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PE®EPAT

[TosicHtoBanbpHa 3anmcka: 99 c., 25 puc., 3 nox., 20 mxepen.

OO0'exT po3poOKuU: mporpaMHe 3a0e3MeueHHs JJisl CTBOPEHHS IrpOBOi JIoKallii Ha 0a3i
cepenosuiia Unreal Engine.

Mera kBamidikaiiitHoi poOOTH: PO3pOOUTH MpPOrpaMHe 3a0e3MEeUSHHs Il CTBOPCHHS
IrpoBoi JIoKallii 3 BUKOpucTaHHsIM cepenoBuiia Unreal Engine.

Crpykrypa Ta o6csr. [umioMHa poboTa CKIIaIaeThCs 3 BCTYIY, TPbOX PO3JAUIIB Ta
BHCHOBKIB.

Y BCTyIl TpPOBEJAEHO aHaji3 Cy4yaCHOTO CTaHy MNpoOJIeMH, YTOYHEHO MOCTaHOBKY
3aBaHHS, BHW3HAYCHO MeETy KBali(ikariitHoi poOOTH Ta Tamy3b 1i 3aCTOCYBaHHS,
OOTPYHTOBAHO aKTYyaJbHICTh TEMHU.

Y nepmioMy po3aiii TPOBEACHO MOCIHIKEHHS NPEAMETHOI Taily3li Ta ICHYIOYHX
pillleHb, BU3HAYEHO aKTyallbHICTh 3aBIaHHS Ta MPHU3HAYEHHS PO3pOOKH, cHOpMyTHOBAHO
MOCTaHOBKY 3aBIaHHS.

VY npyromy po3ain obpaHo miargopmy Uisi po3pOOKH, BUKOHAHO MPOEKTYBAHHS
nmporpaMu Ta ii po3poOKy, HABEJACHO OIMUC AJITOPUTMY Ta CTPYKTYpH (YHKIIIOHYBaHHS
CUCTEMH, BU3HAYEHO BXIJHI Ta BUXIAHI JaHl, HABEJEHO XapaKTEPUCTUKH MapameTpiB
TEXHIYHUX 3aCO0IB Ta OMKUCAHO POOOTY MPOTPAMH.

Y eKOHOMIYHOMY pO3[lJII BU3HAYEHO TPYAOMICTKICTh PO3POOJICHOTO MPOTIPaMHOTO
NPOAYKTY, TPOBENCHO MIAPAXyHOK BapTOCTI pPOOOTH 31 CTBOPEHHS 3aCTOCYHKY Ta
PO3paxoBaHO Yac Ha MOT0 peanizalliio.

VY BHUCHOBKax IpoOaHaji30BaHi OTPUMaHI pe3ylIbTaTH pOOOTH.

[IpakTruHe 3HAYEHHS MOJISITA€ Y PO3POOILIl MPOrPaMHOTO 3a0€3MEUCHHS 1JISI CTBOPECHHS
irpoBoi jokarii Ha 0a3i cepemoBuma Unreal Engine. Illo memoHcTpye eramu po3poOKu
CIIEH B IFPOBUX PYIUIISX, Ta PO3POOKY J0 HHUX CHEI1ajdi30BaHUX AOJATKIB, AJISI MOJATbIIOT
1HTEerpauii B MyJIbTUME1MHI TPOEKTH.

AKTyalpHICTh TIPOTPAMHOTO TIPOAYKTY BHU3HAYAETHCS BEIUKOK TOMYIISPHICTIO
KOMIT'IOTEPHHUX IrOp Ta 3pOCTAOYuOI0 BAXKJIMUBICTIO KOMI'tOTepHOI 3D-rpadiku ocrtaHH1
poku. Po3pobOka mporpaMHOro 3a0e3nedyeHHs], o J03BOJISIE CTBOPIOBATH 1IPOBI JIOKAIi 3
BukopuctanHsM Unreal Engine, € akTyanapHOIO Ta BiANoBigae morpedaM pO3BUTKY raiysi
KOMIT'FOTEPHUX 1TOpP Ta Bi3yaJIbHOTO MUCTEITBA.

Crmcok kimouosux ciie: IIEWJEP, ITPOBUN JTOJATOK, MOJIEJIIOBAHHSI,
I'POBMIA IBUT'YH, 3D I'PA®IKA, UNREAL ENGINE, I'POBA JIOKAIIIS.



ABSTRACT

Explanatory Note: 99 pages, 25 figures, 3 appendices, 20 references.

Development Object: Software for creating a game location based on the Unreal
Engine environment.

Objective of the Qualification Work: To develop software for creating a game location
using the Unreal Engine environment.

Structure and Scope: The diploma work consists of an introduction, three chapters, and
conclusions.

The introduction analyzes the current state of the problem, clarifies the task, defines
the objective of the qualification work and its application area, and justifies the relevance of
the topic.

In the first chapter, research is conducted on the subject area and existing solutions, the
relevance of the task and the purpose of the development are determined, and the task is
formulated.

In the second chapter, a development platform is selected, program design and
development are performed, an algorithm and the structure of the system's functioning are
described, input and output data are defined, technical parameters are provided, and the
program's operation is described.

In the economic chapter, the complexity of the developed software product is
determined, the cost of application development work is calculated, and the time for its
implementation is estimated.

The conclusions analyze the obtained results of the work.

The practical significance lies in the development of software for creating a game
location based on the Unreal Engine environment, demonstrating the stages of scene
development in game environments and the development of specialized applications for
them, for further integration into multimedia projects.

The relevance of the software product is determined by the high popularity of
computer games and the increasing importance of computer 3D graphics in recent years.
The development of software that allows creating game locations using Unreal Engine is
relevant and meets the needs of the computer game industry and visual arts.

List of keywords: SHADER, GAME ADD-ON, MODELING, GAME ENGINE, 3D
GRAPHICS, UNREAL ENGINE, GAME LOCATION.



PEDEPAT ... .oe ottt ettt et s e et e st e et e e e aaeenbe e seeenseensaessseensaessseenseenseennne 3
ABSTRACT ...ttt ettt ettt e et e st e et e e saeeabeeseeenseenseessseenseessseenseenseeenne 4
CIIMCOK YMOBHHUX TTOZHAUEHD........ccccteiiiiiieiesieetteie et 7
278 2 1 USSR 8
PO3LJI 1 AHAJII3 ITPEAMETHOI TAJTY3I TA IIOCTAHOBKA 3AJIAUL.................... 10
1.1. 3aranbHi BIIOMOCTI 3 TIPEAMETHOT TATTY31eeccuvrieeeerreeesrreeeeireeeessrreeeesseeessssseeesssseeeesssees 10
1.2. TlpuzHauEHHS PO3POOKH TA TAITY3b 3ACTOCYBAHHS. ... uvvveeeeevreeeeereeeesrreeessseeessseeeesssseeas 16
1.3. TTiICTABH TSI POBPOOKH . .....uvvreeeeuerieeeereeeeerreeeassseeeessseeesssseeeasssseseasssseessssesesssseesenssseennns 17
1.4. TTOCTAHOBKA BABIIAHHS. ... .cevuunneeereneeeeteneeeetnneeeeesaneeeesseneesessnesesssnaesesaneeesssnnnessssnnneesenes 18
1.5. Bumoru 10 mporpaMu a00 MPOTPAMHOTO BHUPOOY.....ceeuvreerureeeireeniieeeireenreeereeenseesnsneens 18
1.5.1. Bumoru 10 GyHKIIOHATBHUX XAPAKTEPHCTHK . ...eeeuvveerurrerereennreeennseesnsreensseesnseeenseesnnns 18
1.5.2. BuMoru 10 1HPOPMAITIHHOT OCBITCKH. ... . eeeeeuvrreeeereeeeeirreeesireeeesereeesssseeesssseeeessnseeennens 19
1.5.3. Bumoru 0 cKJay Ta mapaMeTPiB TEXHIUHUX 3ACO0IB....cccurrerrrerireereieeareeenreenneens 19
1.5.4. Bumoru 10 iHGOPMAIIHHOT Ta TPOTPAMHOL CYMICHOCT L. .eeeeevvieeeiveeeeiveeeeeireeeeeneeeans 19
PO3/11J1 2 [TIPOEKTYBAHHS TA PO3POBKA IHOOPMAILIIMHOI CUCTEMU............ 20
2.1. 3arabHi BIIOMOCTI 3 TIPEIAMETHOT TAITY31.ueeeecuvireeeirreeeeereeeeeireeeesnseeeesareeesssssesesnsseneennnns 20
2.2. Onuc 3aCTOCOBAHUX MATEMATHUHUIX METOIIB. ... eeeruveeenrreenureeeureensreeaseeensseesnseeenseesnseenns 20
2.3. Onuc BUKOPUCTAHUX TEXHOJOTIH Ta MOB IIPOTPAMYBAHHS. .....ccuvveeeeereeeeerreeeeareeeenennns 22
2.4. Onuc CTPYKTypH CUCTEMHU Ta aJTOPUTMIB 11 QYHKITIOHYBAHHS. ....ccvvveeeerreeereeenereennreenns. 24
2.5. OOrpyHTyBaHHS Ta OpraHizaiisi BXiTHUX Ta BUXITHUX JAHUX MPOTPAMH. .....c..eeeveernnenn.. 27
2.6. OIHC POBPOOITCHOT CHCTEMHU. ......cceuvreeeeereeeeerreeeeetreeeassseeessssesesessseeessssesessssesssssseesssssenas 28
2.6.1. Bumoru 10 QyHKIIIOHATEHUX XAPAKTEPHCTHK. ....eevveeenrreernreeeereensseeesreesseesnssessseesnns 28
2.6.2. BUKOPUCTaHI IPOTPAMHI 3ACO0H . ........eeiiitriieeirieeeeiiteeeeeteeeeeitreeeesreeeesssseeeesssseeessseeeans 28
2.6.3. BUKJIMK Ta 3aBAHTAKCHHS IIPOTPAM.....cccerrurrrreeerrnirrieeessnsnnnreeesssnnnreeeessnsnsseeesssnnsnes 34
2.6.4. OnHC THTEPHEHCY KOPHUCTYBATA. ... .veeerrrrerrrrerureesreeensseesseeessseesssesessseesssesssseesssesessseens 35



PO3IJT 3 EKOHOMIUHMI PO3JIIL.........ooveieececeeeeceeeeeee e 38

3.1. Po3paxyHOK TpyIOMICTKOCTI Ta BAPTOCTI PO3POOKH POTrPAMHOTO MPOIYKTY.....ccne.ee.. 38
3.2. PaxyHOK BUTPAT HA CTBOPEHHS TTPOTPAMHU.....uuuvvrreeeernnnrrrreeeensnnrreeesesssssseessessssseeeessnsnnsns 41
127 (0] = (021 1 2 SO OSSPSR 43
CIIMCOK BUKOPUCTAHUX JIKEPEJL.......coooiiiiiiieiieeeee e 44
JIOIATOK ALttt ettt et e st e e s et e et eesnbeeebteesnteeenteesnseas 46
JIOIATOK Bttt ettt et s e et e st e e st e e sabeeenaeesnseas 98
JIOIATOK Bi...eeeeee ettt ettt ettt et e ettt e st e e at e e eabeeenaaeeenbee e e 99



CIIMCOK YMOBHUX IIO3HAYEHb

OS - oreparliiiHa cucTema,

GPU - rpadiuyHumii npoiecop;

CPU - LEHTPAJIBHUM ITPOLIECODP;

ZIP - dbopmar apxiBarlii QaiiaiB 1 CTUCHEHHS JaHUX Oe¢
BTpAT;

Shader - e MporpaMHuUil KoA, Mg OOpOoOKM Trpadiku 3
KOMIT' FOTEpHHUX MpOrpamax;

Skinning - IpolIeC MPUB’I3yBaHHS CkeeTy 10 3D-moneni;

Highpoly - BucokomomironampHa citka 3D-Momeni;

Lowpoly - HU3BKOIIOIITOHaJbHA ciTKa 3D-momeni;

3D - TPUBUMIPHUH.



