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Iepiinyn

O o1610¢ NG mruylKNG epyaciog eivor 1 oyediaon kot n vAomoinon &vog
multiplayer moyvidiod, 6mov 0 TaikTNG EXEL TOVS XEPIGUOVS Yo TNV Kivion Kol TV
enifeon tov yapoktpo. Kdébe moiking emdéyer pio and 11 owbéoes KAAGELS
yopaxtnpov, I[loiemom, Mdayo 7 Xxomevtr), ot omoieg OwwbéTovy HOVAOIKEG
wovoTnTeG. O ToiKTEG UTOPOVV VO GUAAEYOLV YPLGO HEGH HaDV, Vo ayopdlovv
avtikeipeva, KaBhg kol va BEATIOVOVY TO GTUTIGTIKA TOV YOPAKTIPA TOVG HEG® EVOG
ocvotiuatog emmEdmv. Ot gxfpoi amodidovv avtapolPés, dnwg xpvco, pe Tvyaio Tpomo,
EVIGYVOVTOG TNV ETOVOANYILOTNTO KL T1] GUVEPYOTIKT] SIOGTAGT) TOL TOLYVIOL0V.

2K0omdG TOL TOYVIOLOD Elval 1 KOTAKTNON OAMV TOV TEPLOYDY TOV YAPTN UECH
NG GLVEPYACIOS TOV TOKTAOV, TO 0Toi0 TpodmobEtel ™ vikn enl TV TeMK®OV £X0padV
oTNV €KACTOTE TEPLOYN KOL TNV amoeuyn amotvyiag. Ot maikteg avipetonilovv
dtadoykd Kopoto exfpadv avéavopevng 0voKoMag o kaBe meEPLOYN, GLAAEYOVTOG
YPLGO, OVTIKEIPEVO KO EUTTELPLN Y10 VO EVIGYDGOLY TOVG YOPOKTNPES TOVG. To moyvion
umopel va oy tel amd Evav 1 Kot TEPLEGOTEPOVS TAIKTEG LEG® TOL dIKTVLOV, ONAAOT B
etvon multiplayer. O k0p1og TeXVIKOC 6TdYOG elvar | LeAETN Ko avamTuén TG OIKTLOGNG
TOALATTADV TOUKTAOV GTOV {010 O10KOUIOTY, HE OTADEPT] EMKOVOVIO LETOED TEAATOV
kot server. [TapdAinia, n TTLYOKY €PYOCiol GTOYEVEL GTNV AVOAVTIKY TEKUNPIOON TNG
OPYLTEKTOVIKNC KO TNG VAOTTOINGMG TOV GUGTHLOTOG, OO TO JIKTLO Kol TN dloyeipion
TV 0E00UEVMV MG TOLG UNYAVIGLOVG GUVEPYOGING KOt TPOAOOV HEGH GTO TToLyVidtl.

To amotélecpo TOL EMOIDOKETOL [E TNV TOPOVCO TTLYLOKY EPYacio €ivol M
avadeEN TOV 0PEAL®Y KOl SUVATOTT®V OV WITOPEL VO TPOCPEPEL EVOL NAEKTPOVIKO
Ty vidl cLVEPYOTIKOV TOTTOL GTOVG ¥PNoTEC. To mayvidl cuvdvdalel TNV aAAnAenidopaon
HETOED TOKTMV UE TNV Youyoyoyio Kol TV OpadKOTNnTo, £VIGYDOVING TOLTOYPOVOL
OeE10TNTEC OTIMG O GLVTOVIGUOC, 1) ETKOV®VIO Kot 1] oTpoT Yk cvvepyacio. Emmiéov,
péoa omd TNV ovATTLEN TOL TOLYVIO0V, TOPOVGLALETOL OVOALTIKA 1 OlodIKoGio
AGVVOESN G TOALATADY YPNOTOV HECH £VHG KOvov dtakopiot|. H mtuylokn epyacio
oLUPAALEL TNV KATOVONON TNG OIKTOMONG GE TEPIPAALOVTIO TOLYVIOIDV, TOPEXOVTOG
TEXVIKEG TTANPOPOPIES Kol TAPAdElyUaTO Yo TOV TPOTO e TOV OMOio pmopel va
emrevyBel otabepn, AMOOOTIKY KOl GLVEXNG EMIKOV®VIO, LETAED TEANTMV KOl SETVer Gg
éva o0yypovo multiplayer mepiBdArov.

Aé€erg Kherdra: Multiplayer, Swakopiotig, noyvid, MMORPG, diachvdeon, yoyayoyio,
oAANAETIOpOAOT, GTPATNYIKY.



Abstract

The aim of this thesis is the design and implementation of a multiplayer game,
in which the player has controls for character movement and attacks. Each player
chooses one of the available character classes, Warrior, Mage, or Marksman, each of
which possesses unique abilities. Players can collect gold through battles and enhance
their character's attributes through a leveling system. Enemies provide rewards, such as
gold, in a random manner, reinforcing the game's replayability and cooperative
dimension.

The main objective of the game is the conquest of all areas on the map through
player cooperation, which requires defeating the area's final enemies while avoiding
failure. Players face successive waves of enemies with increasing difficulty in each area,
collecting gold, items, and experience to strengthen their characters. The game can be
played by a single player or multiple players over a network, making it a multiplayer
experience. The primary technical goal is the study and development of multi-player
networking on a single server, ensuring stable communication between clients and
server. Moreover, the thesis aims at a detailed documentation of the system's
architecture and implementation, covering the network layer, data management, and the
mechanisms for cooperation and player progression within the game.

The expected outcome of this thesis is to highlight the benefits and potential
offered by a cooperative electronic game to its users. The game combines player
interaction, entertainment, and teamwork, while also enhancing skills such as
coordination, communication, and strategic collaboration. Additionally, through the
development process, the thesis presents in detail the connection of multiple users via a
common server. This work contributes to understanding networking in gaming
environments, providing technical information and examples of how stable, efficient,
and continuous communication between clients and server can be achieved in a modern
multiplayer setting.

Keywords: Multiplayer, server, game, MMORPG, networking, entertainment, interaction,
strategy.
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Kepaioro 1: Evcaymy

210 KEQAAOIO 0LTO Yivetal MO EMICKOMNGT TOL KOGUOL TOV YNOLOKOV
TOLVIOLDV, AVAIEIKVOOVTOS TOV POAO TOVUG GTNV Yuyoymyio, TNV EKTOIOELON Kol TNV
Kowavikn oAAnienidpaon. Iopovcialoviar ot TPOKANGES KO Ol OTOLTIGES TOL
GUVETAYETOL 1] AVATTUEN YNPLOKADV TOY VOOV, LE ERPAOT) 6€ EKelva Tov vTosTnpilovy
OIKTLOKT] GUVOEST] TOAADV TOUKTAOV Tawtdypove (multiplayer) kot cvykexpiuéva to
oL violl TOAAOTAGDV TOUKTOV OMOV O TOUKTNG avoAapPaver tov poAo €vOg M
neprocdtepav yopaktpov (RPG). Emmiéov, meptypdeetar 0 oKOmOG TG TTUYLOKNG
gpyaciag, eve yivetal ava@opld G TAPOUOLO EPYO TOL OMOTEAEGOV EUTVELCT] KO
delyvouv TIg duVATOTNTEG GLVEPYAGIAG G€ TEPIPAAAOV TOLYVIOIOD TOALATADY TOKTAOV.

1.1 Ynowkd mroryviow

Ta ymeokd moyvidte oamotehodv €vav amd Tovg TAEOV ONUOPIAEIC TPOTOLG
Yyuyayoyiag kot aAANAETIdpacon S 6TOV GUYYXPOVO YNeLakd koouo. H cuveymg avamtuén
TOVG OVTOMOKPIveTal oTn Olpk®g oavéovouevny (Ntmon Tov kotvol, TO Omoio
evolapEPETaL Yo VEQ Ko o ovvOeTa £idm moyvidiav [1]. Ta mouyvidio eivor 1daitepa
YPNOLO KOODS GuVOLALOoVY Yuyaywyio, GTPOTNYIKY], ONUOVPYIKOTNTO KOl KOWVMOVIKN
OAANAETIOPAICT), TPOGPEPOVTOG GTOVS YPNOTEG dLVOTOTNTEG TTOV EEMEPVOHV TNV AN
dwaokédaon [2]. Q61000 1 CWGTH XPNOT TOV TOLYVISIOV Eivol amapaitnty, Kadnc pe
vrepPoAIKn Ko dokomn xpHoN amoPEPOLY apvnTikéc emmtmoelg [3][4].

Ta onpogiréctepa maryvidle cvyva elval ovTd TOL EMTPETOLY TOAAATAN
dacvvoeon tov moiktdv (multiplayer) [5], kobmdg ot maikteg aAAnAemidpodv oe
TPOYLOTIKO XPOVO Ko VIGYDOLV TNV eumelpia Tov matyviorov. H avénuévn {nmon yu
TETO10, TOlY VIOl avoiyel vEoug 0piloVvTES Yo EMOYYEALOTIKT EVOCYOANGT GTOV XDPO TNG
OVATTTUENG YNOLOK®OV TOLVIOIDV, TPOCPEPOVTIOG VKALPieg TOGO Y10 ONLOVPYIKY
EKQPOoT OGO KoL Y10 TNV AVATTUEN TEYVIKMV Kol EMLYEPNUOTIK®OV de&lottwv [6].

1.2 Hoxyviowe MMoAlamrov HHowktov (Multiplayer)

Ta moyvidio TOAAATADV TOUUKTOV amoTEAOVV 11aiTepN Katnyopio ynelok®v
ALY VIOLDV, KAOMG EMTPETOVV GE TOAAOVG TATKTES VOL GUUUETEYOVV TOVTOYPOVA GE EVOLV
KOWO YneloKod KOGLO, €iTe G cLVEPYNTIKO €lTe Gg avtaywovioTikd miaicto [7][8]. H
JuvaTOTNTA AVTH EVIOYDEL TNV KOWOVIKY OAANAETIOPACT], TN CLVEPYOGIO Kol TNV
OVTOAAQYY] GTPOUTNYIK®V, EVO TPOCOEPEL O O SUVOUIKY KoL OAANAETIOPAGTIKN
eumelpio og oyéon U Ta Touyviola yio Evay povo moiktn [9].

Mua emiong Wiaitepa SNUOPIANG VTOKOTIYOPio ToLYVIOIDV TOAALATADV TOIKTMOV
etval ta woyvidle poAwv (RPG). Xe avtd, o maikng avolapPdvel Tov polo evog M
TEPLGGOTEPMOV YOPUKTNPOV UECH GE EVAV POVTAUCTIKO KOGLO, EVD POCIKOG GKOTOC TOL
o VIOLo0 amoteAel 1 eEEAMEN TOL YOPAKTNPW, 1| EVIOYLOT TOV IKAVOTHTMOV TOV KOL 1)
EVEPYN GULUUETOYN OTNV TAOKN Kot TIG ATOGTOAES. O GUVOLAGHOG AVTAOV TV GTOLXEIMV
Ka01oTd To. Toyvidl pOA®V 1dtaitepa evilapépovta, KOOMG M avdAnyn poOr®V
EMTPENEL GTOVS TOUKTEG VO SIOUOPPAOVOLV TNV 16Topia LEGH OO TIG EMAOYEG KO TIG
EVEPYELEG TOVG, OONYADVTAG CLYVA GE OLPOPETIKA OMOTEAEGLOTO OVOAOYO LE TOV
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YOPOKTAPO KO TO VOOG Tatyvidton mov akolovbei kabe maiktng [10].

[MapdAAnia, To moryviold TOALATADV TOIKTOV QEPOVV TEXVIKEG TPOKANGCELS
anddoong Ommwe 1 oxedioon otabepng emkovaviag HETAED TUKTOV Kol OLOKOUIGTY,
mpdypo mov kabotd v avdmtué] toug mo ovvletn aAAd TavTdYpOvVe TLO
evowpépovca. H owot 1coppomio petald eumelpiag ypnotn Kot amddoong
OLOTNHOTOG €lval KOBOPIOTIKY yloo TNV €mTVYioL TOVG, KOOMG emnpedlel dueca 1
dtbdotaom tov matyvidlov [11].

1.3 Xkomdg

YKomdG TG TTVYLAKNG EpYaciog elval 1) oyediaon kot vAoroinon evog Massively
Multiplayer Online Role Playing Game (MMORPG) mayvido0, 6mov moilol maikteg
UTOPOVV VoL OAANAETIOPOVY TOVTOYPOVA, GE TPAYUATIKO XPOVO.

To mayyvidr dwwdpapatifetor oe €vov paylkd, QOVIACTIKO KOCUO OTOV TO.
otoyeia TG @UoNg eAéyyovv 10 mEPPAAAOV, eV payeio apyoiog Kol cUYYXPOVIG
TEXVOAOYIOG GUVLTAPYOVV. X& OVTOV TOV OlUPKDOG €EEMGGOUEVO YDPO, Ol TOUKTEG
AVOALOUBAVOLY SLOLPOPETIKOVS POLOVG, KAAOVLLEVOL VAL GLVEPYOAGTOVV, VO ovOTTLYO0VV
KOl Vo, avTOmoKpllovV 6TIC TPOKANGELS TOV KOGLOV.

H epyocio emxevipdvetor «vupiowg oty vAomoinon ¢ SIKTLOKNG
OPYITEKTOVIKNG Kol oTn oyedioon Tov dlakopoty mov Bo eCaceorilel adidielntn
Aertovpyia, cLYXPOVIGUO OESOUEVOV KOL OUOATN ETKOWVOVIOL HETOED TOV TOIKTOV.
[owitepn éuepaon divetor o1n otafepdtnTo. TOL CLOTHUOTOS, OTN  OlayEipilom
TOAMATTADV GUVOEGE®V KOl GTN PEATIOTOTOINGN NG OmOd00NC MOTE Vo dlotnpeitan
IKOVOTIOUTIKN EUTELPia XpNoNG aveEapTT®MS TOV OPLOLOD TV EVEPYDV TOUKTOV.

[MapdAAnia, m avadmTLEN TOL TOUYVIOOL OTOCKOTEL GTO Vo avadeiEel Tig
TPOKANGELS KOL TIG TEYVIKEG AVCELS Tov oyetilovtolr pe TNV emkowwvio meAdtn
SLOKOULOTY], TPOCPEPOVTAG £VOL TOPAIELYLOL OAOKANP®UEVNC SLOSIKTVOKNG EPOPUOYNG
OTOV YMPO TWV NAEKTPOVIKDV TOLYVIOIDV.

1.4 Ilopopowa Epya

"Eva 60yypovo moryvidt toAlomAdv Toktdv pe porovg eivar to Legends of Aria
[12], to omoio mpoopépel erevbepio 6TOV TTAiKT OGOV 0POPA TOV TPOTO TaLyvidlov. O
naiktne tomobeteiton otOov KOGHO Ywpic Kopio kabodynon Koi koisitor vo
dNUovpynoel HOVoOg Tov To O1Kd Tov povomdtl. To ovotnua eEEMENG Pacileton ot
de&0tteg, ol omoieg pumopoHv va avartuyBovv avedptnra petald tovg. O maikng
dtabétel cuvolkd 600 TOVTOVE deEIOTNTOV, YEYOVOS TOV TOV EMTPEMEL VA, ONLOVPYEL
LOVOOIKEG, EVEAMKTEG KOl GUVEPYIOTIKEG EEEIOIKEVGELS, AVTL Yo KAEWOWUEVES KAdoe. H
uéym yopaxtnpiletal oamd AP eErevOepio maiktn evavtiov Toiktn Kot ToikTn vavtiov
TePPAALOVTOC. Xe TEPITTOOT OV 0 TOiKTNG oKOT®OEL Amd AALOV TPy HOTIKO TOdKTY,
YOveL OAOKANPO 10 omdBepd tov, To omoio pmopel vo cvAAeyOel amd omolovonmoTE
YOPOKTNPLOTIKO TOV EVIGYVEL TNV £VTOGT Kol TO pioKo oTic aAnAemdpdoels. I1€pa amo
TIC AAANAETOPAGELS e BAAOVG TTOAKTES, O YPNOTNG UTOopEl va €pOel og emaEn Kol UE
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TEPOTAL 1] YEVIKOTEPO TAAGLOTO TOL KOGHOV, TO OMOiol EAEYYOVIOL OO TEYVNTY|
vonuoovvn Kot toilovv onuoavtikd poAo 6To UTOPLO, TIG ATOGTOAEG Kot T Asttovpyio
TOV KOGLOV.

Figure 1: O k6opo¢ Tou Legends of Aria

H nopondve eikdva ameucovilel prua mavopopkn 0€a evog o1KiGHoD 6To oty viot
Legends of Aria. O yapaxtfpag mov anelkovileTat TpocPEPEL OTTIKN TPITOV TPOGMITOV,
EVO TOL KTipLa Kot Ta SEVTPOL ONUovpyovv Eva (mvTavo Kot aTHoc@aipiko Tepiaiioy.

‘Eva 6AAo chyypovo motyvidl ToAamAdv ToukTt®dv pe poAovg givar to New World
[13], T0 omoio tomobetel TOV MaikTN GE Evay avoryTod Kot SUVOULIKO KOGLO EUTVEVGUEVO
and Vv emoyn g amowkiokpotiag. O maiktng Eexwva oto vnoi Aeternum, éva
HLGTNPIOOES Kot oYtk TEPIPAAAOV YEUATO KIVOUVOLGS, EVKALPIES Kot apyoio LOOTIKA,
Omov KoAeiton va yapdéel T Okt ToL Topeia ypig avotnpr kabodnynon. To chotnua
e&EMENG Tov oy Voo Paciletar oe Eva evEMKTO HOVTELD OeELOTHTWV, OOV O TPOTOGC
péyng xkabopiCovv Tov pdro tov maiktn. Agv vapyovv mpokabopiopéves KAAGELS, O
ToiKTNG avamtdieoEl TIG KAvOTNTEG TOL UHECH NG YPNONG OLLPOPETIKMOV OTAMYV,
EMTPETOVTAG TN SNUIOVPYiD HOVASIK®OV GLVOVOCUMV Kot eEgdikevoemy. H payn oto
New World divel époaocn otn dpdon Kot 6to ypovikd onueio, td60 cg maiktn evavtiov
nePPAALOVTOC 0G0 Ko G€ €vTOvEG UAXES TOUKTY EVOVTIOV TOAKTY. € KOTOGTACELG
naiktn evavtiov maiktn, o €£omMGUOG Kol Ol TOPOL TOV TOAKTY| OTOKTOVV KPIGUUN
onuacia, KaBdg N vikn 1 N NrTa propel va ennpedoel v mpdodo Kol ToV EAEYYO
nepLoydv otov xaptn. [lépa amd tig pdyec, o k6Gpog Tov Aeternum @raogevel TAN00¢
TAUCUATOV KOl OVTITAA®V TOV EAEYYOVTOL OO TEXVITI] VONUOCULVY], EVAO TO GOGTNLO
KOTOOKELTG AVTIKEILEVOV, GLAALOYNG TOP®V KoL TO EUTOPLo Tailovv KaboploTikd poLo
oTNV owKovopio ko 6t Asttovpyia TV otkiopumv. Ot Taikteg pmopovv va evrayfodv o
QOTPIEC, VO CUUUETEYOVV GE TOAMOPKIES KO VO SIOUUOPPADOVOLV EVEPYE TO KOWVWOVIKO
TOT{0 TOV TTOYVIOL0V.
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Figure 2: O k6opog tou New World

H mopondve sikova omewkoviler Evav yapaktipo tov New World ce omtikn
Tpitov Tpoo®Tov, poall pe tov €EOMMOUO TOL YPNOUOTOLEL YioL TN HAYN, EVAO TO
nepPairov YOp® Tov Ogiyvel TNV avolytn Kot €€epeuvNTIKY UGN TOV KOGLOL TOL
TOLVIOL0V.

H 1¥éa yio v avémtoén g mapodcoag mruylokng epyaciog tponide amd 1o
Warcraft 111 [14], évo amd ta mo euPAnUOTIKG Toryvidl oTpatylkng mov cuvovale
otolyeia OpAonc, TAKTIKNG Kot avantuéng yopoaktipov. To moyvidl Paciletor o éva
TAOVG10 GVGTNUA POV, OO0V KAOE Npmag dlabétel drapopeTikég tkavotnteg (skills),
T omoia emnpedlovv dueco Tov puoOud Kot To VYOS TG Mdyns. H mowiiia avt otig
wKavoTNTESG, amd embeTIKA EOpKLa PLEYPL OEpUTEVTIKA 1) EVIGYVTIKE, ATOTEAECE PACIKT
NY" EUTVELGNG Y10l TN GYEO1AOT) TOV GLGTHUATOC UE TIG KAAGELS NPOMV KO IKOVOTHT®V
otV mapovoa truytokn. [Hoapdriinia, to Warcraft 11 Siakpivetot yio toug pnyovicpodg
dwyelpiong mopwv, TV €EEMEN TOV NPO®V KoL TNV TPOOSELTIKN aENoN SLGKOATNG
Katd v mopeia tov mayvidod. Avtd ta otolyeio Pondnocav oto GyedOCUO NG
OWKOVOHIOG, TOV OMOGTOADV KOl TNG OTOSWKNG TPpoodov tov moaiktn. Emiong n
SUVOTOTNTO TPOGAPUOYNG TOV NPMOMOV KOl 1| TOKIAO CTPATNYIKAOV TOL TPOGEPEPE TO
Warcraft 1l ennpéace tov oxedlacpnd TV SeEI0THTOV GTO MOLXVIOlL TNG TOPOoHGOG
TTUYLOKNG, OlvovTog oTOuG ToikTeg TNV €Aevbepion vo SLOUOPPDOVOVYV TOV TPOTO
T VIO100 TOVC.
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Figure 3: O KOOHOG KAl OL HPWEC TOU TALXVLOLOU epmveuopévol amo to Warcraft 1l
[  ™enu N[ Ames M  Questss Wl  chat < e >

(=] 1219 598 i 48/60

H nopondve eikdva detyvel tov yaptn tov Warcraft II poali pe toug yapaktipec,
Omov otov évav amd avtovg PAETOLUE TO UEPOC TTOL KPOTAEL TO OVTIKEWUEVA TOV
(Inventory), T0 GTATIGTIKA TOL KO TIG KIVI|GELS TOL UITOPEL VO KAVEL.

Emum\éov, onuavtikn exppon amotélecs to Rogue Heroes: Ruins of Tasos [15],
éva. ouvePYATIKO Toyvior dpdong pe top down kdpepo Ko pe EUeocm TNV
opadtkdTTO, TNV €€epevivnon Kot TV avakdAvyn eEonAcpov. And to Rogue Heroes
nponABe 1 16€a yio T popPn TG Kauepag Eva top down perspective mov exttpénel TNV
TP 0poTdHTNTO TOL TEPPAAAOVTIOC KOl TOV YOPOKTNPA, OU®G OE avtifeon pe to
Rogue Heroes, kdfe maiktng o dtabétel T O1Kn TOL KAUEPO Kot OVEEAPTNTY OTTIKY,
yopic kowvd medio mpoPoAng. Emiong aviinfnkov déec mov oyetilovror pe ™
ocvvepyacio HETOED TOUKTAOV, Tr OSLUVOMIKY HAyn kot T ovveyn Peitioon tov
YOPOKTNPOV HECH EEOTMGHOV Ko avafadpicemy.

Figure 4: To cuotnua top-down KAUEPAG KOL TO CUCTNMA E TO TIAAKISLO EUMVEVOUEVA ATIO

to Rogue Heroes: Ruins of Tasos
-.) i = = -

P v




H mopandve eikdva deiyvel tov k0o moryvidiov tov Rogue Heroes @tiaypévo
oe mhokidwn (tiles) oAl wor tov YEPIOUO TG KAUEPAS OV OelyVEL OAOKANPO TOV

YOPAKTIPOL.

To mapamdve moyvidio amoTéAecay Pactkr) TNy EUTVELCNG Y10 TV OVATTVEN
MG TAPOLCAS TTLYOKNG epyacioc. O GLVOLAGUOC HNYOVICUOV OVTOV TOV 000
TOLVIOLOV dNUOVPYNGE TNV 100 Y1 TN AVATTUEN €VOG TOLYVIOOD TOV EVOMUATMVEL
TAKTIKY) OKEYN Kot €EEMEN YOPOKTP®V, EVD TOVTOYPOVO TPOGPEPEL OLVOLKT KoL
CUVEPYOTIKY] EUTEPIA HAYNG OE TPAYUATIKO YPOVO, OTMG Omoltel £vo cLYYPOVO
MMORPG. EmumAiéov, otoyog oty avdntuéng evoc MMORPG eivar va vrdpyet
OmOOOTIKY] OIKTLOKT EMKOWOViO HETAE) TOV TOKTOV KOl TOL JLOKOULOTY], OGTE VO
dtc@aiiletar otabepn) Kot OpaAn epmelpio Toyvidolod Kabdg Kot pkpn Kabvotépnon
(latency).

Ymv mapovoa truyakn Bo avartuyfel Eva maryvidlr mov cuvdvalel Tovg pOAOLG
Kol TIG dvvatotnteg yopakmpov tov Warcraft Il onwg o1 kKAdoelg, ta Edpkia, ot
KOVOTNTEG Kot Ol EMBEGELS e Toug punyovicpovg tov Rogue Heroes, 6mtm¢ to choTpa
KapePOS Kot 1 Sopn Tov KOGHOV G TAAKIOO.

1.5 Emokoénnon Ke@poioiov

210 Kepdlowo 2 mopovoualetor tOo BewpnTikd vroOPabpo g epyociog
avaADOVTOG OAN TO. AOYIGUIKA Kot epyoieio mov Mtav amapaitnta 1| fordncav otnv
EKTTOVNOT TNG TTUYIOKNG EPYACIOC. LTO KEQPAAMIO 3 OVOOEIKVUETOL 1 GYEOIOOT TOV
TOLVIO00, TEPLYPAPOVTOS OVOALTIKG TN OOWY], TOLG UNYOVIGHOVG Kol TS PooiKEg
Aertovpyieg tov. Zto Kepdhoo 4 moapovcidletar 1 vAOToOinom Tov moyviolov, ot
EMAOYEG oV €ytvav yio ™ Peitioorn ¢ amddoons, Kabmg kot ot uéhodotr mov
YPNOHLOTOMON KAV Y100 TN UElWON TOV POPTOV GTO HIKTLO, DGTE VO EAAYIGTOTONOOVV
ot kabvotepnoelg (latency) katd tn SLOOIKTLOKY ETIKOWOVIO TOV TOKTOV. XTO
Kepdhoto 5 yivetoaw oa&loAdynon tov moryvidolod amd ypnote, Paciouévn oe
npokafopiopuévo KpLtnplo, OTMC 1 EUTEIPIOL YPNOTN Kol 1 AEITOLPYIKOTNTO TMV
unyavicpmv. Téhog, oto Kepdloato 6 mapatiBevior to teAkd cuUTEPAGUOTA TNG
gpyoaciag, KaOMG Kol TPOTACEIS Yo UEAAOVTIIKEC EMEKTACELS KOl PEATIOGES TOL
oL VIOL0V.
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Kegpaiaro 2: Oeowpntiko YropaOpo

210 KepdAowo avtd mopovcldlovtol To AOYISHIKE Kol To €pYOAEid mov
ypNooromOnKay Katd tn OdpKeLn TG TTLYLOKNG epyaciag, kabmg Kot ot Pacikég
Bempnrikég Evvoleg mov oyetilovtat e TNV avATTLEN YNELIKOV Toyvidtdv. EmmAéov,
oVOADOVTOL Ol KATNYOPIEG GTIC OTTO1EG EVIAGGETAL TO TTALYVIOL TOL OVOTTUYONKE.

2.1 Epyoieio avantoEng moryviotov

Ymv mopovod TTLYWKY Epyacio  ypnolwomomOnkayv odpopa  epyareio
AOYIGHIKOD Yoo TNV OVOTTUEN TOL  ymelakoy moyvidwov. Ta epyoreia avtd
nepiapBdvoov T YA®OoO TPOYPAUUOTIOHOV, KoODG kot Tic Piplobnkeg mov
vrootnpilovv v avdmntuén dodidctatov toyvioiwyv. H emloyn tovg £ywve pe Pdon
Vv gvypnotia, TNV eveM&ia Kot TNV KOUTEAANAGTNTA TOVS Y10 aKOONUOTKT) PN o).

2.1.1 T'howooa [Mpoypappatiopod Python

H Python eivan pia vyniod emmédov, diepunvevduevn  yAOGGO
TPOYPOUUOTICHOD, 1 OTmoio yPNOHoToLEital €vpEwg o€ MOKIAOVG Topelg NG
mAnpogoptknc [16]. H anddtnta ¢ ovvtaéng e, n avoyvootudTnTe ToV KOOKo Kot
N ekteTapévn vrootpiEn Piprodnkodv v Kabiotodv KaTdAANAN €TAOY) YIOL TV
avanTuén S1661A0TATOV TOLYVIOIOV Kot SL0dpAcTIK®Y g@appoydv [17].

2NV mopodca TTLYLOKN £PYACio, TO TOLYViol TOL VAOTOONKE KATATAGGETOL
otV kotnyopio Tov diedidotatwv (2D) moyvididv, oto omoio 1 amekoVIon Kot 1
KIVION TOV OVTIKEIWEVOV TPOYUOTOTOOVVTAL GE EMIMEdO 000 O100TAGE®MY, GLVIOMC
0TOoVG GEOVEC X KO Y, Ympic Tpaypotiko Baboc otov ympo [18].

2.1.2 BifhoOnkn Python Arcade

o v viomoinon tov mayvidoy ypnoiporotdnke n Pipiodnkn Python
Arcade [19], n omoia amoteAei Piprodnkn ovamtvéng 2D moyyvididv kot Oyt
OAOKANPOUEV pnyov Toyvidldv (game engine). Mia pnyovn moyyvidudv (game
engine) amotelel £var OAOKANPOUEVO AOYIoUIKO TANiGL0 TTov Tapéyel epyoleio Kot
CLUGTNUATO YL TN OlYEIPION YPAPIKADV, (ULGIKNG, MNYOL, CEVAPIOV Kol TOP®V,
SLlELKOAVVOVTOG TNV OvVOATTTVEN  YNOWK®OV  Touyvidoldv  HECH  EVOTOINUEVOL
nepifariovtoc epyaciag [20].

H Biprobnkn mapéyetl Aettovpyieg yioo T dnuovpyia ypopikov, ) dtoyeipton
sprites, TNV aviyvevorn cvyKpoOGE®MV Kol TOV YEPIGUO €160d0V amd Tov ¥pnotn. H
BipAodnkn Paocileton oe texvoroyieg OpenGL yio v amdd0oon TOV YPUPIKOV Kot
EMTPEMEL TNV AVATTVEN O1GOLAGTUTOV ToLYVIOLOV HESH Kabapov kmdtka Python, ywpig
™ xpnomn ypapikol mepipdriovroc eneéepyacioc. H emioyn e Python Arcade éyive
AMy® ¢ amhdtTog XpNnonsg e, Kabdg Kot g SobesIHOTNTOS EKTEVOVS LAKOD
K000 YNoNG KO VITOGTNPIKTIKAOV TNYDOV 6TO d1adiKTO.
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2.1.3 OpenGL

To OpenGL oamoteAel éva TPOTLIO TPOYPOUUATIOTIKO TEPIBAALOV YPOPIKDV
TOL YPNCUOTOLEITOL Y10 TNV OO0 SIGIACTUTMV KOl TPIGOLAGTATOV YPAPIK®VY [21].
[Tapéyxer éva obvoho cuvaptnoemv Yoo T oxedlOoN YEOUETPIKOV GYNUATOV, TN
dwyeipton ypopdtov kot v aglomoinon e KAPTOG YPAPIK®OV Yo, OTOOO0TIKY
anewovion ypapikowv. H ypnon tov OpenGL and 1t Pipiodnkn Python Arcade
EMTPEMEL TNV OTOOOTIKT] OTOS0CT] YPUPIKADV, AEIOTOLDVTOS TIG OLVATOTNTEG TNG KAPTOG
YPOPIK®OV, Ywpic va amorteiton dpeon aAinienidpaon pe to OpenGL.

2.1.4 IDE

‘Eva. ohoxinpopévo mepifarrov avamroéng (IDE) amotelel éva Aoyiopuxo
gpyareio mov cuvdvalel Aettovpyieg emelepyasiog KOOKO, LETAYAMTTIONG 1) EKTEAEGNG,
EVTOTIOUOV GOOALAT®V Kot dtayeipiong Epymv og éva eviaio mepipdilov [22]. H ypron
evog IDE ovufaiier omv opydvoon g oadikaciog avAmTuEnNe AOYIGHLKO,
TapEYOVTAG EpYALEi TOL VTOGTNPILOVV TNV ATOTEAECUOTIKY GLYYPOPT], EKTELEGT KOl
ELEYYO TOV KMOKA.

Mo v oavarntoén tov Toyvidloy ¥PNOIUOTOMONKE TO OAOKANPOUEVO
nepiarriov avartuéng Visual Studio Code (VS Code). To VS Code vrootnpilet
yAdooa Python péow emektdocmv, mpooeépoviag Acttovpyieg OM®MG EMICHUAVOT
oVVTOENG, OVTOUOTY GLUTANP®GCYN KOOIKO, EVIOMICUO GEUALATOV Kol Oloyeipion
épyov [23].

To IDE emAéyxOnke Adym ¢ Tpodmapyovcas UTEPIOg LE TO GUYKEKPIUEVO
AOYIGUIKOG, YEYOVOG TTOV SLEVKOAVVE 11| dtodikocio avantuéng. EmmAéov, mpoxettal yio
éva OlaAeTovpYikd epyaieio, To omoio avantuooeton amd ™ Microsoft kot vooTnpilet
T Aertovpyikad svotpato Windows, Linux kot macOS.

[Tapéyel emiong evoopatouévn vroot)pin yia Eleyyo exddcemv péowm Git,
KaB®G Kot SLVOTOHTNTO EMEKTOCNC TOV AELTOVPYIOV TOV UEcw TPdeheTmV (extensions),
EMTPEMOVTAG TNV TPOGOPUOYN TOL TEPPAALOVTOS avATTLENG OTIC OVAYKES TOV
€KAOTOTE £PYOV.

2.1.5 GitHub

o ™ dwyeipion tov Nyaiov KMOKA TOL TOLYVIOD YPNCIHLOTOMONKE N
nhateopuo GitHub, n onoia Bacileton oto cvonUa eAéyyoL ekdocemv Git. To GitHub
EMTPEMEL TNV amodnkevLoN, 0pyYAvmon Kol TapakoAovONon aAlaydv GTOV Tryaio
KOOKa, 1EVKOADVOVTOG TN dtayeipton TG e&EMENG evog £pyou Aoyiopukos [24].

