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MovTteAotroinon Aoung (Structural modeling)
CRC Cards

Eicaywyn ota Alaypduparta KAdaocswv (Class Diagrams)
— Classes (KAdosig)

— Attributes (M'vwpioparta)

— Operations (AciToupyieg)

— Associations (ZUoxeTio€Ig)

— Generalization (['evikeuon)

— Constraints ([Nepiopiopoi)

Object Diagrams (AlaypAauparta AVTIKEIMEVWV)
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Ti eivar n MovTeAomoinon AopAc;

O OKOTTOG TNG €ival va TTEPIYPAYEL:
e TNV doun TwV JeQOUEVWY TTOU UTTOOTNPICOUV TIG ETTIXEIPNMATIKEG DIODIKATIEG.
Oa €0TIACOUUE OTNV AVTIKEILEVOOTPEQN TTPOCEyyion (dedouéva uadi ue AsiToupyicg)

focus

/\

business processes

data that support the business

Process centered (methodologies)
— emphasize on process models

Data centered (methodologies)
— emphasize on data models

Process & Data (methodologies)

— balance both by incorporating
them into one model
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Yannis Tzitzikas

[iari va povreAomoitricoue tn dout,

KOOUOU TOU AOYIOMIKOU

EQAPHOYNAG

*  Meiwvel To «oNPACIOAOYIKO XAOUa» PETAEU TOU TTPAYHATIKOU KOGHOU KOl TOU
« [lapiotavel TpayuaTa, 1I0EEC KAl EVVOIEG TTOU Eival ONPAVTIKEG YIa TO TTEDIO

»  Opicel €va KoIvO AeCIAGYIO YIa TOUG aVAAUTEG, OXEDIOOTEG KAl TOUG XPAOTEG

YwynAou smimédou
ETTIXEIONUATIKEC AQVAYKEC

Ka@opiouog
Amaitioswv | AvaAutikii Kataypaer

KOTAYEYPOAUMUEVEG OTNV
MpdTaon ZuoTHUATOG
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2UVKEKPIUEVWYV QTTAITACEWV

Emouevo Bhiua

Ve

MovreAorgine oTHMATOC
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1 TTwg povTeAomoloUpe Th doun
oThv AVTIKEIdeEvoaTpePn AvdAuon kai 2 xediaon;

MT1TopoUE VO XPNOIKMOTTOIOUMNE TOUG £ENG TUTTOUG JOVTEAWV:
* CRC Cards (kaprec CRC)

— ZUM\auBdavouv Ta ouciwdn oToiXEia piag KAaong

< Class Diagrams (Aiaypauuara KAaoswyv)

— [lepiypd@ouv Toug TUTTOUG TWV QVTIKEINEVWY OTO OUCTNUA KAl TIG OTATIKEC
OUOYXETIOEIC TTOU UTTAPYXOUV PETAEU TOUG

* Object Diagrams (Aiaypdauuara AVTIKEINEVWYV)

— Acgixvouv TTapadelyhaTikoug OXNUATIONOUS AVTIKEIMEVWY (OTIYUIOTUTTWY, OXI
KAGOEWV)

Ytmoonueiwon: MTTopoupe va opicoupe diaypAaupaTa KAAoEWVY atrd dIAQOPETIKEG
TTPOOTITIKEG (several perspectives).

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

CRC Cards
(Class-Responsibility-Collaboration Cards)

(Kaptec KAaong-EuBlvneg-Zuvepyaaoiacg)




§ 2 KOTTOC

« Eival évag artutrog TpOTTOC YIa AVTIKEIMEVOOTPEPN
MovTEAOTTOINON

» XPNOIYOTTOIEITAI OTTO OPADEC (0€ CUOKEWEIC aVTAAAQYAC 1I0EWV
(brain-storming))

* [MpotdBnke a1rdé To Ward Cunnigham ota T€An TG OEKAETIOC
Tou 80

O1 Kéapteg CRC pTtropEi va ponBrcouv:
— To evToTouo Kal KaBopIoPO TWV KAATEWV
— Tov opiopd kal kKatavénon Tou TPOTTOU E TOV OTToi0 Ba cuvepyadovTal

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 7

§ T cival pia kdpTa CRC;

