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AidpBpwon

» [aTi va kavouue avaAuTikh oxediaan KAGoewV Kal peBddwv;
» ZxedlaoTika Kpitpia
— 0uCeuén (coupling), auvoxn (cohesion)
* AvadopwvTtag kal BeAtiwvovtag 10 2xéd10 (Factoring and Optimizing)
* AvTioToixnon KAGoEwV TTPORANNATOS O€ KAATEIG UAOTTOINONG
* [podiaypapn ueBOdWV
* [Mepiopiopoi kail ZupPoAaia (Constraints and Contracts)]
» AuvatotnTeg ETTavayxpnoigotroinong
— ZxediaoTikd MortiBa (Design Patterns)
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] > xediaon KAdoswv kai MeB6dwv: Kivntpo
¥ Class and Method Design: Motivation

+ 'Eva amméd ta onuavtikdtepa BripaTta otn @acn tng oxedioong gival n oxediaon
TWV KAGoEwV Kal Twv PHEBOdwV

*  O1 avaAuTég TTpETTEl va OWOoOoUV 00nYieg Kal CUPPBOUAEG OTOUG TTPOYPAUUATIOTEG
TTOU Va £¢nyouv ¢ekdBapa Ti TTPETTEl va KAVEI 0TO OUCTNUA

liari va axedidoouyye (10 AeTTOUEPWC) TIC KAdOEIC Kar LEBSIoUC,

» Kdrtroiol utrooTnpifouv 0TI apoU £XOUNE ETTAVAXPNOTIKNOTTOIOUUEVES BIBAIOBRKES
KAGoewv Kal €Toipa e€aptrpaTa (off-the-shelf components), o AeTrropgpnig
oXedIAouOG TWV KAAOEWV gival oTTatdAn xpovou (kai dpa &ev TTPETTEl va
XPOVOTPIBoUNE AANG va EEKIVAGOUNE QUECWG TNV KWAIKOTToINoN).

* [apd Tadta, n eumreipia £xel dei€el 6TI 0 avaAuTikr oxediaon gival xproiun Tapd
TIG éTOIUEG BIBAIOBRKES

— Aképa Kai ol TTpoUTTdpyouaeg KAAOEIG TTPETTEN va KaTavonBouv, opyavwBouv Kal
ouvappoAoynBouv cwaTtd

— Emiong n oudda Ba tmrpétrel va dnuioupynoel kai TIG OIkEG TNG KAAoelg (application
logic of the system) ol o1T0i€G aTTAITOUV TTPOCEKTIKA oxediaon
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& 77 Oa pmopovoe va mrder orpald av Oev KAVoULIE TIPOOEXTIKG TH oxdiaon,
What could go wrong without careful design?

* Ta avrikeipeva dev Ba uTTOPOUV Va ETTIKOIVWVOUV OWOTd, dpa TO0 oUoTNua Oev
Ba Asitoupyei cwaoTd

*  Mia ammpdéoexTn xpHotn oTpwudtwy (layers) ptropei va dnuioupynaoel heydain
empBdpuvon oTnv €TTIKoIVwvia (communication overhead) TTou pTropei va
emRpaduvel TTOAU TO oUCTNUA

*  Mia aA\ayr o€ éva TUAPA TOU CUCTANATOG UTTOPET va aTTaiTrioel aA\ayég o€
TTapa TTOAAG GAAQ onueia Tou CUCTHPATOG
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] H omroudaioTnTa Twv KAdoewv TTpoPARNATOC
P The importance of problem domain classes

» ‘Exoupe ndn apxioel va axediafoupe Tn doun Kai
TNV aAANAETTIOpaon TWV KAGOEWV TOU TTEdiou
q\ Problem Domain /P mpoBARuarog (domain model classes).

’ Data Management

| Human Computer Interaction architecture, HCI, data management) 6a

e€apTwvTal amd TIG KAGCEIG TOU OTPWHUATOG
ediou epapuoyng (problem domain layer).

’ Physical Architecture

} *  O1 KAGoE€Ig Twv AWV eTTITTEDWV (System
|
|

’ Foundation Layer

*  Apa gival onuavTikd va oxedIGO0oUNE CWOoTA TIG
KAdoeig Tou TTediou TTpoARuaTog (problem
domain classes).
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] T1 civai n AemTopephc oxediaon kAdoswy Kai HeBOSWV;
¥ What is detailed class and method design?

* H MovTteAotroinan Tng Aounig Kai TG ZUPTTEPIPOPAS (TTOU €idaUE OTA
TTponyouueva pabruata) givar TTpdyuaT oxediaon KAAGEwV Kal peBddwv
» Timpémel va KAvouues mapamavw;
* [lpétmel va B€coupe OTOV €UOTO PAG EPWTHMATA TNG MOPPAG:
— Eivair 6Aeg o1 kAdoeig mou éyoupes opioel amapaitnteg; Mnimwg pag
Asgitrouv kdrmoieg;
— Eivar mAnpwc opiouévec; MRmwg Asitrouv yvwpiouara rj Asitoupyisg;
— MAmwg éxouv mepITTd yvwpiouara n AsIToupyisg;
— MATwg urdpyxouv guyKpoUOEIC KANPOVOUIKOTNTAG;
— Ymdpxel kamoia avamoreAsouarikornta (inefficiency) oro axédio, kai
mw¢ Oa uymopouoaue va 1n 610pBwWOooUUE;
— Mrmopouue va avrioroixioouue 1S KAQoe€IS oTn YAwaoa
TTPOYPAUATIONOU TTOU Ba XpnOILOTTOINCOUNE;
— Mwg propouue va smavaypnoiuomoINOoUNE KWOIKA;

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005

i A\paoTnpi6TnTeC AeTrTopepouc T xediaong
¥ Detailed Design Activities

Mépav Twv TTPONYOUPEVWY TTPETTEI VO
*  gAéydoupe omi rirora dev Acitrel amrd 1o povréAo Tou mpoBARuarog

