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1. Introduction

As discussed in draft-lam-teas-usage-info-model-net-topology [6] a Data Model (DM) may be derived from an Information Model (IM).
However, in order to assure a consistent and valid data modelling language representation that enables maximum interoperability,
translation guidelines are required. A set of translation rules also assists in development of automated tooling.

This draft defines guidelines for translation of data modelled with UML [7] (as constrained by the ONF's UML Modeling Guidelines [8]) to

YANG (defined in RFC6020 [1] and YANG Update [4]) including mapping of object classes, attributes, data types, associations, interfaces,
operations and operation parameters, notifications, and lifecycle.
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2. Terminology

The following terms are defined in RFC6020 [1]

e anydata

¢ anyxml

e augment

e container
¢ data node
« identity

¢ instance identifier
o leaf

o leaf-list

o list

e module

e submodule

The following terms are defined in UML 2.4 [7]

e association

e attribute

¢ data type

« interface

* object class

e operation

¢ parameter

¢ signal (used to model notifications)

9/8/2015
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3. Overview

This document defines translation rules for all constructs used in a UML based IM to a data model using YANG.
While some mapping rules are straightforward, an IM in UML uses some constructs that cannot be mapped directly to a DM using YANG
and conventions are described to make the translation predictable. Additionally, in some cases multiple mapping approaches are possible

and selection among these is also necessary to assure interoperability.

Mapping guidelines for these constructs are provided in the following sections.
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4. Mapping Guidelines
4.1 Mapping Guideline Considerations

Where "??" is inserted in the table, it means that the specific mapping is for further study as it is either as yet unclear how to map the
construct or that there are multiple ways of doing the mapping and a single one needs to be selected.

A table will be included summarizing constructs in UML that do not directly map to YANG and where in this draft the associated
guidelines for mapping these constructs will be provided.

4.2 Mapping of Object Classes

9/8/2015
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___________________________________________________________________ +

Object Class --> "list" statement (key property, multiple |
instances) or

"container" statement (single instance) or |

"grouping" statement |

___________________________________________________________________ +

UML Artifact | YANG Artifact | Comment |

___________________________________________________________________ +

documentation | "description” | |

| substatement | |

___________________________________________________________________ +

superclass(es) | abstract: "grouping" | |

|not abstract:"augment"?? |

___________________________________________________________________ +

abstract | "grouping" statement | |

___________________________________________________________________ +

objectCreationNotific-| "notification" | Goes beyond the |

ation | statement | simple "a notific-|

[YES/NO/NA] | | ation has to be |

| | sent": a tool can |

| | construct the sig-|

| | ature of the noti-|

| | cation by reading |

| | the created |

| | object. |

___________________________________________________________________ +

objectDeletionNotific-| "notification" | Goes beyond the |

ation | statement | simple "a notific-|

[YES/NO/NA] | | ation has to be |

| | sent": a tool can |

| | construct the sig-|

| | ature of the noti-|

| | cation by reading |

| | the deleted |

| | object. (i.e. not |

| | necessary to |

| | provide the |

| | attributes of the |

| | deleted object. |

___________________________________________________________________ +

support | "if-feature" | Support and |

| substatement | condition belong |

——————————————————————— + | together. If the |

condition | | "support" is cond-|

| | itional, then the |

| | "condition" |

| | explains the cond- |

| | itions under which]|

| | the class has to |

| | be supported. |

___________________________________________________________________ +

operation | "action" | YANG 1.0 supports |

| substatement | only rpc -> add |

| | prefix to the rpc |

| | name; i.e. |

| | objectClass::rpc; |

| | "action" requires |

| | YANG 1.1 |

___________________________________________________________________ +

XOR | "choice" | |

| substatement | |

___________________________________________________________________ +

constraints between | "must" substatement | |

attribute values -> | | |

error notfication?? | | |

ocL?? | | |

___________________________________________________________________ +

object identifier | list::"key" | |

| substatement | |

___________________________________________________________________ +

muliplicity on | list::"min-elements" | min-elements |

association | "max-elements" | default = @ |

| substatements | max-elements |

| | default=unbounded|

| | mandatory |

| | default=false |

___________________________________________________________________ +

Conditional PACs | container::presence" | |

substatement | |

___________________________________________________________________ +

hyperlink?? | "reference" | Papyrus doesn't |

| substatement | support hyperlinks|

Page 8 of 32
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T e +
| lifecycle stereotypes | "status" | "current" |
| substatement | "deprecated" |

| | | "obsolete" |
| | | default="current"|
T T e +
| constraint property | list::"unique" | |
substatement | |

T T e +

complex attribute

"uses" substatement

| use of a complex |
| data type as the |
| type of the |
| attribute; e.g., |
| date and time, |
| object creation |
| |

data
R e e e +
| {<constraint>} | "when" substatement | |
R e e e e R e e e +
Figure 1: Mapping of Object Classes
grouping SuperClassl {
leafattnbutel §{
mandatory true;
¥
leaflist attribute {
min-elements I;
max-elementz 4;
¥
= SwperCioss] SuperClassd }

