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+ Within two years of its adoption as an international standard,
UML become the most successful modeling language in the
history of computing technology

= Most widely known, used, taught, supported (in tools)

* However, since its inception in 1996...
= We have learned much about modeling language design

= New important technologies evolved that needed modeling support (e.g.,
service-oriented architectures, business process modeling)

= ...and, in particular, something called Model-Driven Development (MDD)

* These were the primary motivators for the first major revision of
UML open industry standard
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UMIEZ:0) slicjalliejales

1. Greatly increased level of precision to better support MDD
= More precise definition of concepts and their relationships
= Extended and refined definition of semantics

2. Improved language organization
= Modularized structure
= Simplified compliance model for easier interworking

3. Improved support for modeling large-scale software systems
= Modeling of complex software structures (architectural description language)
= Modeling of complex end-to-end behavior

= Modeling of distributed, concurrent process flows (e.g., business processes, complex
signal processing flows)

4. Improved support for defining domain-specific languages (DSLS)
5. Consolidation and rationalization of existing concepts

3 IBM Software Group |-software
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VIGLEIEIDHVENTSIYIENOIAPEVEIOPIMENTA(VIDID)

* An approach to software development in which the focus and primary
artifacts of development are models (as opposed to programs)

+ Based on two time-proven methods

(1) ABSTRACTION (2) AUTOMATION

«SC_module» «sc_module»
| producer [ u producer n
outl start outl Realm of

Realm of start

modeling tools
languages

SC_MODULE( pr oducer) SC_MODULE( pr oducer)

{sc_inslave<int> inl; {sc_insl ave<int> inil;

int sum // int sum //

voi d accurmul ate (){ voi d accurmul ate (){

sum += inl; sum += inl;

cout << “Sum= " << cout << “Sum= “ <<

sum << endl ;} sum << endl ;}
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VIBEEIEIDHVENAYCHILECIUNENIVIDAY

*An OMG Initiative to support model-driven development
through a series of open standards

(1) ABSTRACTION (2) AUTOMATION

MDA!

(3) OPEN STANDARDS

 Modeling languages

e Interchange standards
e Model transformations

o Software processes
e etc.
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VIIDANEANGUEGESHVIEN

Modeling

IZF
g

JAN

Language

MOF
<an ua

?e
{subsets language}

UML CWM
| TestingProfile I SPTprofile | .

————————————————————————————————————————————————
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VIOEN(VIELAMBUE)NEXAMPIE:

+ Uses (mostly) class diagram concepts to define
= Language concepts
= Relationships between concepts

Element

0..1 /owner
@

/ownedE lement

Relationship Comment

1.>

/source
1.*
ltarget
1.*

DirectedRelationship
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s

---------- 1Q2003
2001

UML 1.5

UM

UML 1.3 (extensibility)

UML 1.1 (OMG Standard)

Rumbaugh | Booch | Harel Jacohson

Founadations;ol OO0 (Nygazard, Goeldbera) Veyer,
Stroustruj;, Harel; WirS-Brock; REenskaug;...)
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SOHNEIREEREGUINEMENLS

6) Infrastructure — UML internals )

= More precise conceptual base for better MDA support
=  MOF-UML alignment

2) Superstructure — User-level features
= New capabilities for large-scale software systems
\_ " Consolidation of existing features )

3) OCL - Constraint language
= Full conceptual alignment with UML
4) Diagram interchange standard
= For exchanging graphic information (model diagrams)
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* Precise MOF alignment
= Fully shared “common core” metamodel

+ Refine the semantic foundations of UML (the UML
metamodel)
= |mprove precision

= Harmonize conceptual foundations and eliminate semantic
overlaps

= Provide clearer and more complete definition of instance
semantics (static and dynamic)

11 IBM Software Group |-software




+ Define an OCL metamodel and align it with the UML
metamodel

= OCL navigates through class and object diagrams = must
share a common definition of Class, Association, Multiplicity,
etc.

+ New modeling features available to general UML users
= Beyond constraints
= General-purpose query language

12 IBM Software Group |-software




DegramierCHanoeREGUITEMENTS

+ Ability to exchange graphical information between tools

= Currently only non-graphical information is preserved during
model interchange

= Diagrams and contents (size and relative position of diagram
elements, etc.)