* OPIOTIKOTTOINOOUE TNV 0pATOTNTA TWV YVWPICUATWV Kal ASITOUPYIWVY OF
Kd6s kAdon

* amo@acioouues TNV umoypae 1Ng Kabs Asitoupyiag kabs kAdong
* oOpioouuE TEPIOPITUOUC TTOU TTPETTEI va a€ovTal Ta avTIKEIUEVa
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8 Y1tevOulIoTIKO: AVTIKEINEVOOTPEWIouoC, Alaypdupara KAdoswy
Refresher: Object Orientation, Class Diagrams

Encapsulation Polymorphism Inheritance
* Hiding the content of the » Same message triggers different « Single inheritance -- one
object from outside view methods in different objects parent class
» Dynamic binding means specific *  Multiple inheritance --
«  Communication only method is selected at run time multiple parent classes
through object’'s methods | | +  Implementation of dynamic
binding is language specific + Inheritance conflict
«  Key to reusability * Need to be very careful about run
time errors
* Need to ensure semantic
consistency

There are 3 perspectives for the design of a class diagram (of a conceptual model in general)

— Conceptual
» Independent of implementation. This is often called domain model.

— Specification
» Based on interfaces of the software, not the implementation

— Implementation
* Here we model the implementation classes.
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ZxediaoTika Kpitnpia
Design Criteria




2 xedlaaTika Kpithpia
Design Criteria

A good design is one that balances trade-offs to minimize the total
cost of the system over its lifetime [Yourdon’91]

evikG oxedlaoTIKG KPITAPIA
[A] Coupling (ocueugn)

[B] Cohesion (ouvektikotnTa / ouvoyn)
.... [C] Connascence

‘Exouue ndn oudnrioer auta 1a kpitfipia (coupling, cohesion) aro pabnua 12 (diacTpwudTwaon/makeromoinon)
Znuepa Ba oulnTAOOUNE aQUTE Ta KPITHPIA OTO ETTITTES0 TwV KAGOEWV Kai TwV UEBOOWV.

e og

g
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i > 0Cculn kai Zuvoxn
P Coupling and Cohesion

20Zeuén (Coupling): yetpd 10 TG00 £€apTnUéVEC/aveEAPTNTEC Eival Ol JOVADES
(kAaoe€Ig, avTIKEipeVa, AEITOUPYIEG) TOU CUCTHKATOG

» Xuvoyn (Cohesion): yetpd 1o 600 TTPooNAWWEVN (single-minded) €ival pia
povada (KAGon, avTikeipevo, Asitoupyia)

MAgupég TNG 0UCEUENG Kal TNG OUVOXNG:

20eun > uvoxn Coupling Cohesion

aAANAeTTidpaonG | pEBGdoU Interaction method

KANPOVOUIKOTNTAGKAGONG Inheritance class
yevikeuong generalization

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 12




i [A] Z0Ceuén
[A] Coupling

*  Apa Ba BEAApE va TNV PEIWOOUUE

» O0co peyaAuTepn gival n aAANAeEapTnon 1600 TBavATEPO gival aAAayEG o€ Eva
TUAMA Tou oxediou va atraitolv aAAayEG Kal o€ GAAa TuApaTa Tou axediou

f

eCapTAOEIG

TPOTIUNTED

f

eCapTnoelg

TuTo1 oUCeuéng:
— AMnAeTTidpaonc (Interaction)
— KAnpovouikétnrac (Inheritance)

U. of Crete, Information Systems Analysis and Design

Yannis Tzitzikas, Fall 2005
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i > UCcuEn> AAnAeTtidpaong
P Coupling> Interaction

H 00deuén aAAnAeTTidpaong agopd Tnv aviaAAayn unvupdtwy (message passing) ‘

— [V
=

O
KkAnoeig

MPOTIUNTED

—

@)

| >

O

KAnoeig

Law of Demeter [Lieberherr & Holland 89]
* minimize the number of objects that can receive messages from a given object

* an object should send a message to:
— itself

— an object that is created by the method
— an object that is stored in a global variable

— an object that is contained in an attribute of the object (or one of its superclasses)
— an object that is passed as a parameter to a method

U_ of Crete, Information Systems Analysis and Design

Yannis Tzitzikas. Fall 2005
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i 6 TOTToI AMNAeTISpaoTikAC ZUTeuénc
6 types of Interaction Coupling

- * No direct coupling | * The methods do not call one another

. Data * The calling method passes a variable to the called
method. If the variable is an object, the entire object is
used by the called method to perform its function

+ Stamp * The calling method passes a composite variable to the
called method, but the called method only uses a
portion of the object to perform its function

* Control * The calling method passes a control variable whose

value will control the execution of the called method
+ Common or Global |- The methods refer to a “global data area” that is outside
the individual objects
* A method of one object refers to the inside (hidden
parts) of another object. This violates the principles of

« Content or

Pathological : e g "

- 9 encapsulation (C++ allows this with “friends”)
l Adapted from Dennis et al. 2005 ‘
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i > 0Ccutn > AMnAeTtidpaong: Odnyiec
P Coupling> Interaction: Guidelines

* [lpétTel va TNV TTEPIOPICOUNE
» Etaipeon:
— Opliopéveg QopEG KAATEIG TTOU OEV AVAKOUV GTO PHOVTEAO TTPORBARHATOG
TTPETTEI VO (EUYHEVEG PE KAAOEIG TOU HOVTEAOU TTPORARAATOG
» e.g. UlPerson can be coupled to Person
— for optimization the UlPerson could be pathologically coupled to
Person class

* Mapd TalTa, o1 KAGoEIG TOU povTéAou TTPoBARATOG SEV TTPETTEN TTOTE VO

givail {euypéveg pe KAdoeIg TTOU v avAKOUV 0TO NOVTEAO TTpoBARUATOG

’ Presentation Logic ‘ esentaﬁion Logi
ggaptnon QK €84pTon . NOT OK
| Application Logic | | )@ﬁcationlhi\ |
/ N

