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1 [bookmark: _Toc311121634][bookmark: _Toc332778530][bookmark: _Toc332778804][bookmark: _Toc388949543]Scope
The JWG on Model Alignment work has chosen UML to capture behaviour of systems/entities under management.
UML provides a rich set of concepts, notations and model elements to model distributive systems. Usage of all UML notations and model elements is not necessary for the purpose of JWG Model Alignment work. This paper documents the necessary and sufficient set of UML notations and model elements, including the ones built by the UML extension mechanism <<stereotype>>, for use by JWG Model Alignment work. Collectively, this set of notations and model elements is called the FMC (developed by the Converged Management of Fixed/Mobile Networks project) Model Repertoire.
JWG Model Alignment specifications shall employ the UML notation and model elements of this repertoire.  In the course of the JWG Model Alignment work, JWG Model Alignment group may modify (add, delete, modify) UML notation and model elements of this repertoire when necessary.
2 [bookmark: _Ref309655516][bookmark: _Toc311121635][bookmark: _Toc332778531][bookmark: _Toc332778805][bookmark: _Toc388949544][bookmark: _Toc303068540]References
[bookmark: _Ref309642232]OMG Unified Modelling Language (OMG UML), Infrastructure, Version 2.4.
[bookmark: _Ref309642245]OMG Unified Modelling Language (OMG UML), Superstructure, Version 2.4.
[bookmark: _Ref309642023]3GPP TS 32.300: “3rd Generation Partnership Projects; Technical Specification Group Services and System Aspects; Telecommunication management; Configuration Management (CM); Name convention for Managed Objects”.
[bookmark: _Ref309642533]3GPP TS 23.002: “3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; Network architecture”.
[bookmark: _Ref311737558]3GPP TS 32.107: “Fixed Mobile Convergence (FMC) Federated Network Information Model (FNIM)”.
[bookmark: _Ref311737582][bookmark: _Ref313604092]3GPP TS 28.620: “Fixed Mobile Convergence (FMC) Federated Network Information Model (FNIM) Umbrella Information Model (UIM)”.
[bookmark: _Ref311738433]ITU-T X.680, OSI networking and system aspects – Abstract Syntax Notation One (ASN.1)
[bookmark: _Ref313488282]ITU-T X.501, Information technology – Open Systems Interconnection – The Directory: Models
3 [bookmark: _Toc303068541][bookmark: _Toc311121636][bookmark: _Toc332778532][bookmark: _Toc332778806][bookmark: _Toc388949545]
Definitions and abbreviations
For the purposes of this document, the following definitions and abbreviations apply. For definitions and abbreviations not found here, see also Fixed Mobile Convergence (FMC) Federated Network Information Model (FNIM) [5], Fixed Mobile Convergence (FMC) Federated Network Information Model (FNIM) Umbrella Information Model [6].
3.1 [bookmark: _Toc303068542][bookmark: _Toc311121637][bookmark: _Toc332778533][bookmark: _Toc332778807][bookmark: _Toc388949546]Definitions
Distinguished Name: See 3GPP TS 32.300 [3].
Naming attribute: It is a class attribute that holds the class instance identifier. See attribute id of Top_ [6]. See examples of naming attribute in 3GPP TS 32.300 [3].
Lower Camel Case: It is the practice of writing compound words in which the words are joined without spaces. Initial letter of all except the first word shall be capitalized.  Examples: ‘managedNodeIdentity’ and ‘minorDetails’ are the LCC for “managed node identity” and “minor details” respectively. 
Upper Camel Case: It is the Lower Camel Case except that the first letter is capitalised.  Examples: ‘ManagedNodeIdentity’ and ‘MinorDetails’ are the UCC for “managed node identity” and “minor details” respectively.
Well Known Abbreviation: An abbreviation can be used as the modelled element name or as a component of a modelled element name. The abbreviation, when used in such manner, must be documented in the same document where the modelled element is defined. 
3.2 [bookmark: _Toc311089138][bookmark: _Toc311089457][bookmark: _Toc311119408][bookmark: _Toc311119567][bookmark: _Toc311119654][bookmark: _Toc311119741][bookmark: _Toc311119828][bookmark: _Toc311119915][bookmark: _Toc311120002][bookmark: _Toc311120428][bookmark: _Toc311120515][bookmark: _Toc311120627][bookmark: _Toc311121106][bookmark: _Toc311121247][bookmark: _Toc311121388][bookmark: _Toc311121497][bookmark: _Toc311121638][bookmark: _Toc311121747][bookmark: _Toc311121639][bookmark: _Toc332778534][bookmark: _Toc332778808][bookmark: _Toc388949547][bookmark: _Toc303068543]Abbreviations
CM		Conditional Mandatory
CO			Conditional Optional
DN		Distinguished Name
FMC		Fixed Mobile Convergence
FNIM		Federated Network Information Model
IOC		Information Object Class
IRP		Integration Reference Point
JWG		(3GPP/TM Forum) Joint Working Group
LCC		Lower Camel Case
M			Mandatory
NA		Not Applicable
NRM		Network Resource Model
O			Optional
OMG		Object Management Group
UCC		Upper Camel Case
UIM		Umbrella Information Model
UML		Unified Modelling Language (OMG)
WKA		Well Known Abbreviation
4 [bookmark: _Toc310584707][bookmark: _Toc310867922][bookmark: _Toc310869985][bookmark: _Toc310939801][bookmark: _Toc310940437][bookmark: _Toc310941317][bookmark: _Toc311089140][bookmark: _Toc311089459][bookmark: _Toc311119410][bookmark: _Toc311119569][bookmark: _Toc311119656][bookmark: _Toc311119743][bookmark: _Toc311119830][bookmark: _Toc311119917][bookmark: _Toc311120004][bookmark: _Toc311120430][bookmark: _Toc311120517][bookmark: _Toc311120629][bookmark: _Toc311121108][bookmark: _Toc311121249][bookmark: _Toc311121390][bookmark: _Toc311121499][bookmark: _Toc311121640][bookmark: _Toc311121749][bookmark: _Toc310584708][bookmark: _Toc310867923][bookmark: _Toc310869986][bookmark: _Toc310939802][bookmark: _Toc310940438][bookmark: _Toc310941318][bookmark: _Toc311089141][bookmark: _Toc311089460][bookmark: _Toc311119411][bookmark: _Toc311119570][bookmark: _Toc311119657][bookmark: _Toc311119744][bookmark: _Toc311119831][bookmark: _Toc311119918][bookmark: _Toc311120005][bookmark: _Toc311120431][bookmark: _Toc311120518][bookmark: _Toc311120630][bookmark: _Toc311121109][bookmark: _Toc311121250][bookmark: _Toc311121391][bookmark: _Toc311121500][bookmark: _Toc311121641][bookmark: _Toc311121750][bookmark: _Toc310584709][bookmark: _Toc310867924][bookmark: _Toc310869987][bookmark: _Toc310939803][bookmark: _Toc310940439][bookmark: _Toc310941319][bookmark: _Toc311089142][bookmark: _Toc311089461][bookmark: _Toc311119412][bookmark: _Toc311119571][bookmark: _Toc311119658][bookmark: _Toc311119745][bookmark: _Toc311119832][bookmark: _Toc311119919][bookmark: _Toc311120006][bookmark: _Toc311120432][bookmark: _Toc311120519][bookmark: _Toc311120631][bookmark: _Toc311121110][bookmark: _Toc311121251][bookmark: _Toc311121392][bookmark: _Toc311121501][bookmark: _Toc311121642][bookmark: _Toc311121751][bookmark: _Toc310584710][bookmark: _Toc310867925][bookmark: _Toc310869988][bookmark: _Toc310939804][bookmark: _Toc310940440][bookmark: _Toc310941320][bookmark: _Toc311089143][bookmark: _Toc311089462][bookmark: _Toc311119413][bookmark: _Toc311119572][bookmark: _Toc311119659][bookmark: _Toc311119746][bookmark: _Toc311119833][bookmark: _Toc311119920][bookmark: _Toc311120007][bookmark: _Toc311120433][bookmark: _Toc311120520][bookmark: _Toc311120632][bookmark: _Toc311121111][bookmark: _Toc311121252][bookmark: _Toc311121393][bookmark: _Toc311121502][bookmark: _Toc311121643][bookmark: _Toc311121752][bookmark: _Toc310584711][bookmark: _Toc310867926][bookmark: _Toc310869989][bookmark: _Toc310939805][bookmark: _Toc310940441][bookmark: _Toc310941321][bookmark: _Toc311089144][bookmark: _Toc311089463][bookmark: _Toc311119414][bookmark: _Toc311119573][bookmark: _Toc311119660][bookmark: _Toc311119747][bookmark: _Toc311119834][bookmark: _Toc311119921][bookmark: _Toc311120008][bookmark: _Toc311120434][bookmark: _Toc311120521][bookmark: _Toc311120633][bookmark: _Toc311121112][bookmark: _Toc311121253][bookmark: _Toc311121394][bookmark: _Toc311121503][bookmark: _Toc311121644][bookmark: _Toc311121753][bookmark: _Toc310584712][bookmark: _Toc310867927][bookmark: _Toc310869990][bookmark: _Toc310939806][bookmark: _Toc310940442][bookmark: _Toc310941322][bookmark: _Toc311089145][bookmark: _Toc311089464][bookmark: _Toc311119415][bookmark: _Toc311119574][bookmark: _Toc311119661][bookmark: _Toc311119748][bookmark: _Toc311119835][bookmark: _Toc311119922][bookmark: _Toc311120009][bookmark: _Toc311120435][bookmark: _Toc311120522][bookmark: _Toc311120634][bookmark: _Toc311121113][bookmark: _Toc311121254][bookmark: _Toc311121395][bookmark: _Toc311121504][bookmark: _Toc311121645][bookmark: _Toc311121754][bookmark: _Toc310584713][bookmark: _Toc310867928][bookmark: _Toc310869991][bookmark: _Toc310939807][bookmark: _Toc310940443][bookmark: _Toc310941323][bookmark: _Toc311089146][bookmark: _Toc311089465][bookmark: _Toc311119416][bookmark: _Toc311119575][bookmark: _Toc311119662][bookmark: _Toc311119749][bookmark: _Toc311119836][bookmark: _Toc311119923][bookmark: _Toc311120010][bookmark: _Toc311120436][bookmark: _Toc311120523][bookmark: _Toc311120635][bookmark: _Toc311121114][bookmark: _Toc311121255][bookmark: _Toc311121396][bookmark: _Toc311121505][bookmark: _Toc311121646][bookmark: _Toc311121755][bookmark: _Toc310584714][bookmark: _Toc310867929][bookmark: _Toc310869992][bookmark: _Toc310939808][bookmark: _Toc310940444][bookmark: _Toc310941324][bookmark: _Toc311089147][bookmark: _Toc311089466][bookmark: _Toc311119417][bookmark: _Toc311119576][bookmark: _Toc311119663][bookmark: _Toc311119750][bookmark: _Toc311119837][bookmark: _Toc311119924][bookmark: _Toc311120011][bookmark: _Toc311120437][bookmark: _Toc311120524][bookmark: _Toc311120636][bookmark: _Toc311121115][bookmark: _Toc311121256][bookmark: _Toc311121397][bookmark: _Toc311121506][bookmark: _Toc311121647][bookmark: _Toc311121756][bookmark: _Toc310584715][bookmark: _Toc310867930][bookmark: _Toc310869993][bookmark: _Toc310939809][bookmark: _Toc310940445][bookmark: _Toc310941325][bookmark: _Toc311089148][bookmark: _Toc311089467][bookmark: _Toc311119418][bookmark: _Toc311119577][bookmark: _Toc311119664][bookmark: _Toc311119751][bookmark: _Toc311119838][bookmark: _Toc311119925][bookmark: _Toc311120012][bookmark: _Toc311120438][bookmark: _Toc311120525][bookmark: _Toc311120637][bookmark: _Toc311121116][bookmark: _Toc311121257][bookmark: _Toc311121398][bookmark: _Toc311121507][bookmark: _Toc311121648][bookmark: _Toc311121757][bookmark: _Toc310584716][bookmark: _Toc310867931][bookmark: _Toc310869994][bookmark: _Toc310939810][bookmark: _Toc310940446][bookmark: _Toc310941326][bookmark: _Toc311089149][bookmark: _Toc311089468][bookmark: _Toc311119419][bookmark: _Toc311119578][bookmark: _Toc311119665][bookmark: _Toc311119752][bookmark: _Toc311119839][bookmark: _Toc311119926][bookmark: _Toc311120013][bookmark: _Toc311120439][bookmark: _Toc311120526][bookmark: _Toc311120638][bookmark: _Toc311121117][bookmark: _Toc311121258][bookmark: _Toc311121399][bookmark: _Toc311121508][bookmark: _Toc311121649][bookmark: _Toc311121758][bookmark: _Toc310584717][bookmark: _Toc310867932][bookmark: _Toc310869995][bookmark: _Toc310939811][bookmark: _Toc310940447][bookmark: _Toc310941327][bookmark: _Toc311089150][bookmark: _Toc311089469][bookmark: _Toc311119420][bookmark: _Toc311119579][bookmark: _Toc311119666][bookmark: _Toc311119753][bookmark: _Toc311119840][bookmark: _Toc311119927][bookmark: _Toc311120014][bookmark: _Toc311120440][bookmark: _Toc311120527][bookmark: _Toc311120639][bookmark: _Toc311121118][bookmark: _Toc311121259][bookmark: _Toc311121400][bookmark: _Toc311121509][bookmark: _Toc311121650][bookmark: _Toc311121759][bookmark: _Toc310584718][bookmark: _Toc310867933][bookmark: _Toc310869996][bookmark: _Toc310939812][bookmark: _Toc310940448][bookmark: _Toc310941328][bookmark: _Toc311089151][bookmark: _Toc311089470][bookmark: _Toc311119421][bookmark: _Toc311119580][bookmark: _Toc311119667][bookmark: _Toc311119754][bookmark: _Toc311119841][bookmark: _Toc311119928][bookmark: _Toc311120015][bookmark: _Toc311120441][bookmark: _Toc311120528][bookmark: _Toc311120640][bookmark: _Toc311121119][bookmark: _Toc311121260][bookmark: _Toc311121401][bookmark: _Toc311121510][bookmark: _Toc311121651][bookmark: _Toc311121760][bookmark: _Toc303068544][bookmark: _Toc311121652][bookmark: _Toc332778535][bookmark: _Toc332778809][bookmark: _Toc388949548]Requirements
The UML notations and model elements captured in this repertoire shall be used to model behaviours of the systems/entities specified by the JWG Resource Model Alignment work such as the Umbrella Information Model (UIM) [6] of the FNIM discussed in Converged Management of Fixed/Mobile Network project.


