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Motivation
Software Complexity

3

Ç Mariner (1962)
18.5$ millions

Programmerincorrectlytranscribeda handwrittenformula 
(periodinsteadof commain FORTRAN do-loop)

Ç AT&T LinesGo dead(1990)
Recovery time: 1 day

Cost: hundreds of millions of  $ôs

. . .;
switch (...) {

case a : ...;
break;
case b :...;
break;

. . .
case m : ...;
case n : ...;

. . .
};

Ç . Y2K (1999)
$500 billion

Save computer storage
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Software Complexity
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ñHe cdatffhmf hr sgd oqnbdrr ne

removing bugs, then programming 

must be the process of putting 

sgdl hm-ò

ðEdsgerW. Dijkstra
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Motivation
Software Complexity

Ç Many modern software systems are reaching levels of complexity 
encountered in biological systems

Systems of systems each of which may include tens of millions of lines of code

é any one of which might be the culprit that brings down the entire system

Ç Furthermore, we can only see an increase in complexity of software 
systems due to:

Growing demand for greater and more sophisticated functionality

Increasing interaction with the implacable complexity of the real world

Ç Given our current track record, how will we cope with this rise in 
complexity?

5

Essential 

Complexity

Accidental

Complexity
First, distinguisingwhatcan besimplified
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Motivation
Software Complexity

6

Ç Essential complexity: we have a hard problem

inherent to the problem 

cannot be sidestepped or eliminated by technology or method

e.g., geospatial applications are inherently more ñcomplexò 
than standard ñforms over dataò applications

Ç Accidental complexity: we have made a problem hard 

due to the use of inappropriate technologies or methods

it happens because someone didn't find the simplest way to 
implement a specified set of features and might be eliminated 
by good design, or good redesign.

e.g., banks legacy systems programmed in COBOL 
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Motivation
Software Complexity
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Ç Essential complexity: we have a hard problem

inherent to the problem 

cannot be sidestepped or eliminated by technology or method

e.g., geospatial applications are inherently more ñcomplexò 
than standard ñforms over dataò applications

Ç Accidental complexity: we have made a problem hard 

due to the use of inappropriate technologies or methods

it happens because someone didn't find the simplest way to 
implement a specified set of features and might be eliminated 
by good design, or good redesign.

e.g., banks legacy systems programmed in COBOL 

How will we cope with this rise 

in complexity?

Modern software development 

suffers from an excess of 

accidental complexity
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Motivation
Software Complexity

8

Can you see the

underlyingstructure???

Much Better) FPKûQ FQ<<<
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Motivation
Software Complexity
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Motivation
Software Complexity
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Clearly, models help on 

simplifying software 

development by raising the 

level of abstraction at which 

software is conceived
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Motivation
Abstraction: diminissingSoftware Complexity

Ç Abstraction
Is the process or result of generalization by reducing the 
information content of a concept or an observable phenomenon, 
typically to retain only information which is relevant for a 
particular purpose.

Is the thought process where in ideas are distanced from objects. 

It uses a strategy of simplification, wherein formerly concrete 
details are left ambiguous, vague, or undefined

Ç Abstraction and Modeling
Indeed, modeling implies always an abstraction process

é we can even express it the other way round é
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Motivation
Modelingis essential

ÇModeling is essential to human activity 
every action is preceded by the construction (implicit or 
explicit) of a model.

12

(1) Hippocrates and many others believed 

that the four crucial elements earth, air, water 

and fire were balanced within the human 

body as the four humors: blood, phlegm, and 

black and yellow bile. In this context, disease 

was due to an imbalance in the four humors 

and treatment involved restoring their 

balance through bloodletting

(2) Georges Washington died after heavy 

blood loss sustained in a bloodletting 

treatment for laryngitis
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Motivation
Modelingin otherdisciplines

ÇModelinghas beenwidelyusedin Engineering
whith specificationpurposes
ÁStructureand behavior

ÁInteractingwith stakeholders

for reasoningaboutthe system
ÁDetectingdesignerrors

ÁInfer and test properties

ÁPrototyping(simulation)