13 IBM Software Group |-software




* More direct support for architectural modeling

= Based on existing architectural description languages
(UML-RT, ACME, SDL, etc.)

= Reusable interaction specifications (UML-RT protocols)

+ Behavior harmonization
= Generalized notion of behavior and causality
= Support choice of formalisms for specifying behavior

+ Hierarchical interactions modeling
+ Better support for component-based development

+ More sophisticated activity graph modeling
= To better support business process modeling
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SUPEISUUICIUTENS

+ New statechart capabilities
= Better modularity

+ Clarification of semantics for key relationship types
= Association, generalization, realization, etc.

+ Remove unused and ill-defined modeling concepts
+ Clearer mapping of notation to metamodel

* Backward compatibility
= Support 1.x style of usage
= New features only if required
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APPIOECHRONEVOIVITGRTIVIEZ0

+ Evolutionary rather than revolutionary
* Improved precision of the Infrastructure
+ Small number of new features

+ New feature selection criteria
= Required for supporting large industrial-scale applications
= Non-intrusive on UML 1.x users (and tool builders)

+ Backward compatibility with 1.x
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Tra2 UME Iniresiftigitire K|

Modeling

Lanquage anguage
J.a9 {uni%n}g

MOF D Metamodel
<an ua

JAN

| (l;e
[ {subsets language}

————————————————————————————————————————————————
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MiESUCLUTENNIT e RAUGIEIE

* Experience with CWM, UML 1.x and MOF 1.x indicated
a lot of conceptual overlap in the definition of these
languages

= Classes, associations, packages, etc.

* Capture the common metamodeling patterns in a single
place

= Simplified maintenance

= Common model transformations (e.g., model to XMI)
= Common tools

= Common knowledge
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InfrastructureLibrary

7’
«<import» »

7’
7’

PrimitiveTypes

=7

(Integer, String, Boolean...)v\

A

1.
I «<Import»

4
Z

AN «import»

N
S

N
N

Abstractions
(Grab-bag of fine-grain
OO0 modeling
primitives/mix-ins)

Basic
(Simple forms of basic OO

modeling concepts: Class,

Operation, Package, etc.)

Constructs

(Sophisticated forms of
OO modeling concepts)

N\

[

«import»

Profiles
(Extensibility mechanisms)
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NG UECENACH

+ A core language + a set of optional “language units”
= Some language units have multiple increments

Multiple levels of
compliance

Level 3

State SUUCTUNEd = “Activities | Interactions |petaileq = Flows
Machines | €lassesiand

COMpPONENLS

ACtIoNS

V(o= Profiles

“Cora UME
[GoeaVIer ntermal SHIC]

UML Infrastructure
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UNE Coplolieges

+ 4 levels of compliance (LO — L3)
= compliance(L,) = compliance (L, _4)
+ Dimensions of compliance:

= Abstract syntax (UML metamodel, XMl interchange)

= Concrete syntax
* Optional Diagram Interchange compliance

* Forms of compliance
= Abstract syntax
= Concrete syntax
= Abstract and concrete syntax
= Abstract and concrete syntax with diagram interchange
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UIVIEZ20RCONCENISIBDEIMIUONNSITPITECREXAITIPIE)

+ A more refined approach OWnErship

to concepts definition
‘ Element
Association

. ’ o
«import» » specialization
’

Namespace |

/

NamedElement J

name : String NamedElement | Class

/ | / /

‘ > «import» |

Property

Namespace |

IBM Software Group |



REMINCEIRE ASSHPIANTAMISEMENUCS

* Represent relationships between instances of classes

0.* 0..*

Cong ozl

employer employee
Formal (set theoretic) interpretation:

Set of all Set of all
Companies Persons

o B g

L2

Cl

Set: employee(s) of C1
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ASSOCTALORISPECTAIZALGN

+ Also used widely in the definition of the UML metamodel
= Avoids covariance problems

owner accounts

0.1 A A %

S G Ol Company SAuaedidl Corporate
Customer 1 * Account
{redefiness {redefines
owner} accounts}
Private owner pAccounts PlVee
CLUSIOMEN 1 0.5 ACCOUND
{redefines {redefines
owner} accounts}
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REMEMUEINRNEIVIE

+ A form of refinement that allows replacement
(redefinition) of an inherited item

