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BCTVYII

Y mporpecuBHOMY Cy4acHOMY CBITi KOMIT IOTEPHI irpH BiIITPAIOTh HE JIUIIE POJIb
pO3Bary, aje i BUKJIIMKAIOTh PeaIbHUM 1THTEpEC K cepell MOJIO/I1, TaK 1 CEPeJl JOPOCITUX.
Lle#t (heHoMeH He JUIIIE PO3BUBAE Ta PO3BAXKAE, ajie 1 CTABUTH MEPE]] IPaBLSIMA BHUCOKI
BHMOTH HIOJI0 PIBHS IHTENEKTYaIbHOT CKJIaHOCTI TeUMILICIO. 3JaTHICTh aJanTyBaTUCS
0 PI3HHUX CIICHApiiB Ta MOpUHAMATH CTPATETIYHO OOIPYHTOBAaHI PIIICHHS CTa€
KPUTUYHOIO JUIA IHTEJEKTyaJbHUX areHTiB Yy TpajibHiil iHAycTpii. Cepea KIHOUOBUX
aCIIeKTIB PO3BUTKY I1HTEJCKTyaJIbHUX areHTIB ISl CTpaTeridyHUX Irop BHpIIIAJIbHE
3HaYEHHS Ma€e po3poOKa aJrOpUTMIB IPUUHATTS PILICHb. Y bOMY KOHTEKCTI aITOPUTM
Minimax BHCTyNae sIK OJHMH 13 HaE(PEKTHUBHIMIMX Ta IIHUPOKO BUKOPHUCTOBYBAHHX
METO/IIB B raiy3l NPUUHATTS PIIICHb JJIS 1HTEJIEKTYaJbHUX areHTIB y CTPaTEriyHUX
irpax. Teopernuni ocHoB Minimax. Minimax — 11€ alropuTM, po3po0JIeHUI JIs irop
3 MOBHICTIO 1HQOPMOBAHMMHU YYaCHMKaMHM, SIKI MalOTh MOBHY iH(OpMaIliI0 MPO CTaH
rpu. OCHOBHa 1]1€s MOJISITa€ B TOMY, 00 areHT MakCUMi3yBaB CB1i BUTpalll, IPU IIbOMY
MIHIMI3YIOUH MOXJIMBI BTpaTu. Lle qocsraerbes aHani3oM BCIX MOKIIMBHX XOJIB Ta iX
HACJII/IK1B, 10 JI03BOJISIE CTBOPUTH ONTUMAJIBHY CTPATET1I0, BPaXOBYIOUH JIii OTIOHEHTA.
Mera naHoro JOCHIIKEHHS — TTTMOOKUI aHaji3 Ta OL[iHKa €(EeKTUBHOCTI aJTOPUTMY
Minimax y KOHTEKCTI HOKpPOKOBHX cTpaTeri. CrnenuiuHi Ll BKIOYaOTh BUBYEHHS
TEOPETUYHUX OCHOB aIrOopuTMy Minimax, HOTO BIUIMB Ha CTpPATErivyHi acleKTH TPH,
PO3TJIsi] MepeBar Ta HEJOMIKIB Y PI3HUX YMOBAxX I'pH, a TaKOXX PO3TJIS MOKIMBOCTEH
onTUMi3allii Ta PO3MMUPEHHS IJs TOCSTHEHHS KpaluX pe3yJbTaTiB y peabHUX
cueHapisix reimiietro. Teopermunuit anamiz Minimax. Minimax 0a3yeTbcsi Ha
MPUHIUIIT «MIHIMAKCy», /1€ areHT MaKCHMI3y€ CBI BUIpAIl, a OMOHEHT — MIHIMI3Y€
fioro. Llel anroputM MIMPOKO BUKOPUCTOBYETHCS B Tally3l HITYYHOI'O IHTEJIEKTY Ta
reiiman3zaiiny, 3a0e3Mmeuyrour 1HTeJIeKTyaJlbHUM areHTaM ONTHUMaJlbHI CTpaTertii.

BrmiuB Minimax Ha cTpaTeriuHMid acmekT rpu. Minimax BH3HAYa€eThCS SK
e(eKTUBHUN METOJ TPUUHSATTS PIIICHb, IO JO3BOJIIE areHTaM aHaji3yBaTH BCl

MOJIMB1 XOJIM Ta iX HACIIJKH, MAKCUMI3YIOUM BHUIpall Ta MIHIMI3yIOUM MOMJIMBI
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BTpaTu. lle crnpusie po3BUTKY CTparterid, ki €QEeKTUBHO MPUCTOCOBYIOTHCS N0 i
OMOHEHTa Ta 3a0€3MeuyI0Th ONTUMANIbHUM pe3ynbTar. [lepeBaru Ta Hegoniku Minimax
y pi3HuX ymoBax rpu. [lomnpu cBoro epektuBHICTh, Minimax mMae cBoi oOMexeHHsS. Y
Irpax 3 BEJIMKOIO KUTbKICTIO MOKIIMBUX XO/1B BIH MOKE CTaTH BUTPATHUM 3 TOUKHU 30PY
oOumncIIoBaIbHUX pecypciB. KpiMm Toro, anroputM nepemdadae, Mo BCi TPaBIli MAlOTh
MOBHY 1H(GOPMAIII0 TIPO TPy, M0 HE 3aBXKAHM BIAMOBIMAE PEATbHOCTI. AKTYalIbHICTh
o0paHOi TEeMHU BHU3HAYAETHCS IIBUIKUM PO3BUTKOM Trajiy3l KOMIT'IOTEpHUX Irop Ta
MITYYHOTO 1HTeNeKkTy. Komm’ioTepHi irpu CTaloTh BCe OUIBII CKJIAJHUMHU Ta
peaiCTUYHUMH, 1[0 BHUMArae BiJl 1HTEICKTyaJdbHUX areHTIB y TpalbHIA 1HAYCTpIi
BHCOKOTI'O PIBHS aJlanTaIlli Ta IPUHHATTS ONTUMAIBHUX cTparteriid. Bubip ontumanbHux
XOMIIB y TPl € KJIOYOBUM 3aBJAHHAM, a alroputM Minimax B LbOMY KOHTEKCTI
3QJIMIIAETHCS OJJTHUM 13 HAMOUIBII MEPCIEeKTUBHUX IHCTPYMEHTIB. OHOYACHO 3 IIUM
MOCTa€ 3aBAaHHS ONTHUMI3alli AJIrOPUTMIB NPUUHATTS pIIIEHb I HIATPUMKHU
reiiMIUIeIo B pealibHOMY 4Yaci. Minimax, SiK aJlrOpUTM, 110 CIPSIMOBAaHUM Ha IMOBHICTIO
1H()OpPMOBaHUX YYaCHUKIB, BIJMOBIAE IIUM BUMOTaMm, ajie HOMy MOTpiOHA MOoaalbIa
ajanTaris Ta ONTUMI3allsd JUisl €PEKTUBHOIO BUKOPUCTAHHS B CyYaCHUX IelMJIM3ailH
npoekTax. MoxnuBocTi omTtumizamii Ta posmupeHHs Minimax. Onrumizaiis Ta
PO3LIMPEHHS aNroputMy Minimax MOXYTh OyTH KIFOUOBHMMH ISl MIJBHUILEHHS MOrO
e(EeKTUBHOCTI y pealbHUX reimIuien cueHapisx. MoKIIMBICTh aJanTalli anropuTMmy 10
KOHKPETHUX YMOB TpH Ta ONTUMI3aIlisl HOro OOYHMCIIOBAIBHUX AacCHEKTIB €

MNEPCIICKTHBHUM HAIIPAMKOM I[OCJ'IiI[)KeHHSI.
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1 JOCJIIIKEHHA NPEIMETHOI OBJACTI TA IIOCTAHOBKA
3AJIAYI
1.1 3micToBHU aHaMI3 IPeAMETHOT 00J1aCTi, 11 CTPYKTYypHUX Ta QYHKI[IOHATIEHUX

0CO0JIMBOCTEN

[ToxpoKoOBI irpu — 11€ irpH, B AIKMX IPaBIIi IO Yep31 pOOISTh XOAU, SMIHIOIOYH CTaH
rpu. B Takux irpax BaXJIMBUM € po3poOKa CTparerii, sika JO3BOJUTh I'PaBLEB] JOCATTU
MIEPEMOTH.

OaHuM 13 METOMAIB PO3POOKH CTpaTerid il MOKPOKOBUX IMOp € allfOPUTM
Minimax. AaroputM Minimax mpaioe HaCTyITHUM YHUHOM:

— I'paBeup BUOUpaE X1/, IKUI1 MIHIMI3y€ MAaKCUMAJIbHUI PE3yNbTaT, AKUN
MO’K€ OTPUMATH HOTO CYNEPHHUK.

— CynepHHK BUOUpAE XiJ, IKHA MaKCUMI3Y€ MIHIMAJIbHUN PE3YJIbTAT, IKUI
MOJK€ OTPUMATH TPABEIIb.

Ile#t mpoliec MOBTOPIOETHCS 10 THUX Mip, MOKU HE Oyne AOCATHYTO KIHIIEBOTO
CTaHy TpH.

B saxocTi npukiany posrisiaemo rpy «KpecTuku—Hoaukmuy». Y 11i# rpi ABa rpasii,
X 10, mo yep3i cTaBiATh CBOI (pirypu Ha gouiii 3x3. ['paBelib, SIKU MEPLUIUM TOCTABUTh
TpH GICypU CBOTO KOJIBOPY B Psiji, CTOBITYMK 200 J1aroHallb, IEpeMarae.

Crpateris tpaBus X, sika 0a3yeThcs Ha anroputMi Minimax, Moxe OyTu

HACTYITHOIO:

— Skmo Ha jgomiili Hemae xoAHoi Pirypu, rpaBelb X CTaBUTh DIrypy B IIEHTP
JIOTIIKH.

— Sxuo Ha gouni € oaHa ¢irypa rpaBus X, rpaBelb X CTaBUTh PIrypy B KyT,
aKui He 3aiHaTuid Girypamu rpasis O.

— SIxmno Ha gomi € aBi Girypu rpaBist X, rpaBeib X CTaBUTH QITypy B BUTbHUIN
KIIITUHKY, SKa J03BOJISIE HOMY TTOCTaBUTHU TPH (IrypU CBOTO KOJIHOPY B PsiJl, CTOBITYUK

a0o0 m1aroHasb.
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— Skmo Ha gomuri € 1B1 girypu rpais O, rpaBenb X CTaBUThH QIrypy B BUIbHY
KJIITUHKY, sIKa 0JIOKYE MOXKIHMBICTh TpaBIil O MOCTaBUTH TPU (HIrypH CBOTO KOJBOPY B
pSi/l, CTOBIUMK 200 JiaroHab.

L5 cTpaTerist € 1OCUTh €(hEKTUBHOIO 1 JO3BOJISIE TPaBIEB] X JOCATTH IEPEMOTH B
OLIBIIIOCT] BUITAKIB.

AxroputM Minimax MO>XKHa BHUKOPHCTOBYBATH Jii PO3POOKH CTpaTeriil s
OyIp—sIKMX MOKPOKOBHX 1rop. OpHak, €(peKTHUBHICTh Li€i CTpaTerii 3aJeKUTh BiJ
CKJIQJTHOCTI IpH. Y TPOCTHUX Irpax, Takux K «KpecTuKu—HOIMKN», anroput™ Minimax
MO>K€e 3a0€3MeYUTH TPaBIEBl MEPEMOTY B OUIBIIOCTI BUMAAKIB. Y CKJIQIHIMINX Irpax,
TaKMX SIK I1axu abo ro, anroput™ Minimax mMoke O0yTu MeHII €(h)eKTUBHUM.

[cHYIOTB Pi3HI METOIH, SIK1 J03BOJIAIOTH MOKPAIIUTH €(PEKTUBHICTh aITOPUTMY
Minimax. OpHUM 13 TaKuX METOJ[IB € BUKOPUCTAHHS EBPUCTUYHOIO TOIIYKY.
EBpucTruHi anropuTMu BUKOPHUCTOBYIOTH JIOJATKOBY 1H(OpPMAIIO MpO Tpy, HI00
CKOPOTHUTH Yac MOMIYKY HAMKPAIIIOTO X0y .

[HIIMM  MeToJOM, SIKMW JI03BOJISIE TOKPAIIUTH €(PEKTUBHICTh aJTOPUTMY
Minimax, € BUKOPUCTaHHSI HEUPOHHUX Mepexk. HellpoHHI Mepexi MOKYTh HAaBUUTHUCS
MPOTHO3YBAaTH PE3yJbTaT TPHU ISl PI3HUX MOXIMBHX XOAiB. Lle mo3Bossie rpaBieBi
BUOMpATH XiJl, IKUM Ma€ HaWOIBIIHI 1IaHC HA TIEPEMOTY.

Anroputm Minimax € IOTYXHUM IHCTPYMEHTOM, SIKMi1 MO>KHa BUKOPUCTOBYBATH
JUIs pO3pOOKHK CTpaTerii JJisi MOKPOKOBUX irop. OnHak, ePeKTUBHICTh II1€1 CTpaTerii
3aJIEKUTh BIJl CKIAQAHOCTI TpuU. Y TMPOCTUX Irpax, aiaroputM Minimax MoOxe
3a0€3MeUnTH TpaBlEBl MEpPeMOTy B OUIBIIOCTI BHUIAJKIB. Y CKIAIHINIKX 1rpax,

anroput™ Minimax Moke OyTH MeHII e(heKTUBHUM.

1.2 AmnHani3 HasBHOrO MPOTPAMHO—TEXHIYHOTO 3a0€3MeUYeHHs MPeIMETHOI

obnacrti

HasBHe  mporpamHo-TexHIYHE  3a0e3medyeHHss JJs  Irop—crparerii 3

BUKOPUCTAHHSM aJITOPUTMY MIHIMAKC MOYKHA PO3JIUIATH Ha KUTbKa KaTEropiu:
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— Ilporpamu njis rpu B KOHKpETHI irpu. J{o 11i€i kaTeropii Hajiexath
IpPOrpamH, sKi po3poOJIeHi JIJIsl TPU B KOHKPETHY TPy—CTpaTErito, HanpHUKiIal, axu,
HIAIIKH, TO, peBepCcH TOIIO. Taki mporpamu, sSiK MPaBUIIo, € Ty’Ke MOTYKHUMU 1
MOXKYTb II€peMaraT HaBiTh HAUCUIIBHIIINX JIHOIeH—TPaBIIiB.

— IIporpamni 6161i0TekH AJis irop—cTpaterii. J{o 1€l kaTeropii HajleXaTh
010,TI0TEeKH, K1 HAJAOTh IPOrpaMicTaM THCTPYMEHTH ISl PO3POOKHU BIACHUX
nporpam aiis irop—ctparteriid. Taki 010110TeKH, SIK TPABHUIIO, MICTAThH Peallizalliio
AJITOPUTMY MIHIMAKC, a TAKOXK 1HII KOPUCHI (PYHKIIIT, TaKl K T€HEpaIlis BUIAIKOBUX
MTO3UIIIH, TIepEeBIpKa 3aKOHHOCTI XO/IiB TOIIIO.

— Owmnnaita—cepBicu Jyis irop—crtpateriil. [{o i€l kaTeropii HanexaTb CepBiCH,
AK1 JJO3BOJISIFOTh TPABIISIM TPaTH B Irpu—cTpaTerii oHnaiiH. Taki cepBicu, sIK IpaBUIIo,
BUKOPUCTOBYIOTh QJITOPUTM MIHIMAKC JIJIsl BU3HAUYECHHS HAMKPAIIOTO X0y JIJIsl KOKHOT
31 CTOpIH Y I'pi.

Orysan AesiKUX TPOrPaMHUX MPOJYKTIB JUIsl IrOp—CTpaTeriii 3 BUKOPUCTAHHSAM
QITOPUTMY MIHIMAKC:

— Ilporpamu jyisi rpu B KOHKPETHI ITPH:

— ChessBase Fritz — ogHa 3 HAHIOTYXKHIIIKAX TPOTPaM JIJIsl TPU B IIAXH.

Bona BUKOpHUCTOBY€ anropuT™ MiHIMaKC 7 BU3HAUCHHS HAKPAIIOro X0y B

OyJIb—SK1i 11aXOBI1M MO3UIII.

- Komodo — m1e oHa moTy»Ha mporpama Juis Ipy B maxu. Bona

BUKOPHUCTOBYE aJITOPUTM MIHIMAKC 13 J€IKUMH MOKPAILEHHIMH.

— Leela Chess Zero — Ge3korrroBHa mporpama Juist Ipy B IIaXH, siKa

HaBYEHA HA OCHOBI JIAHUX 13 MAXOBHX 1rop. BoHa BUKOPUCTOBYE aIrOpUTM

MIHIMaKC 13 JIIKUMHU IMOKPAIICHHSIMH.

— Ilporpamsi 6i0110TEKH AJIs ITOP—CTPATETIH:

- Minimax — Gi0yioTeka aJsi irop—CTpaTerii, sKa MICTUTh peai3alliio
QITOPUTMY MIHIMAKC.
- PyGame — 6i6mioreka mis po3poOKH irop, sika MICTUTH peai3alliio

QITOPUTMY MIHIMAKC.
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- Unity — ¢peiiMBOpK Uit pO3pOOKH irop, KM MICTUTh pealli3ariiio

aNTOPUTMY MIHIMAKC.

— OwnnaifH—cepBicHu AJisl iIrOp—CTpaTerii:

— Lichess — Oe3komToBHMI OHJIAWH—CEPBIC I Ipud B Iaxu. Bid
BUKOPHCTOBYE QJITOPUTM MIHIMAKC I BU3HAUCHHS HAWKPAIIOTO XOMY IS
KOXHOI 31 CTOpIH Y TPi.

- Chess.com — mnnaTHui OHJIaMH—CEpBIC a1 Ipd B Mmaxh. BiH
BUKOPHCTOBYE QJITOPUTM MIHIMAKC IS BU3HAUCHHS HAWKPAIIOTO XOMY IS
KOYKHOI 31 CTOPIH Y TPi.

- |ICC — myatHuii oHJaliH—CepBIC /I TpU B Iaxu. BiH BUKOPHUCTOBYE

AIrOPUTM MIHIMAKC JJI1 BUBHAUYEHHS HAMKPAIIOro XOAy JUIsl KOXKHOI 31 CTOPIH Y

rpi.

1.3 Bu3HaueHHs] BUMOT [0 IPOrPaMHOT0 3a0€3MeUEHHS Ta PO3pOOKa TEXHIYHOTO

3aBJaHHA

[{imh0BOIO ayAUTOPIEIO IILOTO MPOTPAMHOTO 3a0€3MEUYEeHHs] € TPaBIll B Irpu
CTparTerti.
OCHOBHUMHY BUMOTaMH JI0 TTPOTPAMHOTO 3a0€3MeUEHHS € TAKUMH

— I'pa moBunHHa OyTH MOKpoKoBOi. Lle 03Hauae, 1110 rpaBli MOBUHHI POOUTH
XOJIM TIO OJTHOMY, 1 110 TpaBellb, SIKUW POOUTH X1/, He OAYUTh X0y 1HIIIOTO TPaBIIs J0

TUX TP, TTOKX BiH HE Oy/1e 3pO0IeHUM.

— I'pa noBHMHHA BUKOPUCTOBYBATH aJIFOPUTM MIHIMAKC /ISl BA3HAYCHHS
HaWKpauoro XoAy JUist KO>KHOI 31 cTopiH. Lleil alroput™M € moTykHUM METOI0M
MOIIYKY ONTUMAJIBHOTO PILLIEHHS B irpax 3 HYJIbOBOIO CYMOIO.

OyHKIIOHATIbHI BUMOTH JI0 MPOTPAMHOTO 3a0€3MEUYEHHs] OIUCYIOTh, 1110
nporpamHe 3a0e3neyeHHs: Mae poOuTH.I pa MOBUHHA MIITPUMYBATH KIJIbKA PI3HUX 1MOP
ctparerii. [Ipukiagamu Takux irop € maxw, Mariky, To, PeBEpPCH TOIIIO.

— I'pa moBMHHA AO3BOJIATH IPABISIM FPATH POTH KoM 'toTepa abo OJIMH
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IPOTH OJHOTO.
— I'pa moBuHHA MiATPUMYBATH Pi3HI PiBHI CKJIaJHOCTI. Lle 103BOIUTH rpaBIsiM
BHOWpATH PiBEHb CKIATHOCTI, SKUI BIAMOBIAa€ IXHBOMY PIBHIO MalCTEPHOCTI.
— I'pa moBuHHA MaTH iHTEepQEiiC KOPUCTYBaYa, SKUH € TPOCTUM Y

BUKOPHCTaHHI.

HedyHkiioHaIbHI BUMOTH /O MPOrPaMHOTO 3a0e3MedYeHHs OINHUCYIOTh, SK

nporpaMHe 3a0e3MeYeHHs Ma€ MPAIIOBATH.

I'pa moBuHHa OyTH HajilHOIO. [{e 03HaUae, 1110 BOHA MOBUHHA MPAIIOBATH KOPEKTHO 1

HE TIOBMHHA 3aBHcaTH a00 BUaaBaTHU IIOMMIJIKH.

— I'pa moBunHHa OyTH noctynHoro. Lle o3Havae, 1110 BOHA MOBUHHA OYTH
JOCTYITHA ISl IIMPOKOTO KOJIa KOPUCTYBAYiB, HE3aJIEKHO BiJl iIXHHOTO PIBHS

KOMIT'FOTEPHOI M1JTOTOBKH.

— I'pa moBunHa OyTH mBHAKOIO. Lle 03Havae, 1110 BOHA MOBUHHA MIBUIKO
00pOOISATH X011 TPaBIIIB.
TexniuHi OOMEXKEHHsSI 10 MPOTPAMHOTO 3a0e3MeUeHHs OMHCYIOTh TEXHIYHI

dakTopu, K1 HEOOX1THO BpaXOBYBATH MPH PO3pOOIIl MPOTPAMHOTO 3a0€3MECUEHHS.

— I'pa moBunHHa OyTH HamucaHa Ha MOBI nporpamyBaHHs C#.

— I'pa moBuHHa BUKOPHUCTOBYBATH IrpoBHil pymiit Unity 1uist BioOpakeHHs
rpadiky Ta aHIMalii.

— I'pa moBunHa OyTH po3podiieHa st onepaiiiinux cucreM Windows, macOS

ta Linux.

Bumoru 10 mporpamHoro 3abe3neueHHs OyJu OIiHEH] 32 TAKUMH KPUTEPISIMU:

— IloBHa moBHOTA — BUMOTH € IIOBHHUM, TOOTO BOHH OIIMCYIOTH BCC, IO

nporpamMHe 3a0e3reyeHHs Mae POOUTH.

—  UYiTKICTh — BUMOTH € YITKHMH, TOOTO BOHHU 3pO3yMiJI1 JIsl BCIX 3aIlIKABJICHUX
CTOpIH.