Mrrpoorivn TAsupa MMiow mAsupa
Ovoua KAaong
INvwpiouara
Zuxerioeig
Eu6uveg Zuvepydreg « [evikguong
JUoOoWNATWON
*AAAeg auoxeriosis

JVEC: ATEC: MrmopoUue va Bswpricoupe
Euf0vee: ZUV£pYGT£§. . TNV UTTPOCTIVI] TTAEUPG WG
« of Knowing * Objects working v dnudéoia mAnpogopia,

- of Doing together to service a Kal TV mow we Tig
request EVOUAaKwEVES

. . L. Aerrrouépeles uAotroinong
— i.e. UML associations

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 8




T gival pia kdpta CRC;

Front side Back side

Class Name

Attributes

Associations
e Isa
*Aggregation
~other associations

Responsibilities Collaborators

Size:10 x 15 cm

Responsibilities: Collaborators:
- Y H
. Objects workin
of Knowing ¢ J ther t g Consider the front as the

« of Doing ogetherio service a public information, and the

request back as the encapsulated,
— i.e. UML associations implementation details
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 9

TTapddeiypa kdprag CRC

Class Name

Responsibilities | Collaborators

o T

Check if items in stock Order Line
Determine price Customer
Check for valid payment
Send to delivery address
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‘Eva mapddeiypa pe 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
Janitor Cleans Building Teacher
Fixes Equipment Secretary
Cook Prepares Meals Janitor
Taken from Cunnigham (Tektronix)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 11

T1 pmropoUle va KAvouLlIE IE QUTEC TIC KAPTES,

*  O1 KAPTEC AUTEC TTAPIOTAVOUV TN OTATIKE (OOMIKN) OWn TWV KAACEWYV TOU
OUOTANATOG

* H duvapikn 0yn Twv KAACEWV PTTOPEI aTUTTWG VA TTEPIYPOQPEi IE TO AeydueEvo
“role-playing’
— AMAEG TEXVIKEG VIO TTEPIYPAQT] TNG OUVAUIKAG CUUTTEPIPOPAS dynamic
behavior):

« Alaypaupara AkolouBiag (Sequence Diagrams)
— (Ba pINAooupe yia autd oTnv evoTnTa MovteAoTroinon ZupTrepIpopdg)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 12




i A\ouAcUovTtac 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 13

§ TTwe Cekivape;

* ‘Eva kaAé onpueio yia avaAuon CRC civail o1 lMNMepimtwoeig Xpnong
(Use Cases).

* —EKIVAOTE TTPOCTTOOWVTAG VA EVTOTTIOETE TIC KAAOEIC TOU TTEQIOU
£QAPUOYNG.
— XpnoiyotroifoTe T0 ‘Eyypa@o ATTaITAOEWYV KAl EVTOTTIOTE TIG KAAOEIG TTOU
QaiveTal va avkouv oTo 1Tedio (Kal aviKouv 0To TURKa Tou TTPORARUATOC VIO
TO OTTOIO YiveTal N ouvAavTnon)
* Bpeite 6Aa Ta OUCIAOTIKA KAl T PAMATA OTNV TTEPIYPAPH TOU TTPOBAANATOC

* Ta ouol100TIKA PTTOPEI VA PJOg BEIEOUV TTOIEG €ival OI KAAOEIG, VW T pAHOT
MTTOPEI va pag deiouv TToIEG gival ol euBUveg (responsibilities)

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




3 TTapadeiyua: Evromopoc kAdoswyv avaAlovTag Keipevo
(identifying the classes by analyzing the text)

Yrowneiec KAGoeig

Problem statement. \

ations of a techni an R&D

and lending of technical library

lent for a different p& g (books 4 weeks, journals 2 weeks, videos 1
week). If returned after their slue date, the 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 15

4 TTapadeiypa: Evromiopoc EuBuvwy
(Identifying the responsibilities)

Ymowneie¢ euBUVES

Problem statement.