5 [bookmark: _Toc303068545][bookmark: _Toc311121653][bookmark: _Toc332778536][bookmark: _Toc332778810][bookmark: _Toc388949549]Information Model Elements and Notations
5.1 [bookmark: _Toc311121654][bookmark: _Toc332778537][bookmark: _Toc332778811][bookmark: _Toc388949550][bookmark: _Toc303068546][bookmark: _Ref305663813][bookmark: _Ref305669083]General
Note that the graphical notation in this document is only used to represent particular model elements. Although the graphical notation is a correct representation of the model element, it may not be a valid representation of a UML class diagram.
The examples used in this document are for illustration purposes only and may or may not exist in specifications.
UML properties not described in this document shall not be used in specifications based on this repertoire.
5.2 [bookmark: _Ref305747462][bookmark: _Toc311121655][bookmark: _Toc332778538][bookmark: _Toc332778812][bookmark: _Toc388949551]Basic model elements
UML has defined a number of basic model elements. This sub-clause lists the subset selected for use in specifications based on this repertoire. The semantics of these selected basic model elements are defined in [1].
For each basic model element listed, there are three parts. The first part contains its description. The second part contains its graphical notation examples and the third part contains the rule, if any, recommended for labelling or naming it.
The graphical notation has the following characteristics:
1. Section 7.2.7 of [2] specifies "A class is often shown with three compartments. The middle compartment holds a list of attributes while the bottom compartment holds a list of operations" and "Additional compartments may be supplied to show other details". This repertoire only allows the use of the name (top) compartment and attribute (middle) compartment. The operation (bottom) compartment may be present but is always empty, as shown in the figure below.
[image: ]
2. Classes may or may not have attributes. The graphical notation of a class may show an empty attribute (middle) compartment even if the class has attributes, as shown in figure below.
[image: ]
3. [bookmark: _Ref305663716]The visibility symbol shall not appear along with the class attribute, as shown below.
[image: ]
4. The use of the decoration, i.e. the symbol in the name (top) compartment, is optional.
5.2.1 [bookmark: _Toc308514310][bookmark: _Toc308540966][bookmark: _Toc303068547][bookmark: _Ref305667316][bookmark: _Ref305670301][bookmark: _Ref305670555][bookmark: _Ref310869429][bookmark: _Ref310869456][bookmark: _Ref311007730][bookmark: _Ref311007734][bookmark: _Toc311121656][bookmark: _Ref313612311][bookmark: _Ref313612591][bookmark: _Toc332778539][bookmark: _Toc332778813][bookmark: _Toc388949552]Attribute
5.2.1.1 [bookmark: _Toc303068548][bookmark: _Ref305749510][bookmark: _Toc311121657][bookmark: _Toc332778540]Description
It is a typed element representing a property of a class. See 10.2.5 Property of [1].
An element that is typed implies that the element can only refer to a constrained set of values.
See 10.1.4 Type of [1] for more information on type.
See 5.3.4 and 5.4.3 for predefined data types and user-defined data types that can apply type information to an element.
[bookmark: _Toc303068549]The following table captures the properties of this modelled element.
[bookmark: _Ref309228892][bookmark: _Toc388949630]Table 1: Attribute properties	Comment by Chris: Should highlight what is additional to standard UML (and hence will need to go in a profile).
	Property name
	Description
	Legal values

	documentation
	Contains a textual description of the attribute.
Should refer (to enable traceability) to the specific requirement.
	Any

	isOrdered
	For a multi-valued multiplicity; this specifies if the values of this attribute instance are sequentially ordered. See section 7.3.44 and its Table 7.1 of [2].
	True, False (default)


	isUnique
	For a multi-valued multiplicity, this specifies if the values of this attribute instance are unique (i.e., no duplicate attribute values). See section 7.3.44 and its Table 7.1 of [2].
	True (default), False


	isReadable
	Specifies that this attribute can be read by the manager.
	True (default), False

	isWritable
	Specifies that this attribute can be written by the manager under the conditions specified in Annex B.
	True, False (default)

	type
	Refers to a predefined (see section 5.4.3) or user defined data type (see section 5.3.4. See also section 7.3.44 of [2], inherited from StructuralFeature.
	NA


	isInvariant
	Attribute value is set at object creation time and cannot be changed under the conditions specified in Annex B.
	True, False (default)

	allowedValues
	Identifies the values the attribute can have.
	Dependent on type

	isNotifyable
	Identifies if a notification shall be sent in case of a value change.1,2
	True (default), False

	defaultValue
	Identifies a value at specification time that is used at object creation time under conditions defined in Annex B.
	No value (default) or a value that is dependent on allowedValues

	multiplicity
	Defines the number of values the attribute can simultaneously have. See section 7.3.44 of [2]; inherited from StructuralFeature.
	See 5.2.8 Default is 1

	isNullable	Comment by Chris: Is this necessary? Can be defined using multiplicity (e.g., 0..1, *, 1..*)
	Identifies if an attribute can carry no information. The implied meaning of carrying “no information” is context sensitive and is not defined in this Model Repertoire.
	True, False (default)

	supportQualifier
	Identifies the required support of the attribute. See also section 7.
	M, O (default), CM, CO, C


Blue marked properties are in addition to the UML Specification and need to be defined in a profile.
Note 1: Whether a client/manager can receive the notification depends on a) if the client/manager has subscribed or registered for reception of such notification and b) if a notification mechanism is supported.
Note 2: If the attribute is a role-attribute and its property passedById is ‘False’, then changes in the navigable association target end instance alone shall not trigger a notification. 

