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» [aTi va kdvoupe avaAuTik oxediaon KAGoewv Kal ueBOdwWV;
+  2XedI00TIKA KpITApia
— 0uUCeugn (coupling), ouvoxn (cohesion)
* Avadopwvtag kal BeAtiwvovtag 10 Zx€010 (Factoring and Optimizing)
* AvTioToixnon KAAoewv TTPORAAPATOG 0€ KAAOEIG UNOTTOINONG
* [lpodiaypapr peBOdWV
* [Mepiopiopoi kal ZupBoAaia (Constraints and Contracts)]

« AuvarotnTeg ETTavaxpnoiyotroinong
— 2xedlaoTika MorTifa (Design Patterns)
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1 2 xcdiaon KAdoswv kai MeBodwv: Kivntpo
Class and Method Design: Motivation

* 'Eva ammd Ta onuavTIKOTEPA BAPATA 0TN @ACT TNG oXediaong cival n oxediaon
TWV KAACEWV Kal Twv HEBSGdWV

*  O1 avaoAuTEG TTPETTEI VO BUWOOUV 00NYieg KAl CUUPBOUAEG OTOUG TTPOYPOUUATIOTEG
TTOU VA €€nNyouv EekABapa TI TTPETTEI va KAVEI OTO OUCTNHO

lari va axedidoouue (1o AemToUEPWS) TIC KAdOEIC Kai 1EBOdoug,

« Kartrolol uttooTnpifouv OTI aPOU EXOUNE ETTAVAXPNOIUOTTOIOUMEVES BIBAIOBNAKES
KAGoewv Kal éToipa egaptipaTa (off-the-shelf components), o Aetrtopepnig
OXEDIAONOG TwV KAACEWV gival oTratdAn xpdvou (Kal apa dev TTPETTEI VA
XPOVOTPIBOUPE aAAG va EEKIVAOOUNE QUECWGS TNV KWOIKOTTOINON).

* [lapd Tauta, n eptreipia €xel O€igel 0TI 0 avaAuTiKA oxediaon ival XpAOIKN TTapd
TIG £TOINEG BIBAIOBAKES

— Axoépua kai o1 TpoUTTapX0oUCEG KAAOEIG TTPETTEI VA KaTavonBouv, opyavwBouyv Kal
ouvappoAoynBouv cwoTd

— ETiong n opdda Ba trpétrel va dnuioupynoel Kai Tig SIKEG TNG KAAoe€Ig (application
logic of the system) o1 0TT0iEG aATTAITOUV TTPOCEKTIKY) OXEdIaON
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T1 @a pmopovoe va mder oTpafd av Oev KAVOULIE TIPOOEXTIKA TN oxEDIaot,
What could go wrong without careful design?

*  Ta povréAa TTou TTpoékuyav atrd Tnv eAacn avaAuong JITTOPEI va unv JTTopouvV
va uhoTtroinBouv atd TNV €mAeyuévn YAWOOQ TTPOYPANMATIONOU

* Ta avTikeipeva dev Ba PTTOPOUV va ETTIKOIVWVOUV OWOTA, dpa TO cUCTNUA OEV
Ba AsiToupyei cwoTd

*  Mia atrpoéoexTn xpotn oTpwudTwy (layers) utropei va dnuioupynoel eydAn
empBdpuvon otnv €mKolvwvia (communication overhead) TTou utropei va
emRpaduvel TTOAU TO cUCTHPA

*  Mia aA\ayr o€ £va TUAUA TOU CUCTAPATOG UTTOPET va attaitioel aAAayEg o€
TTapa TTOAAG GAAQ OnuEia TOU CUCTAPATOG

*  Oa pTTopoucape va OAOKANPWOOUNE/BEATILOOOUNE TN Ooxediaon
ETTAVAXPNOILOTTOIVTAG OXEDIAOTIKA HOTIRA.
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H omoudaiéTnTa Twv KAdoswyv TTpoPARHATOC
The importance of problem domain classes

» 'Exoupe ndn apxioel va oxediafouue T o Kai
TNV aAANAETTIOpac TwV KAACEWYV TOU TTEDIOU

(\ Problem Domain | TTpoBAAuaTOg (domain model classes).

| Data Management |

*  O1 kKAGoeIg TV AAAwV eTITTEOWV (System
architecture, HCI, data management) 6a

Physical Architecture e€apTwvTal Atro TIG KAACEIG TOU OTPWHATOG
Trediou e@apuoynig (problem domain layer).

| Human Computer Interaction |

Foundation Layer

* Apa gival onuavTiké va oxedIG00UPE CWOTA TIG
kKAdoe€ig Tou Trediou TTpoBAANATOG (problem
domain classes).
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d T eivai n AemTopepn¢ oxediaon kKAdoewv Kai HeBOdwv;
PP What is detailed class and method design?

