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[IAY 308 - ANAIITYZH AOTIZMIKOY

IIANATIQTHY BAZIAEIAAHZ

[IEPIEXOMENO TOY MAGHMATOZX

Q¢ oxeSlaoTEG AOYIOUIKOU KOl TIPOYPAUUATIOTEG OKOTO EXOUHE VA VAOTIOLOUUE

AOYOUIKO Yix TNy emiAvon mpofAnudtwv pe Paon kamoles Soouéves amattrioslg. H

AVATITUEN TOV A0YLO UKoV ATOTEAEITAL ATTO Pl aKoAouBia atto SLaKPLTES PATELS.

Avaivon amartoewv: Kataypa@r e CUYKPOTNUEVO TPOTIO TNG AELTOUPYIKOTNTAS
v oTrola Bt TTPETIEL TO CUGTNUA VO TIPOCPEPEL

Ixedlaon: Amd mowa Baocikd Sopkd otoyeia Oa amoteleital To Aoylopkd - Y.,
Sopeg Sedopévwy, cUVAPTIOELS, KARTELS

YAomoinon / Katackev): Aotimwon ¢ oxediaong og KOSIKK Kat VAoToinon ot
Kamolx YAwooo mpoypappatiopov (Java, C, C++, Python, ... to name a few)

'EA€YX0G: ATTOo@aAPATWON Kot StakpiBwaon g 0pBOTNTAS TOU TTPOYPAUUATOS
Eykatdotaon

ZuvTpnon

v mpaypatikn {wn, To peifov TpofANpa Sev elval 1) ATOCTIACUATIKY VAOTIONOT €VOG
uovo aAyopiBuov 1 1 HETATPOT €VOG aAYOPIOUOL 0 KWSIKA 0AAQ 1] KATAOKEUT, UE
OUYKPOTNUEVO TPOTIO, £VOG OAOKANPWUEVOV GUOTHUATOS IOV TIPOOPEPEL SLAPOPES
Aettovpyieg.

0 oxoTog Tou pabnuatos TG AvanTuéng AoyLopkoU elval SITTOG KL A@OpA OTNV:

Tapovoiaon OepueAlwdwv  Oepdtwy  oxeSlaonG Kol  AVATTUENG  EQAPUOYWV
AOYLOULKOU

TPAKTIKY TPPN TWV @OITNTWY, HECW TPOYPAUUATIOTIKNG gpyaoiag (project) pe
TPAYHATIKA TIPOPLANUATA TIOU avaKUTITOUV OTA TAXICL TNG aVATTUENG HLOG
EVUEYEDOLG EQAPUOYNG OPYAVWUEVNG O ETIL HEPOVG OTASLA: AVAAUOT ATIALTHOEWY,
oxeblaon, vAomoinon kal EAeyxog.

O Aemtopépeleg TG Slelaywyng Tov HadMUaTog umopovv va avalntnoolv 6To SIKTLVAKO
ToTOo TOL pabnpatog: http://www.cs.uoi.gr/~pvassil/courses/sw_dev/



AIAAKTEA 'Y AH

To avTiKe{peVo TOV HABUATOG OPYAVWVETAL OTIG TTAPAKATW EVOTNTES:
1. Baowkég apx£G aQVTIKELLEVOOTPEPOVS TIPOYPAUUATIOUOU
2. Awyelplon amotioswy Kal use cases
3. Awypdppata UML
4. Avaivom kol oxediaon aVTIKEIPUEVOOTPEPOVG AOYLOULKOV
5. BOOWKEG OpPXES AVTIKELUEVOOTPEPOUGS oXESIOONG

6. 'EAeyxog Aoylouikon

BIBAIOTPA®IA

o Avtikewevootpe@ng Zxedlaon: UML, Apxeg, [Tpotuma Kot Evpetikol Kavoveg, A.
Xatinyewpylov, KiedapiBuog, ISBN 960-209-882-1. Kwdikdés BifAiov otov
EV60go: 13600

o Avamtuln Ilpoypappdtwv o€ Java: a@ApEoElS, TPOSLAYPAPES, KOl
QVTIKELPEVOOTPEPNG oxedlaopog, B. Liskov and . Guttag, KieibapiBupog, ISBN
978-960-461-063-1. Kwdwkog BifAiov otov Evdofo: 13596



ErtavaAnyn Baotkwyv apxwyv Tou
OVTIKELLEVOOTPEPOUG
T(POYPOLLLUOTIOHOU

Avamrtuén Aoylopikou (Software Development)

WWW.Cs.uoi.gr/~pvassil/courses/sw_dev/

MYY301/MNAY 308

AVTIKEIPEVO TNG EVOTNTOAG

* H evotnta 0TOX0 £XEL VO CUVOIOEL KOL VAL 0O
umevBUL UioEL TIG BAOLKEG EVVOLEG TOU
QVTIKELUEVOOTPEDOUG apadeiypatog mou Ba
anoteAéoel To Baoikd epyaleio pag oto
pHabnuo auto.

Exmatdeutikol otoyol

e TeAewwVvoOVTOG QUTH TNV EVOTNTA, Ba TPEMEL oL
Baokég évvoleg va elval EekdBapeg 0To HUAAD
0aG KAl WG TPOG TNV 0UGLA TOUG KAl WG TTPOG TO
WG TG aglomoloV e otnv YAwooa Java

* OLev AOYw POOLKEG EVVOLEG lval OITOAUTWC
TPOQTIALTOUMEVEC YLOL VAL UTTOPE(TE Va
avtanokplOeite otnv avamtuén AoyLopkoU Kat
€6W KAl 0TNV KOPLEPT 0O

* Av €xete SuokoAieg: n oTyun va e€aoknBelte
TPOKTLKA o€ KwdLka elval twpa!
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OL TUAWVEC TOU OVTIKELLEVOOTPEPOUC
TIPOYPAUUATIOMOVU...

* KAdoelg, avtikeipeva kal evOUAAdKkwaon

* NMoAupopdlopog

* JUVOETA QVTIKELLEVA KOl GUANOYEG
OVTIKELLEVWVY

* lepapyieg kKAdoswv

Mo pa wtopkn avadopd, BA. To oXOAL0 Tou
Alan Kay https://qr.ae/pNP89E

H ouoia tou aviikelpevootpedoug
TIPOYPALLATIOHOU

H apxikn 18€a ATaV «UTIOAOYLOTIKEG OVTOTNTEG TTOU
HAGQVE pHETAEY TOUG LE KATTOLO TIPWTOKOANO»

O QVTLKELUEVOOTPEDNG TIPOYPAUUATIOHOG EYWVE TO
KEVTPLKO epyaleio avarmtuéng AoyLloptkol o€ opadeg —
yta va kataAdBete 6,tL Aépe, BonBa va okédteate oL

KAdBe kAaon uhoroteitat ki and Stadopetikd avBpwro...

Aoulevelg pali pe GAAoug yia va ptidéete éva puzzle
— 0 kaBévag PTLaXVEL TO KOPPATL Tou pévog Tou (dpa
TPENEL VAL UIOPEiG vat T0 GTLAEELG HOVOG ooU)
— To KOpPATLA HETA TIPEMEL va TaupLdlouv (dpa mpémet va
£xoupe pa oupdwvia 0To WG Ba TaUPLEEOLV PeTd)

KAAZEIZ KAl ENOYAAKQZH
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http://esheninger.blogspot.com/2011/03/our-quest-for-more-r.html
https://creativecommons.org/licenses/by/3.0/

KAQoELG Kal avTIKEL eV

* To Baowko otolxeio oxedlaong kat S6unong
TOU QVTIKELPEVOOTPEDOUC KWSLIKA elval n
kAdon (class)

* Mia kAdon eival éva KAAOUTIL Ao TO OToio
mapayovtal avTtikeipeva (objects), Ta omotia:

— Avamnaplotolv opoelSeig ovtdTnTEC TOU
TPAYMATIKOU KOGHOU
—Exouv i8ta Soun

KAQoELG Kal avTIKEi eV

*  KdaBe kAdon eivat pia evotnta AoyLoptkov, n onola oxeSLadetat pe akomo
— Na 6teUKOAUVEL TNV CUVEPYAGL TWV TPOYPOUHATIOTWY
— Na SLeUKOAUVEL TNV EMAVAXPNOLHOTIOINGN ETOLUOU KWSKA artd GAAoUG
— Na oupntiget oto (610 onpeio evag project (oto iSto apxeio katd Baon)
KWKo ka Sedopéva
* Tla To OKOTO QUTO:
— Avtiywa va Staxwpiloupe dedopéva kat Kwdika, o oXeSLAOTAG piag KAdoNng
£€AYEL TIPOG TOUG UTTOAOUTOUG TIPOYPOUHATIOTES piat Snpdota Stampoowreio
(public interface), n omnoia Aé€L 6TOUG UTLOAOLTOUG TTPOYPOALUHUATLOTES, TL
Aettoupyieg pnopei va poodEpouv ta avtikeipeva TG KAGoNG autrg
— 'Etol, eKTOG and ta SeSopéva mou kouBaAd va avTikeipevo (ta omnola
alomolovv ta tedia tng KAAong) ektelel kat cuvapTAOELS (oL omtoieg
ektehoUV TG peBdSouG TG KAGoNG)

int salary(rank)
*Name

*Rank

MPoooXN: AVTIKELLEVOOTPEPNC
oxeblaon
* H kAdon eivatl To kKahoUTtL, aAAG Ta

OVTLKELMEVA ELVAL AUTA TTOU EKTEAOUV TLG
Aettoupyieg

* ‘Otav oxedLaloupe Tov KWSLKA, OKEMTOUAOTE
TG KATIOLO OVTIKELEVA TTOU Bal
SnuoupynBolv Katd tnv eKTEAECN TOU
nipoypappatog Ba eniteAovv Aettoupyieg!

— 2xedldlou e, Aoutdy, €xovtag umoyn Aeltoupyieg
movu Ba emuteAovvral kat OxtL Sopég Sedopévwv!

OO0OP.3



EvOuAdkwon

* H apxn tng evBuldakwaong (encapsulation):
— o€ KaBe KAAON, O TPOYPAUUATLOTHG TTOU TNV UAOTIOINCE,
Slaywpilen:
« ol edia kat péBodol (public) pmopouv va xpnotponoinBolv
amnd 6A0 ToV UTIOAOLTTO KWELIKAL
« mola tedia kot péBodol (private) propolv va xpnotpomnotnfouv
Hovo péow kArong twv public peBodwv g KAAONG...
— pla ouvrRBNG TMPAKTLKA TV omola TPEMEL va akoAouBEeitTe Kat
eoelc elval OtL 6Aa ta edia ta SnAwvoupe private

KaTaokEUOOTEG QVTIKELMEVWVY

* Av Kot | eVOUAAKWON ETUTPETIEL OTOUG TTPOYPOUUATLOTEG TIOU
aglomololv TG Aettoupyieg mou poodEpeL pia KAAon va To
KAVOUV E CUYKPOTNUEVO TPOTIO HECW TWV SNHOCLWV
peBOdwv, n evBUAAKWOoN artd povn tng dev efaodalilel tn
owoTh SNpLoUpYia TWV AVTIKELUEVWY

e ... €TOL propei va urtdpxouv ohAApata Kakng apxkonoinong

¢ ARAwon constructors 0Tl KAAOELG pag
— uéBodol mou kaholvral autépata dtav Snpioupyeitat éva
QVTKeipevo
— Mbavwg t[eptooérz—:pot TOU €VOG avAAoyQ LE TIG TIOPARETPOUG
apxtkonoinong
— Default constructor (dveu oplopdtwv)

Ytatika edia kat pebodol

*  Iratikd media eivol medio Twv omolwy n TN xapaktnpilel po
OAOKANPN KAAON QVTIKELLEVWY KAl OXL LOVO KATIOLO CUYKEKPLUEVO
avtikeipevo g kAdong. AnAwvovtoag to nedio wg static
unopolpe
— Vo urdpxet iSta T yia 6Aa ta avtikeipeva g KAAonG.

- Katav petaPAnBel auTA N T yia Eva aVTIKEEVO Vo HETABAARETAL QUTORATA KAt Via OAA Ta
unGAouna....

*  Ouotatikég péBodot ival pébodol pag KAAong mou pmopouv va
kAnBoUv autdvopa — Sev xpeldletal va kAnBolv mdvw o€ Eva
QVTLKELPEVO TNG KAAGNG KAl XPNOLHOToLoUVTaL yla Ty ipoopacn oe static
nedia tng kKAdong.

*  Mnv T0 mapakdvete pe ta static media! To Ot umapxel pla Suvatdtnta Se
ONUAiVEL OTL TIPETIEL UTIOXPEWTLKA VAL T XPNOLLOTIOLOUUE!
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IEPAPXIEZ KAAZEQN

KAnpovoutkotnta

* To mpoPfAnua:

— Y& MoA\EG edapuoYEG Exoupe SLddopeg KAAOELG
QVTIKELLEVWY OL OTIOLEG £XOUV KOWVA
XQPOKTNPLOTIKA/Tedia kat pebodoug

* TIY. TO00 oL EpyaOUEVOL OO0 KAl OL TIEAQTEG MLag eTaLpilag
Xapaktnpilovtol and éva 6voua, eniBeto, KAT....

— éva odpdApa propei va sloayBei og moAa
Sladopetikd onueia

— pa aMayn Ba mpémnel va yivel o€ TIOAA SLadopeTikd
onueia

— i 816pBwon, évag EAeyxog Oa mpémel va yivel og
TIOAAG SLadopeTikd onpeia

KAnpovoptkotnta

e TaTi UTTAPXEL TO TOPATIAVW XAPAKTNPLOTLKO?

* YroyroZdpaote 6Tl ot uTtGAANAOL KO OL TEAATEG potpadovTal
XOPOKTNPLOTIKA yLati OAOL aVKOUV O€ €va eUPUTEPO
UTEPOUVOAO, AUTO TV aVOPWIWV

* H oxéon tou cUVOAOU TWV AVOP WMWYV HE TA GUVOAA TWV
neAaTWV Kat Twv untaAARAwv givar oxéon unepouvolou!!

e Inuavtikn apathpnon: ot teAdteq/untdAAnlot EINAI KAI
AN Tou cUVOAOU TwV AVBpWIWV
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E€elbikevon

Employee

Customer
Officer -
Secretary pl4
pls
Teller - ===~~
Other People
'
E€elbikevon
Person
Employee Customer
Officer
Secretary
Teller - ==~~~
Other People
)]
KAnpovoutkotnta

o koAU TEPN OPYAVWON KAl GUVTHPNON TOU KWSLKA (yLa va

pnv emavaAapupavetal o 1810 kwdikag MoANEG GopEg)

— dridxvoupe pia yevikr/Baotki kAdon mou va
TiePNAUBAVEL T KOWVA XAPAKTNPLOTLKA/TeSiaL Katt
neB680ug 6U0 N MEPLOCOTEPWVY KAAGEWV Kt

— €V OUVEXELQ EMEKTEIVOUHE TN Baotkr GpTLaXvVOVTAG KAAOELG
TIOU KANPOVOMOUV amd auTH.
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KAnpovoutkétnta

* TLonpaivel eméxtaon...

— 2TIC MAPAYOUEVEG KAAOELG SNAWVOUUE ETUTAEOV
XOPOKTNPLOTLKA KoL AELTOUPYLEG.

— Ta QVTIKELEVA £XOUV OAQL TOL XAPAKTNPLOTIKA KOl
Aettoupyieg mou dnAwvovtat oTnv Baoikn
KAdon,

— KOBWGE KoL TOL EMUTAEOV XOPAKTNPLOTIKA Kt
Aettoupyieg mou SnAwvovtat otV apayopevn
KAdon

KAnpovoutkotnta

* Ta aVTIKELPEVA TWV TTOPOYOUEVWY KAACEWY
OUMTEPLEPOVTAL KAL WG OVTLKELUEVA TNG
Baowng kKAaong (m.x., oto mépacpa
TP OALUETPWV)

* H enéktaon ovopddletal kot oxeon IS_A
(«elvaw).

KAnpovopuikotnta — Nedia kot MEBobdol

+ media kat uéBodol public: opatd amd OAOUC
— aMayég / SLopBwaoelg propei va emnpedoouv Tov untdAoLto
KWK
* nedia kat péBodol private: opatd and tnv uhomoinon twv uebodwv
™G KAAdong
— aMayég / 51opBwoelg / ENeyXOL CUYKEVTPWVOVTAL GTOV KWELKA TNG
KAGoNG kat 8ev eMNPEA{OLV TOV UTIOAOLTTO KWE LKA
* nedia kat pébodol protected: opatd and
— TNV UAomtoinon twv ueBodwv TG KAAoNG, Kat enuTAéov anod
— TNV Uhomoinon Twv LeBASWV TwV KAAGEWV TIOU Ta KANPOVOUOUV

* oMayég / 51opBWoELg / ENeyXOL GUYKEVTPWVOVTAL OTOV KWELKA TNG
KAdong

* ennNPEGIOLY TOV KWSLIKA TWV TTAPAYOUEVWY KAAOEWY
* 8ev ennpedlouv tov uTtOAOUTO KWELKA

OO0Pr.7



KAnpovoutkotnta — Media kat MéBobdotl

nedia kat pébodot package-private: opatd and 6Aoug péoa oto package
rnc KAdong
Aev xpetaletal modifier (av Sev meite Tt yia v péBodo n to nedio, eivat
package-private)
- AVGO’I. ;mox)\dcrslc elvat oe dAo package Sev BAémouv v ev Adyw pébodo rj to
TEOLO,
- Ar]ulvoupyoll'v APKETA TIPOPAALATA AV APXICOUV VOl UTIELOEPXOVTAL UTIOTIAKETA OTO
Takéto
TuvABwg, n xpRon autwy Twv peBddwv eival yia utility methods to be
invoked by the classes of a thematically focused package. Ovolaotika,
neplopilet toug clients piag pebosdou, avotnpd péoa o éva package.
ANG givat oAU eUkolo va kakomotnBel n okompudTnTa piag tétoLag
£TAOYNAG.
Sta mMaiota tou padrparog:
— AMNATOPEYETAI H XPHZH package private pefodwv i nediwv nave
(wote va padete va opt(sre OPATOTNTEG ECKEMEVO KAL VAL LNV UTIAPYEL dMoBL yl
mv EMewpn opLopov opatdtnTac) =>
— Omnoudnnote cuvavtiow package-private visibility petpd yia AdBog

NOAYMOPO®IZMOZ

H ouvtripnon KAvet Tov KOoUO va
YUPVAEL ...

* Houvtripnon eivat to 60%-80% tng npoondbetag oe éva software
project ka TOAU cuxva apopd TNV EMEKTACH TOU UTIAPXOVTOG KWELKAL
Ue eTmA€oV AELToUpyLIKOTNTA

* Tevikd givarl emBupnto eivat va €xoupe t Suvatotnta va
TPocBEToUpE VEEG SUVATOTNTEG OE £Va TIPOYPAUHA XWPIG va XpELaoTel
va aAAGEOUpE BPOOTIKA TOV UTIAPXOVTA KWSKA ...

*  MNuwg yivetaL auto ??

— ouvSudioupe KAnpovopkotnTa & moAupopdiopd

OOP.8



Baolkol TUAWVEC ToU MOAUPOPDLOUOU

* method overloading (unepddoptwon pedoSwv)

— o€ pa KAGon opilovtal 2 ) meploodtepeg peBodol e To
{610 Gvopa kaL SLadOPETIKEG TOPAUETPOUC — SLAPOPETIKO
TPWTOTUTIO (TO Eldape oTNV MEPLMTWon MOAAATAWY
constructors)

* method overriding (emavakaBopLopog
nebodwv)

— n uéBodog puag Baotkh KAAong opiletan §ava otnv
mapayopevn kKAaon pe véa ulomoinon kat to isto
TPWTOTUTIO

— ME QUTH T TEXVLKI UMOPOUE VA METUXOULE TOV
EMEKTACLUOTNTA TOU KWEKa!!

Adbnpnuéveg KAACELG

* AnAwvovtag pa KAdon wg adnpnpévn (abstract)

— pua kAdon ovo,ud%sml adnpnpévn av mEPLEXEL TOUAGXLOTOV jia

abnpnpévn pEBodo mou Sev mepthapBavel ulomoinon
* HKkA&on nAdvetad public abstract class MyAbstractClass
* pe ) uébodo public abstract returnType methodName();

— n &nuioupyia avtkelpévwy adnpnpuévng kKA&ong Sev emLtpénetal and tov
compiler => UNOXPEWTLKE, Bot KATACKEUAGTOUV AVTIKELUEVD TWV
TIOPOYOUEVWY

— Contract: n pun vk
Tov compiler

— n adnpnpévn kAdon Aettoupyel oav KAAOUTIL yLa TV KATAOKELT
TLAPOYOUEVWY TIOU TPOOHEPOUV EVAANAKTIKEG UNOTIOLAGELS OTLG
adpnpnuéveg nebodoug

1EVWV HEBOSWV SV EMTPENETAL OO

— OUuOLOOTIKA, 0 TOAUHOPPLONAG EMLTUYXAVETAL §1OTL 0 UTIOAOLTOG
Kwdag (MAnv Twy new()) ypadetal o€ oyéon pe v Baotkr, abstract
class, ya Ty omnoia o HETAPPACTHG EYYUATAL OTL OL UIOKAAGELS TG Ba
TLPEXOUY UAOTOLGELS Yia TiG adnpnpéveg uedddoug => AGyWG TU
Ba €xeL yivel new() Ba eKTEAECTEL KOl O QVTIOTOLXOG KWELKOLG

This Photo by Unknown Author i licensed under CC B

Puzzles are made from

contracts
A
I I
I I
Client 1 ItemManager 1 [A] Item
—— - ->
main() I +addItem(Item) +showDetails()
1 +delItem(Item) ! +getFinalPrice()
1 +getItem(int) :
! reportAllItems
X P Q) X AN
1 o 1 °
| |
. W . ]
I I
1 1
The public interface of a ... and contracts allow the
class is its contract ... internal evolution without

external impact

OO0P9
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Interfaces

* Mpoaktikd, éva interface opiZeL éva alvolo SnpocLwv apnpnuévwv
neB6Swv Tig omoieg, ol kKA&aEL; o UAoTtoLoLV To interface
UTtOXPEOUVTAL VO UAOTIOLIOOUV KOl VOl TAPEXOUV

— uropeite va o okédTeaTE WG cupuBOAaLo, Ue Tov interpreter/compiler gto
POAO Tou Sikaoth/cupBolatoypddou rou evionilel/anayopevel TapaBLaoeLg
Tou cupBolaiou

* Hopowtnra adpnpnuévwv kKAdoswv Kat interfaces adopd otnv
UTOOTAPLEN TOU noAuuopcg\apoo: apdotepa Aettoupyouv we
ouppolaia peB6dwv tov Ba uAomotjcouv AAAEG KAAGELG KaL
EMUTPENOLV TN XPioN MOAULOPPLOHOU ATd TOV KWSLKA TTOV .
xg\nctuonotst 10 GUMBOAALO, XWPIG YVWON TOU oL CUYKEKPLHEVN KAGON
uAomotei tg apnpnpéveg pebodoug

* Hbldopd twv interfaces and tig abstract classes eivat

— Kotd Baon peBodoloyiki: Ta interfaces xpnotponolotvral wg cupBotata yo
TN 6OVEGN UTTOGUCTNHATWY, EVW OL APNPNHEVEG KAAGELG WG KAAOUTILAL YLa
™V napaywyr eVOAAAKTIKWY UAOTIOLGEWY TOU (810U KWSLKaL

— Tumkn: ot abnpnpéves KAAOELS Snpoupyolv Lepapxia KAAGEWY, EVW Ta
interfaces ammAd eyyuwvtaL Ty THPNON Twv cupBoAaiwy, xwpig Kapia oxéon
HeTagy TwV KAAGEWV TTOU TA UAOTIOLOUV

KAnpovopikoTnTa & MNMOoAUPOp@IouOS

Nwg prnopoUpe va EAAYLOTONOLCOVE TN CUVTHPNOH TOU KWSKA HECW TOU
noAupopdiopov?
1.yl KdBe appodLOTNTA TOU TIPOYPGEHUATOG yLa TV OTtoia UTIAPXEL
Suvatotnta SladopeTtkwv eVAANAKTIKWY UAOTIOLRCEWV (Tt SLadopeTIKES
HopdEG armobiKkeuong Twv SeSopEVwV Ot £va apXelo) KOl KOTA CUVETELR N
SuvatoTTa HEANOVTIKWV ETIEKTACEWY OTO TIPOYPAUUE MG HE HLaL VEQ
enutAéov uloroinon opifoupe pa Baotkr adnpnuévn kAdon / interface
2. evouvexeia yla kB Stadopetikr EVOAAKTLKY KATUOKEUATOUHE HLoL
napayopevn kAdon n oroia uhomotel Tig public abstract peBodoug tng
Baotkrg KAdong / interface
3. UAomoLoUE / TIAPOUETPOTOLOUE TOV UTIOAOLITO KWELKA XPNOLULOTIOLLVTAS
avadopég otn Baoikr adnpnuévn kKAdon / interface
* oLavadopEg aUTEG Uopolv va Seixvouv oe avilkeipeva onotacdnnote
KA&ong epokUTteL amnd t Baoikr / uhomotel to interface
eMopévwg Ta pova onpeia ta omoia mpémnet va alaxBolv o pia peAhovTkn
EMEKTAON £lval Ta onpeia oto omnoia apyikomotlovvtal ot Seikteg autol
0 UTtOAOLTIOG KWE LKA oToV omoio kahoUvtat péBodol o avtikeipeva ota
oroia Seiyvouv ot Seikteg Sev xpeLdletal arayég

(roAAég euxaplotieg otov M. Toandpa yLo Tig Stadpaveleg twv cUANoywv)

COMPOSITE OBJECTS

OO0OP.10



JUvOEeTO AVTIKEIpMEVA

e Tevikwg, N L&€a OTL Eva AVTIKEIUEVO «EXEL WG TtESio» éva AAAO
avtikeipevo eival iowg Alyo mapamiavntiki

¢ H Baotkn 6€a eival OTL €V YEVEL TA AVTIKEINEVA cUVEPYATOVTOL

JUvOeTO QVTIKEipEVA

* 'Eva ToSAAATO «EXEL» Eva oLOTNUA GPEVWVY KAl Eva oUOTNUA
netallwv
— AAG.Exel éva medio tUmou IBreaks kau éva medio tumo IPedal

* Mua koUpoa «EXEL TIOSHAQTA TTOU CUUUETEXOUV

— AMS., éxeL éva oUVOAO (pe ampoodLoploto aptBpo) anod modnAata

Collaborate = know = “have” other
objects as attributes

Just one collaborator More than one
public class Bicycle { public class RaceWithStages
private double timeRun; implements IRace{
private String name; private int stagePart = 0;
private double velocity; private int totalStageParts = 4;
private IBrakes breaks; private ArrayList<Bicycle> contestants;

private IPedal pedal;
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Java Collections

______ o

class ArrayList<T> |

class HashSet<T>

|class HashMap<K, V> |

AmnoOnkevet dedopéva oe
GEIPLOKT pop@1). Ymapyet n
£vvotla g didtagne. Kaio
av 0hovpe va Srotpéyovpe
0. dedopéva cuyva Kat

AmoOnkedet dedopéva cav
ohvoro ywpig Stdtadn.
Karéd av 0€hovpe va
Bpiockovpe ypiyopa av éva
OTOYEID (AVIKEL 6TO GVVOAO

AmnoOnkevet (key,value) Cevyn.
TTapopow dopr pe to HashSet
Yo Ty omobikevon v
KAeWB1OV, 0ARG TOpa KGOE

Khewdi (key) oyetiCetar pe pia

ypNyopa. T (value).

ArrayList (JavaDocs link)

* Constructors
— ArrayList<T> myList = new ArrayList<T>();

— ArrayList<T> myList = new ArrayList<T>(10); //Aicta
pe xwpntixkétnta 10

*  MéBodoL
— add (T x) : TPOCHETELTO OTOLKELO X 0TO TENOG TOU TUVAKAL.
— add(int i, T x) : mpooBEteLTo otolKelo x ot Béon i Kkat petatorilet
Ta uTtOAoUa oTolXElD KOTd pLa Béan.
— remove (int i) : adaupei to oToleio otn Béon i
— set(int i, T x): aMdZel Tnv Tur TG B€oNg i e TNV TIUA X
— get(int i): emotpédeltny Tiu ot Béon i.
— size(): 0 apOUOG TWV OTOLXELWY TOU THiVaKAL.
*  Alatpéxovrag Tov Tivaka:
— ArrayList<T> myList = new ArrayList<T>();
— for(T x: myList) {..}

HashSet (JavaDocs link)

¢ Constructors
— HashSet<T> mySet = new HashSet<T>();
* MéBobot

— add (T x) : TPocHETEL TO OTOLKELO X AV eV UTIAPXEL 18N 0TO
clvolo.

— remove (T x) : adatpeito otolyeiox .

— contains (T x) : boolean av to c0voho mepiéxeL to otoxelo x 1
oxL.

— size () : 0 aplBUOG TWV OTOLXELWV OTO CUVOAO.

— isEmpty () : boolean av éxeL otolxeia to oUvolo fj OxL.

— Object[] toArray(): emoTpEdeL tivaka Pe Ta OTOLXEL TOU
ouvohou (emiotpédet mivaka anod Objects — xpelddetal casting HeTd).

*  ALTPEXOVTOG TA OTOLXELD TOU CUVOAOU:
— HashSet<T> mySet = new HashSet<T>();
— for (T x: mySet) {..}
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HashMap (JavaDocs link)

« Constructors

HashMap<K,V> myMap = new HashMap<K,V>() ;

*  MéBoboL

put (K key, V value) : npooBéteLto {evydpt (key , value)
(8npoupyel pia cuoxétion)

V get (K key) : emiotpédel Tnv Tiur yia 1o kKAedi key .

remove (K key) : apaipei 1o (evydpt pe kAeldi key .

containsKey (K key) : boolean av to alvolo nepiéxeL to Khedi key 1
OXL.

containsValue (V value) : boolean av 1o 6UVOAO TLEPLEXEL TNV TLUH
wvalue A oOxt. (apyo)

size () : 0 aplOPOG TWV OTOLXELWV ({eVYN aTtd KAELSLA-TLUES) 0TO map.
isEmpty () : boolean av éxeL otolxeia to map rj Oxt.

Set<K> keySet(): eOTpEdeL Eva Set pe T KAELSLA.

Collection<V> values (): erotpédel éva Collection pe Tig TIHEG

Java code conventions

package

Class

Interface

method

variable

CONSTANT

lowercase 0UGLAOTIKG TIOU adOpdL OTAL TIEPLEXOUEVA TOU mainengine,
ToKEToL dataload

CamelCase [o] 6 TIou ¢ w & n Mai ine,
KAQON OTOV TPAYMATIKG KOGHO, 1} TL poho éxel  DataLoader
oTOoV KWEIKA

CamelCase EniBeto (cuxvd) 1) ouotaoTiké mou e€nyel Tu IReporter,

pONo prtopei va hépeL e1g Mépag 6rowa kKhdon  ISortedList
uhorotet to interface
(frequently starts with an 1)

mixedCase PAKA (EVEPYNTLKO) TIOU TIEPLYPADEL TL KAVEL N getMonetarysum(),
HéBoSoG. Zuvtagn: produceTotalEuroAm
ount()

pripaNepypadiAviikelpévou
AEN BAPIOMAZTE NA TO AQ3OYME IQ3TA!
mixedCase OUGCLAOTLKO TIOU TiEpLYpddeL emapkwg To poho  receivedPackages,
Tou niediou otnv kKAdon euroAmountSpent
Kat’ avtiotoyia pe tig pebddoug!
UPPERCASE oav variable, aA\d yia va Stakpivetat ot eivat  _TOTAL_NUM_OWNERS
otabepd, OAa kepahaio. Zuxvd EEKWVE Kat e _.
To povo construct where _is allowed

Java Code Conventions

* OLKOVOVEC QVOUEVETAL VO TNPNBOUV e BpNOKEUTIKN
g€UAGBeLa

* Aev elval anodektég mapaPLdoelg, oute tou format,
oUTe TG ouoiag TWV Kavovwy ovopatodooiag

* To i61o0 Ba cupPei oe onolodrmnorte software project Ba
KAnOeite va gpyaoteite, mavtol oTov KOGHO

* OLKavOveg Onwg eixav 600l artd t Sun —
subsequently, Oracle:

https://www.oracle.com/technetwork/java/codeconventions-150003.pdf

OO0OP.13


http://docs.oracle.com/javase/6/docs/api/java/util/HashMap.html

EN KATAKAEIAI

OL MUAWVEG TOU OVTIKELUEVOCTPEDOUG
TIPOYPAUUATIOUOU...

* KAQoELG, avTiKeipeva Ko eVOUAGKWON

* MoAUPOPPLOUOC

* YUVOETA AVTIKELUEVA KOl GUANOYEC
OVTLIKELLEVWV

* lepapyiec kKAaoswv

Eiva anoA0Ttw¢ amapaitnTo vo KOTavoEeite Kot
vaL Unopeite va Xelploteite avtd ta Ogpélal

Hands-on

o AEITE Elvat amoAUtwe amoSeKTo Kat Katavonto
OTL yta kdmotoug, o KWLKag, kat &n o
QVTIKELUEVOOTPEPIG, EIVAL OTPETOYOVOG
Kot eoTikog. Kaw Sev umopeic va
KpUQTELG artd To amotéAeoua.

— Aeite aoknoelg emavaAnding
otnv Evotnta 2 tou uAkol

— Agite TOV KWSIKA TWV
UKPWV projects mou

neplypddovrat eket Repeat{
ypajte Ailyo (Ox1 kateBatd);
* KANTE... Kkavte compile;
— .. MONOI 5A3 v repeat{
S10pBuwoTE;

uloroil a KATYOAa
,T[ nﬁmﬂz\lH;O;( I 3] }(péxpt va pnv umdpxouv Aaen);
ano avta all the eNéyETe TO (TTPOOWPLVO) OMOTEAECHA;
way to the end }(until done).
— .. NAGH

http://www.cs.uoi.gr/~pvassil/courses/sw_dev/readings.html 42
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YHMEIQXEIX

AkoAouBel éva mapdadelyLa 0To omolo Hnopeite va deite mwe SouAeUEL:
- Hkataokeun avilkelpévwy (constructors)
- H evBuldkwon epyactwv og PeBdSoug mou kavouv tn SoulAeld pog(encapsulation)
- H ouvaBpolon kat n ouvBeon avtkelwévwy péow cuAloywy (aggregation /composition of objects in
object collections)
- OLOTOTIKEG HETABANTES

To mapddelypa Seixvel TNV opyavwaon evVOg KELLEVOU O eVOTNTEG, KAOWGE KOL TN GUOXETLON KELUEVWY LE Ta BépaTa
Ta onola mpaypateveTatl. Mot arAy main amAwg EMLEELKVUEL TNV KOTACKEUT KOL XP 0N OXETLKWY OVTIKELLEVWV.
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import java.util.ArraylList;
import java.util.Iterator;

public final class Document {
private static final String OWNER = "Univ. Ioannina";
private String docName;
private Topic docTopic;
private ArraylList<Section> sections;
private int totalNumPages = 9;

public Document(){
docName = "noName"; docTopic = null;
sections = new ArraylList<Section>();

}

public Document(String aName, Topic aTopic){
docName = aName; docTopic = aTopic;
sections = new ArrayList<Section>();

}

public static String getOwner(){return OWNER;}

public void addSection(Section aSection){
sections.add(aSection);
System.out.println("New section added, total # sections:

}

public void showDocumentOverview(){
System.out.println(OWNER + " has ths nice document titled:

}

public double computeStats(double hoursSpentPerPage){
double totalEffortToRead = 9;

Iterator <Section> si = sections.iterator();
Section s = null;
while (si.hasNext()){
s = si.next();
totalNumPages += s.getNumPages();
}
totalEffortToRead = totalNumPages * hoursSpentPerPage;
return totalEffortToRead;

}

Useless getters

// public String getName(){return docName; }
// public Topic getTopic(){return docTopic;}

// public int getNumSections(){return sections.size();}

+ docName +

+ sections.size());

with the topic:

+ docTopic.getTitle() + "\n");
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public void showDocumentDetails(){
double hrsPerPage = 0.1; double totalEffort = 9;
for(Section s:sections){
System.out.println(s.getTitle() + "\t" + s.getNumPages());

1}:otalE-Ffor‘t = computeStats(hrsPerPage);
System.out.println("num. pages: " + totalNumPages); Output:
System.out.println("estimated effort to read (hrs): " + totalEffort); SECTIONS OF A DOCUMENT
} New section added, total # sections: 1
¥ New section added, total # sections: 2

New section added, total # sections: 3

ublic final class Topic
P pic { New section added, total # sections: 4

private String title ;

public Topic(){title = "NoTitle";} New section added, total # sections: 5
public Topic (String aTitle){title = aTitle;} Univ. loannina has ths nice document titled: Peri fyton by Aristotle with the
public String getTitle(){return title;} topic: Botany

}

Intro 6

blic final class Section
public fi c ion { Background 10

private String title;

private int numPages; Actual contribution 30

public Section(){title = "noName"; numPages = ©;} Experiments10

public Section(String aTitle, int nPages){title = aTitle; numPages = nPages;} Fin 4

public String getTitle(){return title;} num. pages: 60
) public int getNumPages(){return numPages;} estimated effort to read (hrs): 6.0
public final class DocManagerDemoApp { Offered by the Univ. loannina

public static void main(String args[]){

Topic botany = new Topic("Botany");

Document docl = new Document("Peri fyton by Aristotle"”, botany);
System.out.println("\n---------------------o---- SECTIONS OF A DOCUMENT ------------ommmmmmoa oo ")
Section secl = new Section("Intro", 6); Section sec2 = new Section ("Background", 10);

Section sec3 = new Section ("Actual contribution"”, 30);Section sec4 = new Section ("Experiments"”, 10);

Section sec5 = new Section ("Fin", 4);

docl.addSection(secl); docl.addSection(sec2); docl.addSection(sec3);docl.addSection(sec4);docl.addSection(sec5);
docl.showDocumentOverview();

docl.showDocumentDetails();

System.out.println("\nOffered by the " + Document.getOwner() );
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YHMEIQXEIX

AkoAouBel éva mapdadelypa uAomotnuevo pe 0o SladopeTikols TPOTOUG.

‘Eotw OtL B€AeTe va dnuoupynoete Eva nAekTPoviko BLBALoTwAELD To omoio mouAdet U0 SladopeTika i6n mpoiloviwy,
BiBAia kat CD. KdBe €va amo autd mepLEXeL £vav (N Kevo) TitAo kat pia Tiun (Leyolutepn tou pundevoc). Kabe BiBAio
TEPLEXEL KL ETUTAEOV TTAnpodopiec, OMwWC tov ouyypadéa Tou BiPAiou, av meptéxel palako f okAnpo e€wdulio Kal to
€10¢ Snpooiguong tou. Ooov adopd ta CD, mpoadEpeTal n SUVATOTNTA TNG EKTTTWONG OE KATIOLOL ETUAEYUEVA KOUUATLAL.

O€Aoupe va SnULoupynoou e pia edpappoyr Tou va epdavilel oto xprotn pia Alota anod ta Stabéoipa BLBAia kot CD tou
nAektpovikoU BLPAloriwAsiou, pall pe TIg AemMToMEPELEG TOUG. ETtmAéoy, Tipémel va Sivetal n Suvatotnta mpocdnkng Kat
Slaypadng Twv mpoidviwy o€ éva KaAdBL ayopwv. ZTn CUVEXELQ, O XPHOTNG TNG EPAPHOYNG TIPETEL VA UITOPEL vaL TIPOBAAEL
Ta potlovra ta onola £xouv MPooteBel 0To KAAAOL pall He TIG TLUEG TOUG.

H mpwtn vAomoinon (opyavwpévn oto package bookstoreCounterExample), Seixvel pio amAr) UAOTIONGN |LE TUTILKEG,

nopadoolakég KAAoelG. H 8eltepn ulonoinon (opyavwuévn oto package bookstoreacceptable), deixvel pa ulomoinon
ME TN Xprion piag adnpnpevng kKAaonge.
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package bookstorecounterexample;

public class Item {
public Item(){title="";price=-1.0;}
public Item(String aTitle, double aPrice){title = aTitle; price=aPrice;}
public void showDetails() { System.out.println(title + "\t\t Price:" + price);}
public double getOriginalPrice() {return price;}
public double getFinalPrice() {return price;}

protected String title;
protected double price;

}
package bookstorecounterexample; package bookstorecounterexample;
public class Book extends Item { public class CD extends Item {
private String author; private String artist;
private int packaging; // @ for simple, 1 for hard box private double discount;

private int yearPublished;
public CD(String aTitle, double aPrice, String anArtist, double

public Book(String aTitle, String anAuthor, int aDate, double aDiscount) {
aPrice, super(aTitle, aPrice);
int aPackage) { artist = anArtist;
super(aTitle, aPrice); //constructor of Item!!! discount = aDiscount;
author = anAuthor; }
packaging = aPackage;
yearPublished = aDate; public double getFinalPrice() {
} return (price - discount);
}
public void showDetails() {
super.showDetails(); public void showDetails() {
System.out.println("by " + author + " at " + yearPublished); super.showDetails();
String packString; System.out.println("by " + artist);
if (packaging == 1) System.out.println("final price: " + getFinalPrice()+ "\n");
packString = "hard box"; }
else }

packString = "simple";
System.out.println("with " + packString +

packaging.\n");
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package bookstorecounterexample;

public class ItemManager {
private ArrayList<Item> allltems;

public ItemManager(){
allIltems = new ArrayList<Item>();

}

public void addItem(Item anItem){
allItems.add(anItem);

}

public void removeItem(int index){
this.allItems.remove(index);

}

public Item getItem(int index){
return this.allItems.get(index);

}

public void reportAllItems(){
Iterator <Item> ii = allItems.iterator();
while (ii.hasNext()){
Item i = ii.next();
i.showDetails();

}

System.out.println("Total number of items:

this.allItems.size());

}
¥

"

+

package bookstorecounterexample;
public class ShoppingCart {

private ArrayList<Item> items;
private float totalCost;

public ShoppingCart(){
this.items = new ArraylList<Item>();
this.totalCost = 0;

}

public void addItem(Item item){
this.items.add(item);

}

public void removeItem(int i){
this.items.remove(i);

}

private void computeTotalCost(){
float cost = 0;
for(Item item: this.items){
cost += item.getFinalPrice();
}
this.totalCost = cost;

}

public float getTotalCost(){
this.computeTotalCost();
return this.totalCost;

}

public void showDetails(){

System.out.println("---------------------

System.out.println("

System.out.println("---------------------

for(Item item: this.items){
item.showDetails();

}

TPOOH I'IA ZKEWH

OAa autd ta return types mou
gilval void, pAnwg Oa pmopouvcav va
avaokevaoBouv wote va yivouv Aiyo
o Xprioipa?

System.out.println("Total cost: " + this.getTotalCost());
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package bookstorecounterexample;
public class SimpleBookstoreApplication {
public static void main(String args[]){

ItemManager amazon = new ItemManager();
Book bookRef;

bookRef = new Book("Discours de la methode", "Rene Descartes", 1637, 50.00, 0);

amazon.addItem(bookRef);

bookRef = new Book("The Meditations", "Marcus Aurelius", 180, 30.00, 1);

amazon.addItem(bookRef);

bookRef = new Book("The Bacchae","Euripides", -405, 30.00, 1);

amazon.addItem(bookRef);

bookRef = new Book("The Trojan Women","Euripides",-415, 40.00, 0);

amazon.addItem(bookRef);

CD cdRef;

cdRef = new CD("Piece of Mind", 10.0,"Iron Maiden",4.0);

amazon.addItem(cdRef);
cdRef = new CD("Matter of Life and Death",
amazon.addItem(cdRef);
cdRef = new CD("Perfect Strangers", 12.00,
amazon.addItem(cdRef);

amazon.reportAllItems();

ShoppingCart cart = new ShoppingCart();

cart.addItem(amazon.getItem(9));
cart.addItem(amazon.getItem(2));
cart.addItem(amazon.getItem(3));
cart.showDetails();

cart.removeltem(9);
cart.showDetails();

12.0,"Iron Maiden",2.0);

"Deep Purple",1.0);

Output

Discours de la methode Price:50.0
by Rene Descartes at 1637

with simple packaging.

The Meditations Price:30.0
by Marcus Aurelius at 180
with hard box packaging.

The Bacchae Price:30.0
by Euripides at -405
with hard box packaging.

The Trojan Women Price:40.0
by Euripides at -415
with simple packaging.

Piece of Mind Price:10.0
by Iron Maiden
final price: 6.0

Matter of Life and Death Price:12.0
by Iron Maiden
final price: 10.0

Perfect Strangers Price:12.0
by Deep Purple
final price: 11.0

Total number of items: 7

Discours de la methode Price:50.0
by Rene Descartes at 1637
with simple packaging.

The Bacchae Price:30.0
by Euripides at -405
with hard box packaging.

The Trojan Women Price:40.0
by Euripides at -415
with simple packaging.

Total cost: 120.0

The Bacchae Price:30.0
by Euripides at -405
with hard box packaging.

The Trojan Women Price:40.0
by Euripides at -415
with simple packaging.

