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Copyright ©
Amayopeletor 1 aviypa®n, OmOONKELON KOl OlVOUY TG Topovoag epyaciog, &€&
OAOKAN POV 1 TUNHOTOS OWTNG, Yo EUTOPIKO okomd. Emtpémeton | avatdmmon, amobnikevuon
KOl OlVOUN Ylo. OKOTO pUN KEPOOOGKOMIKO, EKTMAIOEVTIKNG 1 EPEVVNTIKNG PVONG, VIO TNV

TPoLTOOESN VoL AVOPEPETAL 1] TNYT| TPOEAEVGNG KOl VOL SLOTNPELTAL TO TAPOV LIVULLAL.

Otr amdyelg Kol T GUUTEPACUATO OV TEPLEXOVTOL GE OVTO TO EYYPOQPO EKOPALOVV
OTOKAEIGTIKA TOV GLYYPOQPED KOl OEV  OVIWIPOCMRELOLV TIS emionueg 0écelc ToL

[Mavemotpiov epormg.

Q¢ oLYYpaQLag NG TOPOVCAS £PYOCING ONADVE MG 1 TOPOVGH €pyacic dgv amoteAel

TPOTOV AOYOKAOTNG KOt OEV TEPLEYEL VAKO O U1 oVOPEPOUEVEG TTNYEC.
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Emtelun Xovoyn
H mopovoa epyasio mpaypatevetor ) ompovpyio pog epoappoynsg i0S pe ) yAdooo

npoypoppatiopod Swift kot 1o framework SwiftUI, mov €yel ¢ otd)0 vo amotedécel va
oLYYPOVO YNELOKO Ty VISt PvAuNG Yo ¥pNoTeg Kivntdv cvokevmv Apple. H avantoén g
epappoyng kpidnke oxomun Adym TG ov&avouevng OMUOTIKOTNTOS TMOV  YVOOTIK®OV
TUVOIDV O KIVNTEG TAATOOPUES, OAAG Kol TG avAyKnG €QAPUOYNG GOYYPOVDV

APYLTEKTOVIKAOV TPOTOHTT®V OVATTUENG AOYIGUIKOV G Vo TPOYUATIKO, AEITOVPYIKO project.

H epoppoyn MemorizeApp vAomoieli 10 KAOGIKO TOYVIOlL OVTIGTOL(IONG KOPTDOV
(Concentration Game), eumiovticpévo pe tpio Bepatikd makéto emoji (Halloween, Zma,
A pata), tpia eninedo dvokoAiag (Easy, Medium, Hard), chotmnpo bonus Babporoynong
Bacwopévo otov ypovo avtictoiyiong, amodnkevon vyning Poaduporoyiag avé Bépa Kot
dvokorio péow UserDefaults, kaBd¢ kot mAodolo animations kotd Tn OlUPKELL TOL
nayvidlov: 3D flip animation kapt®v, sequential deal animation, bonus timer animation (Pie

shape) kot FlyingNumber animation fafpoAioyiog.

H vlomoinon tg mpaypatomombnke pe to Xcode IDE kot t Ponbeia tov SwiftUI
framework, mov mapéyer MnAwtkd (declarative) tpodmo avantuéng ypaeikng demapns. [a
TNV KOTOVONON Kol Tn Go@n OoUn Tov project vIoOeTHONKE TO APYITEKTOVIKO TPOTLTO
MVVM (Model-View-ViewModel), o onoio droywpiler TANp®G T AOYIKY] TOV ToyVIO00
amo TV Topovciaot| tg. ' v avdAvon kot tn oyediacn xpnoomo|OnKoy dtorypAIoTo
UML (Use case diagram kot Sequence diagram), to. onoio. GuvEBalay 6T GOEN ATEKOVION

NG AOYIKNG KO TNG OPYITEKTOVIKNG TPV TNV VAOTOINOT).
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Evyoprotieg
Ba NBela va ekQPAcm TIG VYOPLOTIES LoV 6ToV kKaBnynT) K. Evdyyeho Zakkomovdo yia

dUVaTOHTNTO TTOL LoV £0MGE VO TPOYUATOTOCM TNV TTUYLOKY] LoV epyacic, Kabdg Kol yio

™V VIooTNPIEN OV POV Tapelye OMOTE TN XPEWOTNKA KOTA TN OEPKELN TG VAOTOINGNG

mege.

Emiong, Ba n0eha va gvyaptoticm 6Aovg Tovg kadnyntég tov Tunpatog [TAnpogopikng tov
[Movemotuiov Tlepaidg yio TI¢ TOAVTIUEG YVOGELS TOL OTOKOMIGO KOTA TN SIUPKELD TOV
OTOVOMV LoV, Ol Omoieg OMOTEAEGOV TO OepéMo Yo TNV OAOKANP®ON NG TApoHGOC

gpyaciog.

IovAog 2026
Evayyehog Ayyehog Pemovong
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KE®AAAIO 1o
1 EIZXATQI'H

1.1 Ieprypo@n Tov vad perétng mpofinpatog
Ta moyvidolw pvqUNG ovNKOLV oTNV KOTNYopio. T®V YVOOTIKOV ToVIOIOV Kol EXOLV

peAetnOel eKTEVAOS TOCO Y10 TAL YOYXOY®YIKO OGO KOl Y10, TO, YVMOGTIKG OPEAT] TOV TOPEYOLV.
H avtotoiyion (evyov koptdv omoutel cvykévipwon, Ppayvmpoébeoun pvnun (working
memory) Kol TopaTnNPNTIKOTNTA, KAMoTOVIOS TO Toyvidl KoTtdAAnAo Yoo €vpd @aouo
niukiov. Tavtdypova, n amkdmtd tov T0 KAOIOTA 1WBOVIKO Yoo VAOTOINGN O KNty
EPApPUOY, KaOOS ot Kavoveg pobaivovior ypryopo Kot 1 TOPTION OAOKANPOVETOL OE

GUVTOLO YPOVO.

[Mopd ™ peydAn OMUOTIKOTNTO TOL €I00VC, 1 TAEWVOTNTO TOV SOECIU®V EQAPUOYDV
oy vidolov uvnung oto App Store mopovctdlel onuoavtikés ehdeiyelc. Ot meplocOTEPES
epappoyég dev aglomoovv to declarative Ul framework SwiftUI, 1o omoio mapéyetl ioyvpd
evoouatopévo epyoieior animations kot reactive dwoyeipion katdotaonc. [apdAinia, dev
aKoAlovBovv cuyypova apylTeKTOVIKA TpdTLTTA Omws T0 MVVM mov dievkoAdvel
CULVTNPNOT KOl ETEKTOCT TOV KMOIKO, OEV TPOGPEPOLV TOKIAIL OeldTOV KOl EMTES®V
JVOKOMOG 7OV VO KPOTOUV TO &VOLLPEPOV TOL YPNOTH, Kot dgv dbétouv cHoTua
Babuordynong mov va emiPpoaPevel ™ ypnyopn okéyn oamobnkedoviag TV LYNAN

Babporoyio ava B€pa kot dSueKoAia.

Emumhéov, molAég epappoyés ypnowwomoodv marodtepeg texvoroyieg ommg to UIKit
(imperative UI) 1| axopa kot Objective-C, yeyovog mov Ti¢ kafiotd SUOKOAES 6T GLVTINPNON
Kot AyOTEPO EMEKTAGIUEG. AVTEG Ol ehAelyelg, o cuvdvacud pe v embovpio EPUPUOYNG
ovyypovev texvoroyidv i0S oe éva mpaypatikd project, odnynoav otV ovamtuén g
epappoyns Memorize App.

1.2 Xp1ion Taponoi®v EQupuoyov
Ta televtaio ypdvio Tapatnpeitar avENUEVO EVOLOPEPOV Y10 EPUPLOYEG KIVITNG TNAEP®VIOG

mov cvvdLAlovv yuyoywyio pe yvootikn €£doknor. Xto App Store VITAPYOLV OPKETEC
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EPAPHLOYES TOUYVIOOD UVIAUNG, 0AAG Kapio dev cuvovalel OAa Ta EmBVUNTE XOLPOKTPLOTIKA

mov TéOnKav wg oToHYOL.

Ye Oebvéc emimedo, epappoyés Ommg 1o 'Memory Match' kot to 'Concentration Game'
TPOcPEPOLY Tapopoln moyvidww oArd ypnowwonowovv UIKit (imperative Ul) avti yia
SwiftUI (declarative UI), k41t oL KAVEL TOV KOOIKO TTO EMPPETT GE GPAAUATO KATAGTOONG
Kot o dvokoAo vo emektabel. [Mapd v Vvmapén tov mopardve Avcewv, dev LVILAPYEL
OAOKANPOUEVT EQOPLOYN OV va cuvovaiel: MV VM apyitektoviky, SwiftUI animations,
noAlamAd Bépata, eminedo dvokorag, cvotua high score avd cuvovacpd Bépatog Kot

dvokoliog, TAnpwg offline Asttovpyia Kot 006vn 0o YOV IO VISLOD.

