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O0'ekT mOcCiIzKeHHs1 — ITpOBI pylIii Ta 3aco0U pPo3poOKU TpadiuHUX ITPOBUX
PYIIIiB.

Metowo po6oTH € AoCTiKEHHS 3aco0iB PO3pOOKH 0a30BOTO MPOTPAMHOTO
3a0e3MedeHHs 11 KOMIT FOTEPHHX IrOp Ha OCHOBI aHaJI3y KaHPOBOI Kinacudikariii irop,
1 po3poOKa BIacHOTO rpadivHOTO PYIIIis 3 BUKOPUCTAHHIM makeTy 6i16miorek lwjgl.

MeTtoaoM I0CJIIZKEeHHSI € aHalli3 JITEpaTypH, JTOCIIIKEHb 1 pO3p0OOK BIJOMHUX
KOMITaHI Ha TpeaAMeT TOIIYKY HaWOuIbll e(EeKTHBHUX 3ac00iB po3poOKu 0a30BOT0
IPOrpaMHOro 3a0e3nedeHHs AJisk KOMIT FOTEPHUX 1rop.

B pesynbTaTi BUKOHAHHS AMIUIOMHOI poOOTH OyB po3poOieHuil rpadiuHuit
IrpoBUid pymii, skui creuianizyerbes Ha RPG-mocimiIHULIBKUX 1rpax 3 BEJIHUKOIO
ITPOBOIO KapTOIO, SIKMA 3 HEBEJIUKUM JOOIpPAI[IOBAaHHSAM MOXHA  TEPETBOPUTH B
KOMIUIEKCHUM ITPOBUN pyIIii, JUIss CTBOPEHHS CKJIQJHUX ITPOBHX CIIEH, Ta
BUKOpPUCTOBYBaTH sl pobdotn y AAA mnpoekrax. Takox Oyj0 3anpONOHOBAHO
KOMIT'IOTEPHUN TMPAKTUKYMH 3 BUKOPUCTAHHS JOOIPAIIOBAHHS JOHHOTO PYIIisS IS
BUBUCHHS JUCHUIUIIHK «TexHOoNOorii CTBOPEHHS OCBITHIX KOMI'IOTEPHHX Irop Ta

MPOEKTYBAHHS JIOMIOBHEHOIT PEaIbHOCTI».



ABSTRACT

The object of research - game engines and tools for developing graphic game
engines.

The aim of the work is to study the means of developing basic software for
computer games based on the analysis of genre classification of games, and to develop
your own graphical engine using the lwjgl library package.

The research method is the analysis of the literature, research and development of
well-known companies in order to find the most effective means of developing basic
software for computer games.

As a result of the thesis, a graphic game engine was developed, which specializes in
RPG-research games with an open world, which with a little refinement can be turned
into a complex game engine to create complex game scenes and use to work in AAA
projects. A computer workshop on the use of bottom engine refinement to study the
discipline "Technologies for creating educational computer games and designing

augmented reality" was also proposed.
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EOM - Enextpuuna oOuucItOBaIbHA MAIlIMHA
EIIT - Enexrtpo-nmpomenena TpyOka

[IK - llepconanbHuii KOMI’ TEP



BCTYII

Ha crorogni, maibke KO>KHA JIOJIMHA T'pajia B KOMIT FOTEPHI irpHu, a TEPMiH Uylia
KOXHA. Irpu ChOTOJIHI MarOTh OKpPEMY JIAaHKY B 1HIYCTPii €eKOHOMIKH, aJKe MPUOYTOK,
10 OTPUMYE BUJABEIIb TP MOXKE OKYIMATH OIO/HKET TPUB B JIECITKU pa3iB. A OIOJKETH
cyqacHuX AAA a0 BHCOKO OMOJKETHHX IrOp CKJIaJa€e JeB’SITH 3HAYHY CyMy, 1
MOCTYNOBO TNOYMHAE OOXOAUTHU KiHemarorpad. AJKe irpd Ha BIIMIHY BiJI (uIbMIB
pPO3paxoBaHi Ha BEJIMKY KUIbKICTh ITPOBHMX YacCiB, 1 OKPIM PyXOMOi KapTUHKH, HAAAIOTh
MO>KJIMBICTh KOPHCTYBauaM B3a€MOJIl 3 HUMH, KpPIM TOrO irpyd HaJarOTh JOCTYI I'PU B
HUX B Oy/JIb-SIKUIi MOMEHT Yacy.

Opnak MO0 CTBOPUTH Tpy, HEOOXITHWI IrpoBuil pymniii — 6a3oBe mporpamHe
3abe3nedeHHst kommn'totepHoi rpu. Tepmin «IrpoBuii pymiit»y BuauK y cepenuni 1990-x
y BigHOmEHHI A0 1wrytepiB Bix mepmoi ocodu (FPS). Komu rpaBism Hamanu
MOJKJIUBICTh 3MIHIOBATH JW3ailH PIBHIB, BUIJISJ T'OJOBHOTO MEPCOHAXKY, Ta BOPOKUX
MOHCTpiB. Tak BHHUKIA CHUIBHOTH PO3POOHUKIB MOAU(DIKALIA — TPYNU OKPEMHX
JOJIeH Ta HEBENMKUX HE3aJIEKHHMX CTYIId, Kl OyAyBajld HOBI 1rpU, MOAM(IKYIOUU
HasiBHI IrpH, BHUKOPHCTOBYIOUM OE€3KOIITOBHI HAOOpPUM I1HCTPYMEHTIB, HaJaH1
OpPUTTHAIBHUMU PO3POOHUKAMH.

[Ipore Taki momudikaiii Maau paMKH, 1 3MIHIOBAJIU JIMIIE Bi3yallbHY CKJIAJOBY
rpu. Tomy JesKki KOMIIaHii TOYajad CTBOPIOBATH ICPOBI PyIIil ISl MOKJIMUBOCTI
CTBOPEHHsI 1rop Oyab-skux >kaHpiB. Hemomikom Takux pymiiB € Te 1[0 BOHU
BUKOPUCTOBYIOTh Habarato OLIbIIEe pecypciB, JJIs MPOEKTIB, HIXK BY3bKO HaIpaBiIeHI
pyiii, Ta MalOTh TIEBHI OOMEXEHHS 110 3aKJIaJICH1 B OCHOBI KOJTY.

Tomy Benuki KommaHii po3poOJIOIOTh BJIACHI ITPOBI PYIIIT MiJ KOXHHUWA >KaHP
cBOiX 1rop. I me € BIAMIHHMM BapiaHTOM I CTBOPEHHS KOMIUIEKCHUX, BUCOKO
OIO/KETHHX 1TOp, 110 HE MalOTh OOMEXEHb B IrpOBiii MEXaHiIl.

[TpoBigHi KOMMaHIi HAJZalOTh MEpeBary BJIACHUM a0 BY3bKOCHEI[iali30BaHUM
pymrisM. OCKIIBKHA JUIsl CTBOPEHHS KOMIUIEKCHOI BHCOKO OFOJIKETHOI TpH, HEOOX1THO
100 pyIIii He MaB OOMEXKEHb JIJIsl MEXaHIKU T'PH, 1 B TOM Yac rpa MOrJia 3alycKaTUCh Ha

OUTBIIIOCTI KOMIT FOTEPIB. | po3poOKa BIACHOIO PYIIis 1acTh 3MOT'y CTBOPUTH TaKy Ipy,
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HE BUKOPHCTOBYIOUH 3arajibHO CTIPSMOBaHUX pymIiiB. OKpiM IIbOT'O HA OCHOBI CIIACHOTO
ITpOBOTO pyIIii MOXHa CTBOPUTH CBOIO IrpoBy (ipMy, Ta HagaBaTh Py y
BUKOPHWCTAHHS IHITUMHA (HipMaMH.

MeToro AOCTIKEHHS € aHalli3 Ta 3aCTOCYBaHHS CydyacHHMX TpadiuHmux 01010TeK
JUIsl CTBOpPEHHs TrpadiyHOro pyIris, MO JacTh 3MOTY CTBOPIOBATH Irpu MO0 OyIyTh
0a3yBaTuch Ha xaHpi RPG 1 fioro mexanikax.

JI71st HOCSITHEHHS TTOCTABJICHOI METU OyNu c(hOpMYITbOBaHI TaKi 3aBJIaHHSA:

1. mocHiAnTU CydacH1 KOMIT IOTEpHI irpH;

2. BU3HAYUTH KaHPU KOMIT IOTEPHUX 1TOp;

3. mpoaHaji3yBaTH CKJIAJIOBI IFPOBHUX PYIIIiB;

4. MOCTIANTH TEXHOJOT] 1711 CTBOPEHHSI IrPOBUX PYIIIiB;

5. [IpoBecTu aHami3 rOTOBUX PIIIEHD JJIS1 IPOBUX PYILIiB;
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1 AHAJIITUYHAN OTJISII ITPOBOT THIYCTPIi

1.1 Bu3HayeHHsI NOHATTH KOMII'IOTePHOI rpH

Komm’otepna rpa — 1€ €NEeKTpOHHA TIpa, sKa IMependavyae B3aeEMOMAIID 3
iHTepdelicoM KopucTyBada JJis OTPUMAHHS BI3yalbHOT'O 3BOPOTHOTO 3B’SA3KY Ha JBO-
a00 TPUBUMIPHOMY TIPUCTPOi 300pakKeHHsI BiAEO, TaKUX SK CEHCOPHUH eKpaH,
rapHiTypa BipTyalibHOI peabHOCTI 800 MOHITOP 4H TeleBi3op.[2]

B mamii g1 Benuue3Ha KUIBKICTh PI3HMX 3a 1HTEpecaMH JII0JIE 4acTo I'pa€ B
koMmm'rorepHi. Cepen TpaBliB 3yCTpIYalOThCsd 1 OI3HECMEHHM, 1 TIOJNITHKH, 1
JIOMOTOCIIOAaPKH, 1 1HXKEHEPH, 1 XYJOKHUKH — B IUIIOMY aOCOJIFOTHO Pi3HI JIIOJM.
KoMmm'toTepHi Irpy cTajy CHpaBXHIM KyJIbTYpHUM (DEHOMEHOM — BHHUKHYBIIM SK
HEXUTPHH T[] TBOPUOI AYMKH MPOrPaMiCTiB, BOHM 3 KOXKHUM POKOM HaOyBaiu BCe
OUTBIIOI MOMYJSIPHOCTI — 1 PO3BUHYIIUCA O TOTO, IO CTATH OKPEMOIO CHEIH(PIIHOIO
CIIOPTUBHOIO JUCITUIUTIHOK — Kibepcnopt. [lonut HapoaKye MpOMO3HIII0 — 1 0Ch 10
BCbOMY CBITY 3pOCiM KOMMaHli 3 po3poOku irop, a pobOoTa reim-aeBa
(gamedevelopment) crajga BIAMIHHOIO IEPCIEKTUBOIO JJIsi 0araTboxX FOHHX YMIB, SKi
0a)kaloTh CTBOPIOBATH KOMIT'FOTEpHI irpamniku. Jleski irpoBi cepii cTaau KyJIbTOBUMH —
Hanpukiaga, DOOM, Quake, Civilization, HoMM, Fallout, Metal Gear, Dragon Quest,
Legend of Zelda, Final Fantasy, TES, CoD, Half-Life, CS, WoW, Starcraft, Diablo,
NFS, GTA. Ak MiHIMyM [IpO OJIHY 3 HUX Hall€BHO 4yJja Oy/ab-iKa JIOJMHA, IKa X04 pa3

CTHUKAJIACh 3 KOMITOTEPOM.

1.2 IcTopist po3BUTKY irpoBoI IHAYyCTPIl

IcTopist po3BUTKY Bijieoirop Hajiuye Bxke moHaa 60 pokiB. Ilepmri irpu Oynu
MPUMITUBHUMH, [IPOTE CaMe BOHHU 3a/1aJI BEKTOP PO3BUTKY BCI€T IrPOBOI 1HIYCTPIi.

EBomntoriist Bigeoirop 6e3mocepeiHbO MOB's3aHa 3 MPOrpecoM y cdepi «irpoBoro
3amizay. [Ipuyomy B mOYaTKOBIM cTajail 1€ CTOCYBajoCs, B IEpIIy 4Yepry, IIPOBHX

npuctaBok, ToMmy 110 [1K cTanu qoctymHi O11bIIOCTI KOPUCTYBadiB HAbaraTo mi3HIiLIeE.
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CTBOpeHHSI MepuIMX BIJIEOIrOp MepeAyBad JAESKI HAIpallOBaHHS 1 BUHAXOJIH,
3aBJISKH SKUM 1 3'IBUJIMCS Ha CBIT «IIpadaThbKu» cydacHHX irop. Tak camo sik maTeHT Ha
BukopuctanHsa EIIT (enexTpoHHO-TIpoMeHeBOi TpyOku) B irpoBux mutsix (1947 pik),
CTBOPEHHSI aJITOPUTMY IIax0BOI Ipu st kKomm'torepa (1948 pik), a moTiM HamMcaHHS
nepioi moaioHo1 nporpamu mig HazBoro « TUROCHAMP» (komm'torepiB, 31aTHUX 1l
3aMyCTUTH TOI 1m1e He O0yino) B 1950-1951 pokax.

CrpoOu CTBOPUTH MPOCTEHBKI IrpU Ha HUGPPOBUX MPUCTPOSX poOMIHCS IIE 3a
poku Jpyroi CiToBoi BiitHM (a B 1947 Bxke Oyia 3amporpamMoBaHa Ieplia eJIeKTpOHHA
rpa, MOHITOPOM JIJIsl SIKOi CIIY>KMB €KpaH BIMCBKOBOTO pajiapa) - 1e OyB CHUMYJISTOP
BOPOXHUX PaKET — IMPOTE BBAKAETHCS, IO MEPUIOK KOMI'IOTEPHOIO rporo ctana "OXO

"(" Xpectuku Hynuku "), B moonuHi 3poosera A.C. Jlyrmacom B ganexomy 1952 porri.
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Pucynok 1.1 — Emynsiuis nepiuoi rpu

Y 1958 pomi BuyeHum Binbsimom XiriH6oreMom OyB CTBOPEHMI TMEPIIHiA
CUMYJIATOp TeHicy mij Ha3zBow «Tennis for Twoy». I'patu B HHOr0 MOTJIH JIBOE JIFO/ICH:

BOHM YIIPABJISUIU PYXJIMBUMHU TUIaT(opMaMu, SIKUMU BIIOUBAIH M'STYMK.
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Pucynok 1.2 — ®parment rpu Tennis for Two

[Tepmmmu cepen 1HIIMX KOMI'TOTEPHI TPy CTaJIl MacOBO CTBOPIOBATH OTIEPATOPHU
EOM B pi3HuX HamiB3aKpUTHX HAYKOBUX YCTaHOBAX, 1[0 Malu B po3nopsmkenHi EOM.
Hampuknazn, B 1962 pormi rpymna cTyneHTiB MaccadyCeTchKOro TEXHIYHOTO 1HCTUTYTY
ctBopmwia rpy Spacewar! nmns HoBoi EOM DEC PDP-1. ¥V Spacewar! rpaBusm
HaJaBajlacs MOXJIMBICTh TIOKEpYyBaTH 3a JONOMOIOI0 KOHTPOJIEPIB KOCMIYHUMU
KOpalJMKaMu, 110 BUCTPUIIOE OJIMH B 0JHOro pakeramu. CKJIaJHOCTI I'pl JOJaBajlo Te,
0 KopabJil KPY>KJISJIM HaBKOJIO CMEPTOHOCHOI YOPHOI JIIpH, PO3TAIllOBAHOI B LIEHTPI
irpoBoro moiisg. Spacewar! cTtaja Ay)Ke MOIyJsSpHA MO BCbOMY CBITY BiJ TOTO, IO
kommaniss DEC BOyayBana ii y cBOi KOMI'IOTEpH SIK MpoOrpamy, 3a JOMNOMOTOI0 SIKO1

nepeBipsuacs iX mpare31aTHICTb.
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Pucynok 1.3 — Ilepmnii nporoTun rpu Spacewar

Bxe B 1966 pomi Panbd baep crBopur nepury "teneBiziviny" rpy Chase, 1o
CTajlla TEpIIOK TPOI0, MOrpaTh B SKYy MOKHa Oyno, BUBIBIIM KapTHHKY Ha EKpaH
TeneBizopa y ceOe BaoMa. Takox B 1967 BUHIIIO KUIbKA IHTEPAKTUBHUX 1TOP, IS AKUX
OyB HEOOX1THUN TPOMEHEBUH MICTONET.

VY 1969 pori nporpamict Ken Tommncon ctBopuB rpy anst OC MULTICS. Bona
Oyna nazBana Space Travel. B ST rpasenp Mir moiopoxxyBaTi Ha KOCMIYHOMY KOpaOJIi
MDK TIJIaHET HEBEJIMKOI COHSYHOI CUCTEMH Ta IMOCaIUTH Kopabeab Ha OJHY 3 HUX, IO 1
OyJI0 METOIO TPH.

Ane micna 3akpurtsa mpoekty MULTICS, Keny poBenocst mrykaTd HOBHM
KOMIT'IOTep sl cBoei rpu, sikuMm ctaia EOM kommnanii General Electric. Aune
OpaimooBaT 3a HEw Oyno ayxke Joporo, ToMy TOMICOH TOpPTyBaB CBOIO Tpy Ha
crapenskuii PDP-7. JIns mopryBaHHsS rpu Ha 1eil komm'torep 1 Oyma crBopena OC
UNIX. Kpim Toro, 1970 pik cTaB poKOM HapOJKEHHS KOMIT'IOTEpHOI MUl (aBTOpa —

Hyrnac Earensrapar). Brim, B irpax ii cTanu BUKOPUCTOBYBATH HA0araTo Mi3HIIIe.
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Pucynok 1.4 — Jlyrnac Enrensrapar 31 CBOiM BUHaX0JI0M

Y 1971 poui rpy Spacewar CWIBHO CHPOCTWIIM, MpuOpaBimiy 3 Hei (i3uky Ta
THEPIII0, 1110 JaJ0 MOXJIUBICTh 3pOOUTH ii HabaraTo MEHI BUOAriauBoro 10 "3amiza" i,
MOMICTHUBIIIM i1 HAa KOMITAKTHI €JEKTPOHHI IUIaTH, MiJ'€IHAaTH iX JI0 TeJeBi3opa Ta
OTpUMATH MEpUINi IrpOBHU aBTOMAT. Byno BUIYIIEHO MIBTOPU TUCAYl TAKUX ITPOBUX
aBTOMATIB, 110 03HAMEHYBAJIO COOOI0 BHUX1J KOMIT'FOTEpPHUX 1rop B Macu. ['patu B Taki
aBTOMATH JIFOJIM MOTJIA B TPOMAJICBKUX MICI[SIX — 3PO3yMLITO, 3a TPOIITi.

VY 1972 poui [ebni i bymnenn 3acHyBaiu irpoBy KommnaHito Atari, 1o CTBOpUiIa
Hezabapom crana momynspHy rpy PONG, 6Gararo 3amoswumnm 3 Tennis for Two.
Kommnanii Brasiocs npoaatu monasa 1900 aBromarip 3 BimmTor0 B HuX rpoto PONG. bByino
nponano 19 000 irpoBux aBromariB. Tak PONG crayia Haiimepiiow 3a BCIO 1CTOPIIO

KOMIT'FOTEPHOIO I'POI0, 110 0araTo pasiB OKYNHUIIACh.
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Pucynok 1.5 — IrpoBuii aBromar miist rpu B PONG

Y toMy x poii B CTeHPOPJICHKOMY YHIBEPCHUTETI OyB TMPOBEICHUM MEPIIHil
kiObepcriopTuBHUI TypHIp 3 SpaceWar. Lo maty Mo)kHa BBaXKaTH BUXIJHOIO TOUYKOIO
3apomxeHHs E-sports.

3 1971 no 1980 pik Buitiun aBa mryrepa Bif nepiioi ocoou na EOM - Maze War
1 SpaSim (J1Ba nepuux myrepa, Nepuuil — B JIaOIpUHTI BiJ NepiIoi ocoOu, Ipyrum —
Ha TJi KOCMOCY), Ile — Tiepiia TeKcToBa rpa-kBecT Adventure y BcecBity D & D
(Dungeons & Dragons), nepiira rpa-kBect Colossal Cave Adventure. Bynu crBopeni
Mepin MPOTOTUIM MEPEKEBHUX 1rop, 3'SIBUIUCS KAapTUHKU 3 TEKCTOBUX CHMBOIIIB
(ASCll-art).

Jlpyre nokominus Bigeoirop (1976-1983)

VY 1976 poui Oynu cTBOpeH1 nopTaTuBHI Hocii 1Hpopmarii (ROM-karpimxki), 1o
J03BOJIMJIO HE 3alllMBaTH MO OAHIM T'pl B OAMH KOMIT'IOTEp, a 3alHMCyBaTH irpu Ha
KaTpiKi, BCTABJIATH IX B CHELiaJbHI CIOTH Ta IpaTd Ha OJAHIM MallMHI B Pi3HI
KOMIT'IOTEpHI irpu. Taki KOMIT'IOTepU CTaJIM HA3UBATH KOHCOJSIMU. [lepinoro KOHCOIITIO

B pe3yiabTaTi ctana koucoiab VES 1976 poky Bunycky Bin Fairchild, ane Bona ne crana
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oco0uBO nomyssipHoro, Ha BiaMiHy Bl VCS, Intellivision, ColecoVision. ¥ 1977 pomui
CriB JI>)x00C 3 TOBapuIIaMy BUITYCKAIOTh KOMIT'IOTEP VISl JJOMAITHBOTO KOPUCTYBAHHS

Apple I, sikmii Takok cTaB MmIaTGOPMOIO JIJISI CTBOPSHHS irop Ha KOMITFOTEpH. [5]

Pucynok 1.6 — Komm’rorep Apple 2 1977 poky

IrpoBa konconb VCS (Video Computer Sistem (Atari 2600)) Buitiiuia B 1977 pori
Ta cTajla HaWMOMyJSAPHINIO 3 Mepuux KoHconed. Bona Bomoaina 8-Mu OITOBUM
nporecopoM. HactynHoro koncostto Oyna Intellivision 1980-ro poky, sika BiJipi3HsiIacs
OutpIn moTyxHUM, HIX Yy VCS, necaTu-0iTHUM MHpPOIECOPOM, 1 OLIBII MPOAYKTUBHUM
Bimeouinom. 3a 7 pokiB (1977-1983) Oyno mpomaHo TOHAI COPOK MIIBHOHIB

eK3eMIULsIpiB KoHcom1 Atari 2600.
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Pucynok 1.7 — IrpoBa koncounb Atari 2600 1977 poky

VY 1979 poti Takox BUHILIN B MacH irpoBi aBTromatu Asteroids 1 Pac-Man. [Ticns
Buxony Pac-Man irpoBi aBTOMatu CTaid 3'SBISTUCS B MICISAX CKYMYEHHS JOJEH
(TOproBux 1meHTpax i T.1.).

[lepmia kuieHbKOBa TpHCTaBKa s irop 3'sBwiacs B 1979  Bigomoi
amepukaHcbkoi kKoMmmadii Milton Bradley, mo cnermianizyeTbcsi Ha HACTUIBHUX ITpax.
Ileit mpuctpiii oxepkaB Ha3By Microvision. BiH MIr MOXBaJUTHCS MOHOXPOMHUM
KBaJIPaTHUM PIIKOKpUCTATIYHUM ekpaHoM 16 Ha 16 mikceni. Ilim Mcrovision Oyio
CTBOPEHO JBaHAAIATH irop (mo aBa kutoOaiitm koxkHa). Koncomp ColecoVision
3'seunacst B 1982 pomi. Bona Oyna mie motyxHime, HiXK i MONEpEeNHMII, ajie depe3
MOHOIIONII0 TPbOX OCHOBHMX BHPOOHHUKIB KOHCOJEH PHHOK He3abapoM HeadusK
0OBaJIMBCH.

Tpere nokominus Bigeoirop (1982-1988)

VY 1980 porii 3a CTBOpEHHS MPOCTUX KOHCOJIEH 3 MOHOXPOMHHUM €KPaHOM B3stacs
anoHcbka kKommadis Nintendo. Bona mocraBuna mnepea cobo0 METy — CTBOPUTH
KOMIIaKTHI IPUCTPOI IS irop B mojaopoxkax. B pesynbrarti 3'sBunacs cepis irop Game
and Watch. Came iX mpHUKIazoM HaIWXalUCs PaaSHCHKI PO3POOHMKH MPH CTBOPEHHI

Komm'totepaux irop ¢ipmu "Enexrponika" (nanpuxmnan, "Hy, moctpusaii!")
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Pucynok 1.8 — IrpoBa xonco:ns Bix pipmu "EnekTponika”

Y 1982 pomi Ha pusKy 3'sBuBcsi Commondore 64 OgHOYACHO 3 AHTITIHCHKUM
BOCBMHUPO3PSAHUM KoMIT'IoTepoM Sinclair Zx Spectrum. OcrtaHHIN CTaB BOICTUHY
JETeHIapHUM — TMIBUKO TOIIUPUBIINCH MO BCHOMY CBITY, BiH NMPOJOBKYBaB MaTH

MIOTIMT I11¢ OUTBII K IECATHh POKIB.

Pucynok 1.9 — Sinclair Zx Spectrum 1982 poxy

Komun na pusky 3'sBunucs IBM-komm'torepu, irpu 3HOBY CTajid CTaBaTH
nonyiasipauMu. HoBI TexHosorii, cepell SKUX — HOBI 3BYKOBI 4inH, 16-komipHuii (a
sromoM — 1 256-kompopoBoi VGA) cTaHmapT JO3BOIWIM pPO3POOHUKAM irop

CTBOPIOBATH OUTBII CKIIA/IHI M KPAaCUBI irpy HA TIEPCOHANBHI KOMITIOTEpH. [3]



20

VY 1984 B Paasucekomy Coto3i 3'siBuiiacs rpa Tetris (Terpic).

OnHak 1 po3pOOHUKH ITPOBUX KOHCOJICH TUM YaCOM HE CHJIUTH CKJIABIIN PYKH —
B 1985 pomi mobaumna cBiT BochMU-OiTHa irpoBa koncoinb NES (Nintendo
Entertainment System), 1o craja 1KOHOIO raiy3i Ha JECATOK POKiB. BciM Bam Bimoma
rpa Super Mario Brothers cmoyatky Oyna Bunyiena came Ha konconi NES.

Yerepre nokomiHHsA Bigeoirop (1988-1994)

[leti mepiom dYacy O3HAMEHYBaBCS PI3KUM CTPUOKOM SIKOCTi, KUIBKOCTI Ta
3/ICIICBIICHHS. BapTOCTI SK PO3POOKH KOMITHOTEPHUX Irop, Tak 1 NEPCOHATbHHUX
KOMIT'IOTEpIB, MPUYOMY B OcTaHHIX noyanu 3'sBistuca CD-ROM. B irpax mnouas
3'IBIATHCS SIKICHUHM 3BYK, MPUEMHA OKY Tpadika i cnenedexkT. Y 1el 4ac yTBOPUIUCS
Taki reiim-neB kommadii, sk: Blizzard, Epic Games, id Software, Electronic Arts, 3D
Realms i Oararto inmmux. Cepen 6e3miui BUMYHIEHUX B I Mepioa 4yacy irop BapTo
okpemo Buaumut Mortal Combat, Street Fighter, Heroes of Might and Magic, Myst,
Wolfenstein 3D, DUNE-2 (mepiia mokpokoBa crpateris), Alone in the Dark (oxun 3
nepmux xoppopiB) DooM, King's Bounty (mpabatbko Bcix cydacHux RPG) i,

3Buyarno, Civilization.

w
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Pucynok 1.10 — Dune II 1992 poky

Cepen xoHComeH 11el mepior 03HaMeHyBaBcs BUIYckoM B 1989 pori 16-Tu 6iTHOI

Sega Mega Drive, Ha 1o Nintendo depe3 n8a poku BifmnoBiia cBoiii SNES (te came, 110
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i NES, ane 3 npedikcom "Cynep"). Bynu it inmi koncomi, Taki sik Neo-Geo, PC Engine
Ta 1HIII, aje BOHU HE 3100y TaKOi MOMYJISIPHOCT1 Y MYOJIIKH.

