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1. Introduction

As discussed in draft-lam-teas-usage-info-model-net-topology [7] 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 [8] (as constrained by the ONF's UML Modeling Guidelines [9]) to
YANG (defined in RFC6020 [1] and YANG Update [5]) including mapping of object classes, attributes, data types, associations, interfaces,
operations and operation parameters, notifications, and lifecycle.



2. Terminology

The following terms are defined in RFC6020 [1]

* anydata

e anyxml

* augment
® container
e datanode
* identity

e instance identifier
e leaf

o leaf-list

o list

e module

e submodule

The following terms are defined in UML 2.4 [8]

® association

e attribute

e datatype

* interface

* object class

* operation

* parameter

* signal (used to model notifications)



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.



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



Object Class
- Real object classes having/inheriting at least one attribute
identified as "identifier" will be mapped to a "list" statement
- Real object classes not having/inheriting any attribute
identified as "identifier" will be mapped to a "container"
statement
- Abstract object classes used for inheritance will be mapped
to a "grouping" statement

UML Artifact | YANG Artifact | Comment
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.
superclass(es) "grouping" statement Concrete

superclasses are
then mapped to
container/list
which uses these
groupings.
abstract "grouping" statement 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.
object identifier list::"key" It is possible
substatement that the super-
Note: Attributes used class or abstract
as object identifier class contains the
are defined in UML by key attribute for
the attribute the instantiated
property subclass.
"partOfObjectKey".
object identifier list The splitting of a
list attribute
Does not appear in the (marked as key)
UML when mapping to into a single key
YANG. 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.
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 |

condition

operation

muliplicity on
association

"if-feature"
substatement

"action"
substatement

"choice"
substatement

list::"min-elements”
"max-elements"
substatements

container::presence”
substatement

"reference"
substatement

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

min-elements |
default = @ |
max-elements |
default=unbounded|
mandatory

default=false |

Papyrus doesn't |
support hyperlinks

|
e e L LR P +

lifecycle stereotypes

constraint property

abstract superclass/
inheritance

complex attribute

"status"
substatement

list::"unique"
substatement

"uses" substatement

UML:
<<Example>>,
<<Experimental>>,
<<Faulty>>,
<<LikelyToChange>>,
<<Deprecated>>,
<<Obsolete>>,
<<Preliminary>>
YANG:
"current",
"deprecated”,
"obsolete",
default="current"

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

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

It is possible that
the superclass or
abstract class
contains the key
attribute for the
instantiated
subclass.

Figure 1: Mapping of Object Classes



grouping SuperClassl {
leaf attributel {

mandatory true;

}
leaf-list attribute2 {

min-elements 2;
max-elements 4;

}

& SuperClass1 = SuperClass2

& + attributel: <Undefined> [1]
i + attribute2: <Undefined> [2.4]

] + attribute3: <Undefined> [1]
= = attributed: <Undefined> [1.7]

grouping SuperClass2 {
leaf attribute3 {

matndatory true;

El subClass

[ + attribute5: <Undefined= [*]
= + attribute§: <Undefined> [0.1]

}
leaf-list attributed {

min-elements 1;

}

container SubClass {

uses SuperClass];
uses SuperClass2;
leaf-list attribute5 {

}
leaf attribute6 {

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

__ «IETF=
i interfaces

[ OptifOChRsSs
[Eg HCumentapplicationCode : OptfOChapplicationCode
[5g HSupportedApplicationCodes : OptlifOChApplicationCodelist [read-only
g optOChPawer : OptHOChPower
55 optifGChentralFrequency : OptfGChCentralFrequency

=) sdocumentations
RsS3 path configuration for an interface,

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

module ietf-opt-if-g698-2 {
namespace "urnietf:
2698-2"
prefix ietf-opt-if-g698-2;

import ietf-interfaces {
prefix if;
¥

augment "/ifiinterfaces/ifinterface” {
description "Parameters for an optical interface”;
container optIfOChRsSs {
description "RsSs 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 optIfQChPower;
uses optIfOChCentralFrequency:

