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Lecture 9:
ALOYyPOLLOTO KOTOOTOONC
(State transition diagrams/State charts)

By: Ap. AuyouUota Kuplakidou-ZayopoUdiou
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MaBnolaka arroteAeopata

0 EpBaBuvon otn duvapikn povtedomoinon (dynamic modelling)

O Eloaywyn otig €vwoleg TNG UNXAVAG Katdotaong (state machine concepts)
0 Katovonon avtlkeLEVWY Kal KaTaoTaoswyV (objects and states)

O AloypappaTa KATACTOONG AVTIKELLEVWY Kal onueloypadia tng UML

0 Kataokeur SLaypappdtwy KATAoTAONG AVTIKELMEVWV (state charts)
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MaBnolokog EAeyxoc (learning check)

Logical View Process View

Use Case View

Physical View Development View

0 Avvapka dtaypappata (Dynamic modelling)
" Muwa oslpd SLoypAUATWY TTOU TTEPLYPAdOUV TN SUVAULKN
oUUTTEPLPOPA EVOC OVTLKELPEVOOTPAdOUC CUCTAMATOC.
" Alaypdppoato akoAouBiag avtikelpévwy (object sequence diagrams),
HLETABAONC KATAOTACEWV (state transition diagrams) koL SpaotnploTTWV
(activity diagrams)
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Obiject Model vs Dynamic Model
N

0 Movtélo avtkelpévwy (Object model)

o EvBuldakwon (encapsulation) dedopévwy kal peBodwv peéoca oe
KAQOELG/aVTIKELLEVQL

O 2ZXEOELG LETAELU KAAOEWV /AVTLKELLEVWV

o Eva "otypotumo"” o€ piol HOVo XPOVLKH OTLYUN)

0 AUVOLKO HOVTEAO

0 OL TTTUXEC EVOC CUOTHUOTOC TTOU apopoUV TO XPOVO Kol TIG aAAaYEC ouVOETOUV
T0 SUVOULKO LOVTEANO

0 Nwcg T AVTIKELPEVO CUUTTEPLDEPOVTOL KOl OUVEPYALOVTOL YL 0L CUYKEKPLULEVN
meplmtwon xprnong(use case) (Object sequence diagrams)

0 AMOYEC O€ QVTLKE(PLEVA LE TNV TTAPOOO TOU XPOVOU KOl OE TTOAAEC TTEPLITTWOELC

XpNong (state transition diagrams)
Ap Auyouota Kuplakidou



Ap Auyouota Kuplakidou

AAAA... TI TPOKAAEI'ENA
ANTIKEIMENO NA AANAAZEIH
NA APAZEI;

BUT... WHAT TRIGGERS AN
OBJECT TO CHANGE OR ACT?

I



ALOYPAMOTO KOTAOTOONC
EEE

0 Oplopéva avTlkeipeva pmopouv va BpeBouv o€ éva SlakpLtd cUvolo
KATOLOTAOEWV

O KaBe katdotoon ennpedlel TNV ouunepLdopd TOuG.

0 Ta SlaypApUaTO KATAOTOONG LOVTEAOTIOLOUV TN CUUTIEPLPOPA TOU CUOCTHATOC
WC OTIOKPLON O€ EWTEPLKA KOl ECWTEPLKA YEYOVOTQ

0 Exkdpalouv
— TIC KATOLOTAOELG TOU CUOTHUOTOS WG KOUBOUG
— TIG EVEPYELEC WG AKHUEG HETAEL TWV KOUPWV

0 Otav oupBel kamola evépyela To cUOTNHA (KoL ETIOUEVWCE TA AVTIKELLEVO/KAAOELG
TOU OUOTAMATOC) HETaBaivouy amo Lo KATAoTAON O€ Lo AAAN
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1. Atapkelo {wnc Kot KUKAoL {wNC: .
N

0 M rapayyeAeia (Purchase Order) &ekva tn {wn TG W €yypado aitnongc,
eykplvetal og Sltadopa emimeda, arooteAAETAL O €vayv TTPOUNBeUTH, EKTEAE(TAL e
TNV TapaAafn twv ayabwv Kat, TEAog, apyxelobeteital yio LEANOVTIKN avadopa.

0 KaBe ¢popd Tou KATL cUpPOiveEL OTO AVTLKELEVO Kol KATL AAAALEL O aUTO, AEpE OTL
TWPO TO QVTLIKELPEVO UTTAPXEL 0 SladopEeTIKA Kataotaon (State).

0 MTtopoUpue emmioncg va Toupe OTL KABE Gopa TTOU TO XOPAKTNPLOTIKO EVOC
QVTIKELLEVOU aAAAleL TNV TN Tou (an object’s attribute changes its value), TO
OVTLKELUEVO UTTAPXEL TTAEOV OE [l VEQ KaTAoTooN (state).

0 Opiloupe we petafoon katdotaong (state transition) TNV TPAEN TG AAAOyYNC ATTO
Lo KOTAOTOON O pLot AAAN.

AkoAouBel éva TTapadeypa xpnotpotrowwvtog Eva BpAio tng BLBALOONKNG . . .

Ap Avyouota Kuplakidou



1. Lifetimes and Lifecycles: Example

To tumiko BLBAlo (book) Tng
BLBALOONAKNC

ZE€KLVA TNV NUEPQ TOU OTO padlL
(being shelved). .

Otav €vacg 2uvépountnc €pBet Kal
davelotel to BiBAio, n katdotaon
(State) Tou BiBAiov aAAdlel os
"Signed Out".