Ed + sttnbutel: <Undefned> [1]
3+ attribute: <Undefined> [2.4]

[+ sttributed: <Undefined> [1]
3+ attributed: <Undefined> [1.*]

grouping SuperClass2 {
leafattnbute3 {

mandatory true;

I

| subClass

3+ attributeS: <Undefined= [*]
=i = attributed: <Undefined=> [0.1]

leaflist attributed {

min-elements 1;

¥
}

container SubClass {
uses SuperClassl;

uses SuperClass2;
leaflist attribute? {

leafattnbute6 {

}

Figure 2: Example of Abstract Object Class Mapping (Available in PDF or HTML versions)

Page 9 of 32
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| OptHOChRsSs
[Eg HCumentApplicationCode : OptiOChapplicationCode
[5g HSupportedapplicationCodes : OptiOChApplicationCodelist (read-only]
= optfOChPower : OptHfOChPower
= optfOChCentralFrequency : OptHOChCentralFrequency

= sdoumentations
Rs3: path configuration for an interdace,

from [ETF draft-dharini-netmod-g-698-2-vang-04:

module ietf-opt-if-g698-2 {
namespace "umietf:
g698-2";
prefix ietf-opt-if-g698-2;

importietf-interfaces {
prefix if;
H

augment "/if interfaces/ifinterface” {

description "Parameters for an optical interface";

container optIfOChRsSs {
description "Rs3s path configuration for an
Interface”;
container ifCurrentApplicationCode {

description "Current Application code of the
interface";

uses optIfOChApplicationCode:
)

container ifSupportedApplicationCodes {
config false;
description "Supported Application codes of
the interface";
uses optIfOChApplicationCodeList;
¥

uses optIfOChPower:
uses optIfOChCentralFrequency;

Figure 3: Example of Non-Abstract Object Class Mapping (Available in PDF or HTML versions)

4.3 Mapping of Attributes

Page 10 of 32
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___________________________________________________________________ +
Attribute --> "leaf" (single) or "leaf list" (multiple) |
statement
___________________________________________________________________ +
UML Artifact | YANG Artifact | Comment
___________________________________________________________________ +
documentation | "description” |
| substatement |
___________________________________________________________________ +
type | "type" substatement | |
| (built-in or derived) | |
_________________________________________________________________ +
readOnly | "config" substatement | config |
| (false) | default = true |
___________________________________________________________________ +
isOrdered | "ordered-by" | ordered-by
| substatement | default = system |
| ("system" or "user") | |
___________________________________________________________________ +
multiplicity | "mandatory" or | min-elements
| "min-elements" and | default = @
| "max-elements" | max-elements |
| substatements | default=unbounded|
| [0..1]=>no mapping | mandatory
| needed; is default | default=false |
|  substatement=false | |
| [1]=>mandatory | |
|  substatement=true | |
| [@..x]=> no mapping | |
|  needed; is default |
| [1..x]=> min-elements |
|  substatement = 1 | |
| [0..3]=> max-elements |
| substatement = 3 | |
___________________________________________________________________ +
defaultValue | "default"” | If a default value|
| substatement | exists and it is |
| | the desired value, |
| | the parameter does|
| | not have to be |
| | explicitly config-|
| | ured by the user. |
___________________________________________________________________ +
isInvariant | "extension" | |
| substatement -> |
| ompExt:isInvariant | |
___________________________________________________________________ +
valueRange | "range" or "length" | |
| substatement of "type"| |
| substatement |
___________________________________________________________________ +
passedByReference | if passedByReference =| Relevant only to
| true -> type leafref {| attributes that |
| path "/<object>/ | have an object
| <objectidentifier>"} | class defined as |
| | their type. |
| if passedByReference =|
| false -> either "list"| |
| statement (key | |
| property, multiple | |
| instances) or |
| "container" statement(| |
| single instance)
________________________________________________________________ +
support | "if-feature" | Support and |
| substatement | condition belong |
——————————————————————— + | together. If the |
condition | | "support" is cond-|
| | itional, then the |
| | "condition" |
| | explains the cond- |
| | itions under which]|
| | the class has to |
| | be supported. |
___________________________________________________________________ +
error notfication?? | "must" |
| substatement |
___________________________________________________________________ +
hyperlink?? | "reference" | Papyrus doesn't |
| substatement | support hyperlinks|
___________________________________________________________________ +
lifecycle stereotypes | "status" | "current"
| substatement | "deprecated" |

Page 11 of 32
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| "obsolete" |
| default="current"|

Figure 4: Mapping of Attributes

list Class1 §
kev class1Id;

leaf class1Id {
type string;
mandatory true;
config false;

I

leaf attributel {
type siring;
mandatory true;

}

leaf-list attribute2 {

sopenilodeiClass

= Classl

type int8 {

3 ~openhodelAttributes - classlict Strimg [1] (resdOnly, unigue}

i wopenModelAttibutes = attributed: String [1]

3 copenhodelitinibutes [valueRange=1-100] + stinbutel: Integes [2.5]

&l vopenModelittributes [isivanant=false]) + attributed: Boolesn [L] = true (readOnly, unigue)
sopenModelitributes + attributed: Enumeration] [1] = LITERAL 2 {readOnly, unigue]

range "1-100";
3
min-elements 2;
max-elements &;

}

Enumerations
{5 Enumerationl

= LITERAL 1
=1 LITERAL 2
= LITERAL 3

This akject class models the j

leaf attribute3 {
type boolean:
default rue;
config false;
ompExtisnvariant

}

leaf attribute4 {

type enumeration {
enum LITERAT 1;
enum LITERAL 2;
enum LITER AT, 3;

¥

mandatory true;

default LITERAL 2;

config false;

description "This object classmodels the . ";

4.4 Mapping of Types

Figure 5: Example of Attribute Mapping (Available in PDF or HTML versions)

Built-In Type if
defined; otherwise ??

