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LAll the world's a stage, and all the men and women merely players: they have their exits and their
entrances; and one man in his time plays many parts, his acts being seven ages."

- William Shakespeare

The Role Concept

> Relatively old, e.g. Bachman 1977 [1]

> Since then many different approaches emerged

» They do not share a common understanding (or formalism)
> There might be no common universal role concept

Each approach can be classified along
design decisions
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Classification of Roles
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Roles have properties and behaviours
Roles depend on relationships

An Object may play different roles simultaneously

An Object may play the same role (type) several times

An Object may acquire and abandon roles dynamically

Sequence of role acquisition and removal may be restricted

Unrelated objects can play the same role

Roles can play roles

Roles can be transferred between objects

The State of an object can be role-specific
Features of an object can be role-specific

Roles restrict access

Different roles may share structure and behaviour
An Object and its roles share identity

An Object and its roles have different identities

- Friedrich Steimann (2000) [2]
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Evaluation of Current Approaches
Lodwick [1]

Rava [6]

Object Teams / Java[7]

powerJava [8]

NextEJ [9]

ok owbde

pposh 35S e e o o i b s
1- 3

+ + + + + ? ? ?

2 + + + + -- + + +

3 + ? + + + + / -- + + +

4. + ? v ? v -- + o+ 4
5 + ? + + + + -- + +
+ yes - no ? possible / not applicable
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Evaluation of a Small Poll within the Research Group (n=7)
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Results

» Concensus in several questions (1-7)

» Controversal parts start from question (8)

» Maybe the following questions will become Variation Points

Debated Questions

(8) Rolescan play roles

(10) The State of an object can be role-specific

(11) Features of an object can be role-specific

(13) Different roles may share structure and behaviour
(14) An Object and its roles share identity

(15) An Object and its roles have different identities



Classification
10 Additional Questions

11

Model-Driven Software Development in Technical Spaces (MOST)

@ © Prof. U. ABmann

Additional Questions retrieved from the Literature [3-9]
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Relationships between Roles can be constrained

There may be constraints between relationships

Roles can be grouped and constrained together

Roles depend on Compartments

Compartments have properties and behaviors

A Role can be part of several Compartments
Compartments may play roles like objects

Compartments may play roles which are part of themselve
Compartments can contain other compartments

Different compartments may share structure and behavior

Compartments have their own identity

- Thomas Kiihn (2014)
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,[...] there is no single definition of roles integrating all of
[the classifying Questions]”

- Friedrich Steimann (2000) [2]

A Metamodel for RoSI must

» Provide acommon ground for role-based modeling
Identify the constituents of the role concepts
Capture the structure of the various role concepts
Reflect the design decisions w.r.t. to the 26 questions
Be a family of similar Metamodels

vV v v Vv
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Compartment
Role Object
Metamodel

abstracts to

Models based on a common Metamodel
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Model-Driven Software Development in Technical Spaces (MOST)
Entities — Dynamic-Relations
Data Types Natural Types Compartment Types Role Types Classes with Relationships
DataType NaturalType CompType ( RoleType ) IdRole
fields fields fields fields
methods() methods()
methods() methods() roletypes RigidType

Static Relations

Data Type Inheritance

Natural Type Inheritance

DataType q SubData

NaturalType

q_

SubNatural

Dynamic Relations
Participation (participates-Relation)

Binary Relationship

CompType n cardA cardB n
cardl cardN Fulfilment (fills-Relation)
‘ RoleTypel l ‘ RoleTypeN l
\u 7 """ v ( RoleType ]< RigidType
—
Constraint Atomes
Role Types Role Groups
(RoleType ) G T T T RoleGroup (n.m) ~ ~ ~ ~ ~ ~ ~ 1
— O - G
! 4

Note: Role Groups may contain other Role Groups with Role Types. However, all
the relationships between them have to be retained!

Constraints

Role Implication /3]

_—— -

I ]
\ - - - \

irreflexive, acyclic, total, ...

Role Prohibition /3]

_ TN

_ TN

: - ---= I

_—— 7

_——

Relationship Implication [5]

dA cardB
A car

cardC

/

PR cardD= C I

Fullfillment (fills-Relation)

RigidType

Constraints
Role Equivalence

Constraint Groups

Grouping Roles with AND

Short Hand (with Identity Role)