* H MovrteAotroinon Tng AopAG Kal TNG ZUMTTEPIPOPAS (TTou €idaue oTa
TTponyouueva HaBniuaTa) evidooeTal TTPAYHATI OTN «oXediaon KAAoEwV Kal
MEBODBWV»

o TiI mpémel va KAVOUUE TApATTAvW;
* [pétrel va BEooupe OTOV €UATO PAG EPWTANATA TNG MOPPNG:

— Eival 6Aeg o1 kAdoeig rou éyouue opioel amapaitnteC; Mnmwc pag
Agitrouv kdmoieg;

— Eival mAnpwc opiouéves; MRtrwe Asitrouv yvwpiouara rj ASITOUpYiES;

— Mnmwc¢ éxouv mepITTA yvwpiouara ) AEIToupyisg;

— MATw¢ urapxouv oUYKPOUOTEIC KANPOVOUIKOTNTAS;

— Ymdpyel kamoia avarroreAsouarikornra (inefficiency) oro oxédio, kai
mw¢ 6a umropouoape va rn 610pOwWoOUNE;

— Mrmopouue va avrioToixioouus TISC KAQOEIS oTn YAwooa
TPOYPAUUATIONOU TTOU 8a XPpnOIlOTTOINOOUNE;

— MNMwcg urropoupe va emavaxpnoiygoroiNOoUNE KWOIKA;
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q Npaothp16TnTec ActTopepolc Zxediaong
Detailed Design Activities

[M€pav TWV TTPONYOUPEVWY TTPETTEI VO
»  &gAéyoupe Orti ritrora dev Agitrel amo 1o povréAo Tou mpoBAnuarog

* OPICTIKOTTOIHOOUNE TV OPATOTNTA TWV YVWPICUATWV KdI AEITOUPYIWV OE
KABs kKAaon

*  ATOPACICOUNE TNV UTTOYPA®PN TNS KAOBs AsiToupyiag kabs kAaong
> OpioOUNE TTEPIOPICUOUC TTOU TTPETTEI va OEBovVTal TA AVTIKEIEVA
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Y1evOupioTikd: AvTikeipevooTpepiopdc, Aiaypdppara KAdoswy
Refresher: Object Orientation, Class Diagrams

Encapsulation

« Hiding the content of the
object from outside view

+  Communication only
through object’s methods

* Key to reusability

Polymorphism

+ Same message triggers different
methods in different objects

* Dynamic binding means specific
method is selected at run time

* Implementation of dynamic
binding is language specific

* Need to be very careful about run
time errors

* Need to ensure semantic
consistency

Inheritance

« Single inheritance -- one
parent class

*  Multiple inheritance --
multiple parent classes

e Inheritance conflict

— Conceptual

— Specification

— Implementation
* Here we model the implementation classes.

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

+ Independent of implementation. This is often called domain model.

« Based on interfaces of the software, not the implementation
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2xediaoTika Kpitnpia

Design Criteria




1 2 xediaoTikd 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]

["evIKA oXeDIQOTIKA KPITHPIA
[A] Coupling (cUleutn)

[B] Cohesion (cuvekTtikdtnta / ouvoxn)
.... [C] Connascence

‘Exouue non oulntioel auta 1a kpithpia (coupling, cohesion) aro uabnua 12 (diactpwudrwaon/makeromoinaon)

2nuepa 6a oulnTnoouUE aQUTA Ta KPITAPIA OTO ETTITTEOO TwWV KAGTEwV Kal Twv ueBOdwV.

/A

2
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Coupling and Cohesion

* 20Zeuin (Coupling): yeTpd TO TTOOO £CAPTNUEVEC/AVECAPTNTEC EiVal O JOVADES
(kAGoe€Ig, avTIKEipEVa, AEITOUPYIEC) TOU CUCTHUATOG

« 2uvoyxn (Cohesion): petpd 10 TOOO TTIPOoOoNAWWUEVN (single-minded) €ival pia
Movada (KAGon, avTiKEiuevo, AsiToupyia)

MAeupEg TNG oUCEUENG Kal TNG OUVOXNAG:

20leutn 2Uvoxnh Coupling Cohesion

aAAnAeTTidpaong | ueBddou Interaction method

KANPOVOMIKOTNTOGKAGONG Inheritance class
yevikeuong generalization
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* 000 peyaAuTepn gival N aAAnAe€aptnon 1600 BavOTEPO gival aAAayEG o€ éva
TUAMA TOU OXEDIOU va atTaTouVv aAAayES Kal o€ GAAa TUAPATA Tou oXediou
» Apa Ba BEAQUE va TNV PEIWOOUUE

TPOTIUNTEOD

! f

eCaptnoeig eCapTRoeig

TuTtro1 oUleugng:
— AAMNnAemTidpaonc (Interaction)
— KAnpovouikdtntac (Inheritance)
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2.0Ceutn> ANNnAeTtidpaong
Coupling> Interaction

H o0dgugn aAAnAemidpaong agopd Tnv aviaAAayr ynvupdtwy (message passing)

TPOTINNTED

~—17 7
R R
KAfoeic KAfoeig

>

Law of Demeter [Lieberherr & Holland 89] («Only talk to your immediate friends”)
* minimize the number of objects that can receive messages from a given object
* an object could send a message to:

— itself

— 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

— an object that is created by the method

— an object that is stored in a global variable
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{ Law of Demeter for Functions/Methods

An object A can request a service (call a method) of an object instance B, but object A
cannot “reach through” object B to access yet another object to request its services.
Doing so would mean that object A implicitly requires greater knowledge of object B’s
internal structure. Instead, B’s class should be modified if necessary so that object A can
simply make the request directly of object B, and then let object B propagate the request
to any relevant subcomponents. If the law is followed, only object B knows its internal
structure. More formally, the Law of Demeter for functions requires that a method M of an
object O may only invoke the methods of the following kinds of objects:

— Oitself

— M'’s parameters

— any objects created/instantiated within M
— O's direct component objects

In particular, an object should avoid invoking methods of a member object returned by
another method.