"enum" statement

| e.g., Integer |
|new built-in type??|

| e.g., MAC address, |
| IPv4 Address |

| e.g., date-time |

| object creation |
| data |

Figure 6: Mapping of Types

Note: YANG allows also in-line enumerations which are not possible in UML

Page 12 of 32
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4.4.1 Mapping of Primitive Types

B e T +
| Primitive Type -> new built-in type?? |
e e +
| UML Artifact | YANG Artifact | Comment |
e e +
| documentation | 2?2 | |
T T e +

B et e +
| Enumeration Type -> "enum" statement |
e e T e PR +
| UML Artifact | YANG Artifact | Comment |
B et e +
| documentation | "description” | |
| | substatement | |
B et e +
| literal name | "value" | |
| | substatement | |
T T e +
| hyperlink?? | "reference" | Papyrus doesn't |
| | substatement | support hyperlinks|
T e T e +
| lifecycle stereotypes | "status" | "current", |
| | substatement | "deprecated", |
| | | "obsolete" |
| | | default=current |
B et e +
| 22 | "if-feature" statement| |
T e R LT +
Figure 8: Mapping of Enumeration Types
direct usage:
container ClassH {
leaf atributel {
type enumeration {
enum LITERAL 1:
enum LITERAT. 2:
enum LITERAT. 3:
default LITERAL 2;
mandatory true;
¥
El ClassH } }
=] + attributel; Enumerationl [1] = LITERAL_2
indirect usage:

Not clear how to define mandatory for attributel .

container ClassH {

«Enumeration»

container attributel {

= LITERAL 1 uses Enumeration! {
= LITERAL_2 refine attributel {
=) LITERAL 3 default LITERAL 2;
¥
¥
)
¥

grouping Enumerationl {
leaf attributel {
type enumeration {
enum LITERAT 1:

9/8/2015
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Figure 9: Example of Enumeration Type Mapping (Available in PDF or HTML versions)

4.4.3 Mapping of Basic Data Types

___________________________________________________________________ +
Basic Data Type -> "typeDef" statement |
___________________________________________________________________ +
UML Artifact | YANG Artifact | Comment |
___________________________________________________________________ +
documentation | "description"” | |
substatement | |
___________________________________________________________________ +
type | "type" substatement | |
| (built-in type) | |
___________________________________________________________________ +
defaultValue | "default" | If a default value]|
| substatement | exists and it is |
| | the desired value, |
| | the parameter does|
| | not have to be |
| | explicitly config-|
| | ured by the user. |
___________________________________________________________________ +
hyperlink?? | "reference" | Papyrus doesn't |
| substatement | support hyperlinks|
___________________________________________________________________ +
lifecycle stereotypes | "status" | "current", |
| substatement | "deprecated", |
| | "obsolete" |
| | default=current |
___________________________________________________________________ +
unit?? | "units" statement | |
___________________________________________________________________ +

Figure 10: Mapping of Basic Data Types
from ietf-yang-types.vang:
typedef mac-address {

type string {

pattern '[0-9a-fA-F1{2}(:[0-9a-fA-F]{2}) {5}

} . .
«PrimitiveTypes description

[#] MacAddress

This primitive type defines a
Media Access Contral (MAC)
address as defned in IEEE 802,

"The mac-address tvperepresents an IEEE 802
MAC address. The canonical representation uses
lowercase characters.

In the value set and its semantics, this tvpe is
equivalent to the MacAddress textual convention
of the SMIv2.";

reference
"[EEE 802: IEEE Standard for Local and
Metropolitan Area Networks: Overview and
Architecture
RFC 2579: Textual Conventions for SMIv2";

Figure 11: Example of Basic Data Type Mapping (Available in PDF or HTML versions)

4.4.4 Mapping of Complex Data Types

Page 14 of 32
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4.5 Mapping of Associations

___________________________________________________________________ +
Complex Data Type -> "grouping" statement |
___________________________________________________________________ +
UML Artifact | YANG Artifact | Comment |
___________________________________________________________________ +
documentation | "description" | |
| substatement | |
___________________________________________________________________ +
not used | "action" substatement | |
___________________________________________________________________ +
XOR | "choice" | |
| substatement | |
___________________________________________________________________ +
hyperlink?? | "reference" | Papyrus doesn't |
| substatement | support hyperlinks|
___________________________________________________________________ +
lifecycle stereotypes | "status" | "current", |
| substatement | "deprecated", |

| | "obsolete" |

| | default=current |
___________________________________________________________________ +
complex attribute | "uses" statement | |
___________________________________________________________________ +

