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Abstract

This document defines guidelines for translation of data modeled with UML to YANG including mapping of object classes, attributes, data
types, associations, interfaces, operations and operation parameters, notifications, and lifecycle.
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Internet-Drafts are draft documents valid for a maximum of six months and may be updated, replaced, or obsoleted by other documents at
any time. It is inappropriate to use Internet-Drafts as reference material or to cite them other than as “work in progress”.

This Internet-Draft will expire on April 30, 2017.

Copyright Notice
Copyright © 2016 IETF Trust and the persons identified as the document authors. All rights reserved.
This document is subject to BCP 78 and the IETF Trust's Legal Provisions Relating to IETF Documents (http://trustee.ietf.org/license-
info) in effect on the date of publication of this document. Please review these documents carefully, as they describe your rights and

restrictions with respect to this document. Code Components extracted from this document must include Simplified BSD License text as
described in Section 4.e of the Trust Legal Provisions and are provided without warranty as described in the Simplified BSD License.

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...  10/27/2016



Guidelines for Translation of UML Information Model to YANG Data Model

Table of Contents

. Introduction
. Terminology
. Overview

W N =

. Mapping Guidelines
4.1 Mapping Guideline Considerations
4.2 Mapping of Object Classes
4.3 Mapping of Attributes
4.4 Mapping of Types
4.4.1 Mapping of Primitive Types
4.4.2 Mapping of Complex Data Types
4.5 Mapping of Enumeration Types
4.6 Mapping of Associations
4.7 Mapping of Interfaces
4.8 Mapping of Operations
4.9 Mapping of Operation Parameters
4.10 Mapping of Notifications
4.11 Mapping of Lifecycle
5. Mapping Patterns
5.1 UML Recursion
5.1.1 Reference Based Approach
5.2 UML Conditional Pacs
5.3 XOR Relationship
5.4 Choice Stereotype
5.5 Mapping of UML Support and Condition

6. Mapping Basics

6.1 UML-YANG or XMI-YANG
7. Acknowledgements
8. IANA Considerations
9. Security Considerations
10. Informative References
Authors' Addresses

Figures
Figure 1: Mapping of Object Classes
Figure 2: Example of Abstract Object Class Mapping (Available in PDF or HTML versions)
Figure 3: Example of Non-Abstract Object Class Mapping (Available in PDF or HTML versions)
Figure 4: Mapping of Attributes
Figure 5: Example of Attribute Mapping (Available in PDF or HTML versions)
Figure 6: Mapping of Types
Figure 7: Mapping of Primitive Types
Figure 8: Mapping of Complex Data Types
Figure 9: Example of Complex Data Type Mapping (Available in PDF or HTML versions)
Figure 10: Mapping of Enumeration Types
Figure 11: Example of Enumeration Type Mapping (Available in PDF or HTML versions)
Figure 12: Mapping of Associations
Figure 13: Association Mapping Example 1 (Available in PDF or HTML versions)
Figure 14: Association Mapping Example 2 (Available in PDF or HTML versions)
Figure 15: Association Mapping Example 3 (Available in PDF or HTML versions)
Figure 16: Association Mapping Example 4 (Available in PDF or HTML versions)
Figure 17: Association Mapping Example 5 (Available in PDF or HTML versions)
Figure 18: Association Mapping Summary
Figure 19: Mapping of Interfaces (grouping of operations
Figure 20: Mapping of Operations
Figure 21: Operation Mapping Example (Available in PDF or HTML versions)
Figure 22: Mapping of Operation Parameters
Figure 23: Parameter Mapping Example (Available in PDF or HTML versions)
Figure 24: Mapping of Notifications
Figure 25: Notification Mapping Example (Available in PDF or HTML versions)
Figure 26: Mapping of Lifecycle
Figure 27: Recursion Mapping Example 1 (Available in PDF or HTML versions)
Figure 28: Recursion Mapping Example 2 (Available in PDF or HTML versions)
Figure 29: Mapping of Conditional Packages (Available in PDF or HTML versions)
Figure 30: XOR Relationship Mapping Example (Available in PDF or HTML versions)
Figure 31: Choice Stereotype Example (Available in PDF or HTML versions)
Figure 32: Support and Condition Mapping Example (Available in PDF or HTML versions)
Figure 33: Example UML to YANG Mapping (Available in PDF or HTML versions)
Figure 34: Example XMI (Papyrus) to YANG Mapping (Available in PDF or HTML versions)

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...

Page 2 of 39

10/27/2016



Guidelines for Translation of UML Information Model to YANG Data Model Page 3 of 39

1. Introduction

As discussed in draft-lam-teas-usage-info-model-net-topology [5] 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 [6] (as constrained by the ONF's UML Modeling Guidelines [7]) to

YANG (defined in RFC6020 [1] and YANG 1.1 [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]

anydata
anyxml
augment
container
data node
identity
instance identifier
leaf
leaf-list

list

module
submodule

The following terms are defined in UML 2.4 [6]

association

attribute

data type

interface

object class

operation

parameter

signal (used to model notifications)
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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
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statement

statement

documentation

"Applied comments" |

(carried in XMI as |

"ownedComment") |
|
|
|

superclass(es)

abstract

object identifier

|
|
Note: Attributes used |
as object identifier |
are defined in UML by |
the attribute

property
"partOfObjectkey". |

Does not appear in the
UML when mapping to
YANG.

objectCreationNotific-
ation
[YES/NO/NA]

objectDeletionNotific-|
ation

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...