Advantages: The resulting software tends to be more maintainable and adaptable (as
objects are less dependent on the internal structure of other objects, object containers
can be changed without reworking their callers).

Disadvantage: Sometimes it requires writing a large number of small “wrapper” methods
(sometimes referred to as Demeter Transmogrifiers) to propagate method calls to the
components. Furthermore, a class’s interface can become bulky as it hosts methods for
contained classes resulting in a class without a cohesive interface.
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™ 6 TUTTOI AAANAseTIdpadoTIKAC 20U suénc
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
encapsulation (C++ allows this with “friends”)

+ Content or
x Pathological

| Adapted from Dennis et al. 2005 |
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B > 0Ccufn > AMnAeTidpaonc: Odnyiec
Coupling> Interaction: Guidelines

* [lp€trel va TNV TTEPIOPIOOUE
» Ecaipeon:
— OpIopEVEG QOPES KAAOEIG TTOU BEV AVIKOUV OTO JOVTEAO TTPOBAANOTOG
TTPETTEI VO (EUYUEVEG ME KAAOEIG TOU HOVTEAOU TTPORANNATOG
* e.g. UIPerson can be coupled to Person
— for optimization the UIPerson could be pathologically coupled to
Person class

* Mapd TauTa, o1 KAGoEIS TOU HOVTEAOU TTPOBANNATOC BV TTPETTEI TTOTE VO

gival (euypéveg pe KAAOEIC TTOU SEV OVAKOUV OTO HOVTEAO TTPOBARMATOG

N

| Presentation Logic | \Rqsentation Lo)g,'ue/

egapmon oK >é‘j““”"” NOT OK
| Application Logic | )(p‘ﬁcation I@i\
~ N
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1 > 0CeuEnc>KAnpovouikoTnTag
Coupling>Inheritance

Apopd TIC KAAOEIC O€ pIa IEpapXia Yevikeuonc/e€Ideikeuong

uTTEPKAGON uTIEPKAGON

ANT

EAt

*  Mepikoi moTetouv 611 n uwnAn {eugn dev cival aoxnun, dAAol Tnv Bewpouv doxnun (Adyw
TWV O10POPWYV CUYKPOUCEWYV KANPOVOUIKOTNTAG TTOU PTTOPEI va TTPOKUWOUV)
*  ZYETIKA EPWTANATA
— [lpérrel va utropei pia pé6odo¢ opiouévn o€ Pia UTTOKAGoN va KaAéoel uia pé6odo tng
UTTEPKAGONCS;
— [lpérmel pia uéBodOS uIag UTTOKAGONS va avaéperal o€ Eva yvwpIoua TNS UTTEPKAGONG;
* AuTO BéBaia ouxva e¢apTaTal atro Tn YAwood TTPOoyPAUPATIONOoU
*  2uuPBouAn: Na BeBaiwBouue 6T N KANPOVOUIKOTATA XENOIUOTTOIEITAI HOVO JE anuacia
yevikeuong/e€eldikeuong (generalization/specialization semantics), dnAadr uTtoocuvoAou,
Kal OTI IKQVOTTOIEITAI N apXr TNG uTToKatdoTaong (substitutability) Trou Ba douue apyodTepa.




4 [B] Zuvoxn
[B] Cohesion

2uvoyn (Cohesion): yetpd 10 Té60O TTPoonNAwWUEVN (single-minded)
gival gia povada (KAGon, avTikeigevo, AeiIToupyia)

MpETTel va TNV YEYIOTOTTOINOOUUE

O—o
o—0

TUTTOI 2UVOXNG:
— MeBbodwv
— KAdoewv
— levikeuong/E&e1dikeuong

U. of Crete, Information Systems Analysis and Design

mPOTIUNTEOD
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2 > uvoxh>MeBodwv
Cohesion>Method

Mia péBodog TTPETTEl va KAvEl MiIa Epyacia (a method should solve a single task)

— Mia péBodog trou kével TTOANEG AsiToupyieg eival TTo SUOKOAO va katavonBei kal va
gmavaypnoigotroinBei (a method performing multiple functions is more difficult to understand

and reuse)
7 types of method cohesion:
- *  Functional * A method performs one single task
+ Sequential « The method combines two functions: the output from the

« Communicational

* Procedural .

* Temporal or .
Classical

* Logical y

- + Coincidental .