' : | RigidType

Short Hand

| RoleGroup™
'| B i
RigidType >|

Short Hand

_ TN

Kt - - - D

_— - 7

_ N

\

Short Hand

RoleGroup (XOR)
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Bank
name:string Transaction
login(id:int,credentials:String):Customer creationtime:DateTime
executeTransactions() amount:Money
9..% 9.." 9..% bind( A t,t t:A t):bool
- N —_——_— = == = ~ - - N\ ind(source:Account,target:Account):boolean
Customer | ( Rolegroup (1..1) - Transaction execute():boolean
id:int I (_ CheckingsAccount I execution:DateTime '
name:String 1 limit:Money execute():Bool —_—_— e - - = = = 2.2 _ - -
0.1* ' isExecuted():Bool I RoleGroup (1..1)
addSavingsAccount():boolean 1_|_|— decrease(amount:Money) | | \ J 1 ( Source ) ( Target )
addCheckingsAccount():boolean I getLimit():Money 1 | 1 1
getAccounts():int{] I setLimit(limit:Money) A e e e e = — — — - =" ; . ; .
getBaIanc&-::(id:int.:):Money L ) |<} - - 1 \Wlthdraw(amount.Money)) \depoyte(amount.Money))
transfer(from:int,to:int):boolean | \_ - - Y Y
id:i < |
L sendAccountStatement(id:int) Ja. .+ : Vs SavmgsAccount N\ |
A 0.1*] transactionFee:Double |
|
| decrease(amount:Money) !
\ J |
| S —_—— - =
Account
id:int
balance: Money
Person Company getBalance(): Money
title: String name: String ignit:g;);elFatr?q%irnt-Mone )
firstName: String legalForm: String decrease(amounf'MoneY )
lastName: String addresses: String[] . Y
address: String POBox: String
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t# Relations
# Types # Roles

A
1

R <<me:rge>>
<<merge>> X <<mergé>>
< 1 e
Sv. [ Model] . ‘
~ 1
H N ,,/ ! \\\
1 N
# Relationships <<m,e;|:ge>> <<merge>> <<me[ge>> t# Compartments
. ' .

/, Y
" £ Inheritance Y

Aspects of the meta model
Types Relationships

Relations Concept of Roles

Kinds of Inheritance Concept of Compartments

@ © Prof. U. ABmann
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B Model H Relations

¥ NamedElement | E Relation

= name : EString

o i b+ g Modal relation E Relation H Relationship H FulFillment H Inheritance H Constraint

elements 0.% g getSource() : RelationTarget
% % contains |1 @ getTarget{) : RelationTarget 9 1‘."3 ’%
H RoleConstraint H RelationshipConstrain H ComplexConstraint|
H RigidType H Group A ‘Q
H IntraRelationship Constraint H InterRelationship Constraint

Model

> Base of each CROM Model

» Contains ModelElements and Relations

» ModelElements are either Rigid Types or Groups

Relations
» Discerns all the different kinds of relations

» Contains formal, material, and constraint relations

@ © Prof. U. ABmann
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# Inheritance

H Relation

75—

H TwpedElement €9 NamedElement | H RelationTarget . .
{= < incoming 0..
7 outgoing 0.*
g% H Operat@n ok going
o body: EString - I
operations n
[ Attribute 0.* e
oW E.‘
0.."l params 4} 4}
H Parameter |
H RigidType H AntiRigidTypd
T isinterface | EBoolean
type1

H DataType

H MaturalType

| CompartmentType

H RoleType

T serializable : EBoolean

H Inheritance

@ © Prof. U. ABmann

Types

>

>

Defines the fundamental Types
Types have a name, attributes, and operations

Inheritance
Defines the various inheritance relations for each concept

Inheritance is prohibited between different concepts

>

>

—= K
Ja A
1
H DataType 1 H Datalnheritance H Compartmentinheritance H CompartmentType
super
super
1 P @ getSource() : RelationTal &|gelSource() : RelationTarget
" @ getTametO:RelaﬁunTatpet &|getTarget{) : RelationTarget 1
sub
1 n n
H MaturalType b | Maturalinheritance H Rolelnheritance Sug HRoleType
@ getSource() : RelationTarget & getSource() : RelationTarget
1 @ getTarget() : RelationTarget & gelTarget{) : RelationTarget 1
Super super
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B Roles

8 Relationships

H ComplexConstraint H RelationTarget|
2 expression : EString targets
@ getSource() : RelationTarget 1.%
@ getTarget{) - RelationTarget @ AbstractRole 1 firsk

H Fulfillment filled
1 1 second
@ getSource() : RelationTarget
@ geltTarget{) : RelationTarget ? | %
eléﬁ] en ks
1 | filler
H RrigidType H RoleType H RoleGroup
T lower : EInt

T upper: Elnt

1 first

H Relationship

T direction : Direction

1 first

H interRelationship Constrarnt

[ Place
T lower : EInt
= upper: Elnt
H ReleConstraint T part : Parthood
@ getSource() : RelationTarget l
@ getTarget{) : RelationTarget 1 jholder
[ RoleType
ﬁ H Rolelmplication
H RoleEquivalence _
<<enumeration=>
2 Direction
H RoleProhibition - Undirected
= FirstToSecond
— SecondToFirst