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




4.3 Mapping of Attributes



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

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

multiplicity

defaultValue

passedByReference

partOfObjectKey > @

statement

"description”
substatement

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

| "config" substatement
| (false)

"ordered-by"
substatement
("system" or "user")
"mandatory"” or
"min-elements"”
"max-elements"”
substatements
[0..1]=>no mapping
needed; is default
substatement=false
[1]=>mandatory
substatement=true
[@..x]=> no mapping
needed; is default
[1..x]=> min-elements
substatement 1
[0..3]=> max-elements
substatement 3
"default"
substatement

and

"extension"
substatement ->
ompExt:isInvariant
"pattern”, "range", or
"length" substatement
of "type" substatement
if passedByReference
true -> type leafref
path "/<object>/
<objectidentifier>"}

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

"units" substatement

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

| "description” |
| substatement. |

| config
| default = true |

ordered-by
default = system

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.

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

It is possible that
the (abstract) |
superclass contains
the key attribute
for the
instantiated
subclass.

Need to discuss
with the YANG
community about a
standard way to
express units (e.g.
kilobitspersecond,
kbit/s,
kilobits/second,
kbit/sec).

Current
description of the

new "unit" property
in OpenModelProfile
v0.2.1 is: |
"This optional |
property contains a
textual definition]|



condition

For conditional
support only:

"if-feature"
substatement

"when" substatement if
condition can be
formalized as XPath
expression (i.e., it
is conditioned by the
value of another
attribute)

"reference"
substatement

"when" substatement

of the unit |
associated with the
attribute value. |
The spelling of the
unit, including the
ones beyond SI
scope, shall be in
accordance to the
NIST Publication
811 "Guide for the
Use of the
International
System of Units
(SI)" (http://www.
nist.gov/pml/pubs/
sp811/index.cfm),
section 9 "Rules
and Style
Conventions for
Spelling Unit

Names".

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.

| Papyrus doesn't |
| support hyperlinks|

| "current" |
| "deprecated" |
| "obsolete" |
| default="current"|
| |

Figure 4: Mapping of Attributes



list Class1 {
key class11d;
description "This object class models the...";

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

¥

leaf atributel {
type string;
mandatory true;

}

leaf-list attribute2 {

~cpentodeiClasse -
Class typeint8 {
3 ~openhodelattributes = classlld String [1] {resdOnly, unique] range "1-100";
5 sopenMedelittributes = attributel: Strng (1] }
i sopenhlodeliatibutes [vebueRange=1 + pinbutel: [meger |1.4]
& sopenModelittributes [idnvanant=falie] + attrbuted: Boolean [1] = trse [readiOnly, unique) min-elements 2;
« attributed: Enumeraticnl [1] = LITERAL 2 {resdOnly, unigue) 4

max-elements 6;

}

«Enumerations .
B Enumisrationd This object class models the ... leaf atmbute3 {
= ez type boolean:
= LITERAL 3 default true;

config false;
ompExtisvariant

}

leaf attributed {

type enumeration {
enum LITERATL 1;
enum LITERAL 2;
enum LITERATL 3;

¥

mandatory true;

default LITERAL 2;

config false;

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

4.4 Mapping of Types

T T e LT +
| Types |
T T T L E TP +
| UML Artifact | YANG Artifact | Comment |
T s TR LT EEEE PP +
| Primitive Type | Built-In Type if | e.g., Integer |
| defined; otherwise ?? |new built-in type??|

T T s TR LT EEEE PP +
| Enumeration | "enum" statement | |
T s TR LT EEEE PP +
| Basic Data Type | "typeDef" statement | e.g., MAC address, |
| IPv4 Address |

T s TR LT EEEE PP +
| Complex Data Type | "grouping" statement | e.g., date-time |
| | object creation |
| | | data |
T s TR LT T EE PP +

Figure 6: Mapping of Types
4.4.1 Mapping of Primitive Types

B e e +
| Primitive Type -> new built-in type?? |
B e e +
| UML Artifact | YANG Artifact | Comment |
B e e +
| documentation | Description field | |
| (carried in XMI as | | |
| "ownedComment") | | |
B e e +
| Integer | intea | |
B e e +
| Boolean | boolean | |
B e e +
| String | string | |
B e e +