_COO
go O

Crete, Information Systems Analysis and Design

first is used as input to the second

The method combines two functions that use the same
attributes to execute

The method supports multiple weakly related functions

The method supports multiple related functions in time
(e.g. initialize all attributes)

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

| Adapted from Dennis et al. 2005
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1 2 uvoxn>KAdoswv
¥ Cohesion>Class

* Mia KAGoN TTPETTEI VA AVOTTAPIOTA €va «TTPAYHO» (TT.X. TTIPOCWTTO, QUTOKIVNTO)

* OAa 1a yvwpiopata Kal AeIToupyieg TNG KAGoNG TTPETTEN va gival aTTapaitnTa Yo
AvaTTaPAcTACOUV £va TTPAYHA. AEV TTPETTEI VA UTTAPXOUV TTEPITTA yVWPIioUaTA

* H ouvoxn piag KAaong €ival o BaBuog ouvoxng METALU TwV YVWPIOUATWY Kal
TWV AEITOUPYIWV 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
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1 4 TUT01 ouvoxnc KAdoswv
P 4 types of Class Cohesion

* |deal « 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.

| Adapted from Dennis et al. 2005 |
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1 TTapddeiypa: Zuvoxn HeBodwv évavTi ouvoxnc KAdong
Example: Method vs Class Cohesion

Employee

name

address YwnAr ouvoxn neBGdou aAAdG
telephone '—z XapnArf ouvoxf KAGong

roomNumber
roomLength

roomWidth

calculateRoomSpace() ’/

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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>uvoxh>Ievikeuon/E€18ikeuon
Cohesion>Generalization/Specialization

* [1a 11010 AGY0 OI KAGOEIC uIag IEpapxiac KAnPOovouIKOTNTAaS ouvoEovral;

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

* Hunmwg¢ ouvdéovrail ovo yia AOyoug eTTavaxpnoioTToinong;

» 2g 1moio BaBuo uia uttokKAdon mpayuart xpeldleral autd Tou KANPOVouEi;

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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lia mo10 AByo o1 KADOEIS L1a¢ 16p0apXIiasc KANPOVOLIIKOTNTAS ouvogovTai,

Uses of Inheritance for

e Specialization: The child class is a special case of the parent class; in other
words, the child class is a subtype of the parent class

e Specification: The parent class defines behavior that is implemented in the child
class but not in the parent class

e Construction: The child class makes use of the behavior provided by the parent
class, but is not a subtype of the parent class

e [Extension: The child class adds new functionality to the parent class, but does
not change any inherited behavior

e [ imitation: The child class restricts the use of some of the behavior inherited
from the parent class

e Combination: The child class inherits behavior from two or more parent classes
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>uvoxh>Ievikeuon/E€18ikeuon
Cohesion>Generalization/Specialization

Vehicle

serviceDate
maximumAltitude
takeOffSpeed

checkAltitude()
takeOff()

4 [loAu XaunAn 2uvoxn KAnpovouikotnrac

LandVehicle

registrationDate

register()
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1 TTapddeiypa: Avadounon yia ikavotoinon Tng apxng LSP
Example: Restructuring for satisfying LSP

Apxn YTtrokatdoTtaoTtng Tou Liskov (Liskov Substitution Principle, LSP)

— 2€ M IEpapXia KAAOEWVY TTPETTEI VA €ival QUVATOV VA PETAXEIPIOTOUNE EVa
€CEIBIKEUPEVO QVTIKEINEVO WOAV va ATaV £va BACIKO (YEVIKO) QVTIKEIUEVO

ChequeAccount Account
accountNum accountNum
balance balance
credit
credit
debit
‘ : —
MortgageAccount
MortgageAccount ChequeAccount gag
_ interestRate
interestRate
calculatelnterest calculatelnterest
. debit debit
debit
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
class Rectangle {
public:
void setWidth(double w) {itsWidth=w;}
void setHeight(double h){itsHeight=h;} class Square: public Rectangle {
double getArea() {return itsHeight * itsWidth;}
private: };
double itsWidth;
double itsHeight; void Square::setWidth(double w)
} {

Rectangle::setWidth(w);
Rectangle::setHeight(w);
g
void Square::setHeight(double w)
{
Rectangle::setWidth(w);
Rectangle::setHeight(w);
¥
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: TTapddeiypa(2/3)

void f(Rectangle™ r)

{
r->setWidth(32);

bs

MapaBiaon TnG LSP:
H ouvdaptnon f dev Ba Asitoupyroel cwoTd €av 1o r
gival TETPAywvo (av gival OTIYJUOTUTTO TNG Square)

class Rectangle {
public:

private:
double itsWidth;
double itsHeight;

};

©a utropoucape va
dlopBwaooupue autd To TTPORANUa

virtual void setWidth(double w) {itsWidth=w;} E-n-'-rpé-n-ov-rag -n-o)\uuop(mo-“é:
virtual void setHeight(double h){itsHeight=h;}

double getArea() {return itsHeight * itsWidth;}

We could fix this problem by
allowing polymorphism

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

TTapadeiypa (3/3)

void g(Rectangle* r)
{
r->setWidth(5);
r->setHeight(4);

by

assert(r->getArea()==20);

Oa Asitoupynoel cwaoTd €Av To r gival TTapaAANAGYypauPO
Aev Ba A&ITOUPYACEI CWOTA €AV TO r €ival TETPAYWVO

Apa n g() eival ebBpauvoTn (fragile) 16T TTapapidoel TRV LSP

H kA&on Square mrapapidlel Tnv «avaAloiwTn ouvBrikn» TnG KAdong Rectangle,
ATol TNV aveéapTnaoia PETagu TTAATOUG Kal UYoug .

