in the image */

main()
{
/ Variable declaration /
intn status; [* status for functions returning an intn */
int32 file_id, * HDF file identifier */
gr_id, /* GR interface identifier */
ri_id, [* raster image identifier */

start[2], [* start position to write for each dimension */
edges[2], /* number of elements to be written
along each dimension */

dim_sizes[2], /*dimension sizes of the image array */
interlace_mode, /* interlace mode of the image */
data_type, /* datatype of the image data */
I, Jv

int16 image_buf[Y_LENGTH][X_LENGTH][N_COMPS];

Jradksikxsikk End of variable declaration ** i xsksikskiiokiok |

/*
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* Create and open the file.
*/
file_id = Hopen (FILE_NAME, DFACC_CREATE, 0);

/*

* |nitialize the GR interface.
*/

gr_id = GRstart (file_id);

/*
* Set the data type, interlace mode, and dimensions of the image.
*
/
data_type = DFNT_INT16;
interlace_mode = MFGR_INTERLACE_PIXEL;
dim_sizes[0] = X_LENGTH,;
dim_sizes[1] = Y_LENGTH,;

/*

* Create the raster image array.

*

ri_id = GRcreate (gr_id, IMAGE_NAME, N_COMPS, data_type,
interlace_mode, dim_sizes);

/*

* Fill the image data buffer with values.
*/

for (i=0;i<Y_LENGTH; i++)

{
for (j = 0; j < X_LENGTH,; j++)
{
image_buf[i][jj[0] = (i +j) + 1;  /* first component */
image_buf[i][jj[1] = (i+j) + 1; /* second component */
}
}

/*

* Define the size of the data to be written, i.e., start from the origin
* and go as long as the length of each dimension.

*/

start[0] = start[1] = 0;

edges[0] = X_LENGTH;

edges[l] = Y_LENGTH;

/*

* Write the data in the buffer into the image array.

*/

status = GRwriteimage(ri_id, start, NULL, edges, (VOIDP)image_buf);

/*

* Terminate access to the raster image and to the GR interface and,
* close the HDF file.

*/

status = GRendaccess (ri_id);

status = GRend (gr_id);

status = Hclose (file_id);

}
FORTRAN:
program create_raster_image
implicit none
C

C Parameter declaration
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character*19 FILE_NAME
character*13 IMAGE_NAME
integer X_LENGTH
integer Y_LENGTH
integer N_COMPS

parameter (FILE_NAME ='General_RImages.hdf’,

+ IMAGE_NAME ="Image Array 1’,

+ X_LENGTH =10,

+ Y_LENGTH =5,

+ N_COMPS =2)

integer DFACC_CREATE, DFNT_INT16, MFGR_INTERLACE_PIXEL
parameter (DFACC_CREATE =4,

+ DFENT_INT16 =22,

+ MFGR_INTERLACE_PIXEL =0)

Function declaration

[eNeN¢e]

integer hopen, hclose
integer mgstart, mgcreat, mgwrimg, mgendac, mgend

C
C**** \ariable declaration
C

integer status
integer file_id
integer gr_id, ri_id, num_type, interlace_mode
integer start(2), stride(2), edges(2), dimsizes(2)
integer i, j, k
integer*2 image_buf(N_COMPS, X_LENGTH, Y_LENGTH)
C
C*+ End of variable declaration

Create and open the file.

OO0

file_id = hopen(FILE_NAME, DFACC_CREATE, 0)

Initialize the GR interface.

OO0

gr_id = mgstart(file_id)

Set the number type, interlace mode, and dimensions of the image.

OO0

num_type = DFNT_INT16
interlace_mode = MFGR_INTERLACE_PIXEL
dimsizes(1) = X_LENGTH
dimsizes(2) = Y_IENGTH

Create the raster image array.

[eNeN¢e]

ri_id = mgcreat(gr_id, IMAGE_NAME, N_COMPS, num_type,
+ interlace_mode, dimsizes)

Fill the image data buffer with values.

OO0

do30i=1, Y_LENGTH
do20j=1, X_LENGTH
do10 k=1, N_COMPS
image_buf(k,j,i) = (i+j) - 1
10 continue
20 continue
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30 continue

Define the size of the data to be written, i.e., start from the origin
and go as long as the length of each dimension.

O000

start(1) =0

start(2) =0

edges(l) = X_LENGTH
edges(2) = Y_LENGTH
stride(1) =1

stride(2) =1

Write the data in the buffer into the image array.

OO0

status = mgwrimg(ri_id, start, stride, edges, image_buf)

Terminate access to the raster image and to the GR interface,
and close the HDF file.

O000

status = mgendac(ri_id)
status = mgend(gr_id)
status = hclose(file_id)
end

EXAMPLE 2. Modifying an Existing Raster Image

This example illustrates the use of the routi@@selectmgselct to obtain an existing raster
image andsRwrite/mgwrimg to modify image data.

In this example, the program selects the only raster image in the file "General_RImages.hdf" cre-
ated and written in Example 1, and modifies image data. The program also creates another raster
image that is named "Image Array 2" and has 3 components with dimension size of 4x6, data type
of DFNT_CHARS8and interlace mode ofFGR_INTERLACE PIXEL

C:

#include "hdf.h"

#define FILE_NAME "General_RImages.hdf"
#define X1_LENGTH 5 /* number of columns in the first image
being modified */
#define Y1_LENGTH 2 /* number of rows in the first image
being modified */
#define N1_COMPS 2 /* number of components in the first image */
#define IMAGEL1_NAME "Image Array 1"
#define IMAGE2_NAME "Image Array 2"
#define X2_LENGTH 6 /* number of columns in the second image */
#define Y2_LENGTH 4 /* number of rows in the second image */
#define N2_COMPS 3 /* number of components in the second image */

main()
{
/ Variable declaration /
intn status; [* status for functions returning an intn */
int32 file_id, /* HDF file identifier */
gr_id, /* GR interface identifier */
ril_id, /* raster image identifier */

startl[2], /* start position to write for each dimension */
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edgesl[2], /* number of elements to be written along
each dimension */
ri2_id, [* raster image identifier */
start2[2],  /* start position to write for each dimension */
edges2[2], /* number of elements to be written along
each dimension */
dims_sizes[2], /* sizes of the two dimensions of the image array */
data_type, /* datatype of the image data */
interlace_mode; /* interlace mode of the image */
intl6i, j; /* indices for the dimensions */
intl6 imagel_buf[Y1l LENGTH][X1_LENGTH][N1_COMPS]; /* data of first image */
char image2_buflY2_LENGTH][X2_LENGTH][N2_COMPS]; /* data of second image*/

[HIxwRRRRRRRdRk Rk End of variable declaration **sik ki ik ok |

/*

* Open the HDF file for writing.

*

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);

/*

* |nitialize the GR interface.
*/

gr_id = GRstart (file_id);

/*

* Select the first raster image in the file.
*/

ril_id = GRselect (gr_id, 0);

/*
* Fill the first image data buffer with values.
*/
for(i=0;i<Y1l LENGTH; i++)
{
for j=0; j < X1_LENGTH; j++)
{
imagel_bufi][jJ[0] = O; /* first component */
imagel_buf[i][j][1] = O; /* second component */
}
}
/*

* Define the size of the data to be written, i.e., start from the origin
* and go as long as the length of each dimension.

*/

start1[0] = start1[1] = 0;

edges1[0] = X1_LENGTH;

edgesl[1l] = Y1_LENGTH;

/*
* Write the data in the buffer into the image array.
*
/
status = GRwriteimage (ri1_id, startl, NULL, edgesl, (VOIDP)imagel_buf);

/*
* Set the interlace mode and dimensions of the second image.
*
/
data_type = DFNT_CHARS;
interlace_mode = MFGR_INTERLACE_PIXEL;
dims_sizes[0] = X2_LENGTH;
dims_sizes[1] = Y2_LENGTH;
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/*

* Create the second image in the file.

*/

ri2_id = GRcreate (gr_id, IMAGE2_NAME, N2_COMPS, data_type,
interlace_mode, dims_sizes);

/*
* Fill the second image data buffer with values.
*/
for (i=0;i<Y2_LENGTH; i++)
{
for (j=0; j<X2_LENGTH,; j++)
{
image2_buf[i][j][0] = 'A’;  /* first component */
image2_buf[i][j][1] = 'B’; /* second component */
image2_buffi][j][2] = 'C’;  /* third component */
}
}
/*

* Define the size of the data to be written, i.e., start from the origin
* and go as long as the length of each dimension.
*/
for(i=0;i<2;i++){
start2[i] = 0;
edges2[i] = dims_sizes|i];

}

/*

* Write the data in the buffer into the second image array.

*

status = GRwriteimage (ri2_id, start2, NULL, edges2, (VOIDP)image2_buf);

/*

* Terminate access to the raster images and to the GR interface, and
* close the HDF file.

*/

status = GRendaccess (ril1_id);

status = GRendaccess (ri2_id);

status = GRend (gr_id);

status = Hclose (file_id);

FORTRAN:

program modify_image
implicit none

C

C Parameter declaration

C
character*19 FILE_NAME
character*13 IMAGE1_NAME
integer X1_LENGTH
integer  Y1_LENGTH
integer N1_COMPS
character*13 IMAGE2_NAME
integer X2_LENGTH
integer  Y2_LENGTH
integer N2_COMPS

parameter (FILE_NAME ='General_RImages.hdf,
+ IMAGE1_NAME ='Image Array 1’,
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IMAGE2_NAME ='Image Array 2’,
X1 _LENGTH =5,

Y1 LENGTH =2,

N1_COMPS =2,

X2_LENGTH =6,

Y2_LENGTH =4,

N2_COMPS =3)

integer DFACC_WRITE, DFNT_INT16, DFNT_CHARS,
+ MFGR_INTERLACE_PIXEL
parameter (DFACC_WRITE =2,

+ DFNT_CHAR8 =4,

+ DFNT_INT16 =22,

+ MFGR_INTERLACE_PIXEL =0)

++ + + + + o+

Function declaration

[eNeN¢e]

integer hopen, hclose
integer mgstart, mgselct, mgcreat, mgwrimg, mgendac, mgend

C
C**** \ariable declaration
C

integer status
integer file_id
integer gr_id, ril_id, ri2_id, data_type, interlace_mode
integer start1(2), stride1(2), edges1(2)
integer start2(2), stride2(2), edges2(2), dim_sizes(2)
integer i, j, k
integer*2 imagel_buf(N1_COMPS, X1_LENGTH, Y1_LENGTH)
character image2_buf(N2_COMPS, X2_LENGTH, Y2_LENGTH)
C
C*+ End of variable declaration

Open the HDF file for writing.

O000

file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

Initialize the GR interface.

[eNeN¢e]

gr_id = mgstart(file_id)

Select the first raster image in the file.

OO0

ril_id = mgselct(gr_id, 0)

Fill the buffer with values.

OO0

do20i=1, Y1l LENGTH
do10j=1, X1 _LENGTH
imagel_buf(1,,))=0
imagel_buf(2,,))=0
continue
continue

Define the part of the data in the first image that will be overwritten
with the new values from imagel_buf.

0O000N8E

start1(1)=0

start1(2)=0

edges1(l) = X1_LENGTH
edgesl1(2) = Y1_LENGTH
stride1(1) =1
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stride1(2) =1

Write the data in the buffer into the image array.

[eNeNe]

status = mgwrimg(ril_id, startl, stridel, edgesl, imagel_buf)

Set the number type, interlace mode, and dimensions of the second image.

OO0

data_type = DFNT_CHARS

interlace_mode = MFGR_INTERLACE_PIXEL
dim_sizes(1) = X2_LENGTH

dim_sizes(2) = Y2_LENGTH

Create the second image in the file.

OO0

ri2_id = mgcreat(gr_id, IMAGE2_NAME, N2_COMPS, data_type,
+ interlace_mode, dim_sizes)

Fill the image data buffer with values.

OO0

do60i=1, Y2 LENGTH
do50j=1,X2_LENGTH
do 40 k=1, N2_COMPS
image2_buf(k,j,i) = char(65 + k - 1)

40 continue
50 continue
60 continue
C
C Define the size of the data to be written, i.e., start from the origin
C and go as long as the length of each dimension.
C
start2(1) =0
start2(2) =0

edges2(1) = dim_sizes(1)
edges2(2) = dim_sizes(2)
stride2(1) =1
stride2(2) = 1

Write the data in the buffer into the image array.

OO0

status = mgwrimg(ri2_id, start2, stride2, edges2, image2_buf)

Terminate access to the raster images and to the GR interface,
and close the HDF file.

O000

status = mgendac(ril_id)
status = mgendac(ri2_id)
status = mgend(gr_id)
status = hclose(file_id)
end
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8.6.2 Compressing Raster Images: GRsetcompress
(Note: TheGRsetcompresmutine does not work in the current release.)

Images can be compressed using the roERsetcompress GRsetcompresscompresses the
image data at the time it is called and supports all standard HDF compression algorithms. The
syntax of the routin&Rsetcompresss as follows:

C: status = GRsetcompress(ri_id, comp_type, c_info);

FORTRAN: status = mgscompress(ri_id, comp_type, comp_prm)
The compression method is specified by the paramet®r_type . Valid values of the parameter
comp_type are:

COMP_CODE_NOK@& 0) for no compression

COMP_CODE_RI@®r 1) for RLE run-length encoding

COMP_CODE_SKPHUaT 3) for Skipping Huffman compression

COMP_CODE_DEFLAT@ar 4) for GZIP compression
The compression parameters are specified by the paramétler in C and the parameter
comp_pm in FORTRAN-77. The parameterinfo has typecomp_info and contains algorithm-
specific information for the library compression routines. The tgp®_info is described in the

header file “hcomp.h” and in the Reference Manual pageSfasetcompress Compression
parameters are only needed when Skipping Huffman or GZIP compression methods are applied.

The skipping size for the Skipping Huffman algorithm is specified in the field
c_info.skphuff.skp_size in C and in the parametesmp_prm(1) in FORTRAN-77.

The deflate level for the GZIP algorithm is specified in the fieiofo.deflate.level in C and
in the parametetomp_prm(1) in FORTRAN-77.

GRsetcompresgeturns eitheBUCCEERor 0) or FAIL (or-1). TheGRsetcompresgparameters are
further described in Table 8D.

TABLE 8D GRsetcompress Parameter List

Routine Name Parameter Type

[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77

ri_id int32 integer Raster image identifier
GRsetcompress | comp_type int32 integer Compression method
[intn]
(mgscompress) c_info comp_info* N/A Pointer to compression information structure
comp_prm N/A integer Compression parameters array

8.6.3 External File Operations Using the GR Interface

An external image arrayis one that is stored in a file that is not the file containing the metadata
for the image. The HDF file containing the metadata is known as the primary HDF file; the file
containing the external image array is known asxarnal file. The concept of externally stored
data is described in ChapterSgientific Data Sets (SD ARPIJhe GR interface supports the same
external file functionality as the SD interface.
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8.6.3.1 Creating a Raster Image in an External File: GRsetexternalfile

Creating an image with the data stored in an external file involves the same general steps as with
the SD interface:

1. Create the image array.

2. Specify that an external data file is to be used.
3. Write data to the image array.

4. Terminate access to the image.

To create a data set containing image array stored in an external file, the calling program must
make the following calls.

C: ri_id = GRcreate(gr_id, name, n_comps, data_type,
interlace_mode, dim_sizes);
status = GRsetexternaffile(ri_id, flename, offset);
status = GRwriteimage(ri_id, start, stride, edges, image_data);
status = GRendaccess(ri_id);

FORTRAN: ri_id = mgcreat(gr_id, name, n_comps, data_type,
interlace_mode, dim_sizes)
status = mgsxfil(ii_id, flename, offset)
status = mgwrimg(ri_id, start, stride, edges, image_data)
status = mgendac(ri_id)

GRsetexternalfile marks the image identified by the parametét as one whose data is to be
written to an external file. The paramefiename is the name of the external file, and the param-
eteroffset  specifies the number of bytes from the beginning of the external file to the location
where the first byte of data will be written.

GRsetexternalfile can only be called once per data set. If a file with the same néiileraase

exists in the current directory, HDF will use it as the external file. If the file does not exist, HDF
will create one. Once the name of the external file is specified, it is impossible to change it without
breaking the association between the raster image and its data.

Use caution when writing to existing files because the ro@Revriteimage begins its write at

the specified offset without checking whether existing data is being overwritten. When different
data sets have arrays being stored the same external file, the calling program is responsible for
avoiding any overlap between them.

GRsetexternalfile returns eitheBUCCEEor 0) or FAIL (or -1). The parameters @ Rsetexter-
nalfile are further defined in Table 8E.

TABLE 8E

GRsetexternalfile Parameter List

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
ri_id int32 integer Raster image identifier

GRsetexternalfile
[intn]
(mgsxfil)

filename char * character*(*) | Name of the external file

Offset in bytes from the beginning of the external file to|the

offset int32 integer image data
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8.7

8.6.3.2 Moving Raster Images to an External File
Images can be moved from the primary HDF file to an external file. To do so requires the follow-
ing steps:

1. Select the image.

2. Specify the external data file.

3. Terminate access to the image.

The calling program must make the following calls:

C: ri_id = GRselect(gr_id, ri_index);
status = GRsetexternaffile(ri_id, flename, offset);
status = GRendaccess(ri_id);

FORTRAN: ri_id = mgselct(gr_id, ri_index);
status = mgsxfil(ii_id, flename, offset)
status = mgendac(ri_id);
When GRsetexternalfile is used in conjunction witlGRselect it will immediately write the
existing data to the external file; any data in the external file that occupies the space reserved for
the external array will be overwritten as a result of this operation. A data set can only be moved to
an external file once.

During the operation, the data is written to the external file as a contiguous stream regardless of
how it is stored in the primary file. Because data is moved “as is,” any unwritten locations in the
data set are preserved in the external file. Subsequent read and write operations performed on the
data set will access the external file.

Reading Raster Images

Image array data can be read as an entire array or as a subsample of the array. Raster image data is
read from an external file in the same way that it is read from a primary file; whether the image
array is stored in an external file is transparent to the user. This section descriligR feadim-

ageis used to read an entire image and part of an image. The section also describes the routine
GRregimageil that sets the interlacing for reading image data.

8.7.1 Reading Data from an Image: GRreadimage

Reading data subsamples from an image array involves the following steps:
1. Select a data set.
2. Read data from the image array.
3. Terminate access to the data set.

To read data from an image array, the calling program must contain the following function calls:

C: ri_id = GRselect(gr_id, ri_index);
status = GRreadimage(ri_id, start, stride, edges, data);
status = GRendaccess(ii_id);

FORTRAN: ri_id = mgselct(gr_id, ri_index)

status = mgrdimg(ri_id, start, stride, edges, data)
OR status = mgrcimg(ni_id, start, stride, edges, data)

status = mgendac(gr_id)
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GRreadimagecan be used to read either an entire image or a subsample of the imagéd The
argument is the raster image identifier returnedsi®select As with GRwriteimage, the argu-
mentsstart , stride , andedges respectively describe the starting location for the read operation,
the number of locations the current image array location will be moved forward after each read,
and the length of each dimension to be read. Refer to Section 8.6.1 on page 271 for detailed
descriptions of the parametestart , stride , andedges . If the image array is smaller than the

data argument array, the amount of data read will be limited to the maximum size of the image
array.

Note that the FORTRAN-77 version GRreadimagehas two routinesngrdimg reads numeric
image data anthgrcimg reads character image data.

GRreadimage returns eitheSUCCEE{or 0) or FAIL (or -1). The parameters faBRreadimage
are further defined in Table 8F.

8.7.2 Setting the Interlace Mode for an Image Read: GRregimageil

TheGRregimageil routine sets the interlace mode for the next image read. The syntax of this rou-
tine is as follows:

C: status = GRregimageil(ri_id, interlace_mode);
FORTRAN: status = mgrimil(ri_id, interlace_mode)

GRregimageil can be called at any time before the read operation and takes two parameters,
riid andinterlace_mode . The parametei id is the raster image identifier returned by the
GRselectroutine and the parametieteriace_mode  specifies the interlace mode that will be in
effect for the image read operation. Refer to Section 8.5.1 on page 270 for a description of the GR
interlace modes.

GRregimagetil may be called more than once; the interlace mode setting specified by the last call
to the routine will be used for the next read operation.

GRregimagetil returns eitheBUCCEERor 0) or FAIL (or -1). The parameters of this routine are
further defined in Table 8F.

TABLE 8F

GRreadimage and GRregimageil Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
ri_id int32 integer Raster image identifier
start int32[2] integer (2) Array containing the starting read coordinates
GRreadimage . ) . Array specifying the interval between the val-
[intn] stride int32[2] integer (2) ues that will be read along each dimension,
(mgrdimg/ —
: . . Array containing the number of data elemepts
mgrcimg) edges int32[2] integer (2) that will be read along each dimension
<valid numeric data .
data VOIDP type>(*)/character*(*) Buffer for the image data to be read
GRregimageil ri_id int32 integer Raster image identifier
[intn] . . ) Interlace mode for the next image read opgra-
(mgrimil) interlace_mode| intn integer tion
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EXAMPLE 3. Reading a Raster Image.

This example illustrates the use of the routBRreadimage/mgrdimgto read an image and its
subsets.

In this example, the program reads the image written by Example 1 and modified by Example 2 in
the file "General_RImages.hdf". Recall that this image has two components and has 5 rows and 10
columns. The program first reads the entire image, then reads a subset of the image, 3 rows and 2
columns starting at the 2nd row and the 4th column, and finally reads the image skipping all the
even rows and all the odd columns. Reading patterns are applied to all components.

C:
#include "hdf.h"

#define FILE_NAME "General_RImages.hdf"

#define N_COMPS 2

#define X_LENGTH 10 /* number of columns of the entire image */
#define Y_LENGTH 5 /* number of rows of the entire image */
#define PART_COLS 2 [* number of columns read for partial image */
#define PART_ROWS 3 /*number of rows read for partial image */
#define SKIP_COLS 5 /* number of columns read for skipped image */
#define SKIP_ROWS 3 /* number of rows read for skipped image */
#define COLS_PART_START 3 /* starting column to read partial image */
#define ROWS_PART_START 1 /* starting row to read partial image */
#define COLS_SKIP_START 1 /* starting column to read skipped image */
#define ROWS_SKIP_START 0 /* starting row to read skipped image */
#define N_STRIDES 2 [* number of elements to skip on each dim. */

main( )

{
/ Variable declaration /
intn status; [* status for functions returning an intn */
int32 index;

int32 file_id, gr_id, ri_id,
start[2],  /* start position to write for each dimension */
edges[2], /* number of elements to bewritten along
each dimension */
stride[2], /* number of elements to skip on each dimension */
dim_sizes[2]; /* dimension sizes of the image array */
intl6 entire_image[Y_LENGTH][X_LENGTH][N_COMPS],
partial_image[PART_ROWS][PART_COLS]N_COMPS],
skipped_image[SKIP_ROWS][SKIP_COLS][N_COMPS];
int321, j;

[FIxwRR xRk ks End of variable declaration ** ik ik ok |

/*

* Open the HDF file for reading.

*

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*

* |nitialize the GR interface.
*/

gr_id = GRstart (file_id);

/*

* Select the first raster image in the file.
*/

ri_id = GRselect (gr_id, 0);
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/*

* Define the size of the data to be read, i.e., start from the origin
* and go as long as the length of each dimension.

*/

start[0] = start[1] = O;

edges[0] = X_LENGTH;

edges[1] = Y_LENGTH;

/*

* Read the data from the raster image array.

*

/

status = GRreadimage (ri_id, start, NULL, edges, (VOIDP)entire_image);

/*
* Display only the first component of the image since the two components
* have the same data in this example.
*/
printf ("First component of the entire image:\n");
for (i=0;i<Y_LENGTH; i++)
{

for (j = 0; j < X_LENGTH,; j++)

printf (“%d ", entire_imageli][j][0]);

printf ("\n");

}

/*

* Define the size of the data to be read.
*/

start[0] = COLS_PART_START;
start[1] = ROWS_PART_START;
edges[0] = PART_COLS;

edges[1] = PART_ROWS;

/*

* Read a subset of the raster image array.

*,

/

status = GRreadimage (ri_id, start, NULL, edges, (VOIDP)partial_image);

/*
* Display the first component of the read sample.
*
printf ("\nThree rows & two cols at 2nd row and 4th column");
printf (" of the first component:\n");
for (i=0; i< PART_ROWS; i++)
{

for (j = 0; j < PART_COLS; j++)

printf ("%d ", partial_imagel[i][j][0]);

printf ("\n");

}

/*

* Define the size and the pattern to read the data.
*/

start[0] = COLS_SKIP_START;

start[1] = ROWS_SKIP_START;

edges[0] = SKIP_COLS;

edges[1] = SKIP_ROWS;

stride[0] = stride[1] = N_STRIDES;

/*
* Read all the odd rows and even columns of the image.
*
/

8-286 June 24, 1998



HDF User's Guide

status = GRreadimage (ri_id, start, stride, edges, (VOIDP)skipped_image);

/*
* Display the first component of the read sample.
*/
printf ("\nAll odd rows and even columns of the first component:\n");
for (i = 0; i < SKIP_ROWS; i++)
{

for (j = 0; j < SKIP_COLS; j++)

printf ("%d ", skipped_imageli][jl[0]);

printf ("\n");

}

/*

* Terminate access to the raster image and to the GR interface, and
* close the HDF file.

*/

status = GRendaccess (ri_id);

status = GRend (gr_id);

status = Hclose (file_id);

FORTRAN:

program read_raster_image
implicit none

C

C Parameter declaration

C
character*19 FILE_NAME
integer X_LENGTH
integer Y_LENGTH
integer N_COMPS

parameter (FILE_NAME ='General_RImages.hdf’,

+ X_LENGTH =10,

+ Y_LENGTH =5,

+ N_COMPS =2)

integer PART_COLS, PART_ROWS, SKIP_COLS, SKIP_ROWS
integer COLS_PART_START, ROWS_PART_START

integer COLS_SKIP_START, ROWS_SKIP_START

integer N_STRIDES

parameter (PART_COLS = 3, PART_ROWS = 2,

+ SKIP_COLS = 3, SKIP_ROWS =5,

+ COLS_PART_START =1, ROWS_PART_START =3,
+ COLS_SKIP_START =0, ROWS_SKIP_START =1,
+ N_STRIDES =2)

integer DFACC_READ

parameter (DFACC_READ =1)

Function declaration

OO0

integer hopen, hclose
integer mgstart, mgselct, mgrdimg, mgendac, mgend

C
C**** \ariable declaration
C

integer status

integer file_id

integer gr_id, ri_id

integer start(2), stride(2), edges(2)
integer i, j
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integer*2 entire_image(N_COMPS, X_LENGTH, Y_LENGTH)
integer*2 partial_image(N_COMPS, PART_ROWS, PART_COLS)
integer*2 skipped_image(N_COMPS, SKIP_ROWS, SKIP_COLS)
C
C*+ End of variable declaration

Open the HDF file for reading.

O000

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the GR interface.

[eNeN¢e]

gr_id = mgstart(file_id)

Select the first raster image in the file.

[eNeNe]

ri_id = mgselct(gr_id, 0)

Define the size of the data to be read, i.e., start from the origin
and go as long as the length of each dimension.

OO0

start(1) =0

start(2) =0

edges(1l) = X_LENGTH
edges(2) = Y_LENGTH
stride(1) =1

stride(2) =1

Read the data from the raster image array.

[eNeN¢e]

status = mgrdimg(ri_id, start, stride, edges, entire_image)

Display only the first component of the image since the two components
have the same data in this example.

O000

write(*,*) "First component of the entire image’
write(*,*)
do10i=1, X_LENGTH

write(*,1000) (entire_image(1,i,j), j=1, Y_LENGTH)

10 continue
write(*,*)
C
C Define the size of the data to be read.
C

start(1) = ROWS_PART_START
start(2) = COLS_PART_START
edges(1l) = PART_ROWS
edges(2) = PART_COLS

stride(1) =1
stride(2) =1
C
C Read a subset of the raster image array.
C
status = mgrdimg(ri_id, start, stride, edges, partial_image)
C
C Display only the first component of the read sample.
C
write(*,*)

+ 'Two rows and three columns at 4th row and 2nd column’,
+ ' of the first component’

write(*,*)

do20i=1, PART_ROWS
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write(*,1000) (partial_image(1,i,)), j = 1, PART_COLS)
20 continue
write(*,*)

C
C Define the size and the pattern to read the data.
C

start(l) = ROWS_SKIP_START
start(2) = COLS_SKIP_START
edges(1) = SKIP_ROWS
edges(2) = SKIP_COLS
stride(1) = N_STRIDES
stride(2) = N_STRIDES

Read all the odd rows and even columns of the image.

OO0

status = mgrdimg(ri_id, start, stride, edges, skipped_image)

Display only the first component of the read sample.

[eNeN¢e]

write(*,*) "All even rows and odd columns of the first component’
write(*,)
do30i=1, SKIP_ROWS
write(*,21000) (skipped_image(1,i,j), j = 1, SKIP_COLS)
30 continue
write(*,*)

Terminate access to the raster image and to the GR interface,
and close the HDF file.

OO0

status = mgendac(ri_id)

status = mgend(gr_id)

status = hclose(file_id)
1000 format(1x, 5(14))

end

8.8 Obtaining Information about Files and Raster Images

The routines covered in this section provide methods for obtaining information about all of the
images in a file, for identifying images that meet certain criteria, and for obtaining information
about specific raster images.

GRfileinfo retrieves the number of images and file attributes in a @Rgetiminfo provides
information about individual images. To retrieve information about all images in a file, a calling
program can us&Rfileinfo to determine the number of images, followed by repeated calls to
GRgetiminfo to obtain information about each image.

GRnametoindex or GRreftoindex can be used to obtain the index of a raster image in a file
knowing its name or reference number, respectively. Refer to Section 8.2.1 on page 266 for a
description of the raster image index and reference nui@Bedtoref is used when the reference
number of an image is required by another routine and the raster image identifier is available.

These routines are described individually in the following subsections.
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8.8.1 Obtaining Information about the Contents of a File: GRfileinfo

GRfileinfo retrieves the number of raster images and the number of file attributes contained in a
file. This information is often useful in index validation, sequential searches, or memory alloca-
tion. The syntax o6GRfileinfo is as follows:

C: status = GRfileinfo(gr_id, &n_images, &n_file_attrs);
FORTRAN: status = mgfinfo(gr_id, n_images, n_file_attrs)

The number of images in the file and the total number of file attributes will be stored in the argu-
mentsn_images andn_file_attrs , respectively.

GRfileinfo returnsSUCCEEQor 0) if successful oFAIL (or -1) otherwise. The parameters for
GRfileinfo are further described in Table 8G on page 290.

8.8.2 Obtaining Information about an Image: GRgetiminfo

It is impossible to allocate the proper amount of memory to buffer the image data when the num-
ber of components, dimension sizes, and/or data type of the image are unknown. The routine
GRgetiminfo retrieves this required information. To access information about an image, the call-
ing program must contain the following:

C: status = GRgetiminfo(ri_id, name, &n_comps, &data_type,
&interlace_mode, dim_sizes, &n_attrs);

FORTRAN: status = mggiinf(ri_id, name, n_comps, data_type,
interlace_mode, dim_sizes, n_attrs)

GRgetiminfo takes a raster image identifier as input, and returns the name, number of compo-
nents, data type, interlace mode, dimension size, and number of attributes for the corresponding
image in the argumentame, n_comps, data_type , interlace_mode , dim_sizes , andn_attrs
respectively. The number of components of an image array element corresponds to the order of a
vdata field, therefore this implementation of image components in the GR interface is flexible
enough to accommodate any representation of pixel data. The calling program determines this
representation; the GR interface recognizes only the raw byte configuration of the data. The
attribute count will only reflect the number of attributes assigned to the image array; file attributes
are not included.

GRgetiminfo returns eitheBUCCEEL§or 0) or FAIL (or-1). The parameters of this routine are fur-
ther defined in Table 8G.

TABLE 8G

GRfileinfo and GRgetiminfo Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
GRiileinfo gr_id int32 integer GR interface identifier
[intn] n_images int32 * integer Number of raster images in the file
(mgfinfo) n_file_attrs int32 * integer Number of global attributes in the file
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ri_id int32 integer Raster image identifier
name char * character*(*) | Name of the raster image
n_comps int32 * integer Number of pixel components in the pixel
GR%?::]]WO data_type int32 * integer Pixel data type
(mggiinf) interlace_mode int32 * integer Interlace mode of the data in the raster image
dim_sizes int32 [2] integer (2) gr:z:ggtaining the size of each dimension in the|ras-
n_attrs int32 * integer Number of raster image attributes

8.8.3 Obtaining the Reference Number of a Raster Image from Its
Identifier: GRidtoref

GRidtoref returns either the reference number of the raster image identified by the parameter
riid , orFAIL (or-1) upon unsuccessful completion. The syntaG&idtoref is as follows:

C: ref = GRidtoref(ri_id);
FORTRAN: ref = mgid2rf(ri_id)
This routine is further defined in Table 8H on page 292.

8.8.4 Obtaining the Index of a Raster Image from Its Reference Number:
GRreftoindex

GRreftoindex returns either the index of the raster image specified by its reference nwhber,
or FAIL (or-1) upon unsuccessful completion. The syntaG&reftoindex is as follows:

C: ri_index = GRreftoindex(gr_id, ref);
FORTRAN: ri_index = mgr2idx(gr_id, ref)

This routine is further defined in Table 8H.

8.8.5 Obtaining the Index of a Raster Image from Its Name:
GRnametoindex

GRnametoindexreturns the index of the raster image specified by its nargallor(or -1) upon
unsuccessful completion. The syntax@Rnametoindexis as follows:

C: ri_index = GRnametoindex(gr_id, name);
FORTRAN: ri_index = mgrzidx(gr_id, name)

This routine is further defined in Table 8H.
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TABLE 8H GRidtoref, GRreftoindex, and GRnametoindex Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
GRidtoref
[uint16] ri_id int32 integer Raster image identifier
(mgid2rf)
GRreftoindex gr_id int32 integer GR interface identifier
[int32]
(mgr2idx) ref uintl6 integer Reference number of the raster image
GRnametoindex gr_id int32 integer GR interface identifier
[int32]
(mgn2ndx) name char * character *(*) | Name of the raster image
EXAMPLE 4. Obtaining File and Image Information.

This example illustrates the use of the routi@&¥ileinfo/mgfinfo andGRgetiminfo/mggiinf to
obtain information such as the number of images and attributes in an HDF file and the characteris-
tics of a raster image in the file.

In this example, the program gets the number of images in the file using the @Rfifenfo/

mgfinfo. For each image, the program then obtains and displays its name, number of components,
data type, interlace mode, dimension sizes, and number of attributes using theG®gatan-
info/mggiinf.

C:
#include "hdf.h"

#define FILE_NAME "General_RImages.hdf"

main()
{
/ Variable declaration /
intn status; /* status for functions returning an intn */
int32 file_id, gr_id, ri_id,
n_rimages, /* number of raster images in the file */
n_file_attrs,  /* number of file attributes */
ri_index, /* index of a image */
dim_sizes[2], /* dimensions of an image */
n_comps, /* number of components an image contains */
interlace_mode, /* interlace mode of an image */
data_type, /* number type of an image */
n_attrs; I* number of attributes belong to an image */

char name[MAX_GR_NAME], /* name of an image */
*type_string,  /* mapped text of a number type */
*interlace_string; /* mapped text of an interlace mode */

Jradkxkikxioknk End of variable declaration ** ki |

/*

* Open the file for reading.

*/

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*

* |nitialize the GR interface.
*/

gr_id = GRstart (file_id);
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/*

* Determine the contents of the file.

*,

/

status = GRfileinfo (gr_id, &n_rimages, &n_file_attrs);

/*

* For each image in the file, get and display the image information.
*/

printf ("RI# Name Components Type Interlace \

Dimensions Attributes\n\n");
for (ri_index = O; ri_index < n_rimages; ri_index++)
{
ri_id = GRselect (gr_id, ri_index);
status = GRgetiminfo (ri_id, name, &n_comps, &data_type,
&interlace_mode, dim_sizes, &n_attrs);
/*
* Map the number type and interlace mode into text strings for output
* readability. Note that, in this example, only two possible types
* are considered because of the simplicity of the example. For real
* problems, all possible types should be checked and, if reading the
* data is desired, the size of the type must be determined based on the
* machine where the program resides.
*/
if (data_type == DFNT_CHARS)
type_string = "Char8";
else if (data_type == DFNT_INT16)
type_string = "Int16";
else
type_string = "Unknown";

switch (interlace_mode)
{
case MFGR_INTERLACE_PIXEL:
interlace_string = "MFGR_INTERLACE_PIXEL",
break;
case MFGR_INTERLACE_LINE:
interlace_string = "MFGR_INTERLACE_LINE";
break;
case MFGR_INTERLACE_COMPONENT:
interlace_string = "MFGR_INTERLACE_COMPONENT";
break;
default:
interlace_string = "Unknown";
break;
} /¥ switch */

/*
* Display the image information for the current raster image.
*,
/
printf ("%d %s %d  %s %s %2d,%2d %d\n",
ri_index, name, n_comps, type_string, interlace_string,
dim_sizes[0], dim_sizes[1], n_attrs);

/*

* Terminate access to the current raster image.
*/

status = GRendaccess (ri_id);

}

/*
* Terminate access to the GR interface and close the HDF file.
*/
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status = GRend (gr_id);
status = Hclose (file_id);

}

FORTRAN:
program image_info
implicit none

Parameter declaration

OO0

character*19 FILE_NAME

parameter (FILE_NAME = 'General_RImages.hdf’)
integer DFACC_READ

parameter (DFACC_READ =1)

Function declaration

OO0

integer hopen, hclose
integer mgstart, mgselct, mgfinfo, mggiinf, mgendac, mgend

C
C**** Variable declaration
C
integer status
integer file_id, gr_id, ri_id
integer n_rimages, n_file_attrs, ri_index
integer n_comps, interlace_mode, n_attrs, data_type
integer dim_sizes(2)
character*10 type_string
character*24 interlace_string
character*64 name

** End of variable declaration

Open the HDF file for reading.

O000qQO0n

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the GR interface.

OO0

gr_id = mgstart(file_id)

Determine the contents of the file.

OO0

status = mgfinfo(gr_id, n_rimages, n_file_attrs)

For each image in the file, get and display image information.

OO0

do 100ri_index = 0, n_rimages-1

ri_id = mgselct(gr_id, ri_index)

status = mggiinf(ri_id, name, n_comps, data_type,
+ interlace_mode, dim_sizes, n_attrs)

Map the number type and interlace mode into text strings for
output readability.

o000

if(data_type .eq. 4) then
type_string = 'DFNT_CHARS’

else if(data_type .eq. 22) then
type_string ='DFNT_INT16’
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else
type_string = 'Unknown’
endif
if (interlace_mode .eq. 0) then
interlace_string ='MFGR_INTERLACE_PIXEL’
else if(interlace_mode .eq. 1) then
interlace_string ='MFGR_INTERLACE_LINE’
else if(interlace_mode .eq. 2) then
interlace_string ='MFGR_INTERLACE_COMPONENT’
else
interlace_string = 'Unknown’
endif

Display the image information for the current image.

OO0

write(*,¥) 'Image index: ’, ri_index

write(*,¥) 'Image name: ’, name

write(*,¥) 'Number of components: ’, n_comps
write(*,*) 'Number type: ’, type_string

write(*,¥) 'Interlace mode: ’, interlace_string
write(*,¥) 'Dimnesions: ’, dim_sizes(1), dim_sizes(2)
write(*,*) 'Number of image attributes: ’, n_attrs
write(*,*)

C
C Terminate access to the current raster image.
C

status = mgendac(ri_id)
100 continue
C
C Terminate access to the GR interface and close the HDF file.
status = mgend(gr_id)
status = hclose(file_id)
end

8.9 GR Data Set Attributes

The GR interface provides tools that attach attributes to particular images. This capability is simi-
lar to, though more limited than, attribute function capabilities of the SD interface. The concepts
of user-defined and predefined attributes are explained in Chap8uietific Data Sets (SD
API). The GR implementation of attributes is similar to the SD implementation. Attributes are not
written out to a file until access to the object the attribute is attached to is terminated.

8.9.1 Predefined GR Attributes

The GR API library has only one predefined attribiiel. ATTR. This attribute defines a fill

pixel, which is analogous to a fill value in the SD interface. It represents the default value that is
written to each element of an image array not explicitly written to by the calling program, i.e.,
when only a portion of the entire image array is filled with data. This value must of the same data
type as the rest of the initialized image data. The routine used to set the fillGRlsetattr, is
explained in the next section.
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8.9.2 Setting User-defined Attributes: GRsetattr

GRsetattr creates or modifies an attribute for either a file or a raster image. If the attribute with
the specified name does not exiSRsetattr creates a new one. If the named attribute already
exists,GRsetattr resets all the values that are different from those provided in its argument list.

The syntax ofGRsetattr is as follows:

C: status = GRsetattr(obj_id, attr_name, data_type, n_values,
attr_value);

FORTRAN: status = mgsnatt(obj_id, attr_name, data_type, n_values,
attr_value)

OR status = mgscatt(obj _id, attr_name, data_type, n_values,
attr_value)

The first argumenibj_id , can either be the GR interface identifier or raster image identifier. The
argumentttr name contains the name of the attribute and can be no moreVilQIGR_NAMBr
256) characters in length. Passing the name of an existing attribute will overwrite the value portion

of that attribute.

The argumentsdata type , n_values , and atir value describe the right side of the
label=value  equation. Theitr value ~ argument contains one or more values of the same data
type. Thedata type argument describes the data type for all values in the attribute whes

contains the total number of values in the attribute.

Note that the FORTRAN-77 version @Rsetattr has two routinesgngsnatt writes numeric

attribute data andhgscattwrites character attribute data.

GRsetattr returns eitheBUCCEEDor 0) or FAIL (or-1). The parameters f@eRsetattr are further

described in Table 81 on page 300.

EXAMPLE 5. Operations on File and Raster Image Attributes.

This example illustrates the use of the routiG&setattr/mgsnatt/mgscattto assign attributes to

an HDF file and to an image.

In this example, the program sets two attributes to the existing file "General_RImages.hdf" and
two attributes to the image named "Image Array 2". The file is created by the program in Example
1 and the image is created by the program in Example 2. The values of the second attribute of the

image are of typatl6 and the values of the other three attributes are ofdype .