[T'ste mokoiHHS Bifgeoirop (1994-1999)

[ToctynoBo 2D rpu Wiy B MUHYJIE — X MICIIe TIOTPOXY 3aiiMaiyl irpu 3 OUIBII
peanictuunoro 3D rpadikoro. 3'sunucs 32-X O01THI nmporiecopu. 3HAKOBUM CTaB BUXIJ B
1993 poui Atari Jaguar, yepe3 pik micis sSIKOro Ha puHOK BuMnLIM Sony PlayStation 1
Sega Saturn. Irop crano uie OuIbIIe — A0 TOrO X 3 BUIYIIEHUMH MOIMEPEAHBO ITPaMH,
OaraTo 3 SKUX CTalu KyJabroBuMH, 3'sBuincs rpu Tekken, Resident Evil, Silent Hill,
GTA, Need for Speed, Starcraft, Half- Life i T.1. Ha puaky KoHCOJIEH TPOIOBXKYBAIH
Oopotucs Tpoe BHpPOOHHWKIB mpucTtaBok - Sony, Nintendo 1 Sega. ¥V IIK —
BijieonprckoproBadiB 3'sBuircs craHgapta DirectX 1 OpenGL - 1, sk Hacmigok Imiei

nofii, nryrepu Big nepmoi ocoou Unreal i Quake. [5]

Pucynok 1.11 — Quake 1996 poky

[Hlocte mokominus Bigeoirop (1999-2005)

Y 1998 poui BuiilIa MOTYXHAa KOHCONB Sega Dreamcast, sika 4yepe3 HHU3KY
OPUYMH HE 3MOrja MIIHO 3aKpiNUTHCS Ha PUHKY 1 He3abapoM BIaja 3 HbBOTO,
MOTSITHYBLIX 32 00010 1 cBOro TBOpLs, Sega. Sony 1 Nintendo 3akpinuivics Ha pUHKY
3a pomnoMoroto, BiamoBigHux: PlayStation 2 1 Game Cube. Microsoft Texx Bupimmia

BCTaBUTU CBOI N'ATh Komilok 1 Bumyctuia y 2001 pori cBoro mepury KOHCoib Xbox.
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OnHOYaCHO CTaJIM PO3BUBATHCS TPU HA MOOUTbHUX TelleoHax, B OUIBIIOCTI CBOiMl — Ha

miatopmax Symbian, Java 1 Windows Mobile.

Pucynok 1.12 — TES 3 Morrowind 2002 poky

Tum gacom rpu Ha PC po3BuBaiucs HITPOXH HE MEHII IHTEHCUBHO — 3'IBUJIOCS
0araro pi3HUX KOHQIrypaliid JOCTYMHUX 3BUYAITHOMY CIIOKMBA4Y€Bl KOMIT'IOTEPIB, HOMY
cepell TpaBLIB CTAaBCS PO3KOJI — Ti, XTO BBa)KAJIM 3a Kpallle HE BUTpAayaTH rpolll Ha
notyxHi PC, rpanu B pi3HOMaHITHI KBECTH, apKaJu, peOycH Ta TOJIOBOJIOMKH, a Ti, XTO
po3uienpuBcs Ha noTyxHUA PC - HacoIoKyBanucs Ay e KpaCUBUMH Ta BUMOIJIMBUMU
10 3aii3a irpamu, Takumu sik Quake 3, Half-Life 2, Morrowind, Age of Empires, Unreal
Tournament 2004, GTA: San Andreas 1 Oararbma iHmuMH. IIpomecopu craioTh Bce
noTyxHimre, Ha puHok Buinin ATI, AMD 1 NVidia, noticausinu Intel. ¥V Bce 6in1biioi
KUIBKOCTI JIFOJIEW MOo4YaB 3'BIATUCS JOCTYN 10 I[HTEepHETY, 0 MOCHPHUSATIO PO3BUTKY
HU3bKOOIO/DKETHUX 1HAI-CTYIIA 1O po3poluil 1rop, sSKI OTPUMAId MOXKIUBICTh
MPOJAaBaTU CBOI Irpu yepe3 [HTepHeT 6e3 BUTpaAT Ha MOKYIKY 1 Mepenpojax (i3u4HuX
HOCIiB. B TOll camuii yac MOTYyX’HO PO3BUHYJIOCS IU(pOBE MIPaTCTBO, OCOOIUBO B

kpainax CH/I.



23

Pucynok 1.13 — Age of Empires 2 1999 poky

Pa3om 3 num mounHae HaOupaTu MomyssipHICTh «Dota» - rpa, 10 NpeacTaBise
monudikamiro oxHiei 3 kapT «Warcraft III». Hamami nsg kapra odopmmiacs B oKpemy
rpy, a y 2013 pom BoHa oOTpuMaga TMPOJOBKEHHS 1 CTaja TOMYyJIIPHOIO

KiOEpCIOPTUBHOIO AMCITUILTIHOKO MMij] Ha3Boto «Dota 2».[4]

Pucynok 1.14 — Komn’torepna rpa Dota 2

Crome nokosmiHHsA Bifeoirop (2005-2015)



24

Irpu craroTh Bce OUIBII BUMOINIMBUM A0 3alli3a, 3'SBIISIIOTHCS HOBI KOHCOII,
OaratosiZiepHi MPOIeCOpH, [HTEPHET € MPAaKTUYHO y BCHOTO HACENCHHS, MPOMaXi irop
CTPIMKO TIepexosiTh B udpoBuit popmart, xou 1 Buxonath 00'eMui Blu-ray nuckwu, siki,
MpoTe, HE 3MOTJIM BUTpaTh OOpOoTHOY 13 NEMIEBIIUMHU Ta OUIBIIMMHU B po3Mipi ¢Jien-
kaprtamu. [lig KiHelb B KOHCTPYKIIIO 0ararbOX HOBUX HOYTOYKIB HaBITh NEpeCTaiu
J0/laBaTh ONTHUYHUNA TPUBIA — 3apajyd €KOHOMIil MiCIls, 3MEHIICHHS 1 MOJIETHICHHS
KOPITYCY.

Haii01b1111 po3p0OHUKH CTaJIM BUITYCKATH KpocIuiaTopMeHi MPOEKTH BiJpazy Ha
pi3HI irpoBi MmiIaTdoOpMH Il Kpalloi OKYMHOCTI, CTajo 3'ABIATHUCA BCE OUIbIIE 1HJII-
CTYZi#, 10 YepraroTh KOIITH Ha KpayAdpaHauHry (30ip mokKepTByBaHb y MOTEHIIHHUX
TPAaBIiB Ha CHEIIATbHO CTBOPEHUX /IS IbOT0 MalaH4ynKax). KiapKicTh HOBHX 1rop, M0
BHUITYCKAIOTHCS IMIOPOKY, POCTE JTaBUHOIMOAIOHO. [5]

2012 pik. byna Bunymena «The Witcher 3: Wild Hunt» - maiikpamia PII 3a

MOTHBAaMHU CJIOB'STHCBKOTO (peHTE31.

Pucynok 1.15 — Komm’rorepna rpa The Witcher 3: Wild Hunt

Bocbme nokomninas Bigeoirop (2015- Ham gac)

[Mpubnuzno y 2014-2015 pomi Ha pUHKY BIPTyaJIbHHX pPO3Bar 3'sBHIACH
texHonoris VR. Virtual Reality movana npobuBaTtucs Bigpasy mo BCix ppoHTax — 1 Ha
PUHOK MOPTATUBHUX MOOUIBHHMX IMPUCTPOIB, 1 Ha puHOK crarioHapHux [IK 1 irpoBux
KOHCOJIeH. AJjie y BIpTyalbHIM peaJbHOCTI BUHHMKIO O€3iiu MpodiieM, cepel SKHX

HEJOCTAaTHA KUIbKICTh ITPOBUX MPOEKTIB, 110 MIATPUMYIOTh TexHOJoriro VR, Bucoka
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BapTICTh NPUCTPOIB JJIsl HET i CUP1 TEXHOJOrIi B3aEMOJIIT 3 BIPTYaJIbHUM CBITOM (pi3H1
JDKOWCTHKH, CEHCOpHM Ta Kamepu abo 3abe3medyBayin HE3pydHYy ab0 MPOCTO TOTaHy
B3aEMOJIII0 3 BIPTyalbHICTIO, a00 KomrtyBamu ayxke Oaratro). Cepen VR-monomis
moxkaa suaimtu: Oculus Rift, HTC Vive, Sony PlayStation VR, Samsung Gear VR 1
kapTonauit Google Cardboard (n1Ba octanHi — 17151 cMapTQOHIB).

Uepes kibKa POKIB BapTO OUIKYBATH CIUIECKY 1HTEpECY MO0 IIi€i TeXHOIOorii —
KOJIM OUIBLIICTh NMEPECIYHUX KOPUCTYBauiB OyAayTh MaTu noTyxHi [IK 1 6ynyTs TOTOBI
KYIyBaTW I'PU 3 MIATPUMKOIO IIOJOMIB BIPTyaldbHOI peaibHOCTI, MPOBIAHI BUPOOHUKHU
IrOp HANeBHO BIAPEAryOTh Ha 1€ BUITYCKOM HOBUX 1rop AAA kiacy 3 miaTpuMkoro VR.

Bineoirpu Bxe AaBHO CTalM YaCTMHOIO Cy4acHOi KyJbTYpH: y OaraTbox KpaiHax
BOHU Bke oQimiiiHO Bu3HaHI mucTenTBOM. Kibepcmopt Habupae MOmMysSpHICTH 1 3a
MPOTHO3aMHU AHATITUKIB ayJIUTOPIS TIIAIa4iB, a TaKOXK (hIHAHCOBUM 0OOPOT IIi€i ramysi

Bke 710 2025 poKy NMepeBUIHUTh CTAHAAPTHI BUIU CIIOPTY. [5]

1.3 ’Kanpu koM’ 0TepHHX irop

KibKICTh KOMIT'FOTEPHUX ITOp MPOCTO BETUYE3HA, 1 YACTO BOHU KIACU(DIKYIOTHCA
3a XapakTepucTukamu a0o 3aBHaHHSAM. Tomy Kkateropii irop, abo KaHpPH, MOXYTb
MOJIUTATHCS HA MIJKAHPH, a OHA T'pa IUIKOM MOXE HAJIEKATH JI0 KIJTbKOX JKaHPiB.

Tak irpoBi pymiii, Sk mpaBuio, Crenu(iKyOThCS M KaHp irop. Pymiid,
MIPU3HAYCHUHN JJIs1 TpU B (palTHUHT IS ABOX OCI0 y OOKCEpChKOMY PHHTY, Oyne dyKe
BIJIPI3HATHCS BiJl OaraTokopucTyBaibkoi oHnaitH-irpu (MMOG) a6o aBuryHa myrepin
Bix miepmioi ocoou (FPS) abo asuryna ctparerii peanbHoro dacy (RTS). Ognak Takox
ICHY€ BeJMKa KUIBKICTh HaKJIaJieHb — Bcl 3D-1rpu, He3aaekHO BiJ )KaHPY, BUMArarTh
neBHOI ()OpMH BBEACHHS KEPYBaHHS T'POI0 3 JKOMCTHKA, KJaBiaTypu Ta / abo Mulil,
neBHoi 3D penzepy, Aeskoi popmu nucmero irposoi iHdopmanii (HUD), mo Britouae
BI3yaJli3allll0 TEKCTY B PI3HUX MIpUPTaX, MOTYKHY ayA10CUCTEMY 1 TaK J1aji.

Llymepu 6i0 nepwoi ocoou (FPS)

Kanp myrepa Bin mepmoi ocoou (FPS) BBoauThcs Takumu irpamu, sk Quake,

Unreal Tournament, Half-Life, Counter-Strike ta Call of Duty. Ili irpu icropu4HO
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BKJIFOYAJIM TIOPIBHSIHO MOBUIBHUN MIIMIOXIAHUN MepexiJ MOTEHUIMHO BEIHMKOro, aje
Hacamrepea KOpuaopHoro cBity. OnHak cydyacHI HIyTEpPH BiJ MEPIIOi 0COOM MOXKYTh
MIPOBOJUTUCH Y HAWPI3HOMAHITHIMINX BIPTyaIbHUX CEPEIOBUINAX, BKIIOYAIOUN BEIIUKI
BiJIKpUTI Ta KoH(DiHIKOBaHI npuMimieHHsa. CydacHa MexaHika pyxy FPS Moxe Bkitouatu
B ceOe MIMOXITHUN PyX, MOKIIUBICTh MEPEBE3CHHS IPaBIlsl Yepe3 HA3eMHHI TPaHCTIOPT
a00 MOBITPSIHUIM TPAHCIIOPT, 1 HABITH Yepe3 HABOJHUN TPAHCIIOPT.

[yTtepu Bin mepiioi ocoOu, K MpaBUiio, (OKYCYIOThCS Ha TAKMX TEXHOJIOTIAX,

AK:
o edeKkTrBHA Bi3yasizailis Beaukux 3D-BipTyaabHUX CBITIB;
o TOYHHMX MEXaHIK YIPaBIIHHS / IPUIIUTIOBAaHHS KaMepH;
o aHiMallli 3 BUCOKMM PIBHEM JIeTai3allli BipTyalbHOi 30poi Ta pyK rpaBIs;
o IIMPOKUI ACOPTUMEHT MOTY>KHOI'O PYYHOI'O 030pOEHHS;
J MOJIeNIb MOBENIHKM KaMepH, W0 3TJIaJKy€ PI3KICTh 3ITKHEHHS IpaBLs 3

PI3HOMaHITHUMH 00'€KTaMU;

o BEJIUKUI HaOlp aHiMalli Ta NOpOpoOJEHUN IHTENEKT il He IrpOBUX
MepcoHaxiB (BOPOTH Ta COIO3HUKU I'paBlis);

o MOXJIMBICTH TpH uepe3 I1HTepHET [HTepHeTi (SIK mpaBWio, cepBepU
OiATPUMYIOTH 10 64 TpaBIliB OJTHOYACHO) Ta KIACHYHUUN AJIS I[LOTO KAHPY PEKUM TPHU
«Deathmatch»

IInamgopmepu ma inwi iepu 8i0 mpemuwvoi ocoou (3RD PERSON)

«[Inardopmep» - 11e TepMiH, 110 3aCTOCOBYETHCS 10 IEPCOHAKHUX EKIITH-1TOp BiJl
TPEeThoi 0coOH, Ne cTpuOKuU 3 TwiaThopMu Ha MIATHOPMY € OCHOBHUM MEXaHI3ZMOM
irpoBoro mporiecy. Tumnosi irpu 3 enoxu 2D Bkmouarots Space Panic, Donkey Kong,
Pitfall! Ta Super Mario Brothers. Enmoxa 3D Bkitodae Taki matdopmu, sik Super Mario
64, Crash Bandicoot, Rayman 2, The Hedgehog, cepii Jak and Daxter, cepii Ratchet &
Clank ta octanniM yacom Super Mario Galaxy.

Irpu Ha OCHOB1 MEPCOHAXIB Bi TPETHOI OCOOM MaIOTh Oarato CHiIbHOTO 3 IrpaMu
BiJl MEpIIOi 0COOM, SIK HIYTEpH, aje 3HAYHO OUTbIIEC yBard MPHUAUISETHCS 3A10HOCTIM

MEePCOHAXIB Ta pyxXy mepcoHaxa B rpi. Kpim Toro, s mepcoHaka MOTPiOHI
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BHUCOKOSIKICHI aHIMalli1 JJi1 BChOrO TiJ1a, HAa BIAMIHY BiJ JA€LI0 MEHII BUOArIMBUX BUMOT
no animanii "floating arm" y tunosiit rpi FPS. BaxnuBo Bim3HauuTH, 1m0 maibke BCi
ITyTEPH BiJI MEPIIOi 0COOM MarOTh OHJIAWH-KOMIIOHEHT Ui TPH 3 IHIIMMH T'PABISIMH,
TOMY aBaTap TpaBIlsd 3 MIOBHUM TIJIOM IOBHHEH OyTH HaJaHWM HA JOAATOK JO aHIMaIlii
PYK B TIEpIIOi 0co0u.

Y mmardopmepu TOJOBHUN Trepodl 4yacTo MOMAIOHMM 10 MyIbTOUIBMIB 1 HE
0COOJIMBO peaTiCTUYHUM a00 HE 3 BUCOKOK PO3AUILHOIO 37aTHICTIO. OJTHAK IIYTEPH BiJl
TPEThOi 0COOM YacTO MaOTh AYKE PEAICTUYHOI TYMAaHOIIHOI Mojeni rpaBis. B 000x
BUIIJIKaX NEPCOHAX T'paBlisl, K MPaBWIO, MAa€ Ayxke Oaratuil HaOlp A1 Ta aHiMarlli.

Jlesiki 3 TEXHOJIOT1H, CIIeIiaIbHO OPIEHTOBAHI Ha ITPH B IIbOMY >KaHP1, BKIIOYAIOTh:

o wiatGopmu, IO PyXarwThes, APAOMHU, MOTY3KH, Ta 1HIIN IIKaBl PEKUMHU
PYXY;

o TOJIOBOJIOMKH 3 PI3HUMHU 00'€KTaMU y CBITi;

o KaMepa B PEXKUMI Bi TPeThOI OCOOM 3aUIIAETHCS 30CEPEHKEHOI0 Ha

MEPCOHAX1 TPaBIl Ta OOEpTaHHSAM SIKOI, SIK MPABUIIO, KEPYE T'PaBeIh 3a JIOMOMOTOI0
MAJTNYKH JHKONCTHKA (Ha KoHcoui) abo muiii (Ha [1K);

o CKJIaJHa CUCTEMa YHUKHEHHS 3ITKHCHHS KaMmepu 3 00'€KTamu y CBITI, JIs
3a0€3MeUeHHs TOro, MO0 TOYKa OISy HIKOJIM HE «IIPOOMBANaChy Yepe3 reOMETPIr0

(dhony abo quHaMI4H1 00'€KTH TIEPEAHBOTO IJIAHY.

Davumuneu

®aittuHr 200 irpu Mpo 60poTHOY, K MPABUIIO, PO3PAXOBaHI JIJIsl JBOX I'PABIIB, B
AKUX MEePCOHaX1 rpaBliB 0'fOTh OJUH OJHOTO Ha puUHTry. YKaHp THUII30BaHUN TaKUMHU
irpamu, sik Soul Calibur Ta Tekken. Tpanumiitno irpu B >kaHpi GaTHHTY 30CEpEANIH

CBOIO TEXHOJIOTII0 HAa TAKUX pevax fK:

o BEJIMKOI0 Ha0Opy aHIMallil yaapiB AJisl IEPCOHAXKIB;
° TOYHE BUSIBJIECHHS YAapiB;
° CHUCTEMa BBEJICHHS KOPHCTyBaya, 3JaTHa BUSIBIATH CKJIaJHI KOMOIHAIli

KHOITOK 1 JDKOMCTHKIB;

o HATOBIT a00 BIIHOCHO CTAaTUYHUM IIKaBUH (POH.
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OCKUIbKM TPUBUMIPHHI CBIT y IUX 1IIpax MaJMii 1 Kamepa MOCTIHHO 30CepeKeHa
Ha JIBOX TpaBIliX, ICTOPUYHO B IUX Irpax Majno abo B3arajii HE MOTPIOHO CBITOBOTO
miapo3auTy abo BIAKITIOUEHHS OKI03ii. Tak caMO He BHKOPHCTOBYIOTHCS MEPEIOBHX
TPUBUMIPHUX MOJENIeN PO3MOBCIOIKEHHS 3BYKY.

T'onku

JXaHp TOHOK OXOIUTIOE BCl IrpU, OCHOBHUM 3aBJAaHHAM SIKUX € KEpyBaHHS
aBTOMOO1JIEM YM IHIIUM TPAHCIOPTHUM 3acCO00M Ha SIKIMCh Tpacl. Y jkaHpi € Oarato
nijkareropii. I'oToB1 Irpu, OpiEHTOBaHI Ha IMITAIIO («CUMYIISIIIO»), MalOTh Ha METI
3a0€3MeUYnTH MaKCUMAJIbHO pealiCTUYHUN JOCB1 BOAIHHSA (Hanmpukiad, Gran Turismo).
ApKanHI TOHKM BIJAAlOTh MepeBary 3a0aBi HaJ peaiCTUYHICTIO (Hampukiag, San
Francisco Rush, Cruisin '"USA, Hydro Thunder). [TopiBHSIHO HOBUiI Ti>KaHpP TOCTIIKY€E
CyOKyJIbTYpy BYJIMYHHUX MEPEroHiB 13 BHUKpPaJECHUX TPAHCIIOPTHUX 3aC001B (HANPUKIA,
Need for Speed, Juiced). KapTunroBi roHku — 1€ MmigKaTeropis, B sIKid MOIYJISIPHI
nepcoHaxi 3 IMIaThopMepHUX Iirop abo MepcOoHaxi MyabT(UIBMIB 3 TeneBizopa
NEPETBOPIOIOTHCS HAa POJIb BOAIIB KapTHMHIOBMX TPAHCHOPTHUX 3aco0iB (HANpUKIas,
Mario Kart, Jak X, Freaky Flyers).

['oHouHa Tpa yacTto ayxe JiHIMHA, nmoAidHo no crapux irop FPS. Opnak
IIBUKICTh TIOJIOPOXKI, SIK TIpaBuio, HabaraTo meuama, Hik y FPS. Tomy 6inbmie yBaru
NPUAUISETHCS AyKE JOBIMM KOPHJIOpaM JOPIKOK, a00 TeTelb, sKi 1HOAI MaroTh Pi3Hi
aTbTEPHATUBHI MapIIPyTH Ta TAaEMHI CKOpOYEeHHS. [OHOUHI Irpu 3a3BUYAl
30CEPEMKYIOTh yCl CBOi Tpadiuni Jgerani Ha TpPaHCHOPTHUX 3acobax, Aopo3l Ta
HalOmmkuoMy oTodeHHI. [IpoTre KapTUHIOB1 TOHKM TaKOX NMPUAUIAIOTh 3HAUHY YaCTUHY
Bi3yalli3allii Ha aHIMalliio i MEPCOHAXKIB, 10 KEPYIOTh TPAHCIOPTHUMH 3aCO0aMH.
Jlesiki TEXHOJIOT14HI BIACTUBOCTI TUIIOBOI TOHOYHOI IPU BKJIIOYAIOTh TaKl METOIH:

o Pi3H1 BuAy peHIIEpIHTY BUKOPUCTOBYIOTHCA IiJ] Yac HaJAaHHS BIAJATIEHUX
(OHOBHUX €JEMEHTIB, HANpPHUKJIaJ, BUKOPUCTAHHA IBOBUMIPDHUX OOBEKTIB IJIS JIEPEB,
naropOiB Ta Tip.

o Jlopora yacto po30HUBa€THCS HA BIIHOCHO MPOCT1 IBOBUMIPHI PEriOHH, 5Kl

Ha3uBaloThes "cekropamu”. Lli CTPYKTYpH NaHUX BUKOPUCTOBYIOTHCS JIJISi ONTHUMI3alii
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Bi3yastizailii Ta BU3HAYEHHS BUAUMOCTI, JJisl MOOYA0BU MapuIyTy JUisi aBTOMOOUTIB, 110
HE KOHTPOJIIOIOTHCS JTIOABMU, Ta JJIs1 BUPIIIICHHS 0aratboX 1HIMUX TEXHIYHUX TPOOIIEM.

. Kamepa, sk mpaBuio, CTOITh M03aAy TPAHCIOPTHOTO 3aC00y 3 TOUKH 30py
TPEThOi 0co0M, a00 1HO/II 3HAXOIUTHCS BCEpeInHl KaOiHi.

Cmpameczia 6 peanvromy daci (RTS)

XKanp cyuacHoi crparerii B peanbHomy 4aci (RTS) 6yB BuzHauenuit rpoto Dune
II: byaiBaunrBo auHactii (1992). Immi irpu 1mporo >xaHpy BKiItouarTh Warcraft,
Command & Conquer, Age of Empires Ta Starcraft. ¥V mnpomy ’kaHpi IpaBelb
CTpaTerivHo po3ropTae OOHOBI MIAPO3JLIM Y CBOEMY apceHaji uepe3 BEJIMKE IrpoBe
mojie, HaMararo4hch TIEPEMOITH CBOTO OMOHEHTa. IrpoBuil CBIT 3a3BHuait
B1JI0Opa)KaeThCs Ml KOCUM KyTOM OIJIsiny 3BepXy BHU3. I'paBuro RTS rpu, 3azBuuait
3aBaKarOTh 3MIHIOBATH KYT OTJISAY, 1100 OaunTy Ha Benukiil BifcTaHi. [le oOmexeHHs
JI03BOJISIE pO3POOHMKAM BHUKOPHCTOBYBATH Pi3HI ONTUMI3AIlll B MEXaHI3Mi Bi3yamizamii
rpu RTS. Crapiuni irpu B ’KaHpi BUKOPUCTOBYBAJIU CTPYKTYpPY CBITOBOI MOOYIOBHU Ha
OCHOBI CiTKH, a opdorpadiuHa npoekiis Oyna BHUKOpPUCTaHA JJig TOTO, 100 3HAYHO
cupoctutu penaepinr. CydacHi irpu RTS iHOAI BHKOPHCTOBYIOTH NMEPCHEKTHBY Ta
CIOpPaBXHI TPUBUMIPHHUI CBIT, ajle BOHM BCE 1€ HE MOXYTh HE BUKOPUCTOBYBATH
CUCTEMY KOMIIOHYBAaHHS CITKH, 1100 3a0€3MeYnuTH, KOPEKTHE PO3MIIIECHHS OOHOBUX
ONIUHUITL Ta (POHOBI E€IEMEHTH, Taki sIK Oy/iBIi, 100 BOHM MPABWIBHO BIAMNOBIAAIN
oJHa onHIN. /{eskl mommpeHi npakTuky B irpax RTS BKiIIO4arOTh Taki METOAM:

o Koxken 00'ekT Ma€e HEBENMKY KUIbKICTh TOJITOHIB, TaK IO Tpa MOXeE
MIATPUMYBATH BEJIUKY KUTHKICTh 1X HA €KpaHi OJTHOYACHO.

o Penwved miciieBOCTI, K MpaBUiIo, MAa€ Pi3HI PiBHI, HA SKUX TPaBIll MaOTh
O11bIII 200 MEHIII TIepeBary mepe;; OTIOHEHTOM.

° I'paBens yacTo M03BONSAETHCS OyAyBaTH HOBI CIIOPYAM Ha MICIIEBOCTI Ha
J0JaTOK 10 PO3TOPTAaHHSA CBOIX CHJL.

o Bzaemonist kopucTyBauiB, SK NpPaBWIO, 3AIMCHIOETHCS 3a JOMOMOTOIO

OJIHOT'O KJIAllaHHS Ta BUOOPY OJMHUIIL HA OCHOBHINM 00JIACTi, HAa JIOJATOK € MEHI0 a0o
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MaHesl 1HCTPYMEHTIB, IO MICTATh KOMaHAM, OOJaJHAHHS, TUNW MIAPO3AUIB, TUIH
OyniBeIb TOIIIO.

lepu 3 macosum bacamokopucmysayvkum onnatinom (MMOG)

XKanp w™acoBoi OaratokopuctyBaipkoi onnaiiH-irpy (MMOG) Tumizyerbces
takuMmu irpamu, sik Neverwinter Nights, EverQuest, World of Warcraft ra Galaxies Star
Wars Galaxies. MMOG Bu3HayaeThcsi SIK OyJb-sika I'pa, sfKa MIIATPUMYE BEIUYE3HY
KUIBKICTh T'paBlLIiB BOJHOYAC HA cepBepi (BiJl TUCAY JI0 COTE€Hb TUCAY), K MPABHUIIO, BCl
BOHM I'PalOTh B OJJHOMY AYy>K€ BEIUKOMY BIpTyalbHOMY CBITI (TOOTO CBIT1, BHYTpPIIIHIN
CTaH SIKOro 30epiraeTbCsi MPOTATOM YK€ TPUBAJIUX MEPIO/iB yacy, Habarato BULIUHI 3a
CeaHc IrpoBOro mnpoiecy Oynb-skoro rpasi). B inmomy Bunaaky gocein rpy MMOG
4acTO CXOXKHUH Ha JOCBIJ HEBEIMKUX Majo KOPHCTyBalbKux irop. Jlo migkareropiu
IILOTO XKaHpy Haynexarb poiboBi irpy MMO (MMORPG), crpareriuni irpuy MMO B
pexumi peansHoro yacy (MMORTS) ta myrepu Bin nepmoi ocoou MMO (MMOFPS).