BCTYII

Temaruka qaHoi poOOTH MOB'sA3aHa 3 po3poOKOIO irpoBoi Jokarii Ha 6a31 Unreal Engine
5 11i Bi3yasmi3ali€ro 3a JOIOMOI'0I0 HIEHAepiB, a Takok BUKopucTaHHsAM Unreal Engine 5 nis
CTBOPEHHS PI3HOMAHITHUX MYJIBTUMEIINHUX MTPOEKTIB.

MeTor UbOro ITOCHIIKEHHS € BUBYEHHS HEOOX1AHOTO IHCTPYMEHTAPIIO 1711 CTBOPEHHS
IrpOBUX JOKalliii Ta po3poOku mieinepiB Ha 6a31 Unreal Engine 5 3 Meroro mocsarHeHHs
BHCOKOI IKOCTI Bizyaunizauli. Kpim toro, metoro € po3kputts moxinuocteil Unreal Engine 5
SK TIOTY>KHOTO 1HCTPYMEHTY JIJIsl CTBOPEHHS PI3HOMAHITHUX MYJIBTUMEIINHUX MPOEKTIB.

Y cydacHOMy CBITI PO3BUTOK ITPOBOi 1HAYCTPIl CYHNPOBOMKYETHCS IIBHIKUM
PO3IIMPEHHSIM TEXHOJOTIH Bi3yaii3aiii, IO JO3BOJISE CTBOPIOBAaTH BpaXkawodi Ta
peanictuuni irpoBi cBiTM. Unreal Engine 5, Ak oaMH 3 HAWNOTYXHIMIMUX PYLIiB s
PO3pOOKH 1rop, HaJa€e MMPOKI MOKIIMBOCTI JJISI CTBOPECHHS JCTai30BaHUX Ta 3aXOILTIOIOYHX
IrPOBUX JIOKALIIH.

Po3poOka irpoBux jOKariii € CKIaJHUM 3aBIAaHHSIM, [0 BHUMAara€ po3yMiHHS Pi3HUX
aCreKTiB, BKJIIOUAIOUM TEeUMIUICH, Ju3aiiH pIBHIB, MOJCJIOBAHHS, OCBITIICHHS Ta
Bigyamizamiro. OnHak, YycCmilmHa peaii3aimisi BHUMAara€ TaKOXK TIJTMOOKOTO PO3yMIiHHS
THCTPYMEHTAPIIO PYIIIisi TPU Ta MOXKJIUBOCTEH, SIK1 BiH IIPOIIOHYE.

OnHUM 3 KIIIOYOBHX aCIIEKTIB PO3POOKH IrpOBHUX JIOKAI[ill € BUKOPUCTAHHS MICHAEPIB -
MIPOTPpaMHKUX MOJYIIB, K1 KEPYIOTh rpadiqHUM MPOIECOpPOM 1 3a0e3MedyroTh peaaiCTUIHe
BIJIOOpaK€HHS MaTepialiiB, OCBITIEHHS Ta CHELiaJbHUX €(EKTIB.

Meta 1pOTO NOCHIIPKEHHS TOJSITae B JETajJbHOMY BHBUYEHHI MokiauBocTed Unreal
Engine 5 myia CTBOpEeHHs IrpoBHUX JIOKAlld Ta po3poOLl MEHIepiB, a TAKOK y JTOCATHEHHI
BHCOKOi sKocTi Bizyamizaiii. I[IpomopkeHHsM poOoTu Oyae po3poOka Ta peanizallis
KOHKPETHOI 1rpOBOi JIOKAIlll 3 BUKOPUCTAHHSIM PO3POOJIEHUX WLIEHAEpIB Ta AEMOHCTpALlis
iXHBOT €()eKTUBHOCTI Ha MPAKTHIII.

Po3pobxka irpoBux jokarid Ta po3poOka mieiliepiB - 1€ JUIIe YaCTUHA MOXKJIMBOCTEH,
aki Hamae Unreal Engine 5. lleii nBUryH € MOTY>KHUM IHCTPYMEHTOM JJii CTBOPECHHS
PI3HOMAHITHUX  MYJBTUMEIIMHUX MPOEKTIB, BKJIIOYAIOUM BIPTyaJlbHY pEalbHICTb,
apXITeKTypHY Bi3yali3allilo, TPEHIHTOB1 CHUMYJAIi, BiJICOIHCTANAIII, MYIBTUMEIINHI

MPEe3eHTallli Ta 1HI MPOEKTH.



Unreal Engine 5 Hamae po3poOHMKaM TMOTYXHI 1HCTPYMEHTH [JISi MOJICTIOBAHHS
CKJIAJHUX Ta JeTali30BaHUX OO0'€KTIB, CTBOPEHHsS (OTOpPEaNTiCTUYHUX Marepiajis,
HaJAIITyBaHHS OCBITIICHHS Ta CTBOPCHHS PI3HOMAHITHHUX CHEIialbHUX e(EeKTiB. 3aBIsKu
CBOIM BUCOKOsIKICHIM rpadiuniit o6po0iri, Unreal Engine 5 no3Bosisie cTBOproBaTH Bpaxkarodi
Ta IMEpCIiHI MYJbTUMEI1MHI MPOEKTH, K1 IPUBEPTAIOTh YBAry Ta 3aXOILTIOIOTh IJIs/1a4iB.

Kpim Toro, Unreal Engine 5 w™ae BOymoBaHi I1HCTpyMEHTH i (PI3UYHOTO
MOJIETIIOBAHHS, aHIMalli MEepCOHAXIB Ta IITY4YHOIO IHTEJEKTY, IO J03BOJSE CTBOPIOBATU
KUB1 Ta PEAJICTUYHI CBITH 13 B3aEMOJIIFOUMMH 00'€KTaMH Ta MepcOoHakamu. BiH Takox
niaTpuMye pizHi miargopmu, Braovaroun 11K, koHcoi, MOOUTBEHI IPUCTPOT Ta BIPTyaJbHY
peanbHICTh, M0 PO3IIMPIOE WOTO MOXKJIMBOCTI Ta 3a0e3nedye THYUYKICTh Yy po3poOlll Ta
PO3rOpTaHHI MYJIBTUMEIINHUX MPOEKTIB.

3aBASKU MIUPOKOMY CIEKTPY (YHKIIOHAIBHOCTI Ta MOTY>KHUM 1HCTpyMeHTaMm, Unreal
Engine 5 BinmkpuBae 0e3id MOXIMBOCTEH JI TBOPYOCTI Ta 1HHOBAILIK y cdepl po3poOKku
MyJABTUMENIMHUX TPOEKTIB. BiH 103BoJisie pO3pOOHHWKAM BTUIIOBATH CBOi YSIBICHHS 1
CTBOPIOBATH 3aXOIUTIOIOUI Ta Bpa)karodi BIPTyasibHI CBITH, IO B3a€EMOJIIOTH 3 IIISAJAaUeM Ta
CTBOPIOIOTH HEMOBTOPHI €MOIIii Ta BpayKEHHS.

OCHOBHOIO METOI0 JaHOI poOOTH € JeTajbHe BHUBYEHHs 1HCTpyMmeHTapito Unreal
Engine 5 nns po3poOku irpoBuX JIOKaIid Ta po3poOku mieiaepiB. JlociimkeHHS
BKJIIOUATUME aHaji3 (YHKIIOHATBHUX MOXJIMBOCTEH pylIisi TpH, BUBYEHHS THpPOIECY
CTBOPEHHSI IrpPOBHX JIOKalii Ta po3poOku meinaepiB 3 Bukopuctanusm Unreal Engine 5, a
TaKOX MPAKTUYHY peai3allilo KOHKPETHOI irpoBOi JIOKAIlli 3 BUKOPUCTAHHIM PO3POOJICHUX
menaepis.

Pe3ynbraroM BuUKOHaHHS JlaHOi poOOTH Oye TOTOBa irpoBa JIOKAIiS 3 BUCOKOSKICHOIO
Bi3yasli3alli€lo, 10 JI03BOJUTH JOCIIAHUKAM Ta PO3POOHUKAM BUKOPUCTOBYBATU 1IE€H JOCBIi
JUTSL TIOAQIIBIIIOTO YIOCKOHAJICHHS TpadiyHUX MOXIIMBOCTEH y ramysi IrpoBOi pO3pOOKH.
KpiMm TOro, pesynbTaTd JOCHIIKEHHS MOXYThb OyTH KOPHCHI Y CTBOPEHHI IHIIHMX

MYJIBTUMENIMHUX MPOEKTIB, 10 BUKOPHUCTOBYIOTH Unreal Engine 5.



PO3/ILI 1
AHAJII3 IPEJIMETHOI TAJIV3I TA IOCTAHOBKA 3AJTAUT

1.1. 3arajbHi BiZOMOCTI 3 peAMETHOI rajay3i

TpuBumipna (3D) rpadika € BaXJIMBUM PO3IIJIOM KOMIT'IOTEpHOT Trpadiku, SKHi
JI03BOJISIE CTBOPIOBATH 300payKEHHS, BiZIeO Ta BipTyalibHI MMEPCOHAXKI 3 00'eMHUMU 0Opazamu
3a JIONOMOTOI0 MOJENIIOBaHHS 00'€KTIB y Tphox BuMipax. OcHOBHa MeTa 3D-MonentoBaHHsS
ToJIsATae B po3poOIli BizyabHO 00'€éeMHUX 00pa3iB 00'ekTiB. Mojem MOXyTh OyTH CTBOpPEHi
SK aBTOMaTH4YHO, TaK 1 BPy4HY.

[Ipouec pyuHoro MoxemtoBaHHs i1 3D komn'torepHOi rpadiku CXOXKUH Ha
MJIACTUYHE MHCTENTBO, JIe BUKOHABEIb CTBOPIOE TeoMeTpUuYHi AaHi 00'ekt. Takox icHye
MOKJIUBICTh (DI3UYHOrO CTBOpEeHHS 3D-Mozerneil 3a J0MOMOrow NpUCTpoiB ais 3D-apyky,
K1 OPMYIOTh MOJIEITh TIOIIAPOBO 3 TPUBUMIPHUM MaTepiajioM.

VY nponeci ctBopeHHa 3D-mozeni HEOOX1IHO AOTPUMYBATHUCA TMEBHUX MPaBUI Ta
IHCTPYKIIi#, 100 3a0e3MeYnT TOYHE Ta CBO€YacHe BUKOHAHHS 3aBraHHs. Lleit nmpaBuabHMiA
MOPSIAOK 11 Ha3UBAETHCS MAUIUIAHOM, SIKUH BKJIIOUA€ B ce0€ CTaHJapTH Ta ONTUMIZYE Yac
1 pecypcu Ha KOKHOMY €Tarli CTBOPEHHS Moneni. BiH Bupimye pi3HOMaHITHI TEXHIYHI Ta
XyJIO’KH1 3aBJIaHHsI, TaKl SIK BUOIp CTHJIKO MOJeNi, OOMEXKEHHS TOJITOHIB, HAsBHICTh KapT
HEPIBHOCTEH, METOAM TEKCTYPHUHTY, PO3/IiIbHA 3AaTHICTh TEKCTYP, aHIMAIIisl MO Ta 1HIIIL.

B irposiit iHaycTpii mpormec po3podku 3D-clieHM MOYMHAETHCS 3 OJOKYBAaHHS Ta
3aKIHYY€ThCS TOTOBOIO MOJCIUTI0 BCepenuHi mpoekTy. OMHUM 3 HaWBaXKIIWBININX MHTAaHb,
[0 BHUHUKAIOTh IPU CTBOPEHHI IrpPOBOro MaIuiaiiHy, € BUOIp MK CTHJII3AIl€l0 Ta
peasti3MOM, OCKUTBKH BOHU BU3HAYaIOTh 3arajbHUM BUITIS Ta aTMOC(epy T'pH.