As a guide towardsimplementationé

13
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Motivation
Modelingin otherdisciplines

ÇModelinghas beenwidelyusedin Engineering

14

Avionics

Genetics
Electronics

Car 

Manufacturing



8

Model- Driven Engineering: a first glance at a ¿new? way of conceiving software development @Madrid ~ 9 February , 2010

Motivation
Characteristicsof effectiveand usefulengineeringmodels

15

Abstraction
Reducedrendering of the system

Emphasizesome features é

é while hinding others

Understandability
Expressedin a common languageor formalism é

é well known by all the stakeholders

(opposite to programming)

Accuracy
A true-to-life representation of the modelled

sytemõsfeatures of interest

Predictiveness
Experimentation or formal analysisshould serve

to predict system properties

Inexpensive
Cheaperto construct

that the modelled

system

No (catastrophic ) 

consequencesif it fails

J

Model- Driven Engineering: a first glance at a ¿new? way of conceiving software development @Madrid ~ 9 February , 2010

Motivation
Whathappenswith modelsin Software Engineering??

16

Used (at best) with documentation purposes

How to map the modelled concepts to the implementation

technologies, such as programming languages contructs, 

operating system functions and so on???

Modelsare not updatedwith
designchangesmadeby

programmers

No wayof ensuringprogrammersfollowed
thedesigndecissionscapturedin models

There is a big gap between the models and the

underlying implementation

No toolsor languagesto
handlemodels

Are we really doing Software Engineering??
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Motivation
Letôsput modelsto workin Software Engineering

17

ñRnesv`qd g`r sgd q`qd oqnodqsx sg`s hs `kknvr tr sn

directly evolve models into full -fledged 

implementations without  changing the engineering 

ldchtl+ snnkr+ nq ldsgncrò
[John Hogg, 2003]
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ñfrom (models) human-
readable to computer-

understandableò 
[J. Bézivin]
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Motivation
Modelingis essential

ÇWant another advice?

18

[What Is Bill Gates Thinking? Interview, eWEEK.com, 3/30/2004] 

"Modeling is the future é

And the promise here is that you write a lot 
less code, that you have a model of the 

business process é 
So, modeling is pretty magic stuff, whether 

it's management problems or business 
customization problems or work-flow 
problems, visual modeling é

It's probably the biggest thing going on é"
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Motivation
Model-DrivenEngineering(and relateddisciplines)

19

Raising the abstraction
level in Software Development

MDA

MIC
MSE

FROM CODING to

MODELLING

Boost the role of models and 

modelling activities at the 

different steps of the 

development cycle

DSL ADM

MDSD

Assembly

Languages

Structured

Programming Object -Oriented

Programming

Component -based

Software Engineering

Aspect -Oriented 

Programming

Model -Driven 

Engineering
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Raising the abstraction
level in Software Development

MDA

MIC
MSE

FROM CODING to

MODELLING

Boost the role of models and 

modelling activities at the 

different steps of the 

development cycle

DSL ADM

MDSD

ROLE of 

MODELS

LEVEL of

AUTOMATION
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Motivation
In fact, it is not that new, isnôtit

21

GestionCursosProfesor OfertaCursos

gestiona

Un curso puede ofertarse en distintos horarios en 

un mismo semestre: un curso tine ofertas de 

curso

Curso

0..n

0..n

+prerrequisito

0..n

0..n

Un curso puede necesitar que 

se hayan recibido otros cursos 

con anterioridad

WYSIWYG

HTML Editors

Old wine in 

new bottles
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Modeling
Modelingisessential

Ç What is a model? 

Modeling, in the broadest sense, is the cost-effective use of 
something in place of something else for some cognitive purpose. 

It allows us to use something that is simpler, safer or cheaper 
than reality instead of reality for some purpose. 

A model represents reality for the given purpose; the model is an 
abstraction of reality in the sense that it cannot represent all 
aspects of reality. 