B ocnoBi Bcix MMOG - nayxe mnoryxkHa Oatapes cepsepiB. LI cepBepu
MIATPUMYIOTh CTaH IrPOBOTO CBITY, KEPYIOTh KOPUCTYBauYaMH, IKi BXOJASTH 1 BUXOIATh
13 TpH, HaJIal0Th YyaTu abo nmociyru 3 nepegadeto ronocy yepes [P (VolP) Tomo. Maiixe
Bci MMOG BuMararoth, 11100 KOPUCTYBaul IUIATHIIA SIKYCh PETYJISPHY aOOHEHTCHKY
iara, o0 rpaTtH, 1 BOHU MOXYTh POOMTH MIKpO-TpaH3akLii BCEpEAUH] IrpOBOrO CBITY
a6o mo3a rporo. OTKe, HaBaXJIMBIIIA POJb IIEHTPAIBLHOTO CEpBEpa IMOJIsITae B 00pooIIi
pPaxyHKIB Ta MIKPO-TPaH3aKIliH, SKi CITy>KaThb OCHOBHUM JIKEPEIOM JIOXOTy PO3pOOHUKA
irop.

['padiuna 3patHicTe Yy MMOG Maiike 3aBXIu HIKYaA, HIXK 1MOp aHAJIOTIB 1HIITUX
KaHPiB, BHACIIJIOK BEJIMYE3HUX PO3MIPIB ITPOBOTO CBITY Ta HAJI3BUYAWHO BEIUKOI
KUIBKOCT1 KOPUCTYBauiB OHJIAMH, MIATPUMYBAHUX MOAIOHUMHU ITPaMH.

[H111 s)XaHpU

o 3BUYaiiHO, iICHY€E 0€3J114 1HIIUX KaHpPiB irop. JlesKi npuKIaau:

o CIOpT, 3 TiKaHpaMu JUIsi KOXKHOT'O OCHOBHOTO BUIY cropty (dyroon,
6eiicoo, Pyrdo, rosbd TOIIO);

o Irpu Bora, sik Populus 1 Black & White;
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o €KOJIOTT4HI / colianbHi iMiTaiiiHi irpy, sk SimCity abo The Sims;
o IrpU-TOJIOBOJIOMKHU Ha 3pa30K TETPICY;
o MEPETBOPEHHS HEEJIEKTPOHHUX IrOp B €JIEKTPOHHUM BapiaHT, SIK-OT IIaXH,

I'py B KapTH, TOILLO;

o BeO-1rpu, Takli, 10 CTBOpeH1 Ha BeO-caiiti Electronic Arts 'Pogo;

o 1 CIMCOK TPOJOBXKYETHCA.

KoxeHn irpoBuid »aHp Mae cBOi 0COOJIMBI TEXHOJOrIYHI BUMOrH. Lle moscHIoE,
YoMy ITpOBi pyIIil TpaaWIIHHO BIAPI3HSAIOTHCSA BiX JKaHPY 10 kaHpy. OJHAK TaKOXK
ICHye BeNUKa KUIbKICTh TEXHOJOTIYHHUX MEPEKPUTTIB MK >KaHpaMu, OCOOIMBO B
KOHTEKCT1 €uHOi anapaTtHoi wiargopmu. CaMe TOMY i KOXHUHN JKaHp Irop, MOTYXKHI
KOMIIaH1i CTBOPIOIOTH BJIACHI 3aKpUTI IFPOB1 pyIrii, Ajig cBoix AAA irop Ta IpOEKTiB,
OCKUTbKA HEMOKJIMBO BUKOPUCTATH OJIMH 1 TOM e PYIIiH, Uil pi3HUX JKaHPIB 1rop, Mpu

IIbOMY HE 3HM3UBIIM MOKA3HUKH ONTHUMI3aIlii a00 rpadiku.

1.4 BucHoBku 10 po3aiay 1:

VY nanomy po3ain 0yia0 po3KpUTO TaKi aCEeKTH 1iIrpoBOi IHIYCTPIi:
- Bu3HauYeHH KOMI'TOTEPHOI TpH;
- IcTopist po3BUTKY KOMI'IOTEPHUX 1rOp;
- XapakTepUCTUKH KOMITBIOTEPHBIX irop ;
- Ilepenik OCHOBHHUX >KaHPiB KOMII TEPHUX 1rOp;

- Bumoru 10 cTBOpEHHS irop MEeBHUX KAHPIB;



32
2 TEXHIYHI ACIIEKTHU PEAJIIBALLL ITPOBUX PYIIIB

2.1 Bu3HaveHHs irpoBOro pyuuisi

[rpoBuii pyuriii - 6a3zoBe nmporpamMHe 3a0e3nedeHHs KoMn'torepHoi rpu. [loain rpu
1 IrpOBOr0 PYIis YaCTO PO3MHUTE, 1 HE 3aBXKAU CTYAli IPOBOJATH YITKY MEKY MK HUMHU.
Ane B 3araJlbHOMy BHIIQJKy TEpPMIH «ITPOBHI pYyIIi» 3aCTOCOBYETHCS MJIsi TOTO
NpOrpaMHOro 3a0e3MeYeHHs, SKe TMpHUAaTHE I [OBTOPHOTO BHUKOPUCTAHHS 1
PO3IIMPEHHS, 1 THM CAaMUM MO€ OYTH PO3TIISHYTO SK MiJICTaBy JUIsl pO3POOKH Oe3niul
pi3HUX irop 6e3 iICTOTHUX 3MiH.[7]

Tepmin «IrpoBuii pymriit» BUHUK y cepenuni 1990-X y BIAHOIIEHHI /10 UIyTEpiB
Bin mnepmoi ocoou (FPS), takux sk Doom Binm kommanii id Soft. Doom O0ys
pO3pO0JICHHI 3 JTIOCHUTh YITKO BU3HAYEHUM IOJIJIOM MI)K OCHOBHUMH KOMITOHEHTaMH
MPOrpaMHOro 3abe3neyveHHs (HalpuKiaj, TPUBUMIPHA CUCTeMa Bi3yallisalii rpadiku,
CUCTEMa BHUSIBJIEHHS 31TKHEHb a00 ayaiocucteMa) Ta 00’ €KTaMH, iIrpOBUMHU CBITaMu Ta
npaBWJIaMu TpPU SIKI BKJIIOYAIW B cebe IrpoBUil NOCBiA TpaBisd. 3HAYEHHS I[HOTO
pPO3MEXKYBaHHSI CTajJ0 OYEBHUJIHUM, KOJIU PO3POOHMKH TOYAIW JIIEH3yBaTH Irpu Ta
MIEPEBIAMITOBYBATH 1X Y HOB1 IPOJYKTH, CTBOPIOIOYM HOBI1 ITpOB1 00’ €KTH, KapTy CBITY,
30por0, MEpCOHAXIB, TPAHCHOPTHI 3acO0M Ta TNpaBWiIa TpH, JUIIE 31 3MIHAMU
nporpamMHoro 3abesnedeHHs. lle o3HaMeHyBano HapOIKEHHS CHIIBHOTH PO3POOHUKIB
Moau(iKkaliii — Trpynu OKpEeMUX T'elMepIB Ta HEBEIUKUX HE3ICKHUX CTYyIiH, sKi
OyanyBaJii HOBI 1rpd, MOIHU(DPIKYIOUM ICHYIOYI ITPH, BHUKOPUCTOBYIOUM OE3KOIITOBHI
Ha0OpHU IHCTPYMEHTIB, Ha/IaH1 OPUTTHAIBHUMH PO3POOHUKAMMU.

Hampukinm 90-x pokiB geski irpu, Taki sk Quake III Arena ta Unreal, 6ymu
pO3pO0IIeH] 3 ypaxyBaHHSM MOBTOPHOT'O BUKOPHUCTAHHS Ta «BIAXWICHHs». Pymiii Oynu
HaJIAIITOBaHI 3a JIOMOMOTOl0 MOB ckpunTiB, Takux sk Id Quake C, 1 mineH3yBaHHS
JIBUTYHIB CTaj0 JOJaTKOBUM IIOTOKOM JIOXOIB JJII PO3POOHUKIB, Kl iX CTBOPHIM.
ChorogHi po3pOOHUKH IrOp MOXKYTh JIIIEH3yBaTU ITPOBUN JBHMXKOK Ta ITOBTOPHO
BUKOPHUCTOBYBAaTH 3HAYHI YaCTUHU CBOiX OCHOBHHUX KOMIIOHEHTIB TPOTPaMHOTO

3a0e3MneueHHsl JIsl CTBOPEHHs 1rop. Xoua I MpakTHKa Bce e nepefdadae 3Ha4yHI



33

IHBECTHULII B 1HXKEHEPHY pO3pOOKY MPOrpaMHOro 3a0€3MEeYeHHs, BOHa MOXe OyTu
HabaraTo eKOHOMIYHOIO, HI’K pO3p00Ka BCIX OCHOBHUX KOMIIOHECHTIB JBUTYHA.

Mexa MK Tporo Ta ii JBUTYHOM 4YacToO po3muTa. [leski ABUTYHHM JOCUTH HITKO
PO3PI3HAIOTH 10 MEXY, B TOH Yac sK IHIII Maike He MAalOTh 3MOT'H PO3IUIMTH IIi JIBa
NOHATTA. B ofHIM Tpi KOJ Bizyasizallii MOXe CIEMialbHO «3HATH», SK HaMaJFOBaTH
OJIUH TEBHUM 00’€KkT. B 1HIIM rpi MexaHI3M Bi3yali3allii MOKe HaJlaBaTH Marepiaiu
3arajibHOr0 MPHU3HAYEHHsI Ta 3aCO0W JUIsl 3aTiHEHHS, 10 J03BOJUTH CTBOPUTHU O€3id
pi3HOMaHITHUX 00’€kTiB. JKoJHa cTy/is HE pOOUTH a0COIIOTHO YITKOTO PO3MEXYBaHHS
MDK TPOIO Ta JBHTYHOM, IO 3PO3yMLIO, BPaXxOBYIOUM, IO BU3HAYEHHS IMX JBOX
KOMITOHEHTIB 4acTO 3MIHIOIOTBCS B MIpPY TOTO, SIK BUSHAYEHUH MU3aiiH Tpu. MOXIUBO,
apxiTeKTypa, KEpyBaHHS JaHUMU — II€ T€, IO BIAPI3HAE ITPOBUI JABUKOK BiJ
MIPOrPaMHOTo 3a0e3MeUeHHSs, SIKE € TPOI0, aje He ABUTYHOM. Komu rpa MiCTUTB KOPCTKO
3aKOJIOBaHy JIOTIKY, YW TpaBwia rpu ab0 BUKOPUCTOBYE CHEMIaNbHUN KOA IS
Bi3yalli3ailli KOHKPETHUX THUINB ITPOBUX 00’€KTIB, BUKOPHCTOBYBATH II€ IPOTrpaMHE
3a0€3TeUeHHS JIJI1 CTBOPCHHSI 1HIIIOT IPH CTAa€ BAYKKO 00 HEMOXKIIUBO.

Toxx TepMiH «IrpoBUM pywiid» MOXKHA BHU3HAUYMUTH, SIK MPOrPAMHOIO
3a0€3MeUeHHs, 1110 PO3LINPIOETHCS 1 MOKE BUKOPUCTOBYBATUCA K OCHOBA JJIs Oararbox

PI3HUX 1rop 0€3 BETUKHUX 3MiH.

MOXES BREOPBCTOEYBATHCE mome OYTH KaCTOMIZOBAHEDE Mome GVTE IMiEeHEA 118 MOZS EHEDPECTOBVEATHCE
ana pozpolim easiel rpe Iux popoSim nomibEex irop poapols irop DeEHOTO EIEPY  10E podpodim irop Gvas SX0r0 Ea=EpyY
L

T 1 T.L ¢

Fachan Hydro Thunder Quake Jii Engine
Engine Engine 3

TpaxTe=o
HEMOETHEO

PucyHnok 2.1 — 'HyuKICTh I'pOBUX pYLIiiB

Ha puc 2.1 300paxkeHOo eBoOMIOLis THYYKOCTI IrpOBHX pyIIiiB, xo4da 1 Ha
CHOT'OJIHIIIHIHM JIeHb ICHYIOTh TOTOB1 PIIIEHHS AJIsi THYYKHX IrPOBHX PYIIIiB, OJHAaK BCE

K TTOKH 1[0 HEMOYKJIMBO BUKOPHUCTATH OJIMH 1 TOH ke pyIIiil Ist BCiX sxkaHpiB irop.[6]
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2.2 ApxiTekTypa irpoBoro pyuris

IrpoBwuii pymiii 3a3BU4ail CKIaAa€THCS 3 HAOOPY IHCTPYMEHTIB 1 KOMIIOHEHTIB JJIS

BUKOHaHHA. Ha puc 2.2 moka3aHi BCi OCHOBHI KOMITIOHEHTH, SIKi CKJIQJal0Th THUIIOBUM
pymiiii 3D-irop Sk 1 Bci mporpamu, irpoBi pyiii moOyaoBaH1 B mapu. 3a3Buyail BepxHi

IIapy 3ajieXaTh Bl HIDKHIX IIapiB, ajie HE HaBITaKH.

HUD MY e TapamsTRd WENINCTI PIIRNTRY Neprosasy
< 1] IrpoBi e b i Cocema capurmia
Cramessi enemesTe [isampua irpoea Ciyr=uis 8 . . Baaemonis 3 iposmg
PE——re— oairy e puariaiety acl CrcTena iBevTie cainons
- s lepapxis nepam- [
Kapra riteeit HOR PRI cxrrepm Reivranin P Obnai MyreTnneep Ay
AHMaLEHE " TacT-oGpobia Creopess E
Cuworems wacmmoe || Meer-ofpofica Wannisr Zepeso | v T bextn
Enaivi Cuenemsa Cimenpotizauia )
Temmanori rpadéasai onmsasayi | itz ki =l
Tree it Trea )| Occuson &PV | LOD System b Capaaps Clracpensin
Perasgarr o Cama ayam
Huseacpiaken pertepHl .| Iw. npoEainegr Hanizie | duma “W"f
B33emoal
Marepiadi i Cotmo T Barme i Coarm i Pafacrie
> Hamepa L ) —
Epryansi Tamzrypui Przepinr oow Mas'ATe i ) Crayagimi
CyBasicia . h i Teepai mina Mrardiopmas a1 =
g Konisin Sint i NpwicTRE
lmepeheie NPHCTRCKC Blnofpamerss Irpoea sosHoons G || Sewri
IrPOEl ACCETH
D . 1 Maregi Tu-lrr I'I.nmu'r‘pt — i h*:: e
Mesezues pecypcis
OCHOEHI CHCTEMM
Momyme samyooy CuoTesa || Tecrysanss Paanoin namsT Maremari=i Crposmai IrToRymEnTE Cepaicn Meorpazasi
T BT R e p = ShnigTens S BULNAGE Posanizauin Biaeo
5 Painm kowdiry- || Nesepatog swnas- || BiSniotexa kpssx Capiaiaati XeHpnegst AvwapoHHiad | [CHCTEME KapTRWLAE
Tagoepn Mpodsannepu | Pl pywss NOBME wcen Tal MBS pACe ofi'esTim (LT (erapi meani)
MNATSOFOMO-GANEMHWH FISEHS
BimEnesHR T peseyri Honesngi 13 o Mepewzeui Tparc- || Bncosopoanineient || BifnicTera smop Tpadika Bims=a
AnaTSopM Tirii S irepatopw FeTE nopTReAl wap TaRep BararonoTrencti oohagaRa CXRAO083

Pucynok 2.2 — OCHOBHI €JIEeMEHTHU ITPOBUX PYIIIiB
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KopoTkwuii oryisii KOMIIOHEHTIB, OKa3aHUX Ha puc 2.2:

Linvosuti anapamuuil pigens, siisie COO0I0 KOMITIOTEPHY CHCTEMY ab0 KOHCOJIb,
Ha sKii Oyne mpamtoBatu rpa. Tumosi wiargopmu Bkatouatoth [1K Ha 6a3i Microsoft
Windows i Linux, Apple iPhone i Macintosh, Microsoft Xbox i Xbox 360, Sony
PlayStation, PlayStation 2, PlayStation Portable (PSP) i1 PlayStation 3, a Takox DS,
GameCube 1 Wii Nintendo.

patisepu npucmpoie — 11¢ KOMIIOHEHTH HHM3bKOTO PIBHSA MPOTPaMHOrO
3a0€3MeUeHHs], 10 HAJAIOThCS OMEpaIiiHOI CHUCTEMOI0 a00 NOoCTa4aIbHUKOM
obOnanHaHHs. JpaliBepyu KepyrOTh alnapaTHUMHU PECypCcaMy Ta 3aXUIIAIOTh ONepaniiHy
CHUCTEMY Ta BEpPXHI IIApW JBHUTYHA BiJ HEMPAaBUILHOTO BUKOPUCTAHHS CUCTEMHUX
pecypciB 3 0e3111U4I0 HasIBHUX BaplaHTIB alapaTHUX MPUCTPOIB.

Onepayitina cucmema (OC) — BOHA Kepye BUKOHAHHSAM JEKUIBKOX MpOrpaM Ha
OJIHOMY KOMIT'FOTEpl, OJIHIEI0 3 sSKUX € Tpa. OmepairiiiHi cuctemMu, Taki sk Microsoft
Windows Hajjae meBHY KUIBKICTh allapaTHUX PECYPCIB KOXKHIM Mporpami, sika 3amyuieHa
B cCHUCTeMi, JaHa (QyHKLIA Ha3uBaeThcsi OaraTo3agauHicTio. lLle o3Hawae, 110
KOMI'IOTEpHAa Tpa HIKOIM HE MOXKE BBaXXaTH, IO BOHA TIOBHICTIO KOHTPOJIOE
o0JaJHaHHS - BOHA MTOBUHHA «IAATH» 3 IHITUMHU IPOrPaMaMi B CUCTEMI.

Ha xoHcoumi omepartiiiiHa cucTeMa 4acTo € JIUIIE TOHKUM [IapoM O010T10TeKH, KU
30upaeThcsl O6e3nocepeHb0 y Bammii rpi. Ha kKoHCOM rpa 3a3BUYail «BOJOIIE» BCIEIO
MmamHow. OmnepaliiiiHa cucTeMa Ha IUX KOHCOJISIX MOXKE 3yMUHUTH BUKOHAHHS Ballol
rpu a00 3alHATH MEBHI CUCTEMHI PECYpCH JJIsI TOTO, 1100 BHUBOJWTH IOBIJIOMJICHHS B
InTepHeTi a00 MO3BOIUTH IrpaBLEB] 3yNUHATH IPy Ta BUBECTH maHenb Xross Media PS
PS3 a6o manens npunaaiz Xbox 360.

Cmopounni SDK. BiiblIicTh IrpOBUX JBUTYHIB BUKOPUCTOBYIOTH DSl CTOPOHHIX
HaOopiB st po3poOku BupoOiB (SDK) Ta cepemrporo mporpamMHOro 3a0e3redeHHS.
OyukuioHanbHuid abo kiacudikoBanuil iHTepdeiic, mo Hagaerbes SDK, wacto

Ha3MBa€ThCs iHTEpdeiicoM mporpamyBaHHs sl toaatkis (API).
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Cmpykmypu 0aHux ma ancopummiu.

Sk 1 Oyapb-ika cuUcCTeMa OPOrpaMHOro 3a0e3ledyeHHs, irpd B 3HAYHIN Mipi
3aleXaTh Bi CTPYKTYp JaHUX Ta alropuTMiB 300py naHux. Och KilbKa TPUKJIAIIB
CTOPOHHIX 010T10TeK, sIKI HaJarTh Taki mocayru. STL.

CranpaptHa 616mioTeka maodnoniB C ++ 3a0e3nedye 0e3iiu KOJiB 1 aqrOpuTMiB
JUTSL YIIPaBIIIHHS CTPYKTYpaMu JaHUX, PSAKaMU Ta TOTOKOM BBOJY-BUBOJLY.

STLport. Ile mopratuBHa, onTuMizoBaHa peamizaris STL.

Boost - 11e moTykHa CTpyKTypa JAaHuX Ta 010J1i0TeKa aJiIrOPUTMIB, pO3po0JicHa B
ctum STL.

Loki - e moTy>kHa 3aranpHa 0i0J1ioTeKa MIa0JIOHIB IPOTPpaMyBaHHSI.

Po3pobuuKy irop MOAUISIOTECS HAa TMUTAHHI, Y BHUKOPUCTOBYBATU 010J110TEKH
mabnoniB tuny STL y cBoix irpoBux aBuryHax. Jleski BBaxaroTb, IO MATTEPHU
po3noniny nam'siti STL, siki He CIpUAIOTh BUCOKOE(HEKTUBHOMY MPOTPAMyBaHHIO 1, K
paBUjIo, MPHU3BOAATH A0 (dparMeHrarlii mam'ari, poonsars STL HenmpumatHuM y Tpi.
[H1n BBaXkarTh, IO MOTYXKHICTH Ta 3py4HIcTh STL mepeBakyroTh ii nmpoOiaemu, 1 110
OUTBIIICT, TIPOOJIEM HACIMpaBll MOXKHAa BHUPIIIUTH B Oyab-skomy pasi. STL mobpe
niaxoauth Ay BukopuctanHs Ha [1K, ockinbku #oro po3BHHEHa CUCTeMa BipTyaabHOI
nam’siTi pOOUTh HEOOX1IHICTh PETENHHOTO PO3MOALTY MaM AT TPOXH MEHII Ba)KIHBOIO.
Ha xoncomi, 3 00MEXEHMMH MOXJIMBOCTSIMHU BIPTyalilbHOI mam’sTi abo BIACYTHICTIO
HAJMIPHUX KENI-MOMUJIOK, MMOBIPHO, Kpallle MUCATH BIACHI CTPYKTYpU IaHUX, SIKI
MaroTh nepedoadyBani a00 0OMex)eH1 TaTTEPHH PO3IOALTY TTaM’ SITi.

I'pagixa

BibLIicTh ABUTYHIB PEHJIEPIHTY 1rOp MOOY0BaH1 MOBEepX 010I10TEKH arnapaTHUX
1HTEep(EiCiB, TAKUX fK:

Glide - nie 3D-rpadiunnii SDK mist ctapux Bimeokapt Voodoo. Ileit SDK 0yB
MOMYJISIPHUM 10 €MOXU anapaTHOro NepeTBOPEHHS Ta OcBITJIeHHs (anapatHe T&L), ske
nounHanocs 3 DirectX 8.

OpenGL - mmpoko BUKopucTOBYBaHUI nopTatuBHuii 3D-rpadiunnii SDK.

DirectX - ne 3D SDK mns rpadiunoi rpadiku Microsoft i OCHOBHHII KOHKYPEHT
OpenGL.



37

libgcm - me Hu3bkOpiBHEBHIA TpsiMuil iHTepdeic n0 rpadiuHOro 00 THAHHS
PlayStation 3, sixe Oyino HajmaHo KOMMaHi€0 Sony AK OUTBII eEeKTUBHA albTepHATHBA
OpenGL.

Edge - me motyxHuii 1 BUCOKOS(DEKTHUBHUIA MEXaHI3M Bizyami3allii Ta aHiMaIlii,
axuit BupoOsu Naughty Dog ta Sony nnst Playstation 3 Ta BUKOpHCTOBYBANUCH Y Pl
NEepIIMX Ta CTOPOHHIX I'POBHUX CTY/IIH.

Konizis ma ¢hizuxa

BusiBnieHHs 31TKHEHb Ta JKOpPCTKa JWHaMiKa Tina (BimoMma mpocto sk "dizuka" y
CHUIBHOTI PO3BUTKY 1rop) 3a0€3MeuyoThbcsl HACTYITHUMHU BitoMumu SDK.

Havok - monyssipauit pizudnuit 1BUTYH (Qi3UKH Ta 3ITKHEHHSI.

PhysX - me oawH monmyiasipHUN IBHUTYH (Di3UKH Ta 3iTKHEHHS MPOMHUCIOBOTO
BUPOOHHUIITBA, TOCTYITHHUM 7151 O€3KOIITOBHOrO 3aBaHTakeHHs 3 NVIDIA.

Open Dynamics Engine (ODE) - nobpe Bigomuii maker 3 (isuku Ta KOJi3ii 3
BIJIKPUTUM KOJ[OM.

Animayis nepconadrcie

IcHye psin KOMEpUIMHMX MaKeTiB aHiMallli, BKJIOYal4H, ajne, 0e3yMOBHO, HE
OOMEXYIOYHUCH 1IUM.

omynapHuil iHCTpyMeHTapid Granny iHctpymentiB Rad Game Tools Bkimouae
HafiiHl exkcriopTepu 3D-momenedt Ta aHiMarlii Juisi BCIX OCHOBHHUX TakeTiB 3D-
MOJICIIOBaHHS Ta aHiMaIlii, sk Maya, 3D Studio MAX Toro.

Amnimartis Havok. Mexa Mixk (pi3ukoro Ta aHIMAIl€r0 cTae BCe OUIBII PO3MHUTOLO,
OCKUJIBKM TIEPCOHaX1 CTaloTh Bce Oulbin peamicTudHuMu. Kommanis, ska poOUTh
nonynsapauit SDK Havok 3 ¢izuku, Bupimmia ctBoputu 6e3komtoBHy SDK-animMariio,
10 JO3BOJISIE YCYHYTH pO3pHB (13MYHOI aHIMallli HabaraTo MpoCTille.

bibmioreka Edge, crBopena mins PS3 komanmoro ICE B Naughty Dog, rpymi
[ncrpymenTu Ta Texnomnorii Sony Computer Entertainment America, Ta Sony Advanced
Group Group B €Bpori, BKJIIOYA€E MOTYXKHUU Ta €PEKTHUBHUN MEXaHI3M aHIMallii Ta

e(peKTUBHUI ABUTYH 0OpOOKHU reoMeTpii Juist Bi3yasizalii.
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LImyunuii inmenexm

Kynapse. JlonegaBHa ansi kKoKHOI Tpu mTy4dHHi iHTEnekT (Al) oOpobnsBes y
BJIacHOMYy mnopsaky. OaHak kommadis mif Ha3zoo Kynogon BupoOmia mporpamue
3abe3neuenns SDK mix HasBoro Kynapse. Ileti SDK 3a0e3nedye BimacHOCTI, Taki SK
BU3HAYCHHS INUISAXY, CTaTUYHE Ta JAUHAMIYHE YHHKaHHS O00'€KTIB, 1JCHTHQIKAIIIS
BPa3JIMBUX MICIb Y MPOCTOPi (HAMpUKIad, BIAKPUTE BIKHO, 3 SKOI'O MOXE IMOTPAIUTH
3acifKa), 1 JOCUTh Xopoluii inTepdeiic mix Al Ta aHiMarli€ro.

biomexaniuni mooeni nepconasicie

Endorphin and Euphoria. I{e nakeru animaiii, ki BUpoOJISAIOTh pyX CUMBOJIIB,
BUKOPHUCTOBYIOUHM BIOCKOHAJICHI O10MEXaHIYHI MOJEINI PEaICTUYHOTO PYyXY JIFOAUHHU.

