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AiapBpwon

MovTteAoTtroinon Aoung (Structural modeling)
CRC Cards

Eicaywyn ota Alaypaupata KAdoswv (Class Diagrams)
— Classes (KAdoeig)

Attributes (M'vwpiouara)

Operations (AciToupyieg)

Associations (ZuoxeTioeig)

Generalization ([evikeuan)

Constraints ([eplopiopoi)

Object Diagrams (Alaypdauuata AVTIKEINEVWV)
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H T\ civai n MovTeAoroinon Aoufc;

O oko1rdg TG gival va TTEPIYPAYEL:
* TNV douN Twv BeSOPEVWV TTOU UTTOOTNPICOUV TIG ETTIXEIPNMATIKEG BIOBIKATIEG.
Oa £0TIAO0OUNE OTNV AVTIKEILEVOOTREPN TTPOTEYYion (Sedouéva uadi ue Asitoupyieg)

focus
business processes ‘ ‘ data that support the business

Process centered (methodologies) Data centered (methodologies)
— emphasize on process models — emphasize on data models

Process & Data (methodologies)

— balance both by incorporating
them into one model
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8 ari va povrehomoiicouue Th dour;

*  Meiwvel To «GNUACIOAOYIKO XAOUa» PETAEU TOU TTPAYMATIKOU KOTUOU Kal TOU
KOOUOU Tou AoyIoHIKOU

* [apioTtével TpdypaTa, 1I0EG Kal £VVOIEG TTOU €ival ONPAVTIKES YIO TO TTEDIO
EQAPHOYAG

»  Opicel éva KoIvO Ae€IAGYI0 yIa TOUG AVOAUTEG Kal TOU XPAOTEG

YwnAou smimrédou Ka6opiouog
ETTIXEIPNUATIKEC AVAYKES Amairnoswv AvoAuTik Kataypaen
KATAYEYPAUMEVEG OTNV 2UVKEKPIUEVWV ATTAITHOEWV
Mpdtaon ZuoTAuaTog Erméuevo Biua

MovrsAomgi oTHMATOC
’ TGO POULYC \

Nerrouffikr) /AoIKAR/ZuuTTaRIPOopPag
(Functignal/Structural/Bebgvioral)
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i TTwc povTeAoTroloUpe Th dopn
oTnv AVTIKEIdEVOOTPA®h AvdAuon kai 2xediaon;

MtTopoUpe va XpnoIPOoTTIOIOUKE TOU €E1G TUTTOUG HOVTEAWV:

* CRC Cards (kaprec CRC)

— ZUMapBavouv Ta ouciwdn aToIXeEia piag KAGong

Class Diagrams (Aiaypauuara KAaoswv)
— [Mepiypdgouv Toug TUTTOUG TWV AVTIKEIUEVWY GTO OUCTNHA KAl TIG OTATIKEG
OUOXETIOEIC TTOU UTTAPYXOUV PETOEU TOUG

» Object Diagrams (Aiaypauuara AvTIKEIIEVWY)

— Agixvouv TTapadelyuaTtikolg oxnUaTiopoUs avTIKEINEVWY (OTIYUIOTUTTWY, OXI
KAGoEWV)

Ytroonueiwon: Mmropouue va opicoupe dlaypdupaTa KAACEWV aTTd dIAPOPETIKES
TIPOOTITIKEG (Several perspectives).
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CRC Cards
(Class-Responsibility-Collaboration Cards)

(Kaptec KAaon-EuBuvn-Zuvepyaoia)




» Eival évag atutrog TpOTTOG VIO AVTIKEINEVOOTPEPN
MOVTEAOTTOINON

» XpnoiyoTtrolgital atrd ouddeg (o€ OCUOKEWEIC avTaAAayg IDEwWV
(brain-storming))

* [lpotdBnke amd o Ward Cunnigham ota T€An TNG dEKAETIOG
ToUu 80

O1 KapTteg CRC utropei va Bondricouv:
— To evtotmoud Kal KaBopIoud Twv KAAGEWV
— Tov opioud kal katavonon Tou TPATTOU PE TOV 0TToio Ba guvepyddovTal
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T cival pia kdpTa CRC;

Mrpoaorivr) mAcupd lMiow TAcupd
Ovoua KAdong
I'vwpiopara
Zuxerioeis
Eu6uveg Zuvepydreg « Mevikeuonc
Juoowudrwon
*AMeg ouoxerioeis

Méye8oc:10 x 15 cF&

. . A : Mrropouue va Bswpnoouue
EUGUVEQ. ZUVEP_YGng' ; TNV UTTPOOTIVH TTAEUPG WS
» of Knowing * Objects working v dnuoéoia TAnpogopia,

+ of Doing together to service a Kar TV miow w¢ TV
request EVOUAQKWEVES

. s Aerrrouépeieg uAorroinong
— i.e. UML associations
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8 T civar wia kapTa CRC;