Dr Avgousta Kyriakidou



Otav o ouvdpountnc to emotpeP el (When
the Subscriber brings it back. . .

Otav o cuvdpouNntic To PEPEL
mow. . .

H xatdotaon (state) tou
BiBAlou aAAadel oe "Checked

In"

- i/. Kat otav o BLBAtoBnkadplog 1o Palel
mlow oTto padl, N Kataotaon(state)
ToU BLBAlou aAAaleL kal TTAAL o€
“Shelved.” (miow oto padL)

Dr Avgousta Kyriakidou




State transition diagram - Alaypappo petapfaong
KOTAOTAONC

0 Eva t€tolo Loop ovopadletal Asttoupylkog KUKAo¢ {wn¢ (Operational life cycle)

0 MoAA& avtikeipeva €xouv pa wn ou 6ev eavalapBavetol, aAAA TTEPVAEL ATTO
otadlo og otadlo, amo T "yevvnon - birth" péxpt to "6avarto - death” (6nAadn tn
Staypadn, tnv apxeltobetnon A otdnmote AAA0).

0 Auto to €ibog ovopadetal Lifetime Ap Auyouota KuplakiSou



2. Events and states

OAa Ta AVTLKELMEVA £XOUV HLOL KOTAoTOOoN.

Epeic to Aépe auto:

0 Eva event (cupBav) AapBavetal arro Vol AVTIKEILEVO, TO OTTOLO OTNV TTPAYHOTIKOTNTA
ONUOLVEL OTL TO CUMBAV QUTO SLeyeipeL AUTO TO OVTLKELUEVO Kal eTIPEPEL AANAYEC.

0 Kot poALg Tou cupPBel autod to yeyovog, AEE YEVIKA OTL AUTO TO OVTLKE(pPEVO PplokeTal o€
ML VEa Kataotoon (new state).

0 H amdvinon evog avVILKELLEVOU O€ €va event UTTOPEL va 0dnNynoeL o AAAa
TTPAYUOTA EKTOC ATTO TNV aAAayr TNG KATAOTACHC TOU Kal auto ouvnOwg
gtaptatal amo tnv 6N uTTApPYoVCA KATAOTACK TOU:

O Anuloupynoel éva veéo event kat va 1o oTelAel TiOw OTOV ATTOOTOAEQ

O Anuloupynoel éva veéo event kol va To TTPOwWBNOEL o€ €va TPITO AVTIKEIPEVO

0 M kataotaon (state) TeplypAdEeL ULl CUYKEKPLUEVN KATAOTOON TNV oTrolal UmopEl va
KaTOAQUBAVEL Eva OVTLKELLEVO YLOL EVA XPOVLKO SLACTNHA, EVW TTEPLUEVEL KATTOLO YEYOVOC

n evauvoua. Ap Auyouoto KuptoakiSou



2. Events and states (cuveyela...)
N

Fevika,

0 OplouEva artro To XopaKTNPLOTLKA (attributes) TOU avTiKelpEVOU oXETI{OVTOL UE TNV
Kortaotaon (state) Tou, Evw AAAO OXL.

0 Na va katoypaPoupe €va ETIXELPNUATIKO CUUBAV, TTPETTEL va AAAGEOUE TNV TLUN
TOUAQXLOTOV EVOC YOPOKTNPLOTIKOU TOU OVTIKEIUEVOU. (change the value of at least one
attribute of that object.)

0 AeSOUEVOU OTL OL TIHEC TWV XAPOKTNPLOTIKWY UTTOPOoUV va BewpnBolv oTL
QVTLITPOOWTTEUOUV TNV KATAOTAON TOU OVTLKELLEVOU, OUTO TTPOKAAEL Hlal peTdfoon
KaTaotaong (state transition).

0 State transition: HETABACN ATTO LLAL KATAOTAON OE ULOL AAAD.

NapBavoupe Kupilwg UTTOYN TLG TLUEG
Book Boolean Twv XapoKTNPLOTIKWV. AUTEC
glval ekelveg TTOL pITOPOUV VA
Namu:int aAAAd€ouv TNV Kataotaon EVog

Frice:int OLVTLKELUEVOU. QOTOCO, TIPETTEL VAl
In/Out of Stock: Boolean AdBOUHE UTI'élIJI] HOLG KOWL TOL GAAQL
XOPOLKTNPLOTIKA, WOTE Va EEPOUHE TL
BBAio OéAoupe.

Ap Auvyouota Kuplakidou




Noapadeypa
"Mpw" kot "Metad"

wm Example

wm Example

e

* AA\ayn katdotaong

* Anpoupyel event o AANO QVTLKELPEVO

Ap Auyouota Kuplakidou



Nopadetypa: MOAVEC KOTOOTAOELC TOU

space shuttle
_—

Atroyeiwon
Katdotaon Katdotaon **OQo uropovoapE
"Pre-launch" "Mtrion" va epdavicoupe
TPOCOETEC
Event TTOU €VeEPYOTIOLEL TO AVTLKELUEVO space KOTOLOTAOELC OTTWE
shuttle To omolo Bpiloketal oTnV KatdoTOoN Landed, Checkout
pre-lunch va aAAd€eL katdotaon Kal EVw K.ATT. €&V TO OpLlov
Bploketal otov agpa va Bpebei ot Ol QTTOUTAOELC.

kataotaon Flight.
Ap Auyouota Kuplakidou



Example: states of a Traffic Light Object

Start

Traffic Light

State \
Transition > Y

g 2

o ¢

(2]

o S

o; [\)

& >
\6 =4
O &

B

Event
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Dynamic Modelling
State transition diagram

_
o Nepypddel Tn dSuvaplkn cUUTTEPLPOPA EVOC OVTLKELLEVOU
O AelVELTIC KaTOOTAOELC (states) KoL UETABAOELC (state transitions) oo uLa
KOTAOTOON OE aAAN.