= Replacement must be “compatible with” the redefined
element

= Definition of compatibility is a semantic variation point

+ Rationale: a pragmatic approach to allow for domain-
specific forms of refinement

* Rec
= C

= C
= In

27

efinable elements of the UML metamodel
assifiers (e.g., Classes, Behaviors)

assifier Features (Behavioral, Structural)

State Machines: Regions, States, Transitions

IBM Software Group |-snftware



+ Allows incremental and selective extension of definitions
= Similar to mix-ins
¢ Example:

InfrastructureLibrary

Element -
«merge» ,/

EMOF::Reflection
Object
/\

result
=)
getMetaClass() getMetaClass()

28 IBM Software Group |-software




UIVIEZA0RRUNRINMENSEMENUES

29

Activities

State
Machines

Interactions

Behavioral Semantic Base

Object Behavior Inter-object Behavior

Structural Semantic Base

IBM Software Group |-snftware



VIELAMOUEINDESCIIPUONIOINORIECLS

Element
N dEl t :
ame emen Obj eCt (fromOwnerships)

(fromNamespaces)

|

InstanceSpecification/

wninglnstance owningSlot e
ValueSpecification
{subsets owner} dot * {subsets owner} val ue _
& S (fromExXpressions)
1 {subsets 0.1 {ordered,

ownedElement} own:jbEit;em}

o StructuralFeature
definingFeature (fromStructuralFeatures)

1

classifier

Classifier

(fromClassifiers)

1.*

instance
ValueSpecification

(fromExpressions)

% Object IdentifierJ

InstanceValue e

IBM Software Group |



+ Values
= Universal, unigue, constant
= E.g. Numbers, characters, object identifiers (“instance value”)

+ “Cells” (Slots/Variables)
= Container for values or objects
= Can be created and destroyed dynamically
= Constrained by a type
= Have identity (independent of contents)

* Objects (Instances)
= Containers of slots (corresponding to structural features)
= Just a special kind of cell
¢ Links
= Tuples of object identifiers
= May have identity (i.e., some links are objects)
= Can be created and destroyed dynamically

81 IBM Software Group |-software




I OVAINIIE ST APPERNINEIVILE

+ |In UML, all behavior results from the actions of (active) objects

Obj1

X -Ej

\

-

Object

behavior
(e.g., statechart)

>0
A
P

Inter-object
behavior

(interaction)
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I OVAINIIE ST APPERNINEIVILE

* An action Is executed by an object
= May change the contents of one or more variables or slots

= |f it is @ communication (“messaging”) action, it may:
* Invoke an operation on another object

* Send a signal to another object

* Either one will eventually cause the execution of a procedure on the
target object...

* ...which will cause other actions to be executed, etc.

= Successor actions are executed
* Determined either by control flow or data flow
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ACUVENONECIADETIIILIGN

* From the spec:

34

An active object is an object that, as a direct consequence of its
creation, [eventually] commences to execute Its classifier
behavior [specification], and does not cease until either the
complete behavior is executed or the object is terminated by
some external object.

The points at which an active object responds to [messages
received] from other objects is determined solely by the behavior
specification of the active object...

AnActiveClass

IBM Software Group |-software




COMMmMpnIEERaVIGRIVIEIRAMOEE]

* The “classifier behavior” of a composite classifier is distinct from
the behavior of its parts (i.e., it is NOT a resultant behavior)

Class
(from Kernel)

Classifier
(fomKemel)

BehavioredClassifier 00"1 +townedBehavor Behavior 0.1 +parameter *

+context {SUbSetS  ispeentrant : Boolean &
ownedMember} {ordered, subsets
ownedMember}

Parameter

0..1 *classifierBehavior 0..1

{subsets
ownedBehavior}

+/returnResult

: +specification +method * ordered
BehavioralFeature P . { } o

isAbstract : Boolean |0..1

IBM Software Group |
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= Because they abstract out certain specifics, class diagrams are not
suitable for performance analysis

+ Need to model structure at the instance level

0.1
right

left] 0..1

Same class diagram
N1:Node describes both systems!
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ANOLIEREXATIPIE

!
ClassA i ClassB

(1)

left | h1:ClassB

ar right

al

al:ClassA bl:ClassB
right

left

(2) left

b2:ClassB [ a2:ClassA
right ar
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ATENOECIADI

+ No!