5.2.1.2 [bookmark: _Toc311121658][bookmark: _Toc332778541]Example
This example shows three attributes, i.e., a, b and c, listed in the attribute (the second) compartment of the class Xyz.
[image: ]
[bookmark: _Toc388949595]Figure 1: Attribute notation
5.2.1.3 [bookmark: _Toc311121659][bookmark: _Ref314595180][bookmark: _Toc332778542]Name style
An attribute name shall use the LCC style.
Well Known Abbreviation (WKA) is treated as a word if used in a name. However, WKA shall be used as is (its letter case cannot be changed) except when it is the first word of a name; and if so, its first letter must be in lower case.	Comment by Chris: How is “well known” defined?	Comment by Bernd: WKA should not be used. All abbreviations should be treated as a words; single or multiple words. See next comment.	Comment by Chris: Should have case conversion to LCC.
E.g., MPLSVPNCTP -> MplsVpnCtp
IPv6 -> Ipv6
5.2.2 [bookmark: _Toc311121660][bookmark: _Toc332778543][bookmark: _Toc332778814][bookmark: _Toc388949553]Association relationship
5.2.2.1 [bookmark: _Toc311121661][bookmark: _Toc332778544]Description
[bookmark: _Toc302902217][bookmark: _Toc302902909][bookmark: _Toc302902976][bookmark: _Toc302903071][bookmark: _Toc302903156][bookmark: _Toc302903308][bookmark: _Toc302903390][bookmark: _Toc302903472][bookmark: _Toc302903645][bookmark: _Toc302903727][bookmark: _Toc302918657][bookmark: _Toc303068466][bookmark: _Toc303068551][bookmark: _Toc303068673][bookmark: _Toc303068786][bookmark: _Toc308514312][bookmark: _Toc308540968][bookmark: _Toc308514313][bookmark: _Toc308540969][bookmark: _Toc308514314][bookmark: _Toc308540970][bookmark: _Toc308514315][bookmark: _Toc308540971][bookmark: _Toc308514316][bookmark: _Toc308540972][bookmark: _Toc308514317][bookmark: _Toc308540973][bookmark: _Toc308514318][bookmark: _Toc308540974][bookmark: _Toc308514319][bookmark: _Toc308540975][bookmark: _Toc308514320][bookmark: _Toc308514359][bookmark: _Toc308514532][bookmark: _Toc308540976][bookmark: _Toc308514321][bookmark: _Toc308540977][bookmark: _Toc308514322][bookmark: _Toc308540978]It shows a relationship between two classes and describes the reasons for the relationship and the rules that might govern that relationship.
It has ends. Its end, the association end(s), specifies the role that the object at one end of a relationship performs. Each end of a relationship has properties that specify the role (see 5.2.9), multiplicity (see 5.2.8), visibility and navigability (see the arrow symbol used in Figure 3: Unidirectional association relationship notation) and may have constraints. Note that visibility shall not be used in models based on this Repertoire (see bullet 3 of 5.1). 
See 7.3.3 Association of [2].
Three examples below show a binary association between two model elements. The association can include the possibility of relating a model element to itself. 
The first example (Figure 2) shows a bi-directional navigable association in that each model element has a pointer to the other. The second example (Figure 3) shows a unidirectional association (shown with an open arrow at the target model element end) in that only the source model element has a pointer to the target model element and not vice-versa. The third example (Figure 4) shows a bi-directional non-navigable association in that each model element does not have a pointer to the other; i.e., such associations are just for illustration purposes. 
5.2.2.2 [bookmark: _Toc311121662][bookmark: _Toc332778545]Example
An association shall have an indication of cardinality (see 5.2.8).
It shall, except the case of non-navigable association, have an indication of the role name (see 5.2.9). The model element involved in an association is said to be “playing a role” in that association. The role has a name such as +class3aClass in the first example below. Note that the "+" character in front of the role name, indicating the visibility, is ignored.
[image: ]

[image: ][image: ]
[bookmark: _Ref305663890][bookmark: _Ref310869325][bookmark: _Toc388949596]Figure 2: Bidirectional association relationship notation

[image: ][image: ]
[bookmark: _Ref308362207][bookmark: _Ref308362068][bookmark: _Toc388949597]Figure 3: Unidirectional association relationship notation

[image: ][image: ]
[bookmark: _Ref305663920][bookmark: _Ref310869382][bookmark: _Toc388949598]Figure 4: Non-navigable association relationship notation
Note that some tools do not use arrows in the UML graphical representation for bidirectional associations. Therefore, absence of arrows is not, but absence of role names is, an indication of a non-navigable association.
5.2.2.3 [bookmark: _Toc311121663][bookmark: _Toc332778546]Name style
[bookmark: _Toc308514363][bookmark: _Toc308514536]An Association can have a name. Use of Association name is optional. Its name style is ULCC style.	Comment by Chris: Some associations should have a name in the figures.	Comment by Chris: Association names should start uppercase.	Comment by Bernd: This is also true for other associations and dependencies.
A role name shall use the LCC style.
5.2.3 [bookmark: _Toc311121664][bookmark: _Toc332778547][bookmark: _Toc332778815][bookmark: _Toc388949554]Aggregation association relationship
5.2.3.1 [bookmark: _Toc311121665][bookmark: _Toc332778548]Description
It shows a class as a part of or subordinate to another class.
An aggregation is a special type of association in which objects are assembled or configured together to create a more complex object. Aggregation protects the integrity of an assembly of objects by defining a single point of control called aggregate, in the object that represents the assembly.
See 7.3.2 AggregationKind (from Kernel) of [2].
5.2.3.2 [bookmark: _Toc311121666][bookmark: _Toc332778549]Example
A hollow diamond attached to the end of a relationship is used to indicate an aggregation. The diamond is attached to the class that is the aggregate. The aggregation association shall have an indication of cardinality at each end of the relationship (see 5.2.8).
[image: ]
[bookmark: _Toc388949599]Figure 5: Aggregation association relationship notation
5.2.3.3 [bookmark: _Toc311121667][bookmark: _Toc332778550]Name style
An Association can have a name. Use of Association name is optional. Its name style is LUCC.	Comment by Bernd: Similar to association name?
5.2.4 [bookmark: _Toc332388583][bookmark: _Toc332388689][bookmark: _Toc332388780][bookmark: _Toc332389066][bookmark: _Toc332396204][bookmark: _Toc332397189][bookmark: _Toc332397501][bookmark: _Toc311121668][bookmark: _Toc332778551][bookmark: _Toc332778816][bookmark: _Toc388949555]Composite aggregation association relationship
5.2.4.1 [bookmark: _Toc311121669][bookmark: _Toc332778552]Description
A composite aggregation association is a strong form of aggregation that requires a part instance be included in at most one composite at a time. If a composite is deleted, all of its parts are deleted as well.
A composite aggregation shall contain a description of its use.
See 7.3.3 Association (from Kernel) of [2].
5.2.4.2 [bookmark: _Toc311121670][bookmark: _Toc332778553]Example
A filled diamond attached to the end of a relationship is used to indicate a composite aggregation. The diamond is attached to the class that is the composite. The composition association shall have an indication of cardinality at each end of the relationship (see 5.2.8).
[image: ]
[bookmark: _Toc388949600]Figure 6: Composite aggregation association relationship notation
5.2.4.3 [bookmark: _Toc311121671][bookmark: _Toc332778554]Name style
An Association can have a name. Use of Association name is optional. Its name style is LUCC.	Comment by Bernd: Similar to association name?
5.2.5 [bookmark: _Toc311121672][bookmark: _Ref314595077][bookmark: _Ref314595083][bookmark: _Toc332778555][bookmark: _Toc332778817][bookmark: _Toc388949556]Generalization relationship
5.2.5.1 [bookmark: _Toc311121673][bookmark: _Toc332778556]Description
[bookmark: _Toc308540982][bookmark: _Toc308514326][bookmark: _Toc308540983]It indicates a relationship in which one class (the child) inherits from another class (the parent).
See 7.3.20 Generalization of [2].
5.2.5.2 [bookmark: _Toc311121674][bookmark: _Toc332778557]Example
This example shows a generalization relationship between a more general model element (the IRPAgent) and a more specific model element (the IRPAgentVendorA) that is fully consistent with the first element and that adds additional information.
[image: ]
[bookmark: _Toc388949601]Figure 7: Generalization relationship notation
5.2.5.3 [bookmark: _Toc311121675][bookmark: _Toc332778558]Name style
It has no name so there is no name style.
5.2.6 [bookmark: _Toc332388586][bookmark: _Toc332388692][bookmark: _Toc332388783][bookmark: _Toc332389069][bookmark: _Toc332396207][bookmark: _Toc332397192][bookmark: _Toc332397504][bookmark: _Toc311121676][bookmark: _Toc332778559][bookmark: _Toc332778818][bookmark: _Toc388949557]Dependency relationship
5.2.6.1 [bookmark: _Toc311121677][bookmark: _Toc332778560]Description
 “A dependency is a relationship that signifies that a single or a set of model elements requires other model elements for their specification or implementation. This means that the complete semantics of the depending elements is either semantically or structurally dependent on the definition of the supplier element(s)...“, an extract from 7.3.12 Dependency of [2].
5.2.6.2 [bookmark: _Toc311121678][bookmark: _Toc332778561]Example
This example shows that the BClass instances have a semantic relationship with the AClass instances. It indicates a situation in which a change to the target element (the AClass in the example) will require a change to the source element (the BClass in the example) in the dependency.
[image: TS32156 Dependency]
[bookmark: _Toc388949602]Figure 8: Dependency relationship notation
5.2.6.3 [bookmark: _Toc311121679][bookmark: _Toc332778562]Name style
An DependencyAssociation can have a name. Use of DependencyAssociation name is optional. Its name style is LUCC.	Comment by Bernd: Similar to association name?

5.2.7 [bookmark: _Toc311121680][bookmark: _Toc332778563][bookmark: _Toc332778819][bookmark: _Toc388949558]Comment
5.2.7.1 [bookmark: _Toc311121681][bookmark: _Toc332778564]Description
A comment is a textual annotation that can be attached to a set of elements.
See 7.3.9 Comment (from Kernel) from [2].
5.2.7.2 [bookmark: _Toc311121682][bookmark: _Toc332778565]Example
This example shows a comment, as a rectangle with a "bent corner" in the upper right corner. It contains text. It appears on a particular diagram and may be attached to zero or more modelling elements by dashed lines.
[image: TS32156 CommentAndNote]
[bookmark: _Toc388949603]Figure 9: Comment notation
5.2.7.3 [bookmark: _Toc311121683][bookmark: _Toc332778566]Name style
It has no name so there is no name style.
5.2.8 [bookmark: _Toc311121684][bookmark: _Ref313611399][bookmark: _Ref314594651][bookmark: _Ref314594810][bookmark: _Ref314594916][bookmark: _Ref314594949][bookmark: _Toc332778567][bookmark: _Toc332778820][bookmark: _Toc388949559]Multiplicity, a.k.a. cardinality in relationships
5.2.8.1 [bookmark: _Toc311121685][bookmark: _Toc332778568]Description
[bookmark: _Toc302902223][bookmark: _Toc302902915][bookmark: _Toc302902982][bookmark: _Toc302903077][bookmark: _Toc302903176][bookmark: _Toc302903329][bookmark: _Toc302903411][bookmark: _Toc302903493][bookmark: _Toc302903666][bookmark: _Toc302903748][bookmark: _Toc302918678][bookmark: _Toc303068487][bookmark: _Toc303068572][bookmark: _Toc303068679][bookmark: _Toc303068792] “A multiplicity is a definition of an inclusive interval of non-negative integers beginning with a lower bound and ending with a (possibly infinite) upper bound. A multiplicity element embeds this information to specify the allowable cardinalities for an instantiation of this element…“, an extract from 7.3.32 MultiplicityElement of [2].
[bookmark: _Toc388949631]Table 2: Multiplicity-string definitions
	Multiplicity
	Explanation

	1
	Attribute has one attribute value.

	m
	Attribute has m attribute values.

	0..1
	Attribute has zero or one attribute value.

	0..*	Comment by Chris: Should use only * and not 0..*.
	Attribute has zero or more attribute values.

	*
	Attribute has zero or more attribute values.

	1..*
	Attribute has at least one attribute value.

	m..n
	Attribute has at least m but no more than n attribute values.