0 AnpwoupyoU e €va state transition diagram yla kaBe avtikelpevo (object)
LE ONUOVTLKN Suvapkn cuptrepupopd

Switch Pressed

~ S

Switch
Object

~

State
Transition

State
Switch Pressed

Dr Avgousta Kyriakidou



State transition diagrams

H Atavpauuata UNXOVWV Kataotdoewv (aka state charts / finite state / state
transition / state diagrams)

B Eotiaon otig aANaYEC KOTAOTAONC OVILKELLEVWVY

B MovVTeAOTIOLEL TNV OELPA TWV KOTAOTACEWV (states) OTLG OTIOLEG BplokeTal Eva
QVTLKELMEVO KATA TNV OLAPKELX TOU KUKAOU {wrG TOU oav amAvtnaon o€ events,
padi pe tic avtidpaoEeLC Kal TIC EVEPYELEC TOU

B Bonda va avayvwpioouue OAeC TI¢ TITAVEC CUUTTEPLPOPEC EVOC AVTLKELUEVOU.

B To bdlaypauua rteptAauBavet:

0 To cUVOAO KOTAOTACEWV (states) (CUMTTEPLAQUBAVOUEVNG HLOC APXLKAG
KOTALOTALONG EKKLVNONG)

0 Metafaoelg (state transitions) HETAEL KATAOTACEWV

ATrelKoVilEL TN pon EAEYXOU TOU AOYLOLKOU XPNOLLOTTOLWVTOLG
KOLTOLOTAOELG KOl LETOBAOCELG

Ap Auvyouota Kuplakidou



State chart/transition Diagrams

Which objects do we model?
N

0 KaBe avtikeipevo/kKAAon €Xel KATaoTAOELS (states), aAAA dev TTPETTEL Val
HoVTEAOTTOLEITOL KAOE QVTIKEINEVO/KAAON HE EVOL SLAYPOLLLOL KATOOTACEWV.

O Ta state transition diagrams TTPETTEL VA XpNOLULOTTOLOUVTOL LOVO YL
QVTLKELPEVA (objects) pe onuavtik duvaplkn cupmrepldopd (dynamic
behaviour).

m SnAadn, KAAoeLg pe SUO 1 TTEPLOCOTEPEC TTOAVEC KATAOTACELG (States)
Katad tn Slapkela tng SpaoTnPLOTNTAC TOU CUCTAMATOC

o "Xpnowotmowjote to Object sequence diagram yla va Bpeite kKAAoeLG (classes)
TIOU £XOUV TIEPLOCOTEPEC ATIO 2 KATAOTACELG (states). ZuvnBwWG AUTEG TTOU
£XOUV UNVULOTO TTOU ELOEPYOVTOL KOl EEEPYOVTOAL.

Ap Auyouota Kuplakidou



OBJECT SEQUENCE VS STATE TRANSITION

DIAGRAMS
I I ————

a

YmAapxeL €vag onUAVTIKOG cUvOeopog LeTafl TwV object sequence diagrams Kal Twv state
transition diagrams (state charts).

Eva state transition diagram (state chart) amotuTwvel OAeg TI¢ TOAVEC cupTEPLDOPEC

KOl KATOLOTALOELC OTLG OTIOLEC UmOoPEL Vo BPLOKETOL TO AVTIKEIMEVO KATA TNV SLAPKELD TNG
{WIC TOU KOl ETIOUEVWCE OE OAEC TIC TTEPLTTTWOELG XPONG OTLC OTTOLEC EUTTAEKETOALL.

AvtiOeta, €va object sequence diagram aTTOTUTTWVEL SLAPOPETLKA AVTIKELLEVA TIOU
ouvepyalovtal Kot AAANAETILOPOUV yLa val ETUTEVYOEL £V OUYKEKPLUEVO use case =
Aeiyvel ouvepyaoia

Eva state transition diagram (state chart) pmopet va BewpnBetl we pa mepypadn OAwv

TwV mMOavwv KUKAWV (WG TTOU UTTOPEL va akoAoUBoEL Eval AVTIKEIEVO pLaG KAAONC.

Mrnopet eniong va OswpnOei wg pia o AEMTOUEPNC Mapovoioon plag KAdong.

Ap Auyouota Kuplakidou



When should we use State chart/transition
Diagrams (SCD)

0 Xpnowotrotote €va state transition diagram (state chart) ylwo va
TTOPOUOCLAOETE TN CUMTTEPLDOPA EVOC AVTLKELUEVOU HUECOW TTOAAWV TTEPLTTTWOEWV
XPAon¢ TOU CUOTHUOTOC.

0 Xpnowuotrotwote state transition diagrams povo yla KAAoeLS (classes) 0tTou gival
QTP ALTNTO VA KATOLVONOETE TN CUUTTEPLPOPA TOU QVTIKELLEVOU 0 OAOKANPO TO
cvoTnua.

O ta dtaypdppata katdotaong Sev eival XpAoLpa yo TNV meplypadn tng
ouvepyaoiag OAWV TWV QVTIKELWEVWY OE HLa TTEPLTTTWON XPHoNnC.