— This application will support the opera léns 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 I@

their company ids in_order t@ tem; and they will enter material ID

numbers whe «@

— Each borrower can be

up to five items. Each type of library item can be
of time (books 4 weeks, journals 2 weeks, videos 1

harged a fine, based on the type of item( books $1/day, journals $3/day,
videos $5/day).

lent for a different-neriod
week). Ir their due date, the library user's organization will be
*c

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




{ EkTéAcoNn Zevapiou
(Scenario execution)

Ta oevapia mou mrepiypdpouv ol MNepImrwaoeic XpHRong uimopouv va
xpnoiuotroinBouyv oav éva gidog osvapiou (script) yia to “mraixvidl poAwv” (role-
playing method) 10 ommoi0 Ba uag EMITPETTEI va KATAVOROOUIE TOV TPOTTO
OuVveEPYaoiag Twv KAQOEWV Kal va eVTOTTIOOUNE AGON N mapaAgiyeis

» 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.

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

BT TTepivpapn evog pnxavipatog ATM pe CRC KapTeg

Account Transaction
RemoteDE
Keeps balance
and traffic.
M CardReader Event Screen
Validate and perform Dispenser Queues signals CardReader
RemoteDE - i
money t_ra_nsa‘e!. . Acti Isolates hardware from Dispenser
Keep audit information. ction user interface RemoteDE
B Account .
Screen Eveni
CardReader E ;
vent
T i Displays prompts. Action
- ransaction .
Decodes strip. Displatces Events
Signals insertion. to Actions.
Dispenser E
vent . .
P Transaction Acton, Transaction
Emits cash.
N Sequence Screens. Screen
Signals success A ble Transactions
and empty. :
RemoteDatabase Eveni
Retrieves Accounts. ;ra nsaction
Records Transactions. ccount

Signals communication
status.
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| Ta mAcovekTANATa TNG XpHong kapTwyv 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.

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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‘Eva aUvoAo Pnudatwy yia tn MovTteAomoinon AopAc pe KAPTEC

-_—

. Create CRC cards by analyzing the text of the Use Cases

N

. Brainstorm additional candidate classes

w

. Role-pla

. Create the class diagram based on the CRC cards.

[$)

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

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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Aiaypauuara KAdoswv
Class Diagrams

T givar KAdon;

Mia KAAon TTEPIYPAPEI EvA OUVOAO QVTIKEINEVWV E:
— Opoigg 1016TNTES
 similar properties (attributes)
— KoivA cupTtrepipopd
« common behaviour (operations)
— KoIvég ouoxeTioEIG Je GAAA QVTIKEINEVA
* common associations to other objects.

Mw¢ NTTOPOUNE OPICOUNE TIGC KAQOEIG;
— XPNOIYOTTOIWVTAG .. KOIVA AoyIKr} (common sense) (6Tav kataAaBaivoupe 10
Tedio eQapuoyAg)
— AkouyovTag Toug €10IKOUG Tou TTEdioU £papuoyns (domain experts)
— Kavovrag avahucon CRC

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 22




! Mvwpiopara, AciToupyieg kal ZxEaeIg
(Attibutes, Operations and Relationships)

* [vwpiopata (Attributes)
— Movadeg TTAnpoPopiag TTou agopouV TNV KAAoN 1 T OTIYUIOTUTTA TNG
— Apxika opifoupe pOVO eKEiVA TTOU €ival aNUAVTIKA PE TO TTEQIO EQAPUOYNG
(ka1 oxeTiCoOvVTal PE TIG ATTAITACEIG)
» ANeimoupyieg (Operations)
— Mpd&eig/dpdoelg TToU va AVTIKEIMEVA UTTOPOUV VA KAVOUV
— Apxikd goTidloupe HOVO OTIG AEITOUPYIES TTOU AQOPOUV OTIG ATTAITHOEIG.
« 2xéoelg (Relationships)
— Tlevikeuon (Generalization)
o EmTpéTTel TNV KANPOVOUNGON YVWPICHATWY KAl AEITOUPYIWV
— Zuoowpudtwon (Aggregation)
o 2XETiCEI TA TUAMOTA PE TO OAO
— 2uoxétion (Association)
* [MoikiAeg ouoxeTioelg pETAEU KAGOEWV

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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! Aildypappa KAdoswy
Class Diagram

OmrTikoTtrolgi 6Aa Ta TrponyouUeva: KAAoeIg (Ovoua, yvwpiopaTa, AeITOUpyieg) Kal TIG OXECEIG
METASU TOUG.