The use of "0..n" and “0..*” is not recommended although it has the same meaning as “0..*” and “*”. 
The use of a standalone symbol zero (0) is not allowed.
5.2.8.2 [bookmark: _Toc311121686][bookmark: _Toc332778569]Example
This example shows a multiplicity attached to the end of an association path. The meaning of this multiplicity is one to many. One Network instance is associated with zero, one or more SubNetwork instances. Other valid examples can show the “many to many” relationship.
[image: TS32156 Cardinality]
[bookmark: _Toc388949604][bookmark: _Toc303068576]Figure 10: Cardinality notation
The cardinality zero is not used to indicate the IOC’s so-called “transient state” characteristic. For example, it is not used to indicate that the instance is not yet created but it is in the process of being created. The cardinality zero will not be used to indicate this characteristic since such characteristic is considered inherent in all IOCs. All IOCs defined are considered to have such inherent “transient state” characteristics.
Note that the use of “0..*”, "0..n" or ‘*’ means “zero to many”. The use of “0..*” is recommended. The following table shows some valid examples of multiplicity.
[bookmark: _Toc388949632]Table 3: Multiplicity-string examples
	Multiplicity
	Explanation

	1
	Attribute has exactly one attribute value.

	5
	Attribute has exactly 5 attribute values.

	0..1
	Attribute has zero or one attribute value.

	0..*
	Attribute has zero or more attribute values.

	1..*
	Attribute has at least one attribute value.

	4..12
	Attribute has at least 4 but no more than 12 attribute values.







5.2.8.3 [bookmark: _Toc311121687][bookmark: _Toc332778570]Name style
It has no name so there is no name style.
5.2.9 [bookmark: _Toc311121688][bookmark: _Ref314594606][bookmark: _Ref314594839][bookmark: _Toc332778571][bookmark: _Toc332778821][bookmark: _Toc388949560]Role
5.2.9.1 [bookmark: _Toc311121689][bookmark: _Toc332778572]Description
[bookmark: _Toc302902225][bookmark: _Toc302902917][bookmark: _Toc302902984][bookmark: _Toc302903079][bookmark: _Toc302903181][bookmark: _Toc302903334][bookmark: _Toc302903416][bookmark: _Toc302903498][bookmark: _Toc302903671][bookmark: _Toc302903753][bookmark: _Toc302918683][bookmark: _Toc303068492][bookmark: _Toc303068577][bookmark: _Toc303068681][bookmark: _Toc303068794]It indicates navigation, from one class to another class, involved in an association relationship. A role is named. The direction of navigation is to the class attached to the end of the association relationship with (or near) the role name.
The use of role name in the graphical representation is mandatory for bidirectional and unidirectional association relationship notations (see Figure 2: Bidirectional association relationship notation and Figure 3: Unidirectional association relationship notation). Role name shall not be used in non-navigable association relationship notation (see Figure 4: Non-navigable association relationship notation).
A role at the navigable end of a relationship becomes (or is mapped into) an attribute (called role-attribute) in the source class of the relationship. Therefore roles have the same behaviour (or properties) as attributes. See Table 1: Attribute properties.
The role-attribute shall have all properties defined for attributes in section 5.2.1 Attribute and in addition the following property:
Table 3A: passedById property
	Property name
	Description
	Legal values

	passedById 
	If True, the role-attribute (navigable association source end) contains a DN of the navigable association target end instance.
If False, the role-attribute contains (a copy of) the whole target end instance (e.g. X). If X has a role-attribute whose “passedById==False”, then the subject role-attribute contains (a copy of) X’s target end instance as well. 
The above rule is applied repeatedly for all occurrences of “passedById==False”. This application can result in a collection of instances where no ordering can be implied and no instances are duplicated.
Use of “passedById==False” supports the efficient access of target end instances from a source end instance. The mechanism by which such access is achieved is operation model design specific (e.g. not related to resource model design). 
	True (default), False 



5.2.9.2 [bookmark: _Toc311121690][bookmark: _Toc332778573]Example
This example shows that a Person (say instance John) is associated with a Company (say whose DN is “Company=XYZ”). We navigate the association by using the opposite association-end such that John’s Person.theCompany would hold the DN, i.e. "Company=XYZ". 
[image: TS32156 Role]
[bookmark: _Toc388949605]Figure 11: Role notation
5.2.9.3 [bookmark: _Toc311121691][bookmark: _Toc332778574]Name style
A role has a name. Use noun for the name. The name style follows the attribute name style; see section 5.2.1.3.
5.2.10 [bookmark: _Toc311121692][bookmark: _Toc332778575][bookmark: _Toc332778822][bookmark: _Ref388949260][bookmark: _Toc388949561]Xor constraint	Comment by Chris: Is this needed ???? Will it produce containment trees ?? Can we use it in optional packages ??? I suggest replacing with polymorphism, which allows us to invert the dependencies.

http://www.ibm.com/developerworks/xml/library/ws-tip-xsdchoice/index.html

See also:
	Comment by Bernd: Similar to <<ProxyClass>> and <<choice>>.
5.2.10.1 [bookmark: _Toc311121693][bookmark: _Toc332778576]Description
 “A Constraint represents additional semantic information attached to the constrained elements. A constraint is an assertion that indicates a restriction that must be satisfied by a correct design of the system. The constrained elements are those elements required to evaluate the constraint specification…“, an extract from 7.3.10 Constraint (from Kernel) of [2].
For a constraint that applies to two elements such as two associations, the constraint shall be shown as a dashed line between the elements labeled by the constraint string (in braces). The constraint string, in this case, is xor.
5.2.10.2 [bookmark: _Toc311121694][bookmark: _Toc332778577]Example
The figure below shows a ServerObjectClass instance that has relation(s) to multiple instances of a class from the choice of ClientObjectCLass_Alternative1, ClientObjectClass_Alternative2 or ClinetObjectCLass_Alternative3.
[image: ]
[bookmark: _Toc388949606]Figure 12: {xor} notation
5.2.10.3 [bookmark: _Toc311121695][bookmark: _Toc332778578]Name style
It has no name so there is no name style.
5.3 [bookmark: _Toc308514333][bookmark: _Toc308540990][bookmark: _Toc308514334][bookmark: _Toc308540991][bookmark: _Toc308514335][bookmark: _Toc308540992][bookmark: _Toc308514336][bookmark: _Toc308540993][bookmark: _Toc308514337][bookmark: _Toc308540994][bookmark: _Toc308514338][bookmark: _Toc308540995][bookmark: _Toc308514339][bookmark: _Toc308540996][bookmark: _Toc308514340][bookmark: _Toc308540997][bookmark: _Toc308514341][bookmark: _Toc308514372][bookmark: _Toc308514545][bookmark: _Toc308540998][bookmark: _Toc308514342][bookmark: _Toc308540999][bookmark: _Toc308514343][bookmark: _Toc308541000][bookmark: _Toc303068586][bookmark: _Toc311121696][bookmark: _Toc332778579][bookmark: _Toc332778823][bookmark: _Toc388949562]Stereotype	Comment by Chris: Why do some stereotypes start lowercase and some upper ? Can we make this consistent ???	Comment by Chris: Check UML Spec	Comment by Bernd: UML 2.5 specification regarding the name-style of a Stereotype.
1.	Section 12.4 (Classifier Descriptions) states that Stereotypes are subclasses of Class; my interpretation: should have the same name-style as Class.
2.	Section 22.3 contains a list of “Standard Stereotypes”; all names follow UCC.
Therefore I conclude, that Stereotype names are UCC.

Note:
In addition since stereotype properties are modelled using attributes they follow LCC.
Sub-clause 5.1 listed the UML defined basic model elements. UML defined a stereotype concept allowing the specification of simple or complex user-defined model elements.
This sub-clause lists all allowable stereotypes for this repertoire.
For each stereotype model element listed, there are three parts. The first part contains its description. The second part contains its graphical notation examples and the third part contains the rule, if any, recommended for labelling or naming it.
5.3.1 [bookmark: _Toc302918693][bookmark: _Toc303068502][bookmark: _Toc303068587][bookmark: _Toc303068685][bookmark: _Toc303068798][bookmark: _Toc303068588][bookmark: _Toc311121697][bookmark: _Toc332778580][bookmark: _Toc332778824][bookmark: _Toc388949563]<<ProxyClass>>	Comment by Bernd: Similar to Xor and <<choice>>.	Comment by Chris: Can we discuss this ????	Comment by Bernd: Should also provide the list of classes which are represented by the proxy class. as a property of the Stereotype -> string list.
5.3.1.1 [bookmark: _Toc303068589][bookmark: _Toc311121698][bookmark: _Toc332778581]Description
It is a form or template representing a number of <<InformationObjectClass>>. It encapsulates attributes, links, methods (or operations), and interactions that are present in the represented <<InformationObjectClass>>.
The semantics of a <<ProxyClass>> is that all behaviour of the <<ProxyClass>> is present in the represented <<InformationObjectClass>>. Since this class is simply a representation of other classes, this class cannot define its own behaviour other than those already defined by the represented <<InformationObjectClass>>.
A particular <<InformationObjectClass>> can be represented by zero, one or more <<ProxyClass>>. For example, the ManagedElement <<InformationObjectClass>> can have MonitoredEntity <<ProxyClass>> and ManagedEntity <<ProxyClass>>.
The attributes of the <<ProxyClass>> are accessible by the source entity that has an association with the <<ProxyClass>>.
5.3.1.2 [bookmark: _Toc303068590][bookmark: _Toc311121699][bookmark: _Toc332778582]Example
This shows a <<ProxyClass>> named MonitoredEntity. It represents (or its constraints is that it represents) all NRM <<InformationObjectClass>> (e.g. GgsnFunction <<InformationObjectClass>>) whose instances are being monitored for alarm conditions. It is mandatory to use a Note to capture the constraint.
[image: ] 
[bookmark: _Toc388949607]Figure 13: <<ProxyClass>> notation
See Annex A for more examples that use <<ProxyClass>>.
5.3.1.3 [bookmark: _Toc303068591][bookmark: _Ref305669559][bookmark: _Toc311121700][bookmark: _Toc332778583]Name style
For <<ProxyClass>> name, use the same style as <<InformationObjectClass>> (see 5.3.2).
5.3.2 [bookmark: _Toc302918698][bookmark: _Toc303068507][bookmark: _Toc303068592][bookmark: _Toc303068687][bookmark: _Toc303068800][bookmark: _Toc303068593][bookmark: _Ref305669555][bookmark: _Ref305669577][bookmark: _Ref305670541][bookmark: _Ref305671516][bookmark: _Ref305671897][bookmark: _Ref310940056][bookmark: _Ref311007796][bookmark: _Ref311007801][bookmark: _Toc311121701][bookmark: _Ref313612255][bookmark: _Toc332778584][bookmark: _Toc332778825][bookmark: _Toc388949564]<<InformationObjectClass>>
5.3.2.1 [bookmark: _Toc303068594][bookmark: _Toc311121702][bookmark: _Toc332778585]Description
The <<InformationObjectClass>> is identical to UML class except that it does not include/define methods or operations.
A UML class represents a capability or concept within the system being modelled. Classes have data structure and behaviour and relationships to other elements.
This class can inherit from zero, one or multiple classes (multiple inheritances).
See more on UML class in 10.2.1 of [1].
5.3.2.2 [bookmark: _Toc303068595][bookmark: _Toc311121703][bookmark: _Toc332778586]Example
This example shows an AbcFunction <<InformationObjectClass>>.
[image: ]
[bookmark: _Toc388949608]Figure 14: <<InformationObjectClass>> notation
The following table captures the properties of this modelled element. 
[bookmark: _Toc388949633]Table 4: <<InformationObjectClass>> properties
	Property name
	Description
	Legal values

	documentation
	Contains a textual description of this modelled element.
Should refer (to enable traceability) to a specific requirement.
	Any

	isAbstract
	Indicates if the class can be instantiated or is just used for inheritance.
	True, False (default)

	isNotifyable
	Identifies the list of the supported notifications.
	List of names of notification

	supportQualifier
	Identifies the required support of the class. See also section 7.
	M, O (default), CM, CO, C


Blue marked properties are in addition to the UML Specification and need to be defined in a profile.