C:
#include "hdf.h"
#define FILE_NAME "General_RImages.hdf"
#define IMAGE_NAME "Image Array 2"

#define F_ATT1_NAME "File Attribute 1"

#define F_ATT2_NAME "File Attribute 2"

#define RI_ATT1_NAME  "Image Attribute 1"

#define RI_ATT2_NAME  "Image Attribute 2"

#define F_ATT1_VAL "Contents of First FILE Attribute”
#define F_ATT2_VAL "Contents of Second FILE Attribute”
#define F_ATT1_N_VALUES 32

#define F_ATT2_ N_VALUES 33

#define RI_ATT1_VAL "Contents of IMAGE's First Attribute"
#define RI_ATTL_N_VALUES 35

#define RI_ATT2_N_VALUES 6
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main()
{
/ Variable declaration /
intn status; [* status for functions returning an intn */
int32 gr_id, ri_id, file_id,
ri_index;

int16 ri_attr 2[RI_ATT2_N_VALUES] ={1, 2, 3, 4, 5, 6};
/********************** End Of Vanable declaratlon **********************/

/*

* Open the HDF file.

*

file_id = Hopen (FILE_NAME, DFACC_WRITE, 0);

/*

* |nitialize the GR interface.
*/

gr_id = GRstart (file_id);

/*
* Set two file attributes to the file with names, data types, numbers of
* values, and values of the attributes specified.
*
/
status = GRsetattr (gr_id, F_ATT1 _NAME, DFNT_CHARS, F_ATT1_N_VALUES,
(VOIDP)F_ATT1_VAL);

status = GRsetattr (gr_id, F_ATT2_NAME, DFNT_CHARS, F_ATT2_N_VALUES,
(VOIDP)F_ATT2_VAL);

/*

* Obtain the index of the image named IMAGE_NAME.
*

ri_index = GRnametoindex (gr_id, IMAGE_NAME);

/*

* Obtain the identifier of this image.
*/

ri_id = GRselect (gr_id, ri_index);

/*
* Set two attributes to the image with names, data types, numbers of
* values, and values of the attributes specified.
*
/
status = GRsetattr (ri_id, RI_ATT1_NAME, DFNT_CHARS, RI_ATT1_N_VALUES,
(VOIDP)RI_ATT1_VAL);

status = GRsetattr (ri_id, RI_ATT2_NAME, DFNT_INT16, RI_ATT2_N_VALUES,
(VOIDP)ri_attr_2);

/*

* Terminate access to the image and to the GR interface, and close the
* HDF file.

*/

status = GRendaccess (ri_id);

status = GRend (gr_id);

status = Hclose (file_id);

FORTRAN:

program set_attribute
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implicit none
C
C Parameter declaration
C

character*19 FILE_NAME

character*13 IMAGE_NAME

character*16 F_ATT1_NAME

character*16 F_ATT2_NAME

character*17 RI_ATT1_NAME

character*17 RI_ATT2_NAME

character*32 F_ATT1 VAL

character*33 F_ATT2_VAL

integer F_ATT1_N_VALUES

integer F_ATT2_N_VALUES

character*35 RI_ATT1_VAL

integer RI_ATT1_N_VALUES

integer RI_ATT2_N_VALUES
C

parameter (FILE_NAME ='General_RImages.hdf,
IMAGE_NAME ='Image Array 2,
F_ATT1_NAME = File Attribute 1’,
F_ATT2_NAME = File Attribute 2',
RI_ATT1_NAME ='Image Attribute 1’,
RI_ATT2_NAME = 'Image Attribute 2’,
F_ATT1_VAL ='Contents of First FILE Attribute’,
F_ATT2_VAL ='Contents of Second FILE Attribute’,
F_ATT1_N_VALUES =32,
F_ATT2_N_VALUES = 33,
RI_ATT1_VAL = 'Contents of IMAGE"s First Attribute’,
RI_ATT1_N_VALUES = 35,
RI_ATT2_N_VALUES = 6)

integer DFACC_WRITE, DFNT_INT16, DFNT_CHARS

parameter (DFACC_WRITE =2,

+ DFNT_CHAR8 =4,

+ DFNT_INT16 =22)
C
C Function declaration
C

integer hopen, hclose

integer mgstart, mgscatt, mgsnatt , mgn2ndx,

+ mgselct, mgendac, mgend

++ + + + o+ + o+

C

C**** Variable declaration

C
integer status
integer file_id, gr_id, ri_id, ri_index
integer*2 ri_attr 2(RI_ATT2_N_VALUES)
integer i

do10i=1, R_ATT2_N_VALUES
ri_attr 2()) =i
10 continue
C
C** End of variable declaration

Open the HDF file.

O000

file_id = hopen(FILE_NAME, DFACC_WRITE, 0)

Initialize the GR interface.

OO0
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gr_id = mgstart(file_id)

Set two file attributes to the file with names, data type, numbers of
values, and values of attributes specified.

OO0

status = mgscatt(gr_id, F_ATT1_NAME, DFNT_CHARS,
+ F_ATT1 N_VALUES, F_ATT1_VAL)
status = mgscatt(gr_id, F_ATT2_NAME, DFNT_CHARS,
+ F_ATT2_N_VALUES, F_ATT2_VAL)

Obtain the index of the image named IMAGE_NAMR.

OO0

ri_index = mgn2ndx(gr_id, IMAGE_NAME)

Obtain the identifier of this image.

[eNeN¢e]

ri_id = mgselct(gr_id, ri_index)

Set two attributes of the image with names, data types, number of
values, and values of the attributes specified.

o000

status = mgscatt(ri_id, RI_ATT1_NAME, DFNT_CHARS,
+ RI_ATT1_N_VALUES, RI_ATT1_VAL)
status = mgsnatt(ri_id, RI_ATT2_NAME, DFNT_INT16,
+ RI_ATT2_N_VALUES, ri_attr_2)

Terminate access to the image and to the GR interface,
and close the HDF file.

OO0

status = mgendac(ri_id)
status = mgend(gr_id)
status = hclose(file_id)
end

8.9.3 Querying User-Defined Attributes: GRfindattr and GRattrinfo

Each attribute associated with an object has a urititibute index a value ranging from 0 to the

total number of attributes attached to the object - 1. Given a GR interface or raster image identifier
and an attribute nam&Rfindattr will return a valid attribute index of the file or raster image
attribute if the attribute exists. The attribute index can then be used to retrieve information about
the attribute or its values. Given a GR interface or raster image identifier and a valid attribute
index, GRattrinfo returns the name, data type, and number of values for the file or raster image
attribute if the attribute exists.

The syntax foGRfindattr andGRattrinfo is as follows:

C: attr_index = GRfindattr(obj_id, attr_name);
status = GRattrinfo(obj_id, attr_index, attr_name, &data_type,
&n_values);

FORTRAN: attr_index = mgfndat(obj_id, attr_name)
status = mgatinf(obj _id, attr_index, attr_name, data_type,
n_values)

The parametesbj id is either a GR interface identifier or a raster image identifier. The parame-
terattr name specifies the name of the attribute. The paranagteindex  specifies the index

of the attribute to be read. The attribute index is a zero-based integer and must be less than the
total number of attributes assigned to the specified object. The parametgpe specifies the

data type of the attribute. And the parametetiues specifies the number of attribute values.
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GRfindattr returns the attribute index if successful a@#dL (or -1) otherwise. GRattrinfo
returnsSUCCEEDor 0) if successful an#AIL (or -1 ) otherwise. The parameters fBRfindattr
andGRattrinfo are further described in Table 8lI.

8.9.4 Reading User-defined Attributes: GRgetattr

GRgetattr reads the values of an attribute assigned to the object identified by the parameter
obj_id . The syntax foGRgetattr is as follows:

C: status = GRgetattr(obj_id, attr_index, values);
FORTRAN: status = mggnatt(obj_id, attr_index, values)
OR status = mggcatt(obj id, attr_index, values)

The parametesbj_id is either a GR interface identifier or a raster image identifier. The parame-
terattr_index  specifies the index of the attribute to be read. The attribute index is a zero-based
integer and must be less than the total number of attributes assigned to the specified object.

Itis assumed that the buffealues , allocated to hold the attribute values, is large enough to hold
the data; if not, the data read will be truncated to the size of the buffer. The size of the buffer
should be at least values*sizeof(data_type) bytes long. If an attribute contains multiple val-
ues,GRgetattr will return all of them. It is not possible to read a subset of values.

Note that the FORTRAN-77 version @Rgetattr has two routinesmggnatt reads numeric
attribute data anthggcattreads character attribute data.

GRgetattr returnsSUCCEELor 0) if successful an@AIL (or -1 ) otherwise. The parameters for
GRagetattr are further described in Table 8I.

TABLE 8l

GRsetattr, GRfindattr, GRattrinfo, and GRgetattr Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
obj_id int32 integer GR interface or raster image identifier
attr_name char * character*(*) Name assigned to the attribute
) ata_type int integer ata type of the attribute
GF;??;?‘" d int32 i D f the attrib
(mgsnatt/mgscatt) n_values int32 integer Number of values in the attribute
<vali - oy
values VOIDP valid numeric data type>( Buffer with the attribute values
character*(*)
GRfindattr obj_id int32 integer GR interface or raster image identifier
[int32]
(mgfndat) attr_name char * character*(*) Name of the attribute
obj_id int32 integer GR interface or raster image identifier
GRattrinfo attr_index int32 integer Index for the attribute to be read
[intn] attr_name char * character*(*) Name of the attribute
(mgatinf) data_type int32 * integer Data type of the attribute values
n_values int32 * integer Total number of values in the attribute
GRgetattr obj_id int32 integer GR interface or raster image identifier
[intn] attr_index int32 integer Index for the attribute to be read
(mggnatt/ vl - —
mggcatt) values VOIDP valid numeric data type>( Buffer for the attribute values
character*(*)
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EXAMPLE 6.

Obtaining File and Image Attribute.

This example illustrates the use of the routi@dattrinfo/mgatinf , GRfindattr/mgfndat , and
GRgetattr/mggnatt/mggcatt to extract information and values of file and image attributes that
were set by the program in Example 5.

In this example, the program gets the information about each file attribute, then extracts its values.
The program then selects the second image in the file, finds the attribute named "Image Attribute
2", obtains the data type and the number of values in the attribute, and extracts its stored values.

C:

#include "hdf.h"

#define FILE_NAME "General_RImages.hdf"
#define RI_ATTR_NAME "Image Attribute 2"

main()

{

/ Variable declaration /

intn  status; [* status for functions returning an intn */
int32 gr_id, ri_id, file_id,
f_att_index, /*index of file attributes */
ri_att_index, /*index of raster image attributes */
data_type, /*image data type */
n_values, /* number of values in an attribute */
value_index, /*index of values in an attribute */
n_rimages, /* number of raster images in the file */
n_file_attrs; /* number of file attributes */
char attr_name[MAX_GR_NAME]; /* buffer to hold the attribute name
VOIDP data_buf; [* buffer to hold the attribute values */
intl6 *int_ptr;  /*int16 pointer to point to a void data buffer  */
char8 *char_ptr;  /* char8 pointer to point to a void data buffer  */

Jradkxkikkicknk End of variable declaration **xssskikskkicioik |

/*

* Open the HDF file.

*/

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*

* |nitialize the GR interface.
*/

gr_id = GRstart (file_id);

/*

* Determine the number of attributes in the file.

*

/

status = GRfileinfo (gr_id, &n_rimages, &n_file_attrs);

if (status != FAIL && n_file_attrs > 0)
{
for (f_att_index = 0; f_att_index < n_file_attrs; f_att_index++)
{
/*
* Get information about the current file attribute.
*,
/
status = GRattrinfo (gr_id, f_att_index, attr_name, &data_type,
&n_values);

*
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/*

* Allocate a buffer to hold the file attribute data. In this example,

* knowledge about the data type is assumed to be available from
* the previous example for simplicity. In reality, the size

* of the type must be determined based on the machine where the
* program resides.

*

if (data_type == DFNT_CHARS)

data_buf = malloc (n_values * sizeof (char8));
if (data_buf == NULL)
{
printf ("Unable to allocate space for attribute data.\n");
exit (1);
}
}

else

printf ("Unable to determine data type to allocate data buffer.\n");
exit (1);
}

/*

* Read and display the attribute values.

*

status = GRgetattr (gr_id, f_att_index, (VOIDP)data_buf);

char_ptr = (char8 *) data_buf;

printf ("Attribute %s: ", attr_name);

for (value_index = 0; value_index < n_values; value_index++)
printf ("%c", char_ptr[value_index]);

printf ("\n");
/*
* Free the space allocated for the data buffer.
*
free (data_buf);
}/* for ¥/

Yt

/*

* Select the second image in the file.

*

ri_id = GRselect (gr_id, 1);

/*

* Find the image attribute named RI_ATTR_NAME.
*,

/

ri_att_index = GRfindattr (ri_id, RI_ATTR_NAME);

/*

* Get information about the attribute.

*

status = GRattrinfo (ri_id, ri_att_index, attr_name, &data_type, &n_values);

/*
* Allocate a buffer to hold the file attribute data. As mentioned above,
* knowledge about the data type is assumed to be available from
* the previous example for simplicity. In reality, the size of the
* type must be determined based on the machine where the program resides.
*
if (data_type == DFNT_INT16)
data_buf = malloc (n_values * sizeof (int16));

8-302 June 24, 1998



HDF User's Guide

/*

* Read and display the attribute values.

*

status = GRgetattr (ri_id, ri_att_index, (VOIDP)data_buf);

printf ("\nAttribute %s: ", RI_ATTR_NAME);

int_ptr = (intl6 *)data_buf;

for (value_index = 0; value_index < n_values; value_index++)
printf ("%d ", int_ptr[value_index]);

printf ("\n");

/*

* Free the space allocated for the data buffer.
*/

free (data_buf);

/*

* Terminate access to the raster image and to the GR interface, and
* close the file.

*/

status = GRendaccess (ri_id);

status = GRend (gr_id);

status = Hclose (file_id);

}
FORTRAN:
program get_attribute
implicit none
C
C Parameter declaration
C
character*19 FILE_NAME
character*17 RI_ATTR_NAME
C
parameter (FILE_NAME ='General_RImages.hdf,
+ RI_ATTR_NAME =’Image Attribute 2)
integer DFACC_READ, DFNT_INT16, DFNT_CHARS
parameter (DFACC_READ =1,
+ DFNT_CHAR8 =4,
+ DFNT_INT16 =22)
C
C  Function declaration
C
integer hopen, hclose
integer mgstart, mgfinfo, mgatinf, mggcatt, mggnatt , mgfndat,
+ mgselct, mgendac, mgend
C
C**** Variable declaration
C
integer  status
integer  file_id, gr_id, ri_id
integer  f_att_index, ri_att_index, data_type, n_values
integer  n_rimages, n_file_attrs
integer*2 int_buf(10)
character*17 attr_name
character*80 char_buf
integer i
C
C*+ End of variable declaration
C
C

C Open the HDF file.

June 24, 1998 8-303



National Center for Supercomputing Applications

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the GR interface.

OO0

gr_id = mgstart(file_id)

Determine the number of attributes in the file.

OO0

status = mgfinfo(gr_id, n_rimages, n_file_attrs)
if ((status .NE. -1) .AND. (n_file_attrs .GT. 0)) then

do 10f_att_index =0, n_file_attrs-1

Get information about the current file attribute.

OO0

status = mgatinf(gr_id, f_att_index, attr_name, data_type,
+ n_values)

Check whether data type is DFNT_CHARS in order to use allocated buffer.

OO0

if(data_type .NE. DFNT_CHARS) then
write(*,¥)
+ ’Unable to determine data type to use allocated buffer’
else

Read and display the attribute values.

[eNeN¢e]

status = mggcatt(gr_id, f_att_index, char_buf)
write(*,*) 'Attribute ’, attr_name, ' :’,
+ char_buf(1:n_values)
endif
10 continue

endif

Select the second image in the file.

OO0

ri_id = mgselct(gr_id, 1)

Find the image attribute named RI_ATTR_NAME.

OO0

ri_att_index = mgfndat(ri_id, RI_ATTR_NAME)

Get information about the attribute.

OO0

status = mgatinf(ri_id, ri_att_index, attr_name, data_type,
+ n_values)

Read and display attribute values.

[eNeN¢e]

status = mggnatt(ri_id, ri_att_index, int_buf)
write(*,*) "Attributes *, (int_buf(i), i = 1, n_values)

Terminate access to the image and to the GR interface,
and close the HDF file.

OO0

status = mgendac(ri_id)
status = mgend(gr_id)
status = hclose(file_id)
end
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8.10 Reading and Writing Palette Data Using the GR Interface

The GR API library includes routines that read, write, and access information about palette data
attached to GR images. Although this functionality is also provided by the HDF Palette API
library, it is not a recommended practice to use the Palette API to access and manipulate palette
objects created by GR interface routines.

The routines are namea@Rgetlutid, GRIuttoref, GRgetlutinfo, GRwritelut, GRreglutil , and
GRreadlut. Note that the routine names use the tetT to refer to palettes; LUT stands for
colorlookup tables

8.10.1 Obtaining a Palette ID: GRgetlutid

Given a palette index, the routi@Rgetlutid is used to get the palette identifier for the specified
palette.

The GRgetlutid function takes two argumentsjd , the raster image identifier of the image that
has the palette attached to it, amdindex , the index of the palette, and returns the value of the
palette identifier corresponding to the specified image. The synt@Rgétlutid is as follows:

C: pal_id = GRgetlutid(ri_id, lut_index);
FORTRAN: pal_id = mggltid(ri_id, lut_index)

GRgetlutid returns the value of the palette identifier if successfulrad (or-1) otherwise. The
GRagetlutid parameters are further discussed in Table 8J.

8.10.2 Obtaining the Reference Number of a Specified Palette: GRIuttoref

Given a palette identifieGRIuttoref can be used to obtain the reference number of the specified
palette.

The GRIuttoref routine takes one argumepd)_id , a palette identifier, and returns the reference
number of the palett&sRluttoref is commonly used to annotate the palette or to include the palette
within a vgroup. The syntax @Rgetlutid is as follows:

C: pal_ref = GRIuttoref(pal_id);
FORTRAN: pal_ref = mglt2rf(pal_id)

GRiluttoref returns the reference number of the palette if successful atietrwise. Th&RIut-
toref parameters are further discussed in Table 8J.

TABLE 8J

GRgetlutid, GRgetlutinfo, and GRIuttoref Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
GRgetlutid ri_id int32 integer Raster image identifier
[int32]
(mggltid) lut_index int32 integer Palette index
GRluttoref
[uint16] pal_id int32 integer Palette identifier
(mglt2rf)
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8.10.3 Obtaining Palette Information: GRgetlutinfo

Given a palette identifieiGRgetlutinfo retrieves information about the palette and its compo-
nents.

The GRgetlutinfo function takes one input argumeps)_id , the identifier of the palette, and
several return parameters. The return parameters em@ps, the number of components of the
palette;data_type , the data type of the palette dategrlace_mode , the interlace mode of the
stored palette data; aneim_entries , the number of entries in the palette. The syntax of
GRagetlutinfo is as follows:

C: status = GRgetlutinfo(pal_id, &n_comps, &data_type,
&interlace_mode, &num_entries);

FORTRAN: status = mgglinf(pal_id, n_comps, data_type, interlace_mode,
num_entries)

GRgetlutinfo returnsSUCCEELor 0) if successful an@AIL (or -1) otherwise. Th&Rgetlutinfo
parameters are further discussed in Table 8J.

8.10.4 Writing Palette Data: GRwritelut

GRwritelut writes palette data into the palette identified by the parampatét . The syntax of
GRwritelut is as follows:

C: status = GRwritelut(pal_id, n_comps, data_type,
interlace_mode, num_entries, pal_data);

FORTRAN: status = mgwrlut(pal_id, n_comps, data_type, interlace_mode,
num_entries, pal_data)

OR status = mgwclut(pal_id, n_comps, data._type, interlace_mode,
num_entries, pal_data)

The parameten_comps specifies the number of pixel components in the palette; it must have a
value of at least 1. The parametiata_type specifies the data type of the palette data. Refer to
Table 2E on page 14 for all data types supported by HDF.

The parameteinterlace_mode  specifies the interlacing in which the palette is to be written. The
valid values ofinterlace_mode are:MFGR_INTERLACE_PIXEL(or 0), MFGR_INTERLACE_LINHor 1)

and MFGR_INTERLACE_COMPONENT 2). Refer to Section 8.5.1 on page 270 for further informa-
tion.

The parametenum_entries  specifies the number of entries in the palette. The bp#edata
contains the palette data.

Note that the FORTRAN-77 version @Rwritelut has two routinesmgwrlut writes buffered
numeric palette data amdgwclut writes buffered character palette data.

GRwritelut returns eitheBUCCEEor 0) or FAIL (or -1). The parameters of this routine are fur-
ther defined in Table 8K on page 308.
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8.10.5 Setting the Interlace Mode for a Palette: GRreqlutil

GRreqlutil sets the interlace mode for the next palette to be read. The sy@&¢cexjlutil is as
follows:

C: status = GRreq|util(pal_id, interlace_mode);
FORTRAN: status = mgrltil(pal_id, interlace_mode)

The parameteinterlace_mode  specifies the interlacing that will be in effect for the next palette
read operation. The valid values dferlace_mode are: MFGR_INTERLACE_PIXEL (or 0),
MFGR_INTERLACE_LINE(or 1) and MFGR_INTERLACE_COMPONE{SF 2). Refer to Section 8.5.1 on
page 270 for further information.

GRreqlutil may be called at anytime before the read operation of the specified palette. In addi-
tion, it may be called more than once; the interlace mode setting specified by the last call to the
routine will be used for the next read operation.

GRreqlutil returns eitheBUCCEEor 0) or FAIL (or-1). The parameters of this routine are further
defined in Table 8K on page 308.

8.10.6 Reading Palette Data: GRreadlut

GRreadlut reads data from the palette identified by the parameteid . The syntax of
GRreadlut is as follows:

C: status = GRreadlut(pal_id, pal_data);
FORTRAN: status = mgrdiut(pal_id, pal_data)
OR status = mgrclut(pal_id, pal_data)

The read data will be stored in the buffar data , which is assumed to be sufficient to store the

read palette data. The sufficient amount of space needed can be determined using the routine
GRgetlutinfo. The palette data is read according to the interlacing mode set by the last call to
GRreqlutil .

Note that the FORTRAN-77 version GRreadlut has two routineangrdlut reads numeric pal-
ette data anchgrclut reads character palette data.

GRreadlut returns eitheBUCCEEDor 0) or FAIL (or-1). The parameters of this routine are further
defined in Table 8K.
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TABLE 8K GRgetlutid, GRwritelut, GRreglutil, and GRreadlut Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) c FORTRAN-77
pal_id int32 integer Palette identifier
. . Number of components in each pal
*
GRgetlutinfo n_comps int32 integer ette element
[intn] - " -
(mgglinf) data_type int32 integer Data type of the palette data
interlace_mode int32* integer Interlace mode of the palette data
num_entries int32* integer Buffer for the size of the palette
pal_id int32 integer Palette identifier
n_comps inta2 integer Number of components in each pal
) ette element
GRwritelut
[intn] data_type int32 integer Type of the palette data
(mgwrlut/ interlace_mode int32 integer Interlace mode of the palette data
mgwclut) - - - —
num_entries int32 integer Number of entries in the palette
- - . -
pal_data VOIDP <valid numeric data type>(*){ Buffer for the palette data to be writ-
character*(*) ten
GRreqlutil pal_id int32 integer Palette identifier
[intn] interlace mode intn integer Interlace mode for the next palette
(maritil) - g read operation
GRreadlut pal_id int32 integer Palette identifier
[intn]
. ) .
(mgrdiut/ pal_data VOIDP <valid numeric da;tf WP Bytrer for the palette data to be rea
mgrelut) character*(*)
EXAMPLE 7. Writing a Palette.

This example illustrates the use of the routiGéxyetlutid/mggltid andGRwritelut/mgwclut to
attach a palette to a raster image and write data to it.

In this example, the program creates an image named "Image with Palette” in the file
"Image_with_Palette.hdf". A palette is then attached to the image and data is written to it.
C:
#include "hdf.h"

#define FILE_NAME "Image_with_Palette.hdf"

#define NEW_IMAGE_NAME "Image with Palette"

#define N_COMPS_IMG 2 /* number of image components */
#define X_LENGTH 5

#define Y_LENGTH 5

#define N_ENTRIES 256  /* number of entries in the palette */
#define N_COMPS_PAL 3 /* number of palette’s components */

main( )

{

/ Variable declaration /

intn status, [* status for functions returning an intn */
I’ J;

int32 file_id, gr_id, ri_id, pal_id,
interlace_mode,
start[2], /* holds where to start to write for each dimension */
edges[2], /* holds how long to write for each dimension */
dim_sizes|[2]; /* sizes of the two dimensions of the image array */
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uint8 image_buf[Y_LENGTH][X_LENGTH][N_COMPS_IMG]; /* data of first image */
uint8 palette_buf[N_ENTRIES][N_COMPS_PAL];

[HIxwRR xRk End of variable declaration ** ki iok |

/*

* Open the HDF file.

*/

file_id = Hopen (FILE_NAME, DFACC_CREATE, 0);

/*

* |nitialize the GR interface.
*/

gr_id = GRstart (file_id);

/*

* Define the dimensions and interlace mode of the image.
*

/

dim_sizes[0] = X_LENGTH,;

dim_sizes[1] = Y_LENGTH,;

interlace_mode = MFGR_INTERLACE_PIXEL;

/*

* Create the image named NEW_IMAGE_NAME.

*

/

ri_id = GRcreate (gr_id, NEW_IMAGE_NAME, N_COMPS_IMG, DFNT_UINTS,
interlace_mode, dim_sizes);

/*
* Fill the image data buffer with values.
*/
for (i=0;i<Y_LENGTH; i++)
{
for (j = 0; j < X_LENGTH,; j++)
{
image_bufi][j][0] = (i +j) + 1;
image_buf[i][j][1] = (i +]) + 2;
}
}

/*

* Define the size of the data to be written, i.e., start from the origin
* and go as long as the length of each dimension.

*/

start[0] = start[1] = O;

edges[0] = X_LENGTH;

edges[1] = Y_LENGTH;

/*

* Write the data in the buffer into the image array.

*/

status = GRwriteimage (ri_id, start, NULL, edges, (VOIDP)image_buf);

/*

* |nitialize the palette to grayscale.

*

for (i=0;i<N_ENTRIES; i++) {
palette_buf[i][0] = i;
palette_buf[i][1] = i;
palette_buf[i][2] = i;

}

/*
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* Define palette interlace mode.

*

/

interlace_mode = MFGR_INTERLACE_PIXEL;

/*

* Get the identifier of the palette attached to the image NEW_IMAGE_NAME.
*/

pal_id = GRgetlutid (ri_id, 0);

/*

* Write data to the palette.

*

/

status = GRwritelut (pal_id, N_COMPS_PAL, DFNT_UINTS, interlace_mode,
N_ENTRIES, (VOIDP)palette_buf);

/*

* Terminate access to the image and to the GR interface, and
* close the HDF file.

*/

status = GRendaccess (ri_id);

status = GRend (gr_id);

status = Hclose (file_id);

FORTRAN:
program write_palette
implicit none
C
C Parameter declaration
C
character*22 FILE_NAME
character*18 NEW_IMAGE_NAME
integer X_LENGTH
integer Y_LENGTH
integer N_ENTRIES
integer N_COMPS_IMG
integer N_COMPS_PAL
C
parameter (FILE_NAME =’Image_with_Palette.hdf’,
NEW_IMAGE_NAME =’Image with Palette’,
X_LENGTH =5,
Y_LENGTH =5,
N_ENTRIES =256,
N_COMPS_IMG =2,
N_COMPS_PAL =3)
integer DFACC_CREATE, DFNT_CHARS8, DFNT_UINT8, MFGR_INTERLACE_PIXEL
parameter (DFACC_CREATE =4,
+ DFNT_CHAR8 =4,
+ DFNT_UINT8 =21,
+ MFGR_INTERLACE_PIXEL =0)

+ 4+ + + + +

C
C Function declaration
C
integer hopen, hclose
integer mgstart, mgcreat, mgwcimg, mggltid, mgweclut,
+ mgendac, mgend
C
C**** Variable declaration
C

integer file_id, gr_id, ri_id, pal_id
integer interlace_mode
integer start(2), stride(2), edges(2), dim_sizes(2)
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integer status

integer i, j

character image_buf(N_COMPS_IMG, X_LENGTH, Y_LENGTH)
character palette_buf(N_COMPS_PAL, N_ENTRIES)

** End of variable declaration

Create and open the file.

O000qQO0n

file_id = hopen(FILE_NAME, DFACC_CREATE, 0)

Initialize the GR interface.

OO0

gr_id = mgstart(file_id)

Define interlace mode and dimensions of the image.

OO0

interlace_mode = MFGR_INTERLACE_PIXEL
dim_sizes(1) = X_LENGTH
dim_sizes(2) = Y_IENGTH

Create the raster image array.

OO0

ri_id = mgcreat(gr_id, NEW_IMAGE_NAME, N_COMPS_IMG, DFNT_CHARS,
+ interlace_mode, dim_sizes)

Fill the image data buffer with values.

OO0

do20i=1,Y_LENGTH
do10j=1, X LENGTH
image_buf(,j,i) = char(i+j-1)
image_buf(2,},i) = char(i + j)
10 continue
20 continue

Define the size of the data to be written, i.e., start from the origin
and go as long as the length of each dimension.

OO0

start(1) =0

start(2) =0

edges(l) = X_LENGTH
edges(2) = Y_LENGTH
stride(1) =1

stride(2) =1

Write the data in the buffer into the image array.

[eNeN¢e]

status = mgwcimg(ri_id, start, stride, edges, image_buf)

Initilaize the palette buffer to grayscale.

OO0

do40i=1, N_ENTRIES
do30j=1,N_COMPS_PAL
palette_buf(j,i) = char(i)
30 continue

40 continue

C

C Getthe identifier of the palette attached to the image NEW_IMAGE_NAME.
C

pal_id = mggltid(ri_id, 0)
C
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C
C

OO0

O000

Set palette interlace mode.
interlace_mode = MFGR_INTERLACE_PIXEL
Write data to the palette.

status = mgwclut(pal_id, N_COMPS_PAL, DFNT_UINTS, interlace_mode,
+ N_ENTRIES, palette_buf)

Terminate access to the raster image and to the GR interface,
and close the HDF file.

status = mgendac(ri_id)
status = mgend(gr_id)
status = hclose(file_id)
end

EXAMPLE 8.

Reading a Palette.

This example illustrates the use of the routiG&getlutinfo/mgglinf andGRreadlut/mgrclut to
obtain information about a palette and to read palette data.

In this example, the program finds and selects the image named "Image with Palette" in the file
"Image_with_Palette.hdf". Then the program obtains information about the palette and reads the
palette data.

C:

#include "hdf.h"

#define FILE_NAME  "Image_with_Palette.hdf"
#define IMAGE_NAME  "Image with Palette"
#define N_ENTRIES 256 /* number of elements of each color */

main()

{

/ Variable declaration /

intn status, [* status for functions returning an intn */
iy J;
int32 file_id, gr_id, ri_id, pal_id, ri_index;
int32 data_type, n_comps, n_entries, interlace_mode;
uint8 palette_data[N_ENTRIES][3]; [* static because of fixed size */

/ Variable declaration /

/*

* Open the file.

*/

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*

* |nitiate the GR interface.
*

gr_id = GRstart (file_id);

/*

* Get the index of the image IMAGR_NAME.

*/

ri_index = GRnametoindex (gr_id, IMAGE_NAME);
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/*

* Get image identifier.

*

ri_id = GRselect (gr_id, ri_index);

/*

* Get the identifier of the palette attached to the image.
*/

pal_id = GRgetlutid (ri_id, ri_index);

/*

* Obtain and display information about the palette.

*/

status = GRgetlutinfo (pal_id, &n_comps, &data_type, &interlace_mode,

&n_entries);
printf ("Palette: %d components; %d entries\n", n_comps, n_entries);

/*

* Read the palette data.

*

status = GRreadlut (pal_id, (VOIDP)palette_data);

/*
* Display the palette data. Recall that HDF supports only 256 colors.
* Each color is defined by its 3 components. Therefore,
* verifying the value of n_entries and n_comps is not necessary and
* the buffer to hold the palette data can be static. However,
* if more values or colors are added to the model, these parameters
* must be checked to allocate sufficient space when reading a palette.
*/
printf (" Palette Data: \n");
for (i=0; i< n_entries; i++)
{

for (j = 0; j < n_comps; j++)

printf (“%i ", palette_datal[i][j]);
printf ("\n");

printf ("\n");

/*

* Terminate access to the image and to the GR interface, and
* close the HDF file.

*

status = GRendaccess (ri_id);

status = GRend (gr_id);

status = Hclose (file_id);

}
FORTRAN:

program read_palette
implicit none

C

C Parameter declaration

C
character*22 FILE_NAME
character*18 IMAGE_NAME
integer N_ENTRIES
integer N_COMPS_PAL

C

parameter (FILE_NAME ='Image_with_Palette.hdf,
+ IMAGE_NAME ='Image with Palette’,
+ N_COMPS_PAL = 3,
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+ N_ENTRIES = 256)
integer DFACC_READ, DFNT_CHARS, DFNT_UINT8, MFGR_INTERLACE_PIXEL
parameter (DFACC_READ =1,
+ DFNT_CHARS =4,
+ DFNT_UINT8 =21,
+ MFGR_INTERLACE_PIXEL =0)
C
C Function declaration
C
integer hopen, hclose
integer mgstart, mgn2ndx, mgselct, mggltid, mgglinf,
+ mgrclut, mgendac, mgend
C
C**** Variable declaration
C
integer file_id, gr_id, ri_id, ri_index, pal_id, pal_index
integer interlace_mode
integer data_type, n_comps, n_entries_out
integer status
integer i, j
character palette_data(N_COMPS_PAL, N_ENTRIES)
C
C*+ End of variable declaration

Open the file.

O000

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the GR interface.

[eNeN¢e]

gr_id = mgstart(file_id)

Get the index of the image IMAGE_NAME.

OO0

ri_index = mgn2ndx(gr_id, IMAGE_NAME)

Get the image identifier.

OO0

ri_id = mgselct(gr_id, 0)

Get the identifier of the palette attached to the image.

OO0

pal_index =0
pal_id = mggltid(ri_id, pal_index)

Obtain information about the palette.

OO0

status = mgglinf(pal_id, n_comps, data_type, interlace_mode,
+ n_entries_out)

write(*,*) * Palette: ', n_comps, ' components; ’,

+ n_entries_out, ' entries’

Read the palette.

[eNeN¢e]

status = mgrclut(pal_id, palette_data)

Display the palette data.

OO0

write(*,*) "Palette data"
do 10i=1, n_entries_out
write(*,*) (ichar(palette_data(j,i)), j = 1, n_comps)
10 continue
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Terminate access to the raster image and to the GR interface,
and close the HDF file.

OO0

status = mgendac(ri_id)
status = mgend(gr_id)
status = hclose(file_id)
end

8.11 Chunked Raster Images

The GR interface also supports chunking in a manner similar to that of the SD interface. There is
one restriction on a raster image: it must be createdwr#R_INTERLACE_PIXEL(0r 0) in the call

to GRcreate We refer the reader to Section 3.11 of Chapt&cintific Data Sets (SD ARBnd

to Chapter 14HDF Performance Issuegor discussions of chunking concepts and performance
related topics. The GR interface provides three routi@&setchunk GRsetchunkcache and
GRgetchunkinfo, to create and maintain chunked raster images. The GR interface does not have
special write/read routines similar 8Dwritechunk/SDreadchunk, chunked raster images are
written and read b@Rwriteimage andGRreadimage

8.11.1 Making a Raster Image a Chunked Raster Image: GRsetchunk

GRsetchunk makes the raster image, identified by the paramiets¢r , a chunked raster image
according to the provided chunking and compression information. The syn&Rsaftchunk s
as follows:

C: status = GRsetchunk(ri_id, c_def, flags);
FORTRAN: status = mgschnk(ri_id, dim_length, comp_type, comp_prm)

The parameters def andflags in C or the parametetemp type andcomp_prm in FORTRAN-
77 provide the chunking and compression information and are discussed below.

InC:
The parametet def is a union of typ&iDF CHUNK DERvhich is defined as follows:

typedef union hdf_chunk_def_u

{
int32 chunk_lengths[2]; /* chunk lengths along each dim */

struct

{

int32 chunk_lengths[2];

int32 comp_type; [* compression type */
struct comp_info cinfo;

} comp;

struct

{

[*is not used in GR interface */
} nbit;
} HDF_CHUNK_DEF

Valid values of the parametdlags are HDF_CHUNKor chunked and uncompressed data and
(HDF_CHUNK | HDF_compfor chunked and compressed data. Data can be compressed using run-
length encoding (RLE), Skipping Huffman, or GZIP compression algorithms.

June 24, 1998 8-315



National Center for Supercomputing Applications

If the parameteflags has a value ofiDF_CHUNKthe chunk dimensions must be specified in the
field c_def.chunk_lengths]] . If the parameteftags has a value ofHDF_CHUNK | HDF_COMR
the chunk dimensions must be specified in the fietdf.comp.chunk_lengths]] and the com-
pression type in the field def.comp.comp_type. Valid values of compression type values are:
COMP_CODE_NOK& 0) for uncompressed data
COMP_CODE_RI(®r 1) for data compressed using the RLE compression algorithm

COMP_CODE_SKPHUfe 3) for data compressed using the Skipping Huffman compression
algorithm

COMP_CODE_DEFLATar 4) for data compressed using the GZIP compression algorithm

If using Skipping Huffman compression, the skipping size is specified in the field
c_def.comp.cinfo.skphuff.skp_size . If using GZIP compression, the deflate level is specified
in the fieldc_def.comp.cinfo.deflate.level . Valid deflate level values are integers from 1 to
9 inclusive. Refer to the discussion®Dsetcompressoutine in Section 3.5.2 on page #8 the
definition of the structureomp_info .

In FORTRAN-77:

Chunk dimensions are specified in the amiiy length  and the compression type in the parame-
ter comp_type . Valid compression types and their values are defined in the “hdf.inc"file and are
listed below:

COMP_CODE_NOK& 0) for uncompressed data

COMP_CODE_RI®r 1) for data compressed using the RLE compression algorithm

COMP_CODE_SKPHUfe 3) for data compressed using the Skipping Huffman compression

algorithm
COMP_CODE_DEFLATar 4) for data compressed using the GZIP compression algorithm

The parametecomp_prm specifies the compression parameters for the Skipping Huffman and
GZIP compression methods. It contains only one element which is set to the skipping size for
Skipping Huffman compression or the deflate level for GZIP compression.

GRsetchunk returnsSUCCEEor 0) if successful andAIL (or -1) otherwise. The&GRsetchunk
parameters are discussed further in Table 8L on page 317.

8.11.2 Obtaining Information about a Chunked Raster Image:
GRgetchunkinfo

GRgetchunkinfo is used to determine whether a raster image is chunked and how chunking is
defined. The syntax of tt@Rgetchunkinfo routine is as follows:

C: status = GRgetchunkinfo(ri_id, &c_def, &flag);
FORTRAN: status = mggichnk(ri_id, dim_length, flag)

GRgetchunkinfo retrieves chunking information about the raster image into the parameters
c_def andflag in C and into the parametatim_length andflag in FORTRAN-77. Note that
only chunk dimensions are retrieved; compression information is not available.

The value returned in the parameflag indicates whether the raster image is not chunked,
chunked, or chunked and compressadF NONEor -1) indicates that the raster image is not
chunked.HDF_CHUNK(or 0) indicates that the raster image is chunked and not compressed.
(HDF_CHUNK |HDF_COMp(or 1) indicates that raster image is chunked and compressed with one of
the allowed compression methods: RLE, Skipping Huffman, or GZIP.
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In C, if the raster image is chunked and not compresS&yetchunkinfo fills the array
chunk_lengths  in the uniornc_def with the values of the corresponding chunk dimensions. If the
raster image is chunked and compres&dgetchunkinfo fills the arraychunk_lengths  in the
structurecomp of the unionc_def with the values of the corresponding chunk dimensions. Refer
to Section 8.11.1 on page 315 oBRsetchunk for specific information on the union
HDF_CHUNK_DEMN C, if the chunk length for each dimension is not neeldeld, can be passed in

as the value of the parametedef .

In FORTRAN-77, chunk dimensions are retrieved into the atiraylength

GRgetchunkinfo returns SUCCEED(or 0) if successful andFALL (or -1) otherwise. The
GRgetchunkinfo parameters are discussed further in Table 8L.

8.11.3 Setting the Maximum Number of Chunks in the Cache:
GRsetchunkcache

GRsetchunkcachesets the maximum number of chunks to be cached for chunked raster image.
GRsetchunkcache has similar behavior t&SDsetchunkcache Refer to Section 3.11.2 on
page 106 for specific information. The syntaxGRsetchunkcacheis as follows:

C: status = GRsetchunkcache(ri_id, maxcache, flags);

FORTRAN: status = mgscchnk(ri_id, maxcache, flags)

The maximum number of chunks is specified by the parametesache . Currently, the only
valid value of the parametéaigs isO0.

If GRsetchunkcachds not called, the maximum number of chunks in the cache is set to the num-
ber of chunks along the fastest-changing dimension. SiRsetchunkcacheis similar to the
routineSDsetchunkcacherefer to Section 3.11.2 on page %06 more detailed discussion of the
routine’s behavior.

GRsetchunkcachereturns the value of the parametasxcache if successful andFAIL (or -1)
otherwise. Th&Rsetchunkcacheparameters are discussed further in Table 8L.

TABLE 8L

GRsetchunk, GRgetchunkinfo, and GRsetchunkcache Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
ri_id int32 integer Raster image identifier
c_def HDF_CHUNK_DEF N/A Chunk definition
GRFetcTunk flags int32* N/A Compression flags
intn
(mgschnk) dim_length N/A integer Chunk dimensions array
comp_type N/A integer Type of compression
comp_prm N/A integer Compression parameters array
ri_id int32 integer Raster image identifier
GRge[t_ChU]”ki”fO c_def HDF_CHUNK_DEF N/A Chunk definition
intn
(mggichnk) dim_length N/A integer Chunk dimensions array
flag int32 integer Compression flag
GRsetchunkcache ri_id int32 integer Raster image identifier
[intn] maxcache int32 integer Maximum number of chunks to cache
(mgscchnk) flags int32 integer Flags determining routine behavior
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Chapter

9

Palettes (DFP API)

9.1

9.2

Chapter Overview

This chapter describes the routines available for storing and retrieving 8-bit palettes. An 8-bit pal-
ette is a look-up table with 256 entries, one entry for each of the 256 possible pixel values the sys-
tem hardware associates with a particular color. This chapter introduces and describes the HDF
palette data model and the DFP interface.