1.3 XKomoc Kon 6TOY0L TNG EPYUTiOg
YKomog G epyaciog eivar m avantuén pog oAokAnpouévng i0S g@apployng moyvidlon

v unG mov Ba epappdlet motd 10 MV VM apyitektovikd tpdtumo, Bo a&lomotel TANpmS Tig
duvatotteg tov SwiftUI framework kot o mapéyst eEonpetikn gumepion ypnoTn mov va

dkatoroyel dnpocievon oto App Store.

Yndpyovv kdmotot facikoi 6tdyotl Tov TEfKav Yo TV avantuén g epapuoyns. O TpdToc
o10)0g NTav 1 vAomoinon &vog generic Model (MemoryGame<CardContent>) mov va
dwywpiler TANPOG T Aoyikn Tov Toyvidov and 1o Ul, emrpémoviog dokipun g AOYIKNG
aveapmnTo Omd TNV TOPOLGIOoT KOl EUKOAN EMEKTOOT] LE VEOLG TUTOLG TEPLEYOUEVOL
KapTtdv oto péAlov. ‘Evag akdpo otoéxoc Ntov 1 Onpovpyios EAKLGTIKOD Kol OROAOD
ovoTpotog animations aglomouwvtag to Animatable protocol yia o 3D flip Tov Kapt®V, TO
matchedGeometryEffect yio to deal animation, ta custom Shapes (Pie) ywo tov bonus timer
kot to FlyingNumber View ywo v eugdvion ariayng Pabporoyiog. Znpaviikdg otodY0GC
Ntav eniong M avantuén Sikalov Kol KIVNTOTOmTIKOD GLGTHHOTOS BabuoAidynong mov va
emPpaPevet ) ypnyopn okéyn péow bonus timer (€wg +6 Pabpoi avé kKapTa) Ko va TiHopet
TG EMAVOANYELS YVOOTOV Kopt®dv (-1 Babuodg avd yvwot kdpta), pe amobnKevon g
Bértiomc Paduoroyiag avd cvvovaopd Bépatog kot dvokorioc. Télog, otOXOC MTAV M

onuovpyia €dypNOTNG, EAKLOTIKNG Kot TANpws offline diemagng mov va akoiovBel Tic
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katevBuvipileg ypappés Apple Human Interface Guidelines (HIG), pe dynamic color

theming avd 0€pa oy vioov.

1.4 Xprjon gpyaieiov AOYIGMIKOD
Mo v avantuén g epapproyng aétomomdnkav coyypova epyaieios AOyioHIKOD, TO OOl

EMAEYOMKAY LE YVOUOVO TNV EVKOAID DAOTTOINGNG, TNV EMEKTAGIUOTNTA KOL TIG TEAEVTOAES

TeXVOLOYIKEG e€EAEELS TNV avaTTLEY gQaproy®mV 10S.

To mepifdiiov avdmtuéng mov ypnoyonomdnke ivar to Xcode (ékdoon 16.x), to emionpo
Integrated Development Environment (IDE) ¢ Apple ywa avdmtoén epoppoydv iOS,
macOS, watchOS ot tvOS. Tlapéyer editor kmdwo Swift pe mponyuévn ovtodpot
ocoumAnpoon kot intelligent refactoring, SwiftUl Canvas yw real-time mpoemiokdnnon
Views yopic ektéleon g epappoyng, debugger pe LLDB yia gviomiopd ceoipdtov,
Instruments ywo avédAvon anddoong Kot katavdiwong pviung (CPU Profiler, Memory Graph
Debugger), kot iOS Simulator mov emitpémel dokyn oe ewkovikég 10S cvokevég — amod

iPhone SE £w¢ iPhone 16 Pro Max kot iPad Pro — ywpic va amotteiton puoikd hardware.

H avéntuén g epappoyng £ytve amokAelotikd pe m yAoooo Swift (ékdoon 5.9). H Swift
ékove TV TpOTN eUeavion g to 2014 w¢ emionun yAdooa g Apple aviikabiotdvrog
otadwakd v Objective-C, kot amd to 2015 givor open-source avomTuooOUEVT] HECH TOL
swift.org. [Topéyel yopakmpiotikd OTMS 1oYLVPd GTATIKO GVGTNUO TUVTT®V 7oV gvtomilet
OQAOALOTO KATO TN HETaYADTTION, Generics Yo EmaVaypNOLUOTOMGIo kddwka, Protocols
v optopd cvpfolraiov copmepipopds, Closures yio cuvaptnolokd otud, Enumerations e
associated values yio EKQPOCTIKN avamapdcTac Kotaotdoemy, kKot Automatic Reference

Counting (ARC) yia avtopatn dtoyeipton pvnunge.

Mo to ypaewd mepipdrriov ypnopwonombnke to SwiftUl framework (ékdoon 5.0), to
declarative UI framework ¢ Apple mov tapovcidotnke octo WWDC 2019. Xg avtiBeon pe
1o UIKit (imperative Ul) 6mov o mpoypoppatiotg divel pntég eviolés yia aArayég oto Ul,
10 SwiftUI Aettovpyei declaratively: o TpoypapatioTg TEPLYPAPEL TOG TPETEL VO PAIVETAL

10 Ul yuo k60g dvvatn katdotaor, kot to framework avoiapfdvel avtopata tic peTaPdoers.
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Avtd odnyel o€ MO AVOYVOGCIHO KOOIKO, EVKOAOTEPN GLVTNPNON Kot Alydtepa bugs

KOTAGTOOTC.

Mo v amoBnkevon oOedopévov emhéynke to UserDefaults API, 10 evoopatopévo
ocvotnpo key-value amoBnkevong tov 10S. Amobnkevel dedopéva oe apyeio property list
(.plist) otov @dxelo Library/Preferences g epappoync. Eivat 1dovikd yio pikpég mocOTNTES
dedopévev 0w vynAég Pabuoioyieg, mapéyet synchronous API kot dev amortel kavéva
setup. ot onuovpyio custom ypagikdv otoyeiov aflomombnke to Core Graphics
framework péom tov Shape protocol tov SwiftUI. Télog, a&lomombnke 1o Git yuo ELeyyo

ékdoomng oe cvvdvacud pe to OneDrive yia backup kot dtapoipacpd tov project.

>XEAIAZH KAI ANATITY=H E®PAPMOIHZ MAIFNIOY MNHMHZ T'A ®OPHTEZ ZYXKEYEX ME AEITOYPI'IKO iOS




Eudyyehog Ayyerog Petrotong MruxiokA epyacid

KE®AAAIO 20

2 Yyediaon g E@uppoyng

Ye outd 10 KePOAao Ba eetdoovpe TV ovadivon kot T oyediaon g i0S epaproync
MemorizeApp. H avdivon amoitioemv pog coyypovng €Qoproyns €ivor moAd xopfikn
TPOKEWEVOD VO, LELWOEL 1] TOALVTAOKATNTA KOTd TNV VAOTOINOT Kot VO S10GPAAGTEL Lol o
OPYAVOUEVT] KOL OTTOSOTIKY avATTLUEN. Me évav 6moTd oxedlaGUEVO XAPTN AELITOVPYLDV, O
TPOYPOUUOTIOTHG OTOPEVYEL GNUOVTIKG AGON apyltekTovikng mov Ba Ntav Kootofopa va

dtopbwBov apyotepa.

Yvykekpéva, ypnoworomdnkav dwaypappatoe UML (Unified Modeling Language). Ta
SLYPAULOTO VTE EMLTPETOVY GTOV TPOYPOLUUATIGTH] VO, KOTOVONGEL TANPM®G TIG OTOLTCELS
™G EQOUPLOYNG, TN GLVOAIKT AEITOLPYIKOTNTA TNG Kot TV opydvwon ™. H UML anoteAel
Lo YAMGGO OmEKOVIONG 1| LOVTEAOTOINGNG EVOC TANPOPOPIOKOD GLGTHLATOS PAGIGHEVOL
oe avtikeipeva. H yhdooa oavty Ponbder 1000 TOV TPOYPOUUOTIOT OTN Onpiovpyia
TOAOTAOK®V EQUPUOYDOV OGO KOl TOV OVOYVAGTN VA TIG KATOVONGCEL, aveSaptnto amd v
e€01KEIMON TOV LLE TNV TANPOPOPIKT KO TOV TPOYPOUUATIGUO.

2.1 Xpnon owypappdreov UML
Ta owypappato UML elvar amopaitnto oty avaivon kot oxediaon pog ocOyyxpovng

TOAMTAOKNG  EQPOPUOYNG TANPOPOPIKNG. YThpyovv Stépopol TOTOL OSLOYPOUUATOV  TOV
YPNOLOTOLOVVTOL Y10 SPOPETIKES TTVYEG povteAomoinong. Ot dlapopetikol avtol THTOL
etvar o1 e&ne:

1. Awypdaupoto taEewv 1 KAAGE®V

2. Awypdppato ovIiKewEvmy

3. Awypdppata cuvepyosiog

4. Awypappato oelpdg n akoAovdiog

5. Awypdppoto Katootdoemy

6. Alaypappoto 9pacTnploTHTOV
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7. Awypdlppoto Katovoung
8. Awaypdpupata eEoptnudtov
9. AwyplppoTo TEPUTTOCEDV YPTONG

2y evomta avty o epfabdvoous ota daypdppata katnyoptdv 4 kKot 9, axolovbiog kot
TEPIMTOCEWV YpNong avtiotoryo. OAa to doypapupoaTe £X0VV TN ¥PNCWOTNTA TOVS, OAAL
CLYKEKPIUEVO aVTA To, OVO €lval TO O OTOPAITITO Yol TNV KOAVTEPT KOl OTOOOTIKOTEPN
viomoinon pog mToAdTAokNS epapuoyns. ' ™ dnpovpyic T@V TOPAKATO SLOYPAUUATOV

ypnooromdnke n epappoynq Draw.io.