Figure 7: Mapping of Primitive Types
4.4.2 Mapping of Enumeration Types
Enumeration Type -> "enum" statement

typedef for reusable (indirect usage) enumerations
identity statement?

dmm e e e e e e +
| UML Artifact | YANG Artifact | Comment |
dmm e e e e 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.
dmm e e e e e e +
| literal integer | "value" | |
| | substatement | |
dmm e e e e e e +
| hyperlink?? | "reference" | Papyrus doesn't |
| | substatement | support hyperlinks|
dmm e e e e e e +
| lifecycle stereotypes | "status" | "current", |
| | substatement | "deprecated", |
| | | "obsolete" |
| | | default=current |
dmm e e e e e e +
| 2?2 | "if-feature" statement| |
drmm e e e e e +
Figure 8: Mapping of Enumeration Types
direct usage:
container ClassH {
leaf attributel {
type enumeration {
enum LITERAL 1;
enum LITERAT, 2:
enum LITERAL 3:
£ ClassH =
default LITERAL 2;
[&] + attributel: Enumerationl [1] = LITERAL_2 mandatory true;
}
}
}
indirect usage:
«Enumeration» container ClassH {
[€] Enumerationl
leaf attributel
= LITERAL 1 { iy
= LITERAL 2 type Enumerationl;
o default LITERAT, 2:
= LITERAL 3 )
¥
typedef Enumerationl {
type enumeration {
enum LITERAL 1:
enum LITERAL 2;
enum LITERAL 3;
}
}

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

4.4.3 Mapping of Basic Data Types



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

"description”
substatement

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

single
"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 jetf-yang-types.yang:
typedefmac-address {
type string {
pattern '[0-9a-fA-F]{2}(:[0-9a-fA-F]{2}){5}"
¥
— description
«PrimitiveType=» P

%] MacAddress

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

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

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

reference
"IEEE 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




e e +
| UML Artifact | YANG Artifact | Comment |
e e 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. |
e e e e +
| not used | "action" substatement | |
e e e e +
| XOR | "choice" | |
| | substatement | |
e e e e +
| hyperlink?? | "reference" | Papyrus doesn't |
| | substatement | support hyperlinks|
e e +
| lifecycle stereotypes | "status" | "current”, |
| | substatement | "deprecated", |
| | | "obsolete" |
| | | default=current |
e e e e +
| complex attribute | "uses" statement | |
e e e +

Figure 12: 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.

container ClassR {

container attributeCurrent {

uses DataTypeA:
3
list attributePotential {

key "attributel attribute3";

=OpenModelClass» r-ﬁ-in-elements 1;
g \
=i ClassR uses DataTypeA;
& attributeCurrent: DataTypeA [1] 1

= attributePotential: DataTypeA [1.."] {unigue}

grouping DataTypeA {

«DataType» "
[ DataTypeA leaf attributel {
(= {islnvariant=true; partOfObjectKey=1 } attributel: String [1]
[E attribute2: Integer [0..1] type string;
(=] {islnvariant=true , partOfObjectKey=2} attribute3: Boolean [*] mandatory true:
}

leaf attribute2 {
type int64;

¥

leaf-list attribute3 {

type boolean;

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

4.5 Mapping of Associations



Inheritance

Composition with

(aggregation=
‘composite')

"passed by value"

Aggregation with
(aggregation="'shared")
"passed by reference"

abstract superclass:
"grouping" statement

concrete superclass:
"augment" statement

"container" statement
containing "list"
statement(s) (multiple
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 14: Mapping of Associations

container ClassA {

loafatiributel {

3
leaf attribute2 {

£ ClassB
= = attributel | 1} [1] | & + attribute3 } :
& + attribute2 | o~ <compositionl > ) + attributed container ClassB {
+ _classA + _classB :
o e leaf attribute3 {
}
leaf attribute4 {
H
3
}
container ClassA {
leaf attributel {
}
leaf attribute2 {
] Classa E Classg } ;
= + attributel i < seesation [y | = + attribute3
S ainhites IR How to relate ClassB to ClassA?
+ _classA + _classB
container ClassB {