The Palette Data Model

A paletteis the means by which color is applied to an image and is also referred twlas a
lookup table It is a table in which every row contains the numerical representation of a particular
color. Palettes can be many different sizes, but HDF only supports palettes with 256 colors, corre-
sponding to the 256 different possible pixel values (0 to 255) in 8-bit raster images.

For each of the 256 colors in a palette, there are three 8-bit numbers describing its appearance.
(See Figure 9a.) Each 8-bit color component represents the amount of red (or "R"), green (or "G"),

or blue (or "B") used to create a particular color. In HDF, 8-bit palettes are assumed to be orga-

nized as follows; each entry consists of three bytes: one each for R, G, and B value. The first

group of three bytes represent the R, G, and B values of the first color in the palette; the next three
the R, G, and B values of the second color; and so forth. Therefore, the 256 possible different pixel

values in an image serve as an index for the 256 color entries stored in the palette.

FIGURE 9a

Color Mapping Using a Palette

Entry Red Green Blue
0 00000000 | 00000000 | 00000000
1 00000001 | 00000001 | 00000001
2 00000010 | 00000010 | 00000010

192 11000000 | 11000000 | 11000000

253 | 11111101 | 11111101 | 11111101
254 | 11111110 | 11111110 | 11111110
255 | 11111111 | 11111111 | 11111111

8-bit Raster Image Pixel Color Look-up Table (Color Components) Palette

In the HDF library, there are four interfaces that support the reading and writing of palette data,
the raster image interfaces, covered in Chapter 6, 8tBd Raster Image@DFR8 API) Chapter
7, titted 24-Bit Raster Images (DF24 AR hapter 8, titledseneral Raster Images (GR ARRd
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the DFP palette interface covered in this chapter. The raster image interfaces store palettes with
raster images and the palette interface reads and writes palettes outside of raster image sets. Pal-
ettes stored using the palette interface are stored as isolated data objects. In other words they are
not included as members of any set, although they can be grouped with other objects using the
Vgroup interface. For more information on the Vgroup interface, refer to Chapter 5Ytitiedps

(V API).

9.3 The Palette API
The DFP interface consists of eight routines. The routh®@sddpal and DFPgetpal are the pri-
mary routines for palette 1/0 and are used for most reading and writing operations.
9.3.1 Palette Library Routines
All C functions in the palette interface are prefaced by "DFP" and the equivalent FORTRAN-77
functions are prefaced by "dp". These routines are divided into the following categories:
Write routinesstore palettes in new files or append them to existing files.
Read routinessequentially or randomly locate palettes to be read from a named file.
The DFP function calls are more explicitly defined in the following table and iklibfe Refer-
ence Guide
TABLE 9A DFP Library Routines
Routine Names o
Category Description
(3 FORTRAN-77
DFPaddpal dpapal Appends a palette to a file.
Write DFPputpal dpppal Writes a palette to a file.
DFPwriteref dpwref Sets the reference number for writing the next palette.
DFPgetpal dpgpal Retrieves the next palette in a file.
DFPlastref dplref Returns the value of the last reference number read or written.
Read DFPnpals dpnpals Returns the number of palettes in a file.
DFPreadref dprref Sets reference number for retrieving the next palette.
DFPrestart dprest Specifies that the next read call will get the first palette in the file.
9.4 Writing Palettes

9.4.1 Writing a Palette: DFPaddpal and DFPputpal

To write a palette to an HDF file, the calling program must contain one of the following function
calls:

C: status = DFPaddpal(filename, palette);
FORTRAN: status = dpapal(filename, palette)
OR

C: status = DFPputpal(filename, palette, overwrite, filemode);

FORTRAN: status = dpppal(filename, palette, overwrite, filemode)
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DFPaddpal andDFPputpal will write a palette to an HDF file named bigname . When given

a new filenameDFPputpal andDFPaddpal creates a new file and writes the palette as the first
object in the file. When given an existing filenarbd&Paddpal appends the palette to the end of
the file.

DFPputpal provides this functionality as well with additional options for how the data is handled,
providing more control over how a palette is written to file tb#Paddpal Specifically, the
overwrite ~ parameter determines whether or not to overwrite the last palette written to a file or to
append a new palette onto the file. Tit@enode parameter determines whether to create a new
file or to append the data to the previous file. Note the combination to overwrite a palette in a
newly created file is invalid and will generate an error. To overwrite a pdletieme must be

the same filename as the last file accessed through the DFP interface. The parani@itader

dpal andDFPputpal are more explicitly defined in the following table.

TABLE 9B DFPputpal and DFPaddpal Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(FORTRAN-77) (] FORTRAN-77
filename char * character*(*) Name of the HDF file.
DFPputpal palette VOIDP <valid numeric data type> 768-byte space for palette.
(d[;r;tglll) overwrite intn integer Palette write specification.
filemode char * character*(*) File write specification.
DFPaddpal filename char * character*(*) Name of the HDF file.
(d[g;tg]al) palette VOIDP <valid numeric data type> 768-byte space with palette.
Calling DFPaddpal or DFPputpal immediately after writing an 8-bit raster image will not group
the palette with the preceding image. Palettes written to a file sequentially can be retrieved
sequentially. However, to maintain a higher level of organization between multiple palettes and
images stored in the same file, it's a good idea to explicitly group each palette with the image to
which it belongs. To find out more about assigning a palette to an image, see Chapte8ebiitled
Raster Images (DFR8 APRI)
EXAMPLE 1. Writing a Palette

In the following code example®FPaddpal is used to write a palette to an HDF file named
"Examplel.hdf".

C:

#include "hdf.h"

main()

{

uint8 palette_data[768];
intn i;

int32 status;

/* Initialize the palette to grayscale. */
for (i=0; i< 256; i++) {
palette_data[i * 3] = i;
palette_datafi * 3 + 1] =;
palette_datafi * 3 + 2] =;

}
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[* Write the palette to file. */
status = DFPaddpal("Examplel.hdf", (VOIDP)palette_data);

}

FORTRAN:
PROGRAM WRITE PALETTE

integer dpapal, status, i
character palette_data(768)

C Initialize the palette to greyscale.
do 10,i=1, 256
palette_data((i - 1) * 3+ 1) = char(i- 1)
palette_data((i - 1) * 3+ 2) = char(i- 1)
palette_data((i - 1) * 3 + 3) = char(i- 1)
10 continue

C  Write the palette to the HDF file.
status = dpapal(’Examplel.hdf', palette_data)

end

9.4.2 Specifying the Reference Number of a Palette: DFPwriteref

DFPwriteref specifies the reference number of the palette to be written on the next call to
DFPaddpal or DFPputpal:

C: status = DFPwriteref(filename, ref);
status = DFPaddpal(flename, palette);

FORTRAN: status = dpwref(filename, ref)
status = dpapal(filename, palette)

DFPwriteref assigns the specified reference number to the next palette written to the file
name. If the value ofref is the same as the reference number of an existing palette, the existing
palette will be overwritten.

The parameters @FPwriteref are further described in the following table.

TABLE 9C

DFPwriteref Parameter List

Routine Name Parameter Type

[Return Value] Parameter Description

c FORTRAN-77
(FORTRAN-77)

DFPwriteref filename char * character*(*) | Name of the HDF file containing the palette.
[intn] ref Uintl6 integer Reference number for the next callnéPaddpal or
(dpwref) 9 DFPputpal.
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9.5 Reading a Palette

The DFP programming model for reading a palette is similar to that for writing a palette - only the
palette read call is required.

9.5.1 Reading a Palette: DFPgetpal

DFPgetpalis the only function required to read a palette. If the file is being opened for the first
time, DFPgetpal returns the first palette in the file. Subsequent calls will return successive pal-
ettes in the file. In this way palettes are read in the same order in which they were written to the
file.

To read a palette from an HDF file, the calling program must contain the following routines:

C: status = DFPgetpal(filename, palette);

FORTRAN: status = dpgpal(filename,palette)

DFPgetpal retrieves the next palette from the HDF file specifiedilbyame . The space allo-

cated for the palette is specified filette and must be at least 768 bytes. WBhdtPgetpal is

first called, it returns the first palette in the file. Subsequent callé-Rgetpal will return succes-

sive palettes in the order in which they are stored in the file, including those stored via the DFR8
interface.

The parameters @FPgetpalare defined in the following table.

TABLE 9D DFPgetpal Parameter List

Routine Name Parameter Type

[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
DFPgetpal filename char * character*(*) Name of the HDF file.
[intn]
(dpapal) palette VOIDP <valid numeric data type> 768-byte buffer for the palette.

EXAMPLE 2. Reading a Palette

The following examples demonstrate the method used to read a palette from the "Examplel.hdf"
HDF file created in Example 1.

C:

#include "hdf.h"

main()

{

uint8 palette_data[768];
intn status;

/* Read the palette data from a file. */
status = DFPgetpal("Examplel.hdf", (VOIDP)palette_data);

}

FORTRAN:
PROGRAM READ PALETTE
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integer dpgpal, status
character palette_data(768)

C Read the palette from the HDF file.
status = dpgpal(Examplel.hdf’, palette_data)

end

9.5.2 Reading a Palette with a Given Reference Number: DFPreadref

DFPreadrefis used to access specific palettes stored in files containing multiple palettes. It is the
optionally called befor®FPgetpal to set the next palette to be accessed to be the specified pal-
ette.DFPreadref can be used in connection with vgroups, which identify their members by tag/
reference number pair.

To access a specific palette, use the following calling sequence:

C: true_false = DFPreadref(filename, ref);
status = DFPgetpal(filename, palette);

FORTRAN: true_false = dprref(filename, ref)
status = dpgpal(filename, palette)

DFPreadref specifies the reference number for the next read operation performed on the HDF file
flename to the reference number specifiedrbly .

The parameters @FPreadref are further defined in the following table.

TABLE 9E

DFPreadref Parameter List

Routine Name Parameter Type
[Return Value] Parameter FORTRAN- Description
(FORTRAN-77) ¢ 7
DFPreadref filename char * character*(*) | Name of the HDF file.
(cggrtrr;]f) ref uint16 integer Reference number of the next palette to be read.

9.5.3 Specifying the Next Palette to be Accessed to be the First Palette:
DFPrestart

DFPrestart causes the nexiFPgetpalto read from the first palette in the file, rather than the pal-
ette following the one that was most recently ré&Prestart has the following syntax:

C: status = DFPrestart( );

FORTRAN: status = dprest()
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9.6 Other Palette Routines

9.6.1 Querying the Number of Palettes in a File: DFPnpals
DFPnpalsreturns the total number palettes in a file and has the following syntax:

C: num_of_pals = DFPnpals(filename);

FORTRAN: num_of_pals = dpnpals(filename)

The parameter ddFPnpalsis further defined in the following table.

TABLE 9F

9.7

DFPnpals Parameter List

Routine Name Parameter Type
[Return Value] Parameter FORTRAN- Description
Cc
(FORTRAN-77) 7
DFPnpals
[intn] filename char * character*(*) | Name of the HDF file.
(dpnpals)

9.6.2 Obtaining the Reference Number of the Most Recently Accessed
Palette: DFPlastref

DFPlastref returns the reference number most recently used in writing or reading a palette. This
routine is used for attaching annotations to palettes and adding palettes to vgroups.

The following calling sequence usB§Plastref to find the reference number of the palette most
recently written to an HDF file:

C: status = DFPaddpal(filename, palette, width, height, compress);
lastref = DFPlastref( );

FORTRAN: status = dpapal(filename, palette, width, height, compress)
lastref = dplref( )

DFPputpal or DFPgetpal can be used in place bFPaddpal with similar results.

Backward Compatibility Issues

As HDF has evolved, a variety of internal structures have been used to store palettes, with differ-
ent tags used to represent them. To maintain backward compatibility with older versions of HDF,
the palette interface supported by HDF version 4.0 recognizes palettes stored using all previously-
used HDF tags. A detailed description of the tags and structures used to store palettes is in the
HDF Specification and Developers’ Guideersion 3.2 and later.
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Chapter
10

Annotations (AN API)

10.1 Chapter Overview

The HDF annotation interface, the AN interface, supports the storage of labels and descriptions to
HDF files and the data objects they contain. This chapter explains the methods used to read and
write file and data object annotations using the AN interface.

Note that the AN interface works with multiple files and supersedes the single-file annotations
interface, the DFAN interface, described in Chapter 11, Single-file Annotations (DFAN API).
Further note that the AN interface can also read files written by DFAN interface routines.

10.2 The Annotation Data Model

When working with different data types, it is often convenient to identify the contents of a file by
adding a short text description @annotation. An annotation serves as the explanation for a file or

data object, as inCOLLECTED 12/14/90 " or "BLACK HOLE SIMULATION". The annotation can be

as short as a name or as long as a portion of source code. For example, if the data originated as sat-
ellite data, the annotation might include the source of the data, pertinent environmental condi-
tions, or other relevant information. In the case of a hypothetical black hole simulation, the
annotation might contain source code for the program that produced the data.

HDF annotations are designed to accommodate a wide variety of information including titles,
comments, variable names, parameters, formulas, and source code. In fact, HDF annotations can
encompass any textual information regarding the collection, meaning, or intended use of the data.

Annotations can be attached to files or data objects, and are themselves data objects identifiable
by a tag/reference number pair. Refer to ChaptétdF Fundamentalsfor a description of tag/
reference number pairs.

10.2.1 Labels and Descriptions

Annotations come in two formsabels and descriptions Labels are short annotations used for
assigning things like titles or time stamps to a file or its data objects. Longer annotations are called
descriptionsand typically contain more extensive information, such as a source code module or
mathematical formulae.

Labels are defined as a null-terminated string of characters. Descriptions may contain any
sequence of ASCII characters.

In addition to the distinction made between labels and descriptions, HDF distinguishes between
file annotationsandobject annotations
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10.2.2 File Annotations

File annotations are assigned to a file to describe the origin, meaning, or intended use of its data.
Any HDF file can be annotated with a label, description, or combination of both. (See Figure
10a.) The number of labels or descriptions an HDF file may contain is limited to the maximum
number of tag/reference number pairs. File annotations may be assigned in any order and at any
time after a file is created.

FIGURE 10a File and Object Annotations
HDF File \
\ | "This is a file label" |
| "This is a file description.” |
| "This is another file label" |
| "This is another file description.'|
./ '/.~.>;| File Annotations
SDS Vgroup RIS8
| "SDs_LABEL" | ['VG_LABEL" | | "This is a RIS8 descriptior]."
Object Annotations
Although it is possible to use a file annotation to describe a data object in a file, this practice is not
recommended. Each data object should be described by its own data object annotation as it is
added to the file.
10.2.3 Object Annotations
Object annotations are assigned to individual data objects to explain their origin, meaning, or
intended use. Because object annotations are assigned to individual objects, their use requires an
understanding of HDF tags and reference numbers (see ChagleF Zundamentals
The annotation interface takes advantage of this identification scheme by including the object’s
tag/reference number pair with the text of the annotation. Consider a scientific data set identified
by the tagDFTAG NDGand the reference numbed. (See Figure 10b.) All object annotations
assigned to this particular data set must be prefaced with t&Etag_NDdollowed by the refer-
ence numbeto.
FIGURE 10b Object Annotations with Tag/Reference Number Pairs
Scientific Data Set
tag = DFTAG_NDG, ref = 10
DFTAG_NDG, 10, "This is an object |ab4|." | DFTAG_NDG, 10, "This is an object descriptiod\."
Object Annotations
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10.2.4 Terminology

The following pairs of terms are used interchangeably in the following discusdimtasobject
annotation anddata annotation data object labeland data labe] data object descriptiorand
data description

10.3 The AN interface

The AN interface permits concurrent operations on a set of annotations that exist in more than one
file rather than requiring the program to deal with the annotations on a file-by-file basis.

10.3.1 AN Library Routines
The C routine names of the AN interface are prefaced by the string "AN" and the FORTRAN-77
routine names are prefaced by "af". These routines are divided into the following categories:

« Access routinesnitialize and terminate access to the AN interface and the annotation.

- Read/write routinegead and write file or object annotations.

- General inquiry routinesreturn information about the annotations.

The AN routines are listed in Table 10A and are described in more detail in subsequent sections of
this chapter.

TABLE 10A

AN Library Routines

Routine Names

Category Description
Cc FORTRAN-77
ANstart afstart Initializes the AN interface (Section 10.3.4 on page 331)
ANcreate afcreate Creates a new data annotation (Section 10.3.4 on page 331
ANcreatef affcreate Creates a new file annotation (Section 10.3.4 on page 331)
Access
ANselect afselect Obtains an existing annotation (Section 10.5.1 on page 337)
ANendaccess afendaccess Terminates access to an annotation (Section 10.3.4 on page(331)
ANend afend Terminates access to AN interface (Section 10.3.4 on page 331)
ANreadann afreadeann Reads an annotation (Section 10.5.2 on page 337)
Read/write - - - - -
ANwriteann afwriteann Writes an annotation (Section 10.4 on page 332)
ANannlen afannlen Returns the length of an annotation (Section 10.6.2 on page 342)
. . Retrieves the annotation identifiers of an object (Section 10.6.4

ANannlist afannlist

on page 342)

Returns the annotation tag corresponding to an annotation type
ANatype2tag afatypetag (Section 10.6.8 on page 344)

. _ Retrieves the number of annotations of each type in a file
ANfileinfo affileinfo (Section 10.6.1 on page 341)
ANnumann afnumann Returns the number of annotations of the given type attachefl to
General Inquiry an object (Section 10.6.3 on page 342)

Retrieves the tag/reference number pair of an annotation sp¢ci-

ANget_tagref afgetiagref fied by its index (Section 10.6.5 on page 343)
. . Retrieves the tag/reference number pair of an annotation sp¢ci-

ANid2tagref afidtagref fied by its identifier (Section 10.6.6 on page 344)

Returns the annotation type corresponding to an annotation fag
ANtag2atype aftagatype (Section 10.6.9 on page 345)
ANtagref2id aftagrefid Returns the identifier of an annotation given its tag/reference

number pair (Section 10.6.7 on page 344)
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10.3.2 Type and Tag Definitions Used in the AN Interface

The AN interface uses the four general annotation types used in HDF: the data label, the data
description, the file label and the file description. These annotation types correspondingly map to
the AN_DATA LABEL (or 0), the AN _DATA DESC(or 1), the AN FILE LABEL (or 2) and the
AN_FILE DESC (or 3) definitions. Several routines in the AN interface require one of these type
definitions to be passed in as an argument to designate the kind of annotation to be created or
accessed.

10.3.3 Programming Model for the AN Interface

As with the GR and SD interfaces, the programming model for the AN interface allows several
files to be open concurrently. The contents of these files can be operated on simultaneously as
long as the calling program accurately keeps track of each interface. The file and object identifi-
ers returned by the interface. Each object identifier and file identifier must be explicitly disposed
of before the termination of the calling program.

The AN interface writes file labels, file descriptions, data object labels, and data object descrip-
tions according to the following programming model:

1. Open the HDF file.

2. Initialize the AN interface.

3. Create a file annotation or a data annotation.

4. Perform the desired operations on the annotation.

5.  Terminate access to the annotation.

6. Terminate access to the AN interface.

7. Close the HDF file.

To create a file or object annotation, the calling program must contain the following AN routine
calls:

C: file_id = Hopen(filename, file_access_mode, num_dds_block);
an_id = ANstart(file_id);
ann_id = ANcreatef(an_id, annot_type);
OR ann_id = ANcreate(an_id, obj_tag, obj_ref, annot_type);
<Optional operations>
status = ANendaccess(ann_id);
status = ANend(an_id);
status = Hclose(file_id);
FORTRAN: file_id = hopen(flename, file_access_mode, num_dds_block)
an_id = afstart(file_id)
ann_id = affcreate(an_id, annot_type)
OR ann_id = afcreate(an_id, obj_tag, obj_ref, annot_type)
<Optional operations>
status = afendaccess(ann_id)
status = afend(an_id)
status = hclose(file_id)
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10.3.4 Accessing Files and Annotations: ANstart, ANcreatef, and ANcreate

An HDF file must be opened liyopen before it can be accessed using the AN interfdopen
is described in Chapter BEDF Fundamentals

ANstart initializes the AN interface for subsequent AN interface operatidNstart takes one
argument, the file identifiefie_id , returned byHopen, and returns an AN interface identifier,
an_id orFAIL (or-1) upon unsuccessful completion.

ANcreatef creates a file label or file description. It takes two parameters: the AN interface identi-
fier, an_id , returned byANstart, and the type of the file annotation to be createdet_type

The parameteannot type must be set to eithedN FILE LABEL (or 2) or AN_FILE DESC (or 3).
ANcreatef returns the file annotation identifieanf_id ) if successful, an8AIL (or-1) otherwise.

ANcreate creates a data label or data description. It takes four paramateis; obj tag ,
obj_ref , andannot type . The parametean_id is the AN interface identifier, returned by
ANstart. The parametershj tag andobj_ref are the tag/reference number pair of the object
the annotation will be assigned to. The parametest type specifies the type of the data anno-
tation. It must be set to eitheN_DATA LABEL(or 0) or AN_DATA DESor 1). The annotation type
definitions are defined in the header file "hdf.h".

ANcreate returns the data annotation identifienr(_id ) if successful an@AIL (or-1) otherwise.
The parameters &Ncreate, ANcreatef, andANstart are further defined in Table 10B.

10.3.5 Terminating Access to Annotations and Files: ANendaccess and
ANend

ANendaccesgerminates access to the annotation identified by the paraemetéd , which is
returned byANcreate or ANcreatef. Any subsequent attempts to access this annotation identifier
will result in a value ofFAIL being returned. On&Nendaccessnust be called for ever&Ncre-

ate, ANcreatef, or ANattach. EachANendaccesseturns eitheBUCCEERor 0) or FAIL (or-1).

ANend terminates access to the AN interface identified by the paraameiegr, which is returned
by ANstart. Any subsequent attempts to access the AN interface identifier or to use AN routines
will result in a value ofAIL being returned.

ANend returns eitheiSUCCEED(or 0) or FAIL (or -1). The parameters cdhiNendaccessand
ANend are defined in Table 10B.

The HDF file must be closed tycloseatfter all calls toANend have been properly maddclose
is described in Chapter BEDF Fundamentals

TABLE 10B

ANstart, ANcreate, ANcreatef, ANendaccess and ANend Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
ANstart
[int32] file_id int32 integer File identifier
(afstart)
an_id int32 integer AN interface identifier
A[\_Jcr;;]te obj_tag uint16 integer Tag of the object to be annotated
int:
(afcreate) obj_ref uintl6 integer Reference number of the object to be annotated
annot_type ann_type integer Data annotation type
ANCcreatef an_id int32 integer AN interface identifier
[int32] ) ] ]
(affcreate) annot_type ann_type integer File annotation type
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ANendaccess
[intn] ann_id int32 integer Annotation identifier
(afendaccess)
ANend
[int32] an_id int32 integer AN interface identifier
(afend)

10.4 Writing an Annotation: ANwriteann

The AN programming model for writing an annotation is as follows:

1. Create a file annotation or a data annotation.
2. Write to the annotation.
3. Terminate access to the annotation.

To write a file or data annotation, the calling program must contain the following routine calls:

C:
OR
FORTRAN:
OR

ANwriteann writes the annotation text given in the parameber text
fied by ann_id . The parametesnn_length

file_id = Hopen(filename, file_access_mode, num_dds_block);
an_id = ANstart(file_id);

ann_id = ANcreatef(an_id, annot_type);
ann_id = ANcreate(an_id, obj_tag, obj_ref, annot_type);

status = ANwriteann(ann_id, ann_text, ann_length);
status = ANendaccess(ann_id);

status = ANend(an_id);

status = Hclose(file_id);

file_id = hopen(filename, file_access_mode, num_dds_block)
an_id = afstart(file_id)

ann_id = affcreate(an_id, annot_type)
ann_id = afcreate(an_id, obj_tag, obj_ref, annot_type)

status = afwriteann(ann_id, ann_text, ann_length)
status = afendaccess(ann_id)

status = afend(an_id)

status = hclose(file_id)

ANwriteann will overwrite the current text.

ANwriteann returns eithelSUCCEEor 0) or FAIL (or -1). The parameters diNwriteann are

further defined in Table 10C.
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TABLE 10C ANwriteann Parameter List
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) C FORTRAN-77
ANwriteann ann_id int32 integer Annotation identifier
[int32] ann_text char * character*(*) Text of the annotation
(afwriteann) ann_length int32 integer Number of characters in the annotation
EXAMPLE 1. Creating File and Data Annotations

This example illustrates the use/fcreatef/affcreate to create file annotations addNcreate/
afcreateto create data annotations.

In this example, the program creates an HDF file named "General_HDFobjects.hdf" then attaches
to it two annotations, a file label and a file description. Within the HDF file, the program creates
a vgroup named "AN Vgroup" and attaches to it two annotations, a data label and a data descrip-
tion. Refer to Chapter ¥,groups (V APl)for a discussion of the V interface routines used in this
example.

Note that the name#N _FILE LABEL, AN FILE DESG AN DATA LABEL and AN _DATA DESCare
defined by the library to specify the type of the annotation to be accessed.
C:
#include "hdf.h"

#define FILE_NAME  "General_HDFobjects.hdf"

#define VG_NAME "AN Vgroup"

#define FILE_LABEL_TXT "General HDF objects"

#define FILE_DESC_TXT "This is an HDF file that contains general HDF objects"
#define DATA_LABEL_TXT "Common AN Vgroup"

#define DATA_DESC_TXT "This is a vgroup that is used to test data annota-
tions"

main( )

{

/ Variable declaration /

intn status_n; /* returned status for functions returning an intn */
int32 status_32, /*returned status for functions returning an int32 */
file_id, /* HDF file identifier */
an_id, /* AN interface identifier */
file_label_id, /*file label identifier */
file_desc_id, /*file description identifier */
data_label_id, /*data label identifier */
data_desc_id, /* data description identifier */
vgroup_id;
uint16 vgroup_tag, vgroup_ref;

/**kk***************k*k End of Val’lable deClal’athn ****************kkkk**/

/*

* Create the HDF file.

*

file_id = Hopen (FILE_NAME, DFACC_CREATE, 0);

/*
* |nitialize the AN interface.
*/
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an_id = ANstart(file_id);

/*

* Create the file label.

*/

file_label_id = ANcreatef(an_id, AN_FILE_LABEL);

/*
* Write the annotations to the file label.
*,
/
status_32 = ANwriteann(file_label_id, FILE_LABEL_TXT,
strlen (FILE_LABEL_TXT));

/*

* Create file description.

*

file_desc_id = ANcreatef(an_id, AN_FILE_DESC);

/*

* Write the annotation to the file description.

*

/

status_32 = ANwriteann(file_desc_id, FILE_DESC_TXT,
strlen (FILE_DESC_TXT));

/*
* Create a vgroup in the V interface. Note that the vgroup’s ref number
* is set to -1 for creating and the access mode is "w" for writing.
*
/
status_n = Vstart(file_id);
vgroup_id = Vattach(file_id, -1, "w");
status_32 = Vsetname (vgroup_id, VG_NAME);

/*

* Obtain the tag and ref number of the vgroup for subsequent
* references.

*/

vgroup_tag = (uint16) VQuerytag (vgroup_id);

vgroup_ref = (uint16) VQueryref (vgroup_id);

/*

* Create the data label for the vgroup identified by its tag

* and ref number.

*/

data_label _id = ANcreate(an_id, vgroup_tag, vgroup_ref, AN_DATA LABEL);

/*

* Write the annotation text to the data label.

*

/

status_32 = ANwriteann(data_label_id, DATA_LABEL_TXT,
strlen(DATA_LABEL_TXT));

/*

* Create the data description for the vgroup identified by its tag

* and ref number.

*/

data_desc_id = ANcreate(an_id, vgroup_tag, vgroup_ref, AN_DATA_DESC);

/*
* Write the annotation text to the data description.
*
/
status_32 = ANwriteann(data_desc_id, DATA_DESC_TXT, strlen(DATA_DESC_TXT));

/*
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* Teminate access to the vgroup and to the V interface.
*/

status_32 = Vdetach(vgroup_id);

status_n = Vend(file_id);

/*

* Terminate access to each annotation explicitly.
*/

status_n = ANendaccess(file_label_id);
status_n = ANendaccess(file_desc _id);
status_n = ANendaccess(data_label_id);
status_n = ANendaccess(data_desc_id);

/*
* Terminate access to the AN interface and close the HDF file.
*,
/
status_32 = ANend(an_id);
status_n = Hclose(file_id);

FORTRAN:

program create_annotation
implicit none

Parameter declaration

OO0

character*22 FILE_NAME
character*9 VG_NAME
character*19 FILE_LABEL_TXT
character*53 FILE_DESC_TXT
character*16 DATA_LABEL_TXT
character*54 DATA_DESC_TXT

parameter (FILE_NAME  ='General_HDFobjects.hdf,
+ VG_NAME ="AN Vgroup’,
+ FILE_LABEL_TXT ='General HDF objects’,
+ DATA_LABEL_TXT ="Common AN Vgroup’,
+ FILE_DESC_TXT =
+ 'This is an HDF file that contains general HDF objects’,
+ DATA_DESC_TXT =
+ 'This is a vgroup that is used to test data annotations’)
integer DFACC_CREATE
parameter (DFACC_CREATE = 4)
integer AN_FILE_LABEL, AN_FILE_DESC, AN_DATA_LABEL, AN_DATA_DESC
parameter (AN_FILE_LABEL =2,
+ AN_FILE_DESC =3,
+ AN_DATA_LABEL =0,
+ AN_DATA_DESC =1)
C
C  Function declaration
C
integer hopen, hclose
integer afstart, affcreate, afwriteann, afcreate,
+ afendaccess, afend
integer vfstart, vfatch, vfsnam, varef, vgtag, vfdtch, vfend

C
C*** \ariable declaration
C

integer status
integer file_id, an_id
integer file_label_id, file_desc_id

June 23, 1998 10-335



National Center for Supercomputing Applications

[eNeN¢e] [eNeNe] OO0 OO0 O000Q0O

OO0 O000 O000 O000 OO0

OO0

OO0

*++% End of variable declaration

integer data_label_id, data_desc_id
integer vgroup_id, vgroup_tag, vgroup_ref

Create the HDF file.

file_id = hopen(FILE_NAME, DFACC_CREATE, 0)
Initialize the AN interface.

an_id = afstart(file_id)
Create the file label.

file_label_id = affcreate(an_id, AN_FILE_LABEL)
Write the annotation to the file label.

status = afwriteann(file_label_id, FILE_LABEL_TXT,
+ len(FILE_LABEL_TXT))

Create file description.
file_desc_id = affcreate(an_id, AN_FILE_DESC)
Write the annotation to the file description.

status = afwriteann(file_desc_id, FILE_DESC_TXT,
+ len(FILE_DESC_TXT))

Create a vgroup in the file. Note that the vgroup’s ref number is
set to -1 for creating and the access mode is 'w’ for writing.

status = vfstart(file_id)
vgroup_id = vfatch(file_id, -1, 'w’)
status = vfsnam(vgroup_id, VG_NAME)

Obtain the tag and reference number of the vgroup for subsequent
references.

vgroup_ref = vgref(vgroup_id)
vgroup_tag = vgtag(vgroup_id)

Create the data label for the vgroup identified by its tag and ref
number.

data_label_id = afcreate(an_id, vgroup_tag, vgroup_ref,
+ AN_DATA_LABEL)

Write the annotation text to the data label.
status = afwriteann(data_label_id, DATA _LABEL_TXT,
+ len(DATA_LABEL_TXT))
Create the data description for the vgroup identified by its tag and ref.

data_desc_id = afcreate(an_id, vgroup_tag, vgroup_ref,
+ AN_DATA_DESC)

Write the annotation text to the data description.
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status = afwriteann(data_desc_id, DATA_DESC_TXT,
+ len(DATA_DESC_TXT))

Terminate access to the vgroup and to the V interface.

OO0

status = vfdtch(vgroup_id)
status = vfend(file_id)

Terminate access to each annotation explicitly.

OO0

status = afendaccess(file_label_id)
status = afendaccess(file_desc_id)
status = afendaccess(data_label_id)
status = afendaccess(data_desc _id)

Terminate access to the AN interface and close the HDF file.

OO0

status = afend(an_id)
status = hclose(file_id)
end

10.5 Reading Annotations Using the AN Interface

Reading an annotation is done by first selecting the desired annotation of the appropriate type
using ANselect, then reading the annotation text using ANreadann. These two routines are
described in this section.

10.5.1 Selecting an Annotation: ANselect

ANselectobtains the identifier of the annotation specified by its ingeizx , and by its annota-
tion type,annot_type . The syntax foANselectis as follows:

C: ann_id = ANselect(an_id, index, annot_type);
FORTRAN: ann_id = afselect(an_id, index, annot_type)

The parameteindex is a nonnegative integer and is less than the total number of annotations of
type annot_type  in the file. UseANfileinfo, described in Section 10.6.1 on page 341, to obtain
the total number of annotations of tygeot type in the file.

Possible valid values @hnot_type areAN_DATA LABEL(or 0) for a data labelaN_DATA DESEor
1) for a data descriptio®N_FILE_LABEL (or 2) for a file label, andAN_FILE_DESC (or 3) for a file
description.

ANselect returns an annotation identifier AL (or -1) upon unsuccessful completion. The
parameters cANselectare further described in Vdata .

10.5.2 Reading an Annotation: ANreadann

ANreadann reads the annotation specified by the paranaeteid and stores the annotation text
in the parametegnn_buf . The syntax foANreadann is as follows

C: status = ANreadann(ann_id, ann_buf, ann_length);

FORTRAN: status = afreadann(ann_id, ann_buf, ann_length)
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The parametesnn_length  specifies the size of the buffam_buf . If the length of the file or data
label to be read is greater than or equaitolength , the label will be truncated tmn_length

- 1 characters. If the length of the file or data description is greatearthdength , the descrip-

tion will be truncated t@nn_length  characters. The HDF library addsNaLL character to the
retrieved label but not to the description. The user must add.lacharacter to the retrieved
description if the C library string functions are to operate on this description.

ANreadann returns eitheBUCCEEor 0) or FAIL (or-1). The parameters @&Nreadann are fur-
ther described in Table 10D.

TABLE 10D ANselect and ANreadann Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) © FORTRAN-77
ANselect an_id int32 integer AN interface identifier
[int32] index int32 integer Index of the annotation
(afselect) annot_type ann_type integer Type of the annotation
ann_id int32 integer Annotation identifier
Al\l[irsgdz?nn ann_buf char * character*(*) Buffer for the returned annotation text
(afreadann) ann_length inta2 integer Numbelf of characters to be retrieved from the
annotation
EXAMPLE 2. Reading File and Data Annotations
This example illustrates the useAfflfileinfo/affileinfo to get the number of data and file annota-
tions in the file ANselect/afselecto get an annotatio®Nannlen/afannlento get the length of
the annotation, andNreadann/afreadannto read the contents of the annotation.
In this example, the program reads some of the annotations created in the file
"General_HDFobjects.hdf* by Example 1. The program first gets the information on the annota-
tions in the file so that the number of existing annotations of each kind is available prior to read-
ing. The program then gets the length of each annotation and allocates sufficient space for the
contents of the annotation to be read. For the simplicity of this example, only the data labels are
read. Any other annotations can be read by adding the for loop with appropriate values as noted
below.
This example uses thieNfileinfo/affileinfo routine to get annotation information. This rouitne is
described in the Section 10.6.1
C:
#include "hdf.h"
#define FILE_NAME "General_HDFobjects.hdf"
main( )
{
/ Variable declaration /
intn status_n;  /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32 */
file_id, /* HDF file identifier */
an_id, /* AN interface identifier */
ann_id, /* an annotation identifier */
index, [* position of an annotation in all of the same type*/
ann_length, /*length of the text in an annotation */
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n_file_labels, n_file_descs, n_data_labels, n_data_descs;
char *ann_buf; /* buffer to hold the read annotation */

[HIxwRR xRk End of variable declaration ** ki iok |

/*

* Open the HDF file.

*/

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*

* |nitialize the AN interface.
*/

an_id = ANstart (file_id);

/*

* Get the annotation information, e.g., the numbers of file labels, file

* descriptions, data labels, and data descriptions.

*/

status_n = ANfileinfo (an_id, &n_file_labels, &n_file_descs,
&n_data_labels, &n_data_descs);

/*
* Get the data labels. Note that this for loop can be used to
* obtain the contents of each kind of annotation with the appropriate
* number of annotations and the type of annotation, i.e., replace
* n_data_labels with n_file_labels, n_file_descs, or n_data_descs, and
* AN_DATA_LABEL with AN_FILE_LABEL, AN_FILE_DESC, or AN_DATA_DESC,
* respectively.
*/
for (index = 0; index < n_data_labels; index++)
{

/*

* Get the identifier of the current data label.

*,

/
ann_id = ANselect (an_id, index, AN_DATA LABEL);

/*
* Get the length of the data label.
*/
ann_length = ANannlen (ann_id);

/*

* Allocate space for the buffer to hold the data label text.
*/

ann_buf = malloc ((ann_length+1) * sizeof (char));

/*

* Read and display the data label. Note that the size of the buffer,
*i.e., the third parameter, is 1 character more than the length of

* the data label; that is for the null character. Itis not the case
*when a description is retrieved because the description does not
* necessarily end with a null character.

*

*/

status_32 = ANreadann (ann_id, ann_buf, ann_length+1);

printf ("Data label index: %d\n", index);

printf ("Data label contents: %s\n", ann_buf);

/*

* Terminate access to the current data label.
*/

status_n = ANendaccess (ann_id);
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/*

* Free the space allocated for the annotation buffer.
*/

free (ann_buf);

}

/*
* Terminate access to the AN interface and close the HDF file.
*
/
status_32 = ANend (an_id);
status_n = Hclose (file_id);

FORTRAN:

program read_annotation
implicit none

Parameter declaration

OO0

character*22 FILE_NAME

parameter (FILE_NAME = 'General_HDFobjects.hdf’)
integer DFACC_READ

parameter (DFACC_READ =1)

integer AN_DATA_LABEL

parameter (AN_DATA_LABEL =0)

Function declaration

OO0

integer hopen, hclose
integer afstart, affileinfo, afselect, afannlen, afreadann,
+ afendaccess, afend
C
C**** Variable declaration
C

integer status
integer file_id, an_id, ann_id
integer index, ann_length
integer n_file_labels, n_file_descs, n_data_labels, n_data_descs
character*256 ann_buf

C

C*** End of variable declaration

Open the HDF file for reading.

O000

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the AN interface.

[eNeN¢e]

an_id = afstart(file_id)

Get the annotation information, i.e., the number of file labels,
file descriptions, data labels, and data descriptions.

O000

status = affileinfo(an_id, n_file_labels, n_file_descs,
+ n_data_labels, n_data_descs)

Get the data labels. Note that this DO loop can be used to obtain
the contents of each kind of annotation with the appropriate number
of annotations and the type of annotation, i.e., replace
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n_data_labels with n_file_labels, n_files_descs, or n_data_descs, and
AN_DATA_LABEL with AN_FILE_LABEL, AN_FILE_DESC, or AN_DATA_DESC,
respectively.

do 10 index = 0, n_data_labels-1

Get the identifier of the current data label.

OO0

ann_id = afselect(an_id, index, AN_DATA_LABEL)

Get the length of the data label.

OO0

ann_length = afannlen(ann_id)

Read and display the data label. The data label is read into buffer
ann_buf. One has to make sure that ann_buf has sufficient size to hold
the data label. Also note, that the third argument to afreadann is

1 greater that the actual length of the data label (see comment to

C example).

O0O0000O0

status = afreadann(ann_id, ann_buf, ann_length+1)

write(*,*) 'Data label index: ’, index

write(*,*) 'Data label contents: ’, ann_buf(1:ann_length)
continue

Terminate access to the current data label.

0008

status = afendaccess(ann_id)

Terminate access to the AN interface and close the HDF file.

[eNeN¢e]

status = afend(an_id)
status = hclose(file_id)
end

10.6 Obtaining Annotation Information Using the AN Interface

The HDF library provides various AN routines to obtain annotation information for the purpose of
locating either a particular annotation or a set of annotations that correspond to a set of search cri-
teria. The following sections describe these AN routines.

10.6.1 Obtaining the Number of Annotations: ANfileinfo

ANfileinfo retrieves the total number of file labels, file descriptions, data labels, and data descrip-
tions in the file identified by the parameter id . The syntax foANfileinfo is as follows:

C: status = ANfileinfo(an_id, &n_file_labels, &n_file_descs,
&n_data_labels, &n_data_descs);

FORTRAN: status = affileinfo(an_id, n_file_labels, n_file_descs,
n_data_labels, n_data_descs)

The retrieved information will be stored in the parametefie labels , n_file descs
n_data_labels , andn_data_descs |, respectively. They can also be used as loop boundaries.

ANfileinfo returns eitheBUCCEEQor 0) or FAIL (or-1). The parameters @&Nfileinfo are further
described in Table 10E.
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10.6.2 Getting the Length of an Annotation: ANannlen

ANannlen returns either the length of the annotation, identified by the parasmetét , or FAIL
(or-1) upon unsuccessful completion. The syntaxAblannlen is as follows:

C: ann_len = ANannlen(ann_id);
FORTRAN: ann_len = afannlen(ann_id)

The parameters &Nannlen are further described in Table 10E.

TABLE 10E ANfileinfo and ANannlen Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) e FORTRAN-77
an_id int32 integer AN interface identifier
ANileinfo n_file_labels int32 * integer Number of file labels in the file
[intn] n_file_descs int32 * integer Number of file descriptions in the file
(affileinto) n_data_labels int32 * integer Number of data labels in the file
n_data_descs int32 * integer Number of data descriptions in the file
ANannlen
[int32] ann_id int32 integer Annotation identifier
(afannlen)

10.6.3 Obtaining the Number of Specifically-typed Annotations of a Data
Object: ANnumann

ANnumann returns the total number of annotations that are of typet type and that are
attached to the object identified by its tabj, tag , and reference numbej ref . The syntax
for ANnumann is as follows:

C: ann_num = ANnumann(an_id, annot_type, obj_tag, obj_ref);
FORTRAN: ann_num = afnumann(an_id, annot_type, obj_tag, obj_ref)

As this routine is implemented only to obtain the total number of data annotations and not file
annotations, the valid values afnot type areAN_DATA LABEL(or 0) and AN_DATA_DES(or 1).
To obtain the total number of file annotations or all data annotationgNfdeinfo .