This allows us to deal with the world in a simplified manner, 
avoiding the complexity, danger and irreversibility of reality

23
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Modeling
Modelingisessential

Ç A model is the simplified image of a system

The word is recent, the idea is old

Plato(427-347 beforeJC), in Timeuscompares vertebras
to door hinges(74a) or bloodvesselsto irrigation
channels

24

ModelrepOfSystem 

http://www.vandykes.com/product/02001251/
http://www.vandykes.com/product/02012330/
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Modeling
Don't confuse the model and the system 

25

repOf

é allowing to ask 

certain questions  é

CouldI travelfromParis to New York 
withoutusinga boat? é but not others é

What is the temperature at the 
bottom if I dig a 100 km deep hole at 

the surface of the earth ? 

Ç Principle of limited substitutability. 
A model M is said to be a representation of a system S for a given set of questions Q if, 
for each question of this set Q, the model M will provide exactly the same answer that 
the system S would have provided in answering the same question.

e.g. the globe is a model of the 

earth é.
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Modelling
Howare modelsundertood, interpreted, definedé ?? 

26

Every map has a legend 
(implicit or explicit)

We cannot ògetó the 
map without its legend

The legend is the 
metamodel
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Modelling
é bytheir correspondingmetamodel

27

First round of political

election in France in  2002

Percentage of places infested

by termites in France

A Model has no meaning 

when separated from its 

metamodel
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Modelling
More (real life) samplesof metamodelling

28

Model

Metamodel

conforms to

(c2)

SCORE

MUSICAL NOTATION

C:/Documents and Settings/jbezivin/Mes documents/Actif.Athlon.Janvier.2006/sélectionné/xmlsamples/HandJuMa36Excerpt.xml
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Modelling
é and evenmore é 

A metamodelis an explicit specification of 
a shared conceptualization

Metamodel

Model conforms to

(c2)

29
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Modelling
A closer one to our domain of interest é

ModelMetamodel
conforms to

(c2)

A
s
s
is

te
d
 D

ra
w

in
g

 T
o
o
ls

(e
.g

. 
M

S
/V

is
io

)

A library of stencils
Ź

A collection of metamodels

30
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Modelling
Metamodelsact as filters for reality 

32

A (very simplistic J) 

metamodel

for modelling

Meetings 
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Modelling
Metamodelsact as filters for reality 

33
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Modelling
Aspects of a system represented by models

35

Ma

S

isRepresentedBy

M0

M1

Mb Mc
A given system may have 
plenty of different models

Each model represents a 
given aspect of the system
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Modelling
Different models for the same system

36

Percentage

of termite infestation

in France.

The System

Models

France in 

1453 

The cheese

french map

Railroad map

in western 

France 

System ModelsrepOf

A verypopularone: geographicalmaps

http://geography.about.com/library/blank/france.jpg
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Modelling
DifferentViewsź DifferentModels

37

System ModelsrepOf

Several models of this system (partial views)
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Modelling
DifferentModelsź DifferentLanguages

38

Carpenter's

view

Plumber's

view

Electrician's

view

Decorator's

view

Phone Installer's

view

Architect's

view
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Modelling
DomainSpecificLanguages(DSLs)

Ç Metamodelsdefine (partially) DomainSpecificLanguages(DSLs)
Languages for representing different views of a system in terms of models

Higher-level abstraction than general purpose languages

Closer to the problem domain than to the implementation domain

Closer to the domain experts

39
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Hierarchy

Sample

Modelling
DSLs: visual, textual é

40

OPTIONS:

InnerTransitionFirst = 1

STATECHART:

S1 [DS] [HS*]

S2

S3 [DS] [CS]

S4 [DS] [CS]

S5 [DS] [CS] [sample]

S6 [DS]

S7

S8 [DS]

S9

TRANSITION:

S: S1.S6

N: S1.S2

E: to S2

TRANSITION:

S: S1.S2

N: S7

E: to S7

TRANSITION: [HS]

S: S7.S8

N: S1

E: to S1 hs

TRANSITION:

S: S7.S8

N: S1

E: to S1

class State

{

public int StateID ;

public State Next =null ;

}

class History

{

public int [] States ;

public long [] Times;

public StateMachine Submodel ;