Front side

Class Name

Responsibilities Collaborators

Back side

Attributes

Associations
*Isa
*Aggregation
~other associations

Size:10 x 15 cm

Responsibilities: Collaborators:
. i » Objects workin
of Knowing t : ther t g Consider the front as the
- of Doing ogether (o service a public information, and the
request back as the encapsulated,
— i.e. UML associations implementation details
U. of Crete, Information Svstems Analvsis and Design Yannis Tzitzikas. Fall 2005 9
| TTapadeiypa kdptag CRC
Class Name .
Responsibilities | Collaborators
/ Order /
Check if items in stock Order Line
Determine price Customer
Check for valid payment
Send to delivery address
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 10




‘Eva mapddeiypya pge 7 KAPTEC

Responsiblity Collaborators Grade school examp|e
Teacher Teaches Lessons Secretary
Evaluates Students Student
Principal
Student Learns Lessons Teacher
Principal
Principal Administers Funds Teacher
Diciplines Students Secretary
Hires Staff Student
Nurse Gives First Aid Students
Gives Vacinations Teachers
Secretary Answers Phone Teacher
Prints Handouts Principal
Janitar Cleans Building Teacher
Fixes Equipment Secretary
Cook Prepares Meals Janitor
Taken from Cunnigham (Tektronix)
U. of Crete. Information Svstems Analysis and Design Yannis Tzitzikas, Fall 2005 11

T1 umopoULE va KAVoULIE HE QUTEC TIC KAPTES,

*  O1 KapTeG aUTEG TTAPIOTAVOUV TH OTATIKA (SOMIKH) OWn TWV KAGCEWV TOU
OUCTHHOTOG

* H duvapiki 0yn Twv KAGCEWV PTTOPEI OTUTTWG VA TTEPIYPAPET JE TO AEYOUEVO
“role-playing”
— AMAEG TEXVIKEG YIQ TTEQIYPAPT TNG OUVANIKAG CUPTTEPIPOPAS dynamic
behavior):

* Alaypdupata AkoAoubBiag (Sequence Diagrams)
— (Ba pIAjooupE yia auTd oTnv evéTnTa MovTeAoTToinan ZupTTEPIPOPAS)
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i \ouAcUovTac pe Tic KdpTeg
Working with CRC cards

....Card Playing”:
* The team (<7 persons) sits around a table

— domain experts, analysts, oo developers
» they start by identifying a number of classes of the problem domain
» they create one card for each class

— the responsibilities should not be too many (they should fit in the card)
« they can then start role-playing the scenarios of the Use Cases

— each person can role-play one ore more cards

— they pick up on the air the classes that are active

— they move them to show the exchange of messages

» If something doesn’t seem right, they change accordingly the cards (by
changing their contents, or by creating/destroying cards)

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 13

TTwce Eekivaye;

* 'Eva kaAé onpeio yia avdAuon CRC civai ol Mepimrrwoeig Xprong
(Use Cases).

* ZEKIVAOTE TTPOCTIABWVTAG VA EVTIOTTIOETE TIC KAAOEIC TOU TTEdIOU
£QAPUOYNG.
— XpnoipoTtroinoTte 10 ‘Eyypa@o ATTAITACEWY KAl EVTOTTIOTE TIG KAQGEIG TTOU
@aiveTal va avAkouv aTo Tedio (Kal avAKouv OTO TUAKA Tou TTPORAAUATOC yia
TO OTTOIO YiveTaI N GUVAVTNON)
* Bpeite 6Aa T OUCIACTIKA Kal TO PAHPATA GTNV TTEQIYPAPA TOU TTPORANUATOG

* Ta ouclaoTIKA UTTOPEi va Yag Ogigouv Troleg gival ol KAAOEIG, EVW) T PAHATA
pTTOpPEl va pag deifouv Toleg gival ol euBuveg (responsibilities)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 14




i TTapddeiypa: Evromopdc kAdogewv avaAlovTag Keipevo
P (identifying the classes by analyzing the text)

Yrrowngie¢ KAGoeIg

Problem statement.

lent for a different p boeks 4 weeks, journals 2 weeks, videos 1
week). If returned after their library user's organization will be
charged a fine, based on the type of item( books $1/day, journals $3/day,
videos $5/day).

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 15

i TTapadeiypa: Evromiopég EuBuviv
¥ (Identifying the responsibilities)

Ymowneieg euBUVES

Problem statement.

— This application will support the opera

/éns of a technical library for an R&D
organization. This includes th or &nd lending of technical library
materials, including books, videos, and technical jotrnals. Users @

— Each borrower can :@m p to five items. Each type of library item can be
lent for a different.period of time (books 4 weeks journals 2 weeks videos 1

charged fine, based on the type of /tem( books $1/day, journals $3/day,
videos $5/day).

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




il EkTéAcon Zevapiou
(Scenario execution)

Ta oevadpia mou meptypagouv ol MNepirwaoelc Xpnong umopouv va
xpnoiuotroin@ouv oav éva gidog agvapiou (script) yia To “maixvidi poAwv” (role-
playing method) 10 oroio 8a pag emMITPETEI va KATAQVONOOUUE TOV TPOTTO
ouvepyaaiac Twv KAGoEwv Kai va evrorrioouue Aabn n mapalsiweic

+ Start with scenarios that are part of the systems normal operation first.