ANnumann returns the total number of qualified annotationsA (or-1). The parameters of
ANnumann are further described in Table 10F.

10.6.4 Obtaining the List of Specifically-typed Annotation Identifiers of a
Data Object: ANannlist

ANannlist retrieves the annotation identifiers for all of the annotations that are of type
annot_type and belong to the object identified by its tatj, tag , and its reference number,
obj_ref . The syntax foANannlist is as follows:

C: status = ANannlist(an_id, annot_type, obj_tag, obj_ref,
ann_list);

FORTRAN: status = afselect(an_id, annot_type, obj_tag, obj_ref,
ann_list)
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The identifiers of the retrieved annotations are stored in the paraanetést . The routine
ANnumann can be used to obtain the number of annotations to be retrieved for dynamic memory
allocation.

ANannlist returns eitheBUCCEERor 0) or FAIL (or-1). The parameters &Nannlist are further
described in Table 10F.

TABLE 10F

ANnumann and ANannlist Parameter Lists

Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
an_id int32 integer AN interface identifier
ANnumann annot_type ann_type integer Type of the annotation
[intn] obj_tag uintl6 integer Tag of the object the annotation is attached to
(afnumann) . —
. . . Reference number of the object the annotation is
obj_ref uintl6 integer
attached to
an_id int32 integer AN interface identifier
annot_type ann_type integer Type of the annotation
ANannlist obj_tag uintl6 integer Tag of the object the annotation is attached to
f[lntnl]_ obi ref Lint16 integer Reference number of the object the annotation is
(afannlist) 1 g attached to
ann_list int32 * integer (*) Buffer for retL_Jrngd annotation identifiers that matgh
the search criteria

10.6.5 Obtaining the Tag/Reference Number Pair of the Specified
Annotation Index and Type: ANget_tagref

ANget_tagref retrieves the tag and reference number of the annotation identified by its index,
specified by the parameténdex , and by the annotation type, specified by the parameter
annot_type . The syntax foANget_tagrefis as follows:

C: status = ANget_tagref(an _id, index, annot_type, &ann_tag,
&ann_ref);

FORTRAN: status = afgettagref(an_id, index, annot_type, ann_tag,
ann_ref)

The tag is stored in the paramesen_tag and the reference number is stored in the parameter
ann_ref . The parametendex is a nonnegative value and is less than the total number of annota-
tions of typeannot_type in the file. UseANfileinfo to obtain the total number of annotations of
typeannot_type in the file.

The value of annot type  can be eitherAN_DATA LABEL (or 0), AN_DATA DESC(or 1),
AN_FILE_LABEL (or 2), or AN_FILE_DESC (or 3).

ANget_tagrefreturns eitheBUCCEEIor 0) or FAIL (or-1). The parameters &Nget_tagref are
further described in Table 10G on page 345.
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10.6.6 Obtaining the Tag/Reference Number Pair from a Specified
Annotation Identifier: ANid2tagref

ANid2tagref retrieves the tag/reference number pair of the annotation identified by the parameter
ann_id . The syntax foANid2tagref is as follows:

C: status = ANid2tagref(ann_id, &ann_tag, &ann_ref);
FORTRAN: status = afidtagref(ann_id, ann_tag, ann_ref)

ANid2tagref stores the retrieved tag and reference number into the pararastery and
ann_ref . Possible values returneddnn_tag areDFTAG_DIL (or 104) for a data labelDFTAG_DIA
(or 105) for a data descriptiom@FTAG_FID (or 100) for a file label, andFTAG_FD(or 101) for a file
description.

ANid2tagref returns eithelSUCCEEL{or 0) or FAIL (or -1). The parameters ¢iNid2tagref are
further described in Table 10G on page 345.

10.6.7 Obtaining the Annotation Identifier from a Specified Tag/Reference
Number Pair: ANtagref2id

ANtagref2id routine returns the identifier of the annotation that is specified by its tag/reference
number pair oFAIL (or-1). The syntax foANtagref2id is as follows:

C: ann_id = ANtagref2id(an_id, ann_tag, ann_ref);
FORTRAN: ann_id = aftagrefid(an_id, ann_tag, ann_ref)

The parameters &Ntagref2id are further described in Table 10G on page 345.

10.6.8 Obtaining an Annotation Tag from a Specified Annotation Type:
ANatypeZ2tag

ANatype2tag returns the tag that corresponds to the annotation type specified by the parameter
annot_type if successful, oDFTAG_NULL(or 0) otherwise. The syntax féNatype2tagis as fol-
lows:

C: ann_tag = ANatype2tag(annot_type);
FORTRAN: ann_tag = afatypetag(annot_type)

The following table lists the valid values afnot_type in the left column and the corresponding
values for the returned annotation tag on the right.

Annotation Type Annotation Tag
AN_DATA LABEl(or 0) DFTAG_DIL(or  104)
AN_DATA DES(r 1) DFTAG_DIA(or  105)
AN_FILE_LABEL (or 2) DFTAG_FID(or  100)
AN_FILE DESC(or  3) DFTAG_FQor 101)

The parameters diNatypeZ2tagare further described in Table 10G.
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10.6.9 Obtaining an Annotation Type from a Specified Object Tag:

ANtagZ2atype

ANtag2atypereturns the annotation type corresponding to the annotati@nragg if success-
ful, or AN_UNDEKor -1) otherwise. The syntax féxNtag2atypeis as follows:

C:

annot_type = ANtag2atype(ann_tag);

FORTRAN: annot_type = aftagatype(ann_tag)

The following table lists the valid valuesafn_tag in the left column and the corresponding val-

ues of the returned annotation type in the right column.

Annotation Tag

Annotation Type

DFTAG_DIL (or 104)

AN_DATA LABEL(or 0)

DFTAG_DIA (or 105)

AN_DATA DESor 1)

DFTAG_FID (or 100)

AN_FILE_LABEL (or 2)

DFTAG_FD(or 101)

AN_FILE_DESC (or 3)

The parameters &iNtag2atypeare further described in Table 10G.

TABLE 10G ANget_tagref, ANid2tagref, ANtagref2id, ANatype2tag, and ANtag2atype Parameter Lists
Routine Name Parameter Type
[Return Type] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
an_id int32 integer AN interface identifier
ANget_tagref ann_index int32 integer Index of the annotation
[int32] annot_type ann_type integer Annotation type of the annotation
(afgettagref) ann_tag uintl6 * integer Tag of the annotation
ann_ref uintl6 * integer Reference number of the annotation
. ann_id int32 integer Identifier of the annotation
ANid2tagref
[int32] ann_tag uintl6 * integer Tag of the annotation
(afidtagref) ann_ref uintl6 * integer Reference number of the annotation
ANtagref2id an_id int32 integer AN interface identifier
[int32] ann_tag uintl6 integer Tag of the annotation
(aftagrefid) ann_ref uintl6 integer Reference number of the annotation
ANatype2tag
[uint16] annot_type ann_type integer Annotation type
(afatypetag)
ANtag2atype
[ann_type] ann_tag uintl6 integer Annotation tag
(aftagatype)
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EXAMPLE 3.

Obtaining Annotation Information

This example illustrates the useAlnumann/afnumann to obtain the number of annotations of
an objectANannlist/afannlist to obtain the list of annotation identifiers, afid2tagref/afid-
tagref, ANatype2tag/afatypetag andANtag2atype/aftagatypeto perform some identifier con-
versions.

In this example, the program locates the vgroup named "AN Vgroup" that was created in the file
"General_HDFobjects.hdf" by Example 1. The program then gets the number of data descriptions
that this vgroup has and the list of their identifiers. If there are any identifers in the list, the pro-
gram displays the corresponding reference numbers. Finally, the program makes two simple con-
versions, from an annotation type to a tag and from a tag to an annotation type, and displays the
results.

C:

#include "hdf.h"

#define FILE_NAME "General_HDFobjects.hdf"
#define VG_NAME "AN Vgroup"

main()

{

/ Variable declaration /

inth status_n;  /* returned status for functions returning an intn */
int32 status_32, /* returned status for functions returning an int32*/
file_id, an_id, ann_id,
n_annots,  /* number of annotations */
*ann_list,  /* list of annotation identifiers */
vgroup_ref, /* reference number of the vgroup */
index; /* index of an annotation in the annotation list */
ann_type annot_type = AN_DATA DESC; /* annotation to be obtained*/
uintl6 ann_tag, ann_ref, [* tag/ref number of an annotation */
vgroup_tag = DFTAG_VG; /* tag of the vgroup */

Jradkxkskxiiicekk End of variable declaration ** i xskkiiskicioxk |

/*

* Create the HDF file.

*

file_id = Hopen (FILE_NAME, DFACC_READ, 0);

/*
* |nitialize the V interface.
*
status_n = Vstart (file_id);

/*

* Get the vgroup named VG_NAME.

*/

vgroup_ref = Vfind (file_id, VG_NAME);

/*
* |nitialize the AN interface and obtain an interface id.
*
/
an_id = ANstart (file_id);

/*

* Get the number of object descriptions. Note that, since ANnumann takes
* the tag and reference number as being of type unit16, vgroup_ref must be
* safely cast to uint16 by checking for FAIL value first.
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*/
if (vgroup_ref = FAIL)
{

n_annots = ANnumann (an_id, annot_type, vgroup_tag, (uint16)vgroup_ref);

/*

* Allocate space to hold the annotation identifiers.
*

ann_list = malloc (n_annots * sizeof (int32));

/*

* Get the list of identifiers of the annotations attached to the

* vgroup and of type annot_type.

*/

n_annots = ANannlist (an_id, annot_type, vgroup_tag, (uintl6)vgroup_ref,
ann_list);

/*
* Get each annotation identifier from the list then display the
* tag/ref number pair of the corresponding annotation.
*/
printf ("List of annotations of type AN_DATA_DESC:\n");
for (index = 0; index < n_annots; index++)
{
/*
* Get and display the ref number of the annotation from
* its identifier.
*/
status_32 = ANid2tagref (ann_list[index], &ann_tag, &ann_ref);
printf ("Annotation index %d: tag = %s\nreference number= %d\n",
index, ann_tag == DFTAG_DIA ? "DFTAG_DIA (data description)":
"Incorrect”, ann_ref);
} /* for ¥/
} /* for */

/*
* Get and display an annotation type from an annotation tag.
*,
/
annot_type = ANtag2atype (DFTAG_FID);
printf ("\nAnnotation type of DFTAG_FID (file label) is %s\n",
annot_type == AN_FILE_LABEL ? "AN_FILE_LABEL":"Incorrect");

/*
* Get and display an annotation tag from an annotation type.
*,
/
ann_tag = ANatype2tag (AN_DATA_LABEL);
printf ("\nAnnotation tag of AN_DATA_LABEL is %s\n",
ann_tag == DFTAG_DIL ? "DFTAG_DIL (data label)":"Incorrect");

/*
* Terminate access to the AN interface and close the HDF file.
*
/
status_32 = ANend (an_id);
status_n = Hclose (file_id);

/*

* Free the space allocated for the annotation identifier list.
*/

free (ann_list);
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FORTRAN:

program annotation_info
implicit none

Parameter declaration

[eNeN¢e]

character*22 FILE_NAME
character*9 VG_NAME

parameter (FILE_NAME  ='General_HDFobjects.hdf,
+ VG_NAME ="AN Vgroup’)
integer DFACC_READ
parameter (DFACC_READ =1)
integer AN_FILE_LABEL, AN_DATA_LABEL, AN_DATA_DESC
parameter (AN_FILE_LABEL =2,
+ AN_DATA_LABEL =0,
+ AN_DATA_DESC =1)
integer DFTAG_DIA, DFTAG_FID, DFTAG_DIL
parameter (DFTAG_DIA = 105,
+ DFTAG_FID = 100,
+ DFTAG_DIL =104)
integer DFTAG_VG
parameter (DFTAG_VG = 1965)
C
C Function declaration
C
integer hopen, hclose
integer afstart, afnumann, afannlist, afidtagref, aftagatype,
+ afatypetag, afend
integer vfstart, vfind

C
C**** \ariable declaration
C

integer status
integer file_id, an_id
integer n_annots, ann_index, annot_type, ann_tag, ann_ref
integer ann_list(10)
integer vgroup_tag, vgroup_ref
C
C*+ End of variable declaration
C
annot_type = AN_DATA_DESC
vgroup_tag = DFTAG_VG

Open the HDF file for reading.

OO0

file_id = hopen(FILE_NAME, DFACC_READ, 0)

Initialize the V interface.

[eNeN¢e]

status = vfstart(file_id)

Get the group named VG_NAME.

OO0

vgroup_ref = vfind(file_id, VG_NAME)

Initialize the AN interface.

OO0

an_id = afstart(file_id)
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C Get the number of object descriptions.
C
if (vgroup_ref .eq. -1) goto 100
n_annots = afnumann(an_id, annot_type, vgroup_tag, vgroup_ref)
C
C Getthe list of identifiers of the annotations attached to the
C vgroup and of type annot_type. Identifiers are read into ann_list
C buffer. One has to make sure that ann_list has the size big enough
C to hold the list of identifiers.
C
n_annots = afannlist(an_id, annot_type, vgroup_tag, vgroup_ref,
+ ann_list)
C
C Get each annotation identifier from the list then display the
C tag/ref number pair of the corresponding annotation.
C
write(*,¥) List of annotations of type AN_DATA_DESC’
do 10 ann_index = 0, n_annots - 1
C
C Getand display the ref number of the annotation from its
C identifier.
C
status = afidtagref(ann_list(ann_index+1), ann_tag, ann_ref)
write(*,¥) "Annotation index: ’, ann_index
if (ann_tag .eq. DFTAG_DIA) then
write(*,*) 'tag = DFTAG_DIA (data description)’
else
write(*,*) ' tag = Incorrect’
endif
write(*,*) 'reference number =, ann_ref
10 continue
C
C Getand display an annotation type from an annotation tag.
C
annot_type = aftagatype(DFTAG_FID)
if (annot_type .eq. AN_FILE_LABEL) then
write(*,*) ’Annotation type of DFTAG_FID (file label) is ',
+ 'AN_FILE_LABEL’
else
write(*,*) ’Annotation type of DFTAG_FID (file label) is ',
+ ‘Incorrect’
endif
C
C Getand display an annotation tag from an annotation type.
C
ann_tag = afatypetag(AN_DATA_LABEL)
if (ann_tag .eq. DFTAG_DIL ) then
write(*,*) 'Annotation tag of AN_DATA LABEL is’,
+ 'DFTAG_DIL (data labely
else
write(*,*) 'Annotation type of DFTAG_FID (file label) is ’,
+ ‘Incorrect’
endif
C
C Terminate access to the AN interface and close the HDF file.
C

100 continue
status = afend(an_id)
status = hclose(file_id)
end
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11

Single-file Annotations (DFAN API)

11.1 Chapter Overview

The original HDF annotation tools were the single-file tools that constitute the DFAN interface.
These tools, which are used to read and write file and data object annotations, are described in this
chapter.

Note that there is a multifile annotations interface, called the AN interface, for dealing with anno-
tations. The AN interface supersedes the DFAN interface and is described in Chaptandta;
tions (AN API)

11.2 The Single-file Annotation Interface

The functions and routines that comprise the single-file annotation interface have names that
begin with the string "DFAN" in C; the equivalent FORTRAN-77 routine names are prefaced by
"da". This interface is the older annotation interface and only supports annotation access within
one particular HDF file. It doesn’t support the concept of an annotation identifier used in the
newer multifile interface. Therefore, annotations created with the multifile interface cannot be
accessed or manipulated with DFAN interface functions.

11.2.1  DFAN Library Routines

These functions are divided into the following categories:
Write routinesassign a file or object annotation.
Read routinegretrieve a file or object annotation.
General inquiry routinesreturn a list of all labels and reference numbers.
Maintenance routineperforms cleanup services.

The DFAN interface routines are listed in the following table and are discussed in the subsequent
sections of this document.

TABLE 11A

DFAN Library Routines

Functions
Purpose Description
C FORTRAN-77
DFANaddfds daafds Assigns a file description to a specific file
DFANaddfid daafid Assigns a file label to a specific file
Write
DFANputdesc dapdesc Assigns an object description to a specific data object
DFANputlabel daplab Assigns an object label to a specific data object
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Functions
Purpose c FORTRANT7 Description
DFANgetdesc dagdesc Reads the text of an object description
DFANgetdesclen dagdlen Returns the length of an object description
DFANgetfds dagfds Reads the text of a file description
Read DFANgetfdslen dagfdsl Returns the length of a file description
DFANgetfid dagfid Reads the text of a file label
DFANgetfidlen dagfidl Returns the length of a file label
DFANgetlabel daglab Reads the text of an object label
DFANgetlablen dagllen Returns the length of an object label
DFANIablist dallist Gets a list of all the labels in a file for a particular tag
General Inquiry DFANIastref dalref gceézgr;z(tjhe reference number of the last annotation
Maintenance DEANClear None %Z?fr;ct:e internal tables and structures used by the DRAN

11.2.2

Tags in the Annotation Interface
Table 11B lists the annotation tags defined in HDF versions 2.0, 3.0, and 4.0. Newly-defined tag

names in each version are bolded. For a more complete list of tags, refeld@RI8pecification
and Developer’s Guide

TABLE 11B List of Annotation Interface Tags in HDF Versions 2.0, 3.0 and 4.0
Interface Data Object ey M2
v2.0 v3.0 v4.0
Raster Image: 8-bit (uncompressed) DFTAG_RI8 DFTAG_RI DFTAG_RI
Compressed Image: 8-bit DFTAG_CI8 DFTAG_CI DFTAG_CI
DFR8 Image Dimension: 8-bit DFTAG_ID8 DFTAG_ID DFTAG_ID
Image Palette: 8-bit DFTAG_IP8 DFTAG_LUT DFTAG_LUT
Raster Image Group None DFTAG_RIG DFTAG_RIG
Raster Image (uncompressed) None DFTAG_RI DFTAG_RI
pF2d Compressed Image None DFTAG_CI DFTAG_CI
Image Dimension None DFTAG_ID DFTAG_ID
DFP Color Look-up Table DFTAG_LUT | DFTAG_LUT DFTAG_LUT
Scientific Data Group DFTAG_SDG | DFTAG_SDG DFTAG_NDG
Scientific Data DFTAG_SD DFTAG_SD DFTAG_SD
Scientific Data Dimension DFTAG_SDD | DFTAG_SDD DFTAG_SDD
Scientific Data Scale Attribute DFTAG_SDS | DFTAG_SDS DFTAG_SDS
DFSD Scientific Data Label Attribute DFTAG_SDL DFTAG_SDL DFTAG_SDL
Scientific Data Unit Attribute DFTAG_SDU | DFTAG_SDU | DFTAG_SDU
Scientific Data Format Attribute DFTAG_SDF DFTAG_SDF DFTAG_SDF
Scientific Data Max/Min Attribute DFTAG_SDM | DFTAG_SDM| DFTAG_SDM
Scientific Data Coordinates Attribute DFTAG_SDC DFTAG_SDC | DFTAG_SDC
File Identifier DFTAG_FID DFTAG_FID DFTAG_FID
File Descriptor DFTAG_FD DFTAG_FD DFTAG_FD
DFAN Data Identifier Label DFTAG_DIL DFTAG_DIL DFTAG_DIL
Data Identifier Annotation DFTAG_DIA DFTAG_DIA DFTAG_DIA
Vdata Vdata Storage DFTAG_VS DFTAG_VS DFTAG_VS
Vgroups Vgroup Storage DFTAG_VG DFTAG_VG DFTAG_VG
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11.3 Programming Model for the DFAN Interface

There are two general programming models for the DFAN interface; the first programming model
addresses file annotation while the second addresses object annotation. In the case of file annota-
tions, the DFAN interface relies on the calling program to initiate and terminate access to files.
This approach necessitates the following programming model:

1. Open the file.
2. Perform the desired file annotation operation.
3. Close the file.

The object annotation programming model is a simplified version of the file annotation program-
ming model:

1. Perform the desired object annotation operation.

Essentially, the difference between the two models is that file annotations refgyies and
Hcloseto open and close the target files whereas object annotations do not.

11.4 Writing Annotations

The DFAN interface supports writes to file labels, file descriptions, object labels, and object
descriptions.

11.4.1  Assigning a File Label: DFANaddfid

To write a file label, the calling program must daHANaddfid:
C: status = DFANaddfid(file_id, label);

FORTRAN: status = daafid(file_id, label)

DFANaddfid has two parametersiie_id  andlabel . Thefile_id parameter contains the file
identifier for the file to be annotated and thigel parameter contains the annotation string. The
label array must be null-terminated. In the FORTRAN-77 version, the length of the label should
be the length of the label array as in FORTRAN-77 string lengths are assumed to be the declared
length of the array that holds the string.

The parameters d@FANaddfid are further defined in (See Table 11C on page 354.).

11.4.2  Assigning a File Description: DFANaddfds

To write a file description, the calling program must &#ANaddfds:
C: status = DFANaddfds(file_id, description, desc_length);

FORTRAN: status = daafds(file_id, description, desc_length)

DFANaddfds has three parameterfie id , descripion , anddesc_length . The file_id

parameter contains the file identifier. The parameéstription can contain any sequence of
ASCII characters and is not limited to a single string (e.g., a carriage return may appear anywhere
in the description). Theesc_length  parameter specifies the length of the description.

The parameters d@FANaddfds are defined in Table 11C.
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TABLE 11C DFANaddfid and DFANaddfds Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(3 FORTRAN-77
(FORTRAN-77)
DFANaddfid file_id int32 integer File identifier
intn
(d[aafi]d) label char * character*(*) File label string
DEANaddfds file_id int32 integer File identifier
[intn] description char * character*(*) File description string
(daatfds) desc_length int32 integer Length of the description in bytes
EXAMPLE 1. Writing a File Label and a File Description

The following examples add a file label and description to the file named "Examplel.hdf". Notice
that after the file is opened, tfie_id  may be used to add any combination of file annotations
before the file is closed.

C:
#include "hdf.h"
main( )
{
int32 file_id,;
intn status;
static char file_label[] = "This is a file label.";
static char file_desc[] = "This is a file description.";
/* Open the HDF file to write the annotations. */
file_id = Hopen("Examplel.hdf', DFACC_CREATE, 0);
/* Write the label to the file. */
status = DFANaddfid(file_id, file_label);
/* Write the description to the file. */
status = DFANaddfds(file_id, file_desc, strlen(file_desc));
* Close the file. */
status = Hclose(file_id);
}
FORTRAN:

PROGRAM CREATE ANNOTATION

character*50 file_label, file_desc
integer daafid, daafds, status, file_id, hopen, hclose

integer*4 DFACC_CREATE
parameter (DFACC_CREATE = 4)

file_label = "This is a file label."
file_desc = "This is a file description."

C  Open the HDF file to write the annotations.
file_id = hopen(’Examplel.hdf’, DFACC_CREATE, 0)
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C  Write the label to the file.
status = daafid(file_id, file_label)

C  Write the description to the file.
status = daafds(file_id, file_desc, 26)

C Close thefile.
status = hclose(file_id)

end

11.4.3 Assigning an Object Label: DFANputlabel
To write a file label, the calling program must contain a callf&Nputlabel:

C: status = DFANputlabel(filename, tag, ref, label);

FORTRAN: status = daplab(filename, tag, ref, label)

DFANputlabel has four parameterfiename |, tag , ref , andlabel . Thelabel parameter con-
tains a single null-terminated string that defines the annotation.

The parameters @FANputlabel are further defined in Table 11D.

11.4.4  Assigning an Object Description: DFANputdesc
To write an object description, the calling program must contain a dafkAdNputdesc
C: status = DFANputdesc(filename, tag, ref, description, desc_len);

FORTRAN: status = dapdesc(filename, tag, ref, description, desc_len)

DFANputdesc has five parameterdiename , tag, ref , descripon , anddesc len . The
flename parameter is the name of the HDF file containing the object to be annotatedg The
andref parameters are the tag/reference number pair of the object to be annotatiedciihe

tion parameter contains a buffer for the annotation text andetieelen parameter specifies the
length of the buffer.

The parameters @FANputdescare further defined in Table 11D.

TABLE 11D DFANputlabel and DFANputdesc Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
filename char * character*(*) Name of the file to be accessed
DFAI[\_lput]IabeI tag uint16 integer Tag of the object to be annotated
intn
(daplab) ref uintl6 integer Reference number of the object to be annotated
label char * character*(*) Object label string
filename char * character*(*) Name of the file to be accessed
DFANputdesc tag uint1l6 integer Tag of the object to be annotated
[int] ref uint1l6 integer Reference number of the object to be annotated
(dapdesc) description char * character*(*) Object description string
desc_len int32 integer Length of the description in bytes
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EXAMPLE 2. Writing an Object Label and Description to a Scientific Data Set

These examples illustrate the useD&FANputlabel and DFANputdescto assign both an object
label and an object description to a scientific data set immediately after it is written to file. The tag
for scientific data sets SFTAG_NDG

C:
#include "hdf.h"
#define X_LENGTH 3
#define Y_LENGTH 2
#define Z_ LENGTH 5
main( )
{
/* Create the data array. */
static float32 sds_data[X _LENGTH][Y_LENGTH][Z_LENGTH] =
{12345,
6, 7, 8, 9, 10,
11, 12,13, 14, 15,
16, 17, 18, 19, 20,
21, 22, 23, 24, 25,
26, 27,28,29,30};
/*
* Create the array that will hold the dimensions of
* the data array.
*
int32 dims[3] = {X_LENGTH, Y_LENGTH, Z_LENGTH};
intn refnum, status;
static char object_desc[] = "This is an object description.";
static char object_label[] = "This is an object label.";
[* Write the data to the HDF file. */
status = DFSDadddata("Examplel.hdf, 3, dims, (VOIDP)sds_data);
/* Get the reference number for the newly written data set. */
refnum = DFSDlastref( );
/* Assign the object label to the scientific data set. */
status = DFANputlabel("Examplel.hdf', DFTAG_NDG, refnum, \
object_label);
/* Assign the object description to the scientific data set. */
status = DFANputdesc("Examplel.hdf’, DFTAG_NDG, refnum, \
object_desc, strlen(object_desc));
}
FORTRAN:

PROGRAM ANNOTATE OBJECT

integer dsadata, dims(3), status, refnum
integer daplab, dapdesc, dslref

integer4 DFTAG_NDG, X_LENGTH, Y_LENGTH, Z_LENGTH
parameter(DFTAG_NDG = 720,

+ X_LENGTH =5,

+ Y_LENGTH =2,
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+ Z LENGTH = 3)

C Create the data array.
real*4 sds_data(X_LENGTH, Y_LENGTH, Z_LENGTH)
data sds_data /

+ 1, 2, 3, 4,5,

+ 6, 7, 8, 9, 10,

+ 11, 12, 13, 14, 15,

+ 16, 17, 18, 19, 20,

+ 21, 22, 23, 24, 25,

+ 26, 27,28,29,30 /

C Create the array the will hold the dimensions of the data array.
data dims /X_LENGTH, Y_LENGTH, Z_LENGTH/

C  Write the data to the HDF file.
ref = dsadata(’Examplel.hdf, 3, dims, sds_data)

C Getthe reference number for the newly written data set.
refnum = dslref( )

C Assign the object label to the scientific data set.
status = daplab(Examplel.hdf’, DFTAG_NDG, refnum,
+ "This is an object label.”)

C Assign an object description to the scientific data set.
status = dapdesc(Examplel.hdf', DFTAG_NDG, refnum,
+ "This is an object description.’, 30)

end

11.5 Reading Annotations

The DFAN interface provides several functions for reading file and data object annotations, which
are described below.

11.5.1 Reading a File Label: DFANgetfidlen and DFANgetfid
The DFAN programming model for reading a file label is as follows:

1. Get the length of the label.

2. Read the file label.

To read the first file label in a file, the calling program must contain the following function calls:
C: isfirst = 1;
label_length = DFANgetfidlen(file_id, isfirst);
label_buffer = HDgetspace(label_length);
fid_len = DFANgetfid(file_id, label_buffer, label_length,
isfirst);

FORTRAN: isfirst = 1
label_length = dagfidl(file_id, isfirst)
fid_len = dagfid(file_id, label_buffer, label_length, isfirst)

DFANgetfidlen has two parameterste_id andisfirst . The isfirst parameter specifies
whether the first or subsequent file annotations are to be read. To read the first file label length,
isfirst should be set to the value to sequentially step through all the remaining file labels
assigned to a fil&first should be set to.
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WhenDFANgetfidlen is first called for a given file, it returns the length of the first file label. To
get the lengths of subsequent file labels, you mustDfgliNgetfid between calls tDFANget-
fidlen. Otherwise, additional calls @FANgetfidlen will return the length of the same file label.

DFANgetfid has four parameter§te id , label buffer |, label_length , andisfirst . The
label_buffer parameter is a pointer to a buffer for the label text. [@e length parameter

is the length of the buffer in memory, which can be shorter than the full length of the label in the
file. If the label_length is not large enough, the label is truncatettel length - 1 charac-

ters in the buffekabel_buffer . Theisfirst parameter is used to determine whether to read the
first or subsequent file annotations. To read the first file |akfiedt should be set ta; to
sequentially step through all the remaining file labels assigned to &ffile, should be set

to 0.

HDgetspaceis described in Chapter BDF Fundamentals

The parameters @FANgetfidlen andDFANgetfid are described in Table 11E.

11.5.2 Reading a File Description: DFANgetfdslen and DFANgetfds
The DFAN programming model for reading a file description is as follows:

1. Get the length of the description.

2. Read the file description.

To read the first file description in a file, the calling program must contain the following calls:

C: isfirst = 1;
desc_length = DFANgetfdslen(file_id, isfirst);
desc_buffer = HDgetspace(desc_length);
fds_len = DFANgetfds(file_id, desc_buf, desc_length, isfirst);

FORTRAN: isfirst =1
desc_length = dagfdsl(file_id, isfirst)
fds_len = dagfds(file_id, desc_buf, desc_length, isfirst)

DFANgetfdslen has two parameterste id andisfirst . The isfirst parameter specifies
whether the first or subsequent file annotations are to be read. To read the first file description
length, isfirst should be set to the valdueto sequentially step through all the remaining file
descriptions assigned to a filgfirst should be set t0.

WhenDFANgetfdslenis first called for a given file, it returns the length of the first file descrip-
tion. As withDFANgetfidlen, you must calDFANgetfds between calls tDFANgetfdslento get
the lengths of successive file descriptions.

DFANgetfds has four parametersile id , desc buf , desc length , and isfirst . The
desc_buffer ~ parameter is a pointer to a buffer for the description textdéselength  param-

eter is the length of the buffer in memory, which can be shorter than the full length of the descrip-
tion in the file. Ifdesc_length  is not large enough, the description is truncatedkso length
characters in the buffetesc_buf . Theisfirst parameter specifies whether the first or subse-
guent file annotations are to be read. To read the first file descrigfisn, should be set to the
valuel ; to sequentially step through all the remaining file descriptions assigned toirile,

should be set to.

The parameters of these routines are described further in the following table.
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TABLE 11E DFANgetfidlen, DFANgetfid, DFANgetfdslen, and DFANgetfds Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
DFANgetfidlen file_id int32 integer File identifier
[int32] . ) ) ; ;
(dagfidl) isfirst intn integer Location of the next annotation
file_id int32 integer File identifier
DF?Ng;]tfid desc_buf char * character*(*) File label buffer
int
(dagfid) buf_length int32 integer Label buffer length
isfirst intn integer Location of the next annotation
DFANgetfdslen file_id int32 integer File identifier
[int32] i ; ; } }
(dagfdsl) isfirst intn integer Location of the next annotation
file_id int32 integer File identifier
DF’?Nggi“ds description char * character*(*) File description buffer
int
(dagfds) desc_length int32 integer Description buffer length
isfirst intn integer Location of the next annotation
EXAMPLE 3. Reading a File Label and a File Description

The following examples read a file label from the HDF file named "Examplel.hdf". The
DFANgetfidlen routine is used to verify the length of the label before the read operation is per-
formed. The argument "1" in both routines indicate the first description in the HDF file is the tar-

get. DFANgetfdslen and DFANgetfds can be directly substituted fdDFANgetfidlen and
DFANgetfid in order to read a file description instead of a file label.

C:

#include "hdf.h"

main( )

int32 file_id, file_label_len;
char *file_label;

intn status;

/* Open the HDF file containing the annotation. */
file_id = Hopen("Examplel.hdf', DFACC_READ, 0);

[* Determine the length of the file label. */
file_label_len = DFANgetfidlen(file_id, 1);

/* Allocated memory for the file label buffer. */
file_label = HDgetspace(file_label_len);

/* Read the file label. */
file_label_len = DFANgetfid(file_id, file_label, file_label_len, 1);

[* Close the file */
status = Hclose(file_id);

}
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FORTRAN:
PROGRAM GET ANNOTATION

integer status, file_id, label_length
integer hopen, hclose, dagfidl, dagfid
character file_label(50)

integer*4 DFACC_READ
parameter(DFACC_READ =1)

C Open the HDF file containing the file label.
file_id = hopen("Examplel.hdf’', DFACC_READ, 0)

C Determine the length of the file label.
label_length = dagfidi(file_id, 1)

C Read the file label.
status = dagfid(file_id, file_label, label_length, 1)

C Close the HDF file.
status = hclose(file_id)

end

11.5.3 Reading an Object Label: DFANgetlablen and DFANgetlabel

The DFAN programming model for reading a data object label is as follows:
1. Get the length of the label.
2. Read the file label.

To read the first object label in a file, the calling program must contain the following routines:

C: label_length = DFANgetlablen(filename, tag, ref);

label_buf = HDgetspace(label_length);
status = DFANgetlabel(filename, tag, ref, label_buf,
label_length);

FORTRAN: label_length = daglabl(filename, tag, ref)
status = daglab(filename, tag, ref, label_buf, label_length)

DFANgetlablen returns the length of the label assigned to the object identified by the given tag/
reference number paiDFANgetlabel must be called between calls ©FANgetlablen.
DFANgetlabel is the routine that actually returns the label and prepares the API to read the next
label.

DFANgetlabel has five parameterdilename , tag , ref , label buf , andlabel_length . The

label buf  parameter is a pointer to a buffer that stores the label textatehdength parame-

ter is the length of the buffer in memolabel_length can be shorter than the full length of the
label in the file, but if so, the label is truncated ldbel length characters in the buffer
label_buf . The length ofabel buf must be at least one greater than the anticipated length of
the label to account for the null termination appended to the label text.

The parameters @FANgetlablen andDFANgetlabel are defined below.
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11.5.4 Reading an Object Description: DFANgetdesclen and DFANgetdesc

The DFAN programming model for reading a data object description is as follows:
1. Get the length of the description.
2. Read the file description.

To read the first object description in a file, the calling program must contain the following rou-
tines:

C: desc_length = DFANgetdesclen(filename, tag, ref);
desc_buf = HDgetspace(desc_length);
status = DFANgetdesc(filename, tag, ref, desc_buf, desc_length);

FORTRAN: label_length = dagdlen(filename, tag, ref)
status = dagdesc(filename, tag, ref, desc_buf, desc_length)

DFANgetdesclenreturns the length of the description assigned to the object identified by the
specified tag/reference number p&8iIEANgetdescmust be called between callsDEANgetdes-
clento reset the current object description to the next in the file.

DFANgetdesctakes five parameterdlename , tag, ref , desc_buf , anddesc_length . The
desc_buf parameter is a pointer to the buffer that stores the description texdedchength
parameter is the length of the buffer in memory, which can be shorter than the full length of the
description in the file. If thelesc_length  is not large enough, the description is truncated to
desc length  characters in the buffelesc_buf

The parameters @FANgetdesclenandDFANgetdescare defined in the following table.

TABLE 11F

DFANgetlablen, DFANgetlabel, DFANgetdesc and DFANgetdesclen Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
- . . -
DFANgetlablen filename char character*(*) Name of the file to be accessed
[int32] tag uintl6 integer Tag assigned to the annotated object
(dagllen) ref uintl6 integer Reference number for the annotated object
filename char * character*(*) Name of the file to be accessed
DFANgetlabel tag uintl6 integer Tag assigned to the annotated object
[intn] ref uintl6 integer Reference number assigned to the annotated objeqt
(daglab) label_buf char * character*(*) Buffer for the returned annotation
label_length int32 integer Size of the buffer allocated to hold the annotation
- . . -
DFANgetdesclen filename char character*(*) Name of the file to be accessed
[int32] tag uintl6 integer Tag assigned to the annotated object
(dagdien) ref uintl6 integer Reference number for the annotated object
filename char * character*(*) Name of the file to be accessed
DFANgetdesc tag uintl6 integer Tag assigned to the annotated object
[intn] ref uintl6 integer Reference number assigned to the annotated objeqt
(dagdesc) desc_buf char * character*(*) Buffer for the returned annotation
desc_length int32 integer Size of the buffer allocated to hold the annotation

June 24, 1998 11-361



National Center for Supercomputing Applications

EXAMPLE 4. Reading an Object Label and Description

The following examples demonstrate the us®BANgetdesclenandDFANgetdescto read an

object description assigned to a scientific data set. These examples assume that, in addition to
other data objects, the "Examplel.hdf* HDF file also contains multiple scientific data sets, some
of which may not be annotateHfind is used to determine the reference number for the first
annotated scientific data object in the file.

C:
#include "hdf.h"

main()

{

intn desc_length = -1, status;
char desc[50];

int32 file_id;

uintl6 tag = 0, ref = 0;

uint32 find_offset, find_length;

/* Open the file and initialize the searching parameters to 0. */
file_id = Hopen("Examplel.hdf', DFACC_READ, 0);

/*

* Start a sequential forward search for the first reference

* number assigned to a scientific data set.

*

while (Hfind(file_id, DFTAG_NDG, DFREF_WILDCARD, &tag, &ref, \
&find_offset, &find_length, DF_FORWARD) != FAIL) {

/*

* After discovering a valid reference number, check for an

* object description by returning the length of the description.

* |If the inquiry fails, continue searching for the next valid

* reference number assigned to a scientific data set.

*

if ((desc_length = DFANgetdesclen("Examplel.hdf", tag, ref)) \
==FAIL)
break;

/*

* If a description exists and it will fit in the description buffer,

* print it.

*

if (desc_length != FAIL && desc_length <=50) {
status = DFANgetdesc("Examplel.hdf", tag, ref, desc, desc_length);
printf("Description: %s\n", desc);

}

}

/* Close the file. */
status = Hclose(file_id);

}

FORTRAN:

There is no FORTRAN-77 version of the Example 4 C code for this version of the documentation
as there is no FORTRAN-77 equivalentffnd .
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11.6 Maintenance Routines

The DFAN interface provides one function for interface maintendDie&Nclear.

11.6.1 Clearing the DFAN Interface Internal Structures and Settings:
DFANCclear

DFANCclear clears all internal library structures and parameters of the DFAN annotation interface.

When a file is regenerated in a single run by a library routine of another interface (BleBsut-
data), DFANclear should be called to reset the interface

DFANCclear returnsSUCCEEor 0) if successful an#8AIL (or-1) otherwise DFANCclear takes no
parameters, as described in the following table.

TABLE 11G DFANCclear Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77

(FORTRAN-77)

DFANCclear
[intn] None None None None

(daclear)

11.7 Determining Reference Numbers

It is advisable to check the reference number before attempting to assign an object annotation, as
the overwriting of reference numbers is not prevented by the HDF library routines.

There are three ways to check a reference number for an object:
Access the object with a read or write operation followe@®bBylastref.
Call DFANIablist to return a list of all assigned reference numbers for a given tag.
Call Hfind to locate an object with a given tag/reference number pair.

11.7.1  Determining a Reference Number for the Last Object Accessed:
DF*lastref and DF*writeref

There are two methods of obtaining a reference number through the us&tdéstref call. The
first approach is to obtain and store the reference number of an object immediately after the object
is created:

1. Create the data object.
2. Call DF*lastref to determine its reference number.
3. Read or write an object annotation.

The second approach is to determine the reference number at some time after the data object is
created. This approach requires repe@€&dread calls until the appropriate object is accessed,
followed by a call tdDF*lastref:

1. Read the appropriate data object.
2. Call DF*lastref to determine its reference number.
3. Read or write and object annotation.
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Most HDF interfaces provide one routine that assigns a specified reference number to a data
object and another routine that returns the reference number for the last data object accessed. (See
Table 11H.) However, the SD interface doesn't. Also, the DFAN annotation doesn't include a
DF*lastref routine.

Although DF*writeref calls are designed to assign specific reference numbers, they are not rec-
ommended for general use because there is no protection against reassigning an existing reference
number and overwriting data. In general, it is better to determine a reference number for a data
object by callingDF*lastref immediately after reading or writing a data object.

The DF*lastref routines have no parameters. ThE*writeref routines have twofilename
which is the name of the file that contains the data objecteandvhich is the reference number
for the next data object read operation.

The DF*lastref andDF*writeref routines are further described in the following table.

TABLE 11H

List and Descriptions of the DF*writeref and DF*lastref Routines

Routine Name
HDF Data Object (FORTRAN-77) Description
DFR8writeref Assigns the specified number as the reference number for the next 8-bit raster write
(d8wref) operation and updates the write counter to the reflect highest reference number
8-bit Raster Image
Dli(ggllre;?;ref Returns the reference number for the last 8-bit raster image set accessed
DF24writeref Assigns the specified number as the reference number for the next 24-bit raster rite
24-bit Raster (d2wref) operation and updates the write counter to reflect the highest reference number
Image DF24lastref ) .
(dzls;)re Returns the reference number for the last 24-bit raster image set accessed
DFPwriteref Assigns the specified number as the reference number for the next palette write ppera-
| (dpwref) tion and updates the write counter to reflect the highest reference number
Palette
DFPlastref Returns the reference number for the last palette accessed
(dplref)
DFSDwriteref Assigns the specified number as the reference number for the next SDS write opgration
DFESD Scientific (dswref) and updates the write counter to reflect the highest reference number
Data
Dli(zglrae?)tref Returns the reference number for the last scientific data set accessed
Annotation DFQ:::;;ref Returns the reference number for the last annotation accessed

11.7.2  Querying a List of Reference Numbers for a Given Tag:
DFANIablist

Given a tag and two bufferBFANIablist will fill one buffer with all reference numbers for the
given tag and the other with all labels assigned to the given tag. The programming model for
determining a list of reference numbers is as follows:

1. Determine the number of reference numbers that exist for a given tag.
2. Allocate a buffer to store the reference numbers.