leafattribute3 {

}
leaf attribute4 {

Figure 15: Association Mapping Example 1 (Available in PDF or HTML versions)




container ClassC {

leafatiributel §

+ _classC

+ _classD

}
leaf attribute2 {
H ClassC H ClassD
i = attnbutel [11 o [*] |E =+ name: String }
1 + attribute2 |qp_<<OMPosition2> 1 + attributed list ClassD {
+ _classC + _classD ke}' "name";
leafname {
type string;
}
leaf attribute4 {
}
}
}
container ClassC {
leaf attributel {
}
leaf attribute2 {
E] ClassC E] ClassD } }
= + attributel - & + name: String
=+ attribute2 -‘.‘.“;m <aggregation2> 'l ] + attributed

How to relate ClassD to ClassC?

list ClassD {
key "name";
leafname {
type string;

leaf attribute4 {

}

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




container ClassC {

leaf attribute] {

}
leaf attribute2 {
}
leaf-listclassD {
type leafref {
O ClassC . path “/ClassD/name";
& + attributel 1 s * |E + name: String }
© + attribute2 g, <composition2> ) - sttributed }

+ _classC + _cIassD/" }

list ClassD {

key "name";

leafname {
type string;

leaf attribute4 {

}

Note: Lifecyele dependency is not considered in the
YANG mapping!

container ClassC {

beatiitilinkei s

leaf attribute2 {

leaf-list classD {

& ClassD
- = = z type leafref {
= = attributel 1 i * &l + name: String 5 Y 5 -|
& + attribute |~ <aggregationZ> £ + attributed path “/ClassD/name";
+ _classC + _cIassE)/‘ } }

list ClassD {
key "name";
leafname {
type string,

leaf attribute4 {

Figure 17: Association Mapping Example 3 (Available in PDF or HTML versions)

B T PP +

| UML |

B T e EE PP +

| containment | association | inheritance |
e e e +
| YANG | nesting | X | | |
| B R e R PP +
| | grouping | | | X |
| | | |abstract superclasses|
| B R e e +
| | augment | | | X |
| | | |concrete superclasses|
| B R e e +
| | leafref | | X | |
e e +

Figure 18: Association Mapping Summary

4.6 Mapping of Interfaces



| 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.

abstract

"if-feature" Support and

| substatement condition belong
R L TR TR + together. If the
condition | "support" is cond-
| itional, then the
| "condition"

| explains the cond-
|

|

)
c
o
©
o
3
+

itions under which
the class has to
be supported.

Figure 19: Mapping of Interfaces (grouping of operations

4.7 Mapping of Operations



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

condition

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

single
"description”
substatement.
____________________________________________ +
"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.
____________________________________________ +
"extension"
substatement
ompExt:postCondition
______________________________________________ +
| "input" substatement | |
_____________________________________________ +
| "output" substatement | |
______________________________________________ +
"extension" |
substatement
ompExt:operationExceptions
R +
| error-tag | error-app-tag
e e T T +
| operation-failed | too-many-elements |
too-few-elements |
| | must-violation |
TR +
| data-missing | instance-required |
| missing-choice |
L TR +
| bad-attribute | missing-instance |
+
____________________________________________ +
"extension" |
substatement
ompExt:isOperationIdempotent
"extension" Necessary?? Not in
substatement UML Guidelines
ompExt:isAtomic (TR-514); needs to
be added??
______________________________________________ +
| "if-feature" Support and
| substatement condition belong
+ together. If the

"support" is cond-
itional, then the
"condition"
explains the cond-
itions under which
the class has to
be supported.