Méow tov GitHub mapéyetor n duvatdtnta eAEYYOV EKOOCEMYV, KATAYPOUPNS
OALOY DV KoL ETOVAPOPAS TPOTN YOV LEVOV KATOGTAGEMY TOV KOJIKA, CUUPAAAOVTOG OTN
CLGTNUATIKY OVATTLEN KOl GLVTAPNON Tov Aoyiopkov. Emumiéov, m mloatpopuo
vrootnpilel ™ cvvepyaTIKn AVATTLEN Kol THV EVOOUATOGCN epYOAEimV aviamTuéng,
Omwg oAokAnpopéva mepiPaiiovta avamtvuéng (IDE).
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2.1.6 Awktvowon (TCP, ZeroMQ ko asyncio)

H dwrvokn emkowovia o1to0 mAaicto g mopodcOg TTLYOKNG €PYOCIg
Baociotnke oto Tpwtdékorro TCP (Transmission Control Protocol), to omoio mapéyet
aSl1OMOTY, TPOCAVOTOAIGUEVT] GTN] GUVOEGT] LETAPOPA OEOOUEVMOV HETOED GLGTNUATOV
[25]. To TCP g&aopatilet tnv opb1| ka1 d1000y KN TAPEO0GT TV ESOUEVMV, YEYOVOC
7OV TO KAO1GTA KATAAANAO Y10 EPAPUOYEG TTOV OTOLTOVV OELOMIGT EMKOIVOVICL.

['a v vAomoinon ¢ emkowvmviag ypnooromdnke n Piprrodnkn ZeroMQ,
N omoia ToPEXEL UNYOVIGLOVG aVTOAAOYNS Unvopdtov Baciopuévoug oe kabopiopéva,
npdTLTO ETKOWViag LETASD dlepyaciav kot cuotnudtov. H BiAiodnkn emtpénet tnv
OVTOALOYT] OEQOUEVAV LUE OPYOVOUEVO TPOTO, VTTOGTNPILOVTAC SLAPOPETIKOVS TPOTOVG
EMUKOVOVIOG LETAED EQAPLOYDV, YOPIG VO AmonTeiTOL 1) AUECT) OLOXEIPLOT TOV TEYVIKDOV
AemtopEepEL®V TNG oVvdeonc [26].

Méow avtig g mpocéyyiong, N ZeroMQ omdomotel v avamtuén SIKTLOK®OV
EQUPUOYDV, TOPEYOVTOS VOV  AQOIPETIKO HUNYAVIGUO EMKOWOVIOG TAve  omd
TPOTOKOA HETAPOPAS Owg To TCP, evd Tawtdypova dtatnpet vYNAN arddoon Kot
gveA&lo o1 oYediaoTn TG EMKOIVOVIAG.

H emloyn ¢ ZeroMQ mpaypatoromOnke Adym g amAdtnTog oTn Xp1on e,
KaO®OG eMTPENEL TNV AVATTUEN SIKTVOKAOV EQAPLOYDOV Y®PIg TNV avaykn dtoyeipiong
YOUNAOD EMUTESOV AETTOUEPELDV.

[Mopdrinia, a&lomoOnke 1 PipAobnkn asyncio g Python yio v vrootpién
acLYYPOVNG Kol WUn omoKAEWOTIKNG (non-blocking) ektéheomg, emitpémoviog TN
Sl eipton SIKTLOKMOV AEITOVPYIDV YOPIC TAPEUTOIION TNE KVPLOG PONG EKTEAECT|C TOL
npoypaupotog [27]. O ovvdvacudc TCP, ZeroMQ «oai asyncio cuvéPfaie otnv
amod0TIKY| Kot 0ELOTIGTY VAOTTOINGT TG OIKTVAKNG EMKOIVOVIAG.

2.1.7 Baon Agoouéverv

[o mv oamoBnkevon «or Jwyeipion tov dedopévov TOv  TOUYVIOOD
ypnoomombnke n Pdon dedopévov SQLite, péom g PipAobnkng sqlite3 tng Python
[28]. H Paon odedopévov aflomomnike yio TV omofnKELON TANPOPOPIOV TOL
oyetifovtal Pe ToV ToiKTY, OTMG 1) KAAGT TOL YOPAKTNPa, TO Pacikd oTotyeio TPoOOOL
Kot to. avtikeipeva mov dwbétel. Méow ¢ amofnkevong avtdv TOV SEO0UEVOV
kafiotatar duvarn n dwyeipion TOALUTA®Y TOUKTAOV, KaODG Kot 1 daT)pnon g
1po0odov tove. EmmAéov, n ypnon Paong dedouEvmv mapéYEL T OLVATOTNTA ETEKTOCTC
TOV T VIS0V 6T0 LEAAOV, bITooTnpilovtoc o cuvheToVg Unyavicuovg gameplay Kot
dlayeiptong 0edoUEVOV.
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2.1.7.1 Avdypappa Ovromtov-Xvcyeticemv (ER)

10 mAoiclo 1oL oxedcpoy NG Pdong dedopEveV  TOV  TOYVIOL0V,
dnuovpyndnke didypoupa oviotntov-cvoyeticewv (Entity—Relationship diagram —
ER), 10 omoio amotunddvel T doprn TV 0£00UEVAOV Kot TIG GYEGELS LETASD TV PACIKOV
OVTOTIT®V TOL GLGTHUATOC.

Kevtpum ovidémta amotedei o maiktng (Player), o omoiog cvvdéetan pe v
KAAoM Tov Yapaktpa Kot To andfepd tov. H ovtotnra Class amobnkevet tic dStoabéctpeg
KAAGELS YOPOKTP®V, EVO 1 ovtotnta Item meptlapPdverl ta avtikeipeva mov Hropovv
va ypnotporomBovv 1 va dayeptotodv péca oto moryviol. H oyéon avauesa otov
TOKTN KOl TO OVTIKEIPEV amoTuTOVETOL HEGH TOL Tivaka Item Inventory, o omoiog
emrpémel T ovvoeon kdbe maiktn pe to ovtikeipeva mov oabétel, kabmg kol v
amof1KeLoT NG TOGOTNTAG KAOE OVTIKELEVOU.

Figure 5: Alaypoppa OVIOTATWV-ZUCXETIOEWV

p N
—— F:::: - ( Item_ Inventory B
nye i iavchar(s0) Quantity integer(10) ]
Nickname varchar(50) U *™ Item_name varchar(10)
Gokd integer(10) [} * Player id  varchar(10)
Experience  integer(10) ] 2
Level integer(10)  [\] -
Created_at timestamp m
Last login  timestamp  [\]
*™ Class_name varchar(10)
& i
S
: ( Item i)
| | Item_name varchar(10)
: Price integer(10) [}
i Category  varchar(10) [
| —
p o > Stackable  integer(10) [
|| Class_name varchar(10) Max_stack  integer(10) m
Powereld By Visual Paradigm Cammunity Edifion 0}

2.1.7.2 Agevtovpyio TVEK®OV 6TO TOLYVIOL

Me Bdon 10 mopoamdve Odypoppe, m Asttovpyia g Pdaong dedopévev
EVOOUATOVETOL AUECH GTN POT| TOL Ty vioov. Katd tn dtadikacio onpovpyiag véov
ToiKTY), 0 TaiKTNg Kadeiton va emAéEel yevdmvopo (nickname) kot KAGOT XOPOKTPO.
Ta otorgeio v Td EAEYYOVTOL MG TPOG TNV EYKVPOTNTA TOVG Kall, EPOCOV Elval AmodeKTAL,
TPOYLLOTOTOLOVVTOL Ol OavTioTolyeg €yypagéc (insert) otovg mivakec e Paong
OeOUEVMV.

SVYKEKPLUEVA, KOTA TN ONLLLOVPYIC VEOL TOUKTY TPOLYLLOTOTOLEITAL EYYPAPT GTOV
nivaka Player, 6mov amoOnkeboviarl ta facikd ctoryeio Tov, OTWG TO YELODOVVUO, T
EMAEYUEVT] KAGOT YOPOKTNPO, TO E€MImedO, 1 eumelpio, 0 YPLOOG KOl Ol YPOVIKEG
TANPoeopieg dnpovpyiag 1 terevtaiog chvoeons. Ot dSabéoipes KAAGELS AVTIGTOLYOVV
0€ GLYKEKPIUEVEG TPOKABOPIGUEVEG TIHES, Ol omoieg KaBopilovy Ta Yo paKTNPIOTIKA Kot
T1G SVVATOTNTEG TOV YOPOUKTNPO LEGO GTO TOLYVIOL.
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O mivaxag Class ypnoiponoteital yia tnv amodnkevon tov dwubécipumv khdoewv
YOPAKTNPOV, VO 0 Tivokag Item mepthapPavetl ta avtikeipevo Tov Toyvidlon, OTmg
Vv ovopoocio, v Katnyopia, tv tiun, T dvvardtta otoifaing kot to PEYLeTO
m00og ava otoifa. Me avtdv TOV TPOTO, TO AVTIKEILEVA OPYOVAOVOVTOL GE EEYMPLOTI
OVTOTNTO KOl UTOPOVV VO GUGYETIGTOVV LE OLPOPETIKOVS TOIKTES.

H obvdeon 1oV mouktdv pe To AVTIKEILEVO TPAYUATOTOLEITOL LEGM TOV TIVOKO
Item Inventory. O mivaxag avtdg Aeitovpyel G mivakog GVGYETIONG AVALESH GTOV
Player kot to Item, amofnkeboviog 10 ovayvVOPLOTIKO TOV TOAKTN, TO OVOUN TOV
OVTIKEWEVOL Kol TNV TOoGOTNTo oL dtofétet o maiktng. 'Etot, kédbe maiktng pnopel va
&xel moAAG avTikeipeva oto andBepd tov, evd 10 1010 avtikeipevo pmopel va vdpyet
070 oo TOAADVY SLOPOPETIKMV TOUKTDV.

Katd ™ Owdpkeio tov mouyvidod, Otav o maiktng omoktd 1 ayopalet
OVTIKEIHEVO, ONUIOVPYOVVTOL VEEG EYYPOPES N EVILLEPDVOVTOL VITAPYOVGES EYYPUPES
otov mivaxka Item Inventory. H mpofoAn tov inventory mpoaypotomotleiton HEcw t®V
dedopévmv mov avtiovvtal and tov mivako Item Inventory oe cuvdvacud pe tov
nivaka Item, dote va epeaviCovior to aviikeipevo mov d1afétel o moikng Kot ot
OVTIGTOLYEC TOGOTNTEG TOVC.

2.1.8 Tiled

[a ™ Oonuovpylo ko eme€epyacio tov yAptn (mMap) Tov mOLYVIOL0D
ypnoworomOnke n dwpedv epapuoyn Tiled, n omoio amotelel epyareio oyediaong
xopToOV Paciopévev oe miakiow (tiles). Méow tov Tiled katéotn dvvath 1 opydvwon
Kol TomofETnon TV d1dpopwv ceT mAakdiwy (tilesets), kabBmg kot 1 SIOUOPPDCT TOV
TEPIPAAAOVTOC TOV AL VIS0V e SOUNUEVO KOt 0tod0Tiko Tpomo [29].

H ypnon tov Tiled dievkdivve 1t Owadikacio oyediaong Tov YOPTN,
TPOGPEPOVTAG EVEMEID BTNV TPOTOTTOINCT KOl EMEKTACT TOV TEPIPAALOVTOG, YEYOVOC
7oL gival Wiaitepa yPHOILO Yo dtodtdoTato Totyvidio Tumov top-down.

2.1.9 Awvaypappato

o ™ duovpyia TV daypoppdT®v Tov ¥PNGLLOTOMONKOY GTNV TOPOVCH
nToylakn epyacia aglomombnke 1o dradiktvokd epyareio draw.io [30]. To epyareio
YPNCILOTOMONKE YO TNV ATOTVTMOT] TG OOUNG Kot TNG AEITOVPYIOG TOV GLGTIUATOG
pécm olaypappdtomv, cCOUPAALOVTOG GTIV KOADTEPT KOTOVONOT| TNG OPYLTEKTOVIKNG KOt
TOV PACIKOV pODV TOL TTALYVIOL0V.

2.1.10 Piskel

INo v eneepyacio TOV YPOEIKOV TOL TOLXVIOOL YPNOILOTOMONKE TO
epyareio Piskel [36], to omoio amoteAel epappoyn dnpovpyiog Kot ene&epyaciog pixel
art ko sprites yio owootbdototo mwoyviowe. Méow tov Piskel mpaypotomomnke n
eneEepyosio twv spritesheets mov ypnopomomBnkov ywo TV OTEKOVIGT TOV
YOPOKTNPO KOl TOV KIVIGEDV TOV UEGH GTO TTALYVIOlL.
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Yvuykekpluéva, to opytkd spritesheets mepieiyav kopé tomobenuéva pe tpomTO
7OV OgV EEVTNPETOVCE AUESA T (PT|OT] TOLG GTNV VAOTOINGT TOL Tt Vo100, KaOdg ot
SOPOPETIKEG KATEVOVVGELS TPOG TIG OTOLEG N TOV CTPOUUUEVOS O YOPOUKTNPOC, ALY Kot
01 KOTaoTAGELG animation, 1ToV VOKOTEUEVES.

Figure 6: Death animation xapaktipa yla 6€€1ad katevBuvaon)
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[Ma tov AOyo avtd, mpaypatoromOnke avadldtosn twv sprites, MoTE TO KOPE
OV OVTIGTOLOVV TNV 1010 KATAGTACT), OTMG Yo TOpAdELYHa 1 kotdotaon Oavdtov
(death), va opadomombodv avd katevBuven kot va opyavembovv pe mo SoUnUEVO
TpOmo. Mg 1OV TPOTTO OVTO S1ELKOAVVONKE 1 OlayEiploT TV animations GTOV KOOKO
Kol 1 0pO1 AVTIGTOLYIOT TOVG LE TIG KIVIGELS TOV YOPOKTIPA.

Figure 7: Death animation yapaktripa yla OAEG TIG KATEVOUVOELG
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Emumiéov, péow tov Piskel mpaypoatomomOnie aliayn tov peyéboug tmv sprites,
MOTE VO TPOGOPLOGTOVV GTIG SIUCTAGELS TMV VITOAOITMOV YOPUKTP®OV TOV TOLY VIOV
Kot va emtevyfet o opodn aAAnienidpaoct pe o eunddia Tov mEPPAAAOVTOC.

2.2 TIopor Ilgpreyopévovu Maryviorov (Game Assets)

"o v Troylokn epyaciao ypnopomomdnkay Topot mepieyopuévon (game assets)
YL0L TNV OTTIKY KO MYNTIKT VAOToINo™ Tov matyvidov. Ot tdpot avtol meptiapfavouy
YPOPIKA GTOLXELD YOPUKTNP®V, OAVTIKEIUEVDV KOl TEPIPAAAOVTOC, LOVGIKT Ko NYNTIKE
eQE, KaBMS Kot omTikd VAKO Tov a&lomodnke 6to pevov emAoymv. Ot cuyKekpipuévol
TOpOL TPoEPYOVIaL amd Owpedy TAUTQOPUES 1| Onuovpyndnkov pe ™ Pondewa
epYorEi®V TEXYNTNAG VONUOSHVNG KOl XpnolLomomdnkay pe otdyo t Peitioon g
a1oONTIKNG, TNG XPNOTIKOTNTAS KOl TNG GUVOAKNG EUTELPIOG TOV TOIKTY).
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2.2.1 Gemini

o ™ onuovpyio Kot tov GYEOOCUO TOV KOPTOV EMAOYNG KAAONS Kol
yapoktpov oalomombnke to epyoreio Gemini kol GLYKEKPWEVO TO HOVTEAO
dnuovpyiag eikdéveov Nano Banana, to omoio amotehel cOGTNUA TEXVNTNG VONLOGVUVIG
Y0 TNV TTOPOY®YT) OTTIKOV epleyopévov. To Gemini ypnoiponomOnKe VTOGTNPIKTIKE,
KaTd TN dtadikacio oyediaong, TapEyovtog 10EEG Kl TPOTAGELS Y10 TO TEPLEXOUEVO Kol

™ popen Tev Kaptomv [31].
2.2.2 XopaxTpeg

Mo v otk avamopdotacn TV YOPOKTNP®V  TOL  TOLYVIOIOD
YPNOLOTOMON KOV Sprites YopuKTNP®V LLE EVOOUATMOUEVEG KIVIGELS (animations) amd
v mAateopuo. CraftPix, ta omoia diatibevror dwpedv [32]. Ta ypoaeikd avtd ctoryeio
eivaw  oyedoouévo yio top-down gameplay ot meptloufdvovyv  S1opopeTIKEG
KOTOOTACELS KIVNOMNG, EMTPETOVTOS TV OLOAT OTEIKOVIOT] TOV YOUPUKTP®V KOTE TNV
Kivomn Kot TNV EKTEAEGT EVEPYELDV PEGO GTO TTOLYVIOL.

2.2.3 Assets

[Ma v vAomoinon TV YpaeiK®V GTOXEIDMV TOL ToLY VIO YPNCLUOTOONKaY
sprites avtikelpévov (items) kot ekovidiov oerapng ypnotn (Ul icons) omd
SOIKTLOKEC TAATQOPUES TAPOYNG YPOPIKOV TOpwv, 0mmg ot OpenGameArt [33],
itch.io [34] kou CraftPix, ta omoio dwotiBevrar yioo dwpedv ypnon. To cvykekpiuéva,
assets a&lomomOnKay yio TNV ONTIKY AVATOPACTACT) AVTIIKEILEV®V TOV OAANAETLOPOVY
LE TOV TTOAKTT, KOOMDG Kot Yo T StoUOPP®GT| THG SETOPG TOV TOLYVISLOV.

2.2.4 Tilesets

I'o ™ dnuovpyio Tov ¥éptn (map) tov Tayvidod ypnoiporodnkav tilesets,
T Omoio.  OMMOTEAOVVTOL OO  EMAVOYPNGLUOTOMGILO  YPOPIKA TAOKIOW  7TOL
ocvvovdlovtal yia T Stopopemon tov mepiPdriovtog. Ta tilesets mov aglomoOnkav
npoépyovtal amd tnv Thoteopua CraftPix kou datiBevrat yio dopedv ypron.

H yprion tilesets enétpeye v amodoTIK KOTOAGKELN TOV XEPTN TOV TOLYVIOOV,
e€ac@aAilovtag OmTIK GLUVOYN KOl €VKOAl GTNV Tpomomoinom 1 EMEKTOCT TOL
nepPaALoVTOC, YEYOVOS oL givor daitepa YpNoLo 6€ d1eotdoTaTo Toyvidla THmov
top-down.

2.2.5 Enelepyocia ypo@ikav oTotyei®v

Kotd t odwdikacio TPoeTOnacioGg TOV YPoEIKOV TOPOV TOV ToLVIOO0
YPNoomomOnke 1o S1adIKTLOKO epyaieio remove.bg, yio v agaipeorn Tov POVIoL
(background) amo6 ewoveg ko sprites. H apaipeorn tov povtov enétpeye 1 dnuovpyio
ewovav pe dwpavég vroPabdpo (transparent background), ®ote va pumopovv va
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evoopatmBobv opoArd oto mEPPAALOV TOL TOLYVIOOD YWPiG avemBounTa onTIKA
ototyeio [35].

2.2.6 Movowi

[a wmm owpdpewon tov MNYNTIKOL  TEPPAAAOVTOS TOL  TOLYVIOLOD
YPNOLOTOMONKOV LOVCIKE KOUUATIO KOt NYNTIKA €0E, To omoia olatifevion dmpedv
armod v mThateoppo OpenGameArt. Movcikn xpnoLoToOnke TOG0 GTO HEVOL TOV
TOLVIOL00 0G0 Kot Katd T SldpKELD TOL TToyvidlov, cupfdAlovtag otn onpovpyio
KATAAANANG atpoceopog Kot ot Peitioon g eumelpiag tov ypnotm. Hopdiinia,
aSlomomOnkoy MMTIKE €PE Yoo TNV TOPOYN OKOVCTIKNG OVATPOPOOOTNONG OTIC
EVEPYELEC TOL TOKTN KOl GTO YEYOVOTO TOV TTOLYVIOL0V.

2.3 Xovoyn

210 TopOV KEPAAOMO TTAPOLCIACTNKE TO BepnTikd LITOPAOPO TG TTLYLOKNG
epyaciag, kKabmg kot o Pacikd epyoieio kot ot mdpol mov aflomomdnkay Yoo TV
aVATTTUEN TOL YNELOKOL TTatYVIdo0. Apyikd, ovolvOnKav ta epyaleio avamtuéng kot
ol TeYVoAOYieg Tov ypnotportomonKay, Onwg n YAOcoso wpoypoupoticpod Python, n
BiPAoOnkn Python Arcade, 1o OpenGL, ta epyoreia avantuéng Aoyiopkod Kot ot
TEXYVOAOYIEG OIKTVMOONG, TO Omoia GUVERNAMY GTNV VAOTOINGT NG AOYIKNG KOl NG
OPYLTEKTOVIKTC TOV TTOLYVIOL0V.

Emniéov, mapovcildotnke o oxedloopog TG PAong 0e00UEVOV TOV TToLY VIS0V,
péow tov draypappotog Ovrotntov-Xvcyeticemv (ER), kabmg kot n Aettovpyia tov
Baocwmv mvakomv 6to mAaiclto tov gameplay. AvaAbOnke o tpdémOC UE TOV OMOi0
amofnievovTal Ko cuoyeTiloviol To 0EG0UEVO TV TOIKTMV, TOL EE0TAMGHOD KOl TV
OVTIKEEV®V, vTooTnpilovtag Tn dlayeipion T TPOOdoL Kot TOV amofEUATOS KATA TN
OLAPKELD TOL TTOLYVIOL0V.

2 OVLVEYELD, TOPOLCLACTNKAY Ol TOPOL TEPLEYOUEVODL TOV  TOLYVISLOV,
CUUTEPIAAUPOVOLEVOV TOV YPOPIKOV GTOEI®V, TOV YOpUKTNp®V, ToV tilesets, tng
LOVGTKNG KO TOV NYNTIKAOV £0E, 01 0TToiol ypnoipomomonkay yio tn StopOpPOo NG
OTMTIKNG KOl OKOVGTIKNG TOVTOTNTOG TOL Tayvidoloy. O cuvovacUOg TOV TOPATAVED
epyoreimv Kot TOpV amotédese T PAon Yia TV VAOTOINGT TOL TOLY VIS0V, OTMOS QLT
aVOADETAL GTO KEQAAQLO 4.
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Ke@alaro 3: Avaivon Ko TePLypa@r] GUGTHIATOS

2NV evoTtNTo QVTHV TOPOLGLALETAL O GYEINAGLOG TOV TTOLYVIO0U GT LOPPT) EVOG
Game Design Document, 6nmwg eivor katdAAnio vy kédBe moryvior kotd v
oyxedlootikn @don tov. To maryvidr ovopdletor Celestial Lands, kot eivar Eva mworyvion
tomov MMORPG (Massively Multiplayer Online Role Playing Game).

3.1 Ewayoy

To Celestial Lands, mov avantiydnke e avtn ) TTuylokn epyacia, sivotl £va,
MMORPG cvvepyatikcod tHmov, 6mov ot maiktec Ppiokovtal oe Evav xApTn YOPIGUEVO
0€ TE0OEPIG TEPLOYES KL KAAOVVTOL VO GLVEPYOUGTOVV Y10, VO OAOKATPMGOVYV OTOGTOAES
Kol pdyeg evavtio o gxfpovg. Kdébe maiktng emAéyel plo and tic tpelg o1abEciueg
KAaoelg yopoktpov: ITlodepiotg, Mdayog 1 Zxomevtng. Kdbe widon owbéter
EEXWPIOTEG IKOVOTNTEG KOl SLOUPOPETIKO TPOTO UAYMG, TPOCPEPOVTOS TOKIAIL GTOV
TPOTO TTOLLYVIOL0V.

Koatd ) dtdpreta Tov moyvidton, ot ToKTEG AmOKTOVV gUmELpia Kot Ypucd Lo
amd v e£ovimon gxBpav. H gumeipio cupParrel oty €EEMEN TOL YOPOKTNPO KOL OTY
BeATimon TOV CTATIGTIKAOV TOV, EVO 0 ¥PLGOG WITOPEL VAL YP1CLUOTOOEL Yo TV aryopd
OVTIKEIUEVOV. 2€ TEPIMTOOT NTTAG, O YOPAKTNPOS ETAVEPYETOL UETO ATO GUVIOUO
YPOVIKO OLAGTN LA, SLOTNPAOVTAS TNV TPO0JO TOL. O TEAMKOS 6THYOC TOV oY VIOlo0 lvar
N €E6vtmon Tov TEMKOL €yxBpov Ko M TANPNG KATAKTNOTN TOL YApTn, UECO Ao
CLVEPYOGIN, GTPOATNYIKN Kot GLVEYT EEEMEN TOV YOPUKTIPOV.

3.2 Katnyopia

To mouyviolr avikel oy katnyopio tov 2D MMORPG kot ypnoponotet top-
down perspective, dniaon N Kapepa TPoPAALEL TOV KOGUO amtd YnAd Tpog Ta KAT®,
EMTPEMOVTAG GTOV TTAIKTN Vo, PAETEL OAOKANPO TOV YOPOKTHPA Kol TO TEPLBAALOV YOP®
tov. To Celestial Lands avtiei éumvevon omd moryvidia dmwg to Warcraft 11, xvpiog
®G TPOG TNV OTTIKN YOVIo Kol TN Hdyn o€ TPOyUOTIKO ¥pOvo, dALAE dtopopomoleitan
KaODG EMKEVIPAOVETUL TEPIGGOTEPO GTI| CLVEPYATIKY| OPAGT TOAADV TOLKTMOV KOl GTN
YPNON KAVOTHTOV OVA KAGOT).

H «ivnon tov yapoktipa, ot emBEGELS Kol O IKAVOTNTEG TPOLYLOTOTOLOVVTOL LLE
T0. TANKTPO TOL TANKTPOAOYiov. O TpdMOG YEPIGHOL Kol 1 aicOnomn g dpdong Tov
oy vidlon wapovctalovv opoldtnteg pe tithovg o6mmc to Soul Knight kot to Rogue
Heroes, 6mov o maiktng iveitow eilevBbepa otov Yaptn, amoeevyel €xOpolc Kot
YPNOUOTOLEL EMOECELS KO IKAVOTNTEG OE TPAYUATIKO YPOVO.

3.3 Mnyoviopoi IMoyyviorov

Kdabe maiktng eréyyet €vav xapoktinpa, o omolog avikel oe pia amd TS TPELS
dwbéoueg kKAdoeig: TloAepuotg, Mdyog 11 Zxkomevtig. H emdoyn g kAdong yiveton
oTNV apyn TOL Toyvidloy kot dev pmopel vo aAAdEel Katd ™ OSdpkela g 1d10G
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npoondBeiog. Kabe khdon owabéter tpeic Pacucéc tkavotnteg: pio Paocikn enibeon kot
dV0 E101KEG TKAVOTNTEG LLE YPOVO EMOVOPOPTIOTG.

H Bacum enibeon pmopel va ypnoyLonoteitor cuyva amd Tov Toiktn Kot amotelel
TOV KUPLO TPOTO TPOKANGNG LN 6ToVG £X0p0ovC. Agv amantel KATOVAAWDGT EVEPYELOG
Kol Ogv €xel onUovTiKO mEPLOPoUd ypnons. Avtifeta, ot d00 €01KEG 1KAVOTNTEG
TPOKAAOVLV peYoADTEPN (N 1M €YOuV MO 1oYLVPO OMOTEAEGUA OTN HAYN, OUMC
amoLTovV EVEPYELN Kol d1aBEToVY YpOVo eTavapoptions. Me avutdv Tov TpOTo, 0 TOUKTNG
TPETEL VAL YPNCLLOTOLEL TIC IKOVOTNTES GTPOTNYIKE KOl Ol GUVEYOUEVA, ETMAEYOVTOG TNV
KOTAAANAN oTiypn| yio ke emibeon.

O e&ovimoelg exfpdv mpoceépovy gumelpio kot ypvod otov yopaxtnpa. H
eumelpio YPNOYLOTOLEITOL GTO CUOTNUA EMTEOWV, LEGH TOL OTOIOV PBEATIOVOVTOL TA
OTATIOTIKG TOV Yopoktpa, Omwg M Con ko n ud. O ypvoodg pmopel va
ypPNopomomOel yio v ayopd avtikelévov ad To inventory Tov moikTh.

Otav kdmolog maiktng mebavel, emavépyetor oe KAmTOlo onpeio Tov yaptn petd
amd Alyo xpdvo. To maryvidtl tekeldvel 0tav meddvel o TeAMkog ex0pdc, aAld umopel va
emavaAneOel dStatnpdvtog TV TPO0d0 OV £XEL AMTOKTNOEL KAOE TATKTNG. e TEPIMTOON
7oV dgv amopeivel kavévag (ovtavog maiktng, To matyvidol Eekvaet amd v apyn.

3.3.1 Kivnon Xapoaxktipa

H xivnon tov yapaktipa péca oe Kdbe meployn TpaylaTonoleitol o YapTn mToL
amoteleiton amd mAakidw (tiles), ta omoio cuvBETOLY TN doun Kat TN LopPOrOYia TNG
exaotote meployns. O ouVOAIKOG YAPTNG TOL TOUYVIOOL OmOoTEAEITAL OO TEGGEPLG
Slokp1tég meployés, Kabepio pe dtopopetikd mepPdiiov kot eminedo dvokoiiag. H
peTakiviion Tov yopaktinpo yivetor ehevBepa ko vmoomnpilel téoceplc Pooikég
Katevhovoels: v, Kato, aplotepd kot 0e€id. Ot gvépyeleg Tov Mok, OT®G M
Kivnon, ot emBECELS KOl O IKAVOTNTESG, EKTEAOVVTOL TPOS TNV KatevBuvon oty omoia
etvan otpappévos o yapaktpag tov (facing direction).

3.3.2 Mnyaviepot Mayng
O pdiyeg éxovv ovuykekpiévn epféreta Ko yivovran pe 60o tpdmovg:

o Xouo pe oopo (melee): yiveton povo 6tav o x0pdc eivan 610 apEcmOS EMOUEVO
TA0K1010 (o€ omoladnmote Katevhuvon)

e And omdotaon (ranged): yivetor o€ amouoKpiopéVa HeTAED TOVG TAOKIO,
avéloyo pe TV euPérela TOv £YEL O YOPAKTNPOGC

Ot payec mov emtpémovran eivat: melee vs melee, melee vs ranged, ranged vs ranged.
Eniong vrépyer ocvompa avtictaonsg Cnpidg mov amoppoPaet £vo HEPOG TG CNLAg.
KaBe ex0pog ko yapaxtipog Exet {on, mov eivar éva voOUEPO TO 0TO10 OTAV TAEL GTO

0 o yapoxtipog mebaivel. Avtd kabopiletar amd ™ (Nl Tov £yl 0 AVTITOALS TOV.
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3.3.3 Ileproyég
O ybpng amoteAeitan amd T€0GEPIC TEPLOYES O1 OMOlES Elvarl LEAVOLEVNG
dvokoAiog ko 1 KEOe pia Exel O1apopetikd mepPaiiov kar exfpovc. Ot meproyeg
elvat:
o Mnmie : Ilpdto eminedo pe €xBpodg Ko e€otkeiwon He TIG KAVOTNTEG TOL
YOPAKTI PO

o Ilpdowvm : Ileproyn mov amoutel MO GUVIOVIGUEVN cuvepyasio AGY® T®V
polikov embécewv TV x0pmV

o Kaoé : ITeproyn 6mov ot xBpoi Exovv VYNAOTEPO CTATIGTIKA KOt O SVVATEG
embéoelc.

o Koxkxkivn : Telkn meproyn e To TeEAKO boss mov amatel TANPN GuvePyacia Kot
YPNOT OA®V TOV IKOVOTITOV TOV YOPIKTPOV

O eproyég etvar av&avopevng SuoKOALNG Kot TPEMEL Ol TOUKTEG VO KOTOKTIGOLY
TNV TEPLOYT TOL PPIcKOVTOL MOTE VO TPOYMPIGOVY GTNV ETOUEVT).

3.3.4 Ex0poi

Ot gxBpoi yopilovior oe amhovg Kou o dvvartovg (bosses). Kabe meproyn €xet
amAobg exBpovc /o bosses. Ot meployéc pumopel va £xovv amd KovEVO E0C KOl TOAAA
bosses. Ot gxBpoi eivar drapopetikol avdAoya pe TNV TEPLOYN.

e Mmhe: Orcs, Magic Goblins, Wolves

e IIpdaown: Orcs, Magic Goblins, Wolves, High Orcs, Big Wolves, High Magic
Goblins, gxBpoi pe kaAdTEPA YOPAKTNPIOTIKA

o Kagé: High Orcs, High Magic Goblins, Big Wolves, Dragon, Elite Orcs, King
Wolves, Elite Magic Goblins, exfpoi mov kavovv peyorlvtepn (nuid

e Koxkkwvn: Dragons, Elite Orcs, King Wolves, Elite Goblins, poaluéc embéoeig
ex0pav Tov KAvovv TOAD peyaAn Cnuid

Ka0e évoc amd avtovg Toug x0poic £xel ™ duvatodTnTa. Vo Eivorl TapaAAnAa Kot
boss e KAmolo GTATIOTIKA TOVE Vo Eivor avénuéva.