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 16




i > UCcuEnc>KAnpovopikoTnTag
Coupling>Inheritance

A@opd TIG KAGoE€IG o€ pia Iepapyia yevikeuong/e€ideikeuong

UTTEPKAGON uTTEPKAGON

AN T T

|
uTtoKAdON %}7 uTTOKAdON CE/i}

* Mepikoi miaTeUouv 6T N UPnAN CelEn dev eival aayxnun, GAAol Tnv Bewpouv doxnun (Adyw
TWV dIaPOPWY CUYKPOUTEWY KANPOVOUIKOTNTOG TTOU PTTOPEI VA TTPOKUWOUV)
*  ZXETIKA EpWTHMATA
— [pémel va utopei pia ué6odo¢ opiouévn o€ pia UTTOKAGon va kaAéaer uia péBodo tng
utrepkAdong;
— [lpémel ia pé6odOS uIag UTTOKAGONS va ava@épeTal O £va yvwpIoua TNS UTTEPKAGONS;
*  Autd BéBaia ouyva egapTdTal attd TN YAWOOO TTPOYPAUUATICUOU
*  2uuBouAn: Na BeBaiwBolue 6T N KANPOVOUIKOTNTA XPNOIMOTIOIEITAI OVO JE OnuUagia
yevikeuong/e€eidikeuong (generalization/specialization semantics), dnAadn utrocuvéAou,
Kal OTI IKAVOTTOIEITAI N apXr TNG UTTOKaTACGTAONG (substitutability)

i [B] Zuvoxn
[B] Cohesion

2uvoyn (Cohesion): petpd 10 TG00 TTPooNAWEVN (single-minded)
gival pia povada (KAGon, avTikeiyevo, Asitoupyia)

MpETTel va TNV YEYIOTOTTOINOOUE

mPOTIUNTED

A

TOTOI ZUVOXNG:
— MeBbédwv
— KAdoswv
— levikeuong/E&ei1dikeuong

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 18




1 > uvox>MeBodwy
P Cohesion>sMethod

Mia péBodog Trpétrel va KAvel pia epyaaia (a method should solve a single task)

— Mia péBodog TTou Kdvel TTOAAEG AsIToupyieg gival o SUOKOAO va katavonBei kal va
emmavaypnoiyotroinBei (a method performing multiple functions is more difficult to understand

(K‘ and reuse)

7 types of method cohesion:

- * Functional » A method performs one single task
+ Sequential » The method combines two functions: the output from the

first is used as input to the second

* The method combines two functions that use the same

* Communicational attributes to execute

* Procedural « The method supports multiple weakly related functions

* Temporal or « The method supports multiple related functions in time
Classical (e.g. initialize all attributes)

+ Logical * The method supports multiple related functions but the

choice of the specific function is chosen based on a
control variable that is passed as parameter

» The method supports multiple unrelated functions
° o l Adapted from Dennis et al. 2005
o

- « Coincidental

(0]
U_of Crete, Information Systems Analysis and Desian Yannis Tzitzikas, Fall 2005 19

8 > uvox>KAdoswy
¥ Cohesion>Class

*  Mia KAGon TTPETTEl va avatrapioTd €va «TTpaypa» (TT.X. TTPOCWITTO, QUTOKIVNTO)

* OAa 1a yvwpiopaTta Kal AIToupyieg TNG KAGONG TTPETTEN va Eival atTapaitnTa yia
AvOTTOPACTHOOUV éva TTPAYUA. Agv TTPETTEI VO UTTAPXOUV TTEQITTA yVwpPIioHaTA

* H ouvoyn piag KAGong ival o Babudg ouvoyng HETAEU TWV YVWPIOUATWY Kal
TWV AEITOUPYIWYV TNG KAAoNG

Guidelines [G. Meyers 78]

— a class should contain multiple methods that are visible outside of the class and that
each visible method only performs a single function (l.e. functional cohesion)

— a class should have methods that only refer to attributes or other methods defined
with the class or its superclasses

— a class should not have any control-flow couplings between its methods

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 20
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i 4 TUT01 Guvoxfic KAdoswv
4 types of Class Cohesion

- e Ideal « The class has no mixed cohesions

. Mixed-Role * The class has one or more attributes that relate objects
of the class to other objects on the same layer (e.g. the
problem domain layer), but the attribute(s) have nothing
to do with the underlying semantics of the class

« Mixed-Domain * The class has one or more attributes that relate objects
of the class to other objects on a different layer. So
these attributes have nothing to do with the underlying
semantics of the thing that the class represents.

« Mixed-Instance * The class represents different types of objects meaning
that different instances only use a portion of the full
definition of the class. The class should be decomposed

- into separate classes.

l Adapted from Dennis et al. 2005 ‘
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i TTapadeiypa: Zuvoxh peBOdwWY évavTi guvoxAC KAAong
P Example: Method vs Class Cohesion

Employee

name

address YwnAn ouvoxn ueEBOdou aAAd
telephone XaunAr ouvoxn KAGong
roomNumber
roomLength
roomWidth

calculateRoomSpace()

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 22
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i > uvoxn>T evikeuon/EE eidikeuon
Cohesion>Generalization/ Specialization

* [a mo10 AGyo o1 KAGOeIS uiag iEpapxiac KAnpovouikotnTag ouvoéovrai;

*  H ouvdeon Toug éxel mpdyuar onuacia yevikeuang/e€ideikeuang
(generalization/specialization semantics);

* 'Hunmwg ouvdéovrai uovo yia AGyoug emavaypnoiuormoinong;
» 2¢ moio Babuo uia uttokAdon mpayuart xpeldleral autd ToU KANPOVOUEI;

Vehicle

serviceDate
maximumAltitude
takeOffSpeed

checkAltitude()
takeOff()

