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3aTBEpAXKEHA HAKa30M IO YHIBEPCUTETY BiJI

2. CTpOoK MOJIaHHA CTYACHTOM MPOEKTY (POOOTH)

3. Buxiani 1aHi 10 po6oTtu (MPOEKTY) Po3po6ieno mobingpHOTO Hogatky OC

Android komn’roteproi 2D rpu

(BU3HAYAIOTHCSL KUIBKICHI 200 (Ta) SIKiCHI MOKA3HHUKH, SIKUM [OBHHEH BIAMOBIAAaTH 00’ €KT PO3POOKH)

4. 3MiCT pO3paxyHKOBO-TIOSICHIOBATILHOT 3aIUCKH (TIEpEiK MUTaHb, SKi TOTPIOHO
po3pooutn) OI'JISI CTAHY IIMTAHHA TA JETAJIISALIA 3AJAY PO3POBKM.

BUBIP ITPOI'PAMHOI'O 3ABE3ITEYEHHA /IS MOBUUIBHOT'O IOJATKY OC

ANDROID KOMIT'YOTEPHOI 2D I'PU.

[TPOEKTYBAHHA TA KOHCTPYIOBAHHA 2D I'PH.

(BM3HAYAIOTHCS HA3BU PO3JiTiB a00 (Ta )eperik MUTaHb, AKi MOBHHHI yBiiiTH 10 TekcTy I13)

5. Ilepenik rpadiunoro Marepiany (3 TOYHUM 3a3HAYECHHSIM O00B’I3KOBHX KPECJICHb)




6. KoHcynbTanTu po3iiiB IpoeKTy/poOOTH

: o [Tinnuc, nara
. [Ip13Buie, 1HIMIaMM Ta mocaaa
Po3ain 3aBJIaHHS 3aBJIaHHS
KOHCYJIbTAHTa .
BHJIaB MIPUHSB
7. JlaTa Bumadi 3aBIaHHS ,, ” 2022 p.
KAJIEHJIAPHUMU TIVIAH
Ne Ha3Ba eTtaniB AUIIOMHOTO Crpok BukoHanHs ([ IpumiTka
3/m MPOEKTY (poOOTH) €TaIliB MPOEKTY
(poboTH )
Bubip Temu poOGOTH, BHMBYEHHS HAyKOBOI JIITEPaTypH,

3aTBCP/KCHHA TCMU Ta KepiBHI/IKa.

Ho 15 xoBTHS

AHani3 miTepaTypHUX JDKEpen 3a TeMow poboTtu. Po3pobka Ta
ampoOarlisi METOJUKH JTOCII1THO-EKCTIEPUMEHTAIIbHOT POOOTH.
[TomaHHs CTPYKTYpH TEOPETUYHOI YACTHHH POOOTH Ta IUIAHY
SKCIIEPUMEHTATLHUX JOCIiPKCHb.

Hpyruii THX1eHb
JUcTOnaaa
(10 ucromana )

PoGorta Haa TCOPETUIHOO YaCTUHORO.

[TonaHHs TeOpEeTUYHOT YACTUHU POOOTH ISl IEPIIOrO YUTAHHS Mo 15 rpynns
HaYKOBUM KEPIBHUKOM.

VYcyHeHHsl 3ayBaXkKeHb, ypaxXyBaHHs PEKOMEHJalllll HayKOBOIO

KepiBHHUKA. Jo 28 ciuns

[TomaHHsg TeopeTHYHOI YaCTHHH POOOTH Ha APYre YMTAHHS.

[TpoBenenHst excriepuMeHTanbHOI podoTu. IloeTamuuii anamiz
Ta 00roBopeHHs ii pe3ynbraTiB. IlepeBipka cTaHy BHKOHAHHS
poOoTH.

[lepumii THXAEHD
OepesHs

VYpaxyBaHHS pPEeKOMEHMAIil HAyKOBOTO KEPiBHMKA, YCYHEHHS
HEJIOJIKIB, MIATOTOBKA BapiaHTa poOOTH JI0 MEPEI3aXUCTY.
Po3pobxka mpe3eHTarlii.

o 31 Gepesns

[TonepeHiii 3axuct pobOTH Ha Kadeapi

KBITEHb

JloompaitoBaHHs pOoOOTH 3 ypaxXyBaHHAM PEKOMEHMAALIN Miciis
nepenzaxucty. IlonanHs poOOTH HAyKOBOMY KEpIBHHKOBI Ta
PEIIEH3eHTOBI Ha MATOTOBKY BIATYKY Ta peleHs3ii

3a 10 gHIB 10
JIepKaBHOT arecTartii

IlomanHs Ha kadeapy OCTaTOYHOTO BapiaHTa poOOTH, 3a 5 nHiB 110
NEeperyIeTeHOro  Ta  IMiJNHCAHOrO  aBTOPOM, HAYKOBHM| JIEp)KaBHOI aTecTarlii
KEpPIBHUKOM 1 PELICH3EHTOM.
Crynenr Anekc [JOPODEECB
e (imiianm, npizBuiLe)
KepiBHuKk npoekry (podoTH) Bonogumup JOHYEHKO

TMITHC

(iHimiany, mpi3BHIIE)




AHOTALS

bakanaBpceka pobota: 65 cropiHok, 36 puCyHKiB, 2 Tabmui, 34 mxepen, 4
JOJJATKU.

OO0’€KT AOCHIIKEHHSI: MPOLIECH CTBOPEHHS JBOMIPHOTO ITPOBOTO 3aCTOCYHKY
xaHpy "mryrep" mis matgopmu Android.

IIpeamer aociigkeHHsi: METOAM, NIAXOAM Ta 1H(OpPMAIIAHI TEXHOJOrI,
BUKOPHUCTOBYBaH1 JJi1 pO3POOKH ITPOBOTO MPOTPAMHOTO 3a0€3MeUeHHs Il IPUCTPOIB,
110 MPAI0Th Ha TaTdopmi Android.

Meta podoTu - po3podka mooupHOTO noAaTky OC Android xomm’rorepHoi 2D
rpu 3acobamu Microsoft Visual Studio.

MeToam 10CaiIKeHHS - TEXHIKO-€KOHOMIYHUHN 3 BUKOPUCTAHHSIM KOMII'FOTEPHUX
TEXHOJIOT1H, TEXHIYHUN aHaJli3, METOAU MOJICIIFOBaHHS 1H(POpMAIITHUX TTPOIIECiB.

Pe3yiabTatu podoTru. Ha OCHOBI CTaTUCTHYHMX JaHUX TO TMpojaaxkax OyB
oOpaHuii )kaHp MOOUIBHOI TPH 1 JIaHA OIIHKA MOMYJISIPHOCTI MOOUIBHOI aTGopMu, i
Ky BelIeThCs po3poOka. CTaTHCTHYHI JaHI HajgaHi JOCIITHUMH 1 KOHCAJITHHTOBHUMH
KOMITIaHISIMH, 10 CHEIaNi3yl0ThCcd Ha PUHKAX 1HPopMaliiHuX TexHosorid. [Jo craaii
IPOEKTYBAHHS 1 MPOrpaMyBaHHs, NporpaMHe 3a0e3nedeHHs OyJio Kiacu(pikoBaHO 3a
npHu3HaYeHHAM: poboTa 3 rpadikoro Cocos2d 3.14, pobora 3 kogom Microsoft VS22 i
pobota 3 dizuurumM cBitom Box2d. 3 orisay Ha oOMexeHHSs, BiqoOpakeHi B KOHISIIT
IpY, OCHOBHMMHM BHMOraMu OyJid BapTICTh, (QPYHKIIOHAIBHICTH 1 3pYUHICTh
BUKOpUCTaHHA. s MiHIMI3Zalii yacy po3poOku Oynu oOpaHi TOAATKOBI IHCTPYMEHTH
U1 poboTH 3 pecypcamu TexturePacker i 3 Buxigaum kogom GitHub. OcobnuBy yBary
OyJ0 mpuAUIeHO afanTarii rpu mig pizHi npuctpoi. ['padiuni pecypcu Oynu po3siieHi
Ha Tpu KaTeropii: assets / small, assets / normal i1 assets / large /st 3SMeHIIIEHHS] BTpaTH
SAKOCT1 300pakeHb TNpu MacmitadyBaHHl. B pe3ynbrari, 3 MIHIMQJIBHO MOXJIMBUM
30UTBIIIEHHSM HEOOX1THOI MaM'sTi IJisl TPH, BAAJIOCS OTPUMATH SKICHE 300pakeHHS Ha
JieBaiicax 3 pi3HUM J03BOJIOM E€KpaHy.

BucHoBoK. Pe3ynbTaToM BUKOHAHHS 3aBAaHHS PO3POOKM MOOUIBHOTO JOJATKY
OC ANDROID xomn’totepuoi 2D rpu ctana rpa «CkakeHi Kyli» 1 JBa He3aJICKHHUX
moyiist: DebugDraw i PhysicsSystem.

KmiouoBi ciosa: ANDROID, 2D TPA, MHTEP®EWC, TPA®IUHUI
JIBUDKOK, TPA®IKA, MOBUIbHUI TIPUCTPIM, MICROSOFT VS 2022 |,
COCO0S2D 3.14, BOX2D, TILED, TEXTURE PACKER, GITHUB.
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BCTYII

Croroani cMapT(OHM CTaM HEBIJI'€MHOI YaCTHHOIO JKHUTTS CYyYacHOI JIFOAWHU 1
32/I0BOJIBHSIOTH 11 Havnepin notpedu. 1l MoO1IBHI MPUCTPOT HATAIOTh MOKJIIMBICTD ON-
line cninkyBaHHs Ta JOCTyIy A0 IHTEpHETY, aje iX BUKOPUCTAHHS HE OOMEXYEThCA
auiie uuMu acrekramu. ChorojiHi cMapT(GOHH J03BOJSIOTh HAaBYATHCS, PO3BAXKATHUCH,
CTEXXHUTH 3a 3I0pPOB'SM 1 MOYYyBaTUCA KOMQOPTHO B CBITI BUCOKHUX TEXHOJIOTIH, IO
NOKpPAILYIOTh SKICTh XKUTTS. KpiM TOro, BOHM AONOMAararoTh 3a0LIaJUTH Yac, L0 €
HAJ3BUYAHO BOXKJIMBUM. YCe 1€ CTa€ MOXKJIUBUM 3aBJISKM MOOUIBHUM 3aCTOCYHKaM -
pOrpaMHOMY 3a0€3MEeUeHHIO, PO3pO0JIeHOMY JUIsl pOOOTH HAa MOOUIBHUX MPHUCTPOSX,
TakuX K cMapTdonu Ta rwradmeTd. [lepmr MoGiIbHI 3aCTOCYHKH BUKOPHCTOBYBAUCS
NIEPEBAXKHO JIJISI TIEPEBIPKU €TIEKTPOHHOI MOIITH, ajie iX MOMyJIsPHICTh Ta BUKOPUCTAHHS
PO3LIMPUIINCS B pi3HUX c(epax, BKIIOUYAIOUH ITpU, po3Baru Ta 0i3Hec. B 3amexHOCTI B
METH TPOEKTY PO3PI3HAIOTh KiJIbKa THUIIB MOOUIBHMX JOJATKIB, BKIIIOYAIOUYH
KOPHOpPAaTUBHI, KOHTEHTHI, YTWIITH Ta irpu. | came po3mupeHuil puHOK MOOLIBHUX
JOJaTKIB, 30KpeMa IrpoBHUX, CTaB KIIOYOBHM apryMEHTOM Jii BUOOpY TeMHU
JOCTIIKEHHS.

Po3pobka MoOUIBHMX 1OAATKIB ISl onepauiiiHoi cuctemu Android € ogHuM 3
NOMYJISIPHUX HANpsIMKIB cydacHuX [T-rexHosmoriid. 3amuT Ha MOPTATHBHI MPUCTPOi HA
PUHKY TEXHIKH 3pOCTa€, TOMY PO3POOHHMKH aKTUBHO CTBOPIOIOTH IIMPOKUN CHEKTP
npodeciitHux goaarkiB s mux miaatgopm. OC Android BcTaHoBieHa Ha MiJIbilOHAX
MPUCTPOIB, TAKUX K CMapT(OHU, KOMYHIKATOPH, TUTAHIIIETH, HETOYKH 1 6araTto 1HIIHX.
Opnum 3 ocHoBHUX mnepeBar Android € HOro BIIKpUTICTh Ta OE€3KOIITOBHICTbH, IO
J03BOJISIE  KOXKHOMY  KOPHCTYBaueBi  BCTAHOBJIOBATH  PI3HOMAHITHI  JIOJATKH,
BKJIIOYAIOYM ITpH, OI13HEC-3aCTOCYHKM, MPOTpaMu JUIsl CHIJIKYBaHHSA, BiJICO3B'SI3KY,
Menia-pecypci, 3MI Ta onnalin-pecypciB. Bubip gonarki maiixe HeooOMexenuil. Kpim
TOTO, PO3POOHUKHU HANAIOTh 3pYYHUN HAOIP IHCTPYMEHTIB JUIsi CTBOPEHHS JOJATKIB 1
no6pe noxkymenroBane SDK (Software Development Kit).

OO0’€eKT AOCHITKEHHSI: MPOIECH CTBOPEHHS JIBOMIPHOIO IrpOBOr0O 3aCTOCYHKY

xaupy "mrytep" st matdopmu Android.
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IIpeamer aociigkeHHsi: METOAM, NIAXOAM Ta 1H(OpMALIHI TEXHOJOrI,
BUKOPHUCTOBYBAH1 JJII PO3POOKH IrPOBOTO MPOTPAMHOTO 3a0€3MeUeHHs JIJIsl TIPUCTPOIB,
1110 TPaIfo0Th Ha maTdopmi Android.

Meta po6otu - po3podka MoOibHOTO noAaTky OC Android xomm’rorepHoi 2D
rpu 3acobamu Microsoft Visual Studio.

JI71st TOCSATHEHHS TOCTABJICHOI METH HEOOX1THO BUPIIIUTH HACTYIIHI 3aBJIAHHS:

1. CdopmymnroBaTy KOHIIETIIIO TPU;

2. IlpoBectu aHami3 Ta oOpaTu mporpamMHe 3abe3IeueHHs IJis peanizamii
KoMl roTepHoi1 2D rpu;

3. Po3pobutu moOineHuii gogatok OC Android xomm’torepHoi 2D rpu
3acobamu Microsoft Visual Studio.

MeToau 10CiIZKEHHSA - TEXHIKO-€KOHOMIYHHUI 3 BUKOPUCTAHHAM KOMI'TOTEPHUX
TEXHOJIOT1H, TEXHIYHUN aHaJli3, METOAU MOJICIIIOBaHHS 1H(POpMAIITHUX TTPOIIECiB.

[Tepuuii po3aisl BU3HAYAE MOHATTS KoHIenIii. Ha OCHOBI CTaTUCTUUHMX JaHUX
no mnpomaxkax OyB oOpaHHil >XaHp MOOUIBPHOI TpHW 1 JaHa OIlIHKA MOMYJSIPHOCTI
MOOUTbHOI matGopmu, mix SKy BeaeTbcs po3poOka. CraTMcTU4HI JaHi HagaHi
JOCIITHAUMUA 1 KOHCAJTUHIOBUMH KOMMAHISIMH, IO CHELIali3ylOThCd Ha PHUHKAX
1H(MOpMAIIHHAX TEXHOIOTIH:

— Gartner,
— SurveyMonkey Intelligence;
— Shared2you.

Hpyruit po3ais mpucBSiYCHU BUOOPY HEOOXITHOTO MPOTrpaMHOTO 3a0e3TMeUeHHS
st po3pooku rpu. IIpu BubGOpi BpaxoByBamucs psjn BuMor 1o [1O 1 oOMexeHHs, siKi
HakJ1a1ae cPopMyIbpOBaHA B IEPIIOMY PO3/I1JI1 KOHIICTIIIS TPH.

VY TperboMy po3/iii, MPUCBIUCHOMY MPOEKTYBAHHS 1 KOHCTPYIOBaHHS TpH, OyiH
BUJIUICH1 JOJATKOBI min3agadi. [lpu BupimieHHI Takux Mia3aaad, sSK «peasizallis
IFPOBOrO HITYYHOIO IHTENIEKTY» 1 «pO3pO0Ka OCHOBHOI'O IrpOBOr0O LMKIY» OyiIu

MOPYIICH] ACTIEKTH 3 IHIIUX 00JacTeil 3HaHb: poOOTa 3 BEKTOPaMHU 1 31JIaJKyBaHHS.



PO3ALJI 1.
OrJisiI CTAHY IMTAHHSA TA AETAJIBALIA 3AJAY PO3POBKH
IIpu cTBOpeHH1 Iirop Ha MOOUTBHI IUIATPOPMH HA TOYATKOBUX eTamax
MPOEKTYBAaHHS HEOOXIIHO YITKO omucaTu Kouienuiio rpu. Konuemnmis npoekty [1] -
Horo omnmc, mo jae iHGOpMaIliIo IPo Te, SK B 3aJaHUX YMOBAaX IMPOEKT 3aJI0BOJILHUTH
Npe/'sBICHUM J0 HbOTO BUMoraM. KoHIierlis, B CBOIO 4epry, po3KpUBA€E TaKi MOHITTS,
K 1rpoBa MexaHlka (reimIuieil) - IrpoBHIl MpPOLEC 3 TOYKHU 30pYy TpaBLs 1 CETTHHT
(o6cranoBka). Takok Uit PO3yMIHHS TEMH HEOOXITHO BH3HAUMUTH Kiacudikarii
MOOUIBHUX 1TOp 32 XKaHPaMH 1 MO MmIaThopmi.
Takum yuHOM, Tepe] CTBOPEHHSM MpPOrpaMu Uil YITKOTO (POpPMYJIHOBaHHS
3aBJIaHHS, HEOOX1IHO JaTH 00'€KTUBHY OI[IHKY PHUHKY JABOMIPHHUX irop, a came:
— OI[IHKA MOMYJIAPHOCTI >KaHPIB;
— OI[IHKA MONYJIAPHOCTI MOOLIBHOT Tu1atgopmu Android,
— OIliHKA MMO3UTUBHUX 1 HETATUBHUX CTOPIH OOpaHUX >KaHPIB;
— OIliHKA aKTyaJbHOCTI irop.
ToOTo0, MOTPIOHO MPOBECTH aHAII3, SIKUWA JACTh MOXKJIMBICTh BUPIIIUTH, TPy SKOTO
KaHPY HaWKpaIle CTBOPIOBATH, a TAKOXK CPOPMYITFOBATH HITKY KOHIIETIIIIO.
1.1. Anaji3z modinbHoi miargopmu Google Android System
Android - omepamiiiHa cuctema s cMapTOHIB, TUIAHIIETIB i HETOYKIB, SKY
xommaniss Google mpuabdana y po3podHrka nporpamuoro 3abesmeuends Android Inc. y
2005 poui. Ils omepamiiiHa cuctema 0Oa3yeThcsi Ha MojaudikoBaHomy sapi Linux.
[Misnime Google ta inmi yuyacauku Open Headset Alliance cmiBnpamtoBaiv Haj
CIIIJILHOIO PO3poOKOI0 1€l HOBOi omepariiiHoi cucteMu. JIg MATPUMKH Ta
HOJJANTBIIIOTO PO3BUTKY IwiaTgopmu Oyino crtBopeHo npoekt Android Open Source
Project (AOSP). ¥ Android icHye Benuka CIJIbHOTa PO3POOHUKIB, SKI PO3IIUPIOIOTH
(GyHKI10HATBHICTH TPUCTPOIB.
Onepaniiina cucremMa Android mMae cBiii odiniiHuii Marasun aogatkis - Android
Market. B HboMy mpesncTaBieHi Sk IUIaTHI, Tak 1 Oe3komToBHI mporpamu. Ha manuit

MOMEHT YKPaiHChKUM KOPHUCTyBayaM JOCTYITHI JiuIle O€3KOMITOBHI MPOrpaMu Ta irpu.
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3aBasku BigKpuTocTi Android, kKopucTyBayul MOXYTh 3aBaHTaXKYBATH JTOJATKHU 13 1HILUX
JDKEpelL.

Po3po6uuku mig Android mepeBa)kHO BHKOPUCTOBYIOTH MOBY IMPOTIpaMyBaHHS
Java Ta kopuctyroThcs Oi0miorekamu, po3pobOnaenumu (Google, 118 KepyBaHHS
IPUCTPOEM.

OdimiitHo mpo omnepaniiiny cuctemy Android cramo Bigomo 5 nucromaga 2007
poKy, koiu Oyino orojomieHo ctBopeHHs Open Headset Alliance - xoHcopiiymy, 110
o0'ennaB 80 kommaniii. Benuka wactuHa koay Android Oyia BUITyIieHa i JIIICH31€10
Apache.

VY cepnri 2005 poky Google npumbana kommaniro Android Inc., micis doro
Android Inc. crana migpo3ainom Google. Ilicns nokynku Enai PyOin, Piu Maitnep 1
Kpic Vait 3anumminuca B Android Inc. 3'sBuincs uytkum B IHTEpHETI mpo Te, IO
Google mae Hamip yBIITH Ha pUHOK MOOLIBHUX TenedoHiB micis npuadanHs Android
Inc.

[Ticns orpumanus minrpumku Bifg Google, komanma min kepiBHUIITBOM EHmi
Py6ina mouana po3poOky omepairiitHoi cucremMu Ha 6asi snapa Linux. ¥V rpyanai 2006
pPOKy 3'sBHIIMCA YyTKH Npo Te, mo Google mnanye BUIycTUTH cMapTdOH MijJ CBOIM
opennom, Bizomuii sk "['yrimodon".

Koxna Bepcis onepartiiinoi cucreMu Android mae Ha3By gecepry. IlouaTkosi
OyKBU Ha3B BEPCiil BIIMOBIAAIOTH JIITEpaM JJATUHCHKOTO aJiPaBiTy MO MOPSIAKY.