3.3.4.1 Xapaxktnprotikd Ex0pav
KdaBe exBpoi £xovv d1apopeTiKd YopaKTNPIoTIKA:

e Orcs: givon apyol omnv kivnon aArhd £xovv peydin (nuid (melee)
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High Orcs: emmAéov and ta yapoakimplotikd tov aniov Orc, €govv peccoaio
avtiotaon {nuidg

Elite Orcs: emmAéov and ta yopoaktnplotikd TV omiov Orc, &ovv peydin
avtiotaon {nuidg

Magic Goblins: égovv peydin eppéieia enibeong (ranged)

High Magic Goblins: emtmAéov omd ta yopoktnplotikd Tov ariov Goblin, £xovy
peooaio ToyvtnTo enifeonc

Elite Magic Goblins: emmAéov amd ta yopaktnPloTikd TV amiov Goblins,
&xovv peydin toyvnTa eMifeomg

Wolves: éyovv peydn taydtnta kivinong
Big Wolves
King Wolves

Dragons: emitifovton amd mold pokpid kot 1 exiBeon toug €xel peydAn axtiva
Ko peydan {nud

3.3.4.2 Evosiktikd Xtatiotika Ex0pav

Ta otatiotikd TV exfpov eivar:

Table 1: Mivakog oTaTLOTIKWY EXOpwV

Exbpoc |Zon |Znua g\{;{lzzacn Ei%g);];g E?\)/?]’):nga Eppéreta Enibeong
Orc 120 |15 10 1.0/sec 3.2 1 tile

Goblin |90 8 4 1.2 /sec  |3.8 3 tiles

Wolf 80 10 7 1.2 /sec  |4.0 1 tile

High Orc |160 |25 15 1.0/sec  |3.2 1tile

CH;ingr:in 110 |12 |7 14/sec |38 3 tiles

Big Wolf [130 |15 12 1.2 /sec  |4.5 1 tile




, , . |Avtiotoon |Tayomta |Taydnta . p
Ex0poc |[Zom |Znud Znuéc Emibeonc  |Kivionc Eppérern EniBeong
Elite Orc |230 |40 50 1.0/sec |2.5 1 tile
Elite 1150 |15 |10 16/sec 3.8 3tiles
Goblin
King  looo |18 |15 12/sec |45 1 tile
Wolf ' '

Dragon (350 |50 25 0.8/sec (34 8 tiles
Boss +20% |+20% |+15% [o1 [o1 I3

O mopamave wivakag mopovcstalel ta PaciKd oTaTIOTIKE TV €xOpdv ©TO
matyvior. Kdabe exBpoc dwabéter ovykekpiuéveg tipég yo Zon, Znuid, Avtictoon
Znuag, Taydtta Enifeong, Taydtra Kivnong kot Epupéiera Enifeonc. Ta otatiotikd

avtd Kabopilovv 11 dvskoiia Tov xBpov, TOV TPOTO LE TOV OTO10 GCUUTEPLPEPETOL GTN

péym Kot Tov poOAo ToV HECOH GTO T VioL.

o  ZoM: Aeiyver moon I pmopet va avtéEet o exBpdc mpv eEovdetepwbel. Oco
peYaATEPN M TIUN, TOGO o avOeKTIKOG Elval.

o Zmmé: H mtosotra {nudc mov mpokalei o €x0pdg oe KGOe emibeon.

e Avtictoon Znuds. Medver €va mocooTd NG  €1oepyouevnc  Cnuidc.
YynAotepn Oopdkion onuaiver 0t o €xBpOg d€xeTan AlyOTEPT TPOYUOTIKN
Eniud.

o Tayvmmra Exmifeong: 11660 cuyvd pmopel va emtebel o €x0pos. Exopdleton
ocuvnBoc g emBécelg ava devtepOAETTO.

o Tayvmmra Kivnong: H tayvto pe tv omoia petaxwveiton o €08pdg otov
YOPTN. YYNAOTEPES TIUEG CNUOIVOLY TOYVTEPT] TPOGEYYICT] TOV GTOYOV.

o Eppéiera EmiOeong: H andotaon and tv onoia o £x0po¢ umopel va emttedel.

Exopaleton og tiles (kehd tov yaptn).
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I'evicn} Avaivon ExOpav:

Orc, Goblin, Wolf

Baowkot gyfpoi.

High Orc, High Goblin, Big Wolf

Evioyvpévec ekdooeic tov Pacikav exfpav, pe avénuéves Tnég oe (on, {nuid M
TaYOTNTEG.

Elite Orc, Elite Goblin, King Wolf

Axoun mo oyvpot gxbpoi pe onuavtikny avénomn ot avtictaon {nudg kot ™ Cnuid.
Dragon

[oyvpoc exBpoc pe peydin (o1, vymin (nuid Kot oAb peydin sppéreia (8 tiles).
Boss

To Boss dev amoteAel véo €xBp0, oAl £xOpO Le KOADTEPO GTATIGTIKA.
Omnolooommote ex0pdg oprotel wg Boss Aappdvet:

o +20% Zn

o +20% Znma

e +15% Avrtioctaon Znuég

¢ ‘Iow Tayvtnta eniBeonc, kivnong kot epPéreta
Metatpénet OnAadr| OTOOVINTOTE AVTITOAO GE TOAD TLO OTOLTNTIKO.
Mieovektipato kar Mewovektpota Ex0pov

Ka0e ex0pdg 610 oy viot eivor oyedlacUEVOS e GUYKEKPILEVO TTAEOVEKTILOLTOL
OAAG KO 0VTIOTOLYOL LELOVEKTILOTOL, MOTE VO, ST PELTOL 1) LGOPPOTTIO TS UAYNC Kol VoL
evBappOvovTal StopopeTikéC TaKTIKEG. o mapdderypa, exbpoi pe vymin (oM pmropet
VoL €YOUV XOUNAOTEPT TaYDTNTA, EVD 0001 XYoLV HEYAAN euféreia emiBeong cuvnbwmg
Eyovv pikpotepn avtiotaon {nuidc. Me avtdv tov Tpomo, Kavévag ex0poc dev sivar
amOAVTA 1oYVPAS GE OAOVG TOVG TOUELG Kot KAOE Evag amoTeAel EeymPloTiKn TPOKAN O
TOV AMOLTEL OLOPOPETIKT GTPATNYIKN TPOGEYYIOT| OO TOV TTOAKTY).
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3.3.5 Xapaktipes

Amotehovvtan and 3 kAaoels: Tlodepiotc, Mdayog, Xxonevtng. H kdOe kAdon
EXEL SLOPOPETIKA YOPOKTNPLOTIKA.

O IToAeog €xet pukpn epPéreta enibBeong aArd pe peydin (nud ot Poaocikn
enifeon. Emiong €xel mepiocotepn ToyvTNTO Kivnong amd tig AALeG 600 KAAGELS.

O Mayog gxet peyarvtepn eppéreta omd tov IoAepiot ko kéver peydin (nud
LLE T1G IKOVOTNTEC.

O Zxomevtig £xel avEnpévn TayxvnTa eniBeong o€ oyéon pe Tig dAleg KAAGELS,
Omm¢ kot epPéreta emibeong.

3.3.6 IkavotnTeg

Kabe yapokmpoc owbéter  tpeic  Poocikés  wkovotnteG, Ol OmOiEg
SLLPOPOTOLOVVTOL OVAAOY [E TNV KAASoM Tov. Ot 1kavdtnTeg anTég TepAapavouy pia
Baowm eniBeom kat 600 £101KEG tkavOTNTESG LE YpdVo emavapdpTions. H Paocikn enibeon
amotelel MV KOpLoL popn| €miBeomg TOL YOPOKTAPO KOl UTOPEL VO XPNGLULOTOLEITOL
ovyVd, Yopic Vo amaltel KOTAVAA®GT EVEPYELNG 1} YPOVO ETOVOPOPTIONG.

H Baowkn eniBeom dwapépetl avdroyo pe Tov TOTO NG KAAONG. AV 0 YOPOKTPOG
elvan ranged, OnAadn emttiBeton amd amdotact, propel va tpokarésel (nuid og £x0povc
nmov Ppiokovtal péoo oty guPéield tov. Avtibeta, av o yapoakthipog ivar melee,
oniaon emtiBetan amd Kovrvy amdotocn, Tpénel va PpiokeTonl kovid otov €x0po Yl
Vo ToL TPokoAEsEL {Nud.

Extoc and ™ Pacikn eniBeon), kabe yopoaKMpos LTopet vo ypnoILoTomacel 000
E0KEG kavoTNTEG. [0l TN ¥PNoM GLTOV TOV IKOVOTHT®V OTOLTEITOL KOTOUVAAWDGCT)
evépyelong. Metd v evepyomoinon TOvg, Ol KOVOTNTEG Ogv  UTOpOLV  Vva
ypnoporombovv apéomg Eavd, Kabmg xpeldloviatl KATOolo ¥PoviKO dLAcTnUa LEXPL VO
emova@optiotovyv. To ypovikd awtd dbdotnue ovopdleTar ypodvos ETava@OPTIoNG 1
cooldown (CD).

Ye mepintoon mov 0 TOIKING €VEPYOMOMGEL MHio €WOIKN 1KOVOTNTA VO
ypnowonotel ) Pacwkn eniBeon, n facikn eniBeon dakodmTeTon 1) KalBvoTepel péxpt va
oAokANpwOel M evépyela mov PBpiokeTon NON oe eEEMEN. Xt cvvExela exTereiTOL M
avtioToym woavotnto Tov enédele o maikng. Me avtdv ToV TpOTO, 1 PO TOV EOIKMOV
IKOVOTNTOV OTOLTEL GOGTO YPOVICUO KOl GTPOATNYIKY.

H npdt €1dkn wovotnta Eekdedmvetor oto eninedo 3. 'Eyel pikpodtepo ypovo
EMOVAPOPTIONG, EMOUEVMOG UTOPEL Vo ypnolpomoleitol mo ocvyvd, oAAd Tpokoiet
pikpotepn nuid otovg exBpods. H devdtepn edikn wovotnta, 1 omoio pmopel va
BewpnBel og vEpTatn KavoTNTO, EEKAEdMVETAL 6TO emimedo 5. Awnbétel peyarvtepo
YPOVO  EMOVOQOPTIONG, OUMG TPOoKOAel peyoAvtepn (nuid Kot €xel 1oYLPOTEPO
OTOTEAEGLOL TN LLOLYT).
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3.3.6.1 Evoaiktikéc Ikavotnteg [lodepiot

O TloAgotg amotehel kAdom wovivig payns xor Paciletor oe embéoelg
pKpN g eUPEAELOG, DYNANG OVTOYNG KO AUECT ETOPTS LLE TOVG £XOPOVG. Ot 1KOVOTNTES
TOV €lval oYESUGUEVES OGTE VO TPOKOAOVV {Nuid 6€ KOVTIVOUG GTOYOVG, €T e amAEg
embEoelc elte Le 1YVPITEPES EOKES IKOVOTNTEG TTOV JL0BETOVY YPOVO ETAVOUPOPTIOTG.
H Boown eniBeon pmopel va ypnowpomoteitor cvveyoOueva, evd ol d00 E101KEG
KOVOTNTEG EEKAELOMVOVTOL GTASIOKE LECH TOL GUGTILATOS ETITEOWV.

Table 2: Nivakag LKAVOTATWV TTOAEULOTH
Ikavémta | TOmog Znua ICD  [Evépyela Eppéreia
Booua AT eniBeon 20 o o 1 tile
emifeon
Ewdwm , , .

. AT KavoTTO 45 20sec |20 2 tiles
wavotto 1
Edwm . , .

. Ynéptatn ikavotnta 35 15sec |50 3 tiles
wovotnTa 2

H Baown eniBeom tov [Modeuot amotelel v KOpLa popen mpdkAnong Cnuiag
KOl ¥PNOLUOTOEITAL YWPIC KATAVAA®GT) eVEPYELOC N YPpOVO emavapoptione. Emedn o
[ToAgog eivar yopakpog KOVTIvig Layme, n Pacikn emiBeon €xetl pukpn| epPéreta
Kol arotel o x0pdc va Ppioketol KOVTA GTOV YOPAKTHPO.

H wpdt edkn kavétta Eekdeddvetalr o1o €minedo 3 KOl TPOKOAEL
peyaAvtepn (nuid amd 1 Poocikn eniBeor). Awbétel pkpOTEPO YPOVO EMOVAPOPTIONG
GE€ GYEOT UE TNV VIEPTAT IKOVOTNTA, ETOUEVOG UTOPEL VO YPNOLUOTOLEITAL TTLO GLUYVA
KaTA TN odpKela TG payns. H dedtepn 101k ikovotnto EEKAEIOMVETOL GTO EMIMEDO 5
Kot Asttovpyel o¢ véptarn wavotnto. ‘Exel peyadldtepo ypovo enovapoptions, oAld
npoKaiel vymAdTePN (e M exnpedlel peyaddtepn TEPLOYN YOP® OO TOV YOPUKTIPO.

3.3.6.2 Evosiktikéc Ikavotntes Mdayov

O Mayoc amotehel KAGoM KOVTIVIC HAyNG, Omw¢ kot o ITolewotng, Oumg
SLUPOPOTOLEITAL OC TTPOC TOV TPOTO ¥PNOTG TOV IKAVOTHT®V Tov. H Pacikn tov enibeon
exteLeital og KPN omdOTOOT KOl YpNolHoToteital yio otafepn mpokinon {nuidg
oTov¢ gxBpovc. QoTdG0, 01 E10IKES 1KaVOTNTEG TOV MAyoL £yovv ueyaAvtepn euPéreia
amd avtég Tov TloAepiot, emtpémovtdc Tov vo emnpedlel xfpovg mov Ppickoviat oe
LEYOADTEPT) OTOCTOCT 1| GE EVPVTEPT TEPLOYT.

Table 3: Nivakag LkavotTwy Hdyou
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Ikavotra Tomog Znua [CD  |[Evépyela Eppérewa
Boow| enifeon [AnAn emiBeon 15 0 0 1tile
E18u<’r| ATA KavoTnTOo 40 22s |30 3 tiles
woavotnta 1
Ewdwm . . :

, Ynéptatn wavotro |65 25s |60 5 tiles
wavoTnTo 2

H mpot €dwn woavotnro tov Mdayov ECexdewddvetar oto eminedo 3 ko
npokalel peyoAvtepn {nud omd ™ Pacwun enifeon. AtabEtel ypovo ETavapPOPTIONG Kot
amontel KOTOVAA®GT EVEPYELNGS, ETOUEVOC OEV UTOPEL VOL YPTCULOTOLEITO GUVEXOLEVA.
H devtepn €0 woavotnto Acttovpyel ®g vréptatn KavOTNTo Kot £YEL OKOUN
peyaAVTEPT eUPELELD KO LOYVPOTEPO OMOTELEGUO GTN] LYY, OAAG OTOTEL TEPLGGOTEPN
EVEPYELN KOl LEYAAVTEPO YPOVO ETOVOPOPTIOTG.

e avtifeon pe tov IMoAeot, o Mdayoc Pacileton meplocdteEPO 0T COOTN
YPNOT TOV EWVIKAOV IKOVOTHTOV TOV, KABMG 0LTEG TOV EMTPETOVY VO, TPOKaAEl (Nl o€
HEYOADTEPT OTOCTOCT] Kol Vo EAEYYEL KaAVTEPa TN BEon TV exfpdV pHéca ot Laym.
[Ma tov Adyo avto, 0 maiktng Tpémet vo Sty elpileTal TPOCEKTIKE TV EVEPYELN KOl TOVG
YPOVOUC ETAVAPOPTIONG, DGTE VO, YPNCLUOTOLEL TIG IKAVOTNTEG TNV KATAAANATN OGTLYU).

3.3.6.3 Evosiktikég Ikavotnteg Lxomevtny

O Zxomevng amoterel KAGon mov Paciletol kupiwg o€ emBEcELS amd amdcTOO,
o€ avtifeon pe tov Ilolepiot) kot tov Mdyo mov ypnoonolovy emBEGELS KOVTIVIG
uéyms. H Bacikn tov eniBeon €xet peyadvtepn epPéreia, ETTPETOVTAC TOV VO TPOKAAET
{ud otovg £xOpovS TPtV awtol TANCIAcoLV apKeTd. Me auTdv TOV TPOTO, 0 LKOTEVTNG
umopel va TopoapéVeEL 6 T acPaAn BEomn Katd T JIIPKELD TNG LAYNGS, OELOTOLDOVTOG
TNV ondGTAGT) TPOG OPEAHG TOV.

Table 4: Nivakog LKOVOTHTWY OKOTEUTH

Ikavotra|Tomog Znuda  |CD  |[Evépyea Eupérera
Boown |\ 14 enibeon 15 o [0 3 tiles
emifeon

Ewdwm , .

KovoTTOL ‘(%’m) teavoTTe 0 20sec (30 -

1
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Ikavotra|Tomog Znua  |CD  [Evépyela Eppérewa

Edwm
wovotnta | Yréptatn wavomta |20 15sec |60 3 tiles
2

H mtpdt €181k tkavotnto Tov Xkomevt Asttovpyel og evioyvon (buff) kot dev
npokalel dpeon (nuid otoug £x0povs. AvtiBeta, Tpospépel Tpocwpivr| Bertimon cTov
YOPAKTNPA, OO adENon TG TaxHTNTOG N TNG OMOTEAEGUATIKOTNTAG TOL GTN WAYM.
Emne1on oev eivon emBetikn wcavotnra, oev drobétet epuPéreta, oAld amattel evEpyeila Kot
EYEL YPOVO ETOVOPOPTIOTC.

H 0debtepn 101k kavdtta Acttovpyel ¢ vaéptotn KavOTNTo Kot EYXEL TN
Hopoen ypryopne petakivnong (dash). Me tn ypriion G, 0 ZKOTEVTNG UETOKIVEITOL
dueca mpog TV katevBuvon oty omoio €ival CTPOUUEVOS, EMTPETOVIAS TOL VO
amopevyel emBECELC, Vo amopakpOveTal amd €x0povc 1 va ahralel ypriyopa Béon péca
ot puéym. H wovotnra avtn dev Paciletar kupiog oty tpdkinon (nudg, aAdd otnv
eveA&lo Kot otV emPiwon Tov YopoKTpa.

3.3.7 Emppafevoseig

O maiktng mov okotdvel Evav amhd €xOpd maipvel ypvod kol UOVO OVTOC,
avéloyo pe 1N dvokoAio tov €xBpov. O gxBpdg mov mébBave Ouwg odivel eumelpia,
avéloyo pe T dvokoAia Tov, 6€ GAOVE YOP® TOV Y10 Vo avEPOLY GTO EMOUEVO EMITEDO.
H epmepia dtonpeiton avaroya pe toug maikteg mov PBpickovion kovta (5 tiles). Ze kabe
eMimed0 ALEAVOVTOL TOL GTUTICTIKA TOL YOPOKTIPO OVAAOYQ LLE TNV KAGCT TOV.

Otav nebaivel £va boss divel xpuood 6e GAovE YOP® TOV, OVEEAPTNTA AT TO TOL0G
TO OKOTMGE KOl PiYVEL EMIONG KATOW OTAVIOL KOLTIA, TOV TEPLEYOVV TEPLGGOTEPO
YPLGO, G€ OTTOLOV TPOAAPEL va Ta Thpet (glvor o kKovtd o€ oo, 1 tile).

3.3.7.1 Evosiktikéc Emppapevoeg

Table 5: Nivakoag emBpafevoswv naiktn

Ex0podg Xpuodg Epnepia
Orc 5 10
Goblin 4 8
Wolves 6 12
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Ex0podc Xpuodg Epmnepia
High Orc 10 20

High Goblin 8 15

King Wolves 12 25

Elite Orcs 15 30

Elite Goblins 14 28
Dragon 20 40

Boss / Tehkog Ex0pog +50 +30

O mivakag mapovotdlel Tig avtapolPés mov AauPdvel o maikng yw v
eEovdetépmon TV dapopwv exfpav. Ot avtapolPég ympiloviar Kupimg o€ ¥pvco Kot
eumepia, o1 omoieg av&dvovtal avdioya pe T VvV Kot T SVCKOAIN TOV aVTITAAOL.

e Xpuoog (Gold): Xpnowomoteitat yio oyopd avTIKEUEV®V LEGO GTO TOLYVIOL.
Ot woyvpoTEpOL £xOPOl TPOSPEPOLY TEPICTOTEPO YPLTO.

e Eumepia (XP): AvEdvel to eninedo Tov maikn, EVIGYVOVTOG CTATICTIKA KO
Eexheldmvovtog véeg tkavotntec. Ot mo emkivovvol 1 omdviot xfpoi divouvv
peyaAVTEPT epmepiol.

Ta Boss tpoc@épovv emmAéov avtapolBéc mépa amd ypuco Kot pmepia, Onwg:
e +50 Xpvcdc emPpafevovtag Tov Taiktn Yo T SuoKoAa TG Léymg.
e +30 Epmeipio, yio vo avrovokAd m peyaAdtepn TpOKANCT).

AvT16 10 GHGTNHA avTOUOIBOV EVOAPPOVEL TOV TAIKTY VO AVTILETOTILEL O SVGKOAOVG
€xOpoh¢ Kot TPOGPEPEL KIVITPO Y10 TPOOSEVTIKT) EVIGYLGT| TOL YOUPAUKTHPOL.

3.3.8 Evociktiko Xvotnua Emaéowmv
O yoapaxtnpag, pe v eumelpio Tov kePOiletl dtav okotdVvel x0povc, avePaivel

eminedo Eexvavtag amd 1o eninedo 1 Kot ptdvovtag £mg to eminedo 10. Ze kdOe eminedo
avePoaivouv To GTATIGTIKA TOV, Ta OTToin Elval S1oPOopETIKE avd KA.
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Table 6: Nivakag emmMéSwv xapaktrpa

Eninedo Amartodpevn Epmepia
1 0

2 50

3 120
4 200
5 300
6 450
7 650
8 900
9 1200
10 1600

Me v avénomn emumédov, ol YapPuKTAPES YIVOVTOL 1GYLPOTEPOL, OTOKTMVTOG
peyoaAvtepn Com, evépyela, oviiotaon udg kot toyvtnto. Avtd 10 GUGTNUA

dnuovpyet kivTpo Yoo Guveyn Wy Kot TPOOSELTIKT EVIGYLGT TOL TOIKT.

3.3.8.1 Evosiktikd XtoTIioTIKG KAGONG KAOE emmédon

[ToAgoc:

Table 7: Mivakog OTOTLOTIKWY TIOAEULOTH

Eninedo |Zon |Evépysua 2\1’;{122(101] Toayvnta Kivnong
1 120 40 15 4

2 140 |45 19 4

3 160 |50 23 4
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Eninedo |Zom |Evépysua ?;;i?&rgacn Tayv o Kivnong
4 180 |55 27 4
5 200 |60 31 4
6 220 |65 35 4
7 240 |70 39 4
8 260 |75 43 4
9 280 |80 47 4
10 300 |90 51 4

O TToAeomg eotidlel kupimg ot {on kot v avtictaon otn {nuid, Kabmg
Bploketon otNV TPOTN YPOUU NG KAYMG Kot amoppopd Ti¢ eMBECEIC TV EXOpDV,
TPOGTATEVOVTOS TOLG VITOAOITOVS GLLLEYOVC.

Mayoc:

Table 8: Mivakog oTATIOTIKWY HAYOoU

Eninedo |Zon |[Evépyeia g\{;{lzzacn Toayvtta Kivnong
1 80 |65 8 3.4

2 90 1|80 11 3.4

3 100 |95 14 3.4

4 110 (110 17 3.4

5 120 (125 20 3.4

6 135 |140 23 3.4

7 150 |155 26 3.4
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Eninedo |Zom |Evépysua ?;;i?&rgacn Tayv o Kivnong
8 165 (170 29 3.4
9 180 |185 32 3.4
10 200 {200 35 3.4

O Mayoc eotialel kupiwg omnv €véPYELd, 1 OTOi0L YPNGULOTOLEITOL YO TIG
wKavoTNTéG TOV, evd M Con kot M avtictaon ot ud elval younAdtepes, Kabdg
TOPAUEVEL THG® o TN Ypopun poyns kot facileton oTig Hoyiké ToLv ETBECELS Yo Vo,
TpokaAEEL {nuid.

2 KOTEVTNG:

Table 9: Nivakag OTATIOTIKWY OKOTIEUTH

Eninedo |Zon |[Evépyeia ?:{;ilzzacn Tayvta Kivnong
1 90 |50 7 3.2
2 100 |60 9 3.2
3 115 |70 11 3.2
4 130 |80 13 3.2
5 145 |90 15 3.2
6 160 |100 17 3.2
7 175 |110 19 3.2
8 190 (120 21 3.2
9 205 [130 23 3.2
10 220 [140 25 3.2
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O Zxomevtig eivar evAA®TOG o€ {Nud Kot €Yl Pkpr| ToydTNTO Kivnong, Eneion
amotelel TV KOpLa Ty (nudg amd amdotaon kot ogv PacileTon oTIg IKOVOTNTESG TOL.
H peydin dovoun mov £xet oy eniBeon e&icoppomeiton amd avtég Tig advvapies, OGTE
va dtaTnpeiton 1 16oppomion GTo oy viot.

3.3.8.2 EvoeIKTIKG XTUTIOTIKA IKOVOTNTOV KAOE EMTEdoV

[ToAgot:

Table 10: Nivakag OTATIOTIKWY LKAVOTATWV TTOAEULOTH

Erineso Znua Baowkng Znua Ewdwmg Ikavotntog |Znud Ewdikng
Emideong (+6.2%) |1 (+5.1%) Ikavotntag 2 (+8%)

1 25 - -

2 27 - -

3 28 33 -

4 30 35 -

5 32 37 27

6 34 39 29

7 36 40 32

8 38 43 34

9 40 45 37

10 43 47 40

Ot wavotnteg tov Tlolepot) evioydovion oTadlokd KaOdG 0 YOPUKTAPOS
avePaivel eminedo. Kabe tkavotnta £yl S0POPETIKO TOGOGTO OENOTG, AVAAOYA LIE TN
ONUOVTIKOTNTO KO TN YPNOIUOTNTA TNG GTN LAY

Madayov:

Table 11: Nivakog CTATIOTIKWY LKAVOTATWY LAyOoU
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Znuié Baoiric Znud Ewdwrg Znué Edwng
Eninedo : Ixavomrag 1 Ixavotnrag 2
Enibeong (+7.7%)
: (+9.2%) (+7.1%)
1 18 - -
2 19 - -
3 21 18 -
4 22 20 -
5 24 21 26
6 26 23 28
7 28 25 30
8 30 28 32
9 33 30 35
10 35 33 37

Ot tkavotTEG TOL MAYOUL EVicDOVTOL GTASIOKE KOOMDS 0 YapakTpos avePaivet
eminedo. Kdébe wkavotnto £yel S0QOpeTIKO TOGO0TO OvENONG, OVOAOYO HE TN
ONUOVTIKOTNTO KO TN YPNCIUOTNTA TNG GTN LAY

Y KOMEVTY|:

Table 12: Nivakag OTATIOTIKWY LKOWVOTTWV OKOTIEUTH

Erinedo Znwé Boowrg Enifeong Avénon tayvtog enifeong
(+5.3%) (Ikavotnta 1)

1 24 -

2 25 -

3 21 1.1%

4 28 1.15%
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Eninedo Znwd Baowmg Enifeong  |AvEnon tordrog enibeong
(+5.3%) (Ixavotnta 1)

5 29 1.2%

6 31 1.25%

! 33 1.3%

8 34 1.35%

9 36 1.4%

10 38 1.5%

Ol wovOTNTEG TOV XKOMEVT] EVICYLOVTAL GTOOOKA KAOMSG O YOPaKTPOG
avePaivel eminedo. Kabe tcavotnta £xel SopopeTIKO TOGOGTO OENOTG, AVAAOYA LE TN
ONUOVTIKOTNTO KOL TN YPNCIUOTNTA TNG GTN LAY

3.3.9 Inventory/Shop

Me 10 ¢pvcd mov £xel 0 KAOE TaiKTNG UTOpEl Vo UTEL GTO inventory Tov Kot Vo
ayopacel piltpa (potions), emENpra (elixirs). Yrdpyovv dvo potions kou 3 elixirs.

3.3.9.1 ®irtpa
o  ®diktpo {oNg: avaminpwon youévng Long (+20)
o  DiATpo eVEPYELONG: AVOTTANPOOT YOUEVNG EVEPYELOG (+25)

H ypfion tov @idtpov dev €xetl ddpkeln ektéheons, dnAadn yivetor dueca, Kot
K60e maiktng pmopel va kovPardel Emg dVO TAVTOYPOVA TPV TO PN GLLOTOGEL.

3.3.9.2 Exénpro
Ta eMénpla divouy EMITAEOV GTATIGTIKA Y10 EVOL LUKPO YPOVIKO OLUGTILLOL.
o  EMénpio IoAepiot): Aivel emumAéov {nuid kon (o yio éva Aento
o  EM&npro Mayov: Atver emummhéov {nuid Ko gvEpyeta yia £va Aemtd

o  EM&npro Zxomevtn: Alver emmhéov {nud Ko taydtnta enifeong ylo Eva Aemtd
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3.3.9.3 Evoeiktikd Kootn Avrikeipévov

Table 13: Nivakag pe Ta KOOTN TWV AVTLKELUEVWY

Avtikeipevo Tomog E@é Awpkewn  [Opro Ec(gzg%z)
®iktpo Zomg diktpo +20 Zon Apeco 2/maiktn |50
®iktpo Evépyerag|Didtpo +25 Evépyewn Apeco 2/maiktn |50
Ehhpro EMERpto +20 Znwié, 430 Zon, |1 Aemté  |1/maixe |100
[ToAgot

EMENplo Mayov |EMEnpro +15 Zné, +50 Evépyewa|l Aemtod 1/maiktn |100
giﬁlﬂ :ﬁ EMéEnpro %L“:xivzr?]it &dﬁ;?e(l(?ng 1 Aemto 1/maiktn |100

O wivokag mopovstalel To KOGTN Kot TIG EMOPAGELS TOV PUCIKMOV AVIIKEUEV®V
oto mayviol. Ta avtikeipeva yopilovion oe QiATpa Kot eMENPLOL:

o Didtpa Zong/ Evépyetag: ITapéyovv dueon avénon (ong 1N evépyeLlog, e
TEPLOPICUO YPNONG AVE TTalKTN.

o EM&npra: AvEavouy mpocwpivd 6TaTioTiKd 0nmg Cnud, {on 1 taxdtnTa
emifeonc yla 1 Aemtd.

Ot Tég o€ ¥pvood kabopilovv 10 KdGTOG amdKTNONG 1 avaPddpiong, divovtag otov
TOAKTY] TN OLVOTOTNTO CTPATNYIKNG dtoyeiplong mOP®V.

3.3.10 Eravagopd/Emotpogr)

Kda0e maikng mov mebaivel emotpépel otnv apyn TG TPONYoOUEVNG TEPLOYNG
amd exel mov Ppiokovtal OAot, OUmS Kdmotol exbpoi Exyovv emavérDel 6e avtVv Kot Oa,
TPEMEL VO, TOVG TEPAGEL OAAMMG Oa ToV axoAovOncovy péypt ekel mov O mdet.

3.4 Anootolréc (Quests)

Yndpyovv ot Bacikég amooTOAEG MOTE VO UWITOPEL VO TPOYWPNGEL TO Ty Viot
TOTOoV:

. Yxotmoe £vav (Tuyaio) aptBud amd cuykekplUévo €100¢ ex0poh
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. XK0TmGE T0 boss NG TEPLOYNS

Ymhpyovv Kol KOTOLEG TPOOIPETIKEG OTTOGTOAEG OV UTOPEL £vag maiktng vo
TaPpEL EMTAEOV YPLGO 1 KATOL0C TOV OEV £YEL TOAD, AOY® TV AMywv e€ovidoemy. Avtd
dev glval VIOYPEMTIKA MOTE VO cuveyioel To maryvidl, elvar amid PBondnua otovg
naiktec. Avtd ivat Tov THTOVL:
. XKotmoe Evav Tuyaio apliud exfpdv g P GLYKEKPLUEVT] KAGOT

3.5 Emkowovia

Ot maikteg dev €yovv TN dVVATOTNTA VA EMKOVOVOOV HETAED TOLG, OAAG
UTopohV Vo TO KAVOLV UE SLAPOPOVS TPOTOVS YPNCULOTOLDOVTAG GAAEG TAATPOPLEG
omw¢ to Discord.

3.6 Server

H ohvdeon tov moktdv Ba yivetal og £va dopdtio ®ote va eilcéABovv poll oto
oy viol. Xe mepintwon amocHvoeoTg KATOI0L Akt TO oy vidl cuveyileTol Koavovikd
KOl O YOPOKTNPAG TOV TOPOUEVEL GTO Tayviol yioa 000 AEMTA G€ MEPIMTOON TOV
EMOTPEYEL AAMDG TEBivEL.

3.7 X1oygopévo Kovo

To Celestial Lands mpoopileton yia 6Aeg T1¢ nAkieg epoOcoV ivan e£otkelmpévol
TO UE YNOLOKE TToyvidlo Kot O CLUYKEKPIUEVO TOLY VIO TOL OTOLTOVY GUVEPYOGIO
OAAG KO TPOGMOTLKY] TPOOOO.

3.8 Awu0oueg mhaTQOppES

To moyvidtl datiBeton pdvo yio TV TAATEOPLO NAEKTPOVIKOD VTOAOYIGTH Kot
10 AE1TOVPYIKO cvotnuo Microsoft Windows 11.

3.9 LAN Aiktvo

O server Oa Aertovpyei o LAN (Local Area Network) kot 6o eivon Tpooacipog
puéow direct IP. Avtd onuoaivel 6Tt ot VIOAOYIOTEG OV Ppickovtal 6To 1610 TOTIKO
diktvo Ba pmopovv vo cuvdeBovv amevbeiag ypnoponoidvtag T devbuveon IP Tov
Server.

3.10 "Hyov kox Movowki

To mayvidt Oa meprhapPdvel TANpn MMTIKO TEPIPAALOV LE LOVGIKT VTTOKPOVOT)
Kol mynTikd €eé. H povotkn Ba dnuovpyei mv atpodceapo kébe meployne 1 Layme,
evioybovtog v eumelpio Tov maiktn. [HapdAinia, kKabe yapoktipog kot ex0pdg Ba Exet
Eexoplotd MMTIKA €€ Yo TG Pacikéc embéoelg Ko TG KavOTNTES, €VAO MYOl
neppdAlovioc Bo mpocBitouv peolopud kot aichnorn mapovsiog GTovV KOGUO TOV
TOLYVIO100.
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3.11 I'pagika

Ta ypapikd tov moryvioov Ba eivar oyedaocpuéva, dote KAOBE YOPAKTNPAS,
exOpoOg kot avtikeipevo va givar evkoAda avayvopicipo. To mepifdArov Ba Exel caen
OTTIKY] TOVTOTNTO WE YPOUATIKOVS KOOWKES mov Ponbodv otnv KaTavoncn TV
Aettovpyuwv kot g onuaciog tov avikeévov. Ot yapaktpeg Ba oabétovv
OLPOPETIKA HOVTELD, OVOAOYQ HE TNV KAAGT TOVG, Kol M aicOntikn Ba cvvovalet
AELTOLPYIKOTNTO KO LLAYN.

3.12 Animation

Ka0e yopaxtipag kot ex0pog Oa 0100£1e1 LKA animations Yol TIG KIVIGELS, TG
embéoeic kol 11§ KavotTéG Tov. Ot kavotnteg Ba toviCovv T dvvaun Kot v
eMidpact] Tovg oto moyviol. Ta animation Ba eivar cvyypovicuéva pe Tovg 1M(OLG,
ONUOVPYAOVTOG M0 O PEOAICTIKY] KOl SUVOUIKY EUTEPio. Y TOV TOIKTN, EVO
napaAinAo Bo mpocdidovv pvOUd Kol ONTIKN 1Kavomoinomn oI Hoyn Kol TV
eEepevdvion TOL KOGLOV.
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Kepalaro 4: Yromoinon

310 mopdV KePAAOLO TOPOVCIALETAL | VAOTOINGT TOL YNELoKOD ToLy VIS0 TOV
avantHyOnke 610 mAaiclo g Tapovoag TTuylakng epyaciag. [eptypdpovtar ta facikd
AelTovpYIKA PEPN TOL TOYVIOOV Kot O TPOMOG UE TOV Omoio vLAomOmOnkav,
GLYKEKPLUEVA Y10, TO YPOPIKA, TOV MYO KOl TOUG UNYOVIGHOVUS gameplay, ot omoiot
neprlapPavovy e&umnpetnt (server) kot meddtn (client).