PosymiHHs 3aranpHHX BioMocTed 3 mpeameTHoi rany3i 3D rpadiku € BaXJIMBUM
KPOKOM Yy pO3pOoOIll IrpOBUX CIIEH Ta BUKOPHUCTaHHI KoMm'toTepHOi rpadiku. Lli 3HaHHA
HAJAI0Th OCHOBH JJIsl TOJANBIIIOTO AOCTIKEHHS Ta PO3BUTKY II1€1 3aXOIIIIOI0UO1 Tally31, Ka
Ma€ BEJIMKUI MOTEHIia)l y Cy4YaCHOMY CBITI pO3Bar Ta BIpTyaJbHOI pEaIbHOCTI.

OCHOBHUM 3aBJIaHHSAM peani3My € IMITyBaHHS KHUTTS. Takuil 00'ekT He 0OOB'SI3KOBO

ICHY€ y pEeaJIbHOCTI, aJie BIH Ma€ BUIJISAJIaTH peaabHO. Peani3m Hamoro yacy JOCUTh CUIILHO
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BiJIpI3HSETHCS Big Toro, mo Oymo 20 pokiB Tomy. Ha mpuknazai irop 1993 poky Tta 2023,

MO)KHa TOOAYUTH, SIK Bi3yajbHa Ta TEXHIYHA SKICTh MOKpammiach (puc.1.1) ta (puc.1.2).

Puc. 1.2. Ilpuknan rpadiku B irpax 2024 poxky

[TpukmagamMu miABUINECHHS SIKOCTI ACTajeH B MOIEIAX € iX KiIbKICTh, 301JIbIICHA 3a

paxyHok PBR, sikoro He icHyBasio mie 10 pokiB Tomy.
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OCHOBHI NPUHIUIH peajizMy MOJATraloTh B TOMY, 1100 HaO1IbII TOYHO MEpenaBaTH
CyTh O0'€KTIB 3 HAMOLIBIIOI KUIBKICTIO JAeTalield. 3a3BU4Yail peaii3M BUKOPHCTOBYIOTh Y
memia. B irpoBiit iHgycTpii peanmicthyHa Trpadika 3'IBWIACH HENIOJABHO 3aBISKA
monepHizaii [IK, ski HaOynu 31aTHICTH OOPOOIATH HEOOXIAHY JJIs peaTicCTUYHOT MO

KUIbKICTh NOJroHiB. Jlus. puc. 1.3.

Puc. 1.3. Tlpuknan po3BUTKY peanizmy

CTBOpeHHSI PealiCTUYHOTO OTOYEHHS B Irpax € CKJIQJHMM Ta LIKaBUM IPOIECOM,
KWW BKIIOYA€ KiJTbKa €TariB 1 BUMarae yBaru 10 JeTajieid Ta TBopdyoro mimxomy. Jlms
JOCSITHEHHS pealli3My B IrPOBUX OTOYEHHSIX BUKOPUCTOBYIOTHCS MEBHI KPOKH Ta TEXHOJOTI.

- Bubip koH1IeNTY Ta CTBOPEHHS JOLIKH pePepeHCiB:

ITepm 3a Bce, HEOOXiAHO 3pO3YyMITH, SKE€ OTOYCHHS TOTPIOHO CTBOPHUTH.
3I1ACHIOETHCS TIOIIYK OCHOBHOI'O KOHUENTY Ta 30ip poaarkoBux pedepencis. Konuenrt-apt
Ta JoIIKa peepeHciB BUKOPUCTOBYEMO JUIsl BUSHAYEHHS CTHIIIO, KOJIbOPIB, apXITEKTYPHUX
JeTaNell Ta IHIIMX €JIEMEHTIB oToueHHs. lleli eram momoMarae BCTaHOBUTH OCHOBHI
napamMeTpH Ta Bi3yaJIbHUM HAIIPSIMOK POOOTH.

[Ipuknan koHuenrt-apry mis 3D-Xyn0oKHUKA HaBeIeHO Ha puc. 1.4.
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Puc. 1.4. IIpuknan KoHLIEOTY

- biokayr:

Ha noyarkoBoMy eTami BHUKOHYEThCS OJIOKyBaHHA cueHH abo piBHA. lle o3Hauae
CTBOpeHHsI TpyOoi (hopmu 0O0'€KTIB Ta iX po3TallyBaHHS B IPOCTOPi, MO0 BH3HAYUTH
KOMITO3MIIII0O Ta PO3MIMICHHS eJeMeHTIB. biiok-Mozment MOXyTb OyTH HPOCTHUMH
TEOMETPUIHUMH (HOPMaMHU, SIK1 € TiIKA3KOK0 JJIs TOJAJIBIIIOT0 JeTaTi3yBaHHS.

- Ckynentusr (a6o ctBopeHHs highpoly ciTkm):

Ha npomy erami CTBOPIOETBCS Ta JETaI3yeThCS yCs MOJENb 0€3 OOMEeXeHb 3a
KIJIBKICTIO MOJITOHIB, CITKAa MOZAEII HACTUJIBKH IIUIbHA, [0 MOYKHA JINUTH BCE, 1110 3aBTOJHO,
K 31 IIMaTKa IUIACTWIIHY. BuHcokomoniroHanbHa CITKa NOTpiIOHA JIMIIE JUIS 3aIllKaHHS
neranei Ha lowpoly. Ipukian highpoly moneni HaBeneno Ha puc. 1.5.

- Peronosnoris (a6o ctBopenHst lowpoly ciTku):

3aBnaHHS PETOIOJNOTIl - 3HAWTH 17eadbHUN OallaHC M1k BUPA3HICTIO Ta MPOCTOTOIO
Mojneni. Jns uporo KOKHUM €JIeMEHT MOJEeNl MOBHUHEH Marh (YHKIIOHAJIbHE 3aBJIaHHSA:
BILJIMBATH Ha CHIIyeT a00 BUIIPABIISITH BiJOIUCK.

Ha npomy erami CTBOPIOETHCS Ta cama MOAEIb, 10 Oy/1e 3aBaHTaXyBaTHCh B ITPOBUI

neuryH. [Ipukiasn Takoi Mozeni HaBeeHO Ha puc. 1.6.
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Puc 1.5. Ilpukiaa BUCOKOTIONITOHATILHOTO aCCETY

- Posroprka:

Ha upomy erarmi posropraerbest lowpoly Mozaenb Ha TUIOMIKMHY 11 TOTO, 1100 3amedeHi
KapTH Ta TEKCTypH, SKi SBISIOTECS TPOCTUMH TUIOCKUMHU KapTUHKAMH, MOTIIA
3acTocyBarucs A0 00'eMHoi moaeni. [Ipuknan po3ropTku HaBeaeHO Ha puc 1.6.

- Baking maps:

Eran NepeHeCeHHS nera3arii 3 BHUCOKOITOJIITOHAJIBHOT CITKH Ha
HU3BKOIOIroOHAIbHY. Ha 1hoMy erami 3amikaioTh KapTy HOpMaJied, IO IMITy€ BHCOKY
JeTani3alil0c  Ha  ONTHUMI3OBAHMX  HU3BKOIOJNITOHANBHUX  Mojeisx.  Takox 3
BHCOKOMOJIITOHAJIBHOT MOZENI 3amikaloTh Kapry TiHed Ta ID-kapry, ska momomarae mpu
TekcTypyBanHi. [Ipukian kapt HaBezeHO Ha puc. 1.6.

- CTBOpEHHS TEKCTYP:

Etan ¢apOyBaHHsS HU3BKOIONITOHAIBHOI Moneni. ICHye Kimbka TEXHOJOTIH
Bi3yasi3allii KapTUHKM 31 CBOIMM BHUMOTaMM J0 TekcTyp. Hampukman y crapux irpax
MaJIOBaJId KapTy KOJbOPY 3 BIIUTHUM Yy Hei CBITJIOM 1 TiHSIMH, 1 KapTy BIAOIHCKIB, aje B
CydacHUX npoekrax AAA BUKOPUCTOBYEThCS (13MUHO KOpeKTHUI penaep — PBR.

[Ipuknan TeKCTyp Ta Mojeliel HaBeAeHo Ha puc. 1.7.
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Puc. 1.6. Ilpuknan peTononorii Ta po3ropTKu acceTiB

- IMmniopT y nBuryH:
Ha erami iMmopTy B IBUTYH OCHOBHOIO 33Ja4€I0 € HANTAIITyBaHHS MOJIEN, TEKCTYp Ta
aHIMaIlii, mo0 yce MpaIoBajgo sK MOTPIOHO 1 00 €KT BUIVISAIAB BiMOBITHO KOHIIEIITY.

[Ipukiax HaBeneHo Ha puc. 1.8.

Puc 1.7. Ilpuknaa TEKCTypHUX KapT
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Puc 1.8. ®inanpHuii BUIIAL MOJieel B IBUTYHI

3MIHIOIOTBCSI MPOTPAaMU Ta TEXHIYHI BUMOTH, MPOTE TMOPSAJOK €TalliB 3a3BUYail

3aJIMIIAEThCS HE3MIHHUMM. [IpaBHJIbHO BHMKOHAHI €Tanu JalTh HAa BHUXOAl SIKICHY Ta

ONTUMI30BaHy mia ABUTYH 3D-Monenb.

1.2. Ilpu3dHavyeHHs1 pO3POOKH Ta rajgy3b 3aCTOCYBAHHA

Ha croroani 3D-rpadika BUKOPUCTOBY€ETHCS B OaraTboxX rayrys3sx:

Y MenuuHii TPOMMCIOBOCTI BUKOPUCTOBYIOTHCS JAOKJIAAHI MOJIEl OpraHiB, 110

(opMyI0ThCA Ha OCHOBI Oararbox 2D-3pi31iB OTpuMaHuX 300paxeHsb, oTpuManux 3 MPT abo

KT.
VY HaykoBill cepi BUKOPHUCTOBYIOTHCSI BHCOKOJAETATI30BaHI MOJENl XIMIYHHUX

CIIOJYK.
VY ramy3i apxitexktypu 3D-Mozeni BUKOPHUCTOBYIOTBHCS IS Bidyanizaiii Ta

JIEMOHCTpAIlli MPOEKTOBAHUX OyiiBedb Ta JaHAmadTIiB 3aMIiCTh TPAAUIIMHUX (DI3UIHUX

apXITEKTypPHUX MOJETEH.
ApxeoJioriuHa CIiJIbHOTa CTBOPIO€ 3D-Moeni KylnbTypHOI CHAIIMHA 3 METOIO

JOCJIIJIPKEHHS Ta Bi3yasi3allii.
KinoinmycTpiss BukopuctoBye 3D-Momeni st CTBOpPEHHS aHIMAIIMHUX Ta

16



peanpbHUX (PUTBMIB, BKIIOYAIOYH TEPCOHAXKIB Ta 00'€KTH.

- lMany3s Bizmeoirop BHKOpUCTOBYE 3D-Mojeni SIK aKTHBH JiJII KOMITIOTEPHUX 1
BIJICOIrOp, IO JIO3BOJIIE CTBOPIOBATH BHCOKOSKICHI Ta PEaCTHYHI irpH, PO3MIHUPIOIOYH
MO>KJIMBOCTI Ta CBOOOJTy KOPHUCTYBaYiB.

3aBASKM TOJIMIIEHHIO rpadiku y BIJEOIrpax CTa€ JErme MepeHOCUTH OTPUMAHMMA
JOCB1/1 y peanbHe )KuUTTA. HabaraTo mpocriiie criBrpaloBaTi 3 MepCcoHaKeM I'pH, SIKIIO BiH
Maii’)ke HEMHHYY€ Harajye JIOAUHY, a HEe a0CTpPaKTHI MOJIITOHAJIbHI MOJENI 3 HAHECEHUMU
TEKCTypaMu OOJIUYYSI.