— HecynepewinBicTh — BAMOTHY HE € CYIIEPEWIMBUMH, TOOTO BOHU Y3TOJKEH1

MK c00010.
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— TecTabenpHICTh — BUMOTH € TeCTabeIbHUMU, TOOTO BOHU JI03BOJISTIOTh
PO3pOOHMKAM Ta TECTyBaJbHUKAM MEPEBIPUTH, UM BIJTIOBiIa€ MpOTpamMHe
3a0€3MEeUCHHS] [TAM BUMOTaM.

Bumorn Oynu oOliHEHI $K BHCOKOSKICHI. BOHM € TIOBHMM, 4YITKHMH,
HECYNEPEUIMBUMHA Ta TECTAOCIIEHUMH.

Bumorn 1o mnporpamHoro 3a0e3nedyeHHs s peasizaiii MOKPOKOBOI TI'pH
cTpaTerii 3 BUKOPUCTAHHSAM aJrOPUTMY MiHIMaKc OyJid BU3HA4Y€HI Ta JOKYMEHTOBaHI.
Bumorn € BHCOKOsSKICHUMH 1 3a0e3meuyroTh, 000 mporpamHe 3a0e3rneueHHs

BIJIMOB1AAJIO TTOTpeOam 3aIlikaBICHUX CTOPIH.
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2 ITPOEKTYBAHHS ITPOT'PAMHOI'O 3ABE3ITEYEHHSA
2.1 ApxiTeKTypHE MPOEKTyBaHHS

2.1.1 Anani3 apxiTeKTypH MOKPOKOBHUX IrOp—CcTpaTerii

[ToxpokoBi irpu—cTpaTerii BILAPI3HSIOTHCS BiA IHIIUX >KAHPIB IrOp CBOEIO
cnerudigHOI0 CTPYKTYPOIO Ta MPUHIIMITAME B3a€EMO/TIT TPaBIiB. 3a3BUYail, BOHU MAIOTh
YiTKO BHM3HaueHi1 (a3u Xony, /e KOXKEH TpaBellb 10 4ep3l MpuiiMae pillIeHHS, a
pe3yNbTaT [UX PillleHb BIUIMBAE HA CTaH IPU Ta MOMKJIMBOCTI HACTYITHUX XO/I1B.

OaHuM 3 KIIOYOBUX aCIEKTIB apXITEKTypH MOKPOKOBUX IrOp—CTpaTerii €
ynpaBiiHHS cTaHoM Tpu. Lle Bkitouae B cebe 30epexkeHHs 1HGOpMaIlli PO MO3UIIIT
IOHITIB, PECYPCH, AOCTYIIHI J1i Ta 1HILI TApaMeTPH, 110 BU3HAYAIOTh IOTOYHUI CTaH T'PH.
J71st epeKTUBHOTO YNpaBIiHHA CTAHOM I'PH BUKOPUCTOBYIOTHCS Pi3HI CTPYKTYPH TaHUX
Ta AITOPUTMH, IO 3a0€3MEeUYyIOTh IBUAKUN JOCTYI Ta OHOBJIEHHS 1H(OpMaIi.

BaxxnuBUM €IE€MEHTOM apXITEKTypH IOKPOKOBUX IMOp—CTpaTerii € TakoxX
peanizalliss MEXaHi3MiB MPUNHATTS pIlIEHb TPaBIIMU Ta 1X BIUIMBY Ha cTaH rpu. Lle
MO>K€E BKJIFOUATH B ce0e 00pOOKY BBEICHHS KOPUCTYBaua, IEPEBIPKY TOMYCTUMOCTI JIii,
PO3paxyHOK HACI/IKIB Ta OHOBJICHHS CTaHy TP BIJMOBIIHO 10 IPUHHATUX PIIIICHb.

Jns peanmizamii mTydHoro iHTenekty (Al) B MOKPOKOBHX 1rpax—CTpaTerisix
BUKOPUCTOBYIOTHCSI PI3HOMAHITHI aJITOPUTMU Ta METOAM, Takli SIK JAEPEBO TMOIIYKY,
eBPUCTUYHI (YHKIII] OI[IHKU, MAIIMHHE HABYAHHS TOIO. Alroput™M MiHIMaKkc, 110 €
OJTHUM 3 KJIACHYHUX METOJIIB MPUHHSATTS PillleHb B Irpax 3 JBOMa TPaBISIMH, TO3BOJISIE
Al BuOpatu onTuMalibHUM X1/1, BpaXOBYIOUM MOKIIMBI XOJI CYTIEpHUKA Ta X HACIIAKH.

OTxe, apxXiTeKTypa MOKPOKOBUX ITOP—CTpaTeriii BKIIOYae B ceOe pi3HOMaHITHI
KOMIIOHEHTH Ta MEXaHI3MH, 0 3a0e3MeUyl0Th YNPaBIIHHS CTAHOM T'PH, B3a€EMOJIIIO
TPaBIliB Ta peati3allito MTYYHOTO iHTeNneKTy. [ peanizaiiii MeT JTaHOTO AUTUIOMHOTO
NPOEKTYy Oyl0 00paHO apXiTEKTypy MHOKPOKOBOI T'PU—CTpATerii 3 BUKOPHUCTAHHSIM
anroput™My MiHIMaKc, IO JO03BOJSE CTBOPUTH IIKaBy Ta IHTEJIEKTYallbHY TPy 3

BHCOKHUM PIBHEM peirpadeabHOCTI.
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2.1.2 AHani3 iCHyIOUYHX ITPOBHUX PYIIIiB Ta 010110TEK

IcHye Oe3miu irpoBux pymiiiB Ta 0i0MiOTEK, IO HATAIOTh IHCTPYMEHTH Ta
GyHKIIIOHANBHICTD JIJIs1 pO3poOKHU 1rop pizHUX kaHpiB. Cepenl MONMyJSIPHUX ITPOBUX
pyuriiB moxkna Bumiutu Unity, Unreal Engine, Godot Tomo. Koxken 3 HUX mae cBOi
nepeBaru Ta HeJI0JIIKH, TOMY BUO1p KOHKPETHOTO PYIIis 3aJIe)KUTh BiJl BUMOT MPOEKTY,
JIOCBITY pO3POOHHUKIB Ta 1HIIMX (PaKTOPIB.

Unity € ogHUM 3 HaWMOMYJISPHIMIUX ITPOBUX PYIIIiB, 10 MPOMOHYE MIUPOKHIA
CIIEKTp IHCTPYMEHTIB Ta MOXKJIMBOCTEH JJIsl pO3POOKHU 1rop PI3HUX KaHPiB, BKIIOYAIOUU
MOKPOKOB1 Irpu—cTpaterii. BiH wMae 3pyuHuil iHTepdeiic, BEIUKYy CIUIBHOTY
pO3pOOHUKIB Ta ©O€371l4 TOTOBHX acCeTIiB Ta IUIariHiB, M0 TMOJETIYIOTh Ta
HPUCKOPIOIOTH TIporiec po3poOku. Unity - me kpocrutathopMeHHHN ITpOBHN PYIIIH,
po3pobnenuit komnaniero Unity Technologies, Brepiiie aHOHCOBaHMI 1 BUITYLIEHUH Y
yepBHi 2005 poky Ha koHpepeHuii Apple Worldwide Developers Conference sk
irpoBuii pymriit st Mac OS X. 3 Toro yacy pyurii nmocTynoBO pO3IMIUPIOBABCS IS
MIATPUMKA ~ PI3BHOMAHITHUX HACTUIBHMX, MOOUIBHMX, KOHCOJIBHHX IUIaTQopM,
1aTGopM JOMOBHEHOI Ta BIPTyaJIbHOI peaibHOCTI. BiH 0CO0IMBO MOMyISIpHUM IS
po3poOku MOOUTEHUX irop st 10S Ta Android, BBaXKaeTbcsi IPOCTUM Y BUKOPUCTAHHI
IUTSl pO3pOOHMKIB-TIOYATKIBIIIB Ta MOMYJISIPHUM ISl pO3pOOKH 1H1-1rop. Pyt MmoxxHa
BUKOPUCTOBYBATH JIJIsi cTBOpeHHs TpuBuMipHuX (3D) 1 nBoBumipnux (2D) irop, a
TAKOX 1HTEPAKTUBHUX CUMYJALIN. Pymiii OyB MpuUHHATUNA B IHIIUX Traiy3sX, OKpiM
BIJICOITOp, TaKMX SIK KIHO, aBTOMOOLIbHA MPOMHUCIIOBICTh, apXITEKTypa, 1HXKEHEPI,
OoyniBaunTBO Ta 30poiiHi cuiu CIIA. Irposuit pymriit Unity OyB 3amymenuit y 2005
poli 3 MeTow 'nmeMoKpaTtu3yBaTU'" pO3pOOKY Irop, 3pOOMBIIM 1i JTOCTYIMHOIO MJIs
OULTBIIIOT KUTBKOCTI po3poOHUKIB. Bin OyB mokazanuii Ha BcecBiTHiM koHbepeHIIil
po3poonukiB 2005 poky CkorTom Dopcronom Ha Mac OS X. HactynHoro poky Unity
nociB apyre micue B kareropii "Halikpame Bukopuctanus rpagiku Mac OS X" Ha
koHkypci Apple Design Awards, opranizoBanomy kommanieo Apple Inc.[12].

Cnouarky Unity 0yB Bunymenuit ais Mac OS X, a 3rogom Oyia aojiaHa miaATpUMKa
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Microsoft Windows ta Be0-Opay3epis.

Unreal Engine € moTy)XHMM IrpOBUM pYIIi€M, IO BHUKOPHCTOBYETHCSA IS
CTBOPEHHS BHUCOKOSIKICHHX 1rop 3 peajicTuuHoo rpadikoro. BiH Mae BiacHy MOBY
nporpamyBanHs (C++), mo 3a0e3neuye BHCOKY NMPOAYKTUBHICTh Ta THYYKICTb, aje
BUMarae OurbImoro gocBiny Bia po3poonmkiB. Unreal Engine (UE) - me cepis
KoMIT'foTepHoi 3D-Tpadiku Ta irpoBUX pyiiiB, po3podiennx kommaniero Epic Games,
BIIEpIlIe IPOJAEMOHCTPOBaHA y Bijeorpi-uryTepi Bia nepioi ocoou Unreal 1998 poky.
Cnouatky po3po0iaeHu# 11 KOMI'TOTEPHUX LIyTEPIB Bij MEepIIoi ocoOu, BiH 3 TUX Hip
BUKOPUCTOBYETHCS B PI3HUX JKaHpax 1rop i OyB MPUUHATHA 1HIIMMHU 1HIYCTPISIMH,
oco0nmBO B KiHO 1 Teneinayctpii. Unreal Engine Hanucanuii Ha C++ 1 BIJIPI3HSIETHCS
BUCOKMM CTYIIEHEM MOPTATUBHOCTI, MIATPUMYIOUM HIUPOKHUI CIEKTP HACTUIBHHUX,
MOOUIbHMX, KOHCOJBHUX IUIATPOpPM 1 miaaTrgopM BIpTyasabHOI peasbHOCTI. OCTaHHE
noxoninas, Unreal Engine 5, 6yno 3amymeHo y xBitHi 2022 poky. Horo Buxigaumii kox
nocrynuuii Ha GitHub, a xomepiriiiHe BUKOpUCTAHHS HA/Ia€ThCA HAa OCHOBI MOJIETI
posunti: Epic ctarye 5% Bin noxoay nonana 1 muieiion gonapis CIIA, 110 He CTATY€EThCS
3 irop, omybnikoBanux B Epic Games Store. Epic Bkimounmna B pymniit QyHKIi
npuadaHux KommaHik, Takux sk Quixel, 110, SIK BBaXKAETHCS, CHPUSIIO 3POCTAHHIO
noxoniB Fortnite. Y 2014 poui Unreal Engine 0yB Ha3BaHui "HailyCIIIIHIIIAM PYLIIEM
st Bigeoirop" 3a Bepcieto Kuuru pexopais ['inneca[2].

Godot € 0e3KOITOBHUM ITPOBUM PYIIIEM 3 BIAKPUTUM BUXIAHUM KOJOM, IO
NPOIMOHY€E TPOCTHM Ta IHTYITUBHO 3pO3yMUIMHM 1HTEpdeiic Ta BIACHY MOBY
nporpamyBadHs (GDScript). Bin migxoauTs mjis po3poOKH HEBEIMKUX Ta CEPeHIX
irop, ane Moxxe OyTH HEIOCTaTHbO MOTYKHHUM JUIsl CTBOPEHHSI BEJIMKHUX Ta CKJIAaIHUX
npoekTiB. Godot — 1me kpocriarGopMeHHHA, OE3KOMTOBHUIM IrpoBUi pymriii 3
BIIKPUTUM BUX1THUM KOJIOM, BUITYIIEHUH 1M1 A03BUIbHOIO JdineH3iero MIT. CniouaTky
BiH OyB po3po0iienuil y byenoc-Alipeci apreHTHHCbKUMHU pO3pOOHUKAMU MPOTPAMHOTO
3abe3neueHds XyanoM JliHerpkum 1a Apienem Man3ypom[6] 1ist KiTbKOX KOMMaHi#l y

JlatuHChKiM AMmepurli Ao Woro myoiiydoro penizdy y 2014 p.[7] CepenoButiie po3poOku
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npairoe Ha Oaratbox miatgopmax 1 MOXKe EKCHOpTyBaTUCA Ie Ha Kuibka. BoHo
npusHadeHe 151 ctBopeHHs 2D 13D irop ans I1K, Mo6iapHUX 1 BeO-11aTGopMm, a TaKOX
MOK€ BHUKOPHCTOBYBATHCS [IJIsI pPO3POOKM HEIrpOBOrO MPOrpaMHOro 3abe3rleueHHS,
30kpemMa peaakTopi. Godot 103BosIsIE pO3pOOHKKAM BiZI€OIrop CTBOpIOBaTH 5K 3D, Tak
12D irpu, BUKOPUCTOBYIOUH Pi3HI MOBH IporpaMyBaHHs, Taki sik C++, C# ta GDScript.
Bin BuKOpHUCTOBY€e i€papxii0 BY3JiB JJIsl TMOJIETIIEHHS Mpolecy po3poOku. Kmacu
MOXKYTh OyTH MOX1THUMH BiJI TUITY BY3J1a JIsl CTBOPEHHS OUIBIII CIIeI1ali30BaHUX THUIIIB
BY3JiB, SIKl yCIaJKOBYIOTh MOBEAIHKY. By3nu opranizoBani BcepenuHi "creH", aki €
0aratopa3zoBUMH, €K3EMIUISIPAMH, YCIAJKOBAHUMH Ta BKJIAJICHUMH TpYNaMH BY3JIB.
VYci pecypeu rpu, BKIIFOYHO 31 CKpUNITAMU Ta TpapiyHUMHU pecypcamu, 30epiraroTbCs y
daiinoBiii cuctemi koMmI'roTepa (a He B 0a3l gaHux). Take pileHHs 1Ji 30epiraHHs
IpU3HAYCHE I TIOJICTIIIEHHS CIIIBIpaIll MDK KOMaHJIaMH PO3pOOHUKIB 1rop, IO
BUKOPUCTOBYIOTh CUCTEMHU KOHTPOJIIO BEPCiil MPOrpaMHOro 3a0€3MeUeHHS.

OKpIM ITpOBHX pYIIIiB, ICHYIOTh TAKOXK CIHEL1aT130BaHl 010J110TEKH, 10 HAAAIOTh
(bYHKIIOHATBHICTD JIJIS1 PO3POOKH OKPEMHX aCMEKTIB ITOp, TAKUX SIK IITYYHUN THTEJIEKT,
¢13uka, rpadika Tomo. Hanpuknaza, 610mioreka Minimax Al Hajgae roToBi alnropuTMu
Ta CTPYKTYPH JaHUX I peanizaiii anroputMy MiHiMakc B irpax.

Jns peamizanii mporpaMHOro 3a0€3IMEeUeHHs] B paMKax JaHOTO JUILIOMHOTO
MpoekTy Oyno oOpano irpoBui pywiid Unity Ta MoBy mnporpamyBanHs C#, 1o
3a0e3neuytoTh HEoOXiAHY (YHKIIOHAIBHICTh Ta MPOAYKTHBHICTH [IJII CTBOPEHHS

MOKPOKOBOI I'PU—CTPATET1i 3 BAKOPUCTAHHAM aJITOPUTMY MiHIMaKcC.

2.2 JletanbHe NPOEKTYBaHHS

Jns peamizarnii mporpamMHoro 3abe3nedeHHs HEOOXiJHO BH3HAYUTH OCHOBHI
KOMITOHEHTH Ta iX B3aeMojit0. BpaxoBytouu crnenudiky TOKPOKOBUX 1rOp—CTpaTerii,
BaXKJIMBO 3a0€3MeunTH e(heKTUBHE YIIPABIIHHSI CTAHOM I'pH, 0OpOOKY XO/I1B TPaBIIiB Ta
peanizaniro anroputMy Minimakc. [Iporpamua cucrtema Oy/ie CKIagaTUCS 3 HACTYITHUX

OCHOBHHUX KOMIIOHEHTIB: irpoBoro pyiiist (Game Engine), Mmenexepa crany rpu (Game
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State Manager), moayns joriku rpu (Game Logic Module), moayns mTy4HOro
iaTenekty (Al Module) ta inTepdeticy kopucryBaua (User Interface).

[rpoBwii pymiiii Oyse OCHOBHUM KOMIIOHEHTOM, BiJMOBIIAIbHUM 32 YIIPAaBIiHHS
CTaHOM T'pH, 00pOOKY BBEJICHHS KOPHUCTYyBayda, Bi3yalli3allil0 irpoBOrO CBITY Ta B3a€-
MOJIiI0 3 IHIIUMH KOMIIOHEHTaMHU CHUCTeMH. MeHe/pkep cTaHy rpu Oynae BiAMOBi-
JaJIbHUM 32 30€peXEeHHS Ta OHOBJICHHSI 1HQOpMaIlii Ipo NOTOYHUN CTaH TPH, TAKHUI SIK
MO3HUIIIT IOHITIB, PECypCH, MOCTymH1 Jii Tomo. Mojynb JIOTiKM Tpu OyJie MICTUTH
MpaBHJia IPU, MEXaHI3MHU B3a€MO/II1 IOHITIB, pO3PaXyHOK HACIIAKIB /1Y Ta 1HIII aCIIEKTH,
[0 BU3HAYAIOTh JIOTIKY I'pyd. MOAyJb MITYYHOTO IHTEJICKTY Oy/ie BIANOBIIAIIBHUM 3a
peanizainiio anroputMy MiHIMakC Ta I1HIIMX METOMIB MPUUHSATTS PINICHb IS
KOMIT'FOTEPHOTO ONoHEeHTa. [HTepdeiic kopucTyBaya 3a0€31€YUTh B3aEMO/IIIO TPaBIIA 3
IpoOI0, B1I0OPa)KEHHS ITPOBOTO CBITY, MEHIO, KHOTIOK YIIPaBJIiHHS TOIIIO.

B3aeMosis MK KOMIIOHEHTaMH Oyjie 3/1MCHIOBATUCS 3a JOTIOMOTOI0 TOJAIN Ta
noBiioMJieHb. Hampukiian, kol rpaBerb poOUTh Xif, iHTepdeiic KopucTyBaua
Ha/ICUJIa€ TIOBIIOMJIEHHS ITPOBOMY pYIIIIO, SIKUA OHOBIIOE CTaH TPU Ta MEpenae
1H(pOopMaILi0 MOIYJIO JIOTIKM TPU ISl pO3paxyHKY HaciiAkiB. MoAyiap IITY4HOrO
IHTEJIEKTY OTpUMY€ 1H(QOPMAIIiIO MTPO CTaH I'PU Ta BUKOPUCTOBYE ANTrOpUTM MiHIMaKC
IUTsl BAOOPY ONTUMAIBHOTO XOAY.

Jlns  peamizanii mporpaMHOro 3abesnedeHHss Oyne BUKOPUCTAHO MOBY
nporpamyBanHsi C# Tta irpoBuii pymriii Unity. Unity Hagae MIMpPOKUNA CHEKTP
IHCTPYMEHTIB Ta MOXJIMBOCTEH JJi1 po3poOKH 1rop, BKIOYalOUM BOyZoBaH1 (PyHKIIIT
7uist 0OpoOKHM BBEJCHHS KOpPUCTyBada, (i3uku, rpadiku Ta aHiMaiii. C# € 00'ekTHO—
Op1EHTOBAHOIO MOBOIO ITPOrpaMyBaHHSI, 10 JO3BOJISi€ CTBOPIOBATH CTPYKTYPOBAHUMN Ta

JIETKO MIATPUMYBAHUN KOJI.

2.2.1. Irpose nosie

EdextuBne 30epiranHs Ta 00poOKa MaHWX MPO ITPOBHM CBIT, IOHITIB, IX

XapaKTEPUCTUKU Ta B3a€EMO/I] € KIIFOUOBUM ACTIEKTOM PO3pPOOKH MOKPOKOBOI CTPATETTIi.
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JIist 1bOro HEOOXIAHO PETEIbHO CIPOEKTYBATH CTPYKTYpPH JaHUX, sIKI 3a0e3reyaTh
MBUJKUN gocTyn g0 iHdopmallli, epeKTUBHE OHOBJICHHS CTaHy T'PU Ta 3PYUHICTh
poOOTH 3 TAaHUMHU JIJIs1 PO3POOHUKIB.

Irpoe mone(Grid)y mokpokoBiii cTpaTerii 3a3BHyail IpeACTaBISIETCA Y BUTIIAII
citku (grid). KoxkHa KIITHHKA CITKH BIATOBIJAa€ MEBHOMY MICIIO Ha moji 000 Ta
MICTUTH 1H(GOPMAIIi0 PO TUIT MICHIEBOCTI (PiBHUHA, JIiC, TOPH, BOJIA TOIIO), HASBHICTh
nepeniko/1 (OyaiBiIi, CKei, piuKH TOIIO), pO3TalllyBaHHS FOHITIB Ta 1HIII MTapaMeTpH, 1110
BIUTMBAIOTH Ha ITPOBUH TIPOIIEC.

Jlnst mpencTaBlieHHS ITPOBOTO TMOJII MOXKHAa BUKOPHUCTOBYBATH JIBOBHUMIPHHIA
MacHB ab0 CIUCOK cicKiB. KoxeH eleMeHT MacuBy ab0 CITMCKY BiJIIOBIIATUME OJTHIN
KJIITUHIl TOJiI Ta MICTUTUME BCIO HeoOXimHy iHdopmarniro npo Hei. Hampukiman,

CTPYKTYpa JaHUX OJIA KJIIITHHKH MOXKE BUITIIAATH TAK, JK IIOKA3aHO HA PUCYHKY 2.1.

class Cell {|
TerrainType terrainType; // Twun micuesocTti
bool isOccupied; // Ym zaiinAaTa KkniTuHKa WHiTOM

Unit occupyingUnit; // TNMocwmnanwua Ha wHiTa, wo 3aiimac kniTunky (Akmo €)

bool isObstacle; // Yn € Ha kniTuMHUL nepewkoaa
// ... 1lHwl napameTpu ...