Object Class

"description”
substatement

"grouping" statement

"grouping" statement

list::"key"
substatement

"notification”
statement

"notification”

| statement

- Real object classes having/inheriting at least one attribute
identified as "partOfObjectKey" will be mapped to a "list"

identified as "partOfObjectKey" will be mapped to a "container"

- Abstract object classes used for inheritance will be mapped

|

|

|

|
- Real object classes not having/inheriting any attribute |

|

|
to a "grouping" statement

Multiple "applied |
comments" defined |
in UML, need to be|
collapsed into a |
single |
"description” |
substatement. |

Concrete |
superclasses are |
then mapped to |
container/list |
which uses these |
groupings.

It is possible |
that the |
superclass or |
abstract class |
contains the key |
attribute for the |
instantiated |
subclass, this |
requires the |
creation of the |
grouping but later|
when the subclass |
is instantiated |
the key value must|
be identified from|
within the
grouping.

It is possible |
that the super- |
class or abstract |
class contains the]|
key attribute for

the instantiated |
subclass.

The splitting of a|
list attribute |
(marked as key) |
into a single key |
attribute and an |
additional list |
attribute will be |
done in UML during]
Pruning and |
Refactoring. i.e.|
The mapping tool |
will never get a |
list attribute |
which is part of |
the object

identifier. |

Goes beyond the |
simple "a notific-
ation has to be |
sent": a tool can |
construct the sig-|
ature of the noti-|
cation by reading |
the created

object. |

Goes beyond the |
simple "a notific-
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[YES/NO/NA]

muliplicity >1 on
association to the
class

lifecycleState

Proxy Class
XOR

support

condition

operation

constraint property

list::"min-elements"

"max-elements"
substatements

"reference"
substatement

Ignore Example
elements and all
composed parts

"status”
substatement

substatement

"action"
substatement

container::presence"”

substatement

list::"unique"
substatement

"when" substatement

|
|
|
|
|
|
|
<<LikelyToChange>> |
|
|
|
|
|
|

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). |

min-elements
default = 0
max-elements
default=unbounded
mandatory
default=false |

<<UML>> -> "YANG"
<<Deprecated>>
"deprecated”,
<<Experimental>>
description,
<<Faulty>>
description,

description,
<<Mature>>
"current"”,
<<Obsolete>>
"obsolete",
<<Preliminary>>
description

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. |

YANG 1.0 supports |
only rpc -> add |
prefix to the rpc |
name; i.e.

objectClass::rpc; |
"action" requires |
YANG 1.1 |

UML is not able to|
define a group |
of attributes to be
unique as YANG can|
do using the |
"unique" |
substatement. |

Figure 1: Mapping of Object Classes
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grouping SuperClass1 {
leaf attributel {

mandatory true;

}
leaf-list attribute2 {

min-elements 2;
max-elements 4;

}

grouping SuperClass2 {
leaf attribute3 {

H SuperClasst H SuperClass2
& + attributel: <Undefined> [1] ] + attribute3: <Undefined> [1]
&l = attribute2: <Undefined> [2.4] il = attributed: <Undefined> [1..%]

mandatory true;

3
leaf-list attribute4 {

] subClass

[ + attributeS: <Undefined> [*] min-elements 1;
=] + attributeb: <Undefined> [0.1] }

3

container SubClass {

uses SuperClass1;
uses SuperClass2;
leaf-list attributes {

H
leaf attribute6 {

}

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

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...  10/27/2016



Guidelines for Translation of UML Information Model to YANG Data Model Page 10 of 39

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;
__ «IETF»
i, Interfaces
augment "/if interfaces/ifinterface” {
description "Parameters for an optical interface";
container optIfOChRsSs {
] optitochRsss description "RsSs path configuration for an
[Eg HCumentApplicationCode : OptiOChapplicationCode Interface :
[ HSupportedapplicationCodes : Opt#OChApplicationCodelist (read-only] containeri ftuﬂ'entAE | Jll cationCode {
£§ vPHHOCh Povees 2 DDTFO GRP bwe s description "Current Application code of the

55 optHOChCentralFrequency : OptfOChCentralFrequency =
. interface";

uses optIfOChApplicationCode:
)

=) sdoumentations
Rs5z path configuration for an interface,

container ifSupportedApplicationCodes {
config false;
description "Supported Application codes of
the interface";
uses optIfOChApplicationCodelist;
3

uses optIfOChPower:
uses optIfOChCentralFrequency;

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

4.3 Mapping of Attributes

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...  10/27/2016



Guidelines for Translation of UML Information Model to YANG Data Model

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...