Android Market - 1e iHTepHeT-MarasMH [IOAATKIB Ui CMapTQOHIB, IO
IpaloTh Ha onepauiiHiil cuctemi Android, 1 € iHimiaTuBo0 anbsHcy Open Handset
Alliance (OHA), 3 Google na doni. Bin Bkirodae B cebe MMPOKUN CHEKTP TOAATKIB,
TaKUX SK ITpU, KIIEHTH COIIaJIbHUX Mepex, OQICHI MpOorpamMu, HOBHUHHI JOJATKH,
(b1HaHCOBI IHCTPYMEHTH Ta 0araTo 1HILUX.

Google oromocuna Mpo BIAKPUTTS I1IOTO OHJIAWH-Mara3suHy JIOAATKIB JJIs
Android 22 xxoBTHs 2008 poky. Criouatky B YKpaiHi BiicyTHii OyB o]iliiiHIi Mara3ux
JIoJaTKiB Ha cMapTdonax, ane 12 ciunsg 2010 poky Samsung Ykpaina moBizomusia mpo

fioro 3amyck, i misuime Android Market 3'sBuBcst 1 y BeHmopiB, Takux sik Motorola,
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HTC, LG 1 Sony Ericsson, 1110 3Ha4HO 3011bIIMIIO 1HTEPEC 10 cMapTdoHiB Ha Android B
VYkpaini.

[Iporpamu nns Android po3pobinsitoTbest 'y crienudpiyHOMYy OaMT-KOA1 IS
BIpTyasibHOI MammHu Dalvik, mio € HecTaHgapTHUM J1s TpaauLiiHoro Java.

Google Hamae O€3KOIMTOBHO MOCTYNMHHM Ha0ip IHCTPYMEHTIB ISl PO3POOKHU
Android (Android SDK), saxuii MoO)XHa BHKOPUCTOBYBaTHM Ha x86-miardgopmax 3
onepaiiinumu cucteMamu Windows XP, Windows Vista, Mac OS X (Bepcis 10.4.8
a6o Bumia) 1 Linux. J{ns po3podku nmotpidna Bepcisa JDK 5 a6o JDK 6. Jlna ctBopeHHs
nojatkiB s Android Mo)kHA BUKOPUCTOBYBATH MOBY Java (He HIK4e Bepcii Java 1.5).
Jlist po3po6ku Ha matdopmi Eclipse qoctynuuii marid "Android Development Tools"
(ADT), skuit cymicuuii 3 Bepcissmu Eclipse 3.3-3.5. Takox icuye marid st Intelli]
IDEA, sxwmii chopomrye po3poOky  Android-momatkiB.  Hapasi  po3poOieno

eKCIIepUMEHTAIBLHUM TUIAriH 7151 cepeaoBuia po3pooku NetBeans IDE.

APPLICATIONS

Contacts Phone Browser

APPLICATION FRAMEWORK

Window Content View Notification

Activity Manager Manager Providers System Manager

Telephony Resource Location

Manager Manager Manager XMPP Service

Package Manager

LIBRARIES ANDROID RUNTIME

Surface Manager Media SQLite Core Libraries
Framework

OpenGL|ES FreeType WebKit Danivireaan ™

Machine

SGL SSL libc

LINUX KERNEL

Display

Bluetooth M-Systems Binder (IPC)
Driver

a a Driv
Camera Driver Driver Driver Driver

: Audio Power
USB Driver Keypad Driver WiFi Driver Drivers Management

Puc. 1.1. Apxurextypa OS Android
- PiBenb nomatkis ( Applications):
VY cknan Android BkiroueHO HaOIp OCHOBHMX JOJATKIB, K1 BKIIOYAIOTh KIIE€HTH
€JIEKTPOHHOT nolITh Ta SMS, Kanenaap, pI3HOMaHITHI KapTH, Opay3ep, nporpamy IJis
yOpPaBJIiHHS KOHTAKTaMH Ta 1HII (QYyHKI[IOHAIBHICTh. Bel gogaTku, siki MpaiiolTh Ha

matdopmi Android, po3po6iieHi Ha MOBI TTporpaMyBaHHs Java.
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PiBenb kapkaca goaatkis ( Application Framework ):

¥ Android icHye MOXJIMBICTh BUKOPUCTOBYBAaTU NOBHUM (QyHKIIoHAN API, sxuii

BUKOPHUCTOBYETHCS B OCHOBHHUX JI0JIaTKaX. ApXiTeKTypa rmiaTGopmMu no0ya0BaHa TaKUM

YUHOM, 110 OYyJIb-SIKMM JOAATOK MOXXE BUKOPHUCTOBYBATH BKE HAsiBHI MOKIIMBOCTI

IHIIAX MPOrpam, SKIO OCTaHHI HAJAIOTh JOCTYN IO CBO€i ()YHKIIOHAIBHOCTI. TakuMm

YUHOM, apXITEeKTypa MIatGopMu cripusie 06araTopazoBoMy BUKOPUCTAHHIO KOMIIOHEHTIB

omnepaniiHoi CUCTEeMU Ta J0JIaTKIB.

OCHOBOIO BCIX JOJIATKIB € HAOIp CUCTEM 1 CITYKO.

1.

v

Cucrema ysBinenb ( View System ) - 1e po3mupeHuid HaOlp 11eH, SKUid
MICTUTh Oaratuii HaOlp (YHKIIIOHATBFHOCTI JII CTBOPEHHS 30BHIIIHBOTO
BUTJISITY NOJATKiB. BiH BK/ItOYa€e pi3HOMaHITHI KOMIIOHEHTH, TaKl SIK CIIUCKH,
TaOJIHIIl, OIS BBEACHHS, KHOIIKY Ta 1HIII €JISMCHTH.

Kontenr - mposaiinepu (Content Providers) - me cepsicu, siKi J03BOJISIOTH
J0JaTKaM OTPUMYBATH JOCTYII O JaHUX, [0 HaJeXaTh 1HIIAM JOJaTKaM, a
TaKOX HaJaBaTH JOCTYT JI0 CBOIX BJIACHUX JaHUX.

Menemxep pecypciB (Resource Manager) mpuszHaueHuUd st OTpPUMAaHHS
JOCTYIy A0 PI3HOMAHITHUX PECYpPCiB, BKIIOYAIOYH TEKCTOBI, rpadiyHi Ta 1HIII
THUTIN.

Menemxep crnosiueHb ( Notification Manager ) 3a0e3neuye MOXIHMBICTH
OyIp-IKOMY J0JATKy BIJIOOpaXkaTu MOBIJOMIICHHS JJIsl KOPUCTYBaya y PSAKY
CTaTycy.

Menemxkep it ( Activity Manager ) kepye >KUTTEBUM IMKJIOM JIOJATKIB 1
3a0e3mnedye CUCTEMY HaBITaIlli, MO JO3BOJISIE BIJICTE)XKYBATH 1CTOPIO B3a€MOII1
3 IOJATKaMH Ta 1X JISIMU.

PiBens 616110TeK ( Libraries ):

miatpopmi  Android  Bkmodueno  HaGip  6i6miorek  C/C++,  sKki

BUKOPUCTOBYIOTHCA PI3HUMH KOMIIOHEHTaMH OIllepaliiHoi cucteMu. Po3poOHukam

HA/JA€ThCA JNOCTYN a0 (yHKmiM mux 6i6miorek uepe3 BukopucTaHHs Application

Framework. Ochk kinbka npukiIagiB mux 0107110TEK:
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System C library - BSD - cranmaptHa cuctemna 0i0mioreka C (libc) s
BOYZIOBaHHUX IIPUCTPOIB, K1 MPaIlor0Th Ha 0a3il omepalliiHoi cuctemMu Linux,
pearnizoBaHa B mat@opmi Android.

Media Libraries - 6i0miorekwn, siki 6a3yrothcst Ha PacketVideo's OpenCORE,
BUKOPUCTOBYIOTHCA JUIsI 3a0€3MeUYeHHS] MIATPUMKH MPOTPABAHHS Ta 3aMHCY
NOMyJIIPHUX ayJio- Ta Bigeodopmaris, Takux sk MPEG4, H.264, MP3, AAC,
AMR, JPG, PNG Ta iH1mi.

Surface Manager - MeHeKep MOBEPXOHb YIIPABIISAE AOCTYIIOM IO IMiICUCTEMHU
BioOpaxkeHHs 2D - 1 3D- rpadiuHux 1mapis.

LibWebCore - cyuacHuii aBmwkok web -Opay3epa, sSKuii Hajae BCIO Millb
BOynoBaHoro Android- Opay3epa.

SGL - mBmwxok mis podotn 3 2D -Tpadikoro.

3D libraries - gmwxok mist podotu 3 3D - rpadikoro, 3acHoBanuit Ha OpenGL
ES 1.0 API.

FreeType - 616mioTeka, mpu3HaueHa Ay poOoTH 31 mpudTamu.

SQL.ite - moTyKHHIt TETKOBarOBHI IBMYKOK JJIs1 poOOTH 3 pensiiiaumu B/I.

PiBenb cepenosuia Bukonanus ( Android Runtime ):

Android mae B cBoemy ckiani HaOip O010mioTeK sapa, AKi HAMAIOTh 3HAYHY

4acTUHY (YHKIIIOHAIBHOCTI, aHAJIOT14HYy Oi0ioTekam siapa MoBH Java. Y matdopwmi

BUKOPUCTOBYEThCS BIpTyasibHa MamnHa Dalvik, sika ontumizoBana st pobotu 3

pPEECTpOM, Ha BIIMIHY BiJ CTaHIAPTHOI CTEK-OPIEHTOBAHOI BIpTyalbHOI MalluHU Java.

KoxHna mporpama 3amyckaeTbcsi B OKPEMOMY TIPOLIECI 3 BIACHUM EK3EMIUIIPOM

BipTyanbHOi MamuHu. Dalvik BukopuctoBye gopmar Dalvik Executable (*.dex), sxuit

ONTUMI30BaHUM I €()EKTUBHOTO BUKOPUCTAHHS Mam'sTi nofaTkamu. Lle mocsraeTses

3aBAsIKM 0a30BUM (QYyHKUIAM siapa Linux, TakuM sk opraHizaiiisi IOTOKOBOI 00OpoOKU Ta

HU3BKOpPIBHEBE KEpyBaHHS maMm'aTTio. bailT-koj Java, Ha sAKoMy HammcaHi Bamrl

porpaMu, KOMIIUTIOEThCA B ¢opmaT dex 3a JomomMoror yTWITH dX, sika BXOIWUTH 10

cKJIay Habopy iHCTpYyMeHTiB po3pooku (SDK).

PiBens simpa Linux (Linux Kernel):
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Android 6a3zyeTbcs Ha Bepcii 2.6 oneparliiiHoi cuctemu Linux, mo nae miaatdopmi
JOCTYIl JI0 PI3HUX CHUCTEMHHUX CIYyXO0 sApa, TaKUX SIK YOPaBIiHHSA MaM'dTTIO 1
nporecaMu, 3abe3neueHHst 0e3neku, podora 3 Mepexero 1 ApaiiBepamu. Kpim Toro,
SIIPO BUCTYIIAE K IIap a0CTpakIlli MiXK arapaTHUM 1 IPOTPaMHUM 3a0€3I1€UEHHSIM.

1.2. Bu6ip xxaHpy MoO0iJIbHOI rpn

3apa3 iCHye BeNMKa KUIBKICTh PI3HOMAHITHUX KOMITFOTEPHHUX IrOp, 1 iX TBOpIII
NOCTITHO BHUIYCKalOTh HOBI. OCKUIBKA CTBOPEHHS KOMIT'HOTEPHHUX IrOp MOB'A3aHO 3
pO3BaXKaIBHOIO cheporo, iX KiIacudikailis He Taka IPOCTa, IK MOXKE 37aTUCS Ha TEPIIUN
norysiy. JKanpu irop ¢popmyBanucs 0e3 MeBHOT CTPYKTYPH Ta HA OCHOBI 1HTYITUBHOTO
MiIXOMy TMPOTITOM TPUBAIOTO dacy. Po3poOHuUKH irop TMPOBOIWIM  CMIIHBI
eKCIIEPUMEHTH, JTOCHIIIKYIOYM HOB1 IFPOBI MexaHIKM. HeBnamum exkcrepumMeHTaM He
OpuaUIsiIocss OaraTo yBard, a YCHIIIHI ITpU  CTaBaJld MOPUKIAIOM IS 1HIIMX
po3poOHUKIB. PO3p0oOHUKHM KOMiIOBAIM MOMYJSPHY ITPOBY MEXaHIKY, J0JaBajid CBOl
11€i, 1 TaKUM YMHOM HAaBKOJO HAWMOMYJISIPHIMIUX IrOp YTBOPIOBAJIWCA WLl KJIacu
CXOXUX Irop, Ki OTpUMAJIN Ha3BY KaHPIB.

[Toxin Ha >kaHpU € Jy’)K€ KOPUCHUM Ha TPAKTHUIll. [rpu MEBHOrO >KaHPY BKeE
MarTh CBOIO 3alllKaBlieHy ayauTopito. Koiu po3poOHUK OroJioniye, 1o BUITYCKA€E TPy B
MIEBHOMY JKaHpi, TPaBIll BXXE MAaIOTh YSABICHHS MPO Te, IO BiIOyBAaTUMETHCA B TP,
HaBITh 0€3 J0JIaTKOBUX MOSCHEHb BiJl PO3pOOHUKIB. YacTo po3poOHUK KOMIIaHIA He
MO>K€ OJHO3HAYHO BU3HAYUTH KAHP HOBOI I'PH, OCKUTBKH Oa)kae MpoJaTH el MPOIyKT
sKOoMora OUTBIIIN KUJTBKOCTI KOPUCTYBadiB, 1 TOMY HE XO4e OOMEXYBaTH MOTCHIIMHY
ayJUTOPII0 TEMATHYHUMHU paMKaMH.

3a3Buuail irpm KiIacu(ikylOTbCS 3a JKaHpaMH 1 KUIBKICTIO TpaBiiB. BoHu
MOJIUIAIOTHCS HA KUTbKA THIIIB, TakKi K KBECTH, eKIIH, posboBi irpu (PII), daiitunry,
CTpaTerii, CUMYJIIOJISITOPH, JIOTIUHI Ta a3apTHI IrpH, a Takox 1HIm. g kmacudikamis
JIOTIOMara€e TPaBIsIM MIBUIIIE 30pi€EHTyBaTUCS B CBiTi irop. Hampukmnaa, sikmo rpa
BIJIHOCUTBCS 10 ’KaHPY KBECTY, I'PaBIll MOXYTh OYIKYBAaTU PO3B'SA3aHHS T'OJIOBOJIOMOK 1
MOIIYK MPEAMETIB JIJIsl MPOIOBKEHHS CIOKETY. 3 1HIIOTO OOKY, SIKIIO Ipa BiIHOCUTHCS

710 JKaHPY €KIIIHY, TPaBIISIM MOKe OYTH IIKaBUM IIBUJKHUI TEMIT TPU Ta aKTUBHI OUTBH.
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Krnacudikanist Takox aornomarae po3poOHHMKaM Irop BH3HAYUTH CBOIO I[UIbOBY
ayJIMTOPIIO Ta 3aTyYUTH OUIbIIE TPABI[iB, IPOMOHYIOYH M ITPOBUHM JOCBiJ, KUl BOHU
B)KE€ 3HAIOTH 1 JIOOJISITH Y IEBHOMY KaHPI.

OTxe, MOALI IrOp Ha JKAaHPU € BAXJIMBUM 1 KOPUCHHUM IHCTPYMEHTOM st
po3ymiHHA Ta Kiacudikarii xKomm'torepHux irop. Lledt miaxim momomarae TpaBIsIM
3HAWTHU IrpH, SKI BIANOBIAAIOTH iXHIM BMHOJOOAHHSM, a PO3pOOHHMKAM — 3aIyYUTH
OlJIbIIIE TPABLIB IUIIXOM MPONO3ULIL Ir0p y BXKE BUBHAUYEHUX JKAHPAX.

binpmie Toro, kiacudikaiis irop 3a >KaHpaMHu JIO3BOJISIE CTBOPHUTH 3PYUHY
CUCTEMY JUIS CIIPUHHATTS Ta OOTOBOPEHHS IrpOBOTO KOHTEHTY. ['paBIili MOXYTh JIETKO
CHUIKyBaTUCA Ta OOMIHIOBATHCS BpPaXEHHSMHU TIPO IrpH, BUKOPUCTOBYIOUHU
3araJbHONPUUHATI TEPMIHU 1 )KaHPOBI BU3HAUYEHHs. Hanmpukiaz, sSKIIO XTOCh KaKke Mpo
"poranuk", 1HII1 TpaBIll BiIpa3y po3yMilOTh, IO HAETHCS PO POIBOBY TPy 31 CIydailHO
TCHEPOBAaHWMHM PIBHSAMH Ta MOCTIMHUM PO3BUTKOM IepcoHa)ka. Taki 3arajbHi TEPMIHH
Ta >KaHPOBI YSBJICHHS CHPUSIOTH OOMIHY 1H(pOpMAaIli€lo, MOPIBHAHHIO irop Ta BUOOpY
HOBUX ITOp VIS TPH.

3BICHO, BapTO 3a3HAYUTH, IO ITPOBI KAHPH HE € YKOPCTKUMH 1 HEMOPYITHUMU
KateropissiMi. barato cydacHMX Irop MOE€IHYIOTb €JIEMEHTH 3 PIZHHX JKaHpIB 1
BUKOPUCTOBYIOTh Ti0OpuaHI MexaHiku. lle mo3Bomisie po3poOHUKAM E€KCIIEPUMEHTYBATH
Ta MPOMOHYBATH HOBI 1HHOBAIil B 1rpoBii 1HAYycTpii. Taki riOpuaHi irpu MOXYTh
BUKJIMKAaTH HOB1 YaHPOBI MIJIXOAW Ta PO3LWIUPUTH MOXIMUBOCTI JJiI CTBOPEHHS
YHIKQJILHOTO ITPOBOTO JTOCBITY.

3aranom, kmacudikailis irop 3a JKaHpaMH € Ba)KJIMBOIO CKJIQJIOBOIO PO3BHUTKY
irpoBoi iHaycTpii. BoHa momomarae rpaBIsiM 30pi€EHTYBATUCS B MIUPOKOMY BHOODI irop
Ta 3HAXOJUTU Ti, AKl BIAMOBIJAIOTH IXHIM BHOJ0OaHHSM. PO3pOOHUKH X MOXYTh
BUKOPHUCTOBYBATH kKaHPOBY KJIacCH(PIKaLilO sl HPOCYBaHHS CBOIX 1MOp Ta MPUBEPTAHHS
IJTLOBOT ayUTOPII.

VY OUIBbIIOCTI BUMAAKIB ITpU KIACU(DIKYIOTHCS 3a KaHpaMU Ta KiJIbKICTIO TPaBIliB.
XKanpoBa kiacu@ikailis BKIOYA€E KBEeCTH, eKImH, posboBi irpu (PIII), daittunarn,

CTpaTerii, CHMYJISATOPH, JIOT14Hi, a3apTHi Ta iHII (300paxkeHi Ha pUCYHKY 1.2).
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Acoou RPG - ' . RN
BoioBHK pomB0BHi . Crpareriz OoftoBHK _
| = | | | l_ — | | | I |
Open RPG Open Action Global strategy
Portb0Ba [pa 3 BUIKPHIHM CBITOM BoiioBHK 3 BTKPHTIM CBITOM [06azssa crpareria
— T 1 1 T T T 1
— ! l [ ! ! o |
. RPG | 3 Acton Strategy -
CIOKET - Pozosa ~>(CpoGona | Apkama < Foosix > Cayymarop | [IPOLIEC < Coones B8 Pesymer
! L L | I 1 I | = —— L
MUD MMORPG Slasher Batle Racmg S strategy Global Wargame
Mepeseza Tesctosa Mepexesa pomoza Buren  Boiiosi rosxa Hempaxoro soztpomo)| | [aobanssa eiicssosa
Pazde Quest Browser's | | Adventure Platformer Stedlth Fighting Racmg Economic | [TowsrDefense| | Warzame | | Cardgame
Masn Kgecr Bpa)sgpaq TTperoms Mzgopwep| | Caprzeicrs | | Moemmsox Toxa F0somil Bem Biiicsosa | | Kapmsosa
|
Edwaton ||| Test ||| Contset ||| Hero Towe ||| Awade ||| Homor ||| Shootr ||| Sport ||| Smdstor ||| LifeSim ||| Buld ||| Comrol ||| Tt ||| Loz
[Trans |((Coinysaees)| | Tepoi ||| Moacposd Apraga ||| Brmmsasza | || Crpinema || Coopr ] Cionyzamp || Cie bymzgug ||| Mozozox, ||| Tasmirma Jlarizea |

3warazna | Bopmna | Typdora | Crsopenra| Komrpoms | Takrma | [lzam

Bupuerns | 30HpanHA | VXHTeHHS |SRHMEHHA

Irpu Tupopmansi Irpu [Tuit Irpu Kontpomo
(omep&anga iropMani, BHBIEHER CBITY, CILTKYBAHES) (mepeyimenFs, BUKOPECTAHEA 30poi 1 TeXKiKH) (KoMaRTyBAKEA, YIPABTIHER, POSNOTLT KOMITIE)

Haguammd | Saramer |Crimgsemzs| Poms

Puc. 1.2. Tunm irop

PosristHeMo HaWmomyJISIpHIIIi KaHPHU 1TOp, K1 Ha CHOTOIHINIHIN JIEHb € NTUPOKO

MOIIUPEHUMHU:
1. KBectu - 1e irpu, B SIKMX OJAMH a00 KiUJIbKa MEPCOHAXKIB MOJIOPOKYIOTH 3

METOIO JTOCSTHEHHS IMOCTaBJICHOI METH, TMOJOJIAaHHS PI3HUX TPYIHOIIIB 1

pOSB'HBaHHH T'OJIOBOJIOMOK.

Kombinogasni
KBECTH

36mpansni
KBECTH

CHHTaKCHYHI
KBECTH

Y

Tane kBecTiB

KeectH
CYOpPOBOIY

KpecTH Ha
BOHBCTBO

KgecT Ha
JOCTABKY

Puc. 1.3. Ilimxanpu kBecTu
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2. ExuH (action) - 1€ MOMYJISIPHAN KaHP, 110 BKIIOYAE OPOIUIKU-CTPUIIIKH
BiJI Mepiioi 0coOM, B SKMX TOJOBHUK aKIEHT 3pOOJIeHUA Ha IIBUIKICTD,

peakirito Ta 601MOB1 BMIHHS.