}

class EventList

{

public String Event ;

public EventList Next =null ;

public void Append ( String e)

{

EventList el= new EventList ();

el.Event =e;

EventList cur =this ;

while ( cur.Next !=null && 

cur.Event !=e)

cur =cur.Next ;

if ( cur.Event !=e)

cur.Next =el;

}

public void Append ( EventList

el)

{

while (el!= null )

{

Append ( el.Event );

el= el.Next ;

}

}

}

class StringList

{

public String str ;

public StringList Next =null ;

public StringList ()

{

this ("");

}

State

History

EventList

StringList
State
Machine

A textual DSL

for StateCharts

A visual DSL

for State

Charts
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Same Model

Different notations

Modelling
Abstract syntax VS Concrete Syntax

41

Speaker(Mary)

Attendant(John)

Attendant(Peter)

Chair(c1)

Chair(c2)

sat_on(John, c1)

sat_on(John, c2)

Same Abstractions

Different syntaxes
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Modelling
Abstract Syntax VS Concrete Syntax 

42

Concrete Syntax
A box represents each Furniture or Personobject

The name of the object is included into an inner box

Each occurrence of the relationship between 

Furniture and Person objects is represented  by an 

arrow pointing to the Person object

AbstractSyntax
There are two types of objects: Furniture and 

Person

In turn, each Furniture object could be a Chair or a 

Table and each Person an Attendant or a Speaker

Each Person can be sat on one (and only one) piece 

of Furniture
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Modelling
Abstract Syntax VS Concrete Syntax 

43

(Another) Concrete Syntax
Each object is represented by the reserved word 

that designates the type of the object plus the name 

of the object between brackets

Each occurrence of the sat_on relationship is 

represented by the reserved work saton plus the 

name of the objects between brackets and 

separated by commas

AbstractSyntax
There are two types of objects: Furniture and 

Person

In turn, each Furniture object could be a Chair or a 

Table and each Person an Attendant or a Speaker

Each Person can be sat on one (and only one) piece 

of Furniture

Speaker(Mary)

Attendant(John)

Attendant(Peter)

Chair(c1)

Chair(c2)

sat_on(John, c1)

sat_on(John, c2)
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<?xmlversion="1.0" encoding="UTF-8" standalone="no"?>
<!DOCTYPE score-partwisePUBLIC

"-//Recordare//DTD MusicXML2.0 Partwise//EN"
"http://www.musicxml.org/dtds/partwise.dtd">

<score-partwiseversion="2.0">
<part-list>
<score-partid="P1">
<part-name>Music</part-name>

</score-part>
</part-list>
<partid="P1">
<measurenumber="1">
<attributes>
<divisions>1</divisions>
<key>
<fifths>0</fifths>

</key>
<time>
<beats>4</beats>
<beat-type>4</beat-type>

</time>
<clef>
<sign>G</sign>
<line>2</line>

</clef>
</attributes>
<note>
<pitch>
<step>C</step>
<octave>4</octave>

</pitch>
<duration>4</duration>
<type>whole</ type>

</note>
</measure>

</part>
</score-partwise>

Modelling
Abstract Syntax VS Concrete Syntax: (real-life) sample

44

1 import java.applet .*;

2 import java.awt .*;
3

4 public class FirstApplet extends Applet {
5 public void paint(Graphics g) {

6 g.drawString (" FirstApplet ", 25, 50);
7 }

8 }

1 <?xml v ersion="1.0" encoding="UTF-8"?> 

2 <!DOCTYPE jav a-source-program SYSTEM "jav a-ml.dtd"> 

4 <jav a-source-program name="FirstApplet.jav a"> 

5 <import module="jav a.applet.*"/> 

6 <import module="jav a.awt.*"/> 

7 <class name="FirstApplet" v isibility="public"> 

8 <superclass class="Applet"/> 

9 <method name="paint" v isibility="public" id="meth-15"> 

10 <type name="v oid" primitiv e="true"/> 

11 <formal-arguments> 

12 <formal-argument name="g" id="frmarg-13"> 

13 <type name="Graphics"/></formal-argument> 

14 </formal-arguments> éé.