OaHuM 3 MpUKIAAIB KOPUCTI BIAEOITPOBOrO JOCBiAY € TMOJIMIUEHHS HPUUHATTS
pimens. JlocmipkeHHsT MOKa3ywooTh, mo myTepu, Taki sk "Counter Strike", po3BHBaroTh
"HU3BKOPIBHEBE CIPUUHATTA" Ta peakililo Ha HenepeadadyBaHl O0'€KTH, CHOHYKAOUU
rpaBIlsl BKUBATH BIJMOBIAHUX MAii. 3 1HIIOTO OOKY, Irpu >KaHpy "IHTEpakTHUBHE KiHO", K
Hanpukiaza "Beyond: Two Souls", y skux nNpuiHATTS pillieHb BIUIMBAE Ha (hiHAT I'pU, J0Ope
MOJICTIOIOTh CUTYaIlii, e HEOOX1THO MBUJIKO 3POOUTH BAXIIMBUI BUOIp, IO BU3HAYAE JIOITIO
NepCcoOHaka Ta HETMEPCOHAKHUX TepOiB, PO3BHUBAIOYHM PO3YMIHHS NMPUYUHHO-HACIITKOBHX

3B'SI3KIB.

1.3. IigcraBu 15 po3podKu

BinmoBigHO 10 OCBITHBOI MPOTpaMM, 3TITHO HABYAIBHOTO IUTaHy Ta TpadikiB
HaBYaJILHOTO TMIPOIIECY, B KIHII HABYAHHS CTYJACHT BUKOHY€E KBamidikaIiiiHy poOoTy.

Tema poOOTH Y3TOMKYETHCS 3 KEPIBHUKOM MPOEKTY, BHUITYCKAIO4OI0 Kadenporo, Ta
3aTBEP/KYETHCS HAKa30M PEKTOpa.

OT1xe, nicTaBamMu JUisi po3poOKH (BUKOHAHHS KBasi(ikaiiitHo1 poOOTH) €:

— ocBiTHS nporpama 121 «IHxkeHepiss mporpaMHOro 3a0e3neueHHs»;

— HaBYaJbHUH IUIAH Ta rpadik HABYAIBHOTO MPOLIECY;

— Haka3 pektopa HaimoHanmkHOTO TEXHIYHOTO YHIBepcUTeTy «/[HIMpoBChKa
noynitexHika» Ne 268-¢ Bix 18.05.2023 p;

— 3aBmaHHsA Ha KBamidikamiiiHy poboty Ha Temy ‘“Po3poOka mporpamMHOTO

3abe3redeHHs IrpoBoi Jiokarlii Ha 6a3i cepenosuina Unreal Engine”
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1.4. IlocTaHOBKA 3aBIAaHHSA

3aBaaHHsAM J1laHOi PoOOTH € po3poOKa irpoBoi Jokalii Ha 06a3i cepepopumia Unreal
EngineS Ta CTBOpEHHS BI3yaJIbHOTO CTUJIO MPOEKTy 3a ponomororo 3D-rpadiku. B
pe3yabpTari HEeOoOX1AHO CHPOEKTYBAaTH Ta pO3pPOOUTH IFPOBY JIOKALIK Uil IUIaT(HOpMHU
Windows Ta 3a nmonomoroto 3D-rpadiku cTBOPUTH OTOUYEHHS, Ta POPOOUTH LICHACpU IS
BUKOPHUCTAHHS Y MPOEKTI.

[TocTaBnena 3agaua Oyzie JOCSITHYTa MPU BUKOHAHHI TAKUX YMOB:

- BHUBYEHHS NIPEIMETHOI Tally3i;

- MOJICJIIHT, aHIMaIlisg Ta IHTeTrpyBaHHs oToueHHs B ABUTYH Unreal Engine 5.

- Po3poOka (i3uyHO KOpPEKTHUX MIEHJEpiB AJId peaslicTUYHOI TMepenadi CcBiTia,
TiIHEH, Ta KOJHOPIB OTOYEHHSI.

- HanamryBaHHS OCBITJIEHHS Y CLIE€HI, 3 BUKOPUCTAHHAM HOBITHBOI CHCTEMH
Lumen.

- CrBopennss PBR wmarepianiB 3 ypaxyBaHHAM OCOOJHUBOCTEH pO3pOOIECHUX

HieiiepiB, Ta pO3MIILIEHHS OCBITIICHHS.

1.5. Bumoru g0 nporpamMu ado NporpaMmHoro BUpooy

1.5.1.Bumoru 10 pyHKUIOHATBHUX XaPAKTEPUCTHK

KiHeBwuii mpoAyKT MOBHHEH JOTPUMYBATHUCS HACTYMHUX (YHKIIIOHATHHIX BUMOT':

- nigrpuMka PBR tekcTyp;

- G13UYHO KOPEKTHA poOoTa 31 CBITJIOM Ta TIHIMU;

- HasIBHICTh JEMOHCTPALIMHOI 1rpOBOi JIOKalli CTBOPEHOI Ha 0a3i po3poOIeHHX

enIepiB;
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1.5.2.Bumoru 10 inopmaniiiHoi 6e3nexn

Jlist 3a0e3nedeHHs iHdopmarliiiHoi O0e3neKkn KOpUCTyBadya MOBUHHI OyTH 3a0e3IeueHi
TaKi yMOBHU:

- CBO€YACHE BCTAHOBJICHHS OHOBJICHD;

- BIJICYTHICTh HEOOXIJTHOCTI KOPUCTYBady PEECTPYBATHCS Ta CTBOPIOBATH aKayHT

BCEpEMHI MPOEKTIB;

1.5.3.Bumoru 10 ckjiaay Ta mapaMeTpiB TeXHIYHHMX 32C00IB

BianoigHi xapakTepuCTUKH HEOOX1TH1 I poOOTH AofaaTky Ha Windows :

- OS: Windows 7 (SP1+) a6o Buie

- CPU: Intel Core 13/15/17 1.8 GHz CPU dual-core. AMD 2.0 GHz dual-core;

- GPU: NVIDIA GeForce 260 / Radeon HD 4000 Series / Intel HD Graphics 4000;
- DirectX: Bepcii 10 a6o Buie;

- HakonuuyBau: 512M0;

- orepaTuBHA naM’siTh: 4 1'6.

1.5.4.Bumoru 10 indopmaniiiHoi Ta NPOrpamMHoOi CyMiCHOCTI

Jlonarok cTBopeHHid Ha ocHOBI irpoBoro asuryHa Unreal Engine Ta npusHaueHuii 1uist
BUKOPHMCTAHHS Ha orepariiHii cuctemi Windows, a MOBOIO IporpamyBaHHs OyB 000opaHuii
C++.

Jonarok He moTpedye O0coOMMBOi MpoOLEAYpHd BCTAHOBJEHHS, a MPOCTO
pPO3MAKOBYEThCS 3 zip-apxiBy. OHOBIIEHHS BiI0YBAa€ThCs LUISIXOM MepeKayyBaHHS apXiBYy 3

MepeXi IHTEpHET.
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PO3ILI 2
MMPOEKTYBAHHS TA PO3POBKA IHOOPMAIIHOI CHCTEMHU

2.1. 3araJuabHi BiIOMOCTI 3 IpeAMeTHOI raJys3i

Pesynbrarom naHoi kBamidikariiiHoi poboTH Mae OyTw IrpoBa JIOKaIlis sKa
BUKOPHCTOBYE pO3poONeHui mieliaep, po3poomenuit B nBuryHi Unreal Engine, Ta
Bi3yaJIbHUM CTHJIb MPOEKTY, CTBOPEHMI 3a goromorot 3D-rpadiku.

[IpoekT mMOBHHEH NPONEMOHCTPYBATH MOXKIMBOCTI PO3pPOOIEHOTO IIeimepy Ta
MO>KJIMBOCTI MOr0 BUKOPUCTAHHS MPU CTBOPEHHI IrpoBUX piBHIB Ha 6a31 Unreal Engine 5, ta
Horo po6oty 3 cucreMoro Lumen sika MakKCUMaJIbHO pEajliCTUYHO BIATBOPIOE BIUIMB CBITJIA

Ha 00'eKTH

2.2. Omnuc 3acTOCOBAHUX MATEMATHYHHUX METO/IIB

[Tpu cTBOpeHH] (Pi3MYHO KOPEKTHHX IIEHAepiB BUKOPUCTOBYIOTHCS Pi3HI MaTeMaTH4IH1
METOJIH, SIK1 JIO3BOJIAIOTH MOJICTIOBATH PEaiCTUUHY MOBEAIHKY CBITJIa Ta MarepiaiiB. Jleski
3 IIMX METOIB BKJIIOYAIOTh:

e  Monens bpancdhopna-Hikancona (anrn. Lambertian Reflectance Model): s
MojIeNIb onucye audy3He BiOWBaHHS CBITJIa BiJ MarepiajiB 3 MaTOBOIO MOBepxHEr0. BoHa
0a3yeThcsi Ha 3akoH1 JlamOepra, KUl CTBEpAXKYye€, IO 1HTEHCHBHICTh BIIOMTOTO CBITIA
MPOMOpIiiiHA KOCHHYCY KyTa MDK HOpPMaJUII0 IOBEPXHI Ta HampsiMoM cBitia. Bona
BUPAXOBYETHCS 3a dopmynorw:I; = L-NCIy, ne I - 1HTeHCUBHICTh qU(y3HO
B1JIOMTOTO CBITNA (SICKpaBicTh MoBepxHi), C mo3Hayae Koiip, a Iy, - INTeHCUBHICTH CBITIIA 110
najae.

° Monenr @®onra (anrmi. Phong Reflection Model): Ils momens nomae 1o
nudy3HOro BiIOMBaHHS Taki KOMIIOHEHTH, sK Biaoutuit Omuck (specular highlight) ta
3ariHeHHs (shading). BoHa BHKOpPUCTOBY€ BEKTOPM HOpMali, HampsiMy CBITJIA Ta

CIIOCTEPEXKEHHS JJIsI PO3paxyHKy 1HTEHCHMBHOCTI BIIOMTOTO CBiTiIa. BOHa BHpaxoByeThCs 3a

I=K,I, + Ky, 1)+ K, (i, h)? i

dbopmyIo10: , Ie T - BEKTOp HOpMAJI [0 IO y Toumi, | —
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HaJaroumii POMiHb (HAIpSAMOK Ha JDKEpeIo cBitna), h — BigOWMTHII MpoMiHb (HAIPAMOK

h=2(lxn)n—1 K. _ goedpiuient

MPOMEHS 1JICJIbHO BIJIOMBAETHCS BiJ TOBEPXHI),
domoBoro ocpitnenns, & — koedimienr Bimbmuckis, K¢ — koedimient poscisHOT
OCBITJICHOCTI.

e  Mogens bpydepa-®pinens (anmi. Fresnel Reflectance Model): Ls monens
BpPaxoOBYy€ SBUIIE BIAOWUTTSA CBITIA HA MEXI JBOX CEpPEIOBMIL 3 PI3SHUMHU NOKa3HUKaMHU
3asiomyieHHs. Bona BukopuctoBye dopmyny DpecHenss ais oOuMCIeHHS KoedillieHTa
BIIOUTTS B 3aJICKHOCTI BiJl KyTa MaJlIHHS CBITJA Ta MOKAa3HUKIB 3aJIOMJICHHS MaTepiaily Ta
CepeloBHUIIIA.

e  Moxuens Mikpocdepu (anri. Microfacet Model): L{s Mmonenb onucye moBepxHIO
MaTepialy SIK CYKyIHICTh MIKPOCKOIIYHUX (paceTok (MIKpocdep), KoKHA 3 IKHMX Ma€ CBOIO

HOpMaJb. BoHa BUKOPHUCTOBY€E CTAaTUCTUYHI PO3MOALIA HOpMasel (aceTok ais po3paxyHKy

B1IOUTOTO CBITJIa Ta OJIMCKIB HA TOBEPXHI.

