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EuxaploTieg

Kata tnv Sldpkela tng avamtuéng kKol UAOMOLNoNG TNG TIO KATW TITUXLAKAG
ouvéBaAav apkeTd mpocwra. Mpwto Kal KUpLo Ba nBeAa va euxoplotriow tov enBAETOV
pou kabnyntn Ap. Fewpylou Xplon yla tnv eukalpia mou pou €xel SWOEL va CUVEPYOOTW
pall Tou o€ AUTH TNV MPWTOTUTN gpyacia oAAA Kal yio TNV CURBOAR TOu KoL TNV HEYAAN
otnpLEn kat Bonbela mou mpooEdepe oTNV UAOMOINON TNG OMTIKAC AVAAPACTACNG TWV
aAyopiBuwv. Emiong suxaplotw 6Aoug toug $oltnTEC Tou TURHOToG MANnPodopLKnC Tou
Mavemiotnuiou Kumpou mou mpooédepav TIG avilOPACELG TOUG KAl TO OYXOALQ TOUG yla
BeAtiwon kot KAAUTEpn OvAMTUEN TWV TIO KATW aAyopilBuwv Kol eMUMAEwWV OTOU
KOVTLVOTEPOUG HoU PIAOUC-CUUPOLTNTEG TTOU £XOUV SWOEL TLC TILO ELAKPLVAC aVAOPACELG.
EmunpooBeta, Ba nbsda va Sdwow €va peydlo euxaplotw otov Ap. Mavaylwtn
XopaAaumnoug kot poltntég Tou Epyaotnpiou MNpadikwy tou Tunpatog MAnpodopLkng yla
NV CUHPOAN TOUG OTNV QTTOKTNON YVWOEWV TIEPL YPADIKA KOl LAONULOTLKWV.

ErmunpooBetd Ba nBela va euxaplotiow To SLadiKTuo Kol CUYKEKPLUEVQ, To Stack Overflow,
Toug SLdaokovteg Twv tutorials tng oeAibag tou Unity, tov Brackeys kot GAAEG TTOAAEG
SLadIKTUOKEG TINYEC TIG omoleg Ba avadépw otnv BiBAloypadia, mou pe BorBnoav otnv
QVTLUETWTILON Kal eMiAuon Stadopwv PoPANUATWY KATA TNV LAomoinon Kabwc Kal otnv
uAomoinon oplopEVWY SUVATOTHTWY TOU TIPOYPAUUATOC A,

TENOG €va PHeYAAO EUXAPLOTW O0TOUG GIAOUG KaL OTNV OLKOYEVELA OV TIOU E oTnpifav otn

HeyaAn autrn Stadpoun!




NepiAnyn

Ye aut) Vv AutAwpatikn Epyacia avaAvovtal kot uAomolouvtal aAyoplOpol o€ OmTikni
avamnapdotacn HE TNV xpnon tou epyaAeiou Unity3D. levikd ol aAyoplBuol mou Ba
TIOPOUCLACTOUV €lval EPLOCOTEPO aAyopLlOpoL mou eival SUokoAoL oTnVv eKpuadnon Toug.
JUVETIWG PE LA OTITLKA TPLOSLACTOTN avarmopAaotacn Ue Xpron ypadikwy o cuvbuaouod
hue kivnon Bo kdavouv mO €UKOAN TNV Kotavonon omo omotodnmote pe umopabpo
oAyopiBuwyv kat mAnpodoptkng. Etol Ba €xoupe Kal KOAUTEPN eKHAOBnon Kotd TNV
Sibaokalia Toug.

Katapxdg meplypddeTal To €pYaAElO TTOU XPNOLUOTIOLCAME KAl BAOCLKEG EVVoLeC TTou Ba
TIPETIEL VA YVWPLIOUUE YLO VO TIPOXWPHOOUUE OTLC TIEPLYPAdEG OAWV TWV UAOTIOLGEWV. Q¢
emakoAouBo, ywvotav peAEtn e€akpiBwong Aemtopepelwy o€ KABe alyoplBpo. Meta amo
nieplypadr kaBs apyxtkol Tpooxediou Kot TNG okEPNE Hag TPOToU UAOTIOLNOOUUE KABE
aAyoplBpuo, mapouaotaletal n enefynon KoL o TPOMOG UAOTIOINONG TOUC UE TO €pyaAEio
Unity. Auto meplthapBavel tnv meplypadn kabe 3D aviikelpévou mou €xel SnuoupynOel
TIOU OUVELOPEPEL OTNV MaPoUsiaon Kal eKTEAECN KABWC Kol KABE ONUAVTIKAG YPOUUAG
KwoLKa g OAa Ta xpriotpa script mou £xouv ypadtet otn CH.

ErunpdoBeta o kaBe adyoplOpog EEXwPLOTA EXEL UTIOOTEL LA LETATPOTIN VLA TNV AELTOUpyla
Kall OTTIKA eUdAvion mpog To xpnotn. Me tnv meplypadn auThg TNG LETATPOTIG KAl TWV
TPOMWV EPAPHUOYNG TOUG PE HEBOSOUC TPOYPAUUATIOHOU Kal AAAQ epyaAeia, KATAARYOULE
O€ JLOL TEALKI) OTTTLKI) OVATIAPACTAON E ELKOVA KaL Kivnon Ttou kaBlotd riio evéladépov tnv
EKUABNON TOU O €va emBUUNTO XPNOoTN. TEAOG LETA OO TAKTEG SOKLUES TwV aAyopiBuwy,
£€XOUV TTAPOUCLOOTEL PO POLTNTES KAl yWWOTEG TANPODOPLKAG YL Vo TTapBoUV YWWUEG yLa

oAAayEC aAAG Kat yia LEANOVTLKEG EMEKTAOELG KOl BEATLWOELG.
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Kedalato 1.

Elocaywyn

1.1 Kivntpo kat 2toxog AAE 1
1.2 Meboboloyia 2
1.3 Opydvwon Kewuévou 3

1.1 Kivntpo kot Ztoxog AAE

KevtplkOdGg 0TOX0G QUTAG TNG ATOMIKNG AuTAwpaTtikne Epyaciag sivatl n uAomoinon &vog
mAaLlolou He TN Xxpron Ttou epyaAeiou Unity, To omoilo MPoodEPeL OMTIKEG YPOUPLKES
QVATOPAOTACEL aAyopiBuwy. Auto To Tpoypappa Ba mpoodépel KAAUTEPN Kal TILO
SLaoKeSAOTIKN) KATAVONON CUYKEKPLUEVWY aAyopiBuwyv oL omoiol eival SUoKoAoL otnv
KaTavonon XwpLig TNV EKTEAECH TOUG KaL TNV IapakoAouBnaon evog mapadelypatog Toug pe
npaypatika dedopéva. AnteuBuvetal mpog toug ¢poltnTteG NS MAnpodopiknc, aAAd Kal ot
orotodnmote aANo €xeL TO avtioTtolxo pabnolako umoBabpo kot Kivntpo va pABel Toug

aAyopiBuoug autoug.

To mpoypappa autd Snuioupyndnke yla tnv otrpLEn pottntwy oto padnua EMA 336 - ENA
236: AAyoplBuol kot MoAumAokotnta [4]. OL aAyoplBuoL mou €xouv emAeyel va
edappooTolV OTNV £pyacia auUTh €lval CUYKEKPLUEVOL alyoplBuoL mou €xouv SuokoAla
oTNV Katavonaon armo Toug Labnteuouevouc. Ztabnkav eniong LGavikol va mapoucLacTouy

O£ pLo ypadIKr avamapdoTtacn KE KWVOUUEVA TPLOSLACTATO AVTLKEIHEVA.

Y€ TEALKO OTASLO TO IPOYPOAUHA QUTO £XEL UAOTIOLNUEVOUG TOUG €M G adyopiBuoucg (oL omoiot

61bdokovtal oto pabnua auto) [4,5]:

e AAyOplBuog Tafvounong pe emloyn (Selection Sort) (Autdg o aAyoplBuog

vAormolBnke KUplwg yLa TV eknabnon tou epyaAeiouv Unity)




e AAyoplBuog Taxu Metaoxnuatiopol Oouplép (Fast Fourier Transform - FFT)
e AAyOplBuog Emhoync (Selection Algorithm)

e Auvoapuikog MNpoypappotiopog — AAyopBuocg Fibonacci

e Tuyxalomolnuévog AAyopLBuog — AAyopLBuog Karger — KaBoALkr g ATOKOT G

A&ileL va onpelwBel 6TL To pABnuo auto To eixa mapakoAouBnoel To Eapvo e€aunvo tou
2017 kal CUVENWG Kateixa €va Baclko padnolako unoBabpo yia eukoAdtepn vAomoinon

TWV aAyopiBuwy autwv.

1.2 MeBoboloyia

Na tnv ypadiky ulomoinon kaBe aAyopiBuou xpnolpomolndnke o (6lo¢ TPOMOC
TIPOYPAUUATIOHOU Kot oxeSlaopol mplv epapuootel n UAomoinon oTtov UTOAOYLOTH.
ApPXLKA YLVOTOV TIEPETALPW HEAETN KOl AEMTOUEPNG avaAuon Tou kaBe alyopibuou oe
onueio mou Ba uTtAPYXAV OL EMOPKEC YWWOELC YLa. pLo TTARPN YPadLKr) TOUg UAoToinon Xxwpig
KEVA. TNV OUVEXELQ YLVOTAV EVOG OPXLKOG OXESLAOUOC TNE MTPWTOTUNNG €UdAVIONG TOU
udlotapevou alyopiBuou, OTOV OMOLO ELMOOTE EMIKEVIPWHEVOL, TIAVW OTO XOPTi yla
g€akpiBwon TG KAAUTEPNG aAvVOOPACTACNC TToU Ba TelveL va lval TTILO EUVONTN ELKOVIKA.
TéAoc edpappoloTav n UAOTIOLNGN TOU TTAVW OTOV UTIOAOYLOTH LE TN XProN TNS NAEKTPOVIKNC
mAatdoppag Unity3D [1]. H mAatdoppa auti mpoodEpeL LOXUPEC EMIAOYEC Kal TIOAAQTTAG
epyaleia yia dnuoupyia toco 3D 600 kal 2D avamapaoTtAcewv ypadlkwy Kal AAAwv

ELKOVIKWV TAPACTACEWYV KUpLlwg UAoTolnoNng BLvteomatyvidLwv.

Emunpdobeta, oL oAyoplBuot, ot SlemadEéC TOUC KAl O TPOYPAUUATIONOG TNG
QVOmapAcTAcn G TOUG UAoTolnBnKav e Tn xpron tng CH# yAwooag mpoypapupaTiool mou
urnootnpilel to Unity3D. MNpotol epappooTtel n uhomoinaon, mpolnipxav eKMaldeVCELG Ao
EKTIALOEVUTLKO UALKO 0To SLadiktuo yia to Unity3D Kol GUYKEKPLUEVOUC TPOMTOUG UAOTIOLNONG
yla KaBe oUyKEKPLUEVO OTASLO OTO omoilo PBpLokopaocte KaBwe n mMAatdopua auth HTaV

TPWTOYVWPN YLla LG,

ZNUAVTLKA, Katd tnv dtdpKkela g uAomoinong Tou kaBe alyopiBuou, Atav Kot N cuUPBoAn

Tou emiBAEmovta kabnyntn, dottntwy Kot GiAwv yla mpoTAoeLg yia BEATLWOELG Kal oXOALa




yla aAAayEg otnv epdavion, euxpnotia Kal Asltoupyia Tou mpoypappatoc. Eixope emAégel
€Va CUYKEKPLUEVO aplBuUd atdépwv Ta omoia mpdodidbav avadpaon Katd tnv vAomoinon
(Peer Evaluation). Ta (6ta dtopa £€6wvav oxoAla TOo0 oTnV apxn Kot otn PEon aAAd 600 Kal

OTO TEALKO TIPOYPOAUUAL.

Noa onuelwBel edw OTL yLa TNV MOpoUCioon TwV scripts mou ¢aivovtal w¢ oxAUaTo oTNV
OUVEXELX TNC Epyaoiag pog EXEL Yivel pe screenshots amo tov Text Editor — “Sublime Text”
[22]. Eniong o oxeSlaopudg Twv MPooxediwv Twv Slemadwv pag EXEL YIVEL YE Xprion TG

lotooeAibag “Draw.io” [23].

1.3 Opyavwon Keyuévou

H udlotapevn SumAwpatikn epyacia anoteAeital ano akoun epta kepaiata:

Jto Kedpdahato 2 ouvexilovpe pe tnv meplypadn TG pebodoloyiag mepaltépw
ouvoyiilovtag tnv mponyoUEVN YVWaon Kol To padnaotakd unoBabpo To omolo Xpeldotnke
yla tnv vAomoinon. Emiong meplypadetal n vAomoinon tou aAyopiBuou Selection Sort, n
orola sivat Baowkn kabwg edw Oa mapouciacoupe £vvoleg mou Ba xpnotpomnotnfolv

0pyOTEPO OTOUG UTIOAOLTTOUC aAyopiBouc.

Y10 Kedpahato 3 umapxel po. avaockomnon tng kuplag dtemadng — Ul (User Interface) mou
vAomolnBnke Kkal amoteAel epyadeio mepuynong HeTafl Ttwv aAyoplBuwv oAAd kat
eAéyxou. Na onuUelwoou e OTL o€ KABe emakolouBo kepahato Ba mephapBavovral Kat n
neplypadn mpoBAnUATwY, SLEUKPLVACEWV Kal TPOMwV emiluong ywo TV KABe pag

vAormoinon.

210 Kedpahaio 4 Eekivape Tnv meplypadr VAOmoinong pe Tov MpwTo pag alyoplbuo, Tov Fast
Fourier Transform (AAyoplBuog Metaocxnuatiopou Fourier). Avamtiooovtag apxka Tthv
nieplypadn tng vAomoinong tng Slemadng xprnotn, MPOXWPALE oTa TPooxedla Kal otnv

uAoroinon Tou Ue to epyaleio Unity.

O aAyoplBuog Emiloyng mapouotdletal oto Kepahato 5. H avaiuon tou adyopiBuou, kabe
apxki okéPn kat vAomoinon Olddopwv TPLOSLACTATWY QVIIKELMEVWY TEPLYpAdETAL

AN PWCG.




To Kedalato 6 meplypadel tnv uAomnoinon tou alyopiBuou Fibonacci yla mapouaoiaon tng
TEXVIKAG UAomoinong oaAyopiBuwv tou AuvaulkoU TPOYPAUUATIONOU. ZUYKEKPLUEVA N
vAormoinon nepthappavel éva tplodiaotato Suadiko §€vpo Kat mapouciaon Twv Xpovwv

EKTEAEONC O€ oLYKpLoN UE AAAouG adyopiBuoug.

Jto 7° kot mpoteAeutaio KepdAalo Ba  aocxoAnBoUpe pe TNV KOTnyopla Twv
Tuxalomolnuévwy oAyopiBuwv. Oa avaAuBel mAnpwc n uvAomoinon tou oAyopiBuou
ouppikvwong Karger. H uAomoinon amaptiletal and tn Snuoupyia €vog P GUVEKTIKOU
moAuypadou, sdappoyn amobrnKeuong Kal avaktnong amd apxeia kot uAomoinong

animation Tou aAyopiBuou.

Téloc oto 8° kal teAeutaio kedpalaio Ba akoAouBnoel €vag emiloyog pall pe Tt
CUUMEPACUATA UG, Tapoucioon Sladopwy YEVIKWY TIPORANUATWY KoL TPOTIWV ETUAUGHG
TOUC KOl OPLOPEVEG LEANOVTIKEC eVEPYELEG TTOU Ba KaBlotouoav o KaAn Kot BEATIWHEVN

NV Epyaoio auTnh.
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2.1 Nponyoupeves NVWoeLg
MpotoU £EKLVAOOUE LE TNV AEMTOUEPNG UAOTIOINGON TwV aAyopiBuwy, mpolmrpxe pia Bacn
yvwong n omoia xpelaldtav ylo TNV OpoAnR SLEKMEPALWON TOU MPOYPAUHUATOC QUTOU.

JUYKEKPLUEVECG BONONTIKEG YVWOELG:

- TVWOEL( TIPOYPAUUATIONOU WE aVTIKELUEVOOTpEDela (Java) (amd ta Pacikd
HaBrpaTo apXWV MPOYPOUHATIOMOU KAl OVTLKELLEVOOTPEDELAG TOU MavemioTnuiou
Kumpou) mou Ba BonBoloav onuavtika otnv ekpadnon tng YA wooag C# kabwg €xet
TLAPOUOLEC APXEC HE TNV Java.

- Tevikn yvwon ywa AAyopiBuoug, douég dedopévwy kat MoAumAokotnta (amd ta
paBnuata EMNA336 - AAyoplBuol kat MoAumAokotnta [4,5] kot EMNA231 — Aopuég
Asdopévwy kat AAyopLBuoL)[8] kot CUYKEKPLUEVN yvwaon yla TPOTOo AsLtoupylag Twv

aAyopLBuwy Ttou emAEXBNKav va uAomolnBouv.




JUUMANPWHOTIKA EpeuvhOnKav Kot AAAEG SUTAWUATIKEG Epyacieg yla va Bonbricouv otnv
doun TG UPLOTAUEVNC. ZUYKEKPLUEVA TIEPLOCOTEPN EMLPPON WG TIPo¢ tn BorBesla yla tov
TPOTMOo doung mapeixe n SUTAwHATIKN Tou dottntA MavreAn ITuAlavién Le TNV SUTAWUATIKN

Tou gpyacia «Omntikonoinon MNapdAAnAwv AAyopiBuwv Me Tn Mnxavr Unity» [6]

2.2 EpyaAeio Unity3D
2.2.1 nNepwypadn Unity3D

& unity

Noyoturo Unity - Zxnpa 2.1

To Unity3D (Zxnua 2.1) [1] amotelel pla amo Tg mo StadeSOUEVEC KAl TILO XPHOLUEG
TAXTHOPUEG TTOU UTIAPXOUV OTNV ayopad yla TV Snuoupyia Blvteomatyvidiwy Kat Oxt Hovo.
MNpoodEpel epyaleia Kol UTNPecieg mou o €EUMINPETOUV OE TIPAYUATIKO XPOVO XWwpig
KOOUOTEPNOELC KOl ETITPEMEL TEPAOTIA TPOOPACIUOTNTA O HEYAAO 0plOuo amo
mAatdopues onwcg Windows PC, Mac, Linux, Android, 10S, Xbox One, PS4 kArt. To mAouaoLo
KOl €MEKTAOUO epyoleio emefepyaciag¢ twv 3D/2D poviéAwv, AXwv, animation kat

Slemadwv xprnotn amoteAel £va amod Ta 1o XpHoLUa EpyaAELd IO TOUG MPOYPOUUATIOTEC.

Emtiong ektog amo tig uPnAEG UTTOAOYLOTIKEG EMLOOCELC TIOU TIPOCPEPEL UE TIPOXWPNHUEVA
epyoleia eléyxou kot PeAtiotonmoinong, TPoOodEPEL KAl TNV duvatotnta  va
XPNOLUOTIOINOELS TO S1kO NG evowpatwpévo “Cloud” epyadeio. To Team Collaboration
(Collab) xpnolpomnoleital yia anobrkeuon, SnUocoLomoinon Kol CUYXPOVIOUO TNG EPYACLOG
oou pe €leyxo ekbooewv. TéEAog pe to Unity Asset Store pmopeig va €xelg mpoofaon o€
€Tolpa epyadeia kal GAAO UALKO TOG0 SwpeAv 000 Kal ML MANPWUNG yla eUKOAN emiAuon

yla xpovoBopa i SUokoAa poPAnuaTa.

H mAatdoppa autn eival xpriolun Kot yla apxapLloug XPRoTeG Kal TIPOYPUUUOTIOTEG TTOU
pmaivouv otnv Blopnxavia tou Game Development. Mpoodidel peydAn euxpnotia pUe v
Suvapikn ouvdeon tng UNXavAG TNG Hadl pe Scripts Ye TG YAWOOECG TPoypaUUATIOHOU CH

ko UnityScript  aAAwwg JavaScript kat Boo.




2.2.2 Xpnon NAatdoppag Unity3D

e autod to umokedalalo Ba avadépoupe Alyeg Paoikég Asttoupyieg Tou Unity3D mou
TPETEL VA YVWPLIOUUE yla TNV KaTtavonon tng SutAwpatikig [1,2,3]. Apxikad, o LOavIKOTEPOC
TPOTOC LE TOV OTOLO0 XELPL{OUAOTE TNV MAATPOpUa auTh eival dta péoou tou Unity Hub, To
omolo emiTpémel va eAéyxelg He mola £€kdoon va avolfelg pla omolodnmote epyacia
dtiaypévn péow tou Unity. AuTto eival onpavtiko kabwg av xelpileoal pla epyocio oou o€
oA amAoUG UTTOAOYLOTEG, Ba Tipemel va tnv enefepyaleocal pe tnv dla €kdoon Unity amo
mavtol. Av XpnOLUOTIOLOUCOE TILO TIAALA 1 TILo KollvoUplal £€kdoon yla emefepyaoia pLag
udLOTAPEVNG Epyaciag, (0w aAAOLWVOVTAV T APXELD KO KATAOTPEDOVTAV ONUOVTIKA LG

6ebopéva.

< Unity Hub 1.6.0 - *

Learn Installs

On Disk 3D Algorithm Representation \

In the Cloud
epl659-project

New Isometric Project

Unity Hub 1.6.0 —Main Screen - Ixfpa 2.2

© Unity Hub 1.60 — x

On Disk ><

Advanced Open
In the Cloud

You are opening project: 3D Algorithm Representation, specify Unity version
and build target

Current Project Version: 2018.2.0f2

2018.3.5f1 Current Build Target -

2018.2.0f2 - preferred
.

Unity Hub — Open By - Zxnua 2.3
Onwc dpaivetal oto Ixnua 2.2, eMAEYOVTOC Lo Epyacia Le auTo to epyalelo, epdavilovtal

OL TILO KATW €TAOYEC OMwG elvatl oto IxNua 2.3. Ekel pmopoUpe va emAéEouE TILO
OUYKEKPLUEVA LE Ttola €kdoon va avoiéoupe To Unity. Itnv neplmtwon pag, n €kdoon mou
XpnolpomnoloUpe sivat n 2018.2.0f2. Aut) n é€kdoon Ba mapapeivel OTwWG Kol TPEMEL KO’

OAn TNV UAOTIOLNGCN TNG EPYOCLAC, OE OTIOLO UTIOAOYLOTH KOlL VO EPYOCTOUE.




H epyaocia pag eival apyxikd dnutoupynuévn we pia epyaocia 3D. (epdaviletal oav endoyn

KaTd TV Snuioupyla piag kawol plog epyaciag/project). InUAVTLKA £€vvoLa TTOU TIPETIEL VOl

E€poupe elvat autr twv GameObjects. Auta sival ta BepeAlwdn avtikeipeva tou Unity ou

UTTOPOUV VA QVTLITPOCWITEUOUV XAPAKTIPEC, LOVIEAQ KOl OKNVLKA. Apouv w¢ Soxeia yla Ta

Components Ta omoia qUTA UAOTIOLOUV TNV TTPAYUATIKI) AeToupylkotnta. Ta components

umopel va eival scripts, components ¢pwTLOHOU, GUOLKAG, UETOOXNUATIOUWY Kal AAAQ

AMa
Q Unity 2018.2.0f2 Personal (64bit) - SampleScene.unity - Testing - PC, Mac & Linux Standalone <DX11 on DX10 GPU>
File Edit Assets
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Viewport Rect

Depth
Rendering Path
Target Texture
Ocelusion Culling
Allow HDR

Allow MSAA
Allow Dynamic Reso []

Targst Display
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Kupia Sienadn Unity3D yia pia 3D gpyaocia - Zxqua 2.4

Me tnv dnuoupyla pLag véag epyaciag epdavilovral Ta mo navw Bactkd napdbupa Kat

epyaleia (Zxnua 2.4):

A. Scene View = to tapdBupo oto omoio SouAslou e pe GameObjects Onwg povtéAa

vypadkwy, pwTtiopot , kapepeg katl colliders yla tnv dnuioupyia pLog oknvig (Scene)

B. Game View > to mapdBupo OmMou UMOPOUUE VA KAVOUWE TPOETILOKOTNGN TNG

gepyaoiag pag kat TNV UPLOTAUEVN KATAOTOON OTnV omolo BploKeTal Katd tnv

vAormoinon.

C. Hierarchy Window > mapouotdlet oe pia Alota ta GameObjects otnv udlotdpevn

OVOLKTI) OKNVI| O€ ULa LEPAPXLKN OELPA.




D. Project Window > edw UMOpOUUE va KAVOUME €L00ywyr, amobrnkeuon kot
enefepyaocia twv apxeiwv Assets.

E. Inspector Window - auto to mapdbupo mopouctdlel OAeC TG €TIAOYEC Kol
18lotnteg omoloudnmote aviikelpévou GameObject, Asset 1n Setting €xoupe
emAeypévo ekeivn tn otyun. Eilval onuavtikd mapabupo kabwg pag Sivel tnv

Suvatoétnta va npooBécoupe dtadpopa Components MAVW OTO OVTIKELPUEVA HaG.

Me tnv Slaxeiplon Kal EMEKTOON TWV TILO TAVW EPYAAEiwV €ite amo Sk pag vAomoinon
gite pe €tolpa epyaleia amod 1o Asset Store tou Unity (mou €xoupe mpooBaaon amo éva
OUYKEKPLUEVO TapdBbupo péow Tou Unity), pmopoUUe vo UAOTOLGOUME OTLOATOTE

AOYLOULKO pavtaoToUpe Kot eival epikto pe 3D f 2D ypadika.

MNepLoootepeg AEMTOUEPELG AsLTOUPYLEG KOl ETUTAEOV BaoLkEG Evvoleg Tou Unity kat tng CH

Ba avaAuBouv katd t SLApKeLD TNG SUTAWUATIKAC AUTAG.
2.3 Avaykaia EmunAéov MeA€tn

Matnv xprion tou Unity3D yLo TOV CUYKEKPLUEVO LOC OKOTIO TIPETEL VO TTOpakoAouBricou e
OPLOMEVA EKTTOLOEUTIKA PpOoVTLOTHpLA TTOU TTpoodEpovTay amo tnv LotooeAiba tou Unity

Kol GAAa ppovTtiotipla kat BonBeleg Stadiktuaka.

- Unity3D Tutorials [3]:
o Basic Tutorials (Baoika ppovtiotripla yla TG Baoikég apyeg tou Unity)
o Roll-a-ball (ekpaBnon otn Snuioupyia evog armAol matyvidlou)
o Interface & Essentials (eme€nynon Stemadng kat Bacikwyv epyaieiwv)
o Scripting: Beginner, Intermediate (yia ekpddnon tng yl\wooag C#)
o Animation (kivnon TpLoSLA0TATWY QVTLKELUEVWV)

- Unity Manual [2] (meptéxel mMOANEG €vvoleG yLa OAa Ta epyaleia tou Unity)

AUuTA ATV AKPWE avayKaio KoL XproLda ylo TNV cwoth Kot Afpn uAomoinon t¢ ypadLkig
QTELKOVLONG TWV oAyopiBuwy. EMUTAEoV €Xouv Yivel mepaltépw PEAETEG KaTA T SLdpKeELa
™¢ ulomoinong ywa efakpifwon kot O66pbwon mpoPAnudtwv Tou eudavilovrav

avamnaviexa. Autd ta npoBAnuata 6a avaAluBolv apydtepa TNV SUTAWUOTLKA.
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2.4 O Npwtog AAyopLOuog — Selection Sort
2.4.1 Neprypadn AlyopiOpou

Ma apxn mMPoToU £EKLVOOUE HE TNV UAoToinon Twv Bacikwv aAyoplBuwy, £XEL yIVEL Lo
apxLK uAomoinon Tou eUKOAOU oTNV avamopdotacn aAyopiBuou taflvounong He emhoyn
(Selection Sort). H uAomoinon autou tou aAyopibuou, amoteAei faon yla AsLtoupyleg mou
Ba epappootolv oToug UTOAOLTOUC. META OO LA ApXLKA) OVAAUCH TOU KWSOLKA KAl TOU
TPOMoU Asltoupylag Tou alyopiBuou, oxeSLACTNKE MAVW OTO XAPTL ULaL OLPXLKI ELKOVA yLOL
To Mw¢ Ba patvetal otnv Pndlakr TOU AIEIKOVLON KAl 0T CUVEXELA £XEL UAOTIOLNOEL pE€ow

tou Unity3D.
void SelectionSort(float[] arr)
int n arr.Length;

(int i

int minIndex = i;
(int J =1 + 1; j n; j++)
i
L
(arr[j] < arr[minIndex])
minIndex = j;

float tmp = arr[minIndex];
arr[minIndex] arr[i];
arr[i] = tmp;

AAyopLOpuog Selection Sort - ZxAua 2.5
Mo mavw daivetal pia amAn vAomoinon tou alyopiBuou tagvounong Le emthoyn otnv C#
(Ixnua 2.5). Onwg PBAémoupe eival €vag OXETIKA amAOG aAyoplOuog Ttaflvounong evog
nivaka pe mpaypatikoug-float aptBpole. H xpovikr tou moAumAokotnta ivat O(n?) kabwg
€xoupe ta 2 dwAlaopéva for-loops kat n xwplkn tou O(1) kKaBwg €xoupe poOvo éva
povodldotatd mivaka pe 0Aoug toug aplBpou. Emiong éva kdAo autol Tou aAyopiBuou

elval OtL 6ev KAVEL TTOTE MEPLOCOTEPEG QIO N AVTAAAAYEC TLUWV (Swaps).
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2.4.2 YAonoinon Epdaviong AAyopiOuou

Q¢ apxkn okéPn, oL aplBuotl autol Ba pmopoucav va avamapootabouv péca oe 3D
odaipeg oL omoieg Ba pmopouv pe gukoAia va xpwpuatilovral (pe xprion tou Renderer
Component -> material -> color) kat va HeTOKLVOUVTOL O OTIOLO CNUELO TOU XWPOU BEAOU LE.
‘EtoL SnuLoupynoope TNV IO KAtw odaipa (Zxnua 2.6) n onoia £xeL anobnkeutei wg Prefab

yla emavayxpnotyonoinon.

BallTextMesh - Zxqua 2.6

Ta Prefabs eival avtikeipeva tumouv GameObject mou pag eMLTPEMOUV va arnoBnKeUCOUUE
£V0L OTOLXELO e OAEC TOU TLG LOLOTNTEC 0TO E0WTEPLKO ToU prefab kat to prefab va Asttoupyetl
BaoLKA WC TPOTUTIO TIOU PN OLUOTIOLELTE yLa Vol SnULOUPYHOOU LIE VEEC EUPaVIOELG TOU (SLou
OVTLKELUEVOU OTN OKNVI). Oa Xpnolpomolouvtat oAU cuxva KAatd tnv mopeia uAomoinong

NG epyaoiag pog.

ESw va onuewwBel otL €xel xpnolpomnolnBel to epyaleio TextMeshPro to omoio €xoupe
kateBaoel ano to Asset Store tou Unity. Auto To epyaleio mpoodépel TOAU MEPLOCOTEPEG
€TUAOYEC SLoOpdWONG KAL JLO TILO wpaia epdavion o€ ypamto Keipevo toco og 3D popdn
000 Kal og dtemadéeg (Ul). Autd Ba pag eival xpriolo o€ 0An tn SumAwpatikn. Emumpoocbeta
yla va propet va PetakivnBel n odpaipa oe Omolo onueio Tou Ywpou BEAOUUE €xOupe
SnuLoupynoel éva Script mou €ival MAVToTeE MAvw o€ autr Tn odaipa, to BallMover.cs to
omolo emutpenel otn odaipa va KvnBel pe pia mapafoAikr) KapmUAn pog éva embupunto
onueio mou opilelg €0V XPNOLUOTOLWVTIAG WHE Tn Olpd Tou TN Pondntik KAdon

MathParabola.cs [7] (6niw¢ daivovtal oto Mapdptnua A).

Matnv uAomoinon éxet AndOel umoYn kaL moéco Pikpd/peyala Ba ntav ta Sedopéva yla va

umopel 0 xpriotng va ta €L 0€ LKAVOTIOLNTIKO eMinmeSo OMTIKA KAl va €lval EVavVAYVWoTa
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KaBwg g€umnpetolv TAUTOXPOVO TNV OWOTH emnefnynon tou aAyopiBuou. Etol €xoupe

oploet 6plo Vo dekadikwy Pndiwv kat dvo akepaiwv.

Ma va urapxel pioe Sopunpévn sudavion tou mivaka, emdéCape va epdavicoupe Kabe
OTOLXELO TOU 0€ QUTEC TG odaipeg, oL omoieg Ba eival idlou pey£Boug, pe LoOTLUN amooTacn
HETAEV TOUC KAl UE OWOTH OELpA OMw¢ epdavilovtal otov mivaka amo tnv 0 péxpL Kal Tnv
N Bon (6mou N o aplBuog twv otoxeiwv). O TPOMOCG MOU €XOUUE TETUXEL AUTH TNV
uAomoinon ilval pe xpnon Ypapukneg napeuBoAng (Linear Interpolation - Lerp) [2]. H
YPOULULK TIApEUBOAN ETUTPENEL TNV OTABEPN EUPAVION AVIIKELLEVWY Ao pia apxikn (A)
B£on oto xwpo os pia teAkn (B) (omou 0 — Apxikn B€on, 1 — Tehwkn B€on) og o6molo onpeio
(S) OéAelg emAéyovtag €vo  TMPOYUOTIKO oplOuod  petatl tou 0.0 kot 1.0

ocupnepAapBavopévwy Omwe Gailvetol 0To Lo KATW mapadstypa (Ixnua 2.7).

® - @ - .
A(0,y) $(03,y) B_(l‘ y)
(value = 0.0) (value =0.3) (valuel= 1.0)

Mpappukn NapepBoAn 2 onpeiwv - IxApa 2.7
Onwg BAEnoupe emidéyovtag To 0.3 wg To onueio S, to onpeio auto Ba Bploketal oto 30%
¢ amootaong tn¢ eubeiag mou evwvel to A(0,y) pe to B(1,y) dnAadn Oa eivatl To onpueio
(0.3,y) (6mou (X,Y) onueio oe Stodldotato xwpo). Etol av Stadé€oupe va tonobeTroou e
pa odaipa oto onueio 0.3 amnod to A oto B, 6a tonoBetnbel oto (0.3,y). TUVENWE EXOUUE
SnULoupynoEL Ula cuvaptnon n omoia TonoBetel kKABe oTolKElO TOU Tivaka o€ pla odaipa

KOLL OTNV CUVEXELD TA KATAVEEL LOOTLO OTO XWPO OF L0 YPOUUN.

AUTO OpWG Bev eMOpPKEL yla TNV mapouciaon MOAAWV odalpwv otnv 08ovn Tou va sival
€USLAKPLTEG TIPOG TOV Xpnotn. Metd amod moAAoUG eAEyxoug apouciaong Twv opalpwyv
€XOUE TtapATNPOEL OTL O LOAVIKOC UEYLOTOG aplOUOG odalpwV TTOU UTTOPEL va €XEL La
ypopuun eivat 30. Etol kaBe 30 odaipeg Ba aAldloupe ypauun Kal tautoxpova Oa
Slatnpoupe LoAELEG AMOOTAOEL UETOEY QUTWY TWV YPAUUWY. AUTO Ba TO TIETUXOUME
epapudlovtag tnv dLa TEXVIKN YPOUULKAG TtapeBOARG aAAd auth TNV popd otov KABeto

agova otnv apxLkn Kot TeAkr BEon mou €XoUE OPLOEL TTPONYOUUEVWCG.
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Upper-A (0, y-3.5) @ o Upper-B (1, y-3.5)

(A-value = 0.0) (B-value = 0.0)
A(0,y) ® ® B(Ly)
Down-A (0, y+5) @ @ Down-B (1, y+5)
(A-value = 1.0) (B-value = 1.0)

Opulovtia Kat KABeTN Yypapuikiy apeBoAn - Zxnua 2.8

Onwg BAEmoupe oto ZXNUa 2.8 yla to apxlko (A) kat TeAlkd (B) onueio tN¢ KEVIPLIKNC
VYPOUUAG £XOULE oploel SU0 AN KABETA TTPOG TA MAVW KoL TTPOG Ta KATw. OL aptBpuol mou
XPNOLLOTIOLOUE €XOUV UTIOAOYLOTEL Ao eAEyXoucg UETA amod SLAPOopPeC EKTEAECELG TOU
aAyopiBpou oto Unity. (-3.5 otov Y afova yla to mavw Oplo Kal +5 yla To KATw OpLo
(XuvoAikny amootacn = 8.5)). Tuvenwg peta amo kabe 30 aplBuolg Ba dnuloupyolpe
KalvoUupLa. ypouun UETall autwv Twv opiwv. Ma mapadslypa: av €Xoupe 65 aplOuoug
E€poupe OtL Oa dnuoupynooupe 3 ypapUEG (65 = 2*¥30 + 5), 2 ypappuég Oa €xouv amo 30
odaipeg kat pia emumAéov Tig umoAouneg 5. H 1" ypapupn Ba eivat oto 1/3 (8.5*1/3 = 2.833)
n 2" ota 2/3 (5.666)kat n 3" ota 3/3 (8.5) tn¢ andotaong petalv Upper-A pe Down-A Kal

Upper-B pe Down-B otov a€ova Y.

TéNog Ba mpemnel va AdBoupe umoyPn Kal To LEYEDN Twv odpalpwv Kabwg tomoBeTouvTal
OTLG YPAUUEG. Av €xoupe Alyeg odaipeg Ba mpénel va epudavilovtal o HEYAAEG EVW AV
€XOUE TLO TOAAEG Ba lval Lo HLKPES. AuTto Ba cupPaivel Otav €xoupe povayxa 1 ypauun
yla KoAUTEPN apouciaon Twv opalpwy. X TOAAEG YPAUUEG TO MEYEDN TwV odalpwv Ba

elval ta dla yLa va inv UTIAPXEL CUVWOTLOMOG METOED TOUG.

Ma TNV €loaywyrn Twv aplOpwy €XOUHE XPNOLUOTIONOEL €va apxelo KeLEVOU TO omolo
Bpioketal oto dpakeho “Resources” tng epyaciag pog. To StaBaocua €xel uAomolnBetl pe
xprion tou Script ReadFile.cs mou Bpioketal oto Mapaptnua A. To apxeio “Input.txt” mpémnel
va €XEL TNV akOAouBn popdn: otnv 1" ypapun va Bpiloketal o apltBudg Twv oToLELWV TTou
Ba SLafacTtolVv KAl OTLG ETOUEVES YPOUUEG, OAQ Ta oToLXEla Ta omtoia Ba xpnotpomnotnbolv

o€ Sekadikn popdn.
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MNapadelypa to mio Katw apxeio pe 10 otowyeia (IxAua 2.9).

Input.bd = X

Apxeio “Input.txt” - Ixnua 2.9

= Hisrarchy
| create-| @Al )
v € selectionSort* =
SelectionSortByFile
SelectionSortByGivenMumber
Main Camera
Directional Light
St der

» AlgorithmuIiz

» OptionsUI
EventSystem
CameraPlacementl
CameraPlacement2

Maximize On Play | Mute Audio | 5

Lerp between 2 points in Unity3D - Zyqua 2.10
ITn ouvéxela Omw¢ PAémoupe oto IxNua 2.10, €xoupe TomoBetrioel Suo odalpka
placeholders (onueia oto xwpo) Start kat End og onueio wote va paivovrtal LkavomoLnTika
oTOo Xpnotn anod to Game View. Eneldr opwe epeic OEAoupe povo TG BEoeLs Twv onueiwy,
arnevepyomnoloUpe to Mesh Renderer component kat amo g 2 opaipeg yla v unv

daivovralt.

5.7 £3.215.8 3.32/ 1.4, 0.3 ,11.245.5267.3, 2

Nopadewypa Lerp 10 oparpwyv - IxApa 2.11
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Kal £€TolL KATOAYOUUE UE TNV TILO MAvVw epdavion (Zxnua 2.11) tou mivako SeKaAdKWY PE
Bdon to apxeio Tou Ixnuartog 2.9. Eav auvénooupe tov aplBuod twv otolxeiwv ota 30 Ba
£€XOULE TO PEYLOTO apLOUO oToLXElWV O€ pLa YPOAUUN OTWC GALVETAL TILO KATW OTO IXNHa

2.12. Emiong mapatnpou e OTL ol odaipeg EXOUVE ULKPUVEL.

95.8388.01183.57/65.3589.2318.12654.48i1 5986 9817 . 23147 .5655.8852.1625.0380.3/47 8848.34/56.9779.2562 84/81.9987.84{15.6140.84{ 7.06,33.8/58.24,20.11/53.0

Napadewyua Lerp 30 opapwv - IxApa 2.12

Twpa av £xoupe eplocotepa anod 30 otolxeia, Oa epdavilovial MEPLOCOTEPEG YPOAUMES UE
TOV TPOTIO TIOU £XOU UE avadEpPEL TILO TIPLV. AUTO POLVETAL OTO TILO KATW TapAdelypa (ZxNnua
2.13) omou €xoupe ouvoho 200 otolxeia Kal apa €xoupe 6 ypaupég e 30 otolyeia Kol

okopa 1 pe ta umtodouta 20.

19.8653 5144.1353 9641.9240 4536

3411.3168.7989.91.87 .8, 6281.7574.5357.22 8.9413.0617.5110.4590.1938.0997.57.60.7, 98.6475.0876.0263.6,61.9810.82,18.2883 68

Napdadsiypa Lerp 200 oparpwyv - Zxua 2.13

Twpa 1ou €XoUUE OAOKANPWOEL TNV MOPOUCLACN TWV OTOLXELWV TOU TvVaKa TIAUE OTNV
vAormoinon tou aAyopiBuou Pe Xprion XPWHATIKWY eVOElEEWVY Kal KIVOEWV KaBwG Emiong

KaL tng Stemadng.
2.4.3 YAomnoinon Asttoupyiag AAyopiOuou kat Atenadng:

O BaoLKOg TPOTOG e Tov omoio Ba petatpéPoupe tooo tov ahyoplBuo Selection Sort 600
KOLL TOUG UTTOAOLITOUG aAYOPLOOUC OE OTITLKOUC E YPADLKA KOl KIVAOELG ELvaL LE TNV Xpron
Coroutines[2]. OuclaoTikd Ta coroutines eival cuvapTtrioeLg IOV EMLOTPEDOUV TIOW HOVO

otav oAokANpwOel n Asttoupyia Toug. Auto onuaivel OtL KaBe dpdaon mou cupPaivel péoa
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O€ QUTA Tn ouvaptnon, TIPENEL va cUpPBel o dldotnua plag evnuépwong evog frame
(ouvnBwc 50ms). Emiong autr n ouvaptnon €xeL tnv duvatotnta mavong TN EKTEAEONC Kall
EMLOTPOPI G TOU eA€yxou oto Unity Kal LETA PE TO EAVOKAAEOUA TNG, VO CUVEXLOEL amo eKel
TIOU €XEL Peivel. Me tn xprion Twv 800 TILO KATW TPOTIWVY UITOPOU LIE VAL EXOULE TIAN PN EAEYX0
omoloudnmote aAyopibBuou yla Tov XpOvo OToV OTolo €KTEAELTE KAl TTAPOUGCLAIETAL OTNV

0006vn KABe ypopUn g KWOLKA TOU:

- vyield return new WaitUntil(() => *Boolean*); => Avauovr) og auto 1o onueio tou
KwoLka péEXpL va evepyomolnBel n ékppaon *Boolean* (=true). (MmopoUpue va
XPNOLLOTIOL|O0U E KOUUTTLA 1 oTLdTOTE AAAO XpnoLuomolel ekdppaoelg Boolean yia
£€A\eyxo tN¢ AeLtoupyiag evog alyopiBuou)

- vyield return new WaitForSeconds(*Float*); => Avapovn péxpt va mepaocel to
XPOVLKO dLaotnua *Float* oe Seutepolenta. (edw pnopet va kaBoploTel n toxutnTa
TIOU TPEXEL 0 aAyopLlOpog pe xprion MeTaBANTAC)

- vyield return StartCoroutine(*Coroutine*); => Avapovr péxpt va oAokAnpwOel pa
Coroutine n omola Ba kaAeoTel TauTOXpPOVA.

- Meplocotepeg Aemrtopepeic Asttoupyie¢ Ba avaAuBolv katda tn SLAPKELA TNG

SUTAWHATLKAG AUTAG.

MNa tv e€akpifwon ¢ odpaipag TNV omola EAEYXOUME EKELVN TN CUYKEKPLUEVN OTLYUA Kal
TOU €AAXLOTOU OTOLXELOU TOU MIVAKQ LE TO OTIOLO CUYKPLVETE, £XOUE XPNOLLLOTIOLNOEL Eval

animated 16£0 O0nw¢ daivetal 0To MO KATW IxAUa 2.14.
I

€ Game
Display 1 #|| 1819

- RS

Pointing Arrow prefab - Zxnno 2.14
Xpnolwpomnowwvtag to Animation ctuotnua tou Unity, éxoupe edappooel pla eAadpwg

TAVW-KATW Kivnon oto t6fo auto petaklvwvtag tn B€on tou. H tomoBeoia tou t6f0U

kaBopiletal péow KwoIKA KATA TNV EKTEAECH TOU aAyopiBuou.
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Please select an option:

Load from "Input.txt" file

Apxikr Sienadn Selection Sort - ZxAua 2.15
H apyxwkn diemadn tou aAyopibuou pog (ZxAua 2.15) €xel ulomownBel pe pa povaya
emAoyn AOyw Tou OTL anoteAel amAn evdelkTikr oKL yla euKOAGTEPN UAomoinon Twv

Slemadwyv oTNV CUVEXELD TWV UTIOAOLTWV aAyopiOpwy.

e Me 10 koupni “BACK” (Ul->Button GameObject) pnopoUpe va nape miow otnv
apxLkn 00o6vn n omnola Ba avaluBei oto emopuevo kedpdaAato (Kepalato 3).

e Me 1o kKouunti “Load from “Input.txt” file” petadepopaote oe aAn diemadr omou
UImopoU e va Soupe tov adyoplBuo oe dpdon (ZxAua 2.16 — mapadelypa pe 200

otolxela).

Aentadn eAéyyou Selection Sort - Zxnua 2.16
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AN\alovtag Sitemadr, dpoptwvovtal Ta oTolxela amod 1o apxelo “Input.txt” omwc €xoupe

neplypaet o mpLv. Epdavifovral EMUTAEOV OL TILO KATW ETAOYEC:

Koupri “START”: EmiAéyovTag to, apXilel va ekteAeital o aAyopLOUOG OTITIKA.
Koupnmi “PAUSE/RESUME”: Noavon tou alyopiBpou oe omoiodnmote onueio
EKTEAEONC TOU KOIL CUVEXELQL.
Koutl emdoyng (UI->Toggle) “Use step-by-step”: Otav elval emiAeyuévo,
gudavilovral Ta O KATW KOU UILA:
o Koupri Step back (€): Mpoxwpd miow £va BrApa (TalpveL To TPONYoUEVO
otolxeio mou £xeL taglvounBel otnv mponyoL pevr) Tou B£an)
o Kouumni Step forward (=2): NPoxwpPOUHUE KOVOVIKA UMPOOTA £va Brpa
(ta&vopeital To EMOUEVO OTOLXELO KAVOVLKA)
“Speed” slider (Ul->Slider): KaBopilel tnv taxvtnta ektéAecn tou alyopiBuou.
(Ooo mo 6e€la Bploketal, TOCO MLO ypriyopa TPEXEL)
Koupuni “BACK”: Mag maipvel miow otnv apxLkrp 086vn tTwv aAyopiduwv.
Kelpevo “*Current Step*” (TextMeshProUGUI): Napouolalel o€ o Bripa Bploketat

0 aAyOpPLOUOG TNV GUYKEKPLUEVN XPOVLKI OTLYLI TTOU TPEXEL.

ZeKWvWVTaG Tov aAyoplBuo emiléyovtag to “START”, BAEMOUE TO TILO KATW (ZxAua 2.17):

START RESUME

.

347 4814 9584 0434.0646.7,66.7442 5

Visual Selection Sort — BAipa 1 - ZxApoa 2.17
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BAEmoupe 6tL apyilet va yivetal mpooméAaon OAwV Twv odatpwy Kabwg xpwpatilovtal pe
xpwpa pol-pwp. H mpoomélacn ylvetal amo ta aplotepd Pog Ta Se€LA Kal amo TNV mavw
O€lPA TMPOC TNV KATw. Otav BpeBel Mo UIKPO OTOLXELO OE OXEON PE OUTO TNG TPWTNG
odaipag mou dev €xel xpwpatlotel ykpila akoun (ykpileg xpwpatilovtal ol odaipeg ot
ormnoleg €xouv tafvounBet), Téte to “Current minimum” Ba eivat oo pe autd to otoleio.

To otolyeio mapapével pol, KoL TOPoUCLALETOL OTO KATW HEPOC TNG 0006VNC.

MOALC oAokANpwOel n capwon OAwv Twv oTolxelwv Kat n e€akpiBwon tou eldaxlotou,
eudavilovral duo tofa (mou €xoupe Seifel o pLv) pe tnv SetActive(true) ocuvaptnon yla
£€va GameObject avtikeipevo, Ta omola mapouctdlouv e ToLa OTOLKELA YIVETAL N cUYKPLON
(ZxAua 2.18). Omou “i” To otolKelo oTOo omoio BpLokopaote Kot Ba yivel n ouykpLon HE TO
“MINIMUM” mtou €xel BpeBel mpv. To eAdyxloto otolxeio maipvel KOKKLVO xpwpa. Emiong
BAEmoupe otL «1.88 is less than 66.73» onw¢ dpaivetal oto MapASelypo aUTO Kol £TOL TA
otolxeia 6ev Ba aAAafouv B€on. Ta otolkeia Ta omola Exouv TalvounBel mponyoupévwg

onwg¢ BAEMou e €xouv yivel ykpila.

START PAUSE

ﬁ& ﬁ% ﬁ“; 66.738¢

Visual Selection Sort — BrAjpa 2 - Exnua 2.18

ouin

TNV CUVEXELX av TO “i” oTolkelo elval HeYaAUTEPO amo To EAAXLOTO To omolo £xel BpeBOetl
TOTE Oa ekTeAEOTEL pla avtaAdayr (swap) Twv OTOLXELWV UTWV e Xprion Tou BallMover to

omolo €xoupe mpoavadépet (Zxnua 2.19). Ta toa adatpouvtal pe tnv SetActive(false).
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START

(ROERE S E]

6.3411.31,68.7989.9187 885628

Visual Selection Sort — BApa 3 - ZxApa 2.19
H ektéAeon auth emavoAapBAavetol cuvexws HEXPL va yivouv ykpilla OAa Ta oTolxEla Tou
TIVOKO KOl QTTOTEAECUOTIKA VA EXEL TaElvopnBel. MOALG oAokAnpwBel n ektéAeon, OAEG oL
odaipeg maipvouv Xpwpa MPACLVO UE MOUPO YPAUMOTA KOl TOPOUCLAZETAL TO MAVUUA
“Selection Sort Complete!” (Zxua 2.20)

RESTART PAUSE |

Visual Selection Sort — Brjpa 4 - Zxnua 2.20
Me tn xprion tou Step back (€) kouprniol propol e mAvToTe va MAUe éva Bripa miow. Autod

€xeL emuteuxBel pe xpnion amAng otoifag otnv omola amoBnkeVOUUE T TOMOBECieg
(Indices) twv 8Vo oToLkelwv Tou €xouv avtalhaxBel kaBe popd. (xprion script-avilkelEVoU
Point.cs mou SnuloupynBnke yla va amobnkevel 2 akalpgoug (x,y)). OAn n mo mavw

uAomoinon €xet yivel oto SelectionSortByFile.cs script Tou mapaptripatog A.
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2.4.4 AuokoAieg ka Aleukpvnoelg YAomnoinong

Itnv evotnta auth Ba meplypddoupe oplopéva mpoPAnpata kot SUCKOALEG oL Omoleg
€xouv eudaviotel katd tnv vAomoinon pog. Mo pepKA amd autd ta mpofAnuota

avadpépetat n Avon tou. Télog Ba avadEpPou e KOl OPLOUEVECG SLEUKPLVNOELG.

