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Review
& Why-Modeling?
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Problem

@ no UML model will represent more than
one type of application
e gaming systems
e .Net systems
e €-Ccommerce system
e billing system




Solution

@ Profile
e dialect of UML
e standard mechanism to extend " UML.

e a stereotype gives specific roles toelements

e records additional context-specific information in
tagged values .

e Profiles also include constraints that ensure
Integrity of use.
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UML Profiles and
Related Sﬂgecifications

Platform_Independent Model (PIM) & Platform Specific Model
(PSM)for Software Radio Components (also referred to as UML
Profile for Software'‘Radio)

UML Profile for CORBA®
WML Profile for CORBA® Component Model (CCM)

UML Profile for CORBA® and CORBA® Component Model
(CCM) [This specification, nearly complete, will supersede the
separate profiles listed just above.]

UML Profile for Enterprise Application Integration (EAI)
UML Profile for Enterprise Distributed Object Computing (EDOC)

UML Profile for Modeling QoS and Fault Tolerance
Characteristics and Mechanisms

UML Profile for Schedulability, Performance and Time
UML Profile for System on a Chip (SoC)

UML Profile for Systems Engineering (SysML)

UML Testing Profile




f)i% 7 (Stereotype)

@ A stereotype denotes a variation on/an
existing modeling element with the
same form but with a/imodified intent.

UML Data Modeling Profile example.

«Tablex»

«Tables PraductDescription

Manufacturer

1
- «PK» OID : char({16)
Description : varchar{100)

«PK» OID : char{16)

Name : varchar(100)

City : varchar(50) PK - primary key k
FIK - foreign key

aFK» Manu_OID : char{16)




2] (constraint)

@ A constraint refines a model element by
expressing a condition or arestriction in‘a
textual statement to which the model element
must conform




+ Member-of,

Person IITL [subset}

1 Chair-of *

Committee

constraint between associations

worker employee

Represents
an incorporated entity.

| .
| constraint as note

| constraint on single class
I

employer

w
Person

0.1

Company

{Person.employer =
constraint on path Person.boss.employer}




ATR Transzaction




tricfE (Tagged Value)

@ A tagged value can be used to add properties
to any model




Web server

[0S = Solaris)

[web sarvar = apacha}
{number deployed = 3}

harculesWab.war




UML Metamodel

ne- ML metamodel defines model
ements and their relationships for

ML diagrams




@ Every model element can have zero,
onhe or more ‘constraint.

@ Constraint Is a model element

% Draw metaModel
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ModelEl ement

[:;}+ name . Etrin;
+ stereotype @ Strin

Aszociation

Frature

¥ 7isibility - VisibilityKind}

AssociatienEnd :
¥ lower : Lowerbound | [Attribute
+ upper . Upparbound . ;
+ composition : Boolean| ii? )f
. + peremeters




TEXF R it (Meta-Object
Facility/MOF)

—

HOF Model

Meta-Model

UML Models

Interfaces

M3 2
TL-TUH A (meta-meta—model)

e B
LA (meta—models)

Ml 2
BiA (models)

Mo B
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basedOn

transformation language

source transformation tareet
metamodel rules metamodel

basedOn

source transformation target

model engine model

Transformation in MDA




Sample
@ UML=Java




<<gnumeration=> JavaElement

Kind +name : String

+byte 4}‘

D |
+Ish0rt JavaPackageElement
+int \;super +contents .
+long 0.1 +sub 0..1
JavaClassifier *
+float 0.. JavaPackage
+double +modifier : Modifier <}+nested
+char +visibility : Visibility 0.* JavaClass
+boolean <otr ’ AN QD ’ | +isActive : Boolean
+isO1T¥ +is 3] - - N
+8tring E‘%ﬂl‘lﬁl’ ¥ +implementedby |0..
+isOfType +implements P.-*
<<enumeration>> | Javalnterface
Maodifier
0.*
+abstract
+final JavaMember JavaPrimitive Type
+regular JAN +kind _name : Kind
+static 0.* |D *
<<enumeration>> JavaField JavaMethod
Visibility +isTransient : Boolean +isNative : Boolean
. +isVolatile : Boolean +isSinchronized : Boolean
+public
+protected +isFinal : Boolean +body : String
+has 0.1 +owner
+package t
+parameters *
+niivate +value [ 0..1 P 0.. 0.+
JavaValue JavaParameter
+value : String +result : Boolean
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| ModelElement 0.0 0.

