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SoftwareComplexity ofe W49

{kybele 1
¢ Many modern software systems are reaching levels of complex

mi ght t he

whi ch

encountered in biological systems
@ Systems of systems each of which may include tens of millions of lines g
of be

o é one

systems due to:
@ Growing demand for greater and more sophisticated functionality
3@ Increasing interaction with the implacable complexity of the real world

any
¢ Furthermore, we can only see an increase in complexity of soft

¢ Given our current track record, how will we cope with this rise if

complexity?
eiﬁ:;::; First distinguisingvhatcanbe simplified gg;;lexity
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¢ Essential complexityve have a hard problem
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by good design, or good redesign.
O e.g., banks legacy systems programmed in
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A inherent to the problem
@ cannot be sidestepped or eliminated by technology or meth
i cat.

¢ Accidental complexitywe have made a problem hard
O due to the use of inappropriate technologies or methods

O it happens because someone didn't find the simplest way tq
implement a specified set of features and might be eliminat

over

COBOL
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¢ Essential complexitwve have a hard problem T, ]
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@ cannot nggst pped or ellmgated byggnolo y or meth
.. suffers from.an excess of

catl

" “decitiental complexity ©

¢ Accidental complexity.. ~de a problem hard

How, will\ve cope with thiis rise . .
|mplement W wmnd might be eliminat
by good deS|gn or good Yedesig

O e.g., banks legacy systems programmed in COBOL
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DROP TANLE BLOG:

OROP YARLE BLOGGERS. Can you see the

/¢ ceene mezes <+ underlying structure???

CREATE TARLE BLOG / LR VEATHEAZ [0

( HANE 'WARCHAFZSO (M)
URL VARCHARZ (50!, DESRIP TN AR AR
NARE VARCHARZ (50) BOT WAL, o WRER VAR CHERZ | 1)
DESCRIPTION VARCHARZ (300!,

CMNER VARCHARZ (50
PRIMARY KEY (NANE

CREATE TANLE DLOGGERS

NANE VARCHARZ (50! WOT WAl
NICE VARCHARZ (25],

-
ERAIL VARCHMARZ (25], MEX VERTHERZ (2]
FRIMARY KEY (MAME EMANL VERTHERZ 25

MuchBette) -"'FP KGO Q FQ<<<

ALTER TANLE DLOG
ADD FOREION KEY (OWIER
REFERENCES DLOGGERS NARE|
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¢ Abstraction

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

a Is the thought process where in ideas are distanced from ob
@ It uses a strategy simplification, wherein formerly concrete
details are left ambiguous, vague, or undefined
¢ Abstraction and Modeling
O Indeed, modeling implies always an abstraction process

mé we can even express it th
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Ok Modelinai tial
> ol odelingis essentia oo e

¢ Modeling is essential to human activity

[ every action is preceded by the construction (implic
explicit) of a model.

(L)Hippocrates and many others believed
that the four crucial elements earth, air, water
and fire were balanced within the human
The medical techm'QUe body as the four humors: blood, phlegm, and
of bloodletting w black and yellow bile. In this context, disease
based on an inc as was due to an imbalance in the four humors
model of Orrect and treatment involved restoring their
the body'_ balance through bloodletting

inco’f oy model i
frect' t .
he action (2)Georges Washington died after heavy

Mmay be j
Y be mappfopriatez-——> blood loss sustained in a bloodletting
treatment for laryngitis
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¢ Modelinghasbeenwidelyusedn Engineering

@ whith specificatiorpurposes
A Structureandbehavior
Alnteractingwith stakeholders

@ for reasoningboutthe system
ADetectingdesigrerrors
Alnfer and tesproperties
APrototypingsimulatior)

O As a guidéowardamplementatioré
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¢ Modelinghasbeenwidelyusedin Engineering