= Object diagrams represent “snapshots” of some specific system at some
point in time

= They can only serve as examples and not as general architectural
specifications (unless we define a profile)

r N2:Node —‘ r N2:Node —‘
N1:Node N3:Node WL el N3:Node N5:Node
L N4: Node L N4:Node |

System at time T1 System at time (T1+1)

+ Need a way of talking about “prototypical” instances across time
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Colklgarations 1o UVIE 2.0

* Describes a set of “roles” communicating across “connectors”
+ A role can represent an instance or something more abstract

Collaboration

TwoViewMVC

controller Constrained role
:Ctrlr
Unconstrained role

40 IBM Software Group || Rational. software



Collzigaraiiogs i UNVIE 2.0 (gapirinticel)

+ Collaborations can be refined through inheritance
= Possibility for defining generic architectural structures

TwoViewMVC

ThreeViewMVC

a1 IBM Software Group ||Rationals software



ROIESTAnENRASiEn

*|n a specific case, roles are played by instances

va /viewl : View
| ¢ /controller |
- MyCitrlr

ex1:TwoViewMVC

I
model ' ontroller

Collaboration use
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Collslgarations ciplel Bepievior

+One or more behavior can be attached to a collaboration
= To show interesting interaction sequences within the collaboration

Interaction
TwoViewMVC declarations

startSeq JstopSeq

sd stopSeq

: 'vieyvl : View view2 : View

) >/]\2a.

IBM Software Group || Rational. software



VIGEENNENIOLOCE]S

+ Usually occur between two or more interfaces
= Parts provide operations defined by their types

«interface»
FaxSender

FaxProtocol

callAck ()
dataAck ()
stopAck ()

«interface»
FaxReceiver

JFaxSeq

Sender: FaxSender

call ()
data ()

stop ()

Receiver: FaxReceiver

receiver

IBM Software Group || Rational. software



+ Classes with
= Internal (collaboration) structure
= Ports (optional)
+ Primarily intended for architectural modeling

+ Heritage: architectural description languages (ADLS)
= UML-RT profile: Selic and Rumbaugh (1998)
= ACME: Garlan et al.
= SDL (ITU-T standard Z.100)
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+ Multiple points of interaction
= Each dedicated to a particular purpose

e.g., Database Object

e.g., Database Admin port

e.g., Database User ports
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NEWECALUIER OIS

+ Used to decouple multiple collaborators
= Only depend on port through which interaction Is occurring

+ Fully isolate an object’s internals from its environment

ol IBM Software Group |-software




PRSTAREON I RIEREACES

*|n general, a port can interact in both directions

Provided interface

DBserver

adminPort

readDB (recNo) ===
writeDB (recNo,d) | clientPort
notifyOfChange (recNo )

|
«interface» :
DBclient ,

«uyuse»
Required interface
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)

SiflerinEgiel Neteicjer)

adminPort

DBserver clientPort

O . DataBase

e

DBclient
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ASSEMBIMESIUCLUTEANOR|ECLS

+ Ports can be joined by connectors

+ These connections can be constrained to a protocol
= Static checks for dynamic type violations are possible
= Eliminates “integration” (architectural) errors

remote remote

sender : Fax - receiver : Fax

FaxSender

FaxReceiver

—-— -
— -\

{  :FaxProtocol )

\5———’
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+ Structured classes may have an internal structure of

(structured class) parts and connectors

Delegation connector

sendCitrl receiveCtrl

o (&
~ ~

—l remote |

sender:Fax receiver:Fax
(219t ,

=axdedll
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IO UERNIHENILENCE

* Using standard inheritance mechanism (design by

difference)
B I \
sender:Fax _|receiver:Fax

PreducrArchltectuye:

mgr:FaxMvgr

ProductA ProductB
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COMPLRENLS

+ A kind of structured class whose specification
= May be realized by one or more implementation classes

= May Iinclude any other kind of packageable element (e.g.,
various kinds of classifiers, constraints, packages, etc.)