Attribute --> "leaf" (single) or "leaf list" (multiple) |

documentation
"Applied comments"
(carried in XMI as
"ownedComment")

Multiplicity
(carried in XMI as
lowerValue and
upperValue)

defaultValue

statement

"description”
substatement

"type" substatement |
(built-in or derived) |

"config" substatement |
(false)

"ordered-by"
substatement
("system" or "user

No unique
sub-statement in |
leaf-list

"mandatory” or
"min-elements" and |
"max-elements"
substatements
[@..1]=>n0 mapping |
needed; is default |
substatement=false |
[1]=>mandatory
substatement=true |
[@..x]=> no mapping |
needed; is default |
[1..x]=> min-elements |
substatement = 1 |
[@..3]=> max-elements |
substatement = 3 |

"default"
substatement

Multiple "applied |
comments" defined |
in UML, need to be]|
collapsed into a

|

single |

"description" |

substatement. |

|

|

config |

| default = true |
ordered-by

default = system |

|

Only relevant for
multi-valued |
attributes. |

min-elements
default = 0
max-elements
default=unbounded
mandatory
default=false

If a default value]|
exists and it is |
the desired value, |
the parameter does|
not have to be |
explicitly config-|
ured by the user. |

"extension"
substatement -> |
ompExt:isInvariant |

valueRange

For string type: |
"pattern" and/or |
"length substatement|

of "type" substatement|

For integer and

decimal type:
"range" substatement|
of "type" substatement|

For all other typed |

attributes and for |

string or integer or |
decimal typed
attributes where the |

UML definition is not |

compliant to YANG: |

|
|
|
|
|
|

"description”
substatement

The tool should
provide a warning
at the output of
mapping process
notifying when one
or more UML
valueRange
definitions are
contained in the
description

the corresponding
leaf or leaf-list.
When the value of
"valueRange" is
"null", "NA",

"See data type",
the tool ignores
it and doesn't
print out "range"
substatement.

passedByReference

if passedByReference =|
true -> type leafref {|
path "/<object>/ |
<objectidentifier>"} |

|

if passedByReference

Relevant only to
attributes that
have an object
class defined as

+
|
|
|

+
|
|
|
|
|
|
|
|
|
|

substatement of |
|
|
|
|
|
|
|
|
|
|

+
|
|
|
|

their type. |
|
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false -> either "list"|
statement (key |
property, multiple |
instances) or |
"container" statement(|
single instance) |

|

|

|

|

|

|

B et e +
| partofobjectkKey > @ | list::"key" | It is possible that
| | substatement | the (abstract) |
| | | superclass contains
| | | the key attribute |
| | | for the

| | | instantiated |
| | | subclass. |
e e +
| unit | "units" substatement | |
e e +
| <<Reference>> | "reference" | |
| | substatement | |
e e +
| <<Example>> | Ignore Example | |
| | elements and all | |
| | composed parts | |
e e +
| lifecycleState | "status"” | <<UML>> -> "YANG" |
| | substatement | <<Deprecated>> |
| | | "deprecated", |
| | | <<Experimental>> |
| | | description, |
| | | <<Faulty>> |
| | | description, |
| | |<<LikelyToChange>> |
| | | description, |
| | | <<Mature>> |
| | | "current", |
| | | <<Obsolete>> |
| | | "obsolete", |
| | | <<Preliminary>> |
| | | description |
B et e +
| support | For conditional | Support and |
| | support only: | condition belong |
A mm e + | together. If the |
| condition | "if-feature" | "support" is cond-|
| | substatement | itional, then the |
| | | "condition" |
| | "when" substatement if| explains the cond-|
| | condition can be | itions under which]|
| | formalized as XPath | the class has to |
| | expression (i.e., it | be supported. |
| | is conditioned by the | |
| | value of another | |
| | attribute) | |
B et e +
| error notfication?? | "must" | |
| | substatement | |
B et e +
| {<constraint>} | "when" substatement | |
e e +

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...

Figure 4: Mapping of Attributes

Page 12 of 39

10/27/2016



Guidelines for Translation of UML Information Model to YANG Data Model

slipenbedelClasse
= Classk

o =0 + attributed: £

| a0peniodelAtiributes + classlid: String [1](resdOnly, unigue]

o «Openbicdelitribute. + ateribotel: Sering [1]

=/ a0peniodelAtiributes JvalueRange=1-100 | + sttributed: integer [2.5]

= «Opentiodelatiributes fislnvariant=tne | + attributed: Boolean [1] = true (readOnly, unique

ond [1] = LITERAL 2 {readiinky, urigus)

grouping Classl {
description "This class models the...";

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

¥

leaf attributel {
type string;
mandatory true;
}

leaf-list attribute2 {
type int8 {
range "1-100";
}

min-elements 2;
max-elements 6;

}

leaf aftribute3 {
type boolean;

<Erumeations Thiz abject class medels the . defanlt true;
=1 Enumeration]
= LITERALL config false;
=) LITERAL 2 ompExt:isInvariant
=1 LITERAL 3 }
leaf attribute4 {
type enumeration {
enum LITERAT, 1;
emum LITERATL 2;
emum LITERAL 3;
h
default LITERAL 2;
config false;
}
}
list Class1 {
key class11d;
uses Class1:
¥
Figure 5: Example of Attribute Mapping (Available in PDF or HTML versions)
4.4 Mapping of Types
B e +
| Types |
B e ettt e +
| UML Artifact | YANG Artifact | Comment |
B e ettt e +
| Primitive Type | Built-In Type if | e.g., Integer |
| | defined | |
B e ettt e +

4.4.1 Mapping of Primitive Types

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...