4.1 I'pogwka

o v viomoinon tov YpOEIKOL  TEPPAAAOVTOS TOVL  TOLYVIOLOD
ypnowomombnke to epyodeio Tiled, yio ) onovpyia tov xaptn (map). Méow ToVL
Tiled oyediaotnKe 0 doddcTATOC XAPTNS TOL TTALYVIOWOV, Paciouévog oe tilesets, ta
omoio opyoavodnkav oe emineda (layers) yw ) dapdpewon tov mepiPdiiovroc. O
YOPTNG TEPAOUPAVEL TOGO OTTTIKA GToLElR TOV TTEPIPAAALOVTOC OGO Kol TEPLOYES TTOV
YPNOLOTOLOVVTOL Y10 TOV OPIGHO TNG KIVNOMG Kol TOV GLYKPOVGEMV TOV TOAKTY).

Mo v onTik? avamepdoTacT) TOV YOPUKTHPO TOL TOIKTY YPNCLUOTOONnKaY
dodtdortato (2D) ypagikd, oyxedioouéva yia top-down omeikdvion. o v amddoon
™G Kivnong tov yopaktnpa alomodnkay SloPOPETIKES AMEIKOVICEIS TOV, MOTE M
HETOKIVION VO OmOOIOETOL OTTTIKA UE PVGIKO TPOTO.

4.1.1 Yhomoinon Xaptn

O y&ptng ToL TOUYVIOLOL CYESAGTNKE € OAOKANPOL Oomd TV apyn, XOPIc
xpnomn Erolpwv 1 tpokabopiopévav yoptodv. H ddrtaén tov meploydv, n torobétnon
TV otoryeiov Tov TePPdAlovtog Kot 0 daympiopds tov layers mpoypatonomnkay
pe otoéyxo T Onuovpyic €vOG AEITOLPYIKOV KO GUVEKTIKOD TOLYVIOOKOGLLOV,
TPOGAPLOCUEVOD GTIS AVAYKES TOL gameplay.

4.1.1.1 Anpmovpyio meproy@v ko layers yaptn

"o TV vAOTOINoN TV TEPLOYDV TOV YAPTN cLuVdVAcTNKaY dtdpopa tilesets, ta
omnoia mpoépyovtol and v mAatedppa CraftPix kot dwatiBevriar dmpedv. Ta tilesets
neplAapufdvoov  ypoewd otoyeian Omwg dévipoa, Ppdayovg kot GAAL  cTOoKEin
nep1dAlovtoc, To omoia cuvovAcTNKAY Yio TN dnovpyio Tav layers tov yaptn.

Figure 8: Mapadeiypa tileset mou xpnotuomnotBnke
= .

( f
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Yuykekppéva, o xaptng amoteieitor ond tpio Pacwcd layers. To layer tov
€dapovg (terrain) ypnGIUOTOIEITOL VIO TNV OTEIKOVION TNG EMLPAVELNG TAVEO GTNV 0TTOiol
Kivetton o maiktng Kot dev mepthapPavel TEPLOPIGUOVE 6TV Kivnon.

To layer tov toiywv (walls) tepilapfdavetl otoyyeia pe ta omoio o maikTng EpyeTon
oe ovykpovon (collision), mepropilovtac tnv Kivinorn tov otov Ydpo. Xto layer avtod
npootédnke dvvapkd collision ota avrikeipeva, ypnopworoiwvtag to collision editor
mov mapéyet to Tiled. Méow tov collision editor givor Svvatdg o opiopdc
CLYKEKPIUEVAOV CYNUAT®OV GUYKPOLOTG TAVE® OTA OVTIKEIUEVO, EMITPENMOVTOS 7O
peOAlOTIKT] aAAnAenidpaocn. [a mapddeypa, ce avtikeipeva Ommg ot Ppdyot, 1O
collision gpoappdleTon HOVO GTO KAT® UEPOG TOVG KOl Oyl GE OAOKANPO TO YPOUPLKO
OTOLYEL0, DGTE VO ATTOPEVYOVTOL U1 PEAALGTIKOL TEPLOPIGLOL GTNV KIvNoT TOL oK.

Figure 9: Napadetyua collision editor o Bpdxo

To layer Road mepihappdver dpouovg kot pikpovg Bauvovs. Ta otoryeio avtd
YPNOLOTOLOVVTOL KLPIMG Y10 TNV OTTIKN SIOUOPP®OT TOL XApTn Kot dev emnpealovv
Vv Kivnon tov maiktn, kabnc oev dabétovv collision. EmmAéov, ypnoyonoteitol to
layer Bridge, to omoio apopd Tig Yé@upeg Tov Xaptn. Ot YéQupeg EMTPEROVY GTOV
moiktn vo dwoyiler meployée Omm¢ motauo M AdPa, To omoio  SlpOPETIKAL
AVTILETOTILOVTOL (OC EUTOSIOL KOl OEV UTOPOVV VO TEPUGTOVV.

TO
3

fo SRl

Figure 10: YAomoinon ™G MpwTtng MEPLOXNG TOU XAPTN

PIayEREp W) =
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4.1.1.2 Iqpeio ep@aviong kon petafacers petalv meproyov

Emumléov, ypnowomombnke layer tomov Object, oto onoio opiotnkav onpeio
eueaviong (spawn points) yio Tovg moikteg Ko Tovg €xOpovc. To onueio avtd
vAomomOnkav pe  ypnon dektdv (pointers), ot 0moOiol EMTPETOVY TOV OLVOULKO
KaBopiopd TG apykng BEong TV OVIOTTOV KOTE TNV EKTEAECT] TOV TOLYVIOLOV. XTO
010 layer opiotnroav Kot €101Kd opBoydvia avTIKEIPLEVO TOV AEITOVPYOVV G TEPLOYES
petapaong (transition areas) petald TOV SOPOPETIKOV mepoywv. Kdabe tétolo
avtikeipevo dtabéter Tig 1010tnTEG target_map won target_spawn. H 1dwotnta target_map
diavel 1o endpevo region oto omoio Ba petapepbel o maiktng, evod 1 WOOTTO
target_spawn onAmvel to onpeio gpedviong oto véo region. Otav o maiktng e16EAOeL
o010 opboydvio transition, 0 Server Tov PETOPEPEL GTNV OVTIGTOLYT TTEPLOYN KOl TOV
tomoBetel 610 spawn point Tov £xel OPIOTEL.

[a ™ Aertovpylo tov petofdocov HETOED TEPLOYDOV YPTOCLULOTOLOVVTOL
Bonbntikég pébodor otov server. Apywkd, 1 péBodog get region EMGTPEPEL TO
OVTIKEIIEVO TNG TTEPLOYNG e Paon To Ovoud e Me avtdv Tov TpOTO 0 server Hmopet
Vo avoKTd duvoptkd to. dedopéva kdbe region, Omm¢ To transition objects kot ta
dwBéotpa spawn points.

Figure 11: M€6060¢ avaktnong mepLoxng He BAon To Gvopa Tou region

def get region({region_name: str) -> Reglon:

return regions[region_name]

> ovvéyewn, n péBodog rect contains point eA€yyel av €va onueio pe
ocvvtetayuéves (X, y) Pploketon péca oe éva opBoydvio object. H pébodog avtn
YPNOLOTOLEITONL KVPIWG Yo TOV EAeYy0 TV transition rectangles mov £yovv opiotel 610
Tiled. Av n 6éon Tov maiktn PpiokeTon péoa ota Opta evOg T€Totov opboywviov, TdTE
gvepyomoteitor 1 dradkocio petdfoong.

Figure 12: EAeyxog B€ong maiktn péoa o opBoywvio transition object

def rect_contalns_polnt{rect, x, y):
return {

rect ["x"] <= x rect["x"] + rect["width"] and
rect ["y"] <= y <= rect["y"] + rect["height™]

H Bacwm pébodog mov mpaypatomotet ) petdfacn eivon n player transition. H
néBodog autr eA&yyel OAa to. transition objects TNng TPEYOVCAG TEPLOYNG TOV TOLKTN.
Otav o maiktng €10éA0e1 o€ éva transition rectangle, o server dafdalet Tig 1016TNTES
target map ko target spawn. H 1010tnta target map onimvel 1o region oto omoio Ha
petapepbel o maiktng, VA 1 1W10TNTA target spawn dNAMVEL TO GNUEID ELPAVIONG LEGQ
070 V€O region.
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Figure 13: M€0000¢ petdfaong maiktn petafy meploxwv péow transition objects

on(player["region"])

1, player[*y"]):

t_reglon_name}™)

Spawn_name)

awn_name}* not found in region '{target_region_name}'")

Me 10V TpOTO 0010, M peTdPaon peTalhd meploy®V yivetor duvaptkd, yopic vo
amouteital va eivar otabepd YpappUEVEG 01 GUVOECELS LECO GTOV KMOTKA Y10 KAOE onueio
petapaonc. Ot minpoeopieg opiCovtarl anevbeiog oto Tiled péow twv properties towv
transition objects, evd o server avolopPavel va eAEyEet T B€om Tov TaikTn Kot Vo Tov
HETOPEPEL OTO KATAAANAO region Kol spawn point.

4.1.1.3 To&wvopnon sprites ko aneikévion aBovg

Mo ™ ocwot| amewkdvion TOV OVIIKEWWEVOV GTOV YOAPTN YPNOLUOTOLEITAL
taivounon tov sprites pe Pdon t B€on tovg otov dova Y. H dadikacio avtn givon
amopoaitnn o top-down moryvidla, d6TE 0 TOIKTNG Kol ot €xfpoi va eppavifovron
UTPooTd M Tow amd ovrtikeipeva tov mepiPdiilovtog, avaroya pe 1 0€on tovg. IMa
Tapadelyra, 6tov o moiktng Ppioketal miow amd éva 0EVIPO, TO OEVIPO MPEMEL VA
EUQOVILETOL UTPOCTA TOV, EVOD OTAV PploKeTOl UTPOGTA Atd AVTO, O TOTKTNG TPEMEL VAL
oyedaleton Thvw amd To dEVTPO.

["a va Aettovpynoel cootd 1 ta&vounon Babovg, Ta avtikeipeva Tov YapTn Tov
emnpealovy Vv onTiKN anekdvion, onwg to walls, kabmg kot ta sprites TV TUKTOV
Kot Tov exfpmv, Tomobetovviat oty 1d1a Alota oyediaong (actor list). Me avtdv tov
TPOTO, OAM T GYETIKA sprites Ta&vopovvtot pali Tpy oyedastovv oty 086vn. Av ta
walls kot o1 yapaxtipeg oyedaloviav oe Egxwplotég Alotec, dev Ba NTav duvatd va
EVOALAOOETOL GMOTA 1 GEPE EUPAVIONC TOVC, LLE ATOTEAECLO O TOIKTNG VO QOiveTOl
névta €ite UMPOOoTA £ite MOW Ao T AVTIKEIUEVD, aveEapTnTa amd T 0Eom Tov.

["a Tov okomd avtod ypnoiponoteiton 1 péBodog sort_key, n omoia emotpépet TNV
Tiun pe Pdon v omoia yiveton n ta&vounon twv sprites. Mo to sprites ToUKTOV Kot
exfpav ypnoyomoteiton n tiun bottom, dnAadn n kdT® TAELPA TOL Sprite, OGTE 1
tagvounon va Baciletal omn B€on TV modiwv Tove. ['a ta vTdAoUTe AVTIKEIEVD TOV
xaptn, Omwg dévipo M SukoounTiKd oTolxela, ypnollomoleitol To center y o€
ouvovoouo pe TV WtotnTa sort offset, n onoio pmopel va oprotel pécsa and to Tiled.
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To sort offset emtpémer T kpY| mpoooppoy G oepds oyeodiaong Kabe
OVTIKEYEVOL, DGTE 1 ATEIKOVICT] VO POIVETOL TTLO GLGLKY] KOl VO OITOQEVYOVTOL OTTTIKA
AGON og avtikeipeva pe peydAo HYog 1| 1O10HTEPO GYT|LLOL.

Figure 14: Tafwvounon sprites pe Baon to Babog

a3

if isinstance(sprite, (PlayerSprite, EnemwSprite)):
return sprite.bottom

return sprite.center_y + offset

Meg avtév tov 1pomo, Kdbe avtikeipevo tov yaptn umopel va oyedlactel o
OMOTN GEPA GE OYE0T e TOV TTalkTn Ko Tovg £x0povg. H pébodoc kareiton mpv amnd
1 oyedioon g Alotag TV sprites, ®ote To actor list va ta&vopeital dSvvopikd Kot m
OEIKOVIOT] VO TAPAUEVEL OUOAN KATA TNV Kivnon péoa otov ¥apTn.

4.1.2 Yhomoinon yopoktipa Toiktn Kot animations

o v vAomoinon tov yapoakpa ypPNoLoTomONKay SeddoToTa YPoPIKd
oxedlopéva yio top-down ameikoviorn, To omoio. TPOEPYOVTIOL OO TNV TAUTPOPLLOL
CraftPix ka1 drotifevtan dwpedv. Ta sprites TOL YapaKTHPA TAPEYOVTOL GE LOPPT| SPrite
sheet, dnAadn ¢ pio eviaio gikdva Tov mepthapuPdaverl dadoyikd kapé (frames) Tov
yopaxtipa. Katd v ektéheon tov moyvidlov, to enpépovg frames amopovavovrtol
amd to sprite sheet Kot mpofailovion pe Gepd, AOTE Vo OMNUIOLPYOVVTOL TO OVTIGTOLYO
animations.

O yapaxtipag viomomdnke pe mévie Pooikéc kataotdoels: axivintog (idle),
nepmatnua. (walk), emibeon (attack), tpavupatiocpov (hurt) xor mebaiver (death).
Emniéov, yio v vrootpiEn tov top-down gameplay, kdbe koatdotoon mopéxetot yio
1é€00ep1g Katevhuvoelg kiviong: mpog ta Tévw, TPog To KATW, TPOS TO OPLoTEPH Kot
npog ta 0e€ld. Me tov Tpoémo avtd dtuceariletar n ophn onTiKn AvATAPACTOCT| TG
Kivnong Kot g KatevBuvong Tov yopaKTipo Katd 1 SIIpKELN TOL TToLyVIdLoV.

H evailoyn tov katoctdoemv kot tov Katevfiveewv cuyypoviletar pe v
€lo000 mov divel 0 TaiKTNG KOl e TNV KATAoTOoN oL AauPdvetal and Tov server. Ot
kataotdoelg idle kor walk eivon emavorappavopeves, oniadn to frames tovg
TPoPaArovTol KUKAKG OGO O YOPaKTNPOG TAPAUEVEL akivnTog 1| Kiveitan. Avtifeta, ot
Kataotdoel; attack kou death dev extelovvtan kuihikd, aldd toiloviol mg animations
puloc @opds. Me avtdév tov tpdémo m emibeon, o TpovUATICUOS Kol O OdvaToc
eUQavifovtal mg OLaKPITEC EVEPYELES KOt OV EMAVALAUPAVOVTOL.
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Figure 15: Kataotaon idle Tou xapaktrpa o€
sprite sheet (6tav eival akivntog)

R % % %
| S S S O
i 8 4 8 4
¥ kK K k¥ ¥

H xatdotaon tpavpaticpov evepyomolgital 0tav o maiktng d€yeton {nuid amd
ex0p0O, MaPEYOVTAG OMTIKY] OvVOTPOPOOOTNON OTL €)xEl VIOoTel amdAelo. (NG Ztnv
nepinmtwon aut 0ev ypnolponoteiton Eexywpiotd hurt animation, oAAd spapudleton
ontikd €€ blinking, katd to omoio to sprite Tov yapakTpa avofocPrvet yio cHVTOUO
YPovIKO dtaotnua. To epé avTd KAVEL TO EUPAVES GTOV TOUKTN OTL SEXTNKE YTOTNILAL
Kol BonBd otV KaAvTEPN KOTOVONOoT TNG KATAGTACTG HAYNG.

Figure 16: Znud mou S€xetat o maiktng kot hurt
animation
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Avtiotoya, mn xoatdotoorn OBoviatov evepyomoteiton Otav n Lon TOvL TOIKTN
undeviotel. Xe avt v mepintwon npoPdiietor to death animation ko, peTd amd
HIKPO XPOVIKO OLAGTNLO, TO SPrite TOL YOPAKTPO OTOUAKPOVETOL atd ToV Y apTn. Otav
o maiktng mebdavel, ol €xBpoi mov TOV ElYOV MG GTOYO GTAUATOVV VO TOV KATOOLOKOLV
KOl EMGTPEPOVY GTO OPYLKO TOVG GNUEID EUPAVIONC.

Figure 17: @avatog maiktn kot death animation

4.1.2.1 Z0ykpovon ToiKTN HE TOIYOVS KO (OPUKTIPES

Ot maikteg dtbétovy pnyaviopd cbvykpovong (collision) pe ta eumoddia Tov
XOPTN, OOTE Vo, unv eivar duvatny 1 0€AeVoTn Tovg péca amd Tolyovg N GAAEG N
TPOCTELAGIUESG TTEPLOYES TOL TTEPIPAAAOVTOC. O €Aeyy0C aLTOG Elval amopaitnTog Yo )
oMOTN KIVNON TOL YOPOKTNPO GTOV YMDPO TOL TOLYVIO0V, KaOdG dtoc@aAilel OtL 1
petokivion tov mePLopileTonl HOVO OTIC EMUITPENTEG TEPLOYES TOL YOapTN. [ Vv
VAOTTOINGT TOL UNYOVICUOD OVTOV YPNOUOTOIEITAL EAEYXOG GUYKPOLoTNG UE Pdom
opBoydvio mAaiclo, to omoio opiletor amd ™ B€on Ko Ti¢ daotdoelg Tov hitbox tov
naiktn. To opBoydvio mTAaiclo amotedel pa amhomoinpévn TepLoyn EAEYYXOL YOP® oo
TOV YOPOKTNPA, 1 omoia £xel oynua opboywviov kot evBvypoappileTon pe Tovg AEoveg
TOV GUGTNUOTOC GUVTETAYUEVOV. MEG® avTOD TOL TANIGIOL EAEYYETOL OV O TTOUKTNG
EMKOAOTTTETOL e KATOL0 EUTOOL0 TOV ¥apTn. H Tpocéyyion avtn emtpénel amodotikd
KOl OYETIKA OTAO EAEYYO GLYKPOVGE®MVY KT TNV KIVOT TOV OVIOTHT®V GTOV YMPO.
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Figure 18: M€6060¢ yLa Tn cUYKpPOUGCN XOPAKTAPWY OE TOLXOUG

collides_with_walls_aabb({x, y, w, h}:
if on_bridge(x, y, w, h):

return

left xo-w f 2

A4ow f 2
¥ - h /2

¥+ h /2

right
bottom
top

for wall in wall li=st:
if right > wall.left left < wall.right top > wall.bottom bottom ¢ wall.top:
return
return

H pébodog collides with walls_aabb(x, y, w, h) ypnoyonoteitat yio tov €Aeyyo
OVYKPOLOTG HOG OvTOTNTAG e To eumdol tov yaptn. O éheyyog Pocileton oe
opBoydvio TAaiclo cuyKpovoNg, To omtoio opileTon amd T BEGM TOL YOPAKTIPO KO TIG
dwotdoelg tov hitbox tov. H pébodog eréyyel av pa ovtotta Ppioketal move oe
vépupo pécm g on bridge(x, y, w, h). v nepintoon avtr, 1 cOYKPOLGN LE TOVG
Toiyovg ayvoeiton kat 1 puéBodog emotpépetl v T False, emtpémovtag v kivnon
TOL YOPOKTNPO GTNV TEPLOYN TNS YEPLPC.

> ovvéyela, vroAoyilovtal Ta opla Tov opBoywviov hitbox, dniaodn ot TIHéG
left, right, bottom ka top, pe féon To KEVTPO TOL YOPAKTAPO KO TG OLOGTAGELS TAATOVGS
(w) ko vyovug (h). Ot TIHEG aVTEG XPNOLOTOOVVTAL Y10 VO TPOGOLOPLGTEL I aKplp1g
TEPLOYN TTOV KATOAQUPAVEL O TOAKTNG GTOV YDPO TOL TOLYVISIOV.

‘Enetta, n pnébodog dratpéyet OAa ta eumddlo mov mepthapufdavoviol ot Aot
wall_list ko eléyyet av vapyet emucdioyn (overlap) peta&d tov hitbox tov moiktn kot
TOV avTioTolyov Toiyxov. Av dromiotwOel 6TL Ta VO opBoydVia, emKaAdTTOVTOL, TOTE
Bempeital 6L VTapyEL cVLYKpovon kot I LEBodog emoTpépet True.

Av dgv gvtomiotel chykpovon pe Kavéva and To EUTda Tov YapTn, N HEB0dOG
emotpépet False. Me tov 1pomo awto, 1 pébodoc amoterel factkd unyovicpd eAEyyov
g Kivnong tov maiktn, dStuceaiilovtag 0Tt dev pmopel va diépyeTon LG amd Toiyovg
N dAha pn tpocmeldoipa onpeia tov meptPaAlovtoc.

H pébodog player hits walls(x, y) amotelel Ponbntiky pébodo ywoo v
eEeldikevon ™G yevikng uebooov eAéyyov ovykpovong Yoo tov maiktn. Ilo
ovykekpuéva, KaAel v collides with walls_aabb(x, y, w, h) ypnowponoidvrog tig
otafepég dwotdoelg tov hitbox tov maiktn, Oomiadr PLAYER WIDTH «xou
PLAYER_HEIGHT.
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Figure 19: BonBntikn néBodog eAéyxou cUYKPOUONG TOU TTALKTN LE Ta EUTOSLA TOU XAPTN

def player hits wallsix

return collides with walls aabb(x, w, FLAYER WIDTH, PLAYER HEIGHT)

Ot maikteg dra0éTovy emiong UNYaVIGd cOYKPOLONG Le TOLg £XOpolc, MdoTE Vo
OMOTPEMETOL 1] CAANAOETIKAALYT TOV OVIOTHTOV KOTE TNV KiVIGT] TOVG GTOV YDOPO TOL
oyvioov. O unyovicpog avtodg elval amapoitntog yio T doTnPNon PECAIGTIKNG
CUUTEPLPOPAC KOL YO TNV OTOPLYN QOIVOUEV®VY OleicOvoNe, KOTd TO. Oomoio £vag
Yopaxtnpag Bo propovoe va tepdoetl péoa and Evav x0po.

Koatd v apykn vioroinon g kivnong, mapatnpndnke 0tt 6tov £vog moaiktng
N évog ex0pOc mapépeve akivnTog Kot 1 GAAN OVTOTNTA KIVOUVTOV TPOG TO UEPOG TOV, 1|
HETOED TOVG EMOPY] UTOPOVGE VO TPOKOAECEL AVETIOVUNTN LETOTOTION TNG OKivTNg
ovtotnroc. H ocvumeproopd avty oev Mrav emBountr, Kabdg odnyodoe ce un
pEOMOTIKN oAANAeTidpaon peTald mouktdv kot €xfpdv. o v aviipet®mion tov
npoPfAuatog avtod viomowmOnke 1 pébodog player_enemy blocking(prev_players,
prev_enemies), 1 om0l AMOTPEMEL TNV CAANAOETIKAAVYT Kot TO «OTPOEIO» UETAED
TOV OVIOTNTOV.

Mo tov éheyyo g ovykpovong peTalh maiktn Kor exfpov ypnoomoteiton
apyka n Pondntikn puébodog aabb_overlap(ax, ay, aw, ah, bx, by, bw, bh), n omoia
eléyyel av dvo opboydvia mlaicio cOykpovong emikaAvmroviar. H pébodog avtm
a&lomolgital yio v aviyvevorn cvykpovong petad 6vo ovrotntov pe Paomn t 0€on
Kol TG dotdoelg tTwv hitbox tovg.

Figure 20: BonBntikn néBodog yia tov éAeyyxo emikaAluPng SUo ovioTHTWY

def aabb_overlap{ax, ay, aw, ah, bx, by, bw, bh):

return (absi{ax - bx) * 2 < (aw + bw)} and {abs{ay - by) * 2 ¢ {ah + bh))

H pébodog déyxetar o¢ mapapéTpovg to KEVIPO TOV TPMTOV Kol TOV OEVTEPOV
opBoywviov, dnhadn Ti¢ Bécelg ax, ay kat bx, by, KaBdg Kot TIg avtioTor g SOGTACELS
TAdTOVG Ko vyovg (aw, ah, bw, bh).

211 GLVEKELD, TPAYUATOTOEITOL EAEYYOG TNG AMOCTAONG HETAED TOV KEVIPWV
TV dVo opboywviov octov dova X kot otov d&ova Y. Av 1 amdcTocn avuty| sivol
pikpotepn omd 10 dfpolcpa TV pIoOV dwotdoemy Tov 0o opboyoviov ce KO
dEova, totE TMpokvLTTEL emkdALVYN ko M pEBodog emotpépel True. Awapopetid,
emotpépel False. Mg tov 1pomo avtd, 1 uébodog avtn amoteiel Pacikd Pondntikd
UNYOVICUO Y10l TOV €AEYYO GUYKPOLONG UETOED OLVOUIK®DY OVTOTHTMV TOV TOLYVIOL00,
OT®C 01 TaUKTEG Kal ot gxOpoi.
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Figure 21: M€6060¢ yLa tnv amoduyr Tou onpwéiplatog oviotnTag, XwpLig va Kiveital

def plawer_enemy blockingi{prew_players, prev_enemies):
for pld, p in players.it

prey player X, prev player y = prev players.get(pid, (p["x"
for eld, e in enemies.item=(}:

if e.get(“dead™):
continue

prev_enemy X, prew _enemy Yy = prev_enemies.get({eid, (e["x"

"], PLAYER_WIDTH, PLAYER_HEIGHT,
v"]. e["hitbox w"], e["hitbox h"]

prev_player x, prew _player w
t, prew_enemy

H 1ébodog player_enemy_blocking(prev_players, prev_enemies)
YPNOUOTOLEITOL Y10 TV ATOPLYN TOV «CTPOEINATOS) HeTAED TatkT®V Kot exOpav. [To
ovyKekpléva, eA&yxel av, HeTd TNV Kivnom, €évoc maiktng kot €vac €x0pog
oAAnloemkoAddmtoviol.  Av  domotmbel  emukdivym, Kot ot 000  OVTOTNTEG
EMOVOPEPOVTAL OTIC TPONYOVUEVES BEGELS TOVE, DGTE VO OTPATE 1) SIEAELGN TOVG N
plo péoa amd v GAAN.  Apyikd, 1 péBodog Olatpéyel OAOLG TOVC TOIKTEC TOL
ToLVIOIo0 Kol ovaKTd Yo, kabe €vav v mponyovuevn 0€omn tov amd t0 OpLGUa
prev_players, 6to omoio amoOnkedovion o1 Tponyovueveg €GeS TV TAKTOV. AV Ogv
VILAPYEL KOTAYEYPOUUEVT] Tponyovuevn O€om, YPNOOTOLEITOl ¢ TPOETIAOYT 1
Tpé€Yovca BECT TOV ToUKTY.

> ovvéyeln, yio kdbe moiktm, 1 péBodoc dratpéxel GAoLG Tovg £XOPOLS Ko
ayvoetl 660G £xovv oM mebAvel, MnAadn 6covg Ppickoviar oe katdotaon “dead”. T
KkéOe evepyd exbfpd avaxtdton emiong m mponyovuevny BEom Tov amd TO OplCUA
prev_enemies, e TPOTO AVIIGTOLYO LE AVTOV TOV TTOAKTY).

‘Eneita, mpayuotomoteiton  éleyyog emkdAvyng péow g nebdoov
aabb_overlap(ax, ay, aw, ah, bx, by, bw, bh), n oroia eAéyyet av To opboymvio hitbox
TOV ToiKTn emkoAVTTETOL pe TO avtiotoyyo hitbox tov gyfpov. ' tov maikn
ypnoponoovvral ot otafepég danotdosig PLAYER WIDTH kot PLAYER HEIGHT,
EVO Y10 TOV £x0pO ypnopomolovvTot ot dlactdoelg hitbox w kan hitbox h.

Av gvtomiotel emkaAvyn, 1 LEB0SOG emaVAPEPEL TOCO TOV TTOUKTI OGO KOl TOV
ex0po6 oTic Tponyovueveg BEcelg Tovg. Me TOV TPOTO OVTO ATOPEVYETOL TO PALVOLEVO
oAAnAodieicovong petald TV VO OVIOTHTMV KOl SLOCQUAILETOL TO OUOAN Kot
PEOMOTIKN OAANAETTIOPOOT] KATA T SLOPKELN TOV TTALYVIOLOV.
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4.1.2.2 Kivnon mamkt®v

H xivnon tov mouktov Baciletor oty aroctoln input and tov client Tpog Tov
server. Otav o maiktng motd Kdmoo TANKTPo Kivnong, o client dev amopacilel oplioTiKd
M véa B€om tov yopokmpa, aAAd oTtédvel TV avtictolyn katevBouvon kivnong otov
server. O server gneEepydleton To input, evnuepavel tn BEomn tov maiktn pe faon tovg
KAVOVEG TOV TOYVIO00 KOl GTI) GLVEYELN OTOGTEAAEL TN VEQ KOTACTOON MG GTOLG
clients. Mg avtov tov TpOmo 1 0£01 TOV TUKTOV TOPAUEVEL EAEYYOUEVT ATTO TOV Server
Kol peiwvovtal mbova tpofAnpota acvpeoviag petald twv clients.

[Ma v opoddtepn epeavion g kiviong Tov TokTtdv oTov client epappoctnke
texviKT moapepPoing (interpolation) ko wpdPreyng 0éomg (extrapolation). O client dev
HETOKIVEL TaL SPrites TV TOUKTOV amdTopo 6TV tehevtaia 0€omn mov Aappavel amd Tov
server, oAAQ amoBnkevel Tig dvo Mo mpdspateg Bécelg kKaOe maiktn poll pe To
avtiotoyo server tick. Me Bdom ) dapopd tov BEcewmv kot tov ypdvov vroAoyileTon
N ToyLTINTO. TOV ToiKTN Kol yivetanr por pkpn mpoPAeym g enduevng Béonc. Xt
GUVEYELD, TO Sprite LETOKIVEITOL OHOAR TTPOG aLTN TN B€oM pE YPOoUKN TapeUPOAT).
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Figure 22: ApxLko Tunpa t¢ pebodou e€opdAuvong Kivnong MaLkTwyv

apply player_smoothing(self, delta_time):
if CLIEMT_PLAYER_ID self.player sprite
return
all sprites = {CLIENT PLAYER ID: self.player sprite}
(self.other sprites)
sprite in all_sprites.item
f = self.position_buffers.get

buf:
continue

3], buf[1]

c_dt,

if dt _tick

target_x, target_y

prediction_dt getattr(self, "tick_dt", &.82)
target_x = x1 wx * prediction_dt
target_y = y1 wy * prediction_dt

210 TpdTO TUNHA TNG HeBOOOVL eAyyetan av vrdpyovv drabéouec BEcelg Yo
Kd0e maiktn oto avtictoyyo position buffer. To buffer avtd mepiéyet Tic o mpdopateg
0éoeic mov €yel otellel 0 server yio ToV GLYKEKPLUEVO TTaikTN. AV dgv LIApPYEL Kopia
dbéoun B€om, N néBodog dev ektedel KAmola evEPYELX Y10 TO GUYKEKPIUEVO Sprite. Av
VIapyeL povo pia B€om, to sprite petapépeton angvdeiog oe aVTN, EMEWDN OEV VTLAPYOVY
KO APKETH SEGOUEVA YLl VOL VTTOAOYIOTEL OLOAY] evOldpeon Kivnon. Otav vadpyovv
dvo Bécelg, n péBodog maipver v mponyovpevn ko tn vedtepn Béon pali pe ta
avtiotoyya server ticks. Xtn ovvéyela vwoloyiletor  ypoviK: daPopd AVAUECSO GTO,
ovo ticks kai, pe Pdon oavtr, vroloyiletow M TOVLINTO KIiVNONG TOL TOAIKTI GTOV
op1lOVTIO KOl GTOV KATOKOPLPO dEova. Me Tn ¥pnomn avTng TS ToYVTNTOC YIVETOL L,
pikpn TpoPAEY™ TG ETdUEVNS BEOTNG TOL TOUKTY), DGTE M KIVION VO POIVETOL TTLO PLGIKN
Kol Vo, PeldveTal 1) aictnon kabvotépnonc.
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Figure 23: YrtoAoylopog interpolation kat extrapolation yia tnv kivnon mouktwyv

t local = self.interp t.geti{pid, &.8) + delta time
self.interp t[pid] = t_local

if dt_server » 8:
¥ _param = t_local f dt_server
elze:

F_param

if ®x_param >
X_param

elif x_param < @.8:
X_param = 8.E

snap_x, snap_y = self.snapshots.get{pid, (sprite.center_x, sprite.center_y)}

sprite.center_x shap_x + (target_x - snap_x) * X _param

sprite.center_y snap_w + (target_ ¥ - snap_w) * xX_param

210 0e0TEPO TUN A TNG HEBOIOL VITOAOYILETAL O TOTIKOG YPOVOG TAPEUPOANG Yo
ké0e maiktn. O ypdvog avtog avEaveton og kKaOe frame Tov client pe fdon to delta time,
dNAaodn Tov xpovo Tov TEPAGE omd TO Tponyovuevo frame. L1 cvvéyela voAoyileTon
N TOPAUETPOG X_param, 1 oroia waipvel Tipég amd 0 g 1 ko deiyvel v TpoO0odo g
petapaonc mpog t véa Béon. Otav n tyun eivon xkovtd oto 0, to sprite Bpioketar mo
Kovtd otV apykn snapshot BEon, evd otav mtAnodlet to 1, to sprite TAnoidlet ) véa
npoPremdpevn Béon. H tyun mepropiletan oto dtdotnua 0—1, dote to sprite va unv
Eemepva tov otoOY0. TéAOG, He ypon YPOUMKNG TapeUPOANG, TO sprite peTakiveiTon
otadlaKd amd ™ snapshot Béon wpog ™ véa mpoPremouevn BEon. Me avtdv Tov TpoOTO
amoPeVYOVTOL Ol AmOTOUES OAAYEC BEoMG Ko 1] Kivion TV TokTdV eueavileTon o
oupaAn otov client.

4.1.2.3 Emifcon mrakt@V

[o v viomoinom 1ng emifeong TtV mMOUKTOV TPOG TOVS  €XHPOVG
ypnowonoteiton  péBodog apply player attacks(). H pébodoc ot givor vevbovn yuo
TOV EAEYYO TOL AV EVag TaiKTnG Tpoypatonolel enifeon, KabMS Kot Yo TNV ETAOYT TOV
KATOAANAOL GTOYOL KoL TNV EPAPUOYT| TNG avTicToyng Cnpidc.