5.3.2.3 [bookmark: _Toc303068596][bookmark: _Toc311121704][bookmark: _Toc332778587]Name style
The name shall use UCC style. The name shall end with an underscore if it is an abstract class in the UIM. The name must not end with an underscore if it is a concrete class. 
WKA is treated as a word if used in a name. However, WKA shall be used as is (its letter case cannot be changed) except when it is the first word of the name; and if so, its first letter must be in upper case.
Embedded underscore is not allowed except the name is for an Association class (see 5.4.1.)
5.3.3 [bookmark: _Toc303068597][bookmark: _Ref305596228][bookmark: _Toc311121705][bookmark: _Ref313533442][bookmark: _Toc332778588][bookmark: _Toc332778826][bookmark: _Toc388949565]<<names>>
5.3.3.1 [bookmark: _Toc303068598][bookmark: _Toc311121706][bookmark: _Toc332778589]Description
The <<names>> is modelled by a composition association where both ends are non-navigable. The source class is the composition and the target class is the component. The target instance is uniquely identifiable, within the namespace of the source entity, among all other targeted instances of the same target class and among other targeted instances of other classes that have the same <<names>> composition with the source.
The source class and target class shall each has its own naming attribute.
The composition aggregation association relationship is used as the act of name containment providing a semantic of a whole-part relationship between the domain and the named elements that are contained, even if only by name. From the management perspective access to the part is through the whole. Multiplicity shall be indicated at both ends of the relationship.
A target instance can not have multiple <<names>> with multiple sources, i.e. a target instance can not participate in or belong to multiple namespaces.
5.3.3.2 [bookmark: _Toc303068599][bookmark: _Toc311121707][bookmark: _Toc332778590]Example
This shows that all instances of Class4 are uniquely identifiable within a Class3 instance's namespace.
[image: TS32156 stereotype names]
[bookmark: _Toc388949609]Figure 15: <<names>> notation
5.3.3.3 [bookmark: _Toc303068600][bookmark: _Toc311121708][bookmark: _Toc332778591]Name style
It has no name so there is no name style.
5.3.4 [bookmark: _Toc303068601][bookmark: _Ref305596378][bookmark: _Ref305671447][bookmark: _Ref308537250][bookmark: _Ref308537279][bookmark: _Ref310868142][bookmark: _Toc311121709][bookmark: _Toc332778592][bookmark: _Toc332778827][bookmark: _Toc388949566]<<dataType>>
5.3.4.1 [bookmark: _Toc303068602][bookmark: _Toc311121710][bookmark: _Toc332778593]Description
It represents the general notion of being a data type (i.e. a type whose instances are identified only by their values) whose definition is defined by user (e.g. specification authors).
This repertoire uses two kinds of data types: predefined data types and user-defined data types. The former is defined in sub‑clause 5.4.3. The latter is defined by the specifications authors using this <<dataType>> model element.
The user-defined data types support the modelling of structured data types (see <<dataType>> notations in 5.3.4.2). When user-defined or predefined data type is used to apply type information to a class attribute (see 5.2.1), the data type name is shown along with the class attribute. See user example of <<dataType>> in 5.3.4.2.
5.3.4.2 [bookmark: _Toc303068603][bookmark: _Ref305670258][bookmark: _Toc311121711][bookmark: _Toc332778594]Example
The following examples are two user-defined data types. The left-most is named PlmnId that consists of Mobile Country Code (MCC) and Mobile Network Code (MNC), whose types are the predefined data types in 5.4.3. The right-most is named Xyz that consists of two predefined data types (i.e., String, Integer and one user-defined data type PlmnId.

[image: ]
[bookmark: _Toc388949610]Figure 16: <<dataType>> notations
The following example shows a ZClass using two user-defined data types and two predefined data types.
[image: ]
[bookmark: _Toc388949611]Figure 17: Usage example of <<dataType>>
5.3.4.3 [bookmark: _Toc303068604][bookmark: _Toc311121712][bookmark: _Toc332778595]Name style
For <<dataType>> name, use the same style as <<InformationObjectClass>> (see 5.3.2).
For <<dataType>> attribute, use the same style as Attribute (see 5.2.1).
5.3.5 [bookmark: _Toc303068605][bookmark: _Ref308537337][bookmark: _Ref308537358][bookmark: _Toc311121713][bookmark: _Toc332778596][bookmark: _Toc332778828][bookmark: _Toc388949567]<<enumeration>>
5.3.5.1 [bookmark: _Toc303068606][bookmark: _Toc311121714][bookmark: _Toc332778597]Description
An enumeration is a data type. It contains sets of named literals that represent the values of the enumeration. An enumeration has a name.
See 10.3.2 Enumeration of [1].
5.3.5.2 [bookmark: _Toc303068607][bookmark: _Toc311121715][bookmark: _Toc332778598]Example
This example shows an enumeration model element whose name is Account and it has four enumeration literals. The upper compartment contains the keyword <<enumeration>> and the name of the enumeration. The lower compartment contains a list of enumeration literals.
Note that the symbol to the right of <<enumeration>> Account in the figure below is a feature specific to a particular modelling tool. It is recommended that modelling tool features should be used when appropriate.
[image: ]
[bookmark: _Toc388949612]Figure 18: <<enumeration>> notation
5.3.5.3 [bookmark: _Toc303068608][bookmark: _Toc311121716][bookmark: _Toc332778599]Name style
For <<enumeration>> name, use the same style as <<InformationObjectClass>> (see 5.3.2).
For <<enumeration>> attribute (the enumeration literal), use the following rules:
· Enumeration literal is composed of one or more words of upper case characters. Words are separated by the underscore character.
[bookmark: _Toc388949568]5.3.6	<<choice>>	Comment by Chris: Is this needed ???? Will it produce containment trees ?? Can we use it in optional packages ??? I suggest replacing with polymorphism, which allows us to invert the dependencies.	Comment by Bernd: Similar to Xor 
5.3.6.1	Description
The «choice» stereotype represents one of a set of classes (when used as an information model element) or one of a set of data types (when used as an operations model element).
This stereotype property, e.g., one out of a set of possible alternatives, is identical to the {xor} constraint (see 5.2.10).
5.3.6.2	Example
Sometimes the specific kind of class cannot be determined at model specification time. In order to support such scenario, the specification is done by listing all possible classes.
The following diagram lists 3 possible classes. It also shows a «choice, InformationObjectClass» named SubstituteObjectClass. This scenario indicates that only one of the three «InformationObjectClass» named Alternative1ObjectClass, Alternative2ObjectClass, Alternative3ObjectClass shall be realised.
The «choice» stereotype represents one of a set of classes when used as an information model element.
[image: ]
[bookmark: _Toc388949613]Figure 19: Information model element example using «choice» notation
Sometimes the specific kind of data type cannot be determined at model specification time. In order to support such scenario, the specification is done by listing all possible data types.
The following diagram lists 2 possible data types. It also shows a «choice» named ProbableCause. This scenario indicates that only one of the two «dataType» named IntegerProbableCause, StringProbableCause shall be realised.
The «choice» stereotype represents one of a set of data types when used as an operations model element.
[image: ]
[bookmark: _Toc388949614]Figure 20: Operations model element example using «choice» notation
Sometimes models distinguish between sink/source/bidirectional termination points. A generic class which comprises these three specific classes can be modelled using the «choice» stereotype.
[image: ]
[bookmark: _Toc388949615]Figure 21: Sink/source/bidirectional termination points example using «choice» notation

5.3.6.3	Name style
For <<choice>> name, use the same style as <<InformationObjectClass>> (see 5.3.2).
5.4 [bookmark: _Toc303068609][bookmark: _Toc311121717][bookmark: _Toc332778600][bookmark: _Toc332778829][bookmark: _Toc388949569]Others
5.4.1 [bookmark: _Toc303068610][bookmark: _Ref310869243][bookmark: _Toc311121718][bookmark: _Toc332778601][bookmark: _Toc332778830][bookmark: _Toc388949570]Association class
5.4.1.1 [bookmark: _Toc311121719][bookmark: _Toc332778602]Description
An association class is an association that also has class properties (or a class that has association properties).
Even though it is drawn as an association and a class, it is really just a single model element.
See 7.3.4 AssociationClass of [2].
Association classes are appropriate for use when an «InformationObjectClass» needs to maintain associations to several other instances of «InformationObjectClass» and there are relationships between the members of the associations within the scope of the "containing" «InformationObjectClass». For example, a namespace maintains a set of bindings, a binding ties a name to an identifier. A NameBinding «InformationObjectClass» can be modelled as an Association Class that provides the binding semantics to the relationship between an identifier and some other «InformationObjectClass» such as Object in the figure. This is depicted in the following figure.
5.4.1.2 [bookmark: _Toc303068611][bookmark: _Toc311121720][bookmark: _Toc332778603]Example
[image: TS32156 Association Class]
[bookmark: _Toc388949616]Figure 22: Association class notation
5.4.1.3 [bookmark: _Toc303068612][bookmark: _Toc311121721][bookmark: _Toc332778604]Name style
The name shall use the same style as in <<InformationObjectClass>> (see 5.3.2.3).
5.4.2 [bookmark: _Toc303068613][bookmark: _Toc311121722][bookmark: _Toc332778605][bookmark: _Toc332778831][bookmark: _Toc388949571]Abstract class
5.4.2.1 [bookmark: _Toc303068614][bookmark: _Toc311121723][bookmark: _Toc332778606]Description
It specifies a special kind of <<InformationObjectClass>> as the general model element involved in a generalization relationship (see 5.2.5). An abstract class cannot be instantiated.
This modelled element has the same properties as class. See 5.3.2.
5.4.2.2 [bookmark: _Toc303068615][bookmark: _Toc311121724][bookmark: _Toc332778607]Example
This shows that Class5_ is an abstract class. It is the base class for SpecialisedClass5.
[image: ModelRepertoire Inheritance]
[bookmark: _Toc388949617]Figure 23: Abstract class notation
5.4.2.3 [bookmark: _Toc303068616][bookmark: _Toc311121725][bookmark: _Toc332778608]Name style
For abstract class name, use the same style as <<InformationObjectClass>> (see 5.3.2). The name shall be in italics.
In the UIM and UOM its last character shall be an underscore. 
5.4.3 [bookmark: _Toc388949572][bookmark: _Ref388948784][bookmark: _Toc388949574]Predefined data types
5.4.3.1 [bookmark: _Toc303068618][bookmark: _Toc311121727][bookmark: _Toc332778610]Description
[bookmark: _Toc303068619]It represents the general notion of being a data type (i.e. a type whose instances are identified only by their values) whose definition is defined by this specification and not by the user (e.g. specification authors).
This repertoire uses two kinds of data types: predefined data types and user-defined data types.  The latter are defined in 5.3.4 <<dataType>> and 5.3.5 <<enumeration>>.
The following table lists the UML data types selected for use as predefined data type. 
[bookmark: _Toc388949634]Table 5: UML defined data types
	Name
	Description and reference

	Boolean
	See Boolean type of [7].