H ¢poptwon amnod to apxeio “Input.txt” Sev eivat edpiktn oétav n epyacia eivat otnv Build-
eKTEAEOLUN TNG Hopdr). O TPOMOC TTOU ETUAUCALE AUTO TO MTPOBANUA €lval Pe TNV XpHoN
Kowvou ¢dakéAou mou mpoodEpel To Unity pe Ovopa “Streaming Assets” [2]. H AUon
daivetat o katw (Zxnua 2.21)amno to ReadFile.cs tou Napaptiuatog A.

string filePath = "";

isEditor)

filePath

filePath Ap n.dataPath + "

g.Log(A on.dataPath +

der(filePath);

Kwéikag poptwong apxeiov ano éva path - Zxnua 2.21

AOKLUAOTNKE OPXLKA VO YIVOVTOL OL LETAKLVIOELG TWV 0DALPWY KOL TWV AVTLKELUEVWY OTOV
Xwpo pe xprion Animations rou mpoodépel to Unity aAAG otnv nopeia dev Aettoupyovoav
owotd. Ta Animations dgv MPoodEPouv SUVAULKEG LETOKLVIOELG TWV OVTLKELUEVWY OTO
XWPO oUTE OAAQYEG OTLG LOLOTNTEC TOUG. EToL 0T B£0nN TOUG XpNnoLHomolOnke Kwdkag amno
scripts 0 omolog EAEYXEL TIC TAPAUETPOUG EVOG aVTIKELUEVOU (GameObject) mou B€Aoupe va
KAvoulEe animate. H povn e€aipeon otnv SutAwpatikn eival to animated TOEo Tou €xeL yivel

oTov aAyopLlOpo auTo.

To animated t6€o 6ev pnopel va petakivnBel og onolodnmote onueio Tou xwpou BENouue
KaBwg repléxel Animator e éva cUyKeKPLUEVO Animation w¢ component to omolo KLvel To
TOEO 0€ £VA CUYKEKPLUEVO ONUELD TOU XWpPOoU. lNa va UImopoUE VAL TO UETAKLVOUE O OTIOLO
onueio BéAoupe, to €xoupe oploel wg mawdt (Child) evog ddelou GameObject. Etol
HETAKLVWVTAG TOV atépa (Parent), WopoU e va UETAKLVI|COULE TO TOEO O€ OTIOLO CNUELO

B€Aou e pe To animation va eKTEAELTAL KOAVOVLKAL.
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H guBuypdupion plag odaipag otnv akpn evog animated to€ou, av to 160 aAAdGeL oe

péyebog Suotuxwe dev pumopel va yivel.

Tpomo¢ eudaviong ETOLUWV QAVIIKEIMEVWY TIOAAOTAEC GOpPEG HE Xpnon Kwdlka o€
OUYKEKPLUEVO ONUELO 0TO XWPO: XpNOLUOTOLWVTAG TNV eVToAn Instantiate mou mapéxel 1o
Unity, pumopoupe va eudavicoupe omoloSAMOTE OVILKEIUEVO OPIlOOUUE HEOW KWELKO OE
GameObject | Transform popdn oe pe pia onotadnimote Béon BEloupe pe omoLladnmote
neplotpodn emtbupovpe. o mapddelypa, yla v udAvion Tou TOEou TTAVW 0o TIG
odaipeg £xoupe Tov Mo katw kKwdika (Omou pos eival to position Tou TOfou (MAvw f KATW
amno po odaipa) Kat rot To rotation mou eival to (610 Pe TO apXLKO TOEO: GameObject arrow

= Instantiate(PointingArrow, pos, rot);

Auvokolia eUpeonc avtlkelpevwy — GameObject péoa amo script. Meta ano £pguva, £XOUUE
avakoAU P EL OTL UrtopoU Ue va Bpol Ue avTLKeLeva TTou Bplokovtal oTo Scene pag Le Xxprion
Tags Ta onoia UopoUHE va TPOCOECOUE TTAVW OE €va OMoLoSNTIOTE avTikeipevo/ prefab
TIOU €XOoUpe otn oknvl pag (A — IxAua 2.22). XpnOLUOTIOWWVTIAC TNV EVIOAN
“GameObject.FindGameObjectsWithTag(*TAG*)” [2] pmopoUpe va Ppoupe O,TL
avTlKeipevo B€Aoupe. Emiong pe v amAn Snuwoupyia public petaBAntwv tumou
GameObject 1} otdrmote dAAou tumou, Ba eudavidovrat Suvaplkd otov Inspector kot Ba

UITOPOUE TIOAU ammAd va TG oplooUE OTO aVTLKEIpEVO o Bpiokete to Script pag (B —

IxNua 2.22).
® Inspector |[[SErvices /\ &=
] SelectionSortByFile _J, A ) [_] Static =
Tag | Untagged i La efault 4
¥ .~ Transform ﬁ St %,
Position ® -2.616818 Y 0.8734481 Z|-1.060959
Rotation ®0 Y0 Z0
Scale X[1 (1 z[1 /
v [ sSelection Sort By File (Script)
Script SelectionSortByFile
Start Position Flace Holder A StartPlaceHolder (Transform) Q
End Position Place Holder A~ EndPlaceHelder (Transform) (]
Number Of Objects To Place 0
Placable Object --BallTextMesh (Rect Transform) o]
Pointing Arrow W PointingArrow o]
Step Text .. StepText (Rect Transform) @
Pause Button Text = Text (TextMeshProUGUI) o]
¥ Placed Transforms
Use Step By Step -

Add Component ]

Ixnua 2.22
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KeddaAauo 3.

Kupla Atenadn Npoypdppotog

3.1 Nepypadn Tpomou YAomoinong 23
3.2 Ixeblaopog kat YAomoinon 24
3.3 NpoBARpoata Kat ALEUKPLVAOELG 27

3.1 Nepypadn Tpomou YAomoinong

Ma tnv dnuoupyia Twv Slemadwy ToU POYPAUUATOC Hag, To epyadeio Unity mpoodépel
MoA\G ouvBeta epyaleia mou pag Sivouv tnv duvatotnta €UKOANC Kal YPAYyopPng
uAomoinong. ApXIKQ, N TPWTN Hopdn Twv Stemadwv oxedlalotav oto Xaptl Kol SExovtav
TIOAEG aAAayEG LEXPL va BpeBel n BEATIoTn. Otav BPLOKOUAOTE O€ LKAVOTIOLNTIKO ONUELD
KOl VIWOOUE EUXAPLOTNUEVOL PE TNV ELKOVA TNC Slemadn¢ Kol To OTL Ba £xeL cwoTh Kal
€0XpNOoTN AELTOUPYLIKOTNTA, TPpOXWPOUUE otnv oxediaon oto Unity. Ekel pe tnv xpnon
ETOLUWY aVTIKELPEVWY Slemadng (Ul), oxedlalou e OTL £XOUpE OKEPTEL e TNV KATAAANAN
eudavion. Tédog epappoloupe AELTOU PYLKOTNTA TTAVW OTA AVIIKELHEVA SLETIADN G LUE XPrION

TwV £Toluwv Component N HECW KWELKA.

MeTd tnv Mpwtn UAoToinon, ot SlemadEg mepvoloav amd KPLTLKH CUYKEKPLUEVWY OTOUWV
OMoU Kal Tailpvape oxoAla yla oAAayeg kal BeAtiwoelg. Ot alayég ebapuolovtav ekeivn

TV wpa N péoa otny iSla nuépa.

-23-



3.2 Ixedlaoudg Kat YAomnoinon

ZekwvoL e apxika oxedlalovrtag Eva pooxedilo tng Slemadng Kot mwe Oa cUVOEETE yevIKA
HE OAOKANPO To Ttpoypappa. Mo KATw oto ZxAua 3.1 daivetal Tn apxLkn Lag okepn yla tnv

uAormoinon autnig tng diemadnc.

1 @ Select an algorithm: *ALGORITHM NAME* 4

| SELECTION SORT | -START PAUSE [< -| - f

OPTIONS T~ ) | epEED —

uIT ' E
8 % L oA ]

EXITS THE PROGRAM (\
y OPTIONS:
Fullscreen

i

} BACK ‘

ApXKO tpooxEdio Kuplag Atenadnig - Zxnua 3.1

Tpéxovtag To Mpoypappa, o xprotng Ba kalwaoopiletal amo v apxikr o8ovn (1). Ekel Ba
£xeLtnv duvatotnta va ertAé€eL to “START” kou i tou Ba tov maipvel otnv Stemadn omou
kot Ba ¢daivovtal ot Stadopol alyoplBuol mou Ba pmopel va tpe€et (2). Omolodnmote
eTUAEEeL Ba petadépetal eUBEWC otnv dlemadn Tou avtiotolyou alyopiBuou omou Kat Ba
npoodépovral dtadopeg eMAOYEG yLa TNV AetToupyla Kat EAeyxo kABe Bripatog tou (4). Ta
koupmia “BACK” Ba oe kateuBuvouv mavia otnv nmponyoupevn o6ovn mou BPLokOoouVv.
Erunpdobeta o xpnotng Ba €xeL tnv duvatdtnta va emtAé€el to “OPTIONS” Kouumi amno tnv
1" Stemadr) To omolo Ba Tov naipvel oe véa Stemadr) Omou kat Ba propet va eMAEEEL KaL va
Tpomonolnoel SLadopeg EMAOYEG yLA TOV TPOTIO AELTOUPYLAG TOU MPOYPAUUATOC OTIWG TO

Fullscreen kAm (3).

AkoAouBwvTaG TO MAPATIAVW TIPOTUTIO TIPOXWPOULE OTNV UAOTOLNGCT TOU OTO £pyaleio
Unity. Katd tnv mopeia vAomoinong, mavta undpyxet mbavotnta va untdpéouv aAAayEg,
TIPOCOONKEG KAl lowg KAl apaLPECELS AVILKELLEVWVY aTto TNV apxLkn LWO€a. ETol oL AeLtoupyleg

npootiBevral Suvapkd KaBwg UAOTIOLOU UE TO TIPOYPOLA LEXPL KL TO TEAEUTALO AETTTO.
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= Hierarchy
|Greater| @Al )
v € MainuI* =

I Main Camera
Directional Light
Canvas

Panel
¥ MainMenu

» OptionsButton

» QuitButton

» StartButton
¥ OptionsMenu

Text

» BackButton

P FullscreenToggle

P QualityDropdown *NOT NEED!
¥ SelectionMenu

Text

» BackButton

» SelectionSortButton

» FFTButton

P SelectionAlgorithmButton

» DynamicProgrammingButton

» RandomizedAlgorithmButton
EventSystem

+| Scale (we= 13 | Maximize On Play | Mute Al

" START m®omq

AL

JARHE100010
OPTIONS 200111011
."ODm{m_,“\,] 100 ,U\'U , L)\:
7(7[)7”

Apxikn KOpa Aertadn oto Unity - Zxnua 3.2

Ma tn Statripnon tng amAotnTag Kat evxpnotiag, n apxkn Stemadn €xel uAomolnBet OMwg
£xeL oxedlaotel oto xapti (ZxAua 3.2). Asv €xelL mapouolaosl Kapia aAAayr) otnv mopeia.
AmoteAeltal amo Ta TPlO KOUMTLA TTou €xouv emetnynBel mponyoupévwe. H glkova mou
Bploketal oto GpoOvVTo oe MapAMEUNEL APEoWS oToug alyopiBuoug [21]. Ta koupmda (UI=>
Button) mpoodépouv Sladopeg, eUKOAEG OTn Xprion, €MAOYEC TOU TO KABLOTOUV e
AeLToupyla Pe T components TIOU TIEPLEXOUV. XTO KABEva amo auTd UopoUE EUKOAQ va
OPLOOUUE TA XPWHOTA TOUG KL TO TIEPLEXOUEVA TOUG KABWG EMIONG KaL TLG EVEPYELEG TIOU
Ba eKTEAOUV HE TNV EMAOYK TOUC. 2TO TILO KATW TapASELypa amevepyomnoloU e to Kupiwg

pevou (mou eival éva arAo Canvas) Kal epdaviloupe To HEVOU UE TIG EMAOYEG OTnV oL

oknvn (ZxApa 3.3). ST 2 8
Transition | Colar Tint ™
Target Graphic ®s OptionsButton (Image) @

Normal Color N ¢
Highlighted Color [ ] %
Pressed Color [
Disabled Color I

Colar Multiplier o 1
Fade Duration 0.1 ]
Mavigation | Autematic 3]
[ Visualize |
on Click ()

Runtime Only ¢ || GameObject.SetActive
@MainMenu | @] [ |
i

[Runtime ©nly | [ GameObject.SetActive |

W OptionsMen| @]

o=
Default UI Material @ %
> Shader | UIiDefault =

[ Add Component ]

MNapdadsvua xpiong evog Ul->Button - ZxAua 3.3
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Options Canvas of Main Ul - ir'w.a 34
Me tnv emdoynn tou “OPTIONS” koupmol amd tnv apxikn diemadn (Zxnua 3.2),
gudaviletal n 08ovn pe T emhoyEg (Ixnua 3.4). ESw o xpriotng Umopel mpog To mapov va
EVEPYOTIOLNOEL N} VO QTEVEPYOMOLNOEL TNV emloy tng mARpng oBovng (Fullsceen).
MeAAOVTLKA pmopoUV v TpooTeBoUV MOAU TTEPLOCOTEPEC EMIAOYEC OTWG ETAOYN BEpatoc,

pLBULON AXWV (av TTOTE edhapUoaTOUV NXOL KaL NXNTIKA P& oToug alyopiBpoug) Kat AAAa.

N
N

: AN
Please selectﬁ ana\l\g\nthrp, \
SELECTION SORT
ARSI AV U
FAST FOURRIER TRANSFORM
b R AL AR LR "Ul ‘ ‘\ \
SELECTION ALGORITHM an
IR0 100767 s 10
DYNAMIC PROGRAMMING O
NSRS 10V 11
RANDOMIZED ALGORITHM
TG Y

>

2 7D

Algotihm Selection canvas of Main Ul - Zxnua 3.5
Av o xpnotng emAé€el tnv emiloyn “START” (IxAua 3.2), OMwC €XOUUE TPoavadEpEL,

eudavilovral ot emAoyEC TwV aAyopiBuwv. Ito IxAua 3.5 dpaivetal mMARPWS VAOTIOLNUEVN
n Stemadn autn pe 6Aoug Toug alyopiBuoug ol omoiol €xouv ulomotnBel. Me tnv emthoyn
€VOC amd Toug aAyopiBpoug autoug, o xpriotng KateuB UveTal tpog TNV StadopeTIKA okNvA
Tou €xeL uhomolnBel o avtiotolyog aAyoplOuog. AuTtO ETLTUYXAVETAL PE XPAON QATANG

ouvaptnong o script mou Bpioketal wg Component Tou KAUPA mou BPLOKETAL TO TILO TTAVW

HEVOoU.
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© Inspector | Services &=

i " ¥ Canvas [] Static = :
v 4]
¥35 Rect Transform @ = %

Pos X Pos ¥ Pos Z

1] 1 90

Width Height

799.9999 |/450.0994 iR
b Anchors

Pivot X 0.5 Y 05

Tag | Untagged ¢| Layer [UI

Rotation X0 Yo Z0
Scale ¥|0.2565435 Y | 0.256543% 2/ 0.256543!

v[ | ¥ canvas @ = %
Render Mode | Screen Space - Camera ™
Pixel Perfect L]
Render Camera % Main Camera (Camera) (5]
Plane Distance 100
Sorting Layer | Default 4]
Order in Layer 0
Additional Shader Chal Mixed ... 4]
[ ¥ canvas Scaler (Script) @ = %
UI Scale Mode [ Scale With Screen Size ™
Reference Resolution X 800 Y 600
Screen Match Mode | Match Width Or Height m
Match (r——
Width Height
Reference Pixels Per L 100
v E [+ Graphic Raycaster (Script) @ 5 %=

Script GraphicRaycaster (5]
Ignore Reversed Graplvf

Blocking Objects | Heone i)
Elocking Mask | Everything 3]

\J

[ AAA Carmmanand = I %

Ul=>Canvas GameObject — Inspector View - ZxAua 3.6
TéAoc afilel va onuelwOel otL kKaOe pevoL Bploketal og éva kapPa (Canvas) To omoio pag

npoodEpel Stadopeg emMAOYEC (ZXNUa). TNV SUTAWPATIKA auTr EMAEXONKE va epaplooTEL
Render mode pe xprion tng KAapepag mou BAEMEL TNV oknvn pag. Q¢ amotéAeopa dev Ba
HETAKLVELTAL KOO SLemadr) EKTOC TWV OPLWV TNE KAUEPOC TTOU TIOLPOUCLALEL TNV OKNVH OTO
xpnotn (Game View). Emiong onuavtiko eival n emloyn tou Scale mode va Bpioketal oto
“Scale with screen size” ywa va pnv oAAGlouv to HEYEDN TWV QAVIIKEIMEVWV KOOWG
HULKPOLLVOUE 1) HEYAAWVOUUE TO TIapABupo TIOU TPEXOUUE TO TIPOYPOUUA Hag. AUTEC oL

eTAOYEC epapuolovtal avToU o€ OAEG TIG SLeETadEC.
3.3 NpoPAfpata Ko SLEUKPLVAOELG

MapoucLAoTNKE €va UIKPO TPOPBANUA KOTA TNV GOpTwon SLopOPETIKWY OKNVWV UE TNV
ETUAOYN TWV KOUUTLWV Kol eKTEAEON KwSLKA. Mapatnpouoape apyomnopia otnv poptwon
Kall AeLToupyla Twv aAyopiBuwy otav nmnyaivape otig oknveg Toug. Auto odeilovtayv oTo OtL
umnEXaV NN AVOLKTEG KAl GOPTWUEVEG OKNVEG QO TPLV OL OToleg BapudopTwvave TOUG
nopou¢ pag. Etol pe tn xpron evog amlou mode Tou poodépel To SceneManager tou
Unity, to Single Load Scene mode, £xeL emAuBel to mPOPANUA pag. To mode autd KAegivel

OAeG TG N6N popTtwHEVEG OKNVEG KaL avolyel auth mou Béloupe. MNa napadelyua, yla Tov
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alyoplBuo Selection Sort, o kwdkag ¢opTWONG TNG OKNVAG Tou €lvat o &&Ac:

SceneManager.LoadScene("SelectionSort", LoadSceneMode.Single); [2]

Katd tnv uhomoinon mapoucLdoTtnKe MTPOBANUO TNV TPOCAPLOYI] TWV AVIIKELUEVWV KOTA
™V aAAayn pey€Boug Tou apaBUpou eKTEAECNG TOU TIPOYPAUUATOC. AUTO €xel eTUAUOEL

LLE TOV TPOTIO TTIOU €XOULE TIEL OTNV TIEPLYPAdN TOU OXAHATOC 3.6.

Ta avTIKELPEVA EVOC KOUBA HeTaKLVOUVTAVY O€ PN eudLakplta onpeia Tng 006vng. Me amAn
xprion tou Rect Transform component ou UTtdpxeL o€ KAOE avTIKELEVO TTOU dnLoupyeite

HEoa o€ €va KapBa £xet emAuBEel To MPOPANUa auto (Zxnua 3.7).

Yoo Rect Transform @ =
center Pos X Pos Y Pos 7
|- 0 ] ]
B 45‘»3» width Height
= 246 53 (] rn]
¥ | Anchor Presets |
Shift: Also set pivot  Alt: Also set position | |
left center  right stretch |
o] [b] [o] (8],
[ Jz[1
‘s[O]| [0l [d][O] [= @ =
vz R
=] HEF e s,
- —
(oo wol B °
. B I
i [m]| [@] [q] [m] ] ‘
vl @ = =
o =

Rect Transform Component in Canvas childrens - Zxynua 3.7
H SumAwpatikn auth epyacio adou meplexel Slemad£C xpriotn oL omoieg £xouv dLaPopeg

HOPdPEC Kal peyéOn Oa mpémel va €xouv pwa Kowvr) cUpPBoon. KaBe Siemadn €xel
OLOPOPETIKA  XOPOKTNPLOTIKA OTLG €UDAVIOELS OQVTIKEWMEVWY Yyl Toug Sladopoug
aAyopiBuouc. Zuvenwg odeilouv va xpnoLuomnolouv koo Resolution kat Aspect Ratio yla
TNV EUPAVLON TOUG OTO TEALKO EKTEAEDTLMO. OpLopEVA PEPN AUTWY TWV SLEMADWVY UImopolvV
Vo TIpocapUooTolV os Stadopa Resolutions aAAd to &avikdTepo eival va €XOUUE €va
OUYKEKPLUEVO. ZUYKEKPLUEVA XpNOLUOTIoloUME Ta Resolution 1080x1920p kaw 720x1280p
dnAadn to aspect ratio 16:9. adpwg xpnotponoloV e To 1o Stadedopévo aspect ratio yla

VoL EXOUE TIPOCPaON OTLG IEPLOCOTEPEG 0OOVEG.

OAa ta omola €xou e avadEpel o€ auto to kKepahato, Oa eival edpappoopéva o 0AOKANPO
To mpoypappa. OAeg ot Siemadég oe 6GAoug Tou adyopiBuoug Ba AettoupyouV e OUOLOTUTIO
TPOTO E EMOAVAXPNOLUOTOINCN KOUUMLWY Kol GAAWV QVIIKELLEVWY TIou €xouv Nnén

uAorolnBeL.

-28 -



Kepalato 4.

AAyOpLOpo¢ Taxy Metaoxnuatiopov Fourier

4.1 Eloaywyn 29
4.2 Neprypadr AhyopiBuou FFT 30
4.2.1 Avadpopuikog FFT 30
4.2.2 Metatponr Avadpoukou FFT og EmavaAnmtikou 34
4.3 Aentopépeleg YAomoinong 35
4.3.1 3xeblaopog Mpwtotumou 35
4.3.2 YAoroinon Alemadng 38
4.3.3 Avamnapaotaocn AAyopiBuou 39
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4.1 Elcaywyn

O aAyoplBuog taxy petaoxnuatiopou Fourier (Fast Fourier Transform) (FFT) eival évag
aAyoplBuog tumou «Alaipel kot Baoideve» [4,5]. Exel apketég edapuoyég oe Stadpopoug
KAQSOUC OTWG OTNV OTTLKH, AKOUOTLKN, KBaVTIKr GuaoLKr, EMeepyaoia elkOvVaC, CUUTiEDN
Sebopévwy KATL [4]. Amotelel pia amo TG KAAUTEPEG UTIOAOYLOTLKEG UAOTIOLNCELG TOU 20°Y

QLWVO KOl CUVETIWG €lval éva amd Toug Lo XproLpoug aAlyopiBuoug.

Baoiletal mavw otov Alakplto tou avtiotowyo (DFT — Discrete Fourier Transform). O DFT
vAoToLel TV amotipnon evog moAuwvUpou P Babuol B e Tig TIHES Twy (B+1)-lootwv pilwyv
™G povadag. Emektatikd o FFT umoloyilel o ypriyopa to amotéAeopa tou DFT kabwg
elval tomou «Alwaipel kot Bacidever». Etol metuyaivel xpoviky moAumAokotnta T(n) =

O(nlogn), yla éva moAuwvupo Babpou n-1 yia 6Aeg TLg (2n)-100TéG pileg TNG povadag.
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Aopka o FFT AapBavel wg elcodo éva MoAUwVUP0o N-00tou Babuou To onolo BplokeTal o
TIOPAOTOON HE OUVIEAEOTEG KOl ETILOTPEDEL TIHOW TNV AvVAAPACTACH TOU TTOAUWVU LOU
QUTOU WE TIUEG O onpela. AnAadn yla mapAdeLlyUa £0TW N AVOTTOPACTOCN OE CUVTEAEOTEG
Tou A(x) moAuwvupou: A(x) =a0 + al * x + a2 * x2 + ... + an-1 * x"1, H napdotaor tou pe
TIHEG ot onuela Ba eival n €€ng: A(x) : (x0,y0), ... , (xn-1,yn-1). Auté BonBa otov
oMo actoopo oAuwvopwy (rex: A(x) * B(x)) kaBwg ot mpdtelg pewwvovtat and O(n?)
TIOU QOLTOUVTOL aV TO TIOAUWVUUO OVOTTOPLOTWVTOL UE OuvteAeoTtéG oe O(n) otav

Bpilokovtal otn popdn TIUEC O onUEeia.

AmoteAeopaTIKA omoteAsl €va amd Toug Alyo To SUOKOAOUG OTNV Katavonon,
avadpoptlkol¢ alyopibuoug 1600 oto padnua EMA236 600 Kol ylo qUTOUG TIOU TOV
paBaivouv yla mpwtn ¢popad. Ot pottntéc SuokoAevoval AOyw Tou OTL oTNV UAOMOLNoN Tou
TIEPLEXEL MOONUATIKOUG UTIOAOYLOMOUG Kot TIOAAQTAEG avadpopuec. Amaltel €va Baoiko
HaONuOTIkO UTIORABPO OTLC PLYadLKEG pileg Kot TTOANAMAQCLACUOUG TOUG KOBwWE EMiong Kalt

o€ GAAa BaotkA poOnuatika.

4.2 Nepypadn AAyopiBuouv FFT
4.2.1 Avadpopkog FFT

To Baotkd mpoBAnua to omoio BonBa otnv enihuor) tou o FFT eival to mpoBAnua cuveéALEng
(Convolution) Stavuopdtwy. Eotw ot £xoupe dVo Sdtavuopata a = <a0,al,...,an-1> kat b =
<b0,b2,...,bn-1> (cou pnkoug (n), n ouvéAEn toug eival éva Slavuopa ¢ = a * b =

<c0,cl,...,c2n-2> (urkou¢ 2n-1). FEVIKA KATAANYOUHE OTN Tio KATw €lowon (Zxnua 4.1)[5].

%
L ||'I.'.l|
i i & __x

I IIIIII'I lﬂpll.:"_ :'.-‘."J.l] 7 |1_'|'.1|-. 7 I'J.,;il:\'.l_'_
| abg aib, ... ab,; i Y -
In ather words, 24 ayby ... @by 1Y -

awh :,.,II,IJI.”““[.I ! ..'rl'll_,,r.',.n'l,- f ayhy +agbg, .- .
iy .'ll'll' 1 d II.‘I ,'-“]I. |f..| 1 iy !.!]r IJ.I_._]II-'] 3 "ﬂ".'l ;'_-..1 5] .'Jll_]II:"l_

IxAua 4.1

-30-



‘Evag dAAo¢ Tpomog va SoUHE TNV CUVEALEN auTn elval pe tn xprion tou 8e€ld mivaka,
TPOoOoBETOVTAG OAOUG TOUG TTOAAQTTAQCLOOUOUC TWV SLoywViwy Omwc dpaivovtal pe ta BEAN.
Agv gival Lovo o oplopog TNG CUVEALENG TTou eival SUOKOAOCG 0T KOTOVONGON ApXLKA, aAAdA
kot n duokoAia avamtuéng KvAtpou yla pabnon. Zuvenwg Ba mpoomabrnooupe va To

QTTAOTIOL)COUE OO0 TTILO TIOAU YIVETAL ApyOTEPA OTNV UAOTIOLNON HAG.

Mua xprion tn¢ ouVEALENG Bploketal otov MOANATTAQGLACUO TTOAUWVULWY OTWE EXOUUE
HA&BeL 0to yupvaoto. Eotw éva moAvwvupo A(x) = a0 + al * x + a2 * x? + ... + an-1 * x™1
(BaBpou n) pmopet va avamnapootabel kot and didvuopa cuviedeotwv (coefficients)
<a0,al,...,an-1>. Twpa £o0tw OTL unmapyouv Vo moAvwvupa A(x) kat B(x) BaBuou n. O
UTTOAOYLOUOC TOU YLVOUEVOU TOUG €XEL WC amotéAeopa to C(x) = A*B = c0 + c1*x + ... + ¢2n-

2*x?"2 'ExOUE TNV TILO KATW YEVIKA €€lowon yLol TOUC OUVTEAECTEC Tou C:

Cp = Z a; b;
@@Lj):i+j=k
JUVEMWCG TO SLAVUOHA TWV OUVTEAECTWV TOU Ywvopévou C(x) slvat n ouvélEn twv
SlOVUOUATWY TwV ouvteAeotwv tou A kat B. MapatnpoUpe OTL O UTIOAOYLOHOG TOU
rioMamAactaopol SVo MoAvwVUpWY N Baduol amattel O(n?) aplOunTikég mpdcelc. Mia
HEBodoc mou pelwvel o peydlo Babuo tov aplBpod twv mpafswv auvtwv os O(nlogn)

nieplAapBAveL TNV TEXVLKNA Tou FFT.

Mo ToV UTIOAOYLOMO TNG CUVEALENG SUO TOAUWVUPWYV A Kal B onwg €xoupe mpoavadEépel

edappoloupe ToV TLO KATW aAyoplBuo:

1. EmAéyoupe 2n onpeia, £otw {x0, X1, ..., x2n-1} ko uTtoAoyilou e TiG TLEG A(X]) Kal
B(xj) yta 6Aa tatj =0,1,2...,2n-1.

2. Ymoloyiloupe gvkoAa to C(x]) yra kaBe j wg C(xj) = A(xj)* B(xj)

3. Té€Aog avaktolpe 0Aoug Toug ouvtedeotég Tou C {x0, x1 ..... x2n-1} amo TG TIUEG IOV
€XOouue umoloyioel oto Brpa 2. ESw XpnOLUOTIOLOUUE TIOAUWVU LKA TIApeUBOAN
(polynomial interpolation) émou ywa kdaBe moAuvwvupo PBabuol d, umopel va

EavakataokevaoTel amod éva oUvoAo Ue d+1 kal mapandavw onueia.
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JUVETIWG £XOUME VO KOAVOUUE 2N OTOTIUACELG TOoO Tou A 000 Kal tou B. To BAua 2.
MNephapBavel O(n) umoAoylopoUg €meldy €XOUHE ATAO TIOAAQTTAQCLOOUO QVTIOTOLXWV
otolxeiwv. To Bripa 1. kot 3. GUWE yLo TNV QIMOTINCoN povaxa pLag TS xpetalovtal Q(n)
UTTOAOYLOHOUG. APOU €XOUHE 2n QMOTIUNACELG Yl TO KaBéva amnd ta 0o moAvwvupa, Ba

€Xoupe oUVOAO >= 2n * 2 * Q(n) = Q(n?) urtoAoylopoUg to omoio Sev eival emBupunTo.

H kUpLa 16éa edw eilvat va Bpoupe €va TPpOTO TOU va cUVEEOVTAL OLUTEG OL 2N TIUEC OUTWG

WOTE QMOTLHWVTAC Ta A Kal B, va Stapolpalovtot QUTEG OL ATOTLUNOELS 0€ SLAPOopeC AANEG.

Y€ oUTO TO onuelo Ba mpemel va avadepBOUUE yLa TIC TIPAYHOTIKEG PLIEC KL TLG TIOALKEG
OUVTETAYUEVEC eVOC Xwpou. Autol ol aptBpot {(a,B) 1) (a+Bi) 6mou i2 = -1} epLéxouv éva
TPAYUATIKO (a) Kot €éva dpavtaoTiko pEpog (B). MNa éva BeTiko aképalo k n MOAUVWVUMLKNA

elowon xX = 1 éxeL k SradopeTikég pyadikég pitec/Aoelc mou eivar evkolo va BpeBouv.

Wi, = e*mi/k j=012.,k-1

e =—1 => e?™ =1
e’ = cos(v) + i * sin(v)

ZTnv uAomoinon pag epeic Oa mapoucLdcoupe Hovo To Bripa 1. tou alyopiBuou cuveALEng
Tiou avadEpape o npLv, SnAadn TNV anotipnon evog mMoAVWVU LoU. MNa TLG 2N ANOTLUNOELS

{x0, x1 ..... , X2n-1} eETUAEYOU LLE TLG 2N-LOOTEG Ly aSIKES plleg TIg povadag.
‘ETOL £XOUE TOV TILO KATW aAyopLlBuo Tumou «Slaipet kal Bacideve» (FFT):

1. Opiloupe 2 moAvwvupa BaBuou n/2 — 1 {PAZH AIAIPEZE}
Aeven(x) = a0 +a2 * x + a4 * x>+ ... + an-2 * x("2/2 (Zuyol cuvteheotég Tou A)
Aodd(x) =al+a3 *x+a5 *x?+.. +an-1 * x("?/2  (nepirrol cuvteAeoTég Tou A)

2. BAémoupe otL: A(x) = Aeven(x?) + x * Aodd(x?)

3. 'Etol umtoAoyilou e avadpoutka TLg TLHEG Tou Aeven Kat Aodd yla TIG n-00TéG pileg
¢ povadag (xpovog: 2*T(n/2)). {OAZH KATEKTHZE} Antopével va UTIOAOYIOOULE TLG
TeG A(W; 5p), 0<=j<=2n-1 and 1ig Tpeg Aeven(W; ) kaw Aodd(W ), 0<=j<=n-1

4. T onolodnmnote j, 0<=j<=2n-1: {OAZH ZYNAYAZE}
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AW, 5,) = Aeven(W2,%) + Wz, * Aodd (W) 2,,)

Emeldny xpnolpomoloUpe TG OOTNTEG TwV Uyadikwyv aplBuwv, autol ot
umoAoyLopol yivovtatl og ypappiko xpovo (0(n)).

Wj,ZnZ — (eZn'ij/Zn )2 — eZn’i]’/n — Wj,n
JUVENWG Ta Aeven(WjIan) Kol Aodd(WjJan) g€xouv ndn umoAoylotel. JUVOALKOC
XPOVoG ektéAeonc: @(nlogn)

H Baoikn amAn epudavion tou alyopibuou oe Peuvdokwdika lval oTnV MO KATW LKOVA

(ZxAua 4.2) kot n TeAkn) uAomotnuévn popdn otn C# tou avadpopikol oto Ixnua 4.3.

FFT(A, n){
n==1 {(A[8], A[e]);
Split A to Aeven, Aodd;
FFT(Aeven, n/2);

FFT(Aodd, n/2);
for every j from j-0 to j=2*n-1 Dof
A(Wj,n) = Aeven{Wj,n/2) + Wj,n * Aodd(Wj,n/2);
1
J
A(Wj,n) of every j;

Wevdokwdikag FFT - Ixnua 4.2

{ PLe] };
r! Length of the array is not in the power of two!™);

215
2];
int even
(int i = 8; i < n; i++)
(i%2 a)
Peven[even] P[i];
even++;

Podd[odd] - P[il;

3 mp e (kth), Mathf.sin(kth));
Pnew[k] = pl[k] + (wk * ( ))s
Pnew[k + n / 2] = pl[k] - (wk * (p2[k])};

Pnew;

Avadpouwoc FFT otnv C# - ZxAua 4.3
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4.2.2 Metatpornr Avadpopikou FFT og EmavaAnmtikou

Mpotou KLV OOULE TNV UAOTIOLNON TIPETEL VA ONUELWOEL OTL OTTOTE £XOUUE VO KAVOU LE UE
aAyopiBuoug mou mePLEXOUV avadpoun, Lo va avamapaoctabouv omtika, Ba mpEnel va
UETATPATIOUV OTNV EMOVAANTITIKI) TOUG Hopdr). AUTO YIVETAL EMELS UETATPEMOVTAC TOUG
Qo avad popLKoUC o€ EMAVOANTITIKOUC, SLatnpoU e SOUEG SeS0UEVWV OTWCE OTOIBEC UE TLC
omole¢ yvwpilloupde ava maca oTypn TG aAAayég twv dedopévwy Kkat ta dedopéva mou
Byaivouv w¢ amotéAeopa. EToL, HE TO va TA £XOUMUE AMOONKEUUEVA, UMOPOUUE va Ta

TLOPOUGCLACOULIE OTITIKA OTIOTE ETLOUMOU E.

J> polynom
J> results
polynomials.Push(P};
{polynomials.Count
[]1 currentP polynomials.P
{currentpP. Length 1}
i

results.Push( a x[] {currentP[a],currentP[2]});
(results.Count > 1}

[] r1 results.rop();

(results.p ri.Length)

results.

H]

results.rop();

t newN - ri.Length
a; i newN

Mathf.PIT newl;
wi [ th {kth), mathf.sin(kth)};
newP[1] ri[i]

newP[i newi 2 1 4 {r2[i]));

i1
¥
results.Push{newP);

[currentP.Length 2];
rrentP.Length / 2];

Length; i++)

(ix2 a)
Peven[even++] = currentP[il;

Podd[odd++] currentP[i];
¥
polynomial:

polynomial:

results._Pop(};

ErtavaAnmtikog FFT otn C# - Ixnua 4.4
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Xpnaoponowwvtag duo otoifeg “polynomials” kat “results” €goupe METUXEL TNV UETATPOTIN
avtn (ZxAua 4.4). Meta and noAAEg SOKLUEG Kal AABn otnv petatpomnn Tou aiyopibuou,
€Xoupe KatoAngel edw. H meplypadr Twv UETATPOTIWY TIOU €XOUV YIVEL OE OXEON UE TOV
Kwdlka tng avadpoung daivovtal oto oxnua. EmutAéov avaiuon tou Ba yivel otnv
neplypadr vAomoinong apyotepa.

To avtikeipevo Tumou “Complex” amoteAeital amod duo float apBuoug (real kat imaginary)
Kol Tteplypddel éva pyadikd aplOpd. Kavovrag podnuatikég mpaeig (+,-,/,*) pe avta ta
avTtikeipeva, epapuodlovtal AUTOUOTO KOL Ol CUMBACELC TWV HOONUATIKWY TIPALEWY yla

TouC pyadikoug (BAEne mapaptnua I — Complex.cs).

4.3 Aentopépeleg YAomnoinong

4.3.1 Ixedlaouog Npwrtotunou

MEAETWVTAG TOV EMAVOANTITIKO KwdLka Tou oxnpartog 4.4, €xouv AaBel pépog dLadopeg
16€ec Kol oxEdLa yLa To TTwG Ba TapoUCLACTEL e TNV Xprion Tou Unity.

ApPXLKA €XOUV YiVEL OpLOMEVA TTPOOXESLA OTIWC daivovTal oTtnv apxn Tou napopTipoatog I.
AuTa Ta tpooXESia Ta €XOUHE emeKTelvel 0To Unity otadlakd dnploupywvtag Eva-Eva ta
avtikeipeva. Npotol uAomolnBel o alyoplBuocg, £xoupe okedptel mwc Ba eival n epdavion
TWV QVTIKELUEVWY, TL 3D avtikeipeva Ba XpnoLUOTIOL 00U LE Kal To w¢ Ba aAAnAoemiSpouv
HETEL TOUG.

MNa tg dVo otoifeg (“polynomials” kat “results”) Bewprioape mo OAVIKO va TLG
aVOmapaoTHooUE o€ Tplodldotatn popdn. Etol €xoupe uAomolnoel éva Kawouplo 3D
GameObject prefab “3DStack” mou €xeL To oxfua plag otoifag kal Tautoxpova eKTeEAEL OAEG
TG W8LOTNTEC TNG Omwg Push kat Pop. KaBwg eudavidovral ta amoteAéopata and tnv
ocuyxwveuon twv Even kot Odd muvakwy, Ba epudavidovral kat Oa pmaivouv otnv otoifa
“Results” pe pa kabetn kivnon.

To 610 Ba cupPaivel kat otnv otoifa “Polynomials” 6mou Ba pnaivouv ta TOAUWVU A TTOU
Ba xpnolpomnotnBoulv otnv enouevn avadpoutkn ektéAeon tou FFT. H otoifa autr éxeL tnv

teAkn epdavion tou Zxnuatog 4.5.
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® [nspector | S

POLYN \ ¥ Stack Elemant _l Static *
OMIALS: POLYNOMIALS: o S aver Lo )
Prafab Salact | Ravart I Apply ]
¥~ Transform ]
Position x100.1 ¥ 9.36 zlo
Hotation x0 Yo z[o
Scale X[10.2789 | [2.827473 |2[2.827473 |
¥ . tube {Mesh Filter) [ X
» . Mesh Renderer e
i o Box Collider [
v y Q=
Mass 1
Drag o
Angular Drag 0.05
Use Gravity I
Is Kinematic -
Interpalate [Mome s
Caollision Detection Ciiscrace £
onstramts
Freeze Position Mxlr iz
Freeze Rotation o % W7 lof 2

3D Stack kat Stack Element GameOjects - ZxApa 4.5

210 mapadelypa tou oxnuatog PAEnoupe to GameObject to omoio €xoupe Snuloupynoet
Kol EAEYXETOL QTTO TO CUVNUKEVO TTAvw Tou script StackObjectManager.cs (Mapaptnua ).
Me tnv ocuvdaptnon Push, to avtikeipevo auto spdavilel (Instantiate) éva aviikeipevo
tuTou Stack Element (prefab) onwg ¢paivetal oto oxrjpa tou omoiou n povn kivnon eivat n
TITWon TPo¢ tov KaBeto afova Y. AUuTO To £xoupe METUXEL MaywvovTtag KaBs Suvatotnta
Klvnong tou avrtikelpévou oe kaBe afova ektog tou Y oe Bépa B€ong e tn xprion tou
“Rigidbody” component.

Emiong yia va edpoppoletal Kivnon TG MTWONG TOU OVTLKELUEVOU, TO OVTLKELUEVO
gudaviletal kabe popa oto MAvw PEPOC TNG otoifag kat To Rigidbody pe tn “Use gravity”
ETUAOYI) TOU, TO ETUTPENEL VAL EXEL EAEUOEPN MTWON TIPOG TA KATW UEXPL VAL ayYIEEL TOV TATO
NG otoifag i Ao avrtikeipevo tumou Stack Element. OAa ta avtiKeipeva £€XOUV TTAVW TOUG
1o Box Collider component To omolo EMITPEMEL TNV AUTOMATN AViXVEUON CUYKPOUGONG Kal
edappoyng GpuaoLkng MAvVw oTa aVIKeipeva. Me tnv Pop cuvaptnon, To MpwTo AVIIKELUEVO
NG otoifag anmAwg Staypadetal (Destroy).

Ekté¢ amd tnv mapouciocn HE TN Xpnon otolpwv, Ba TMPEMEL TAUTOXPOVA VA
Tapouclaloupde Kal TIG eVOLAUECEG €VEPYELEG TOU aAyopiBuou. Emopévwg €xoupe
UAOTIOLNOEL €val KEVTIPLKO OVTIKE(HEVO OTO omoio Ba mapoucialovtal OAa oautd Ta

anoteAéopata (ZxAua 4.6).
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y=a+bx+cxt2+ ..
<a b . c.. =
Fochd

P(x) = Peven(x"2) +x* Posd(x P{x) = Peven(x"2} + x = Podd(x"*2)

*[eSUI(*
*result*

Results Gameobjects - Zxja 4.6

1o mavw pEpPog Ba dpaivetal To TOAUWVUHO LE TO onoio aoxoAsitat o FFT ekelvn TNV oTyun
TOOO OTNV MOAUWVULKNA Tou popdr 600 Kal oTtnV popdn Tou o€ SLAVUGHA CUVIEAECTWV.
Otav Stapotlpaletal to moAvwvupo, Ba epdavifovral BEAN Ta onoia Oa mapaAnEUNOUV o€
Soxela (containers) Ta onola mapouctalouv Toug {UYoUG KoL TTEPLTTOUE CUVTEAEOTEG KOOWG
Stayxwpilovrat (Zxnua 4.7). Ou cuvteheotég autol Ba mapouotalovral PEcA o oPaLpEG
OTWG KOl OTOV apxlko pag aiyoplBuo (Keddalaito 2 — Selection Sort). EmutpocBeta ot
odaipeg kabBwg tonobetouvral péoa oto doxeio, epdavilovral e xprion mapeUBoAng ano
TNV apyn Tou Soxelou PEXPL TO TEAOG OTIWG KAl OTLG EUdAVICELS TwV odalpwv Tou Selection
Sort. Mmopouv va epudaviotouv HEXPL 4 odaipes ava ypappn Kal EXOUUE 2 YPAUUES. Apa
KABe Soxelo xwpaeL 8 CUVIEAEDTEG. ZUVETIWG UIMOPOUHE VA XWPLOOUKE TTIOAUWVU O HEXPL
16°Y BaBuou (8 Luyolg Kal 8 Lovoug oUVTEAEOTEG). Elval uTép apKeTo KaBwg av eTUAEEOUE
va epappdooupe FFT og moAuwvupo peyoAUtepou Babuol Ba €xoupe TEPUTAOKES XWPOU
kal Ba Atav axpelaoto. O pabntevopevog unopet va pabel mws SouAelel 0 alyopLlBuog Kot

HE TNV XPNON AmMAWY TTAPASELYUATWY UE XanAn TToOAUTTAOKOTNTA.

3D Containers — Even/Odd division - Zxqpa 4.7
O éAeyxog¢ Twv To mavw Ooxeiwv “Container” yivetat pe to ContainerDisplay.cs

(Mapaptnpua M) script component. EmumAgov Ba epdavitoupe kat Ba e€adavilovpe Ta Lo
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TIAVW KOKKLWVaL BEAN KaOwWG Umaivouv oL GUVTEAECTECG PE TN OElPA HECO OTO AVILOTOLXO
Soxelo Baon tou moAuwvU oL TIou BplokeTal mio mavw.

EKTOC amd autoug TOUG UTIOAOYLOMOUC, MECA OTO (6l0 TO KEVIPLKO OVTIKElpevo Oa
mapouaotalovral oL MPAEELG ToU yivovtal HE TOUuG HLyadlkoUg aplBpolg Tou €XOUUE
npoavadpepel. Katw amo ta doxeia mou yivetal o Slapolpacpos Tou MToAUwVOUoU (ZxNua
4.6 — tpito Tplodlactato opBoywvio oxnua) epdaviletal os text popdn (Ue Tn xprion Tou
TextMeshPro-Text) o umtoAoylopog Twv pilwv otav pBAvou e o TEALKA TTEPLTTTWON KL TILO
KOTW TO QTTOTEAECUA TOU TEALKOU TOAUWVUHOU OMw¢ dpaivovtal oTic YpouUES 45-52 Tou

Ixnuartog 4.4,

4.3.2 YAomnoinon Atenadng

Mpotou uAoToLcoUUE TNV Slemadr yLa To XELPLopo Tou FFT, Ba mpémnet va AaBoupe umtodn
Tl emloyég Ba €xeL 0 XpPrIOTNG ylA TOV TPOMO EL0AYWYNG EVOC TMTOAUWVUHOU. MEeTA amo
HeAETN KataAnéope oto OTL 0 LOAVIKOTEPOC TPOTIOC ELOAYWYNG EVOC TTOAUWVUHOU £ival PE
NV XPNon €vOC TUXOLOTIOLNMEVOU TIAPAYOVTA N HE TNV XELPWVOKTLKN El00YyWYH Twv
ouVTEAEOTWVY. TO TTOAUWVUO OUWC TTou Ba AapBavetal we elcodo Ba mpenel onwodnmote
va Bploketal oe BaBuo Suvaung tou dvo (2/4/8/16/32) yia va pmopei va epappooTtel
owoTta n Stadikacia Tou Staipel kal Bacileve kKaBwC To MToAVWVU L0 KABe dopd potpaletal
ota 2. Onwg €xoupe avadEPEL MTPONYOUUEVWGE, O HEYLOTOC BaBuog moAuwviou mou Ba
dexopaote Ba eival 16° Babuol yiwa okomoUg amAotntag. Apa Ba PmopoUPE va

XPNOLUOTIOLCOUHE TIOAVWVU Lo Babuol 2/4/8/16 uovo.

[ sTART | Use Next SPEED: |— |
Random Polynomial ! v I - Step
Enter custom pol@omiul—l RESULTS: *Current step* POLYNOMIALS
Please choose a degree / enter a polynomial:
[ DEGREE / POLYNOMIAL '
— *RESULTS AND
*POLYNOMIAL* _— | CALCULATIONS*

oz ] Coace |

Goes back to the main Ul

Npoox£dio Alenadng FFT - ZxAua 4.8
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210 oxnua 4.8 BAEmou e €va tpooxESLo TG dlemadng yla Tov aAyoplouo pag. Mmnaivovtog
otnv oknv tou FFT o xprotng €xeL Tnv emihoyn va SLaAEEeL petal mapaywyng tuxaiou
TLOAUWVUHOU 1) XELPOKIivNTA KaTaxwpnUévou. Avaloya e TNV A0y TOU, ETUAEYOVTOG TO
koupri “START” Eekiva n ektéAeon Tou. O eEMOPEVOG KAUBAC TTapouoLAlel BACIKEG EVEPYELEC
eAéyxou OMwC €Xoupe UAOTIOLAOEL KO oTov Selection Sort pe suvonteg Asttoupyiec. Ta
koupra “BACK” o€ mapamEUmouy otnVv nponyoU Uevn Kupla Slemadr Tou MPoypAaAUPOTOC

poc. Mo katw dpaivetal n teAkn eudavion Tou MPWTOU pag Kaupa (Ixnua 4.9).

Random Palynomial v Enter Custom Polynomial v
Please choose a degree for a Please enter your own
random polynomial: polynomial with 2, 4, 8 or 16

coefficients (seperated by " "):
16th Degree v 259-7
Y = 5 + Bx*L -9x2 -3x3 + 0x*4 + 3x"5 Y = 2 4 5xM + OxA2 -7x"3
+ 5x"6 -1x 7 -6x"8 -3x"9 + 1x*10 -
TxM1 -TxA2 + 4xM3 + 3xM14 + 4x™15
START START
BACK BACK

Polynomial Input Interface - Zxua 4.9
Ztn enthoyn “Random Polynomial” pumopoupe va emidé€oupe €va tuxaio moAuwvupo 2/4/8

N 16°° BaBpou mou mapayetal KabBwc eMAEYOULE TNV avaAoyn emthoyr) amno to dropdown
box. H aAAn pag emidoyny “Enter Custom Polynomial” emitpémnel oto Xprjotn va Loyl S1ko
TOU TTOAUWVU O PE QTTAN ELCAyWYI) AplOUwWY SLaXWPLOUEVWY HE SlaoTnua HeTafl Toug. Av

0 XPNoTNG eLcayel AaBog moAuwvupo, Ba xpnotpomnownBei to Y = -2 + 3x.

4.3.3 Avanapdaotaon Kot EktéAeon AAyopiOuou
Metd amod tnv emdoyr €vog emBupntol MOAUWVUHOU, KABWE ETUAEYOUUE TO KOUWTL

“START” (2xnua 4.9), emiéyovtag Eava to kouumi “START”, o aAyoplBuocg FFT Eekva.