» Then consider the exceptional scenarios (e.g. error recover)

» For each scenario decide which class is responsible. The owner of the class
then picks up his card
— When a card is in the air it is an object and can do things.
— The own announces that he needs to fulfill his responsibility.
— The responsibility is refined in to smaller tasks if possible. These smaller tasks can
be fulfilled by the same object or by interacting with other objects. If no other

appropriate class exist, maybe you need to make one. This is the fundamental
procedure of the scenario execution.
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H T1coivpaph evoc pnxaviuatoc ATM pe CRC KdpTec

Accouni Transaction
RemoteDE
Keeps balance
and traffic.
Transaction CardReader Event Screen
Validate and perform Dispenser Queues signals. CardReader
RemoteDB g i
money ’_m_nife" . Acti Isolates hardware from Dispenser
Keep audit information. cton userinterface. RemoteDB
— Account i
Screen Event
CardReader £ - ’
t .
e Displays prompts. Action
Decodes strip. ransaction Displatces Events
Signals insertion. to Actions.
Dispenser £
vent e 3
P Transaction Action, Transaction
Emits cash.
e s s Sequence Screens. Sereen
& Assemble Transactions.
and empty. —
RemoteDatabase Event
Retrieves Accounts. Transaction
Records Transactions. Account

Signals communication
staius.
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H Ta mAsovekTANATA TS XPAone KapTwy CRC

* CRC cards allow ... animated discussion among the team
— the participants can experience how the system will work

» with CRC cards it is easy and fast to explore various alternatives
(sequence diagrams can be slow to draw)

* CRC cards are portable (no computers are required)

* CRC cards are a useful tool for teaching people the object-
oriented paradigm.

Yannis Tzitzikas, Fall 2005

8 Eva oUvoho Pnudtwy yvia Th MovteAotroinon AopAc pe KAPTEC
P CRC

1. Create CRC cards by analyzing the text of the Use Cases
2. Brainstorm additional candidate classes

Role-pla

. Create the class diagram based on the CRC cards.

5. Review the structural model for missing and/or unnecessary class
attributes, operations, and relationships.

\

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005
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Aiaypapuara KAdoswv
Class Diagrams

MW T civa KAdon;

Mia kKAdon TTEpIypA®El Eva OUVOAO QVTIKEIUEVWYV |IE:
— Opoieg 1816TNTEG
« similar properties (attributes)
— Koiviy oupTtrepigpopd
« common behaviour (operations)
— Koivég ouoxeTtioeig pe GAAa avTiKEipeVa
* common associations to other objects.

Mw¢ PTTOPOUNE OPICOUNE TIG KAAOEIG;
— XpNoIPOTIOIWVTAG .. KOIVA AOYIKI] (common sense)
— AkoUyovTag Toug €181KoUG Tou TTEdiou e@appoyng (domain experts)
— Kavovtag avdiuon CRC.

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005
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i MvwpiouaTa, AciToupyiec kal ZxXE0EIC
(Attibutes, Operations and Relationships)

* ['vwpiopata (Attributes)
— Movadeg TAnpogopiag TTou apopouv oTnv KAAON ) Ta GTIYMIOTUTIA ThG
— ApxXIK& opifoupe POvo ekeiva TTou gival onuavTikA Pe 1o Tedio EQapPoyng
(ka1 oxetiCovTal PE TIG ATTAITAOEIG)
+ Agiroupyieg (Operations)
— MNpdageig/dpaaeig TTou va AVTIKEIJEVA JTTOPOUV VA KAVouv
— ApXIKA eoTIAloUPE NOVO OTIG AEITOUPYIEG TTOU AQOPOUV OTIG ATTAITACEIG.
» 2xéoeig (Relationships)
— levikeuon (Generalization)
o EmiTpétrel TNV KAnpovounon yvwpIoHATwY Kal AEITOUPYIWY
— Zuoowpudatwaon (Aggregation)
o XxeTiCel TA TUAUATA PE TO OAO
— ZuoxéTtion (Association)
* ToikiAeg ouoxeTioelg PETAEU KAATEWY

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 23

@ Aidypappa KAdoswy
F Class Diagram

OTrTikoTrolgi 6Aa T TTponyoUpEva: KAAOEIG (Ovopa, YVwpiopaTa, AEITOUPYIEG) KAl TIG OXECEIG
HETASU TOUG.

| — attributes
association \ Depariment
operations
Find()
Delete() o |
Update() / subtypes
Computer Sc Philosophy
Student
+Has +Can take |BiLevel
1. 1..*|IFind()
\ [®select()
constraints
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 24
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M OpiTouus KAAoeIC yia S1dpopd TUALATA TOU GUGTALATOC

Tutika TTapadeiypara:

*  KAdoeig lMNediou Epapuoyrc (application domain classes)
*  KAdoeig Aistrapnc Xpnorn (user interface classes)

*  KAdoeig Aoung Asdouévwy (data structure classes)

*  KAdoeig Aoung Apxeiwyv (file structure classes)

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 25

4 O1 3 mpoomiTikéC evoc Alaypdpparoc KAdoswv
P (the 3 Perspectives of a Class Diagram)

* Oa pytropoucapE va dIAKPIVOUUE 3 TTPOOTITIKEG yIa Trn oXediaon
EVOG O1aYPAUMATOG KAATEWY (EVVOIOAOYIKOU JOVTEAOU YEVIKOTEPQ)
— EvvoioAoyikn (Conceptual)

* Avefdptntn uAoTroinong. Zuxva ava@épeTal wg HovTtélo ediou (domain
model).