	Integer
	See Integer type of [7].

	String
	See PrintableString type of [7].



The following table lists data types that are defined by this repertoire.
[bookmark: _Toc388949635]Table 6: Non-UML defined data types
	Name
	Description and reference

	AttributeValuePair
	This data type defines an attribute name and the attribute’s value.

	BitString
	This data type is defined by Bit string of clause 3 and clause G.2.5 of [7].

	DateTime
	This data type is defined by GeneralizedTime of [7].

	DN	Comment by Chris: !!!	Comment by Bernd: Should be an ordered list of name value pairs.
	This data type defines the DN (see Distinguished Name of [8]) of an object contains a sequence of one or more name components. Each initial sub-sequence (note 1) of the object name is also the name of an object. The sequence of objects so identified, starting with the one identified by only the first name component and ending with the object being named, is such that each is the immediate superior (note 2) of that which follows it in the sequence.
Note 1: Suppose an object’s DN is composed of a sequence of 4 name components, i.e. 1st, 2nd, 3rd and 4th components. The “initial sub-sequence” is composed of the 1st, 2nd and 3rd components.
Note 2: Suppose object A is name-contained (see 5.3.3) by object B, object B is said to be the immediate superior of object A.

	External
	This data type is defined by another organization.

	OperationStatusAtomic
	This enumeration defines the status values of an atomic operation.
· SUCCESSFUL: The operation has been successfully completed as a whole;
· NOT_SUCCESSFUL: The operation has not been successfully completed as a whole; i.e. the states of the involved object instances are the same as before the operation (roll back is necessary).

	OperationStatusBestEffort
	This enumeration defines the status values of a best effort operation.
· SUCCESSFUL: The operation has been completed successfully as a whole;
· PARTIALLY_SUCCESSFUL: The operation has been completed partially successfully. Further definition what this means for a specific operation is to be specified by the interface specification author;
· NOT_SUCCESSFULThe operation has not been completed at all, i.e. the state of the involved object instances is unchanged.

	Real
	This data type is defined by Real type of [7].


5.4.3.2 [bookmark: _Toc311121728][bookmark: _Toc332778611]Example
[bookmark: _Toc303068620][image: 731483507@07092012-0E59]
[bookmark: _Toc388949618]Figure 24: Predefined data types usage
Note: Use of this is optional. Uses of other means, to specify Predefined data types, are allowed.
5.4.3.3 [bookmark: _Toc311121729][bookmark: _Toc332778612]Name style
[bookmark: _Toc303068621]It shall use the UCC style.
6 [bookmark: _Ref310867301][bookmark: _Toc311121730][bookmark: _Toc332778613][bookmark: _Toc332778833][bookmark: _Toc388949575]Operations Model Elements and Notations
[bookmark: _Toc341356985][bookmark: _Toc388949576]6.1	General
Note that the graphical notation in this document is only used to represent particular model elements. Although the graphical notation is a correct representation of the model element, it may not be a valid representation of a UML class diagram.
The examples used in this document are for illustration purposes only and may or may not exist in specifications.
UML properties not described in this document shall not be used in specifications based on this repertoire.
[bookmark: _Toc341356986][bookmark: _Toc388949577]6.2	Basic model elements
UML has defined a number of basic model elements. This sub-clause lists the subset selected for use in specifications based on this repertoire. The semantics of these selected basic model elements are defined in [1].
For each basic model element listed, there are three parts. The first part contains its description. The second part contains its graphical notation examples and the third part contains the rule, if any, recommended for labelling or naming it.
The graphical notation has the following characteristics:
1. Section 7.2.7 of [2] specifies "A class is often shown with three compartments. The middle compartment holds a list of attributes while the bottom compartment holds a list of operations”. This repertoire only allows the use of the name (top) compartment and operations (third) compartment. The attribute (middle) compartment may be present as shown in the figure below.
[image: ]
2. Interfaces are identified by the stereotype «interface».
3. The use of the decoration, i.e. the symbol in the name (top) compartment ([image: ]), is optional.
4. Each Interface must have at least one operation.
5. Section 13.3.24 Signal [2] “A signal is a specification of send request instances communicated between objects. The receiving object handles the received request instances as specified by its receptions. The data carried by a send request (which was passed to it by the send invocation occurrence that caused that request) are represented as attributes of the signal. A signal is defined independently of the classifiers handling the signal occurrence.” 
A signal triggers a reaction in the receiver in an asynchronous way and without a reply. The sender of a signal will not block waiting for a reply but continue execution immediately. A signal is depicted by a classifier symbol with the keyword «signal».
[image: ]
A class can be shown with four compartments. The fourth compartment holds a list of signals (send requests).
[image: ]
[bookmark: _Toc341356987][bookmark: _Toc388949578]6.2.1	Interface
[bookmark: _Toc341356988]6.2.1.1	Description
“An interface is a kind of classifier that represents a declaration of a set of coherent public features and obligations. An interface specifies a contract; any instance of a classifier that realizes the interface must fulfil that contract. The obligations that may be associated with an interface are in the form of various kinds of constraints (such as pre- and post-conditions) or protocol specifications, which may impose ordering restrictions on interactions through the interface.
Since interfaces are declarations, they are not instantiable. Instead, an interface specification is implemented by an instance of an instantiable classifier, which means that the instantiable classifier presents a public facade that conforms to the interface specification. Note that a given classifier may implement more than one interface and that an interface may be implemented by a number of different classifiers (see “InterfaceRealization (from Interfaces)” on page 89).” - see section 7.3.24 “Interface” of [2].
The following table captures the properties of an interface:
[bookmark: _Toc388949636]Table 7: «Interface» properties
	Property name
	Description
	Legal values

	documentation
	Contains a textual description of the Interface.
Should refer (to enable traceability) to a specific requirement.
	Any

	isAbstract
	Indicates if the Interface can be instantiated or is just used for inheritance.
	True, False (default)

	supportQualifier
	Identifies the required support of the Interface including a condition – if applicable. See also section 7.
	M, O (default), CM, CO, C


Blue marked properties are in addition to the UML Specification and need to be defined in a profile.

[bookmark: _Toc341356989]6.2.1.2	Example
This example shows a Xyz «Interface».
Editor note: Use lower case ‘I’ in diagram and everywhere <<interface>>
[image: ]
[bookmark: _Toc388949619]Figure 25: «Interface» notation
[bookmark: _Toc341356990]6.2.1.3	Name style
The name shall use UCC style.

[bookmark: _Toc341356991][bookmark: _Toc388949579]6.2.2	Operation
[bookmark: _Toc341356992]6.2.2.1	Description
“An operation is a behavioural feature of a classifier that specifies the name, type, parameters, and constraints for invoking an associated behaviour.” - see section 7.3.37 “Operation” of [2].
Operations are grouped in interface classes.
These operation properties apply for synchronous and asynchronous mode of operations.
Operations return either an exception or return output parameters including a status. The “status” output parameter is used to inform about the outcome of an operation that does not have an exception.
The following table captures the properties of an operation:
[bookmark: _Toc388949637]Table 8: Operation properties
	Property name
	Description
	Legal values

	documentation
	Contains a textual description of the operation.
Should refer (to enable traceability) to the specific requirement.
	Any

	isAtomic
	This property identifies if the operation is best effort or is successful / not successful as a whole.
If true, then:
· Successful: The operation has been successfully completed as a whole;
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Not successful: The operation has not been successfully completed as a whole, i.e. the states of the involved object instances are the same as before the operation (roll back is necessary).
If false, then:
· Successful: The operation has been completed successfully as a whole;
· Partially successful: The operation has been completed partially successfully. Further definition what this means for a specific operation is to be specified by the interface specification author;
· Not successful: The operation has not been completed at all, i.e. the state of the involved object instances is unchanged.
	True, False (default)

	precondition(s)
	This property defines the conditions that have to be true before the operation can be started (i.e. if not true, the operation will not be started at all and a general “precondition not met” error will be returned).
	Any

	postcondition(s)
	This property defines the state of the system after the operation has been executed (if successful, or if not successful, or if partially successful). 
Note that partially successful postcondition(s) can only be defined in case of non-atomic operations.
Note that when an exception is raised, it should not be assumed that the postcondition(s) are satisfied.
	Any

	bulkTransferPattern
	This property allows the selection of the bulk data transfer implementation style. This is applicable when at least one of the parameter's isBulkPotential property is set to true.
Possible values:
· NONE (default): The operation does not require any bulk transfer pattern.
· FILE: The operation uses a file transfer pattern for bulk attributes.
· ITERATOR: The operation uses an iterator transfer pattern for bulk attributes.
	NONE (default),
ITERATOR,
FILE

	emitsEvents
	This property indicates the capability of the server to emit event notifications about the progress of the bulk operation (i.e. bulkTransferPattern value is FILE or ITERATOR).. If true, the server can emit progress events. The events that can be emitted are listed under the emittedEvents property.
When bulkTransferPattern value is NONE, this emitsEvents value is False.
	True, False (default)

	emittedEvents
	This property is only applicable if emitsEvents is true.
This property lists the events that can be emitted by the operation. It is a list of event names, separated by commas. The named events have to be valid events already defined in the model.
	List of events defined in the model.

	isOneWay
	This property indicates that the operation has no output parameter.
	True, False (default)

	operationExceptions
	This property identifies the allowed exceptions together with a failure reason. 
	See section 6.2.2.4 for exceptions

	supportQualifier
	This property identifies the required support of the operation. See also section 7.
	M, O (default), CM, CO, C


Blue marked properties are in addition to the UML Specification and need to be defined in a profile.