Figure 6: Mapping of Types
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e e e +
| Primitive Type -> "typeDef" statement

e e +
| UML Artifact | YANG Artifact | Comment |
B et e +
| documentation | "description"” | Multiple "applied |
| "Applied comments" | substatement | comments" defined

| (carried in XMI as | | in UML, need to be]|
|  "ownedComment") | | collapsed into a |
[ | | single |
| | | "description"

| | | substatement. |
e e +
| type | "type" substatement | |

| | (built-in type or |

| | derived type) | |
defaultValue "default" substatment | If a default value]|
| exists and it is |
| the desired value, |
| the parameter does|
| not have to be |
| explicitly

| configured by the |
| user. When the |
| value of |
| "defaultValue" is |
| "NA", the tool |
| ignores it and |
| doesn't print out |
| "default" |
| substatement. |

| unit | "units" substatement | |

| <<Reference>> | "reference" | |
| | substatement | |

| <<Example>> | Ignore Example |
| | elements and all | |
| | composed parts | |

<<UML>> -> "YANG"
<<Deprecated>>
"deprecated",
<<Experimental>>
description,
<<Faulty>>
description,

"status" | |
| |
| |
| |
| |
| |
| |
|<<LikelyToChange>> |
| |
| |
| |
| |
| |
| |
| |

substatement

lifecycleState

description,
<<Mature>>
"current",
<<Obsolete>>
"obsolete",
<<Preliminary>>
description

Figure 7: Mapping of Primitive Types

4.4.2 Mapping of Complex Data Types
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B e T +
| Complex Data Type -> "grouping" statement |
e e e +
| UML Artifact | YANG Artifact | Comment |
B et e +
| documentation | "description"” | Multiple "applied |
| "Applied comments" | substatement | comments" defined |
| (carried in XMI as | | in UML, need to be]|
|  "ownedComment") | | collapsed into a |
[ | | single |
| | | "description" |
| | | substatement. |
T e R LT +
| not used | "action" substatement | |
T T e +
| XOoR | "choice" | |
| | substatement | |
T T e +
| <<Reference>> | "reference" | |
| | substatement | |
T T e +
| <<Example>> | Ignore Example | |
| | elements and all | |
| | composed parts | |
B et e +
| lifecycleState | "status"” | <<UML>> -> "YANG" |
| | substatement | <<Deprecated>> |
| | | "deprecated", |
| | | <<Experimental>> |
| | | description, |
| | | <<Faulty>> |
| | | description, |
| | |<<LikelyToChange>> |
| | | description, |
| | | <<Mature>> |
| | | "current", |
| | | <<Obsolete>> |
| | | "obsolete", |
| | | <<Preliminary>> |
| | | description |
e e T e +
| complex attribute | "uses" statement | |
B et e +

Figure 8: Mapping of Complex Data Types

Leaf and leaf-list can only use built-in types, typeDef types or enumerations in their type substatement; i.e., not groupings. Complex data
types with more than one item (e.g., name value pair) can only be defined using groupings. Groupings can only be used by grouping,
container and list statements.
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=OpenModelClass=
El ClassR
= attributeCurrent: DataTyped [1]
= attnbutePotential: DataTypeA [1.."]

container ClassR {
uses ClassR:

grouping ClassR
container attributeCurrent §

uses DataTypeA;
}

list attributePotential {
key "attributel attribute3™;

min-elements 1;

uses DataTypeA;
}

«DataType»
[=] DataTypeA

&l partOfObjectKey=1 , islnvanant=true }] attributel: String [1]
= bute: Integer [U..1]
= fipartOfObjectKey=2, islnvaniant=true }| attribute3: String [1]

grouping DataTypeA {
leaf attributel {
i{pe string;
mandatory true;
l}eaf attribute? {
6'-pe nt64;
l}e:t;f—list attribute3 {
type string:
} mandatory true;

Figure 9: Example of Complex Data Type Mapping (Available in PDF or HTML versions)

4.5 Mapping of Enumeration Types

Page 16 of 39
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Enumeration Type -> "enum" statement
typedef for reusable (indirect usage) enumerations |

documentation
"Applied comments"
(carried in XMI as
"ownedComment")

isLeaf = true

lifecycleState

identity statement?

"description”
substatement

"value"
substatement

"enum"
substatement
"identity"/"base"
pattern

"reference"
substatement

Ignore Example

elements and all
composed parts

substatement

|
|
|
|
|
|
|
<<LikelyToChange>> |
I
|
|
|
|
|

Multiple "applied |
comments" defined |
in UML, need to be]|
collapsed into a |
single |
"description" |
substatement. |

UML definition ""

<<UML>> -> "YANG"
<<Deprecated>>
"deprecated",
<<Experimental>>
description,
<<Faulty>>
description,

description,
<<Mature>>
"current"”,
<<Obsolete>>
"obsolete",
<<Preliminary>>
description

Figure 10: Mapping of Enumeration Types
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Using “enumeration™
direct usage (nof recommended):
container ClassH {

leaf attributel {

fype enumeration {
emum LITERAL I;
emum LITERAL 2;
emum LITERAL 3;

default LITERAL 2;

mandatory true;

.F

Jt

r
1
typedef Enumerationl {
type enumeration {
enum LITERAL 1;
enum LITERAL 2;
enum LITERAL 3;

}
}
k- ClassH indirect usage:
= - attributel: Enumeration] [1] = LITERAL 2 e |
leaf attributel {
type Enumerationl;
default LITERAL 2:
}
«Enumerations= }
&1 Enumerationl Using “identity™/base”
= LITERAL_1 /I an empty 1dentity value is a “base 1dentity”™
=1 LITERAL_2 I/ L.e. it provides the reference name for a set of values
=3 LITERAL 3 identity Enumeration]l:

identity LITERAL 1 {
/f the “base”™ statement qualifies this identity value
/{ as belonging to the AdministrativeState set
base Enumeration]:
¥
identity LITERAL 2 {
base Enumeration]:
b

identity LITERAL 3 {
base Enumeration]:

¥
typedef Enumerationl {
type identityref {
/! “identityref” defines the associated set
base Enumerationl;
¥

leaf attributel {
type Enumerationl;
h

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

4.6 Mapping of Associations

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...  10/27/2016



Guidelines for Translation of UML Information Model to YANG Data Model

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...