Fi

S +omnedElement +

UML meta-model

Mapping

Mamespace |<:]—I Package

naMmespaca

l +palem4spc:iﬁ::tibn l

|G enalal IzableElement| +child 0.%| Generalization
)

+generalization

|"— — — — — —»‘I JavaPackage

5l #nested

|‘_ o..
@ Lol cdifier -

|5|:pe::_: +yisibility ; Vi h”I(
|‘_ @ Il'n. _“.D' Tj;ulbzli'n o C\;ISDI'T'[F--;"

Java meta=-model

l'-“':' nte "'E:] JavaPackageElement

1 JavaClassifier TEOFTYFe

Mo cifi e fe—errrype

‘i Interface

D "l +imple ments
0.x — — Javalnterface
I Aittiibute |.‘_ — s
Ll N o= _m JavaField i
Operation .= 1 &th 6d |h o
+specification, @ uhed — — —— _...[ Javahathad l
- = = T onnel 0.1
i Parametar |‘— —_—— — ~ spatameters] 0.7 0.-
I — — -“- JavaParameter |
| DataType I"— — —— e
—_— »{JauaPrimiﬁwTrpeli
4 = souUrce

Fi

| .JaxraEIass ]
0. Fimplementedby

e’ |

JavaElement

Y

— — i largetl

——— assecElon #————— composition

transformaton rule

ure 5. Ma

ing from UML to Java Meta-model

fragment




& UMLclass is mapped to'Java Class
through the rule C2C

rule C2C{
from c

to Jjec
mapsTo o

name <=- C.Iame,

visibility =-

if c.visibility =
#public

else
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The Productivity

Problem
@ the fact that the code Is the driving force

of software development, The only
phases in the'development process that
are really productive are coding and
testing.




The Portability Problem

@ Existing software is either,ported to the new
technology, or to a newer yersion of an

existing technology

@ Many companies need to follow these new
technologies for good reasons:

e The technology is demanded by the customers
(e.g., Web interfaces).

e |t solves some real problems (e.g., XML for
iInterchange or Java for portability).

e Tool vendors stop supporting old technologies and
focus on the new one (e.g., UML support replaces
OMT).




The Interoperability

Problem
& Web-based systems need to get

iInformation from existing back-end
systems.

& A system uses Enterprise Java Beans
(EJB), It also needs to use relational
databases as a storage mechanism. .

@ Components need to interact with each
other




The Maintenance and

Documentation Problem
@ Mostdevelopers feel their main task'is

to produce code

@ With every change in'the code the
documentation needs to be changed as
well———Dby hand!




<

MDA

PR SN X RGu i E R . it /i

G OOE. . SO )

NS

Y

ﬁﬁljvﬁl%ilm =
& AR A2 LLREIfOE SHIIE 5 3R I

"%Eﬁﬁiﬁﬁiﬁgx%ﬁﬁ* TRTEVARTTE X
W15 S, Bl LA HYLAS

-E\" ﬁﬁ%_‘/l\)#‘lillzliil ’

| B iR




e T T KM S Z IRt E Y
PR R A B, PIMSE — N4l )

AN %ﬁ;@”%ﬂtﬁﬁ/%ﬁffj@” MPSMH]
I e — 4k ffl%ﬁm;@ﬁ'ﬁ'dtw%

7, @QMDAZ,&EWT%%W*’*‘ =
12w TAEAS LA H 3158 K 685




MDA software development
life cvcle

Requirements
Mostly text

analysis

MDA

Process
Low-level design

testing

deployment

Source: Kleppe etal. MDA Explained: The model Driven Architecture: practice and Promise