[bookmark: _Toc341356993]6.2.2.2	Example
This example shows three operations, i.e. a, b and c, listed in the operation (third) compartment of the interface Xyz.
[image: ]
[bookmark: _Toc388949620]Figure 26: Operations within an interface
Graphic symbols are optional.
[bookmark: _Toc341356994]6.2.2.3	Name style
[bookmark: _Ref341353813][bookmark: _Toc341356995]An operation name shall use the LCC style.
6.2.2.4	Exceptions
This Repertoire defines a list of pre-defined exceptions. To increase interoperability, the specifications authors must use these exceptions whenever possible. Additional exceptions are only allowed if none of these pre-defined exceptions fit. Any additional exceptions are preferably formed by inheritance of pre-defined exception(s).
These pre-defined exceptions may be appended by a string which describes the failure reason.
The following table lists the pre-defined exceptions that must be supported by an operation:
[bookmark: _Toc388949638]Table 9: Mandatory pre-defined Exceptions
	Exception
	Description

	CommunicationLoss
	This exception shall be raised if the server is unable to communicate with its supporting process or the NE for the handling of the request.

	Failure
	This exception shall be raised due to a failure not covered by the other mandatory pre-defined Exceptions.
In case of an atomic operation it shall be used to indicate a failure of at least one of its sub-parts.
The failure reason should provide some indications of the reason and location of the failure.

	InternalError
	This exception shall be raised if the request has resulted in a server internal error.

	InvalidInput
	This exception shall be raised if the operation contains an input parameter that is invalid (e.g. syntactically incorrect, or identifies an object of the wrong type, or is out of range).

	NotImplemented
	This exception shall be raised if the server does not support this operation.

	UnableToComply
	This exception shall be raised if the server cannot satisfy the request.



The following table lists the pre-defined exceptions that may be supported by an operation:
[bookmark: _Toc388949639]Table 10: Optional pre-defined Exceptions
	Exception
	Description

	AccessDenied
	This exception shall be raised if the client is not permitted to perform the operation.

	CapacityExceeded
	This exception shall be raised if the request will result in resources (e.g. Termination Points or Measurement Jobs) being created or activated beyond the capacity supported by the NE or server.

	FilterNotSupported
	This exception shall be raised if a filter definition is not supported by the server. The failure reason shall indicate the more precise reason.

	NotInValidState
	This exception shall be raised if the state of the identified object is such that the server cannot perform the operation.

	ObjectExisting
	This exception shall be raised if an object instance cannot be created because an object with the same identity/name already exists.

	ObjectInUse
	This exception shall be raised if the object identified in the request is currently in use.

	ObjectNotExisting
	This exception shall be raised if the object identified in the request does not exist.

	UnableToNotify
	This exception shall be raised if the server is unable to connect to the Notification Service.



[bookmark: _Toc341356996][bookmark: _Toc388949580]6.2.3	Parameter
[bookmark: _Toc341356997]6.2.3.1	Description
“A parameter is a specification of an argument used to pass information into or out of an invocation of a behavioural feature.” - see section 7.3.42 “Parameter” of [2].
The following table captures the properties of a parameter:
[bookmark: _Toc388949640]Table 11: Parameter properties
	Property name
	Description
	Legal values

	documentation
	Contains a textual description of the parameter.
Should refer (to enable traceability) to the specific requirement.
	Any

	type
	Refers to a predefined (see section 5.4.3) or user defined data type (see section 5.3.4).

	Refers to section 5.4.3) and 5.3.4).

	isOrdered
	For a multi-valued multiplicity; this specifies if the values of this parameter instance are sequentially ordered. See section 7.3.44 and its Table 7.1 of [2].
	True, False (default)

	isUnique
	For a multi-valued multiplicity, this specifies if the values of this parameter instance are unique (i.e. no duplicate attribute values). See section 7.3.44 and its Table 7.1 of [2].
	True (default), False

	allowedValues
	This property identifies the values the parameter can have. 
	Dependent on type

	defaultValue
	This property identifies a value at specification time that is to be used for the input parameter if no value is provided at run-time. 

	No value (default) or a value that is dependent on allowedValues


	multiplicity
	This property defines the number of values the parameter can simultaneously have.
	See section 5.2.8. Default is 1.

	isBulkPotential
	This property indicates that this parameter can potentially carry a very large amount of data which will require a bulk data transfer pattern implementation. The selection of the bulk data transfer is defined using the operation’s bulkTransferPattern property.
If true, the bulk transfer pattern must be selected.
	True, False (default)

	direction
	This property defines the direction of the parameter.
	In, InOut, Out

	supportQualifier
	This property identifies the required support of the parameter. See also section 7.
	M, O (default), CM, CO, C


[bookmark: _Toc341356998]Blue marked properties are in addition to the UML Specification and need to be defined in a profile.

6.2.3.2	Example
This example shows three operations and their related parameters.
[image: ]
[bookmark: _Toc388949621]Figure 27: Parameters within Operations
Graphic symbols are optional.
[bookmark: _Toc341356999]6.2.3.3	Name style
A parameter name shall use the LCC style.



7 [bookmark: _Toc388949581]Qualifiers
This clause defines the qualifiers applicable for model elements specified in this document, e.g. the IOC (see 5.3.2), the Attribute (see 5.2.1). The qualifications are M, O, CM, CO, C and ‘SS’. Their meanings are specified in this section. This type of qualifier is called Support Qualifier (see supportQualifier of IOC in Table 3 and supportQualifier of attribute in Table 1 of 5.2.1).
This clause also defines the qualifiers applicable to various properties of a model element, e.g. see the IOC properties excepting ‘supportQualifier’ in Table 3 and attributes properties excepting supportQualifier in Table 1 of 5.2.1. The qualifications are M, O, CM, CO, C and ‘-‘. Their meanings are specified in this section. This type of qualifier is simply called Qualifier.
Definition of M (Mandatory) qualification:
· The capability (e.g. the Attribute named abc of an IOC named Xyz; the write property of Attribute named abc of an IOC named Xyz; the IOC named Xyz) shall be supported.
Definition of O (Optional) qualification: 
· The capability may or may not be supported.
Definition of CM (Conditional-Mandatory) qualification:
· The capability shall be supported under certain conditions, specifically:
· When qualified as CM, the capability shall have a corresponding constraint defined in the specification. If the specified constraint is met then the capability shall be supported.

Definition of CO (Conditional-Optional) qualification:
· The capability may be supported under certain conditions, specifically:
· When qualified as CO, the capability shall have a corresponding constraint defined in the specification. If the specified constraint is met then the capability may be supported.

Definition of C (Conditional) qualification: 
· Used for items that has multiple constraints. Each constraint is worded as a condition for one kind of support such as mandatory support, optional support or "no support". All constraints must be related to the same kind of support. Specifically:
· Each item with C qualification shall have the corresponding multiple constraints defined in the specification. If all specified constraints are met and are related to mandatory, then the item shall be supported. If all the specified constraints are met and are related to optional, then the item may be supported. If all the specified constraints are met and are related to "no support", then the item shall not be supported. 
· Note: This qualifier should only be used when absolutely necessary, as it is more complex to implement.
Definition of SS (SS Conditional) qualification:
· The capability shall be supported by at least one but not all solutions.
	
Definition of ‘-‘ (no support) qualification: 
· The capability shall not be supported.
8 [bookmark: _Toc332388603][bookmark: _Toc332388709][bookmark: _Toc332388800][bookmark: _Toc332389086][bookmark: _Toc332396224][bookmark: _Toc332397209][bookmark: _Toc332397521][bookmark: _Ref309716884][bookmark: _Toc311121731][bookmark: _Toc332778614][bookmark: _Toc332778834][bookmark: _Toc388949582]UML Diagram Requirements
Classes and their relationships shall be presented in class diagrams.
It is recommended to create:
· An overview class diagram containing all classes related to a specific management area (Class Diagram).
· The class name compartment should contain the location of the class definition (e.g. "Qualified Name")
· The class attributes should show the "Signature". (see section 7.3.45 of [2] for the signature definition);
· A separate inheritance class diagram in case the overview diagram would be overloaded when showing the inheritance structure (Inheritance Class Diagram);
· A class diagram containing the user defined data types (Type Definitions Diagram);
· Additional class diagrams to show specific parts of the specification in detail;
· State diagrams for complex state attributes.


[bookmark: _Toc332778615][bookmark: _Toc332778835][bookmark: _Toc388949583]Annex A (informative):
Examples of using <<ProxyClass>> 
[bookmark: _Toc332397524][bookmark: _Toc388949584][bookmark: _Toc332778616][bookmark: _Toc332778836]A.1	First Example
This shows a <<ProxyClass>> named YyyFunction. It represents all IOCs listed in the Note under the UML diagram. All the listed IOCs, in the context of this example, inherit from ManagedFunction IOC.
The use of <<ProxyClass>> eliminates the need to draw multiple UML <<InformationObjectClass>> boxes, i.e. those whose names are listed in the Note, in the UML diagram.
[image: TS32156 AnnexA first figure]
[bookmark: _Toc388949622]Figure 28: <<ProxyClass>> Notation Example A.1
[bookmark: _Toc332778617][bookmark: _Toc332778837][bookmark: _Toc388949585]
A.2	Second Example

This shows a <<ProxyClass>> named YyyFunction. It represents all IOCs listed in the attached (or associated) Note.  All the listed IOCs, in the context of this example, have link (internal and external) relations.
This shows a <<ProxyClass>> InternalYyyFunction. It represents all IOCs listed in the attached (or associated) Note.  
This shows a <<ProxyClass>> Link_a_z and ExternalLink_a_z. They represent all IOCs listed in the attached (or associated) Note.  
[image: TS32156 AnnexA second figure]
[bookmark: _Toc388949623]Figure 29: <<ProxyClass>> Notation Example A.2



[bookmark: _Toc332778618][bookmark: _Toc332778838][bookmark: _Toc388949586]Annex B (normative): Attribute properties


	isInvariant

	write
	defaultValue 
	manager must provide a value when manager requests object creation  
	Meaning

	
	
	
	
	Not valid.

	
	
	
	
	May be set by the manager only during object creation time; if no value is provided by the manager, the default value is used.

	
	
	
	
	Must be set by the manager during object creation time.

	
	
	
	
	May be set by the manager only during object creation time; if no value is provided by the manager, the agent must provide a value.

	
	
	
	
	Not valid.

	
	
	
	
	Valid but not useful.

	
	
	
	
	Not valid.

	
	
	
	
	Must be set by the agent during object creation time.

	
	
	
	
	Not valid.

	
	
	
	
	May be set by the manager anytime; if no value is provided by the manager at object creation time, it is set to the default value.

	
	
	
	
	Must be set by the manager at object creation time and may be changed anytime.