USE NEXT Speed: _iuse nexT 1) Pushing initial polynomial to Polynomial Spead:
STEP STEP stack
RESULTS: POLYNOMIALS: RESULTS: e e " POLYNOMIALS:

h| b | b |

Visual FFT - BApa 1 - ZxAua 4.10
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To moAvwvu o epdavileTal 0To MAVW KEVIPLKO KOUTL HE Xprion TnG eVIOANG Instantiate kat

Tautoxpova pnaivel otnv otoifa “Polynomials” TG00 mpoypoUATIOTIKA OGO KAl ELKOVLKA

(Zxpna 4.10) AkoAouBwg exteAeital To 2° Brua.

st nexT 2) Popping Pinit from stack Speec: use next 3) Spiting Pink to even and odd phastl]
STEP 37
V=10 862 T3+ xd 506 006 17 4+ 200+ DO UNOMIAL S RESULTS: o Voo e 729 POLYNOMIALS:
Pint:<-1,-1,-8,-7,0,-3,9,-1,-4,2,2,-9,6,5 8,9

RESULTS:

2xM0 -8x"11 + 6x*12 -5x*13 + Bx*14 + 3x 15
Pinit <-1,-1,-8,-7,0,-3,-9,-1,-4,2,2,-9,6,-5 8,9

!

>

p i
A

Visual FFT - Bpa 2 - ZxAua 4.11

210 BApa auTto o aAyoplBpog Kottalel av UtapyeL TOAUWVURO otnv otoifa “Polynomials”,

av vat, Tote To KAavel Pop amod tnv otoifa tou Script mou eival cuvnUUEVO O AUTO TO

OVTLKELUEVO KOl TAUTOXpova KAVeL Destroy To avtioTOLXO QVTIKEIUEVO ELKOVLKA. JUVETIWC

opxllel kot polpalel TOUG CUVTEAEOTEG TOU OTa SOXELOl TTOU £XOUME avadpEPEL PE Kivnon

Xxpnotpomnolwvtog Instantiations (ZxAua 4.11).

[S7CEM - use next 3) Splitting Pinit to even and odd
STEP
. Y = -1 -1xM -8xA2 -7xA3 + 0xM4 -3x"5 -9x"6 -1xAT -4x8 + 2x"9 +
RESULTS: 210 -9XM11 + 6xM2 -5xM3 + 8x\14 + 9x\5
Pinit:<-1,-1,8,7,0,-3,-9,-1,-4,2,2,-9,6,-5,8,9
>

Pevenl:<-1,-8, Poddl:<-1,-7,-
0,-9,-4,2,6,8> 3,-1,2,-9 -5 9>

Speed:

POLYNOMIALS:

e

—

use nexT 3) Splitting Pevenl to even and odd Speed:
STEP
RESULTS: Y =-1-8xM + 0x"2 -9x*3 -4x"4 + 2x°5 + 6x6 + 8x"7  POLYNOMIALS:

Pevenl:<-1,-8,0,-9,-4,2,6,8 > \

|_BACK _

Visual FFT - BApa 3 - IxAua 4.12

Otav oAokAnpwBel o Stapolpacudcg (Bua 3)), ta SUo véa TOAUWVUUO PIOivouv OTn

otoifa “Polynomials” (Zxnua 4.12). OL Odd cuvteEAECTEG UMAVOUV UE TTPAGCLVO XPWHLO EVW

ta Even pe pmAe pe auvt) tn oewpd. Emiong SimAa amd 1o dvopa tou mMoAuwvlpou,

kataypddetal kat to emninedo oto onoio Bplokopaote (OnMwg paivetal 0To oxUA Hag TIK:

Pevenl : to mMOAUWVU O HE Toug {uyouG ouvieAeoTteg Baboug 1). AkoAoUuBwg adou n otoifa
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“Results” eival akoun kevi kat n “Polynomials” mepléxel £o0tw Kal €va otolxeio péoa, o
oAyopLOuog Byalel To emOUEVO TOAUWVUHO amod TN otoifa kal ekteAel tnv (dla Stadikaoia

Slapolpacpol cuvteheotwy (Brpa 3)).

v use NexT 3) Splitting Pevenl to even and odd Speed: . use nexT 2) Popping Peven2 from stack Speed:
STEP [ STEP
RESULTS: Y =-1-8xA1 + 0XA2 -9xA3 -4x74 + 2x°5 + 6x°6 + 8x"7  POLYNOMIALS: RESULTS: Y = -1 + Ox*1 -4x"2 + 6x"3 POLYNOMIALS:
Pevenl: <-1,-8,0,-9,-4,2,6, 8> Peven2:<-1,0, -4, 6 >
Peven2: <-1,0,- Podd2:<-8, -9,
4,6> 2,8>

Peven2:<-1,0, -
4,6>

-
A

Visual FFT — EravaAndn BAuatoc 2.3 - Zxnua 4.13
H dwadikaoia auth tng dtaomaong MOAUWVUHWY mavaAapBavetal cuvexwg (Ixnua 4.13)

HEXPL va. GTACOUUE OTNV TEAKN Tepimtwon (Ixnua 4.14) omou Ba £XOUpE TTIOAUWVUHO

BaBpou 0 (pe éva povo cuvteleotr)) otV otoifa pHag.

use next 3) Splitting Peven3 to even and odd Speed: -/use NExT 3) Base case reached (size = 1) Speed:
STEP Y STEP n -> Push to Results
RESULTS: Y =-1-4x"1 POLYNOMIALS: RESULTS: Y=-4 POLYNOMIALS:
Peven3: <-1, -4 > Podd4: < -4 >

l"‘..

<-4>=><-4 4>

n
| |
|
Podd4 BASE: < -
4,-4>
l Pevend BASE: < -
1,-1>

Visual FFT — Brjpa 3 — TeAwn Nepintwon - ZxAua 4.14

Y€ QUTO TO onpeio o alyoplBuog otav kavel Pop amnd tnv “Polynomials” Ba avixveloel Tnv
TeEAKN TepimTwon Kot Ba SNULOUPYNOEL WG ATIOTEAECUA £Va VEO SLAVUCO CUVIEAECTWY
Hey€Bouc 2 to omoio Ba neplExel 2 dopég tov (6lo ouvteleotn. AKOAOUBWG TO AMOTEAECUA
auTo Ba yivel Pushed otn otoifa “Results” pe xpwpa pol to omoio cUUPBOALLEL TIG TEALKEG
TEPUTTWOoELS. Emiong oto Ovopa tou amoteAéopatog Kataypddetal av eival amd Toug
{uyoug f TePLTTOUC CUVTEAEOTELG, TO eminmedo 0TO OmMolo €XEL YiveL 0 SLAUOLPATHOC AUTOG

KoL n A&éEn “BASE” av eipaote o Baolkn mepintwon. (Zxnua 4.14 - ty: Podd4 BASE <4,-4>)
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Otav cupmAnpwBouv Vo ocuvexopeva amoteAéopata Me 6o péyeBog otn otolfa
a n 4 4 I ’ 1 ’
Results”, Tote 0 aAyoplBuog Ba pmopet va utoAoyloel To amotEAECUO TOU cuvduaGHOoU
TOUG.
Ye k@Be emavaAnyn mpv TV Slaomaon Twv MOAUWVUPWY, EAEYXETOL HE €va Pop kal éva
Peek amod tn otoifa “Results”, av éxoupe dVo amoteAéopata ioou peyéBouc. Av val ToTe
vivetal Popped kot 1o 6eUtepo amotéAecpa mou Ppiloketal otn otoifa kat apxilel n
Stadikaoia cuyxwveuonc auTwyv Twv SUo SLOVUOUATWY OWE EXOUUE Tteplypadel (Zxnua

4.15), aA\ww¢ TomoBeteital miow otnv otolfa To anotéAeopa mou €ywve Popped.

use nexT 5) Result Match found with size = 2 Speed: 57758 - use nexT 6)a) W14 = cos(2 * 1PI / 4) + i*sin(2 * 1P| Speed:
STEP :] -> Pop from stack STEP D 14)
RESULTS: Y=-4 POLYNOMIALS: RESULTS: Y=-4 POLYNOMIALS:
Podd4: < -4 > Podd4: < -4 >
Peven: <-4, -4> Podd:<-1,-1> Peven: <-4,-4> Podd: <-1,-1>
Wo0,4=1
W14 =0+1i
P[0] =-5
N N
use NexT 6)b) P[1] = Peven[1] - W1,4 * Podd[1] Speed: use next 6)b) P[3] = Peven[3] - W3,4 * Podd[3] Speed:
STEP STEP
RESULTS: Y=-4 POLYNOMIALS: RESULTS: Y=-4 POLYNOMIALS:
Podd4: <-4 > Podd4: < -4 >
Peven:<-4,-4> Podd: <-1,-1> Peven: <-4,-4> Podd: <-1,-1>
Wo4=1
W14=0+1i
P[0]=-5
P[1] = -4 -1i
) | 1i, -3, -4 + 1i>
RESULT: < -5, -4 -1i, -3, -4 + 1i >

Visual FFT - BApa 5,6 - ZxAqua 4.15

ESw mapatnpoupe OTL £xeL avixveuBel taipt pe péyebog 2 (BRpa 5)). Tuvenwg Ba yivouv
Popped ta U0 amoteAéopata amod tnv "Results" kot Ba apxioel o UTOAOYLOMOG TwWV
pyadikwyv p{wv toug. Emeldn €xoupe SUo moAvwvupa peyeboug 2, o cuvduaopdg toug Ba
€XEL WG amotéAeopa moAuwvupo 4°° Babuou. Etol umoloyilovtal ot 4 pileg pe tnVv

Stadikaoia mou €xou e meplypddel. Oa ekteAectolV 4 Ppopég Ta Brpata 6a) kal 6b). (omwg
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€XOUUE TEL otnv eme€nynon oto umokepdAoato 4.2.1) My: yia 10 2° otolxeio Ttou

QMOTEAECUATOG LaG UTIOAOYIZETAL TPWTA 0 AKOAOUBOC LILYadIKOG

* T
)

* TC . 1
)+1*sm(2* 2

1
W14 = cos (2 *

Kat Baon autol tou pyadikol apltBuou umoAoyileTal To avtioTol o amoTEAECHA TOU VEOU

Slavuopartoc.

P(Wj2,) = Peven(W 5,°) + W, 5, * Podd(W; 2,,%)

= P(W14) = Peven(W,,%) + W1, * Podd(W ,°)

To amotéAeopd pag onwe PAEMou e oto oxnua 4.15 yla auto To mopAadelypa eival To vEéo
Stavuopa <-5, -4-1i, -3, -4+1i>. AuTO € TN OELPA TOU paivel otn otoifa “Results”.
0 TOUG UTTOAOYLOHOUG TWV OITOTEAEGUATWY OUTWV EXEL UAOTIOLNOEL pLa pkpr) SteukoAuvon

OoToV KWOLKA pag (ZxAua 4.16). MNapatnproape OTL 0 TUTIOC HOC UITOPEL va £XEL aTAoTtoinon

TPOYPAUUATIOTIKA. o kABe i<n/2 éxoupe 6T W;p, = —W; n .
>
nyx: Wos=-Wyy
Wis=-—Wsy

‘Etol kavovtog povaxo n/2 mpoomeAdoslc kabe ¢dopd, WMOPOUUE vo UToAoyiooupue
Tautoxpova to P(i) kat P(i+n/2).
= P(W;,) =Peven(W;,)+ W;, * Podd(W;,) «a
P(W; +;n) =Peven(W;,)-W,;, * Podd(W;,)

Con [mewN] ;
newh 2: I++)

i Mathf.PI newh ;
=y Wk [ ex{Mathf.cos{kth}, Mathf.sin{kth}};
newP[1 rifi] (wik (r2[1]));
newr[1 newh 2] rifi] {wik {r2[1]1)2);

1
)
results. Pushi{newP}

BeAtiotomnoinon unoAoylopol pyadikwv piiwv FFT - Ixyapa 4.16
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rGall - use nexT 2) Popping Podd3 from stack Speed:
STEP

RESULTS: Y =0+ 6x°1 POLYNOMIALS:
Podd3: <0, 6 >
Peven: < -4, -4 > Podd: < -1, -1 >

Presult4: < -5, -4 -
1i, -3, -4 + 1i >

Visual FFT — EmravaiAnyn prAuartog 2 - Zxnua 4.17
Itnv ouvéxela (Ixnua 4.17) o aAyoplOuog pag agdou BAEmel OtL Sev UTAPXEL TaAlpL OTN

RESULT: < -5, -4 -1i, -3, -4 + 1i >

otoifa “Results”, mpoxwpAel KAVOVIKA LE TNV Stadikaocia SLaomaong Twv MOAUWVUHWY TNG
otoifag “Polynomials”.

‘0Oo0 npoxwpasl o aAyoplBuog, dev pog volalouv oL HaBnuaTtikol UTTOAOYLOHOL TTOU KAVEL
KOlL £TOL WITOPOUE VOL TOUC TTAPOUCLACOULE O UN SLakpLto onpeio. O pabnteuopevog BEAeL

amAwg va pabet tnv Baowkn Stadikacia.

use NexT 6)b) P[15] = Peven[15] - W15,16 * Speed: use NexT 6)b) P[31] = Peven[31] - W31,32 * Speed:
STEP [y Podd[15] STEP 4 Podd[31]
RESULTS: Y=8 POLYNOMIALS: RESULTS: Y=9 POLYNOMIALS:
Podd4: < 8 > Podd4: <9 >

Peven. <-7,15.07-13241, 17  Podd: < 1, 3.88 -3.54i, 6
+10,093+4.76.5,093-  3j 8.12-354|, 11,812 +
476,17 101, 1507 + 13.24i>  354i. 6 + 3i, 3.88 + 3.54i >

RESULT < 6,
1064-7.88, 1

Visual FFT — Bpa 6)b) ywa 16/32 ocuvteAeotéc - xApa 4.18

‘EtoL Onw¢ BAEMOU e OTO TLo MAvw oxnua (4.18), yivovtal umtoAoyLopol amoTeAECUATWY yLa
Slavuopata peyEéBoug 16 kat 32 cuvteAEoTWVY oL omoiol dev elvat kal T6oo gudLakpLroL.
Itnv Xelplotn nepintwon pog Ba €xoupe Staviopata peyeboug 32.

TéAog otav oAokANPwOBOUV OAEG QUTEG OL EMAVOANTITIKEG EKTEAECELG KAl KATAAAEOUUE UE
adela otoifa “Polynomials” kat pe otoifa “Results” n omoia €xel pévo €va amotéAeoa,
Ba €xoupe kataAn&el oto TEAKO pog amotédeoua (Zxnua 4.19)! To amotéAecpa auto

yivetal Popped amoé tnv otoifa kat epdaviletal otnv 086vn oe éva GAAO QVTLIKELUEVO TO
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omnoio nepthapPavel TextMeshPro pe mpdoivo Xpwua Kal mupotexvhpata [24] ta onola

Slvouv €udacn oto TeEALKO HaC AMOTEAECUAL.

USE NEXT G)b) P[31] = Peven[31] -W31,32 * Speed:
STEP Podd[31]
RESUIEGS: Y=9 POLYNOMIALS:
Podd4: <9 >

Visual FFT — TeAwko AnotéAeopa - Ixqua 4.19
No onpewwBetl otL emhéyovrag to “USE NEXT STEP” kouTi, 0 aAyopLlOpOoG KAVEL pia mavon

NG EKTEAECNC TOU KAl HE TNV €TLAOYH TOU BEAOUC = MPOXWPOUUE oTadlakd Brpa-prAua.
‘Etol 6V XPELAOTNKE va UAOTIOL|OOUKE KOUupmi mavong. Akopn MmopoUpe va allafoupe
™V TaxuTnTa ektéAeong pe to “Speed” slider mou Bploketal mavw Se€ld OMWG Kal PE TOUC
aAAouc alyopiBuoug.

To amoTeAECHATA POG TA EXOUUE EMAANOeVOEL HUE XPHON EVOC LOTOTOMOU OV UTtoAoyileL

amoteAéopata Se60uéEvou evoc MOAUWVUHOU yia Tov FFT [8].

4.4 AuokoAigg/MpoPAnuata kat Tpomnog EnidAuong

Katd tn StapkeLa tng UAOTIOLNGT) HaG €XOUV TIPOKUPEL TA TILO KATW:

Mpoocapuoyn eukpivelag tng oBdovng (Resolution) ywa tnv mapoucioacn OAwv Twv
OVTIKELMEVWY HME TN OWOTH ONTKA ywvia. To Sopbwoape pe TtomoBETnon TPLWV
SLOPOPETIKWV KOUEPWY KEVTPAPLOUEVWY TIAVW OTO OVTIKElMEVO. Mia yla tnv otoifa
“Results”, pia yLo toug UTOAOYLOPOUG KOL TTOPOUGLAON TWV AMOTEAECUATWY KOl pia yLo tnv
otoifa “Polynomials”

Mapoucldaotnke SuokoAla oTnVv UAoTOiNCN KOl PETATPOT Tou avadpoulkol aiyopiBuou
FFT otov emavaAnmrtiko Tou avtiotolxo. XpnoLUOoToLioae CUUPBACELS LETATPOTNG UE TNV
xpnion otolwv aldd eneldy o aAyoplOuog kavel xprion Vo avadPOULKWY KOAECUATWY,

eudpaviotnke SuokoAia. Metd amnd moAAEG mpoondBeleg kal melpapata (trial and error), otn

-45-



TeEAKN Tepintwon emMAEwV EMpPeNe va yivetal €Aeyxo¢ otn otoifa twv “Results” av
umapyouv Vo anoteAéopata ioou peyéBoug yla va yivouv popped amnod tnv otoifa kat va
edappootel mavw Toug n pdaon «ouvdlaoey.

Agv uTt)pXe UAOTIOLNEVO QVTLKELMEVO YL TOUG PLYadLkoug aplBpoug Pe TIg TPAEELS TouC.
‘EtoL dnuLloupynoope amo tnv apxr To avtikeipevo “Complex” (mapdptnua ) To omolo sivat
Baolopévo otnv umapyov Java uhomoinon tou.

Itnv apxn €xeL yivel mpoomnaBetla uAomoinong tou alyopiBpuou pe xprion duadikou §€vépou
yla kaBe moAuwvupo mou Snuoupyotav. AuTO €xel KOTAAREEL va pnv €XEL EUXAPLOTN
gudavion oto xprnotn Kabwg emiong kat SuokoAia otnv ekpuadnon tou. Metd and oulntnon
He Tov eTBAETOV KaBnyntr Kal amd anoyelg and aAAa ATopa, EXOUHE KOTOANEEL oTnV

mapoloa KAtAotaon Tou alyopibuou.
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KeddAauo 5.

AMy6p1Bpog Ertihoyng

5.1 Eloaywyn
5.2 Nepypadn AAyopiBuou
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48
50
50
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53
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60

5.1 Elcaywyn

O emopevog alyoplBuocg pe tov omoio Ba acyoAnBoupe eival o aAyoplBuog Emiloyng
(Selection Algorithm) [4,5]. Avrikel emiong otnv katnyopia aAyopiBuwv Tumou «Alaipel kat
Bacileve» onwg kat o FFT. To mpoBAnpa ou AUVEL aUTOG 0 aAyopLlBpog eival to poBAnua
™G emdoynG. Eotw OTL €XOUME €va oUVOAO amo n otoieia. H emiloyn tou i-ootou
OTATLOTIKA SlateTayuévou otolxelou, ival ekelvo mou eival peyaAuTtepo akplpwg amo i-1

otolxeia. MNa mapadetlypa to 1-00to eival To EAAXLOTO OTOLXELD, TO N-00TO €lval TO HEYLOTO

KalL To n/2-0016 n dlapecog, SnAadn to pecaio otolxeio.

O 0plBUOC TWV CUYKPLOEWY TIOU TIPETEL va yivouv yla va Bpebel to peyadltepo N TO
HLKPOTEPO oToLXELO elval povaya O(n) kaBw¢ mephapBavel pia oAl cApwaon Tou GuVOAou

pog. Twpa yla €va otolxeio mou Bploketal evolapeoa, n MOAUTTAOKOTNTA Hag aveBaiveL OTLG

O(nlogn) cuykpioelg.
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AUTO odeiletal Sedopévou OTL epappoloupe pia oA Taglvouncn oTo cUVOAOS LaG OTIWG

™ duadikn elocaywyn (binary insertion sort).

O aAyoplBuog Emhoyng anod tnv aAAn mMAEUPA OUWE TIETUXALVEL TNV EUPECT OMOLOUSHTIOTE
i-00TOU oTOoLXElOU O€ ypappLko Xpovo O(n). Q¢ anotéAeopa eivat £€vag xpHoLuog oAyopLlopog

KOl 0 TPOTOG Aettoupyiag Tou eival aflog va paivetal og ypadikr popdn.
5.2 Nepypadn AAyopiOpou

O alyoplBpuoc EMIAOIMH £xet tnv €€n¢ popdn (yia elcodo £va Slavuopa n oTolXElwV Kal i
aplBuou yla evpeon tou i-ootou) (EMIAOTH(P(n), i)) (Mmopel va uhomotnBel kat pe 7adeg

avti 5a6ec¢):

. . n ' ' '
1. Awalpeon Twv n OTOLXELWV O€ [E] opadeg Twv 5 otoyelwv. (ko ta urtoAouta n MOD

5 otowxela og AN opaday)
2. EUpeon Slapéoou kaBe opadag pe taflvopunon He xprion duadikng elocaywyng Kot
LETA €TLAOYN) TOU KEVTPLKOU oTolxelou KaBe 5adag (3°).
3. Tpéxoupe avadpouka tnv EMIAOTH kat PBpiokoupe tn Stdpeco X OAWV Twv
Stapéowv. (Av €xoupe uyo aplOuo Slapéowy, Tote o X Ba elval n Katw SLApeoog)
4. Baon tou X, Slapepiloupe Ta OTOLXELD YUPW TOU LE TN XPrON TN TPOMOMOLNMEVNG
Stadikaoiog AIAMEPIZH.
Opilou e r oo pe To MARBOG TwV oToLXELWV HIKPOTEPQ TOU X.
5. Avi=r+l (elval n 6éon tou X) tote emiotpédoupe To X.
Avi < r+l tote tpéxou e tnv ENIAOTMH avadpopikd yla va BpoU e To i-00TO oToLXElo
yla Ta otolxeia <X.
AN TpExou e TV ENIAOTH avadpoptkad yia va Bpoupe to (i-(r+1))-0o0td otolxelo

yla Ta otolxeia >X.

O aAyoplBuog autog onweg Katl o FFT €xel petatparnel and avadpoulkog o€ EMAVAANTITIKO

apyoTEPQ YLa VA UTtopEL va avamnapaotabel pe tplodlaoctata ypadLkd Kol oVTIKELPEVAL.
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210 BApa 4., n Slauéplon Twv oTolxelwv yivetal o€ 4 opddeg (Zxnua 5.1)[4].

A (o ° ° ° .
B
g<{ ° ° ° .
)
. . . ° .
° ° ° ° .
Co ° ° ° :_
(<)
° ° ° ° D ° q
. ° . ° .

Awapépilon opadwv A-D — AAyopiBuog emthoyng - Zxnua 5.1

Otav €xoupe TafVOUNUEVEG TG opadeg 600 opllovTia 600 Kal KABeta pe BAaon Ttoug
Slapéooug TG KABe opadag, UMopPoUUE va KAVOULE YPHyopoUuC UTIOAOYLOHOUG. Ta BEAN
oTOo oxNua Seiyvouv amo 1o ULKPOTEPO 0To peyaAltepo. MNa v opada C pmopoUpe va
OUUMEPALVOUUE OHECWC OTL OAQ TOL OTOLYELD TNC Elval < X Kal TnG B >X yla mpodavég Adyoug.
Twpa mopapeVeL va Yivel EAeyxoc yla Tig opadec A kat D. O €Aeyxog autog poodEPEL
€\AXLOTN eMiMTWOon ot MOAUTTAOKOTNTA Tou aAyopiBpou Katl £Tol Statnpel TNV YPAUULKN

TOU MOAUTIAOKOTNTA.

O Slaxwplopog autog Sev xpetaletal va uAomolnBet omtika. O xprotng Ba €xeL emiyvwon

OTO MWCE AELTOUPYEL 0 AAyOPLOOG KOl OTOV TPOTIO Ttou SLaxwpilovtal oL OpAdEG.
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5.3 Aenttopépeleg YAomoinong

5.3.1 Metatponn o€ EmavaAnmtiko kot ApxLkn ZKEYNn

o va UAOTTOL)COULE OTITIKG OLUTO TOV aAyopLOBpo Ba mpénel va okedToU e TNV Stadikacia
Tou Brpa mpog Bripa Kot Tov TpOmo mou ekteAeital. Q¢ eloodo Aappdavoups pia Alota pe
OKEPALOUG aplOpoUC Kal Tov aplBpd i mou Ba aviutpoowreVEeL Tov i-00TO aplOuo mou

YUPEUOU UE.

1. ApPXIKA yLO VoL KAVOULE TILO KOTOVONTO TO TEALKO QIOTEAECUA TIPOC TO Xpriotn, a
TIOPOUCLACOUUE TN Alota pag tafvounpévn kat 6a epdavilou e To i-00Td oToLXElO
To omnoio Ba daivetal akplpwg o ota O£on BplokeTal.

2. AxkoAoUBw¢ Ba ekteAoUpe Tov aAyoplOuo smiloyn emavaAnmuka (BrApoa 3-8) péxpt
va Bpebel To TEALKO pag amoTéEAeCU yLa TNV UPLOTAUEVN AloTa Kat | aplOuo.

3. Kabe dopa Ba Siapolpe ta otoela tng udlotapevng Alota pog os 5a8eg
Snuoupywvtag véa Alota yla tnv kKaBe opdda os pio Alota amd Aloteg pe
aKépaloug. Ta UTOAoUTOL OTOLXELQ TTOU TEPLOGEVOUV MO TOV SLOOLPOCHO TWV
opadwv pmaivouv Kat ekelva o€ Sikr) Toug Alota peyébouc < 5.

4. Meta Oa tafvopeital pia-pia n kKOs opada XpNCLUOTOLWVTOC TNV ETOLUN ETLAOYN
taflvopnong Alotag “Sort” yla ta aviikeipeva tumou List otn CH#. ESw umoBtoupe
OtL n tafvounon yivetat pe Suadikn eloaywyn. O xprotng amAwg Ba BAEmeL ta
otolxela va taglvopouvral.

5. Bpiokoupe tig Slapeooug g Kabe opadag ot omoiot Bplokovral mavta otn Béon
int(n/2 + 0.5). my: 5ada~> int(5/2 + 0.5) = int(2.5+0.5) = int(3) = 3, 4ada~>
int(4/2+0.5) = int (2.5)=2

6. TomoBetolpe TG SLOUECOUG QUTEG O SLKN TOuG AloTa Kal TA&WVOUOUME auTh TN
Alota. Bplokoupe tnv 8Ldpeco twv dtapéowv (X) xpnolponolwvtag tov idlo Tpomo
OTMWG KAl OTLG OUASEG.

7. Xpnolgomnolwwvtog To X, Bpiokoupe OAa ta oTolxela Ta omola eival Ukpotepa Tou X

Kol OAa Ta omola eivat peyaAUtepa KoL Ta TomoBeTOUUE O SLKEC TOUG UE TN OELpA
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Aloteg. YroBEtoupe OTL £XOUV YIVEL OL AVAAOYEC OCUYKPLOELG yla TNV SlapépLon oTLg
4 opadeg ou €xou e poavadEPEL.

8. Exoupe OTL 0 aplOUOC TwV oToLxelwyv < X elval r (LéyeBog AloTag pe Ta otolxeia < X).
a. Av 1o udlotapevo pag i (index) toovtal pe to r+1 téte 1o X €lval o aplOpog

TIOU YUPEUOUUE, TOV EUPavilou e Kal Byaivoupe amo tnv emavainyn.
b. AMwwG av 1o i elval pkpoTePO amo to r+1 1ote opiloupe TNV Alota TNV omola
Ba XpnOLUOTOLOOUUE, TNV AlOTA LE TOL OTOLXELQ TTOU €lval PLKPOTEPA TOU X

KOlL TO | TOpapEVEL WG €XEL. Emlotpédoupe otnv apxn tng emavainync.
c. ANMwg (i > r+l) xpnolgomoloUpe TNV AlOTA LE TO OTOLXELQ TIOU E€lval
pHeyaAUTEPA TOU X Kol To i To aAAaGlou e o€ i-r-1. Emiotpédoupe otnv apxn

™¢ emavaAnyng.

5.3.2 Ixeblaouog MNpwtotumou

Mpwv UAOTIOL)COUHE OMOLOSATIOTE QVTLKELUEVO HEoa oto Unity, €XeL YiveL évag apxLkog

oxeSLaopoG TNG Epdavionc tou alyopiBuou oto xapti. (Mapaptnua A)

MNa tnv gpdavion kabe otolxeiou Oa XPNOLUOTIOLCOUUE TIG O0dAlPEC TIOU E£XOUUE
Snuoupynoet yla tov aAyoplBuo Selection Sort (BallTextMesh - Ixnua 2.6). Tl tnv
mapouciaon tng Alotog pe ta otolxela €xoupe dnuioupynost éva 3D prefab pe ovopa

“3DArray” (Zxnua 5.2). To avtikelpevo autd eAéyxetal anod to Array3DController.cs script

'
(Mapaptnua A).
© Inspector  [[SEFVicES - =
J o 3DArray | static =
L
Tag | Untagged 4| Layer | Default 3|
¥ .~ Transform ﬁ o
Position X 0.00364€ ¥ | 3.8713 Z -1.004
Rotation |0 Y0 £ 90.00001
Scale ¥ 0.16592( ¥ 0.24095( £ 0.58312:
v =« ¥ Array 3D Controller (Script) ﬁ o
Script Array3DController @
Left_wall . Left Wall (Transform) o]
#| Seale U= 1x Right_wall Right Wall (Transform) o}
Placeable_object - BallTextMesh (Rect Transform| @

» Object_array

3DArrav GameObiect - Zynua 5.2
Avaloya He TOV 0plOPO TWV QVTIKELUEVWVY Ttou Ba mepléxel n Alota tnv omoia Ba

mapoucoldoel, aAAdlel Suvapkd to MEYEBOC Tou, OAAAlOVTAG TI( TIOPAUETPOUCG TOU

localScale. To apxtkd Tou péyebog xwpaet povo éva avtlkeipevo. EToL pe n avtikeipeva, av
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TIOAAMAQCLACOUE TO HEYEOOG TOU Tivaka autol oto Y dfova e TO n, TO VEO TOU UEYEDOC
Ba xwpael n avrtikeipeva. H euddavion Twv odalpwv yivetal Pe tov 6L0 TPOMO NG
YPOUULKNAC TtapeBOARG OMwe Kat otov Selection Sort. H povn dtadopd €dw eivat otL T0
OPXLKO Kal TEALKO pag onueio petafailetal avaloya He TNV TonmoBeaia Tou aplotepol Kot
6e€1o0U Toixou tou 3DArray. Tautoxpova avaloyo PE TO PEYEDOC TOU QVTLKELUEVOU WAG,
oAAGlouv Kal Ta HEYEDN Twv odatpwv Tou Ba epdavioTouv oUTWE WOTE VA XWPAVE LEoa
OTO OVTIKE(HEVO. META armo MOAAOUC eAEYXOUG KATAANEQUE OTO OTL UTTOPOULE VO EXOUUE
HEXPL Kal 50 otolxela og €va TivoKa WOTE va elval eudLakpLTa mPog To Xpnotn. TEAoG, To
EVOWMOTWUEVO script mpoodépel tnv Suvatotnta aAAaynG XPWHOTOC CUYKEKPLUEVNG

odaipag ava maca otyun Kot Suvatotnta KabapLopou Tou Tivaka.

Ma tnv mapouvciacn twv opadwy £xel dnuioupynBel £va EexwpLoTO AVTIKEIUEVO TO Omoio
EXeLTLC (OLeg 1810TNTEG pe To “3DArray” aAld sival otaBepoU Hey£EOOUG KOL TIEPLEXEL KELLEVO
yla tnv ovopacia tou. To “5container” (Zxnua 5.3) €xeL tnv Suvatotnta napouvaciacng HEXPL
Kol 5 otolyelwv pe xpron yPOouupLKAG moapepBoAng. Mmopetl va eleyxBel amod to script

Fixed3DArrayController.cs (Mapaptnua A).

© Inspector | Services =
c v
\-' o Scontainer || Static
Tag | Untagged +| Layer | Default ™|
¥ .~ Transform -
Position X 2.89 Y 6.34 Z|0
Rotation pl] 10 o

Scale ¥ 0.88901 ¥ 0.88901 Z 0.88901
¥ « [ Fixed Array 3D Controller (Script) SR

Script FixedArray3DController @
=z Left_wall A Left Wall (Transform) [c]
p— x| Maximize On Flay | Mute Audio | Stats Right_wall Right Wall (Transform) @

Placeable_object . BallTextMesh (Rect Transform| @
b Object_array
F Number_array

-

5container GameObject - Zxynua 5.3
EKTOC amo TIg opadeg, Ba MPETEL VA TIAPOUCLACOUE KAl TNV eUPECN TWV SLAPECWY, TNG

Slapeocou Twv Slapécwy (X) oAAQ Kal Ta ULKPOTEPA KOl UEYAAUTEPA OTOLXEl TOUu X.

AaAAa 3D avtikeipevo (Zxnua 5.4) — “LargeContainer”.

© Inspector  [[SErvices &=

JUVETWG £XOULE SNLOU PYNOEL EVal

T a
(| ¥' ¥ LargeContainer ] static

Tag | Untagged +] Layer | Default i)

¥~ Transform @ =t %
Position x[-134 |v[1iz  |z[1.0046

! | Rotation x[0 [0 FAL
Se— - A— [L—
IMEDIANS | Scale Vx 0.70788 | ¥ u.?unfa z[0.70788
i sty —U ¥ = [ Large Container Controller (Script R
Script LargeContainerController °
Ground [ABottorn (Transform) |
Left_wall Left Wall (Transform)

e

@

Right_wall [LRight Wall (Transform) | @
B e

@

Label * Label (TextMeshPro)
Item [ BallTextMeshRigid (Rect Trans
Placed Items

No Of Items o

Add_an_item (]

Item_string

LargeContainer GameObject - ZxAua 5.4
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TO QVTIKELLEVO QUTO OTIWG KAL TO ULKPOTEPOS Tou avtiotowxo (FFT - ZxAua 4.7) éxeL Tig 8Leg
dLotnteg otnv eudavion odpatpwyv. Epdavilel oe ypapuikn mapepBoln odaipeg tUMoOU
“BallTextMeshRigid” oL omoieg ival opoleg pe tg “BallTextMesh” pe tnv Stadopad ot
TeEPLEXOUV To component “RigidBody” mou TI¢ eTUTpENEL va €xouv GUOIKN Kal Baputnta.
AUTEG oL odaipeg €xouv povo KABeTn mtwon (otov dagova Y) kal ol urtoAoumol AEoVEG yLa
kivnon kat meplotpodn eival maywpévol. Ito “LargeContainer” UmopoUpe vo £XOUUE
oUVOAO 6 oslpéc amnod 5 odaipeg, dpa cuvolo 30 odaipeg os kaBe Soxelo. Mag KaAUTTEL
TIANPWCE KABWC UmopoU e va £Xoupe To TIOAU 10 5ade¢ dpa 10 Stapéoouc yla tnv epdavion
Twv Slapéowv kat 30 otolxeio To MOAU yla Tov SLaxwpPLopd Twv UEYAAUTEPWY KoL

HLKPOTEPWV OTOLXElWV arod To X.
5.3.3 YAonoinon Aenadng

Metd amnd okéPn kal Eépsuva €XOUHE KATOANEEL oToug €€C TPOMOUG UE TOUC OMOLoUG
UTopEL va ELOAYEL 0 XPrOTNG TS EL00S0UC Tou aAyopiBpou emhoync:

e Emloyr tuxaiou mivaka akEpaLwV OTOLXELWV amo eloaywyn peyébouc 2 pe 50.

e  AuvOoTOTNTA ELOAYWYNG TILVOKO XELPWVAKTIKA oTOoLXEl0-0TOLXElDO peyéBoucg 2 pe 50.
Kol eloaywyn i-ootou (Index) otolyeiou mou yupeloupe amo to 1 péxpl to 50 avaAoywg pe
To pé€yeBog Tou mivaka. Mo euKoAia EUPAVIONC TWV aPLOUWVY KAl KATOVONoNG, Ol aKEPALOL
aplBpol Ba npénel va eivat amno to 0-99.
Mpw Eekvnoel n uAomoinon oto Unity, £xouv yivel ta akoAouBa mpooxEdia (Zxnua 5.5) yia

TOV TPOTO EL0AYWYNG TNG ELGOSOU Ao TO XProTh Kal TV epdavion tou aAyopibuou.

Use
— Next ' *Current step* SPEED: ——— |
Step P
Random Array | v | N [ARRAY (#) )
|Enter custom array | | SORTED ARRAY |
Please select size of random array / enter an
array (max size:50): GROUP 1 G@@)‘ GROUP 5
] Array Size F — |~
*ARRAY* @
Select Index
* *
NEXT INDEX
BACK <X >X
*Number we are searching for* MEDIANS BACK
EXIT
]

Goes back to the main Ul

MNpoox£dia dienadrg alyopibpov Erhoyng - IxAna 5.5
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Av 0 xprotng B€AeL va emAéEeL Tuxaio mivaka, umopel va xpnolpomnotnoet Sliders yia tv
emmiloyn tou. AANWG av eTUAEEEL TNV XELPWVOKTLKY €looywyn Tiivaka Ba pmopel va
Saktuloypadnoet éva Ttivaka tng emBupiag tou. Eniong pmopetl va xpnotpornotnost Slider
Kol yLa tnv ertdoyn tou index (i). EmAéyovtag tnv emthoyn “NEXT”, mpoxwpape otov Kappa
TIOU YIlVeTOL N €KTEAEON Tou aAyopiBuou emhoync. Onwe PAEMOUUE OTO OXAUO HOC,
daivovtal nw¢ Ba dpaivovral mepimou ta PApOTE EKTEAECNC HLOC OTIWC EXOUUE TIEpLYpAPEL
TIPONYOUUEVWE. Oa avaAuBoUv AETTOUEPWG OTNV CUVEXELX. TEAOG TO KOUMTILA MG
€KTEAOUV TIC (8LEC EVEPYELEC OTTWC KAl 0TOUG GAAOUG oG 0AyOpLlOpouG.

Meta ano tnv oxediaon pag kataAnéape otn mo Katw teAtkn Stemadn (Zxnua 5.6).

Random Array v Enter Custom Array v
Please select a size for a random array (with random Please enter your own array with size ranging from 2 to 50
numbers between 0-99): (each value between 0-99 and seperated by space " "):
9847249275236
Array size: 12 Array size: 9
Array: < 41, 60, 66, 15, 93, 28, 39, 53, 16, 79, 24, 57 > Array: <9, 84,7, 2,4,92,75,23,6>
Select Index: Index: 10 Select Index: Index: 3
NEXT NEXT
BACK BACK

Arrav and Index Input Interface in Unitv - Z¥nua 5.6

MNavw oto dropdown KouTi TOU EMIAEYOU E TOV TPOTIO ELOAYWYNC TNC ELGOSOU HaG, EXOUUE
w¢ component to DropdownArrayChoice.cs script (Mapdptnua A). Auto to script sivat
unevBuvo otnv eudavion kat eadavion Twv aviioTolywv OTOLXELWV OTOV KAUPA Mag.
Eniong ywa va é€xoupe duvapkn gpudavion tou mivaka Kabws aAAAlouv oL TIHEG EXOUE
npocBéoel to onValueChanged listener[2] to omoio eKTEAEL Pl CUYKEKPLUEVN CUVAPTNON
“ValueChangeCheck” otav oAAGel n TR TOU OVTIOTOLXOU OVTLKELUEVOU OTOLOSNTIOTE
oTLyun. Auth Tnv Suvatotnta tnv npocBEcape ota duo sliders tng mpwTng pog 086vNG Kot
oto input text box tng deUTePNC OMWCE Pailvetal MO MAVW XPNOLUOTOLWVTAS TNV €ENC
evtoAn: onValueChanged.AddListener(delegate { ValueChangeCheck(); }); Delegate eivat
€vag 0pog ¢ CH kal elval mapopola 6w toug deikteg oe ouvaptnoelg otn C kat C++. H
avadopd aut umopel va aAAdéel katd tn Oldpkela ektéAeong. Ta script mou
XpNoLlpomoloUv auTh TN AELToupyia Kal eivatl component oto avtiotolyo toug slider eivat ta

SliderArrayText.cs kal SliderIndexText.cs (Mapdptnua A).
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5.3.4 Avanapdotaon kot EktéAeon AAyopiBuou

Y& aUTO To onpeio Ba mapouaoilaotel n ektéAeon tou adyopiBuou. O €éAeyxog TNG EKTEAEDNG
Tou yivetal amo to script SelectionAlgorithm.cs (Mapdptnua A). Zekwwvrtag wg
napadelypa 6a XpnOLUOTIOLCOU LLE TOV TILO KATW TUXOLOTIOLNUEVO TILVOKA LIE AKEPALOUC Kall

Tov Tuxaia emAeyopevo aplBud 39 wg to i (index) pag (Zxnua 5.7).

Random Array h

Please select a size for a random array (with random
numbers between 0-99):

Array size: 50

Array: < 61, 34, 96. 88. 19, 12. 38, 63, 42, 47, 6. 46, 55, 30. 37, 72, 93.
65, 83, 62, 85, 66, 73, 16, 39, 9, 41, 23, 86, 49, 57, 28, 0, 20, 74, 78, 75,
45, 95, 69, 52, 53, 1, 97, 48, 18, 29, 17, 14, 15 >

Select Index: Index: 39

Visual Selection Algorithm — Input Example - Zynua 5.7
ErtiAéyovtag to koupuri “NEXT” mpoxwpdpe otnv 0006vn ektéAeong Tou alyopibuou (Ixnua

5.8). Apxika n 066vn auth Ba sival adeta kat Ba paivovtal amAwg to akoAouba eVOELKTIKA

avtikeipeva. EmAéyovtag to kouuri “START”, 0 aAyopLlOuUOG pag Eekva TV AeLToupyia Tou.

START NEXTSTEP  “Current Step* Speed:

INDEX CURRENT INDEX

EXPECTED SOLUTION: EXIT

Visual Selection Algorithm — Initial Run Screen - 2xApo 5.8
‘Exoupe mpoeTAéLel TnVv emloyr tou “NEXT STEP” yia va Bpioketal o aAyoplOuog pog oe

ouVEeXN avaon Kol Ba mpoxwpedApe Bua-pRua pe to “2>”. Itnv apxn epdaviletal o mivoakag

TIOU €XOULE ELOAYEL WG L0080 KaL OTNV CUVEXELA TTapouoLaletal To Index mou yupeUoupe

(ZxNua 5.9).

START Belte; STEP:: Displaying the given array... Speed:

INDEX CURRENT INDEX
START REN=Yan STEP Index we are searching for: 39 Speed:
Index being searched for: 39 CURRENT INDEX

Visual Selection Algorithm — Array display - ZxAqua 5.9

-55-



Emiong mpwv Eekwvnoel o aAyoplBuog, epdaviletal Ttaflvounuévog O TVOKOG HE
XPWUATIOPEVO TO OTOLXELO TTOU YUPEUOUE O KOKKLVO XpWHA yLa va Seifou e 0TL Ovtwe Ba

glval owoTo To TEAKO pog anotéAeopa (Zxnua 5.10).

INEXT STEP:: Displaying the sorted array and the Speed: —
item we are searching for...

Index being searched for: 39 CURRENT INDEX

Visual Selection Algorithm — Sorted Array and element - Zyqpa 5.10
O aplBuog mou yupeloupe Ba BplokeTal CUVEXWG KATW OTNV APLOTEPN ywvia o€ mpaoiva
ypappata oto “Expected Solution:” (Zxnua 5.11), otnv mepintworn pag sivol to 73.
AkoloUBw¢ exkteAeital to Brpa 1) omou nmapouotaletal To udplotapevo Index kat mivaka
mou Ba xpnoLUoToLOeL 0 aAYOPLOUOG yla TNV €KTEAECH TOU (0€ KOKKLVAL YPAUUATA TO
“Current Index” kot KATW TOU OKPLBWCE 0 Tivakac). ITo BApa 2) yivetal o SLapolpaopog Twv
5a6wv onwg £xoupe meplypael epdavilovrag pia-pia kabe opada anod Ta aplotepd ot
6e€la kal amd MAvw MPOoC Ta KATw. lNa tnv eudavion toug €xeL yivel n ida uAomoinon
YPOUULKAG TapeBOARG OTwG Kal oTto Selection Sort pe apytlkd onpeio To A Kot TeAko To B
onwg ¢aivetal oto oxnua pag. Apol yvwpiloupe OTL 0 HEYLOTOG apLOUOC OTOLXELWV TIOU
UMopoUHE va €xoupe eival 50 Ba €xoupe HOVO 2 YPOUUEC HE 5 opddeg n KABe pla otn
Xelplotn nmepinmtwon. Mo tnv epdavion tng 2" ypopn g, oAU omAd av T AVTIKELHEVA HaG
elvaL meplooodtepa ano 5 1ote adalpoupe -1 otov dfova Y 0To apyxLlko Kol TEALKO onUeio Kol

edappoloupe Eava YpapULKA TapeUBOA.

STl - nexT step[TY 1) Displaying the current array we are Speed: /INEXT sTEP[ S 22 ESP“m“Q current array to 10 groups Speed:
searching in... of 5...

Index being searched for: 39 Current Index: 39

Index being searched for: 39 Current Index: 39

Expected Solution: 73 EXIT Expected Solution: 73

Visual Selection Algorithm — BAjpa 1,2 - Euddavion 5a8wv pe xpron lerp - Ixnpa 5.11
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MOALC epdavioTouv OAeC oL opadeg, ekteAeital to Brpa 3) yla tnv kaBe opdada Eexwplota
(ZxAua 5.12). Ze autd to PBrApa taflvopolvTol Ol OHASEC HaC AUECH XWPLC epdavion
kivnong kdavovtag Destroy kaBe odaipa kot emavepdpavilovidg TeG O TALLVOUNUEVN
popdn. Otav tafvounOel kat n teAeutaia pag opnada, apyilel va ekteleital to frpa 4) yia
™V KaBe pla pe tn oelpd. Edw apyxilel va ¢ailvetal pHe KOKKLVO XpwHa n Sldpecog kabe

opadog tautdxpova epdpavileTal oTo UPLOTAUEVO Bripa TAVW KEVTPLKAL.

J NEXT STEp:} 3) Sorting group 9 Speed: INEXT STEP:} 4) Median of group 9 is 17 Speed:

Index being searched for: 39 Current Index: 39 Index being searched for: 39 Current Index: 39

i o §100000| 00000 FH00000 K O0D000 {00000 F100000 EHC0C00 FHO00O0
: : : ; : 00000 300000 | 100C00

BACK BACK
Expected Solution: 73 EXIT Expected Solution: 73 EXIT

Visual Selection Algorithm — Bfjpa 3,4 — Sort kal eUpeon SLApéowv - IxRua 5.12

Y10 BApa 5), yivetal petadopd kabe Stapéoou oto veosudavilopevo pag “MEDIANS”
LargeContainer (ZxAua 5.13). O tpdmog mou vAomolnOnke autr n kivnon kabes Stapéoou
glval Pe tn Xprion Tou EVOWHATWHEVOU script Tou €xel kabe adaipa pag “BallMover” mou
£€XOUUE Xpnotuormnolnosl oto Selection Sort katd ta swaps tou alyopiBuou. Opilovtag wg
nopeia to onueio X mou ¢aivetal oto oxnua pog (n 6€on mou Bploketal to “MEDIANS”
Soxelo), evepyomotwwvtag to “BallMover” tng emBupuntng pog dStapéoou, n avaloyn odaipa
Talpvel TV avaloyn mopeia mpog ekeivo to onueio. MOALG ¢tdoel oto onueio X, tnv
KAvou e Destroy kat apéowg epdavilouv pe tnv dtapeco oto Soxeio pag.

JINEXT STEP:} 5) Transfering all the medians to the Speed: NEXT STEpn 5) Transfering all the medians to the Speed:
medians bucket... medians bucket...

Index being searched for: 39 Current Index: 39 Index being searched for: 39 Current Index: 39

Sroup| Grou 3 roup) Sroup)
1 4
Grou 3roup) Srouppr ~ 3rouj Grou
5 6 7 Aa 3 9
BACK
Expected Solution: 73 EXIT Expected Solution: 73

Visual Selection Algorithm — BApa 5 — Zuykévtpwon Twv Stapécwy - ZxAua 5.13

Median of
Medians (X)

| BACK |
[ EXIT_|

-57-



MOALC ohokAnpwBel aut) n petadopd Twv Slapécwv, OAO TA QVTLKELUEVA T Omola
xpnotgomnolndnkav ywa T opddeg Staypadovral and tnv 08oévn pe tv Destroy kat
TIPOYPAUHATIOTIKA KaBw¢ dev Ba xpeltaotolv Ao otov aAyoplOuo pog. Emumpoobeta,
gudavilovral ta Soxeia “< X” kat “> X” aAAa kal to text “Median of Medians (X)”.

1o 6° BApa (ZxAua 5.14), adalpeital n odaipa mMou MeEPLEXEL TNV SLAUECO OAWV TWV
Slapéowyv poag anod to KeEVIPLKO pag doxeio (52). Npwta amevepyomnolovpe to “RigidBody”
component ou xpnoLpomoLeitat yia tn GuoLkn TN Kat epapudlouvpe tnv “BallMover” mpog
To onueio mou PBAfmoupe katw amd to “Median of Medians (X)” text mou £€xoupe
gvepyomnolnoel. MOALg oAokAnpwOel n kivnon avuth, dtaypddoupe to Soxeio “MEDIANS”
KoL OAQL TaL TLEPLEXOUEVA TOU. Ta TIEPLEXOUEVA TOU TIEPLEXOUV KOl TN odaipa Tou €XOUUE
HOALC peTakiviosl. Etol adou Ba dwaypadtel kot ekeivn, epdaviloupe pLa véa KOKKLVN
odaipa “BallTextMesh” pe tnv dtdpeco pag (X) oto idlo onueio pe peyalvtepo péyebog.
AkoloUBw¢ epdavilovtatl OAa ta otolxela ou ival < X kat > X 5-5 og otabepn taxvtnTa
ota avrtiotola Soxeia mou €xoupe eudavioel. MOAG oAokAnpwOel n gudavion Toug,

gudpavilouue oe text tov aplBpo Twv otolxeiwv kaBe doxelou KATW oo To avaloyo Soxeio.

/NExT sTER[TY 6) The median of all medians is 52 Speed: <INExT sTEP["§8) Number of less than 52 is: 27 and Speed:
Number of more: 22

Index being searched for: 39 Current Index: 39 Index being searched for: 39 Current Index: 39

Median of
Medians (X)

Median of
Medians (X)

BACK Number of less: 27 Number of more: 22 IZASLS
Expected Solution: 73 EXIT Expected Solution: 73 EXIT

Visual Selection Algorithm — Brjpa 6-8 — EUpeon Stapeoou twv Stapécwy Kat Stapoipacn - IxYApa 5.14

Q¢ emakoAouBo €xoupe ta Brpata 9-11 (Ixnua 5.15). MNapatnpolpe OTL TO UPLOTAUEVO
Index mou xpnotuormolel o aAyoplBuog (39) sival peyoAUtepo¢ amd Tov aplOuo twv
HLKpOTEPWYV TOU X + 1 (r+1 = 28). Zuvenw¢ Ba XpnoLUOTIOL)COUHE WG VEDO UdLoTapevo Index
TO TPONYOUUEVO LaG ANV TWV aplBpwV Twv Kpotepwv ANV 1 (39 — 27 — 1 = 11) kot wg

VEO Ttlvaka Tol oToLXEla Ttou elval peyoAUTepa TG SLdpecou twv dtapécwy pag (52). Etol o
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oAyOpLOUOG pog emavolapBavetal «avodpopLka» Kot e Tiiow oto Brua 1) pe véo Index

1o 11 KOt VEO TtivaKa 0lUTO TIOU £XOULE TIpOaVOPEPEL.