Ee Elaétronies .
45 Geneties

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




o—o0

! Motivation T u
(e L, Characteristiosf effectiveand usefulengineeringnodels Jnrsene
BlAbstraction .
# Reducedrendering of the system N St 2001 Yot ADC
* Emphasizesome features é
# ¢ while hinding others J’"‘““"“O
BUnderstandability .
e Expressedin a common language or formalism Ellnexpensive
= & well known by all the stakeholders * Cheaperto construct
* (opposite to programming) that the modelled
e TE—v——TT system
BAccuracy * No (catastrophic)
* Atrue-to-life representation of the modelled gonsequencesﬁ it fails

s y t efeafures of interest

-
BPredictiveness ﬁ
# Experimentation or formal analysisshould serve

to predict system properties ) g .
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(b ., Whathappensvith modelsn Softwar€Engineering? . Jemrsiane

Used (at best) with documentation purposes J

How to map the modelled concepts to the implementation
technologies, such as programming languages contructs,
operating system functions and so on???

Thereis a big gap between the models and the
underlyingimplementatiomn
Modelsarenot updatedwith

I el T
programmers 9 k andlemodels

Are we really doing Software Engineering?? |

|
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directly evolve models into full fledged
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g software development
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Modelingis essential
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Ok
¢ Want another advice?

" Model ng S
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So, modellng iS pret

[Whatls Bill Gate:
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Ohkrbee 1, Modelingis essential ofe W,

The Nasesye

¢ What is a model?

@ Modeling, in the broadest sense, is theaféattive use or
something in place of something else for some cognitive pur|

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

@ A model represents reality for the given purpose; the model
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
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Okibes L Modelingis essential ofe i,

¢ A modelis the simplifiedmageof asystem
@ The word is recent, the idea is old

repOf

O Plato(427347 beforeJC), inTimeusomparesertebras
to door hinges(74a) omblood vesselt irrigation
channels
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Modeling
Don't confuse the model and the system.,

0$ vy
¢ Principle of limited substitutability.
A model M is said to be a representation of a system S for a given set of questio
for each question of this set Q, the model M will provide exactly the same answe

the system S would have provided in answering the same question.
Whatis the temperature at
bottomif'l, dig:a 100!.km deeq
the surface-of the eartD ¢

e.g. the:globe-is:azmaodel lof the =
é.

eaan t.h

repOf
‘ alladitg ooweikn g 2 s k
ceelirt nacdstnins g.u e s é
CouldtravelronParis to-New:Y ork
withouising boat? g bbwtotmet. ot h
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Modelling
How aremodelsundertood interpreteddefinedé 2,2

0$ vy
Every:map hasa'legend
(implicit-or.explicit)
y ’ q
$ /i )
l----\ abuas! -'..4
wmsBodetane | Weanng ‘affiin d S\
map without its le
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election in France in 2002

e

A Model has no meaning
when separated from its |
o metamodel

Ll avmd
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Ametamotedn explicit specifi cation
a shared conceptualization
.
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A (very-sisaplistigstic )
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foanr modalingm:
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hybee L Metamodelsict as filters for reality

Attendant

John od_

Atendant
Pedar od_on
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Aspects of a system represented by models «u~

Modelling T &

Bey Juns Carion

A given system.may |
plenty of different mo
r

isRepresentedBy

Mo

Each.model.represen
givenaspect of the sy

S
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Modelling T l]
Different models for the same system . s
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Modelling
DifferentViewsz DifferentModels olle  Usersias

cl

THE FEMALE NUSCULAN SYSTEM

@(— Lokl Models

Severalmodels ofithis system(partial-views)
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DifferentModelsz DifferentLanguages o &,
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¢ Metamodelslefine partiallyDomain Specifid.anguage®SL9
@ Languages for representing different views of a system in terms of mode
@ Higherevel abstraction than general purpose languages
@ Closer to the problem domain than to the implementation domain
@ Closer to the domain experts

} {Toems

oo ks

Modelling u
Domain Specifidlanguage®SL9 ot

Usivrsisas
Rey Juns Carion

*
.
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OPTIONS:
InnerTransitionFirst = 1

STATECHART:
S1[DS] [HS*]
s2
$3[DS] [CS]
s4[DS][CS]
S5 [DS] [CS] [sample]
S6[DS]
s7
s8[DS]
s9