2.1.1 Avaypappe wepintoong ypinong (Use case diagram)
Ta dypdupoto TEPITTOCEWY YPNONG ATOTEAOVY U0 OO TIG MO CNUOVTIKEG KOTNYOPIES

Swypappdtov UML. AnewcoviCouv T AetoupytkdTTa £vOG GUOGTHUATOS OO TNV OTTIKN
yovia evog ¥pNoTY, TEPLYPAPOVTIS TIG CAANAETIOPAGELS TOV (O KEVEPYOTOLO» (actor) LE Tig
Aertovpyieg OV UTOPEL VO TPOYUATOTOWOEL, Ol OTOIEG OVOUALOVTOL KTEPUTTOCELS YPTONG»
(use cases). KaOe mepintmon ypnong avamopiotatol og EAAETIKO GYNIO, O EVEPYOTOLOS (G

avBpomdki, kot ot oyéoelg enéktaong (extend) avamapiotaviol wg dStokeKoppéva BEAT.

To mapokdtw Sdypappo omoteAeitar amd évav gvepyomold — tov Ilaiktn — kot T1g

EVEPYELEC TOV UTOPEL VAL TPOALYLOTOTOMGEL 6TV gpapuoyn MemorizeApp.
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9. Use Case Diagram — Memorize App

«system» Memorize App

«include»
«include»

«exTen
Match Cards
e
!

. N /N
include: cinclude» \

!
), \
/ \
\
Earn Bonus Points Save High Score
/
/

«extend»,’
/

/ )\
/ .
View High Score Play Again ) |~ ios S¥stem
«actor»

actor - use case associatiom - -2 «include» | «extend»

Eiova 1 — Micypopyo mepimrdroewv ypnong moiky

[Iepittooelg Xprong:

e Emioyn Oépatog: O maiktng emhéyetl éva amd to tpia dabéoia BEpata
(Halloween, Zoa, ABMpota) pécm segmented Picker 6to GameSetupView. To
YPOUA OAOKANPNG TNG EPAPLOYNG 0ALALEL SuVOIKA avAAOYO LE TNV ETAOYT —

noptokaAii yio Halloween, mpdoivo yioa Animals, pmhe yio Sports.

e Emioyn Avckoliog: O maiktng emdéyet eninedo dvokoriag péow segmented Picker:
Easy (éw¢ 6 (evyn), Medium (éwg 12 (gbyn), Hard (6Aa ta dwaBéoipa {evyn tov

0épatog). O apBudis kaptdv vroloyiletor wg min(targetCount, theme.emojis.count).

e IIpoPoin High Score: Eppdvion tg vyning pabuoroyiog yio Tov tpéyovia
ouvovaoud Bépatoc kot dvokoriag. Atapdleton amd UserDefaults pe ohvOeto kAerdl

KoL EVILEPDOVETOL ALTOHOTO KAOE popd Tov aAAGlEL 1] EmAOYT.
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e Eugdavion Odnyiov: Méampa kovumod @ (SF Symbol: info.circle) oto toolbar yia
eupdavion tng o06vnc InstructionsView og sheet (modal presentation) pe téccepig

KOVOVEG Loy VIO100.

e Exxivnon IMouyvidov: ITampa PLAY GAME — startNewGame(using:difficulty:)
oto ViewModel — dnovpyia véov Model instance — @optwon avtictoryov high

score — mAonynon oto EmojiMemoryGameView péow NavigationStack.

e Awvopn Kaptov: [Tatmpa otoifoag (deck) — shuffleCards() + deal() — ot kdpteg
'TetovV' and T otoifa otic B€celg Toug oto grid pe sequential animation delay 0.15

devut. ava kapto pécm matchedGeometryEffect.

e Emioyn Képrag: ITdmpa kdptag — choose() — 3D flip animation (Cardify
ViewModifier). EpeaviCetat to emoji content kot to bonus timer (Pie shape) apyilet

VO GUPPIKVAOVETOL GE TPOLYLOTIKO XPOVO.

e Avtiotoiyion Zebvyovg: Edv dvo kapteg touptdlovv — isMatched = true —
Babupordynon +2 + bonus1 + bonus2 — FlyingNumber animation mtoptokoil —

nePLOTPOPN emoji 360° — kdhpteg e&apavilovral.

e Amotvyio Avtiotoiyiong (eméktaon): Edv 600 kdpteg dev tapralovv — -1 Babuog
v KaOe yvwotr képta — FlyingNumber animation kokkivo — képteg yvpilovv

ovamoda.

e Avokdrtepo Kaptav: ITammpo Shuffle — shuffle() oto Model — avadidraén kaptov

oto grid ympic andAieio fabporoyiag.

e OloxMpwon Mayvidrov: Otav cards.allSatisfy {$0.isMatched} — isGameOver ==
true — guedavion Game Over screen pe "You Won! & telk| Padporoyia, high
score kot kovuni Play Again.

e 'E&odoc: [Tatnua Play Again — dismiss() — emotpoen oto GameSetupView. To

high score £ye1 oM amobnievtel KaTd TN SLAPKELD TOV TOLYVIOLOD.

2.1.2 Avaypappo akorovdiag (Sequence diagram)
Ta dwypappato akorovdiog amoteAodv e£icoV TOAD GNUAVTIKY KOTYopio OloypoppdTmv

UML. Xpnoomolovvtol yio Vo TEPTYPAYOLV TIG CAANAETIOPAGEIS LETAED TOV OVTIKELLEVOV

eVOC TANPOPOPLOKOD GLOTAUATOG HE YPOoViKn oepd. Eotialovv otovg tpoémovg mov
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EMKOWVMOVOUV TO OVTIKEIEVA HeTa&D Tovg péca amd pnvopato, kKAnoelg kot pebddovs. Ta
OVTIKEIIEVO, avamopioTavTol He opBoYDVIO GO GTNV KOPLON KOl £X0VV Ao pio KAOETN
ypapun (lifeline) mpog ta kGt mov eKPPAleL TN ypovikn dtdotact. Ot aAANAETOpAoELg

avamopioTaviol wg oplovtia BEAN TOL GVVIEOVV TIC KAOETES YPAUUES.

To moapaxdtom Sidypappo akoAovdiog Tapovctdlel OAES TIC EVEPYELES TOL UTOPEL VO KAVEL O
TOKTNG KOTA XPOVIKN GEPA YPNOLUOTOIOVTOS TV €poproyn MemorizeApp. Adym Tov

neyéBovug tov, ympiletal oe Tpia puép.

4. Sequence Diagram — New game + card tap flow

User GameSetupView EmojiMemoryGame MemoryGame GameView CardView UserDefaults
(actor) «View» «ViewModel» «Model» «Views «Views «storage»
i l l

Phase 1: Start new game
| 1:tap PLAY GAME
—_—

1 1

| i

2: startNewGame(theme:.Halloween, difficulty: Medium) |

—|i |
| 3: MemoryGame(numberOfPairs; 12, factory:)

I 4: «return» MemoryGame (24jtards)

|
1
1
1
1
1
1 1

1 1

1

1 1

1 1

)\ 7: NavigationDestination - pusfjEmojiMemoryGameView
1

|
o i I
1 i |

1 1

Phase 2: Deal cards 1
| 8: tap deck ! I 1 ! | |
+ - 1 1 1
| | | 9: viewModel.shiffle() | | \
i ] g ¥ 10: deal() — staggered withAnimqtion i
1 1 1 1 - .. [ 1
i | { | ] 1 Tloop: epeh card) | i
1 1 ! i 1 1 deattd aid ]
I i i i ] | dealt.fhsert(card.id) |
| | 1 I | | delay = 0.15s |
I 1 | 1 I D I
I 1 1 1 | 1 1

Phase 3: Tap a card .
| 11: tap CardView | 1 ' | | |
/ i H 1 | 12: choose(card) (withAnimatipn] ¢
1 1 | W card)l 1 !
| ! § _13: viewModel.choose(card)fi} | | i
| ; 1114: game.choose(card:) : : ;

1 -—

i 1 | | ]
1 I | | I
| i i 15: mutate card state, score | |
I I | I I
| 1 1 selfscall ! |
1 1 1| 16: «return» 1 !
1 | P& - —— 1 1 |
1 1 117: [score>best] set(bestScore, forKey:) | !
i i - v | et nCE LR L L L LR >
i i 1118: @Published -> Ul re-render (cards, score, FlyingNumber) | |
i - e S M et » i
I I | |
i i | |
I I I I
i i ] |
1 i ] ]
I I I I
I 1 1 1
i I ] ]
I 1 1 I
I I 1 I

Ecova 2 — Midypopyuo axorovbiog
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[Mopatnpodvtag To Topamdve dtoypappote PAEToVIE OTL TEPEXOLY 6 avTIKEILEVO TOL OTTOT0L

EMKOWVMOVOUV UETAED TOVG HE CLYKEKPIUEVO UNVOLOTO KO CUYKEKPLUEV YPOVIKT GEPAL.