Total cost: 70.0
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Now using abstract class Item

package bookstoreAcceptable; public Book(String aTitle, String anAuthor, int aDate, double
aPrice,PackageType aPackageType, int id) {

public abstract class Item {
super(aTitle, aPrice, id); //constructor of Item!!!

protected String title; author = anAuthor;
protected double price; packaging = aPackageType;
protected int id; yearPublished = aDate;
}
public Item(){title="";price=-1.0;id=-1;}
public Item(String aTitle, double aPrice,int id){ @0verride
title = aTitle; price=aPrice;this.id =id; public String showDetails() {
} String packString = this.packaging.name().toLowerCase() +
" packaging";
public abstract String showDetails(); String result = "***Item id: " + id + "***¥\n" +
public abstract String getDetails(); title + "\t\t Price:" + price + "\n" +
public abstract double getFinalPrice(); " by " + author + " at " + yearPublished + "\n" +
"with " + packString + ".\n\n";
public String getTitle(){return title;} return result;
public int getId(){return id;} }
public double getOriginalPrice(){return price;}
@Override
} public String getDetails(){

String packString = this.packaging.name().toLowerCase() +
" packaging";
return (title + "\nby " + author + " at " + yearPublished

+ "\nwith " + kstri . A"y
package bookstoreAcceptable; } \nwi packstring \n");

public final class Book extends Item { @verride

public double getFinalPrice() {

public enum PackageType{ return price;

SIMPLE, HARD; }
} }//end Book
private String author;

private PackageType packaging;
private int yearPublished;
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package bookstoreAcceptable;

public final class CD extends Item {

}

private String artist;
private double discount;

public CD(String aTitle, double aPrice, String anArtist,
double aDiscount, int id) {
super(aTitle, aPrice, id);
artist = anArtist;
discount = aDiscount;

}

@Override
public double getFinalPrice() {
return (price - discount);

}
@Override
public String showDetails() {
String result = "***Item id: " + id + "*** \n" +

title + "\t\t Price:" + price + "\n" +

"by " + artist + "\n" +

"final price: " + getFinalPrice()+ "\n\n";
return result;

}
@Override
public String getDetails(){
return (title + "\n by " + artist);
}

package bookstoreAcceptable;

import java.util.ArraylList;
import java.util.Iterator;
import java.util.List;

public final class ItemManager {
private List<Item> allItems;

public ItemManager(){
allItems = new ArrayList<Item>();

}

public int addItem(Item anItem){
allItems.add(anItem);
return allItems.size();

}

public int removeItem(int index){
this.allItems.remove(index);
return allItems.size();

}

public Item getItem(int index){
return this.allItems.get(index);

}

public List<Item> getAllItems(){
return this.allItems;

}

public String reportAllItems(){
String result ="";
for(Item item: this.allIltems) {
result = result + item.showDetails();

}

result = result + "Total number of items:

this.allItems.size()+ "\n";
System.out.println(result);
return result;

OOP.SCRIPTS.10




package bookstoreAcceptable;
import java.util.ArraylList;
import java.util.List;

public final class ShoppingCart {
private List<Item> items;
private float totalCost;

public ShoppingCart(){
this.items = new ArrayList<Item>();
this.totalCost = 0;

}

public int addItem(Item item){
this.items.add(item);
return this.items.size();

}

public int removeItem(int anId){
int pos = -1;
for(int i = @; i < this.items.size(); i++){
if (items.get(i).getId() == anId){
pos = 1i;
break;
}
}
if (pos>=0)
this.items.remove(pos);
elseq{
System.out.println("The id you have specified is not in the
cart");
}

return this.items.size();

}

private void computeTotalCost(){
float cost = 0;
for(Item item: this.items){
cost += item.getFinalPrice();
}
this.totalCost = cost;

}

public float getTotalCost(){
this.computeTotalCost();
return this.totalCost;

}

public List<Item> getItems(){
return this.items;

}
public String showDetails(){
String intro = "-------mmmmmmm e \n" +
" CART ITEMS \n" +
w_ \n";
String itemsString = "";
for(int i = @; i < this.items.size(); i++){
//System.out.println("***Item id: " + i + "¥*k*");
itemsString = itemsString + items.get(i).showDetails();
}

String costString = "Total cost: " + this.getTotalCost() +
"\n";
String result = intro + itemsString + costString;

System.out.println(result);

return result;

}
}
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package bookstoreacceptable;

import java.util.Scanner;

public class SimpleBookstoreApplication {
private Scanner reader;

public SimpleBookstoreApplication(){
reader = new Scanner(System.in);

}

public int printMenu(){
int answerOperation = 0;
while( answerOperation > 5 || answerOperation <= 0){

System.out.println("Choose(1-4)\n 1. Show items\n 2. Add item to cart\n

3. Show cart\n 4. Remove item from cart\n 5. Exit");
answerOperation = reader.nextInt();
if(answerOperation > 5 || answerOperation <= @)
System.out.println("Wrong answer! Try again...");

}

return answerOperation;

}

public Scanner getReader(){ return reader; }

public static void main(String args[]){
SimpleBookstoreApplication app = new SimpleBookstoreApplication();

ItemManager itemManager = new ItemManager();
Item item = new Book("Discours de la methode","Rene Descartes”,
1637, 50.00, 0, 0);

itemManager.addItem(item);

item = new Book("The Meditations", "Marcus Aurelius", 180,30.00,
1,1);

itemManager.addItem(item);

item = new Book("The Bacchae","Euripides", -405,30.00, 1,2);

itemManager.addItem(item);

item = new Book("The Trojan Women","Euripides",-415,40.00, 0,3);

itemManager.addItem(item);

item = new CD("Piece of Mind", 10.0,"Iron Maiden",4.0,4);

itemManager.addItem(item);

item = new CD("Matter of Life and Death", 12.0,"Iron Maiden",2.0,5);
itemManager.addItem(item);

item = new CD("Perfect Strangers", 12.00, "Deep Purple",1.0,6);
itemManager.addItem(item);

ShoppingCart cart = new ShoppingCart();

while(true){
int operation = app.printMenu();
if(operation == 1){
itemManager.reportAllItems();
}
else if(operation == 2){
System.out.println("Choose the id of the item that you"
+ " want to add to your cart");
int id = app.getReader().nextInt();
System.out.println(id);
if(id > itemManager.getAllItems().size())
System.out.println("Error: there is no product"
+ " with the specified id");
else
cart.addItem(itemManager.getItem(id));
}
else if(operation == 3){
cart.showDetails();
}
else if(operation == 4){
System.out.println("Choose the id of the item that you"
+ " want to remove from your cart");
int id = app.getReader().nextInt();
System.out.println(id);
if(id > itemManager.getAllItems().size())
System.out.println("Error: there is no product"
+ " with the specified id");
else
cart.removeltem(id);
}
else{
break;
}
}

} //endofmain
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Output

Choose(1-4)

Show items

Add item to cart

Show cart

Remove item from cart
Exit

uih wnNn B

1

***Ttem id: @***

Discours de la methode Price:50.0
by Rene Descartes at 1637

with simple packaging.

*k*Ttem id: 1***

The Meditations Price:30.0
by Marcus Aurelius at 180

with hard box packaging.

**¥*¥Ttem id: 2%**

The Bacchae Price:30.0
by Euripides at -405

with hard box packaging.

***Ttem id: 3***

The Trojan Women Price:40.0
by Euripides at -415

with simple packaging.

**¥*Ttem id: 4***

Piece of Mind Price:10.0
by Iron Maiden

final price: 6.0

**¥*Ttem id: 5***

Matter of Life and Death Price:12.0
by Iron Maiden

final price: 10.0

***¥Ttem id: 6***

Perfect Strangers Price:12.0
by Deep Purple

final price: 11.0

Choose(1-4)

Show items

Add item to cart

Show cart

Remove item from cart
Exit

uvuih wN R

2

Choose the id of the item that you want to add to your cart
2

Choose(1-4)

1. Show items

2. Add item to cart

3. Show cart

4. Remove item from cart
5. Exit

***¥Ttem id: 2***

The Bacchae Price:30.0
by Euripides at -405

with hard box packaging.

Total cost: 30.0
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YHMEIQXEIX
AkolouBouv napadeiypata xproewg apxeiwv kat I/0 evtohwv.

/*

* author: P. Tsaparas

* edited: PV

*/

import java.io.FileNotFoundException;
import java.util.Scanner;
import java.io.FileInputStream;
import java.io.PrintWriter;
import java.io.FileOutputStream;
import java.util.StringTokenizer;

public class ReadWriteTest {
public static void main(String[] args) {
Scanner inputStream = null;
PrintWriter outputStream = null;

Scanner keyboard = new Scanner(System.1in);

System.out.print("Give the input file name: ");

String inputFileName = keyboard.next(); //also: nextInt, nextDouble, nextLine
inputFileName = inputFileName.trim();

System.out.print("Give the output file name: ");

String outputFileName = keyboard.next();

outputFileName = outputFileName.trim();

//Opening files for read and write, checking exception
try {
inputStream = new Scanner(new FileInputStream(inputFileName));
outputStream = new PrintWriter(new FileOutputStream(outputFileName));
//APPEND would be .... (new FileOutputStream(outputFileName, true));
} catch (FileNotFoundException e) {
System.out.println("Problem opening files.");
System.exit(0);
}
//converts tokens to uppercase, adds tabs in between and writes with a line number
int count = 9;
while (inputStream.hasNextLine()) {
String line = inputStream.nextLine();
String newLine = new String();
count++;
StringTokenizer tokenizer = new StringTokenizer(line);
while (tokenizer.hasMoreTokens()){
String s = tokenizer.nextToken();
s =s.toUpperCase(); //ALWAYS: s = s.doSth, else, the immutable s misses the new value
s= s.replace("|", "\t");
newLine = newlLine + "\t" + s;
}

outputStream.println(count +

}

+ newlLine);

inputStream.close();

outputStream.close();

keyboard.close(); //because eclipse has a warning :)
System.out.println("Done, writing " + count + " lines.");
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/**

* A simple example where we open a file, read its contents, make them tab-separated and

* turn them to upper case, before writing them to an output file.
* @author pvassil

*/

package examples;

import java.io.BufferedReader;

import java.io.FileNotFoundException;
import java.io.FileReader;

import java.io.FileWriter;

import java.io.IOException;

import java.io.PrintWriter;

public final class LineIOExample {
public static void main(String[] args) {
String inputFileName = "Books.txt";
String outputFileName = "BooksProcessed.txt";
BufferedReader inputStream = null;
PrintWriter outputStream = null;

try {

inputStream = new BufferedReader(new FileReader(inputFileName));

try {

outputStream = new PrintWriter(new FileWriter(outputFileName));

} catch (IOException e) {
System.err.println("Could not open output file stream");

}

un

String nextInputlLine = H
try {
while ((nextInputLine = inputStream.readLine()) != null) {
String[] stringParts = nextInputLine.split("\\|");

// just "|" is a wild-character in reg. ex.

nn

String outputlLine = H
if (stringParts.length > @) {
for(String s: stringParts) {
outputLine += s.toUpperCase() + "\t";
}

=> would not do it

} //can you spot the small glitch and fix it before the println?

outputStream.println(outputLine);

} catch (IOException e) {

System.err.println("Could not read line from input file stream");

} //of the outermost try, to open the inputStream
catch (FileNotFoundException e) {
System.err.println("Could not open input file stream");
}
finally {
if (inputStream != null) {
try {
inputStream.close();
} catch (IOException e) {
System.err.println("Could not close input file stream");
}

}
if (outputStream != null) {

outputStream.close(); //nothing to throw, if sth is closed already

}
}//end main()
}//end class

OOP.SCRIPTS.16



Use Cases: pla cUvtopn
gelooywyn

Heavily based on “UML & the UP” by

Arlow and Neustadt,

Addison Wesley,

2002

Requirements Engineering

* H dadikacia cuANoOYNG
KoL avaAuong
AMOUTACEWY,
petadpalel To WG ot
XPNOTEG EKAOUBAvVOUV
€va POPANUa Tou
TPAYUATIKOU KOGUOU,
o€ plo Sopnpévn
nieplypadn toug

Real world Requirements
problem Engineering

=
Requirements @

Specification

s

Q=<3

Working code with
quality assurances

Design
Specification

<:| Implementation

Working
code
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T/ Mol / Nwg

* Tu Mpénet va petadpdooupe To MPoPANUaA Tou
TIPAYHUATIKOU KOGLOU TIOU EXOUHE VAL ETUAUCOUE OE UL
Sounpévn nepypadn

e Twoti: Onwg Ba SoUpe og EMOUEVEG EVOTNTEG, N €V AOYW
nieplypadn Ba aflomoinbel otnVv Kataokeu KAACEWVY Kot
uebodwv

‘ExeL tepaotia onpacia, n nepypadr va MHN sivat
€AeVOepoO Keipevo, aAAd va akoAouBel TOAU auvotnpoug
KaVOVeG Soung ko Ekdpaong
* MNwg: Ba XPNOLUOTIOL|COUHE TNV TEXVLKN TWV USe cases Tou
pag Sivouv vontikd epyaleia yla va petappdooupe Kabe
S0UAELd / appodLdTNTA TOU TIPOoYpPApUATOG TTou Ba
KOTAOKEUAOTEL OE PLA OELPA BNUATWV Kat
oAANAETUE pACEWVY HETOEY CUCTAMATOC KAl XPROTN

Roadmap

* ApXLKa Ba TTOUE PEPIKA TIPAYLATA VLA TN
cUA\oyr analtnoswy

* 3TN cuvéxela Ba SoU e Ta BACLKA VONTLKA
epyaleia ou pog Sivouv oL use cases yla va
SOUNOCOUE TIC AMAULTHOELG
— Structured description
— Actors and system boundary
— Sequencing, branching, looping
— Alternatives
— Reusability and extensibility

(VEVLIKEG ELOQYWYLKEG LOEEC)

ZYANOTH ANAITHZEQN
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AvAaAuon amnattoswy

* AEITOUPYLKEG QTIOULTIOELG: TL TIPETIEL VOL KAVEL
To cuoTNUA

* Mn A&ltoupyKEC ATTOUTAOELG: TL EYYUNOELS /
TLEPLOPLOHOUG TTOPEXEL TO CUOTNUA (Ao
TAEUpAcG eniboong, aflomiotiag, KAT)

Use cases

e Otuse cases gival to Baotko epyaleio e To omnoio
KataypAadoupe pHe SOUNUEVO TPOTIO TLG AELTOUPYLKEG
QAT GELG TOU CUCTAATOG

e Je €éva €pyo, MapAyou e Eva cUVOAo artd use case
diagrams & use case documents TTOU OG EMLTPETIOUV:

— Na kaBopicoupe molot eivat oL e§wtepkoi xproteg /
ouoTApaTa Tou OAANAETILEPOUV LE TO CUOTNUA pag

— Moo T 6pLa TOU CUCTAUATOC TIOU TTAE Vo GTLdéou e
— Me mota «oevapla» yivetat autr n oAnAenibpaon
— TMoleg oL AemTopépeLeg yLa KABe use case

JuAAoyn kat AvaAuon Amattioswy

* H Sladikacia TG cUANOYNAG Katl avaAucng
QTTALTACEWV, UETA OO CUVEVTEUEELC LIE TOUG
EUMAEKOEVOUC OTO CUCTNUA (XPrOTEG,
SLaXELPLOTEG, KATT) TIPETEL VAL KATAAREEL 0TV
0PLOTIKOTIOLNGN KoL Kataypadn Twv MopoKATW
OMOTEAECUATWY

— N\ELTOUPYLKEG QUTTALTHOELG

— Mn AELTOUPYLKEG QUTOLTHOELG

- Avdesgn TIPOTEPALOTATWY KOL ONUAVTIKOTNTOG OTLG
ATALTNOELG

— JUOXETLON TWV AMALTACEWY UE TG apaxBeioeg use-
cases
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Kowva AdBn

* H ouloyn anattioswy elvat pLa epyacio ou anottel ToAAEG
Se€LOTNTES (O€ TEXVLKO, SLOLKNTIKO KA KOWWVLKO EMIMESO), pict OpWG
Qo aUTEG gival aflopvnpoveutn edw: n auotnpoTnTa

¢ Kowd AdBn Adyw éAewding auotnpdtntag otnv kataypadn Twv
anaLtoEwyv

— Ataypadn: AelmeL KATL QO TO TTOLOG KAVEL TL KOL TIOTE (TT.X., O KWSIKOG
gloayetal oto cUotnua — and MOION?)

— MNapapdpdwon: KAToLog ePLOPLOUAG EXEL EVOANAKTLKEG EKTEAEDELG
(1.X., av 0 kwbKOG eLoayBei Adabog, Eavainteitat anod to cuoTnpa —
avti yla «...AaBog péxpL kat 3 GopEg ...»)

— Tevikeuon: KATTOLOG KAVOVAG YEVIKEUETOL OE £vVa GUVOAO XPNOTWY, WG
un 6detke (ri.y., ONOI oL xproTeG £XOUV Eva KWELKO — EeXVWVTag OTL oL
SLAXELPLOTEG UITOPEL VOl LOLPATOVTAL EVA KOO KWELKO

(opLopog, ototxeia, Soun kat mapadeiypata)

USE CASES

Use Case Model

* To Use Case Model trepihauBaver:

— Actors: poAol TTou ekTEAOUVTAI EITE OTTO TOUG XPrOTEG
TOU CUOTANATOG 1} atré GAAQ CUCTAPATA EEWTEPIKG
0710 UTTO PEAETN oUOoTNHA

— Use cases: oevapia Xpriong Tou CUCTARATOG aTTO
Toug actors

— Relationships: pe Tmoloug TpdTTOUG 01 USe cases
oxeTidovTal Je Toug actors

— System boundary: n amégaaon yia 1o TI €ival evTog
TOUG OUOTANATOG KAl TI €KTOG (TO OoTT0i0 deVv €ival TO0O
TTPOPAVEG 600 AKOUYETAl
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Awadikaoia ekmovnong

* Bpeg T OpLa TOU CUCTAUATOG
* Bpeg Toug actors
* Bpeg Ta use cases

— OpLopoG Tou use case

— Kataokeur oevapiwv péoa os éva use case

System boundary

* System boundary defines what is part of the
system and what is external to the system

* External to the system: actors (persons or
systems

* Internal to the system: use cases = what the
system offers to the actors

* Notation in diagrams: box with the name of

the system, with actors outside the box and
use cases inside

Actors

Actor: poAog mou uloBeTeital amo pa eEwTepLKA
TOU CUCTHHATOG OVTOTNTA YLaL va
OAANAETISPACEL e TO CUOTN UL
‘Evag actor
— elvat MANTA e§WTEPLKOG TOU CUCTHUATOG
— ANNAemSpA Gueca e To cUoThUA

— Avamoplotd poAoug Kot OXL CUYKEKPLUEVOUG avBpwroug
OUOTAROTA

— Xpelddetal éva cUVTOpO Gvopa
— ZwypadileTol pHe TO YVWOTA PapUmodaKLa

Customer

UseCases.5



Kat o va toug Bpelg?

* [olog xpnotpomolel to cuoTnua?

* Molog Slaxelpiletal To cuoTnUA?

* Mot dA\a cuotpata aAAnAemdpolv pe To
cuotnua?

* JUMPaALVEL KATIOLO YEYOVOG OE TAKTA XPOVLKA
Slootipata? (tdte o xpovog eivat £vag actor)

Use Cases

* A use case is “a specification of sequences of
actions, including variant sequences and error
sequences, that a system, subsystem, or class
can perform by interacting with outside
actors”

* Use cases:

* Come with a short name (starting with a verb ) and an ID
* Are always started by an actor
¢ Are always written from an actor’s point of view

Kol mov ta Bplokelg? Pwtwvtac:

* TuAettoupykdtnta O€AeL £vag xpriotng amd to
cvotnua?

* Ewdomoleital évag xpnotng av aAAGEeL n
KOTAOTOON TOU GUOTAUATOG?

* Emnpedletal To cUOTNMA Ao eEWTEPLKA
yeyovota?

* AmoBnkelel / avaktd mAnpodopia to
oUOTNHA, KO AV VAL, e TToLo epgBiopa?

UseCases.6



ZwypadLkn yla pLa use case

* QoUOoKO E TO OVOUA TNG

* [papLn TOU TN CUCXETIlEL e KABe actor mou
oxetiletal pall tng

* To SLaypappa TwV use cases ToU CUCTHHATOG
Batet pall system boundary, actors and use
cases, all in one

Use case diagram

(‘shipProduct ) A
S
~
— O\ Stieoing
Company
cus O
N O
Dispatcher

Figure 4.6

2
KaBoplopocg piag use case

* To Sudypappa pe Wi
TG polokeg Sivel et { 0051
MOVO LA YEVIKA e secun 267 -
enontela oyt | L

* OxaBopiopberwy  TEEmr
use cases yivetat TEIEE N  Then s s e
e KEipevacavto
SutAavo!!! et | [ e e

s
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KaBoplopocg piag use case

¢ Ovopa kat ID

* Actors (ordered by frequency
of usage + highlight the
primary actor)

* Preconditions = cUvolo
oLVONKWV TToL TIPETEL VaL
anotipdral o€ true mEW va
EeKWIOEL N EKTENEDN TNG Use
case — aA\Lwg Sev §ekwvd
(rpocoyr: OXL UTIOXPEWTIKA —
HOVO OTou XpeLaleTan)

48

" Use case: PayVAT

Government
Preconditions:
Itis the end of a business quarter.

Flow of events:
1. The use case starts when it is the end of the
business quarter.
2. The system determines the amount of Value
‘Added Tax (VAT) owed to the Government
3. The system sends an electronic payment to
the Government.

Postconditions:
1. The Government receives the correct amount
of VAT.

KaBoplopdg pLag use case

* Primary flow of events =
sequence of steps to
implement the use case

* Alternative Flows: yLa Tig
TIEPUTTWOELG TIOU UTIEPXOUV
exceptions rj TTOAG Aoy ikd
LOVOTTATLOL EKTENETNG

* Postconditions: Tt eyyuroelg

SiveL n ektéAeon kabe flow
UETE TNV OAOKANPpWOT TNG
(6mwg ta preconditions, TdAL
oav £va cUVoAo aro
KOTNyOprHaTa TIoU
QTMOTLHWVTAL O true Kot TdAL
TIPOQULPETLKA, HLOVO OTIOU
XpeLaletal)

Use case: PayVAT

Actors:
Time
Government

Preconditions:
1. Itis the end of a business quarter

Flow of events:
The use case starts when it s the end of the
business quarter
The system determines the amount of Value
Added Tax (VAT) owed to the Government
The system sends an electronic payment to
the Government

Postconditions:
1. The Government receives the correct amount
of VAT.

Comments: oxOALa, pioka, pun

AELTOUPYLKEG QMMALTACELG, ...

Aopnpévn ékdpaon yla poEG Kal use cases

XapaKTNPLOKOG TOU TIOLOG EEKLVA TNV use case

1. The use case starts when an <actor> <function>

APLOUNUEVEG TIPOTAGELG, UE QUGTNPH CUVTOE
(sub)system, evepyntikd prpa (Oxt madntikn

(umokeipevo = actor /
wvn)...

<id> The <actor / (sub)system> <performs function>

... KOL QAT OELG oTa epwTrpata: Mowog? Ti? Note? Nou? o€ oxéon Ue TO

QVTLKELMEVO TNG TIPOTAONG

4. The main engine shall load the records from the log
file to the engine’s record placeholder

UseCases.8



Aopnuévn ekdpaon

* Reserve if, else, for, while as keywords yia va
umnopeite va mpodlaypalete branching &
(rarely) loops

* AUO TPOTOL (CUUITANPWHUOTLKOL) IO TO
branching:

— Av eival pikpd to branching, péoa oto primary
flow (kamolot modelers Stadpwvolv — BEAouv
KaOapo to primary flow)

— AANWWG, XwpLoTo alternative flow

25
Use case: ManageBasket | Use case: DisplayBasket
% 1
ID: UC10 1D: Uc11 ) |
R ——— Actors: |
Actor Gustomer
Customer PreoonaitioTm:
= 1. The Customer is logged on the system.
Preconditions: ki j99ed on the oyata
1. The shopping basket contents are visible. Flow of events:
1. The use case starts when the Customer selects
Ficw af evert 2. Wihirs rsn ems i e basket |
1. The use case starts when the Customer selects = 2.1 The system informs the Customer that |
an item in the basket. there are no items In the basket yet |
2. Ifthe Customer selects “delete tem” 22 The use case terminates.
2,1 Thesyswm rmones e er fign: 3. The system displays a st of llftems inthe |
§ Customer's shopping basket including product
the basket 1D, name, quaniity and ftem price.
3. Ifthe Customer types in anew quantity o
3.1 The system updates the quantity of the P _ |
ternative flow
item in the basket. 1. Atany time the Customer may leave the
| shopping basket screen.
Postconditions: = —— e
The basket contents have been updated. | —
Altornative flow 2:
1. At any time the Gustomer may leave the system.
Postconditions: B o
26

For and While within use cases (rarely,
however)

Use case: FindProduct

Use case: ShowCompanyDetails

ID: UC12 e T —
- 1D: UC13,

Actors: == S

Customer Actors:

= Customer
Preconditions:

Flow of events: — | Preconditions:

1. The Customer selects “find product” Flow of events:

2. The system asks the Customer for search criteria 1. The use case starts when the Customer selects

3. The Customer enters the requested criteria. “show company details”.

4. The system searches for products that match the Customer's criteria 2. The system displays a web page showing the

5. _lf the system finds some matching produets then company details.

1. For each product found 3. [While the Customer Ts browsing the company details

5.1.1. The system displays a thumbnail sketch of the product. 3.1, The system plays some background music,
5.1.2. The system displays a summary of the product detalls. 5, Thietsyafeuy/cispi et
5.1.3._The system displays the product price. BiEye e capijsiepocialaliomta

s banner ad.

53
6.1. The system tels the Customer that no matching products could
be found.

Postconditions:

Alternative flow:
1. Atany point the Customer may move to different page.

Postconditions:

Postconditions:

Missing: the use case begins
when ...

UseCases.9



" Use case: Checkout

[10:ucta
[ctors:
Customer

| Preconditions:

| Primary scenario:

1. The use case begins when the Customer select
9o to checkout”

2. The system displays the customer order

3. The system asks for the customer identifer

4. The Customer enters a valid customer identifie.

5. The system retrieves and displays the Customer's

detals.
| 6. e system asks or reait cad information -
| ™" name on card, card number and expiry date.

7. The Customer enters the credit card information.
8. The system asks for confirmation of the order.

9. The Customer confirms the order

10. The system debits the credit card.

11. The system displays an invoice.

|

|"secondary scenarios:
InvalidCustomeridentifier
InvalidCreditCardDetails
CreditCardLimitExceeded
CreditCardExpired

| Pesteonditions:

Jevapla

heckout

Use ca: B
Secondary scenario: InvalidCustomeridentifier
ovets |
Actors: B
Customer

Precondition:

Secondary scenari
The use case begins in step 3 of the use case
Checkout when the Customer enters an invalid
customer identifier.

2. For three invalid entries
2.1. The system asks the Customer to enter
the customer identifier again.
3. The system informs the Customer that their

customer identifier was not recognized.

Postconditions:

‘Otav n dopr) yiverar noAUNAokn kai
To branching xel napayive,
Baloupe oevapia, avabérovrag pia
por) O€ KABE £va €K TWV OMOIWV Kal
XwpilovTag Tn use case o primary /
secondary scenarios 28

KAnon use case péoa amo aAAo use
case

¢ oAU Koo Otav €XOUE AELTOUPYLKOTNTA TIOU
€MAVAAQUBAVETAL OE TEPLOCOTEPA TOU EVOG USE cases

¢ AmAomotnTiko yLa TV oUVTagn TWV use cases

IManager

ChangeEmployeeDetails

ViewEmployeeDetails

DeleteEmployeeDetails

Personnel system

U, /
~,
g,

«include»

upp!

FindEmployeeDetails

Use case: ChangeEmployeeDetails
D:1

Use case: ViewEmployeeDetails
D:2

Use case: DeleteEmployeeDetails
D:3

Brief description:
The Manager changes the employee details.

Primary actors:

Brief description:
The Manager views the employee details.

Primary actors:

Brief description:
The Manager deletes the employee details.

Primary actors:

Manager Manager Manager
Secondary actors: Secondary actors: Secondary actors:
None. None, None.
Preconditions: Preconditions: Preconditions:

L. The Manager is logged on to the system.

1. The Manager is logged on to the system.

L. The Manager is logged on to the system.

Main flow:

Main flow:

1. include( FindEmployeeDetails ).

3. The Manager changes the employee details.

Main 8
1. include( FindEmployeeDetails ).
i Greplays the employee details

1. include( FindEmployeeDetails

details
3. The Manager deletes the employee details

Postconditions:
1. The employee details have been changed.

Postconditions:
1. The system has displayed the employee details,

Postconditions:
1. The employee details have been deleted.

Alternative flows:
None.

Alternative flows:
None,

Alternative flows:
None,

UseCases.10



Use case: FindEmployeeDetails H «kaAoUpeVN» Use case, ano Tic

1D: 4 MPONYOUHIEVEG Use cases.
Brief description: Opoloyia: n napotoa «kahoUpevn»
The Manager finds the employee details. use case ovopaZerar “supplier” kai ol

KaAoUoeg use cases ovopalovTal

Primary actors: A
i “client” use cases.

Manager

Secondary actors: 'Onwg PAeneTe, AEN eivar nAfpng
None. (“the use case begins when ...")
Preconditions:

1. The Manager is logged on to the system. H supplier use case AEN eival

Main flow: UnoxpewTIKO va gival nANpNG, alAa
1. The Manager enters the employee's ID. Hnopei va anoteel auté nou

2. The system finds the employee details. ovopdagoupe behavior fragment.

®uoika, navra pnopei pia supplier
use case va givar NARpngG Kai va
gvepyonolgiTal anod TNV KaTaAnAn
ﬁ'tematfve flows: gvépyeia Tou primary actor Tng.
lone.

Postconditions:
1. The system has found the employee details.

MPOZOXH: n povn nepinTwon nou
eniTpénoupe behavior fragments as
use cases €ival va xpnoiponoinBouv
péow include «kAROEWV>»

ZYNOWH

=
Requirements @

Specification

Real world
problem

Design
Specification

<:| Implementation

Working code with Working
quality assurances code 33
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Zovoyn (1/3)

Tu MNpénet va petadppdcoupe To POPBANHO TOU TIPAYHOTIKOU
KOOMOU TIOU €XOUUE VoL ETAUCOULE O pia Sopnpévn replypadn
Moti: Onwg Ba Solpe oe EMOPEVEG EVOTNTES, N €V AOYW Teplypadn
Ba aglomoinbei oTnV Kataokeur) KAACEWV Kat LeBOSwv

‘ExeL tepdotia onpacia, n nepypadn va MHN sivar eAeBepo
Keipevo, aAAd va akoAouBei oAU avoTtnpoUg KAvOveg SOMAG KoL
ékdpaong

MNwg: elSape TNV TEXVIKNA TWV Use cases Tou pag §ivouv vontika
epyaheia yla va petadpdooupe kibe Souleld / appodidtnta tou
T(POYPAUUOTOG TTOU B KATAOKEUOOTEL OE Lol OELPA BNUATWY Kot
oANAemSpacewy HETAEU CUOTAATOG KAl Xpotn

Tuvoyn (2/3): Baoika xap/ko

XapaKTNPLOPAG TOU TIOLOG §EKLVA TNV use case
1. The use case starts when an <actor> <function>

ApLBUNPEVES TIPOTATELS, UE auatnpr oUvtagn (umokeipevo = actor /
(sub)system, evepyntikd prjpa (Oxt madntikn rr])wvn

<id> The <actor / (sub)system> <performs function>

. Kol cmcxvrncetq ota epwtApata: Notog? Tt? Note? Mou? oe oxéon pe TO
QVTIKELPEVO TNG TipBTaonG

4. The main engine shall load the records from the log
file to the engine’s record placeholder

Zuvoyn (3/3): kowva Adbn

‘Ovopa: katt ou ev givat pripa

Ak

6 avtiya J 16V (pripa)
Actor: SnAWVETE TO oUOTNUA yla actor
s Moté!! E¢’ oplopou o actor eivatl EZQ and to cvotnpa
ZeXVATe 1o TI0L0G EEKWVA TNV use case (av Sev urtapyeL autd, AEN STOIXEIQOETEITAI USE CASE)
The use case starts when an <actor> <function>
ZeXVATE OTL OL TIPOTAOELG TIPETIEL VAL Elval aptOpnpéveg !

8&B\qlgz rnv uu(rtr]pr] ouvtagn (urokeipevo = actor / (sub)system, evepyntikd prpa (OxL
Ntk

<id> The <actor / (sub)system> <performs function>

4 Fi 5 LV (REORE LA b ¢ {uevo)

t X t PRV X H
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UseCase.Template.1



USe CASE NAME

DESCRIPTION AND GOAL

ACTORS (ESP. PRIMARY ACTOR)

PRECONDITIONS

BASIC FLOW

EXTENSIONS / VARIATIONS

POST CONDITIONS

SPECIAL REQUIREMENTS, ISSUES, RISKS AND OTHER COMMENTS

UseCase.Template.2



USe CASE NAME

DESCRIPTION AND GOAL

Describes the context of the goal.

ACTORS (ESP. PRIMARY ACTOR)

List of actors, listed according to the frequency they are expected to initiate the use case.

PRECONDITIONS

List of items that must be fulfilled or true before the use case is initiated.

BASIC FLOW
1. Stepl.
2. Step 2.
3. Step3.

EXTENSIONS / VARIATIONS

1la. Variations or extensions to the steps listed above. “1a” here means that there is an extension

or variation to step 1, above.

1b. The second variation of step 1. Avoid more than one level of variation.

POST CONDITIONS

The state of the system after performing the use case.

SPECIAL REQUIREMENTS, ISSUES, RISKS AND OTHER COMMENTS

Enumerations of any special requirements, especially items that developers or technical writers are

unlikely to be aware of. List of open issues, questions or risks. These do not have to be resolved
before work on the use case begins, but must be resolved before the release containing the use is
considered complete.

UseCase.Template.3
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2HMEIQ2EI2

AkolouBel £va mapdSelypa yLa To mwg
- 60Belong pLog meplypadng evog mpoPARLOTOG TOU €X0UUE KaTtaypalel og puoikr YAwaooa,

- gtayoupe KAmoLa use cases

U.C.-EX.1



HAEKTPONIKO BIBAIOMQAEIO

Eotw OtL BéAete va Onuloupynoete €va nAektpovikd PiPAlonwAeio to omoio mouldsl Suo
SladopeTikd £i6n mpoidvtwy, BiPAia kal CD. Kabe éva amd autd mepléxel Evav (Un Kevo) TitAo Kal pia
TR (peyaAutepn tou undevog). Kabe PiPAio mepléxel kol emumAéov mAnpodopieg, OnMwe Tov
ocuyypadéa tou BLBAlou, av mepléxel pohako i okAnpo e€wduAdo Kat To £Tog dnpoacieuang tou. Ooov
adopa ta CD, mpoodépetal n SuVATOTNTA TN EKMTTWONG OE KATOLA ETUAEYHEVA KOUUATLAL.

@¢éhoupe va Snuloupyrnooupe pla edpappoyn mou va gudavilel oto xpnotn i Alota anod ta
StaBgopa BLpAla kot CD tou nAektpovikol BLpAonwAeiou, poll pe TIG AEMTOUEPELEC TOUG. EMuTA£oy,
TpEmel va Slvetal n duvatdtnta mpoabnkng kat Slaypadng Twv MPoidviwy o éva KOAAOL ayopwv.
3TN GUVEXELQ, O XPNOTNG TN edappoyng TMPEMEL Vo UTTopel va ipoBAAEL ta poidvta Ta omola £xouv
nipootebel 0to KAAAOL pall Ye TG TLUEG TOUG.

U.C.-EX.2



EMOANIZE[TPOIONTAKATASTHMATOZX

ID: UC1

DESCRIPTION AND GOAL

H use case «EpdavioelpoiovtaKataotiuatog» epudavilel Ta Stabéopa mpoiovia Tou KATOOTHUOTOS

otnv obovn.

ACTORS (ESP. PRIMARY ACTOR)

O xprotng.

PRECONDITIONS

MNpénel va £€xouv doptwOel Kal va umapyouv SLobEatpo mpoidvta 0To KATAGTNUO.

BASIC FLOW

1. To use case £eKLVAEL OTOV O XPNOTNG EMAEEEL A0 EVOU TV mAoyr «Epdavion mpoloviwv».

2. Toovotnua spdavilel ta mpoidvra otnv 06ovn.

EXTENSIONS / VARIATIONS

1. Itnv nepintwon kotd tv omola Sev umdpxouv mPoidvTa OTo Katdotnpa spdaviletal éva

UAVULO TTOU EVNUEPWVEL OTL Sev uTtdpxouv Sltabéoiua mpoidvra.

POST CONDITIONS

U.C.-EX.3



[MTPOZOEIEIMMPOION2ZTOKAAAOGI

|ID: UC 2

DESCRIPTION AND GOAL

O xpnotng emAEyeL To TIPOLOV Ttov eMLBUUEL KL To TPpocBETel 0To KaAAOL.

ACTORS (ESP. PRIMARY ACTOR)

O xpriotng.

PRECONDITIONS

MNpémnel va £xouv doptwOel Kat va uTtdpxouv SlabEatpa polovTa 0TO KATACTNA.

BASIC FLOW

1. To use case £ekLvAEL OTAV 0 XPROTNG EMIAEEEL TNV TTPOOBNKN TTPOLOVTOC 0To KAAABL amo to pevol
ETUAOYWV.

2. O xpnotng erAéyeL To poiov mou emBupel va ayopacel amnod tnv dtabgatun Alota.

3. To olUotnua npooBETeL To MPoidv 0To KOAAOL.

POST CONDITIONS

To mpoiovta mou Bpiokovtal oto KAAGBL €xouv evnuepwOeL.

U.C.-EX.4



AIATPAWEITPOIONANOKAAAOGI

|ID: UC3

DESCRIPTION AND GOAL

O xpnotng emAéyeL To TPoiov mou emtBu el kat to Staypddel amod o KaAaoL.

ACTORS (ESP. PRIMARY ACTOR)

O xpriotng.

PRECONDITIONS

Mpémel va umdpxouv Tpoilovta oto KaAdoL.

BASIC FLOW

1. To use case £ekwvdel Otav O XPNOTNG £mAéyel va Slaypdel KATOLO TPOidV amd Tto KOaAAOL

0yopwWV Ao To HEVOU ETILAOYWV.
2. O xpnotng emAéyeL To mpoiov mou erbupel va dtaypadel amnod to kaAdaol.

3. To ovotnua Slaypadel To mpoiov amno to KaAadL.

POST CONDITIONS

To mpoiovta mou Bpiokovtal oto KAAGBL €xouv evnuepwOeL.

U.C.-EX.5



EMOANIZEITPOIONTATOYKAAABIOY

ID: UC4

DESCRIPTION AND GOAL

OL avoAuTikEG TTANpodopieg yla kaBe mpoidv mou Bpioketal oto KaAdabL ayopwv eudavilovral otnv

0Bovn.

ACTORS (ESP. PRIMARY ACTOR)

O xprotng.

PRECONDITIONS

MNpénel va £€xouv mpootebel mpoiovta oTo KaAdbL ayopwv.

BASIC FLOW

1. To use case &eKwvdel otav o xpnotng emAéel va epdaviosl Ta mpoidvta mou PBplokovtal oTo
KOAGOL ayopwv XpNoLLOTIOLWVTAG TNV €AoY artd TO PeVOU EMAOYWV.

2. To obotnua gudavilel oe pla Alota 6Aa ta mpoidvta Ta omnola €xouv TomoBetnBel oto KohabdL

oyopwVv poll KE TIG aVaAUTIKEG TOUC TTANPOodOpLEC.

EXTENSIONS / VARIATIONS

1. Itnv nepintwon kotd tv omola Sev umdapyouv mpoidvia oto KaAddL ayopwv, To cloTnua

epdavilel To avaioyo privupa.

POST CONDITIONS

U.C.-EX.6



Baoka Staypappota oxediaong
ue UML

Avamtuén AoylopikoU (Software Development)
WWW.cs.uoi.gr/~pvassil/courses/sw_dev/

MYY301/ NAY 308

2xebioon

* H oxebdlaon AapBavel we eloodo TIg
OUYKPOTNHEVEC QAT OELC TWV XPNOTWV EVOC
(UTI0)CUOTILATOC KOl TTOLPAYEL LaL
adaLpETIKA AvVATIOPACTOON TOU TTWE
SopEeital TO AOYLOMLKO ECWTEPLKA, LLE OTOXO
VO QVTOTTOKPLOEL OTLC ATTAULTACELG QLUTEG

Leslie Lamport,
. ) . . X s Turing Award Recipient,
Leslie Lamport. Who Builds a House without Drawing Blueprints? ;i 2013

Comm. ACM, 58(4), pp. 38-41, Apr. 2015 X

()

http://cacm.acm.org/magazines/2015/4/184705-who-builds-a-house-without-drawing-blueprints/
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http://cacm.acm.org/magazines/2015/4/184705-who-builds-a-house-without-drawing-blueprints/

Real world Requirements
problem Engineering
ﬁ Requirements
Specification

Design
Specification

=S Con )
O

[
{3 (impmencion)

Working code with Working
quality assurances code

|<

Testing

Tu/ Mot / Nwg

* 3TNV mapouoa evotnta Ba umootnpiléouue T
Stadikaoia oxediaong pe ta Baoika (0xL OAQ)
OXESLAOTIKA EPYAAELQ TTOU EXOUE VLA TO
OVTIKELUEVOOTPEPEC AOYLOULKO
/* uadaivouue Tt givalt to mptLovi, mptv padouue va riptovilovus */

Auta sival ta oxedtaotika dtaypappata UML, ano ta
oroia Ba kaAUPou e ta Tio Baoikd

* TeAewwvovtag autrn tnv evotnta, Ba npémnelL va elote
€1¢ B€on adevog va katavoeite kal adeTEpoU va
UTopEite va kataokeuaoete eva Staypappa UML rou
avanaplotd adalpeTika eva (UTto)ouoTnua
QVTIKELUEVOOTPEPOUG AOYLOLLKOU

UML.2



Aopn

MNepl Staypappdtwy kot oxediaong AoyLopLKoU
Jtatika Ataypappato KAaoswv
Avvapika Alaypappata AkoAouBwwv

Yta mAaiola ¢ oxedioong StaypappaTwy
kAaoswv Ba evipudrioou e Kat ota interfaces

MoAAég euxaplotieg otov A. Zappa yLa UL TpwTn Lopeh
Twv Slapavelwy autwy

Alaypappota

'Onwg o€ OAEC TIC ETULOTIUEG TWV UNXOVIKWY, £TOL KAL OTN LNXOVLKN
N¢ oxedlaong Tou AOYLOULKOU, KATAOKEUALOUUE Eva OXESLO TOU
T(POG EKTEAECH CUGTAUATOG

'Onwg o€ OAEC TIC ETULOTIUEG TWV UNXOVIKWY, £TOL KAL OTN HNXOVLKN
¢ oxediaong Ttou AoyLoHLKOU, TO €V onw oX£610 ylveTal og peyalo
BaBuo SlaypappoTiKa

UML.3



Alaypappota

* H Unified Modeling Language (UML) eival n y\wooa
Tou pog npoodépel ta building blocks pe ta omola
KaTtaokeuAlou e Ta SlaypAppaTa autd

* H UML eival eupUtata dtadedopévn kat gival n
YAwooa potumnonoinong tng oxedioong mou
XPNOLUOTIOLELTOL TTAVTOU

— Otav &gv akohouBouvtal EVAAAOKTIKEC LOPDEC

Sleknepaiwong tng avamntuéng (tig onoleg Ba
OUVQVTINOETE 0TO PABNUa tnG Texv. AoyLopLkoU)

Mot Staypappota?

* Na pag!
— I va amoTUTIWGOOU E YPRYOPA KAl KATAVONTA TO
oX€610 Tou TL Ba UAoTIOL GOV E

— lNa va UrmopoU e va KATOVONGOUE T SOUN EVOG
AOYLOULKOU TTOU TIPETTIEL VOL CUVTNPICOUE

— lNa va KpUPOUE YEVLKA TNV TTOAUTIAOKOTNTO TOU
KWLKa o€ Lo PpLALkr, SLoypapaTIKE Kol ypriyopa
QVTIANTITA OMOTUTIWON TIOU AELTOUPYEL WG
blueprint / okehetoc / ox€dlo tng vhomoinong!

UML.4



Mot Staypappota?

* MNa toug aAAoug!

— lNa va UrmopoU e, O€ EVOL GUVEPYATLKO
nieplBAarov, va CUVEPYAOTOUUE HE AAAOUG, Va
KatavooU e OAoL ypriyopa, EUKOAX Kl LE
akpiBela tL £xel / mpoketta va uAomolnOel ano
TOUC AAAOUG

Mnv &exvarte

* Ta Staypappata ta wypadpilovpe pe amia
OTO XWPO, XWpLc omTiko Bopufo, Kot pe
akpiBeLa (mou ouvemnayestal evnpuEpwaon OtV
yivovtat aAAayEc)

* MHN ZEXNATE: 0 OKOTtOG TWV SLOLYPOLUHATWVY
glval va utofBon@noouv tnv Katavonon tou
Kwdka Ko T ocuvepyaoia twv developers
(aAAww¢ givatl anAwg enunAéov poptog)

UML.5



(Class diagrams)

AIATPAMMATA KAAZEQN

2tatikny Artodn - KAAoELC

UML.6



Classes

<<Java Class==>

G Item

bookstoreCounterExample

ifltem(String,double} -
@ showDetails().void
@ getOriginalPrice().double -
@ getFinalPrice().double

; * Class (package, if abstract,

» State properties (attributes)
* Dynamic behavior

« fitle: String (methods)
< price: double e Annotate:
{fltem() — Class if abstract

For methods && attributes:
+ for public, - for private, # for
protected

Method if constructor,
abstract, ...

Method signature
Attribute type

Classes

package bookstorecounterexample;

"

<=Java Class== public class Item {

Galtenn public Item(){title="";price=-1.0;}

bookstoreCounterExample

< fitle: String }

< price: double

public Item(String aTitle, double aPrice){
title = aTitle; price=aPrice;

public void showDetails() {
Cfﬂenﬂ) System.out.

println(title + "\t\t

& ltem(String,double) Price:" + price);}

@ showDetails()void
@ getOriginalPrice().double

@ getFinalPrice().double }

public double getOriginalPrice() {return price;}

public double getFinalPrice() {
return price;

protected String title;
protected double price;

UML.7



Comment

<<Java Class>>
(&Book .
bookstoreCounterExample Notes are used (Wlth
= auhor. Sting restrjalnt) to comment on key
. points of the SW structure
= packaging: int '
= yearPublished-it | T ) . .
- With dashed lines, if they
{fBook(Smng,Smng,mt,doub\e,mt) sl ifi
@ showDetalls()-void [PENEEN WD &) SRSEMIc
construct, e.g., a class

Ytatikn Aoy - E€aptnon

UML.8



Yxeon €€aptnonc (dependency)

DependentClass]| DependedUponcClass|H oX€on €€aptnong
== KatoypAadeL OTL O
e€aptnUEVOC
XPNOLUOTIOLEL KWOLKAL

TOU €€QPTWHEVOU

Dependent typically Av aAAd€eL 0
depends upon €E0PTWUEVOC, LOWC
DependedUpon for class TIPETIEL va. aAAAEEL
def., method invocation Kall 0 €0pTNEVOC
and stability
DependentClass DependedUponClass
~ Jependency)

* Class DC (DependentClass) depends upon class DUC
(DependedUponClass) if even one of the following
holds:

— There exists a method DC. f that takes as parameter an
object of DCU

DC.f(DUC x): ..

— There exists a method DC. f that returns an object of DUC
DC.f(..): DUC

— There exists a method DC. f that uses an object of DUC as
an internally declared variable »

18
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<<Java Class>>
(9 simpleBookstoreApplication
bookstoreCounterExample

:mep\eBeuksmrPApph cation{)

’
Napadeypa
public class SimpleBookstoreApplication {

public static void main(String args[]){

& main(Stringll):void

<<Java Class>>
(3 ltemManager
bookstoreCounterExample

Oc\temMaﬂager(}
@ addltem(ltem)void
@ removeltem(int):void

v
@ getitem(int) ltem
<<Java Class>> ¢ iy
@ Book @ reportAllitems():void
bookstoreCounterExample
o author: String

= packaging: int
= yearPublished: int

@ Book(String, String,int, double,int)
@ showDetails():void

ItemManager amazon = new ItemManager();

Book bookRef;

bookRef = new Book("Discours de la methode",

"Rene Descartes", 1637, 50.00, 0);

amazon.addItem(bookRef);

bookRef = new Book("The Meditations", "Marcus
Aurelius", 180, 30.00, 1);

amazon.addItem(bookRef);

bookRef = new Book("The Bacchae","Euripides”,

-405, 30.00, 1);
amazon.addItem(bookRef);

CD cdRef;
cdRef = new CD("Piece of Mind", 10.0,"Iron
Maiden",4.0);
amazon.addItem(cdRef);
cdRef = new CD("Matter of Life and Death",
12.0,"Iron Maiden",2.0);
amazon.addItem(cdRef);

amazon.reportAllItems();

19

Ytatikny Almtoyn — ZuoxETLon

UML.10



UML Class Diagrams — 2uo)£tion

==Java Class=> ~preferredMagazine
GPerson 0.1
~subscribers |0..*

Mua amAfy 6X€on oUoXETLoNG (Association) onpaivel OTL katd T SLapKeLa
EKTEAEONC KATIOLA AVTLKELEVA TwV SU0 KAAGEWV Guvepyalovtal

To multiplicity (av umtapyel) SnNAwVeL Eva eUPOG ETUTPEMOUEVWY TILWV
OXETLKWV JLE TO TOCA AVTIKELEVA cuvepyaovTatl

==Java Class=>
®Magazine

e 5,10,0..1,1..10,1..%, 0..*, KAm.