Different Concrete 
Syntaxes
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MDA
A mare-magnum of Acronyms

46

ñLegendò
MDE is a generic term; ME ź MDE 

MDAÊ and MDDÊ are OMG trademarks; 
MDD is a protection trademark (no use as 
of today/just reserved by OMG for future 
use)

MDSD like MDSE is sometimes used 
instead of MDD when one does not wish 
to be associated to OMG-only technology, 
vocabulary and vision 

ADM is another standard intended to be 
the reverse of MDA: MDA covering 
forward engineering while ADM covers 
backward engineering. ADM ~ MDRE

DSL is related with MOF extensions, UML 
profiles, etc.

DSM was more Microsoft marked but has 
been adopted by the academic and 
research community nowadays

Acronyms
MDE Model Driven Engineering

ME Model Engineering

MDA Model Driven Architecture

MDD Model Driven Development

MDSD 
Model Driven Software Development

MDSE 
Model Driven Software Engineering

MDRE 
Model Driven Reverse Engineering

ADM 
Architecture Driven Modernization

DSL Domain Specific Language

DSM Domain Specific Modeling
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MDA
A wayof doingMDE

47

Standardsto formalize
MDE principles

Categorizationof 
AbstractionLevels

SometimesMDA is referredto as 
ñMDE with standardsò

QVT
OCL

SPEM
KDM
Ø

Role of models AutomationMDE principles
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MDA
Categorizationof AbstractionLevels

Ç Theaim isat raisingtheabstractionlevelé
é byseparatingthespecificationof thesystem
from technicaldetails

48

ÅComputerIndependentModelCIM

ÅPlatformIndependentModelPIM

ÅPlatformSpecificModelPSM

ÅRunningsystemCODE

ThethreeAbstraction levels of MDA
System requirements are modelled by Computer 
Independent Models (CIMs) 

Domain Model

Platform Independent Models (PIMs) allow modelling
system functionality, without taking into account any 
specific platform.

Specifications described in the PIMs are adapted to 
specific platforms by means of Platform Specific Models 
(PSMs) from which the code is automatically generated
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MDA
Categorizationof AbstractionLevels: CIM

Ç TheCIM modelis a viewof thebusinessprocesses
é ellaboratedbydomainexperts

é serveas a bridge betweendomainexpertsand businessanalysts

é isnot alwaysmandatory, it dependson thespecificdomain
addressed

49

ÅComputerIndependentModelCIM

ÅPlatformIndependentModelPIM

ÅPlatformSpecificModelPSM

ÅRunningsystemCODE

Requirements Model
(use case and activity diagrams)

BPMN is gaining attention as a 
way to express CIM models
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MDA
Categorizationof AbstractionLevels: PIM

Ç ThePIM representsthesystemwithout considering
platformtechnologicaldetails
é allowsthemappingto anytechnologicalplatform

é think of a neutral virtual machine whereeachoperationwill belaterimplementedin 
thetargettedplatform

é isalwaysmandatoryand mayresultinto oneor more PSMs

50

ÅComputerIndependentModelCIM

ÅPlatformIndependentModelPIM

ÅPlatformSpecificModelPSM

ÅRunningsystemCODE

Requirements Model

(use case and activity diagrams)

PaymentService

PaymentFe

<<Interface>>

addPayment()

cancelPayment()

getPayments()

getPaymentActivity()

updatePayment()

PaymentRead

PaymentEvent

<<Interface>>

processPayments()

PaymentFeExtended

<<Interface>>

addPaymentNoteExtended()

completePaymentExtended()

failPaymentExtended()

getPaymentsExtended()

pendPaymentExtended()

resubmitPaymentExtended()

reversePaymentExtended()

Notification
(from eMessenger)

FinancialTransactionCommon
(from Financial Transaction Service)

PayeeUtility

AccountUtility

FinancialTransactionWrite

OperationalDirectory
(from Operational  Directory Service)

FinancialTransactionUtility
(from Financial Transaction Service)

FinancialTransaction
(from Financial Transaction Service)

SchedulingEvent
(from Scheduler)

