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Net wor k Gr aphi cs

Not much has been witten about graphics on the ARPANET when the
volume of the NIC collection is considered. Presently it contains sone
8000 entries of which only about 20 are on the subject of graphics. The
reason is probably simlar to that given by L. G Roberts in A FORWARD
LOOK (NI C 7542) as the reason that data base sharing or software sharing
will not be inportant topics for several nore years: the NET hasn’t been
up |l ong enough for interested people to have enough of the facts to know
if it is feasible and to think creatively.

This paper is therefore ainmed at bringing together the present
state of graphics on the NET for the newconer and attenpting to add a
little nore distance to the ground covered so far. | will start with an
overview, then proceed to briefly describe past work, and finally add
sone of nmy own thoughts.

Since the NET represents a wealth of data processors, any or al
of which nmay be used at one tine, we are not restricted to the
configurations nost generally found in private installations where there
is a main processor and a sonewhat | ess capabl e machi ne or perhaps none
at all doing the honors as display processor. |Indeed when using the NET
it might occur that one has a nore powerful machine as the display
processor than the machine which is running the main job. Gaphics on
the NET need not be anything |like what we know it as now

There is of course a greater nore diversified nmx of graphics
equi prent that mnust be consi dered when designing a standard graphics
| anguage and its processor. If we wish to drive an aribitrary display
froma program such an output |anguage nmust be quite general, but the
processor which constructs the actual display list for the target
di splay need not and in fact will not be general, rather its only job
will be to translate a well defined general |anguage to neet the
requi renents of one specific graphics tern nal

Attention handling, a lately discussed and nuch worried about
topic, presents an entirely different problem This time the NET may
cause nore harmthan good for the sinple reason that now there may be
several, instead of one (in sone cases none at all), nappings defined to
get fromthe initial display list that the main job process is creating
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to the final display list which interactive devices such as the |ight



pen actually refer to. This is a problemwhich has to be faced and has
been solved at nany different sites in as many different ways. It is
likely to give as nmuch trouble as the final concept.

Local processing is in nmany cases a very sinple thing to
acconpl i sh when the display ternminal is "intelligent" or even has its
own medi um or |arge scale processor which has little or nothing else to
do aside fromrefreshing the display. Such processing can be sinple
additions or deletions to the picture which certainly do not require the
mai n job process to acconplish. The | ocal processor need only notify the
mai n process of what changes have been nade to the display list so that
the main copy may be updated. The allocation of abilities poses the |ast
problem The lower limt is reached when the |ocal processor is unable
to do anyt hing beyond keeping the picture displayed, and the upper lint
applies to the case when the | ocal processor is nore powerful than the
mai n processor and handles all attentions itself. Now such questions as,
just which copy of the display list is the master copy, who is
responsi ble for seeing that all copies of the list contain the sane
i nformati on, and what kind of mappings between display lists are
requi red, becone the inportant ones we all seek to answer.

Proposal s for Network Standard G aphics started with the idea of
a sinple interpretabl e | anguage containing only comands to erase the
screen, display a string of text, nove the beamor draw a line or point
within a virtual rectangle which is the generalized display screen
execute a previously defined subroutine, and replace the contents of a
subroutine with what follows in the conmand stream Movenents within the
screen area were defined in terns of fractions of the screen dinensions
i nstead of absolute | engths. This proposal was responded to with the
suggestion that a graphics standard could not be so restrictive and find
wi de acceptance. The proposal was not expressive enough to handl e
sophi sticated picture nanipulations. It was recogni zed that a standard
must be able to make use of all graphics hardware, present and within
the forseeable future. The data structure should represent both | ogica
and pictorial structure, allow for the definition and nmani pul ati on of
subpi ctures, and division of the display screen into logical units. The
proposed standard has now beconme a general high-Ievel |anguage rather
than a | ow | evel |anguage. It was pointed out that all sites need not be
able to handle the interpretation of this graphic |anguage, but because
of the existence of the rest of the NET, one of the other nachines could
run the interpreter, this is equivalent to a data reconfiguration
service. Such drawi ng nodes as intensity, blinking, dashed, color, or
stereo should al so be expressabl e by nmeans of a command to set the node.
The canonical definition of a character string should be defined since
everyone has their own way of displaying text and nost of themare
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different. It is suggested that the Multics convention be used as
descri bed by OGsanna, J., Sahzer, J., Renote Terminal Character Stream
Processing of Miltics, Proceedings SJCC, 1970, p. 671.