Yrapyel eniong SuvaTOTNTA VA OVOUOTIOOUE TO pOAo Tou Tailouv ta

QVTIKElpEVa KABe KAAONG 0T cuvepyaoia

e  EbSw: a Person subscribes to 0..1 Magazine to which he refers as “preferred
Magazine”; at the same time, a Magazine can have 0 to many Persons to which it
refers to as “subscribers”.

H katevBuvon (av umapyel, daivetal pe BENOG) uTOSNAWVEL OTL AVTIKELEVA

™G KAaong art’ omou £ekva To BEAOG yvwpllouv Thv UTapén Kat £XOUV TN

SuvatotnTta MPoOcBacng oTa AVTKELUEVA TNG KAAONG OTou KAaTtaAnyeL To BEAOG

==Java Class==

(® IltemManager

simpleBookstoreDemo

Oclerrl‘.-'lanager(}

@ addkem(kem):void
@ removekemint):void
@ getkem(int)-kem

@ reportAllkems():-void

{ArrayList}
-alliems |0+

==Java Class==
®ltem

simpleBookstareDemo

<+ fitle: String
< price: double

&tem)

& tem(String double)

@ show Details()-void

@ getOriginalPrice()-double
@ getFinalPrice()-double

Noapadeypa

public class ItemManager {

private ArraylList<Item> allIltems;

*  To B€Aog utoSNAWVEL OTL AVTIKELPEVA TNG KAAONG

Item Manager

* Hemonueiwon 0..* SnAwvel OTL €éva QVTIKELLEVO TNG

kAaong Item Manager yvwpilet 0 ... ToA&

QVTIKE(HEVA TNG KAAONG Item, ota omola avadEépovtat
w¢ allltems. MpaKTkA aUTO poag AEeL OTL KABe
QVTLKE(HEVO TNG KAAoNG ItemManager cuoxetiletal e

pLla cUAOYN oo avTlKeipeva g ltem

*  Ta avrtikeipeva ltem Sev E€pouv timota yLa

avTIKelpeva TOToU ItemManager

)

UML.11



EvaAAaktikol cupBoAlopot

Person | 0..* subscribes 0.* | Magazine

+subscriber +subscribed magazine

https://en.wikipedia.org/wiki/Class_diagram

==Java Class>=| -subscribers <=Java Class>=
®Person 0" ©Magazine

-subscribedMagazines |0..*

-customers
Bank Person
0.*
+listAllCusto +describePer
mers() son()
| T -manager
1..1
Public class Bank{

private List<Person> allCustomers;

public void listAllCustomers() {
-mother for (Person p: this.allCustomers){
-father 1.1 .... Do sth with each customer...
1.1 p-describePerson();

public void listAllCustomers(List<Person>
customers) {
for (Person p: this.allCustomers){
.... Do sth with each customer...
p-describePerson();

UML.12



JuoxEtion vs E€dptnon

* H ouoxétion eivat katd Baon Soutkn oxeon: pia KAaon A €xet
éva meblo mou eival tumou pag kKAdong B

* Hetaptnon umodnAwvel OTL pLa KAdon A e€aptdtal and pia
AAAN kAdon B, kat autod Kuplwg AéeL OTL av xaBel / aAAAEeL N
B, mp£mneL va cuvtnprioou e TNV A.

* He&dptnon elval uTOXPEWTLKA KATEVUOUVOUEVN

— JTn CUGXETLON UTTOPEL va UNnVv umapyeL katevBuvon, otnv
neplmtwon auth Bewpeital akaboplotn

<<Java Class>>

bookstoreAcoeptable

(3 SimpleBookstoreApplication

o reader: Scanner

& SimpleBookstoreApplication()
@ printMenu()int
@ getReader() Scanner

& main(String{]} void 4

v

<<Java Class>>

¢

<<Java Cass>> N

(3 ShoppingCart (®ltemManager
bockstoreAcceptable bockstoreAcceptatle
a totalCost: float & tonarager)
@ ShoppingCart() @ addtem(tem)void

@ addtem(tem):void

© removekem(int):void
computeTotalCost():-void
@ getTotaiCost() float

@ getkems()ArrayList<tem>
© show Details()-void

@ removeem(int).void

© gettem(int).kem

@ getaltems()ArrayList<tem>
@ reportAltems()void

-alitems \L .

<<Java Class>> p"
G hem
bookstoreAcceptable

title: String
price: double
i int

orem)

& rem(String,double int)
& showDetails()-void
&'getDetails()-String

@ getOriginalPrice():double
of‘getFinaifrice().doudle
@ getTitle():String

@ getid()int

public class ShoppingCart {
private ArrayList<Item> items;
}
/* Attribute => association
* Observe the concrete association
* (not dependency), the role name
* and the multiplicity => ArraylList
*/

“.| public class SimpleBookstoreApplication {

_,‘:‘public static void main(String args[]){

ItemManager itemManager = new ItemManager();
ShoppingCart cart = new ShoppingCart();

cart.showDetails();

}

Mapotnpeiote to S10KEKOPPEVO BEAAKL Qo
tov SimpleBookstoreApplication mpog tov
ItemManager, mou umodSnAwvel tnv
gEdptnon, n omoia mpokUmtel amd aUTd TO
new.

OnoiladAmote amd T1G UMAE €VTOAEG apKel
yla va dnuioupyrioel tnv €§Aptnon amd Ttov
SimpleBookstoreApplication mpog Tov
Shopping Cart

26
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Ytatikn Artoyin -
KAnpovouikotnta

KAnpovouikotnta

Ma kaAUTEPN OpyAvVWOoN KAl CUVTAPNGCN TOU KWSLKA (YLo va inv
enavalopBavetal o i8Log Kwdikag MOANES PopEg)
— ¢Tidyvou e pa yevikn/Baotkn KAdon mou va mephapBAavel ta
KOLVA XOpOKTNPLOTIKG/Tedia Kot pebddoug SUo ) MepLOCOTEPWY
KAQGEWV Kol

— &V ouvexela emeKTEIVOUE TN Baolkn GTLAXVoVTaG KAACELG TTOU
KAnpovopouv amd outh.
JTIG MOoPaYOUEVEG KAAOELG SNAWVOULE ETLITAEOV XOPOAKTNPLOTIKA
KoL AELTOUPYLEG.
— Ta avtlkeipeva £xouv OAO TO XAPAKTNPLOTLKA KoL AELTOUpYieG
Tou SnAwvovtal otnv Bactkn KAdon,
— KOBWCE KOL TA ETUTAEOV XOPOKTNPLOTIKA KAl AELTOUPYLEC TTOU
SnAwvovtal TNV mopayouUevVn KAAoN

UML.14



KAnpovouwkotnta & UML

Ta avTIKE(Peva TwV TapayOpeVwY KAACEwWV glval G
KoLl QVTIKELEVA TNG BAOLKAG KAAONG , OTIOTE N o s
o
<k int

€TMEKTOON ovopdletal kal oxeon IS_A («eivaw).

H kAnpovoukdtnta cupBoAiletal pe Tpilywvo mou
TomoBeteital pe TV Kopudn va Seiyvel mpog tnv
apxLknA KAAon KoL tn BAcn MPOG TLG AP OYOUEVES & T Sing

<zjava Class>>

Frem)

@ kem(Siring, double inf)
&' showDetails():void
&getDetails():string

© getOriginalFrice()-double
getFinalFrice() double

3

@ getid():ink

=<Java Class>> =<Java Class>>
®co ®Book
bookstoreAcceptable bookstoreAcceptable
o arfist String o author: String
o discount: double o packaging: int

o yearPuplished: int

& CD(String.double, String, double, int)
© getFinaFrice() double
@ show Detais(Jvaid

& BoakiString,String int,double, int int)
@ show Details()-void

@ getDetais():String @ getDetails(}:String

@ getFinalPrice()-double

EKTOG e€apeTIKOU ATIPOOTITOU (VLo E0AG:
YMOXPEQTIKA), n untpikr kAdon {wypadiletat
PnAd KoL oL TTAPOYOEVEG OO KATW

<lava Ciasss=>

«wava Class>>
®ltemManager

@S“ODDInﬂcﬂn simpleBockstorsDemo
o totaiCost: float tembianager()
& shoppingCart() © addiem(Rem):void
@ addien(Rem):vaid QR ELTETE
@ remoueRenint) -y aid © gelitem(irl) tem
- - © reportAlitems(Jvaid

@ getTotalCost()Tloat
@ show Detais():void

.ne}s\ -alltems |0.*

0

<aJava Ciasss>

<<lava Class>>
Gitem

simpleBockstoraDeme

(@ simpleBookstoreEngine ST BEIE
simpleBookstorsDamo & price: double
Frem))

& smpleBookstoreEngine()

@ main{Siringl]):vaid

4

& tem(String doube)

@ show Details()void

© getOriginalPrice():double
© getFinaPrice():double

package simpleBookstoreDemo;
public class Item {
}

public class Book extends Item {

public class CD extends Item {

=<Java Class>>
®co

simpleBookstareDemo

<<Java Class>>
©Book

simpleBackstoreDemo

o arlist: String
a dscount: double

& €D(String double Siring double)
© geiFinalrice()-double
@ show Detais():void

a author: String
a packaging: int
a yearPublished: int

&BookiString.Siring int,double,irk)

@ show Details (y:void

public class ItemManager {
private ArraylList<Item> allItems;

Npoooxn! ESw ot CD & Book kAnpovopouv and
v kAdon Item.

Oa 6oupe apyoTeEP OTL N owWoTH oxediaon
EMITAOOEL N papd-kAdon va gival adnpnuévn!

30
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YTatikn Arton —

Adnpnuéveg kAaoelg /
MoAupopdLOUOG

Moti moAvpopdLopoc?

Mevika elvat emlBupNTo eivatl va €xoupe Tn duvatdtnta va
NPocBETou e VEEG SUVATOTNTEC O VOl TIPOYPAUUA XWPLS va
xpelaotel va aAAd&ou e SpAOTIKA TOV UTTAPXOVTA KWOLKA ...
Mwg ylvetatl auto ??
— ouvbualoupe KAnpovopKoTnTa & TOAUHOPdLOMO (Kot yia TRV
okpipela: emavaopLopd pebodwv)
method overriding (emavaoplopog pedodwv)
— n n€Bodog pag Baoikr) kAdong opileton §ava otnv
napayouevn KAGon pe véa uAomoinon Ko o 8o mpwtdtumo

— LLE OLUTA TN TEXVLKI UTTOPOUUE VO TTETUXOULE TOV
EMEKTAOLUOTNTO TOU KWSKa!!

UML.16



KAnpovouikotnta & MNoAupoppIiouog

Nwg KNopoUHE va EAAXLOTOTIOL|COUHE TN GUVTHPNON TOU KWELIKA LECW TOU
noAupopdiopou?

Inueia moévou: KABe apuoSLOTNTA TOU TIPOYPAUHUATOG YLa TNV oToia UTtdpXEL
duvatotnta SLapOoPETIKWY EVAANAKTIKWY UAOTIOLNCEWY KoL KOTAL
OUVETELX N SUVATOTNTA LEAAOVTLKWY EMEKTACEWV OTO TIPOYPOUUA HLAG
(m.x., StadopeTikéG popdEg amobrkeuong Twy deSouévwy oe Eva apyelo)

1. yla kaBe onpelo movou opiloupe pia Baotkn adnpnuévn KAAGon
2. Evouvexeia ya kaBe dtadopetikr evallaktikr ulomoinc )
KATOOKEVA{OUE pia tapayopevn kAdon n omoia fava-opilel (overrides)
TG public neBodoug tng Paowng adpnpnuévng kKAdong
3. UAOTIOLOUUE / TOPAETPOTIOLOUHE TOV UTTOAOUTO KWELKA.
Xpnolponolwwvtag avadopeg otn Bactki adnpnuevn KAAon
— oLavadopEg aUTEG UmopoUV va Seixvouv e avTikeipeva
omolaodnmote KAAONG TPOKUTITEL ATtO TN BAOLKN
— EMOUEVWG Ta pova onpeia ta omoia mpénet va, aAhaxBouv o€ pia
MEMAOVTLKN €MEKTOON Eival Ta oNpEia 0TO omoia apyikomolodvtal ot
avadopEG AUTEG
— 0 uTtbAoLItog KwdLKag oTov omoio kaAouvtat LEBOoSoL OE QVTIKEIHEV
ota onoia delyvouv oL avadopeg auteg Sev xpeldletal aAAYEG

APpnpnUEVEC KAAOELC

* AnAwvovtag pa KAaon w¢ adpnpnuévn (abstract)

— pLa KAGon ovopdletol adnpnUEVn AV TIEPLEXEL TOUAQXLOTOV HLOL

adnpnuévn nEBodo mou dev meplhapBavel uAomoinon
* H kAdon 6nAwvetal public abstract class MyAbstractClass
* pe tn uéBobdo public abstract returnType methodName();

— n adnpnuévn kKAdon Aettoupyel oav KAAOUTIL yLOL TNV KATOLOKEUH
TP AYOLLEVWV TIOU TIPOaHEPOUV EVOAAAKTLKEG UAOTIOLOELG OTLG
adnpnuéveg pebddouc....

— n Snuoupyla AVTIKELMEVWY adnpnévNG KAAoNG dev
ETUTPENETOL ATt TOV compiler

— 1 un vlomoinon adpnpnuévwy pebodwv dev emitpEnetal and
Tov compiler
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)

<<lava Gass=»
(@ SimpleBookstoreApplication
bockstoreAcceptable

<<iava Class>>
@ ltemManager
boeksteraAeceptable

o reader: Scanner

& simpieBookstoreAppication() <<lava Class>>

Fenianager))
@ addrem(zem)yvoid

@ printMenu()-int art @

© getReader()-Scanner o

@ main(Siringl]) void

"3 o totalCost float

& ShoppingCart()

© getAlems() ArrayList<tem=
@ reportAltens (Jvoid

© addiem{tem)void
© removekem{ini)void

@ computeTotalCost():void
& gefTotalCost{-float

-alltems (0%

<<lava Class>>

@ geftems() ArrayList<tem=
@ show Detais ()vaid Y [c]
bookstorshcoaptable

em <—|

< i int

B
< tite: String
< price: double

&Freml)

& rem(String doubie int)
& showDetails () void
&'getetsils()-string

© getOrignalPrice()-doubl
o' getFinaiPrice().double
@ getTitle():String

@ getk():int

i

=<Java Class>>
[cloy]
bockstoraicceptabie

<<Java Class>>
(®Book
bockstoraAccaptable

o artist String
o discount: double

& Co(String, double, String,double int)
© getFinalPrice()-double

©® show Details()void

© getDetaiis()'String

o author: String
o packaging it
o yearPublished: int

@ Book(Siring String.int.double. . k)
@ show Details()void

@ getDetails() String

® getFinalPrice():double

A

Nwg
Seiyvoupue
TLelval
abstract !

<<abstract>>
Item

new()

doSth()

package bookstoreAcceptable;

public abstract class Item {
protected String title;
protected double price;
protected int id;

Abstract class

public Item(){title="";price=-1.0;id=-1;}
public Item(String aTitle, double aPrice,int id){
title = aTitle; price=aPrice; this.id =id;

public abstract String showDetails();
public abstract String getDetails();
public abstract double getFinalPrice();

public double getOriginalPrice(){return price;}
public String getTitle(){return title;}

public int getId(){return id;}
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One implementation

package bookstoreAcceptable;

public class Book extends Item {
private String author;

@Override
public double getFinalPrice() {
return price;

Another implementation

public class CD extends Item {
private String artist;

@0verride
public double getFinalPrice() {
return (price - discount);

}
@0verride
public String showDetails() {
String result = "***Item id: " + id + "*** \n" +
title + "\t\t Price:" + price + "\n" +
"by " + artist + "\n" +
"final price: " + getFinalPrice()+ "\n\n";
return result;
}
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Abstract coupling

public class ItemManager {
private ArraylList<Item> allltems;

}
The “client” class ItemManager uses ONLY the

abstract class and is completely agnostic to any
subclasses the abstract class has.

=> Zero maintenance cost when new subclasses
appear

Ytatikn Armon - ZuvaBpolon

EN: aggregation

['VWOTH KoL WE «CUCCWHATWON»

UML.20



UML Class Diagrams - XvvéOpoion

Composite -isMemberOf -components

Component

0.x 0..x

= Eva avtikeipevo tng kAdong Composite (ry pio opdda epyaciag) ivat
ouvadpolon avtikelpweévwy tng Component av xapaktnpiletot/anoteAsiton
anod avtkeipeva tg kKAdong Component (my ta HEAN pag opddag)
= Zg pua oxéon ouvaBpolong éva avtikeipevo tg kAdong Component (r.y.,
TO HEAOG TNG OpASAC) Hrmopel va xapaktnpilel TOAATAG QVTLKEMEVA TNG
kAaong Composite (rt.X., évag UTAAANAOG CUMUETEXEL O TIOANEC OUASEC
gpyaociag) - f Kat avtkelpeva pag aAAng kKAaong (m.x., tng dtaxeiptong

uoBodooiag) AnotherCompositeClass...

= JUpdwva UE TA Toparmdvw N UTapén Twv avIlKelpévwyY thg Component
Sev e€opratal dueca and Tnv UTaPEn Twv AVIIKELLEVWY TS Composite
o (my., to mpdypappa pobodooiag Siaxetpiletal pia Adlota ano
UTIAANAAOUG aKOMA KAL v SEV CUUUETEXOUV O€ OUASEC epyaociag)

41

Noapadeypa

public class ItemManager {
private ArraylList<Item> allItems;

* [poooxn otov acmpo poupo:
— TN UEPLA TOU CUVOETOU AVTLKELUEVOU
— Mpocoyxr oTo XpWHa: AoTIPOC

=<lava Clags==
(®temManager
bookstorsfcoeptsble

Ocrtemrda nager(}

@ additem(item):void

@ removetemiint):void

@ gettem(int): ftem

@ getalltems().ArrayList<tem=
@ reportAlltems()void

-ﬁlllternsTEl. *

==Java Class==

G rem

bookstorefcoeptable

< tithe: String

< price; double

< id: int

&Fitem()

& tem(String, double, int)
(JqsthDeta.‘.'sf,l:vo.‘u

&' getDetails():String

@ getOriginalPrice().double
OqgetF.‘na.'Prr'ce{ J.double
@ getTitle():String

@ getid(yint
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H ouvaBpolon eival pa eldkn
MEPLITTWON CUCYXETLONG

==Java Class=> <<lava Classs»
(3 ltemManager (3 ltemManager
bookstoraAcoeptable bookstoreAcceptable
oclteml.mnager(} Dcltemmanager(}
@ addttem(ttem) void @ additem(ttem):void

@ removeitem(int):void

@ getitemn(int):item

© getalltems() ArrayList<tems
@ reportAlitems():void

@ removettem(int):void

@ gettem(int):tem

@ getAllitems(). ArrayList<tem=
@ reportAlitems():void

_alitems | 0.+ -alltems | 0.*

==lava Class»»

& em

bookstoreticoeptable

<<Java Class»>

& rem

bookstoreAcceptable

< title: String < fitle: String

< price: double < price: double
id: int < id:int

& tem() & temp)

& tem(String,double, int)
(J“showDeraris(J.uom

o\ getDetails()-String

@ getOriginalPrice():.double
C)“geranan'Pnce(J.uDubJe
@ gefTitle():String

@ getldi)int

& tem(String, double,int)
(J“snowDereHst.vofo

o getDetails():String

@ getOriginalPrice():double
(querFmaJFrrcefJ double
@ gefTitle():String

@ getid().int

2tatikny Amoyin - ZuvBeon

EN: composition
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UML Class Diagrams - 2UvBeon

-isMemberOf -components

Composite Component

1.1 0..x

= Eva avtikeipevo tng kAdong Composite (my pia etatpeia)

anoteAei oUvOeon avikelpévwy tng Component av

xopaktnpiletal/anoteAeital amod avVTKeEipHeVA TNG KAAONG

Component (my Ta TUAMOTO TNG ETALPELQC)

0 Ze pa oxéon olvBeong éva aviikeipevo Component
QVHKEL TO TOAU o€ éva avTikeipevo tng Composite

0 Z0UPwWVA ME TA TTOPOTIAVW EVOL AVTLKELLEVO TNG KAAONG
Component dev €xeL Aoyo unapéng av v UTLAPXEL TO
avtikeipevo tng Composite To onoio xapaktnpilet

UML Class Diagrams - 2UvBeon

Order - isPartOfOrder - items | Orderltem

1.1 0.*

L]

m 2e OTL adopd TN onpeloypadia npooéfte 6tL edw TO
SlopovTaKkL lval HaUpLoPEVO (o avTLOLAOTOAN UE TO
Slapavtdkl tng cuvabpolong mou ival aompo)

46
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Aggregation vs Composition

Aggregate |(> Memb Composi |¢ Part
members 0. " components 0..*
W Player Uni ity ‘# Department
players 0.* departments 0.*
Order 4 ———————————— Orderltems

items  1.*

® Je pla ouvaBpolon, ta HéEAN mailouv kamolo poAo.
= 'ETOL UTTOPEL VO CUUUETEXOUV O€ TTIOAWV EL6WV cuVaBpOLoELS Kal n
Umapén Toug ivat aveéaptntn g ouvabpolong
= Ta ouCTATIKA pLag ouvBeong dev €xouv vonua UTIaPENG
XwpLC To OUVOETO AVTLKEIPEVO TTOU TA «OTEYALELY.

= H Swaypadn tou cuvBetou kOUPBOU oTn cUVOEGDN, CUVETAYETAL TV
Slaypaodr Tou cuoTatikou Tou.

2tatikn Aroyn —
Interfaces / NoAupopdLopoc
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definition by
Arlow &

Interfaces

* An interface specifies a named set of public features
(practically speaking: operations)

* The key idea behind interfaces is to separate the
specification of functionality (the interface) from its
implementation by a classifier such as a class or
subsystem.

* Aninterface can’t be instantiated - it simply declares a
contract that may be realized by zero or more
classifiers.

* Anything that realizes an interface accepts and agrees
to abide by the contract that the interface defines.

Interfaces: what-it-is & an example

* [paktika, éva interface opilel Eva cuvoAo
dnuoolwv adbnpnUEVWY HEBOSWV TIC OmoLEC, oL
KAQLOELG TTOU UAOTIOLOUV TO interface
UTTOXPEOUVTOL VOL UAOTIOLH|COUV KOlL VO TIOLPEXOUV
— Umopeite va to oképTeOTE WG oUPPBOAALO, LUE TOV

interpreter/compiler oto poAo tou
Sdwkaotr/cupBolatoypddou mou eviomilel
napaPLaoelg tou cupPoraiov

* Onwc Ba doLe otn ouvExeLla, n xpnon interfaces
oTnVv vhormoinon svéq CUOTHUATOC Bonec'x
L(SLoutspa 0Tn CUVTAPNON TOU CUCTHUATOG UECW
¢ apxnN¢ tou dtaxwplopoL Twv interfaces
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7 An interface is an

I_I apa&sl_v ua abstraction of a
contract, which
specifies guaranteed
methods to be offered

by materializations of
public abstract double getSpeedReduction(Double excertedForce); the interface

public interface IBreaks {

public abstract boolean reportifBroken(double threshold);

public class BreakFactory {
public IBreaks constructBreak(String concreteClassName){
if (concreteClassName.equals("NiceBreaks"))
return new NiceBreaks();
else if (concreteClassName.equals("DuperBreaks"))
return new DuperBreaks();

System.out.printIn("If you got up to here, you passed a wrong argument to BreakFactory");
return null;

MNapadelypa
public class NiceBreaks implements IBreaks {
@Override
public double getSpeedReduction(Double excertedForce){
return 45*excertedForce;
}
@Override
public boolean reportIfBroken (double threshold) {
if ((threshold > 1.0) || (threshold > 1.0)){
System.out.printIn(“Threshold for breaks' health should be between 0 & 1");
System.exit(-1);
}
Random randomDice = new Random();
if (randomDice.nextDouble() > threshold)
return false;
else
return true;
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Noapadeypa

public class DuperBreaks implements IBreaks {
@Override

public double getSpeedReduction(Double excertedForce){

return 45*excertedForce;

@Override

public boolean reportifBroken (double threshold) {

//\ntentional issue, food for thought: parameter unused!

return false;

Nopadeypa

import bicycleBreaks.|Breaks;
import bicycleBreaks.BreakFactory;

public class BicycleManager {

public double setBreaking(double force){
velocity -= breaks.getSpeedReduction(force);
return velocity;
}
public boolean reportifDamageExists(){
boolean brokenStatus = false;
if (breaks.reportlfBroken(0.7) == true){
brokenStatus = true;
System.out.printIn("breaks are broken");

}

return brokenStatus;
}
private double velocity;
private IBreaks breaks;
private BreakFactory breakFactory;

A client class:
- has an attribute typed by the interface
(here: I1Breaks)

- uses a factory to generate concrete
objects of the concrete classes

- uses the abstract methods of the
contract to complete its task (here:
getSpeedReduction and reportlfBroken)

=>

The client code is completely independent
of the concrete classes (just knows
exactly two elements, the interface and
the factory) ...

... thus allowing the addition of new
classes or maintaining the existing ones,
without any impact to the client!

//see how the constructor uses the factory
public BicycleManager( ..., String breaksName){
breakFactory = new BreakFactory();

breaks = breakFactory.constructBreak(breaksName);

velocity = 0.0;

}
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Interfaces: why & how

* Client code specifies the service it wants to use

* Service-provision code implements the specified
functionality

Specification = Implementation

* The interface is a contract between the service
provider and the service consumer

* As service provision evolves (new versions, new
alternatives, bug fixes, ...) the client is immune to
change if and only if the contract is respected

Interface
asa
contract

Example

==Java mtertaces
BlRace

+3{ @ setupVehicles()void
@ setupViticle(Siring,String String double)void
© unRace(void

© setOriginalVslocty( doubie)void
°
°
0 reportDetais ) void

@ reportiDamageSxists(yboolean @ NiceBrakes
9 equals(Bicycle)-bodlean [

SraceTypeFactory()
@ createRaceWithStages()'Race

0o
° @ reportiEraken(douibie)-boean

Client Service
class providers
Client of Observe the notation

between the interface
and its concrete
materializations: dotted

the client

empty triangle A
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Example

<<lava Cass=>

mainAppiiation

o reader: Scamer

&'BicycleSimpiea ppication)
@ getReader(): Scanner

@ chooseType{String)int

© prnthenu(yint

@ closeReader()-void

<slava mterfaces=
BIRace

<<lava Gass>>
©Bicycle
bicyciaiody

5| © setupViehicles()vod

@ setupVehicle(Siring, String, String double)void

© runRace(yvoid

o fmeRun: doudle
o name: String

o velocty: double

o pedat Pedal

5 pedalFactory: PedaFactory

e ——

<<Java rteriaces
DlBrakes

bioy cleBreaks

@ getSpecdReduction(Double)-double
-breaks | @ reportfBroken(double)-boolean

L resiFactory\ 0.1 i "
. Y B

Interface
asa
contract

Specification

& mainString)void o getvelocty() double
@ getTimeRun():double
-— [ — e —
permres— o qetom) Sing s ) .
! akeFacto
GRaceTyperaciory sortestants _| © SetOngnaNelocty(dauvie)void it Im p lemeritation
° —
FRaceTypeFactony() <<iava o> / o i ) et .
@ createRacewitnStages() Race (GRaceWithStages ° <<lava Cass>> <<lava Class>>
- ce @ reportiDanageExists()-bodkean (©NiceBrakes. (@ DuperBrakes
TN o stagePart int © equais(Bicycle) bookean bicyoleBreaks bicy cleSraske.
= toaSiagePart: it o R =—
o stageParDstance: outle M e coune | | © setsoesa ——
SFRacoWinStages() ° O
pr———-
@ hasNextStage() boolean
& changePe daing(Bioycie v
@ changeBreaks(Bicycle) void
@ decideWinner()-void
© runFaca( g
© sctupVeice(Sting String Sing double v
@ setupVehicles() void
Client Service
class providers
Client of Observe the notation
the client between the interface
= @izl and its concrete
materializations: dotted
line stemming from an
empty triangle A
<=Java Class=>
<<lava Interface>> @ Bicycle
@ IBrakes edke bicy cleBody ’
ZUUBOALOHOG
@ getSpasdReduction(Doubley dauble | O SloaneSing
@ reportiBrokenidouble) boolean o velociy: double s .
7 & - o pedat Peds! Tunkdg CUUBOALOHOG:
b . o breakFactory: BrakeFactory Edu Bi | i ‘
; : W o Bicycle (client ) éxetL
i o pedafFactory: PedaFactory ,
& Bicycle(String String,String) w¢G nedio to IBreaks.
© getVelocity():double Agite nwg cupPoliletaln
! @ getTimeRun():double B .
<<Java Gass= <cJava Gass= . vloroinon tou interface
(G NiceBrakes (® DuperBrakes © gethame(:Stin 5 NiceB k
bicy cleBreaks bicy cleBreaks g 1% 9 arno N Icebreaks,
@ setOriginalVelocity(double)-void
FriceBrakes() Duperdrakes() & setPedaling(double)-doutle DuperBreaks
@ getSpeedReduction(Double) double @ getSpeedReduction{Double) double @ setBraking(double)-double
@ reportiBr double)-boolean @ rep )-boalean @ reportDetails()-void
@ reportfDamageExists().boolean
@ equsls(Bicycle):bodlean
Required (by the
client) interface
Provider o
. ye
interface
|Breaks - velocity: double
+ getVelocity(): double
* .
NiceBreaks DuperBreaks EVOANQKTUKGL: ME

+ getSpeedReduction():double
+ reporiBroken(): boolean

provider interface
as lollipop &
required interface
as hook 58

+ getSpeedReduction():double
+ reporiBroken(}: boolean
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Interfaces: a checklist

* Avoid:
— Attributes and implementation details
* just stick to the fundamental set of methods needed
— Any kind of associations to other classes
— The temptation of reusing code (!!)

Java Interfaces

* 21tn Java,
— €V OVTIOECEL YE TNV KANPOVOULKOTNTA OTIOU HLa
KAQON Umopel val KANpovouEL amod pia povo
Baoikn kKAdon

* HLo KAAon Umopel va UAOTOLEL TTEPLOCOTEPQ ATIO £Vl
interfaces

— eniong éva interface pmopet va KAnpovopet amno
AaAAa interfaces.

60
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Abstract classes vs. interfaces

* Abstract classes have a predefined behavior
for some of their functionality; interfaces
don’t

* Interfaces are used for:

— Stable contract-as-API between subsystems

— Dissimilar objects that have common
functionalities

— Small bits of functionality

2tatikn Aroyn —
lepapyia 1 Zuvabpolon?

(Eva amo ta kKAaolkd tpo Aot
oxedlaonc)
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OL Lepapxieg KANPOVOULKOTNTOG
AEN eival ¢iloL pag,
MONO o moAuvpopdLopog eivat!

* JTO HABnua €xoupe NN WANROCEL TOAAEC HOPEG yLa TO
TO00 LoXUpO epyaleio ival to abstract coupling kaw n
EKUETAAAEVON TOV TTOAUHOPLOHOU YLa Va
kataokevualoupe client kwdika mou eivatl subclass
agnostic (ko Katd cuvEmeLa amattel undevIKN
ocuvtipnon otav aAAAleL n Lepapyia).

* ‘Exoupe mel emiong Ta MAEOVEKTAMOTA TOU Write & test
once, use by many yla tnv nepintwon Tou KwdLka mou
kAnpodoteital amnod TLg UNTPLKEC KAAOELG OTLG KAAOELG —
riadLa.

* Oupwg ... »

Ol Lepapyiec kAnpovoutkotntag AEN eival
diloL pag

* H KANPOVOULKOTNTA ElvaL N LoxupoTtepn Lopdn
e€aptnong petaL dVo KAAcEWV

e OLoANayEG OTN KNTPLKN KAAGH «KATEBOLVOUV» TIPOG
T KANPOVOUOUOEG KAAOELG => OV N NTPLKN KAAON
aAAGEEL, OAEG OL KAAOELG TTOU TNV KANPOVOUOUV
kaOwg kot ot clients toug OéAouv cuvtriipnon
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Ot Llepapyieg kAnpovoutkotntag AEN ival ¢pidol pag,
n ouvaBpolon EINAI!

Mpw opioste Lepap)io KANPOVORULKOTNTALG,
okedteite tn ouvaBbpolon!

H cuvaBpotlon (cuoxétion petafu Vo KAAoEWV Tou elval avegapTnTeg
KoTd Tt Aourtd) oAU cuxva pmopet va kavet oAU kaAUtepa Tn SoUAELd
amno pLa tepapyio.

Av Ta QVTIKE{PEVA TWV KAACEWY OXETI{OVTAL LLE TTPOCWPLVN OXECN (TT.X.,
€vag umtaAnAog tpamnelag epydletal wg Tapiog pévo yla éva Slaotnua),
TOTE N AUoN €lval N CUCYKETLON TWV KAACEWV PE cuvaBpolon Kal OXL e
tepapyleg!

QuunOeite T0 KpLTpLO ISA — ev AVTIOEDEL, N CUCXETLON UIopEl va
ovopaotel HAS-A (object has a role)

AMOWH AAAHAEMIAPAZHZ
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Arton AAAnAemtibpaonc

* 3TN otatiki anoyn ansikoviletal n Sopr evog AoyLopKoU
(kAaoelg, ox€oelg).

* Aev UApPXEL EMAPKAC TANpodopia yLa Tov TPOTOo HE TOV
oroio ulomolouvtat ot Stadopeg Aettoupyieg mou
TIPOOPEPOVTAL OTO XPNOTN HEOW TNG AAANAETSpaonC Twv
OVTLKELLEVWYV TWV KAAGEWV TOU AOYLOULKOU

— Me tov 6po aMnAenidpacn evwooUpe TV KARon pebodwv
TWV OVTIKELEVWY / 1] LE AANa AdyLa Thv avtoAhayn

MUNVUUATWY HETOEY TWV OVTIKELEVWY TWV KAACEWY TOU
AoyloptkoU.

Artopn AAAnAemntibpaong

* Alaypappata akohoubiag (sequence
diagrams)

* Alaypappata enikowvwviag (collaboration
diagrams (UML 1.x) / communication
diagrams (UML 2))
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Sequence Diagrams

* Amelkovion tng aAAnAemidpaonc Twv

OVTLKELLEVWVY TOU AOYLOULKOU O€ 2 AEOVEC

— O opllovTiog agovag anelkovilel €va cUVOAO
OVTIKELLEVWV KOTA TN SLAPKELX EKTEAECNC TOU
AOYLOHLKOU.

— O katakopudoc atovag anelkovilel Tn SlapKeLla
{WNC TWV OVTIKELUEVWV.

* AnAadn ?

Sequence Diagrams

public class AClass {
public int aal;
public float aa2;

public AClass (int al, float a2){
aal = al;
aa? az;

}

public void mal (BClass bo, int flag) {
bo.mbl (flag);

}

public void ma2 () {
System.out.println (aal+aa?);

}
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Sequence Diagrams

public class BClass {
public String abl;
public String ab2;

public BClass (String al, String a2) {
abl = al;
ab2 = a2;

}

public void mbl (int flag) {
System.out.println(abl + flag);

}

public void mb2 (AClass ao) {
System.out.println (ab2)
ao.ma2 () ;

’

Sequence Diagrams

public class Main {
public static void main(String[] args) {

InputStreamReader in = new InputStreamReader (System.in);

BufferedReader br = new BufferedReader (in) ;

String inDatal, inDataZ2;

try {
inDatal = br.readLine();
inData2= br.readLine();
AClass ao = new AClass (Integer.parselnt (inDatal),

Integer.parselnt (inData2));

inDatal = br.readLine();
inData2= br.readLine();
BClass bo = new BClass (inDatal, inData?2);

inDatal = br.readLine();
ao.mal (bo, Integer.parselnt (inDatal));
bo.mb2 (ao) ;

} catch (IOException ex) {
System.out.println(ex.getMessage());

}
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Sequence Diagrams

*  ATELKOVLON OVTIKELUEVWY

Elaclass EiBclass
Attributes Attributes — 6|.de€|.(1 zwr']q

- aal tint - ab1: String ,
- aa? : float - ab2 - String QVTLKELLEVWV

Operations Operations - ..Nn 6LdeELa Kota v
+mal(bo: BClass, flag : int } : void +mb1{ flag : int ) : void orotla givat SEGHEUuéVn
+ma2( ) void +mb2{ ao : AClass ) ; void , ,
+ AClass(al : int, a2 : float ) : void + BClass( al : String, a2 : String ) : void HvAHn v auta...

| aon:AClass | | ho: BClass |

*  TeVIKA pumopol e va
QMEelKOVIiooUE KaL Eva
actor

— av Béhoupe va Seifoupe
OTL AOYW TNG
oMnAenidpaong pe
QUTOV EEKWVA pLaL
Stadikaoio

user: User

Sequence Diagrams

|
I >lho - BClass
|
|

J— mai(bo, flag) }
mh1{flag)
< _________ ‘[;
p S S S s |
I mbz(acl) =l
|
|
ma2(
-2y
< ________________________
T ¥ X
%

* AMnAenidpaon

OVTLKELLEVWV

— avamapactacn xpnotn
— Snuoupyla AVTIKELUEVWY
— KOTOOTPOdI] QVIIKELUEVWY
— KAnon pedodou
* emoTpodn
— Oldpkela exktéleong pebodou
(mA\aiolo evepyomoinong)

— KAfRon pag pebodou oto
TAaLOLO TNG EKTEAEONG LOG
OAANG peBodou

- Eivar 60076 Pdost Tov k®dKo ??
= T onpaivel 0vto T0 Sidypappe o€
6Y£01) LE TN GTATIKT GTOYT] TOV
ovotipatog ???
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Sequence Diagrams

Elaciass EiBClass
Ateibates | ____ > Attributes
-aal :int - ab1 : String
- aa2 : float - ab2 : String
Operations PR Operations
+ mal(bo : BClass, flag : int ) : void +mb1(flag : int ) : void
+ma2( ): void +mb2( ao: AClass ) : void
+ AClass( a1 : int, a2 ; float ) : void +BClass( al : String, a2 : String ) : void
i
! |
: =lbo - BClass
e mat(bo, flag) | |
mb1flag)
————
B—
- |
L mbzgad) |
I
|
mazg
ﬁI————————;>
b e s e s s s
T x b4
%

AMnAeniSpaon
OVTIKELLEVWV

— yla va eivat owotod éva
Staypappa
aAAnAenidpaong to
ormnoio ametkovilet
QVTIKELPEVA TTOU KAAOUV
ueB6Soug oe GAA
QVTIKELPEVA TIPETTEL

° VO UTIAPYEL OVTIOTOLXO
Slaypappa KA\Aoewv
oTo omnoio va
UTaPXOUV KATAAANAEG
ocuoyetioelg/ouvabpol
oel¢/ouvBEoeLg
UETOEL TWV KAACEWV
TWV OVTIKELLEVWV

Sequence Diagrams

public class AClass {

public int aal;

public float aa2;

public AClass (i
aal = al;
aaz = a2;

}

nt al,

float a2){

public void mal (BClass bo, int flag) {

if (flag >=

0)

bo.mbl (flag); <—{ eVAANOKTIKEG AANAETULEPAOELG
else

bo.mb2 (this) ;

}

public void ma2

04

System.out.println (aal+aa?2);
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Sequence Diagrams

public class BClass {
public String abl;
public String ab2;

public BClass (String al, String a2) {
abl = al;
ab2 = a2;

}

public void mbl (int flag) {
System.out.println(abl + flag);

}

public void mb2 (AClass ao) {
System.out.println (ab2)
ao.ma2 () ;

’

Sequence Diagrams

public class Main {
public static void main(String[] args) {

InputStreamReader in = new InputStreamReader (System.in);

BufferedReader br = new BufferedReader (in) ;

String inDatal, inDataZ2;

try {
inDatal = br.readLine();
inData2= br.readLine();
AClass ao = new AClass (Integer.parselnt (inDatal),

Integer.parselnt (inData2));

inDatal = br.readLine();
inData2= br.readLine();
BClass bo = new BClass (inDatal, inData?2);

inDatal = br.readLine();

ao.mal (bo, Integer.parselnt (inDatal));
} catch (IOException ex) {

System.out.println(ex.getMessage());

}
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Sequence Diagrams

* AMnAenibpaon

‘@ OVTIKELLEVWV

— mAaiola Aoyikng eAéyyou (if)

|
at ] fage=n) i * eVOAAKTLKEG
mat (bo flag) | | oAnAemudpdoelg
[mbtenag:inty veid e eKTEAETAL LOVO QUTH YLO TV
B ormola LoxVEeL N cuvBkn
— T wea |
r mat(bo flag) |
o [+ mb2{ao:int):void |
_ +mal( ) :void

e
>—|% T

Sequence Diagrams

public class AClass {
public int aal;
public float aa2;

public AClass (int al, float a2) {
aal = al;
aaz = a2;

}

public void mal (BClass bo, int flag) {
while (flag >= 0) {

bo.mbl (flag); «— | emavahapBovopeveg oAANAETSpAoELg

flag--;
}
}
public void ma2 () {
System.out.println (aal+aa?2);

}

80
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Sequence Diagrams

public class BClass {
public String abl;
public String ab2;

public BClass (String al, String a2) {
abl = al;
ab2 = a2;

}

public void mbl (int flag) {
System.out.println(abl + flag);

}

public void mb2 (AClass ao) {
System.out.println (ab2)
ao.ma?2 () ;

’

Sequence Diagrams

public class Main {
public static void main(String[] args) {

InputStreamReader in = new InputStreamReader (System.in);

BufferedReader br = new BufferedReader (in) ;

String inDatal, inDataZ2;

try {
inDatal = br.readLine();
inData2= br.readLine();
AClass ao = new AClass (Integer.parselnt (inDatal),

Integer.parselnt (inData2));

inDatal = br.readLine();
inData2= br.readLine();
BClass bo = new BClass (inDatal, inData?2);

inDatal = br.readLine();

ao.mal (bo, Integer.parselnt (inDatal));
} catch (IOException ex) {

System.out.println(ex.getMessage());

}
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Sequence Diagrams

* AMnAenidpoaon

{20 Aciass QVTLKELUEVWVY
|
|
|
|

| — — mAaiola AoyLKNG
| I‘Q St e\éyxou

|

|

| o emoVOAOUBAVOUEVEG

I oAANAEeTLOPACELG

I — oAAd mAaiola

+mbi(flag :int) : void * neg > Mn £ykupn

aAAnAentidpaon

* opt—>

P AMnAenidpacn mou
ekteAeital
T(POALPETLKA Qv
LOXVEL Lo ouvOnkn

* par = mapdAAnAn
£KTENEDN
oAnAemdpaoewy

loop [flag-->=0]
+mail(ho:BClass, flag:int) |void |

B o o |
e S
X

Sequence Diagrams
*  AMnAenidpaon

OVTIKELLEVWV
mat() — OVWVUUO aVTIKE{pEVA
< — autokAnon
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Communication Diagrams

* O otoyog ival o (6log e Ta sequence diagrams — QTELKOVLON
NG aAANAeniSpaong HETAEL QVTLKELLEVWY yLa TNV UAoToinoN
TWV MEPUTTWOEWV XPrONG TOU AOYLOULKOU

* O TpoMoC amelkoviong eivat S1adopeTIKOC.

— Avtikelpeva.
— ZTYULOTUTIA CUCXETICEWV UETOEY TWV QVTLKELUEVWV.

— KAnoelg pebodwv - punvopata.
* H xpovikn oelpd Twv KANoewv kabopiletal pe éva avfovta aplOud
TIOU XopoKTNpLileL TNV kABe KA oNn — UAvUpa.

— EvBetn apiBunon yla va deioupe OtTL pia KARon yivetat katd thv
€KTEAEON MLag GAANG KARONG
» 1,1.1,1.2,2,2.1, ...