IInamgopmo-3anesicnuii pigers

Binpuricts irpoBUX pyIIiiB MOBHHHI MPAIIOBAaTH HA OUIBII HDK OAHIN amapaTHii
mwiatdopmi. Hampuknan, taki kommanii, sik Electronic Arts 1 Activision / Blizzard,
3aBK/IM HAIUIIOIOTH CBOI I'pM HAa HAWPI3SHOMAHITHINI TUIATPOPMHU, OCKUIBKH 11€
BUCTABJISE iX IrPpY HA HAWOLIBIITUN MOXKJIMBUN PUHOK. SIK MpaBmIiio, €MHI IrPOBI CTY/II,
SK1 HE HaIllJICHI Ha IOHAMMEHIIe JB1 pi3HI mIatGopMu Ha TPy, - 1€ HaAWUTIEpI CTyii,
Hanpukian cryaii Naughty Dog ta Insomniac Bix Sony. Tomy OUIBIIICTH 1TPOBUX
JBUTYHIB apXITEKTypHO PO3TallOBaHi 13 PIBHEM He3aleXHOCTI ruardopmu,. Llen map
PO3TAIIOBAHMI OBEPX arapaTHOro 3a0e3NedeHHsl, IpaiiBepiB, OnepauiiHOl CUCTEMH Ta
IHIIMX CTOPOHHIX MPOrPaMHUX 3acO00iB Ta 3aXMINA€ PEIITY JBUTYHA BiJ OUIBIIOCTI
3HaHb ©0a30Boi 1utatrdopmu. OOropraroun ab0 3aMIHIOIOUM HAWOLIBII  YacTo
BUKOPHUCTOBYBaH1 cTaHAapTHI GyHKIiT 0i0mi0Texu C, BUKIUKU ONEpaIiiiHoi CUCTEMU Ta
1HII OCHOBHI 1HTep(deiicu mporpamyBaHHs mnpukiaguux mnporpam (API), piBenb
He3anexxHOoCTl miaTGopmu 3a0e3nedye IMOCHIIOBHY MOBEIIHKY Ha BCIX amapaTHUX
mwiatdopmax. Lle HeoOXigHO, TOMY IO ICHYE BeIMKa KUIBKICTh Bapialliii Ha pi3HHUX

matgopMax, HaBiTh cepell «CTaHAapTU30BaHUX» 010J110TeK, sIK cTaHAapTHa 010110TeKa

C.
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OcHogni cucmemu

Koxen irpoBuil ABUTYH, CKJIaJHUN mporpamuuii pomatok C ++, BuMarae
BUKOPHUCTAaHHS KOPHCHUX Tporpam s mporpamHoro 3a0esnedeHHs. Ocb KiJlbKa
MIPUKJIAJIIB 3ac001B, SKi 3a3BUYall 3a0e31euye OCHOBHUH II1ap.

Teepooicennss - 1€ PSAAKA KOy TMEPEBIPKU TMOMHIIOK, K1 BCTaBISIOTHCS, II00
3adiKCyBaTH JIOT1YHI MMOMMJIKM Ta MOPYIICHHS MOYATKOBUX MPHUIYIIEHb Mporpamicra.
3aTBepAKEHHS TBEPIKEHb, SIK TIPABIIIO, TO30aBISIFOTHCS BiJl OCTATOYHOI CKIIa0BOI TPH.

Ynpaeninna nam'ammio. IIpakTHYHO KOKEH ITPOBUN MEXaHI3M pealli3ye BIACHY
CUCTEMY pO3MOJUTY Mam’sTi, mo0 3a0e3MeYnTH BUCOKOIIBUAKICHI PO3MOAUIM Ta
MepeMIIeHHs, a TAKO)K OOMEKEHHS HEraTUBHUX €(EeKTiB (hparMeHTalii mam’sri.

Mamemamuuna 6ibniomexa. Irpm 3a CBOEIO NPUPONOID OyKE€ MaTEeMaTUYHI.
OTxe, KOKEH IrpOBUN ABUTYH Ma€ MpPUHAMMHI OAHY MaTeMmaruyHy Oibmioreky. Lli
0107110TeKM HAAAIOTh 3aCO0M /JII BEKTOPHOI Ta MAaTPUYHOI MAaTeMAaTHKH, OOEpTaHHS
KBaTEpPHIOHA, TPUTOHOMETPIi, TEOMETPUYHUX ONepalii 3 JIHIAMH, IPOMEHSIMH,
chepamu, TOIIO, MaHIMYJALIl 3 CIUIAMHOM, YHCENIbHA I1HTErpallis, PO3B’sI3yBaHHS
CHUCTEM PIBHSIHBb Ta OyAb-SKHX 1HIINX 3aC001B, K1 BUMAraroTh irpoBl MPOTrPaMiCTH.

Cneyianvni cmpykmypu oanux ma aneopummu. SIKIo po3poOHUKH ABUTYHA HE
BUPIIIWJIM TIOBHICTIO TIOKJIACTHCS Ha CTOpPOHHIM mnaker, Takuid gk STL, #HaOip
IHCTPYMEHTIB [JIsl YNPaBIiHHSI OCHOBHHUMH CTPYKTypamMu JaHuX (IIOB'S3aHi CIIHCKH,
AMHAMIYHI MacuBM, OIHapHI JepeBa, XEMI-KapTH TOIIO) Ta aJIropuTMu (IOLIYK,
COPTYBaHHA, TONIO), K MpaBWJIO, MOTPIOHO. BOHM YacTO KOAYIOTHCS BPYUYHY JUIS
MiHIMI3aIli ab0 yCyHEHHsS IMHAMIYHOTO PO3MOALITY mHaM'aTi Ta i 3a0e3redeHHs
ONTUMAaJILHOI MMPOAYKTUBHOCTI BUKOHAHHS Ha IIJILOBIH u1aTdopmi.

Meneoocep pecypcia

[IpucyTHi B KOXXHOMY IrpOBOMY pyilii B MeBHIA (opmi, MEHEIKEp pecypciB
3a0e3neuye yHipikoBaHuil iHTepdeiic (ado Habip iHTEepPeiciB) I AOCTYNy 10 Oyb-
SKUX 1 BCIX BHUJIIB ITPOBUX aKTHBIB Ta IHIIMUX BXIJHUX JAaHUX ABUTYHA. Jleski IBUTYHH
poOJIATH 1Ie IEHTPaTI30BaHO Ta MochioBHO (Hampukiaa, naketu Unreal, kmac OGRE

3D ResourceManager). IHmii OBUTyHH 3aCTOCOBYIOTH CIHELIaIbHUM MIAXiJ, YacTo
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3QJIMIIAIOYN HOTO TIporpaBady irop s MPsSMOTO AOCTYNY IO AUCKY a00 B CTHCIIHX
apxiBax, Takux sk PAK-¢aitnu Quake.

Pywit penoepuney

Pymiit  Bizyamizarmii € ogHUM 3 HaWOLIBIMIMX 1 HAMCKIAAHININX KOMIIOHCHTIB
OyIp-sSIKOr0 IrpoBOr0 JIBUryHa. BisyamizaTopu MOXYTh OyTH MOOYIOBaHI PI3HUMHU
ciocobamu. Hemae mnpuifHATOrO Crocody 3poOuTH Iie, X0dYa, SK MH I00aduumo,
OUTBIIICT, CYYaCHUX PEHJCPUHI TOAUIAIOTH Jeski (yHaaMeHTandbHl (imocodii
JU3aiiHy, 1110 3HAYHOK MIPOI0 BU3HAYAETHCS JAU3alHOM oOJagHaHHs s rpadiunoi 3D-
rpadiky, BiJ SKOrO BOHU 3aiexaTh. OOuH MOMMUpEHUN 1 ePEeKTUBHUN MiAX1T 0
MPOCKTYBaHHS JBUTYHAa - BUKOPUCTOBYBATH IIAPYBAaTy apXiTEKTypy, SK OIKMCAHO
HUXKYE.

Husvkopisnesuii penoepine

Hwus3bkopiBHEBHI Bi3yaiizaTop, OXOIUIFOE BCi OCHOBHI 3aco0M Bi3yaiizallii
neuryHa. Ha oMy piBHI Ju3aiiH OpiEHTOBAHHMM HA HAJaHHS KOJICKII T€OMETPUYHHUX
IPUMITHUBIB sIKOMOTa IIBUIIE 1 4yacTime, 6€3 0coOJUBOro BpaxyBaHHS, SKI YaCTHHU
CIIEHU MOXYTh OyTH BUJHI. [[eli KOMIOHEHT pO30MBAETHLCA HA PI3HI MIJAKOMITIOHEHTH,
PO SIK1 ii1e MOBa HUXKYE.

Iumepdgheiic epaghiunoco npucmporo

Just rpadiuaux SDK, takux sk DirectX 1 OpenGL, norpiOHa Benuka KUIbKICTh
Kofy, mo0 mepepaxyBaTu HasiBHI rpadiuHi MPUCTPOI, 1HIMIAMI3yBaTH iX, HANTAIITYBATH
Bi3yaJsi3allito MoBepXoHb (3BOpoTHUM Oydep, Oydep Tpadapery Tomio), 1 Tak gani. e
3a3BUYail  0OpOOISETHCS KOMIIOHEHTOM, SKUH s Oyay Ha3uBatu iHTepdeiicom
rpadiuHOro MPUCTPOIO

. Jnsa nBuryna B irpax Ha [1K Takox nmotpibeH koj, o0 1HTerpyBaTu peHjepa B
1y nopigomsieHb Windows. 3a3Buyaii Bu numiere "message pump', sskuif 00CIyroBye
noBiomiieHHs Windows, KOJIM BOHM OYIKYIOTh Ha PO3TJSiA, 1 B IHIIOMY BUIAAKY
3aIycKae IMKJ Bi3yauni3allii 3HOBY 1 3HOBY TaK IIBUIKO, SIK 1€ MOXJIHNBO. Lle moB'szye
IIMKJI OTMHUTYBAaHHS KJaBiaTypu TPU 3 IIMKIOM OHOBJICHHS €KpaHa peHzepinra. lle
3'eMHaHHsA HeOakaHe, ajieé 3a JOMOMOIOI0 TEBHOrO e(eKTy MO)KHAa MiHIMI3yBaTu

3QJIEKHOCTI.
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Inwi xomnonenmu pendepepa

[HIIl KOMITOHEHTH peHJepepa HU3BKOTO PIBHS CHIBIPAIIOIOTh, 100 30MpaTh
MOJIaHHS TEOMETPUYHUX NPHUMITHBIB (IHOAI 1X HA3WMBAIOTh MaKeTaMU Bi3yauisarllii),
TaKUMHU K CITKH, CIIUCKH PSAAKIB, CIIUCKH TOYOK, YACTUHKH, BUIIPABICHHS MICIIEBOCTI,
TEKCTOB1 PAJKU Ta BCE I1HIIE BH XOUETE HaMaJIOBaTH Ta BUBECTHU iX SKOMOTIa IIBUILE.
HwusbkopiBHEBHI BizyasizaTop 3a3BHuail 3abe3reuye aOCTpakiliio BiKHA Meperysay 3
NOB'SI3aHOI0 3 HHUM MAaTpHUIEIO-CBITOBUM MATpHUIICI0 Ta mnapamerpamu 3D-mpoekiiii,
TaKUMHU SIK TI0JIE 30py Ta PO3TAllyBaHHS HAWOMIKYOI Ta NMajieKol IUIONMHU KITIMy.
HusbkopiBHEBUI peHIIEp TAKOX Kepye CTaHOM rpadiyHOro o0JiaJHAHHA Ta LIEHepiB
I'pU 32 JOMOMOI'OI0 CBOEI MaTeplaibHOI CUCTEMHU Ta JUHAMIYHOI CUCTEMH OCBITIEHHS.
Koxen mnpencraBneHui NPUMITHB acOIIIOETHCS 3 MaTepiaJoM 1 BIUIMBaE HA n
AMHAMIYHUX BOTHIB. Martepiasl onucye TeKCTYpyH, Ky BUKOPUCTOBYE NMPUMITHB, T€, SIKi
PO3CTAaHOBKU CTaHy MPUCTPOIO MOBHHHI OyTH YMHHHMMH, 1 SKi BEPUIMHHI Ta MIKCEIbHI
nieiiepyu BUKOPUCTOBYBATH JUIsl HaZaHHS IPUMITUBY. Dapy BU3HAYAIOTh, SIK JUHAMIYHI
PO3PAXYHKH OCBITIECHHS 3aCTOCOBYBATUMYThHCS /10 IPUMITHUBY.

I'pagix cyenu / Onmumizayis 8i0cikanms

HusbkopiBHEBUI pEHIEPIp MalO€ BCIO TPEACTABICHY WOMY T'€OMETpIilo, He
3BaXalOYM Ha T€, YM TakKa reomMerpis BuAHA 4d Hi. KOMIIOHEHT BUUIIOrO pIBHS, SIK
MpaBUJIO, HEOOXIMHUM 1JiE OOMEXKEHHS KUIBKOCTI MPUMITHBIB, TIOJJaHMX Ha
BI3yalli3alifo, BHUXOASYM 3 IMEBHOI (OpMH BHU3HAYEHHsA BUAMMOCTI.. Jns myxe
MaJIeHbKHUX ITPOBUX CBITIB - 1€ MPOCTO BiACIKaHHS (TOOTO BUIAJICHHS MPEAMETIB, SKI
Kamepa He Moke "Oaumtu"). JlJis BENMKUX ITPOBHUX CBITIB MOXE OyTH BUKOpPHUCTaHA
OUIbII MPOABUHYTA CTPYKTypa NPOCTOPOBUX  MIAPO3AUIB  JJIsI  TABUIICHHS
e(eKTUBHOCT1 Bi3yamizallli, J03BOJSIOYM JyKE€ IIBUAKO BHU3HAYaTH TOTEHI[IMHO
Bunumuii Habip (PVS) o6'extiB. IIpocTopoBi Migpo3aiad MOXKYTh NpPUAMATH Pi3HI
dbopmH, BKIIOYAIOUM JEpeBO po3auieHHs OiHapHoro mpoctopy (BSP), kBaaparwu,
oktaronu , kd-nepeBo abo iepapxito chepu. IIpocTopoBuii miapo3aALT 1HOI HA3UBAKOThH
rpadikoM CIIEHH, X04a TEXHIYHO OCTAHHIM € OCOOJIMBUM BUIOM CTPYKTYpU AAHUX 1 HE
BKitouae mepmioro. Ilopramu abo MeToaM BIAKIIOYEHHS OKIIIO311 MOXYTh TaKOX

3aCTOCOBYBATHUCS B I[bOMY IIIapi IBUTYHA Bi3dyaumi3ailii. B imeani peHaep HU3bKOro piBHS
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MMOBUHEH OYTH TMOBHICTI0O arHOCTUYHHUM IIOAO THUIY MPOCTOPOBOrO MIAPO3ALTy abo
rpadika CIIeHH, IO BHUKOPUCTOBYEThCS. lle mo3BOisie pi3HMM IrpOBMM KOMaHIam
MOBTOPHO BHUKOPUCTOBYBATH NPUMITUBHMNA KOJ TMOJAHHS, aje€ CTBOPUTU CHUCTEMY
Bu3HaueHHs PVS, sika € cmemianbHOIO 17 MOTpeO Tpul KOKHOI KoMaHAu. Jlw3aiH
nBuryHa Bizyamizamii 3 BikputuM KojgoM OGRE 3D € uynoBuM MpuKIagoM I[HOTO
npuniuny B Aii. OGRE 3a0e3neuye apxiTekTypy rpadiduHoi CIIeHU MIAKIIOUCHHS Ta
BIITBOpPeHHS. P03poOHMKHM irop MOXyTh a00 BUOpaTHM 3 JEKUIbKOX MONEPEeIHbO
BJIOCKOHQJIEHUX TpadiuHUX KOHCTPYKIIM clieH, a00 BOHU MOXYTh 3a0€3MeuuTH
peanizallito KOpUuCTyBaJIbHUIIBKO1 CIIEHHU.
Bizyanvni egpexmu

CydacHi irpoBi ABUTYHHU MIATPUMYIOTh ITUPOKUMA CTIEKTP BI3yaIbHUX €(PEKTiB,

o BKJIIOYAIOUM CUCTEMHU YACTUHOK (711 UMY, BOAU, OpU30K BOJHU TOIIO);

o CHUCTEMHU HAKJICHKH (7151 KyJbOBUX OTBOPIB, BITOUTKIB HIT TOILIO);

o CBITJIOBE  BiMOOpakeHHA Ta  KapTorpaQyBaHHA  HaBKOJHUIIHHOTO
CepeOBUIIIA;

° JTWHAMIYHI T1HI;

o [ToBHOEKpaHHa MyOJIKaLis, 0 3aCTOCOBYETHCS MICHSA TOro, Ak 3D-cuena

Oyna Hamana Ha qpyruit 0ydep ekpaHny.

o Jlesiki IpuKIIau MTOBHOCKPAHHUX €(PEKTIB BKIIOYAIOTh

o OCBITJIEHHS BUCOKOT'0 IMHaMiyHOro fiana3zony (HDR);

o noBHOEKpaHHe 3rnakyBaHHsa (FSAA);

o KOPEKIlisl KOJIbOpy Ta e(eKTH 3MIIIEHHS KOJbOPIB, BKIHOYAIOUU

IIYHTYBAaHHS B1IOUTIOBAHHS, €PEKT HACMUEHHS Ta 3HECHJIEHHS KOJBOPIB TOILO.

[rpoBuii NBUTYH Ma€ CHCTEMHHUH KOMIIOHEHT, SKHI Kepye Creliali30BaHUMHU
norpedaMu Bi3yastizallli 4YaCTHHOK, HAJIMOK Ta 1H. Bi3yaibHHX edekTiB. Cucremu
YACTHHOK 1 BIJICTIHHUKIB 3a3BHYail € PI3HUMH KOMIIOHCHTAMH JIBUTYHA Bi3yauizalii i
BUKOHYIOTh POJIb BXIJHUX JaHHMX JUIi HU3bKOPIBHEBOI Bizyamizarlii. 3 1HIIOTo OOKY,
CBITJIOBE BI1JOOpakeHHs, KapTorpadyBaHHS HaBKOJIHUIIHLOTO CEPEIOBHINA Ta TiHI, SIK

MpaBuWiIO, OOpPOOJIIOTBCS BCEPEIMHI B MEKax BIJIACHOIO MEXaHI3My Bi3yali3allii.
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[ToBHOEKpaHH1 eekTu abo peani3yloThbesl SIK HEBIJ'€MHA YaCTHHA pEHJIepiHra, abo sK
OKpeMHU KOMIIOHEHT, SIKUU TPaLlo€ Ha BUX1IHUX Oydepax peHaepinra.

Dpormeno

binbmricte irop BUKOpHCTOBYIOTH 2D-rpadiky, Hakmameny Ha 3D-creHy mis
pizaux 1uied. Cronu Bxoauts ronoBHuil ekpad rpu (HUD); mento B rpi, kKoHCOIBL ab0
1HIII IHCTPYMEHTH PO3POOKH, SIK1 MOXKYTh ITOCTABIIATHUCS 3 KIHIIEBUM IPOIYKTOM ab0 HE
MOXXYTh OyTH MOCTaBJIEHI; MOXIIMBO, B Ipl rpadiunuii iHTepdeiic kopucryBaya (GUI),
110 J103BOJIsi€ TPaBLIEBI MAHIMYJIIOBATH 1HBEHTAPEM CBOrO MEPCOHaXKa, KOH(IrypyBaTu
MIAPO3AUA JUisl BeAeHHS 000 ab0 BUKOHYBATH 1HINI CKJIaJHI irpoBi 3aBaaHHs. Taka
JIBOBUMIpHA rpadika, K MPaBUJIO, PEANI3yeThCA HUIIXOM MAJIOBAHHS TEKCTYpPOBaHHUX
KBaIPAaTUKIB (Map TPUKYTHHUKIB) 3 OPTOrpadiqHOI0 MPOEKIic0. AOO X BOHU MOXYTh
Oytu BUBeZeHI B MoBHOMY 3D-gopmari 3 HaKIaJICHUMH Ha KBaapaTHKH, 1100 BOHU
3aBXKIU CTHUKAJIUCSA 3 KaMeporw. Y IIeil map BKIOYEHA CHCTEMa IOBHOMETPAKHOTO
Bimeo (FMV). Ils cuctema BiAmoBifae 3a BiATBOPEHHS MOBHOCKPAHHUX (PUIBMIB, SK1
OyJy 3amucaHi MoINepeIHbO.

[ToB's3ana 3 MM cucrema - 1e cuctema irpoBux kiHemarorpadiii (IGC). Llei
KOMIIOHEHT, SIK MMPaBUJIO, JO3BOJISIE KIHEMAaTorpagdiuHi MociiI0OBHOCTI XopeorpadyBaTu
y camiii rpi, y moBHOMY 00cs31 3D. Hanpuknaz, koiu rpaBelb ryjsi€ MiCTOM, pO3MOBa
MDK JBOMa KJIIOYOBUMH TEPCOHAKaMH MOXXe OyTH peanizoBaHa SK ITpOBUHA
kigemarorpad. IGC mMoxyTh BkiIrodaTH ab0 HE BKIIOYATH CHMBOJIB TpaBiil. BoHu
MOXYTh OyTH 3p0OJieHI SIK HaBMHUCHE BIJICIYEHHs, MiJ Yac SKOro TpaBellb HE Mae€
KOHTPOJIIO, a00 BOHU MOXYTh OYTH TOHKO IHTETPOBaHI B I'py, 0€3 TOro, mood rpaselib
HaBITh HE po3yMiB, 1110 BinOyBaeThes IGC ponuk.

3imxHnenus ma Qizuxa

BusiBieHHst 31TKHEHHSI BaXJIMBO JUIsi KOXHOI Tpu. be3 Hboro o0’ekTu Ou
NPOHUKATU OJUH CKpI3b OJHOrO, 1 HEMOXJIUBO Oyno O B3aeMOIIATH 3 BIPTYaJIbHHUM
CBITOM OyJb-SIKMM PO3YMHUM YHHOM. J[esKi Irpu TakoX BKIIIOUAIOTh peasicCTUYHE abo
HaITliBpeaTiCTUIHE MOJICITIOBaHHS TUHAMIKH. BoHa Ha3uBaeThCs «(DI3MUHOIO CHCTEMOIO)
B IrpOBiM 1HAYCTPIii, X0Ua TEPMIH GKOPCTKA JUHAMIKA Tilay AIMCHO HOPEUHIIIUNA, TOMY

0 3a3BUYAl CTOCYEThCS JMIIEe PyX (KIHEMAaTHKa) >KOPCTKUX TUI Ta CHUJIW 1 KPYTHI
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MOMEHTH (IMHaMiKa), SIKI BUKIMKAIOTh L€ pyX BinOyBaTucs. 3ITKHEHHS 1 (i3uKa
3a3BUYail JOCUTH LIUIBHO MO€AHAHI. Lle ToMy, 110 KON BUABISAIOTHCS 31TKHEHHS, BOHU
MaiKe 3aBXKIU BUPIIIYIOTHCS SK YacTHHA IHTErparlii (i3WK{ Ta JIOTIKH 3aJ0BOJICHHS
oOMexeHb. B manuii gac myxe mMalio IrpOBUX KOMIIAHIH MUIIE BJIACHY JBUTYH 31TKHEHHS
ta (izuku. Haromicts, SDK TpeThoi cTOpOHH, K IPABUIIO, IHTETPYETHCS B JBUTYH.

Havok - 1e 3omoTwii cTaHmapT y ChOTOAHINIHIN ramy3i. Bin Oararumii Ha
0COOJIMBOCTI Ta YyA0BO MPAIIO€ HA BCIX I1aTgopmax.

PhysX Binm NVIDIA - 1ie 1ie oiuH 4y 10BUM JBUTYH 31TKHEHHS Ta AMHaMIKU. Bin
OyB iHTterpoBanuii B Unreal Engine 3, a Takoxx JTOCTYNHUI O€3KOIITOBHO SIK OKpPEMHI
npoaykt ans po3pooku irop Ha [1K. Cnouatky PhysX OyB po3pobnenuii sk iHTepdeiic
JI0 HOBOTO MiKpocxemu TmpucKopioBada ¢izuku Ageia. Temep SDK nHamexuts 1
po3noBcrokyeTbest NVIDIA, 1 xommanis amantye PhysX mms poGotm Ha cBOix
OCTaHHIX TpadiuHUX Mpollecopax.

Takox goctynHa (i3uka 3 BIAKPUTUM KOJOM Ta JIBUTYHM 3ITKHEHHsS. MaOyThb,
HaiiBimomimuM 3 HUX € 1KoK Open Dynamics (ODE).

Animayis

Byab-sika rpa, sika Mae OpraHiuHMX a00 HANIBOPraHIYHUX MEPCOHaXIB (JIIOAeH,
TBAapWH, MYJIbTHIUTIKAIIHHAX TIEPCOHAXIB a00 HaBiTh pOOOTIB), MOTPeOye aHIMAIIHHOT
cucTeMu. ICHye KiTbKa OCHOBHUX THUIIIB aHIMaIlii, sIKl BUKOPUCTOBYIOTHCS B Irpax:

CIPAlT / TEKCTYypa aHiMaIlii,

YKOPCTKA aHIMaIlis iepapxii Tina,

CKeJIETHA aHIMallis,

BEpIIIMHA aHIMaIlis Ta

MOpGhIACHKI LTI,

AHIMaIisl CKeleTy JI03BOJISiIE aHIMaTopy CTBOPIOBATHU JeTalbHy CiTKy 3D-
CUMBOJIIB, BHKOPHUCTOBYIOUM IIOPIBHSHO TMPOCTY CHUCTEMY KICTOK. Koiu KicTKu
pyxaroTbcsl, BeplIMHU 3D-CITKM pyXaroThCs pa3oM 3 HUMH. Xo4ya MOp(hOJIOTriyH1 Il Ta
BEpIIMHHA aHIMAaIlii BUKOPUCTOBYIOTHCA B JEAKHX JBUTYHAX, CKEJIETHA aHIMaIis €

HAWOUTBII MOMIMPEHUM METOJIOM aHIMaIlli B irpax CbOTOJIHI.
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BioOpa’keHHs CKENeTHOi CITKM - I[I€ KOMIIOHEHT, SKUH YCyBa€ pO3PUB MIXK
Bi3yaJli3aTOPOM Ta aHIMAIlIHHOIO CHUCTEeMOIO. TyT BimOyBaeThCs TiCHA CIIBIpAIlS, ajie
iHTEepdeiic ayKe JiTKO BU3HAUYCHUHU. AHIMAIllfHA CHCTeMa CTBOPIOE IMO3Y ISl KOXKHOT
KICTKH B CKEJETi, a TOTIM IIi TTO3U IepeAaroThCs B MEXaHI3M Bi3yallizalii SK mamiTpa
MaTpuilb. BisyanizaTop mepeTBOpro€ KOXHY BEPIIMHY 3a JOMOMOTOI MaTpuill abo
MaTpHIlb HA MAaJITpi, 00 reHepyBaTH OCTATOYHE 3MillIaHE MOJI0KEeHHs BepuuHu. Llei
npollec BiIOMHUM SIK CKiH. ICHye TakoK TICHUW 3B’A30K MIX CHCTEMaMU aHIMaIlii Ta
(b13UKHM, KOJIM BUKOPUCTOBYIOTHCS TaHUIPKOBI JISIbKH. ['aHUipKOBa JIsJIbKA - 11€ M'AKUN
(yacto MepTBUI) aHIMOBAHMI NEPCOHAX, PyX TUIA SIKOTO MOAEIIOETHCS (PIZUYHOIO
cucrtemoro. di3nyHa cucTeMa BU3HAYAE TOJIOKEHHS Ta OpIEHTAIlll PI3HUX YACTHUH TiJa,
TPAKTYIOUH iX K OOMEXKEHY CHCTEMY JKOPCTKUX TUI. AHIMalliHa cucTeMa OOYHUCIIOE
NaJgiTPy MaTpuilb, HEOOXITHUX MEXaHI3My Bi3yaii3allii Ijs Toro, o0 HaMallfOBaTH

CHUMBOJI Ha eKpaHi. [6]

2.3 T'oToBi pilieHHs irpoBUX pyuriis

1. Unity 5 - kpoc-tutarhopMHUIA IrpOBHIA PYIIid st po3pOOKH JBOMIPHHX i
TPUBUMIPHUX JOAATKIB Ta irop min pizHi miatdopmu. Y Unity3d € nBi Bepcii:
Oe3KOITOBHA 1 TUIaTHA. BiApI3HSAIOTHCS BOHU PSJIOM MOKIUBOCTEH, SIKI MOXYTh
3HamoouTHCs pu po3podii rpu. [lo-nepire, 6e3komrToBHa Bepcis Unity3d miaTpumye
tineku Android, Web Player, PC-mnardopmu. [ToBHa Bepcis 103Bojsi€ po3poOHUKAM
BUKJIQJIaTU CBOE TBOPIHHA I BCl HakBimomimil rmatdopmu, taki sk: PC, Linux, Mac,
Windows Store, 10S, Android, Windows Phone 10 Store, Blackberry 10, Wii U, PS3,
Xbox 360, PS4, Xbox One. € moxnusicts pooutu copt mia VR (Virtual Reality),
TOOTO MIJ OKYJISIPH 1 I0JIOM BipTyasnbsHOi peanbHOCTi: Hololens, Oculus Rift, StarVR ta
1HII1, a Tako mucatu nporpamu A Kinect 2.0, LeapMotion.