3. Specify the maximum label length.

4. Allocate a buffer to store the labels.

5. Store the list of reference numbers and their labels.
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To create a list of reference numbers and their labels for a given tag, the following routines should
be called:

C: num_refs = Hhnumber(file_id, tag);

ref_buf = HDmalloc(sizeof(uint16*)*num_refs);

max_lab_len = 16;

label_buf = HDmalloc(max_lab_len * num_refs);

start_pos = 0;

num_of_refs = DFANIablist(filename, tag, ref_buf, label_buf,
num_refs, max_lab_len,
start_pos);

FORTRAN: num_refs = hnumber(file_id, tag)
max_lab_len =16
start_pos =0
num_of_refs = dallist(filename, tag, ref_buf, label_buf,
num_refs, max_lab_len, start_pos)

Hnumber determines how many objects with the specified tag are in a file. It is described in
Chapter 2HDF Fundamentals

DFANIablist has seven parameterglename , tag, ref list , label_buf , num refs ,

max_lab len , andstart_pos . Thefilename parameter specifies the name of the file to search
andtag specifies the search tag to use when creating the reference and label hft bihe and

label buf  parameters are buffers used to store the reference numbers and labels associated with
tag . The num_ ref parameter specifies the length of the reference number list and the
max_lab len parameter specifies the maximum length of a label stitepos  parameter spec-

ifies the first label to read. For instancestifit pos  has a value of all labels will be read; if it

has a value o4, all but the first three labels will be read.

Taken together, the contentsreff list andlabel_list constitute a directory of all objects and

their labels for a given tag. The contentdabél list can be displayed to show all of the labels

for a given tag or it can be searched to find the reference number of a data object with a certain
label. Once the reference number for a given label is found, the corresponding data object can be
accessed by invoking other HDF routines. Therefore, this routine provides a mechanism for direct

access to data objects in HDF files.

TABLE 111

DFANIablist Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
filename char * character*(*) Name of the file to be accessed.
tag uintl6 integer Tag assigned to the annotated object.
ref_list uintl6 [] integer (*) Reference number for the annotated object.
DFA[’i\::ta]b“St label_list char * character*(*) Buffer for the labels.
(dallist) list_len int integer Size of the reference number and label lists.
label_len intn integer Maximum label length.
. . First entry in the reference number and label lists to|be
start_pos intn integer
returned.
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EXAMPLE 5.

Getting a List of Labels for All Scientific Data Sets

These examples illustrate the method used to get a list of all labels used in scientific data sets in an
HDF file usingDFANIablist. TheDFS_MAXLENIefinition is located in the "hlimits.h" include file.

C:
#include "hdf.h"
#define LISTSIZE 20
main()
{
inti, num_of _labels, start_position = 1, list_length = 10;
uintl6 ref_list{LISTSIZE];
char label_list{DFS_MAXLEN*LISTSIZE-1];
[* Get the total number of labels in the "Examplel.hdf" file. */
num_of_labels = DFANIablist("Examplel.hdf', DFTAG_NDG, ref_list, \
label_list, list_length, DFS_MAXLEN, \
start_position);
/*
* Print the reference numbers and label names for each label
*in the list.
*
for (i=0; i < num_of_labels; i++)
printf("\n\t%d\tRef number: %d\tLabel: %s", i+1, ref_list[i], \
label_list - (i * 13));
printf("\n");
}
FORTRAN:

PROGRAM GET LABEL LIST

integer dallist
integer*4 DFTAG_NDG, LISTSIZE, DFS_MAXLEN

parameter (DFTAG_NDG = 720,
+ LISTSIZE = 20,
+ DFS_MAXLEN = 255)

character*60 label_list(DFS_MAXLEN*LISTSIZE)
integer i, num_of_labels, start_position, ref_list(DFS_MAXLEN)

start_position = 1

num_of_labels = dallist’Examplel.hdf’, DFTAG_NDG, ref_list,
+ label_list, 10, DFS_MAXLEN,
+ start_position)

do 10i=1, num_of_labels
print*’ Ref number: ' ref_list(i),
+ " Label: " label_list(i)
10 continue

end
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11.7.3 Locate an Object by Its Tag and Reference Number: Hfind

Instead of usin@@FANIablist to create a list of reference numbers to search, HDF provides a gen-
eral search routine callédfind . Hfind is described in Chapter BDF Fundamentals
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Chapter

12

Single-File Scientific Data Sets
(DFSD API)

12.1

12.2

Chapter Overview

The DFSD interface is one of two interfaces in the HDF library that support the scientific data
model. With the release of HDF version 3.3, the multifile SD interface described in Chapter 3,
titled Scientific Data Sets (SD ARPNas made available. Generally, the SD interface should be
used instead of the DFSD interface.

The DFSD Scientific Data Set Data Model

The scientific data set, or SDS, data model supports four primary data objects: arrays, dimensions,
dimension scales, and dimension attributes. As in the multifile SD SDS model, the fundamental
object of the data model is the SDS array. Unlike the SD multifile SDS model the DFSD SDS
model has, in addition to dimension attributes, attributes that refer to the SDS array itself.

FIGURE 12a

The Contents of a Three-Dimensional DFSD Scientific Data Set

Scientific Data Set

l l '

Dimension X Dimension Y Dimension Z
Array Number Dimension Dimension Dimension
Type Attributes Attributes Attributes
Dimension X. Y. Z Dimension Dimension Dimension
: : T Number Type Number Type Number Type
Dimension Dimension Dimension
Scale Scale Scale

12.2.1 Required DFSD SDS Objects

The only required objects in the DFSD SDS model areatheey and thedata typeof the array
data Without this information, the data set is inaccessible. Required objects are created by the
library using the information supplied at the time the SDS is defined.

Descriptions of these objects are in Chapter 3, tBleiéntific Data Sets (SD API
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12.3

12.2.1.1 Dimensions

Unlimited dimensions, supported in the multifle SD SDS model, aren’t supported in the single-
file DFSD SDS model.

12.2.2 Optional DFSD SDS Objects

There are two types of optional objects available for inclusion in an SDS: dimension scales and
attributes. Optional objects are only created when specified by the calling program.

12.2.2.1 Dimension Scales

Conceptually, a dimensioscaleis a series of numbers placed along a dimension to demarcate
intervals in a data set. They are assigned one per dimension. Structurally, each dimension scale is
a one-dimensional array with size and name equal to its assigned dimension name and size.

12.2.2.2 Predefined Attributes

Predefined attributesre attributes that have reserved labels and in some cases predefined number
types. They are described in Chapter 3, tifetentific Data Sets (SD API)

The Single-File Scientific Data Set Interface

The HDF library currently contains several routines for storing scientific data sets in the HDF for-
mat. DFSDadddats DFSDputdata, andDFSDgetdataperform data 1/0 and by default assume

that all scientific data is uncompressed 32-bit floating-point data stored in row-major order. DFSD
library routines also read and write subsets and slabs of data, set defaults, determine the number of
data sets in a file, and inquire about or assigning reference numbers before reading or writing data.

12.3.1 DFSD Library Routines

The names of the C routines in the DFSD library are prefaced by "DFSD" and the names of the
equivalent FORTRAN-77 functions are prefaced by "ds". They are categorized as follows:

- Write routinescreate new data sets and add slabs to existing data sets.
Read routinegead whole scientific data sets.
Slab routinesread and write subsets and slabs of scientific data.

Data set attribute routinesead and write the predefined string and value attributes assigned
to data sets.

Dimension attribute routinesead and write the predefined string and value attributes
assigned to dimensions

DFSD library routines are more explicitly defined in Table 12A and on their respective pages in
the HDF Reference Guide
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TABLE 12A DFSD Library Routines
Routine Name
Category Description
C FORTRAN-77
DFSDadddata dsadata Appends a data set to a file.
DFSDclear dsclear Clears all possible set values.
) DFSDputdata dspdata Overwrites new data to a file.
write DFSDsetdims dssdims Sets the rank and dimension for succeeding data sets.
DFSDsetNT dssnt Sets the number type for the data set.
DFSDwriteref dswref Assigns a reference number to the next data set written.
DFSDgetdata dsgdata Retrieves the next data set in the file.
DFSDgetdims dsgdims Returns the number and dimensions for the next data set.
DFSDgetNT dsgnt Determines the number type for the data in the data set.
DFSDlastref dslref Returns the reference number of last data set accessed.
Read DFSDndatasets dsnum Returns the number of data sets in a file.
DFSDpre32sdg dsp32sd Determines if the data set was created before HDF version B.2.
DFSDreadref dsrref Locates a data set with the specified reference number.
DESDrestart dsfirst Sets th(_a location of the next access operation to be the first daga set
in the file.
DFSDendslab dssslab Terminates a read or write slab operation.
DFSDreadslab dsrslab Reads a slab of data from a data set.
Slabs DFSDstartslab dssslab Begins a read or write slab operation.
DFSDwriteslab dswslab Writes a slab of data to a data set.
DFSDgetcal dsgcal Retrieves the calibration information for the data se.t
DFSDgetdatalen dsgdaln Retrieves the length of the attributes assigned to the data.
DFSDgetdatastrs dsgdast Returns the label, unit, format and coordinate system for data.
DFSDgetfillvalue dsdfill Retrieves the fill value used to complete the data set.
Data Set DFSDgetrange dsgrang Retrieves the range of values for the data set.
Attribute DFSDsetcal dsscal Sets the calibration information for the data set.
DFSDsetdatastrs dssdast Sets label, unit, format and coordinate system for data.
DFSDsetfillvalue dssfill Sets the fill value to use when completing a data set.
DFSDsetlengths dsslens Sets the length for the data set and dimension attributes.
DFSDsetrange dssrang Sets the range of values for the data set.
DFSDgetdimlen dsgdiln Retrieves the length of the attributes assigned to the dimensipn.
DFSDgetdimscale dsgdisc Returns the scale for a dimension.
li\i?:r?;ustzm DFSDgetdimstrs dsgdist Returns the label, unit, and format for a dimension.
DFSDsetdimscale dssdisc Sets the scale for a dimension.
DFSDsetdimstrs dssdist Sets the label, unit and format for the dimension.

12.3.2 File Identifiers in the DFSD Interface

File identifiers are handled internally by each routine and access to a file is granted simply by pro-
viding a filename. As the file identifier is handled by the function call, the calling program need
not keep track of how to open and close files.
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12.4 Writing DFSD Scientific Data Sets

The DFSD programming model for writing an SDS to an HDF file involves the following steps:
1. Define data set options. (optional)
2. Write all or part of the data set.

These steps are performed for every data set written to a file. However, it is not always necessary
to define data set options for every write operation as setting an option places information about
the data set in a structure in primary memory. This information is retained until explicitly altered
by another set call.

12.4.1 Creating a DFSD Scientific Data Set: DFSDadddata and
DFSDputdata

To define and write a single SDS, the calling program must contain of of the following routines:

C: status = DFSDadddata(filename, rank, dim_sizes, data);

FORTRAN: status = dsadata(filename, rank, dim_sizes, data)
OR

C: status = DFSDputdata(filename, rank, dim_sizes, data);

FORTRAN: status = dspdata(filename, rank, dim_sizes, data)

DFSDadddata appends data to a file when given an existing file name and creates a new file
when given a unique file nam@FSDputdatareplaces the contents of a file when given an exist-
ing file name and creates a new file when given a unique file name. To avoid accidentally over-
writing data in a file, the use @fFSDadddatais recommended.

DFSDadddataand DFSDputdata have four parametersiename , rank , dim_sizes , anddata .

In both routines, the data set is written to the file specified byii¢h@ne parameter. The total
number of dimensions in the array and the size of each dimension are passecuik thed
dim_sizes parameters. A pointer to the data or slab of data written to the named file is passed in
thedata parameter.

The parameters @FSDadddataandDFSDputdata are further described in the following table.

TABLE 12B

DFSDadddata and DFSDputdata Parameter List.

Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
filename char * character*(*) Name of the file containing the data sef.
DFSDadddata rank int32 integer Number of dimensions in the array.
(dgzzina]ta) dim_sizes int32 * integer (*) Size of each dimension in the data arrgy.
data VOIDP <valid numeric data type>| Array containing the data.
filename char * character*(*) Name of file containing the data set.
DFSDputdata rank int32 integer Number of dimensions in the array.
(dgzéna]ta) dim_sizes int32 * integer (*) Size of each dimension in the data arrgy.
data VOIDP <valid numeric data type>| Array containing the data.
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12.4.2 Specifying the Data Type of a DFSD SDS: DFSDsetNT

The default data type for scientific dateDBENT_FLOAT32 To change the default setting, the call-
ing program must contain calls to the following routines:

C: status = DFSDsetNT(number_type);
status = DFSDadddata(filename, rank, dim_sizes, data);

FORTRAN: status = dssnt(number_type)
status = dsadata(filename, rank, dim_sizes, data)

DFSDsetNT defines the data type for all subsequBmSDadddata and DFSDputdata calls
until it is changed by a subsequent calDeSDsetNTor reset to the default iyFSDclear DFS-
DsetNT's only parameter is the data type.

EXAMPLE 1. Creating and Writing to a DFSD Scientific Data Set

In the following codeexamplesDFSDadddatais used to write an array of 64-bit floating-point
numbers to a file named "Examplel.hdf". Although Di#SDsetNT function call is optional, it is
included here to demonstrate how to overridefithes2  default.

C:

#include "hdf.h"

#define LENGTH 3
#define HEIGHT 2
#define WIDTH 5

main()

{

/* Create data array - store dimensions in array 'dims’ */
static float64 scien_data[LENGTH][HEIGHT][WIDTH] =
{1,2,3.,4,5,

6., 7.,8.,9.,10.,

11.,12.,13.,14.,15,,

16.,17.,18.,19.,20.,

21.,22.,23.,24.,25.,

26.,27.,28.,29.,30. };

intn status;
int32 dims[3] = {LENGTH, HEIGHT, WIDTH};

/* Set number type to 64-bit float */
status = DFSDsetNT(DFNT_FLOAT64);

[* Write the data to file */
status = DFSDadddata("Examplel.hdf", 3, dims, scien_data);

FORTRAN:
PROGRAM WRITE SDS

integer dsadata, dssnt, dims(3), status
real*8 sci_data(5,2,3)
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C Create array called 'sci_data’; store dimensions in array 'dims’.
data sci_data/1.,2.,3.,4.,5,
$ 6.,7.,8,9.,10.,
$ 11.,12.,13.,14.,15.,
$ 16.,17.,18.,19.,20.,
$ 21.,22.,23.,24.,25.,
$ 26.,27.,28.,29.,30./

data dims /3,2,5/

C  Set number type to 64-bit float
status = dssnt(6)

C  Write the data to file
status = dsadata(’Examplel.hdf', 3, dims, sci_data)

end

12.4.3 Overwriting Data for a Given Reference Number: DFSDwriteref

DFSDwriteref is a highly specialized function call that overwrites data referred to by the speci-
fied reference number.

If DFSDwriteref is called with a reference number that doesn't exist, an error return value of
will be returned.

The following series of function calls should appear in your program:

C: status = DFSDwriteref(filename, ref_number);
status = DFSDadddata(filename, rank, dim_sizes, data);

FORTRAN: status = dswref(filename, ref_number)
status = dsadata(filename, rank, dim_sizes, data)

If the filename passed ©OFSDwriteref is different from the filename in theFSDadddataor
DFSDputdata routine calls, it will be ignored. The next scientific data set written, regardless of
the filename, is assigned the reference nurdsefumber

Care should be taken when usiD§SDwriteref, as once the new data has been written the old
data cannot be retrieved.

The parameters @FSDwriteref are described in the following table.

TABLE 12C DFSDsetNT and DFSDwriteref Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
DFSDsetNT
[intn] number_type int32 integer Number type tag.
(dssNT)
DFESDwriteref filename char * character*(*) | Name of the file containing the data.
[intn] ref number int16 integer Reference number to be assigned to the data set cre-
(dswref) - 9 ated.
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12.4.4 Writing Several Data Sets: DFSDsetdims and DFSDclear

The DFSD programming model for writing multiple data sets to an HDF file is identical to that for
writing individual data sets. (Refer to Section 12.4 on page 372). To understand how multiple data
sets are written to file, it is first necessary to take a closer look at each step of the programming
model. First and most importantly, all DFSD routines that set a write option E3E§RDsetNT
andDFSDsetfillvalueadd information to a special structure in primary memory. This information

is used to determine how data is written to file for all subsequent write operations.

Information stored in primary memory is retained by the HDF library until explicitly changed by a

call to DFSDsetdimsor reset taNULL by callingDFSDclear DFSDsetdimsandDFSDclear are

used to prevent assignments of attributes created for a group of data sets to data sets outside the
group. For more information on assigning attributes see Section 12.7.1 on page 383 and
Section 12.7.3 on page 390.

12.4.5 Preventing the Reassignment of DFSD Data Set Attributes:
DFSDsetdims

Information stored in primary memory is retained by the HDF library until explicitly changed by a

call to DFSDsetdimsor reset taNULL by callingDFSDclear DFSDsetdimsandDFSDclear are

used to prevent assignments of attributes created for a group of data sets to data sets outside the
group.

The syntax oDFSDsetdimsis the following:

C: status = DFSDsetdims(rank, dim_sizes);

FORTRAN: status = dssdims(rank, dim_sizes)

DFSDsetdimsis not used here to define the rank and dimension sizes to be used in the next oper-
ation, but to alert the DFSD interface to stop the automatic assignment of attributes to the data sets
to be written to file. DFSDsetdimshas two parametergank anddim_sizes . The rank of an

array is the total number of dimensions in the array and the dimension sizes are the length of each
individual dimension.

As a rule of thumbDFSDsetdimsshould be called if anpFSDset* routine ODFSDsetNT, for
example)has been called. This insures that all attribute values that have been reset will be
assigned in future data set operations.

The parameters dFSDsetdimsare further defined in the following table.

TABLE 12D

DFSDsetdims Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
DFSDsetdims rank intn integer Number of dimensions in the array.
[intn]
(dssdims) dim_sizes int32* integer (*) Size of each dimension in the array.
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12.4.6 Resetting the Default DFSD Interface Settings: DFSDclear

The syntax foDFSDclearis as follows:

C: status = DFSDclear( );

FORTRAN: status = dsclear( )

The DFSDclear routine clears all interface settings defined by any ofDR&Dset routines
(DFSDsetNT, DFSDsetfillvalue, DFSDsetdims DFSDsetdatastrs DFSDsetdatalengthsDF S-
Dsetrange DFSDsetcal DFSDsetdimscaleand DFSDsetdimstrg. After the DFSDclear has
been called, calls to any of t#-SDsetroutines will result in the corresponding value not being
written. To write new values, call the appropriBieSDsetroutine again.

TABLE 12E DFSDclear Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
DFSDclear
[intn] None None None Clears all DFSD interface settings.
(dsclear)
12.5 Reading DFSD Scientific Data Sets
The DFSD programming model for reading an SDS is also a two-step operation:
1. Obtain information about the data set if necessary.
2. Read all or part of the data set.
These steps are performed for every data set read. In some cases, calls to determine the data set
definition may be reduced or avoided completely. For example, if the data set dimensions are
known, the call that returns the data set dimensions may be eliminated.
12.5.1 Reading a DFSD SDS: DFSDgetdata
If the dimensions of the data set are knpBRSDgetdatais the only function call required to
read an SDS. If the file is being opened for the first tiDfeSDgetdatareturns the first data set in
the file. Any subsequent calls will return successive data sets in the file - data sets are read in the
same order they were written. NormalyFSDgetdimsis called beforeDFSDgetdataso that
space allocations for the array can be checked if necessary and the dimensions verified. If this
information is already knowmFSDgetdimsmay be omitted.
To read an SDS of known dimension and number type, the calling program should include the fol-
lowing routine:
C: status = DFSDgetdata(filename, rank, dim_sizes, data);
FORTRAN: status = dsgdata(filename, rank, dim_sizes, data)
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DFSDgetdata has four parametersilename , rank , dim_sizes , anddata . DFSDgetdata
returns a data set specified by the paranté¢éeame . The total number of dimensions is speci-

fied inrank and the size of each dimension is specifiediinsizes . DFSDgetdatareturns the
array indata .

The parameters @FSDgetdataare further defined in the following table.

TABLE 12F

DFSDgetdata Parameter List

Routine Name Parameter Type

[Return Value] Parameter Description
( ) Cc FORTRAN-77
FORTRAN-77

) Name of the file containing the
filename char character*(*) 9

data.
DFS[pge]tdata rank int32 integer Number of dimensions.
intn
(dsgdata) dim_sizes int32 * integer (*) Buffer for the dimension sizes.
data VOIDP <valid numeric data type> Buffer for the stored scientific

data.

12.5.2 Specifying the Dimensions and Data Type of an SDS: DFSDgetdims
and DFSDgetNT

WhenDFSDgetdimsis first called, it returns dimension information of the first data set. Subse-
qguent calls will return this information for successive data sets. If you need to determine the
dimensions or the data type of an array before reading itDE@DgetdimsandDFSDgetNT.

DFSDgetNT gets the data type (or, in HDF parlance, number type) of the data retrieved in the
next read operation.

To determine the dimensions and data type of an array before attempting to read it, the calling pro-
gram must include the following:

C: status = DFSDgetdims(filename, rank, dimsizes, max_rank);
status = DFSDgetNT(number_type);
status = DFSDgetdata(filename, rank, dimsizes, data);

FORTRAN: status = dsgnt(filename, rank, dimsizes, max_rank)
status = dsgdims(number_type)
status = dsgdata(filename, rank, dimsizes, data)

DFSDgetdimshas four parameterfitename , rank , dim_sizes , andmaxrank . The number of

dimensions is returned iank , the size of each dimension in the arday sizes , and the size of

the array containing the dimensions sizesnix_rank . DFSDgetNT has only one parameter:
number_type . As there is no way to specify the file or data set through the BESIDgetNT, it

is only valid if it is called afteDFSDgetdims

The parameters @FSDgetdimsandDFSDgetNTare further defined in the following table.
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TABLE 12G DFSDgetNT and DFSDgetdims Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
filename char * character*(*) Name of file containing the data.
DFS[[?ge]tdims rank intn * integer Number of dimensions.
intn
(dsgdims) dim_sizes int32 * integer Buffer for the dimension sizes.
max_rank intn integer Size of the dimension size buffer.
DFSDgetNT
[intn] number_type int32 * integer Data type of the data to be read.
(dsgnt)
EXAMPLE 2. Reading from a DFSD Scientific Data Set

The following examples search the file named "Examplel.hdf" for the dimensions and data type
of a DFSD array. Although use 0fFSDgetdims andDFSDgetNT is optional, they are included

here as a demonstration of how to verify the array dimensions and number type before reading any
data. If the dimensions and type are known, only a c@lF®Dgetdatais required.

C:
#include "hdf.h"
#define LENGTH 3
#define HEIGHT 2
#define WIDTH 5
main()
{
float64 scien_data[LENGTH][HEIGHT][WIDTH]J;
int32 number_type;
intn rank, status;
int32 dims[3];
/* Get the dimensions and number type of the array */
status = DFSDgetdims("Examplel.hdf", &rank, dims, 3);
status = DFSDgetNT(&number_type);
/* Read the array if the dimensions are correct */
if (dims[0] <= LENGTH && dims[1] <= HEIGHT && dims[2] <= WIDTH)
status = DFSDgetdata("Examplel.hdf", rank, dims, scien_data);
}
FORTRAN:

PROGRAM READ SDS

integer dsgdata, dsgdims, dsgnt, dims(3), status
integer rank, num_type
real*8 sci_data(s, 2, 3)

C Getthe dimensions and number type of the array.
status = dsgdims('Examplel.hdf, rank, dims, 3)
status = dsgnt(num_type)
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C Read the array if the dimensions are correct.
if ((dims(1) .eq. 3) .and. (dims(2) .eq. 2) .and.
+ (dims(3) .eq. 5)) then
status = dsgdata(’Examplel.hdf’, rank, dims, sci_data)
endif

end

12.5.3 Determining the Number of DFSD Data Sets: DFSDndatasets and
DFSDrestart

DFSDgetdims and DFSDgetdata sequentially access DFSD data sets. By repeatedly calling

either function, a program can step through an entire file by reading one data set at a time. How-

ever, before attempting to sequentially access all of the data sets in a file the total number of data
sets in the file should be determined. To do so, the calling program must call the following routine:

C: num_of_datasets = DFSDndatasets(filename);

FORTRAN: num_of_datasets = dsnum(filename)

Once the total number of data sets is known, a calling program can at any time, reset the current
data set to the first data set in the file by calling the following routine:

C: status = DFSDrestart( );

FORTRAN: status = dsfirst( )

Use of DFSDndatasetsandDFSDrestart is optional, it is usually more convenient than cycling
through the entire file one SDS at a time.

12.5.4 Obtaining Reference Numbers of DFSD Data Sets: DFSDreadref
and DFSDlastref

As the HDF library handles the assignment and tracking of reference numbers, reference numbers
must be explicitly returned. Obtaining the reference number is an operation best performed imme-
diately after data set creation.

The DFSD interface uses the functibfSDreadrefto initiate access to individual scientific data
sets.DFSDreadref specifies the reference number of the next SDS to be read.

To access a specific SDS, the calling program must contain the following routines:

C: status = DFSDreadref(filename, ref);
status = DFSDgetdata(filename, rank, dim_sizes, data);

FORTRAN: status = dsrref(filename, ref)

status = dsgdata(filename, rank, dim_sizes, data)

DFSDreadref has two parametersiiename andref . DFSDreadref specifies the reference
number of the object to be next operated on in the HDFililmme asref . Determining the
correct reference number is the most difficult part of this operation. As a BEdDreadrefis
often used in conjunction witBFSDlastref, which determines the reference number of the last
data set accessed.
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To syntax ofDFSDadddataandDFSDlastrefis:

C: status = DFSDadddata(filename, rank, dim_sizes, data);
ref_num = DFSDlastref( );

FORTRAN: status = dsadata(filename, rank, dim_sizes, data)
ref_num = dslref( )

DFSDputdata can also be used withFSDlastref to obtain similar results. In any cag# SD-

lastref can be used before any operation that requires identifying a scientific data set by reference
number, as in the assignment of annotations and inserting data sets into vgroups. For more infor-
mation about annotations and vgroups refer to Chapter 10, Atledtations (DFAN AP))and
Chapter 5, titled/groups (V API)

TABLE 12H DFSDreadref Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
DFSDreadref filename char * character*(*) | Name of the file containing the data set.
(c[jlsnrtrne]f) ref_number uint1l6 integer Reference number of the next data set to be read.
12.6 Slabs in the DFSD Interface
To review, a slab is an n-dimensional array whose dimensions are smaller than those of the SDS
array into which it is written or from which it is read.
12.6.1 Accessing Slabs: DFSDstartslab and DFSDendslab
There are two routines required for every DFSD slab operatifSDstartslab andDFSDend-
slab. DFSDstartslabis used to initialize the slab interface and to initiate access to new or existing
data setsDFSDendslabis used to terminate access to open data B&SDstartslab must be
called before any read or write slab operation BREDendslabmust be called after the slab
operation is completed. Both routines are required when reading and writing slabs.
Given a new filenamd)FSDstartslabwill create a new HDF file with the specified name. Given
an existing filename, it will open the named file and append the new data set to the end of the file.
Its only parameter ilename . DFSDendslabhas no parameters and need only be called once
per file. DFSDendslabwill write any attributes defined immediately before the data set is created.
For more information on assigning attributes, see Section 12.7.3 on page 390.
TABLE 12| DFSDstartslab Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
DFSDstartslab
[intn] filename char * character*(*) | Name of the file containing the data set.
(dssslab)
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12.6.2 Writing Slabs: DFSDwriteslab

In the DFSD interface, writing an entire data set array and writing slabs follow the same program-
ming model. The difference between the two is that calls to three routines is needed to write slabs,
while a call to one routine is needed to write whole data sets.

More specifically, the DFSD programming model for writing slabs to an SDS is as follows:
1. Set the appropriate options to define the new SDS or select an existing SDS.
2. Write the data set using three specialized slab routines.

In addition to writing slabs to both new and existing data 8#§Dwriteslab can also perform
the following sequential write operations:

Write slabs to a single data set when called repeatedly.
Write slabs to sequential data sets when repeatedly called between DBDRgetdims
Write slabs to selected data sets when repeatedly called between D&SDavriteref.

Although not specifically defined as a slab routine, in practicePt8&Dsetfillvalue routine is

used to initialize array elements between non-contiguous slab write operations. Setting a fill value
places the same value in every array location before the first slab is written. Any hole created by
non-contiguous writes can then be recognized by identifying the known fill value. The fill value
must have the same number type as the values in the data set. For more information on fill values
refer to Section 12.7.1.2 on page 384.

To write a slab to a new data set, the calling program must include the following routine calls:

C: status = DFSDsetdims(rank, dimsizes);
status = DFSDsetNT(num_type);
status = DFSDstartslab(filename);
status = DFSDwriteslab(start, stride, count, data);
status = DFSDendslab( );

FORTRAN: status = dssnt(num_type)
status = dssdims(rank, dim_sizes)
status = dssslab(filename)
status = dswslab(start, stride, edge, data)
status = dseslab()

When writing slabs to an existing data set, it is impossible to change the number type, array
boundaries, fill value, or calibration information. ConsequemfySDsetNT, DFSDsetdims
DFSDsetca) andDFSDsetfillvalue will generate errors if called for an existing data set.

To write a slab to an existing data set, your program should include the following calls:

C: status = DFSDwriteref(filename, ref);
status = DFSDstartslab(filename);
status = DFSDwriteslab(start, stride, count, data);
status = DFSDendslab( );

FORTRAN: status = dswref(filename, ref)
status = dssslab(filename)
status = dswslab(start, stride, edge, data)
status = dseslab()

BecauseDFSDwriteslab offers no overwrite protection, the calling program is responsible for
eliminating overlap when arranging slabs within the newly defined data set.
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DFSDwriteslab has four argumentstart , stride , edge, anddata . The argumentstart
stride , andedge are defined as they are in the corresponding SD routines.

The DFSD SDS model does not support strides. Passthe array as thetride parameter as a
place holder. Whatever is passed assttiie  parameter will be ignored by the DFSD interface.

Although DFSDendslabneed only be called once per file, it is required to write data to the file. It
will also write any attributes defined immediately before the data set is created.

TABLE 12J DFSDwriteslab Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77

(FORTRAN-77)
start int32 * integer (*) A\;Jrr;\é/ containing the starting coordinate the

DFSDwriteslab :

[intn] stride int32 * integer (*) Ignored parameter.
count int: integer rray defining the boundaries of the slab.
(sdwslab) int32 * [ * Array defining the boundaries of the slab

data VOIDP <valid numeric data typej Buffer for the data to be written.

12.6.3 Reading Slabs: DFSDreadslab

The programming model for reading one or more slabs involves the following steps:
1. Select an existing SDS.
2. Read the data set using three specialized slab routines.

In addition to reading single slabs of ddbSDreadslabcan perform the following sequential
access operations:

Read multiple slabs from the first data set in a file when called repeatedly.
Read multiple slabs from a specified data set when repeatedly calleDE&Breadref.

Read multiple slabs from sequential data sets when repeatedly called betweerDdedis to
Dgetdims

To read a slab, the calling program must include the following routine calls:

C: status = DFSDreadref(filename, ref);
status = DFSDstartslab(filename);
status = DFSDreadslab(start, stride, edge, data);
status = DFSDendslab( );

FORTRAN: status = dsrref(filename, ref)
status = dssslab(filename)
status = dsrslab(start, stride, edge, data)
status = dseslab()

In addition toDFSDreadref, DFSDgetdimsmay also be used to position the read pointer to the
appropriate data set. Wh@®FSDreadslabis used to read slabs, the coordinates ofsthe

array must begin at 0 for each dimensistar(={0,0, ... 0} ) and the size of each dimension
must equal the size of the array itselide={dim_size_1, dim_size_2, dim_size_n} ). As

with DFSDwriteslab, whatever is passed in as tagle  parameter is ignored. Finally, theta
buffer must allocate enough space to hold the data: excess data is truncated.
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All parameters of th®FSDreadslabroutine assume FORTRAN-77-style one-based arrays - the
starting coordinates of the slab must be given as an offset from the origin of the data set where the
origin is defined aglim1=1,dm2=1,...dimn-1=1, dim n=1) . The first ele-

ment of the slab will be the coordinates specified by the contents sththe array.DFSDread-

slabwill extract elements in increasing order until the until the dimensional offset specified by the
contents of thedge array are encountered.

TABLE 12K

DFSDreadslab Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
filename char * character*(*) Name of the HDF file.
. . Array containing the coordinates for
* *
start int32 integer (*) start of the slab,
. . . Array of rank containing the size of each
*°
DFSFrez?dslab slab_size ints2 integer (*) dimension of the slab.
intn
(dswslab) stride int32 * integer (*) Place holder array.
buffer VOIDP <valid numeric data type> A;rlraa:)y the will used to store the extractefd
buffer_size int32 * integer (*) Array containing the dimensions of the
buffer parameter.

12.7 Predefined Attributes and the DFSD Interface

Although they often contain important information, attributes are optional to the data set array and
the dimension record. Although both types of attributes use similar names, they are read and writ-
ten using different sets of routines. All attributes are predefined by the DFSD library.

12.7.1 Writing Data Set Attributes

Data set attributesre described in Chapter 3, titi8dientific Data Sets (SD AP[Jhere is a limit
of one string attribute per data set.

12.7.1.1 Assigning String Attributes to an SDS: DFSDsetlengths and DFSDsetdatastrs

The DFSD interface provides two function calls for creating data set string attriblRe®-
setlengthsandDFSDsetdatastrs DFSDsetlengthsoverrides the default string length aDESD-
setdatastrswrites the stringDFSDsetlengthsand DFSDsetdatastrsare optional and may be
called individually, or in any order as long as they precede cald-8Dadddataor DFSDput-
data.

Predefined string attributes are defined as follows:

Coordinate system attributespecify the coordinate system used to generate the original
data.

Format attributesspecify the format to use when displaying values for the data.
Label attributescontains data array names.
Unit attributes identifies the units of measurement associated with the data.
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To assign a predefined attribute to an HDF file, the program must contain the following routine
calls:

C: status = DFSDsetlengths(label_len, unit_len, format_len,
coords_len);
status = DFSDsetdatastrs(label, unit, format, coordsys);
status = DFSDadddata(filename, rank, dimsizes, data)

FORTRAN: status = dsslens(label_len, unit_len, format_len, coords_len)
status = dssdast(label, unit, format, coordsys)
status = dsadata(filename, rank, dimsizes, data)

DFSDsetlengthshas four argumentdabel_len , unit_len , format_len , and coords_len
Each parameter reflects the maximum length for the string that will hold the label, unit, format,
and coordinate system. Use@FSDsetlengthss optional and usually not necessary.

DFSDsetdatastrswrites null-terminated strings to an HDF file.has the same four arguments:

label , unit ,format , andcoordsys . To avoid the assignment of a string, pagsL as the appro-
priate argument.

TABLE 12L DFSDsetlengths and DFSDsetdatastrs Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
label_len intn integer Maximum length for any label string.
DFSI?setl]engths unit_len intn integer Maximum length for any unit string.
intn
(dsslens) format_len intn integer Maximum length for any format string.
coords_len intn integer Maximum length for any coordinate system string
label char * character*(*) | Label describing the data.
DFSD[_s.etc;atastrs unit char * character*(*) | Unit to be applied to the data.
intn
(dssdast) format char * character*(*) | Format to be applied in displaying the data.
coordsys char* character*(*) | Coordinate system of the data set.
12.7.1.2 Assigning Value Attributes to a DFSD SDS: DFSDsetfillvalue, DFSDsetrange,
DFSDsetcal
The DFSD interface provides the following routines for defining value attributes. All three func-
tion calls are optional and may be called in any order provided they precede abfa8Dad-
ddata or DFSDputdata
To assign a value attribute to a data set, the following routines must be called:
C: status = DFSDsetffillvalue(fill_val);
status = DFSDsetcal(scale, scale_err, offset, offset_err,
num_type);
status = DFSDsetrange(max, min);
status = DFSDadddata(filename, rank, dimsizes, data);
FORTRAN: status = dssfill(fill_val)
status = dsscal(scale, scale_err, offset, offset_err, num_type)
status = dssrang(max, min)
status = dsadata(filename, rank, dimsizes, data)
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DFSDsetrangesets a new range attribute for the current DFSD .9DSSDsetrangehas two

argumentsmax andmin. The HDF library will not check or update the range attributes as new
data are added to the file, therefarex andmin will always reflect the values supplied by the last

DFSDsetrangecall. The parameters f@FSDsetrangeis defined in Table 12K below.

DFSDsetfillvaluespecifies a new value to the default fill value attribute for an SDS array. It's only
, which specifies the new fill value. The fill value must be of the same num-
ber type as the array it’s written to. To avoid conversion errors, use data-specific fill values instead

argument isill_val

of special architecture-specific values, such as infinity or Not-a-Numb&tafy. Setting the fill

value after data is written to the SDS will not update the fill values already written to the data set -
it will only change the attribute.

The parameters fdbFSDsetfillvalue are further defined in Table 12K below.

The DFSDsetcalroutine creates a calibration record for a specified array and by doing so adds
five attributes to the current data set. As the HDF library does not specifically apply calibration

information to the dat&Dsetcalcan be called anytime before or after the data is wriRESD-

setcal has five argumentggcale , scale_error
mentsscale andoffset

In addition to thescale andoffset
argumentscale_err

offset_err

, DFSDsetcalalso includes both a scale and offset error. The
contains the potential error of the calibrated data due to scaling and
contains the potential error for the calibrated data due to the offseturhhgpe
parameter specifies the number type of the uncalibrated data.

, offset , off_err
are defined as they are for the multifile SD API routines.

, andnum_type . The argu-

The parameters @FSDsetcalare defined in the following table.

TABLE 12M

DFSDsetfillvalue, DFSDsetrange and DFSDsetcal Parameter List

Routine Name

Parameter Type

[Return Value] Parameter Description
Cc FORTRAN-77
(FORTRAN-77)
label char * character*(*) Label describing the data.
DESDseffillvalue unit char * character*(*) Unit to be applied to the data.
[intn] iedin di i
(dssfil) format char * character*(*) l:(jc;rtrzét to be applied in displaying the
coordsys char * character*(*) Coordinate system of the data set.
DFSDsetrange max VOIDP <valid numeric data type>} I—(Ijlgtr;est value in the selected range of
[intn] - _
(dssrang) min \VOIDP <valid numeric data type> Ldo;/;/;est value in the selected range of
cal float64 real*8 Calibration scale.
n T
DFSDsetcal cal_error float64 real*8 Calibration scale error.
[intn] off float64 real*8 Uncalibrated offset.
(dsscal) . :
off_err float64 real*8 Uncalibrated offset error.
num_type int32 integer Number type of uncalibrated data.
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EXAMPLE 3. Assigning Predefined String Attributes to a File

The following examples demonstrate the steps necessary to assign predefined string attributes to
the data set and stores the data set in the file "Examplel.hdf". They create a string attribute using
DFSDsetdatastrsand a value attribute usingFSDsetrange It also demonstrates the use of
DFSDsetlengthsin altering the maximum string length from 255 characters to 50. It then writes
the SDS array by callinpFSDadddata

C:
#include "hdf.h"

/*

* Write an array of floating point values representing
* pressure in a 3x2x5 array.

*

main()

{

float32 data[3][2][5];
int32 dimsizes[3];
float32 max, min;
intn status, rank;
inti, j, k;

/* Set the rank and dimension sizes. */
rank = 3;

dimsizes[0] = 3;

dimsizes[1] = 2;

dimsizes[2] = 5;

/* Set the dimensions, to define the beginning of a data set. */
status = DFSDsetdims(rank, dimsizes);

/* Set the maximum string length to 50. */
status = DFSDsetlengths(50, 50, 50, 50);

/* Define the attribute strings and values. */

status = DFSDsetdatastrs("Pressure Data", "Millibars",
"F5.5", "None");

max = 1500.0;

min =0.0;

status = DFSDsetrange(&max, &min);

/* Set the rank to 3. */
rank = 3;

[* Calculate the data values. */
for(i=0;i<3;i++)
for (j=0;j<2;j++)
for (k=0; k <5; k++)
datali][j][k] = i*100.0 +j*10.0 + k;

/* Write the data set and its attributes to file. */
status = DFSDadddata("Example3.hdf", rank, dimsizes, data);

FORTRAN:
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PROGRAM SET ATTRIBS

real*8 data(5, 2, 3), max, min, i, j, k
integer4 dimsizes(3)
integer status, rank

integer dsslens, dssdast, dssrang, dsadata
integer dssdims

character*13 label /"Pressure Data'"/
character*9 unit /"Millibars"/
character*4 format /"F5.5"/
character*4 coordsys /"None"/

C Setthe dimensions, to define the beginning of a data set.
rank =3
dimsizes(1) =5
dimsizes(2) =2
dimsizes(3) =3
status = dssdims(rank, dimsizes)

C  Set the maximum string lengths to 50.
status = dsslens(50, 50, 50, 50)

C Define the attribute strings and values.
status = dssdast(label, unit, format, coordsys)
max = 1500.0
min=0.0
status = dssrang(max, min)

C Fill the data array with values.

do30k=1,3

do20j=1,2

do10i=1,5
data(i, j, k) =i*100.0 +j*10.0 + k

10  continue
20 continue
30 continue

C  Write the data set and its attributes to file.
status = dsadata("Example3.hdf", rank, dimsizes, data)

end

12.7.2 Reading DFSD Data Set Attributes
The DFSD interface provides two function calls for reading predefined data set attribute strings.

12.7.2.1 Reading Data Set Attributes: DFSDgetdatalen and DFSDgetdatastrs

DFSDgetdatalenreturns the length of each string in the attribute. It is useful for determining the
length of an attribute before readingDi-SDgetdatastrsreads the label, unit, format, and coordi-
nate system strings.

