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OG0’ exT qOCHIHKEHHS — TIPOIIeC Po3pOoOKH KoMt roTepHoi 2D rpu.

[IpenmeT mocniKeHHs] — CydacHl METO/IM Ta TEXHOJIOT1T pO3pOOKH IrpOBUX
3aCTOCYHKIB.
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nporpamMyBaHHs, MoBa mporpamyBaHHs C++, KoOMOUIITOp g++, TEKCTOBUI
penaktop Notepad++, cucrema OyayBaHHs mporpamu make, 6i6mioteka SDL st
rpadiku Ta animaiii, 0i0moreka Box2d mis ¢izmuHMX cumymsiii, 010g10TeKa
GLM nna marematuyHux omepariiiid, 6i6miotreka SQLite st 30epiraHHs JaHUX,
nepcoHagbHU kKoM toTep 3 nporecopom AMD Ryzen 7 5700U nin ynpapiiHHSIM
omnepartiiinoi cuctemu Microsoft Windows 10, O3V 8I'b.

Pesynwratu. Po3pobneno xomm’roTepHy rpy y kanHpi Tower Defense 3
BHUCOKOSIKICHOIO Tpadikoro, (I3UYHOI0 CUMYJAIIEI0 O00’€KTIB Ta CHCTEMOIO
30epiraHHs JIaHHX.

BucHoBku. byB oTpriMaHuil IHHUI JOCBIJ IOAO0 PO3POOKU KOMIT'FOTEPHOL
I'pH 3 BUKOPUCTAHHSIM MOBH nporpamyBaHHsa C++.

["asty3b BUKOPUCTAHHS — TaJTy3b PO3BAYKAJIBHUX 1TOP, OCBITH Ta JIOCIIIKEHb
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ABSTRACT

Explanatory note to the diploma qualifying work of the bachelor: 226

pages, 5 tables, 50 figures, 2 appendixes, 25 sources.

2D GAME, LIBRARY, DEVELOPMENT ENVIRONMENT, API, C++,
OPENGL, TOWER DEFENSE, Ul.

The object of research is the process of developing a 2D computer game.

The subject of research is modern methods and technologies of game
application development.

The goal of the work is the software implementation of a 2D computer
game in the Tower Defense genre, containing basic mechanics and a simple level
of difficulty.

Materials, methods and tools: object-oriented programming, C++
programming language, g++ compiler, Notepad++ text editor, make program
building system, SDL library for graphics and animation, Box2d library for
physical simulations, GLM library for mathematical operations, SQL.ite library for
data storage, personal computer with an AMD Ryzen 7 5700U processor running
the Microsoft Windows 10 operating system, 8GB of RAM.

The results. A computer game in the genre of Tower Defense with high-
quality graphics, physical simulation of objects and a data storage system has been
developed.

Conclusions. Valuable experience was gained in developing a computer
game using the C++ programming language.

The field of use is the field of entertainment games, education and research

in the field of computer games.
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ITEPEJIIK CKOPOYEHDb TA YMOBHHUX IIO3HAK

API — Application Programming Interface;
GLM — OpenGL Mathematics;

HP — Health Point;

IDE — Integrated Development Environment;
NPC — Non-playable Character;

RAM — Random Access Memory;

SDL — Simple DirectMedia Layer;

TD — Tower Defense;

Ul — User Interface;

b/l — 6a3a naHux.
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BCTYII

Y cydacHOoMy CBiTi 1H(QOpPMALIMHUX TEXHOJOTIN BiACOITPU 3alMaIOTh
ocoOMMBE Miclle cepell POo3BaKAIbHUX (GOpMarTiB, BIAKPHUBAIOUM OE3MEXKHI
MOXKJIMBOCTI JJIi TBOPYOCTI Ta po3BUTKY. OAMH 13 TakuxX MOMYJISPHUX >KaHPIB,
KUl 3700yBae Bce Oinblie mmaHyBajdbHHKIB - 1ie Tower Defense. Lleit >xanp
BIJI3HAYAETHCSA CTPATEriYHUM MIAXOJOM Ta AaKIEHTOM Ha OOOpPOHHY TaKTHUKY,
IPOMOHYIOUM TPABIIM 3aXUIIATH CBOIO 0a3y BiJ XBWJIb BOPOXKHX aTak. BiH He
TIIBKA HAJa€ MOXJIMBICTh KOPHUCTyBadaM HAaCOJIOJUKYBaTHCS TIpolo, ale W
CTUMYJIIO€ iX CTpaTeriyHe MUCJICHHS Ta IJIaHyBaHHS.

Po3pobka koM’ totepHoi rpu y kaHpi Tower Defense Bukiukae ocoOnuBuit
1HTEpec cepell po3poOHMKIB Ta TpaBuiB. Llel mponec Mae BaKIMBE MPaKTHYHE
3HAYEHHS [ 1HAYCTPli pO3BaKaJIbHOTO IMPOrpaMHOro 3a0e3MeueHHs, alke Bij
HOro pe3ynbraTiB 3aJeXHUTh SKICTh Ta MOMYJSIPHICTH T'pu. KpiMm Toro, po3podOxa
Irop y IbOMY JKaHpl MOXKE CTaTH IJIAT(POPMOIO Ui BIIPOBAKEHHS HOBHX 171€W Ta
TEXHOJIOT1H{, 10 PO3IIMPUTH MOKIIMBOCTI Taly3l Y HOBUX HalpsMKax.

AKTYaJIbHICTh TEMH JOCIIKECHHS BHU3HAYAETHCS HE JIMIIE TOIMYJISPHICTIO
Tower Defense cepen rpaBiiB, ajge W MOXIMBICTIO BHUKOPUCTAHHS iX SIK
HABYAJLHOTO 1HCTPYMEHTY JIi PO3BUTKY JIOTIYHOTO MHUCJICHHS Ta CTPATETidHOTO
IIaHyBaHHS. 3pOCTaHHS 1HTEepecy no irop y xaHpi Tower Defense ctBoproe
noTpedy B MOAAbLIIN po3poO1li Ta BIOCKOHAIEHH] IeHMILIEIO.

[Monynspuicts Tower Defense irop mBuako 3poctae, 0coOIMBO cepen
IIUPOKOTO KOJIa TPABIlIB, Kl IIYKAIOTh 3aXOIJIMBUN Ta BHUIPOOYBaIbHUN JOCBIA
rpu. Lle cTBOpro€ MIATPYHTS JJIs MOAAJIBIIOTO JOCHIKEHHS Ta PO3POOKH HOBUX
1Irop y LbOMY XaHpi.

O06’eKTOM JOCHIJIKEHHSI € TPOLIeC pO3pOOKH KOMIT'IOTEPHOI T'pU Y KaHpI
Tower Defense, a mpenmMeroM - MeTOAM Ta IHCTPYMEHTH NpPOTpaMyBaHHS, SIKi
BUKOPUCTOBYIOTHCS JIJIs1 CTBOPEHHSI TAKUX 1TOP.

Merta 1aHoi TUIIOMHOI pOOOTH TONSTAaE Yy po3poOIl KOMII IOTEPHOI IPH Y

xaHpi Tower Defense 3 BUKOPHCTaHHSM CydacHUX TEXHOJOTIM MporpamyBaHHS,
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010J110TEK Ta METO/IIB reMIU3aliHy.

JIJist JOCSTHEHHSI MOCTaBJIEHOI METH y POOOTI BH3HAYAIOTHCS HACTYITHI
3aBIaHHS:

- POBECTH OMJISAJI CTAaHy Cy4acHOTO PO3BUTKY 1rop y xkaHpi Tower Defense;

- TOCHIIUTH ICHYIOY1 aHAJIOTH KOMI I0TepHUX irop >xanpy Tower Defense
Ta BUSIBUTH 1XHI TIEpeBaru Ta HEAOMIKH;

- PO3pOOUTH apXITEKTYpy I'PU Ta aJITOPUTMH 11 TEUMILICIO;

- peaizyBaTH KOMIT IOTEpPHY I'py Ha 6a3i po3po0eHO0] apXiTEeKTypH;

- TIPOBECTHU aHAJII3 PE3YJIBTATIB Ta 3pOOUTH BUCHOBKH IIOJ0 €(DEKTUBHOCTI
PO3pOOIICHOI IpH.

Metoauka noCHipKeHHsT Oyae BKJIIOYATH aHalll3 JITEPATypHUX IKEPEd,
PO3pOOKY HpOrpaMHOro 3a0e3MEeueHHs 3a JOMOMOTOI0 CY4YacHMX I1HCTPYMEHTIB
nporpamyBaHHs Ta 010110TEK, MOro TECTYBaHHS Ta OLIHKY €(PEKTUBHOCTI.

Jlana poOoTa pPO3KpHUE CYTHICTh Ta MEPCHEKTUBH PO3BUTKY ITOp Yy XKaHPI
Tower Defense, cripusitoun nojanbiuioMy 30aradeHHIO iIrpoBOrO PUHKY Ta PO3BUTKY

KOMIT FOTEPHO1 1HAYCTPIi B LLJIOMY.
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1 AHAJII3 IPEJIMETHOI OBJIACTI

1.1 OcHOBHI MOHATTSA i BUSHAYECHHSA

Bigeorpa - ne xomn'toTepHa rpa, B sIKiii rpaBellb BUKOPUCTOBYE 1HTEpPeiic
KOPUCTyBaua JJig B3a€eMOAll 3 BIACONPHUCTPOEM Ta OTPUMAHHSI 3BOPOTHOI
iHpopMmartii. EnexTpoHH! MpUCTpOi, 110 BUKOPUCTOBYIOTHCA AJISL TPH, BIAOMI SIK
irpoBi miargopMu, Taki SIK OCOOMCTHUH KOMII'HOTep abo irpoBa KOHCOJb. Jljis
YOPaBIiHHS TPOI0 BUKOPHCTOBYETHCS ITPOBUN KOHTPOJIEP, TAKUU SIK JHKOHCTHK,
KJIaBiaTypa 3 MHIIICIO, FeiMITaa ab0 CCHCOpHUH ekpaH [1].

Tower defense (TD) - 1e mipkaHp cTpaTeriyHux irop, B SKOMy IpaBellb Ma€e
3aXUIIaTH CBOI TEPUTOPIi ab0 MyHKTH BXONY, 3aBAXKAIOUM aTakaM BOpOTiB abo He
JIO3BOJISIFOUM 1M JIICTATHCS O BUXIIHUX TOYOK. 3a3BUYai 1€ JOCITA€EThCS MUISIXOM
PO3MIIIEHHS 3aXHCHUX CHOPYH B3AOBXK MapuipyTy Hamagy. Lle moxke Bkirouaru
OyIIBHULITBO PI3HOMAHITHUX CTPYKTYp, Kl aBTOMarH4HO OJOKYIOTh, 3aBaXKAIOTh,
arakyoTh a0o 3HuIIyloTh BoporiB. JKanp Tower defense posmisimaerbes sk
NiJpKaHp CTPATEriyHUX BIJEOITOp y peajlbHOMYy Yacl 4epe3 Te, 110 OCHOBHI il
BiJIOYBalOThCS B PEKUMI PEaTbHOTO yacy, aje 0araTo CydacHUX Irop y IbOMY
KaHpl BKIIIOYAIOTh ACMEKTH TOKPOKOBOI cTparerii. BaxImMBUM acmekToM IOTO
KaHpY € CcTpareriyHuil BUOIp 1 po3TalllyBaHHA 3aXHCHUX eneMeHTiB. llpuxnan

npoctoi rpu y xxanpi Tower Defense naBeneno na pucysky 1.1 [2].

Pucynoxk 1.1 - IIpocra 1-pospsigaa TD rpa mist Arduboy [2]
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OcHoBHIi enemeHTH irpoBoro npoiecy Tower Defence:

- TepuTOpli, BOJIOAIHHS, MICIS TPOKUBAHHSA, SIKI TOBUHEH 3axHIIaTH
rpaBels abo TpaBIli;

- XBWJI1 KIJIBKOX HACTYIIalOUUX BOPOTIB, BIJ IKUX MOTPIOHO 3aXUILATUCS,

- pO3MiIIIeHHs BeX a0 MepeIIko/] Ha MUISIXY HACTYITalodrX BOPOTiB [2].

OpauM 3 KIIFOY0BUX BigMiHHOCTeH TD irop Bim iHIIUX irop i3 3aXUCTOM 0a3
(trakux sk Space Invaders a0o iHIIl irpu, A€ 3aXUINAIOTHCS 0a3u), € MOXKIUBICTD
TpaBLsl CTPATETIYHO PO3MIIILYBAaTH, OyqyBaTH abO CTBOPIOBAaTH KOHCTPYKINI Ta
MEpelIKoM Ha NUIIXYy HacTymarouux BoporiB. Y TD irpax roJoBHOI METOIO
IpaBIls 4acTO € 3aXUCT 0a3u, a HE BJIACHOI MEPCOHU, TOMY TOJIOBHUN T'epoil MOXKe
BUSIBUTHCS HETICPEMOXKHUM [2].

Heski ocobmuBocTi cydyacHux TD irop:

- PO3CTaBJICHI TpaBLIEM MEPEIIKOIU, SIKI MOXYTh TMOLIKOAUTH a00 BOUTH
BOPOXKMX HaIlaJJHUKIB, EPII HI)K BOHH 3pYHHYIOTh 0a3y;

- 3JIaTHICTh PEMOHTYBATH BEXI,

- MOXKJIMBICTh IOKpPAIIyBaTH BEXI;

- BOPOTH, 371aTH1 J0JIaTH JACKIJIbKA IUISIX1B OJTHOYACHO;

- KO)KHA XBUJIS 3a3BUYAll Ma€ MEBHY KIJIbKICTb 1 TUITIB BOPOT1B;

- BEXKa, IKa Ma€ MOXJIIMBICTh MepecyBaTucs [2].

barato cywacaux TD irop mepelnuid Bif peXUMYy peajIbHOTO Hacy 0
MTOKPOKOBOTO, POXOJSIYU Yepe3 OKPEMI eTarnu I'pH, Taki sk Oyl11BHUITBO, 000pOHa,
PEMOHT Ta BiJ3Ha4YeHHs mepeMoru. Y Oararbox irpax, Takux sk Flash Element
Tower Defense, Boporu mnpoxomsTh dYepe3 JTaOIpWHT, IO JO3BOJISIE€ TPaBIIEBI
CTpaTeriuHO PO3MIIIYBaTH BEX1 MJI JOCATHEHHS MaKCHUMalbHOI €()EKTUBHOCTI.
[Ipore pesiki BapiaHTH IHOTO KAHPY BUMArarOTh BiJ] KOPHCTyBada CTBOPCHHS
BJIacHoro sabipuHTy 3 Bexk, sk y Desktop Tower Defense. [esaxi Bepcii
KOMOIHYIOTh OOMJBa MiJXOAM, MAalO4M MOMEpPEIHHO BCTAHOBJIEHI MapUIpyTH, SKi
MOKHA 3MIHIOBAaTH PO3TAIlyBaHHSIM BEX a00 3MIHAMH MapiipyTiB. BaxiuBoro
CTpaTeTi€r0 YaCcTO € CTBOPEHHS 3aIlTyTaHOTO JA01pUHTY, 1100 301JIBIIUTH BiJICTaHb,

Ky MaroTh IMPOWTH BOPOTH, MEpII HIK BOHU 3MOXYTh MojposiaT o0opoHy. IHomi
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MOJYKHA 3MIHIOBAaTH TaKTHKY, YEpPrylodd OJIOKyBaHHS OJHOTO BHUXOIY, a TOTIM
IHIIIOTO, 100 3MYCHUTH BOPOTIB IIyKaTH NUIIX, M0 3aTpuMmye iX. Jleski irpu
JO3BOJISIIOTH TPABIISIM TAKOXK 3MIHIOBATH CTPATETi0 Hamamy, Ky BHKOPHUCTOBYIOTh

BEXKI, 32 MIEBHY IIiHY, 10 POOUTH rpy OLIBII iKaBolo [2].

1.2 Orsig icHylOUHX NaTepPHIB

[TaTepuu nporpamyBaHHs irop — 11€ HaOip OaraTopa3zoBUX PillIeHb TUITOBUX
npoOsieM, 3 SKUMU CTHKAIOThCS PO3POOHUKH 1rop miJ 4yac cTBOpeHHs irop. Lli
11a0JIOHU MPU3HAYEHI JUIS MOKpPAILEHHS SKOCTI KOJY, 3MEHIIEHHs CKJIAQIHOCTI Ta

1IBUIIICHHS THYYKOCTI Ta 3pYyYHOCTI 00CITYTOBYBaHHS irpOBUX MPOEKTIB [3].

1.2.1 Game Object

OCKUIBKH TpH PO3pOOIl TPU CIEHH CTAlOTh CKIATHIIIUMHU, KOPHUCHO
MOMICTUTH YaCTHUHY JIOTIKM B OKpemi Qailnu 00’ekTiB rpu. Pobnsum 1e, MoxHa
30eperTd OCHOBHUM KOJ JJIl CLIEHW YUCTUM 1 HMPOCTUM AJIi YUTAHHS, OJHOYACHO
IHKaICyII0I0un  0aratopa3oBl YacTHHH, Kl KEPYKOTh JEKUIbKOMa 00’€KTamMu B
cueHi. [rpoBuit 00’€KT MICTUTB yC1 BIACTUBOCTI T4 METOJIU ISl TUITY CyTHOCTI, SIKY
MOKHA 3HAWTU Y CBOIH CII€HI, HAPUKIIAJ, TBEP1, KHOMKA YU MOHCTp. 3aBISIKH IIii
abcTpakiii ¢aiar 3 OCHOBHOIO JIOTIKOIO CLIEHH MOXKYTh CTBOPIOBATH IMOBHI ITPOBI
O00’€KTH JIUIIE 3a JIOTIOMOTOI0 OJHOTO PsAJIKa KOAy. TakoK MOXKHA 3 TaKOK XK
JIETKICTIO BUKJIMKATH METOAM 1TuX 00’ €KTiB [4].

[Tareppy  Game Object 103BoJIIE THYYKO CTBOPIOBATH HOBI KJacw,

CTBOPIOIOYH OJIUH KJIAC, KOKEH €K3EMIUISIP SKOTO MPEICTABIISAE 1HIIMM TUTT 00’ €KTa

(puc. 1.2) [5].
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Pucynok 1.2 — Bukopucranns narepaa Game Object [5]

OCHOBHI XapaKT€PUCTUKH Ta MPUHIMIIA POOOTU NATEPHY:

- KOXKEH 1rpOBUI 00'€KT y T'pl, TAKUH SIK TpaBellb, BOPOT, BeXa a00 NMpEIMET,
MPENICTABICHUIN K OKPEMHUI IrpoBUil 00'€KT;

- KOXEH IrpoBUH O00’€KT MOXE MaTH CBOI BJIACTUBOCTI (HAIpPHKIA,
KOOPJIMHATH, IIBUJIKICTb, )KUTTS) Ta METO/IM (HANPUKIIA, pyX, CTPUIbOA, 310POB'S).
[{i BIaCTUBOCTI 1 METOJU JTO3BOJISIOTH 00'€KTaM B3a€MOJISATH OJWH 3 OJHHUM Ta 3
I'POBUM CBITOM;

- IrpoBi O0’€KTHM MOXYTh OyTHM OpraHi3oBaHI y 1€papXidyHy CTPYKTYpY.
Hampuknazn, irpoBuii 00’€KT MOke OyTH JIOUIpHIM J0 1HIIOTO 00’€KTa, MI0
JT03BOJISIE OPTraHi3yBaTH CKJIAJH1 B3a€EMO3B SI3KHU Ta JIOTIKY TPH;

- irpoBi 00’€KTU MOXYTh B3a€EMOJIATA MK COOOIO Ta 3 ITPOBUM CBITOM.
Hanpukinaz, BOpor Mo)ke B3a€EMOJIIATH 3 TPaBLIEM IUISAXOM aTakd, abo Bexa MOXe
CTPUISTH B BOPOTIB,

- IrpoBi 00’€KTH MOXYTh CIOCTEpIraTH 3a IMOMAISIMU B T'pl Ta pearyBaTu Ha
HUX BIJIMOBIJHO J0 BHYTPINIHBOI JOT1KK. Hanmpukiaza, Bexxa MOXe crocTepiraru 3a
HAOJIMYKEHHSIM BOpOTa Ta MoYaTy CTPUISTH,

- IrpoBi 00’€KTU MOXYTh OyTH MOBTOPHO BUKOPHCTaHI y Pi3HUX YaCTUHAX
rpu abo HABITh Y PI3HUX MPOEKTAX.

[Tatepn Game Object € 6a30BUM 1 HaJI3BHYAWHO Ba)XJIUBHUM B PO3pOOII

1rop, OCKUIbKHY BiH HaJa€e 3py4yHHil Ta epeKTUBHUHN CIIOciO opraHizailii Ta B3aeMoil
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3 eJeMEHTaMHu Tpu. 3 MOro J0MOMOIrOK PO3POOHUKH MOXKYTh JIETKO CTBOPIOBATH
CKJIaJIHI CUCTeMM Ta TeMMIuIeH, 30epiraodu MpuU IbOMY YITKICTh Ta CTPYKTYpYy
KOTY.

[lepeBaru nanoro narepHy:

- TIaTepH JT03BOJISE PO3POOHMKAM IIBHJIKO CTBOPIOBATH Ta OPTaHiI30BYBaTH
IrpoBi 00'exTH 0€3 CKIQAHUX apXITEKTYPHHUX PIILICHB;

- KOXKE€H IrpoBHM OO'€KT MOXKE MaTH BJIACHI BJIACTHBOCTI Ta METOJH, IO
JI03BOJISIE CTBOPIOBATH PI3HOMAHITHI €JICMEHTH T'PH Ta JIETKO iX 3MIHIOBATH;

- 00'€KTH JIETKO B3a€EMOJIIIOTH OJAWH 3 OJHUM Ta 3 ITPOBHM CBITOM, IO
JTO3BOJISIE JIETKO peai3yBaTy Pi3HI MEXaHIKU Ta FeMILIeH;

- IrpoB1 00'€KTH MOXXYTh OyTH MOBTOPHO BHUKOPUCTAHI Y PI3HUX YaCTHHAX
rpu abo HaBITh y PI3HUX MPOEKTAX, IIO J03BOJIsIE €(HEKTUBHO BUKOPHUCTOBYBATH
KOJI.

Henoniku nanoro narepHy:

- SIKIO Tpa Ma€ BEITUKY KUIBKICTh ITPOBHX O0'€KTIB, MOXE BUHUKHYTH
npobjeMa HaKONMUYEHHS (DYHKIIIOHAJIBHOCTI Yy KOXXKHOMY OO'€KTI, IO MOXKe
MIPU3BECTH JI0 30UIBIICHHS CKJIAHOCTI Ta MOTIPIIICHHS IIBUIKOII1;

- 30UIBIIEHHS KUIBKOCTI B3a€MO3B'SI3KIB MIK ITPOBUMH O00'€KTaMU MOXKE
MPU3BECTH JO BHUCOKOI 3aJIeKHOCTI MDK HHUMH, IO YCKJIAQIHIOE PO3YyMIHHS Ta
MIATPUMKY KOMY;

- Yy BEJIMKUX MPOEKTAX 3 BEJIMKOI KUIBKICTIO IFPOBHX OO'€KTIB JaHUU
MaTepH MOXE MPHUBECTH 10 TOTIPIIEHHS MIBUIKOMAII Yepe3 BEIHMKY KUIbKICTh

004YMCJIEHD TA B3a€EMO3B'SI3KIB.

1.2.2 Component

[Tatepn Component € OIHUM 13 KIIIOYOBHMX IIA0JIOHIB MPOEKTYBAHHS B
po3po0Ill KoMIT'toTepHUX irop. Bin 0azyeThcst Ha if€i, 110 KOKEH ITpoBUN 00'€KT
CKJIAJA€ThCS 3 HEBEIMKHX, HE3aJIeXKHUX KOMIIOHEHTIB, SKi BH3HAYalTh HOTO

MOBEJIIHKY Ta BIacTUBOCTI. Lleit maTepH 103BOJIs€E CTBOPIOBATH CKJIa/IHI, THYUYKI Ta
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MTOBTOPHO BUKOPUCTOBYBaHI 00'€EKTH I'PH.

Opna CyTHICTh OXOIUTIOE Kinbka JgomeHiB. 11006 30epert aoMeHH
130JIbOBAaHUMHU, KOJ JJIS1 KOKHOTO PO3MIIIYETHCS y BIACHOMY KJIacl KOMIIOHEHTIB.
CyTHICTh 3BOJUTHCS JI0 MPOCTOIO KOHTEMHEpPa KOMIIOHEHTIB. Takuil Mmiaxis

J03BOJISIE YHUKHYTH JTyOTFOBaHHS KOy B mporpami (puc. 1.3) [6].

GAME _ OBYELT
ZONE | DECORATION
COLLISION.., RENMDERING...
i
PROP | DUOPLICATED A

b

rze@pé&me...

Pucynok 1.3 — lyonroBanns koay y Game Object [6]

OCHOBHI XapaKTEpUCTUKH Ta PUHIUIIN POOOTH MATEPHY:

- irpoBi 00'eKTH PO30MBAIOTHCS HA HEBEJMKI, HE3aJICKHI KOMITOHEHTH,
KOKEH 3 SIKMX BIJIMOBI/Ia€ 32 KOHKPETHY (PYHKI[IOHAJIbHICTh a00 aCHEeKT NOBEIIHKHU;

- KO)KEH KOMIIOHEHT MOe OyTH MOBTOPHO BUKOPUCTAHUM y PI3HUX 00'€KTax
IpH, 110 103BOJIsIE €(DEKTUBHO BUKOPUCTOBYBATH KO/ Ta 3MEHIITYBaTH 1yOIIOBaHHS;

- KOMIIOHEHTH MOXYTh B3aEMOJISATH MDK COOOK Ta 3 1HIIUMH
KOMITOHEHTaMHM, 10 JO03BOJSIE CTBOPIOBATH CKJIQJHI CHCTEMHU TIOBEHIHKH Ta

relMIICIO;
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- KOMIIOHEHTH MOXYTh JIMHAMIYHO JOAABaTUCh Ta BUAAISTHCH 3 ITPOBUX
00'€KTIB TIiJT Yac BUKOHAHHS IIpOrpaMu, IO HAJa€ THYYKICTh Ta MOXJIHUBICTh
MaHEeBpyBaHHS (YHKII1OHATbHICTIO;

- HOB1 KOMIIOHEHTH MOXYTb JIETKO JIOJaBaTUCh JO ICHYIOUHX 00'€KTIiB Oe3
HEOOX1THOCTI 3MiHU BXXE HAsIBHOTO KOJY;

- KOXXCH KOMITOHEHT BIJIOBITAE 3a KOHKPETHY (YHKI[IOHAIBHICTh, IO
CIPHUSIE MOJETHIEHHIO PO3YMIHHS Ta MIATPUMKH KOAY;

- IrpoBi 00'€KTH MOXXYTh CKJIAJATUCA 3 PI3HUX KOMIIOHEHTIB, IO JI03BOJISIE
CTBOPIOBATH PI3HOMAaHITHI Ta YHIKaJIbHI 00'€KTH TPH.

3aranom, narepn Component J103BOJIsi€E CTBOPIOBATH THYYKI Ta €(EeKTHUBHI
CUCTEMHU TpH, SKi JIETKO PO3IIHUPIOIOTHCS Ta MIATPUMYIOThCs. Llelt marepH €
OCHOBOIO JIJIsi 6ararboX IrPOBUX JBUTYHIB Ta (PpEWMBOPKIB 1 BUKOPUCTOBYETHCS B
0araTbOX Cy4yacHHUX irpax.

[IepeBaru qaHoro maTepHy:

- KOMIIOHEHTHHUH MiAXiJl JO3BOJIIE CTBOPIOBATH ITPOBI 00'€KTH, SIKI JIETKO
PO3LIMPIOIOTECSA Ta MOAU(IKYIOTbCsS. HOBI KOMITIOHEHTH MOXYTh OyTH J0AaHi abo
BHJIAJICH] 0€3 3HAYHUX 3MiH Y ICHYIOUOMY KOJi;

- KOMIIOHEHTM MOXYTb OyTHM MOBTOPHO BHUKOPHUCTAHI B PI3HUX ITPOBUX
o0'ekTax ab0 HaBITh y PI3HUX MPOEKTAX, LIO CHPOIIYE PO3POOKY Ta 3MEHIIYE
JTyOITIFOBaHHS KONY;

- KOMIIOHEHTH JI03BOJISIFOTh YITKO BU3HAUYUTH MOBEAIHKY KOKHOTO ITPOBOTO
00'exTa, poOisiun Kof OLIbII CTPYKTYPOBAHUM Ta JETKUM Y PO3YMIHHI;

- KOMIIOHEHTH JI03BOJIIOTH PO3AUMTH (DYyHKIIOHATIBHICTH ITPOBOTO 00'€KTa
Ha HEBEJIMKI, He3aJIeKH1 MOAYI, 110 CIIPOIIY€ TECTYBaHHS Ta MIATPUMKY KOAY;

- 3MIHU Y (PyHKIIIOHAJTBLHOCTI ITPOBOTO 00'€KTa MOXKYTh OyTH BIIPOBAKEHI
IIIBUIKO Ta JICTKO, HE BIUTMBAIOYM HA PEIITY KOY.

Henoniku nanoro natepHy:

- Y CKJIAJIHUX TPOEKTAX 3 BEJIMKOI KITBKICTIO ITPOBHUX O0O0'€KTIB, MOXE
BUHUKATH TMpoOjieMa 3 KEpPyBaHHAM Ta YHOPABTIHHSAM BEJIMKOK KUIBKICTIO

KOMITOHEHTIB;
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- 30UIBIICHHS KUIBKOCTI KOMIIOHEHTIB MOXKE MPU3BECTH 10 3OUIbIICHHS
CKJIQJTHOCT1 B3a€MO/I1i MK HUMH Ta 31 3pOCTaHHIM PO3MIpy KOAY;

- YHUKHCHHS 3alBOTO TIEPEKOMIIOHYBaHHS Ta 3a0e3NedeHHs ¢(PEeKTHBHOTO
KEepyBaHHS KOMIIOHCHTAMH BHMAra€ yBa)KHOTO IUIAHYBAaHHS Ta apXiTEKTYPHOTO
MIPOEKTYBAHHS;

- HeclpaBHa apxiTEKTypa KOMIIOHEHTIB MOXE MPHU3BECTH [0

nepey3romkeHHs QyHKIIIOHATBLHOCTI 200 KOH(UTIKTIB M1 KOMIIOHEHTAMH.

1.2.3 Entity Component System

Entity Component System (ECS) - mne apxitekrypHuli malGioH
IPOrpaMHOro 3a0e3MEUEHHs, SIKUH I[IUPOKO BUKOPUCTOBYETHCA B po3poOIi
Bijieoirop st opranizaiii 00’extiB y rpi. ECS ckimamaerbcsi 3 CyTHOCTEH, fIKi
IPENCTaBIAIOTh CO00I0 O00'€KTH TpH, BKIIOYAIOYM KOMIIOHEHTHM JaHUX, IO
OIUCYIOTh 1X BIACTHUBOCTI, 1 CHCTEMH, SIKi OOPOOJISIFOTH 11i KOMIIOHEHTH [7].

Y ECS BHUKOPHCTOBYETHCSI MPUHUUIT KOMITO3UILII 3aMICTh YCHaJKyBaHHS:
KOJKHA CyTHICTh (DOPMYETHCS Ha OCHOBI CBOTO CKJIaJly KOMIIOHCHTIB, a HE IIJISIXOM
yCHaJKyBaHHS BIACTUBOCTEN 3 i€papxii TumiB. CUCTEMU BUKOHYIOTHCS INIOOAIBHO
HaJ yciMa 00’ €KTaMH, SIKi MaloTh HEOOXiTHI KOMIIOHEHTH [7].

CydacHi MpoIecopyd MaroTh KEHI-MaM'siTh JJIsi MPUCKOPEHHS JTOCTYITY J0
nam'ati. BoHH MOXyTh OTpUMaTH IOCTYN 1O MaM ATi, CyMDKHOI 3 HELIOJAaBHO
JIOCTYIIHOIO Tam’sTTi0, Habarato mBuame. ECS moxke ckopucratucs mum, mob
MIBUIUTH TPOAYKTUBHICTh 32 PaxyHOK 30UIBIIEHHS JIOKATBHOCTI JaHUX —

30epiraHHs JaHuX y Oe3nepepBHii mam’aTi B OPSAKY X 00pooku (puc. 1.4) [8].

F—l [a [ w [a]
E——ﬂTH‘rs\alT’H%c_s | PHYSILS [enrsics |

[F—+{Remper | rewpee | rEmpEL [ Remper |

Pucynok 1.4 — CymixHi kKomipku niam’siti [8]
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OcnogHi ckinanoBi ECS - e cyTHocTI (entities), KOMIIOHEHTH (components)
1 cucteMu (systems), sIKi PAIIOIOTh Pa30oM JJis CTBOPEHHS (DYHKI[IOHATBbHOCTI TPH.

CyTHICTh BU3HAUaA€ 3arajibHUi 00’ €KT. Y BUMNAAKY IIPOBOTO ABUKKA, KOKEH
rpyOuii irpoBuii 00’€KT € MPUKIAAOM CYTHOCTI. 3a3BHYaili BOHA Mae€ JIMILE
YHIKaJIbHUM 11€HTU(DIKATOP, KU YaCTO MPEACTABISETHCS y BUIVISAL 3BUYAITHOTO
1ijoro uncia [7].

KommoHeHT - 11e XapakTepucTHKa 00'€KTa, sSKa BU3HAYa€ HOTO TIEBHUU
aCIeKT 1 MICTUTh HEOOX1TH1 JIaH1 JIJIs MOZICNIIOBaHHS 11bOTO acnekTy. Hampukinaz, y
BUIIAJIKYy ITPOBUX O0'€KTIB, SIKI MOXYTh 3a3HABaTH MOIIKOXEHb, MOXKE 1CHYBaTH
KOMIIOHEHT 3/I0pOB's, SIKUM TMOB'SI3aHUM 3 iX CYTHICTIO. 3a3BUYail s peamizaiii
BUKOPHCTOBYIOTh CTPYKTYPH JaHUX, KJIacH a00 acoIliaTuBHI MacuBH [7].

Cucrema - 1e mpouec, KU Onepye BCiIMa CYTHOCTSIMHU, IO MarOTh
HeoOXx1aHI KoMmmnoHeHTH. Hanpukman, ¢izuyHa cucrema MoOXe ONpalbOBYBaTH
CYTHOCTI 3 KOMIIOHEHTaMH MacH, IBUAKOCTI Ta MOJOKEHHS, 1 BAKOHYBaTH (H13UUHI
OOYMCIICHHS TSI KOXKHOT 3 HHX, [IOBTOPIOKOYH Pe3ysbTatH [7].

[ToBeminka cyTHOCTI MOXxe OyTH 3MIHEHA TiJ] YaC BUKOHAHHS CHUCTEMAaMH,
K1 JOJIal0Th, BUJANSAIOTH a00 3MiHIOIOTH KoMIoHeHTH. lle ycyBae mnpobiemu
HEOJTHO3HAYHOCTI TIMOOKMX 1 HIMPOKUX 1€papxiil ycnajkyBaHHS, SIKI 4acTo
3yCTPIYAIOThCS B TEXHIKaX 00’ €KTHO-OPIEHTOBAHOTO MPOTPaMyBaHHS, SIKI BaKKO

3pO3yMITH, MIATPUMYBATH Ta po3iuproBatu (puc. 1.5) [7].
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Pucynok 1.5 — O6’extHO-opieHTOBaHMH miaxin [8]

3aranbHi nigxoan ECS ineanbHO B3a€EMOIIIOTH 3 METOIAMU MPOEKTYBAHHS,
OpIEHTOBAaHUMHU Ha JaHi, 1 4aCTO MOETHYIOTHCS 3 HUMH. J{aHi JjIsl BC1X €K3eMILISIPIB
KOMIIOHEHTIB MOCTIMHO 30epiraroThCsi pa3oM y (Qi3u4uHil mam'sTi, 1o 3ade3nedye
e(DEeKTUBHUN MOCTYyNn 10 MaM'siTi JJii CUCTEM, siKi oOpoOJIAIOTh JaHi Oararbma
o0'exramu [7].

Apxitektypa ECS 3acTOCOBY€ KOMITO3HUIIIIO 3aMICTh JI€pEBA yCMAIKyBaHHS.
CyTHICTb 3a3BUYall CKIIAJIA€THCA 3 17IeHTU(IKATOpa Ta CIUCKY KOMIIOHEHTIB, SIK1 JIO
Hel 10/1at0Thes. IrpoBHil 00’ €KT MOXKHA CTBOPUTH, JOJABIIHU MOTPiOHI KOMITOHEHTH
10 cyTHOCTI. Lle 103Bosie po3pOOHUKY JIETKO J0JaBaTh (PyHKI[IOHAT 0 CyTHOCTI
6e3 mpobem 13 3anexHOCTIMU. Hanmpukiaza, 10 rpaBIiis MOXKHA T0AATH KOMIIOHEHT
bullet, 1 Tomi BiH Oyae BIAMOBIIATH BUMOTaM JUJISI MaHIMYJIIOBAHHS CHCTEMOIO
bulletHandler, mo wmoke mnpu3BecTH A0 TOTO, IO TpaBellb 3aBIACTh IIKOIU
00'ekTaM, Ha sIKi BiH Hapi3aeThes [7].

ITepeBaru gaHoro narepHy:

- ECS cnpusie mokpaiieHHI0 MTPOAYKTUBHOCTI TpH 4epe3 e(EeKTHUBHE
YIPABITIHHAS MaM'TTIO Ta IMIBUIKANA JTOCTYII IO KOMIIOHCHTIB CYTHOCTCH;

- KOMIIOHEHTH MOXYTh OyTH MOBTOPHO BUKOPUCTAHI Y PI3HUX CYTHOCTSIX,

110 JA03BOJISIE JIETKO 3MIHIOBAaTH Ta aJaNnTyBaTy TPy 10 HOBUX BUMOT;
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- JI0JJaBaHHs HOBUX (PYHKIIOHAJIBHOCTEH B TPy 3a3BUYANM 3BOAUTHCS 10
CTBOPEHHSI HOBUX KOMIIOHEHTIB 1 CHCTEM, IO JO3BOJISIE€ JIETKO PO3IIMPIOBATH
(YHKITIOHATBHICTB;

- ECS no3Bossie 4iTKO PO3IUIMTH  BIAMOBIAAIBHOCTI MK PI3HUMH
YaCTMHAMU KOy, 1110 TMOJETIIY€e PO3yMIHHS Ta MIATPUMKY MPOEKTY;

- ECS moxe OyTu j1eTko ONTHMI30BaHMMA TSI TapaiebHOTO BUKOHAHHS, 110
N03BOJIsI€ €()EKTUBHO BUKOPHCTOBYBAaTH OararosiiepHi MPOLIECOPH Ta IiJIBUIIYE
POAYKTUBHICTD TPH.

Henoniku nanoro narepHy:

- ECS moxe mnpuszBecTH 10 30UIBIICHHS KIUIBKOCTI KOIYy, OCOOJIMBO Y
BEJIMKUX MPOEKTAX, 1[0 MOXKE YCKIIATHUTH PO3POOKY Ta MIATPUMKY;

- BBeJeHHs ECS y mpoekT Moke BUMaratu MEeBHOTO 4Yacy Ta 3YCHUJIb IS
PO3YMIHHS Ta BIPOBAIXKEHHSI, 0COOIMBO JUIsl pO3POOHUKIB, SIKI HE MAalOTh TOCBIAY
3 1AM H1JIXO0I0M;

- HempaBwibHe BukopuctanHs ECS wmoxe npusBectu 10 mnpoOineMm 3
YOPABIIHHIM NaM'TTIO, TAKUM SIK (pparMeHTalis nam'ari abo BUTOKH;

- y geskux Bunaakax ECS mMoxxke OyTH CKJIQqHO 1HTErpyBaTH 3 1HIITUMHU
cucTeMaMu 4M 010110TeKaMHt, 10 BKE BUKOPUCTOBYIOTHCS Y MTPOEKTI.

3aranom, ECS € mnoTyHuUM mnDarepHoM JUisi pO3pOOKH CKIATHUX Ta
ONTUMI30BaHUX 1MOp, SIKUW JO3BOJIIE PO3POOHUKAM CTBOPIOBATH THYYKI Ta
edextrBHI cucteMu. [IpoTte BiH BUMarae peTesbHOTO IMJIaHYBaHHS Ta OBOJIOJIIHHSA

KOHIICTIIISIMU TS YCIIITHOT peari3arii.

1.2.4 Custom System

[Tarepu Custom System - 1€ apXiTEeKTypHHH IIa0JIOH B PpO3poOIl
KOMITFOTEPHHUX 1rOop, SIKUW TOJSATa€ B CTBOPEHHI BIIACHUX CHCTEM I OOpOOKH
pi3HMX acmiektiB Tpu. lleli marepH mae po3poOHWKAM BEJIHMKY CBOOOMY B
MIPOEKTYBAHHI Ta peaizallii cneru@igHol JOT1KU Ta PYHKIIOHATBLHOCTI IJIs TPH.

[IepeBaru JaHOTO MATEPHY:
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- CHUCTeMHM MOXYTh OyTH PO3/iJEHI Ha MOMYJ, IO POOUTH KOA OUIBII
THYYKHM 1 MOJETITY€E PO3BUTOK Ta MIATPUMKY;

- TarepH J03BOJSE CTBOPIOBATH ONTHMI30BaHI CHUCTEMH sl OOpOOKH
BEJIMKOI KIJILKOCTI IaHMX, 1110 MOKE MIATPUMYBATH BUCOKY HIBUAKOAIIO TPU;

- CUCTEMU MOXYTb OyTH JIETKO pO3IIUpeHi abo MoaudikoBaHi AJisl BiAMOBIAL
HAa 3MIiHM BHUMOT TpH, IO JO3BOJISE€ INBHJIKO pearyBaTd Ha 3MIHH Ta
BIOCKOHAJIIOBATU TPy 3 YACOM.

Henoniku manoro marepHy:

- BEJIMKA KUIBKICTh CHCTEM Ta iX B3a€MO3B'SI3KM MOXYTh TMPHU3BECTH O
30UTBIICHHS CKJIAJTHOCTI CUCTEMH Ta YCKJIATHUTH ii PO3YMIHHS;

- JJIsl CTBOPEHHS 1 MIITPUMKU CUCTEM MOXKE 3HAJOOUTHCS 3HAYHA KUIbKICTh
KOAY, III0 MOXKE MPHU3BECTU 10 30UIbLIECHHS OOCATY MPOEKTY Ta YCKIAIHUTH HOTO
PO3pOOKY;

- ISl YCHIIIHOTO BUKOPHUCTAHHS I[bOTO MAaTE€pHY MOTPIOEH BUCOKUH PIBEHB
abCTpakIlii Ta Po3yMIHHS apXITEKTypHHX MPHUHIUIIB, 10 MOXE OyTH BUKIUKOM
JUTSL MEHII TOCBITYEHUX PO3POOHUKIB.

3aramom, marepH Custom System € TOTYXHUM I1HCTPYMEHTOM ISt
CTBOPCHHS CKJIQJHHMX Ta ONTHUMI30BaHHUX ITOp, MPOTE HOTO0 BUKOPHUCTAHHS BapTO
peTenbHO OOMIPKYBAaTU 3 YpaxyBaHHSM KOHKPETHHX NOTped Ta ocoOnmBOCTEH

MIPOEKTY.

1.3 IlopiBHAJILHUI aHAJI3 ICHYIOUHX NIATEPHIB

O3HallOMUBIIKCH 3 ONMKUCAHUMH NATEPHAMH OyJI0 MTPOBEICHO MOPIBHSAIBLHUN

aHai3 11 po3poO0KH KoMIT'toTepHOi rpu y *kaHpi Tower Defense (ta6m. 1.1).
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Tabmuns 1.1 — IlopiBHsJIbHa XapaKTepUCTUKAa HAasBHUX TMATEpHIB IS

pO3poOKH KOMIT'IOTEpHOI rpu y skaHpi Tower Defense

Game Object Entity
XapakTepucTuka ] ] Custom
Game Object with Component
/ Ha3Ba marepHy System
Components System
CKITaiHiCTh
o Cepenns Huspka Bucoka Bucoxka

peami3zarii
Cki1agHiCcTh
. . Husbka Cepenns Bucoka Huspka
IHTerpanii
[IBuakicTh

Cepenns Bucoka Cepenns Hwusbka
PO3pOOKHU
Cryninp
Ty OIOBaHHS Cepenniit Hwusbknii Hwusbknii Bucokun
KOZly
HaBaHtaxxeHH4

Cepenne Bucoxke Husbke Huzbke
Ha CPU
EdexTuBHICTD
YOPABIIIHHS Cepenns Hwusbka Bucoxka Bucoka
RAM
Tum mpoekTy Indie AA AAA AAA

[lin yac MOpIBHSHHS TMAaTEPHIB JJIsi pO3pOOKH TIpu, OyJ0 BU3HAYEHO, IO
Component mnarepH, 3a JOMOMOTOI SIKOTO MOXHa CTBOPIOBAaTH IrPOBI 00'€KTH
pa3oM 3 KOMIIOHCHTaMH, € HaHOIJIbII ONTUMAJbHUM BHOOPOM IS PO3POOKHU
HEBENMKOro Tpoekty, HDK marepHu Game Object, ECS Ta Custom System.
Component marepH Mae HU3BKIM PiBEHb CKJIAIHOCTI peaiizailii Ta 10 HbOTO HE
CKJIQJIHO 1IHTETPYBaTH CTOPOHHI 0610T10TE€KH, 110 € BAXKIMBHUM JIJIS TPH KaHPY Tower
Defense, ockuibku 3HAAOOIATHCS O10M10TEKH JJIsi  OOYMCIEHHS  (PI3MUHMX
CUMYJIALIN, MaTeMaTUYHUX oOlepaliii Ta BigoOpakeHHs aHiMamii. OpHak,

BukopuctanHs Component mnarepHy Moxke OyTH YacoOBO 1 PECypCOMICTKUM
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MPOIIECOM, OCOOIMBO TIPH BEIUKIN KUIBKOCTI IPOBHUX 00’ €KTIB.

1.4 O icHYI0YHMX aHAJIOTIB

PoOnsiun  ornsig ICHYIOUMX aHAJOTIB, HAWOUIBII IIKABUMHU KPUTEPISIMHU

OyayTh TeHMILICH, PeKUM T'pH, CHCTEMHI BUMOTH Ta Tpadika.

1.4.1 Mindustry

Mindustry - me xoMI'toTepHa rpa, JOCTYITHA Ha pi3HUX Iuarpopmax, ska
KOMOiHY€ cTparerito B peaidbHOMy 4aci 3 enementamu Tower Defense (puc. 1.6).
I'py crBOproBaB Anuke mpoTsSroM TpbOX JHIB crerianbHo i 3MaranHs GDL -

Metal Monstrosity Jam, e BoHa 3aitHsuta nepie micie [9].

AERARERER AW

S N by & ‘,!L ;
(A = ] e R

Pucynok 1.6 — IrpoBa cuena Mindustry [9]

I'paBenib kepye pi3HUMHM BHJAMHU TEXHIKH, sKa J03BOjIsie OyayBaTth Ta
po30upaTu Cropyau, a Takok CTpiiasaTd. [0JloBHA MeTa rpu mojisirae B ToMy, o0
BUTpPUMATH siIkOMora Oijiblllie XBWIb 1 310paru sikHaiOuiblIe pecypciB. Ha mami
MPUCYTHS 30HA aHITUIANIT y ¢opMi Kola, 1€ BUCAKYIOThCS BOPOXKI Ha3eMHI

onuHUIll a00 TOBITPSHI CHIM 3 HAWMOMMKYOTO Kparo Mamu. Y MOMEHT BHCAJKH
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BOPOXKMX BIHCBK Yy KOJO, CIOPYIM Ta COIO3HI OJMHMIN, Pa3oM 3 CON3HHUMH
OUHUISIMU, 3HUIIYIOThCS. ['pa Mae BENUKY KUIBKICTh PI3HUX Mall 3 PI3HUMH
BUJAMH peCypciB 1 pi3HUMH cuigamMu BoporiB. Ha wmamax MoxyTs OyTu
PI3HOMAaHITHI PeCypcH, BiJ MiJli, CBHUHIIO Ta ITCKy JO TUTaHY, TOpito, HadTU Ta
Metanoopyxty. Jlis 3060py pecypciB rpaBellb MOXKE BHKOPHUCTOBYBaTH OypH,
HACOCH Ta IpOHU. Pecypcu MoXxHa MEpEHOCUTH BPYUHY, 32 IOTIOMOTOI0 PECYPCHUX
rapmar 1 KoHBeepiB, a00 3a JOMOMOTor TpyOorpoBoiB. st OyIIBHUIITBA TPaBEIlh
MOBHUHEH MaTH PECYpPCH B CBOEMY spi. Y T'pl JOCTYNHI pi3HI BUIU TypelseH, sKi
noTpeOyIOTh PI3HI pecypcu s 3apspKEeHHs. Yci 310paHi pecypcr MO)KHa

BUTPATHTHU Ha qociimkeHns (puc. 1.7) [9].