If in addition to sinply displaying graphic information, if one
wishes to to interact with the picture directly, the protocol nust
i nclude a standard for feedback, attention handling as it is being
called. Attentions may not always refer directly to the picture however,



as in the case of keyboard input which can be handl ed as any ot her
standard nessage on the NET. Some graphics processors may al so have the
capability of handling attentions locally and only need to report the
end result to the nmain process. This is the problemof which data
structure is nost up to date, which is considered the naster copy, and
how can the processes be kept in sync? The observation is al so nade that
as long as the graphics application program the main process,

comruni cates with a pair of graphic device handling routines in a
networ k standard | anguage, the system configuration can be arbitrary and
any termnal nay be attached to any mmin process. The sane is of course
true of attention handling, a set of standards for the transm ssion of
an attention generated by a particul ar device when devel oped will allow
any graphics termnal to be understood by any other main process. A
summary of input devices has been given along with typical outputs and

t he suggestion that each attention nessage identify the device causing
the attention, the data which is being supplied, and of course, the data
itself.

The proposed graphic protocol has become nuch richer in display
types. The following list was suggested as basic: points, |ines,
vectors, character strings, viewport and wi ndow, transformations of
i nstances, hardware-dependent byte streans, attention commands. The
poi nt was al so nade that special considerations for grey-scal e devices
are needed and four alternate display nodes are discussed (NIC 7128).

An exanpl e of hardware sharing is described in NIC 7130. It is a
protocol for the use of the LDS-1 processor at MI.T. by anyone on the
net who has a programfor the LDS-1. This Graphics Loader, as it is
called, provides for the execution of prograns that have been sent to
the PDP-10 at MI.T. and the return of the data generated when the
programis executed. The picture is not drawn on a display, but since
the LDS-1 processor can be instructed as to what to do with the
coordinates that it generates, the G aphics Loader sets up the processor
to wite back into core the conputed display coordi nates. These
coordi nates nay now be sent back to the originating site for display or
as a debuggi ng aid.
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In NIC 7137 many of these previously discussed points are again
brought up, but this tine under the supposition that a graphics ternina
shoul d be just another terminal with miniml special privileges.
Suggestions were al so nade pertaining to the design of a graphics
protocol with particul ar enphasis on display structure, attention
handl i ng, coordinate systens, and the difference between storage tube
and refreshed display requirenents.

A specific solution for the handling of tablet input data has
been presented, (N C 7151), along with the expression that the graphics
prot ocol should be designed so that non-interactive graphics should not
be conplicated with the requirenents inposed by the interactive aspects
of the protocol. It is pointed out that there are several types of
tabl et data that can be sent as input to a graphics process. Four types
of data are described. They are single-shot, raw asynchronous, raw



synchronous, and preprocessed data. Preprocessed data can be snpot hed or
filtered or thinned using various techniques to make the data nore

uni form and workable. Velocities can al so be calcul ated for each point
to aid in the interpretation of the data.

The description of NETCRT (NIC 7172) is the first encounter with
| ocal processing, or lack of it. NETCRT is a protocol between a centra
processor and a character display. The character display is conpletely
slaved to the central processor and can do no | ocal processing, however
it can interrupt the processor thus signalling that the user is done
typing or wishes to begin typing. NETCRT tries to naintain good nman-
machi ne i nteraction by controlling the state of the term nal

| have refrained fromcommenting on the various proposals as
summari zed them because | don’t think that it would have been in line
with what | amtrying to do in this paper. | think that there is a need
to consider an overall nodel of the graphic systemwe are trying to
design. Previous proposals have dealt with sonme set of details wthout
identifying with a general nodel, producing good ideas for
i npl enment ati on of details but not considering howthe whole will fit
together. Thus | would like to propose a nodel for our graphics system
It will contain nany protocols and | eave many areas to be di scussed
further, but it will provide a starting point fromwhich work can be
done along sinple lines, and yet not exclude the later inclusion of nore
sophisticated abilities.