Autn n avaAAoiwrtn Ba utropouce va ekppaotei otnv OCL (trou Ba douue o€
EMOUEVO udbnua). Zuykekpiuéva Ba ekppaldrav wc uia HETa-ouvenkn (post-
condition) tng setWidth rou Aéei To height diarnpei Tnv Tiun Tou.
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Avadopwvrtac 1o Zx£810
Restructuring the Design

Factoring
Optimizing
Translate to Implementation Language

TTapayovromoinon
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
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BeATiwvovtag To Zxédi0
Optimizing the Design

Karavonoiuornra évavii ATodorikornrag

* There is a trade-off between understandability and efficiency
— H aug¢non tn¢ katavonoiudTNTag VOGS 0XEdiOU ouxVvA odnyei o€ peiwon Ta
atrodoTikOTNTAC (inefficiencies)

— Av goTmidooupe pévo oTnv atodoTIKOTNTA CUXVA KATAAAYOUUE 0€ oX£DIA TTOU
gival SUoKOAO va kaTavonBouv atrd KAatrolov AAAO

* Mepikoi TpoTTOI BEATIWONG TNG ATTOBOTIKOTNTAG EVOC OXEDIOU
— Ava@swpnon Movomrariwv lNpooBaong (Review Access Paths)
— Avalswpnon Nnvwpiouarwyv (Review Attributes)

— Xpnjon mapayousvwy yvwpioudrwy (derived attributes) omou Kpiverai
amrapairnro (to cache values)

— Avabswpnon 1nS OsIpAS EKTEAEONC TWV EVIOAWYV O€ ueOodoug mou
Xpnoiuorroiouvral ocuyxvd (auro avikel orn «Zxediaon Me0odwv» mou
Oa douue apyorepa)
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BeAtiwon Zxediou: AvaBswpwvTtag Ta Movomdaria TTpoapaong
Optimizing the Design: Reviewing the Access Paths

Av €va uivupa TTPETTEl va dlaoXioel Eva JakpU JOVOTTATI Kal TETOIOU €id0UG KANOEIG
yivovTal ouxva, €ival KaAUTEPA va dnNUIoOUPYNOOUUE Hia TTAeovAlouoa APeon

ouvdeon
A B C D E F G
—— > —> —> — —>
A B o] D E F G
f — — —> —> —> e
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BeAtiwon Zxediou: AvaBswpwvTtac Ta MNvwpiopara
Optimizing the Design: Reviewing the Attributes

Av 10 yvwpiopa a2 tng B xpnoipoTtroigitanl pévo atrod Ti¢ uebddoug
setA2 kai getA2 kal uévo n KAGon A XpnOIPOTIOIEI QUTEG TIG 2
MEBOOOUC, TOTE TO a2 KaAUTEPA va TOTTo0eTNOEI oTNV A.

A B
a2
setA2(val)
getA2()
A B
a2 >
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TTapévBeon: AND/XOR yia oxéoci¢ kal KAAOEIC OUOXETIONG
Parenthesis: AND/XOR for Relationships (also for associations in class diagrams)

Edw tepiypdpoupe autoug Toug TTepIopiooug o€ EntityRelationship diagrams,
OAAQ YEVIKA PTTOPOUE VA TOUG £XOUME Kal o€ dlaypaupata KAacswv 1ng UML

XOR
Part * Mia mapayyeAia eiTe TTEPIEXEI Eva
Part i éva Service. MNMoTé€ kal Ta
dvo.
@ Service

* [a pia TTapayyeAia, av uTTapxel
TIMOAOYIO TOTE UTTAPXEI Kal
QTTOOTOAN KQlI TO AVTIOTPOPO.

: * For any given order, whenever

Generates Invoice there is at least one invoice there

is also at least one shipment and
vice versa.

Order

AND

FilledBy Shipment

Order
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AvTtioToixnon KAdoswv TTediov Epappoync

oe KAdoeic YAomoinong
Mapping Problem Domain Classes to Implementation Languages

q AvtioToixnhon KAdoeswv TTediou Egpappoync oe KAdaeic YAomoinang
Mapping Problem Domain Classes to Implementation Languages

2 UyKpouaoeig NMoANaTTANS KANPOVOUIKOTNTOG
— (Multiple Inheritance Conflicts)

ATtraAoipn MNMoAAatTARG KANpovouIKoTNTag

— Av n uAoTToinon Yivel 0€ Pia YAWOoOO TTPOYPANMATIOUOU TTOU OEV UTTOOTNPICE!
TTOAAQTTAR) KANPOVOUIKOTNTA, TOTE TIPETTEI VA TNV ATTAAEIYOUPE aTTd TA
OlaypAuuaTa KAAOEWV

ATttaAoipr) KAnpovouikoTnTag

— Av n uAoTToinon Yivel 0€ Pia YAWoOO TTPOYPANMATIOUOU TTOU OEV UTTOOTNPICE!
KANPOVOUIKOTNTA, TOTE TIPETTEI VA TNV ATTAAEIYOUE ATTO Ta dlAyPAUPATO
KAGOEWV

Ytrootnpifovrag NoAAaTTAR kal Auvapiki Tagivounon
— (Handling Multiple and Dynamic Classification)
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i1 KAnpovopikéTnta oTig MAwooeg TTpoypapuartiopoy
& Inheritance in PLs