Inheritance

Composition with

(aggregation=
‘composite')

"passed by value"

Aggregation with

(aggregation="shared') |
"passed by reference" |

abstract superclass:

"grouping" statement

concrete superclass:
"augment" statement

containing "list"

statement(s) (multiple

container" statement

contained instances)

or "container" state-

ment(s) (single

contained instances)

"leafref" statement

| 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 12: Mapping of Associations

3 Classi

= + attributel
O + attribute?

-

grouping ClassA {
leaf attributel {

}
leaf attribute? {

}
Ho }
assh ] .
M compostonts B B ST rouping ClassB {
= Sl leaf aftribute3 {
+ _classh + _classB o

3
leaf attributed {

}
}

container ClassA {

l‘l‘S-CS ClassA;
uses ClassB;

Figure 13: Association Mapping Example 1 (Available in PDF or HTML versions)
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grouping ClassA {
leaf attributel {
g - o
leaf attribute2 {

}
}

grouping ClassB {

leaf attribute3 {

gClas:ﬂ E Claz:B
[ + attributel || . 2 =1 + attribute3 leaf attributed {
[0 + attribute? <'1] <sggregation> [ I i
+ _clageld + _clamk }
}

container ClassB {

1-1.s-es ClassB:
}

container ClassA {

uses ClassA;
leaf _classB {
type leafref {
path "/ClassB"
}
¥
}

Figure 14: Association Mapping Example 2 (Available in PDF or HTML versions)

grouping ClassC {

leaf attributel {
leaf attribute? {

list classD {

key "name";
e o — uses ClassD;
E ClassC = ClassD }
=] + atinbut=l |1 = « | &1 {partOfObjectKey=1 } + name: String )
© + attrbuted |, “COMpostiond . o) | ogibuted
+ _classD grouping ClassD {
leaf name {

type string;
}
leaf attributed {

}
¥

container ClassC {

usyes ClassC;

Figure 15: Association Mapping Example 3 (Available in PDF or HTML versions)
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grouping ClassC {

leaf attributel {

}
leaf attribute? {

¥
}
grouping ClassD {
leaf name {
type siring;
E Classt | Classlt leaf attribute4 {
=1+ abtributel | 1 3 ¢ | 1= {partOfObjectKey=1} + name: String
(2] + attribute? “ogaregationdr o f [ + eftributed }
+ _clagel }
list ClassD {
key "name";
uses ClassD:
}
How to relate ClassD to ClassC?
container ClassC {
uses ClassC;
leaf classD {
type leafref {
path /ClassD’;
¥
¥
}
Figure 16: Association Mapping Example 4 (Available in PDF or HTML versions)
grouping ClassC {
leaf attribute] {
o
leaf attribute? {
}
}
grouping ClassD {
leaf name {
type string;
}
E ClassC ] ClassD leaf attributed {
= + attnbutel |1 + | &1 {partOfObjectKey=1 } + name: String
El + atirbute) |g  “COMposfionZ> B + sttributed ) ;
ki fist ClassD {
key "name";
uses ClassD);
}

container ClassC {

uses ClassC;
leaf classD {
type leafief {
path “/ClassD/name";
¥

3
3

Note: Lifecycle dependency is not considered in

the YANG mapping!
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Figure 17: Association Mapping Example 5 (Available in PDF or HTML versions)
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e e +
| UML |
e e +
| containment | association | inheritance
B et e +
| YANG | nesting | X | | |
| B Rt e +
| | grouping | | | X |
| | | |abstract superclasses|
| B Rt e +
| | augment | | | X |
| | | | concrete superclasses|
| B Rt e +
| | leafref | | X | |
B R T T T +

documentation
"Applied comments"
(carried in XMI as

| | Multiple "applied |
| |
| |
| "ownedComment™") |
| |
| |
| |

comments" defined
in UML, need to be

"description”

| |
| |
| collapsed into a |
| |
| |
| |

substatement

single
"description”
substatement.

| <<Reference>> | "reference"
| | substatement |

| <<Example>> | Ignore Example
| | elements and all |
| | composed parts |

<<UML>> -> "YANG"
<<Deprecated>>
"deprecated”,
<<Experimental>>
description,
<<Faulty>>
description,

"status"

|
|
|
|
|
|
|<<LikelyToChange>>
I
|
|
|
|
|

substatement

lifecycleState

description,
<<Mature>>
"current",
<<Obsolete>>
"obsolete",
<<Preliminary>>
description

| support | "if-feature"
| substatement

| Support and |
| 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. |

Figure 19: Mapping of Interfaces (grouping of operations

4.8 Mapping of Operations
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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
"Applied comments"
(carried in XMI as
"ownedComment")

pre-condition

operation exceptions

Internal Error
Unable to Comply
Comm Loss

Invalid Input

Not Implemented
Duplicate

Entity Not Found
Object In Use
Capacity Exceeded
Not In Valid State
Access Denied

lifecycleState

"description”
substatement

"extension”
substatement ->
ompExt:preCondition

"extension"
substatement
ompExt:postCondition

"extension"
substatement

| Multiple "applied |
| comments" defined |
| in UML, need to be]|
| collapsed into a |
| single

| "description" |
| substatement. |

RFC 6020; During

the NETCONF

<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.