Figure 1 shows a bl ock diagram of information flow The PROCESS
i ndi cates a graphics application programwhich is running on a conputer
in the net. Its associated | NPUT and QUTPUT routines can be thought of
as being a set of subroutines |oaded with the nain PROCESS or as
separate and running el sewhere serving many users. At the other end of
the I oop are a set of INPUT and QUTPUT drivers for the DI SPLAY which is
being used to display the graphics information. The information flow ng
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fromthe PROCESS to the DI SPLAY is drawing information for the building
and nani pul ation of pictures. The infornmation flowing fromthe DI SPLAY
to the PROCESS is attention informati on. The G aphic Data Base
associated with the main PROCESS is that which is constructed when the
picture is being drawn by the PROCESS or when the picture is being drawn
by | ocal processing and attention nmessages tell the PROCESS what has
been done to the picture. This data base need not contain nore
information that the PROCESS is willing to work with, and in fact need
not contain anything if no picture interaction is to be done. The
Graphi ¢ Data Base associated with the D SPLAY drivers is built by

t hensel ves so that the OUTPUT driver can handle attentions fromthe

DI SPLAY wi t hout requiring the main PROCESS to be able to do this and for
the INPUT driver to use when nodifying the picture based on what is
actual ly being displayed. The information flowing to and fromthe nmain
PROCESS is the sort which is passed or received as paraneters to
procedures. The I NPUT and OUTPUT routines translate to and from
respectively a network standard graphics protocol which is sent out over
the net to the I NPUT and OUTPUT display drivers whose responsibility it
is to translate the standard nessage into the appropriate byte streamto
drive the DI SPLAY or translate the attention fromthe DI SPLAY into a
networ k standard nessage. The DI SPLAY is assuned to handle its own
refreshing if it requires any, so that there will be as little apparent



di f ference between refreshed and non-refreshed displays as is possible.

This nmodel provides for both sinplicity of use for those doing
sinpl e things and power which is needed for those doi ng sophisticated
interactive graphics. It can be used with a m nimumof effort and
overhead by setting runtine conditions to indicate that no interactive
graphics will be done and all associ ated processing shoul d be ski pped
while still enabling other PROCESSes to do hi gh powered graphics without
going to a conpletely different set of routines and rules.

Due to the existence of two separate data bases, which nust be
kept up-to-date with each other there are two nodes of operating this
nodel . For lack of better names let us call them PROGRAM graphi cs and
LOCAL graphics. The fornmer indicates that the picture being displayed is
constructed by the main PROCESS and all input fromthe user at the
display is solicited, thus the DI SPLAY data base is only updated after
and as a result of action by the nain PROCESS. The |atter indicates that
the user at the display is directing the construction of a picture by
nmeans of function buttons and drawi ng tools, the DI SPLAY data base is
updated i medi ately and the nmain PROCESS is notified of the change so
that it may keep up, but it does not perform mani pul ati ons of the
picture unless requested to do so by the DI SPLAY QUTPUT driver; this can
be as a result of a request to performsone function that the DI SPLAY
| NPUT/ QUTPUT drivers can do by thenselves or a request by the user to
have the mai n PROCESS perform a non-standard function on the picture.
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The main purpose of this design is to allow greatest generality
of graphic configurations rather than nmini numresponse tinme. The design
for an optinumrequires nore exact specification of the hardware
configuration and the proposed usage. Since neither of these variables
can be known, and in fact our attenpt at generality keeps us from even
guessing very closely at them we nust provide intelligent | NPUT/QUTPUT
drivers that will know how to split the processing | oad between
t hensel ves and the main PROCESS as a function of what kind of DI SPLAY
they are driving, rather than attenpting to design in an opti num
br eakpoi nt.

The Graphics Protocol should specify the format of the nessages
which are transmtted between the | NPUT and OUTPUT routines and drivers.
These nessages can be divided as previously nmentioned according to their
direction and content, i.e. drawi ng nessages and attention nessages.
Since it is often desired to intermi x graphics and text there should be
a di stingui shing nessage header for all graphics nmessages. Then a byte
to specify the type of information contained in the body of the nessage,
a count of the bytes in the body, and finally the body itself. Virtually
all of the necessary nessage types have been indicated in the previous
RFCs and | will not list them here, except to note that attentions now
i ncl ude requests for processing that the drivers could not do.

To sumari ze, | believe that a sinple nodel is enough to enable
the design of both sophisticated interactive graphics and | ow effort
non-interactive graphics. The primary reason for this is that our nmjor
interest is not mninumresponse, but rather maxi num configuration
m xes. There are opportunities to use software sharing and data
reconfiguration services when buil ding | NPUT/ QUTPUT routines and



drivers. Miuch detailed work renmains to be done, but with a basic nodel
in sight providing a framework to hang proposed ideas on for eval uation,
wor k should be able to proceed nore snoothly.
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