= [ati;

B AuTO amotelel LEPOG TOU object sequence diagram Kal OXL TOU state
transition diagram.

Ap Auyouota Kuplakidou



3. Object State transition Diagrams

Key constructs

O Obijects

€va state transition diagram ava avtikeipevo/kKAaon

O States
O H katdotaon (State) otnv omoia BplokeTal TO avTlkeipevo KAOs otyun

o Evvolohoyikn meplypadn twv dedopévwy (attributes) Tou avtikelpEvou -
ovorTapiototol oTro TG TLUEG TWV boolean XOpOKTNPELOTIKWY TOU QVTLKELUEVOU

O Internal Activities: each state can include activities inside it

0O Events

[eyovOTa TTOU EVEPYOTIOLOUV TN PETABaoN amo pio kataotaon otnv aAAn. H petafaon yivetoal otav
LKavoroLeiTal Kot kamota nmpoatpetikr) cuvOnkn (Guard Condition)

O Transition

Metafaon petall Kataotaoswv (from one state to another)

Ap Auyouota Kuplakidou



3. State Transition Diagram: Basic Notations

O States
O Initial State (onuelo ekkivnong) @
o Final State (onpeio ARénc) (®
o State

[ State Name]

Activity: KaBe state pmopel va meplAapfavel éva activity péoa tou. Ta activities
glval methods/operations Tou avtikelpévou/KAAoNC T omola evepyomolouvTal
(invoked) katd tnv €lcodo otnV KATACTAON, KATA TNV €060 OO TNV KATAOTAON KOl
KOTA TNV SLAPKELOL TTIOU TO OVTLKELEVO PploKeTal O pLa KATAoTaoN.

Méoa otnv Kataotaon avadEPOUUE TL EEKLVAEL TO activity, TL TO OTAUATAEL KAl TL

ylvetat katd tnv Stdpkela. " srare Nome )
Entry /
. Entry /activity expression
EXIT/ Exit/activity expression

Do/ \ Do/qchw’ry expression /
Dr Avgousta Kyriakidou



3. State Transition Diagram: Basic Notations

0 Transitions (petdafaon amnod eva state 0To AAAO)

0 Events TpoKaAoUV QUTA TA transitions

0 Actions: TAVW ot transitions, SUTAQ artO TO event name, cUVRBWC evepyomoLlouv
HEBOOoUC eVOC aVTLKELUEVOU. AglxvouV TNV AVTLOpaoN TOU OVILKELLEVOU OE Eval
ocupfav (event)

on loan on the shelf "

borrow({/ book.borrowed(self) \ )

OTEAVETOL TO UNVULO O€ QVTLKELLEVO TNG KAAONG
Book pe mapapetpo 1o avrtikeipevo Copy

return()/ book returned(self) Event name / action name R

0 Guard Conditions: pa €ékppaon boolean mou aflohoyeital Tn OTLYUA TTOU
TupodoTeital n evepyoTtroinon €vog event. Av n €kppaon €ival true, TOTE TO transition

HTTOpEL VoL TTpaypatoTTon Bet. Event name /action name
Dr Avgousta Kyriakidou [guard condition]
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Object Sate transition Diagrams

Key constructs

Transition

UML Notation

Engine (object)

I_nitial State

E'Y

Running

Final Siqtg

St.i:'.te

Dr Avgousta Kyriakidou




Obiject State Diagrams

Simple billing example

Bill Object

Start End
O Unpaid »@
Bill Created paying bill settled

Dr Avgousta Kyriakidou




States
I

0 Mua katdotaon (state) avilotowxel oto Staotnpa petav dUo yeyovotwy (event)
Ttou AapuBavel Eva avTIKELUEVO.

o Mo mopadelypa Eva account gival overdrawn Petal TOU event TO OTOLO
TIPOKAAECE TO overdrawn Kol TOU event TO OTIOLO AVTLOTOLXEL OTNV €€0PANnON

NG odpelAnC.
O Ta States Bpiokovtatl petaév twv unvupuatwy TTou avrtaAAaococovral puetaév
Twv KAaoewyv o éva Object Sequence diagram.

0 To state eVOC aVTIKELLEVOU KaoBopileTol amod to cUVOAO TWV TLUWY Ol OTIOLEC
elval dulayueveg ota attributes Tou E.g.

m Switch is on; Bill total is being calculated; Invoice is paid

Dr Avgousta Kyriakidou



States
I

0 Ml KaTtdoTaon UITOPEL VA OVTLOTOLKEL/TTEPLYPADEL LILOL CUYKEKPLUEVN BLOTNTA

o [1.X. an account object is in the state of “overdrawn” when the account balance
is negative.

0 H katdotaon evoC AVTIKELUEVOU UTTOPEL va avatTapaotadsl amo pa TIun.

o [.x. an engine can be “on’ or “off”.

Ap Auyouota Kuplakidou



Events and States
Ticket Machine Scenario

Waiting

Searching
Wallet

Woaiting

Satisfied

Customer

TicketMachine

Request ticket >

Money prompt

Processing
Request

<

give money

Waiting

>

Processing
Request

<re’rurn change /ticket

Waiting

| . .
States are between the messages that are exchanged in an Object Sequence

diagram between objects.