> uéBodo amobnkevETAL 1) TPEYOVGO YPOVIKT GTIYUN OTI LETAPANTA NOW UECH
¢ time.time(), ®ote vo ghéyyeton o ypdvoc emavapoptiong (cooldown) upetad
ddoyikmv emBécemv. H pébodoc dratpéyet GAOVEC TOVEC TTAIKTEC TOV TOLYVIO0D Kot
ayvoel o6covg Ppiokovian oe katdotaon dead, xobmdc kot O6covg dev  €youvv
gvepyomomoel aitmuo emifeong péow g petofAntg attack requested, m omoia
gvepyomoteitol Otav o Toiktng matnoel 1o kKovuni eniBeong. Otav 1o aitnua enifeong
elvar gvepyo, n Tiun Tov enavaeépetal o€ False, dote 1 idwo enibBeon va punv extedeotel
Eava ympig véa Vo amd Tov ypnoT.
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Figure 24: M€0060¢ emiBéoswv maiktn

[MapdAAnia, eAéyyetal av Exel mopEADEL O ATOUTOOUEVOC YPOVOG ETAVAPOPTIONG
pHéow G petaPAntg next attack time. Av o yxpdvog avtdg eV Exel TEPAGEL, O TOUKTNG
dev umopel vo emtebel. AlQopeTiKd, evnuepOVETAL 1 EMOUEVT] OLOBECIUN YPOVIKT
otiyun enibeong pe Pdon ™ petaPfAintn attack cooldown.
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Figure 25: M€0060¢ emiBéoswv maiktn

apply player_atta
now = time.time()

for p in players.items():
if p.get{"dead",
continue
p.get("attack requested”,
continue
p[®attack_requested”] =

if now ¢ p.get{"next_attack_time"™, &.8):
continue

p["next_attack_time™] = now + p.get("attack cooldown",

r = p.get{"attack_dir", “down™)

attack range

target_eld =
best dist = 999999

21N cLVEKELD, AVAKTMOVTOL 1) KatevBvvon enifeong and ™ petafinty attack dir,
01 GUVTETAYUEVEG X KO Y TOV TTaiKTY, KaOdg ko 1 péytom euPéreta enibeong péow g
petapAntnc attack range. ITopdAinia, apyucomolovvion ot petafintéc target eid kot
best dist, ot omoieg ypNOYLOTOOVVTIOL Y10, TV ETIAOYN TOL TANGCIECTEPOL EYKVPOV
GTOYOV.

H pébodoc dwatpéyel 6lovg toug £xBpovc tov moyvidoloh Kot ayvoel dGovg
Bpiokovtar o€ katdotaon dead. ['a kdOe evepyod exBpo vroroyilovtar ot petaforég dx
kot dy, OnAadn 1 dtapopd ™ BEong Tov xBpov amd ™ BEom Tov TTaiKTN GTOVS AEOVES
X KOy, ®OTE VO TPOGIOPLoTEL 1) oYETIKT BE0TM TOL WG TPOG TOV TOIKTY).

H eribeon emutpémeton pévo mpog v katebOvuvon omv omoia kortdlel o
ToiKTNG, Om®G ot amodnkevetol ot petafint attack dir, yeyovdg mov amoxAeiet
ex0pov¢ mov Ppickovrol wiow 1 ekTdg TG KotevBvvong emibeong.
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Figure 26: EmttAoyn Tou MANGLECTEPOU £YKUPOU OTOXOU yla TNV eMiBeon Tou
TalkTn
for eid, e in enemies.items():

if e.get("dead”,
continue

if attack dir "up”
cantinue

if attack dir " dotn ™
cantinue

1f attack dir "left™
continue

if attack dir "right®
continue

d = distipx, py, e["x"],
if d » attack range:
continue

1f d < best_dist:
best_dist = d
target_eld = eid

[TapdAAnia, vroAoyiletonr M amdotaon petald maiktn kot €x0pod HEGH TNG
puebodov dist(px, py, e["x"], e["y"]). Av n andctaon avt) vrepPaivel T pEyloT
euPérera emibeong, o €x0pOg amoppinteTon MC PN £YKVPOg 6TdY0G. ATO TOLG £YXOPOVG
OV 1KAVOTOWOLV TOGO TOV éAeyx0 katevduvong 660 Kol Tov EAeYX0 amOGTOOMG,
EMAEYETAL O KOVTIVOTEPOG, e Bdon Tig petafAntéc best dist ko target eid.

Av dev PBpebel €ykvpog o1dy0g, dnAadn av 1 petaPinty| target eid éyer Tyun
None, dgv mpaypatomoteitor emifeon. Xe OUPOPETIKY TEPIMTMOON, OVOKTATOL O
avtiotoryoc ex0pdg amd ™ cvAloyn enemies kot vVToAoyiletal n (nuid mov Ba deyOet,
aQoPOVTOS oo TNV T {nuidg tov maiktn (damage) tnv Tiun avrtictaonc (resist) Tov
€x0po0.

H tehkn (nuud amoBnkeveton otn petofAnt) dmg kot apopeital amd 1 (on
tov €x0po?¥ (hp). Av n Lon Tov gxfpov undeviotel 1 yiver apvntikn, opiletan o€ 0, o

ex0pdc yapoxtnpiletoar o¢ vekpdg péow g petapintg dead xor n koTdotaocy Tov
aALalel og death, ®ote va evepyomomnBel To avtiotoryo animation HoaviTov.

Av o gyBpdc eEaxorovbel va €xel dwbéoun Con, avédvetor n petafint
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hurt seq, n omoia ypnowomoleitor Yo TNV €VEPYOTMOINGN NG KOTAGTOONG
tpoavpotiopot (hurt) kol mwopéyel omTiky] avaTpoPodOTNC™M 0Tl 0 £XOPOG dEYONKeE
EMTUYNUEVO YTOT O YOPIG Vo TeBAvEL.

Figure 27: YtoAoylopog {nULag KoL EVNUEPWON TNG KATAoTOoNG Tou £x6pou
HETA amo emTUXNUEVN eniBeon Tou maiktn

if target eid
continue

e = enemies[ftarget eid]

dmg = max{&, p.get{"damage"™, 35) - e.get("resist™, &1
e["hp"] -= dmg

1f e["hp™]
e["hp"]
e[“dead”] =
e["state™] = "death”
else:

[ ]

¥ |

e["hurt segq"] = e.get{"hurt seq™, &)

4.1.2.3.1 Entifgon mrakt®V 016 0t60TOCT

o v viomoinon tev embécemv TOL MOiKIN YPNOLOTOLEiTOl EAEYYOG
katevBuvong kot epPéretas. H pébodog enemy in player directional range eléyyet ov
évag x0pog Ppioketal péoa otV TEPLOYN TOL KOAVTTEL 1] EMiBeON TOV TTATKTY. ApYIKA
vroAoyiletal 1 oyetikn B€on Tov €x0pod WG TPOg ToV TalKTN oToVS AEovec X Kol Y.
21 ovvéyeto AapPavetal 1 katevBovvon g enibBeong, dnAaodn av o maiktng emttibeton
TPOG T0 TAV®, KAT®, aplotepd 1 deE1dL.
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Figure 28: M€B0b60¢ eAéyxou epPBélelag kat katevBuvong emiBeong maiktn

enemy player_directional_range(p, e, attack_defs):

direction = p.get{"attack_dir", p.get{"dir", “down"}}

ack_range = attack_defs.get("range™, 78)

f direction

return dx : dx < ab: <= lane_half_width

f direction
return dx < 8 E <= attack_range abs <= lane_half_width

f direction == "
return dy > @ dy <= attack_range ab: < e_half_width

f direction == “down"
return dy < @ E <= attack_range abs <= lane_half_width

return
Kabe eniBeon Swnbéter ocvykekpuévn euPéreta (range) kot mAATOC Awpidag
(lane_half width). H gppéiera kabopilel mOco pokpid pmopel va ptacel 1 enibeon, evo
10 TAGTOC Awpidag kabopilel mOco Kovtd mpémel va PpickeTon o exBpog otnv 1010 vbeia
pe tov maiktn. Me avtov tov tpdmo, 1 enibBeon dev yTumd OA0VE TOVE £XOp0VE YOPW amd
TOV oK, OAAG LOVO 0G0VG PpickovTal UTPOGTE TOL KOl LEGO GTO EMTPETTA OPLaL.

[Ma mapdderypa, 6tav o maiktng emtiBetan mpog ta 0e€id, o exBpdc mpémet va
Bpioketon de€d amd tov maikTn, HECO OTNV OmOGTOON TNG EmMiBeong Kol UE UIKPY|
andkion otov kdbeto Gfovo. Avtiotoryor €Aeyyotr yivovtor yuo TIC KATELOOVGELS
aplotepd, TAVD Kol KATm. Av 0 g(0pOc dev PpiokeTon 6TV KOTAAANAN KaTeEvOLVON 1)
Bpioketon extdg epPédetas, n néBoodog emotpépet False kot dev epapuodleton Cnud.

4.1.3 Y,omoinon gy0p@v kot animations

o v viomoinon tov £yBpodv ypnoipomombnkayv spritesheets amd v
mhateoppo CraftPix, ta onoia diatiBevion dmpedv. Ta ypapikd avtd eivon oyedacuévo
v dtodidotorr top-down ameikdvion kot woapéyxovy Ta anapoitnta Kopé (frames) yio
TNV OTTIKY ovamapdotocn Tov exfpov péca oto matyvidol. Katd tv ektéieon tov
TOLVIOL00, T EMUEPOVG KOPE OMOLOVMOVOVTOL amd To spritesheets kot mpofailovtan
SLdOYIKA, MGTE VO, SNULOVPYOVVTAL TO, AVTIGTOLYO animations.

Ot gxfpoi viomombOnkav oTiC 1016 KATAOTACEIS UE TOVG YOUPOKTNPEC TMOV
ToKTOV, dNAad” yia tov kabéva: akivnrog (idle), repmdtnuo (walk), enibeon (attack),
tpovpatiopot (hurt) ko mebaiver (death). Ov exbpoi vroostnpilovv kivinon mPog Tig
1€60¢ep1G facikég katevhHivoelg, dNAadN TPOg Ta TAV®, TPOS T KATM, TPOG T APLOTEPH
Kot TPog oL 0e&1d, aAAG Kol dloydvia Kivnom Tpog OAEG TIG EVOLAUECES KOTEVOVVOELG.
H dvvatomto avt kabiotd v kiviion Tovg Mo amodoTiKy KoTd TV KaTadioén,
SVGKOAEVLOVTOG TOV TTOUKTN VO ATopaKPLVOEL 1] VoL mo@UYEL TIG EMBECELS TOVG.
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Ot gyBpol tomobetovvion oto mpokabopicuéva onueia ELEAVIONG TOV EXOVV
optotel otov yaptn. Otav Kdmolog maiktng el6EABel oty guPéleta aviyvevong evog
ex0pov, evepyomoteitan 1 copmepleopd Katadiwéng ko o gxBpdg apyiler va Kiveiton
pog 11 Béom tov. Me tOoV TPOTO AVTO, M GLUTEPLPOPA T®V XOp®OV TposapuoleTal
SVVOUIKE GTNV TOPOLGIO TOL TOUKTY), EVIGYVOVTOG TN OLOPACTIKOTNTO KOl TO ENXINTEOO
dVOKOATOC TOL TTOLYVIOL0V.

Ot gybpoi dabétovy punyavicpd cvykpovong (collision) pe tovg maikteg, pe
amOTEALEG O VO UMV €ivan duvatn 1 01EAeLGT| Tovg pEGa amd avtovg. Otav évag ex0pog
@TAoEL GE onpeio emaPng He Evay TaikTn, TopeUTodileTon 1| TEPAUTEP® KIVNGN TOL TPOG
v 1010 katevBvvon. Epdoov o maiktne mapapéver akivintog kol PpiokeTon o€ emoen
pe tov €x0p9d, o tedevtaioc apyilet va Tov mpokaiel {npid, e ATOTEAECUO TN CTAOIOKY|

peiwon g {ong Tov.

Kabe ex0pdg avnkel oe cvykekpipévo €idog, dmmg yio mopdostypo Orc, kot m
ovopocio Tov gueovileTor TAvV® omd TOV YOPAKTIPO, OLELKOADVOVTOG TNV GUECT
avayvopilor] Tov and tov maiktn. [HopdAinia, mhve and kdbe exBpd mpoPaiieton
KOKKVI prapo. {ong, n omoia eVIGYDEL TNV OTTTIKT O1AKPIGT] TOL MG EXOPIKOV YOpaKTHP
Kol TOPEYEL TANPOPOPIES GYETIKA LE TNV TPEYOLGA KATAGTACT TOV.

Kabe @opd mov évag exfpdg déxeton {nuid, evepyomoleital 1 KATAGTOON
tpavpoatiopov (hurt), n omoia ypnoiponoleital yio TV onTIKY ardS00T TG ETLOPOOTG
TOL YTUMNUOTOG OTOV Yopaktnpo. Me tov TpOmMO 0vLTO TOPEYETOL  QUECT
avaTPOPOOATNOT OTOV Tkt OTL 1| €MiBEST) TOL NTAV EMTLYNG KO OTL 0 €XOPOG ExeL
vrootel andAelo (oNG.

Figure 29: Znua mou 6€xetal o xBpoc¢ aro tov maiktn kat hurt animation

Otav n undpa Long evog ex0pod undeviotel, dniadn otav n {on Tov PTdoel 6T
0, evepyomoleitaw m katdotoon Ooavatov (death). Metd v olokAfpwon Tov
avTioToryov animation, o gx0poc Bempeital vexpog Kot To coua Tov eopavileTarl omd
TO O VioL Emerta amd Alyo deVTEPOLETTAL.
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Figure 30: @advatog exBpou kat death animation

4.1.3.1

O éheyyog cvyKpovoNG TOV £XOPDOV LE TO EUTAOLN TOV XEPTN TPOYLOTOTOLEITON
He TPOTO ovTioTolo HE eKElvOv TOL TalKTN, OEOTOLOVTOG TV 1010 YeVIKN HéB0do
eléyyov ocvykpovong pe opboydvio miaicto. Q6T0C0, GTNV TEPITTOON TOV £XOPOD
ypnowonoteitar n péBodog enemy hits walls(e, x, y), n omoio AapPdver vToyn T1g
o TAoELS TOL O1KoL ToL hitbox.

Yvykpovon g0pov

Figure 31: M€B6060¢ yla tov £Aeyxo collision twv exBpwv

def enemy hits wallsie, x, yi:

return collides with walls aabb(x, y, e["hitbox w"], e["hitbox h™]%

[llo  ovykekpéva, M nébodog  kaiel M yeEVIKN uébodo
collides_with_walls_aabb(x, y, w, h), ypnowomoidvtoc g TAGTog Kot VYOS TIG TIUES
hitbox w xou hitbox h tov exdotote grBpod. Me OV TPOTO OWTO, O €AEYYOG
oVYKPOLGTG TPOGAPUOLETAL GTA 1O0UTEPA YAPUAKTNPLOTIKE KAOE €xOp1kng ovidTnTOg
Kol dtacParileTor 0Tt 1) kivnon g mepropiletal cwoTd amd To EUTOOLL TOL YAPTY.

4.1.3.2 Kivnon gy0pav

[Ma v kivnon tov xBpdv ypnoipomotovvtal 600 dtaxkprtég pebodor. H pébodog
move_enemy(e, delta x, delta y) ypnowonoteitan yio v xivnon &vog xBpod ctov
xaptn, pe Eeywpiot eneEepyacio g peTatodmiong otovg dEoveg X ko y. H mpocéyyion
avt emA&yOnke dOTE Vo emMTLYYXAVETOL KAADTEPOS EAEYXOC TV GLYKPOLGEMV
(collision detection) kot mo opoAn Kiviion tov £x0pov.
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Figure 32: M€0060¢ kivnong exBpwv

def mowve_enemyie, delta_x, delta_ y):
moved =
current_x, current_y = e["x"], e["y"]

x = current_x + delta_x

. min(new x, MAP WIDTH - w

if not enemy hits walls{e, new_x, current_y):
e[ x"

moved = moved or (a

new_y = current_y + delta_y

nek_y E 2, mininew_y, MAP_HEIGHT - h/f

if not enemy hits_wallsfe, e["x"], new_y):
e["y"]

moved = mowved or {abs( > 1le-6)

return moved

Apykd, n uéBodog amodnkedetl v tpéyovca BEon Tov xOBpol otic petaPfAntég
current_x kot current_y, eve 1 petafAnty moved ypnoHOTOIEITOL Yl VO KOTOYPAPEL
v TEMKE Tpaypoatoromdnke petaxkivnon. Xtn ovvéyela, vroroyileton n véa mbavi
0éom otov d&ova X pe Baon v Ty delta x.

[Ipwv epoppoctel n véa Béom, mpayupoatomoleitar EAeyyoc wote o €xBpdc va
TOPAUEVEL EVTOC TV opiwv Tov ¥apTN. [l Tov okomd avtd Aapupdavovtal vedyn 1o
TAATOG Kot To VYog Tov hitbox tov €yBpov, date 1 BEon Tov va TeplopileTon cOOTA
HECA OTIG SLOGTACELS TOV YAPTN.

‘Emerta, xaleiton n pébodog enemy hits_ walls(e, X, Y), n omoia eAEyyel av 1 véa
0éon mpoxaiel chykpovon e Toiyovg N dAla epumodia. Av dev eviomotel GOYKpovo),
TOTE EVIUEPMVETAL 1] GUVTETAYUEVT X TOV £YOp0Y.

AxoAovBel avtiotoyn dwdwoacio yio Tov dEova Y. Yrohoyiletar | véa mbovn
0éon pe Paon v tyn delta_y, epoappdletarl meplopicdc ota Oplo Tov XEPTn KoL 61N
oLVEYELDL EAEYYETAL OV M peTakivnon mpokaiel cvykpovon. E@ocov dev vmdpyet
EUTHO10, EVIUEPDVETAL 1| GLUVTETAYUEVN Y TOL €x0pov. TéAog, N néBodoc emoTpépel T
Aoywn Ty moved, 1 omoia delyvel av o €xOpOC peTakviOnke TEMKA o€ KAmolo omd
T1¢ 000 KatevhvVoELC.
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Figure 33: M€0060¢ kivnong exBpwv mpog €va otdxo

move_enemy_tow { arget_x, Target_w):
current ! nt y = g
dx = t et_X - current_x
dy = target_y - current_y

d = dist{current_x, current_y, target_x, target_y)

dir ®x = dx / d
dir_y dy / d

speed e["move_speed"]

now = time.time()

py = dir_=x

mowe_enemy (e, px * speed, py * speed)
e["dir"] = dir_from_delta{px,
return

Avtifeto, m pébodog move enemy towards target(e, target x, target y)
YPNOUOTOLEITAL Y10 TOV VITOAOYIGHO TNG KotehOLVGNG TPOoG Evay 6TOYO, OTMC €lval M
0éon tov maiktn, Kou ot ocuvvéyewn kaiel T péEBodo kivnong mote o €xBpOg va
petakivnOet Tpog avtov.

ITo ovykekpuéva, m move enemy towards target(e, target X, target y)
vroAoyiletl ™ dapopd Béong petald exBpov kol 6TOYOV GTOVG AEOVES X KOl Y, KOOMDG
Kol TNV euKkAeidela amdotacy tovg. Me PBdon avtd to dedopéva TPOKLATEL TO
KOVOVIKOTIOINUEVO LIV KOTEVBUVONG TPOG TOV GTOY0, TO OTOi0 GLVOLALETOL LE
NV TayOTNTe TOL £Y0PODV Yo TV TOPAY®YN TNG LETATOTIGNG TOV.

Av n evbela Kivnon mpog tov o100 OeV Eival £QIKTI] AOY® GUYKPOLOTG, 1
pébodog dokipudler evorlhaktikd Kivnon povo otov d&ova X 1| HOVO Gtov dEova .
Emniéov, oe mepmtmdoelc 0mov o €yOpoc pmopel va moyldevtel, evepyomolgiton
TPOGMPIVE UNYavIcUog amokOAANon¢ (unstuck), katd tov omoio Kiveiton TAdylo ovti
evbela Tpog Tov G6TOYO.
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Figure 34: Edappoyn tpLwv enthoywv Kivnong

moved

moved = mowve enemyie, dir x * speed, dir_y * speed)

it not mowved:
moved = move enemyie, dir x * speed, &)

it not mowved:
moved = move enemyi(e, 8, dir_w * cpeed)

dir from deltaidx, dy)

o v ontwkn amddoon g «kivmong ypnowomoteiton 1 péBod0g
dir from delta(dx, dy), n onoio petatpénetl 1o 1VLGHO HETATOTIONG GE Hia amd TIG
Baocucéc katevBvvoelg tov gxBpov. H pébodoc cuykpivel tig petaforég otoug doveg X
KOy KOl EMOTPEPEL TNV avtioToyn katevbvvon (right, left, up, down) avdioya pe tov
dEova mov vmepioyvel. Me tov TPOTO OVTO EVNUEPDOVETOL GMOOTE 1 UETARANTN
KatevBuvong tov £x0pov Kol EMAEYETOL TO KOTAAANAO animation.

Figure 35: Metatpornh Sltavuopatog Kivnong o kateUBuvon animation

. » B else "left™

else:
return "up" if dy » 8 else “down™
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[Ma v vAomoinon g cvumeplpopds TV exfpav dev apkel LOVo 1 duvaToTNTo
Kivnong Kot c0YKpovong e to mepPdAiov, aAAd amonteital Kol Evag Unyavicog mov
va kaBopilel SuVOLIKA TIC EVEPYELEG TOVG KATA TN SLOPKELD TOV TOLYVIOLOV.

Ou gxfBpoil mpémer va umopobv vo. evtomilovv TOV KOVTIVOTEPO TOHKTN, VO
anopacilovv mote Ba Tov akoAovONCOLVV, VA GTAUATOLY TNV KATOMWEN OTAV OVTOG
amopokpuvlel apKeTd, Vo EMOTPEPOVY GTO aPYIKO CMUEID EUPAVIONG TOVG OTAV dEV
VILAPYEL EVEPYOS GTOYOG KOt VoL TPOSApUOLovV avaAoya TV KoTAoTaoT TOVS, O idle,
walk 7 attack. [MapdAinia, eivor amapaitnto va eAéyyetor av Kamolog £x0poOc €xet
Tay1devTEL Kotd TNV Kivion TOVL, OGTE VO, EVEPYOTOLEITOL O KATAAANAOG UNYAVIGHOGC
OMOKOAANGNG KOl VO ATOPEVYETAL 1) AKIVNTOTOINGN TOV GE EUNOOI0 1| GE GNUEiD TOV

XapTN.

H AertovpytkdTNTA oLt vAomoteitan HEC® ™mg pebdo0v
update_enemy chase and movement(),  omoio amoteAel TOoV Pocikd pNYAVICUO
EVNUEPMOTNG TNG CLUTEPLPOPAS Kot TG Kivnong dAwv tev gxfpadv tov maryvidiov. H
néBodog exteAel Oladoykd eAéyyovg mov oyetilovion pe v €Opecn GTOYOVL, TN
dlaTtpNoN 1 ATOAELL TOV GTOYOV, TNV EMAOYT KATOAAANANG KOTAGTOONG CUUTEPLPOPAG,
KoOMOG Kol TNV OVIHETONION TEPWTOCE®V OTIS Oomoieg o &xfpdg advvatel va
TPOYWPNGEL KAVOVIKA TPOS TOV TPOOPIGUO TOV.

Figure 36: EVTOMIOMOC KOVTIVOTEPOU TTALKTN KoL EAEYXOC 0TOXOU £XOpou
update_enemy chase_and_movement():
for e in enemies.walu

if e.get("dead"):
continue

if e["target™]
if nearest_pic nearest_d <= e["aggro_radius"]:
nearest_pid

if e["target™] H
tp = players.get{e["target™])

if tp tp.get{"dead”,
e["target™] =
elze:
d = distie["x"], e["y"]., tp["x"], tp["¥"])

if d » e["lose_radius™]:
e["target”] =
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H pébodog avtn ypnoytonoteital yioo Ty EVUEP®OT] TNG CLUTEPLPOPAS KOL TNG
Kivnong OAmv tov gxfpav Tov Taryvidov. Apyikd, n nEBodog datpéxelt OAOLG TOVG
exOpov¢ ko mapaireinel 6covg Ppickovian og katdotaon dead. [a k8Os evepyod exBpod
avainrteitar o Kovtivotepog (ovtovog moiktng, vroAoyiloviag v andctoon petald
touc. ['a Tov okomd avtd ypnoipomotovvtol o petoAntég nearest pid kot nearest d,
OTIG 0TOlEC OmOONKEVOVTOL OVTIGTOLY TO AVOYVAOPLGTIKO TOV TANGIEGTEPOL TTOTKTT KO
N MKPOTEPT ATOCTACT TOL E£YEL EVIOMIOTEL.

Figure 37: KaBoplopog cupmnepidpopag exBpou we mpog enibeon, kivnon 1 enwotpodr oto
onueio gpudaviong

if e["target™]
tp = players[e["target™]]
d - di'_:-tl:e[";';“]_. E[“j,l'"]_. tp[“;‘;“]_. tp[ll}fll]::l

¢= “attack range"™]:
e["state™] = "attack™
e["dir"] = dir_from delta{tp["=x"] - e["x"], tp["¥"] - e["y" ]}
e["unstuck until™] = B.E

glze:
e["state™] = "walk"
move enemy towards targetie, tp["x"], tp[ "]}
glze:

SH, SY

d = dist{

if d <= 2.8:
e["state”] = "idle™
e["unstuck until™] = E

“walk™

move_enemy towards _target(e, sx, sy

Av 0 gyBpbg dev €xel NON ©616Y0, TOTE EAEYYETOL AV O KOVIIVOTEPOG TOLKTNG
Bpioketan evtdg g axtivag aviyvevong (aggro radius). e avt TV mEPInTOON, O
TaikTng avtog opiletor oc vEéog 6tdY0g Tov £YxBpov. Avtibeta, OTav 0 ex0pdg £xel oM
o160, N HEBodog eAéyyel av avtdg eEakoAovOel va givar €ykvpoc. Av 0 otdyoc dev
VIdpyel TAEOV, av Exel TEOAVEL N OV £YEL AMOUOKPVVOEL TEPO A TNV OKTIVO OTOAELNG
ot1oyov (lose radius), 10te 0 €xBpdg madEL v TOV KaTASIDOKEL KoL 1| LETAPANTY| target
EMAVEPYETOL GE KEVY] TIUN).
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Figure 38: EAeyxo¢ mayideuong exBpou Kot evepyomoinon Tou UNXaviopuoU armokOAANoNG

moved dist = distie["x"], e["v"], 1x, Ly}

e["last x"]
e["last_y"]

if e["stuck _time"] > Ck_THRESHOLD:
e["stuck _time"] = &.
e["unstuck _until™ time. time{) + UNSTUCK DURATICRH

e["target™] players:

players[e["target™]][" "]

e["spawn_x"]
e["spawn_y" ]

e["unstuck side™] = choose unstuck side towards targetie, tx, ty)

[MopdAinia, 610 TAAIGLO TNG EVNUEPMONG TNG CLUTEPLPOPAS T®V XDV, €xel
evoopatmBel Kot Unyoviopos OVIIHETOMIONG TEPMTMOCEMY TOYIOELONG KOTA TNV
kivnon tovg. O unyaviGog avtodg evepyomoteital 0tav £vag £x0pog dev Katapépvel vo
TPOYWPNCEL KAVOVIKA TPOS TOV 6TOY0 1 TPOS 1O onueio emoTpong tov, e&otiog
EUTOSI®V N TNG YEMUETPLOG TOV YAPTY). TNV TEPINTOGT AVTY|, EQUPUOLETAL TPOGHOPLVA
€101K1 Loy amokoAAn oG (unstuck), mote 0 x0pOG va UTOPEGEL VL AVOKTGEL OLLOAT
nopeio. H Aettovpyio avth) avaAVeTon ovoADTIKOTEP GTNV ETOUEVN EVOTNTO.

4.1.3.2.1 ECopdivvon kivnong x0pav petd t peioon g ovuyvotntog
evnuépaong

Metd ) Bedtiotomoinom tov server, 6mov 1 Aoyikn TV exfpdv dev extedeiton
mAéov oe k@Be tick aALd avd peyoAdtepo ypovikd Odotnua, mopatnpnonke Ot M
kivnon tov gxBpdv otov client pmopovoe vo @aivetol TO SOKEKOUUEVT. ALTO
ouvéParve emeldn ot véeg BEoelg TV exBpdV ATOGTEALOVTOY AYOTEPO GLYVA OO TOV
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Server, L€ amoTEAECLLOL Ta. Sprites vo. LeTaKvouvTal omdTopa omd T pia B€on otnv GAAN.
o v avtipetdmon ovtov 0V TPOPANUATOS eQappoctnKe eEopdAvvon Kivnong
péom interpolation. O client amofnkevet Tig 600 mo TPOGPaTeS BEceg KAOE £xBpOv Ko
vroAoyilel evdidpeceg BEcelc avdpeca oty mponyovevn Kol T véa BEoT, MOTE 1
Kivnon vo epeaviCeTon mo opaAr).

Figure 39: ApxLko Tunpa t¢ pebodou e€opdAuvong kivnong exBpwv

apply_enemy_smoothin f, delta_time):

for eid, sprite in self.enemy_sprites.ite

buf = self.enemy position_buffers.get{eid)

if buf:
continue

continue

(x8, yb, ticke X1, wil, tick1l) = buf[@], buf[1]

dt_ticks = ticki -
dt_server = dt_ticks * getattr(self, "tick_dt", 8.82)

dt_serwer <= @:

210 TpOTO TUN O TNG HEBGOOoV apply enemy smoothing, o client dtatpéyet OAa
Ta sprites TV x0pdv mov VLA oLV GTNV TPEYoVGa TEPLOYT]. I o KAOE xBpO avaxTdTon
10 avtiotolyo position buffer, To omoio mepi€yet Tig mo wpdseateg BEcEC mov Exovv
noebet and tov server. Av dev vmdpyel dwbéoun Béon yio kamolov €yOp0d, tdTE M
ddwkacio cvveyilel otov emouevo. Av vdpyet uoévo pio 0éon, to sprite peTaPEPETL
amevbeiog oe avt, KOO dev VILAPYOLY aKOUN dVO onueEid MOTE VO VTOAOYIGTEL
evolaueon kivnon.

Otav vrdpyovv dvo dabéoiueg Béaelg, n nEBodog Aappdvel TV mTpornyovuevn
Kot ™ vedtepn Béomn tov gyBpov, poll pe ta avtiotorya server ticks. Xtn ocuvvéyewa
vroAoyiletarl n dtapopd Tov ticks Kot petatpémeTon o mPaypatikd ypovo pe faon
dwapkela KGO server tick. Av 1 dtapopd avtr dev elvar £ykvpn, To sprite Tomobeteiton
angvbeiag ot vedtepn BEomn. Me awtdV ToV TPOTO amopevyovTat AdOn oty kivnon ce
TEPMTMGELS OOV T, OEOOUEVA TOV Server 0gv LTopovV va ¥p1eiponombovy cwctd yo
interpolation.
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Figure 40: YtoAoylopog interpolation kat evnuépwon 6éong exBpou

t_local = self.enemy_interp_t.get{eid, 8.8) + delta_time
self.enemy_interp t[eid] = t_local

t =t _local / dt_serwer

snap_x, snap_w = self.enemy _snapshots.get{eld, (sprite.center_x, sprite.center_y))

e.center_x
e.center_y

210 0ebTEPO TUN MO TG HEBBOOVL VTOAOYILETON O TOMIKOG YPOVOG interpolation yia
Ké0e ex0pd. O ypovog avtdg avdveton o kabe frame tov client pe faon to delta time,
dNAad”n Tov xpovo Tov TEPacE omd To Tponyovevo frame. L1 cuvéyela vtoAoyileTon
N mopaueTpoc t, n omoia maipvel TEG amd 0 €wg 1 kon deiyvel v mpdodo g
petapaocnc amd v Tponyovpevn BEon mpog 1 véa BEom mov £6TEILE O server.

H tym ¢ mapapétpov t mepropiletor oto ddomua 0—1, dote To sprite vo unv
Eemepdoel T Béon-010)0. Encita ypnowonoteitor ) snapshot 0€om tov £x0pov, dniadn|
n 6éom mov &iye to sprite T oTIYU| TOV £QTOGE N VEL evNuépmon omd Tov server. Mg
Baon avtr ™ B€om Ko ™ vedTEPT Sserver position, vwoloyiletat ypoppkd 1 véa 0éon
tov sprite. 'Etot o gx0pdg dev petakiveiton amdtopa, aAld Kiveitor opaAd Tpog 1 véa
0éom.

Me v TEYVIKN 0LTH 1 OTTTIKN Kivnomn TV £x0pdv Tapaptével opain, okOuN Kot
OTOV M AOYIKN TOLG EVIUEPDVETAL AYOTEPO GLUY VA GTOV server. Eropuévamg, dtatnpeitot
T0 0Qehog NG PeAtioTomoinong omv TAELPA TOv server, yopic vo emmpedleton
OTNUOVTIKA 1] OTTIKY eUmelpio Tov maiktn otov client.

4.1.3.3 Ano@uyn nayidgvong £x0pov

Mo Vv avtipetdmion TepmT®ce®y oT1g omoieg £vog xOpog maydeveTal o€
eumodo. Katd v mpoomdbeio Katadiwéng tov otdyov, ypnoiponoteiton 1 pEBodog
choose unstuck side towards target(e, target x, target y). Xxomdg g pebooov ivor
va emiégel mola amd TG 000 dvvatéc mAdyleg katevBHvoels amokOAAnong eivor
KATOAANAOTEPT], ®OTE 0 €XOPOG VoL GLVEYICEL VO KIVEITAL TPOG TOV GTOYO TOV LE TOV TLO
0mod0TIKO TPOTO.
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Figure 41: YoAoylopog Stavuopatog katevBuvong

choose_unstuck de_tomward
current x, current_y el
dx = target_x - current_x
dy = target_y - current_y

d = dist{current_x, current_y, Target X, target_y)

it d ¢ le-6:
return 1

dir ®x = dx f d

dir_y = dy / d
speed = e["move_speed"]

H pébodoc avaktd apyud v tpéyovca Béon tov €xOBpod Kot vmoAoyilel
dtapopd Béong m¢ mPog Tov 6TdYO0 GTOVG AEOVEC X Kot Y, KOOGS Kot TNV evkAgideta
andotacn PeETaSD Tovc. Av 1 amdoTOCT OVTNH EIVOL TPOKTIKA UNOEVIKT, EMGTPEPETAL T
npoemleypuévn tun 1, xobd¢ dev omatteitol OLGLOCTIKY EMAOYN KATEVOLVONC.
AlopopeTiKd, LVTOAOYILETOL TO KAVOVIKOTOMUEVO OIAVOGHA TTPOG TOV GTOYO, ONANOT M
povadtaio katevBvuvorn kivnong, kot avaktdtol 1 taxdLnTo Tov £X0pol péow TNg
petapintic move speed, ®ote va ypnowomombel ota emoueva Prpato  Tng
SOKIUACTIKNG Kivnong.

Y10 enduevo otddlo, M pEBodog eCetalel ko TG Ov0 mBovEC TAAYLEG
Katevhoveelg amokOAAnons. o tov okomd avtd dnuovpyovdvior dVO TPOSMPIVE
avtiypoapa Tov €x0pov, Ta 0moia YPNCILOTOOVVTOL LOVO Y10 SOKIUAGTIKO VITOAOYIGUO,
Yopig vo emnpedletonr 1 wpaypatikny 0éon tov oto maryvidl [Mo kabe avrtiypapo
eQapuOleTal SOKIUOOTIKY UETOKIVNOT TTPOC pio dlapopeTikn kAbeTn Katevbuvon oe
oYE0N UE TO SLAVLGLO TTPOG TOV 6TOY0, péow g neBddov move enemy(e, delta X,

delta_y).