Avalotikd:

To avtikeipevo ITAIKTHX: O ypfotng TG epapUOYNG, EKKIVEL OLEC TIG EVEPYELEC.

To avtikeipevo GAMESETUPVIEW: H apykr 006vn emloyng 0épatog, Suokoriog

KOl EKKIVI oG,

To avtikeipevo EMOJIMEMORY GAME (ViewModel): To ObservableObject mwov

dwyepiletar katdotaon kot intent functions.
To avtikeipevo MEMORY GAME (Model): H Aoyikn moyvidion, ot KAPTEG Ko M
Babpordynon.

To avtikeipevo EMOJIMEMORYGAMEVIEW: H kipta 006vn moyvidiov pe grid,

otoifa ka1 controls.

To avtikeipevo USERDEFAULTS: O punyoviopog povipns omodnkevong vyning
Babuoroyiag.

MEeLeT®VTOG TO OAYPOLLLLO, UTOPOVLE VO KOTOVONGOVUE OAES TIG EVEPYELES WE TN YPOVIKY|

oelpd mov cvpPaivovv. Ta Prjpata 1-5 arotehovv v VIOYPE®TIKY okolovbia ekkivnong:

10

11.

12.

13.

14.

O maiktng emAéyet Bépa ko dvokoAia oto GameSetupView.
[Motd PLAY GAME — kaAeiton startNewGame(using:difficulty:) oto ViewModel.

To ViewModel kaiet createMemoryGame(theme:difficulty:) kou dSnpovpyet véo
Model.

To ViewModel kaiet loadHighScore() mov dafdlet and UserDefaults.

To EmojiMemoryGameView gpoavileton pe kevd dealt set kot to prvopa 'Tap the
deck to deal!".

Metd vTdpyovV EVOALUKTIKEG POEG avAAloya e Tt EmBLpEl 0 TaikTNG:

>XEAIAZH KAI ANATITY=H E®PAPMOIHZ MAIFNIOY MNHMHZ T'A ®OPHTEZ ZYXKEYEX ME AEITOYPI'IKO iOS
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Evallhoaktikn pon| 1 (altl) — Awavoun Kaptov: Iladtnpa otoipag — shuffleCards() (shuffle +
reset dealt) — deal() pe sequential delay 0.15 devt. avd kbpta — KAPTEG PETAPEPOVTOL ATTO

otoifa oe grid péow matchedGeometryEffect.

Evalloktikn pon 2 (alt2) — Emtuyng Avtictoiyion: [amuo kdptag — choose() — av
content Toupraler — isMatched = true — score += 2 + bonus — ViewModel eAéyyet score >

bestScore — av vat: bestScore = score + UserDefaults.set().

Evalloktikn pon 3 (alt3) — Amotvyio Avtictoiyong: [dpa kdptag — choose() — av

content dgv Tauptdler — score -= 1 yia kéBe yvooti Kapto — KaApTEG Yupilovy avamoda.

EvaAlaxtikn pon 4 (altd) — OrokArpoon: Otav isGameOver == true — Game Over screen

— Play Again — dismiss() — emiotpo@n oto GameSetupView pe evnuepopévo high score.

>XEAIAZH KAI ANATITY=H E®PAPMOIHZ MAIFNIOY MNHMHZ T'A ®OPHTEZ ZYXKEYEX ME AEITOYPI'IKO iOS
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KE®AAAIO 3o

3 Avaivtikn Heprypaen g Yriomoinong
Ye avtd 10 KePAAoto Oa yivel avodlvTikn mEPLYpa®n TG LVAomoinong g i0S epappoync

MemorizeApp kot TG ot emtevydnke. Oa yivel 1 cvvoeon Tov dwypapupdtov UML kot
™G apyrtektovikng MVVM pe v telkn] popon g eeapuoyns. o kdabe Poacucd
component ToPoLGLALETOL 0 AVTIOTOLY0G KMOWKOG pe emenynomn g Aertovpyiog Tov, Kabdg

Kot ottypdtuno 086vng and tov Xcode 1) tov Simulator.

I"o to otédo oyedacpod tov Bepdtov emoji a&tomodnke o KoTdAoyog unicode emoji g
Apple. EmAéyOniov ocOuPora dueca ovoyvopicipo, OgpoTikd GUVEKTIKO KOl COO®G
JtpopeTikd peTalld Toug MOTE Vo amoeevyeTal cVyyvon. H emthoyn emoji avti yio custom
graphics peiwoe onuavTikd Tov ¥pdvo ovamTuéng Kot eE0c@AAIcE GUVETELD EUOAVIONG OF
OAeg T1¢ 10S ovokevEc.

3.1 Appnrekroviky MVVM
H epappoyn MemorizeApp epappolel motd to opyrrektovikd npoétvro MVVM (Model-

View-ViewModel). H pon dedopévaov axoiovBel povodpouikn (unidirectional) mopeiot:
[Maiktng — View (intent call) — ViewModel — Model — ViewModel (@Published update)

— View (avtoparn avakatackevr]). Kdbe otpodpa £xel capng optopéveg evbuvec.

Model MemoryGame.swift struct generic NoyIKnA TTaixvidiou,
avTioToixIon,
BabuoAdynon,
bonus timer

Model Theme.swift struct + enum Opiouo6g BepdTwv

emoji, XpwuaTwy,
enum Difficulty

ViewModel EmojiMemoryGame.swift class ObservableObject Katdotaon
eQapuoyng, intent
functions,
UserDefaults, high
score

>XEAIAZH KAI ANATITY=H E®PAPMOIHZ MAIFNIOY MNHMHZ T'A ®OPHTEZ ZYXKEYEX ME AEITOYPI'IKO iOS
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View

View

View

ViewModifier

Shape

View Helper

View Helper

3.2 H spappoyn 0mo TN TALVPAE TOL YpNoTN

GameSetupView.swift

EmojiMemoryGameView.swift

CardView.swift

Cardify.swift

Pie.swift

AspectVGrid.swift

FlyingNumber.swift

struct View

struct View

struct View

struct
ViewModifier+Animatable

struct Shape

struct View generic

struct View

EmmAoyn
BépaTog/duoKkoAiag,
navigation,
eugavion high
score

KUpia 086vn, grid
KapTwv, deal
animation, score
display

Meuovwpévn
Kdapta, Pie overlay,
emoji, Cardify
modifier

3D flip animation
MEoW
rotation3DEffect

Custom clockwise
arc yia bonus timer
visualization

Adaptive grid
layout — BEATIOTO
card size avd
086vn

Animated +/-
aAAayn
BaBuoAoyiag Tavw
aTtro KapTa

To MemorizeApp Aettovpyei mAinpwg offline ywpig eyypaen 1 odvdeon. Katd v exkivnon

eupaviCetonr avtopato 1 apyky 006vn GameSetupView. To entry point tng €QopUOYNG

(MemorizeAppApp.swift) onuovpyei éva @StateObject (game: EmojiMemoryGame) mov

Cet yio OAN TN SLapKELR TNG EPAPLOYNS Kot TO TapEyel oto GameSetupView.

3.2.1 Apyuciy O06viy — GameSetupView

H mpdt 006vn mov BAéner o ypnotng eivar 1o GameSetupView. Edd emAéyst Bépa ko

dvokorio péom segmented Pickers, PAémer v vymAn Pabuoroyio yioo Tov TpéYOovIQ

ouvovao o, kot EeKva véo mayvidtl. O tithog 'Memorize!' epgaviletar og 60pt pe dvvapkd

ypoupatiopd. Koouni D oo toolbar avoiyst tig odnyieg.