Action
) 4 Y Y y
— 3D-wyTtepw DanTMHM Apkapna Crenc-exwuH
Wyrepwm sig 1-iTa Cnewep
> Bia 3-x ocobn

—»| Taktiuni wytepn

Puc 1.4. [Timxanpu Action
3. PompoBi irpu (PII') - B mmx irpax rpaBemnb NpUMAaE POJIb TMEBHOTO
NEPCOHAXKa 1 BUKOHYE TIOCTABJICHI Mepe]l HUM 3aBJIaHHS, PO3BUBAIOYU HOTO
HAaBUYKH, 30Mparoud eKIilipyBaHHS Ta B3A€EMOJIIOYM 3  IHIIUMU

MEPCOHAXKAMMU.

Pansosi irpm

» Action-RPG

»| Hack'n'Slash RPG

E— true RPG

Y

JRPG

» Takrvuni RPG

Puc. 1.5. Tlimxanpu poab0BUX 1TOp
4. Crparerii Ta JIOT14HI ITPH - Ll I'PY HACTIAYIOTh JISJIBHICTD YIPABIIHIA, 1€
rpaBellb NpUiiMae pilICHHs, PO3B'sI3y€ rOJOBOJOMKHU Ta IUIaHye CBOi 1ii 3

METOIO JIOCATHEHHS YCIiXY.
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[

CrpaTeuwii 3a cxemoio Crparerii 3a macwrabom
irpoeoro npouecy irposoro npouecy
——| Crparterii y peansHoMy Yaci — Baprenmm
2 .
—> Mokpokosi cTpaterii noBanski crparterii
—»> Kaptrosi crparerii —»  Cumynatopwm Gora

Puc. 1.6. ITimxanpu crparerii
5. Cumynstopu - 1€ irpH, 10 IMITYIOTh KEPYBaHHS aBTOMOO1JIEM, KOCMIYHUM
KopabyieMm, JiTakoM Ta IHIUMH oO'ekTamu. BoHM cropsiMoBaHI Ha

peaniCTUYHE BIATBOPEHHS MNEBHOTO BUY A1SUIBHOCTI.

— CumynaTop/Meneaxepm

| Texmiui

| CnopmveHi

P ICNOPTHEHAA MEHEAXED

| ExoHomii

Puc. 1.7. ITimxanpu Cumynsarop/Menemxepu
6. AsapTHi 1 JOTI4HI ITPH - 11 ITPH CHPHUSAIOTH PO3BUTKY PO3YMOBHX HABUYOK 1
BUMaraioTh BiJl TpaBId JIOTIYHOIO MHCIEHHS Ta CTPaTeriuHoro

IJIaHYBaHHA.
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Icnye OaraTo muaTHUX 1 OE€3KOIITOBHUX IrOp, A€ 3YCTPIHAIOThCSA PI3HI XKaHPH,
BKrouatoun ekmH, PIIIT, meskxi Buam crpareriid, KBeCTH Ta 1HIN. Y TakKuX irpax
MPUCYTHI PI3HOMAHITHI TEPCOHAX1 Ta TEUMIUICHHI € JIEMEHTH, SKI 3aJIeKaTh BiJ
KOHKpeTHO1 rpu. Lle 103BoJisie rpaBusM 3HAWTH 1Tpy, fKa HallKpamle BIANOBIIAE IXHIM
1HTEepecam 1 BIOI00aHHSIM.

TakuM 4YMHOM, HE3aJeXKHO BiJ TOrO, YW L€ MJIaTHA 4u OE3KOIITOBHA rpa, irpoBi
KaHPU TPOIOHYIOTh PI3HOMAHITHICTh BaplaHTIB JJiA rpaBliB. BoHn MOXyTh 0oOpaTu
SKUTH-TIPUTO/IN, B SIKMX JOCIIIKYIOTh CBIT Ta OOPIOTHCS 3 BOpOraMu, abo MOrpy3UTHCS
y riubokuii croxxet PIII" 1 BiguyTu cebe repoem (anractuuHoro cBiTy. Bubip xkaHpy
JIOTIOMArae TpaBIsIM 30PIEHTYBATUCS B CBITI ITOP Ta 3HAXOJWUTH ITPH, SKI HAHOUIBIIIE X
3aXOTUTIOIOTb.

Irpu Oe3 mepcoHaka, Takl SIK JIOT1YHI 1 CUMYJIATOPH, BIIPI3HIIOTHCS BIJICYTHICTIO
CIOKETYy Ta HE BHUKJIMKAIOTh CHJIBHOI €MOLIMHOI 3aJIeKHOCTI ab0 BIUIUBY Ha TCHUXIKY
rpaBid. i Tunum irop 4acTo HpoONMOHYIOTh IHTENEKTyajbHI 3aBJIaHHS, IO CHPUSIOTH
PO3BUTKY MHUCJICHHSI.

VY cTpateriyHux irpax TakoX BIJICYyTHI MEPCOHAXI, a TPaBellb yMPaBIII€ IPOO 31
cBoro oonuyysi. OHaK, OCOOIUBICTIO CTPATETi € CUCTeMa BHYTPIIIHIX (haKTOpiB, IO
pETyIIOITh TeMIUIeH. ['paBerh mpuiiMae pilIeHHsS Ta CIOCTEpirae 3a ixX HaCHiIKaMH,
oOYIOBYIOUH JIOT1KY TTOJQIBIINX JIIH.

Takum uynMHOM, irpu 06€3 epCoHaXka, Takl SIK JIOT1YH1 1 CUMYJISITOPH, MPONOHYIOTh
IHTEJIEKTyalIbHI 3aBJIaHHS, CTIPUSIOYH PO3BUTKY MUCICHHS, TOJ1 K CTPATETIyHi IrpH 3
BIJICYTHICTIO MEPCOHa)Ka MAaIOTh OCOOJIMBY CHUCTEMY BHYTPIIIHBOITPOBUX (DAKTOPIB, Jie
rpaBellh IpuiMae pireHHs Ta Oyaye JOTiKy CBOIX JTii.

Ponrwosi irpu (PIIT'), a Tako OKpemi €KIITH 1 KBECTH, € HAaWBIIOMIIIUMU ITpPaMH,
Jie TpaBlIEBl HAJa€Tbcsi cBOOOAa BuOOpy. I'paBerb camocTiiHO 0Oupae mepcoHaxa,
OJISITa€ MOTo Ta HAJIISAE PI3HUMHU 310HOCTSAMHU. ['010BHA OCOOJIMBICTD IIUX IrOP MOJIATAE
B TOMY, 1110 I'PaBeIlb Ma€ BEJIMKY CBOOOMAY [Iiii, SIKl BIUIUBAIOTh HA X1J] Ta PE3YJIbTAT IPH.
I'patu B Takuil THUI IrOp MOXKE BHUKIMKATH CTIMKE 3aXOIUIEHHS, OCKUIBKM I'paBEllb
CITIBIIEPS)KMBAE CBOEMY IEPCOHAXKY, PO3BHBAE HOTO BIAMOBIIHO 0 CBOIX YIOI00aHb 1

CTa€ aKTUBHUM YYaCHUKOM IrpOBOro cBITy. IrpoBuili mpouec copuilMaeTbecs sIK
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peanbHicTh, a OararboM PIII-irpam mnoniOHicTh 3 (AHTACTUYHUMHU KHUTAMHU 3
MOXJIMBICTIO KEpPyBaHHS TOJOBHUM TE€POEM CTAHOBHTH OCOOJIMBHUI 1HTEpeC s
JHOOUTENIB YUTAHHS. 3aXOIJICHHS! TAKUMH IrpaMU MO>KHA MOPIBHATH 3 MPUCTPACTIO /10
KHHUI, BOHO HE Ma€ MIKIJUIMBUX HACHIJKIB, & HaBMNAaKW, CIOPHUSE PO3BUTKY (aHTasli,
3aXOIUTIOE TMI3HAHHSAM 1CTOPiH Ta BiJOOpaKEHHSIM PEATbHOCTI.

Irpu 3 TiHIMHUM CIOKETOM, TakKi SIK CTPULUIKY, HE Tiepe0adarTh BUOOPY IpaBlis.
['paBens 1A€HTU(DIKYETHCS 3 TOTOBUM IMEPCOHAXKEM, SKUH BXXE Ma€ BHU3HAYCHI
XapaKTepUCTUKU. PO3BUTOK CIOKETY B TaKUX Irpax 3aJIeKUTh HE BiJ BUOOPY TpaBlid, a
BIJl ycHiXxy a0o BUMAaAKOBOCTI. J[esKl CTpUIAJIKM O3BOJSIOTH IpaTH KOMaHAOK0. Taki
IrpY HAJAIOTh €MOIIiliHE PO3CIa0ICHHs, a YCHIITHE MPOXOKEHHS YacTO 3aJICKHUTH BiJl
HIBUKOT peaKiii rpaBIs.

Ha nepetuHi posibOBUX 1rop 1 CTpaTerii 3HaX0auThcs NOHATTS "abcTpakiis”. Lle
NPOTWICKHICT,  "OoMoBuKam", sKi  OOpPIOTBCA 31 CKYKOK 3a  JOIIOMOTOIO
CIIeKTaKyJsipHOCTI. Irpu, 1m0 Hamexath A0 M€l KaTeropii, MarTh CXeMaTUYHUU
XapakTep, 00MEKEeHY CBOOOTY, BIICYTHICTh PEATICTUYHOCTI Ta Bi3yallbHOTO IOy .

VY crpareriuHux abCTpaKIlisSIX TOJIOBHUM 3aBAaHHSAM € JOCATHEHHs "Iiii", Toal sSK
y POJIbOBUX a0CTpakLisiX BaXJIUBUM € "MIANOPSAAKYBaHHA". B pe3ynbpTaTi OTpUMYy€eEMO
CUTYyaIlil0o, /i€ TpaBelb MIAKOPSETHCS YY>KUM IUIAM 1 BUKOHYe HYyAHY poboty. Ilpu
bOMY MOXYTh BIIOYBAaTHCS MOJIi, SIKI paHille He TPaIrJIsjIucs, aje BCE OJIHO I'paBellb
3MYLIEHUN MIAKOPATHCS BOJ1 IHIIKMX (L€ OCHOBHA BIJMIHHICTH Bia "OyaeHHOCTI").
[leHTpaJIbHUM €IEMEHTOM € TOHSTTS padcTBa 1 OE3yMOBHE BMKOHAHHS Haka3ziB. Taki
aCTIeKTH HE MAIOTh HIYOTO CIIJIBHOTO 3 TPOIO.

Cxkman BimeoirpoBoi manmitpu "bynennicte" mependadae moeqHAHHS E€JIEMEHTIB
cTparerii 1 O0oiioBukiB. Ha mepeTuHi 1ux »KaHpiB 3HAXOJIUTHCS MOHATTS "cUMYyIIsIs"
(muB. "pucynok 1.8"). lle moBHA MPOTHUIIEKHICTD "POJIBOBUM irpam", siKi IPOTHUCTOSATH
"OyaeHHOCTI" 3a JOTIOMOT OO IIKaBOTO "CrOXkKeTy".

Irpu, o Hayiexkath 10 1€l KaTeropii, XapakKTepHU3yIOThCs IMITAIIEI0 peaTbHUX
mporeciB, OOMEXKEHOI0 CBOOOJOI0, BIJICYTHICTIO HOBH3HMA 1 TOBHICTIO BIJICYTHIM

CIOKCTOM.
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Uinb < $ —s Mpouecia
N\ A

HyaHicTs BYAEHHICTb

Mianopraxysasns

CeoBona

CaMoTHICTb

Puc. 1.8. Mexa dakTopiB sxaHpy irop

3 MOy CTpaTerid y CUMYJISIISAX HAaHOUIbII BaXKJIMBUM € caM "miporiec”. 3 60Ky
OOMOBHUKIB HAaroJIOIIyeThCA Ha 'pealicTUYHOCTI", sika BIATBOPIOETHCS Ha €KpaHl. B
pe3yJbTaTi OTPHUMYEMO PEATICTHYHY IMITAIlil0 TpoIeCy, sSKa BimoOpaxae 3BHYAKHE
KUTTS. B Tpi iCHY€e KiJbKa MOBTOPIOBAHUX MOJIIH, ajie HIYOrO HOBOT'O HE 3'SIBIISETHCA.
[{leHTpaIbHUI1 €JEMEHT HE BUKOPHCTOBYETHCSA, OCKIIBKH IOBHA PEANICTUYHICTH HE
JOCSKHA Y BlJIeoirpax, a Takok Oarato XTO He ITyKae TOYHY KOIII0 PeaIbHOCTI B TIPi,
sKa BXK€ ICHY€ y peagbHOMY XKUTTI.

Ha mepetuni ponpoBux irop i 00MOBHKIB PO3TAIIOBYETHCS KOHIENT "cBOOOA".
[le mpOTUIEKHICTh CTpATETisIM, 5IKi, B CBOIO Yepry, HaroJolytoTh Ha "caMOTHOCTI" Ta
"KepiBHULITBI" HaJ 4yuCIeHHUMU miajernumu. (Bapto 3ayBaxkutu, 1m0 cTparterii He
OOpIOTHCA 3 CAMOTHICTIO B 3BHYAalHOMY PO3YMiHHI, aji€ BOHU BiATBOPIOIOTH BIATY SIK
HalMoIMpeHIy GopMy CHUIKYBaHHS).

st irop, siKi 3HAXONMATHCS HA IBOMY TEPETHHI, XapaKTEpHI BEIHMKI BiIKPHTI
CBITH, BIJICYTHICTh IMOBHOI CUMYJIAILI] PEaNbHOCTI, BIICYTHICTh HOBU3HU Ta BIJICYTHICTh
KOHTPOJTIO HaJ| IHIIMMHU yYaCHUKAMHU.

3 00Ky ponboBHX irop B "irpax cB0oOOau" OCHOBHUM € BIJICYTHICTH TOTOBHUX
POJILOBUX 3B'SI3KIB Ta MOXKJIMBICTh CAMOCTIMHOTO BUOOPY, TOOTO "poJsiboBa cBOOO1a".

3 00Ky OOMOBHKIB CIIOCTEPITA€THCSA "CIPOILIEHHS" pealbHUX MOIN Ta MPOLECIB Y
MOPIBHSHHI 3 CUMYJISITOPAMHU.

VY3aranpHIOIOUM, PE3yJIbTATOM € POJboBa CBOOOJAa B CIPOINEHIM MoAei

peanbHOrO cBiTY. CBOOOAA OJIHIET 0OCOOM 3aBEPIIYETHCS TaM, J€ MOYMHAETHCA CBOOOA
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1HIIIOI, TOMY MAaKCHMMaJlbHa TO4YKa CBOOOJIM - 1€ TOBHA CaMOTHICTh. HaiOumbin
CIIPOIIIEHA TOYKA BUSIBIIETHCSA Y TTIOPOKHBLOMY CBITI, Jie € cB0OOAa mpocTopy. Haitbinbim
BUIBHOIO JI€I0 € CTBOPEHHS YOroch a0COJIOTHO HOBOTO. 3arajioM, IEHTPaJIbHOIO
TOYKOIO LIBOT'O €JIEMEHTA € MMOBHA CAMOTHICTh y TOPOXHBOMY CBITI, JI€ MOKHA TBOPUTHU
- penaktop piBHIB. IlpsiMo mimx Yac TpU MONKIMBOCTI peJaryBaHHS HE
BUKOPHUCTOBYIOTHCS, aJIe€ OKPEMI1 €JIEMEHTHU MPOIeCy CTBOPEHHS MPUCYTHI B irpax.

3a J0MOMOro0 IbOr0 HIECTUKYTHUKA JIETKO PO3YMITH HAWBAKIUBILII ACTIEKTH
MIEBHUX BHJIIB irOp Ta KOMIIPOMICH, 3 SIKUMH PO3POOHUKH Ir0p CTUKAIOThCA. BiH Takox
MOKa3ye, 110 € HEJOMYCTUMUM Y Irpax 1 1[0 MO>KHa KOMOIHYBaTH M COOOI0, a 110 He
1€ THCS 3MIIIAHHIO.

JUist 3rnajpKyBaHHsS MEPEXO0/iB MK T'PAaHSIMH, pO3POOHUKHM MOBHHHI TINATEIHHO
IIPOPAaxXyBaTH TEUMIUIEM - caM MpOUEeC IPU 3 MOMNIAAY TIpaBlsd, SAKUH € OCHOBOIO
3aIliKaBJIECHOCTI Ta MPUBA0IMBOCTI rpu. ['eiiMIIiel BKIIIOYa€e Pi3HI aCleKTH, BKIIOYAIOUH
TEXHIYHI AaCMeKTH, TaKli K BHYTPIIIHbOIFPOBA MEXaHIKa, METOJU B3a€EMOJII MIXK
"MTYyYHUM 1HTENEKTOM Tpu" Ta rpaBieM Tomo. OmHak, caM TepmiH 'rendmrmiei” €
3arajJbHUM Ta 3a3BUYail BUKOPUCTOBYETHCS ISl OMUCY BIAUYTTIB, OTPUMAHUX TI1J] 4ac
I'pH, MiJl BILIMBOM TakuX (PaKTopiB, sIK rpadika, 3ByK Ta CIOKET. ToMy MpPIOPUTETOM €
pOpaxyBaHHS MOJENI TMOBEAIHKH, 10 € GyHAAMEHTAIBHUM JUIsl )KaHPY TPH, a TOTIM
BJIOCKOHAJIFOBATH Ta MOJIIMIITYBATH B3aEMOJIIIO 3 TPABIIEM.

1.3. CTBopeHHsI KOHUeNnUil MOOIILHOI TP

KoHnemniist 3a3Bu4aii BKJIIOYAE OMUC IIJILOBOI ayJIUTOPIi, CETTUHTA 1 )KaHPY TPH,
KIIFOUOBUX (MOXKJIMBO, YHIKQJIbHHMX) OCOOJMBOCTEH TrelMILies, METOIUK pPO3pOOKH,
THCTPYMEHTApPIIO 1 TEXHOJOTIYHUX PIllIeHb, PUHKIB 30yTy, MATPUMYBaHHUX TUIAT(HOPM.
OpHuM 3 KIH0YOBUX (DAKTOPIB YCIIXy HA JAHOMY €Tarll € aHaii3 MOTOYHOI CUTYyaIli Ha
PUHKY - BIJCTEKEHHS ICHYIOUMX TPEHAIB, OrJIsJ HAOUIbII yCHIIIHUX MPOEKTIB, BUOIP
HOBUX 1HCTPYMEHTIB PO3POOKH [ OCBOEHHS.

Buxonsuu 3 sxaHpy, 0COOIMBOCTI TPU 1 MOKIIMBOCTEH po3poOHMKa, Oys10 00paHO
Ha3By - «Cxkaxeni kymni» (The Crazy Bullets). Jlana na3Ba BimoOpaxae yHIKadbHY
0COONMBICTh TpU. AKIIEHT POOUTHCS Ha PEaKIii0 TpaBls: SK IIBUAKO BIiH 3MOXKE

BIIOpAaTHUCA 3 KYJIsIMH, IO JICTATH B HBOIO. A BIIOpAaTHUCA MOXHa ABOMaA crocoboamu -
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yXUIUTUCA a00 B1IOUTH CBOIM MOCTPLIOM, 3MIHMBIIM TPAEKTOPIIO MOJbOTY Kyumi. Jis
POCTOTH Po3poOku Oyrna oOpaHa nBOBHMIpHA Tpadika, TaKMM YUHOM, 1€ JTBOMIPHUMN
(2D) mryTep 3 BusioM 3Bepxy Ha miargopmy Android B peskumi 0JTHOTO.

Konnent-apt (Concept design [4]) repost mpeacTaBiaeHo Ha pucyHkax 1.9 ta 1.10.

BOE Ao D715 Ao HARNENS N

Doc: 75.2M/354,30 CR

Puc. 1.9. MonentoBaHHS TOJOBHOTO T'epos

RReele

Puc. 1.10. Bir BHU3

Cnuparourdch Ha TOTOBMM KOHUENT-apT Tepost 1 OOpaHWil KaHp, MOXKHA

chopMyITIOBaTH 1CTOPit0 TOJOBHOTO Teposi: «['epoii - OpyTaqbHUI YOJOBIK B CAMOMY
PO3KBITI CBOIX CHJI - CTaB Ha CTEXKY BiiiHU. HeoOXiHO JOMOMOTTH TepOI0 MEePEMOTTH
HEIIagHOTO ToBenuTeNst apeHn». OCHOBHA ifes TpH - MPOTUCTOSIHHS TpaBlsd Ta
irpoBoro mry4yHoro inTenekry (II).

IIpu BuOOpi IrpoBOi MeXaHIKM BpaxoByBajacs CKJIAAHICTh MNpPOrpaMyBaHHS,
MOXJIMBOCTI pO3pOOHUKA 1 JIu3aiiHepa. YHIKaIbHOI PHUCOI0 reiimruies Oyae mobpe
cpoektoBanuii irposuit 111.

VYrpapiinus Oyne JOCUTh MPOCTUM. 3 OISy Ha aJalTUBHICTh TPU IO PI3HOL
PO3AUIBHOT 37aTHOCTI Ta TJIMOMHH €KpaHa, HEOOXiAHO BHOpaTH 3py4YHHH BapiaHT
YOPABIIHHS TEPOEM, SIK IS IUIAHIIETa, TakK 1 NI MOOUIRHOTO TenedoHy. 3pa3KoBe

YIPABIIHHS T'€POEM MPEJCTaBICHO Ha pUCYHKY 1.11.
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39 . /0018

Puc. 1.11. YupaniHHS repoeM

JliBa OKpY’>KHICTH BIAMOBi/NAa€ 3a pyx MNepcoHaxka. [Ipw HaTHcKaHHI HA HBOTO,
OOYHUCITIOETHCS BEKTOP IIBUIKOCTI, SIK PI3HUI MIXK TOYKOIO JOTHUKY 1 LIEGHTPOM KOJa,
npasa - 3a CTpUIIHUHY. [Ipu HaTHCKaHHI HA IpaBy KOJIO IepOM CTPIUISIE.