Figure 12: Mapping of Complex Data Types

«DataType=
[ DataTypeA

=

=

5| + attributel: String [1]
+ attribute: Integer [0..1]
+ attribute3: Boolean [*]

grouping DataTvpeA {

leaf attribute] {

type string;
mandatory true;
4

i

leaf attribute? {
t;'.pe int8;

leaf-list atribute3 {

t.)-r.pe boolean:

Inheritance

Composition with
"passed by value"

"grouping" or

"augment" statement

"container" statement

containing "list"

statement(s) (multiple
contained instances)
or "container" state-

ment(s) (single

contained instances)

"leafref" statement

Figure 13: Example of Complex Data Type Mapping (Available in PDF or HTML versions)

| Multiple |
| inheritance can |
| also be mapped |
| using "groupings" |
| Need to define |
| when augment is |
| used. Note: |
| Augmentation can |
| be conditional. |

How to map "passed|
by reference"??

| How to map "passed|
| by value"??

Figure 14: Mapping of Associations
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container ClassA {

leaf attribute] {

=1+ attributel 1]
=+ attributel |ge

<compesition>

H Classt
S + attributel
B - attbure2 | 1]
[

=+ _classC

+ _classD|

=l + attributed

El Class

<aggregationd> "

+ _clagsC

+ _classD

& + name String
& - attributed

=i + attributel | 1 N i )
&+ ottribute? | o Sromposition]> ) + attributed leaf attribute? {
+ classA + _classB
container ClassB {
- = Classh =] Chisst leaf atribute3 {
=+ attributel i D — ny | B+ attributed
£+ attribute2 bagregeuio El + attributed
+ _classd + _classB .
leaf attribute4 {
¥
¥
Figure 15: Association Mapping Example 1 (Available in PDF or HTML versions)
container ClassC {
leaf attributel {
E ClassC ] ClassD
[*] | & + name: String

leaf attribute? {

¥
list ClassD {
key "name";
leaf name {
type string:

leaf attribute4 {

¥

Figure 16: Association Mapping Example 2 (Available in PDF or HTML versions)

= + attributel
[+ attribute? |ge

<oomposition =

= attributel
= attribute?

OO

/
= _classC = _classD,
[
passedByReference

7

I ClassD
= + name: String
= = attmbuted

<aggregation?>

« _classC

+ name: String

B + attributed

. _C Iassg,/

container ClassC {

leaf atributel {
leaf attribute? {

leaf-list classD {

type leafref {
path “/ClassD/name";

)

3

4.6 Mapping of Interfaces

Figure 17: Association Mapping Example 3 (Available in PDF or HTML versions)
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B et e +
| UML Interface -> Container?? |
e e +
| documentation | "description"” | |
| | substatement | |
e e +
| abstract | 2?2 | |
e e +
| support | "if-feature" | Support and |
| | substatement | condition belong |
oo + | together. If the |
| condition | | "support" is cond-|
| | | itional, then the |
| | | "condition" |
| | | explains the cond-|
| | | itions under which]|
| | | the class has to |
| | | be supported. |
B et e +

4.7 Mapping of Operations

Figure 18: Mapping of Interfaces (grouping of operations

Page 17 of 32
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___________________________________________________________________ +
Operation -> "action" and "rpc" statements |
(RFC 6020: The difference between an action and an rpc is that an|
action is tied to a node in the data tree, whereas an rpc is
associated at the module level.) |
___________________________________________________________________ +
documentation | "description” | |
substatement | |
___________________________________________________________________ +
pre-condition | "extension" | RFC 6020; During |
| substatement -> | the NETCONF |
| ompExt:preCondition | <edit-config> pro-|
| | cessing errors are|
| | already sent for: |
| | - Delete requests |
| | for non-existent]|
| |  data. |
| | - Create requests |
| | for existing |
| |  data. |
| | - Insert requests |
| | with "before" or|
| | "after" para- |
| |  meters that do |
| | not exist. |
___________________________________________________________________ +
post-condition | "extension" | |
| substatement | |
| ompExt:postCondition | |
___________________________________________________________________ +
input parameter | "input" substatement | |
___________________________________________________________________ +
output parameter | "output" substatement | |
___________________________________________________________________ +
operation exceptions | "extension" | |
substatement | |
| ompExt:operationExceptions |
___________________________________________________________________ +
isOperationIdempotent | "extension" | |
substatement | |
| ompExt:isOperationIdempotent |
___________________________________________________________________ +
isAtomic | "extension" | Necessary?? Not in]|
| substatement | UML Guidelines |
| ompExt:isAtomic | (TR-514); needs to]
| | be added?? |
___________________________________________________________________ +
support | "if-feature" | Support and |
| substatement | condition belong |
——————————————————————— + | together. If the |
condition | | "support" is cond- |
| | itional, then the |
| | "condition" |
| | explains the cond- |
| | itions under which]|
| | the class has to |
| | be supported. |
___________________________________________________________________ +
hyperlink?? | "reference" | Papyrus doesn't |
| substatement | support hyperlinks|
___________________________________________________________________ +
lifecycle stereotypes | "status" | "current”, |
| substatement | "deprecated", |
| | "obsolete" |
| | default=current |
___________________________________________________________________ +
Figure 19: Mapping of Operations
container InterfaceA {
«Interfaces
2 InterfaceA action operationl {
¥
# + operationl() action operationZ {
4 + operation2()
¥
4