>XEAIAZH KAI ANATITY=H E®PAPMOIHZ MAIFNIOY MNHMHZ T'A ®OPHTEZ ZYXKEYEX ME AEITOYPI'IKO iOS
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Koppdart kddwa and to GameSetupView — Picker emhoyng 8épatog ko epgdvion high

SCOrec:

struct GameSetupView: View {
@0ObservedObject var viewModel: EmojiMemoryGame

@State private var selectedTheme: Theme = Theme.allThemes[0]
@State private var selectedDifficulty: Difficulty = .Easy

@State private var navigateToGame = false

@State private var showlInstructions = false

var body: some View {

NavigationStack {
VStack(spacing: 40) {
Text("Memorize!")
font(.system(size: 60, weight: .heavy))
.foregroundColor(themeColor)
.padding(.top, 50)
VStack(alignment: .leading) {
Text("Select Theme").font(.headline).foregroundColor(.secondary)
Picker("Theme", selection: $selectedTheme) {
ForEach(Theme.allThemes) { theme in
Text(theme.name).tag(theme)
}

}
.pickerStyle(.segmented)

}
.padding(.horizontal)
VStack(alignment: .leading) {
Text("Select Difficulty").font(.headline).foregroundColor(.secondary)
Picker("Difficulty", selection: $selectedDifficulty) {
ForEach(Difficulty.allCases) { diff in
Text(diff.rawValue).tag(diff)

}
}
.pickerStyle(.segmented)

}
.padding(.horizontal)
Spacer()
VStack(spacing: 5) {
Text("Best Score")
font(.headline)
foregroundColor(.secondary)

Text("\(currentSelectionHighScore)")
font(.system(size: 36, weight: .bold, design: .rounded))
foregroundColor(themeColor) }
.padding(.bottom, 20)

>XEAIAZH KAI ANATITY=H E®PAPMOIHZ MAIFNIOY MNHMHZ T'A ®OPHTEZ ZYXKEYEX ME AEITOYPI'IKO iOS
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Spacer()
Button {
viewModel.startNewGame(using: selectedTheme, difficulty:
selectedDifficulty)

DispatchQueue.main.async {
navigateToGame = true
}

} label: {
Text("PLAY GAME")
font(.title2)
.bold()
frame(maxWidth: .infinity)
.padding()
.background(themeColor)
.foregroundColor(.white)
.cornerRadius(15)
.padding(.horizontal)
.padding(.bottom, 30)
}
.navigationDestination(isPresented: $navigateToGame) {
EmojiMemoryGameView(viewModel: viewModel)

}
}.toolbar {
Toolbarltem(placement: .topBarTrailing) {
Button {
showlnstructions = true
} label: {
Image(systemName: "info.circle")
font(.title3)
}

}.foregroundColor(themeColor)
I/l 2. Tells the app to slide the InstructionsView up when the button is tapped!
.sheet(isPresented: $showlnstructions) {
InstructionsView()
Y
}
}

private var themeColor: Color {
switch selectedTheme.color {
case "orange": return .orange
case "green": return .green
case "blue": return .blue
default: return .purple

}

>XEAIAZH KAI ANATITY=H E®PAPMOIHZ MAIFNIOY MNHMHZ T'A ®OPHTEZ ZYXKEYEX ME AEITOYPI'IKO iOS
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private var currentSelectionHighScore: Int {
let key = "highscore_\(selectedTheme.name)_\(selectedDifficulty.rawValue)"
return UserDefaults.standard.integer(forKey: key)

}
}

O mopamdve KOdKag avtiotorel otnv apyikn oBo6vn emioyne. Ta selectedTheme kot
selectedDifficulty eivonr @State properties: kdbe @opd mov aAralovv, to SwiftUI
avakotookevdlet  ovtopota to  View kot vmoAoyiletor ek véov  TO
currentSelectionHighScore. To Picker pe .segmented style onpiovpyei 10 yvootd segmented
control tov 10S. To computed property currentSelectionHighScore owfaler oand

UserDefaults ypnopomoidvoag chvheto kA1l mov cuvovalet BEpa kot SuokoAia.

>XEAIAZH KAI ANATITY=H E®PAPMOIHZ MAIFNIOY MNHMHZ T'A ®OPHTEZ ZYXKEYEX ME AEITOYPI'IKO iOS
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Memorize!

Select Theme

Animals Halloween

Select Difficulty

Easy Medium

Best Score

64

PLAY GAME

Eixovo 5 — Apyixn o8ovy GameSetupView

3.2.2 Kopua O06vy — EmojiMemoryGameView

Metd and ekkivnon moryvidod o maiktng petagépetor oto EmojiMemoryGameView. Avtod

enpavitet Tov titho, to B¢pa, To grid kaptdv 1 ™ otoifa, T Pabuoroyia, Tov high score Kot

to kovumid Shuffle/Deck. Awmnpei @State dealt Set<Card.ID> ot (@Namespace

dealingNamespace.

Koppdt kodwko — body kot score display:

>XEAIAZH KAI ANATITY=H E®PAPMOIHZ MAIFNIOY MNHMHZ T'A ®OPHTEZ ZYXKEYEX ME AEITOYPI'IKO iOS

22



Eudyyehog Ayyerog Petrotong MruxiokA epyacid

var body: some View {
VStack{
Text("Memorize!").font(.largeTitle)
HStack({
Text(viewModel.currentTheme.name).font(.largeTitle).foregroundColor(viewModel
.themeColor)

}

if viewModel.isGameOver{
Spacer()
gameOverScreen
Spacer()
Spacer()
lelse{
ZStack {
cards
if dealt.isEmpty {
VStack {
Text("Tap the deck to deal!")
font(.title2)
.bold()
.foregroundColor(viewModel.themeColor)

Image(systemName: "arrow.down")
font(.largeTitle)
.foregroundColor(viewModel.themeColor)
.padding(.top, 5)

}
.animation(nil,value: dealt.isEmpty)
}
}

HStack{
score
Spacer()
deck.foregroundColor(viewModel.themeColor)
Spacer()
shuffle.foregroundColor(viewModel.themeColor)

}.font(.largeTitle)

HStack({
Spacer()

}.font(.headline)

}

}
.padding()
}

private var score: some View {
VStack(alignment: .leading){
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Text("Score: \(viewModel.score)").animation(nil)
Text("HighScore: \(viewModel.bestScore)").font(.title3)

}
}

O mopoamdveo kodkog aviiotoyel oty kOpla 086vn moyvidov. To viewModel sivan
@ObservedObject, omdte kaOBe @opd mov aAldler kdmolo @Published property (score,
bestScore, cards, isGameOver), to View avokatackgvaletal avtopata. To .animation(nil)
0TO Score amoTPEMEL avemBvunTo animation kot tnv oAiayn aptduov. To dealt Set eAéyyet

noleg kKapteg ivo opatég oto grid.
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Memorize!

Animals

lap the deck to deal!

Score: 0
HighScore: 64

Eixova 6 — Kopio o8ovy mpiv 1o dealing

3.2.3 Deal Animation — matchedGeometryEffect
H dwovopn| kaptdv amd ™ otoifa oto grid vAomoteiton péow matchedGeometryEffect, pio

woyvpn duvatdtnto Tov SwiftUI mov onpovpyel oporéc petapdoetg peta&h Views pe 1o id10
id og éva @Namespace. To effect vroroyiler avtdépota ™ Swpopd Béong kot peyébovg

peta&d g otoifag Kot g Béong oto grid Ko dnpovpyet animation PHETAPOPAS.

Koppdt kodowka — deck View kot deal function:
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private var deck: some View {
ZStack {
ForEach(undealtCards) { card in
CardView(card)
.matchedGeometryEffect(id: card.id, in: dealingNamespace)
transition(.asymmetric(insertion: .identity, removal: .identity))

}

}
frame(width: deckWidth, height: deckWidth / aspectRatio)
.onTapGesture{

shuffleCards()

deal()

}
}

private func deal(}
var delay: Timelnterval = 0
for card in viewModel.cards {
withAnimation(.easelnOut(duration: 1).delay((delay))) {
_ = dealt.insert(card.id)

}
delay +=0.15

}

private func shuffleCards() {
viewModel.shuffle()
dealt.removeAll()

}

O mapomdve kodwkag viomolel to deal animation. H otoifa (deck) xor 1o grid (cards)

ypnoonoovv to 1010 @Namespace dealingNamespace, ondte to SwiftUI 'Eépetl’ 611 10

CardView pe id X ot otoifa kot to CardView pe id X oto grid avamopiotovv 10 510

ototyeio. 'Etotl onpovpyeitor avtdpota animation petapopds. To sequential delay 0.15 devrt.

avd képta dnpovpyet to epé 'metahovdag'. Kpioyn Aertopépeta: n shuffleCards() mpémet va

koiel shuffle() TTPQTA «or petd removeAll(), orluwg 1o matchedGeometryEffect

onpovpyet glitches.
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Memorize!
Animals

Score: 0 Shuffle

HighScore: O
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Eiwxova 7 — Kopio 00ovy perd to dealing

3.2.4 Epgpavion Kaprag — CardView
Kd&Be kapta eppaviCetor péow tov CardView mov ypnoyonotel TimelineView(.animation())

yw real-time evnuépwon tov bonus timer (Pie shape) oe kd0e frame animation. To
CardView ehéyyel av n képta mpénetl va epeaviotet (face up 1 unmatched) kot epoppodlet to

Cardify modifier ywo to 3D flip.
Koppéart kddwa and to CardView:

struct CardView: View {
let card: MemoryGame<String>.Card

init(_ card: MemoryGame<String>.Card) {
self.card = card
}

var body: some View {
TimelineView(.animation()){ timeline in
if card.isFaceUp || Icard.isMatched {

Pie(endAngle: .degrees(card.bonusPercentRemaining * 360))
.opacity(Constants.Pie.opacity)
.overlay(cardContents.padding(Constants.Pie.inset))
.padding(Constants.inset)

.cardify(isFaceUp: card.isFaceUp)
transition(.scale)
}else {
Color.clear
}
}
}

var cardContents: some View {
Text(card.content)

font(.system(size: Constants.FontSize.large))
.minimumScaleFactor(Constants.FontSize.scaleFactor)
.aspectRatio(1,contentMode: .fit)
.rotationEffect(.degrees(card.isMatched ? 360 : 0))
.animation(.spin(duration: 0.8), value: card.isMatched)