XapakTepu3yloud IIILOBY ayJAUTOPI0, MEPII 3a BCE, MOTPIOHO YITKO BU3IHAUYUTH
ii knacugikamito (puc. 1.12). 3 orsay Ha )KaHpP i IPOCTOTY TPH, BOHA OPIEHTOBaHA Ha

Ka3yaJIbHy ayJIUTOPII0 JAJI1 IPUEMHOTO MPOBOKEHHS Yacy.

MigropHBEE
M -

CriBBiTHOMIEHHA 40% 60% 55% 45% 72% 28%
Bix -18 -35 -25 -28 -20 -25
IIpueTpoi CuaptdoHn/ IPHCTABKH Cwmaptdonn/ mpHCTABKH Cuaprdonn/ IpHCTABKH
logenso rpawTs 20-60 xBumHH 30-120 xBrIHH 120-300 xBrHH
Merta rpa T'aaTH "uac T'aATH uac Ta 33JI0BOIEHHA | 3aT0BOICHEA TA MOKPALICHHA HABHKIB
. » -MMO -PIIT

TP e e - PIIT - cTparerii | . R

- HACTONBHI |- TOZIOBOMIOMKH | -EKIITH - tepyu - meperomm MMO

Puc. 1.12. Knacudikaris 1miap0B0i ayauTopii
1.4. Oransa aHajora Npo€EKTOBaHOI MOOLIBHOI I'PH
Ha croroanimHiil 1eHb ICHY€ BETUKA KUIBKICTh 1IrOp KaHpy HIyTep. Y KOHTEKCTI
naHoi pobotu Oyje pO3TIITHYTO OAWH 3 HAWMOIMYJSIPHINIUX aHAJIOTIB Ha MaWJaHYUKY
Google Play: Age of Zombies Bix Halfbrick Studios.
Y nmaHiii rpi pO3pOOHUKH CKOHCTPYIOBAJIM IIKaBYy MOjENib, 3aCHOBaHy Ha

KpacuBil rpadiii, AMHAMIYHINA IrpoBId MeXaHill, YacTol 3MIHOIW cleH. [pa
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CKJIaJIa€ThCs 3 BEJIMUE3HOT KIJIbKOCT1 PIBHIB, KOKEH 3 SIKUX JOCUTH pi3HOMaHITHUM. [0
0 YpI3HOMaHITHUTH TPy, OCHOBHUM >KaHpoM OyB oOpaHuii >kaHp «mpuroga». Lle i
MOHa BBaXKaTH OCOOJIMBICTIO IaHOT I'PH.
I'pa «Age of Zombies» (puc. 1.8) miatna. Takum yuHOM, TUTFOCH TPH:

— TIpUEMHA JIeTai3oBaHa rpadika;

— BIAMIHHA IrpOBa MEXaHIKa;

— Jy’XKe TUHAMIYHa;

— 1iKaBa aTMocdepa;

— 1HTYiTHUBHE yIIpaBJIiHHSI;

— XOpOILIUHU CIOXKET;

— MOXKIJIUBICTh PO3BUBATH T€POSI.

MIHYCH:
— TUIbKU IIJIATHA BEPCis;

— 3aHaATo mpocTuil irposwmii 1.

Puc. 1.13. I'pa «Age of Zombies»

Buxoasuu 3 mtociB 1 MIHYCIB JIaHOT I'pU, MOXHA 3HAWTH clIa0K1 MiCIlsl TPOrpamH,
3a paxyHOK SIKHX MOXXHAa 3 HUM KOHKYpyBaTH. TakuMu HEIOJIKaMHU € BIJICYTHICTh
MynbTUILIEEpa 1 ciadki 11, 1m0 KOMIeHCY€EThCs iX KUIBKICTIO.

Taxum unHOM, OyNM TIpOaHAII30BaHl CTATUCTHYHI JaHi:
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- TNOMYJSPHOCTI MOOUIBHUX MIATPOPM - HAUNOMYJSPHIMIMMH IIaTPopMaMH B
2022 poky Busisuiucs: Android i i0S;

- TIOMYJISIPHOCTI KaHPOM 1rop sl CMapT(OHIB - HAUTIOMYJISAPHIIIUMU >KaHPaAMHU
BUSIBUJIUCS: apKaJld, TOJIOBOJIOMKH, CTPLIISUIKH.

Buxonsun 3 aHamizy CTaTUCTUYHHUX JIA@HWUX, TMPEJICTABICHUX TMPOBITHUMH
KOHCAJITUHTOBUMM KOMIaHIAMH, OyB OOpaHMiIl >KaHp - JBOMIPDHUN IIyTep 3 BUIOM
3Bepxy. Tak camo Oyna chopmysibOoBaHa 1 MPEJCTABICHA KOHIIEIILIS TPH.

1.5. BucHOBKH 10 po3ainy

[lepmmii po3ain «aHami3 npeaMeTHO1 00iacTi» BU3HA4Ya€ NOHATTS KoHueniii. Ha
OCHOB1 CTaTUCTUYHHUX JIAaHUX IO MPOJaKax OyB 0OpaHWii >kaHp MOOLIBHOI TpU 1 JaHa
OIliIHKa TMOMYJAPHOCTI MOOLIBbHOI TIaTGopMu, TiA  SKy BeIEThbCS Ppo3poOdKa.
CraTHCTHUYHI JaHlI HamaHl JOCHIIHMMH 1 KOHCAJITUHIOBHMHM KOMIIQHISIMH, IIIO
CIIeIIaI3yIOThCS HAa PUHKAX 1H(GOPMAIIHHUX TEXHOJIOTIH:

— Gartner,
— SurveyMonkey Intelligence;

— Shared2you.
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PO3A1LJI 2.
BUBIP TIPOT'PAMHOI'O 3ABE3ITEYEHHSA 1JIsI MOBIJIBHOT'O JOJATKY
OC ANDROID KOMIT’IOTEPHOI 2D I'PA

Bubip nporpamuoro 3a6e3nedenns (I13) € BaxIMBOIO CKIIaI0BOIO NEPIINX €TaIliB
pO3poOKH TPOEKTy. BuOip SKICHOrO TPOMYKTY MOXKE€ 3HAYHO 3MCHIIHUTH 3YCHJLISA
nporpamicTa. Ik mpaBuiI0, HAMOUIBII BaXKJIMBI BUMOTH, K1 PO3IIISIAI0THCS MPU BUOOPI
CUCTEMH, IIE:

- MpU3HAYEHUH 11 KOPUCTyBava iHTep(deiic;
— YIPABIIHHS TaHUMH;

— MEXaHI3M IJIaHyBaHHS;

- 3a0e3MeUeHHs CIJIbHOI pOOOTH.

Hnst anamizy mnporpamuoro 3abesnedeHHs ([13) HeoOXimqHO pPO3KPUTH Take
noHsATTs sk JineH3iss MIT. Jlinensis MIT - m;ineHsis BIZKpUTOrO MPOrpaMHOIO
3abe3mneueHHs, po3pobiieHa MaccauyceTchbkuM TeXHOJOTr1iyHUM iHcTutyToM (MTI).
Jlinensis MIT € onHiero 3 HAWOLIBIT paHHIX BUIBHUX JIIEH31H, TaK SK BOHA BIJIHOCHO
pocTa 1 UTIOCTPYE JesKl 3 OCHOBHHMX NMPHUHIIMIIB BUIBHOTO JiilleH3yBaHHs [5]. BoHa €
J03BUTBHOI JIIIEH31€10, TOOTO T03BOJISIE TPOTPaMiCTaM BHKOPHUCTOBYBATH JIIICH30BaHUN
KoJl B 3akputoMy II3 3a yMoBH, 10 TEKCT JimeH31i HamaeThcs pazoM 3 1uMm I13. Ha
nymky Free Software Foundation, mana mimensis OuTbIl TOYHO HasuBaeThes X11
License, Tak sik B muHysiomy MIT BHkOpuCTOBYBaB 0araTo JIIEH3iH, i B MOTOYHOMY
BUTIISII BoHA Oyia Hanucana s X Window System. Bukopucranns [13 abo rotoBux
pIIIEHB 3 II€I0 JIIIEH31€10 HE 301IBIIIY€ KIHIIEBY BapTICTh MPOAYKTY, 1110 PO3POOIIIETHCS.
Benuka uactuna BuxopuctoByBaHoro I13 B po3poOiii gaHoi MoOiUIbHOI Tpu Oyne
NOIIKUPIOBATHUCS came Mij LI€0 JILIEH3IELO.

Jnst  po3poOku  irop, MPOrpamiCTH BUKOPUCTOBYIOTH TOTOBI DINICHHS -
dperimBopk  (framework). ®peiimBopk (framework) - mporpamua miatdopma, ska
BU3HAYAE CTPYKTYPY MPOrpaMHOI CHCTEMH; MporpaMHe 3a0e3MedeHHs, IO TMOJETIIye
po3po0OKy 1 00'€mHAaHHS pI3HUX KOMIIOHEHTIB BEIUKOTO IMPOTPAMHOTO TPOEKTY.

OCHOBHOIO 0OCOOJUBICTIO ()pEHMBOPKA € CHUJIBHUN BIUIMB HAa apXITEKTYpy IPOrPaMH.
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bibm 00'eMHUM 1 (YHKIIOHAIBHUM 3acO00M poO3poOKH € ABMkKOK. Ha BiamiHy Bif
bpeitMBOpKa, SIKUI MOJIETITYE POOOTY MPOTPaMiCTy, IBUKOK «POOUTH 1i 32 HHOTOY.

Bubip nporpamHoro 3a0e3neueHHs € BaXXJIMBOI CKJIAJOBOIO IEPUIMX ETalliB
po3pobku npoekty. Ha BuOip I13 BrummHynu Taki pakropu sK:

- BapTICTH 1 AKICTH [13;

— dynkmionanpHicTe [13, TOOTO 3maTHICTH  BUPINIYBaTH
ITOKJIa/ICH]1 Ha HHOTO 3aBJIaHHS,

— 3pYUYHICTh BHKOPHCTAHHS, HANPUKIAJ, HASBHICTH TOTY>KHOI
TEXHOJIOT1i aBTOJIOTIOBHEHHSI B CEPEIOBHIII PO3POOKH, 1110 BIUIMBAE HA Yac
pO3poOKH;

- PI3HI TEXHIYHI XapaKTEPUCTUKHU.

13 kmacudikoBaHo 3a MPU3HAYCHHSM, JIJIS CIIPOIICHHS BHOOPY:

- TU1s1 poOOTH 3 TpadiKoio;

— JUTsl poOOTH 3 KOJIOM;

— JU1s1 pOOOTH 3 (PI3UYHKUM CBITOM;

— JJ1s1 POOOTH 3 IPOEKTOM.

2.1. Bu0ip aBuxkka 1 poootu 3 rpadgikoro

3 ypaxyBaHHSIM 00paHoi MmIaTGOpMU 1 MOBH NpOrpamMyBaHHs, BHUOIp MIX
cepenoBumaMu 1 3acobamu po3poOKu 3HAYHO 3By3uBcs. [[mst poGotu 3 rpadikoro
MOYKHA BUJIUTMTH HACTYIHI iHCTpyMeHTH: C0C0S2dX, Marmelade sdk i Unreal Engine 4
(UE4).

Y 2016 poui Marmelade maB 6e3komroBry Community mirnensito, HE3HAYHO
oOMeXyrouH Tporpamicra B Habopi BUKOpUCTOBYBaHMX 3aco0iB. Marmelade SDK mas
CBIill 30Mpay MPOEKTY, CXOKHMI Ha 3HaYHO crpolreHy Bepcito CMake [6], 1 mokimanHy
JMOKyMeHTallito. Tak camo TuIrocoM OyJia HAasBHICTh JOJATKOBUX IHCTPYMEHTIB JJisi
penaryBaHHsA KapT, CHMYJSTOpa JI€BaiiCiB 1 MpocTa oOpraHizamiiiHa CTpYKTypa
pospobusersesi. Ane B 31 6epesns 2017 poxky Marmelade OyB BukymuieHuMit STOHCHKOFO
KOMITaHi€ro, i minensis Community suukia. Bapricts minensii inai-po3poonuka - 600 $

B DIK.
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Binminnoto anmpTepnaruBoro s Marmelade SDK craB ¢peiimBopk COCOS2dX
(puc. 2.1). Cocos2dx - 1e kpoc-athopMeHHNUN HPEHMBOPK 3 BIIKPUTUM KOJIOM [7].

Cocos2d-x m103BoJIsIE pO3POOIIATH IrpH I pi3HUX IuTatdopm, BKiItouaroun i0S,
Android, Windows, Mac OS X i Linux, BUKOPUCTOBYIOUYHM OJIMH 1 TOU ke KOJOBY 0a3y.
Bin miarpumye ™oBu mporpamyBanHs C++, JavaScript 1 Lua, mo mo3Boise
PO3pOOHMKAM BUKOPUCTOBYBATH CBOIO YJIIOOJIEHY MOBY ISl CTBOPEHHS 1TOP.

OcHogH1 oco0anBocTI Cocos2d-X BKITIOYAKOTh:

1. BucokosikicHa 2D-rpadika: Cocos2d-x Mae moTy»xHi 3aco0u 11 poOOTH 3
2D-rpadikoro, BKIIOUAOUM MIATPUMKY CHpPAMTIB, aHIMAallli, YaCTUHOK Ta
e(eKTiB.

2. Po3mmpeni MOXJIMBOCTI ¢i3uku: OpelMBOpK BKiItOYa€e (I3UMUHUA ABUTYH
Box2D, 110 103B0JIsi€ CTBOPIOBATH peasliCTUYHI (P13UUHI €PEKTH B Irpax.

3. Aymio Ta Bimeo: Coc0S2d-x miaATpUMy€e BIATBOPEHHS ayaio Ta Bifeo
daliiniB, O 103BOJISIE CTBOPIOBATH 3BYKOBI1 €(DeKTH Ta BiJICOIHTETpAIlllO B
irpu.

4. Posmmpennsi: € OGarato poO3IMIMPEHb, SIKI PO3POOHUKHA  MOXKYTh
BUKOPUCTOBYBATH JJIs1 PO3MIMPEHHS (PYHKIIOHAIBHOCTI (PpEHMBOPKY, TaKi
SK po0OTa 3 pEeKJIaMOI0, COIIaATbHUMHU MEPEKaMH, aHATII TUKOIO TOIIIO.

Cocos2d-x € momyssipHUM BHOOPOM cepejl pO3POOHHKIB irop, 0COOIMBO THX, XTO
mpairoe HaJ KpocriaThOpMOBUMH MPOEKTAMH, OCKUIBKA BiH J03BOJIsI€ €(EKTUBHO
BUKOPHUCTOBYB aTH KOJ 1 pecypcu Mix pi3HUMHU miatdopmamu. OKpiMm TOro, BiH Mae
BEJIUKY CHIJIBLHOTY PO3POOHUKIB, SIKa HAJA€ MIJITPUMKY, JOKYMEHTAIII0 Ta MPHUKIIAIN
KOAY.

OcHogHi niepeBaru Bukopuctanis Cocos2d-x BKIIOYAIOTh:

e KpocmnardpopmoBicte: Bu Moxere po3poOnsité 1irpu Uisl  Pi3HHUX
1atGopM, BUKOPUCTOBYIOUM OJIMH 1 TOM ke koxa. Lle 3menmye 3arpatu
4acy Ta 3yCWJb IPU MOPTYBAHHI TPH HA Pi3HI TuIaTGopmu.

o IlIBuakicth Ta edexTuBHicTh: C0C0S2d-x Oasyerbes Ha C++, 10 J03BOJISAE

OTPUMATH BUCOKY MPOIYKTHUBHICTh Ta €PEKTUBHICTh. BiH OoNTHMI30BaHMIA
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s pobotu 3 rpadikoro Ta oOpoOKOI TOAlN, IO 3a0e3neuye IUIaBHY
pobory irop.

e Po3mmpeHi  MOKJIHUBOCTI: OpeiiMBopk ~ Mae  Oaratuii  Habip
(GYHKIIIOHAIBHOCTI, TaKUH K aHiMalis, (i3uka, ayaio, YaCTUHKH, poOoTa 3
Mepexer Ta Oararto iHmoro. Bu MoxeTe CTBOPUTH Pi3HOMAHITHI THITH
1rop, BiJl MPOCTUX apKAIHUX ITOP 0 CKIATHUX CTPATET1YHUX MIPOEKTIB.

e Benuka crinbHOTa: IcHYe akTUBHA criiibHOTa po3poOHUKiB Cocos2d-X, sika
HaJa€ TMIATPUMKY, JAOKYMEHTAIIl0 Ta TPUKIAIA Komy. Bu Moxkere
OTpUMATH BIJIMOBI/I HA CBOi MUTAHHS, MOJAUIUTUCS JOCBIJOM Ta OTPUMATHU

JIOTIOMOTY BHUPIIIIEHHS MTPOOJIEM.

JS VM Js Lua Lua
spiderdonkey | binding Engine | binding

Cocos2d C++ Engine

Cocos2d JavaScript Engine

‘
Browsers

: Web Platforms ‘Native Platforms

Puc. 2.1. Apxitektypa cOC0S2dx

[TepeBarorw po3pobku 3a pomomoroto UE4 € HasBHICT, BeIWYE3HOI KUIBKOCTI
IHCTPYMEHTIB 1 11a0JI0HIB, sIKl HAbaraTo MpoCTillle BUKOPUCTOBYBATH, HIK (PPEHMBOPK.
UE4 nae MOXJIHMBICTH CTBOPIOBATH TPU HE MPOTPAMYIOUH, 4 MAHIMYTIOIYH PECYpCaMU,
CYTHOCTSIMH 1 3B'si3kamu (puc. 2.2): Blueprint - penakrop Bi3yaabHOro ckpuntunra [8].
TexHIYHO HE MOTPIOHO MHUCATH KOAHOTO psika koay. Lle myke 3pydHO AJisi CTBOPEHHS
MIBUAKUX TpoToTumiB abo irop. Takox 2 6epesns 2015 poky Unreal Engine 4 cras
OE3KOIITOBHUM, ajie pO3pOOHMKHU Irop, MOBUMHHI nepeaaBaTd 5% Bix npuOyTKy Tpu
xomnanii Epic Games, 3a yMOBH, II0 J0XOIu I'pu ckiagaroTh Outbmie $ 3000 3a

KBapTal.
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Pucynok 2.2. Po3po0ka na UE4 cepenosumiem Blueprint

He nuBnsunce Ha Bci MmoxummBocti Unreal Engine 4, fioro npsime npu3Ha4YeHHS -
po3pobka 3D irop. IIpoGnema, 3 AKOK HaWYaCTIIIE CTUKAIOTHCA PO3pOOHUKH 2D irop
Ha UE4 - Benuka Bara ckoMmmiiboBaHoi (aiimy. Takum umHoM, i npoctoi 2D rpu 3
BUJIOM 3BEpXy 1 BIACYTHICTIO JOBTOI CIOKETHOI UIiHII HeMae HeoOXiTHOCTI
BukopuctoByBatu UE4, 1 i peanizanii rpu 0yB oOpanuii coc0S2dX.

2.2. Bubip cepexoBuia po3pooku

Cepen nomynsipHUX CEPEIOBUII pO3POOKHU MIATPUMYIOTH MOBY TiporpamyBaHHs C
++ crangaprty 2020 roxa [9] 1 podoTy 3 cocos2dx BuaiisitoTh: Microsoft VS22, Eclipse i
CLion. ITpu Bubopi cepeoBuina po3poOKH BAKIMBUMH TTapaMeTpaMu BUOOPY € TOCBIT
pobotn 3 cepenoBuieM, (YHKIIOHAIBHICTh, MIATPUMKA 3aCOO0M KOHTPOJIO BEpCii,
NOTYXHUI MEXaH13M aBTOJOTIOBHEHHS 1 O€3KOIITOBHA JIILIEH315.

st po3poOku mporpamu OyJie BUKOPHUCTOBYBATHCS cepemoBuie Microsoft
Visual Studio 2022 [10] (puc. 2.3).

Microsoft Visual C++ (MSVC) — inTerpoBane cepeoBHIIE PO3POOKH JTOIATKIB
Ha MoBi C++, mo po3pobnene ¢ipmoro Microsoft 1 mocTaBise€TbCs SK YacTHHA
koMmriuiekcy Microsoft Visual Studio 2022.

Visual C++ 2022 Hajmae moTyXHe 1 THyYKe CepeOBHIIE PO3POOKH, IO JTO3BOJISIE

cTBOproBaTh noxatku st Microsoft Windows 1 gomatku, 3acHoBaHi Ha Microsoft
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NET. Lle cepenoBuiie MOXHAa BUKOPUCTOBYBATH SIK I1HTErpPOBAaHE CEPEJIOBHILE

pO3po0KH, Tak 1 B AKOCTI Ookpemux 3aco0iB. Visual C++ ckiamaerscs 3 HACTYIHHUX

KOMITOHEHTIB:

Komminisitop C++: Visual C++ mocrayaerbcsi 3 KOMITLISTOPOM, SIKHIA
nepeTBoproe kojx Ha MoBI C++ y MammMHHUN KOA, SKUH MOXe OyTu
BUKOHAHUN OTEpaIlifHOK CUCTEMOIO.

InTerpoBane cepemnoBuie po3pooku (IDE): Visual C++ mae moryxHe
1HTerpoBane cepenosuile po3poOku (IDE) mix Ha3Boro Visual Studio. Lle
Cepe/IOBUIIE HAJa€ PO3MIMPEH] MOXKIMBOCTI ISl PO3POOKHU, HATArOIKEHHSI,
TECTYyBaHHS Ta K€pyBaHHS NpoekTamMu Ha MoB1 C++. BoHO Mae iHTEepdeiic
KOpUCTyBadya 3 Oaratbma (QYHKIISIMH, TaKUMU SIK PEIaKTOp KOy,
BIIJTATYMK, CHUCTEMa KOHTPOJIIO BEpCiid, 1HCTPYMEHTHU TECTyBaHHS Ta
0araTo 1HIIOTO.