L

Collaboration Diagrams

*  AMnAenidpaon

OVTLKELUEVWV
1:ma1(BClass, int) 1.1: mb1(int)
— ao: — bo:
AClass _ BClass
2.1: ma2()

user:User

2: mb2(AClass)
_—
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Real world Requirements
problem Engineering : .
ﬁ Requirements @

Specification

Design
Specification

N

| [
{3 T -

Working code with Working
quality assurances code 8

|<
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Zooming into some of the previous diagrams

<<Java Class>>

(® SimpleBookstore Application

bookstoreCounterExample

package bookstorecounterexample

& SimpleBoakstoreApplication()

&F maini String{])-void

¥

<<Java Class>>»
(* ShoppingCart

bookstoreCounterExample

o totalCost: float

@ ShoppingCart()

@ addieny kem):void

@ removekem(ink):void

B compute TotalCost{):void
@ gefTotalCost{)-float

@ show Details({)-void

<<Java Class>>

(& ltemManager

bookstereCounterExample

ecten'nhnag eri)

@ addkenkem)-void
@ remov ekem{ink)-void
@ getkem(ink).kem

@ reportAllkems()-vaoid

-aII[E-'ITISJIU__

<=Java Class»=

(& tem

bookstoreCounterExample

< tithe: Siring
-items | < price: double
0.5 | grem))
& kem{String, double)

@ show Details{):void

@ getFnalPrice():double

@ gelOriginalPrice])-double

i

<=Java Class»=

(& Book

bookstoreCounterExample

=xJava Class=»

&oD

bookstoreCounterExample

a author: Siring
o packaging ink
a yearPublished: ink

GCEIM-J:SIring.String ink, double,ink)
@ show Details()-void

o artist Siring
o discount: double

@ CD{Siring. double. Siring, double)
@ getFinalPrice():double
@ show Details()-void

package bookstorecounterexample;

public class Item {

public class Book extends Item {

public class CD extends Item {

public class ItemManager {

private ArraylList<Item> allltems;
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==Java Class==
(3 ShoppingCart 15
bookstoredcceptable

o totalCost: float

GCShﬂppingCan{}

@ addien(Eem):ink

@ remov elbemink):int

B compute TotalCosi):void
@ gefTotalCosi{)-float

@ getkems()-ArrayList=kems-
@ show Details():Siring

o=

N

<<=Java Class»=

®cCo

bookstoredcceptable

o arfist- Siring
o discount: double

QCCIKString.duuble.String.duut:-le.int}
@ getFimnalPrice]):double

@ show Details()-Siring

@ geiDetails{)-Siring

package bookstoreAcceptable

<z Java Class»>

bookstorefcceptable

(3 SimpleBookstore Application

o reader: Scanner

@ printMienu():ink
@ getReader{)-Scanner
& main(String(])-v oid

& SimpleBookstoreh pplication()

W

<=Java Class»»

(& ltemManager
bookstoredcceptable

Gcterrhhnag eri)

@ addiem{kem):ink

@ removekem(int):in

@ getkem(int):Eem

@ getAlkenms( ) ArrayLisi=kems-
@ reportAllkems()-Siring

-allkems |0 _*

Giitem

bookstorefcceptable

< fitle: Siring
< price: double
< ik ink

&rem()

& Bem{Siring, double.int)
Qﬁ's.‘lc}wﬂeta.".'s{}:&r."ng
Qﬁ'getﬂeta.".'s-:’}:&r."ng

eﬁ'ge fFinal Price{) .double
@ gefTile():Siring

@ getid{):ink

@ getOriginalPrice()-double

\

<= )ava Class=x= F

i

=<Java Class»»

(% Book
bookstorefcceptable

a author: Siring
a packaging: ink

o yearPublished: in

& Booki{ String, String,int, double int,inf)
@ show Details():Siring

@ geiDetails():Siring

@ gefFinalPrice().double
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package bookstoreAcceptable;

public|abstract|class Item {

public abstract double getFinalPrice();
public final class Book extends Item {

@Override

public double getFinalPrice() {
return price;

}

}

public final class CD extends Item {

@0verride
public double getFinalPrice() {
return (price - discount);
}

public class ItemManager {
private List<Item> allItems;
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package bookstore

<zJava Class=>

(8 AdvancedBookstoreApplication
gui

o reader: Scanner

==Java Class>>
(B ltemManager

bockstore

OcAd\rancedElmmreApplicatiun() L

Oclerrl‘.*lanag er()

@ printMenu()-int e addkem(kem)-int
@ getReader():Scanner @ remov elkem{int):int
osn'ain(StringD):vqid @ getkem(ink):kem
@ getalkems() List<kem=
@ reportAllkems():String
-alltems | 0_*
3y
<zJava Class=> <=Java Class==>
(B ltemFactory Grem
bookstore
bookstore
Oclen'Factory() _5 < fithe: String
@ createkem{int, String, double, String, double, String, ink,int, ink)-kem <+ price: double
@ createBooki String, double, String,ink, ink, inf)-kem '__ < ikt ink
0createCD(Strlng.double.Strlng.double.lnt.,u:lem Oclen'()
& tem(String, doubleint)

@g
@g
@g

OqgerDescn'pr.fcnanera.f.'{):Sm'ng
OqgerDescn’pn’cnsho.'?{).&n'ng
Oqge tFinal Price():double

efTitle():Siring
etid():int
etOriginalPrice():double

<zJava Class=>
(® ShoppingCart

bockstore

o fotalCost: float

& ShoppingCart()

@ addkem(kem):ink

@ remaovekem(int):int

B computeTotalCost()-void
@ gefTotalCost()-float

@ getkems()-ArrayList<kem>

@ show Details():String

<zJava Class=>

®cD

bockstore

<zJava Class=>

(®Book

bockstore

o artist: String
o discount double

o author: String

OCCD(String.double.String
@ getFinalPrice()-double

@ getDescriptionShort():Si

@ getDescriptioninDetail{)-String

<=Java Enumerafion>>

o yearPublished: int e PackageType
OcElqﬂh(String.String.int.double.int.int) @“-—-—-._.__ bookstore
.double,int) @ getDescriptioninDetail()- String "@a SF SMELE PackageType

@ getDescriptionShort():String
@ getFinalPrice()-double

[

SoFhaRD: PackageType

OCF'ackag eType()

tring

A

package bookstore;

public|abstract| class Item {

public abstract double getFinalPrice();

final class Book extends Item {

@Override
public double getFinalPrice() {
return price;

}

final class CD extends Item {

@0verride
public double getFinalPrice() {
return (price - discount);
}
}

public class ItemFactory {
public Item createBook(String aTitle,
double aPrice, String

anAuthor, int aDate, int

aPackage,int id)
public Item createCD(String aTitle,
double aPrice, String
anArtist, double
aDiscount, int id)

public final class ItemManager {
private List<Item> allltems;
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Why an Item Manager is useful

==Java Class==
@B Gui

gui

& Gui)
@ start{Stage)-void

-temFactory [0.1

& main(Stringl])-void

==Java Class==

gui

(2 AdvancedBookstoreApplication

o reader: Scanner

@ printMenu()-ink
@ getReader():Scanner

OCAW&HCBHBM(SIWBAD:HC&UGH(}

& main(Stringl]):void

L

<<Java Class>=
(& temManager

bookstore

& kEemianager()

@ addkemkem):ink

@ removekem(ink):int

@ getiem(int):kem

@ getAlkems() List<Rem=
@ reportAllkems():Siring

<<Java Class>=

(S ItemFactory

bookstore

. -allfems |0 * :
3 (02

OD kemFactory()

@ createkem{int, Siring, double, String, double, Siring, ink int,inf)-kem
@ createBook({Siring, double, String, it ink,int)-kem
@ create CDY{String, double, String, double, ink)-Eem

<=Java Class=>

Ghtrem

bookstore

)

< fitle: Siring
< price: double
4 idt ink

& temy)

& rem{String, double. int)
G“shc‘.vﬂeta.".'s{):&?r."ng
querﬂera.".'s-:’}:&r.fng

cf‘ gefFinal Price{) -double
@ gefTitle()-String

@ getld():ink

@ getOriginalPrice()-double

Observe how _all_ client classes (the ones interacting with the user), i.e., both
class Gui and class AdvancedBookstoreApplication, need to invoke methods of only
ItemManager, i.e., avoiding calls to several other classes.

Also observe that ItemManager is also the data holder class (which is reasonable,

esp., in applications of this small size)
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public class

AClass {

public int aal;
public float aa2;

‘-lan CAClass

|
I “thc: .BClass
|
I

public AClass(int al, float a2){
aal = al;
aa2 = az2;
) |
public void mal(BClass bo, int flag){
bo.mb1l(flag);
}
public void ma2(){ |
System.out.println(aal+aa2); | mat{bo, flag) |
} } & mb1(flag) |
public class BClass { e J#
public String abl; o
public String ab2; T
public BClass(String al, String a2){
abl = ail;
ab2 = a2;
}
public void mbi1(int flag){
System.out.println(abl + flag);
} [
public void mb2(AClass ao){ I
System.out.println(ab2); |
ao.ma2(); X
}

}

public class Main {

public static void main(String[] args) {
InputStreamReader in = new InputStreamReader(System.in);
BufferedReader br = new BufferedReader(in);
String inDatal, inData2;
try {
inDatal = br.readlLine();
inData2= br.readLine();
AClass ao = new AClass(Integer.parselInt(inDatal),
Integer.parselnt(inData2));
inDatal = br.readlLine();
inData2= br.readLine();
BClass bo = new BClass(inDatal, inData2);
inDatal = br.readLine();
ao.mal(bo, Integer.parseInt(inDatal));
bo.mb2(ao0);
} catch (IOException ex) {
System.out.println(ex.getMessage());
}
}
EJAClass EiBClass
Attributes e e Attributes
- aal : int - ab1 : String
- aa2 : float - ab2 : String
Operations Operations
+ mal( bo : BClass, flag : int ) : void (S e + mb1(flag : int) : void
+ ma2( ) : void + mb2( ao : AClass ) : void
+ AClass( al : int, a2 : float ) : void + BClass( a1 : String, a2 : String ) : void
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public class AClass {
public int aail;
public float aa2;
public AClass(int ail,
float a2){
aal =
aa2

al;
az2;

public void mal(BClass
bo, int flag){
if(flag >= 0)

bo.mb1(fl
ag);
else
bo.mb2(th
is);
}

public void ma2(){
System.out.print
1n(aal+aa2);

}

@main: we invoke only
ao.mal(bo,
Integer.parseInt(inDatal));

user: User

ﬂan:ﬂcmss

JlbD :BClass

I

mat{hoflag)

|
|

> |

[flag<=0]

.;-"_"_____________
Ea mat(ho flag)

Fmbd(flag:int) :voi

[
-

T [flag > 0]

+ mb2(ao:int) :void

_+ma2( ) void

l s

public class AClass {
public int aal;
public float aa2;
public AClass(int a1l,
float a2){
aal =
aa2

al;
az2;

public void mal(BClass
bo, int flag){
while(flag »>=

0){
bo.mb1(fl
ag);
Flag--;
¥
}

public void ma2(){
System.out.print
1n(aal+aa2);

}

@main: we invoke only
ao.mal(bo,
Integer.parseInt(inDatal));

.,;E __________
i
X

}J-l ao:AClass
I
I
I
I

+mal(bo:BClass, flag :int)

"-lbu :BClas

T

loop P [flag-- >= 0]

void

- |

I
I
I
I
+mb1{flag:int): wid_ﬂ
.;_:_ ____________
I
I
I
I
I
I
I

|
I
|
k !
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YHMEIQXEIX

AkoAouBel éva mapadelyua yLa To WG

- 800eiong pLag neplypadng evog mpoPARLATOC TOU €XOUE KataypAa el o€ GUOLKN
vAwooa,

- apxka e€ayovral KAToLa use cases, KoL 0Tn CUVEXELQ,

- g€ayoupe TIG KAGOELG avaAuong Kal kamola sequence diagrams.

EX.1



ALOOTNULKO E0TLATOPLO TOV
(M)Aotpo’Extopa

Ilpoooyn: n ekpavnon éxet emiTNSeC «AdOn» o€ MOALd onueia Tng, yia va
Ta oU{NTNOOVUE OTO UAONUQA

Y10 eotiatoplo «ToDokimasesPrinToBgaleisStonKosmo?» £€w amo toug daktuAioug Tou
Kpovou, ol mapayyeAieg yivovtatl nAeKTPoOVIKA.

MOALG pLa map€a MEAATWY KATOEL OE €val TPATETL, KATIOLOG OO TV TAPEQ KAVEL log-in pe
ToV KwA8LKO Tou Kal to password Tou (rou éAafe otnv €l0o60). To TPATEL ETUKOWVWVEL UE TO
cUOTNA TOU €0TLOTOPIOU KOl av Ta oTolkeia ival OK, evepyorolei to cUoTnpa TOU
tparmnelloy, mou TAEOV AELTOUPYEL WG 0 OVTLIIPOOWTTOG TOU 0TO NAEKTPOVLKO GUCTNLO TOU
gotlatopiou.

AV aUTO €XeL YIVEL ETUTUXWG, OTOLASNTIOTE OTLYUI O IEAQTNG Uropel va EeKvoel pLa
niapayyehio. Méxpt o mehdtng va matfiost «Nloddt oy, kdBs popd to cloTnua, Tou
Selyvel Tov KatdAoyo, auTtog SLaAéyeL va amo ta ¢aynTd Tou KataAoyou, Kabwe Kal thv
TIOOOTNTA, KOL TO CUOTN O TOU TTAPOUCLAleL OAa 6oa £XeL ON eTUAELEL, KABWCE Kal TO
GUVOALKO KOOTOC. MOALG 0 XprioTNG MATAOEL TO TipoavadepBEV Kouurni, To cuoTnua
KaTaxwpel TNV mapayyehia pe status «ekkpepei». To iSlo’ yivetat yia dAa ta emti pépoug
TIATA PLag apayyeAiag.

O payepag otnv kouliva BAETEL OAEC TIC N OAOKANPWHEVEG TtapayyeAeg Kal mapaoKeualeL
OTL eKKpepeL. Mo kABEe KoppATL apayyeAiog? TTou €XeL ETOLUAOEL VTl va pwVEEet
«ogpPuuug!!!», o payelpog evnuepwvel To cuoTnua OTL eival StaBéaoiuo mpog oepPiploua,
10 omoio Taipvel kat tnv status « MoAwvAaBE». Eneldn to payali xeL mponyuéva oepBitola
pe RFID tags, oto cUoTnua Kataywpeital kot To ID Tou MLATOU TToU EPLEXEL TO
napackeuacBév paynto. To cuotnpa poBalel otnv 086vn tou tpamnellov OtLto dayntd
glval €Tolo Kal o MEAATNG TTAEL KOL TO TTApVEL LOVOG TOU amd ToV IAYKO. MOALG aKOU UTtHOEL
oto Tparél, to RFID cUotnua tou tpamnellot oAAATEL TNV KATAOTOON TOU KOUUATLIOU TNG
napayyeliag oe «oepPLpLOUEVO» Kal EAEYXEL AV lval To TeAeuTaio tng mapayyeAiag. Av val,
n napayyelia maipvel status «mapadoBeica».

Otav ot mehdreg teAelwoouy, kKAkapouv checkout otnv 086vn Tou Tpamnellov. To cuoThA
umoloyilel kot Seixvel To Aoyaplacpo, {NTA To OTOLXELD TNC MOTWTIKAG KAPTAC TOU TEANTN,
ETUKOLVWVEL L TN StaoTnuikn tpamela Kol XpewveL Tov TeAdtn. H mapayyeAia naipvel status
«mAnpwOeican.

1 '
TLBa meL «to (lon?
2 . . . ' . . i . i
EA€y€te 1L Ba yivel oTo Kelpevo ammo MAEUPAG cadAVELNG AV OVTL YLO «KOMUATL TTopayyeAlagy
XPNOLUOTIOL|COUE TOV OPO «TILATOY». EMiong: UMApXoUV CUVWVULA OTO KE(UEVD?
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01: CUSTOMERAUTHENTICATION

DESCRIPTION AND GOAL: DEADLY ERROR!
This use case facilitates the login by the clients. Always an ACTIVE VERB!
ACTORS (ESP. PRIMARY ACTOR): Somewhere in the code you will

Customer need a method with name

authenticateCustomer
PRECONDITIONS

Customer must have obtained login / password either at the door, or when reserving a table

BASIC FLOW

1. The user case begins when a customer enters login and password
2. The system validates login and password
3. If Step 2 is successful

3.1 the system activates the table

EXTENSIONS / VARIATIONS

1. Atstep 3 if the user fails to log-in, the entire process restarts

MISSING: some significant result!

E.g., “At the end of the use case,
POST CONDITIONS the table has been activated”

SPECIAL REQUIREMENTS, ISSUES, RISKS AND OTHER COMMENTS




11: PLACEANORDER

DESCRIPTION AND GOAL:

This use case facilitates the ordering by the clients.

ACTORS (ESP. PRIMARY ACTOR):

Customer

ERROR!

Always “ The use case begins

PRECONDITIONS when ...”

Logged-in customer

BASIC FLOW

1. The user requests a new order
2. The system creates a new order
3. Loop until user presses “OxiAlloKarbouno”
3.1 The system displays the menu (list of items, each with text, photo, price)
3.2 The customer picks a menu item and completes its quantity
3.3 The system displays the current bill so far
4. The system registers order and assigns to it a status “pending”
5. For every item in the order
5.1 the system assigns to it a status “pending”

EXTENSIONS / VARIATIONS

At any moment the user can decide to abort the process

POST CONDITIONS

Either there is no new order (aborted) or a new, pending order has been created

SPECIAL REQUIREMENTS, ISSUES, RISKS AND OTHER COMMENTS




21: DELIVERPLATEFORSERVICE

DESCRIPTION AND GOAL

The goal of this use case is to notify customers that a plate of their order is ready for them

ACTORS (ESP. PRIMARY ACTOR)

RFID reader of bench

RFID reader of table . . . .
Chef Consider (not obligatorily) splitting in

two:

PRECONDITIONS

(a) chef delivers plate to bench

(b) plate touches table
BAsIC FLOW

1. The use case starts when the chef updates an order’s item with a status update “ComeNGetIt” and
assigns it the ID of the plate as obtained by the RFID of the chef’s bench

2. The system updates the screen of the table and shows the item in red background with a tag
“ComeNGetlt”

3. If the plate touches the table Who is the actor? The plate, or the
3.1the systenlsets ’fhe"sjcatus C_)f the item as “Served REID reader of the table?

4. If there are no “pending” items in the order

4.1 the system assigns to it a status “served”

Also: what happened to the RFID
EXTENSIONS / VARIATIONS reader of the bench? Is it used

anywhere?

POST CONDITIONS

SPECIAL REQUIREMENTS, ISSUES, RISKS AND OTHER COMMENTS




31: CHECKOUT

DESCRIPTION AND GOAL

The use case facilitates the payment of the bill by the customers via the interaction with the bank of
their credit card

ACTORS (ESP. PRIMARY ACTOR)

Customer (primary)
Bank

PRECONDITIONS

The table from which the request to checkout comes has a customer logged-in, an order related to it
and at least one item served.

BASIC FLOW

1. The use case begins when the client clicks “checkout” on his table’s screen.
2. The system retrieves the order related to the table and the price to be paid for it.
3. while (order has not been paid)
3.1The system shows the amount of money to be paid and asks for the data of the
customer’s credit card
3.2. The customer enters the data of his credit card
3.3. The system communicates with the bank to charge for the amount.
3.4. If bank returns OK the order takes status “paid”
4 a-receiptisgivento-thecustomer-The system prints a receipt for the customer with the details of

the transaction

EXTENSIONS / VARIATIONS

HandleArguingCustomer: At step 3, the client disagrees with the amount of money asked to pay
HandlelnsufficientMoney: The bank reports “notEnoughMoney” at step 3.4, and the client must
either give another card, or, wash the dishes

HandleWrongData: The bank reports “wrongData” at step 3.4, and the client must try again
HandleMissingOrder: no order is related to the table

POST CONDITIONS

At the end of the use case, either the order has been paid, or the customer washes the dishes, or a
record is placed in the restaurant’s blacklist with a request to send the customer to space, lost
without trace and having no chance of getting away

SPECIAL REQUIREMENTS, ISSUES, RISKS AND OTHER COMMENTS

Customers claim they would like to pay only for what has been served and not for what has been
ordered. How do you facilitate this, by modifying your use case diagrams, classes and use cases?




PlateWithRFID

Orderltem

-item : Menultem

-id :int

+getld()
+setOrderltem()

(just) DISH i

Table

-gqty :int

Menultem

-name : string

+setMenultem()
+getName()
+getPrice()
+assignToPlate()
+setStatus()

-id :int

Order

+login()

+activate()
+setCustomer()
+newOrder()
+showMenu()
+getPickedltem()
+displayOrderDetails()
+setOrderStatus()
+highlightltem()
+itemTouched()
+setCreditCardData()
+printReceipt()
+login()

+setStatus()

-items : Menultem
-status : string

+addltem()
+delltem()
+setStatus()
+setltemStatus()

+findltembyName() : Orderltem

+orderltemServed()
+checklfFullyServed()
+getPrice()

-description : string
-price : double

-photo : string
+getName()
+getDecription()
+getPrice()
+getShortDescription()

]

¢

"DISH"
"DISH of the menu"

Menu

-items : Menultem

+showMenu()
+getltems()

Customer

-bank : string

-creditCard : string

-pin :int

-creditCardNumber : string

+getTableld()
+authenticate()
+getOrder() : Order
+setTableStatus()

Coarse grained analysis model,
reflecting the basic entities of
the requirements

MUST revisit!

AN



S_Authenticate Customer

Nobody really uses the activation rectangle...
It's OK to skip

I — :Table AuthenticationManager

arrived(login, passWd)

e

:
|
?uthenticate(login, passwd)
|

Top Package::Customer 1

validate (login,passwd)

é ______________

<<create>>
+ :Customer

-

E<>, assingCustomer(Customer)
I
|

I




S_PlaceAnOrder

O

Top Package::Cus.c

newOrder()

=

setStatus("pending'

[All Orderltems

setStatus("pending") I

of Order]

|
|
i <<create>> -Order OrderManager
i | i
| | |
| I !
| | :
loop | I . . |
| displayMenu() | [until pick = exit] !
| |
b |
pickMenultem() : !
;I | |
I addltem() | !
| |
T — !
! ! new(Menultem,qgty) |
Messagel | — :Orderltem !
| |
|
| e | :
v I I T 4 |
| ! :
| L>» addltemToOrder(orderltem) !
: | : !
| | | |
| I | !
| I | !
| | | :
| I | !
| | | :
| |
D displaylOrderDetails() | !
l |
|
. |
l I
! I
N !
' I
|
|
|
|
|
|
|
I
|
=
|
|

What's wrong with this sequence?

Is it the job of the Table to "create" Orders and to add them to the OrderManager?

... the Manager who should really be the center of this, learns the news last...




S_DeliverPlate

:PlateWithRFID ChefPlateManager

:Orderltem

:Table

getlD() i

|

PR
setCurrentPlatelD(plateld)

|
l
|
Top Package::BenchRFIDReader :
|
|

N

setPlateAsServed()

— A
setStatus("comeNGetlt")

! /i assignToPlate(ID)
— >
highlightltem(Orderltem)
t 7z

Top Package::Chef

getlD()

Q |
«----d !
itemTouched(plateld)

Top Package::TableRFIDReader

:Order

IocateOrlderItem(pIateId)

I
OrderltemServed(orderltem)

setStatué("served)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
N
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

checklIfFullyServed()

alt

setStatus("served")

[true]

Can we simplify it?

MUST revisit however...

Too complex (in sharp contrast to the simplicity of the use case).

(not necessarily, too often things are inherently complicated)




S_Checkout Too many alternatives to handle

:Table :Order TransactionManager
Top Package::Customer
checkout() i i i
_— | |
! getPrice() : !
- —> I
| | |
| | |
ST ] :
| | |
s f | | [until Bank says OK]
! l !
loop | | |
| | |
! | |
setCreditData(bank, creaditCard, CCnumber, pin) I I
| | |
“ setData(bank, creditICard, CCnumber, pin) :
- : >
! ! D getBank(Bank)
| |
: ! : pay(CCnumber, pin, amount)
I I !
| | |
| | :e __________________
I I |
I I
! D setStatus("paid”) Top Package::Bank
|
| |
I
|
: printReceipt()
k—

M






Avtikelpevootpedng Avaluon
kal Zxebiaon

Avartuén AoylopkoU (Software Development)
Www.cs.uoi.gr/~pvassil/courses/sw_dev/

MYY301 / NAY 308

Yxeblaon

* H oxeblaon AapPavel wg elcodo Tig
OUYKPOTNMEVEC QTALTAOELG TWV XPNOTWV eVOC
(umo)ouoTAUATOC KAl TTOLPAYEL Lol
ADALPETIKN AVATOPACTACH TOU TIWG
Sopeital To AOYLOLKO EOCWTEPLKA, |LE OTOXO
VO OVTATIOKPLOEL OTLC QUMALTHOELG QUTEG

Leslie Lamport,
i ) . X X i Turing Award Recipient,
Leslie Lamport. Who Builds a House without Drawing Blueprints? £ 2013
N

Comm. ACM, 58(4), pp. 38-41, Apr. 2015

http://cacm.acm.org, i 2015/4/184705-who-builds-a-house-without-drawing-blueprints,

Real world Requirements
problem Engineering g
ﬁ Requirements @

Specification

Design|
ﬁ Specification|
i m

I — —
QT ) <a | <A (rvemenan

Working code with Working
quality assurances code

UP.1


http://cacm.acm.org/magazines/2015/4/184705-who-builds-a-house-without-drawing-blueprints/

T/ Tl / Nwg

e Jtnv napovoa evotnta Ba unootnpiéoupe Tn
Sadikaoia oxediaong pe tn faowkr) pebodoloyia
0PYAVWONG TOU KWELKA TTOU €XOULE YLOL TO
OVTIKELLEVOOTPEDEG AOYLOULKO
/* uadaivouue va mplovifoue, Twpa mou EPoulE TL lvat To ipLovL */

H avaAuon kot n oxediaon (ouxva KATw amo Tov eviaio
O6po oxediaon) sival ta Baotkd oxedlaotikd epyalsia
10U B XPNOLUOTIOLCOUHE

¢ Telewvovtag autr tnv evotnta, Ba npémneLva siote
€1g B€on adevog va katavoeite, aANA Kot va
0pYOVWOETE ToV KWLIKa 0 KAAOELG, interfaces, makéta
KOLL UTIOOVOTA AT

Ixeblaon: in fact, avdAuon kot
oxebilaon

e 3tn ¢don tng avaluong eviabepOUAOTE yLa TO Tt
TPETEL VA KAVEL TO cVOTNHA (avTi yLa To WG A To
ytati) kat Souleloupe pe KAAOELG TTOU adopolv oTo
nie6io Tou TPOBAAATOC (KAL OXL LE TEXVLIKEG
Aemtopépeleg TG AUong Omwg 1., SLacuvEEoELG Pe
Ao utoouoThaTA)

* H oyeblaon okomo €L va ELOAYEL TNV arapaitntn
AEMTOPEPELA OTO HOVTENO pag — YU auTd Kot n éudacn
elval ro oAU ota interfaces & susbsystems

* Havdahuon AéeL TL kAvel To cUoTNUA Kot n oxedlaon
TIWC TO KAVEL

Unified Process

Inception Elaboration Construction Transition

Requirements

Analysis J\ H
Design J i

Implementation

Test : f 1

1 12 In I+l Ine2 Im Im+l

Preliminary
iterations

A6 Arlow & Neustadt, 2002

UP.2



Inception

Unified Process (Goals,
objectives,
risks)

Elaboration Construction
(partial but (complete
working v. of the R/A/D, first build || Transition
system) & test) (deploy to
Req’s (what the system should do) | Refine req’s Complete it users, debug,
beta test)

Analysis (req’s structured in first What to build Complete it
cut classes & use case realizations)

Design (System Architecture) Stable Complete it
architecture
Implementation (build the SW) Build the SW Build Initial
baseline Operational
Capability
Test (test the SW) Test the SW Alpha test
baseline

Mav HETpoV ApLoTov

¢ H avaluon kat n oxediaon sivat epyaleia yla va
UAOTIOL | COULE TA CUOTAUATO KOL OXL AUTOOKOTIOG

e AUTO TIOU TEALKWE LETPA Elval va TIOPAdWOOUUE £val
T(POYPALQ TTIOU TPEXEL OTIWG TIPETTEL KOLL UTTOPEL VO
ouvtnpnBei oto péNNov pe eukohior =>

* HmnpoondBeia mou kataBdAoupe otnv avaluon Kot
otn oxediaon AEN MIMOPEI NA EINAI YITEPBOAIKH

* UV TO XpOvw, Ja UIOPEITE va KPIVETE KAAUTEPX TTOTE ULal
oxebdiaon elval apKeETA WPLUN WOTE vV AmoTEAEL pta otadeph
QpXLTEKTOVIKY BACN TOU CUOTHUATOG KAL TTAEOV UTTOPOUUE VA
Tipoywpricouue otnv vAomoinon...

Roadmap

* Analysis

* Design

* Packages

* Subsystem design

* Interfaces

* Mpwrta, OpWC, Ba SWOOUE LA GUVOTTTIKY, TIPOAKTIKA
uEB08o yla TNV PeTdBacn amod amaltiOEL O Mo
oxediloon Tou CUCTAUATOG...

UP.3



METATPOT TWV AMALTHOEWV TOU TIPORAAOTOC OE APXIKEG KAAOELG TTOU
avtavakAoUV Ta BaCLKA QVTLKELHEVA TOU TPAYHLOTLKOU KOGHOU Ta ortoia
HovteAomoloVpe

ANAAYZIH NPOBAHMATOZ

@®adon Avaiuong

AvdaAuon tou mpoBARHATOC, OXL TOU
CUOTHHATOC

H Stadkaoia tng avaluong mapayet Vo
Baoikd amoteAéopata

— KAdoelg emunmédou avaiuong

— YAOTMoOLNOELG use cases

Oa XPNOLUOTIOLOULE TOV OPO «LOVTEAO» TOU

GUOTAMATOG YLO TO CUVSUACUO TWV
TIAPATIAVW ATIOTEAECUATWV.

®don Avaluong

3tn pdon tng avaluong evdiapepOPaOTE yLa TO TL
TIPETIEL VA KAVEL TO 6UOTNHA (QVTL yLa TO TWG A To
ylati) kat SouleVoupe pe KAAOELS TTOU adopouV OTo
nie6io Tou TPOBAAATOC (KA OXL LE TEXVLIKEG
AemtopEpeleg TG AUoNG OmwG T.X., SLACUVEEDELG UE
AM\a umocuoTthpata)

Baotkn mpoindBeon, Aoundy, eivat oL mapayOUEVES
KAQOELG va. avautaplotouv EekaBapa TG OVIOTNTEG TOU
TpaypaTikoy Koopou (business concepts) mou
povtehomotoU e (.., Customer, Product, ...), o
0Toi0Gg Kol amoTteAEL To eSO TOU TTPOBARLATOG IOV
kaAoupueba va ertlboou e

UP.4



TeAwo napadotéo

* MoVTENO Tou cuoTHHATOG o€ eMinedo avaluong
elvat:

— 0L OXETIKEG KAAOELG e Tedia, uebddoug kat
OUOXETIOELG LETAEY TOUG, KOL TAL CUVETIALYORLEVOL
Slaypappora KAACEWV

— n oxedloon tng uvapikig cupnepLpopdg tou
OUOTAMATOG (LY., LEOW sequence diagrams) WoTe val
KOAUTTTEL OAQL TOL USe cases

— [yt peyaa povtéla] n opydvwon uses cases, class
and sequence diagrams o€ TOKETOL AVAAUCNG

Avatopia pog KAaong ovaiuong

* Ovoua
* Inuoavtika (private) media
* JNUOVTLKEC ApHOSLOTNTEG = dNUOCLEC HEBoboL

* Ae xpelaletal 1000 TOAU £udoaon
— OTIG AEMTOEPELEG OPATOTNTAC, N
— OTLG TMOPAUETPOUC / TUTIOUG EMLOTPODNG TWV

uebodwv
MNapadeypa
N ‘Ovopa: kaBapr) meplypadr
Book n .

HLoG §ekdBapng ovtotnTag Tou
title kOopoU Tou TTPOoPAfHaTOG
authors
price StV npwin pdon, ou
tax oxedlaloupe KAdoeLG adpd,
ISBN Sev UTLAPXOUV AETTTOpEPELEG
updatePrice() v Tig peBosoug
computeFinalPrice()
showDetails() MeydAn éudoaon o€ éva pkpd
showSummary() KOUL GUVEKTLKO GUVOAO

HEOOS WV

UP.5



THIS ONE + THE NEXT ARE THE SINGLE TWO MOST IMPORTANT SLIDES OF THE ENTIRE COURSE!

3 types of classes

¢ Once all the analysis and design is over, one can think of 3
types of classes

— Domain classes: classes that represent the entities of the part of
the real world under modeling which are also the core focus of
the analysis phase

— Boundary Classes & Interfaces: classes & interfaces that deal
with the interplay with external actors (this includes the User
Interface, but also all interaction with external actors)

— Business-Logic classes & Interfaces: classes that incorporate
logic (equiv.: implementation of the use cases + any other
important computation) and are responsible for bridging
boundary and domain classes

* Be careful: a complete specification of this list comes only
after design has been completed! At the analysis phase, it is
mostly domain classes that matter + early cuts of the rest

Business
Logic

Boundary

Domain

Restaurant Personnel Evaluation:
Class Diagram of main classes

How To: Classes, Relationships and
Methods

e Use the requirements text to extract domain classes &
their relationships.
— Nouns are probably the best indicator for classes + their
attributes
* Use the use cases to extract methods
— Methods are directly related to the verbs of the use cases
— You will probably (also depending on your design
methodology) need a “MainEngine” class (only for starters)
to host (a) data collections + (b) methods representing use-
cases
— Will probably need coarse-grained boundary classes for
interactions with actors (end-users => U.l. and external
subsystems)

UP.6



EUpeon kKAAoswV amod TN YPAUUATIKA

OuoLaoTika kat GPACELG Tou Eivat aTnv
oucio oUCLACTIKA

KAG&oeLg kat edio kKAaogwv

Flight flight number

PApata kot Gppacelg mou Aettoupyolv
YUpw amod pripata

ApHoSLotNTES = Snuodoteg peBodot

verify verify flight number

MNPOZOXH:
- OpWVL A KAl CUVWVL A
- Kpuppéveg kAAoeLG: KAAOELG TIou Sev

Mou BpioKoupE TO Keipevo:
- ItV Kataypadh Twv analtioswy
- ZT1G uses cases

UTLAPXOLV OTO Keipevo, aAAd av
nipooteBolv, 6Aa KOAGVE (oAU
GUXVG, OL Use cases AEVE «TO CUCTNHA
KL OWTO KAVEL Ta ipdipata acadr)

Sequence Diagrams for Use Cases

Ideally: create a sequence diagram per use case (“use case
realization” at the modeling level)

Start with the domain classes (+ any other class) obtained by the
parsing of the requirements text

Arrows are the methods (see next for principles on method
placement at classes)

Add controllers / collection holders / ... if needed
* Can have a “manager” class play the maestro of the use case, or
* Can pass the state of the use case from object to object

If the diagram looks as if it cannot translate to code SIMPLY, restart!

Remember this will NOT be successful in the first place, but it will
be iterated a few time & updated at design time

There is a time & effort cost with this process. Use wisely.

Use cases for methods

* KdaBe use case, av £xeL ypadel owotd, EXEL TIPOTACELS TNG
Kortnyopiag
<id> The <actor / (sub)system> <performs function>

MoAU cuxvd To PAKA TNG TAPATIAVW TTPOTACNG Elval Kat
pLa uéBodog (evEeXOUEVWE E TTAPAETPO TO AVTIKEIUEVO
™™g mpdtaong). To {ntolpevo eival va anodpacicovpue
TIOLO QVTIKELMEVO KAVEL TN {NTOUHEVN EVEPYELA KAl VAL
BdAoupe tn oxetikr péBodo atnv ev Adyw kAdon, 1&iwg
€Kel TIOU €XOUUE WC UTIOKELEVO “the system”.
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«» Where to assign methods?

* Where to assign methods?
— PRINCIPLE OF LOCALITY: place methods as close as possible to
their data (i.e., domain classes)

* Equivalently: each object, should know+set its own status + compute
properties that clearly pertain to it (e.g., a method getFinalPrice () that
would best look sth like

getFinalPrice (){return amt+getTax()-getDiscount();}
should be placed as close as possible to these 3 attributes

— FACADE PRINCIPLE: use cases (and major sub-use cases) pertain
to business logic “Manager” (a.k.a “Controller”) classes that
export them to boundary classes

— WRAPPER PRINCIPLE: for starters, use boundary classes for the
user interface + external subsystems (later, move on to design
Interfaces as contracts among your system and external actors)

welavs Peciages
userviews

Layered architecture of

packages E

<coava Package=-
2 datal oad

< dird Packagees
F databode!

Kputhpia yLo KaAEC KAGOELS avaAUoNC

* To 6vopa MPEMEL va lval pia cUVTOUN Kal
EekaBapn meplypadr Tng avtiotowyng
OVTOTNTAG TOU TPAYUATIKOU KOGUOU

* OLapUOSLOTNTEG = OL UTINPEGLEC = oL SNUOOLEG
péBodol mou TpoodEépet Lo KAAon oTig AAAEG
KAQOELG TIPETIEL VAL £(VOLL AlYEG KOL GUVEKTIKEG
(BA. mapakdatw)

* OLouvepyalopeveg KAAOELS pLog KAAong dev
TPEMEL VAL elvoil TIOAAEG
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OepeMwdeLg LOLOTNTEG KAACEWVY

* Cohesion: o BaBuog otov omoio oL péBodot
pLoG KAaong epyalovral yla tov iSlo okomo

* Coupling: o BaBuog aAnAe€aptnong pe GAAEG
KAQOELG = 0 aplOOG TWV KAAGEWVY TIPOG TLG
ormoleg n umo avadopd KAAon £XeL
OUGOXETIOELG

Obnyleg

*  YrepamhouoTelovTag, Hia XovEpLkn ektiptnon:
— ZuviBwg, 3-5 appodotnteg (8AS., néBodot) ava kKAGon, oL onoieg
OUVEPYATOVTaL 0TOV (510 OKOTO eivat pia KaAr avabeon
— Kopd kAdon 8e oTéKeL LOVN TNG: YLat KAOE KAQGN ULKPOG aplOpog
ouvepyalOUEVWY KAAOEWY

*  AnodUYETE TIG aKkpaieg AUOELG
— Extremity #1: God Classes = classes with a huge number of responsibilities
(i.e., methods) -- esp., dangerous with fagade, manager classes
— Extremity #2: Oversimplification = huge number of classes with a very small
(e..g, 1) number of responsibilities (i.e., methods)

*  AnodUyete ta S€vipa KANpovopKoTnTag (Kat diwg ta Babid): yevikd,
anopuyete / KABUOTEPAOTE vVa ELOAYETE LEpap)Xieg 60O Lo oAU yivetal —
KGVTE TO pOVOo av eivat armapaitnto kat eAéyEte pe To kpurriplo ISA

Other hints and tips

* Encapsulation principle: show/do only what’s needed!

— Suppress get() & set() to the absolutely minimum that is needed to get the job
done. At the analysis phase you can even skip them.

— Similarly, for constructors

* Data holding:

— if you follow a top-down methodology, you can start with a MainEngine class
as the holder of object collections.

— If there is too much complexity in managing a particular collection, consider
moving this functionality to a dedicated data holder class.

— Too often, lookups to objects (e.g., TaxPayer by AOM, car by plateNumber, ...)
will be required from the collection: try to minimize the tendency of
overloading the design with all the details, esp., at the early phases

¢ The patience principle: way too often, it is necessary to check out all the
use cases to decide the best allocation of collection management, object
creation, and method placement.

— Sometimes, it is better to delay decisions & see the degree of “reuse” of
object collaborations in different use cases to decide difficult cases
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TeAkég odnyieg eni tng Stadkaoiag

¢ MpocoBéate 60eg KAACELG XPELATEDTE yLa apXr, APKEL VoL
Byaivel n vlomoinon tng use case.

* Metd ehéy€te av n oxediaon mou mpogkue sival
nipoPBAnuatikr kat emavaAdBete tn Stadikacio HEXPL va
OUYKAIVEL OE pLa OXETIKWG otabepn dopn.

— EAéyxoupe av €xouv Staduyel OpoL amod To KeiPeVO Twv
QOLTHOEWV 1 Ta use case specifications

* Hmnapandavw Stadikacia elvat e€apeTikd xpRon Kabwg

unopet va kataAnéet
— otV mpooBbnkn véwv KAAoewv r TV aAhayr GAwv
— otnv avaBewpnon / 810pbwon tng use case

— OTNV QVAYKN VO ETILKOWWVHCOULE LLE TOUG XPNOTES yLa va
£ekaBapLOTOUV OL APXLKEG QTIAULTOELG

EvaAAoKTIKN) HEB0SOG evTOTLOUOU

KAGoewvV: N uEBodog CRC

¢ Class Responsibilities Class Name:
Collaborations

e H HéeOSOQ BGU[ZETQL oTo Responsibilities Collaborations
brainstorming yUpw amnoé
T1g CRC Cards (B. 6imAa)

e Ta CRC cards

lwypadilovral eite ot:

— aompornivaka (yla oag:
peyaho xapti)

— o€ peyala sticky notes

- cuvéuqopé wv
Tapandvw

®don 1: brainstorming

* E&nyouue o€ OAOUG OTL TPOKELTAL YLa brainstorming kait
— OAEZ ot 16€€¢ eivat KaAEG
— AEN umdpyet avtunapdBeon eni Twv Mpotacewyv
e EVTOTi{OUUE «TPAYLOTAY OTO XWPO TOU TPORARUATOC
WG KAAOELG, LLE TLG OXETIKEG OPHOSLOTNTEG KL
vepiloupe to oXeTIKO sticky note
* Bplokoupe cuvepyaocieg og KOs véa KAGON Kol
— Elte petakwoulpe Ta sticky notes wote va eivat kovta

— Eite {wypadiloupe TG OXETIKEG YPOUESG av SOUAEUOUNE
UOVOo pE TTivaka
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®dadon 2: AvaAuon

* Me Baon ta mpoavadepBévta kpLtrpLa,
QMOTLMOUHE v oL KAAOELG pag Eival «KOAEG
KAQOELG»

* MBavwg kamoto card mou Stadaivetat va
elval «uEpog» AANOU + va €xeL Alyeg
appodiotnteg yivetal medio

— If in doubt: keep it a class!

EprmAoutiopdg, eetdikevon kat BeATiwon Twv apXIkwV KAACEWY TG
avdAuong (o omoieg avamapLlotouV TG BACIKEG OVTOTNTEG TOU
TPOPBAAHATOC) HE KAAOELG TIOU QVATIAPLOTOUV TA KOUUATLO TOU
AoytoptkoU mou Sivouv Abon oto pdBAnpa

IXEAIAZH ZYZTHMATOZ

Ixebiaon

* H avdAuon sival pa mpwtn, OXETIKA

XOVOPOEeLdNC, AMOTELPQ VO OPLOOUE TIG KAAOELG
TOU CUOTHOTOG O€ OXECN E TN AELTOUPYLIKOTNTA

Tiou B€Noue va ulomolnBet.

* H oxedlaon okomo £XEL VA ELOAYEL TV
amaPALTNTN AEMTOUEPELD OTO HOVTEAO pog — YU

auTO Kal N £éudaocn eival o oAb ota interfaces

& susbsystems

* H avaAuon A€eL TL KAVEL TO CUCTNHA KAL N
oxedlaon mwe To KAveL
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From problem analysis to system

design
e From a high level model * We move to a detailed

that describes WHAT the specification of HOW the
system is expected to do system will be
(problem space as implemented (solution
expressed at system req’s) space) via a design model
via an analysis model that that includes
includes — Subsystems and classes
— Analysis packages and and interfaces @ design

classes level
— Sequence/activity — Use case realizations @

diagrams design level

— Deployment diagrams
I
2xebiaon

* Je peyala €pya, Le peydla povtéla, n oxediaon
uropel va eivat pLa peyain Sadikaoia mou va
TmoAAamAaoLAoEL TO péEyeBOC Tou LOVTEAOU
ONUOVTLKA

* Jg «€pya» TOU PEYEBOUG TTOU QVTIUETWIILETE OTIC
omoud£¢ 60 (kal 0To Mapov Habnua), n
oxeblaon Lo oAU oToX0 €xeL va Eekabapioet To
HOVTEAO O0LG, VO TO CUYKEKPLLEVOTIOLAOEL KL VAL
dTLaEL TN AEYOUEVN APXLTEKTOVLKT TOU
cuotnuatog (system architecture)

H oxebiaon...

* ... TIPOOBETEL AEMTOUEPELEG UAOTTIOINONG OTLC
KAQOELC avaAuong, ...

* ... OUXVQ «OTAEL KAAOELG TNG avAAuong o€
VEEG, TILO OUVEKTLKECG KAAOELG, ...

* ... TIPOOBETEL KWSLKA yLa TN SLacuvdeon Twv
KEVTPLKWY KAAOEWV LE Ta KOUpaTLa tou front-
end, back-end, network, ... (middleware
software and existing, trusted software
libraries)

H opydvwon twv kKAGoewv 6tav n toAurthokoTnTa eivat peydAn yivetal pe
unocuothpata, kot n kOAAa petagd toug eivan interfaces (BA. TLg OXETIKEG
EVOTNTEG MAPAKATW)
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KAdoelg tng oxebiaong

* OLKAGOELG TAEOV TIPETEL VAL £XOUV TIARPN
otoleia yla media kat pebodoug ‘

* To 6nuoacto koppdrtt (public interface) piag
KAAong A€oV cuvLoTA éva cupBolato (contract)
YLOL TO TL Uropel va tpoodEpeL n KAAGH 0ToUG
clients tng
— Apa o developer tng, eyyudrtatl otoug GAoug

developers mwg UopouV val XpNOLUOTIOLOUV TV
KAdon Tou

Awadopd KAAonG otnv avaAuon Ko Tt
oxebiaon (amod Arlow & Neustadt)

BankAccount BankAccount
name traces -name : String
number = { —number : String
balance -balance : double = 0
deposit(} |- +BankAccount( name:String, number:String )
withdraw( ) +deposit( m:double ) : void
calculatelnterest( ) +withdraw( m:double ) : boolean

+calculatelnterest( ) : double

+getName( ) : String

+setName( n:String ) : void

+getAddress( ) : String
+setAddress ( a:String ) : void
+getBalance( ) : double

+BankAccount( n:String, a:String, m:double )

I610TNTEC pLaG KAANG KAAONG
oxeblaong: a checklist

* The public interface of a class is exactly what
its clients expect

* A method performs a simple, atomic, unique
service (Every adjective counts)

* We have achieved high cohesion and low
coupling for modules
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I1610TNTEC pLag KAANG KAAONG
oxeblaong

* To oupBoAato = cUvoho SnuocLwY PeEBOSWV
™G KAAoNG va eival cad£g, anodekto ano
OMoug kal to eAayloto duvatd (exactly what
the class’ clients expect)

e POZOXH: roté Sev Sivoupe mapandvw eyyuroeLg oTo
public interface pog kAdong art’ 6oeg xpetddeta!!

¢ AMwG eMOXeVEL 0 KIVEUVOG TNG KAKAG XPNoNngG KoL Tng
TIEPLTTAG OUVTAPNONG

16L0TNTEC MLaG KAARG KAAONG
oxeblaong

* OLpéBoboL eival 600 To SuVATOV TILO ATIAEG =
KaBe pio UAomoLel pia (1) SouAeld kat povo (a
simple, atomic, unique service)
¢ AnoduUyete TI¢ ueBOS0UC TTOU KAVOUV TTIOAAEG SOUAELEC
¢ AnodUyeTe TI¢ TOAEG EVOANAKTLKEG UAOTIOLROELG LA TV

{810 Souhela
¢ ‘Ot mepirtd npootiBetal, urnopei va xpnotpomnotnBel Kakwe
Kot olyoupa emipépeL avemBuNTn ocuvtipnon

I610TNTEC pLaG KAANG KAAONG
oxedlaong

* YPnAn ocuvektikdtnta (cohesion)
— OAa ta oTotela tng KAAonG ouvepydlovral yla
v enitevén katd Baon piog SOUAELLC ...
— ... 0LVABWG AUTO TPOKUTITEL KPATWVTAC XAUNAL
TWV 0PpOUO TWV OPUOSLOTHTWYV Kot TwV Tediwy
* XopnAog Babuog cuoxetiong (coupling)
— H ouoxétion pe GAAeG KAAOELG ANV TWV
AmaPALTATWYV anayopevetal Sta pornalou

— 000 o MOAEG cuoyeTioeLg, TOoO Lo enwduvn n
ouvtipnon
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Mav pétpov aplotov

* 'ExovTag MeL Ta TPonyouUEVA ...

— Ag onpaivel 6t Ba KATAANEOUUE VO EXOUUE
oupPBolata pe pio LEBoSo Hovo, HOVOo Kat HoOVo
yla va pn BewpnBet 6tL mAateld{oupE...

— Ag onpaivel OTL OV XPELAOTEL VAL CUCXETIOOUNE
800 KAAoeLg (gite AOyw piag oxéong part-whole
eite AOyw pLog ocuvepyaoiag) S Ba to KAvoupe
yla va unv umtapxet coupling...

Use case realizations at design level

* EKTOG amo KAAoeLg, podavwe umopolv va
avaBewpnBoulv / emektabouy / ... kot GAAa
design artifacts tng Stadikaciag avaiuonc:

— Add implementation details to the fundamental,
analysis-level interaction diagrams

— Zoom-out at system level and model interactions
between subsystems (rather than between

objects) via interfaces as glue => produce the
system architecture (see next!)

MWG LETPALE TNV ECWTEPLKN CUVEKTIKOTNTA LAG KAGONG, KO YLa TV
aKpiBELa, TIWG ATOTILOUE TO av oL HéBoSOL pLag KAAong eEuTtnpeToUV
aKPLBWE pia AeltoupykoTTL

COHESION METRICS
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Cohesion

Cohesion is a measure of the extent to which the methods and the
structure of a class are oriented towards serving a single purpose
— A cohesive module has all its methods and attributes oriented towards
serving the same functionality
— Hard to determine it in an automated, measurable way
— We approximate the “relatedness” of the classes methods via the patterns
of how methods access attributes
— We typically assess Lack of Cohesion Of Methods (LCOM)

* Chidamber S. R. and Kemerer C. F. A Metrics Suite for Object Oriented
Design. IEEE Transactions on Software Engineering, vol. 20, no. 6, pp. 476 -
493, June 1994.