Pucynok 2.1 — Ko knacy Cell

BukopucTtanHs JBOBUMIPHOTO MacHBY J03BOJISIE JIETKO OTPUMYBATH JOCTYI JIO
KIITHHOK 3a iX KOOpJMHATaMH, IO CIPOIIY€E peai3allilo aJropuTMIB MEepeMIleHHS
IOHITIB, OOYMCJIEHHS BUIMMOCTI Ta IHIIMX IrPOBHX MexaHlK. Kpim Toro, macus
3a0e3neuye e(heKTUBHE BUKOPUCTAHHS MaM'siTl, OCKUIBKH BCl KIITUHKHU 30€pIraroThCs
IIOCJI1JOBHO.

Opnak, SIKII0 po3Mip IrpOBOTO MOJISl MOYKE 3MIHIOBATUCS IUHAMIYHO, a00 SKIIIO
noTpiOHO 30epiratu J0AAaTKOBY iH(OpPMAII0 TPO KIITUHKH (HAMPUKIAJ, CIUCOK
IOHITIB, 1[0 3HAXOATHCS B pajiyci Aii), TO BAKOPUCTAHHS CIIUCKY CIUCKIB MOXeE OyTH
OUIBII THYYKHUM PIIICHHSIM.

Bubip KOHKpETHOI CTPYKTYpU MAaHUX [JIs TPEACTaBICHHS IrPOBOrO TOJIS
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3QJIEKHUTH BiJl 0OCOOJMBOCTEH I'py Ta BUMOT JI0 TTPOJAYKTUBHOCTI. Y O1IBIIIOCTI BUIAJIKIB

JIBOBUMIPHUN MAaCHB € JOCTaTHIM Ta €(EKTUBHUM PIIIICHHSM.

2.2.2. IOHIT

Crpykrypa nanux «lOHIT» € OfHi€I0 3 KIIOYOBHX Y TIOKPOKOBIH CTparerii,
OCKUJIBKM BOHA 30epirae BCIO HEOOX1THY 1H(OpMAIlil0 PO KOXKEH 1rpoBuil rOHIT. Lls
1H(pOpMaIlis BUKOPUCTOBYETHCS [Tl BITOOpaXkeHHS IOHITIB Ha MOJI1 0010, pO3paxyHKy iX
T Ta B3a€EMOJIIM, a TAKOXK JJISl IPUNHATTS PIlIEHh aIrOpUTMOM MiHIMakKc.

[Tonst crpykTypu nanux «FOHIT» MOXYTh BKITIOUYATH:

— Tumn ronita (UnitType): Busznauae tum roHiTa (mixoTa, TaHK, JiTak To1o). Lle
noJie Moke OyTH mepenideHHsIM (enum) ado0 IIIOYUCETHPHIUM 3HAYCHHSIM.
— Xapakrtepuctuku (Stats): CrpykTypa abo kjiac, IO MICTUTh Pi3HI
XapaKTePUCTUKU IOHITA, TaKi SIK:
— 3popoB's (Health): Tlorounuii Ta MakcUMalbHHI pIBEHb 370pPOB's
IOHITA.
— Araka (Attack) — cuia ataku roHiTa.
— 3axuct (Defense) — piBeHb 3aXHUCTY IOHITA.
— IIBuakicts nepemimienust (MovementSpeed) — KiIbKICTh KIITHUHOK, HA
SKY FOHIT MOKE MEPEMICTUTHUCS 32 OJUH Xi]I.
— JanpHicTe ataku (AttackRange) — mMakcumanbHa BiJIcTaHb, Ha SIKIH
IOHIT MOE aTaKyBaTH.
— IHHI XapakTepUCTHKH, 3aJIEKHO BiJ] OCOOJMBOCTEN TpU (HANIPUKIIA/,
THUTI OpOH1, MOpaJb, CeIiaNTbHI 3I0HOCTI TOIIIO).
— Tlotouna no3wumis (CurrentPosition) — koopauHaTH (X, Y) KIITHHKH Ha MOJI
0010, SIKYy 3aliMa€ IOHIT.
— Cran (State) — moTOYHUN CTaH IOHITa (aKTUBHUW, MOPAHEHUMW, 3HUILEHUN

Toto). Ile mosne moxke OyTu mepeniueHHs M a00 IITOYUCETHPHIM 3HAYCHHSIM.
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— Opakmis (Faction) — Bu3Havae, 10 sxoi ¢paxiiii HAISKUTH OHIT (TpaBellb,
KOMIT'IOTEp, HEHTpasbHa TOIIO).

— JlonaTkoBi mapaMeTpu — 3aJI€KHO BiJl 0COOIMBOCTEH TPH, CTPYKTYpa TaHUX
«IOHIT» MOXe MICTUTHU # 1HII MMapaMeTpH, TaKl K JTOCBiJ, PiBeHb, IHBEHTAp, CIHCOK
noctynHux Aid tomo. Ilpuknan crpykrypu aanux «tOHIT» Ha C# 30010paexeHo Ha

PUCHHKY 2.2.

CH

public clas i
pul > UnitType UnitType;

pul > Stats Stats;

pul > Vector2Int CurrentPosition;
pul > UnitStaote State;

public Faction Faction;

Pucynox 2.2 — Kox knacy Unit

Crpykrypa nanux «FOHIT» € 0CHOBOIO JJIs peaizailii 0ararbox IrpoOBUX MEXaHiK,
TaKUX SIK TEPEeMIlICHHS IOHITIB, Oli, OTpUMaHHS JIOCBIAY Ta IMiJABUILIECHHS PIBHA,
BUKOPUCTAaHHS CHEUIaIbHUX 3710HOcTel Tomo. EdekTuBHe MNpPOEKTyBaHHS Ta
peanizalis i€l CTPYKTYpH JTO3BOJIMTH 3a0€3IMEUNUTH THYYKICTh Ta MacIITabOBaHICTh
IrPOBO1 CUCTEMU.

Tun ronita (UnitType) € oHUM 3 KIIFOUOBHX MMapaMeTpiB, 110 BU3HAYAE POJIb T
(GYHKIIIOHATBHICTB FOHITA y Tpi. BiH Moe OyTu npeicTaBieHruid y BUTIISII TepETIYeHHS
(enum) abo0 UITOYKCETBHOTO 3HAUeHHS. BuOip KOHKpETHOro crnoco0y MnpeAcTaBiICHHS
3aJIeKUTH BiJl OCOOIMBOCTEN TPy Ta yIoa00aHb PO3POOHUKA.

BukopucranHsi mepeniueHHsI JT03BOJISIE SIBHO BU3HAYMTH BCl MOMJIMBI THIH

IOHITIB, 110 POOUTH KO OUIbII YUTAOETLHUM Ta 3po3yMmiiauM (puc 2.3).
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public enum UnitType {
Infantry,
Tank,

Airplane,

Pucynok 2.3 — Kox xiracy UnitType

BukopHcTaHHS HIJIOYUCEITEHUX 3HAYCHB JIJIS TIPEICTABIICHHS THITIB FOHITIB MOXKE
OyTH OLIbIII KOMIAKTHUM Ta €(PEKTUBHUM 3 TOUKH 30py BUKOpHUCTaHHs nam'sTi. OfHaK,
TaKu# M1IX1] BUMarae J01aTKOBUX KOMEHTapiB a00 TOKYMEHTAITl JIJIsl TTOSICHEHHS, SIKE
3HAYCHHS BIATIOBIA€ SKOMY TUITY IOHITa (puc 2.4).

public t int UNIT_TYPE_INFANTRY
publi st int UNIT _TYPE TANK = 1;

public t int UNIT_TYPE_AIRPLANE

Pucynok 2.4 — IlpencraBieHHs TUITY IOHITIB

[loTouHa mo3wWIlis IOHITA HA MOJI OO0 BH3HAYAETHCS KOOPJAMHATAMH (X, Y)
KIIITUHKY, SIKy BiH 3aiimae. J[nsa 30epiraHHs KOOpPJAMHAT MOXHA BUKOPHUCTOBYBATH
cTpykTypy Vector2Int 3 Unity abo BiacHy CTPYKTYpy 3 JBOMa IIJIOUUCEIIBHUMU
HOJISIMU.

CraH 1oHITa BiIoOpaXkae WOTO MOTOYHUN CTaH y Tpi (aKTUBHUMU, MOPAHCHU,
3HMIIEHUH Tomio). BiH Moxke OyTw mnpeicTaBieHUN Yy BUIIISAI mepenideHHs abo
IIJIOYMCETBLHOTO 3HAYCHHS, aHAJIOT1YHO TUITY IOHITA.

@pakiiss BU3HAYA€E, 0 AKOI CTOPOHU KOH(DIIKTY HAJEXUTh FOHIT (TpaBelb,
KOMIT'IOTEp, HeWTpanbHa Tomo). lLle mnose Moxe OyTH mnepeniueHHs M abo
[1JI0YUCEIbHUM 3HAYCHHSIM.

3aJie’kHO BiJ1 0COOIUBOCTEH I'pH, CTPYKTYypa JaHuX «HOHIT» MOKe MICTUTH U 1HILI
nmapamMeTpH, Takl SK JOCBIiJ, PiBE€Hb, IHBEHTAap, CMHCOK AOCTymHUX miki Tomro. Lli
napaMeTpyu MOXYTh OYTH TpPEACTaBJIEHI Y BUIJISAI OKPEMHUX IOJIB ab0 BKJIAJICHUX

CTPYKTYp/KJIacIB.
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2.2.3 Bubip anroputMmy MOMIYKY IUISIXY

AJTOpUTMH MOIIYKY NUISIXY € HEB1JI'€MHOIO YaCTUHOIO 0aratbox irop, 0COOJIMBO
ctparerii Ta RPG, ne mepcoHaxi ab0 IOHITH MOBHHHI NEPEMINIYBATHUCS CKJIATHUM
ITPOBUM CBITOM. ¥ KOHTEKCTI MOKPOKOBO1 CTpATETii, 11l aATOPUTMU BUKOPUCTOBYIOTHCS
JUTSI BU3HAYEHHS ONTUMAJILHOTO NIISAXY IOHITA 3 OJHIET TOYKH HA IO 0010 0 1HIIO],
BpPaxOBYIOUM PI3HOMAHITHI MEPEIIKOAM Ta ocoOiuBocTi JanamadTty. IcHye kinbka
MOMYJISIPHUX aJTOPUTMIB TIOIIYKY MIIAXY, KOXKEH 3 SIKMX Ma€ CBOi TEpeBard Ta
Hepomiku: Anroputm Jlevikctpu (Dijkstra's Algorithm), Anroputm A (A Search),
Anroput™m nomyky B mupuHy (Breadth—First Search, BFS), Anroputm mnomyky B
rimouny (Depth—First Search, DFS)

Anroput™m JleMKcTpH — 1€ KIIAaCHYHUN aJTOPUTM IOITYKY HAWKOPOTIIIOTO HUIAXY
B rpadi. Bin 0yB po3po0ienuii HinepnanacbkuM BueHUM Encrepom Jlerikctporo B 1956
poti 1 A0CI UPOKO BUKOPUCTOBYETHCS B PI3HUX Taly35X, BKIIOYAIOUYH PO3POOKY 1TOp.
Anroputm JleKCTpu MOYMUHAE 3 TOYATKOBOI BEPIIMHU rpada Ta MOCTYINOBO PO3IIUPIOE
MHOXHHY BEpIITUH, IS IKUX BiJloMa HAaKOPOTIIA BiCTaHb BiJ MoyaTKy. Ha KoxxkHOMY
KpOIIi aJITOPUTM BUOHMPAE BEPIIMHY 3 HAWMEHIIOIO BiJICTAHHIO CEPEJl TUX, IO I HEe
OyJu pO3MIISIHYTI, Ta OHOBJIIOE BiICTaHI 10 ii cyciiB. Llel mporec NoBTOPIOETHCS, TOKU
He OyJyTh 3HaWIeH1 HAWKOPOTILI HUISIXH 10 BCIX BepIIKH rpada. Anroput™m [leiikctpu
3aBXKIU 3HAXOJUTh HAWKOPOTIIUN MIJISX MK JBOMa BEPIIMHAMH, SKIO TaAKHH IUISIX
1ICHy€. AJITOPUTM Ma€ BIJIHOCHO MPOCTY JIOTIKY Ta MOXke OyTH JIETKO peasli30BaHUM Ha
PI3HHX MOBax MporpaMyBaHHSA. AJITOPUTM Mae 4yacoBy ckianHictb O(V/2), ne V —
KUTBKICTh BepiuH y rpadi. Lle o3Hauae, mo myis Benukux rpadis (Hanmpukiai, BETUKAX
ITPOBUX KapT) aJrOpUTM MOKE MPaIlOBAaTH JOCUTh MOBUIbHO. Anroput™m Jleiikctpu
3HAXOJIUTh HAMKOPOTINI MIJISXH JO BCIX BepIIMH Tpada, HaBITH SKIIO HAC IIKABHUThH
JIUIIE MUISIX 10 OJIHIET KOHKPETHOI BEPIIIMHHU.

Anroputm A* (A* Search) € ogHuM 3 HalmomyJsIpHIIIKUX Ta €PEKTHUBHUX
QITOPUTMIB TIONIYKY MNIISAXY B Irpax Ta IHIIAX 3a/Jadax, Je€ HEOOXITHO 3HAWTH

ONTUMAJIBHUIM MapuIpyT MiXk IBOMa TOUKaMu. BiH oeiHy€e B cO01 epeBaru aropurmy
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JleHkcTpu (TapaHTist ONTUMAIBHOCTI) Ta )Ka10HOTO AITOPUTMY «HAHKPAIIIOTO MEPIIIOTO
MOIIYKY» (IIBUAKICTh), BAKOPUCTOBYIOUH €BPUCTUYHY (DYHKIIIFO JJIs OI[IHKH BapTOCTI
nusaxy. Ha KoXKHOMY KpoOIll aJrOpUTM BHOUpPA€E 3 BIAKPUTOTO CIHCKY BEPIIMHY 3
HaWMEHIIIO0 OIIHKOI BapTocTi nuiixy (f(n) = g(n) + h(n)), ne: g(n) — BapTICTh HIIAXY
BiJl TOYATKOBOI TOYKHU 10 BepmMHU n; h(n) — eBpuCTUYIHA OIliIHKA BAPTOCTI MUIAXY BiJl
BEpIIMHU N 10 KiHIEBOi Touku. BubOpaHa BepiimHa mepeMIlIyeThCsl O 3aKPUTOTO
CIHUCKY, a ii CyCiAM TOJAIOThCSA JO BIJKPUTOTO CHHUCKY (SIKIIO BOHU e HE Oyu
posrisiHyTi). [Ipu iboMy OHOBITIOIOTECS 3HaUeHHs g(n) Ta f(n) nis cyciais. Leit mporec
OBTOPIOETHCS, TOKU HE OyJie 3Hal/IeHa KiHIIeBa BeplInHa a0 BIIKPUTUN CIUCOK HE
cTaHe nopoxkHiM. EBpuctuuna @yHkiis h(n) € KI040BUM €IEMEHTOM allrOpuT™My A*.
BoHa noBHHHA OLIHIOBATH BapTICTh LUISAXY BiJ BEPIIMHM N IO KIHIIEBOI TOYKH, ajie HE
nepeolinoBaTd ii. YMM TOYHINIA €BPUCTUYHA (YHKIlS, THUM IIBUAIIE IPAIIOE
anroput™M A*. YV NOKpPOKOBUX CTpaTerisix €BpUCTHYHA (DYHKIISI MOKE BPaxOBYBaTH
pi3Hl (aKTOpH, Taki SK BIACTaHb MDK BEPIIMHAMH (HANPUKIAJ, MaHXETTEHChKA
BiJICTaHb 200 €BKJIJIOBA BiJACTaHb), TUII MICIICBOCTI, HASBHICTbD IEPEIIKO]T TOIIIO.

Anroputm nomyky B mupuny (Breadth—First Search, BFS) € oqnum 3 6a3oBux
anroputMmiB 0oxoxy rpadis Ta nepeB. Bin mocnimkye BCl BepiiuHU rpada piBeHb 3a
pIBHEM, TOYMHAIOYHU 3 TIOYATKOBOI BepIIMHU. Ha KO’KHOMY piBHI aJITOPUTM BIJBIYE BCI
CYCIIHI BEpPIIMHUA MOTOYHOI BEPIIMHM, MEPII HIK MEPEeUTH A0 HACTYINHOrO PIBHS.
OcHOBHa 171€s1 aITOPUTMY MOJISITA€ Y TOMY, 1110 [T0YaTKOBA BEPLINHA JOJAETHCS Y UEPTY.
OcHoBanoto nepesara — Anroput™m BFS Mae npocty Ta IHTYITUBHO 3p03yMIJTy JIOTIKY,
10 POOUTH HOTO JIETKUM JIJIsl PO3YMIHHS Ta peai3allii, a TAaKoX Te, 1110 SKIIO BCl pedpa
rpada maroTh ogHaKoBY Bary, BFS rapanToBaHo 3HaXOoauTh HAMKOPOTIINHN IUISX Bif
MOYaTKOBOI /10 KIHIIEBOI BEPILIUHH.

Anroputm momyky B raubuHy (Depth—First Search, DFS) € me omaum
byHIaMEeHTAIbHUM aJIrOpUTMOM 00XxoAy rpadis Ta aepeB. Bin BiapisHseThes Big BFS
TUM, IO JOCHIJIKY€E rpad «B TIMOUHY», TOOTO HaMaraeTbCcs MPOWTH SKOMOTra aaji
B3JIOBK OOpaHOTO NUISIXY, MEPIl HDK MOBEPHYTHUCS Ta MOCTIKYBATH 1HINI TIJIKU.

[TouaTkoBa BepiIMHA T0AAETHCS B CTEK. [I0OKM CTEK HE MOPOKHIM — BUTSTYETHCS BEPXHS
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BEpIIMHA 31 CTEKA; SIKIIO 11 BEPILIMHA € KIHIIEBOIO, MOIIYK 3aBEPIIYETHCS, 1 3HAWIEHUN
IUISIX TIOBEPTAETHCS; SIKIIO 1 BEPIIMHA HE € KIHIIEBOIO, BC1 i CyCiiU, K1 111e HEe OyJIu
BiJIBiJ1aHi, JOJAIOTHCS B CTEK.

Bubip KOHKpPETHOro anropuTMy MONIYKY NUISAXY 3aJIeKUTh BIJl pO3MIpy Ta
CKJIQJIHOCTI ITPOBOTO IOJIA, BUMOT O IIBUAKOCTI MOLIYKY Ta I1HIIMX (HaKTOPIB.
Hanpuxmnan, 11t HeBeMMKUX KapT 3 MPOCTHM JIaHImagToM Moxe 0yTu noctatibo BEFS,
TOM1 SIK JIJISL BEJIMKUX KapT 31 CKJIAHUM JIaHmadToM Kpaiie BUKopuctata A*.

BpaxoByroun, 1110 TOKPOKOBI CTpaTeTii 3a3BUYaii MalOTh JOCHTH CKJIAHI ITPOBI
MOJIsI 3 PI3HUMU TUIIAMHU JaHAmadTy Ta MepenkoaMu, anroput™ A* Oyae HalOUIbII
M1IXOSIIMM BUOOPOM JIJTsI peastizallii MoNIyKy MUIsXY B JaH1i Tpl. Xo4a BiH MOXKe OyTH
CKJIQJIHIIIIUM y peanizaiii Ta BuMmaratu Ouibliie nmam'sti, Hpk BFS, ioro 3maTHicTh
3HAXOAUTH ONTHMAJIBHUNA NUISIX MIBUJIIE 332 PaXyHOK BUKOPUCTAHHS €BPUCTHYHOT
GyHKIII1T € BAXIIMBOIO niepeBaroro. [le 0co0MBo akTyalibHO ISl TOKPOKOBUX CTPATETIH,

A€ 49acC MMOIMYKY IUIAXY MOKC BINIMBATH HA 3arajJibHy H_IBI/II[KiCTB Irpu Ta I[OCBiI[ rpaBLs.

2.3 CepenoBuiie mporpaMmyBaHHs

VY sKOCTI cepeoBHIIa MporpamMmyBaHHs 0yJio oopano Rider.

Rider — e motyxHe iHTerpoBane cepenonuiie po3podku (IDE) Bix JetBrains,
CTBOpEHE cremiaiibHo A podotu 3 MoBamu C# ta .NET. BonHo mpomnonye mupoxuit
CHEKTp 1HCTPYMEHTIB Ta (YHKLIH, K1 poOJATh PO3pOOKY OUTbLI MPOAYKTHUBHOIO Ta

MPUEMHOIO.

Rider Biomuii CBO€IO IMBUIKICTIO Ta €PEKTHUBHICTIO POOOTH, HABITh 3 BETMKUMH
npoekTamu. BiH MIBUIKO 1HACKCYE KO/, 3a0€3Meuyoun MUTTEBUNA JOCTYII /10 HaBIraii,

pedakTOpUHTY Ta THITNX (PYHKITIH.

Penaktop xoay B Rider nmporonye aBTOAOMOBHEHHS, aHAJlI3 KOy B pEAIbHOMY
yaci, MiAKa3Ky 1040 MOMWIOK Ta IIBUAKI BUNPABIEHHA. BiH TakoX MiATpUMYyeE pi3Hi
MoBU nporpamyBanHs, Bkitouatoun C#, VB.NET, F#, JavaScript, TypeScript, HTML,

CSS Ta 1amm.
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Rider mae mmpokuii Habip 1HCTPYMEHTIB pedaKTOPHUHTY, SKI JOMOMArarTh
MOKPAITUTH CTPYKTYPY Ta SAKICTh KOAY 0€3 3MiHU HOTO MOBEIIHKHU.

Bimmagunk Rider qo3Bosisie 1Ierko 3HaXOAWTH Ta BHUIPABIISATH MOMIJIKH B KOJII.
Bin miarpumye BijgaalieHe BIJJIaroJKEHHs, TOKPOKOBE BHUKOHAHHS KOMY, MEPEryIs
3HAYCHb 3MIHHUX Ta 0araTo 1HIIOTO.

Rider mae BOymomany mintpumky Git, Mercurial, Subversion Ta iHIIUX
NOMYJISIPHUX CHUCTEM KOHTPOJIIO Bepciid. BiH 103BoJsie Jierko KepyBaTH KOMITaMH,
TUIKaMU, 3TUTTSAMU Ta 1HIIME ortepartismu VCS.

Rider mae BOynoBaHy MATPUMKY MOMYJSIPHUX (PPEHMBOPKIB IOHIT—TECTyBaHHSI,
takux sk NUnit, xUnit.net Ta MSTest. BiH m03Bojisie JIeTKO 3aIlyCKaTH TECTH,
MePETIIAIaTH Pe3yJbTaTH Ta aHATI3yBATH MOKPUTTS KOY TECTaMHU.