Payment

<<Interface>>

handlePayeeChange()

FinancialTransactionRead

PaymentUtility

<<Interface>>

prepare()

getRouting()

checkForDuplicate()

Dependency Model

(class diagrams)

 : Consumer  : ConsumerFrontEnd  : XmlConnector  : PaymentService  : FinancialTransactionService

Sequence Diagram: InteliWorks 

Consumer: Payment Realizations / 

Consumer: Payment - View Payments

1. Create payment

2.1. addPaymentRq

2.1.2. addPaymentRs

1.2. Display confirmation

2. Ok

3. Close view

3.1. View payments

2.1.1. addPayment( )

2.1.1.2. payment

1.1. Enter payment

Sequence Diagram: InteliWorks 

Consumer: Payment Realizations / 

Consumer: Payment - Enter

2.1.1.1. addFinancialTransaction( )

2.1.1.1.1. financialTransaction

Sequence Diagram: InteliWorks 

Consumer: Financial Transaction 

Realizations / Consumer: Financial 

Transaction - Add

Architectural Realizations

(sequence diagrams)

FinancialTransactionBase

DisplayStatus

CreationData

FinancialTransactionConsumerData

1 11

+displayStatus

1

+creationData

11

FinancialTransactionData

FinancialTransaction

Note

FinancialTransactionExtended

0..1

*

0..1

+note*

CurrencyAmount

FinancialTransactionTypeCode

<<enumeration>>

PAYMENT

FUNDS_TRANSFER

FinancialTransactionSpecification

0..1

1

0..1

+specification1

0..11 0..1

+amount

1

+transactionType

11

ProcessingData

1 11

+processingData

1

ProcessingStatus

0..1

1

0..1

+status 1

ProcessingStep

0..1

*

0..1

+previousStep

{ordered}
*

+status

0..1

1

0..1

1

Logical Data Model

(class diagrams)

CIM

PIM

Huge gap between CIM 
and PIM levels

Ź
Traces at best
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WORKING CODE

MDA
Categorizationof AbstractionLevels: PSM (& Code)

Ç ThePSM combines PIM specificationswith the
technologicaldetailsof theselectedplatform
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PaymentService

PaymentFe

<<Interface>>

addPayment()

cancelPayment()

getPayments()

getPaymentActivity()

updatePayment()

PaymentRead

PaymentEvent

<<Interface>>

processPayments()

PaymentFeExtended

<<Interface>>

addPaymentNoteExtended()

completePaymentExtended()

failPaymentExtended()

getPaymentsExtended()

pendPaymentExtended()

resubmitPaymentExtended()

reversePaymentExtended()

Notification
(from eMessenger)

FinancialTransactionCommon
(from Financial Transaction Service)

PayeeUtility

AccountUtility

FinancialTransactionWrite

OperationalDirectory
(from Operational  Directory Service)

FinancialTransactionUtility
(from Financial Transaction Service)

FinancialTransaction
(from Financial Transaction Service)

SchedulingEvent
(from Scheduler)

Payment

<<Interface>>

handlePayeeChange()

FinancialTransactionRead

PaymentUtility

<<Interface>>

prepare()

getRouting()

checkForDuplicate()

Dependency Model

(class diagrams)

 : Consumer  : ConsumerFrontEnd  : XmlConnector  : PaymentService  : FinancialTransactionService

Sequence Diagram: InteliWorks 

Consumer: Payment Realizations / 

Consumer: Payment - View Payments

1. Create payment

2.1. addPaymentRq

2.1.2. addPaymentRs

1.2. Display confirmation

2. Ok

3. Close view

3.1. View payments

2.1.1. addPayment( )

2.1.1.2. payment

1.1. Enter payment

Sequence Diagram: InteliWorks 

Consumer: Payment Realizations / 

Consumer: Payment - Enter

2.1.1.1. addFinancialTransaction( )

2.1.1.1.1. financialTransaction

Sequence Diagram: InteliWorks 

Consumer: Financial Transaction 

Realizations / Consumer: Financial 

Transaction - Add

Architectural Realizations

(sequence diagrams)