Bioaiorekm Windows API: Visual C++ nHamae moctym no Oararbox
616miorexk Windows API, ki 103BOJSIIOTH PO3POOHUKAM B3AEMOJISTH 3
onepauiiiHoro cuctemoro Windows. Lli 0101i0Tekn HagarTh QYyHKIIT IS
KepyBaHHsI BIKHAMHU, OOpPOOKH TMOAii, MEpEXKEBOro B3aEMO/IIi, POOOTH 3
daiinamMu Ta 6araTo 1HIIOTO.

Bioaiorexku crangapry C++: Visual C++ Britouae 610,110TeKH CTaHAAPTY
C++, Taki sk STL (Standard Template Library), sxi mamarote peamizarii
PI3HUX QJITOPUTMIB, KOHTEHHEPIB Ta IHIIMX KOPUCHUX KOMMOHEHTIB. L1
010J110T€KHU MOJETIIYIOTh pO3po0Ky mporpam Ha MOB1 C++ 1 3a0€3MeuyroTh
MEPEHOCUMICTh KOy MIX Pi3HUMU TIaTHOpPMaMH.

IHCTpYMeHTH 1)1 HAJaroKeHHs Ta npogimoBanns: Visual C++ Hanae
pPI3HOMAHITHI IHCTPYMEHTH [UIsl HAJAroJUKEHHs Ta MNpoQUIIOBaHHS
nporpam. lle Bxirowae ToukoBHM HamaromkyBau (debugger) s
BUSIBJICHHS Ta BUIIPABIICHHS MMOMMWJIOK, aHAJI3aTOP MaM'sIT1 171l BUSBJICHHS

BUTOKIB ITaM'sITI.
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o Ilakerm po3pooku (SDK): Visual C++ wmae pi3HOMaHITHI TaKeTH
po3pobku (SDK), siki 103BONSIIOTH pO3POOHUKAM CTBOPIOBATH MPOTPaMHU
JUIT  KOHKpeTHuX tiargopMm abo ¢dyHkiioHaasHocTe. Hanpuxnan,
Windows SDK Hagae Habip iHCTpyMEHTIB Ta O010J110TE€K JJIsI pO3POOKH
mporpam mija oneparliiiny cucremy Windows.

o IncTpymenTu aist po3podku rpadiunoro inrepgeiicy: Visual C++ mae
HaO1p 1HCTPYMEHTIB JJIsi pOo3poOKU rpadiyHOro iHTEpQeicy KopHucTyBaya.
Bxumtouaroun  gumsaiinep  GopM, SKHl  J103BOJISIE  CTBOPIOBATH 1
HAJAIITOBYBAaTH BIKHA, KHOMKHW, TIOJiI BBEJCHHS Ta IHIII EJIEMEHTHU
1HTEepPENcy.

[[i KOMIIOHEHTH pa30M CTBOPIOIOTH MOTY>KHE CEpPEAOBHIIE PO3POOKU st
nporpaMm Ha MoBi C++, 103BOJISIIOUM PO3POOHUKAM CTBOPIOBATH PI3HI THUIHU MPOTrpaM 3
BUKOPUCTAaHHSAM IIMPOKOro HAOOPY IHCTPYMEHTIB Ta 010J110TEK.

Moga C++, 1110 € HaHTIOMYJIPHIIIOK y CBITI MOBOIO piBHs cuctemu, 1 Visual C++
pa3oM HaAalTh PO3POOHUKOBI BUCOKOKJIACHUW 3aci0 CBITOBOTO PIBHA JIJIsi MOOY/I0BH

IIPOTrPaMHOT0 3a0e3TCUCHHS.

- =}

AAMMHWCTPATOP

Puc. 2.3. Microsoft Visual Studio 2022
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[Tporpama peanizoBana Ha MoBi nporpamyBannus C++ B cepenosumiiVisual C++
2022. Bubip cepemoBuiia MporpamyBaHHS OOYMOBJIEHHUW BiJHOCHOIO TPOCTOTOIO
peautizariii rpagiunoro intepdeiicy kopuctypaua (GraphicUserInterface — GUI).

2.3. Bubip ¢i3M4HOro ABHKKA

Tak K YHIKQJIBHICTIO TPU € CHUMYJIIINS 1€aIbHO TPYXXHUX 3ITKHEHb KYJIb,
HEOOX1/THO BUKOPHCTOBYBaTH (izuyHuil nBKoK. Diznunmii aBrkok (physics engine
[11]) - komn'ToTepHa mporpamMa, sika BUPOOJIsi€ KOMITIOTEPHE MOJACTIOBAHHS (hi3WIHHUX
3aKOHIB PEajJbHOI0 CBITY B BIPTyaJbHOMY CBITi, 3 THM a0O0 IHIIUM CTyIE€HEeM
anpokcumailii. OCHOBHUMH BUMOTaMU JI0 BUOOPY IBHMKKA OyJin: O€3KOIITOBHA JEH315
1 HAsIBHICTh HEOOX1THOT (DYHKITIOHAIBHOCTI JJISI CUMYJISITIIT 31TKHEHb.

IcHye nBa jerko iHTerpyromi B COC0S20X asmxkka, me Chipmunk [12] 1 Box2d
[13]. OOunBa nBHKKA € OE3KOIITOBHUMH, 3 BIAKPUTHM KOJOM, IIBUAKUMU 1 IPOCTI Y
BUKOPHCTaHHI, B TOpiBHsAHHI 3 3D nBurynamu. Takox, oO0uaBa MIATPUMYIOTH
IpOMaJIbOBYBaHHs B pexkuMi Hajaromkenus. [Ipore, y Chipmunk e oaun HelomiK: mpu
JIOCSITHEHHI 00'€KTOM TI€BHOI IIBHJAKOCTI pPyXy, HE BHUKJIIOUEHO, KOJHM BIiH Oyne
«IPOXOIUTH» Kpi3b iHIN 00'ekTH. s ycyHEeHHs 1mboro pusuky Oy obOpanuii Box2d
[14].

2.4. BuOip iHcTpyMeHTIB po3po0KHU 1Jisi pO0OTH 3 pecypcamu

JJis CTBOPEHHS IPOCTUX KapT 3 OAHOIr0 abo rpymnu crpaiTis, OyB odopanuit Tiled
Map Editor (puc. 2.4) 3 OGe3komrToBHOW JileH3i€r0. [IporpamMa nae MOXKIUBICTB
CTBOPIOBATH KapTH 3 «IUIMTOK» Ta OTPUMYBATH Ha Buxoji ¢ain gopmarty tmx, sxuit

HiATPUMYETBCsE COCOS20X.
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B BeabimAHHLIAIMX - Tiled

Qaiin  [lpaska Bua Mwp Kapra Cnod [MMpoekt [lomols
Mpoekt B %

6 Atmx X

Ceoiictea o &%

Mapametp 3Hauenne L Thi
Cnoii Taiinos 1
Knacc
OpveHTauma OproroHansh
WnprHa 30
Bbicota 20
LWnpwHa Tainos 32
BoicoTa Taiin08 32
beckoHeuHas ]
[lnvra cropo Taiina (Tex) |0
0 Y - o
WMHaekc cmewerna HeuerHoe L+ ¥ [ENl o
& 000 HaGopel Tanos B %
Y 0,00
Qopmar cnoes Taiinos csv
WMpvHa BblIBOAHOrO BAcka |16
BbicoTa BbIBOAHOTO 610Ka 16
MNopaaok Tainos |Cnpasa CHW3]
¥YpoBeHb okatus -1 = =
e EEr
uC______________man LLoewe o[ -
B o : 0 13,7[nyeo] B cnowi tadinos 1~ |[53%  ~ | @ Hosoctu

Pucynok 2.4. Intepdeiic Tiled Map Editor
Hnst  orpumanHs (aitmy plist g1 3pydHOro CTBOpeHHs aHiMaiii OyB
Bukopuctanuii Texture Packer (puc. 2.5). Jlama mporpama MICTUTH IBI JileH3ii -
Oe3komroBHa 1 1atHa (pro). OCHOBHOIO BiJIMIHHICTIO JIEH31H € BHKOPUCTAHHS
JIOJATKOBUX QJITOPUTMIB JUIs CKOPOUYEHHSI KUTBKOCTI TOJIITOHIB, HEOOXITHUX cocos2dx
JUTS TIPOMabOBYBAaHHA cripaiity. J{ns 3aBmanHs AaHOi poOOTH JOCUTH OE3KOIITOBHOTO

pexuMy.

D TexturePacker - D X 1

File Edit View Tools Window Help

= v
=] & v & Bl da Ba s @

| Open project  Save project Add sprites  Rem: »s  Add smart folder Sprite settings  Preview Anims  Publish sprite sheet Split sheet Tutorials  Feedback |
| Sprites Settings

Output files |

I

Framework: = Choose Data Format

Texture file: =]
Are you using a game engine Imoge et |
Texture format:  PNG-32 .4
or web framework? I
Pixel format: RGBAB88S v

Scaling variants: 53

= Packing ‘
-~ A A |
Empty... " \ f“ef'“ & Algorithm: | MaxRects v

Drop sprites Unity Cocos2d-x Max size: | 2048 ~

or folders here Trim mode: | Trim v
. Multi pack: | Off -
Yes, but it's not in the list Extrude: 0 %

‘ No, | just want to create sprite sheets

Advanced settings >>

Pucynok 2.5. Texture Packer
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Jlnst monerumeHHs poOOTH 3 KOJOM 1 MOKJIMBOCTI CTEXKHUTH 3a HOTO 3MIHOIO,
HEOOX1THO BHKOPHCTOBYBAaTH 3aci® KOHTpOINIO Bepcii. Cucrema KOHTPOIIO BepcCiit
(CKB) - 1ie cucrema, sika peecTpye 3MiHU B OJHOMY a00 JACKUIbKOX (haiyiax 3 TUM, 1100
Haja Oylla MOXJIMBICTP HOBEPHYTHUCS [0 MEBHUX MONEPEAHIX WOro Bepciid LUX
¢aiutie. CKB Git [15; 16] € mobpe moKyMeHTOBaHOI, MOMYJISAPHOi, (YHKI[IOHAIHLHOI Ta
O€3KOIITOBHOIO CUCTEMOIO KOHTPOJIIO BEPCi 3 BIAKPUTUM BUXIAHUM KOJOM.

TakuMm 4MHOM, JUJIs1 pO3pOOKH IPOrpaMu BUKOPUCTOBYIOTHCA TaKl 1IHCTPYMEHTH,
sk Microsoft VS 2022 poky, Cocos2d 3.14, Box2d, Tiled, Texture Packer, GitHub. Bce
nporpamMHe 3a0e3neyeHHs € OEe3KOIITOBHUM a00 BHKOPUCTOBYETHCS JIMIIE HOTro
oOMexeHui (pyHKITIOHAN, IKU HE TOTpeOye MOKYIKYU TUTATHIN BEpCii MPOAYKTY.

2.5. BUCHOBKM 10 po3iiy

Hpyruil po3ai NpucBsiYeHUd BUOOPY HEOOXI1JHOTO MPOrpamMHOro 3a0e3nedeHHs
Uit po3pooku rpu. [Ipu BuOOpi BpaxoByBanucsa psa BuMor a0 I1O 1 oOMexeHHs, K1

HakJ1aae cpopMyIbOBaHa B IEPIIOMY PO3/I1JI1 KOHIICTIIIS TPH.
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PO3A1JI 3.
MPOEKTYBAHHSA TA KOHCTPYIOBAHHA 2D I'PU

I[Ipu po3poOui mnporpamMu JJis  CHOPOILUEHHS YWUTAaHHS KOJLy 1 HOro
MacmTabOBaHOCTI OyJIM BUKOPUCTaHI MATEPHU NPOEKTYBaHHA. [laTepH NpoeKkTyBaHHS B
pO3po0Ili MPOTpaMHOTO 3a0€3MEUYCHHSI - TTOBTOPIOBaHA apXITEKTypHA KOHCTPYKITiS, 10
IIPEJICTABIIIE COOOK0 PIMICHHS MPOOJIEMHU MPOEKTYBAHHSA B PaMKax JCIKOTO0 KOHTEKCTY
[17; 18; 19].

Jnst po3mmpenHs (QyHKIioHanbHOCTI Kiacy b2World nBmwkka Box2d 6e3
BHECCHHS 3MiH JI0 HOTO KOay, OyB BHKOPHCTAHWH IATEPH IMPOEKTYBAaHHS JIEKOpPATOP
[18] (Decorator). IlarepH nekopatop IMHAMIYHO J0Ja€ HOBI OOOB'SI3KM 00'€KTy.
JlekopaTopu € THYYKOIO aJIbTCPHATHBOIO IOPOHKCHHS IMAKIACIB IS PO3IIUPEHHS
¢ynkuioHansHOCTI. IlpuknanoM oro BUKOpUCTaHHS € Kiac-ooroprtka PhysicsSystem.
Bin nae MOXIUBICTH NpoaHaTI3yBaTH PI3HI MIAXOAW 0 BUPIIMIEHHS IPOOJIEMU PYXY
NEPCOHaXKa 1 CUHXPOHI3allil (P13UYHOTO CBITY 3 rpadiyHOi CKIIaI0BOi.

Buxopucranas narepHy mnpoektyBaHHs CiHrnToH (Singleton) HeoOXimHO IS
MO>KJIMBOCTI JTOCTYITY JO PECYpCiB 3 OyIb-sIKO1 TOUYKH CHUCTEMH. {7 YUCTOTH KONy Ta
100aabHOI BUAMMOCTI, BIJMOBIAHO 0 pexomeHaamiii Ckorra Maiiepca [20] 1 CriBa
Makkonnemna [21], BUKOpPUCTaHHS JaHOTO MAaTEPHY MPOEKTYBAHHS 3BOJUTHCS [0
MIHIMYMY.

TakoX OJHUM 13 CIOCOOIB KOHTPOJIIO IrPOBOTO CBITY, € mapamerp FPS (Frames
Per Second) - kimbKicTh KaapiB B CEKYHIy Ha €KpaHi, SIKi BHIAIOTHCS MPOTPAMHUAM
3a0e3MeUYCHHAM BificoKapTH. PO3KpUTTS AaHOTO BU3HAYCHHS BiAirpae 3HAYHY POJIb MPHU
BUPIIIEHH] TPOOJIEMH HETUIABHOTO, IEPEPUBYACTOTO PYXY TePOSL.

IIpu mnpoextyBanHi cuctemu Oynu Bukopuctani UML-miarpamu  (Unified
Modified Language 3a cranmaprom OMG 2015 roga [22]) craniB (State Machine
diagram) - miarpama cTaHiB MOKa3ye, sk 00'€KT MEPEXOAUTh 3 OAHOTO CTAHY B 1HIIHM 1
niarpama gisuibHOCTI (Activity diagram) - pgiarpama, Ha skii mokasani mii. [ling
TUSTBHICTIO  PO3YyMI€ThCSA  crienu@ikailis BHKOHYBAHOTO TIOBEMIHKA y  BUTJISAIL
KOOPJIMHOBAHOTO TIOCIIITOBHOTO 1 TapaJieIbHOTO BUKOHAHHS IT1IJIETJIUX CJIEMEHTIB.

I[1ix yac po3poOku rpu Oyiau BUALICHI T0AATKOBI Mia3a1ayi:
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- MIPOEKTYBaHHS 1HTEpEHCY;

- 3r1a/)KyBaHHA CUHXPOHI3alli (P13UYHOTO 1 rpaiqyHOro JIBHXKKA;

- ajiarnTanis Tpy mija pi3Hi JO3BOJIU IPUCTPOIB;

- IPOEKTYBAHHS IrPOBOTO 1HTENIEKTY;

- HaJIaroJ[KeHHS;

- TECTYBaHHS.

[linxin mo0 po3poOku OyB oOpanuii iTepatuBHuil. Pobora BUKOHYyBamacs 3
Oe3nepepBHUM aHAI30M OTPHMMAHUX pEe3YyJbTaTiB 1 MOBEPHEHHSAM J0 TOMEPeIHIX
€TallIB.

3.1. Onuc inTepdeiicy rpu

Iatepdeiic rpu cknamaerbes 3 9 cren. Jliarpama 3B'S3KiB 1 MEPEXOiB CIIECH

npejacTaBieHa Ha pucyHky 3.1 UML piarpamoro cTaHiB.

Info
3acTtaBKa

Main Menu Level List Loading

ToNoBHE MEHID Cnucok PisHis 3aBaHTaXKEHHA

Result
Pesynbtar

» Info .
CTBOPEHHA piBHA

KitouoBi ctanu po3pobiieHoi rpu npejcTaBieHl Ha pucyHkax 3.2 - 3.5. ['onoBHe

Pucynok 3.1. Jliarpama ctaHiB rpu

MeHIo (puc. 3.2) ckinanaeTbes 3 TpboX KHONOK: novatu rpy (Play), noOynysaru (Build) 1

Buritu (Exit).
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GL verts: 36
GL calls: 3
60.4 / 0.002

Pucynok 3.2. Kapkac rojloBHOro MEHIO

Knonka «Buiitu» (Exit) mae MOXJIMBICTH BUUTH 3 rpu. ['paBens mepeiae a0
pexxuMy OyAiBHMLTBA KapTH MPU HATUCKaHHI Ha KHOMNKY «moOyxayBatu» (Build). Ha
JAHUW MOMEHT pEeXUM «OYIIBHUIITBAY» IyKe€ CHpPUN 1 mOTpedye MOOIpaIfoBaHHS.
Knonka «mouatu rpy» (Play) mo3Bosisie mepeiTd Ha HACTYNHY CLIEHY BHOOpPY piBHS
(puc. 3.3). Inrepdeiic MeHIO BUOOPY PIBHS CKJIQJAE€THCS 3 JABOX CTPIIOK 3 OOKIB, IS
MeperopTaHHs PiBHIB, OIIMC CaMOTO PIBHS 1 ABI KHOIKH: Ha3aJ| - IOBEPHEHHS B TOJIOBHE
MEHIO 1 BIepell - mepexia a0 crajii rpu (BuOip motouHoro piBHs). TekcT Ha craiimi

nepenaeTbes 3 ¢gainy json ¢popmMary, 1o OMHUCye PiBEHb.

temp_name
Custom

1

GL verts: 50
GL calls: 9
59.9 / 0.002

Pucynok 3.3. Kapkac MeHto BUOOpY piBHS
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[lepen mepexoaoM A0 TPpH, MIAKIIOYAETHCSA JOJATKOBHH MOTIK, KU 3aBaHTaXY€
pecypcu: BenHMKi 300pakeHHS 1 cami ysBIGHHS piBHSA B json dopmarti. Ilig yac
3aBaHTAKECHHS peCcypciB, Ha eKpaHl 3'IBUThCA BIKHO 3aBaHTaXeHHS (puc 3.4).
HeoOxinHICTh MONEPEHBOTO 3aBAaHTAXEHHS pECypCiB B ONEpPAaTUBHY MaMm'siTh
oOyMOBJIeHa THM, IO Ha OuUCTpOpabOTalOMIIX HPUCTPOAX TEKCTYPH MOXKYTh

3aBaHTaXXUTHUCS MOBUIbHIIIE, HIX GPU 00poOUTh BUKIUKH rpapiuyHUX (PYHKIIIH.

Loading textures...

Pucynok 3.4. ExpaH 3aBaHTa)X€HHS
[aTepdeiic camoi rpu (puc. 3.5) cKIIagaeThes 3:
— 1HOUKATOpa KUTTIB Y BUIJIAL 4 ceplelb - BOHU 3HUKAIOTh [IPU OTpUMaHH1
IKOJTH;
— KEPOBAHOTO I'eposi, MPEICTaBICHOr0 HAOOPOM aHiIMaIlii,
— JIBOX CEHCOpIB YIpaBJiHHA: JIBUM - KepyBaHHS pyXoM, MpaBUl -
CTPUISTHUHOIO.
Takox eneMeHTaMu TpU € CTIHM, KyJi (Kyjil), NpULUT - BKa3ye HaIpsSMOK
CTpUIBOM 1 cMmyra mepe3apsalKu - 3'dBis€Tbes michs noctpiny. Kapra mpencraBieHa

IPYIOIO OJTHAKOBUX TEKCTYP.
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Pucynox 3.5. CkpiHIIOT 3 Tpu
KepoBanuii repoil mpejactaBieHuid 8 rpymamMu CHpaWTiB, A€ KOXHa TIpymna
IPEACTaBIIA€ aHIMAILI PyXy B oaHy 3 8 cropiH. Ha pucynky 3.6 mpencraBieHuit
YOpPHOBUU BaplaHT aHiMallii reposi. Ha ganuii MOMEHT B Tpy He BBEJEHO 30pOr0 Ha piBHI

rpadiuyHOi yacTUHHU. 30pOsi 3aMIHIOE YEPBOHUM MPUIILI, HA MICI SKOTO 3'SBISIOTHCS

9
ReBgns
sheeiels

Pucynok 3.6. YHopHoBUIi BapiaHT aHIMAIIll pyXy Teposi

KyJIi.
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3.2. PeaJjiizanist OCHOBHOIO irpOBOr0 HHMKJIY

IrpoBHiA 1IUKIT - MPUHIMI, 3T1THO 3 SIKMUM IrPOB1 JW3allHEpU 3aJIal0Th T'OJIOBHUM
€JIEMEHT ITPOBOi MEXaHIKH, SIKUW BU3HA4ae (pyHIaMeHTaabHUM AocBiA rpaBusd. OauH
ITPOBUM IIUKJI ABJISIE COOOIO IO TPaBIL, PE3YJbTAT €T Jii B IrPOBOMY CBITI, PEAKIIiIO
TpaBIls Ha pe3yJIbTaT 1 3alUT TPU HA TOBTOPEHHS HOBOI il [23].

IIpu nonaBanHi (izuyHoro aBmxka Box2d 1 cuHxpoHizalii fioro 3 rpadiynoro
YaCTMHOIO BHUHHUKIJIA MpoOiieMa - pyX IMEepcOoHaxa CTaB NepepuByacTUM. [IpuumHOIO
npoOieMu € pi3HUM 4ac, 10 HAAXOAWTh Ha BXiA JUIsl MOHOBJCHHS KOXKHOTO KPOKY
¢13uunoro nBwxkka. Ha pucynky 3.7 mnpencraBieHuid rpadik, M0 BigoOpaxae

OYIKyBaHUH Yac JjIsl TOHOBJIEHHS 1 (DaKTUIHHM.