____________________________________________ +
| "reference" | Papyrus doesn't |
| substatement | support hyperlinks]|
____________________________________________ +

"status" "current",

substatement "deprecated"”,
"obsolete"
default=current

______________________________________________ +

Figure 20: Mapping of Operations



container InterfaceA {
_ alnterface»
£ InterfaceA action operationi {
I
4 + operationl() action operation? {
43 + operation2()
¥
¥

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

4.8 Mapping of Operation Parameters

T T e LT +
| Operation Parameters |
T TR E PP +
| 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 s TR LT EEEE PP +
| direction | "input" or "output” | |
| | substatement | |
T s TR LT EEEE PP +
| type see mapping of |
R R EE PP e attribute types = |------------------- +
| isOrdered (grouping, leaf, |
B leaf-1list, list, = |------------------- +
| multiplicity typedef, uses) |
T T sl T TP +
| defaultvalue |
T [ PP +
| valueRange |
T e LT T P +
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)

B et T P +
| support | "if-feature" Support and
| | substatement not condition belong
R R EE PP e + defined for input and | together. If the
condition output substatements "support" is cond-
in YANG?? itional, then the
"condition"

explains the cond-
itions under which
the class has to
be supported.

e e +
| XOR | "choice" | |
| | substatement | |
e +
| error notification?? | "must" | |
| substatement | |
e +
| complex parameter | "uses" | |
| | substatement | |
e e e e +

Figure 22: Mapping of Operation Parameters



_enterfaces
] InterfaceA

{8 + operationl{ in parameterl: String [1]. inout parameterZ; Boolean [11.  out parameter3: Integer [3.°])
{§ + operation2{ out parameterd: String [*])

container InterfaceA {
action operationl {

input {
leaf parameter! {
type string;
mandatory true;

leaf parameter? {
tvpe boolean;
mandatory true;
¥
H
output {
leaf parameter? {
type boolean:
mandatory true;

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

}

T

¥

action operation2 {

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

—

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

4.9 Mapping of Notifications

documentation

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

condition

attributes

"description”
substatement

| "if-feature"
| substatement

| "choice"
| substatement

| "reference"
| substatement

"status"
substatement

see mapping of
attribute types
(grouping, leaf,
leaf-1list, container,
list, typedef, uses)

| "uses"
| substatement

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

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.

“current",
"deprecated”,
"obsolete"
default=current
____________________ +
| |
| |

Figure 24: Mapping of Notifications




notification Notification A {

leaf attributel {

=Signal» .
5 MNetificationA type string
& + attributel: String [1] 5
& + attribute2: Integer [1] icaf attribute2 £
type integer

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

4.10 Mapping of Lifecycle

B e i e +
| UML Lifecycle |
B e i e +
lifecycle stereotypes "status" YANG: "current",
substatement "deprecated”,
"obsolete"

default=current

UML: <<Example>>,
<<Experimental>>,
<<Faulty>>,
<<Preliminary>>,
<<Obsolete>>,
<<LikelyToChange>>

How to map or
enhance??

4.11 Other Mappings

B e e e +
| UML Lifecycle |
B et e e T P PP P +
| Conditional Package | "container" statement | |

| with | |
| | "presence" | |
| | substatement | |
B et e e T P PP P +
| Package?? | Submodule | |
B et e e T P PP P +

Figure 27: Other Mappings



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-type

+ domain name and URI types + ietf-yang-types
- DomainName - Counter32
- Uri - Counter64
- <<Union>> Host - DateAndTime
+ types related to - DottedQuad
IP addresses and hostnames - Gauge32
- Ipv4Address - Gauge64
- Ipv4AddressNoZone - HexString
- Ipv4Prefix - MacAddress
- Ipv6Address - ObjectIdentifier
- Ipv6AddressNoZone - ObjectIdentifier128
- Ipv6Prefix - PhysAddress
- <<Union>> IpAddress - Timestamp
- <<Union>> IpAddressNoZone - Timeticks
- <<Union>> IpPrefix - Uuid
+ types related to protocol fields - Xpathl.0
- IpVersion - YangIdentifier
- Dscp - ZeroBasedCounter32
- IpV6FlowlLabel - ZeroBasedCounter64
- PortNumber

Figure 28: 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.

«PrimitiveType» i ;
@) IpvéAddress ietf-inet-tvpes. vang: tvpedefipv4-address
«DataType» L] ietf-inet-types.vang:: ip-Address
«choices {
(€] IpAddress type ”?”"m. H
€4 + ipvdAddress: IpvdAddress [0..1] type inet:ipvd-address;
- z tvpe inetipv6-address;
Es + ipvbAddress: IpvbAddress [0..1] }

Figure 29: IP Address Mapping Example (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 [5]. 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 [4])?