. B attributes
association \ Dopariment

EHName

i umber ~ | |operations

wrFax Number

I .

Find()

Delete() |

Update() / su btypes

Computer Sc Philosophy
Student TR
ExTitle
[&iCode
+Has +Can take Level

* 1..*|I8Find()
[®select()
[¥Change()
[®Allocate()

constraints

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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f OpiToupe kAdoeic yia S1dgopd TUALATA TOU CUGTAUATOC

Tutka TTapadeiypara:

*  KAdoeig lMNediou Epapuoync (application domain classes)
*  KAdoeig Aistrapng Xpnorn (user interface classes)

*  KAdoeig Aoung Asdouévwy (data structure classes)

*  KAdaoeig Aoung Apxeiwv (file structure classes)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 25

4 O1 3 mpooTtTikEC evog Aiaypdapparog KAdoswy
(the 3 Perspectives of a Class Diagram)

* Oa pytropoucape va dIaKPiVOUPE 3 TTPOOTITIKEG YIa T oxediaon
eVOC dIaYPAUPATOC KAACEWV (EVVOIOAOYIKOU POVTEAOU YEVIKOTEPQ)
— EvvoioAoyikn (Conceptual)

* AveEdptnTn uAoTToinong. Zuxva avagépetal wg povtéAo ediou (domain
model).

— lpodiaypaeng (Specification)

* Agpopd kupiwg oTig dieTra@ég Aoyiopikou (interfaces of the software), kai dev
avTavakAd Tnv uAotroinon

— YAomoinong (Implementation)

* Edw povrehotrolouue TIG oUuykeKpIpéveG KAAo€lg uAotroinong (implementation
classes).

*  O1 Tapatravw TTPOOTITIKEG (perspectives) TuTTIKG dev atroteAouv 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 26




O1 3 poomTikéG evog Alaypapparog 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 27

Keywords (UML v2) and Stereotypes (UML v1)

* |t is 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.qg. 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 28




M TTapddeiyua diaypdupatoc KAdoswy

association

Department
EName
ENumber &
lm*3Fax Number

Student

Find()
Delete() |
Update() /

attributes

operations

subtypes

Computer Sc Philosophy
+Has +Can take |ESLevel
1.* 1..* |I8iFind()

T

[ ®select()
¥ Change()
®Allocate()

U. of Crete, Information Systems Analysis and Design

constraints

Yannis Tzitzikas 29

4 ZuoxeTioelg (TTPooTTIKN: EVvvoroAoyiKA)
Associations (Perspective: Conceptual)

Person 0.* employment 0.1 Company
name employee employer name
age i
1 4 hasPresident - stockPrice()

*  AvatrapioTAvouV dUadIKEC OUOXETIOEIC METAEU TWV OTIVUIOTUTTWY

TWV KAQOEWV

* 2¢& KABE AKPO PTTOPOUNE VA dWOOUNE éva Ovoua, To dvoua pOAou

U. of Crete, Information Systems Analysis and Design

Yannis Tzitzikas 30




2uoxetioeig (TpooTTIKA: EvvoroAoyikA)
Associations (Perspective: Conceptual)

Person 0.* employment 0.1 Company
name employee employer name
age i
1 4 hasPresident - stockPrice()

Nepiopiouoi MoAAatrAdTnTag (Multiplicity constraints)
. EK(ppa(ouv TO TTABOC TWV AVTIKEIMEVWY TTOU uTropouv Va JETEXOUV O€ HIO
OUOXERON. 2ZUYKEKPIPEVA eKQPAloVTal HE KATW Kal TTAVW OpIa.
= 0..* = 0..00 // Kavévag TTEPIOPIOPOG
1..1 // utoxpewTikr (Mmandatory) kal yovoTiun (single-valued) cuoxéTion
I/ ovOTIUN oUOXETION (TTPOQIPETIKA)
[l utTTOXPEWTIKA Kal TTAEIOTIUN (Multi-valued) cuoxéTion