0,0172

0,0170 {: \
0,0168 -

0,0166
\ =¥=time per frame
00164

\ =il dt
0,0162

0,0160 V

0,0158

Pucynox 3.7 - I'padik 04ikyBaHOTO 1 BXITHOTO Yacy JJis [IOHOBJICHHS IrPOBOTO
CBITY

Jlns  BupimeHHs 3aBmaHHsS OyB  peanizoBaHmii  kimac  PhysicsSystem,
IIPEJICTABICHUN B JOAATKY B, K MatepH NpOEKTYBaHHS AEKOPATOP.

3.2.1. 3MiHHUI TUMYACOBHH KPOK

Jlo Toro, sik BUHWKIIA poOJieMa CHHXPOHi3aIii Gi3uIHOTro 1 rpadivHOTO JBUKKA,
OyJ10 BUKOPHCTAHO HAWIIPOCTIIIEC PIMICHHS - BUKOPUCTAHHS 3MIHHOTO THMYacOBOTO
KPOKY.

Jlictuar 3.1 - IlceBmokoJ METOMy TOHOBJICHHS IrpOBOrO IUKIY 31 3MIHHUM
KPOKOM.

// time_to_consume - gac, sKHii MPOUIIIOB 3 MONEPEIHHOTO OHOBJICHHS

// oHOBHTH (I3MUHY YACTHHY

update_physics(time_to_consume);
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I/ oHOBUTH TpadiyHy YACTHHY
update_graphics_with_physic(time_to_consume, physics);

[To3uTUBHUMU CTOPOHAMH JTAHOTO MIJIXO1Y €:

— BCe Iepeane Ui MOHOBJICHHS Yacy (time_to_consume) BUKOpPUCTAHO, M0
no3Boiisie  ¢izmuHoMy IBMKKY (B0X2d) cuHXpoHHO cimimyBaTH 3a
rpadiuaum (COC0S2dX);

— crnocid mpocTuil B peanizariii.

HenonikamMu BUKOPUCTaHHS 3MIHHOTO KPOKY € BHYTPIIIHS IpoOiemMa 004HCIIEHb
¢biznunoro asmxkka Box2d, piski pyxu B 3B's13111 3 Box2d.

Pi3ki pyxu - gyxe cepilo3HUIl HEIOMIK, 0 BUKIOYAE MOKIUBICTh BUKOPUCTAHHS
JAHOTO CII0CO0Y.

®dikCOBaHUM TUMYACOBOT KPOK.

BuxopuctoByBatH (piKCOBaHMI 4acCOBHI KPOK paauTh OQiliiiHAa TOKyMEHTaLlls
irpoBoro (QizuyHoro aBmxkka Box2d [24]. dikcoBaHHii THMYAcOBOi KpOK B TIpi
nopiBHoe 1/60, mo BignmoBimae 60 kaapam B CeKyHAy. TakuM YUHOM, TICEBIOKO]
MTOHOBJICHHS IrPOBOTO MUKTY MPEACTABICHHUN B JIICTUHTY 3.2.

Jlictunar 3.2 - IlceBaokoa METOAY IOHOBJICHHS I'POBOTO ITUKIY 3 (hiKCOBAaHUM
KPOKOM 0€3 3IJ1aJ[)KyBaHHS

// fixed_time step ¢dikcoBaHMIT YaCOBUIA KPOK

fixed_time_step =1/ 60.f;

// time_to_consume yac, sskuii IPOMIIIOB 3 MONEPETHHLOTO OHOBJICHHS

I/ oHOBUTH (Hi3MUYHY YACTUHY

update_physics(time_to_consume);

I/ oHOBHTH TpadiuHy YaCTUHY
update_graphics_with_physic(fixed_time_step, physics);

IIpu Ttakiii peanizauii (micTUHr 3.2) BUHMKa€ I1HIIA mOpoOnema - (Pi3uyHUi i
rpadiuHUi JBUKKH OHOBIIOIOTHCS HECUHXPOHHO. [Ipy HU3BKINA YacTOTI 3MIHU KaapiB
¢b13uyHui CBIT Oyjie OHOBJICHO paHillle Ha BEJIUKY KUIBKICTh (DIKCOBAHMX TUMYACOBUX

KPOKIB, Y BUCOKIH - (Pi3u4HMIA CBIT Oy/I€ BiACTaBATH.
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Hnst Toro, mo 6 Oyna BiACYTHS BeJIMKA PI3HULS MK YacoM (I3UYHOIO 1
rpadiqHOrO CBITIB, MPUUHATO BUKOPUCTOBYBATH 3MIHHY JIJIsl 30€PEKEHHS Yacy, Ky HE
BUKOPHCTAHO JiJIi TOHOBJIEHHS (izuuHoro ceity. Y kmaci PhysicsSystem e
BiaactuBicth M_FixedTimestepAccumulator. IIpu HakomwueHHI JOCTATHHOI KiJIBKOCTI
4acy JUIsl OJTHOTO 200 JEKUTBKOX KPOKIB, (DI3WUHUI CBIT OHOBIIOETHCS NSTEPS pas.

Jlictunr 3.3 - O6uncneHHs KUIBKOCTI KPOKIB MMOHOBJICHHS (PI3UYHOTO CBITY

int nSteps = static_cast<int> (

std::floor(std::abs(m_FixedTimestepAccumulator) / MC::FPS)

);

m_FixedTimestepAccumulator -= nSteps * MC::FPS;

Tak BmaeThcsi 30epiraTi CUHXPOHHICTH JABMXKKIB B MEXaxX OAHOTO (PIKCOBAHOTO
TUMYacoOBOro KpoKy. KUJIBKICTP MakCHMaJbHO MOXJIMBHX KpPOKIB OOMEXeHa, 110 O
YHUKHYTH «CIIpajil CMEpTI» - 3arajlbHONPUUHATE MOHSATTS JJs MO3HAYEHHS CHUTYalli,
IPU SIKIA KUIBKICTh KPOKIB, sIKE HEOOX1THO 3pOOUTH (DI3UYHOTO CBITY HACTUIBKH BEJIMKE,
10 iX BUKOHAHHS BIUIMBA€ HA MPOIYKTHUBHICTH, IO TATHE 3a COOOI0 1€ OLIbIINKI Yac
3aTpUMOK [25 ].

Jlns  BHKOpUCTaHHS 3ayuinky Big dacy B M_FixedTimestepAccumulator,
BBOIUTHCS BiactuBicTh M_FixedTimestepAccumulatorRatio, sike mokasye siky 4acTuHy
qacy MO BiJHOIIEHHIO 10 ()iIKCOBAHOTO KPOKY HE BUKOPUCTAHO.

TakuMm 9UHOM, aNTOPUTM CKIAAAETHCA 3 4 MyHKTIB:

- BHUKOPHUCTOBYIOUM  4Yac, TIepefaHe  JJisg  OHOBJICHHS  Kaapy, 1
m_FixedTimestepAccumulator (MunHysae HeoOpoOJcHE, HAKONMUYCHHUU dac),
BBAXKAEMO I[IJIE YHCIIO KPOKIB JIOBXKWHU (PIKCOBAHOTO THMYACOBOTO KPOKY
(MC::FPS), sixe moBMHHO OyTH 3MOJICIbOBaHE. 3aJIMIIOK 30epira€Tbcsi B
HakonmuyBaui (M_FixedTimestepAccumulator);

- 00YHCITIOEMO YacTHHA BiJ HEOOPOOIEHOr0 Yacy MO0 JOBKUHHU (PIKCOBAHOTO
THMYaCcOBOT0 KPOKY 1 30epiraemo iioro B m_FixedTimestepAccumulatorRatio;

- MOJIETI0EMO HEOOX1THE YHCIIO KPOKiIB (DI3UYHOTO CBITY;

- 3TIAKY€EMO MO3UIIIIO 1 KyT (QI3UYHHX Ti.
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3rmapkyBanHs (SmMoothing [26]) BUKOPUCTOBY€EThCS, MO0 YCYHYTH HAasBHICTb
BisyanpHHX JedekTiB pyxy. Moro MoxHAa peami3yBaTH [BOMa CIOCOGAMH:
IHTEPIIOJAIIEI0 1 ekcTpamnoJsiiero. O0uaBa crmocoou MarTh IEpeBary 1 HETOIIKH.

[aTepnonsiis [27] oOUUCTIOETHCS IO IBOM BIAOMHUM cTaHaM (Pi3UuHUX Tid (puc.
3.8 puc. 3.8): mo cumyssanii kpoky (Touka A, puc. 3.8) i micas (touka C,). PesynbraT

3r1aKyBaHHA MpeACcTaBieHui Ha Toull B pucynka 3.8.

3rnagMxyBaHHA

25,32
25,31 25,31

25,3
25,29
2‘5'-'23 MonoxeHHA
25,27 2527
25,26 KpOk X Y
25,25 MoTounkd 18,14 25,23
25,24 -
25,23 55 23 MuHynKA| 18,28 25,31
25,22 arnagweH 18,2 25,27

18,1 18,15 18,2 18,25 18,3

Pucynoxk 3.8 - IIpukian 3rinapKyBaHHS

VY naniit po6oTi aHami3yBaJiocs ABa TUNU 1HTepnoisii [28]: miHiiiHa, ae alpha -
m_FixedTimestepAccumulatorRatio (stictunr 3.4), i MeToioM KocuHyca (JicTHHT 3.5).
JIJ1st JOCSTHEHHS. MaKCHMAJIBHOI IJIABHOCTI TaK caMO OOYHMCIIIOEThCS «SMOoothstepy [28]
a00 «MJIaBHUM KPOK» - BeauurHa MK 0 1 1, sika BAKOPUCTOBY€ETHCA MPU THTEPIIOISAIIII.

Jlictunr 3.4 - [1ceBaokoa JHIMHOT 1HTEPIOJISIT

state = currentState * alpha + previousState * (1-alpha);

Jlictunr 3.5 - [aTEepnoisilis METOI0M KOCUHYCA

float smoothstep(const float& x) {

return (3-2* x) * X * x;

b

const float mu2 = (1 -
cosf(smoothstep(m_FixedTimestepAccumulatorRatio)*MC::Pl)) / 2.f;

m_SmoothPosition = (1 - mu2)*m_PreviousPosition + mu2 * b->GetPosition();

IlepeBara BUKOpHWCTaHHS I1HTEPHOJIALIl IOJSATAE B JOCSITHEHHI IUIABHOCTI 1

3MEHIIEHHI KUIBKOCTI Bi3yalbHUX Je(eKkTiB. AJjie Npu I[bOMYy BHUHUKAE HEBEIUKA
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3aTpUMKa MK CTaHOM (Pi3MYHOTO CBITY 1 rpadiyHoro. lle BugHo Ha mamtoHKy 3.8, ne
3rIa/KeHI KOOPAMHATH IS BioOpakeHHsA Tpadiku Ha eKkpaH, He 30iraroThCs 3
KIHIIEBUM IMOJOXKEHHSAM (hi3udHOro Tua. Tak camo, KUIBKICTh Bi3yajdbHHX J€(EKTiB:
CKaUYKH, pUBKH, 30UIbIIYE TOU (DAKT, IO TUIO PyXAETHCS HE MO MPSAMIN JiHIi.

Hpyruit cioci® BUIpaBiIeHHS Bi3yalbHUX AE€(PEKTIB - ekcrpanousiis [29]. s
JTOCSATHEHHS 3TJ1a/pKyBaHHs 1 00poOkw, 110 3amummBes B M_FixedTimestepAccumulator
EKCTpAIoJsLisl TPYHTYEThCA Ha «Iepe0avyeHH1» TMOJIOKEHHS TiJ1a, 3HAIOUYM OCTaHHE
BiJIOM€ CTaH Tia (JicTUHT 3.6).

Jlictunr 3.6 - [IceBaokoa eKCcTpanoasiii

state = currentState + currentStateDerivative * alpha

[lepeBaroro BUKOPUCTAHHS EKCTPAMOJALIl € MpOCTOTa peamizaiii 1 TOBHA
CUHXpOHHa poOoTa JABOX JBHUIyHiB. Hemomikom Takoro maxoay € MOXIIMBE
ITHOpYBaHHS 3I1TKHEHb (TIOJIOJAaHHS Tepeniko] 0e3 OIOBIIMICHHS MpPO 3ITKHEHHs ), IO
BUKJIFOYA€ MOJKJIUBICTh BHUKOPUCTAHHS IIHOTO METOMY JUIS JaHoi Tpu. Tak camo,
BUKOPUCTAHHS METOAY EKCTPAIoJSIIii 1€ OiIbIl HETOYHO, HIDK I1HTEPHOJISIIS IS
00'eKTIB, 1110 PyXal0ThCs HE MO MPSIMiH JiHi1.

Pe3ynbrar 3acTocyBaHHS METOJIB HA MPAKTHII MOKa3aB, 1110 HAWKpaluui crnocio
YHUKHYTH Bi3yaJdbHUX Je(EKTIB BUKOPUCTOBYIOUHM (DIKCOBAHWN UYACOBUMA KPOK 1
36epertu FPS 60 kaapiB B cexkyHay - iHTepnoisiis. [lepeBaroro naHoro mMerody € Te,
10 BCi MepeaaHe s MOHOBJICHHS Yac BHKOPUCTAHO 1 (izmuHuil nBrmkok (Box2d)
CHHXPOHHO OHOBJTIOEThCS 3 rpadiunmmM (C0C0S2dX).

3.2.3. ®inbTpanis TAMYACOBOI0 KPOKY

XopommuM BapiaHTOM JJIsi BUPIMIEHHS AaHOi mpobiemMu € ¢iabTpailis BXiTHOTO
JUIs TIOHOBJICHHsT Yacy. Jlanuii croci0 peanizoBanuii B aBxKy BitSquid. Anroputm
CKJIaJa€ThCs 3 4 MyHKTIB:

- 30epiraTd B ICTOPil0 KOXXKHE BXiJAHE JJIS TOHOBJICHHS 4dac Juis 11
OCTaHHIX KaJIpiB;

-  BHUKJIIOYUTH 3 OOYHMCIIEHb IBa 3 HAWOUIBIIMM 1 ABa 3 HaNMEHIINM
4acoMm;

- o0uuCcIUTH CCPCAHE 3HAYCHHA JJIA PCIITU CEMHU 3HAYCHD,
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- IHTEpNOJIOBATH BiJ 3HAWJIEHOTO CEPEAHBOTO 3HAYEHHS [0
OCTaHHBOTO KAAPY IS JOIaBaHHS OUIBIIOT CTIIaKEHHOCTH.

Buxonsuu 3 anroputmy, MOXKHA CKa3aTH, 10 11e GUILTP HUXKHIX YaCTOT - PUILTP,
[0 HE MPOIYCKAE YaCTOTH HWXYE 1 BUIIE MEBHUX 3HAaYeHb. DiIbTp alanTOBAHUN IS
poboTu 3 YacoM OHOBJICHHS Kaapy. Peamizamiss anropuTMy NpeAcCTaBI€HA KJIacoM
TimeFilter, natepu CiHMITOH, B T0AaTKY A.

Ha mpakrtuii, nus Tina, K€ MOXKE 3MIHIOBATH HAIpPSMOK 1 IIBUJIKICTh KOXEH
KaJlp, Halikpaie cebe 1moka3aB aaropuTM ¢uabTpaiii yacy. CriiaxeHHOCTh BiH J0CATAE
32 paxyHOK OOYMCIICHHSI CepeIHbOI BEJIMUMHM Yacy MOHOBJICHHS ocTaHHIX 11 kaapiB i
JI0JIATKOBOI 1HTEPIOJAIT MK JBOMa KaJpaMu. TakoX Ba)KIMBOIO TMEPEBAror0 I[HOTO
croco0y € BHCOKa e(EeKTUBHICTh MpU poOOTI 3 Mepexer. Tak sK B JOBFOCTPOKOBIM
NEPCHEKTUBI I'pa MPUIYCKAE HASBHICTh 0arato peKMMiB, PIIIEHHS Ha KOPUCTh LbOTO
BapiaHTy.

3.3. Axanraunis mix pi3Hi po3aijibHi 31aTHOCTI MOOLIBHUX NPUCTPOIB

MobinbHa rpa «CkakeHi KyJi» OpiEHTOBaHA Ha BEJIUKY KUIBKICTh PI3HOMaHITHHX
IPUCTPOIB 3 PI3HUMH PO3AUIBHUMH 3[JaTHOCTSIMU Ta TIITMOMHOIO eKpaHy. be3 miaTpuMku
PI3HHUX PO3AUIBHUX 3JaTHOCTEN Ipa Oyje BUIIISAIATA HA PI3HUX MPUCTPOSAX MO-PI3HOMY,
HATMIPUKJIA, K MPECTaBIeHO Ha pUCYHKY 3.9. JIns miaATpUMKH JEKUTBKOX PO3UTBHUX
3IaTHOCTEN EeKpaHiB HEOOXITHO BHU3HAYWTHU: TMO-TIEpIE, 3 SKUM CIIBBIJHOIICHHSIM
CTOpIH €KpaHy IMpalloBaTH, MO-ApPYyre, BU3HAYUTH PO3JAUIbHY 37aTHICTh PO3POOKH -
DesignResolutionSize. [To-TpeTe, cTBOpUTH HAOOPU PECYPCiB I BCIX MiATPUMYBaHUX

pO3IUIbHKUX 3/1aTHOCTEH. Lls1 mpakTuka neranbHO omucyeThes B jkepenax [7; 30; 31,

32].
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Pucynox 3.9. Binobpaxxenus 6e3 pireHHs

Byno BupimeHo mnpaimpoBaTé 3 CHIBBIIHOIICHHSIM CTOpiH 1.5 1 po3ALIBHOIO
3matHicTIO  po3poOkm  480x320. Jlmsg BCiX MOXIMBUX PO3AUIBHUX 3AaTHOCTEH
CTBOPIOBATH OKpeMi HaboOpu pecypciB HeMae HEOOXITHOCTI, JOCUTh CTBOPUTH TPHU
Nanky JJIs pO3AUIBHUX 3JaTHOCTEM $IKI 3HAYHO BIiAPI3HSIOTHCS OAWH BiJl OJHOTO. Y
nporpami e manku assets / small, assets / normal i assets / large. Po3ninpHa 31aTHICTB,

sKa BIJMOBIZA€ pecypcaM KOKHOI MaIKH, MpuBeIeHo B Tabmuii 3.1.

Taomus 3.1
OcHOBHI kaTeropii po3aiIbHUX 31aATHOCTEN
Koediuient
PozaisnibHa 31aTHICTH Illupuna | Bucora | macmradysanus (Scale
factor)
assets/small 480 320 1
assets/normal 1024 768 2,4
assets/large 2048 1536 4,8
[{inboBa po3aisibHa 480 320 1
3JaTHICTh
(design resolution)
Po3aiipHa 31aTHICTE 768 480 2,4
TECTOBAHOTO TeJIe(hOHY

Ha pucynky 3.10 mpencraBieHa rpa 3 MATPUMKOI PI3HUX PO3AUIBHUX
3matHocTed. 3a  momomororo  DesignResolutionSize  orpumyemo  koediiieHT
MaciiTa0yBaHHS - UHCIO, sK€ HEOOXITHO Tmepenaty B MeTton  Director::

setContentScaleFactor, 1110 6 IBHYKOK MiI' KOPEKTHO MacIITa0yBaTH:
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— 3HAYEHHS MICIls po3TallyBaHHs 00'€KTIB Ha €KpaHi;
— po3MipiB WIpUQPTIB;

— PpO3MipiB pecypciB 300paKeHb.

Pucynoxk 3.10. Cuena 3 BUKOPUCTaHUM PIIIIEHHSIM

®parMeHT BUXIJIHOTO KOy, SIKMI BIJIOBIZA€ 3a peanizallilo MyJbTipa3peiieHis,
IIPEJCTABICHNUN B 10oAaTKy B.
3.4. Peajizanist irpoBOro ITY4YHOr0 iHTEJIEKTY
IrpoBuit mryynuit iHTenekt (Game artificial intelligence, Al) - me Habip
IpPOrpaMHUX METOAMK, IIO 3aCTOCOBYIOTHCS B KOMIT'FOTEPHHUX Irpax Hjisi CTBOPEHHS
BPaKCHHS IHTEJICKTYaIbHOI TOBEIIHKN KOMITFOTEPHO-KEpOBaHUX mepcoHaxin [33; 34].
Jist po3poOku irpoBoro 11 6ynu Bukopucrasi:
— Jiarpamu aisuibHOCTI (Activity Diagram) asis onucy aaroputMy Jii;
— nmiarpama npeueneHtiB (User Case Diagram), 1mo 103BOJISE€ OINUCATH
MOxsUBOCTI 1.

MoxxnuBi J1ii 00Ta npejcTaBiieHi Ha aiarpami 3.11.



VHEKATH Kyl
Avoid

VHHKAaTH CTIHKH

Avoid
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ChigyBaTR
Pursuit Behavior

Brikath
Flee Behavior

VYHHKATH
HepemKox
Avoid Behavior

CrpiiauHa
I10 TPABL0

3MiHIOBATH
HAIpAM

Brykatn
Wander Behavior

Pucynok 3.11. Onuc noBeninku 11

Takum uyuHOM, I peamizamii  npeneacHTy «birtu»  HEoOX1aHO

peanizyBaTy po3MUpPsI0Yi HOro mpeneaeHTyu. To0To, Oynu peani3oBaHi Taki THIA

[IOBEIIHKU:

Breua (flee behavior);
rouutBa (pursuit behavior);
yxuienHs (avoid behavior);
omykanns (wander behavior);

MOCTPLI.

Taka moBeninka HasuBaeTbess Cripinr (steering [35]) 1 wacTo 3ragyeTrncs

CriBenom PabGinom [36]. JleranpHmii omuc peajizamii MperneaeHTiB 3p00JIeHO

®depnango bepinakkya [37], ale 3 BUKOPUCTAHHSIM BEKTOPA CHIIH.