5.4 Combination of different Associations



E Class) - B classk
- container Class] {
n + _classk e
list ClassL {
ZP éP 1-1-s-es ClassK;
3
| | list ClassM {
] crassL £ classm G
uses ClassK:
3
¥
E] ClassN
container ClassN {
i —
- > container ClassP {
(1 leaflist classO {
tvpeleafref {
+ _classP (1 + _classO ] path “/ClassO/mame";
= ClassP E classo ) }
'l leaf classQ {
tvpeleafref {
i + _classO path “/ClassQ/name";
¥
¥
[1] 1] }
list ClassO {
+classq g (1) contatuer ClassQ {
Q ClassQ
[*1 {
}
+ _classQ
¥

Figure 30: Combination of different Associations Example (Available in PDF or HTML versions)




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:

e 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.

6.1.1 Reference Based Approach

list object {

kevname;
 Dogem ] leafname {
+ name: String 1] type smng.

leaf-list object-within-object {
tvpe leafref {
path “/object'name";

_obgectWithinObject

Figure 31: Recursion Mapping Example 1 (Available in PDF or HTML versions)

Example from IETF RFC 7223 (https://datatrackerietforg/'doc/zfc 7223

+—-rw interfaces
+—-r® interface* [name]

| +--ri name string
+--xw description? akring
+——IW Type identitvref
+--ri enabled? Boolean

|
|
|
| +——rW link-up-down-trap-enable? enumeration
+—ri interfaces-state
+—rp interface* [name]

+-—-rg name string
e
= Interface +—xp hicher-layer-if* interface-gtate-ref
i + names String {1] +--rp lower-layer-if* interface-state-ref
I+ descripticn: String [0.1] T

i = type: <Undefined>
K3+ enabled: Boolean [0.1] = true
[l = InklipDownTrapEnable: Boolean [0.1]

where

Lypedef interface-state-ref |
type leafref {
path "/3f:d = /ifiinterface/ ifiname™:

degeription
"This type is used by data models that need to

Irterf aceState reference the cperationally present interfaces.™;
ame: String (1] }
: <Undefined> [1]

leaf-1ist higher-layer-if |

W] type interface-state-ref;

description
"R list of references to interfaces layered on top
of this interface.™:

reference
"RFC 2863: The Interfaces Group MIB -
f5racklable";

* _higherayerf/

i

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

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

Figure 32: Recursion Mapping Example 2 (Available in PDF or HTML versions)

6.2 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].



type string;

leafattribute? {

<condition for [ ClassF_Poe container ClassE Pag {
ClassF_Pac attributes> « atribute3 presence " <condition for ClassE_Pagc attributes™>";

[0-1] | g5+ attributed

«Conds - )
leafattribute3 {
| ClassE = _classF_Pac

2+ ohjectldentifier
=+ attributel

1] 3¢
1
leafattributed {

17 Cantds = ClassG Pae
0.4 + attributes 1
i = attributef 3

| B .
<condtion for B RE L
Classt_Pac attributes> |+ -CiassB_Pac container ClassG. Pag {

presence " <condition for Class(, Pag attbutes™";

leafattnbute {

feaf'attn'buteﬁ i

1

et

Figure 33: 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 [9] 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.

feature ethernet {

description
sopenModelClasss "This feature means the network
] Classl element provides Ethernet.”;

«OpeniModelClasss }
support=CONDITIONAL_MANDATORY

condition=This object class has to be supported if the network element provides Ethemet. container ClassI {

(=) + attributel: <Undefined> [1] if-feature ethernet
leaf attributel {

Figure 34: Support and Condition Mapping Example (Available in PDF or HTML versions)