}

}

private struct Constants {
static let cornerRadius: CGFloat = 12
static let lineWidth: CGFloat = 2
static let inset: CGFloat =5
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struct FontSize {
static let large: CGFloat = 200
static let small: CGFloat = 10
static let scaleFactor = small / large

struct Pie {
static let opacity: CGFloat = 0.5
static let inset: CGFloat =5

}
}

extension Animation {
static func spin(duration: Timelnterval) -> Animation {
Jinear(duration: 0.8).repeatForever(autoreverses: false)
}

}

O mopambved — K®OKOG — oviotoyel  omnv  guedvion kaBe  kaptag.  To
TimelineView(.animation()) e£acpaAiler 6Tt to Pie shape evnuepovetor oe kdbe frame
animation, OTTIKOTOIOVTIOG Tr cuppikvmorn tov bonus timer. To rotationEffect pe .spin
animation ektelel ovveyn mepotpoer] 360° Stav 1M kdpta  avtiotoryotel.  To
minimumScaleFactor emtpénel ocvppikvoon Tov emoji ®CTE Vo YOPA OtV KApTo

avegapmta and to péyedog.
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Memorize!
Animals

gl

Score: O Shuffle

HighScore: 0

Eixova 8 — Avouyrés kapreg e bonus timer (Pie shape)

3.2.5 3D Flip Animation — Cardify ViewModifier
To Cardify struct viomoiel tavtdypova ViewModifier (epappoynq og modifier) ko

Animatable (mapeppoin Tpuodv katd animation). O cuvdVAGUOC aVTOG emttpénetl 6to SwiftUI
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vo TapeUPAAEL T YoVio TEPIOTPOPNG avTOHOTO KaTd TN dtdpkela tov flip, dnpovpymdvtag

opaid 3D animation.
Koppdt kodwka and to Cardify:

struct Cardify: ViewModifier, Animatable{
init (isFaceUp: Bool = false) {
rotation = isFaceUp ? 0 : 180
}

var isFaceUp: Bool {
rotation < 90
}

var rotation: Double

var animatableData: Double {
get { return rotation }
set { rotation = newValue }

}

func body(content: Content) -> some View {
ZStack {
let base = RoundedRectangle(cornerRadius: Constants.cornerRadius)

base.strokeBorder(lineWidth: Constants.lineWidth).background(base.fill(.white))
.overlay(content)
.opacity(isFaceUp ? 1 : 0)

base.fill()
.opacity(isFaceUp ? 0 : 1)

}

.rotation3DEffect(.degrees(rotation), axis: (x: 0, y: 1, z: 0))
}
private struct Constants {

static let cornerRadius: CGFloat = 12

static let lineWidth: CGFloat = 2

}
}

extension View {
func cardify(isFaceUp: Bool) -> some View {
return self.modifier(Cardify(isFaceUp: isFaceUp))
}

}
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O mopamdve kodwkag avtiotoryel oto 3D flip animation. To animatableData property eivai n
vépupa peta&d SwiftUI animation system kot tng 1010t Tog rotation: 6tav 1 rotation oAAG el
a6 180 og 0 (face up), to SwiftUI mopepupdiret avtopota evdorapecsg Tipés (180, 162, 144...
0) dnovpydvtag opard animation. H evaidayr opacity (isFaceUp ? 1:0) ywa t1g 600 dyelg
eCaocparilel eupdvion G OMOTNG TAELPAS ava whoa otiyun. H o extension

cardify(isFaceUp:) emrpéner anin ypnon: .cardify(isFaceUp: card.isFaceUp).

3.2.6 Custom Shape — Pie
To Pie struct viomotel to Shape protocol ypnoyonoidvtag Core Graphics (CGPath) péow

tov Path API tov SwiftUI. Zyedudlet éva yepotd kukhkd 16E0 mov Eekvd and ™ 12 dpa
(netatomon -90°) kot katoAopuPdver yovio avdioyn tov bonusPercentRemaining,

OLPPIKVOVUEVO KAODS TEPVA O YPOHVOG.
Koppébrt kddwa and to Pie Shape:

struct Pie: Shape {
var startAngle: Angle = .zero
let endAngle: Angle
let clockwise: Bool = true

func path(in rect: CGRect) -> Path {
let startAngle = startAngle - .degrees(90)
let endAngle = endAngle - .degrees(90)

let center = CGPoint(x: rect.midX, y: rect.midY)
let radius = min(rect.width, rect.height) / 2
let start = CGPoint(
x:center.x + radius * cos(startAngle.radians),
y:center.y + radius * sin(startAngle.radians)

var p = Path()

p.-move(to: center)

p.addLine(to: start)

p.addArc(center: center, radius: radius, startAngle: startAngle, endAngle:
endAngle, clockwise: !clockwise)

p.addLine(to: center)

return p

}
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O moapandve kddwag dSnuovpyet to custom Pie shape. H petatdmion -90° svbovetan yo v
ekkivnon and ™ 12 dpa: oto cvotua cvvtetaypévov 10S, yovia 0° avtiotoryel ota 0e&ld
(3 opa), omodTe -90° = 12 ®pa. H endAngle vroroyileton og card.bonusPercentRemaining x
360°: bonusPercentRemaining = 1.0 onuoaivel mAnpng kokiog (véa kdpta), 0.0 onuaivet
Kapio yovia (mtapéivce o ypoévoc). H TimelineView oto CardView e€acpalrilel 6t to Pie

emovomoloyiletat og kéBe frame.

3.2.7 Adaptive Layout — AspectVGrid
To AspectVGrid sivon évo generic View mov vmoloyilel avtopota to PéATioro péyebog

keMav Yo LazyVGrid ypnoponowwvrog GeometryReader. EEac@alilel 60T aveEdptnra amod
ToV 0plOud Koptdv (6-32) Kot ™ Sty®dvio TG 006vne, OAES Ol KAPTES YWPAVE TAVTO OPUTES

xopic scroll.
Koppéart kddwa and to AspectVGrid:

struct AspectVGrid<items: Identifiable, temView : View>: View{
var items: [ltems]
var aspectRatio: CGFloat = 1
@ViewBuilder var content: (Items) -> ItemView

var body: some View {
GeometryReader { geometry in
let gridltemSize = max(10, griditemWidthThatFits(
count: items.count,
size: geometry.size,
atAspectRatio: aspectRatio

)

LazyVGrid(columns: [Gridltem(.adaptive(minimum: gridlitemSize),spacing:
0)],spacing: 0) {
ForEach(items) { item in
content(item)
.aspectRatio(aspectRatio, contentMode:.fit)
}

}
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}
}
func griditemWidthThatFits(
count: Int,
size: CGSize,
atAspectRatio aspectRatio: CGFloat
) -> CGFloat {
let count = CGFloat(count)
var columnCoutn = 1.0
repeat {
let width = size.width / columnCoutn
let height = width / aspectRatio

let rowCount = (count / columnCoutn).rounded(.up)
if rowCount * height < size.height {
return (size.width / columnCoutn).rounded(.down)

columnCoutn += 1
}while columnCoutn < count

return min(size.width / count, size.height * aspectRatio).rounded(.down)

O mapamdve adydpiBpog Eexva pe 1 othAn Kot avéavet dtadoykd: yio Kabe aptfpd otniov
vroAoyilel To MAGTOG KEAOD, OTN cLVEXELD TO VYOG Pdoel aspect ratio, Kot EAEYYEL oV TO
OLUVOAMKO VYOG OAMV TV YPAUU®DV X0pdel 6TO dtaBEcto VYog. MOMG ympdel, ETGTPEPEL
avtd to TAdtoc. To max(10, ...) eEacparilel ehdytoto mAdtog 10pt. To .adaptive(minimum:

gridltemSize) oto Gridltem emtpénet 610 LazyVGrid va tonobetel 66eg oThAeg Ywpave.

3.2.8 FlyingNumber — Animation BaOpoXoyiag
To FlyingNumber View epeoavilet animated apiBuntikny oariayr Pabporoyiog mwhve omd

KkdOe kapta. Xpnowomnotel @State offset: CGFloat yio animation kivnong kot TovTOYPOVN

neimon opacity, dMpovVPYOVTAG PUGIKO £QE EEAPAVIOTC.
Koppédrt kddwa and to FlyingNumber:
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struct FlyingNumber: View {
let number: Int

Il -is up in y axis
@State private var offset: CGFloat = 0

var body: some View {
if number !'=0 {
Text(number, format: .number.sign(strategy: .always()))
font(.largeTitle)
.foregroundColor(number < 0 ? .red : .orange)
.shadow(color:.black, radius: 1.5, x: 1,y: 1)
.offset(x: 0, y: offset)
.opacity(offset !=0?0:1)
.onAppear {
withAnimation(.easeln(duration: 1.2)) {
offset = number <0 ? 200 : -200

}

}
.onDisappear {
offset=0

}

O mopamdve kddwag epgaviCer animated oapiOud Pobporoyiag. H popeomoinon
.number.sign(strategy: .always()) gpeavilel mévta 1o mpdonpo (+2, -1 k.Ax.). To opacity=0
katd v kivnon (offset != 0) dnuovpyet opard epé eapavione. To .onDisappear undevilet
10 offset ywo emavaypnoponroinon. Lto EmojiMemoryGameView, 1o scoreChange(causeBy:

card) emotpépet TV adiayr| Padporoyiog Lovo yio TV KAPTO TOV TPOKAAESE TNV OAALYN.