* Henderson-Sellers, B. Object-oriented metrics : measures of complexity.
Prentice-Hall, 1996.
A high Lack of Cohesion value indicates that possibly the class
serves more than one roles and needs to be split
Huge discussion of the research community over cohesion at both
the semantic and the metrics level (out of scope of this course)

Assume the following class

When we discuss cohesion and LCOM*, we typically
a do it by observing patterns on how methods access
attributes.

We use a bipartite graph, where

- Square nodes are methods

- Circular nodes are attributes

- An edge (m,a) exists if a method uses an attribute

Here, we have an example of a class with 4
ml|{m2|m3|m4 !
---- methods and 4 attributes

Frequently (but not always), we assess a quantity

over all pairs of methods (lower triangular part of

the matrix)

Whether to exclude getters and setters from the
graph is open to debate!

LCOM1

a Lack of Cohesion of Metrics #1
a, Chidamber & Kemerer, 1994

¢ Number of pairs of methods without
common attribute references

* |deally, a super cohesive module has
LCOM1 = 0 && a super non-cohesive, the
tcells of the lower triangle.

* Here, out of 6 pairs, there are LCOM1 =4

W/O commaon accesses
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LCOM2

Lack of Cohesion of Metrics #2

Chidamber & Kemerer, 1994

¢ Split the pairs-of-methods in two sets
— P: pairs that do NOT share attributes
— Q: pairs that share attributes

P-Q,ifP-Q>0

LCOM2 = .
0, otherwise

* Ideally, a cohesive module has LCOM2 =
0 && a super non-cohesive, LCOM2=P,
the #cells of the lower triangle (Q=0).

* Here, LCOM2=4-2=2

my a

m, a,

m ay

m, ——0 a,
ml|m2|m3| m4

al | X | X

a2 | X

a3 X | X

a4 X

No more pairs of
methods here!

LCOMS

Lack of Cohesion of Metrics #5
Henderson-Sellers, 1996
* Use the attributes, instead!!

¢ Assuming m methods, a attributes, and
U(A) the methods accessing A

|«
L2 ud)=m
LCOM5 = ———
1-m
* LCOMS =0 whenever all methods access

all attributes — super cohesive

¢ LCOMS =1, super non-coh., whenever
every method accesses a single attribute

o {W4(2+1+2+1)—-4}/(-3) =(-10/4)/-3=5/6

Also known as “Analysis Packages”

A nice way to structure system parts;

As close as possible to subsystem design @ analysis phase

PACKAGES
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Packages

* Ta nmoketa kwdika (packages) mapéxouv éva
TPOTO VO OpASOTIOLOUE «KATOOKEUESY (KWK,
Slaypaupara, ...) Iou £X0UV HeYGAn AoyLKN
ocuvaodela

* ‘Eva TTOKETO o€ eninedo avaluong cuvibwg
TepLEXEL:

— Use cases
— Analysis classes & class diagrams
— Use case realizations (typically: sequence diagrams)

Packages

* Ta makéta kwbika (packages) sivat évag
UNXOVLOUOC TIOU OC ETILTPETEL VAL OIS OTIOLOU UE
«KOTAOKEVEG» (KwdLKa, Slaypduuorta, ...) mou
£€XOUV HEYAAN AoyLkn cuvadeLa

* 'Etol uropoUpe va Sopol e €va eydAo pHovTélo
O€ €Ml LEPOUC TUAMATA, N ETIL LEPOUG LOVTEAQ,
UE TO KABEVa vaL EXEL ULOL OXETLKI) QUTOTEAELD KOl
va BETEL Eva ECWTEPLKO «GUVOPO» EVTOC TOU
€UPUTEPOU UTIOCUGTAHOTOG

Mapadelypa: modnAato

BA. emopevn
Sladavela ya
zoom-in
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v [ 03 bicycleRace

v @
~ [ bicycleBody
[3] Bicyclejava
~ {1 bicycleBreaks
[3) BrakeFactoryjava
[J] DuperBrakes,java
[3] IBrakes.java
[3] MiceBrakes.jova
~ {4 bicyclePedal
[3] IPedal java
[3] PedalFactoryjava
[3] SimplePedsljava
[4] ZuperPedal.jova
~ f mainApplication

[3] BicycleSimpleApplication,java

v i} race

[ Racejava

[J] RaceTypeFactory.java

[3] RaceWithStages java
v [ tests

[J] AllTests java

[3] BicycleTestjava

[] BrakesTestjava

[J] PedalsTestjava

:[
|
‘L
‘f
\,
|

Napddelypa:
Khdoeis mou agopody 14 & ﬁ Aato

o modnAato

KAd&oeLg mou adopolv to
unooVotnua Ednong

KAd&oeLg ou adopolv to
UTTOCUCTN A ETULTAXUVONG

main()

KAG&oeLg ou adopolv tov
aywva ToxuTNTag

KAd&oeLg ou adopolv tov
£AEYXO TOU KWSLKOL

MepPLKEC LOLOTNTEG

* KABe KOTAOKEUAOTLKO OTOLYELD, OTIWG Kol KAOE

UOVTENO, OVAKEL 0 aKPLBWC VOl TIAKETO

* KOs maketo opilet kat £va eviaio + Slakpltd
XWpPOo ovopdtwy (hamespace)

* ‘Exoupe opatotnta (visibility) ota otolxeia evog
TAKETOU (TT.X., OKEDTELTE TO HE KAACELG)
— Public elements (+): visible to other packages
— Private elements (-): invisible to other packages

Design guideline: kdvte &nudoio pdvo ot xpeldletal Kat

tinote dAho

Package Diagram

<<lava Packages>
3 mainApplication

<<Java Package>>

Hirace

<<Java Package>>
£ bicycleBody

v 9 .

<<Java Packages»
i bicycleBreaks

<<lava Packages>
2 bicyclePedal

* Icon: a folder icon

* Name: meaningful
characterization of the
subsystem

¢ Dependency: 6tav éva
otolxelo evog “client”
package xpnotpomnotet
€va otolyeio evog
“supplier” package
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Package dependencies (amo Arlow & Neustadt)

—| «use»: An element in the client package
uses a public element in the supplier
ausen package in some way — the client
Supplier <= Client

depends on the supplier
If a package dependency is shown
without a stereotype, then «use»

1 should be assumed

«import»: Public elements of the
supplier namespace are added as public
elements to the client namespace

=im rts
supplier << Hmeer Client

«access»: Public elements of the
) access . supplier namespace are added as private
Supplier [Ermmmmmmmmmm s m e Client PP P . P
elements to the client namespace

The «use» dependency means that there are dependencies between elements in the packages, rather
than between the packages themselves.
Both «import» and «access» merge client and supplier namespaces => client elements to use
unqualified names to access supplier elements. Differences between the two:

- «<import»: merged supplier elements become public in the client; import is transitive

- «access»: merged supplier elements become private in the client; access is not transitive

Nesting and Inheritance

* EpdwAeuon: €va TOKETO UMOPEL val TIEPLEXEL Eval
GANo TtaKETO
— H avadpoun pnopel va ouveyiletal Bewpntikd o 660
BaBog B€Noupe — paKTLKA, OXL TapaAdvw amno 2 -3
enineda
—Eva eudwAEUEVO TIAKETO «BAEMELY OAa Ta SnuocLa
oTolxela Tou TEPLKAELOVTOG TTOKETOU, AN OXL TO
avtiotpodo, EKTOC KL Qv UTIAPXEL PNTA OXEoN
efaywyng
* KAnpovopukotnta: €vo makeTo Umopel va
emekteivel £va dAAo
— AnodUyeTE v, Xapv artAotntag!

Apyxttektoviki Avaiuon (!!)

* O 0TOXOG TNG APXITEKTOVIKAG avAaAuong eival
VL 0PYOAVWOEL TLG KAGOELG avAAUoNG o€
cohesive makéta ...

* ... TO OTola LE TN OELPA TOUG, TA OPYOVWVEL O
enineda

* Baolkog o0TOX0G: eAdxlotn Suvatn e€dptnon
Hetagy makétwv (minimize package coupling)
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Minimize package coupling

* Mo armo Tig o BaotkeG apxEG otn oxedlaon
TIOLKETWV
* 000 Ayotepn aAnAe€aptnon petafy
TIAKETWVY, TOON AlyOTEPN cuvtnipnon!
* Mwg enTUyXAaveTaL:
— Minimize dependencies between analysis
packages!
— Minimize public parts of packages (in an attempt
to minimize unnecessary usage)

Nw¢ Bplokoupe MakETa avaAuong

* ‘Eva TIOKETO avAAuoNG IPEMEL va TtepLAaBAaveL
£€val 6UVOAO KATAOKEVWV (L8lwg KAACEWV) Tou va
£XOUV OTEVEG EVVOLOAOYIKEG CUOXETIOELG UETAEY
Toug

¢ OLkAdoelg oxetiovtal petafl Toug pe T £EAG
dBivouoa oelpd otn évtacn aAnAeédptnong:

— Inheritance hierarchies )
— Composition (strong form of aggregation) ]»

- Aggregatlon Any other cohesive cluster of classes
— Dependencies is typically indicated by these two

Practically,
a must

Package layering & internal cohesion

St | =
See the 4 layers of packages (see | |
also slide “Package Diagram”)
/* To avoid adding confusion, we
killed some dependencies && (a) ... aae
we depict packages ontopand ~ ———
(b) aligned with them, their
classes. Red dotted line visually
separates classes from packages
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Package layering & internal cohesion

See how we structure -

cohesive groups of
classes in packages:
red dotted lines
signify package
borders

Nw¢ Bplokoupe MakETa avaAuong

* Keep it simple: avoid generalization (practically always)

and nesting (at least at first)

* Keep coupling low and cohesion within packages

high!!!

* Avoid use cases as a hint for packages: typically, use

cases span across many packages!

* Avoid cyclic dependencies (IMHO: at all costs)

* When done: reconsider (possibly there is still room for
merging/splitting packages, moving classes, ...)

Mw¢ oTAPE KUKALKEG E€QAPTHOELG

B

pe 800 TpoMouG:

- obpntuén oe éva (1)
TLOKETO,

- QVEUPECH KOWWV
oToxeiwv Kat
petakivnor toug o
£V VEO TIOKETO
(factor out common
elements to a new
package)

(oxripora and Arlow & Neustadt)
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Analysis packages: design guidelines
and a checklist of good design

* Minimize dependencies between analysis
packages

* Minimize publicity per package (publish
exactly the elements that are used by client
packages)

* Maximize cohesion within packages

* Avoid cycles in the dependencies between
packages!!

http://en.wikipedia.org/wiki/Diaeresis_(philosophy)

YNOZYITHMATA

Yrnoouotuata

¢ ‘Eva umooUoTnua eivat pio «\oylkoU TmESOU» OXESLOOTLKN
kataokeun (6AS., oe eminedo oxedioong Kat OxL EKTEAECLUOU
KWOLKA) TIOU 5pal WG €VOL AOYLKA EVLALLO OUCTATLKO EVOG
oUVBETOU CUOTHHATOG
— Me &M\a AdyLa, PropoUpE va OKEGTOUAOTE EVa UTIOGUCTNHA, TTIOU
otnv paén mepLéxet interfaces ka KAAGELG TOU Ta UAOTIOLOUV QO
TINEUPAG KWBLKA, WG EVA, ATOLLLKO, EVLALLO OXESLAOTIKO UITAOK TTIOU
TIAPEXEL L0l SLAKPLTF AELTOUPYLKOTNTA, TIOU Wtopel va BewpnBel
«OVEEAPTNTN» AT TLG AAAEG AELTOUPYIEG TOU CUOTAKATOC

— To UNOCUCTAUOTA AVATIOPLOTWVTOL YpadLKA WG stereotyped
«subsystem»
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Ynoouothpata

e And tnv mheupd tg OAng oxeblaotikng Stadikaoiag, Ta
UTIOCUOTAMATA £XOUV KEVTPLKO pOAO oTn Stadikacia
oxedlaong peydAwv cuotnudtwy, oto Babud mou emtpénouv
va oidooupe €va SUOoKoAo TPABANUa avamtuéng oe
pikpdTEPQ UTTOTPOPAR LaTa (TToU prtopouv va avateBolv ev
napoMilw oe SladopeTiké opadeg avantuéng).

¢ Ol Aemropépeleg UAOTIOINGNG TWV UTTIOCUCTNUATWY KpUBovtat
niiow amnd interfaces — Ta UTIOCUOTAUATA ETUKOWWVOUV
petagl toug pe interfaces ou Aettoupyolv we «cUpBOAaLoy

MNapatpeiote:

(@) ta eninesaaMnegdpmanc:
n oxeblaon sivat «oe oTphpaTay,
KBl Ta endvw UnoouoTjaTa
E€apTiviaL and ta Kitw, aAhd
MIOTE 1o avtiBeto!

. 'Oheg o1 efapriigerg éxouy TV
1 eoib {61 popa!
. «subsystem» (B) ™ xpriot Twv interfaces wg
presentation | Gur KM HETaED Twy
unosUOTATEY.
Ordertianager
[N e
Customer w/ Product
_ Manager T Manager .
domain ) 7| «subsystem»
Customer = Order - Product
business 1 T 1
logic /7 Account
(" Manager
services asubsystems
Accounts
S y
«subsystem» «subsystems |_
utility Javax.swing javasgl |
«subsystem»
{global} .
java.util Ano Arlow &
Neustadt 7!

Revisit slides of Unit 4 on UML!

Interfaces are an extremely useful mechanism for maintainable code; the
mastery of interfaces is a must for a competent developer

INTERFACES
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Interfaces: what-it-is & an example

* MMpaktikd, éva interface opiel éva cUvoho SnudcLwv
apnpnpévwy LeBOdwV TIG omoieg, oL KAAOELG Ttou
vAomolovv to interface unoxpeolvtal va vAomotjcouv
KOLL VOL TIOPEXOUV

— pmopeite va To okéPTEOTE WG cUpBOAaLO, HE TOV
interpreter/compiler oto pdAo tou
Swaoth/oupBolatoypddou ou evronilel mapaBLaoelg
Tou cupBoiaiou

— Etol BonBa oto va Slaxwpiloupe UTOCUCTAKATA, KAl VAL
Ta 6UVEEOUUE PEOW «OUUBOAALWV» AELTOUPYLKOTNTOG

— Emiong, av ot clients evdg umtoouoTHpaTog EEpouv LOVO TO
interface kat dxL tnv concrete class, ivat oAU e0Kolo va
oLVTNPNBEL TO ECWTEPLKO TOU UTIOOUGTAKATOC XWPLig va
o pabouv ot clients

Business
Logic

To interface with
clients

Boundary
To interface with the
loading subsystem
(no need too show its
Domain [ To interface with the

. internals any more)
reporting subsystem

(no need too show its
internals any more)

Restaurant Personnel Evaluation:
Class Diagram of main classes

When to add an interface to the
design?

* Whenever you have multiple classes that are

eligible/required to play the same role. E.g.,

— ... multiple algorithms for the same task

— ... you have an association where evolution can occur
at one end (esp., if this is going to be handled in a
polymorphic way)

* For each set of operations which is repeatedly
reused/reusable, esp., if implemented at different
suppliers

* Whenever you want to define boundaries
between subsystems!
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"—V ‘i I ’ . ’
M Mpooeste mwg ta interfaces eivat ...

e ... oL«padEg» (seams) HeETAfY TWV UTIOOUCTNUATWY =
QVTUTPOOWTTOL TWV UTIOCUOTNUATWY, G OXECN HE TO TL
«UTIOOXETAL» TO UTIOCUOTN A OTL UITOPEL VoL KAVEL

* ... OLQMOUOVWTEG TwV aAAaywv ou Ba yivouv e0WTEPLKA 0TO
unocVotnua/package kat 5g Ba ennpedoouv kavévav GAAo
(adou kaveig extog package Sev E€peL TL €xeL péoay)

* Ewodyoupe interfaces, Aoumov

— 'Otav éxoupe anodaoioeL Ta UTIOCUCTANATA, WOTE VA AELTOUPYHOOUV
WG SNUOCLOL AVTUTPOCWTIOL TWV UTIOGUGTNUATWY

— e 60a onueia ekTLHOUPE OTL Bt EXOUNE GUVTHPNON, WOTE VAl
QUITOLOVWOOUHE TOUG clients armd tig concrete classes mou Ba
ouvtnpnBoulv kat va pn Stadobei n enidpacn twv aAAaywv
TEpETAlpW.

Interface
asa
contract

Another Example

Py ‘

A Client Service
class providers
Client of Observe the notation
he dli between the interface
R EE and its concrete

materializations: dotted

empty triangle A
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YHMEIQXEIX

AkoAouBel éva mapadelypa yLa To mwe

- 6o0Beiong pag meplypadng evog mpoPARUATOC TTOU €XOUE Kataypdel o€ duOLKN
YAwooaq,

- OPXLKA EEAYOVTAL KATIOLO USe Cases, KAl 0T CUVEXELQ,

- gfdyoupe TIc KAAOELG avaAuong Kal kamola sequence diagrams.

EX.1



EBSouadiaio AELloAdynon oto
Eotiatoplo tov Maotpo-Extopa

KaBe BSopada, o paotpo-Ektopag, I6LOKTATNG eoTLOTOpiou, aflohoyel Toug oed Kal tnv
enidoon tou eotiatopiou. Xtn Sldpkela tng eBdopadac, yio KABe TLATO pLaG mapayyeAiog,
KotaypddeTal ToLo¢ LAyEeLpaC To aveAaBe, o TOON wpa To oAoKANpwOoe (0 AEMTA) KAl TL
afloAoynon nnpe amnd tov meAatn (kAipaka: 1 — 5 aotepakia). ETol, oto T€Aog tng eBdopadag,
UTTAPXEL VOl apXELo TTOU TTEPLYpAdEL QUTEC TIC TANpodopleg. (Eueic Eyouue To apyeio S0UEV).
Mo va kavel v afloAdynon o paotpo-Ektopag, B€AeL va dopTwvel oTo cloTna Tou Ba
dtiatoupue tpia apyeia:

- 'Eva apxelo pe tnv mAnpodopia ylo kaBe payeipa (6vopa, enibeto, poAog), e To poAo
va elvat: chef de cuisine, sous chef, chef

- 'Eva apxelo Ue Ta mMLATO TTOU TIPOOPEPEL TO ECTLATOPLO (OVOUQ, KOOTOC, TIUA)

- 'Eva apyxelo pe TN Slekmepaiwaon Tou KAOE TILATOU HLOC TtapayyeAiag, Omwg
npoavadEpOnke. EMUTAEOV TWV MAPATIAVW OTOLXELWV, OTO apXelo He TIG mapayyeAieg,
KAOe eyypadn €xeL KL Eva povadiko avfovra KwdLKO ylo va Eexwpilouv ol mapayyeAieg
METAEL TOUC.

KaBe éva amo ta apyela autd £xet To £€n¢ format: kABe ypappn sival pla eyypadn Kot ta
otolyela TnG eyypadnc xwpilovral e Eva SLOXWPLOTIKO xapaktnpa (delimiter — typically a \t or

).

To cuoTNUA pag, LOALS poptwBoUV Ta apXELd, TPEMTEL VO avamapLoTd Ta OTOLYEL TOUG WG
QVTIKEIUEVA yLa va UrtopoU e va ta emteéepyactoUe. H poptwon yivetal we €ng: yLo kade
ypauun evog apxeiou, dtaywpilovral Ta otolyela Tou Kal Ue Baon auTd QTLAXVETAL KOL EVa
QVTIKEIUEVO TNG KATAAANANG KAGIONG TTOU KATAYPAPETAL QO TO CUOTNUA UaG. APou OAa T
otolysia avanapaotadolV w¢ AVTIKEIUEVA, TO CUOTNO TIPETIEL VAL OlELOAOYOEL TTLATA KAl OEd.
Mo Ta mata, ylo KA midto umoAoyiletal o LECOC OPOG OOTEPLWY TIOU TIHPE KAl O LECOG
XPOVOG KATAOKEUNG Tou. Na kaBe oed, urtohoyiletal o HECOC OPOC ACTEPLWV TIOU TINPE KAl
umoloyiletal o poBog we e€NG:

- chef de cuisine: fixed amount + 2% * total profit (price — cost) if total average of stars
for the entire set of orders > 4

- sous chef : fixed amount + average #stars * 100
- chef: average #stars * 400
MeTd, To cUoTNUA IPEMEL VA UIopel va GTLagel Tig £€n¢ avadopEc:
- Avadopd pe OAa Ta OTOLXELX TOU TPOCWTILKOU (GUMTT. al€LOAGYNONG Kal UioBou)

- Avadopad pe 6Aa Ta otolyeia Tou matwy (cupr. afloAdynong, Xpovou Kat KEpdoug)

EX.2



Ot avadopég MpEMeL va YrmopoUV va ypadtouv oe apxeio kelpévou kat html. To cuotnua wg
Slampoowrneia €L LOVO SLOYVWOTIKA LNVUPOTO 0TO TEAOC TNG KABe daong, Kabwg Kal mou
vypadovtal Ta apxeia Twv avopopwv.

O paotpo Ektopag, apKel va ekKKIVAOEL TNV epappoyn Tng aéloAdynong, Kal to cUoTNUO
doptwvel Ta apyeia, yivovral ol afLOAOYHOELS KoL TIAPAyovTaL Ol avOoPOopEC.

ATTQULTEITOL UTTOXPEWTLKA 1] KATOOKEUN LG KEVTPLKAC KAAONG TOU SLEKTIEPALWVEL OAa Ta use
cases Kal tnv enkovwvia Ue ™ SLAmpooweia.

Enektaoslg: Aladpaotiko cloTnua eTIAOYNRC avadopag Kol apxeiwv yo doptwpa. Mpadikn
Slampoowreia yla Ta reports. AladpaoTikr SLATPOCWTIELD YLa TNV CUUTTANPWON TWV apXeiwv
otn Slapkela TNG efdopadac.
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EBSouadiaio AELloAdynon oto
Eotiatoplo tov Maotpo-Extopa

KaBe Bdoudda, o paotpo-Ektopag, L6LOKTATNG eoTiatopiou, aflohoyel Toug oed Kat Thv
enidoon tou eotiatopiou. Itn Sldpkela tng eBdouadag, yia KABe LATO HLOG

apayyeAiag, kataypadetal molog UAyeLpag To avéAape, o mOon wea To oAokKAfpwaoe (o€
Aentd) kot Tt afloAdynaon mrpe amno tov mehatn (KAlpoka: 1 — 5 aotepakia).

‘Etol, oto TéAog TN efSopddag, umtapyel Eva apxelo mou meplypadel auTeg TIg MAnpodoplec.
(Eueic exouue to apyeio 509€v). Na va KAvel tnv afloAdynaon o paotpo-Ektopac, BEAeL va
doptwvel oto cvotnua rou Ba dtidéoupe Tpla apyeia:

- 'Eva apxeio pe tnv mAnpodopia yia kabe payeipa (Gvoua, enibeto, poAog), e To poAo
va givat: chef de cuisine, sous chef, chef

elo pe To maTa mov npoodEPEL TO £0TLATOPLO (OVOUQA, KOOTOG, TLUN)

- 'Eva apyxelo pe TN Siekmepaiwon napayyeAiag, onwg
npoavad£pOnke. EMUTAéoV TWV MapAMAVW OTOLXELWV, OTO apXeio e TIG apayyeAieg,
KABe eyypadn £XeL KL €va povadiko avgovra KwSLKO yla va Eexwpilouv ol mapayyeAieg

METALL TOUC.

KaBe éva amo ta apxela autd €xet To £€n¢ format: kaBe ypaun sival pio eyypacdn Kot ta
otolxeia tng eyypadnc xwpilovral Pe Eva SLoywpLoTiko yapaktipo (delimiter — typically a \t or

).

To oboTNUA pag,

1. poA poptwboLV Ta apxeia,
2. TIPETIEL VO AVATTOPLOTO TAL OTOLYELO TOUG WG OVTIKEIUEVD
3. ylo va UITOPOULE VO TO ETIEEEPYAOTOULIE.

H @optwon yivetat wc €rc:
ylo kaGe ypauun evog apyeiou,
Slaywplifovral To oTolYEl TOU Kal

UE Baon autd Ta oTOLXELD PTIAXVETOL KOl EVA QVTIKEIUEVO TNG KATAAANANG
kAaaong rou [eaedelelNaedl arTO TO CUOTNUC LLOC.

A@oU oAa ta otolyeia avarmtapaotatouv we avtlkeiueva, To cUOTNUO TIPEMEL Val

a€LoAoyNOEL TTLATA Kal oed.
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1. Mo va agtoAoynBovv ta mdrta:
a. yla kaBe mato vmoAoyiletal
i. O HUECOC OPOG QLOTEPLWYV TTOU TIAPE Kol
ii. 0 MEOOC XPOVOC KATOOKEUNG TOU.
2. o va agloAoynoet kabs ocd,
a. LTOAOVYLLETAL O LECOC OPOG QLOTEPLWV TIOU TN PE Kall
b. umoAoyiletal o pLob6¢ we €NG:

- chef de cuisine: fixed amount + 2% * total profit (price — cost) if total
average of stars for the entire set of orders >4

- sous chef : fixed amount + average #stars * 100
- chef: average #stars * 400
MeTQ, To cUoTNUA TPETEL vaL UIoPEL var GTLAEEL TIG £€N¢ avadopEc:
- Avadopd pe 6Aa Ta OTOLXELQ TOU TTPOCWTTLKOU (GUUTL. afloAdynong Kal Uiebou)
- Avadopad pe 6Aa Ta otolyeia Tou Tatwy (cupr. afloAdynong, Xpovou Kat KEpdoug)

OL avadopéEg péMel va UmopolV va Yypadtouv o€ apxeio kKelpévou kat html. To cUotnua wg
Slampoowrneia £l LOVO SLOYVWOTIKA LNVUPOTO 0TO TEAOC TNG KABe daong, Kabwg Kal mou
ypadovtal Ta apyxeia Twv avadpopwv.

O paotpo Ektopag, apkel va eKKvRoeL TV edappoyn Tng afloAdynaongc, KoL To cUoThua
doptwvel Ta apxeia, yivovrat ol afloAoynoeLg Kal mapdayovTal ol avadopEC.

ATTQUTEITOL UTTOYPEWTIKA 1] KATOOKEU! LG KEVTPLKIC KAQONG TTOU SIEKTTEPALWVEL OAa Ta use
cases Kal TNV enkovwvia Ue TN SLAmpooweia.

Enektaoslg: AladpaoTiko cloTnua eTIAOYNRC avadopdg Kol apxeiwv yao doptwua. Mpadikn
Slampoowreia yla ta reports. AlaSpaoTikh SLampocwreia yla TNV CUMMANPWON TWV apXelwv
otn Slapkela tng efdopadac.
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USE CASES
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1. ABIOAOTHEZEENIAOZHEETIATOPIOY

DESCRIPTION AND GOAL

H use case «AflohdynoeEnidoonEotiatopiou» uhomolel Tn Baoikn AeLttoupyia TOU CUOTHATOG.

AoBévtwy Twv apxelwv eloddou amo tnv Aettoupyia Tou eotlatopiou, mapayeL TG avadopeg

a€LoAGYNoNG yLo TLATA KL TTPOCWTILKO.

ACTORS (ESP. PRIMARY ACTOR) Actors: ur\e

I6loktATNg Eotlatopiou (Baoikog actor)

y / / ; . JxOAta: mpaotva italics
[Oa propovoe va beyei kaveic kot Apxeia ELoddou] XoAla: mpaotva itatl

Yrioyndieg Mebodot: - + context e.g.,
PRECONDITIONS computeChefSalary()

Yrapén twv apxelwv elco6dou otn cwotr) format (evaAhaktikd: Timote edw, av otnv use case
Xelpl{opaotay tny nepintwon anovoiag / kakou input — ta preconditions elval mpoaipeTLKd)

BAsSIC FLOow

1. H UC &ekwva otav o LBLOKTATNG Tou eoTlatopiou EEKVA TNV a§loAdynon

2. To cvotnua TG eyypadEG amd Ta apxela payeipwy, mdtwy, afloAoynoewv
3. To oboTtnua o TLaTal.

3.1. Mo kaBe mdto
3.1.1 To cUotnua
3.1.2 To cUotnua

TO UECO OPO ACTEPLWY
TO LECO XPOVO KOTAGKEUNG TOU.

4.1. Na kaOe oed
4.1.1 To obotnua

4.1.2 To cbotnua

5. To cUotnua
5.1 To cUothua
5.2 To cuothua

TO LECO OPO ACTEPLWV
10 ULoB0 tou.
//To 5. Sa umopouoe kat va ptavel, aAdd, av OEAeTe mdeL kaL:
avadopd e OAA TOL OTOLXELQ TOU TPOCWTTLKOU
avadopd e OAa TOL OTOLXELD TOU TLATWV

EXTENSIONS / VARIATIONS

Kapia

[ebw Sa urmopouce va xelplotel kawveic To exception ard karolo Aadoc i anovoia oto input av HTav
ONUOVTLKO va yiveL ETat]

POST CONDITIONS

O avadopég afloAoynong matwy kat oed €xouv mapaxBel kat n tomobeoia toug avadépetal otov

L8LOKTATN TOU g0TLATOPiOU

SPECIAL REQUIREMENTS, ISSUES, RISKS AND OTHER COMMENTS

[Mropeite kat ywpic karmolo oyoAo edw.]

Aev avtipetwriletal n nepintwon odpAAPOTOC OTO apXELD ELGOSOU.
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[
==Java Package=>

HuserViews

B

=<Java Package>>
£ mainEngine

_l L-f q

CLASS DIAGRAMS

==lava Package>> =<lava Package:>»

==Java Package>>

fdatalLoad i reportinEngines

My & e

Package diagram

i dataModel

<< lava Class>> =< Java Class=>

(9 simpleTryUserMain (3 ApplicationMainGUI userViews package
uzerviews uzeryiews
& simpleTryUserhain{) & ApplicationMainGUK)
{)S mnaing String(])-void @ start{Stage):-void
&° main{ String[])-void
L 3
== Java Class=> <= Java Class=>
(5 DishTableView (5 EmpTableView
uzeryiews uzeryiews

{szhT&HEUiew {ObservableList=Dishe=)

-EfEmpTa bleVview {ObservableList=Employee=)

EX.8




dataload package

<<Java Interface=>
€3 IFuliDataloader
datalosd

@ fulDatal oad{ArrayList<Emplay ee> ArrayList=Dish= ArrayList=Order>)-int

==Java Class»»
(5 FullDataLoaderFactory A

dataload
@cFuIIDataLuadErFac!ary(;
@ createFulDatal oader{String, String, String, String)- FullDatal oader '

<<Java Class>> <=Java Class>>
(OFullDataLoader (5§ AbstraciRecordloader<E>
dataload dataload
& tractRecordl ocader
& AbstractRecordLoad

o empFile: String
chons tructObjectFromPow Siringl] ArrayList<E=jirt
@ load(Siring, String boolean, int ArrayList<E=):int

o arderFie: String

FFulDataLoader()
OcFu\IDataLaacer(Strng.String_SlringJ

@ assignOrders{ArrayList<Employee> ArrayList=Dish>_ArrayList<Order>).void
@ fulDataload{ArrayList<Employee> ArrayList<Dish=_ ArrayList<Order>)ant

-empLaa: 0.1
<<Java Classs> =ajava Class=» =wlava Class=>
(& EmployeeLoader (& Dishloader @0rderLoader
datalosd dataLoad dataLoad
& EmployeeLoader() & DshLoader() & OrderLoader()
@ cﬂ,;n:uctomc”:,mm. (String(]. ArrayList=Employ e it @ constructObjectFromRow { Stringl] Array List<Dis he):int @ constructObjectFromRow (String[]. ArrayList<Order=)int
-dishLoader |0.1 -orderLoader |01
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=zlava Class==
(5 WeeklyStats
datalodel

nsnun'&my ees:int
PrumDishes: int
PrumDrders: int
orotaiGain double
nslatah!quEarS' double

& WeekdyStats()

& gethiumEmplayees()int
asetMumEmploy ees(int) void
Gﬁgetl‘\am{fﬁ.hes(}:int
@sethumDishes({int)void
oFgettumOrders(yint

@ sethumCrders(int)-vaid

& gefTotalGan( -double

& s etTotalGain( double) vaid
&ge:TacabﬂwgStars():cEmmtE
&= etTotallvgStars(double) void

A

==lava Classs==
(2 ChefDeCuisine
datalodel

<=lava Classs=

(*Employee
datallodsl

==lava Class=»

(& Order
datahiedel

<+ firsthame: Siring
< neddieName: String
< bastiName: Siring

<» salary: double

<+ evalabion double

o ik ink

o dishiMame: Siring

o empilame; Siring

o timeToMake: double

=<=Java Class==
(2 Dish
datahfodel

o ikt ink

o dishidame: Siring

2 gain: double

o avgTimeTolake: double
o evaation: double

& Employee()
GCE.rﬁJlnyBB(Stnng String, String)
d‘cc.mures-s.‘aqf().dcub le

@ addOrder{Ordery:void

@ computeEmpSiats{int

@ getShartRepaort()-Siring

@ getName():Siring

@ getSalary()-double

@ getbvalualion():-double

@ gethlumberOf Orders( ):ink

o stars: int
@Forder()
—_— Farders | of ordergint String, String,double, int)
0. | @ getCrderDish()-Dish
0.1

@ setOrderDish{Dish)-void

@ getOrderEmp()-Employee

@ setOrderEmp{Employee)-void
@ geiDishiName():Siring

@ setDishMName({Siring):void

@& getEmpidame():Siring

@ setEmphiame(String):void

@ geiTimeToMake()-double

-orderDish

[ ordes———>
-
(1%

@ getStars():mt

o fcedamt double

==lava Class==

==lava Class==

@ ChefDeCuising()

& computeSalary():double

ecthetDeCuis ine{ Siring, String, Siring)

(= SousChef
GChef dataliodel
datahfadel 5
laryRate: int
nssal-aryRate' int iich S i
—— nssataryFDcecLC\nt doubie
& cner()
& SausChei()

& Chef(String, String, String)
@ computeSalary()-double

& SousChef{String String, String)
@ computeSalary():double

7

==lava Class==

(3 EmployeeFactory
dataldiodel

&osh()

& Dish{int, Siring, double)

@ gebid():int

@ sebid{ink)-void

@ getDishMame( ):Siring

@ setCishiMame(Siring):void

@ getGain)-double

@ setGain{double)-void

@ getAdvgTmeTobdake(): double
@ setAvgTmeToMake{double):void
@ getBvaluation])-double

@ seibvaluation{double)void

@ getOrders()-ArrayList=Order=
@ addOrder{Order)void

@ computeDishStats(j:ink

@ getShortReport()-Siring

dataModel package

@EErrq:k}yEBFacLu!y(;u
@ createEmp{ String, String, String, String): Employee
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=<Java Class:==

(¥ ReporterFactory

reportinEngines

& Re porterFactory()
@ createReporter(Siring):ReportGenerator

<< lava inferface==
¥ IReportGenerator

reportinEngines

reportinEngines package

@ reportOnEnps (ArrayList=Employ ee=):void
@ reportOnDishes{ArrayList<Dish=)-void

a

<< ava Class=>
(% ReportGeneratorForAles

reportinEngines

(% ReportGeneratorForHTML

<< Java Class>>

repartinEngines

{fF-EE poriGeneratorForFiles()
@ reportOnEmps{ArrayList<Employee=)-void
@ reportOnDishes (ArrayList<Dishe=)-v oid

d: ReportGeneratorForHTWVL)
@ raster ToHTWL{ String, String, String(][],ink,int)-v oid
@ reporfOnEmps(ArrayList=Employ ee>).void

@ reporfOnDishes{ArrayList=Dish=):void

M,
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==Java Class==

(@ simpleTryUseriain

usarviens

& simpleTryUs eriiaing)
& main(Stringll) void

<<ava Class=»

(& ApplicationMainGUI

uzervizns

& AppiicationMainGUK)
@ star(Stage) vaid

o main(Siringll) vaid

==java Class=>
(®MainEngineFactory
mainEngine

& MainEngineFactory()
® createhainEngine() MainEngine

N
<=Java interfaces>
& IMainEngine
mainEngine

@ loadAIDatal)int

mainEngine package and relations with
classes of other packages

@ computeAlStats():void
@ createReporis(String):vaid
@ geEmployees(ObservableList<Empioyee=) void
@ getDishes(ObsarvableList=Dish=)void

<zJava Class>>
(®MainEngine
mainEngine
& MainEngine()

@ loadAlData(yint
@ computeAlStats()-void

@ createReports(String)void
@ getEmployses(ObservableList<Empioyse=) void

~perdonnel [ 0.+
]

)

<<Java Classe=

® addOrder(Order)void
© computeEmpStats(yint
@ getShoriReport():String
© gethame():String

© getSalary()-double

© getEvaluation{)-double

@ gethumberOfCrders(yint

© getDishes(CbservableList<Dish=)void

@Ez’i]ﬂee (3 0rder
dataliodel
firsiName: String sid it
¢ middieName: String o dishName: String
© lastName: String a empiName: String
¢ salary: double o timeToMake: double
svaluation: double a stars:int
&FEmployes() sorders | SORder()
& Employee(String,String String) | -orderEmy———3{ forder(int String. String. double int)
e computeSalary) double e 0" | & getOrdermish()Dsh

-dataloa

<<Java Classe>

reportinEngines

(& ReporterFactory

& ReporterFactary()

& createReporter(String) ReportGenerator

\r

<=lava inferfaces>

3 IReportGenerator
reportinEngines

01

(3 FullDataloaderFactory

<<Java Class>>

dataload

&rulDatal oaderFactory()

@ createFulDataloadsr(String) FuiDataLoader

-dataLoader 04
N

<<Java interface>>

@ IFullDataLoader
dataLoad

@ reportOnEmps (ArrayList<Employee=)-vaid

@ reportOnDishes(ArrayList<Dish=).void

=<Java Class>>

@ setOrderDish(Dish)void
@ oetOrderEmp() Employee

© setOrderEmp(Emplayae) void
© oetDishiName():String

@ setDishiName{String)-void

© getEmphiame():String

@ setEmphame(String)-vaid

© oetTimeToMiake( ) double

@ ostStars()int

@ fulDataLoad{ArrayList<Employee= ArrayList<Dish> ArrayList<Order>)int

<zava Class>>
(& Dish
datalvode!

o int
o dishName: String

o gain: double

o augTimeTolake: double
o evalustion: double

&oish)

& Dishiint, String,double)
@ getid(yint

@ setid(int):vaid

_orders = @ getDishName():String
___/ @ setDishiame(String) vaid

@ getGain{):doubls
@ setGain(double) vaid

@ gethvgTimeTohake():double

@ sethvgTimeTohake(double) void
@ getEvaluation():double

@ setEvaluation(double) void

@ getCrders(;ArmrayList<Order=
@ addOrder(Order)void

@ computeDishStats ()it

@ getShoriRepart():String

]
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OO Design Principles

Avartuén AoylopkoU (Software Development)
Www.cs.uoi.gr/~pvassil/courses/sw_dev/

MYY301/MAY 308

Real world Requirements
problem Engineering g
ﬁ Requirements @

Specification

Design|
Specification

- all e
Working code with Working
quality assurances code

AVTIKE(LEVO & €KTT. OTOXOL TNG
EVOTNTOG

* To avtikeipevo g evotntag adopd os BEATLOTEG
T(POKTLKEG KOL PXEG OXESLAONG OVTIKELLEVOOTPEDOUG
AoylopikoU (Principles of OO Design)

* OMokAnpwvovtag tnv evotnta Ba siote eig Béon

— Na yvwpilete tig Baokeg apxég tou OOP

— Na Umopelte va TLG avOoKaAECETE Kat va TG eGapUOCETE
oTLG SIKEG 0aG OXESLATELG

— Na prnopeite va avtilndBeite mbavolg Adyoug mou
odnynoav oe oxedLaoeLg ou oag Sidovtat

— Na €XETE JLOL TTPWTN ELKOVA TOU TL TIPETTEL KOLL UTTOPE(TE VO
SLEPEVVNOETE TIEPLOCOTEPO OTO AVTLKEIUEVO

OOPrinciples.1



Apx€c kaAng oxebilaong

* YIIApXOUV BEATLOTEG TEXVIKEG, OTIWG
MpogkuPaV PETA Ao TTOAAG
(avBpwmo)xpovia avamntuéng mou okomo
€XOUV VO TILOTOTOLGOUV TNV KaAr oxediaon
€VOC OUOTAUATOC

— Metddpaon: tnv opyavwaon Twv Bactkwv Sopwv
KOLL CUOCTATIKWY TOU Kot —0€ TIOAU peyaho Babpo-
Twv aAANAOEEPTIOEWY TOUC

MNpoBAnuata oxedioong: un
ouVINPENOLUOTNTA

* Auvokopia (Rigidity): To cuotnua eivat SUcKoAo
va tportortoln el §16tL kB aAlayr] odnyel og
mAnBwpa aAaywv og AAAQ TUAATA TOU
OUOTHAHATOC

e EAAewpn pevototnrag (Viscosity): H
TPOYLOTOTOLN G TPOTOMOLRCEWY e AdBo¢
TpOTo eival eukoAdTEPN A6 TNV
TPAYLOTOTOLN G TOUG e Tov 0pBo tpdro.

e EuBpavototnta (Fragility): Ou aAAayég mou
T(POY LOTOTIOLOUVTOL OTO AOYLOULKO TIPOKAAOUV
obdApata os Stadopa onueia.

MpoPAnuata oxedlaong: moAumAokoTnTa
&& SuokoAia katavonong

e Akwnotia (Immobility): Yapxet Suckohia Slaxwplopov
TOU CUOTAMOTOG O CUCTOTIKA T OToLa LIopoUV Vo
enavaypnotuornotnfolv og AAeG epapUOyEC.

e [epurtr) Enavalnn (Needless Repetition): H oxediaon
nieplapBdvet emavahappavopeveg Sopég mou Ba
propouoav va evorotnBouv uno pia kown adaipeon.

e Mepurtr MoAumAokotnta (Needless Complexity): To
AoyLopLko mephapuBAvel otolxela ou Sev elvat (oUte
TPOKELTAL VO yivouv) XprioLua.

o Abladadvela (Opacity): AuokoAia KATAVONONG KLAG
povasdag (o eminedo oxediou f KWSKaA).

OOPrinciples.2



Figure 1: Relative Costs 1o Fix Saftware Defects (Source: [3W Systems
Scionces Insfii)

1000

Av mapatnpioote: }

el [

PhacarStage o the S Devalogmens = Which the Dafoctis Found

* H ouvtripnon (60%-80% tou KOOGTOUG)

* H un katavonotpdtnta

* H moAumAokotnta

e ... elvat ta Baokd mpoBARUATA Hag (KaL OXL TLY.,
n enidoon)

H anAotnta tou Kwdka gival péylotn apetn!

Apxéc avamntuéng
OVTIKELLEVOOTPEDOUC AOYLOULKOU

e [l va avTpetwiioBouv ta mpoBAfaTa cUVTAPNONG
KOLL KATAVONonG, N EMLOTNUOVLKE KOWOTNTA TNG
TEXVOAOYLOG AOYLOULKOU €XEL CUUTTUKVWOEL TNV
T(PAKTLKN YVWON OO SEKAETIEG ETUTUXLWV KAl
QMOTUXLWV OE BEATLOTEG TPAKTIKES KOL APXEG
oxeblaong aVILKELLEVOOTPEPOUG AOYLOULIKOU
(Principles of OO Design)

Mrmopeite va amnoteiveote oto web site Robert Cecil
Martin (aka Uncle Bob) wg aiémioto onueio
avadopdg yla UALKO, oulitnon kat mapadeiypata
http://butunclebob.com/ArticleS.UncleBob.PrinciplesOfOod

Real world Requirements =
problem Engineering s g

Requirements @

Specification

Design|

ﬁ Specification|
& V

- QG| GO

Working code with Working
quality assurances code 9
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H apxn tng xapnAng oulevéng kat n petpikry CBO

LOW COUPLING

Subsystems

* H ouvoAkn pog oxediaon Unopet va
KataAn&el og €va TOAU peydalo aplBuo amno
KAdoeLg. H Staxeiplon peydhou tétolou
aplOpov KAAcewv gival SUoKoAN =>

* ... TIC OPYOVWVOUE O UTIOCUOTHUATO T
orola oKoTd £X0UV VA EVOWUOTWOOUV
KAQOELG TTOU cuvepyAlovTal yLa val TIETUXOUV
£€vol UTTOOUVOAO TNG AELToupylag Tou
GUVOALKOU CUOTILOTOG

Apx1 tNG XaUNANG oUTeUENG

* Mavta BEAouE Ta ETIL LEPOUG CUOTATLKA
(modules) Tou cuoTAPATOG pOC va €XOUV OGO
To Suvatov Pikpotepn oLleuén

Juotatikd: KAAoeLg, packages, subsystems
YUZeuén (coupling) evog module: o Babuodg
aAAnAe€aptnong pe aAa modules

OOPrinciples.4



2UCeuén (coupling)

* MpakTka, N oulevén avadpEpetal oto MOco
eunaBEg ival éva module amnd tnv
mBavotnta alAayng os éva aAAo module

* 000 Mo 0TEVA GUCYXETL{OMEVO Elval Eval
module pe aAAa, Tdo0 Mo peydio coupling
€XEL, KL TOOO TILO eUTTABEC elval otav Ta GAAA
aA\alouy =>

Always try to minimize coupling!

MNwg To metuaivoupe?

* Qa SoUUE OTN CUVEXELD BAOLKEG TEXVLKEG TTOU
OKOTIO £XOUV OKPLBWE TN HELWHEVN OUTELEN TWV
OUOTATLKWY EVOG CUOTAUATOG.

* OL 600 Baoikég pébodol:

— EvBuldkwon
* ALOTLKPUPBEL TLG TEXVIKEG AVOUTIOAETITOUEPELEG TWV OTOLKEIWV
Ko mapéxel Stampoowrneieg (mou aAAd{ouv mo SUokoAa)
— Abstract coupling

* AdtLn e§aptnon yivetal oe oxéon pe pia adatpetikn Sopn
(interface or abstract class) mou aAAdZeL SUokoAa, Xwpig va
eumAékovtat ot concrete materializations tng

Coupling Between Objects (CBO)

*  Hpetpwn CBO, yia pia kKhdion A, Hetpd Tov aptBpo twv KAdoewy amnd Tig onoieg n
A gaptdral (TPOKTIKA: WG TTPOG TN cuvTripnar tng). H kKAdon A e§optdrat and tny
kAdon B, dtav n kAdon A:

— ‘ExeL kamoto medio tomou B

— 'ExXeL pia péBoSo mou ExEL WG MAPAUETPO EVa QVTLKELHEVO TNG KAGONG B

— 'ExeL piLa p€B0S0, n omoia 0ToV KWELKA TNG TIEPLEXEL pia METABANTH TToU Eivat
Tomou B

/Impaxtkd Gha autd £xouy agia otav kahody kémota péBoso g B, aAkuig why bother?

e AEN petpdpe:

— Tnv i6ta kAdon apandavw and pia popég (adov n CBO petpd aplBud
KAGOEWV arto Tig oroieg n A e§aptdral kat OxL e€aptioewy)
— T epapyxieg
* avn KAdon A kAnpovopel ané pia Ay MamaA, n MamaA 8ev npoopetpeitat oty CBO, oute
KaL oL EEAPTIELG TG
* avn KAGon B KANpovopel ané pa &An MamaB, oUte n mamaB nep\apBAVvETaL 0T0 HETPNHaL

OOPrinciples.5



Mapadetypa (C++) and

http://www.scitools.com/documents/metricsList.php?metricGro

up=o00#CountClassCoupled

CountClassCoupled

Formula:The number of unigue
classes this cass references
excluding base classes and nest

Resul {for dass Frogl: 3

Backward References den't

Referanceto hase s
dossntoount

Referencetonested cass |+
doesn't caunt.

ampran e

UML Interfaces, Components, Subsystems

TO PROBE FURTHER

and Arlow — Neustadt (2" v.): Seite nwc ta interfaces
AettoupyolV W KOAO OVARLECA OTOL UTIOCUCTH LOTA

§ subsystem»
presentation GUI |
OrderMananer
[y =\
Customer " Product
Fanager 1 Manager
domain csubsystems | = «subsystems (| «subsystem»
Customer = Order e Product
business A I
logic i 77 Account i
}' Manager
services «subsystem»
Accounts
I A d A
«subsystem: asubsysteme L e
utility javax.swing java.sql
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Information hiding — law of Demeter

ENCAPSULATION - RELATED

The encapsulation principle

* Internal state must be alterable only via the
public interface of an object

* Me aM\a Aoyia, dev Byalou e moOTE TNV
KATAOTAON TOU QVTIKELUEVOU o Snuoaota
npooPacnh, aAA apExoupe peBddoug yla
Souleld autn

* .. L€ OKOTIO va tpoAdBoupe tnv aAlayr] TnG

KOTAOTOONG TOU QVTLKELUEVOU e AABOC TPOTO ...