Figure 20: Operation Mapping Example (Available in PDF or HTML versions)
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4.8 Mapping of Operation Parameters

passedByReference

condition

"description”
substatement

"input" or "output" |
substatement

see mapping of

attribute types |
(grouping, leaf, |
leaf-list, list, |
typedef, uses) |

if passedByReference
true -> type leafref
path "/<object>/

<objectidentifier>"}

~

if passedByReference =
false -> either "list"
statement (key
property, multiple
instances) or
"container" statement(
single instance)

"if-feature"
substatement not
defined for input and
output substatements
in YANG??

"choice"
substatement

"uses" |

Figure 21: Mapping of Operation Parameters

|

|

|

|

|

|

___________________ +
|

___________________ +
|

___________________ +
|

___________________ ¥
|

Relevant only to |
attributes that |
have an object |
class defined as |
their type. |
|

|

|

|

|

|

Support and

condition belong |
together. If the |
"support” is cond- |
itional, then the |
"condition" |
explains the cond-|
itions under which]|
the class has to |
be supported. |

Page 19 of 32
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_dnterfaces
=1 Interfaced

& + operationl( in parameterl: String [1]. inout parameter?: Boolean [11 out parameter3: Integer [3.°])
{8 + operation2( out parameterd: String [*])

container InterfaceA {
action operationl {

input {
leaf parameter1 {
type string;
mandatory true;

leaf parameter2 {
tvpe boolean;
mandatory true;
¥
b
output {
leaf parameter? {
type boolean;
mandatory true;

leaf-list parameter3 {
type intl6;
min-elements 3;
¥
¥
J

action operation? {

!

.O.l.ltput {
leaf-list parameter4 {
type string;
¥

—

4.9 Mapping of Notifications

Figure 22: Parameter Mapping Example (Available in PDF or HTML versions)

T e +
| Signal -> "notification" statement |
e e e +
| documentation | "description” | |
| | substatement | |
T e R LT +
| support | "if-feature" | Support and |
| | substatement | condition belong |
oo + | together. If the |
| condition | | "support" is cond-|
| | | itional, then the |
| | | "condition" |
| | | explains the cond- |
| | | itions under which]|
| | | the class has to |
| | | be supported. |
T T e +
| XoR | "choice" | |
| | substatement | |
T T e +
| error notification?? | "must" | |
| | substatement | |
T T e +
| hyperlink?? | "reference" | Papyrus doesn't |
| | substatement | support hyperlinks|
T e T e +
| lifecycle stereotypes | "status" | "current”, |
| | substatement | "deprecated", |
| | | "obsolete" |
| | | default=current |
T T e +
| attributes | see mapping of | |
| | attribute types | |
[ | (grouping, leaf, | |
| | leaf-list, container, | |
| | 1list, typedef, uses) | |
T T e +
| complex attribute | "uses" | |
| | substatement | |
T T e +

Page 20 of 32
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Figure 23: Mapping of Notifications

notification NotificationA {

«Signal» leaf atl:nbulte 14
=3 NotificationA type string
(=] + attributel: String [1]
=] + attribute2: Integer [1] leaf attribute2 {
type integer

Figure 24: Notification Mapping Example (Available in PDF or HTML versions)

4.10 Mapping of Lifecycle

B e et T e PP +
| UML Lifecycle |
B R T e C T T P +
| lifecycle stereotypes | "status" | YANG: "current", |
| | substatement | "deprecated", |
| | | "obsolete" |
| | | default=current |
| | | |
| | | UML: <<Example>>, |
| | | <<Experimental>>, |
| | | <<Faulty>>, |
| | | <<Preliminary>>, |
| | | <<Obsolete>>, |
| | | <<LikelyToChange>> |
| | | |
| | | How to map or |
| | | enhance?? |
B e e T PP +

Figure 25: Mapping of Lifecycle

4.11 Other Mappings
e e +
| UML Lifecycle |
B e e T PP +
| Conditional Package | "container" statement | |
| | with | |
| | "presence" | |
| | substatement | |
B e e T PP +
| Package?? | Submodule | |
B R T e C T T P +

Figure 26: Other Mappings
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5. Mapping Issues
5.1 Using types defined in YANG
Many common types (primitive and complex) are already defined in YANG. E.g,, ietf-inet-types, ietf-yang-types (others to be investigated):

ietf-inet-types

- domain name and URI types - ietf-yang-types
- DomainName - Counter32
- Uri - Counter64

- <<Union>> Host DateAndTime
- types related to IP addresses and hostnames - DottedQuad