*HzH=H=H>Hm

DO
0;0

e =

rl—El—r

(e H>Hz}

00

10
| (%]

C

(eH=
= |

Q0
He

Pucynok 1.7 — Hocmimkenns B Mindustry [9]

3a JI0MOMOTro0 OTPUMAHHMX PECypCiB MOXKHA BIKpHMBATH HOBI OypH, BEXi,
3aBOJIM TOMIO. JlOCHIKeHHS MOMISIOTHECS HA IT'ITh TJIOK:

- PI3HI METOM TPAHCIIOPTYBaHHS PECYPCIB HA Pi3HI BIACTaHi;

- pI3H1 BUAM Typelieid Ta OJIOKIB Jisi 000pPOHH;

- 3aBOJIM ISl BAPOOHUIITBA PECYPCIB;

- HacocH JyIst BUAOOYBaHHS BOJU 3-T11]] 3eMJIi Ta 3 03€p/pivoK;

- TEHEepaTopH, SIKI BUPOOJIAIOTH €IEKTPOEHEPTIIO0 3a JIOMOMOTOI0 BYT'ULISA Ta

iHImmx pecypcis [9].
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Xoya B Tpl gocTymnHi yotupu pexkumu (Survival, Sandbox, Attack, PvP),
MOKHA CTBOPUTH BJIACHUM, CKOPUCTABIIUCH KOPUCTYBALIbKUMU MPABUIIAMHU Y BIKHI
BuOOpy pexumy. Lli mpaBuia MO3BOJSAIOTH HANAIMITYBAaTH TapaMmeTpH, Taki SK
MHOXXHHUKH  3JIOPOB'sl, IIKOAM BOPOTIB Ta TpaBIliB, UIBUJIKOCTI, BapTICTh

OymiBHHUIITBA Ta iHII [9].
1.4.2 Bloons Tower Defense

Bloons Tower Defense — 11e cepis Bifeoirop y sxaupi Tower Defense, sika
BXOAUTH y cepito Bloons i ctBopena kommaniero Ninja Kiwi (puc. 1.8). [TouaTtkoBo
rpa Oyma po3poOneHa sk Opay3epHa Bepcis Ha rmatdopmi Adobe Flash i Oyna
BunymieHa B cepeauni 2007 poky. I1izHimie irpu cepii Oynu agantoBaHi sl pI3HUX
MoOUTbHEX TIaTdopM, BiIrodaroun Android, i0OS, Windows Phone, PlayStation
Portable, Nintendo DSi, a Takox mns omepamiitanx cucteM Windows, Linux i
MacOS. Irpu 3 cepii Bloons, Bunymieni 10 Bloons TD 6, noctynHi juist npuaoanHs

y karano3i Ninja Kiwi B Steam [10].
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Pucynoxk 1.8 — Irposa criena Bloons Tower Defense [10]

OcHosHa 1k B rpi Bloons TD nosnsrae B Tomy, 1100 He JomycTUTH bloons
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JIOCATTH KIHIS BU3HAYEHOI TpacHu Ha KapTi, sika MICTUTh OJWH a00 KijbKa BXOIB 1
BUXOJIIB /i bloons. I'pa € tunoBoro rporo Tower Defense, ToMy rpaBems mMoxe
oOupaTu pi3HI THUMH BEX 1 MACTOK, 100 PO3CTaBUTH IX HABKOJIO JOPIKKH Ta
3aXUCTUTUCA BiJ bloons. 3a kokeH bloon, kWil BUXOAWTH Ha Tpacy, I'paBellb
orpumye 1 momap y rpi. Skmo bloon gocsirae KiHI NUIAXY, TPaBeIlh BTpavae
KUTTA (y HACTYIHUX BEPCISIX TPU - 37A0POB'S). SKIIO KUTTSA 3aKIHUYIOTHCS, I'pa
3aBepiyeThes. Bloons 3aBxau pyxaroTbes B3JOBXK MapUIpPyTy, BCTAHOBJIEHOTO Ha
KapTi, TOKK BOHU HE JOCATHYTHh BUXONMYy(iB), HE OyayTh 3HHUIIEHI ab0 HE OymyTh
nepeMilieHl Ha TMONEPeHI0 YacTUHY MUISIXYy 3a JIOMOMOIOK OCOOTUBUX
BiactuBoctei Bexi [10].

VY rpi noctynHi TpH Kiacu bloon: 3Bu4aitHuil (HE Mae BIACHOI Ha3BH Y I'pi),
MOAB-knac 1 6oc-kimac. ¥ Bloons TD 6 3Buuyaitni bloon mnopinstoThcsi Ha:
YEpBOHI, CHHI, 3€JICHI, KOBTi, PO’KEB1, YOpHi, O111, CBUHIIEB], 3€0pOBI, palayXKHi,
¢ioneroBl 1 kepamiuHi. Bloons kimacy MOAB wmawth (opmy aupmxalns 1
cknagatoteess 3: MOAB (Massive Ornary Air Blimp), BFB (Brutal Flying
Behemoth), DDT (Dark Dirigible Titan), ZOMG (Zeppelin Of Mighty
Gargantuaness) 1 BAD (Big Airship of Doom). Haiicknannimii BapiaHTu O1IBIIIOCTI
tumiB bloon BkIo4aroTh B ceOe MEBHY KUIbKICTh MEHILIUX. Y MI3HIIIMX BEPCIIX I'pU
3BMYaiiHI bloons 1HOMI MarTh cHeHlalibHI XapAaKTEPUCTUKH, TakKl AK KamMyQIsok
(sskuii  OLTBIIICT, BEK HE MOXYTh BHUSBHUTH), BIAPOCTaHHS (3maTHICTH bloons
MOBUIBHO BIPOCTaTH JO IIOYATKOBOTO pPO3MIpPY) 1 YKpimjieHi (10 MOABOIOE

3M0pOB’sl Kyii). 3 KOKHMM PIBHEM IHTEHCHBHICTH bloons 3pocTae mpomopIiiiHO

[10].

1.4.3 Plants vs. Zombies

Cepia Plants vs. Zombies ckinanaerbca 3 0aratboX irop pi3HUX >KaHPIB,

po3pobaenux PopCap Games i Bumanux Electronic Arts. V miit cepii € 1B1 BeNHKI

dpakiiii, sIKi TOCTIHHO OOPIOTHCS MixK c00010, pociuHM Ta 30M0i (puc. 1.9) [11].
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Pucynok 1.9 — Irposa criena Plants vs. Zombies [11]

VY kokHIA Tpi € moauHa Ha iM's bokeButbHmMA [leliB, sxuii moromarae
rpaBLEBl 3yNMHUTU 30MO1 Ta iX Baraxkka Joktopa Enrapa 3om6oca, rooBHOro
anTaronicra cepii. KoxkHa rpa ckiiamaerscsi 3 0ararbox pi3HUX ITPOBUX PEKUMIB,
1100 301IBIIUTH MOKJIMBOCTI Ta 3a70BOJICHHSA Big rpu. Cepis TakoX AOCTYMHA IS
PI3HOMaHITHUX TIaT(OpPM, BiJ] TOPTATUBHUX KOHCOEH, Takux sk DS, DSiWare, 1o
JIOMAIITHIX KOHCOIeH, Takux sk Xbox 360 i PlayStation 3 [11].

B ocHoBHill cepii, sika cknamaetscsi 3 Plants vs. Zombies, Plants vs.
Zombies 2 1 Plants vs. Zombies 3, siki cainytots xaHpy Tower Defense, rpaBism
NOTPiIOHO BUKOPUCTOBYBATH Pi3HI POCIMHM, HaJgaHl A 3aXHUCTy BiA 30MOi, sKi
HaMararoTbCs BTOPTHYTHCS HAa OyauHOK rpaBid, moO 3'ictu ixuHi Mi3ku. Cepis
CKJIa1aeThes 3 6e3miu pocivH. KokHa pociinHa yHIKaJlbHA 3aBISKH CBOIM Pi3HUM
3M110HOCTSIM. 30M0O1 Tako)K MaloTh Pi3HOMaHITHI ocoOnuBi 3110HOCTI. Hanpukian,
BOHU BHKOPHCTOBYIOTH JIOPOXKHI KOHYCH Ta Bigpa, 00 3aXUCTHUTHCS, IesKi
MOXXYTh BHUKOPHCTOBYBATH TMpPEAMETH, I[I00 CTpuUOaTH uepe3 POCIHUHH, a [0

CWJIbHIIIKX 30M01 Hanexarhb ['aprantyapu ta ['ira-raprantyapu [11].
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1.4.4 Thronefall

Thronefall — e maiiOyTHS cTpareriuHa Bijeorpa, po3poOiieHa Ta BHJIaHa
Grizzly Games (puc. 1.10). Bin OyB BuUIlylIeHHI Yy paHHBOMY JOCTYI JJIst
Windows 2 cepnusa 2023 poky. Y Tpi rpaBii KepylOTb MOHAPXOM Ha KOHI, SKUN
MOBUHEH OyJyBaTH CBO€ KOPOJIBCTBO BIEHb, a BHOUI 3axHWINATH MHOTO BIf
3pOCTalOuuX XBWJIb BOpPOTiB. MoHapx Moxe OUTHCS B OUTBI pa3oM 31 CBOIMHU
cojjiaTaMu, BUOMpPAIOYU MDK KUTbKOMa BHUJaMH 30poi, TAKUMH SIK JIyK abo cIuc,
SKI MaloTh CBOI 0OCOOJMBI BIAacTUBOCTI. Ha modarky KOKHOTO JHSI TpaBellb
NOBEpPTAE BCl CBOI 3pyilHOBaH1 OyaAiBIII Ta OJMHULI Ta OTPUMYE NEBHY KUIBKICTb
30JI0Ta 3aJIeKHO BiJl TOTO, CKUIBKM HOTO CIOPYH 3aJHIINAIOCS HEIOTOPKAaHUMHU

[12].

| e

Pucynoxk 1.10 — Irposa cuena Thronefall [12]

KopomiBcTBO 30cepeKeHO HaBKOJIO BEJIMKOTO 3ally, sSIKHi MOHApX MOBUHEH
3axumniatd. BoHH MOXYTh 3aXMCTUTH MOro, BUTpayaroud 30J0TO Ha OyAiBHHUIITBO
CTiH, OOOPOHHHMX BEX Ta IHIIUX KOPUCHUX Oy/iBesb. MOHapX MoOXe 3apoOisTH
30510T0, Oyayroun OyAMHKM Ta CUIbCBKOTOCHOAAPCHKI  YTiAJs  BCEpEeAMHI

KOPOJIIBCTBA, HA KOPUCTH /IO IHIIUX €KOHOMIUYHUX CTPYKTYp, TAaKUX K LIAXTH Ta
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pubanbcTBa. Taki conmary, sk apOajeTHUKHU Ta JHUIApi, MOXYTh OyTH HaOpaHi B
OyIIBIIAX Ka3apM 1 MOXKYTb OyTH pO3MIIIICHI MOHAPXOM HABKOJIO PIBHSI JJISI 3aXUCTYy
NEBHUX TepuTopid Bix Hamagy. Komu MoHapX 3aBeplIMTh MiJTOTOBKY CBOTO
KOPOJIIBCTBA, BOHU MOXKYTh BHOpaTu Hid, 100 mpuOyTH W po3MoyYaTy 3aXUCT BiJl
BOPOXKHMX XBWJIb. KpiM OOOpOHHUX CIOpYH 1 OAWHWIIL, T'PABEIlb TAKOX MOXKE
3aXUIIaTH KOPOJIBCTBO, aTaKylOUd BOPOTIB 30pO€I0 MOHApXa, sKa BKJIIOYAE JYK 1
CIIKC, SIK1 BOJIOJIFOTH OCOOJIMBUMHM 3JA10HOCTSAMHU. 3aBEpIICHHS HOYI MEPEMOTOI0
HaJ yciMa BOpPOTaMH JI03BOJISIE TPABIEBl MOBEPHYTH BCl 3pyWHOBaH1 OymiBil Ta
OJIMHUIII, a TAKOXK HAJA€ MOHAPXY MEBHY KUIBKICTh 30JI0Ta 3aJIEKHO BiJ] KIJIBKOCTI

Oy/iBeIb, SIKI MIepeXUIn ataku [12].

1.5 IlopiBHAIBLHUIT aHAJII3 ICHYHOYHX aHAJIOTIB

O3HalOMUBIIKCH 3 ONMUCAHUMH aHAJIOraMu OyJ0 MPOBEIECHO MOPIBHSAIBHUN

aHai3 11 po3poOKH KoMm'toTepHoi rpu y xaupi Tower Defense (taba. 1.2).

Tabmums 1.2 — TlopiBHsUIbHA XapaKTepUCTUKA HASBHUX AaHAJIOTIB IS

po3po0KkH KoMI'toTEepHOI rpu y xaHpi Tower Defense

XapakTepucTuka ) Bloons Tower Plants vs.
Mindustry _ Thronefall
/ Ha3Ba rpu Defense Zombies
1 2 3 4 5
VYHikaabpHUM
Crpareriune | o reiimmuteit 3 | Ctparerignuii
P13HOMaHITHICTB _
OyyBaHHSI Ta ' p13HUMU TEUMILIEH 3
I'enimmiet BEX Ta BOPOTIB,
3aXHUCT S TUTIAMHU €JIEMEHTaMHU
JIMHAMI4YHI pi1BHI _
babpux pOCTIUH Ta dentesi
BOPOTiB
['padika Bucoxka Cepenns Cepenns Bucoka
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[Iponowxkenns Tabmuii 1.2

1 2 3 4 5
OnuHouHa Onunouna
OnuHouHa rpa,
rpa, OpunouyHa rpa,
MYJIBTUILIEED,
Pexxum rpu MYJIBTUILICED, . . rpa, ma3jau, | MyJbTHIUICED,
crieriaibH1 o
PEKUMHU MIHI-rpH pEXKUMU
. PEKUMHU '
BUKJIUKIB BUKJIUKIB
Cucremni . . . .
Cepenni Cepenni Hwusbki Bucoki
BUMOTH

i1 yac MOpiBHSAHHA ICHYIOUMX aHAJIOriB, OyJ0 BU3HAYEHO, 10 Mindustry €
HalOUIbII LIKABUM IMPOEKTOM, HIXK 1HII aHaioru. Tomy, A po3poOKH BIIACHOT
KomIT 1oTepHoi Tpu B skaHpi Tower Defense, Oyno mpuiiHATO pIilICHHS B3STH
JIeKJIbKA I[IKaBUX MEXaHIK 3 I[I€1 TP, a caMe: PEeKUM BUKJIMKIB, OyTyBaHHS CIIOPY/L
y JOBUIBHOMY MPOCTOpPi, TMEPEMIIIEHHSI BOPOTiIB MO JOBUIbHIM TpaekTopii,

YIPABIIIHHS BIACHOIO OJIMHUIICIO.

1.6 IlocTaHoBKA 3aBAaHHS 10 POOOTH

Metoro poboTH € mporpaMHa peaizanis KOMI I0TepHOI rpu y xaHpi Tower
Defense.

[lix yac aHaizy HasBHUX IMaTEPHIB JJIs1 PO3POOKHU TpH, OYJIO BCTAHOBJICHO,
0 HaWOIeII onTuManbHUM marepHoM € Component. Tomy Oyno BupimeHO
PO3pPOOUTH CUCTEMY 3 ITPOBUMHU 00’ €KTaMH, K1 CKIIQAAIOTHCS 3 KOMIIOHEHTIB.

[lix yac aHami3y HasBHUX aHAJIOTIB JJIsl pO3POOKH rpH, OyJI0 BCTAHOBJIEHO,
0 HaiouIbII mikaBUM TpoekToM € Mindustry. Tomy Oyno BupiieHO PO3pOOUTH
JesK1 CX0XK1 MEXaHIKU TPH:

- YOPaBJiHHS BIACHOIO OJMHUIICIO;

- CHCTEMa BHKIJIMKIB;

- OyayBaHHS CIIOPY/ Ha JOBUIBHIN ILJIOIII;
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- HECKIHYEHH1 XBUJII BOPOTiB;

- IEPEMIIIIEHHS BOPOTiB IO JOBIJIBHINA TPAEKTOPII.
3amaqi poboTu:

- aHaJIi3 BUMOT JI0 CUCTEMH,

- BUOIp IHCTPYMEHTIB PO3POOKH;

- po3po0Ka apXiTEeKTypH CUCTEMU;

- pOrpaMHa peatizailisi KOMI'TOTepHOI IPH;

- TeCTyBaHHS (DIHAILHOTO MPOEKTY.

1.7 BucHoBOK

VY upoMy po3aiiai Oyno MpoBEASeHO aHalli3 MpPeaMETHOI 00J1acTi, BUBHAYEHO
OCHOBHI MOHATTSI, OB’ sI3aH1 3 MPEAMETHOIO 00JACTIO 1 00’ €KTOM IOCIII)KEHHSI Ta
po3poOku. Byno po3misHyTO mMpobieMy pO3pOOKH KOMIT FOTEPHOI TPU Y >KaHPI

Tower Defense.

Byno mocniikeHo OCHOBHI MAaTe€pHU ISl pO3pOOKU KOMIT FOTEPHOI IpU Ta
MIPOBENICHO TOPIBHSUIBHMM aHalli3 I[MX TAaTepHIB, SKUM T[OKa3aB IepeBary

BukopuctanHs Component marepHy.

[IpoBeneHO MOPIBHSUIBHUI aHAII3 ICHYIOUMX AaHAJIOTIB Ta OyJlM BH3HAYEHI

OCHOBHI BUMOTH JIO0 CHCTEMH Ta MEXaHIKH T'PH.

Byno copMynb0BaHO 1 MOCTABIECHO 3aBJAaHHS A0 POOOTH.



34

2 OIINC IMTPOI'PAMMU

2.1 Bubip moBu nporpamMyBaHHsI

MoBa nporpamyBaHHs - 1€ IITy4Ha CHUCTEMa CHUMBOJIIB, CTBOPEHA s
BUJaul 1HCTPYKLIA KOMITIOTEpaM Ta 1HIIMM MaliuHaM. BOHa BHUKOPHCTOBYETHCS
UL pO3pOOKH TIporpaMm, SKi KEpyITh TOBEIIHKOIO MAIluH Ta JJIA OMHCY
anropuTmis [13].

Y KO>KHOT MOBH IIPOTPAMyBaHHS € CBOI IIepeBaru Ta HeAodiku. HaifuacTiie,
JUIsL pO3pOOKH KOMIT'FOTEPHOI I'PH, BUKOPUCTOBYIOTh Takl MOBH IPOrpaMyBaHHS SIK:

C++, C#, Python.

2.1.1 C++

C++ - e MoBa mporpaMyBaHHS 3arajbHOTO MPHU3HAYEHHS, KA MIATPUMYE
KUIbKa  [apaJurM  [porpaMyBaHHS,  BKJIIOYAIOUM  00'€KTHO-OpPIEHTOBaHY,
y3arajbHeHy, npoueaypHy Ta iHmi. b'aspa CtpaycTpyn posnodas po3poOky C++ B
AT&T Bell Laboratories y 1979 pomi. IlowarkoBo moBa mana Ha3zBy "Ci 3
kinacamu". Y 1984 poui Crpayctpyn mneperimenyBaB ii Ha C++. Ilepuuit
odiuiiiHuii onuc MOBU OyB mpeAcTaBieHu y mixkHaponHomy cranaapti ISO/IEC
14882:1998 (C++98), a HailOUIbII aKkTyaJbHUM CTaHIAPTOM Ha JaHUW 4Yac €
ISO/IEC 14882:2020 (C++20) [14].

Y 1990-x pokax C++ crana OIHIEIO 3 HAWUOUIBII TOIIMPEHUX MOB
IporpaMyBaHHsI 3arajlbHOro MpHu3HaueHHs. [0 MOBy BHKOPUCTOBYIOTH IS
IIMPOKOTO CIIEKTPY 3aBAaHb, TaKWX SK CHUCTEMHE NpOTpaMyBaHHS, pPO3pOOKa
3aCTOCYHKOBOTO IPOTPAMHOI0 3a0€3MEUYeHHs, HAlMCaHHS JIpaiiBepiB, CTBOPEHHS
NOTY)KHUX CEpPBEpHUX Ta KIIEHTCHKAX TPOrpaM, a TaKokK IS PO3POOKHU
pPO3BaKaJILHOTO TPOTrpaMHOIO 3abe3leueHHs, Hampukiaj, Bigeoirop. C++ mae
3HAYHUU BIUIMB Ha 1HILI MOMYJSPHI MOBH MPOrpaMyBaHHsS Cy4acHOCTI, Taki sik C#
ta Java [14].

[Tpu ctBopenni C++ Oyno mparHeHHsI 30eperTu cyMmicHICTh 3 MoBoio C.
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binburicte nporpam, Hanucanux Ha C, MaloTh 3AaTHICTH MpaloBaTh 03 mpoosiem i
3 kommisropom C++. Cunrtakcuce C++ 6asyerhcst Ha cuHTakcuci mosu C [14].

[aHOBarii B C++ BKIIIOUAIOTh B ceOe HACTYyIHE:!

- MOXIIHUBICTh  O0'€KTHO-OPIEHTOBAHOTO  MPOrpaMyBaHHS  4epe3
BUKOPUCTAHHS KJIacCiB,;

- MIATPUMKY y3arajJbHEHOTO IPOrpaMyBaHHs 3a IOTIOMOTOI0 IIA0JIOHIB,;

- BBE/ICHHS JIOIATKOBUX TUITIB TAHUX;

- MEXaHi3M 00pOOKHU BUHSTKIB;

- BUKOPUCTAHHS IIPOCTOPIB IMEH,;

- IEpEBAHTAXKEHHS OTIEPATOPIB;

- IEPEBAaHTAKEHHS IMEH (DyHKIIIH;

- BUKOPHUCTAHHS TIOCWJIaHb Ta OIEparopiB il KEepyBaHHS BUIBHO
po3noiieHoro mam'sTTio [14].

CranmaptHa 6i6mioteka C++ BItouae B cebe crangaptHy 0i6mioteky C 3
HEBCJIIMKUMH MOAUQIKAIIAMH, SKI poOJSITh 11 OLIBII  aJalnTOBaHOK IS
BUKOpUCTaHHS B MOB1 C++. Ille oaHi€ero BaxIuBO0O cki1aaoBow 0i6mioTexku C++ €
Crangaprna biomioreka IllabnoniB (STL). Bona Hamae mupoOKUN CHEKTP
IHCTPYMEHTIB, TAKUX SIK KOHTEWHEPHU (HApHKIal, BEKTOPU Ta CIIUCKH) 1 ITepaTopu
(3araJpHOBXKHMBAaHI  BKAa31BHUKHM), 10 JO3BOJSIOTH MpalfoBaTd 3  LHUMHU
KOHTEWHepaMu sK 31 3BUuYaiHuMu MacuBamu. Kpim Toro, STL 3abesneuye
MOJKJIMBICTh @HAJOTIYHO MPALIOBaTH 3 1HIIMMH BUJAMU KOHTEHHEPIB, TAKUMU SIK
acoIiaTBHI MacHUBH, CTeKH Ta uepru [14].

[lInssxom BUKOpUCTaHHA TIa0JOHIB MOXXHA CTBOPIOBATH  3aralibHi
aJITOPUTMHU, K1 MOXKYTbh ONpPAlbOBYBATU Oy/Ib-sIKI KOHTEHHEPH a00 MOCIIIIOBHOCTI,
JOCTYII JI0 €IEMEHTIB KX 3a0e3meuyroTh iteparopu [14].

VYemixy STL, ocobmuBo ii BKJIIOYEHHS 10 CTaHAapTHOI O10mioTeku CH++,
CHPUSAIIO CIIPSIMYBaHHS Ha IMIMPOKUI CTIIEKTP 3aBJaHb Ta y3arajibHEHA CTPYKTypa. Y
IOMY BifHOIIEHHI, 010mi0TeKa Boost choromni ayxe Omm3bka 3a myxom jmo STL.
Takok € O010JI0TEKOI0 3arajJlbHOr0 MPU3HAYEHHS, 1 BIUIMBaE Ha (GOpPMYyBaHHS

cTanaaptHoi 6i0mortexkn C++ [14].
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ITepesaru:

- C++ no3BONsSIE HANMCaHHS MIBUAKOAIIOYUX IpOrpaM, OCKUIBKM BOHA
Habarato OmkK4a 10 MAIIMHHOTO KOJYy IMOPIBHSHO 3 BHUIIMMHU DPIBHIMH MOB
nporpaMmyBaHHs, TakuMHU sk Python a6o Java;

- ¥V C++ € MOXIMBICTH MPSAMOTO KEpyBaHHS MaM'ATTIO, IO Ja€
pPO3pOOHMKAM OUIbII THYYKHH KOHTPOJIb HAJl pECypCaMu;

- C++ miarpumye 00'€KTHO-OpIEHTOBAaHE MPOrpaMyBaHHs, IO JO3BOJISE
CTBOPIOBATH KJIacU Ta 00'€KTH, IO COPOUIY€E CTPYKTYpy MPOrpamu Ta MOJIETHIyeE ii
PO3IIMPEHHS Ta 00CIYyroByBaHHS,

- B C++ MoXHa MpsAMO B3a€EMONIATH 3 alapaTHUM 3a0e3MEeUCHHSM,
HaNpHKJIaJ, 3 BUKOPUCTAHHSM BKa31BHUKIB, aceMOJepHHX BOYHOBOK Ta IHILIHX
HU3BKOPIBHEBUX KOHCTPYKIIIi;

- 0arato MOB MpOrpamMyBaHHS MOXYTh B3aemonisiTH 3 C++ uyepe3 ii
HU3BKOPIBHEB1 (PYHKIIT Ta ME€XaH13MU B3aeMoxii, Taki ik C API.

Henomniku:

- C++ Moxe OyTH CKJIQJHOKO I BUBYCHHSI Ta BUKOPUCTaHHS, OCOOJIMBO
JUTST HOBAYKIB,;

- Oe3neka nmam'saTi Ta 1HIIUX aCMEKTIB MporpamMu Moxe OyTH MpoOIeMoro B
C++, OCKUIbKM pPO3POOHMKHM MAlOTh MNPSAMHA AOCTyH 10 MHam'siTi Ta MOXYTb
3pOOUTH TOMUJIKM, MO MPHU3BOAATH JO CETMEHTallli mam'siTi, MEepEeTOBHEHHS
Oydepa Ta IHIIUX CEPHO3HUX MPOOIIEM;

- C++ He Mae aBTOMAaTHUYHOTO 30WMpaHHS CMITTS, IO O3HAYae, IO
pPO3pOOHUK MOBHHEH BPYYHY KEpyBAaTH BHUJIIJICHHSIM Ta 3BUIBHEHHSM HaMm'siTi, 110
MO’KE€ MTPU3BECTH JI0 BUTOKY MaM'sITi Ta IHILIKUX TPOoOJIeM;

- y C++ icHywTh pi3HI Bepcii Ta CTaHIApPTH, M0 MOXE MPHU3BECTH 10
HECYMICHOCTI MIXK KOJIOM, HAalTMCAHUM JJIsl OJJHOTO CTaHJapTy, Ta 1HIINM,

- 3a3Buyail mporpamu Ha C++ BHMaralTh OUIBIIOTO OO0CATY KOAY
NOpIBHAHO 3 IHIIMMH MOBaMH NPOTpaMyBaHHA Jid JOCATHEHHS TOTO XK

(byHKITIOHATY, III0 MOXE 301JIBIINTH Yac PO3pOOKH Ta MiATPHUMKH.
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2.1.2 C#

C# - ne MoBa mporpaMyBaHHs, SKa OpIEHTOBaHa Ha 00'€KTH, 3 O€3MEYHOI0
CUCTEMOIO THTIi3allii, po3pobneHoro Anaepcom leitncoeprom, Ckotom Binramyrom
ta ITitepom lombae i erinoro Microsoft Research mist mmardopmu .NET [15].

Cunrakcuc C# CcxoXHii Ha TOW, IO BHUKOPHCTOBYETHCS B MOBax
nporpamyBanHs C++ Ta Java. MoBa Mae CTpOry CTaruyHy THUIII3aIil0 Ta
OIATPUMY€E Taki KOHIENIii SK moiaiMopdi3M, MepeBaHTaAXKEHHS OMNEepaTopiB,
BKa31BHUKW Ha (PyHKIIIi-4JIeHU KJIACiB, aTpuOyTH, MOJii, BIACTUBOCTI, BUHATKH Ta
komeHTapl y popmari XML. Xoua C# cmaakye 6araTo BijJ CBOiX IONEPEIHHUKIB,
takux sk MoBu C++, Object Pascal, Monyna 1 Smalltalk, BiH Takoxx BuKIIIOUae
JesiKl MOJIeNl, M0 MOXYThb OyTH MpOOJEeMaTUYHUMH TIPU po3poOIill MpOrpaMHHUX
cucteM. Hanpuknan, y BigMiny Bix C++, moBa C# He NIATpUMY€E€ MHOXHHHE
ycHaaKyBaHHs KiaciB [15].

Crneuudikanis C# BU3Hauae HaMEHIINN HEOOX1JHUI HaOIp TUMIB 1 KJIaciB
010110TE€K, Ha K1 MOXKE PO3pPaxOByBaTH KOMMUIATOP. Y peaibHUX MpoekTax C#
4acTO BUKOPUCTOBYETHCS 3 EBHOIO peaiizaniero Common Language Infrastructure
(CLI), sixa € cramgaptuzoBaHow mig Ha3zBoro ECMA-335 Common Language
Infrastructure (CLI) [15].

IlepeBaru:

- C# mMae npocTuil 1 3p03yMUIHIA CUHTAKCHUC, 1110 POOUTH 1i Ay’KE€ JOCTYITHOIO
JUIsL HOBaYKiB y IPOTpaMyBaHHI;

- C# pospobnena xomrmaniero Microsoft i MIMPOKO BUKOPUCTOBYETHCS JIJISt
pO3po0KH mporpam yist pi3HUX maatgopmM, Takux sk Windows, Linux, 1 macOS;

- C# mocTaBisS€TbCsl 3 BEJIUKOIO CTaHAAPTHOIO O10J110TEKOI0, SIKa MICTUTh
0arato KOpUCHUX (YHKIH 1 KJIaciB JJis Pi3HUX 3aBJaHb MPOTpaMyBaHHS, LIO
JI03BOJISIE PO3POOHUKAM IIIBHJIKO CTBOPIOBATH MIPOTPaAMHU;

- C# mae BOygOBaHy cCHCTEMY AaBTOMAaTH4HOIO 300py cMiTTs (garbage
collection), sika 3BUIbHSIE PO3POOHUKIB B HEOOXITHOCTI PYYHOTO KEpyBaHHS

naM'aTTIO Ta 3aro0irac BUTOKaM I1am'sTi.
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Henomniku:

- xoua C# Tenep MiATPUMYEThbCS Ha Oararbox Iutaropmax, BOHa BCeE IE
HaANOUTBII MOBHICTIO iHTErpoBaHa 3 miardopmoio Microsoft, o Moxke 0OMeKUTH
il BUKOpUCTaHHS Ha 1HIIKMX I1aThopmax;

- y TIOpiBHSAHHI 3 MOBaMH, TakuMHu sik C++, C# mae oOMexxeHul TOCTyN 70
HU3BKOPIBHEBHX OTEpalliil Ta anapaTHUX PECypCiB;

- neski Qynkuii C# MoxyTh 3anexaru Bia miatgopmu abo Bepcii .NET
Framework, mo moxe mpusBectu 10 mpobaeM 3 CyMICHICTIO MK BEpPCISIMHU;

- xoua € twiargopmu, Taki gk Xamarin, s PO3POOKH MOOUIBHUX
3actocyHkiB Ha C#, BoHa He Ma€ BOYJOBaHOI MIATPUMKH MOOUIBHUX MIAaTHOPM, K

1[e Ma€ Miclle, Hanpukiaza, y Java 3 ioro miargopmoro Android.

2.1.3 Python

Python - 1me wMoBa mnporpamyBaHHS BHCOKOTO piBHSI 3 00'€KTHO-
OpPIEHTOBAHUM IIJIXOJJOM Ta THYYKOI JIWHAMIYHOIO THUITI3aIl€l0, Ky PO3POOUB
I'Bino BaH Poccym y 1990 pomi. Ii BUKOpHCTaHHS CIIpOIIy€e MIBHIKY PO3POOKY
porpam 3aBAsSKH BUCOKOPIBHEBUM CTPYKTypaMm JIaHUX, TUHAMIYHIA CEMaHTHUI Ta
JUHAMIYHOMY 3B's3yBaHHIO. Python chopusie MoOIynbHOCTI Ta MOBTOPHOMY
BUKOPHCTAHHIO KOAY 3a JOMOMOTOI0 MIATPUMKH MOJIYJIIB Ta IMAKETIB MOMYIIB.
InTepnperatop Python i ctangapthi 0610/110TE€KH AOCTYIHI SIK Y CKOMITLJILOBaHIH,
Tak 1 y BUX1IHIA dopMi JJig BCIX OCHOBHUX Tuiargopm. MoBa miaTpuMye Kijgbka
napagurM IporpaMyBaHHS, TaKUX fAK OO0'€KTHO-OpIEHTOBaHAa, MPOLEAYpPHA,
aCIeKTHO-Opi€HTOBaHA Ta PyHKIioOHATbHA [16].

Cepen ronoBuux nepesar Python MojkHa BUIUIUTH HACTYITHI:

- YITKUH CHHTaKCUC, Ji¢ OJIOKM KOAY BHM3HA4YalOThCS 3a JIOMOMOIOIO
BIJICTYIIIB,

- TIEPEHOCHICTh TMporpaM, M0 € XapaKTePHOIO PHUCOI0 I OUIBIIOCTI
IHTEPIPETOBAHUX MOB;

- IIUPOKHUHA BHOIp KOPUCHUX MOIYJIIB y CTaHJAPTHOMY JUCTPUOYTHBI,
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BKJTFOYAOYM MOJTYJI1 JIJIsl CTBOpPEHHS rpadiuHuX 1HTep(]eiiciB,;

- MOXJHUBICTh BHKOpHcTaHHs Python y miamoroBoMy pexumi, IO Jyxke
3pYYHO JUIS €KCIIEPUMEHTIB Ta BUPIIIIEHHSI POCTUX 3aBIaHb,

- MpOCTe, alie TOTY)KHE CEpEJOBUINE PO3POOKH Yy CTaHAAPTHOMY
nuctpudyTHBi, Bimome sk IDLE, ske mHanmucane moBoto Python;

- 3pYYHICTb JAJIS1 PO3B'SI3aHHS MaTeMaTUYHUX 3aBaHb, 30KpEMa MOKJIUBICTb
npamioBaTd 3 KOMIUIGKCHUMH YHCJIaMH, BEJIUKUMH I[UIMMH YHCIaMU Ta
BUKopucTaHHs Python sik kanpkynsiTopa y A1aJI0TOBOMY pEXHMI,

- BIAKPUTHUHN KO, 1110 A03BOJISIE KOPUCTyBayaM pearyBaT HOro 3a BIaCHUM
OaxxanHsM [16].

Python npononye epexkTuBHI CTPYKTYpH JTaHUX BUCOKOI'O PIBHS 1 IPOCTHM,
ane JieBHil MiAXia 10 06'€KTHO-OPi€HTOBAHOTO MpPOrpaMyBaHHs. Moro eneraHTHui
CUHTAKCHUC, IMHaMIYHa 00OpOOKa THUIIB 1 IHTEPIPETOBAHUN XapakTep poOsIsITh HOTO
171IealbHUM JIJIsl HAMMMCAHHS CKPUITIB Ta MIBUJKOI pO3pOOKH IMporpaM y Oararbox
rajgy3sx Ha pi3HuX miardopmax [16].

MoxnuBocTi iHTeprpeTaropa Python moxHa po3mupuTH 3a JOMNOMOTOHO
byHKIIA Ta TUOIB AaHUX, MO po3pobneHi Ha C abo C++ (abo iHmI# MOBI, SKY
MokHa BukiMkatu 3 C). Kpim toro, Python 3pyuHa sik MoBa pO3MIMpEHHS AJIs

NPUKIIAJHUX [IPOTrpam, siKi moTpedyroTh moaanbinoi monudikarii [16].

2.2 ITopiBHSIHHA MOB NIPOrpaMyBaHHS

O3HaOMUBIINCH 3 ONMHUCAHWMH BUIIIE MOBaMHU MPOTPaMyBaHHSA, Oyi0

MPOBEACHO MOPIBHSILHUM aHaNI3 Y HAIPSIMKY po3poOku irop (tadm. 2.1).

Tabmuis 2.1 — [MopiBHsIIbHA XapaKTepUCTUKA MOB IPOTpaMyBaHH

XapakTepucTuka
C++ C# Python
/ Ha3Ba

1 2 3 4
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1 2 3 4
[IBuakomiitHa
Jlyxe Brucoka MOBa [ToBinbHIIINH, ane
MIBUKOJIIA, 11€AJIBHO | MpOrpaMyBaHHS, JOCUTD
_ M IXOONUTH IS BIIMIHHO NPUNUHATHUHN 1JIs1
[TponykTHBHICTD .
pOo3poOKHu HIAXOAUTH JUIsl | HPOTOTUITYBAaHHS
BHUCOKOIIPOAYKTUBHUX | CTBOPEHHS 1rop Ta PO3pOOKHU
irop 1St iathopm HEBEJIMKHX 1T0p
Microsoft
[TonynsapHuii B
TeHM/ICBI,
BuxopucroByeTbcs
[upoxo 0CO0JIMBO
. JUISL CTBOPEHHS
BUKOPHUCTOBY€THCS 3apasiku Unity,

Bukopucranus B

TUTsL pO3pOOKH 1rop,

BKJIFOUaroun AAA-

sSKa J03BOJISIE

PO3pOOIATH ITPU

MPOCTHX 1TOD,
MPOTOTHUIIIB, &

TaKOX 1rop 3

reiimieBnl IPOEKTH, KOHCOIbHI1 TUTSL pI3HUX
BAXKUM aKIIEHTOM
ta [1K-irpu, maropm, .
Ha THAI-MPOEKTH,
0COOJIMBO 3aBASIKU BKJIFOUAIOYU
] apT-CTHJIb Ta
Unreal Engine koHcoui, [1K,
o reMILIen
MOOUITBH1
TenedoHu
Yacro
Mae 3pyunun
. BUKOPHCTOBY€ETHCS
iHTepdeiic 1 o
[Ipsimuit nocTyn A0 3 010;110TEeKaMH,
. . CTBOpEHHS
['padiunamii rpadiqHOTO JBUKKA _ TaKUMH SIK
. rpadiku, ane
iHTepdeiic Ta armapaTHoro Pygame a6o
Moyke OyTH MEHII
3a0e3IeueHHs Pyglet, nnsa

THYYKUM

nopiBHAHO 3 C++

cTBOpeHHs 2D

rpadiku Ta irop
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1 2 3 4
Menmui
KOHTPOJIb HAJl
Mae noBHui1
Hapnae Bumumit pecypcamu
KOHTPOJIb HAJl ' '
PIBEHb nopiBHAHO 3 C++
pecypcamu, 110 '
a0cTpaxiiii, ane ta C#, ane
KonTtponb T03BOJISIE €PEKTUBHO o
. BCE WIE JI03BOJISIE B1JIMIHHO
pecypciB BUKOPHUCTOBYBATU .
e(eKTUBHE M IXOIUATD IS
pecypcu Ta _
. YIPaBIIIHHS HEBEITUKHUX
ONTUMI3YBaTH .
_ pecypcamu MIPOEKTIB 3
POAYKTHUBHICTD
00OMeKEeHUMHU
pecypcamu
Mae Benuky
o o Icnyrors
KUIBKICTB 010110TeK .
[linTpumye 010110TEKH Ta

[HTerpanis 3
IHIITUMHA

IHCTpYMEHTaMHU

Ta (hpelMBOPKIB, 110
OIATPUMYIOTHCS B
reMM/IEBI,
BKJIFOUAK0UM rpadiyuHi
pyuii, hi3udHi
CUMYJISIII, 3BYKOB1

010JI10TEKH Ta 1HIIIE

IUPOKUM CIIEKTP
1HTerpauii 3
IHIINMHA
IHCTPYMEHTaMH,

3okpema Unity

bpeitMBOpKH, alie
BOHU MOXYTb OyTH
MEHTII
JOCTYITHUMHU
nopiBHSAHO 3 C++

ta C#

KomyHnirer Ta

MiITPUMKA

Mae Benuky ta
aKTUBHY CIJIBHOTY,
30Kpema B
cepenopuii Unreal

Engine

€ mupoxka

CITIIBHOTA
PO3pOOHUKIB,

30KpeMa B
CepeIoBUIIT

Unity

Mae Benuky Ta
AKTUBHY
CIIUJIBHOTY, ajie
MO>Ke OyTH MEHIII

CIIeIiai30BaHOI0

OTxe, MOPIBHSBIIM TPU MOBHM MPOrpaMyBaHHsA, OyJlO BHUPIIIEHO HaJaTH
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nepeBary Bukopuctands C++ Ta po3pobutu komn 1oTepHy Tpy. OCHOBHI mepeBaru
BuOOpy C-++ BKJIIOYAIOTh BUCOKY IIBHAKOAII0 Ta €(DEKTUBHICTh, MOBHUN KOHTPOJIb
HaJ| pecypcaMy, THYYKICTh Ta MacmTabOBaHICTh, a TaKOX IIUPOKUH BHOIp
010110TEeK Ta PpelMBOPKIB, AKI TIATPUMYIOTHCS [l po3poOku irop. OaHaK BapTo
TaKOX BpaxyBaTH, 110 po3pobka Ha C++ moxe OyTH CKJIQJHIIION TMOPIBHSHO 3
IHIIMMHA MOBAaMH MPOTPaMyBaHHs, 1 BOHA BUMarae rMOOKOrO pO3yMiHHS MOBH Ta
KOHIIEIIIM MporpamMyBaHHS, a TakoK OuUIbIlIe yacy Ha BUpIIICHHS IpolieM Ta

OTITHMI3aIlii0 KoY.

2.3 Bubip cepenoBuina po3pooku

IaTerpoBane cepeoBuIle PO3POOKH - 11e KOMILJIEKCHE ITPOrpaMHE PIllICHHS,
0 BUKOPUCTOBYETHCS JUISI CTBOPEHHS IPOTPaAMHOTO 3a0e3MedYeHHS. 3a3BUYaid
BOHO BKJIIOYaE B ceOC pEJakTop IMOYAaTKOBOTO KOAY, I1HCTPYMEHTH JIJIst
aBTOMaTH3allli KOMMUIAIII Ta BIAJIAroKEHHS mporpaMm. BuTbIIiCTs cydacHUX
IHTErPOBAaHUX CEPENOBHIL PO3POOKH MAIOTh (DYHKIIIFO aBTOJOMOBHEHHS KOAY, IO

CIIPOIILY€ TMPOIIeC HamMCcaHHs mporpam [17].

2.3.1 Visual Studio

Microsoft Visual Studio € cepieto npoaykriB Bijx komnanii Maitkpocodr, siki
BKJIFOUAIOTh 1HTETPOBAHE CEPENOBUINE PO3POOKH MPOTPAMHOTO 3a0€3MEYCHHS Ta
pi3HOMaHITHI 1HCTpyMEHTH. [[i mpOAyKTH MO3BOMSIOTH PO3POOIATH SIK KOHCOJBHI,
TaK 1 rpadiuHi mporpaMu, BKJIOUaOuu MATpUMKY TexHousorii Windows Forms, a
TaKoX BeOCalTH, Be03aCTOCYHKU Ta BEOCITYy:KOHM K Ha PIIHOMY, TaK 1 KEPOBAaHOMY
KOIl A pi3HuX mnargopM, takux sk Windows Phone, Microsoft Windows,
Windows CE, Windows Mobile, .NET Framework, .NET Compact Framework Ta
Microsoft Silverlight [18].

ITepearu:

- Visual Studio Hagae Bce HeoOXinHE AJii CTBOPEHHS Mporpam - Bif



43

peaakTopa KoAy J0 IHCTPYMEHTIB JJI HaJaro/>KEHHs, BIJICTEKEHHS Ta KepyBaHHS
BEPCISIMU;

- Visual Studio miaTpumye He nuIie MOBH IpOrpaMyBaHHS 3 CiMeicTBa
NET, taxi sx C# ta VB.NET, ane 1 MoBu nporpamyBanHs, Taki sk C++, Python,
JavasScript;

- Visual Studio iHTerpyerbcs 3 pi3HHMH CepBiCaMH Ta IHCTPYMEHTaMH,
takumu gk Azure DevOps, GitHub, Docker, mo nonerurye po6oty y KoMaHl Ta
PO3pOOKY XMapHUX 3aCTOCYHKIB;

- Visual Studio mae mnoTyxHi 3acoOu i HaJAroJKEHHS MPOrpam,
BKJIFOYAIOUM KPOK-3a-KPOKOM BHUKOHAHHS, BIJICTE)KEHHS 3HAU€Hb 3MIHHUX, aHaNi3
mam'siTi;

- Big Windows 1 Xbox 10 MOOUIBHUX MPHUCTPOIB Ta XMapHUX CEPBICIB -
Visual Studio no3Bossie po3po0asiTH IpOorpaMu AJis Pi3HUX MIATHOopM.

Henomniku:

- Visual Studio Baxka [ BUKOPUCTAHHS Ha MEHII TOTYXKHHUX
KOMIT'IOTEPAX, OCKIJIbKA BHUMAara€ BEJIHMKY KUIBKICTh pEcypciB maM'aTi Ta
npoluecopa;

- JUIsl HOBA4YKiB MOXKe OyTH Ba)XKO OCBOITH BCl MOxJMBOCTI Visual Studio
yepe3 BEJIUKY KUIbKICTh (DYHKI[IOHATy Ta HAJIAITyBaHb;

- xo4a icHye Oe3komrToBHa Bepcis Visual Studio Community, ane 1moBHI
(GyHKIIOHATBHI Bepcii MOXKYTh OyTH JIOPOTMMH JJIi OKPEMHX KOPUCTYBayiB UM
HEBEJIMKUX KOMaH];

- 3aJIe)KHO BiJ Bepcii Ta HajalllTyBaHb, MOXYTh BHUHHUKATH MpoOIeMH 3i
CYMICHICTIO, OCOOJMBO KOJIM TMpalIOeTe 31 CTapuUMH IpoeKTamMu  abdo
BUKOPHCTOBYETE CTOPOHHI TIJIaT1HH;

- xoua Visual Studio minrpumye 6arato MOB MporpaMmyBaHHS, ISl JESKUX 3
HUX MOXe OyTH MeHIla MiATpuMKa TnopiBHAHO 3 1HmMMU IDE, mo

CHEIIai3yI0ThCS Ha IUX MOBaX.



44

2.3.2 CLion

CLion — me xomepmiitna kpocmiarpopmua IDE mis C/C++. JetBrains
KOPHUCTY€ETbCSI BIpHUMHU TIPUXUIBHUKAMHU CEpel PO3POOHMKIB, SKI JIOOIATH iXHI
Yy/OBl PEAAKTOPH KOAY, IO MICTATh YyAOBI IHCTPYMEHTH DPEPAKTOPUHTY KOIY.
CLion Bxirowae aHamiz komy, miarpuMky CMake, MomenmtoBaHHS TMPOEKTY 3
1HTeNeKTyaapHo MiaTpuMKoro koay. CLion — oxna 3 Hebarathox IDE, sxa
HiATPUMYE JIOKaNIbHY Ta BignaneHy (duepe3 SSH), mio mo3Bosisie BaM KOIyBaTH Ha
JIOKaJbHIM MallliHi, aje KOMITUIFOBaTH Ha BijdaneHux ceppepax. Xoda CLion
30cepemkennii BukinouHo Ha C/C++, BiH 6a3yerbest Ha cepenonuiii IDE JetBrains
13 BepCIAMH 711 HAUNOMYJISIPHIILIMX MOB porpaMmyBaHHs [ 19].