XaunAn 2uvoxn KAnpovouikdétnrag

LandVehicle

registrationDate

register()

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 23

i TTapddeiypa: Avadopnon yia ikavotoinon The apxhc LSP
P Example: Restructuring for satisfying LSP

Apxn YTrokatdotaoTng Tou Liskov (Liskov Substitution Principle, LSP)
— 2€ Mg 1gpapyia KAAoEwV TTRETTEI va €ival SUVATOV VA PETAXEIPIOTOUME £Va
€€EIOIKEUPEVO QVTIKEINEVO WOAv va ATav £va Baciko (YeVIKO) avTIKEIUEVO
ChequeAccount Account
accountNum accountNum
balance balance
credit credit
debt /\
MortgageAccount
MortgageAccount ChequeAccount gag
) interestRate
interestRate
calculateinterest _ calculatelnterest
) debit debit
debit
U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 24
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TTapadeiypa (1/3)

class Rectangle {
public:
void setWidth(double w) {itsWidth=w;}
void setHeight(double h){itsHeight=h;}
double getArea() {return itsHeight * itsWidth;}
private:
double itsWidth;
double itsHeight;

}

U. of Crete, Information Systems Analysis and Design

class Square: public Rectangle {

};

void Square::setWidth(double w)
{
Rectangle: :setWidth(w);
Rectangle::setHeight(w);
¥
void Square::setHeight(double w)
{
Rectangle::setWidth(w);
Rectangle::setHeight(w);
}

Yannis Tzitzikas, Fall 2005
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 TTapadeyua(2/3)

void f(Rectangle* r) MapaBiaon Tng LSP:

r->setWidth(32); gival TETPAywWVo

{ H ouvaptnon f dev Ba Aciroupynoel cwaoTd €@v 1O 1

s

class Rectangle {
public:
virtual void setWidth(double w) {itsWidth=w;}
virtual void setHeight(double h){itsHeight=h;}
double getArea() {return itsHeight * itsWidth;}
private:
double itsWidth;
double itsHeight;
b

U_ of Crete, Information Systems Analysis and Design

Oa ptropoucape va
Olopbwaooupe autd To TTPORANUA
ETMTPETTOVTAG TTOAUPOPPIOUO:
We could fix this problem by
allowing polymorphism

Yannis Tzitzikas. Fall 2005
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TTapddeiypa (3/3)

void g(Rectangle™ r) Oa AeIToupyrRoel cwoTd €4V TO T ival TTAPAAANAGYPAUHO

{ . . , .
r->setWidth(5): Agv Ba AeItoupynael cwaTd €av TO r gival TETPAYWVO

r->setHeight(4);
assert(r->getArea()==20);
3

Apa n g() eival etBpauvoTn (fragile) dioT TTapafidoer Tnv LSP

H kAdon Square mrapapiddel Tnv «avaAloiwTtn ouvlnkn» 1ng kKAdong Rectangle,
fATol TNV aveapTnaia petagu TTAGTOUG Kol UYoug .

Auti n avaAdoiwtn Ba utropouoe va ekppactei arnv OCL (rrou 6a douue o€
EMOUEVO UGOnua). 2uykekpiuéva 8a ekppalodrav wg uia uera-ouvenkn (post-
condition) tng setWidth mmou Aéer to height diarnpei Tnv Tiun Tou.

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 27

Avadopwvrtac 1o Xx£EdI0
Restructuring the Design

Factoring
Optimizing
Translate to Implementation Language
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i TTapayovTomoinon
Y Factoring

Factoring is the process of separating out aspects of a method or
class into a new method or class to simplify the overall design.

For example we may realize that some classes of the design share a similar
definition. In this case we can factor out the similarities and define a new class.
The new class is then related with the existing classes through generalization,
aggregation or association.

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 29

i BeATiwvovTag To Zx£310
¥ Optimizing the Design

Karavonoiuornra évavti AmodoTikoTnrag

* There is a trade-off between understandability and efficiency

— H al¢non 1ng katavonaIuoTnTag evog oxediou ouyva odnyei o€ peiwon Ta
atrodoTikéTnTag (inefficiencies)

— Av goTidoouue pévo oTnv atmodoTIKOTNTA OUXVA KATOAAYoUUE O€ oXEDIA TTOU
gival 8UoKoAo va KatavonBouv atrd KATTolov AAAO

* Mepikoi TpdTTOI BEATIWONG TNG ATTOBOTIKOTNTAG VOGS OXEDiIOU
— AvaOswpnon Movomariwy lpdéofaong (Review Access Paths)
— AvaOswpnon Nnvwpioudarwy (Review Attributes)

— Xpnon mapayousvwy yvwpioudrwy (derived attributes) émmou kpiverai
amapairnto (to cache values)

— AvaBswpnon tng osIpag EKTEAEONS TWV EVIOAWY O€ EO6S0UC TTOU
Xpnoiuormoiouvral ouxvd (auté avikel otn «Zxediaon Ms@6dwv» mou

6a douug apyorepa)
U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 30
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i1 BeAtiwon Zxediou: AvaBswpwvrac Ta Movomdtia TTpdopaong
Optimizing the Design: Reviewing the Access Paths

Av éva privupa TTpETTEl va dlaoyioel éva HakpU PJOVOTTATI KAl TETOIOU €i00UG KAROEIG
yivovtal ouxvda, gival KaAUTePA va dNUIOUPYAOOUNE Hia TTAeovAZouoa AUEDh

ouvdeon
A B C D E F G
[ > —> —> —> —>
A B C D E F G
f > > —> —>| —> —>
| f
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 31

1 BeATiwon Sxediou: AvaBewpvTac Ta Mvwpioparta
P Optimizing the Design: Reviewing the Attributes

Av 10 yVWwplopa a2 1ng B xpnoiyotroigital pévo atro Tig ueBGdoug
setA2 kai getA2 kail uévo n KAGon A XpnOIPOTTOIE QUTEG TIG 2
MEBODOUG, TOTE TO a2 KaAUTEPA va TOTTOBeTNOEI aTNnVv A.