EvOuAdkwon

* AUTO £XEL VAL KAVEL LIE TO va NV adrioou e Tov client
KWSLKaL vor aANGEEL TO QVTIKELUEVO
— pe A&Bog TEG (mX., apvnTKEG NAwkieg, AdBog nuepounvies, ...)
— L€ QOUVETTELA HETAEY OVTIKELUEVWY (TT.X., TOAEG POPES

aMGlovtag eva avtikeipevo mpénel va aANGEOUHE Kat KAamoLla
G\\a)

* OAeg oL npooteg péBodol mou aAAAZouV Eval AVTIKEILEVO
TIPETIEL VAL £XOUV EAEYXOUG WOTE N KATAOTAON TOU
QVTLKELLEVOU VO Elval CUVETAC HETA TNV aAAayn

— Metddpaon: H KaTAoTaon Twy OVTIKELLEVWY TIPETEL VO OEBETAL
T0 6UVOAO TWV AOYLIKWV KAVOVWV/TIEPLOPLOUWY 0pBATNTAC TTOU
Bétel 0 oxedlaotig (kat eival yvwotol wg class invariants)

— Nat, auto kaAd kavel kat oag BupiZel pre/post conditions...

OOPrinciples.7



MNoapadeypa

‘Eotw n kA&on TimeStamp mov €xel wg dnpoota medio
int hour; int minute; int second;
‘Eotw kat o client kwdikag
TimeStamp t = new TimeStamp(23,59,30);
t.hour++;

Qo pokVWEL éva UN-€YKUPO QVTIKELPEVO pE wpa 24:59:30

TL Ba €npene va €xel yivel? Méoa otnv kKAdon pia pébodog
public void incrementHour(){

hour++;
if (hour == 24) hour = 0;
} ané to BiBAlo «Avt.
Sxeblaon» Tov A,
X"yewpylou

Mot€ public media!

MNpo6oBaon povo pécw SnuocLwv
uebodwv

Internal state is radioactive

O vopog g Afpntpag

e Evag OxL armoAUTWE amoSeKTOG «VOLOGY, TIOU
OXeTIlETAL LE TNV apXr) TNG EVOUAAKwONG elval 0 VOUOG
™ Anuntpog («Demeter’s law»)

¢ EwonxOn oto Nav. Northwestern og £€va €pyo pe dvoua
«Demeter Project» to 1987 — €€ oU kal To Gvopa Tou
vOuoU

* ITOXO £XEL VA LELWOELTO EUPOC TNG EEAPTNONG TWV
KA&oEWV

e http://www.ccs.neu.edu/home/lieber/LoD.html
e http://c2.com/cgi/wiki?LawOfDemeter

OOPrinciples.8



O vopog TG Anuntpag

¢ O vopog AéeL OTL pLa péBodog m evdg avtikeévou O pmopet va
KoAEoEL povo TG €61 ¢ pebodoug:
— Tig puebodou tou O
— Tig HeBOEOUG TWV AVTLKELLEVWV TIOU TIEPVOUV WG TIAPANETPOL OTN
pébodo m
— Tig ueBOE0UG OMOLWV AVTIKELLEVWY SNLOUPYOUVTAL HECA TV M
— Tig uebodoug mediwv tng O

global variables!)
Ao T TAPATAVW, CUVAYETAL OTL EVa OVTIKELLEVO SEV TIPETEL VOL

nipooTeAdieL HeBOSOUG QMO AVTIKELPEVA TIOU TIPOKUTITOUV WG
anoteAéopata emotpodng Lebodwv

Talk only to your friends; don’t talk to strangers

(Kakn) mepiAndn tou vopou: "use only one dot". MN.x., To
a.b.Method() ouviotd pa kaBapn mapaBicon Tou vopou

MPOKTLKEG ETMUTTTWOELG

* Av £vog TeAATNG £XEL ULa TtapayyeAia Kot n
napayyehia €xel éva cUvolo amo Orderltems,
0 TeAdTNG Yo val aAGEeL To status evog amd
QUTA TTPETEL val To Kavel MONO péow tng
nopayyehiog =>

* H mapayyeAia npnet va £XeL pa Snuoota
HéEBoSo mou va alAleL To status evog
Orderltem

What not to do in the client

//Bad Client code

Order o = getOrder();
OrderItem oi = o.getItem(3);
Oi.setStatus(“delivered”);

//Bad Client code, equivalent to the above
getOrder().getItem(3).setStatus(“delivered”);

//dpa 6ev e€ival o o16npddpopog twv “.” TOo Ofua..

OOPrinciples.9



Morct?

* ALOTL Eadvikd o client e€aptatal KAl amnod tnv
Order KAl ané to Orderltem ...

* ... aAlayn og omolodnmote ano ta SUo
ouvenAyeTaLl Kal EAeyxo Tou client yla Tbavég
ETUMTWOELG

¢ Client.coupling = 2

Mw¢ va To KAVOUUE

Class Order

public void setOrderItemStatus(int orderItemId, String
newStatus){

OrderItem oi = getItem(orderItemId);
if (oi !=null)
oi.setStatus(newStatus);

}

//Client code with coupling = 1
Order o = getOrder();
o.setOrderItemStatus(3, “delivered”);

Kat Tt mAnpwvoupue?

* EmuumAéov peboSoug yla KABE KOUATL ULOG
KAdong to omolo B€houpe o client kwdikag va
Saxelplotel

* AUTO umopel va yivel évag e€apeTikd LeYAAOG
apLOUOC LeEBOSWV 0€ TIOAUTTAOKEG ECWTEPLKEG
SOUNOELG QVTLKELUEVWV KOL OTTOTEAEL KOlL TO
Baoikd AOGYo avTLpPHOEWV EVAVTIOV TOU VOLOU

http://c2.com/cgi/wiki?LawOfDemeterlsTooRestrictive

OOPrinciples.10



Mote daivetal 6TL 0 VOUOG UTtopEL va
OTlAEL eVAoya

Ze value objects, SnA\. arm\d&
QVTLKeipeva mou et tng ovoiag
N TR TOUG Ta XapaKTnpilet
(m.x., oupBolooeLpE,
NUEPOUNVIES, ...)
J& oUN\OYEG kat lambda streams
— Also in this category:
System.out.print*
Ze Factories, dnhadn og KAAoELG
TIOU ELOAYOVTOL TEXVNEVTWE YLaL
VA EVOWHATWOOUV TLG BapLavieg
KOTQOKEUNG QVTIKELHEVWY OE
éva (1) onpeio Tou KWSKa

Customer john = new Customer("John", 15);
Customer sarah = new Customer("Sarah", 200);
Customer charles = new Customer("Charles",150);
Customer mary = new Customer("Mary”, 1);

List<Customer> customers = Arrays.asList(john,
sarah, charles, mary);

List<Customer> charlesWithMoreThan1l@@Points =
customers
.stream()
.filter(c -> c.getPoints() > 100 &&
c.getName().startsWith("Charles"))
.collect(Collectors.toList());

https://www. [java-st filter-lambd.

Fagade pattern

Visitor pattern — mainly related to dependency inversion

TO PROBE FURTHER

Facade Pattern (see
http://en.wikipedia.org/wiki/Facade_pattern)

package1,

package3

Classa o
€1 doStuf{c2)
€3 setxlc] getx(]):

retum c3.get¥il;

OOPrinciples.11



Visitor pattern
(http://en.wikipedia.org/wiki/Visitor_pattern)

)

e

ublc vaid visitar) [
far(CarEloment element : this-getElements()) {
element acosptlvisitor)

wisitor visa(inis)

Abstract coupling (the Strategy pattern)

OPEN-CLOSED PRINCIPLE (OCP)

Mua Baowkn apxn oxedlaong ...

* ‘Otav oxedlaloupe, EXOUUE OTO oW UEPOG TOU
VOU pog¢ pta Baotkn apxn mou Stémel (amo tnv
enoyn tou NAdTwva) Ta avtikeipeva

AvTike(pevo = oTaBepO HEPOG + LETABANTO LUEPOG

Ao MAEUPAG ouvtpNoNg, av EEpoupe / Exoupe
oxedlaoel wg pnopel va e€eAyBel pia kAaon,
UTtopoUUE Vo EKUETAAAEUBOU LE TO 0TaBEPO
KOMUATL yLa va amodpUyoupe tn Stadoon tng
aAAayng

OOPrinciples.12



H Baowkn Wéa

TypicalClassStablePart] ~-myStablePArt

TypicalClass
I E Ty

-myMutablePart

Kat yratt eivat kaAn oéa avtn?

Client TypicalClass
. ==
e

yivetat) va Baloupe

H ‘ Client ‘ ‘Iypicalclasss{zblel’zn‘ -myStablePArt
Toug c!|ents va O
e€aptwvtat MONO and | ‘
To otaBepd PEPOG, m
. I3 . GOOD!
wote 0tav oAAAGLEL TO

UETABANTO HEPOG, auTol

-myMutablePart

|

va IJ.é VOUuV [_client [TypicalClassStablePart]  -myStablePArt
OLVET(r]pS'OLGIOL otnv }

aAAayn

TypicalClassMutablePart

-myMutablePart

Axkopa KaAUtepa ...

TypicalClassStablePart

TypicalClass :

TypicalClassMutablePart

-myStablePArt

AbstractStablePart]

1
I
~
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The Strategy Pattern

Abstract class or Interface?

Client AbstractMamaClass depends on
77777 (a) the progr. language and
(b) the possibility of code reuse
*polyMethod() from the mama class
ChildClass1 ChildClass2 ChildClassN
+polyMethod() +polyMethod() +polyMethod()

M'VwoTo kot wg Abstract Coupling

* O client kwbwkac eaptatat MONO amno tnv
adnpnpevn unTpikn KAdon

* H adpnpnuévn kKAdon emBANEL 0TIC UNOTIOLNOELG
™G (KAdoelc-matdLd) va ulomoticouy Tty (TLg)
virtual method(s) mou xpnotuonotlei o client

* ‘Eto, o client eivat ANEZAPTHTOZ aro to moleg
UTTOKAQGELG UTTAPXOUV OTNV TTPAEN Kol XpeLlaleTal
va E€peL povo tnv adpnpnuévn kKAaon

Qupaote 1o mapadelypa anod to online
bookstore?

package simpleBookstoreDemo;

public class Item {

}..

public class Book extends Item {

public class CD extends Item {

public class ItemManager {

private ArraylList<Item> allltems;

OOPrinciples.14



For you: can /
Abstract class o weuse

instead?
package bookstoreAcceptable;

public abstract class Item {
public Item(){title="";price=-1.0;id=-1}
public Item(String aTitle, double aPrice,int id){title =
aTitle; price=aPrice;this.id =id;}
public abstract void showDetails();
public abstract String getDetails();
public abstract double getFinalPrice();
public double getOriginalPrice(){return price;}
public String getTitle(){return title;}
public int getId(){return id;}

public abstract double getFinalPrice();
protected String title;

protected double price;
protected int id;

One implementation

package bookstoreAcceptable;

public class Book extends Item {
private String author;

@Override
public double getFinalPrice() {
return price;

}

Another implementation

public class CD extends Item {
private String artist;

@override //implem. abstract
public double getFinalPrice() {
return (price - discount);

}

public void showDetails() { //override mama class’ method
super.showDetails();
System.out.println("by " + artist);
System.out.println(“Price f.: “+ getFinalPrice()+ "\n");

OOPrinciples.15



Abstract coupling

public class ItemManager {
private ArraylList<Item> allItems;

}
The “client” class ltemManager uses ONLY the

abstract class and is completely agnostic to any
subclasses the abstract class has.

=>Zero maintenance cost when new subclasses
appear

ApxXnN TNG AVOLKTHC — KAELOTAG
oxeblaong
* The Open-Closed Principle (B. Meyer, 1998)
* A module should be:

— Open for extension
— Closed for modification

* Baolkog oToX0G: oL OmoleC aAAayEG, va
yivovtal e eméktaon Kot OxL e Tpormonoinon
Tou UTtap)ovTog Kwdika (source, object or
executable)!

Kal mwc yivetal auto? Me abstract
coupling,puowall

In the event of a change,

add a new materialization

of the abstract class

Client AbstractMamaClass =>

- client is immune to change!
-no i ion of any class
+polyMethod() - just extension of the hierarchy

ChildClass1 ChildClass2 ChildClassN

+polyMethod() +polyMethod() +polyMethod()

Even better: use an interface, unless the
abstraction has reusable state or behavior!!

OOPrinciples.16



Tukepbiloupue

* Mua aAlayn otnv tepapxia, Sev aAAalel tov
client (rigidity: large number of impacted
modaules for a single change)

* o KAOE AVTIKELPLEVO TTOU XPNOLUOTIOLEL O
client kwdkag, dev xpelAleTal va EEETACOUE
o€ mola KAaon avnkel (fragility: must ensure
that all such “switch” checks correspond to
the appropriate classes)

Template Method and Strategy Patterns
Factory — related patterns: see the next subsection

TO PROBE FURTHER

http://www.oodesign.com/
strategy-pattern.html vs template-method-pattern.html

Strategy: behavior is abstracted && each Template method: when some steps are
time we “new” as we are supposed to reusable and some have to be overridden.
Also: can be interface-based only Also: needs abstract class, as there is

reusable code

OOPrinciples.17
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The simplest possible factory

FACTORIES

abstract coupling

In the event of a change,

add a new materialization

of the abstract class

Client AbstractMamaClass| | =>

- client is immune to change!
-no i ion of any class
+polyMethod() - just extension of the hierarchy

ChildClass1 ChildClass2 ChildClassN

+polyMethod() +polyMethod() +polyMethod()

Mou «mova» to abstract coupling

* Evw Tto abstract coupling £xetL To KaAS OTL
EVWVEL L KAaon «xpriotn» MONO pe éva
YoVIKO interface (1) abstract class) maoyel oto
OotL AEN MMOPEI NA EQAPMOXTEI 3THN
KATAZKEYH TQN ANTIKEIMENQN!!

* Evw otn xprion 6nA., pog apkei pia petoBAntn
tumou AbstractMamacClass, 6tav KAvoupe new
npénel va avadepBolpe og pla concrete

KAdon

OOPrinciples.18



Mou «mova» to abstract coupling

* ... KoL pdAlota, kaBe hopd mpémnel va EEpoupie
mola KAAon Ba eTAEEOUE yLa TO QVTLKELEVO
tunou AbstractMamacClass mou Ba dptidoupe

* ... L€ amOTEAEOUQ, TEALKQ, O client code va €xel
coupling pe (mBavwg) OAEZ TI¢ UTTOKAQOELG TNG
AbstractMamacClass

* ... ApQ, LOALC XAOOLE TO TIAEOVEKTN LA TIOU
kepbioaype pe to abstract coupling. Nw¢ Ba to
OUTOKTIOOUE ToOW?

Mou mpokumntel n hard-coded oxéon ue
OAEZ TIg UTTOKAQOELG

public class SimpleBookstoreApplication {

public static void main(String args[]){
ItemManager amazon = new ItemManager();
Book bookRef;

bookRef = new Book("Discours de la methode", "Rene Descartes", 1637,
50.00, 0,0); amazon.addItem(bookRef);

CD cdRef;
cdRef = new CD("Piece of Mind", 10.0,"Iron Maiden",4.0,1);
amazon.additem(cdRef);

amazon.reportAllitems();

@Oappoako: Factory

* HAUon elval va eLodyoupe Lo KAaon, n omota
va eEMWULZETAL TO KOOTOC TNG KATAOKEUNG TWV
OVTIKELMEVWV.

* Ovopaloupe pia tétola kKAaon “Factory”

* H kAdon auth €XeL TG €€ G LOLOTNTEC:

— Madl pe TV adatpetikh Hopd KAaon, eivat ol LOveg
Tou &€peL o client

—ExeL pia ) meploodtepeg pebddoug ya va
KOTOOKEUALEL avTLKeipeva amo tig concrete subclasses

— Zépel OAEZ T1g UTTOKAAOELG

OOPrinciples.19



MNwc ATav o0 KwLKAE ap)LKA

O e€aptroelg

QUTEG elvat pévo
Qo To new pEoa
otov client i

=

&
& tarvEreg doutie)

P ——

P —
» petrmaees soume

H g€dptnon autn eivat
Qro T Xpon HLag
petaBAntrig Tumou
ItemManager arno tov
client + tng ektéAeong
HLag peBddou yU autiv

N
& yearPumnes m

T Bacai Eeeg s v o
@ srawOnme e P

e

Av £xete manager, uio Abon eival va
BaAete ekel to factory

© aeFnfrce soute

Képdn && Tnuieg

i T |

O client e€aptdrtal
MONO ané tov
ItemManager ©

5 dernapes s

O ItemManager anéktnoe
pio péBodo yévvnong yla
Kk4Be urtokAdon @

MPOZOXH:
HItopoUCapE Vo
BdAoupe MONO MIA
(1) péBobdo yévvnong
(Createltem) mou va.
£xeL OAa ta nedia ar’
OAEG TLG UTTOKAGOELG +
£VaL QVAYVWPLOTIKO
yiat To motag KAGon
Béhoupe va
Pridoupe
QVTIKElpEVO.
ANOOYTETE TO!®
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OxL e€dptnon amo TG UTTOKAACELG

public class SimpleBookstoreEngine {
public static void main(String args([]){
ItemManager amazon = new ItemManager();
//Book bookRef;
amazon.createBook("Discours de la methode", 50.00, "Rene Descartes", 1637, 0);

//CD cdRef;
amazon.createCD("Piece of Mind", 10.0,"Iron Maiden",4.0);
amazon.reportAllltems();

}
/* what you should NOT do:

* amazon.createltem(1,"Discours de la methode", 50.00, "",0, "Rene Descartes", 1637, 0);

*/

Képdn && Tnuieg

* Elval peydaAo mAeovéktnpa o client va eivat
€AeUBEPOG ATTO TLG UTIOKAACELG

* MmopoUue va {Acoupe Pe TN AUon auth (yla
TO TiNpa pag pebodou ava umokAdon) av
omoLog dTLaxVeL To manager GTLAYVEL Kal TNV
Lepapyio Twv vlomotoswv Tng Item

* Still, we can do better than that

MpLv MTPOXWPHOOULE...

* Amnoduyete T pia kat povn péodo mou Oa
SloAéyel TL 160U avTIKEIpEVO Ba KATAOKEVAOTEL

Elval moAU 6Ucokolo va E€pelg tolo medio eival Tt
* Eival oAU emukivéuvn otn cuvtipnon

Elvol uTtoXpewTIKO va cuvtnpeital o kAOe
aAAayn o€ UTIOKAQON

Eilval otpipvn otov EAeyxo

OOPrinciples.21



To tumko factory: €xet pa dedicated
class yla tn yévvnon Twv aVTLKELLEVWY

Client

<<Interface>> IFace| | FactoryClass

T

Class1 Class2 ClassN

T T ]

<<creates>>

Mw¢ yevviouVTaL TA OVTIKELHEVA?

* Av oL UTtoKAQOELG €xouv SladopeTikr Soun
0TOUG constructors Toug, TOTE N 1o ATtAn
AUon elval va €xete amo pia pébodo yia kabe
UTTOKAQON

* Av ol constructors ivat i&lol, Tote pnopeite
va €xete pia (1) pébodo yla 6Aoug, pe pia
TAPAUETPO, N omoia va kabopilel molag
UTIOKAQGNG TO QVTLKE(HEVO YevvLETalL
— Parameterized factory

Eva mapadetypa

* 'Exoupe pia pnxavr data analytics mou B€AeL va
€€AYEL OTATLOTIKA CUUTIEPACOTA
* ESW: Yo pnxovn mou maipvel yla eicodo éva
timeseries kat B€AeL va 1o ondoel o GACELG
* (edw pa pdon kaBodou Kal pLa avodou)
XY Chart XY Chart

w-mds w-mds

S| S|
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Architecture of the project

Ac SoUE €va TTAKETO POVO: parsing

* [a va mapoupe dedopéva, cuvndwg
XPNOLUOTIOLOUE €ValL parser 0 Omoiog
enefepydletal £va opxeio L0080V PE TEG
KOlL TG LETOTPETEL OE €va EMIBUUNTO
QVTLKELPEVO (1] CUANOYI) QVTIKELUEVWV)

* ESw, ag umoBEooupe OTL €XOUE €va parser
for simple ASCII texts kL aA\ov £€va Tou Sivel
TIHEG at’ euBelag otn unxavn (ypriyopo hack
to test the rest of the implementation)

‘Eva mapadetypa factory

OOPrinciples.23



Eva mapadeypa factory

Factory does all the object
creations
Since constructors are of the
same signature, we can pick via a
single (1) factory method

Client and engine are free from
the subclasses;

In fact client knows ONLY the
MainEngine

@ SmpTextFarser

 omarerrnen)
@ prsn(Svog T

Parameterized Factory: Simple as that

package parsing;

public class ParserFactory {

public IParser createParser(String concreteClassName){

if (concreteClassName.equals("TestParser")){
return new TestParser();

‘0o o KOATO gival ot n
createParser(), v péoa g
KOTOLOKEUALEL QVTIKELPEVDL QIO
concrete KAGOELG (dpa ta new
yivovtat owotd), CUVTAKTIKA
erotpédel IParser, 6AS., just an
interface-abiding object!!!

} Auté onpaivel 6t ot clients Tng
else if (concreteClassName.equals("SimpleTextParser")){ ParserFactory, mou kahoOv v

return new SimpleTextParser(); creat?Parsgr() avﬂue\'mml'ouv w©
) QOTEAEOHA TG => efapTwvTatl

System.out.printIn("If you got here, you passed a wrong

argument to ParserFactory");
return null;

ko §épouv MONO to IParser (kat
TN AELTOUPYLKOTNTA TOU) Kat OXL
TG concrete KAGOELG TOU TO
uhorotouv!!!!

Remember to return an element
of abstraction in factory methods!

public class ItemFactory

//DON’T DO IT!!!
public Item createItem(int aType,
String aTitle, double aPrice,
String anArtist, double aDiscount,
String anAuthor, int aDate, int
aPackage,int id){
switch(aType){
case 1: Book newBook = new
Book(aTitle, anAuthor,
aDate,
aPrice,aPackage, id);
return newBook;
case 2: CD newCD = new
CD(aTitle, aPrice,
anArtist, aDiscount, id);
return newCD;
default:
System.out.println("Wrong
type of item ");

return null;

//DO THIS!!!
public Item createBook(String
aTitle, double aPrice,

String anAuthor, int aDate,

int aPackage,int id){

Book newBook = new
Book(aTitle, anAuthor,
aDate, aPrice,aPackage,
id);

return newBook;

}

public Item createCD(String
aTitle, double aPrice,

String anArtist, double

aDiscount, int id){

CD newCD = new CD(aTitle,
aPrice, anArtist,
aDiscount, id);

return newCD;

OOPrinciples.24



Kepdn && Tnuieg

* O client kat to Main Engine eivat eAeVBepa
ano v lepapyla Twv parsers
* To coupling Toug elvat:
— 1 ywa tov client
— 2 yla to engine (no matter how many subclasses,
it is always 2, one for the iface and one for the
factory)
* Kat xwpig factory Ba itav 2, aAAd& autd Ba ftav ico pe
ToV 0pLBpO TWV UTOKAGOEWY => yla KABE véa
umokAdon Ba avgave...

Képdn && Tnuieg

e Tl to kEPSOG AUTO, MANPWOAE:
— Mua emuthéov kAdon (to factory)
— Coupling for the factory class = number of subclasses + 1
(for the interface)
* ‘Exoupe eloqyel SnA., pLo KAGon Le 600 LeyaAUTePN
e€aptnon yivetal ano tnv lepapyia
* We are prepared to pay this price, if this is a dedicated,
centralized, single point of maintenance
— Me aMa AoyLa, E€poupe OtL dtav Ba mpokUPeL véa
uToKAAoN, Ba TIPETEL va cUVTNPROOUE To Factory.
— Opwg, elvat éva (1) kat povo, yvwaoTto, Cnpelo cuvtrnpnong
—a price worth paying, IMHO

Na Bagape T uebodoug oto engine? Mna, autd de
KALLOKWVETAL, OUTE KAV yLa €va [KPO engine...
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H {6l ouvtayn

MNa oog: mwg Ba BeAtiwvate auto?

MapévBeon

* Onwg poALg eidate, yla €va peyaio
Slaypappa, umopw va BydAw umocuvola Tou

* H ouola givat va kataAapaivoupe Kat va
OUVEVVOOUUOOTE => UMOPOUE VA E0TLALOVE
o€ OMOoLo UTIOGUVOAO BEAOUUE av auTo
efunnpetel
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Factory — related patterns: Factory mainly (also factory method, abstract

factory)

Builder (for complicated factories)

TO PROBE FURTHER

Factory

* http://www.oodesign.com/factory-pattern.html

 http://www.oodesign.com/factory-method-

pattern.html

 http://www.oodesign.com/abstract-factory-

pattern.html

* http://c2.com/cgi/wiki?AbstractFactory

* http://c2.com/cgi/wiki?FactoryMethodPattern

Factory Method: a variant with client totally free
from concrete (i.e., mutable) classes

Client

<<Interface>> IFace

<<Interface>> IFactory

[+factoryMethod()()

FactoryClass

[+factoryMethod()()

Class1 Class2

ClassN

|
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http://www.oodesign.com/factory-pattern.html
http://www.oodesign.com/factory-method-pattern.html
http://www.oodesign.com/abstract-factory-pattern.html
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http://c2.com/cgi/wiki?FactoryMethodPattern

Builder pattern

* http://www.oodesign.com/builder-

pattern.html
* http://en.wikipedia.org/wiki/Builder pattern

Depend on abstractions!

DEPENDENCY INVERSION

MNapadoolakn Zxediaon

* Structured Analysis and Design Technique
(SADT), Ross 1977: ondoe kaBe Souleld oe
UTIO-EPYACLEC (CUVOPTAOELSG) TTOU N pia KaAsl
TIC GAAEG PEDA TNG

* KaBe olvBeTn S0UAELA OpyavVWVETOL O ETL
HUEPOUG TUNLOTO TTOU TO €va KaAel To AAAO Kol
LETAEL TOUG EMIKOLVWVOUV UE SOUEG
Sebopévwv
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MNapadooiakn 2xedioaon

TimeLine2PhaseExtraction()
!
I T 1
ExtractPhases() Show()
mmmd  OpenfFile() GetNextPoint() ShowNextlPoint()
RetrieveLineBy ComparePoint ShowNextPhase()
Line() WithPrevious()
ProcessLineNSt, AddNewPhaseT
orelnList olist()
BN CjocFile()

MNapadooiakn 2xedloaon

* Top-Down decomposition

e Calls from high-level to low-level =>
— dependency of the high level from the low level ®

¢ Glue on the basis of actual, implemented
instances of data structures
— Dependency of “everyone” from the implemented

glue constructs

* Evolution of the low level or the glue
SIGNIFICANTLY affects the high levels, and thus,
PROPAGATES EASILY

Dependency Inversion Principle (DIP)

* Itis high-level modules (classes)

— ... that determine how low-level modules will be
implemented

— ... that should instruct how change is to be
performed

— ... that should be immune to change from the
details (i.e., low level or glue modules)
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Dependency Inversion Principle
Definition
* High level modules should not depend upon
low level modules
— BOTH should depend upon abstractions

* Abstractions should not depend upon details
— Details should depend upon abstractions

Dependency Inversion Principles
SADT DIP
high n
| t

— ’
1
.
o [ 8 O

high

1 1
! |
Iow e

N

Mw¢ vAomoloU e to DIP

<<Interface>> IFace HighLevelModule
AN
DetailedClass1| |DetailedClass2 DetailedClassN
90
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Mw¢ vAomoloU e to DIP

The interface is a contract between the high
and the low level developers

Typically, the interface is owned by the high
level (orange line separates high and low)
It’s the high level (interface included) that
determines what will be implemented in the
low level

HIGH LEVEL SHOULD BE PLANNED TO REMAIN
STABLE!!!!

Uncle Bob says: Depend upon
abstractions ONLY!

No attributes referencing concrete classes (but
only interfaces)

No inheritance from concrete classes

— But only from interfaces

— ...itis not our friend ...

No overriding of implemented methods (but
only of virtual ones)

Is it abstract coupling, still?

In the event of a change,

add a new materialization

of the abstract class

Client AbstractMamaClass =>

- client is immune to change!
-no i ion of any class
+polyMethod() - just extension of the hierarchy

ChildClass1 ChildClass2 ChildClassN

+polyMethod()|  [+polyMethod() +polyMethod()
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AUoape OAa ta mpofAnuata?

* OxL: 6o elval KaAd €KTOG QTO:

— To pioko tou va xpetaotel va aAa&el to uPnAo
eninedo (mou cupBaivel, €’ ou kot Ba xpelaotel
OUVTAPNON TO AOYLOULKO)

— Tnv g€dptnon arno to XaunAd eninedo, otnv
KOTALOKEUR QVTIKELUEVWY

* Omnou yivetau: factories
— «Ma Sev givat oAU auoTtnpPEG AUTEG oL 08Nnyieg?»

* Elval — KoL LITOPELTE va TIG MapaBLACETE OTIOU AVAUEVETAL
va pnv umdpxet e€EAEN, 1), av eiote Slatebelpévol va
TANPWOETE TO TipNpa tng mapafioong tou OCP otav

OUVTNPNOETE Ta onpueia mapaBiaong

Epyootaoiakd DIP

<<Interface>> IFace

HighLevelModule

<<Interface>> IFactory

[+factoryMethod()

DetailedClass1 DetailedClass2

DetailedClassN

/[ <<creates>>

FactoryClass

+factoryMethod()

Eva mapadetypa

@ SimpeTexiParser
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H {6l ouvtayn

KpatAote Lovo TIG BaOLKEG ApXES

LISKOV SUBSTITUTION PRINCIPLE

Liskov Substitution Principle (LSP)

* H Barbara Liskov, 1988 ¢5woe TIg BOOIKEG OPXEG
«avtkataotaong» (Stafale: xpriong otn B€on)
OVTIKELMEVWYV TNG BAOLKAG KAAONG Ao
OVTLKELMEVA TWV TTOPAYOEVWY ATIO QUTNHV
KAQCEWV)

* e amodoon amnd tov Uncle Bob o kavovag Aéet:

Functions that use pointers or references to base
classes must be able to use objects of derived
classes without knowing it
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MoAupopdLopog

‘Eotw 6tLn péBobdog evog client / engine éxet oploBei wg
Client: :myMethod(MamaClass m){

m.doStuff()
}

/*apa xpnolpomoilei €va avtikeipevo tng kAdong MamaClass to omoio kaAei tn péBoso
dostuff() */

Kat urtdpxet n kAaon audi Child mou kavet override tn doStuff()
KaL oTov Kwdtka Tou client £xw

Child ¢ = new Child();

myMethod(c);

TOTE N ouvdptnon mou Ba kKAnBel péoa otn myMethod eival n Child::doStuff()

MoAupopdLopOg

¢ «Ma kald, to LSP &ev sival n ouoia tou
TOAUOPHLOHOU OTIWG UTIOOTNPLETAL EYYEVWE ATIO TLG
00 yAWOOEG TPOYPOUUATIOHOU ?»
* Av peivoupe otnv nopandvw SLatinwon auotned, vat, ek YEVETAG,
unql\g)\wocsc ToU §€pouE, To LSP LoxUeL (Opwg givat o ouvBeto and
QuTo,
* «Too0 kalpd ov cuINTApeE To abstract coupling, auto
Sev KAVOUUE?»
— H ouoia tou abstract coupling otnpiletat otn Baotkn
L6L(’)TY]T(1’TOU nloAu uopd)LguloO, va urtqpobus va KOAEoOU UE
TN OWOTH CUVAPTNON QO EVAL AVTLKELLEVO TNG
TIOPAYOUEVNG K)\’dcnq, xwpiq va anooxoAeital o
TIPOYPAUUATLOTHG HE QUTO

H ouola tou LSP

* Aev apkel n kAaon Child va €xel i6la Soun pe Tnv
kAaon Mama
* Aev apkel va €xouv Tnv (Sla urtoypadn ya Tig
uebodoug
— ATTN: if they do, and child inherits mama,
polymorphic overriding and abstract coupling work
just fine
* MNpénel eumA£ov, Ko | cupnepLpopd Twv
uebOdwv, o€ oXEON E TO TL AVOUEVEL VOL

S6et/AaBel/... o client kwdikag, va giva «

OVTLKATOLOTAOLLLN
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Squares and Rectangles

* Rectangle:
— Width, height
— setWidth(double x), setHeight(double x)
* Elval éva Square éva Rectangle?
— Width, height: OK
* with the extra constraint that width = height always

— setWidth(double x), setHeight(double x): OK too
» ATTN: both functions in their code contain
* width=x; height=x;

What if a client writes

public void doTheTrick(Rectangle r){
r.setHeight(4);
r.setWidth(5);
assert((t.getWidth()*t.getHeight()) = 20);

¥

Me GAAa AOyLa, EVa KWELKOC TTOU OVOUEVEL Va
MHN umnapyet To constraint height=width,
aAAa To constraint area = 20

WWW (what went wrong)

* H ouunepipopad tou Square AEN eival ida pe tn
oupunepldopad tou Rectangle oe oxéon
— Me 10 TL yiveTal ECWTEPLKA OTOV KWELKA

— Me 10 TL AOYLKOL TIEPLOPLOKOL UTIAPXOUV YL TLG
uebddoug

— ... KOL TEAKA, e To TL avapével o client code

° ... 0OXETWG TOU OTL OAa Tl AAAQ KpLTrPLAL
TIANPOUVTAL YLO VO UTTOPELG VAL AVTIKOTAOT OELG
To Rectangle pe éva Square
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JupBolaloypadeio (Design by
Contract)

* O B. Meyer (1988) £Bale tig uebd6oug va €xouv
preconditions && postconditions

* You can substitute an object Mm of a mama class
with an object Mc of a child class if the method
used by Mc:

— has a weaker precondition than the one of Mm

* i.e., if your client code would start working with Mm, it will
also start working with Mc

— has a stronger postcondition than the one of Mm

* i.e., once done, all the constraints that the execution with
Mm would respect, will also be respected with Mc

...OTIOTE...

* Av n postcondition for Rectangle.setWidth()
says:
— width= x and height = old.height

* Kot n avtiotoxn postcondition for
Square.setWidth() says:
— width= x and height = x

* Then, squares cannot substitute rectangles

HANDLE WITH EXTREME CARE!!!

SINGLE RESPONSIBILITY PRINCIPLE
(SRP)
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...TLPOTOU TIPOXWPHOOU LE TAPAKATW...

* To SRP eival éva e€atpetikd amAd Kot
TOUTOXPOVWCE e€QLPETIKA ETtLKiVOUVO principle

* MHN pmneite otov nelpacud va to
epapUOOETE TAVTOU AKpLTA

* ... Kpatote tnv ouoia OUWS ...

Single Responsibility Principle (SRP)

¢ A class should have no more than one reason to
change

¢ Tom deMarco, 1979, oto BiBAio tou yia Structured
Analysis & System Specification

* IMHO &A\\o €va KOKO OVOLO OTO XWPO TNG
TANPOodOPLIKAC: OTWG AEEL KAL N OUGLA TOU VOUOU, auTd
nou eivat single eivat the reason to change (evw o
titAog KA yia responsibility).

* However, this is a fairly good approximation...

Nwg mapafialetal to SRP?

Computational Rectangle

Graphical
+ drawl) Application
+areal) : double

|

Gul

¥
Application

Khor) guté and Uncle Bob

* ‘Otav pa KAAon €xeL mapoaravw amnd pio appuodlotnteg,
ouvVRBwWG €xeL kal Tapamavw amnod évo Adyo va aAAdEeL

* ESw éxoupe pa KAAon mou kavel Kot back-stage Souleld
(utohoyilet epBabov yia pLa epappoyr) UTTOAOYLOTLKAG
vewpetpiag) kat front-end SouAeld yia to graphical app.
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Kal twg tnpeital to SRP?

Klom w6 ané Uncle Bob
Computational
Graphical
Geometry P
Application Application
Geometric Rectangle
+ draw() Gul
+area() : double

e Tnpeitat otav kaBe KAAoN €XEL LOVO Eva AOyo va aANAEEL

* Edw: aAhayég Adyw back-end Aettoupyiag otnv
GeoRectangle kot Adyw front-end otnv (okéto @ )
Rectangle

To probe further ...

o Jta padnipata tng Texv. AOYLOLLKOU Kat
Avtikelpuevootpedoug Ixediaong, otav Ba
£XETE KL TILO TIOAAA XIALOMETPA KWELKO OTAL
Xépla oag, Ba pabete

— Mo moA\a yia to SRP
— KaBwg kat ywa cohesion metrics (LCOM 1,2,3)

AEN =ZEXNQ:
responsibility is actually
a “reason to change” ©

Muag KoL OTApE TIG KAGOELG, UATIWE VO OTIACOUME Kat Ta interfaces?

INTERFACE SEGREGATION
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Interface Segregation Principle (ISP)

* Clients should not be forced to depend upon
interfaces they do not use

— Robert Martin (Uncle Bob), 2003

— Metadpaon: av pia KAGon Bydlel mpog ta é€w €va OXETIKA
eupéyebeg (“fat”) interface kat ot clients tng
XPNOLUoToLoUV LoVo £va PéPOoG Tou, ToTe KABe client
extiBetal (kat apa xpelddetat va eAeyxOel yia rbavry
ouvtripnon) oe neploodTepeg aANayEG TG service provider
kAdong art’ éoeg Tou avaloyoUv ot’ aAfBela

Interface Segregation Principle (ISP)

* Avoid “fat” interfaces that do everything =>
THINK SMALL!!

* Many special purpose interfaces are probably
better than general-purpose interfaces
— As they prohibit worn/unwanted usage of
interfaces from client programmers

— As they immunize clients from changes that do
not concern them

ISeata

* KaBe client «BAéme» éva interface pe akplBwg
TIC MEBOSOUG IOV XPNOLUOTIOLEL KAl LOVO

* AUTO onpaivel 0tL povo arayég oto interface
(A/ka ot KAGOELC TTou To UAoToLoLV) Ba
nepdcouv otov client mpog cuvtipnon Tou

* ... koL otL o client developer Ba éxel éva pkpd
OUVEKTLKO 0UVOAO HeBOSWV yLa Vo KAVEL TN
Soulela tou (kat oxL otL va ‘vai)
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OuunOBette

¢ O owaoTog Tpomog e€EALENC elval
— High-level modules own interfaces
— High-level modules dictate change, due to updates in the
user requirements
— Low-level modules should adapt to the above
— Interfaces are the gateways between high and low level
modules
e Aev gival BoAko va €xw moAou¢ high-level modules
va XTuTtouv to {610 interface — av kat k&moleg popég,
yla Adyoug emavaypnoLUomnoinong tou Kwdika, dev
UIopw va o arnodluyw

MNapadeypa and Uncle Bob

public abstract class Door {
public abstract void Lock();
public abstract void Unlock();
public abstract bool IsDoorOpen();
I
public abstract class TimerClient {
public abstract void Notify();
I
‘Eotw Vo interfaces/abstract classes mou xapaktnpifouv (a) mopteg kat (B) aviikeipeva pe
XpovoSiakonteg. Ot Vo autég adnpnuéveg KAAOELS £xouv StadopetikoUg clients.
Mo mapdSetypa, ta avikeipeva pag kKAaong Timers xpnotpomnotoUv tnv TimerClient yia va
Kkd&vouv register o€ éva timer o onoiog Ba toug eldomnoLel 6tav epdoeL n wpa
public class Timer {
public void Register(int timeout, TimerClient client){ .. }

s

MNapadelypa and Uncle Bob

Timer
[+register(in door : TimerDoor, in fimeout : long(idl)) * I'I(bq U)\OT[OLO[’)U.E [V1Ked

nopTa Ue

TimerGiiont XPOVOSLAKOTTN, WOTE

0 (a) va avolyokAeivel o
Door clients kat (B) va
AéeLtnv wpa o Timer

Door .

clients?

+lock()

+unlock()

+notify() B .

* Quunbeite: n lepapyieg

AEN eival ¢pirot pag!

TimerDoor

+lock()

mn\f}ck{) 12

+notify()
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Interface Pollution

Timer

[+register(in door : TimerDoor, in timeout - long(id), in regld : long(idl))

TimerClient

[+notify(in regld : long(idl))

Tuyilvetal dpa n nopta
QVOLYOKAEIVEL KaL TTPETEL VO
B&AeL MG timeout

Door

registrations?

[+lock()

[#notify(in regld : long(idl))

+unlock() «MoAUvoupe» To interface pe

€va akopa riedio otn notify?

TimerDoor

[+lock()
[+unlock()
[#notify(in regld : long(idl)) 121

Delegation: use composition instead of
aggregation & distribute clients

Timer ‘Ocot clients 8ENouv va
— Souhéouv pe tov Timer
+register(in door : TimerClient, in timeout : long(idl)) BAémouv pévo awtév
‘Ooot B£Nouv tnv Door,
uévo auth

Madii: péow ovvBeong

- . Door Ko oL
TimerClient s
kAnpovoptkotntag!!
+lock()

Frotify() +unlock()

TimerDoorAdapter| 1 1 TimerDoor
K>
i +lock()
noty) +unlock()

HOwo Sidayua amno ISP

e Clients should not be forced to depend upon interfaces
they do not use

e Aggregation and NOT inheritance handles complexity!

* When interfaces become fat, or when you need to
combine functionality
— Split classes and aggregate objects
— Avoid polluting interfaces

e Aevmag melpdleL va xoupie miio oAAG interfaces, av
QUTO €ival TO TIUNUA TNG HELWUEVNG E€EAPTNONG

e Mdvta vo oKEDPTECTE PATIWG AVTL Lol LEPOPXIEG UITOpPEL
va kavel tn SoUAeLd oag n cuvaBpolon!
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EKTOG QO TO TIWG OPYAVWVOU LE TIG KAAOELG Kat Ta interfaces, ival moAU
ONMAVTLKO TO TIWE OPYOVWIVOVTAL KOL TOL TIAKETA, KABWE QUTO «TIOPAYELY,
o€ PeydAo BaBpo, TNV OPXLTEKTOVLKH TOU GUCTHHOTOG

PACKAGE PRINCIPLES

Dependency: whenever
Package De pendency changing the public i-face

of a service provider class

affects a class that uses it,

aka “client”.
Typically due to calls
Client Server within a client’s code
_______ - method calls
R [R5 r = s.getServiceFroms(..)
- new() calls

0 = new S(..)

... because ...

Client package Server package

fes]

Package principles

* Cohesion within a package
— Release Reuse Equivalence (REP)
— Common Closure Principle (CCP)
— Common Reuse Principle (CReP)

* Coupling between packages
— Acyclic Dependency Principle (ADP)
— Stable Dependency Principle (SDP)
— Stable Abstraction Principle (SAP)
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Release Reuse Equivalence (REP)

The granule of reuse is the granule of release

How: when you release, release entire packages.

— This makes it easier both for your clients and for the version management

system.
Why?

— Take if from Uncle Bob: “I reuse code if, and only if, | never need to look at the
source code ... | expect the code | am reusing to be treated like a product. It is
not maintained by me. Itis not distributed by me. | am the customer, and the
author, or some other entity, is responsible for maintaining it. When the
libraries that | am reusing are changed by the author, | need to be notified.
Moreover, | may decide to use the old version of the library for a time. ...”

Robert Martin, “Granularity”, at
— http://butunclebob.com/ArticleS.UncleBob.PrinciplesOfOod
— Also: https://sites.google.com/site/unclebobconsultinglic/home/articles

(search for Granularity)

Common Closure Principle (CCP)

Place classes that change together in the same package!

Why? Because you localize maintenance! (esp., if packages
are “tied” to specific developers)

How? Package together classes that ...

— ... are tightly coupled (structurally and semantically)!

— ... you know will change together! (remember OCP?)

Not possible always. In fact, it is unavoidable that you will
have cross-package dependencies (or else, sth is wrong with
your design). However: try to minimize cross-package
dependencies!

Common Reuse Principle (CReP)

Do not group together (i.e., in the same package) classes that are
not reused together (by other classes)

Based on the principle that if you depend on one class, you depend
on its entire package (changes in the package might implicitly
impact the class you depend upon). This suggests that ideally, you
use all the classes of a package.

PV: over-restrictive && too hard to attain @early stages of
development!

CCP is based on maintenance, CReP on reuse. Antagonistic to each
other!

PV: use it only if you know what you are doing!
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Tensions between packages

* CCP vs. REP and CReP: in extremis, CCP would produce a
single, large package (it aims at making larger packages)
and CReP a large number of very small packages. A balance
is needed...

* CCP tries to make the life of the maintainer easier. So it is
guiding package architecture, esp., at the beginning of the
project, when architecture is still fluid.

* REP+CReP try to make the life of the client of a package
(“reuser”) easier. At later stages of a project’s lifecycle,
once the architecture is stable, and the subsystems
coarsely fixed, and there are subsystems that can be
reused (esp., by other projects too), they start to influence
design decisions more...

Package principles

* Cohesion within a package
— Release Reuse Equivalence (REP)
— Common Closure Principle (CCP)
— Common Reuse Principle (CReP)
* Coupling between packages
— Acyclic Dependency Principle (ADP)

— Stable Dependency Principle (SDP)
— Stable Abstraction Principle (SAP)

Acyclic Dependency Principle (ADP)

* The dependencies between packages must form no cycles!
* Packages should form a Directed Acyclic Graph

* Why? Even if the packages are cohesive => at maintenance,
changes will be focused in few places, still, the entire
configuration needs to be tested at the end of the day

e Cyclic dependencies hide (a) cycles in maintenance and
testing without observable end of the propagation of the
maintenance and (b) too tight coupling among packages

* How to achieve? Break cycles at first sight, either (a) by
merging packages, or (b)by factoring out the common part
that causes the cycle
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The good, the bad and ...
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Stable Dependency Principle (SDP)

* Depend in the direction of stability!

* Packages likely to change, should have few incoming edges
(should not be depended upon a lot)

* Packages that are considered stable can tolerate many
incoming dependencies, and hopefully, they depend less

upon others

* The lower you go in the layered diagram, the more stable
you are and the less outgoing edges you have

* Remember: an acyclic package graph implies a layered
design with a single direction of the dependencies
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Stable Dependency Principle

What is stability?