IlepeBaru:

- CLion choemianizyeTrbcs Ha PoOOTI 3 MOBOIO mnporpamyBaHHs C++,
HaJlal0un po31upeHuit (QyHKI[IOHAT Ta IHCTPYMEHTH, CHEIialibHO MPU3HAYEHI IS
pPO3pOOKHU Ha Il MOBI;

- CLion Mae BOy10OBaHy CUCTEMY BIJIIQJKH, & TAKOXK MIATPUMKY IHTETparlii 3
30BHINIHIMY BIJIATYMKAMU, 1110 J03BOJIsAE€ €(EKTUBHO BUPIIIYBaTH MPOOJIEeMHU Ta
BiJICTE)KYBAaTH ITOMUJIKH,

- CLion nigTpumye poOOTy Ha pi3HUX ONEpaLIMHUX CUCTEMAX, BKIIOUAIOUU
Windows, macOS Tta Linux, mo 103Bosisie po3poOHUKaM BUKOPHCTOBYBATH ii Ha
CBOEMY YITIO0JICHOMY CEpPEIOBHIIIL;

- IHTErpoBaHi 1HCTPYMEHTH aHami3y KOAy [OMOMAaraimTh BUSBISATH
MOTEHINHI  mpobiieMu, Taki AK CHHTAKCUYHI TOMUJIKHA, HEMpPaBUIIbHE
BUKOPHCTAHHS 3MiHHHX;

- CLion Mae cucteMy IIariHiB, sKa J03BOJISIE€ PO3MIUPUTH HOTO (PyHKITIOHAT
32 JOMIOMOT'OI0 CTOPOHHIX PO3LIMPEHb Ta IHTETPAIlil0 3 IHIIMMU 1HCTPYMEHTAMHU
PO3POOKHU.

Henomiku:

- MOPIBHSHO 3 IHIIMMU cepeoBUIiaMu po3pooku, CLion Moxe MaTH BUCOKI

BUTPATH HA MPUI0AHHS JIIEH31T TSI KOMEPIITHOTO BUKOPUCTAHHS;
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- po6ota 3 CLion MO)ke BUMaraty 3Ha4HUX OOCSTiB ONEPaTUBHOI MaM'siTi Ta
MPOLIECOPHOI TMOTYKHOCTI, II0 MOXE BIUIMHYTH Ha NPOAYKTUBHICTH HAa MEHII
NOTY>KHUX KOMII'IOTEPAX;

- MepexiJi Ha HOBE CEepeloBUIIE PO3pOOKM MOXKE MOTpedyBaTH 4Yacy Ha
HABYaHHS Ta aJamnTaliio, 0COOIMBO SKIIO PO3POOHUKU BXKE 3BUKIU JIO 1HIIOTO
IHCTPYMEHTY;

- xoua CLion cnemiamizyeTbcsi Ha MOBI nporpamyBaHHsi C++, BIH MOXe
Maru OOMEXeHy MIATPUMKY JI1 IHIIUX MOB, IO MOXE OyTH HEIOJIKOM st
PO3pOOHUKIB, SIKI MPAIIOIOTh 3 PI3HUMH MOBaMH,

- K 1 B Oyab-SIKOTO KOMEPIIMHOTO MpPOTrpaMHOro 3a0e3MeueHHs,
xkopuctyBadl CLion MOBHICTIO 3aJ1€XKAaTh Bl KOMIIaH1i-po3pOOHUKA JIJIsl MIATPUMKH,

OHOBJICHBb Ta BHUIIPABJICHb IIOMUJIOK.

2.3.3 Custom IDE

Custom IDE - me iHTerpoBaHe CepelOoBHINE PO3POOKH, SIKE MOXKE OyTH
HAJIAIITOBaHE KOPUCTYBaue€M 3 ypaxyBaHHSIM HOro BJIacHUX IMOTped Ta BUMOL
OcHOBHa 1i1es mojsirae B TOMY, II00 CTBOPUTH pPOOOYE CEPENIOBUIILE, SIKE
ONTUMAJILHO BIJIMOBI1IAa€ KOHKPETHUM 3aBIAaHHSAM Ta CIOCO0y poOOTH pO3pOOHUKA.

IlepeBaru:

- KOPHCTYBad MOXKE€ HaJAIITyBaTh CEPENOBUIIEC PO3POOKH 3TiJHO 3
BJIACHUMHU TIOTpedaMu, BKIIIOUAIOYM BUOIp pETAaKTOpiB KOy, IUIATiHIB, TEM
oopMIICHHS Ta HIIMX HAJAIITyBaHb;

- BpaxyBaHHA IHJIUBIAyaJdbHUX NpPHUCTpAcTed Ta poOoYMX MOTPed
pPO3pOOHMKA MOXKE MOKPALIUTH MPOAYKTUBHICTb, OCKUIBKH 1HCTPYMEHTH OydyTh
ONTUMI30BaH1 caMe JIijisi HOoro poOOYoro mporecy;

- MOXJIMBICTh BUOOPY PI3HUX THCTPYMEHTIB Ta iX KOMOIHYBAaHHSI J103BOJISIE
CTBOPIOBATH THYYKi Ta €()eKTUBHI POOOU1 IOTOKU;

- KOPUCTYBa4 MOXXE€ BUKJIIOUMTH a00 MPUXOBaTH (PYHKINI, sKi HOMY He

noTpiOHI, IO JO3BOJSE CHPOCTUTH 1HTEpPQEHC Ta 30CEpEeAUTHUCS HA BaXKIMBUX
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3aBJJaHHSX.

Henomniku:

- CTBOPEHHs Ta HajamTyBaHHA BiacHoro IDE moxke Bumararu 3Ha4HOTO
qacy Ta 3yCHUJlb;

- nacHi IDE MoxyTh BUSABUTHCS MEHII CTa01TIbHUMH 200 MEHII CyMICHUMH
3 IEBHUMU 1HCTPYMEHTaMH a00 MOBaMH MPOTPAMyBaHHS;

- MIATpUMKa Ta OHOBJIEHHS BiacHOro IDE Takox Moxke OyTH BUMOITIMBOIO
3aauero, OCOOJIMBO SIKII0O BOHAa 0a3yeThbCsl HA BENUKIM KITBKOCTI PI3HUX
KOMIIOHEHTIB Ta IUIariHiB;

- BUKopucTaHHs BiacHoro IDE moxe yckiiagHUTH Npoliec HaBYaHHS HOBUX
YJIEHIB KOMaHX a0o0 CIHIBOpAIll 3 IHIIUMUA pO3pOOHUKAMHU, SIKI HE BUKOPUCTOBYIOTh

Takuil camMuit Hab1p IHCTPYMEHTIB.

2.4 IlopiBHSIHHA cepedOBHIL PO3POOKH

O3HAOMUBIINCH 3 OMMCAaHUMHU IHTETPOBAHMMH CEPEIOBUIIIAMHU PO3POOKH,
OyJI0 TMpOBEIEHO IMOPIBHSIBHUN aHai3 Uil TOro, mo0 BHOpaTH HalKpamui

BapiaHT (Tabm. 2.2).

Tabmums 2.2 — TlopiBHsIIbHA XapaKTEPUCTHKA 1HTETPOBAHUX CEPEIOBHIIL

PO3pOOKHU
XapakrepucTtuka / _ _ _
Visual Studio CLion Custom IDE
Hazsa
1 2 3 4
3aJIe)KUThD B1J
_ o OcHoBHa ' .
[TinTpumye pi3H1 ' KoH(ITYypartii, aie
MIATPUMKA JJIS
Mogu MOBH, Taki sk CH#, MOKe OyTH
MOBH
OporpaMyBaHHs C++, Python, HaJaIlITOBAaHUM I
] MporpaMyBaHHS
JavaScript OyAb-KOT MOBU
C++, Python
MporpamMyBaHHs
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1 2 3 4
. 3anexuTh Bij TOTO,
Mae 1HCTpyMEHTH _
Mae mupokuit SIKI KOMITOHEHTH
_ U1 poOOTH 3 .
Ha01p BOY/1I0BaHUX Oynu 0/1aH1
' ' ' POEKTAMH Ha
BOynoBani THCTPYMEHTIB ISl KOPHUCTYBaueM.
. C++, BKITIO4at04n '
1HCTPYMEHTHU pO3po0KH, Bxutouae Oynb-siki
BOYIOBaHUM '
TECTyBaHHS, . IHCTPYMEHTH 32
BIJIJIar0JI>KyBad,
HaJIarouKSHHS BHOOpOM
aBTO/IONIOBHEHHSI
KOpUCTyBaya
Mae BOynoBaHui Moske Matu pizHi
Mae noryxHui . . . .
. BIJITArOKyBay 31 | BIAJIAroKyBallbH1
| Bimnaromxysad 3 '
HanaromxkyBanbHi . CXOKUMH IHCTPYMEHTH,
_ PI3HUMU .
MOYKJTHBOCTI MO>KJITUBOCTSAMU 3aJIeKHO Bi
MO>KJTUBOCTSIMU .
JUIS1 TPOEKTIB HA BUOOPY
HaJIaroKEeHHS _
MoB1 C++ KOpHCTyBaya
Mae obmexeny MakcuMainbHO
Mae oOMexeHy THYYKICTb, THYYKUNA, MOXE
THYYKICTb, aZanToBaHy s Oyt
. a/IarTOBaHy JIJIst pobotu 3 HAJIAIITOBAHUH 3
['HyuKkiCTh
pobotu 3 IPOEKTAMH Ha ypaxyBaHHSIM
IPOAYKTaMHU MOBI KOHKPETHHUX
Microsoft IpOrpaMyBaHHS norped
C++ KOpPHUCTyBaua
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1 2 3 4
. Mae nosny
Mae nesxy Mae marpumMky .
' o HiATPUMKY
MiATPUMKY IUIariHiB, ajie o
o IUIAT1HIB,
IUIariHiB, aje B 3HOBY X TaKH, B
BKJIFOUAIOYHU
_ OCHOBHOMY OCHOBHOMY '
[TigTpumka MOJKJIMBICTb
o 0OMEXKYETBHCS 0OMEXKYETBCS
IUIariHiB . _ . _ J0AaBaHHS Oy/Ib-
IUIariHaMu BiJ IUIariHaMu, sKi o
. _ AKUX IUIAr1HIB
Microsoft Ta MIATPUMYIOTh _
. 3r1JIHO 3 BJIaCHUMU
CTOPOHHIMH PO3pOOHUKH
_ norpedamu
PO3pOOHUKAMHU CLion
KOpHCTyBaya
o . 3anexuTsb BiJl TOTO,
€ pi3Hi Bepcli, .
SIK1 KOMIIOHEHTHU
BKJIFOYAIOYU Mae npoOHuit
. BUKOPHUCTOBYIOTBCS
OE3KOIITOBHY nepiof Ta MiaTHy
. _ . . JUTSl CTBOPEHHS
Baprictb Community JIIECH3IIO JUIS
) BnacHoro IDE.
BEPCIIO Ta IJIaTHI KOMEPLIAHOTO
Moxe OyTH sIK
Professional i BUKOPUCTAHHS
. . O€3KOILITOBHUM, TaK
Enterprise Bepcii _
1 IUTATHUM
Otxe, mnopiBusBu Tpu |IDE, Oyno BupimeHo Haxatu nepeBary

BukopuctanHs Custom IDE mis po3poOku komm’toTepHoi rpu. OCHOBHI TiepeBaru

Bubopy Custom IDE BkirouaroTh MakCUMallbHy THYYKICTh Ta 1HAMBIIyalli3aliio y

cBoeMy pobodyomy cepenosuiii. Custom IDE no3Bosisie Matu MOBHUN KOHTPOJIb

HaJ[ CBOIM pOOOYHMM MPOIECOM Ta IHCTPYMEHTAMH, 1[0 MOXKE JOTIOMOTTH JOCSTTH

ONTUMAaJILHOI MTPOyKTUBHOCTI Ta 3a0€3MEUNTH 3pyUHICTh POOOTH.
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2.5 Bubip myabTuMeniiinoi 6i0ioTexu

Mynbrumeniiina 06i0mioTexka - 1i¢ Hallp MPOrpaMHUX 1HCTPYMEHTIB,
GyHKIN Ta pecypciB, K1 MpU3HAYEHI JUIsI PO3POOKH MPOrpam, IO MPaIoTh 3
PI3HOMaHITHUMHU MYJIBTUMEAIMHUM BMICTOM, TAaKUM SIK 300pakeHHs, 3BYK, BIJICO Ta
rpadika. L{i 616mioTekn 3a3BUYail HATAIOTh 3PYYHHUM 1HTEepdeiic mporpamMmyBaHHs
(API), mo nmo3Bossie poO3pOOHUKAM JIETKO B3aEMOJISITH 3 MYJIBTUMEIIHHUMHU

pecypcamMu Ta BUKOPUCTOBYBATH IX Y CBOIX IIporpamax.

2.5.1 SDL

Simple DirectMedia Layer (SDL) — 1e OiOmioTeka, sika TPOIOHYE
KpocriaropMOBUN aOCTPAKTHUN PIBEHb ISl MYJIBTHMEIIMHUX KOMIIOHEHTIB
KOMIT'toTepa. PO3pOoOHMKK MpOrpaMHOro 3a0e3MeueHHs] MOXYTh BUKOPHCTOBYBAaTH
il i1 CTBOPEHHS BHCOKONPOIYKTUBHUX KOMITIOTEPHUX IrOp Ta 1HIIMX
MYJBTUMENIMHUX 3aCTOCYHKIB, SIKI MPALIOIOTh HA PI3HUX OMEPALIMHUX CHUCTEMAX,
takux sk Android, 10S, Linux, macOS i Windows [20].

SDL 3abe3neuye ymnpapiiHHA Bil€o, aydio, NPUCTposMHU BBeaeHHs, CD-
ROM, norokamu, 3aBaHTAXKEHHSIM CIIJIBHUX 00'€KTIB, MEpPEXKEI0 Ta TakMepamu. Y
chepi 3D-rpadiku BoHa miarpumye KoHTeKcT OpenGL, Vulkan, Metal a6o
Direct3D. IlomupeHoro MOMWIKOIO € BBakartu, mo SDL € IrpOBHM JIBHXKOM.
[Ipote 1 6i0mioTeka Moxe OyTH BUKOPUCTaHA JIJISl TIPSIMOTO CTBOPEHHS irop ado
3aCTOCOBYETHCS K 0aza st po3poOKku irpoBux aBHKKIB [20].

SDL mmpoko BHKOPUCTOBYETHCS B Tally3i SIK Y BEITUKHX, TaK 1 B MajHX
npoekrax. Ha caiiti 6i6mioreku po3mimieHo nonan 700 irop, 180 mporpam 1 120
neMoHcTpaitiit [20].

Ilepesaru:

- SDL migTpumye BENHMKY KUIBKICTh OINEpAlifHUX CHUCTEM, BKJIIOYAIOUYH
Windows, macOS, Linux, a Takox iHmii, Taki sk Android ta 10S, mo po6uts ii

171ealbHUM BUOOPOM ISl pO3POOKHU KpOC-TIaT(hOPMEHHUX 3aCTOCYHKIB Ta 1rop;
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- SDL mae npocTuii Ta Jerkuil y BUKOPUCTaHH1 iHTepderic mporpaMyBaHHsI
3acTocyHKIB (API), 110 103BOJIsI€ MIBUAKO PO3MOYaTH poOOTY 3 610110TEKOIO HABIThH
ITOYATKIBIIIM;

- SDL Hanae 3py4yHuii noctyn A0 poOOTH 3 Bifeo, aydio, KiaBiaTypolo,
MUIICI0 Ta IHIIMMH MPUCTPOSIMH BBOAY Ta BHBOAY, IO pPOOUTH I IOCHUTH
YHIBEpPCAIHOIO JJII  PO3pOOKM 1rop Ta TMporpaMm 3  MYJIBTUMEAIMHUMU
MO>KITUBOCTSIMU;

- SDL posmoBciomkyeTbes mmif JineHsiero  zlib, 1mo  go3Bosse
BUKOPHUCTOBYBATH 11 y KOMEPLIHHUX MPOEKTAX, pO3POOISATH BIaCHI MOAM(IKaIlii Ta
BHOCUTHU BHECKH JI0 PO3BUTKY O10J110TEKH.

Henomniku:

- gesiki Bepcli SDL MoxyTe maru mnpoOiemu 31 CTaOUIBHICTIO a00
CYMICHICTIO 3 TI€BHUMH OIEpalliHUMH CHCTEMAMH YH KOHQITypauisiMu
o0JTagHAHHS,

- xoua SDL Hanae 6a30Buil HaOIp GYHKIIN 711 MyJIBTUMEAINHOT pPO3pOOKH,
B JCAKMX BHUMaJKaXx Moxe OyTu oOMeXeHOw JJisi CKIagHux  abo
BHUCOKOTIPOIYKTUBHHUX 3aCTOCYBaHb MOPIBHSIHO 3 THIIMMH 010110TeKaMH;

- SDL B ocHOBHOMY opieHTOBaHa Ha 2D rpadiky, Tox ais po3poOku 3D
1rop 4M mporpam Moke 3HaJoOUTHCS JoJaTKoBa 01010Teka a0o hpeMBOPK;

- Y TOpPIBHSHHI 3 JEIKMMHU IHIIMMH TOMYISIPHUMU MYJIBTUMEIIHNHUMU
010morekamu, Takumu ik SFML, SDL Moxe mMaru MeHIly KUIbKICTh aKTHBHUX

KOPHUCTYBauiB Ta PO3BUBAIOYY CIIJIBHOTY.

2.5.2 SFML

SFML — ue kpocmiarpopmua 6i167i0TeKa i pO3pOOKH MPOrPaMHOTO
3a0e3MneueHHs, ChpsMOBaHa Ha HaaaHHs npocroro APl mna pobotu 3
PI3HOMAHITHUMU MYJIBTUMEIIHHUMU KOMIIOHEHTaMHU KOMIT toTepiB. Hammcana Ha
C++, SFML mae nipuB'si3ku 71t MOB IporpamyBaHHs, Takux sk Ada, C, Crystal, D,

Euphoria, Go, Java, Julia, .NET, Nim, OCaml, Python, Ruby ta Rust. Takox
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JIOCTYTIHI €KCIIEpUMEHTaIbH1 MOO1IBbHI TopTu 111 Android ta 10S, siki 3'sBunvcs 3
BunyckoM Bepcii SFML 2.2 [21].

SFML kepye CTBOpeHHSM 1 BBEIACHHSIM y BiKHA, a TaKOX CTBOPEHHSM 1
kepyBaHHsIM KoHTekcTamu OpenGL. Bin Takox Hajgae rpadiuHuil MOAyNb JUIs
IPOCTOTO arnaparHOr0 MPUCKOPEHHS JTBOBUMIPHOI KOMII'IOTEpHOI Tpadiku, SKUi
BKJIFOUA€ PEHACPUHT TeKCcTy 3a momomororo FreeType, aymiomomynb, sKuit
BukopuctoBye OpenAL, 1 MepexeBudd Moayab g 0a30BOro 3B’S3Ky 3a
npoTokosioM kepyBanHs nepenadeto (TCP) 1 mpoTokonoM aeiitarpaM KopucTyBada
(UDP) [21].

IlepeBaru:

- SFML mae gocuth npoctuid Ta jerkuil y Bukopuctandi API, mo poOuts
Horo mpuBaOIMBHUM ISl IOYATKIBIIB Ta IOIOMarae MIBUAKO pOo3MoYaTu poOoTy Haj
POEKTAMU;

- SFML mniaTpumye pi3HI omepariiiHi cuctemH, Bkiarodaroun Windows,
macOS, Linux Ta iHOI, 10 J03BOJISIE PO3POOHHKAM CTBOPIOBAaTH KpoOC-
m1aToOpMEHH1 3aCTOCYHKH Ta ITpPH;

- Oib6mioreka SFML poszmineHa Ha HEBEIWKI MOAYMI, IO JO3BOJISIE
KOpUCTyBayaM BUKOPUCTOBYBATH JMIIE T1 (PYHKIII, Kl iM MOTPIOHI, 3MEHIIYIOUN
3aiiBUI 00CAT KOAY Ta PecypciB.

Henomniku:

- SFML B ocHOBHOMY mpu3HaueHuu 1jsi podoTtu 3 2D rpadikoro, 1 ioro
MOKITUBOCTI y cdepi 3D rpadiku oOmexeHi,

- SFML, xX0o4 1 Mae aKkTUBHY CHUJIbHOTY, MOXXE€ MaTh MEHUIY KUIbKICTb
KOPUCTYBa4iB Ta PECypCiB MOPIBHAHO 3 IHIIUMH NOMYISIPHUMHA MYJIbTUMEIIMHUMU
016T10TeKaMHU, 110 MOXKE YCKIJIATHUTH TIOIIYK JJOTIOMOTH Ta PO3B'S3aHHS MPOOIeM;

- Y MOpPIBHAHHI 3 JEAKUMHU IHIIUMH MYJIBTUMEAIMHUMU O010J10TeKaMHu,

takumu sk SDL, SFML Moxke MaTi MEHIIY KUIbKICTh (DYHKIIINA Ta MOXKIIMBOCTEH.
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2.5.3 Allegro

Allegro — me mnporpamua 06i0mioTeKka, CHemiadbHO MPHU3HAYCHA JIJIS
po3poOku Bimeoirop. BoHa Bkirouae B cebe psiji KOPUCHUX (DYHKINH, TaKUX SK
6a3oBa 2D-rpadika, podota 3 300paKeHHSIMH, BUBEICHHS TEKCTY, ayaio Ta MIDI-
BIATBOPEHHS, a TaKOXX MOXJMBOCTI JUii pOOOTH 3 BBEACHHSM, TailMepamu,
MaTpU4YHOIO apudMeTukoro, paakamu Unicode, qocTymnom 10 ¢aitioBoi CUCTEMH 1
3D-rpadixkoro. bibmioreka Hammcana Ha MOBI iporpamyBanHs C 1 pU3HaueHa IS
Bukopuctanus 3 C, C++ abo Objective-C, a Takox mae npus'sizku s Python,
Lua, Scheme, D, Go Tta inmmx moB mnporpamyBanHs. Kpim Ttoro, Allegro
MOCTAYAETHCA 3 OOUIMPHOIO JOKYMEHTAII€I0 Ta BEJIUKOI KIJIBKICTIO MPHUKIAIIB
BUKOpHCTaHH: [22].

Allegro miarpumye Windows, macOS, Unix-noaiOHi cucremu, Android Ta
10S, aOctparyroun ixHi iHTepdeiicu npukiaagHoro nporpamyBanHs (API) B ogun
nopraTuBHUN iHTEep(deiic. BiH Takok MOXke MpaifoBaTH MOBEPX MPOCTOrO PiBHS
DirectMedia, skuif BUKOPUCTOBYEThCS MJIg 3amycky mnporpam Allegro vy
BeOOpay3epi 3a qonomororo Emscripten [22].

[lepeBaru:

- Allegro miaTpumye pi3Hi onepauiiiHi cuctemu, Taki sk Windows, macOS,
Linux Ta iHmi, Mo poOUTh MOTO iJeabHUM BHOOPOM JUIsl KpOC-TUIaThOPMEHHOT
PO3pOOKHU;

- 610moteka Allegro Hagae 1OCTyM 10 pi3HUX (PYHKIIIH, BKIIOYAr0ud poOOTY
3 rpadikoro, ayaio, BBOJOM KOPHCTyBaya, aHIMAIli€r0 Ta 0araTo iHII0r0;

- Allegro mae mnpoctuii Ta Jerkud y BHUKOpPHUCTaHHI 1HTepdeinc
nporpamyBaHHs 3acTocyHKiB (API), mo mo3Bonse mBHUIKO po3modaru podOTy 3
010J110TEKOX0, HABITh ITOYATKIBISIM.

Henomniku:

- JokyMeHTanis Oibmioreku Allegro Moxke OyTH MEHII MOBHOKO abo
CTPYKTYPOBAHOI TIOPIBHSHO 3 IHIIMMH MYJIBTUMEAINHUMH O010J10TeKaMu, 10

MOYKE 3aTPYJAHUTH MOYATKIBISIM PO3yMIHHS Ta BUKOPUCTAHHS 11 MOXKIIMBOCTEH;
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- y TOpIBHAHHI 3 ACSKUMHU IHIIMMHU MYJIBTUMEIIMHUMU O1010TEKaMH,
takumu ik SDL a6o SFML, Allegro Mmoke MaTu MEHIITy KUTbKICTh KOPUCTYBadiB Ta
MEHIIl aKTHUBHY CIUIBHOTY, IO MOXXE YCKJIQJHUTH OTPUMAHHS JIOMOMOTH Ta
PO3B'sI3aHHS IPOOIIEM;

- Allegro B ocCHOBHOMY Opi€HTOBaHUI Ha poOoTy 3 2D rpadikoro, TOX s
ctBopeHHs 3D irop abo 3acTOCyHKIB MOKe 3HAJOOUTHCS JT0/1aTKoBa 610moTeka abo

bperiMBOpK.

2.6 IlopiBHSIHHA MYJIbTUMeEAIHHUX 0I0/II0TEK

O3HalOMUBIINCH 3 OMHCAHUMH BHIIE MYJIbTUMENIMHUMHU O10J110TEKaMH,

OyJ10 MPOBEICHO MOPIBHSUILHUM aHam3 (Tabm. 2.3).

Tabmuus 2.3 — [opiBHsJIbHA XapaKTepUCTUKA MYJIBTUMEAINHUX 010/110TEK

XapakrepucTtuka /
SDL SFML Allegro
Hasga
1 2 3 4
[TinTpumye [TinTpumye [TinTpumye
Kpoc- Windows, macOS, | Windows, macOS, | Windows, macOS,
1aT(OPMEHHICTh Linux, Android, Linux, iOS, Linux, Android,
10S, Ta 1HII Android Ta iH111 108, Ta 1HIm
C++,3
MOBH . . . . .
C, C++, Ta iami MATPUMKOIO JJIST C, C++, Ta 1amn
MporpamMyBaHHS .
C Ta iHIMX MOB
IIpoctuii y
BUKOPHCTaHHI, ajie MeHn npoctuii y
Jlerxkun y _
IIpoctora 3HaJ00UThCS _ BUKOPHCTAHHI,
BUKOPHUCTAaHHI Ta _
BUKOPUCTAHHS JIOJATKOBUH KOJT nopiBHsAHO 3 SDL
Mae npoctuii API
JUIS NESIKUX ta SFML
byHKIH
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1 2 3 4
Hanae noctyn no [TinTpumye Hanae ¢pynxmii
MynbsTumMeniiai aymio, Bifeo, poboty 3 2D TSl pOoOOTH 3
MO>KJIMBOCTI rpadiku Ta IHIIUX | Tpadikoro, ayaio rpadikoro, ayaio
orepariif Ta BIJEO Ta BIJEO
AKTUBHA
€ cninbHOTA
CHUJIBHOTA
_ . Mae akTuBHY KOpPHUCTYBauiB, aje
CninsHOTa KOpPUCTYBaylB Ta _
. . CHUTBHOTY MEHIII IIUPOKa
KOpPHUCTYBauiB HIUPOKI
. KOpHCTYBaylB nopiBHsAHO 3 SDL
MO>KJTBOCTI
ta SFML
MIITPUMKHU
_ [TinTpumye Mae nesny
Mae marpumky _ . o
o | IomaTKoBl MOIYII KUTBKICTD
BEJIMKOI KIJIBKOCTI
Po3smmpenns o Ta PO3LIUPEHHS, PO3IIUPEHB, alle
TUTariHiB Ta
ajne Moxe OyTu MO>Ke OyTH MEHIII
PO3IIKMPEHb
oOMerkeHa THYYKOIO
Mooxe OyTH
Mae oOMexeny Mae 6a30By
1HTErpoBaHa 3
3D rpadika niaTpumMky 3D niaTpumMky 3D
. OpenGL nya 3D _
rpadiku . rpadiku
rpadiku

[lin yac MOpiBHSAHHS MYJIBTUMEMIMHUX 010J110TEK Il pO3pOOKH TpH, OyIo

BU3HAuUeHO, o0 SDL € HallOUIbII ONTUMAIILHUM BHOOPOM sl PO3POOKH TPOEKTY.

SDL nHagae npocTynm 10 pi3HUX HU3BKOPIBHEBHMX OIEpaliid 3 Bigeo, ayjio,

KJIaB1aTypol0, MHUIICI0 Ta I1HIIUMU MYJIBTUMEIIAHUMHA TIPUCTPOSIMU. TaKoxK

po3poOKYy 11i€l 610110TeKN CIIOHCOPYE KoMIiaHist Valve.
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2.7 CTpyKTypHAa cxema irpoBoro uuKJiIy

Y KoMI’I0TepHUX irpax, BKIodaroun irpu kanpy Tower Defense, irpoBwuii
UK € BaXKJIMBOIO KOHIIEIIIEI0, [0 OMMCYE MOCIIIOBHICTh MOAIN Ta oneparlii, sKi
BiI0yBaIOTHCS MPOTSITOM KOXKHOTO KaJipy Tpu. i B3aeMozii irpoBux 00’ €KTIB MIXK
co0010, OyJI0 MPUAHATO PIILIEHHS CTBOPUTH MPOCTHI ITPOBUMN UK.

IrpoBwmii TIMKIT TIpaIroe O6e3nepepBHO Tia 4ac Tpu. KokeH MOBOPOT HHUKITY
o0po0Oisie BBEIEHI KOpHCTyBadeM JaHi 0e3 OJOKyBaHHS, OHOBIIOE CTaH TPU Ta

peHzeputh Tpy. BiH BijicTeXye MUIMH 4acy, 00 KOHTPOJIOBATU MIBHJIKICTH T'pU

(puc. 2.1) [23].

PROCESS
1nPOT

Pucynok 2.1 — IrpoBuii ki [23]

Sk Bxke 3a3HaYanoCh y po3naun 1.3, mjs po3poOKH KOMIT IOTEPHOI TpU B
xaupi Tower Defense Oyno mpuitHATO pilIeHHS PO3pOOUTH ITPOBI 00'€KTH 3
KOMIIOHEHTaMH SIKi Oy[lyTh 3HAXOJUTHUCS B IFPOBOMY LIMKIJII Ta B3A€EMOJIATH OJUH 3
OIHHIM.

IrpoBuii 00'ekt Oyne ckiamaThCs 3 KOMIIOHEHTIB, a KOMIIOHEHTH OymdyTb
CJIyI'yBaTl OCHOBHMMHM €J€MEeHTaMu irpoBux o0'ekriB. CaMi irpoBi 00'eKTH OynyTh
UPKYJIIOBATH IO IrPOBOMY LIUKITY, J€ KO’KEH HEOOX1AHUM MeTo]| Oy/e BUKIUKATUCS
KokeH ¢peiim. Cxema, sika JEMOHCTpye O0a30BUM NPUHLMI POOOTH ITPOBHUX

00'eKTiB 300paxkeHa Ha PUCYHKY 2.2.



h 4

56

Game Loop
\ 4 A A 4 A 4
Game Object 1 events() fixed update() update() render()
A A ) A 4 Y
Game Object 2 events() fixed update() update() render()
A 4 kA A 4 A A
Game Object 3 events() tixed update() update() render()

Pucynok 2.2 — [Ipunnun poOOTH irpoBUX 00’ €KTIB

Hiarpama kiaciB (puc. 2.3) Oyna po3pobiieHa 3a nornomororo MoBu UML.

BoHa BijioOpakae KITIOYOBI1 KJIacH, siKl HeOOX1AH1 1J1s1 QyHKIIOHYBaHHS TPH.

TextureManager

+ texture: SDL_Texture *

+ allocate_textures(): void

+ deallocate_textures(): void

ContactListener

+ BeginContact{): void override

+ EndContact(): void override

Game

GameObject

+ gamelnit: Gamelnit
+ gameData: GameData

+ root: Root

+1un(): void

+ game_loop(): void

+ name: std:string

+ transform: Transform

+ parent: GameObject *

+ children: std::vector<GameQbject =

+ components: std::vector=Component *=

Transform

+ position: gim:-vec2
+ rotation: float

+scaler gimovec?

x

GameData

——@p| + userData: UserDala

+ textureManager: TextureManager

+window: SDL_Window

+event: SDL_Event

+ contactlistener: Contactlistener

+renderer. SDL_Renderer *

!

UserData

+ dayCounter: int

+ money: int

+ events(): virtual void

+ fixed_update(): virtual void

+ update(): virtual void

+ render(): virtual void

+ process_events(): void

+ process_fixed_update(): void

+ process_update() void

+ process_render(): void

+ add_child(child: GameQbject *): void

+ delete_child(indexValue: int): void

+ add_component(component: Component *): void

+ delete_component(indexValue: int): void

+normalize(): gim::vec2

Component

+name: std::string

+ parent GameObject *

+ events(): virtual void
+ fixed_update(): virtual void
+ update(): virtual void

+ render(). virtual void

i

Gamelnit

+ Gamelnit()

+ ~Gamelnit()

Pucynok 2.3 — Jliarpama KJ1aciB irpoBOro UKy

Root

+ Root()

+ ~Rool(): override

Kmac Game — € rojmoBHUM KjacoM Bciei mporpamu. Bin cTBOproe

eK3eMILIIpH Tphox KiaciB: Gamelnit, GameData, Root. Peani3oBye irpoBuii HUKII,
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KWW )KUTTEBO HEOOX1THUM 171 (PyHKIIIOHYBaHHsI BCi€l rpu. Mae Taki MeTO/Iu:

- run() — 3amyckae rpys;

- game_loop() — royIoBHU MK TPH.

Kinac Gamelnit — npu3HadYeHu 114 1HIIIAMI3a1(1 Ta BAMUKaHHS 010,T10TEK.

Knac GameData — € ronoBHUM Kj1acom ajisi 30epiraHHs irpoBux gaHux. Mae
Taki HeoOximHi mani, sk window, renderer, event, targetFPS Tta immi. Takox
cTBOproe ex3eMIuisipu kiaciB: UserData, TextureManager, ContactListener.

Knac UserData — € ronoBauM kimacom Juis 30epiraHHs JaHUX KOPUCTyBaua.
B3aemonie 3 6a3010 naHuX.

Knac TextureManager — Tmpu3HAYeHW Jig YOPaBIIHHS ITPOBUMU
TeKcTypaMmu. Buaisise Ta 3BUIBHIOE JaH1 B 3aJI€KHOCTI BiJ 11 KOPUCTyBaya.

Kmac ContactListener — npusHadeHud 11 B3aeMofii JBOX (I3UUHUI
00’ €KTIB, K1 3ITKHYJIUCS OJUH 3 OJTHUM.

Knac GameObject — € roJIOBHUM KJIaCOM JUIsl CTBOPEHHS ITPOBUX 00’ €KTIB.
PeanizoBye Game Object mnarepH. CTBOpPIOE€ €K3EMIUIAPU IHIIUX ITPOBHX
00’ exTiB(AiTeN) 1 3aBkau Mae 1HGOPMAIlI0 100 OJHOrO (PIKCOBAHOTO ITPOBOTO
00’exra(6arbka). TakoK CTBOPIOE EK3EMILISIPU KOMIIOHEHTIB. Mae Taki METO/IU:

- events() — oOpoOtsie Bei ToIii irpoBOro 00’ €KTa;

- fixed_update() — 06pobsie BCi i3zuuHI CHMYIIALIT IrpOBOTo 00’ €KTA;

- update() — 0OpoOIIsie BCi JIOTIUHI orepallii irpoBOro 00’€xTa;

- render() — BimoOpaskae Bcro rpadiky irpoBoro 00’€kTa;

- process_events() — 00po0iiste Bei oIl KOKHOI JUTHHU irpOBOT0O 00’ €KTa;

- process_fixed_update() — o00pobOmsie Bci (i3uuHI CHMYJISINT KOKHOT
JUTUHU ITPOBOTO 00’ €KTA;

- process_update() — oOpoOmse Bci yoriudi omepamii KOXKHOI JIUTHHH
IrpOBOTO 00’ €KTA;

- process_render() — BimoOpaxkae BCio rpadiky KOXKHOI JUTHHH IrPOBOTO
00’€eKTa.

Knac Component — € TOJOBHUM KJIAcOM JIJisi CTBOPEHHS KOMITOHEHTIB.

PeanizoBye Component mnarepH. 3aBxau Mae 1HQOpPMALII0 I[IOAO0 OJHOTO
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¢bikcoBaHOTO irpoBOro 00’exra(barbka). Mae Taki METOIH:

- events() — 0OpoOIste Bei MOIT KOMIIOHEHTA,;

- fixed_update() — o6pobsie BCi BiznyuHI CHMYJIALIT KOMITOHEHTA;

- update() — 0Opo0sIsie Bei JIOTIUHI Omepallii KOMIIOHCHTA;

- render() — BimoOpakae Bcro rpadiKy KOMIIOHCHTA.

Knac Root — € meprmm irpoBuM 00’€KTOM B yCiii i€papXii KOMIT IOTEPHOI
rpu. €IUHUNA ITpoBUM 00’€KT, KWW HE Mae OarbKka. IrpoBUl UK Mae TPSAMUN
JOCTYTI JIO IIbOTO 00’ €KTY.

Knac Transform — mnpusHaueHuii i 30epiraHHS TaKUX JaHUX SK

PO3TalryBaHH:A, IIOBOPOT, MaciTao.

2.8 BucHoBok

Y mpomy posauni Oyao TPOBENEHO aHali3 Ta BHOIp I1HCTPyMEHTapiio
po3poOku I13 Ta Oys10 CIPOEKTOBAHO APXITEKTYPY MailOyTHHOI KOMI'TOTEPHOL TPH Y
xaupi Tower Defense. byno mpoBeneHO TOPIBHSUIBHUI — aHaAi3 MOB
nporpamyBaHHs At po3poOku [13 Ta BCTaHOBIEHO, IO HAWOLIBINI MTEpEeBaru Mae
MoBa mnporpamyBaHHsi C++, TOMy 0I0 BOHa e(eKTMBHa B po3poOLl irop, Mae
Oaratuii HaOlp 010JIOTEK Ta IHCTPYMEHTIB, IO CHPOINYE BUKOHAHHS 3aBAaHb 3
pPO3pOOKH MaTEPHIB, a TAKOXK MA€ MOBHUIM KOHTPOJIb HAJl PECYPCAMH.

Byno npoBeaeHO MOPIBHAIBHUN aHaJ3 CepeOBHIN PO3POOKH, B XOJ1 YOTO
OyJI0 BCTAHOBJICHO, II0 HAWOLIBIII TIEpPeBard Ma€ BIacHE CEPEIOBHINE PO3POOKH,
TOMY 1110 BOHO 3a0e3Meuy€e MOBHUM KOHTPOJIb HaJl IHCTPYMEHTaMU PO3POOKH.

Bbyno mnpoBeneHo omisag  MyAbTUMEAIMHMX O10M10TeK AJii  PO3POOKHU
KOMIT'FOTEPHOI I'pU, Ta BCTAHOBJIEHO, 110 HAMOUIbII1 IepeBaru Mae 010moreka SDL,
TOMy W0 BOHa Mae Oaratuii (QyHKI[IOHAJA, Ma€ IIUPOKY MIATPUMKY Ta
CTIIOHCOPY€EThCA TaKol0 KoMmmaHiero sk Valve. Byno ommcaHo CTpyKTypHY cxemy

IrPOBOTO LIUKITY.
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3 PO3POBKA ITPOI'PAMU
3.1 CTpykTypa nNpo€eKTy

bararo KoMI’IOTEepHUX irop CTBOPIOIOTHCS 32 JIOTIOMOTOIO irpOBUX PYIIiiB,
Kl 3a0€3MeuyroTh IMUPOKUM CIEKTp I1HCTPYMEHTIB Ta MOXJIMBOCTEH IS
po3poOHuKiB. [IpoTe y maniii poOOTI CTaBUTHCSA METa PO3POOUTH KOMII IOTEPHY
TPy, BUKOPHUCTOBYIOUH aJIbTEpPHATHBHI METO/H, 10 HE 0a3yl0ThCs Ha TPAAHUIIIHUX
ITPOBUX PyMIisAX, a came 0i0moTekax abo ¢peitmBopkax. Taka pobora morTpedyro

peTebHOI Ta YBaXKHOI OpraHi3allii CTPYKTYPHU IPOEKTY.

3.1.1 3aranbHa CTPYKTYpa

3arajnpHa CTPYKTypa NPOEKTY MPEACTABICHA HA PUCYHKY 3.1.

backup 4/16/2024 10:41 PM File folder
bin 5/1/2024 7:24 PM File folder
build 4/16/2024 9:07 PM File folder
fonts 272972024 4:44 PM File folder
images 4/7/2024 9:57 PM File folder
include 4/16/2024 901 PM File folder
info 2/26/2024 11:40 PM File folder
sOuUrce 4/16/2024 8.58 PM File folder
tools 271972024 £:11 AM File folder

Pucynok 3.1 — 3arasibHa cTpyKTypa IpO€EKTY

HupexTopisa backup — npuzHadeHa st 30epirants pe3epBHUX Komii (aiisis
npoekty. PerynspHi pe3epBHI KOMii € BaXIMBUM €JIEMEHTOM 3a0e3MedeHHS
0e3neKku Ta MOXKyTh OyTH KOPUCHUMH Y BUINIAJKY BTpaTH JaHUX a00 HECTOAIBaHUX
poOJIeM 3 pO3pOOKOIO.

Hupekropis bin — mnpu3HaueHa sl 30epiraHHs BUKOHYBaHUX (haidiiB

nporpaMu, Taki SK TOJOBHMM BUKOHYBaHUN ailm rpu abo 1HII Ba)JIUBI
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BUKOHYBaH1 (aimu. [li ¢aiinm MoxyTh OyTH CKOMIIUIBOBAaHUMH BEpCisiMU
nporpaMu ab0 I1HIIMMH BaKJIMBUMHU KOMIIOHEHTaMU, HEOOXITHUMH ISl 3aIlyCKy
MIPOEKTY.

Hupekropis build — mpusnauena s 30epiranas (aiimis, ki Oyl CTBOPEHI1
B Tporieci Komnusiii abo 30ipku npoekTy. Lle Moxke BKiIrOUaTH MpOMIXKHI (aiinu,
OiHapH1 ¢ailny, Mo BUXOAATH 3 KOMIIUIATOpA, a TAKOX 1HII (ailnu, moB'sa3aHi 3
MPOIIECOM 30IPKH Ta PO3TOPTaHHS.

Hupekropis fonts — mnpusHaueHa st 30epiraHHs MPUQTIB, SKi
BUKOPUCTOBYIOThCS Y Tpi. [lpudtin MoXyTh OyTH BUKOpPUCTaHI IJisi BiJOOpakKeHHSI
TEKCTy Ha IrpoOBOMY €KpaH1 a0 B iHTep(deiici KopucTyBaya.

JupekTopis i1mages — TMpuU3HaYeHa g 30epiraHHs 300pa)keHb, SKi
BUKOPHUCTOBYIOThCS y Tpi. Lle MOxyTh OyTH TEKCTypH AJig 00'€KTiB y r'pi, (POHOBI
300pa)KeHHs, IKOHKHU, aHIMAaIli Ta 1HII1 Bi3yalbH1 €JIEMEHTH.

Hupextopis include — npuszHadena juist 30epiranHs 3aroJoBHUX (haiiB, sKi
HEOOX1IH1 /I KOMIUIAIIT MporpaMHOro Koxy npoekty. Lli ¢gaitm micTaTh onucu
(GyHKIIH, KJIaciB Ta IHIIUX CKJIAJOBUX MPOrPAMH, SIKI BUKOPUCTOBYIOTHCS B PI3HUX
YACTUHAX MPOEKTY.

Hupextopia info — npusHaueHa st 30epiraHHs OyAb-fKOi JOAATKOBOI
1H(popMallii PO MPOEKT, Taky sk JokymeHTallisi, README daiinu, abo Oyab-sKy
IHITy BaXJWBY 1HGOpMAIliIO, sKa JormoMarae po3poOHHUKaM 3po3yMiTH ado
KOPUCTyBauaM BUKOPHCTOBYBATH IIPOTpamy.

JlupexTopis source — TpHU3HA4YeHA MJisi 30epiraHHs BHUXITHUX (aisiB
porpaMHoOro Komay mpoekTy. lle moxke Brmrodatu daiiam peamizaiii Kiacis,
MOJYJIB, CKPUNTH 1 OyIb-SIKUM 1HIIWNA BUXITHUNA KOJ, HEOOXITHUM Il PO3POOKHU
KOMIT IOT€PHOI TPH.

Hupextopis tools — mnpusHadeHa uisi 30epiraHHst  JIOMOMIKHHUX
IHCTPYMEHTIB, SIKI BUKOPUCTOBYIOTHCS i1 4aC pO3pOOKH 200 TECTYBAHHS MTPOEKTY.
[le moxxe OyTu mporpamHe 3a0e3MEUeHHs IS aBTOMATH3allli mporecy 301pKwu,

THCTPYMEHTH JIsl aHAJI13y KOy, BIJJIaro/KyBaJIbHI 3aCO0H Ta IHIIIE.
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3.1.2 IIpouec cTBOPEHHS MPOrPAMHOIO 3a0e3meYyeHHs

HupexTopist tools mae nBa HeoOXimHUX (aiinu, sSKi 3a0€3MeUyIOTh 3pYUHY
PO3pOOKyY IPOrpaMHOro 3a0e3neueHHs.

®aiin build and run.bat - ne ckpunroBuit Qaitn mis cucremu Windows,
SKUW BUKOPUCTOBYETHCS [JII aBTOMATH3AIlil MPOIECY KOMITUIAIII TPOrpaMHOTO
KOJy Ta 3amycKy mIporpamu micisi 30upanns. Lleit ¢aitn mMicTUTh KOMaHAM IS
3arrycky Makefile Ta Bukonanus camoi nporpamu. ko Makefile BunaB noMusiky,
TO BHUKOHaHHA TporpamMu He  BigOymerbca. @aitn  build and run.bat
BUKOPUCTOBYETHCS B PO3pOOII1 MPOrPaMHOro 3a0€3MEUEHHS AJIs MIBUAKOTO 3aIlyCKy
Ta TECTYBAaHHS IPOrpaMu Miciid BHECEHHS 3MiH y Buxiauuil kon. Lle mo3Boisie
e(EeKTUBHILIE BUKOHYBATU IIMKIM PO3POOKU Ta TECTYBAHHS, OCKIJIBKA MOXHa
IIBUJIKO TIEPEBIPUTH, UM MPAITIOE POTrpamMa 3 HOBUMHU 3MiHAMH.

@aitn Makefile - ne texcToBuil ¢aiin, SKU MICTUTh IHCTPYKLIL 7S
nporpaMu make, sika BUKOPHCTOBYETBHCS JUIsl aBTOMaTH3allil Mpolecy 30upaHHS
(xoMmmisLii) mporpamHoro koxy. Y daimi Makefile Bkasyrorbes mpaBuia s
30MpaHHs MPOTPAMHOTO KOAY 3 BUXIAHMX (halmiB y BHUKOHaBYl (aitnu Ta
01010TEKU.

3azpuuaii y Makefile BusHauaroThcs mim (targets), mpasumia (rules) Ta
sanexxHocTi (dependencies). Llimi - 1ie BuKoHaRBYi (aiiiau abo 3aBIaHHS, SKi MOXKYTh
OyTH BUKIJIMKaHI1 3a gornomororo nporpamu make. [IpaBuiia BKa3ytoTh, SK CTBOPUTH
Il MUn 3 BUXITHUX (ailyiB, a 3aJeKHOCTI BKa3ymOTh, fAKi (aitimm moTpiOHO
BHUKOPHCTOBYBATH JIJIsl CTBOPEHHS 1iJI0BOTO (haitry [24].

Makefile no3Bonsie po3poOHUKAM €()EKTUBHO YIPaBISATA MPOIECOM
30MpaHHs MPOEKTY, BU3HAYAIOUN MPABHJIa KOMIIJIAIT Ta JIHKyBaHHS MPOTPAMHOTO
KOJy 3aJie’KHO BiJ moTped mpoekty. Lle poOuTh HOro BaKIMBUM IHCTPYMEHTOM Yy
MpOIECT PO3POOKH MIPOTrPaMHOIO 3a0E3MEUeHHs, OCOOMUBO [JIsl TMPOEKTIB, K1
CKJIaJIal0ThCs 3 Oarathox (aitniB abo 6i16mioTeK [24].

Konu BinOyBarOThCS SIKICh 3MIHM B KOl Iporpamu, Tpeba 3amycTHTH bat

CKpUIT, KA B CBOIO Yepry 3amyckae mporpamy make. SKkmo Hemae KOTHUX
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MOMUJIOK MiJ Yac KOMIILJIIOBAHHS Ta JIIHKYBaHHS, TO Aaji bat CKpUNT 3aIyckae

TOTOBY IPOTpaMy.