Dr Avgousta Kyriakidou



States
I

0 Ta state Names TTpmreL va eivat atrAd aAAd mreplypodika
m OxL ouoLaoTiko!
m OxL evepyo prpa
B Oa TTPETTEL VL UTTOSELKVUEL L EVEPYN EVEPYELQ, TT.X In process
m Examples: Proposed, Full, Closed, Scheduled, On, Off

At any moment in time, an object exists in a certain manner or condition, which we say is a
state

A state has a duration — a finite time

0 Question “Black Hole” States.
0 A black hole state elval €va state TOU €XEL transitions TTPOC AUTNV AAAd KavEva va heUYEL
TPOC Ta £EW.
0  Question “Miracle” States.

O A miracle state lval éva state Tou €XeL transitions av peUyouv Mpog Ta £Ew aAld timota

T(POG QLUTAV.
Dr Avgousta Kyriakidou



State Types

Dynamic (processing) (e.g. authorising, calculating, dispatching)

0 Static (waiting until an event happens) (e.g. idle, wait, paid, unpaid)

0 Combined (processing until some event happens) (e.g. calculating order total)

0 Initial and Final states (pseudo-states)

0 “Black Hole” (a state with inward transitions but none out)

o “Miracle” (a state with outward transitions but none in)

Initial State
pseudo-state

Final State
pseudo-state

..°l .
Auﬂ{ ldle ]50’[ cq Calculating Order hid
S Total

T [owee] B

Dr Avgousta Kyriakidou




Events

0 Katl mou oupPaivel og pLol XpOVIKA OTLYUN

0 Ep€Blopa amod to éva avilkeipevo oto AAAo

0o ‘Eva event AapBavetal amod Eva avTIKELPEVO, TT.X. TO event SLEyeipeL auTO TO
OVTLKE([LEVO.

o Kot mpokaA£L Tnv evepyormoinon pog petaBaong (triggering of a transition)

Ring [ringcount = 6]

0 Mtropel va odnyrioel oe aAayr Katdotaong setMode(autoAnswer)

A\ 4

0 Mmopel va 0dnynoeL oe amooTtoAr] eVvOC event 0 AANO QVTLKELEVO

Dr Avgousta Kyriakidou



Event Types

0 External Event - EEwtepilkd cupfav (etrion¢ yvwoto w¢ cupBav cuctioto )
O TTPOKAAELTAL ATTO KATL EKTOC TWV OPLWV TOU CUOTIHATOC

O T.X. OTOV £VOC TAULAC TTATAEL TO KOUUTTL "eloaywyn otolxelov” og €va oloTNUQ,
TOTE AEUE OTL £XEL OUMBEL Eva e€wTEPLKO oUMBAV.

0 Internal Event — EcwtepLko ocupfpav
O TTPOKAAELTAL ATTO KATL EVIOC TWV OPLWwV TOU CUOCTHHUATOC HLOC.

O TTPOKUTITEL OTaV pla LEB0SOC KaAeital HECW EVOC UNVULOTOCG TTOU OTTOOTEAAETOL
Ao €va AAAO ECWTEPLKO avTikeipevo. (Ta pnvupata ota Object sequenced
diagrams uTTodNAWVOUV ECWTEPLKA YEYOVOTA)

0 XPOVLKO yeyovog - Temporal Event

O TTPOKAAELTAL ATTO TNV ETMEAEUON ULOC OUYKEKPLUEVNC NUEPOMNVIAC KOl wpac N TO
TTEPACLOL TOU XPOVOU.

Dr Avgousta Kyriakidou



Transitions

- Transition: petakivnon amro pa Kataotoon o€ pia AAAn

= [paypotoTToLleital OUCLAOTIKA O LNOEVIKO XPOVO, aVEEAPTNTA ATTO TO TTOCO
meplmAokn sival n petaBaon.

- Elvow n oxéon peta€ 6U0 KATAOTACEWV TTOU SELXVEL OTL £val AVTLKELLEVO OTNV
TPWTIN Katdotaon Oa:

0 €EKTEAECEL OPLOUEVEC EVEPYELEC KOl

O  €l0€NBelL otn Seltepn Katdotoon OtV cupPel To KaBopLopEVO event Kol
LkavotrolnOel n kaBoplopévn ocuvOnkn.

Dr Avgousta Kyriakidou



Guard Conditions
N

0 Transition Guard conditions
o Mua petdafaon (transition) HITOpPEL €TTiONC va €XEL Lo cUVBRKN TTpooTACLAC

® Mia boolean £kdpaon Tou afloloyeital Otav To transition EVEPYOTTOLELTOL
LETA aro tn ANYPn €vog event.

®m H petaBaon mpaypatoTToleital Lovo eav n Ekbpaon boolean afloloynBet
w¢ True.

0 loyUeL ywa €va xpoviko dlaotnua

0 To Guard condition epdaviletal oe TapevOeon, LETA TO OVOUO TOU event

Dr Avgousta Kyriakidou



Empty Transitions

+ Atransition can have any combination (including
none) of the events, guards and actions

* When a transition does not have an event, it is taken
after all the activities were ended

Empty
Employee Transition |\

rest[break] (" Cleaning )

[ Working }x} do: put water ]
- 01 —'{ doi othi
do: shovel S do: put soap ing nothing

do: wash soap

\ do:dran

work

B o

Infro | Building Blocks | Advanced
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Actions

0 Eva Action elval pla cupmnepldpopa-behaviour (pla pEBodocg Tou aVTLKELUEVOU)
O Bploketal mAvw OTOo transition
‘Eva action ekteAeital Otav TO transition Ao PO KATAOTAON 0€ AAAN cUPBEL

‘Eval transition UTOPEL vaL TPOKAAEDEL TNV TUPOSOTNONcan/evepyomoinon evoc action.