ompExt :operationExceptions

"extension"
substatement

|

|

|

|

|

|

|
too-many-elements | |
too-few-elements | |
must-violation |
|

|

|

|

|

|

instance-required |
missing-choice |

ompExt:isOperationIdempotent |

"extension"
substatement
ompExt:isAtomic

"reference"
substatement

Ignore Example
elements and all
composed parts

"status”
substatement

| Necessary?? Not in]|
| UML Guidelines |
| (TR-514); needs to]
| be added?? |

| <<UML>> -> "YANG" |
| <<Deprecated>> |
| "deprecated", |
| <<Experimental>> |
| description, |
| <<Faulty>> |
| description, |
|<<LikelyToChange>> |
| description, |
| <<Mature>> |
| "current",

| <<Obsolete>> |

Page 23 of 39

10/27/2016



Guidelines for Translation of UML Information Model to YANG Data Model Page 24 of 39

| | "obsolete", |
<<Preliminary>> |
| | description |

| support | "if-feature"
| | substatement

| Support and |
| 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. |

Figure 20: Mapping of Operations

container InterfaceA {

«Interface»
£ InterfaceA action operationl {

1
4
g + operationl() action operation? {
+ operation2()
¥

}

Figure 21: Operation Mapping Example (Available in PDF or HTML versions)

4.9 Mapping of Operation Parameters
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documentation
"Applied comments"
(carried in XMI as
"ownedComment")

passedByReference

lifecycleState

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) |
"reference"”
substatement

Ignore Example
elements and all
composed parts

"status”
substatement

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

"choice"
substatement

"must" |
substatement

"uses" |
substatement

Figure 22: Mapping of Operation Parameters

Multiple "applied |
comments" defined |
in UML, need to be]|
collapsed into a

|
single |
"description” |
substatement. |
|
|
|
___________________ +
|
___________________ +
|
___________________ +
|
___________________ +
|
Relevant only to |
attributes that |
have an object |
class defined as |
their type. |
I
|
|
|
|
|
|
|
|
|
|
<<UML>> -> "YANG" |
<<Deprecated>> |
"deprecated", |
<<Experimental>> |
description, |
<<Faulty>> |
description, |
<<LikelyToChange>> |
description, |
<<Mature>>
"current"”,
<<Obsolete>>
"obsolete",
<<Preliminary>> |
description |

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 25 of 39

10/27/2016



Guidelines for Translation of UML Information Model to YANG Data Model Page 26 of 39

container InterfaceA {
action operationl {

input {
leaf parameter1 {
type string;
mandatory true;

leaf parameter2 {
tvpe boolean;
mandatory true;
¥
¥
anterfaces output {
£ Interfaced leaf parameter2 {
tvpe boolean;

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

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

¥

!

¥

action operation? {

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

—

Figure 23: Parameter Mapping Example (Available in PDF or HTML versions)

4.10 Mapping of Notifications
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e e e +
| "notification" statement |
e e +
| documentation | "description"” | Multiple "applied |
| "Applied comments" | substatement | comments" defined |
| (carried in XMI as | | in UML, need to be]|
|  "ownedComment") | | collapsed into a |
| | | single |
| | | "description" |
| | | substatement. |
B et e +
| <<Reference>> | "reference" | |
| | substatement | |
B et e +
| <<Example>> | Ignore Example | |
| | elements and all | |
| | composed parts | |
e e +
| lifecycleState | "status"” | <<UML>> -> "YANG" |
| | substatement | <<Deprecated>> |
| | | "deprecated", |
| | | <<Experimental>> |
| | | description, |
| | | <<Faulty>> |
| | | description, |
| | |<<LikelyToChange>> |
| | | description, |
| | | <<Mature>> |
| | | "current”, |
| | | <<Obsolete>> |
| | | "obsolete", |
| | | <<Preliminary>> |
| | | description |
B et e +
| support | "if-feature" | Support and |
| | substatement | condition belong |
A mm e + | together. If the |
| condition | | "support" is cond-|
| | | itional, then the |
| | | "condition" |
| | | explains the cond-|
| | | itions under which]|
| | | the class has to |
| | | be supported. |
e e +
| Proxy Class | "choice" | |
| XOR | substatement | |
e e +
| error notification?? | "must" | |
| | substatement | |
e e +
| attributes | see mapping of | |
| | attribute types | |
| | (grouping, leaf, | |
| | 1leaf-list, container, | |
| | 1list, typedef, uses) | |
B et e +
| complex attribute | "uses" | |
| | substatement | |
B et e +

Figure 24: Mapping of Notifications
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«Signats
«OpenModelNotification»
[ GenericMNotification

=1 genericAttributel: <Undefined> [1]
= genericAttribute?: <Undefined> [1]

«Signal.
«OpenModelNotifications
[#] NotificationA
(=] attributel: String [1]
=] attribute; Integer [1]

grouping GenericNotification {
leaf genericAttributel {
mandarorj, true;
geaf—l.isr genericAttribute2 {
mandarorj, true;