MDA 1)

e ‘508 platform-independent
model (PIM)

[
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BreakfasiOrder

delivery Address © Address

1

Cusiomer

accountNumber © Integer

dalwveryDale Date
deliveryTime - Date
discount - Real
ordarDalo Datae

calculatePnce()

1.mclm

1.* | breakiasls

Breakfast

customer

slandard

addroess Ackdress

createOrder()

StandardBreakfast

namea : Sinng

number : Intager

-

Comestible

comestible

-
L

Change

quantity ' Integar

1Al T

minimalQuantity

price

transport-orm

Stnng

integer
"Real

Sinng

— pice - Heal
style | Style

comeslible

quantity ' Inlager




e “F &R A platform-specific-model
(PSM)

nane . Siring

addrazs | String

shona . Fhone

gelliame ) Siring

setliame (name String) void
getiddress [} :String

sethddress (address:String) void |
ratFPhone () :Fhone '

s tFPhone (phone: Phone) twvoid

-’.
+
+
+
+
+




Explanation of symbols
customerlD | INTEGER

accountNumber ;| INTEGER
addressPoslalCode : VARCHAR({40)
addressCity - VARCHAR(40)
addressStreet - VARCHAR{40)

addressSireetNumber : VARCHAR{40) mandatory one
addresst TelaphoneNumber : VARCHAR(40)

BreakfastOrder l

orderlD : INTEGER mandatory marny
customerlD : INTEGER
delivery AddressPoslalCode | VARCHAR{40)

delivery AddressCity | VARCHAR({40)

delivery AddressStreel - VARCHAR(40)

delivery AddressStreeiNumber : VARCHAR(40)
delivery Address TelephoneNumber : VARCHAR(40)

deliveryDate : DATE oplionally many
delivery Time - TIME
discount : REAI

orderDale . DATE

i\

SandardBreakias

breakiastlD : INTEGER slandardBreakiastiD | INTEGER
name - VARCHAR(40)

orderlD : INTEGER price : REAL

number : INTEGER slyle | INTEGER

brealdastlD : INTEGER slandardBreakiastlD : INTEGER
comesliblelD ;| INTEGER comesliblelD | INTEGER
quantity | INTEGER quantity | INTEGER

comesliblelD : INTEGER
name - VARCHAR(40)
minimalQuanlity : INTEGER
price : REAL

IransportForm . VARCHAR(40




<<E.JBKeyClass>>
<<k JBDataSchama== StandardBreakfastkey
standard Breakiast

fardBreakdasil il

<<EJBDalaClass>>
ndardBrealdast << JBEnlityComponant>>

standardBreakiasi D it StandardBreakdast
mame Stnng

Hica kvt
styla Sthyle

fardBreakd asilly - inl
comashibiell) it

=<kJBDataClass>>
Part
=<E. JBKayClass>>

Comealibleke
comeshitde Y

<< JBDataSchema==>

o i ] <<EJBSerangAlinbute>> | <<EJBEntityCompongnt==
comestiblall il d .
Mame Sinng Comeslible

comeshible
Al Cuantity - il
e fhoal
transporiForm  © Sinng




1]

==WabalaSchomaz=:
standardBreakiasi

=<WabComponant=:

[ 1

<<WeblataSchoema==
comeslible

<<WebDalaClass=>
Commstible

=<WebSerangAltnibutes:=

<<WebDalaClass>> ](1 <<WebSenvingAltritute>> | StandardBrealdast
StandardBreakdast standardBroakiast
slandardBreakiast D - inl :
(A Shrn
o ”r_-,*-_“ILI <<ComponentUisage=> E
stylo Styla '
’ Vi
1 st andardBreakdasl
=< JBEnlity Componani ==
Customer
{lrom EJB)
0.* | par
=<WobDalaClass>> {{EJHHE}'Eli'SE?:’
Parl 1 Comestiblekey
cyuantity - il . {liom EJB)
comeslibde

<<WabCompononi==
Come slible

int
Slnng
int
lipal
Sinng

comashiblall)
riaie
munimalCuaniity
prca
IransporiForm

comashbia

<<Componanilisage=>

{.----

=<E JBEnlity Componeni ==
Come slible
(o EJB)




1 LS (mapping)
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>

Transformation types

PIM to PSM : models are transformed by adding platform artifacts that are specific to a
given platform.