DFG
4V -N)(N-L) ne D— koeodiuient po3noxiny bekmana, sik 3a3Ha4eHo Bullg, a F

spec

— 1epm Operens, a G — reoMeTpUYHUN TEPMiH 3aracaHHs, M0 OMHCY€E CAMO3AaTiIHCHHS 3a
pPaxyHOK MIKpOTpaHei, 1 Ma€ BUTISL;

P ( 2H - N)(V - N) Q[H-N}{L-N])

V-H ' V.-H
VY mux dopmymnax V - BekTop Kamepu ado

oka, H - miBkyTHuUli BekTop, L - BekTOp 10 Mkepena cBitia 1 N - HOpMaJIbHUI BEKTOP, a o -
kyT Mk H 1 N.

e  Monens bi-Toppanca (anmi. Bidirectional Reflectance Distribution Function,
BRDF): 1ls Monenb onucye MOBEAIHKY CBITJa MPU BiAOMBAHHI BiJ MOBEPXHI Marepiaiy B
Oynb-sskoMy HarnpsMKy. Bona BukopuctoBye BRDF-(dyHkItito, sika BpaxoBye KyT TaJliHHS
CBITJIa, KyT CIIOCTEPEKEHHS Ta XapaKTEPUCTUKU Marepiany A OOUYHUCIEHHS IHTEHCUBHOCTI
B1IOUTOTO CBITJIA. Bona BUPAXOBYETHCS 3a dbopmyIoro:

dLT |:Ll.-'|) N 1 d-l[-'r {Wr]
dE;(w;)  Li(w;)cos@ duw

ff{wi.p L'-"r) =

, e L - caiiBo, a00 MOTYXXHICTH Ha OIUHHIIIO

TBEPAOrO KyTa B HANPSMKY MPOMEHS Ha OJMHHULIO MMPOEKTOBAHOI TUIONII-NEPIIEHIUKYIISIPHO

npomeHo, - BUMpOMiHIOBaHHsI, a60 MOTY)KHICTh HA OXMHHINO IUIOMNI moBepxHi, i % - kyT
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MK @i TOBepxHeBa HOpMajib M. IHaekc 1 BKasye Ha Majaloue CBITIO, TOMI K iHICKC T
BKa3ye Ha BIJIOUTE CBITJIO.

Ili MaremMarnyHi METOIM, Pa30M 3 IHIIMMH TEXHIKAMH, JTO3BOJISIOTH CTBOPIOBATH
nieiiiepy, o BIATBOPIOIOTH pi3HI (I3UYHI SABMINA, Taki K AUdy3HE Ta BIAOUTE CBITIO,
IIPO30PICTh, BIAOJMCKH, MPEIOMIICHHS, PO3CISHE CBITIO Ta 1HIIN, 3a0e3Medyrour OiIbII
peaiCTUYHHUI BUIIISL 00'€KTIB y Bizyasli3allii irpoBOTO CBITY.

[Tin gac ctBopenHs 3D-moxenel /UIsi MPOEKTY BUKOPHUCTOBYBABCS MaTEMaTHYHHIMA
MEeTOM TPilaHTyJsIIi. TplaHTYISII€I0 Ha3UBAETHCS MPOIEC PO3OUTTS MOJITOHAIBHOT 00J1acTi
31 CKJIQTHOIO KOH(Irypaii€r0 Ha TPUKYTHHUKHU. Bylb-fKy TUIOMIMHY MOXXHA PO30UTH Ha
TPUKYTHUKU, a TPUKYTHUK B CBOIO YEpPry € HAWUIMPOCTIIIMM TMOJITOHOM, BEPIIUHU SIKOTO
OHO3HAYHO 3aJal0Th TpaHb. AJTOPUTMH TPIaHTYIAIII BUKOPHCTOBYIOTH y 0Oararbox
nporeaypax MamuHHOI Tpadiku. Hampukman, ¢dopmyBaHHS TOBEpXOHb, (apOyBaHHS,
BUJIAJICHHS HEBUAUMUX YacTuH. B irpoBiit iHAycTpii Tpianrymsiis 3D-Mozeni € BaxIMBUM
€TarioM Iepe/l eKCIOPTOM Y JIBUTYH, TakK SIK TPIAHTYJSIIA MOJENl 3a0e3leyye KOPEKTHE

B1JIOOpaKEHHS T€OMETPii, TEKCTYp Ta ONMKIB O€3M0CEePEHBO Y IPI.

2.3. Onuc BUKOPMCTAHUX TEXHOJIOTIH Ta MOB POrpaMyBaHHs

Substance Painter - 1e MNOTYXHUW I1HTYITUBHUN I1HCTPYMEHT JUIsl TEKCTypyBaHHs
3D-Monenei, sKuii JO3BOJIAE XyJOXXKHUKAM CTBOPIOBATH PEATICTHYHI TEKCTypH 31
CKJIaJHUMHU MarepiajaMu Ta JAeTaiizaniero. BiH mMae mupokuil HaOlp 1HCTPYMEHTIB AJis
po3dapOyBaHHs, CTBOPEHHSI MacoK, TeHepalrii 0aMi-mar, 1oAaBaHHs [ISHIIO, METATIYHOCTI
ta iHmuX edekriB. Substance Painter miarpumye PBR (Physically Based Rendering) ta
MO’KE€ 1HTETpyBaTH B 1HIII MPOTpaMaMu ISl IIOAATBIIOT pOOOTH 3 TEKCTYPaMH.

Marmoset Toolbag - 1e nporpamue 3a0e3neueHHs I MONEePEeIHBOT0 MEePerisay Ta
pernepunry 3D-mopeneil, 10 103BOJNS€ MBHIKO Ta €(PEKTUBHO CTBOPIOBATH Bi3yaizallii.
Bono mae iHTYiTHBHUI 1HTEepdEIC, MUPOKUNA CIIEKTP MaTepiaiaiB Ta OCBITIICHHS, ATPUMKY
PBR, a Tako iHCTpyMEHTH JIs HaJAIITyBaHHS KaMepH, PO3MIIIEHHS CBiTa, CTBOPCHHS
aHIMaIlIHUX TMeTeNb Ta 6araro iHmoro. Marmoset Toolbag € moTyXHUM 1HCTPYMEHTOM JIs
IIBUJIKOTO Ta SIKICHOTO Bi3yaumi3aiii 3D-mozneneit.

3DS MAX - une mnpodeciiiHuii makeT MOPOrpaMHOrO 3a0e3Me4YeHHS s
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3D-monenmtoBaHHs, aHiMaIlli Ta Bizyam3ailii. BiH Hagae mmpokuii HaOlp IHCTPYMEHTIB IS
CTBOpEeHHsI CcKkiamHux 3D-mopenelt, pealicTUMHUX aHIMaIlll, Bi3yasi3allii Ta CremiaabHuX
edekriB. 3DS MAX migrpumye pisHOMaHITHI hopmaru ¢aiiiniB, Mae MOTYKHI IHCTPYMEHTH
JUIsT MOJENIOBaHHS Ta aHiMallli, BKJIIOYAlOYM KapKacHE MOCIIOBAaHHS, CKYJBITYpY,
JUHAMIKY TU1, peHAepHHr Ta Oarato iHmoro. lle momynspHe mporpaMHe 3a0e3neueHHs
cepea Bi3yalli3aTopiB, apXiTEKTOPiB, ITPOBUX PO3POOHUKIB Ta IHIMMX MpodecioHaTiB
3D-iHycTpii.

ZBrush - 1ie mporpamue 3abe3rnedeHHs i1 MUGPOBOI CKYJIBITYPH Ta MOJCTIOBAHHS
3D-006'ekTiB. MIOro BUKOPHCTOBYIOTH Il CTBOPEHHS BHCOKOIETANi30BaHMX 3D-Moxeneii 3
BUKOPHUCTAHHSIM PI3HUX 1HCTPYMEHTIB, TAKHX SIK KUCTI, MACKH, BUPIBHIOBAHHSI, JAeTali3aIlis
Ta iHmi. ZBrush mae noryxHuil iHTepdeic Ta IMHUPOKI MOXKIMUBOCTI JJisi CTBOPEHHS
peaicTHIHIX 3D-mopenei, BKJIIOYAIOU U CKJIaJH1 TEKCTYpH, Oamm-Mamnu,
TUCIUIeicMeHT-Manu Ta iHu epektu. ZBrush € momynsipHuMm y 3acTOCYBaHHI B 1HIYCTpii
Bizteoirop, GpiibMiB Ta aHIMAITi.

Quixel - me kommaHisg Ta cepis IHCTPYMEHTIB JJii CTBOPEHHS (POTOpEaiCTUUHUX
MmatepianmiB Ta TekcTyp. Quixel Suite mae 1HCTpyMEHTH JUisi CTBOPEHHS MarepialiB 3
BHCOKOIO JETai3alli€ro, BKIIOYAIOUM TUCTUICHCMEHT-MaIu, OamI-Mard, IJISHICBICTh Ta
iHm xapaktepuctuku. Quixel Mixer m03BOJISIE CTBOPIOBATH 1 3MINIyBaTH Marepiaid 3
BUKOPUCTaHHAM 1mapiB Ta Macok. Quixel Bridge wnamae poctynm po 06i6mioreku
(doropeanicTUYHUX MarepianiB Ta wmojaene. Quixel € NOTy)XKHMM 1HCTPYMEHTOM IS
HIBUKOTO Ta PEaICTUYHOTO CTBOPEHHS MaTepialiB Ta TEKCTYP.

C++ - me mnoTykHa MOBa NPOTrpaMyBaHHs 3arajbHOrO IIPU3HAYEHHS, sKa
BUKOPUCTOBYETHCS 1T PO3POOKH PIZHOMAHITHUX IIporpaM 1 cucTeM. BoHa Bonojie
BHCOKOIO TPOAYKTHBHICTIO, HU3BKUM DIBHEM JOCTYIy 1O amapaTHOro 3a0e3le4YeHHs Ta
O6aratum HaObopoMm (QyHKIiH. C++ 103BOJIIE PO3POOHMKAM CTBOPIOBATH MIBUIKI, €(hEKTUBHI
Ta MaciITaboBaHl NPOrpaMHu, BKIIOYAKOUM TpadiuHi irpy, pO3IMIKUPEHHs JBUTYHIB, BOyJOBaHi
CUCTEMH, IpaiiBepu Ta iHIIe. BOHa HIMPOKO BHUKOPUCTOBYETHCS B IHAYCTPii PO3pOOKHU
POrpaMHOro 3a0e3neueHHs Ta 0COOIMBO B rally31 KOMI'IOTEPHOI Ipadiku.

Unreal Engine 5 (UES) € moTyXHUM 1HTErpOBaHUM CEpPEOBHUIIEM PO3POOKH, SKE
BUKOPHUCTOBYETbCSI JJI1 CTBOPEHHS Bpa)Xalo4WX BIJEOITOp, CUMYJSALINA, BIPTyaJlbHOI

pea’dpbHOCTI Ta IHIIUX I1HTEPAKTUBHUX BidyanbHuX mpoektiB. UES mnpomonye psing
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IHHOBAIIIHHUX (PYHKIIIH, sIKI TOKPAIIYIOTh PEaTiCTUIHICTh Ta MPOAYKTUBHICTH PO3POOKH.

Opna 3 HailOUTbI Bpaxkatounx HoBoBBeneHb B UES - ne cuctema Lumen. Lumen €
100aTbHOI0 CHCTEMOIO OCBITJICHHS B pPEAJbHOMY 4Yaci, siKa BUKOPUCTOBYE TI0OAIBHY
iH(opMallil0 TIPO OCBITJICHHS IS CTBOPEHHS PEaliCTUYHOTO OCBITICHHS Ta TIHEH B
iIrpoBOoMy cepenoBuilli. BoHa aBTOMaTuyHO BUSABIISIE JKEpesia CBITIA, PO3CIIOE OCBITJICHHS
BiJI TIOBEPXOHb Ta CTBOPIOE Bpakaroui €(PeKTH OCBITIEHHS, Taki SK peagiCTU4HI TiHI,
BIZIOUTTS Ta M'IKE OCBITJIEHHS.

[Ile omaum iHHOBaIiHUM KomItoHeHTOM Unreal Engine 5 € cuctema Nanite. Nanite €
TEXHOJIOTIEI0 B1OOpakeHHsT MaclITa0OBaHUX JeTajlel, sika J03BOJISIE PO3POOHUKAM
mpaioBaTd 3 HEHWMOBIPHO JeTalli30BaHUMH MOACISIMU 03 HEoOX1THOCTI YIPOIICHHS
reomMeTpii ab0 BHUKOpUCTaHHA 3BHYalHuUX TexHIK LOD (piBHI pgeramizauii). Bona
BUKOPHCTOBYE BUCOKOC(HEKTUBHY KOMIIPECIIO Ta PO3MOIIJIEHY PO3PaXyHKOBY CHUCTEMY IS
00pOoOKM BeIMYE3HUX OOCATIB JIeTajel 1 J03BOJIS€ pO3pOOHMKAM CTBOPIOBATH PEasliCTUYHI

Ta JIeTaai30BaHl CBITH.