— lMpodiaypaepnc (Specification)

* Apopd Kupiwg aTig dieTragég Aoyiopikou (interfaces of the software), kai dev
avTavakAd Tnv uAoTroinan

— YAomoinong (Implementation)

» EOw povrehoTroloUpe TIG ouykekpiyéveg KAAoelg uUAoTroinong (implementation
classes).

*  O1 Tapatrdvw TTPOOTITIKEG (perspectives) Tutnikd dev atmoTeAolv pépog Tng UML

— By tagging classes with a stereotype, we can provide an indication of the
perspective

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 26
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i O 3 poomTikég evoc Aiaypdppartog KAdoswy
¥ The 3 Perspectives of a Class Diagram

» 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. This is the most often used
perspective

» Perspectives are not part of the formal UML. By tagging classes
with a stereotype, we can provide an indication of the perspective

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 27

Keywords (UML v2) and Stereotypes (UML v1)

* |tis the core extension mechanism of the UML

+ If you need a modeling construct that isn’t in the UML but is similar to something
that is, you treat your construct as a stereotype (UML v.1), or keyword (UML
v.2) of the UML construct.

» Denoted by <<name>> (or sometimes {name} )

+ E.g. interface

— A UML interface is a class with only public operations with no method bodies nor
attributes (like in Java, CORBA)

— Denoted by <<interface>>
* We could define stereotypes of classes, associations, generalization.

— We would consider them as subtypes of the meta-model types Class, Association,
Generalization

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 28
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attributes

association \ ST
Name [ _
oo per | operations

I?Ziﬂ)eo . |
Update() / subtypes

Computer Sc ‘ ‘ Philosophy ‘
[ | [ |
[ | [ |

Student

Course

+Has +Can take |ELevel

1.* 1..*|[8Find()
[ ®Select()
[®Change()
[ ®Allocate()
constraints
U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 29

i ZuoxeTioeig (TpooTTIKA: EvvoroAoyikn)
P Associations (Perspective: Conceptual)

Person 0.* employment 0..1| Company
name employee employer| name
age i
1 <« hasPresident o stockPrice()

* AvatrapioTavouv dUAdIKEG OUOXETIOEIG JETAGU TWV OTIYUIOTUTTIWV
TWV KAQAOEWV

* 2¢€ KABe AKPO PTTOPOUNE va OUWOOUUE £va OVOUQ, TO Ovoua pOAou

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 30
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i ZuoxeTioeig (TPooTTIKA: EvvoroAoyikn)
Associations (Perspective: Conceptual)

Person 0.* employment 0..1 Company
name employee employer| name
age ;
1 « hasPresident - stockPrice()

MNeplopiopoi MoAAamrAdTnTag (Multiplicity constraints)
*  Exk@palouv 10 TTARB0G TWV QVTIKEIJEVWY TTOU ITTOPOUV VO JETEXOUV O€ Hia
OUOYERON. ZUYKEKPIYEVA EKQPACovVTal HE KATW Kal TTAVW OpId.
0.* = 0..00 // KOVEVAG TTEPIOPICHOG
1..1 // uoxpewTikA (Mandatory) kai povoTiun (single-valued) cuoyxétion
/I OVOTIUN CUCXETION (TTPOQIPETIK)
/[ UTTOXPEWTIKN Kail TTAE16TIUN (Multi-valued) cuoyéTtion

* [Mapadeiypata TTIO YEVIKWY TTEPIOPICHWV:
1..11 (Y10 TT0800QAIPIKEG OUADEG)
3..4 (y1a TpoxoUg QUTOKIVITWV)

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 31
 AAo éva Tapddeiypua
¥ dateReceived Customer
(& Prepaid Sname
ber : Stri =4
;:?e ;e,\r,bne"yng * 1 address
creditRating()
1
Personal Customer CorporateCustomer
E¥creditCard# z;r:;g:;;ge |
= +sales rep
BicreditLimit
I
+line items remind ()
1. bilIForMonth(Integer)()
Order Line
B5quantity :integer
B#price : Money
[E%is Satisfied :Boolean
0.
1
—
1 . Do it on class?
U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 32
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il ZuoxeTioelc Kal TTeplopiguoi TToAAATTAOTNTAG
(Associations and multiplicity constraints)

Customer
BcustomerName : String __Configurationitem
BScustomerAddress : String BitemType : String
phoneNumber : String temDescr : String
BSemailAddress : String

1.n

1.1 Invoice
B¥invoiceNumber : String
voiceDate : Date

BSinvoiceTotal : float

0.n

Order 1.1

BSorderNumber : String
EsorderDate :Date Computer
hipAddress : String & St
BorderTotal - float on Tn BcomputerName : String
BSorderStatus : String
BSsalespersonName : String Z}