PSM to Code : Code is generated from a platform-specific model

Others mappings
PIM to PIM": models refinement without platform information
PSM to PSM : models refinement that needs platform information

PSM to PIM : Abstracting existing models to a platform independent model: (Reverse-
engineering)

Source: Kleppe et-al. MDA Explained: The model Driven Architecture: practice and Promise



= — I':l' P ['}
basedOn basedOn basedOn

transformation language

basedOn

SOUTCE Lransformation target

metamodel rules metamaode]

from

basedOn

sOUrce transformation target

model Engine model

Fiqure 1. Transformation in MDA




<<gnumeration=> JavaElement

Kind +name : String

+byte 4}‘

D |
+Ish0rt JavaPackageElement
+int \;super +contents .
+long 0.1 +sub 0..1
JavaClassifier *
+float 0.. JavaPackage
+double +modifier : Modifier <}+nested
+char +visibility : Visibility 0.* JavaClass
+boolean <otr ’ AN QD ’ | +isActive : Boolean
+isO1T¥ +is 3] - - N
+8tring E‘%ﬂl‘lﬁl’ ¥ +implementedby |0..
+isOfType +implements P.-*
<<enumeration>> | Javalnterface
Maodifier
0.*
+abstract
+final JavaMember JavaPrimitive Type
+regular JAN +kind _name : Kind
+static 0.* |D *
<<enumeration>> JavaField JavaMethod
Visibility +isTransient : Boolean +isNative : Boolean
. +isVolatile : Boolean +isSinchronized : Boolean
+public
+protected +isFinal : Boolean +body : String
+has 0.1 +owner
+package t
+parameters *
+niivate +value [ 0..1 P 0.. 0.+
JavaValue JavaParameter
+value : String +result : Boolean

—e-________ & e vcom BB o nem oo ol o



Travel Agency

\

TravelService

AlrLines

AirLinesService

RentingCarService

HotelService

BankService




customer

Customer

+ind_travel(travel_req: Travel_req) : Travel_list

girlines

AirLines

+find_flight{inf_req:Fly_req) : Fly_list

+reserve_traveltravel_inf: Travel_Inf) : Reserv +aldines_senv +reserve_flight(fly_sel:Fly_Inf) : Resery

+pay_travel(pay_inf:Pay_Inf) : Ack_pay
+cancel_travel(reserv_inf:Reserv) : Ack_cancel

travelagency

5 FraveL_sE

TravelAg

+ind_travel(travel_req:Travel_req) : Travel_list |

+reserve_travelltravel_sel Travel_Inf) : Resery

T
— | +pay_flightipay_inf:Pay_Inf) : Ack_pay
+cancel_flightireserv_infReserv) : Ack_cancel

carhire

CarHire
+find_car(car_req:Car_req) : Car_list

+pay_travel(pay_inf:Pay_|nf) : Ack_pay

+eancel_travel(reserv_infReserv) : Ack_cancel

+reserve_car{car_sel:Car_Inf) : Reserv

+pay_car(pay_inf:Pay_Inf) : Ack_pay
+cancel_carfreserv_inf: Reserv) : Ack_cancel

|/ +bank_serv

Bank Lhntel_sa‘
+make_payment(pay_inf: Pay_Inft) : Ack_pay

+bank_serv +bank_serv L han 4—5‘9""'