* [Mopadciypata o CUYKEKPIMEVWY TTEPIOPICHWV:
1..11 (yia Tod0oPAIPIKEG OPADEG)
3..4 (yia TpOoX0OUG QUTOKIVATWYV)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 31
AMAo éva tapadeiypa
Order
ateReceived Customer

is Prepaid

number : Stin X0

price : Money ) * 1 address

Bdispatch) [®creditRating()
[Sclose()
1
Reesnr] Gl CorporateCustomer
BicreditCard# | EcontactName
creditRaﬁng +sales rep Employee
E¥creditLimit
+line items remind ()
1. bilIForMonth(Integer)()
Order Line
quantlty integer
pnce : Money
[5¥is Satisfied :Boolean
0.*
1
Product
Do it on class?
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 32




2 UOXETIOEIC KAl Treplopiopoi TToAAATTAOTNTAC

(Associations and multiplicity constraints)

Customer
BcustomerName : String
&customerAddress : String
&3phoneNumber : String
ElemailAddress : String

Configurationltem

&itemType : String
BitemDescr : String

&shipAddress : String

1.n
1.1 Invoice
invoiceNumber : String
&invoiceDate : Date
BinvoiceTotal : float
0.1
0..n
Order 1.1
BorderNumber : String
BlorderDate : Date Computer

BorderTotal : float o.n
BJorderStatus : String
BSsalespersonName : String

1.1

1.1

&lcomputerName : String

T

Payment ConfiguredComputer

EdateReceived : Date

EpaymentMethod : String &lconfiguredPrice : float

StandardComputer
B8standardPrice : float

Students

BSamountReceived : float

should give
the mult

U. of Crete, Information Systems Analysis and Design

. L contraints
Yannis Tzitzikas

2uoxetioeic (mpoonTIKA: TTpodiaypapric)
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)

» 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

+line items

1x
Order Line

E¥quantity :integer
E#price : Money

B&is Satisfied :Boolean

1
I

Personal Customer
E¥creditCard#

Custgmer

CorporateCustomer
& contactName

EBcreditRating +sales rep
EhcreditLimit
s

remind ()
bilForMonth(Integer) )

Yannis Tzitzikas 34




1 SuoxeTioeig (TTpooTIKA: Tlpodiaypapr)
Associations (Perspective: Specification)

 If this were an specification model
we could infer the following
interface for an Order class

class Order {
public Customer getCustomer();

CorporateCustomer
EScontactName
EcreditRating

I Personal Customer
|[RicreditCard#

public Set getOrderLines(); iomatLn
Hine flems 1.* Ilr:isllrr:tr:‘:\/(k):m(h(hleger)()
Order Line
qgam.ily:inleger
pnce.M)ney
Exis Satisfied :Boolean
.
—
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 35
1 ZuoxeTioeic (TTPoomTIKNA: YAomoinon)
Associations (Perspective: Implementation)
 If this were an implementation
model we could infer:
class Order {
private Customer _customer; Personal Gustomer | | ComorateCustomer
. - . E¥creditCard# %‘;’::g’:ﬂage +sales rep
private Set _orderLines; et
+ine ftems 1.* Irbeimigr(:\/(llmh(hleger)()
Order Line
qgani.i(y:inﬁeger
class Customer { B
private Set _orders;
—
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 36




2uoxeTioeig kai TTAonynaiuétnra (mpoonTikA: Tlpodiaypapr kai YAomoinon)
Associations and Navigability (perspective: Spec. and Impl)

* H mTAonynoiudéTtnTa €ival xprjoign JOvo yia TNV TTPOOTITIKNA
lNpodiaypapng kai YAorroinong (dev ival Xproiun yia tnv
EvvoioAoyiKr) TIPOOTITIKN)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 37

TTAonynoipgoéTnTa (HovokaTeuBUVTIKEG OXETEIC)
Navigability (unidirectional associations)

Order * employment 1 Customer

\4

« 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

A

» 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 38




d 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

note.
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{ Attributes
N'vwpiopaTa

— EvvoioAoyikn: 1816TnTa (Property)
* e.g. a Person has a name

Person

hame — llpodiaypaeng:

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

* 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:

visibilityOnamej type()= defaultValu

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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H diapopd petall MvwpiopdTwy KAl ZUCXETIOEWV
(Difference between Attributes and Associations)