1.1

1.1

_ Payment _ ConfiguredComputer StandardComputer
&lpaymentMethod : String B¥configuredPrice : float B3standardPrice : float
=dateReceived : Date . Students
BJamountReceived : float should give
the mult
contraints
3

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005

i ZuoxeTioeic (mpooTTikA: TTpodiaypaypric)
Associations (Perspective: Specification)

» Here associations represent
responsibilities (read & update)

« from this diagram we may say that:
— there are methods associated with
customer that return the orders of a
given customer has made
— the reverse for Order (return the
customer)

+sales rep [ Employee
—

+ine items remind
bilIForMonth(integer )

Order Line

quantity integer
price : Money
is Satisfied :Boolean

» we cannot infer implementation details

— l.e. if Order class contains a pointer to
Customer, or if it calls a method of

customer

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 34




A >uoxeTioeic (mpoomTIKA: Tlpodiaypaypn)
Associations (Perspective: Specification)

 If this were an specification model

we could infer the following O”
interface for an Order class B,
\tRa«mg(i
4

class Order {
public Customer getCustomer();
public Set getOrderLines();

CorporateCustomer

[EficontactName

BicreditRatng +sales rep [ Employee
———

[EcreditLimit
—

[ Personal Customer
|'-. reditCard#

+line iter

remind ()
bilIForMonth(integer )

1
Order Line

quantity :integer
price : Money
s Satisfied :Boolean

e

U_ of Crete, Information Svstems Analvsis and Design Yannis Tzitzikas. Fall 2005 35
1 YuoxeTioelg (TTpooTTIKA: YAomoinon)
Associations (Perspective: Implementation)
+ If this were an implementation
model we could infer:
class Order {
private Customer _customer;
. . . +sales rep [ Employee |
private Set _orderLines; —
e flems B I:xei\f\"Fig:\lgm(h{ Integer)()
Order Line
jquantity :integer
class Customer { E&"g;eysa
private Set _orders;
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 36




B ~uoxcTioeic kai TTAonynoéthTa (mpoomTikh: TTpodiaypapti kai YAomoinon)
@ Associations and Navigability (perspective: Spec. and Impl)

* H mAonynoiydTtnTa gival Xproiyn JOVO yia TNV TTPOOTITIKN
lMpodiaypaeng kail YAorroinong (dev gival Xproiun yia tnv
EvvoioAoyikr TTIPOOTITIKA)

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 37

i/ TTAonynoipétnta (HovokaTeUBUVTIKEG OXEOEIC)
¥ Navigability (unidirectional associations)

Order * employment 1 Customer

v

» Spec: Order has responsibility to tell you which customer it is for
* Impl: Order contains a pointer to Customer (and not the other way around)

Order * employment 1 Customer

N

* Spec: Customer has responsibility to tell you his/her orders
» Impl: Customer contains a set of pointers to Orders

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 38
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Navigability (bidirectional associations)

Order * employment 1 Customer

+ Spec: Both have the responsibility to tell you the other end
* Impl: Both contain pointers to the other end

When we implement a bidirectional association in a programming language we
have to be sure that both properties are updated.

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005
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| Attributes
P C'vwpiopaTa

— Evvoioldoyikn: 1816TnTO (Property)
* e.g. aPerson has a name

Person
name — [lMpodiaypapnc:
age * e.g. a Person object can tell/set its name
— YAorroinon:

* e.g. a Person object has a field (instance variable)

» Like associations

— small, simple classes, such as strings, dates, money objects, and non-
object values like Integer and Real.

Attribute syntax in UML:
visibility name: type = defaultValue

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005
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i H d1apopd peTall MvwpiopdTwy Kar ZuoxeTioewy
(Difference between Attributes and Associations)

Person Person

0.1 1

» EvvoioAoyikn TipooTTiKY: Kauia diagopd
— attributes are usually single-valued

— However they can be optional, mandatory, have multiplicity
» e.g. dateReceived [0..1]: Date

* [lpooTrTikA Npodiaypaeric/YAorroinong; -
— attribute => navigability from the type to the attribute only

— each person has its own copy of attribute object (value semantics rather than
reference semantics)

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 41

i \ciToupyieg
Operations

Eivail o1 diadikaoieg TTou pia KAAon Ptropei va dIEvepyroel

— EvvoioAoyikn TTpoOTITIKA:

Company « Indicate the principal responsibilities (described in a
name couple of words)
hire(p:Person) — [lpodiaypagikry TTPOOTITIKN :
flre(p:Pers.on) + Public methods on a type
promote(p,incr)

— YAomointiki TIPOOTITIKA :
* plus private/protected operations
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i O AciToupyiec otnv UML
Operations in UML

OUVTATIKO:

visibi\lity name (parameter-list): return-type-expression {property-string}

l

+ visibility:

* name: a string

+ : public (by all used)
- : private (by owning class)
# : protected (by owning class and its subclasses)
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H Example: Protected scope in Java

package one;

public class A

{

protected int p;