TRANSITION:
S:S1.S6
N: S1.82
E:to S2

TRANSITION:
S:S1.82
N: S7
E:to S7

TRANSITION: [HS]
S:S7.S8
N:Ss1
E:toSlhs

TRANSITION:
S:S7.S8
N:Ss1
E:toS1

Modelling

DSLs: vi sual ,

Avisual DSL o s
State  Next =null
for State
History
Charts public int [| States
public  long [] Times;
I sample I | publc StateMachine  Submodel
- At
° ! class [ icrarc
|°S7 e biprstonf

while (eli= nul )

Append (el.Event );
el= el.Next ;

}

\ Ji
:)

| class  StringList

public  String  str ;
public  StringList
public ~ StringlList ()

& Atextual DSL
for StateCharts

Next =null ;

40
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{hybee 1) Abstract syntax VS Concrete Syntax o s
4tandant Cnar
‘ John Fl;“‘—"' .
e
Attandant Char
Pedar ol =2
-
R Speaker(Mary)
1 Tale Attendant(John)
- | Attendant(Peter)
Chair(cl)
Chair(c2)

Same Model I Same Abstractions  sat_on(John, c1)
Different notations || =~ Different syntaxes sat_on(John, c2)

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

Modelling T
{kybee 1 Abstract Syntax VS Concrete Syntax e s

Sey Juwn Carion

Abstract Syntax

2 There are two types of objects: Furniture and
- Person

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

Table and each Personan Attendant or a Speaker
Table

-

Speaker Atrendant

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

ConcreteSyntax
4 A box represents each Furniture or Personobject
4 The name of the objectis included into an inner box Attandant [ cnar ]
2 Each occurrence of the relationship between Petar ol_en
Furniture and Person objects is represented by an
arrow pointing to the Person object

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




Modelling T =
e Abstract Syntax VS Concrete Syntax .-

Usharuiaas
Sey Juwn Carion

Abstract Syntax
2 There are two types of objects: Furniture and
- Person
T;,um T | + In turn, each Furniture object could be a Chair or a

Table and each Personan Attendant or a Speaker

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

(Another) ConcreteSyntax
: 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

43

Speaker(Mary)
Attendant(John)
Attendant(Peter)
Chair(cl)
Chair(c2)
sat_on(John, c1)
sat_on(John, c2)

Model- Driven Engineering: a first glance at a cnew? way of conceiving software development

@Madrid ~ 9 February , 2010
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ey

<xmiversior"1.0%encoding"UTF8" standalone"no"?>
<IDOCTYPE sconeartwisé?UBLIC
"JIRecordare//DTD MusicXML2.0Partwis#EN"
“http:/Awww.musicxml.org/dtds/partwise.dtd">
<scorartwiseersior"2.0">
<partiist-

<scorgartid="P1"> eCOfdﬂfe
<partnameMusic</ partname-
</scorepart>

</partist>
<partid="P1">
<measureumber"1">
<attributes Verven 29
<divisions-1</divisions-
<key
<fifths>0</fifths>

PN TR WN R

Music XML Detinibon

<beats4</beats

<beatype-4</beatype> Syntaxes
</time>

<clep

<sigreG</sigr>

<line>2</line>

</clep - <
</attributes

<pitch> .

) -
<step-C</step>
<octave4</octave
<Ipitch>
<duratior>4</duratior>
<typerwhole</type>
</note>
</measure :
</part> ©
</scorepartwise

44

" oo Abstract Syntax VS Concrete Syntax:difepsample oo

Different.Concrete . | T

“ee

Usharuiaas
Sey Juwn Carion

import  java.applet % “
import java.awt *; \

public class FirstApplet
public void paint(Graphics g) {
g.drawString (" FirstApplet ", 25, 50);
}

extends Applet {

JavaML

formatar gument s> éé

Model- Driven Engineering: a first glance at a ¢new? way of conceiving software development
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Conclusion
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Okibese 1, A maremagnum ofAcronyms .. s
flLegend
Acronyms MDE is a generic'term; MEZ - MDE
BMDE'Model Driven’ Engineering R e oM
) o - ® an ¢ fEadeanare:
BME ModelEngineering MDD is:a protection trademark (no use as
BMDA Model Driven‘Architecture st g;dayljust reserved by OMG for/future
BMDD'Model Driven Development
G MDSD like MDSE is sometimes:used
instead of MDD when one idoes not wish
to be associated to OMG-only technology,

vocabulary and vision

BMDSD
Model Driven Software Development
B ADMiis-another standard intended to be
the reverse of MDA: MDA covering

BMDSE ) .
Model Driven Software Engineering
forward engineering while: ADM covers
profiles, etc.