MoskmuBocTi Unity 5

Unity3d mae myxe npoctuii Drag and Drop inTepdetic, sikuii T10IMHA OCBOIOE 3a
Micsaib. Bech pymniil TUIbkU Ha aHTIiACHKIA MoBi. Pycudikarii Unity 5 vemae. Unity

po30uTH Ha KidbKa BiKOH: Hierarchy, me 3HaXoasAThCcs Ha3BH BCiX OO'€KTIB Ha CIIEHI,
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Kl MOJKHa TPYIyBaTH 1 JIETKO MEPEXOAUTH MO HHUM, Scene, ¢ MOXHA PO3TIISTHYTH
NEeBHY CIEeHy IiJ NOoTpiOHMM BaMm pakypcom, Inspector, sKuii gomomoxe 3
HAJAIITYBaHHAM BUIUIEHOTO 00'ekTa, Project, ne BHIHO BCi MaTepiaid TPOEKTY,
Toolbar (a60 MEHIO 3 IHCTPYyMEHTaMHu).

Unity 5 miarpumye nBi moBu: C # (HailOUIbII BUKOPUCTOBYBaHUM) 1 Javascipt.
Po3po6HrKYy HEOOX1THO 3HATH OJHY 3 MOB JOCKOHAJIO, a 1HIIYy Ha CEPEAHhOMY PiBHI,
TaK 5K Jesiki MoMeHTH Unity 5 poOUTh TIIKK HAa OJJHOMY 3 BOX MOB, a00 11€ pOOUTHCS
Habarato Baxk4e, HIX Ha 1HIIH MOBI nporpamyBaHHs. [lepenocranns Bepcis Unity3d, a
came Unity 4, miarpumyBana MoBy nporpamyBaHHsi Boo (mianext Phyton), ane iioro
npulOpanu 3 5-0i Bepcli, Tak sK iM MNPAaKTHYHO HIXTO HE KOPUCTYBaBCsA, Ta U
JOKyMeHTallii, Ha odimiitHomy caiiti Unity oco6mmBo He Oyno. Po3paxynku (i3uku B
Unity 5 Bukonye NVIDIA PhysX. 3oscim HenaBHo NVIDIA mpencraBuia ogHy miKaBy
piu - NVIDIA Flex, siky, MOXIUBO, B MalilOyTHOMY BMOHTYIOTH B ITPOBI PYIIIIi.

O06'extu B Unity3d moxxyTh OyTH mopokHiMH, (1100 00'€e1HaTH KiJibKa 00'€KTIB B
OJIHy Tpymy, TOOTO 3pooutu iX mouipHiMu GameObject), MICTUTH KOMIIOHEHTH, 3
SKAUMU B3a€EMOJIIOTH CKPUIITH, MOXYTh OyTH Ha3BaHI OJIHUM 1 THUM € IM'SIM, MOXYTh
OyTH TIPUCBOEHI TETHU, SIKI CIYXKaTh JJI1 TOTO, MO0 CKPUNT 3HAWIIOB MOTPIOHUN HaM
00'ext. 1o 00'ektiB B Unity3d moxxna npusnacHutH konaiaepu: Box Collider - ky0, B
akuid motparisie monenb o0'exkta, Sphere Collider - cdepa, Character Collider -
Koutaiaep, Akud OyB cnemianbHO BBeAeHW B Unity 5 ayid BUKOPUCTAHHSA L[
nepconaxiB, Mesh Collider - kommaiinep, ctBopenmii 3a Mimnry, TOOTO TOBTOPIOE
reomerpito 00'ekta, Wheel Collider - kommaiinep nns xomic, Terrain Collider -
kosutaiaep nis Terrain - MaiiIaHYMKH, SIKY BUKOPUCTOBYIOTH JIJI B1IOOPa>KEHHS 3EMIII.

AnimyBatn wmoneni B Unity3dd MokHa nekiuibKOMa Croco0aMu: CTBOPEHHS
aHIMaIlii B crierialbHUX Mporpamax, Hanpukiaa: 3Ds Max, Blender 1 ia1m1i, a MokHa 1 B
camomy Unity3d, Tak sik penaktop Unity Mae KOMIIOHEHT JJIsl iX CTBOpeHHs. Martepiaiu
B Unity 5 BigirparoTh BaXIUBY poib. IMnoproBani Tekctypu B Unity3d mpukpinuTtu 10
00'eKTYy HE MOXXHA, HEOOXIJTHO CTBOPUTHM MaTepiay, SKUHA MOKHA MPUBIACHIOBATH
irpoBoMy 00'ekTy. Jlo mnpu3HaueHuM MaTepiany meidaepam OyAyTb IPHUCBOEH]

tekctypu. llleiinepu moxna pemaryBatu mpsimo B Unity3d. Unity 5 nmosBomsie
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reHepyBaTu HopMasi-Manu (normal-map), naitr-manu (light-map), pizHi anbda-kaHanu
Ta Mip-piBHI.

Y moBHiit Bepcii Unity 5 MOXINBO TIOBHE HACTPOIOBAHHS IIEHIEPOB, a B
OE3KOILTOBHIN - HEMAE.

Oco6muBocTi Unity 5

Unity 5 mae a8i nyxe BaxkiauBi oco6nuBocTi: Occlusion Culling 1 Level Of Detail.
OO6uB1 peul JO03BOJSIOTh CUJIBHO 3HU3UTH HABAHTA)XXEHHS HA IIEHTPAJIBLHUN MPOIECOop,
3aBASKA TpaMOTHIA pAeramizauii. Hampuknazn, B irpax sxanpy 2D 1 3D Runner npu
MO/I0JIaHHI TEBHOI JUCTaHII Bce, 10 Oylo Mo3aay Bac, BUIANSAETHCS, a TO, WIO
nornepeay Bac, IeHepyeTbCsA. TakuM YMHOM, NpU TpuBamiil rpi Bame Ilpuctpiii He
3axapanrye HenoTpiOHa iHpopMmaris. Occlusion Culling He Bizyani3yeThCs T€OMETPIIO 1
Konaiepu 00'€KTIB, IO 3HAXOAATHCA HE B mmomi 30pi kamepu, a Level Of Detail
3aMIHIOE JIeTali30BaHl O00'€KTH, IO 3HAXOMSITHCA JAJIeKO BiJl TpaBIs, HAa MEHII
JeTalli30BaHl, TPUUYOMY PO3POOHHMK CaM HAaJAIITOBYE IO CUCTeMY. TOOTO CKpOMHUU
MIPOEKT MOYKE JTO3BOJIUTHU BUCTABUTH BenndesHi 3HaueHHs B Level of Detail, konmu AAA-
MIPOEKTH BUCTABJISIOTH MOr0 HA MIHIMYM.

Minycu 1 uitocu Unity 5

Unity 5 Bomnonie BeIMUYE3HOIO KUIBKICTIO TepeBar mepea I1HIIUMHU ITPOBUMHU
nexkamu. KoM'toHiTi Unity 5 Ha ChOTOAHINIHINA MOMEHT € HaiOunmbmuM B cBiTi. Ha
oimirinomy caitti Unity € cieriaibHUI pO3/LI, B IKOMY MOKHA 3HAWTH CTATUCTHUKY T10
IrpoBUM JBWKKaM. 3a 1uMu ganuMu  Unity 5 BUKOpUCTOBYIOTH moHan S50%
po3pobHuKiB Bigeoirop. 20% nanexars Unreal Engine, a pemrra irposi asuxku - 30%.
st po3po6ku 2D a6o 3D inai-irop Unity 5 migxoauTs 3a Bcima napamerpamu. Y Unity
5 ayke mpocTo 3amikatu npoektu (ounn). [IpuaoMy MokHA CTBOPUTH OJWH MPOEKT ITi]T
0e3m1y matdopm, Mo Ay’Ke CUIBLHO MOJIETIIye mpoliec i JieBenomnepiB. Bei ckpuntu,
K1 BUKOpUCTOBYIOThCs B Unity 4, MmoxHa Oyne aBToMatuyHo BuripaBuTu B Unity 5.

Po3pobxka AAA-npoextiB B Unity - Halicknaanimuii npouec. [lo-nepuie, 6yab-
axuit ckpunT B Unity Bigpa3y TsaTHE 3a cOOOI0 KyMy MOMHIJIOK, SIKY B MalOyTHHOMY
HEOOX1JHO BUIIPABUTH, a00 mepenucaTi CKpunT 3aHoBo. [lo-apyre, Bce 1mie Mae morany

onruMizalier. Bech KOHTEHT, IKMI CTOITh y Bac y BikHI Project, ajie He BapTo y Bac Ha
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CleHl, Oyae 3aledyeHuil, a 3HayuTh, WO rpa Oyae BaXXUTH B pa3u OuIbLIE, HIK
nependayvanocs. A HaAUroJOBHIIIE, 110 B IHTEPHET1 OYIM MUTaHHS MPO T€, IO MPOEKTH,
B SKI HE IMIJKIIOYEHI J0 3aBOJCHKHMX 3HAYCHb, NMPU Ol Bce-oaHOo 3amikaTd. Unity B
HaWOJIMKIOMY OHOBJICHHI TO(GHUKCHI M€ MOMEHT. Y JBHKKY € psiI mpooOieMm 3i
ckposutmHroM. [Ipu HaGIMKeHH1 A0 00'€KTYy B MEBHUN MOMEHT Kamepa HaOIMKAETHCS
MOBLIBHINIE. SKIIO BaM MOTPiOHO MaKCHUMaIbHO OJIM3BKO HAOJU3UTHCS 10 3€MIIi, TO
1HO/1 11e OyBae ayxe ckiaaHo 3pobutu. llIBuaie 3a Bce, B HAHOIMKYMX OHOBJICHHSIX
CKpOJIIHI MOo(pUKCWI, a00 HaB4YaTh iM KOpPHUCTyBaTHucs, o Tex ao0pe. Y Unity 5 €
npobsieMu 3 MyJIbTHILIEEP. AJle, SIKIO Y Bac MpsiMi pyKH, TO BiH HAJIAIITOBYETHCS AYykKe
npocto. Hanpuknazn, B The Forest nesiki 00'ektn 6aunB onMH rpaBellb, a 1HIIMM - Hi, a
XOpoIui nmpukian - rpa HeartStone. [8]

2 Unreal Engine

The Unreal Engine - 1ie irpoBwmii pymiiii, po3pobnenuii Epic Games, Brepiie
npescTaBlieHuid y rpi mrytep Bin nepiioi ocoou 1998 poky Unreal. Xoua crnouaTtky
po3po0JIeHUI ISl IIYTEpiB BiJ MEpIIOi OCOOW, BIH 3 YCIIXOM 3aCTOCOBYETHCS B
0aratboX IHIIKX >KaHpax, BKIoYarouu miatdopmu, Ooiosi irpuy, MMORPG Ta iHmn
RPG. Hamucanniit wHa C ++, Unreal Engine Bigpi3HA€TbCS BHCOKHM CTYIEHEM
MOPTATUBHOCTI, MITPUMYIOUH MIUPOKUHN CTIEKTp TuiaTdopm.[9]

Ocranniii peni3 - Unreal Engine 4, sxuii 3amyctuscst B 2014 pori 3a Moaemito
migmuckn. 3 2015 poky 11 MOXHA 3aBaHTAXHUTH OE3KOIITOBHO, ii BHUXITHUN KO
noctrynuuii Ha GitHub. Epic no3Bossie BUKOpHUCTOBYBaTH WOrOo B KOMEPIIMHHUX
NpOAYyKTaX Ha OCHOBI POSUITI, 3a3BHYail MPOCATh pPO3POOHUKIB 5% moxomay Bif
IPOJIAXKIB.

Possutok Unreal Engine 4 po3nouaBcs B 2003 porii, 3a cioamu Mapka Peiina,
Binle-npe3usienTa Epic Games. KoManga po3mupuThest 3 4acoM, MPOEKTYIOUU PYIIii
napasienpHo 3ycwuiiMm komanaun UE3. 'V moromy 2012 poky kommnanis Epic
npeacrtaBwia UE4 oOMexxennm yuacHukaM Ha KondepeHilii po3poOHUKIB irop, a BiAEO
3 pyllieM, MPOJAEMOHCTPOBAHUM TEXHIYHUM XYAOKHUKOM AnanoM Buwutapaom, Oyio

onpuitogHeHo myourini 7 yepBHs 2012 poky uepe3 GameTrailers TV.
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OpnHier0 3 HaWBAXIMBIIIKMX OCOOJMBOCTEHM, 3araHoBanux mis UE4, Oyno
rio0ajgbHE OCBITIIEHHS B PEKMMI PEaTbHOTO Yacy 3a JOMOMOTrOI0 BiICTEKEHHSI KOHYCIB
BOKCEITIB, 110 BUKIIFOYAJIO MTONEPEAHL0 00UYucieHe ocBiTiaeHHA. OqHak 1 (QyHKIIiS, 10
orpumana Ha3By Sparse Voxel Octree Global Illumination (SVOGI), 6yna 3amineHa
AQHAJIOTTYHUM, ajieé MEHII OOYHUCITIOBAIIBHO JIOPOTUM aJITOPUTMOM depe3 MpoOjeMu 3
npoayktuBHicTio. UE4 Takox BKIIIOYae HOBY CHUCTEMY Bi3yallbHUX CIIEHApiiB
"Kpecnenns" (cmankoemirt UE3 "Kismet"), sika 103BoJIs€ MIBUJIKO PO3BUBATU JIOTIKY
rpu 0€3 BHKOPHUCTAaHHS KOJy, IO NMPHU3BOAUTH JIO MEHIIOI PO3PUBY MK TEXHIYHUMHU
XyJIO)KHUKaAMH, JU3aliHepaMu Ta TPOTrpaMiCTaMH.

19 6epe3nst 2014 poky Ha koH(pepeHnuii po3podHukiB irop (GDC) Epic Games
Bunyctunn Unreal Engine 4 depe3 HOBY mineHsiiiHy monenb. [ns mjomicauHol
niamucku Ha piBHI 19 nomapiB CIIA po3pobHukam Oyino HagaHO JOCTYN O MOBHOI
Bepcii pymrisi, BKIoYaoun Buxigauil kog C ++, Skuii MOKHA OyJI0 3aBaHTaXUTH Yepe3
GitHub. Bynp-sxuit BUunymieHuii mpoayKT CTAryBaBcs 13 5% pOsUITI BaJIOBOTO JOXOY.
[lepmioto rporo, BumymeHow 3a gomomororo Unreal Engine 4, craB Daylight,
PO3p0o0JICHHH 3 paHHIM JIOCTYIIOM JI0 IBUT'YHA Ta BunymeHui 29 kBitas 2014 poky.

4 BepecHs 2014 poky Epic 6e3komroBHo BunyctuB Unreal Engine 4 no mikin ta
YVHIBEPCHUTETIB, BKIIOYAIOYM OCOOMCTI KOMil M CTYAEHTIB, SIKI HABYAIOThCA B
aKpeUTOBAaHMX MporpaMax pPO3BUTKY Bijeoirop, 1HQOPMATUKH, MHCTEITBA,
apXxITeKTypH, MOJIeTIOBaHHS Ta Bizyamizamii. 19 mrortoro 2015 poky Epic 3amyctun
Unreal Dev Grants - ¢onx po3BUTKY Ha 5 MIiIBHOHIB JIOJIapiB, CIPAMOBAHUN Ha
HaJIaHHs TPAHTIB TBOPYMM MpoeKTam 3a aornomororo Unreal Engine 4.

Y OGepe3ni 2015 poky Epic BumyctuB Unreal Engine 4 pasom 13 ycima
MaifOyTHIMH OHOBJICHHSIMU O€3KOIITOBHO JJI BCiX KOpUCTyBauiB. B oOmiH Ha 11e Epic
BCTAaHOBUB BHMOIPKOBHI Trpadik posuiTi, BUMararouu 5% 10XxoAy 3a NpOAYKLIIO, sKa
cknagae monaa 3000 qomapiB Ha KBapTal.

Hawmaratounce 3amyuntu po3poonukiB Unreal Engine, Oculus VR B xoBTHI 2016
POKYy OTOJIOCHB, IO CIUIadyBatuMme ToHopapu 3a Bci tutyau Oculus Rift, ocHameni
Unreal, omy6iikoBaHi B iXHbOMY MarasuHi JI0 IEpIIMX 5 MUTBHOHIB JI0JIapiB BaJIOBOTO

JI0XO0Ny 32 Ipy.
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o6 miaroryBaTUCs 10 BUIYCKY CBOIO BUIBHOTO PEXUMY OOMOBHX poOsuied y
Fortnite y BepecHi 2017 poky, Epic noBenocst Buectu psa monudikariit Unreal Engine,
K1 JONOMOITI HOMYy 0OpoOMTH BelMHMKy KUIbKICTH (10 100) migkiatoyeHb A0 OJHOTO
cepBepa 30epiraroud BHCOKY MPOMYCKHY 3JaTHICTh 1 TOKPAIIYIOYH Bi3yali3aiiio
BEJIMKOT'O BIIKPUTOTO B I'pi CBITY. EmiK 3asBUB, 110 BKIIOYUTH 111 3MIHU 10 MalOyTHIX
onosinieHb Unreal Engine.

UnrealScript (gacto ckopoueHo g0 UScript) Oyna piiHOO MOBOIO CII€HapiiB
Unreal Engine, sika BUKOpUCTOBYBaJacs JIJIsi CTBOPEHHS KOy IrOp Ta irpOBUX MOAIM A0
Buxony Unreal Engine 4. MoBa Oymna po3poOiieHa yisi MPOCTOTO IrpoBOro
nporpaMmyBaHHs BHCOKOro piBHs. IHtepmperaropa UnrealScript 3amporpamysas
Sweeney, SIKU TaKOK CTBOPHB OUIBIII PAaHHIO MOBY CIIeHapiiB rpu, ZZT-00p.

[Toni6buno no Java, UnrealScript 6yB 00'ekTHO-OpieHTOBaHUM 0€3 OaraTOKpPaTHOrO
ycnaJKyBaHHsI (KJIacCM BCl YCMaJIKOBYIOTH 13 3arainbHoro kimacy Object), a kiacu
BU3HAYaJIMCA B OKpeMHX (haiijax, Ha3BaHMUX JJIs Kjacy, SIKMM BOHM BU3HayaroTh. Ha
BiAMIHY Bia Java, UnrealScript He mMaB oOropTku 0O'€KTIB JJIsi MPUMITUBHHUX THIIIB.
Inrepdeiicu nmiarpumysanuck nume B Unreal Engine mokomiHHsS 3 Ta KUIBKOX Irpax
Unreal Engine 2. UnloadScript miaTpuMyeThcs omnepaTopoM MEPEBAHTAXKEHHS, aje He
METOJIOM MEePEBaHTAKEHHS, 32 BUHATKOM JI0IATKOBHUX MapaMeTpiB.

Ha kongepentii po3po6uukis irop 2012 poky xommnanis Epic oronocuna, mo
UnrealScript Bunanserscs 3 Unreal Engine 4 na kopucts C ++. BisyanpHuil cuenapiit
nmiaTpuMyeThes cuctemoro Visual Scripting Blueprints, 3amiHOI0 monepenHboi cucteMu

BizyanbHOro crieHapito Kismet.[10]

2.4 BUCHOBKHM /10 po3aiiay 2:

- BuzHaueHO MOHATTS IrPOBOTO PYIIIis;
- PosrasnyTo acriekTu po3poOKH IrpOBUX PYIIIiB;
- IlpoBenenuii anasni3 CTpyKTypH IrpOBUX PYILIiB, Ta HOro CKIIAHUKH;

- TlpoBeneHo aHaii3 cyyacHux moTyxHux pymriis: Unity i Unreal Engine;
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3. PO3POBKA I'PA®IYHOI'O PYLUIA

3.1 Po3po6ka 6a30BOro nNporpaMHoro 3ade3neyeHHst

Po3pobka 6azoBoro mporpaMHOro 3a0e3neyeHHs JJisi CTBOPEHHS 1rop Ha OCHOBI
rpadiunoro sdk OpenGL BukopucTOByIOYM MOBY MpOTrpamMyBaHHA Java Ta MakKeTy
LWJGL.

Merta 1aHOTO PO3AUTY — CTBOPEHHS TpadiqHOrO pyIIis, SIKUA MOXKE 3a0€3MeUnTH
BioOpaxxeHHs ciieHu Tpu B 3D, Ta po3poOka iHTEpecy TpaBIlsd s B3a€MOJIT 3 IIUMHU
00’€KTiB. SIK MpUKIIa]l BUKOPUCTAHHS Ta POOOTO-CIIPOMOKHOCTI pyIirisi, Oyae cTBOpeHa
RPG rpa, B sKiii rpaBellb 3MOXKE KEPYBAaTH MEPCOHAKEM, Ta BUIBHO JOCTIHKYBATH CBIT
TpH.

Lightweight Java Game Library (LWJGL) - Binkputa rpadiuna Gibmioreka,
OCHOBHOIO METOI0 AKOi € HaJaHHS MPOCTOrO 1 JIEFKOTO MPOrpaMHOro iHTepdeicy s
TBOPIIB KOMM'IoTepHUX irop Ha MoBi Java. LWJGL € BuCOKONPOTYKTUBHOI
KpoccIulaTOpMEHHON 010/110TEKOI0, SIKa IIMPOKO BHKOPHUCTOBYETHCS B PO3POOII
KOMI'IOTEPHUX Irop 1 MyIbTUMEAINHUX nonaTkax. Bona namae goctynm no OpenGL,
OpenAL, OpenCL 1 3abe3nedye miaTGopMOHE3aBICUMOCTh JOCTYI JIO PI3HUX
MaHIMyJISITOpaM, TaKUM SIK TeMMITaan, KepMa Ta JHKOUCTUKH.[ 10]

[lepmmM KpOKOM JJisi CTBOPEHHSI KOXKHOI TPU € CTBOPEHHS BIKHA B1J0OpaKeHHS,
s nuporo LWJGL wanmae mporpamictam psia GyHKINNA Ha psAay 3 SIKUMH € METOJ
Display(), 3a monomMoru naHOrO METOAY MOXXHA CTBOPHUTH BIKHO Tpadiké 3 NMEBHUMHU
HaJallTyBaHHAMM, JUJII CBOIO MOHITOpa S BU3HAYMB BUCOTY Ta IHMpUHY sk 1280x1024
mikcenmi, Ta npomaB koHcTaHTy FPS_LIMIT mo mopiBaioe 120, mo oOmexye
BUKOPUCTAaHHS PECYpCiB BIICOKAPTH MJIs PEHAEPIHTY CIEHU, 3HU3HMBIIHM KITBKICTh
3anuTiB Ha ToOynoBYy rpadiku 10 120 pa3iB Ha CEKYHIY.

JlicTuHr KOxy:

public class DisplayManager {
private static final int WIDTH = 1280;
private static final int HEIGHT = 1024;
private static final int FPS_CAP = 120;
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public static void createDisplay(){
ContextAttribs attribs = new ContextAttribs(3,2)
-withForwardCompatible(true)
-withProfileCore(true);

try {
Display.setDisplayMode(new DisplayMode(WIDTH,HEIGHT));

Display.create(new PixelFormat(), attribs);
Display.setTitle("'Test Engine');

} catch (LWJGLException e) {
e.printStackTrace();

3
GL11.glViewport(0,0, WIDTH, HEIGHT);

}
public static void updateDisplay(){

Display.sync(FPS_CAP);
Display.update();

}
public static void closeDisplay(){

Display.destroy();
H11]

Hactynaum kpokoMm € moOynoBa rpadiku y BikHi. Jljist 1IbOro ICHY€E JBa METO,
HAWUOpPOCTIMIMN 3 HUX, BJIACHOPYY CTBOPUTHM MACHUB TOYOK, Ta Yy BIANOBIIHOCTI,
MPOIHUCATH JIJII METONY PEHAEPIHTY, SIKl 3 JAHUX TOYOK, OyAyTh YTBOPIOBATHU IOJITOH
o0 BimoOpa3uTH Moro y BikHI. Takui crocid MiAXOAWUTH JHUIIE JJIsI MPUMITHUBHHUX
Mozeneld mo OyayTh CKIAQJaTUCh 3 Majioi KUIBKOCTI MOJIroHiB. s rpu kpaiie
BUKOPUCTATH OUIbII CKJIAJHUN METOJl 3 BUKOPHUCTAHHSM IaM’SIT1 BIJEOKAPTU —
BUKOpHcTanHa crucky macusiB VBO ta VAO.

Vertex Buffer Object (VBO) - me takmii 3aci6 OpenGL, mo mo3Bosse
3aBaHTaXXyBaTH IeBHI AaHl B nmam'ate GPU. Hanpukian, 3anucatu 8 GPU koopauHatu
BEPIIIMH, KOOPJMHATH TEKCTyp abo Hopmaiti, moTpidHo cTtBoputH VBO 1 moknactu 11
naHi B Hboro. VBO 0y/ie cTBOpIOETHCS BIAMOBIAHO 1J11 KOKHOT'O 00’ €KTaB B Ipi.

B cBoro uepry Vertex Arrays Object (VAO) - ne takaif MacuB, 110 TOBOPUTH
OpenGL, sxy wactuny VBO ciig BUKOpPHCTOBYBAaTH B HACTYNMHUX KomaHaax. VAO

ABIIsE COOOI0 MAcHUB, B €JIEMEHTAX SIKOT 30epiraeTscs iHpopMallis Ipo Te, SIKy YaCTHHY
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akoro VBO BUKOpHCTOBYBATH, 1 AK Il JAaH1 NOTPIOHO 1HTEpIpETyBaTH. TakuM YMHOM,
omuH VAO 3a pi3HUMH iHIEKCaMHU MOXKe 30epiratv KOOpAMHATH BEPILHH, X KOJIbOPY,
HOopMali Ta iHmI naaxi. llepexmouynBmmcs Ha moTpiOHMt VAO MoxHA e()EeKTUBHO
3BEpTATHUCS JI0 IaHUX, HA SKi BiH «BKa3y€e», BHKOPUCTOBYIOUYH TUTbKH iHJEKCH.[12]

Ko, 110 peanizye BUKOPUCTAHHS TaHUX CITHCKIB:

private List<Integer> vaos = new ArrayList<integer>();
private List<Integer> vbos = new ArrayList<integer>();
private int createVAOQO{
int vaolD = GL30.glGenVertexArrays(Q);
vaos.add(vaolD);
GL30.glBindVertexArray(vaolD);
return vaolD;
}
public RawModel loadToVAO(Float[] positions,float[] textureCoords,float[]
normals, int[] indices){
int vaolD = createVAO(Q);
bindIndicesBuffer(indices);
storeDatalnAttributeList(0,3,positions);
storeDatalnAttributelList(l,2,textureCoords);
storeDatalnAttributelList(2,3,normals);
unbindVAOQ);
return new RawModel (vaolD, indices.length);
}
private void storeDatalnAttributeList(int attributeNumber, int
coordinateSize,float[] data){
int vbolD = GL15.glGenBuffers();
vbos.add(vbolD);
GL15.gl1BindBuffer(GL15.GL_ARRAY_BUFFER, vbolD);
FloatBuffer buffer = storeDatalnFloatBuffer(data);
GL15._glBufferData(GL15.GL_ARRAY_BUFFER, buffer,
GL15.GL_STATIC_DRAW);

GL20.glVertexAttribPointer(attributeNumber,coordinateSize,GL11.GL_FLOAT,fals
e,0,0);
GL15.glIBindBuffer(GL15.GL_ARRAY_BUFFER, 0);

3 [11]
OckinbkH J19 Aa”HOro pyiulis rpadiddi 00’ekTH OyayTh BUKOPHCTOBYBATHCH 13

CTOPOHHIX Mporpam st ctBopeHHst 3D Mopeneit, OUIBIIICTS CydacHUX 371 PeAaKTOpPiB
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miaTpumMyroTh (Gopmar «wavefronty, Tobto daim 3 posmmpenusm .OBJ, nanuit
dbopMaT € HaWKpaluMm s BUKOpHUCTaHHS pa3om 31 cmucky macuBiB VBO Ta VAO.
Ockinku nmaHHi 1mpo OO0’€KT B TakoMmy (haiiimi 3ammcaHi TOCTITOBHO, CIIOYATKY
KOOPJIMHATH TOYOK «V», KOOPJIMHATH HAKIJIAJIAHHS TEKCTYPHU «Vt», BEKTOPU HOPMai JJIs
KOKHOI TOYKHM «vny, Ta 1H(GOpMAIIiI0 Mpo Te, Kl JaHHI HEOOXiTHO BUKOPUCTOBYBATH,
JUTsl TIOOYTyBaHHS TTOMITOHIB 00’ €KkTa «f», 11 AaHH1, 3 (ailily MOXKHA O[pa3y 3aluCyBaTH
B crucok VAO, B skomy s koxHoro iHaekcy VBO, mpencrarieHa BiamoBigHA
iHbOpMaIliss KOOpJAUHAT, TEKCTYpH, BEKTOPIB HOpMaii, Ta BIJIMOBIIHO 1H(MOpPMAIIiIO
TOYOK TOJIITOHY.