3.2 CrpykTypa nporpamMHoro 3ade3ne4yeHHs

Hupekropii include Ta source MaiOTh BCi OCHOBHI (aitiu 3 KOAOM

nporpaMHoro  3a0e3nedeHHs.  3arajbHa  CTPYKTypa  JHUPEKTOpii  source

MpeACTaBICHA Ha PUCYHKY 3.2.

compaonents 4/8/2024 8:58 PM File folder
enemies 4/14/2024 842 PM File folder
exitRoom 4/16/2024 9:02 PM File folder
gameRoom 4/7/2024 5:48 PM File folder
infoRoom 4/16/2024 8:51 PM File folder
main 3/18/2024 7:21 PM File folder
mainMenu 3/28/2024 9:26 PM File folder
towerDefense 471472024 5:27 PM File folder
tutorialRoom 4/16/2024 8.03 PM File folder
ul 4/6/2024 12:03 AM File folder
units 4/15/2024 10:49 PM File folder

PucyHnok 3.2 — 3aranpHa CTpyKTypa AUPEKTOPIi source

3.2.1 OcHOBHI eJIeMeHTH

Sk Bke 3a3Hayanoch y po3aun 2.7, OCHOBHMMHM ITPOBUMHU €JIEMEHTaMHU
OyIoyTh CIIyryBaTu irpoBi 00’ektu 3 KomroHeHTamu. Kimac Game Oyne ciyryBatu
AIpOM MpOTpaMy Ta BIANOBIAATH 3a BCl MPOLECH, L0 BIAOYBAIOTHCS BIPOJIOBXK
BUKOHAHHA mporpaMu. Takox IeW Kiac BiANOBIZA€ 3a CTBOPEHHS TOJIOBHOTO
UKy TpH, Ae OyayTb 0OpoOJISITHCS BXiAHI JaH1 KOPUCTyBauda, (i3UdHI CUMYJIAIIII,
aHIMAIlis Ta PEHICPYHT.

Knac GameData cimyrye cxoBuieM i OCHOBHUX JaHUX Bei€l rpu. Koxken
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iIrpoBUil 00’€KT Mae mpsAMUM AoCTynm A0 o0’ekra 1poro kiacy. GameData
BIJIMOBIIa€ 3a 30€piraHHs TaKUX JaHUX:

- iH(popmallisg 1040 BiKHA MPOTPAMH;

- iHdopMaIlis 11010 PEHEpa MPOorpaMu;

- iH(OopMAITis OO0 MOTOYHUX TTO/IH;

- 4ac, 10 MUHYB MIXK KaJpamH,

- 4ac, 110 MUHYB MK (PI3UYHUMHU CUMYJISIISIMH,

- CTaH TrOJIOBHOTO IUKITY,

- JlaH1 KOPUCTYBaua;

- JIIYUJIbHUK TIPOMICHUX JIHIB,;

- IIYUJIBHUK BOPOTIB.

Krnac Root € mepimmm i eAMHUM ITpOBUM 00’ €KTOM, y SIKOTO HeMae OaThKa.
3abe3mnedye CTBOPEHHS Ta BHUIAJICHHS TOJOBHOTO MEHIO. Takoxk 3abes3redye
CTBOPEHHSI Ta BUJIAJICHHS TOJIOBHOTO irpoBoro pexxumy — Tower Defense. Mae taki
METO/TH:

- create_main_menu() — cTBOPEHHS TOJIOBHOTO MEHIO;

- delete_main_menu() — BumajaeHHS TOJIOBHOTO MEHIO;

- create_tower_defense() — cTBOpEHHS TOJIOBHOTO PEXHUMY;

- delete_tower_defense() — BuaasieHHs TOJIOBHOTO PEIKUMY.

3.2.2 KomnoneHuTu

KoxeH KOMIOHEHT BHKOHY€E IEBHY POjib Y (PYHKLIOHYBaHHI TPU 1 MOXKe
OyTH BIAMOBIAAJIBHUM 3a PI3HI ACTEKTH TeHMILICIO, Bi3yaldbHI €(EeKTH, IITYYHHU
1HTeNeKT, ¢i3uuHe MojetoBanHs. J[liarpama KiaciB OCHOBHUX KOMIIOHEHTIB

300pakeHa Ha PUCYHKY 3.3.
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Label Image
+ text: std::string + texfure: SDL_Texiure *
Component
+ fexture: SDL_Texture * + destinationRect: SDL_Rect
+name: std:string
+ destinationRect: SDL_Rect 4|> Q— + heightFactor: float
+ parent. GameObject *
+ widthByHeightRatio: float + relative: bool
+ heightFactor: float + events(): virtual void
+ events(): void override
+ fixed_update(): virtual void
+ events(): void override + render(). void override
+ update(): virtual void
+render(): void override + set_texture(textureValue: SDL_Texiure *): void
+ render(): virtual void
+ set_text(textValue: std--string, colorValue: SDL_Color): void + zet_size(): void
+ set_size(heightFactorvValue: float). void + set_height_factor{heightFactorValue: float): void

+ delete_textura(): void

Text

+ fext: sid.string

+ color: SDL_Color

+ texture: SDL_Texture *

+ destinationRect: SDL_Rect
+ parentDstRect: SDL_Rect *
+ heightByWidthRatio: float
+ heightFactor: float

+width: float

+wrapLength: Uint32

+ events(): void override
+ render(): void override
+ set_text(textValue: std-string, colorValue: SDL_Color): void

+ set_size(heightFactorvalue: float): void

+ delete_textura(): void

Pucynok 3.3 — JliarpaMa kj1aciB OCHOBHUX KOMITOHEHTIB

Knac Label — npusHadenuii it CTBOpPEHHS MPOCTOro TeKCTy. Mae
OCOOJIMBICTH aJanTyBaTUCS i Oyab-sIKI po3MipH eKpaHiB. Mae Taki MEeTou:

- events() — nmepeBusHavae HaciuigyBaHUi MeTona 3 kiacy Component st
BJIACHUX MOTPEO IrpPOBUX MOIIH;

- render() — nepeBu3Hauae HachaiAyBaHHE MeTon 3 Kiacy Component s
BJIACHUX MOTPeO B1IOOpaKEHHA rpadiku;

- set_text() — mpu3Haua€e HOBHIA TEKCT 3 HOBUM KOJILOPOM;

- set_size() — BCTAHOBITIOE PO3MIPH TEKCTY;

- delete_texture() — Bumassie TEKCTypy TEKCTY.

Kmac Text — npu3zHayeHUM Myl CTBOPEHHS TEKCTY, SKUW 3/1aT€H
MEePEHOCUTHCS Ha 1HII PAAKUM. Mae ocCOOIMBICTH aJanTyBaTUCS i OyIb-sIKi
po3Mipu ekpaHiB. Mae Taki METOAU:

- events() — mepeBusHauae HacaiAyBaHHE MeTon 3 kiacy Component s
BJIACHUX TOTPEO IrpOBUX TOIH;

- render() — nmepeBu3Hauae HaciuigyBaHWi MeTon 3 kiacy Component s
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BJIACHUX MOTPeO BimoOpakeHHs rpadiku;

- set_text() — mpu3Hava€e HOBHIA TEKCT 3 HOBHM KOJIbOPOM;

- set_size() — BCTaHOBIIOE PO3MIPH TEKCTY;

- delete_texture() — Bumaise TEKCTypy TEKCTY.

Knac Image — mpusHadeHuid uisi CTBOPEHHsS puUCyHKa. Mae 0coOIMBICTD
aIanTyBaTUCs i OyJab-sKi po3Mipu eKpaHiB. Mae Taki METOAH:

- events() — nepeBusHavae HachiayBaHMi MeTon 3 kiacy Component s
BJIIACHUX MOTPeO IrpOBUX MOIH;

- render() — nepeBu3Ha4ae HacihijayBaHuil Meton 3 kiacy Component Juis
BJIACHUX MOTPeO B110OpaXkeHHs rpadiku;

- set_texture() — mpu3Ha4Yae HOBY TEKCTYpY JUIS BITOOPaKCHHS PUCYHKA;

- set_size() — BCTAaHOBITIOE PO3MIPH PUCYHKA;

- set_height_factor() — npu3Hayae koedilieHT ajanTalii pucyHKa.

3.2.3 T'oj10BHE MEHIO

['onoBHE MEHIO I'pU - L€ BaXKJIMBA YaCTHMHA TEUMIUICIO, fAKa JO3BOJISAE
IpaBIeBl KEPYBATU I'POIO IMEpE MOYATKOM, Mija yac 1 micis rpu. BoHo cTBOproe
3pyuHy 1HTEp(EiCHy TOYKY AOCTYyIy IO BCIX OCHOBHUX (PYHKII Ta Omuii rpu.

Jliarpama kJ1aciB TOJIOBHOTO MEHIO 300pa’keHa Ha pUCyHKY 3.4.



MainButton

MainMenu

+ cellDstrect: SDL_Rect
+ logoDstrect: SDL_Rect
+ upperPosition: float

+ lowerPosition: float

+ middlePosition: float

+ logoSpeed: float

+ logoSign: float

+ events(): void override
+ update(). void override
+ render(). void override

+ set_size(): void

¢

¢

+ texture1: SDL_Texture *
+ texture2: SDL_Texture *
+ cornerRect1: SDL_Rect
+ cornerRect2: SOL_Rect
+ comerRect3: SDL_Rect
+ cormnerRectd: SDL_Rect
+ cormerRects: SDL_Rect
+ cornerRect6: SOL_Rect
+ cormerRect?: SDL_Rect
+ comerRectd: SDL_Rect
+ displacement: float

+ offset int

+ offsefY int

+ mouseln: bool

+ click: bool

+ cellRect. SDL_Rect

+ nextEvent: EventState

GameButton

+ events(): void override
+ update(): void override
+ render(): void override

+ get_size(): void

ExitRoom

GameRoom

+ UiDstrecti: SDL_Rect
+ wiDsfrect2: SDL_Rect

+ UiDstrecti: SDL_Rect
+ uiDstrect2: SDL_Rect

+ click: bool

+ mouseln: bool

+ colorl: SDL_Color
+imageDstrect. SDL_Rect
+ heightFactor: float

+ nextEvent: EventState
+ cornerRect1: SDL_Rect
+ cormerRect2: SOL_Rect
+ comerRect3: SDL_Rect
+ comerRectd: SDL_Rect
+ cormnerRecth: SDL_Rect
+ cornerRect6: SOL_Rect

+ displacement: float

+ sel_size(): void

+ events(): void override

+ render(). void override

+ gvents(): void override
+ render(): void override

+ sel_size(): void

+ events(): void override
+ Update(): void override
+ render(). void override

+ sel_size(): void

Pucynok 3.4 — /liarpama Ki1aciB roJIOBHOTO MEHIO
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Knac MainMenu — ronoBae MeHI0 rpu. CTBOPIOETHCS 3a TOTIOMOTOIO KJIacy

Root. Mae yotupu kHOnKM — 00'ekTH Ki1acy MainButton. Peani3ye BinoOpakeHHs

Ta aHIMAaIlll0 TOJOBHOTO JIOTO Tpu. Mae aBa MOPOXKHIX ITPOBUX O0’€KTa, SIKI

BUKOPHCTOBYIOTh KOMIIOHEHT Label st BimoOpaskeHHs 3arojioBka Tpu. Mae Taki

METOIU:

- events() — mepeBu3Havae HacigyBaHui Metof 3 kiacy Game Object ms

BJIACHUX ITOTPEO 1IrpOBUX TOIH;

- update() — nepeBu3Hayae HaciayBaHHi MeTof 3 Kiacy Game Object s



67

BJIACHUX TMOTPEO 1IrpOBOT JIOTIKH;

- render() — mepeBu3Havae HacimyBaHud Metof 3 kiacy Game Object mis
BJIACHUX MOTPeO BigoOpaskeHHs rpadiku;

- set_size() — aganTye roJIOBHE JIOTO ITiJI Pi3HI pO3MipH MOHITOPIB.

Knac MainButton — npu3sHavueHuii 17151 CTBOPEHHS TOJIOBHOI KHONKU. [licis
HaTHCKaHHS, Kiac MainMenu CTBOpIOE OIMH 13 YOTUPHOX MOMKJIMBUX KJIAaciB:
GameRoom, TutorialRoom, InfoRoom, ExitRoom. 3a nonomoroto 6ibmiorex SDL
ta GLM, nanuit xiac peaii3zoBye MpOCTy aHIMAIlI0 OTPUMAHHS Ta BTPATH (OKYCY
KHONKU. Takox JaHWil Kjac BUKOPUCTOBYE KOMIIOHEHT Image /uist BioOpaKeHHs
CIpalTy KHOMKKU. Ma€e Taki METO/IH:

- events() — mepeBu3Havae HacaiayBaHui Meton 3 kiaacy Game Object s
BJIACHUX MOTPEO IrPOBUX MOJIIH;

- update() — nepeBu3HavYae HaACTiIyBaHUH MeTo 3 Kitacy Game Object s
BJIACHUX MOTpPEO IrPOBOI JIOTIKH;

- render() — mepeBuU3Ha4ae HacimyBaHui meton 3 kiacy Game Object ms
BJIACHUX MOTpPeO B110OpakeHHs rpadiku;

- set_size() — aganTye KHOIKY ITiJ] pi3Hi pO3MipH MOHITOPIB.

Knac GameRoom — npusHaueHuid 1Jisi CTBOPEHHS 1rpOBO1 KIMHATH. JlaHuii
KJIaC € BIJMPABHOIO TOYKOK JUIsl OCHOBOI rpu — pexumy Tower Defense. Takox
JaHUM KJ1ac BUKOpUCTOBY€e KoMmoHeHT Label mnsa BimoOpakenHs 3aronoBka. Mae
TaKl METOAU:

- events() — mepeBu3HavYae HacmigyBaHuii MeTox 3 kiacy Game Object s
BJIACHUX MOTPEO IrPOBUX TOIIA;

- render() — mepeBu3Havae HacaiayBaHuH Meton 3 kiaacy Game Object s
BJIACHUX MOTPeO BioOpakeHHs rpadiku;

- set_size() — amanTye eneMeHTH iHTepdeicy irpoBoro 00’ekra ImiJl pi3Hi
MOHITOPH.

Kiac GameButton — npu3HaueHuil Jisi CTBOPEHHSI KHONKH 3allyCKy TIpH.
[Ticnst Haruckanus, knac Root Bumanse 06’ ekt kinacy MainMenu Ta CTBOPIOE KJiac

TowerDefense. 3a nomomoroto 6i6miorexk SDL Ta GLM, manwmii kiac peai3oBye
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IPOCTy aHIMallil0 OTPUMAaHHS Ta BTparh (POKyCy KHONKH. TakoK HaHWUW Kiac
BUKOPUCTOBYE KoMIOHEeHT Label s BimoOpakeHHsT TEKCTy KHOMKW. Mae Taki
METO/H:

- events() — mepeBu3Havae HaciTyBaHud Meton 3 kiacy Game Object mis
BJIIACHUX MOTPeO IrpOBUX MOIH;

- update() — nepeBu3HavYae HACTiIyBaHUK MeTo 3 Kitacy Game Object s
BJIACHUX TMTOTPEO 1IrpoOBOT JIOTIKH;

- render() — mepeBu3Havae HacaiyBaHUH Meton 3 kKiacy Game Object st
BJIACHUX MOTPeO Bi10OpaXkeHHs rpadiku;

- set_size() — aganTye KHOIKY ITiJ] pi3HI pO3MipH MOHITOPIB.

Knac ExitRoom — npusHaueHunii 1151 CTBOPEHHS! KIMHATH JIJIs1 BUXOIY 3 TPH.
Jlanuii kiac peasi3oBy€ BHXIJL Ta 3aBepuieHHsS Trpu. Takok maHWil Kiac
BUKOPHCTOBY€E KOMIIOHEHT Label 11 BiioOpakeHHs 3arogoBka. Mae Taki METOIu:

- events() — mepeBu3Havae HacaiMyBaHUH Meton 3 kiacy Game Object s
BJIACHUX MOTPEO IrPOBUX MOIII;

- render() — mepeBu3Havae HacaiayBaHuH Meton 3 kiacy Game Object s
BJIACHUX MOTPeO Bi1oOpakeHHs rpadiku;

- set_size() — amanTye ereMeHTH iHTepdelicy irpoBOro 00’€kTa MmiJ pi3Hi

MOHITOPH.

3.2.4 3axucr Bex

VY pexumi Tower Defense oCHOBHOIO MeXaHIKOIO Tpu Oyne PO3MIIICHHS
pI3HMX BHJIB BEX Ha Malli, SKI aBTOMATUYHO AaTakylThb BOPOTIB, KOJHU Ti
HAOMMKAIOTbCS 110 HHUX. [pa Oyme TpOMOHYBaTH TpaBIsIM CTpaTerivyHe
BUKOPUCTAHHS HAKOMMMYEHUX TPOIIEH Ta PO3MIMIEHHS OOOPOHHUX CHOPYH IS
3a0e3neueHHs e(eKTUBHOTO 3axucTy 0a3u. I'paBels Oyne cam BUpIIIYyBaTH, KOJIU
HOMY BHKJIMKATH HOBY XBWJIIO BOporiB. [liarpama kmaciB peamizartii pexumy Tower

Defense 300pakeHa Ha pucyHKy 3.5.
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DayButton TowerDefense TowerButton
+ mainRect: SDL_Rect + cellRect: SDL_Rect + mainRect: SDL_Rect
+ mainColor: SDL_Color + moneyTexture: SDOL_Texture * + cornerRect1: SDL_Rect
+ mouseln: bool 4’ + moneyRect: SDL_Rect «’7 + cornerRect?: SDL_Rect
+ click: bool + moneyColor: SDL_Color + comerRectd: SDL_Rect

+ heightFactor: float + comerRectd: SDL_Rect

+ events(): void override

+ text: std::string + update(): void override + mouseln: bool
+ cornerRect1: SDL_Rect o . + click: bool
+ render(): void override
+ comerRect2: SDL_Rect +set_size(): void + gvents() void override
+ comerRect3: SDL_Rect + finish_game(): void + render(): void override
+ cornerRectd: SDL_Rect + sel_size(): void
+ events(). void override
+ render(): void override EnemyManager
+ set text(): void +wallRect: SDL_Rect

UnitManager

+ set_size(): void + events(): void override

+ events(): void override
+ update(): void override

+ update(): void override

+ render(): void override

+ set_size(): void

+ spawn_enemies(dayValue: int): void

Pucynok 3.5 — [iarpama knaciB peamzanii pexxumy Tower Defense

Kinac TowerDefense — ronosnauii kiac pexxumy Tower Defense. PeanizoBye
MOYaTOK Ta 3aBEpIICHHS OCHOBHOI Tpu. BimoOpaxkae KUIBKICTh TpoIIeH, sIKi
3apoOMB rpaBellb BOMBAIOYM BOPOTiB. TakoX CTBOPIOE KOPAOHU IIPOBOTO CBITY
BUKOpHCTOBYI0ouM 010m10TeKy Box2d. Mae Ttaki metoau:

- events() — mepeBu3Havae HaciayBaHui meton 3 kiacy Game Object mis
BJIACHUX MOTPEO IrPOBHUX MOJIIN;

- update() — nepeBu3Hauae HaciigyBaHuii MeTon 3 kKiacy Game Object ms
BJIACHUX MOTPeO IrpOBOi JIOTIKH;

- render() — mepeBu3Havae HacaiayBaHuH Meton 3 kiaacy Game Object s
BJIACHUX MOTPeO BimoOpakeHHs rpadiku;

- finish_game() — cTBopro€ BIKHO ISl 3aBEPILICHHS TPH;

- set_size() — amanTye ejgeMeHTH iHTepdelicy IrpoBOro 00’€kTa Mmij pi3Hi
MOHITOPH.

Knac TowerButton — kHomika marasuny. [loTpamistoun B Marasus, rpaBellb

MOXE KYNUTH OAHY 3 4 BeX Ha BUOIp, SKIIO B HBOTO JOCTAaTHHO TPOIIECH.
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[IpunbaBiii BeXy, rpaBellb MOXKE IOCTABUTH 11 J€ 3aBroJHO s OOOpOHU
rOJIOBHOI 0a3u. Mae Taki METOIH:

- events() — mepeBu3Havae HacaiyBaHUH Meton 3 kiacy Game Object s
BJIACHUX TTOTPEO IrpOBUX TOJIIH;

- render() — mepeBu3Havae HacaiayBaHUH Meton 3 kKiacy Game Object st
BJIIACHUX MOTPeO BigoOpaskeHHs rpadiku;

- set_size() — aganTye KHOIIKY ITiJ1 Pi3HI MOHITOPH.

Knac DayButton — kHoIKa /11 BAKJIMKY BOPOTiB. SIKIIIO TpaBellb BOOPABCs
3 XBWJISIMH BOPOTIB, TO JIIUMIBHUK JHS 30UIBIIY€ETHCA HA OJUHUINO. SIKIIIO IrpaBellb
HE BIIOPABCSI 3 BOPOTaMu, TO 1€ — KIHEllb TpU. Y KIHI[ I'PU JIYUIBHUK MTPOUICHUX
JHIB 3aHOCUTbCS A0 B/, skmo BiH BigoOpaxkae OUIbII Kpalluid pe3yibrar, HIXK
3nadeHHs y b/[. Mae taki meronu:

- events() — mepeBu3Havae HacaiMyBaHUH MeTon 3 kiacy Game Object s
BJIACHUX MOTPEO IrPOBUX MOJIIN;

- render() — mepeBH3Havae HacixyBaHud MeTof 3 kiacy Game Object mis
BJIACHUX MOTpPeO B110OpakeHHs rpadiku;

- set_text() — OHOBJIIOE TEKCT;

- set_size() — aganTye KHOIIKY ITiJ] pi3HI MOHITOPH.

Knac EnemyManager — npu3zHadeHuil Ajig BUKIUMKY BoporiB. KigbkicTs Ta
THUII KO’)KHOTO BOpOTa € (hiKCOBaHOIO 3MIHHOIO. Mae Taki MeTo/u:

- events() — mepeBu3Havae HacaiayBaHuH Meton 3 kiaacy Game Object s
BJIACHUX MOTPEO IrPOBUX TOIA;

- update() — nepeBu3Hauae HaciigyBaHuii MeTon 3 kKiacy Game Object ms
BJIACHUX MOTpPeO 1rPOBOi JIOTIKH;

- render() — mepeBu3Ha4Yae HaciigyBaHui MeTox 3 kKiacy Game Object s
BJIAaCHUX MOTpPeO B110OpaXkeHHs rpadiku;

- Spawn_enemies() — CTBOPIOE XBUITIO BOPOTB.

Knac UnitManager — mpusHadeHui IS CTBOPEHHS BEX Ta TOJIOBHOTO
nepcoHaxa. Bci coro3Hi 1rpoBi 00’€KTH MaroTh CBO€ (ikcoBaHe 3HadeHHs HP 1

SKIIIO BOPOT 3MEHIIUTHh HOTO J0 HYJIO, TO COIO3HHM IrpOBUI 00’€KT MOMpE 1 HE
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Oyne 3nareH (pyHKIIOHYBaTH aaii. Mae Taki METOu:

- events() — mepeBu3Havae HacaiayBaHuH Meton 3 kKiaacy Game Object s
BJIIACHUX MOTPeO IrpOBUX MOIH;

- update() — nepeBu3Hayae HaciayBaHHK MeTof 3 Kiacy Game Object mis

BJIACHUX MOTPEO 1rpOBOI JIOTIKH.

3.2.5 Bexi

VY pexumi Tower Defense Bexi moTpiOHI Jj1si TOTO, 00 3aXUCTUTH XBHIIL

BoporiB. JliarpaMa kJ1aciB OCHOBHHUX BEX 300pakeHa Ha pUCYHKY 3.6.

Unit

+ health: float
+ dead: bool

+ isBuilding: bool

1

Player Base SmallWall GunTower
+ bodyRect: SDL_Rect + baseRect SDL_Rect +imageRect: SDL_Rect + bodyRect: SDL_Rect
+ headRect SDL_Rect + fixtureDef. b2FixtureDef + fixtureDef. b2FixtureDef + fixtureDef: b2FixtureDef
+ fire: bool + body: b2Body * + body: b2Body * + body: b2Body *
+ aim: bool + render(): void override + events(): void override + events(): void override
+ moveSpeed: float + render(). void override + update(): void override
+ rotationSpead: float + set_sprites(): void + render(): void override
+ fixtureDet. b2FixtureDet + set_position(): void + zet_sprites(): void
+ body: b2Body * + create_body(x: float, yv- float): void +get_position(): void
+ events(). void override + destroy_body(): void + destroy_body(): void
+ fixed_update(): void override + create_body(x: float, y: float): void

+ update(): void override
+ render(): void override
+ set_sprites(): void

+get_position(): void

PucyHnok 3.6 — Jliarpama KJ1aciB OCHOBHHMX BEX

Knac Unit — Ga3oBwmii kjlac JJ1si COIO3HHX IrpoBUX 00’€kTiB. [Ipu3HadeHmit
JUTSL HAJTAHHSI 3aTJIbHUX TTapaMeTPiB COIO3HUM ITPOBUM 00’ €KTaM.

Knac Player — romoBHuii mepcoHaxk, SKHM MOXE KEPyBaTH TIPaBEllb.
PeanizoBye 0a30By MeXaHIKy MEpeMIIIEHHS Ta IOBOPOTY. 37aT€H CTPUIATH Y

BOpOTiB. Mae Taki METONU:
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- events() — mepeBu3Hauae HaciiTyBaHud metof 3 kiacy Game Object mis
BJIACHUX TMOTPEO IrpOBUX TOIIH;

- fixed_update() — mepeBu3Hawae HacmigyBaHMA MeToa 3 Kiacy Game
Object ast BnacHUX nMOTped PI3UYHUX CUMYIISIIIN;

- update() — nepeBu3HavYae HACTiIyBaHUK MeTo 3 Kitacy Game Object s
BJIIACHUX MOTpPeO irpoBOT JIOTIKHU;

- render() — mepeBu3Havae HaciixyBaHUd Metof 3 kiacy Game Object mis
BJIACHUX MOTPeO BigoOpaskeHHs rpadiku;

- set_sprites() — Hajae HOB1 KOOPJIMHATH CIIpaliTaM MEPCOHAXKA;

- set_position() — Hagae HOBI KOOPAMHATH PO3MIIIICHHS TIEPCOHAXKA.

Kinac Base — rosioBHa 0a3a, siky rpaBellb Mae 3axumiaru. Skmo 6a3a Oyne
3HMIIIEHA, TO Ipa Oyze 3aKiHYEeHa.

Knac SmallWall — 3axucha Bexa. Binmirpae pons ctinm. ['paBens 3mareH
noOyAyBaTy BEXKY Y JOBUIBHOMY MpocTOpi. Mae Taki METO/IH:

- events() — mepeBu3HavYae HaciigyBaHud MeTox 3 kiacy Game Object s
BJIACHUX MOTPeO IrPOBUX MOJIIN;

- render() — mepeBu3Havae HaciixyBaHud MeTon 3 kiacy Game Object mis
BJIACHUX MOTpPeO B110OpakeHHs rpadiku;

- set_sprites() — HaJia€ HOB1 KOOPIWHATH CIIPATaM BEXI;

- set_position() — Hazae HOBI KOOPMHATH PO3MIIIICHHS BEXi;

- create_body() — cTBOprO€ HOBE (hi3WYHE TIJIO SIS BEXKI;

- destroy_body() — Bunanse dizudne TijI0 BEXKi.

Knac GunTower — arakytoda Bexa. Bimirpae ponb sik cTiHM, TaK 1 30poi aJis
araku BoporiB. CTpijisie Tak caMo, sIK 1 TOJIOBHHMM nepcoHak. Mae Taki MeToau:

- events() — mepeBu3HavYae HacmigyBaHui MeTox 3 kiacy Game Object s
BJIACHUX MOTPeO IrPOBUX MOJIIN;

- update() — nepeBu3Hayae HacCiayBaHUK MeToj 3 Kitacy Game Object s
BJIACHUX MOTPeO IrpOBOi JIOTIKH;

- render() — mepeBu3Havae HacaiayBaHuH Meton 3 Kiaacy Game Object s

BJIACHUX MOTpeO BigoOpaskeHHs rpadiku;
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- set_sprites() — Hajia€ HOB1 KOOPIAWHATH CIIpATaM BEXKi;
- set_position() — Haa€ HOBI KOOPIWHATH PO3MIILIEHHS BEXi;
- create_body() — cTBopro€e HOBE (hi3WYHE TIJIO SIS BEXKI;

- destroy_body() — Bunansie pizudne TiI0 BEXI.

3.3 InTepdeiic

IrpoBuii iHTEpdeiic - me crnocid B3aeMoii TPaBIlsd 3 TPOIO YePe3 CIIEMEHTH,
K1 BiIOOpakaroThes Ha ekpaHi. Lle Moke BKIIOYATH Taki €JIeMEHTH, SIK KHOIKH,
MEHIO, 1HIUKATOPH 37I0POB'St Ta €Heprii, KapTH, XapaKTePUCTHKU IMEPCOHAXKIB Ta
iHme. Iatepdeiic rpu Hamae rpaBueBl HeoOXigHy iH(popmalito 1 3a0e3neuye
3pYYHICTh YIPaBIiHHA T'pol. BiH € BaXIMBOI YAaCTUHOI TEUMILICI0, OCKUIBKH

MO>K€ BIUIMBATH Ha 3pYYHICTb IPH Ta 3arajibHi BpaKeHHS BiJl IrPOBOTO MPOIIECY.

3.3.1 Pennepunr

Bino6paxkenns rpadiku peanizy€eTbes 3a JOMOMOTOK CIPAMTIB Ta TEXHIKU
Immediate drawing. 3a momomMoror IMX JIBOX METOJIIB CTBOPIOIOTHCS BCi rpadivHi
eneMeHTH y rpi. Bei cmpaiitu cTBOproroThest B mporpami Inkscape. Hampuknan,
TOJIOBHE JIOTO TpH OYJIO CTBOPEHO caMe B IIiil mporpami (puc. 3.7).

Inkscape — 1ie OE3KOIITOBHMIA pPEAAKTOp BEKTOPHOI Trpadiku, KU
npornoHye (YyHKIIOHATBHI MOXKIMBOCTI, CXOXI 3 TaKUMH MpoTrpaMaMu, SK
[lustrator, Freehand, CorelDraw Tta Xara Xtreme. IIporpama mirneH30BaHa
BianoBigHO 10 GNU General Public License. Bona noOynoBana Ha 6a3i 010110TeK
st ctBopeHHs rpadiudoro iHTepdeiicy GTK+ 1 3actocyHky mist po3poOKu

nporpaM MoBoro C++ fo 1iei 0i0moTeku (gtkmm) [25].
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Pucynok 3.7 — l'onoBHe 5oro rpu

B naniii po6ori He Oyna MmocTaBlieHAa LIIb HaNpsMy BUKOPHCTOBYBAaTH
rpadiuamii APl, ToMy uepe3 1€ HE MOXJIWBO CTBOPIOBATH OyIb-iKi Bi3yallbHI
edextn 3a gomomororo meiaepiB. 1106 o6iiTH el Hemomnik, OyJI0 MPUHHATO
pILIEHHS CTBOPUTH HECMpPaBXKHIMA Bi3yalbHU €(EeKT 3a JOMOMOIOK MNpOorpaMu
Inkscape. 3a gonomororo iHcTpyMeHTa Blur MosxHa 3poOUTH PO3MUTTS MiKCETIiB Ha
ekpaHi. TakuM 4YWMHOM BAAJIOCA CTBOPUTH €(EKT CBITIHHA, ajieé Leld eQekT
GdbikcoBaHWM, HE Ma€ HISKOI JMHAMIYHOI aHIMarlli, He pearye sKoch Ha ii
KOPHUCTYBaua, TOIIIO.

Immediate drawing y nporpamyBaHHi irop - 1ie Tiaxija 0 PeHICPUHTY, TPH
akoMy Tpadiuni 00'€eKTH MaJIOIThCS Oe3mocepeqHr0 B KOoKHOMY Kaapi. Lle
O3Hauae, 110 3aMICTh 30€pekKEeHHsS 00'€KTIB y CTPYKTYpl AaHUX JUIsl MOAAQJIBIIOTO
BUKOPHUCTaHHS, pEHJepUHIroBa (QyHKIIS Oe3MOCepPeIHbO BUKIMKAE KOMaHIU
MaJIFOBaHHS KOKHOTO 00'€KTa B MMOTOYHOMY Kajipi. Y daHiil poOOTi el miaxia Mae
OlbIlIe MepeBar, HiXk BUKOPUCTaHHS crpaiTiB, 60 Immediate drawing myxe nerko
peanizyBaTH Ta HOTo0 MOXHA MIBUKO 3MIHUTH 200 BUAAIUTUA. TOMY ISl CTBOPEHHS

iHTepdeiicy B 1OMY MPOEKTI, IEH MiAX1J BUKOPUCTOBYBABCS OLIbIIe, HIXK
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BUKOPHUCTaHHS CIIPAMTIB.

biomioreka SDL Hamae nekiabka KOpUCHUX (YHKINH s peasizamii
Immediate drawing:

- SDL_RenderDrawLine() — maitoe JniHit0, ska BKIOYAa€ OOMBI KiHIICBI
TOYKH,

- SDL_RenderDrawLines() — maitoe psia 3’ € JHAHUX JIiHIH;

- SDL_RenderDrawPoint() — maitoe TouKy;

- SDL_RenderDrawPoints() — maimioe nekiabka TOYOK;

- SDL_RenderDrawRect() — Mairoe mpsMOKYTHUK;

- SDL_RenderDrawRects() — mamntoe fekiibka MpsIMOKY THHKIB.

BuxopuctoByroun naHi (yHKIi MOKHA CTBOPHUTH OyIb-sIKIi T€OMETPUYHI

npumiTuBH (puc. 3.8).

B Ceametic primitives — O ES

Pucynok 3.8 — ['eomMeTpuuHi NpUMITUBH

3.3.2 AHimanis

AHIMallis y IporpaMmyBaHHI irop — 1€ MPOLIeC CTBOPEHHS I3l pyXy Ta

3MIHM CTaHIB OO'€KTIB y TIpl INIISIXOM TMOCTIAOBHOTO BigoOpaskeHHs cepil

300pakeHb a00 KajpiB. BoHa BHUKOPHUCTOBYETHCS JIs JOJABAaHHS JIMHAMIKK Ta
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YKUTTEBOCTI B IFPOBUH CBIT, pOOJISTUM MOTO OLIBII PEATICTUYHUM Ta 3aXOIJIUBHUM.

InTepdeiic Takok HEe € BUKIIOYEHHSIM. AHIMAIls B irpoBoMy iHTepdeiici
(Ul-animariisi) € Ba)JIMBUM €IIEMEHTOM, SIKMI MOKpAIIy€e KOPUCTYBAIBKHIA JOCBI,
pOOUTH B3a€EMOJII0 3 TPOK OUIBII IHTYiTUBHOIO 1 NMPHUEMHOIO, a TAKOX JIO/A€
ecteTnuHOi mpuBabiuBocti. Ul-aHiMalliss MOXe BHUKOPHUCTOBYBATUCS IJISI PI3HUX
IiJIeH, BKJIIOYAIOYM HAJaHHS 3BOPOTHOTO 3B'S3KY KOPHCTYBa4yeBi, MPUBEPHEHHS
yBaru 70 BaXKJIMBUX EJIEMEHTIB, Ta CTBOPEHHs OUIbII JUHAMIYHOTO 1 >KHBOIO
iHTEpdeiicy.

B naniit po6oti Oynau peanizoBaHi TpH BUAM aHIMAIIii, € 3 JBOMa 3 HHUX
KOPUCTYBa4 MOKE B3a€EMOJIISITH.

[lepma aHimamisi BIJTHOCHO MpocTa. BoHa CTUMYNIOE TOJIOBHE JIOTO TpU
NepeMillyBaTUCSd BHU3 Ta Bropy. TakuM YMHOM JaHa aHIMaIlis peaizylo e(ekT
niHir noHry. CTBOPIOETBCS Taka aHiMalls 3a JOMOMOIOK TPbOX 3MIHHHUX:
MOYATKOBHM TOPIT, KIHIEBUN MOPIT Ta CEPEIHE 3HAUEHHS, JI€ CEpEIHE 3HAYCHHS
MOCTINHO 3MIHIOETHCS BiJl IOYATKOBOTO IMOPOTY JI0 KIHIIEBOTO 1 HaBMmaku (puc. 3.9).

Bci marematnyHi o0unciieHHs qomomMarae 3poouTu 6i6mioreka GLM.

Begin value

Middle value

End value

Pucynok 3.9 — Ilepia animartis



77

Hpyra animaiiss morpeOye B3aemomii Bijg KopucTyBaua. Komu rpaserb
HABOAUTH KYpPCOP MHUII Ha TOJIOBHY KHOIIKY, TO CHPANT KHONKH 3MiHIOETHCS Ha
1HIIMM, a ii TpaHuIll MepeMilyoThcs Ha ¢ikcoBaHy BiAcTtanb (puc. 3.10). Ilicna
TOTO, SIK TPaBeLb MPHUOPaB MUIY 3 KHOIIKHU, CIIPANT 3MiHIOEThCS HA MOYATKOBU, a
TpaHUIll TOBEPTAIOTHCS Ha MouyaTKoBe mojoxeHHs. bidmorexka SDL Hagae 3pyuHy

GyHKIIO AJ1  TEpeBIpKM  HASIBHOCTI MUINI B CEpeauHI  KHONKUA -

SDL_PointInRect().

Point inside

Point outside
®

Pucynoxk 3.10 — JIpyra animaris

Tperst aHimailisi Mae KOMOIHOBaHMI CTHJIb TMEPIIOi Ta APYroi. Y KHOIKH
Back Button BimOyBaeThcsi 0OepTaHHs TpaHMIN KHOIKH IO OCi Z. SIKIIO TpaBelb
HABOJUTHh KypCOp MHUIIl Ha KHOMNKY, TO OOepTaHHS 3MIHIOE CBI HampsIMOK Ha
npoTUiIeKHUM. Tak caMO HampsIMOK OOEpTaHHS 3MIHIOETHCS KOJHM TPaBEIlh
npubupae mumry 3 kHonku. Dynkiis SDL_GetMouseState() 3 6i6miorexkn SDL
JoroMarae oTpumard koopauHatu Muim. ®ynkiis clamp() 3 6i6mioreku GLM
J0ToMarae BCTAaHOBHUTH T'paHUIll oOepTaHHs IS TOro, 100 He BimOyBcs overflow

3MIHHO].
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3.3.3 Apjanrauisa

[aTepdeiic kopucTyBaya MOKE€ aBTOMATUYHO MiJIAlITOBYBATUCS MiA Pi3HI
TUMHA TPUCTPOIB, €KPaHIB 1 PO3MIILHUX 3/IaTHOCTEH, 3a0e3Meuyroun 3pydHui 1
ONTUMAJIbHUM  KOPUCTYBAaLIbKMI  JOCBIJ ~ HE3QJeKHO  BiA  IIaThopMHu.
AnantoBaHICTh 1HTEepdECYy BKIIOYAaE 3MIHY pO3MIipy, pO3TAlllyBaHHS Ta BUIVISAY
enemeHTiB Ul mist qocsirHeHHs HallKpanioi 3py4HOCTI Ta (GyHKI1OHATBLHOCTI.

B nawniit po6oti abcomotHo Bci Ul enemenTu agantoBani mija pizHi po3MipH
eKpaHiB. Take MOXKJIMBO 3aBASKU MACIITAOyBaHHIO Ta MEPEMIILIEHHIO €JIEMEHTIB Yy
BIJICOTKaX, a He y (iKCOBaHIi KiIbKOCTI mikceniB. bibmioreka SDL nae MOXIUBICTD
BCTAHOBUTU (PIKCOBaHI pO3MIpM BIKHA MpPOrpaMH. 3a LUMH JaHUMH MOXHa
BCTAaHOBUTU HEOOXITHUHN po3mip Oyab-skoro Ul enemeHTa MOMHOXUBIIHM PO3MIipH
BIKHA Ha BIJMOBIIHUM BiJICOTOK (puc. 3.11).

TakuM 4MHOM MOKHA 3a0€3MEUUTH 3PYUHICTh 1 JOCTYHHICTH 1HTEpdency
JUISL  BCIX KOPHUCTYBauiB, HE3aJeKHO BIJ po3Mipy ekpaHiB. CTBOpeHHs
aJIaTOBaHOTO 1HTEpP(ENCYy y MporpaMyBaHHI IrOp € KJIIOUOBUM ACIEKTOM, IO
3a0e3neuye BUCOKOSKICHUN KOPHUCTYBAIlbKHI JOCBIJ Ta POOUTH TPy JIOCTYITHOIO

JJISt MAKCUMAJIBLHO IIHPOKOT ayIUTOPii.

Pucynok 3.11 — AnanToBaHicTh iHTEpdECY
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3.4 BUCHOBOK

Po3pobneHo mpocTy CTPYKTypy MNPOEKTY Ta IHCTPYMEHTH pPO3pOOKH, 3a
JIOTIOMOTOI0  SIKMX JIETKO Ta HIBUJAKO J0JaBaTH ab0 BUAAJIATH HOBI €JIEMEHTH
cucremu. Makefile 1o3Bomsi€ MIBUIKO 3MIHIOBATH Ta KOMIIIOBATH HOBHM KOJ JJISI
KOMIT FOTEPHOI TPH.

CTBOpEHO TpM KOMIIOHEHTH, SIKI MOJETIIYITh PO3POOKY TpUBIAJIBHUX
€JIEMEHTIB Tpu. binbmiicTe irpoBUX 00’€KTIB BUKOPUCTOBYIOTH iX JJISi BIIACHUX
noTpeo.

Po3po0iieHo TONOBHE MEHIO, fIKe peaidye 3pydHuil iHTepdeiic mms
NepPEXOy 13 OJHOTO IFPOBOTO BIKHA JO 1HIIOTO.

3po061eHO MOSCHEHHS 1010 TOHKOIIIB IrpOBOTO 1HTEp(dEICy.

PeanizoBaHO OCHOBHMU IrpOBUH pPEXHM, J€ TpaBellb MOXe OyayBaTu
3aXMCHI BEXI, aTaKylodl BEXI Ta KEPyBaTH OCHOBHUM IEPCOHAXEM, SIKUW 37aTE€H
3HUIYBaTH BOPOTIB.

Bci ocHOBHI irpoBi 00’ekTH OyiM BiAOOpakeHi B AlarpaMmax 3a JOMOMOTIOIO

moBu UML.
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4 EKCILIJIYATALIIA ITPOT'PAMU

4.1 ITHcTpyKUifA 1010 3aNIyCKY I'PH

s Toro, mo0 mporpama MOBHOLIHHO (YHKIIIOHYBaJa, MOTPIOHO 3aliTH y
nupekTopiro bin, Ta 3amyctutu (aiiia main.exe (puc. 4.1). Skiio kopuctyBad rpae B
nepmuil pas, TO MporpamMa CTBOPUTh HEBEJIMKY JIOKaJIbHY 0a3y MaHUX IS
30epiraHHsi pe3yyibTaTiB TpH. SIKI0 HE B MEPIIMH, TO MporpamMa aBTOMATUYHO

BIJIKpHE iICHYIOUY 0a3y JaHUX JIJIsl OTPUMAaHHS Pe3yibTaTiB.

> Tom (D) » Felix » projects > game > bin

o,

Name Date modified

| database.db 5/1/2024 5:47 PM

[ main.exe 4/16/2024 915 PM
= spL2.dll 47372024 8:11 AM

%] SDL2_image.dll 2/22/2024 5:11 PM
%] SDL2_ttf.dil 1/24/2024 7:06 PM

Pucynok 4.1 — lupexropis bin

Tako HeOOXiJIHO MaM’ATaTH 1po AuHaMiuHi 6i6miorexu(dll daiinu). Ix Hi B
AKOMY pa3l He MOTPIOHO KyaucCh IMepeMimard abo B3arami BUIANATH. SIKIIO0
BUJIATIUTH 111 (aiiinm, To mporpama He Oyae QyHKIIIOHYBaTH sIK Tpeba abo He Oyre

(GYHKIIOHYBaTH B3araii.

4.2 CucTeMHi BUMOTH

MiHiManabHI CUCTEMHI BUMOTH:

- oniepailiiina cuctema: Windows 7;
- mporiecop: Intel Core 13;

- oneparvuBHa naM’siThb: 4 1'0;

- Bigeonam’ ATh: 256 MO;



- MicIie Ha )kopcTkoMy aucky: 10 K6.
PexoMeH10BaH1 CHCTEMHI BUMOTH:

- onepariiina cucrema: Windows 10;
- npotiecop: Intel Core i5;

- oneparuBHa nam’sTh: 8 ['0;

- Bijieonam’ath: 512 MO;

- MicIie Ha )kopcTkoMy aucky: 20 K6.

4.3 @yHKIiOHAJ CUCTEMU

Komm’roTepHa rpa npu3HavyeHa Jijisi po3Baru KOpUCTyBayiB.

[Iporpama mae HacTynmHUM (YHKIIIOHAIT:

- IIBUJKHN 3aITyCK I'PH;

- 3py4He TOJIOBHE MEHIO;

- 3py4YHHI Ta a/laTOBaHUH M1 pi3HI MOHITOPH IrpOBUH THTEPEIIC;

- YOpaBIiHHS TOJIOBHUM TEPCOHAXKEM, SIKUH 3/1aTE€H aTaKyBaTH BOPOTiB;
- 3aXMCT OCHOBHOI 0a3u IrpaBIlf;

- OyyBaHHSI 3aXMCHUX Ta aTaKylO4YHX BEXK;

- XBUJI1 BOPOT'B;

- KIHeIlb TpH, KU BioOpaxkae pe3yabTaT rpaBlIis.

4.4 Onuc 3aCcTOCYyBaHHSA NMPOrpaMu

Konmu xopuctyBad 3amyckae KOMIT'IOTEpHY TIpy, TO TMEpIIUM, IO

no6aynTh Oyze roloBHE MeHIO (puc. 4.2).
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“HAPEX

m TOWERS & YouU

Pucynok 4.2 — l'onoBHE MeHIO
Y TONOBHOMY MEHIO TPHUCYTHI 4 OCHOBHI KHOIIKH, 3arojlOBOK TpH Ta

aHiMoBaHe Jioro. KopucrtyBau Moxke 1mobdauynuTH aHiMallilo KHOIIKH, SKIIO BIH HaBe/C

Kypcop Ha Hel (puc. 4.3).

o A

L 5

“HAPEX

Dj TOWERS & YOU

Pucynok 4.3 — AHimarlisi TOJIOBHOT KHOTIKH

[lepma kHOMKa BigkpuBae BikHO Tij Ha3Boio Game Room (puc. 4.4). ¥V
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JAHOMY BIKHI MOXKHa MOOAYUTH KHOMKY 3aKpUTTS BIKHA Ta KHOMKY 3aIlyCKy

OCHOBHOTO irpoBoro pexkumy — Tower Defense. Takox e mocepennHi IpaBellb

MOJKE ITOOAUYUTH OITHC JaHOTI'O BiKHA.

GAME ROOM X )

Game room i a place, where you
can stay alene with yourself and
mind your strateqy before the
gams.

| Enter |

Pucynok 4.4 — Bikuo Game Room

JHpyra kHomKa BiiKpuBae BikHO Tij Ha3Boro Tutorial (puc. 4.5). Y nanomy

BIKHI MO)XHa TOOAYUTH OCHOBHY 1H(OpMAIliIO, SKa TPaBIO 3HAAOOUTHCS IS

MaHOyTHIX 1rop.
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TUTORIAL [}

You have a movable character. It
can shook bullee=. Kill enemies Eo
¢arn some moeney. Mith this money
you can buy towers. Those

towers will prokeck your base.
Survive as many days as you can.
Good luck!

Pucynok 4.5 — Bikno Tutorial

Tpets KHOIKa BIIKpUBA€E BIKHO 171 Ha3Boo Info (puc. 4.6). Y nanomy BikHi
MO’KHA MMOOAYUTH OCHOBHY 1H(OpMAIIi0 MO0 IHCTPYMEHTIB PO3POOKH TIPOrpaMu

Ta CaMoTro pO3pOOHUKA.

INFQ (]

This game is created by Yaroslaw
Kolokol The game uses 0L,
bax2d. GLHM and Z0Like libraries.
Thank you for playing :)

Pucynok 4.6 — Bikno Info

YerBepTa KHOIIKA BiJIKpHBa€e BiKHO Tija Ha3Boro EXIit (puc. 4.7). Jlane BikHO
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ciyrye st O0e3neyHoro BUXoAy 3 rpu. KopucTyBau Takok MOXE BUUTH 3 T'pH,

HATUCHYBIIIM XPECT B IPABOMY BEPXHbOMY KYTi.

Do you wank Eo exik?

[ oue ]

Pucynok 4.7 — Bikno Exit

Konu xopuctyBau Hatuckae kHonky Enter y BikH1 Game Room, To rosoBHe
MEHIO MOBHICTIO BUIAJISETHCA, BC1 PECYPCH ISl TOIOBHOTO MEHIO 3BUTLHIOIOTHCS 1
CTBOPIOETHCSI OCHOBHMU 1rpoBuii pexkum (puc. 4.8). OcCHOBHUMI pexuM mae 2
KHOTIKHU 1HTepdelcy, irpoBe moJie, 2 CO3H1 OJUHUII Ta KIIbKICTh rpoiieid. OaHum
13 COIO3HHMX OJMHUIIb MOXKE HampsiMy KepyBaTu Tpaellb. lle 1 € rosjoBHWMIA
NEPCOHAX, KU Mae 3axumaru 6a3y. [lepcoHak Moxe XOOWTH, SKIIO HATHCKATH
iaBimu W, A, S, D 1 HUTMTUCh Ta CTPUIATH HATHCKAIOUW TMPABy Ta JIBY KHOMKY
MHUIII BiJITOBITHO.