FinancialTransactionBase

DisplayStatus

CreationData

FinancialTransactionConsumerData

1 11

+displayStatus

1

+creationData

11

FinancialTransactionData

FinancialTransaction

Note

FinancialTransactionExtended

0..1

*

0..1

+note*

CurrencyAmount

FinancialTransactionTypeCode

<<enumeration>>

PAYMENT

FUNDS_TRANSFER

FinancialTransactionSpecification

0..1

1

0..1

+specification1

0..11 0..1

+amount

1

+transactionType

11

ProcessingData

1 11

+processingData

1

ProcessingStatus

0..1

1

0..1

+status 1

ProcessingStep

0..1

*

0..1

+previousStep

{ordered}
*

+status

0..1

1

0..1

1

Logical Data Model

(class diagrams)

PIM

ÅComputerIndependentModelCIM

ÅPlatformIndependentModelPIM

ÅPlatformSpecificModelPSM

ÅRunningsystemCODE

xxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxx

xxxxxxxxx

xxxxxxx

xxxxxxxxxx

xxxxxxx

]xxxx

Interface Code

(EJB)

xxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxx

xxxxxxxxx

xxxxxxx

xxxxxxxxxx

xxxxxxx

]xxxx

Web Services Code

(WSDL/SOAP)

xxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxx

xxxxxxxxx

xxxxxxxxx

xxxxxxx

xxxxxxxxxx

xxxxxxx

]xxxx

Value Object Code

(Java)

PAYMENTS

AUDIT_ID : NUMBER(9, 0)

ACTION_CODE : NUMBER(9, 0)

FI_TRANSACTION_SEQ_ID : NUMBER(9, 0)

PAYEE_SEQ_ID : NUMBER(9, 0)

BILL_SEQ_ID : NUMBER(9, 0)

PROVIDER_SEQ_ID : NUMBER(9, 0)

PAYEE_NAME : VARCHAR2(255)

PAYEE_PHONE_NUMBER : VARCHAR2(32)

NAME_ON_ACCOUNT : VARCHAR2(255)

BILLING_ACCOUNT : VARCHAR2(255)

PAYMENT_DESTINATION_TYPE : NUMBER(9, 0)

ADDRESS1 : VARCHAR2(64)

ADDRESS2 : VARCHAR2(64)

ADDRESS3 : VARCHAR2(64)

ADDRESS4 : VARCHAR2(64)

CITY : VARCHAR2(32)

STATE_PROV : VARCHAR2(32)

POSTAL_CODE : VARCHAR2(11)

COUNTRY_CODE : CHAR(3)

ACT_PAYEE_NAME : VARCHAR2(255)

REMITTANCE_METHOD : NUMBER(9, 0)

ACT_PAYEE_PHONE_NUMBER : VARCHAR2(32)

ACT_NAME_ON_ACCOUNT : VARCHAR2(255)

ACT_BILLING_ACCOUNT : VARCHAR2(255)

ACT_PAYMENT_DESTINATION_TYPE : NUMBER(9, 0)

ACT_ADDRESS1 : VARCHAR2(64)

ACT_ADDRESS2 : VARCHAR2(64)

ACT_ADDRESS3 : VARCHAR2(64)

ACT_ADDRESS4 : VARCHAR2(64)

ACT_CITY : VARCHAR2(32)

ACT_STATE_PROV : VARCHAR2(32)

ACT_POSTAL_CODE : VARCHAR2(11)

ACT_COUNTRY_CODE : CHAR(3)

CHECK_NUMBER : VARCHAR2(40)

ACT_REMITTANCE_METHOD : NUMBER(9, 0)

SERVICE_CENTER_SEQ_ID : NUMBER(9, 0)

MERCHANT_SEQ_ID : NUMBER(9, 0)

DEFAULT_ROUTING_REASON : NUMBER(9, 0)

DAYS_TO_PROCESS : NUMBER(9, 0)

AUDIT_VERSION : NUMBER(9, 0)

AUDIT_GENERATION : NUMBER(9, 0)