Enopévwg yivetal apeon evepyonoinon/kAnon tng pebodou/operation Tou
QVTIKELUEVOU (object).

0TOXO0G ToU State Transition Diagram

No avayvwpiloel ta Actions

oo O

[la va UWMOPECOUUE VAL aVayVWPIOOUUE UE AEMTOUEPELD TNV CUUITEPLPOPA KOL TLG
Uedodouc EVOC aVTIKELUEVOU.

O Always look at the Object Sequence diagram and conceptual class diagram in

order to help identify methods and therefore Actions in the State chart.
Dr Avgousta Kyriakidou



Activities

O Juvdedepéva e Ta states

0 MeBobol/operations TOU AVTIKELLEVOU TIOU XPELATOVTAL KATIOLO WPA VLA VOl
oAokAnpwOouv

O Notation “do: A’ within a state box

m Asiyvel OTL Eva activity A evepyomoleital otnv eilcodo o€ €va state Kol
oAokAnpwvetal otnv €060 amo £va state -- EMOUEVWC TO activity A glval active
kKaOwc elval pEoa oto state (while in the state).

® Ta Activities elvat methods/operations to omola yivovtal activated on entry to
the state, on exit from the state, or whilst in the state

m  On Enitry and On exit activities emtpEnouv otnv idla pEBodo va evepyormoleital
KAOe PopA TTOU TO AVTLKELUEVO ELOEPXETAL N EEEPXETAL ATIO LA CUYKEKPLUEVN
Katdotoon.

®  Ta activities ETTPETOUV va YivVeEL AUTO XwpLlg va xpelaletal va tooBetouvtal
PNTA Ta actions o€ KABe eloepxouevn N e€epxopevn pnetaBaon (transition).

®  MmnopoUv eniong va €xouv arguments or guard conditions.
Dr Avgousta Kyriakidou



Object Book example: When the state of the Book
changes to “Signed Out.”

Otav o teAatnG davelotel to PLPALo
TUPETEL VA YIVOUV KOTTOLOL TTP ALY [LOLTOL
yLOl VOL UTTOPOULLE VOl
mopakoAovBou e oAa tar SaveLa
TwV BLBAlwyV (to keep track of

all the loans).
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Object Book example: When the state of the Book
changes to “Signed Out.”

entry / Request Link to Subscriber

Dr Avgousta Kyriakidou



Object Book example: When the state of the Book
changes to “Signed Out.”

Ko otowv peVYEL ATTO TNV
kataotaon Signed Out",

TTPETTEL VO EVIUEPWVETE
N HUEpounvia kot n Qpa.

Dr Avgousta Kyriakidou



3. State Transition Diagram: Library Book
- f

Event B4: «create)
Book is Purchased

Event B1: Subscriber
Requests Loan
pdate Date & Time Out

Event B3: Librarian
Shelves Book

Event B2: Subscriber
Returns Book Dr Avgousta Kyriakidou



3. State Transition Diagram: Notation
N

Events are shown with arrows (transitions).

0 To event TTOU TTPOKOAEL TN
dnuloupyla TOU AVTIKELUEVOU
eudavileToL va IPOEPYETOL ATTO
Lo LEYAAN paupn KouKkkida Kat
€XEL TO "otepeotUTO” "create” (..
Event B4).

Event B4: «create).
Book is Purchased Event B1: Subscriber
Requests Loan

/ Update Date/Time Out

Event B3: Librarian
Shelves Book

Dr Aygousfq Kyriqkidou Event B2: Subscriber

Returns Book



3. State Transition Diagram: Notation
B

O aplBuoc evoc State gival povadilkog ueoa oto State
Diagram e.g., ““2: Signed Out”

O Event numbers elval povadikd péca oto

project
0 Event numbers €xouv €va prefix To omoio Event Bd: (create) Event B1: Subscriber
7 7 ’ Requests Loan
(IV(IVV(UPLZEI. TO class oTo oroLo avnkouy, / Update Date/Ticr;::
e.g.: Shabves Book

m “B3: Librarian Shelves Book” avrkel
otnv kKAdon Book.

Event B2: Subscriber

m “L1: Create Loan Instance” Bploketol Returns Book
otnv kAaon Loan.

Dr Avgousta Kyriakidou



4. Telephone System Example

0 Event - elval éva onpovtko 1 afloonpelwto yeyovoc.

O .. ONKWVOUUE TO OLKOUOTLKO ToUu TNAEdwvou armod tnv KUPLA CUCKEUN

0 State - €lval N KATAOTOON EVOC AVTIKELLEVOU OE ML XPOVLKA OTLYUA.

- 0 XpOVOG UETOEY TWV events.

o m.x. éva tnAépwvo Bploketal os kataotaon “adpavetag- idle” petd tnv tomobEtnon
TOU QLKOUOTLKOU OTNV CUOKEUN KOl LEXPL VA TO E0VOLONKWOOUV aTtO TNV CUCKEUT).

0 Transition- €lval pla oxgon petall U0 states TOU UTTOSNAWVEL OTL OTaV cUUPaLveEL Eva
YEYOVOCG (event), TO aVTIKELUEVO (object) LETAKLVELTAL ATTO TNV TTPONYOULEVN KATAOTAON

(state) oTNV €TOUEVN.