(Structured)
Class

Packageable Component > Realization
Element
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* A system stereotype of Component («subsystems) such
that it may have explicit and distinct specification
(«specification») and realization («realization»)
elements

54

= Ambiguity of being a subclass of Classifier and Package has
been removed (was intended to be mutually exclusive kind of
Inheritance)

= Component (specifications) can contain any packageable
element and, hence, act like packages

= «specification» Component is like a “super” interface which
can have ports and behavior

= Models both “usage” and “realization” contracts

IBM Software Group |-snftware
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ACUVILIES

+ Significantly enriched in UML 2.0 (relative to UML 1.x
activities)

= More flexible semantics for greater modeling power (e.g., rich
concurrency model based on Petri Nets)

= Many new features

* Major influences for UML 2.0 activity semantics

= Business Process Execution Language for Web Services
(BPELAWS) - a de facto standard supported by key industry
players (Microsoft, IBM, etc.)

= Functional modeling from the systems engineering
community (INCOSE)
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ACUVIAGTERINEXEPIE

Interruptible
Region

«precondition» Order entered
«postcondition»: Ordercomplete

Order

cancel Cancel
request d

parameter

Receive Fill Close
order order order

Send ) : Make Accept

IBM Software Group |



u/

SUNSIUCLUTEUSACUVIAG

* Not possible in 1.X
= But, business processes are not necessarily well structured

-0
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RAUIORINUCAPERIIUES

Seattle

Receive ‘ Fill : | / Close \
7 order < /=7 order ~ _P |.,| < /7 order J

‘ Send \
"7 invoice ). .| payment

B

e

A\

i Make
payment

IBM Software Group |



ACUVIUES BESIC

>

Control/Data Flow

Activity or Action

Object Node
(may include state)

Pin (Object)

Choice

(Simple) Join

CINeLEAUERAIEIEMERLS

Control Fork

Control Join

® Initial Node
O  AcivityFina

0:0 Flow Final
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EXIENUEANCONCUITENCYAVIGUE!

¢ Fully independent concurrent streams (“tokens”)

Concurrency fork Concurrency join

Trace: A, {(B,C) || (X,Y)}, Z

“Tokens” represent
individual execution
threads (executions of
activities)

NB: Not part of the
notation

61 IBM Software Group |-snftware



ACHVIHESINIORETNOUEUIONCAP AN

+ Tokens can

62

= gueue up in “infout” pins.
= packup in network.
= prevent upstream behaviors from taking new inputs.

...or, they can flow through continuously

= taken as input while behavior Is executing

= given as output while behavior is executing

= identified by a {stream} adornment on a pin or object node

IBM Software Group |-snftware
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ACHORSHITGIVIE

+ Action = fundamental unit of behavior
= for modeling fine-grained behavior
= Level of traditional programming languages

¢+ UML defines:

= A set of action types

= A semantics for those actions
* 1.e. what happens when the actions are executed
= No concrete syntax for individual kinds of actions (notation)
* Flexibility: can be realized using different concrete languages

* In UML 2, the metamodel of actions was integrated with the rest
of UML

= Shared semantics between actions and activities
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ACHONIBASICS

+ Support for multiple computational paradigms

OutputPin
(typed) Control Flow

Activity
(context)

Actionl

A

Input Pin

(typed) —PJ VariableA




EOOHESIOIFACIIONS

+ Communication actions (send, call, receive,...)

* Primitive function action

* Object actions (create, destroy, reclassify,start,...)
+ Structural feature actions (read, write, clear,...)

+ Link actions (create, destroy, read, write,...)

* Variable actions (read, write, clear,...)

* Exception action (raise)

66 IBM Software Group |-software




INNOLAOINOIFACLIONS
+ No specific symbols (some exceptions)

/

«precondition»
{port.state > 0}

for(int 1= 0; 1<S)

portP->send (sig) afi] = i+

«postcondition»
{port.state > 1}

on portP
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OVEIVIEWIGTRINEWAE

+ |nteractions focus on the communications between collaborating
Instances communicating via messages

= Both synchronous (operation invocation) and asynchronous (signal
sending) models supported

+ Multiple concrete notational forms:
= sequence diagram (based on ITU Standard Z.120 — MSC-2000)
= communication diagram
= |nteraction overview diagram
= timing diagram
= |nteraction table
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MIENACHOINPIAANENTS

Interaction Frame Lifeline is one
object or a part

sd ATM-transaction Interaction Occurrence

client: atm:
insertCard >: I 3 sd CheckPin

CheckPin client:

askForPIN
data(PIN)

check(PIN)

result(chk)