IIpu peamizamii apxitekrypa irpoBoro II Oyma po3ainena Ha 3 4yacTUHU

(puc. 3.12):

- O13Hec-JI0TiKa: He3aJIeKHUM BiJI 1HIIMX KiaciB Tun Logic;

- ocHoBHHI knac Enemy: Biamosimae 3a rpadiky 1 inimiamizamiro Logic 1

EnemyBody kiacis;
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- wiac EnemyBody, inkancymtoe tino II (kmac b2Body 3Haxonutbes y

BiIHOCHHaX Kommo3uilii 3 EnemyBody).

Pucynox 3.12 - [liarpama KiaciB, 1o peaii3yloTh irpOBUN IHTEICKT
Knac Logic naBeneno B daiini Logic.h B nogatky I'. 3apmanns tuny Logic
- ympaBiiHHs, 3MmiHa craHy II. Logic iHKamcysioe JaHi, 1o BiOOpaxaroTh
NOTOYHUH CTaH 0oTa:
—  IIBHUAKICTB,
—  TIO3UIIif;
—  TIO3HWIliS METH (JIJIs1 CTaHy « Y XHJICHHS);
—  TOKaX4MK Ha 00'exT kiacy Entity: cyTHICTb, IKy HEOOX1THO YHUKHYTH;
—  TOYKa JOTUKY, HOpMalb JO TOYKHU JOTUKY B3a€EMOAIIOYUX OO'€KTIB (IS
cTany «YXuJIeHHs» ). [Himami3zyeTbes mpu nomaaandi 06'ekta (KyoIi, Teposi) B CEHCOP;
—  THUII IUT JJ1s CTPLIBOU;
—  TOKaX4MK Ha 00'exT kiacy Entity: cyTHICTb, B IKY HEOOXIJTHO BUCTPIIUTH.

Jlna peamizaiii cTaHiB BUKOPUCTOBYETHCS 171€d MATEPHY NPOEKTYBAHHS CTaHy

(puc. 3.13).
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Logic

Wander()
Flee{)
Avoid()
Prusuit()
Shot()

set<State™= m_ActiveStates

MoToOYHKMK CTaH

[ State ]

Wander [-———- On(Logic®)  kl-———1 Shot

Off{Logic*)
Update{Logic*)

Pucynok 3.13 - UML-giarpama kiaciB cTaHiB

Peauizarist Bipi3HA€TbCS Bl MaTEpHY CTaHy TUM, III0 MOKE OYyTH aKTHBHO
KUIbKa cTaHiB oaHoudacHo (Tab. 3.2). Ilpu mepexojl B CTaH «CTPUISHUHA», BCE
aKTHBOBAHI CTaHy BIIKITIOUYalOThCs. CTaH «yXHWJICHHS» 3MIHIOE TPAEKTOPIIO PyXY

IHIIIUX CTaHIB.

Tabmuus 3.2.

CyMicHicTb cTaHiB Joriku irposoro I

Cran

CyMicHi cTaHu

Crpinnba (Shot)

Hewmae cymicHux

Breua (Flee)

Yxunenns (Avoid)

[Torons (Pursuit)

Yxunenns (Avoid)

Vxunenns (Avoid)

Bteua (Flee), ITorons (Pursuit), baykannas (Wander)

bnykanns (Wander) Yxunenuns (Avoid)

[Mpuunnaa miei momudikaiii MOSCHIOETHCS THM, IO B OCHOBHOMY JaH1 CTaHy

MPaIIOIOTh 3 TOTOYHOI BEKTOPHOK BenmunHOI mBuAKOCT 1. Hanpukian, 3a3ganeriap

«IT00QYUBIIIH nepemkoga ao MOTOYHOI H_IBI/II[KOCTi IMOCTYIIOBO 6YI[C J0aaBaTHUCA

BEKTOpP MIBUIKOCTI, IO OOXOAUThH MEPEIIKoay, 10 3MiHIoe Hampsmok pyxy II. Ha

pucyHky 3.14 BigoOpakeHU MpuKiag poOOTH 3 BEKTOpaMH IIBUJIKOCTEH B peaizarlii.
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AKTHBHI Kepyoui MBAIKOCTL Kinmesa mBHAKICTE

|

\
e

L
<

I 0::k0Ba mEBHAKICTE
I - [onoMiKHEI BEKTOP MIBHAKOCTI

- KiHNEeEBHi BEKTOP MIBHAKOCTI

Pucynox 3.14 - [Ipuknan po60Tu 3 BEKTOPOM HIBUIKOCTI
KoxHuii ctan mo cBoeMy MoOAu(DIKye BEKTOp MIBHJAKOCTI. 3arajJbHUN aJlfOPUTM
po6otu Il npeacraBnenuii Ha pucysky 3.15. [uBapiantom crany Il 6yne cran 6iykaHHS.
Il He GaunTh rpaBlis, HE 3HAE JI€ BIH 1 MPOCTO OJyKa€e B MEXax KapTH.
Jlist B3aeMoii 31 CBITOM OOT HaJIIJIEHUH ABOMA CEHCOPaMHU:
— CEHCOp BEJIMKOro pajilycy, 110 pearye Ha MosiBy KyJi;

— CEHCOp MaJIEHBKOI0 pajiiyca, 0 pearye Ha MosiBy rpaBlis, CTIHU 1 KyIi.
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Pucynok 3.15 - UML-niarpaMa 3arajibHOTO alropuTMy noHOBIEHHS 11

— |

[Ipu B3aemonii 3 ceHCopaMu BUKIMKaOThCA BianmoBiaHi QyHkiii: ContactBegin,
ContactEnd, PostSolve, PreSolve, sxi 3miHIOIOTH cTaHy Mojeni (0i3HEC-JIOTIKH)
BUKJIMKOM METOIIB Kitacy Logic. MeTonu mpencTaBiieHi Ha pucyHky 3.13.

3a oJlHEe OHOBJICHHS I'PH OHOBJIFOIOTHCSI BC1 BKJIFOUEHI CTaHy 1 BKIIIOYAIOTHCS abo
BIJIKJTIOYAIOTHCSI HOB1 BIJIMOBIJIHO JI0 AJICOPUTMY HA PUCYHKY 3.15.

Koxnuit cran mepeonpenensier meroa Update, B sSIkOMy BHUIIaJKOBHUM YHHOM
(ctran Wander) abo Ha OCHOBI OTpUMaHUX JaHUX (cTaH Prusuit) cTBOPIOETHCS BEKTOP
MBUAKOCTI. AnroputM pobGotu crany Wander mpencrtaBieHuit Ha pucyHky 3.16.
CrtBOpeHa MIBUIKICTh HE IOAA€THCS BiApa3y 10 notoyHoi mBuakocti I1. J{is Toro, mo 6

pyX 1 OBOPOTH 3AaBajlMCs IJIABHUMH, BEKTOP MIBUIKOCTI PO3OMBAETHCS Ha KilIbKa
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YAaCTHH, 1 10 MOTOYHOI MIBUIAKOCTI I0JA€ThCS YaCTHHA 3T€HEPOBAHOI paHiIlle IIBUIKOCTI
- m_VelocityToConsume. Cxoka TexHIKa 3IMJIaJUKyBaHHS BHUKOPHUCTOBYETHCS B

peaizaliisax 1HIIUX CTaHIB.

Pucynok 3.16 - Anroputm po6otu Wander :: Update

Takum 4YHHOM, BUKOpHCTAaHA pealli3aiis JONOMara€ aBTOHOMHHM
MEPCOHAKAM PYXaTHCS PEATICTHYHUM YMHOM B HABKOJUIITHBOMY CEPEIOBHIIL.
Iness He 3acHOBaHa Ha CKJIQJHMX OOYMCICHHSX, @ BUKOPHUCTOBYIOTH MIHIMYM
JIOKaJbHOI 1H(opMaIlli, 1o poOUTh AJTOPUTM MPOCTUM 1 JIETKO peai30BaHUM.
[Tpote, pyxy Il MOXyTh OyTH HOCUTH CKJIaIHUMHU 1 HENepeaOauyBaHUMU. MiHycH
JlaHO1 peasri3allii - HemependadyyBaHa IMOBEIIHKA MPH 31TKHEHHI 3 T-momioHuMU
MIEPEIIKOIAMH.
3.5. Hanarom:xeHHst

HanaromkeHHst rpu peani3yeThes MiCis KOMITUISINT 3 ipanopom «-debugy 1

3amycK rpu Ha neBaiice uepes iHTepdeiic Android Debug Bridge (adb). Jlocuth
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TUIBKK JI0O3BOJIUTU HamarojpkeHHs uepe3 USB Ha geBaiici. Tak camo €
MO>KJIMBICTh MIAKIIOUATUCA 10 nAeBaiicy depe3 mepexxy WiFi. Ornaguuk Visual
Studio n03BONsIE BECTH CIOCTEPEKEHHS 3a MOBEAIHKOIO MPOrpaMu Mija 4ac
BUKOHAHHS 1 BUSIBIATA mpoOsiemu. Tak camMo BiAJIaMuuK J00pe Mpairoe 3
cocos2dx. 3a AOMOMOTOI0 BiIJIaJUMKa MOXHA TMepepuBaTh ab0 NPUITUHSITH
BUKOHAHHS MPOTpaMU 3 METOIO0 MEPEBIPKH KOy, OOYMCIIIOBAaTH 1 penaryBaTH
3HAYEHHS 3MIHHUX @pOrpamH, BIJICTEKYBaTH CTAaH PETICTPIB, NEperisaaTH
IHCTPYKIIii, CTBOPEH1 3 BUXIJHOTO KOJYy, a TAKOX MEpersaaTi 00JacTh maM'sTi,
sKa BUKOPUCTOBYeTbCs jgojgaTkoM. Ornamuumk Visual Studio miaTpumye
MOKPOKOBY HaJIaro/)KEHHS Ta TOUKHU 3yMMMHKU BUKOHAHHSA 3 3a/1aHOI0 YMOBOIO.

Jjist mouryky 1 BUIIPaBJICHHS TOMUJIOK B «()13MYHOMY CBIT1» IpH HEOOX1IHO
ycnaakoByBaTu kijac 2bDraw B Box2d 1 mepeBu3HauWTH HOTO BIPTyasbHI
byukiii. I{e 7acTh MOXKIUBICTh TOOAYUTH UM 301rarOTHCS PO3MIPH 1 TTOJIOKESHHS
G13UYHMX T 11X Tpadiunmii Burmsia. Tak caMmo ciij BpaxyBaTH, 0 MaJTlOBaHHS
MOBUHHO OYTH B MEKax BEPXHBOTO IIapy.

[Ilo 6 yHUKHYTH AOJATKOBUX BHUTpAT yacy OyB BUKOPUCTaHUN CTOPOHHIN
monayJsib [38] mis cocos2d-x 2.1.2, BukopuctoByroun XCode 4.4 mij JileH31€10
MIT, i 3minenuii g cymicHocTi 3 cocos2d-x v3.14 i Visual Studio 2022.
['padiune mnpencrtaBiaeHHs (I3UYHUX TIT 300pakKeHO Ha MaloHKy 3.17.
3amTpuxoBaHi eaemMeHTapHi Girypu (IpsIMOKYTHHMK, TPUKYTHHUK) IIPEICTABIAIOTh
¢bi3uyH1 Tija: KIHEMAaTHYHI, CTATHYHI 1 JUHAMIYHI.

VY niBOMYy HI)KHBOMY KYTKY BHBOJUTBHCS JOJAaTKOBa 1H(oOpMalis crpuse
BUSIBJICHHIO OariB 1 HaJIaroJ[)KEHHI:

- GL verts - KiIbKICTh BEPIIIUH Ha CIICHI;

- GL calls - xinpkicTh BUKIHKIB TpadiuHuX (YHKIIH TepeaaHux i 00poOKH

- YHCIIO TIepe] clieneM - KutbKicTh FPS B nanuii yac;

- YHCIIO MICHS CJella - 4ac MPoOMajIbOBYBAHHS OJIHOTO KaJIpy.
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Verts : 690
calls: 362

47/ 0.015

Pucynox 3.17 - Criena i yac HalnarokKeHHs TpU
JlonatkoBUM 3aco00OM HaylarojpkeHHs MokHa BBaxkaTth Android Logcat

Command-line Tool (puc. 3.18).

E,_ o (B | |

d: fullPathForFile o file found at

fullPathForFile o file found at

*): requestR

Pucynox 3.18 - Po6ota Logcat

Logcat - 1e I1HCTpYMEHT KOMAaHIHOTO psJika, SKUW BigoOpaxkae >KypHal
CHUCTEMHUX TIOBIOMJICHb, BKJIFOYAIOYM TPACyBaHHS CTEKAa, KOJM TPHUCTPIH BUIAE
MOBIJJOMJICHHSI TIPO TIOMMJIKY, 1 TIOBIJJOMJICHHS, SIKI HANMCaHI 3a JIOMOMOTOK MaKpocCy
CCLOG.

3.6. TectyBaHHs

ITin 4ac po3poOku Tpu OyI0 HAMKMCAHO KIJIbKa HE3aJIeKHUX BiJ rpadidgHoi
yacTUHU MoAyJiB. Oanum 3 Takux monayiiB € kinac LevelHolder 1 mos'szani 3 HuUM

npu3HayeHi ans  kopuctyBaua Tunu naHux. Kmac LevelHolder BinmmoBimae 3a
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3aBaHTa)KEeHHs, 0OpOOKyY Ta penaryBaHHs (aitiiB B json gopmari. [licas Horo peamnizartii
JUIsl BUSIBJIGHHS 1 YCYHEHHS TPHUXOBAaHWUX TNPOOJIEM HAa PaHHBOMY eTami po3poOKHu
HEOOX1THO MPOBECTU TeCTyBaHHs MOyJiA. KpaiuMm BapiaHTOM Jyisl TECTYBaHHS MOIYJIS
OyJI0 BUKOPHCTAHHS CTOPOHHIX 0101i0TeK 1 (peiiMBOpKIB, Hanpukian, Google C ++
Testing Framework (Google Test). Google Test - 6i06mioreka uIsi MOAYJIBHOTO
TecTtyBaHHs Ha MOBI C ++. IlepeBaramu 11p0ro ¢GpeiiMBOpKa € HasBHICTb POCIMCHKOI
JoKyMeHTarlii 1 ainensis BSD, To6To 11e BiibHE nporpamHe 3a0e3rneyeHHs.

Ane nns TeCTyBaHHS MOJIYJsSl 3 JIeCATKOM (YHKIH [gojaBaTH B IPOEKT
TOJATKOBUM (peiiMBOpk He Mae ceHcy. IIpobGrmema Oyna BupilieHa peaizalli€ero
nonatkoBoi omwHMIN TpaHcusamli MapLoaderTesth 1 MapLoaderTest.cpp, ae 3a
nonomororo Makpocy IS EQUEL (x, y) HOpIBHIOIOTBCS OJEp>KyBaHl 1 OYiIKyBaHI
pesyapTatd poboTu  (Pyskuiid. ToOTO, METOW CTBOPEHHS OJWHUII TPaHCIIII
MapLoaderTest.h 6yno g0ka3 KOPEKTHOCTI KOJY.

Takox mig 4ac po3poOKH Tpu 3'BisUIaCS HEOOXIAHICTH TECTYBaTH IMPOMIXKHI
pe3yNbTaTH Ha JIeBaiicax 3 PI3HUM JI03BOJIOM €KpaHy, TIMOWHOIO TIKCEIiB, BEPCIEI0
oneparliinoi cucremu 1 API.

I'pa 6yna nmporecToBaHa Ha MIaTGopmax:

— LG D325 Android 7.1.1;

— Lenovo s90 Android 7.2.0;

— Wileyfox Storm Android 7.2.0;

— Ilmanmer Tab 702 Android 4.2.2;

— Tlnanmer Samsung Galaxy Tab A SM-T355 Android 5.0;
— Lenovo A6010 Android 5.0.2;

— Lenovo A536 Android 4.4.2.

I'pa BigMiHHO TpaIfroBaia Ha BCiX TECTOBAHUX MPHUCTPOSX, MOKA3HUK CEPEIHBOT
KUIBKOCTI1 KaJIpiB B CeKyHAY - 60. KpUTHUHUX MOMUIIOK HE BUSBIIEHO.

3.7. Hignuc rpu

[Tpu KoMIISALIT IporpamMu Jis HOTO TECTYBaHHS 1 3aIyCKYy CIIOYaTKy HEOOX1THO

foro mignmucatd. Y PpeXWMI HAJAroJKEHHS JOJAaTOK MmiamucyeThesi debug wmrouem.
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Tepmin naii debug - xiatoua HeoOMexkenuil. Ane s nmyOmikanii noaarka Android y
Google Play abo mis 3amycky release Bepcii rpu HEOOX1JTHO CTBOPHUTH CBIiM KIFOU 1
HinucaTd iM JA0JAaTOK. byab-sSkuil 10JaTOK, BUKJIAJa€EMO B Mara3uH, IMOBUHHO MaTH
nignucanuil ceprudikar. CepTudikaT [103BOJISE 1IEHTU(]PIKYBaTH Bac SK aBTOpa
nporpaMu. SIKIIO XTOCh CIpOOy€e BHUKIACTU NMPOTpaMy 3 TaKUM K€ MOBHUM Ha3BOIO
nakeTa Jo/1aTka, ioMy OyJie BIIMOBIEHO Yyepe3 KOH(MIIKT IMEH.

[linnuc rpu, npu kommnusuii Release-30ipku, 341MCHIOETECS 1THCTPYMEHTAMU BiJ1
Java Runtime Environment (cxop. JRE; poc. Bukonapua st Java) yTusitoro jarsigner.
[lepen TuM AK MiANMUCATH AOJATOK HEOOXIAHO CTBOPUTH YTWUiiTOIO keytool. OOuaBi
YTHIITH € OE3KOIMTOBHUMU 1 BCTAHOBIIOIOTHCS pa3oM JRE.

3.8. BucHoBKHM /10 po3aiiay

VY TperboMy po3/iii, IPUCBIUYECHOMY MPOEKTYBAHHS 1 KOHCTPYIOBaHHS I'pH, OyiH
BUJIUICHI JOJaTKOBI min3amadi. [Ipu BupimeHH! TakuxX MmiAg3agad, SK «peajizaris
IrPOBOTO IITYYHOTO 1HTENEKTY» 1 «pO3po0Ka OCHOBHOTO IrpOBOTO ILMKIY» Oyiu

MOPYIICH] aCTIEKTH 3 IHIUX 00acTel 3HaHb: POOOTA 3 BEKTOPAMH 1 3TIIaJ[KyBaHHS.
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BUCHOBKU

VY mummomHIE poOoTi OyJio PO3rISIHYTO po3poOKy MobOinmbHOTO gomatky OC
Android xomm’rotepHoi 2D rpu.

B po6oTi mpoBeneHo aHali3 CTaTUCTUYHUX JIaHUX, MOB'A3aHUX 3 PO3POOKOIO
MOOUTBHHUX IrOp, a TAaKOXK BUKOHAHO MPOEKTYBaHHS 1 po3poOKa JBOMIPHOI T'pu Ha
MoOUTBRY 1atdopmy Android.

B xoa1 anamizy Oyi0 AaHO OLIHKY NOMYJISPHOCTI jKaHPIB 1 MOOLIBHUX MIAT(OpPM
HA OCHOBI JaHUX CYYaCHMX CTAaTUCTUYHUX KOHCAJITHUHTOBUX KommaHii: Gartner,
Shared2you, SurveyMonkey Intelligence. Ha ocHoBi oOpaHoro sxanpy (uryrep - Tom 3
cKauyBaHUX xaHpiB B 2022 portri), Oyia chopMyap0BaHa KOHIIETIIIS PO3POOISIEMOT TPH.
Konuenuis 3akpimitoe miargopmy, kaHp, Ha3By, CTHIb Ipadiku, Ja€ KOPOTKHUI OMUC
171ei 1 redMIuIes TP 1 BUAUISIE HIUTHOBY ayIUTOPIIO.

Jlo cramii MpoeKTyBaHHS 1 MpOTrpaMyBaHHs, IMporpamMHe 3a0e3rnedeHHst Oyio
KJacu(iKoBaHO 3a MpU3HAYEHHSM: poOoTa 3 rpadikoro (cocos2dx, Marmelade sdk,
Unreal Engine 4), po6ota 3 komom (Microsoft VS22, Eclipse, CLion) 1 po6ota 3
¢iznuaum citom (Chipmunk, Box2d). 3 ormsgy Ha oOMexeHHs, BigoOpakeHi B
KOHLEMNLII TP, OCHOBHUMU BUMOTaMH OyJiM BapTiCTh, (YHKLIOHAIBHICTh 1 3pYUYHICTh
BUKOpUCTaHHA. {751 MiHIMI3amii yacy po3poOku Oymm oOpaHi TOAATKOBI IHCTPYMEHTH
115t podotu 3 pecypcamu (TexturePacker) 1 3 Buxigaum kojom (GitHub). Takum unHOM,
TS pO3pOOKH MPOTpamMu BUKOPUCTOBYIOTHCS TaKi IHCTpyMeHTH, ik Microsoft VS 2022
poky, Cocos2d 3.14, Box2d, Tiled, Texture Packer, GitHub.

Jnist epexTuBHOI po3poOKu Oy BUJIIEH] 1 BUPIIIEH]1 HACTYIIHI Mi/13a4aui:

— TMIPOEKTYBaHHS 1HTEpPEICY;

— Po3poOKa OCHOBHOTO ITPOBOTO ITUKITY;

— aJanTarlisi TpH i pi3Hi J03BOJHU MPUCTPOIB;
— TIPOEKTYBAHHS ITPOBOTO 1HTEIEKTY;

— HaJarojpKeHHS;

— TCECTyBaHHA.
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[Ipu BupimeHHi 3agadi 0po po3poOKYy OCHOBHOTO IrpOBOr0O LMKIY OyJu

MOPYIIEHI TaKl aCIeKTH 3 1HIIMX 00J1acTel 3HaHb, SK:
— ¢ineTp HIKHIX yacToT (low pass filter);
— 3IJ1a/KYBaHHA 32 IOMOMOTOI0 1IHTEPIOJIALIT Ta eKCTPAIOJISIIIii.