S INEXT sTEP[® ™ 9) Curr Index (39) is MORE than the Speed:
:: Number of less + 1 (28)

VINEXT STEP| 10) Current index -= #Less - 1 [11] for Speed:
::the items that are MORE than 52

~ NEXT sTER[®™ 10) Use the same current index for the Speed:
:: items that are LESS than 52

-~ NEXT STEP:} 11) Run algorithm again recursively. Speed:

<INEXT STEP:} 1) Displaying the current array we are Speed:

searching in...

Index being searched for: 39 Current Index: 11

Visual Selection Algorithm — BAjpa 6-11 - Zxua 5.15

O aAyoplBuog cuveyilel va emavalappavetol HExpL va Bpebel To amotéAeopa Hag OTWCG
€xoupe meplypalel otnv uvlomoinor tou. MOALg PBpebel to amotédeopa, spdaviletal
UMPOOTA OTO XPNOoTn Onw¢ daivetal oTto Mo KATW oxAua pall HE TUPOTEXVAMOTO

(“Fireworks.cs” + [24]) mou €xouv Uikpn Xpovikn dlapkela (ZxAua 5.16).

START NEXT STEP Number found! Speed:

BACK
Expected Solution: 73 EXIT

Visual Selection Algorithm — Napouciaon anoteAéopatog- Ixynua 5.16
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5.4 AuokoAisg, Tpomog Emiluong Ko ALEUKPLVAOELG

e QUTO TOV OAyoplOUo avakaAUpape €va TPORANUA TIOU ETILKPATOUCE OTNV YPOUMLKA
napeuPBoAn pag (Lerp) otav spdavidoupe Tig odaipes. Otav €xoupe povo 1 odaipa, dev
eudpaviletal owotd oto Sdoxela Kal YEVIKA OTMOUSATOTE XPNOLUOTOLOUME YPOUULKN
ntapeUPBoAN. ETol SnULOUpYHOOE €VA KOUUATL KWOLKA TIOU EAEYXEL OUTH TN CUYKEKPLUEVN
nepintwon. Otav £xoupe 1 odaipa, TNV BAloUUE ATTAWC OTO KEVTPO HETAEL TNG apXLKNA KOl

teAkng B€onc ((apxikn B€on + tehkn Bon) / 2) (IxAua 5.17).

f (number_array.Count == 1)

ox().text = number_array[@] + "";

y, start_pos.z),

¥

object_array.Add(instantiatedObject);

Fpappkn mapepBoAn 1 avikelévou - Ixnua 5.17
H meplotpodr TwV OVTIKELUEVWY TIPEMEL val €lval n dla yla OAa Ta avilKe(peva mou

TomoBetouvtal og ypappkn mopepBoAn. Mepika 3D avtikeipeva pmopel va €xouv 90
poipeg neplotpodr oto Z afova ) ortoudnmote aAAol. Etol Oa mpémeL va Ta TEPLOTPEDOUE
owoTta va BAEMOUV MPog TNV KAUEPA pHaG. ETtoL oplloupe TNV meplotpodr KAOE AVTIKELUEVOU
mou epdaviloupe va eival «Quaternion.LookRotation(Vector3.forward)» mou to opilel va
BAETEL TPOC TNV KAPEPA MOG OTIWE GALVETAL TTLO TTAVW.

Anuouvpynoape Suo €idn tpLodlaotatwy Tvakwy. Eva pe otabepo péyebog kat éva pe
HETOPBANTO péyeBOG. AUTO €ylve emeldn To HeTOPANTO pEyeBOG Umopel va €xeL povo Eva
ouykekpLpévo D og yla va GuAagel Ta avtikeipeva péoa. Etol Sev pmopou he va aAAAEou e
10 UEyebog tou petaBAntol mivaka. AvTIOETwWG, pe To otabepo péyebog 3D mivaka, av
YVWwpLlou e Tov aplBuo Twv avIilkelHéVwWY Tou Ba tomoBetnBouv, unopou e va aAAdfou ue
TO HéyeBog Tou mivaka omw¢ BEAouE.

MNapatnpnoape éva npofAnua kalwvtag Coroutine péoa oe Coroutine. Agv pumopoU Ue va
otapatioou e tnv Coroutine mou KaAel TNV AAAN Kal €ToL SV UMOPOoU UE VO OTAUATCOU UE
TN PON TOU TPOYPAUHUATOS KAAWVTAG TNV AAAN. Q¢ amOTEAECUA O KWOLKAC EAEYXOU yLa TNV

navon ektéAeong Kal to “WaitForSeconds” Aettoupyolv pévo otnv udlotauevn Coroutine
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Kol €ToL €XOUME KWOLKA TIOU emavaAauBAveTal ouveEXwWG. AUTO UETA amod €peuva €xeL
emAUOEel. MTtopoU e VO CTAUATACOUE TN PON TNG POUTIVAC LG KaL VO «TIAPaSWOOUE TN
OKUTAAN» OTNV  €MOMEVN EKTEAWVTAG TNV  OKOAouBn evtoAn: «yield return
StartCoroutine(waitForCoroutine());» omou n «waitForCoroutine» umopet va eival
ornotadnnote Coroutine BéAoupe. Itn MEPIMTWON HAG, YAUTWVOUUE emavainydn Tou mio
Katw Kwdka yLa EAeyxo pong pe to ‘USE NEXT STEP’ toggle, “Speed” kat “Step Forward”
(ZxAua 5.18).

itForCoroutine()

step_toggle)

WaitUntil(() => step forward || !use_step toggle);

step_forward =

waitForCoutine — Used in another coroutine- Zxrua 5.18
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KeddAawo 6.

Auvapikog NMpoypappatiopndg - AAyoplOpog YnoAoylopoU Zeiwpdcg AplOpwv

Fibonacci

6.1 Eloaywyn 62

6.2 Nepypadn AAyopibuou 63

6.3 Aemtopépeleg YAomoinong 68
6.3.1 2xeblaopoc Npwtotumou 68
6.3.2 YAomoinon 3D AuadikoU Aévépou 69
6.3.3 YAomoinon Alemadnc 73
6.3.4 Avamnapdaotoon Kat EktéAeon AAyopiBuou 75

6.4 AuokoAieg, Tpomog EmiAuong Toug Katl ALEUKPLVATELC 77

6.1 Elcaywyn

Mia GAAN TEXVIKN TIPOYPOMUATIOUOU EKTOG oo to “Alaipel kal Baoideue” mou €xel
XpnoLuomnolnBel otoug MponyoUEVOUG Hag aAyoplBuoug, elval KoL n 1o LoXUpng Kal
gudung texVIKA Tou Auvapikou Mpoypappatiopou [4,5]. H Stadopd Tou e TG UTIOAOLTEG
TEXVIKEG lval OTL edw £EePeUVOUE TO XWPO OAWV TWV MLBavwV AUCEWV TOU TIPOPBANUATOC
HOC ATIOCUVOETOVTAG TPOCEKTIKA T TPAYLATA OE UL OELPA OO UTIOTIPOBARATA KOL LETA
Sopol e owoTEG AVUOELG YLt OO Kal PeyaAutepa umompofAnpata. TUTILKA aUTH N TEXVLKA
Sev pmopel kAmolog va tv ouvnBioel eUKkoAa. Xpeldletal apket €€AoKNONn UEXPL va

VOLWOEL KATOLOG £EOLKELWUEVOC Hall Tou.

Ma va mapoucldcoupe TNV BeAtiwon mou emBAAAEL 0 SUVAULKOG TIPOYPOUUATIONOC OTNV

TLOAUTTAOKOTNTA KOl UAOTIOlNoN €vog poBARatog, 6a mMapoucLACOUUE €V CUYKEKPLUEVO
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MPOPANUA HE TPEL SLadOpPETIKOUG TPOMOUG uAomoinong. Exoupe emAEEEL HETA QMo
oulntnon ue tov emPAEnovta kabnyntr, Tov aAyoplBuo Fibonacci wg mapadetypa. Apxika
B Tov MapouoLACOU e UAOTIOLNEVO OTNV KAQGLKI) TOU avadpouLkr) Lopdr), TNV CUVEXELD
otnv popdn mou mepAauBAVEL AMOUVNUOVEUON Kol TEAOG XPNOLUOTIOLWVTOG SUVAULKO

TIPOYPAUHUATIOUO.

BaolKOC HaC OKOTIOC €lval VA TTOPOUCLACOUE TOV XPOVO EKTEAECNG TTOU XpeLaleTal KAOe
aAyoplOpoc yla Sel€oupe TNV MPAYUATIKY XPOVLKN TTOAUTTAOKOTNTA KABe uAomoinong os
npagn. Apxtkd pall pe tov emiBAENOV KaBnyntr €Xou e anodacioel va TTAPOUCLACOUUE TLG
aVOSPOUIKEC KANOELG TOU eKTeAel O avadpoplkdg alyoplBuog Sla péocou  evog
tpwoblaotatov  duadikou SEvSpou. TNV OUVEXEl O xpnotng Oa umopsl va
mapoakoAouBnoesl kKaBe alyoplOpo ev wpa ekTEAEONG Ue KABE UAoOTOLNGCN Ot EEXWPLOTEC
000veg. Metd T0 TEAOC TNG €KTEAEONC Tou KABe aAyopiBuou, Ba daivetal o akplBig

OUVOALKOC XpOVOG EKTEAECNC TIOU XPELAOTNKE.

H avadpoptkn ektéAeon tou alyopibuou eival kot n mio xpovoBopa Kal HeyoAUTEPN OE
moAuTtAokoTnTa. Etol Oa avapévou e pLa epdaviolakd apyr) EKTEAECT TOU KWOLKA UE TNV
TEXVIKA auThA. Twpa yla Tov aAyoplOpo HE OIMOUVNUOVEUOHN Kal PE Xpnon Suvopikou
TIPOYPAUHATIOHOU Ba avapévou e To TL 6a pag Seifouv Ta TEALKA AMOTEAECHATA LETA TNV
oAokAnpwaon tnG uAomoinong pag. Aoylkd o aAyoplBuog amopvnuoveuong Ba sivatl mo
apyoG amoé auTO TOU OSUVOMLIKOU TIPOYPAUUATIONOU KaBw¢ mePAAUPBAVEL OKOWN

avo S POULKESG KANOELG.
6.2 Nepypadn AAyopiOpou

[10,13] OLaplBpuot Fibonacci xpnotpomolouv tnv mLo Katw avadpoutkn e€lowaon-popuovia

yla VoL UTTOAOYLOTOUV:
F(n) = F(n-1) + F(n-2), (yiat n>=2)
F(0) =0, (yia n=0)

F(1) =1, (yia n=1)
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H o mavw avadpoutkr e€lcwaon Unopel EUKOAQ VO LETATPATIEL O€ AVASPOULKH CUVAPTNON
otnv C#. Etol €(oupe SnNULOUPYNOEL TNV TLO KATW cuvaptnon (Ixnua 6.1). O Adyog mou

XPNOLHoMoLloUE aplBuouc tumou “Double” Ba emeénynBel apyotepa oto untokedpAlalo pe

TI¢ SuoKOALeC Tou alyopiBuou pag.

double recursiveFib({double n)

Recursive Fibonacci - Zxnua 6.1

O ouVOALKOG aplOuog KAnoswv Ba peyoAwvel eKOETIKA Kal £ToL SV Ba £X0U E TTOAUWVLLILKO

XPOVO EKTEAEONC. TUYKEKPLUEVA EXOUUE OTL N XPOVLKI HOG TIOAUTTAOKOTNTA Elval

T(n) = T(n-1) + T(n-2) + ¢ >= 2*T(n-2) + ¢ ... = 2kT(n-2-k)+ c(2k-1 +2k-2 + ... +2+1) = Q(c2"/?)

Mo kAatw BAEMOUPE TO SUuadLko 8EvEpo Twv avadpouLkwy KARoEwV yla n=5 (Zxnua 6.2).

F(1)

F(1)

Recursive Fibonacci Tree for n=5 - Ixfua 6.2
MapatnpoUpe OTL TMOAAEG TEPUTTWOELS EavoauTmoAoyilovtal otov avadpoulkd Kol 1ol

€XOUE UEYAAN EMUTTTWON OTNV XPOVLKN KL XWPLKI Ko TtoAUTIAOKOTNTA. Mo mapadeLypa to

unt6bevdpo F(3) untoAoyiletat Suo popég kat to F(2) tpeic dopéEc.
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Ma va BeATLwoou e TNV avadpopLK UAOTIOLNGN KAl yLa val LELWOOU LLE TNV TTOAUTIAOKOTNTA
Ba epapuocoUUE apXLKA pLat GAAN TeXVLKN. Agv Ba EavaumoAoyilou e Ta urtonpofAnuata
F(k), omou k<=n av €xouv umoloylotel fava. H texvikr Tn¢ amobrKeuong TLLWYV TTOU €XOUV
nén umoAoylotel ovopdletol amopvnuoveuon (Memoization). H Swadikacia auth,
xpnotgomnowwvtag évav mivakoe MEMIO0...1] mou eilval opxlkd KeVOG, UETA amo Kabe
umoAoylopod tou F(J), amoBnkevetal otn 6éon MEM[J] n Tt mou umnoAoyiletal. Etol Ba
EA\QTTWOOUHE ONUOVILKA TOV XPOVO EKTEAECNC QVOKTWVTOC TLUEG TOU £xouv nén
urmoAoylotel. Q¢ amOTEAEOUO PETATPEPALE TOV TILO TAVW aAyoplOpo os alyoplbuo pe

Xpron amouvnuoveuong avadpoun (Zxnua 6.3).

mem_fib[i]

memoizationFib(n);

{mem_fib[{int)m] 1)

mem_fib[{int)n];

double fib_res = memoizationFib{n 1) memoizationFib(m
mem_fib[{int)mn] fib_res;
fib res;

Memoization Fibonacci - Zxfupa 6.3

KoAwvtag tnv ouvaptnon memoizationFibonacci(n) yia to emiBupntd n, ekteleitat n
Sladlkacia pe anopvnuoveuon. ApXIKA OAEC OL TLUEG TOU TtivaKa Ttou Ba amoBnkelooupe
OAa ta amoteAéopata poag (mem_fib) opilovtal wg -1. Ztnv cuvéxela KaAoUue Vv dLa
avadpoLKr) ouvaptnon Omwe Kal TPV He TV dtadopd OTL av EXOUUE TIUN N omola €xeL
Eavaumoloylotel (€otw K) 1ote Ba emotpedoupe 1o mem_fib[K], aAAlwg KaAoU e KaVOVLKA

avadpPoULKA OTIWG KAl OTOV TPONYOUUEVO Hag alyoplOuo oAAd pe tnv emiotpodn tou
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QMOTEAEGATOC UG, To dpuAayoupe otn B€on mem_fib[K]. MNa Ti¢ ACIKEC HaG TTEPUTTWOELS

Sev xpetaletal va puAaoupue timota (yia n=0 ; n=1).

Ma va to Soupe T Stadopd e TPONYOU LEVWG EXOULE TO Tio KATW Suadiko §€vdpo, autn

™ $opa UE TNV XPHON amopvnuoveuong (2xnua 6.4).

I—Iﬁ
l—%

Memoization Fibonacci Tree for n=5 - Zxyua 6.4

ATO TIG UAOTIOLNOELG HAG EXOUME OTL EKTEAELTAL TAVTA TTPWTA TO F(n-1) Kal TV cuvéxela TO
F(n-2) €toL €xoupe o 8€vSpo pag va SnLloupyeital oo To apLoTEPOTEPO MALSL MpwTa Kot
votepa Tpog ta Se€ld. JUVETTWG oL TIHEG Tou F(2) kat F(3) £€xouv nén umoAoylotel amnod to
apLoTEPOTEPO UTIOSEVEPO. ETOL 6TaV GTAVEL N OTLYUN Va EavauTtoAoylotolV, o aAyopLlOpog
QIMAWG OVAKTA TO QTMOTEAECHA TIOU €XEL AMOBNKEVOEL OTOV TIVOKA QOUVNOVEUGCNG Kal
ylUauto to Aoyo dev umoloyilovtal Ta 1o mavw Staypapéva untodevdpa apyotepa otnv

eKTENEDN.
N£og xpOVOG EKTEAECNC LE XPHON AMTOUVNLOVEUONC:
T(n) = T(n-1) + ¢ = O(cn), T(n) = O(n?)

TéNog kavovtag Xxpron SuVAULKOU TTPOYPAUUATIONOU He TV HEBodo “amd Katw mpog ta
MNavw” (Bottom-Up) €xoupe TpomomoLioel akoun pa popd tov aAyoplduod pog mpog to
KaAUTepo. Mo Tov oxedlaouod evog alyoplOuou pe xprion SuvapLkol TipoypappaTIopoU Ba

TIPETEL APXLKA VA XapakTnpioou e tn Soun tnG BEATLOTNG oG AUONG, LETA VOL OPLOOUE TOV
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avadpouLko oplopd BEATLIOTNG AUoNG Kal TEAOG va urtoAoyicou e tn BEATIOTN AUon KaL Tn
TLAG TNG “amd Kdtw mpog ta MNavw”.
O aAyoplBuocg Fibonacci gival amAog alyoplbpog kat dev xpeldletal va avamtuéou e TNV
16€a TNG BEATIOTNC AUONG KaBwWCE N AUoN Tou mavta ivat pia kot KaBoplopévn.
‘Exoupe n umontpoPAnuata: F(0), F(1) ... F(n). Exoupe tnv mio katw avadpopikn elcwon yla
TOV UTTOAOYLOUO TV TLHWV KABe umtompoBAnuatoc.
0O,avi=0
F[i] = 1,avi=1

Fli—1]+ F[i—2],avi>1lkati<=n

‘EToL £XOU e KATAANEEL OTOV TILO KATW ETAVAANTITIKO aAyOopLOUo 0 omoilog uTtoAoyilel dpeca
TOL OTOLXELO HAG QVTL VA XPNOLUOTIOLOU UE amopvnoveuon (2xnua 6.5).

double iterativerib(double n)

double[] F double[(intin + 1];

F[e] = &;
F[1]

Ly

{int 1
I
L
F[i] = F[i - 1]
1
I

F[{int)n];

Iterative Fibonacci (Dynamic Programming) - Zxyqpa 6.5
Epeic Yaxvoupe yia tn Avon pog yia to F(n). H tiun autr) moAu anAd Oa Bploketal oto F[n]
HETA TNV OAOKANPWON €KTEAEONC TOU VEOU Hag aAyopiBuou. Me éva amAo emavaAnmrtiko
Bpoyxo mapaTnPOUUE OTL N TTOAUTTAOKOTNTA LG TOOO XPOVIKA OG0 KO XWPLKA EXEL HELWOEL

oe O(n) kaBwg ektelel pntd n emavaAiPelg oL omoleg n kaBe pa damava otabepod xpovo.
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6.3 Aenttopépeleg YAonoinong

6.3.1 Ixeblaoudg Npwtotunou

ITOXOG LOG OE QUTO TO CNUELO €lval va TTAPOUCLACOUNE amAd pLa {wvtavh EKTEAECN TWV
oAyopiBuwv mou €xoupe meplypaPet Kot EMUTAEOV TNV epdavion evog duadikol S€vdpou
yla Tov avadpoutko. Exoupe UAOTOLAOEL Ta TLo KATw Baoikad 3D avrtikeipeva ta onoia Ba
XPNOLUOTOoLloUPE KABe dopd ylwa TNV eUdAvIon TOU AVILOTOLXOU QaAyoplOUoU Kal Twv

QMOTEAECUATWY TOUC (ZXAHa 6.6).

private long recursiveFib{lang n)

Spherelndicator
AlgorithmCode

Text
ExecutionTime
Text

Basic Algorithm 3D view - ZxAua 6.6

Onwg BAémMoupe ota MmO MAVW OXAUOTA MaG, N eudavion pag anoteAeitat ano dvo 3D
KOUTLA ME MOUPO XpWHA Kal o amAn odaipa amd mavw Toug. 2TO TPWTIO KOUTL
(AlgorithmCode) Ba sudaviletal 0 avaloyog KwELKOG TTOU TPEXEL EKELVN TN OTLYUN OTWG
dalvetal oto mapadelyud pag. Mo katw Ba epdaviletal o TEAKOG XPOVOG EKTEAECNG UOALG
oAokAnpwBel o availoyog alyoplOuog. H epudavion tou kelpévou Ba yivetal onmwg yivetal
KOL OE€ TPONYOUMEVEC MAG UAOTOWNOELS, He xpnon TextMeshPro. Itnv odaipa
“Spherelndicator” Ba edpapuoletal pia anAn evailayrn XpWHOTOG ard KOKKIVO OE ACTIPO

edooov ekteeital o KWSLKAG Kot Pe TNV OAoKARpwaon Ba mpactvilel.

Ot kwdikeg mou Ba epdaviovral paivovtal otnv neplypadn Tou aAyopiBUou Tou €XOUUE
npoavadEpel. ItV ouvéxela Ba meplypaPoupe TtV ULAomoinon Tou TPLoSLACTATOU

Suadikou 6€vSpou mou Ba epapudooupe otov avadpoptkd Fibonacci.
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6.3.2 YAomnoinon 3D Auvadikou Aévépou

Ma tnv napouvciacn OAwV Twv avadpopkwy KAoewv Ttou ekteAel 0 alyoplBuog Fibonacci

ETPETE VA TIOPOUCLACOUUE €va VEOo Suvaplkd Snuwoupynuévo duadikd &évépo [12].

‘EXOU LE KOTOLOKEUAOEL pLa VEQ Sopn SeSopévwy IO €XEL TIC (OLEG LBLOTNTEC e Eva Suadikd

6€vdpo pe tnv e€aipeon ot kKaBwc dnpLoupyeital kot kabBwc mpootiBevtal ) Staypadovrtat

veéa roda/pUAa, epdavilovtal THUTOXPOVA O TPLOSLACTATN AVATTapAoTAcn 0TO XproTn.

© Inspector |ISERICESIIIIIIEES

v e Y

= Tag | Untagged 4| Layer | Default |

Label Prefab | Select [ Revert [ Apply |

¥ LeftArrow ¥ .~ Transform i
Shaft Position X0 Y 5.03 Z 0
Left Side Rotation Xo Yo Z0
Right Side Scale X1 Y1 Z[1

9 . ¥« [ Tree Node (Script) o R

Left Child Script TreeNode (o]

¥ RightArrow Label = Label (TextMeshPro) |

Shaft Value 0 |

. Left_child None (Tree Node) o]

| - - - LEﬁ Sld_e Right_child None (Tree Node) o]

iy 1 :|] 16:9 :| Scale (O 13 [ Maximize On Pl nght Side Left_transform oLeft Child (Rect Transform) @

R|ght Child Right_transform ~=Right Child (Rect Transforn @

A Sphere Left_arrow A LeftArrow (Transform)

Right_arrow M RightArrow (Transform) Q

x x Tree_node M TreeNodeZ (Transform) o]

Root GameObject for 3D Binary Tree - Zxrjua 6.7

Onwc BAEmMoupe 0To ZxNUa 6.7 €xoupe dSnuloupynoel éva katvouplo 3D GameObject prefab

He ovoua “Root” 1o omolo nmeplappavet Ta akoAouba:

e 3D idaipa (Sphere): Neplappavel éva Label oto onoio pnopou pe va kabopicou e

OTL Ovopo BEAOUME KOl ETIONG UMOPOUME va OAAAEOUME TO XPWHO TNG OMWG

EMOUUOU LE.

e Aplotepd kal As€l BENog (LeftArrow, RightArrow): Me ocuvbuaouo 3D koutlwv

€XOUE SNULOUPYNOEL TO OXN A VOGS TOEOU Ta omola apxLkad €xouv KAlon 80 polpeg

aplotepa kal defld avtiotolxa (Oa ene€nynbel apydtepa o Adyocg). Emiong kat ta

800 BEAN €Xouve KOKKLVO XPWOL KOl UITOPELG VO AAAAEELG TA XPWHATA TOUG.

e JTtnv akpn kaBe BéNoucg Bpioketal éva vonto GameObject (KOKKLVLA «X» 0TO oxnua

Hag) To onoio mepthappavet povo uia tonobeoia (LeftChild kat RightChild yia ta

avtiotolya BEAN). KabBwg petakivouvrat kat aAAdlouv péyebog ta BEAN, LETAKLVATAL
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pall toug kat aut n tomobBecia. Apyotepa oL SdUo autéc tomobBeoieg Ba
xpnotpomnotnfouv yla tnv eudavion twv matdliwv tou Kabe koppou tou Sévdpou
HOG.

e Script “TreeNode.cs” (Mapaptnua E): EAEyxel kaBe Asttoupyia Tou KOPBOU pag
OMwg Snuoupyla kat mpooBean aplotepol Kat de€Lol maldlou, aAAayr XPWHATWY

Kol oAAayr) peyEBoug kat kKAlong Twv BeAwv.

H epdavion véwv KOUBwV yivetal avadpoutkd. AnAadn kabe popd mou dnuoupyoU Ue VEO
matdi, To matdt autd Ba eival tumou “Root” kot Ba €xel TIg SLeC LBLOTNTEC OMWC £XOUUE
TeplypaPeL oto IxNua 6.7. Na va pnv ennpealovrotl OpwE ot utoAoutol KOUBoL Katd T
Snuoupyia evog véou, €xoupe SnuLoupynoel éva Tioto avtiypado prefab tou “Root” pe
ovopa “TreeNode2” To omoio pe TN O€Lpd Tou Xpnotlpomnolei to “Root” wc prefab. Etol kaOe

ntadi mou dnuoupyeital dev emnpedletal amo TI¢ LOLOTNTEG TOU TATEPA TOU.

To 6€vdpo nou Ba epdaviletol Oa TPEMEL va EXEL LKPOTEPA LEVEDN KOUBWV KaBwG 08Vl
TIPOG TOL KATW KOlL TAUTOXPOVO ULKPOTEPQ HEYEDN TOEWV Ue KALlon mpog Ta péoa (2xnua 6.8).
To £xoupe TETUXEL PE XPNon HLag emumAéov TIMAG Tou opilel to Paboc oto omoio
Bplokopaote o kKaBe kOpPo tou S€vdpou pag. Me tn Xprion Tng cuvaptnong “SetlLevel”
Tou “TreeNode.cs”, kaBwg opilovpe To BAaBoc evog kKOUPBou, aAAGl{oUV TOUTOXPOVA TA TILO
Kdtw: Ma Level=N =» KAion to€ou -= (35/1 + ... + 35/N), =PMéyeboc t6€ou -= 0.12/N, =
MéyeBog ypappdatwyv -= N*0.1. OL cuykekplpévol aplBuol mou xpnoLdomnolouvtal givat
Baoclopévol o melpapata MoAwWY SokKLwy. AuTOG lval kKat o AOyog ou oploape e€apxng

NV KAlon Twv BeAwv w¢ 80 poipes. Aemtopepeic untoAoylopol paivovtal oTo oxAua KOG,

-}’/‘\:}A‘

Level > 0 Level > 1 Level > 2
Arrow Rotation = 80° Arrow Rotation = 80° - 35/1 — Arrow Rotation = 80° - 35/1 — cee
Arrow Scale © (1, 1, 1) 35/2 =45 35/2=45
Text Font Size > 2.46 Arrow Scale = (1,1, 1) - (0, Arrow Scale = (1, 1, 1) - (0,
0.12/1, 0) 0.12/2, 0)

Text Font Size = 2.46 — 1*0.1 Text Font Size > 2.46 —2*0.1

Node and Arrow change based on Tree Level - Zyapa 6.8
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Otav mpootiBetatl véo maldl, avfavetalr to Pabog tou kawvouplou KopBou kata 1,
epapudlovtal oL oAAOYEC TIOU E€XOUHE TEPLYPAPEL KOl ETUTAEOV EXOUME OPLOUEVEC
ETUNPOCOeTeg evépyeles. Epdaviletal To avrtiotolyo 160 oTo omoio avikel To maldi Kat
Kavoupe Instantiate pa véa odaipa pe TNV TLU Tou madlol otnv avtiotolxn B€on onwg
BAEmou e ota «X» oTo Zxua 6.7. Otav yivetat Instantiate o véog koppocg, To péyebog Tou
HiKpaivel avaAoya pe to Baboc oto omnoio Bpioketal (N€o péyebog -= (0.12/i, 0.12/i, 0.12/i)

yla KaBe i>=1 kat i<=level).

( /Fib(4)

Fib(2) Fib(2)

3D Binary Fibonacci Tree for n=5 - Zxrjua 6.9
Onwg PAEMOUUE OTO MOPASELYUA HOG OTO TLO MAVW OXAMO Hag (IxApa 6.9) €xoupue

KataAngel oe autr T TEAKA popdn yla n=>5.

OL aM\ay£G QUTEC TWV TIHWV CUMBAivOouV HEXPL €val CUYKEKPLUEVO €minmedo OmMou Kal
apxilouv Kal Tmapopévouv otaobepes. AMO €va OnUElo Kal PETA O xpnotng &ev Ba
evlladépetal va moapakoAouBrioeL Toug umohoylopols. Mo mapdadetypa o Fibonacci pe
€loob0 200 Ba £xel TOoeg MOAAEG avadpopéc mou Sev Ba elval KoL TOC0 EUSLAKPLTEG OTO
HATL PE TNV apouciaon evog évdpou kat Ba pag evdladépel povo 1o péyebog tou
aplBuol tTwv ekteAécewv. Etol to 6€vdpo pag Ba epdaviletal aAAd o€ Lo PKpO péEyebog

HE O0O0 TILO UEYAAO N €XOUUE.
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O TPOTOG TTOU TO £XOUE TIETUXEL AUTO £lval HE TIC AAAOYEC TTAPAUETPWY TNE KAUEPAG LAG.
Mpwta am’ OAa €XOULE OpLOEL TOV TUTO TNG KAUEPACS W opBoypadikd. ZUVENMWG OAa Ta
avTikeipeva mou Bplokovtal otnv 0Bovn daivovral va €xouv to i6lo péyeBog otav
Bpilokovtal otnv (dla amoéotaon HakpLld oo T KAUEPA. AUTO £XEL WG ATIOTEAECUO TNV
owoTn Kal eudlakpLtn mapouciaon tou §€vdpou pag. Itnv ouvexela allalovtog tn Béon
KoL TO LEYEBOC TNG KAUEPAC, TIETUXALE TNV TANPNG EUPAvion omoloudnmote §€vépou oTo
XPNOTN. ZUYKEKPLUEVA, OV EXOUME N>6 TOTE adalpoupe -0.7*(n-6) amod tov afova Y tng
B£€0NG¢ TNG KAUEPAG YLaL VAL TNV PETAKLVI|COULE TIPOC TOL KATW Kot va paivetal to §évSpo mio
PnAd otnv 0080vn. Tautoxpova auvfdvoupe To pEyeBog TG opBoypadlkiG KAUEPAS KATA
0.8*(n-6). OL aplBuol mou xpnotpomnotioape Bacilovtal og TOAAQ TELPALOTA TIOU KAVALE.

O kwdkac pog Bpioketatl oto DynamicProgramming.cs (Mapaptnua E).

‘EtolL propoupe va oV e TNV epdavion evog peyalutepou dévSpou e Baon 6Aa auTd mou

€Xoupe avadepel. (Zxnua 6.10)

hyveves
i

3D Binary Fibonacci Tree for n=10 - ZxAqua 6.10
Onwg mapatnPoUUE, N KAUepa £XEL HeTaKLVNOEL kol aldgel oe onuelo omou daivetal

akpLBw¢ oAOkANpo to 8évbpo. Emumpdobeta, anod to emninedo 5 kat petd BAEmoupe OtTL TA
BEAn kaL ol odaipeg €xouv otapatiosl va aAAAlouv Kal TApOPEVOUV MPE Ta (Sla

XopaKkTNPLOTIKA. O Xpriotng Ba slvat LkavomoLnpévocg.
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H ulomoinon tng eudaviong evog Fibonacci 6évépou €xel uvlomoinBel oto script
“FibonacciBinary3DTreeController.cs” (Mapdptnua E). Kavovtag amAni xprion otoifag,
€XOUHE peTaTPEPEL TNV avadpoulk) pog ouvaptnon Fibonacci oe emavaAnmruiki
(createFibonacciTree coroutine) pe tétolo Tpomo wote va dpaivovral akplpwg kabe dopa
mou eudaviletal véa kAnon. H teAlkr) pog uhomoinon autn¢ t¢ coroutine ¢aivetal oto

Ixnua 6.11.

IEr

root.
root.
root.

fibstack
oot)

(fibstack.Count

curriiode - fibst
currvalue = currhode.

currvalue
currvalue
currNode. addLeft

curriode. addrightchi

fibstack.pPush{currnode.right_child);

fibstack.Push{curriode.left_child);

createFibonacciTree Coroutine - Zxfua 6.11

6.3.3 YAomnoinon Aenadng

Onwcg Kot pe KABe vuAomoinon Hag HEXPL TWPQA, T ApPXLKA TpooXESia tnG Stemadng pag
yilvovtal apyxikd oto xapti. AkoAoUBwG ta oxeSLalou e Alyo 1o AEMTOUEPWE NAEKTPOVLKA
HE ylo va SOUUE Lo TpwTn Toug epdavion mplv uAomownBouv oto Unity. Ito Ixnua 6.12,
daivetal o Tpomog nmou dexopacte pla eilcodo evog aplBuou n ya tov Fibonacci adyoplOuo

HOG KaL 0 TpOTmog mou ocuvdéovtal ot Stemadég petal toug. O XproTng apxIKA Kataxwpel
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Tov emlBuunto apBuo N oto medio eloddou mou daivetal otov mpwto KapPfd pog. H

TLPOETIAEYUEVN TLUNA Elval To 6. ETtiong €xou e eAaxLoTn T to 2 Kal péylotn to 20000.

RUN *Current step* spEED: —————
Please select a number N for the Fibonacci
algorithm:
| *NINPUT FIELD* |
*N*
*CORRESPONDING
RECURSIVE
RUN WITH RECURSIVE ALGORITHM Ul ELEMENTS
BINARY TREE RUN AND GAMEOBJECTS*
MEMOIZATIO Ve
RUN (DYNAMIC)
BACK
EXIT |

Goes back to the main Ul

Dynamic Programming Main Ul Design - Zxfpa 6.12
Otav KataxwpnoeL TNV eMBUUNTA TOU TLUH 0 XPrOTNG ETUAEYOVTOC TO AVAAOYO KOU UL yLa
ToV aAyopLlOpo mou entBu el va TPEEEL, TO TIPOYPAUUA HOC TIPOXWPEL OTOV ETOUEVO KOUBA.
Ekel €xoupe TIc emihoyég va Tpe€ou e Tov alyoplOpo pe to koupni “RUN”, va kaBopiooupe
TNV TOXUTNTA EKTEAECHG TOU av Xpelaletal pe to “SPEED” slider ko TéEAo¢ va AEL oW OTOV
miponyoUeVO Kapupa n miow otnv Kevtpkn pog diemadr pe to kouvpmni “BACK” kot “EXIT”

avtioTolya.

H teAikn epdavion g Stemadng pag ivat n akoéAoudn (2xnua 6.13):

RUN *Current Step* Speed:

Fibonacci Algorithm Recursive Runs + Dynamic

Please select a number (N) (min: 2, max: 20000) to be used in the
following runs of the Fibonacci algorithm: (If N > 1476 => infinity)

N = 6 (default)

Recursive run .
. . Recursive run
with Binary Tree
S Iterative run
Memoization run .
(Dynamic)

L
Dynamic Programming Main Ul (Final) - Zxyqpa 6.13
EKTOC amod tnv eAdxlotn TR Kal PHEYLOTN T Tou eival To 2 kot To 20000 avtiotolya,
UTTAPXEL KOl pia eviLldpeon Tn. H tiun auth eival to 1476. Metd anod €AeyXo eKTEAECEWV
OAwv Twv aAyopiBuwv Fibonacci, mapatnpricape ot o aAyoplOuUog Tapouolalel

QMOTEAECUA UEXPL €KElvn TNV TWWA. Mo TIHEG peyaAlTtepeg Tou 1476, mapouotaletal
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arnotéAecpa “Infinity” 6nAadny amewpo. Autd odeiletal oto OtTL €Xoupe PTACEL OE
umepxeiAlon tou tumou Sedopévwy “Double” peta amod peyaheg npatels Fibonacci. H xprion

Tou tumou “Double” Ba emegnynBel otig SuokoAieg.
6.3.4 Avanapdaotaon kot EktéAeon AAyopiBpou

Mpoxwpape tTwpa otnv ektéAeon tou alyopibuou pag. MNa sicodo N=7 kal emiloyr Tou
“Recursive run with Binary Tree” mapameunopaote otnv 000vn ekTtéAeong Pe epudavion
6€vépou. EmAéyovtag to koupumi “RUN” apyilel va eudaviletal to 6€vdpo yia 1o F(7)
(ZxAua 6.14) pe Tov TPOTIO TTOU £XOU LE TIEPLYPAYEL TIPONYOU LEVWG OTO IxAUa 6.11 pe oslpa
ano To aplotepotepo kKAadl oto 6e€lotepo. Emiong o xprnotng umopel va aAlAdgel tnv

ToXUTNTA EPPavionc tou dévdpou petakvwvtag to “Speed” slider.

RUN Building Tree... Speed:

z
& EXIT

Epdavion Avadikov Aévdpou Fibonacci(7) - ZxAua 6.14

TNV CUVEXELA TIAUE O AAAN €kTéAeon Tou aAyopiBuou. Av kataxwprnooupe N=36 Kal
emAé€oupe v emhoyn “Recursive Run”, Ba eKTEAECOUPE TOV QVASPOULKO OAyOPLOUO
Fibonacci(36) (Zxnua 6.15). EmAéyovtag to “RUN” epdaviovral OAa ta avtikeipeva mou

€XOULE TipoavadEPEL Kat EEKLVA N EKTEAEDT) TOU.
[ RUN | Running... Speed: [ RUN | Result = 14930352 Speed:
. v

private double recursiveFib(double n; private double recursiveFib(double n

if (n <= 1)
{

if(n<=1)
{

return n; return n;

} }
else else

double n1 = recursiveFib(n - 1);
double n2 = recursiveFib(n - 2);
return nl + n2;

double n1 = recursiveFib(n - 1);
double n2 = recursiveFib(n - 2);
return nl + n2;
}
}

EXECUTION TIME: ** Execution Time: 2069 milisecs BACK

EktéAeon Recursive Fibonacci (n=36) - ZxAua 6.15
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H mavw odaipa apyilel va avaBooBrAvel Le KOKKLVO KO AOTIPO XpwHa KaBw¢ ekteAeital o
avadpouLlkog alyoplOuog mou ¢aivetal oto KATw Koutl. Metd tnv oAokAnpwon tng
EKTEAEONC TOU, epdavileTal 0 XpOVOC EKTEAECNC OTO KATW KOUTL TTOU OTNV TIEPLITTWOTN LA
elval ota 2069ms. Emtiong epdaviletal To amotéAeopo Tou aAyoplBpou oTo Mavw KEVTPLKO
kelpevo TextMeshPro mou mapouotalel to Bripa mou ekteAeital kabe ¢dopad. (Result =
14930352) BAfmoupe OTL TO AMOTEAEOUA HaAC audvetal kabe ¢opd ekBeTikd KaBwg

BewpnTIKA aKOUN XPNOLUOTIOoUUE kPO N.

Xpnaotpomnotwvtag to (6to N (36) emiAéyoupe autr TN dopa tnV eNAOYI EKTEAECNG LE XPrON
Memoization. EmiAéyovtag yla akopun pa ¢opd to “Run” mapatnpou e OtL 0 alyoplOuog

Hog €xel oAokANpwOel og apeco xpovo (oe povayxa 1ms) (ZxAnua 6.16).

[ RUN | Result = 14930352 Speed:

private double memoizationFib(double n)

{
if (mem_fib[n] 1= -1)

return mem_fibjn]

}

else if(n <= 1)
return n,

memoizationFib(n - 1) +

return fib_re:

Execution Time: 1 milisecs BACK
EXIT

EktéAeon Memoization Fibonacci (n=36) - Zynua 6.16

To (6lo mapatnpoUpe Kol otnV eKTEAECn Tou oAyopiBuou pe tnv xprion Suvauikou
T(POYPOUMATIONOU (1ms) (Zxua 6.17). To anotéAeopa epdaviletal to idlo yia emaAnBeuon
OTL oL aAyoplBuol pag ekteAolvVTaL CwWOTA. AUTA TO OMOTEAECUATA ELVOL QAVOUEVOUEVA
KaBWC 0 XpOvog eKTEAEONC TEPTEL Ao Tov €KOeTIKO Tou avadpouilkol aAyopibuou ot
TIOAUWVLULKO OE QUTO TNG OIMOUVNUOVEUONG KOl YPAUUIKO HME TOV  SUVAULKO

TLPOYPOULUATLO u(’)_ [ RUN | Result = 14930352 S

“

private double iterativeFib(double

n)

{
double[] F = new double[n+1];
F[0] = 0;

F[1]1=1;
for(int i=2; i<=n; i++)

F[i] = F[i - 1] + F[i - 2J;

return F[n];

Execution Time: 1 milisecs BACK
EXIT

EktéAeon Iterative (Dynamic) Fibonacci (n=36) - ZxAua 6.17
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MNna va kotadépoupe va epapuocouvpe tnv avapoéofeon tng odaipag pog EMPemNe ol
aAyOpLOUOL TTOU EKTEAOUCAE EKELVN TN OTLYUN va EKTEAOUVTAL OTO Ttapaoknvio. Etol kabe
dopa mou ekteAoVoapE Eva alyoplBpo, Tnv ektéAeor) tou tnv Balape oe éva véo Nnpa
(Thread) [11]. Zuvenwc w¢g o6tou oAokAnpwBel to vipa pag (While(thread.lsAlive)), n
odaipa Ba alAalel xpwpa kaBe 0.5 SeutepOlenta pe T Xprion tn¢ “WaitForSeconds” péoa

o€ pa coroutine.

Emiong yla va Kataypdyoupe TOV XPOVO TIOU XPELAOTNKE va €KTEAEOTEL N avaioyn
ouVvVAPTNON, XPNOLUOTIOINCOUE TNV EVOWHOTWHEVN Aeltoupyla tng CH# “StopWatch”.

JUYKEKPLUEVA £XOUPE EPAPUOOEL TO TILO KATW:

var stopWatch = System.Diagnostics.Stopwatch.StartNew();
stopWatch.Start();

... *ExtéAeon alyopiBuou*...

stopWatch.Stop();

execution_time = stopWatch.ElapsedMilliseconds;

TéNog pe tnv avaloyn emhoyr tou alyopiBpou aAAG{oUUE TO KELUEVO TTOU PaiveTal OTO
KEVTPLKO KOUTL. Mol TNV PETATPOTI TWV CUVAPTNOEWV o€ string yla tnv eudavion pag

€XOUE XpnoLuomolnoet To epyaleio “String Builder for C#” [14].
6.4 AuokoAieg, Tpomog EniAuor¢ Toug Kal ALEUKPLVAOELG

000 peyalUtepo N €XOULE TOOO TILO TIOAU OPYOTIOPOUVE YEVIKA OAOL oL aAyoplBuol va
tpe€ouve. Na va AettoupyolV owoTA OL KWVAOELG, Ta animations Kat AAAEG AeLtoupyleg Tou
Unity kaBwg tpéxouve oL alyoplBpuol autol Kal yla va paivetal Tautdxpova n KOTapETpNnon
XPOVOU, B TIPETIEL UE KATTOLO TPOTIO VAL TPEXOUVE OTO TAPAOKNAVLO. o Vo AUGOULE aUTO TO
TPOPANUQ, LETA amod €peuva pag, Exoupe KataAnéel oto Job kat Thread System tou Unity

[11].
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TeAlKA OUWG TAPATNPNCAUE OTL TO MPOBANUA HOG ETUAUETAL HOVAXA UE TNV dnuloupyia
€vO¢ amhoU véou vhuatog (Thread) xwplg va kAvoupe Lo meplmAoka Ta TPAYHOTA LE TO
Job System. AvaAoywg pe oo aAyoplBpo Ba tpé€el o xpriotng, n avtiotolxn cuvaptnon Ba
KaBlepwBel wg véo vipa kat Ba ekteleital oto mapaoknvio (Thread run_thread = new
Thread(*function name*); run_thread.Start();). EmutAéov emeldry ota vAupata Oev
ETUTPEMETAL EAEYXOG Kol aAAAQyH EEWTEPLKWV QVTIKELHEVWVY OMwS GameObjects, ol aAAayEC
otn Slenadn tou xpnotn Ba mpémel va ekteEAOUVTAL EEWTEPIKA TOU EKTEAOUMEVOU HOG
viuatog dwa péoou tou Main Thread (6nAadn otov Kwdka Tou BPLOKETAL EKTOC TOU

VALOTOG TToU HOALG dnutoupynBnke.)

H kotaypadn tou xpovou ektéleonc péoa oe éva vApa (thread) to omoio pOALg
Snuoupynoape dev emitpénetal. Etol Oa mpémel o xpovog autoc va petpnOel oav

EKTEAELTAL TO VA HA EEWTEPLKA, OO TO KEVTPLKO pag (main thread).

Aev pmnopoupe va sudavicovpe apeoa 1o Suadiko 8évépo Fibonacci. Xwplc tn xprnon
Coroutine KoL XpnOLUOTIOLWVTAC KAVOVLKN cuvaptnorn, to §évépo dev pmopet va epdaviost
Ta BEAN TOU KOL OV XPNOLUOTOLOUUE £€va HeyaAo aplBpd N tote xpelaletal akopn
TLEPLOCOTEPO XPOVO yla Vo epdavIoTel To TEAKO §€vSpo. To MPOBANUO AUTO TMAPAUEVEL
QKON KOl OV LETATPEPOUE TNV CUVAPTNON HOC og VEo viua. Etol dev pumopet va emhuBetl

TO MPOBANUA AUTO.

To péyebog Tou aképalou TUTou mou SExeTal To Fibonacci (Integer) &ev elval emapkeg yLa
VOl TTOPOUCLOOTOUV QITOTEAECHATA TIOU £XOUV UEYAAO HEYEDOG. MEeTA amod MOAAEG EPEUVEG
kat Sokipacieg Stadopwv aAwv TuTtwy 6mwg long int, long long int, ulong (Emelén €éxoupe
TLAVTA LOVO BETIKOUG aplBuoUg), £XOUHE KATAANEEL 0TO OTL O PEYOAUTEPOC APLOUOC TTOU HaG
eTUTPEMEL N CH# va €xoupe oTov KWIKA pag ival tumou Double (64-bit floating point).
JUVENWG PeTaTPEYP AUE OAEC TIC CUVOPTAOELS MOG 0UTWE WOTe va dExovtal aplBuoug double

Kol OAeg oL mpAgeLg va yivovtal povo e double.

H katapétpnon Twv xpovwy pog Baciletal oe peydlo Babuo otig evaAlayég tou frame rate

(Ims eivar 1 frame rate). Emeldr) autd emnpedletal amd TNV CUCKEUN TIOU TPEXEL TO
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TPOYPAUUA Hag, €XOUUE oplosl OTL av €xoupe 0-900ms OTNV KATAUETPNON HOC, va
Bewpoupe OtL ival 1 ms. AuoTuxwG OPWCE dev KatadEpape va EMAUCOUME TO TIPOBANUA
a0AadELOG TwV XPOVWV €eKTEAEONC. AUTO odeiletal oto Ot 0 aAyoplOuog NG
amopvnuoveuonc ekteleitat oe xpdvo 0(n?) kat o Suvapikdg og xpovo O(n). Emeldr) to ot
UTTOAOYLOHOL TIPOYPAUUATWY UE TETOLEC TIOAUTIAOKOTNTEG otn CH kot oto Unity yivovtal
TIOAU ypriyopa 1ou n Stadopd HeTafl MOAUWVLULKOU XPOVOU WE YPOAUULKOU gival oxedov
undaunvn. Oa EmMpene va €iXaUE TEPAOTIA VOUHEPA KOl HEYOAUTEPN TOAUWVLULKA

TLOAUTTAOKOTNTA YLa Vo e AVIOTEL apyomopia 6Tov alyopLlOpo amouvnoveuong.
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Kepalatio 7.

Tuxawonownpuévog AAyopLlOpog Zuppikvwong Karger

7.1 Eloaywyn 80
7.2 Nepypadn AAyopibuou 81
7.3 Aemtopépeleg YAomoinong 83
7.3.1 2xeblaopoc Npwtotumou 83
7.3.1.1 Anuoupyia 3D ZuvektikoU MoAuypdadou 83

7.3.1.2 Antobnkeuon kot Avaktnon Mpadpwv 88

7.3.2 YAomoinon Alemadnc 89

7.3.3 Avanapaotaon Kat EktéAeon AAyopiBuou 91

7.4 AuokoAieg/MpoBAnpata Kat TpOmog AVILUETWIILONG TOUG 96

7.1 Elcaywyn

O teleutaiog tUMOg aAyopiBuwv pe Tov omoio Ba adoocwwBolue otnv UPLOTAUEVN

SumAwpatikn epyaoia ival ot « Tuxatomotnpévol» (Randomized). [4,5]

JUYKeKpLUEVO Ba TOPOUCLACOUME TO TPOPBANUA TNG EUPEDCNG TNG KOBOALIKNG €AAXLOTNG
QTIOKOTING €VOG UN KateuBuvopevou ypadiuatos. Oa meplypaPoupe OPLOUEVOUG OPOUG
mou Ba mpémnel va E€poupe TPV TNV UAomoinon pag. Eotw to ypadnua pag G=(V,E).
Armokorn Tou G elval o SltaxwpLlopog tou V o U0 pn-keva cuvola A kal B. To cOvoAo Twv
TOaVWVY aG OLIOKOTIWV €ival 2"-2 av €XOUHE OTL 0 aplOUOG Twv KOpPwV pag V eivain. To
HEyeBoG amokomng (A,B) eival o aplBUOC TwV aKUWVY TTOU eVvwvouy To A pe to B ouvolo.

EAGXLoTn amoKomn €ivatl n amokornn n onoia €xel eAdxloto péyebog. KaBoAwkn eAdayiotn
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OTIOKOTA €lval N €AAXLOTN QTOKOTH ONMOU ETUTPEMETAL OMOLOSATIOTE QTOKOMN TOU

ypadruatog dev untdpxel mpogAeuaon f amoAnén.

Me tnv avakaAun tou tuxatonownpévou AAyopibpou Zuppikvwong ano tov David Karger
[17] To 1992 dptacape Og LA TTOLOTIKA armAovotepn HEBOSO o OXEDN E TIPONYOULIEVOUG
oAyopiBuoug eUpeong KaBOAIKNC eAAXLOTNG amokomng. O aAyoplBuog autog eival 1éoo
amAGC ToU, PE TTPWTN HaATLA, ivatl SUOKOAO va TILOTEPOUUE OTL TIPAYUATIKA AELTOUPYEL.
Arnote)el £va amo Toug 1o amodoTikoug alyoplBpouc yla KaBoAKEG EAAXLOTEC OTTOKOTIEG

OV KOl EKTEAELTOL OE TTOAUWVU ULKO XPOVO.
7.2 Nepypadn AAyopiBpou

Mpwv Eeklviooupe pe TNV meplypadr Tou alyopiBuou Ba mpenel va meplypaPoupe TV
€vvola Tou Zuvektikou MoAvypadnpatog (Multigraph). Eotw G=(V,E) évag ypadog tétolou
tonou. O ypadog eival pn-KateuBUVOUEVOG OTOV OTOLO ETILTPETETAL VA UTIAPXOUV

«TPAAANAEC» TIOAAQTTAEC OKUEC TOU 18LoU {EUYOUC KOUBWV.