3.2.9 AkyoprOpog Emdroyiig Kaptag — MemoryGame Model
O aAy6pBpog choose() amotelel Tov TLPMVA TNG AOYIKNG TOL TToyVidoL. YAomoteitor €&

olokAnpov  oto  Model, yopic yvoon tov UL H computed property
indexOfTheOneAndOnlyFaceUpCard dwyepiletor ) povadikny ovoytn KApTo HECH

get/set.
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Koppdt kddko — aryopBpog choose() kot indexOfTheOneAndOnlyFaceUpCard:

var indexOfTheOneAndOnlyFaceUpCard: Int?{

get{
return cards.indices.filter { index in cards[index].isFaceUp}.only
}

set{
cards.indices.forEach {cards[$0].isFaceUp = (newValue == $0)}
}

}

mutating func choose(card: Card){
if let chosenIndex = index(of: card){
if lcards[chosenIndex].isFaceUp && !cards[chosenindex].isMatched{
if let potentialMatchindex = indexOfTheOneAndOnlyFaceUpCard{
if cards[chosenindex].content == cards[potentialMatchindex].content{
cards[chosenindex].isMatched = true
cards[potentialMatchindex].isMatched = true
score += 2 + cards[chosenindex].bonus +
cards[potentialMatchindex].bonus

}else {
if cards[chosenindex].hasBeenSeen{
score -=1

if cards[potentialMatchindex].hasBeenSeen{
score -=1

}

Yelse {
indexOfTheOneAndOnlyFaceUpCard = chosenlndex

cards[chosenindex].isFaceUp = true

}
}
}

O TOLPOTAVE® KOOKOG avTioToyel oToV KEVTPIKO alyopopo. H
indexOfTheOneAndOnlyFaceUpCard oto set yopilet avdmoda OAeg Tig KApTEG €KTOHS Omd
AT ToL vEou index, VAOTOIHVTOG ToV Kovova 'Ldévo pia avoryt kapta tn eopd'. H yprion

mutating func vrevBopiler 611 10 MemoryGame eivon struct (value type): kdBe orloyn
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onuovpyet véo avtiypaeo, efaceaiilovtag immutability. To hasBeenSeen yivetou true

HOMG pia képta yupicel avamoda HETA amd TPOTY ELEAVIOT), Lécw Tov didSet Tov isFaceUp.

3.2.10 Awyeipion High Score — EmojiMemoryGame ViewModel
H oamobrjkevon kot avdxtmon vyning Padbuoroyiog dwoyelpiletar amokAEloTIKA and TO

ViewModel (EmojiMemoryGame.swift). Xpnopomotovvtor cdvheta kAedid UserDefaults
vy Eeywplom amobrkevon ava Bépa kot duokoAio. H evnuépwon yivetor oe mpoypotikd

xpOvo o KaBe choose() call.
Koppdt kddoka — high score management oto ViewModel:

@Published private var game: MemoryGame<String>

init() {
let startingTheme = Theme.allThemes.randomElement() ?? Theme.allThemes[0]
self.currentTheme = startingTheme
self.currentDifficulty = .Easy
self.game = EmojiMemoryGame.createMemoryGame(theme: startingTheme, difficulty:
.Easy)
self.loadHighScore()
}

var cards: Array<MemoryGame<String>.Card> {
game.cards
}

var score: Int {
game.score

var isGameOver: Bool {
Icards.isEmpty && cards.allSatisfy{$0.isMatched}
}

private var currentHighScoreKey: String {
"highscore_\(currentTheme.name)_\(currentDifficulty.rawValue)"
}

private func loadHighScore() {
bestScore = UserDefaults.standard.integer(forKey: currentHighScoreKey)
}

O mapondve kdducag dtayepiCeton To high score. To currentHighScoreKey sivor computed

property mov Onpovpyel povadikd kAl avd cvvovacud (m.y. 'highscore Animals Easy',
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'highscore Sports Hard'). H evnuépwon yivetar péco ot choose() «débe ¢@opd mov
emAEYETOL KAPTOA: av score > bestScore, amobnkevetor queca. Avtd eEacarilel 6TL akdOpa
KOl oV 0 YPNOTNG TEPUATICEL TNV EQPAPUOYN| TPV TEAELMOEL TO TOLYVIOL, TO KOAVTEPO
emitevypd tov cdletor. H loadHighScore() kaAeital katd v ekkivnon véov moryvidod yia

va poptmBel to avtiotoryo high score.
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KE®AAAIO 40

4 Eyyepidro Xpriong g E@appoyng
10 Ke@AAao avtd Tapovstaletal To yxepidto yprong g i0S epappoyng Memorize App.

To eyyepido yprong eivarl amapoitmto oV avdivon TG €QEOPUOYNG, KOODS TEPYypAPEL
AVOALTIKA pe Prpata Kot ottypdtuna 006ving tov tpdmo mov pmopet va ypnotporombet and
TOVG YPNOTES, OEVKOADVOVTAG TOVG OKOWMO KOl OV OEV £XOVV TPONYOVUEVN EUTEPIO LE

avtiotolyeg epappoyés. EmmAiéov, avaibovror ta frpoto eyKatdotaong.

4.1 Eyxatdotaon tne E@appoyng
H gpappoynq avamtdybnke pe Xcode (ékdoon 16.x) wor amottei ocvokevr i0S 17.0+.

Awtifeton pécsm tov project pakédlov oto OneDrive. Xto péAdov 1 61dbeon Ba propovoe va
npaypatoromBel pésm tov Apple App Store, dote va dtac@ariletal evkoddtepr TpdsPaon

KOl QUTOLOTI EVIULEPOOT).
O ypnog €xetl 600 emAoYEC £YKATAGTOONG:
15. Extéleon péow Xcode og i0S Simulator: Avorypo Memorize App.xcodeproj kot
TaTnpo o (Run). Agv ararteitan Apple Developer account.

16. Eykatdotaon og puoikn cvokevn: Arartet Apple Developer account yuo p0yOpuion

Code Signing.

[Mo eykotdotaon o€ LUGIKY GLOKEVT akoAoVONGTE T €ENG PripnaTa:

17. KatePdote tov @dxelo project omd tov ovhvdespo OneDrive.
18. Amoovumiéste 10 apyeio zip kot kdvte SmAd KAk 6to Memorize App.xcodeproj.
19. Xto0 Xcode: KAk oto project — target MemorizeApp — Signing & Capabilities.

20. Emi\éEte Team (Apple ID) kot aArd&te Bundle Identifier o povaodiko (m.y.

com.yourname.memorizeapp).
21. Xvvdéote T ovokevn 10S pe USB kot matnote o (Run).

22. X ovokevn: Pubuiceig — T'evikd — VPN & Awyeipion Zvokeong — Trust.
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23. H epoppoyn gppaviletor oty apytkr 006vrn kat givol Etoun yia xpnon.

4.2 Xpiion e E@appoyng
Kot v exkivnon mg epapuoyng, n tpdt 000vn mov PAETEL 0 ¥pNoTNG €lvar 1 apyIkn

006vn emhoyng GameSetupView.

ApyiKd, KoTd TV TPOTN YPNOT TG EPAPUOYNS N TPDTN 006vn Tov Ba det 0 ypnotng eival

aT:
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Memorize!

Select Theme

Animals Halloween

Select Difficulty

Easy Medium

Best Score

64

PLAY GAME

Eiova 15 — Apyikn 000vn koo, v mpadty ekkivion

2y ewova 15, v TpdTn 006vn TG EQAPUOYNG:

24. Emiéyel 0épa ano tov segmented Picker (Animals / Halloween / Sports). To ypdpo
™G 000vng aALalel apéomc.

25. Emiéyetr dvokoria (Easy / Medium / Hard). To Best Score evnuepmvetat avtictorya.
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26. BAémer 10 Best Score yio tov tpéyovta cuvovacud. Katd v tpotn ypnon

epoaviCeton 0.
27. lotéd PLAY GAME yuo va Eekivioet vEo oy vidt.

28. EvaAlaktiké, motd to kovuni (D (info.circle) endvo e yia va Set Tig odnyiec.

Matmvtog to kovpni D eppaviCetar n 006vn odnyidv wg sheet:
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How to Play Got it!

(\“ Tap to Flip

Find Pairs

* Score Points

Y Beat the High Score
r r ‘ t

Eixovo. 16 — O06vn odnyiav woayvidiod (InstructionsView)

2y ewova 16 eaiverar n 006vn odnyidv moyvidiov:

29. Tap to Flip (yxépt pe Pérog): Tatdg kdpta Yo va amokaAlvedei To emoji.
30. Find Pairs (600 kdpteg): Ouudoat tig Béoelg kKo Bpiokelg idta (edym.