}

package two;
import one. A,

class B extends A

{
void myMethod()
{
p=1; [/lok
A a=new A();
a.p=1; // not ok, pwould have to be public for this to work.
}
}
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i O AciToupyiec otnv UML
Operations in UML

syntax:
visibility name (parameter-list): return-type-expression {property-string}

/

+ parameter-list. comma separated parameters with syntax that of attributes (plus
direction), i.e. direction name: type = default value

— direction (default: in)
* in: used for input
« out: used for output
 inout: used for both

* return-type expression: comma-separated list of return types
» can be more than one

In Java: methods do not support out/inout parameters for primitives
(are passed by value).
InC:  exchange(int a, intb) vs exchange(int *a, int *b)
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i Direction of Parameters
Example: C++

void f( int a, int &b, const int &c );
a is a value parameter,
b is a reference parameter,
and c is a const-reference parameter.
* When a parameter is passed by value, a copy of the parameter is made.

» When a parameter is passed by reference, conceptually, the actual parameter
itself is passed (and just given a new name -- the name of the corresponding
formal parameter). Therefore, any changes made to the formal parameter do
affect the actual parameter.

» Another reason to use reference parameters is when you don't want the function
to modify an actual parameter, but the actual parameter is very large, and you
want to avoid the overhead of creating a copy. Of course, this only works if the
function does not modify its formal parameter. To be sure that the actual
parameter is not "accidentally" modified, you should use a const-reference
parameter. Declaring the parameter to be const tells the compiler that it should
not be changed; if the function does change the parameter, you will get a
compile-time warning (possibly an error on some systems).

For more about parameter passing in C++ see:
http://www.cs.wisc.edu/~hasti/cs368/CppTutoria NOTES/PARAMS.html
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i Direction of Parameters
Example: C#

+ Value parameters: .
value parameter is also called In parameter. A parameter declared with no
modifiers is a value parameter.

* Reference parameters: o
A parameter declared with a ref modifier is a reference parameter.

* Output parameters:
A parameter declared with an out modifier is an output parameter. Similar to a
reference parameter, an output parameter does not create a new storage
location. Instead, an output parameter represents the same storage location as
the variable given as the argument in the method invocation. Every output
parameter of a method must be definitely assigned before the method returns.
The only differences with reference parameters are:

— The variable specified on the invocation doesn't need to have been assigned a value
before it is passed to the function member. If the function member completes
porrréﬁlllt);, the variable is considered to be assigned afterwards (so you can then

read" if).

— The parameter is considered initially unassigned (in other words, you must assign it a
value before you can "read" it in the function member).

— The palllrameter must be assigned a value before the function member completes
normally.

For more see: http://www.yoda.arachsys.com/csharp/parameters.htmi
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*1 O AciToupyiec otnv UML
F Operations in UML

syntax:
visibility name (parameter-list): return-type-expression {property-string}

e

» property-string: property values that apply to the given operation
— {abstract}: it requires a child to complete the implementation
{leaf}: not polymorphic (may not be overridden) // like final in Java
{query}: the execution of the operation leaves the state of the system unchanged
{sequential}: only one flow should be in the object at a time
{guarded}:
{concurrent}
{static}: it behaves as a global procedure
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i O AciToupyiec otnv UML
Operations in UML

syntax:
visibility name (parameter-list): return-type-expression {property-string}

* Examples:
— +balanceOn(date:Date):Money
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| A\ciToupyieg (II)
Operations (II)

+ Constructor
— creates an object

* Queries vs Modifiers

— query: an operation that gets a value from a class without changing its state
(i.e. without side effects)
« we mark them with the constraint {query}

— modifier: an operation that changes the state

* Operations vs Methods
— operation: the procedure call (else called method call or method declaration)
— method: the body of the procedure (else called method body)
— the above are different if we have polymorphism

- if we have a supertype and three subtypes, each of which overrides the
supertype’s “foo” operation, then we have 1 operation and 4 methods that
implement it.
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IMevikeuon

Generalization
Person
name
age
tel
Person Customer email
name name address
age age
tel tel
email email
address address
custAccount
) Customer
creditCard
custAccount
creditCard
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IMevikeuon

Generalization
Person — EvvoioAoyikn TIPOOTITIKN:
name » Subset of instances
age * inheritance of properties

— [llpodiaypaikr TIPOOTITIKN:
» The interface of the subtype must include all elements
from the interface of the supertype.

* The subtype’s interface is said to “conform to” the
sypertype interface

custAccount — YAorroinTikr TTIPOOTITIKA:

Customer

creditCard » Associated with inheritance in PLs
» Subtypes inherit all methods and fields and may
override inherited methods
Armphibian ‘ Marnmal ‘ ‘ Reptile
o | [ e | [ e
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i TTepiopiopoi
P Constraint Rules

» A diagram actually specifies a set of constraints

+ However, we need to express more constraints (apart from those
we have seen so far)

* UML wants to put them inside braces { } // e.g. informal English

* There is also a formal Object Constraint Language (OCL)
— Warmer/Kleppe 98. OCL will be covered in a subsequent lecture.