7. Mapping Basics
7.1 UML-YANG or XMI-YANG

1ist Classl {
key classild;
description "This object class sodels the,..”;
leaf classiid

type string;
config false;
}
«openhlodelClasss leaf attributel {
] Classt gl — type string;
i3 sopenhodelfttibutes « classlld: Sting IIIEW mandatary true;
kS wopenhodelfttributes + attributel: String [1] config false;
51 sopenModelAttributes { 100} - sttribute2 Integer [2.6] ¥
5 =openhodell i, false} s attrib Boalean [11= wnaquef| = leaf-list attribute2 {
£ xop . ionl 1] = LITERAL 2 , unique) pe ines
\ range “1-108°;
}
/ sin-elesents 2;
max-elements 6;
i }
Emim,::;:,,,' This object class models the .. leaf attributed {
type boolean;
i LITERAL Y default true;
= LITERAL 2 config false;
=1 LITERAL 3 ompExt:isInvariant;

leaf attributes {
enuneration {
enum LITERAL_1;
enum LITERAL 2;
enum LITERAL_3;

]
default LITERAL 2;
config False;

Figure 35: Example UML to YANG Mapping (Available in PDF or HTML versions)

epackagedElemant wmi ) types=usl Class wmi a1 GAFRaS a0TTYArILIA" name="Classl"> list Classi {
A" anzotat - TrirEl jaT> key clascild;
“hody>This chisot olass models the ...</bedy> description "This object class medels the...®;

</ ownedConmant >

<ounedhstribute amiitypen il Property” wmiiide" OFPOOAESSHOTTWARIIIA" names~olasslld® {sRaadond ye*Erue=s —— 51”511‘: {_
Stype mnditypeTeunliPrindtleeType® hoefs-patheag: fUML LIBRARIES (UMLPrindtiveTypes . Libracy, wnl#Stoing= /> type string;

</ ounadhrtributes config false;

<ewnmdhreribute amictypes=wnl:Prope duee Tiwiediin o utal=>
m==uml i PrimLE iweTyps" = e pathmaps UM LIIRARTES FUMLET L L vaTypes . Library . umld cobng —2 leaf attributel {
> type string;

toumadhttributs it ypasTuml Proparty” Wi *_¥B2LcOPRABIOFTARIIIA® namsseaEtTibutad s>
ypamiml : Prdalt LraType heef

config false;
= 3 m’\ ! i
=il Ll caral Intager® @il
suppervalus xmi:typew-iml:Literalinlisitodiatural ey ide" L1SadHaoBEeSEITIVCBL A" valusw=6=/7 leaf-list attribute2 {

2/ ounadhttribazer type intd {
<swnedhttribute mmictypemumlirroparty” amiti range "1..188";

SeOTTwAERI A" namem-attributel” isBeadonlym-ieus">
ypas  Libsary. =

min-elements 2;
max-elements 6;

 vaiA~ namem-attributed typess

cownmdrttribute mmlitypemsuml:Propertys waiiides o X
ide"_TraGoOsiBeSAwpRbo_vaZA” Talus=-LITERAL =/

<defaultValun mmi it ypesmuml ldtaralString”

leaf attributes {

<fewmadireeibure>
o packagedtismante type boolean;
default true;
config false;
<onfProfiler ibute seei:ide= i YTvXEBLIA® valueRange®*1-100= byds Property®™ ihZicOaFEeSE0TTviedl

}
leaf attributed {

.'-—-'_.________;q'pe enumeration {
d«?hgﬂnmszﬂlwlzsljk' name="Eneserationl=> ::: t;:::t;:

" - = -
i _gpLYMGAGEeS20TTvir81jA" name="LITERAL 1=/> enum LITERAL_3;

<packagedElement xmi:type= uml:Enumeration” xmi:ids"
<cwnedLiteral mi:type="uml:EnumarationLliteral” m

<cwnedLiteral mi:type="uml:Enumerationliteral” xm ' 16/-wOaGEeSZOYTvArB1 A~ name="LITERAL 2-/> 3
<ownedLiteral xmi:type="uml:EnumerationLiteral® xmi:id="_laApiGaGEeSz0TTvArSljA= name="LITERAL 3=/> default LITERAL 2;
«/packagedElement> config false;