2.4. Onuc CTPYKTYPH CUCTEMH Ta AJTOPUTMIB ii GyHKI[IOHYBAHHS

Crpykrypa cuctemu 0Oazyethcsi Ha apxiTektypi Unreal Engine 5 Ta Bkitowae pi3Hi
KOMITOHEHTH, SIKi CHIBIPAIIOIOTh MiX COOOI0 JIJIsi CTBOPEHHS 1rpoBoi JioKaiii. OCHOBHUMHU
KOMITOHEHTAMH €:

- I'padiunmit aBuryn Unreal Engine 5: Bin 3a0esnedye 3arajibHy OCHOBY JUIs
pPO3pOOKH IrpOBOI JIOKAIil, BKIIOYAIOUN PEHICPUHT, (i3UKY, OCBITICHHS Ta IHIII Ba)JIHUBI
byHKIIII.

- JlokaniiiHi enemMeHTH: BoHM CKilagatoThes 3 00'€KTIB, TEKCTYp, MarepiajiB Ta IHIIUX
pecypciB, SIKI BAKOPUCTOBYIOTHCSI JIJISI CTBOPEHHS BIPTYaJIbHOT IrpOBO1 JIOKAITi.

- Ileiinepu: BoHn BUKOPUCTOBYIOTHCS JUIsl 0OpOOKHU rpadiyHuX €(EKTiB, OCBITIECHHS

Ta MarepialiB y Bizyamizaiii siokartii. [Ipukian pobotu meiaepiB HaBeaeHo Ha puc 2.4.1.
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T uttiply ¥ Texture Sa mple

03750380378 ¥

C» ambient Oodlusion

(O Picel Depth Offset

Puc. 2.1.1 - Bizyamizaiis po6otu meiaepa 3 KapTaMHd TEKCTYP Y CEPETOBUIIL

JUist nocsirHeHHsT Oa)kKaHOTo Bi3yaslbHOrO €(eKTy Ta (QYHKIIOHAJIBHOCTI IrPOBOI
JoKaIlii BUKOPUCTOBYIOTHCSA Pi3HI ainropuTMu. Hipkue HaBeeHI OCHOBHI aJTOPUTMH, IO
BUKOPUCTOBYIOTHCS Y TIPOEKTI:

- AnroputMm pengepunry: Unreal Engine 5 BUKOpHUCTOBY€ MOTYXHI aJrOpPUTMHU
pPEHIIEPHUHTY, TaKi SK aJTOPUTMH TpacyBaHHS MPOMEHIB Ta METOIU MPUXOBAHOI MOBEPXHI,
JUTSI CTBOPEHHS PEATTICTUYHOTO 300pa)KEHHS 1TPOBOT JIOKAIIii.

- AJITOpUTMU OCBITJIEHHS: BUKOPUCTOBYIOTHCS pI3HI aNTOPUTMH OCBITIEHHS, TaKl SIK
aMOl€HTHE OCBITJICHHS, TIHIOBaHHS, JWHAMIYHE OCBITJICHHS TOINO, JUISI CTBOPCHHS
BIPTYaJIbHOTO OCBITJICHHS Y JIOKAIIIi.

- AnropuTMu MaTepialiB Ta mmieiaepis: Jas CTBOpEHHS pealicTUYHUX MaTepiaiiB Ta
e(eKTIB BUKOPUCTOBYIOTHCS PI3HI aJTOPUTMU MICHJEPIB, TaKl K aIrOPUTMU TEKCTYPHOTO
300pakeHHs, OaMII-MaIyBaHHs, apajgakcy Tomo. [Ipuknan anroputMy meiaepiB HaBeACHO

Ha puc 2.4.2.
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Puc. 2.1.2 - Aaroput™m poOoTH 1Ieiiaepy napaiakca

KommoHeHTH cuCTeMH B3a€MOAIIOTH MK COOOIO JUISi CTBOPEHHS IrpoOBOI JIOKAITii.
Hamnpukian, meinepu BUKOPUCTOBYIOThCS Jii OOpOOKM MarepiayliB Ta OCBITVICHHS, 11100
3a0e3neunty OaxkaHy Bizyamizauito. JIokaiiiiHi €leMEHTH BHUKOPUCTOBYIOTH pPECYpCH
rpadiyHOTO JBHUTYHA JJis BIATBOPEHHS 00'€KTiB Ta TEeKCTyp. Ll B3aeMojisi KOMIIOHEHTIB
CIpHsIE CTBOPEHHIO PEATICTUYHOI IMPOBO1 JIOKALII].

[Ipu mpoexTyBaHHI JIOKallli Ta CTBOPEHHI aCCETIB JJIA HEl BUKOPUCTOBYETHCS BEJIMKA
KUIBKICTh PI3HOMAHITHOI 1H(OpMallii, Ta BUKOHYIOTHCS PO3paXyHKH HEOOXIAHUX PECYpCIB
st 11 ctBopenHs. s memoHcTparii cuctemu ctBopeHHs 3D mopmeni Oyna po3poOiieHa

IDEFO niarpama ./{uB. puc. 2.1.3.
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Hac
EHEOHAHHA
OpOoeETy

Bmuorn Texuiaae
IO EHKOHAHHS 23BIAHHA

IrpoBmHit
Pedepenc pyTmii

Poz3podka 3D Mofderdi 41 irpoBoi JTOKAIIil

I pr?r“pa:.me ‘[ .isnﬁapaIHe IPospOSHHK
Puc 2.1.3 — Monens IDEFO po3po6xu 3d moneni

Bapiant miarpamu IDEF1 13 pertanbHUM pPO3KPUTTSM MOETAHOCTI po3podku 3D

MOJIEI1 TSI JAHOTO MPOEKTY MpeACcTaBiIeHu Ha puc. 2.1.4.

TexHiuHe 33843HHA

BUMOrK 40 BHKOHAHHS|

l Yac BUKOHAHHA NPoeKTy

©oTo
icTOpUYHOT
nam's T

—_—

Mposenexni
AHaniz obnacri ananis Nno
MofentoBaHHa

CopMoBaHHA

.|NNaH Ta eTanHicTs|
MocTaHoBka 3agadi

Ta nNnaHyBaHHA

Po3poBnexa
Moaenb

5 nam'aTkH

Pospobka mogeni

lotoea
Mogens

Biayanizauis

A

MporpamHe 3aGe3neqeHHs

AnapaTHe salecneyeHns

Po3pofHuk

Puc 2.1.4 — Mogens IDEF1 po3po6xu 3D moneni

2.5. OOrpyHTyBaHHS Ta OpraHi3amisi BXiTHMX Ta BUXIIHHUX JaHUX MPOrPpaMu

Jlanuii mporpamMHU J1OAATOK TNpuUiiMae BB KOpUCTyBaua JJig YHPABIIHHS
MaTepiajlaMd B CEPEMHI CEpEelOBHILNA PO3pOOKU. B AKOCTI BHXIJTHUX JaHMX Hporpama
noBepTae rpadiuyHe BigoOpakeHHs 3MiH. JleMOHCTpaTHBHA JIOKAIlisl JIMIIE BigoOpaxae Bke

HaJalITOBaH1 PO3POOHUKOM MapaMeTpHu Marepiaib.
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2.6. Omnuc po3pod/1eHoi cuCTEMU

2.6.1.Bumoru 10 (pyHKIiOHAJBbHUX XaPAKTEPUCTUK

Jlnst po3poOku Oyia BUKOPUCTaHA €JIEKTPOHHO-O0UUCIIOBAIbHA MalllMHA(HOYTOYK) 3
HUKYCHABEJICHUMHU XapaKTePUCTUKAMH:

- OS: Windows 10

- CPU: Intel Core 15-7300HQ (2.50 I'T'r)

- GPU: NVIDIA GeForce GTX 1050Ti

-Memory: SSD 1 TB

-RAM: 16 GB.

- Screen: 1920x1080

2.6.2.BuxopucraHi nporpamui 3acoou

Autodesk 3DS MAX, uacro HasuBaerbcst mpocto 3DS MAX, - me nporpamue
3a0e3neueHHs g KoMn'toTepHoi 3D-rpadiku, ke BUKOPUCTOBYETHCS NI MOJCTIOBAHHS,
PEHCPUHTY, aHIMallli Ta CTBOPEHHS Bi3yaJbHUX €(EKTIB.

KopucrtyBaui 3DS MAX cTBOPIOIOTH BIpTyajbHI CIICHH, B SIKHX PO3TAIIOBYIOTH Ta
penaryioth 00'€KTH, OCBITJIEHHSA, KaMepu Ta Mmarepianu. [Iporpama mpornoHye MOTYyXHi
THCTPYMEHTH MOJICTIOBaHHSI, SK1 JO3BOJIAIOTH CTBOpIOBaTH ckiamHi 3D-mozem 00'€KTiB,
OymiBenb, IMepcoHaxiB Tomo. 3a gomoMoror 3DS MAX TakoX MOXHA CTBOPIOBaTH
aHIMalll0, 3aJaBaTH pyX OO'€KTIB Ta NEPCOHAXIB, CTBOPIOBATH PEANICTHYHI BI3yasbH1
e(heKTH, Taki K BOTOHb, BOJIa, TUM Ta BUOYXH.

3DS MAX BUKOpUCTOBYE rpadiuHy CTPYKTYpy 3 BY3JIaMH, A€ O0'€KTH, Marepiaid,
OCBITIIEHHS Ta edekTH 3'eqHaHi MK coOor. KokeH By30i Mae CBOi IapaMeTpu Ta
HAJIAIITYBaHHs, 110 J03BOJISIE KOPUCTyBauyaM KOHTPOJIIOBATH BUIVIS]] Ta MOBEAIHKY O0'€KTIB.
Iarepdeiic 3DS MAX nHanae 3pydnuii crnociO BiIoOpaxeHHs Ta peJaryBaHHsI [IMX BY3J0BUX

mepex. [Ipuknan intepdeiicy Autodesk 3DS MAX HaBeneHo Ha puc. 2.2.1.
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Bl Uniitled - Autodesk 3ds Max 2020 i o
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Puc. 2.2.1. - Inrepdeiic nporpamu 3DS MAX.

Pixologic ZBrush € mporpaMHMM I1HCTPYMEHTOM MJIsi IHUQPPOBOI CKYJIBITYPH, IO
o0'eqnye MoximBocti  3D/2,5D  MopentoBaHHS, TEKCTypyBaHHS Ta (¢apOyBaHHS.
BukopucToBytour 3amareHTOBaHY TEXHOJOTI0 "mikcon", 1€ mporpamMHe 3a0e3NeyeHHs
30epirae geTajgbHy 1H(POPMAIII0 MPO OCBITIEHHS, KOJIp, MaTrepiall, OPIEHTAIII0 Ta NIMOUHY
KO’KHOI TOYKH, sIKa CcKiiagae 00'ekTu Ha ekpaHi. O/HEe 3 roJIOBHHX BiaMiHHOCTEH ZBrush Bix
IHIIIMX TMaKeTiB MOJICIIOBAHHSI TIOJISTAE B TOMY, IIIO BOHO JTO3BOJISIE CXOKHUM Ha TpaguIliiHe
JIUICHHS TPOIEC MOJEIIOBaHHA. 3 BHCOKOIO PO3IAUIBHOI 3MaTHICTIO, M0 MOXE
nepeBunryBatu 40 MiIbIOHIB MONIroHiB, ZBrush BUKOPUCTOBYETHCS KOMITAHISIMU, TAKUMHU
sk ILM, Weta Digital, Epic Games i1 Electronic Arts, misi CTBOpEHHS MojeieH, sKi
BUKOPHUCTOBYIOThCSl B uIbMax, irpax Ta aHimauli. Onniero 3 ¢pyHkuiil ZBrush € nunamiuni
pPiBHI PO3MIBHOI 3MAaTHOCTI, IO JO3BOJISIIOTH CKYJIBIITOPAaM BHOCHUTH T00albHI abo
JIOKaJbHI 3MIHU J10 CBOIX Mojene. [icis mporo gerami CiTKM MOXYTh OyTH €KCIIOPTOBaH1 y

BUIVISII KapT HOpMasiel JJii BUKOPUCTAHHS HAa HU3BKOIOJITOHATBHHUX BEPCISIX TUX CaMHX
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MOJIEJIEN.