Rider mae Benuky O010J110TEKy IUIAriHiB, SIKI JO3BOJISIOTH PO3IIMPUTH HOTO
(PYyHKII0HATBHICT Ta HAJIAIITYBATH HOr0 Mijl CBOi MOTPEOU.

Rider mocrymumit miust Windows, macOS Tta Linux, mo 103BoJis€
BUKOPUCTOBYBATH MOT0 HA PI3HUX OMEPALIMHUX CUCTEMAX.

Rider — Binminnuit BuOip 1yt po3poouukiB C# ta .NET, ki nIykaroTh MOTYKHUH,
IIBUJIKUH Ta 3pyYHUIN THCTPYMEHT Il po3poOKH. BiH miiiie K A1 MOYaTKiBIliB, TaK

1 JU1s1 IOCBIAYeHUX npodecioHamiB.
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File System

Pucynok 2.5 — Iarepdeiic IDE Rider
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3 IPOI'PAMHA PEAJIIBALISA TA TECTYBAHHA

3.1 Pyx Ta BuOip 10HITIB

B niepiry yepry Ham HE0OX1/IHO, 11100 ITPOB1 FOHITH PYXaJIUCh IO IrPOBOMY ITOJIIO.
Jlns uporo Mu peanizyeMo kiac MoveAction, skuii ycraakye Bijg BaseAction. Lleit knac
Oyze BIAMOBIAATH 32 JIOTIKY MEPEMIIIEHHS IOHITIB M1 KIITHHKaMH CITKH.

V xnaci MoveAction My BUZHAYMMO TaKi KJIFOYOBI METOJIM Ta BJIACTUBOCTI:

- Perform(): Ileit meTox Oyne BHKOHYBaTH BJacHE MEpEeMIlCHHS FOHITa. Bin
OTpUMA€E IILOBY TMO3UIII0 Ha CiTII, NEpPeBIpUTh, YW € IIed pPyX AOMYCTUMHUM
(HampukIIaa, 9Yu He 3aiHATA LS KIITHHKA 1HIITAM IOHITOM), 1 KIIO TaK, TO TePEMICTUTD
IOHITa Ha HOBY TO3HIIIIO.

- GetValidActionGridPositionList(): Ilett MmeTon Oyae moBepTaTH CIIUCOK BCiX
JOIMYCTUMHUX MO3UIIN Ha CITLI, KyJIH IOHIT MOXE IMepeMiCTUTUCA 3a oauH xia. Lle
J03BOJIUTH HAM B1AOOpa3UTH IPaBIEBl MOKIIMBI BapiaHTH MEPEMIILIEHHS.

Jlns  peamizarii JIOTIKM TMEPEBIPKM  JOCTYIMHOCTI pyxXy Mu  OyaeMo
BUKOpUCTOBYBaTH iHpopMarito 3 kiacy LevelGrid. Leit knac 30epirae nani npo cran
ITPOBOTO MOJIs, BKIIIOYAIOYH MO3UIIIT BCIX IOHITIB Ta Mepenkoau. B nepiry yepry Ham
HEO0O0X1AHO, II00 1TPOB1 OHITU PYXAJTUCH MO ITPOBOMY MOJIt0. [J1s1 IbOTO MU peaizyeMo
ki1ac MoveAction, sxuii ycnaakye Big BaseAction.

[licns ycmimuoro BuKOHaHHSA nii MoveAction MU BUKIMYEMO TOJIIO
OnAnyActionPointsChanged, m06 oHoBuTH 1HTEpdelic KopucTyBaya Ta BiioOpa3uTu
3MIHU B KUIBKOCTI OYOK JIii FOHITA.

Takum unHOM, peanmizaiisa kimacy MoveAction 3a0e3neunTh 0a30By MEXaHIKy
nepeMilIeHHsl IOHITIB y Hamii rpi. Lle no3BoiuTh rpaBlieBi MaHEBpPYBaTH CBOIMHU

FOHITaMH 10 TTOJI0 00F0, IO € BAXKJIMBUM €JIEMEHTOM TaKTUYHOI TJIMOMHH TPH.

Apk.
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using System;

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class Unit : MonoBehaviour

{

private const int ACTION POINTS MAX = 3;

public static event EventHandler OnAnyActionPointsChanged;
public static event EventHandler OnAnyUnitSpawned;
public static event EventHandler OnAnyUnitDead;

[SerializeField] private bool isEnemy;

private GridPosition gridPosition;

private HealthSystem healthSystem;

private BaseAction[] baseActionArray;

private int actionPoints = ACTION POINTS MAX;

private void Awake ()

{

healthSystem = GetComponent<HealthSystem>() ;
baseActionArray = GetComponents<BaseAction> () ;

private void Start ()

{

gridPosition =

LevelGrid.Instance.GetGridPosition (transform.position);

this);

LevelGrid.Instance.AddUnitAtGridPosition (gridPosition,

TurnSystem.Instance.OnTurnChanged +=

TurnSystem OnTurnChanged;

healthSystem.OnDead += HealthSystem OnDead;

OnAnyUnitSpawned?.Invoke (this, EventArgs.Empty);

private void Update ()

{

GridPosition newGridPosition =

LevelGrid.Instance.GetGridPosition (transform.position);

if (newGridPosition != gridPosition)
{
// Unit changed Grid Position
GridPosition o0ldGridPosition = gridPosition;

Apk.
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gridPosition = newGridPosition;

LevelGrid.Instance.UnitMovedGridPosition (this,
0ldGridPosition, newGridPosition);

}

public T GetAction<T>() where T : BaseAction
{

foreach (BaseAction baseAction in baseActionArray)

{

if (baseAction is T)

{

return (T)baseAction;

}

return null;

public GridPosition GetGridPosition()
{

return gridPosition;

}

public Vector3 GetWorldPosition ()
{

return transform.position;

public BaseAction[] GetBaseActionArray ()
{

return baseActionArray;

public bool TrySpendActionPointsToTakeAction (BaseAction
baseAction)

{

if (CanSpendActionPointsToTakeAction (baseAction))

{

SpendActionPoints (baseAction.GetActionPointsCost());
return true;
} else

{

return false;

public bool CanSpendActionPointsToTakeAction (BaseAction
baseAction)

{

if (actionPoints >= baseAction.GetActionPointsCost ())

Apk.
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{

return true;
} else

{

return false;

}
}

private void SpendActionPoints (int amount)

{

actionPoints —-= amount;

OnAnyActionPointsChanged?.Invoke (this,

EventArgs.Empty) ;

}

public int GetActionPoints ()
{

return actionPoints;

}

private void TurnSystem OnTurnChanged (object sender,

EventArgs e)

{
if ((IsEnemy() && !TurnSystem.Instance.IsPlayerTurn())

(!TsEnemy () && TurnSystem.Instance.IsPlayerTurn()))
actionPoints = ACTION POINTS MAX;

OnAnyActionPointsChanged?.Invoke (this,

EventArgs.Empty) ;

e)

}
}

public bool IsEnemy ()
{

return isEnemy;

}

public void Damage (int damageAmount)

{
healthSystem.Damage (damageAmount) ;

}

private void HealthSystem OnDead (object sender, EventArgs

{

LevelGrid.Instance.RemoveUnitAtGridPosition (gridPosition, this);

Destroy (gameObject) ;

Apk.
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OnAnyUnitDead?.Invoke (this, EventArgs.Empty);

public float GetHealthNormalized()

{
return healthSystem.GetHealthNormalized() ;

Leit C#-cxpunt, HazBanuii Unit, Bu3Hauae ¢pyHIaMEHTAIbHY CXeMY JIJIs FOHITIB
y TIOKpPOKOBIM cTpaTeriuniii rpi, po3poOieHiii B Unity. BiH iHKamcymioe OCHOBHI
aTpuOyTH Ta TOBENIHKY, IO XapaKTEepPU3yIOTh IOHITIB y Takid Tpi, BKIIOYAIOYH
YIOPaBIIHHS TOYKAMU JIii, B3a€EMOJIII0 3 MOKPOKOBOIO CHUCTEMOIO Ta IrpPOBOIO CITKOIO,
BUKOHAHHSI JIIi, yIPABIIIHHS 3JJ0POB'SAM Ta KOMYHIKAIIIO 32 TOTIOMOTO0 MOIH.

B 0cHOBI MOXJIMBOCTEH IOHITIB JIEKUTh CUCTEMa 040K Jii. KokeH migpo3/aiia Mae
MaKCHUMAaJIbHY KUTBKICTh OYOK JIiH, sIKI BU3HAYAIOTh OOCAT 1M, SIKi BIH MOXKE 31HCHUTH
npoTIroM oAaHoro xoxy. CueHapiil BKIIOYAE MEXaHI3MH, SIKI MEPEBIPSIIOTh, YU MOXKE
1PO3/1T TIO3BOJUTH COO1 IMMEBHY JI1F0, BUXOISTYHN 3 TOTO, CKIJTBKH OYOK JI11 3aJTHIIIHIIOCS,
1 BITHIMAIOTH 111 OYKH, AKIIO Ais OyJja BUKoHaHa. L cucrema rapanTye, 110 Mmiapo3aiin
TiI0OTh B paMKaX OOMEXEHb IOKPOKOBOI CTPYKTYpH, CIPHUSIOYH TPHAHATTIO
CTpaTET1YHUX PIIICHb.

Knac FOHITIB TICHO IHTETPOBaHMI 3 MOKPOKOBOIO CUCTEMOIO I'pU. BiH cTeXUTH 32
3MiHaMH XOJIiB 1, KOJIM HACTA€ MOTr0 Yepra, MOMOBHIOE CBOI OUKH [Tl JO MAKCUMAJILHOTO
3HaueHHs. el MexaHi3M MOMOBHEHHS JO3BOJISIE FOHITY BUKOHYBATH HOBHI HaOip i
KOYKHOTO X0y, MIATPUMYIOUH TUHAMIYHUAN XapaKTep TPH.

Jlnst HaBiraimii B 1rpOBOMY CBITI IOHITH B3a€EMOIIOTH 3 CHCTEMOIO CITOK,
npencrasieHoro kinacom LevelGrid. Ckpunt 30epirac moTOYHy MO3MINIO IOHITA HA IIii
CITLI 1 MOCTIHHO BIJICTEXKY€E OyAb-sKI 3MIHU TMO3UIIII. SIKIIO IOHIT pyXa€ThCs, CKPUIT
OHOBITIOE OT0 MO3UIIit0 Ha ciTii Ta iHdhopmye LevelGrid mpo 3miny, rapaHTyrouu, 110
MICII€3HAXOKEHHS IOHITA 3aBXKIU TOYHE.

Krnac Unit Takox Hanmae GyHKIIOHATBHICTD JJI BUKOHAHHS Ai. CKpUNT MOXKe

OTPUMYBATH MEBHI TUMH [iH, Taki K pyXx abo artaka, 3 MacuBy JOCTynmHuX Iii. Kpim
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TOTO, BiH MOKa3ye BC1 i1, K1 MO€ BUKOHYBATH FOHIT, 110 JO3BOJISE 1HIIIMM YaCTHHAM
I'PH 3alUTYBATH 1110 1HGOPMAIIO I IPUUHSATTS pillieHb a00 B1JOOpaKeHHS.

3nopoB'saM oHITa Kepye komnoHeHT HealthSystem. Cuenapiit 103Boisie€ I0HITY
OTPUMYBATH MOIIKOKEHHS, K1 B17J0Opa)karoThCs Ha MOro cTaHi 3/10poB's. Koyu piBeHb
3I0POB'Sl IOHITA 3HIKYETHCS 0 HYJIS, CHEIiaJbHUN MeToa 00po0Iisie oro 3aruberns,
BHUJIAJISIFOUX MOTO 3 CITKH Ta 3HUIILYIOYH TOB'SI3aHUN 3 HUM irpoBuid 00'ekT. Kpim Toro,
3aImyCKa€eThCs MOJis, SKa CIIOBIIIAE 1HIIT KOMIOHEHTH IIPO CMEPTh IOHITA, 110 MOJIETIIYE
Oyab-siK1 HEOOX1/1HI OHOBJICHHSI I'POBOI JIOTIKH.

JI71s1 3B's13KY 3 IHITUMU YaCTUHAMM T'pU KJ1aC IOHITIB BUKOpUCTOBYE moii. 11 momii
BUHUKAIOTH II0Pa3y, KOJIH 3MIHIOIOTHCS OUKH J11 FOHITa, HAPOKYETHCS HOBHUH IOHIT 200
IOHIT 3HULLYy€eThes. LS apXiTekTypa, KepoBaHa MOAISIMU, CIPHSIE BUIBHOMY 3B'SI3KY M1k
KOMITOHEHTaMHU, M1ABUIIYIOUH 3pYUYHICTh CYIIPOBOIY Ta THYYKICTh KOJIOBOT 0a3u.

KpiM TOro, ckpunT mpoIoHye pi3HI CIOCOOU JTOCTYIy 1O aTpUOYTIB IOHITIB,
TaKuX SIK iXHS MO3UIlISL B CITII, CBITOBA MO3HIIis,, CTATyC BOpOra Ta HOpMasli30BaHE
3HAYEHHS 3/10pOB's. Taka TOCTYMHICTh MOJIETIIY€E B3a€MO/IIIO0 IHIIIUX ITPOBUX €JIEMEHTIB
3 IOHITaMHM, CHPUSIIOYM CTBOPEHHIO LIJIICHOI Ta 1I00p€e CTPYKTYPOBAHOI IrPOBOI CUCTEMHU.

Ha 3aBepmienns, kmac IOHITIB ciyrye niasi KOMIUIEKCHOTO TPEICTaBIICHHS
OKPEMHX CYTHOCTEl Y MOKPOKOBHMX CTpaTeridHUX irpax. Moro (yHKIil OXOMIIOITH
YOPABIIHHSA TOYKAMM [I1i, B3AEMO/IIIO B CITII1, BAKOHAHHS /1M, BIICTEKEHHS 3/I0pOB'sS Ta
KOMYHIKaIlio yepe3 noxaii. Ilelr BceOluHMi qu3aiiH 3akiagae MITHANA QyHIaMEHT JJIs
MoOyJJOBM PI3HOMAHITHUX 1 3aXOIUIMBUX IrPOBUX CIEHApiiB y MNOKPOKOBOMY

CepEeIOBHIII.
3.2 Grid cucrema
[Ticns Toro s Mu peamizyBanu 0a30BUi PyX, HAM TOTPIOHO peasizyBaTu pyx

I0HITIB 1o KimiTHHKaX. CtBopumo kiac GridObject sikuit Oyne ¢yHIaMeHTaIbHUM

€JIEMEHTOM JijIs1 poOOTH 3 00'eKTaMu Ha irpoBiii ciTiil. BiH BijnoBigae 3a 30epiranHs Ta
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yIpaBIiHHS 1HPOPMAILIIEIO PO KOXKHY OKPEMY KIIITHHKY CITKH, BKJIFOYAOUH 11 TO3UIIIIO,
IOHITIB, 1110 3HAXOAAThCS HA Hil, Ta IHTEPAKTUBHI €JIEMEHTH.

OcHoBHa (DyHKIIOHAJIbHICTD KJIaCy BKIIIOUAE:

— 30epirannsa iHdopmarii npo no3utito: Koxken 06'ekt GridObject 36epirae
CBOIO TIO3UIIIIO HA CITIl Y BUTJISA1 KOoOpauHaT (psijaka Ta cToBs). Lle 1o3Bosse nerko
BU3HAUUTH MICIE3HAXO/PKCHHA 00'€eKTa Ha IrpOBOMY MOJI Ta B3a€EMOMIATH 3 HHUM
BI/IITIOBIIHO.

— VYmpaninusa roHiTamu:  GridObject miATpUMy€e CHOUCOK IOHITIB, IO
3HAaXOJAThCA Ha KiiTUHII. L{e 103BoIsA€ BiiCTEKYBATH, K1 IOHITH 3aiIMatOTh KOHKPETHY
MO3UIIII0, & TAKOK BUKOHYBATH OIepallii 10/JaBaHHs, BUJIaJICHHS Ta OTPUMaHHS CIIUCKY
IOHITIB.

— IuTepaktuBHicTh: Kiac Hamae MOMIIMBICTH TOB'SA3yBaTH I1HTEPaKTHUBHI
00'eKTH 3 KIITUHKaMH CITKU. lle 103BoJIsie CTBOpIOBATH PI3HOMAHITHI 1HTEPAKTHUBHI
€JIEMEHTH Ha ITPOBOMY IOJI1, TaKl SIK KHOIKH, IepeMUKayi, 00'€KTH, 3 IKUMU MOXKHA
B3a€EMOJISATH TOIIO.

— Bgaemonis 3 GridSystem: GridObject TicHO B3aeMoie 3 kitacoM GridSystem,
AKUH BIATMOBIAA€ 32 CTBOPEHHSA Ta YIPaBIiHHS BCi€o ciTKOM0. Lle 103B0IIsIE OTpUMYyBaTH
JOCTYI 10 BJIACTUBOCTEN Ta METOJIIB CUCTEMU CITKH, TAKUX SIK PO3MIPU CITKH, PO3MIp

KOMIPKH, TIEPETBOPEHHS KOOPAUHAT TOIIO.

Bukopucranns knacy GridObject 3HauHO crpolrye po3poOKy irpoBOi JIOTIKH,
MOB's13aHOI 3 CiTKO0. BiH 103BoJIsI€ abcTparyBatucs Bij aeTaneit peanizaiii 30epiraHHs
JaHUX TPO KJIITUHKH Ta 30cepeauTucs Ha irposii mexaniul. Kpim toro, GridObject
MOKpAIILy€e CTPYKTYPY KOy, pOOUTH Oro OLIbII 3p03yMUIMM Ta MOJETIIYE MOAANbIIANA

PO3BUTOK Ta MIATPUMKY TPH.

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class GridObject

Apk.
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private GridSystem<GridObject> gridSystem;

private GridPosition gridPosition;

private List<Unit> unitlList;

private IInteractable interactable;

publ

{

publ

publ

ic GridObject (GridSystem<GridObject> gridSystem,
GridPosition gridPosition)

this.gridSystem = gridSystem;
this.gridPosition = gridPosition;

unitlList = new List<Unit>{();

ic override string ToString()

string unitString = "";

foreach (Unit unit in unitList)

unitString += unit + "\n";

return gridPosition.ToString() + "\n" + unitString;

ic void AddUnit (Unit unit)

KgPII13.200243.01.02.113
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unitList.Add (unit) ;

public void RemoveUnit (Unit unit)

unitlList.Remove (unit) ;

public List<Unit> GetUnitList ()

return unitlList;

public bool HasAnyUnit ()

return unitList.Count > 0O;

public Unit GetUnit ()

if (HasAnyUnit())

3m. Apk
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return unitList[0];

} else

return null;

public IInteractable GetInteractable ()

return interactable;

public void SetInteractable(IInteractable interactable)

this.interactable = interactable;

}
public void ClearInteractable ()

this.interactable = null;
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3.3 Jii Ta Ul

Jlami mpuctynmuMo 10 peanizarii kimacy TurnSystemUl, BigmoBigaibHOTO 3a

Bi3yaJibHE NPEJICTABIICHHS Ta YMPAaBIIHHS €JleMEeHTaMH 1HTepdercy KOpHUCTyBaua,

MOB'SI3aHUMU 3 CHCTEMOIO YE€PTOBOCTI.

®dyHKioHaNbHICTH Ki1acy TurnSystemUI:
— Binobpaxenns indopmaiii mpo MOTOYHHMA XiA:
— turnNumberText: BizoOpaxae HOMEp TOTOYHOI'O XOY.

— enemyTurnVisualGameObject: BizyanbHo Bka3ye, 4u € IOTOUHHUH XiJT

XOJIOM T'paBlLisl YA BOPOTa.
- YrpaBiiHHS KHOIIKOIO 3aBEPUICHHS XO/Y:

- endTurnBtn: Knomka g1 3aBepHICHHS XOAYy TpaBIl, sKa

B1I00paka€eThCs JIMIIE 1T Yac HOTo X0oy.
— Peakmisg Ha 3miHy xX01y:

- TurnSystem_OnTurnChanged: OnoBitoe Bci eleMeHTH iHTepdeicy
IpH 3MiHI XOJTy.

TurnSystemUI TicHo B3aemojie 3 kimacoM TurnSystem, skuii BiImoBigae 3a

JIoTiKy 4eproBocTi. Bin otpumye Big TurnSystem indopmariito mpo MOTOYHUN Xif Ta

CTaH TPH, a TAKOK MOKE BUKIMKATH METOU [UrNSYStem i 3MiHU CTaHy T'PH.

Peanizaris xkmacy TurnSystemUI € BaxxTuBUM KPOKOM Y CTBOPEHHI TTOKPOKOBOT

cTparerii. Bin 3a0e3nedye 3py4Huil Ta 1H()OpMATUBHUN I1HTEp(eEelc KopucTyBaya,

JI03BOJISIIOYM TPABIIEBl OAYNTH, UM 3apa3 XiJI, IKH HOMEp X0y, Ta 3aBepIyBaTH CBIN

xiza. Le crpusie kpanomy po3yMiHHIO ITPOBOi MEXaHIKM Ta MiJBUIIYE 3a0BOJECHHS BiJ

I'pH.
using System;
using System.Collections;
using System.Collections.Generic;
Apk.
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using UnityEngine;

using UnityEngine.UI;

using TMPro;

public class TurnSystemUI : MonoBehaviour

{
[SerializeField] private Button endTurnBtn;
[SerializeField] private TextMeshProUGUI turnNumberText;

[SerializeField] private GameObject

enemyTurnVisualGameObject;

private void Start ()

{
endTurnBtn.onClick.AddListener (() =>

{

TurnSystem.Instance.NextTurn () ;

1)

TurnSystem. Instance.OnTurnChanged +=

TurnSystem OnTurnChanged;

UpdateTurnText () ;
UpdateEnemyTurnVisual () ;
UpdateEndTurnButtonVisibility () ;

private void TurnSystem OnTurnChanged (object sender,

EventArgs e)

{
UpdateTurnText () ;

UpdateEnemyTurnVisual () ;
UpdateEndTurnButtonVisibility () ;

private void UpdateTurnText ()

{
turnNumberText.text = "TURN " +

TurnSystem. Instance.GetTurnNumber () ;

}
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private void UpdateEnemyTurnVisual ()

{

enemyTurnVisualGameObject.SetActive (! TurnSystem.Instance.IsPlayerTu
rn());

private void UpdateEndTurnButtonVisibility ()
{

endTurnBtn.gameObject.SetActive (TurnSystem.Instance.IsPlayerTurn())

4

B ocHOBI mporiecy npuiHATTS pimieHs nexuts Metoa GetBestEnemyAlAction,
SIKHi, WMOBIPHO, peali30BaHUN YHIKAJIbHO JUIS KOXKHOTO THIY il (Hampukiamn,
NepeMIlIeHHs, aTtaka, 3axucT). Llei MeTo, HMOBIpHO, BKJIIOYAE CIICIU(IUHY U TPU
JIOTIKY JIJIs OL[IHKM TaKTUYHOI IMepeBaru KOXKHOI MoTeHIiiHoi aii. Hanpukman, mis
"mepeMilleHHs" MO)KE€ HaJaBaTHU MPIOPUTET MO3MIISAM, SIKI IPONOHYIOTh Kpalle
MPUKPUTTS a00 MOXKIIMBOCTI 711 00XoAy 3 (pyanry, Toal sk 1ig "araka" moxe OyTu
CIpsiMOBaHa Ha HAMOUIBII BPA3IMBHIA M1 IPO3/1T MPOTUBHUKA.