Attribute data is not read HyFSDgetdatastrsuntil the appropriate routine is called to read the
array and its dimension record DFSDgetdatastrsandDFSDgetrangeare not called, the array

and its dimension record can be read without reading its associated data set attributes. It is also
possible to read string and value attributes individually. As attribute data is not actually read by
DFSDgetdatastrsor DFSDgetrange these calls must be made before callifgSDgetdata
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Reading the attributes of a data set involves the following steps:
1. Determine the length of each attribute string.
2. Read the attribute strings.
3. Read the maximum and minimum values.
4. Read the remainder of the data set.

To assign a predefined attribute to an HDF file, the following routines should be called:

C: status = DFSDgetdatalen(label_len, unit_len, format_len,
coords_len);
status = DFSDgetdatastrs(label, unit, format, coordsys);
status = DFSDgetrange(max, min);
status = DFSDgetdata(filename, rank, dimsizes, data);

FORTRAN: status = dsgdghaln(label_len, unit_len, format_len, coords_len)
status = dsgdast(label, unit, format, coordsys)
status = dsgrang(max, min)
status = dsgdata(filename, rank, dimsizes, data)

The parameters @FSDgetdatalenandDFSDgetdatastrsare described in the following table.

TABLE 12N DFSDgetdatalen and DFSDgetdatastrs Parameter List
Routine Name Parameter Type
[Return Value] Parameter © FORTRAN-77 Description
(FORTRAN-77)
label_len intn * integer Length of any label string.
DFSD[_gett;atalen unit_len intn * integer Length of any unit string.
intn
(dsgdaln) format_len intn * integer Length of any format string.
coords_len intn * integer Length of any coordinate system string.
label char * character*(*) | Label describing the data.
DFSD[getti]atastrs unit char * character*(*) | Unit applied to the data.
intn
(dsgdast) format char * character*(*) | Format applied to the data.
coordsys char * character*(*) | Coordinate system of the data set.
EXAMPLE 4. Reading a Data Set and its Attribute Record
These examples read the pressure data set and the dimension attribute record stored in the
"Examplel.hdf" file into the arrays pointed to by tha , datalabel , dataunit , datafmt and
coordsys pointer variables. It assumes the dimension sizes and rank are correct and data strings
are less than 10 characters long, with one additional character for the null termination.
C:
#include "hdf.h"
main( )
{
intn rank, maxrank, status;
int32 dimsizes[3];
char datalabel[50], dataunit[50], datafmt[50], coordsys[50];
float64 data[3][2][5];
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maxrank = 3;

status = DFSDgetdims("Example3.hdf", &rank, dimsizes,
maxrank);

status = DFSDgetdatastrs(datalabel, dataunit, datafmt,
coordsys);

status = DFSDgetdata("Example3.hdf", rank, dimsizes, data);

FORTRAN:
PROGRAM READ SD INFO

integer dsgdata, dsgdast, dsgdims
integer4 dimsizes(3)

integer status, rank, maxrank
character*50 datalabel, dataunit, datafmt
character*10 coordsys

real*8 data(5, 2, 3)

maxrank = 3

status = dsgdims('Example3.hdf’, rank, dimsizes, maxrank)
status = dsgdast(datalabel, dataunit, datafmt, coordsys)
status = dsgdata(’Example3.hdf', rank, dimsizes, data)

end

12.7.2.2 Reading the Value Attributes of a DFSD Data Set: DFSDgetffillvalue and
DFSDgetcal

There are three routines in the DFSD interface that retrieve the fill value, range and calibration
information of a data set arra@fSDgetfillvalue, DFSDgetrangeandDFSDgetcal

The syntax of these routines are as follows:

C: status = DFSDgetfillvalue(sds_id, fill_val);
status = DFSDgetrange(max, min);
status = DFSDgetcal(cal, cal_err, offset, offset_err, num_type);

FORTRAN: status = dsgfill(fill_value)
status = dsgrang(max, min)
status = dsadata(cal, cal_err, offset, offset_err, num_type)

DFSDgetfillvalue has two argumentsgs_id andfill_val . Thesds_id is the data set identi-
fier andfill_val is the space allocated to store the fill value.

The maximum range of values in the data set isn’t automatically stored with the data set data; it is
explicitly stored through a call ®FSDgetrange The defined range of values can be less than the
actual range of values stored in the data set. The value @éthparameter is the maximum value

of the defined range and the value of ttie parameter is the minimum value. These values must

be of the same number type as the values stored in the data array. Im&,ahdmin parameters

are indirect pointers specifying the range values, while in FORTRAN-77 they are variables set to
the range values.

DFSDgetcalreads the calibration record of the current data set, if one exists. Each of the parame-
ters of DFSDgetcalcorrespond to the five elements of the calibration record; - four 64-bit float-
ing-point integers followed by a 32-bit integer. Th& , offset , offset_err and cal_err
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parameters are defined as they are in the multifle SD API. This calibration record exists for infor-
mation only.

The parameters foDFSDgetfillvalue, DFSDgetcaland DFSDgetrangeare defined in the fol-
lowing table.

TABLE 120

DFSDgetfillvalue, DFSDgetcal and DFSDgetrange Parameter List

Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
DFSDgeffillvalue sds_id int32 integer Data set identifier.
(c[jlsn;?i]ll) fill_val VOIDP <valid numeric data type> Buffer for the fill value.
cal float64 * real*8 Calibration factor.
DFSDgetcal cal_err float64 * real*8 Calibration error.
[int32] offset float64 * real*8 Uncalibrated offset.
(dsgeal) offset_err float64 * real*8 Uncalibrated offset error.
num_type int32 * integer Type of the uncalibrated data.
DFSDgetrange max VOIDP <valid numeric data type> Highest value of the selected range
(dggtz]ng) min VOIDP <valid numeric data type> Lowest value of the selected range.

12.7.3 Writing the Dimension Attributes of a DFSD SDS
Dimension attributesare described in Chapter 3, titl8dientific Data Sets (SD API)

12.7.3.1 Writing the String Attributes of a Dimension: DFSDsetlengths and
DFSDsetdimstrs

The DFSD interface provides two routines for creating dimension string attriliDEeSD-
setlengthsand DFSDsetdimstrs DFSDsetlengthsoverwrites the default string length aDé&S-
Dsetdimstrs is defines the string texDFSDsetdatalengthsand DFSDsetdimstrsare optional
and must precede calls Bi-SDadddataor DFSDputdata.

Predefined dimension string attributes are limited to one per dimension and contain the following:
- Format attributesspecify the format to use when displaying values for the dimension.
+ Label attributescontain dimension names.
- Unit attributesidentify the unit of measurement associated with the dimension.

To assign a predefined attribute to a dimension, the following routines should be called:

C: status = DFSDsetlengths(label_len, unit_len, format_len,
coords_len);
status = DFSDsetdimstrs(label, unit, format);
status = DFSDadddata(filename, rank, dimsizes, data);

FORTRAN: status = dsslens(label_len, unit_len, format_len, coords_len)
status = dssdist(label, unit, format)
status = dsadata(filename, rank, dimsizes, data)

DFSDsetlengthshas four argumentgabel_len , unit_len , format_len , and coords_len
Each parameter specifies the maximum length of the string that defines the label, unit, format, and
coordinate system. As mentioned earlier in this chapter, attribute lengths seldom need to be reset.
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DFSDsetdimstrsalso has four argumentdimn, label , unit , andformat . The parametetim =

1 for the first dimensionjim =2 for the second dimension, etc. To avoid assigning a string to the

coordinate length, passuLL in the appropriate paramet&FSDsetdimstrs writes null-termi-
nated strings to a file.

The parameters fdDFSDsetlengthsand DFSDsetdimstrsare further defined in the following

table.

TABLE 12P DFSDsetlengths and DFSDsetdimstrs Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(3 FORTRAN-77
(FORTRAN-77)
label_len intn integer Maximum length of any label string.
DFSI?setl]engths unit_len intn integer Maximum length of any unit string.
intn
(dsslen) format_len intn integer Maximum length of any format string.
coords_len intn integer Maximum length of any coordinate system string.
" : : Dimension of the attribute strings.specified by the
dim intn integer remaining three parameters
DFSDsetdimstrs —
fintn] label char * character*(*) | Label describing the data.
(dssdist) unit char * character*(*) | Unit to be applied to the data.
format char * character*(*) | Format to be applied in displaying the data.
12.7.3.2 Writing a Dimension Scale of a DFSD SDS: DFSDsetdimscale
The syntax of the two routines needed to write a dimension scale is the following:
C: status = DFSDsetdimscale(dim, dimsize, scale);
status = DFSDadddata(filename, rank, dimsizes, data);
FORTRAN: status = dssdisc(dim, dimsize, scale)
status = dsadata(filename, rank, dimsizes, data)
DFSDsetdimscalehas three argumentdin, dimsize , andscale . These arguments identify the
dimension, specify its size, and assign a value to each of its grid points. The padameter
for the first dimension, andim =2 for the second dimension. Thinsize argument must con-
tain a value equal to the dimension it describes in order for the scale to be applied correctly.
The parameters @FSDsetdiscaleare further described in the following table.
TABLE 12Q DFSDsetdimscale Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(] FORTRAN-77
(FORTRAN-77)
DESDsetdimscale dim intn integer Dimension of the current scale.
[intn] dim_size int32 integer Size of the current scale.
(dssdisc) scale VOIDP <valid numeric data typej Values of the current scale.
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12.7.4 Reading the Dimension Attributes of a DFSD SDS

The DFSD interface provides three routines for reading dimension attrilDF&Dgetdimlen
DFSDgetdimstrs and DFSDgetdimscale DFSDgetdimlen returns the string length for each
string in the attribute record. It is a useful routine to call before reading an attiitft8&get-

dimstrs and DFSDgetdimscaleare used as instructions for reading the dimension attributes.
DFSDgetdimstrsreads the dimension strings aD&SDgetdimscalereads the dimension scale.

By avoiding calls tdFSDgetdimstrsandDFSDgetdimscalgit is possible to read an array and

its dimension record without reading the data set attributes associated with it. It is also possible to
omit one function call in order to read one attribute without the diife8DgetdimstrsandDFS-
Dgetdimscalemust be called befoi@FSDgetdata

Reading data set attributes involves the following steps:
1. Determine the length of each attribute string.
2. Read the attribute strings.
3. Read the scale values.
4. Read the remainder of the data set.

To assign a predefined attribute to an HDF file, the following routines must be called:

C: status = DFSDgetdimlen(label_len, unit_len, format_len,
coords_len);
status = DFSDgetdimstrs(label, unit, format);
status = DFSDgetdimscale(dim, dim_size, scale);
status = DFSDgetdata(filename, rank, dimsizes, data);

FORTRAN: status=  dsgdiln(label_len, unit_len, format_len, coords_len)
status = dsgdist(label, unit, format)
status = dsgdisc(dim, dim_size, scale)
status = dsgdata(filename, rank, dimsizes, data)

The parameters fdbFSDgetdimlen DFSDgetdimstrs and DFSDgetdimscaleare described in
the following table.

TABLE 12R DFSDgetdimlen, DFSDgetdimstrs and DFSDgetdimscale Parameter List
Routine Name Parameter Type
[Return Value] Parameter Description
(FORTRAN-77) Cc FORTRAN-77
. : : Dimension of the string attributes
dim intn integer describe.
DFSDgetdimlen - - - -
fintn] label_len intn * integer Length of the label attribute string.
(dsgdiln) unit_len intn * integer Length of the unit attribute string.
format_len intn * integer Length of the format attribute string.
. : : Dimension the string attributes
dim intn integer describe.
DFSD[gett]iimstrs label char * character*(¥) Label of the dimension.
intn
(dsgdist) unit char * character*(*) Unit to be applied to this dimension,
Format to be applied when displaying
format char * character*(*) the scale.
. : : Dimension the current scale is
DFSDgetdimscale dim intn integer attached to
[|ntn_] dim_size int32 integer Size of the current scale.
(dsgdisc)
scale VOIDP <valid numeric data type> Values of the current scale.
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Chapter
13

Error Reporting

13.1 Chapter Overview

This chapter describes the main error reporting routines designed for general HDF use and the
types of errors handled by the error reporting APl and the general structure of the API.

13.2 The HDF Error Reporting API

The HDF error reporting API consists of routines that query error stack information, the names of
which are prefaced by “HE”. They are described briefly in Table 13A. Some are primarily for use
by HDF developers while others are available to HDF users. In this chapter, three error reporting
functions are coverediEprint , HEvalue andHEstring . Note that only one C error reporting rou-

tine has a FORTRAN-77 counterpafEprint .

TABLE 13A Error Reporting Routine List
Routine Name o
Category Description
Cc FORTRAN-77
HEprint heprnt Prints the errors on the error stack to a specified file.
Error_ HEstring None Returns the error message associated with an error code.

Reporting

HEvalue None Returns the nth most recent error reported.

13.3 Error Reporting in HDF

Most HDF error reporting routines returalL (or-1 ) if the operation is successful aBdCCEED

(or 0) otherwise. Each time RAIL code is returned one or more error codes are pushed onto the
error code stack. The following pseudo-code will demonstrate the two methods commonly used to
access and print the contents of this stack.

if (<general HDF function() >= FAIL) {
<HDF error reporting AP routines>
}

OR
status = <general HDF function();
if (Status == FAIL) {
<HDF error reporting AP routines>
}

A list of error codes is included at the end of this chapter.
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13.3.1  Writing Errors to a File: HEprint

HEprint writes the errors on the stack to the specified file. There are four sectionsiBpéant
error report:

1. A description of the error.

2. The routine in which the error was detected.

3. The source file in which the error was detected.
4. The line number in which the error was detected.

The syntax foHEprint is as follows:

C: HEprint(stream, level);

FORTRAN: status = heprnt(level)

Thestream parameter is a UNIX file handle indicating the output stream the error information
will be written to. Thelevel parameter specifies the amount of error information to report. In
FORTRAN-77,HEprint always writes to the standard error streansta@wr , therefore the only
parameter ievel

Errors are written in sequential order starting from the bottom of the stack. Consequently, specify-
ing alevel parameter value of 1 will write the first error that occurred, or the first error pushed
onto the stack. Specifyinglavel parameter of value O will write all errors on the stack to the
specified file. For example, the following C code will write all errors on the stack to the file named
“errors”.

f = fopen(“errors”, “w");
HEprint(f, 0);
As an example of the output BiEprint , suppose an attempt is made to open an nonexistent file

with Hopen. CallingHEprint (stdout, 0) orheprnt(0)  will produce the following output:

HDF error: <error opening file>
Detected in Hopen() [hfile.c line 305]

13.3.2 Returning the Code of the Nth Most Recent Error: HEvalue

HEvalue returns the error code for the nth most recent error and is only available as a C routine.
Theerror_stack_offset parameter specifies the number of errors to regress from the top of the
error stack.

The syntax foHEvalue is as follows:
C: status = HEvalue(error_stack_offset);
13.3.3  Returning the Description of an Error Code: HEstring

HEstring returns the error description associated with the error code specified by the
error_code parameter as a character string. As Witvalue, HEstring is only available in the
C HDF library.
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The syntax foHEstring is as follows:

C: error_string = HEstring(error_code);

Writing Errors to a Console Window

EXAMPLE 1.
The following C code fragment will copy errors from the stack to a console window.
C:  #include “hdf.h”
main()
{
int32 i, e;
const char *str;
i=0;
while ((e = HEvalue(i)) = DFE_NONE) {
str = HEstring(e);
<device-specific code to print the string to a console>
i++
}
TABLE 13B HDF Error Codes
Error Code Code Definition
DFE_NONE No error.
DFE_FNF File not found.
DFE_DENIED Access to file denied.

DFE_ALROPEN

File already open.

DFE_TOOMANY

Too many AID's or files open.

DFE_BADNAME

Bad file name on open.

DFE_BADACC

Bad file access mode.

DFE_BADOPEN

Miscellaneous open error.

DFE_NOTOPEN

File can't be closed because it hasn’t been opened.

DFE_CANTCLOSE

fclose error

DFE_READERROR Read error.
DFE_WRITEERROR Write error.
DFE_SEEKERROR Seek error.

DFE_RDONLY

File is read only.

DFE_BADSEEK

Attempt to seek past end of element.

DFE_PUTELEM

Hputelement error.

DFE_GETELEM

Hgetelement error.

DFE_CANTLINK

Cannot initialize link information.

DFE_CANTSYNC

Cannot synchronize memory with file.
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Error Code

Code Definition

DFE_BADGROUP

Error fronDFdiread in opening a group.

DFE_GROUPSETUP

Error froMFdisetup in opening a group.

DFE_PUTGROUP

Error on putting a tag/reference number pair into a group.

DFE_GROUPWRITE

Error when writing group contents.

DFE_DFNULL

Data file reference is a null pointer.

DFE_ILLTYPE

Data file contains an illegal type: internal error.

DFE_BADDDLIST

The DD list is non-existent: internal error.

DFE_NOTDFFILE

The current file is not an HDF file and it is not zero length.

DFE_SEEDTWICE

The DD list already seeded: internal error.

DFE_NOSUCHTAG

No such tag in the file: search failed.

DFE_NOFREEDD

There are no free DDs left: internal error.

DFE_BADTAG

lllegal WILDCARD tag.

DFE_BADREF

lllegal WILDCARD reference number.

DFE_NOMATCH

No DDs (or no more DDs) that match the specified tag/reference number pair.

DFE_NOTINSET

Warning: Set contained unknown tag. Ignored.

DFE_BADOFFSET

lllegal offset specified.

DFE_CORRUPT

File is corrupted.

DFE_NOREF

No more reference numbers are available.

DFE_DUPDD

The new tag/reference number pair has been allocated.

DFE_CANTMOD

Old element doesn't exist. Cannot modify.

DFE_DIFFFILES

Attempt to merge objects in different files.

DFE_BADAID

An invalid AID was received.

DFE_OPENAID

Active AlIDs still exist.

DFE_CANTFLUSH

Cannot flush DD back to file.

DFE_CANTUPDATE

Cannot update the DD block.

DFE_CANTHASH

Cannot add a DD to the hash table.

DFE_CANTDELDD

Cannot delete a DD in the file.

DFE_CANTDELHASH

Cannot delete a DD from the hash table.

DFE_CANTACCESS

Cannot access specified tag/reference number pair.

DFE_CANTENDACCESS

Cannot end access to data element.

DFE_TABLEFULL

Access table is full.

DFE_NOTINTABLE

Cannot find element in table.

DFE_UNSUPPORTED

Feature not currently supported.

DFE_NOSPACE

malloc failed.

DFE_BADCALL

Routine calls were in the wrong order.

DFE_BADPTR NULL pointer argument was specified.
DFE_BADLEN Invalid length was specified.
DFE_NOTENOUGH Not enough space for the data.
DFE_NOVALS Values were not available.
DFE_ARGS Invalid arguments passed to the routine.

DFE_INTERNAL

Serious internal error.

DFE_NORESET

Too late to modify this value.

DFE_GENAPP Generic application level error.
DFE_UNINIT Interface was not initialized correctly.
DFE_CANTINIT Cannot initialize the interface the operation requires.
DFE_CANTSHUTDOWN Cannot shut down the interface the operation requires.
DFE_BADDIM Negative number of dimensions, or zero dimensions, was specified.
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Error Code

Code Definition

DFE_BADFP

File contained an illegal floating point number.

DFE_BADDATATYPE

Unknown or unavailable data type was specified.

DFE_BADMCTYPE

Unknown or unavailable machine type was specified.

DFE_BADNUMTYPE

Unknown or unavailable number type was specified.

DFE_BADORDER

Unknown or illegal array order was specified.

DFE_RANGE

Improper range for attempted access.

DFE_BADCONV

Invalid data type conversion was specified.

DFE_BADTYPE

Incompatible types were specified.

DFE_BADSCHEME

Unknown compression scheme was specified.

DFE_BADMODEL

Invalid compression model was specified.

DFE_BADCODER

Invalid compression encoder was specified.

DFE_MODEL Error in the modeling layer of the compression operation.
DFE_CODER Error in the encoding layer of the compression operation.
DFE_CINIT Error in encoding initialization.

DFE_CDECODE

Error in decoding compressed data.

DFE_CENCODE

Error in encoding compressed data.

DFE_CTERM Error in encoding termination.
DFE_CSEEK Error seeking in an encoded data set.
DFE_MINIT Error in modeling initialization.

DFE_COMPINFO

Invalid compression header.

DFE_CANTCOMP

Cannot compress an object.

DFE_CANTDECOMP

Cannot decompress an object.

DFE_NODIM A dimension record was not associated with the image.
DFE_BADRIG Error processing a RIG.
DFE_RINOTFOUND Cannot find raster image.

DFE_BADATTR Invalid attribute.

DFE_BADTABLE The nsdg table has incorrect information.
DFE_BADSDG Error in processing an SDG.

DFE_BADNDG Error in processing an NDG.
DFE_VGSIZE Too many elements in the vgroup.

DFE_VTAB Element not irvtabl].

DFE_CANTADDELEM

Cannot add the tag/reference number pair to the vgroup.

DFE_BADVGNAME

Cannot set the vgroup name.

DFE_BADVGCLASS

Cannot set the vgroup class.

DFE_BADFIELDS

Invalid fields string passed to vset routine.

DFE_NOVS

Cannot find the vset in the file.

DFE_SYMSIZE

Too many symbols in the users table.

DFE_BADATTACH

Cannot write to a previously attached vdata.

DFE_BADVSNAME

Cannot set the vdata name.

DFE_BADVSCLASS

Cannot set the vdata class.

DFE_VSWRITE Error writing to the vdata.
DFE_VSREAD Error reading from the vdata.
DFE_BADVH Error in the vdata header.

DFE_VSCANTCREATE

Cannot create the vdata.

DFE_VGCANTCREATE

Cannot create the vgroup.

DFE_CANTATTACH

Cannot attach to a vdata or vset.

DFE_CANTDETACH

Cannot detach a vdata or vset with write access.
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Error Code Code Definition
DFE_BITREAD A bit read error occurred.
DFE_BITWRITE A bit write error occurred.
DFE_BITSEEK A bit seek error occurred.
DFE_TBBTINS Failed to insert the element into tree.
DFE_BVNEW Failed to create a bit vector.
DFE_BVSET Failed when setting a bit in a bit vector.
DFE_BVGET Failed when getting a bit in a bit vector.
DFE_BVFIND Failed when finding a bit in a bit vector.
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Chapter
14

HDF Performance Issues

14.1 Chapter Overview and Introduction

This chapter describes many of the concepts the HDF user should understand to gain better perfor-
mance from their applications that use the HDF library. It also covers many of the ways in which
HDF can be used to cause impaired performance and methods for correcting these problems.

As stated earlier in this manual, HDF has been designed to be very general-purpose, and it has
been used in many different applications involving scientific data. Each application has its own set
of software and hardware resource constraints that will affect performance in a different way, and
to a different extent, from the resource constraints in other applications.

Therefore, it is impossible to outliredl of the performance issues that may relate to a particular
application of HDF. However, this chapter should give the reader sufficient knowledge of the most
common performance issues encountered by the HDF Group. This knowledge should enable the
reader to explore different ways of storing data on their native platforms for the purpose of
increasing library performance.

Future versions of this chapter will include additional possibilities of performance enhancement
as they are discovered.

14.2 Examples of HDF Performance Enhancement

In this section, four pairs of HDF object models along with their C implementations will be pre-
sented. Each pair will illustrate a specific aspect of HDF library performance as it relates to scien-
tific data sets. They will be employed here as general pointers on how to model scientific data sets
for optimized performance.

In developing and testing these examples, the Sun Solaris OS version supported by HDF version
4.1 release 1 was used. Version 2.0 of the Quantify performance profiler was used to measure the
relative differences in library performance between the SDS models in each pair. It should be
noted that, while the examples reliably reflect which SDS configurations result in better perfor-
mance, the specifics of how much performance will be improved depend on many factors such as
OS configuration, compiler used and profiler used. Therefore, any specific measurements of per-
formance mentioned in the chapter should be interpreted only as general indicators.

The C programs that were used as the basis of this section can be obtained from the HDF ftp
server at hdf.ncsa.uiuc.edu in the /pub/dist/HDF/HDF4.1r1/Performance directory. These are pro-
vided in the event the reader wishes to verify or modify these examples on their own system.

The reader should keep in mind that the following examples have been designed for illustrative
purposes only, and should not be considered as real-world examples. It is expected that the reader
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will apply the library performance concepts covered by these examples to their specific usage of
the HDF library.

14.2.1 One Large SDS Versus Several Smaller SDSs

The scientific data set is an example of what in HDF parlance is referred friasagy object

The primary objects accessed and manipulated by the HDF library include, beside scientific data
sets, raster images, annotations, vdatas and vgroups. Each primary objaetddeta or data
describing the data, associated with it. Refer toHbé Specifications Manudbr a description

of the components of this metadata and how to calculate its size on disk.

An opportunity for performance enhancement can exist when the size of the metadata far exceeds
the size of the data described by the metadata. In this situation, more CPU time and disk space will
be used to maintain the metadata than the data contained in the SDS. Consolidating the data into
fewer, or even one, SDS can increase performance.

To illustrate this, consider 1,000x1L x 1 element scientific data sets of 32-bit floating-point num-
bers. No user-defined dimension, dimension scales or fill values have been defined or created.

FIGURE 14a 1,000 1x 1 x 1 Element Scientific Data Sets
SDS1 SDS2 SDS3 SDS4 SDS5 SDS6 SDS7 SDS 1000
In this example, 1,000 32-bit floating-point numbers are first buffered in-core, then written to the
SDS.
In Table 14A, the results of this operation are reflected in two metrics: the total number of CPU
cycles used by the example program, and the size of the HDF file after the write operation.
TABLE 14A Results of the Write Operation to 1,000 X 1 x 1 Element Scientific Data Sets
Total Number of CPU Cycles Size of the HDF File (in bytes)
136,680,037 896,803
Now the 1,000 32-bit floating point numbers that were split into 1,000 SDSs are combined into
one 10x 10x 10 element SDS. This is illustrated in the following figure.
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FIGURE 14b One 10x 10x 10 Element Scientific Data Set
10
elements
1o |
elements
<~— 10 —
elements
As with the last example, 1,000 32-bit floating-point numbers are first buffered in-core, then writ-
ten to the SDS. The following table contains the performance metrics of this operation.
TABLE 14B Results of the Write Operation to One 1X 10x 10 Element Scientific Data Set

Total Number of CPU Cycles Size of the HDF File (in bytes)
205,201 7,258

It is apparent from these results that merging the data into one scientific data set results in a sub-
stantial increase in 1/O efficiency - in this case, a 99.9% reduction in total CPU load. In addition,
the size of the HDF file is dramatically reduced by a factor of more than 100, even through the
amount of SDS data stored is the same.

The extent to which the data consolidation described in this section should be done is dependent
on the specific I/O requirements of the HDF user application.

14.2.2 Sharing Dimensions Between Scientific Data Sets

When several scientific data sets have dimensions of the same length, name and data type, they
can share these dimensions to reduce storage overhead and CPU cycles in writing out data.

To illustrate this, again consider the example of 1,08A X 1 scientific data sets of 32-bit float-

ing point numbers. Three dimensions are attached by default to each scientific data set by the HDF
library. The HDF library assigns each of these dimensions a default name prefaced by "fakeDim".
See Chapter 3 of tHeDF User’s Guidetitled Scientific Data Sets (SD SD®)r a specific expla-

nation of default dimension naming conventions.

June 23, 1998 14-401



National Center for Supercomputing Applications

FIGURE 14c 1,000 1x 1 x 1 Element Scientific Data Sets

SDS1 SDS 2

\
N N

SDS 3

N

Default Dimensions

SDS 1,000

One 32-bit floating point number is written to each scientific data set. The following table lists the

performance metrics of this operation.

TABLE 14C Results of the Write Operation to 1,000 X 1 x 1 Element Scientific Data Sets

Total Number of CPU Cycles

Size of the HDF File (in bytes)

136,680,037

896,803

Now consider the 1,000 SDSs described previously in this section. In this case, the 1,000 SDSs
share the program-defined "X_Axis", "Y_Axis" and "Z_Axis" dimensions as illustrated in the fol-

lowing figure.
FIGURE 14d 1,000 1x 1 x 1 Element Scientific Data Sets Sharing Dimensions
SDS 1 SDS 2 SDS 3 SDS 1,000

\ <+— Dimension Named "Y_Axis"
Val ———

Dimension Named "Z_Axis"

R

Dimension Named "X_Axis"

The performance metrics that result from writing one 32-bit floating-point number to each dataset

are in the following table.
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TABLE 14D Results of the Write Operation to 1,000 X 1 x 1 SDSs with Shared Dimensions
Total Number of CPU Cycles Size of the HDF File (in bytes)
24,724,384 177,172

A 82% performance improvement in this example program can be seen from the information in
this table, due to the fewer write operations involved in writing dimension data to shared dimen-
sions. Also, the HDF file is significantly smaller in this case, due to the smaller amount of dimen-
sion data that is written.
14.2.3 Setting the Fill Mode
When a scientific data set is created, the default action of the HDF library is to fill every element
with the default fill value. This action can be disabled, and reenabled once it has been disabled, by
a call to theSDsetfillmoderoutine.
The library’s default writing of fill values can degrade performance when, after the fill values have
been written, every element in the dataset is written to again. This operation involves writing every
element in the SDS twice. This section will demonstrate that disabling the initial fill value write
operation by callingDsetfillmodecan improve library performance.
Consider 50 1& 10x 10 scientific data sets of 32-bit floating-point numbers.

FIGURE 14e 50 10x 10x 10 Element Scientific Data Sets

SDS 1 SDS 2 SDS 3 SDS 50

By default, the fill value is written to every element in all 50 SDSs. The contents of a two-dimen-
sional buffer containing 32-bit floating-point numbers is then written to these datasets. The way
these two-dimensional slices are written to the three-dimensional SDSs is illustrated in the follow-
ing figure. Each slice (represented by each shaded area in the figure) is written along the third
dimension of each SDS, or if the dimensions are related to a Cartesian grid, the z-dimension, until
the entire SDS is filled.
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FIGURE 14f Writing to the 50 10x 10x 10 Element Scientific Data Sets
SDS 1 SDS 2 SDS 3 SDS 50

It should be noted that the reason each SDS isn’t rewritten to in one write operation is because the
HDF library will detect this and automatically disable the initial write of the fill values as a perfor-
mance-saving measure. Hence, the partial writes in two-dimensional slabs.
The following table shows the number of CPU cycles needed in our tests to perform this write
operation with the fill value write enabled. The "Size of the HDF File" metric has been left out of
this table, because it won't change substantially regardless of whether the default fill value write
operation is enabled.

TABLE 14E Results of the Write Operation to the 50 1& 10x 10 SDSs with the Fill Value Write Enabled

Total Number of CPU Cycles
584,956,078

The following table shows the number of CPU cycles needed to perform the same write operation
with the fill value write disabled.

TABLE 14F Results of the Write Operation to the 50 SDSs with the Fill Value Write Disabled

Total Number of CPU Cycles
390,015,933

The information in these tables demonstrate that eliminating the 1/0 overhead of the default fill
value write operation when an entire SDS is rewritten to results in a substantial reduction of the
CPU cycles needed to perform the operation - in this case, a reduction of 33%.

14.2.4 Disabling "Fake" Dimension Scale Values in Large One-
Dimensional Scientific Data Sets

In versions 4.0 and earlier of the HDF library, dimension scales were represented by a vgroup con-
taining a vdata. This vdata consisted of as many records as there are elements along the dimen-
sion. Each record contained one number which represented each value along the dimension scale,
and these values are referred to as "fake" dimension scale values.
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In HDF version 4.0 a new representation of the dimension scale was implemented alongside the
old one - a vdata containing only one value representing the total number of values in the dimen-
sion scale. In version 4.1 release 1, this representation was made the default. A "compatible”
mode is also supported where both the older and newer representations of the dimension scale are
written to file.

In the earlier representation, a substantial amount of 1/O overhead is involved in writing the fake
dimension scale values into the vdata. When one of the dimensions of the SDS array is very large,
performance can be improved, and the size of the HDF file can be reduced, if the old representa-
tion of dimension scales is disabled by a call toSBsetdimval_comproutine. The examples in

this section will illustrate this.

First, consider one 10,000 element array of 32-bit floating point numbers, as shown in the follow-
ing figure. Both the new and old dimension scale representations are enabled by the library.

FIGURE 14g

One 10,000 Element Scientific Data Set with Old- and New-Style Dimension Scales

10,000 element array

LT T T - <L

| 10,000

WIN|[F|O

Vdata Containing 1 Dimension Scale Value (New-style)

A

9,999 Vdata Containing 10,000 Fake Dimension Scale Values

(Old-style)

10,000 32-bit floating-point numbers are buffered in-core, then written to the scientific data set. In
addition, 10,000 integers are written to the SDS as dimension scale values. The following table
contains the results of this operation from our tests.

TABLE 14G

Results of the SDS Write Operation with the New and Old Dimension Scales

Total Number of CPU Cycles Size of the HDF File (in bytes)
439,428 82,784
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Now consider the same SDS with the fake dimension scale values disabled. The following figure
illustrates this.

FIGURE 14h

One 10,000 Element Scientific Data Set With the Old-Style Dimension Scale Disabled

10,000 element array

[T - <TII

Vdata Containing One Dimension Scale Value (New-style)

The following table contains the performance metrics of this write operation.

TABLE 14H

Results of the SDS Write Operation With Only the New Dimension Scale

Total Number of CPU Cycles Size of the HDF File
318,696 42,720

The old-style dimension scale is not written to the HDF file, which results in the size of the file
being reduced by nearly 50%. There is also a marginal reduction in the total number of CPU
cycles.

14.3 Data Chunking

14.3.1 What is Data Chunking?

Data chunking is a method of organizing data within an SDS where data is stored in "chunks" of a
predefined size, rather than contiguously by array element. Its two-dimensional instance is some-
times referred to as "data tiling". Data chunking is generally beneficial to I/O performance in very
large arrays - i.e., arrays with thousands of rows and columns.

If correctly applied, data chunking may reduce the number of seeks through the SDS data array to
find the data to be read or written, thereby improving 1/0 performance. However, it should be
remembered that data chunking, if incorrectly applied, can significeedlycethe performance

of reading and/or writing to an SDS. Knowledge of how chunked SDSs are created and accessed
and application-specific knowledge of how data is to be read from the chunked SDSs are neces-
sary in avoiding situations where data chunking works against the goal of I/O performance optimi-
zation.

The following figure illustrates the difference between a non-chunked SDS and a chunked SDS.
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FIGURE 14i Comparison Between Chunked and Non-Chunked Scientific Data Sets

Non-Chunked SDS Chunked SDS (chunk sizexs3X 3)
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While the data in a non-chunked SDS is written to,
and organized in, a contiguous fashion, a chunked 718191789
SDS is written to, and organized in, equally-sized

regions of data - or "chunks".

14.3.2 Writing Concerns and Reading Concerns in Chunking

There are issues in working with chunks that are related to the reading process and others that are
related to the writing process.

Specifically, the issues that affect the process of reading from chunked SDSs are
- Compression
« Subsetting
« Chunk sizing
« Chunk cache sizing

The issues that affect the process of writing to chunked SDSs are
- Compression
« Chunk cache sizing

14.3.3 Chunking without Compression

Accessing Subsets According to Storage Order

The main consideration to keep in mind when subsetting from chunked and non-chunked SDSs is
that if the subset can be accessed in the same order as it was stored, subsetting will be efficient. If
not, subsetting may result in less-than-optimal performance considering the number of elements
to be accessed.
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To illustrate this, the instance of subsetting in non-chunked SDSs will first be described. Consider
the example of a non-chunked, two-dimensional, 200800 SDS array of integer data. The fol-
lowing figure shows how this array is filled with data in a row-wise fashion. (Each square in the
array shown represents 10000 integers.)

FIGURE 14j Filling a Two-Dimensional Array With Data Using Row-Major Ordering
<«—— 1600ints____,
In C, a two dimensional array is > A
filled row-wise. t
>
>
:
> .
E 2,000 ints
>
v
The most efficient way an application can read a row of data, or a portion of a row, from this array,
is a contiguous, row-wise read of array elements. This is because this is the way the data was orig-
inally written to the array. Only one seek is needed to perform this. (See Figure 14k.)
FIGURE 14k Number of Seeks Needed to Access a Row of Data in a Non-Chunked SDS
/ [ TTTTTTTTTTTTT]
One seek is needed to find the
starting location of a 1,400 integer
row of data.
If the subset of data to be read from this array is one 2,000 irdelyenn then 2,000 seeks will
be required to complete the operation. This is the most inefficient method of reading this subset as
nearly all of the array locations will be accessed in the process of seeking to a relatively small
number of target locations.
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FIGURE 14I Number of Seeks Needed to Access a Column of Data in a Non-Chunked SDS

2,000 seeks are needed to find the
starting location of each element in a
2,000 integer column of data. (Each
arrow represents 100 seeks.)

VVVVVVVVVVVVVVVVVVVY

Now suppose this SDS is chunked, and the chunk size ig 400 integers. A read of the afore-
mentioned row is performed. In this case, four seeks are needed to read all of the chunks that con-
tain the target locations. This is less efficient than the one seek needed in the non-chunked SDS.

FIGURE 14m Number of Seeks Needed to Access a Row of Data in a Chunked SDS

. — [ [T
4 seeks are needed to find the
starting location of a 1,400
integer row of data in a
chunked data array with 400
x 400 integer chunks.

To read the aforementioned column of data, five chunks must be read into memory in order to
access the 2,000 locations of the subset. Therefore, five seeks to the starting location of each of
these chunks are necessary to complete the read operation - far fewer than the 2,000 needed in the
non-chunked SDS.
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FIGURE 14n Number of Seeks Needed to Access a Column of Data in a Chunked SDS
5 seeks are needed to find the D
starting location of a 2,000
integer column of data in a C
chunked data array with 460 1 )
400 integer chunks. (Each arrow
represents one seek.) ( -
These examples show that, in many cases, chunking can be used to reduce the 1/0O overhead of
subsetting, but in certain cases, chunking can impair 1/0 performance.
The efficiency of subsetting from chunked SDSs is partly determined by the size of the chunk - the
smaller the chunk size, the more seeks will be necessary. Chunking can substantially improve I/O
performance when data is read along the slowest-varying dimension. It can substantially degrade
performance when data is read along the fastest-varying dimension.
14.3.4 Chunking with Compression
Chunking can be particularly effective when used in conjunction with compression. It allows sub-
sets to be read (or written) without having to uncompress (or compress) the entire array.
Consider the example of a tiled, two-dimensional SDS containing one million bytes of image data.
Each tile of image data has been compressed as illustrated in the following figure.
FIGURE 140 Compressing and Writing Chunks of Data to a Compressed and Tiled SDS
Compressed Tiles of Image Data
in Memory
P
Uncompressed Tiles of Image Data
in Memory
\
)
/
Compressed and Tiled SDS in the File
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When it becomes necessary to read a subset of the image data, the application passes in the loca-
tion of a tile, reads the entire tile into a buffer, and extracts the data-of-interest from that buffer.

FIGURE 14p Extracting a Subset from a Compressed and Tiled SDS
Subset in Memory Compressed Tile of SDS Data in Memory
Uncompressed Tile of Image Data i ——
With Marked Subset in Memory Compressed and Tiled SDS in File
In a compressed ambn-tiled SDS, retrieving a subset of the compressed image data necessitates
reading the entire contents of the SDS array into a memory buffer and uncompressing it in-core.
(See Figure 14p.) The subset is then extracted from this buffer. (Keep in mind that, even though
the illustrations show two-dimensional data tiles for clarity, this process can be extended to data
chunks of any number of dimensions.)
FIGURE 14q Extracting a Subset from a Compressed Non-Tiled SDS

Subset in Memory
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Array Containing Uncompressed SDS Data with
Marked Subset in Memory

7'“‘\

Compressed and Non-Tiled SDS
with Marked Subset in File

As compressed image files can be as large as hundreds of megabytes in size, and a gigabyte or
more uncompressed, it is clear that the I/O requirements of reading to and writing from non-tiled,
compressed SDSs can be immense, if not prohibitive. Add to this the additional I/O burden inher-
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ent in situations where portions of several image files must be read at the same time for compari-
son, and the benefits of tiling become even more apparent.

NOTE: It's recommended that ttf&Dwritechunk routine be used to write to a compressed and
chunked SDSSDwritechunk can perform this operation more efficiently than the combination of
SDsetcompres@ndSDwritedata. This is because the chunk information provided by the user to
the SDwritechunk routine must be retrieved from the file 8Ppwritedata, and therefore involves
more computational overhead.

14.3.5 Effect of Chunk Size on Performance

The main concern in modelling data for chunking is that the chunk size be approximately equal to
the average expected size of the data block needed by the application.

If the chunk size is substantially larger than this, increased I/0O overhead will be involved in read-
ing the chunk and increased performance overhead will be involved in the decompression of the
data if it is compressed. If the chunk size is substantially smaller than this, increased performance
and memory/disk storage overhead will be involved in the HDF library’s operations of accessing
and keeping track of more chunks, as well as the danger of exceeding the maximum number of
chunks per file. (64K)

It is recommended that the chunk size be at least 8K bytes.

14.3.6 How Insufficient Chunk Cache Space can Impair Chunking
Performance

The HDF library provides for the caching of chunks. This can substantially improve 1/O perfor-
mance when a particular chunk must be accessed more than once.

There is a potential performance problem when subsets are read from chunked datasets and insuf-
ficient chunk cache space has been allocated. The cause of this problem is the fact that two sepa-
rate levels of the library are working to read the subset into memory and these two levels have a
different "perspective" on how the data in the dataset is organized.

Specifically, higher-level routines likeDreaddataaccess the data in a strictly row-wise fashion -
not according to the chunked layout. However, the lower-level code that directly performs the read
operation accesses the data according to the chunked layout.

As an illustration of this, consider thex4.2 dataset depicted in the following figure.
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FIGURE 14r Example 4x 12 Element Scientific Data Set

21| 22| 23| 24| 25 26 27 28 29 30 31 32

41| 42| 43| 44| 45 49 47 48 49 50 51 352

61| 62| 63| 64 65 64 67 68 69 70 71 12

Suppose this dataset is untiled, and the subset shown in the following figure must be read.