Kon peanizariii 3uutyBanus 3 ¢ainy:

public static ModelData loadOBJ(String objFileName) {
FileReader isr = null;
File objFile = new File(RES_LOC + objFileName + "_obj');
try {
isr = new FileReader(objFile);
} catch (FileNotFoundException e) {
System.err.printIn("'File not found in res; don"t use any extention');

}

BufferedReader reader

new BufferedReader(isr);
String line;
List<Vertex> vertices = new ArrayList<Vertex>();
List<Vector2f> textures = new ArrayList<Vector2f>();
List<Vector3f> normals = new ArrayList<Vector3f>();
List<Integer> indices = new ArraylList<lnteger>();
try {
while (true) {
line = reader.readLine();
if (line.startsWith('v ™)) {
String[] currentLine = line.split(" ");
Vector3f vertex = new Vector3f((float)
Float.valueOf(currentLine[1]),
(float) Float.valueOf(currentLine[2]),
(float) Float.valueOf(currentLine[3])):

Vertex newVertex = new Vertex(vertices.size(), vertex);
vertices.add(nhewVertex);

} else if (line_startsWith('vt ")) {
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String[] currentLine = line.split(" ");
Vector2f texture = new Vector2f((float)
Float.valueOf(currentLine[1]),
(float) Float.valueOf(currentLine[2]));
textures.add(texture);
} else if (line_startsWith('vn ")) {
String[] currentLine = line.split(" ");
Vector3f normal = new Vector3f((float)
Float.valueOf(currentLine[1]),
(float) Float.valueOf(currentLine[2]),
(float) Float.valueOf(currentLine[3]));
normals._add(normal);
} else if (line.startsWith("f ")) {
break;

}
while (line != null && line.startsWith("f ™)) {

String[] currentLine = line.split(" ');
String[] vertexl = currentLine[1].split(''/™");
String[] vertex2 currentLine[2].split(""/");
String[] vertex3 = currentLine[3].split('"'/");
processVertex(vertexl, vertices, indices);

processVertex(vertex2, vertices, indices);
processVertex(vertex3, vertices, indices);
line = reader.readLine();
}
reader.close();
} catch (10Exception e) {
System.err_printIn("Error reading the file');
}
removeUnusedVertices(vertices);
float[] verticesArray = new float[vertices.size() * 3];
float[] texturesArray = new float[vertices.size() * 2];
float[] normalsArray = new float[vertices.size() * 3];
float furthest = convertDataToArrays(vertices, textures, normals,
verticesArray,
texturesArray, normalsArray);
int[] indicesArray = convertindicesListToArray(indices);
ModelData data = new ModelData(verticesArray, texturesArray, normalsArray,
indicesArray,
furthest);

return data;
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H11]

Matoun iHpOpMaIlito Mpo 00’€KT, MOTPIOHO CTBOPUTHM HAOIp BKA3IBOK JJIA
BIJICOKApPTH, K OOpOOIATH naHHI MO0 BigoOpa3utu 00’ekT Ha cueHi. s 1poro
BukopuctoBytoThcs GLSL (OpenGL Shading Language, Graphics Library Shader
Language) - MoBa BHCOKOIO PiBHS [JIsi IporpaMyBaHHs IeiaepiB. Po3pobieHo mis
BUKOHAHHS MaTE€MAaTUKH, sSIKa 3a3BUYail MOTpiOHA JJIsi BUKOHAHHSI pacTepu3allii rpadiku.
Cunrakcuc MoBu 6a3yetbcsi Ha MoB1 iporpamyBaHHs ANSI C, 3 sikoro Oyiy BUKITIOYEH1
0arato MO>KJIMBOCTEH, JUIsl COPOLIEHHS MOBH 1 MIJBULIEHHS MPOAYKTUBHOCTI. Y MOBY
BKJIFOUEHI JOAATKOBI (PYHKIIi 1 THMNM JAaHWX, HANPUKIAA A1 poOOTH 3 BEKTOpamu 1
MaTpPULISIMH.

VY BignoBigHOCTI A0 KOkHOTO Tmapamerpy VBO mepemaemo oOpoOKy naHuX B
GLSL. Tenep mozaens mio 3untana 3 ¢aiay Moxe BioOpakaTHCh Ha €KpaHi, MpoTe
naHuil 00’ekT Oyje BUIJISAATH CIUIIOIMIEHUM B TEBHY IUIOHNIMHY TOMY, IIIO MOHITOP
komm’rorepa - ue 2D moepxus. 3D-cuena, BiarBopeHa OpenGL, noBuHHa

NPOEKTYBATHUCS HA €KpaH KOMII I0Tepa y BUrIsial 2D 300paskeHHs.
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Pucynok 3.1 — BiiobpaxkeHHst 00’ €KTy Ha CIIeH1

Jnst  mporo  MEpeTBOPEHHS  TPOEKIT  BUKOPUCTOBYETHCS  MaTPHIIS
GL _PROJECTION. Ils matpulisi NepeTBOPIOE BCi BEPIIMHHI JaHi BiJ KOOpIAWHAT
KaMepu J0 KOOpJAUHAT clieHd. Jlaii 11 KOOPJAMHATU CIIEHU TaKOX MEPETBOPIOIOTHCS Ha
HOpMali3oBaHl koopauHatu npuctporo (NDC) muisixoMm AiIeHHS Ha W KOMIIOHEHT
KOOPAMHAT CIICHU

(-1,1,1)
-Z ' (1.1.1)

(e -n/
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Pucynok 3.2 — IleperBopenns 3D koopAnHAT CLIEHH B CTEPEOCKOIIYHE

300pakeHHS.

VY mepcrniekTUBHOMY TpoekTyBaHHI 3D-Touka B yciueHii mipamifl (KOOpAMHATH
odeit) BimoOpaxkaeTbes Ha ky0 (NDC); miamason xkoopauuat X Bix [l, r] mo [-1, 1], y-
KoopauHara Biz [b, t] mo [-1, 1] i z-koopaunata Bix [-n, -f] mo [-1, 1].

KoopauHatu oueli BHU3HA4yaloThCsd B TpaBid cuctemi koopauHat, aine NDC
BUKOPHUCTOBYE JIBOPYUHY CUCTEMY KoopAuHaT. ToOTO kamepa Oulsl JKepena TUBUTHCS
B3JIOBXK OC1 Z y IPOCTOpP1 O4€ei, ajie BOHA TUBUTHCS B310BXK oci Z y NDC.

¥ OpenGL 3D-touka B mpocTOpl O4ei MPOEKTYEThCA HA HAHOIMKYY IUIOLIUHY
(mmommHy npoexkuii). HacTynHi glarpamMu moka3yroTh, SIK TOUKa (X€, ye, z€) B IpoCTOopl

o4ell MPOEKTYeThCS Ha (XP, YP, Zp) Ha HAWOIMKYIH MIOIIUHI.
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Pucynok 3.3 — Burmsin mpoekiiii reoMeTpii 3 Bepxy Ta 3 00Ky BiJIIOBIIHO

PeanizyBaBimu nany mojieiab B 4epe3 MOBY IeiiepiB, 00 €KTH Ha CIEHI Temep
B1IOOpaXXaloThCsl B TPOEKINIi. AJie TOKM JIaHHI 00’€KTHM CTaTW4Hi, JJI peaizallii
JMHAMIKY MOTPIOHO TOOMpPAIOBATH KOJI IEHEpiB.

B OpenGL kamepa craTudHa 1 HE MOXKE MEPEMIIyBaTHCh, BOHA 3aBXKIU MAae
koopauHatu (0,0) (sx 1 OuIbIIOCTI 1HIKMX TpadiuHux O0i07I0TEK), TOMY B irpax Mpu
BiJIOOpa)XE€HHI CIICH, MOJIOKEHHS KaMEepH CTaTW4YHA, a BCSA CIICHA PYXa€TbCS HABKOJIO
KaMepH, SKIIO peai30BYBAaTH 3MiHY MOJO0KEHHS 00’ €KTIB TUIBKU Yepe3 TaKy MaTPHIIIO,
TO TOJIO’KEHHS 00’ €KTIB B CIICHI HE MOXJIMBO Oy BIICIIIKYBATH.

[I{o6 yHUKHYTH Takui eeKT MOTPIOHO CTBOPUTH MATPHUIIIO KA OyJie ONMUPATUCH
Ha BIJIHOCHE TIOJIOKEHHSI 00 €KTHB Ha CIEHI Ta TUM, SIK KOPHUCTYBay <(GMIHIOE»
MOJIOKEHHSI KaMepH, TOOTO 00’€KTU OyayTh MaTH CBOi CTaTWUYHI KOOPJAMHATH B CLEHI,
ajie ISl KaMepH Ha CTOPOHI BiJIeOKapTH OyJie BiJ0OyBaTUCh MaTEMaTUYHE TIEPETBOPEHHS
TOYOK reomeTpii.[13]

Koxa maTpwini mepeTBopeHHS:
public static Matrix4f createTransformationMatrix(Vector3f
translation, float rx, float ry,
float rz, float scale) {

Matrix4f matrix = new Matrix4f();
matrix.setldentity(Q);
Matrix4f.translate(translation, matrix, matrix);
Matrix4f.rotate((float) Math.toRadians(rx), new Vector3f(1,0,0),

matrix, matrix);
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Matrix4f.rotate((float) Math.toRadians(ry), new Vector3f(0,1,0),
matrix, matrix);

Matrix4f.rotate((float) Math.toRadians(rz), new Vector3f(0,0,1),
matrix, matrix);
Matrix4f._scale(new Vector3f(scale,scale,scale), matrix, matrix);

return matrix;

public static Matrix4f createViewMatrix(Camera camera) {

Matrix4f viewMatrix = new Matrix4f();

viewMatrix.setldentity();

Matrix4f._rotate((float) Math.toRadians(camera.getPitch()), new
Vector3f(1, 0, 0), viewMatrix,

viewMatrix);

Matrix4f.rotate((float) Math.toRadians(camera.getYaw()), new
Vector3f(0, 1, 0), viewMatrix, viewMatrix);

Vector3f cameraPos = camera.getPosition();

Vector3f negativeCameraPos = new Vector3f(-cameraPos.x, -
cameraPos.y,-cameraPos.z);

Matrix4f.translate(negativeCameraPos, viewMatrix, viewMatrix);

return viewMatrix;

H14]
Vertext-shader:

#version 400 core

in vec3 position;
in vec2 textureCoordinates;

in vec3 normal;

out vec2 pass_textureCoordinates;

void main(void){

vec4 worldPosition = transformationMatrix * vec4(position,1.0);
vec4 positionRelativeToCamera = viewMatrix * worldPosition;

gl _Position = projectionMatrix * positionRelativeToCamera;
pass_textureCoordinates = textureCoordinates;

}

Vertex shader:
#version 400 core

in vec2 pass_textureCoordinates;
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in vec3 surfaceNormal;

out vec4d out_Color;

uniform sampler2D modelTexture;
void main(void){

out_Color = vec4(diffuse,1.0) * texture (modelTexture,

pass_textureCoordinates) + vec4(finalSpecular,1.0);

}

Jlst mepeMitieHHsT KaMepy B CIleHI BUKOPUCTOBYIOThCs kimaBimi W,A,S,D, a mis

O6epTaHH$I KaMCpHu BUKOPHUCTOBYETLCS MHIIIKA.

public class Camera {

private Vector3f position = new Vector3f(0,5,0);
private Vector3f position = new Vector3f(0,5,0);
private float pitch = 10;
private float yaw ;
public void move(){
if(Keyboard. isKkeyDown(Keyboard.KEY_P)){
cameraMode = 1;
}
if(Keyboard. isKkeyDown(Keyboard.KEY_0)){
cameraMode = 0;
}
if (cameraMode == 0) {
if(Mouse.isButtonDown(1)) {
yaw -= Mouse.getDX() * 0.1f;
pitch += Mouse.getDY() * 0.1F;
pitch = Math_max(-90, Math_min(pitch, 90));
}
ifT (Keyboard. isKeyDown(Keyboard.KEY_W)) {

float dx = (float)(Math.sin(Math.toRadians(yaw)));
float dz = (float)(Math.cos(Math.toRadians(yaw)));
float dy = (float) (Math.sin(Math.toRadians(pitch)));
position.x +=dx;

X
position.z -=dz;
y

position.y -=dy;
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}
if (Keyboard. isKeyDown(Keyboard.KEY_S)) {

float dx = (float)(Math.sin(Math.toRadians(yaw)));
float dz = (float)(Math.cos(Math.toRadians(yaw)));
float dy = (float) (Math.sin(Math.toRadians(pitch)));
position.x -=dx;

X
position.z +=dz;
position.y +=dy;
}
if (Keyboard. isKeyDown(Keyboard.KEY D)) {
float dx (float) (Math.sin(Math.toRadians(yaw-90)));
float dz (float) (Math.cos(Math.toRadians(yaw-90)));

position.x -=dx;

position.z +=dz;

}

iT (Keyboard. isKeyDown(Keyboard.KEY_A)) {
float dx = (float) (Math.sin(Math.toRadians(yaw+90)));
float dz (float) (Math.cos(Math.toRadians(yaw+90)));

position.x -=dx;

position.z +=dz;

public Vector3f getPosition() {
return position;

public Ffloat getPitch() {

return pitch;

public float getYaw() {

return yaw;

3.2 /lonaBaHHs CBiTJIa

HactynHuM KpOKOM y CTBOpEHH1 pyllisd € JAO0JaBaHHA CBITJIa, MO0 00’€KT

3MIHIOBaB CBOIO OCBITJICHICTh B 3aJI€KHOCTI BiJl HAXWIIY 1 MOJOKEHHS Y BIIHOIIEHHI J10
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Toukd cBiTia. Judysne BiaOUTTS 1OOYIOBAaHO Tak, M0 TMOBEPXHI, SKi
MEPIEHANKYJISIPHO CIPSMOBAaHI 10 JDKEpesia CBITIa, BUTISTAIOTH SCKPaBIIle, HIK
MOBEPXHI, /1€ CBITJIO HAIXOIUTH MiJl OUThII HEnpsiMUM KyToM. L{i 00'€kTH OTpUMYIOTH
OUIBIITY OCBITJICHICTb.

st mporo moTpiOHO MPOBECTH BEKTOPW BiJ KOXKHOI TOYKH JO TOUYKH CBITJIA

(TOOTO B 3BOPOTHOMY HAIPSMKY).

-
'.ﬁ_ﬁh --lu---.____
~

L

N3

Pucynok 3.4 — [Ipoekuis cBiTiia Ha 00’ €KT

3 MaJllOHKY BHJIHO, 1[I0 HOpMallb MOB'si3aHa 3 Toukow Pl, Ha3Bana N1 -
napajgeiabHa BEKTOpPY, SIKMA BKa3dye Ha JpKepeno cBiTia. P1 mae kyr, piBHuMil 0 3
BEKTOPOM, SIKMU BKa3zye Ha Jpkeperno cBiTia. OCKUIbKH 11 TOBEPXHS MEPIECHIUKYIIsIpHA
JoKepeny cBitiia To P1 Gyne HailsickpaBilio TOYKOK Ha MOBEPXHI KYIIi.

Hopwmains, nos's3ana 3 Toukow P2, HazBana N2, mae kyT 01u3bko 30 rpaayciB 3
BEKTOPOM, SIKMM BKa3ye Ha JDKEPENo CBiTIa, TOMY BiH TOBHHEH MaTH MEHIIE
ocBiTiennss Hixk Pl. A Hopmanb, moB's3aHa 3 Toukoro P3, i Ha3zBana N3, Takox
napajienbHa BEKTOpY, SKHM BKa3dye Ha JDKEpEeNno CBiTa, ajle o0uaBa BEKTOpa
3HAXOMSITHCS Y 3BOPOTHOMY HAIPSIMKY.

P3 mae xyt 180 rpaayciB 3 BEKTOpOM, KM BKa3ye Ha JKEPENo CBITJA, 1 B3araii
HE TIOBUHEH OTPUMYBATH CBITJA. ?

Ha ocHOBI 1IbOr0 MOYKHA BUKOPHCTATH MaTEMaTUYIHY OIlepallito, ika Ha3UBa€ThCS

KpaInkoBUM MpoayKkToM. Lls onepaitis 3aiimae 1Ba BEKTOPH 1 BUPOOJISiE YUCIO (CKaISIp),
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TOOTO MO3UTUBHE, SKIIO KyT MI)X HUIMU HEBEIHKUH, 1 Ja€ HEraTUBHE YMCIIO, SKIIO KyT
MK HUMHU IIUPOKHUMA. SIKI0 o0MaBa BEKTOPH HOPMATI3yIOThCS, TOOTO OOMIBa MAIOTh
JOBXKUHY, PIBHY OJMHULI, TOUKOBUH JOOYTOK MK HUMU Oyzae B mexax —1 1 1.

Ha ocHOBI 1WX [aHuWX CTBOpIOWMO TImeijep, mo Oyae BiAMOBiIaTH 3a

OCBITJICHICTH 00’ €KTIB B 3aJIEKHO BiJl PO3MIIICHHS TOYKOBOI'O CBITIIA.

Vertex shader

#version 400 core

in vec3 position;
in vec2 textureCoordinates;

in vec3 normal;

out vec2 pass_textureCoordinates;
out vec3 surfaceNormal;

out vec3 toLightVector;

out vec3 toCameraVector;

out float visibility;

uniform mat4 transformationMatrix;
uniform mat4 projectionMatrix;
uniform mat4 viewMatrix;

uniform vec3 lightPosition;

void main(void){

vec4 worldPosition = transformationMatrix * vec4(position,1.0);
vec4 positionRelativeToCamera = viewMatrix * worldPosition;
gl _Position = projectionMatrix * positionRelativeToCamera;

pass_textureCoordinates = textureCoordinates;

surfaceNormal = (transformationMatrix * vec4(actualNormal,0.0)).xyz;
toLightVector
toCameraVector = (inverse(viewMatrix) * vec4(0.0,0.0,0.0,1.0)).xyz -

lightPosition - worldPosition.xyz;

worldPosition.xyz;

H15]



Fragment shader:

#version 400 core

in vec2 pass_textureCoordinates;
in vec3 surfaceNormal;
in vec3 tolLightVector;
in vec3 toCameraVector;

out vecd out_Color;

uniform sampler2D modelTexture;
uniform vec3 lightColour;
uniform float shineDamper;
uniform float reflectivity;

void main(void){

vec3 unitNormal = normalize(surfaceNormal);

vec3 unitLightVector = normalize(toLightVector);

float nDotl = dot(unitNormal,unitLightVector);
float brightness = max(nDotl,0.2);
vec3 diffuse = brightness * lightColour;

vec3 unitVectorToCamera = normalize(toCameraVector);
vec3 lightDirection = -unitLightVector;
vec3 reflectedLightDirection = reflect(lightDirection,unitNormal);

float specularFactor = dot(reflectedLightDirection
unitVectorToCamera);

specularFactor = max(specularFactor,0.0);

float dampedFactor = pow(specularFactor,shineDamper);

vec3 finalSpecular = dampedFactor * reflectivity * lightColour;

vecd textureColour = texture(modelTexture,pass_textureCoordinates);
if(textureColour.a< 0.5){
discard;
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out_Color = vec4(diffuse,1.0) *
texture(model Texture,pass_textureCoordinates) + vec4(finalSpecular,1.0);

}[16]

Tenep 00’€xTH, 110 3HAXOATHCS HA CIIEHI MOXYTh 3MIHIOBAaTH CBOE MOJIOKEHHS,
o0epTaTUCh HABKOJIO OCl, T4 3MIHIOBATH CBil po3Mip, 1 pa3oM 3 UM OyJie 3MIHIOBaTUCh
OCBITJIEHHs JaHoro o0’ekty. [lpukian BimoOpakeHHs 00’€KTY B CIIEHI 300pakeHO Ha

puc. 3.5.

o} Test Engine — x

Pucynok 3.5 — Ilotounuii BUTJIAT peHIEpIHTY 00’ €KTa Ha CIIEH1

3.3 CTBOpeHHsI KAPTH PO3MillleHHs 00'€KTIiB

Komu 006’ektu rOTOBi, MOTPIOHO CTBOPUTH KapTy, Ha sKii BOHU OyIyTh
pO3MIIIEeH] Ta 1O sKii Oy/e mepecyBaTuCh TpaBellb.

Jlana KkapTa NOBHMHHA HIATPUMYBATH HaKIJIAJaHHS TEKCTYp, Ta MOXJIMBICTb
BUKOPHUCTAHHS KapT BHCOT. ToMy, sIK 00’€KT, KapTa CKIAJa€ThCsl 3 MACHUBY IOJITOHIB,

10 MAlOTh MEBHUM 3alaHUi PO3MIp, a X KUIBKICTh 3aJIEKUThH B PO3IIMPEHHS KapTH
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BHCOT, sIKa HaKJIAJa€ThCcsa Ha JaHHI nojironu. Cama KapTa BHCOT SBIII€E COOOI0 YOPHO-
OlUTy KapTHHKY B SKild, KO)XHOMY TIKCEII0 BIAMOBia€ TEBHUN TOJITOH, U YHUM

CBITJIILIUHI KOJIIP MIKCENst TUM Bullle OyJie 3HaXOUTUCH J1aHa TOYKa Ha KapTi.

Pucynok 3.6 — npukiia KapTu BUCOT, 1110 BUKOPUCTOBYETHCS.

JI7ist HakJIaJaHHs TEKCTYp, HA TTOBEPXHIO KapTH, MOKHA BUKOPUCTATH BEIMYE3HY
TEKCTYpY KapTH, ajie Taka Kaprta Oyjae 6araTto BaKuTH, a ii peHaepiHr Oyae NOBUILHUM 1
Oyze BUTpadaTH 3aiiBl pecypcu BijeokapTH. ToMmy JOIUIBHO BUKOPHUCTATH OE3IIOBHI
TEKCTYpP1 MaJIoro po3Mipy, 110 MOBTOPIOIOTHCS HA KapTi NpH ii BiIOOPAKEHHI.

OnHak OMHOpPiAHA TEKCTypa HE MOXKE MATH HUISXH, 1 BUTJSAIAE TPOCTO 1 HE
peanicTu4HOI0. ToMy B pymIii moTpiOHO oAaTH MIATPUMKY HaKIagaHHS TEKCTYP.
HaiikpamyuM 4MHOM I1e¢ MOXKHA 3pOOUTH uepe3 BUKOPHCTAHHS KapTH TEKCTYp, 3a

aHaJIOri€l0 poOOTH, BOHA MOJI0HA 10 KapTH BUCOT, IPOTE 3aMiCTh BUCOTH, BOHA BKa3ye
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1H(OopMallito Mpo Te, sIKa YacTHHA KapTH, MOBUHHA MaTU Ty a0o iHIIYy TekcTypy. Ha puc.

3.7 300pakeHa KapTa TEKCTYp.

Pucynok 3.7 — 300paxeHHs] KapTH BUCOT

Ha pamiifi kapTi KOXXKHOMY KOJBOpPY BHIIOBiJlae mMeBHa TekcTypa. CHHbOMY
KOJIBOPY BIJIMOBIJIa€ TEKCTypa Kam’ sHOI CTEXKH, YEPBOHOMY BHIIOBiJa€ MPUTONTaHA
TpaBa, I TOro MO0 3rJIaAUTH TEpeXiJ BiJ CTEKKH IO TPaBH, 3€ICHOMY KOJIbOPY
BIJITIOBi/1a€ TEMHIIIa TEKCTypa TpaBH, a YOPHUI BHUITOBIJAE 3a caMy TEKCTypy TpaBu. Ha

puc. 3.7 npenactaBieHH1 TEKCTYpH 1110 BUKOPUCTOBYIOTHCS MPH HAKJIA/IaHHI HA KapTy.
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Pucynok 3.8 — Ilepenik TekcTyp

[Ipuxnan peanizarii koay:

public class Terrain {

private static final float SIZE = 2000;
private static final float MAX HEIGHT = 25;
private static final float MAX_ PIXEL_COLOUR = 256*256*256;

private float x;

private float z;

private RawModel model;

private TerrainTexturePack texturePack;
private TerrainTexture blendMap;

private float[][] heights;

public Terrain(int gridX, int gridZ, Loader loader, TerrainTexturePack

texturePack,TerrainTexture blendMap, String heightMap){



this.texturePack = texturePack;
this.blendMap = blendMap;
this.x = gridX * SIZE + 1000;
this.z = gridZ * SIZE + 1000;

this.model = generateTerrain(loader, heightMap);

public float getX() {

return Xx;

public float getz() {

return z;

public RawModel getModel() {
return model;

public TerrainTexturePack getTexturePack() {
return texturePack;

public TerrainTexture getBlendMap() {
return blendMap;

public float getHeightOfTerrain(float worldX, float worldz){
float terrainX = worldX - this.x;
float terrainZ = worldZ - this.z;
float gridSquareSize = SIZE / ((Float) heights.length - 1);
int gridX = (int)Math.floor(terrainX/gridSquareSize);
int gridZz = (int)Math.floor(terrainzZ/gridSquareSize);
iT(gridX >= heights.length-1 |]gridZ >= heights.length-1
O]] gridz < 0){
return O;
}
float xCoord
float zCoord

(terrainX % gridSquareSize)/ gridSquareSize;

(terrainZ % gridSquareSize)/ gridSquareSize;

float answer;

69

gridX <
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if (xCoord <= (1-zCoord)) {
answer = Maths.barryCentric(new Vector3f(O0,
heights[gridX][gridZz], 0), new Vector3f(1,
heights[gridX + 1][gridZ], 0), new
Vector3f (0,
heights[gridX][gridz + 1], 1), new
Vector2f(xCoord, zCoord));
} else {
answer = Maths._barryCentric(new Vector3f(1l, heights[gridX +
1][gridZz], 0), new Vector3f(l,
heights[gridX + 1][gridz + 1], 1), new
Vector3f(0,
heights[gridX][gridz + 1], 1), new
Vector2f(xCoord, zCoord));
}

return answer;

private RawModel generateTerrain(Loader loader,String heightMap){
Bufferedlmage image = null;
try {
image = ImagelO.read(new File("'res/"+heightMap +".png'™) );
} catch (10Exception e) {
e.printStackTrace();

int VERTEX_COUNT = image.getHeight();

heights = new float[VERTEX_COUNT][VERTEX_COUNT];

int count = VERTEX_COUNT * VERTEX_ COUNT;
float[] vertices = new float[count * 3];
float[] normals = new Float[count * 3];
float[] textureCoords = new Float[count*2];
int[] indices = new Int[6*(VERTEX_COUNT-1)*(VERTEX_COUNT-1)];
int vertexPointer = 0;
for(int i=0;i<VERTEX_COUNT;i++){
for(int j=0;j<VERTEX_COUNT;j++){
vertices[vertexPointer*3] = (Float)j/((float)VERTEX COUNT -
1) * SIZE;

float height getHeight(j,i, image);
heights[j][i] = height;
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vertices|[vertexPointer*3+1] = height;
(float) i/ ((fFloat)VERTEX_COUNT

vertices[vertexPointer*3+2]
- 1) * SIZE;

Vector3f normal = calculateNormal(j, i, image);

normals[vertexPointer*3] = normal .x;

normals[vertexPointer*3+1] = normal.y;

normals[vertexPointer*3+2] = normal.z;

textureCoords[vertexPointer*2] =
(float) j/((float)VERTEX_COUNT - 1);

textureCoords[vertexPointer*2+1] =
(float) i/((Float)VERTEX_COUNT - 1);

vertexPointer++;

}

int pointer = O;

for(int gz=0;9z<VERTEX_COUNT-1;gz++){

for(int gx=0;gx<VERTEX_COUNT-1;gx++){

int topLeft = (gz*VERTEX_COUNT)+gx;
int topRight = toplLeft + 1;
int bottomLeft = ((gz+1)*VERTEX_COUNT)+gx;
int bottomRight = bottomLeft + 1;

indices[pointer++] = toplLeft;
indices[pointer++] = bottomLeft;
indices[pointer++] = topRight;
indices[pointer++] = topRight;
indices[pointer++] = bottomLeft;
indices[pointer++] = bottomRight;

}

return loader.loadToVAO(vertices, textureCoords, normals, indices);

private Vector3f calculateNormal(int x, int z, Bufferedlmage image){
float heightL = getHeight(x-1,z,image);
float heightR
float heightD = getHeight(x,z-1,image);
float heightU = getHeight(x,z+1,image);
Vector3f normal = new Vector3f( heightL - heightR, 2f, heightD -

getHeight(x+1,z,image);

heightV);
normal .normalise();

return normal;
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[Ticns HakagaHHs TEKCTYP 1 KAPTH BUCOT, OTPUMAHHM HACTYITHUN PE3yJbTaT:

Pucynok 3.9 — 300pakeHHs! KapTH 3 BUCOTU NTUYOTO MOJIBOTY

J11st mepcreKTUBY BiJ] TIEPILIOT 0COOM 1aHa KapTa Ma€ HACTYITHUIN BUTJIS:

ol Test Lngne - ®

Pucynok 3.10 — 3o00pakeHHs KapTH Bij mepIioi ocoou
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3.4 CTBOpeHHS irpOBOro NEPCOHAKY

®diHaTbHUM KPOKOM € CTBOPEHHS IrpOBOrO  IIEPCOHAXy, 1Mo Oymae
MePEMINTYBATHCh O KapTi.