AIAQOPETIKEG YAWOOES AVTIUETWTTICOUV TNV KANPOVOUIKOTNTA OIAQOPETIKA
— Apa otn edaon autr TG oxediaong TTPETTEI va yVwpPICOUNE TNV YAwooad
TTPOYPAUMATIONOU TTOU Ba XPNOIKMOTTOINCOUNE

Feature C++ Eiffel Java
multiple inheritance yes yes no

H TTpooBacigdtnTa Twv KANPOVOUOUPEVWYV OTOIXEIWV ETTIONG £EAPTATAI ATTO TN
yAwooa TTpoypapuaTIOUOU

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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B KAnpovopikétnta kar Oparétnra
&= 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.
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2 uykpouoeic KAnpovopikoTntag: TToAAamAn KAnpovopikotnTa
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

a1l a1l

a2 a3

\/ Here we could be in case [1] or [2]
isSA C1
—
ab
a6
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4 2 uykpoUaei¢ KAnpovopikdtnTtag: TToAAamAn KAnpovopikéTnTa
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 name

\/

Robot-Employee
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1 2 uykpouoeic KAnpovopikotntag: TToAAamAn KAnpovopikotnTa
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) #

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

assistant to a course of the Math. Dep.
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2.uykpouoeic KAnpovopikoTntag: TToAAamAn KAnpovopikotnTa
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

semantically speaking ld = serialNum

speciality = type
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Anahoipn TToAAarAng KAnpovopikoTnrac
Eliminating Multiple Inheritance

Amahoiph TToAAamAng KAnpovopikdoTnTag
MéBodo¢ 1: Toomédwon Twv EmimAéov YmepkAdoswyv

sA sC
sA sB sC al a7
a1 a3 a7 a2 a8
a2 a4 a8 \
\/\/ C1 C2
C1 C2 a3 a3
a5 a5 a4 a4
ab a6 ab as
isSA
—-

lootrédwon TNG KANPOVOUIKAOTNTAG avTIyPAPOVTAG TA YVWPIiouaTa Kal TIG EBddoug
TWV EMITTA OV UTTEPKAACEWY O€ OAEG TIG UTTOKAAOEIG TOUG Kal TEAOG dlaypagr
AUTWYV TWV UTTEPKAAOEWV aTTO TO OXEDIO
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Amaroipn TToAAamrAng KAnpovopikéoTntag
MéBodog 2: MeTatpomh Twy EmimAéov YmepkAdoswy o€ ZUOXETIOEIC
Convert the Extra Superclasses to Associations

MeTaTpoTTA TWV ETITTAEOV UTTEPKAACEWY O CUOXETIOEIG PE TNV KATAAANAN TTOAAQTTAGTRTA

sA sB sC sA sC
al a3 a7 a1 a7
a2 a4 a8 a2 a8
\/\/ |
C1 C2 C1 sB C2
a5 a5 a5 (0.1 1.1/ a3 [1.1 o0.1]| a5
a6 ab ab a4 a6
isSA
—-

Y1166e0on: sB utmopeEi va ivai ite GUYKEKPIUEVN
(concrete) i apnpnuévn (abstract).

Eivair 6Aa evraéer;
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1 Attahoiph TToAAamAng KAnpovopikoTnTag
MéBodo¢ 2: MeTaTtpomi Twv EmimAéov YepkAdoswy oe ZuaxeTioeig (IT)

SA sB sC sA o
al a3 a7 al =
a2 ad a8 a2 28
W ‘
C1 Cc2 c1 B o
= 2 a5 [0.1 1.1/ a3 1.1 0.1| a5
a6 ab a6 ad e
—_—

Y60son: sB umopei va givai €ite ouykekpiuévn (concrete)
n apnpnuévn (abstract).
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| MéBodoc 1 éEvavTti MeBodou 2

sA sC
a1l a7
a2 a8
CA1 C2
a3 a3
ad a4
a5 a5
a6 ab

sA

al
a2

C1

ab
ab

0..1

1.

1

sC
a7
a8
sB C2
a3 (1.1 0.1| ab
a4 ab

MéBodog 2

{XOR}

BeTIKO: N (evvoloAoyikr) kKAdon (sB) diatnpeitai

apvnTIKO: augdveTtal n avtaAAay uNVURATWY Kal TTPETTEN va
TTPooExoupe Tov TTEPIoPIoPd XOR (UTTOAOYIOTIKA TTI0 AKPIRO)

Y1rodeién: Xpnaoiuotroigiote 1n pé€Bo0d0 2 uévo av n emimAéov utrepkAdon (sB)
givar concrete (not abstract). AAAIw¢ xpnoiuorroiciore n uéBodo 1.

U. of Crete, Information Systems Analysis and Design

Yannis Tzitzikas 49

AnaAoipn KAnpovopikoTnTac
Eliminating Inheritance




Amtahoiph KAnpovopikoTnTag
MéBodog 1: Ioomédwon (Flattening)

‘EoTw 611 01 SA, sB kai sC gival OAe¢ apnpnuéveg

sA sB
a1l a3
a2 a4

NN

sC

a7’
a8

C1 C2
ab ad5
ab ab

U. of Crete, Information Systems Analysis and Design

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

MéBodog 2: MeTatpot AWV Twv YTTepKAAOEWY 0 ZUOXETIOEIG

Convert all Superclasses to Associations

‘EoTtw 611 01 SA, sB kai sC gival 6Aeg apnpnuEVES

sA

a1l
a2

C1

ab
ab

sC

a7
a8

NN

C2

ad
ab

U. of Crete, Information Systems Analysis and Design

sA

al
a2

C1

a5
ab

0..1

sC

a7

a8

sB Cc2

1.1 a3 1.1 o0.1] a5

a4 a6
{XOR}
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Amtahoiph KAnpovopikoTnTag

MéBodoc 2: MeTartpomh 6Awv Twy YmepkAdoswy ae ZuaxeTioeig (2)

‘EoTtw 611 01 SA, sB kai sC gival 6Ae¢ cuykekpiuéveg (concrete)

U. of Crete, Information Systems Analysis and Design

1.