- Ip4Address - Gauge32
- Ipv4AddressNoZone - Gauge64
- Ipv4Prefix - HexString
- Ipv6Address - MacAddress
- Ipv6AddressNoZone - ObjectIdentifier
- Ipv6Prefix - ObjectIdentifier128
- <<Union>> IpAddress - PhysAddress
- <<Union>> IpAddressNoZone - Timestamp
- <<Union>> IpPrefix - Timeticks
- types related to protocol fields - Uuid
- IpVersion - Xpathl.e
- DscpP - YangIdentifier
- IpV6FlowLabel - ZeroBasedCounter32
- PortNumber - ZeroBasedCounter64

Figure 27: Re-engineered Example

It is proposed to define for the commonly used YANG types corresponding UML primitive or complex data types respectively. These types
will be available (by default) for use in all UML information models. This "re-engineering" needs to be done without making the UML
models YANG-depended.

o ]
«PrimitiveTypes - .
TpwdAddress ietf-inet-types.yang:: typedef ipvd-address
: ietf-inet-types.yang:: ip-Address
«DataType= e typesyEng-p
«choice» {
[ IpAddress type union {
[Eg + ipvdAddress: Ipvd Address [0.1] type inet:iipv4-address;
[Eg + ipvBAddress: IpvBAddress [0.1] type inetiipve-address;
i

Figure 28: IP Address Mapping Examples (Available in PDF or HTML versions)
5.2 YANG 1.0 or YANG 1.1
YANG 1.0 is approved and defined in RFC6020 [1].

YANG 1.1 is not currently approved and its definition is ongoing in draft-ietf-netmod-rfc6020bis [4]. Main enhancements are the action
and anydata statements.

5.3 Mapping of UML Packages

Need to define mapping rules for UML package into YANG modules or the new draft YANG package statement (draft-bierman-netmod-
yang-package [3])?
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6. Mapping Patterns
6.1 UML Recursion

As YANG defines hierarchical data store, any instances that need to store recursive containment will require translation. A mapping
between object-oriented store and a hierarchical store is possible; however, there is more than one option:

» Reference Based Approach - have a flat list of objects, where the objects are linked into a hierarchy using references. An example of
a two-way navigable approach is in RFC7223 [2]. See example in Figure 29 below.

¢ Assume some specific number of "recursions”; i.e., specify some default number of recursion levels, and define a configurable
parameter to allow changing the number of levels. See example in Figure 30 below, in which there is one level of recursion.

list object {

kev name;
 Tobea ] leaf name {
+ name: String (1] tvpe stnng;
1l leaf-list object-within-object {
+ objectWithinObjeet & [*] type leafref {
path *“/objectname";

¥
¥

Figure 29: Reference Based Approach (Available in PDF or HTML versions)

Example from IETF RFC 7223 (https://datatrackerietforg/doc/rfc 72230

+—xw interfaces
L. 3—xw interface* [name]

| +--IW name 3tring
+--ri description? aLring
+--IW type identityref
+——rW enabled? Boolean

|
|
|
| +--rW link-up-down-trap-enable? enumeraticn
+—x5 interfaces-state
+—r@ interface* [name]

+-——-rg name atring
T e
= Interfbee +—pg higher-layer-if* interface-state-ref
i + narve Sting {1] +—-r0 lower-layer-if#* interface-state-ref
i« description: String [0.1] gt

K = type: <Undefined> [1]
i = enabled: Boolean [0.1] = true

s where
5 + lnkUpDownTrapEnable: Boclean [0.1]

Lypedef interface-state-ref |
type leafref {
path "/if:interfaces-state/if:interface/if:name”;

degcription
Y -l "This type is used by data models that need to
IrtetacesState reference the coperaticnally present interfaces.™;
= 3 = St 1
= -nch ting [ | i }

leaf-1ist higher-layer-if |

m type interface-gtate-ref;

description
"A list of references to interfaces layered on top
of this interface.™;

« higheiayed N\ [

reference
"RFC 2863: The Interfaces Group MIB -
ESracklable™:

i

leaf-list lower-layer-if {
type interface-state-ref;
description
"h list of references to interfaces layered
underneath this interface.”:

reference
"RFC 2863: The Interfaces Group MIB -
ifgrackIable™:

Figure 30: Specific Number of Recusions (Available in PDF or HTML versions)
The reference-based approach is generally preferred because there is no arbitrary limitation set in the solution.

6.2 UML Conditional Pacs

May use the "presence” property of the container statement?
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Bist ClassE {
key "gbisctIdentifisr’;
lea abjsctidentifier {

type sting;

leaf attribute {

H
<condition for L £ ClossF_Pac contaimer ClassE_Pac {
ClassF_Pac attributes> = - attributed presence " <condition for ClassF_ Pag attributes™";
ol [0-1] |5+ atributed
- ] leafattribute3 {
e Closit ....a—F“ﬂ_";ﬂ: _shassF_Pac
2 + objectldentifier 13 3
=i+ attributel ]
leafattributed {
1 Cands = ClassG_ Pae
[a.4) attribute T
. | - tributes !
< condition for L }
Class_Pac attibutess | + <1850, Pac contaimer ClassG Pac |
presence " <condition for Class( Pac attnibutes=";

leafattribute’ {

leaf attribute6 1

¥

st

Figure 31: Mapping of Conditional Packages (Available in PDF or HTML versions)
6.3 XOR Relationship
Use the "choice” property of the container statement.
6.4 Mapping of UML Support and Condition
The UML Modeling Guidelines [8] define support and condition for all UML artifacts (M - Mandatory, O - Optional, C - Conditional, CM -
Conditional-Mandatory, CO - Conditional-Optional). Support qualifies the support of the artifact at the management interface. Condition
contains the condition for the condition-related support qualifiers.
M - Mandatory maps to the "mandatory" substatement in choice and leaf or to the "min-elements” substatement in leaf-list and list.