[Ipuknaz inTepdeiicy ZBrush naseneno Ha puc. 2.2.2.

Puc. 2.2.2. - Tarepdeiic mporpamu ZBrush.

Substance Painter € Haa3BUYallHO TIOTY)KHUM 1HCTPYMEHTOM il CTBOPEHHS
3D-mamonkiB. Lleil 1HCTpyMEHT MOKHa MNOPIBHATA 3 LU(poBuM MamtoBaHHAM Adobe
Photoshop, ane mis 3D-moneneit. OcHoBHe mpu3HadeHHs Substance Painter - cTBopeHHs
TEKCTyp JUIs Mojeieil. Moro po3mupeHi iHCTPYMEHTH MAacKyBaHHSI Ta IIPOLELYPHOTO
TEKCTYPYBaHHS JO03BOJISIIOTH CTBOPIOBAaTU TEKCTYPH, SIKI BaK4ue JOCSITH B Mporpamax 3
0OMEXXEHIUMHU MOXKJIMBOCTSIMHU, Takux sk Photoshop.

Lle#i mporpamumii 3acid Mae KidbKa KOPUCHUX (YHKI[IH, TakuX SK MiITPUMKA
BUITIKAHHS TEKCTYp Y po3auibHOCTI 8k, poboui nmporecu PBR marepianis y peanbHOMY daci
Ta MOXJIMBICTh 30€peXEeHHS MONEpeIHIX HajallTyBaHb MarepiamiB. Substance Painter

TaKoXX JIO3BOJISIE MajoBaTh Oe3mocepeaHbo Ha 3D-momeni a6o Ha 2D-kapTax y BiKHI
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nepensany 3D.

[Iporpama Substance Painter BimoOpaxkae Ta ekcriopTye Bci TekcTypu y Gopmari PBR,
10 JTO3BOJISIE€ IMIIOPTYBATH iX O€3MOCepeHbO y ITPOBUil IBUTYH 3 OTHAKOBUM PE3YJIBTaTOM.
IaTepdetic Substance Painter € myxe 3pydHHM Ta iHTYITUBHO 3p0O3yMUINM.HABEACHO HA PUC.

2.2.3.

0, Substance Painter

TEXTURE SET LIST

LAYERS TEXTURE SET SETTINGS X

B eN

GEN

PROPERTIES

PYTHON CONSOLE

Puc. 2.2.3. - Iatepdeiic nporpamu Substance Painter.

Headus UVLayout — 1me mporpama Jjisi CTBOPEHHSI Ta pelaryBaHHS KOOPIUHAT
UV-tekctyp s 3D-momiciTok 1 mMoBepxoHb. YHikampHME miaxiny UVLayout, skwmii
BUKOPHCTOBYETHCS MTpodecioHanamMu B 1HAYCTPIi irop Ta Bi3yalbHUX €(EKTiB, JTIOOUTEIAMU
BCIX THUIIB 1 CTyJAEHTaMH, Ja€ XYIAOKHHKAM TEKCTYpPH IHCTPYMEHTH, HEOOXIJTHI s
CTBOPEHHS BUCOKOSAKICHUX UV-TEKCTyp i3 HU3BKUM BUKPHUBJIICHHSIM 3a 3HAYHO MEHIIINI Yac,
HDK TPaguIliHHIMA METOTaMHU.

[Tpuknaz intepdeiicy Headus UVLayout HaBeneno Ha puc. 2.2.4.
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Puc. 2.2.4. - Tnrepdeiic mporpamu Headus UVLayout.

Marmoset Tollbag 4 - 11e mporpaMHmii IHCTPYMEHT Jisi XyIOKHUKIB 3D, 110 BUpinrye
PI3HOMAHITHI ~ XYJIOKHI ~ 3aBJaHHS, BKJIIOYAIOYM PEHJEPUHI, TEKCTypHI  poOOTH,
HaJAIITyBaHHS CIIEHU Ta BUINIKaHHS KapT (Hampukiad, normal map, ID map i T.1.).

[actpyment Toolbag 3abesmnedye ¢i3uyHy Bi3yamizailil0o B peaJbHOMY daci Ta
OCBITJICHHS, O6a30BaHe Ha 300paKEHHSAX, 110 TO3BOJISIE TOCATTH BUCOKOI IKOCTI 300paskeHHSI.
Jns mBunkoro BumikaHHsS Toolbag BUKOPHCTOBYE TOTYXHICTh Balioro TrpadigyHoro
nporiecopa (BiaeokapTu). IIpu BHeCeHHI 3MiH 10 JOKAJbHUX JUISHOK BalllOi CITKH, BIH
aBTOMAaTHUYHO TIEPEBUIIIKAE JIMIIE 3MIHEHY O00JIacTh, IO MPHU3BOAUTH JO MHTTEBOTO
OHOBJIEHHSI TIONEPEAHBOrO PE3YbTaTy. 3aBAsSKA MOTY>)KHOMY MexaH13My Bizyanizauii GPU
Toolbag mMoxxe 0OpoONSATH CITKM HaBITh B AYXKE BUCOKINA PO3AUIBHINA 34aTHOCTI 1 MICTUTH
MIJIBHOHM TIOJNITOHIB MPHU BUKOPUCTaHHI Cy4acHUX BiJeoKapT. BakiinBo BpaxoByBaTH, IO
npoAykTuBHICTE Toolbag 3anmexuTh BIJT KOHKPETHOTO TpadidyHOro MpoIecopa, SKAn

BUKOpHUCTOBY€EThCS. [HTEepdeiic Marmoset Toolbag.HaBeneno na puc. 2.2.5.
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Puc. 2.2.5. - Intepdetic nporpamu Marmoset Toolbag.

Unreal Engine 5 € BHCOKONPOAYKTUBHUM 1 MEPEJOBUM I1HCTPYMEHTApieEM IS
ctBopeHHs 3D-crieH Ta Bi3yamizallii, SKAWA BHU3HAYa€ HOBI CTaHIAPTH B Taly3i
pPEeasiCTUYHOrO MOJENIIOBaHHS Ta IMMEpPCUMBHMX n0cCBiaiB. Llel aABuryH pospoOneHuil 3
ypaxyBaHHSIM HaWCydYacHIMUX TpaiyHUX TEXHOJOTIM, 10 J03BOJISIE CTBOPIOBATH
Bpaxkaroui, (OTOpEasiCTU4HI BIpTyalibHI CBITH, 3[1aTHI MNEpEeHeCTH Isjada Biapa3y B
CepeMHYy 3axOINTIOIOYMX ITPOBHX MPUToJ a00 JO3BOJIUTH JICTAIBHO  JOCITIAUTH
apXITEKTypHI MPOEKTU 0 HAWIPIOHIIINX JAETaJICH.

Unreal Engine 5 mpomonye po3mmpeHuid HaOip 1HCTPYMEHTIB IS PEHIICPUHTY,
OCBITJIEHHS, (DI3UKHU Ta aHIMaIllli, 110 JTO3BOJIsIE PO3POOHMKAM CTBOPIOBATH HEMEPEBEPIICHI
Bi3yasbHI €()eKTH Ta JTUHAMIYHI IHTEPAKTHUBHI CIEHH. 3aBISKH BUKOPUCTAHHIO MEPETOBHUX
TEXHOJIOT1H, Takux sK peuTpedcunr, auHamiuHe ocBiTieHHs Global Illumination,
dboTopeanictuuHi Marepianu Ta edektu dactuHok, Unreal Engine 5 no3Bonsie gocsirtu
HEWMOBIPHOTO PIBHS JeTaji3allli Ta peaai3mMy Bi3yaJbHOIO BIITBOPEHHS.

Oxpim Toro, Unreal Engine 5 Hajmae 3pyuHuil iHTep(eic po3poOKM Ta MOTYKHI
peAaKTOpH ISl MOJEIOBAHHS 00'€KTIB, CTBOPEHHS MaTepiaiiB, aHIMallll Ta HAJIAIITyBaHHS

¢13uku. Llel IHTYITUBHO 3p03yMuIHi 1HTEp(dEc 103BOIsE POZPOOHUKAM 30CEPEIUTHUCS HA
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TBOPUYOMY IPOIIEC] 1 MIBUIKO nocsAraTh OakaHux pe3ynsrariB. [HTepdeiic Unreal Engine 5

HaBEJEHO Ha puc. 2.2.6.

& Place Actors X = @ Perspective @Lit Show o2 ® % @10 &0 Aozs

Character
Pawn

Point Light
Player Start
Trigger Box

Trigger Sphere

I5 Content Browser X
Add V) Import
Favorites

MyProject2

SM_Chair
F
Static Mesh

31 items (1 selected)

Puc. 2.2.6. - Intepdeiic nporpamu Unreal Engine 5.

Unreal Engine 5 TakoX MATpUMYE MIMPOKUMA CIEKTp IUIaTGOpM, BKIIOUAIOYU
NEPCOHANIbHI KOMIT'IOTEPH, IrPOBI KOHCOJl Ta MOOUIbHI MPUCTPOi, IO JO3BOJISAE
pPO3pPOOHUKAM CTBOPIOBATH ITPH IS PI3HUX ayaUTOpiA. /[BUTYH TakoX Ma€ MOXIJIHMBICTh
EKCIIOPTYBaHHS TOTOBHX IMpPOEKTIB y (opmari, 1Mo MHIATPUMYETHCA PI3HUMH ITPOBUMU
JBUTYHAMH, 3a0€3Meuylour MaKCHUMaJIbHY THYYKICTh Ta CYMICHICTh NIpH IHTerparii 3

IHIIMMH THCTPYMEHTAMU Ta TEXHOJIOTISIMUA PO3POOKH.

2.6.3.BUKJIMK Ta 3aBaHTAKEHHS POTPaMu

Jlns1 3amycKy MpOEKTy HEOoOX1HO 3aBaHTAXKHUTH apXiB 3 JI0JIaTKOM 13 Mepexi [HTepHeT

Ta po3apxiByBaTu yepes Oynb-akuil apxiarop. I1icis po3makoBKHM apxiBy HEOOX1HO MPOCTO
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3allyCTUTU BUKOHYBaHUU (paiii y mamii mporpamu - JOJaTKOBOI 1HCTaJALil HE MOTPiOHO.

Po3makoBanuii BUIIIsLT apXiBy HaBeJeHO Ha puc. 2.6.3.1.

[ata n3aMeHeHua Twn Pazmep

msa

n Engine MNanka c parnamw

l MyProject

@ DiplomSen

B Manifest_NonUFSFiles_Win64
B Manifest_UFSFiles Win64

MNanka c Garnamw
[NpunoxeHue
TeKCTOBbIHA AOKYM...

TexkcToBbIFA AOKYM...

Puc. 2.3 - [Ipuxnaa nanku 3 A0JaTKOM IICJIsl pO3MaKyBaHHsI apXiBy.

2.6.4.0nuc inTepdeiicy kopucryBaua

._
S
EEEE)i

Puc. 2.4.1 - Pisenn biOmioreka 1.
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Puc. 2.4.3 - PiBens biOmiorexka 3.




Puc. 2.4.4 - Pisens biOmioreka 4.