* ldeally, they should be implemented by assertions in the PL

* These correspond with the “Design by Contract” notion of
invariants.
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Object Diagrams

Aiaypauuarta AvTiKeIgévwy
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A A\idypappa AVTIKEIPEVWY

Object Diagrams

* MNapouaidlel Ta oTiypidTuTTa Kai 61 TIG KAGoelg. ANIwG AéyovTal diaypduparta
oTIYMISTUTTWV (instance diagrams)

*  Mropouv va deicouv TTapadeiyyaTta Twv TPOTTWY dIAcUVOECNG TWV AVTIKEINEVWV
— (it is like a collaboration diagram but without messages)

‘ Mopon ovopdtev: instanceName:className ‘

.

Party . engineering:Organization
: * children Location="Athens”
location
paren

tools:Organization apps:Organization

Location="Heraklio” Location="Rethimno”
parent
o 1| parent
Person Organization Yannis:Person Nikos:Person
Location="Heraklion” Location="Moires”
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i TTapouaialovrag éva Aidypappa KAdoswv kar AvTikeipévwy padi
Presenting Class and Object Diagrams Together

*  Kapid gopd kdr T€T010 €ival Xprioiyo (kai 6Tav 1o didypapua Twv KAdoewyv dev
gival TToAU peydAo)

Party

X * children
location

1| parent
class level

Person

Organization
S

<

“._instance level

N /
N
N

AuTo dev gival akpIBwg
UML object diagram

“Moires”

A
Athens :
“Heraklio” i L
Yannis ; instanceOf
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=91 TTapouoidCovtag éva Aidypappa KAdoswv kar AvTikeipévwy pagi

Presenting Class and Object Diagrams Together

P -
s e

* [Napddelypa evdg HOVTEAOU yia Tn OTATIKN) avAAUCT KWAIKA

Class Level

definedl
File ‘%has Method Gl ArgType
r H A H e

AuTo dev gival akpIBwg
UML object diagram

Instance Level

attribute
——
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i TTapouaialovrag éva Aidypappa KAdoswv kar AvTikeipévwy padi
P Presenting Class and Object Diagrams Together

€ I
< Technique >~ Gl Aot o
technique 1 .
! [T
|
I
|
|
:

1

1

] s

' CCaravaggiodw P

I} Car30c Cars - - - - = stanceOf

— ——=  attribute
1395 The Musicians — - isA
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H TToakTikéc ZupPouAéc

* Av gioTe avaAuTEG => CWYPOQIOTE EVVOIOAOYIKA HOVTEAT

* Av €i0oTE TTPOYPAUMATIKEG => ETTIKEVTPWOEITE OTA POVTEAQ TTPOdIAYPAPNAS

o ZwypagiaTte povtéAa UAOTTOINONG HOVO av BEAETE VA EIKOVOYPOQHOETE Wia
OUYKEKPIPEVN TEXVIKA UAOTTOINONG (TT.X. Patterns)

*  Mnv Cwypa@ilete dlaypdupaTa yia Ta TTAVTA. ZUYKEVTPWOEITE OTA ONUAVTIKEG
TTAEUPEG TOU TTPOPRARUATOG

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005
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TTapddeiyua

YIOYPIEIO EONIKHE IMAIAEIAL KAT@PHEKEYMATON
KENTPO EAAHNIKHE TAQEZAL
Tunua Eriodne sai Mgofains te eAdnvinns Tloosoag

AEATIO DAPATTEAIAX

* OniagTe 10 dIAypaAPPa _
KAGOEWV YIQ TO: R

AIEYEYNEH:

MOAH: TAX. K{AIKAL:
XOPA:

A ADY:
THAEDLONG: FAX:
E-MAIL:

|

h

TITAGE ENMEAD § IOZOTHTA TIMH

LYNOAD

-

THA 1A THN MAPATTEAIA TN ESETASTIKGN SEMATEN TN NPONIOYMENQN ETAN H TUN
GEMATRN FIA EEAIKHEIN HNFEMF] NA AEVEPINGZETE T0 EfNTEAG TOV EQUeYMEITE N4

TIFOMIGEYTEITE
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M > uxva Aadn

» O1 ouoxeTioelg atreikoviovTal Kol WG AKUES TTOU OUVOEOUV TOUG
KOUPBOUG TWV KAACEWYV Kal WG YVWPIoUaTa (OTO ECWTEPIKO TWV
KOUPBwWV)

— Ta deUTepa gival N UAOTTOINGN TWV CUCYXETIOEWV (Apa Oev €XEl vOnua va
elavi¢ovtal aTo id10 diIAypappa)