AUDIT_DATE : DATE

FINANCIAL_TRANSACTIONS

AUDIT_ID : NUMBER(9, 0)

ACTION_CODE : NUMBER(9, 0)

FI_TRANSACTION_SEQ_ID : NUMBER(9, 0)

LAST_MODIFIED_BY : NUMBER(9, 0)

CONSUMER_SEQ_ID : NUMBER(9, 0)

TRANSACTION_TYPE : NUMBER(9, 0)

MODEL_INSTANCE_NUMBER : NUMBER(9, 0)

RECURRING_MODEL_SEQ_ID : NUMBER(9, 0)

SOURCE_ACCOUNT_SEQ_ID : NUMBER(9, 0)

SOURCE_ACCOUNT_TYPE_CODE : NUMBER(9, 0)

SOURCE_ACCOUNT_NUMBER : VARCHAR2(32)

SOURCE_ROUTING_NUMBER : VARCHAR2(9)

SOURCE_ACCOUNT_HOLDER : VARCHAR2(255)

REQUESTED_DATE : DATE

REQUESTED_SCHEDULE_TYPE : NUMBER(9, 0)

CREDIT_DATE : DATE

PROCESS_DATE : DATE

DISPLAY_STATUS_CODE : NUMBER(9, 0)

CURRENCY_CODE : CHAR(3)

AMOUNT : NUMBER(17, 2)

CONSUMER_MEMO : VARCHAR2(255)

DISPLAY_STATUS_MODIFIED_DATE : DATE

DISPLAY_STATUS_MODIFIED_BY : NUMBER(9, 0)

DISPLAY_STATUS_NOTE : VARCHAR2(255)

PROCESSING_FLOW_TYPE : NUMBER(9, 0)

PROCESSING_TIME : DATE

RETRY_COUNT : NUMBER(9, 0)

DESTINATION_PROVIDER_SEQ_ID : NUMBER(9, 0)

PROCESS_STATUS_CODE : NUMBER(9, 0)

AUTHORIZATION_PROVIDER_SEQ_ID : NUMBER(9, 0)

DAYS_TO_CREDIT : NUMBER(9, 0)

SOURCE_PROVIDER_SEQ_ID : NUMBER(9, 0)

VALIDATE_STATUS_CODE : NUMBER(9, 0)

PROCESS_STATUS_PROVIDER_SEQ_ID : NUMBER(9, 0)

PROCESS_STATUS_MODIFIED_BY : NUMBER(9, 0)

PROCESS_STATUS_MODIFIED_DATE : DATE

PROCESS_STATUS_NOTE : VARCHAR2(255)

VALIDATE_STATUS_MODIFIED_BY : NUMBER(9, 0)

VALIDATE_STATUS_MODIFIED_DATE : DATE

AUDIT_DATE : DATE

AUDIT_VERSION : NUMBER(9, 0)

VALIDATE_STATUS_NOTE : VARCHAR2(255)

AUDIT_GENERATION : NUMBER(9, 0)

Database Design Model

(class diagram)

PSM
AUTOMATION
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MDA
ModelTransformations

Ç ModelTransformationsare thekeyto automateanymodel-drivendevelopment
process

52

Model Transformation
(MMa2MMb)

Meta-ModelA
(MMa)

source

Meta-Meta-Model
(MMM)

Model B
(Mb)

Model A
(Ma)

Meta-ModelB
(MMb)

ModelTransformation
LanguageMeta-Model

(MtMM )

target

conforms to

uses

Model Transformation Engine

M2M
model-to-model transformations

Two conceptions 
though they are 
just one indeed J

M2T
model-to-text transformations

(é akacodegenerationor model
serialization)

CREATE TYPE cast_type AS (

id INTEGER(25),
casting_order INTEGER,

role CHARACTER VARYING(25),
actor Ref_actor_type,

movie Ref_movie_type
);

CREATE TABLE casts OF cast_type (

id PRIMARY KEY,
role NOT_NULL,

actor NOT NULL
);

CREATE TYPE Ref_cast_type AS (

ref REF cast_type
);

Model transformations 

as 

models 

(transformation models)