<
| result(chk)
<

error(badPIN)

- =g

Combined (in-line)
Fragment

IBM Software Group |



COMPINECNEEQMENNNPES (HN012)

+ Alternatives (alt)
= choice of behaviors — at most one will execute
= depends on the value of the guard (“else” guard supported)

*

¢

*

¢

/1

Option (opt)
= Special case of alternative
Break (break)

= Represents an alternative that is executed instead of the remainder of

the fragment (like a break in a loop)

Parallel (par)

= Concurrent (interleaved) sub-scenarios
Negative (neg)

= |dentifies sequences that must not occur
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COMPINECNEEQIMENNNPES(Z0172)

+ Critical Region (region)

= Traces cannot be interleaved with events on any of the
participating lifelines

¢ Assertion (assert)
= Only valid continuation

* Loop (loop)
= Optional guard: [<min>, <max>, <Boolean-expression>]
= No guard means no specified limit

* Others...
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COMMURICAURINPIAGIAENS

¢ Qverlays on UML collaboration diagrams
collaboration

RedundantSystem

associated

interaction N primary

1query
— _ —>
arbiter backupl

backup?2

13 IBM Software Group || Rational. software



RieraceRIOYERNIEWADIAGTEM

¢ lee ﬂOW ChartS sd OverviewDiagram lifelines Client, :Server
= using activity graph notation
for control constructs Authorization

= put: different semantics!

sd

L request
|

DoMore
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WIMIENRIEGIEMS

+ Can be used to specify time-dependent interactions

= Based on a simplified model of time (use standard “real-time”
profile for more complex models of time)

sd DriverProtocol

d : Driver dle >< ! >< Busy >< Idle

D D G @

IBM Software Group |



INTIMGRPIACTEMS{COMLE)

Constraint

sd Reader {d..d+0.5}

Reading

r : Reader idle

ReadDone Read
{t1..t1+0.1}

Uninitialized
Initialize Event
Occurrence

t1

IBM Software Group |
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ENVIECHIMENMPIOVEMENLS

+ New modeling constructs:
= Modularized submachines
= State machine specialization/redefinition
= State machine termination

= “Protocol” state machines
* transitions pre/post conditions
* protocol conformance

+ Notational enhancements
= action blocks
= state lists

8 IBM Software Group |-software




Vi@ arSuemachineSHDEiIuen

Submachine
definition

ReadAmountSM -

abort

g otherAmount
\ SelectAmount j
amount P

EnterAmount abort 0:0
aborted

again

9 IBM Software Group ||Rationals software



v

VieEUIEFSUPIMECHINESHUSEUE

invoked
submachine

‘ﬁ[ VerifyCard ]

\|/ acceptCard

outOfService

ReadAmount ;

‘ _ ‘ aborted
~ OutOfService < ReadAmountSM

again., usage of
exit point

reject[Transaction
releaseCard

[VerifyTransaction] - ReleaseCard |

usage of
entry point

IBM Software Group |



StateNVaCRINES

* Using redefinition
= Entire state machine, state, region, or transition

Behaviour

___________________________ Statemachinel
acceptCard()

outOfService()
amount()

Behaviour

FlexibleATM
-

otherAmount()

Statemachine2

rejectTransaction()
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(P
=
(2
Q
=
(>
Ad
CD
)
| 3

EXAPIERSLAL HRIeN
¢ State machine of ATM to be redefined

N
(VerifyCard
| {final}

acceptCard

\4

.\ ReadAmount \

{final}

) e O\
[OutOfS arvi CﬂgutOfServuce L selectAmounU

Y

gamount
\releaseCard
VerifyTransaction H[Remase(:a@
{final} | {final}
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©2
(e |
(35
(|
(>
=
(2
3
5 L]
(>
X
CD
CD
s | 1

flglljen

{extended}
FlexibleATM

{extended}

otherAmount

( enterAmount \

rejecf ésok
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* |mpose sequencing constraints on interfaces
= (should not be confused with multi-party protocols)

ready ()

[cleared]
takeOff () / [gearRetracted]

Equivalent to pre and post conditions
added to the related operations:

takeOff()
Pre
-in state "Ready"
-cleared for take off
Post

-landing gear is retracted
-in state "Flying"
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NoERWeRAINERaNCEMENLS