Axmo nans KomHOTO Bopora He 3HadjeHo miaxoxsmoi aii, I rpamio3no
3aBepIlye CBIM XiJ, MOBEPTAOYM KOHTPOJb IpaBLEBi. Taka MOKPOKOBA CTPYKTypa

3a0e3neuye 4iTKe PO3MEKYBAHHS /i 1 MATPUMYE CTPATETTUHUN MTOTIK TPH.

Oxpim kepyBanHs xoaom IIII, kox Takox MICTUTh OOpPOOHUK TOMIN
(TurnSystem OnTurnChanged), sixuii rapantye, mo I HeraitHo peakTUBYEThCS, KON
HOro XiJ1 MOYMHAETHCS 3HOBY. Takuil MIIaBHUM nepexig Mk X0AaMH CIpPHUSIE TNITABHOMY

Ta I[1IKABOMY ITPOBOMY MPOILIECY.

3arasiom, 11eit (pparMeHT Koy GopMy€e OCHOBY JJIsl CKJIQJIHOI CUCTEMU IITYYHOTO

1HTEJICKTY B TOKPOKOBIN CTpareriyHiii rpi. MoaynpHa KOHCTPYKIIS TO3BOJISIE JIETKO
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HaJIAIITOBYBATH 1 PO3IIMPIOBATH CUCTEMY, OCKUIBKA KOHKPETHA JIOT1Ka I 1 KpuTepii

OIIIHKM MOXXYTh OyTH aJarToOBaHi A0 YHIKAIbHOT MEXaHIKH 1 IIJIeH TPH.

3.4 Boporu Ta OutBa

Kiac EnemyAl Biamnosiziae 3a ympaBiiiHHS TOBEIIHKOIO BOPOTIB Yy MOKPOKOBIN
CTparerii, BHKOPUCTOBYIOUH KIHIICBUI aBTOMAT JIJII BU3HAYCHHS TOTOYHOTO CTaHy. Bin
o0upae Ta BUKOHYE J1i BOPOXKUX FOHITIB HA OCHOBI 1X OIIIHKH, TEPEXO0ISTYH MK CTAHAMM
OUlKyBaHHS XOJy, BHUKOHaHHs Xoay Ta 3ainsarocti. LI B3aemomie 3 kimacamu
TurnSystem, UnitManager, Unit Ta BaseAction mis oTpumanHs iH(pOpMaIii mpo cTaH
rpu, BUOOPY HaWKpalux /i Ta iX BUKOHAHHS. 3aBJIIKU I[bOMY KJIaCy, BOPOTH MOXKYTb
aHaJI3yBaTU CUTYAIlll0 Ha MOJi OO, MpUAMATH pIMIEHHA Ta BUKOHYBaTW Ali, IO
BIJIMOBIJAIOTH TXHIM LUISIM, POOJISTYM TPy OUIBII 1IKABOIO Ta CKIIAHOIO JIJIs TPABIIS.

using System;

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class EnemyAI : MonoBehaviour

private enum State

WaitingForEnemyTurn,

TakingTurn,

Busy,

Apk.
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private State state;

private float timer;

private void Awake ()

state = State.WaitingForEnemyTurn;

private void Start ()

TurnSystem. Instance.OnTurnChanged +=
TurnSystem OnTurnChanged;

private void Update ()

if (TurnSystem.Instance.IsPlayerTurn())

return;

switch (state)

Apk.
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case State.WaitingForEnemyTurn:

break;

case State.TakingTurn:

timer —-= Time.deltaTime;

if (timer <= 0f)

if
(TryTakeEnemyATIAction (SetStateTakingTurn))

state = State.Busy;

} else

// No more enemies have actions they can
take, end enemy turn

TurnSystem.Instance.NextTurn () ;

break;

case State.Busy:

Apk.
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break;

private void SetStateTakingTurn ()

timer = 0.5f;
state = State.TakingTurn;
}
private void TurnSystem OnTurnChanged (object sender,

EventArgs e)

if (!TurnSystem.Instance.IsPlayerTurn())

state = State.TakingTurn;
timer = 2f;
}
}
private bool TryTakeEnemyAIAction (Action

onEnemyAIActionComplete)

Apk.
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foreach (Unit enemyUnit in
UnitManager.Instance.GetEnemyUnitList ())

if (TryTakeEnemyAIAction (enemyUnit,
onEnemyAIActionComplete))

return true;

return false;

private bool TryTakeEnemyAIAction(Unit enemyUnit, Action
onEnemyAIActionComplete)

EnemyAIAction bestEnemyAIAction = null;

BaseAction bestBaseAction = null;

foreach (BaseAction baseAction in
enemyUnit.GetBaseActionArray())

if
(!'enemyUnit.CanSpendActionPointsToTakeAction (baseAction))

Apk.
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// Enemy cannot afford this action

continue;

if (bestEnemyAIAction == null)

bestEnemyAIAction = baseAction.GetBestEnemyAIAction();

bestBaseAction = baseAction;

else

EnemyAIAction testEnemyAIAction =
baseAction.GetBestEnemyAIAction() ;

if (testEnemyAIAction I= null &&
testEnemyAIAction.actionValue > bestEnemyAIAction.actionValue)

bestEnemyAIAction = testEnemyAIAction;

bestBaseAction = baseAction;

Apk.
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if (bestEnemyAIAction = null &&
enemyUnit.TrySpendActionPointsToTakeAction (bestBaseAction))

bestBaseAction.TakeAction (bestEnemyAIAction.gridPosition,
onEnemyATIActionComplete) ;

return true;

else

{

return false;

[le#i KOJ BCTaHOBIIIOE OCHOBHI NMPUHIUIM YNPABIIHHS MOBEAIHKOI BOPOXKOTO
I B mokpokosiit crpateriuniii rpi. [ii I perymoroTbcs OKpEeMUMH CTaHaMHU:
WaitingForEnemyTurn (6e3aisuibHICTh MiJ yac xonay rpasig), TakingTurn (akTuBHA
OIlIHKA Ta BUKOHAHHS i) Ta Busy (mia yac BUKOHAHHS JTii).

Komu nounnaersca xin LI, BiH nepexoauts y cran TakingTurn, ne poOuth
KOPOTKY May3y nepe.l TUM, sIK PONUTHUCH 110 KOXKH1H BOPOK1il OTMHMUIII, 1110 3HAXOUTHCS
mig  Woro  KoHTposieM.  JIsl  KOXKHOI  OJIMHMIII  BHKJIHUKAETBCSI  METOJ
TryTakeEnemyAlIAction nns ouiHku JgoctynHux aid. Lleid meron Bu3Hauae
ONTUMAJIbHY JI1F0, BpaXOBYIOUH TaKi (PaKTOpH, sIK 3aJUIIOK OYOK JiH FoHITa 1 "IIHHICTH"
KOYKHOI MOTeHMIHOT aii. J[is 3 HAMBUIIOIO IHHICTIO MOTIM BUKOHYETHCS, SIKIIIO BOHA €
JTOCTYITHOIO.

B ocHoBI miporiecy npuifHSTTS pimeHb Jdexuth Meto] GetBestEnemyAlAction,
AKUM, WMOBIPHO, peaji30BaHMM YHIKAIbHO [Jii KOXKHOTO THUIy Aid (Hampukiamn,

nepeMileHHs, aTaka, 3axuct). Lleit meron, IMOBiIpHO, BKITIOUAE ceUIUHy JUIsl TPU

Apk.
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JIOTIKY JIJIsS OLIIHKM TaKTUYHOI IMepeBaru KOXKHOI MOTeHIiHOi mii. Hampukman, mis
"mepemMilieHHs" MOXE HaJaBaTH TMPIOPUTET TMO3UINAM, SKI TMPOIMOHYIOTH Kpale
OPUKPUTTS a00 MOXKIMBOCTI JUIsl 00Xoay 3 (iaHry, Toni sk Jis "ataka" mMoxe OyTu
CIIpsIMOBaHa Ha HAWOLIBII BPA3JIMBUHM IT1IPO3/I171 IPOTUBHHUKA.

Sxmo ana KogHOTOo BOpora He 3HaWjeHo miaxoxsmoi naii, LI rpamiosno
3aBeplIye CBiM XiJ, MOBEPTAIOYM KOHTPOJIb TpaBleBi. Taka MOKPOKOBAa CTPYKTypa
3a0e3Meuye 4iTKe pO3MEKyBaHHS 1K 1 MATPUMYE CTpATETIYHUMN MOTIK TPH.

Oxpim xkepyBanHs xoaom I, kom Takox MICTUTh OOPOOHUK TOIN
(TurnSystem OnTurnChanged), sixuii rapanTtye, mo LI HeraitHo peakTUBYEThCS, KOJIU
MOT0 XiJ1 MOYMHAETHCS 3HOBY. TaKuil MIIaBHUM Mepexi Mk X0JAaMH CIpUSIE TNTABHOMY
Ta [[IKABOMY ITPOBOMY MPOLIECY.

3aranom, el pparMeHT Koty (opMye OCHOBY JJIsl CKJIAIHOT CUCTEMU ILITYYHOTO
IHTEJIEKTY B MOKPOKOBIM CTpaTeriyHiil rpi. MoayiapHa KOHCTPYKIIS J103BOJISIE JIETKO
HaJAIITOBYBAaTH 1 pO3LIMPIOBATA CUCTEMY, OCKUIIBKM KOHKPETHA JIOT1Ka J1d 1 KpUTepii

OI[IHKUA MOXYTb OyTH aJIaliTOBaHi1 IO YHIKAJILHOI MEXaHIKH 1 LJIEH TPH.

3.5 FOHiT-TecTyBaHHs

FOniT-tecryBanng B Unity € 0cOOJMBO Ba)XIMBUM Yepe3 CKIAAHICTh ITPOBUX
npoekTiB. BoHo monomarae 3a0e31euyuTi KOPEeKTHY poOOTY 1TPpOBOi JIOTIKH, ITOBEIIHKH
MEPCOHAXKIB, B3a€MOIIT 3 00'eKTaMu, (PI3UMYHUX CUMYJIALIN Ta IHIIMX KOMIIOHEHTIB IPH.
BpaxoByroun, 10 irpu 4acTO MarTh BEIUKY KIJIbKICTh B3a€EMOIIOB'SI3aHUX CHUCTEM,
IOHIT—TECTH JIO3BOJISIIOTH 130JIFOBATH Ta NIEPEBIPUTH KOXKHY 3 HUX OKPEMO, 110 CIIPOIIYE
MONIYK Ta BUIpaBieHHs noMuiok. Kpim toro, Unity Mae BnacHu# 1HCTpyMEHTapii asis
IOHIT-TECTYBaHHS, 1110 POOUTH HOTO IHTETPAITiIO B IIPOIIEC PO3POOKH 1€ OLIBII 3PYIHUM
Ta e(PEeKTUBHUM.

FOHiT-TecT nmpusHayeHUW M TECTYyBaHHsS OKpPEeMOro «woHitay koay. Ckian
«IOHIT@» MOXKE BapIIOBATUCS, alle BAXKIWBO MaM'ATaTH, MO0 FOHIT-TECTyBaHHS Mae

TECTYBAaTU PIBHO OJIMH «EJIEMEHT» 32 pas.

Apk.
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FOHiT-TecTn HEOOX1HO CTBOPIOBATU IJisi TMEPEBIPKH TOTO, IO HEBEJIMKUU

JIOTIYHUN (PparMeHT KOJly B KOHKPETHOMY CIIeHapii BUKOHYETbCA caMe€ TaK, SIK BU

ouikyeTe. Po3risiHemMo Takuil mpuKIaj.

Bbyno peanizoBaHO METO[, IO JO3BOJISIE KOPUCTYBaueBi BBOAUTH iM's. MeTon
HaIlMCAaHUN Tak, MO B iIMEHI HE JOMyCKAIOThCS MUQPPH, a came iM'st MOXKe CKIIaaTHCs

TUTBKH 3 JecsATH a0 MEHIe CUMBOJIB. Hamr MeTon mepexoruiroe HaTUCKaHHS KOXKHOT

KJIaBIIIl ¥ J0/1a€ BIATIOBITHUN CUMBOJT Y TI0JIe Name:

public string name = ""

public void UpdateNamewithCharacter(char

{

if (!char.IsLetter(char))
)
L

return;

if (name.Length >= 18)
I
L

return;

name += character;

Pucynok 3.1 — Kog kimacy UpdateNameWithCharacter

PosrnsHemo, 1110 Bi10yBa€eThbCs y TaHHOMY (pparMeHTi KOJy:

HC n101a€ CUMBOJI Y PSAOOK.

: character)

SKII0 CUMBOJI HE € JIITEPOI0, TO KOJI BUKOHYE MONepeaHii Buxif i3 GyHKIII] 1

3m. Apk
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- SIkuio moB)KMHA IMEHI CTAHOBMUTH JECATH a00 OUIbIIE CHMBOJIIB, TO KOJ HE
JI03BOJISIE KOPUCTYBAYEBI JOJIATH 1€ OJTUH CUMBOJI.

~  SIxmio 1i 1B1 epeBipKHU MPOIIeHO, TO KOJI I0AA€ B KIHEIb IMEHI CHMBOJL.

[lefi IOHIT MOXXHa MPOTECTYBATH, TOMY IO BiH SBJISE COOOI «MOIYIb»

BUKOHYBaHO1 poOoTu. FOHIT—TecTn MpUMyCOBO BUKOHYIOTH JIOTIKY METO.Y.

3.6 Poborta 3 roHiT-TecTamu B cepemoBuiii Unity

o6 nucatu TectH, cnoyatky Biakpuemo Unity Test Runner. Test Runner nae
3MOT'Y BUKOHYBATH TECTH Ta MEPEBIPATH, YU MPOXOJATh BOHM ycmimHo. 106 BiikpuTH

Unity Test Runner, Bubepite Window > General » Test Runner.

Window Help

F Next Window Ctrl+Tab

i Previous Window Ctrl+Shift+Tab

- Layouts > d
Package Manager
General > Scene Ctrl+1
Rendering > Game Ctrl+2
Animation > Inspector Ctrl+3
Audio > Hierarchy Ctrl+4
Sequencing > Project Ctrl+5
Analysis > Console Ctrl+Shift+C
Asset Management > ot Bonovae
2D >
Al g Asset Store Ctrl+9
R < Services Ctrl+0

Experimental

Pucynok 3.2 — Mento Bubopy Test runner
[Ticns Toro, sik y HOBOMY BiKHI1 BigkpueThest Test Runner, MoxkHa Oyzae cipocTuT co01
KUTTSI, HATUCHYBIIM Ha BikHO Test Runner 1 mepeTsarayBim ioro Ha miciie nopyd i3

BIKHOM Scene:

Apk.
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Gt Aty GemeGkieet  Comperent  Windmw  Help
[ & S o JERZE ] [scente wuow |
E5cune ARSI Teat Runae

¥

D Anmation € Game
Atamle s al t030uinmn

Pucynok 3.3 — Iutepdeiic Bikna TestRunner

Hani migroryemo NUnNIit Ta manku TectiB. Test Runner — 1ie QyHKIis FOHIT—
TeCTyBaHHs, 1110 HajgaeThes Unity, ane BoHa BUkopuctoBye dpeitmBopk NUNiIt.

JIns 3amycKy TECTIB HaMm CIOYAaTKy MOTPIOHO CTBOPUTH MAamKy TECTIB, Y SIKIM
30epiraTUMyThCsl K1acH TECTIB.

VY BikHi Project BuOupaemo manky RW. JluBumocs Ha BikHO Test Runner 1
nepeKkoHyemos, o oopano PlayMode.

Hatuckaemo kHomnky 3 Ha3Boro Create PlayMode Test Assembly Folder. Mosxna
nobauute, mo B mamii RW 3'sButhcs HOBa mamnka. Hac Brnamitye cranpgapTHa Ha3Ba

Tests, ToMy MOHa IpocTo HaTucHyTU Enter.

Scene Test Runner s @ Project - e
l:EZ::: EditMode Create - 4N
» Favorites Assets RW
Run All | Run Selected Run all in player (StandaloneOSX
, B Models
Nothing - v | D | d -_Asse!s B Resources
Y B Scenes
B Models B Scripts
R — » Wl Resources o Tests
Create PlayMode Test Assenbly Folder M Scenes u Textures
Create Test Script in curieVt folder B Scripts
B Textures

» I Packages

Pucynok 3.4 — CTBOpEHHs ANk AJi TECTIB

ApkK.

KgPII13.200243.01.02.113

3m. Apk Ne dokym. Ilionuc Ylama o1




Bxnanka PlayMode BUKOpUCTOBYETBCS JJIs1 TECTIB, 110 BUKOHYIOTHCSA B PEKUMI
Play (komu rpa BUKOHYeTbCs B peanbHOMYy uyaci). Tectm Bkianku EditMode
BUKOHYIOTHCS 1032 pexuMoMm Play, mo 3pydHO Mg TeCTyBaHHS TaKUX peueH, sK
KopHucTyBallbki behaviors B Inspector.

SAx MU nmi3HANMHMCS BWINE, IOHIT-TECT — M€ (YHKIISA, [0 TECTyE MOBEHIHKY
HEBEJIMKOTO KOHKPETHOTO (hparmMenTa Koxy. OCKUIbKU IOHIT—TECT € METOJIOM, JIJISl HOTO
3alyCKy BIH Ma€ 3HaXOAUTHUCA y Gaiiii Kiacy.

Test Runner o6xoauTh yci (haiiyii KJ1aciB TECTIB 1 BUKOHY€E FOHIT—TECTH 3 HUX.
daiin kacy, Mo MICTUTh IOHIT-TECTH, HA3UBAETHCS KOMILJIEKTOM TECTiB (test suite).

Y KOMIUIEKT1 TECTIB MM JIOT1YHO MOJIUIIEMO Hallll TECTH. MU TOBUHHI PO3UIATH
KOJI TECTIB Ha OKpEMI JIOT1YH1 KOMIUICKTH (HAMPUKIIa/l, KOMIUIEKT TECTIB JJIsl (D13UKH Ta
OKpeMHI KOMIUIEKT 11 0010). Ham 3Ha1o0UThCs Jinilie OIMH KOMIUIEKT TECTIB, 1 3apa3
MepenaeMo 10 HOro CTBOPEHHS.

BubGepaemo manky Tests i y Bikai Test Runner naruckaemo Ha kHonky Create
Test Script in current folder. Hazsemo HoBwmit aiin TestSuite.

Scene Test Runner s @ Project a v

EditMode Create * IS

» Favorites Assets RW Tests
: R —— Ko
Nothing vo| ©O0] v i Assets Nsts
¥l RW
B Models

. — — » Il Resources
Create PlayMode Test Assembly Folder  Scenes

Run All Run all in player StandaloneOSX)

Create Test Script in current folder B Scripts
-
B Textures
» Bl Packages

Pucynok 3.5 — CTBOpEHHsI CKpUIITA TECTY

Kpim HOBOTO aitny C# pymiit Unity Takok CTBOPIOE 1€ OJUH (aiii i Ha3BOIO
Tests.asmdef. Ile daiin BusHaueHHs 30ipku (assembly definition file), saxuit

BUKOPHUCTOBYETHCS JJIsI TOTO, 11100 mokazaTu Unity, 1€ 3HAXOASIThCS 3aJIEKHOCT1 aitmy

Apk.
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tecty. lle moTpiOHO, TOMY IO KOJ TOTOBOTO 3aCTOCYHKY MICTUTBCS OKpPEMO BiJl

TECTOBOI'O KOY.

{06 xox TecTiB MaB JAOCTYII 10 KJaciB Ipy, MU CTBOPUMO 301pKy KOAY KJIACiB i

3amamo nocuiaHHs B 30ipui Tests. HatucHiTh Ha manky Scripts, mo0 BuOpaTu ii.

HatwucHiTh mpaBoro KIIaBilIero Ha I1t0 manky i BuOepite Create » Assembly Definition.

Create > Folder

Show in Explorer C# Script

Sy Shader

DEiete Testing

BEae Playables

Copy Path Alt+Ctrl+C Assembly Definition
Open Scene Additive Ceane

Import New Asset... Prefab

Pucynok 3.6 — CtBopennst Assemby Definition 1

Hassemo ¢aiin GameAssembly

| @8 Project 1 »=
Create ~| (@ 1‘4‘ | X
5 Favorites Assets > RW » Scripts
. Asteroid
¥ Assets - Game
LY
B Models . Laser
» Wl Resources . Ship
| Bl Scenes . Spawner
— Tseips
Bl Tests
B Textures
» @l Packages

Pucynok 3.7 — CtBopenns Assemby Definition 2
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Inspector HaTUCKaeEMO Ha KHOIIKY

Hatuckaemo Ha manky Tests, a moTiM Ha Qaiin Bu3HaueHHs 30ipku Tests. B

References.

| © Inspector | I Occlusion

Tests Import Settings

MName

General

ioc 1 3arojoBkoM Assembly Definition

=
[Pl

Cpen

Tests

Allow 'unsafe’ Code
Auto Referenced

Override References

Define Constraints

List is Empty

Assembly Definition References

List is Empty

Unity References

Test Assemblies

I

iy Predefined Assemblies (Assembly-CShanp.dil exc) will not reference this assembly.
-2/ This assembly will anly be used for tests and will not be included in player builds,

Platforms

Any Platform

Exclude Platforms
Android

Editor

105

Linux 32-bit

Linux &4-bit

Linux Univarsal
Lumin

macs

PS4

Switch

tvDS

Universal Windaws Platfarm
WebGL

Windows 32-bit
Windows 64-bit
HboxOne

| Select all || Deselect all |

Revert | Apply

Pucynok 3.8 — JlonaBanns reference no Assemby Definition 1
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Mu no6aunmo nojsie Missing Reference. Hatrcaemo Ha kpanky mopyd i3 1ium

noJsiem, 100 BiAKpUTH BiKHO BUOOpY. [ToTpioHO BuOpaTH daiin GameAssembly.

Select AssemblyDefinitionfsset n

.

o |

Assets |
MNone

GamehAssembly -

4| Tests

Unity PackageManagerUl.Editar
Unity PackageManagerUI .EditorTests

Mone

Pucynok 3.9 — JlomaBanus reference qo Assemby Definition 2

Jami mu nobaunmo ¢aitn 30ipku  GameAssembly y po3guni mocusaHs.