	
	
	
	
	May be set by the manager at object creation time and may be changed anytime.

	
	
	
	
	Not valid.

	
	
	
	
	Must be set by the agent to the default value at object creation time;
may be changed by the agent anytime.

	
	
	
	
	Not valid.

	
	
	
	
	May be set by the agent at object creation time and may be changed by the agent anytime.




[bookmark: _Toc332778619][bookmark: _Toc332778839][bookmark: _Toc388949587][bookmark: _Toc311121732]Annex C (normative):
Design patterns
[bookmark: _Toc332778620][bookmark: _Toc332778840][bookmark: _Toc388949588][bookmark: _Toc311121734]C.1	Intervening Class and Association Class
[bookmark: _Toc332778621][bookmark: _Toc332778841][bookmark: _Toc388949589]C.1.1	Concept and Definition
Classes may be related via simple direct associations or via associations with related association classes. 
However, in situations where the relationships between a number of classes is complex and especially where the relationships between instances of those classes are themselves interrelated there may be a need to encapsulate the complexity of the relationships within a class that sits between the classes that are to be related. The term “intervening class” is used here to name the pattern that describes this approach. The name “intervening class” is used as the additional class “intervenes” in the relationships between other classes.
The “intervening class” differs from the association class as the intervening class does break the association between the classes where as the association class does not but instead sits to one side. This can be seen in the following figure. A direct association between class A and C appears the same at A and C regardless of the presence or absence of an association class where as in the case of the “intervening class” there are associations between A and the “intervening class” B and C and the “intervening class” B.


[bookmark: _Toc388949624]Figure 30: Various association forms
The “intervening class” is essentially no different to any other class in that it may encapsulate attributes, complex behaviour etc.
The following figure shows an instance view of both an association class form and an “intervening class” form for a complex interrelationship


[bookmark: _Toc388949625]Figure 31: Instance view of "intervening class"
The case depicted above does not show interrelationships between the relationships. A practical case from modeling of the relationships between Termination Points in a fixed network does show this relationship interrelationship challenge. In this case the complexity of relationship is between instances of the same class, the Termination Point (TP). The complexity is encapsulated in a SubNetworkConnection (SNC) class.


[bookmark: _Toc311088375][bookmark: _Toc388949626]Figure 32: SNC intervening in TP-TP relationship
The SNC also encapsulates the complex behaviour of switching and path selection as depicted below.


[bookmark: _Toc311088376][bookmark: _Toc388949627]Figure 33: Complex relationship interrelationships
[bookmark: _Toc332778622][bookmark: _Toc332778842][bookmark: _Toc388949590]C.1.2	Usage in the non-transport domain
The choice of association class pattern or intervening class pattern is on a case-by-case basis.
The transport domain boundary is highlighted in the following figure.



[bookmark: _Toc388949628]Figure 34: Highlighting the boundary between transport and non-transport domains
[bookmark: _Toc332778623][bookmark: _Toc332778843][bookmark: _Toc388949591]C.1.3	Usage in the transport domain
The following guidelines must be applied to the models of the “transport domain”. 
When considering interrelationships between classes the following guidelines should be applied:
· If considering all current and recognised potential future cases it is expected that the relationship between two specific classes will be 0..1:0..1 then a simple association should be used
· This may benefit from an association class to convey rules and parameters about the association behaviour in complex cases.
· If there is recognised potential for cases currently or in future where there is a 0..*:0..* between two specific classes then intervening classes should be used to encapsulate the groupings etc. so as to convert it to 0..1:n..*. 
· Note that the 0..1:n..* association may benefit from an association class to convey rules and parameters about the association behaviour in complex cases but in the instance form this can probably be ignored or folded into the intervening class
· In general it seems appropriate to use an association class when the properties on the relationship instance cannot be obviously or reasonably folded into one of the classes at either end of the association and when there is no interdependency between association instances between a set of instances of the classes.
An example of usage of intervening class is the case of the TP-TP (TerminationPoint) relationship (0..*:0..*) where the SNC (SubNetworkConnection) is added as the intervening class between multiple TPs, i.e. TP-SNC. Note that TP-SNC actually becomes 0..2:n..* due to directionality encapsulation. 
Considering the case of the adjacency relationship between PTPs it is known that although the current common cases are 1:1 there are some current and many potential future case of 0..*:0..* and hence a model that has an intervening class, i.e. the TopologicalLink, should be used.
For a degenerate instance cases of 0..*:0..* that happens to be 0..1:0..1 the intervening class pattern should still be used:
· Using the 0..1:0..1 direct association in this degenerate case brings unnecessary variety to the model and hence to the behaviour of the application (the 0..1:n..* model covers the 0..1:0..1 case  with one single code form clearly)
· An instance of the 0..1:0..1 model may need to be migrated to 0..1:n..* as a result of some change in the network forcing an unnecessary administrative action to transition the model form where as in the 0..1:n..* form requires no essential change.

[bookmark: _Toc332778624][bookmark: _Toc332778844][bookmark: _Toc388949592]C.2	Use of “ExternalXyz” class
This section will be completed for the next release. 


[bookmark: _Ref305669500][bookmark: _Toc311121739][bookmark: _Toc314595349][bookmark: _Toc388949593]Annex D (informative): Stereotypes for naming purposes
The following diagram illustrates the various stereotypes for naming purposes. 
The <<names>> with solid-diamond (see 5.3.3) identifies:
· The naming class (close to the solid diamond) and a named class;
· The naming scheme is DN;
· The container (close to the solid diamond) and the content.

The <<names>> with other types of associations (and excluding those labelled “Not Allowed”) identifies:
· The naming class (close to the hollow diamond or the source with regard to arrow direction) and a named class (the target);
· The naming scheme is DN.

The <<namedBy>> with dependency (dotted arrowed line) identifies:
· The naming class (target with regard to arrow direction) and a named class (the source);
· The naming scheme is DN.

Referring to the figure, RMA Phase 1 allows the form Class7<<names>>Class8.
The forms “in red” are not allowed.
The rest of the forms are “under investigation in Phase 2” since they all require an agreed standard mechanism on handling (named) instances whose related naming instance have been destroyed. They also lack use case support, thus far.
[image: ]
[bookmark: _Toc388949629]Figure 35: Various forms of naming stereotypes


[bookmark: _Toc388949594]
Annex E (informative): Operations Model Elements under discussion
This Annex lists model element definitions subject to further discussions and agreement.

Item #1
Description
“An operation is a behavioural feature of a classifier that specifies the name, type, parameters, and constraints for invoking an associated behaviour.” - see section 7.3.37 “Operation” of [2].
Operations are grouped in interface classes.
The following table captures the properties of an operation:
[bookmark: _Toc388949641]Table 12: Operation properties
	Property name
	Description
	Legal values

	isIdempotent
	This property defines if the operation is idempotent or not; i.e. the operation can be repeated providing the same result every time (assuming that the state of the underlying network does not change).
	True, False (default)



Item #2
Exceptions
This Repertoire defines a list of pre-defined exceptions. To increase interoperability, the specifications authors must use these exceptions whenever possible. Additional exceptions are only allowed if none of these pre-defined exceptions fit. Any additional exceptions are preferably formed by inheritance of pre-defined exception(s).The following table lists the pre-defined exceptions:
[bookmark: _Toc388949642]Table 13: Pre-defined Exceptions
	Exception
	Description

	AlreadyInPostCondition
	This exception can be used by operations which are not defined as idempotent. It is used to indicate that the server is already in the post-condition

	InventoryOutOfSync
	This exception shall be raised when the operation fails because the inventory data bases from the target and client are out of sync



Item #3
Parameter
Description
“A parameter is a specification of an argument used to pass information into or out of an invocation of a behavioural feature.” - see section 7.3.42 “Parameter” of [2]. 
The following table captures the properties of a parameter:
[bookmark: _Toc388949643]Table 14: Parameter properties
	Property name
	Description
	Legal values

	passedById
	This property is only applicable when the type of the parameter is an class.
It identifies whether the parameter contains a pointer to the object instance (passedById = true) or contains the entire information of the object instance (passedById = false).
	True, False (default)
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[bookmark: _GoBack]XOR Constraint

This contribution discusses XOR Constraint.

NOTICE: This contribution has been prepared to assist the TeleManagement Forum. This document is offered to the TM Forum as a basis for discussion and is not a binding proposal on Cisco or any other company. The requirements are subject to change in form and numerical value after more study. Cisco  specifically reserves the right to add to, amend, or withdraw statements contained herein.

THE INFORMATION HEREIN IS PROVIDED “AS IS,” WITHOUT ANY WARRANTIES OR REPRESENTATIONS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING WITHOUT LIMITATION, WARRANTIES OF NONINFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

[bookmark: _Toc315803896]Expected Outcome

It is anticipated that the insights in this paper be used in ongoing discussions to advance Frameworx.

IPR Declaration

Is there any IPR and/or Patentable Interest Declaration associated with this contribution NO 

NOTE: The author must declare any IPR that their company owns with respect to this contribution, and a completed Patent Disclosure form must be provided. This may be downloaded from the TMF web site at:  , Ref 16, Contribute Submit.doc. 






In UML, we can create UML constraints like this.

Note that it is not clear even how to interpret this simple case, see 

http://blue-walrus.com/?p=445

http://stuartgunter.wordpress.com/2011/04/03/opposing-views-on-the-uml-xor-constraint/.

[image: ]

Figure 1 – UML XOR Constraint






Option A – Create an abstract superclass at the optional ends



The simplest and most obvious way to get rid of the XOR constraint is to create an abstract superclass, move the classes at the optional ends under it and then replace the XOR associations with one association.

Note that there may be issues if the original associations had different multiplicities and/or navigabilities.

[image: ]

Figure 2



Option B- create subclasses at the common end



If the classes at the optional end are already in a hierarchy that can’t be changed, then a less obvious option is to subclass the common end and move the associations down to the subclasses. Note that in this option that we still have two separate associations, so  this works better if the original associations had different multiplicities and/or navigabilities.

[image: ]

Figure 3






Option C – create an intermediate class hierarchy



If the classes all have hierarchies that can’t be touched (probably means that the original model used inheritance too much anyway and should be refactored), then a less optimal solution could be to add in an additional hierarchy as shown in the figure below.



[image: ]

Figure 4






A few more thoughts



N associations requires N*(N-1)/2 Constraints



The documented examples show XOR used only with two associations, but does it scale ?

If we wish to XOR N associations, then we will need to add  constraints.

For example with 4 associations, we need  constraints, as shown below (and also provide platform support to actually enforce the constraint).

[image: ]

Figure 5








Can they be ORed together ?



Can we combine the constraints in other ways, for example what does the example below mean ?

That we have either AB or AC but not both and either AC or CD but not both ?

[image: ]

Figure 6

So valid options would be :

· AB

· AC

· AD

· AB + AD



Invalid options would be:

· AB + AC

· AD + AC

· AB + AC + AD
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