O AAyopLBuog Zuppikvwong (Karger) Eekva emAéyovtag e opoLlopopda Tuxaio TpOmo pia

akun e=(u,v) tou G kot epapuolel «ouppikvwon» (ry: Ixnua 7.1).

Av emiileyel tuxaia n akun e=({A,B}, D)

Av eruleyel tuxaia n akur e=({A,B}, C)

Zuppikwvon yia ypadnua 4 KOpBwv - Ixqua 7.1
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2tn ouppikvwon, mapayou e éva véo ypadnua G’ oto omoio ot KOpBoL u KoL vV TNG AKUAG
TIou €XeL eTiAeXOel, €xouv amoteAéoel €va VEO HoVaSIKO KOUBO w Kal ol uttoAourol koot
Slatnpouv TN TAUTOTNTA Toug. Ol OKMEG Tou eixav Ta SU0 AKPA TOUG OTO U KL V,
Staypadovrtal oto G'. Ot umolouneg akpEG dtatnpouvtal aAAA av €va armo T AKPO TOUG
LooUTOL E(TE PE U E(TE PE V, TOTE TO AKPO QAUTO EVNUEPWVETOL WOTE va £lval (00 e TO VEO

KOUBo w. BAémoupe 6tL oto G’ pmopouv va epdavioTouV TOAAATTAEG TTAPAAANAEG YPOLLUEG.

AkoAoUBwC 0 alyoplOpog autog ocuvexilel avadpopKa yLo To G’ eTUAEyOVTaG LA OKUA HE
opolopopda TUXALO TPOTO KAl CUPPLKVWVOVTAG TNV. KaBwg mpoxwpAUE, Ol CUOTATLKEG
KopudEG Tou G’ TIg BewpoUu e utepkOpuPBouG (supernodes). KaBe unépkopufog w avtioTolyel
oTo umooUvolo S(w) Tou ouvolou V Tou €xouv ouyXwWVeuBel amd mMpPonyoUUEVEC
OUPPLKVWOELS. O aAyoplOuog pog tepupartilel otav pOBacovpe oe éva ypadnua G’ mou
TEPLEXEL HOVO SUO umépkouBoug vi kat v2. Ot dUo autol kOpPoL €xouv Ta avtioTtola
umooUvoAa S(v1), S(v2) Tou cuvohou V mou amoteAouvtal anod Toug KOUPBoUG TTou €Xouv

oupplkvwBel. Autd ta Vo cuvoAa oxnuatilouv tn Stapéplon Tou V.

Mo katw €xoupe tov YPeudokwdika tou oAyopiBuouv pag (IxAua 7.2) pe eicodo €va

nioAuypadnua G=(V,E) (Xpovog ektéheonc: O(n?)):

1. Zuppikvwon(G){

2. Mo kaBe kOuPo v {

3. Kataypadn cuvolou S(v) kOpuBwv mou €xouv cupplkvwBOel otov v

4, Apxika S(v) = {v} yla kaBe v

5. }

6. Av 10 G £xeL 800 kOuPBoug vl, v2 - enéotpe e anokonn (S(vl), S(v2))

7. AMwg{

8. Awdhe€e pa akpn e=(u, v) Tou G pe opoopopda Tuxaio tpomo

9. ‘Eotw G’ to ypadnua ToU MPOKUTITEL LETA TN CUPPLKVWON TNG €, UE £va VEO KOO z
10. TIOU QVTLKAOLOTA TOUC U KalL V.

11. Optoe S(zuv) = S(u) U S(v)

12. Eddpuooe tov alyoplBuo cuppikvwong avadpopikd oto G’ (Zuppikvwaon(G’))
13. }

14.}

Weudokwdikag AAyoplOov Zuppikvwong - Zxnua 7.2
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7.3 Aemttopépeleg YAonoinong
7.3.1 Ixeblaoudg Npotumnou

la tnv vAomoinon Tou alyoplBuou Karger oto Unity Ba mpémel va okePTOUUE ap)LKA Eva
TPOMOo He Tov omoio Ba elwoayoupe €va emBupntd moAuypddo. O TPOMOG TOU EXOUUE
kataAnéel eival Stadpaotikog. O xpriotng Ba £xet TNV Suvatotnta va SnULoupynoEL o 18Log
TOV YpAdO XPNOLLOTIOLWVTAG TO ETOLUO TEAIKO LA EPYOAAELO UE TN XPrion TOVTLKLOU. EKTOG
amo v dnuioupyla evog ypadou, o xpnotng Ba £xeL Tnv Suvatdtnta va Tov amobnkevoel
UE €va emBupnTto ovopa. Apyotepa Ba pmopet va tov poptwoel amo pia Alota pe 6Aoug
TOoUuC amoBnkevpévoug ypadouc. AkoAoUBws popTwvovTag Tov avaloyo ypado f HETA Tn

Snuoupyia evog kalvouplou, Ba pmopei va tpé€el tov alyoplBpo Zuppikvwong.
7.3.1.1 Anpoupyia 3D ZuvektikoU MoAvypadou

JUVETIWG Yyl TNV OTTTLIKA Tapouciacn Tou ypadou £xouv akohouBroel Stadopec oKEPELG.
Meta ano Stadopa mpooxEdia, £Xoupe KataAnéel otnv epdavion Twv KOUPwV Tou ypadou
LE XPNON TWV TPLOSLACTATWY HaG 0daLlpwWV TTOU £XOUHE NON UAOTIOLNUEVEC KOl TIEPLEXOUV
TO EVOWHATWHEVO script TIOU EMUITPEMEL TNV KIWVOUUEVN OMTIKA HETOKIVNON TOUC
(BallTextMesh xnua 2.6 ano Kepahaio 2). 3tnv odaipa autr mpoobBEcape akoun va
script, to “GraphNodeController.cs” (Mapdptnua Z). To script auto emitpemnel SLAPopeg
LOLOTNTEG WE XPrON TOU TOVTIKLOU TAvVw otn odaipa. Exouv uAomolnOel ta 1mLo KATw UE TNV

XPNON TWV ETOLUWV CUVAPTACEWV TIou poodEpouv oL “MonoBehaviour” tomol kKAdoswv:

e onMouseEnter (0tav €l0éABeL 0 Seiktng Tou TovTKoU otn odaipa)=> ANayn
XPWHATOC 0daipag oe KOKKIVO XpwHa Kal evepyomoinon petaBAntng “isHovered”

e onMouseDown (OTav MATACOUE TO MOVIIKLTAVW otn odaipa) = Av eival n mpwtn
dopa Ba BewpnBOel LovO TATNUA TOU TOVTLIKLOU OAALWG LETA Ao £va TTOAU ULKPO
XPOVLKO Sltaotnua, av EavanatnBel To movtikt mavw amno tn odaipa, Oa BewpnOel
otL €xeL emAexBel. ANAayn XpWHATOG O€ PACLVO Kal evepyormoinon tou “isSelected”

e onMouseExit (0tav e{EABel o Seiktng TOu TOVTIKIOU OTn odaipa)=> AAayn

XPWUOTOG O0TO TIPOETUAEYUEVO XpwHa (urmAe) kat “isHovered” = false.
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Me auTé Tov TPOTO UAOTIOLCAE TNV ETIAOYH HLag odaipag KoL aviyveuon TTOVIIKOU TAVW
otn odaipa. Emiong to script auto pog emttpénel va aAAEou e/ aVTA|GOUUE TLG TLUECG TOU
KOUBoOU TOOO TPOYPAUUATIOTIKA 000 KOl UE TO Keipevo mou Ba daivetalr otnv 3D

mapouaciaon TnG.

Oa mpénel emutAéov va mpooteBel n Suvatotnta eudaviong ypouuwy mou Ba evwvouv

kaBe kopPo. KataAnfape otn xprion tplodidotatou Kulivépou (3D Cylinder) yua tv

EUPAVLON TWV YPOUUWY QUTWV (ZXrpa 7.3). e i

Tag [ 20DLine 4| Layer [ Default =
Prefab | Select | Revert | Apply |

¥ .~ Transform o B
Position Xo Yo zZ0
Rotation X0 Yo zo
Scale X 0.0s Y1 Z 0.05

¥ Cylinder (Mesh Filter) @ = %
Mesh [Wcylinder @

¥ .\ ¥ Mesh Renderer FES

» Lighting

| ¥ Materials

Size ]
Element 0 [ODefault-Material | ©
Dynamic Occluded
» |y ¥ capsule collider o
¥ .« ¥ Graph Line Controller (Script) -
Script GraphLineContraller a
Is_hovered O
Is_selected .|

CylinderLine prefab GameObject - Zxnua 7.3

Ma to avtikeipevo autod €xoupe kaboploel éva péyebog ouykekpLuévo (Scale = (0.05, 1,
0.05)) oUTw¢ WoTe va GALVETAL WG KA YPOLLUN TToU Ba evwvel KOpBoug o€ Eva ypado. Omwg
KOl LE TOUG KOMUPBOUG, £TOL Kal 6w €XOUUE SNULOUPYNOEL KOL OploEL WG component €va
script, “GraphLineController.cs” (Mapdptnua Z) to omoio mapéxel tig (Sleg Aettoupyieg

OTWG L€ QUTO TWV 0PALPWV EKTOC ATTO TOV OPLOKO TLUWV Kal TG emloyng [15].

Ma tnv ovvdeon &vVo kOpPwv (dUo onueiwv dnAadn) Le xprion TG TILO TTAVW YPOUMNAG

€KTEAOUUE Tl akOAoUB:

- Bpiokoupe to Stavuopa V = P2 — P1 = (X,Y) nou Seixvel ané to P1 oto P2
onueio Tou xwpou (kévtpa U0 KOUPBwWV).

- Oplloupe ™ 60N TNC AKUNG MHOG va BplokeTal oto KEVIPO Twv U0 onueiwv:

C=Pi-

N <
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- Opilouue to HEyeBOC TNG KNG pog otov agova Y va ivol To HRKOG TOu e O tpormog
TIOU €X0UE KOOOPLOEL TO AVTLKELUEVO Lag OpXLKA, LE TNV aAAayr) Tou pHeyEBouC Tou
O€ 0UTO, £XOUUE TO akpLBEG HEyeBOC aKUNG TToU eVWVEL Ta SV onueia.

- Téhoc opiloupe TNV mepLoTpodn TN akpnc va eival n idta pe to V.

Me tov (610 Tpomo epudaviloupe aKPEG apyOTEPO OTNV UAOMOINOT Hag amd To onuelo mou

elval To movtikL otnv 00ovn.

MeTd TOV OXESLOOUO TWV TILO TAVW OVTIKEIHEVWY £xoupe ¢Odacel oe onueio omou
UTTOPOU LE VOL UAOTIOLH|OOUE TOV YPAPO UOG TIPOYPAUUATIOTIKA LE TAUTOXPOVN XPron TwV
QVTLKEWMEVWY aQUTWV. To KUplo script mou meplypadel tov ypado elvat To
“Undirected3DGraph.cs” To onoio pnopei va xpnotpomnotnOei wg avtikeipevo. H ulomoinon
Tou ypadou mepthapPBavel SUo Aloteg. H pia mepléxet Toug kKOpBoug tou ypadou (tumou

“GraphNode.cs”) kat ot AAAN TI¢ akpeg pag (tumou “Edge.cs”).

ETlypaUUOTIKA KOl HE ocuvtopia To script tou ypadou meplhapPavel TIg akOAouBeg

AELTOUPYLEC LIE TIC OCUVAPTIOELG TTOU TIPOODEPEL:

e void Destroy() = Alaypadel 6o tov ypado

e void RebuildFromDataFile(Und3DGraphData graphData) = ZavaktileL 6Ao ToO
ypado Baclopévo amnod Eva CUYKEKPLUEVO apxeio (Ba meplypaPoupe apyotepa WG
ylvetal n anobrikevon/avaktnon)

e List<GraphNode> getNodelList(), void SetNodelList(List<GraphNode> nl), List<Edge>
getEdgelist(), void SetEdgelList(List<Edge> el) = Oplopog kat avaktnon Alotog
Akpwv kat KopBwv

e Void addNode(GraphNode n), void removeNode(GraphNode node) - MpocBeon
kat adaipeon koppou amo ypado. Itnv adaipeon, dStaypadovral Kat OAEG OL AKUEG
TIOU EVWVOUV ToV KOUBOo auTo.

e Void addEdge(GraphNode src, GraphNode dst)/(GraphNode src, GraphNode dst,int
noOfEdges) = MpooBnkn akung otov ypado amd koppo src mpog dst. EmumAéov

emloyn yla oplopo noOfEdges aplBuwv akuwyv mou Ba daivovtal.
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e Bool deleteEdge(GraphNode src, GraphNode dst) 2 Awaypadr akpig and src mpog
dst kat emiotpodn true/false av Atav emtuyng

e Int getNodelndex(List<int>vals) = Bpiokel Tov aplOud oelpdg tou KOpBou péoa otn
Alota pe toug aAAoug kopBoug Baon Tig vals TiuEg

e Void ResetAllEdgePositions() = EmoavatonoBetei OAeg TI¢ BECEIC TWV AKUWVY OTLG
OWOTECG BE0ELG PETA Ao TIOAVEC UETAKLVAOELG KOUBWV.

e Edge edgeExists(GraphNode src, GraphNode dst) = EA£yxeL av UMAPXEL QKU TIOU
ouvdEeL ToV KOUPO src pe dst kot TNV eMLOTpEPEL

e Void updateNode(GraphNode node, List<int> new_vals) = Evnuepwvel éva kKOppo
LE VEEC ETILOUULTEC TLUEG.

e Vector3 FindCentrePointFromEdge(int edge _no) = Bpiokel TO KEVIPLKO ONUELO HLAG
KNG (peTta kopPou src kat dst)

e Void moveEdges(GraphNode from, GraphNode to) 2 Metakivel OAEG TIC AKUEC TTOU
Bpiokovtal otov from kOpuPoG mpog Tov to.

e Void removeAllEdges(GraphNode node) 2 adatpei OAeC TI¢ akpeg mou Bplokovtal
oTov embupunTo Koppo.

e Bool mergeEdge(int edge_no) = H «kUpwa ouvaptnon mou Xpnolpomolel o
QAYOPLOUOC pHaG. XpNOLUOTIOLELTAL YLOL TNV CUYXWVEUON MLOG OKUAG SNULOUPYWVTAG
€VOl VEO KOUPBO MHE TIG TWMEG TOU src kal dst kopPou, adalpwvtog autol TOUG
KOMPBOUG Kal QKU KAl OTn CUVEXELD TAPOoUCLAlovTaG TIG VEEG OKMEC Tou Ba

eudaviotolv oTo MoAuypado Uag.
MNa cUyKpLoN TwV oToLXElWV oV TtepLEXouV 2 AloTteg epapuooape Tnv uéBodo [16].

Oa npémnel 0 ypadog pag va aAAAlel SUVOLKA avAAoya LE TNV SO TOU TIPOYPAUUATIOTIKA
KaBw¢ edapudletal o alyoplOpog ocuppikvwong Omou cuyxwveluovtal KOuBol Kot
eudavilovtal mTOANATAEG YPOUUES. AuTr TNV avaykaia Asttoupyia mou mapoucLalel Evag
TIOAUYpAdOC, TNV UAOTIOLACAUE UE XPHON OPLOUEVWY BACIKWY HABNUATIKWY EVVOLWY TIOU

XPNOLHOMoLoUVTaL OTa Hadiuata ypadlkwy.
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ZUYKEKPLUEVO EXOULE TNV TILO KATW TiBavn mepimtwon (Zxnua 7.4):

A 4

Radius

B

Source Node Destination Node

Epdavion moAAanAwv aKpuwV HeTafl KOUPBwvY - Zxnua 7.4

‘Eotw otL £xoupe SUo kKOpPBouc (Source Node kat Destination Node) mou cuvdéovtal pe pLa
akun. (Aev pag volalel o Z afovag kabwg ot koppot poag Ba Bpiokovral oto iSlo onueio Z.
‘Etol Ta onueia pog umoBEtou e mwg ta AapBavoupe we 2D oe dvo dlaotaoelg (X,Y)) Ot
KopBol autol pmopouv va Bplokovtal os onoladrnmote B€on oto Xwpo. EXOU e TO KEVIPLKO
onueio kaBe kopuPou va eival to C1 kot C2 avtioTtolya. Av £XOULE HOVAXA Hia akur gival
€UKOAO va UTIOAOYLOTEL evwvovtag amAwg to dUo autd KEvipa. Twpa yla TTOANATAEG

VPOUUEG (>2) KAVOUUE TO €ENG:

- 'Eotw Radius n aktiva pag (Aot ot kopBol €xouv Tnv idla aktiva)
- Oa mpenel va opiooupe U0 vEa onuela oTLG AKPeG Tou KABe KOUPBou mou Ba sival
napdaAAnAa kot anévavtt Hetal tous. Eotw A kot B ta onpeia tou Source kat C, D
Ta onpela Tou Destination. To A eivat anévavtt ano to C kat to B évavrt tou D.
- Tlo va METUXOUUE TNV EVPECH AUTWV TWV CNHELWV EKTEAOUE TOL aKOAouBA:
o Bpiokoupe to Stdvuopa V = €2 — €1 = (X,Y) nou Seixvel and to C1 oto
C2 onuelo.

o Yrmoloyiloupe To kdBeTo Stdvuoua dvw o autd T = Vi = (=Y, X)

Il

0  KQVOVIKOTOLOUHE TO AMOTEAECHA HoG (o€ aplBpougamé 0 wgl) T =

=

VA UmopoU e va ePapUOooU UE AMAOUG UTIOAOYLOMOUG OTNV CUVEXELQL.
o Ymoloyiloupe ta onpeia pag:
* A=C1+T *Radius
* B=C1-T *Radius
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* C=0C2+T*Radius
» D=2C2-T+Radius

Twpa, XPNOLUOTIOLWVTIAC OUTA Ta ONUELD UMOPOUUE TIOAU €UKOAX XPNOLLOTOLWVTOG
ypappikn tapeuBoAn (Linear Interpolation) va epdavicou e éva emBupunto apltdud akuwv
HETAEL TwV U0 KOPBwWV. AnAadn and ebpapuoloUpe ypaUpLKA TTOPEUBOAR Yyl KABE akun
miou Snuioupyoupe (P1,P2) oltwg wote: P1 2 lerp petaL A kat B kat ywa to P2 = lerp

petacv C kot D.
7.3.1.2 AnoBnkevon kat Avaktnon Npadpwv

MNa tv amobnkeuon Kal avaktnon ypadwv E£XOUHE Onuloupynosl éva cuoTnua
aroBrkeuong Kot avaktnong dedopévwy amo apyxeia, to “SaveSystem.cs” (Mapaptnua Z).
Ma va TIETUXOUE aUTH TNV amoBnKeuon Kol avaktnon de60UEVWY XPNOLUOTIOLNCAUE TNV
yvwoty oUpPacn “Serializable” mou xpnolpomoleital gupéwg yla TNV amoBnkeuon

QVTLKELPMEVWY Kal dopwv dedopévwy [25,26,27,29].

Xpnotlpomnolwvtocg to mpotuno “Singleton” €xoupe MeTUXEL XPrioNn €VOG script to omoio
Statnpel tic LALOTNTEC Tou epapUoloVTAg To TAVW oTo “SaveSystem.cs”. Eva Singleton sivat
€va potiBo oxedlaopol AOYLOUIKOU TIOU TEPLOPLIEL TNV MOPACTACH HLOC KAAONG OF Ml
"Hovadikn" mapouaoia. Auto eival XpAoLUo OTOV QMALTELTAL Eva aKPLBWG AVTIKELHEVO yLa
TOV GUVTOVLOMO TWV EVEPYELWV OTO GUVOAO €VOG oUOTAHATOC. O OPOC TPOEPXETAL ATO TN
pHadnuatikn €vvola evog singleton. [30] Etol anmAwg KOAWVTOG TO script auto amo omou Kal
Vo BPLOKOUOOTE, UTOPOUE VA amoBNKEUCOUE KOL VO AVOKT)OOULE €va Yypado amo éva

emOLUNTO apxeio.

ApXLKA YL va amoBnKeUOOUHE Eva Ypado TIPEMEL va 0ploou e TL dedopéva Ba xpelacTolV
va armoBnkeuBouv. Meta ano okePn kataAnfape ota akoAouba (ta omola eivat palepéva

w¢ “SerializeFields” oto “Serializable” script “Und3DGraphData.cs”):

- Nodes: Alota pe tou KOpPBoug Kol TIG TIHEG TOUG (dwAlaouévn Alota int:
List<List<int>> = Emed] Ouwg oL ocupPdoelg tou Unity ev emutpénouv

arnoBnkevon oGwAlAOPEVWY  AloTwY, €XOUHUE OploEl €va VEO QVTLKELUEVO
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“ListWrapper.cs” mou meplexel amAwg pa Alota List<int> kot eival “Serializable”.
Juvenwg €xou e List<ListWrapper> ) [28]

- Node Positions: Alota pe tic B€oelg tou kdBe koOpPou (List<Vector3> > Ot
oupBaoeigtou Unity Sev pag emitpénouy tnv anobrjkevon Vector3 kat Quaternions.
ZUVETIWG XPNOLUOTIOLOOE VO VEO avTLKEieEVO “SerializableVector3.cs” to omoio
elval “Serializable” kat mepléxel TIC TIUEG X,Y,z o€ petaBAnteg tumou float)

- srcNodes, dstNodes: Alotec pe toug Seikteg tTwv Source kot Destination Nodes
avtiotowya yla kaOe akur. My. (srcNodes(0),dstNodes(0)) = n akun 0.

- noOfEdges: Alota pe ToV aplBud ypapwy Tou €XEL N KAOE akun.

Me autad ta dedopéva pmopol e eUKOAQ va EQVAKTIOOUUE €va ypAadOo avVaKTWVTAC TO Ao
€va apxelo pe tn xprion tng cuvaptnong “RebuildFromDataFile()” mou Bploketatl oto script

TOU ypAdou PO OMwG EXOUUE TipoavadEPEL.

Téloc va avadEpoups OTL n amoBrikeuon Kol QVAKTNON apxelwv yivetal pe xpnon
“FileStream” oe £va oOvopa apyelou mou emBupel o xpnotng tumou “.dat” kat
“BinaryFormatter” ywa to Serialization kot Deserialization twv 6g8opévwyv pag.

MNeploodtepa pnopeite va deite ota scripts Tou mapaptipatog [31].
7.3.2 YAonoinon Aentadrg

ApXLIKA oxeSLAOTNKE £Va TPWTOTUTIO OTO XOPTL OTWG KAVOUHE TIAVTA YL VO SLEUKPLVLOTEL O
TPOMOG Pe Tov omoio Ba xelpiletal o aAyoplOuog amod To xprnotn. MeTd amo TOAAEG
anoppiPelg oxedlwv €xoupe KOTAAREEL OTA TLO KATW QPXLKA TPOOXESLA LA AmAnG

Slemadng (Zxnua 7.5). O xpnotng €xeL T akoAouBeg duvatotntec:

- Ano v apyikn dtemadr pe to koupni “CREATE NEW GRAPH” Ba odnyeite euBéwg
otov KapPa and omou Ba umopel va Snuioupynoel tov ypado (Oa emefnyndel
apyoTEPA O TPOTIOG SNnULloupyLag).

- MOAL oAokAnpwoel To oxedlaopo tou embuuntol ypddou o xprotng Ba pmopetl
aUEoWC va TPEEEL Tov adyoplBuo cuppikvwong emhéyovtag to “RUN CONTRACT”

OTIOU TAUTOXPOVA UITOPEL va oploeL TNV TaxVTNTA Tou e To “Speed” slider.
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- Me to “SHOW/HIDE INSTRUCTIONS” umopei va &gt 0dnyieg yla dnuioupyia evog
ypadou.

- EmAéyovtog to “SAVE GRAPH” maparmneunopaote o€ AAAO Kappfda Omou Unopoupe
va eTUAEEOUUE €va eTILBUUNTO Gvoa yLa To ypAdo Hag Kal va ToV armoBnKeUOOULE.

- And Ttov apXlKO MG KOUBA MIMOPOUHE VA OVOKTNOOUMPE €va ypado Tou
arnoBnkeLOAUE Ao Lo ALOTA LIE TOUG OMOBNKEUUEVOUC LOC YPAPOUC ETUAEYOVTOG
to “LOAD SACED GRAPH”.

- Xto VEo KapBa mou epdaviletal o xpriotng Uopel oAU anAd va eTiAEEsL Eva ypado
Tou emLBUpEL kot va Tov poptwoel. Me tnv pOpTwaon Tou ypadou, TO KOUUTIL yLa TLG
o6nyiec aA\alel oe “DELETE GRAPH”. EmiAéyovtacg 1o, dlaypadetal o ypadog Kot
ETLOTPEPOUUE OTNV apXLKh Slemadn.

- Ta kouprmia “CANCEL” kot “BACK” ekteAoUv TNV guvontn Asttoupyia Toug.

When using a loaded DELETE GRAPH
graph

Create your graph bellow:  SPEED: ———«l SHOW/HIDE INSTR

Enter a file name:

| *filename™ | 1 —x 2 — )
\ -
J
-
O—0

RUN CONTRACT | [ SAVE 6RAPH [ *crAPH NAME™ || Back |
RANDOMIZED ALGORITHM T
KARGER'S CONTRACT ALGORITHM |

PLEASE SELECT THE GRAPH YOU WANT TO LOAD:
|_| CREATE NEW LOAD SAVED GRAPH 1 i

GRAPH GRAPH 1
GRAPH 2

BACK

Goes back to the main Ul

ApXLKO TtpooxESLo Siemadng alyoplBpou Karger - Ixnpa 7.5

Me to mpoox€dlo auto Kal Pe tnv uAomoinon pog péoa amod to Unity kataAngaue otnv

akoAouBn Slemadn tou aAyopiBuou pag pe auTeG TG 006veg (Zxnua 7.6).
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—— Show/Hide Instructions

CREATE NEW LOAD SAVED
GRAPH GRAPH

RUN CONTR/.Z" SAVE GRAPH

Enter a file name:

[1Enter a graph fiename...

Tehwkn epdavion dtenadpwv alyopidupov Karger - Ixnua 7.6

7.3.3 Avanapaotoon kot EktéAeon AAyopiBpou

MNpoxwpdue Twpa o Eva MapAadelypa eKTEAEONG TNG EPAPUOYNG HOG UE TOV OAyOpLOUO
Karger. Tautoxpova Ba neplypadoulv Kot OpLopEVEG AELTOUPYLEG KaL UAOTIOLHOELG TTOU £XOUV
ylveL otn mopeia. OAeg oL MO KATW AE€lTOUPYLEG €lval UAOMOLNUEVEG OTO script

“CreateGraphUIController.cs”.

— — Show/Hide Instructions e @ Show/Hide Instructions

- Make Node -> Left Click

- Delete Node -> Right Click on a Node

- Create Edge -> Hover over a node and drag to another one

- Select/Unselect Node -> Double Click on it

- Move Node -> While a node is selected, drag it to a desired position

RUN CONTRACT SAVE GRAPH RUN CONTRACT SAVE GRAPH

Anpoupyia ypadgou 1 — AAyopiOuog Karger - Ixquoa 7.7
Me tnv emloyn Tou xpriotn oto kouumni “CREATE NEW GRAPH” gudaviletal n mo navw

00ovn (Zxnua 7.7). Emukéyovtag to “SHOW/HIDE INSTRUCTIONS” daivovtat ot obnyieg

Xpnong ywa dnuiovpyia evog ypadou. Kavovtag aplotepd KALK O OMOLOSATIOTE onueio
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Bpiloketal péoca oto mAaiolo, epdaviletal véog KOUBOC. TNV eUdPAVION TWV AVTIKELUEVWV
HOVO HEoca OTo MAaiolo to metuXape OSnuoupywvtag éva medio “bounds”, TUMou
“Rectangle”, omou pmopel va AelToupynoEL TO TOVTIKL 0T dnuloupyia ypadou [18]. Tnv
QVIXVEUON TOU TOVTIKLOU O auTO To Medlo TNV METUXAUE UE XPHON TNG ATANG EVTOARG
“bounds.Contains(Input.mousePosition)”. Na onuelwBel OTL 0 XpOTNG EXEL OPLO LEXPL KOl
30 kOpPoucg va dnuloupynoetl. Kavovtag “hover” mavw amo éva kopBo, o kKOpBog autodg

TalpveL KOKKLVO Xpwpa onw¢ paivetal otn Se€la ikova.

Me €va Sl KAk, SlaypadeTal o avtioTolyog KOUPBOG Kal OAEG OL AKUEC TIOU ELVOL EVWUEVEG
HE auTOv. ESw afilel va onuelwBel OTL umApxel amopvnuoOveuon Twv KOUBwv Tou
Staypadovtal kat tou daivovtal pe éva mivaka Boolean. Av dtaypadel Evag koppog, tv
enopevn ¢popa mou Ba Snuloupynosl £va KOpBo o xprotng, Ba elval Pe TN cwaoTr) CEPA N
Ba sival évog amnod toug mponyoupeva Staypappévouc. OLkopBol anapltBpouvtal povo ano

to {1} néxpt to {30}.

Me SUTAG aploTEPO KALK TTAVW O€ €va KOUPO, 0 KOUPBOC auTOG paocLvilel Kal Bewpeltat
ETUAEYUEVOC. AV TWwpPA EXEL TOTNMEVO TO TOVTIKL O XPOTNG MAVW OO €va ETUAEYUEVO
KOMPBO, TOTE UMOPEL vaL TO LETAKLVAOEL. MO TNV ATTEVEPYOTIOLNGON TNG ETUAOYNG, ATAQ TTATAE
gava SUTAOG apLoTePO KALK 0ToV eTAeyOUEeVO KOUBo. ESdw emiong av o xprotng emAé€el Ao
KOUPBO evwow eival emAeyUEVOC €vag AANOG, TOTE 0 AAAOG KOUPBOG OTAMATAEL va glvat

ETUAEYUEVOC KOl ETAEYETAL O UDLOTAUEVOG.

Create the graph here (within the bounds): ,75"& Show/Hide Instructions

Enter a file name:

TestingUndirectedGraphl

®®@@ @

RUN CONTRACT SAVE GRAPH BACK

Anpoupyia ypadou 2 + AnoBrikeuon — AAyopiOpog Karger - Ixppa 7.8

‘ExovTag To MoVTikL mavw amo éva koppo (hovered), o xpriotng UMopel va €XeL TATNUEVO TO

TLOVTLKL TOU KOlL VOL SNLOUPYHOEL fLa VEQ OKUN (ZxAua 7.8). Av To adrOEL TO TOVTIKL O€ KEVO
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XWPO 1 Avw amnod KOpBo mou €xel 6N cuvdeon e akun A mavw amo tov (&lo koppo, Tote
n ypopun avt) Oa Staypadel. Kawvolpla akur dnuloupyesital povo av tpafnéel amnod éva
KOuBo o€ €va @ANo Tou Sev €xel évwon. Opolwg, OMwE KoL 0Toug KOUPBOUC Hag, 0 XPHoTNG

propet va Staypa et okpéEG oAAG Sev pmopel va emAEEEL/Eava-UETOKLVAOEL.

ErmunpooBeta onwc BAEMoupe otnv Se€Ld lkOVa, 0 XPrioTNG ETAEyovTag To Kouprmi “SAVE
GRAPH”, gpdaviletal n o6ovn omou umopei va Swoel éva Ovopa, 0T TEPLTTWON UG
“TestingUndirectedGraph1”, kot emiAéyovtag to “SAVE” amoBnkeletal o ypAddog pag Kat
ETLOTPEPOUUE eVOBEWC Miow oTNV KevTpLkn dlemadr tou alyopibuou.

SELECT A GRAPH: -

Create the graph here (within the bounds):

TestingUndirectedGraph1 @ — = - - e @
TestGraph1 l

Avaktnon ypadou and Aiota — AAyopLBpog Karger - Zxnua 7.9

Y€ QUTO TO ONUELo, €XOUUE TNV duvatoTNTA OVAKTNONG €VOG amoBbnkeupévou ypadou.
Ertidéyovtag to koupri “LOAD SAVED GRAPH”, epdaviletal o KapBAG 0 omolog mePLEXEL pLa
Aiota tumou “Ul->Scroll View” pe to script “ScrollGraphList.cs” To omoio mepléxel Kavovika
KOUMmd pe script “GraphltemButton.cs” To omolo xpnotpomnotitat ya t $optwon tou
avtiotolyou ypadou Tou €XEL OTO OVOUA TOUG. Ta Kouumid poptwvovtal Pe xprion pool
[20]. EmAéyovtag tov ypddo mou £XoUEe amoBnKkeVUCEL TTPONYOUUEVWG, TTAPATNPOULE OTL
eudaviletal apéowd. tnv 086vn pog autr tn popd omwe PAEnou e ota SeLa, epdaviletal

1o “DELETE GRAPH” 10 omolo, emAéyovtag to, dtaypadetat o UPLOTAUEVOG oG ypadog.

‘Edtaoce n otyun va tpE€oupe Tov alyoplOuod pog. Oa XpnoLUOTIOL OOV LE TO TTAPASELyUa
ypadou mou €xoupe ptiateL o tpiv. O alyoplOuog Eekva va TpEXEL ETUAEYOVTAG TO KOUUTTL
“RUN CONTRACT”. KaBwg tpéxel umopoupe pe to “Speed” slider va auvfouelwooupe tnv
TOXUTNTA EKTEAEONAG TOU. (ZXNUa 7.10) Apxikad o aAyoplBuog emAéyeL opoLlopopda Tuxaia
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HLOL okl amod 1o ypado pag xpnolpomnolwvrtag tuxaio Seed Baclopévo oto poAdL tou

UTTOAOYLOTH Xpnotpomnolwvtac to Random tng C# 0w £XOUE TILO KATW:

Random.seed = (int)System.DateTime.Now.Ticks;

int random_edge_no = (int)(Random.value * und3dGraph.getEdgelList().Count - 1);

Itn mepimtwon pag onwc PBAémoupe otnv 1" 0Bdvn, é€xet emheyel n akun ({1},{7}).
AkoAoUBwWC TNV cuppLKVWVEL Ow¢ PAEMOUUE otV TAvw 6e€Ld 006VN LETOKLVWVTAC TOUC
U0 kopBoug (“BallMover.cs”) Tov €va tavw otov GAAO 0TO KEVTPO TNG AKUNG KoL EpdAvion

KalvoupLou.

DELETE GRAPH DELETE GRAPH

RUN CONTRACT SAVE GRAPH RUN CONTRACT SAVE GRAPH

DELETE GRAPH

RUN CONTRACT SAVE GRAPH RUN CONTRACT SAVE GRAPH

EktéAeon AAyopiBupou Karger yua éva napadsiypa - ZxAuoa 7.10

H oupplkvwon NG okung (ouvaptnon mergeEdge() - 2IxAua 7.11  tou

Undirected3DGraph.cs) emttuyxavetal pe tov akdAouBo tpdmo yia pia akun E(A,B):

- Anuoupyia véou kOpBou N pe OAeG TG TLUEG Tou A Kkat Tou B pali, oto KEvTpo TG
AKMAG.
- Av umdapyel akpn HeTagu tou A Kol evog dAlou koupou X kat ard tov X pog Tov

KOuUBo B, tote
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- Mpbdobeoe 10 aBpolopa Twv akuwv Toug (adol €xoupe moAuyddo) tou A>X kat
X->B éotw Sum.
—2>0ploe pa véa akpr amno to X oto N pe aplOpd akpwy = Sum.

- Awaypadoupe toug KOpBoug A kat B kal OAEC TIG OKUEG HE TIG OMoieg cuvdEovTay,

TLG LETAKLVOU LE TIAVW OTOV KaLvoupLo Koppo N.

rcNede - edgelist[edge_no].«
e dstNode - edgelist[edge_no].«

centrePoint = FindCer ointFromEdge{edge_no);

new_node_valu

iode newNode araphiode{new_node_values, centrePoint);

8; 1 < nodelList.Count; i++)

ts(srcnode, nodelList[i])

{edge s{nodeList[i], dstNode)

int newNumberofEdges eEX. srchode, nodeList[i]).numberofedges + ed ={nodeList[i], dstMode).numbercfEdges;
teEdge(nodeList[i],
d Edge(srchode, nodelList[
addedge(nodeList[i], newNode, newNumberofedges);
H

s(dstNode, newNode);
Node, newNode);

EktéAeon AlyopiBupou Karger — Zuyywveuon akpng - Ixnua 7.11

O aAyoplOuog pag ekteAeital emavoAnmuika (Ixnua 7.10) péxpt va kataAnéel oe éva
TIOAUYPAHO He POVOo 2 KOUBOUC. Onwe BAEMOUUE TO QMOTEAECUA HAG OTN TEPIMTWON UG
elvat évag ypadog pe 2 ko6upouc: A>{1,2,3,4,5,7,11}, B>{6,8,9,10} kaL akur LETAEL TOUG
HE 8 YPOUMEG. ZUVETWG av Slaxwpilape ToV apxlko Hag ypado o autda ta Suo pépn A Kat

B, Ba eiyape 8 akpég mou Ba dpovcav wg YeEPupeC O AUTO TOV SLaXWPLOUO.

O aAyoplBuOG pag Opwe ival tuxatomotnuévog. Etol pe pia deltepn exktéAeor] Tou Pmopet

va pog dwoel éva SLapopeTiko amoteAeopa. Mo mapAdeLya XpnOoLUOTIOLWVTAG KOl TIAAL
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Tov 6l0 ypddo, £XOUUE TO TLO KATW OITOTEAECHO UETA OMO ML GAAN EKTEAECNH TOU
aAyopiBuou (ZxAua 7.12).
Create the graph here (within the bounds): SPeBE; DELETE GRAPH

RUN CONTRACT | TestingUndirectedGraph1

EktéAeon AAlyopiBupou Karger — 8sUtepo anotéAeopa - Ixqua 7.12

MapatnpoUue OTL 0 dAyOpLOUOG pag XL Ttapdlel autr tn popa £va ypado pe 2 Koppouc:
A—>{1,2,11}, B>{3,4,5,6,7,8,9,10} kat akurn LeTafL TtOuG HE 7 ypoppéC. Etol dpaivetal to

TUXOLOTIOLNEVO OVTIKTUTIO TOU aAyopiBuou Karger.
7.4 Auokolisg/NMpoBARpata Kot TpOmog AVTLLETWITLOT G TOUG

MEVIKA LETA Qo £peuva TIoU €XEL Yivel, dev BpeBnke £Tolpog MoAUYPAdOG UAOTIOLNUEVOG
otnv C# yla euKoAOTEPN Hag UAOToLNoN. ZUVENIWE OAa Ta omola £XoupEe TeplypAeL TLo
TIAVW €lval vAomolnpéva amod TV apxn Kot o ypadog pog anoteAel pia kawvoupLa doun

Sebopévwy Tou Umopel va xpnotpomnolnBet emektatika yia epdavion 3D ypadou.

Ma tnv vAomoinon MOAAATAWY AKUWV METAEY KOUPWV XPELOOTHKAV OPLOMEVA LABNUATIKA
YLl UTTIOAOYLOOUG GNUELWV KATT TTOU XpnoLomnolouvtal ouvhBwg ota ypadikd. Autod Atav
Alyo eKkt6¢ euPéAelag NG yvwong pog. Etol amotabrkape otov Ap. Mavaylwtn
XapaAdpumoug yLa TV e€akpiBwaon 0pLoUEVWY MPAEEWV Kal TUTTWV YL TNV ehappoyn otV

vAoroinon pag kat BonBeta and padnua ypadikwy.

MpoPBAnuata otn vAomoinon Tng cuyxwveuone. Napatnpriocaue 6t Atav SUokoAo otnv

€UPEDN TPOTIOU YLA VO CUYXWVEVCOU LE TOUG KOUPBOUG HLag akKUAG KAl va EUPAVICOUHE OTN
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OUVEXELX TTOAATAEC AAAEC. MEeTA oo apKeTh oKEPN OUWC Kot TTOANEG SOKLUEG e AABN
€XOUUE KaTaAn&el otn mMpwTtoTuTn AUCN TIou MEPLYPAY OE TIPONYOU LEVWE OTIWE daiveTal

oto oxnua 7.11.

MNa epdavion Alotog pe Toug amoBnkeupévouc ypadoug XpELAoTNKE UAomoinan amnod tnv
apxn kabw¢ to Unity Sev mpoodépel €towun Alota Scroll List onwg mpoodépouv aAAa

npoypappata dnutouvpyiog diemadwv [19].

210 Save System pag, n amoBrkeuon TwV APXELWV PE XPON TOU £TOLUOU £pyaAEeiou ToOU
Unity to omoio mopouoctdlel kot mapdBupo yla €miAoyr] ovopatog Kal tomoBeaoiog
anoBnkevong 6ev ATAV CUPBATO OTO EKTEAECLUO OPXELO TOU MPOYPAUUATOC HOC KABWG
elval éva epyaleio mou SouAevel povaya oto Unity Editor. Etol £mpemne va UAOTIOLOOU UE

efapxng pwa amAn Siemadr) amobrikeuong Kal GAAN yla OVAKTNON OPXELWV ylo TOUG

ypadoug pag.
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KeddaAaro 8.

Entiloyog - Zupnepacporta

8.1 EmiAoyog 98
8.2 Kuptotepa MpoBAnpata kot Tpomog AVTLUETWTITLONG 100
8.3 MeAAovtikn Epyacia kal EMeKTAoEeLg 101
8.1 EniAdoyog

Juvoyilovtag, e TNV UPLOTAUEVN SUTAWUATLKY €pyacia £€XOUHUE UAOTIOLOEL €va LEYAAO
XPNOLUO £PYAAELO TO OmMOi0 MOPOUCLATEL OTTIKA UE TN XPron TPLOSLACTATWY YPAPLKWY
Stadopouc adyopiBuoug. OL adyoplBuol mou £xouv emiAexBel yla tnv UAomoinor Toug
ATOVE EMOPKAG ylol pLlat opopdn eudavion kat KOAUTEPN KOTOVONGCH TOUC HMETA TNV

OAOKANpWON TOUG.

ApPXLKA HETA TNV TtepLypadn Tou epyadeiou Unity3D Kol OPLOUEVWV CNUAVILKWY OpWV TIOU
XPNoLlomnolouvtal, UAomoloope wG efdoknon Ttov alyoplBuo “Selection Sort”. H
uAomoinon autou Tou aAyopiBou NTaV oNUAVTIKI KABWG EXOUUE UAOTIOLNOEL ONUAVTLKA
epyaleia ya epdavion kat kivnon 3D avtlkelEVwyY. YAOTIOLNOAUE YPAUULKY TTapeUBOAN
3D odalpwv, T000 KABeTA 600 Kal oplloviia, aAAd Kal kKivnon odpalpwv Ue xprion €vog
script. AUTEG oL UAOTIOLNOELG £XOUV XPNOLUOTIOLNOEL KAl OPYOTEPQ OE UAOTIOLOELG LEPLKWV

ard Toug UTOAOLTTOUG pag alyopiBuouc.

ITNV CUVEXELQ TIPOXWPNOAUE e TNV UAoToinon tou aAyopibuou “Fast Fourier Transform”
0 omoio¢ buokoAeue o€ peydio BabBuod toug poltntéG otnv Katavonon tou. H uAomoinon
Atav  emtuxng mpoodépovtag OLadPACTIKEG KLVAOELG QVIIKELLEVWY. YAomol)Onke
tpwodldotatn otoifa, Ooxela mou pmopeilc va TomoBetiosl odaipeg péoa Kal

TPLOSLAOTATA KOUTLA YLO TTApoUGiaon OMOTEAEGLATWV.

-98 -



Mpoxwpnoaue otnv uAomoinon Tou aAyopiBuou emtAoyng. H Katavopr Twv oToLyelwv Tou
Tiivaka o€ KaBe Bripa Tou alyopiBuou pe xprion animation BonBa oe peydio Babuo otnv
katavonor tou. Exel epopUOOTEL OMTIKN OVATIAPACTOCN TOU TIVOKO, TwV OPAdwV Kot
Soxelwv Slapolpacpol otoleiwv AAL PE TNV XPrion odalpwy WG avVamapAaotoon TwV

OTOLXELWV pag.

H texvikn Tou SuVaLKOU TIPOYPAUUATIOMOU €lval pla SUGKOAN apXLKA OTnV Katavonaon
TEXVLKN. MEe TNV mopouciaon evog armAou alyopiBuou, oTnv MepmTwor) Lag £XoU U ETIAEEEL
Tov aAyoplBpuo “Fibonacci”, €xoupe MeTUXEL KAAUTEPN Mapouciaon TNg LEYAANnC BeAtiwong
TIou TtPoodEPEL ePpapUOIOVTAG ToV TTAVW o€ €va SUGKOAO TIPOPBANua. Exoupe uAomoLroeL
éva 3D O6uadikd 6évdpo mapéxovtag OAeg TIC Aeltoupyileg¢ Kal LSLOTNTEC TOU
TIPOYPOUHATIOTIKA, yla Tiapouciaon Twv avadpoULKWY EKTEAECEWV TOU avOSPOULKOU
Fibonacci. 2tTnv OuVEXELOL TOPOUCLACOUE TOV XPOVO EKTEAECINC TOUu e xprnon pebodou
QTTOUVNHOVEUONG KOL PE TOV SUVAULIKO TIPOYPAUUATIONO. TuyKkpivovtag KAaBe ektéAeon

TIOPOTNPOUUE Ta BETIKA TTOU TIpoodEPEL 0 SUVOLKOC oTNV BeATiwon MOAUTTAOKOTNTAG.

Téloc £xoupe Onuioupynoet €€ ‘apxnc €va 3D UN-OUVEKTIKO ToAuypddo yla Tnv
mapouciacn Tou Tuxotlomolnpévou alyopiBuou cuppikvwong Karger. AKOUN KO ETILTUXAG
uAoroinon, mpoodEpovtag Eva epyoleio He TO omolo pmopeic va ¢tiaéelg Tov dikd cou
ypado, va Tov anoBnkeVoELG KaL VO TOV OVAKTAOELG KOL CUVETIWG VA TPEEELG TOV aAyopLOpo
oUpPIKkVWONG. MeTd amo MOANEG eKTEAECELG TOU aAyopiBuou yia Tov i8Lo ypado BAEmou e
OTL £XOUUE TIOAUWVLULIKA ULIKPR TUOavOTNTA €MITUXAG EVPEONG HLAG KOBOALKA €AAXLOTNG

QTOKOTTAG.

MeTtd amo MoAAEC MOPOUCLACEL UAOTIOLNOEWVY OE £val KOWO amo ¢oltntég, diloug Kat
YVWOTeG tTNG TMANPOodOopPLKAG €XOUpE BeATwoel oe peyalo Babud 6Aa ta omoia €xouv
uAormolnBel. EKTog amd auto, n avadpaon mou £xel Swoel auTr N opAada avOpwWIwWY Hog
Oeilxvel OtL 0 okomog pag €xel emtevxBel oe peyaho Babud kal n avamapdctacn Twv
aAyopiBuwyv, Toug Bonbad otnv emutAéov katavonon. H mapouciacn Tou mpoypauUaTog o€
“Beta” popdn oto pabnua « AAyopLlOpot kot ToAUTIAOKOTNTA» EXELTIAPEL KAAECG KPLTIKEG OTLO

TOUG POLTNTEG KL EXEL KAVEL TILO EUXAPLOTN TNV StbaokaAia Twv aAyoplBuwv autwv.
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8.2 Kupiatepa npoPARHATO KOL TPOTIOG OVTLLETWITLONG

Y& aUTO To onpeio Ba avadepBoUUE OTA KUPLOTEPO KOLL YEVIKOTEPA TIPOBARLOTA TTOU £XOUV
gudpaviotel otn SutAwpatiki auth epyacia. Q¢ emakolouBo Ba meplypdPoupe UTTOPKTOUG

i mBavol¢ Tpoémoug enMiAuong yla To KABe pag mpoBAnua.

e AuokoAia otnv epappoyn animations mavw og 3D avtikeipeva. Avti va
XPNOLLOTIOL 00U E TO EPYAAELO e Ta animations €xel yivel ouyypadn scripts Ta
orota epapuolouV KLVNOELG LE XPON YPOUULKWY KOL UN-YPOUULKWY EELCWOEWV.

e [lpocappoyr sukpivelag Kat peyEBoug 006vng = EXOUUE LEAETHOEL TIEPLOOOTEPO
TLG KAUEPEG TIOU TpoodEpeL To Unity, oL omoleg xpnaotponolouvtal yLa tThv
EUPAVLON TNG OKNVAG KAC TTPOG TO XPNoTh. MeAAovVTIKA pmopel va BeATLwOEL.

e  METATPOT EMAVOANTITIKWY OAYOPLOUWY amd avadpoplkoU O EMAVAANTITLKOUG
yla onttikornoinon. Edw £xeL mapouaotaotel peyain duokoAio kabwg eixape
SuokoAla otnVv Katavonon TnG £Tolung peB6dou petatponig and avadpouLlKo o€
EMAVAANTITIKO KWK, ETOL HETA arto TIOAAEC SOKLUEG Kot AaOn (trial and error)
£€XOUHE KaTaAn&el oToug udploTapevouc adyoplBoug oL omoiot €xouv uAomotnBel
HE SLKO pag TpOmo yla KaAUTeEPN eUdAVLOT TOUC OTITIKA.

e [evikég SuokoAieg otnVv edappoyr HadnuaTikwy mou Stdaokovtal o€ padrpata
YPODLKWV YLA LETATOMIOELG KOl LETOTPOTIEG OVTLKELUEVWY OE dLadopa HEPN.
‘EMpeme va yivel EKLABNOoN AQUTWVY TWV HOBNUATIKWY 0pwV Kal eELCWOEWV yLa Va
UITOPECOUE VA T EPAPUOCOUE O€ KWOLKO KO TIAVW OTA AVTIKE{UEVA LaG.

e Meilwon enavaAnng koppatiov kwdika otnv dta Coroutine. MabBaivovtag yla
v duvatotnta xpriong Coroutine péoa oe Coroutine £XOUUE LELWOEL TNV
axpelootn emaveudpavion KwoLKa.

e Amnobrkeuon dedopévwy o apyeio. To epyaleio Unity mpooédepe opLoUEVEC
KAQOELG KOl aVTIKEPEva Ta omtoia 6ev pmopovoav va armoBnkeuBouv pe xprion
€VOG amAou Serializable. Metd amo moAAEG €peuveg Kal tpooTtdBeLleg uAomoinong
€xoupe dnuloupynoel KAAoEeLS Kal peB6doug amoduyng auTwy TwWV CUYKPOUCEWV

Kol EXOUUE KaTadEPEL EMTUXAG amoBrikeuon evog tplodldotatou moAuypddou.
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8.3 MeAhovtikn Epyaoia kot Emektaoslg

To TMPOYypOUUA HOG €XEL PEYAAO daopa HEANOVTIKWY PBEATIWOEWV KOL ETMEKTACEWV.
OplopEveg armo TG LEAAOVTIKEC epyaciec adopolV YeVIKA TNV edAVION Kal UAOTIOLNGCN TOU
TIPOYPAUUATOG KAl AAAEC adopolv PBeAtiwoelg mou Ba pmopouoe va €xel o KABOe
aAyoplOpog Eexwplotd. Apxlkd Bo EMIKEVIPWOOUUE OTIG YEVIKEG TUOOVEC HEANOVTIKEG
gpyaoiec mou Ba pnopouoayv va epappooToUV Kal oTtnv ouvexetla Ba avadepBouue og kAOe

aAyopLBpo Eexwplota.

lEVIKA TIAVW OE QUTH TNV €pyooio Umopouv va epappootolVv Sladope¢ aAlayEg Kot
BeATLWOELG. JUYKEKPLUEVOL TA TILO KATW €lval oplopévol otdxol mou Ba pmopouoav

BeAtiwoouv 1000 gudavIoLOKA 000 Kol oTnV uAomolnon:

1. Xpnron 1o AemTopEpwWV HE KaAUTEPN Tolotnta 3D povtéAwv mou Ba KAvouv Tio
£€UXAPLOTN TNV B€aon Twv aAyoplBuwv

2. MpocBnkn NXwV Kal NXNTIKWV EHE MAVW OTLG KLVIOELG AVILKELLEVWVY KOl YEVIKA YLOL
™V aTHOodaLpa TOU MPOYPAUUATOG

3. Meploootepeg emihoyég ota “Options” tng kuplag Stemadrc. Mo mapdadelyua,
aA\ayn B€patog, avéopsiwan vtaong nxou, eUKpivela 086vNC KATT.