Metd amd kdbe SOKIHOOTIKY peTaKivnon, vroAoyiletal 1 véa amOGTACT] TOL
npocwptvol €xBpov amd tov 610%0. ETo1 mpokvmtovy dvo amoctdoetg, pia yio kébe
mBovn TAdywo mopeia. H péBodog cuykpivel Tig 600 awtég TIHEG Kot EMGTPEPEL TV
TAELPE TOV LELDVEL TEPIGGATEPO TNV AMOGTOCT Omd TOV 6TOY0. Mg TOV TPOTO AWVTO
EMAEYETAL 1] KOTOAANAOTEPT] KatevBVuVoT amokOAANoNG, Mote 0 £xOpdc va Eemepvd Tl
eumodia Kot vo cuveyilet v kotadiowén 660 T0 SLVATOHV OMOTEAEGLATIKOTEPO.
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Figure 42: AoKLOOTIKOG EAeyxog TwVv SU0 TBavwV MAAyLwY KateuBUVoewV Kal ETAOYA TNG
KataMn)\orspnq Tiopelag armokoAANong

= urrent_x, "y": current_y, “hitbox_w": e["hitbox_w"], "hitbox_h": e["hitbox_h"
fmpl up

mowve_enemy(tmpl, {-dir_y) * speed, (dir_x) * speed)

®1, wl = tmpl["x"], tmpi["u"]

ist{target_x, target_y, x1, yi1)

"y ocurrent_y, “hitbox w™: e["hitbox_w™], "hitbox h": e["hitbox h™]}
tmp2.up

mowve_enemy(tmp2, (dir_y) * speed, (-dir_x) * speed)

X2, y2 = tmpZ2["x"], tmp2["y"]
st{target x, target_w, x2, y2)

return 1 if di <= d2 else -1

4.1.3.4 Enifgon g0pav

o v viomoinon tov embéocov TV OpOV TPOG TOVE TOUKTEG
ypnoonoteitor  péBodog apply enemy attacks(). H uébodog avtr eivar vrebOovn yo
oV EAEYYXO TOL av évag €xOpO¢ umopel va emtebel, kabmg Kot yio Tn dlayeipion Tov

YPOVOL gvepyomoinong g eniBeong mpv amd v @approyn g {nudc.

> pébodo amobnkedeTal apyIKd 1N TPEXOVCO YPOVIKT] OTIYUN OTN UETAPANTN
now péom tng time.time(), ®oTE va £ivol SuVATOC 0 EAEYYOC TOV YPOVOL ETAVUPOPTIONG
peTa&y dradoyikmv embécemv. ‘Eneita, n uébodog datpéyel 6Aovg tovg £x0povc tov
oy Voo Ko ayvoel 6covg Ppiokovian e katdotaon dead, Kabdg Kot 6GoVG dev
&xouv gvepyo otoyo. Emmiéov, av évag exBpdc dev Pploketanr mAéov o€ KOTAGTAOT
attack, oaxvpovetor omowadNmoTE eKKpeung emibeon péow NG pETAPANTNG
pending_hit_time.

211 GLVEYELD, OVOKTATOL O TOKTNG TOV aoTELEL GTOYO TOV £YOPOV Ko EAEYYETOL
av eEakolovbel va lvarl £ykvupog. Av 0 6TOY0G Oev vITdpyel TAEOV 1| Exel mebdvel,
petaPintn target undevileton kol axvpdvetor M ekkpeung emibeon. IMapdiinia,
TPOLYLOTOTOLEITAL EAEYYOG TNG OmOSTAONG HLETAEL £X0PpOV Kol oK. AV 0 TOiKING £XEL
amopakpuvlel Tépa and v Tun attack range, n enifeon akvpdveTat.
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Figure 43: M€6060¢ smesonq ex6pwv
def apply_enemy_attac
now = time.time()

for e in enemies.wvalues

if e.get("dead") or e["target™] is Mone:
continue

if e["state"] l= "attack™:
e["pending_hit_time"™] =
continue

tp = players.get{e["target”])

if tp is Mone or tp.get(“dead", F
e["target"] = MNone
e["pending_hit time"] =
continue

e[*y"], tp["x"]. tp["y"])
range™]:

e["pending_hit_time"™] =

continue

if now < e["next attack _time™]:
continue

if e["pending_hit time"] :
e["pending_hit_time"] now + e["windup™]

e["next_attack _time™] now + e["attack cooldown™]
continue

Otav oloxAnpwbel o amottodeVog XpoOvog TpoeToluaciog e emifeong kot 1
TPEYOVGO YPOVIKT GTIYUN Yivel peyodvtepn 1 ion amd v T pending hit time, 1
LéEB0d0G Bempel OTL £QPTOGE 1| CTIYUN EKTEAECTG TOV TPOYUOTIKOD YTUANUOTOC. XTO
onueio avtd N T g petaPAntig pending hit time gmavagépeton o€ 0.0, ®ote va
LNV TOPOUEVEL EVEPYN M EKKPEUNC EMIOEOM.

I[Ipwv epoapuooctel n (nuid, mpoyupotomoleiton €vag TEMKOC EAEYYOC NG
amdotaonc pLetald ex0pod kat mtaiktn, ®ote va emPePorwbel 411 0 oTdYOC EE0KoAOVOEL
va Ppioketon evioc g euPéretog emibeong. Me Tov TpOTO OWTO OMOPELYETOL M|
nepintmon va dgxBel {nud £vag maiktng mov £xel 1101 amopokpuviel amd Tov exHpo.

E@pdoov o maiktng mopapével evtog epféretoc, vroroyileton n teAkn {nud mov
Ba deybel, aparpdvtag amd v Tun (nudg tov €xBpov (damage) v Tiun avtictoong
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(resist) tov maiktn. H tyun vt amobnkeveton ot petafint) dmg ko epappoleton
ot (o1 tov maiktn. T T dayeipton g Long ypNooTolovvToL TOGO 1) TPEXOLGA
andivtn Ty Cong (hp cur) 6co ko n péyom T (ong (hp_max), evd moapdAinia
EVNUEPMOVETOL KOt 1 Kovovikomomuévn tiun (ong hp, ®ote va mopapével cuvemng n
E0MTEPIKN AVATOPACTACT] TNG KATAGTAONS TOV Taiktn. Av 1 {on Tov maiktn peiwdel
o€ UNdeVIKN M apvnTikn Tun, opiletan o€ 0, o maikng yopoakpiletor mg vekpog LEc®
g petaPantic dead xon n kotdotaon tov aArdlel o€ death, wote va gvepyomoinBei to
avtioTolyo animation Qavdrtov.

Avtifeta, 0tav o moaikng eEakolovbel va €xel dwwbéoun Con, avédvetar
petapAintn hurt seq, n omoia ypnolomTOLEiTOL YO0 TNV EVEPYOTOINGN TNG KATAGTACTG
tpavpotiopov (hurt). Me tov tpdmo avtd mapyetor AUEST| OTTIKT OVOTPOPOOATNOT OTL
0 moiktng 0&xOnke emrvyMuUéEVO YTOINUO, YOPIC OU®MG VO SOKOTTETOL OTOTOMO T
CULVEYELD TOL animation.

Figure 44: Epappoyn {NULAG OTOV TALKTN KOl EVUEPWON TNG KATAOTAONC {wNG TOU HETA
amno enibeon exBpou

player
dmg =m

player _hp max
hp_cur = tp.get("hp cur

hp_cur -=
if hp_cur
hp_cur

tp[“hp_cur™] = hp_cur
tp["hp_max"] = player_hp_max
tp["hp"] = hp_cur / player_hp_max

if hp_cur

tp[“hurt segq"] = tp.get("hurt seq™, &) + 1

4.1.4 Yhomoinon 6pakov kon animations

e avtibeon pe Tovg amhovg £x0povs, ot dSPAKOL OV YPNCILOTOLOVV TN Pacikn
Aoyikn ovveyovs KatadimEng tov maiktn. Ot amhoi exBpoi evtomilovv Tov KOVTIVOTEPO
TOIKTN Kot KIvoOvToL Tpog avtov uéxpt va Bpedovv oe epuféreta emibeong. Avtifeta, ot
dpdrol Asrtovpyovv ¢ €0koi eyxfpol TOmMOL boss, ot omoiot eAéyyovv Evav
OGLYKEKPLUEVO YDPO TOL Yaptn. Otav evepyomomBolv, dev akolovBohv erehBepa tov
TOAKTY) 6€ OAN TNV TEPLOYT], OALG KivovvTon opllovTia, ONAadr Tpog To OeEld Kol TPOG
T OPLOTEPQ, LEGA GTO OPLOL TOV £XOVV OPLOTEL Y10, TNV TEPLOYN TOVG.
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H evepyomoinom tov dpdkov yiverar 0tav 0 Taiktng TANGIAGEL GE GUYKEKPILEVN
andotacn. Metd v evepyomoinom, o Opdkog ewcépyeton oe ground mode, Omov
KIVEITOL GTOV YMPO TOL EAEYYEL KOL TOPOUEVEL GE QTN TN GAcT HEYXPL va doeybel
ovyKekpévo aptBpd yromnuatwv. Xto ground mode 1 eniBeon dev ektedeiton TvyaiaL.
O dpaxog emitiBetor Otav EvIOmiGEL TOIKTN UTPOGTA TOL LECO GTNV TEPLOYN €MiBEOTG
N otav dogyfel yromnua and wicw. Me avtdv Tov TpOTO, 0 TAIKTING TPEMEL VO TPOGEYEL
1660 1 0€01M TOV GGO Kot TN YPOVIKN GTLYUN TTOV mttifeTa.

Otav o dpakog 6exbel tov amartovpevo aptBud yrummudtov oto ground mode,
aAlalel @don ko mepva o evaépto katdotaor. H petdfoon yivetar pe t cepad rise
oe flight mode. Xtnv xotdotaon rise mpoPdAietol To animation amoyeimwong, v 6N
ovvéyeta o dpaxog uraivel og flight mode, 6mov Bpicketar otov aépa. Katd t didpkeia
oVTNG TS PAoNG, Ol eMBEGEIS TOL EKTEAOVVTAL TVYOiO TPOS TIG OVO KOTEVOVVGELS,
aplotepd Ko OeELl, KAVOVTAG TN GULUTEPLPOPA TOV ALYOTEPO TPOPAEYIUN Yo TOV
oK.

Metd and cvykekpipévo aplBud evaéplov embBEcewv, 0 dPAKOS OAOKANPMOVEL
TNV air phase kot emoTpéPel 610 £00poc. H emotpoen yiveron pe ) cepd landing ce
walk. v katdotaon landing mpofdAiletor to animation TPOoyEi®ONG Kol OTN
ouvvEyelo 0 dOpakog emavépyetal oe katdotaon Walk, cuveyifovtag v kivnon Tov 6to
ground mode. 'Etct, 0 KOKAOC GUUTEPIPOPES TOV dPAKOV OPYOVAOVETOL GE PAGELS OTTOL
OPYIKA KIVEITOL GTO £00UPOG KOl EAEYYEL TOV YMDPO TOV, GTI GLVEYELD OTTOYELDOVETOL UETEL
and cvykekpluéva hits, emrifeton amd oV aépo KOl TEAMKO TPOGYELDOVETOL Y10, VO
emotpéyel Eavd ot Pacikn) Tov kivnon.

H YmopEn dopopetikdv Kotaotdoemy kot animations Kével Tov dpdKo 7o
obvOeTo amd Tovg vdAomovg ex0povc. Extdc amod tic Pacikég kataotdoels, onmg idle,
walk, attack, hurt ko death, ypnowomolovvtal emmAéov katootdoelg Onwg rise, flight,
landing xau attack_on_air. Ot KataoTdoelc anTéC EXTPETOVY TV OTTIKT AVOTAPAOTACT
™G HeTdPfaong amd 1o £30(pOog GTOV aEPA KOl OVTIGTPOPX, EVA TOPAAANAL GLVOEOVTIL
HE O10popETIKN AOYIKY cvumeptpopdc. Etot, o dpdkog Asttovpyel o¢ To amaitnTikog
ex0p0g, 0 omoiog drapopomotleital amd Tove amAovg xBpohg Tov TaLYVIS10D.

4.1.4.2 EYpeon KOVTIVOTEPOL TOIKTY

H péBoodog find nearest player in region ypnoylomoleitot yio. Tov EVIOMIGUO
TOV KOVTvOTEPOL Taiktn mov Ppicketor oty 10w meployn He tov exBpo. Apykd,
OPYKOTOOVVTOL PETAPANTES Yoo TNV AmOONKEVOT TOV KOVTIIVOTEPOL TOLKTN KO TNG
UIKPOTEPNC OOGTOONG. TN GLVEYELD, YIVETOL ETAVAANYN 0€ OAOVE TOVLG TOIKTES TOL
T VIO100 Kol olyvoouvTol 0601 €ival vekpoli 1 Bpickovioal e d1apoPETIKT TEPLOYT OO
tov gyBpd. T'a kdbe Eykvpo maiktn vroAoyiletan 1 amdoTaon omd Tov €x0pd Ko, av
ovtn elval puKpoOTEPT OO TNV TPEYOLGA OTOONKELUEVT] TIUN, EVIUEPOVOVTIOL Ol
avtiotoryec petafantéc. Téhog, M MEOOOOC EMOTPEQPEL TO OVOYVOPLOTIKO TOL
KOVTIVOTEPOL TOUKTY], TO OTOLYEIDL TOV KO TNV OmOGTACT TOV amd Tov £x0pd. Me tov
TPOTO 0VTO, 1 LEB0SOG amoTeAEl Pacikd LEPOG TNG AOYIKNG EVIOTIGHOD GTOYOL OO TOVG
ex0povg.
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Figure 45: M€0000¢ eUpedNG TOU KOVILVOTEPOU TLALKTN oTNV (SLa epLoxn

st_player_in_region(e, players, dist):

continue

glon®) l= e.get(“region™):
continue

d = dist(e["x"], e["y"], p["x"]. p["y"])

st_plaver = p
return nearest_pid, nearest_player, nearest_d

4.1.4.2 Katootdoseig

H péboodog set dragon state ypnoipomoleital yio tnv oAloyn TG KOTAOTOONG
TOV OpAKoL. APYIKA KATOYPAPETOL 1] TPEXOVGO YPOVIKT GTIYUN, OCTE Vo, amodnkevtel
note Eexivnoe to véo state. Av 600el véa katevBuvon, evnuepdveTat Ko 1 KatevOvvon
TOV OPAKOV. XT1 GLVEYELN EAEYYETOL AV O OpAKOC PpiokeTat 01 oV 1010 KATAGTOOT).
Xe TN TNV TEPITTOOT 08V YIveTal EMOVEKKIVNOT TOL animation, MCTE VO, ATOPEVYETAL
dokomo reset. Av 1 Katdotoon &ivol OLQOPETIKY, EVNUEPDOVETOL TO VEO state,
amofnkeveTol 0 Xpovog Evapéng, vroroyiletar 1 SLAPKELNL TOV AVTIGTOLYOL animation
pe Baon ta frames tov state kou unodevileton to flag epappoyng Inudg.

Figure 46: M€0000¢ aA\ayng katdotaong Tou Spdkou

if direction 3
e["dir"] = direction

te™) == new_state:

= nok
get_enemy_state_duration{e["type”], new_state)

H péBodog dragon_state finished eléyyer av éxer ohoxAnpwbei n tpéyovca
Katdotaon tov dpdrov. Apyikd maipvel m didpkela tov state amd T dedopEva TOL
dpdrov. Av dev vmbpyetl dbpkeld | N TN etvor pundevikn, téte Bewpeiton 611 M
KatdoTaon £xel OAOKANP®OEel. AlapopeTikd, GUYKPIVETOL 1) TPEXOLGA YPOVIKT GTIYUN
pe tov xpovo évapéng g xortdotaong kor T Odpkeld g Otav mepdoel o
OTTOUTOVLEVOC YPOVOG, N HEBOSOC eMoTPEPEL OTL TO state £xel oAokANpwOel, ®oTE O
OpAKOG Vo UTOPEL Vo TEPAGEL GTNV EMOUEVT] KATAGTACT), OT®G and rise o¢ flight | omd
landing o€ walk.
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Figure 47: EAeyxo¢ oAOKANPWONG TNG TPEXOUCAG KATAOTAONG TOU SpAKoU

dragon_state_finishedi{e):
duration = e.get ate_duration™,

if duration <= @:
return

return time.time() ] 8.8 + duration

4.1.4.3 Kivnon

H pébodog dragon_move vAomotel tnv oplovTia kivnon tov dpakov HEGH GTOV
YDPO OV EAEYYEL. X€ avTifeom e TOLG amAog £x0poVG, 0 OpaKog dev Kiveitan EAeVBEPQ
TPOG TOV TaiKT, aAAE TEPIMOAET €18 KO aP1LoTEPA OVAULESO GE dVO TPOKUOBOPIGUEVQ
opua, Ta patrol _left kou patrol_right. H tpéyovca katevBvvon nepiroiiog amodnkeveTon
o1 petafAnty patrol dir, eved 1 tayvNTa Kivnong tpokdmTel amd 10 move speed.

Figure 48: Kivnon 6pakou mpog ta 6£€Ld péoa ota opLa meputoAiag

dragon_mowe({e, animation state, mowve enemy, collides with walls aabb):
patrol dir = e.get("patrol dir™, "right™}
speed = e.get("move_speed”,

if patrol dir
cet_dragon_statele, animation_state, "right™)

if e["x"] »= e.get("patrol_right", e["spawn_x"] + 588):
e["patrol dir™] = "left”
set_dragon_state(e, animation_state, "left™)
return

if dragon_hits wall{e, “right™, collides with_walls aabb}:
e["patrol_dir™] = "left”
set_dragon_state(e, animation_state, "left™}
return

moved = move enemy(e, speed, &)

moved:
e["patrol dir"] = "left”
set_dragon_state(e, animation_state, "left™)
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210 TPOTO TUNUA TNG HEBGOOV eAEyyeTan N Kiviion TPOg Ta de&td. AV 0 dpdiKog
Kivelton 0e€1d, evnuepaveTal To animation state Kot 1 katgvBouvon Tov. XN GuvExEld
elEyyeTaL av €yl PTAGEL 6TO 0e&l OPLO TNG TEPLOYNG TTEPUTOALNG 1) AV LITAPYEL EUTOOL0
UTPOCTA TOVL. L& OTMOLUONTOTE OO QVTEG TIG MEPINTMOELS, N KotevOLVoT aArAlel GE
aploTeEPd, MOTE 0 OPAKOG VO GLVEYIGEL TNV KivnoT Tov Ttpog v avtifetn migvpd. Av
dev VIApyel EUTOSI0 Kot dgv £XEL PTAGEL GTO OPlo, Yivetal mpoomddelo peTaKivnomng
PO oL OEELAL.

Figure 49: Kivnon 6pAkou mpog Ta aploTEPA LECO OTA OPLAL TIEPLITOALOC

state(e, animation state, "left™)

if e["x"] <= e.get{"patrol left™, e["spawn_x"]
e["patrol dir™] = "right™
set_dragon _statele, animation state, “"right™)
return

1f dragon_hits_wall({e, "left™, collides_with_walls_aabbj:
e["patrol dir"] = "right™
set_dragon_state(e, animation state, "right™)
return

moved = move enemyie, -speed, &)

moved:
e["patrol dir"] = "right™
set_dragon_statefe, animation_state,

210 dgVTEPO TUNUOL EQOAPUOLETOL 1) AVTIOTOLYN AOYIKN Yol TNV Kivnomn mpog ta
aprotepd. O Opaxog eAEYYEL av EXEL PTAGEL GTO APLOTEPO OPLO N AV VILAPYEL EUTHO10
umpootd tov. Av cvuPel kdtt and ovtd, 1 katevBvvon aArdler oe de&ld. Av m
LEeTOKIVION OmOTOYEL Y10 OTOLOVONTOTE AGYO, O OpdKog emiong aAldlel katevBuvon,
®OoTE Vo U pével KoM PEVOGS 6to 1010 onpeio.

Me avtdv t0v TpdTMO, 0 OPAKOG TOPAUEVEL LEGO GTO OPLOL TNG TEPLOYNG TOV
eAEyyel Ko Kivelton cuveymg 0e&ld-aplotepd, AETovpYDVTOG MG £XOpdc Tov mepuTolel
OCLYKEKPLUEVO YDPO OVTL VO, KATUOUDKEL GUVEYDG TOV TOIKTY).

4.1.4.4 EniOeonm

H pébodog dragon_damage player givail vrevBovn yia v epoppoyn g {nudg
7oV mpokaAel 0 dpdkog oTov maikTn. Apyikd Aapupdvetol vToYN N AUVVAE TOV TOIKT
pécm NG NG resist. Av dev €xetl do0el cuykekpluévn T {nds, xpnooroteiton n
Baoikn {nud tov dpakov amd ta dedopéva Tov enemy. X1 GuVEXELD VITOAOYileTon N
TeEAKN UL apopdVTOG TO resist Tov maikTn, eV [E T xpnomn T max daceaiileton
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ot M {nuid dev umopel va yiver apvnrik).

Figure 50: Edappoyn {nuLag tou §pAakou otov maiktn

amount=

amount H
ge_amount = e.get("damage”, 1)

dmg = maz damage_amount - player_re:
player_hp_maz
hp_cur = p.get

hp_cur -= dmg

if hp_cur < @:
hp_cur

‘Eneita n uébodog avaxtd 1o péyioto kot to tpéyov HP tov maiktn kot aporpet
Vv teMkn nud amd ) o tov. Av 10 HP méset kdtm and to undév, mepropiletal oto
0, dote vo unv vdpyovy apvnTikE TILES CONG. TN GLVEYELD EVIILEPDOVOVTAL TOGO TO
npaypatikd HP tov maiktn (hp cur) 6co xou 1 xoavovikoromuévn tiun HP (hp) mov
ypNoomoteital yio v epedvion g undpog (ong oto UL

Téhog, ehéyyetar av o maiktng €xel mebdvel. Av 1 (on tov pndeviotel, M
petapintn dead yiveton True ko to state tov maiktn aArdlel oe death. Av o maiktng
napoapével Lovtavog, avcavetal 1 tiun hurt seq, ®ote o client va gpgovicel v ontikn
avaTPOPOOATNOT TPOLUATIGHOV, OtwG To blinking effect.

H pébodoc ground attack target ypnowomoleitan yioo va eAEyEel av vmhpyet
TOAKTNG UTPOGTE 0md TOV OpAKO, OGTE v eKTeELeoTEL €MiBeon oTo £d0p0G. Apyikd, M
péBodog maipvel Tig TAPAUETPOLG TNG £MiBeoG ATd TOL SESOUEVE TOV OPAKOV, OTTMOS TV
euPérern g emiBeomng (ground attack range), to mAdTOC Tng mMEpOoyNS emiBeomg
(ground attack width) kot v KatevBvvon oty omoia kottdel 0 dpdKoc.

> ovvéyela, N nEB0dOC datpéyel OAOVE TOVG TOTKTES KOl ayvoel 6Govg elvat
vekpoli i Ppiokovtal o€ daQOPETIKN TEPLOYN amd Tov dpdio. [Ma kdbe £ykvpo maikn
vroAoyiletal n oxeTIkn B€oM TOV WG TPOC TOV OPAKo oToVG GEovec X kot Y. O maiktng
npénel vo Ppioketarl mepimov oto 1010 HYog pe Tov Opako, dNANON UECH GTO EMTPENTO
TAATOG NG emibeomng, wote va umopel va Bempnbel 6TtodY0GC.
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Figure 51: Evtomiopog otoxou yla tv enibeon edadoug tou Spakou

for pid, p in play
if p.get(“dead
continue
f p.get{"region™) != e.get("region™):
continue
x"] - e["x"]

"y - el'y']

attack_half_width:

elif di

attack_range:

return best pid, best player, direction

‘Eneita yivetar éleyyog pe Pdon v katevbovvon tov opdkov. Av o dpdKog
Kottael 0e€ld, o maiktng mpémel va. Ppioketor 0e€1d TOV KOl HEGOH OTNV EMTPEMTY|
euPéreta. Av Kortdel aplotepd, o ToiKTNG TPEmel va PpiokeTal aplotepd Tov. Av o
naikTng 0ev PpiokeTon otn oo KatevBvvon N elval extog euPéretag, ayvoeitat.

Av vrapyovv mEPIGGOTEPOL OO £VOC TOIKTEG UECH OTNV TEPLOYN emibeong,
emAéyetan o kovtvotepoc. H nébodog emotpépel 10 avayvmploTikd oV TTaiKTn, T
dedopéva Tov ko TNV KatevBovvon g enibeong. Me avtdv tov TpOTo 0 dpdikog eKTelel
emifeon €0dpovg LOVO dTav VIAPYEL £YKVPOS GTOYOG UTPOGTE TOV, OVTi Vo, emTifeTan
Toyoio.

H pébodog player is_behind dragon eAéyyet av o maixtng Ppioketan micw amod
TOV OpdKo T oTtyp] mov tov xtumd. O €leyyog yivetan pe Bdon t 0éom Tov moaikTn
otov d&ova X Kot TV Katevbvven oTnv omoia Kottdel 0 dpAKos. Av 0 OpaKo¢ KolTdel
npog ta. 0el1d, 1ote Mo Tov Bewpeitan N aploTEPN TAELPA, Apo O TaikTNG PpiokeTal
mio® Tov Otav M TN dx elvarl pukpodtepn amd 0. Avtictorya, OTAV 0 OPAKOC KOLTAEL TPOG
T APLOTEPD, TioW TOL Bempeital 1 de&1d Thevpd, omdTE 0 TaiKTNG PpiokeTol TG® TOV
otov N Tiun dx etvan peyaAvtepn amo 0.
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Figure 52: EAgyx0g XTUTILATOG TOU SpAKou armo miocw

player is behind dragon(p,
dx = p 1 - e[”
dragon_dir = e.get("dir", "right™)

if dragon_dir
return dx

if dragon_dir == "left™:
return dx >

return

H pébodog direction from dragon to player emotpépetl v Katevbuvon mpog
NV omoio TPEMEL Vo OTPOPEL 0 OPAKOG Yoo Vo KOTdEEL Tov TaikTn. Av 0 ToiKTng
Bpioketon de€id amd tov dpdiko, emotpépeton | TN right, eved av PBpioketon apiotepd
emotpépetal n TN left. H puébodog avtn ypnowomoteiton 6tav o dpdaxog deybet
YTOTNUO OO TTo®, MOTE Vo UTOPEL Vo YUPIGEL TPOG TNV TAEVPE TOV TOIKTN Kot v,
exteLéoel enibeon.

Figure 53: YoAoylopog katevBuvong tou §pAakou TPog ToV TaiKTN

direction_from_dragon_t o [
return “right™ if p["x’ ] else "left™

H péBodoc apply dragon ground attack epapuoler ™ Inud g emiBeomng
€00(POVG TOL OPAKOVL GTOVG TAIKTEG OV Ppiokovion HECH GTNV TEPLOYN YTLTNLLOTOC.
Apykd eléyyet av i {nuid Exet 10N e@apurooTel oo To cuykekpluévo attack animation,
(MOTE VO, UMV YTLTNCEL 0 1010G TOUKTNG TEPLGTOTEPES Ad pio PopEG otnV 1o mibeon).

Pl

> ovvéyeln, N nEBodog vtoAoyilel TN ¥POVIKY OTIYUN OTNV OToio TPEMEL Vol
epopuootel TO  MPOYUOTIKO  yTOmNUo.  Avtd  yivetow  pe  Pdon 1O
ground_attack _impact_frame, dniadn to frame tov animation 6to onoio Oewpeitar Ot
N enifeon meTLYOiVEL TOV GTOYO. AV JEV £YEL PTACEL OKOUN QT 1| XPOVIKN GTIYUN, M
péBodog dev epapprdlel Inuid Kot TeEPUEVEL.

Otav pTtaoel 1 GTIYUN TOL YTLUTAATOG, EAEYXOVTOL OAOL O1 TOIKTEC. AYVOOUVTOL
o1 vekpoli Taikteg Kot 0601 fpiokoviot og dSopopeTiKn Teployn and Tov dpako. ['a kdbe
£ykupo maiktn vroAoyiletor n oxetikn Tov B€om ¢ mpog Tov dpako. O maiktng mpémet
va Bploketan mepinov o1o 1610 VYOG pe Tov dpako, HEGA 6To TAATOG TG Enifeong, Kot
TAVTOYPOVO GTT) GOGTH KateLOLVOT), ONAUOT UTPOSTA OO TOV dPAKO.

Av 0 dpdKkog Kottdel deEld, UTOPEL Vo YTUINGEL LOVO TOUKTEG TTOVL PpioKovtal
oegld Tov Ko péoa otnv euPéreta g emibeong. Av kottdel apiotepd, Umopel va
YTUTNGEL LOVO TaikTEG OV Ppiokoviar apiotepd Tov. Otav Evac maiktng TANpot avTég
T1G mpovmobécelc, koieitan  péBodog dragon damage player, dote va apoipedel n
avtiotoym {on and tov maikTn.
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ret_enemy type_defs(e["type™])
time.time()

impact_frame = def
impact_time = e.ge

if now ¢ impact_time:
return

k_range™, 118))

att
direct

for p in p
if p.g

f abs(dy) » attack_half_width:
continue

can_hit =

if direction
% (= attack_range

can_hit = dx ¢ 8 abs(dx)y ¢= attack_range

if can_hit:
n_damage_player(p, e}

e["damage_applied"] =

Téhog, evnuepavetan to flag damage applied, ®ote n {nuid va unv epappootel
Eavd Kotd TN dtdpKelo Tov 1010V animation enifeonc. Me avtdv Tov TpoOTO 1 emibeon
oV OpdKov cuyypovileton pe to KotdAAnAo frame Tov animation Kol GTOEEVYETOL 1|
TOALQTAY] @appoyn {nuidc oto 1d1o yTdmnua.

H pébodog apply dragon air attack epapuodletr  (nuid g evaéprog enibeong
10V Opakov. Onwg kor otnv emibeon £dapovg, apykd eréyyet av n {nud €xet Mon
epoppootel 010 cvykekpyévo attack animation, dcte vo amo@evyOel n TOAAATAN
epappoyn {nuidg oty idwa emibeon.

21 cvvéyelo vVToAoYileTon N YPOVIKY GTIYUY| GTNV OToie TPEMEL VO EPOPLOCTEL
10 YTOTMNUO, pe Pdon to air attack impact frame. Av to animation dgv £yl OTACEL
aKoun oto cvykekpiuévo frame, n uEBodog dev epapuolet {nuid kot TepUEVEL LEYPL VL,
£pOEL M GOGTN YPOVIKN CTLYUY).

H meproyn g evaépiag enibBeong xabopiletor and tnv epPéreia air_attack range
Kot To mAdtog air_attack width. EmmAéov, eneidn 10 ontikd @€ g evaéprog enibeong
eppaviCetar  younAdtepa amd TO0  KEVIPO TOL OpdKov, ypMoloTolEiTal  TO
air_attack y offset, dote 1 meployn yromnuatog va evBuypoppiletol KoAvTEPA LE TO
animation.
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Figure 55: Edappoyn evaéplag emibeong tou §pAkou oTov MailkTn

apply playe

attack_y = e["¥"] + defs

for p in pla
if p.

can_hit =

attack_range
f direction

n_hit = dx ¢ 8 abs i <= attack_range

n_damage player(p, &)

e["damage_applied”] =

‘Enetta, n pébodoc eréyyetl GAovg toug maiktec mov Ppickovrol otny idta TepLoym
He tov dpdiko Ko ayvoel 6covg givar vekpol. I'a kdBe maiktn vwoloyileton n GYeTIKN
Tov Béom wg Tpog TV TepLoyn TG enibeonc. O maiktne mpénet va. Ppioketal HEGO 6TO
KATAAANAO TTAGTOG 6ToV dEova Y Kol 6T 6ot Katevbuvon otov déova X, avaroyo
LE TO OV 0 OpAKOG KOLTAEL OEELA 1) APLOTEPCL.

Av o maiktng Ppioketon péca ota Opro G evaéplag emifeong, koieiton M
pébodog dragon _damage player, dote va epappootei ) {nud. Térog, evnuepdvetol To
flag damage applied, ®ote n {nud vo pnv eeapuootel Eovd oto 1610 animation
emifeong.
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4.2 "Hyog

o v vAomoinon tov MMTIKOD HEPOVG TOL TOLYVIOLOD EVOOUATOONKAY
LOVGIKA KOUUATLO KOt YNTIKA €QE, Ta omtoio olaTifevion dmpedv amd TV TAATQOPLLO
OpenGameArt. O fyog xpnoomoteitol 1060 6To PeEVoy 66O Kol KATd TN O1dpKeELd TOV
mayviolov, cvufdirovroc ot Pektimon g eumepiog TOL TOIKTN KOl GTNV TOPOYN
OKOVGTIKNG AVATPOPOOATNOTC.

210 peEVOD TOL TOYVIOOD YPNGLUOMOLEITOL HOVGIKT] VITOKPOLOT], KOOMS Kot
NYNTIKA €QE Y10 TIG EMAOYEG TOV TPOYLLATOTOEL O TOUKTNG, 0TS Y10 TOPAOELY L0 KOTE,
mv emloyn dnpovpyiog véov maiktn (new player). EmmAéov, mapéyeton duvatdmra
EVEPYOTOINGNG KOl ATEVEPYOTOINGNG TOL NYOL HEGH €101KOV gkovidiov (on/off icon),
T0 0moio evaAAdooeTol ovOAoyo pe TNV emhoyn tov maiktn. H mpoemdeyuévn
KOTAGTAGT TOL NYOV EIVOL EVEPYOTOINUEVT, EVO O TATKTNG UTOPEL VO OMEVEPYOTOINGEL
TOGO TN LOVGIKN OGO KOl TO MYNTIKA EPE TOV LEVOD.

Figure 56: Elkovidia nxou on/off

<)

Koatd 1 didpkela Tov gameplay, n povsikn Tpocapuoletol SuVOpLKE avaioyo
pe v xoatdotoon tov koécpov. Otav o maiktng Ppioketon o€ KatdoTaon Hayns, 1M
LOVGKN YiveTon o £vTovn, evioybovtag TV aicOnomn Eviaonc, evd og TeptdO0VG EKTOC
péyng xpnowomotleitar mTo YOAMPY HOVLGIKN LmOKpovor. Me tov Ttpdmo owTd
EMTLYYAVETOL KOADTEPT] GLVOEGN TOL MYOL HE TN PON KOL TNV OTULOGOOPO TOV
TOLVIOL0V.