0 - Optional need not be mapped since the per default the "mandatory” and "min-elements" substaments define optional.

All conditional UML support qualifiers are mapped to the "if-feature” substatement.

feature gthemet {
description
«openMedelClasss "Thiz feature means the network
& Classl element provides Ethemet;
=OpenModeiliass= 1
support=CONDITIONAL_MANDATORY 4
condition=This object class has to be supported if the network element provides Ethemet. container Class] {
£ + attributel: <Undefined> [1] if-feature sthemet
leafattributel {
1
i

Figure 32: Support and Condition Mapping Example (Available in PDF or HTML versions)
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7. Mapping Basics

7.1 UML-YANG or XMI-YANG

list Classi {

key classiid;
description “This cbject class models the...”;
Leaf classiDd {

type string:

config false;

}
sopenhlodelClass leaf sttributel
B i T i
3 sopenhodelAttibutes + classlld: Sting (1] EW mandstary true;
53 =cpenhodelAttributes = attiibutel: String [1] config false;
151 sopenModelAttrbutes [vabueRanges1-100) + sttributed: Integer [2.5] ¥
3 Maodslastr L - = sttribs Eoalean [1] > Lleaf-1ist attribute2 {
o op e + attibuted: E  [1]= LITERAL 2 unique] Speingd
\\ range “1-108";
min-elesents 2;
max-elements
sEnumerations
; : leaf attributed
B Enumerstion) type b-uoleang
= LITERAL L default true;
= LITERAL 2 config false;
=1 LITERAL 3 copExt:isImvardant;

¥
Leaf attributed |
type enusmeration {

———_, enum LITERAL 1;

enum LITERAL 2;
enum LITERAL_3;

¥
default LITERAL_2;
config false;
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Figure 33: Example UML to YANG Mapping (Available in PDF or HTML versions)

“hody>Thin obien Y

</awnedtoammnt?

tounsdhstribats sl iypentunl | PropeRty
P mmmiml : Prisd tlvaTypa= b

</ oumadhzrribotes

<ownadnttribute mmi:typestuml Fropasty” s

ate

towmackrtribate i typesTuml (Froparty
teypammiml: PrisktiveTypes hee
=il L taral T tager

S G FBad 2 0T Twitr L JA%
- ThnIaSEe 2O TTvXEEL AT
bodys

pat oy £/ UML_LITRARIES fUMLPTAnd i vaTypes. Libracy.

a=arecibutal >
vaTypes, I ibrary.

tider TREBAGAFEaSzOTTVAESIIAT o
=peathmap UM LIRRARTES fAMLPrind.

L1iaes BT LoGAFEARRCYTVANII A" names"a Crributed
= pathmag - £ ML, BRANLES fUMLP £ b L vaTypes . Libeary .

= ol OaGBeSI0YTVAr LA valuna=3e ¥

seOTTvrER L iR manteibuteds

</packagedEiements

<onfrrofilesonfattribuce xmiside= ¥bha

<packagedElement xmi:type="uml:Enumeration” xmi:rid=" doSvgGaGEeszdYTvir8ija~ name="
GpLYMGaGEaS 2 0¥ Tviir 81 AR

_16%-wOaGBeSz0YTvArd1iA" n
="_laRpBGaGEasz0¥TViicB 1A~

</packagedElement>

ype=tiuml:Enunarationliteral® wm

i JEe ik _vaZhs namem-arteibuted® by

crBliA" valueRange®"1-106= b

sem.

o

xm

iamend

THvieBliA" valusw teus=/a

{Fide"_EraofsiBesaupRFo _waZA® valus=-LITERAL 3" /%

*_MOFPOOANES SAOTTVARITIAS names=alasslld® ishaadinly=®crws=s - > leaf

mlesteing >

leSeringe £ —

m\ !
= _L1%ASWaCEa®E (TTvicBLIAS valusw=6-/>

onlym=Leuat>

pene_dobrgiatitasedTiviiell A2

@ Propertys” ¥hileOaFEeszOYTviedl

aame="LITERAL 3"/>

Enmerationl=> -—-—-""-’—_._';

nmne=“l'.l'fml'._l—f>v

izt Classi {

key clasclld;

description "This cbject class models
classitd {

type string;

config false;

the...";

i
leaf attributel {
type string;
config false;

leaf-1ist avtribute? {
type intdé {
range "1..188";

min-elements 2;
max-elements &;

¥

leaf attributed {
type boolean;
default tru
config false;