Hartucuemo Ha kHOonky Apply, 1106 36epertu 11 3MiHH.

macids

PS4

Switch

tviDs

Universal Windows Flatform
WebGL

Windows 3Z-bit

Windows 64-bit

HboxOne

Ooo0ooobOooo

| Select all || Deselect all |

Pucynok 3.10 — JlonaBanus reference mo Assemby Definition 3

Apk.
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3.7 Hanmucanus 1OHIT-TECTy

CrBopumo ckpunt UnitMovementTests, ta BigkpuTu HOro B peakTopi KOIY.

3aMIHIMO BeCh KOJI Ha TaKUM:

using NUnit.Framework;
using UnityEngine;

public class UnitMovementTests

{
private GameObject unitGameObject;
private Unit unit;

[SetUp]
public void Setup ()

{

// CrBopoeMo 1rpoBuit 06'eKT ©OHIiITAa Ta OTPUMYEMO MOTO
koMInmoHeHT Unit

unitGameObject = new GameObject ("TestUnit");

unit = unitGameObject.AddComponent<Unit> () ;

// IHiuianizsyemo 1iHmI HeoOXigH1 KOMIOHEHTM (HANPMUKJIIAIL,
GridPosition)

//

[TearDown]

public void Teardown ()

{
// Bunmajgsemo irpoBuit o6'eKT micisg KOXHOTO TEeCTy
Object.Destroy (unitGameObject) ;

[Test]

public void TestMoveUnitToValidPosition ()

{
// BuMBHauYaeMO IIOYATKOBY Ta LiJbOBY MMO3ML1I Ha noJi
GridPosition startPosition = new GridPosition (0, O0);
GridPosition targetPosition = new GridPosition (2, 1);

// BCTAHOBJINEMO IOYUATKOBY IIO3MIIIIKD HHI1TAa
unit.SetGridPosition(startPosition);

// BUKIMKAEMO METON PyxXy H1Ta
bool result = unit.Move (targetPosition);

// TlepeBipsgeMoO, UM pyx OYB YCHIINHMM
Assert.IsTrue (result, "Pyx Do DOOyCTMMOI IO3MI1I NOBUHEH
OyTu ycnimuamMm.") ;

Apk.
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// TlepeBipsgeMo, UM OHIT 3HAXOOUTHLCH B L1JLOBiM no3miii
Assert.AreEqual (targetPosition, unit.GetGridPosition(),
"IOHiT nmoBMHeH OyTKM B LijgboBiM nos3muii.");

}

[Test]
public void TestMoveUnitToOccupiedPosition ()

{
// ... (a”HajoriuHo 1O IMONepPeIHbLOT'0 TecTy, aje LiJboBa
Ios3muiliga Bxe =BamH4aTa)

// TlepeBipsgemo, umM pyx OyB HeyCHimHMM
Assert.IsFalse(result, "Pyx mo 3aMHATOl no3ULii HDOBMHEH
OyTuy HeycnimHmMm.") ;

// TlepeBipsgeMo, UM OHIT 3aJMUMBCA Ha [IOYATKOBI1NM mos3wmiii
Assert.AreEqual (startPosition, unit.GetGridPosition(),
"IOH1iT DOBMHEH SaJMIMTMCS Ha IOoYaTKOB1iM nos3muii.");

}

// TIumi TecTu IS IMEepPeBipKM pPyxXy 3a Mexi r1osidg, pyxy 3
rnepemxKogaMmm TOIo

//

Po3riissHeMo JieTanbHile KOKHY YaCTUHY KOAY:

— SetUp: CrBoproe irpoBuii 00'€KT IOHITa Ta 1HIIIIATI3YE HOTO Mepes; KOKHUM
TECTOM.

— TearDown: Bunanse irpoBuii 00'€KT miciisi KOKHOTO TECTY, 100 YHUKHYTH
BIUIMBY Ha 1HIIl TECTH.

— TestMoveUnitToValidPosition: TlepeBipsie, 4YM IOHIT MOXKE YCIHIIIHO
MEePEMICTUTHCS Ha BUIBHY ITO3UIIIIO HA TIOJII.

— TestMoveUnitToOccupiedPosition:  TlepeBipse, uYu IOHIT HE MOXKe
NEPEMICTUTHUCS Ha TO3UII0, SIKa BXKE 3aHATA IHIIUM IOHITOM.

Mu Hanucany mepumii I0OHIT-TeCT, Terep CIij Ai3HATUCS, YH BiH mpamroe. [le
MOXHa 3poOUTH 3po3yMmino, 3a momomororo Test Runner. V Bikai Test Runner
PO3KpUBAEMO BCl PsAKU 31 cTpiuikamu. Mu no6aurmo Tect UnitMovementTests y

CITUCKY 3 CIPUMHU KPY>KKaMHU.

Apk.
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SESEERENII Test Runner [
HENMUGGEEN EditMode

| Run All | Run Selected | Rerun Failed | | Run all in player (StandaloneWindows&4)
(@ " Mathing = Vol @o| O]
¥ O UnityUnitTestingTutorial

¥ (O Tests.dll

¥ (O TestSuite
pAsteroidsMoveDownl

Pucynok 3.11 — 3anyck tecty 1

Cipuii Kpy>KOK O3Ha4ae, IO TECT MOKHU 10 HE BUKOHYBaBcs. SIKIo TecT OyB
3amynieHud 1 OpONACHWH, TO MOpydY IOKAa3yeThCs 3elieHa CTpuika. SKmo Tect
3aBEPILUBCS 3 TOMUIIKOIO, TO IMOPYY 13 HUM Oy/J1e Bi10OpakeHO YepBOHMM X. 3amyCcTUMO

TECT, HATUCHYBINX Ha KHOMKY RunAll.

SESEERENI] Test Runner [
HEMULLEN EditMode
| Run A elected | Rerun Failed | | Run all in player (StandaloneWindows&4)
@ " Nathing = vo| @o] 01}
¥ O UnityUnitTestingTutorial
¥ (O Tests.dll
¥ O TestSuite
) AsteroidsMoveDown

Pucynok 3.12 — 3amyck tecty 2

[Ipu 1poMy CTBOpUTBCS THUM4YacoBa cieHa 1 Oyne 3amymieHo Tect. Ilicns

3aBEepIICHHS B MAa€Te OOAYNTH, 1110 TECT IPOHACHO.

e SEBEN Test Runner |
EENNEEEN EditMode

| Run All | Run Selected | Rerun Failad | | Run all in player {StandaloneWindows&4)
(e " Fathing = J1| @0o| 0o
UnityUnitTestingTutorial
¥ o Tests.dll

¥  TestSuite

Pucynox 3.12 — 3amyck tecty 3

Apk.
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BUCHOBKMU

VY pamkax kBamdikamiitHoi poOOTH OyJI0 JOCATHYTO IOCTaBICHOI METH —
PO3pO0JIEHO TOKPOKOBY I'Py-CTpPATErilo 3 BUKOPUCTAHHSAM aJiropuTMy MiHIMaKe AJis
MPUIHATTS PIIEHh KOMIT'TOTEPHUM OTIOHEHTOM.

B xonai mocmipkeHHs MpeAMETHOT o0sacTi Oyno MpOBEACHO aHalli3 1CHYIOYHX
MOKPOKOBHUX 1rOp-CTpaTeriii, BHUSBJICHO iX OCHOBHI OCOOJMBOCTI Ta BHMOTH JIO
nporpaMHoro 3abdesneueHHs. byno nocnimpkeno anroputm MiHiMakc, Horo nepeBaru Ta
HEJIOJIIKH, a TaKOX CIOCOOM HOro onmTHMI3allii Ta ajarnTailii 10 KOHKPETHUX IrpOBHUX
CUTYaIlIH.

Ha erani npoekTyBaHHs 0yJi0 po3po0JEHO AETaIbHY apXITEKTYyPy MPOrpaMHOTO
3a0e3MeyeHHs,, BU3HAUYEHO OCHOBHI KOMIIOHEHTH Ta iX B3aemonil0. byno o6pano
irpoBuid pymiii Unity Ta MoOBYy mnporpamyBaHHa C# sk HaWOUIbII MiAXOZSII
IHCTPYMEHTH ISl peajizallii MpOeEKTY.

B pesynbrati nporpamHuoi peaiizaiiii 0yJio CTBOPEHO TOKPOKOBY I'pPy—CTpATETIIO,
B SKI KOMIT'FOTEpPHUN OMOHEHT BHUKOPUCTOBYE aNropuT™M MIiHIMaKC ISl PUNAHATTA
pimens. ['pa Mae 3pyunuii iHTepdeic KOpHCTyBaua, I03BOJISIE TPaBIIEBI BUOMpATU
PIBEHB CKJIAJIHOCTI Ta HAJIAIITOBYBATH 1HIII TapaMeTpH TPH.

[IpoBenene TecTyBaHHS MIATBEPAWIIO TpalE3laTHICTh Ta €(GEeKTUBHICTh
PO3p00JICHOTO MPOTrpaMHOTo 3a0e3nedeHHs. AnroputM MiHIMaKc 3a0e3neuye BUCOKUI
piBEHB IHTEIEKTY KOMITFOTEPHOTO OMTOHEHTA, 1[0 pOOUTH TPy IIKaBOIO Ta CKJIATHOO IS
TpaBIIs.

B 1uinomy, IUmioMHuN MPOEKT YCIIINTHO BUKOHAHO. Po3po0biena mokpokoBa rpa—
CTpaTterisg 3 BUKOPUCTAHHSAM alroputMy MiHIMakc Moxe OyTHM BUKOpPHUCTaHa K JUIS
pO3Baru, Tax 1 JJisi HABYaHHSI OCHOBAM CTPATET1YHOTO MUCJICHHSI.

[Tomanpiuii pO3BUTOK MPOEKTY MOKE BKIIFOUATH B cede:

— JloaBaHHS HOBHUX THIIIB IOHITIB Ta OY/TIBEb.

— PoszmmpeHHst MOXKIMBOCTEN MITYYHOTO 1HTEJIEKTY

— Bpaockonanenns iHTepdelicy KopucryBaua.
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—  OnTumizamio NpoayKTUBHOCTI TPH.
— lloptyBanHns rpu Ha iHIII 1aTGopmu (MOOUTBEHI IPUCTPOI, BEO).
Pesynpratn  kBamidikaiiiHoi poOOTH MOXKYTh OyTH BUKOPUCTAHI IS

MOTAJTBIITUX TOCTIPKEHb B 00J1aCTi pO3POOKH Irop Ta IMTYYHOTO 1HTEIEKTY.

Apk.

KgPII13.200243.01.02.113

60

3m. Apk Ne dokym. Ilionuc Ylama




IHEPEJIIK JIZKEPEJI IIOCUJIAHHA

1. Game Programming Patterns. URL.: https://gameprogrammingpatterns.com/
(maTa 3Bepuenns: 20.04.2024).

2. Game Engines. URL.: https://www.gamedeveloper.com/business/the-top-10-
game-engines-for-2023 (mara 3sepuenns: 20.04.2024).

3. Game Al Pro 3: Collected Wisdom of Game Al Professionals. URL:
https://www.amazon.com/Game-Al-Pro-Collected-Professionals/dp/148225472X
(mata 3BepHeHHs: 21.04.2024).

4. Artificial Intelligence and Games. URL.:
https://www.sciencedirect.com/journal/artificial-intelligence-and-games (nara
3BepHeHHs: 21.04.2024).

5. Game Development Stack Exchange. URL.:

https://gamedev.stackexchange.com/ (narta 3BepHenHs: 22.04.2024)

6. Unity Asset Store. URL: https://assetstore.unity.com/ (mata 3BepHEHHS:
22.04.2024).

7. C# Corner. URL: https://www.c-sharpcorner.com/ (nata 3BepHCHHS:
23.04.2024).

8. Microsoft Learn C#. URL.: https://learn.microsoft.com/en-us/dotnet/csharp/
(nata 3BepHenns: 23.04.2024).

9. The 10 Most Popular Programming Languages to Learn in 2023. URL.:
https://www.gamedesigning.org/career/programming-languages/ (mata 3BepHCHHS:
24.04.2024).

10. C# in Depth. URL.: https://www.manning.com/books/c-sharp-in-depth-
fourth-edition (nara 3BepHenns: 24.04.2024).

11. Mastering Unity 2022 Game Development with C#. URL:
https://www.packtpub.com/product/mastering-unity-2022-game-development-with-
c/9781803231698 (nara 3BepHeHHs: 25.04.2024).

Apk.

KgPII13.200243.01.02.113

3m. Apk Ne dokym. Ilionuc Ylama 61



https://gameprogrammingpatterns.com/
https://www.gamedeveloper.com/business/the-top-10-game-engines-for-2023
https://www.gamedeveloper.com/business/the-top-10-game-engines-for-2023
https://www.amazon.com/Game-AI-Pro-Collected-Professionals/dp/148225472X
https://www.sciencedirect.com/journal/artificial-intelligence-and-games
https://gamedev.stackexchange.com/
https://assetstore.unity.com/
https://www.c-sharpcorner.com/
https://learn.microsoft.com/en-us/dotnet/csharp/
https://www.gamedesigning.org/career/programming-languages/
https://www.manning.com/books/c-sharp-in-depth-fourth-edition
https://www.manning.com/books/c-sharp-in-depth-fourth-edition
https://www.packtpub.com/product/mastering-unity-2022-game-development-with-c/9781803231698
https://www.packtpub.com/product/mastering-unity-2022-game-development-with-c/9781803231698

12. Unity Game Development Cookbook. URL.:
https://www.packtpub.com/product/unity-game-development-cookbook-third-
edition/9781838829073 (nara 3BepHeHHs: 25.04.2024).

13. The Art of Game Design: A Book of Lenses. URL:
https://www.amazon.com/Art-Game-Design-Book-Lenses/dp/0123694965 (mata
3BepHEHHS: 26.04.2024).

14. A Theory of Fun for Game Design. URL.:
https://www.amazon.com/Theory-Fun-Game-Design/dp/0596009654 (mara
3BepHeHHs: 26.04.2024).

15. Level Up!: The Guide to Great Video Game Design. URL:
https://www.amazon.com/Level-Up-Guide-Great-Video/dp/047068867X (mara
3BepHeHHs: 27.04.2024).

16. Rules of Play: Game Design Fundamentals. URL:
https://www.amazon.com/Rules-Play-Game-Design-Fundamentals/dp/0262122817
(marta 3BepHeHHs: 27.04.2024).

17. The Gamification of Learning and Instruction: Game-based Methods and
Strategies for Training and Education. URL.: https://www.amazon.com/Gamification-
Learning-Instruction-Game-based-Strategies/dp/1118334845 (mata  3BEpHEHHS:
28.04.2024).

18. Flow: The  Psychology of Optimal Experience.  URL:
https://www.amazon.com/Flow-Psychology-Experience-Perennial-
Classics/dp/0061339202 (nata 3BepHenHs: 28.04.2024).

19. Reality is Broken: Why Games Make Us Better and How They Can
Change the World. URL: https://www.amazon.com/Reality-Broken-Games-Better-
Change/dp/0143120611 (mara 3Bepuenus: 29.04.2024).

20. The Design of Everyday Things. URL: https://www.amazon.com/Design-
Everyday-Things-Revised-Expanded/dp/0465050654 (narta 3BepHeHHS: 29.04.2024).

Apk.

KgPII13.200243.01.02.113

62

3m. Apk Ne dokym. Ilionuc Ylama



https://www.packtpub.com/product/unity-game-development-cookbook-third-edition/9781838829073
https://www.packtpub.com/product/unity-game-development-cookbook-third-edition/9781838829073
https://www.amazon.com/Art-Game-Design-Book-Lenses/dp/0123694965
https://www.amazon.com/Theory-Fun-Game-Design/dp/0596009654
https://www.amazon.com/Level-Up-Guide-Great-Video/dp/047068867X
https://www.amazon.com/Rules-Play-Game-Design-Fundamentals/dp/0262122817
https://www.amazon.com/Gamification-Learning-Instruction-Game-based-Strategies/dp/1118334845
https://www.amazon.com/Gamification-Learning-Instruction-Game-based-Strategies/dp/1118334845
https://www.amazon.com/Flow-Psychology-Experience-Perennial-Classics/dp/0061339202
https://www.amazon.com/Flow-Psychology-Experience-Perennial-Classics/dp/0061339202
https://www.amazon.com/Reality-Broken-Games-Better-Change/dp/0143120611
https://www.amazon.com/Reality-Broken-Games-Better-Change/dp/0143120611
https://www.amazon.com/Design-Everyday-Things-Revised-Expanded/dp/0465050654
https://www.amazon.com/Design-Everyday-Things-Revised-Expanded/dp/0465050654

21. Don't Make Me Think, Revisited: A Common Sense Approach to Web
Usability. URL.: https://www.amazon.com/Dont-Make-Me-Think-
Revisited/dp/0321965515 (nara 3BepHenHHs: 30.04.2024).

22. The Humane Interface: New Directions for Designing Interactive Systems.
URL: https://www.amazon.com/Humane-Interface-Directions-Designing-
Interactive/dp/0201379376 (mara 3BepuenHs: 30.04.2024).

23. Designing Games: A Guide to Engineering Experiences. URL:
https://www.amazon.com/Designing-Games-Guide-Engineering-
Experiences/dp/1449337937 (nata 3Bepuenns: 01.05.2024).

24. Game Engine Architecture. URL: https://www.amazon.com/Game-
Engine-Architecture-Second-Edition/dp/1482211802 (nata 3Bepuenns: 01.05.2024).

25. Odimiitauii caiit irpooro pymis Unity. URL: https://unity.com/ (mata
3BepHeHHs: 02.05.2024).

26. C# Documentation. URL.: https://learn.microsoft.com/dotnet/csharp/ (nata
3BepHenHs: 02.05.2024).

27. Unity Learn. URL.: https://learn.unity.com/ (nara 3sepuenns: 03.05.2024).

28. Unity Forum. URL: https://fforum.unity.com/ (mata 3BepHCHHS:

03.05.2024).

29. Unity Answers. URL: https://answers.unity.com/ (mata 3BepHEHHS:
04.05.2024).

30. Game Development Stack Exchange. URL.:

https://gamedev.stackexchange.com/ (nara 3Bepuenns: 04.05.2024)

Apk.

KgPII13.200243.01.02.113

3m. Apk Ne dokym. Ilionuc Ylama 63



https://www.amazon.com/Dont-Make-Me-Think-Revisited/dp/0321965515
https://www.amazon.com/Dont-Make-Me-Think-Revisited/dp/0321965515
https://www.amazon.com/Humane-Interface-Directions-Designing-Interactive/dp/0201379376
https://www.amazon.com/Humane-Interface-Directions-Designing-Interactive/dp/0201379376
https://www.amazon.com/Designing-Games-Guide-Engineering-Experiences/dp/1449337937
https://www.amazon.com/Designing-Games-Guide-Engineering-Experiences/dp/1449337937
https://www.amazon.com/Game-Engine-Architecture-Second-Edition/dp/1482211802
https://www.amazon.com/Game-Engine-Architecture-Second-Edition/dp/1482211802
https://unity.com/
https://learn.microsoft.com/dotnet/csharp/
https://learn.unity.com/
https://forum.unity.com/
https://answers.unity.com/
https://gamedev.stackexchange.com/

TIOJIATOK A

(000B’s3KOBHIN)

IMPOI'PAMHUM KOJT

using System;

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

public class BarrellInteract : MonoBehaviour, IInteractable

{

[SerializeField] private Transform barrelDestroyedPrefab;

[SerializeField] private GameObject visualGameObject;

private GridPosition gridPosition;
private Action onInteractionComplete;
private bool isActive;

private float timer;

private void Start()

{
gridPosition = LevelGrid.Instance.GetGridPosition(transform.position);
LevelGrid.Instance.SetInteractableAtGridPosition (gridPosition, this);

Pathfinding.Instance.SetIsWalkableGridPosition (gridPosition, false);

private void Update ()
{

if (!isActive)
{
return;
}
timer —-= Time.deltaTime;

if (timer <= 0f)
{

isActive = false;

LevelGrid.Instance.ClearInteractableAtGridPosition(gridPosition);
Pathfinding.Instance.SetIsWalkableGridPosition (gridPosition, true);
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Destroy (gameObject) ;
onInteractionComplete () ;

public void Interact (Action onInteractionComplete)

{

this.onInteractionComplete = onInteractionComplete;
isActive = true;

timer = .5f;
visualGameObject.SetActive (false);

Transform barrelDestroyedTransform = Instantiate (barrelDestroyedPrefab,
transform.position, transform.rotation);

ApplyExplosionToChildren (barrelDestroyedTransform, 250f,
transform.position, 10f);

}

private void ApplyExplosionToChildren (Transform root, float explosionForce,
Vector3 explosionPosition, float explosionRange)

{

foreach (Transform child in root)

{
if (child.TryGetComponent<Rigidbody> (out Rigidbody childRigidbody))

{
childRigidbody.AddExplosionForce (explosionForce,

explosionPosition, explosionRange) ;

}

ApplyExplosionToChildren(child, explosionForce, explosionPosition,

explosionRange) ;

}

using System.Collections;

using System.Collections.Generic;

using UnityEngine;

public class BulletProjectile : MonoBehaviour

{

[SerializeField] private TrailRenderer trailRenderer;
[SerializeField] private Transform bulletHitVfxPrefab;

private Vector3 targetPosition;
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public void Setup (Vector3 targetPosition)
{

this.targetPosition = targetPosition;

private void Update ()
{

Vector3 moveDir = (targetPosition - transform.position) .normalized;

float distanceBeforeMoving = Vector3.Distance(transform.position,

targetPosition) ;

float moveSpeed = 200f;
transform.position += moveDir * moveSpeed * Time.deltaTime;

float distanceAfterMoving = Vector3.Distance (transform.position,

targetPosition);
if (distanceBeforeMoving < distanceAfterMoving)
{
transform.position = targetPosition;
trailRenderer.transform.parent = null;

Destroy (gameObject) ;

Instantiate (bulletHitVfxPrefab, targetPosition, Quaternion.identity);

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

using Cinemachine;

public class CameraController : MonoBehaviour

{

private const float MIN FOLLOW_ Y OFFSET = 2f;
private const float MAX FOLLOW_ Y OFFSET = 12f;

[SerializeField] private CinemachineVirtualCamera cinemachineVirtualCamera;

private CinemachineTransposer cinemachineTransposer;

private Vector3 targetFollowOffset;

private void Start()

{
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cinemachineTransposer =
cinemachineVirtualCamera.GetCinemachineComponent<CinemachineTransposer>();

targetFollowOffset = cinemachineTransposer.m FollowOffset;

private void Update ()
{
HandleMovement () ;
HandleRotation () ;
HandleZoom() ;

private void HandleMovement ()

{

Vector2 inputMoveDir = InputManager.Instance.GetCameraMoveVector () ;

float moveSpeed = 10f;