}
}

grouping NotificationA {
leaf attributel {
fype string
}
leaf attribute? {
type integer

¥
}

notification Notificationd {

uses GenericNotification:

uses NotificationA;

¥

Table from onf2015.276:
Parameter name ITU-T M.3702 IGPP TS32.302
objectClass M M
objectInstance M M
notificationld aka
notificationldentifier e M
eventTime M M
systemDN M M
notificationType M M

Figure 25: Notification Mapping Example (Available in PDF or HTML versions)

4.11 Mapping of Lifecycle

m m o o oo
| UML Lifecycle
m e e e
lifecycle stereotypes "status"
substatement or
"description”
substatement

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...

| <<UML>> -> "YANG" |
| <<Deprecated>> |
| "deprecated", |
| <<Experimental>> |
| description, |
| <<Faulty>> |
| description, |
|<<LikelyToChange>> |
| description, |
| <<Mature>> |
| "current”, |
| <<Obsolete>> |
| "obsolete", |
| <<Preliminary>> |
| description |

Figure 26: Mapping of Lifecycle
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5. Mapping Patterns
5.1 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 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].

¢ 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.

5.1.1 Reference Based Approach

list object §

kev name;
Eltiea leaf name {
+ name: String [1] tvpe smng;
it leaf-list object-within-object {

+ _objectWithinObyect

type leafref {
path */objectname";

Figure 27: Recursion Mapping Example 1 (Available in PDF or HTML versions)

Example from IETF RFC 7223 (https://datatracker ietf.org/doc/rfe7223/)

+--x% interfaces
L. +--rw interface* [name]

| +-——rW name 3tring
| +—rw description? Skring
| +-—gn type identityrei
| +——rw enabled? Booclean
| +——rW link-up-down-trap-enable? enumeraticn
+—-xn interfaces-state
+——rg interface* [name]
+——rg name gtring
S
l Interfoce +—rf higher-layer—if#* interface-state-ref
& + name Sting {1] +—-ro lower-layer-if#* interface-state-ref
i« desonpticon: Slrmg[-fl..l] . Eame

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

. where
5+ lnkUpDownTrapEnable Boolesn [0.1]

kypedef interface-state-ref |
type leafref {
path "/if:interfaces-atate/if:interface/ifiname";

deacription
3 "This type is used by data mndels that need to
L] InterfnceState reference the cperaticnally present interfaces.™;

5 = name: Sting [1] 1
= _.x cUndefined> [1]

« _loweilayed

]

leaf-1ist higher-layer-if |
[ type interface-state-ref;
description

* igherLayed 1\ 1'] "L list of references to interfaces layersd on top
of this interface.™;
reference
"RFC 2863: The Interfaces Group MIB -
Loracklable”:

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 -
ifdrackTable™:

Figure 28: Recursion Mapping Example 2 (Available in PDF or HTML versions)

5.2 UML Conditional Pacs
Use the "presence” property of the container statement?

Note: An example of this usage is given in the "Data nodes for the operational state of IP on interfaces.” within ietf-ip.yang RFC7277 [3].
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[ =cansition for Clesr_pac stibutes= Ty

| ClazsF Fac

i+~ attibuted

o+ attributed
=

grouping ClassE {

{eaf objectldentifier {
type string;

leaf attribute? {

;

grouping ClassG Pac {

The associations related by the "xor" constraint are mapped to the "choice" property of the container/list statement.

I CassE
—| {par0fObje ctiey=1 | + abjectidentifier: Sin L -1 -
St Leisilon e = leaf attribute5 {
e sConu T Cstrae | }
T 0.1 [0 + attribute leaf attributet {
i - attributeb
g ®
3
}
list ClassE {
key "objectldentifier”;
uses ClassE;
container ClassG_Pac {
presence " <condition for ClassG_Pac attributes=";
uses ClassG Pac;
}
}
Figure 29: Mapping of Conditional Packages (Available in PDF or HTML versions)
5.3 XOR Relationship
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«DpenhiodeiClasia
= ServerbjectClace

= k= dlientObyectClass.

= \fro clianiObjmciClan

* ol + ciemtOge ctClass

=OpenkindeiC asse
CheniObjectClas Akemtivel

Opeiiodeitiaz

[T —

CHervDhjectClass A

2 ] ClientoegectCl

grouping ServerObjectClass {

3
grouping ClientObjectCLass_Alternativel {

H
grouping ClientObjectCLass Alternative? {

}
grouping ClientObjectCLass_Alternatived {

}

list ClientObjectCLass Alternativel {
key ...;
uses ClientObjectCLass_Alternativel;

}

list ClientObjectCLass_Alternative2 {
key ..;
uses ClientObjectCLass_Alternative2;

}

list ClientObjectCLass_Alternative3 {
key ..
uses ClientObjectCLass_Alternative3;

}
list ServerObjectClass {
key ...;

choice _clientObjectClass {
case ClientObjectCLass_Alternativel {
leaf ClientObjectCLass_Altemativel {
type leafref {
path '/ ClientObjectCLass_Alternativel”,
}
¥

}
case ClientObjectCLass_Alternative? {
leaf ClientObjectCLass_Alternative? {
type leafref {
path '/ ClientObjectCLass_Alternativel",
}
i

}
case ClientObjectCLass_Alternative3 {
leaf ClientObjectCLass_Alternative3 {
type leafref {
path '/ ClientObjectCLass_Alternative3";

5.4 Choice Stereotype

Figure 30: XOR Relationship Mapping Example (Available in PDF or HTML versions)

Page 31 of 39

The choice sterotype can be associated in UML to a class or a data type. The class or a data type which is annotated with the choice
sterotype represents one of a set of classes/data types. This pattern is mapped to the "choice" property of the container/list/grouping

statement.
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1 W)+ _alkemativel

«OpenModelClass, Choices

= substituteObjectClass

1I 14 1

15f¢ + _oltermnative?