Person Person

0.1 1
name:String name String

» EvvoioAoyikn TpooTITIKA: Kapia diagopd
— attributes are usually single-valued

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

» [lpootrTikny INpodiaypaprc/YAormoinong; :
— attribute => navigability from the type to the attribute range only

— each person has its own copy of attribute object (value semantics rather than
reference semantics)
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| A\ciToupyicg
Operations

Eival o1 diadikaoieg TTou pia KAGON PTTOPEi va dIEvEPYNOEI

— EvvoioAoyikn TTpOOTITIKA:

Company * Indicate the principal responsibilities (described in a
name couple of words)
hire(p:Person) — [Mpodiaypa@ikf TTPOOTITIKA :
f're(p:Person) » Public methods on a type
promote(p,incr)

— YAormrointikn TTPOOTITIKNA :
» plus private/protected operations
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8 O1 AsiToupyiec otnv UML
Operations in UML

OUVTOTIKO:
visibi||ity name (parameter-list): return-type-expression {property-string}

l
+ visibility:
+ : public (by all used)
- : private (by owning class)
# : protected (by owning class and its subclasses)

* name: a string
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§ Example: Protected scope in Java

package one; package two;
import one. A;

public class A class B extends A

{ {
protected int p; void myMethod()
} {
p=1;, //lok
A a =new A();
a.p =1; // not ok, p would have to be public for this to work.
}
}
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i} O1 AciToupyieg aThv UML
P 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, int b) vs exchange(int *a, int *b)
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Direction of Parameters
P 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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8 Direction of Parameters
Example: CH#

 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
porrggl_l%, the variable is considered to be assigned afterwards (so you can then

read" it).

— 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 pe;lrameter must be assigned a value before the function member completes
normally.

For more see: http://www.yoda.arachsys.com/csharp/parameters.html
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| O1 AciToupyiec otnv UML
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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8 O1 AsiToupyiec atnv UML
¥ Operations in UML

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

« Examples:
— +balanceOn(date:Date):Money
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| A\ciToupyiec (IT)

= Operations (IT)

» Constructor
— creates an object

e 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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Mevikeuon
Generalization

Person Customer
name name
age age
tel tel
email email
address address
custAccount
creditCard
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Person

name
age
tel
email
address

Customer

custAccount
creditCard
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Mevikeuon
Generalization
Person — EvvoloAoyikn TIPOOTITIKA:
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
Customer sypertype interface
custAccount — YAomoinTikA TIPOOTITIKA:
creditCard » Associated with inheritance in PLs
» Subtypes inherit all methods and fields and may
override inherited methods
[ \ |
| Amphibian | Marmmal ‘ | Reptile
[ \ |
| Dog ‘ | Cat ‘ | Cow
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TTeplopiopoi
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.
 lIdeally, they should be implemented by assertions in the PL

» These correspond with the “Design by Contract” notion of
invariants.

More issues on class diagrams will be covered in the next lecture.
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Object Diagrams

Alaypauuara AvTikeigévwy




Aidypappa AVTIKEIHEVWY
Object Diagrams

* [Mapouaoidlel Ta oTiypIOTUTTO KAl OXI TIG KAGo€IG. AAMIWG AéyovTal dlaypduuarta
OTIVUIOTUTTWYV (instance diagrams)
*  Mrtropouv va &€i¢ouv TTapadeiypata Twy TPOTTWYV dIaoUVOECNS TWV QVTIKEINEVWV
— (itis like a collaboration diagram but without messages)

Mopoen ovoudtov: instanceName:className

N

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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! TTapouaialovrag éva Aidypappa KAdoswy kai AvTikeipévwy padi
Presenting Class and Object Diagrams Together

*  Kauid gopd kATl TETOI0 €ival XpAOIPo (Kal 6Tav To dIdypappa Twv KAGoewv dev
gival TTOAU peyaio)

Party

i * children
location

1| parent
A N class level Aot Bev si ,
/ L1~ uTO dev gival aKpIBWG
// // ! \\\ H i i
/ /| \_Instance level UML object diagram
| —

1

|

|

I

|

I “* H ki /
S Rethimno”/

| N

i

|

|

]

// | " /
“Heraklio” . .
= parent~lengineeringl— “Athens” :
I
I

instanceOf
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4 TTapouaialovrag éva Aidypappa KAdoswv kai AvTikeigévwy padi
Presenting Class and Object Diagrams Together