4. BeAtiwon HeyeBwWV KOUUTILWV KOl EPYAAELWV XELPLOMOU KABWE KOl XpWHATWY OAWV
Twv Slemadwyv pag.

5. BeAtiwon kal eméktaon emAoywv €ukpivelag kat peyEBoug 0Bovng yla €va o
SUVOLLKO TtpOypappa TTou Ba mpooapoletal o SLAdopEC CUCKEVEG Kal 0O0OVEG.

6. Eméktaon vlomoinong kat og Kwvnta tnAédwva Android kat 10S kaBwg n Stemadn
pag propet va Soulevel kal pe touch controls otn B€on Tou movtiklou.

7. Beltiwon apyormoplag ektéleong Katl €€06ou. Towg Ppraiel o TPOMOG MOV €XOUUE

UAOTIOLAOEL YEVIKA TO TIPOYPALUA HOG.

O kaBe aAyoplBuog sivatl vAomolnpuévog Eexwplotd. Ol Aeioteg WO€eg yla BeAtiwon kot

eMéKTaon €xouVv epdaviotel otnv mopeia TG uAomoinong pag 6mou Kal ATtav oAU apyd yla
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epapuoyn alaywv. Mo Katw neplypddovtal oplopeVEC TILOAVEG LEANOVTIKEC aAAAYEC KOl

TIPOOBNKEG yLa Tov KABe aAyopLOpo:

AAyOpLBuog FFT:

Xpnnon uvlomotnuévou  duadikou  Sévbpou amd TOv  AUVAUIKO
TIPOYPAUHATIONO yLa Ttapouacioon Kabe aAlayn¢ BaBoug kal mapouaiaong
KABe opadag mepLTTwV Kal Aptlwy aplBpwy. Me autd tov Tpomo Ba pmopset
0 XPOTNC VO KATAVONOEL TO TWE SlaoTtatal Kot eKTeAe(tal o alyoplOpuoc.

Mapouciaon ypadLKAG QATMEKOVIONG UTIOAOYLOMOU MLyadikwy pulwv ME
XpPNon €vog KUKAou mou SouAgUeL OTwG To PoAoL otav Stapolpaletal Kot
gudavilovral ol pllec TMOU XELPLOOUAOTAL ULOL CUYKEKPLUEVN OTLYUR OTOV

aAyopLOpo.

AAyOp1Buog Emhoync:

Me €va restart Eavaéekiva o alyoplOpog pe ta idla dedopéva eloodou
BeAtiwon t™¢ petadopds Twv opapwv OAWV TWV SLAPECWY OTO KEVIPLKO
doxelo pe OAeg TG SlapEooug. Mevikad pmopesl va xpnolpomolnBel mo

e€e181kevuévo animation.

Auvapuikog Mpoypappatiopog — Fibonacci:

E€aywyn amoteAeoudtwy o elkova i PDF pe to §€vdpo mou unoloyiletat

Tuxatlomolnuévog ahyoplbuog Karger:

Auvatotnta Tpornomnoinong avaktnuévou ypadou amno apyxeio “Edit graph”.

BeAtiwon Twv animations.

Av UAOTIOLOUCQE TO TIPOYPAUUA AUTO Eava amd tnv apxn Ba Atav evieAws SLadopeTIKO.

MpwTo KO KUPLO £XOUUE amoKToeL AdBove yvwoeLg wg mpog To epyaleio Unity kat OAwv

TWV erAoywv Tou to amapTtifouv. Etol Ba eixape vAomolnoel o opopda kal eudLakplra,

LE TLEPLOCOTEPEG AeLTOUpYLeC TpLodldoTata avTlKElpHEVA e EVEALKTO animation. Emtiong avti
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va elyape yvwon povaya t¢ YAwooag Java Kot ETidaveLaKwY OPwV OVTIKELUEVOOTPEPELQC,
HE TNV MAAPNG HABnon tng yAwooag CH kol emumAéov PEAETN XPNONG QVTIKELUEVWY,
KANPOVOLLKOTNTAC KOl AAAWV CUPBACEWV TNG aVTLKELUEVOOTPEDELAG, Oa eiyxaue €va TTOAU
TIo KaAuTtepo amnotédeopa. O KwdIKAG poag Ba Atave kot oe BeAtiotonolnuévn-Optimized
pHopdn av Eekvouoape Eava anod tnv apxn, akoAoubwvtag OAEC TIG avayKaleg cUUBAOELS
ypadnc kat ouvtaénc tng CH#. TéEAog Ba eiyape amoppiP et emumAEov axpelaoTEC UAOTIOLNOELG
Kol n taxvTnta uAomoinong Ba Tav moAU 1o PLEYAAN HE TILO CUYUPLOUEVO TIPOYPAUa. AV
elyape meploootepeg yvwoelg nepl ypadikwv kat epyodeiouv Unity (SnAadn tautoxpova Kot

Gaming) Ba siyape €va moAU KOAUTEPO ATOTEAECUAL.
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Napaptnua A

Y€ QUTO TO TAPAPTN LA UTIAPXOUV KoppaTia Kwdika o CH# Ta omolia xpnotponotionkav kata
NV vhomoinon tou mpwtou alyopiBuou (Selection Sort). Oplopéva amo auta ta scripts
glval onuavtika yla apyotepn xprion otnv vAomoinon aAAwv aAyopibuwv.

BallMover.cs :

using UnityEngine;

public class BallMover : MonoBehaviour {

public Vector3 startPos; /*The starting/initial position of the sphere*/

public Vector3 target; /*The target position where the sphere is going to move to*/
public bool active = false; /* If active then the sphere is moving*/

public float height = 2; /* The height of the parabola curve*/

public static float speed = 0.3f; /* The speed the sphere moves from start pos to target */
private float time; /*The time the sphere needs to go from startPos to target*/

// Initialization of variables
void Start () {

height = 2;

time = 0;

startPos = transform.position;

}

/**
* updatePosition
* Used to update the starting position with the current pos.

*% /
public void updatePosition()
{
startPos = transform.position;
}
/%*

* SetTarget
* Used to set a desired target

*% /
public void SetTarget(Vector3 t)
{

this.target = t;
¥
/**

* StartMoving
* Activates the script

**/
public void StartMoving()
{
active = true;
}

// FixedUpdate is called once per frame
void FixedUpdate () {

// When ths script is active, move the current GameObject this
// script is attached from current Start Pos to target position
// (We use the parabola method of MathParabola where you can set

A-1



// the height of the parabola curve and the time as an interpolation
// value)
if (active)
{
time += Time.deltaTime;

MathParabola mp = new MathParabola();

transform.position = mp.Parabola(startPos, target, height, time);

}
// When the position of the sphere reaches the target, stop moving
if (transform.position == target)
{
time = 0;

startPos = transform.position;
active = false;

MathParabola.cs :

using System;
using UnityEngine;

/*MathParabola script: Contains interpolation functions for 2D/3D parabolic curves*/
public class MathParabola{

public Vector3 Parabola(Vector3 start, Vector3 end, float height, float t)
{

Func<float, float> f = x => -4 * height * x * x + 4 * height * x;

var mid = Vector3.Lerp(start, end, t);

return new Vector3(mid.x, f(t) + Mathf.Lerp(start.y, end.y, t), mid.z);

public Vector3 inverseParabola(Vector3 start, Vector3 end, float height, float t)
{

Func<float, float> f = x => -4 * height * x * x + 4 * height * x;

var mid = Vector3.Lerp(start, end, t);

return new Vector3(mid.x, f(t) + Mathf.Lerp(start.y, end.y, t), mid.z);

public Vector2 Parabola(Vector2 start, Vector2 end, float height, float t)
{

Func<float, float> f = x => -4 * height * x * x + 4 * height * x;

var mid = Vector2.Lerp(start, end, t);

return new Vector2(mid.x, f(t) + Mathf.Lerp(start.y, end.y, t));

ReadFile.cs :

using System;
using System.IO;
using UnityEngine;

/**

* ReadFile script

* provides tools to read a file containing float numbers
* used in the Selection Sort algorithm.

**/




public class ReadFile{

// Size of the array with the numbers
private int size;

/**

* readFile function

* Used to read float numbers from a given file
*% /

public float[] readFile(string file)

{
float[] arr;

//"Assets/Resources/Input.txt"
string filePath = file;

StreamReader reader = new StreamReader(filePath);
String line;

//in the beginning of the line is an integer (size of the file)
size = int.Parse(reader.ReadlLine());

arr = new float[size];
int count = 0;
while ((line = reader.ReadLine()) != null)
{
float num;
if (!float.TryParse(line, out num))
{

}

Debug.LogError("Error!\ + line + "\" can't be converted into float!");

arr[count] = num;
count++;

// Check if the file correctly has floats and the right
// amount of numbers
if (count > size)

{
}

Debug.LogError("Error! Size of the array not matching size given in file!");

}

return arr;

Point.cs :

using System.Collections;
using System.Collections.Generic;
using UnityEngine;

/**

* Point class

* Used to create a point object containing an x and y integer value
*k /
public class Point {

private int x;
private int y;

public Point()
{

}




public Point(int x, int y)

{
this.x = x;
this.y = y;
}
public int getX()
{
return Xx;
}
public int getY()
{
return y;
}
public void setX(int x)
{
this.x = x;
}
public void setY(int y)
{
this.y = y;
}

SelectionSortByFile.cs :

using System.Collections;

using System.Collections.Generic;
using TMPro;

using UnityEngine;

using UnityEngine.SceneManagement;

/**
* Visual Selection Sort using values from a file
*k /
public class SelectionSortByFile : MonoBehaviour {

// Variables and objects provided and being able to
// get from the inspector of where this script is
// attached onto.

public Transform StartPositionPlaceHolder;

public Transform EndPositionPlaceHolder;

public int NumberOfObjectsToPlace;

public Transform PlacableObject;

public GameObject PointingArrow;

public Transform StepText;

public TextMeshProUGUI pauseButtonText;

/*The placed spheres containing the numbers of the array*/
public List<Transform> PlacedTransforms;

/*Private variables*/

private Vector3 startPos;
private Vector3 endPos;
private float[] numArray;
private IEnumerator swap;
private Color defaultCol;
private GameObject backBtn;
private GameObject forwardBtn;

// Used for the buttons controlling the algorithm




private bool StartBtn;
private bool PauseBtn;
public bool useStepByStep;
private bool stepForward;
private bool stepBack;
private float speed;

// Use this for initialization

void Start()

{
//Back button to be disabled/enabled
backBtn = GameObject.FindGameObjectsWithTag("stepBackBtn")[0];
backBtn.SetActive(false);

//Forward button to be disabled/enabled
forwardBtn = GameObject.FindGameObjectsWithTag("stepForwardBtn")[0];
forwardBtn.SetActive(false);

startPos = StartPositionPlaceHolder.localPosition;
endPos = EndPositionPlaceHolder.localPosition;

GameObject.Destroy(StartPositionPlaceHolder.gameObject);
GameObject.Destroy(EndPositionPlaceHolder.gameObject);

PlaceObjectsAppart();
defaultCol = PlacedTransforms[0©].GetComponent<Renderer>().material.color;

StartBtn = false;

PauseBtn = false;

speed = 2f;
StartCoroutine("SelectionSort");

}

/*UI FUNCTIONS (used by the UI buttons and other elements)*/
public void SetStart(bool b)

{
StartBtn = b;
¥
public void SetPause()
{
PauseBtn = !PauseBtn;
if (!PauseBtn)
{
pauseButtonText.text = "PAUSE";
¥
else
{
pauseButtonText.text = "RESUME";
¥
¥
public void SetStepByStep(bool b)
{
useStepByStep = b;
¥
public void SetStepForward(bool b)
{
stepForward = b;
}
public void SetStepBack(bool b)
{
stepBack = b;
}
public void SetSpeed(float value)
{

speed = value;




BallMover.speed = value;

public void BackButton()
{

}
/*END OF UI FUNCTIONS*/

SceneManager.LoadScene("MainUI");

/**
* PlaceObjectsAppart function
* Used to linearly interpolate between two positions

* and place objects apart between them. (Vertically and horizontally)
*

*k /

private void PlaceObjectsAppart()

{
// Read the input file containing the numbers we need
// and transfer them to the array
ReadFile rf = new ReadFile();
numArray = rf.readFile("Input.txt");
NumberOfObjectsToPlace = numArray.Length;

// We need a maximum of 30 interpolated spheres per line
float no_of_interpolated_items = 30;

// Number of rows is defined by the total number of objects

int noOfRows = Mathf.CeilToInt((float)NumberOfObjectsToPlace / no_of interpolated_items);

int row = noOfRows;

// The current element
int element = 0;

// The final remaining number of items based on the maximum number of objects
// we need to place in each line

int remainder = NumberOfObjectsToPlace - ((noOfRows-1) * (int)no_of_interpolated_items);

// Place the objects
for (int i = ©; i < NumberOfObjectsToPlace; i++)

{

// For more than one rows
if (noOfRows > 1)

{
// Set the upper and down Start and End pinpoint edges.

Vector3 upperStartEdge = new Vector3(startPos.x, startPos.y - 3.5f, startPos.z);

Vector3 downStartEdge = new Vector3(startPos.x, startPos.y + 5f, startPos.z);
Vector3 uppertEndeEdge = new Vector3(endPos.x, endPos.y - 3.5f, endPos.z);
Vector3 downEndEdge = new Vector3(endPos.x, endPos.y + 5f, endPos.z);

// Set the scale of the sphere to correctly fit the line
float siz = (float)(19.0f / (float)no_of_interpolated_items);
PlacableObject.transform.localScale = new Vector3(siz, siz, siz);

// Every 30 items we change row
if (i% no_of_interpolated_items == 9)
{

row--;

element = 0;

}

// Set the text value of the object to display the current array value
PlacableObject.GetChild(@).GetComponent<TextMeshPro>().text = numArray[i] +

// If we are on row © we instantiate the remaining objects
Transform instantiatedObject;
if (row == 0)
{
instantiatedObject =




Instantiate(
PlacableObject,
Vector3.Lerp(Vector3.Lerp(upperStartEdge, downStartEdge, (float)row /
(float)noOfRows),
Vector3.Lerp(upperEndEdge, downEndEdge, (float)row /
(float)noOfRows),
(float)element / (float)(remainder)),
Quaternion.LookRotation(Vector3.forward));

}
// else on all the remaining rows we instantiate 30 objects at a time
else
{
instantiatedObject =
Instantiate(
PlacableObject,
Vector3.Lerp(Vector3.Lerp(upperStartEdge, downStartEdge, (float)row /
(float)noOfRows),
Vector3.Lerp(upperEndEdge, downEndEdge, (float)row /
(float)noOfRows),
(float)element / (float)(no_of_interpolated_items)),
Quaternion.LookRotation(Vector3.forward));
}
element++;

PlacedTransforms.Add(instantiatedObject);
¥

// If we only have one row only then we can change the size

// of the spheres too!

else

{
// Set the scale of the sphere
float siz = (float)(19.0f / (float)no_of_interpolated_items);
//float siz = 8.0f / NumberOfObjectsToPlace;

// Set the text inside the ball.
PlacableObject.GetChild(@).GetComponent<TextMeshPro>().text = numArray[i] + "";
Transform instantiatedObject =
Instantiate(
PlacableObject,
Vector3.Lerp(startPos, endPos, (float)i / (float)(NumberOfObjectsToPlace -
1)),
Quaternion.LookRotation(Vector3.forward));
instantiatedObject.localScale = new Vector3(siz, siz, siz);
PlacedTransforms.Add(instantiatedObject);

}

/%*
* SelectionSort coroutine

* the selection sort algorithm using visualization
*% /

public IEnumerator SelectionSort()

{
yield return new WaitUntil(() => StartBtn);

// Stack used to store the previous steps of the algorithm (with Point object (i,min))
Stack<Point> prevSteps = new Stack<Point>();

for (int i = @; i < numArray.Length; i++)
{
int min = i;
for (int j =1 + 1; j < numArray.Length; j++)




//StepText.GetComponent<TextMeshProUGUI>().text = numArray[j]+" <
"+numArray[min]+"?";
//yield return new WaitForSeconds(1f);
bool isMin = numArray[j] < numArray[min];
if (isMin)
{
//StepText.GetComponent<TextMeshProUGUI>().text ="Yes!";
PlacedTransforms[min].GetComponent<Renderer>().material.color = defaultCol;
min = j;
StepText.GetComponent<TextMeshProUGUI>().text = "Current minimum: " +
numArray[min];

else

{
Y

PlacedTransforms[j].GetComponent<Renderer>().material.color = Color.magenta;
// yield return new WaitForSeconds(0.03f);
if (PauseBtn)

//StepText.GetComponent<TextMeshProUGUI>().text = "No!";

{

yield return new WaitUntil(() => !PauseBtn);
}
yield return new WaitForSeconds(speed* 0.01f);
if (!isMin)
{

PlacedTransforms[j].GetComponent<Renderer>().material.color = defaultCol;

}
X

// Indicate the minimum sphere as red colored
PlacedTransforms[min].GetComponent<Renderer>().material.color = Color.red;

// Display the two animated arrows over
// the current objects we may swap.
ShowArrow(min, "MINIMUM");
ShowReverseArrow(i, "i");

StepText.GetComponent<TextMeshProUGUI>().text = numArray[min] + is less than " +

numArray[i];

float tmp = numArray[i];
numArray[i] = numArray[min];
numArray[min] = tmp;

if (PauseBtn)
{

}

yield return new WaitForSeconds(speed*@.7f);

yield return new WaitUntil(() => !PauseBtn);

Debug.Log("i=" + i + ", min=" + min);
swap = SwapBalls(i, min);

if (PauseBtn)

{

}

yield return StartCoroutine(swap);

yield return new WaitUntil(() => !PauseBtn);

// Push the previous step into the stack
prevSteps.Push(new Point(i, min));

PlacedTransforms[i].GetComponent<Renderer>().material.color = Color.grey;
// If the user has selected to use the step-by-step option

if (useStepByStep)
{




disabled

// Activate the step back and forward buttons

backBtn.SetActive(true);

forwardBtn.SetActive(true);

// Wait until any of those buttons is pressed or the step-by-step check box gets

if (PauseBtn)

{
yield return new WaitUntil(() => !PauseBtn);
}
yield return new WaitUntil(() => stepBack || stepForward || !useStepByStep);

// While we have steps that have been executed, we can load them back from
// the stack using the Back button.
while (stepBack && prevSteps.Count!=0)
{
stepBack = false;
stepForward = false;
Point prev = prevSteps.Pop();
int previ = prev.getX(), prevmin = prev.getY();

if (prevSteps.Count == 9)
{

}

backBtn.SetActive(false);

// Restore previous i position
i = previ - 1;

StepText.GetComponent<TextMeshProUGUI>().text = numArray[previ] + " < " +

numArray[prevmin];

// Show the arrows and swap the elements
ShowArrow(previ, "MINIMUM");
ShowReverseArrow(prevmin, "i");

tmp = numArray[previ];

numArray[previ] = numArray[prevmin];
numArray[prevmin] = tmp;

if (PauseBtn)
{

}

yield return new WaitForSeconds(speed);

yield return new WaitUntil(() => !PauseBtn);

Debug.Log("i=" + previ + ", min=" + prevmin);

swap = SwapBalls(previ, prevmin);
PlacedTransforms[previ].GetComponent<Renderer>().material.color = Color.grey;
if (PauseBtn)

{
yield return new WaitUntil(() => !PauseBtn);
}
yield return StartCoroutine(swap);
yield return new WaitUntil(() => stepBack || stepForward || !useStepByStep);

}

stepBack = false;
stepForward = false;

yield return null;

// STOP COROUTINE AND MAKE ALL BALLS GREEN AND DISPLAY FINISH MESSAGE AS WELL AS START-
>RESTART BUTTON

StepText.GetComponent<TextMeshProUGUI>().text = "Selection sort Complete!™";

for (int i=0; i<numArray.Length; i++)

PlacedTransforms[i].GetComponent<Renderer>().material.color = Color.green;




PlacedTransforms[i].GetChild(®@).GetComponent<TextMeshPro>().color = Color.black;
}

StartBtn = false;

GameObject startButton = GameObject.FindGameObjectsWithTag("startBtn")[0];
startButton.GetComponentInChildren<TextMeshProUGUI>().text = "RESTART";
StartBtn = false;

yield return new WaitUntil(() => StartBtn);

if (StartBtn)

{

}

SceneManager.LoadScene("SelectionSort");

}

Yk

* Displays an animated arrow over the i placed transform pointing down with text

* %/

private void ShowArrow(int i, string text)

{
Vector3 pos = new Vector3(PlacedTransforms[i].position.x, PlacedTransforms[i].position.y +

1f, PlacedTransforms[i].position.z);

Quaternion rot = PlacedTransforms[i].rotation;
GameObject arrow = (GameObject)Instantiate(PointingArrow, pos, rot);
arrow.transform.GetChild(1).GetComponent<TextMeshPro>().text = text;
arrow.transform.GetChild(@) .GetComponent<Renderer>().sortingOrder = 32766; // for the arrow
arrow.transform.GetChild(1).GetComponent<Renderer>().sortingOrder = 32767; //for the text
//Destroy(arrow, 2f);
Destroy(arrow, speed* 0.7f);

}

/**
* Displays an animated arrow down the i placed transform pointing up with text
* %/

private void ShowReverseArrow(int i, string text)

{

// Inverse the position of the arrow on the y axis
Vector3 pos = new Vector3(PlacedTransforms[i].position.x, PlacedTransforms[i].position.y -
1f, PlacedTransforms[i].position.z);

// Rotate the animated arrow 180 degrees on the x-axis.

Quaternion rot = Quaternion.Euler(new Vector3(PlacedTransforms[i].rotation.x + 1890,
PlacedTransforms[i].rotation.y, PlacedTransforms[i].rotation.z));

GameObject arrow = (GameObject)Instantiate(PointingArrow, pos, rot);

arrow.transform.GetChild (1) .GetComponent<TextMeshPro>().text = text;

arrow.transform.GetChild(1).transform.Rotate(180, 0, 0);

//The value must be between -32768 and 32767 (how far behind or closer to the camera is the

object)

// (the arrow is behind the text and they should all be shown closest to the camera)
arrow.transform.GetChild(0) .GetComponent<Renderer>().sortingOrder = 32766; // for the arrow
arrow.transform.GetChild(1).GetComponent<Renderer>().sortingOrder = 32767; //for the text
//Destroy(arrow, 2f);
Destroy(arrow, speed* 0.7f);

¥

/**

* Swap spheres from->to using the BallMover script component attached on each sphere

* */

private IEnumerator SwapBalls(int from, int to)

{

// Set the color of the spheres to red
PlacedTransforms[from].GetComponent<Renderer>().material.color = Color.red;
PlacedTransforms[to].GetComponent<Renderer>().material.color = Color.red;

// Swap the transforms from -> to, to -> from

A-10



PlacedTransforms[from].GetComponent<BallMover>().target = PlacedTransforms[to].position;
PlacedTransforms[from].GetComponent<BallMover>().active = true;
PlacedTransforms[to].GetComponent<BallMover>().target = PlacedTransforms[from].position;
PlacedTransforms[to].GetComponent<BallMover>().active = true;

// Swap the locations of the balls in the array
Transform tmp = PlacedTransforms[from];
PlacedTransforms[from] = PlacedTransforms[to];
PlacedTransforms[to] = tmp;

//Wait until both swaps are finished (they become inactive)
if (PauseBtn)
{

}

yield return new WaitUntil(()=> !PlacedTransforms[from].GetComponent<BallMover>().active

yield return new WaitUntil(() => !PauseBtn);

IPlacedTransforms[to].GetComponent<BallMover>().active);

//yield return new WaitForSeconds(1f);

// Restore the color of the spheres to blue
PlacedTransforms[from].GetComponent<Renderer>().material.color = Color.blue;
PlacedTransforms[to].GetComponent<Renderer>().material.color = Color.blue;
if (PauseBtn)

{

}

yield return null;

yield return new WaitUntil(() => !PauseBtn);

A-11
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Napaptnua B

Mwo katw Bplokovral ta scripts mou xpnotponolndnkav otov éAeyxo Twv Slemadwv xprotn

o€ OAn autn TNV gpyacia. Avadépovtal kupiwg yla to KedpdaAato 3.

MainMenu.cs :

using UnityEngine;

ik
* Main menu script

* Attached on the main menu canvas
*k

public class MainMenu : MonoBehaviour {

/**
* Used for the Quit Button to quit the Application
*/

public void QuitApp()

{

Debug.Log("Quitting Application...");
Application.Quit();
¥

OptionsMenu.cs :

using UnityEngine;
using UnityEngine.Audio;

/**
* OptionsMenu script

* Attached over the options menu canvas
*k /

public class OptionsMenu : MonoBehaviour {

// Additional future feature (Set volume)
public AudioMixer audioMixer;

public void SetVolume(float volume)

{

}

audioMixer.SetFloat("volume",volume);

/*Used to set the quality of the application's graphics*/
public void SetQuality(int qualityIndex)
{

}

QualitySettings.SetQualityLevel(qualityIndex);

/*Used to set the window of the app to fullscreen or not*/
public void SetFullscreen(bool isFullscreen)
{

Debug.Log("Fullscreen toggled!");

Screen.fullScreen = isFullscreen;
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SelectionMenu.cs :

using UnityEngine;
using UnityEngine.SceneManagement;

/x*

* SelectionMenu script

* Used to load all the algorithm scenes

* Attached to Selection menu canvas

*k

public class SelectionMenu : MonoBehaviour {

/*The following functions are used to load their corresponding algorithm*/
public void StartSelectionSort()

{
}

// Extra algorithm
public void StartBubbleSort()

SceneManager.LoadScene("SelectionSort", LoadSceneMode.Single);

{
SceneManager.LoadScene("BubbleSort", LoadSceneMode.Single);
}
public void StartFFT()
{
SceneManager.LoadScene("FFT", LoadSceneMode.Single);
}
public void StartSelectionAlgorithm()
{
SceneManager.LoadScene("SelectionAlgorithm", LoadSceneMode.Single);
}
public void StartDynamicProgramming()
{
SceneManager.LoadScene("DynamicProgramming"”, LoadSceneMode.Single);
}
public void StartRandomizedAlgorithm()
{
SceneManager.LoadScene("RandomizedAlgorithm", LoadSceneMode.Single);
}




Noapaptnua

Mo katw PBplokovral ta scripts Kal oXeSLAOTIKO UALKO TIOU XpnoLhomoLndnkav Kotd tv

uAoroinon tou aAyopiBuou FFT. Avadépovrtal kupiwg yia to KedpdaAato 4.
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Complex.cs

using UnityEngine;

/**

Complex Numbers

(Help from Complex.java)

(Used in the Fast Fourrier Transform algorithm)
*/

public class Complex{

*
*
*
*

private float real;
private float imaginary;

public float Real {

get { return real; }

set {
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public float Imaginary {

get { return imaginary; }
set { imaginary = value; }
}
Complex()
this.real = 0;
this.imaginary = 0;
}
public Complex(float real, float imaginary)
{
this.real = real;
this.imaginary = imaginary;
}
public static Complex operator +(Complex cl, Complex c2)
{
return new Complex(cl.real + c2.real, cl.imaginary + c2.imaginary);
}
public static Complex operator -(Complex cl, Complex c2)
{
return new Complex(cl.real - c2.real, cl.imaginary - c2.imaginary);
}
public static Complex operator *(Complex cl, Complex c2)
{
return new Complex((cl.real * c2.real) - (cl.imaginary * c2.imaginary),
(cl.real * c2.imaginary) + (cl.imaginary * c2.real));
}
public static Complex operator *(int i, Complex c2)
{
return new Complex((i * c2.real) - (i * c2.imaginary),
(i * c2.imaginary) + (i * c2.real));
}
public static Complex operator /(Complex cl, Complex c2)
{
return cl*c2.reciprocal();
}
public Complex reciprocal()
{
float scale = real * real + imaginary * imaginary;
return new Complex(real / scale, -imaginary / scale);
}

public Complex exp()

{
return new Complex(Mathf.Exp(real) * Mathf.Cos(imaginary), Mathf.Exp(real) *

Mathf.Cos(imaginary));

public override string ToString()

{
if (imaginary == @) return real.ToString("o.##") + "";
if (real == @) return imaginary.ToString("o.##") + "i";
if (imaginary < ©) return real.ToString("0.##") + " " + imaginary.ToString("e.##") + "i";
return real.ToString("0.##") + " + " + imaginary.ToString("o.##") + "i";
}

}

StackObjectManager.cs




using System.Collections;

using System.Collections.Generic;
using TMPro;

using UnityEngine;

/**
StackObjectManager

Used for controlling the stack 3D object for Pushing, Popping and
Clearing Elements.

*/

public class StackObjectManager : MonoBehaviour {

*
*
*
*

// The stack element to be instantiated each time in the stack
public Transform stack_element;

// All the elemnts currently in the stack
private Stack<Transform> placed_elements;

// Maximum stack elements
private const int MAX_ELEMENTS = 8;

// Use this for initialization
void Start()

{
placed_elements = new Stack<Transform>();
//StartCoroutine("addElements");

¥

/x*

* pushElement function

* Push an element into the stack with s string name and col color

*% /

public void pushElement(string s, Color col)

{
// Instantiate a new stack element at the top position of the stack
if (placed_elements.Count == MAX_ELEMENTS) return;
Transform instantiatedItem = Instantiate(stack_element);
instantiatedItem.SetParent(gameObject.transform);
instantiatedItem.GetComponent<Renderer>().material.color = col;
instantiatedItem.GetChild(@).GetComponent<TextMeshPro>().text = s;
instantiatedItem.position = new Vector3(gameObject.transform.position.x,

gameObject.transform.position.y + 20, gameObject.transform.position.z);

placed_elements.Push(instantiatedItem);

}

/**
* popElement function
* Pop an element from the stack and return its string value

*% /
public string popElement()
{
if (placed_elements.Count == @) return "ERROR";
Transform popped_element = placed_elements.Pop();
string s = popped_element.GetChild(0).GetComponent<TextMeshPro>().text;
Destroy(popped_element.gameObject);
return s;
¥

// Used for testing
public IEnumerator addElements()

{
for (int i=0; i<8; i++)
{
pushElement("[ "+i+" ]", Color.red);
yield return new WaitForSeconds(2f);
¥

for (int i = @; 1 < 8; i++)




gameObject.transform.GetChild (@) .GetComponent<TextMeshPro>().text = popElement();

yield return new WaitForSeconds(2f);

}

yield return null;

}

ContainerDisplay.cs

using System.Collections;

using System.Collections.Generic;
using TMPro;

using UnityEngine;

ik
* Used for the Container 3D gameobject
* This object acts like a data structure with 8 items capacity
* */
public class ContainerDisplay : MonoBehaviour {
// FOR sriptable object
//public Container container;

// The three walls of the container
public Transform ground;

public Transform left_wall;

public Transform right_wall;

// Container's label
public TextMeshPro label;

// The item that is going to be added each time in the container
public Transform item;

// Number of items to be interpolated in each row
public int numberOfInterpolatedItems = 4;

private Vector3 startPos; // initial position of where the interpolation of items start
private Vector3 endPos; // end position of the interpolation

private float siz; // size value

private List<Transform> PlacedItems; // current placed items

private int noOfItems = 0; // current number of items

private Stack<string> remainingItemsToAdd; // The remaining items

public bool add_an_item = false; // if true then add an item
public string item_string = ""; // current item string value

// Use this for initialization

void Start () {
// FOR sriptable object
//label.text = container.name;
//item.gameObject.AddComponent<Rigidbody>();
PlacedItems = new List<Transform>();
remainingItemsToAdd = new Stack<string>();
noOfItems = 0;
siz = gameObject.transform.localScale.x/1.2f;
item.transform.localScale = new Vector3(siz, siz, siz);
startPos = gameObject.transform.localPosition;
startPos.x += siz/3.4f;
startPos.y += siz*1.4f;
endPos = startPos;
endPos.x += siz * 3.2f;
Debug.Log("Container working");
//StartCoroutine("Containing");

left to add




}

void FixedUpdate()

{
// Add an item while we are able
if (add_an_item)
addItem(item_string);
add_an_item = false;
¥
¥
/x*

* addItemToContainer function
* Set the current item to add value and add it to the container

*k |
public void addItemToContainer(string s)
{
item_string = s;
add_an_item = true;
¥
Yk

* addItem function
* add an item while we have space in the correct instatiated
* interpolated position
*k /
public bool addItem(string s)
{
if (noOfItems == 8)
{

¥
item.GetChild(@).GetComponent<TextMeshPro>().text = s;
item.GetChild(@).GetComponent<TextMeshPro>().fontSize = 20;
Transform instantiatedItem = Instantiate(
item,
Vector3.Lerp(startPos, endPos, (float)noOfItems %

return false;

numberOfInterpolatedItems
/ (float)(numberOfInterpolatedItems -
1)),
Quaternion.LookRotation(Vector3.forward));

instantiatedItem.SetParent(gameObject.transform);

PlacedItems.Add(instantiatedItem);

noOfItems++;

return true;

}

/%*
* addItem function
* Remove a specific item and move items to fit the right places
* after the removal
**/
public bool c(string s)
{
bool available = false;
for(int i=0; i<noOfItems; i++)
if(PlacedItems[i].GetChild (@) .GetComponent<TextMeshPro>().text == s)
{
available = true;
break;
}
if (available)
StartCoroutine("moveItems", s);
else return false;
return true;




/**
* moveItems coroutine
* Move items to fill the empty space on s item
* and remove the s item from the list
*% /
public IEnumerator moveItems(string s)

{

Vector3 pos = PlacedItems[noOfItems-1].transform.position;

// Remove the rigidbody component from all items
for (int i = ©; i < noOfItems; i++)

{
X

for (int i = @; i < noOfItems; i++)

Destroy(PlacedItems[i].gameObject.GetComponent<Rigidbody>());

if (PlacedItems[i].GetChild(@).GetComponent<TextMeshPro>().text == s)
{

GameObject p = PlacedItems[i].gameObject;

pos = p.transform.position;

PlacedItems.RemoveAt(i);

Destroy(p);

noOfItems--;

// Use the ball mover component of the spheres
// to move the spheres one step backs
for (int j = i; j < noOfItems; j++)

if (PlacedItems[j] != null)

{
Vector3 tmpPos = PlacedItems[j].transform.position;
PlacedItems[j].GetComponent<BallMover>().target = pos;
PlacedItems[j].GetComponent<BallMover>().startPos =

PlacedItems[j].transform.position;

PlacedItems[j].GetComponent<BallMover>().active = true;
yield return new WaitForSeconds(0.3f);
pos = tmpPos;

}
}

yield return true;

}

/%*
* removeItem function
* Removes an item from the container
**/
public bool removeItem()
{
if (noOfItems == @) return false;
GameObject p = PlacedItems[@].gameObject;
PlacedItems.RemoveAt(0);
Destroy(p);
noOfItems--;
return true;

/**

makeEmpty

returns true if container can be emptied and empties it
else false

*/

public bool makeEmpty()

{

*
*
*
*




if (noOfItems == @) return false;

for(int i=noOfItems-1; i>=0; i--)

{
GameObject p = PlacedItems[i].gameObject;
PlacedItems.RemoveAt(i);
Destroy(p);

noOfItems=0;
return true;

}

ik

* isEmpty function

* returns true if container is empty
*k )

public bool isEmpty()

{
if (noOfItems == 0)
return true;
return false;

}

/*Sets the label of the container*/
public void setLabel(string s)
{

}

label.text = s;

/*Coroutine used for testing the container*/
public IEnumerator Containing()

{
for (int i = 0; i < 10; i++)
{
addItem(""+1i);
Debug.Log("Added item");
yield return new WaitForSeconds(1f);
¥
for (int i = 4; 1 < 6; i++)
{
//removeltem(@ + "");
yield return new WaitForSeconds(2f);
¥
// Always wait 2 seconds after remove!
yield return null;
¥

FFTPolynomialDropdownController.cs

using System;

using TMPro;

using UnityEngine;
using UnityEngine.UI;

/**

* FFTPolynomialDropdownController script

* Used to control the main functionalities of the

* drop down box of FFT main UI

**/

public class FFTPolynomialDropdownController : MonoBehaviour {

// UL elements that are being controlled
public TextMeshProUGUI title;




public GameObject randomDropbox;
public GameObject customInputField;
public GameObject FFTAlgorithm;

public TextMeshProUGUI polynomialText;

// Use this for initialization
void Start()

{
customInputField.GetComponent<TMP_InputField>().onValueChanged.AddListener(delegate {
ValueChangeCheck(); });
¥

// Update is called once per frame
void Update()

if (GetComponent<Dropdown>().value == 0)

{
title.text = "Please choose a degree for a random polynomial:";
randomDropbox.SetActive(true);
customInputField.SetActive(false);

else if (GetComponent<Dropdown>().value == 1)

{

title.text = "Please enter your own polynomial with 2, 4, 8 or 16 coefficients
(seperated by \" \"):";

randomDropbox.SetActive(false);

customInputField.SetActive(true);

}

/x*
* ValueChangeCheck
* Called each time the user changes the value of the
* input text box. Used to display the final appearance
* of the polynomial.
**/
public void ValueChangeCheck()
{
string[] splittedInput = customInputField.GetComponent<TMP_InputField>().text.Split("' ');
// Check the given polynomial if it is a valid size or
// use the default one (-2+3x)
int size = splittedInput.Length;
if (splittedInput.Length > 16)

{
size = 16;
¥
else if(size > 8)
{
size = 8;
¥
else if (size > 4)
{
size = 4;
¥
else if(size > 2)
{
size = 2;
¥
else
{
splittedInput = new string[] {"-2", "3"};
size = 2;
}

int[] coeff = new int[size];
Complex[] polComplex = new Complex[size];

string pol = "P: ";




for (int i = @; i < size; i++)

{
int num = 0;
if (Int32.TryParse(splittedInput[i], out num))
{

}

else

{

Console.WriteLine(num);

Console.WriteLine("String could not be parsed. ERROR!");

coeff[i] = num;
polComplex[i] = new Complex(num, ©);
}
FFTAlgorithm.GetComponent<FastFourrierTransformAlgorithm>().P = polComplex;
pol =
FFTAlgorithm.GetComponent<FastFourrierTransformAlgorithm>().calculatePolynomialText(polComplex);
polynomialText.text = pol;
}

FastFourrierTransformAlgorithm.cs

using System;

using System.Collections;

using System.Collections.Generic;
using TMPro;

using UnityEngine;

using UnityEngine.UI;

using UnityEngine.SceneManagement;
using Random = System.Random;

/%*

* FastFourrierTransformAlgorithm script

*

* (Help from FFT.java)

* %/

public class FastFourrierTransformAlgorithm : MonoBehaviour {

// The polynomial used:
public Complex[] P = { new Complex(-2, ©), new Complex(3, 0) };
public static Complex[] inputFieldP;

// Used to set the speed of the algorithm
public float speed = 2f;

// If start button is pressed then it turns true
private bool start_btn;

// Main objects used to be controlled during the
// execution of the algorithm

public Transform container;

public Transform polynomial;

public Transform coefficients;

public Transform results_panel;
public Transform polynomials_3dstack;
public Transform results_3dstack;
public Transform even_container;
public Transform odd_container;
public Transform left_arrow;

public Transform right_arrow;

public Transform current_step;

public Transform final_result;

// from the Choice UI




public Dropdown degree_dropdown;
public TextMeshProUGUI polynomial_choice;
public Transform fireworks;

// Used for the step next button
public bool useStepByStep;
private bool stepForward;

// All the text Ui elements used to show every
// calculation and result during the execution
private TextMeshPro coefficients_text;

private TextMeshPro peven_text;

private TextMeshPro podd_text;

private TextMeshPro result_calculations_text;
private TextMeshPro w_calculations_text;
private TextMeshPro result_text;

private TextMeshProUGUI current_step_text;

/*Functions enabled by the UI buttons for controlling the flow of the program*/
public void setSpeed(float s)

{

this.speed = s;

public void setStart(bool s)

{
this.start_btn = s;

public void SetStepForward(bool b)
{

stepForward = b;
public void SetStepByStep(bool b)
{

useStepByStep = b;

public void BackButton()

{
SceneManager.LoadScene("MainUI");
¥
public void dropdownPolynomial()
{
// Based on the user's choice, we set a polynomial degree
// value and calculate a random polynomial
int choice = degree_dropdown.value;
switch (choice)
{
case 0:
this.P = calculateRandomPolynomial(2);
break;
case 1:
this.P = calculateRandomPolynomial(4);
break;
case 2:
this.P = calculateRandomPolynomial(8);
break;
case 3:
this.P = calculateRandomPolynomial(16);
break;
}
polynomial_choice.text = calculatePolynomialText(this.P);
¥

/*Control flow functions END*/

/**
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* complexArrayToString
* Based on a complex array, it returns a string
* displaying the analogous coefficient array
**/
public String complexArrayToString(Complex[] P)
{

String s = "< ";

for (int i = ©; i < P.Length-1; i++)

{

s += P[i] + ", ";

}

s += P[P.Length - 1] + " >";

return s;
}
Yk
* calculatePolynomialText function
* Using a complex number array P, it displays it
* in string form "Y = r@ + rl”1 + r2”2... rn*n" using
* the real part of the complex numbers.
* %/

public String calculatePolynomialText(Complex[] p)
{

string s = "Y =

)
for(int i=0; i<p.Length; i++)
{
if (1 == 9)
s += p[i].Real + " ";
else

if (p[i].Real >= 0)

s += "+ "5
s += p[i].Real +

x4+ 1+
}
}

return s;

/%*
* calculateRandomPolynomial function
* Based on a given degree, it calculates random coefficents
* for the polynomial with that degree. If we want to display
* a polynomial, we just se the values of the real part of a
* Complex number and © to the imaginary.
**/
private Complex[] calculateRandomPolynomial(int degree)
{

Complex[] p = new Complex[degree];

Random r = new Random();

for (int i = @; i < degree; i++)

{
// Include © except the final value of the polynomial
if(i==degree-1)
p[i] = new Complex(r.Next(1,10), of);
else
p[i] = new Complex(r.Next(-9,10), of);
return p;

}

// Clear and initialize all UI and Object elements
private void Start()

{
if (inputFieldP != null)
{
this.P = inputFieldP;
}
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// Clear and initialize text boxes:

setCurrPol("");

peven_text = results_panel.GetChild(@).GetComponent<TextMeshPro>();

podd_text = results_panel.GetChild(1).GetComponent<TextMeshPro>();
w_calculations_text = results_panel.GetChild(2).GetComponent<TextMeshPro>();
result_calculations_text = results_panel.GetChild(3).GetComponent<TextMeshPro>();
result_text = results_panel.GetChild(4).GetComponent<TextMeshPro>();
current_step_text = current_step.GetComponent<TextMeshProUGUI>();
coefficients_text = coefficients.GetChild(®).GetComponent<TextMeshPro>();

peven_text.text =

podd_text.text = "";
result_calculations_text.text = "";
w_calculations_text.text = "";
result_text.text = "";
current_step_text.text = "";

coefficients_text.text = H
polynomial_choice.text = calculatePolynomialText(this.P);
// NORMAL ITERATIVE FFT RUN

//Complex[] result = IterativeFFT(P);
//Debug.Log("RESULT:\t"+complexArrayToString(result));

// RUN THE ITERATIVE VISUAL FFT :

// MAX: 16th degree polynomial

//Complex[] P = { new Complex(3, ©), new Complex(5, @), new Complex(2, ©), new Complex(1,

Complex(4, @), new Complex(5, @), new Complex(l, @), new Complex(-1, @),

// new Complex(3, ©), new Complex(5, @), new Complex(2, ©), new Complex(1,

Complex(4, ©), new Complex(5, ©), new Complex(1l, @), new Complex(-1, ©) };
// 8th degree polynomial

//Complex[] P = { new Complex(3, ©), new Complex(5, @), new Complex(2, ©), new Complex(1,

Complex(4, ©), new Complex(5, ©), new Complex(1l, @), new Complex(-1, ©) };
// 2nd degree polynomial
//Complex[] P = { new Complex(-2, ©), new Complex(3, ©) };

// Begin the algorithm
StartCoroutine("iterativeVisualFFT");

ormalFFT function

* A normal recursive version of FFT
* Used for testing.

*% /

public Complex[] normalFFT(Complex[] P, int n)

{

if (n == 1) return new Complex[] { P[@] };

if (n % 2 !'= @) Debug.Log("Error! Length of the array is not in the power of two!");

Complex[] Peven = new Complex[n / 2];
Complex[] Podd = new Complex[n / 2];
int even = @, odd = 9;

for (int i = ©; 1 < n; i++)

if (1% 2 ==20)

t Peven[even] = P[i];
even++;

}

else
Podd[odd] = P[i];
odd++;

}
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Complex[] p1
Complex[] p2

= normalFFT(Peven, n / 2);
= normalFFT(Podd, n / 2);

/*for(int j=0; j<2*n; j++)

{

// W2mij/n

float curr = ((2f * Mathf.PI * (float)j) / (float)n);
Complex W = new Complex(Mathf.Cos(curr), Mathf.Sin(curr));
Pnew[j] = p1[J % n] + (W * p2[J % n]);

y*/

// Combine even + odd
Complex[] Pnew = new Complex[n];
for (int k = ©; k < n / 2; k++)

{

float kth = 2 * k * Mathf.PI / n;

Complex wk = new Complex(Mathf.Cos(kth), Mathf.Sin(kth));
Prew[k] = p1[k] + (wk * (p2[k]));

Pnew[k + n / 2] = p1[k] - (wk * (p2[k]));

}

return Pnew;

}

/x*

* IterativeFFT function
* Used for testin the results

* ok

public Complex[] IterativeFFT(Complex[] P)

{

Stack<Complex[]> polynomials = new Stack<Complex[]>();
Stack<Complex[]> results = new Stack<Complex[]>();

// Insert initial array into stack
polynomials.Push(P);

while(polynomials.Count != @)

// Pop the next polynomial
Complex[] currentP = polynomials.Pop();

// terminal option
if(currentP.Length == 1)

{

// return {P[0@],P[O]}
results.Push(new Complex[] {currentP[@],currentP[0]});

while (results.Count > 1)

{

// Even
Complex[] rl = results.Pop();

// if the next element in the result stack is not
// the same size as the one popped
// (Peven.Length == Podd.Length) then wait until
// its partner gets pushed in the results
if(results.Peek().Length != rl.Length)
{

results.Push(rl);

break;

}

// 0dd
Complex[] r2 = results.Pop();

/*String s1 = "", s2 = "";
for (int i = @; i < rl.Length; i++)
{
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sl += r1[i] + ", ";

s2 += r2[i] + ", ";
Y*/
Debug.Log(complexArrayToString(ri));
Debug.Log(complexArrayToString(r2));

// Calculate the new array for the 2*N roots
// using the popped results of the previous
// fft(Peven) and fft(Podd)

int newN = ril.Length * 2;

Complex[] newP = new Complex[newN];

for (int i = @; 1 < newN / 2; i++)

{
float kth = 2 * i * Mathf.PI / newN;
Complex wk = new Complex(Mathf.Cos(kth), Mathf.Sin(kth));
newP[i] = r1[i] + (wk * (r2[i]));
newP[i + newN / 2] = r1[i] - (wk * (r2[i]));
}
results.Push(newP);
}
continue;

}

// Split current array into its Even and Odd positioned numbers
Complex[] Peven = new Complex[currentP.Length / 2];

Complex[] Podd = new Complex[currentP.Length / 2];

int even = 0, odd = 0;

for(int i=0; i<currentP.Length; i++)

{
if (i % 2 == 9)
Peven[even++] = currentP[i];
else
Podd[odd++] = currentP[i];
¥

// Add Podd and Peven to stack in this order (since stack is FIFO)
polynomials.Push(Podd);
polynomials.Push(Peven);

}

// The final result in the results stack is
// the result of the FFT
return results.Pop();

/***************************************************************************************************
***************************/

/*Used to push a string value of s with color col to the stack st*/
private void pushTo3DStack(Transform st, string s, Color col)

{
¥

/*Pops and returns a stack element from stack st.*/
private string popFrom3DStack(Transform st)

{
}

/*Sets the current polynomial value text box to s*/
private void setCurrPol(string s)

{
}

/*Changes the color of a specific character to color on a string t at position pos*/
private string changeColorChar(string t, int pos, string color)

{

st.GetComponent<StackObjectManager>().pushElement(s, col);

return st.GetComponent<StackObjectManager>().popElement();

polynomial.GetChild(®@).GetComponent<TextMeshPro>().text = s;
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string text = t;

string subl = text.Substring(@,pos);

string sub2 = text.Substring(pos+1, text.Length-subl.Length-1);
// We use tags

text = subl + "<color=
return text;

+ color + ">" + text.ToCharArray()[pos] + "</color>" + sub2;

}

/**

* iterativeVisualFFT function

* Our main iterative visual FFT algorithm

* */

public IEnumerator iterativeVisualFFT()

{
// Wait until the start button gets pressed
yield return new WaitUntil(() => start_btn);

setCurrPol(calculatePolynomialText(P));

// Polynomials stack used to store the pending polynomials to be used
// to be splitted into its even and odd polynomials

Stack<Complex[]> polynomials = new Stack<Complex[]>();
Stack<Complex[]> results = new Stack<Complex[]>();

// Current level of deapth of the recursive split (tree)
// eg: Pevenl, Poddl : peven and podd of level 1
int level = 1;

string curr_pol_name =

// The final result in the results stack is
// the result of the FFT
Complex[] result = null;

current_step_text.text = "1) Pushing initial polynomial to Polynomial stack";

// Insert initial array into stack
polynomials.Push(P);
pushTo3DStack(polynomials_3dstack, "Pinit: " + complexArrayToString(P), Color.red);

// If we are using step-by-step, we wait until the step forward button gets pressed
// or if the Use step forward toggle gets disabled. Else we use the default

// wait for the desired run speed.

if (useStepByStep)

{
yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;

¥

else

yield return new WaitForSeconds(speed);
while (polynomials.Count != @)

// Pop the next polynomial
Complex[] currentP = polynomials.Pop();

// Get the name of the polynomial popped
curr_pol_name = popFrom3DStack(polynomials_3dstack);
curr_pol_name = curr_pol_name.Substring(@, curr_pol_name.IndexOf(':"));

current_step_text.text = "2) Popping " + curr_pol_name + " from stack";

setCurrPol(calculatePolynomialText(currentP));
coefficients_text.text = curr_pol_name + ": " + complexArrayToString(currentP);
if (useStepByStep)

{
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}

else

yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;

yield return new WaitForSeconds(speed);

// Base Case

if (
{

currentP.Length == 1)

current_step_text.text = "3) Base case reached (size = 1)\n -> Push to Results"”;
// return {P[0],P[0]}

Complex[] Pfinal = new Complex[] { currentP[@], currentP[@] };
results.Push(Pfinal);

pushTo3DStack(results_3dstack, curr_pol_name + " BASE: " +

complexArrayToString(Pfinal), Color.magenta);

complexArrayToString(Pfinal);

Pop from stack";

w_calculations_text.text = complexArrayToString(currentP)+ " => " +
if (useStepByStep)
{
yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;
}
else

yield return new WaitForSeconds(speed);

// Clear results panel.
clearResults();

current_step_text.text = "4) Checking the Results stack for a Pair Match...";
while (results.Count > 1)
{

// Even

Complex[] rl = results.Pop();

// if the next element in the result stack is not
// the same size as the one popped

// (Peven.Length == Podd.Length) then wait until
// its partner gets pushed in the results

if (results.Peek().Length != ril.Length)

{
current_step_text.text = "4) Result match NOT found!";

results.Push(rl);

if (useStepByStep)

{
yield return new WaitUntil(() => stepForward || !useStepByStep);

stepForward = false;

}

else
yield return new WaitForSeconds(speed);

break;

}

// 0dd
Complex[] r2 = results.Pop();

// Pop the 3D stacks too

current_step_text.text = "5) Result Match found with size = "+rl.Length+"\n ->

level--;
string s1 = popFrom3DStack(results_3dstack);
peven_text.text = "Peven: " + complexArrayToString(rl);

yield return new WaitForSeconds(speed);
string s2 = popFrom3DStack(results_3dstack);
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podd_text.text = "Podd: " + complexArrayToString(r2);
yield return new WaitForSeconds(speed);

if (useStepByStep)

{
yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;

}

Debug.Log(complexArrayToString(rl));
Debug.Log(complexArrayToString(r2));

// Calculate the new array for the 2*N roots
// using the popped results of the previous
// fft(Peven) and fft(Podd)

int newN = ril.Length * 2;

Complex[] newP = new Complex[newN];

// Use an array to store the results of the calculations
// to display them in order later.