Hotel

+ind_room(room_req:Room_req) : Room_list
+reserve_room(room_sel:Room_Inf) : Reserv
+pay_roomipay_inf:Pay_Inf) : Ack_pay
+ecancel_roomireserv_inf:Reserv) : Ack_cancel




From PIM(UNML) to
PSM(Java)




<<gnumeration=> JavaElement

Kind +name : String

+byte 4}‘

D |
+Ish0rt JavaPackageElement
+int \;super +contents .
+long 0.1 +sub 0..1
JavaClassifier *
+float 0.. JavaPackage
+double +modifier : Modifier <}+nested
+char +visibility : Visibility 0.* JavaClass
+boolean <otr ’ AN QD ’ | +isActive : Boolean
+isO1T¥ +is 3] - - N
+8tring E‘%ﬂl‘lﬁl’ ¥ +implementedby |0..
+isOfType +implements P.-*
<<enumeration>> | Javalnterface
Maodifier
0.*
+abstract
+final JavaMember JavaPrimitive Type
+regular JAN +kind _name : Kind
+static 0.* |D *
<<enumeration>> JavaField JavaMethod
Visibility +isTransient : Boolean +isNative : Boolean
. +isVolatile : Boolean +isSinchronized : Boolean
+public
+protected +isFinal : Boolean +body : String
+has 0.1 +owner
+package t
+parameters *
+niivate +value [ 0..1 P 0.. 0.+
JavaValue JavaParameter
+value : String +result : Boolean

—e-________ & e vcom BB o nem oo ol o



@ The-model transformation needs to
determine what elements of the UML
meta-model will be mapped to the
elements of the Java meta-model.




| ModelElement 0.0 0.

Fi

S +omnedElement +

UML meta-model

Mapping

Mamespace |<:]—I Package

naMmespaca

l +palem4spc:iﬁ::tibn l

|G enalal IzableElement| +child 0.%| Generalization
)

+generalization

|"— — — — — —»‘I JavaPackage

5l #nested

|‘_ o..
@ Lol cdifier -

|5|:pe::_: +yisibility ; Vi h”I(
|‘_ @ Il'n. _“.D' Tj;ulbzli'n o C\;ISDI'T'[F--;"

Java meta=-model

l'-“':' nte "'E:] JavaPackageElement

1 JavaClassifier TEOFTYFe

Mo cifi e fe—errrype

‘i Interface

D "l +imple ments
0.x — — Javalnterface
I Aittiibute |.‘_ — s
Ll N o= _m JavaField i
Operation .= 1 &th 6d |h o
+specification, @ uhed — — —— _...[ Javahathad l
- = = T onnel 0.1
i Parametar |‘— —_—— — ~ spatameters] 0.7 0.-
I — — -“- JavaParameter |
| DataType I"— — —— e
—_— »{JauaPrimiﬁwTrpeli
4 = souUrce

Fi
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e’ |

JavaElement

Y
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ure 5. Ma

ing from UML to Java Meta-model

fragment




create transformation

rule
@& eXtensible Stylesheet Language

Transformation (XSLT)
@ Logical languages
€ ATL

@ other transformation language based on
Object Constraint Language(OCL) as
ATL.




& UMLclass is mapped to'Java Class
through the rule C2C

rule C2C{
from c

to Jjec
mapsTo o

name <=- C.Iame,

visibility =-

if c.visibility =
#public

else
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From PIM(UML)to
PSM(Web Service)




+out put
btart‘.l"..ﬂthE.xtunsmnT'

ahil

+Hault

+operation
+operataion

) OperationType
OneWayOperation “Foneway

+|nput et me
~+input +requestresponse

ParamType W RequestResponseOperation

+name
+message SolicitResponseOperation

MotificationDperation <
FaultType = +notification
+name

+message e

Fiaure 6. WSDL Meta-model




UML meta-model

crnedElementy = oo

flodelElemernt

association

e

|"'- . | iransformation
"4 Tule

M ethod

.. tspecification +method

Figure 7. Mapping frn-r‘rv'. ..UML to WSDL Meta-model (fragment)
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