O Tm.X. 0tav cUUPEeL To event "off hook", TO object TNA€pwvo uetakiwveitar amo tnv
kataotoon "idle” otnv kataotaon "active”.

[ Idle

N\

transition

event
. state

! ’
1
1

’ .
’ ’
/ I 2

~

4
off hook ¥
Active ]

on hook

Ap Auvolota KupLakibou



4. Telephone System Example: Actions

and Guard Conditions
I

|

|

Actions: ouvnBwc pueBodol mou ekteAouvtal otav cupPel To event Kal yivel To transition.

Guard Conditions: xpnolpotololvtol w¢ dpoupot otig PeTaBACELS (transitions).
Eudavidovtal o€ aykUAEC, LETA TO OVOUO TOU CUMBAVTOC

Edv to event oupPel kal To guard gival aAnB&g, tote n petdfaon evepyotroleital, To
action (€dv UTTAPXEL) eKTEAELTAL KOL TO object TNAEDWVO TINYALVEL OTNV EVEPYN KATAOTAGCN.

To action ptmopel va TpokaAéoel AAAA events, T OoTTolal TTPOKAAOUV transitions LETOEY

AAAWV KOTOOTACEWV (states) avent action

. offhook/ play dial tone () ,
[ Idle J [Valid subscriber] L Active]

On hook \
Guard condition

Ap Auvyouota Kuplakidou



4. Telephone System Example: Activities
N

O Bpilokovtal péoa o€ eva State kal evepyorolouvtal On Entry, on Exit and
whilst on that state.

0o MéBobol/Aettoupyieg TTOU ATTALTOUV XPOVO yLa va oAoKANpwBoULv

0o JupPoAlopog "do: A" péoa oe €va state

B UTTOOELKVUEL OTL TO activity A apyilel katd tnv €lcodo oTo state Kall
TEAELWVEL KaTA TNV £€060 Ao TO state

m H péBodoc eival evepyn 000 Bploketal og auTr TV KotAoTAON.

Activity
N\ . _
Idle _|~ off hook/ play dial tone .| Active
Ld°/5*°? [valid subscriber | do/start J
connection ) \_connection
on hook

Dr Avgousta Kyriakidou



4. Transitions, Actions, Guard Conditions example

Name of state

/

Entry, Exit &

Internal actions/activities J-onstraint (guard Condition)

Ringing
/

Triggerless entry / ringcount = O

transition exit / ringStop()

Clo / ring() [ringcount<6] / ringcount +=1 qj

/Sepqrq’ror

P
<

(State)

\ Internal

\Direcfed Arc -

Handset picked up «—

Solid lines .

/ phone.setMode(manualAnswer)

transition

[ringcount = 6] / phone.setMode(autoAnswer)

Rounded ™
Corners

~

Connected

entry / pickUpLine()
exit / dropline()
do / answer()
callWaiting(call) / call.defer()

Event

ction

Open Arrows

Dr Avgousta Kyriakidou



State transition diagrams:

Composite State (nested state)
S =

0 Ta State diagrams pmmopouv va yivouv ToAUTTAOKO

0 Composite state (2UVBeTN KatAdoTtaon) €lval YLl KATAOTAON TTOU EXEL ULO
Vpa@LKn amoouvieaon

O avaAvetol og U0 | TTEPLOCOTEPEC TOAUTOXPOVEG UTTOKATAOTACELS (sub
states)

0 lNo kaAUTepn katavonon Kat Slaxeiplon

0o Mua kataotaon (State) o€ €va state transition diagram piropel va
emektaOel o€ €va state transition diagram oe aAAo emimedo

0 KAnpovoulkotnta Twv transitions

Dr Avgousta Kyriakidou



Composite state: Telephone System example

Version 2
]

INUEWWOTE OTL éva
Staypappa
KATOOTACEWV UTTOPEL
va elval évacg ouvexng

Bpoxog (Loop):

Active ( Timeout )

do/ play messageJ

after (15 sec.)
after (15 sec.)

( DialTone ) dial digit(n)

= Sev uTTapxEL

: lift
Kataotaon receiver
EKKLVNONG /get dial tone

dev evdladEpetal
yla To TTw¢G apxilet
N TEAELWVEL O
Bpoxog

o

\

Ldo/ play dial tonej dial digit(

n)[invalid]
Invalid /

Ldo/ play messageJ

Connecting \

dial digit(n)
[incomplete]

dial digit(n)[valid]
/connect

caller
hangs up

Fevika Opwg eivau /disconnect
XPNOLHUO VOl EXETE ML

apxn Kat €va TEAOG

| Pinned r—wBusy busy connected
Acallee do/ play busy
callee hangs up tone
answers /
\
P
Ringing 1

callee answers

| Talking [<

/enable speech

N

do/ play ringing

tone

)

Ap Auvyouota Kuplakidou




Account Object example

.—>| Closed i—.( ::I
Delete

Open/Set Bal
Close/Refund
Withdraw({Amit) :

_ Deposit{ Amt)
[Amit==Balance] Opened IncrsBalance
/DecrsBalance

Deposit{ Amt)
Withdraw{ Amt) [Amit-=Balance]
[Ami-Balance] /IncrsBalance
."DEtrs.Balance
Deposit{ Ami)
Overdrawn | | [Amt-Balance]
/IncrsBalance

Dr Avgousta Kyriakidou



Account Object example 2

state machine User Account {proto-ooy

[isUniqueld()]

create/
[isAccountDormant()] suspend/

[isCancelRequested()]

lisVerified()]

lisUnigueld()]

activate/

[isSuspendRequested()] suspend’

lisPasswaordflert()] lock)

[iIsAccountDormant()] suspend’

cancel! Active
[IsResumeRequeasted()] resumea’
[isLockExpired()] unlock
[isCancelRequested(}] [isPolicyWiolated(}]
cancel/ cancel/
N /

C IR sted I
\ ( Closed [isCancelReque: (1] cance

[hasMoBalanceDue()] [isPolicyViolated()] cancel/

Suspended

/

uml-diagrams.org
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Back to Easy Life Example

e The Scenario

— Create a game where personas are created to live a virtual existence in Second
Life.