A B
a2
setA2(val)
getA2()
A B
a2
U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 32

16



(1 TTapévBeon: AND/XOR yia oxéoeic Kai KAAoeIg ouaxéTiong
P Parenthesis: AND/XOR for Relationships (also for associations in class diagrams)

*  Mia mapayyeAia €ite TepIEXE! Eva
Part ] éva Service. Noté kal Ta
ouvo.

o [a pia TapayyeAia, av UTTaPXEl
TIMOAQYI0 TOTE UTTAPXE! KOl
QATTOOTOAN KaI TO AvTiOTPOQO.

» For any given order, whenever
there is at least one invoice there
is also at least one shipment and
vice versa.
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Avtiotoixnon KAdoswv TTediou Epappoync
oe KAaoeic YAomoinong
Mapping Problem Domain Classes to Implementation Languages
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% AvTioToixnon KAdoecwv TTediou Epappoyic oe KAdoeig YAoToinong
¥ Mapping Problem Domain Classes to Implementation Languages

* 2uykpouoelg NoAAaTTARg KAnpovouikétnTag
— (Multiple Inheritance Conflicts)

* Amrahoipn} MNMoAAatTARG KAnpovouikoTnTag

— Av n ulotroinon yivel o€ pia yYAwooa TTpoypauUaTIoPOoU TTOU BV UTTOOTNPICE!
TTOAATTAR KANpOoVOopIKSTATA, TOTE TTPETTEI VA TNV aTTaAgiyoupe atrd Ta
dlaypdauuara KAdoewv

* Atraloipry KAnpovouikdtnTag

— Av n uloTroinon yivel o€ pia YAwooa TTPOYPAPUATIONOU TTOU BEV UTTOCTNPICE!
KANPOVOMIKOTNTA, TOTE TTPETTEI VA TRV aTTOAEiWPoUE aTrd Ta diaypauuaTa
KAdogwv

» YmrooTtnpifovtag MNMoAAaTTAf kai Auvapikn Tagivéunon
— (Handling Multiple and Dynamic Classification)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 35

il KAnpovopikéTnTa oTic MAwooeg TTpoypappariopou
¥ Inheritance in PLs

AlOQOPETIKEG YAWOTEG AVTINETWTTICOUV TNV KANPOVOUIKOTNTA OIAPOPETIKA
— Apa oTn @Acn auTr TNG OXEdiaong TTPETTEl va yVwpPiCoupe TV YAwooa
TTPOypapaTiopou TTou Ba XPNOIUOTTOINGOUE

Feature C++ Eiffel Java
multiple inheritance yes yes no

H mrpooBaciudtnta Twv KANPOVOUOUNEVWY CTOIXEIWV £TTIONG £€apTATAl OTTO TN
YAWOOQ TTPOYPAUMATIONOU

In UML, visibility (private, public, protected) applies to methods and attributes
* Let A be a class with some private and public attributes and methods.
+ Let B be a class defined as a subclass of class A.
What B inherits?
* In Java, we can answer this question right away.
* In C++ we should see how B has been declared as subclass of A
— C++ allows visibility at the class level.
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%1 KAnpovopikéThTa kar OpatéTnTa
=@ Inheritance and Visibility

In C++, class B may have been defined as:
class B: public A
class B: protected A
class B: private A

» Accessibility rules (C++)
— The private properties of A are not visible to class B objects (in every case)
— If base class A is defined as public, the visibility of inherited properties does
not change in derived class B (public are still public and protected are still
protected)
— If base class A is defined as protected, the visibility of inherited public
properties changes in derived class B to protected

— If base class A is defined as private, the visibility of inherited public and
protected properties changes in derived class B to private.

37

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005

i > uykpoUoeic KAnpovopikoTnTac: TToAAamAR KAnpovopikéTnTa
¥ Inheritance Conflicts: Multiple Inheritance

[1] Two (or more) attributes (or methods) have the same name and semantics

[2] Two (or more) attributes (or methods) have the same name but different
semantics (homonyms)

[3] Two (or more) attributes (or methods) have different names but identical
semantics (synonyms)

sA sB

al al

a2 a3

\/ Here we could be in case [1] or [2]
isA C1
—
a5
a6
U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 38
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2.uykpouaeic KAnpovopikéTntag: TToAAamAn KAnpovopikoTnTa
Inheritance Conflicts: Multiple Inheritance

[1] Two (or more) attributes (or methods) inherited from different superclasses
have the same name and semantics

Employee Robot

-name -name
-salary -fuel

\/

Robot-Employee

name

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005
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i > uykpouoeic KAnpovopikéTntag: TToAAamAR KAnpovopikoTnTa
P Inheritance Conflicts: Multiple Inheritance

[2] Two (or more) attributes (or methods) have the same name but different
semantics (homonyms)

Employee Robot Student Teacher
-year -degree
-phone -phone -department -department

~_ ~_—

TeachingAssistant

Robot-Employee

Phone (of employee) #

o A student of CSD may be
Phone (of robot’s technician)

assistant to a course of the Math. Dep.