+ Alternative transition
notation

?

eventA

[ID<=10] [ID>10]

MinorReq=Id;

MajorReq=Id;

Minor(ld)

85

+ State lists

VerifyCard, [RCEISEEY [ 0gged

ReleaseCard

Is a notational shorthand for

ReleaseCard
logCard
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State machines

Smm—
*
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*

*
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Templates
Summary
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SPECTANZATGREIVIIE

+ Lightweight extensions
= Extend semantics of existing UML concepts by specialization
= Conform to standard UML (tool compatibility)
= Profiles, stereotypes

+ Heavywelght (MOF) extensions
= Add new non-conformant concepts or
= |Incompatible change to existing UML semantics/concepts

(Standard UML Semantics A
Heavyweight Cightweight
extension extension

_ Y,
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IMENIOI ESEESEUMARPIOECIINONDSIES

+ Profile = a compatible specialization of an existing modeling
language by

= Adding constraints, characteristics, new semantics to existing language
constructs

= Hiding unused language constructs

¢ Advantages:
= Supported by the same tools that support the base language
= Reuse of base language knowledge, experience, artifacts

= Profiles can act like viewpoints that can be applied and unapplied
dynamically to a given model

+ Example: ITU-T standard language SDL (Z.100)
= Modeling language used in telecom applications
= Now defined as a UML profile (Z.109)
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UV IESIENEOWPENEXAMIPIE:

*Defining a custom «clock» stereotype UML metamodel

class

UML::Class

«clock»
MyClock

clockValue : Integer

Stereotype

Semantics: {must have exactly
“clockValue” changes one attribute called

synchronously with the “clockValue” of type
progress of physical imel |nteger}
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2roillass Netacier)

* E.g., specializing the standard Component concept

I : Extension
DNOMEXINMINGBEVICES

«metaclass» I | I«stereotype»

Class | Clock
/

«Stereotype» «Stereotype»
Timer ToDclock
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IEMpPIEIES

* More precise model than UML 1.x
+ Limited to Classifiers, Packages, and Operations

Template
parameter

Template
signature

£ T>Number, k : IntegerExpression

NumericArray

Template
arrayElement : T [K] binging

Class(ifier) s~
template 1 «bind» <T ->Intege

r, k->10> “Bound”
class
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COlI20NEORNIETMPIALES

+ Useful for capturing design patterns

ObserverPattern

oType, sType

subject : sType observer : oType
Collaboration A

template

«bind»
DeviceObserver

ObserverPattern <oType->DevicePoller, sType>Device>
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«bind» <customer->Person,§
kind -> Personal

customer : StringExpression,
: kind : StringExpression

e Adgi]  $<kind>
Account$

Name
Expression

Personal
Account
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SUIIMERECIVIEZONIIGINIGILS

1. Greatly increased level of precision to better support MDD
= More precise definition of concepts and their relationships
= Extended and refined definition of semantics

2. Improved language organization
= Modularized structure
= Simplified compliance model for easier interworking

3. Improved support for modeling large-scale software systems
= Modeling of complex software structures (architectural description language)
= Modeling of complex end-to-end behavior

= Modeling of distributed, concurrent process flows (e.g., business processes, complex
signal processing flows)

4. Improved support for defining domain-specific languages (DSLS)
5. Consolidation and rationalization of existing concepts
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ps

[arepeas

+ (General modeling specs:

http://www.omq.org/technology/documents/modeling spec catalog.htm

¢ UML 2 specs:

Superstructure:
http://www.omg.org/technology/documents/formal/uml.htm

Infrastructure: NttP://www.omg.org/cgi-bin/doc?ptc/2004-10-14

+ Books:

96

Rumbaugh, J., Jacobson, 1., and Booch, .G., “Unified Modeling Language Reference
Manual,” (Second Edition), Addison Wesley, 2004

Pilone, D. and Pitman, N., “UML 2.0 in a Nutshell,” O’Reilly, 2005
Eriksson, H.-E., et al., “UML 2 Toolkit,” OMG Press & John Wiley, 2004
Fowler, M., “UML Distilled,” (3 Edition), Addison Wesley, 2004
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QUESTIONS?

(bselic@ca.lbm.com

Jamsden@us.ibm.com)