— It will allow us to create a virtual person, interrogate them about their existence
(name, age and gender) .

— The application should allow users to kill a person (if their hearts let them ©).

Dr Avgousta Kyriakidou



Use Case Diagram

Easy Life

aUser: Uselr

T -

Create
Person
Interrogate
Person

Dr Avgousta Kyriakidou




Conceptual Class Diagram

Easy Life )

Person
UlClass

name: String

-aPerson:Person gender: String

A age:int
createClick Y % | TanswerName()
interrogateClick +answerGender()
killClick +answerAgel()

+ create()
+delete()

- calculateAge()

Dr Avgousta Kyriakidou



Create Person Sequence Diagram

0O Example 1- An Easy Life
-b

% myUl: UlClass

I
I
aUser 1
1 I
I
I
I

createClick(aPerson)

create() aPerson:

-




Interrogate Person Sequence Diagram

myUl: UlClass aPerson: Person

I I

I I

aUser 1 I
1 | |

1 1 1

I I

I I

[

interrogateClick(aPerson)

| [if nameSelected] answerName(aPerson): String

name: String

[if age selected] answerAge(aPerson): Int .I: CalculateAge()

gender: String

answers <======================== |
é

[if gender selected] answerGender(aPerson): S’rrir{

Dr Avgousta Kyriakidou



Kill Person Sequence Diagram

X

aUser

kill(aPerson)

myUl: UlClass

aPerson: Person

> delete(aPerson)

!

Dr Avgousta Kyriakidou




What next?e
B 5

0 MNpémnet va Bpolue ta classes tou €xouv evdladEpwy states.

0 N kaBe mBavn kAaon, dnuloupyoU e eva state chart diagram.

0 Person?

Dr Avgousta Kyriakidou



Solution ¢

00 SCD for class Person




Solution ¢

00 SCD for class Person




State transition diagrams are useful

when...
I

0 Mo kKAdon €xeL evav evoladEpovta i ToAUTAOKO KUKAO {wNC,
M.X. KAAOELC TTOU Snpoupyolv i Slaypadouv avilkeipeva n associations

0 Eva aVTIKELLEVO UTTOPEL va evnUEPWVEL Ta attributes Tou pe dladopouc
TPOTTOUC KaBwe dtavuel tov KUKAO {wn¢ Tou.

0 Eav duo kAdoelg e€aptwvtal n pia amo tnv aAAn, e TNV Evvola OTL N pia atro
QUTEC UtTopEl va Eekvrioel Tov KUKAO (WG TNS AAANG 1 va aAAdéeL Tn oslpa
LLE TNV oTrola auTr HeTaBalvel Ao KATAOTAON O KOTAoTaOoN.

0 Av SLOTTIOTWOETE OTL N TPEXOUOA CUUTTEPLPOPA TOU QVTIKELUEVOU €€apTATOLL
QO TO TL TOU ouVvERBN oto rapeABov, SnAadn ammod to TapeABov tou.

Ap Auyouota Kuplakidou



Constructing a State Transition Diagram
!

O

MpoodLOPLOUOC KATOOTACEWV (states) katd TN SLapkela (WG EVOC AVTIKELLEVOU

o AkohouBnote mBava oevapla xprnong (use case scenario)

O Juykévtpwon vmoPndlwy states

0o E€alewdn twv mepLttwy states ((OLeg atravtnoels ota (dla events)
MpocdLoplopnog petaBacswvy (transitions)

MNpocbLopLlopdg yeyovoTwy (events) TTOU TTPOKAAOUV HETABAOELS (events/actions)
Mpoodlopiote ta guard conditions 01ToU €ival duvatov.

MpoobLoplopdg activity (LEBodoL TTou Ba kAnBouv katd tnv eicodo/€€obo /Tpaln)

Alaotalpwon pe aAAa Staypappota (0TTwe object sequence diagrams and class
diagram) Kal oTn cuveEXela TLOTPOPI] YLO TTEPLOCOTEPEG AETTTOUEPELEG.

Ap Auyouota Kuplakidou



Wrap up!

a

State transition diagrams: present the life of an object within many use cases.
States, events, transitions, actions, activities, guard conditions, composite states.

Link Object sequence diagrams to state chart to help identify objects which have states
and the actions (methods) attached to the transitions.

Common mistake: Often students draw DFDs rather than State chart diagrams!

State charts are for ONE CLASS only!

DFD show flow of data in the system and involves more than one entities!

Dr Avgousta Kyriakidou



Readings for this week’s lecture

State transition diagrams

0 Kung, D.C (2024) Software Engineering, 2nd Edition, McGraw Hill —
Chapter 9

0 Pressman, R.S. (2020). Software Engineering: A practitioner's approach, 9th
Edition, Mc-Graw Hill — Chapter 8

Dr Avgousta Kyriakidou
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