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005
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i > uykpoUaeic KAnpovopikdThTag: TToAAamAR KAnpovopikéTnTa
Inheritance Conflicts: Multiple Inheritance

[3] Two (or more) attributes (or methods) inherited from different superclasses
have different names but they have identical semantics (synonyms)

Employee Robot Employee Robot
-Name _Nickname -id -serialNum
-salary -fuel
-speciality -type

Robot-Employee \/

Robot-Employee

Name <=> Nickname Id <=> serialNum

speciality <=> type
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Anahoipn TToAAawAng KAnpovopikoTnrac
Eliminating Multiple Inheritance
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B Ataroipr TToAAaTIARC KAnpovopikéThTAC
Mé&Bodoc 1: Toomédwon Twy EmimAéov YTepkAdoswy

sA sC
sA sB sC a1 a7
al a3 a7 a2 a8

a2 a4 a8 T t
\/\/ C1 C2
C1 Cc2 a3 a3
a5 a5 a4 a4
a6 ab a5 ab
a6 ab

isA
—

Iooédwaon TNG KANPOVOUIKOTNTAG avTIYPAPOVTAG TO YVWPICHATA Kal TIG HEBOS0oUG
TWV ETTITTAEOV UTTEPKAGOEWYV O€ OAEG TIG UTTOKAAOEIG TOUG Kal TEAOG Blaypadr)
AUTWYV TWV UTTEPKAGCEWYV aTTO TO OXESIO
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, Amahoiph TToAAaTmAnG KAnpovopikoThTag
§ MéBodog 2: MeTatpomi Twy EmimAéov YTrepkAdoswy o€ ZUOXETIOEIC
Convert the Extra Superclasses to Associations

MeTaTpoTrf TwV eTITTAEOV UTTEPKAGCEWY OE OUOXETIOEIG PE TOV TNV KATAAANAN
TTOANQTTASTATA

sA sB sC sA sC
al a3 a7 al a7
a2 a4 a8 a2 a8
C1 C2 C1 sB C2
a5 a5 a5 0.1 1.1 a3 1.1 o0.1] a5
ab ab a6 a4 a6
isA
—

YmoOeon: sB umopei va givai it ouykekpiuévn
(concrete) 1 apnpnuévn (abstract).

Eivar 6Aa evraéer;
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B Amtaroiph TToAAaTARC KANPOVOuIKGTRTAC
# MéBodog 2: MeTaTpomh Twy EmimAéov YepkAdoswy o ZuoxeTioeig (II)

sA sB sC sA sC
al a3 a7 al a7
a2 a4 a8 a2 a8
C1 C2 C1 sB C2
a5 a5 a5 0.1 1.1 a3 [1.1 0.1] a5
a6 a6 a6 a4 a6
isA {XOR}
—

YmoOson: sB utopei va eivai gite ouykekpiuévn (concrete)
N apnpnuévn (abstract).
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MéBodoc 1 évavti MeBbdou 2

sA sC sA sC
al a7 al a7
a2 a8 a2 a8
Cc1 C2 c1 sB c2
a3 a3 a5 (0.1 1.1 a3 1.1 0.1 a5
a4 a4 ab a4 ab
a5 ab

a6 a6 {XOR}

MéBodog 2

B€TIKO: N (evvoloAoyikr)) KAGon (sB) diatnpeital

apvNTIKO: augavetal N avTaAAayr JNVUPATWY Kal TTPETTEl VAl
TTPOgEXOUNE ToV TTEPIoPIoNO XOR (UtToAoyIGTIKA TTIO aKPIRO)

Ymodeién: Xpnoiuorroigiore tn pé6odo 2 uovo av n emimAéov urmepkAdaon (sB)
givar concrete (not abstract). AAAIWS xpnoiuotroiciorte 1n uéBodo 1.
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Arnaloipn KAnpovopikoTnTag
Eliminating Inheritance

Amtahoipn KAnpovopikoTnTag
M£Bodo¢ 1: Ioomédwon (Flattening)

‘EoTtw 611 01 sA, sB kai sC eival 6Aeg apnpnuéveg

sA sB sC
al a3 a7
a2 a4 a8
\/\/
C1 C2
a5 a5
a6 a6

U_ of Crete, Information Systems Analysis and Design

C1 C2
al a3
a2 a4
a3 ab
a4 a6
ab a7
a6 a8

Yannis Tzitzikas. Fall 2005
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A Amtahoiph KAnpovopikdtnrag
§ MéBodog 2: MeTaTpomn 6Awy Twv YTepKAdOEWY 0 ZUOGXETIOEI
Convert all Superclasses to Associations

‘EoTtw o1 01 SA, sB kai sC eival 6Aeg apnpnuéveg

sA sC
sA sB sC 1 al e ]
a1 a3 a7 a2 a8
a2 a4 a8
\/\/ C1 sB c2
c c2 1 a5 [0.1 1.1] a3 1.1 o0.1] a5 |[!
ad ad a6 a4 a6
ab ab
{XOR}
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= Amtahoipn KAnpovopikoTnTag
MéBodog 2: MeTaTtpomh 6Awv Twy YTepkAdoewy oe ZuoxeTioeig (2)

‘Eotw 611 01 sA, sB kai sC eival 6Aeg ouyKekpipéveg (concrete)
sA sC
sA sB
sC 1] al a7 |1
al a3 a7 a2 a8
a2 a4 a8
\/\/ c1 sB c2
1 c2 0..1 a5 (0.1 1.1 a3 (1.1 0.1 a5 |01
as as ab a4 ab
a6 a6
{XOR}
U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 50
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TToAAanAn Ta€ivopunon
Multiple Classification

i TToAAamAR Taivopnon kai ZuykpoUaeig
Multiple classification and conflicts

Nixon Diamond
Pacifist
Quaker Republican
pacifist:Yes pacifist:No
Quaker @ @® Republican
*, p
L .
nixon instance
of
* Nixon is a Quaker.
* Quakers are typically pacifists. Nixon
« Nixon is a Republican.
* Republicans are typically not pacifists.
*  What to conclude?
* "Nixon is a pacifist." or
* "Nixon is not a pacifist."?
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i TToAAamAR Taivépnon
Multiple Classification

‘EoTw 671 Bdoel Tou govTéAou TTpofARaTog, éva
/\ MEAOG TOUG TTANPWHATOG PTTOPEI va gival kal ETTIRATNG
KOl €0TW OTI TTEPIOTACIAKA UTTOPET VO EPYAOTEN KAl WG
’ CrewMember H TicketAgent ‘ ’ Passenger | | TTPAKTOPAG EIOITNPIWV

lNa va 10 uAoTroiooupe autd ae Java Ba xpeialdpuacTtav TTOAATTAR Kal SUVAIKA
Tagivounon (multiple and dynamic classification), k& 1o otroio dev utTtoaTnPICETAl.