Vector3 moveVector = transform.forward * inputMoveDir.y + transform.right
* inputMoveDir.x;

transform.position += moveVector * moveSpeed * Time.deltaTime;

private void HandleRotation ()
{
Vector3 rotationVector = new Vector3(0, 0, 0);

rotationVector.y = InputManager.Instance.GetCameraRotateAmount () ;

float rotationSpeed = 100f;

transform.eulerAngles += rotationVector * rotationSpeed * Time.deltaTime;

private void HandleZoom ()
{
float zoomIncreaseAmount = 1f;

targetFollowOffset.y += InputManager.Instance.GetCameraZoomAmount () *
zoomIncreaseAmount;

targetFollowOffset.y Mathf.Clamp (targetFollowOffset.vy,
MIN FOLLOW Y OFFSET, MAX FOLLOW Y OFFSET);

float zoomSpeed = 5f;
cinemachineTransposer.m FollowOffset =

Vector3.Lerp (cinemachineTransposer.m FollowOffset,
targetFollowOffset, Time.deltaTime * zoomSpeed) ;
}



using System;

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class CameraManager : MonoBehaviour

{
[SerializeField] private GameObject actionCameraGameObject;

private void Start()

{
BaseAction.OnAnyActionStarted += BaseAction OnAnyActionStarted;
BaseAction.OnAnyActionCompleted += BaseAction OnAnyActionCompleted;

HideActionCamera () ;

private void ShowActionCamera ()
{

actionCameraGameObject.SetActive (true);

private void HideActionCamera ()
{

actionCameraGameObject.SetActive (false);

private void BaseAction OnAnyActionStarted(object sender, EventArgs e)
{
switch (sender)
{
case ShootAction shootAction:
Unit shooterUnit = shootAction.GetUnit ();
Unit targetUnit = shootAction.GetTargetUnit () ;

Vector3 cameraCharacterHeight = Vector3.up * 1.7f;

Vector3 shootDir = (targetUnit.GetWorldPosition() -
shooterUnit.GetWorldPosition()) .normalized;

float shoulderOffsetAmount = 0.5f;
Vector3 shoulderOffset = Quaternion.Euler (0, 90, 0) * shootDir *
shoulderOffsetAmount;

Vector3 actionCameraPosition =
shooterUnit.GetWorldPosition () +
cameraCharacterHeight +
shoulderOffset +
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(shootDir * -1);

actionCameraGameObject.transform.position = actionCameraPosition;
actionCameraGameObject.transform.LookAt (targetUnit.GetWorldPositi
on() + cameraCharacterHeight);

ShowActionCamera () ;
break;

private void BaseAction OnAnyActionCompleted(object sender, EventArgs e)
{

switch (sender)
{
case ShootAction shootAction:
HideActionCamera () ;
break;

using System;

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class DestructibleCrate : MonoBehaviour

{
public static event EventHandler OnAnyDestroyed;

[SerializeField] private Transform crateDestroyedPrefab;

private GridPosition gridPosition;

private void Start()
{

gridPosition = LevelGrid.Instance.GetGridPosition (transform.position);

public GridPosition GetGridPosition ()
{

return gridPosition;

public void Damage ()

{
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Transform crateDestroyedTransform = Instantiate (crateDestroyedPrefab,

transform.position, transform.rotation);

ApplyExplosionToChildren (crateDestroyedTransform, 150f,

transform.position, 10f);
Destroy (gameObject) ;

OnAnyDestroyed?.Invoke (this, EventArgs.Empty);

private void ApplyExplosionToChildren (Transform root, float explosionForce,
Vector3 explosionPosition, float explosionRange)
{
foreach (Transform child in root)
{
if (child.TryGetComponent<Rigidbody> (out Rigidbody childRigidbody))
{
childRigidbody.AddExplosionForce (explosionForce,
explosionPosition, explosionRange) ;

}

ApplyExplosionToChildren(child, explosionForce, explosionPosition,

explosionRange) ;

}

}using System;
using System.Collections;
using System.Collections.Generic;

using UnityEngine;

public class Door : MonoBehaviour, IInteractable

{

public static event EventHandler OnAnyDoorOpened;
public event EventHandler OnDoorOpened;

[SerializeField] private bool isOpen;

private GridPosition gridPosition;
private Animator animator;

private Action onInteractionComplete;
private bool isActive;

private float timer;

private void Awake ()



animator = GetComponent<Animator>();

private void Start()

{

gridPosition = LevelGrid.Instance.GetGridPosition (transform.position);
LevelGrid.Instance.SetInteractableAtGridPosition (gridPosition, this);

if (isOpen)
{
OpenDoor () ;
} else
{

CloseDoor () ;

private void Update ()
{

if (!isActive)
{
return;
}
timer -= Time.deltaTime;

if (timer <= 0f)
{
isActive = false;

onInteractionComplete () ;

public void Interact (Action onInteractionComplete)

{

this.onInteractionComplete = onInteractionComplete;
isActive = true;

timer = .5f;

if (isOpen)
{

CloseDoor () ;

}

else

{
OpenDoor () ;
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private void OpenbDoor ()
{
isOpen = true;
animator.SetBool ("IsOpen", 1isOpen);

Pathfinding.Instance.SetIsWalkableGridPosition (gridPosition, true);

OnDoorOpened?.Invoke (this, EventArgs.Empty);
OnAnyDoorOpened?.Invoke (this, EventArgs.Empty);

private void CloseDoor ()

{
isOpen = false;
animator.SetBool ("IsOpen", isOpen);
Pathfinding.Instance.SetIsWalkableGridPosition (gridPosition, false);

using System;

using System.Collections;

using System.Collections.Generic;

using UnityEngine;

public class EnemyAI : MonoBehaviour

{

private enum State

{
WaitingForEnemyTurn,
TakingTurn,

Busy,

private State state;
private float timer;

private void Awake ()
{

state = State.WaitingForEnemyTurn;

private void Start()
{

TurnSystem.Instance.OnTurnChanged += TurnSystem OnTurnChanged;
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private void Update ()

turn

{

if (TurnSystem.Instance.IsPlayerTurn())
{
return;
}
switch (state)

{

case State.WaitingForEnemyTurn:

break;

case State.TakingTurn:

timer —-= Time.deltaTime;

if
{

}

(timer <= 0f)

if (TryTakeEnemyAIAction (SetStateTakingTurn))

{
state = State.Busy;
} else

{

// No more enemies have actions they can take,

TurnSystem.Instance.NextTurn () ;

break;

case State.Busy:

break;

private void SetStateTakingTurn ()

{

timer = 0.5f;

state

State.TakingTurn;

private void TurnSystem OnTurnChanged (object sender, EventArgs e)

{

if
{

(!TurnSystem.Instance.IsPlayerTurn())

state

timer

State.TakingTurn;
2f;

private bool TryTakeEnemyAIAction (Action onEnemyAIActionComplete)

{
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foreach (Unit enemyUnit in UnitManager.Instance.GetEnemyUnitList ())
{

if (TryTakeEnemyAIAction (enemyUnit, onEnemyAIActionComplete))

{

return true;

return false;

private bool TryTakeEnemyAIAction (Unit enemyUnit, Action
onEnemyAIActionComplete)
{
EnemyATIAction bestEnemyAIAction = null;
BaseAction bestBaseAction = null;

foreach (BaseAction baseAction in enemyUnit.GetBaseActionArray())
{
if (!enemyUnit.CanSpendActionPointsToTakeAction (baseAction))
{
// Enemy cannot afford this action

continue;

if (bestEnemyAIAction == null)

{
bestEnemyAIAction = baseAction.GetBestEnemyAIAction ()
bestBaseAction = baseAction;

}

else

{
EnemyAIAction testEnemyAIAction =

baseAction.GetBestEnemyAIAction () ;

if (testEnemyAIAction != null && testEnemyAIAction.actionValue >

bestEnemyAIAction.actionvValue)
{
bestEnemyAIAction = testEnemyAIAction;
bestBaseAction = baseAction;

if (bestEnemyAIAction != null &&
enemyUnit.TrySpendActionPointsToTakeAction (bestBaseAction))
{
bestBaseAction.TakeAction (bestEnemyAIAction.gridPosition,
onEnemyATActionComplete) ;
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return true;
}
else

{

return false;

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

using UnityEngine;

public class EnemyAIAction
{

public GridPosition gridPosition;

public int actionValue;

}using System;
using System.Collections;
using System.Collections.Generic;

using UnityEngine;

public class GrenadeProjectile : MonoBehaviour

{
public static event EventHandler OnAnyGrenadeExploded;

[SerializeField] private Transform grenadeExplodeVfxPrefab;
[SerializeField] private TrailRenderer trailRenderer;

[SerializeField] private AnimationCurve arcYAnimationCurve;

private Vector3 targetPosition;
private Action onGrenadeBehaviourComplete;
private float totalDistance;

private Vector3 positionXZ;

private void Update ()
{

Vector3 moveDir = (targetPosition - positionXZ) .normalized;

float moveSpeed = 15f;
positionXZ += moveDir * moveSpeed * Time.deltaTime;

float distance = Vector3.Distance(positionXZ, targetPosition);
float distanceNormalized = 1 - distance / totalDistance;
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totalDistance / 4f;
arcYAnimationCurve.Evaluate (distanceNormalized) *

float maxHeight

float positionY
maxHeight;
transform.position = new Vector3(positionXZ.x, position¥Y, positionXZ.z);

float reachedTargetDistance = .2f;
if (Vector3.Distance (positionXZ, targetPosition) < reachedTargetDistance)

{
float damageRadius = 4f;
Collider[] colliderArray = Physics.OverlapSphere (targetPosition,

damageRadius) ;

foreach (Collider collider in colliderArray)

{
if (collider.TryGetComponent<Unit> (out Unit targetUnit))

{
targetUnit.Damage (30) ;

}
if (collider.TryGetComponent<DestructibleCrate> (out

DestructibleCrate destructibleCrate))
{

destructibleCrate.Damage () ;

OnAnyGrenadeExploded?.Invoke (this, EventArgs.Empty);

trailRenderer.transform.parent = null;

Instantiate (grenadeExplodeVfxPrefab, targetPosition + Vector3.up *

1f, Quaternion.identity);

Destroy (gameObject) ;

onGrenadeBehaviourComplete () ;

public void Setup(GridPosition targetGridPosition, Action
onGrenadeBehaviourComplete)

{

this.onGrenadeBehaviourComplete = onGrenadeBehaviourComplete;
targetPosition = LevelGrid.Instance.GetWorldPosition (targetGridPosition);
positionXZ = transform.position;

positionXZ.y = 0;
totalDistance = Vector3.Distance (positionXZ, targetPosition);



}using System;

using System.Collections;

using System.Collections.Generic;

using UnityEngine;

public class HealthSystem : MonoBehaviour

{

public event EventHandler OnDead;

public event EventHandler OnDamaged;

[SerializeField] private int health = 100;

private int healthMax;

private void Awake ()

{

healthMax = health;

public void Damage (int damageAmount)

{

health —-= damageAmount;

if (health < 0)

{
health = 0;

OnDamaged?.Invoke (this, EventArgs.Empty);

if (health == 0)

{
Die();

private void Die ()

{

OnDead?.Invoke (this, EventArgs.Empty);

public float GetHealthNormalized()

{

return (float)health / healthMax;
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using System;
using System.Collections;
using System.Collections.Generic;

using UnityEngine;

public interface IInteractable

{

voilid Interact (Action onInteractionComplete);

#define USE NEW INPUT SYSTEM
using System.Collections;

using System.Collections.Generic;
using UnityEngine;

using UnityEngine.InputSystem;

public class InputManager : MonoBehaviour

{
public static InputManager Instance { get; private set;
private PlayerInputActions playerInputActions;
private void Awake ()

{

if (Instance != null)

{

Debug.LogError ("There's more than one InputManager!

- " + Instance);
Destroy (gameObject) ;
return;
}

Instance = this;

playerInputActions = new PlayerInputActions();

playerInputActions.Player.Enable();

public Vector2 GetMouseScreenPosition()
{
#if USE NEW INPUT SYSTEM
return Mouse.current.position.ReadValue () ;

#else

}

"w

+ transform +
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return Input.mousePosition;
#endif

}

public bool IsMouseButtonDownThisFrame ()
{
#if USE NEW INPUT SYSTEM

return playerInputActions.Player.Click.WasPressedThisFrame()
felse

return Input.GetMouseButtonDown (0) ;
#endif

}

public Vector2 GetCameraMoveVector ()

{
#if USE _NEW_INPUT SYSTEM

return playerInputActions.Player.CameraMovement.ReadValue<Vector2> () ;

#else
Vector2 inputMoveDir = new Vector2 (0, 0);
if (Input.GetKey (KeyCode.W))
{
inputMoveDir.y = +1f;
}
if (Input.GetKey (KeyCode.S))
{
inputMoveDir.y = -1f;
}
if (Input.GetKey (KeyCode.A))
{
inputMoveDir.x = -1f;
}
if (Input.GetKey (KeyCode.D))
{
inputMoveDir.x = +1f;
}
return inputMoveDir;
#endif

}

public float GetCameraRotateAmount ()
{
#if USE NEW INPUT SYSTEM
return playerInputActions.Player.CameraRotate.ReadValue<float>();
#else

float rotateAmount 0f;

if (Input.GetKey (KeyCode.Q))
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rotateAmount = +1f;

}
if (Input.GetKey (KeyCode.E))

{

rotateAmount = -1f;

return rotateAmount;
#endif
}

public float GetCameraZoomAmount ()

{
#if USE _NEW_INPUT SYSTEM

return playerInputActions.Player.CameraZoom.ReadValue<float>();

#else
float zoomAmount = 0f;
if (Input.mouseScrollDelta.y > 0)
{
zoomAmount = -1f;
}
if (Input.mouseScrollDelta.y < 0)
{
zoomAmount = +1f;
}
return zoomAmount;
#endif

}

using System;

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class InteractSphere : MonoBehaviour, IInteractable

{

[SerializeField] private Material greenMaterial;
[SerializeField] private Material redMaterial;

[SerializeField] private MeshRenderer meshRenderer;

private GridPosition gridPosition;
private bool isGreen;



private Action onInteractionComplete;
private bool isActive;

private float timer;

private void Start()

{
gridPosition = LevelGrid.Instance.GetGridPosition (transform.position);
LevelGrid.Instance.SetInteractableAtGridPosition (gridPosition, this);

SetColorGreen() ;

private void Update()
{

if (!isActive)
{
return;
}
timer —-= Time.deltaTime;

if (timer <= 0f)
{
isActive = false;

onInteractionComplete () ;

private void SetColorGreen ()
{
isGreen = true;

meshRenderer.material = greenMaterial;

private void SetColorRed()
{
isGreen = false;

meshRenderer.material = redMaterial;

public void Interact (Action onInteractionComplete)

{
this.onInteractionComplete = onInteractionComplete;
isActive = true;

timer = .5f;

if (isGreen)
{
SetColorRed() ;



} else

{
SetColorGreen () ;

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

using UnityEngine;

public class LevelGrid : MonoBehaviour

{

public static LevelGrid Instance { get; private set; }

public event EventHandler<OnAnyUnitMovedGridPositionEventArgs>

OnAnyUnitMovedGridPosition;

public class OnAnyUnitMovedGridPositionEventArgs : EventArgs

{
public Unit unit;
public GridPosition fromGridPosition;

public GridPosition toGridPosition;

[SerializeField] private Transform gridDebugObjectPrefab;
[SerializeField] private int width;

[SerializeField] private int height;

[

SerializeField] private float cellSize;

private GridSystem<GridObject> gridSystem;

private void Awake ()
{
if (Instance != null)

{

n

Debug.LogError ("There's more than one LevelGrid!
" 4+ Instance);

Destroy (gameObject) ;

return;

}

Instance = this;

gridSystem = new GridSystem<GridObject>(width, height,

+ transform +

cellSize,

n

82



(GridSystem<GridObject> g, GridPosition gridPosition) => new
GridObject (g, gridPosition));

//gridSystem.CreateDebugObjects (gridDebugObjectPrefab) ;

private void Start ()
{
Pathfinding.Instance.Setup(width, height, cellSize);

public void AddUnitAtGridPosition (GridPosition gridPosition, Unit unit)
{
GridObject gridObject = gridSystem.GetGridObject (gridPosition) ;
gridObject.AddUnit (unit);

public List<Unit> GetUnitListAtGridPosition (GridPosition gridPosition)
{
GridObject gridObject = gridSystem.GetGridObject (gridPosition) ;
return gridObject.GetUnitList () ;

public void RemoveUnitAtGridPosition (GridPosition gridPosition, Unit unit)
{
GridObject gridObject = gridSystem.GetGridObject (gridPosition);
gridObject.RemoveUnit (unit) ;

public void UnitMovedGridPosition (Unit unit, GridPosition fromGridPosition,
GridPosition toGridPosition)
{

RemoveUnitAtGridPosition (fromGridPosition, unit);
AddUnitAtGridPosition (toGridPosition, unit);

OnAnyUnitMovedGridPosition?.Invoke (this, new
OnAnyUnitMovedGridPositionEventArgs {
unit = unit,
fromGridPosition = fromGridPosition,
toGridPosition = toGridPosition,

});

public GridPosition GetGridPosition (Vector3 worldPosition) =>
gridSystem.GetGridPosition (worldPosition) ;

public Vector3 GetWorldPosition(GridPosition gridPosition) =>
gridSystem.GetWorldPosition (gridPosition) ;
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public bool IsValidGridPosition(GridPosition gridPosition) =>
gridSystem.IsValidGridPosition (gridPosition);

public int GetWidth () => gridSystem.GetWidth () ;

public int GetHeight () => gridSystem.GetHeight ()

public bool HasAnyUnitOnGridPosition (GridPosition gridPosition)

{
GridObject gridObject = gridSystem.GetGridObject (gridPosition) ;
return gridObject.HasAnyUnit () ;

public Unit GetUnitAtGridPosition (GridPosition gridPosition)

{
GridObject gridObject = gridSystem.GetGridObject (gridPosition);
return gridObject.GetUnit () ;

public IInteractable GetInteractableAtGridPosition (GridPosition gridPosition)
{

GridObject gridObject = gridSystem.GetGridObject (gridPosition) ;

return gridObject.GetInteractable();

public void SetInteractableAtGridPosition (GridPosition gridPosition,
IInteractable interactable)
{
GridObject gridObject = gridSystem.GetGridObject (gridPosition);
gridObject.SetInteractable (interactable) ;

public void ClearInteractableAtGridPosition (GridPosition gridPosition)
{
GridObject gridObject = gridSystem.GetGridObject (gridPosition);
gridObject.ClearInteractable();

}

using System;

using System.Collections;

using System.Collections.Generic;

using UnityEngine;

public class LevelScripting : MonoBehaviour

{



SerializeField] private List<GameObject> hiderlList;
SerializeField] private List<GameObject> hider2List;
SerializeField] private List<GameObject> hider3List;

[
[
[
[SerializeField] private List<GameObject> enemylList;
[SerializeField] private List<GameObject> enemy2List;
[SerializeField] private Door doorl;

[

SerializeField] private Door door2;
private bool hasShownFirstHider = false;

private void Start ()
{
LevelGrid.Instance.OnAnyUnitMovedGridPosition +=
LevelGrid OnAnyUnitMovedGridPosition;
doorl.OnDoorOpened += (object sender, EventArgs e) =>
{
SetActiveGameObjectList (hider2List, false);
}i
door2.0nDoorOpened += (object sender, EventArgs e) =>
{
SetActiveGameObjectList (hider3List, false);
SetActiveGameObjectlList (enemy2List, true);
}i

private void LevelGrid OnAnyUnitMovedGridPosition (object sender,
LevelGrid.OnAnyUnitMovedGridPositionEventArgs e)
{
if (e.toGridPosition.z == 5 && !hasShownFirstHider)
{
hasShownFirstHider = true;
SetActiveGameObjectList (hiderlList, false);
SetActiveGameObjectList (enemylList, true);

private void SetActiveGameObjectList (List<GameObject> gameObjectList,
isActive)
{
foreach (GameObject gameObject in gameObjectList)
{

gameObject.SetActive (isActive);

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

bool

85



public class LookAtCamera : MonoBehaviour

{

[SerializeField] private bool invert;

private Transform cameraTransform;

private void Awake ()
{

cameraTransform = Camera.main.transform;

private void LateUpdate ()
{
if (invert)
{
Vector3 dirToCamera = (cameraTransform.position -
transform.position) .normalized;
transform.LookAt (transform.position + dirToCamera * -1);
} else
{

transform.LookAt (cameraTransform) ;

}
using System.Collections;
using System.Collections.Generic;

using UnityEngine;

public class MouseWorld : MonoBehaviour

{

private static MouseWorld instance;

[SerializeField] private LayerMask mousePlanelLayerMask;

private void Awake ()

{

instance = this;

public static Vector3 GetPosition|()
{
Ray ray =

Camera.main.ScreenPointToRay (InputManager.Instance.GetMouseScreenPosition());
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Physics.Raycast (ray, out RaycastHit raycastHit, float.MaxValue,
instance.mousePlanelayerMask) ;

return raycastHit.point;

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

using UnityEngine;

public class Pathfinding : MonoBehaviour

{

public static Pathfinding Instance { get; private set; }

private const int MOVE STRAIGHT COST = 10;
private const int MOVE DIAGONAL COST 14;

[SerializeField] private Transform gridDebugObjectPrefab;
[SerializeField] private LayerMask obstaclesLayerMask;

private int width;

private int height;

private float cellSize;

private GridSystem<PathNode> gridSystem;

private void Awake ()
{
if (Instance != null)

{

"

Debug.LogError ("There's more than one Pathfinding! " + transform +
- " + Instance);

Destroy (gameObject) ;

return;

}

Instance = this;

public void Setup(int width, int height, float cellSize)
{

this.width = width;

this.height = height;

this.cellSize = cellSize;
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gridSystem = new GridSystem<PathNode> (width, height, cellSize,
(GridSystem<PathNode> g, GridPosition gridPosition) => new
PathNode (gridPosition)) ;

//gridSystem.CreateDebugObjects (gridDebugObjectPrefab) ;

for (int x = 0; x < width; x++)
{
for (int z = 0; z < height; z++)
{
GridPosition gridPosition = new GridPosition(x, 2z);
Vector3 worldPosition =
LevelGrid.Instance.GetWorldPosition (gridPosition) ;
float raycastOffsetDistance = 5f;
if (Physics.Raycast (
worldPosition + Vector3.down * raycastOffsetDistance,
Vector3.up,
raycastOffsetDistance * 2,

obstacleslLayerMask))

GetNode (x, z) .SetIsWalkable(false);

public List<GridPosition> FindPath (GridPosition startGridPosition,
GridPosition endGridPosition, out int pathLength)
{
List<PathNode> openlList = new List<PathNode> () ;
List<PathNode> closedList = new List<PathNode> () ;

PathNode startNode = gridSystem.GetGridObject (startGridPosition);
PathNode endNode = gridSystem.GetGridObject (endGridPosition);
openList.Add (startNode) ;

for (int x = 0; x < gridSystem.GetWidth(),; =x++)
{
for (int z = 0; z < gridSystem.GetHeight (); z++)
{
GridPosition gridPosition = new GridPosition(x, 2z);
PathNode pathNode = gridSystem.GetGridObject (gridPosition) ;

pathNode.SetGCost (int.MaxValue) ;
pathNode.SetHCost (0) ;
pathNode.CalculateFCost () ;
pathNode.ResetCameFromPathNode () ;
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startNode.SetGCost (0) ;

startNode.SetHCost (CalculateDistance (startGridPosition,
endGridPosition));

startNode.CalculateFCost () ;

while (openList.Count > 0)
{
PathNode currentNode = GetLowestFCostPathNode (openlList) ;

if (currentNode == endNode)