— Not rigidity: stability is NOT the improbability of
change

— Stability of a package assesses the amount of work
needed to make a change to the package

How to assess stability?

— Quality of code: complexity, size, clarity, ...

— #incoming edges: the more incoming edges a package
has, the more stable it is (a small change propagates
to many other packages).

— Degree of dependency upon others: the more you
depend, the more unstable you are

Stable Dependencies Principle

Ca = afferent coupling =incoming edges from packages
that depend upon you (gAKTIKOG, KEVTPOUOAOG), measures
how much others depend on you

Ce = efferent coupling = outgoing edges to packages upon
which you depend (e€epxopevog, duydkevipog), measures
how much you depend upon others

Instability | = Ce / (Ca+Ce)

1=1 means nobody depends upon you (fan-In ->0)
1=0 means you are independent (no outgoing, fan-Out->0)

Stable Dependencies Principle

Why? Coupled with common closure (cohesive
packages) & acyclic graph it guarantees a small
propagation of changes, w/o cycles, and smaller
chances of propagating outside a package

We want the system to be able to change! We
want the system to evolve!

— Lehman'’s laws insist that w/o (ability to easily)
change, a system dies

How? All that we have learnt in this class...
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Stable Abstractions Principle (SAP)

* Stable packages should be abstract packages

¢ The lower in the hierarchy, the less propagation a
change should have

¢ Use abstract classes and interfaces as the elements of
lower level packages upon which higher levels
depend!

¢ Use OCP&&DIP to extend them (instead of updating
them), whenever evolution is needed

* Do not depend upon concrete classes!
¢ Use abstract coupling!

Stable Abstractions Principle (SAP)

e ..and a metric of abstractedness ...
¢ Nc = #classes+interfaces of a package
* Na = #abstr. classes+interfaces of a package

e A=Na/Nc

« Ideally for a package: either A=0 (super concrete
package) or 1 (just a contract)

¢ Bad: be close to 0.5...

* Remember also instability: I=1 means nobody depends
upon you, I=0 means you are independent (SEE NEXT!)

Uncle Bob'’s Al graph:
ideally, as A decreases, | should increase

* A=1, I=0: super abstract,
super independent ©
1* ¢ A=0, I=1: super concrete,
% %% nobody depends on it ©
AN %, .
N o %, Zone of pain: both concrete
%, N and very high pct of
% incoming dependencies ®
\9% * Zone of uselessness: only
@ abstract and too dependent
AN upon others ®
o,/-)@ox \ ¢ Live in the line of the main
B sequence, as close to the
1

two extremes as possible!
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YHMEIQXEIX

‘Exoupe éva project oto omoio mpémnel va GTLAEOUUE pLa unxavn n omoia va AapuPBavel we elcodo pia Xpovooelpd Kat
va e§ayel GAOELG TNG XPOVOOELPAG. MLa XpovooeLpd gival pio Alota ano onpela pétpnong, Le KABe onpelo va elval
éva Levyoc (a/a, pétpnon). Mwa ddaon sivat £éva cUVolo cuvexOpevwy onueiwv e (8la tdon. ITo mapaKkdTw
napadeypa, paivetat n Baotkn Wea: kaOe onueio €xel amelkoviobel og éva S18L1doTaTo SLAypappa, Le Tov a/a va
amnelkoviletal oTov opl{OVTLO KAl TN KETPNON OToV KABETO dfova (apLotePd SLAYPOUUA) KAL OPYAVWVETAL O (LA
KOKKLVN, TITWTLKN pAcn Kol o€ pia UmAe, avfouvoa daon.

XY Chart XY Chart
10,0 | 04 e |
7,5 5 / ¥
w
=
T 5,0 0 “
> /
: g
0,0 - . — — - . 0 — — - = =
1,0 15 2,0 2,5 3,0 3,5 4,0 1,0 1,5 2,0 25 3,0 3,5 4,0
X-axis X-axis

To clotnua pag BéAoupe va umoatnpilel g €€nG AsLtoupyiec:

- Ooptwon Sedopévwy Pe EMEKTACLUO TPOTIO (KoL CUYKEKPLUEVA, E6W, TOUAAXLOTOV LE Eva amAo dopTwua
and pa péBodo, kat pe enefepyacio ano apyelo). Itnv npwtn nepintwon amatteitat pia arhi pébodog
Tou Ba KataokeUATEL Kal Ba avarmopLoTa pLa KPR XPOVOoaoEeLpd (Kupiwg yla va xpnotuormnolnBei o
TLEPUTTWOELG EAEYXWV). 2TN SEVUTEPN TIEPLTTWON, ATIOLTELTAL O XPOTNG v TPOCSLOPLoEL Eva apxeio
€10060U Ao to omoio ta dedopéva Ba poptwbouv oto cuoTnua Kal Ba avarapactabouv. To apxeio
€L0060U BeWPOUIE OTL EXEL LA LETPNON UE 3 OTOLXELD: <0/ A><KXPOVOCNO><UETPNON> O KABE
ypauun. To xpovoonuo Kat to <o/o> Unopel va tautilovtal av o avBpwrivog xpovog dev sival
SlaBéoLpog.

- AvaAuon TnG XPOVOOELPAG 0 GATELG (ETMIONG LE EMEKTACLO TPOTIO — 8w UE Eva ammAo aAyoplBuo, al\d
oto péAAoV pe aAyopiBuoug mou, mt.y., ayvoolv Hikpad spikes). O Baotkdg alyoplBuog otnpiletal otnv
16€a OTL KABe paon €xeL pia Taon (avodikn, kabodikn, ry eninedn). O ahyoplBuog enefepyaletal Eva éva
Ta onuela TNG XPOVOOELPAG. AG UTIOBETOUE, Yo va KATOAGBOU e ToV aAyOpLBpo, OTL BPLOKOUOOTE 0TN
MEDN TNG XPOVOOELPAG, KL n TpExouoa ¢aon eivat n O. Eotw &g OTL LOALG IpooBETALE TO ONELO OTN
B€on k otn XpovooeLpad Kot TAE va TipooBEcou e To onuelo k+1. Av n tdon tng paong ® Statnpeital pe
v PoaBrikn Tou véou onuelou, TOTe To onuelo k+1 mpootiBetat otnv untdpxouoa daacn. Av OxL, TOTE
Eekvape Lo véa dpaon. H Statripnon tng tdoewg eival amAn: av n tdon eivat kaBodikn kat n pétpnaon tou
onueiou k+1 glval LkpOTEPN O TNV LETPNON Tou onueiou k, Tote n tdon Statnpeitad.

- Moapouociaon TnG XPOVOOELPAS, EMIiONG e EMeEKTACLUO TPOTIO (e8W: (i) oTNV KOVaOAa Kal (ii) o€ pia html
oeliba). H mapouciaon mepthapBavel tnv omtikomoinon Twv 2 afdvwy, X kat Y, pe Tov aova X va
OVTLOTOLXEL 0TO XPOVO Kol ToV Y 0TV LETPOUEVN TOGOTNTA KOL TNV MAPOUGLACN TWV CNUELWY HETPNONG
NG XPOVOOELPAG WG ONUela 0To SLELACTATO XWPO TIOU TIPOKUTITEL A0 TOUG 2 AEOVEC.

- Napouciaon Twv pacewv mou dnutoupyouvtal and Tnv Xpovooelpd. MNa kabe paaon, kataypddpoupe éva
pRvupa «Néa ¢aon pe TAon ...» avAaAoya LE TNV TAON, KAL 0T CUVEXELX TTOPATIOEVTAL Ta ONUELD TNG
$Aoewg, T €va LETA TO GAMNO, TO KaBEva oTn SIKLA TOU VPO UK.
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Eva anAd Sidypappa PE €va UMOCOUVOAO Twv KAAOEwv yla ta
Baoikd otoixeia tou project

=<=Java interface>>

<<dava Class=> —visualzer Bivisualizer
. - isual
(3 MainEngine = visual
engine . @ visualize():char[]]
<zlava Class s>
o w orkingTimeLine: TimeLine 4 3
= (3 VisualizerFactory 4 B
@ MainEngine() b s 5 e B R L S S e st e wisuz! :
Qgeﬂ:'arser()Parser enmesmemnm——— T o A N = :
@ gethnafyzer()lhnalyser @ VisuaizerFactory() <<Java Class>>
® getVisualizer()NVisualzer Colava bieiacee @ createVisuakzer(Siring TimeLine). Visualizer § (3 AbstractRasterBasedVisualizer
@ sefTimeline{String)-int E3lParser k visual
@ consoleVerticalReport() void parsing o row interval: double
s o minY: double
© proiceRimsesly i ... @ parse(String) TimeLine i
@ reporiPhases() ArrayList=Siring= - = ity Cings s Iﬂ b o maxy: double ) )
@ selVisualizer(Siring) void GParserFacwry ] “, o values: ArrayList<ValuePair>
@ visuakize() char[][] parsing ] < raster: charf]]
! 7 <slava Class=> 4 numols: int
: Pirsencion ) o (& SimpleTextParser < numRow s: int
@ crEaEEF’arSE'I(S'rIng} Farser i parsing 4 w orkingTimefine: TimeLine
E =<Java Class>> @csfm_[_‘{e'rgxlparsgr(:] (}cAbs:rac!RasterElasad\-’rsual(zer(‘rmeune;
®TestParser @ parse(String) TimeLine ¢ produceRaster{TimeLine):char(]]
parsing %
& TestParser() "'-‘ i
@ parse(Siring)-TimeLine g
-analyser) 0.1 H ==lava Class=>> <=Java Class=>
_______ GHtmIVisualizer (® ConsoleVisualizer
<=Java interface== ViREat visual
header: Sk
@ Analser kol L & ConsoleVisuaizer(TmeLine)
= & HmiVisualizer(TimeLine) @ visualize{)-char[][]
@ visualize()-char[]] A

:-' @ producePhasesFromTimeline({Timel ine)-Arrayl ist<Phase=
@ reporfToConsole!):ArrayList<String=

b

:I::a"“ Ciass== <«Java Class>>
(& AnalyserFactory (®NaiveAnalyser 3
ks analy sis !
&Anaiys erFactory() o phaseDescriptions: ArrayList=String=
@ createAnalyser(String)lanalyser ecNahteAnaiyser(J
& producePhasesFromTimeLine{TimeLine):ArrayList<Phase=
@ reportToConsole{)-ArrayList=Siring= |

-phasei 0_* i
A"
<=Java Class=>
(& Phase <=Java Packages=
analysis Eicommons
o startPos: int
a endPos: int

o values: ArrayList<\aluePair=

o trend: String

o endY. double

& Phase(ValuePair String)

@ checkdfA ppendabie(\/aluePsir)-Boolean
@ decideNew Trend({\ValuePair)-Skring

@ appendVauePair(ValuePair) void

@ consoleVerticalReport():String
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<zjava Class=>

(3 ClientApplication

mainApplication

& CientApolcation()
& main(Stringl):void

]

<sava Interfaces>
@ Engine

engine

@ sefTimeLine(String) int
© producePhases(yint

@ reportPhases():ArrayList<String-
® consoleVerticalReport():vaid

@ setvisuaizer(String):void

@ visusize():char]

<<lava Class>>
(@ EngineFactory

engine

@ EngineFactory()

@ createMainEngine() Engine

-analyser 0

<<Java nterface=>
@lanalyser

analy sis.

@ producePhasesFromTimeLine(TimeLine] ArrayList<Phase=
@ reporiToConsole()-AmrayList<String>

=

A

<=lava Cass=>
(@MainEngine

engine

& MainEngine()
@ geiParser()y Parser
© gethnalyzer() lnalyser

© getVisuaizer(; Visualizer

® sefTimeLine(String):int

@ consaleVerticalRepori()-void

® producerhases(int

© repartPhases():AmayList<String>
@ setViualzer(String):vokl

@ visualiza(y char{]]

"3

=<Java Class>>
® AnalyserFactory

analysis

& AnalyserFactory()

@ createAnalys er(SiringAnalyser

<slava Class ==
(@ NaiveAnalyser

analysis

o phaseDescriptions: ArrayList<String-

& naivannalysen)

® reportToConsoie():ArrayList<String>

® producsPhas ssFromTimeLine( TimeLne) ArrayList<Fhase=

-phases 0.*
-y
=<Java Class=>
®Phase

analysis

a startPos: int
a endPos: int

o trend: String
a endy: double

& Phase(ValuePair String)

@ checkifAppendable(ValuePair)Baclean
@ decideNew Trend(ValuePair):String

@ appendvaluePain(VauePar) v oid

@ cansaleVerticaReport():String

The entire class diagram

SCRIPTS\03_timeLineToPhases

-w ogkingTimekine\, .1

<<lava Class>>
@ VisualizerFactory

visus)

& VisualzerFactory()

@ createVisuakzer(String TimeLine) Misuakzer

<sava Class>>
(3 ParserFactory

parsing

@ ParserFactory()
.{ @ createPars;

{String)-Parser

==lava nierface==
@1Parser

parsing

@ parse(String) TimeLine:

<<lava Cass=> R A ; <lava Class=>
o i onsoleVisualizer
ConsoleVisual
parsing e ; visual
of simpleTextParser() Frestrarser)) i & Cons oleVisualizer(TimeLine)
© parse(String) Timeline | | @ parse(String) TimeLine e V\;uaMZE(;:chavDD

= K L

<<Java Cass>>
@ TimeLine

commans

#w orkingTimel

& TimeLine)
@ getValues() ArrayList<ValuePair>
© addvalue(ValuePair)void

@ consoleVerticaReport()-vaid

~values |0.*

<<Java Class>>
& VvaluePair

commens

o pos: int
o xVale: doutle
o yValue: double

& ValuePai(int double, double)
@ getPos(ynt

© getX()-double

© gatY () doute

-visua\mrl/u 1

<alava terfaces>
@ Visualizer

visual

@ visuzlze(ycharll] <,

<<Java Class=»
@ AbstractRasterBasedVisualizer

visual

o rowlnterval double
& minY: double

o maxY: double

© raster: charf]]

& numGCas: in

& numRow s: int

& AbstractRasterBas edVisuaizen TimeLine)
<& produceRaster(TimeLine):char(][

visusl

=<Java Class>>
@ HimiVisualizer

o header: Siring

& HmVisuaizer(TimeLine)
@ visualze(ycharfl]

[ L

1

The package diagram

<<.Java Package>=
F mainApplication

<=Java Package==

i parsing

|

fHengine

=<=Java Package>>

A

Htanalysis

<<Java Package==

<<Java Package>=
fvisual

=

£ commons

==Java Package>>
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<<Java Class>>
(& ClientApplication

mainApplication

ifﬁenmg}pﬁcatiun{}
& main{ String(])-void

e

==ava Ciass=»
(= EngineFactory

enging

@cEngmﬂFac!ury{;n

@ createMainEngine( ). Engine

<=Java Interface=>
8 |Engine

engine

@ seflimeline(Siring):int

@ producePhases()nt

@ reporiPhases{) ArrayList=Siring=
@ consoleVerticalReport()-void

@ sefVisuakzer{Skring)-void

@ visuakze():char[ll]

E

<=Java Class=»
(®MainEngine

engine

o analyser: Wnalyser
o visuakzer: Misualkizer
o w orkingTimeLine: TimeLine

& MainEngine()
@ geiParser() Parser

@ getAnalyzer()lAnalyser

@ geiVisualizer):Nisualizer

@ sefTmeLine] Siring):ink

@ consoleVerticalReport])-vioid

@ producePhases{):int

@ reportPhases()-ArrayList="Siring=
@ setVisualizer{String)-void

@ visuakzel):char[ll]

==Java Class=»
(¥ ParserFactory

parsing

-parser

<<Java nterface=>
E#lParser

parsing

@ parse{Siring)-TimeLine
=

2

o

==Java Class==
(& TestParser

parsing

<<Java Class=>
(& SimpleTextParser

parsing

e‘fF’ars erFactory()
@ createParser(String)-Parser

The parsing subsystem
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=zJava interface>>
3 [Engine

engine

@ sefTimeLine{String):ink

@ producePhases()int

@ reporiPhases():ArrayList=String-
@ consoleVerticalReport()-void

@ sefVisualizer(String) void <=lava Class=+
@ visualze(-char]] (3 MainEngine =<Java interface>>
v\-;, engine 3 Analyser e ot
b o parser: Parser he bl e i
e e S -analyser :
8 visualizer: Nisualizer @ producePhas esFromTimeLine TimeLine)-ArrayList<Phase> i
& MainEngine() 0.1 | @ repertToConsale( ) ArrayList<String>
@ getParser) Parser i A
@ gethnalyzer();lanalvser i
@ getVisualizer()Nisualizer R, FRRE s -
@ sefTmeline( String)-int B G AnalyserlFactory
@ consoleVerticalRepori()-void SR !
@ producePhases():int Q’:Anaryser!—'acmry(} ceJaya Clazees
@ reportPhas es():ArrayList=String= @ createfAnalys er(Siring): A nalyser e BN GNaiveAnﬂlyser
@ setVisualiz er{Siring)-v oid analy sis :
® visualize():char(]] o phaseDescriplions: ArrayList<Siring= :
& MaiveAnalyser()
@ producePhasesFromTmeLine{TimeLine) ArrayList=Phaze>= i
The analysis subsystem aorkiTamek e o 4 @ reportTaConsole():ArrayList<String=
<<ava Class>>
(S TimeLine . i
commaons = i
R GcTrmeLME{;
: @ gefValues{) ArrayList<\faluePair>
@ addvalue(VauePair).void i
@ consoleVerticalReport()-void
-phases |Q.* :
~values |0_* :
<=Java Class=> H
<zJava Class== (@ Phase I
@'\."aluePair ‘i_ analy sis E
COMMmons o startPos: int :
o pos: int o endPos: int
o xValue: double -values o frend: String
o yWalue: double 0= o endy- double &
@ ValugPair(int, double, double) @Cﬂmse(VakJePair.Slrhg:-
@ geiPos{):int @ checkifAppendable(\/aluePair):Boolean
@ getX()-double @ decideNew Trend(VaePair):String
@ getY'()-double @ appendValePair(\ValuePair)void
@ consoleVerticalReport()-Siring
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=<Java hnterface=>
&8 |Engine

<=Java Classs= engine

(3 ClientApplication

mainApplication

@ =efTmeLineString)-nt
e g producePhases{):int

@ ClientA ppiicationy) @ reportPhas es()-ArrayList=Siring=
@ main{Stringf])-void @ consdleVerticaRepart|)void

@ seiVisuakz er{Siring)-voud

@ visualze{)charfl]

Ii'-. ==lava Interface>>
-visualizer GWiSUﬂIiIEF
wisual
______..0-4--,,
==ulava C‘I'.nasszab e @ visualize().charf][]
(5 MainEngine e (f] b
engine

o parser: Parser
o analyser: linalyser
o w arkingTimeline: TimeLine

@ MainEngine()
@ getParser{)Parser '3
@ getAnalyzer()-lAnalyser selava Class s =zJava Classe= ==Java Class=»
@ geiVisualizer():Misualzer s -2y (3 VisualizerFactory (3 ConsoleVisualizer (5 HtmIVisualizer
@ setTmeline( String)-ink visual N visual wisual
Sl s Fromaron e
) i @ createVisualizer|{ Siring TimeLine):Wisualizer @ visualize).char]] Hmi\isualizer(TimeLine)
@ reportPhas es()-ArmayList<5Siring= @ visualize():char[][]
@ setVisualizer{Siring)-void A

@ visualkze():.char[]

The visualization subsystem

(the abstract visualizer class
omitted for clarity)
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Noapadeypa (C++) amod
http://www.scitools.com/documents/metricsList.php?metricGro

up=o00#CountClassCoupled

CountClassCoupled (.. amphibiant N\ s i
Formula: The number of unigue public: pu !;' .
. . VoIQ ea
classesthisclass references typedef Bird® bird_ptr; ;-
excluding base classes and nested ) ]
I =void eatenbybird{ —
t 3557 3 cor mBird->eat(this);
Result (forclass Frog): 3 . .
( og) } Inherited functions don't count,
private: h “ d . |
bird_ptr mBird; evenwhen called in class.
\ J
Backward Referencesdon't class Toad - public Amphibian{
count. L~
class Frog - public Amphibiang I
public:
T \ bool swimming{
E a“f nake{ if{Water:temp()
public: ] return 1;
void eatFrog|Frog f){ ,-/ return O-
if{If. swimming()) = | ) '
hunger -—; void eatFly(}
pri}uate_ Fly edible:
int hljnger; } edible.getEaten(); class Water]
% : ) ublic:
\ j private: staticint temp() {return 60;}
' .
class HopCalculator] i
d public:
int calculateHops| 4 return 1;
Reference to base class 1. ]
. r These countasl, since they
doesn'tcount. : h |
Toad mGousin: / reference the same class.
Reference to nested class LA void hop(){
doesn't count. — calculateHops(); 255 Fl
Amphibian:eatenbybird(); E a“f W
1 ublic:

Q / void getEaten() {}
' k
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Testing

Avdrmtuén AoytlopikoU (Software Development)
Www.cs.uoi.gr/~pvassil/courses/sw_dev/

MYY301/MAY 308

PV notes are based ~ to a fairly large extent
on B. Laboon’s (thank you!) book

“ A friendly introduction to software testing”
https://github.com/laboon/software-testing
Any errors should be attributed to PV only.

‘EAeyx0¢

* [SWEBOK] Software testing consists of the dynamic
verification that a program provides expected
behaviors on a finite set of test cases, suitably selected
from the usually infinite execution domain.

¢ EmuBeBaiwvoupe tnv opbn Aettoupyia Tou kKwdka
SUVALKA (TpEXovTag Tov, SAS)

* EmAéyoupe éva utocUVoAo aro test cases ylo To
oKomo aUTO

¢ O €Aeyxog ouviotatal otnv aviumapaBoAn Tou
OVOLEVOLLEVOU OITOTEAECHLATOG O OXEON LE TO
TIOLPOYOLLEVO QMOTEAEOHA, VLo KAOE test case

Real world Requirements
problem Engineering cslen
Requirements J I7

Specification

Design
Specification

alnmmlel el

Working code with Working
quality assurances code
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Always remember:
Software testing — quality assurance - is all about validating that ...

the observed behavior = the expected behavior

BASIC CONCEPTS

Software testing is ...

Software testing is a way of providing an estimate of
software quality to stakeholders (e.g., customers,
users, and managers).

Software testing is NOT ...

— ... finding every single defect.

— ... randomly pressing buttons, hoping that something will break.

— ... hoping that something will break, period.

— ... something you do after all the programming is complete.

— ... something you postpone until users start complaining. (REALLY!!)

V&V

Software testing involves ensuring that the right software was
created, with the right internal quality
Verification is ensuring that you’re building the software right.

— Verification is ensuring that the code respects coding standards, the
design choices are reasonable, there are no outright blunders in the
code, and the internal quality of the code is acceptable

— Typically, software houses employ peer developers to perform code
review, a static form of code inspection in order to ensure the code is
verified.

Validation is ensuring that you’re building the right software

— Validation is ensuring that the software does what the user wants.

— To this end, we dynamically test the code in order to find whether the
external behavior of the system we have built is exactly what we have
agreed with the customer in the requirements

* To a less extent, we can also check if there are any gaps in the requirements
(so that even if the software does meet all the requirements, the user might
not be satisfied with the product)
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Defects

¢ Adefectis anissue that ...
— ... either does not meet the system requirements
— ... or breaks the functionality of a system

* Observe the role of requirements here:
— asinall engineering projects, we need to provide
guarantees on the behavior of our delivered system...
— ... and thus, we validate that the system provides EXACTLY
the specified functionality
* Naturally, crashing code is a clear case of (possibly
implicitly expected) requirement violation

Defects

* Software testing — quality assurance —is all
about validating that ...

the observed behavior = the expected behavior

Nobody’s perfect...

* Software development is one of the most
intellectually challenging human activities

» Software engineering is the discipline that
imposes principle in the development of
software, such that — much like all engineering
principles — we can guarantee that the system
that we produce meets quality assurance criteria
and can be accepted as a deliverable to clients.
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Nobody’s perfect ...

* Everybody’s code has requirement violations

* ...yours, mine, everybody’s...

* There are several techniques to validate that
at least certain aspects of the system meet the

specified criteria, but... testing is never
enough.

* However, the most important things to
remember are ...

W Expand your test suite INCREMENTALLY!!

* The goal is NOT to test everything!

* The goal is to cover the most important points of risk in your
code!

* We organize our test suite to be expanded incrementally, in a
way that it is easy to expand the test suite one-test-at-a-time
& run the tests fast!

DO NOT LET THE FACT THAT YOU CANNOT TEST
EVERYTHING INTIMIDATE YOU FROM
COVERING AS MANY REQUIREMENT

VIOLATONS AS POSSIBLE!!!!

The role of a software tester

 Asoftware tester — Quality Assurance (QA)
Engineer — does not blindly test that the
software meets the requirements.

* Testers can be thought of as defenders of the
user experience, even pushing back against
other internal stakeholders to develop
software which meets the needs of users
instead of simply meeting the bottom line.
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Fix defects as early as possible!!

Figure 1: Relative Costs to Fix Software Defects (Source: IBM Systems
Sciences Institute)

120
100 100x
80 —
60 —
40 —
: —
= ==
Design Implementation Testing Maintenance
Phase/Stage of the S/W Development in Which the Defect is Found

We start with a very simple scenario on testing, before dealing with the
problem at a larger context

A FIRST EXAMPLE ON WHITE-BOX
TESTING

A Reference Example

Test a new display for a car tire air pressure sensor, returning an integer
to our software, which is responsible for activating the driver’s panel

We must ensure that our software correctly activates the driver’s panel
according to the following requirement rules:

If (air pressure reading > 35 PSI)
— the OVERPRESSURE light should turn on

If (air pressure reading is in the area of 0 to 20
PS

>

— the UNDERPRESSURE light should turn on

If (air pressure reading < 9),
— the ERROR light should come on
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A Reference Example

|
We were told:
| | 1 | |
0
?

20 35 If (air pressure > 35 PSI)
? the OVERPRESSURE light should
turn on
If (air pressure reading is in the
area of @ to 20 PSI),
the UNDERPRESSURE light should
turn on
If (air pressure reading < 0),
the ERROR light should come on

A Reference Example

I We were told:
| | | | |

0

?

MININT 20 35  MAXINT If (air pressure > 35 PSI)
?

the OVERPRESSURE light should
turn on

What is the min
possible value?

Similarly for the
max possible

Where does 0

If (air pressure reading is in the
area of @ to 20 PSI),
the UNDERPRESSURE light should
turn on

If (air pressure reading < 0),

belong? the ERROR light should come on

and 35

Similarly for 20 ‘

What happens Assume we go back to the end-user and refine
between 20 req’s...

and 35? Oeo?

If the pressure »
changes, the

already lit lights
Questions... turn off?

Conveniently,
the sensor
returns an INT,
not double...

Requirements refined

e |If (air pressure in [36 .. MAXINT) )
— the OVERPRESSURE light should turn on, and,
— all other lights should be off.
e |If (air pressurein [0 ... 20] PSI),
— the UNDERPRESSURE light should turn on, and,
— all other lights should be off.
* No light comes on for PSls in [21 .. 35] (inclusive) -
» normal operating conditions
e |If (air pressure in (MININT .. -1] ),
— the ERROR light should come on, and,
— all other lights should be off.
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Good requirements

* Complete. Nothing is missing
— Here: we had an entire range missing + what happens
to other lights
* Unambiguous. There are no terms like “stuff”,
“this one”, ... . Includes quantified too.

— Here: the area around 0 to 20 ?? Should have been
EXPLICITLY stated as [0 .. 20]

— Better say price = 0, than ‘free’.
* Consistent. What if

— UNDERPRESSURE in [0 .. 20]

— NORMAL in [20..30] ?

We partition the range of values to
equivalence classes

* An equivalence class (also called an equivalence
partition) is one set of input values that maps to
an output value.

* If no overlap of classes: strict partition

* If thereis no spec for a partition: undefined

* We had 2 cases of undefined behavior in our
example:
— The range [21 .. 35]

— What happens with each and every light at each
equivalence class

Boundary & Interior values

* Boundary values: the “last” of one equivalence
class and the “first” of a new equivalence class.

* Values which are not boundary values are called
interior values.

* Implicit boundary values: due to the specificities
of the system under test or the environment
under which the system operates.

— E.g., MAXINT and MININT are system dependent
— Max size of a collection
— Math properties: div by 0, sqrt(-1), ...
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How to test with equivalence classes

* Ideally, all boundary values...
* ... and a good sample of interior values

* In our example, values to test:

1. Interior values, ERROR: -3, -100
Boundary values, ERROR / UNDERPRESSURE: -1, 0
Interior values, UNDERPRESSURE: 5, 11
Boundary values, UNDERPRESSURE / NORMAL: 20, 21
Interior values, NORMAL: 25, 31
Boundary values, NORMAL / OVERPRESSURE: 35, 36
Interior values, OVERPRESSURE: 40, 95

NouwukrwnN

Test cases

* Base case: a value in an equiv. class that is not
near the boundary
— Happy path - a case where with valid, usual input

and no problems occur.

* Edge case: a value at the boundary, or, an
unexpected case

 Pathological case: value completely out of the
specified domain (e.g., you expect an int and
you get a string or an imaginary number)

IMPORTANT SLIDE!

e

S\ Why important?

Q
¢ ALWAYS test the happy path of a use case!

— Even if you don’t test anything else, this is the
minimum testing you need

* Boundaries (=> edge cases) are prone to creating
problems because of the if(), <, <=, ... typically
involved

 Catastrophic cases: things can always go wrong
with the input
— invalid input
— null pointers
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For you. Case #1

* Bus ticket prices:
— For children under 2: free
— For children older than 2 but under 18: 1$
— For senior citizens, 65 or older: 1$
— All else: 2

* Can you spot problems?

HIDDEN Case #1

* Bus ticket prices, assuming age is double:
— For person.age in [0..2] : 0S
— For person.age in (2..18) : 1S
— For person.age in [18, 65): 25
— For person.age in [65, INF]: 1$

* Allis quantified, complete, consistent,
unambigous

For you. Case #2

* Pizza discounts at the KM

* Undergraduate students: 20% discount
e Grad students: 30%

° TA’s: 10%

* TAis orthogonal to grad/ugrad; can also be non-
student personnel

Grad/ugrad are mutually exclusive

Discount is additive (e.g., ugrad TA gets 20% +
10% = 30% discount)
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For you. Case #3

¢ The shopping cart. An online store provides each registered
customer with a shopping cart. The customer can
— Add a number of items to the cart (e.g., 3 t-shirts)
— Remove a number of items from the cart

¢ You can always add a new item at a cart, at any integer
quantity greater than zero

« If you want to add an item at a cart that already exists, the
respective qty must be increased

« If you want to remove a quantity of an item from the cart,
(a) the item must exist in your cart, (b) the removed
quantity must be <= the gty that already exists

« Before and after every operation, the list of items and their
qty’s are displayed to the user

Always remember:

Software testing — quality assurance - is all about validating that ...

the observed behavior = the expected behavior

BASIC CONCEPTS RELOADED

.
3 Actual = Expected Behavior?

Src code of
MyClass.doSth()

to assess
MyClass.doSth

Testing Facility Diff between
(runs the code with expected and

given input and prior .
oy actual behavior

lifdiff==0){ |
expected and

Expected i acFua'I behavior
ost-state | coincide;
P | testisa success;
i}
Actual /T
post-state 3
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Test execution

* When we run a test, there are several potential

outcomes. The most typically encountered are:

— Test passed: the test execution produces a pair {
output + post-conditions } which is identical to the
respective expected one

— Test failed: at least one part of the actual behavior
differs from the respective expected one

— Test crashed (a.k.a. error): the test did not complete
normally, typically without producing an actual
output.

Yes, but how to define which tests?
(coming soon)

* Black-box testing: tester is agnostic to the internals of
the source code, just based on the relationship of input —
expected — actual output

* White-box testing: tester is based on source code
structure, trying to cover the most important execution
paths of the source code

— Code Review (executed by peer developers) is NOT white-box
testing: code review is a static inspection of the code, to
uncover obvious defects, possibly in the style and structure of
the code; testing is a dynamic execution of the system, where
the actual behavior of the system is compared to the expected
one

Happy Path Reloaded

* The happy path / happy day scenario is:

— For system tests, concerning use cases: the
primary flow = zero-problem execution of a use
case

— For simple tests, e.g., unit tests of specific
methods: the case where input is valid, no
problems occur and the execution terminates
successfully

e ALWAYS TEST THE HAPPY PATH!
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PLANNING TESTS: STRUCTURING
TEST CASES

Test plan

A test plan is a collection of test cases, aimed
towards ensure that a certain requirement is met
A test case is a combination of

— Code to be tested

— Input values

— Expected output

— Pre- and post- conditions

For every test plan we have several test cases
We also have a principled, structure way of
producing test plans (see next)

Elements of a test case

Identifier: An identifier, such as “T1_V1”, “16”, “DB-7", or “DATABASE-
TABLE-DROP-TEST”, which uniquely identifies the test case.
Test Case Description: a structured description of the test case and what
it is testing.
Preconditions: Any preconditions for the state of the system or world
before the test begins.
Input Values: Any values that we input directly to the test.
Expected Output Values: Any values directly generated as output by the
execution of the test case.
Postconditions: Any postconditions of the state of the system or world
which should hold true after the test has been executed.
Method(s) to test: the method(s) whose output is to be asserted for
correctness (if known at the design of the test — else omit)
Other:

— Execution steps. Detail execution steps if need

— Comments.
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1d

Description
Preconditions

Input

Postconditions

Output

Identifier

* A unique string to uniquely characterize a test
case among its peers. In the context of this
course we will introduce two possible
versions:

* Ashort version, denoting the family of similar
test cases to which it belongs + a unique

identifier within the family

* Along version, appending a short textual
description

Assume you have two use cases:

- UC1: executePurchase

- UC2: registerNewUser

Now we want to create a test plan that includes use cases for them.

We will test the happy day case for each of them, plus Variants with invalid input.

We assign the following Identifiers

- SHORT: We rank each family of test cases with a family id that corresponds to the
respective use case (first part of the short id) and an increasing integer for the
variant (second part of the short id).

- LONG: we append a string with the description of the use case and a description of
the variant

[ohort Jtomg |

T1VO
T1 V1
T1V2
T2.V0
T2_V1

T1_VO_executePurchase_HappyDay
T1_V1_executePurchase_WO_Login
T1_V2_executePurchase_WO_Money
T2_VO_registerNewUser_HappyDay
T2_V1_registerNewUser_invalidinput

Identifier

Unless otherwise specified, all
references to the use case are
expected to use just the short
version

This is just a naming
scheme adopted for this
course. In practice this can
vary a lot.

1d

Description
Preconditions

Input

Postconditions

Output

Test case description: OREOS

* Asentence in the format precondition
— ON a context/pre-existing state of the system
—RECEIVING a certain input/event, m
—ENSURE THAT THE SYSTEM
— OUTPUTS such and such an output,

—SUCH THAT its posterior state is such and such

IMPOSE the
OREOS rigorous
structure to
your Note that pre- and post- conditions can be empty

description!!! Pre-cond: the system is in a particular state
Post-cond: the system MUST result in a particular state

postcondition
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Methods & Test case description

* At the end of the day, we end up testing methods
(not classes, not packages, ... -- it all boils down to
testing methods)

¢ Be it simple methods or methods pertaining to entire
use cases: try to express the method’s essence as an
OREOS statement

OREOS Examples

Ensure that on-sale items can be added to the cart and will have
their price automatically reduced.

v

ON a cart having being assigned to a customer (absent
from the spec. text)

RECEIVING on-saleitemsto be added to the cart
ENSURE THAT THE SYSTEM
OUTPUTS an updated cart

SUCH THAT the cart is filled with the added items with their
price automatically reduced

OREOS Examples

Ensure that passing a non-numeric string as input will result in
the square root function throwing an InvalidNumber exception.

v ||

ON any context

RECEIVING anon-numericstring asinput

ENSURE THAT THE SYSTEM

OUTPUTS throwing an InvalidNumber exception.
SUCH THAT state is intact
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OREOS Examples

When the system detects that the internal temperature has
reached 150 degrees Fahrenheit, ensure that it displays an error
message and shuts down within five seconds.

wsveo | |

ON any context

RECEIVING a signal that the internal temperature has reached
150 degrees Fahrenheit

ENSURE THAT THE SYSTEM
OUTPUTS displays an error message
SUCH THAT the system shuts down for 5”

OREOS Examples

Ensure that if the operating system switches time zones midway
through a computation, that computation will use the original
time zone when reporting results.

t6vo |
ON The O/S being in the context of a computation
RECEIVING A signal of time zone switching

ENSURE THAT THE SYSTEM

OUTPUTS the results, having used the original time zone
SUCH THAT state is intact

1d
Descri
Precor

iption
nditions

nput

s Input and Output

Output

Identifier: An identifier, such as “T1 ; ;
TABLE-DROP-TEST”, which uniquely Once the descriptionis structured,

Test Case Description: a structured be specific on these!! ‘hat
it is testing.

Preconditions: Any preconditions for the state of the system or world
before the test begins.

Input Values: Any values that we input directly to the test.

Expected Output Values: Any values directly generated as output by the
execution of the test case.

Postconditions: Any postconditions of the state of the system or world
which should hold true after the test has been executed.

Method(s) to test: the method(s) whose output is to be asserted for
correctness (if known at the design of the test — else omit)
Other:

— Execution steps. Detail execution steps if need

— Comments.
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Input and Preconditions

Think of ...
— Pre-condition: a STATE of the system that has to be present for the test to
apply
— Input: think of it as method input parameters, i.e., values

— Output:  think of it as method return value (although not necessarily so)
— Post-condition: the STATE after completion

In our minds: we can think of a state as a set of Boolean conditions that
must hold!
If a test applies anyway, no pre-condition (default value: “any context”)
If there is no effect to the state of the system, no post condition (default
value: “state is intact”)
Input != Precondition (similarly for out-/post-)

— Input is sth given by another s/w module or the user for the purpose of the

tested method
— Pre-cond is a setup of the objects/vrbl’s & their states of the runtime

Methods to test && how to build both
the method and its test code

It is methods that we test. Remember: we give input and expected
output and assert that the actual output is identical to the expected one!

* Checklist on how to structure the source code of the method in a way

that it is testable:
— Pass all input to a method as method parameters
— Produce a return value as either the output (if the output is an object)
or a description of the output (e.g., if the output is a file, return a
string with its path)

*  Checklist on how to build the code of the test :

— The pre-existing state of the system should be created via the
appropriate new() of the appropriate objects

— The resulting state of the system would require that the object whose
method we test holds the state, or that the affected objects are
created via the new() calls and participate in the method’s execution

States and values

* Input != Precondition (similarly for out-/post-)
— Input is sth given by another s/w module or the user for
the purpose of the tested method
— Pre-cond is a setup of the objects/vrbl’s & their states of
the runtime
¢ We can think of pre- and post- conditions as states; we
can think of a state as a set of Boolean conditions that
must hold!
— In the case of the Happy Path: the call is made only if the
pre-condition state holds
— In the case of Alternative Variants: we might intentionally
create offending states, to check whether the code will
detect them
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States and their Boolean expression

[state ______________|Boolean correspondence

a cart having being Boolean
assigned to a customer isCartAssignedToCustomer();
The O/S being in the Boolean

context of a computation isOSInComputationContext();

The code of each such method depends on the values of the
attributes of one or more collaborating objects!

Example of the design of a simple test

//We want to split a time line in phases & invoke an “analyser” to do it
ID T2_V0_01 HappyDayScenario for NaiveAnalyser
Description ON any context
RECEIVING Request to analyze a valid timeline into phases
ENSURE That the System
OUTPUTS a set of phases
SUCHTHAT state is intact

Pre-cond. Load input_test.txt, a small file with less than 10
entries, all valid, for o(5) phases, and produce a
timeline

Input the abovementioned produced timeline

Output A correct #phases, with the correct points inside

Post-cond. No state properties tested

Method To NaiveAnalyser.producePhasesFromTimeLine (Timeline)

test

Test Driven Development (TDD)

* Design the test, before even touching the code of a
method!

* Allows you to envision:

— What will be the return value of the method, as you have to design the
assert statement

— What will the parameters of the method, as you need all the inputs of
the method to be present as its parameters

* Even if you do not follow it, it allows you to think of how to
design the method in the first place, or refactor it, as soon as
your tests prove to be hard to construct

* Asalwaysin life, when in trouble:

~ SEETHEEND FIRST!
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Template structure of a test

Assume we need to test the method MyClass.getACertainValue()
We will construct a test class MyClassTester with a method testGetACertainValueHappyDay()
What is the general structure of the MyClass 3 ertail ppyDay()?

Construct a Boolean method to check the precondition, say isPreConditionOn(..args...),
with all the needed objects as parameters, returning true if the preCond holds
Similarly a Boolean method isPostCondValid(...args...)

public int testGetACertainValueHappyDay(){
//frequently, we will need key objects to be member attributes of the MyClassTester class
//this includes a MyClass refObject = new MyClass(...); s.t. the getACertainValue canbe invoked
Construct prior system state (ie, the needed objects) && assign any relationships between them
Construct the input for the method
Construct the expectedOutput
Construct the expectedPostState
if(isPreConditionOn(...args...){
output = refObj.getACertainValue(...args...); //the actual invocation

//Final check: is output == expected output?
Assert that output == expectedOutput;
Assert that postState == expectedPostState //(use isPostCondValid(...args...) if need)

}

We will see later, how to facilitate this with Junit tests 2

Focus on the important!

DESIGN OF TEST CASES

Incremental Testing Method

* Just see the end first here for a moment...

¢ What we actually want is to validate our code via system
tests, i.e., tests that in the end, guarantee that the system
does what the requirements state

¢ To this end, it is possible to follow an incremental black-box,

acceptance-oriented strategy to develop the appropriate test
cases

¢ The pillars of the approach:
— Always test the core use cases of the system!
— At least, the happy day scenario for each use case should be tested!
— Build the tests in an incremental fashion, one method at a time

Testing.18



Repeat until done...

For the next use-case you want to implement {
For each class.method you want to implement that is essential to the use

case {
PLAN THE TESTS BEFORE/WITH the method; /* happy day at least*/
IMPLEMENT TEST;
CONSTRUCT THE METHOD’S CODE ;
PASS THE TESTS; /* fix tests too, if tests are wrong */
}
Update traceability matrix; /* see next */

See how easy it is to incrementally add tests and code, if you follow
this

Cannot do it for EVERY METHOD; don’t let this intimidate you from
doing it at least for the core methods!

A known trick: Before coding anything else, implement a failing test,
run all tests and see that the new test actually fails: this ensures that
the test is actually run ©

Traceability matrix

The traceability matrix is a Test Cases UC UC uc uc
matrix that says how use cases x U ses O 2 S It S S
are related to test cases HH i -
— Assigning id’s to both test T1 V2 x [ x| x
cases and use cases is 12 ve X X
T2 V1 X X
always useful T2 V2 p "
— A cell with an ‘X’ means B x x
that the respective test 13.V2 e X

case (partially) tests the
respective use case * Inthe course, when | ask for test cases, |
. need their full definition
— The existence of a reusable /d
unit in the src means that o
N R . — Description
its testing verifies (parts of)
more than one use cases

Preconditions

— Input

— You need at least one ‘x’ Postconditions
per use case!!! — Output
. .. and not just the traceability matrix (willy

be explicitly requested, too)

Traceability

* The reason for keeping the linkage of use to test cases is very
important:

— We validate that the system returns what has been requested at
the requirements ...

— ...and ONLY these ... ©

— We support maintenance: whenever requirements change
(and, believe me, they will), we immediately know which test
cases are affected and need maintenance too.

*  @SW Eng. Body of Knowledge (SWEBOK) : “Perhaps the most
crucial point in understanding software requirements is that a
significant proportion of the requirements will change. ... Whatever
the cause, it is important to recognize the inevitability of change
and take steps to mitigate its effects. Change has to be managed by
ensuring that proposed changes go through a defined review and
approval process and by applying careful requirements tracing,
impact analysis, and software configuration management.” 57
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Checklist

Focus on the important! Importance is determined by
significance,
— common usage,
— risk
... of the tested code!
Always test at least the happy day (start with it): most significant,
useful and common

— This might require multiple tests for different equivalence classes and
boundaries of the happy day scenario

¢ Once these have been done, try to break the software

— Order variants by significance and risk; start with the most important and
risky

— Risk is commonly related with wrong/absent/... input or error-prone
complicated logic
Obligatorily: all test methods in a test class should be independent

of run order (the order with which tests are executed should not
matter)

Variants of a test case

* Produce Equivalence Classes and pick boundaries and
interior values (these can still be happy day tests)

Practically, you vary prior state and input; later, we will
see how easily this can be done with Junit

* Non-happy day: Take care of ...
— Missing input
— Wrong input (errors, null pointers, no disk/net/...)
— Incorrect logic of the program
— ... AOB not mentioned here
— ... see the next section of these slides for more...

Code coverage (by tests)

* Code coverage: what percentage of [unit-of-
code] has tests that call into it

/* unit-of-code: method / branch / statement */

Don’t focus so much on coverage but on
importance:

— We cannot test everything;

— We should at least test the most significant,
common, risky parts of the coe
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Possible test cases for the 150F case

Tt | [restz | [tesa | Jrens | . [
ON = - - - These are
P " the test
INPUT 149.9 150.0 150.1 ‘Abcd el
EXP. OUTPUT = Error Error ”?
SUCH THAT = Shut Shut ”?
down down This is just a structured (and

very helpful) sentence,
but NOT a test case

ON any context
RECEIVING a signal that the internal temperature has reached 150 degrees Fahrenheit
ENSURE THAT THE SYSTEM

OUTPUTS displays an error message

SUCH THAT the system shuts down for 5”

Only some possibilities out of zillion ones

DESIGNING TEST CASE VARIANTS:
TRY TO BREAK THE CODE

The code can break because of...

... missing input (general overview)

— User does not fill a form => a parameter in a method call is null /

empty string

— A JSON file does not have a certain field

— A csv file is missing a column

— Afile is not where it should be

— A web stream stops fetching data

In general, you expect data to be readily available as input
to your code (either as parameters, or contents of a data
store), and it’s not there

=>you can TEST your code on how it behaves when this
happens
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The code can break because of...

¢ .. missing input @ disk level, because a file ...
— ... is not where it should be
— ... is formatted wrongly (or you assume the wrong format)
— ... does not come with the correct permissions for read/write
— ... is locked by someone else
— ...is empty
— ... is too big for your method to process it
* ... missing input @ network level, because the network ...
— ...is too slow

— ... is disconnected (test the program by switching the network
off in your machine)

... has bursts of connectivity/disconnection

The code can break because of...

e ...input data errors
— Formatting: e.g., you expect tab delimited files and the delimiter
isa ‘)
— Out of Range: you expect an int and you get “boo”, or you
expect a positive double and you get -45.6

— Too big: such that your arraylist in main memory cannot hold it,
or, that it makes searching in it way too slow

— Corrupted: what if some injection attack takes place?
— Unparsable: e.g., you expect a correctly formatted HTML file,
but some elements are incorrectly typed (e.g., a >’ is missing)
— Plainly wrong: e.g., Mr. X is reported to be pregnant, or an ID for
someone is given as input and it does not exist in the database...
* In general, you expect data to be in a certain format / range
/ ... and they are not...

The code can break because of...

* ... null pointers as input

— Special case of both the previous categories, super
important to check

— Objects passed as parameters can be null or not

— If methods on null objects are called, ... well, it’s a
problem... ©

— Check before using!!