1

sC

a7’
a8

Cc2

0..1

ad
a6

lo
N

sA

sA sB sC 4 a1

al a3 a7 ] a2
W - -
C C2 0.1 | ab 0.1 1.1 a3
a5 a5 a6 a4

ab ab
{XOR}
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TToAAanAn Ta&ivopnon
Multiple Classification




TToAAaTAR Taivopnon kai ZuykpoUaoeig
Multiple classification and conflicts

Nixon Diamond

Quaker @

nixon

Pacifist

® Republican

« Nixon is a Quaker.

* Quakers are typically pacifists.

* Nixon is a Republican.

* Republicans are typically not pacifists.

*  What to conclude?
* "Nixon is a pacifist." or
* "Nixon is not a pacifist."?

U. of Crete, Information Systems Analysis and Design

Quaker Republican
pacifist:Yes pacifist:No
%, b
instance
Of
Nixon
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TToAAamAn Taivounon
Multiple Classification

e

Person

‘EoTw 611 Baoel Tou PovTEAOU TTPORARUATOG, Eva
MEAOG TOUG TTANPWUATOG PTTOPEI Va gival Kal TIRATNG
Kal €0Tw OTI TTEPIOTACIAKA PTTOPEI VA EPYAOTEN KAl WG

CrewMember

TicketAgent

Passenger | | TTPOKTOPAG EI0ITNPIWY

Na va 10 uAoTToIooupe autd o€ Java Ba xpelalduacTtav TTOAAATTAR Kal SUVAUIKA
Tagivounon (multiple and dynamic classification), k&1 To oTroio dev utTOoOTNEICETAN.

Avuon 1: Ta va TTpocTTEPACOUNE TNV TTOAAQTTAR Tagivounon, JTTopouuE va
opiooupe “join” classes

CM

Person

N

TA

AuTr} OpwG N AUoN PTTOPET Va ATTAITACEI
TN dnuIoupyia ekBeTIKOU TTARBOUG
KAGOEWV.

Kai dev divel Auon oTnv avaykn

P

CM & TA

CM &P

™ &P

CM&TA&P| | duvauikng Tagivounong

U. of Crete, Information Systems Analysis and Design
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1 TToAAaTtAR Ta&ivounon (II)
Multiple Classification (IT)

Person

N

‘EoTw 611 BAoEl TOU HOVTEAOU TTPORARUATOC,
éva JEAOG TOUG TTANPWHATOG PTTOPE Va gival
Kal ETMIRATNG KAl €0TW OTI TTEPIOTATIAKA
MTTOPEI VO EPYAOTEI KAl WG TTPAKTOPAG

CrewMember || TicketAgent | | Passenger £101TNPIWV
Auon 2: Delegation
] 1 » Delegation civai évag 1pd1TOQ
Person ETTEKTAONG TNG CUPTTEPIPOPAS MIAG
1 KAGONG Xwpig TN Xpron
KANPOVOUIKOTNTAG
0..1 0.1 0.1 * Eival xprioiun étav n TToAAaTTAR Kal
CrewMember || TicketAgent | | Passenger duvapikn Tagivounon dgv

U. of Crete, Information Systems Analysis and Design

utToOTNPICETAI ATTO TN YAWOOO
TTPOYPAUMATIOUOU
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A [1a dikn oag eédornon
For homework

Female

Male

Physiotherapist

Person Nurse
Surgeon
sex <<d N «
ynamic>¥  Doctor
{complete} FamilyDoctor
patient
Patient
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TTpodiaypapn MeBodwv
Method Specification

TTpodiaypapn MeBodwyv
Method Specification

2KOTTOG: Na dWOOUNE ETTAPKEIC TTANPOYOPIEG OTOUG TTPOYPAUMATIOTEG
Agv UTTAPXEI KABIEPWHPEVOSG HOPPATUTTOC VIO QUTEG TIG TTEPIYPAPES
Mepikoi opyaviouoi XpnNOILMOTTIOIOUV QOPHES TG MOPPNG:

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:
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TTpodiaypapn MeBodwv
Method Specification
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Method Name: Class Name: ID:

Programmer: Date due:

Programming Language: E.g. event-driven programming
Triggers/Events:

Arguments Received:

Data Type: Recall behavioural modeling

(sequence diagrams,

Messages Sent and Arguments Passed: communication diagrams)

ClassName.MethodName: DataType: Notes:

Arguments Returned:
Data Type: Notes:

Algorithm Specification: Weudokwdikag (Pseudocode)
Aopnuéva AyyAika (Structured English)

Alaypappa Apaotnpiotitwy (Activity Diagn

Notes:

TTepiopiopoi kai ZuppoAaia
Constraints and Contracts




TTepiopiopoi kar ZuppoAaia
Constraints and Contracts

Person
Company
name employment
name
age
) N hire(p:Person)
increaseAge() fire(p:Person)
promote(p:Person, incr:Money)

*  Mrmopei évag avnAikog va epyaoTei O€ uia eTaipia;
*  Mrmopei uia eraipia va mpooAdBer Eva arouo mou gival nén epyalouevoc 1ng;
*  Mropei uia mpoaywyn va Uewaoel To JIoBo;

» ‘Eva ouvoAo TTePIOPIoUWY TTOU EYYUNOEWV YIO KAAOEIG Kal JEBOBOUG
*  Oad PYTTOPOUCANE VA TOUG EKPPACOUE OE

— QUOIKN YAwooaq,

— dounpéva ayyAika (r; EAANVIKA),

— WeudoKkwiIKA,

— N og yia TutrikA YAwooa (formal language).
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TTepiopiopoi kai ZuppoAaia
Constraints and Contracts

* O oxedlaoTAG TTPETTEI VA ATTOQPACICEl TTWS Ba dIAXEIPIOTEN MIa
TTapaBiacn evog TTEPIOPICHOU
— AlokoTh (abort), AkUpwon/Emravopbwon (undo), evattdoBeon oTo XPHOTN
(let user handle it)

— O oxedlooTng TTPETTEl va oXedIdoel Ta AABn (errors) TTou To cUCTNHO
avauéveTal va dlaxelpioTei. Eival kaAUuTepa va unv avabéooupe autd 10 BEPa
OTOUG TTPOYPANUATIOTEG

— O1 Tapapidocig evog TTEPIoPIoHOU gival YVWOTEG WG e§aIpETEIS (exceptions)
o€ YAWOOEG TTPOYPAPaTIohoU oTTwg n C++/Java.
* 270 EMOUEVO udBnua Ba douue uia TUTTIKY YAwooa (1TTou ovouaderai
OCL) yia tnv ékppaon TTEPIOPIoUWV
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Avvaroétntec Eravaxpnoiporoinong
Opportunities to Reuse

1 EvromiCovrac Auvatétnreg Emavaxpnoipgomoinong
Identifying Opportunities for Reuse

©a UTTOPOUCAUE VO EKPMETAAEUTOUUE

* 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
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¥ EvromiCovrac Auvatétnteg Emavaxpnhoigomoinong

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. For instance see Spring (http://www.springframework.org/)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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2 xediaoTika Motipa
Design Patterns




Identifying Opportunities for Reuse

ka4 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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4 Katnyopiomoinan TTpotUmtwy
= Categorizing Patterns

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, Iterator
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; ¥ Behavioral 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()
| |
InsertStringCommand DeleteCommand
«constructor» «constructor»
InsertStringCommand(position:Int, length:int) DeleteCommand(position:Int, length:int)
«misc» «misc»
dolt() dolt()
undolt() undolt()

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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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()
I |
InsertStringCommand DeleteCommand
«constructor» «constructor»
InsertStringCommand(position:Int, length:int) DeleteCommand(position:Int, length:int)
«misc» «misc»
dolt() dolt()
undolt() undolt()

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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| Bchavioral Patternss Command
Design of a Word Processor supporting Undo and Redo

0..* <Manages 1
Invoker AbstractCommand |« <>| Command Manager

1 dolt()

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

AbstractCommand | o » < Manages 1
N <>| 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() b
undolt() public boolean dolt(){
try{

document.insertStringCommand(position, str);
} catch (Exception e){
return false;

}

return true;
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i Behavioral Patterns> Command
Design of a Word Processor supporting Undo and Redo (3)

| AbstractCommand [*

| 0..* < Manages

1<>| Command Manager |

class CommandManager{
private int maxHistoryLength = 20;

private LinkedList history = new LinkedList(); by
private LinkedList redoList = new LinkedList();
public void invokeCommand(AbstractCommand command){ }

if (command instanceOf Undo){
undo(); return;

if (command instanceOf Redo){
redo(); return;

if (command.dolt()) {
addToHistory(command);

Yelse {

history.clear()

interface Undo {

interface Redo{

history.addFirst(command);

history.removelLast();

Private void addToHistory(AbstractCommand command){

if (history.size() > maxHistoryLength) {

} , ¥
if (redoList.size()>0)
redoList.clear();
}
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B8 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);
T
}
Private void redo(){
if (redolList.size() =0) {
AbstractCommand redoCommand;
redoCommand = (AbstractCommand) redoList.removeFirst();
redoCommand. dolt();
history.addFirst (redoCommand);
3
3
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d 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.

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

» Suppose that you want to specify a software component. If that component
could be based on a design pattern you could just mention it and give a small
description. You don’t necessarily have to redefine the pattern (i.e. provide the
detailed class diagram and the various interaction diagrams)

* Some UML tools support design patterns.

— They have a pre-built catalog of well-known design patterns. The design patterns can
be easily pulled in into your design as templates and then customized for your
application design.

More on patterns at

*CS352 - Software Engineering

*You can also see http://www.research.umbc.edu/~tarr/dp/fall00/cs491.html
*( it is a university course dedicated to patterns in Java)
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