14

+ _alb=matived

alpenhodelClasss
H &lternativel ObjectClass

aOpenhodd Classs
= Alternative?ObjectCless

alpentodel Clazss
= AlternatvedObjectClass

grouping SubstituteObjectClass {

}

grouping AlternativelObjectClass {

}

grouping Alternative?ObjectClass {

}
grouping Alternative3ObjectClass {

}

container Alternativel ObjectClass {
uses Alternative 1 ObjectClass;

}

container Alternative2 ObjectClass {
uses Alternative2 ObjectClass;

3

container Alternative3ObjectClass {
uses Alternative3ObjectClass,

}
list SubstituteObjectClass {
key ..

choice __ alternative {
case Alternativel ObjectClass {
leaf AlternativelObjectClass {
type leafref {

path '/Alternative1ObjectClass™;

}
}

case Altemative?ObjectClass {
leaf Alternative2ObjectClass {
type leafref {

path "/Alternative2ObjectClass’;

}
}

¥
case Alternative3ObjectClass {
leaf Alternative30bjectClass {
type leafref {

path YAlternative 30bjectClass’;

Figure 31: Choice Stereotype Example (Available in PDF or HTML versions)

5.5 Mapping of UML Support and Condition

Page 32 of 39

The UML Modeling Guidelines [7] 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.

O - 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.
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Page 33 of 39

«openModelClass»
b Classl

«OpenModelClass:
support=CONDITIONAL_MANDATORY
condition=This object class has to be supported if the network element provides Ethernet.

[&) + attributel: <Undefined> [1]

feature ethernet {
description

"This feature means the network

element provides Ethernet.";

H

container ClassI {

if-feature ethernet
leaf attributel {

}

Figure 32: Support and Condition Mapping Example (Available in PDF or HTML versions)
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6. Mapping Basics
6.1 UML-YANG or XMI-YANG

1ist Classl {
key classild;
description “This cbject class models the...”;
" leaf classiid {
type string:

_— config false;

wopenhodelClassa
] Class

pleaf attributel {
B type string;

15 scpenhlodeldttributes {valusRange=1-100} - stiribute2: Integer [2.5)
it (nartante Talsg] &

£ sepenblodel Boolesn [1] = true |
i <op ftes + attibisted; Ei jcnd 1] = UITERAL 2 f

i sopenhodelattibutes = classlid: String (1] EW
[ sopenhodelAttributes + attributel : String [1]

mandatory true;
config false;

[ leaf-1list attribute {

type intd {
range “1-188";

min-elesents 2;

max-elesents 6;

Enumerat

[ Enumerstion] This ebject class models the leaf ntr:ztjin!
= i
W LITERAL 1 default true;
SIUTERAL2 | cenfig false;
=1 LITERAL_3 —— empExt: dsInvardant;
. -3
e T Lleaf attributed {
e type enumeration {
‘———______; enus LITERAL 1;

enum LITERAL 2;
enum LITERAL_3;

}
default LITERAL_2;
config false;

Figure 33: Example UML to YANG Mapping (Available in PDF or HTML versions)

“packagedElement
<cwnadComment wai unl: Commant™ ==
“hody>Thin ohient olass models the

B GaFEaS 20T ROL

o ot By

THuGaSEe SR O TTYAR AL SA" an:

izt Classi {
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classitd {
type string;
config false;

namem=ateributel =3

}
— = leaf attributel {
type string;
config false;

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

samem=anteibuteds

min-elements 2;
max-elements &;

3

leaf attributed {
type boolean;
default true;
config false;

}
leaf attributed {

r._-_—._._._’_____;type enumeration {
=" doSvgOaGEeSzOTTvirdl jA" name="Enmerationl=> enum LITERAL_1;

enum LITERAL _2;

"_gpLYMGaGEeSzOTTwAr81IA™ name="LITERAL 1%/> enum LITERAL 3
_Lﬂz—mﬁ!eszan\flxﬂle" ::nme="LETERAL_ﬂ"."> } s
_lafgBGatEesz0TTwc813A™ name="LITERAL 3°/> default LITERAL 2;

config false;

Figure 34: Example XMI (Papyrus) to YANG Mapping (Available in PDF or HTML versions)
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description "This cbject class sodels the...™;

</ownedicoment> leaf

~pathoags - £/ UML_LITBARIES fUMLPrind tiveTypes . Libracy unl@steing />

10/27/2016



Guidelines for Translation of UML Information Model to YANG Data Model Page 35 of 39

7. Acknowledgements

file:///C:/Users/escoman/Documents/transfer/Dropbox/ietf/ids/draft-mansfield-netmod-u...  10/27/2016



Guidelines for Translation of UML Information Model to YANG Data Model Page 36 of 39

8. IANA Considerations

This memo includes no request to [ANA.
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9. 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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