Testing.22



The code can produce errors, too

¢ Here, the problem is with the logic that produces the
output
— Wrong formulas, computations & calculations

— Wrong if conditions and conditional logic (avoid deep
nesting of conditionals, anyway)

— Some small typo at <, <=, ...
— Wrong iterations (out of bounds, missing positions, ...)
— Special case: wrong by one position (esp., at boundaries,
array iterations...)
e Apart from constructing equivalence classes, and
testing them all, there are also white-box testing
techniques...

It is of uttermost importance (this is the polite way to say OBLIGATORY) to
learn how to automate your tests.
YOU NEED TO MASTER THE SKILL OF BUILDING AUTOMATED TESTS

As you will see, automated testing is one of the greatest gifts ever made to
developers.

AUTOMATING TESTING: UNIT
TESTS, JUNIT, AND MORE

Unit tests

* In order to test, we ‘d better think small: the fundamental testable
unit of OO software is the method

* So, we need to test methods. And we need to do it automatically.
Enter Unit testing.

* Aunit test is a test for a small piece of code, e.g., a method, which
asserts that the execution of the tested piece of code produces the
expected output and post-conditions

* Unit testing frameworks are software engines that automate the
execution of these small tests (i.e., avoid the problem of creating
dozens of small main() calls) and provide facilities to assert that the
output holds certain properties

* To the extent that we will ultimately map entire use cases to
methods, unit testing frameworks allow us to automate the testing
of mission critical parts of the code, in a homogeneous way.
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Junit at Eclipse

¢ In this course, we will use Junit 4 (not 5) within Eclipse, as our
automated unit testing framework

* See https://www.vogella.com/tutorials/JUnit/article.html

What to test?

* (Ideally) A Thorough To-Do List:
— Test constructors
— Test each method

— Test how the attributes of the class change as the methods are
executed

... NOT POSSIBLE ...

INSTEAD
¢ The goal is NOT to test everything!

¢ The goal is to cover the most important points of risk in your
code!

¢ We organize our test suite to be expanded incrementally, in a
way that it is easy to expand the test suite one-test-at-a-time

OOP Particularities

* Monitor object state via encapsulation:

— We need to construct monitoring methods that report
an object’s private state

* Inheritance and polymorphism:

— When a method is overridden in a subclass, we have
to test it for the specific subclass.

— For each subclass, we need to test the implemented
methods of the mama class (if any, hopefully none), as
they might invoke methods that are overridden at the
subclass level and thus demonstrate different
behavior per subclass
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What unit tests to make?

« Always test the happy path of a use case!

* Then, try to break your code with variants!

— Test the test: before anything else, intentionally make the test fail (so
that you know it is actually executed)

— Stop testing once all areas of risk have been covered; don’t worry: you
‘re not done testing anyway ©
¢ The goal is NOT to test everything! The goal is to cover the
most important points of risk in your code! Avoid spending
time to points of low risk (e.g., setters and getters)

¢ We organize our test suite to be expanded incrementally, in a
way that it is easy to expand the test suite one-test-at-a-time

How to automate tests?
JUnit tests@ Eclipse

* Assume you have a class Book with methods Book(...args...),
getPrice(), getTitle(), ... & you want to automate their testing

1. You create aJunit class BookTest (attn: not as a regular class)

2. Incrementally, for each test case you want to run for a method
of Book, you introduce a test method in class BookTest

3. You annotate test methods with annotations, like e.g., @test. This
makes them “executable”, much like main() — but not in the
regular execution sense, but as executable tests

4. You make the appropriate new() calls to construct preconditions,
either in the code of the test methods, or beforehand in a setup()
method annotated as @Before

5. Then, you run Run->Run as Junit class (attn: NOT as a typical Run,
that executes main() ) and a Junit perspective with the results of
the tests is shown to you

public class BookTest { — To test class Book, we introduce class BookTest,
private Book bookToTest; with a Book as a member attribute

@Before

public void setUp() throws Exception {
//this runs before _each_ test. create a book to test constructor, price and final price
bookToTest = new Book("Discours de la methode", "Rene Descartes",1637, 50.00,0,1);

} J Annotation @Test tells the Junit engine that this
@TE?I ) - - is a test to automatically run (like a main() )
public final void testGetPrice() { @Before runs before each test

//remember: the setUp() method has run already: Book should have been initialized!
assertEquals("test if ltem.getOriginalPrice() works", 50.00, bookToTest.getOriginalPrice(), 3);
//fail("Not yet implemented");
//first thing to write, to ensure the test is actually run

} Assertions make the diff of expected and actual output. assertEquals
has (i) a msg, (ii) the expected value, (iii) the method to produce actual
@Test output, and (iv) a precision tuning

public final void testBookNoTitle() {
//See how this test fails. It gets a null title. The constructor should trap this
//and avoid creating a book without a tile. Unfortunately, it fails...
bookToTest = new Book(null, "Rene Descartes", 1637, 50.00, 0, 2);
assertNull("test if constructor prevents creation with null title", bookToTest);
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@ annotations

TEST CASES = test methods
* @Test: signifies a test case

¢ VERY IMPORTANT: you CANNOT rely on a specific order of
@Test test methods being executed => each test case
should depend only upon @before and nothing else

SETUP PRE-COND & CLEANUPS

* @Before: a piece of code that runs before each test case

* @BeforeClass: a piece of code that runs once, before any
other method of the test class

* @After: cleanup piece of code that runs after every test
case (used to cleanup variables, objects and their linkage)

Show No Fear: Incremental development of
tests is easy — hmm, well, after a while...

Effort to

add the
next test

As time passes by, and you
already have a few tests
built, adding a new one
becomes easier and easier
(curve based on personal
experience)

FEAR NOT THE
INTRODUCTORY COST!!

DO NOT LET THE FACT THAT YOU CANNOT fime
TEST EVERYTHING INTIMIDATE YOU FROM
COVERING AS MANY REQUIREMENT
VIOLATONS AS POSSIBLE!!!!

Most important: requirements
determine the system tests

* At the end of the day, we want to deliver a system with
quality assurance guarantees for its behavior

¢ Thisis why user requirements determine tests
Functional Req’s -> Use cases -> Testable Methods

« System tests are all about validating that user requirements
are respected and we deliver exactly what we have agreed
with the user!

¢ Unit testing is a means to test low-level functionality &&
individual methods; however, since use cases are ultimately
mapped to methods, we can (ab)use it to test entire use
cases!
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... and probes for more ...

WRAPPING THINGS UP

To probe further ...

* We have captured a tiny piece of the area of
software testing. We have omitted several
categories of testing:

— Regression testing

— Smoke / exploratory / ... testing

— Integration testing

— Alpha / beta /field / acceptance testing

— Installation / usability / load / recovery / security /
performance testing

* Try SWEBOK ( www.swebok.org ) Chapter 4 on
Testing for a quick overview

Real world Requirements
problem Engineering g

Design
Specification

s

ﬁ Requirements @
Specification

alnmmlel el

Working code with Working
quality assurances code
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o~ Actual = Expected Behavior?
7 '.\”f" Test code : Src code of
MyClass.doSth

Testing Facility Diff between
(runs the code with expected and
given input and prior

actual behavior

state)
Expected » ,,,,,,,,,,,,,,,,,,,
output ’

| expected and

Expected Tgtual T | cualbehavior
| coincide;
post-state output | testis a success;
"""""""""""""""""" i}
Actual E—
post-state 82

Don't
FORGET|

Expand your test suite INCREMENTALLY! Fé ;f

* The goal is NOT to test everything!

* The goal is to cover the most important points of risk in your
code!

* We organize our test suite to be expanded incrementally, in a
way that it is easy to expand the test suite one-test-at-a-time
& run the tests fast!

DO NOT LET THE FACT THAT YOU CANNOT TEST
EVERYTHING INTIMIDATE YOU FROM
COVERING AS MANY REQUIREMENT

VIOLATONS AS POSSIBLE!!!!
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package bookstore;

<<Java Class>>

gui

(3 AdvancedBookstoreApplication

o reader- Scanner

@ printMenu():ink
@ getReader():Scanner
@ main(Stringl]):v oid

& AdvancedBaokstoreApplication]) [rommmmem

3y

=<=Java Class>>
(D ltemFactory

bookstore

Qc EemFactory()

@ createkem(ink, 5iring, double, String.double, String.ink ik inf)-kem
@ createBook(Siring, double, String, int, int, inf)-kem -
@ createCD{Siring,double, String, double,int):kem

public abstract

==Java Class>>

@ addkem(kem):int

@ removekem(ink):ink

@ getkem(ink):kem

@ getAlkems()List<kem:-
@ reportAllkems()-String

-alllemsi L+

==lava Class>=

Ghem

bookstore

- < title: String
< price: double
< ik int

&Frem()

& temiString.double.int)
eﬂgezﬂescnpnbnmﬂeraa'ﬁ{):Sm’ng
éqge!DescnpnbnShm{).Sln'ng
QAQEIFJ'J?&JFWCE( ()-double

@ gefTitle():String

@ gethd():ink

@ getOriginalPrice()-double

(@ ltemManager (® ShoppingCart
booksters bookstore
5 o fotalCost: float
cherrl‘.hnager(;

=<=Java Class>>

QcShappmgCan()

@ addkem{Eem):int

@ removekem(ink):ink

B computeTotalCost{):void
@ gefTotalCost()float

@ getkems():ArrayList<kem>
@ show Details():String

= =<<Java Class=>
=<<Java Class>> ®Book
®co bookstore
bookstare .
o artist: Stri G EEIL <<Java Enumeration>=
artist. siring o yearPublished: ink GPackageType
o discount: double
QcEloom(Smng Sitring, int, double. inkinf) ED"--—-—-_.__ bookstore
QCGE(Smng O e @ gelDescriptioninDetail() String n 3&% SFspPE PackageType
OEr AT © getDescriptionShort():Siring 01 | Y HARD. PackngeType
@ getDescriplioninDetail):String ® ol
getFinalPrice():double "
@ getDescripionShort():String & PackageType()

class Item {

protected final String title;
protected final double price;
protected final int id;

public Item(){title="";price=-1.0;id=-1;}
public Item(String aTitle, double aPrice,int id){

title =
}
public
public
public
public

public
public
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aTitle; price=aPrice;this.id =id;

abstract String getDescriptionInDetail();
abstract String getDescriptionShort();
abstract double getFinalPrice();

String getTitle(){return title;}

int getId(){return id;}
double getOriginalPrice(){return

price;}
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~
*
*

Intentionally we have avoided updating the constructors
to avoid making the rest of the project dependent upon a

So the constructor takes an int as an argument for the package.

The problem: what if I change the order of the enum values later?
Also: what happens if the constructor takes sth other than

@todo TODO Can *you* find a way to ensure that the rest of

the system is intact & we avoid a dependency? Is it better this way?
What price would you pay and what would you gain?

Is it better -in the end- to just use a PackageType
in the constructor and let everyone know?

* Small enum for Packaging Types
package bookstore; * SIMPLE for @ and HARD for 1
*
public final class Book extends Item { I\mryspedficenum
: enum
public enum PackageType{ *
*
} SIMPLE, HARD; * Everything is gonna be wrong
*
* an available int?
private final String author; :
private final PackageType packaging; ‘
private final int yearPublished; *
* (there is no silver bullet)
/¥ *
*
* Book constructor */
*
* @param aTitle a String with the title; should be obligatory
* @param anAuthor a String with the author of the book
* @param aDate an int with the year
* @param aPrice a double with the original price of the book
* @param aPackage an int with the id of the respective PackageType value
* @param id a unique id for the book; should be unique
*
* TODO: see class comments on whether this is a good setup or not.
*/

public Book(String aTitle, String anAuthor, int aDate, double aPrice,

int aPackage, int id) {

super(aTitle, aPrice, id); //constructor of Item!!!

this.author = anAuthor;
this.yearPublished = aDate;

int packagePos = 9;

if (aPackage <= PackageType.values().
packagePos = aPackage;

}

this.packaging = PackageType.values()

}

@Override
public String getDescriptionInDetail()
String packString = this.packaging.na

length - 1) {

[packagePos];

{

me().toLowerCase() +

packaging";

String result = "***Item id: " + id + "***\n" +
title + "\t\t Price:" + price + "\n" +
" by " + author + " at " + yearPublished + "\n" +

"with " + packString + ".\n\n";
return result;

}

@Override
public String getDescriptionShort(){
String packString = this.packaging.na
return (title + "\nby " + author +
+ "\nwith " + packString + "\n");

}

@Override
public double getFinalPrice() {
return price;

}

}//end Book
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me().toLowerCase() +
at " + yearPublished

packaging";
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package bookstore;

/**

<h1>CD</h1>

Class responsible from handling all
the CD items.

*

*

*

*

* @version 1.0

* @since 2017-07-17

*/

public final class CD extends Item {
private final String artist;

private final double discount;

public CD(String aTitle, double aPrice, String anArtist, double aDiscount, int id) {
super(aTitle, aPrice, id);
artist = anArtist;
discount = aDiscount;

}

@Override
public double getFinalPrice() {
return (price - discount);

}
@Override
public String getDescriptionInDetail() {
String result = "***Item id: " + id + "*** \n" +
title + "\t\t Price:" + price + "\n" +
"by " + artist + "\n" +
"final price: " + getFinalPrice()+ "\n\n";
return result;
}
@Override

public String getDescriptionShort(){
return (title + "\n by " + artist);

¥
}
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package bookstore;
public class ItemFactory {

* Always bad to do sth like the following.

*
* Why? Think what happens if subclasses of Item start evolving. What happens?
*
* *DO NOT USE FACTORIES LIKE THIS!* Try two different methods, instead!
*/
@Deprecated

public Item ereateftem(int aType, String aTitle, double aPrice, String anArtist,
double aDiscount, String anAuthor, int aDate, int aPackage,int id){

switch(aType){

case 1: Book newBook = new Book(aTitle, anAuthor, aDate, aPrice,aPackage,id);
return newBook;

case 2: (D newCD = new CD(aTitle, aPrice, anArtist, aDiscount, id);
return newCD;

default: System.out.println("Wrong type of item for createItem() -- nothing

created");

return null;

}

}

public Item createBook(String aTitle, double aPrice, String anAuthor, int aDate, int
aPackage,int id){
Book newBook = new Book(aTitle, anAuthor, aDate, aPrice,aPackage, id);
return newBook;

}

public Item createCD(String aTitle, double aPrice, String anArtist, double aDiscount,
int id){

CD newCD = new CD(aTitle, aPrice, anArtist, aDiscount, id);

return newCD;

}
}
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package bookstore;

import java.util.Arraylist;
import java.util.List;

public final class ItemManager {
private final List<Item> allIltems;

public ItemManager(){
allItems = new ArraylList<Item>();

}

public int addItem(Item anItem){
allItems.add(anItem);
return allItems.size();

}

public int removeItem(int index){
this.allItems.remove(index);
return allItems.size();

}

public Item getItem(int index){
return this.allItems.get(index);

}

public List<Item> getAllItems(){
return this.allItems;

}

public String reportAllItems(){
String result ="";
for(Item item: this.allItems) {

result = result + item.getDescriptionInDetail();

}

result = result + "Total number of items:
System.out.println(result);
return result;

+ this.allItems.size()+ "\n";

package bookstore;

import java.util.Arraylist;
import java.util.List;

public class ShoppingCart {

private final List<Item> items;
private float totalCost;

public ShoppingCart(){
this.items = new ArrayList<Item>();
this.totalCost = 0;

}

public int addItem(Item item){
this.items.add(item);
return this.items.size();

}

public int removeItem(int anId){
int pos = -1;
for(int i = 9; i < this.items.size(); i++){
if (items.get(i).getId() == anId){
pos = 1ij;
break;
}
}
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if (pos>=0)
this.items.remove(pos);
else{

System.out.println("The id you have specified is not in the cart");

}

return this.items.size();

}

private void computeTotalCost(){

float cost = 0;
for(Item item: this.items){

cost += item.getFinalPrice();

}
¥

this.totalCost

cost;

public float getTotalCost(){
this.computeTotalCost();
return this.totalCost;

}

public List<Item> getItems(){
return this.items;

}

public String showDetails(){

String intro =

________________________ \n" +
CART ITEMS \n" +
________________________ \n",

String itemsString = 5
for(int i = 0; i < this.items.size(); i++){

//System.out.println("***Item id: " + i + "*k¥*");
itemsString = itemsString + items.get(i).getDescriptionInDetail();

}

String costString = "Total cost: " + this.getTotalCost() + "\n";

String result

intro + itemsString + costString;

System.out.println(result);

return result;

package gui;

import
import
import
import
import

public

java.util
bookstore
bookstore
bookstore
bookstore

.Scanner;
.Item;
.ItemFactory;
. ItemManager;
.ShoppingCart;

class AdvancedBookstoreApplication {

private Scanner reader;

public AdvancedBookstoreApplication(){
reader = new Scanner(System.in);

}

public int printMenu(){
int answerOperation = 0;

while( answerOperation > 5 || answerOperation <= 0){

System.out.println("Choose(1-4)\n 1. Show items\n 2. Add item to cart\n " +

+ 3. Show cart\n 4. Remove item from cart\n 5.
answerOperation = reader.nextInt();
if(answerOperation > 5 || answerOperation <= 0)

System.out.println("Wrong answer! Try again...");
}

return answerOperation;

}
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public Scanner getReader(){
return reader;

}

public static void main(String args[]){

AdvancedBookstoreApplication app = new AdvancedBookstoreApplication();

ItemManager itemManager new ItemManager();
ItemFactory itemFactory = new ItemFactory();

// Book bookRef;

Item item = itemFactory.createBook("Discours de la methode", 50.00, "Rene
Descartes", 1637, 0,0);

itemManager.addItem(item);

item = itemFactory.createBook("The Meditations", 30.00, "Marcus Aurelius", 180,
1,1);

itemManager.addItem(item);

item = itemFactory.createBook("The Bacchae",30.00, "Euripides", -405, 1,2);

itemManager.addItem(item);

item = itemFactory.createBook("The Trojan Women",40.00, "Euripides",-415, 0,3);

itemManager.addItem(item);

//CD cdRef;

item = itemFactory.createCD("Piece of Mind", 10.0,"Iron Maiden",4.0,4);
itemManager.addItem(item);

item = itemFactory.createCD("Matter of Life and Death", 12.0,"Iron Maiden",2.0,5);
itemManager.addItem(item);

item = itemFactory.createCD("Perfect Strangers", 12.00, "Deep Purple",1.0,6);
itemManager.addItem(item);

ShoppingCart cart = new ShoppingCart();

while(true){
int operation = app.printMenu();
if(operation == 1){
itemManager.reportAllItems();
}
else if(operation == 2){
System.out.println("Choose the id of the item you want to add to your cart");
int id = app.getReader().nextInt();
if(id > itemManager.getAllItems().size())
System.out.println("Error: there is no product with the specified id");
else
cart.addItem(itemManager.getItem(id));
}
else if(operation == 3){
cart.showDetails();
}
else if(operation == 4){
System.out.println("Choose the id of the item to remove from your cart");
int id = app.getReader().nextInt();
if(id > itemManager.getAllItems().size())
System.out.println("Error: there is no product with the specified id");
else
cart.removeltem(id);
}
else{
break;
}
}
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package testPackage;

package test.testPackage;

import org.junit.runner.RunWith;
import org.junit.runners.Suite;
import org.junit.runners.Suite.SuiteClasses;

@RunWith(Suite.class)
@SuiteClasses({ BookTest.class, CDTest.class, ItemManagerTest.class,
ShoppingCartTest.class })
public class AllTests {
//no need to add sth here. The above directives simply run all tests

}

package test.testPackage;

import static org.junit.Assert.*;
import org.junit.Before;

import org.junit.BeforeClass;
import org.junit.Test;

import bookstore.CD;

public class CDTest {
private static CD cdToTest; //attn, must be static because we will use it at beforeClass!

@BeforeClass

public static void setUpBeforeClass() throws Exception {
//this runs once, before _all tests. Here we create a single object(to save time)
//and use it in all tests.
cdToTest = new CD("Piece of Mind", 10.0,"Iron Maiden",4.0, 7);

}

@Before
public void setUp() throws Exception {
//see BookTest for explanations.

}

//Also here, we omit the tests for null / invalid construction values, as we did in
Book

@Test

public final void testGetFinalPrice() {
//CD cdToTest = new CD("Piece of Mind", 10.0,"Iron Maiden",4.0);
assertEquals("test if getFinalPrice() works OK", 6.00,cdToTest.getFinalPrice(),3);

//fail("Not yet implemented"); // TODO
}

@Test
public final void testGetPrice() {
//CD cdToTest = new CD("Piece of Mind", 10.0,"Iron Maiden",4.0);
assertEquals("test if getPrice() of the ITEM CLASS works OK", 10.00,
cdToTest.getOriginalPrice(), 3);

//fail("Not yet implemented"); // TODO
}
}
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package test.testPackage;

import static org.junit.Assert.*;
import org.junit.Before;

import org.junit.BeforeClass;
import org.junit.Test;

import bookstore.Book;

public class BookTest {
private Book bookToTest;

@BeforeClass

public static void setUpBeforeClass() throws Exception {
//this runs once, before _all_ tests. Nothing todo here.
//See CDTest for explanations

}

@Before

public void setUp() throws Exception {
bookToTest = new Book("Discours de la methode", "Rene Descartes",1637, 50.00,0,1);
//this runs before _each_ test. create a book to test constr., price & final price

}

@Test

public final void testBookNull() {
//remember: the setUp() method has run already: Book should have been initialized!
assertNotNull ("After setup, the book is not null", bookToTest);

//at the beginning to see that the test works.
//fail("Not yet implemented");

}

@Test
public final void testBookNoTitle() {

//See how this test fails. It gets a null title. The constructor should trap this
//and avoid creating a book without a tile. Unfortunately, it fails...

bookToTest = new Book(null, "Rene Descartes", 1637, 50.00, 0, 2);
assertNull("test if constructor prevents creation with null title", bookToTest);

//at the beginning to see that the test works.
//fail("Not yet implemented");

}

@Test

public final void testBookNegativePrice() {

//should do the same with negative price. Again, intentionally put to show failure!
bookToTest = new Book("Discours de la methode", "Rene Descartes",1637,-12.00,0,3);
assertNull("test if the constructor prevents creation with negative price",

bookToTest);

//at the beginning to see that the test works.
//fail("Not yet implemented");

}

@Test
public final void testGetFinalPrice() {
assertEquals("test if getFinalPrice() works OK", 50.00,
bookToTest.getFinalPrice(), 3);
//fail("Not yet implemented");

}

@Test
public final void testGetPrice() {
assertEquals("test if getOriginalPrice of the ITEM CLASS works OK", 50.00,
bookToTest.getOriginalPrice(), 3);
//fail("Not yet implemented");
}
}
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package test.testPackage;

import

import
import

import
import
import

public

static org.junit.Assert.*;

org.junit.Before;
org.junit.Test;

bookstore.Book;

bookstore.Item;
bookstore.ItemManager;

class ItemManagerTest {

@Before

public void setUp() throws Exception {
//this is supposed to run before _all tests
//nothing to set up here

}

@Test
public void testItemManager() {
ItemManager amazon = new ItemManager();
assertNotNull (amazon.getAllItems());
//before implementing the above, try having just the following fail.
//Run the test and see that it fails indeed.
//Then build your test.
//fail("Intentional failure. Not yet implemented");

}

@Test

public void testAddItem() {
ItemManager amazon = new ItemManager();
assertEquals(0,amazon.getAllItems().size());

Book bookRef;

bookRef = new Book("Discours de la methode", "Rene Descartes", 1637, 50.00, 0, 9);
amazon.addItem(bookRef);

assertNotEquals(0,amazon.getAllItems().size());
assertEquals(1,amazon.getAllItems().size());

//fail("Not yet implemented");
}

@Test
public void testReportAllItems() {
ItemManager itemManager = new ItemManager();

Item item = new Book("Discours de la methode","Rene Descartes", 1637, 50.00, 0,0);
itemManager.addItem(item);

item = new Book("The Meditations", "Marcus Aurelius", 180,30.00, 1,1);
itemManager.addItem(item);

String expectedResult = "***Item id: @***\n" +
"Discours de la methode Price:50.0\n" +

" by Rene Descartes at 1637\n" +

"with simple packaging.\n" +

"\n" +

"RExTtem id: 1¥**\n" +

"The Meditations Price:30.0\n" +

" by Marcus Aurelius at 180\n" +

"with hard packaging.\n" +

"\nTotal number of items: 2\n";
assertEquals(expectedResult, itemManager.reportAllItems());
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package test.testPackage;

import static org.junit.Assert.assertEquals;
import static org.junit.Assert.assertNotEquals;
import static org.junit.Assert.assertNotNull;
import org.junit.Test;

import bookstore.Book;
import bookstore.Item;
import bookstore.ShoppingCart;

public class ShoppingCartTest {

@Test

public void testItemManager() {
ShoppingCart cart = new ShoppingCart();
assertNotNull(cart.getItems());

}

@Test

public void testAddItem() {
ShoppingCart cart = new ShoppingCart();
assertEquals(0,cart.getItems().size());

Book bookRef;

bookRef = new Book("Discours de la methode", "Rene Descartes", 1637,
cart.addItem(bookRef);

assertNotEquals(0,cart.getItems().size());
assertEquals(1l,cart.getItems().size());

}

@Test

public void testRemoveItem(){
ShoppingCart cart = new ShoppingCart();
assertEquals(0,cart.getItems().size());

Book bookRef;

bookRef = new Book("Discours de la methode", "Rene Descartes", 1637,
cart.addItem(bookRef);

assertNotEquals(0,cart.getItems().size());
assertEquals(1l,cart.getItems().size());

cart.removeltem(9);
assertEquals(0,cart.getItems().size());

}

@Test

public void testShowItems(){
ShoppingCart cart = new ShoppingCart();
Item item = new Book("Discours de la methode","Rene Descartes", 1637
cart.addItem(item);
item = new Book("The Meditations", "Marcus Aurelius", 180,30.00, 1
cart.addItem(item);

String expectedResult =

------------------------ \n" + " CART ITEMS \n"
B e \n" +

"**¥*Ttem id: @*¥**\n" +

"Discours de la methode Price:50.0\n" +

" by Rene Descartes at 1637\n" + "with simple packaging.\n"
"\n" +

"FrxkTtem id: 1¥**\n" +

"The Meditations Price:30.0\n" + " by Marcus Aurelius at
"with hard packaging.\n\n" + "Total cost: 80.0\n";

assertEquals(expectedResult, cart.showDetails());
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YHMEIQXEIX

Aywvoag tax0TnTag TodNAATwY

Etatpeia ekmatbeutikol AoyLopLkoU KOTAoKEUATEL NAEKTPOVLKO TIXVISL yLa tatdid SnoTikoU, 6To omoio oL pikpol
HaBntég cuvapuoloyouv éva modnAato and ta e€aptipatd Tou Kat Ste€dyouv aywva. To mawyvibl mpoodépet
ETUAOYEG yLa TAL £16N TETOALWVY Kot PEVWY TIOU UTTOPEL VOL LITOUV OE £Va TTIOSHAATO Ko TwV omolwv n eniboon
uTtoAoyiletal pe Baon Kamoloug aplBpnTkolg TUTOUG.

Mo ouyKeKpLUEVQ, N emAoyr] Twv GpEvwy yivetal amd Vo SladopeTikd £idn:

- AmA\a ¢péva: mpoodépouv pelwon tng taxutntag katd 35*force (BaBuog tng mieong twv dpévwy) Kat
€XOUV pLa TBavOTNTA amotuxiag n omola e£APTATL OO KATIOLO KATWOAL.

- Duper ¢ppéva: mpoadépouv peiwon Tng Taxvtntag katd 45*force (Babudg tng mieong twv dppevwy) kat dev
umapyel mBavotnta BAABNG Katd TNV SLapKeLa eVOG aywva.

EmutAéov, n emidoyn Twv METaALWY yivetal amnod dUo StadopeTikd idn metaAlwv:

- AmAd metdAla: n tayxvtnta mou Sivouv divetal amo tov tumo 35*pedaling rate (puBuog kivnong twv
TMETAALWY o tov avapatn)

- Zuper metdAla: n taxvtnta mou Sivouv Sivetal amod tov tomo 45* pedaling rate (puBuoc kivnong twv
MeTaALWV amnd tov avafatn) + 650

Me Bdaon ta moapandavw, n taxvtnta tou modnAdtou eaptatat and SUo mapdyovteg: (o) Tov pubuo pe tov omoio o
avafatng rmodnAatel (oe cuvduaoud pe o €i60¢ Twv TETAALWY) Kat (B) armo tnv mieon mou ackeital ota dppéva Tou
nodnAdtou (o€ cuvbLACUO He To (860G TWV PpEVwY TIOU XpnaoLomoLolvTal).

H Sie€aywyn Tou aywva yivetal o pia miota n omoia anoteAsital ano 4 Sladpopéd. 2Tnv apxn Kabe Stadpoung, ya
KaBe modnAdtn, 1600 n Tieon Twv PpEvwv 000 KAl 0 puBUOG Kivnong Twv METOALWV €MAEYETAL TUXAlo OTO
Staotnua [0,30] yia ta dpéva kat oto [0,40] yia ta metdAta. O padntig (i) kataokeudlet kamota modnAata (ovoua
nodnAdtn, metdhia, dpéva, apyikn taxvtnta), (i) ekkivel Tov aywva Kat (i) otn cuvéxela, CUAAEYEL TA SLOYVWOTLKA
MNVOpATO TOU TPOYpAUpaTos. KaBe dopd mou o padntrg emAéyel TNV KATAOKEUT €VOG MOSNAATOU, TIPETEL VAL
Swoel dvopa moSnAATN, TUMO Ppévwy Kal TIETAALWY KoL APXLKA ToXUTNTA WE TNV Omola 0 oSNAATNG EKKLVEL TO
nodnAato otnv apxtkn Stadpour). O aywvog MPOCOUOLWVETAL WG £ENG: yla KABe Stadpoun, yla kaBe modnAdrn,
UTTOAOYLZETAL N ETLTAXUVON ATO TA METAALA KaL ) eMBpaduvaon amo ta ¢ppéva, KaBwG Kol 0 XpOVoG ToU ToU TaipveL
va nepdoet t Stadpopur). Av to modnAato xahdoetl péoa otn dladpopn autr, anocVPETaL amod Tov aywva. NIKnTAg
avadelKVUETAL OTIOLOG OAOKANPWOEL KL TLG 4 SLASPOUEG KL EXEL TO ULKPOTEPO ABPOLOUA XPOVWY CUVOALKA.

Me Bdon ta SlAyVWOTIKA MNvOPATO, KoL TIAEOV, EUPLOKOUEVOG EKTOC NG £DOPUOYNG, XPNOLMOTIOLEL Ta
anoteAéopata yla va emaAnBevoeL Toug aplBpolG XELpoKivnTa, Kot va eENYROEL TL EYLVE O€ Lo avadopd.

O&Aoupe va SNULOUPYNOOULE Lo EDapLOyH N OTtolo TIPOCOOLWVEL:
- TNV KATaokeur Twv SlapopeTikwy modnAdtwy pe Bdaon ta Stadopetika €idn e€aptnudtwy Ta onoia

UmopouV va ipoateBolv og auTd.
- TOV aywva TaxuTnTag LETaEY TWV KOTAokeuaoBévtwy modnAdtwy.
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KataokevaoellobnAato

ID: UC1

Description and Goal

H use case «KataokelooeMobnAato» uAomolel TNV Bactki Asltoupyla KATAOKEUNG eVOG modrAarto. Mo
OUYKEKPLUEVA, OUAAEYEL TLG EMIAOYEC TOU XPrOTN YLO TNV KATAOKEUH EVOG TTOSNAATOU.

Actors (esp. primary actor)
O pabntAic.

Preconditions

Basic Flow

1. H UC €ekwael otav o xpnotng tng edappoyng emhé€el amd 1o pevol tnv dnuloupyia véou
nodnAdtou.

2. To olotnua CUAAEyeL amd TOV XPNoTn T KATAAANAeC mAnpodopleg yla TNV KATAOKEUN €VOG
nodnAdtou.

2.1 TN kaBe modnAato

2.1.1 To oUotnua cUAAEYEL TO GVOUA TOU TTOSNAATN
2.1.2 To clUotnua cuAAéyel To (606 TwV Ppévwv ou Ba xpnotpomnotnBolv ato modnAato
2.1.3 To cVUotnua cuAAéyel To £i60¢ TwV eTaAlwy ou Ba xpnotpomnotnBouv oto modnAarto.

2.1.4 To cUotnua cUAAEYEL TNV aPXLKN TaXUTNTA TOU TOSNAATOU.

Extensions / Variations

Kapia

Post conditions

To modnAato €xel kataxwpnbel otnv Alota pe ta Staywvildopeva odniara.
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[IpooopoiwoeAywvaTaxdtntog

ID: UC 2

Description and Goal
To use case «NpooopolwosAywvaToxuTnTaG» UAOTIOLEL TNV AELlTOUpYLa TNG EKTEAECNG TOU aywva
ToXUTNTOG METAEL TwV SLaywVI{OUEVWY TTOSNAATWVY.

Actors (esp. primary actor)
O pabntAic.

Preconditions

Mpémnel va umtdpyouv Stabéaoipa modnAata otnv Alota pe Toug SLaywvi{OUEVOUG.

Basic Flow

1. To use case gKIVAEL OTAV O XPrOTNG ETUAEYEL TNV EMLAOYI TOU Qywva TaxUTNTOG.
2. To olotnua ektelel TNV mpocopoiwon Tou aywva TaxUTNTAC.

2.1 Na kaBs Stadpoun

2.1.1 Mo kaBe modnAato

2.1.1.1 To cUotnua utoAoyileL TNV EMLTAXUVON ATIO TA TTETAALL
2.1.1.2 To cuotnua urtoloyilel tnv emBpaduvaon amo ta ppéva
2.1.1.3 To cbotnua urtohoyilel Tov xpovo oAokApwang tg SLadpounc.

2.1.1.4 Av to modnAato £XEL YOAAOEL,

2.1.1.4.1 To cUoTNUO OMOCUPEL ATIO TOV AyWvVa ToV TodNAATN
2.1.1.5 To cUotnua epdoavilel ta TpExovia otolyeia Tou modnAdtou
2.2 To cuoTnuo UTIOAOYLLEL TO VIKNTH.

3. Toolotnua epudavilel oTnv KOVOOAX TA AMOTEAEGLOTA TOU aywva TaXUTNTOC.

Post conditions
O aywvag taxuTnTog £Xxel oAokAnpwOel kat ta anoteAéopata £xouv avadepbel otov xprnotn tng
edappoync.
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package mainApplication;

package mainApplication;
import java.util.Scanner;
import race.IRace;

import race.RaceTypeFactory;

public class BicycleSimpleApplication {
private Scanner reader;

public BicycleSimpleApplication(){
reader = new Scanner(System.1in);

}

public Scanner getReader(){
return reader;

}

public int chooseType(String message){
int answer = 0;
while( answer > 2 || answer <= 0){
System.out.println(message);
answer = reader.nextInt();

if(answer > 2 || answer <= Q)
System.out.println("Wrong answer! Try again...");
}
return answer;
}

public int printMenu(){
int answerOperation = 0;
while( answerOperation > 3 || answerOperation <= 0){
System.out.println("Choose(1-3)\n 1. Add vehicle\n 2. Race\n 3. Exit");
answerOperation = reader.nextInt();
if(answerOperation > 3 || answerOperation <= @)
System.out.println("Wrong answer! Try again...");

}

return answerOperation;

}

public void closeReader(){
reader.close();

}

public static void main(String[] args) {
BicycleSimpleApplication bTester = new BicycleSimpleApplication();
RaceTypeFactory raceFactory = new RaceTypeFactory();
IRace r = raceFactory.createRaceWithStages();

while(true){
int operation = bTester.printMenu();
if(operation == 1){
System.out.println("Choose a name for your bicycle:");
String name = bTester.getReader().next();
System.out.println(name);

int answerBrake = bTester.chooseType("Choose brake type (1/2)\n"
+ "1. Nice brakes\n2. Duper brakes");

int answerPedal = bTester.chooseType("Choose pedal type (1/2)\n"
+ "1. Simple pedal\n2. Zuper pedal");

System.out.println("Select the initial velocity for your bicycle:");
double velocity = bTester.getReader().nextDouble();
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if(answerBrake == 1 && answerPedal == 1){
r.setupVehicle("SimplePedal"”, "NiceBrakes", name, velocity);

else if(answerBrake == 1 && answerPedal == 2){
r.setupVehicle("ZuperPedal”, "NiceBrakes", name, velocity);

else if(answerBrake == 2 && answerPedal == 1){
r.setupVehicle("SimplePedal"”, "DuperBrakes", name, velocity);

else{//answerBrake == 2 && answerPedal ==
r.setupVehicle("ZuperPedal", "DuperBrakes", name, velocity);
}
}
else if(operation == 2){
r.runRace();
}
else{
break;
}

}
//r.setupVehicles();

bTester.closeReader();

}
}
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package bicycleBody;

import bicycleBreaks.IBreaks;
import bicycleBreaks.BreakFactory;
import bicyclePedal.IPedal;

import bicyclePedal.PedalFactory;

public class Bicycle {

public Bicycle(String pedalsName, String breaksName, String name){
breakFactory = new BrakeFactory();
pedalFactory = new PedalFactory();
breaks = breakFactory.constructBrake(breaksName);
pedal = pedalFactory.constructPedal(pedalsName);
velocity = 0.0;
timeRun = 0.0;
this.name = name;

}

public double getVelocity(){
return velocity;

}

public double getTimeRun(){
return timeRun;

}

public void computeTime(double distance){
timeRun += distance/velocity;

}

public String getName(){
return name;

}

public void setOriginalVelocity(double originalVelocity){
velocity = originalVelocity;

}

public double setPedaling(double rate){
velocity += pedal.getSpeed(rate);
return velocity;

}

public double setBraking(double force){
velocity -= breaks.getSpeedReduction(force);
if(velocity < 0)
velocity = 0;
return velocity;

}

public void reportDetails(){

System.out.println(getName() + ": velocity is: + String.format(

"%.2f",getVelocity()) + " and time run is: " + String.format( "%.2f",getTimeRun()));

if(reportIfDamageExists() == false)
System.out.println("Status: OK");
else
System.out.println("Status: Broken");
System.out.println("------------------- ");
}

public boolean reportIfDamageExists(){
boolean brokenStatus = false;
if (breaks.reportIfBroken(0.7) == true){
brokenStatus = true;
System.out.println("Breaks are broken");
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if (pedal.reportIfBroken() == true){
brokenStatus = true;
System.out.println("Pedals are broken");

}

return brokenStatus;

}

public boolean equals(Bicycle bicycle){
if(getName().equals(bicycle.getName()))
return true;

return false;

}

private double timeRun;

private String name;

private double velocity;

private IBrakes breaks;

private IPedal pedal;

private BrakeFactory breakFactory;
private PedalFactory pedalFactory;
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package bicycleBreaks;

public interface IBrakes {
public abstract double getSpeedReduction(Double excertedForce);
public abstract boolean reportIfBroken(double threshold);

}

public class BrakeFactory {
public IBrakes constructBrake(String concreteClassName){
if (concreteClassName.equals("NiceBrakes"))
return new NiceBrakes();
else if (concreteClassName.equals("DuperBrakes"))
return new DuperBrakes();

System.out.println("If the code got up to here, you passed a wrong argument to
BreakFactory");
return null;
}
}

import java.util.Random;

public class NiceBrakes implements IBrakes {
@Override
public double getSpeedReduction(Double excertedForce){
return 35*excertedForce;

}

@Override
public boolean reportIfBroken(double threshold) {
if ((threshold > 1.0) || (threshold > 1.0)){
System.out.println("The threshold for breaks' health should be between © and 1");
System.exit(-1);
}

Random randomDice = new Random();
if (randomDice.nextDouble() > threshold)
return false;
else
return true;
}

}
public class DuperBrakes implements IBrakes {

@Override
public double getSpeedReduction(Double excertedForce){
return 45*excertedForce;

}

@Override

public boolean reportIfBroken(double threshold) {
//Intentional issue, food for thought: parameter unused!
return false;

}
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package bicyclePedal;

public interface IPedal {
public abstract double getSpeed(double pedalingRate);
public abstract boolean reportIfBroken();

}

public class PedalFactory {
public IPedal constructPedal(String concreteClassName){
if (concreteClassName.equals("SimplePedal™))
return new SimplePedal();
else if (concreteClassName.equals("ZuperPedal"))
return new ZuperPedal();

System.out.println("If the code got up to here, you passed a wrong argument to
PedalFactory");
return null;
}
}

import java.util.Random;
public class SimplePedal implements IPedal {

@Override
public double getSpeed(double pedalingRate) {
return 35 * pedalingRate;

}

@Override
public boolean reportIfBroken() {
Random randomDice = new Random();
if (randomDice.nextDouble() > 0.6)
return false;
else
return true;

package bicyclePedal;
public class ZuperPedal implements IPedal {

@Override
public double getSpeed(double pedalingRate) {
return 45 * pedalingRate + 650;

}

@Override

public boolean reportIfBroken() {
// TODO Auto-generated method stub
return false;

}
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package race;

public interface IRace {

public void setupVehicles();

public void setupVehicle(String pedalType, String brakeType, String name, double
velocity);

public void runRace();

}

public class RaceTypeFactory {
public IRace createRaceWithStages(){
return new RaceWithStages();
}
}

public class RaceWithStages implements IRace{

private int stagePart = 0;

private int totalStageParts = 4;

/*We suppose for simplicity that all the parts
*of the stage have the same length

*/

private double stagePartDistance = 2000;
private ArraylList<Bicycle> contestants;

public RaceWithStages(){
contestants = new ArraylList<Bicycle>();

}

private void nextPart(){
stagePart++;

}

private boolean hasNextStage(){
if(stagePart < totalStageParts)
return true;

return false;

}

private void changePedaling(Bicycle contestant){
Random randomDice = new Random();
double rate = 40 * randomDice.nextDouble();
contestant.setPedaling(rate);
System.out.println("Contestant
String.format( "%.2f",rate));

}

private void changeBreaks(Bicycle contestant){
Random randomDice = new Random();
double force = 30 * randomDice.nextDouble();
contestant.setBraking(force);
System.out.println("Contestant
String.format( "%.2f",force));

+ contestant.getName() + " pedals with rate " +

+ contestant.getName() + " breaks with force " +

public void decideWinner(){
double minTime = Double.MAX_VALUE,
Bicycle winner = null;

if(contestants.size() == 0){
System.out.println("There is no winner for this race...");
return;

}
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for(Bicycle contestant: contestants){
if(contestant.getTimeRun() < minTime){
minTime = contestant.getTimeRun();
winner = contestant;
}
}
System.out.println("Winner Details");
winner.reportDetails();

}

@Override
public void runRace(){
while(hasNextStage()){
System.out.println("====================\nPart: "
+ stagePart + "\n");
ArraylList<Bicycle> brokenContestants = new ArraylList<Bicycle>();
for(Bicycle bm: contestants){
changePedaling(bm);
changeBreaks(bm);
bm.computeTime(stagePartDistance);
//Mark broken contestant
if(bm.reportIfDamageExists())
brokenContestants.add(bm);
//report contestant's details
bm.reportDetails();
}
//Remove the contestants that are broken
for(Bicycle brokenContestant: brokenContestants){
contestants.remove(brokenContestant);

}
nextPart();

}
System.out.println("End of RaceWithStages\n\n");

decideWinner();

}

@Override
public void setupVehicle(String pedalType, String brakeType, String name, double
velocity){
Bicycle bicycleConstructed = new Bicycle(pedalType, brakeType, name);
bicycleConstructed.setOriginalVelocity(velocity);
System.out.println(name + ": velocity at start is: " +
bicycleConstructed.getVelocity());
contestants.add(bicycleConstructed);

}
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package tests;

import org.junit.runner.RunWith;
import org.junit.runners.Suite;
import org.junit.runners.Suite.SuiteClasses;

@RunWith(Suite.class)
@SuiteClasses({ BicycleTest.class, BrakesTest.class, PedalsTest.class })
public class AllTests {

//no need to add sth here. The above directives simply run all tests

}

import static org.junit.Assert.*;
import org.junit.Before;

import org.junit.BeforeClass;
import org.junit.Test;

import bicycleBody.Bicycle;

public class BicycleTest {
private Bicycle bicycle;

@BeforeClass
public static void setUpBeforeClass() throws Exception { }

@Before
public void setUp() throws Exception {
bicycle = new Bicycle("SimplePedal","DuperBrakes", "Testl");

}

@Test
public final void testBicycleFactoryNull() {
assertNotNull("After setup, the bicycle is not null", bicycle);

}

@Test

public final void testBrakeCreation() {
assertEquals("Test if getVelocity() works OK", ©.00, bicycle.getVelocity(),1);
bicycle.setOriginalVelocity(50);
assertEquals("Test if getVelocity() works OK", 50.00, bicycle.getVelocity(),1);
bicycle.setPedaling(10);
assertEquals("Test if getVelocity() works OK", (50.0+35%*10),

bicycle.getVelocity(),1);

//Resets velocity

bicycle.setOriginalVelocity(50);

bicycle.setBraking(20);

assertEquals("Test if getVelocity() works OK", 0.0 , bicycle.getVelocity(),1);

}

@Test

public final void testTimeComputation() {
bicycle.setOriginalVelocity(10);
double distance = 1000.0;
bicycle.computeTime(distance);
assertEquals (100, (int)bicycle.getTimeRun());

}

SCRIPTS\03_bicycleRace Testing.Scripts.14




import static org.junit.Assert.assertEquals;
import static org.junit.Assert.assertNotNull;
import static org.junit.Assert.assertTrue;

import org.junit.Before;
import org.junit.BeforeClass;
import org.junit.Test;

import bicycleBreaks.BrakeFactory;
import bicycleBreaks.DuperBrakes;
import bicycleBreaks.IBrakes;
import bicycleBreaks.NiceBrakes;

public class BrakesTest {
private BrakeFactory brakeFactory;

@BeforeClass
public static void setUpBeforeClass() throws Exception {}

@Before
public void setUp() throws Exception {
brakeFactory = new BrakeFactory();

}

@Test
public final void testBrakesFactoryNull() {
assertNotNull("After setup, the brakesFactory is not null", brakeFactory);

}

@Test

public final void testBrakeCreation() {
IBrakes brake = brakeFactory.constructBrake("NiceBrakes");
assertTrue(brake instanceof NiceBrakes);

brake = brakeFactory.constructBrake("DuperBrakes");
assertTrue(brake instanceof DuperBrakes);

brake = brakeFactory.constructBrake("wrong type");
assertEquals(brake,null);
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import static org.junit.Assert.*;

import org.junit.Before;
import org.junit.BeforeClass;
import org.junit.Test;

import bicyclePedal.IPedal;
import bicyclePedal.PedalFactory;
import bicyclePedal.SimplePedal;
import bicyclePedal.ZuperPedal;

public class PedalsTest {
private PedalFactory pedalsFactory;

@BeforeClass
public static void setUpBeforeClass() throws Exception {

}

@Before

public void setUp() throws Exception {
pedalsFactory = new PedalFactory();

}

@Test
public final void testPedalsFactoryNull() ({
assertNotNull("After setup, the pedalsFactory is not null", pedalsFactory);

}

@Test

public final void testBrakeCreation() {
IPedal brake = pedalsFactory.constructPedal("SimplePedal");
assertTrue(brake instanceof SimplePedal);

brake = pedalsFactory.constructPedal("ZuperPedal");
assertTrue(brake instanceof ZuperPedal);

brake = pedalsFactory.constructPedal("wrong type");
assertEquals(brake,null);
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