31. Score Points (aotépt): Kepdilelg Pabpovg yia ypryopes avtiotoyicels. XAvelg yio

EMOVOANYELS.
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32. Beat the High Score (tpémaio): Kébe 0épa kot Suokoria £xovv d1kd toug high score.

33. ITatd 'Got it!" yio KAelo10 Kot ETGTPOPT GTNV APYIKT 0006VT).

Metd amd emroynuévn ekkivnon Toyvidlon HETAPEPETOL GTNV KOpLo 006vN:
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Memorize!

Score: 0
HighScore: 0

Eova 17 — Kobpia 00ovn mprv wy diovoun koptav

Yy ewova 17 mov amotedet Ty kvpla 000vn Tpv T davoun:
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34. Epgaviletat to pvopa 'Tap the deck to deal!' e animation féAovg mpog ta KATw.
35. Zta aprotepd eppavifeton Score: 0 ko HighScore: X.

36. Zt péon gpeaviCetar n otoifa kaptdv (deck).

37. Zta de&1d epopaviletor o kovuni Shuffle.

38. IMatdvtag ) otoifa, ot kapteg dravépovtal pe sequential animation.

Metd amd matnpoe e otoifag, ot Kapteg davépovtal oto grid:
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Memorize!
Halloween

Score: O Shuffle

HighScore: 0

Eixova 18 — Kodpia 000vn peta w drovoun) kaptamv

2y ewova 18 BAEmovpie To grid TV KapT®dV apov £Yve 1 SLOVOUN:
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39. O kapteg epeaviCovrat avamoda oto grid. To AspectVGrid vmordyice avtopato

BértioTo péyebog.
40. TTotdvrag kapta ekteeiton To 3D flip animation kot amokaAOTTETAL TO €MOji.

41. O bonus timer (Pie shape) gppaviletor nudtagavig Tave arnd kdbe avoryt Kapta

Kol pKkpoivet.

42. H Bobporoyio evEPOVETOL GE TPOAYLOTIKO XPOVO.

Otav o maiktng Ppet emrvuymg éva {evyog:
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Memorize!
Halloween

5-8008
10008

Score: 9 Shuffle

HighScore: 9

Ewcova 19 — Emitoyng avuoroiyion {edyovg

2y ewova 19 BAEmovpe v emttuyn avtiotoiyion:

43. FlyingNumber animation ToptoKaAl Kiveital mpog ta mivo.
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44. O1 avTIoTO(IoUEVES KAPTEG EKTEAOVV animation mepLoTpoPng 360° kot

eCapaviCovtart.

45. H BaBporoyia av&davetor avtiotoya. Av Eemepaotel o high score, amofdnkeveton

aUECOG,.

Xg mEPIMTOON OMOTLYIOG AVTIGTOI(IONG GE YVOOTH KAPTAL:

46. FlyingNumber animation k6xkwvo (-1) kiveitor Tpog ta K4Tm yio kdbe yvmort KapTa.

47. H Bobporoyia peidveron katd 1 yio kédbe yvoot kapta.

48. Kot ot dvo kapteg yopilovv avamoda.

Otav 6Aeg 01 KAPTES OvVTIGTOLYIGTOVVY, gREavifeTatl 1] 000V OAOKAp®ONG:

>XEAIAZH KAI ANATITY=H E®PAPMOIHZ MAIFNIOY MNHMHZ T'A ®OPHTEZ ZYXKEYEX ME AEITOYPI'IKO iOS

50



Eudyyehog Ayyerog Petrotong MruxiokA epyacid

Memorize!

Eixova 21 — O0ovy Game Over

Ymv 006vn avt (ewodva 21) eppavifetol To game over screen:

49. EpgaviCetot to ppvope "You Won! 6 ueydro péyehoc.
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50. Epgaviletor ) Final Score (tehkn fabporoyia tng moaptidag).
51. EpgpaviCetor o HighScore (vynAn Badporoyia amobnkevpuévn oto UserDefaults).

52. Tlatdvtag 'Play Again' emotpépel oty apyikn 00ov.

A@ov odoxnpwbei po maptida, o mwaiktng mapoatnpel evnuepopévo high score otnv apykn

006vn:
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Select Theme

Animals Halloween

Select Difficulty

Easy

Best Score

Eixova 22 — Apyixn 00ovy ue eviuepaopévo Best Score

2y ewova 22 oiveTor 1 EVUEP®UEVT apyIK] 000V LETA TapTida:

53. To Best Score gpeavifet t véa vynin Pabpoioyio mov amobnkedTNKE.

54. Eméyovtag dtopopetikd Bépa 1 duckoiia, to Best Score aAralet avtictorya.
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55. Kd0e cuvovaopog Bépatog kKot duokoriog dwatnpel Eeympiotd high score.
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KE®AAAIO 50

5 Tvunepaopata
Amo 10 otoEld TOL TOPOVLGLAGTNKOV GTO TAPOV £YYPOPO YIVETOL KATOVONTO OTL M

epappoyn MemorizeApp amotelel pia ohokAnpopévn AHon yioo TV VAOTOINoT ToLVIdoH
pwhung oty mAatedppo 10S, afomoidvtag mApog TG dvvatdtrteg tov SwiftUI
framework ot gpapudlovtag motd to MVVM apytektovikd mpdétvomo. H epappoyn
AVTILETOTILEL EMTLUYDOG TAL TPOPANLOATO TOV EVIOTICTNKOAV GTIG VIAPYOVOEG AVGELS: TOPEYEL
mAobolo  animations, mowkiAMo Oepdtov kKol emmédwv  dvokoAiog, Sikalo  cLGTNUO

Babpordynong kot TAnpwg offline Asttovpyia.

H 18¢a yio ) onpovpyio g epapproyng tponibe amd v avaykn €poproynsg cOyyxpovov
teyvoloyiov 10S og €va Aeltovpyikd Kot eikvotikd project. Onwg ¢aivetor amd T0
eyyepidto ypnoms, N epoapuoyn elvar amin, dypnotn Kot VAOTOlEl OAEG TIG OMOPUITITES
Aertovpyieg v o oAokAnpopévn eumelpion moryvidod pviaung. O ypnomg pe eadyiota,
Katavontd Prjpuoata pmopel va emAéler Bépo ko dvokoAia, va Eekivnost moyvidl, va

OVTIOTOLYIGEL KAPTEG KOL VO, OVTAYOVIGTEL LE TOV €AVTO TOL Y10, LYNAGTEPT Paboroyia.

Ta Bacwkd teyvikd cvunepdopato mov e&dyovtatl amd v avantuén: Ilpotov, to MVVM
pattern topraler euvowkd pe 1o SwiftUl xor emitpémel coen Sox@piopd Aoykng omod
napovciocn — aAlayég oto Model dev emnpedlovv 10 Ul kot avtiotpopa. Aghtepov, t0
SwiftUI mapéyet woyvpd epyaieio animations (Animatable, matchedGeometryEffect, custom
Shapes, TimelineView) mov €mITPEMOVY ONTIKA EVIVIMOGLOKTY EUTEPIN LE GYETIKO HIKPN
TOGOTNTOL  KAOOIKAL. Tpitov, 1 generic  WOPOUETPOTOINGN tov  Model
(MemoryGame<CardContent>) e£ac@aiilel eneKTAGOTNTO — 0 1010¢ KMOWKOS UTopel va
ypnoworomBel pe String, Int, eikdveg 1 onoroonmote Equatable tomo. Tétaptov, n ypnon
Date intervals avti yio Timer ovtikeipeva yio tov bonus timer HTov 1 GOOTH ETIAOYN:
ATOPELYEL TOALTAOKOTNTA dtoyeiptong KOKAoV (NG Kol AElTovpyel GOOTA OKOMO KOl OV TO

View avoKaTooKEVAOTEL.
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[MopdAdnia, N avdmtoén  ovédelle  OoNUOVTIIKEG — TEQVIKEG — TPOKANGES:  TO
matchedGeometryEffect anottel cuykekpyévn oepd ektédeong (shuffle mpiv reset dealt) yio
amoevyn| visual glitches, n tavtdypovn extéheon moAlmv TimelineView instances oto Hard
eninedo emPapvvel Tov eNeEepyacTn YOPIG OUOS acONTA TPOPANUATO GE PUGIKY) GUCKELY],
kot m ovvémela kKAewidv UserDefaults peta&d ViewModel ko GameSetupView omontet

Wwitepn Tpocoyn ®ote va epgaviletor mévto 1o cooto high score.

Ev kotaxkeidty, n e@appoyn amotedel o Kovotopa, s0ypnotn Kol TEXVIKO OAOKANPOUEVT
AOon. Mehhovtikd vrdpyet dvvatdtto mepatépm emektdocsmv, Omwg Game Center
integration yio moykOGHovg mivakeg katdtaéng, iCloud sync péow SwiftData pe CloudKit,
custom Oépata amd Tov ¥pNotn eMALYOVTag emoji amd o TANKTpoAdylo, multiplayer mode
néom GameKit, haptic feedback péow CoreHaptics, nyovg péow AVFoundation, i0OS widget
yw To home screen, kot peteykatdotaon and UserDefaults oe SwiftData yio koAvtepn doun

JedOUEVDV.
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