U_of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 ol

H dopikr) yovTteAoTroinon gival iowg n o KabopIoTIKA 6Yn TG povTeAoTToiNoNG
a@ou kabopilel o€ PeydAo Babud apkeTd atrd Ta ETTOPEVA OTADIA KAl ATTOWEIG
povTeAoTroinong. MNa mapddeiypa, kabopilel Ta Tpog atrolrikeuon dedopéva, TovV
TPGTTO UAOTTOINONG TNG CUUTTEPIPOPAS (TPOTTO UAOTTOINONG TWV AEITOUPYIWY TOU
OUOTANATOG) KA. H povteAotToinon dopng PTropei va yivel otadiokd. ApxIKa
TIPOCTIAB0UUE VA EVTOTTIOCOUE TIG TTIO ONUAVTIKEG £VVOIEG TOU TTEDIOU
epappoynis. Tig dnAwvoupe wg KAAoEIG, TTPO0BETOUNE HEPIKA aTT TA BOCIKA
TOUG YVwpiopaTta KAl KATOTTIV 0PiCOUNE TIG CUOXETIOEIG HETOEU TwV KAATEWV. To
Olaypauua TTou Ba TTpoKUWEl TTPETTEN va gival KaTavonTo atro évav 101K Tou
Tediou eQapuoyAg (TTEAETN) Kal va punv oxeTideTal ye Bépata uhoTtroinong i GAAa
TEXVIKG BEpaTa. Apa NTTOPOUE va TO SNUIOUPYAOOUKE OKOUA Kal KaTd TN
OIAPKEIO TWV OUCNTACEWY YAG PE TOV TTEAATN TTPOKEINEVOU va (a) BeBaiwBoupe
OTI éX0oUpE KaTaVONOEl Kal povTeAoTToIoel opBd Tov KOOUO TNG EQpAappoyig, (B)
{nTAoOoUNE DIEUKPIVAOEIG KAl ETTITTAEOV AETITOUEPEIEG VI KATTOIA onuEgia Tou, (Y)
£XOUpE éva KOIVO onuEio avag@opds Kal CUPQWVIAG JE TOV TTEAATN
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2 Uvoyn (IT)

MeTd atmé auTd 10 GTABIO YTTOPOUNE VO CUPTTANPWOOUE KAl VO EKAETTTUVOUE TV
TTEPIYPAPN TwV KAAOEWV KOl TWV CUCXETIOEWY TOUG (TTPOCBETOVTAG yVWwpiouaTa,
AerToupyieg, TTEPIOPICPOUG).

A&iCel edw va onueiwBei 6TI N dNAWoN Twv KAACEWV UE TN YPAPIKT YAWT OO TNG
UML pag emmTpETTEl VA €XOUNE PIO KAAN ETTOTITIKI EIKOVA TOU OXEDiOU N oTToid
Mag emTPETTEI va CUAAOYIOTOUNE KAl va eAEyEoupe To BaBud oTov oTToio TO
O1dypapha KOAUTITEN TIG ATTAITHOEIG, VO BIEPEUVIIOOUUE YPryopa EVAAAAKTIKOUG
TPpOTTOUG HovTEAOTTOINONG, Va PEAETHOOUNE ¢nTHMATA TTANPATNTOG, Va
evrottiooupe AdOn, va TTpocB£coulE TTEPIOPITHOUG AKEPAIOTNTAG KATT.

Av n ouvtagn Tou yivetal pe éva epyaleio CASE n diadikaoia auTh YTropei va yivel
TTOAU ypriyopa (apKei va éxoupe £CoikelwBei pe To epyaleio). H dueon ouyypaen
KWOIKA 0€ apxeia Keluévou &ev €xel Ta TTAPATTAVW TTAEOVEKTHOTA. O aAAayEG
eival etmiong ypnyopodtepeg o€ £va ypa@ikd TTepIBAAAOV aTT’ OTI O€ KEipeva.

210 ETTOPEVA OTABIA UTTOPOUNE Va £CEIOIKEUOOUE TO BIAYpaPUa KAAOEWV BAaEl TNG
YAWOOAg TTpoypapuuatioyou Tmou Ba xpnaoiyotroindei otnv uhotroinon. H
TTPOOONKN TTEPIOPICUWY EKQPaTPévwy o€ OCL ptropei va Kavel akopa
AETTTOUEPETTEPO TO OXEDIO KAI VO TO PEPEI TTIO KOVTA TNV TEAIKA UAOTTOINON.
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* O kapreg CRC pag Bonbouv va ouAAdBouue 1a ouciwdn CUCTATIKA TwWV
KAGoewv.

*  Ta diaypduuara KAGoewv Kal avTIKEILEVWY UTTOPOUV va uag ogi§ouv tTnv doun
EVOS QVTIKEIUEVOOTPEPOUS CUOTHLIATOC.

* H karaokeun douikwyv UovréAwyv eivai uia emavaAntriky diadikaoia n ormroia
mepiAauBaver: avaAuan keluévwy, avraiiayn 16ewv (kai “raixvidl poAwv») Kai
onuIoupyia diaypauuUdaTwy.
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+ Systems Analysis and Design with UML Version 2.0 (2nd edition) by A. Dennis, B. Haley Wixom,
D. Tegarden, Wiley, 2005. CHAPTER 7

* UML Distilled: A Brief Guide to the Standard Object Modeling Language (3rd Edition) by Martin
Fowler, Addison Wesley, 2004. Chap. 3

* The Unified Modeling Language User Guide (2nd edition) by G. Booch, J. Rumbaugh, I.
Jacobson, Addison Wesley, 2004, Chap 8 (advanced: 9-10)

* CRC cards:A tutorial regarding CRC cards can be found at:
— http://www.csc.calpoly.edu/~dbutler/tutorials/winter96/crc_b/
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