* [Mapddeiypa evog HovTEAOU IO TN OTATIKN avaAuon KwoIKa

Class Level

AA

definedIn
File D" Class) 225 »(Methog>t2kes ArgType
Y 2 LY 'y 7 A A

AuTtd O¢v gival akpIBwg
UML object diagram

Clist.Cy———Cst >

Instance Level

CordlisD:
—_— .
attribute
——
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4 TTapouaialovrag éva Aidypappa KAdoswv Kar AvTikeigévwy padi
Presenting Class and Object Diagrams Together

1

i

1 .

I | Stmte Ctass Levet
1

I

:

- - —- = nstanceOf

Self-Portrai
——= attribute

| “The Musicians | — e isA
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TTpakTIkEC ZUpPOUAEC

* Av €ioTe avaAuTéG => (WypPaPIioTE EVVOIOAOYIKA POVTEAQ
* Av €i0TE TTPOYPAPPATIOTEG => ETTIKEVTPWOEITE OTA POVTEAD TTPOBIAYPAPHG
«  ZwypaQioTe HOVTEAQ UAOTTOINONG HOVO AV BEAETE va EIKOVOYPAPNOETE WIO

OUYKEKPIPEVN TEXVIKN UAOTTOINONG (1T.X. Patterns)
*  Mnv {wypa@iCeTe dlaypAUUATA VIO TA TTAVTA. 2ZUYKEVTPWOEITE OTA ONUAVTIKESG

TTAEUPEG TOU TTPORARPATOG
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TTapddeiypa

* OTIALTE TO dIAYPAPUA
KAACEWV yIa TO:

U. of Crete, Information Systems Analysis and Design

YTIOYPTEIO EONIKHE IMAIAEIAL KAI @PHEKEYMATON
KENTPO EAAHNIKHE TAQIEAE
Tuiua Emiotng sai Ngofolng tne eAdnvikng Fwooac

AEATIO TAPATTEAIAE

HMEPOMHNIA:

|

ONOMATEIOQNYMO:

AIEY@YNEI:

]

AH:
PA:

-
=

TAX. KOAIKAL:

ll

ADM:

AOY:

THAEDONO:

FAX:

|

E-MAIL:

TITAOL

I I
| enmeso § nozoTHTA |

TIMH

|

TYNOAO

THM: TIA THN HAPATTEALA TN ESETALTIRON @EMATON TN NMPOHIOYMENQN ETON 'H TON

H
GEMATRN [IA ESAIKHIH IPEITET NA AEYKPINGZETE TO ENNIEAQ [10Y EM@YMEITE NA

NPOMIISEYTEITE,




2 .uxvd Adon

* Ol1 ouoxeTioelg atrelkovidovTal Kal WS OKUEC TTOU OUVOEOUV TOUG
KOMBOUG TWV KAACEWV KAl WG YVWPIOUATA (OTO ECWTEPIKO TWV
KOMBWV)

— Ta deuTepa gival n UAOTTOINON TWV CUCXETIOEWV (Apa deV £XEI vONUA VO
eMaviCovTal oTo id10 dIAypaANUaA)
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H dopuikr povreAoTroinon gival iowg n 1m0 KaBopIoTIKr) OYn TNG MOVTEAOTTOINONG
a@ouU kabopilel o PeyadAo BaBuo apkeTd atmd Ta ETTOUEVA OTAdIA KAl ATTOWEIG
MovTeAoTroinong. MNa mapddelyua, kabopidel Ta TTpog atrobrkeuon dedopuéva, Tov
TPOTTO UAOTTOINONG TNG CUPTTEPIPOPAG (TPOTTO UAOTTOINONG TWV AEITOUPYIWYV TOU
OuUOoTAMATOG) KA. H povteAoTtroinon doung UTTopEi va yivel oTadiakd. ApxIKA
TTPOOCTTOB0UE VA EVTOTTIOOUE TIG TTIO ONUAVTIKEG £VVOIEG TOU TTEDIOU
epappoyne. Tig dnAwvouue wg KAAOEIG, TIPOCBETOUE PEPIKA aTTO T BACIKA
TOUG YVWPIOUATA KAl KATOTTIV OPiCOUNE TIG CUCXETIOEIG JETAEU TWV KAGoEwv. To
dIdypaupa TTou Ba TTPoKUWYEl TTPETTEI va gival KatavonTo atrd évav €101KO TOU
Tediou eQapuoyAG (TTEAATN) Kal va Pnv oxeTideTal ue B€parta uAoTToinong f GAAa
TEXVIKG BEuaTa. Apa UTTOPOUUE VA TO dNUIOUPYNOOUNE OKOMO Kal KATA TN
OIAPKEIO TWV OUCNTACEWV POG PE TOV TTEAATN TTPOKEIMEVOU va (a) BeBaiwBoupue
OTI £XOUpE KaTavooel Kal povTeAoTToIoel opBd Tov KOO0 TNG epappoyng, (B)
(NTACOUNE BIEUKPIVAOEIG KAl ETTITTAEOV AETTTOPEPEIES VIO KATTOIA ONEia Tou, (Y)
EXOUME £va KOIVO ONUEI0 avapopag KAl CUMPWVIAG JE TOV TTEAATN
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2 uvoyn (IT)