{
// Reached final node
pathLength = endNode.GetFCost () ;
return CalculatePath (endNode) ;

openlList.Remove (currentNode) ;
closedList.Add (currentNode) ;

foreach (PathNode neighbourNode in GetNeighbourList (currentNode))
{
if (closedList.Contains (neighbourNode))

{

continue;

if (!neighbourNode.IsWalkable())
{
closedList.Add (neighbourNode) ;

continue;

int tentativeGCost =
currentNode.GetGCost () +
CalculateDistance (currentNode.GetGridPosition (),
neighbourNode.GetGridPosition()) ;

if (tentativeGCost < neighbourNode.GetGCost ())
{
neighbourNode.SetCameFromPathNode (currentNode) ;
neighbourNode.SetGCost (tentativeGCost) ;
neighbourNode.SetHCost (CalculateDistance (neighbourNode.GetGri
dPosition (), endGridPosition));

neighbourNode.CalculateFCost () ;

if (!openList.Contains (neighbourNode))

{
openlist.Add (neighbourNode) ;
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// No path found
pathLength = 0;
return null;

public int CalculateDistance (GridPosition gridPositionA, GridPosition
gridPositionB)
{
GridPosition gridPositionDistance = gridPositionA - gridPositionB;
int xDistance = Mathf.Abs(gridPositionDistance.x);
int zDistance = Mathf.Abs(gridPositionDistance.z);

int remaining Mathf.Abs (xDistance - zDistance);
return MOVE DIAGONAL COST * Mathf.Min (xDistance, zDistance) +
MOVE STRAIGHT COST * remaining;

}

private PathNode GetLowestFCostPathNode (List<PathNode> pathNodelList)

{
PathNode lowestFCostPathNode = pathNodeList[0];

for (int i = 0; i < pathNodelList.Count; i++)
{
if (pathNodeList[i].GetFCost () < lowestFCostPathNode.GetFCost ())

{
lowestFCostPathNode = pathNodeList([i];

}
return lowestFCostPathNode;

private PathNode GetNode (int x, int z)
{

return gridSystem.GetGridObject (new GridPosition(x, z));

private List<PathNode> GetNeighbourList (PathNode currentNode)

{
List<PathNode> neighbourList = new List<PathNode> () ;

GridPosition gridPosition = currentNode.GetGridPosition();

if (gridPosition.x — 1 >= 0)
{
// Left
neighbourlList.Add (GetNode (gridPosition.x - 1, gridPosition.z + 0));
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if (gridPosition.z - 1 >= 0)
{
// Left Down
neighbourList.Add (GetNode (gridPosition.x - 1, gridPosition.z -

1))
}
if (gridPosition.z + 1 < gridSystem.GetHeight ())
{
// Left Up
neighbourList.Add (GetNode (gridPosition.x - 1, gridPosition.z +
1));
}
}
if (gridPosition.x + 1 < gridSystem.GetWidth())
{
// Right
neighbourList.Add (GetNode (gridPosition.x + 1, gridPosition.z + 0));
if (gridPosition.z - 1 >= 0)
{
// Right Down
neighbourList.Add (GetNode (gridPosition.x + 1, gridPosition.z -
1))
}
if (gridPosition.z + 1 < gridSystem.GetHeight ())
{
// Right Up
neighbourList.Add (GetNode (gridPosition.x + 1, gridPosition.z +
1))

if (gridPosition.z - 1 >= 0)
{
// Down
neighbourList.Add (GetNode (gridPosition.x + 0, gridPosition.z - 1));

}
if (gridPosition.z + 1 < gridSystem.GetHeight ())
{
// Up
neighbourList.Add (GetNode (gridPosition.x + 0, gridPosition.z + 1));

return neighbourlList;

private List<GridPosition> CalculatePath (PathNode endNode)
{



List<PathNode> pathNodelList = new List<PathNode> () ;
pathNodelList.Add (endNode) ;
PathNode currentNode = endNode;
while (currentNode.GetCameFromPathNode () !'= null)
{
pathNodelList.Add (currentNode.GetCameFromPathNode () ) ;

currentNode = currentNode.GetCameFromPathNode () ;

pathNodelList.Reverse();

List<GridPosition> gridPositionList = new List<GridPosition>();
foreach (PathNode pathNode in pathNodeList)
{

gridPositionList.Add (pathNode.GetGridPosition());

return gridPositionList;

public void SetIsWalkableGridPosition (GridPosition gridPosition, bool
isWalkable)
{
gridSystem.GetGridObject (gridPosition) .SetIsWalkable (isWalkable) ;

public bool IsWalkableGridPosition (GridPosition gridPosition)
{
return gridSystem.GetGridObject (gridPosition) .IsWalkable () ;

public bool HasPath (GridPosition startGridPosition, GridPosition
endGridPosition)
{
return FindPath (startGridPosition, endGridPosition, out int pathLength)
!'= null;

}

public int GetPathLength (GridPosition startGridPosition, GridPosition
endGridPosition)
{
FindPath (startGridPosition, endGridPosition, out int pathLength) ;
return pathLength;

}

using System.Collections;

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

publi
{

[
[
[
[

c class PathfindingGridDebugObject : GridDebugObject

SerializeField] private TextMeshPro gCostText;
SerializeField] private TextMeshPro hCostText;
SerializeField] private TextMeshPro fCostText;

SerializeField] private SpriteRenderer isWalkableSpriteRenderer;

private PathNode pathNode;

public override void SetGridObject (object gridObject)

{

p
{

Color.

}

using
using
using

using

base.SetGridObject (gridObject) ;
pathNode = (PathNode)gridObject;

rotected override void Update ()

base.Update () ;

gCostText.text pathNode.GetGCost () .ToString ()
hCostText.text pathNode.GetHCost () .ToString() ;
fCostText.text = pathNode.GetFCost () .ToString/()
isWalkableSpriteRenderer.color = pathNode.IsWalkable() ? Color.green

’

’

red;

System;
System.Collections;
System.Collections.Generic;

UnityEngine;

public class PathfindingUpdater : MonoBehaviour

{

private void Start ()

{

DestructibleCrate.OnAnyDestroyed += DestructibleCrate OnAnyDestroyed;

private void DestructibleCrate OnAnyDestroyed(object sender, EventArgs e)

{

DestructibleCrate destructibleCrate = sender as DestructibleCrate;
Pathfinding.Instance.SetIsWalkableGridPosition (destructibleCrate.GetGridP

osition(), true);

}



}

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class PathNode
{

private GridPosition gridPosition;
private int gCost;

private int hCost;

private int fCost;

private PathNode cameFromPathNode;
private bool isWalkable = true;

public PathNode (GridPosition gridPosition)
{

this.gridPosition = gridPosition;

public override string ToString()

{

return gridPosition.ToString () ;

public int GetGCost ()
{

return gCost;

public int GetHCost ()
{

return hCost;

public int GetFCost ()
{

return fCost;

public void SetGCost (int gCost)

{
this.gCost = gCost;

public void SetHCost (int hCost)

{
this.hCost = hCost;



public void CalculateFCost ()

{

fCost = gCost + hCost;

public void ResetCameFromPathNode ()

{

cameFromPathNode = null;

public void SetCameFromPathNode (PathNode pathNode)

{

cameFromPathNode = pathNode;

public PathNode GetCameFromPathNode ()

{

return cameFromPathNode;

public GridPosition GetGridPosition ()

{

return gridPosition;

public bool IsWalkable()

{

return isWalkable;

public void SetIsWalkable (bool isWalkable)

{

}

using
using
using

using

this.isWalkable = isWalkable;

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

Cinemachine;

public class ScreenShake : MonoBehaviour

{

public static ScreenShake Instance { get; private set; }

private CinemachineImpulseSource cinemachineImpulseSource;
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private void Awake ()
{
if (Instance != null)

{

1]

Debug.LogError ("There's more than one ScreenShake! " + transform +
- " + Instance);

Destroy (gameObject) ;

return;

}

Instance = this;

cinemachineImpulseSource = GetComponent<CinemachineImpulseSource> () ;

public void Shake(float intensity = 1f)
{

cinemachineImpulseSource.GenerateImpulse (intensity);

}

using System;

using System.Collections;

using System.Collections.Generic;

using UnityEngine;

public class ScreenShakeActions : MonoBehaviour

{

private void Start ()
{
ShootAction.OnAnyShoot += ShootAction OnAnyShoot;
GrenadeProjectile.OnAnyGrenadeExploded +=
GrenadeProjectile OnAnyGrenadeExploded;
SwordAction.OnAnySwordHit += SwordAction OnAnySwordHit;

private void SwordAction OnAnySwordHit (object sender, EventArgs e)

{

ScreenShake.Instance.Shake (2f) ;

private void GrenadeProjectile OnAnyGrenadeExploded(object sender, EventArgs

e)

ScreenShake.Instance.Shake (5f);



private void ShootAction OnAnyShoot (object sender,
ShootAction.OnShootEventArgs e)
{

ScreenShake.Instance.Shake () ;

using System;

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class Testing : MonoBehaviour

{
[SerializeField] private Unit unit;

private void Start()
{
}

private void Update()

{
if (Input.GetKeyDown (KeyCode.T))

using System;

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class TurnSystem : MonoBehaviour

{

public static TurnSystem Instance { get; private set;

public event EventHandler OnTurnChanged;

private int turnNumber = 1;

private bool isPlayerTurn = true;
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private void Awake ()
{
if (Instance != null)
{
Debug.LogError ("There's more than one TurnSystem!
" 4+ Instance);
Destroy (gameObject) ;
return;
}

Instance = this;

public void NextTurn ()

{

turnNumber++;

isPlayerTurn = !isPlayerTurn;

OnTurnChanged?.Invoke (this, EventArgs.Empty);

public int GetTurnNumber ()
{

return turnNumber;

public bool IsPlayerTurn ()
{

return isPlayerTurn;

using System;

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class Unit : MonoBehaviour

{
private const int ACTION POINTS MAX = 3;

public static event EventHandler OnAnyActionPointsChanged;

public static event EventHandler OnAnyUnitSpawned;
public static event EventHandler OnAnyUnitDead;

[SerializeField] private bool isEnemy;

"

+ transform +

"
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private GridPosition gridPosition;

private HealthSystem healthSystem;

private BaseAction[] baseActionArray;

private int actionPoints = ACTION POINTS MAX;

private void Awake ()
{
healthSystem = GetComponent<HealthSystem> () ;

baseActionArray = GetComponents<BaseAction>();

private void Start()

{
gridPosition = LevelGrid.Instance.GetGridPosition (transform.position);
LevelGrid.Instance.AddUnitAtGridPosition (gridPosition, this);

TurnSystem.Instance.OnTurnChanged += TurnSystem OnTurnChanged;
healthSystem.OnDead += HealthSystem OnDead;

OnAnyUnitSpawned?.Invoke (this, EventArgs.Empty);

private void Update ()
{
GridPosition newGridPosition =
LevelGrid.Instance.GetGridPosition (transform.position);
if (newGridPosition != gridPosition)
{
// Unit changed Grid Position
GridPosition oldGridPosition = gridPosition;

gridPosition = newGridPosition;

LevelGrid.Instance.UnitMovedGridPosition (this, o0ldGridPosition,

newGridPosition) ;

}

public T GetAction<T> () where T : BaseAction
{
foreach (BaseAction baseAction in baseActionArray)

{

if (baseAction is T)

{

return (T)baseAction;



return null;

public GridPosition GetGridPosition ()
{

return gridPosition;

public Vector3 GetWorldPosition ()
{

return transform.position;

public BaseAction[] GetBaseActionArray()
{

return baseActionArray;

public bool TrySpendActionPointsToTakeAction (BaseAction baseAction)
{

if (CanSpendActionPointsToTakeAction (baseAction))

{

SpendActionPoints (baseAction.GetActionPointsCost());
return true;
} else

{

return false;

public bool CanSpendActionPointsToTakeAction (BaseAction baseAction)

{

if (actionPoints >= baseAction.GetActionPointsCost ())

{
return true;

} else

{

return false;

private void SpendActionPoints (int amount)
{

actionPoints —-= amount;

OnAnyActionPointsChanged?.Invoke (this, EventArgs.Empty);

public int GetActionPoints()
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private void TurnSystem OnTurnChanged (object sender, EventArgs

{

return actionPoints;

if ((IsEnemy () && !TurnSystem.Instance.IsPlayerTurn()) ||
(!IsEnemy () && TurnSystem.Instance.IsPlayerTurn()))

actionPoints = ACTION POINTS MAX;

OnAnyActionPointsChanged?.Invoke (this, EventArgs.Empty);

public bool IsEnemy ()

{

return isEnemy;

public void Damage (int damageAmount)

{

healthSystem.Damage (damageAmount) ;

private void HealthSystem OnDead(object sender, EventArgs e)

{

LevelGrid.Instance.RemoveUnitAtGridPosition (gridPosition, this);

Destroy (gameObject) ;

OnAnyUnitDead?.Invoke (this, EventArgs.Empty);

public float GetHealthNormalized()

{

using
using
using
using

using

return healthSystem.GetHealthNormalized() ;

System;

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

UnityEngine.EventSystems;
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public class UnitActionSystem : MonoBehaviour

{

public

public
public
public
public

static UnitActionSystem Instance { get; private set;

event EventHandler OnSelectedUnitChanged;
event EventHandler OnSelectedActionChanged;
event EventHandler<bool> OnBusyChanged;
event EventHandler OnActionStarted;

[SerializeField] private Unit selectedUnit;

[SerializeField] private LayerMask unitLayerMask;

private BaseAction selectedAction;

private bool isBusy;

private void Awake ()

{
if
{

(Instance != null)

Debug.LogError ("There's more than one UnitActionSystem!

- " 4+ Instance);

}

Destroy (gameObject) ;

return;

Instance = this;

private void Start()

{

SetSelectedUnit (selectedUnit);

private void Update ()

{
if
{

if
{

if

(isBusy)

return;

(!TurnSystem.Instance.IsPlayerTurn())

return;

(EventSystem.current.IsPointerOverGameObject ())

}
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return;

if (TryHandleUnitSelection())
{

return;

HandleSelectedAction() ;

private void HandleSelectedAction ()

{

if (InputManager.Instance.IsMouseButtonDownThisFrame ())

{

GridPosition mouseGridPosition =

LevelGrid.Instance.GetGridPosition (MouseWorld.GetPosition()) ;

if (!selectedAction.IsValidActionGridPosition (mouseGridPosition))

{

return;

if (!selectedUnit.TrySpendActionPointsToTakeAction (selectedAction))
{

return;
SetBusy () ;
selectedAction.TakeAction (mouseGridPosition, ClearBusy);

OnActionStarted?.Invoke (this, EventArgs.Empty);

private void SetBusy ()
{

isBusy = true;

OnBusyChanged?.Invoke (this, isBusy);

private void ClearBusy ()

{

isBusy = false;

OnBusyChanged?.Invoke (this, isBusy);
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private bool TryHandleUnitSelection ()
{

if (InputManager.Instance.IsMouseButtonDownThisFrame ())

{
Ray ray =
Camera.main.ScreenPointToRay (InputManager.Instance.GetMouseScreenPosition());
if (Physics.Raycast (ray, out RaycastHit raycastHit, float.MaxValue,
unitLayerMask))
{

if (raycastHit.transform.TryGetComponent<Unit> (out Unit unit))

{
if (unit == selectedUnit)

{
// Unit is already selected

return false;

if (unit.IsEnemy())

{
// Clicked on an Enemy

return false;

SetSelectedUnit (unit) ;

return true;

return false;

private void SetSelectedUnit (Unit unit)
{
selectedUnit = unit;

SetSelectedAction (unit.GetAction<MoveAction>()) ;

OnSelectedUnitChanged?.Invoke (this, EventArgs.Empty);

public void SetSelectedAction (BaseAction baseAction)

{

selectedAction = baseAction;

OnSelectedActionChanged?.Invoke (this, EventArgs.Empty);
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public Unit GetSelectedUnit ()
{

return selectedUnit;

public BaseAction GetSelectedAction ()
{

return selectedAction;

using System;

using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class UnitAnimator : MonoBehaviour

{

SerializeField] private Animator animator;
SerializeField] private Transform bulletProjectilePrefab;

[
[
[SerializeField] private Transform shootPointTransform;
[SerializeField] private Transform rifleTransform;

[

SerializeField] private Transform swordTransform;

private void Awake ()
{
if (TryGetComponent<MoveAction> (out MoveAction moveAction))
{
moveAction.OnStartMoving += MoveAction OnStartMoving;

moveAction.OnStopMoving += MoveAction OnStopMoving;

if (TryGetComponent<ShootAction> (out ShootAction shootAction))
{
shootAction.OnShoot += ShootAction OnShoot;

if (TryGetComponent<SwordAction> (out SwordAction swordAction))
{
swordAction.OnSwordActionStarted += SwordAction OnSwordActionStarted;
swordAction.OnSwordActionCompleted +=
SwordAction OnSwordActionCompleted;

}
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private void Start ()

{
EquipRifle () ;

private void SwordAction OnSwordActionCompleted(object sender, EventArgs e)

{
EquipRifle () ;

private void SwordAction OnSwordActionStarted(object sender, EventArgs e)

{
EquipSword() ;
animator.SetTrigger ("SwordSlash") ;

private void MoveAction OnStartMoving (object sender, EventArgs e)

{

animator.SetBool ("IsWalking", true);

private void MoveAction OnStopMoving (object sender, EventArgs e)

{

animator.SetBool ("IsWalking", false);

private void ShootAction OnShoot (object sender, ShootAction.OnShootEventArgs

animator.SetTrigger ("Shoot") ;
Transform bulletProjectileTransform =
Instantiate (bulletProjectilePrefab, shootPointTransform.position,

Quaternion.identity);

BulletProjectile bulletProjectile =
bulletProjectileTransform.GetComponent<BulletProjectile> () ;

Vector3 targetUnitShootAtPosition = e.targetUnit.GetWorldPosition();

targetUnitShootAtPosition.y = shootPointTransform.position.y;

bulletProjectile.Setup (targetUnitShootAtPosition);

private void EquipSword()

{

swordTransform.gameObject.SetActive (true) ;

rifleTransform.gameObject.SetActive (false);
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private void EquipRifle ()

{
swordTransform.gameObject.SetActive (false);
rifleTransform.gameObject.SetActive (true) ;

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

using UnityEngine;

public class UnitManager : MonoBehaviour

{

public static UnitManager Instance { get; private set; }

private List<Unit> unitList;
private List<Unit> friendlyUnitList;
private List<Unit> enemyUnitList;

private void Awake ()
{
if (Instance != null)
{
Debug.LogError ("There's more than one UnitManager! " + transform + "
- " + Instance);
Destroy (gameObject) ;
return;

}

Instance = this;

unitlList = new List<Unit>();
friendlyUnitList = new List<Unit>();
enemyUnitList = new List<Unit>();

private void Start()

{
Unit.OnAnyUnitSpawned += Unit OnAnyUnitSpawned;
Unit.OnAnyUnitDead += Unit OnAnyUnitDead;



private void Unit OnAnyUnitSpawned(object sender, EventArgs e)

{

Unit unit = sender as Unit;

unitList.Add (unit) ;

if (unit.IsEnemy())
{
enemyUnitList.Add (unit) ;
} else
{
friendlyUnitList.Add (unit) ;

private void Unit OnAnyUnitDead (object sender, EventArgs e)

{

Unit unit = sender as Unit;

unitList.Remove (unit) ;

if (unit.IsEnemy())
{

enemyUnitList.Remove (unit) ;

}

else

{

friendlyUnitList.Remove (unit) ;

public List<Unit> GetUnitList ()

{

{

{

return unitList;

public List<Unit> GetFriendlyUnitList ()

return friendlyUnitList;

public List<Unit> GetEnemyUnitList ()

return enemyUnitList;
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class UnitRagdoll : MonoBehaviour

{
[SerializeField] private Transform ragdollRootBone;

public void Setup(Transform originalRootBone)
{
MatchAllChildTransforms (originalRootBone, ragdollRootBone) ;

Vector3 randomDir = new Vector3(Random.Range (-1f, +1f), 0, Random.Range (—
1f, +1f));

ApplyExplosionToRagdoll (ragdollRootBone, 300f, transform.position +
randomDir, 10f);

}

private void MatchAllChildTransforms (Transform root, Transform clone)
{
foreach (Transform child in root)
{
Transform cloneChild = clone.Find(child.name);
if (cloneChild != null)
{

cloneChild.position = child.position;
cloneChild.rotation

child.rotation;

MatchAllChildTransforms (child, cloneChild);

private void ApplyExplosionToRagdoll (Transform root, float explosionForce,
Vector3 explosionPosition, float explosionRange)
{
foreach (Transform child in root)
{
if (child.TryGetComponent<Rigidbody> (out Rigidbody childRigidbody))
{
childRigidbody.AddExplosionForce (explosionForce,
explosionPosition, explosionRange) ;

}

ApplyExplosionToRagdoll (child, explosionForce, explosionPosition,
explosionRange) ;

}
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using System;
using System.Collections;
using System.Collections.Generic;

using UnityEngine;

public class UnitRagdollSpawner : MonoBehaviour

{

[SerializeField] private Transform ragdollPrefab;
[SerializeField] private Transform originalRootBone;

private HealthSystem healthSystem;

private void Awake ()

{
healthSystem = GetComponent<HealthSystem> () ;

healthSystem.OnDead += HealthSystem OnDead;

private void HealthSystem OnDead(object sender, EventArgs e)
{
Transform ragdollTransform = Instantiate(ragdollPrefab,
transform.position, transform.rotation);
UnitRagdoll unitRagdoll = ragdollTransform.GetComponent<UnitRagdoll>();
unitRagdoll.Setup (originalRootBone) ;

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

using UnityEngine;

public class UnitSelectedVisual : MonoBehaviour

{
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[SerializeField] private Unit unit;
private MeshRenderer meshRenderer;

private void Awake ()

{

meshRenderer = GetComponent<MeshRenderer> () ;

private void Start ()

{

UnitActionSystem.Instance.OnSelectedUnitChanged +=
UnitActionSystem OnSelectedUnitChanged;

UpdateVisual () ;
private void UnitActionSystem OnSelectedUnitChanged(object sender,

empty)
{

EventArgs

UpdateVisual () ;

private void UpdateVisual ()
{
if (UnitActionSystem.Instance.GetSelectedUnit () == unit)
{
meshRenderer.enabled = true;
}
else

{

meshRenderer.enabled = false;

private void OnDestroy ()
{
UnitActionSystem.Instance.OnSelectedUnitChanged —-=
UnitActionSystem OnSelectedUnitChanged;
}
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