}

leaf attributed {

type enumeration {
enum LITERAL_1;
enum LITERAL_2;
enum LITERAL_3;

}
default LITERAL 2;
config false;

Figure 34: Example XMI (Papyrus) to YANG Mapping (Available in PDF or HTML versions)

9/8/2015



Guidelines for Translation of UML Information Model to YANG Data Model Page 26 of 32

8. Acknowledgements

9/8/2015



Guidelines for Translation of UML Information Model to YANG Data Model Page 27 of 32

9. IANA Considerations

This memo includes no request to [ANA.
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10. Security Considerations

This document defines defines guidelines for translation of data modeled with UML to YANG. As such, it doesn't contribute any new
security issues beyond those discussed in Sec. 16 of RFC6020 [1].
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A. Example

The YANG data schema (in tree format) shown below was extracted from dharini-netmod-g-698-2-yang [5] and represents the same data
as UML model appearing in Figure 37 after the tree format. Note: The color code used in the tree format corresponds to the color code
used in the UML class diagram.

"if:interfaces/

| +--rw applicationCodeId? uint8

| +--rw applicationCode? string

| +--rw vendorTransceiverClassId? uints
|  +--rw vendorTransceiverClass? string

| +--ro numberApplicationCodesSupported? uint32

| +--ro applicationCodeslist® [applicationCodeld

| +--ro applicationCodeld wuintd

| +--ro applicationCode? string

|  +--ro numberVendorTransceiverClassSupported? wuint32

|  +--ro vendorTransceiverClasslist® [vendorTransceiverClassId

| +--rg wendorTransceiverClassid — uints

| +--ro vendorTransceiverClass? string
+--rw outputPower? int32
+--ro inputPower? int32

Figure 35: Interfaces Tree (Available in PDF or HTML versions)

notifications:

+---n optIfoChWavel engthChange

| +--rg if-name? leafref

| +--ro wawvelength

| +--rg wavelength? uint32

+---n pptIfochApplicationCodeChange

| +--rg if-name? leafref

| +--ro newdpplicationCode

| +--ro applicationCodeld?  wints

| +--ro applicationCode? string

+---n pptIfochVendorTransceiverCodeChange
+--rg if-name? leafref
+--ro newMendorTranscelverClass

+--rp vendorTransceiverClassTd?  wint8

+--ro vendorTransceiverClass? string

Figure 36: Notifications Tree (Available in PDF or HTML versions)
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«]ETF»
E Interfaces
rfrom Objedt Classes)

E] optifochRsss
{from Object Classes)
| 5 \fCurr'eanp;ﬂ'icat\ontode 1 Opﬂf'GChAppliEationCode
5B ifCurrentVendarTransceiverClass : OptfOChVendorTransceiverClass
B ifSupportedApplicationCodes : OptfOChApplicationCodelist {read-only}
5 ifSuppartedVendorTransceiverClasses : OptlfOChVendorTransceiverClassList fread-only}
5B optlfOChPower : OptifOChPower
_ LFG) optlfOChWavelength : OptIfOChWavelength

[ sdocumentations

- RsSs path configuration for an interface,

uses o C s
datalypen wdatalypes
| Optif0ChVendorTransceiverClassList : | i = OptifOChApplicationCadelist
(from Type Defintians] L B hEs {fram Type Definitions)
Lr.-anumherVendorTraﬂsteiverCIassesSupported: UINT32 i ! |_‘rénumberAppIi(ationCodesSuppcrted + UINT32
Lr.—avendorTransceiverCIassList + OptifOChVendorTransceiverClass [f] ) applicationCodeList : OptFOChApplicationCade [*]

ses  Uses

ﬁses | ' f ; Lises
=) sdocumentations W i ; Y
List of vendor transceiver codes graup. wdlatalypes | i ailataTypes
OptifOChVendorTransceiverClass Optif0ChApplicationCode
{from Type Definitions) {from Type Definitions)
G vendarTransceiverClassld : UINTE 7 applicationCadeld : UINTE
PR ... ] 9
E sdorumentation: Ic vendorTranseeiverClass ; Sting i, applicationCode  String
A unigue Vendor T T
transceiver class supparted ' I i
by this interface, ' W Y
| sfatalypes ulatalypes i
i OptifOChPower OptIfOChWavelength
[T i y USES
outputPower: UINT32 wavelengthn : UINT32
y 55 outp ) : ot

5 inputPower : UINT32 {read-anly}

Data Types | Jé; 5

= «documentations
List of Application cades group.

" [ edocumentations

Application code entity.

|
‘ wsignale

=) OplfOChWavelengthChange

«signals
‘ OptifdChVendorTransceiverCodeChange

‘ [z OptIfOChApplicationCodeChange

wsignals

g, ifName ; LeafRef
| G newVendarTransceiverClass : OptifOChVendorTranseeiverClass

iz, itName ; LeafRef
Q;wave[ength OptfOChWavelength

B ifName : LeafRef
Q;newApphcatmnCode OptifOChApplicationCode

Notifications

Figure 37: Interfaces UML Model (Available in PDF or HTML versions)
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