Figure 36: Example XMI (Papyrus) to YANG Mapping (Available in PDF or HTML versions)
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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 [6] and represents the same data as
UML model appearing in Figure 39 after the tree format. Note: The color code used in the tree format corresponds to the color code used in
the UML class diagram.

augment /1 nterfaces/if:interface:

|  +--rw applicationCodeId? uintg

|  +--rw applicationCode? string

|  +--rw vendorTransceiverClassId? uints

| +--rw vendorTransceiverClass? string

|  +--ro numberApplicationCodesSupported? wint32

| +--ro applicationCodesList* [applicationCodeld

| +--ro applicationCodeld wint8

| +--ro applicationCode? string

|  +--ro pumberVendorTransceiverClassSupported?  uwint32

|  +--ro vendorTransceiverClassList* [vendorTransceiverClassId

| +--ro vendorTransceiverClassIid uints

I +--rg vendorTransceiverClass? string
+--rw outputPower? int32
+--r9 inputPower? int32

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

notifications:
+=-=--n optIf0ChWave]l engthChange
| 4--ro if-name? leafref
|  +--ro wawvelength
| +--rg wavelength? uint32
+---n optIf0ChApplicationCodeChange
| +--rg if-name? leafref
| +—-ro newApplicationCode
| +ro seplicationCodeld? wints
| +--ro applicationCode? string
+---n pptIfoChVendorTransceiverCodeChange

+--ro if-name? leafref

+--rg newVendorTransceiverClass

+--ro vendorTransceiverClassId? uintsd
+--ro vendorTransceiverClass? string

Figure 38: Notifications Tree (Available in PDF or HTML versions)



«[ETF=
L interfaces
[from Object Classes)

T

| optIfochRsSs
from Object Classes)

=8 ifCurrentVendorTransceiverClass : OptIfOChVendorTransceiverClass =l «documentations
g ifSupportedApplicationCodes : OptifOChApplicationCodelist {read-only} | Rs5s path configuration for an inter

=1 ifsupportedVendorTransceiverClasses : OptfOChVendorTransceiverClassList {read-only}
=1 optlfOChPower : OptifOChPower
I_F‘e optfOChWavelength : OptfOChWavelength

Uses Uses
cdataTypes [ ! [ ) wdataTypes
| OpHfOChVendorTransceiverClassist e b B =) OptifoChAppiicationCodel st
(from Type Definitions) | S : s i {fram Type Definitions)
(=1 numberVendorTransceiverClassesSupported @ UINT22 ! [ ! ! = numberApplicationCodesSupported : UINTS2
|_F‘Q vendorTransceiverClasslist : OptifFOChVendorTransceiverClass [*] |_F‘@ applicationCodelist : OptHOChApplicationCode [*]
uses Uses :
yses ! ! ' ! yses
= «documentations Y \ \ f = «documentations
List of vendor transceiver codes group. «dataTypes ! «dataTypes List of Application codes grow
OptifOChVendorTransceiverClass [ ! OpHfOChApplicationCode
(from Type Definitions) {from Type Definitions)
st I_F‘Q\renjorlranscef\terg:assllcls:tl..llNTB I_F‘g app:fca:fongojellds:tl..lll‘dm B s
b o \[en orTransceiverClass : 5tring i i [C3 applicationCode : rmg}_ Application code entity,
transceiver class supported ) ¥
by this interface, ' 'y W 4
adataTypes adatalypes
\ | OptifoChWavelength i
uses E5, outputPower : UINT32 g, wavelengthn : UINTS2 uses
Da-l-a Types Eg inputPower : UINT32 {read-only}
/ uses I

OptifOChVendorTransceiverCodeChange OptfOChWavelengthChange OptfOChApplicationCodeChange

=1 ifMame ; LeafRef ‘ g ifName : LeafRef =1 itName : LeafRef
Eg wavelength : OptifOChWavelength g newApplicationCode : OptfOChApplicationCode

T
‘ «signals ‘ «signals ‘ ‘ «signal=

E.‘_neWVendorTransceiuerClass : OptifOChVendorTransceiverClass

Notifications

Figure 39: Interfaces UML Model (Available in PDF or HTML versions)
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