Bces ciiena mae 4 cTinu, siki 00OMeXYIOTh BCe IrpoBe mnojie. Takum YMHOM aHi
COFO3HI OIMHMUIII, aH1 BOPOXKI HE 3MOXKYTh TIPOUTH KPi3b 11l CTIHU. TakoX Ha CIIEHI €

YepBOHA 30HA, 3BIIKK OyIyTh BUXOJUTH BOPOXK1 OAMHUII Y BUMAJKOBOMY MOPSIIKY.
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Pucynok 4.8 — OcHOBHUII ITpOBHIA PEXXUM

Hatuckaroun Ha kHomKy Day, rpaBers 3amyckae XBUIIO BOpOriB (puc. 4.9).
Tun Ta KUTBKICTh BOPOTIB OOYUCITIOETHCS 332 TIOTOYHUM JHEM. YnM OijIbIlie 9ucIio,

TUM O1sbI1Ie Oy/ie BOPOTiB, TUM CHJIBHIII BOPOXKI OMMHHUII OYIyTh 3’ ABISATUCS.

Pucynok 4.9 — XBuiigd BOPOXKHX OIHUHUIb

3apoOuBIIM AESIKY KUIBKICTh TPOIIEH, rpaBellb MOKE HATUCHYTH Ha APYTY
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KHOTIKY Ta BIAKPHUTH Mara3uH Bex (puc. 4.10). 3a 3apo0iieHi rpoiii MoXHa KyITUTH
3aXHUCHY a00 aTakyrouy Bexy. ATakyiodl BeXkl KOIITYIOTh JOPOXKYE, TaK SIK OKPIM

CBOE€1 pOJIi, BOHU I11€ BUKOHYIOTH POJIb 3aXUCHUX BEX.

TOWERS )
Big Wall

Hmounk:

[ EBuild

Pucynok 4.10 — MarasuH Bex

[Ticns mokynku Bexl, i MOKHA 1MOOyAyBaTH y JOBUIbHOMY IpocTopi (puc.

4.11).

Day 4 —E

Money: 650

m

Pucynok 4.11 — bynyBaHHs Bex
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SKmo TpaBens HE 3MIr 3aXHUCTUTH 0a3y y SKWi-HEOyab N€Hb, TO Tpa
3aKIHUYEThCS 1 BIAKPUBAETHCS BIKHO pe3yibTatiB (puc. 4.12). Knomnka Back ciyrye

JJIA TOTO, HIO6 IMOBCPHYTHC 1O I'OJIOBHOT'O MCHIO.

REZULT=

Max zurvived days: 7

Max earned money: 6700

[ Back ]

PucyHnok 4.12 — Pe3ynbratu rpu

4.5 BucCHOBOK

Po3pobiieHa 1HCTPYKIlISI MO0 3alyCKy KOMIT IOTEPHOI T'pH, fKa TMOSCHIOE
KOPUCTYBauy, 10 came BiH MOKe 3pOOUTH, a 1110 HE MOKE JIJIS 3aITyCKy MPOrpamH.

bynu omnucani MiHIMajdbHI Ta PEKOMEHJOBaHI CUCTEMHI BHMOTH JIs
oOJiaJHaHHS KOpHUCTyBaya.

Onucanuii 0CHOBHUM (DYyHKITIOHAT TPOTPAMHU.

byno pgeranbHO ONISHYTO KOXKHHUM  aCHEKT 3aCTOCYBaHHSA  JIaHOIl

KOMII IOT€PHOI T'pH 13 B1IOOpPaKEHHSM OCHOBHHUX 1M 32 IOMTOMOTOIO CKPIHIIIOTIB.
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BUCHOBKH

B xoxi BukoHaHHs kBamiikarliiiHOi poOoTn OakaiaBpa Oylio po3poOIeHO
KOMIT I0TepHY Tpy y kanpi Tower Defense.

Byno mpoBeneno aHaii3 mpeaMeTHOT 00J1acTi, BU3HAYCHI KIIFOUOBI TEPMiHH,
MOB’sI3aHI 3 HEI0, a TaKoX 3 00 €KTOM MOCIIHKCHHS ¥ po3poOku. PosrmsHyTa
npoOsieMa 11010 CTBOPEHHs KoMIT toTepHoi rpu B xaHpi Tower Defense. Bupueni
OCHOBHI TMaTepHH AJI1 PO3POOKU TaKUX Irop 1 MpOBEACHUN MOPIBHSUIBHUIA aHAai3
X marepHiB. Takoxk 3AIMCHEHO TMOPIBHAJIBHUN aHaji3 ICHYIOYMX aHaJOTiB 1
BHU3HAUYEHI KJIFOYOB1 BUMOTH JI0 CUCTEMU Ta MEXaHIKH TPH.

[IpoBeneHo aHaimi3 Ta BIAOIp IHCTPYMEHTApII0 PO3POOKH MPOrPAMHOTO
3a0e3MneueHHs, a TakoK Oyra po3pobieHa apXiTeKTypa MalOyTHBOI KOMIT'FOTEpHOT
rpu 'y okaHpi Tower Defense. IlpoBenenuii mNOpPIBHSUIBHUI aHalli3 MOB
nporpamyBaHHs Juisi cTBopeHHs 13, cepemoBuill po3poOKH Ta MYJIBTUMEIINHUX
010m10TeK.

byna po3pobiieHa mpocta CTpyKTypa HPOEKTY Ta 3aco0M pPO3pOOKH, sKi
JTO3BOJISIFOTH JIETKO 1 HMIBUJKO JOAAaBaTU a00 BUJAJSTH HOBI €JIEMEHTH CHUCTEMHU.
CTBOpPEHO TpU KOMIIOHEHTH, SIKI CIPHUSAIOTH PO3pOoOLIl MPOCTUX EJIEMEHTIB TpH.
Po3po0neHo oOCHOBHE MeHIO, sike 3a0e3neuye 3py4yHUil 1HTepdeic s
MEePEeMUKAHHS M1k ITPOBHUMH BiKHaMU. PeanizoBaHO OCHOBHUU ITPOBHI PEXUM, /€
rpaBellb MOk€ OyIyBaTH 3axUCHI Ta aTaKkylodl BeXl Ta KepyBaTH OCHOBHUM
NEepCOHaXXeM, IKUW 371aT€H 3HUIIYBAaTH BOPOTIB.

CTBOpEHO TMOCIOHUK 3 IHCTPYKIISIMH IOJAO 3alyCKy KOMII'FOTEPHOI TIpH,
KWW TOSCHIOE KOPHUCTYBA4eBl MOXKJIMBOCTI Ta OOMEXKEHHS 3alyCKy HpOrpaMu.
OnucaHo OCHOBHHMI (YHKIIIOHAd MNpOrpaMyd Ta TMPOBENEHO JAETajJbHUI OmIsA
KO’KHOTO aCIEKTy ii BUKOPUCTaHHSA, BKIIIOYAIOYM 300pa’K€HHS OCHOBHUX IIH 3a
JIOTIOMOTOI0 CKPIHILIOTIB.

Byno po3po6iieHo KoM’ I0TepHY TPy, Ji€ TPaBellb MOXKE KePyBaTH TOJIOBHUM
nepcoHakeM 1 OyAayBaTH pi3HI BeXl, Kl 3aXUIIATUMYTh 0a3y rpaBig. [laHa rpa

MO>Ke OyTH OITyOJliKOBaHA Ta BUKOPHCTAaHA y PO3BAKAIBHUX cepax.
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A.1 ®aiia main.cpp

#include "Game.h"
int main(int argc, char *argvl[])
{
Game game = Game () ;
game.run () ;

return 0;

A.2 Daiia Game.h

#pragma once

#include "GameInit.h"
#include "GameData.h"

class Root;
class Game({

public:

GameInit gamelInit GameInit () ;
GameData gameData = GameData();

Root *root;
Game () ;

~Game () ;

void run () ;
void game loop();

void events();
void fixed update();

void update () ;
void render():;

}i

A.3 Paiia Game.cpp

#include "Game.h"
#include "Root.h"

Game: :Game () {
// Set game icon
SDL_Surface* icon = IMG Load("../images/mainMenu/MainLogol.png");

SDL_SetWindowIcon (gameData.window, icon);
SDL_FreeSurface (icon);

root = new Root ("Root", NULL EVENT, &gameData, NULL);



Game: : ~Game () {
if (root != NULL) {

delete root;
root = NULL;

printf ("The end of the game\n");

void Game: :run () {

game_loop () ;

}

void Game::game loop () {

Uint32 t1 = 0, t2 = 1;

while (gameData.active == true) {

// Begin frame
tl = SDL GetTicks();

// Frame time which elapsed in seconds
gameData.deltaTime = (float)t2 / 1000.0;
gameData.fixedTime += gameData.deltaTime;

events () ;
while (gameData.fixedTime >= gameData.fixedDeltaTime) {
fixed update();
gameData.fixedTime -= gameData.fixedDeltaTime;
}
update () ;
render () ;

SDL Delay(10);

// End frame
t2 = SDL GetTicks () - tl;

void Game: :events () {
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// Process every event, one by one
while (SDL PollEvent (&gameData.event) == 1) {

// Check current event and decide what we can do with it
switch (gameData.event.type) {

// Exit

case SDL QUIT:
gameData.active = false;
break;

// Window events
case SDL WINDOWEVENT:
switch (gameData.event.window.event) {
case SDL WINDOWEVENT RESIZED:
SDL GetWindowSize (gameData.window,
&gameData.screenWidth, &gameData.screenHeight);
break;
}

break;

// Test
case SDL KEYDOWN:
switch (gameData.event.key.keysym.sym)

{
case SDLK LEFT:

break;
case SDLK RIGHT:

break;

break;

// Other stuff also checks current event and decides what
can do with it
if (root != NULL) {
root->process_events();
//printf ("Process root\n");

void Game::fixed update () {

gameData.world.Step (gameData.fixedDeltaTime,
gameData.velocitylterations, gameData.positionIterations);

// Process all physics
if (root != NULL) {
root->process_fixed update();
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void Game: :update () {

// Process all updates
if (root != NULL) {

root->process_update() ;

void Game: :render () {

// Choose green color

SDL_SetRenderDrawBlendMode (gameData.renderer,
SDL_BLENDMODE_BLEND);

SDL_SetRenderDrawColor (gameData.renderer, 0, 255,

// Clear the whole screen

SDL_RenderClear (gameData.renderer) ;

// Render other stuff
if (root != NULL) {

}

root->process_render () ;

// Swap buffer
SDL_RenderPresent (gameData.renderer) ;

A.4 ®daita GameData.h

#pragma once

#include
#include
#include
#include
#include
#include

#include
#include
#include
#include

#include

<SDL2/SDL.h>
<SDL2/SDL_image.h>
<SDL2/SDL ttf.h>
<box2d/box2d.h>
<vector>
<iostream>

"UserData.h"
"TextureManager.h"
"ContactListener.h"
"Towers.h"

"Enumerations.h"

class GameData({

public:

UserData userData = UserData();
TextureManager textureManager =

200,

255) ;

TextureManager (this) ;

ContactListener contactListener = ContactListener();

Towers towers = Towers (this);

SDL_Window *window;
SDL Renderer *renderer;
SDL_Event event;
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bool active;

bool pause;

bool dayActive;

int enemyCounter;
EventState currentEvent;
int screenWidth;

int screenHeight;

float targetFPS;

float deltaTime;

float fixedDeltaTime;
int32 velocityIterations;
int32 positionIterations;

b2World world = b2World (b2Vec2(0.0f, 0.0f));
float fixedTime = 0.0;

const float METER_TO_PIXEL = 100.0f;

const float PIXEL_TO_METER 0.01f;

// Main game font
TTF Font *font;
int fontSize;

GameData () ;
~GameData () ;

}i
A.S ®ain GameData.cpp

#include "GameData.h"

GameData: :GameData () {

active = true;
pause = false;
dayActive = false;
enemyCounter = 0;

currentkEvent = MAIN MENU;

screenWidth = 900;
screenHeight = 500;

window = SDL CreateWindow ("Shapes, Towers & You", 400, 200,
screenWidth, screenHeight, SDL _WINDOW OPENGL | SDL7WINDOW7RESIZABLE);

renderer = SDL_CreateRenderer (window, =il
SDLiRENDERERiACCELERATED);

deltaTime = 1.0 / 60.0;
fixedDeltaTime = 1.0 / 60.0;
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velocitylIterations = 6;
positionIterations = 2;
world.SetContactListener (&contactListener);

fontSize = 100;
font = TTF OpenFont ("../fonts/PixelFont.ttf", fontSize);

// Antialiasing mode - level 1
SDL_SetHint (SDL_HINT RENDER SCALE QUALITY, "1y ;

printf ("Data is initialised\n");

GameData: :~GameData () {

textureManager.deallocate tower defense();
textureManager.deallocate main menu();
textureManager.deallocate common () ;

TTF CloseFont (font) ;

SDL_DestroyRenderer (renderer) ;
SDL DestroyWindow (window) ;

printf ("Data is cleared\n");

A.6 Daiia Gamelnit.h

#pragma once

#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>
#include <SDL2/SDL ttf.h>

class GameInit{

}:

public:

GameInit () ;
~GameInit () ;

A.7 ®aiia Gamelnit.cpp

#include "GameInit.h"

GameInit::GamelInit () {

// Init all SDL stuff

SDL Init (SDL_INIT VIDEO | SDL INIT AUDIO | SDL INIT TIMER);
IMG Init (IMG INIT PNG);

TTF Init();
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printf ("SDL is initialised\n");

}

GameInit::~GamelInit () {

TTF Quit();
IMG Quit () ;
SDL_Quit();

printf ("SDL is turned off\n");
printf ("The game is successfully ended!\n");

A.8 ®aiia GameObject.h

#pragma once

#include "Transform.h"
#include <vector>

#include "Enumerations.h"

class Component;
class GameData;

class GameObject({

public:

objectEventValue,

std::string name;
EventState objectEvent;
GameData *gameData;

Transform transform = Transform() ;
int index = 0;
bool isAlive = true;

GameObject *parent;

std::vector<GameObject *> children;
std::vector<Component *> components;

GameObject (std::string nameValue, EventState
GameData *gameDataValue, GameObject *parentValue);
virtual ~GameObject () ;

virtual void events();
virtual void fixed update();
virtual void update();
virtual void render () ;

void process_events();
void process_ fixed update();
void process_update();
void process render();
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void add child(GameObject *child);
void delete child(int indexValue);
void delete children();

void add component (Component *component) ;
void delete component (int indexValue);
void delete components () ;

void destroy();
bi
A.9 ®aiin GameObject.cpp

#include "GameObject.h"
finclude "GameData.h"
#include "Component.h"

GameObject: :GameObject (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue) {
name = nameValue;
objectEvent = objectEventValue;

gameData = gameDataValue;
parent = parentValue;

GameObject: :~GameObject () {

delete components () ;
delete children();

void GameObject::events () {

}
void GameObject::fixed update () {

}
void GameObject: :update () {

}

void GameObject::render () {



}
void GameObject::process events () {
events () ;
for(int 1 = 0; 1 < components.size(); ++i) {

components[i]->events () ;

}

for(int 1 = 0; i < children.size(); ++1i){
children[i]->process_events();
}
if(isAlive == false) {
parent->delete child(index);
}
}
void GameObject::process fixed update () {
fixed update();
for(int 1 = 0; 1 < components.size(); ++i) {
components [i]->fixed update();
}

for(int 1 = 0; i < children.size(); ++1){
children[i]->process_ fixed update ()

’

}

if (isAlive == false) {
parent->delete child(index);
}

void GameObject::process update () {
update () ;
for(int 1 = 0; 1 < components.size(); ++i) {

components [i] ->update () ;

}

for(int 1 = 0; i < children.size(); ++1){
children[i]->process update();

}

if(isAlive == false) {
parent->delete child(index);

}

}

void GameObject::process render () {
render () ;

for(int 1 = 0; 1 < components.size(); ++1i) {
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components[i]->render () ;

for(int 1 = 0; i < children.size() ++1) {

children[i]->process render();
}
if (isAlive == false) {

parent->delete child(index);
}

void GameObject::add child(GameObject *child) {

children.push back(child) ;

children[children.size() - 1l]->index = children.size() - 1;
void GameObject::delete child(int indexValue) {

delete children[indexValue];

children.erase (children.begin() + indexValue);
for(int 1 = indexValue; 1 < children.size(); ++1) {
children[i]->index = 1i;

}

void GameObject::delete children () {
for(int 1 = 0; i < children.size(); ++1){

delete children[i];
}

children.clear () ;

void GameObject::add component (Component *component) {
components.push back (component) ;
components [components.size () - 1l]->parent = this;
void GameObject::delete component (int indexValue) {
delete components|[indexValue];
components.erase (components.begin() + indexValue);
void GameObject::delete components () {
for(int 1 = 0; 1 < components.size(); ++1i) {

delete components[i];

}

components.clear () ;

void GameObject::destroy () {

isAlive = false;



A.10 d@aiin Component.h

#pragma once

#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>
#include <SDL2/SDL_ttf.h>

#include <box2d/box2d.h>
#include <string>

class GameObject;
class Component{

public:
std::string name;

GameObject *parent;

Component (std: :string nameValue) ;
virtual ~Component () ;

virtual void events () :;
virtual void fixed update();
virtual void update();
virtual void render();

bi

A.11 ®aiia Component.cpp

#include "Component.h"
#include "GameObject.h"

Component: :Component (std::string nameValue) {

name = nameValue;
parent = NULL;

Component: : ~Component () {

}

void Component::events () {

}

void Component::fixed update () {
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}

void Component: :update () {

}

void Component::render () {

A.12 daiia ContactListener.h

#pragma once

#include <box2d/box2d.h>

#include <stdio.h>
#include <iostream>

class ContactListener

public:

ContactListener () ;
~ContactListener () ;

104

public b2ContactListener(

void BeginContact (b2Contact* contact) override;
void EndContact (b2Contact* contact) override;

) 8

A.13 ®Daiin ContactListener.cpp

#include "ContactListener.h"

#include "UnitBullet.h"
#include "Enemyl.h"
#include "Enemy2.h"
#include "Enemy3.h"
#include "GameData.h"
#include "Base.h"
#include "Player.h"
#include "Gun.h"

ContactListener::ContactListener () {

}

ContactListener::~ContactListener () {

printf ("ContactListener is destroyed\n");

}

void ContactListener::BeginContact (b2Contact* contact) {

b2BodyUserData
>GetUserData () ;

b2BodyUserData
>GetUserDatal() ;

datal

data?2

contact->GetFixtureA () ->GetBody () -

contact->GetFixtureB () ->GetBody () -
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GameObject *templ = reinterpret cast<GameObject *>(datal.pointer);
GameObject *temp2 = reinterpret cast<GameObject *>(data2.pointer);
if (templ->name.find ("Unit") I= std::string: :npos && temp2-
>name.find ("Enemy") != std::string::npos) {
Unit *unit = reinterpret cast<Unit *>(datal.pointer);
Enemy *enemy = reinterpret cast<Enemy *>(dataZ.pointer);
unit->health -= enemy->damage;

enemy->dead = true;
if ((*unit) .health <= 0){
unit->dead = true;
}
}

else if (temp2->name.find("Unit") != std::string::npos && templ-
>name.find ("Enemy") != std::string::npos) {
Unit *unit = reinterpret cast<Unit *>(dataZ.pointer);
Enemy *enemy = reinterpret cast<Enemy *>(datal.pointer);
unit->health -= enemy->damage;

enemy->dead = true;
if ((*unit) .health <= 0) {
unit->dead = true;
}
}

else if(templ->name.find("Bullet") != std::string::npos && temp2-
>name.find ("Wall"™) != std::string::npos) {
UnitBullet *bullet = reinterpret cast<UnitBullet

*>(datal.pointer);
bullet->dead = true;
}

else if (temp2->name.find("Bullet") != std::string::npos && templ-
>name.find ("Wall") != std::string::npos) {
UnitBullet *bullet = reinterpret cast<UnitBullet

*>(data2.pointer) ;
bullet->dead = true;
}

else if (templ->name.find("Bullet") != std::string::npos && temp2-
>name.find ("Enemy") != std::string::npos) {
UnitBullet *bullet = reinterpret cast<UnitBullet

*>(datal.pointer);

bullet->dead = true;

Enemy *enemy = reinterpret cast<Enemy *>(data2.pointer);

enemy->health -= bullet->damage;

if ((*enemy) .health <= 0) {
enemy->gameData->userData.money += enemy->money;
enemy->dead = true;

}

}

else if (temp2->name.find("Bullet") != std::string::npos && templ-
>name.find ("Enemy") != std::string::npos) {
UnitBullet *bullet = reinterpret cast<UnitBullet

*>(data2.pointer);
bullet->dead = true;
Enemy *enemy = reinterpret cast<Enemy *>(datal.pointer);
enemy->health -= bullet->damage;
if ((*enemy) .health <= 0) {
enemy->gameData->userData.money += enemy->money;
enemy->dead = true;
}
}
else 1if(templ->name.find("Gun") != std::string::npos && temp2-
>name.find ("Enemy") != std::string::npos) {
Gun *gun = reinterpret cast<Gun *>(datal.pointer);
Enemy *enemy = reinterpret cast<Enemy *>(dataZ2.pointer);
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gun->fire = true;
gun->target = &enemy->transform;
}
else 1if(temp2->name.find("Gun") != std::string::npos && templ-
>name.find ("Enemy") != std::string::npos) {
Gun *gun = reinterpret cast<Gun *>(dataZ.pointer);
Enemy *enemy = reinterpret cast<Enemy *>(datal.pointer);
gun->fire = true;
gun->target = &enemy->transform;

}

void ContactListener: :EndContact (b2Contact* contact) {

b2BodyUserData datal = contact->GetFixtureA () ->GetBody () -
>GetUserData () ;

b2BodyUserData data?2 = contact->GetFixtureB () ->GetBody () -
>GetUserData () ;

GameObject *templ = reinterpret cast<GameObject *>(datal.pointer);
GameObject *temp2 = reinterpret cast<GameObject *>(data2.pointer);

if (templ->name.find ("Gun") I= std::string: :npos && temp2-
>name. find ("Enemy") != std::string::npos) {
Gun *gun = reinterpret cast<Gun *>(datal.pointer);
Enemy *enemy = reinterpret cast<Enemy *>(data2.pointer);
gun->fire = false;
gun->target = NULL;
}

else if(temp2->name.find("Gun") != std::string::npos && templ-
>name.find ("Enemy") != std::string::npos) {
Gun *gun = reinterpret cast<Gun *>(data2.pointer);
Enemy *enemy = reinterpret cast<Enemy *>(datal.pointer);
gun->fire = false;

gun->target = NULL;

A.14 daiia UserData.h

#pragma once
#include <sglite3.h>
#include <stdio.h>
class UserData({
public:
sglite3 *db;

int dayCounter = 0;
int money = 0;

int maxDays = 0;
int maxMoney = 0;

UserData() ;



~UserData() ;

}i
A.15 ®ain UserData.cpp
#include "UserData.h"

UserData: :UserData () {

sglite3 open ("database.db", &db);
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int rc;

const char *sgl = "CREATE TABLE IF NOT EXISTS MyTable (id INTEGER
PRIMARY KEY, day INTEGER, money INTEGER);";

char *messaggeError;

sglite3 exec(db, sql, 0, 0, &messaggeError);

const char *select sgl = "SELECT day, money FROM MyTable;"

sglite3 stmt *stmt;
sglite3 prepare v2(db, select sqgl, -1, &stmt, NULL);

while ((rc = sqglite3 step(stmt)) == SQLITE ROW) {
// Retrieve values from the result row
maxDays = sglite3 column_int (stmt, 0);
maxMoney = sqglite3 column int (stmt, 1);

// Output the retrieved values
//std::cout << "Day: " << day << ", Money: "

std::endl;

sglite3 finalize (stmt);

}
UserData: :~UserData () {

int rc;
sglite3 stmt *stmt;

const char *insert sql = "INSERT INTO MyTable (day, money)

sglite3 prepare v2(db, insert sqgl, -1, &stmt, NULL);

// Bind the values to the placeholders
sglite3 bind int (stmt, 1, maxDays);
sglite3 bind int (stmt, 2, maxMoney);

// Execute the statement
rc = sglite3 step(stmt);

sglite3 finalize (stmt);
sglite3 close (db);

printf ("UserData is destroyed\n");

A.16 daiia Root.h

#pragma once

<< money <<

VALUES



#include "GameObject.h"

class Root : public GameObject({

public:

Root (std::string nameValue, EventState

GameData *gameDataValue, GameObject *parentValue);

}:

~Root () override;

void create main menu() ;
void delete main menu() ;

void create tower defense();
void delete tower defense();

A.17 ®aiia Root.cpp

#include
#include
#include
#include

Root::Root (std::string nameValue,

*gameDataValue,

"Root.h"
"MainMenu.h"
"GameData.h"
"TowerDefense.h"

GameObject *parentValue)

objectEventValue, gameDataValue, parentValue) {

gameData->textureManager.allocate common () ;

create main menu();
//create tower defense();

Root::~Root () {

gameData->currentkEvent = NULL EVENT;

void Root::create main menu () {

gameData->textureManager.allocate main menu();
gameData->currentEvent = MAIN MENU;
add_child(new MainMenu ("Main Menu", MAIN MENU,

void Root::delete main menu() {

//delete child(0);
children[0]->destroy () ;
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objectEventValue,

EventState objectEventValue,
GameObject (nameValue,

gameData,

GameData

this));



void Root::create tower defense () {
gameData->textureManager.allocate tower defense();
gameData->towers.set images();
gameData->currentEvent = TOWER DEFENSE;

add _child (new TowerDefense ("Tower Defense",
gameData, this));

}
void Root::delete tower defense () {

//delete child(0);
children[0]->destroy () ;

A.18 daiia Transform.h

#pragma once

#include <iostream>

#include <glm/glm.hpp>

#include <glm/vec2.hpp>

#include <glm/gtc/quaternion.hpp>

#include <glm/gtc/constants.hpp>

class Transform{

public:

glm: :vec2 position;
float rotation;
glm::vec2 scale;
glm::vec2 velocity;
int widthUI;

int heightUI;
float widthByHeightRatio;

Transform() ;
~Transform() ;

glm::vec2 normalize();

}:

A.19 ®aiin Transform.cpp

#include "Transform.h"

Transform: :Transform() {
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w
I

position.
position.y =

[eoNe)
[eoNe)
~.

~e

rotation = 0.0;

scale.x
scale.y =

velocity.x
velocity.y =

widthUI = 0;
heightUI = 0;
widthByHeightRatio = 0.0;

}

Transform: :~Transform() {

glm::vec2 Transform::normalize () {

glm: :vec2 velocityTemp = velocity;
if (glm::length(velocity) > 1) {
velocityTemp = glm::normalize (velocity);

}

return velocityTemp;

A.20 daiin TextureManager.h

#pragma once
#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>

class GameData;

class TextureManager({
public:

// Parent
GameData *gameData;

// Main Menu

SDL Texture *cellTexture
SDL_Texture *logo = NULL;
SDL Texture *radialShade = NULL;

NULL;

SDL Texture *waveButtonl = NULL;
SDL_Texture *waveButton2 NULL;



}i

SDL Texture *shopButtonl = NULL;
SDL Texture *shopButton2 NULL;

SDL Texture *tutorialButtonl = NULL;
SDL Texture *tutorialButton2 NULL;

SDL Texture *settingsButtonl = NULL;
SDL Texture *settingsButton2 = NULL;

SDL Texture *infoButtonl = NULL;
SDL Texture *infoButton2 NULL;

SDL Texture *exitButtonl = NULL;
SDL Texture *exitButton2 = NULL;

// Tower Defense

SDL Texture *grid = NULL;

SDL Texture *bodySpritel NULL;
SDL Texture *headSpritel = NULL;
SDL_Texture *base = NULL;
SDL_Texture *enemyl = NULL;

SDL Texture *enemy2 = NULL;

SDL Texture *enemy3 = NULL;
SDL_Texture *bulletl = NULL;
SDL_Texture *towerButtonl NULL;
SDL_Texture *towerButtonZ = NULL;
SDL_Texture *smallWall = NULL;

SDL Texture *bigWall = NULL;
SDL_Texture *changeTower = NULL;
SDL_Texture *gunTowerHeadl NULL;
SDL_Texture *gunTowerHead2 = NULL;
SDL_Texture *gunTowerBodyl = NULL;
SDL Texture *gunTowerBody2 NULL;
SDL_Texture *gunTowerl = NULL;
SDL_Texture *gunTowerZ2 = NULL;

// Common

SDL_Texture *backButtonl = NULL;
SDL_Texture *backButton2 NULL;
SDL_Texture *backButtonBounds = NULL;

TextureManager (GameData *gameDataValue) ;
~TextureManager () ;

void allocate main menu();
void deallocate main menu();

void allocate tower defense();
void deallocate tower defense();

void allocate common () ;
void deallocate common () ;
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A.21 daiin TextureManager.cpp

#include "TextureManager.h"
#include "GameData.h"

TextureManager: :TextureManager (GameData *gameDataValue) {

gameData = gameDataValue;

}

TextureManager: :~TextureManager () {

deallocate tower defense();
deallocate main menu();
deallocate common () ;

printf ("TextureManager is destroyed\n");

void TextureManager::allocate tower defense () {

if (grid == NULL) {
grid =

./images/towerDefense/CellGrid.png") ;

}
if (enemyl == NULL) {
enemyl =

./images/enemies/Enemyl.png") ;

}
if (enemy2 == NULL) {
enemy?2 =

./images/enemies/Enemy2.png") ;

}
if (enemy3 == NULL) {
enemy3 =

./images/enemies/Enemy3.png") ;

}
if (bulletl == NULL) {
bulletl =

./images/units/bulletl.png") ;

}
if (bodySpritel == NULL) {
bodySpritel =

./images/player/body/Bodyl.png") ;

}
if (headSpritel == NULL) {
headSpritel =

./images/player/head/Headl.png") ;

}
if (base == NULL) {
base =

./images/units/Base.png") ;

}
if (towerButtonl == NULL) {
towerButtonl

./images/towerDefense/TowerShopl.png") ;

}
if (towerButton?2 == NULL) {

IMG LoadTexture ( (*gameData)

IMG LoadTexture ( (*gameData)

IMG LoadTexture ( (*gameData)

IMG LoadTexture ( (*gameData)

IMG LoadTexture ( (*gameData)

IMG LoadTexture ( (*gameData)

IMG LoadTexture ( (*gameData)

IMG LoadTexture ( (*gameData)

IMG LoadTexture ( (*gameData)
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.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,



towerButton?2 = IMG LoadTexture ( (*gameData)

./images/towerDefense/TowerShop2.png") ;

}
if (smallWall == NULL) {
smallWall = IMG LoadTexture ( (*gameData)

./images/units/SmallWall.png") ;

}
if (bigWall == NULL) {
bigWall = IMG LoadTexture ( (*gameData)

./images/units/BigWall.png") ;

}
if (changeTower == NULL) {
changeTower = IMG LoadTexture ( (*gameData)

./images/towerDefense/ChangeTower.png") ;

}
if (gunTowerHeadl == NULL) {
gunTowerHeadl = IMG LoadTexture ( (*gameData)

./images/units/GunTowerHeadl.png") ;

}
if (gunTowerHead2 == NULL) {
gunTowerHead?2 = IMG LoadTexture ( (*gameData)

./images/units/GunTowerHead2.png") ;

}
if (gunTowerBodyl == NULL) {
gunTowerBodyl = IMG LoadTexture ( (*gameData)

./images/units/GunTowerBodyl.png") ;

}
if (gunTowerBody2 == NULL) {
gunTowerBody2 = IMG LoadTexture ( (*gameData)

./images/units/GunTowerBody2.png") ;

}
if (gunTowerl == NULL) {
gunTowerl = IMG LoadTexture ( (*gameData)

./images/units/GunTowerl.png") ;

}
if (gunTower2 == NULL) {
gunTower?2 = IMG LoadTexture ( (*gameData)

./images/units/GunTower2.png") ;

}

}

void TextureManager::deallocate tower defense () {

if (grid != NULL) {
SDL DestroyTexture (grid) ;
grid = NULL;

}

if (enemyl != NULL) {
SDL_DestroyTexture (enemyl) ;
enemyl = NULL;

}

if (enemy2 != NULL) {
SDL DestroyTexture (enemy?2) ;
enemy2 = NULL;

}

if (enemy3 != NULL) {
SDL DestroyTexture (enemy3) ;
enemy3 = NULL;

}

if (bulletl != NULL) {
SDL_DestroyTexture (bulletl);
bulletl = NULL;
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.renderer,

.renderer,

.renderer,

.renderer,

.renderer,
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if (bodySpritel != NULL) {
SDL DestroyTexture (bodySpritel);
bodySpritel = NULL;

}

if (headSpritel != NULL) {
SDL DestroyTexture (headSpritel) ;
headSpritel = NULL;

}

if (base != NULL) {
SDL_DestroyTexture (base) ;
base = NULL;

}

if (towerButtonl != NULL) {
SDL_DestroyTexture (towerButtonl) ;
towerButtonl = NULL;

}

if (towerButton2 != NULL) {
SDL DestroyTexture (towerButton2) ;
towerButton2 = NULL;

}

if (smallWall != NULL) {
SDL_DestroyTexture (smallWall) ;
smallWall = NULL;

}

if (bigWall != NULL) {
SDL DestroyTexture (bigWall) ;
bigWall = NULL;

}

if (changeTower != NULL) {
SDL DestroyTexture (changeTower) ;
changeTower = NULL;

}

if (gunTowerHeadl != NULL) {
SDL DestroyTexture (gunTowerHeadl) ;
gunTowerHeadl = NULL;

}

if (gunTowerHead2 != NULL) {
SDL DestroyTexture (gunTowerHead2) ;
gunTowerHead2 = NULL;

}

if (gunTowerBodyl != NULL) {
SDL_DestroyTexture (gunTowerBodyl) ;
gunTowerBodyl = NULL;

}

if (gunTowerBody2 != NULL) {
SDL DestroyTexture (gunTowerBody2) ;
gunTowerBody2 = NULL;

}

if (gunTowerl != NULL) {
SDL_DestroyTexture (gunTowerl) ;
gunTowerl = NULL;

}

if (gunTower2 != NULL) {
SDL_DestroyTexture (gunTower?2) ;
gunTower2 = NULL;

void TextureManager::allocate main menu () {

if (cellTexture == NULL) {



cellTexture = IMG LoadTexture ( (*gameData)
./images/CellGridl.png") ;

}
if (radialShade == NULL) {

radialShade = IMG LoadTexture ( (*gameData)
./images/RadialShadel.png") ;

}
if(logo == NULL) {

logo = IMG LoadTexture ( (*gameData)
./images/mainMenu/MainLogol.png") ;

}
if (waveButtonl == NULL) {

waveButtonl = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/WaveButtonl.png") ;

}
if (waveButton2 == NULL) {

waveButton?2 = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/WaveButton2.png") ;

}
if (shopButtonl == NULL) {

shopButtonl = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/ShopButtonl.png") ;

}
if (shopButton2 == NULL) {

shopButton2 = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/ShopButton2.png") ;

}
if (tutorialButtonl == NULL) {

tutorialButtonl = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/TutorialButtonl.png") ;

}
if (tutorialButton2 == NULL) {

tutorialButton?2 = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/TutorialButton2.png") ;

}
if (settingsButtonl == NULL) {

settingsButtonl = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/SettingsButtonl.png") ;

}
if (settingsButton2 == NULL) {

settingsButton?2 = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/SettingsButton2.png") ;

}
if (infoButtonl == NULL) {

infoButtonl = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/QuestionButtonl.png") ;

}
if (infoButton2 == NULL) {

infoButton2 = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/QuestionButton2.png") ;

}
if (exitButtonl == NULL) {

exitButtonl = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/ExitButtonl.png") ;

}
if (exitButton2 == NULL) {

exitButton?2 = IMG LoadTexture ( (*gameData)
./images/mainMenu/mainButton/ExitButton2.png") ;

}

}

void TextureManager::deallocate main menu () {
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.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,

.renderer,



if (cellTexture != NULL) {
SDL_DestroyTexture (cellTexture) ;
cellTexture = NULL;

}

if (radialShade != NULL) {
SDL DestroyTexture (radialShade) ;
radialShade = NULL;

}

if (logo !'= NULL) {
SDL_DestroyTexture (l1logo) ;
logo = NULL;

}

if (waveButtonl != NULL) {
SDL_DestroyTexture (waveButtonl) ;
waveButtonl = NULL;

}

if (waveButton2 != NULL) {
SDL DestroyTexture (waveButton2) ;
waveButton2 = NULL;

}

if (shopButtonl != NULL) {
SDL_DestroyTexture (shopButtonl) ;
shopButtonl = NULL;

}

if (shopButton2 != NULL) {
SDL DestroyTexture (shopButton2) ;
shopButton2 = NULL;

}

if (tutorialButtonl != NULL) {

SDL DestroyTexture (tutorialButtonl);

tutorialButtonl = NULL;

}
if (tutorialButton2 != NULL) {

SDL DestroyTexture (tutorialButton2);

tutorialButton2 = NULL;

}
if (settingsButtonl != NULL) {

SDL DestroyTexture (settingsButtonl);

settingsButtonl = NULL;

}
if (settingsButton2 != NULL) {

SDL DestroyTexture (settingsButton2);

settingsButton?2 = NULL;

}

if (infoButtonl != NULL) {
SDL DestroyTexture (infoButtonl) ;
infoButtonl = NULL;

}

if (infoButton2 != NULL) {
SDL DestroyTexture (infoButton2);
infoButton2 = NULL;

}

if (exitButtonl != NULL) {
SDL DestroyTexture (exitButtonl);
exitButtonl = NULL;

}

if (exitButton2 != NULL) {
SDL DestroyTexture (exitButton2);
exitButton2 = NULL;

void TextureManager::allocate common () {
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if (backButtonl == NULL) {
backButtonl = IMG LoadTexture ( (*gameData) .renderer,
"../images/other/BackButtonl.png") ;
}
if (backButton2 == NULL) {
backButton2 = IMG LoadTexture ( (*gameData) .renderer,
"../images/other/BackButton2.png") ;
}
if (backButtonBounds == NULL) {
backButtonBounds = IMG LoadTexture ( (*gameData) .renderer,
"../images/other/BackButtonBounds.png") ;
}

}

void TextureManager::deallocate common () {

if (backButtonl != NULL) {
SDL DestroyTexture (backButtonl) ;
backButtonl = NULL;

}

if (backButton2 != NULL) {
SDL DestroyTexture (backButton2) ;
backButton?2 = NULL;

}

if (backButtonBounds != NULL) {
SDL_DestroyTexture (backButtonBounds) ;
backButtonBounds = NULL;

A.22 daiia Label.h

#pragma once

#include "Component.h"

class Label : public Component{
public:
std::string text = "";

SDL_Texture *texture = NULL;
SDL_Rect destinationRect;

float widthByHeightRatio = 0;
float heightFactor = 0;

Label () ;
~Label () override;
volid events () override;

void render () override;
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void set text(std::string textValue, SDL Color colorValue);
void set size(float heightFactorValue);
void delete texture();

}i

A.23 ®aiin Label.cpp

#include "Label.h"
#include "GameData.h"
#include "GameObject.h"

Label::Label () : Component ("Label") {

}
Label: :~Label () {

delete texture();

void Label::events () {

// Resizing event
switch (parent->gameData->event.type) {
case SDL WINDOWEVENT:
switch (parent->gameData->event.window.event) {
case SDL WINDOWEVENT RESIZED:
set size (heightFactor);

break;
}
break;
}
}
void Label::render () {
SDL_RenderCopy (parent->gameData->renderer, texture, NULL,

&destinationRect) ;

void Label::set size(float heightFactorValue) {

heightFactor = heightFactorValue;

destinationRect.h heightFactor * parent->gameData->screenHeight;

destinationRect.w = destinationRect.h * widthByHeightRatio;

destinationRect.x = parent->transform.position.x =
destinationRect.w / 2.0;



destinationRect.y = parent->transform.position.y

destinationRect.h / 2.0;

void Label::set text(std::string textValue, SDL Color colorValue) {

text = textValue;

SDL_SetHint (SDL_HINT RENDER SCALE QUALITY, "0");
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SDL_Surface *surface = TTF RenderText Solid(parent->gameData-

>font, text.c str(), colorValue);
delete texture();

texture = SDL CreateTextureFromSurface (parent->gameData->renderer,

surface) ;
SDL_FreeSurface (surface);
SDL_SetHint (SDL_HINT RENDER SCALE QUALITY, "1");

int texW;
int texH;
SDL_QueryTexture (texture, NULL, NULL, &texW, &texH);
widthByHeightRatio = ((float)texW) / ((float)texH);

void Label::delete texture () {

if (texture != NULL) {
SDL DestroyTexture (texture);

A.24 ®aiin Image.h

#pragma once

#include "Component.h"

class Image : public Component{
public:
SDL Texture *texture;
SDL _Rect destinationRect;

float heightFactor = 0;
bool relative = true;

Image () ;
~Image () override;

void events () override;
void render () override;

void set texture (SDL Texture *textureValue);
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void set size();
void set height factor(float heightFactorValue);

}i

A.25 ®Daiia Image.cpp

#include "Image.h"
#include "GameData.h"
#include "GameObject.h"

Image::Image () : Component ("Image") {

texture = NULL;

}
Image: :~Image () {

}
void Image::events () {

// Resizing event
switch (parent->gameData->event.type) {
case SDL WINDOWEVENT:
switch (parent->gameData->event.window.event) {
case SDL WINDOWEVENT RESIZED:
set size();

break;
}
break;
}
}
void Image::render () {
SDL_RenderCopy (parent->gameData->renderer, texture, NULL,

&destinationRect) ;

void Image::set texture (SDL Texture *textureValue) {

texture = textureValue;

}

void Image::set size () {

if (relative == true) {
destinationRect.h = heightFactor W parent->gameData-

>screenHeight;
destinationRect.w = destinationRect.h;
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destinationRect.x = parent->transform.position.x =
destinationRect.w / 2.0;
destinationRect.y
destinationRect.h / 2.0;
}

else(

parent->transform.position.y =

// Do nothing
}

}
void Image::set height factor (float heightFactorValue) {

heightFactor = heightFactorValue;

A.26 Daiin Text.h

#pragma once

#include "Component.h"

class Text : public Component({
public:

std::string text = "";
SDL_Color color;

SDL Texture *texture = NULL;
SDL_Rect destinationRect;
SDL Rect *parentDstRect;

float heightByWidthRatio = 0.0f;
float heightFactor = 0.0f;

float width = 0.0f;

Uint32 wrapLength = 0;

Text () ;

~Text () override;

void events () override;
voilid render () override;

void set text(std::string textValue, SDL Color colorValue);
void set size(float heightFactorValue);
void delete texture();

}:

A.27 ®aiia Text.cpp

#include "Text.h"
#include "GameData.h"
#include "GameObject.h"
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Text::Text () : Component ("Text") {

Text

ri~Text () {

delete texture();

void Text::events () {

// Resizing event
switch (parent->gameData->event.type) {
case SDL WINDOWEVENT:
switch (parent->gameData->event.window.event) {
case SDL WINDOWEVENT RESIZED:
set size (heightFactor);

break;
}
break;
}
void Text::render () {
SDL_RenderCopy (parent->gameData->renderer, texture, NULL,

&destinationRect) ;

}

void

void

Text::set size(float heightFactorValue) {
set text (text, color);

heightFactor = heightFactorValue;

destinationRect.w = heightFactor * parentDstRect->w;
destinationRect.h = destinationRect.w * heightByWidthRatio;
destinationRect.x = parent->transform.position.x;

destinationRect.y = parent->transform.position.y;

Text::set text(std::string textValue, SDL Color colorValue) {

text = textValue;
color = colorValue;

SDL_SetHint (SDL_HINT RENDER SCALE QUALITY, "0");
SDL_Surface *surface = TTF RenderUTF8 Blended Wrapped (parent-

>gameData->font, text.c str(), color, wrapLength);

surface) ;

delete texture();
texture = SDL CreateTextureFromSurface (parent->gameData->renderer,

SDL FreeSurface (surface);



SDL_SetHint (SDL_HINT RENDER SCALE QUALITY, "1");

int texW;
int texH;

SDL_QueryTexture (texture, NULL, NULL, &texW, &texH);
heightByWidthRatio = ((float)texH) / ((float)texW);

void Text::delete texture() {

if (texture != NULL) {
SDL_DestroyTexture (texture);

A.28 ®Daiin BackButton.h

#pragma once

#include "GameObject.h"
#include <SDL2/SDL.h>

class BackButton : public GameObject{

public:

bool mouseln;

bool click;

EventState nextEvent;
float heightFactor = 0;

SDL Rect boundsRect;
float rotationAngle = 0.0f;
float rotationSpeed = 30.0f;

int rotationSign = 1;
BackButton (std::string nameValue,
objectEventValue, GameData *gameDataValue, GameObject

EventState nextEventValue) ;
~BackButton () override;

volid events () override;
void update () override;
void render () override;

void set size();
bool 1is mouse inside circle(int mouseX,
circleX, int circleY, int radius);

}i

int
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EventState
*parentValue,

mouseY,

int
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A.29 daiin BackButton.cpp

#include "BackButton.h"

#include "Image.h"
#include "GameData.h"

nameValue, EventState

GameObject *parentValue,
objectEventValue,

BackButton: :BackButton(std::string
objectEventValue, GameData *gameDataValue,
EventState nextEventValue) GameObject (nameValue,

gameDataValue, parentValue) {

nextEvent = nextEventValue;

mouseln = false;
click = false;

}
BackButton: :~BackButton () {

void BackButton::events () {

// Resizing event
switch ( (*gameData) .event.type) {

case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {

case SDL WINDOWEVENT RESIZED:
set size();
break;

break;

// Button clicking
if ((*gameData) .currentEvent == objectEvent) {
switch ((*gameData) .event.type) {

SDL Point mousePoint;

case SDL MOUSEMOTION:

mousePoint.x = (*gameData) .event.motion.x;
mousePoint.y = (*gameData) .event.motion.y;
if (is_mouse inside circle (mousePoint.x,

mousePoint.y, boundsRect.x + boundsRect.w / 2.0f, boundsRect.y + boundsRect.h
== true) {

/ 2.0f, boundsRect.w / 2.0f) ==
mouseln = true;
( (Image *)components[0])->texture =

gameData->textureManager.backButton2;
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rotationSign = -1;
}
else{
mouseln = false;
( (Image *)components[0]) ->texture =

gameData->textureManager.backButtonl;
rotationSign = 1;
}

break;

case SDL MOUSEBUTTONDOWN :
SDL_GetMouseState (&mousePoint.x, &mousePoint.y):;
if (is_mouse inside circle (mousePoint.x,
mousePoint.y, boundsRect.x + boundsRect.w / 2.0f, boundsRect.y + boundsRect.h
/ 2.0f, boundsRect.w / 2.0f) == true && (*gameData).event.button.button ==
SDL_BUTTON_LEFT){
click = true;
}

break;

case SDL MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (is_mouse inside circle (mousePoint.x,
mousePoint.y, boundsRect.x + boundsRect.w / 2.0f, boundsRect.y + boundsRect.h

/ 2.0f, boundsRect .w / 2.0f) == true && click == true &&
(*gameData) .event.button.button == SDL BUTTON LEFT) {

mouseln = false;

( (Image *)components[0]) —>texture =

gameData->textureManager.backButtonl;
gameData->currentEvent = nextEvent;
parent->destroy () ;

}

click = false;
break;

void BackButton: :update () {

rotationAngle += rotationSign o rotationSpeed * gameData-
>deltaTime;
rotationAngle = glm::clamp (rotationAngle, 0.0f, 360.0f);
if (rotationAngle == 360.0f) {
rotationAngle -= 360.0f;
}
else if(rotationAngle == 0.0f) {

rotationAngle += 360.0f;
}

void BackButton::render () {



SDL_RenderCopyEx (parent->gameData->renderer,
>textureManager.backButtonBounds, NULL, &boundsRect,

SDL_FLIP NONE) ;

}

void BackButton::set size() {

boundsRect.h =

boundsRect.h *= 1.3f;
boundsRect.w = boundsRect.h;
boundsRect.x =

boundsRect.y =

}

bool BackButton::is mouse inside circle(int mouseX,

circleX, int circleY, int radius) {

int distanceSquared = (mouseX - circleX)
(mouseY - circleY) * (mouseY - circleY);
return distanceSquared <= (radius * radius);