MeTd atrdé autd 10 OTADIO UTTOPOUME VO CUUTTANPWOOUNE KOl VO EKAETTTUVOUME TNV
TTEPIYPAPT) TWV KAACEWV KAl TWV CUCXETIOEWV TOUG (TTPOCBETOVTAG YVWpIioUaTa,
A€ITOUpYieg, TTEPIOPICHOUG).

AtiCel edw va onPelwBEei 0TI N dNAWON TwV KAACEWV HE TN YPAPIKA YAWoOod TNG
UML pag emTpETTEl VA €XOUME PIA KA ETTOTITIKNA €IKOVA TOU 0XeDiOU N OTToIa
MOG eTITPETTEI VO OUAAOYIOTOUNE Kal va eEAéyEouue To BaBud oTov OTToio TO
OIAypaUPa KOAUTITEI TIG ATTAITAOEIG, VA OIEPEUVIIOOUNE YPRYopa EVAANOKTIKOUG
TPOTTOUG PHOVTEAOTTOINONG, VA PEAETAIOOUUE CNTHAATA TTANPOTATAG, Va
evroTTiooupe AGON, va TTPOCOECOUE TTEPIOPICHUOUC OKEPAIOTATAG KATT.

Av n ouvtaén Tou yivetal pe £va epyaleio CASE n diadikaoia auTtr) uTropei va yivel
TTOAU ypAyopa (apKei va €xouue €COIKEIWOEI Ue TO epyaleio). H dueon ouyypaon
KWOIKa 0€ apxeia Kelpévou Oev €xel Ta TTapattévw TTAeovekTAPATa. O aAAayég
gival €TTiIoONG YPNYOPOTEPEG OE Eva YPAPIKO TTEPIBAAAOV aTT’ OTI O€ KEiPEVA.

2TA ETTOPEVA OTADIA PTTOPOUNE VA £EEIBIKEUOOUUE TO DIAypaupa KAGoewy BAcel TNG
YAWooag TTpoypapuaTtiopou Tou Ba xpnoiyotroindei otnv uAotroinon. H
TTPOCONAKN TTEPIOPICUWYV eKPpacpévwy ae OCL utTopei va KAvel akoua
AETITOUEPEDCTEPO TO OXEDIO KAI va TO PEPEI TTIO KOVTA OTNV TEAIKA) UAOTTOINON.
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§ TTepiAnyn

* Or1kapre¢ CRC pag Bonbouv va ouAAGBouue T1a ouciwdn CUCTATIKA TwWV
KAGOEwV.

* Ta diaypauuara KAGCEwV Kai aQvTIKEIUEVWY UTTOPOUV va uag ogiéouv tnv doun
EVOC QVTIKEIUEVOOTPEPOUC OUCTNUATOC.

* H karaokeun douIKWYV UOVTEAWYV gival pia eTavaAntrTikn diadikaaoia n orroia
epiAauBaver: avaAuon Keipévwy, avraldayn 10wy (kai “raixvidl poAwv») kai
onuioupyia dlaypauUATWV.
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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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