FIGURE 14s 2 x 8 Element Subset of the & 12 Scientific Data Set

1 2 3 4 5 6 7 8 9 1OI 11 12

21| 22 23| 24| 25 26 279 28 29 3 31 32

41| 42| 43| 44 45 4 47 43 4P 50 51 /2

61| 62| 63| 64 65 64 67 68 69 70 M1 712

As this dataset is untiled, the numbers are stored in linear @0egaddatafinds the longest
contiguous stream of numbers, and requests the lower level of the library code to read it into mem-
ory. First, the first row of numbers will be read:

345678910

Then the second row:

2324252627282930

This involves two reads, two disk accesses and sixteen numbers.

Now suppose that this dataset is tiled with 2 element tiles. On the disk, the data in this dataset

is stored as twelve separate tiles, which for the purposes of this example will be labelled A
through L.
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FIGURE 14t 4 x 12 Element Data Set with X 2 Element Tiles
Tile Tile Tile Tile Tile Tile
A B C D E F
v V. N N N V]
1 2 3 4 5
21| 22 23| 24 25
41| 42] 43| 44) 45
61| 62 63| 64] 65
A A A
Tile Tile Tile
G H I
Also, the chunk cache size is set to 2.
A request is made to read the aforementioned subset of numbers into memory. As before,
SDreaddatawill determine the order the numbers will be read in. The routine has no information
about the tiled layout. The higher-level code will again request the numbers "3, 4, 5, 6, 7, 8, 9, 10"
from the lower level code on the first read operation.
In order to access those numbers the lower levels must read in four tiles: B, C, D, E. It reads in
tiles B and C, retrieving the numbers "3, 4, 5, 6". However, as the cache space is now completely
filled it must overwrite tile B in the cache to access the numbers "7, 8", which are in tile D. It then
has to overwrite tile C to access "9, 10," which are in tile E. Note that, in each case, it does not use
half of the numbers from the tile that it reads in, even though those numbers will be needed later.
Next, the higher-level code requests the second row of the subset - "23, 24, 25, 26, 27, 28, 29, 30."
The lower-level code musereadtile B to access "23, 24", but tile B is no longer in the chunk
cache. In order to access tile B, the lower-level code must overwrite tile D, and so on. By the time
the subset read operation is complete, it has had to read in each of the tiles twice. Also, it has had
to perform 8 disk accesses and has read 32 numbers.
Now consider a more practical example with the following parameters:
A scientific data set has 3,000 rows and 8,400 columns.
The target subset is 300 rows by 1,000 columns, and contains 300,000 numbers.
If the dataset is untiled the numbers are read into memory row-by-row. This involves 300 disk
accesses for 300 rows, with each disk access reading in 1,000 numbers. The total number of num-
bers that will be read is 300,000.
Suppose the dataset is tiled as follows:
The tile size is 300 rows by 200 columns, or 60,000 numbers.
The size of the chunk cache is 2.
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Each square in the following figure represents onext000 element region of the dataset. Five
tiles span the 308 1,000 target subset. For the purposes of this example, they will be labelled A,
B, C,DandE.

FIGURE 14u

5 200x 300 Element Tiles Labelled A, B, C, D and E
Tile

A B C D E
V2R 2 2 2

First, the higher-level code instructs the lower-level code to read in the first row of subset num-
bers. The lower-level code must read all five tiles (A through E) into memory, as they all contain
numbers in the first row. Tiles A and B are read into the cache without problem, then the following
set of cache overwrites occurs.

1. Tile A is overwritten when tile C is read.
2. Tile B is overwritten when tile D is read.
3. Tile C is overwritten when tile E is read.

When the first row has been read, the cache contains tiles D and E.

The second row is then read. The higher-level code first requests tile A, however the cache is full,
so it must overwrite tile D to read tile A. Then the following set of cache overwrites occur.

1. Tile E is overwritten when tile B is read.
2. Tile A is overwritten when tile C is read.
3. Tile B is overwritten when tile D is read.
4. Tile C is overwritten when tile E is read.
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For each row, five tiles must be read in. No actual caching results from this overwriting. When the
subset read operation is complete, 300 * 5 = 1,500 tiles have been read, or 60,000 * 1,500 =
90,000,000 numbers.

Essentially, five times more disk accesses are being performed and 900 times more data is being
read than with the untiled 3,0008,400 dataset. The severity of the performance degradation
increases in a non-linear fashion as the size of the dataset increases.

From this example it should be apparent that, to prevent this kind of chunk cache "thrashing" from
occurring, the size of the chunk cache should be made equal to, or greater than, the number of
chunks along the fastest-varying dimension of the dataset. In this case, the chunk cache size
should be set to 4.

When a chunked SDS is opened for reading or writing, the default cache size is set to the number
of chunks along the fastest-varying dimension of the SDS. This will prevent cache thrashing from
occurring in situations where the user doesn'’t set the size of the the chunk cache. Caution should
be exercised by the user when altering this default chunk cache size.
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Chapter
15

HDF Command-Line Utilities

15.1 Chapter Overview

This chapter describes a number of command-line utilities that are available for working with
HDF files.

15.2 HDF Command-Line Utilities

The HDF command-line utilities are application programs that are executed from the UNIX shell
prompt. These utilities serve the following needs of the HDF developer.

- They make it possible to perform, at the command line level, common operations on HDF
files without having to resort to custom-programmed utilities to do these operations.

- They provide the capability for performing operations on HDF files that would be very diffi-
cult to do with custom-programmed utilities.

Table 15A lists the names and descriptions of the utilities described in this chapter.

TABLE 15A The HDF Command-Line Utilities
Name Description
hdfls Displays the tags, reference numbers, and lengths of data elements.
hdfed Displays the contents of an HDF file and allows limited manipulation of the
data.
Converts floating-point data to HDF floating-point format and/or HDF 8-bit
fp2hdf )
raster image format (RIS8).
. Converts a set of RIS8 HDF files into a single three-dimensional SDS HPF
ristosds -
file.
Converts one or more 8-bit raster images in raw format to the HDF RIS§ for-
r8tohdf . ) ) .
mat and writes them to a file, optionally with palettes.
Converts raster images and/or palettes from the HDF format to the raw for-
hdftor8 mat and stores them in two sets of files - one for images and the other fqr pal-
ettes.
Compresses 8-bit raster images from an HDF file, storing them in a new
hdfcomp )
HDF file.
r24hdf8 Converts raw RGB 24-bit images to an RIS8 with a palette.
paltohdf Converts a raw palette to the HDF format.
hdftopal Converts a palette in an HDF file to a raw palette format.
Compresses an HDF file, reading all of the objects in the file and writing|
hdfpack )
them to a new HDF file.
vmake Creates vsets.
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Name Description
vshow Displays vset information.
hdp Displays general information about the contents of an HDF file.

15.2.1  Listing Basic Information About an HDF File: hdfls
15.2.1.1  General Description

The hdfls  utility provides general information about the tags, reference numbers, and if
requested, lengths of the data elements.

15.2.1.2 Command-Line Syntax

hdfis [o][[[-d]FvIFallsIHhl- # filename

-0 Ordered Indicates the reference numbers are to be
displayed in ascending order.

-l Long format | Displays more information about the file.

-d Offset/length | Offset and length information will be dis-
played for each element in the file.

-V Verbose Annotation and label text will be dis-
played, along with the format triggered
by the -I flag. (long format)

-g Group List items by group.

-s Special Display detailed information about spe-
elements cial elements.

-h DD block Dump DD block information.

-t Tag Only list information about the specified

tag. Must be followed by a tag number.

15.2.1.3 Examples

A file called "aa.hdf" contains three items associated with a raster image; the image dimensions, a
palette, and the raster image. To display information about the contents of this file, the following
command is used.

hdfls aa.hdf

The following output is displayed:

aa.hdf.

Image Dimensions-8: (Raster-8): (tag 200)
Ref nos: 1

Image Palette-8: (Raster-8): (tag 201)
Ref nos: 3

Raster Image-8: (Raster-8): (tag 202)
Ref nos: 1

The following displays the same information with the length of each data element:
hdfls - aa.hdf
This would result in the following information being displayed:

aa.hdf.

15-418 June 24, 1998



HDF User's Guide

Image Dimensions-8: (Raster-8) : (tag 200)

Refno 1 4 bytes
Image Palette-8: (Raster-8) : (tag 201)

Refno 3 768 bytes
Raster Image-8: (Raster-8) : (tag 202)

Refno 1 120000 bytes

15.2.2  Editing the Contents of an HDF File: hdfed

15.2.2.1  General Description

The hdfed utility allows experienced HDF users to manipulate the elements of an HDF file.
These manipulations include

- Selecting groups and showing information about them.
Dumping group information to output files.
- Writing group data to output files.
Deleting groups from HDF files.
Inserting groups in HDF files.
Replacing elements of HDF files.
Editing the labels and descriptions of any element in an HDF file.

It is designed primarily for users who need to know about HDF files at the level of individual data
elements. It is not designed to provide a comprehensive high-level view of the contents of an HDF
file - other tools and utilities should be used for that purpose. Thdfed one should be famil-

iar with the components of an HDF file covered inltigF Specificationsnanual.

The hdfed utility is loosely modeled oed, the UNIX line editor. Wheindfed is invoked, it
prompts the user for commands, as de@sAlso, basic command syntax and description infor-
mation is available to the user througiifed . The most commohdfed commands are used to
control the position in the HDF file and the format of the information provided.

The initial view of the file undeldfed consists of a set of tag/reference number pairs. Although
hdfed allows modification of tags and reference numbeithin strict constraintsjt will not
allow the user to arbitrarily modify binary data in the file.

The following terms and concepts must be understood in order taltesst correctly and will be
used in the following discussion abdudfed .

- Thedata objector objectrefers to an HDF data object and the data descriptor of that object.
(i.e., tags, reference numbers, offsets, or lengths.)

- Thedataordata elementefers to the record that the data descriptor points to. For a precise
definition of the data that is associated with a given tag consuitbfreSpecificationsnan-
ual.

- Thegroup refers to a predefined collection of data objects that correspond to a particular
application. For example, a raster image group refers to the collection of objects that are
used to store all of the information in a raster image set.

Once an HDF file has been openedhoijed , the following operations can be performed on the
data file, among others:
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Select an HDF object to examine more closely.

Move forward or backward within the HDF file.

Get information about an object. (tag, reference number, size, label)
Display a raster image using the ICR protocol.

Display the contents of any object.

Delete an object.

Annotate an object with a label or description.

Write an object to a second HDF file.

Write data elements in binary form to a non-HDF file.

Close the file and exit, or open a new file.

15.2.2.2 Command-Line Syntax
The syntax ohdfed is
hdfed [-nobackup][-batch] flename

If a file namedilename  exists, it is opened and a backup is made of the file. Files may also be
opened from within the editor.

-nobackup Specifies that no backup file is to be made. If this option is
omitted, a backup file is automatically created.
-batch Specifies that input thdfed is to be input via a stream of

hdfed commands, rather than interactively.

The-batch flag is useful when a group of commonly-used commands are included in a UNIX
shell script. The following is an example of such a script, using the C-shell, that lists information
about the groups in a specified HDF file.

#bin/csh -f

set file=$1

shift

hdfed -batch $file -nobackup << EOF
info -all group $*

close
quit
EOF
echo

To receive usage information, as well as a quick list ohttfed commands, type the command
hdfed -help

While in hdfed , the standard command prompt is displayed.
hdfed>

Many hdfed commands have qualifiers, or flags. For exampleirtfte command may be fol-
lowed by theall ,-long ,-group , or-label flags.
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All of the commands and flags can be abbreviated to the extent that their abbreviations are unique.
For example;he is ambiguous as it could stand for either #hexadecimal  or the-help
flags, but-hel is not ambiguous.

TABLE 15B

The hdfed Command Set

Name Description
help Displays generatdfed help information.
open Opens an HDF file.
close Closes an HDF file.
revert Reverts to the original HDF file.
next Goes to the next object or group that satisfies the predicate.
prev Goes to the previous object or group that satisfies the predicate.
info Displays information about the current data object.
dump I?ispla_ys information about the curren_t data object in non-default formats.
(i.e., binary, ASCII, etc.). The default is octal.
display Displays a raster image using ICR.
Writes the current data element in a non-HDF file with the specified filename
put in binary format.
putr8 Writes the current RIS8 group into a non-HDF file with the specified file-|
name.
getr8 Reads a RIS8 group from a non-HDF file with the specified filename.
delete Deletes an object or group.
write Writes an object or group to an HDF file.
annotate Annotates an object.
if Conditional statement.
select Loop for each object.
alias Defines an alias or display the alias list.
unalias Deletes an alias.
wait Prints a message and wait for a carriage return.

To obtain information about the usage of &gjfed command, type the following at thelfed
prompt.

any hdfed command  -help

Note that usage information cannot be obtained by typing only the command, with no flags. There
arehdfed commands likelelete that do not require an argument, so watch out for this kind of
error.

There is a subset didfed commands wherpredicatesitems andcomparatorsare useditems

are used to denote an HDF object type and can be any of the following identdfgersref |,
image_size , orlabel . A comparatoris an expression used to compare an item with a user-
defined value, and can be any of the following; "=" (equal to), "!=" (not equal to), ">" (less than),
"<" (greater than), ">=" (greater than or equal to), "<=" (less than or equal to). User-defined val-
ues can be either a number (with or without a decimal point) or a string of characters delimited by
double-quotesPredicatesconsist of items, comparators and user-defined values and are of the
syntax

item comparator  value
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Or they may consist of the identifigroup, as  in thenext group command Some exam-
ples of predicates are:

next group

next (same as "next group" as "group" is the default identifier)
nexttag =720

nextref =2

nextimage_size < 1000

next label ="abc"

The following is a more inclusive description of thdfed commands.

The help command

Syntax: help

Flags: None

Description: Prints a help screen describing the basic purpose and
functionality of the hdfed utility.

Usage Example:

hdfed> help

hdfed allows sophisticated HDF users the ability to manipulate the
elements in an HDF file. These manipulations include selecting groups

The open command

Syntax: open [-nobackup] flename

Flags: -nobackup The specified file name is not backed
up.

Description: Opens the specified HDF file.

Usage Example:

hdfed> open -help

open <file> [-nobackup]

-nobackup Don't make a backup for this file.
hdfed>

hdfed> open hl

hdfed>

Theinfo _command

Syntax: info [-all] [-long] [-group] [-label]
Flags: -all Displays information for all of the objectsin
the cumrentfile.
Hong Displays the long form of the information.
-group Organizes the information into groups.
-abel Shows any labels.
Description: Displays information for a data object. The listing for spe-

cial elements will contain a special tag value (in ltem 13
below it's 18347, which corresponds to DFTAG_VS) and the text

"Unknown Tag".
Usage Example:
hdfed>info -all Habel Hong
@ Version Descriptor :(Tag 30)
Ref: 1, Offset 202, Length 92 (bytes)
@ Scientific Data :(Tag 702)
Ref: 2, Offset: 294, Length : 200 (bytes)
® Number type :(Tag 106)
Ref: 2, Offset 494, Length 14 (bytes)
4 SciData description :(Tag 702)
Ref: 2, Offset 498, Length : 2 (bytes)
®) SciData max/min :(Tag 707)
Ref: 2, Offset 520, Length 14 (bytes)
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*6) Numeric Data Group
Ref: 2, Offset 524, Length
Label: Experiment #1

(©) Data Id Label
Ref: 3, Offset 536, Length
®) Scientific Data

Ref: 4, Offset 553, Length
(©)] Number type

Ref: 4, Offset 953, Length
(10) SciData description

Ref: 4, Offset957, Length
(11) Numeric Data Group

Ref: 4, Offset 979, Length

Label: Experiment #2
(12 Data Id Label

Ref: 5, Offset 987, Length
(13) Unknown Tag

Ref: 8, Offset O, Length

hdfed>
hdfed> info -group -all
**Group 1
Numeric Data Group
Scientific Data
SciData description
SciData max/min
**Group 2:
Numeric Data Group
Scientific Data
SciData description
**These do not belong to any group:
Version Descriptor
Number Type
Data Id Label
Number Type
Data Id Label
hdfed>

Theprev command

Syntax: prev predicate list
Flags: None.
Description: Moves to the next object that satisfies the predicate list.
Usage Example:
hdfed> info -all
@) Version Descriptor :(Tag 30) Ref 1
)] Scientific Data :(Tag 702) Ref 2
3 Number type :(Tag 106) Ref 2
4 SciData description  : (Tag 701) Ref 2
®5) SciData max/min :(Tag 707) Ref 2
*©6) Numeric DataGroup  :(Tag 720) Ref 2
@) Data Id Label :(Tag 104) Ref 3
® Scientific Data :(Tag 702) Ref 4
9) Number type :(Tag 106) Ref4
(10 SciData description  :(Tag 701) Ref4
(11) Numeric Data Group :(Tag 720) Ref4
(12) Data Id Label :(Tag 104) Ref5
hdfed>
hdfed>! The ™ in the first column marks the current
hdfed>! position.
hdfed>! The 'next and prev’ commands work with predicates.
hdfed>! If | want to move to the max/min element,
hdfed>!1 can use the ‘tag=' predicate.
hdfed>
hdfed> prev tag=707
hdfed> info
5) SciData max/min (SciData): (Tag 707) Ref.2
hdfed>

:(Tag 720)
12 (bytes)

:(Tag 104)
117 (bytes)
:(Tag 702)
1400 (bytes)
:(Tag 106)
14 (bytes)
:(Tag 701)
122 (bytes)
:(Tag 720)
:8 (bytes)

:(Tag 104)
17 (bytes)
:(Tag 18347)
:40(bytes

:(Tag 720) Ref 2
:(Tag 702) Ref 2

:(Tag 701) Ref 2

:(Tag 707) Ref 2

:(Tag 720) Ref 4

:(Tag 702) Ref 4
:(Tag 701) Ref 4

:(Tag 30) Ref 1
:(Tag 106) Ref 2
:(Tag 104) Ref 3
:(Tag 106) Ref4
:(Tag 104) Ref 5
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The next mman

Syntax: next predicate list
Hags: None.
Description:

Usage Example:

hdfed> ! Move in the file using next and prev

hdfed> ! The move direction depends on the relative positions.
hdfed>! so itis often necessary to do an ‘info -all first.

hdfed> info -all

Moves to the next object that satisfies the predicate.

@ Version Descriptor :(Tag 30) Ref1

@ Scientific Data :(Tag 702) Ref2

(©) Number type :(Tag 106) Ref2
@ SciData description :(Tag 701) Ref2

*5) SciData max/min :(Tag 707) Ref 2
®) Numeric Data Group :(Tag 720) Ref 2
@) Data Id Label :(Tag 104) Ref 3
® Scientific Data :(Tag 702) Ref4

) Number type :(Tag 106) Ref4
(10) SciData description :(Tag 701) Ref4

(12) Numeric Data Group :(Tag 720) Ref4
12) Data Id Label : (Tag 104) Ref 5

hdfed>

hdfed> ! This predicate persists for the nextand prev
hdfed> ! commands. That meansiif | now type another 'next
hdfed> ! command, it will look for a tag that equals 707.
hdfed>

hdfed> next

Reached end of file. Not moved.

hdfed> info

5) SciData max.min (SciData) :(Tag 707) Ref: 2

hdfed>

hdfed> next group

hdfed> next group

hdfed> info

(12) Numeric Data Group :(Tag 720) Ref4

hdfed>

The dump command

Syntax: dump [-offset offset ] [-length length ]
[-decimal|-short]-byte]-octal|-hexadecimall-float|
-doublel-ascil]

Flags: -offset Starting offset
Hength Length of the object to dump.
-decimal Decimal format (32-hit integers)
-short Decimal format (16-hit integers)
-byte Decimal format (8-bit integers)
-octal Octal format (the default)
-hexadecimal Hexadecimal format
float Single-precision floating-point format

(32-hit floats)
-double Double-precision floating-point format
(16-hit floats)

-ascii ASCII format

Description: Displays the contents of the current objectin the
specified format.

Usage Example:

hdfed> ! to see the binary representation of this element
hdfed>

hdfed> dump

0: 257400004 257200004

hdfed>

hdfed> dump -short

hdfed

(03 702 4 701 4
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hdfed>

The delete _command

Syntax: delete
Flags: None.
Description: Deletes the current object or group.

Usage Example:

hdfed>! deleting groups

hdfed>

hdfed>! If an element is required by other group itis alone.
hdfed>! However, this is not perfect as the method by which group
hdfed> ! membership is determined can be pretty ad hoc.

hdfed>

hdfed> delete

hdfed> ! This deletes the Scientific Data Group

hdfed> info -all
@ Version Descriptor :(Tag 30) Ref 1
)] Scientific Data :(Tag 702) Ref 2
® Number type :(Tag 106) Ref 2
(] SciData description :(Tag 701) Ref 2
®) SciData max/min :(Tag 707) Ref 2
©®) Numeric Data Group :(Tag 720) Ref 2
©) Data Id Label :(Tag 104) Ref 3
® Number type :(Tag 106) Ref 4
) Data Id Label :(Tag 104) Ref 5

hdfed>

hdfed> ! Notice that the Numeric Data Group with reference
hdfed> ! number 4 is missing, and now there are only 9
hdfed> ! objects in thefile.

hdfed>

The annotate  command

Syntax: annotate [Habel] [-descriptor] [-editor editor
Flags: -abel Edit a label (the default)
-descriptor Edit a descriptor.
-editor Use an editor. (Default is the editor
referred to by the EDITOR environment
variable.
Description: Edits an annotation.
Usage Example:
hdfed>
hdfed> ! Annotations are labels and descriptors
hdfed>
hdfed> prev -group
hdfed> info -label
©®) Numeric Data Group :(Tag 720) Ref 2
Label: Experiment #1
hdfed> annotate -editor /usrfuchb/ex
"ftmp/he5091.1" 1 line, 14 characters
P
Experiment#1
S <more stuff>/
Experiment #1<more stuff>

wg
"ftmp/he5091.1" 1 line 27 characters
hdfed> info -abel
©®) Numeric Data Group :(Tag 720) Ref 2
Label: Experiment #1 <more stuff>
hdfed>
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Thewrite command

Syntax: write [-attachto tag __reference number ]filename

Flags: -attachto Which element the annotation will be attached
to. (only for writing annotations)

Description: Writes an element or group into another HDF file.

Usage Example:

hdfed>

hdfed> ! Wite object or group to another HDF file.
hdfed>

hdfed> write test

hdfed>

hdfed>! Let's take a look at the file ‘test

hdfed> close; open test; info -all

@ Version Descriptor (Tag 30) Ref 1
@ Scientific Data (Tag 702) Ref2
(©) Number type (Tag 106) Ref2
@ SciData description  (Tag 701) Ref2
5) SciData max/min (Tag 707) Ref2
*©6) Numeric Data Group ~ (Tag 720) Ref2
hdfed>
hdfed> close;
hdfed>

The display command

Syntax: display [-position x-position y-posttion ]
[-expansion expansion 1 Harge]

Flags: -position Image position on console screen
-expansion Image expansion factor
Harge Make image as large as possible.

Description: Displays image on screen.

Usage Example:

hdfed> ! We will open a file with some RIS8 images.

hdfed>

hdfed> open denm,HDF

hdfed> display

hdfed>

hdfed>! The 'display’ command displays the current RIS8

hdfed>! group image via ICR. l.e. if you are using NCSA Telnet
hdfed>! on a Mac Il, this would display the images from denm.HDF
hdfed>! on your screen.

hdfed>! NOTE: not guaranteed to work otherwise.

hdfed>

Theputr8 command

Syntax: putr8 [Himage image filename palette flename
-verbose]

Flags: -image Image file name template (Default is

"Img#.@.96")

-palette Palette file name template (Default is "pak#”)
-verbose To give output of steps taken.

Description: Writes a RIS8 group into raw image and palette files.

Usage Example:

hdfed>! putr8 puts an RIS8 group into raw files

hdfed>

hdfed> putr8 -image my_image#.@.% -palette testPalettes# -verbose
Writing to file: my_image8.10.10

Wrriting to file: my_palette

hdfed>
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The close command

Syntax: close [-keep]

Flags: Kkeep The backup file is not deleted.
Description: Closes the HDF file opened by the last open command.
Usage Example:

hdfed> close

hdfed>

Theselect command

Syntax: select predicate list command list

Flags: None.

Description: Step through all the elements in the HDF file that satisfies

the predicates, and execute the command list.
Usage Example:

hdfed>! To step through a file and, for example, putr8 on all
hdfed>! RIS8 groups we can use the select command.
hdfed>

hdfed> select tag=306

>> putr8 -mage testimages# -palette testPalettes# -verbose
>>end

Wiiting to file: testimages8

Wiiting to file: testPalettes8

Wiiting to file: test Images14

Wiiting to file: testPalettes14

Wiiting to file: testimages21

Wiiting to file: testPalettes21

hdfed>

hdfed> ! The 'select and 'i commands take the same
hdfed> ! predicates as 'next’ and ‘pref. There are also
hdfed> ! the predicates 'succeed" and "fail" that test the
hdfed> ! retum status of the 'last command.

hdfed>

Theput command

Syntax: put [file flename ] ['verbose]

Flags: file Output file name (Default is "elt#.@")
-verbose Output diagnostic information.

Description: Writes the raw binary image of the current object to a file.

Usage Example:

hdfed> ! The 'put' command writes an element into a binary file.
hdfed> ! This is a dumb routine and does not know about the
hdfed> ! formats of an element.

hdfed>

hdfed> put -file binary#

hdfed> put -file myBinary -verbose

Wiriting to file: myBinary

hdfed>

Therevert command

Syntax: revert

Flags: None.

Description: Discards all changes made in the current hdfed session.
Usage Example:

hdfed> revert

hdfed>
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The getr8 mman
Syntax: getr8 image file name [x-dimension y-dimension ]
[-palette palette file name ]
[-raster]-rle|-imcomp]
Flags: -palette Palette will be read from a binary file.
-raster No compression will be performed during the
write. (the default)
+le Run-length compression will be performed during
the write.
-imcomp IMCOMP compression will be performed during the
write.

Description: Reads a RIS8 group from binary files.

The if nditional

Syntax: if predicate list commandlist  end
Hags: None.
Description: Executes commands in a loop if predicates are satisfied
for each element processed.
The select  |oop command
Syntax: select predicate list commandlist  end
Flags: None.
Description: Executes the list of commands for each element that
satisfies the predicates.

The wait _command

Syntax: wait message

Flags: None.

Description: Prints a message, then waits for a carriage return to be
typed.

15.2.3  Converting Floating-Point Data to SDS or RISS8: fp2hdf

15.2.3.1  General Description

The fp2hdf utility converts 32-bit floating-point arrays from either text files or 32-bit HDF
floating-point scientific data sets to either 8-bit HDF raster image sets or 32-bit floating-point
HDF scientific data sets, or both, and stores the results in an HDF file. (See Figure 15a.) The
images can be scaled on a user-specified mean value.

The termscaleis used to refer to the area between points on the axes. If these gaps are of equal
size, a uniform scale is specified - for example, "1.0, 2.0, 3.0, . .. ". In an HDF file, scales may be
omitted, but in a text file (as in the text file shown below) they must be included.
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FIGURE 15a The fp2hdf Utility

Floating PM RIS8
Data Set: SDS

or fp2hdf _ i
/ \ SDS
Floating-Point

Data Set: Text RIS8 and SDS

15.2.3.2 Command-Line Syntax

The syntax ofp2hdf is as follows.

fp2hdf input filename [-0 output filename 11 e | -]
harizontal resolution vertical resolution [-p palette flename ]
[Fmmean ]
Theinput flename  parameter is the name of the file containing the unconverted data set in
HDF format. If the format is text, see the discussion on the following page about how it must be
organized.

The outputflename parameter is the name of the file containing the converted data set in HDF
format. Depending on the output optiangput flename contains a scientific data set and/or
raster image set for each of the data sets in the input files.

-e Expand Expands floating-point data using pixel replication
(Default if -i option is specified)

-r Raster Stores the data as a raster image set in the output
file.

-f Float Stores the data as a scientific data set in the output

file. (Default if the "-r" option is not specified)

-i Interpolation | Applies bilinear interpolation when expanding float-
ing-point data. The horizontal resolutiand_vertical
resolutionparameters are, respectively, the horizon-
tal and vertical resolution of the image
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-p Palette Store the palette with the image. The palette file-
nameparameter is the file name of the file contain-
ing the palette data.

-m Mean Cause the data to be scaled around the specified

mean (supplied by the meaarameter) when gener-
ating the image, according to the following formu-

lae:

newmax = mean + 0.5*max(abs(max-mean),
abs(mean-min)

newmin = mean + 0.5*max(abs(max-mean),
abs(mean-min))

The -e and the-i flags cannot be used simultaneously. Either pixel interpolation or bilinear
interpolation can be chosen for image expansion, but not both.

If the -i option is chosen, the expanded image must have dimensions that are greater than or
equal to the dimensions of the original data set.

An optional palette can accompany the image by loading it from an HDF file that contains a pal-
ette.

Data from several input files (with one set per input file) are stored as several data sets and/or
images in one output file. A shell script can be used as another option in a@hf repeat-
edly to convert data from multiple input files to their corresponding output HDF files.

If an HDF file is used for input, it must contain an SDS. The SDS need only contain a dimension
record and the data, but if it also contains maximum and minimum values and/or scales for the
horizontal and vertical axes, these will be used as well.

If a text file is used for input, it must adhere to the following format.

number of rows number of columns

maximum value _ minimum value

scale for the vertical axis in an array

scale for the horizontal axis in an array

data element 1 data element 2 data element 3

The arrays that contain the scale for the vertical and horizontal axes must have a size equal to the
values specified in theumber of rows  andnumber of columns positions, respectively.

The data elements are floating-point data and are assumed to be ordered by rows, left-to-right and
top-to-bottom.

15.2.3.3 Examples

This is thefp2hdf command-line syntax used to convert floating-point data in the file named
"infilel.txt" to the SDS format, and to store it as an SDS in the HDF output file "outfile1".

fp2hdfinfilel.txt -o outfilel

Thisfp2hdf command is used to convert floating-point data in the file named "infile2.txt" to an
8-bit raster image and store it in RIS8 format in the HDF output file named "outfile2".

fp2hdfinfile2 -o outfile2 -r
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Thisfp2hdf command is used to convert floating-point data in the file named "infile3.txt" to the
RIS8 and SDS formats and store both converted data groups in the HDF output file "outfile3".

fp2hdfinfile3.txt -o outfile3 -r -f

This fp2hdf command is used to convert floating-point data in the file named "infile4.txt" to a
500 x 600 raster image, storing the RIS8 in the HDF file "outfile4". This also stores the palette
data read from the file name "palfile" with the image data.

fp2hdf input4.txt -o outfile4 -r -e 500 600 p palfile

Thisfp2hdf command is used to convert floating-point data in all files whose names begin with
the letter "f" to 500 x 600 RIS8 images and store them in the output file "output5".

fp2hdf f* -o outfile5 -r -i 500 600

15.2.4  Converting Several RIS8 Images to One 3D SDS: ristosds

15.2.4.1  General Description

Theristosds  utility creates a single HDF file consisting of a three-dimensional SDS from a set
of HDF files containing one or more raster images. All images in the input HDF files must have
the same dimensions. If a palette is to be included with the images, it should be in the first HDF
input file. Only one palette can be associated with the images; any additional palette data encoun-
tered by the utility after the first palette has been processed will be ignored.

15.2.4.2 Command-Line Syntax

fistosds input filename 1 , input filename 2 , .. input filename n
[-o output flename ]

15.2.4.3  Examples

The contents of a directory consists of 20 files named "storm001.hdf", "storm002.hdf". ...
"storm020.hdf". Each file contains a single RIS8 with a 100 x 200 raster image. A file that com-
bines these 20 raster images into a 32-bit floating-point SDS with the dimensions 100 x 200 x 20
can be created with the followingtosds  command:

ristosds storm*.hdf -0 storm.hdf

15.2.5 Converting 8-Bit Raster Images to the HDF Format: r8tohdf
15.2.5.1  General Description

Ther8tohdf utility converts a set of raw raster images to the HDF RIS8 format and writes them
to a file.

15.2.5.2 Command-Line Syntax

r8tohdf [number of rows number of columns ] output filename
[-p palette flename ] [-c|+}H] raw raster image filename 1

raw raster image filename 2 , ... ”aw raster image filename n
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-p Palette File Inserts a palette stored in theddéette file-
name in the RIS8. If the -p flag is not specified, a
palette is not stored with the RIS8.

-C Run-length Compresses the output data using run-length encod-
Encoding ing.
-i IMCOMP Compresses the output data using the IMCOMP

Compression| method.

-r No No compression is applied to the output data. (the
Compression | default)

15.2.5.3 Examples

A file named "rawras" contains a 256 x 512-byte raw raster image, and its palette is stored in a file
name "mypal”. To convert the information in these files to an RIS8 without compression and store
the RIS8 in a file named "ras.hdf", enter the follomiBgphdf command:

r8tohdf 256 512 ras.hdf -p mypal rawras

A 800 x 1000-byte raw raster image is stored in a file named "bigpic”. This data must be converted
to a RIS8 without a palette, compressing it using run-length encoding, then stored in a file named
"bigpic.hdf". The following command will do this:

r8tohdf 800 1000 bigpic.hdf -c bigpic

A 300 x 400 raw raster image is contained in each of the files named "picl", "pic2", and "pic3". To
convert all three files to RIS8s, compress them using the IMCOMP method, and store them in a
file named "pic.hdf", enter

r8tohdf 300 400 pic.hdf -i picl pic2 pic3

Different types of raster image data are to be stored in a file named "ras.hdf". The image data in
the file "rawrasl" will be stored without a palette. The image data sets from the file named
"rawras2" are to be stored with a palette extracted from a file named "mypal". The images from
the "rawrasl1" and "rawras2" files are to be compressed using run-length encoding, and the image
in the "rawras3" file is not to be compressed. The size of all images are 256 x 512 bytes. The fol-
lowing command is used to do this:

r8tohdf 256 512 ras.hdf -c rawrasl -p mypal rawras2 -r rawras3

15.2.6  Extracting 8-Bit Raster Images and Palettes from HDF Files:
hdftor8

15.2.6.1  General Description

Thehdftor8 utility extracts the raster images and/or palettes from an HDF file and stores them
in one file that contains the raster image data and another that contains the palette data.
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15.2.6.2 Command-Line Syntax

hdftor8 input HDF filename [-] [-v] [ raster image filename ]
[-p palette flename ]

-i Interactive Program is executed in interactive mode.
Mode

-V Verbose Program is executed in verbose mode. Diagnostic
Mode messages are displayed during the session.

-r Raster The raster image file name immediately follows this
Image File flag.
Name

-p Palette File | The palette file name immediately follows this flag.
Name

The names given as the HDF format file, raster image file, and palette file are interpreted by
hdftor8 as follows: For each raster image file, the file name is given the extension

#@.%

where #" represents the raster image number from the HDF file, "@" represents the x-dimension
of the raster image and "%" represents the y-dimension of the raster image. For each palette file,
the file name is given the extensions ".#", where "#" represents the palette number from the HDF
format file.

If no name is given for the raster image file, the default name "img.#.@.%" is assigned, where "#",
"@", and "%" are defined as in the preceding paragraph. The default name for a palette file, if no
name is specifically given in the command, is "pal.#".

15.2.6.3 Examples

A file named "denm.hdf" contains three 512 x 256 raster images and three palettes. To store these
images and palettes in separate raster image and palette files, use the fdldftary com-
mand:

hdftor8 denm.hdf

Six files are created, named "img1.512.256:", "img2.512.256", "img3.512.256", "pal.1", "pal.2",
and "pal.3".

15.2.7 Compressing RIS8 Images in an HDF File: hdfcomp

15.2.7.1  General Description

Thehdfcomp utility reads RIS8 images from a set of HDF files, compresses them and stores the
compressed data in a second HDF file. If the output HDF file exists, the compressed images will
be appended to it.

15.2.7.2 Command-Line Syntax

hdfcomp output flename [-c|-r-i] input filename 1
[-c|-rlH] input filename 2 ,  [-Cl-H] input filename n
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-r No compression The raster image data is not compressed. (the
default)
-C Run-length The raster image data is compressed using run-
Encoding length encoding.

-i IMCOMP Com- | The raster image data is compressed using the
pression IMCOMP algorithm.

15.2.7.3  Examples

A directory contains twenty files named "storm001", "storm002", ... "storm020". Each of these
files contains a single RIS8 image. To compress these images using run-length encoding and store
them in a file named"altcomp.hdf", use the followhdfcomp command:

hdfcomp allcomp.hdf -c storm*.hdf

15.2.8  Converting 24-Bit Raw Raster Images to RIS8 Images: r24hdf8

15.2.8.1  General Description

Ther24hdf8 utility quantizes a raw RGB 24-bit raster image, creating an 8-bit image with a
256-color palette, then it stores the palette and raster image data in an HDF file.

15.2.8.2 Command-Line Syntax

r24hdf8 [x-dimension length y-dimensionlength ] raw 24-bitimage file-
name hdf ris8 image filename

The pixel order in the raw 24-bit image file is left-to-right and top-to-bottom. Each pixel data ele-
ment consists of three contiguous bytes, the first representing the red intensity value, the second
the green intensity value, and the third the blue intensity value. Upéothe filter to convert the

raster image data from a pixel-interlaced format to scan-plane interlaced.

15.2.8.3 Examples

A file named "rawraster" containing 24-bit raw raster images with x and y-dimensions of 480 x
640, respectively, must be converted to the HDF RIS8 format and stored in a file named
"hdfraster”. The following command is used to do this:

r24hdf8 480 640 rawraster hdfraster

15.2.9 Converting an HDF RIS24 Image to an HDF RIS8 Image:
hdf24hdf8
15.2.9.1  General Description

The hdf24hdf8 utility quantizes an HDF RGB RIS24 pixel-interlaced image, producing an
HDF RIS8 image with a 256-color palette and stores the palette and raster image data in an HDF
file.

15.2.9.2 Command-Line Syntax

hdf24hdf8 ris24 image flename ris8 image filename
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15.2.10 Converting Raw Palette Data to the HDF Palette Format: paltohdf
15.2.10.1 General Description

The paltohdf  utility converts raw palette data to the HDF palette format. The raw palette data
must have 768 bytes organized in the following order: first, 256 contiguous red intensity values,
then 256 contiguous green intensity values, then 256 contiguous blue intensity values. The palette
in the HDF file will have the RGB values pixel-interlaced, as follows.

redvalue  greenvalue blue value red value green value
blue value

This is the standard HDF format for 8-bit palettes.

15.2.10.2 Command-Line Syntax

paltohdf raw format palette flename HDF format palette filename

If a HDF palette format file is specified that doesn't exist, it is created before the converted data is
stored. If an HDF palette format file is specified that already exists, the converted data is appended
to the file.

15.2.11 Extracting Palette Data from an HDF File: hdftopal
15.2.11.1 General Description

Thehdftopal  utility converts a palette in an HDF file to a raw palette in an non-HDF file. The
raw palette will have 768 bytes with the first 256 bytes representing red intensity values, the sec-
ond 256 bytes representing green intensity values, and the third 256 bytes representing blue inten-
sity values. The utility performs the converse operation op#fhdf  utility.

15.2.11.2 Command-Line Syntax

hdftopal HDF format palette flename raw format palette filename

15.2.12 Compressing an HDF File: hdfpack
15.2.12.1 General Description

Thehdfpack utility compresses all of the data in an HDF file and writes the compressed data to
a second HDF file.

15.2.12.2 Command-Line Syntax

hdfpack [-i[Ho] [-d number of data descriptors per block ]
[ number of linked blocks per table entry ]input HDF filename

output HDF filename

-b Non-coa- The utility will not coalesce linked-block elements.
lesced
Blocks

-i Interactive The utility will prompt for each linked-block ele-
Mode ment.
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-d Data The output file will be created with the specified
descriptors number of data descriptors per block of data descrip-
per block tors.

-t Linked- The output file will be created with the specified
blocks per number of linked blocks per table entry.
table entry

15.2.12.3 Examples

To compress the data in the file named "aa.hdf" and store the compressed data in the file named
"aa.cmp”, use the followingdfpack command:

hdfpack aa.hdf aa.cmp

Suppose a file named "bb.hdf" contains data elements stored as sequences of linked blocks. The
following hdfpack command compresses the file while leaving the linked-block elements intact,
and writes the compressed data to a file named "bb.blk".

hdfpack -b bb.hdf bb.blk

15.2.13 Displaying Vdata Information: vshow
15.2.13.1 General Description
Displays information about either one Vdata object in an HDF file, or all Vdata objects in the file.

15.2.13.2 Command-Line Syntax

vshow input HDF filename [++vdata id ]
+ All Vdatas The utility will display information about all Vdata
objects in the HDF file.
+vdata_id One Vdata The utility will display information about the Vdata
object corresponding to the specified vdata id.

15.2.13.3 Examples

Information about all of the Vdata objects in the HDF file named "image012.hdf" must be exam-
ined. The following command will display this information.

vshow image012.hdf +

15.2.14 Displaying Data Contained in and General Information About the
Contents of an HDF File: hdp

15.2.14.1 General Description

The hdp utility provides quick and general information about all objects in the specified HDF
file. It can list the contents of HDF files at various levels with different details. It can also dump
the data of one or more specific objects in the file.
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15.2.14.2 Command-Line Syntax

hdp [-H command ] flename

-H Help Displays usage information about the
specified command. If no command is
listed, information about all commands
are displayed.

Like hdfed , hdp provides a set of commands that allow the user to determine what kind of infor-
mation is to be displayed.

TABLE 15C The hdp Command Set
Name Description
list Displays the contents of the HDF files in the specified format.
dumpsds Displays the contents of the SDSs in the listed files.
dumpvd Displays the contents of the vdata objects in the listed files.
dumpvg Displays the contents of the vgroup objects in the listed files.
dumprig Displays the contents of the RIGs in the listed files.

The list command

Syntax: list [-s[H|-d] [-n|-cl-a] [-g|-t number name ]
[-ot|-of]-og|-on] message
Flags: S Short format.
4 Long format.
d Debug format.
-n Display the object name.
Display the object class.
-a Display the object description.
9 Display groups only.
1 Display objects with the specified tag number
or name.
-ot Sort by tag.
-of Sort by position in the data descriptor
list.
-0g Sort by group.
-on Sort by name.
Description: Display the contents of the HDF files in the

specified format. As with the 'info’ command, the listing
for special elements will contain a special tag value (for
DFTAG_VS it's 18347) and the text "Unknown Tag".