Takuit 00’€KT TpaBIl MOXKHA CTBOPUTH HACHITyBaBIIN MMapaMeTpH 1 METOAH BiJl
KJIacy 00’€KTa, HaJaBIIM WOMY IEpeMillleHHs, Yyepe3 BBiJ KopucTyBada. Ha crpiaku
BJIIBO Ta BIIPaBO I'paBellb 3MOXE 00€pTaTH IrPOBOr0 MEPCOHAXKA, HA CTPUIKK BIIEpe]] Ta
Hazaj, IEPCOHaX OyJie MepecyBaTUCh Y HAMPSIMKY, B SIKWil BiH JUBUTHCS, Ta BIAMOBIIHO
Hazaj BiJ Hboro. A Ha KHONKY O mepcoHaxk Oy/e BUKOHYBAaTH CTPUOOK.

Peanizamis xomy:

public class Player extends Entity{

private static final float RUN_SPEED = 10;
private static final float TURN_SPEED = 200;
private static final float GRAVITY = -50;
private static final float JUMP_POWER = 20;

public static final float TERRAIN_HEIGHT = O;

private float currentSpeed= O;
private float currentTurnSpeed = 0O;
private float upwardsSpeed = O;

public Player(TexturedModel model, Vector3f position, float rotX, float
rotY, float rotZ, float scale) {
super(model, position, rotX, rotY, rotZ, scale);
}
public void move(){
checklnput();
super . increaseRotation(0,currentTurnSpeed*
DisplayManager.getFrameTimeSeconds(),0);
float distance = currentSpeed* DisplayManager.getFrameTimeSeconds();
float dx = (float) (distance *
Math.sin(Math.toRadians(super.getRotY())));
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float dz = (float) (distance *
Math.cos(Math.toRadians(super.getRotY())));
super . increasePosition(dx,0,dz);
upwardsSpeed += GRAVITY * DisplayManager.getFrameTimeSeconds();
super . increasePosition(0,upwardsSpeed *
DisplayManager.getFrameTimeSeconds(),0);
if(super.getPosition().y < TERRAIN_HEIGHT){
upwardsSpeed = 0;
super.getPosition().y = TERRAIN_HEIGHT;

private void checklnput(Terrain terrain){

if(Keyboard. iskeyDown(Keyboard.KEY_UP)){
this.currentSpeed= RUN_SPEED;

}else if(Keyboard. iskeyDown(Keyboard.KEY_DOWN)){
this.currentSpeed= -RUN_SPEED;

Yelse {
this.currentSpeed = 0;

¥

if(Keyboard. iskeyDown(Keyboard.KEY_LEFT)){
this.currentTurnSpeed= TURN_SPEED;

} else if(Keyboard. iskeyDown(Keyboard.KEY_RIGHT)){
this.currentTurnSpeed= -TURN_SPEED;

Yelse {
this.currentTurnSpeed = 0;

}

if(Keyboard. isKkeyDown(Keyboard.KEY_J)){
if(super.getPosition().y == TERRAIN_HEIGHT) {

JumpQ);

}
Mopnens nepconaxa 300paskeHa Ha puc. 3.9
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Pucynok 3.11 — IrpoBuii nepcoHaxx 6€3 TEKCTypu

OCKUIbKM KapTa MO SKIA XOIWUTh MEPCOHAK HE PIBHOMIpPHA, TO 1 WOrO MOJEIb
MOBUHHA 3HAXOJIUTHCA Ha MOBEPXHI KapTH, TOOTO MaTH Koji3ito 3 Herwo. [1lo0 cTtBopuTH
TaKy KOJI131t0, HEOOX1IHO MOCTIHHO 3YUTYBaTH KOOPJMHATH IOJOKEHHS MEPCOHaXXa B
CBITI, 32 IUMHM KOOPJAMHATAMU 3HAXOJUTH TOJIITOH, Ha SKOMY CTOITh MIEPCOHAXK, 1 uepes
CepeHbOKBAIPATUYHE 3HAUYECHHS BUCOT TOYOK, 10 (POPMYIOTH MOJITOH, MTOBEPTATH 11€
3HAYEHHS MEPCOHAXKY, SIK MIHIMAJIbHUI pIBEHb 1Or0 MOJENI.

Kon mo peanizye nany QpyHKIito:
private float getHeight(int x, int z, Bufferedlmage image){
if(x<0 11 X>= image.getHeight() 11 z<0 11 z>=
image.getHeight()){
return O;
¥
float height = image.getRGB(X,z2);
height += MAX_PIXEL_COLOUR/2f;
height /=MAX_PIXEL_COLOUR/2f;
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height *= MAX_HEIGHT;
return height;

}

[IoBHa cuieHa rpu Ma€ Tenep HaCTYITHUN BUTJISIA!

Pucynok 3.12 Cuena rpu ¢ nepcoHakeM, Ta irpoBUMH 00’ €KTaMu

B ctBOpeHoMy irpoBomy pyirii, po3pOoOHUK irop, MOXE€ CTBOPUTH BIIACHOTO
ITpOBOTO TIepCOHaXKa 110 OyIe BIILHO MEPECYBATUCH T10 CBITY, CTBOPUTH JIJIsl TPU KapTy,
Ta HANOBHHUTH IIel CBIT pI3HOMaHITHUMH OO0 ’€KTaMH, IO BIATOBIZA€E IKaHPY

npurogauipkux PIIT irop, Ha 110 1 po3paxoBaHuii TaHW ITPOBHA PYIIIii.
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3.5 BucHoBKH 10 po3aiay 3:
- Byno posrisinyto rpadgiuny 6i6mioreky OpenGL, Ta naker 6i10miotrex JLWGL;

- Ha 6a3i rpadiunoi 616;1i0Teku, OyB po3po0IeHU IrpOBUM PYIIIiH, IKUH J03BOJISIE
ctBoptoBatu 3D irpu xaHpy 3rd-person advanture. Irpu cTBopeHi Ha 6a3i
PO3pOOJICHOr0 PYIIIisl MIATPUMYIOTH CTBOPEHHS IPOBOI0 MEPCOHAXKA, IKUA MOXKE
BUIBHO MEPECYBATHUCH I10 ITPOBIH KapTi, IFPOBY KapTy, U0 MIATPUMYE KapTy BUCOT,
Ta HaKJIaJlaHHS TEKCTYp, KaMepy 10 MOXKHA IEePEeCcyBaTu Mo iIrpOBOMY CBITY,

IIPOCTE OCBITJICHHS, Ta 3aBaHTAKEHHS Mojielniel 3 wavefront ¢aiiiis;

- 3anpOINOHOBAaHO, B MPOIOBKEHHS pO3pOOKH IrPOBOr0 pyILIisi, HIATPUMKY
BUKOpPUCTaHHS (P13MUHUX 010/110TEK, aHIMallll Ta 3BYKY, 1 JOONPALFOBAHHS

MOTOYHUX MOMJTMBOCTEH PYIIIisl i1 CTBOPSHHSI TOBHOIIIHHUX 1TOP;

- Ha ocHOB1 po60oTH OyJI0 CTBOPEHO KUJIbKA KOMIT FOTEPHUX MPAKTUKYMIB JIs
BUBYECHHS JUCHUIUTIHU « T€XHOIOT1i CTBOPEHHSI OCBITHIX KOMIT'FOTEPHUX 1TOp Ta

IPOEKTYBAHHSI JIOMTOBHEHOT PEaTbHOCTI.
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BUCHOBKMU

VY xoxi BUKOHAaHHS JaHO1 JUIUIOMHOT pOOOTH OYJ10 JOCTIIKEHO:

1. ITOHATTS KOMIT IOTE€PHOI I'PH, Ta OCHOBHI €Tanu 1CTOP1i pO3BUTKY IrPOBOL

iHaycTpii. OCHOBHI JKaHPH 1rop Ta X 0COOJIMBOCTI, 1 MEXaHIKH.

2. IloHATTA IrpOBOro pyIis, KO0 OCHOBHUX CKIIaJIOBUX, TAKUX, AK: IrpadiyHa
CKJazoBa, (pi3uyHa CKJIaJ0Ba, aHIMaIliitHa, 1 ay/i0 CKJIaI0B1, IHCTPYMEHTH BiTaJIKH,

€JIEMEHTH BBOIY-BHUBOJY, Ta KOPUCTYBAIBHULILKHUI 1HTEpEIiC.

3. Takox, Oyno po3po0biiene, 6a3oBe rpadiyHe MporpaMHue 3a0e3neyeHHs, 3
BUKopucTanHsaM 016miotek OpenGl ta Iwjgl. ByB Hanucanuii kof, O peani3ye
BimmoOpaxxeHHs 3D 00’€KTIB B CIIEHI 3 PI3HUMH IMapaMeTpamu TpaHncopMmaiiii, irpoBy
KapTy, [0 MATPUMYE HAKIATaHHS TEKCTYp 1 BUKOPUCTAHHS KapT BHCOT, Ta iIrPOBOTO

MePCOHaXKa M0 MOXKE BUTHHO MEPEMIIIYBATUCH IO KapTi.

4. lauuii irpoBUid pyIIiil MOXXKHA MOCTYIIOBO MOKPAIyBaTH, 1 HaJaBaTH HOBUX
MO>KJIMBOCTEH, BTIM 3a JIOMOMOTH JaHOT0 KOJy MOKHA peai3yBaTH ITPH IHIIUX JKaHPIB
(HampuKIIa]l TOHKH, SIKIO 3aMIHUTH MOJIeJb TIEPCOHA)Ka Ha MOJIeNTb aBTOMOO1IIs), 00

nan po3BuBaTH B HanpsIMKy RPG irop 3 BusioM Bijg TpeThoi 0COOH.

5. Jaunuii pymriit O0yB 3anponoOHOBaHUH, sIK 0a3a JIsi CTBOPEHHS MTPAKTUKYM 3
TUCIUIUTIHY «TeXHOJOT1i CTBOPEHHS OCBITHIX KOMIT IOTEPHHUX Ir0p Ta MPOECKTYBaHHS
JOTIOBHEHOI PealbHOCTI» /Il BUBUEHHS 0a30BUX CKJIAJIOBUX IFPOBUX PYIIIiB, Ta iX

3aCTOCYBAaHHA IJIsI CTBOPCHHA iFOp.
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Unity is a cross-platform game engine developed by Unity Technologies, which
Is primarily used to develop both three-dimensional and two-dimensional video
games andsimulations for computers, consoles, and mobile devices. First announced
only for OS X at Apple's Worldwide Developers Conference in 2005, it has since been
extended to target 27 platforms. Six major versions of Unity have been released. For a
list of games made with Unity, visit List of Unity games.

Unity is a multipurpose game engine that supports 2D and 3D graphics, drag-

and-drop functionality and scripting using C#. Two other programming languages were
supported:Boo, which was deprecated with the release of Unity 5 and JavaScript which
started its deprecation process in August 2017 after the release of Unity 2017.1.
The engine targets the following graphics APIs: Direct3D on Windows and Xbox
One; OpenGL on Linux, macOS, and Windows;OpenGL ESon Android and
I0S; WebGL on the web; and proprietary APIs on thevideo game consoles.
Additionally, Unity supports the low-level APIsMetalon 10S and macOS
and Vulkan on Android, Linux, and Windows, as well as Direct3D 12 on Windows and
Xbox One.

Within 2D games, Unity allows importation of sprites and an advanced 2D
world renderer. For 3D games, Unity allows specification of texture
compression, mipmaps, and resolution settings for each platform that the game engine
supports, and provides support forbump mapping, reflection mapping, parallax
mapping, screen space ambient occlusion (SSAQ), dynamic shadows using shadow
maps, render-to-texture and full-screen post-processing effects.!d Unity also offers
services to developers, these are: Unity Ads, Unity Analytics, Unity Certification, Unity
Cloud Build, Unity Everyplay, Unity IAP, Unity Multiplayer, Unity Performance
Reporting and Unity Collaborate.

Unity supports the creation of custom vertex, fragment (or pixel), tesselation,
compute shaders and Unity's own surface shaders using Cg, a modified version of
Microsoft's High-Level Shading Language. Unity supports building to 27 different

platforms.
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The platforms are listed in the following: iOS, Android, Tizen, Windows, Universal
WindowsPlatform, Mac, Linux, WebGL, PlayStation4, PlayStationVita, Xbox One, Wii
U,3DS, Oculus Rift, Google Cardboard, Steam VR, Play Station VR, Gear
VR, Windows Mixed Reality, Daydream, AndroidTV, Samsung Smart TV,
tvOS, Nintendo Switch, Fire OS, Facebook Gameroom, Apple ARKIit, Google AR Core,
and Vuforia.

Unity formerly supported seven other platforms including its own Unity Web
Player. Unity Web Player was a browser plugin that was supported in Windows and OS
X only,! which has been deprecated in favor of Web GL

Unity is the default software development kit (SDK) for Nintendo's Wii U video
game console platform, with a free copy included by Nintendo with each Wii U
developer license. Unity Technologies calls this bundling of a third-party SDK an
"Industry first".

In 2012, VentureBeat said, "Few companies have contributed as much to the
flowing of independently produced games as Unity Technologies. ... More than 1.3
million developers are using its tools to create gee-whiz graphics in their iOS, Android,
console, PC, and web-based games. ... Unity wants to be the engine for multi-platform
games, period."

For the Apple Design Awards at the 2006 WWDC trade show, Apple,
Inc. named Unity as the runner-up for its Best Use of Mac OS X Graphics category, a
year after Unity's launch at the same trade show. Unity Technologies says this is the
first time a game design tool has ever been nominated for this award. A May 2012
survey by Game Developer magazine indicated Unity as its top game engine for mobile
platforms. In July 2014, Unity won the "Best Engine" award at the UK's
annual Develop Industry Excellence Awards.

Unity 5 was met with similar praise, with The Verge stating that "Unity started
with the goal of making game development universally accessible.... Unity 5 is a long-
awaited step towards that future."

Following the release of Unity 5, Unity Technologies drew some criticism for

the high volume of quickly produced games published on the Steam distribution
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platform by inexperienced developers. CEO John Riccitiello said in an interview that he
believes this to be a side-effect of Unity's success in democratizing game development:
"If I had my way, I'd like to see 50 million people using Unity — although | don't think
we're going to get there any time soon. I'd like to see high school and college kids using
it, people outside the core industry. | think it's sad that most people are consumers of
technology and not creators. The world's a better place when people know how to
create, not just consume, and that's what we're trying to promote."

In December 2016, Unity Technologies announced that they will change
the versioning numbering system for Unity from sequence-based identifiers to year of
release to align the versioning with their more frequent release cadence.

On December 16, 2013, Unity Technologies Japan revealed new screenshots for

an official mascot character named Unity-chan (L =7 « % % As Yuniti-chan), real

name Kohaku Otori (K5 ZI[&< Otori Kohaku) (voiced by Asuka Kakumoto), with
exhibit of the character in Comic Market 85 event in the Tokyo Big Sight between
December 29 to the 31st, where themed goods would be distributed and her voice
actress would be present at the event. The character's associated game data were to be
released in spring 2014. The character was designed by Unity Technologies Japan
designer "ntny" as an open-source heroine character. The company allows the use of
Unity-chan and related characters in secondary projects under certain licenses.”® For
example, Unity-chan appears as a playable character in Runbow. The popularity of the
character also led to her appearance in VOCALOIDadaptions, including her own sound
library for VOCALOID4 and a special adaption of VOCALOID designed to work with
the Unity Engine 5.0 version called Unity with VOCALOID.[6]
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Kon pymiisiii peanizoBanuii Ha MOBI java, BUKOpUCTOBYIouH 0i0aiorexu Iwjgl:

public class MainGamelLoop {

public static void main(String[] args) {

System.setProperty(‘'org. lwjgl . librarypath', new
File("lib/natives').getAbsolutePath());

System.setProperty(‘'org. lwjgl64._librarypath™, new
File("lib/natives').getAbsolutePath());

DisplayManager.createDisplay();

Loader loader = new Loader();

TerrainTexture backGroundTexture = new
TerrainTexture(loader.loadTexture('grass'™));

TerrainTexture rTexture = new
TerrainTexture(loader . loadTexture(*'moss'™));

TerrainTexture gTexture = new
TerrainTexture(loader.loadTexture('grass2'™));

TerrainTexture bTexture = new
TerrainTexture(loader . loadTexture(*'rock'));

TerrainTexturePack texturePack = new

TerrainTexturePack(backGroundTexture, rTexture,gTexture,bTexture);

TerrainTexture blendMap = new
TerrainTexture(loader.loadTexture(*'map'));

Terrain terrain = new Terrain(-1,-1,loader,texturePack,blendMap,

"heightmap');

ModelData data = OBJFileLoader.loadOBJ("'cottage blender™);

RawModel cottage =
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loader.loadToVAO(data.getVertices() ,data.getTextureCoords() ,data.getNormals(),data

-getindices());

ModelTexture cottagel = new
ModelTexture(loader . loadTexture(""house_tex'"));

TexturedModel staticModel = new TexturedModel (cottage,cottagel);

ModelData modell = OBJFileLoader.loadOBJ(*'grassl™);
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RawModel grass =
loader.loadToVAO(modell.getVertices(),modell.getTextureCoords(),modell.getNormals(
).modell_getlndices());

ModelTexture text = new ModelTexture(loader.loadTexture(''grassl'™));

OBJFileLoader.loadOBJ("'Wel ') ;

ModelData well

RawModel welll =
loader.loadToVAO(well .getVertices(),well._getTextureCoords(),well._getNormals(),well
-getindices());

ModelTexture well_tex = new
ModelTexture(loader. loadTexture(*'Well_tex'));

text.setHasTransparency(true);

text.setUseFakeLighting(true);

TexturedModel staticModelwell = new TexturedModel (welll,well_tex);
TexturedModel staticModell = new TexturedModel(grass,text);

Entity wellEnt = new Entity(staticModelwell, new
Vector3f(6,terrain_getHeightOfTerrain(6,6),6),0,0,0,2F);

RawModel robot = OBJLoader.loadObjModel (*'Stone™, loader);

TexturedModel texRobot = new TexturedModel (robot, new
ModelTexture(loader. loadTexture(*'Stone_tex')));

Player player = new Player(texRobot,new Vector3f(0,0,0),0,0,0,0.68F);

List<Entity> entities = new ArrayList<Entity>();
Random random = new Random();

for(int i=0;i<30;i++){

float x = random.nextFloat()*600 -200;
float z = random.nextFloat() * 400 -200;
float y = terrain.getHeightOfTerrain(x,z);

entities.add(new Entity(staticModel, new
Vector3f(x,y,z),0,random.nextFloat() *360,0,1F));

}

List<Entity> entitiesl = new ArrayList<Entity>();
for(int 1=0;1<2000;i++){

float x = random.nextFloat()*80 - 40;



float z

random.nextFloat()*80 - 300;

float y = terrain.getHeightOfTerrain(x,z);

entitiesl.add(new Entity(staticModell, new

Vector3f(X,y,z),0,random.nextFloat() *360,0,1F));

}

Light light = new Light(new Vector3f(20000,20000,2000),new

Vector3f(1,1,1));

H11]

Camera camera = new Camera(player);

MasterRenderer renderer = new MasterRenderer();

while(!Display. isCloseRequested()){
camera.move();
player.move(terrain);
renderer.processentity(player);
renderer.processTerrain(terrain);
renderer .processeEntity(wellEnt);
for(Entity entity:entities){
renderer _processEntity(entity);
}
for(Entity entity:entitiesl){
renderer .processeEntity(entity);
¥
renderer.render(light, camera);

DisplayManager .updateDisplay();

renderer.cleanUp(Q);
loader.cleanUp();

DisplayManager.closeDisplay();
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public class Camera {

private Vector3f position = new Vector3f(0,5,0);
private float pitch = 10;
private float yaw ;

private float roll;

private int cameraMode = O;

private Player player;

public Camera(Player player){
this._player=player;

public void move(){
if(Keyboard. isKkeyDown(Keyboard.KEY_P)){
cameraMode = 1;
}
if(Keyboard. isKkeyDown(Keyboard.KEY_0)){
cameraMode = O;
}
if (cameraMode == 0) {
if(Mouse. isButtonDown(1)) {
yaw -= Mouse.getDX() * 0.1F;
pitch += Mouse.getDY() * 0.1fT;
pitch = Math.max(-90, Math.min(pitch, 90));
}
it (Keyboard. isKkeyDown(Keyboard.KEY W)) {
float dx = (float) (Math.sin(Math.toRadians(yaw)));
float dz = (float) (Math.cos(Math.toRadians(yaw)));

float dy = (float) (Math.sin(Math.toRadians(pitch)));

position.x +=dx;
position.z -=dz;

position.y -=dy;
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}
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it (Keyboard. isKkeyDown(Keyboard.KEY_S)) {

float dx
float dz
float dy
position
position
position

}

= (float) (Math_sin(Math.toRadians(yaw)));
= (float) (Math.cos(Math.toRadians(yaw)));
= (float) (Math_sin(Math.toRadians(pitch)));

X -=dx;
.z +=dz;

.y +=dy;

if (Keyboard. isKkeyDown(Keyboard.KEY_D)) {

float dx
float dz
position
position

}

(float) (Math.sin(Math.toRadians(yaw-90)));

(float) (Math.cos(Math.toRadians(yaw-90)));

X -=dx;

.z +=dz;

ifT (Keyboard. isKkeyDown(Keyboard.KEY_A)) {

float dx
float dz
position
position

}

(float) (Math.sin(Math.toRadians(yaw+90)));
= (float) (Math.cos(Math.toRadians(yaw+90)));

X —-=dx;

.z +=dz;

if (Keyboard. isKeyDown(Keyboard.KEY_ SPACE)) {

position.

}

y += 1F;

it (Keyboard. isKeyDown(Keyboard.KEY_LSHIFT)) {

position.

y -= 1f;

public Vector3f getPosition() {

return position;



public float getPitch() {

return pitch;

public float getYaw() {

return yaw;

public float getRoll() {

return roll;

public int getCameraMode() {

return cameraMode;

public void setCameraMode(int cameraMode) {

this.cameraMode = cameraMode;

}
public class Entity {

private TexturedModel model;
private Vector3f position;
private float rotX, rotY, rotZ;

private float scale;

public Entity(TexturedModel model, Vector3f position, float rotX, float
rotY, float rotZ,

float scale) {
this.model = model;
this.position = position;
this.rotX = rotX;

this.rotY

rotY;

this.rotZ

rotZ;
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this.scale = scale;

public void increasePosition(float dx, float dy, float dz) {
this._position.x += dx;
this._position.y += dy;

this.position.z += dz;

public void increaseRotation(float dx, float dy, float dz) {
this.rotX += dx;
this.rotY += dy;

this.rotZ += dz;

public TexturedModel getModel() {

return model ;

public void setModel (TexturedModel model) {

this.model = model;

public Vector3f getPosition() {

return position;

public void setPosition(Vector3f position) {

this.position = position;

public float getRotX() {

return rotX;



public void setRotX(Float rotX) {

this.rotX = rotX;

public float getRotY() {

return rotY;

public void setRotY(Ffloat rotY) {

this.rotY = rotY;

public float getRotz() {

return rotZ;

public void setRotz(float rotz) {

this.rotZ = rotZ;

public float getScale() {

return scale;

public void setScale(float scale) {

this.scale = scale;

}

public class Light {

private Vector3f position;

private Vector3f colour;

public Light(Vector3f position, Vector3f colour) {
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this.position = position;

this.colour = colour;

public Vector3f getPosition() {

return position;

public void setPosition(Vector3f position) {

this._.position = position;

public Vector3f getColour() {

return colour;

public void setColour(Vector3f colour) {

this.colour = colour;

H11]

public class Player extends Entity{

private static final float RUN_SPEED = 10;
private static final float TURN_SPEED = 200;
private static final float GRAVITY = -50;

private static final float JUMP_POWER = 20;
public static final float TERRAIN_HEIGHT = O;
private float currentSpeed= 0;

private float currentTurnSpeed = 0;

private float upwardsSpeed = 0;
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public Player(TexturedModel model, Vector3f position, float rotX, float rotY,
float rotz, float scale) {

super(model, position, rotX, rotY, rotZ, scale);
}
public void move(Terrain terrain){
checklnput(terrain);

super . increaseRotation(0,currentTurnSpeed*
DisplayManager.getFrameTimeSeconds(),0);

float distance = currentSpeed* DisplayManager .getFrameTimeSeconds();

float dx

(float) (distance * Math.sin(Math.toRadians(super.getRotY())));
float dz

(float) (distance * Math.cos(Math.toRadians(super.getRotY())));
super . increasePosition(dx,0,dz);
upwardsSpeed += GRAVITY * DisplayManager.getFrameTimeSeconds();

super . increasePosition(0,upwardsSpeed *
DisplayManager.getFrameTimeSeconds(),0);

float terrainHeight =
terrain.getHeightOfTerrain(super._getPosition().x,super.getPosition().z);

if(super.getPosition().y < terrainHeight){
upwardsSpeed = 0;

super.getPosition().y = terrainHeight;

private void checklnput(Terrain terrain){

if(Keyboard. iskeyDown(Keyboard.KEY_UP)){
this.currentSpeed= RUN_SPEED;

}else if(Keyboard. isKeyDown(Keyboard.KEY_DOWN)){
this.currentSpeed= -RUN_SPEED;

Yelse {
this.currentSpeed = 0;

}

iT(Keyboard. isKkeyDown(Keyboard.KEY_LEFT)){
this.currentTurnSpeed= TURN_SPEED;

} else if(Keyboard. isKeyDown(Keyboard.KEY_ RIGHT)){



this.currentTurnSpeed= -TURN_SPEED;
Yelse {

this.currentTurnSpeed = 0;

}
if(Keyboard. isKkeyDown(Keyboard.KEY_J)){

if(super.getPosition().y ==
terrain.getHeightOfTerrain(super.getPosition().x,super.getPosition().-z)) {

JumpQ);

private void jump({
this._upwardsSpeed = JUMP_POWER;

H11]

public class RawModel {

private int vaolD;

private int vertexCount;

public RawModel(int vaolD, int vertexCount){
this.vaolD = vaolD;

this.vertexCount = vertexCount;

public int getVaolD() {

return vaolD;

public int getVertexCount() {

return vertexCount;
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}

public class TexturedModel {

}

private RawModel rawModel;

private ModelTexture texture;

public TexturedModel (RawModel model, ModelTexture texture){
this.rawModel = model;

this.texture = texture;

public RawModel getRawModel() {

return rawModel ;

public ModelTexture getTexture() {

return texture;

ublic class OBJFileLoader {

private static final String RES LOC = "res/";

public static ModelData loadOBJ(String objFileName) {

FileReader isr = null;
File objFile = new File(RES_LOC + objFileName + "_obj™);
try {

isr = new FileReader(objFile);

} catch (FileNotFoundException e) {

System.err.printIn("'File not found in res; don"t use any
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}