1 second

@ getSource{) : RelationTarget
@ getTarget({) : RelationTarget

1 second

<<enumeration>>

2 parthood

= Unconstrained
= ExclusivePart
= SharablePart
= EssentialPart
- MandatoryPart
- InseperablePart

relation

@ getSource() : RelationTarget
® getTarget{) - RelationTarget

H Relationshipimplication

H intrarelationship Constrarnt

@ gelSource() : RelationTarget
@ getTarget{) : RelationTarget

H Irreflexiv

H Cydlic H Total

Roles
Fulfillment relation specifies which RigidType can play (fill) an AbstractRole

>

>

>

>

AbstractRoles can be further constrained

An AbstractRole is either a RoleGroup or a RoleType

RoleGroups contain several (at least on) AbstractRole

Relationships
Relationships are defined between two RoleTypes (via Place)

>

>

@ © Prof. U. ABmann

Relationships have multiplicities, parthood and relational constraints
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# Compartments

H Relationship

0“1(

H CompartmentType

relationships

part

H Part

} whole

0.*| constraints

H Constraint

2 lower: EInt

» | & upper: Elnt

port ™ 1

1 |/ role

&9 AbstractRole

Compartments

» Each Compartments contains
= atleast one AbstractRoles (via Part),
= Various Relationships and Constraints,

= But no Fullfillment relation.

@ © Prof. U. ABmann

» Each Part of the Compartment carries a cardinality
limiting the number of roles within this AbstractRole
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Formal Definition of Compartments
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Compartment
Let i
> N...set of all NaturalTypes . (RoleTypeD
» C...set of all CompartmentTypes Tethodsy
CompartmentType C=(F,M,Rfills,Rel,card) D
with: (RoleTypel)
» F.. Setoffields nLont el
» M.. Setof methods —
» R.. Setofcontained RoleTypes
» FillssR=NUC

v

Rel CR x R... set of Relationships
card:(R—> NxN) U (Rel & N x N x N x N)

card(r)=(l,u) with r R and
| and u denotes the lower bound and upper bound

card(rel)=(I1,ul,l2,u2) with rel €Rel and
I11,ul,l2,u? cardinalities of the relationship
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# CompartmentRoleObjectModel |!m f\f‘l Pa I 'Ff\ v D f\c I

peration <<enumeration>=
E Operati t
= operation : EString o ® Parthood
o opatns | | T Unconiranes
~1
o Namedffen?ent | H TypedElement] H Parameter = SharablePart
2 name: EString =] — EssentialPart
= MandatoryPart
% H Attribute attributes — InseperablePart
_ 0.x <<enumeration>>
H Model elements | @ ModelEl, E L H Relation £ Direction
relations : P
0.* optcomin = Undirected
0% P s —omne E RelationTarget - FirstToSecond
contains| ! @ : RelationTarget 0.* lincoming - SecondToFirst
i
H Group
1
| 1 type owner
H Inheritance H RigidType > H Type 1
1 filler owner
g pah 7
H|patdinheritance 1 super H DétaType
sub T serializable : EBoolegn H Constramt
) corstraints.
- super, 0%
H Naturalinheritance " H NaturalType AN AA
H Fulfillment
1 super
E| H CompartmentType
1 ‘_L.who-te"'"““--p.a,[;g H Part
sub 0. | T lower:EInt
b (Elnk X
CLELCT B 1/ Filled
H AntiRigidType €3 AbstractRole | 1.* H traint
portl1 - [P f
targpts T expression : EString
1 super 1 Firgt =
H Rolelnheritance H RoleType H RoleConstraint
b 1 seqond
s5U
*
holder 1 0. | relationships elements| 1..
H Place 1 Frst H Relationship H RoleGroup H Rolelmplication
T lower: EInt rs 7 direction : Direction T lower: EInt

upper: Elnt

c
i
T part : Parthood| ] second

relation
1

target
1

T upper: Elnt

H IntraRelationshipConstraints

InterRelationshipConstraing

4?? | y

v

i

H Total

H Irreflexiv

H RelationshipConstraint

H Relationshiplmplication

H RoleEquivalence

H RoleProhibition
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» The CROM Metamodel contains various Variation Points (VP)
» Each VP corresponds to one of the 26 classifying questions
» AVariant of the CROM Metamodel can be derived from answering these questions

> It becomes possible to define acommon metamodel family for the various role-based
modeling approaches
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» Thanks to Thomas Kithn for CROM and the slides
> Why is it hard to unify the role concept?
»  Why are compartments necessary to group roles in metamodels?
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