[TapdAAnia, vAomomOnKay MyMTikd epé mov cuyypovifovion (e To animations
TOV TOIKTN Kot TV exfpov, kabmng ko pe T1g embécelg toug. Ta mymrikd avtd e
EVEPYOTOLOVVTOL KOTA TNV EKTEAECT] OQVTIGTOLY®V EVEPYELDV, TPOCPEPOVTOS GLECM
OKOVOTIKN avaTPOPOdOTNOT Kol EVIGYVOVTOG TNV aictnon aiinienidpaong Katd
SLAPKELD TOL TTOLYVIOL0V.

4.3 Gameplay

v apyn tov moyvidov ot moikteg epgovifovialr oe éva Koo omnueio

87



exkivnong, to omoio £yel opiotel 6To object layer tov yaptn péow tov gpyaieiov Tiled.
H exxivnon mpaypatonoteitor oty TpdTn mTEPLOYY| TOL TALX VOOV, 1| OTTOl0 AVTIGTOUYEL
o€ £va TOY®OUEVO TEPPAALOV KOl AVAPEPETOL MG UTAE TEPLOYT).

Ot maikteg KAAOVLVTOL VO GUVEPYOGTOVV Kol VO, ETLPLOGOVV GTIC TEPLOYES TOV
XOPTN, HE oTdY0 TNV avoPadcn Tov e£0TAMGHOD TOVG Kl TNV EEOVIMGT] TOV TEAMKOV
€xOpo0, n omola amoterel Kot T GLVONKT OAOKANPMOGNG TOL TOLYVISLOV.

H ovvepyooia petald tov moktOV EmMTUYYAVETOL HECHO TNG OUOOIKNG
e€epeElVIONG TOV TEPLOYADV Kot TNG APOUNTIKNG LVIEPOYNG AMEVAVTL GTOVG £YOpOVG.
Qot600, N TPOCLEYYIon avt) odnyel o€ mo apyn €EEMEN, kabBmG M eumelpia. wOL
amokTatol polpdletor HETOEL TePocOTEPOV TokTOV. Avtifeta, mn kiviion oe
HIKPOTEPEC OUAOEG EMTPEMEL TAXVTEPN AMOKTNON eUmEpiag Kot ypnyopdtepn e€EMEN,
oA evéyel avEnpévo kivouvo, Kabmg ot xfpoti evoéyetal va vIePTEPOVV aPLOUNTIKA.

e mepintmon BovAaTov OA®V TOV TUKTOV UG OUAd0S, 1 TPO0OAS TOLG YhveTat
Kol TO oty viol Eekva €K VEOL Ao TNV apyn.

4.3.1 E&umanpetntig (Server)

O g&ummpet g elvarl vevBLVOC Yo T dlayeipion TG GHVOESTG TOV TAKTMV,
KaBMOG Kol Y100 T GLVOAIKY KATAGTACT] TOV TOLY VIO KOl TOV OVIOTT®V TOV, OTMG
moikteg Kol x0pol. XvykeKpIEVa, 0 EELINPETNTNG EAEYYEL TN AOYIKT] TOL TTOLYVIOL0V,
OTMG TIC GLYKPOVCELS TV YOPAKTPWOV LLE TOVS TOIYOVE TOL YAPTN KOl TOV VTOAOYIGHO
™G I mov d€yovtan ot moikteg Kot ot €xOpoi.

Ta dedopéva e166060v (input) mov aroctéAlovtol and Kabe moiktn apopodv TV
K{VIO1 TOL YOPOKTINPO KoL TNV EVEPYOTOINGN kavoTHTOV 1 embBécewv. Ta dedouéva
avtd enelepydlovtal and tov eEumnpetn o€ kdbe tick, o omoiog Ta cuvovALeL pe v
TPONYOVLEVN KATAGTACT) TOV TTOLYVIOL00, TPOKELUEVOL VOL DVITOAOYIGEL TN VEN KOTAGTOGN
TOV OVIOTHTOV. Mg Tov Tpdmo avTd StocPaAileTor OTL OAEC OL EVEPYELEC TOV TOUKTOV
eQopUOOVTaL L€ CUVEM KOl GLYYPOVICUEVO TPOTO GE OAOLG TOLG GLVOESEUEVOLG
neldteg (clients).

O 6pog tick avagépetor og évav otabepd KOKAO eKTéEAEONC TOV €&uTNPETNTA,
KOTO TOV ONOi0 EVNUEPDVETOL 1 KOTAGTACN TOL moyvidov. Xe Kabe tick, o
eCumpemtng emeCepydletor TIG EVEPYELES TAOV TOIKT®OV, EAEYXEL GLYKPOVGELS,
vroAoyilet {nuég Ko EVUEPDVEL TNV KATAGTAGT OA®V TOV OVIOTHT®V TOV TOLYVIOLOV.

Metd v olokAnpwon Kabe tick, n evnuep®UEVT] KOTACTOOT OTOGTEALETOL
oToVC ouvvoedepuévoug meAdtes. H dwadikacioo avt emavaiouPdvetor cuveymg,
EMTPEMOVTOAG TN GLYYPOVICUEVT] KO OHOAN €EEMEN TOL TOYVIO0D CE TPAYUATIKO
YPOVO.
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4.3.1.1 Xdvdeon

Ot maikteg cvvoéovial 610 Tatyvidl HEG® TOL HEVOD, OPOV TPOTYOLUEVMG
dMUovVPYNGOVY €va YeLdMVLUO Kol EMAEEOVY TNV KAGGT TOL YopaKTipa tovs. Ta
otoyEio avtd, o€ ocvvdLAcUO HE VoV HOVOOIKO OvVOyVOPLSTIKO aplBud mov
dnuovpyeitor avtodpaT PE T cLVIEST), amodnkebovtal oe Pdomn dedoUEVAOV, LLE GKOTO
TNV KOTOYpOoPt] Kot S1aTpnon g Tpooddov Tov TaiKT 61O oy viot.

Katd ™ dwdwascio cdvdeone, o eEumnpetng emoindedel ta dcdopEVIL TOV
oikTn HEG® NG Pdong dedopévav kot dnpovpyel TV avtictotyn oviotnTa EVIOg TOV
TOLYVIOL0V, EVA GE TEPITTOON U £YKVPOV GTOLXEIWV 1] GUVOEST] ATOPPINTETAL.

210 oy viol 0V VILAPYEL TEPLOPIGLOG GTOV OPIOLO TV TALKTMV TOL UTOPOLV VoL
ovppetéyovy. Kdébe maiktng mov mpaypoatomolel 6Ovoeon yivetol amodektodg omd Tov
eEumnpetnTn (server) Kot tomobeteiton 0TV TPAOTY TEPLOYN TOV YAPTN. L& TEPITTMOON
OmOGUVOEONG EVOC TTOUKTT, O YOPOUKTNPOS TOV TOPOUUEVEL EVEPYOS Y10, LUKPO YPOVIKO
Lo TNUO, OGTE VO VOl SLVATNH 1) EMAVOCVVOEST TOV. AV 0 TOUKTNG EMOTPEYEL LETA
ond UEYOADTEPO YPOVIKO OLUGTNUO, O YOPOKTNPOS TOL EUQOVICETAL €K VEOVL GTNV
aeetnpio, ePOGOV TO TOLYVIOL TAPAUEVEL EVEPYO Kal OV £xel OAoKANPmOEL, ywpic va
YOGEL TO OAVTIKEILEVE KO TOV YPVGO OV £ixe TPV arocLVOEDEL.

O maiktng propet va cuvdebet Eavdl, avolyovtog mdAl To oy viol Kot emAEYOVTOG
EMOVOGHVOEDT], KOOMOC 0 eEumnpeTTNS O TOL divel avTn TNV ETAOYT.

4.3.1.2 Apyikomoinon KaTooTdoE®mv

Ot maikteg EeKvouy pe oTdYO0 TN LETAPOOT) TNV EMOUEVT TEPLOYN TOV YAPTY KOl
&yovv o1 O1Beon Tovg HOVo TN POCIKT KOVOTNTO TOL YapoKTpa Tovg. Katd v
évapén Tov oy vidlo, ot ToUKTEG 0eV O1BETOVY EMTALOV OVTIKEIIEVA 1] TOPOVG, KAOMDG
Eexvov yopic xpvood katl yopig dwpedv eEomhond. H katdotaon {ong tov maiktn
angwkovileton pécm pmapag (ong, N omoia katd v évapén Ppicketar oto 100%. Ze
nepintwon mov o maiktng dexBel nuid omd exBpd, N Tun g LoNg petdveTan avaioya
pe ) {nuid mov oéyetal. 'Evag maiktng Oewpeiton vekpoc otav 1 (o1 Tov ¢Tdoel 610
0%.

Ot gyBpol tomobetovvtar oe mpokabopiopéva onueion TG TEPLOYNG, TO Omoin
éxovv emiong opiotel 6to object layer tov yaptn. Otav o1 maikteg Tpoceyyicovv ToVg
exfpovg oe ocvykekpiuévn omdotacn, ®ote va €l6EABOVY 6TO OTMTIKO TOLG TEdiO,
EVEPYOTOLELTOL 1) EMOETIKN cLUTEPLPOPA TV xOpmV Kot Eexva n pdyn. O exBpoi
dbétovv emiong kotdotaon (ong, n omoia apyikd Bpioketot oto 100% Ko peldveTon
otav ogxBovv {nuid amd tovg maiktec. 'Evac ex0pog mebaiverl 6tav 1 (o1 Tov gtdoel 6To
0%.

To moyvidt meprapPavel ¥povOUETPO, TO OTOI0 EMTPEMEL GTOVG TAUKTES VoL
TapaKoAovBoHV T cLVOMKT SLAPKELD EVAGYOANONG TOVS, KAOMOS Kol TOV YpOdVo TOv
amorteitonr yioo T perafaon omd  plo mepoyn otnv aAAn. To ypovouetpo
EVEPYOTOLELTOL LE TN GOVOEST] TOL TPMTOL TOUKTN GTO Ty VioL.
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H xatdotaon tov moryviowon petafdrietor Otav OAOlL Ol gvePYOl TOAKTEG
nebdvoov 1M amocvvoebolv, 1 Otav @TACOVV OTNV  TEAELTOMO TEPLOYN KoL
eEO0VOETEPOGOVY TOV TEMKO €xOp0. Xe OAEG OVTEC TIG TMEPIMTMOOELS TO TOLYViIdL
oAOKANpOVETOL KOt 0 eEumnpeTnTrg TEPUOTICEL TN AEtTOVPYia TOV.

4.3.1.3 AWdypoppo KoTasTacE®MV ESVTNPETNTI

To dudypappo KATAGTAGEMY TOV EEVTNPETNTN OEIKOVILEL TN pon Kot T1G PaCTKEG
KOTOOTACELS TOL TOLYVIO00 OT®¢ avTég dtayelpilovtal otov eELINPETNTH, A0 TNV
évapén tov oy vidod Emg tov tepuatiopd tov. Ilapovoidlet tic petafdosig petald
TEPLOYDV, HOYADV, OVTOUOPOV Kol cLVONKOV Vikng 1 MTTaG, OmOTLTMOVOVTOS TN
GUVOAIKT] AOY1KY| AEITOVPYIAG TOV oy VIS0V GE EMIMEOO EELTNPETNTY.

Mepiogr

ExBpoi Qdvarog Tenog Naigwdiol

, Kepdigpévo Maoigyidn
Efdviwam

ExTrAfpwan

Efdvrwon Boss

4.3.2 TIerhatnc (Client)

O mehdrng ivar vIELOLVOC YOl TN YPAPIKY OTEIKOVICT TOV TOLYVIOLOD KoL TNV
aAAnAenidpacn Tov ToikTn pE TO TMEPPAALOV HECH TOL YPAPIKOV TEPPAALOVTOC
ypnot (User Interface - Ul). Zvykekpyéva, o meAdg AopPAavel Tig eVUEPDOELS
KATAOTOONG amd ToV eELMNPETNTH Kot TPOPAAAEL TO AVTICTOLYO YPOUPIKA, KIVOULEVQ
Ypapikd (animations) Kot 6Totyeio SIETAPTG GTOV TOUKTN.

4.3.2.1 T'pa@wko tepifpariov yp1otn Kol pnyavicpoi gameplay

IMa kdBe maiktn epgoavifetoar oto Ul umapa Cong kot pumdpo VEPYELS, Ol 001G
KAt TV apyonoinon Ppiokovtatl 6to 100%. H undpa {ong petdvetat 0tay o moiktng
déxeton Cnuid amd £x0povC, EVO N UTAPO EVEPYELOG LELDVETOL LE TN YPNON IKAVOTHTOV.
H evépyela amarteiton yio v evepyomoinon 1060 TV arAdV 0G0 Kol TNG VIEPTOTNG
KOVOTNTAG TOV OPOKTTPAL.
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H dwyeipion g evépyelog amoteAel Pacukcd otoryeio tov gameplay, kabmg o
aikTng opeilel va meplopilel T xpnon TOV OTADV KOVOTHTOV, OGTE Vo SLoBETEL
EMOPKT] EVEPYELD YO TNV EVEPYOMOINGOM TNG VAEPTATNG KAVOTNTOG OTOV OVTN €ivor
dwbéoun. H evépyela avoaminpdvetor oTadOKE HE HNYOVIGUO  OVOTAP®ONG
(regeneration), €m¢ 10 péyoto Opo tov 100%, avrtictoyo pe TOV TPOTO TOL
avamAnpaveTal Kot 1 (o1 Tov YopaKTPd.

Emniéov, ka0e 1kavotta d1abétel xpovo enavapdptiong (cooldown), o omoiog
ancwovileton oto UL Ot maikteg xoiovvion va dwoyepilovtal Kot Tovg yYpovoug
EMOVOPOPTIONG, MOTE Ol 1KAVOTNTEG Vo glvar O00ECIIEG O TEPIMTMOELS AVENUEVNC
£vtaong, OTmG KATA TNV AVTILETOTION TOAAATADV £XOpDOV.

To ypapikd mepaiiov mepthapufavel exiong cvotnpa arobépatog (inventory),
T0 0TOl0 O ToiKTNG Umopel va avoiEel katd T dtdpKeEln TOV oy vidlov. Méow Tov
inventory, o moiktng €xelt TN ovvatoOtNTa Vo TPOocHETtel aviikeipnevo dVVOLIKA,
ayopalovtag Tol e TO YPLGO OV £XEL AMOKTNGEL KOTA TNV TPOOSO TOL GTO ToLYViol.

[TapdAAnia, vAomoOnke GVGTN O KAUEPAC, TO OTTO10 aKOAOVOEL TOV TaiKTN Ko
Tov dlatnpel oto k€vipo g 006vneg. H kduepa evnuepdver t Béon g pe Pdon ™
B£om Tov YapaKTPA KoL TIG SLUGTAGELS TOV TTapafHPoL TOL TTatyvidlov, eEacpaiilovtog
OUOAT TapakoAoVLONGN NG Kivnong Tov Taiktn Tpog OAES TI1G KatevhuvoelC.

4.3.2.2 Opoiomoinon Kivong Kot 6uyypovicos OVTOTHTOV

[Tépa. amd TV AMEWKOVION TOV YPOPIKOV KOl TOL YPOUPIKOL TEPPAAALOVTOG
YPNOTN, O TEAATNG ivar LTTEVOVVOG Y1, TNV OUOAT KOl PEAAGTIKT OOS00T) TG KIVIONG
TOV OVIOTT®V ©T0 moyvidl. [ tov okomd oavutd, LAOTOLOVVTOL UNYOVIGUOL
Ta&IvOUN oG, GLYYPOVIGHOD Kot eE0HAALVONG TNG KIVIONC TOV YOPOKTNPOV.

4.3.2.2.1 An6d0o1 BaOovs Kol 6®MGTI ETKALVYT] OVTOTITOV

JUyKeEKPIEVO, 0 TEAATNG €@apuolel ovvoukn tagvounon (sorting) Twv
Yopokpov pe Paomn tn 0Eon T0Vg 6TOV KATAKOPLPO AEOVA, MGTE Ol YOPAUKTIPES VO
eppavifovial cmotd UTpocstd 1 micw and otoryeio Tov TePPdALlovtog, dmwg Toiyoug M
eumodo. H teyvikn avtn emrpémetl Ty ontikd opOn anetkovion g Kivnong Tov moiktn
nicw omd avikeipeva pe collision, evioyvoviag v aicOnon Pabovg ToL
nepPdArovToc.
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4.3.2.2.2 Ene€epyaocio kataotaong amwo Tov EunnpetnTi

O mehdtng AopPavel 6€ TOKTA YPOVIKE OLOGTILOTO TV EVILEPMOUEVT] KATAGTOOT)
TOV TOLVIOWOL amtd Tov €EuAMPETNTN KOl OOTNPEL TOMIKA TIC 7O TPOCPOTEG
TAnpoopieg BEong kar xpovov yia KaOe ovtotnta. Me 1OV TPOTO QLTO, EVIILEPDVOVTOL
Ol YOPAKTNPES TOUKTOV Kal exOpdV, kabng kol otoryeio Tov Ul, dnwg to ypovouetpo
TOV TTOLYVIOLOV.

4.3.2.2.3 Opadomoinon kivnong (interpolation & extrapolation)

o v amogpuyn oamndtopwv peTafordv otn B€omn TtV YOPOKTHPOV AOY®
KaBvotepnoe®V SIKTOHOV, 0 TEAATNG EPapPOLEL TEXVIKES TapePoANg (interpolation) Ko
poPreyng (extrapolation). H kivnom tov yapaxtipwv vroroyileton fdoet Tmv 600 mo
TPOGPATMOV KATOGTACEDV TOV ATOGTEAAOVTOL ad Tov e&umnpetntn, eEaceaiilovtog
opaAn petdPoom PeTalh S0 KOV BEGEMV KOl GUVETY| OMEIKOVICT GE TPOYUOUTIKO
YPOVO.

4.3.2.2.4 Xuyypoviopog kiviong pe animations

[MoapdAinia, m xotedbBvvon kot 1 Kotdotaon Kivnong kdbe yopoktipo
vroAoyilovtat tomkd amd Tov TeAdTn, pe Baon ™ petafoAn g 0éong tov. Avaroya
LE TO OV O YOPOKTNPOG KIVEITOL 1] TAPAUEVEL OKIVITOC, EVEPYOTOLOVVTAL TO, OVTIGTOLY N
animations, 010.c(QAAILOVTOG OTL 1] OTTIKT AVATAPAGTACT TNG Kivnong copPadilet pe
AOYIKN KATAGTAGT] TOV TOLYVIOLOV.

4.4 Xovoyn

210 TAPOV KEPAAOLO TOPOVGLAGTNKE OVOALTIKA 1) VAOTOINGN TOL YNOLOKOD
TOLYVIO00 OV OVOTTTOYONKE 6TO TANICLO TG TOPOVGOG TTLYLOKNG EPYACiOC. APYLKA,
TEPLYPAPTKE T DAOTOINGT TOV YPOPIKOV TOV TTALYVIO00, HE EUPACT] TN dNovpyia
oV ¥apTN péow tov gpyareiov Tiled, tn doun tev emmédwv (layers), Kabdg Kot TV
EVOOUATOOT TOV YPOPIK®OV OTOolEimV Tov TEPPAALOVTOS KOl TOV YOPAUKTIPOV.
[Tapovoidotnke emiong o TPOTOG VAOTOINONC TOL YOPAKTHPO TOV TOIKTN KOl TOV
avtiotoy v animations, To 0moio. GUUPAAAOVLY GTNV OHOAN KOl PEQAMOGTIKY] OTTIKN
OTEKOVIOT TG KIVNONG KOl TOV EVEPYELDV TOV.

EmumAéov, mapovcldotnke ovoALTIKG 1 VAOTOINGN TOV YOPOKTNPOV TOV
TOKTAOV KOl TOV €X0pdV, He EUOAON OTIS KATOOTAGES Kivong Kol 6Ta ovTicTotyo
animations, Om®G Ol KOATOOGTACELS OOPAVELNS, TMEPTATNUOTOS, TPOVUATIGUOD Kot
Bavatov. ITapdAinia, avarbOnKay ot unyovicpol GVYKPOLGTG TOV OVIOTHTMV UE T
eUTHOLOL TOL YAPTY), KOOMDE Kol Ol GVYKPOVGELS UETAED TAKTMV Kot €x0pmv, hote va,
Stc@ariletar n opBn aAnAemidopact tovg péca oto TEPPAAAOV TOL TALYVIOLOV.
Téhoc, mapovcidomkov ot Pacikol unyaviopoi péyng, mov mTEPIAAUPAVOLY  TIC
eMOEGELS TOV TAKTOV Kol TV €(0pdV, Tov vroloyioud g (nudg, tnv evepyonoinon
TOV KOTAGTACEDV TPOVUATIGHOD Kot Bavdtov, kabdg Kot T GUVOAIKY] GUUTEPLPOPH
TOV XOPIKOV OVIOTTOV KATA TNV Katadimén kot tnyv enibeon.
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X ovvéyela, avaivdnkay ot facukol unyavicpoi gameplay, pe avagopd ot
GUVOAIKT] POT] TOL TTOLYVIOL0V, T1] GUVEPYOGiO HETAED TOV TOIKTMOV, TN JtoEiplon g
eEEMENG Ko T1g cuVONKeG oAoKAN PSS ToV. [TapdAAnia, TOPOVGIAGTNKE 1| SIKTVOKT)
OPYLTEKTOVIKT] TOL TOLYVIO00, avadEIKVOOVTOS TOV POAO TOL €ELANPETNTH] OTN
dtayeipton g AOYIKNG KOl GTOV GLYYPOVIGUO TOV TOKT®OV, KOOMOS Kol TOV pOAO TOV
TEAATT] OTY| YPOPIKT] OTEWKOVIOT, TN dlayEipton Tov Ypapikol meptPdAiovtog xpnot
KOl TNV OLOAOTTOINo™ NG Kivnomg HECH TEXVIKADOV GUYYPOVIGLOV.

Me tov 1pomO 0vTd, TO KEPAAOO OVEDEIEE MG O GLVOLOGUOS YPOUPIKAV,
unyavicpmv gameplay kKot apyttektovikng client-server 001 ynce 6tnv LAOTOINGN EVOG
AEITOLPYIKOD KOl GLVEPYOTIKOD YNPLOKOU ToyVIOL00 GE TPOYLATIKO XPOVO.
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Kegpalaro 5: ACroAdynon

210 Ke@AANI0 0VTO TapoLGLdleTan 1 ASlOAOYN O™ TG ATOIOCNG TOV TULY VIS0V
oV avorTOHYONKE. TKOmOG TG aloAdynong ivar n diepehivnom TG CLUTEPLPOPAS TNG
EQUPLOYNG OE OLOPOPETIKEG GLVONKES EKTEAEONG, LE EUPOCT OTN 6TOBEPOTNTA TOL
pLOLOY avavémong otov client Kot 6Tov YpoOvo eneEepyaciag TS AOYIKNG TOL ToLy VIS0
otov server. Agdopévov OtL M gpapuoyn axorovBel apyitektovikn client-server, m
amddoon dev €£0pTATAL LOVO OO TNV OMEIKOVICT] TOV YPOPIKAOV, OAANL KOl amd TNV
wovotnTa tov server vo eneCepydletor €yKopo TNV Kiviion TOV TOUKTOV, 1N
CLUTEPLPOPA TV €XOpdV, TIC GLYKPOVCELS Kou TG emBécels. o tov Adyo avtd
ypnopomomonKay peTpikég Omme ta kapé avd dsvteporento (Frames Per Second —
FPS), o pnécog ko péyiotog ypovog frame otov client, Kabm¢ Kot 0 HEGOG Ko HEYIGTOG
1povog tick otov server. Ta FPS delyvouv ndéca kapé mpofarlovtar amd tov client péoa
o€ £Vl OEVTEPOAETTO KOl ATOTEAOVV POGIKT EVOEIEN TN OLOAOTNTAG TG ATEIKOVIOTC.
O ypovog frame, petpnuévoc o milliseconds, ekppdlel Tov ypoévo mov yperdletal o
client ylo va emeéepyaotel Kol va, eLQOVIGEL €va KopE TOL Ty vidolov. Avtictolyd, o
1pOVOG tick Tov server dgiyvel OGO yPOVO YPELALETOL O SErver Yyl Vo EKTEAEGEL Evay
KOKAO EVIUEPMOGNG TNG AOYIKTG TOV TToLVIOLOV.

[Ma v epunveia TV pETPGE®VY TOL server ypnoioromonkKe g Pacikd épto o
xpOvog Tov 20 ms avd tick. To 6p1o avtd mpoxvTTEL OO TN PVOUGT] TOV GLGTHUOTOG,
kaBmg o server Asttovpyel pe TICK DT = 0.02 dgvteporenta, dOniadn pe otodyo T1g 50
EVNUEPMOELC AV OEVTEPOLETTO. Ze TTayvidla TparyLaTikov ypovov, onwg 1o MMORPG
7oL avamtvuyOnke, elval onpovtiko o server va umopel va eneEepydletal tnv kivion tov
TOLKTOV, TN GLUTEPLPOPE TV €XOpdV, TIC GLYKPOVGELS KOl TIG EMOECELS LEG GTO
dwbéaipo ypoviko draotnua kdbe tick. Otav o pésog ypdvog emeEepyaciog mapapévet
Kéto ond to 20 ms, o server uwopei va dtatnpnoel tov emBuuntd pvoud evnuEpmwong.
Avtifeta, 0tav o pécsoc ypovog tick Eemepvd cvoTnuatikd TO Oplo AVTO, LIAPYEL
Kivduvog kaBvoTéPNong oTNV EVNUEP®GY] TNG KATAGTOONG TOV ToLYVIOOV Kot
VOO oNG TG OUAAOTNTOG TS EUTELPIAG TOV ¥PNOTN.

5.1 Apykn aSrohoynon am6o0ong

Xmv apyikn agloddynon mpaypoatomodnke pETPMNON UE EVAV GUVOEOEUEVO
TOAKTY, OOTE Vo €EETAOTEL TPMOTA N POCIKY] GUUTEPIPOPE TG EPOPLOYNG TPV TNV
avénon tov apBpov TV TavTdYpoveOV YPNoT®V. Ot HETPNCELS KATAYPAPOVTIOV 0VA
xpovikd drdotnua 20 devteporéntwv, MGTE KAOE Ypapur TV TVAK®V v Topovctdlet
GLYKEVIPOTIKA OMOTEAEGLOTO Y10l TO OVTIGTOLYO XPOVIKO dtdotnua. Amd v mAgvpd
tov client mopatnpnOnke 6TL 0 H€cOg PLOUOC avaviémong mapéueve kovid ota 60 FPS
OTIC TTEPLOCGOTEPEG TEPLOYES, YEYOVOC TTOV OeiyVeL OTL 1] OTEIKOVIOT) TOV YPOPIKOV NTAV
YEVIKO OLOAY. Q06TOCO, KATOYPAPNKAY OPIOUEVEC LYNAEG TIUEG GTOV UEYIGTO XPOVO
frame, kvpioc kotd ™ petdfoon amd pia meployn oe AGAAN. Ot TIHEC aVTEG dElyvoLV
oTiypuoio. KoOAAMUoTe oty amelkdvion, to omoio mhavotato oyetilovror pe
QOPTMON VEOL YAPTY, OVTIKEWWEVOV Kol sprites. Xe oplopévouvg mivakeg, étav oty
TeEAeVTOLO YpapY epeavileTon aplOnog moktdv icog pe 0, avtd avtiotolyel 6t edon
amoovvoeong Tov client amd Tov server Kotd TV OAOKANP®OOT TG HETPNOTG.

Table 14: Apxikég petprioeilg anddoong client
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, Méoo| EAdyioto M?’:GOQ ,Méytcsrog , , ,
Xpovog (s) FPS FPS xpovoc  ypovog frame| Iaixteg| ExOpoilleproym
frame (ms) (ms)
20.008] 59.57 1.09 17.76 919.27 1 21 firstRegion
40.011| 59.70 1.81 17.20 551.35 1 34 secondRegion
60.012 59.71 53.63 16.75 18.65 1 34 secondRegion
80.017| 59.74 55.13 16.74 18.14 1 34 secondRegion
100.034| 59.66 0.82 17.82 1223.74 1 47thirdRegion
120.035| 59.71 52.62 16.75 19.01 1 47\thirdRegion
141.021] 59.72 0.79 17.80 1272.02 1 79/fourthRegion
161.031| 59.36 48.37 16.86 20.67 1 79 fourthRegion
181.041| 59.27 48.71 16.89 20.53 1 79 fourthRegion
201.041 59.25 48.28 16.89 20.71 1 79 fourthRegion
221.042) 59.34 50.70 16.86 19.72 1 79/fourthRegion
241.056, 59.31 45.82 16.88 21.82 1 79 fourthRegion

Avtifeta, peyalvtepn emPBapuvor mopatnpnOnKe otV TAELPE TOL server. XTig
PYIKES LETPNOELS, OTAV avEUVOTaV 0 apliuog TV exOpdv Kot Wiaitepa dtav moAAol
amd OTOVG EVEPYOTOLOVGOV TAVTOYPOVO, TN CUUTEPLPOPE KaTadImENGS, 0 HEGOG XPOVOG
enelepyaociog tick av&avotoav onpaviikd. [laporo mov oTIC TPDOTEC UETPNOELS O LEGOG
xPOVOG tick mapépeve Kato amd to dpto Twv 20 ms, ot GVVEXELD £QTOCE Ta 25.672 ms,
evd 0 péylotog ypovog tick éptace ta 45.251 ms. Agdopévov OTL T0 cVOTNUO ElYE
optotel va Aettovpyei pe TICK DT = 0.02 devteporenta, oniodn pe emBountd
dtaotnua evnuépwong 20 ms kot otdyo ta S0 ticks avd dgvTEPOLENTO, O1 TIUEG OVTEG
delyvouv OtL 0 server dev mpordapoatve TAVTO VO OAOKANPMOGCEL TV emeepyacio Tng
AOYIKNC TOL oy VIO00 HEGH GTOV TTPOPAETOUEVO XpOVO. AvTO UTopovGE Vo EMNPECCEL
™V OpoAdTNTO TNG KIvong Kol T GUVOAIKT aicBnom Tov mouyvidlov, yeYovog mov
KOTEGTNOE OMOPOLTNT TNV €QOPUOYT PEATIOTOTOMNGE®Y OTNV €meCepyncio mTOv
TPOYLOTOTOLEITOL GTNV TAEVPA TOV Server.

Table 15: ApxLKEG PeTprioeLg anddoaong server

Xpodvog (s)|Méoog ypdvog tick (ms)| Méyiotog ypovog tick (ms)| [Maikteg| ExOpoti
31.054 5.413 11.740 1 181
62.523 8.024 12.577 1 181
95.938 9.751 15.312 1 181

127.206 8.336 14.991 1 181
165.510 12.048 22.302 1 181
218.403 25.672 45.251 1 181

H Boacum attia g emPapovong eviomiomnke otov TpOTO EVNUEPMONG TMOV
exfpav. Apyikd, o server eneEepyalodtav dGAovg Toug exBpovg oe ke tick, aveEaptnta
amo TNV mEPLOYN TNV omoia Ppickoviav 1 and To v LAPYE TIKTNG KOVTE TOVS. AVTO
elye oG omoTéAEGHO VO EKTEAODVTAL CULVEX(DG EAEYYXOl OMOGTAONG, GLYKPOLGELS,
eMOEGELS KO EVILEPDGELS KOTAGTAOTG Yo LEYAAO aplBuod exfpav. ['a tov Adyo avtd
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KpiOnke amapaitntn 1 epappoyn Pertictonomocewv, MGTE 0 server vo, enesepydleTan
puovo toug gxfpovg mov Ppiokoviar ce gvepyég meEPLOYES, dNANOY GE TTEPLOYES OTOV
VILAPYEL TOVAAYLOTOV VOGS TOIKTNG, Kot vo PEWOEl 1 cuyvoTNTa. EVNUEP®ONG TNG
AOYUKNG TOV €XOpDV Y®PIG Vo ETNPEACTEL GNUAVTIKE 1] EUTTELPIR TOL YPNOTT.

5.2 Bektiotomou)oeig amod001g

Me Bdaon 1o anoteléopata e apykng agloAdynong, kpibnke amopaitntn n
epapuoy” PeAticTonomaoemv Kupimg otV TAEVPE TOL server, Kawg exel evtomioTnke
N peyodvtepn emPdapovon. H mpot Peitiotomoinon mov €Qappoctnke MTov 0
TEPLOPICUOC NG emeCepyaciog Tov ex0pmdv UOVO OTIC evepyég meployés. g evepyn
neployn Bewpeitanr o meproyn oty omoio Ppioketor TOLAQYIGTOV €vag (®OVTOVOC
naiktnc. Me avtdv tov tpdmo, ot €xBpoi mov Ppickoviat e meEPLOYES YWPiG TaiKTES OEV
EVNLEPDVOVTOL TPOGMPLVE OO TOV SErver, LEWMVOVTOS TOV aplOpd TV VTOAOYIGUOV
mov ekteAovvTon o€ KdaOe tick. H aAloyn avt) Mrav onuovtiky, kabmdc 1o moryviol
nepiapPdvel ToAloOg €xBpos cuVOAIKd, aALL e KdBe ypovikn oTiyun o moiking
OAANAETTIOPE LOVO e TOVS £XOPOVG TNG TPEYOLGOG TEPLOYNG TOV.

5.2.1 llpot Pertiotomoinon: Eneepyacia ex0pdv povo oe evepyéc meproyés

Table 16: Metproelg client petd ano tnv npwtn Pertictomoinon

. . . Méoo Méyioto

Xp ov((; ; M;gg E?»axt;;g xp()voz xp()vogyframg [Maiktec| ExOpot Ileproym
frame (ms) (ms)

20.008| 59.50 1.14 17.73 881.02 1 21 firstRegion
40.014| 59.65 1.81 17.22 553.76 1 34/secondRegion
60.016| 59.70 54.36 16.75 18.40 1 34/secondRegion
80.017| 59.71 0.82 17.81 1224.05 1 47/thirdRegion
100.019 59.70 53.76 16.75 18.60 1 47/thirdRegion
120.020| 59.71 52.85 16.75 18.92 1 47/thirdRegion
140.026| 59.48 0.78 17.94 1287.01 1 79/fourthRegion
160.034| 59.23 47.62 16.90 21.00 1 79/fourthRegion
180.035 59.16 47.81 16.92 20.92 1 79/fourthRegion
200.041 59.37 50.99 16.85 19.61 1 79/fourthRegion
220.053| 59.18 48.94 16.92 20.43 1 79/fourthRegion
240.056| 59.29 50.80 16.88 19.69 1 79/fourthRegion
260.067| 59.04 49.21 16.96 20.32 1 79/fourthRegion
280.082| 59.08 45.44 16.95 22.01 1 79/fourthRegion
300.096| 59.30 15.98 16.90 62.57 1 79/fourthRegion
320.109| 59.14 42.87 16.93 23.33 1 79/fourthRegion

Amé Tig petpnoelg tov client petd v mpotn Pedtictomoinon mopatnpeitan 6Tt
N anddoomn moapépueve ota oo mepinov emineda pe v apykn aglordynon. O pécog
pLOLOG avavémong e€axolovdnoe va Bpioketon kovtd ota 59 FPS, evd o pécog ypdvog
frame moapépeve mepimov ota 16.75-17.94 ms. O1 vynAég TIpég oTOV PEYIOTO YPOHVO
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frame gpaviCovrot Kot TdAL Kupiog Katd TG HETAPACELS LETOED TEPLOYDV, OTMC ELYE
napatnpnOel ko oy apywn agloddynon. Eropévmg, n tpot Peitictonoinon dev
EMMPEACE APVNTIKA TNV OPLAAOTNTA TNG OMEKOVIONG 6TOV client, evd 1 KOplo enidpaoT)
NG OVOLLLEVOTOV GTNV TAELPA TOV SErVer.