A.30 daiia TutorialRoom.h

#pragma once
#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>

#include "GameObject.h"

class TutorialRoom : public GameObject({
public:
// UI

SDL_Rect uiDstrectl;
SDL_Rect uiDstrect2;

TutorialRoom(std::string

~TutorialRoom () override;
volid events () override;
void render () override;

void set size();

*
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gameData-

rotationAngle, NULL,

heightFactor * gameData->screenHeight;

(mouseX

nameValue,
objectEventValue, GameData *gameDataValue, GameObject *parentValue);

transform.position.x - boundsRect.w / 2.0f;
transform.position.y - boundsRect.h / 2.0f;

int mouseY, int

circleX) +

EventState
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A.31 daiin TutorialRoom.cpp

#include "TutorialRoom.h"
#include "GameData.h"
#include "Label.h"
#include "Text.h"
#include "Image.h"
#include "BackButton.h"

TutorialRoom: :TutorialRoom(std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

// Title
add child(new GameObject ("Title", TUTORIAL ROOM, gameData, this));
children[0]->add component (new Label ());

add child(new GameObject("Main text", TUTORIAL ROOM, gameData,
this));
children[l]->add component (new Text());

add child(new BackButton("Back button", TUTORIAL ROOM, gameData,
this, MAIN_MENU) ) B
children[2]->add component (new Image());

set _size();

((BackButton *)children[2])->heightFactor = 0.07f;
((BackButton *)children[2])->set size();

((Label *)children[0]->components[0])->set text ("TUTORIAL", {0, O,
0, 255});
((Label *)children[0O]->components[0])->set size(0.08);

((Text *)children[l]->components[0])->parentDstRect = &uiDstrect?2;

((Text *)children[l]->components[0])->set text ("You have a movable
character. It can shoot bullets. Kill enemies to earn some money. With this
money you can buy towers. Those towers will protect your base. Survive as
many days as you can. Good luck!", {255, 255, 255, 255});

((Text *)children[l]->components[0])->set size(0.8);

( (Image *)children[2]->components[0])->set texture (gameData-
>textureManager.backButtonl) ;

( (Image *)children[2]->components[0]) -
>set height factor (((BackButton *)children[2])->heightFactor);

((Image *)children[2]->components[0])->set size();

}

TutorialRoom: :~TutorialRoom () {

void TutorialRoom: :events () {

// Resizing event



0.925f;

switch ( (*gameData) .event.type) {
case SDL WINDOWEVENT:

switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:

set size();

break;

break;

void TutorialRoom: :render () {

SDL_SetRenderDrawColor (gameData->renderer, 255, 255,
SDL RenderFillRect (gameData->renderer,

SDL_SetRenderDrawColor (gameData->renderer, 0, O,

SDL_RenderFillRect (gameData->renderer,

}

void TutorialRoom::set size () {

&uiDstrectl) ;

0,

&uiDstrect?) ;

255, 255);

240) ;
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uiDstrectl.h = 0.15f * gameData->screenHeight;

uiDstrectl.w = 0.6f * gameData->screenWidth;

uiDstrectl.y = 0.1f * gameData->screenHeight;

uiDstrectl.x = gameData->screenWidth / 2.0f - uiDstrectl.w / 2.0f;
uiDstrect2.h = 0.65f * gameData->screenHeight;

uiDstrect2.w = uiDstrectl.w;

uiDstrect2.y = uiDstrectl.y + uiDstrectl.h;

uiDstrect2.x = uiDstrectl.x;

children[0]->transform.position.x

children[0O]->transform.position.y

children[l]->transform.position.x

children[l]->transform.position.y

uiDstrectl.x

uiDstrectl.y

uliDstrect2.x

uiDstrect2.y

((Text *)children[l]->components[0])->wrapLength

children[2]->transform.position.x

children[2]->transform.position.y

uiDstrectl.x

uiDstrectl.y

uiDstrectl.

uiDstrectl.

uiDstrect?2.

uiDstrect2.

ulDstrect?2.

uiDstrectl.

uiDstrectl.
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#prag
#incl
#incl

#incl

class
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®daiia InfoRoom.h

ma once
ude <SDL2/SDL.h>
ude <SDL2/SDL_ image.h>

ude "GameObject.h"

InfoRoom : public GameObject{
public:
// UI

SDL_Rect uiDstrectl;
SDL_Rect uiDstrect2;

InfoRoom(std::string nameValue, EventState objectEventValue,

GameData *gameDataValue, GameObject *parentValue);

}i

A.33

#incl
#incl
#incl
#incl
#incl
#incl

~InfoRoom () override;
volid events () override;
volid render () override;

void set size();

daiin InfoRoom.cpp

ude "InfoRoom.h"
ude "GameData.h"
ude "Label.h"

ude "Text.h"

ude "Image.h"

ude "BackButton.h"

InfoRoom: :InfoRoom(std::string nameValue, EventState objectEventValue,
GameData *gameDataValue, GameObject *parentValue) : GameObject (nameValue,
objectEventValue, gameDataValue, parentValue) {

MAIN MENU)) ;

// Title
add child(new GameObject ("Title", INFO ROOM, gameData, this));
children[0]->add component (new Label());

add child(new GameObject ("Main text", INFO ROOM, gameData, this));
children[l]->add component (new Text());

add child(new BackButton ("Back button"™, INFO ROOM, gameData, this,

children[2]->add component (new Image());
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set size();

((BackButton *)children[2])->heightFactor = 0.07f£;
((BackButton *)children[2])->set size();

((Label *)children[0]->components[0])->set text ("INFO", {0, 0, O,

255}) ;

((Label *)children[0O]->components[0])->set size(0.08);

((Text *)children[l]->components[0])->parentDstRect = &uiDstrect2;

((Text *)children[1l]->components[0])->set text ("This game is
created by Yaroslav Kolokol. The game wuses SDL, box2d, GLM and SQLite
libraries. Thank you for playing :)", {255, 255, 255, 255});

((Text *)children[l]->components[0])->set size(0.8);

( (Image *)children[2]->components[0]) ->set texture (gameData-
>textureManager.backButtonl) ;

( (Image *)children[2]->components[0]) -
>set height factor (((BackButton *)children[2])->heightFactor);

((Image *)children([2]->components[0])->set size();

}

InfoRoom: :~InfoRoom () {

void InfoRoom: :events () {
// Resizing event
switch ( (*gameData) .event.type) {
case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:

set _size();

break;

break;

void InfoRoom: :render () {

SDL_SetRenderDrawColor (gameData->renderer, 255, 255, 255, 255);
SDL _RenderFillRect (gameData->renderer, &uiDstrectl);

SDL_SetRenderDrawColor (gameData->renderer, 0, 0, 0, 240);
SDL_RenderFillRect (gameData->renderer, &uiDstrect2);



void InfoRoom::set size () {

uiDstrectl.h = 0.15f * gameData->screenHeight;

uiDstrectl.w = 0.6f * gameData->screenWidth;

uiDstrectl.y = 0.1f * gameData->screenHeight;

uiDstrectl.x = gameData->screenWidth / 2.0f - uiDstrectl.w / 2.
uiDstrect2.h = 0.65f * gameData->screenHeight;

uiDstrect2.w = uiDstrectl.w;

uiDstrect2.y = uiDstrectl.y + uiDstrectl.h;

uiDstrect2.x = uiDstrectl.x;

children[0]->transform.position.x

2.0f;

children[0O]->transform.position.y
2.0f;

children[l]->transform.position.x
0.1f;

children[l]->transform.position.y
0.1f;

((Text *)children[l]->components[0])->wrapLength
25

children[2]->transform.position.x
0.925f%;

children[2]->transform.position.y
0.5f;

A.34 daiia ExitRoom.h

#pragma once
#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>

#include "GameObject.h"

class ExitRoom public GameObject{

public:
// UI

SDL_Rect uiDstrectl;
SDL_Rect uiDstrect2;

ExitRoom (std::string nameValue,
GameObject *parentValue);

GameData *gameDataValue,

uiDstrectl.

uiDstrectl.

uiDstrect2.

uiDstrect?2.

uiDstrectl.x

uiDstrectl.y

uiDstrectl.

uiDstrectl.

uiDstrect2.

uiDstrect?2.

uiDstrect?2.

uiDstrectl.

uiDstrectl.
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0f;

EventState objectEventValue,



}i

A.35
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~ExitRoom () override;

void events () override;
void render () override;

void set size();

daiin ExitRoom.cpp

#include "ExitRoom.h"
#include "GameData.h"
#include "Label.h"
#include "Text.h"
#include "Image.h"
#include "BackButton.h"
#include "ExitButton.h"

ExitRoom: :ExitRoom(std::string nameValue, EventState objectEventValue,
GameData *gameDataValue, GameObject “*parentValue) :  GameObject (nameValue,
objectEventValue, gameDataValue, parentValue) {

MAIN MENU) ) ;

this));

255}) ;

// Title
add child(new GameObject ("Title", EXIT ROOM, gameData, this));
children[0]->add component (new Label ());

add child(new GameObject ("Main text", EXIT ROOM, gameData, this));
children[l]->add component (new Label ());

add child(new BackButton ("Back button", EXIT ROOM, gameData, this,
children[2]->add component (new Image());
add child (new ExitButton ("Game button", EXIT ROOM, gameData,

children[3]->add component (new Label ());

set size();

((BackButton *)children[2])->heightFactor = 0.07f£;
((BackButton *)children[2])->set size();
((ExitButton *)children[3])->heightFactor = 0.05f;

((ExitButton *)children[3])->set size();
((Label *)children[0O]->components[0])->set text ("EXIT", {0, 0, O,
((Label *)children[0O]->components[0])->set size(0.08);

((Label *)children[l]->components[0])->set text("Do you want to

exit?", {255, 255, 255, 255});
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((Label *)children[l]->components[0])->set size(0.06);

((Image *)children[2]->components[0]) ->set texture (gameData-
>textureManager.backButtonl) ;

( (Image *)children[2]->components[0]) -
>set height factor (((BackButton *)children[2])->heightFactor);

((Image *)children([2]->components[0])->set size();

((Label *)children[3]->components[0])->set text ("Quit", {255, 255,
255, 2551%});

((Label *)children[3]->components[0]) ->set size (((ExitButton
*)children[3])->heightFactor);

}

ExitRoom: :~ExitRoom () {

void ExitRoom: :events () {
// Resizing event
switch ( (*gameData) .event.type) {
case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:

set size();

break;

}

break;

void ExitRoom: :render () {

SDL_SetRenderDrawColor (gameData->renderer, 255, 255, 255, 255);
SDL RenderFillRect (gameData->renderer, &uiDstrectl);

SDL_SetRenderDrawColor (gameData->renderer, 0, 0, 0, 240);
SDL_RenderFillRect (gameData->renderer, &uiDstrect2);

void ExitRoom::set size () {

uiDstrectl.h = 0.15f * gameData->screenHeight;

uiDstrectl.w = 0.6f * gameData->screenWidth;

uiDstrectl.y = 0.1f * gameData->screenHeight;

uiDstrectl.x = gameData->screenWidth / 2.0f - uiDstrectl.w / 2.0f;
uiDstrect2.h = 0.65f * gameData->screenHeight;

uiDstrect2.w = uiDstrectl.w;

uiDstrect2.y = uiDstrectl.y + uiDstrectl.h;

uiDstrect2.x = uiDstrectl.x;
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0.85f;

objectEventValue,

children[0O]->transform.

children[0O]->transform.

children[l]->transform.

children[l]->transform.

children[2]->transform.

children[2]->transform

children[3]->transform.

children[3]->transform.

A.36 ®Daiin ExitButton.h

#pragma once
#include "GameObject.h"
#include <SDL2/SDL.h>
class ExitButton
public:
bool mouseln;

bool click;
SDL_Color colorl

position.

position.

position.

position.

position.

.position.

position.

position.

public GameObject{

= {20, 20,

SDL Rect imageDstrect;
float heightFactor = 0;
EventState nextEvent;

SDL_Rect cornerRectl;
SDL_Rect cornerRect2;

SDL Rect cornerRect3;
SDL_Rect cornerRect4;

SDL Rect cornerRect5;
SDL Rect cornerRect6;

float displacement = 0.0f;

ExitButton(std::string

GameData *gameDataValue,

~ExitButton () override;
void events () override;
void update () override;

uiDstrectl.

uiDstrectl.

uiDstrect2.

uiDstrect2.

uiDstrectl.

uiDstrectl.

uiDstrect?2.

uiDstrect2.

255} ;

nameValue,
GameObject *parentValue);

uiDstrectl.

uiDstrectl.

uiDstrect2.

uiDstrect2.

uiDstrectl.

uiDstrectl.

uiDstrect?2.

uiDstrect2.
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EventState



135
void render () override;

void set size();

}i

A.37 ®aiia ExitButton.cpp

#include "ExitButton.h"
#include "GameData.h"
#include "Label.h"

ExitButton::ExitButton(std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)

GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

nextEvent = TOWER DEFENSE;

mouseln = false;
click = false;

}

ExitButton::~ExitButton () {

void ExitButton::events () {

// Resizing event
switch ( (*gameData) .event.type) {

case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {

case SDL WINDOWEVENT RESIZED:
set size();
break;

break;

// Button clicking
if ((*gameData) .currentEvent == objectEvent) {

switch ((*gameData) .event.type) {
SDL Point mousePoint;

case SDL MOUSEMOTION:

mousePoint.x = (*gameData).event.motion.x;

mousePoint.y = (*gameData) .event.motion.y;
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if (SDL_PointInRect (&mousePoint, &imageDstrect)
== SDL_TRUE) {
mouseln = true;
colorl = {255, 255, 255, 255};
((Label *)components[0])->set text (((Label
*)components[0])->text, {0, 0, 0, 255});
}
else{
mouseln = false;
colorl = {20, 20, 20, 255};
((Label *)components[0])->set text (((Label
*)components[0])->text, {255, 255, 255, 255});
}

break;
case SDL MOUSEBUTTONDOWN :
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, &imageDstrect)
== SDL_TRUE && (*gameData) .event.button.button == SDL_BUTTON_LEFT){
click = true;

}

break;
case SDL_MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);

if (SDL_PointInRect (&mousePoint, &imageDstrect)
== SDL_TRUE && click == true && (*gameData) .event.button.button ==
SDL_BUTTON_ LEFT) {
gameData->active = false;
}
click = false;
break;

void ExitButton::update () {

if (mouselIn == true) {
displacement += 200.0f * gameData->deltaTime;
}

else{
displacement -= 200.0f * gameData->deltaTime;

}

displacement = glm::clamp(displacement, 0.0f, imageDstrect.h /
2.0f);

cornerRectl.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;

cornerRect2.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;

cornerRect3.x = transform.position.x - imageDstrect.w / 2.0f -

cornerRectl.w - displacement;



cornerRect4.x = transform.position.x

displacement;

cornerRectb.
cornerRecthb.
}

void

colorl.b,

cornerRect5.x = transform.position.x
w + cornerRectd.w + displacement;
cornerRect6.x = transform.position.x
w + cornerRectd4.w + displacement;

ExitButton::render () {

SDL_SetRenderDrawColor (gameData->renderer,
colorl.a);

SDL RenderFillRect (gameData->renderer,

SDL_SetRenderDrawColor (gameData->renderer,

SDL RenderFillRect (gameData->renderer,
SDL RenderFillRect (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,
SDL RenderFillRect (gameData->renderer,

void ExitButton::set size() {

cornerRectl.

cornerRectl.

cornerRect?2.

cornerRectl.

cornerRect5.

cornerRectb.
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+ imageDstrect.w / 2.0f
+ imageDstrect.w / 2.0f

+ imageDstrect.w / 2.0f

colorl.r,
&imageDstrect) ;

0, 255, 200, 255);

2

&cornerRectl) ;

&cornerRect2) ;
)
)
)
)

’

&cornerRect3
&cornerRectd
&cornerRectb
&cornerRectb

’

’

’

+

colorl.qg,

imageDstrect.h (heightFactor + 0.03) * gameData->screenHeight;
imageDstrect.w = imageDstrect.h * 4;

imageDstrect.x = transform.position.x - imageDstrect.w / 2.0f;
imageDstrect.y = transform.position.y - imageDstrect.h / 2.0f;
cornerRectl.w = imageDstrect.w * 0.030f;

cornerRectl.h = imageDstrect.h;

cornerRectl.x = transform.position.x - imageDstrect.w / 2.0f -
Wy

cornerRectl.y = transform.position.y - imageDstrect.h / 2.0f;
cornerRect2.w = imageDstrect.w * 0.1f;

cornerRect2.h = imageDstrect.w * 0.030f;

cornerRect2.x = transform.position.x - imageDstrect.w / 2.0f -
Wy

cornerRect2.y = transform.position.y - imageDstrect.h / 2.0f -
h;

cornerRect3.w = imageDstrect.w * 0.1f;

cornerRect3.h = imageDstrect.w * 0.030f;

cornerRect3.x = transform.position.x - imageDstrect.w / 2.0f -
Wy

cornerRect3.y = transform.position.y + imageDstrect.h / 2.0f;
cornerRectd4.w = imageDstrect.w * 0.030f;

cornerRect4.h = imageDstrect.h;

cornerRectd.x = transform.position.x + imageDstrect.w / 2.0f;
cornerRectd4.y = transform.position.y - imageDstrect.h / 2.0f;
cornerRectb.w = imageDstrect.w * 0.1f;

cornerRect5.h = imageDstrect.w * 0.030f;

cornerRect5.x = transform.position.x + imageDstrect.w / 2.0f -

w + cornerRectd.w;

cornerRectb5.y = transform.position.y -
h;
cornerRect6.w = imageDstrect.w * 0.1f;

imageDstrect.h / 2.0f -



138

cornerRect6.h = imageDstrect.w * 0.030f;

cornerRect6.x = transform.position.x + imageDstrect.w / 2.0f -
cornerRect6.w + cornerRectd.w;

cornerRect6.y = transform.position.y + imageDstrect.h / 2.0f;

A.38 dDaiint GameRoom.h

#pragma once

#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>

#include "GameObject.h"

//#include "BackButton.h"
//#include "EnterButton.h"

class GameRoom : public GameObject{
public:
// UI

SDL_Rect uiDstrectl;
SDL_Rect uiDstrect2;

GameRoom (std::string nameValue, EventState objectEventValue,
GameData *gameDataValue, GameObject *parentValue);

~GameRoom () override;
void events () override;
volid render () override;

void set size();

}i

A.39 ®aiin GameRoom.cpp

#include "GameRoom.h"
#include "GameData.h"
#include "Label.h"
#include "Text.h"
#include "Image.h"
#include "BackButton.h"
#include "GameButton.h"

GameRoom: : GameRoom (std: :string nameValue, EventState objectEventValue,
GameData *gameDataValue, GameObject *parentValue) : GameObject (nameValue,

objectEventValue, gameDataValue, parentValue) {

// Title
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add _child(new GameObject ("Title", GAME ROOM, gameData, this));
children[0]->add component (new Label());

add child(new GameObject ("Main text", GAME ROOM, gameData, this));
children[l]->add component (new Text());

add child(new BackButton ("Back button", GAME ROOM, gameData, this,
MAIN_MENU));

children[2]->add component (new Image());

add_child (new GameButton ("Game button", GAME ROOM, gameData,
this));

children[3]->add component (new Label ());

set _size();

((BackButton *)children([2])->heightFactor = 0.07f;
((BackButton *)children[2])->set size();
((GameButton *)children[3])->heightFactor = 0.05f;

((GameButton *)children[3])->set size();

((Label *)children[0]->components[0])->set text ("GAME ROOM", {O,
0, 0, 255});

((Label *)children[0O]->components[0])->set size(0.08);
((Text *)children[l]->components[0])->parentDstRect = &uiDstrect2;
((Text *)children[l]->components[0])->set text("Game room 1is a

place, where you can stay alone with yourself and mind your strategy before
the game.", {255, 255, 255, 255});

((Text *)children[l]->components[0])->set size(0.8);

( (Image *)children[2]->components[0]) ->set texture (gameData-
>textureManager.backButtonl) ;

( (Image *)children[2]->components[0]) -
>set height factor (((BackButton *)children[2])->heightFactor);

((Image *)children([2]->components[0])->set size();

( (Label *)children[3]->components[0])->set text ("Enter", {255,
255, 255, 255});

((Label *)children[3]->components[0]) ->set size (((GameButton

*)children[3])->heightFactor) ;

}

GameRoom: : ~GameRoom () {

void GameRoom: :events () {

// Resizing event
switch ( (*gameData) .event.type) {
case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:

set size();
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0.85f;

void

void

break;

GameRoom: : render () {

SDL_SetRenderDrawColor (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,

SDL_SetRenderDrawColor (gameData->renderer, 0, O,
SDL RenderFillRect (gameData->renderer,

GameRoom: :set size () {

uiDstrectl.
uiDstrectl.
uiDstrectl.
uiDstrectl.

X< o
|

uiDstrect?2.
uiDstrect?2.
uiDstrect?2.
uiDstrect2.

XoE D
Il

children[0O]->transform

children[0]->transform

children[l]->transform

children([l]->transform

((Text

children[2]->transform

children[2]->transform

children[3]->transform

children[3]->transform

break;

.position.

.position.

.position.

.position.

*)children[1l]->components[0]

.position.

.position.

.position.

.position.

0.15f * gameData->screenHeight;
0.6f * gameData->screenWidth;

= 0.1f * gameData->screenHeight;
gameData->screenWidth / 2.0f - uiDstrectl.w / 2.0f;

= 0.65f * gameData->screenHeight;
uiDstrectl.w;
uiDstrectl.y + uiDstrectl.h;
uiDstrectl.x;

uiDstrectl.

uiDstrectl.

uiDstrect?2.

uiDstrect2.

->wrapLength

uiDstrectl.

uiDstrectl.

uliDstrect?2.

uiDstrect2.

255,
&uiDstrectl) ;

&uiDstrect2) ;

255, 255);

240) ;

uiDstrectl.

uiDstrectl.

uiDstrect?2.

uiDstrect2.

ulDstrect?2.

uiDstrectl.

uiDstrectl.

uiDstrect?2.

uiDstrect2.
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A.40 daitn GameButton.h

#pragma once

#include "GameObject.h"
#include <SDL2/SDL.h>

class GameButton

public GameObject(

public:

objectEventValue,

}i

bool mouseln;

bool click;

SDL_Color colorl {20,
SDL Rect imageDstrect;
float heightFactor 0;
EventState nextEvent;

20, 20,

SDL_Rect
SDL_Rect

cornerRectl;
cornerRect?2;

SDL_Rect
SDL_Rect

cornerRect3;
cornerRectd;

SDL_Rect
SDL_Rect

cornerRectbh;
cornerRectb;

float displacement 0.0f;

GameButton (std::string
GameData *gameDataValue,
~GameButton () override;

override;
override;
override;

void
void
void

events ()
update ()
render ()

void set size();

A.41 daiia GameButton.cpp

#include
#include
#include
#include

GameButton:

objectEventValue,

GameObject (nameValue,

nextEvent
mouseln

click

"GameButton.h"
"GameData.h"
"Label.h"
"Root.h"

:GameButton (std::string
GameData *gameDataValue,
objectEventValue,

TOWER DEFENSE;
false;
false;

gameDataValue,
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255};

nameValue, EventState

GameObject *parentValue);

nameValue, EventState
GameObject *parentValue)
parentValue) {
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GameButton: :~GameButton () {

void GameButton::events () {

// Resizing event
switch ( (*gameData) .event.type) {
case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:
set size();
break;

break;

// Button clicking
if ((*gameData) .currentEvent == objectEvent) {
switch ((*gameData) .event.type) {

SDL_Point mousePoint;

case SDL MOUSEMOTION:

mousePoint.x = (*gameData) .event.motion.x;
mousePoint.y = (*gameData) .event.motion.y;
if (SDL_PointInRect (&mousePoint, &imageDstrect)
== SDL_TRUE) {
mouseln = true;

colorl = {255, 255, 255, 255};
((Label *)components[0])->set text (((Label
*)components[0])->text, {0, 0, 0, 255});
}
else{
mouselIn = false;
colorl = {20, 20, 20, 255};
((Label *)components[0])->set text (((Label
*)components[0])->text, {255, 255, 255, 255});
}

break;
case SDL MOUSEBUTTONDOWN :
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, &imageDstrect)
== SDL TRUE && (*gameData) .event.button.button == SDL BUTTON LEFT) {
click = true;

}

break;
case SDL_MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);



if (SDL_PointInRect (&mousePoint,
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&imageDstrect)

== SDL TRUE && <click == true && (*gameData) .event.button.button ==

SDL_BUTTON_ LEFT) {

gameData->currentEvent = nextEvent;

mouselIn = false;
( (Root
>delete main menu();
( (Root
>create tower defense();
}
click = false;
break;

void GameButton::update () {

if (mouseIn == true) {

*)parent->parent->parent) -

*)parent->parent->parent) -

displacement += 200.0f * gameData->deltaTime;

}

else(
displacement -= 200.0f * gameData->deltaTime;

}

displacement = glm::clamp(displacement, 0.0f, imageDstrect.h /
2.0f);

cornerRectl.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;

cornerRect2.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;

cornerRect3.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;

cornerRectd.x = transform.position.x + imageDstrect.w / 2.0f +
displacement;

cornerRect5.x = transform.position.x + imageDstrect.w / 2.0f -
cornerRect5.w + cornerRect4.w + displacement;

cornerRect6.x = transform.position.x + imageDstrect.w / 2.0f -

cornerRectb5.w + cornerRectd.w + displacement;

}

void GameButton: :render () {

SDL_SetRenderDrawColor (gameData->renderer, colorl.r,

colorl.b, colorl.a);
SDL_RenderFillRect (gameData->renderer,

&imageDstrect) ;

SDL_SetRenderDrawColor (gameData->renderer, 0, 255, 200

SDL_RenderFillRect (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,
SDL RenderFillRect (gameData->renderer,

&cornerRectl) ;
&cornerRect?2) ;
&cornerRect3) ;
&cornerRectd)

’

4

colorl.qg,

255);



SDL_RenderFillRect (gameData->renderer,
SDL RenderFillRect (gameData->renderer,

void GameButton::set size() {

&cornerRectb) ;
&cornerRect6) ;
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imageDstrect.h (heightFactor + 0.03) * gameData->screenHeight;

imageDstrect.w = imageDstrect.h * 4;

imageDstrect.x = transform.position.x - imageDstrect.w / 2.0f;

imageDstrect.y = transform.position.y - imageDstrect.h / 2.0f;

cornerRectl.w = imageDstrect.w * 0.030f;

cornerRectl.h = imageDstrect.h;

cornerRectl.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w;

cornerRectl.y = transform.position.y - imageDstrect.h / 2.0f;

cornerRect2.w = imageDstrect.w * 0.1f;

cornerRect2.h = imageDstrect.w * 0.030f;

cornerRect2.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w;

cornerRect2.y = transform.position.y - imageDstrect.h / 2.0f -
cornerRect2.h;

cornerRect3.w = imageDstrect.w * 0.1f;

cornerRect3.h = imageDstrect.w * 0.030f;

cornerRect3.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w;

cornerRect3.y = transform.position.y + imageDstrect.h / 2.0f;

cornerRect4.w = imageDstrect.w * 0.030f;

cornerRect4.h = imageDstrect.h;

cornerRectd.x = transform.position.x + imageDstrect.w / 2.0f;

cornerRectd4.y = transform.position.y - imageDstrect.h / 2.0f;

cornerRectb.w = imageDstrect.w * 0.1f;

cornerRect5.h = imageDstrect.w * 0.030f;

cornerRect5.x = transform.position.x + imageDstrect.w / 2.0f -
cornerRect5.w + cornerRect4.w;

cornerRect5.y = transform.position.y - imageDstrect.h / 2.0f -
cornerRect5.h;

cornerRect6.w = imageDstrect.w * 0.1f;

cornerRect6.h = imageDstrect.w * 0.030f;

cornerRect6.x = transform.position.x + imageDstrect.w / 2.0f -
cornerRect6.w + cornerRectd.w;

cornerRect6.y = transform.position.y + imageDstrect.h / 2.0f;

A.42 dDaiin MainMenu.h

#pragma once

#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>

#include "GameObject.h"
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class MainMenu : public GameObject{

public:

// Background cell
SDL_Rect cellDstrect = {0, 0, 0, 0};

// Main logo

SDL Rect logoDstrect {0, 0, 0, 0};
float upperPosition = 0.0f;

float lowerPosition = 0.0f;

float middlePosition = 0.0f;
float logoSpeed = 0.5f;
float logoSign = 1.0f;

MainMenu (std::string nameValue, EventState objectEventValue,

GameData *gameDataValue, GameObject *parentValue);

this));

this));

}i

~MainMenu () override;

volid events () override;
void update () override;
void render () override;

void set size();

A.43 ®aiin MainMenu.cpp

#include "MainMenu.h"
#include "GameData.h"
#include "Label.h"
#include "Image.h"
#include "MainButton.h"
//#include "GameRoom.h"

MainMenu: :MainMenu (std::string nameValue, EventState objectEventValue,
GameData
objectEventValue, gameDataValue, parentValue) {

*gameDataValue, GameObject *parentValue) : GameObject (nameValue,

// Main Titles
add child(new GameObject("Main Title 1", MAIN MENU, gameData,

children[0]->add component (new Label ());
add child(new GameObject("Main Title 2", MAIN MENU, gameData,
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children[l]->add component (new Label ());

// Main buttons
add child(new MainButton ("Game button", MAIN MENU, gameData, this,

4, 2, GAME ROOM)) ;

children[2]->add component (new Image());

add child(new MainButton ("Tutorial button", MAIN MENU, gameData,
this, 4, 0, TUTORIAL ROOM)) ;

children[3]->add component (new Image());

add child(new MainButton ("Info button", MAIN MENU, gameData, this,

-3, 2, INFO_ROOM)) ;

children[4]->add component (new Image());
add child(new MainButton ("Exit button", MAIN MENU, gameData, this,

-3, 0, EXIT ROOM)) ;

children[5]->add component (new Image());

// Set up

set _size();

((MainButton *)children[2])->set size();

((MainButton *)children([2])->texturel = gameData-
>textureManager.waveButtonl;

((MainButton *)children([2])->texture2 = gameData-

>textureManager.waveButton?2;

((MainButton *)children[3])->set size();

((MainButton *)children[3])->texturel = gameData-
>textureManager.tutorialButtonl;

((MainButton *)children[3])->texture?2 = gameData-

>textureManager.tutorialButton2;

((MainButton *)children[4])->set size();

((MainButton *)children[4])->texturel = gameData-
>textureManager.infoButtonl;

((MainButton *)children[4])->texture?2 = gameData-

>textureManager.infoButton?2;

((MainButton *)children[5])->set size();

((MainButton *)children[5]) ->texturel = gameData-
>textureManager.exitButtonl;

((MainButton *)children[5]) ->texture?2 = gameData-

>textureManager.exitButton?2;

((Label *)children[0] ->components[0])->set text ("SHAPES", {255,

255, 255, 255});

((Label *)children[0O]->components[0])->set size(0.11);
((Label *)children[l]->components[0])->set text ("TOWERS & YOU",

12858, 285, 2585, 258}) 5

((Label *)children[l]->components[0])->set size(0.05);

( (Image *)children[2]->components[0]) ->set texture (((MainButton
*)children[2])->texturel) ;

((Image *)children[2]->components[0])->set height factor(0.13);

((Image *)children([2]->components[0])->set size();

( (Image *)children[3]->components[0]) ->set texture(((MainButton

*)children[3])->texturel) ;
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((Image *)children[3]->components[0])->set height factor(0.13);
((Image *)children[3]->components[0])->set size();

( (Image *)children[4]->components[0])->set texture(((MainButton
*)children[4])->texturel) ;
((
((

Image *)children[4]->components[0])->set height factor(0.13);
Image *)children[4]->components[0])->set size();

( (Image *)children[5] ->components[0]) ->set texture (((MainButton
*)children[5])->texturel) ;
((
((

Image *)children[5]->components([0])->set height factor(0.13);
Image *)children[5]->components[0])->set size();

MainMenu: : ~MainMenu () {

printf ("MainMenu is closed\n");

void MainMenu: :update () {

middlePosition += logoSpeed * logoSign * gameData->deltaTime;

middlePosition = glm::clamp (middlePosition, 0.0f, 1.0f);

if (middlePosition == 1.0f || middlePosition == 0.0f) {
logoSign *= -1;

}

logoDstrect.y = middlePosition * (lowerPosition - upperPosition) +
upperPosition;

}

void MainMenu: :render () {

for(int j = 0; j < parent->gameData->screenHeight / cellDstrect.h
+2; ++3){
for(int i = 0; 1 < parent->gameData->screenWidth /
cellDstrect.w + 2; ++1){
SDL_RenderCopy (gameData->renderer, gameData-

>textureManager.cellTexture, NULL, &cellDstrect);
cellDstrect.x += cellDstrect.w;
}
cellDstrect.y += cellDstrect.h;

cellDstrect.x (parent->gameData->screenWidth =
cellDstrect.w * (parent->gameData->screenWidth / cellDstrect.w + 2)) / 2;

}

cellDstrect.y = (parent->gameData->screenHeight - cellDstrect.h *
(parent->gameData->screenHeight / cellDstrect.h + 2)) / 2;
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SDL_RenderCopy ( (*gameData) .renderer, gameData-
>textureManager.radialShade, NULL, NULL);
SDL_RenderCopy ( (*gameData) .renderer, gameData-

>textureManager.logo, NULL, &logoDstrect);

}
void MainMenu: :events () {

// Resizing event

switch ( (*gameData) .event.type) {

case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:

set _size();

break;

break;

void MainMenu::set size () {

cellDstrect.h = gameData->screenHeight * 0.13;
cellDstrect.w = cellDstrect.h;

cellDstrect.x = gameData->screenWidth / 2 - (gameData->screenWidth
+ cellDstrect.w * 2) / 2;
cellDstrect.y = gameData->screenHeight / 2 = (gameData-

>screenHeight + cellDstrect.h * 2) / 2;

logoDstrect.h = 0.3 * gameData->screenHeight;
logoDstrect.w = logoDstrect.h;

logoDstrect.x = gameData->screenWidth / 2 - (logoDstrect.w) / 2;

upperPosition = gameData->screenHeight / 3.5 - (logoDstrect.h) /
2;

lowerPosition = gameData->screenHeight / 3 - (logoDstrect.h) / 2;

children[0]->transform.position.x = gameData->screenWidth / 2.0f;

children[0]->transform.position.y = gameData->screenHeight /
1.93f;

children[l]->transform.position.x = gameData->screenWidth / 2.0f;

children[l]->transform.position.y = gameData->screenHeight /
1.67f;

((MainButton *)children([2])->cellRect = cellDstrect;

((MainButton *)children[3])->cellRect = cellDstrect;

((MainButton *)children[4])->cellRect = cellDstrect;

((MainButton *)children[5])->cellRect = cellDstrect;
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A.44 daiin MainButton.h

#pragma once

#include "GameObject.h"
#include <SDL2/SDL.h>

class MainButton : public GameObject({
public:

SDL Texture *texturel;
SDL_Texture *texture?l;

SDL_Rect cornerRectl;
SDL_Rect cornerRect2;

SDL_Rect cornerRect3;
SDL_Rect cornerRect4;

SDL_Rect cornerRectb5;
SDL_Rect cornerRect6;

SDL_Rect cornerRect?;
SDL_Rect cornerRect8;

float displacement = 0.0f;

int offsetX;
int offsetY;

bool mouseln;
bool click;
SDL_Rect cellRect;

EventState nextEvent;

MainButton (std::string nameValue, EventState
objectEventValue, GameData  *gameDataValue, GameObject  *parentValue, int
offsetXValue, int offset¥YValue, EventState nextEventValue);

~MainButton () override;

void events () override;
void update () override;
void render () override;

void set size();
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A.45 daiin MainButton.cpp

#include "MainButton.h"

#include "Image.h"

#include "GameData.h"

#include "GameRoom.h"

#include "TutorialRoom.h"

#include "InfoRoom.h"

#include "ExitRoom.h"

MainButton::MainButton (std::string nameValue, EventState
objectEventValue, GameData  *gameDataValue, GameObject *parentValue, int
offsetXValue, int offsetYValue, EventState nextEventValue)

GameObject (nameValue,

nextEvent
offsetX =
offsetY =

mouseln =
click = false;

MainButton:

objectEventValue, gameDataValue, parentValue) {
= nextEventValue;

offsetXValue;

offsetYValue;

false;

:~MainButton () {

void MainButton::events () {

// Resizing event
switch ( (*gameData) .event.type) {
case SDL WINDOWEVENT:

switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:
set size();
break;

break;

// Button clicking
if ((*gameData) .currentEvent == objectEvent) {
switch ((*gameData) .event.type) {

SDL_ Point mousePoint;
case SDL MOUSEMOTION:

mousePoint.x = (*gameData) .event.motion.x;
mousePoint.y = (*gameData) .event.motion.y;
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if (SDL_PointInRect (&mousePoint, & ( (Image
*)components [0])->destinationRect) == SDL TRUE) {
mouseln = true;
( (Image *)components[0]) ->texture =
texture?2;
}
else{
mouseln = false;
( (Image *)components[0]) ->texture =
texturel;
}
break;
case SDL MOUSEBUTTONDOWN :
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, & ( (Image
*)components[0])->destinationRect) == SDL_TRUE &&
(*gameData) .event.button.button == SDL BUTTON LEFT) {
click = true;
}
break;
case SDL MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, & ( (Image
*)components[0])->destinationRect) == SDL_TRUE && click == true &&
(*gameData) .event.button.button == SDL BUTTON LEFT) {
if (nextEvent == GAME ROOM) {

parent->add child(new GameRoom ("Game
Room", GAME ROOM, gameData, parent));
}
else if (nextEvent == TUTORIAL ROOM) {
parent->add child (new
TutorialRoom("Tutorial Room", TUTORIAL ROOM, gameData, parent));
}
else if (nextEvent == INFO ROOM) {
parent->add child(new InfoRoom("Info
Room", INFO ROOM, gameData, parent));
}
else if (nextEvent == EXIT ROOM) {
parent->add child(new ExitRoom("Exit
Room", EXIT ROOM, gameData, parent));
}

gameData->currentEvent = nextEvent;

mouselIn = false;
( (Image *)components[0]) ->texture =
texturel;
}
click = false;

break;



void MainButton: :update () {

if (mouseIn == true) {
displacement += 200.0f * gameData->deltaTime;

}

else(

displacement -= 200.0f * gameData->deltaTime;

}

displacement = glm::clamp (displacement,

cornerRectl.x
displacement;

cornerRectl.y =
displacement;

cornerRect2.x =
displacement;

cornerRect2.y =
displacement;

cornerRect3.x =
displacement - cornerRect3.w;

cornerRect3.y =
displacement;

cornerRectd4.x =
displacement - cornerRectd.w;

cornerRectd4.y =
displacement;

cornerRectb.x =

displacement - cornerRect5.w;
cornerRectb.y =
displacement - cornerRect5.h;

cornerRect6.x =

displacement - cornerRect6.w;
cornerRect6.y =
displacement - cornerRect6.h;

cornerRect7.x =
displacement;

cornerRect7.y =
displacement - cornerRect7.h;

cornerRect8.x
displacement;

cornerRect8.y =
displacement - cornerRect8.h;

}

transform.

transform.

transform.

transform.

transform.

transform

transform.

transform

transform.

transform.

transform.

transform.

transform.

transform.

transform.

transform.

void MainButton: :render () {

SDL_SetRenderDrawColor (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,
SDL RenderFillRect (gameData->renderer,

position.

position.

position.

position.

position.

.position.

position.

.position.

position.

position.

position.

position.

position.

position.

position.

position.

o OiE

0, 255,
&cornerRectl) ;
&cornerRect?2) ;
&cornerRect3) ;

cellRect.w

cellRect.h

cellRect.w

cellRect.h

cellRect.w

cellRect.h

cellRect.w

cellRect.h

cellRect.w

cellRect.h

cellRect.w

cellRect.h

cellRect.w

cellRect.h

cellRect.w

cellRect.h
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SDL_RenderFillRect (gameData->renderer, &cornerRect4)

SDL_RenderFillRect (gameData->renderer, &cornerRectb));

SDL_RenderFillRect (gameData->renderer, &cornerRecto6);
( )
( )

’

’

SDL_RenderFillRect (gameData->renderer, &cornerRect7?
SDL _RenderFillRect (gameData->renderer, &cornerRect$8

’

void MainButton::set size () {

int tempX = (gameData->screenWidth - cellRect.w * (gameData-
>screenWidth / cellRect.w + 2)) / 2;

while (tempX + cellRect.w * offsetX < gameData->screenWidth / 2) {
tempX += cellRect.w;
}

int tempY = (gameData->screenHeight - cellRect.h * (gameData-
>screenHeight / cellRect.h + 2)) / 2;

while (tempY + cellRect.h * offsetY < gameData->screenHeight / 2){
tempY += cellRect.h;
}

if ((gameData->screenWidth / cellRect.w) % 2 != 0 && offsetX < 0){
tempX -= cellRect.w;
}

transform.position.x tempX + cellRect.w / 2.0f;
transform.position.y = tempY + cellRect.h / 2.0f;

cornerRectl.w = cellRect.w * 0.050¢f;
cornerRectl.h = cellRect.h * 0.30f;
cornerRectl.x = transform.position.x - cellRect.w / 2.0f;
cornerRectl.y = transform.position.y - cellRect.h / 2.0f;
cornerRect2.w = cellRect.w * 0.30f;
cornerRect2.h = cellRect.h * 0.050¢f;
cornerRect2.x = transform.position.x - cellRect.w / 2.0f;
cornerRect2.y = transform.position.y - cellRect.h / 2.0f;
cornerRect3.w = cellRect.w * 0.30f;
cornerRect3.h = cellRect.h * 0.050¢f;

cornerRect3.x = transform.position.x + cellRect.w / 2.0f -
cornerRect3.w;
cornerRect3.y = transform.position.y - cellRect.h / 2.0f;

cornerRect4.w = cellRect.w * 0.050f;

cornerRect4.h = cellRect.h * 0.30f;

cornerRect4.x = transform.position.x + cellRect.w / 2.0f -
cornerRectd.w;

cornerRectd4.y = transform.position.y - cellRect.h / 2.0f;

cornerRect5.w = cellRect.w * 0.050f;

cornerRect5.h = cellRect.h * 0.30f;

cornerRect5.x = transform.position.x + cellRect.w / 2.0f -
cornerRect5.w;

cornerRect5.y
cornerRectb5.h;

transform.position.y + <cellRect.h / 2.0f -

cornerRect6.w = cellRect.w * 0.30f;
cornerRect6.h cellRect.h * 0.050f;



cornerRectb6.

cornerRecto6.

cornerRect?.

cornerRect8.
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cornerRect6.x = transform.position.
Wy

cornerRect6.y = transform.position.
h;

cornerRect7.w = cellRect.w * 0.30f;
cornerRect7.h = cellRect.h * 0.050f;
cornerRect7.x = transform.position.x
cornerRect7.y = transform.position.
h;

cornerRect8.w = cellRect.w * 0.050f;
cornerRect8.h = cellRect.h * 0.30f;
cornerRect8.x = transform.position.x
cornerRect8.y = transform.position.
h;

®daiia BuildButton.h

#pragma once

#include "GameObject.h"
#include <SDL2/SDL.h>

class

objectEventValue,

BuildButton public GameObject(

public:

bool mouseln;

bool click;

SDL _Color colorl = {20,
SDL Rect imageDstrect;
float heightFactor = 0;

20, 20,

SDL_Rect
SDL Rect

cornerRectl;
cornerRect?2;

cornerRect3;
cornerRectd;

SDL Rect
SDL_Rect

SDL Rect
SDL_Rect

cornerRect5;
cornerRectb;
float displacement = 0.0f;

BuildButton(std::string
GameData *gameDataValue,

~BuildButton () override;
void events () override;
void update () override;
void render () override;

void set size();

X

Yy

+

+

cellRect.w

cellRect.h
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/ 2.0f -

/ 2.0f -

- cellRect.w / 2.0f;

Yy

+

cellRect.h

/ 2.0f -

- cellRect.w / 2.0f;

y + cellRect.h
255} ;
nameValue,

GameObject *parentValue);

/ 2.0f -

EventState
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A.47 ®aiia BuildButton.cpp

#include "BuildButton.h"
#include "GameData.h"
#include "Label.h"
#include "TowerRoom.h"
#include "SmallWall.h"
#include "BigWall.h"
#include "GunTowerl.h"
#include "GunTower2.h"

BuildButton::BuildButton (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

mouselIn = false;
click = false;

}

BuildButton: :~BuildButton () {

void BuildButton::events () {

// Resizing event
switch ((*gameData) .event.type) {
case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:
set _size();
break;

break;

// Button clicking
if ((*gameData) .currentEvent == objectEvent) {
switch ((*gameData) .event.type) {

SDL_Point mousePoint;

case SDL MOUSEMOTION:

mousePoint.x = (*gameData).event.motion.x;
mousePoint.y = (*gameData).event.motion.y;
if (SDL_PointInRect (&mousePoint, &imageDstrect)

== SDL_TRUE) {
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mouseln = true;
colorl = {255, 255, 255, 255};
((Label *)components[0])->set text (((Label
*)components[0])->text, {0, 0, 0, 255});
}
else{
mouseln = false;
colorl = {20, 20, 20, 255};
((Label *)components[0])->set text (((Label
*)components[0])->text, {255, 255, 255, 255});
}

break;
case SDL_MOUSEBUTTONDOWN:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, &imageDstrect)
== SDL TRUE && (*gameData) .event.button.button == SDL BUTTON LEFT) {
click = true;

}

break;
case SDL MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);

if (SDL_PointInRect (&mousePoint, &imageDstrect)
== SDL_TRUE && click == true && (*gameData) .event.button.button ==
SDL_BUTTON_LEFT){
if (gameData->towers.amount [ ( (TowerRoom

*)parent) ->currentIndex] > 0) {

gameData->currentEvent =
TOWER DEFENSE;

—-—gameData-
>towers.amount|[ ( (TowerRoom *)parent)->currentIndex];

parent->destroy () ;

if (gameData->towers.name [ ( (TowerRoom
*)parent)->currentIndex] == "Small Wall") {

parent->parent->children[0]-

>add child(new SmallWall("Unit Small wall", TOWER DEFENSE, gameData, parent-
>parent->children([0], true));

}

else if (gameData-

>towers.name [ ( (TowerRoom *)parent)->currentIndex] == "Big Wall") {
parent->parent->children[0] -

>add child(new BigWall("Unit Big wall", TOWER DEFENSE, gameData, parent-
>parent->children[0], true));

}

else if (gameData-
>towers.name| ( (TowerRoom *)parent)->currentIndex] == "Gun Tower 1") {

parent->parent->children[0]-
>add _child(new GunTowerl ("Unit Gun Tower 1", TOWER DEFENSE, gameData, parent-
>parent->children[0], true));
}
else if (gameData-
>towers.name| ( (TowerRoom *)parent)->currentIndex] == "Gun Tower 2") {
parent->parent->children[0] -
>add _child(new GunTower2 ("Unit Gun Tower 2", TOWER DEFENSE, gameData, parent-
>parent->children[0], true));

}



157

click = false;

break;

void BuildButton: :update () {

if (mouseIn == true) {
displacement += 200.0f * gameData->deltaTime;
}

else(
displacement -= 200.0f * gameData->deltaTime;

}

displacement = glm::clamp(displacement, 0.0f, imageDstrect.h /
2.0f);

cornerRectl.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;

cornerRect2.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;

cornerRect3.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;

cornerRectd.x = transform.position.x + imageDstrect.w / 2.0f +
displacement;

cornerRect5.x = transform.position.x + imageDstrect.w / 2.0f -
cornerRect5.w + cornerRectd.w + displacement;

cornerRect6.x = transform.position.x + imageDstrect.w / 2.0f -

cornerRectb.w + cornerRectd.w + displacement;

}
void BuildButton::render () {

SDL_SetRenderDrawColor (gameData->renderer, colorl.r, colorl.qg,
colorl.b, colorl.a);
SDL _RenderFillRect (gameData->renderer, &imageDstrect);

SDL_SetRenderDrawColor (gameData->renderer, 0, 255, 00, 255);

2
SDL_RenderFillRect (gameData->renderer, &cornerRectl);
SDL_RenderFillRect (gameData->renderer, &cornerRect2);

)

)

)

)

’

(
SDL_RenderFillRect (gameData->renderer, &cornerRect3
SDL_RenderFillRect (gameData->renderer, &cornerRectd
(
(

’

’

SDL_RenderFillRect (gameData->renderer, &cornerRect)
SDL_RenderFillRect (gameData->renderer, &cornerRect6