Jnst peamizauii nukily OyB BHUKOpUCTaHUN (UIBTp HWXKHIX 4acTtoT. KoxeH
pO3MITHYTHH B PoOOTI acmekT sBIIIE COOOI HE3ale)KHE CaMOCTIMHE pIMICHHS
NOCTABJICHOI MiA3adadi, 3akpiryieHud B 3arojoBku PhysicsSystem.h 1 Moxe OyTtu
BUKOPUCTAaHUHU JIJIs1 0OOpPOOKM OTPHUMAHOrO 4acy MOHOBJIEHHS IFPOBOrO IUKJIY B 1HIIHUX
npoekTax. Tema cHHXpoOHI3aIii ¢Gi3uYHOTO 1 TrpadivyHOro JABMIKKIB TOMYJISIpHA 1
MEpPCIEKTUBHA B PO3BUTKY, TaK SIK 1i aKTyaJbHICTh 3pOCTa€ 31 30UIBIICHHSIM
MOMYJISIPHOCTI irop.

Oco0nuBy yBary OyJio ONpUIIJIEHO ajanTaiii Tpu mia pi3Hi npucTpoi. ['padiuni
pecypcu OyJid po3/iJieH] Ha Tpu KaTeropii: assets / small, assets / normal 1 assets / large
JUIS. 3MEHIICHHS BTPAaTH SKOCTI 300pakeHb Ipu MacmtaOyBaHHI. B pesynbrari, 3
MIHIMaJIbHO MOJIUBUM 30UTBIICHHIM HEOOX1THOI MaM'siTi JJIsl TP, BAAIOCS OTPUMATU
SKiCHE 300pakKeHHS Ha JIeBaiicax 3 pi3HUM J03BOJIOM €KpaHy. PillieHHs, BAKOPHUCTAaHE B
naH1i poOOTi, aKTUBHO 3aCTOCOBYETHCA 1 IHIIUMU PO3POOHUKAMH.

JIJ1st CTBOpPEHHS IrPOBOTO MITYYHOTO 1HTENIEKTY, OyJ0 BUKOPUCTAHO 1 aaliTOBaHa
i7es ympaBiiHHS pyXxoM ©OOTa BIUIMBOM Ha HBOTO JOAATKOBUMH BEKTOPHHUMU
BEJIMYMHAMMU - MIBUJKICTIO (B paMKax I1i€i poO0oTH). Bukopucrane pileHHs € KOPOTKHUM,
IPOCTUM, HIBUJAKUM (BUKOPHCTOBYE MIHIMAJIBHO KUIBKICTh JAHUX) 1 PEATICTUYHHUM:
YHUKA€ MEPEIIKOU, MOXKE MEePECTIIyBaTH 1 TIKATH Bl METH, CTPUISIE B IUIb 1 KYJIi, 1110
JeTATh B HBOTO. 3aBISKA BHKOPHUCTAHHIO TATEPHY MPOEKTYBAHHS CTaHY 1 TEXHIKH
MOy JIOTiKH 1 Tpadiku peamizaris Il merko miaTpuMyBaHa i po3MTUPIOETHCS.

[Ipu HanarompkeHHi mporpamu OyB KJIOHOBAaHMM 1 aganToBaHUi mij cocos2d-X
v3.14 1 Visual Studio 2022 nHe3anexxHuit MOIyn b AJs poOOTH 3 (DI3UYHUM JTBUIKKOM
Box2d - DebugDraw. Bin 103Bosisie TpOMaiboBYBaTH MOTOYHUN CTaH (Hi3MUHHUX TiJd HA
eKpaH, 10 3HAYHO MPUCKOPIOE Halaro/pkeHHs. Moayiap Moxke OyTH BUKOPUCTAaHUN B

IHIIUX MTPOEKTAX.
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Takum 4yMHOM, pE3yNbTaTOM BHUKOHAHHS 3aBJAaHHS PO3POOKH JBOMIPHOI TPH Ha
mwiatpopMmy Android crama rtpa «CkaxeHi KyJi» 1 JBa HE3aJICKHUX MOJIYIIS:
DebugDraw 1 PhysicsSystem. PoGoTa rpu Oyia ycminiHo mpoTecToBaHa MijJ CHUCTEMY
Android 4.2.2 i Bume. CTBOpeHa Tpa y3roJKY€EThCS 3 ONMMMCAHOI KOHIIEMIIE0 1 BOJIOIIE
TaKHUMH XapaKTePHUMU PUCAMU:

® BIJICYTHICTh HEOOXIIHOCTI B HABYaHHI,
® [IBUAKUH 1 yHIKAJIbHUN TeUMILICH;

® [POCTE YNpaBIIHHS;

® MOJJIMBICTb CTBOPEHHS PIBHS;

e TpocTui 1 3po3yminuii iHTepdeiic;

e HemependavyBaHICTh IPOTUBHUKA.

[lopganpmnii pPO3BUTOK MPOEKTY BKJIIOYAE TMOJIMIICHHS (QYHKLII J0JaBaHHS
PIBHIB, TOJaBaHHS SICKPABOTO TpadiuHOTO AM3aiHYy, JO/IaBaHHSI MY3HYHOTO CYTPOBOIY

1 BBEJICHHSI CTATUCTUKHU YCITIXY TPaBIIs.
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JTOJATOK A

Buxignuii koja kiaacy gpuibTpa yacy

class TimeFilter {

[*
1 Keep a history of the time step for the last 11 frames.
2 Throw away the outliers, the two highest and the two lowest values.
3. Calculate the mean of the remaining 7 values.
4 Lerp from the time step for the last frame to the calculated mean (adding more
smoothness)
*/
static constint  m_Size = 11;//history size
int m_Count;
float m_LowFilter;
float m_History[m_Size];
public:

static TimeFilter& Getlnstance() {
static TimeFilter timefilter(0.2f);
return timefilter;
}
float GetTimestep(float dt) {
//first 11 calls: find the mean
assert(m_Count <= 11);
float mean = 0.f;
if (m_Count ==m_Size) {
//Throw away the outliers, the two highest and the two lowest values.
float temp[m_Size];
std::copy(m_History, m_History + m_Size, temp);

std::sort(temp, temp + m_Size);
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mean = std::accumulate(temp + 2, temp + m_Size - 2, 0.f)/(m_Size -

4.9);
//change history
for (int1=0;1<m_Size-1;i++) {
m_History[i] = m_History[i + 1];
}
m_History[m_Size - 1] = dft;
b
else {
m_History[m_Count++] = dt;
mean = std::accumulate(m_History, m_History + m_Count, 0.f) /
m_Count;
b
//smoothing
float timestep = m_LowkFilter * dt + (1.f - m_LowfFilter) * mean;
Il CCLOG("dt - filtered: %.4f %.4f", dt, timestep);
return timestep;
}
private:

TimeFilter(float lowfilter) :
m_Count(0),
m_LowtFilter(lowfilter) {}

TimeFilter(const TimeFilter& ) = delete;

TimeFilter& operator=(const TimeFilter& ) = delete;
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NOJATOK b
Buxigauii koa BUpilieHHs: Mpo0JeMH 3MiHEHHS PO3ALIbHOI 31aTHOCTI eKpaHa
#include "AppDelegate.h"
#include "MainMenuScene.h"
#include "Tests/MapLoaderTest.h"
#include "Constants.h"
using namespace cocos2d;
static Size designResolutionSize = cocos2d::Size(480, 320);
static Size smallResolutionSize = cocos2d::Size(480, 320);
static Size mediumResolutionSize = cocos2d::Size(1024, 768);
static Size largeResolutionSize = cocos2d::Size(2048, 1536);
AppDelegate::AppDelegate() {}
AppDelegate::~AppDelegate() {}
/l'if you want a different context, modify the value of glContextAttrs
/I it will affect all platforms
void AppDelegate::initGLContextAttrs() {
/] set OpenGL context attributes: red,green,blue,alpha,depth,stencil
GLContextAttrs glContextAttrs = {8, 8, 8, 8, 24, 8};
GLView::setGLContextAttrs(glContextAttrs);
b
/1 if you want to use the package manager to install more packages,
// don't modify or remove this function
static int register_all_packages() {
return 0; //flag for packages manager
b
bool AppDelegate::applicationDidFinishLaunching() {
// initialize director
auto director = Director::getInstance();
auto glview = director->getOpenGLView();

if ("glview) {
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#if (CC_TARGET_PLATFORM == CC_PLATFORM_WIN32) ||
(CC_TARGET_PLATFORM == CC_PLATFORM_MAC) |
(CC_TARGET_PLATFORM == CC_PLATFORM_LINUX)

glview = GLViewlImpl::createWithRect("Shooter", cocos2d::Rect(0,
0, designResolutionSize.width, designResolutionSize.height));

#else
glview = GLViewlImpl::create("Shooter");
#endif
director->setOpenGLView(glview);
b
/I turn on display FPS

director->setDisplayStats(true);

I set FPS. the default value is 1.0/60 if you don't call this

director->setAnimationinterval(MC::FPS);

director->setDepthTest(false);

director->setProjection(Director::Projection::_2D);

// Set the design resolution

glview->setDesignResolutionSize(designResolutionSize.width,
designResolutionSize.height, ResolutionPolicy::NO_BORDER);

Size frameSize = glview->getFrameSize();

float scaleFactor = 1.f;

if (frameSize.height > mediumResolutionSize.height) {
FileUtils::getInstance()->addSearchPath("large™);///2048, 1536
scaleFactor = largeResolutionSize.height /
designResolutionSize.height;
b
else if (frameSize.height > smallResolutionSize.height) {

FileUtils::getInstance()->addSearchPath("normal");///1024, 768
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scaleFactor = mediumResolutionSize.height /
designResolutionSize.height;
by
else {
FileUtils::getInstance()->addSearchPath("small™);///480, 320
scaleFactor = smallResolutionSize.height /
designResolutionSize.height;
b
director->setContentScaleFactor(scaleFactor);
register_all _packages();
/[ create a scene. it's an autorelease object
director->runWithScene(MainMenuScene::createScene());
/ltests
/ITEST::RUN_ALL();
return true;
¥
// This function will be called when the app is inactive. Note, when receiving a
phone call it is invoked.
void AppDelegate::applicationDidEnterBackground() {
Director::getInstance()->stopAnimation();
I if you use SimpleAudioEngine, it must be paused
/I SimpleAudioEngine::getinstance()->pauseBackgroundMusic();
¥
/1 this function will be called when the app is active again
void AppDelegate::applicationWillEnterForeground() {
Director::getinstance()->startAnimation();
I if you use SimpleAudioEngine, it must resume here

// SimpleAudioEngine::getinstance()->resumeBackgroundMusic();



JTOJATOK B
Buxignuii kox kiaacy PhysicsSystem

class PhysicsSystem {
float m_FixedTimestepAccumulator;
float m_FixedTimestepAccumulatorRatio;
int m_Velocitylterations;
int m_Positionlterations;
b2World* m_World;

public:

PhysicsSystem(
const b2Vec2 gravity,
b2ContactListener™* listener,
bool doSleep,
int velocitylters,
int positionlters

):
m_FixedTimestepAccumulator(0),
m_FixedTimestepAccumulatorRatio(0),
m_Velocitylterations(velocitylters),
m_Positionlterations(positionlters)

{
m_World = new b2World (gravity);
m_World->SetAllowSleeping(doSleep);
m_World->SetAutoClearForces(false);
m_World->SetContactL istener(listener);
m_World->SetContinuousPhysics(true);

b

~PhysicsSystem() {
if(m_World)

delete m_World;

m_World = nullptr;

}

b2World* GetWorld()const {
return m_World;
}

void fixedUpdate(float dt) {
m_World->Step(dt, m_Velocitylterations, m_Positionlterations);
m_World->ClearForces();
resetSmoothStates ();

b

/*

The algorithm is simple:
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1. using the requested time to consume (input parameter dt) and the previous,
unprocessed accumulated time (fixedTimestepAccumulator ),

computes the natural number of steps, each of length FIXED_TIMESTEP,
that must be simulated; the remainder is stored back in the accumulator

(fixedTimestepAccumulator ).

2. computes the fraction of unprocessed time, respect to FIXED _TIMESTEP,
and stores it into fixedTimestepAccumulatorRatio .
3. simulates the required number of physics steps.
4. calls b2World::ClearForces() method to reset applied forces.
5. smooths positions and orientations of physics objects.
*/
void update(float dt) {
/l Maximum number of steps, to avoid degrading to an halt.
const int MAX_STEPS =5;
m_FixedTimestepAccumulator += dt;

int nSteps = static_cast<int> (
std::floor(std::abs(m_FixedTimestepAccumulator) / MC::FPS)

);

// To avoid rounding errors, touches fixedTimestepAccumulator_ only if

needed.

I

if (nSteps > 0) {
m_FixedTimestepAccumulator -= nSteps * MC::FPS;
¥

else {
CCLOG("Engine can't make any step");
ky

m_FixedTimestepAccumulatorRatio = m_FixedTimestepAccumulator /

MC::FPS;

const int nStepsClamped = std::min(nSteps, MAX_STEPS);
for (int i = 0; i < nStepsClamped; ++1) {
If(i == nStepsClamped - 1) resetSmoothStates ();
m_World->Step(MC::FPS, m_Velocitylterations,

m_Positionlterations);

I

}

m_World->ClearForces();

CCLOG("Smoothing");
smoothStates ();

¥

private:
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void smoothStates () {

const float ratio = m_FixedTimestepAccumulatorRatio;
const float mu = smoothstep _(ratio);

for (b2Body * b = m_World->GetBodyL.ist(); b != nullptr; b = b-
>GetNext()) {
iIf (b->GetType() == b2_staticBody) continue;
this->interpolation_(b,mu);

/*

CCLOG("current: %.4f,%.4f; previous: %.4f,%.4f; smooth: %.4f,%.4f;",
b->GetPosition().x, b->GetPosition().y,
e->m_Component.m_PreviousPosition.x, e-

>m_Component.m_PreviousPosition.y,
e->m_Component.m_SmoothPosition.x, e-
>m_Component.m_SmoothPosition.y
);
*/
b
}

void resetSmoothStates () {
for (b2Body * b = m_World->GetBodyList(); b '= NULL; b = b-
>GetNext()) {
iIf (b->GetType() == b2_staticBody) continue;
Entity* e = static_cast<Entity*>(b->GetUserData());

e->m_Component.m_SmoothPosition = e-
>m_Component.m_PreviousPosition = b->GetPosition();

e->m_Component.m_SmoothAngle = e-
>m_Component.m_PreviousAngle = b->GetAngle();

¥
}
float smoothstep_(const float& x) {

return (3-2*x) *x * x;
}

void interpolation_(b2Body* b, const float& smoothstep) {
[*e->m_Component.m_SmoothPosition =
mu * b->GetPosition() +
(1 - mu) * e->m_Component.m_PreviousPosition;

e->m_Component.m_SmoothAngle =
mu * b->GetAngle() +
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(1 - mu) * e->m_Component.m_PreviousAngle;

*/

[*interpolate

double mu2;

mu2 = (1-cos(mu*P1))/2;
return(y1*(1-mu2)+y2*mu2);

*/

Entity* e = static_cast<Entity*>(b->GetUserData());
const float mu2 = (1 - cosf(smoothstep*MC::P1)) / 2.1;

e->m_Component.m_SmoothPosition =
(1 - mu2) * e->m_Component.m_PreviousPosition +
mu2 * b->GetPosition();

e->m_Component.m_SmoothAngle =
(1 - mu2) * b->GetAngle() +
mu2 * e->m_Component.m_PreviousAngle;
b
void exterpolation_(b2Body*b) {
Entity* e = static_cast<Entity*>(b->GetUserData());
const float time = m_FixedTimestepAccumulatorRatio * MC::FPS;
e->m_Component.m_SmoothPosition = b->GetPosition() + time * b-
>GetLinearVelocity();
e->m_Component.m_SmoothAngle = b->GetAngle() + time * b-
>GetAngularVelocity();

}
¥



NOJATOK T’
Buxignuii kox ¢aiiny Logic.h
#pragma once
#include <memory>
#include <set>
#include <cocos2d.h>
#include "../../Constants.h"

#include "../Base.h"

using namespace cocos2d;

enum class Stateld {
wander = 0x1,
pursuit = 0x2,
avoid = 0x4,
flee =0x8,
shot =0x10
2
enum class Target {
player, //hero
entity //ball
b
class Logic;
class State {
protected:
Stateld m_Id;
bool m_IsOn;
public:
virtual void On(Logic*) = 0;
virtual void Off(Logic*) = 0;



virtual void Update(Logic*) = 0;

virtual Stateld Getld()const {
return m_Id;

o

virtual bool 1sOn()const {

return m_IsOn,;

3
namespace HelperFunctions {

extern int toMask(const Stateld&s);

extern int random(int al, int a2);

extern float toRad(float degs);

extern float toDeg(float rads);

¥
struct Logiclmpl {

Vec2 m_Velocity,//calcs like sum of prev and desired velocity
m_Position,//current position
m_Target;

Entity* m_AvoidEntity;

b2WorldManifold m_Manifold;

Target m_ShotTarget;
Entity* m_ShotEntity;
2
template<MC::BulletType _type> class Gun;
class Logic {
bool m_ShotInQueue;
public:
Logic(Vec2 pos);
void Wander();
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void Pursuit();
void Flee();

void Avoid(Entity* avoid, b2WorldManifold manifold);

void Shot();

void Update(float dt);

[|[m===================
int GetStateMask()const {
int mask = 0;
for(auto&s: m_ActiveStates)
mask|= static_cast<int>(s->Getld());
return mask;
b
[|[m===================
Vec2 GetVelocity()const {
return m_Logiclmpl->m_Velocity;
by
void SetVelocity(Vec2 velocity) {
m_Logiclmpl->m_Velocity = velocity;
by
[|[==========in PTM ==========
Vec2 GetPosition()const {
return m_Logiclmpl->m_Position;
¥
|[========== jn PTM ==========
void SetPosition(Vec2 pos) {
m_Logiclmpl->m_Position = pos;
by
[|m===================
Vec2 GetTargetPosition()const {



return m_Logiclmpl->m_Target;

b
void SetTargetPosition(Vec?2 target) {

m_Logiclmpl->m_Target = target;

Entity* GetAvoidEntity()const {
return m_Logicimpl->m_AvoidEntity;

¥
b2WorldManifold& GetManifold()const {

return m_Logiclmpl->m_Manifold;

void SetShotEntity(Entity*e) {
m_Logiclmpl->m_ShotEntity = e;

}

Entity* GetShotEntity() const{

return m_Logiclmpl->m_ShotEntity;

by
[[====================
void QueuedShot() {

m_ShotInQueue = true;
¥

void CleanQueuedShot() {

m_ShotInQueue = false;

¥
bool HasQueuedShot()const {

return m_ShotInQueue;
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void SetShotTargetType(Target type) {
m_Logiclmpl->m_ShotTarget = type;

¥

Target GetShotTargetType()const {

return m_Logiclmpl->m_ShotTarget;

private:
std::shared_ptr<Logiclmpl> m_Logiclmpl;
std::set<std::shared_ptr<State>> m_ActiveStates;
std::shared_ptr<Gun<MC::BulletType::Ball>> m_Gun;
I
void InitStates();

¥}

class Wander : public State {
static const int MAX_VELOCITY =6 * MC::PTM_RATIO;
static const int MAX DISPLACEMENT_VELOCITY = 3 *
MC::PTM_RATIO;
Vec2 m_VelocityToConsume;
int m_CountOfConsumes;

int m_CompatibleMask;

public:
Wander() {
m_VelocityToConsume = Vec2::ZERO;
m_CountOfConsumes = 0.f;
m_Id = Stateld::wander;
m_CompatibleMask |= (int)Stateld::avoid;
b

virtual void On(Logic* pLogic) override;



virtual void Off(Logic* pLogic) override;
virtual void Update(Logic* pLogic) override;
2
class Avoid : public State {
Vec2 m_VelocityToConsume;
int m_CountOfConsumes;

int m_CompatibleMask;

static const int MAX_AVOID_VELOCITY =4 * MC::PTM_RATIO;

public:

Avoid() {
m_VelocityToConsume = Vec2::ZERO;
m_CountOfConsumes = 0.f;
m_ld = Stateld::avoid,;
m_CompatibleMask |= (int)Stateld::flee;
m_CompatibleMask |= (int)Stateld::pursuit;
m_CompatibleMask |= (int)Stateld::wander;

by

virtual void On(Logic* pLogic) override;
virtual void Off(Logic* pLogic) override;
virtual void Update(Logic* pLogic) override;
b
class Prusuit : public State {
Vec2 m_VelocityToConsume;
int  m_CountOfConsumes;

int m_CompatibleMask;

static const int MAX_VELOCITY =5* MC::PTM_RATIO;
public:
Prusuit() {
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m_VelocityToConsume = Vec2::ZERO;
m_CountOfConsumes = 0.f;
m_ld = Stateld::pursuit;
m_CompatibleMask |= (int)Stateld::pursuit;
m_CompatibleMask |= (int)Stateld::avoid;
¥
virtual void On(Logic* pLogic) override;
virtual void Off(Logic* pLogic) override;
virtual void Update(Logic* pLogic) override;
2
class Flee : public State {
Vec2 m_VelocityToConsume;
int  m_CountOfConsumes;
int m_CompatibleMask;
static const int MAX_VELOCITY =5* MC::PTM_RATIO;

public:
Flee() {
m_VelocityToConsume = Vec2::ZERO;
m_CountOfConsumes = 0.f;
m_ld = Stateld::flee;
m_CompatibleMask |= (int)Stateld::avoid;
by

virtual void On(Logic* pLogic) override;
virtual void Off(Logic* pLogic) override;
virtual void Update(Logic* pLogic) override;
2
class Shot : public State {
Vec2 m_SavedVelocity;
float m_Time;

int m_CompatibleMask;
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public:
Shot() {
m_Id = Stateld::shot;
m_Time = 0.1,
b

virtual void On(Logic* pLogic) override;
virtual void Off(Logic* pLogic) override;

virtual void Update(Logic* pLogic) override;
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