// Listl: for Wi,2n, List2: for Wi+n,2n

Complex[] wi2ns = new Complex[newN];

for (int 1 = @; i < newN / 2; i++)
{
float kth = 2 * i * Mathf.PI / newN;
Complex wk = new Complex(Mathf.Cos(kth), Mathf.Sin(kth));

// Store current roots Wi,2n and Wi+n,2n

wi2ns[i] = wk;
wi2ns[i + newN / 2] = wk - (wk + wk);

newP[i] = r1[i] + (wk * (r2[il]));
newP[i + newN / 2] = r1[i] - (wk * (r2[i]));
}

current_step_text.text = "6) Calculating the roots along with the results";

if (useStepByStep)

{
yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;

¥

else

yield return new WaitForSeconds(speed);

// Display results
for (int i=0; i<newN; i++)
{
string keth = "2 * " + i + "PI / " + newN;
current_step_text.text = "6)a) W"+i+","+newN+" = cos("+keth+") +
i*sin("+keth+")" ;

+ newN + " =" 4+ wi2ns[i] + "\n";

w_calculations_text.text += "W" + i +

yield return new WaitForSeconds(speed);

current_step_text.text = "6)b) P["+i+"] = "+ "Peven["+i+"] "+ ((i%2==0)? "+"
DU=T) 4+ " WU+, "+newN+" ¥ Podd["+i+"]";

result_calculations_text.text += "P[" + i + "] =

yield return new WaitForSeconds(speed);

+ newP[i] + "\n";

if (useStepByStep)

{
yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;
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result_text.text = "RESULT: " + complexArrayToString(newP);

if (useStepByStep)

{
yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;

}

else

yield return new WaitForSeconds(speed);
w_calculations_text.text = "";
result_calculations_text.text = "";
// If polynomials is empty then we reached
// the FINAL RESULT
if (polynomials.Count == © && results.Count == 0) {
result = newP;
break;

}

results.Push(newP);
pushTo3DStack(results_3dstack, "Presult" + level + ": " +

complexArrayToString(newP), Color.red);

if (useStepByStep)

{
yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;
¥
else
yield return new WaitForSeconds(speed);
¥
continue;

// Clear results panel
clearResults();

current_step_text.text = "3) Splitting "+curr_pol_name+" to even and odd";

// Split current array into its Even and Odd positioned numbers
Complex[] Peven = new Complex[currentP.Length / 2];
Complex[] Podd = new Complex[currentP.Length / 2];

// Activate containers
even_container.gameObject.SetActive(true);
odd_container.gameObject.SetActive(true);

int even = 0, odd = 0;

string curr_coeff = coefficients_text.text;

int char_pos = curr_coeff.IndexOf(',"')-1;

for (int i = @; i < currentP.Length; i++)

{
// Highlight current letter
coefficients_text.text = changeColorChar(curr_coeff, char_pos, "red");
if (1 % 2 == 0)

{
// Add even positioned numbers to EVEN container
Peven[even++] = currentP[i];
left_arrow.gameObject.SetActive(true);
yield return new WaitForSeconds(speed);
even_container.GetComponent<ContainerDisplay>().addItem(currentP[i]+"");
left_arrow.gameObject.SetActive(false);

}

else
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// Add odd positioned numbers to ODD container
Podd[odd++] = currentP[i];
right_arrow.gameObject.SetActive(true);
yield return new WaitForSeconds(speed);
odd_container.GetComponent<ContainerDisplay>().addItem(currentP[i] + "");
right_arrow.gameObject.SetActive(false);
¥
// Change letter back to black
coefficients_text.text = changeColorChar(curr_coeff, char_pos, "black");
// Get the position of the character before the ',’
if(i >= currentP.Length-2)
char_pos = curr_coeff.IndexOf('>") - 2;
else
char_pos += curr_coeff.Substring(char_pos + 2, curr_coeff.Length - char_pos -
3).IndexOf("',") + 1;

if (useStepByStep)

{
yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;

}

+ complexArrayToString(Podd);
": " + complexArrayToString(Peven);

string podd_coeff = "Podd" + level +
string peven_coeff = "Peven" + level +

podd_text.text = podd_coeff;
peven_text.text = peven_coeff;

// Add Podd and Peven to stack in this order (since stack is FIFO)
polynomials.Push(Podd);
pushTo3DStack(polynomials_3dstack, podd_coeff, Color.green);

if (useStepByStep)

{
yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;

¥

else

yield return new WaitForSeconds(speed);

polynomials.Push(Peven);
pushTo3DStack(polynomials_3dstack, peven_coeff, Color.blue);

if (useStepByStep)

{
yield return new WaitUntil(() => stepForward || !useStepByStep);
stepForward = false;

}

else

yield return new WaitForSeconds(speed);
level++; // INCREMENT DEPTH

// Clear results panel
clearResults();

}

// Clear results panel
clearResults();

// Display the final result

final_result.gameObject.SetActive(true);

final_result.GetChild(@).GetComponent<TextMeshPro>().text = "FINAL RESULT: \n" +
complexArrayToString(result);
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fireworks.gameObject.SetActive(true);
//w_calculations_text.text = "<color=green> RESULT:
"</color>";

"

+ complexArrayToString(result) +

Debug.Log("RESULT: " + complexArrayToString(result));
yield return null;

}

/**

* clearResults function

* Clear all the text labels containing the calculations and results

* and initialize the containers

*k |

private void clearResults()

{
// Clear text boxes of results panel
podd_text.text = "";
peven_text.text = "";
result_calculations_text.text =
w_calculations_text.text = "";
result_text.text = "";

// Deactivate and clear containers and text boxes
even_container.GetComponent<ContainerDisplay>().makeEmpty();
odd_container.GetComponent<ContainerDisplay>().makeEmpty();
even_container.gameObject.SetActive(false);
odd_container.gameObject.SetActive(false);

r-20



Napaptnua A

Mo katw PBplokovral ta scripts Kal oXeSLAOTIKO UALKO TIOU Xpnolhomolndnkav Kota tv

uAoroinon tou aAyopiBuou Emiloyng. AvadEpovtat Kupiwg yia to Kedpalato 5.

Array3DController.cs

using System.Collections.Generic;
using TMPro;

using UnityEngine;

using Random = System.Random;

ik
* Array3DController script

* Attatched onto a 3DArray object
*k

public class Array3DController : MonoBehaviour {

// Left and right walls of the array
public Transform left_wall;
public Transform right_wall;

public Transform placeable_object; // The object we want to interpolate inside the array
public List<Transform> object_array; // All the objects placed inside the array

// Start and end placeholder for the object placement
private Vector3 start_pos;
private Vector3 end_pos;

// Local scale to scale the array depending on the number of objects (siz)
private Vector3 currlLocalScale;
private float siz;

// Use this for initialization
void Start () {
currLocalScale = transform.localScale;
// For testing purposes
/*
List<int> numArray = new List<int>();
Random r = new Random(DateTime.Now.Ticks.GetHashCode());
while (numArray.Count != 5)
{
int num = r.Next(0, 1090);
if (!numArray.Contains(num))
numArray.Add(num);
¥
numArray.Sort();
spawnSpheres (numArray);*/

b
/**
* setColor function
* given an index i of the spawned objects,
* it's color is set to c
* */
public bool setColor(int i, Color c)
{
if (i > object_array.Count - 1)
return false;
object_array[i].GetComponent<Renderer>().material.color = c;
return true;
b
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/x*

* clearArray function

* Used to clear the array and remove all the spheres
* from the game view.
*

*/
public void clearArray()
{
for (int i = @; i < object_array.Count; i++)
{
Destroy(object_array[i].gameObject);
}
object_array.Clear();
}
Yk
* spawnSpheres
* Given an array with integers, it spawns them into spheres
* into an auto adjusted array
* %/
public void spawnSpheres(List<int> numArray)
{

int number_of_objects = numArray.Count;

// resize the size of the array based on the number of objects we place
if(number_of_objects <= 10)
transform.localScale = new Vector3(currLocalScale.x, currLocalScale.y *
(number_of_objects+5), currLocalScale.z);
else
transform.localScale = new Vector3(currLocalScale.x, currLocalScale.y *
number_of_objects, currLocalScale.z);

// Resize the sphere so that it fits the inside of the array based on the size of the
// array box.

siz = currLocalScale.x * 2.4f;

placeable_object.transform.localScale = new Vector3(siz, siz, siz);

// Set the start and end position of where the balls will spawn a few points after and
before

// the left and right wall consecutively of the array box

float padding = siz; //left_wall.position.y / 20;

start_pos = new Vector3(left_wall.position.x + padding, left_wall.position.y,
left_wall.position.z);

end_pos = new Vector3(right_wall.position.x - padding, right_wall.position.y,
right_wall.position.z);

if (numArray.Count == 1)

{
// Set the text inside the ball.
placeable_object.GetChild(®@).GetComponent<TextMeshPro>().text = numArray[@] + "";
Transform instantiatedObject =
Instantiate(
placeable_object,
new Vector3((start_pos.x + end_pos.x) / 2, start_pos.y, start_pos.z),
Quaternion.LookRotation(Vector3.forward));
object_array.Add(instantiatedObject);
¥
else
{

for (int i = @; i < number_of_objects; i++)

{
// Set the scale of the sphere
//float siz = (float)(22.0 / (float)number_of objects);
//placeable_object.transform.localScale = new Vector3(siz, siz, siz);




// Set the text inside the ball.
placeable_object.GetChild (@) .GetComponent<TextMeshPro>().text = numArray[i] + "";

Transform instantiatedObject =
Instantiate(
placeable_object,
Vector3.Lerp(start_pos, end_pos, (float)i / (float)(number_of objects - 1)),
Quaternion. LookRotation(Vector3.forward));

object_array.Add(instantiatedObject);

FixedArray3DController.cs

using System.Collections.Generic;
using TMPro;

using UnityEngine;

using Random = System.Random;

/%*

* FixedArray3DController script

* Attached onto the 5 container prefab

*% /

public class FixedArray3DController : MonoBehaviour {

public Transform left_wall;
public Transform right_wall;

public Transform placeable_object;
public List<Transform> object_array;
public List<int> number_array;

private Vector3 start_pos;
private Vector3 end_pos;
private float siz;

// Use this for initialization
void Start () {
/*
List<int> numArray = new List<int>();
Random r = new Random(DateTime.Now.Ticks.GetHashCode());
while (numArray.Count != 5)
{
int num = r.Next(0, 100);
if (!numArray.Contains(num))
numArray.Add(num);
¥
numArray.Sort();
spawnSpheres (numArray);
*/
¥

public void spawnSpheres(List<int> numArray)
{
number_array = numArray;
int number_of_objects = numArray.Count;
//Vector3 currLocalScale = transform.localScale;
//transform.localScale = new Vector3(currLocalScale.x, currLocalScale.y * numArray.Count,
currLocalScale.z);

// Resize the sphere so that it fits the inside of the array based on the size of the
// array box.




siz = gameObject.transform.localScale.x / 2f ;
placeable_object.transform.localScale = new Vector3(siz, siz, siz);

// Set the start and end position of where the balls will spawn a few points after and
before

// the left and right wall consecutively of the array box

float padding = siz/1.5f; //left_wall.position.y / 20;

start_pos = new Vector3(left_wall.position.x + padding, left_wall.position.y,
left_wall.position.z);

end_pos = new Vector3(right_wall.position.x - padding, right_wall.position.y,
right_wall.position.z);

if (number_of_objects == 1)

{
// Set the text inside the ball.
placeable_object.GetChild(®@).GetComponent<TextMeshPro>().text = numArray[@] + "";
Transform instantiatedObject =
Instantiate(
placeable_object,
new Vector3((start_pos.x + end_pos.x) / 2, start_pos.y, start_pos.z),
Quaternion.LookRotation(Vector3.forward));
object_array.Add(instantiatedObject);
¥
else
{
for (int i = @; i < number_of_objects; i++)
{
// Set the scale of the sphere
//float siz = (float)(22.0 / (float)number_of_objects);
//placeable_object.transform.localScale = new Vector3(siz, siz, siz);
// Set the text inside the ball.
placeable_object.GetChild (@) .GetComponent<TextMeshPro>().text = numArray[i] + "";
Transform instantiatedObject =
Instantiate(
placeable_object,
Vector3.Lerp(start_pos, end_pos, (float)i / (float)(number_of_objects - 1)),
Quaternion.LookRotation(Vector3.forward));
object_array.Add(instantiatedObject);
¥
¥
¥
/**

* sortArray function
* Used to sort the current array visually
*k /

public void sortArray()

{

number_array.Sort();

// Destroy all previous objects in the array
for(int i= object_array.Count-1; i>=0 ; i--)
{

Destroy(object_array[i].gameObject);

object_array.Clear();

if (number_array.Count == 1)

{
// Set the text inside the ball.
placeable_object.GetChild(®@).GetComponent<TextMeshPro>().text = number_array[0] + "";




Transform instantiatedObject =
Instantiate(
placeable_object,
new Vector3((start_pos.x + end_pos.x) / 2, start_pos.y, start_pos.z),
Quaternion.LookRotation(Vector3.forward));

object_array.Add(instantiatedObject);

}
else
// Add the new sorted list in the array
for (int i = @; i < number_array.Count; i++)
{
// Set the text inside the ball.
placeable_object.GetChild (@) .GetComponent<TextMeshPro>().text = number_array[i] +
Transform instantiatedObject =
Instantiate(
placeable_object,
Vector3.Lerp(start_pos, end_pos, (float)i / (float)(number_array.Count -
1)),
Quaternion.LookRotation(Vector3.forward));
object_array.Add(instantiatedObject);
}
}
}
/x*
* clearArray function
* Used to clear the array and remove all the spheres
* from the game view.
* %/
public void clearArray()
{
for(int i=0; i< object_array.Count; i++)
{
Destroy(object_array[i].gameObject);
}
object_array.Clear();
}
}

DropdownArrayChoice.cs

using System;

using System.Collections.Generic;
using TMPro;

using UnityEngine;

using UnityEngine.UI;

/**

DropdownArrayChoice

Used in the selection algorithm to select a way

run the algorithm (randomly generated array or given by the user)
*/

public class DropdownArrayChoice : MonoBehaviour {

¥ ¥ ¥ %

// The label containing the current description
// of the choice of the user
public TextMeshProUGUI title;

// UL elements being controlled




public TextMeshProUGUI ArraySizeText;
public TextMeshProUGUI ArrayText;
public GameObject Slider;

public GameObject ArrayInputField;
public Slider IndexSlider;

//
//

The selection algorithm object containing the main scrip
(used to change the main variables)

public GameObject SelectionAlgorithm;

/*

//

GameObjects to enable/disable after the dropdown changes */

Use this for initialization

void Start () {

ArrayInputField.GetComponent<TMP_InputField>().onValueChanged.AddListener(delegate {

ValueChangeCheck(); });

99):";

// Update is called once per frame
void Update () {
if (GetComponent<Dropdown>().value == 0)

{
title.text = "Please select a size for a random array (with random numbers between 0-
Slider.SetActive(true);
//ArraySizeText.SetActive(true);
ArrayInputField.SetActive(false);
else if (GetComponent<Dropdown>().value == 1)
{

title.text = "Please enter your own array with size ranging from 2 to 50 (each value

must be different between 0-99 and seperated by space \" \"):";

/**

*
*
*
*
*

Slider.SetActive(false);
//ArraySizeText.SetActive(false);
ArrayInputField.SetActive(true);

ValueChangeCheck

Called when the value of the input field is changed
(provides a dynamically changing polynomial in the text box
based on the user's choice)

*/

public void ValueChangeCheck()

{

// Parse the integer array from string
string[] splittedInput = ArrayInputField.GetComponent<TMP_InputField>().text.Split("' ');
string array_string = "Array: < ";
List<int> array = new List<int>();
bool error_flag = false;
for (int i = @; i < splittedInput.Length; i++)
{
int num = 9;
if (Int32.TryParse(splittedInput[i], out num))
{
// Check if each number is within bounds, correct length and
// each element is different.
if(num<@ || num > 99 || splittedInput.Length>50 || splittedInput.Length < 2 ||

array.Contains(num))

{
}

else

{

error_flag = true;




array.Add(num);

if (i < splittedInput.Length - 1)
array_string += num + ", ";

else

array_string += num;

}
Console.WriteLine(num);
}
else
{
Console.WriteLine("String could not be parsed. ERROR!");
}
}
// If error then use the default array
if (error_flag)
{
ArraySizeText.text = "";
ArrayText.text = "ERROR! PLEASE ENTER A VALID ARRAY!";
// Default array
SelectionAlgorithm.GetComponent<SelectionAlgorithm>().initial_array = new List<int> { 1,
2, 3, 4, 5%
else
{
ArraySizeText.text = "Array size: " + splittedInput.Length;
ArrayText.text = array_string + " >";
SelectionAlgorithm.GetComponent<SelectionAlgorithm>().initial_array = array;
// Change the maximum value of the index slider
IndexSlider.maxValue = splittedInput.Length;
}
}
}
SliderArrayText.cs

using System
using System
using TMPro;
using UnityE
using UnityE
using Random

/**
* SliderArr
* Used to c
* used to e
*k /

public class

// UI el
public T
public T
public G
public S

void Sta

{

E}

.Collections.Generic;

ngine;
ngine.UI;
= System.Random;

ayText script
ontrol the functionality of the slider
nter a random array (Selection Algorithm)

SliderArrayText : MonoBehaviour {

ements being controlled
extMeshProUGUI ArraySizeText;
extMeshProUGUI ArrayText;
ameObject SelectionAlgorithm;
lider IndexSlider;

rt()

GetComponent<Slider>().onValueChanged.AddListener(delegate { ValueChangeCheck(); });

}

/**

* ValueC
* Called
* (provi

hangeCheck
when the value of the input field is changed
des a dynamically changing size of the array in the text box




* based on the user's choice)
* %/

public void ValueChangeCheck()
{

int size = (int)(GetComponent<Slider>().value);

// Change the maximum value of the index slider
IndexSlider.maxValue = size;

List<int> initial_array = new List<int>();
string array_string = "Array: < ";
Random r = new Random(DateTime.Now.Ticks.GetHashCode());
while (initial_array.Count != size)
{
int num = r.Next(0, 100);
if (!initial_array.Contains(num))
initial_array.Add(num);
else
continue;

if (initial_array.Count < size)
array_string += num + ", ";
else
array_string += num;
}
ArraySizeText.text = "Array size: + GetComponent<Slider>().value.ToString();
ArrayText.text = array_string + " >";
SelectionAlgorithm.GetComponent<SelectionAlgorithm>().initial_array = initial_array;

SliderIndexText.cs

using TMPro;

using UnityEngine;

using UnityEngine.UI;

using Random = System.Random;

/**
* SliderIndexText script

* Used to control the functionality of the index slider
* (Selection Algorithm)

*k /

public class SliderIndexText : MonoBehaviour {

// UL elements being controlled
public TextMeshProUGUI IndexText;
public GameObject SelectionAlgorithm;

void Start()
{

}

/**
* ValueChangeCheck

GetComponent<Slider>().onValueChanged.AddListener(delegate { ValueChangeCheck(); });

* Called when the value of the input field is changed

* (provides a dynamically changing index in the text box
* based on the user's choice)

**/

public void ValueChangeCheck()

{

IndexText.text = "Index: + GetComponent<Slider>().value.ToString();




SelectionAlgorithm.GetComponent<SelectionAlgorithm>().index = (int)
GetComponent<Slider>().value;
}
}

FireworksController.cs

using System.Collections;
using UnityEngine;

/x*
* FireworksController script

* Controlls the time the fireworks are being displayed
*k

public class FireworksController : MonoBehaviour {
public float waitSeconds = 5f;
// Use this for initialization

void Start () {
StartCoroutine("waitToDisable");

¥

IEnumerator waitToDisable()

{
yield return new WaitForSeconds(waitSeconds);
gameObject.SetActive(false);

¥

SelectionAlgorithm.cs

using System;

using System.Collections;

using System.Collections.Generic;
using TMPro;

using UnityEngine;

using UnityEngine.SceneManagement;
using Random = System.Random;

/**
* SelectionAlgorithm script
* The main script used to display and control

* our main Selection Algorithm UI elements and functionality.
*

*k /
public class SelectionAlgorithm : MonoBehaviour {

/* Variables used in the main visual 3d selection algorithm function */
public List<int> initial_array = new List<int> { 1, 2, 3, 4, 5 }; //Default array
public int index = 1; //Default index

/* UI Elements being controlled */
public Transform main_3darray;

public Transform sorted_main_3darray;
public Transform current_3darray;

public Transform index_text;

public Transform current_index_text;
public Transform expected_solution_text;
public Transform medians_container;

public Transform less_than_container;
public Transform number_of_less_text;




public Transform number_of_more_text;
public Transform more_than_container;

public Transform x_position;

public Transform five_container;
public Transform start_placeholder;
public Transform end_placeholder;

public Transform result_object;
public GameObject fireworks;
/*END Of UI elements*/

// The list with all the 3D group containers
private List<Transform> groups_3dcontainers;

/* Variables used for the interface (UI) */
private float speed;

private bool use_step_toggle;

private bool step_forward;

public TextMeshProUGUI current_step_text;

/*Start of UI Functions*/

/*Functions enabled by the UI buttons for controlling the flow of the program*/
public void setSpeed(float s)

{

}

/**

* When the back button is pressed on the UI, it goes back to
* the SelectionAlgorithm start screen

* k)

public void BackButton()

{

}

/%*

* When the exit button is pressed on the UI, it goes back to
* the MainUI

* %/

public void ExitButton()

{

}

/**
* setStepToggle function
* When the step toggle is enabled, then use_step_toggle = true else false.
*k /

public void setStepToggle(bool b)

{

}

/**

* setStepForward function

* When the step forward button is pressed, then step_forward = true else false.
*k /

public void setStepForward(bool b)

{

b
/*End of UI Functions*/

this.speed = s;

SceneManager.LoadScene("SelectionAlgorithm");

SceneManager.LoadScene("MainUI");

this.use_step_toggle = b;

this.step_forward = b;

/*Start() is used for initialization*/

void Start () {
speed = 2f;
main_3darray.gameObject.SetActive(true);
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sorted_main_3darray.gameObject.SetActive(true);
StartCoroutine("visual3DSelectionAlgorithm");

}

/x*
* IMPORTANT **
* ABILITY TO CALL A COROUTINE WITHIN A COROUTINE
* yield return StartCoroutine(waitForCoroutine());
* Hence avoid usage of the same code multiple times.
*kok /
public IEnumerator waitForCoroutine()
{
if (use_step_toggle)
{
yield return new WaitUntil(() => step_forward || !use_step_toggle);
step_forward = false;
¥
else
yield return new WaitForSeconds(speed);

}

Yk
* visual3DSelectionAlgorithm function
* Used to run the visual representation of the Selection algorithm.
* %/
public IEnumerator visual3DSelectionAlgorithm()
{
// UNCOMMENT THE FOLLOWING FOR TESTING
// The number's index we want to find:
//int index = 3;
// Create an array containing a desired number of random integer
// numbers up to 50 in size max. (from ©-100)
/*List<int> initial_array = new List<int>();
Random r = new Random(DateTime.Now.Ticks.GetHashCode());
while (initial_array.Count != 50)
{
int num = r.Next(0, 100);
if (!initial_array.Contains(num))
initial_array.Add(num);
y*/

// Create a sorted array with all the elements of array being sorted!

List<int> sorted_array = new List<int>();

for (int i = ©; i < initial_array.Count; i++)
sorted_array.Add(initial_array[i]);

sorted_array.Sort();

// Display the main array (unsorted)

current_step_text.SetText("Displaying the given array...");
main_3darray.GetComponent<Array3DController>().spawnSpheres(initial_array);
yield return StartCoroutine(waitForCoroutine());

// Display the index for which you are searching the element
current_step_text.SetText("Index we are searching for: "+index);
index_text.GetComponent<TextMeshPro>().text = "Index being searched for: " + index;
yield return StartCoroutine(waitForCoroutine());

// Display the sorted array in the 3d sorted array and highlight the

// element we are searching with red color

current_step_text.SetText("Displaying the sorted array and the item we are searching
for...");

sorted_main_3darray.GetComponent<Array3DController>().spawnSpheres(sorted_array);

sorted_main_3darray.GetComponent<Array3DController>().setColor(index-1, Color.red);

yield return StartCoroutine(waitForCoroutine());

// Display the expected element and remove the sorted array
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expected_solution_text.GetComponent<TextMeshPro>().text = "Expected Solution:
sorted_array[index-1];

sorted_main_3darray.GetComponent<Array3DController>().clearArray();

sorted_main_3darray.gameObject.SetActive(false);

yield return StartCoroutine(waitForCoroutine());

//Stack<List<int>> array_stack = new Stack<List<int>>();
//array_stack.Push(array);

List<int> curr_array = initial_array;
int curr_index = index;

int result = 0;

while (true)

{

current_index_text.GetComponent<TextMeshPro>().text = "Current Index: + curr_index;

int n = curr_array.Count;

// Display the current array in the 3d array

current_step_text.SetText("1l) Displaying the current array we are searching in...");
current_3darray.GetComponent<Array3DController>().spawnSpheres(curr_array);

yield return StartCoroutine(waitForCoroutine());

// Divide the array into groups of 5 making ceil(n/5) groups
int num_of_groups = (int)Math.Ceiling(n / 5.0);
Debug.Log(num_of_groups);

// Create the groups of 5 of the main array which has
// been splitted
current_step_text.SetText("2) Splitting current array to "+num_of_groups+" groups of

yield return StartCoroutine(waitForCoroutine());
List<List<int>> five_groups = new List<List<int>>();
List<int> curr_group = new List<int>();

for (int i = 0; i < n; i++)

{ if (1%5==08&&1i !=0)
¢ five_groups.Add(curr_group);
curr_group = new List<int>();
iurr_group.Add(curr_array[i]);
gf (curr_group != null) five_groups.Add(curr_group);

// Linearly interpolate and place the 3d array groups within a range of
// start and end placeholder positions.

groups_3dcontainers = new List<Transform>();

int interp_groups = five_groups.Count;

if (five_groups.Count > 5) interp_groups = 5;

// ***** Fixed the error when interpolating only 1 object!

if (five_groups.Count == 1)

five_container.GetChild(@).GetComponent<TextMeshPro>().text = "Group " + 0;
Transform instantiatedObject =
Instantiate(
five_container,
new Vector3((start_placeholder.position.x + end_placeholder.position.x) / 2,
start_placeholder.position.y, start_placeholder.position.z),
five_container.rotation);
groups_3dcontainers.Add(instantiatedObject);

groups_3dcontainers[0].GetComponent<FixedArray3DController>().spawnSpheres(five_groups[@0]);
else

{

for (int i = @; i < interp_groups; i++)
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five_container.GetChild(®@).GetComponent<TextMeshPro>().text = "Group " + 1i;
Transform instantiatedObject =
Instantiate(
five_container,
Vector3.Lerp(start_placeholder.position, end_placeholder.position,
(float)i / (float)(interp_groups - 1)),

five_container.rotation);

groups_3dcontainers.Add(instantiatedObject);

groups_3dcontainers[i].GetComponent<FixedArray3DController>().spawnSpheres(five_groups[i]);
yield return StartCoroutine(waitForCoroutine());

}

// If we have more than 5 groups, create a new
// line to place the rest of the containers below
// the first one.
if (five_groups.Count > 5)
{
Vector3 new_start = new Vector3(start_placeholder.position.x,
start_placeholder.position.y - 1, start_placeholder.position.z);
Vector3 new_end = new Vector3(end_placeholder.position.x, end_placeholder.position.y
- 1, end_placeholder.position.z);
if (five_groups.Count == 6)
{

five_container.GetChild(@).GetComponent<TextMeshPro>().text = "Group
Transform instantiatedObject =
Instantiate(
five_container,
new Vector3((new_start.x + new_end.x)/2, new_start.y, new_start.z),
five_container.rotation);
groups_3dcontainers.Add(instantiatedObject);

+ 5;

groups_3dcontainers[5].GetComponent<FixedArray3DController>().spawnSpheres(five_groups[5]);
¥
else
{
for (int i = 5; i < five_groups.Count; i++)

{

five_container.GetChild(0).GetComponent<TextMeshPro>().text = "Group " + i;
Transform instantiatedObject =
Instantiate(
five_container,
Vector3.Lerp(new_start, new_end, (float)(i - 5) /
(float) (five_groups.Count - 6F)),
five_container.rotation);

groups_3dcontainers.Add(instantiatedObject);

groups_3dcontainers[i].GetComponent<FixedArray3DController>().spawnSpheres(five_groups[i]);
yield return StartCoroutine(waitForCoroutine());

}

yield return StartCoroutine(waitForCoroutine());

// Sort the groups of five of each container
// (without animation)
for (int i = @; i < groups_3dcontainers.Count; i++)

{
current_step_text.SetText("3) Sorting group "+i);
groups_3dcontainers[i].GetComponent<FixedArray3DController>().sortArray();
yield return StartCoroutine(waitForCoroutine());

}
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// Find the medians in each array and highlight them using red color
List<int> medians_list = new List<int>();
List<int> median_positions_list = new List<int>();
for (int i = @; i < groups_3dcontainers.Count; i++)
{
// Used a trick from EPL445 for rounding up to ceiling x = int(n/2 + 0.5)
int median_position =
(int) ((groups_3dcontainers[i].GetComponent<FixedArray3DController>().object_array.Count / 2) +
0.5f);

groups_3dcontainers[i].GetComponent<FixedArray3DController>().object_array[median_position].GetCompo
nent<Renderer>().material.color = Color.red;

int median =
groups_3dcontainers[i].GetComponent<FixedArray3DController>().number_array[median_position];

medians_list.Add(median);

median_positions_list.Add(median_position);

current_step_text.SetText("4) Median of group "+i+" is "+ median);

yield return StartCoroutine(waitForCoroutine());

// Animate the spheres to go over the large median container
// and then Place all the medians into the large median container

current_step_text.SetText("5) Transfering all the medians to the medians bucket...");
medians_container.gameObject.SetActive(true); // Enable the medians container
for (int i = @; i < medians_list.Count; i++)

{

// Animate and destroy the median spheres towards the medians container
Transform from_sphere =
groups_3dcontainers[i].GetComponent<FixedArray3DController>().object_array[median_positions_list[i]]

E}

groups_3dcontainers[i].GetComponent<FixedArray3DController>().object_array.Remove(from_sphere);
from_sphere.GetComponent<BallMover>().target = medians_container.position;
from_sphere.GetComponent<BallMover>().active = true;
yield return new WaitUntil(() => !from_sphere.GetComponent<BallMover>().active);
Destroy(from_sphere.gameObject);

// Add the sphere to the container
medians_container.GetComponent<LargeContainerController>().addItem(medians_list[i] +
"")s

yield return new WaitForSeconds(@.5f);

}

// Sort the medians list and find the median of medians:
medians_list.Sort();
int x = medians_list[(int)((medians_list.Count / 2) + 0.5f)];

// Remove the group of five containers
for (int i = groups_3dcontainers.Count - 1; i >= @; i--)

{
groups_3dcontainers[i].GetComponent<FixedArray3DController>().clearArray();
Transform rem_group = groups_3dcontainers[i];
groups_3dcontainers.Remove(rem_group);
Destroy(rem_group.gameObject);

}

groups_3dcontainers.Clear();

// Enable the less than and more than containers to compare the X value.
less_than_container.gameObject.SetActive(true);
more_than_container.gameObject.SetActive(true);
X_position.gameObject.SetActive(true);

yield return StartCoroutine(waitForCoroutine());
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// Remove the median of medians and show it to the user using animation
current_step_text.SetText("6) The median of all medians is "+x);
Transform x_transform =

medians_container.GetComponent<LargeContainerController>().getItem(x+"");

// Remove physics from X element sphere
Destroy(x_transform.GetComponent<Rigidbody>());

medians_container.GetComponent<LargeContainerController>().PlacedItems.Remove(x_transform);

medians_container.GetComponent<LargeContainerController>().noOfItems--;
x_transform.GetComponent<BallMover>().updatePosition();
x_transform.GetComponent<BallMover>().target = x_position.position;
x_transform.GetComponent<BallMover>().active = true;

yield return new WaitUntil(() => !x_transform.GetComponent<BallMover>().active);

// The current X median of medians element gets instantiated in the center of game
Transform curr_x = Instantiate(x_transform, x_position.position,

Quaternion.LookRotation(Vector3.forward));

Destroy(x_transform.gameObject);

// Empty the medians container and hide from game view
medians_container.GetComponent<LargeContainerController>().makeEmpty();
medians_container.gameObject.SetActive(false);

yield return StartCoroutine(waitForCoroutine());

// Place the spheres less than x into the less than x container

// and those who are more than x into the more than x container

// TODO place animations on the current array which sends spheres here
current_step_text.SetText("7) Finding all the numbers which are less from " + x+ "

all which are bigger...");

less_than_container.GetComponent<LargeContainerController>().addItem(lessx_five[j] +

Color.blue);

more_than_container.GetComponent<LargeContainerController>().addItem(morex_five[j] +

Color.blue);

List<int> less_than_x_array = new List<int>();
List<int> more_than_x_array = new List<int>();
List<int> lessx_five = new List<int>();
List<int> morex_five = new List<int>();
for (int i = @; i < curr_array.Count; i++)
{
if (curr_array[i] < x)
{
less_than_x_array.Add(curr_array[i]);
lessx_five.Add(curr_array[i]);
if (lessx_five.Count == 5)
{
for(int j=0; j<5; j++)

lessx_five = new List<int>();
yield return new WaitForSeconds(0.3f);
¥
¥
else if(curr_array[i] > x)
{
more_than_x_array.Add(curr_array[i]);
morex_five.Add(curr_array[i]);
if(morex_five.Count == 5)
{
for (int j = 0; j < 5; j++)

morex_five = new List<int>();
yield return new WaitForSeconds(0.3f);

}
}

// Add the remaining splitted less and more numbers at the same time in their

corresponding containers

for (int j = @; j < lessx_five.Count; j++)
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less_than_container.GetComponent<LargeContainerController>().addItem(lessx_five[j] +
"", Color.blue);
yield return new WaitForSeconds(0.3f);
for (int j = @; j < morex_five.Count; j++)
more_than_container.GetComponent<LargeContainerController>().addItem(morex_five[j] +
"", Color.blue);
yield return new WaitForSeconds(0.3f);

// the number of items less than x

int num_of _less = less_than_x_array.Count;

int num_of_more = (n - (num_of_less + 1));

// Enable number of less and more texts in game view

number_of_less_text.gameObject.SetActive(true);

number_of_more_text.gameObject.SetActive(true);

number_of_less_text.GetComponent<TextMeshPro>().text "Number of less: "+ num_of_less;

number_of_more_text.GetComponent<TextMeshPro>().text "Number of more: "+ num_of_more;

current_step_text.SetText("8) Number of less than " + x + " is: + num_of_less + " and
Number of more: "+num_of _more);

yield return StartCoroutine(waitForCoroutine());

if(curr_index == num_of_less + 1)
{
current_step_text.SetText("9) Current Index ("+curr_index+") is EQUAL with the
Number of less + 1 ("+(num_of_less+1)+")");
yield return StartCoroutine(waitForCoroutine());

current_step_text.SetText("10) Result has been found!!");
yield return StartCoroutine(waitForCoroutine());

Debug.Log("Found! "+ x);
result = x;

else if(curr_index < num_of_less + 1)
{
current_step_text.SetText("9) Current Index (" + curr_index + ") is LESS than the
Number of less + 1 (" + (num_of_less + 1) + ")");
yield return StartCoroutine(waitForCoroutine());
current_step_text.SetText("10) Use the same current index for the items that are
LESS than "+x);
yield return StartCoroutine(waitForCoroutine());
current_3darray.GetComponent<Array3DController>().clearArray();
curr_array = less_than_x_array;
current_step_text.SetText("11l) Run algorithm again recursively.");
¥
else
{
current_step_text.SetText("9) Curr Index (" + curr_index + ") is MORE than the
Number of less + 1 (" + (num_of_less + 1) + ")");
curr_index = curr_index - num_of _less - 1;
current_3darray.GetComponent<Array3DController>().clearArray();
curr_array = more_than_x_array;
yield return StartCoroutine(waitForCoroutine());
current_step_text.SetText("10) Current index -= #less - 1 [" + curr_index + "] for
the items that are MORE than " + x);
yield return StartCoroutine(waitForCoroutine());
current_step_text.SetText("10) Use the same current index for the items that are
LESS than " + x);
yield return StartCoroutine(waitForCoroutine());
current_step_text.SetText("11) Run algorithm again recursively.");
}
// Clear and disable the less and more than x containers
less_than_container.GetComponent<LargeContainerController>().makeEmpty();
less_than_container.gameObject.SetActive(false);
more_than_container.GetComponent<LargeContainerController>().makeEmpty();
more_than_container.gameObject.SetActive(false);
number_of_less_text.gameObject.SetActive(false);
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index +

number_of_more_text.gameObject.SetActive(false);
X_position.gameObject.SetActive(false);
Destroy(curr_x.gameObject);
if (curr_index == num_of_less + 1)

break;
yield return StartCoroutine(waitForCoroutine());

}

// Show result

current_step_text.SetText("Number found!");
result_object.gameObject.SetActive(true);
result_object.GetChild(®@).GetComponent<TextMeshPro>().SetText("Number found on

T "

is: + result);

//... with some fireworks babyyy!
fireworks.SetActive(true);

yield return null;

index

A-17

+



Napaptnuoa E

Mo katw PBplokovral ta scripts Kal oXeSLAOTIKO UALKO TIOU XpnoLhomoLndnkav Kotd tv
vAomoinon twv aAyopiBuwv Fibonacci, Tou tplodidotatou duadikou S€vépou Kal Tou

Auvapikou mpoypappatiopou. AvadEpovtal kupiwg yia to KeddaAaio 6.

FibonacciBinary3DTreeController.cs

using System.Collections;
using System.Collections.Generic;
using UnityEngine;

ik

* FibonacciBinary3DTreeController script

* Used to controll the functionality of the 3D

* binary tree used for displaying each recursive

* Fibonacci Call

*% /

public class FibonacciBinary3DTreeController : MonoBehaviour {

public Transform root_transform; /*The root of the tree (3D GameObject - sphere)*/
public TreeNode root; /*The script attached to the 3D root node*/
public int N = 6; /*Fibonacci number used to calculate the tree (Default is
6)*/

public bool begin = false; /*If true, then start the instantiation of the tree*/
private float speed; /*Speed of instantiation*/

// Use this for initialization

void Start () {

//StartCoroutine("testingTree");

// Get N from DynamicProgramming class

speed = 1f;
}

void Update()
if (begin)
StartCoroutine("createFibonacciTree", N);

//PROBLEM: CANT INSTANTLY CREATE THE BINARY TREE!
//createFibonacciTreeInstantly(N);
begin = false;

}

// Sets the speed of the tree instantiation
public void setSpeed(float s)
{

}

/*The normal fibonacci recursive function*/
private int normFib(int n)

this.speed = s;

{
if (n <= 1)
{
return n;
}
else
{

int nl = normFib(n - 1);

E-1



int n2 = normFib(n - 2);
return nl + n2;

/**
* createFibonacciTree
* The following function creates a 3D binary fibonacci tree
* using the number n as the base number.
**/
public IEnumerator createFibonacciTree(int n)
{
root.setlLevel(0);
root.setValue(n);
root.setText("Fib("+n+")");
yield return new WaitForSeconds(1f);

Stack<TreeNode> fibStack = new Stack<TreeNode>();
fibStack.Push(root);

while (fibStack.Count != 0)
{
// Current Number to create it's children
TreeNode currNode = fibStack.Pop();
float currValue = currNode.getValue();
if (currvValue <= 1f)

//if the current number is one of the base cases (@ or 1) then that's a leaf.
continue;

}

// Left and right child values
float nl = currvValue - 1;
float n2 = currvValue - 2;

// This is the left child of currN
currNode.addLeftChild("Fib(" + n1 + ")", nl);
yield return new WaitForSeconds(speed);

// This is the right child of currN
currNode.addRightChild("Fib(" + n2 + ")", n2);
yield return new WaitForSeconds(speed);

// Add the right child first to the stack
fibStack.Push(currNode.right_child);

// Then add the left and also remember all the left
// childs by adding to the other stack
fibStack.Push(currNode.left_child);
¥
¥
/*Used for testing*/
public IEnumerator testingTree()
{
root.setLevel(9);
root.setValue(11);
root.setText(11 + "");
yield return new WaitForSeconds(1f);
add(6);
yield return new WaitForSeconds(1f);
add(19);
}

Vada
* add function
* Used to add recursively a value to our tree
*k /




public void add(float value)
{

}

/**

addRecursive(root, value);

* addRecursive function

* Adds a value to the current TreeNode (Binary Tree)
*% /

private void addRecursive(TreeNode current, float value)

{

/*if (current == null)

{
return new TreeNode(value, value+"", 0);

y*/

// Add to left child if < than current node
if (value < current.value)

{
if (current.left_child == null)
current.addLeftChild(value + "", value);
else
addRecursive(current.left_child, value);
¥

// Add to right child if > than current node
else if (value > current.value)

{
if (current.right_child == null)
current.addRightChild(value + "", value);
else
addRecursive(current.right_child, value);
¥
else
// value already exists
return;
¥
¥
¥
TreeNode.cs

using TMPro;
using UnityEngine;

/**
* TreeNode script

* It is attached to a 3D node used to be instantiated
* when the binary tree is being created

*k /

public class TreeNode : MonoBehaviour{

public TextMeshPro label; /*Label of the node on the 3D sphere*/
public float value; /*node's value*/

private int level; /*Deapth Level*/

public TreeNode left_child; /*Left child node*/

public TreeNode right_child; /*Right child node*/

public Transform left_transform; /*Left child Gameobject*/
public Transform right_transform; /*Right child Gameobject*/
public Transform left_arrow; /*Left 3D arrow*/

public Transform right_arrow; /*Right 3D arrow*/

// Is used to be instantiated as children.
public Transform tree_node;




// Use this for initialization
void Start()

{
left_child = null;
right_child = null;
left_arrow.gameObject.SetActive(false);
right_arrow.gameObject.SetActive(false);
}

void Update()

//transform.Rotate(Vector3.forward, 1);
//transform.localScale += new Vector3(0.003f,0.003f,0.003f);

¥
Yk
* TreeNode constructor
*k )
public TreeNode(float val, string s, int 1)
{
this.value = val;
setText(s);
setLevel(l);
left_child = null;
right_child = null;
left_arrow.gameObject.SetActive(false);
right_arrow.gameObject.SetActive(false);
¥

/*Getters and setters for all our variables*/
public void setText(string s)

t label.text = s;

gublic string getText()

t return label.text;

gublic void setValue(float val)
t this.value = val;

zublic float getValue()

t return this.value;

zublic int getLevel()

t return this.level;

}

/*End of Getters and setters*/

/**
* setLevel function
* Sets the level of the node and based on that level,
* the function adjusts the arrows and position of the children of the
* new node to fit the level of the tree. As a result there will not
* be any collisions between the nodes of the 3D tree up to an acceptable level.
**/
public void setLevel(int 1)
{
this.level = 1;
float sum_rot_factor = 0;
float sum_scale_factor = 0.1f;
if (1 == 1)
{




float rot_factor = 36f;

sum_rot_factor += rot_factor;
left_arrow.Rotate(Vector3.forward, rot_factor);
left_arrow.localScale -= new Vector3(e, 0.1f, 0);
right_arrow.Rotate(Vector3.back, rot_factor);
right_arrow.localScale -= new Vector3(@, 0.1f, 0);

¥
else if(l > 1)
{
for (int i = 1; 1 <= 1; i++)
{
float rot_factor = 35f / i;
float scale_factor = 0.12f / i;
sum_rot_factor += rot_factor;
sum_scale_factor += scale_factor;
if (sum_rot_factor <= 79f)
{
left_arrow.Rotate(Vector3.forward, rot_factor);
right_arrow.Rotate(Vector3.back, rot_factor);
¥
if (sum_scale_factor <= 0.37)
{
left_arrow.localScale -= new Vector3(@, scale_factor, 9);
right_arrow.localScale -= new Vector3(®, scale_factor, 9);
¥
label.fontSize -= 0.1f;

}

/*Left and Right 3D arrow color change functions*/
public void setLeftArrowColor(Color col)

{
left_arrow.GetChild(®@).GetComponent<Renderer>().material.color = col;
left_arrow.GetChild(1).GetComponent<Renderer>().material.color = col;
left_arrow.GetChild(2).GetComponent<Renderer>().material.color = col;

¥

public void setRightArrowColor(Color col)

{
right_arrow.GetChild(®@).GetComponent<Renderer>().material.color = col;
right_arrow.GetChild(1).GetComponent<Renderer>().material.color = col;
right_arrow.GetChild(2).GetComponent<Renderer>().material.color = col;

¥

/%*

* addLeftChild and addRightChild functions

* These functions are used to both add the values of the

* corresponding child and the display text to the 3D visual

* tree

*k /

public void addLeftChild(string s, float value)

{
// Make the left arrow visible and instantiate a new node
// at left child position
left_arrow.gameObject.SetActive(true);
left_transform = Instantiate(tree_node, left_transform.position,

Quaternion.LookRotation(Vector3. forward));

// Based on our current level, set the size of the node
for (int i=1; i<level; i++)
left_transform.GetChild(3).localScale -= new Vector3(0.2f / i, ©.2f / i, @.2f / i);

// Set the text, value and level of the new child
left_child = left_transform.GetComponent<TreeNode>();
left_child.setText(s);

left_child.setValue(value);
left_child.setLevel(level+l);




Quat

public void addRightChild(string s, float value)
{
right_arrow.gameObject.SetActive(true);
right_transform = Instantiate(tree_node, right_transform.position,
ernion.LookRotation(Vector3.forward));
for (int i = 1; i < level; i++)
right_transform.GetChild(3).localScale -= new Vector3(®0.2f / i, @.2f / i, @.2f / 1i);
right_child = right_transform.GetComponent<TreeNode>();
right_child.setText(s);
right_child.setValue(value);
right_child.setLevel(level+1);
}

/*FUTURE DEVELOPMENT: ADD REMOVE CHILDS, MORE FUNCTIONALLITY ETC*/

DynamicProgramming.cs

usin
usin
usin
usin
usin

/**

g System.Collections;

g System.Threading;

g TMPro;

g UnityEngine;

g UnityEngine.SceneManagement;

* DynamicProgramming script
* The main script used to control all the elements
* of the dynamic programming section of our program.