The dumpsds command

Syntax: dumpsds [ index | -r reflist [-n namelist |-a]
[-v|-h|-d] [-o filename [-b]-]
Flags: - Dump SDSs with the specified index.
T Dump SDSs with the specified reference
numbers.
-n Dump SDSs with the specified names.
a Dump all SDSs.
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v Display all SDS contents including
annotations.

-h Display the SDS header only.

d Display the SDS data only.

-0 Print information to the specified file.

b Specify output file as binary.

-t Specify output file as text.
Description: Displays SDS information in the specified format.

The dumpvd command

Syntax: dumpvd [-i index | -r ref list [-n namelist |
cdass __|[-a][v}-h[H]-d][-o flename |
b
Flags: - Dump vdatas with the specified index.
- Dump vdatas with the specified reference
numbers.
. Dump vdatas with the specified class.
-n Dump vdatas with the specified names.
-a Dump all vdatas.
v Display all vdata contents including
annotations.
-h Display the vdata header only.
d Display the vdata data only.
£ Display the vdata field data only.
-0 Print information to the specified file.
b Specify output file as binary.
-t Specify output file as text.
Description: Displays vdata information in the specified format.
The dumpvg command
Syntax: dumpvg [-iindex | -r ref list [-n namelist |
cdass _|[-a][v}-h]-d][-o flename |
b
Flags: - Dump vgroups with the specified index.
- Dump vgroups with the specified reference
numbers.
. Dump vgroups with the specified class.
-n Dump vgroups with the specified names.
-a Dump all vgroups.
v Display all vgroup contents including
annotations.
-h Display the vgroup header only.
d Display the vgroup data only.
-0 Print information to the specified file.
b Specify output file as binary.
-t Specify output file as text.
Description: Displays vgroup information in the specified format.
The dumprig command
Syntax: dumprig [H index | -r reflist [-m <8, 24>
|Fal[vi-hi-d foflename  |-b|]
Flags: - Dump RIGs with the specified index.
- Dump RIGs with the specified reference
numbers.
-m Dump RIGs with the specified data
length - 8- or 24-bit.
-a Dump all RIGs.

15-438 June 24, 1998



HDF User's Guide

b
1
Description:

Display RIG contents including
annotations.

Display the RIG header only.
Display the RIG data only.

Print information to the specified file.
Specify output file as binary.
Specify output file as text.

Displays RIG information in the specified format.

15.2.15 The HDF User-Contributed Utilities

In addition to the command-line utilities supported by NCSA, a number of utilities have been con-
tributed by HDF users. Although they are not supported by NCSA, these utilities are distributed
by NCSA via anonymous ftp at hdf.ncsa.uiuc.edu in the "/pub/dist/HDF/contrib" directory. These
utilities, which are listed and briefly described in Table 15D, will not be discussed in this manual.

Note that this list is current as of the release date of this manual. A updated list of all of the user-
contributed HDF utilities is available in the "README" file at the HDF ftp site and directory

location mentioned above.

TABLE 15D

HDF User-Contributed Utilities

Name Description
yuvconvert Converts raster images in an HDF file to mpeg format.
) ) Interactively accesses, displays and performs analysis on multidisciplinary datg
LinkWinds . . .
Includes its own graphical user interface.
Removes garbage data from the end of the version tag in the specified file for
fixver benefit of applications, like the Macintosh port of NCSA Collage, that do not dg
with this garbage data well.
Reads the contents of an HDF or a netCDF file into the Silicon Graphics Iris
ReadDF
Explorer.
hdfinfo Displays general information about the contents of an HDF file.
Sequentially displays 24-bit raster images in HDF files. Tested on IBM RS/600Q
hdf24seq .
some SGI workstations.
Provides the same functionality ladf24seq , but allows the user to display rastg
mhdf24seq . ) .
image data from more than one HDF file at a time.
vs2ris Converts Vset data in the specified file to HDF RIS format.
vs2ps Converts Vset data in the specified file to PostScript format.
inspectHDF Displays general information about the contents of an HDF file.
fits2hdf Converts FITS-formatted data to HDF format.
fixa2luf Fixes a bug in HDF version 3.2 revisions 1, 2 and 3 where SDS strings are wri
incorrectly.
sds2ris Converts SDS data in the specified input file to RIS format, then writes the con

verted data to the specified output file.

sets.

he
al

and

=

tten

cgmct.to.raster.npoc

Converts graphical data from a CGM clear text metafile, as outputted by CA-D|
PLA and CA-GKS to either raw raster images and CLUTs and stores it in a ge
output file, or to RIS8 data and stores it in an HDF file.

SS-
heric

cgmct.to.raster.withpc

Converts graphical data from a CGM clear text metafile, as outputted by CA-D|
PLA and CA-GKS to either raw raster images and CLUTs and stores it in a ge

SS-
heric

output file, or to RIS8 data and stores it in an HDF file, or a NERSC compressed
movie file.
hdfrseq_new New hdfrseq routine with SunView features.
hdftodico Converts an HDF-formatted file to a Dicomed DCN file.
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Name Description
hdftops Converts HDF raster image data to PostScript format.
iristondf Converts data in the Silicon Graphics image format to the HDF format.
isistoddc Converts data in the Silicon Graphics image format to the Dicomed D48 DDC
mat.
xwdtohdf Converts data in the X-Windows display format to the HDF RIS format.
hdftoxwd Converts data in the HDF RIS format to the X-Windows display format.
qdvtohdf Converts data in the qdv format to the HDF RIS format.
paltohdf Converts raw palette data to the HDF palette format.
hdfxdis Displays HDF RIS data on an X-Windows server.
hdf2tiff Converts HDF RIS data to the TIFF image format.
tiff2hdf Converts data in the TIFF image format to the HDF RIS format.
hdf2ras Converts HDF RIS data to the Sun Rasterfile format.
ras2hdf Converts raster image data in the Sun Rasterfile format to the HDF RIS format.
vs2ps Converts polygonal Vset data to contour plots in PostScript format.
vs2ris Converts polygonal Vset data to HDF RIS format.
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Appendix A: NCSA HDF Tags

Overview

This appendix includes tables containing brief descriptions of most of the tags that have been
assigned at NCSA for general use. This list will be expanded in future editions to include new tags
as they are assigned. A more detailed description of the tags can be foundiDFtiSpecifica-
tionsmanual.

Each table contains a list of tags within one category. The titles of the tables, with a functional
description of each table, are:

. Table A: The HDF Utility Tags. Used by the HDF utilties.

. Table B: The HDF General Raster Image TagdJsed to describe aspects of raster image
data.

. Table C: The HDF Composite Image TagdUsed to describe aspects of composite image
data.

. Table D: The HDF Scientific Data Set TagstUsed to describe aspects of scientific data set
(SDS) data.

. Table E: The HDF Vset TagsUsed to describe aspects of HDF Vset data.

. Table F: The Obsolete HDF TagsUsed to describe aspects of HDF data elements that
have been replaced by newer tags or discontinued.

Tag Types and Descriptions

The following tables have five columns: the "Tag Name" column contains the abbreviated sym-
bolic names of tags that are often used in an augmented form in HDF programs, the "Short
Description" column contains a brief (four word maximum) description of the tag that is com-
monly used to describe to the tag in HDF manuals and in-line code documentation, the "Data
Size" column describes the type of data that is associated with the tag and, where possible, lists
the data size, the "Number" column list the numeric value of the tag symbol in the "hdf.h" header
file, and the "Long Description" column contains a general description of the tag. The "Data
Type" column contains a generalized description of the type of data referred to by the tag.

In the tables, any entry specified as "String" refers to a sequence of ASCII characters with the null
byte possibly occurring at the end, but nowhere else. Any entry specified as "Text" also refers to a
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sequence of ASCII characters, but it may contain zero bytes anywhere in the sequence. An entry
in the "Data Type" specified by an "n" refers to a data unit of variable-length. For a more detailed

description of these units of data, refer to the appropriate tag entryhbth&pecification Man-

ual.

TABLE A The HDF Utility Tags
- q Tag _—
Tag Name Short Description Data Size Vallie Long Description
DETAG NULL No Data None 001 Use_d for place holding and_ filling up empt;
- portions of the Data Descriptor Block.
DFTAG_VERSION Library Version 4 bytes + string 030 $pecmes the Iate_st version _of the HDF
Number library used to write to the file.
Used by any other element in the file to sple-
DFTAG_NT Number Type 4 bytes 106 cifically indicate what a numeric value
looks like.
Specifies that all unconstrained or partiall
DFTAG_MT Machine Type 0 bytes 107 constrained values in this HDF file are of
the default type for that hardware.
Points to a string that the user wants to asgo-
DFTAG_FID File Identifier String 100 ciate with this file. This supports the inclu-|
sion of a user-supplied title for the file.
Points to a block of text describing the over-
DFTAG_FD File Descriptor Text 101 all file contents. It is intended to be user-
supplied comments about the file.
DFTAG_TID Tag Identifier String 102 Provides a w_ay to d_etermlne the meaning pf
a tag stored in the file.
DFTAG_TD Tag Descriptor Text 103 Similar to _DI-‘FAGfTD, but allows more
text to be included.
Associates the string with the Data Identi-
fier as a label for whatever the identifier
DFTAG_DIL Data Identifier Label | String 104 points to. By including DILs, any data ele-
ment can be given a label for future refer-
ence. For example, this tag is often used fo
give titles to raster image data sets.
Associates the text block with the Data
Identifier as an annotation for whatever that
DETAG DIA Da_ta Identifier Anno- Text 105 Data Ident!f!er points to. With DIAs, and
- tation Data Identifier can have a lengthy, user-pro-
vided description of why that particular data
element is in the file.
DFTAG_RLE Run-length Encoding| 0 bytes 011 Specifies that run-length eqcodlng (RLE) is
used to compress a raster image.
DFTAG_IMC IMCOMP ) 0 bytes 012 Specifies that IMCOMP compressmn is
Compression used to compress a raster image.
DFTAG_JPEG 24-bit JPE_G n bytes 013 Provides header |nformat|9n for 24-bit
Compression JPEG-compressed raster images.
8-bit IPEG Provides header information for 8-bit
DFTAG_GREYPEG Compression n bytes 014 JPEG-compressed raster images.
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TABLE B The HDF General Raster Image Tags
_— . Tag -
Tag Name Short Description Data Size Value Long Description
Lists the Data Identifiers (tag/reference num-
DFTAG_RIG Raster Image Group | n*4 bytes 306 ber pairs) that uniquely describe a raster
image set.
Defines the dimensions of the two-dimen-
DFTAG_ID Image Dimension 20 bytes 300 sional array the corresponding RI tag refers
to.
Defines the dimensions of the two-dimen-
DFTAG_LD LUT Dimension 20 bytes 307 sional array the corresponding LUT tag
refers to.
Defines the dimensions of the two-dimen-
DFTAG_MD Matte Dimension 20 bytes 308 sional array the corresponding MA tag refefs
to.
DFTAG_RI Raster Image x*y bytes 302 Points to a raster image data set.
DFTAG_CI Compressed Image | n bytes 303 Points to a compressed raster image data fet.
Table to be used by the hardware for the ppr-
DFTAG_LUT Lookup Table n bytes 301 pose of assigning RGB or HSV colors to dafa
values.
DFTAG_MA Matte Data n bytes 309 Points to matte data.
Specifies the gamma correction for the raster
DFTAG_CCN Color Correction n bytes 310 image and color primaries used in the gengr-
ation of the image.
DFTAG CFM Color Eormat String 311 Indicates the |nterpretatl|on t‘o be glven_to
- each element of each pixel in a raster image.
DFTAG_AR Aspect Ratio 4 bytes 312 Indicates the aspect ratio of the image.
Specifies the screen X-Y coordinate for rag-
- ter image sets. (Also used for composite
DFTAG_XYP XY Position 8 bytes 500 image sets - See the entry for DFTAG_XYH
in Table 12.6)
TABLE C The HDF Composite Image Tags
S q Tag et
Tag Name Short Description Data Size Value Long Description
Specifies a list of Data Identifiers (tag/ref-
DFTAG_DRAW Draw n*4 bytes 400 erence number pairs) which define a co-
posite image.
Specifies the screen X-Y coordinate for
DFTAG XYP XY Position 8 bytes 500 comp05|te image sets. (Also used for ras-
= ter image sets - See the entry for
DFTAG_XYP in Table 12.5)
DFTAG RUN RuN n bytes 201 Identifies code_that is to be executes as|a
- program or script.
Used as a vector image tadloints to a
Tektronix 4014 data. The bytes in the data
DFTAG_T14 Tektronix 4014 n bytes 602 field, when read and sent to a Tektronix
4014 terminal, will be displayed as a veg¢-
tor image.
Used as a vector image tagroints to a
Tektronix 4015 data. The bytes in the daja
DFTAG_T10S Tektronix 4015 n bytes 603 field, when read and sent to a Tektronix
4015 terminal, will be displayed as a veg-
tor image.
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TABLE D The HDF Scientific Data Set Tags
- f Tag —
Tag Name Short Description Data Size Vallie Long Description
Lists the Data Identifiers (tag/reference
DFTAG_NDG Numeric Data Group | n*4 bytes 720 number pairs) that describe a scientific
data set. Supersedes DFTAG_SDG.
DFTAG_SDD SDS Dimension n bytes 701 Defines the rank andAdlmensmns of the
Record array the corresponding SD refers to.
DFTAG_SD Scientific Data Real Number 702 Points to scientific data.
DFTAG_SDS SCales Real Number 703 Iden_tlfles the §cale§ to be used when intel
preting and displaying data.
DFTAG_SDL Labels String 704 Labels all dimensions and data.
DFTAG_SDU Units String 705 Displays units for all dimensions and data.
DFTAG_SDF Formats String 706 Displays formats for axes and data.
DFTAG_SDM Maximum/minimum | 2 Real Numbers 707 Displays the maximum and minimum va-
- ues for the data.
DFTAG_SDC Coordinate system String 708 !D|§plays th_e coordinate system to be us
in interpreting data.
Links and old-style DFTAG_SDG and a
) DFTAG_NDG in cases where the
DFTAG_SDLNK SDS Link 8 bytes 710 DFTAG_NDG meets all criteria for a
DFTAG_SDG.
Calibration Informa- The calibration record for the correspon
DFTAG_CAL tion 36 bytes 731 ing DFTAG.SD.
The value which has been used to indicgte
DFTAG_FV Fill Value n bytes 732 unset values in the corresponding
DFTAG_SD.
TABLE E The HDF Vset Tags
- . Tag -
Tag Name Short Description Data Size Vel Long Description
DFTAG_VG Vgroup 14+n bytes 1965 Provides a general-purpose grouping
structure.
- Provides information necessary to proce
DFTAG_VH Vdata Description 22+n bytes 1962 a DFTAG_VS.
Contains a block a data that is to be inter-
DFTAG_VS Vdata n bytes 1963 preted according to the information in th
corresponding DFTAG_VH.
TABLE F The Obsolete HDF Tags
- q Tag _—
Tag Name Short Description Data Size Vallie Long Description
Two 16-bit integers that represent the
DFTAG_IDS Image Dimension-8 | 4 bytes 200 width and height of an 8-bit raster image
in bytes.
A 256 x 3 byte array representing the re
DFTAG_IP8 Image Palette-8 768 bytes 201 green and blue elements of the 256-colq
palette respectively.
DFTAG_RI8 Raster Image-8 X*y bytes 202 A row—orlent_e(_j representation of the ele|
mentary 8-bit image data.
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Tag Name Short Description Data Size VTaTSe Long Description
A row-oriented representation of the ele
DFTAG_CI8 Compressed Image-§ n bytes 203 mentary 8-bit raster_lmage data, with ea
- row compressed using a form of run-
length encoding.
A 4:1 8-bit raster image, compressed
DFTAG_lI8 IMCOMP Image-8 n bytes 204 using the IMCOMP algorithm.
Scientific Data List the Data Identifiers (tag/reference
DFTAG_SDG n*4 bytes 700 number pairs) that uniquely describe a
- Group L
scientific data set.
DFTAG_SDT Transpose 0 bytes 709 ;ir:glcates that data is transposed in the
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Appendix B: HDF Installation Overview

General HDF Installation Overview

A. Acquiring the HDF Library Source.
You may obtain HDF via FTP, an archive server, or US mail.

FTP server: If you are connected to Internet (NSFNET, ARPANET, MILNET, etc.) you may down-
load HDF source code at no charge from the anonymous ftp server at NCSA. The Internet address of
the server is:

ftp.ncsa.uiuc.edu or 141.142.3.135

Note: the IP address has been changed from 141.142.20.50 to 141.142.3.135. Log in by entering
anonymous for the name and your local e-mail address ("login@host") for the password.

After logging in change directory to "HDF/HDF4.1/". If you want packed source code, change direc-
tory to "tar/", "hqgx/", or "zip/". Files in those directories must be transferred using binary mode.

If you want unpacked source code, change directory to "unpacked/" and transfer all the files in
unpacked/ and in its subdirectories to your host.

If you have any questions regarding this procedure or whether you are connected to Internet, consult
your local system administration or network expert.

We have set up an HDF anonymous FTP server to mirror what is on the FTP server. The internet
address of the HDF server is:

hdf.ncsa.uiuc.edu (141.142.21.14)

If you try to log on to NCSA's ftp server and receive the message saying too many users are con-
nected to NCSA ftp, try this HDF ftp server.

B. Building the HDF Library Source.

The HDF base library can be built with a single command from the top level directory where the sub-
directories "src/", "util/", and "test/" reside. The file "Makefile.template" is a generic, machine inde-
pendent makefile which you can modify if there is no makefile already built for your machine.

For convenience, there are also machine-customized makefiles. For example. the "MAKE.IBM6000"
file is a makefile suitable for compiling HDF on an IBM RS/6000. Assuming you are on an IBM
RS/6000, copy "MAKE.IBM6000" to "Makefile" and use the following commands to install dif-
ferent targets:

cp MAKE.IBM6000 Makefile

make allnofortran builds the HDF library and only the C interfaces, the utilities and the C test pro-
grams. make all builds the HDF library with the C and Fortran-77 interfaces, the utilities, and C
and Fortran-77 test programs.

General netCDF Installation Overview

Building the netCDF Library Source.
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The HDF netCDF/HDF library build process is automatically configured by the makefile system.
Modify the file named "CUSTOMIZE" in the "mfhdf" (which stands foulti-file hdf) directory
and run the script named "configure”. It will set up all of the makefiles correctly. Refer to the
"INSTALL", "README", and "README.HDF" files in the "mfhdf" directory for instruction
and direction.

Procedures to Set Up the HDF Application Programming Environment

To use HDF routines in your C program, you must add theziliaiede "hdf.h" if you don't use the
netCDF/HDF library, okinclude "mfhdf.h" otherwise. This must be near the beginning of your
code.

Note: Applications that need netCDF or multi-file SDS functionality should link with both "lib-
netcdf.a" and "libdf.ain this order (the order is criticall). Applications that use neither of these
interfaces can just link with the "libdf.a" library for the base level of HDF functionality.

If you are on a SUN SPARC, the include files are in the directory "incdir", the base library file
"libdf.a" is in "libdir", and the netCDF/HDF library file "libnetcdf.a" is in "mflibdir". Use the fol-
lowing command to compile a C program "myprog.c":

cc -DSUN -DHDF -lincdir myprog.c mflibdirlibnetcdf.a libdirlibdf.a -0 myprog
or
cc -DSUN -DHDF -lincdir myprog.c -L mflibdir -netcdf -L libdir -ldf -o myprog

The mflibdir/libnetcdf.a or -L mflibdir -Inetcdf need not be included if you are not
using the multi-file interface.

For Fortran-77 programs, if your Fortran-77 compiler accepts 'include’ statements, you may include
:hdf.inc", "dffunc.inc”, and "netcdf.inc" in your program. Otherwise, you need to declare in your
program all the constants used and functions called by the program. To compile a Fortran-77 pro-
gram "myprogf.f' use:

f77 -0 myprogf myprogf.f mflibdir/ibnetcdf.a libdirlibdf.a

or
f77 -0 myprogf myprogf.f -L mflibdir -Inetcdf -L libdir -Idf

Again, themflibdir/libnetcdf.a need not be included if you are not using the muiltifile inter-
face.

Windows NT Installation

Please refer to the "install_winNT.txt" file in the "./release_notes" directory of the distribution.

Use of the Pablo Instrumentation of HDF

This version of the distribution has support for creating an instrumented version of the HDF library

(libdf-inst.a). This library, along the Pablo performance data capture libraries, can be used to
gather data about 1/0 behavior and procedure execution times.
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More detailed documentation on how to use the instrumented version of the HDF library with Pablo
can be found in the Pablo directory '$(toplevel)/hdf/pablo’. See the provided '$(toplevel)/hdf/
pablo/README.Pablo' and the Postscript file '$(toplevel)/hdf/pablo/Pablo.ps'.

At this time only an instrumented version of the core HDF library libdf.a can be created. Future ver-
sions will have support for the SD interface found in libmfhdf.a. Current interfaces supported are
AN, GR, DFSD, DFAN, DFP, DFR8, DF24, H, V, and VS.

To enable the creation of an instrumented library the following section in the makefile frag-
ment($(toplevel)/config/mh-<o0s>) must be uncommented and set.

#——— Macros for Pablo Instrumentation ———————-

# Uncomment the following lines to create a Pablo Instrumentation
# version of the HDF core library called ibdf-inst.a’

# See the documentation in the directory hdf/pablo’ for further

# information about Pablo and what platforms it is supported on

# before enabling.

# You need to set 'PABLO_INCLUDE ! to the Pablo distribution
#include directory to get the files 'IOTrace.h' and 'IOTrace_SD.h.
#PABLO_FLAGS =-DHAVE_PABLO

#PABLO_INCLUDE = -/hdf2/Pablo/Instument HP/include

After setting these values you must re-run the top-level '‘configure’ script. Make sure that your start
from a clean re-build(i.e. 'make clean') after re-running the toplevel 'configure' script and then run
‘make’. Details on running configure can be found in the section ‘General Configuration/Installa-
tion - Unix' found in the top-level installation file '$(toplevel)/INSTALL'".
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description344
parameter lis845
Annotation327-343, 351-367
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annotation AP342
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337
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description327
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description331
parameter lis831
ANtag2atype
description345
parameter lis845
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435
Converting several RIS8 images to one 3D St&lL
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description95, 383

D
D24readref
parameter lisR61
Data element
description419
Data object
description419
Description annotation
description327
DF*lastref routine
list and descriptions of aB64
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through the use of 363
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description253
parameter lisR53
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description259
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description258
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description262
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description262
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description261
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DFAN API. See Single-file annotation API
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description353
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description353
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description361
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description361
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description358
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description358
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DFANgetfid
description358
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description357
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description360
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DFANgetlablen
description360
parameter lis861

DFANIablist
description364

parameter lis863, 365

DFANputdesc
description355
parameter lis355

DFANputlabel
description355
parameter lis355

DFPaddpal
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description321
parameter lis821
DFPgetpal
description323
parameter lis823
DFPlastref
description325
DFPnpals
description325
parameter lis825
DFPputpal
description321
parameter lis821
DFPreadref
description324
parameter lisB24
DFPrestart
description324
DFPwriteref
description322
parameter lis822
DFR8addimage
description235
parameter lis235
DFR8getdims
description243
parameter lisR43
DFR8getimage
description242
parameter lisR43
DFR8getpalref
description246
DFR8lastref
description245
DFR8nimages
description245
parameter lisR45, 246
DFR8putimage
description235
parameter lis235
DFR8readref
description244
parameter lisR45
DFR8restart
description245

DFR8setcompress
description238
parameter lis238
DFR8setpalette
description236
parameter lis237
DFR8writeref
description241
parameter lisR42
DFSD scientific data se369—-392
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assigning value attributes to384
contents of 8369
creating a372
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determining the number of , in a fi&79
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reading376—380
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writing the dimension scale of391
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use of predefined attributes in t883—392
use of slabs in thd80—383
DFSD scientific data set dimension
writing the string attributes of 390
DFSDadddata
description372
parameter lis372
DFSDclear
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description376
parameter lisB76
DFSDendslab
description380
DFSDgetcal
description389
parameter lisB90
DFSDgetdata
description376
parameter lisB77
DFSDgetdatalen
description387
parameter lisB88
DFSDgetdatastrs
description387
parameter lisB88
DFSDgetdimlen
description392
parameter lis892
DFSDgetdims
description377
parameter lisB878
DFSDgetdimscale
description392
parameter lisB892
DFSDgetdimstrs
description392
parameter lis892
DFSDgetffillvalue
description389
parameter lisB90
DFSDgetNT
description377
parameter lisB878
DFSDgetrange
description389
parameter lisB90
DFSDlastref
description379
DFSDndatasets
description379
DFSDputdata
description372
parameter lis872
DFSDreadref

description379
parameter lis880
DFSDreadslab
description382
parameter lis883
DFSDrestart

description379
DFSDsetcal
description385
parameter lis885
DFSDsetdatastrs
description383
parameter lis884
DFSDsetdims
description375
parameter lis875
DFSDsetdimscale
description391
parameter lis891
DFSDsetdimstrs
description390
parameter lis891
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description385
parameter lis885
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description383, 390
parameter lis884, 391

DFSDsetNT
description373
parameter lis874
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description385
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DFSDstartslab
description380
parameter lis880

DFSDwriteref
description374

parameter lis874
DFSDwriteslab

description381
parameter lis882

Dimension attributd85
Dimension compatbility mode

June 24, 1998

IX-453



National Center for Supercomputing Applications

determining the currenf4
Dimension compatibility mode
description73
setting the future/ 3
Dimension format attribute
description390
Dimension label attribute
description390
Dimension name
description21
Dimension scale
description21
Dimension unit attribute
description390
Displaying general information about the contents of
an HDF file 436
Displaying vdata informatiodl 36

E

Editing the contents of an HDF fi19

Error reporting393—-398

Error reporting API
description393
returning the code of the nth-most-recent e86¢4
returning the description of an error cod84
routine list393
writing error stack information to a fild94
writing errors to a console windo®95

External data file
creating a data set in30, 52
definition 50
moving data to &3
reading from &5
specifying the directory search path ifb4
specifying the location of the next, to be credbdd
writing to a50

External SDS array
definition 50

Extracting 8-bit raster images and palettes from HDF

files 432
Extracting palette data from an HDF k35

F
Field data

packing or unpackind.50
File annotation

comparison with object annotati@?8
description328
File attribute
description85
File description annotation
assigning a , using the single-file annotation API
353
reading a , using the single-file annotation API
358
File interlacing
description142
File label annotation
assigning a , using the single-file annotation API
353
reading a337
reading a , using the single-file annotation API
357
fill mode
description100
fill value
description100
Fill value attrioute100-102
description95
fill value attribute
reading al01
writing a101
FILL_ATTR define
description295
Format attribute
description95, 383
fptohdf 428

G
General raster imag265—318
accessing270
compressing281
creating a , in an external fi282
getting the index of 291
obtaining information about 290
reading283
setting the interlace mode for a , or image r2&d!
terminating access 270
General raster image API
chunking315
description4
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external file operations using tt281
obtaining a palette identifier using t3)5
obtaining information about the contents of a file
using , routine290
obtaining palette information using ti3)6
reading and writing palette data using 8@5—
312
reading palette data using t887
routine list268
writing palette data using tH806
General raster image array
description266
General raster image array hame
description266
General raster image attribu295-304
predefined?295
querying user-define?99
reading user-define300
setting user-define?96
General raster image attributes
description267
General raster image data mo@85—267
General raster image data set
optional object267
required object266—267
General raster image data set A7
programming modeP69
routine categorie267
General raster image index
description266
General raster image palettes
description267
General raster image pixel type
data type266
description266
General raster image reference number
description266
General raster image tags
list of 443
Global attribute
description85
GRattrinfo
description299
parameter lisB00
GRcreate

description270
parameter lisR71
GRend
description271
parameter lisR71
GRendaccess
description270
parameter lisR71
GRfileinfo
description289
parameter lis290
GRfindattr
description299
parameter lisB00
GRgetattr
description300
parameter lisB00
GRgetchunkinfo
description316
parameter lisB817
GRgetiminfo
description289, 290
parameter lis290
GRagetlutid
description305
parameter lisB08
GRagetlutinfo
description306
GRidtoref
description291
GRluttoref
description305
parameter lisB05
GRnametoindex
parameter lisR92
Group object
description419
GRreadimage
description284
parameter lis284
GRreadlut
description307
parameter lisB08
GRreftoindex
description291
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parameter lisR92
GRregimageil
parameter lis84
GRrequitil
description307
GRselect
description270
parameter lisR71
GRsetattr
description295
parameter lis800
GRsetchunk
description315
parameter lis817
GRsetchunkcache
description317
parameter lis817
GRsetcompress
description281
parameter lis281
GRsetexternalfile
description282
parameter lis282
GRstart
description270
parameter lisR71
GRwriteimage
description271
parameter lis273
GRwritelut
description306
parameter lis808

H
HDF
descriptionl
purposel, 3
HDF API
description2, 4
HDF installation
use of Pablo instrumentatiakd 7
HDF installation overvievd46—448
netCDF installatiord446
setting up the application programming
environmend47
Windows NT installatiod47

HDF interface vs. netCDF interfade21-122

HDF_CHUNK _DEF union
definition of 104
hdf24hdf8434
hdfcomp433
hdfed419
annotate command25
close commandi27
delete command25
display command}26
dump command}24
getr8 command!28
help commandl22
if conditional 428
info command422
next command}24
open command}22
prev commandi23
put command427
putr8 command}26
revert commandt27
select commandl27, 428
wait command428
write command426
hdfed command set21
hdfls 418
hdfpack435
hdftopal 435
hdftor8 432
hdp 436
command seé37
dumprig command}38
dumpsds command37
dumpvd commandt38
dumpvg commandl38
list command437
HEprint
description394
HEstring
description394
HEvalue
description394
history attribute
description96
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HXsetcreatedir
descriptionb1

HXsetdir and HXsetcreatedir
parameter lisb2

Image compression. See IMCOMP compression

IMCOMP compression
description233
interlace model42

J

routine categorie829
routine list329
type definitions specific to thd30

N
Native format optionl4
netCDF120-122
netCDF data model
HDF support 0f120
netCDF interface vs. HDF interfade21-122
Not-a-Numberl00

Joint Photographic Expert Group compression. See o

JPEG compression
JPEG compression
description233, 251
JPEG compression quality factor
description233

L

Label annotation
description327

Label attribute
description95, 383

Listing basic information about an HDF {18

Local attribute
description85

Lone vdata
description165

Lone vgroup
description208

Low-level interface2

LUT. See Color lookup table

M

MFGR_INTERLACE_LINE define
description270

MFGR_INTERLACE_PIXEL define
description270, 315

MFGR_INTERLACE_PLANE define
description270

missing_value attribute
description96

Multifile annotation AP1329—-343
description of the329
list of tags used iB52
programming model for thd30

Object annotation
comparison with file annotatio828
description328
Object description annotation
assigning a , using the single-file annotation API
355
reading a , using the single-file annotation API
361
Object label annotation
assigning a , using the single-file annotation API
355
reading a , using the single-file annotation API
360
Obsolete tags
list of 444
Old and new dimension implementati@d

P
Packing or unpacking field datt50
Palette319—-325
adding to a RIS8 obje@36
backward compatibility issue325
color mapping using 319
description319
obtaining the reference number of the most recently
accessedB25
querying the number of , in a fil825
reading323—-324
reading a , with a given reference numB&4

retrieving the reference number of the specified
305
specifying the next palette to be accessed to be the
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first 324
specifying the reference number 0822
writing 320-322
Palette API
descriptiond, 320
routine categorieS20
routine list320
paltohdf435
Performance Issue399—416
Pixel interlacing
description251
Pixels
description231
Predefined attribut®5—104
accessing 96
description21, 95
list of , with labels and descriptiof36
list of parameter®7
naming conventions fd®6
Predefined dimension string attribute
types 0f390
Predefined string attribute
types 0f383

R
r24hdfs 434
r8tohdf431
Range attribute
description95
reading al00
writing a 99
Range attribute99
Raster image id
see Raster image identifi266
Record variable
determining whether an SDS igdd
Reference number

checking before assigning an object annotation

363
determining363
determining the , for the last object accesS&3
querying a list of , for a given tag64

Reference number, overwriting data for a specified

374
RGB values

description249
RIS8. See 8-bit raster image data set
ristosds431
RLE compression
description233
Run-length encoding compression. See RLE
compressionRIS24. See 24-bit raster image
data set

S
Scan-line interlacing
description251
Scan-plane interlacing
description251
Scientific data set tags
list of 444
SD scientific data model
annotations and th21
SD scientific data set9—-122
appending data to 40
chunked104
chunked , obtaining information aboufl9
chunked , reading data from1£09
chunked , writing to 407
chunks , setting the maximum number to cache
106
compressing data in46
contents120, 407, 408, 409, 410, 411
contents of dl9
creating , with non-standard-length data
data type20
default data representatid#l
establishing access to24
locating a , by reference numbev
making a chunked , from a genei®4
obtaining information about 63
obtaining information about a specif3
obtaining information about each , in a
optional object21
reading from &5
required object20
string attributes of dimensior38
terminating access to &7
writing to a30
SD scientific data set API
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compression methods suppor#6

descriptiond, 22
routine categorie®2
routine list23
SD scientific data set array
description20
SD scientific data set array name
description20
SD scientific data set attribu5
SD scientific data set dimension
description20
naming a/2
obtaining information about 85
selecting a/ 2

SD scientific data set dimension index

description21

SD scientific data set dimension scales

writing 75

SD scientific data set dimension string attribute

reading 899
writing a 98

SD scientific data set string attribute

description97
reading 898
writing a 97
SD scientific data set tag4, 269
SDattrinfo
description89
parameter lisB0
SDdiminfo
description75
SDend
description27
parameter lisR7
SDendaccess
description27
parameter lisR7
SDexternalfile

description52
SDfileinfo

description63

parameter lis64
SDfindattr

description89
parameter lisB0

SDgetcal
description103
parameter listL03

SDgetChunkinfo
description109

SDgetdatastrs
description98
parameter lis©8

SDgetdimid
description7 2
parameter lisi/ 3

SDgetdimstrs
description99
parameter lis©9

SDgetfillvalue
description101
parameter listL02

SDgetinfo
description63
parameter lis64

SDgetrange
description100
parameter listL0O

SDidtoref
description67
parameter lis68

SDisrecord

description41
SDnametoindex

description67

parameter lis68
SDreadattr

description89

parameter lis80
SDreadChunk

description109

parameter listL09
SDreaddata

description55

parameter lisb6
SDreftoindex

description67

parameter lis68
SDS id

see SD scientific data set identifi20
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SDselect
parameter lisR7
SDsetattr
description86
parameter lisO0
SDsetblocksize
descriptiond1
parameter lisd1
SDsetcal
description102
parameter lisfL03
SDsetChunk
description104

parameter listL06, 110

SDsetChunkCache
description106
parameter listLO7

SDsetcompress
description46

parameter lisd7, 106, 107, 108, 109, 110

SDsetdatastrs
description97

SDsetdimname
description72
parameter lis/ 3

SDsetdimstrs
parameter lis©9

SDsetdimval_bwcomp

description/4
parameter lisi’4
SDsetdimval_comp
description73
SDsetexternalfile
parameter lisb3
SDsetfillmode
parameter lisfL02
SDsetfillvalue
description101
parameter lisfL02
SDsetnbitdataset
description71
parameter lisi/ 2
SDsetrange
description99
parameter listLO0
SDstart

description26
SDwriteChunk
parameter lisfLO8
SDwritechunk
description108
SDwritedata
description30
parameter lisB82
writing data to chunked SDSs usidd)7
Self-description
definition 1
sfgcfill
description 0f101
sfgfill
description 0f101
sfrcatt
description 0f90
sfrnatt
description 0f90
sfwcdata
description of31
sfwdata
description of31
Single-file Annotation API
routine categorieS51
Single-file annotation APB51-367
list of tags used iI852
programming model for th853
routine list351
Slab
accessing a , using the single-file scientific data set
API 380
description30
reading a , using the single-file scientific data set
API 382-383
writing , using the single-file scientific data set API
381-382
Strides
description31
support of , in the single-file scientific data set API
382

-
title attribute
description96
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U
Unit attribute
description95, 383
Unlimited dimensior21
User_defined attribute
allowed data types for 85
writing a 85
User-contributed command-line utilitigk39—440
list of 439
User-defined attribut&5—93
count85
description21, 85
index 85
naming ruleB5
querying for a9
reading a89
Utility tags
list of 442

\%

Vaddtagref
description195
parameter lisfL96

Vattach
description192
parameter lisl 94

Vattrinfo
description222
parameter lisR23

Vdatal25-185
attributes of al 70
creating140
creating and writing to multifield 40—-156
creating and writing to single-fielt35—140
description125
determining if the given , is an attribule/ 4
determining the reference number from a , name

166

obtaining information about 479-182
querying information on a given , attribute’ 3
querying the number of attributes ofld2
querying the total number of , attribut®g’ 2
querying the values of a given , attribdté 1
reading from al56—165

resetting the current position withinlad4
resetting the current record position withil 44
retrieving the index of a , attribute given the
attribute namel73
searching forl 65—169
searching for a , by field nani66
searching for lone 165
searching for the reference number df@5
selecting the set of , to be red®7
setting the attribute of a1,70
writing buffers into145
writing to a145
writing to a multifield 143
Vdata API
description4
Vdata class
assigning to a vdata41
Vdata data model
description125
Vdata field
defining 141
description of a predefine#i4 1
initializing for write acces4.42
locating a , within a vdata stored in a vgra2h6
querying the index of a , given the field nathé0
querying the number of attributes ofla 2
removing alignment bytes when writing tal50
setting the attribute of a1,70
Vdata identifier
determining the nex228
Vdata interlace mode
specifying thel42
Vdata name
assigning to a vdata41
Vdelete
description221
parameter lisR21
Vdeletetagref
description221
parameter lisR21
Vdetach
description193
parameter lisfLl94
Vend
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description193
parameter lisfL94

VF field information retrieval routine sé&85

VFfieldesize
description185
VFfieldisize
description185
VFfieldname
description185
VFfieldorder
description185
VFfieldtype
description185
Vfind
description209
parameter lis210
Viindattr
description224
parameter lisR24
Vfindclass
description210
parameter lis210
Vflocate
description216
parameter lis216
VFnfields
description185
Vgetattr
description224
parameter lisR24
Vgetclass
description209
parameter lis209
Vgetid
description208
parameter lis208
Vgetname
description209
parameter lis209
Vgetnext
description228
parameter lis229
Vgettagref
description214
parameter lisR14

Vgettagrefs

description214
parameter lis214

Vgetversion

description222
parameter lis223

Vgroup 187-229

accessing 492

assigning a class to B95

assigning a name to H95

attributes of &221

containing two RIS8 objects and a vddt89

conventions on content and structdr89

creating and writing to 494—-207

description187

determining the name of 229

inserting a HDF object into 495

inserting a vdata or vgroup intol05

locating a207

locating a , given the class nard®9, 210

locating a field within a vdata stored in24.6

locating a lone208

means of uniquely identifying 491

obtaining information about the contents a2 43—
221

organization of1l88

querying the number of , membe?29

querying the total number of , attribut223

querying the values of a given , attrib@24

querying the version of a giver222

reading from &207—-213

retrieving the index of a , attribute given the
attribute name224

retrieving the reference number o24.6

retrieving the tag of 217

returning , member informatio215

returning the tag/reference number pairs of ,
contents213, 214

setting the attribute of 223

sharing of vgroups and vdatas between more than

one 188
similarity to the Unix file systend87
terminating access th93

testing whether an HDF object within a , is a vdata
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215
testing whether an HDF object within a , is a
vgroup215
Vgroup API190-192
descriptiond
obsolete routine28—-229
routine categoried 90
routine list190
Vgroup API programming model92
Vgroup class
description188
Vgroup identifier191
determining the nex228
Vingtagref
description215
parameter lisR15
Vinquire
description229
parameter lisR29
Vinsert
description195
parameter lisfL96
Visvg
description215
parameter lisR15
Visvs
description215
parameter lisR15
Vione
description208
Vnattrs
description223
parameter lisR23
Vnrefs
description216
parameter lisR 16
Vntagrefs
description213
parameter lisR14
VQueryref
description216
parameter lisR17
VQuerytag
description217
parameter lisR17

VS vdata information retrieval routine sk84
VSattrinfo
description173
parameter lisfL74
VSelts
description184
parameter lisfL84
Vset
describing a heated medt89
Vset node
description189
Vset tags
list of 444
Vsetattr
description223
parameter lisR24
Vsetclass
description195
parameter lisfL96
Vsetname
description195
parameter lisfL96
VSfdefine
description141
parameter lisfl43
VSfexist
description166
parameter lisfL66
VSfind
description166
parameter lisfL66
when to use , in obtaining a vdata’s reference
numberl30
VSfindattr
description173
parameter lisfL74
VSfindex
description170
parameter lisfL70
VSfnattrs
description172
parameter lisfL73
VSfpack
description150
parameter lisfL51
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VSgetattr
description171
parameter lisfL72

VSgetclass
description184
parameter lisfL84

VSgetfields
description184
parameter lisfL84

VSgetid
description165
parameter lisfL66
when to use , in obtaining a vdata’s reference

number130

VSgetinterlace
description184
parameter lisfL84

VSgetname
description184
parameter lisfL84

vshow 436

VSinquire
description179
parameter lisfL79

VSisattr
description174
parameter lisfl74

VSlone
description165
parameter lisfL66

VSnattrs
description172
parameter lisfL73

VSQuery vdata information retrieval routine dé82

VSQuerycount
parameter lisfL83

VSQueryfields
description183
parameter lisfL83

VSQueryinterlace
description183
parameter lisfL83

VSQueryname
description183
parameter lisfL83

VSQueryref
description183
parameter lisfL83

VSQuerytag
description183
parameter lisfL83

VSQueryvsize
description183
parameter lisfL83

VSread
description157
parameter lisfL58
setting the file interlace mode usidgl2

VSseek
description157
misused to append dafzd4
parameter listl44, 146

VSsetattr
description170
parameter lisfL72

VSsetclass
description141
parameter lisfL43

VSsetfields
description142, 157
parameter lisfL43

VSsetinterlace
description142
parameter lisfL43

VSsetname
description141
parameter lisfL43

VSsizeof
description184
parameter lisfL84

Vstart
parameter lisfL94

VSwrite
description145
parameter listL46
setting the file interlace mode usidgl2
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