BufferedReader reader

new BufferedReader(isr);
String line;

List<Vertex> vertices = new ArrayList<Vertex>();
List<Vector2f> textures = new ArrayList<Vector2f>();
List<Vector3f> normals = new ArrayList<Vector3f>();

List<Integer> indices = new ArrayList<lnteger>();

try {
while (true) {
line = reader.readLine();
if (line.startsWith(''v ™)) {
String[] currentLine = line.split(" ");

Vector3f vertex = new Vector3f((float)
Float.valueOf(currentLine[1]),

(float) Float.valueOf(currentLine[2]),

(float) Float.valueOf(currentLine[3])):

Vertex newVertex = new Vertex(vertices.size(), vertex);

vertices.add(newVertex);

} else if (line.startsWith('vt ")) {
String[] currentLine = line.split(" ™);

Vector2f texture = new Vector2f((float)
Float.valueOf(currentLine[1]),

(float) Float.valueOf(currentLine[2]));
textures.add(texture);
} else if (line_startsWith('vn ")) {
String[] currentLine = line.split(" ");

Vector3f normal = new Vector3f((float)
Float.valueOf(currentLine[1]),

(float) Float.valueOf(currentLine[2]),
(float) Float.valueOf(currentLine[3]));
normals.add(normal);

} else if (line.startsWith("f ")) {
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break;

}
while (line = null && line.startsWith("f ™)) {

String[] currentLine = line.split(" ");
String[] vertexl = currentLine[1].-split(''/");
String[] vertex2 = currentLine[2].split(''/");
String[] vertex3 = currentLine[3].split(''/");
processVertex(vertexl, vertices, indices);
processVertex(vertex2, vertices, indices);
processVertex(vertex3, vertices, indices);
line = reader.readLine();
}
reader.close();
} catch (10Exception e) {
System.err.printIn("Error reading the file™);
}
removeUnusedVertices(vertices);
Ffloat[] verticesArray = new float[vertices.size() * 3];
float[] texturesArray = new Float[vertices.size() * 2];
float[] normalsArray = new float[vertices.size() * 3];

float furthest = convertDataToArrays(vertices, textures, normals,
verticesArray,

texturesArray, normalsArray);
int[] indicesArray = convertindicesListToArray(indices);

ModelData data = new ModelData(verticesArray, texturesArray, normalsArray,
indicesArray,

furthest);

return data;

private static void processVertex(String[] vertex, List<Vertex> vertices,
List<Integer> indices) {

int index = Integer.parselnt(vertex[0]) - 1;
Vertex currentVertex = vertices.get(index);
int texturelndex = Integer.parselnt(vertex[1]) - 1;

int normallndex = Integer.parselnt(vertex[2]) - 1;
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if (JcurrentVertex.isSet()) {
currentVertex.setTexturelndex(texturelndex);
currentVertex.setNormal Index(normal Index) ;
indices.add(index);

} else {

dealWithAlreadyProcessedVertex(currentVertex, texturelndex,
normal Index, indices,

vertices);

private static int[] convertindicesListToArray(List<Integer> indices) {
int[] indicesArray = new int[indices.size()];
for (int i = 0; 1 < indicesArray.length; i++) {
indicesArray[i] = indices.get(i);
}

return indicesArray;

private static float convertDataToArrays(List<Vertex> vertices, List<Vector2f>
textures,

List<Vector3f> normals, float[]
verticesArray, float[] texturesArray,

float[] normalsArray) {
float furthestPoint = 0;
for (int i = 0; i < vertices.size(); i++) {
Vertex currentVertex = vertices.get(i);
if (currentVertex.getLength() > furthestPoint) {
furthestPoint = currentVertex.getlLength(Q);
}
Vector3f position = currentVertex.getPosition();
Vector2f textureCoord = textures.get(currentVertex.getTexturelndex());
Vector3f normalVector = normals.get(currentVertex.getNormallndex());
verticesArray[i * 3] = position.x;
verticesArray[i * 3 + 1] = position.y;

position.z;

verticesArray[i * 3 + 2]

texturesArray[i * 2] = textureCoord.x;
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texturesArray[i * 2 + 1] = 1 - textureCoord.y;

normalsArray[i * 3] = normalVector.x;

normalsArray[i * 3 + 1] normalVector.y;

normalsArray[i * 3 + 2] normalVector.z;

}

return furthestPoint;

private static void dealWithAlreadyProcessedVertex(Vertex previousVertex, int
newTexturelndex,

int newNormallndex,
List<Integer> indices, List<Vertex> vertices) {

if (previousVertex.hasSameTextureAndNormal (newTexturelndex,
newNormal Index)) {

indices.add(previousVertex.getindex());

} else {
Vertex anotherVertex = previousVertex.getDuplicateVertex();
if (anotherVertex = null) {

dealWithAlreadyProcessedVertex(anotherVertex, newTexturelndex,
newNormal Index,

indices, vertices);

} else {

Vertex duplicateVertex = new Vertex(vertices.size(),
previousVertex.getPosition());

duplicateVertex.setTexturelndex(newTexturelndex) ;
duplicateVertex.setNormal Index(newNormal Index) ;
previousVertex.setDuplicateVertex(duplicateVertex);
vertices.add(duplicateVertex);

indices.add(duplicateVertex.getindex());

private static void removeUnusedVertices(List<Vertex> vertices){
for(Vertex vertex:vertices){

if(lvertex.isSet()){
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vertex.setTexturelndex(0);

vertex.setNormal Index(0);

}

public class DisplayManager {

private static final int WIDTH = 1280;
private static final int HEIGHT = 1024;

private static final int FPS_CAP = 145;

private static long lastFrameTime;

private static float delta;

public static void createDisplay(){
ContextAttribs attribs = new ContextAttribs(3,2)
-withForwardCompatible(true)

-withProfileCore(true);

try {
Display.setDisplayMode(new DisplayMode(WIDTH,HEIGHT));

Display.create(new PixelFormat(), attribs);
Display.setTitle("'Test Engine');
} catch (LWJGLException e) {

e.printStackTrace();

GL11.glViewport(0,0, WIDTH, HEIGHT);

lastFrameTime = getCurrentTime();

public static void updateDisplay(){
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Display.sync(FPS_CAP);
Display.update();

long currentFrameTime = getCurrentTime();

delta = (currentFrameTime - lastFrameTime)/1000F;

lastFrameTime = currentFrameTime;

public static float getFrameTimeSeconds(){

return delta;

public static void closeDisplay(){

Display.destroy();

private static long getCurrentTime(){

return Sys.getTime()*1000/Sys.getTimerResolution();

}

public class EntityRenderer {

private StaticShader shader;

public EntityRenderer(StaticShader shader,Matrix4f projectionMatrix) {
this.shader = shader;
shader.start();
shader.loadProjectionMatrix(projectionMatrix);

shader._stop();

public void render(Map<TexturedModel, List<Entity>> entities) {
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for (TexturedModel model : entities.keySet()) {
prepareTexturedModel (model) ;
List<Entity> batch = entities.get(model);
for (Entity entity : batch) {
preparelnstance(entity);

GL11.glDrawElements(GL11.GL_TRIANGLES,
model .getRawModel () -getVertexCount(),

GL11.GL_UNSIGNED_INT, 0);

}
unbindTexturedModel () ;

private void prepareTexturedModel (TexturedModel model) {
RawModel rawModel = model _getRawModel();
GL30.glBindVertexArray(rawModel .getVaolD());
GL20.glEnableVertexAttribArray(0);
GL20.glEnableVertexAttribArray(1);
GL20.glEnableVertexAttribArray(2);
ModelTexture texture = model.getTexture();
if(texture.isHasTransparency()){

MasterRenderer.disableCulling();

}
shader . loadFakeLightingVariable(texture. isUseFakeLighting(Q));

shader . loadShineVariables(texture.getShineDamper(),
texture.getReflectivity());

GL13.glActiveTexture(GL13.GL_TEXTUREO);
GL11.glIBindTexture(GL11.GL_TEXTURE 2D, model.getTexture().getiD());

private void unbindTexturedModel () {
MasterRenderer _enableCulling();
GL20.glIDisableVertexAttribArray(0);
GL20.glIDisableVertexAttribArray(1);
GL20.glIDisableVertexAttribArray(2);
GL30.glIBindVertexArray(0);
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private void preparelnstance(Entity entity) {

Matrix4f transformationMatrix =
Maths.createTransformationMatrix(entity.getPosition(),

entity.getRotX(), entity.getRotY(), entity.getRotz(),
entity.getScale());

shader . loadTransformationMatrix(transformationMatrix);

}

public class Loader {

private List<Integer> vaos = new ArraylList<Integer>();

private List<Integer> vbos = new ArrayList<Integer>();

private List<Integer> textures = new ArrayList<Integer>();

public RawModel loadToVAO(float[] positions,float[] textureCoords,float[]
normals, int[] indices){

int vaolD = createVAOQ);
bindIndicesBuffer(indices);
storeDatalnAttributeList(0,3,positions);
storeDatalnAttributeList(l,2,textureCoords);
storeDatalnAttributeList(2,3,normals);
unbindVAOQ);

return new RawModel (vaolD, indices.length);

public int loadTexture(String FfileName) {
Texture texture = null;

try {

texture = TexturelLoader.getTexture("'PNG",

new FilelnputStream(“'res/" + fileName + "_png™));
} catch (Exception e) {
e.printStackTrace();

System.err.printIn(""Tried to load texture " + FfileName + ".png ,
didn®"t work'™);



System.exit(-1);
}
textures.add(texture._getTexturelD());

return texture.getTexturelD();

public void cleanUp(Q{

for(int vao:vaos){
GL30.glDeleteVertexArrays(vao);

}

for(int vbo:vbos){
GL15.glDeleteBuffers(vbo);

}

for(int texture:textures){

GL11.glDeleteTextures(texture);

private int createVAOQ{
int vaolD = GL30.glGenVertexArrays();
vaos.add(vaolD);
GL30.glIBindVertexArray(vaolD);

return vaolD;

private void storeDatalnAttributeList(int attributeNumber,
coordinateSize,float[] data){

int vbolD = GL15.glGenBuffers();

vbos._.add(vbolD);
GL15.glBindBuffer(GL15.GL_ARRAY BUFFER, vbolD);
FloatBuffer buffer = storeDatalnFloatBuffer(data);
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int

GL15.glBufferData(GL15.GL_ARRAY BUFFER, buffer, GL15.GL_STATIC_DRAW):

GL20.glVertexAttribPointer(attributeNumber,coordinateSize,GL11.GL_FLOAT,fals

e,0,0);
GL15.glIBindBuffer(GL15.GL_ARRAY_BUFFER, 0);
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private void unbindVAO({
GL30.glBindVertexArray(0);

private void bindIndicesBuffer(int[] indices){
int vbolD = GL15.glGenBuffers();
vbos.add(vbolD);
GL15.glIBindBuffer(GL15.GL_ELEMENT ARRAY BUFFER, vbolD);
IntBuffer buffer = storeDatalnlntBuffer(indices);

GL15.glBufferData(GL15.GL_ELEMENT ARRAY_ BUFFER, buffer,
GL15.GL_STATIC_DRAW);

}

private IntBuffer storeDatalnintBuffer(int[] data){
IntBuffer buffer = BufferUtils.createlntBuffer(data.length);
buffer.put(data);
buffer_flip(Q;

return buffer;

private FloatBuffer storeDatalnFloatBuffer(float[] data){
FloatBuffer buffer = BufferUtils.createFloatBuffer(data.length);
buffer.put(data);
buffer_flip(Q;

return buffer;

}

public class MasterRenderer {

private static final float FOV = 70;
private static final float NEAR_PLANE = 0.1fF;
private static final float FAR_PLANE = 10000;
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private static final float RED = 0.49f;
private static final float GREEN = 0.89f;

private static final float BLUE =0.98f;

private Matrix4f projectionMatrix;

private StaticShader shader = new StaticShader();

private EntityRenderer renderer;

private TerrainRenderer terrainRenderer;

private TerrainShader terrainShader = new TerrainShader();

private Map<TexturedModel,List<Entity>> entities = new
HashMap<TexturedModel ,List<Entity>>();

private List<Terrain> terrains = new ArrayList<Terrain>();

public MasterRenderer(){
enableCulling();
createProjectionMatrix();
renderer = new EntityRenderer(shader,projectionMatrix);

terrainRenderer = new TerrainRenderer(terrainShader,projectionMatrix);

public static void enableCulling(){
GL11.glEnable(GL11.GL_CULL_FACE);
GL11.glCullFace(GL11.GL_BACK);

}

public static void disableCulling(){
GL11.glDisable(GL11.GL_CULL_FACE);

public void render(Light sun,Camera camera){

prepare();
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shader.start();

shader . loadSkyColour (RED,GREEN,BLUE) ;
shader.loadLight(sun);
shader.loadViewMatrix(camera);
renderer.render(entities);
shader._stop();

terrainShader.start();
terrainShader . loadSkyColour(RED,GREEN,BLUE) ;
terrainShader. loadLight(sun);
terrainShader . loadViewMatrix(camera);
terrainRenderer.render(terrains);
terrainShader.stop();
terrains.clear();

entities.clear();

public void processTerrain(Terrain terrain){

terrains.add(terrain);

public void processeEntity(Entity entity){
TexturedModel entityModel = entity.getModel();
List<Entity> batch = entities.get(entityModel);
if(batch!=nul1){
batch.add(entity);
Yelse{
List<Entity> newBatch = new ArrayList<kEntity>();
newBatch.add(entity);

entities.put(entityModel, newBatch);

public void cleanUp(Q{
shader_cleanUpQ);

terrainShader.cleanUp(Q);
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public void prepare() {
GL11.glEnable(GL11.GL_DEPTH_TEST);
GL11.glClear(GL11.GL_COLOR_BUFFER_BIT | GL11.GL_DEPTH_BUFFER_BIT);
GL11._glClearColor(RED, GREEN, BLUE, 1);

private void createProjectionMatrix() {

float aspectRatio = (float) Display.getWidth() / (float)
Display.getHeight();

float y scale
aspectRatio);

(float) ((1f / Math.tan(Math.toRadians(FOV / 2F))) *

float x _scale = y scale / aspectRatio;

float frustum_length = FAR_PLANE - NEAR_PLANE;

projectionMatrix = new Matrix4f();

projectionMatrix.mO0 = x_scale;

projectionMatrix.mll = y scale;

projectionMatrix.m22 = -((FAR_PLANE + NEAR_PLANE) / frustum_length);
projectionMatrix.m23 = -1;

projectionMatrix.m32 = -((2 * NEAR_PLANE * FAR_PLANE) /
frustum_length);

projectionMatrix.m33 = 0;

}

public abstract class ShaderProgram {

private int programlD;

private int vertexShaderlD;

private int fragmentShaderlD;

private static FloatBuffer matrixBuffer = BufferUtils.createFloatBuffer(16);

public ShaderProgram(String vertexFile,String fragmentFile){
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vertexShaderID = loadShader(vertexFile,GL20.GL_VERTEX SHADER);
fragmentShaderID = loadShader(fragmentFile,GL20.GL FRAGMENT_SHADER);
programlD = GL20.glCreateProgram();

GL20.glAttachShader(programlD, vertexShaderliID);
GL20.glAttachShader(programlD, fragmentShaderliD);

bindAttributes();

GL20.glLinkProgram(programiD);

GL20.glvalidateProgram(programlD);

getAllUniformLocations();

protected abstract void getAllUniformLocations();

protected int getUniformLocation(String uniformName){

return GL20.glGetUniformLocation(programlD,uniformName);

public void start(){

GL20.glUseProgram(programiD);

public void stop(){
GL20.glUseProgram(0);

public void cleanUp({
stopQ);
GL20.glDetachShader(programlD, vertexShaderiD);
GL20.glDetachShader(programiD, fragmentShaderliD);
GL20.glDeleteShader(vertexShaderliD);
GL20.glDeleteShader (fragmentShaderlID);

GL20.glDeleteProgram(programlD);

protected abstract void bindAttributes();
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protected void bindAttribute(int attribute, String variableName){

GL20.glIBindAttribLocation(programlD, attribute, variableName);

protected void loadFloat(int location, float value){

GL20.gluniformlf(location, value);

protected void loadInt(int location, int value){

GL20.glUniformli(location, value);

protected void loadVector(int location, Vector3f vector){

GL20.glUniform3f(location,vector.x,vector.y,vector.z);

protected void loadBoolean(int location, boolean value){

float toLoad = O;
if(value){

toLoad = 1;
}

GL20.glUniformlf(location, tolLoad);

protected void loadMatrix(int location, Matrix4f matrix){
matrix.store(matrixBuffer);
matrixBuffer_flip(Q);

GL20.glUniformMatrix4(location, false, matrixBuffer);

private static int loadShader(String file, int type){
StringBuilder shaderSource = new StringBuilder();

try{

BufferedReader reader = new BufferedReader(new
FileReader(file));



String line;
while((line = reader.readLine())!'=null){
shaderSource.append(line).append(*"//\n™");
}
reader.close();
}catch(10Exception e){
e.printStackTrace();
System.exit(-1);
}
int shaderID = GL20.glCreateShader(type);
GL20.glShaderSource(shaderID, shaderSource);
GL20.glCompi leShader(shaderliD);

iF(GL20.glGetShaderi(shaderID, GL20.GL_COMPILE_STATUS )==
GL11.GL_FALSE){

System.out.printlIn(GL20.glGetShaderInfoLog(shaderiD, 500));
System.err.printIn("'Could not compile shader!');
System.exit(-1);

}

return shaderlD;

}

public class TerrainShader extends ShaderProgram{

private static final String VERTEX_FILE =
"'src/shaders/terrainVertexShader.txt";

private static final String FRAGMENT FILE =
"'src/shaders/terrainFragmentShader.txt";

private int location_transformationMatrix;
private int location_projectionMatrix;
private int location_viewMatrix;

private int location_lightPosition;
private int location_lightColour;

private int location_shineDamper;

private int location_reflectivity;
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private i
private i

private i

private
private

private

int
int

int

location_skyColour;
location_backgroundTexture;
location_rTexture;
location_gTexture;
location bTexture;

location_blendMap;

public TerrainShader() {

super(VERTEX_FILE, FRAGMENT_FILE);

@Override

protected void bindAttributes() {

super.bindAttribute(0, 'position™);

super.bindAttribute(l, "textureCoordinates');

super.bindAttribute(2, "normal™);

@Override

protected void getAllUniformLocations() {

location_transformationMatrix =
super.getUniformLocation(*"transformationMatrix');

location_projectionMatrix =
super.getUniformLocation(*'projectionMatrix’™);

location_viewMatrix = super.getUniformLocation('viewMatrix');

location_lightPosition = super.getUniformLocation(*'lightPosition™);

location_lightColour

super.getUniformLocation(""lightColour™);

location_shineDamper = super.getUniformLocation(*'shineDamper™);

location_reflectivity = super.getUniformLocation("'reflectivity™);

location_skyColour = super.getUniformLocation(*'skyColour™);

location_backgroundTexture =
super.getUniformLocation("’backgroundTexture™);

location_rTexture = super.getUniformLocation("'rTexture'™);

location_gTexture = super.getUniformLocation(''gTexture');

location_bTexture = super.getUniformLocation("'bTexture'™);

location_blendMap

super.getUniformLocation(""'blendMap™);
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public void connectTextureUnits(){
super . loadInt(location_backgroundTexture, 0);
super.loadInt(location_rTexture, 1);
super.loadInt(location_gTexture, 2);
super.loadInt(location_bTexture, 3);

super. loadInt(location_blendMap, 4);

public void loadSkyColour(float r,float g,float b){

super . loadVector(location_skyColour,new Vector3f(r,g,b));

public void loadShineVariables(float damper,float reflectivity){
super . loadFloat(location_shineDamper, damper);

super . loadFloat(location_reflectivity, reflectivity);

public void loadTransformationMatrix(Matrix4f matrix){

super. loadMatrix(location_transformationMatrix, matrix);

public void loadLight(Light light){
super . loadVector(location_lightPosition, light.getPosition());

super. loadVector(location_lightColour, light.getColour());

public void loadViewMatrix(Camera camera){
Matrix4f viewMatrix = Maths.createViewMatrix(camera);

super . loadMatrix(location_viewMatrix, viewMatrix);
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public void loadProjectionMatrix(Matrix4f projection){

super. loadMatrix(location_projectionMatrix, projection);

}

public class Terrain {

private static final float SI1ZE = 2000;

private static final float MAX_HEIGHT = 25;

private static final float MAX_PIXEL_COLOUR = 256*256*256;
//private static final int VERTEX _COUNT = 128;

private float Xx;

private float z;

private RawModel model;

private TerrainTexturePack texturePack;

private TerrainTexture blendMap;

private float[][] heights;

public Terrain(int gridX, int gridZ, Loader loader, TerrainTexturePack
texturePack,TerrainTexture blendMap, String heightMap){

this. texturePack = texturePack;
this_.blendMap = blendMap;
this.x = gridX * SIZE + 1000;
this.z = gridZ * SIZE + 1000;

this.model = generateTerrain(loader, heightMap);

public float getX() {

return Xx;
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public float getZz() {

return z;

public RawModel getModel() {

return model ;

public TerrainTexturePack getTexturePack() {

return texturePack;

public TerrainTexture getBlendMap() {

return blendMap;

public float getHeightOfTerrain(float worldX, float worldz){

float terrainX worlldX - this.x;

float terrainZ worldZ - this.z;
float gridSquareSize = SIZE / ((float) heights.length - 1);

int gridX

(int)Math.Floor(terrainx/gridSquareSize);
int gridZz = (int)Math.floor(terrainzZ/gridSquareSize);

if(gridX >= heights.length-1 ||gridZ >= heights.length-1 || gridX <
O] gridz < 0){

return O;
}
float xCoord = (terrainX % gridSquareSize)/ gridSquareSize;
float zCoord = (terrainZ % gridSquareSize)/ gridSquareSize;
float answer;

if (xCoord <= (1-zCoord)) {
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answer = Maths.barryCentric(new Vector3f(O0,
heights[gridX][gridZ], 0), new Vector3f(1,

heights[gridX + 1][gridZ], 0), new
Vector3f(0,

heights[gridX][gridz + 1], 1), new
Vector2f(xCoord, zCoord));

} else {

answer = Maths.barryCentric(new Vector3f(1l, heights[gridX +
1][gridZz], 0), new Vector3f(l,

heights[gridX + 1][gridZ + 1], 1), new
Vector3f(0,

heights[gridX][gridz + 1], 1), new
Vector2f(xCoord, zCoord));

}

return answer;

private RawModel generateTerrain(Loader loader,String heightMap){
Bufferedlmage image = null;
try {
image = ImagelO.read(new File(''res/"+heightMap +".png™) );
} catch (10Exception e) {

e.printStackTrace();

int VERTEX_COUNT = image.getHeight();

heights = new float[VERTEX_COUNT][VERTEX_COUNT];

int count = VERTEX_COUNT * VERTEX_COUNT;
float[] vertices = new float[count * 3];
float[] normals = new float[count * 3];
float[] textureCoords = new Ffloat[count*2];
int[] indices = new int[6*(VERTEX_COUNT-1)*(VERTEX_COUNT-1)];
int vertexPointer = 0;
for(int 1=0;i<VERTEX_COUNT;i++){
for(int j=0;j<VERTEX_COUNT;j++){
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vertices[vertexPointer*3] = (Float)j/((float)VERTEX COUNT -

1) * SIZE;
float height = getHeight(j,i, image);
heights[j]1[i] = height;
vertices|[vertexPointer*3+1] = height;
vertices[vertexPointer*3+2] = (float)i/((float)VERTEX_COUNT
- 1) * SIZE;

Vector3f normal = calculateNormal(j, i, image);
normals[vertexPointer*3] = normal .x;
normals[vertexPointer*3+1] = normal.y;
normals[vertexPointer*3+2] = normal.z;

textureCoords[vertexPointer*2] =
(float)j/((Float)VERTEX_COUNT - 1);

textureCoords[vertexPointer*2+1] =
(float) i/((Float)VERTEX_COUNT - 1);

vertexPointer++;

}

int pointer = 0O;

for(int gz=0;gz<VERTEX_COUNT-1;gz++){

for(int gx=0;gx<VERTEX_COUNT-1;gx++){

int topLeft = (gz*VERTEX_COUNT)+gx;
int topRight = topLeft + 1;
int bottomLeft = ((gz+1)*VERTEX_COUNT)+gx;
int bottomRight = bottomLeft + 1;
indices[pointer++] = toplLeft;

indices[pointer++] = bottomLeft;

indices[pointer++] = topRight;
indices[pointer++] = topRight;
indices[pointer++] = bottomLeft;

indices[pointer++] = bottomRight;

}

return loader.loadToVAO(vertices, textureCoords, normals, indices);

private Vector3f calculateNormal(int x, int z, Bufferedlmage image){
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float heightL = getHeight(x-1,z,image);

float heightR

getHeight(x+1,z,image);
float heightD

getHeight(x,z-1,image);
float heightU = getHeight(x,z+1,image);

Vector3f normal = new Vector3f( heightL - heightR, 2f, heightD -
heightU);

normal _.normalise();

return normal;

private float getHeight(int x, int z, Bufferedlmage image){
iT(x<0 || x>= image.getHeight() || z<0 || z>= image.getHeight()){
return O;
}
float height = image.getRGB(x,2);
height += MAX_PIXEL_COLOUR/2f;
height /=MAX_PIXEL_COLOUR/2F;
height *= MAX_HEIGHT;

return height;

}

public class ModelTexture {

private int texturelD;

private float shineDamper = 1;

private float reflectivity = O;

false;

private boolean hasTransparency

private boolean useFakelLighting = false;

public ModelTexture(int texture){

this.texturelD = texture;
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public int getID(Q{

return texturelD;

public float getShineDamper() {

return shineDamper;

public void setShineDamper(float shineDamper) {

this.shineDamper = shineDamper;

public float getReflectivity() {

return reflectivity;

public void setReflectivity(float reflectivity) {

this.reflectivity = reflectivity;

public boolean isHasTransparency() {

return hasTransparency;

public void setHasTransparency(boolean hasTransparency) {

this.hasTransparency = hasTransparency;

public boolean isUseFakeLighting() {

return useFakelLighting;

public void setUseFakeLighting(boolean useFakeLighting) {
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this.useFakelLighting = useFakelLighting;

}
public class Maths {

public static float barryCentric(Vector3f pl, Vector3f p2, Vector3f p3,
Vector2f pos) {
float det = (p2.z - p3.z) * (pl.x - p3.x) + (pP3.x - p2.x) * (pl.z -
p3.2);

float 11
p3.z)) / det;

((P2.z - p3.z) * (pos.x - p3.x) + (P3.X - p2.x) * (pos.y -

float 12
p3.z)) / det;

((P3.z - pl.z) * (pos.x - p3.x) + (pl.x - p3.x) * (pos.y -

float 13

1.0F - 11 - 12;

return 11 * pl.y + 12 * p2.y + I3 * p3.y;

public static Matrix4f createTransformationMatrix(Vector3f translation,
float rx, float ry,

float rz, float scale) {
Matrix4f matrix = new Matrix4f();
matrix.setldentity();
Matrix4f._translate(translation, matrix, matrix);

Matrix4f._rotate((float) Math.toRadians(rx), new Vector3f(1,0,0),
matrix, matrix);

Matrix4f.rotate((float) Math.toRadians(ry), new Vector3f(0,1,0),
matrix, matrix);

Matrix4f._rotate((float) Math.toRadians(rz), new Vector3f(0,0,1),
matrix, matrix);

Matrix4f._scale(new Vector3f(scale,scale,scale), matrix, matrix);

return matrix;

public static Matrix4f createViewMatrix(Camera camera) {
Matrix4f viewMatrix = new Matrix4f();
viewMatrix.setldentity();

Matrix4f._rotate((float) Math.toRadians(camera.getPitch()), new
Vector3f(1, 0, 0), viewMatrix,

viewMatrix);
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Matrix4f.rotate((float) Math.toRadians(camera.getYaw()), new
Vector3f(0, 1, 0), viewMatrix, viewMatrix);

Vector3f cameraPos = camera.getPosition();

Vector3f negativeCameraPos = new Vector3f(-cameraPos.x,-cameraPos.y,-
cameraPos.z);

Matrix4f.translate(negativeCameraPos, viewMatrix, viewMatrix);

return viewMatrix;
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