Table 17: MetproeLg server Petd amo tnv mpwtn PeAtictonoinon

Xpdvog (s)] Méoog ypovog tick (ms)| Méyiotog ypovog tick (ms)| I[Maikteg| ExOpoti
31.057 1.340 2.104 0 181
62.056 2.606 7.328 1 181
93.384 5.731 14.422 1 181

127.251 8.340 14.839 1 181
158.559 7.805 13.457 1 181
192.403 9.013 19.568 1 181
237.486 16.033 28.740 1 181
279.577 13.342 26.470 1 181
324.702 15.339 27.197 1 181
367.608 14.342 36.008 0 181

ATO TIG HETPNOELS TOV Server UETA TNV TpaTn PeAtictonoinon @aiveton Ot
vpée Pedtioon o oyxéomn pe v apykn Katdotaor. O pésoc ypdvog emeCepyasiog
tick oti¢ mEPLoCOTEPEG PETPNOELS TOPEUEIVE KAT® amd TO Opto TV 20 ms, eV 6TV
apywn a&torldynon elye gtdoetl Ta 25.672 ms. Q6t060, G€ 0pIGUEVA oNUeia O HEGOG
1pOvog tick avénonke, ptavovtag ta 16.033 ms, evod o péyiotog xpdvog tick Eptace ta
36.008 ms. Avtd delyvel 0TL 0 TEPLOPIGUOG NG enesepyaciog TV exOpdV oTIg EVEPYES
TEPLOYEC LelmTE TOV POPTO TOV server, dAAQ OV eEAAEYE TANP®G T GTLYLLOi0 QopTio
mov eppavitovtor Otav vmapyovv ToOAAol evepyoi gxBpoi 1 Otav  ekTEAOVVTOL
TAVTOYPOVO OPKETOL EAEYYOL TEXVITNG VONUOCVVIG, GUYKPOVGEWMV Kol EMOECEWMV.

5.2.2 Agvtepn BertioTomoinon: Meimon coyvotntog evpuépmong ex0pav

Emniéov, peiwbnke n cuyvotnta evnuépmons tov ex0pmv. Apykd, n Aoyikn
TV exfpov ektelobvtay e kdbe server tick, OnAaon kébe 0.02 devteporenta. Metd
1 BEATIGTOTOINGN, 1] EVIUEP®OT TPAYLLOTOTOLEITOL OVEL LEYAADTEPO YPOVIKO SLAGTN LA,
ovykekppéva kébe 0.04 devtepdrenta, dote va pelmbel o pdptog Tov server. [ va
unv  pewBel m mpoypatikn  toyvTNTo  Kiviiong tov  gxfpdv, M petakivnon
TPOCAPUOCTNKE e PAOT TO YPOVIKO SAGTNUO TOV EYEL TEPACEL OO TNV TPOTYOVLEVT|
evnuépmon. 'Etot, ot gybpol datnpovv v 1010, GLVOMKN TOYDTNTO, EVM O Server
exteLel MyOTEPOVC VTTOAOYIGUOVE OVE OEVTEPOLETTO.

Table 18: Metpnoelg client petd amno tn devtepn PeiticTonoinon

Xpovog| Méco| Erdyoto M‘c:csog . Meyotog , p ,
s) EPS EPS xpovoc  ypovog frame| [Maikteg EyxBpoilleproym
frame (ms) (ms)
20.002] 59.55 1.03 17.85 968.22 1 21/firstRegion
40.014) 59.67 1.82 17.21 550.63 1 34/secondRegion
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, . . Méco Méyioto
Xpovog Méco  Ehdyioto xpévoé xp(’)vogyframg [Maixkteg| ExBpoiIleproym
() FPS FPS frame (ms) (ms)

60.025] 59.68 54.35 16.76 18.40 1 34 secondRegion

80.026| 59.65 0.82 17.83 1219.91 1 47thirdRegion
100.026/ 59.66 52.81 16.76 18.94 1 47thirdRegion
120.038 59.72 54.69 16.75 18.29 1 47\thirdRegion
140.039] 59.56 0.78 17.92 1288.96 1 79 fourthRegion
160.054| 59.43 17.18 16.86 58.21 1 79 fourthRegion
180.070, 58.99 37.09 16.99 26.96 1 79 fourthRegion

Ao Tic petpnoeic tov client petd T pelmom TG GLYVOTNTOS EVUEPMOONS TOV
exOpov mapatnpeitar 0Tt | anddoon moapépeve otabepn) Kot ota idla TEpimov enimeda
He Tig mponyovpeveg petpnoelc. O péoog puOudg avavémong datnpndnke kovid oto
59 FPS, evd o pécog ypovog frame mapépeve mepimov ota 16.75-17.92 ms. Ot vyniég
TIWEG oTOV PéYLoTo ypovo frame gppavifovron kot Al Kuplwg KaTd TIG HETARAGELS
HETOED TTEPLOY MV, YEYOVOG TTOV Oelyvel OTL oyeTILOVTOL TEPIGTOTEPO LE TN POPTMCT] VEOL
TEPLEYOUEVOL KOl OYL LE TN GLYVOTNTA EVNUEP®ONG TV £YOpmdV. ETopévmc, n dedtepn
BeAtiotomoinon dgv enmpéace apynTikd TV arddoon tov client.

Table 19: MetproeLg server petd amno tn deVtepn PeiticTonoinon

Xpovog (s) Méoog ypdvog tick (ms) Méyiotog ypdvog tick (ms)| [Taixteg) ExBpoi
30.743 3.037 8.678 1 181
61.763 3.626 11.304 1 181
92.947 4.749 12.385 1 181

124.129 5.515 14.943 1 181
157.185 6.895 18.336 1 181
195.233 10.384 37.937 0 181

AT TG peTpnoelg Tov server PETd T 0evTEPN PeATicTomoinon mapatnpeiton
nepATEP® pelmomn tov pécov ypovov emefepyaciag tick. Te Oleg Tig KaTAYpPAPES O
pécog xpovog tick mapépeve Katw amd to 6pro twv 20 ms, etdvovrag mg to 10.384
ms, eved Tpwy ond TG PeAticTonomoelg iye pracel to 25.672 ms. Avtd delyvel 0TL N
peimwon g cuyvotTnTag EVNUEPMONG TOV EXOPDOV TEPLOPIGE GNUOVTIKA TOV POPTO TOL
server, Kafdg 1 TEYVNTH VONUOGVHVN Kot 1] kKivior Tov exfpdv dev ektelobvtal TAEOV
oe ka0e tick. [Tapora avtd, eppaviletar otrypaio avénomn otov péytoto ypovo tick, pe
Tiun 37.937 ms, 1 onoia deiyvel 0Tt EakolovBovv vo VLA PYoLVY GTIYUIEN POpTiO, YMPIg
OUMG Vo emNPeAleETOL ONUAVTIKA O LEGOG XPOVOG enelepyaciog.

5.2.3 E€opdrvvon kiviong gr0pov otov client
Metd ™ peioon g ovyvotntog evnuépmons tov €xOpdv otov server,

napaTnpnOnKe 6TL N Kivnon Toug PTOPOVGE VO, POIVETAL TTLO SIOKEKOUEVT] GTNV TAELPA
Tov client. Avtd cvvéBatve emeldn ot BEcelc TV exBpdv dev evnuepdVOVTOV TAEOV GE
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k@O server tick, aAld oavd peyoAvtepo ypovikd dSwdotnua. I'to tov Adyo owtd
epappoomke eEopdivvon g kiviong tov exfpav otov client. Xvykekpiuéva, o client
amofnievel 11§ mo npdoPateg BEGE Tov AapPdvel amd Tov server Kot TopeUPAALEL
opaAd v kivnon petad tovg. Me avtdv tov TpOmMO pEwwdveTOl 1 oicOnom
SLOKEKOUUEVN G Kiviong, VD dlatnpeitorl 1 LEIMOT TOV POPTOL GTNV TAELPA TOL SErVer.

> ovvéyel TpaypatonomonKay véeg LETPNGELS AmOOOONG HE OLOPOPETIKO
aplpd ToVTOYPOVAOV TOIKT®V, cLykekpluéva pe 1, 3 kot 5 maiktec. XKomdg TV
HETPNOE®V OVTAOV NTOV VO €EETACTEL OV Ol PEATIGTOTOMNGELS TOV EPUPUOCTNKOV
dTNPoOvV TNV aOS0CT TOV GLGTNUOTOG GE AMOJEKTA emimeda, Oyt Lovo og Pacikd
oevlplo pe €vav TOUKTN, OAAQ KOl GE O OMOLTNTIKO GEVAPLY LE TEPIGCOTEPOVG
ouvoedepévoug clients kot avEnpévo aptBpd evepymv exfpov.

2115 TEAIKEG peTproelg o client dev Tapovsiace oNUAVTIKES O10POPOTOCELS GE
oY£0M UE TIG TPONYOVUEVEC HETPNOELS, KAODG 0 HEGOG pLOUOG avavEDONG TOPEUELVE
kovtd ota 59 FPS kot o péoog ypdvog frame dwotnpndnke mepinov ota 1010 emimeda.
IMa tov Adyo avtd, n teMkn cOykpion £6TIdlEl Kupiwg GTNV TAELPE TOL Server, OTOV
emmpedletal TEPIGGATEPO 1N ATOOOGN OO TOV OPLOUS TOV TOVTOYPOVOV TOIKTMOV KO
TOV EVEPYDOV YOPDOV. XTOVG TEMKOVG TMIVOKEC TOV Server ypnolLonodnke 1 6TNAn
«Evepyol gxBpoi» avti yio Tov cuvolkd aptBud exfpadv, MCTE Vo ATOTVTMOVETAL TTLO
OMOTA O TPOYUOTIKOS POPTOG TOV Server PETA TIG PEATIOTOTOM|GELG.

5.2.3.1 Métpnon pe évav moiktn

Table 20: Metpnoelc server pe €vav Tailktn

Xpovog (s) Méoog ypovog tick (ms) Méyiotoc ypovog tick (ms)| ITaikteg Evepyoi exfpoi
30.760 3.034 9.599 1 20
61.602 3.515 9.530 1 33
92.328 3.741 13.012 1 32

123.138 3.408 9.828 1 29
153.611 3.466 7.319 1 27
184.335 3.308 6.956 1 25
215.188 3.304 5.122 1 45
245.904 3.594 8.005 1 44
276.819 4.328 9.404 1 43
307.803 4.629 8.284 1 43
338.858 4.155 9.784 1 42
369.710 3.786 6.756 1 42
400.797 3.967 8.020 1 40
431.525 4.586 12.855 1 79
462.589 5.607 15.137 1 77
494.343 6.883 14.638 1 76
525.446 5.608 14.912 1 75
558.836 7.013 19.475 1 74
596.800 9.892 21.843 1 73
635.071 9.767 26.291 1 72
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Xpdvog (s) Mécoc ypovog tick (ms) Méyiotog ypdvog tick (ms)| IMaikteg| Evepyol gxfpoi
673.625 10.721 32.788 1 70
711.962 10.269 30.638 1 70
749.483 9.465 29.627 1 69
788.107 10.207 26.746 1 69
826.204 9.662 25.150 1 68
863.423 9.197 25.963 1 0

X p€tpnon pe évav moiktn, o HEcog ypovog enelepyociog tick mapépeve oe
OAeC TIG TEPUTTAOGELS KAT® 0md 10 0p1o TV 20 ms. Akdun Kot 6tav o aplduds TV
evepymv xBpav avéndnke oe mepinov 70-79, o pécog ypdvog tick koudvonke mepimov
and 9 émg 10.7 ms. [Tapoatnpovvion 0piopéves oTIYUIIES OVENCELS GTOV HEYLIGTO YPOVO
tick, pe tpég éwg 32.788 ms, o1 omoiec OPmS deV EMNPEALOVY CNUAVTIKA TOV HEGO YPOVO
enelepyacioc. H tedevtaio ypapur, 6mov ot evepyol gyxbpoi eivar 0, avtiotoryel ot
(AcM amoGVLVIECTC/OAOKANPMOGNC TG LETPTOTG.

5.2.3.2 Métpnon pe Tpeg ToikTeg

Table 21: MetpnoeLg server Pe TPELG TIOUKTEG

Xpovog (s)| Méoog ypdvog tick (ms) Méyiotog ypdvog tick (ms)| ITaixteg Evepyol exfpoi
31.107 2.565 5.036 3 21
62.214 5.442 12.537 3 55
95.133 7.055 18.382 3 68

129.979 8.048 20.771 3 68
166.442 10.155 25.096 3 100
205.461 12.757 31.170 3 100

2 pétpnon UE TPELS TanTOYPOVOLS TTAIKTEC, 0 server dtoyelpiotnke £mg 100
evepyovg eyBpovg, pe tov puéoco yxpodvo tick va etdver ta 12.757 ms. H i oot
Tapopével Kato amd to 6pro Tov 20 ms, yeyovog mov delyvel OTL 0 server dwatnpel
KOVOTTOMTIKY ordO06T aKOUN KOl LE TEPLOTOTEPOLG GLVOEdEUEVOLG clients. QoT1dG0,
o péyiotog ypovog tick éptace to 31.170 ms, deiyvovrog 6tL e&okorovBodv va
eppaviCovrar otrypoio eoptio 0tav avgdvetar onuovtikd o aplBuog Tov evepymv
exOpav.

100



5.2.3.3 Métpnon pe mévte TOIKTEG

Table 22: MetpoeLg server Pe TEVTE TIOUKTEG

Xpovog (s)| Méoog ypovog tick (ms) Méyiotog ypdvocg tick (ms)| [Maikteg Evepyoi exbpoi
31.157 1.493 2.655 0 0
62.403 2.142 4.311 2 21
93.654 4.028 7.531 5 21

125.354 6.624 14.114 5 55
159.039 8.463 21.737 5 55
192.963 8.647 20.622 5 68
230.184 10.546 25.075 5 100
269.357 13.663 33.427 5 100

X pETpNOoN UE TEVTE TOVTOYPOVOVS TOUKTESG TTapaTPEiTOL TEPALTEP® AOENGN
TOV POPTOL GTOV server, Kupimg O6tav ot gvepyoi gxBpoi etdvouv tovg 100. TTapdia
avtd, 0 HEGOg Ypovog enelepyaciog tick mapépeve kdtw and to 0plo twv 20 ms, pe
péyiotn péon tyun 13.663 ms. O péyiotog ypovog tick éptace ta 33.427 ms, yeyovog
7oV dgiyvel oTrypaieg aVENGELS TOL POPTOV, YWPIC OUMG 0 HEGOG XPOVOG enelepyaciog
va Egmepva 10 emBountod 6pro. Ot mpadTeg Ypoppéc, 6mov epeaviovror Mydtepot and
TEVTE TATKTEC, OVTIGTOLYOVV GTN GAcT cvvoeong TV clients mpv ctabeporombel to
GEVAPLO UE S TOAKTEC.

5.3 Lvprepdopoto peTPpRoc®V

Me Bdon to 6p1o twv 20 ms avd tick wov té€0nke yio v aloAdynon tov server,
T TEMKO ATOTEAECLATO KPIVOVTOL IKOVOTTOINTIKA. € OAQ TO, GEVAPLOL SOKIUDV, dNAOOT
pe 1, 3 kai 5 tavtdypovouvg maiktes, o pEcog xpovog emeepyaciag tick mapéueve Kot
amd 10 MBLUNTO OP10. ZVYKEKPIUEVD, GTO GEVAPLO e 1 TTaikTn 0 pécog ypovog EPTace
nepinov ta 10.721 ms, ot0 oevapilo pe 3 maikteg ta 12.757 ms, eved 6t0 GEVAPLO pE S
naiktec o 13.663 ms. Ot Tipég avtég deiyvouv OTL 0 server UTopovGE VoL OAOKANPDVEL
v enegepyasio TG AOYIKNG TOV Toy Voo HECH GTO OUBEGILO XPOVIKO OLAGTNUO TV
20 ms, akoun Kot 0tav o apluog TV evepymv exBpmdv awéavotav £m¢ TePImov TOVG
100.

[Topdro mov GE OPIGUEVES TEPITTOGELS O HEYIGTOG YPpOVOC tick Eemépace Ta 20
ms, 01 WLENGELS AVTES TOV GTIYHLOAES KOt OEV EXNPEACAY TOV HEGO YPOVO EMEEEPYOTTOC.
Av1o onuaivetl 6Tl 0 server evoEyeTal 6€ oplopEVA ticks var d€yeTan LeEYaADTEPO POPTO,
Kupimg Otav LVIAPYoVV ToALOL gvepyol gybpol kot ekteAobvtol TavTdYpOVa EAEYYOL
TEXVITNG VONUOGVVIG, CUYKPOVGEMV Kol emBécemv. QoTdG0, ENELON 0 UECOG XPOVOC
Tapépeve otafepd KAT® omd TO OPlO, 1| GUVOALKY] AELTOVPYioL TOV server Bewpeiton
OLLOAT KO EVTOG TOV OTALTICEMY TOV TOLYVIOLOV.

Enopévac, ol BEATICTOTOMGELS TOV £QPAPUOGTNKOAY KPIVOVTOL ATOTEAECLUATIKES.
O mepropiopog g emeEepyaciag LOVO GTIC EVEPYES TEPLOYES, 1] LEIWOT TNG CLYVOTNTOG
evnuépmong tov exfpav kot 1 eEopdivvon g kivnong otov client Bondncav dote to
oLGTNUA VO JLTNPNOEL IKOVOTTOMTIKY amddoot. Ta amoteléopata deiyvouv OTL 1M
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epappoyn pmopel vo vmootnpifel TOAATAOVG TOVTOYPOVOLG TOIKTEG KOl HEYAAO
aplOpo evepymv xBpav, ympig 0 HEGOS XpOVog eneepyaciog TOv server vo EETEPVA TO
emBounto 6pro Tov 20 ms.

5.4 MeTpka K®OOKa,

Ext6¢ amd v a&toddynon g amdd0omS TOV GUGTNUATOC, TPUYLATOTOONKE
avéAvon NG TMOALTAOKOTNTAG TOV KMOOWKO, UE OTOYO Vo ekTiunbel 1 doun kot m
CLVINPNCILOTNTO TNG EPAPLOYNGS. [l TOV 6KOTO avTO YPNCILOTOMONKE 1) LETPIKT) TNG
KUKAOUOTIKNG TOADTAOKOTNTAG, M omoia. Oglyvel tov aplBud TV SOPOPETIKAOV
dladpoudV ektéleong mov pmopet va akoAovOnoet pia pébodog. Oco peyalvtepn eivan
M TN ™G, T000 Mo cVVBeTN Bewpeitar 1 pon EAEYYOL TOL KOOKA.

Yvvolka avorvOnkav 174 blocks kmoka, onAadn kKAacelg ko pébodot. H péon
KUKA®UOTIKY TOAVTAOKOTNTA TOV £pyov fTav Pabuida A (4.84), Tiun mov avtiototyel
o€ YOUNAN TOAVTAOKOTNTO. AVTO delyvel OTIL, GUVOAIKA, O KMOOIKOG TOPAUEVEL OE
KOVOTIOMTIKO EMTESO MG TPOC TN SOUIKT] TOL TOAVTAOKATNTA.

Table 23: M£Bo&ol pe TV uPNAOTEPN KUKAWUATIKF TIOAUTTAOKOTNTO

Apyelo Mé6odog [TolvmrlokdtnTo Babuida
client.py MyGame.process_server_state 40 E
client.py MyGame.on_update 37E
server.py update_enemy_chase_and_movement 28D
server.py apply_player_attacks 28D
client.py MyGame.on_key_press 25D
dragon_enemy.py|update_dragon 25D
server.py collides_with_walls_aabb 23D
server.py broadcast_state 23D
server.py apply_enemy_attacks 18/C
region.py Region.load_objects 14/C
sprites.py PlayerSprite.update_animation 13/C
sprites.py EnemySprite.update_animation 13/C

OrvymAdTepEG TIHEG TOALVTAOKOTNTAG EppavilovTon Kupiwg ota apyeia client.py
Kol server.py, Omov vAomotovvionr ot Pacwol unyovicpoi tov moyvidov. [
napaderypa, n péBodog process_server state givar vrevbovn ya v enelepyacio g
Katdotaong mov Aaupdvel o client and tov server, evdd n on_update cvvrtovilel v
EVNUEPMOT NG Kivnong, TV animations, TV projectiles kKot g kauepas. Avtiotorya,
oTOV server LYNAOTEPT moAvTAOKOTNTA EpEavileTal oTig HeBOIOVS TOV APOPOVV TNV
TEXVNTN VONUOGHVN TOV EXOp®V, TIG EMBECELS, TIG CLYKPOVGELS KOL TN HETASOOT NG
Kataotaong Ttov moyvidv. Ot Twég avtéc elvor  avapevopeves, kabmg ot
ovyKekpléveg nEBodol TEPIAaUPAVOLY TOAAEG SLOPOPETIKEG TEPIMTMOELS EKTEAECTC
Kol EAEYYOVG POTC.
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Eniong, efetdommrav kot Pacucég petpikés pey€Boug tov kmolKa, Omwg ot
GUVOMKEG YPOAUUES, Ol YPOUUUES TTNYAiov KOOWKA, Ol YPOUUEG GYOMMV Kol Ol KEVEG
ypoppéc. Ot petpucég avtég fonbodv 6Ty AmOTUTOGCT TG EKTACTG TOL £PYOV KoL TNG
tekunpimong mov vapyel pEco otov KMOka. ['a tnv avdivon ypnoponodnke 1o
gpyareio radon raw, 10 omoio voAoyilel TG avtioToryeg THES Yo Ta apyeio Python tov
project.

Table 24: MeTpLKEG YPAUUWY KWK

Metpikn Twyn
Yvvolkég ypaupég (LOC) 5888
Aoyucgg ypappés kadwa (LLOC) 2832
Ipappég myaiov kodka (SLOC) 3847
Ipappég oyoriov 1308
Kevég ypappéc 1231
[Tocootd oyoliwv ent TV CLVOMKOV Ypaupmy | 22%
[To60616 GYoM®Y Ml TOV YPAUUDY KOO0 34%

Amo v avdlvon mpoiékvye OTL TO €pyo omoteAEital CLUVOAIKA amd 5888
YPOUUES, €K TV omoiwv o1 3847 eivar ypapuég myoiov kmdka, ot 1308 ivar ypappég
oyoMov kot ot 1231 elvar kevég ypoaupués. To mocootd GYoMmv el TV GLVOMK®OV
Ypappav tvor 22%, evd 6€ oYE0T LE TIG YPOUUES KOOKA OTAVEL TO 34%. Ot Tipég avTég
delyvouv 0Tt 0 KAOOIKOG TEPIAaUPavel onuavtikd aplBud oyoAiwv, yeyovog mov Bonda
GTNV KATOVONOT KOl GTI GUVINPNGCT] TOL.
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Kepalorwo 6: Xvpmepdopoto Kov  PEALOVTIKES
EMEKTAGELS

H moapovoa mruoyloky| epyacio €lye ®¢ avrikellevo TOV OYESOGUO KOl TNV
aVATTTUEN £VOC SLOOKTLOKOV TTALYVIOOD POA®Y TOALATADY TUUKTOV G€ TEPPAALov 2D.
X10x0¢ G epyaciog Mroav 1M Onpovpyios €vOG AEITOLPYIKOD TOYVIOIOD TUTOV
MMORPG, o6t0 0omoio ot maikteg UmopovV va GUVOEOVTOL GE Evay KOO KOGLO, VOl
EMAEYOLV YOPOKTNPO, VO KIVOOVTOL GE OLOPOPETIKEG TEPLOYES, VA GAANAETIOPOVV LLE
exOpohg Kot Vo GUUUETEXOVY OE LAXEG GE TPAYLATIKO XpOvo. ['a va yivel avutd eQikto,
YPEWICTNKE VO GLVIVAGTOVV OPKETEG OLPOPETIKEG AELTOVPYIEG KO TEYVOAOYIES, OTMG
N OTEWOVION YPAPIKDOV, 1 dloyeipton animations, 1 dNUIOVPYIC YOPTOV, 1 OviyveLON
OLYKPOVGEMV, 0 EAEYYOC TV XOpdV, N emkotvavia client-server Kot 1 GUYYPOVIGUEN
EVNUEPMOT TNG KATAGTACNG TOL Totyviolov. H avdmtuén evog T€T0100 GUGTHUATOS
amoutovoe Oyl LOVO TNV VAOTOINGT TOV ETUEPOVS UNYOVIGUADV, OALL KOl T GOOTY|
OLVEPYOGIOL TOVG, OGTE TO TOYVIolL vo Asttovpyel OpOAd, Yopic OMNUAVTIKEG
KaBVOTEPTGELS KO LLE OMOOEKTY| EUTELPIN VIOl TOV XPNOTH.

6.1 Xvprepdopata

H avantvuén tov moyvidiov amotélece po ovvOetn owadikacio, kab®OC
amoutNONKE 0 GLVIVACUOC TOAADY SLOPOPETIKMOV AEITOVPYLDY GE £VO, EVIOIO CUOTN LA
Koatd ) o1dpketa ¢ epyaciog viomomdnkay unyovicuol yio v Kivnon tov Toktov,
TNV EMAOYT KAAONC YOPOKTPO, TN OLOYEIPIOT OLOPOPETIKDOV TEPLOYDV, TN POPTMOON
YOPTOV, TNV ELGAVION animations, TN CLUTEPIPOPE TV £XOPDV, TIC GLYKPOVGELS Kol
TIC pdyeg o mpaypatikod ypovo. IHapdAinia, dwaitepn onuoacio glye n emkotvovia
petay client ko server, KaBdg o server €mpene vo, dtoyelpiletal TNV KATAGTOCT TOV
TOLYVIOL00 KO VO EVILEPDOVEL TOVG clients e TPOTO GLYYPOVIGUEVO Kol ATOOOTIKO.

‘Eva Bacikd coumépacuo mov mpoékvye ivar 6t o€ £va. multiplayer mwoyviot
TPOYLATIKOD ¥pOVOL 1) art0d00T 0V ££0PTATOL LOVO OO TNV ATEIKOVICT] TOV YPOUPIKMDV
otov client, aAAd Kot amd TV TayHTNTO PE TNV omoia. 0 server pmopel vo enelepyootel
N AOYiKY Tov oy vidwod. H kivion tov moktdv, 1 coureprpopd twv £x0pmv, ot
eMBEGELS KO 01 GLYKPOVGELG TPEMEL VO VITOAOYILOVTOL LEGO GE GUYKEKPLUEVO YPOVIKO
SloTNHO, DOTE TO TOLYVISL Vo TapApEVEL OPOAD KOl AIEGO Yo TOV xpNnoTtn. Ot apyikég
petpnoelg £0e&av 0t o client dtatnpovoe yevikd otafepd pvOUd avavémong, evd M
peyoarvtepn empPdpovon epeoaviiotav otny TAELPE TOL server, Kupimg 0tav av&avotov
0 aplOuog TV evepydv exOpdv.

Méoca amd v afloAdynon g amddoonG EVIOMICTNKAV TO OTNUElD 7OV
TPOKOAOVGOYV TN  UEYOADTEPN emPApuvon Kol €QAPUOCTNKAY  KOTAAANAES
BeAtiotomomoels. O mePlopopnoc ¢ emeEepyaciog TV exfpdV HLOVO OTIC EVEPYEG
MEPLOYEC, M UELON TNG GLYVOTNTOC EVNUEPMONG TNG AOYIKNG TV £X0podv Kol 1
eEondAvvon g kivnong tovg otov client cuvéfoiav oty Pertioon TG GUVOAIKNG
amodoong. Metd Tig adhayég avtég, o pésog ypovog emeCepyaoiag tick tov server
napépeve KAt omd 1o embountd O6po tov 20 ms, akOUn Kol GE CEVAPLO E
TEPLGGOTEPOVG TOUKTEG KOl LEYAAO aplOUd evepydv exOpdv.
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Me PBdon v teMKn HOPEN TNG EQOPUOYNG KOL TO. OMOTEAEGUATO TMOV
LETPNOEWMV, TO AMOTEAECHO KpiveTal tkavoromTikd. Katd t didpkela g avdmroéng
gvtomtiotnkoy Kot otopbobnkav apketd {ntmuata mov apopovcav tn cvvdeon client-
server, TN UETAPOOT LETOED TEPLOYDV, TNV KIVION TOV YOPOKINP®V, TI GLUTEPLPOPA
TOV £XOPOV Kal T GLVOAKT ATOO0GT TOV GVGTNUATOC. Ot AAAAYEG TTOV EPAPUOGTNKOV
cuvéBaiav ot otafepOTEPN AEITOLPYID TOV TOLYVIOOD, EVM Ol TEMKEC LETPTGELS
£0e1Eav OTL 0 server mapEpeve evtog tov embountod opiov twv 20 ms ava tick ota
oevipla doxipuav. Emopévag, 1o moaryviolr pumopel vo Bewpnbel Eva Asttovpyikd ot
amodoTIKO TPMOTOTLTO, TO Omoio KaAvmTel TS Pacikés amaitoelg evog MMORPG
TePPAAALOVTOC Ko pUopet vo amoteAésel fAon Yo TEPUTEP® aAVATTLE).

6.2 MeAAOVTIKEG EMEKTAGELS

To mauyvidt mov avartvyOnke 6to TANIGLO TG TOPOVGAG TTVYLNKNG EPYOGIOG
amotelel £vo AEITOLPYIKO TPMTOTLTO, TO OO0 Umopel va emektabel Tepartépm pe TV
TPocONKN VEOV unyavicpo®v Kot mepleyopevov. Ilapdtt viomombnioav ot Pacukcég
Aertovpyieg evoc 2D MMORPG, Adym ypovik®v TePLopIoU®Y 0gV NTOV OLVITO V.
evoopatmBodv OAeg ot duvatdtNTeEG TOL B PTopoLCAY VA VIAPYOLVV GE £va. TO
odokAnpopévo MMORPG. T tov Adyo avtd, vrdpyovv opkeTe UEAAOVTUKEG
enektdoelg mov Bo umopovoav vo BEATIOGOVY TOGO TOV TPOTO TaLYVIO0D OGO Kol TN
GUVOAIKY| EUmeLpio TOV YPNOTH.

Mia Baocik] HEALOVTIKY €MEKTOOT TOL Totyvidwov o pumopovce va givar o
EUTAOVLTICUOC TOL TEPLEYOUEVOL TOV HE TEPIGGOTEPEC OLOPOPETIKEC KAAGELS
YOPAKTNPOV, £x0povg kot meployés. H mposniknm véwv khdoewv yapoktmpwv Ba £dtve
OTOVC TOUKTEG TEPLOGATEPES EMAOYEG GTOV TPOTO T VIS0V, KaOmG KabBe yopaKTnpag
Bo umopovce va SLoBETEL O1UPOPETIKE GTATIOTIKE, KAVOTNTEG Kol pOAO 6T piyn. Me
ovTOV TOV TPOTO, N eUmeEpio ToOL TaikTn Oo YvoOToV Mo TOWKIAOHOPEN Katl Ba vanpye
HEYOAVTEPO KIVITPO Y10 ELAVOANTTIKO TOLYVIOL.

Emniéov, n mpocOnkm véwv tonmv exBpdv Ba umopodoe va KAVEL TIG PAYES TTLO
evolapépovoeg kot amoutnTikés. Ov véor gxfpoi Ba umopovoav vo dtabétovv
StapopeTiKa potifa kivinong, embéoelc, eminedo SLOKOAING Kl EOIKEC CUUTEPLPOPEC,
®ote 0 moikng vo ypetdletonr vo TPocapuolEL T OTPATNYIKY] TOV OVAAOYO LE TNV
nepintoon. [apdiinia, n dnpovpyia tepiocdTEp®V TTEPLOYDV TTPOS e&epediviion Ba
EMEKTEIVE TOV KOGHLO TOL oty Voo Kot B £5tve T duvatdTnTa yio peyoAdtepn tpdodo
Ko TOIKIALGL 6TO TEPIPAAAOV.

Mo okOun onuavtikn enéktoon o NTov N ewlcaymyr véov amoctolmv. Ot
omootoAéc Bo umopovoav vo TEPIAAUPAVOLY JUPOPETIKODS GTOYOVS, ONMG TNV
eEovtmon ovykekpiuévav exbpov, v efepedhivnon vE®V TEPLOY®V, TN GLAAOYN
OVTIKELEVOV 1) TV OAOKATPMOGT] YEYOVOT®V LEGO GTOV KOGO TOV Totyvidlon. Me tnv
TPOoGONKN amocTOA®Y, 0 Taiktng Oa eixe mo Eekdbapn KatevBLVON Kot TEPIOTOTEPQ,
KivITpa Yo voo cuveyicel TV Tpdodd Tov LECO GTO Ty VioL.

2VUVOMKA, Ol TOPOTAVED ETEKTACELS O LITOPOVCAV VO, EVIGYDGOVV T LLOVTIKE TN
dwapreta. Cmng Kot 1o evolapépov Tov matyvidlov. H mpocshnikn mepiocdtepov kot mo
dtopopomomuévon mepteyopévov Ba éxove Tov KOGHO To TAOLG10, Ba Beltioove TV
eumepia e€epedhivnong kKoaw o €pepve 1O ToyvViolL MO KOVIQ OTN HOPON €VOG
oroxkAnpopévov MMORPG.
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Hopaptipata:

Odonyieg eykaTAGTOONS TOLYVIOLOV

To maryvidt dev mpoamottel Kavéva AoYIGHIKO, OTOTE UTOPEL VO EKTEAECTEL e TO apyElo

CelestialLands.exe.
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Yrevfovn AAoon Zvyypagéa:

Andove pntd ot cupeova pe To apBpo 8 Tov N.1599/1986, | mapodca epyacio amoteAel ATOKAEIGTIKA TPOIOY
TPOCMTIKNG OV EPYACING, eV TPOSPAALEL KAOE LOPENC SIKOLMDLLOTO SLAVONTIKNG WOIOKTNGING, TPOCOTIKOTTOG
KOl TPOCOTIKAOV dEOOUEVOV TPITOV, dev TEPIEYEL £PYA/EICQOPEG TPIT®V Yol ToL Omoid. AOLTEITOL (O TV
OMNUIOVPYDOV/SIKOIOVY®OV KOt dEV EIVOL TPOTOV LEPIKNG 1 OAKNG AVTLYPAPTG, O TYEG O€ TOL YPNCLOTOW KAV
neplopilovtot oTig PIPAOYPUPIKES AVOPOPES KoL LOVOV KO TTA)POVY TOVG KAVOVES TNG EMIGTNLOVIKNG Tapdfeong.
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