’

void BuildButton::set size () {

imageDstrect.h (heightFactor + 0.03) * gameData->screenHeight;
imageDstrect.w = imageDstrect.h * 4;

imageDstrect.x = transform.position.x - imageDstrect.w / 2.0f;
imageDstrect.y = transform.position.y - imageDstrect.h / 2.0f;

cornerRectl.w = imageDstrect.w * 0.030f;
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cornerRectl.h = imageDstrect.h;

cornerRectl.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w;

cornerRectl.y = transform.position.y - imageDstrect.h / 2.0f;

cornerRect2.w = imageDstrect.w * 0.1f;

cornerRect2.h = imageDstrect.w * 0.030f;

cornerRect2.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w;

cornerRect2.y = transform.position.y - imageDstrect.h / 2.0f -

cornerRect2.h;

cornerRect3.w = imageDstrect.w * 0.1f;
cornerRect3.h = imageDstrect.w * 0.030f;

cornerRect3.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w;

cornerRect3.y = transform.position.y + imageDstrect.h / 2.0f;

cornerRect4.w = imageDstrect.w * 0.030f;

cornerRect4.h = imageDstrect.h;

cornerRectd.x = transform.position.x + imageDstrect.w / 2.0f;

cornerRectd.y = transform.position.y - imageDstrect.h / 2.0f;

cornerRect5.w = imageDstrect.w * 0.1f;

cornerRect5.h = imageDstrect.w * 0.030f;

cornerRect5.x = transform.position.x + imageDstrect.w / 2.0f -
cornerRect5.w + cornerRect4d.w;

cornerRect5.y = transform.position.y - imageDstrect.h / 2.0f -

cornerRect5.h;

cornerRect6.w = imageDstrect.w * 0.1f;

cornerRect6.h = imageDstrect.w * 0.030f;

cornerRect6.x = transform.position.x + imageDstrect.w / 2.0f -
cornerRect6.w + cornerRectd.w;

cornerRect6.y = transform.position.y + imageDstrect.h / 2.0f;

A.48 ®aiin BuyButton.h

#pragma once

#include "GameObject.h"

#include <SDL2/SDL.h>

class BuyButton : public GameObject{

public:

bool mouseln;
bool click;
SDL Color colorl = {20, 20, 20, 255};
SDL Rect imageDstrect;

float heightFactor = 0;

SDL_Rect cornerRectl;
SDL_Rect cornerRect2;

SDL_Rect cornerRect3;
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SDL_Rect cornerRect4;

SDL_Rect cornerRect5;
SDL_Rect cornerRect6;

float displacement = 0.0f;
BuyButton (std::string nameValue, EventState

objectEventValue, GameData *gameDataValue, GameObject *parentValue);
~BuyButton () override;

void events () override;
void update () override;
void render () override;

void set size();

}:

A.49 ®aiin BuyButton.cpp

#include "BuyButton.h"
#include "GameData.h"
#include "Label.h"

#include "TowerRoom.h"

BuyButton: :BuyButton (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

mouselIn = false;
click = false;

BuyButton: :~BuyButton () {

void BuyButton::events () {

// Resizing event
switch ((*gameData) .event.type) {
case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:
set _size();
break;

break;
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// Button clicking
if ((*gameData) .currentEvent == objectEvent) {
switch ((*gameData) .event.type) {

SDL_Point mousePoint;

case SDL MOUSEMOTION:

mousePoint.x = (*gameData).event.motion.x;
mousePoint.y = (*gameData).event.motion.y;
if (SDL_PointInRect (&mousePoint, &imageDstrect)
== SDL_TRUE){
mouseln = true;

colorl = {255, 255, 255, 255};
((Label *)components[0])->set text (((Label
*)components[0])->text, {0, 0, 0, 255});
}
else{
mouseln = false;
colorl = {20, 20, 20, 255};
((Label *)components[0])->set text (((Label
*)components[0])->text, {255, 255, 255, 255});
}

break;
case SDL MOUSEBUTTONDOWN :
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, &imageDstrect)
== SDL_TRUE && (*gameData) .event.button.button == SDL_BUTTON_LEFT){
click = true;

}

break;
case SDL MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);

if (SDL_PointInRect (&mousePoint, &imageDstrect)
== SDL_TRUE && click == true && (*gameData) .event.button.button ==
SDL_BUTTON_ LEFT) {
if (gameData->userData.money >= gameData-
>towers.cost[ ( (TowerRoom *)parent)->currentIndex]) {

++gameData-
>towers.amount [ ( (TowerRoom *)parent)->currentIndex];

((Label *)parent->children[7] -
>components[0])->set text ("Amount: " + std::to string(gameData-
>towers.amount [ ( (TowerRoom *)parent)->currentIndex]), {255, 255, 255, 255});

((Label *)parent->children[7]-
>components [0]) ->set size(0.06);

gameData->userData.money ==
gameData->towers.cost|[ ( (TowerRoom *)parent)->currentIndex];

}
}
click = false;

break;



void BuyButton::update () {

if (mouseIn == true) {
displacement += 200.0f * gameData->deltaTime;

}
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else{
displacement -= 200.0f * gameData->deltaTime;
}
displacement = glm::clamp(displacement, 0.0f, imageDstrect.h /
2.0f);
cornerRectl.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;
cornerRect2.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;
cornerRect3.x = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w - displacement;
cornerRectd4.x = transform.position.x + imageDstrect.w / 2.0f +
displacement;
cornerRect5.x = transform.position.x + imageDstrect.w / 2.0f -
cornerRectb5.w + cornerRectd4.w + displacement;
cornerRect6.x = transform.position.x + imageDstrect.w / 2.0f -
cornerRect5.w + cornerRectd.w + displacement;
}
void BuyButton::render () {
SDL_SetRenderDrawColor (gameData->renderer, colorl.r, colorl.q,
colorl.b, colorl.a);
SDL RenderFillRect (gameData->renderer, &imageDstrect);
SDL_SetRenderDrawColor (gameData->renderer, 0, 255, 200, 255);
SDL_RenderFillRect (gameData->renderer, &cornerRectl);
SDL_RenderFillRect (gameData->renderer, &cornerRect2);
SDL_RenderFillRect (gameData->renderer, &cornerRect3);
SDL_RenderFillRect (gameData->renderer, &cornerRect4d);
SDL_RenderFillRect (gameData->renderer, &cornerRect));
SDL_RenderFillRect (gameData->renderer, &cornerRecto6);
}
void BuyButton::set size () {
imageDstrect.h (heightFactor + 0.03) * gameData->screenHeight;
imageDstrect.w = imageDstrect.h * 4;
imageDstrect.x = transform.position.x - imageDstrect.w / 2.0f;
imageDstrect.y = transform.position.y - imageDstrect.h / 2.0f;
cornerRectl.w = imageDstrect.w * 0.030f;
cornerRectl.h = imageDstrect.h;
cornerRectl. = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w;
cornerRectl.y = transform.position.y - imageDstrect.h / 2.0f;
cornerRect2.w = imageDstrect.w * 0.1f;
cornerRect2.h = imageDstrect.w * 0.030f;
cornerRect2. = transform.position.x - imageDstrect.w / 2.0f -
cornerRectl.w;
cornerRect2. = transform.position.y - imageDstrect.h / 2.0f -
cornerRect2.h;
cornerRect3.w = imageDstrect.w * 0.1f;



cornerRectl.

cornerRectb.

cornerRectb.

cornerRectb6.
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imageDstrect.w / 2.0f -

transform.position.y + imageDstrect.h / 2.0f;

transform.position.x + imageDstrect.w / 2.0f;
transform.position.y - imageDstrect.h / 2.0f;

imageDstrect.w / 2.0f -

imageDstrect.h / 2.0f -

cornerRect3.h = imageDstrect.w * 0.030f;
cornerRect3.x = transform.position.x -
w;

cornerRect3.y =

cornerRect4.w = imageDstrect.w * 0.030f;
cornerRect4.h = imageDstrect.h;
cornerRectd.x =

cornerRectd.y =

cornerRect5.w = imageDstrect.w * 0.1f;
cornerRect5.h = imageDstrect.w * 0.030f;
cornerRect5.x = transform.position.x +
w + cornerRectd.w;

cornerRectb5.y = transform.position.y -
h;

cornerRect6.w = imageDstrect.w * 0.1f;

cornerRect6.h =

imageDstrect.w * 0.030f;

cornerRectb.x =

w + cornerRectd.w;

cornerRect6.y =

A.50 daiin ChangeTower.h

#pragma once

#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>

#include "GameObject.h"

class ChangeTower

objectEventValue,

*indexValue)

’

public GameObject{

public:

transform.position.x +

imageDstrect.w / 2.0f -

transform.position.y + imageDstrect.h / 2.0f;

SDL Rect imageRect = {0, 0, 0, 0};

bool isLeft = true;

float angle = 0;

bool mouseIn = false;

bool click = false;

int *targetIndex = NULL;

ChangeTower (std::string nameValue, EventState
GameData *gameDataValue, GameObject *parentValue, int

~ChangeTower () override;

volid events () override;

void render () override;

void set size();
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A.51 daiin ChangeTower.cpp

#include "ChangeTower.h"

#include "GameData.h"

#include "Label.h"

#include "Image.h"

ChangeTower: :ChangeTower (std: :string nameValue, EventState
objectEventValue, GameData  *gameDataValue, GameObject *parentValue, int
*targetIndexValue) : GameObject (nameValue, objectEventValue, gameDataValue,
parentValue) {

targetIndex = targetIndexValue;

}

ChangeTower: :~ChangeTower () {

void ChangeTower::events () {

// Resizing event
switch (gameData->event.type) {

}

case SDL WINDOWEVENT:
switch (gameData->event.window.event) {
case SDL WINDOWEVENT RESIZED:
set size();
break;

break;

if (gameData->currentEvent == objectEvent) {

SDL_TRUE) {

switch ((*gameData) .event.type) {
SDL_Point mousePoint;
case SDL MOUSEMOTION:
mousePoint.x = (*gameData) .event.motion.x;

mousePoint.y = (*gameData).event.motion.y;
if (SDL_PointInRect (&mousePoint, &imageRect) ==

mouseln true;

}

else{
mouseln = false;
break;

case SDL MOUSEBUTTONDOWN :
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
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if (SDL_PointInRect (&mousePoint, &imageRect) ==
SDL_TRUE && (*gameData) .event.button.button == SDL BUTTON LEFT) {
click = true;

}

break;

case SDL MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, &imageRect)
SDL_TRUE && click == true && (*gameData) .event.button.button ==
SDL_BUTTON_LEFT){

if ((*targetIndex) > 0 && isLeft == true) {

--(*targetIndex) ;

((Label *)parent->children[2]-
>components [0]) ->set text (gameData->towers.name[*targetIndex], {255, 255,
255, 2551%});

( (Label *)parent->children[2] -
>components[0])->set size(0.06);

((Image *)parent->children[5]-
>components [0]) ->set texture (gameData->towers.image[*targetIndex]);

( (Image *)parent->children[5] -
>components [0]) ->set _height factor (0.2);

((Image *)parent->children[5]-
>components [0]) ->set size();

( (Label *)parent->children[6] -
>components [0]) ->set text ("Cost: " + std::to_string(gameData-
>towers.cost[*targetIndex]), {255, 255, 255, 255});

( (Label *)parent->children[6]-
>components [0])->set size(0.06);

((Label *)parent->children[7] -
>components[0]) ->set text ("Amount: " + std::to_string(gameData-
>towers.amount [*targetIndex]), {255, 255, 255, 255});

((Label *)parent->children[7]-
>components[0])->set size(0.06);

}
else if ((*targetIndex) < gameData-
>towers.AMOUNT - 1 && isLeft == false) {

++ (*targetIndex) ;

((Label *)parent->children[2] -
>components[0])->set text (gameData->towers.name[*targetIndex], {255, 255,
255, 2551%});

((Label *)parent->children[2]-
>components [0]) ->set size(0.06);

( (Image *)parent->children[5]-
>components [0]) ->set texture (gameData->towers.image[*targetIndex]);

( (Image *)parent->children[5]-
>components [0]) ->set _height factor (0.2);

( (Image *)parent->children[5]-
>components[0])->set size();

((Label *)parent->children[6]-
>components [0]) ->set text ("Cost: " + std::to_string(gameData-
>towers.cost[*targetIndex]), {255, 255, 255, 255});

( (Label *)parent->children[6]-

>components[0])->set size(0.06);



((Label
>components[0])->set text ("Amount: " +
>towers.amount [*targetIndex]), {255, 255, 255, 255});
((Label
>components[0])->set size(0.06);
}
}
click = false;
break;

}
void ChangeTower: :render () {

SDL_RenderCopyEx ( (*gameData) .renderer,
>textureManager.changeTower, NULL, &imageRect, angle,

}

void ChangeTower::set size () {
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*)parent->children[7]-
std::to _string(gameData-

*)parent->children[7]-

gameData-
NULL, SDL FLIP NONE) ;

imageRect.h = 0.1f * gameData->screenHeight;

imageRect.w = imageRect.h;

imageRect.x = transform.position.x - imageRect.w / 2.0f;
imageRect.y = transform.position.y - imageRect.h / 2.0f;

A.52 daiin DayButton.h

#pragma once

#include "GameObject.h"

#include <SDL2/SDL.h>

class DayButton : public GameObject{
public:

// Graphics
SDL Rect mainRect = {0, 0, 0, 0};

SDL_Color mainColor = {0, 0, 0, 220};

SDL Rect textRect = {0, 0, 0, 0};

SDL Color textColor = {255, 255, 255, 255};

SDL Texture *textTexture = NULL;

std::string text = "Day ";

SDL_Rect borderl = {0, 0, 0, 0};
SDL_Rect border2 = {0, 0, 0, 0};
SDL Rect border3 = {0, 0, 0, 0};
SDL Rect border4 = {0, 0, 0, 0};

// Common
bool mouseIn = false;
bool click = false;



objectEventValue, GameData *gameDataValue, GameObject *parentValue);

I

float heightFactor = 0.05f;

float widthByHeightRatio = 0;

DayButton (std::string nameValue,
~DayButton () override;

void events () override;
void render () override;

void set size();
void set text();
void delete texture();

A.53 ®aiia DayButton.cpp

#include "DayButton.h"
#include "GameData.h"
#include "EnemyManager.h"

DayButton: :DayButton (std::string nameValue,
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

}

set text();
set _size();

printf ("DayButton is created\n");

DayButton: :~DayButton () {

delete texture();

void DayButton::events () {

// Resizing event
switch ((*gameData) .event.type) {
case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:
set text();
set size();
break;

break;

}

// Button clicking
if ((*gameData) .currentEvent == objectEvent) {
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EventState

EventState
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switch ((*gameData) .event.type) {
SDL_Point mousePoint;

case SDL MOUSEMOTION:

mousePoint.x = (*gameData) .event.motion.x;
mousePoint.y = (*gameData) .event.motion.y;
if (SDL_PointInRect (&mousePoint, gmainRect) ==
SDL_TRUE) {
mainColor = {255, 255, 255, 220};
textColor = {0, 0, 0, 255};
set text();
}
else if((*gameData) .dayActive == false) {
mainColor = {0, 0, 0, 220};
textColor = {255, 255, 255, 255};
set text();
}
break;
case SDL MOUSEBUTTONDOWN :
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, sgmainRect) ==
SDL_TRUE && (*gameData) .event.button.button == SDL BUTTON RIGHT) {
click = true;
}
break;
case SDL MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, &mainRect)
SDL TRUE && click == true && (*gameData) .event.button.button
SDL BUTTON RIGHT && (*gameData) .dayActive == false) {
(*gameData) .dayActive = true;

mainColor = {255, 255, 255, 220};

textColor = {0, 0, 0, 255};

set text();

( (EnemyManager *)parent->children[1]) -
>spawn_enemies (gameData->userData.dayCounter + 1);

}
click = false;
break;

void DayButton::render () {

SDL_SetRenderDrawColor ( (*gameData) .renderer, mainColor.r,
mainColor.g, mainColor.b, mainColor.a);
SDL _RenderFillRect ( (*gameData) .renderer, &mainRect);

SDL_RenderCopy ( (*gameData) .renderer, textTexture, NULL,
&textRect) ;



SDL_SetRenderDrawColor (gameData->renderer, 0, 255, 200, 255);
SDL RenderFillRect (gameData->renderer, &borderl);
SDL _RenderFillRect (gameData->renderer, &border2);
SDL_RenderFillRect (gameData->renderer, &border3);
SDL RenderFillRect (gameData->renderer, &border4);
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void DayButton::set size () {
transform.position.x = 0.1f * gameData->screenWidth;
transform.position.y = 0.1f * gameData->screenHeight;
textRect.h = heightFactor * gameData->screenHeight;
textRect.w = textRect.h * widthByHeightRatio;
textRect.x = transform.position.x - textRect.w / 2.0;
textRect.y = transform.position.y - textRect.h / 2.0;
mainRect.w = textRect.w + textRect.w * 0.4f;
mainRect.h = textRect.h + textRect.h * 0.6f;
mainRect.x = transform.position.x - mainRect.w / 2.0;
mainRect.y = transform.position.y - mainRect.h / 2.0;
borderl.w = mainRect.w;
borderl.h = mainRect.h * 0.1f;
borderl.x = mainRect.x;
borderl.y = mainRect.y - borderl.h;
border2.w = mainRect.w;
border2.h = mainRect.h * 0.1f;
border2.x = mainRect.x;
border2.y = mainRect.y + mainRect.h;
border3.w = mainRect.h * 0.1f;
border3.h = mainRect.h + border2.h * 2.0f;
border3.x = mainRect.x - border3.w;
border3.y = mainRect.y - border2.h;
border4.w = mainRect.h * 0.1f;
border4.h = mainRect.h + border2.h * 2.0f;
border4.x = mainRect.x + mainRect.w;
border4.y = mainRect.y - border2.h;

}

void DayButton::set text () {
SDL_SetHint(SDL_HINT_RENDER_SCALE_QUALITY, "om") ;
SDL_Surface *surface = TTF RenderText Solid(gameData->font, (text

+ std::to_string((*gameData) .userData.dayCounter + 1)) .c str(), textColor);
delete texture();
textTexture = SDL CreateTextureFromSurface (gameData->renderer,
surface) ;

SDL_FreeSurface (surface);

SDL_SetHint(SDL_HINT_RENDER_SCALE_QUALITY, Wi WhH g

int texW;

int texH;

SDL_QueryTexture (textTexture, NULL, NULL, &texW, &texH);

widthByHeightRatio

((float) texw) /

((float) texH) ;
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}
void DayButton::delete texture () {

if (textTexture != NULL) {
SDL_DestroyTexture (textTexture) ;
}

A.54 daiin FinishButton.h

#pragma once

#include "GameObject.h"
#include <SDL2/SDL.h>

class FinishButton : public GameObject({

public:

bool mouseln;

bool click;

SDL_Color colorl = {20, 20, 20, 255};
SDL Rect imageDstrect;

float heightFactor = 0;

EventState nextEvent;

SDL_Rect cornerRectl;
SDL_Rect cornerRect2;

SDL_Rect cornerRect3;
SDL_Rect cornerRect4;

SDL_Rect cornerRectb;
SDL_Rect cornerRect6;

float displacement = 0.0f;

FinishButton (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue);

~FinishButton () override;

void events () override;

void update () override;

voilid render () override;

void set size();

}i

A.55 daiin FinishButton.cpp

#include "FinishButton.h"
#include "GameData.h"
#include "Label.h"



#include "Root.h"

nameValue,

FinishButton::FinishButton (std::string
GameObject

GameData *gameDataValue,

objectEventValue,
objectEventValue, gameDataValue,

GameObject (nameValue,
nextEvent = MAIN MENU;

mouseln = false;

click = false;

}
FinishButton: :~FinishButton () {

void FinishButton::events () {

// Resizing event
switch ( (*gameData) .event.type) {
case SDL WINDOWEVENT:

switch ((*gameData) .event.window.event) {

case SDL_WINDOWEVENT_RESIZED:
set size();
break;

break;

// Button clicking

if ((*gameData) .currentEvent
switch ((*gameData) .event.type) {

== objectEvent) {

SDL_Point mousePoint;
case SDL MOUSEMOTION:

mousePoint.x =
mousePoint.y =

if (SDL_PointInRect (&mousePoint,

== SDL_TRUE) {
mouseln = true;
colorl = {255, 255, 255,
((Label
*)components[0])->text, {0, 0, 0, 255});
}
else(
mouseln = false;
= {20, 20, 20,

(*gameData) .event
(*gameData) .event.motion.y;
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EventState

*parentValue)
parentValue) {

.motion.x;

&imageDstrect)

283 g
*)components[0])->set text (((Label

255} ;

colorl =
*)components[0])->set text (((Label

((Label

*)components[0])->text, {255, 255, 255, 255});
}

break;



== SDL TRUE && (*gameData) .event.button.button == SDL BUTTON LEFT) {

== SDL_TRUE &&
SDL_BUTTON_LEFT) {

case SDL MOUSEBUTTONDOWN :
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SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, &imageDstrect)

click = true;

}

break;
case SDL MOUSEBUTTONUP:

SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if (SDL_PointInRect (&mousePoint, &imageDstrect)

click == true && (*gameData) .event.button.button

gameData->currentEvent = nextEvent;

gameData->userData.dayCounter

>delete tower defense();

>create main menu();

mouselIn = false;
(*gameData) .dayActive = false;
( (Root *)parent->parent->parent) -
( (Root *)parent->parent->parent) -
}
click = false;
break;

void FinishButton: :update () {

if (mouseIn == true) {

}

displacement += 200.0f * gameData->deltaTime;

else(
displacement -= 200.0f * gameData->deltaTime;

}

displacement = glm::clamp(displacement, 0.0f, imageDstrect.h /
2.0f);

cornerRectl.x = transform.position.x - 1imageDstrect. / 2.0f -
cornerRectl.w - displacement;

cornerRect2.x = transform.position.x - 1imageDstrect. / 2.0f -
cornerRectl.w - displacement;

cornerRect3.x = transform.position.x - 1imageDstrect. / 2.0f -
cornerRectl.w - displacement;

cornerRectd4.x = transform.position.x + imageDstrect. / 2.0f +
displacement;

cornerRect5.x = transform.position.x + 1imageDstrect. / 2.0f -
cornerRect5.w + cornerRect4.w + displacement;

cornerRect6.x = transform.position.x + imageDstrect. / 2.0f -

cornerRect5.w + cornerRectd.w + displacement;

}



void

colorl.b,

void

cornerRectl.

cornerRectl.

cornerRect?2.

cornerRectl.

cornerRectb.

cornerRect5.

cornerRectb6.

FinishButton: :render () {

SDL_SetRenderDrawColor (gameData->renderer,
colorl.a);

SDL_RenderFillRect (gameData->renderer,

SDL_SetRenderDrawColor (gameData->renderer,

SDL RenderFillRect (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,
SDL RenderFillRect (gameData->renderer,
SDL RenderFillRect (gameData->renderer,
SDL RenderFillRect (gameData->renderer,

FinishButton::set size () {
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colorl.r, colorl.qg,

&imageDstrect) ;

0, 255,

&cornerRectl
&cornerRect?2
&cornerRect3
&cornerRectid
&cornerRectb
&cornerRectb

00, 255);

2
) ;
) ;
).
)
)
)

’

’

’

’

imageDstrect.h (heightFactor + 0.03) * gameData->screenHeight;
imageDstrect.w = imageDstrect.h * 4;

imageDstrect.x = transform.position.x - imageDstrect.w / 2.0f;
imageDstrect.y = transform.position.y - imageDstrect.h / 2.0f;
cornerRectl.w = imageDstrect.w * 0.030f;

cornerRectl.h = imageDstrect.h;

cornerRectl.x = transform.position.x - imageDstrect.w / 2.0f -
w;

cornerRectl.y = transform.position.y - imageDstrect.h / 2.0f;
cornerRect2.w = imageDstrect.w * 0.1f;

cornerRect2.h = imageDstrect.w * 0.030f;

cornerRect2.x = transform.position.x - imageDstrect.w / 2.0f -
w;

cornerRect2.y = transform.position.y - imageDstrect.h / 2.0f -
h;

cornerRect3.w = imageDstrect.w * 0.1f;

cornerRect3.h = imageDstrect.w * 0.030f;

cornerRect3.x = transform.position.x - imageDstrect.w / 2.0f -
Wy

cornerRect3.y = transform.position.y + imageDstrect.h / 2.0f;
cornerRect4.w = imageDstrect.w * 0.030f;

cornerRect4.h = imageDstrect.h;

cornerRectd.x = transform.position.x + imageDstrect.w / 2.0f;
cornerRectd4.y = transform.position.y - imageDstrect.h / 2.0f;
cornerRect5.w = imageDstrect.w * 0.1f;

cornerRect5.h = imageDstrect.w * 0.030f;

cornerRect5.x = transform.position.x + imageDstrect.w / 2.0f -
w + cornerRectd.w;

cornerRect5.y = transform.position.y - imageDstrect.h / 2.0f -
h;

cornerRect6.w = imageDstrect.w * 0.1f;

cornerRect6.h = imageDstrect.w * 0.030f;

cornerRect6.x = transform.position.x + imageDstrect.w / 2.0f -

w + cornerRectd.

cornerRectb.

y

w;

transform.position.y + imageDstrect.h / 2.0f;
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A.56 ®aiin FinishRoom.h

#pragma once
#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>

#include "GameObject.h"

class FinishRoom : public GameObject({
public:
// UI

SDL_Rect uiDstrectl;
SDL_Rect uiDstrect2;

FinishRoom(std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue);

~FinishRoom () override;

void events () override;

void render () override;

void set size();

}i

A.57 ®aiin FinishRoom.cpp

#include "FinishRoom.h"
#include "GameData.h"
#include "Label.h"
#include "FinishButton.h"

FinishRoom: :FinishRoom(std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

if ((*gameData) .userData.dayCounter >
(*gameData) .userData.maxDays) {
(*gameData) .userData.maxDays =
(*gameData) .userData.dayCounter;
}
if ((*gameData) .userData.money > (*gameData) .userData.maxMoney) {
(*gameData) .userData.maxMoney = (*gameData) .userData.money;

}

// Title
add _child(new GameObject ("Title", TOWER DEFENSE, gameData, this));
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children[0]->add component (new Label ());

add _child (new FinishButton ("Finish button", TOWER DEFENSE,
gameData, this));

children[l]->add component (new Label ());

// Current day
add child(new GameObject ("Current day", TOWER DEFENSE, gameData,

this));

children[2]->add component (new Label ());

// Current money

add child(new GameObject ("Current money", TOWER DEFENSE, gameData,
this));

children[3]->add component (new Label ());

// Max days

add child(new GameObject ("Max days", TOWER_DEFENSE, gameData,
this));

children[4]->add component (new Label ());

// Max money

add child(new GameObject ("Max money", TOWER DEFENSE, gameData,
this));

children[5]->add component (new Label ());

set _size();

((FinishButton *)children[1l])->heightFactor = 0.05f;

((FinishButton *)children[1l])->set size();

((Label *)children[0]->components[0])->set text ("RESULTS", {0, O,
0, 255});

((Label *)children[0O]->components[0])->set size(0.08);

((Label *)children[l]->components[0])->set text("Back", {255, 255,
255, 255});

((Label *)children[1l]->components[0])->set size(((FinishButton
*)children[1l])->heightFactor);

((Label *)children[2]->components[0])->set text ("Survived days: "
+ std::to_string((*gameData) .userData.dayCounter), {255, 255, 255, 255});

((Label *)children[2]->components[0])->set size(0.06);

((Label *)children[3]->components[0])->set text ("Earned money: " +
std::to_string((*gameData) .userData.money), {255, 255, 255, 255});

((Label *)children[3]->components[0])->set size(0.06);

((Label *)children[4]->components[0])->set text ("Max survived
days: " 4+ std::to_string((*gameData) .userData.maxDays), {255, 255, 255,
255});

((Label *)children[4]->components[0])->set size(0.06);

((Label *)children[5]->components[0])->set text("Max earned money:

" + std::to_string((*gameData) .userData.maxMoney), {255, 255, 255, 255});
((Label *)children[5]->components[0])->set size(0.06);

}

FinishRoom: :~FinishRoom () {



void FinishRoom: :events () {

// Resizing event

switch ((*gameData) .event.type) {
case SDL WINDOWEVENT:

switch ((*gameData) .event.window.event) {

case SDL WINDOWEVENT RESIZED:

break;

void FinishRoom: :render () {

SDL_SetRenderDrawColor (gameData->renderer,
SDL RenderFillRect (gameData->renderer,

SDL_SetRenderDrawColor (gameData->renderer,
SDL_RenderFillRect (gameData->renderer,

void FinishRoom::set size () {

children[3]->transform
> DIt §

.position.

set size();

break;

200,

0, 0,

uiDstrectl.

uiDstrectl.

uliDstrect?2.

uiDstrect2.

uiDstrect?2.

uiDstrect2.

uiDstrectl.h = 0.15f * gameData->screenHeight;
uiDstrectl.w = 0.6f * gameData->screenWidth;
uiDstrectl.y = 0.1f * gameData->screenHeight;
uiDstrectl.x
uiDstrect2.h = 0.65f * gameData->screenHeight;
uiDstrect2.w = uiDstrectl.w;
uiDstrect2.y = uiDstrectl.y + uiDstrectl.h;
uiDstrect2.x = uiDstrectl.x;
children[0]->transform.position.x

.0f;
children[0O]->transform.position.y

.0f;
children[l]->transform.position.x

.5f;
children[l]->transform.position.y

.85f;
children[2]->transform.position.x

.5f;
children[2]->transform.position.y

.15f;

uiDstrect2.

200,

&uiDstrectl) ;

0,

&uiDstrect?) ;

200, 255);

240) ;

= gameData->screenWidth / 2.0f - uiDstrectl.w / 2.

uiDstrectl.

uiDstrectl.

uiDstrect?2.

uiDstrect2.

uiDstrect?2.

uiDstrect2.

uiDstrect2.
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0f;
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children[3]->transform.position.y = uiDstrect2.y + uiDstrect2.h *
0.3f;

children[4]->transform.position.x = uiDstrect2.x + uiDstrect2.w *
0.5f;

children[4]->transform.position.y = uiDstrect2.y + uiDstrect2.h *
0.45f;

children[5]->transform.position.x = uiDstrect2.x + uiDstrect2.w *
0.5f;

children[5]->transform.position.y = uiDstrect2.y + uiDstrect2.h *
0.6f;

A.58 daiin TowerButton.h

#pragma once

#include "GameObject.h"

#include <SDL2/SDL.h>

class TowerButton : public GameObject(
public:

// Graphics
SDL_Rect mainRect = {0, 0, 0, 0};

SDL_Rect borderl = {0, 0, 0, O};

SDL_Rect border2 = {0, 0, 0, 0};

SDL_Rect border3 = {0, 0, 0, 0};

SDL_Rect border4 = {0, 0, 0, O};

// Common

bool mouseIn = false;

bool click = false;

float heightFactor = 0.08f;

TowerButton (std::string nameValue, EventState

objectEventValue, GameData *gameDataValue, GameObject *parentValue);
~TowerButton () override;

volid events () override;
void render () override;

void set size();

}:

A.59 dajin TowerButton.cpp

#include "TowerButton.h"
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#include "GameData.h"
#include "TowerRoom.h"

TowerButton: :TowerButton (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

set _size();

}

TowerButton: :~TowerButton () {

void TowerButton::events () {

// Resizing event
switch ( (*gameData) .event.type) {
case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:
set size();
break;

break;

// Button clicking
if ((*gameData) .currentEvent == objectEvent) {
switch ((*gameData) .event.type) {

SDL_Point mousePoint;

case SDL MOUSEMOTION:

mousePoint.x = (*gameData) .event.motion.x;
mousePoint.y = (*gameData).event.motion.y;
if (SDL_PointInRect (&mousePoint, &mainRect) ==
SDL_TRUE) {
mouseln = true;
}
else{
mouseIn = false;
}
break;
case SDL MOUSEBUTTONDOWN :
SDL_GetMouseState (&mousePoint.x, &mousePoint.y):;
if (SDL_PointInRect (&mousePoint, &mainRect) ==
SDL_TRUE && (*gameData) .event.button.button == SDL BUTTON RIGHT) {

click = true;

}
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break;

case SDL_MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);

if (SDL_PointInRect (&mousePoint, &mainRect)
SDL_TRUE && click == true && (*gameData) .event.button.button ==
SDL BUTTON RIGHT && (*gameData) .dayActive == false) {

gameData->currentEvent = TOWER ROOM;
parent->add child(new TowerRoom ("Tower
Room", TOWER ROOM, gameData, parent));

}
click = false;
break;

void TowerButton::render () {

if (mouseIn == false) {
SDL_RenderCopy ( (*gameData) .renderer, gameData-
>textureManager.towerButtonl, NULL, &mainRect);
}
else(
SDL_RenderCopy ( (*gameData) .renderer, gameData-
>textureManager.towerButton2, NULL, &mainRect)

}

SDL_SetRenderDrawColor (gameData->renderer, 0, 255, 200, 255);
SDL RenderFillRect (gameData->renderer, &borderl);

SDL RenderFillRect (gameData->renderer, &border2);

SDL RenderFillRect (gameData->renderer, &border3);

SDL RenderFillRect (gameData->renderer, &border4)

’

void TowerButton::set size () {

transform.position.x = 0.2f * gameData->screenWidth;
transform.position.y 0.1f * gameData->screenHeight;

mainRect.h = heightFactor * gameData->screenHeight;
mainRect.w = mainRect.h;

mainRect.x = transform.position.x - mainRect.w / 2.0;
mainRect.y = transform.position.y - mainRect.h / 2.0;

borderl.w = mainRect.w;
borderl.h = mainRect.h * 0.1f;



borderl.x = mainRect.x;

borderl.y = mainRect.y - borderl.h;
border2.w = mainRect.w;

border2.h = mainRect.h * 0.1f;

border2.x = mainRect.x;

border2.y = mainRect.y + mainRect.h;
border3.w = mainRect.h * 0.1f;

border3.h = mainRect.h + border2.h * 2.0f;
border3.x = mainRect.x - border3.w;
border3.y = mainRect.y - border2.h;
border4d.w = mainRect.h * 0.1f;

border4.h = mainRect.h + border2.h * 2.0f;
borderd.x = mainRect.x + mainRect.w;
border4.y = mainRect.y - border2.h;

A.60 daiin TowerDefense.h

#pragma once

#include "GameObject.h"
#include <SDL2/SDL.h>

class TowerDefense : public GameObject({
public:

// Background cell
SDL_Rect cellRect = {0, 0, 0, 0};

// Statistics

SDL_Texture *moneyTexture = NULL;
SDL_Texture *fpsTexture = NULL;

SDL_Rect moneyRect = {0, 0, 0, 0};
SDL_Color moneyColor = {255, 0, 0, 255};
SDL_Rect fpsRect = {0, 0, 0, O};

float widthByHeightRatioMoney = 0;

float widthByHeightRatioFPS = 0;

float heightFactorMoney = 0.06;

TowerDefense (std::string nameValue,

objectEventValue, GameData *gameDataValue, GameObject *parentValue);

~TowerDefense () override;

void events () override;
void update () override;
void render () override;
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EventState

void
void

void

set size();
finish game() ;

delete texture (SDL Texture **textureValue);
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void set text(std::string textValue, SDL Color colorValue,
SDL_Texture **textureValue, float *widthByHeightRatio);

}i

A.61 ®aiia TowerDefense.cpp

#include "TowerDefense.h"
#include "GameData.h"

#include "UnitManager.h"
#include "Wall.h"

#include "DayButton.h"
#include "TowerButton.h"
#include "EnemyManager.h"
#include "UnitBulletManager.h"
#include "FinishRoom.h"
#include "Label.h"

TowerDefense: :TowerDefense (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

printf ("TowerDefense is started\n");

// Unit spawner
add child(new UnitManager ("Unit manager", TOWER DEFENSE, gameData,
this));

// Enemy spawner
add child (new EnemyManager ("Enemy manager", TOWER DEFENSE,
gameData, this));

// Bullet spawner
add child(new UnitBulletManager ("Bullet manager", TOWER DEFENSE,
gameData, this));

// Walls

add child(new Wall("Wall", TOWER DEFENSE, gameData, this, 0, 4, 1,
9));

add child(new Wall("Wall", TOWER DEFENSE, gameData, this, 14.7, 4,
1, 9)):

add child(new Wall("Wall", TOWER DEFENSE, gameData, this, 7, 0,
15, 1))

add child(new Wall("Wall", TOWER DEFENSE, gameData, this, 7, 8.5,
15, 1))

// Day button

add child(new DayButton("Day button"™, TOWER DEFENSE, gameData,
this));

// Tower button

add child(new TowerButton ("Tower button", TOWER DEFENSE, gameData,
this));

set text ("Money: " + std::to string((*gameData) .userData.money),
moneyColor, &moneyTexture, &widthByHeightRatioMoney) ;
set size();
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}

TowerDefense: :~TowerDefense () {

printf ("TowerDefense is ended\n");

void TowerDefense: :render () {

for(int j = 0; j < parent->gameData->screenHeight / cellRect.h +

2; ++3){
for (int i = 0; i < parent->gameData->screenWidth /

cellRect.w + 2; ++1i){

SDL_RenderCopy (gameData->renderer, gameData-
>textureManager.grid, NULL, &cellRect);

cellRect.x += cellRect.w;

}
cellRect.y += cellRect.h;
cellRect.x = (parent->gameData->screenWidth - cellRect.w

(parent->gameData->screenWidth / cellRect.w + 2)) / 2;

*

}
cellRect.y = (parent->gameData->screenHeight = cellRect.h

(parent->gameData->screenHeight / cellRect.h + 2)) / 2;

*

SDL_RenderCopy (gameData->renderer, moneyTexture, NULL,
&moneyRect) ;

}

void TowerDefense::events () {

// Resizing event
switch (parent->gameData->event.type) {
case SDL WINDOWEVENT:
switch (parent->gameData->event.window.event) {
case SDL WINDOWEVENT RESIZED:
set size();
break;

}

break;

void TowerDefense: :update () {

set text ("Money: " + std::to string((*gameData) .userData.money),
moneyColor, &moneyTexture, &widthByHeightRatioMoney) ;

}
void TowerDefense::set size() {

cellRect.h = gameData->screenHeight * 0.10;
cellRect.w cellRect.h;
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cellRect.x = gameData->screenWidth / 2 - (gameData->screenWidth +

cellRect.w * 2) / 2;

cellRect.y gameData->screenHeight / 2 - (gameData->screenHeight

+ cellRect.h * 2) / 2;

void

moneyRect.h = heightFactorMoney * gameData->screenHeight;
moneyRect.w = moneyRect.h * widthByHeightRatioMoney;
moneyRect.x = gameData->screenWidth * 0.06;

moneyRect.y = gameData->screenHeight * 0.18;
TowerDefense::finish game () {

printf ("FINISH!\n");
delete children();

moneyColor = {0, 0, 0, 0};
moneyRect.x = -1000;
// Results
add child (new FinishRoom ("Results", TOWER DEFENSE, gameData,
this));
}
void TowerDefense::delete texture (SDL Texture **textureValue) {
if (* (textureValue) != NULL) {
SDL DestroyTexture (* (texturevValue)) ;
}
}
void TowerDefense::set text(std::string textValue, SDL _Color
colorValue, SDL Texture **textureValue, float *widthByHeightRatio) {
SDL_SetHint (SDL_HINT RENDER SCALE QUALITY, "0");
SDL_Surface *surface = TTF RenderText Solid(gameData->font,
textValue.c str (), colorValue);
delete texture (textureValue);
* (textureValue) = SDL CreateTextureFromSurface (gameData->renderer,
surface) ;

SDL_FreeSurface (surface) ;
SDL_SetHint (SDL_HINT_RENDER_SCALE_QUALITY, Wi W) g

int texW;

int texH;

SDL_QueryTexture (* (textureValue), NULL, NULL, &texW, &texH);
* (widthByHeightRatio) = ((float)texW) / ((float)texH);

A.62 dDaiin TowerRoom.h

#pragma once

#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>

#include "GameObject.h"
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class TowerRoom : public GameObject{
public:

// UI
SDL_Rect uiDstrectl;
SDL_Rect uiDstrect2;

int currentIndex = 0;

TowerRoom (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue);
~TowerRoom () override;

void events () override;
void render () override;

void set size();

I

A.63 ®aiia TowerRoom.cpp

#include "TowerRoom.h"
#include "GameData.h"
#include "Label.h"
#include "Image.h"
#include "BackButton.h"
#include "ChangeTower.h"
#include "BuyButton.h"
#include "BuildButton.h"

TowerRoom: : TowerRoom (std: :string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

// Title
add child(new GameObject ("Title", TOWER ROOM, gameData, this));
children[0]->add component (new Label ());

// Back button

add child(new BackButton ("Back button", TOWER ROOM, gameData,
this, TOWER DEFENSE));

children[l]->add component (new Image());

// Tower name

add child(new GameObject ("Tower name", TOWER ROOM, gameData,
this));

children[2]->add component (new Label ());

// Left changer
add child(new ChangeTower ("Left button"™, TOWER ROOM, gameData,

this, &currentIndex));

// Right changer



184

add _child(new ChangeTower ("Right button", TOWER ROOM, gameData,
this, &currentIndex));

// Tower image
add child(new GameObject ("Tower image", TOWER_ROOM, gameData,

this));

children[5]->add component (new Image());

// Cost of the tower

add _child(new GameObject ("Cost", TOWER ROOM, gameData, this));

children[6]->add component (new Label ());

// RAmount of towers

add child(new GameObject ("Amount", TOWER ROOM, gameData, this));

children[7]->add component (new Label ());

// Buy button

add child (new BuyButton ("Buy button", TOWER_ ROOM, gameData,
this));

children[8]->add component (new Label ());

// Build button

add child(new BuildButton("Build button", TOWER ROOM, gameData,
this));

children[9]->add component (new Label ());

set _size();

((BackButton *)children[1l])->heightFactor = 0.07f;

((BackButton *)children[1l])->set size();

((ChangeTower *)children[4])->isLeft = false;

((ChangeTower *)children[4])->angle = 180;

((ChangeTower *)children[3])->set size();

((ChangeTower *)children[4])->set size();

((BuyButton *)children[8])->heightFactor = 0.04f;

((BuyButton *)children([8])->set size();

((BuildButton *)children[9])->heightFactor = 0.04f;

((BuildButton *)children[9])->set size();

((Label *)children[0O]->components[0])->set text ("TOWERS", {0, O,
0, 255});

((Label *)children[0O]->components[0])->set size(0.08);

((Image *)children[l]->components[0])->set texture (gameData-
>textureManager.backButtonl) ;

( (Image *)children[1l]->components[0]) -
>set height factor (((BackButton *)children[1l])->heightFactor);

((Image *)children[l]->components[0])->set size();

((Label *)children[2]->components[0])->set text (gameData-
>towers.name[currentIndex], {255, 255, 255, 255});

((Label *)children[2]->components[0])->set size(0.06);

Image *)children[5] ->components[0]) ->set texture (gameData-

Image *)children[5]->components[0])->set height factor (0.2);

((
>towers.image [currentIndex]) ;
((
((Image *)children[5]->components[0])->set size();
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((Label *)children[6]->components[0])->set text ("Cost: " +
std::to_string(gameData->towers.cost[currentIndex]), {255, 255, 255, 255});
((Label *)children[6]->components[0])->set size(0.06);

((Label *)children[7]->components[0])->set text ("Amount: " +
std::to_string(gameData->towers.amount [currentIndex]), {255, 255, 255, 255});
((Label *)children[7]->components[0])->set size(0.06);

((Label *)children[8]->components[0])->set text ("Buy", {255, 255,

255, 255});
( (Label *)children[8] ->components[0])->set size (((BuyButton

*)children[8])->heightFactor);
((Label *)children[9]->components[0])->set text ("Build", {255,

255, 255, 255});
( (Label *)children[9] ->components[0])->set size (((BuyButton

*)children[9])->heightFactor);

}

TowerRoom: : ~TowerRoom () {

void TowerRoom: :events () {
// Resizing event
switch ( (*gameData) .event.type) {
case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:

set _size();

break;

break;

void TowerRoom: :render () {

SDL_SetRenderDrawColor (gameData->renderer, 200, 200, 200, 255);
SDL_RenderFillRect (gameData->renderer, &uiDstrectl);

SDL_SetRenderDrawColor (gameData->renderer, 0, 0, 0, 200);
SDL_RenderFillRect (gameData->renderer, &uiDstrect2);

void TowerRoom: :set size () {

uiDstrectl.h = 0.15f * gameData->screenHeight;
uiDstrectl.w 0.6f * gameData->screenWidth;
uiDstrectl.y = 0.1f * gameData->screenHeight;
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children[0O]->transform.

children[0O]->transform.

children[l]->transform.

children[l]->transform.

children[2]->transform.

children[2]->transform.

children[3]->transform.

children[3]->transform.

children[4]->transform.

children([4]->transform.

children[5]->transform.

children([5]->transform.

children[6]->transform.

children([6]->transform.

children[7]->transform.
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position.
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position.
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position.

position.

position.
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uiDstrectl.

uiDstrectl.

uiDstrectl.

uiDstrectl.
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uiDstrect?2.

uiDstrect2.
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uiDstrect2.

uiDstrectl.

uiDstrect2.

uiDstrectl.

uiDstrect2.

uiDstrectl.

uiDstrect2.

uiDstrect?2.

uiDstrect2.

uiDstrect?2.
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.w / 2.0f;



A.64 ®Daiin Towers.h

#pragma once

#include <string>
#include <SDL2/SDL.h>
#include <SDL2/SDL_image.h>

class GameData;

class Towers({

}:

public:

// Parent
GameData *gameData;

// Data

static const int AMOUNT = 4;
std::string name [AMOUNT] ;
SDL_Texture *image [AMOUNT];
int cost[AMOUNT] ;

int amount [AMOUNT] ;

Towers (GameData *gameDataValue) ;
~Towers () ;

void set images();

A.65 Daiin Towers.cpp

#include "Towers.h"
#include "GameData.h"

Towers: :Towers (GameData *gameDataValue) {

gameData = gameDataValue;

name[0] = "Small Wall";

image[0] = gameData->textureManager.smallWall;
cost[0] = 50;

amount [0] = O;

name[l] = "Big Wall";

image[l] = gameData->textureManager.bigWall;
cost[1l] = 100;

amount [1] = O0;

name[2] = "Gun Tower 1";

image[2] = gameData->textureManager.gunTowerl;
cost[2] = 200;

amount [2] = 0;

name[3] = "Gun Tower 2";

image[3] = gameData->textureManager.gunTower?2;
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cost[3] = 300;
amount[3] = 0;
}
Towers: :~Towers () {

}

void Towers::set images () {

’_l
=
©
Q
()
wWN B~ O
Il

gameData->textureManager.smallWall;
gameData->textureManager.bigWall;

gameData->textureManager.gunTowerl;
gameData->textureManager.gunTower2;

objectEventValue,

A.66 dDaiia UnitBullet.h

#pragma once
#include "GameObject.h"

#include <SDL2/SDL.h>
#include <box2d/box2d.h>

class UnitBullet
public:

// Graphics

SDL_Rect bulletRect = {0,

// Common
float force = 2.0f;

bool dead = false;
int damage = 1;
// Physics

b2FixtureDef fixtureDef;
b2Body* body;

UnitBullet (std::string
GameData *gameDataValue,

startPosition, float angleValue,
~UnitBullet () override;
void update () override;
void render () override;

void set sprites();
void set position();

public GameObject{

0, 20, 20};

nameValue,
GameObject *parentValue,

int damageValue) ;
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EventState
Transform
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A.67 daiix UnitBullet.cpp

#include "UnitBullet.h"
#include "GameData.h"

UnitBullet::UnitBullet (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue, Transform
startPosition, float angleValue, 1int damageValue) : GameObject (nameValue,

objectEventValue, gameDataValue, parentValue) {

transform = startPosition;
damage = damageValue;
// Physics

b2CircleShape shape;
shape.m p.Set(0.0f, 0.0f);
shape.m radius = 0.1f;

fixtureDef.shape = &shape;
fixtureDef.density = 0.1;
fixtureDef.filter.categoryBits = UNIT BULLET;
fixtureDef.filter.maskBits = ENEMIES | OTHER;

b2BodyDef bodyDef;

bodyDef.position.Set (transform.position.x L gameData-
>PIXEL TO METER, transform.position.y * gameData->PIXEL TO METER);

bodyDef.type = b2 dynamicBody;

bodyDef.bullet = true;

bodyDef.userData.pointer = reinterpret cast<uintptr t>(this);

body = (*gameData) .world.CreateBody (&bodyDef) ;
body->CreateFixture (&fixtureDef) ;

b2Vec2 vecl (glm::cos (angleValue), glm::sin(angleValue));
vecl.Normalize () ;
body->ApplyForceToCenter (vecl, true);

set position();
set sprites();