Auon 1: Ta va TTpooTTeEpdcoupe TNV TTOAAQTTAA Tagivounon, NTTOpoUpE va
opiooue “join” classes

Person

Auth 6pwg n Alon ptropei va atraItioel
TN dnuioupyia ekBeTiKoU TTARBOUG
KAAOEWV.

Kai &gv divel AUon oTnv avaykn
[cmaTa| [cMaP|[TMaP | [cMaTARP] | Suvauikr Tagvopnang
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i TToAAamAn Taivopnon (IT)
P Multiple Classification (II)

‘EoTw 611 BAoel TOU povTEAOU TTPORARATOG,
£va JENOG TOUG TTANPWHATOG PTTOPE va gival
/\ Kal €MRATNG Kal €0Tw OTI TTEPICTACIAKA

TTOPEI VA EPYACTEI Kal WG TTPAKTOPA
CrewMemberH TicketAgent ‘ ’ Passenger‘ EIGIT‘I’)]pI'wV Py sTP pas

Auon 2: Delegation
» Delegation givai évag TpoTTOG

—1@17 ETTEKTAONG TNG CUMPTTEPIPOPAG HIOG

1 KAGoNg xwpig T xprion
KANPOVOMIKOTNTOG
0.1 0..1 0.1 * Eival xprioiun 6tav n TToAAaTTAn Kal
’CreWMember H TicketAgent ‘ ’ Passenger‘ QuVaIKA TagIvounon dev

utrooTnpileTal atd Tn yAwooa
TTPOYPOUUATIONOU
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la dikn oag eédornon
For homework

Physiotherapist|

Female

Person

FamilyDoctor

sex
{complete}

patient

Patient

Yannis Tzitzikas, Fall 2005
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Method Specification
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8 TTpodiaypapn MeBodwyv
Method Specification

*  2KOTToG: Na dUWOOUNE ETTAPKEIS TTANPOPOPIEG TTOUG TTPOYPAUUATIOTEG
* Agv uttdpxel KaBIEPWHEVOS HOPPOTUTTOG VIO AUTEG TIG TTEPIYPAPES
*  Mepikoi opyaviopoi XpnoIPOTToIoUV QOPUES TNG HOPPNG:

Method Name: Class Name: ID:
Programmer: Date due:

Programming Language:

Triggers/Events:

Arguments Received:
Data Type: Notes:

Messages Sent and Arguments Passed:
ClassName.MethodName: DataType: Notes:

Arguments Returned:
Data Type: Notes:
Algorithm Specification:

Notes:
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 Y4

d TToodiaypaph MeBodwv
Method Specification

Method Name: Class Name: ID:
Programmer: Date due:
Programming Language: E.g. event-driven programming
Triggers/Events:
Arguments Received:
Data Type: DO Recall behavioural modeling
—_— 1 (sequence diagrams,
Messages Sent and Arguments Passed: communication diagrams)
ClassName.MethodName: DataType: Notes:
Arguments Returned:
Data Type: Notes:
Algorithm Specification: Weudokwdikag (Pseudocode)
—— ||~ Aounuéva AyyAika (Structured English)
Notes: AiGdypappa ApaoTtnpiot)twy (Activity Diagn
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TTepiopiopoi kar ZuppoAaia
Constraints and Contracts

8 TTeplopiopoi kar ZuppoAaia
¥ Constraints and Contracts

Person
Company
name employment
name
age
. A hire(p:Person)
increaseAge() fire(p:Person)

promote(p:Person, incr:Money)

*  Mrmopei évag aviAIKoG va epyaaTei o€ uia raipia;
*  Mrmopsi uia eraipia va mpoaAdaBer éva arouo mmou givai nén epyalouevos mng;
*  Mrmopei pia mpoaywyn va ueiwael 1o p1o8o;

* 'Eva oUVOAO TTEPIOPICUWV TTOU EYYURCEWV YIa KAGOEIG Kal ueB6doug
*  Oa PTTopoUCapE Va TOUG EKPPACOUNE OE

— QuOIKN YAwooa,

— dounuéva ayyAIka (i eAANVIKG),

— YeudoKWwOIKA,

— 1 o€ pia TutmikA YAwoaoa (formal language).

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005
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i TTepiopiopoi kai ZuppoAaia
Constraints and Contracts

* O oxedlaoTNG TTPETTEI VA ATTOPACICEl TTWG Ba dIaXEIPIOTE MIa
TTapaBiaon evog TTEPIOPICUOU

— AiakoTtrr (abort), AkUpwon/EtravopBwaon (undo), evarmrdéBeon oTo XproTn
(let user handle it)

— O oxediaotg Tpétrel va oxedlidael Ta AdOn (errors) TTou T0 oUCTHUA
avauéveral va dlaxeipioTei. Eival kaAUTepa va unv avaBécoupe autd To BEUQ
OTOUG TTPOYPAMATIOTEG

— O1 mapafidoeig evog TTEPIOPICHOU gival YVwOTEG we e§aipéoelg (exceptions)
o€ YAWOOEG TTpOYpappaTIoONoU 6TTwg n C++/Java.

» 2T0 emmOuEVO Pabnua Ba douue uia Tutrikf yAwooa (rmou ovouaderai
OCL) yia tnv éKppacn TEPIOPICUWV
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Auvarétntec Emavaxpnoiponoinong
Opportunities to Reuse
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i EvromiCovrac AuvatéTtntec Emavaxpnoipomoinong
Y Identifying Opportunities for Reuse

©Oa YTTopoUCaUE VA EKUETAAEUTOUNE

* Frameworks

» Class libraries
— frameworks tend to be more domain specific. Frameworks may be

implemented using class libraries

* Design Patterns

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005
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M EvromiCovrag Auvarétnreg Emavaxpnoipomoinong
i Identifying Opportunities for Reuse

Frameworks

Frameworks

Is a set of implemented classes that can be used as the basis for
implementing the system

Most frameworks allow you to create subclasses

Frameworks like CORBA and DCOM can be used to specify the physical
architecture layer of the system

Object-persistence frameworks can be used to add persistence to the

problem domain classes and thus specify the data management layer of the

system.
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ZxediaoTika Mortipa
Design Patterns

{8 Identifying Opportunities for Reuse
# Design patterns

A pattern is a commonly occurring reusable piece in software system that provides
a certain set of functionality.