*% /
publ

ic class DynamicProgramming : MonoBehaviour {

public double N = 6; // Current N used for every fibonacci algorithm
public double[] mem_fib; // The memoization table

private float execution_time = -1; // Current execution time of the respective algorithm
private double result; // Result of current fibonacci

/* Objects being displayed based on each algorithm */
public GameObject sphere_indicator;

public GameObject algorithm_text_object;

private TextMeshPro algorithm_text;

public GameObject execution_time_text_object;

private TextMeshPro execution_time_text;

public FibonacciBinary3DTreeController fibonacci_3d_tree;
public GameObject main_camera;

/* Variables used for the interface (UI) */
private int run_choice;

private float speed;

private bool use_step_toggle;

private bool step_forward;

public TextMeshProUGUI current_step_text;
public TMP_InputField n_input_field;

// Use this for initialization

void Start () {
algorithm_text = algorithm_text_object.GetComponentInChildren<TextMeshPro>();
execution_time_text = execution_time_text_object.GetComponentInChildren<TextMeshPro>();
StartCoroutine("mainControlFibonacci");

}

/***START of UI Functions***/
public void setN(int n)

{
this.N = n;




public void setRunChoice(int c)

{

}
/*Functions enabled by the UI buttons for controlling the flow of the program*/

public void setSpeed(float s)
{

}

/%%

this.run_choice = c;

this.speed = s;

* When the back button is pressed on the UI, it goes back to
* the DynamicProgramming start screen

* %/

public void BackButton()

{

}

/%%

SceneManager.LoadScene("DynamicProgramming");

* When the exit button is pressed on the UI, it goes back to
* the MainUI

* %/

public void ExitButton()

{

SceneManager.LoadScene("MainUI");
/***END of UI Functions***/

// MAIN CONTROL COROUTINE

public IEnumerator mainControlFibonacci()

{
// The thread is empty at the beginning
Thread run_thread = null;

// Start time using built in stopwatch

//float time_start = Environment.TickCount * ©.001f;

var stopWatch = System.Diagnostics.Stopwatch.StartNew();
stopWatch.Start();

switch (run_choice)
{
case 0:
// Recursive with tree
current_step_text.text = "Building Tree...";
recursiveFibonacciWithBinaryTree();
//StartCoroutine("recursiveFibonacciWithBinaryTree");
break;
case 1:
// Recursive
algorithm_text.text =
"private double recursiveFib(double n)\n" +

"{\n" +

" if (n <= 1)\n" +

" {\n" +

" return n;\n" +

" N\n" +

" else\n" +

" {\n" +

" double nl = recursiveFib(n - 1);\n" +
" double n2 = recursiveFib(n - 2);\n" +
" return nl + n2;\n" +

" N\n" +

RN
El

run_thread = new Thread(recursiveFibonacci);
run_thread.Start();

current_step_text.text = "Running...";
//recursiveFibonacci();




break;
case 2:
// Memoization
algorithm_text.text =
"private double memoizationFib(double n)\n" +

"{\n" +

" if (mem_fib[n] != -1)\n" +

" {\n" +

" return mem_fib[n];\n" +

" \n" +

" else if(n <= 1)\n" +

" {\n" +

" return n;\n" +

" \n" +

" else\n" +

" {\n" +

" double fib_res = memoizationFib(n - 1) + memoizationFib(n - 2);\n" +
" mem_fib[n] = fib_res;\n" +
" return fib_res;\n" +

" \n" +

"F\n";

run_thread = new Thread(memoizationFibonacci);
run_thread.Start();
current_step_text.text = "Running...";
//memoizationFibonacci();
//StartCoroutine("memoizationFibonacci™);
break;
case 3:
// Iterative
algorithm_text.text =
"private double iterativeFib(double n)\n" +
"{\n" +
" double[] F = new double[n+1];\n" +
" F[@] = @;\n" +
" F[1] = 1;\n" +
for(int i=2; i<=n; i++)\n" +

" {\n" +

" F[i] = F[i - 1] + F[i - 2];\n" +
" \n" +

" return F[n];\n" +

"hn";

run_thread = new Thread(iterativeFibonacci);
run_thread.Start();

current_step_text.text = "Running...";
//iterativeFibonacci();
//StartCoroutine("iterativeFibonacci");

break;
¥
if (run_choice != 9)
{

// Enable the algorithm gameobjects
sphere_indicator.SetActive(true);
algorithm_text_object.SetActive(true);
execution_time_text_object.SetActive(true);

// Blinking of the sphere until the algorithm finishes its run
while (run_thread.IsAlive)
{

//execution_time_text.text = "Execution Time: + stopWatch.ElapsedMilliseconds + "
milisecs";
sphere_indicator.GetComponent<Renderer>().material.color = Color.white;
//yield return new WaitUntil(()=> !run_thread.IsAlive || new WaitForSeconds(0.2f)) ;
yield return new WaitForSeconds(@.5f);
if (!run_thread.IsAlive)
break;

sphere_indicator.GetComponent<Renderer>().material.color = Color.red;




yield return new WaitForSeconds(@.5f);

}

sphere_indicator.GetComponent<Renderer>().material.color = Color.green;

// When the thread is finished, display the execution time

// Execution time = End time - Start time
//execution_time = (Environment.TickCount * ©.001f) - time_start;
stopWatch.Stop();

execution_time = stopWatch.ElapsedMilliseconds;
// Frame rate overhead - SET TIME TO 1ms
if (execution_time > @ && execution_time <= 600)

execution_time = 1;
execution_time_text.text = "Execution Time: " + execution_time + " milisecs";

// Display the result

current_step_text.text = "Result = " + result;
¥
yield return null;

}

// FIBONACCI ALGORITHMS
public void recursiveFibonacciWithBinaryTree()
{
// Change camera position and size based on N for fitting the
// binary tree correctly on the screen.
// Decrease Y position and increase camera size with a bigger than 6 N.
if (N > 6)
{
main_camera.gameObject.transform.position = new
Vector3(main_camera.transform.position.x, main_camera.transform.position.y - (0.7f * ((int)N - 6)),
main_camera.transform.position.z);
main_camera.GetComponent<Camera>().orthographicSize += 0.8f * ((int)N - 6);
}
fibonacci_3d_tree.N = (int)N;
fibonacci_3d_tree.begin = true;
//yield return null;

¥
public void recursiveFibonacci()
{
//float start_time = Time.time;
result = recursiveFib(N);
//execution_time = Time.time - start_time;
Debug.Log("Execution time: " + execution_time.ToString());
Debug.Log("Result: " + result);
//yield return null;
¥
private double recursiveFib(double n)
{
//Debug.Log("Fibonacci(" + n + ")");
if (n <= 1)
{
return n;
¥
else
{
double nl = recursiveFib(n - 1);
double n2 = recursiveFib(n - 2);
return nl + n2;
}
}

public void memoizationFibonacci()

{
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// Initialize the memoization table.
mem_fib = new double[(int)N + 1];
for (int 1 = @; i <= N; i++)

mem_fib[i] = -1;
}
result = memoizationFib(N);
//execution_time = Time.time - start_time;
Debug.Log("memoizationFibonacci - Execution time:
Debug.Log("Result: " + result);
//yield return null;

+ execution_time.ToString());

¥

private double memoizationFib(double n)

{
// If the current recursive call is stored in the memoization
// array then retreive it and return the stored answer.
//Debug. Log("Fibonacci("+n+")");
if (mem_fib[(int)n] != -1)
{

return mem_fib[(int)n];

else if (n <= 1)
{

}

else

return n;

double fib_res = memoizationFib(n - 1) + memoizationFib(n - 2);
mem_fib[ (int)n] = fib_res;
return fib_res;

}

public void iterativeFibonacci()

{
//float start_time = Time.time;
result = iterativeFib(N);
//execution_time = Time.time - start_time;
Debug.Log("iterativeFibonacci - Execution time:
Debug.Log("Result: " + result);
//yield return null;

+ execution_time.ToString());

}

private double iterativeFib(double n)

{

double[] F
F[o] = o;
F[1] = 1;
for (int i = 2; 1 <= n; i++)

{

new double[(int)n + 17;

F[i] = F[i - 1] + F[i - 2];

return F[(int)n];
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Napaptnua Z

Mo katw Pplokovral ta scripts Kol oXeSLAOTIKO UALKO TIOU XpnoLhomoLlndnkav Kot tnhv
uAomoinon tou Ttuxalomolnuévou oAyopiBupou Karger, tou TPLOSLAOTATOU OUVEKTLKOU

TIoAUYpAdOoU Kal TNG arnobrnkevong tou. Avadépovtal kupiwg yia to KedpdaAaio 7.

GraphLineController.cs

using UnityEngine;

ik
* GraphLineController script

* Attached onto a 3D cylinder line

* Provides onMouse features for drawing
* lines on a multigraph.

*k

public class GraphLineController : MonoBehaviour {

/*If is hovered or is selected*/
public bool is_hovered;
public bool is_selected;

// Initial color of the line
private Color start_color;

// Use this for initialization
void Start () {
is_hovered = false;
is_selected = false;
start_color = GetComponent<Renderer>().material.color;

}

/*When a mouse is hovered over the line, turn it red*/
private void OnMouseEnter()
{
is_hovered = true;
GetComponent<Renderer>().material.color = Color.red;

}

/*When the mouse gets away from the line, return to default color*/
private void OnMouseExit()
{

is_hovered = false;

GetComponent<Renderer>().material.color = start_color;

GraphNodeController.cs

using System.Collections.Generic;
using System.Lingq;

using TMPro;

using UnityEngine;

/**

* GraphNodeController script

* Attached onto a graph node (3d sphere) which allows it
* to have graph node features and mouse events.
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*k

public class GraphNodeController : MonoBehaviour {

private List<int> valuelist; // Values contained inside the node

public bool is_hovered; // True if mouse is hovering over the node
public bool is_selected; // True if mouse is selected (via Double Click)
private bool one_click = false; // True if one click

private bool timer_running; // True if timer is running

private float timer_for_double_click = @f; // A timer for detecting double clicks

//this is how long in seconds to allow for a double click
private float delay = 0.5f;

private Color start_color; // Initial color of the sphere

// Use this for initialization

void Start () {

//this.valuelist = new List<int>();

is_hovered = false;

is_selected = false;

start_color = GetComponent<Renderer>().material.color;

}
private void Update()
{
if (one_click)
{
// if the time now is delay seconds more than when the first click started.
if ((Time.time - timer_for_double_click) > delay)
// basically if thats true its been too long
// and we want to reset so the next click is
// simply a single click and not a double click.
one_click = false;
}
}
}
/**

* addValue function

* Used to add a value to the node (supernode)
*% /

public void addvValue(int val)

{
this.valuelList.Add(val);
GetComponentInChildren<TextMeshPro>().text = "" + val;

}

/%*
* setValues/getValues functions
* Used to set/get the values of the node (supernode)

*% /
public void setValues(List<int> vals)
{
this.valuelist = vals;
// Set the textbox inside the node's sphere to show all the values
string valuesString = string.Join(",", this.valuelList.Select(x => x.ToString()).ToArray());
GetComponentInChildren<TextMeshPro>().text = "{" + valuesString + "}";
}
public List<int> getValues()
{
return this.valuelist;
}




/x*
* resetNode function
* Reset the mouse values of the node

*k /
public void resetNode()
{
is_hovered = false;
is_selected = false;
GetComponent<Renderer>().material.color = start_color;
}
public void OnMouseDown()
{
if (lone_click) // first click no previous clicks
{
one_click = true;
timer_for_double_click = Time.time; // save the current time
// do one click things;
}
else
{
one_click = false; // found a double click, now reset
// DOUBLE CLICK -> set color to green
is_selected = !is_selected;
GetComponent<Renderer>().material.color = Color.green;
}
}

/*Used to detect if the mouse hovered over the node*/
private void OnMouseEnter()

{
is_hovered = true;
//Set color to red
GetComponent<Renderer>().material.color = Color.red;
¥

/*Used to detect if the mouse has moved away from the node*/
private void OnMouseExit()
{
is_hovered = false;
// If the node is not selected then set to default color
// else set to the selected color (Green)
if (!is_selected)
{
¥
else

{
}

GetComponent<Renderer>().material.color = start_color;

GetComponent<Renderer>().material.color = Color.green;

RndAlgoGraphCreatorUl.cs

using UnityEngine;

* RndAlgoGraphCreatorUI script
* Used to show/hide graph creation instructions (Rand. Algorithm)

public class RndAlgoGraphCreatorUI : MonoBehaviour {

public GameObject instructionsGameObject;




public void ShowHideInstructions()

{
bool isActive = instructionsGameObject.active;
instructionsGameObject.SetActive(!isActive);

Graphltem class and ScrollGraphlList.cs

using UnityEngine;
using System.Collections.Generic;
using System.IO;

// A mini-class containing the data of a graph item.
[System.Serializable]
public class GraphItem

{
/*The file name*/
public string itemName;
public GraphItem()
{
}
public GraphItem(string itemN)
{
this.itemName = itemN;
}
/*A screenshot of the graph (OPTIONAL)*/
//public Sprite icon;
}

public class ScrollGraphList : MonoBehaviour {

public GameObject loadingUIObject;

public GameObject algorithmUIObject;
public GameObject createGraphObject;
public List<GraphItem> itemList;

public Transform contentPanel;

//public ScrollGraphList otherShop;
//public Text myGoldDisplay;

public SimpleObjectPool buttonObjectPool;

//public float gold = 20f;

// Use this for initialization
void Start()

{
RefreshDisplay();
¥
public void RefreshDisplay()
{
//myGoldDisplay.text = "Gold: " + gold.ToString();
RemoveButtons();
AddButtonsFromFile();
//AddButtons();
}

private void RemoveButtons()

{
while (contentPanel.childCount > @)

{




GameObject toRemove = transform.GetChild(@).gameObject;
buttonObjectPool.ReturnObject (toRemove);

}

/**
* AddButtonsFromFile function

* Used to add buttons to the scroll list based on the

* graph files that are in the default directory of the SaveSystem.

*k /
private void AddButtonsFromFile()
{
int fileCount = 0;
itemList = new List<GraphItem>();
string currFilePath = SaveSystem.defaultPath;
//Application.persistentDataPath + "/Graph-" + fileCount + ".dat";
string[] files = Directory.GetFiles(currFilePath);
int i = 0;
while (i < files.Length)
if (File.Exists(files[i]))
{
//GraphItem item = itemList[i];
GameObject newButton = buttonObjectPool.GetObject();
newButton.transform.SetParent(contentPanel);
newButton.transform.SetAsFirstSibling();
string fileName = Path.GetFileNameWithoutExtension(files[i]);
GraphItem gI = new GraphItem(fileName);
GraphItemButton graphButton = newButton.GetComponent<GraphItemButton>();
graphButton.Setup(gI, this);
fileCount++;
newButton = null;
graphButton = null;
gl = null;
}
i+4;
}
}
}
GraphltemButton.cs

using UnityEngine;
using UnityEngine.UI;

/**
* GraphItemButton script

* Used to control the functionality of a button of a graph scroll list
**/

public class GraphItemButton : MonoBehaviour

{

public Button buttonComponent;
public Text namelabel;

private GraphItem item;
private ScrollGraphList scrolllList;

// Use this for initialization
void Start()
{

}

buttonComponent.onClick.AddListener(HandleClick);




public void Setup(GraphItem currentItem, ScrollGraphList currentScrolllList)
{
item = currentItem;
namelLabel.text = currentItem.itemName;
// iconImage.sprite = item.icon;
scrolllist = currentScrolllList;

}

public void HandleClick()

{
scrolllList.RefreshDisplay();
// Load Graph
scrollList.loadingUIObject.SetActive(false);
scrollList.algorithmUIObject.SetActive(true);
scrolllList.createGraphObject.SetActive(true);

scrolllList.createGraphObject.GetComponent<CreateGraphUIController>().LoadGraph(item.itemName);
//scrollList.AddItem(item, scrolllList);
}

GraphNode.cs

using System.Collections.Generic;
using System.Ling;
using UnityEngine;

/**

* GraphNode script

* The graph node object used to describe the nodes for
* the 3D undirected graph

*% /

public class GraphNode{

public List<int> valuelist; // The list with all the values of the node
private GameObject sphereObject; // The 3D spherecal object

/*GraphNode Constructors*/
public GraphNode()

{
this.valuelList = new List<int>();
¥
public GraphNode(List<int> vals, GameObject s)
{
vals.Sort();
this.valuelist = vals;
this.sphereObject = s;
this.sphereObject.GetComponent<GraphNodeController>().setValues(vals);
¥
public GraphNode(List<int> vals, Vector3 pos)
{

vals.Sort();
this.valuelist = vals;
this.sphereObject = GameObject.Instantiate(GameObject.FindGameObjectWithTag("3DNode"), pos,
Quaternion.LookRotation(Vector3.forward));
this.sphereObject.SetActive(true);
this.sphereObject.GetComponent<GraphNodeController>().setValues(vals);
}

/**
* Delete function
* Deletes the current graphNode
**/
public void Delete()
{




valuelist = new List<int>();
GameObject.Destroy(sphereObject);

}

/x*
* addValue function
* Used to add and show a value to the current node
**/
public void addValue(int v)
{
this.valuelList.Add(v);
this.valuelList.Sort();
this.sphereObject.GetComponent<GraphNodeController>().setValues(new List<int> {v});
}

/*Getters and setters for the values and 3d object*/
public void setValues(List<int> vals)

{
vals.Sort();
this.valuelist = new List<int>();
this.valuelist = vals;
this.sphereObject.GetComponent<GraphNodeController>().setValues(vals);
¥
public List<int> getValues()
{

this.valuelList.Sort();
return this.valuelist;

public void set3DSphereObject(GameObject s)

t this.sphereObject = s;

gublic GameObject get3DSphereObject()
¢ return this.sphereObject;

}

/%

* isEqual functions
* Used to check if two value integer lists have equal amount of values
* and the same ones.

*% /
public bool isEqual(List<int> vallList2)
{
//ints1.All(ints2.Contains) && intsl.Count == ints2.Count
if (this.valuelList.All(vallList2.Contains) && (this.valuelList.Count == vallList2.Count))
{
return true;
¥
return false;
¥
public bool isEqual(GraphNode graphNode2)
{
List<int> vallList2 = graphNode2.getValues();
//ints1.Al1l(ints2.Contains) && intsl.Count == ints2.Count
if (this.valuelList.All(vallList2.Contains) && (this.valuelList.Count == vallList2.Count))
{
return true;
¥
return false;
}
}
Edge.cs




using System.Collections.Generic;
using System.Lingq;
using UnityEngine;

/**

* Edge script object

* The edge object is used to describe an edge connecting
* two nodes on an undirected 3D graph.

*k /

public class Edge {

private GraphNode src; // Source node

private GraphNode dst; // Destination node

private Vector3 posl; // position of the CENTRE of the source node
private Vector3 pos2; // position of the CENTRE of the destination node

public List<GameObject> edgeObjectList; // A list containing all the edges connecting the two
nodes together

public int numberOfEdges; /*Number of edges connecting node src to dst (DEFAULT IS 1)*/
public float radius; // Radius of the sphere of a node

/*Edge constructor*/
public Edge(GraphNode s, GraphNode d, int noOfEdges = 1)
{
this.src = s;
this.dst = d;
this.posl = s.get3DSphereObject().transform.position;
this.pos2 = d.get3DSphereObject().transform.position;

// Radius of the node is half its diameter

this.radius = src.get3DSphereObject().transform.lossyScale.y / 2f;
this.edgeObjectList = new List<GameObject>();

this.numberOfEdges = noOfEdges;

// Reset the edge positions
ResetEdgePositions();
¥

/*Used to delete the current edge object*/
public void Delete()

{
src = null;
dst = null;
numberOfEdges = 0;
DeleteAllEdges();
¥

/*Used to delete all the 3D edges currently connecting the two nodes*/
public void DeleteAllEdges()
{

// Remove all previous edges

while(edgeObjectList.Count != @)

GameObject.Destroy(edgeObjectList[0]);
edgeObjectList[@] = null;
edgeObjectList.RemoveAt(0);

//edgeObjectList.Clear();
edgeObjectList = new List<GameObject>();
}

/*Sets the color of each edge to c*/

public void SetColor(Color c)

{
for (int i=0; i<edgeObjectList.Count; i++)
{

edgeObjectList[i].GetComponent<Renderer>().material.color = c;




}

/*Reset node positions based on their new position*/
public void ResetNodePositions()

{
this.posl = src.get3DSphereObject().transform.position;
this.pos2 = dst.get3DSphereObject().transform.position;
}
ik

* ResetEdgeCount function
* Reset the edge count between the nodes
**/
public void ResetEdgeCount()
{
// Delete all current edges
DeleteAllEdges();

// Interpolate the edges between nodes
InterpolateMultipleEdges();
¥

/x*

* InterpolateMultipleEdges function

* An important function. It is used to linearly instantiate

* interpolated 3D lines between two nodes.

*% /

public void InterpolateMultipleEdges()

{
// Find the vector pointing from source(posl) --> destination(pos2) node
Vector3 v3 = pos2 - posl;

// By finding the tangent of that vector (by multiplying -1 the y-axis)
// we are able to determing the tangent direction of the edges
Vector3 tangent = new Vector3(-v3.y, v3.x, v3.z);

// Normalize that direction
tangent.Normalize();

// Find the start and end point of the source node
// based on the radius and direction of the tangent
Vector3 startPosl = posl + tangent * radius;
Vector3 endPosl = posl - tangent * radius;

// Find the start and end point of the destination node
Vector3 startPos2 = pos2 + tangent * radius;
Vector3 endPos2 = pos2 - tangent * radius;

// If we have only one edge, create only one
if (numberOfEdges == 1)
{
CreateEdge(posl, pos2);
return;
¥
else
{
// Else interpolate linearly between start and end positions
// of the two nodes, in between edges with equal distance.
for (int i = @; i < numberOfEdges; i++)
{
Vector3 currPl = Vector3.Lerp(startPosl, endPosl, (float)i / (float)numberOfEdges);
Vector3 currP2 = Vector3.Lerp(startPos2, endPos2, (float)i / (float)numberOfEdges);
CreateEdge(currPl, currP2);




public void ResetEdgePositions()

{
ResetNodePositions();
DeleteAllEdges();
InterpolateMultipleEdges();

}

/x*

* AddEdge function

* Used to add a 3D edge to the current edge

**/

public void AddEdge()

{
this.numberOfEdges++;
ResetEdgePositions();
//ResetNumberOfEdges (1+numberOfEdges);

}

Yk
* CreateEdge function
* A function that creates an edge between to specific points.
**/
public void CreateEdge(Vector3 pl, Vector3 p2)
{
// Use the 3DLine already placed on our scene
GameObject edge3DObject = GameObject.FindGameObjectWithTag("3DLine");

// Instantiate the edge on the centre of the two points

// connecting the two points together

Vector3 v3 = p2 - pl;

GameObject newEdge = GameObject.Instantiate(edge3DObject);

newEdge.transform.position = p1 + (v3) / 2.ef;

newEdge.transform.localScale = new Vector3(newEdge.transform.localScale.x, v3.magnitude /
2.0f, newEdge.transform.localScale.z);

newEdge.transform.rotation = Quaternion.FromToRotation(Vector3.up, v3);

newEdge.SetActive(true);

edgeObjectList.Add (newEdge);

//edge3DObject = null;
newkEdge = null;

}

/*Getters and setters for source and dest nodes*/
public void addSrcNode(int s)

{
src.addvalue(s);
¥
public void addDstNode(int d)
{
dst.addvalue(d);
¥
public void setSrcValues(List<int> s)
{
s.Sort();
this.src.setValues(s);
¥
public void setDstValues(List<int> d)
{
d.Sort();
this.dst.setValues(d);
}
public List<int> getSrcValues()
{
return this.src.getValues();
}

public List<int> getDstValues()
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{
return this.dst.getValues();

gublic GraphNode GetSourceNode()

{ return this.src;

gublic GraphNode GetDestinationNode()
t return this.dst;

}

/*End of getters/setters*/

/**
* iskEqual function

* Returns true if this edge is the same with another one
* based on the node values.

*% /
public bool iskEqual(GraphNode from, GraphNode to)
{
if(from == null || to == null || from.isEqual(to))
{
return false;
¥

/*if ((this.src.isEqual(from.getValues()) && this.dst.isEqual(to.getValues())) ||
(this.src.isEqual(to.getValues()) && this.dst.isEqual(from.getValues())))*/

// Check if the two nodes are equal if src==from and dst==to OR src==to and dst==from
if ( (this.src.isEqual(from) && this.dst.isEqual(to)) ||
(this.src.isEqual(to) && this.dst.isEqual(from)) )

{
return true;
}
else
{
return false;
}
}
/**

* ChangeEdge function
* Used to change the nodes of the current edge

*% /
public Edge ChangeEdge(GraphNode newSrc, GraphNode newDst)
{
if (newSrc == null || newDst == null || newSrc.isEqual(newDst))
{
return null;
¥

this.src = newSrc;
this.dst = newDst;
ResetEdgePositions();
return this;

}

/%*
* ToString override method

* Used to print the edge in string form.
*% /

public override string ToString()

{
string srcString
x.ToString()).ToArray())
string dstString
x.ToString()).ToArray()) "1
return "Src->" + srcString + " Dst->" + dstString +

"{" + string.Join(",", this.getSrcValues().Select(x =>

"{" + string.Join(",", this.getDstValues().Select(x =>

+ o+

Links: "+ numberOfEdges;

}
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Undirected3DGraph.cs

using System.Collections.Generic;

using System.Linqg; /*For SequencekEqual (to check equality of lists)*/
using System.Runtime.Serialization;

using UnityEngine;

/x*
* Undirected3DGraph script

* The main undirected 3D graph object used for Karger's Contract
* randomization algorithm

*k

[DataContract]

public class Undirected3DGraph{

[DataMember]
public List<GraphNode> nodelist; /*The list with all the nodes of the graph*/

[DataMember]
public List<Edge> edgelist; /*The list with all the edges*/

/*Undirected 3D Graph constructors*/
public Undirected3DGraph()

{
this.nodelList = new List<GraphNode>();
this.edgelist = new List<Edge>();
¥
public Undirected3DGraph(List<GraphNode> nl, List<Edge> el)
{
this.nodelList = nl;
this.edgelist = el;
¥
/%*

* Destroy function
* Used to destroy the whole graph
*% /

public void Destroy()

{

foreach(GraphNode n in nodelist)

{
}

nodeList = null;

n.Delete();

foreach(Edge e in edgelist)
{

}
edgelList = null;

e.Delete();

}

/**
* RebuildFromDataFile function
* Rebuilds the undirected 3d multigraph based on the
* data from the graphData restored from a file.
*k /
public void RebuildFromDataFile(Und3DGraphData graphData)
{
// Destroy the current graph.
Destroy();

// Find the already placed 3D objects with their tags
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GameObject node_3d_sphere = GameObject.FindGameObjectWithTag("3DNode");
GameObject edge_3d_line = GameObject.FindGameObjectWithTag("3DLine");

this.nodelList = new List<GraphNode>();
this.edgelList = new List<Edge>();

// Rebuild nodes

for(int i=@; i<graphData.nodes.Count; i++)

{
Vector3 currNodePos = graphData.nodePositions[i];
List<int> currNodeVals = graphData.nodes[i].nestedlist;
GameObject new_node = GameObject.Instantiate(node_3d_sphere, currNodePos,

Quaternion.LookRotation(Vector3.forward));

//new_node.GetComponent<GraphNodeController>().setValues(currNodeVals);
new_node.SetActive(true);
//addNode(new_node.GetComponent<GraphNodeController>().getValues(), new_node);
GraphNode n = new GraphNode(currNodeVals, new_node);
addNode(n);
new_node = null; // Remove pointer

}

// Rebuild the edges
for(int i=0; i<graphData.srcNodes.Count; i++)

{

int srcNodeIndex = graphData.srcNodes[i];

int dstNodeIndex = graphData.dstNodes[i];

int currkEdgeNoOfEdges = graphData.noOfEdges[i];

addEdge(this.nodelList[srcNodeIndex], this.nodeList[dstNodeIndex], currtEdgeNoOfEdges);
¥

// Remove pointers
node_3d_sphere = null;
edge_3d_line = null;

}

/*Getters and setters for Node and Edge List*/
public List<GraphNode> getNodelList()

t return this.nodelist;

zublic void SetNodelList(List<GraphNode> nl)
t this.nodelist = nl;

gublic List<Edge> getEdgelist()

t return this.edgelist;

gublic void SetEdgelist(List<Edge> el)

t this.edgelist = el;

}

/*End of getters and setters*/

/*Adding and removing a node*/
public void addNode(GraphNode n)

{
nodelList.Add(n);
¥
public void removeNode(GraphNode node)
{

// First we remove all the edges connected with the node
removeAllEdges(node);

// Remove the node by removing it from the list
// Deleting it (Destroying it) and settin it to null
nodelList.Remove(node);
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node.Delete();
node = null;

}

/x*
* addEdge functions

* Add an edge to our graph
*k |

public void addEdge(GraphNode src, GraphNode dst)

{
this.edgelList.Add(new Edge(src, dst));

public void addEdge(GraphNode src, GraphNode dst, int noOfEdges)
{

}

/x*
* deleteEdge function

* Deletes an edge src->dst

*% /

public bool deleteEdge(GraphNode src, GraphNode dst)
{

this.edgelList.Add(new Edge(src, dst, noOfEdges));

// Check all the edges in the list
for (int i = ©; i < this.edgelList.Count; i++)

{
// Check if src -> dst or dst -> src (because we have an undirected graph)
// if we have a match then destroy that edge and remove it from the list.
if (edgelList[i].isEqual(src, dst))
edgelList[i].Delete();
edgelist[i] = null;
edgelList.Remove(edgelList[i]);
//edgelList.RemoveAt(i);
return true;
}
}
return false;
}
/%*

* getNodeIndex function

* USED WHEN SAVING to get the index of a specific node based on its values
*k /

public int getNodeIndex(List<int> vals)

t vals.Sort();
for (int i = ©; i < nodeList.Count; i++)
t GraphNode curr_node = nodelList[i];
if (curr_node.isEqual(vals))
{
return i;
}
¥
return -1;
¥
/%*

* ResetAllEdgePositions function
* Used to reset all the edge positions based on the
* movement of nodes (Used for animation mainly)
**/
public void ResetAllEdgePositions()
{
// Check all the edges in the list
for (int i = @; i < this.edgeList.Count; i++)

{
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this.edgelList[i].ResetEdgePositions();

}

/x*
* edgeExists function
* Check if an edge exists based on a specific src and dst node

*% /
public Edge edgeExists(GraphNode src, GraphNode dst)
{
if (src == null || dst == null || src.isEqual(dst))
{
return null;
}
// Check all the edges in the list
for (int i = @; i < this.edgelList.Count; i++)
{
// Check if src -> dst or dst -> src (because we have an undirected graph)
// if we have a match then destroy that edge and remove it from the list.
if (edgelList[i].isEqual(src, dst))
return edgelList[i];
}
}
return null;
}
Vi

* updateNode
* Used to change the node values of a node to the new node values
**/
public void updateNode(GraphNode node, List<int> new_vals)
{
//vals.Sort();
new_vals.Sort();
node.setValues(new_vals);

}

/%*
* FindCentrePointFromEdge function
* Used to find the centre point between the source and dest
* nodes of an edge.
*% /
public Vector3 FindCentrePointFromEdge(int edge_no)
{
// Find the centre point between the two nodes on the edge
Vector3 posSrcNode =
edgelList[edge_no].GetSourceNode().get3DSphereObject().transform.position;
Vector3 posDstNode =
edgelList[edge_no].GetDestinationNode().get3DSphereObject().transform.position;
Vector3 centrePoint = (posSrcNode + posDstNode) / 2f;
return centrePoint;

}

/**
* moveEdges function

* Used to move all the edges from the "from" node to any other
* node to the "to" node

*% /
public void moveEdges(GraphNode from, GraphNode to)
{

if (from == null || to == null || from.isEqual(to))

{

return;

}

for (int i = @; i < nodelList.Count; i++)

{
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// If an edge exists from the from node to any other node

// then add an edge from the from node to that one and delete its connection
// with the to node

if (edgeExists(from, nodeList[i]) != null)

addEdge(to, nodelList[i], edgeExists(from, nodeList[i]).numberOfEdges);
deleteEdge(from, nodeList[i]);
¥
¥

removeNode (from);

}

/**
* removeAllEdges function

* Used to remove all edges connected to a specific node
*x /

public void removeAllEdges(GraphNode node)
{

for (int i = @; i < nodelList.Count; i++)

if (edgeExists(node, nodelList[i]) != null)
{

}

deleteEdge(node, nodelList[i]);

}

/x*
* Merge Edge function
* This function is used to merge an edge by sending all the
* values of the dst node to the src node and then removing the
* src node thus merging the two connected nodes together!
*% /
public bool mergeEdge(int edge_no)
{
// Get the src and dst nodes of that edge
GraphNode srcNode = edgelList[edge_no].GetSourceNode();
GraphNode dstNode = edgelList[edge_no].GetDestinationNode();

// Get the centre point of an edge
Vector3 centrePoint = FindCentrePointFromEdge(edge_no);

// Delete the current selected edge
deleteEdge(srcNode, dstNode);

// Merge the values of the two nodes into a new node!
List<int> new_node_values = srcNode.getValues().ToList();
for (int i = ©; i < dstNode.getValues().Count; i++)

{
}

new_node_values.Sort();

new_node_values.Add(dstNode.getValues()[i]);

// Create a new node with the new values in the middle
GraphNode newNode = new GraphNode(new_node_values, centrePoint);

// Add it to the graph
addNode (newNode) ;

// Add an edge to all of the edges connected with the DST node from
// all the dst nodes of all the edges from the SRC node
// of the edge we want to merge
for (int i = ©; i < nodelList.Count; i++)
{
// if edge existst SRC->X
if (edgeExists(srcNode, nodeList[i]) != null)
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// and edge exists X->DST
if (edgeExists(nodelList[i], dstNode) != null)

// Add all the edges of SRC->X AND X->DST together = SUM

// delete those edges and create a new one X->NEW_NODE with SUM edges

int newNumberOfEdges = edgeExists(srcNode, nodelList[i]).numberOfEdges +
edgeExists(nodeList[i], dstNode).numberOfEdges;

deleteEdge(nodelList[i], dstNode);

deleteEdge(srcNode, nodelList[i]);

addEdge(nodelList[i], newNode, newNumberOfEdges);

}

// Move all edges from dst and src node to the New Node!
moveEdges(dstNode, newNode);
moveEdges(srcNode, newNode);

// Remove possible mutual edges
deleteEdge(dstNode, dstNode);
deleteEdge(newNode, newNode);
deleteEdge(srcNode, srcNode);
srcNode = null;

dstNode = null;

newNode = null;

return true;

ListWrapper.cs

using System.Collections.Generic;

/**
* ListWrapper script object
* Used to store a nested list (Serializable)
*x /
[System.Serializable]
public class ListWrapper {
public List<int> nestedList;
}

SaveSystem.cs

using System.IO;
using UnityEngine;
using System.Runtime.Serialization.Formatters.Binary;

/**

* SaveSystem singleton script

* Used to provide saving/loading features for the Undirected3DGraph
* used in Karger's algorithm

**/

public static class SaveSystem {

// The default file path where the graphs will be saved and loaded.
public static string defaultPath = Application.persistentDataPath + "/Graphs/";

/**
* SaveUnd3DGraph

* Saves the graph data to a file
*k /
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public static string SaveUnd3DGraph(Undirected3DGraph graph, string fileName)
{

// If default directory does not exist, create it.

if (!Directory.Exists(defaultPath))

{

}

// ONLY WORKS IN THE UNITY EDITOR AND NOT DURING THE BUILD!!

// HAD TO CREATE A NEW UI INTERFACE FOR SAVING.

//string path = UnityEditor.EditorUtility.SaveFilePanel("Save Your Graph", defaultPath,
"Graph-Name", "dat");

Directory.CreateDirectory(defaultPath);

if (!string.IsNullOrEmpty(fileName))

{
// Actually save the graph!
// Display the path we are going to store the
// save file on. (persistent directory) (it does not change)
//fileName = Path.GetFileNameWithoutExtension(fileName);
string filePath = defaultPath + "/" + fileName + ".dat";
Debug.Log("Saving at... :" + filePath);

// Stream the file with a File Stream. (Note that File.Create() 'Creates' or
'Overwrites' a file.)
FileStream file = File.Create(filePath);

BinaryFormatter bf = new BinaryFormatter();

// Create a new Und3DGraphData and save all the graph's data.
Und3DGraphData data = new Und3DGraphData(graph);

bf.Serialize(file, data);

file.Close();
¥

return fileName;

}

/%*
* Delete3DGraph

* Deletes a specific graph file if it exists

*% /

public static void Delete3DGraph(string fileName)

{
string filePath = defaultPath + fileName + ".dat";

if (File.Exists(filePath))

{
File.Delete(filePath);
}
else
{
Debug.LogError("File " + filePath + " does not exist!");
}
}
/%*

* LoadUnd3DGraph
* Loads all the graph data of a specific file
**/
public static Und3DGraphData LoadUnd3DGraph(string fileName)
{
string filePath = defaultPath + fileName + ".dat";
if (File.Exists(filePath))
{
// Stream the file with a File Stream. (Note that File.Create() 'Creates' or
'Overwrites' a file.)
FileStream file = new FileStream(filePath, FileMode.Open);
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BinaryFormatter bf = new BinaryFormatter();

// Deserialize file to the data object.
Und3DGraphData readData = bf.Deserialize(file) as Und3DGraphData;

file.Close();

+ readData.nodes.Count);
+ readData.srcNodes.Count);

Debug.Log("Nodes:
Debug.Log("Edges:

return readData;

}
else
{
Debug.LogError("File "+filePath+" does not exist!");
return null;
}
}
}
Und3DGraphData.cs

using System.Collections.Generic;
using UnityEngine;

/**
* Und3DGraphData script
* It contains a single Undirected3DGraph's data to be stored in a
* file using the Serializable function.
*k /
[System.Serializable]
public class Und3DGraphData{

[SerializeField]

public List<ListWrapper> nodes;
[SerializeField]

public List<SerializableVector3> nodePositions;
[SerializeField]

public List<int> srcNodes;

[SerializeField]

public List<int> dstNodes;

[SerializeField]

public List<int> noOfEdges;

public Und3DGraphData(Undirected3DGraph graph)
{
nodes = new List<ListWrapper>();
nodePositions = new List<SerializableVector3>();
srcNodes = new List<int>();
dstNodes = new List<int>();
noOfEdges = new List<int>();

List<Edge> edgelList = graph.getEdgelList();
List<GraphNode> nodelList = graph.getNodeList();

// Add each node's values and positions to the nodes list
// to save their state.
for(int i=@; i<nodelList.Count; i++)
{
ListWrapper 1w = new ListWrapper();
lw.nestedList = nodelList[i].getValues();
nodes.Add(1w);

Vector3 nodePos = nodeList[i].get3DSphereObject().transform.position;
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SerializableVector3 serVector = new SerializableVector3(nodePos.x, nodePos.y,
nodePos.z);

nodePositions.Add(serVector);

}

// Save the state of each edge

for(int i=0; i<edgelist.Count; i++)

{
Edge currkdge = edgelist[i];
int srcIndex = graph.getNodeIndex(currEdge.getSrcValues());
int dstIndex = graph.getNodeIndex(currEdge.getDstValues());

srcNodes .Add(srcIndex);
dstNodes .Add(dstIndex);

noOfEdges.Add(currEdge.numberOfEdges);

currkdge = null;

}

// Remove the pointers from the 3d graph
edgelList = null;
nodelList = null;

CreateGraphUIController.cs

using System.Collections;

using System.Collections.Generic;
using TMPro;

using UnityEngine;

using UnityEngine.SceneManagement;

/**
* CreateGraphUIController script
* Used to control all the user mouse abilities for graph creation
* and visualizes the Karger's contract algorithm (Randomization Algorithm)
*x /
public class CreateGraphUIController : MonoBehaviour
{
// The initial filename and maximum number of nodes in a graph
public const string FILENAME = "Graph-0";
public const int MAX_NODES = 30;

// A boolean array used to remember the nodes that have been instantiated
// to keep an order of the numbering
public bool[] hasNodeArray;

// Variables used when the user creates a new edge
public GameObject line_3d_edge;

private Vector3 posl;

private Vector3 pos2;

private bool is_line;

private GameObject new_3d_line;

private Transform initial_3d_edge_transform;

// The current node being hovered over
private GraphNode current_hovered_node;
// The current selected node

private GraphNode current_selected_node;
private GraphNode previous_selected_node;

// From and To node when creating a line
private GraphNode from_node;
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private GraphNode to_node;
private List<int> from_val;
private List<int> to_val;

// Our graph
private Undirected3DGraph und3dGraph = new Undirected3DGraph();

// The bounds where the user is able to instantiate nodes
private Rect bounds;

// Disabled flag is true when you are not able to
// create and edit the graph

private bool disabled = false;

private bool isMoveEdges = false;

// UI elements

public TextMeshProUGUI fileNameText;
public RectTransform boundOutline;

public TMP_InputField inputFieldSaveFile;
public GameObject instructionsButton;
public GameObject deleteButton;

// Used to set the speed of the algorithm
public float speed = 2f;

// Use this for initialization
void Start()

{

// Set node array's size to max nodes
hasNodeArray = new bool[MAX_NODES];

// Find the two gameobjects needed for instantiating a graph. (node and edge)
line_3d_edge = GameObject.FindGameObjectWithTag("3DLine");

// The current 3D line being created
new_3d_line = Instantiate(line_3d_edge, line_3d_edge.transform.position,

line_3d_edge.transform.rotation);

}

// Update is called once per frame
void Update()

// If disabled and move edges is enabled, dont identify mouse actions
// just move edges for animations
if (disabled && isMoveEdges)

{
und3dGraph.ResetAllEdgePositions();
¥
else if(!disabled)
{

// Must update the size of the bounds for fullscreen adjustment etc

Vector2 boundSize = new Vector2(Screen.width, Screen.height);

Vector2 boundPos = Camera.main.ScreenToWorldPoint(boundSize);

bounds = new Rect(boundPos.x + boundSize.x / 19f, boundPos.y + boundSize.y / 7f,

boundSize.x / 1.10f, boundSize.y / 1.35f);

// DRAW THE RECT ON SCENE VIEW FOR DEBUG PURPOSES
Debug.DrawLine(new Vector2(bounds.xMin, bounds.yMin), new Vector2(bounds.xMin,

bounds.yMax));

Debug.DrawLine(new Vector2(bounds.xMin, bounds.yMin), new Vector2(bounds.xMax,

bounds.yMin));

Debug.DrawLine(new Vector2(bounds.xMax, bounds.yMax), new Vector2(bounds.xMin,

bounds.yMax));

Debug.DrawLine(new Vector2(bounds.xMax, bounds.yMax), new Vector2(bounds.xMax,

bounds.yMin));

// Find the current mouse position

Vector3 mouse_pos = new Vector3(Input.mousePosition.x, Input.mousePosition.y, 10f);
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// The current selected node
// THE USER IS ONLY ABLE TO SELECT ONLY 1 NODE
current_selected_node = getSelectedNode();

// The current node being hovered over
// (only 1 node is hovered over at a time)
current_hovered_node = getHoveredNode();

// Check if mouse gets pressed within the desired bounds!
// Only there, will the user be able to instantiate and create the graph.
if (Input.GetMouseButtonDown(®) && bounds.Contains(Input.mousePosition))
{

// When the left mouse gets pressed (not held down)

// ,when no other node is hovered over, when we are

// not creating a line and when we are within maximum bounds

// then we can instantiate a new node

if (current_hovered_node == null && !is_line && und3dGraph.getNodelList().Count <

MAX_NODES)// && !Input.GetMouseButton(0))
{
Debug.Log("Pressed left mouse click");

// Check if the node number has been instantiated again
// if not instantiate that number

int nodevValue = 9;

for (int i = @; i < hasNodeArray.Length; i++)

if (!hasNodeArray[i])

{
hasNodeArray[i] = true;
nodeValue = i + 1;
break;

¥

¥
GraphNode newNode = new GraphNode(new List<int>() { nodevalue },
Camera.main.ScreenToWorldPoint(mouse_pos));

und3dGraph.addNode (newNode) ;
newNode = null;

}
}
if (current_selected_node != null)
{
und3dGraph.ResetAllEdgePositions();
// Move the selected node if it is selected, is hovered over and dragged!
if (Input.GetMouseButton(0)
&& current_hovered_node != null
&& current_hovered_node.Equals(current_selected_node))
{
Vector3 newPos = new Vector3(Input.mousePosition.x, Input.mousePosition.y, 10f);
newPos = Camera.main.ScreenToWorldPoint(newPos);
current_selected_node.get3DSphereObject().transform.position = newPos;
}
}
else
{

// THE FOLLOWING CODE IS EXECUTED ON THE INSTANTIATED NODES
// HENCE WE DON'T NEED TO CHECK IF WE ARE WITHIN BOUNDS
// INSTANTIATING A LINE BETWEEN NODES
if (Input.GetMouseButtonDown(@) && current_hovered_node != null)
{
// Current hovered node is the start of the edge
from_node = current_hovered_node;
from_val =
from_node. get3DSphereObject() .GetComponent<GraphNodeController>().getValues();
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posl = new Vector3(Input.mousePosition.x, Input.mousePosition.y, 10f);
posl = Camera.main.ScreenToWorldPoint(posl);

pos2 = posl;

is_line = true;

// Instantiate new 3d line

Destroy(new_3d_line);

new_3d_line = null;

new_3d_line = Instantiate(line_3d_edge, line_3d_edge.transform.position,
line_3d_edge.transform.rotation);

}

// Translate the mouse position to world point

// to be able to show the end of the 3D Line on the mouse pointer
// where the user wants to drag it

if (Input.GetMouseButton(®) && is_line)

{

pos2 = new Vector3(Input.mousePosition.x, Input.mousePosition.y, 10f);
pos2 = Camera.main.ScreenToWorldPoint(pos2);

// If the left mouse gets released while it is hovering over a node and
// it's not the same node from which we started creating the line then
// we can finish the edge!

if (Input.GetMouseButtonUp(®) && is_line)

// Create the edge if it does not exist
// If we reach a different node and is hovered that's at the end of the edge
if (current_hovered_node != null && current_hovered_node != from_node)
{
to_node = current_hovered_node;
to_val =
to_node.get3DSphereObject().GetComponent<GraphNodeController>().getValues();
is_line = false;
if (und3dGraph.edgeExists(from_node, to_node) == null)

{
und3dGraph.addeEdge(from_node, to_node, 1);
Destroy(new_3d_line);
new_3d_line = null;

¥

else

{

Destroy(new_3d_line);
new_3d_line = null;

¥

¥

else

{
Destroy(new_3d_line);
new_3d_line = null;

}

}

// If the user releases the left mouse button and there is no sphere under it
// then we cancel the line(edge) creation
if (Input.GetMouseButtonUp(@) && is_line && current_hovered_node == null)

{
}

// Calculate the 3D Line gameObject based on the

// posl -> pos2 positions!

if (pos2 != posl &% is_line && new_3d_line != null)
{

is_line = false;

Vector3 v3 = pos2 - posl;
new_3d_line.transform.position = posl + (v3) / 2.0f;
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new_3d_line.transform.localScale = new
Vector3(new_3d_line.transform.localScale.x, v3.magnitude / 2.0f,
new_3d_line.transform.localScale.z);
new_3d_line.transform.rotation = Quaternion.FromToRotation(Vector3.up, v3);
}
}

// Remove hoverd node if Right Clicked
if (Input.GetMouseButtonDown(1l) && current_hovered_node != null)

{
X

removeHoveredNode() ;

// Remove hovered edge if right clicked
Edge current_hovered_edge = getHoveredEdge();
if (Input.GetMouseButtonDown(1l) && current_hovered_edge != null)
{
und3dGraph.deleteEdge(current_hovered_edge.GetSourceNode(),
current_hovered_edge.GetDestinationNode());
current_hovered_edge.Delete();

}

current_hovered_edge = null;

/x*
* removeHoveredNode function
* Used to delete and remove the current hovered
* node (using right click)
*% /

private bool removeHoveredNode()

{
for (int i = ©; i < und3dGraph.getNodeList().Count; i++)

{
if
(und3dGraph.getNodeList()[i].get3DSphereObject().GetComponent<GraphNodeController>().is_hovered)

GraphNode n = und3dGraph.getNodelList()[i];
hasNodeArray[n.getValues()[0]-1] = false;
und3dGraph.getNodelList ().Remove (und3dGraph.getNodeList()[i]);
und3dGraph.removeAllEdges(n);
n.Delete();
n = null;
return true;
¥
¥
return false;

}

/%*
* getHoveredNode function
* Used to get the current hovered node
* the user's mouse is on.
*% /
private GraphNode getHoveredNode()
{
for (int i = @; i < und3dGraph.getNodeList().Count; i++)
{
if
(und3dGraph.getNodeList()[i].get3DSphereObject().GetComponent<GraphNodeController>().is_hovered)

return und3dGraph.getNodeList()[i];
}
}

return null;
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/x*
* getHoveredEdge function
* Used to get the current hovered edge
* the user's mouse is on.
*k
private Edge getHoveredEdge()
{
for(int i=0; i<und3dGraph.getEdgelist().Count; i++)

{
for(int j=@; j< und3dGraph.getEdgelList()[i].numberOfEdges; j++)

{
if
(und3dGraph.getEdgeList()[i].edgeObjectList[j].GetComponent<GraphLineController>().is_hovered)

return und3dGraph.getEdgeList()[1i];

}
}

return null;

}

/**
* getSelectedNode function
* The get selected Node function is used to get the
* currently selected node and unselect the previous one.
**/
private GraphNode getSelectedNode()
{
//previous_selected_node = current_selected_node;
GraphNode sel _node = null;
int countSel = 0;
for (int i = ©; i < und3dGraph.getNodeList().Count; i++)
{
// If a selected node is found, disable every othe one.
if
(und3dGraph.getNodeList()[i].get3DSphereObject().GetComponent<GraphNodeController>().is_selected)

// Get only the first selected node and set the rest of them as unselected.
sel_node = und3dGraph.getNodeList()[i];

countSel++;
if (previous_selected_node != null & countSel == 2)
{
previous_selected_node.get3DSphereObject().GetComponent<GraphNodeController>().resetNode();
¥
¥
¥
if (countSel == @)
{
previous_selected_node = null;
¥
else
{
previous_selected_node = sel_node;
¥
return sel_node;
¥
/**

* When the back button is pressed on the UI, it goes back to
* the main start screen

**/

public void BackButton()

{
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SceneManager.LoadScene("MainUI");

}

/x*
* setSpeed function

* Used to set the speed of the algorithm via a UI slider
*k /

public void setSpeed(float s)
{

this.speed = s;

public void SetDisabled(bool isDis)
{

}

Yk
* RunMinCut

* Used to run min-cut contract algorithm
*k )

public void RunMinCut()

{

this.disabled = isDis;

// Run CONTRACT ALGORITHM
StartCoroutine("contractAlgorithm");
disabled = true;
//graph.printGraph();

}

/**

* DestroyGraph function

* Used to remove all the graph that has been created

* (when the back button is pressed in the graph creator UI)

*% /
public void DestroyGraph()
{
if (und3dGraph != null)
{
disabled = true;
und3dGraph.Destroy();
und3dGraph = new Undirected3DGraph();
for (int i = @; i < hasNodeArray.Length; i++)
hasNodeArray[i] = false;
¥
else
{
disabled = false;
b
fileNameText.text = "";
¥
/%*

* Karger's Contract algorithm (Algorithmos Sirriknosis) coroutine
*

*
*% /
public IEnumerator contractAlgorithm()
{
int iterationNo = 9;
disabled = true;
while (und3dGraph.getNodeList().Count > 2)

{
Debug.Log("Iteration " + iterationNo + " -> Nodes:
und3dGraph.getNodeList().Count.ToString());

+

// *** GENERATE a random seed based on the computer's clock

// and choose uniformly at random an edge from the graph

Random.seed = (int)System.DateTime.Now.Ticks;

int random_edge_no = (int)(Random.value * und3dGraph.getEdgelList().Count - 1);
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und3dGraph.getEdgeList()[random_edge_no].SetColor(Color.red);
yield return new WaitForSeconds(speed);

// Animate two Nodes merging with each other using BallMover Component

GameObject nodel =
und3dGraph.getEdgelList()[random_edge_no].GetSourceNode().get3DSphereObject();
GameObject node2 =

und3dGraph.getEdgelList()[random_edge_no].GetDestinationNode().get3DSphereObject();
Vector3 centrePoint = und3dGraph.FindCentrePointFromEdge(random_edge_no);

nodel.GetComponent<BallMover>().SetTarget(centrePoint);
node2.GetComponent<BallMover>().SetTarget(centrePoint);
isMoveEdges = true;
nodel.GetComponent<BallMover>().active = true;
node2.GetComponent<BallMover>().active = true;

yield return new WaitUntil(() => !nodel.GetComponent<BallMover>().active &&

Inode2.GetComponent<BallMover>().active);
isMoveEdges = false;
nodel = null;
node2 = null;

und3dGraph.mergeEdge (random_edge_no);
und3dGraph.ResetAl1EdgePositions();

yield return new WaitForSeconds(speed);

iterationNo++;

}

yield return null;

}

/**

* SaveGraph function

* Used to save the created graph to a desired file
*k /
public void SaveGraph()

{
// Get file name from input text field
string fileName = inputFieldSaveFile.text;

// Save that file
string savedFileName = SaveSystem.SaveUnd3DGraph(und3dGraph, fileName);
}

/**
* LoadGraph funct
* Used to load an already created graph via a filename

*% /

public void LoadGraph(string fileName)

{
disabled = true;
Und3DGraphData graphData = SaveSystem.LoadUnd3DGraph(fileName);
fileNameText.text = fileName;
instructionsButton.SetActive(false);
deleteButton.SetActive(true);
und3dGraph = new Undirected3DGraph();
und3dGraph.RebuildFromDataFile(graphData);

¥

/**

* DeleteGraph function
* Used to delete the current graph file.
**/
public void DeleteGraph()
{
string file = fileNameText.text;
DestroyGraph();
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SaveSystem.Delete3DGraph(file);
instructionsButton.SetActive(true);
deleteButton.SetActive(false);
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