}
UnitBullet::~UnitBullet () {

gameData->world.DestroyBody (body) ;

void UnitBullet: :update () {

set position();



190

set sprites();

}
void UnitBullet: :render () {

SDL_RenderCopyEx ( (*gameData) .renderer, gameData-
>textureManager.bulletl, NULL, &bulletRect, glm::degrees (body->GetAngle()) +
90, NULL, SDL FLIP NONE) ;

}

void UnitBullet::set sprites|() {

bulletRect.x = transform.position.x - bulletRect.w / 2.0;
bulletRect.y = transform.position.y - bulletRect.h / 2.0;

}

void UnitBullet::set position () {
transform.position.x = body->GetPosition () .x 2 gameData-

>METER_TO PIXEL;
transform.position.y = body->GetPosition() .y & gameData-

>METER_TO PIXEL;

}

A.68 daiin UnitBulletManager.h

#pragma once

#include "GameObject.h"

class UnitBulletManager : public GameObject(

public:
UnitBulletManager (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue);
~UnitBulletManager () override;
void events () override;
void update () override;

}i

A.69 daiin UnitBulletManager.cpp

#include "UnitBulletManager.h"
#include "UnitBullet.h"
#include "GameData.h"

UnitBulletManager::UnitBulletManager (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {
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}
UnitBulletManager: :~UnitBulletManager () {

void UnitBulletManager: :update () {

int j = children.size() - 1;
while(j >= 0){
if(((UnitBullet *)children[j])->dead == true) {

//children[j]->destroy () ;
delete child(3j);

-=J;

void UnitBulletManager: :events () {

// Check current event and decide what we can do with it
switch (gameData->event.type) {

// Test
case SDL KEYDOWN:
switch (gameData->event.key.keysym.sym)
{
case SDLK LEFT:
//children[0]->destroy () ;
//delete child(0);
break;
case SDLK RIGHT:

break;

break;

A.70 ®aiin Wall.h

#pragma once

#include "GameObject.h"
#include <SDL2/SDL.h>
#include <box2d/box2d.h>



class Wall : public GameObject{
public:

// Graphics
SDL_Rect wallRect;

// Physics
b2FixtureDef fixtureDef;
b2Body* body;

Wall (std::string nameValue, EventState
GameData *gameDataValue, GameObject *parentValue, float x,
float h);

~Wall () override;

void render () override;

I

A.71 ®aiia Wall.cpp

#include "Wall.h"
#include "GameData.h"
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objectEventValue,
float vy, float w,

Wall::Wall (std::string nameValue, EventState objectEventValue, GameData

*gameDataValue, GameObject *parentValue, float x, float vy,

float w, float h)

GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

b2PolygonShape shape;
shape.SetAsBox(w / 2.0f, h / 2.0f);

fixtureDef.shape = &shape;

fixtureDef.density = 0.1;
fixtureDef.filter.categoryBits = OTHER;
fixtureDef.filter.maskBits = UNITS | ENEMIES |

b2BodyDef bodyDef;
bodyDef.position.Set (x, y);
bodyDef.type = b2 staticBody;

UNIT BULLET;

bodyDef.userData.pointer = reinterpret cast<uintptr t>(this);

body = (*gameData) .world.CreateBody (&bodyDef) ;
body->CreateFixture (&fixtureDef) ;

wallRect.w = w * (*gameData) .METER TO PIXEL;

wallRect.h = h * (*gameData) .METER TO PIXEL;

wallRect.x
- wallRect.w / 2.0f;

(body->GetPosition().x * (*gameData).METER TO PIXEL)

wallRect.y = (body->GetPosition().y * (*gameData).METER TO PIXEL)

- wallRect.h / 2.0f;

printf ("Wall is created\n");
}

Wall::~Wall() {
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void Wall::rendexr () {

SDL_SetRenderDrawColor ( (*gameData) .renderer, 50, 50, 50, 255);
SDL RenderFillRect ( (*gameData) .renderer, &wallRect);

A.72 daiia Base.h

#pragma once
#include "Unit.h"

#include <SDL2/SDL.h>
#include <box2d/box2d.h>

class Base : public Unit{
public:

// Graphics
SDL_Rect baseRect;

// Physics

b2FixtureDef fixtureDef;
b2Body *body;

Base (std::string nameValue, EventState objectEventValue,
GameData *gameDataValue, GameObject *parentValue);
~Base () override;

void render () override;

}i

A.73 ®aiin Base.cpp

#include "Base.h"
#include "GameData.h"

Base::Base(std::string nameValue, EventState objectEventValue, GameData
*gameDataValue, GameObject *parentValue) : Unit (nameValue, objectEventValue,
gameDataValue, parentValue) {

// Physics
b2CircleShape shape;



shape.m p.Set(0.0£f, 0.0f);
shape.m radius OFSSIES:

fixtureDef.
fixtureDef.
fixtureDef.
fixtureDef.

density 0.1;

shape &shape;

filter.categoryBits UNITS;
filter.maskBits UNITS | ENEMIES |

b2BodyDef bodyDef;
bodyDef.position.Set (2.0f, 4.0f);
bodyDef.type b2 staticBody;

bodyDef.userData.pointer

body (*gameData) .world.CreateBody (&bodyDef) ;
body->CreateFixture (&fixtureDef) ;

transform.position.x = body->GetPosition ()
>METER TO PIXEL;

transform.position.y = body->GetPosition ()
>METER TO PIXEL;

health = 10;

baseRect.w = 100;

baseRect.h = 100;

baseRect.x = transform.position.x - baseRect.w /

baseRect.y = transform.position.y - baseRect.h /

printf ("Base is created\n");

Base::~Base () {

gameData->world.DestroyBody (body) ;

void Base::render () {

SDL_RenderCopy ( (*gameData) .renderer,
>textureManager.base, NULL, &baseRect);

}

A.74 ®aiin BigWall.h

#pragma once

#include "Unit.h"
#include <SDL2/SDL.h>
#include <box2d/box2d.h>

class BigWall public Unit{

. X

-y
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OTHER;

reinterpret cast<uintptr t>(this);

& gameData-

2 gameData-
2.0;
2.0;

gameData-
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public:

// Graphics
SDL_Rect imageRect = {0, 0, 100, 100};

// Physics

b2FixtureDef fixtureDef;
b2Body* body;

BigWall (std::string nameValue, EventState objectEventValue,
GameData *gameDataValue, GameObject *parentValue, bool isBuildingValue) ;
~BigWall () override;

void events () override;
void render () override;
void set sprites();
void set position();

void create body(float x, float y, bool isSensorValue);
void destroy body() ;

I

A.75 ®aiia BigWall.cpp

#include "BigWall.h"
#include "GameData.h"

BigWall::BigWall (std::string nameValue, EventState objectEventValue,
GameData *gameDataValue, GameObject *parentValue, bool isBuildingValue)
Unit (nameValue, objectEventValue, gameDataValue, parentValue) {

health = 5;
isBuilding = isBuildingValue;

create body (0, 0, true);
}
BigWall::~BigWall () {

destroy body () ;

void BigWall::render () {

SDL_RenderCopy ( (*gameData) .renderer, gameData-
>textureManager.bigWall, NULL, &imageRect);

}



void BigWall::set sprites() {

’

imageRect.x transform.position.x - imageRect.w /

2.0
imageRect.y = transform.position.y - imageRect.h / 2.0;

’

}
void BigWall::set position() {

transform.position.x
>METER_TO PIXEL;

transform.position.y = body->GetPosition() .y &
>METER_TO PIXEL;

body->GetPosition () .x &

}
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gameData-

gameData-

void BigWall::create body(float x, float y, bool isSensorValue) {

b2PolygonShape shape;
shape.SetAsBox (0.5, 0.5);

fixtureDef.density = 0.1;

fixtureDef.shape = &shape;
fixtureDef.filter.categoryBits = UNITS;
fixtureDef.filter.maskBits = UNITS | ENEMIES | OTHER;
fixtureDef.isSensor = isSensorValue;

b2BodyDef bodyDef;
bodyDef.position.Set (x, y);
bodyDef.type = b2 staticBody;

bodyDef.userData.pointer = reinterpret cast<uintptr t>(this);

body = (*gameData) .world.CreateBody (&bodyDef) ;
body->CreateFixture (&fixtureDef) ;

set position();
set sprites();

void BigWall::destroy body () {

gameData->world.DestroyBody (body) ;

void BigWall::events () {

// Button clicking
if ((*gameData) .currentEvent == objectEvent) {
switch ((*gameData) .event.type) {

SDL_Point mousePoint;

case SDL MOUSEMOTION:

mousePoint.x = (*gameData) .event.motion.x;
mousePoint.y = (*gameData).event.motion.y;

if (isBuilding == true) {

body->SetTransform (b2Vec2 (mousePoint.x

gameData->PIXEL TO METER, mousePoint.y * gameData->PIXEL TO METER),

Q)

*
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set position();

set sprites();

//std::cout << Dbody->GetPosition().x <<
std::endl;

break;
case SDL MOUSEBUTTONDOWN :
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);
if ((*gameData) .event.button.button ==
SDL_BUTTON_RIGHT){
click = true;

break;
case SDL MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);

if(click == true && 1isBuilding == true &&
(*gameData) .event.button.button == SDL BUTTON_ RIGHT) {
isBuilding = false;
destroy body () ;
create body (mousePoint.x o gameData-

>PIXEL TO METER, mousePoint.y * gameData->PIXEL TO METER, false);

}

click = false;

break;

A.76 ®aiia Gun.h

#pragma once

#include "GameObject.h"
#include <SDL2/SDL.h>
#include <box2d/box2d.h>

class Gun : public GameObject{
public:
// Graphics
SDL_Rect headRect = {0, 0, 40, 40};
SDL_ Texture *image = NULL;
// Physics
b2FixtureDef sensorFixture;

b2Body* body;

// Data
Transform *target = NULL;



GameData *gameDataValue,

}:

float aimAngle = 0;
bool fire = false;
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bool fire delay = false;

int damage = 1;
Uint32 timeDelay =

// Timer

SDL TimerID timerIDIl;

Gun (std::string nameValue, EventState objectEventValue,

GameObject *parentValue, SDL Texture *imageValue);

~Gun () override;
void update () override;
void render () override;

void set sprites();

void set position();

void create body(float x, float y);

void destroy body();

static Uint32 delay callback(Uint32 interval, void* param);

A.77 ®aiia Gun.cpp

#include "Gun.h"
#include "GameData.h"
#include "UnitBullet.h"

Gun: :Gun (std::string nameValue,

EventState objectEventValue, GameData

*gameDataValue, GameObject *parentValue, SDL_Texture *imageValue)

GameObject (nameValue,

Gun:

}

image = imageValue;
create body (0, 0);

:~Gun () {

SDL_RemoveTimer (timerID1) ;

destroy body () ;

void Gun: :update () {

transform.position.y,

if (target != NULL) {
aimAngle =

}

objectEventValue,

gameDataValue, parentValue) {

glm: :atan (target->position.y =

target->position.x - transform.position.x);

if (fire == true && fire delay == false) {

fire delay = true;



parent->parent->parent->children[2]->add child (new

&fire delay);

}

}

void Gun::render () {

SDL_Point headPoint;
headPoint.x = headRect.w / 2;
headPoint.y = headRect.h / 2 + 10;
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UnitBullet ("Bullet", TOWER DEFENSE, gameData, parent->parent->parent-
>children[2], transform, aimAngle, damage));
timerIDl = SDL_AddTimer (timeDelay, delay callback,

SDL_RenderCopyEx ( (*gameData) .renderer, image, NULL, &headRect,

glm: :degrees (aimAngle) + 90, &headPoint, SDL FLIP NONE) ;

}

void Gun::set sprites() {

>METER TO PIXEL;

>METER TO PIXEL;

headRect.x = transform.position.x - headRect.w / 2.0;
headRect.y = transform.position.y - headRect.h / 2.0 - 10;
}
void Gun::set position|() {
transform.position.x = body->GetPosition () .x u gameData-
transform.position.y = body->GetPosition() .y & gameData-
}
void Gun::create body(float x, float y){
b2CircleShape shape;
shape.m p.Set(0.0f, 0.0f);
shape.m radius = 2.0f;
sensorFixture.density = 0.1;
sensorFixture.shape = &shape;
sensorFixture.filter.categoryBits = UNITS;
sensorFixture.filter.maskBits = ENEMIES;
sensorFixture.isSensor = true;
b2BodyDef bodyDef;
bodyDef.position.Set (x, vy);
bodyDef.type = b2 staticBody;
bodyDef.userData.pointer = reinterpret cast<uintptr t>(this);

body = (*gameData) .world.CreateBody (&bodyDef) ;
body->CreateFixture (&sensorFixture) ;

set position();
set sprites();

void Gun::destroy body () {

gameData->world.DestroyBody (body) ;



objectEventValue,
isBuildingValue) ;

objectEventValue,

}
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Uint32 Gun::delay callback(Uint32 interval, void* param) {

(* (bool *)param) = false;

return 0;

A.78 ®aiin GunTowerl.h

#pragma once

#include "Unit.h"
#include <SDL2/SDL.h>
#include <box2d/box2d.h>

class GunTowerl public Unit({

public:

// Graphics

SDL_Rect bodyRect = {0, 0, 50,

// Physics
b2FixtureDef fixtureDef;
b2Body* body;

GunTowerl (std::string
GameData *gameDataValue,

~GunTowerl () override;

override;
override;
override;

void
void
void

events ()
update ()
render ()

void
void
void
void

set sprites();
set position();
create body(float x,
destroy body();

}i

A.79 daiia GunTowerl.cpp

"GunTowerl.h"
"GameData.h"
"Gun.h"

#include
#include
#include

GunTowerl: :GunTowerl (std::string
GameData *gameDataValue,

GameObject

float vy,

GameObject

50};

EventState
*parentValue, bool

nameValue,

bool isSensorValue) ;

EventState
*parentValue, Dbool

nameValue,
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isBuildingValue) 3 Unit (nameValue, objectEventValue, gameDataValue,
parentValue) {

health = 5;
isBuilding = isBuildingValue;

create body (0, 0, true);
add_child(new Gun ("Gun", TOWER DEFENSE, gameData, this, gameData-
>textureManager.gunTowerHeadl) ) ;
((Gun *)children[0])->damage = 2;
((Gun *)children[0])->timeDelay = 500;
}

GunTowerl: :~GunTowerl () {

destroy body ()

void GunTowerl: :update () {

void GunTowerl: :render () {

SDL_RenderCopyEx ( (*gameData) .renderer, gameData-
>textureManager.gunTowerBodyl, NULL, &bodyRect, glm: :degrees (body-
>GetAngle()) + 90, NULL, SDL FLIP NONE) ;

}

void GunTowerl::set sprites() {

bodyRect.x = transform.position.x - bodyRect.w / 2.0;
bodyRect.y = transform.position.y - bodyRect.h / 2.0;
}
void GunTowerl::set position|() {
transform.position.x = body->GetPosition () .x w3 gameData-

>METER TO_PIXEL;
transform.position.y
>METER_TO_ PIXEL;

body->GetPosition() .y & gameData-

}

void GunTowerl::create body(float x, float y, bool isSensorValue) {

b2CircleShape shape;
shape.m p.Set(0.0£f, 0.0f);
shape.m radius = 0.25f;
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fixtureDef.density = 0.1;

fixtureDef.shape = &shape;
fixtureDef.filter.categoryBits = UNITS;
fixtureDef.filter.maskBits = UNITS | ENEMIES | OTHER;
fixtureDef.isSensor = isSensorValue;

b2BodyDef bodyDef;

bodyDef.position.Set (x, Vy);

bodyDef.type = b2 staticBody;

bodyDef.userData.pointer = reinterpret cast<uintptr t>(this);

body = (*gameData) .world.CreateBody (&bodyDef) ;
body->CreateFixture (&fixtureDef) ;

set position();
set sprites();

void GunTowerl::destroy body () {

gameData->world.DestroyBody (body) ;

void GunTowerl::events () {

// Button clicking
if ((*gameData) .currentEvent == objectEvent) {
switch ((*gameData) .event.type) {

SDL_Point mousePoint;

case SDL MOUSEMOTION:

mousePoint.x = (*gameData) .event.motion.x;
mousePoint.y = (*gameData) .event.motion.y;
if (isBuilding == true) {

body->SetTransform (b2Vec2 (mousePoint.x 2

gameData->PIXEL TO METER, mousePoint.y * gameData->PIXEL TO METER), 0);
set position();
set sprites();

( (Gun *)children[0])->body-
>SetTransform (b2Vec?2 (body->GetPosition () .x, body->GetPosition().y), 0);

((Gun *)children[0])->set position();

((Gun *)children[0])->set sprites();

break;
case SDL MOUSEBUTTONDOWN :
SDL_GetMouseState (&mousePoint.x, &mousePoint.y):;
if ((*gameData) .event.button.button ==
SDL_BUTTON RIGHT) {
click = true;
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break;
case SDL MOUSEBUTTONUP:
SDL_GetMouseState (&mousePoint.x, &mousePoint.y);

if(click == true && 1isBuilding == true &&

(*gameData) .event.button.button == SDL BUTTON_ RIGHT) {

isBuilding = false;

destroy body();

create body (mousePoint.x & gameData-
>PIXEL TO METER, mousePoint.y * gameData->PIXEL TO METER, false);

// ((Gun *)children[0]) -
>create body (mousePoint.x w3 gameData->PIXEL TO METER, mousePoint.y o

gameData->PIXEL TO METER) ;
}

click = false;

break;

A.80 daiix Player.h

#pragma once

#include "Unit.h"
#include <SDL2/SDL.h>
#include <box2d/box2d.h>

class Player : public Unit{
public:

// Graphics
SDL Rect bodyRect;
SDL_Rect headRect;

// Aiming
bool aim;
float aimAngle;

// Fire
bool fire;
bool fire delay;

// Data
float moveSpeed = 200;
float rotationSpeed = 200;

// Physics
b2FixtureDef fixtureDef;
b2Body* body;
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// Timer
SDL TimerID timerIDl;

Player (std::string nameValue, EventState objectEventValue,

GameData *gameDataValue, GameObject *parentValue);

}:

~Player () override;

void events () override;
void fixed update() override;
void update () override;
void render () override;

void set sprites();
void set position();
static Uint32 delay callback(Uint32 interval, void* param);

A.81 daiia Player.cpp

#include "Player.h"
#include "GameData.h"
#include "UnitBullet.h"

Player::Player (std::string nameValue, EventState objectEventValue,

GameData

*gameDataValue, GameObject *parentValue) 9 Unit (nameValue,

objectEventValue, gameDataValue, parentValue) {

b2PolygonShape shape;
shape.SetAsBox (0.25f, 0.25f);

fixtureDef.shape = &shape;

fixtureDef.density = 0.1;
fixtureDef.filter.categoryBits = UNITS;
fixtureDef.filter.maskBits = UNITS | ENEMIES | OTHER;

b2BodyDef bodyDef;

bodyDef.position.Set (2.0f, 2.0f);

bodyDef.type = b2 dynamicBody;

bodyDef.userData.pointer = reinterpret cast<uintptr t>(this);

body = (*gameData) .world.CreateBody (&bodyDef) ;
body->CreateFixture (&fixtureDef) ;

aim = false;
aimAngle = 0.0f;
health = 5;

fire = false;

fire delay = false;

bodyRect.w = 50;
bodyRect.h = 50;
headRect.w = 50;
headRect.h = 50;



set position();
set sprites();

printf ("Player is created\n");

Player::~Player () {

SDL_RemoveTimer (timerIDIl) ;

gameData->world.DestroyBody (body) ;

void Player::events () {

// Button clicking
if ((*gameData) .currentEvent == objectEvent) {

// Check current event and decide what we can do with it

switch ((*gameData) .event.type) {

case SDL KEYDOWN:

switch ((*gameData) .event.key.keysym.sym)

{
case SDLK LEFT:

transform.velocity.

X

break;
case SDLK RIGHT:
transform.velocity.

X

break;
case SDLK UP:
transform.velocity.y

break;
case SDLK_ DOWN:
transform.velocity.y

break;

}
break;
case SDL KEYUP:

switch ((*gameData) .event.key.keysym.sym)

{
case SDLK LEFT:
case SDLK RIGHT:
transform.velocity.x

break;

case SDLK DOWN:

case SDLK UP:
transform.velocity.y

break;
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}

break;
case SDL MOUSEBUTTONDOWN :

if ((*gameData) .event.button.button ==

SDL_BUTTON_RIGHT){
aim = true;

}

if ((*gameData) .event.button.button ==

SDL_BUTTON_LEFT){
fire = true;

}
break;
case SDL MOUSEBUTTONUP:

if ((*gameData) .event.button.button ==
SDL_BUTTON_RIGHT){
aim = false;
}

if ((*gameData) .event.button.button ==
SDL_BUTTON_ LEFT) {

fire = false;
}
break;
}
}
}
void Player::fixed update () {
b2Vec2 vel;
vel.x = transform.normalize () .x & moveSpeed &
(*gameData) . fixedDeltaTime;
vel.y = transform.normalize () .y * moveSpeed w

(*gameData) .fixedDeltaTime;
transform.rotation = body->GetAngle () ;

// Current rotation
glm::quat currentRotation = glm::angleAxis(transform.rotation,

glm::vec3 (0, 0, 1));
// Target rotation
glm: :quat targetRotation = glm::angleAxis (transform.rotation,

glm::vec3 (0, 0, 1));
if(vel.x !'= 0 || vel.y !'= 0){

targetRotation = glm::angleAxis(glm::atan(vel.y, vel.x),
glm::vec3 (0, 0, 1));
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float angleDiff = glm: :eulerAngles (targetRotation) .z =
glm: :eulerAngles (currentRotation) .z;

while (angleDiff < —-glm::pi<float>()) {
angleDiff += 2 * glm::pi<float>();

}

while (angleDiff > glm::pi<float>()) {
angleDiff -= 2 * glm::pi<float>();

}

float angVel
(*gameData) .fixedDeltaTime;

angleDiff o rotationSpeed *

body->SetLinearVelocity (vel);
body->SetAngularVelocity (angVel) ;

void Player: :update () {

set position();
set sprites();

if (aim == true) {
SDL_Point mousePoint;
SDL_GetMouseState (&mousePoint.x, &mousePoint.y):;

aimAngle = glm::atan(mousePoint.y - transform.position.y,
mousePoint.x - transform.position.x);
}
else(
aimAngle = body->GetAngle();
}
if (fire == true && fire delay == false) {

fire delay = true;
parent->parent->children[2]->add child (new
UnitBullet ("Bullet", TOWER DEFENSE, gameData, parent->parent->children[2],
transform, aimAngle, 1));
timerIDl = SDL AddTimer (500, delay callback, &fire delay);
}

void Player: :render () {

SDL_Point headPoint;
headPoint.x = headRect.w / 2;
headPoint.y = headRect.h / 2 + 10;

SDL_RenderCopyEx ( (*gameData) .renderer, gameData-
>textureManager.bodySpritel, NULL, &bodyRect, glm::degrees (body->GetAngle())
+ 90, NULL, SDL_FLIP NONE) ;

SDL_RenderCopyEx ( (*gameData) .renderer, gameData-
>textureManager.headSpritel, NULL, &headRect, glm::degrees(aimAngle) + 90,
g¢headPoint, SDL FLIP NONE) ;

}

void Player::set sprites|() {
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bodyRect.x = transform.position.x - bodyRect.w / 2.0;
bodyRect.y = transform.position.y - bodyRect.h / 2.0;
headRect.x = transform.position.x - headRect.w / 2.0;
headRect.y = transform.position.y - headRect.h / 2.0 - 10;
}
void Player::set position() {
transform.position.x = body->GetPosition () .x w3 gameData-
>METER_TO PIXEL;
transform.position.y = body->GetPosition() .y & gameData-
>METER _TO_ PIXEL;
}
Uint32 Player::delay callback(Uint32 interval, void* param) {
(* (bool *)param) = false;
return 0;
}
A.82 daiia Unit.h
#pragma once
#include "GameObject.h"
class Unit public GameObject(
public:
// Common
float health = 1;
bool dead = false;
bool isBuilding = false;
bool click = false;
Unit (std::string nameValue, EventState objectEventValue,

GameData *gameDataValue,

~Unit () override;

}i

A.83 daiiax Unit.cpp

#include "Unit.h"

Unit::Unit(std::string nameValue,
*gameDataValue, GameObject
objectEventValue, gameDataValue,

*parentValue)
parentValue) {

GameObject *parentValue);

EventState objectEventValue, GameData
GameObject (nameValue,
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}

Unit::~Unit () {

A.84 daiin UnitManager.h

#pragma once

#include "GameObject.h"
#include <SDL2/SDL.h>

class UnitManager : public GameObject({

public:
UnitManager (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue);
~UnitManager () override;
volid events () override;
void update () override;

}i

A.85 daiin UnitManager.cpp

#include "UnitManager.h"
#include "TowerDefense.h"
#include "GameData.h"
#include "Base.h"
#include "Player.h"
#include "SmallWall.h"

UnitManager::UnitManager (std::string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {

// Base
add child(new Base ("Unit Base", TOWER DEFENSE, gameData, this));

// Player
add child(new Player ("Unit Player", TOWER DEFENSE, gameData,

this));

// Test wall

//add_child (new SmallWall ("Unit Small wall", TOWER DEFENSE,
gameData, this, false));

// ((SmallWall *)children([2])->create body(5, 4, false);
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}

UnitManager: :~UnitManager () {

}

void UnitManager: :update () {

if(((Base *)children[0])->dead == true) {
((TowerDefense *)parent)->finish game();

}

int j = children.size() - 1;
while(j >= 0){
if(((Unit *)children[]j])->dead == true) {

delete child(3J);
}
-=3;

}
void UnitManager::events () {

// Check current event and decide what we can do with it
switch (gameData->event.type) {

// Test
case SDL KEYDOWN:
switch (gameData->event.key.keysym.sym)

{
case SDLK LEFT:

//gameData-
>world.DestroyBody (((SmallWall *)children[2])->body) ;

// ((SmallWall *)children[2]) -
>fixtureDef.isSensor = true;

// ((SmallWall *)children[2]) -
>create body (5, 4);

break;

case SDLK RIGHT:

//gameData-
>world.DestroyBody (( (SmallWall *)children[2])->body);

// ((SmallWall *)children[2]) -
>fixtureDef.isSensor = false;

// ((SmallWall *)children[2]) -
>create body (5, 4);

break;

break;

A.86 ®aiin Enemy.h

#pragma once

#include "GameObject.h"



class Enemy

public GameObject{

public:

GameData *gameDataValue,

) §

// Common
float health = 1;

int damage = 1;
int money = 1;
bool dead = false;

Enemy (std::string

~Enemy () override;

A.87 ®aiia Enemy.cpp

#include "Enemy.h"

Enemy: :Enemy (std::string
*gameDataValue,

GameData
objectEventValue,

}

GameObject
gameDataValue,

Enemy: : ~Enemy () {

A.88 daiin Enemyl.h

#pragma once

#include "Enemy.h"
#include <SDL2/SDL.h>
#include <box2d/box2d.h>

class Enemyl

public Enemy{

public:

// Graphics
SDL Rect bodyRect =

// Common
float moveSpeed =

float rotationSpeed

Transform *target =

nameValue,

nameValue,
GameObject *parentValue);

EventState

EventState

*parentValue)

50;

= 200;

NULL;

parentValue) {

40};
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objectEventValue,

objectEventValue,
GameObject (nameValue,
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// Physics
b2FixtureDef fixtureDef;
b2Body* body;

Enemyl (std::string nameValue, EventState objectEventValue,

GameData *gameDataValue, GameObject *parentValue, float xValue, float yValue,
Transform *targetValue);

I

~Enemyl () override;

void fixed update() override;
void update () override;
void render () override;

void set sprites();
void set position();

A.89 ®aiia Enemyl.cpp

#include "Enemyl.h"
#include "GameData.h"

Enemyl: :Enemyl (std::string nameValue, EventState objectEventValue,

GameData *gameDataValue, GameObject *parentValue, float xValue, float yValue,

Transform

*targetValue) : Enemy(nameValue, objectEventValue, gameDataValue,

parentValue) {

OTHER;

// Common
target = targetValue;

// Physics
b2PolygonShape shape;
shape.SetAsBox (0.2f, 0.2f);

fixtureDef.shape = &shape;

fixtureDef.density = 0.1;

fixtureDef.filter.categoryBits = ENEMIES;
fixtureDef.filter.maskBits = UNITS | ENEMIES | UNIT BULLET

b2BodyDef bodyDef;

bodyDef.position.Set (xValue, yValue);

bodyDef.type = b2 dynamicBody;

bodyDef.userData.pointer = reinterpret cast<uintptr t>(this);

body = (*gameData) .world.CreateBody (&bodyDef) ;
body->CreateFixture (&fixtureDef) ;

set position();
set sprites();
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Enemyl: :~Enemyl () {

gameData->world.DestroyBody (body) ;

void Enemyl::set sprites|() {

bodyRect.x = transform.position.x - bodyRect.w / 2.0;
bodyRect.y = transform.position.y - bodyRect.h / 2.0;
}
void Enemyl::set position () {
transform.position.x = body->GetPosition () .x u gameData-

>METER_TO PIXEL;

transform.position.y body->GetPosition() .y & gameData-

>METER TO PIXEL;

}
void Enemyl::fixed update () {

transform.velocity.x = target->position.x - transform.position.x;
transform.velocity.y target->position.y - transform.position.y;

b2Vec2 vel;
vel.x = transform.normalize () .x & moveSpeed

(*gameData) .fixedDeltaTime;

vel.y = transform.normalize () .y * moveSpeed w

(*gameData) . fixedDeltaTime;

glm:

glm:

glm::

glm:

transform.rotation = body->GetAngle () ;

// Current rotation
glm::quat currentRotation = glm::angleAxis(transform.rotation,

:VeC3(OI OI 1));

// Target rotation
glm: :quat targetRotation = glm: :angleAxis (transform.rotation,

:vec3 (0, 0, 1));

if(vel.x !'= 0 || vel.y !'= 0){

targetRotation = glm::angleAxis(glm::atan(vel.y, vel.x),

float angleDiff = glm: :eulerAngles (targetRotation) .z =

:eulerAngles (currentRotation) .z;

while (angleDiff < —-glm::pi<float>()) {
angleDiff += 2 * glm::pi<float>();

}

while (angleDiff > glm::pi<float>()) {
angleDiff -= 2 * glm::pi<float>();
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float angVel
(*gameData) .fixedDeltaTime;

angleDiff w rotationSpeed %

body->SetLinearVelocity (vel);
body->SetAngularVelocity (angVel) ;
void Enemyl: :update () {

set position();
set sprites();

}

void Enemyl: :render () {
SDL_RenderCopyEx ( (*gameData) .renderer, gameData-

>textureManager.enemyl, NULL, &bodyRect, glm::degrees (body->GetAngle()) + 90,
NULL, SDL FLIP NONE) ;

A.90 daiin EnemyManager.h

#pragma once
#include "GameObject.h"

#include <SDL2/SDL.h>
//#include "EnemyData.h"

class EnemyManager : public GameObject{
public:

// Graphics
SDL Rect wallRect = {0, 0, 0, O};

EnemyManager (std: :string nameValue, EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue);

~EnemyManager () override;

void events () override;

void update () override;

void render () override;

void set size();
void spawn_ enemies (int dayValue);



A.91 daiin EnemyManager.cpp

#include "EnemyManager.h"
#include "GameData.h"
#include "Enemyl.h"

#include "Enemy2.h"

#include "Enemy3.h"

#include <glm/glm.hpp>
#include <glm/gtc/random.hpp>
#include <time.h>

EnemyManager: :EnemyManager (std: :string nameValue,

set _size();

}

EnemyManager: : ~EnemyManager () {

}

void EnemyManager::events () {

// Resizing event
switch ((*gameData) .event.type) {
case SDL WINDOWEVENT:
switch ((*gameData) .event.window.event) {
case SDL WINDOWEVENT RESIZED:
set size();

break;
}
break;
}
}
void EnemyManager: :update () {
int j = children.size() - 1;
while(j >= 0){
if(((Enemy *)children[j])->dead == true) {

delete child(3):;

if (children.size () == 0) {
(*gameData) .dayActive = false;
++gameData->userData.dayCounter;

-=J;
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EventState
objectEventValue, GameData *gameDataValue, GameObject *parentValue)
GameObject (nameValue, objectEventValue, gameDataValue, parentValue) {
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}
void EnemyManager: :render () {

SDL_SetRenderDrawColor (gameData->renderer, 255, 0, 0, 200);
SDL_RenderFillRect (gameData->renderer, &wallRect);

void EnemyManager::set size () {

wallRect.h = gameData->screenHeight;
wallRect.w = 0.5f * gameData->screenWidth;
wallRect.x = 0.8f * gameData->screenWidth;
wallRect.y = 0;

void EnemyManager::spawn_enemies (int dayValue) {

float beginX = 12;
float endX = 14;
float beginY = 1;
float endY = 7;

switch (dayValue) {
case 1:

for(int 1 = 0; i < 3; ++1)

add child(new Enemyl ("Enemy 1", TOWER DEFENSE,

gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),
& (parent->children[0]->children[0]->transform)));

break;
case 2:
for(int 1 = 0; i < 6; ++1i)

add child(new Enemyl ("Enemy 1", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),

& (parent->children[0]->children[0]->transform)));
add _child (new Enemy?2 ("Enemy 2% TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand(beginY¥, endY),
& (parent->children[0]->children[0]->transform)));
break;
case 3:

for(int 1 = 0; i < 9; ++1)

add child(new Enemyl ("Enemy 1", TOWER DEFENSE,

gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),
& (parent->children[0]->children[0]->transform)));
for(int 1 = 0; i < 3; ++1)

add child(new Enemy2 ("Enemy 2", TOWER DEFENSE,

gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),
& (parent->children[0]->children[0]->transform)));

break;

case 4:
for(int 1 = 0; 1 < 9; ++1)
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add child(new Enemyl ("Enemy 1", TOWER DEFENSE,

gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),
& (parent->children[0]->children[0]->transform)));
for(int 1 = 0; i < 3; ++1)

add child(new Enemy2 ("Enemy 2", TOWER DEFENSE,

gameData, this, glm::linearRand(beginX, endX), glm::linearRand(beginY, endY),

& (parent->children[0]->children[0]->transform)));
add child (new Enemy3 ("Enemy 3", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),
& (parent->children[0]->children[0]->transform)));
break;
case 5:

for(int 1 = 0; 1 < 12; ++1)
add child(new Enemyl ("Enemy 1", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand(beginY, endY),
& (parent->children[0]->children[0]->transform)));
for(int 1 = 0; i < 6; ++1)
add child(new Enemy2 ("Enemy 2", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand(beginY¥, endY),
& (parent->children[0]->children[0]->transform)));
for(int 1 = 0; i < 3; ++1)
add child(new Enemy3("Enemy 3", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand(beginY¥, endY),
& (parent->children[0]->children[0]->transform)));
break;
case 6:
for(int 1 = 0; i < 15; ++1)
add child(new Enemyl ("Enemy 1", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand(beginY¥, endY),
& (parent->children[0]->children[0]->transform)));
for(int 1 = 0; i < 6; ++1)
add child(new Enemy2("Enemy 2", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand(begin¥, endY),
& (parent->children[0]->children[0]->transform)));
for(int 1 = 0; i < 2; ++1)
add child(new Enemy3("Enemy 3", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),
& (parent->children[0]->children[0]->transform)));
break;
case 7:
for(int 1 = 0; i < 6; ++1)
add child(new Enemyl ("Enemy 1", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand(begin¥, endY),
& (parent->children[0]->children[0]->transform)));
for(int 1 = 0; i < 6; ++1)
add child(new Enemy2 ("Enemy 2", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),
& (parent->children[0]->children[0]->transform)));
for(int 1 = 0; i < 6; ++1)
add child(new Enemy3("Enemy 3", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),
& (parent->children[0]->children[0]->transform)));
break;
case 8:
for(int 1 = 0; i < 8; ++1)
add child(new Enemyl ("Enemy 1", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),
& (parent->children[0]->children[0]->transform)));
for(int 1 = 0; i < 8; ++1)
add _child(new Enemy2 ("Enemy 2", TOWER DEFENSE,
gameData, this, glm::linearRand(beginX, endX), glm::linearRand(beginY, endY),
& (parent->children[0]->children[0]->transform)));
for(int 1 = 0; i < 3; ++1)



add child(new Enemy3("Enemy 3",
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TOWER DEFENSE,

gameData, this, glm::linearRand(beginX, endX), glm::linearRand (beginY, endY),

& (parent->children[0]->children[0]->transform)));
break;

A.92 daiian Enumerations.h

#pragma once

enum EventState{
MAIN MENU,

GAME_ROOM,
SHOP_ROOM,
TUTORIAL_ ROOM,
SETTINGS ROOM,
INFO ROOM,
EXIT ROOM,

TOWER DEFENSE,
TOWER_ROOM,

NULL EVENT

enum Physicallayer{

UNITS = 0b0001,
ENEMIES = 0b0O010,
UNIT BULLET = 0b0100,
OTHER = 0b1000
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JTOJIATOK B

Caaiiu npe3eHrauii
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HanioransHII YHIBEPCHTET «3amopi3sKa MOMTEXHIKA»

Kadenpa nporpaMHuX 3acobiB

BunyckHa poboTa bakamaepa Ha TeMy:

Po3pobka koM’ toTepHOi

rpu y xaHpi Tower Defense

Baxonas:
ct. rp. KHT-220 Komoxox 5.0.

KepieHuk:
K.T.H, JOIEHT Kammienxo T.L

Pucynoxk b.1 — Crnaiig Ne 1

[Hdpopmaris mpo poboTy

Meta poGoTH — mporpaMHa peamizamis KoM 1oTepHoi 2D rpu y xaHpi Tower Defense, mo micTtats
6a30Bi MeXaHIKH Ta MPOCTHI PiBEHb CKJIAJHOCTI .

006’ eKT JoCTiTKeHAN — TIpolec po3pobkn KoMt woTepHOi 2D TpmH.

ITpenMeT TOCTiN:KeHHN — CyIacHI METOIH Ta TEXHOIOTI] po3pobOKH IrpOBHX 3aCTOCYHKIB.

3apIAHHA HA JHIUIOMHY POOOTY:

> aHall3 BHMOT J0 CHCTEMH ;

» BHOIp IHCTPYMEHTIB pO3pOOKH;

» PO3pOOKa apXITEKTYPH CHCTEMH;
p IIpOTpaMHA peanizamii KOMII'IOTEPHOI I'PH;

» TecTyBaHHS (IHATEHOTO MPOEKTY.

Pucynox b.2 — Cnaiin Ne 2
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Orsi ICHYOYHX aHall

XapakTepHcTHEA / Bloons Tower
Mindustry Plants vs. Zombies Thronefall
Hazea rpe Defense

. . o VHIKANTEHEE Crpareriaui
Crparerms=e Pi2HOMAHITHICTE
. refumei 2 refmMmIei 2
TefiMnuei OyIVEaHHE Ta EE€K T3 EOPOTIE, i
o PIZHHMH THIIAMH eIeMEHTAMH
3axHCT GadpHK IHHAMIMHI PIEHL i _
POCTHHE T3 EOPOTIE tenTest

Brcoka Cepeansa Cepengma Brcoka

OxpHHO9HA Ipa, OauHOYHA I'pa, OxHHOYHA Ipa,
OpuHOYHA TPa.
Pe:xam rpa MVIETHILIEED, MYIETHILIEED, o MVIETHILIEED,
i ) _ I337TH, MiHI-ITpH i
PEXHMH BHENMHKIE | CIEIIATEH] PeKHME PEKHMH EHETHEIE

CHcTeMHI BHMOTH Cepexmi Cepenmi 1 Bucoxl

Pucynok b.3 — Cnaiig Ne 3

Orsat iICHYFOUNX ITaTepHIB

XapaxTepHcTHKA | Game Object with | Entity Component
Game Object Custom System
Hasea naTepHy Components System

CrnagHicTs

Cepenma Hrsera Brcora Brcora
peamizanii
CrnagHicTs
. - Hrsera Cepenma Bucora Hmsera
inTerpanii
IsugkicTe

Cepenma Brcora Cepenma Hmsera
pospofkH

Crynins
Cepenmift Brcoxni

AyGaEaHHS Kogy

HapaHTa:xeHHA Ha

Cepegae Brcore
CPU

EperTHEHICTE
Cepenma Bucora Bucora
ynpasxinaa RAM

Tun npoes Indie AAA AAA

Pucynok b.4 — Cnaiig Ne 4



XapakTepucraka / Hazea

IIponyKTHEHICTE

BuxopHcTaEHA B refivMgeei

I'padignnii inTepdeiic

KoHTpoars pecypcie

IaTerpania 2 inmuME

iHCTpYMeHTAMH

KomyniTeT Ta migTpEMKa

C++
Ily#e BHCOKR
Inpoko EHKOPHCTOEY €TRCA
s pospodEHAAA rop
IIpaMuf JoCTVI A0
rpadiHOTO JEIEEA
Mae moBHHI KOHTPOIE HAT

pecypcaMe
Mae BenHEY KUIEKICTE
010moTeR T2 QpelMEOpPEIE
Mae BemHEY T3 aKTHEHY

CIUTEHOTY, 20KpeMa B

cepegosumi Unreal Engine

Bubip MoBHU mporpamMmyBaHHS

C#

Cepenaa
Tomynapuuil B refivaes,
ocodmeeo zaggaru Unity

Mae He DOTAHI MOEIHEOCTL
1714 CTEOpPEeHHA Ipadikn
Mae cepeqHii KOHTPOIE HAT
pecypcanMu
ITiaTpHMYE MEPOKHIT
CHEKTP IHTErpanii 3 Iz HAMH
HCTPYMEHTaMH
ITspoka CIUIEHOTA
pPOZpODHHKIE, 30KPEMa B

cepegosumi Unity

Pucynok b.5 — Cnaiig Ne 5

Python
Huzeka
BHKOPHCTOEYETBCE I1T

CTBOPEHHA PO CTHX 0P
OdMemeH] MOZIHED CTL

Mae HepenHEHH KOHTPOIE

HaJ pecypcaMu
IcHYE Mana KUBKICTE

G16moTex Ta dpeAMEOPEIE

Mae HEEEMHEY MTTPHMEY ¥

pozpodul rop

Bubip MmynsTHMeTIiTHOI 010110TeKN

XapaxrepucTaka [ Hasea

KpocnaardopmenicTs

Mosn nporpaMyBaHHsa

IIpocToTa EHKOPHCTAHHA

CninteHoTa KOPHCTYEAYiE

Posmupenns

3D rpadira

SDL
Migrpmaye Windows, macOS,
Linux . Android, i08

C, C+=, Ta immi

IIpocTH# ¥ EHEOPHCTAHHL, ane

MOEE SHATOOHTHCA JOAaTROEHE

EOT A71H AeAKHX QyHEmE

Hagae gocTym go ayaio. Eifeo,

rpatdikH Ta {HINFX Omepaii
AXTHEHA CILTEHOTA
EOPHCTYEATiE Ta MHPOEL
MOEIHECCTi MiATPHMER
Mae mITPHMEY BeTHECL
EiTBEOCT] INTATiHIE Ta

POSHOIHPEHD

Mae obmemeny mgrpauxy 3D

rpadixn

SFML
Iligrpmoye Windows, macOS,
Linux, 105, Android
C++, s migrpruroro aua C 1a

HITHX MOE
JlerEn#l ¥ EHEOPHCTAHHI T3 Mae
npoctaE API
Iligrpmye podoty 3 2D
rpadikoro, ayOio Ta Eigeo
Mae aETHEHY CILTBHOTY
EOpPHCTYEETiE
IligTpmvye Ao0aTEOEL MOTYI Ta
POSIIHpEHHA, ale Mo&e OyTH
obMemerHa

Moe OyTH iHTETpOEaHAaS

OpenGL gna 3D rpadisn

Pucynok b.6 — Crnaiig Ne 6

Allegro
Migrpmaye Windows, macOS,
Limux, Android, i08

C, C++, Ta igmri

CEnagsm#l ¥ BHEOPHCTAHHL

Hanae dyeEni gz pobots 3
rpadikoro, ayaio Ta Bigeo
Hegennra coinsHoTa
HOPHCTYE3diE
Mae neERy EiNBEICTB
pOSIIHpeHs, ale Mo&e OyTH
MEHIT THYIEOH
Mae Gasoey miaTpeMEy 3D
rpadixn
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[IpuHaTnn poboTH IrpoBUX 00’ €KTIB

A4 A4 Y

Game Object 1 events() fixed update() update()

v v v

Game Object 2 events() fixed update()

v v v

Game Object 3 fixed update() update()

Pucynoxk b.7 — Cnaiig Ne 7

OCHOBHI KJIaCH ITPOBOTO MPOIECY

Pucynok b.8 — Crnaiig Ne 8
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OcHOBHI KOMIIOHEHTH

Pucynoxk b.9 — Cnaiig Ne 9

['onoBHUM pexUM rpu

DayButton TowerDefense TowerButton

+ mainRect SDL_Rect + celiRect SDL_Rect = mainRect SOL_Rect
= money Texdure: SOL_Tesdure * = comerRectl: SDL_Rect
+moneyRect SDL_Rect = comerRie

+ chick. bool + moneyColor: SDL_Color + comerRect3:

+ heightFactor: foat ey
eighiFactor: fioat e e comerfiects

« teut 5id-sting = mousen: bodl

« update(): void overmide
* COmy ctl: SOL_Rect
STIRTHEELL « renger() voud ovemde

+ comerRect?: SDL_Rect

+ comerRect3: SDL_Rect

+ comerRectd: SDL_Rect

+ avents() void ovemde

= render(): void overmide EnemyManager

= set_text() void walRect SDL_Rect
UnitManager

+ set_size() void

void override

+ events() void override
+ update(): void override

+ update(). void ovemde

+ render(). void ovemde

sze() void

wn_enemies(dayValue: int) v

Pucynok b.10 — Caaiig Ne 10
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Coro3H1 OJIUHUII

* heaitn' floal
* dead. bool

+ isBullang: boot

Player | Base Smaliwall GunTower

* bodyRect SDL_Rect « baseRect SDL_Rect + imageRect SDL_Rect *+ bodyRect SDL_Rect
* headRect SOL_Rect .fe ef. D2FixtureDet * fidureDet. D2FixtureDe! * fidureDef. b2FitureDet

» fire’ boo! « body. b28ody * + body. b2Body * * body. b2Body *

» aim; bool

= render(): void override + avertts() void override + evonts(): void oveeride

+ moveSpeed roat

oo « render() void override + updatel) void overnde
« rotationSpesd foat ARG
~ render() void overnc
« fedureDef. b2FttureDel

tureDel. b2FutureDe S Poaons: vokd « seL_sprites() voul
= body. b2Body *
e o o_body(x fioat, y. foat). void + 361_D0s10N) VoK

= avonts() vold overrice + destroy_body() voxd

« fexad_update(; voxd ovemde + create_body(x float, y: floaty: void

* upgate() void ovemde

= render(). voud ovemide

Pucynok b.11 — Cnaiig Ne 11

IaTepdeiic koM FOTEPHOI I'pH

Q Ge < where you
H < th yourself and

w A
B
L 2 |

SHAPE=

TOMWERS & 90U
Y £

Pucynok b.12 — Cnaiig Ne 12
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[aTepdeiic koM’ rOTepHOI TPHU

00> B
Morney: 20( TOWERS 0 Money: 850

Big Wall @E , .4

o e 1

@.
. o
Cost: 100 Amount: 0 @

[ [ o ]

Pucynok b.13 — Craiin Ne 13

BucroBOK
B xoni BHKOHaHHA KBaimidikaniiaol poborm OGakanaBpa Oyro po3pobneHo KOMITIOTEpHY Ipy, A€
TpaBellb MOXKe KepYBaTH T'OJIOBHHM IIepcoHaXkeM 1 OymyBaT pi3HI BeXi, AKi 3aXHIMATAMYTE 6azy rpaBni. JlaHa

rpa Moxe OyTH onyOIKOBaHA Ta BHKODHCTIAHA y PO3BAXKANLHHX cdepax.
Pozpobriena rpa Mae HaCTYITHMI (YHKITIOHAT
» IIBHIKHII 3aYCK TPH;

» 3pYIHE TOIIOBHE MEHIO,

» 3pYUHHIL T4 aXalTOBAHHIL IILT pizHi MOHITOPH ITPOBHII iHTepde¥ic ;

b VIIPAaBIiHHSA TOIIOBHHAM IIEpCOHAXKEM, SKHIL 31aTeH aTaKyBaTH BOPOTIB;
P 3aXHCT OCHOBHOL 0a3H rpaBns;

> OymyBaHHS] 3aXHCHHX Ta ATAKYIOYHX BEX;

» XBHJII BOPOTIB;

> KiHeIs TpH, SKHII BioOpakae pe3ylIbTaTH I'PABILA.

Pucynok b.14 — Cnaiing Ne 14