» Using patterns in modeling of systems helps in keeping design standardized and
more importantly, minimizes the reinventing of the wheel in the system design.

* How design patterns relate to UML ?

— The patterns need to be captured and documented in a sufficiently descriptive
manner so that they can be referred for future use.

— UML provides the perfect tools to do just this. The class diagram in UML can be used
to capture the patterns identified in a system. In addition, UML has a sufficiently
extensive and expressive vocabulary to capture the details of patterns.
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87 Katnyopiomoinon TTpoTUmwy
Categorizing Patterns

P
s e

Based on how they are to be used, patterns are primarily categorized as:

* Creational
— They define mechanisms for instantiating objects. The implementation of the
creational pattern is responsible for managing the lifecycle of the instantiated

object.
— Examples: Factory, Singleton
* Structural
— They define compositions of objects and their organization to obtain new and
varied functionality.
— Examples: Adapter, Proxy.
+ Behavioral
— They define interaction between different objects.
— Examples: Command, lterator

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 67

{8 Bchavioral Patterns
# Command

Encapsulate commands in objects so that you control their selection and
sequencing, queue them, and othewise manipulate them

Example:
Design of a Word Processor that supports undoing and redoing commands

AbstractCommand

dolt()
undolt()

l ‘p

InsertStringCommand DeleteCommand
«constructor» «constructor»
InsertStringCommand(position:Int, length:int) DeleteCommand(position:Int, length:int)
«misc» «misc»
dolt() dolt()
undolt() undolt()
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i Behavioral Patterns> Command
Design of a Word Processor supporting Undo and Redo

» materialize each command as an object with do and undo methods.

» when the user tells the WP to do something instead of performing the command,
« it creates a new object using the appropriate constructor (e.g, an
InsertStringCommand object)

«it then calls the object’s dolt method to execute the command

*The WP also puts the command object in a data structure that allow the WP to maintain a
history of what commands have been executed. This allows the WP to undo commands in
the reverse order that they were issued by calling their undo methods.

AbstractCommand
dolt()
undolt()
! |
InsertStringCommand DeleteCommand
«constructor» «constructor»
InsertStringCommand(position:Int, length:int) DeleteCommand(position:int, length:int)
«miscy» «miscy»
dolt() dolt()
undolt() undolt()

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005

Behavioral Patterns> Command
Design of a Word Processor supporting Undo and Redo

0..* <Manages 1
Invoker AbstractCommand ‘—<>' Command Manager

1 dolt()
undolt()

T

ConcreteCommand

0..* | dolt()
undolt()

public abstract class AbstractCommand{
public final static CommandManager manager
=new CommandManager();
public abstract boolean dolt(); // returns True if successful
public abstract boolean undolt();

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005




i Behavioral Patterns> Command
Design of a Word Processor supporting Undo and Redo (2)

AbstractCommand | o * <Manages 1
<—<>¢ Command Manager ‘
dolt()
undolt()
Z% class InsertStringCommand extends AbstractCommand{
InsertStringCommand(Document doc, int position, String str){
InsertStringCommand this.document = document;
this.position = position;
InsertStringCommand this.str = str;
(position:Int, length:int) manager.invokeCommand(this);
dolt() H
undolt() public boolean dolt(){
try{
document.insertStringCommand(position, str);
} catch (Exception e){
return false;
}
return true;
H
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i Behavioral Patterns> Command
Design of a Word Processor supporting Undo and Redo (3)
0..* <Manages 1
Command Manager ‘
class CommandManager{
private int maxHistoryLength = 20; interface Undo {
private LinkedList history = new LinkedList(); b
private LinkedList redoList = new LinkedList(); interface Redo{
public void invokeCommand(AbstractCommand command){ bs
if (command instanceOf Undo){
undo(); return;
H
if (command instanceOf Redo){
redo(); return;
}if (command.dolt()) { PrivaFe void add'ToHistory(AbstractCommand command){
addToHistory(command); _hlst(?ry.addl_zlrst(comman_d);
¥ else { if (hlstor_y.5|ze() > maxHistoryLength) {
history.clear() history.removelast();
} }
if (redoList.size()=>0) b
redoList.clear();
3
U of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 72

36



i Behavioral Patterns> Command
Design of a Word Processor supporting Undo and Redo (4)

’ Command Manager ‘

Private void undo(){
if (history.size() =0) {
AbstractCommand undoCommand;
undoCommand = (AbstractCommand) history.removeFirst();
undoCommand.undolt();
redolList.addFirst(undoCommand);
}
3

Private void redo(){
if (redoList.size() =0) {
AbstractCommand redoCommand;
redoCommand = (AbstractCommand) redoList.removeFirst();
redoCommand. dolt();
history.addFirst (redoCommand);

3
}
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Design Patterns

» Design patterns is a useful mechanism to document and learn about common
reusable design approaches.

» Design patterns can reduce the designing time for building systems and ensure
that the system is consistent and stable in terms of architecture and design.

* The UML class diagrams provide an easy way to capture and document Design
patterns.

» Some UML tools support design patterns.

be easily pulled in into your design as templates and then customized for your
application design.

— They have a pre-built catalog of well-known design patterns. The design patterns can

More on patterns at
*CS352 - Software Engineering
*You can also see http://lwww.research.umbc.edu/~tarr/dp/fall00/cs491.html
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