BMDRE ] ]
Model Driven ReverselEngineering backward engineering. ADM ~ MDRE
DSM was more Microsoft marked hut has

&

BADM
Architecture Driven Modernization: DSL is related with MOF extensions, UML
been adopted by the academic and

BDSL Domain Specific Language
research community nowadays

@Madrid ~ 9 February , 2010

BDSM Domain Specific Modeling
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T MDA
Okybie |, A wayof doingMDE oo Jdmmme,
Sometime®DA isreferredo as @ .

A M Dlth standards A

MDE principles Automation

Role.ofmodels

MeE aw O
ZP.T

Categorizatiorof
AbstragtionLewvels

Stantardso formali
MDE principles

e - -:;‘i ot
—Eﬁlkw_ s oaL
T e ' SREM
E hum‘t (%)
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T MDA T U
Categorizatioof AbstractionLevels oo s
AComputerindependenModel
M AplatformindependenModel
APlatformSpecifidodel

f:}\ vy ole
¢ Theaimisatraisingthe abstractiorievelé
O € byseparatinghe specificatiorof the system [z smmssen

from technicaldetails
ThethreeAbstraction levels of MDA
BSystem requirements are modelled by Computer
IndependentMadels: (CIMs)

* Domain Model
BPlatform Independent:Models - (PIMs) allow modelling
system functionality, without taking into account any

specific platform:.

BSpecifications described in the-PIMs are adapted to
specific platforms:by means of Platform: SpecificctModels
(PSMs) from which the code is automatically, generated |

¢new? way of conceiving software development

Model- Driven Engineering: a first glance at
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T MDA T u
(b ., Categorizationf AbstractionLevelsCIM o, e
¢ TheCIM modelis aviewof the businesprocesses M e
@ é ellaboratedbydomainexperts i"'““"“s"f"‘“"”e'
@ é servas a bridgbetweemlomainexpertandbusinesanalysts
@ é isnotalwaysnandatoryit depend®n the specifiddomain
addressed
ReguirementsiModel
(usecase andcactivity.diagrams)
F— o =D
— e e
= "'L“"'_L'—"“"‘ BPMN is galnlng attention as a
e way to,express CIM madels
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T MDA T u
b ., Categorizationf AbstractionLevelsPIM o s

¢ ThePIM representthe systenwithout CONSIAEring ju.iu s
platformtechnologicatietails o
@ é allowshemappingto anytechnologicgblatform

@ é think of a neutral virtual machinehereeachoperationwill belaterimplementedn
thetargetteglatform

a é isalwaysnandatoryandmayresultinto oneor morePSMs
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Requirements Model N 7z
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AcomputerindependenModel

APlatformindependentodel

¢ ThePSM combines Pllgpecificationwith the
technologicaletailsof the selecteglatform RS o omsveciisnoce

Logical Data Model
(class diagrams)
- — A

PIML 1B
= =

] t A
Architectural Realizations

Dependency Model
(sequence diagrams)

(class diagrams)

Lz

Interface Code  Web Services Code  Value Object Code
(EJB) (WSDL/SOAP) (Java)

AUTOMATION M

PS5

WORKING CODE
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¢ ModelTransformationarethe keyto automatenymodeldrivendevelopment

process
Two conceptions M2T

M2M
though they are

modeko-model transformations

just one indeedJ

modeko+text transformations

!
1 C_ Meta-Meta-Model
; (MMM)

=3 conforms to

Model Transformation Engine

T = uses
3 i Model Transformation
: Met&-l\’d\/loégel & LanguageMeta-Model Met(:ﬂ-l\’\ﬂﬂr:;;lel £
' (MtMM )
Model transformations '1‘
as Model Transformation
models (MMa2MMb) J
. 1
(transformation models) v
: Model A source ; target Model B
(Ma) (Mb)

( @kacodegeneratioror model
serializatiop
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