Puc. 2.4.5 - PiBeus biOmiorexka 5.
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PO3JILI 3
EKOHOMIYHHUH PO3ILI

3.1. Po3paxyHOK TPyAOMIiCTKOCTI Ta BAPTOCTi pO3POOKHN MPOrPAMHOI0 MPOAYKTY
[TouarkoBi maHi:

1. mepenbauyBaHe ynciio oneparopis mporpamu — 2500;

2. koe(DILIEHT CKIAIHOCTI Tporpamu — 1,4;

3. koedilieHT KOPEKIii mporpamMu B Xo/i ii po3pooku — 0,06;

4. ronvHHA 3apo0iTHA TUIaTa nporpamicta — 157 rpH/rox;

5. koedimieHT 30UTBIIIEHHST BUTPAT Mpalli BHACIIIOK HEAOCTATHBOTO OMHKCY 3aa4di — 1,2;

6. xoedimieHT kBamiikamii mporpamicrta, OOyMOBJIEHUW BiJ CTaxXy poOOTH 3 JaHOl
crieriaibHoCTI — 1,4;

7. BapTicTh MamHo-ronuan EOM — 17 rpu/roa.
HopmyBanHs nipaii B nipotieci ctBopeHHs [13 iCTOTHO yCKIIaIHEHO B CHITY

TBOPUYOIO XapakTepy Ipalli mporpamicta. ToMmy TpyaoMicTKicTh po3pooku 13 moxke OyTu
pO3paxoBaHa HAa OCHOBI CUCTEMH MOJIENIEH 3 P13HOIO TOUHICTIO OI[IHKHU.

TpynomicTkicTs po3podku 13 MoxkHa po3paxyBaru 3a (OPMYIIOL:
t= to + tu + Z‘a + tn + tomﬂ + td , JIIOIUHO-TOINH, (3 1)
1€ t,— BUTPATH TIpalli Ha MATOTOBKY ¥ OMuC MmocTaBiaeHoi 3aaa4i (mpuiiMaerbes 50);

t,— BUTPATH TIpalli Ha TOCTIIKEHHS allTOPUTMY PIIIICHHS 3a]1aui;
t,— BUTpaTH Ipalli Ha po3poOKy OJOK-CXEMHU AJITOPUTMY;

t,— BUTPATH TIpaIli Ha MPOTpaMyBaHHs MO TOTOBIN OJIOK-CXeMi;
t,ma— BUTPATH TIpAlll HAa HaJIaroJKeHHs nporpamu Ha EOM;

t,— BUTpATH IIpalll Ha IiITOTOBKY JTOKYMEHTAIII1.
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CxiraioBi BUTpATH TIpalli BU3HAYAIOTHCS dYepe3 yMOBHE 4YHCIO omeparopiB y [I3, ske
pO3pOoOIIAETHCS.

YMOBHE 4ncIio oneparopiB (MiaIporpam):

Q=q-C-(1+p), (3.2)
ne q — nependavyBane yucio omnepartopiB (2500); € — xoedilieHT CKIATHOCTI MPOTpaMu
(1,4);
p — KoeiieHT Kopessiii nporpaMu B XoAi il po3pooku (0,06).

Q =2500- 1,4 - (1+0,06)=3710;

Butpatu mpanii Ha BUBYEHHSI ONKCY 3a4ayl td BU3HAYAETHCS 3 ypaxyBaHHSM YTOYHEHHS

onucy 1 kBamiikaiii mporpamicra:
— Q0B _
L, =75, 85 k> JHOIUHO-TONUH (3.3)
ne B — xoedilieHT 301IbIIIEHHS] BUTPAT Mpalll BHACIIIOK HEAOCTAaTHHOTO onucy 3aadi (1,2);

K — xoedimient kBamidikamii mporpamicrta, OOyMOBIEHHH CTaxeMm poOOTH 3 JaHOi

cnerianbHOCT (1,1);
t,=3710-1,2/(85 - 1,4 )= 37,4, MmOAMHO-TOIUH.
Butpatu npaiii Ha po3poOKy alropuTMy pillieHHS 3a/1a4i:

te =35 (3.4)

t,=3710/(20 - 1,4 ) =132,5, moauHO-TOAMH.

Burtpatu Ha ckiagaHHs OporpaMu o roToBIi OJIOK-CXeMi:

39



t,= o (3.5)
t,=3710/(25 - 1,4 ) = 106, Tr0MUHO-TOIMH.

Burtparu npaui Ha HanmarogkeHHs nporpamu Ha EOM:

— 32 YMOBHU aBTOHOMHOTO HAJIarO/>KeHHSI OTHOTO 3aBJIaHHS:

Lo =T 5T (3.6)

tors=3710/(5 - 1,4 ) = 530, mronMHO-TOINH,
— 32 YMOBH KOMILJIEKCHOTO HAJIATO/KCHHSI 3aBJaHHS:
= 1.2 Lo (3.7)
t¥, =1,2-530 =636, TIODIUHO-TOIMH,

Butpatu npairi Ha miArOTOBKY TOKyMEHTAITii:

to=top T taos (3.9)
1€ tOp — TPYAOMICTKICTh IIATOTOBKU MareplajiB 1 pyKOIUCY;

ty=amow 3.9)
t;=3710/(20 - 1,4 ) =132,5, m10quHO-TOIMH,

Jie t00 — TPYAOMICTKICTh pe/laryBaHHs, MeYaTKu i 0hOpPMIICHHS JOKYMEHTAIIIT;

ty= 0575.tdp; (310)
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t;,=0,75-132,5=99,4, mronMHO-TOAVH.

t;=132,5+99,4=231,9, mOQUHO-TOJMH.

OTpuMaeMo TPYAOMICTKICTh PO3POOKH MPOrPAMHOTO 3a0€3MEUCHHS:

t=50+ 37,4+ 132,5 + 106 + 530 +231,9 = 1088, nmronvHO-rONHKH.

VY pesynbrarti MU po3paxyBalid, 10 B 3arajbHiil CKIaqHOCTI HeoOXiaHo 1088

JIOAVMHO-TOJIMH JIJIs PO3POOKHU JAHOTO MPOrpaMHOTro 3a0e3MeUeHHS.

3.2. PaxyHOK BUTPAT Ha CTBOPEHHS NIPOrpaMHu

Burpatu nHa ctBOopenns I13 Kno BKIIOYalOTh BUTpPATH Ha 3apoOITHY IUIATy BUKOHABIISA

nporpamMu 3;; 1 BUTpAT MAIIMHHOTO Yacy, HEOOXiIHOTO Ha HAJIAaTO/DKEHHS MPOrpaMH Ha

EOM.

KIIO = 3311+ 3MB , rpH, (3.11)

337 — 3apo0iTHA TJ1aTa BUKOHABIIIB, SIKa BU3HAYAETHCS 32 (POPMYIIOIO:

331T=t- CIIP, rpn, (3.12)

Jie ¢ — 3arajbHa TPYAOMICTKICTb, JIFOMUHO-TO/IMH;

Cj;p — cepenHs TouHHa 3apo0iTHA IJ1aTa MPOTrpaMicTa, IPH/TOIUHA.

3 ypaxyBaHHSIM TOTO, 1[0 CEPEIAHs TOAMHHA 3apIiiaTa mporpamicta cTaHoBuTh 112 rpH/Tog,
TO OTPUMAEMO:

3y;= 1088 - 112 =121856, rpu.
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Bapricte mammHHOrO 4acy 3, HEOOXITHOTO IJIsl HajarofpkeHHs mporpamu Ha EOM,

BHU3HAYAETHCS 32 (POPMYIOI0:

3MB = tomn - CM , TpH, (3.13)

ne t,,,, — TPYAOMICTKICTh HaiaromkeHHs nporpamu Ha EOM, rog;

Cyy — BapTicTh MamuHo-roguau EOM, rpu/roa.

3me= 530 - 16 = 8480 rp=.

3BiJICU BUTPATH HA CTBOPEHHS TPOTPAMHOIO MPOTYKTY:

Kio= 121856 + 8480 = 130336 rpH.

OuikyBaHuit nepioa crBopeHHs I13:

- Mec, (3.14)
p

ne By — 4nciio BUKOHaBIIIB;
F, — micaunnii pong pododoro yacy (npu 40 ronnaEOMY pobodoMy TrxkHI Fp=176 roaun).
Butpartu Ha CTBOpEHHS MPOTrpaMHOTrO MPOIYKTY:
T =1088/(1-176)=6,2 mic.

BucnoBku. JJogatok mae Bapricts 130336 rpa. MiMoBipHUii odikyBaHui Yac po3poOKH
— 6,2 micsaul npu cranaaptHoMmy 40-roguHHOMY poOodomy THxHI 1 178- roguHHOMY
pobodomy micsi. Llel Tepmin MOB’si3aHMI 3 KUIBKICTIO OMEpaTopiB 1 BKIIOYA€E B ceOe dac
JUIS TOCHIJDKEHHST Ta PO3pOOKY alfOpPUTMY pO3B’SI3aHHS 3ajadl, pO3poOKy au3alHy i

CTBOpPEHHA JoKyMmeHTarllii. Ha po3pobky nonatky Oyme ButpadeHo 1088 mroqmHO-roauH.
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BUCHOBKU

VY X0/l BUKOHAHHS JUIUIOMHOT po00TH Oys10 po3po0iIeHo porpamMHe 3a0e3nedeHHs s
CTBOPEHHsI ITPOBUX JIOKaIliid 3 BUKOpHcTaHHAM cepenoBuima Unreal Engine. T'omoBHOMO
METOIO0 IILOTO IIPOTPaMHOrO 3abe3rnedeHHs OyJ0 PO3IMUPEHHS MOXIMBOCTEH pPoOOTH 3
rpadikoro y pymi Unreal Engine Ta aemMoHcTpallisi CTBOPEHHS JIOKAILlil 3 MOMJIMBICTIO
MOJIAJIBIIIOI IHTETpaIii IX Yy MyTBTUMEIIHHI Ta ITPOB1 MPOEKTH.

[Iporpama Oyna peanizoBaHa Jisi onepaiiiiHoi cucreMu Windows, sika € OCHOBHOIO
matGopMor0 IS MUTBOBOI aymuTopii mpoaykry. Po3poOka momarky 3miiicHIOBajiach 3
BUKOPUCTaHHSIM MOBHU mporpamyBaHHsS C++ Ta irpoBoro asuryHa Unreal Engine. [l
CTBOPEHHS BI3yaJIbHOI YAaCTUHU JOJATKy OyJM BHKOPUCTAaHI TaKl Cy4acHI NPOrpaMH JJis
3D-monemtoBanusa, sk 3DS MAX, ZBrush, Headus UVLayout, Marmoset Toolbag Ta
Substance Painter.

OcoOnuBy yBary B po3poOJeHOMY MporpaMHOMY 3abe3nedeHHi Oylio MpuiIeHO
nieiiepaM - creniaJbHUM IPOrPAMHUM KOAAM, K1 KEPYIOTh IPOLECOM 00pOOKH IrpadiuHuX
o0'ekTiB Ta ix Bizyamizamiero. Illelimepn 3a0e3neuyroTh pealiCTHUHICTh Tpadiku MUITXOM
BUKOPUCTAHHS CKJIAJHUX aJITOPUTMIB OCBITJIICHHS, TIHEH, TEKCTYp Ta CHEIlaIbHUX €(EKTIB.
Po3pobneni mieiiiepu B mporpaMHOMy 3a0e3ledeHH1 3a0e3MeuyroTh IIUPOKHM CHEKTp
BI3yaJIbHUX MOKpAIleHb 1 JO3BOJISIIOTH JOCSATTH BUCOKOi SIKOCTI Ipadiku y CTBOPIOBAHUX
JIOKAITisX.

Po3pobnene nporpamue 3a0e3neyeHHsl T03BOJSIE PO3MIUPUTH MOXKIMBOCTI poOOTH 3
rpadikor0 'y pymii Ta BHUKOPHCTOBYBAaTH CTBOPEHI JIOKAmii B PI3HOMaHITHUX
MYJIbTUMEIIMHUX Ta ITPOBUX NpOeKTax. Pe3ynbTar €KOHOMIYHOTO aHalli3y CBIIYaTh MPO
MPUIHATHY TPYAOMICTKICTh Ta BapTICTh PO3POOKH MPOTPAMHOTO 3a0€3MCUCHHS.

B “ExoHomiuHOMY po3aiii” IUIUIOMHOI poOOTH Oy/iHM MPOBENIEHI PO3PAXYHKH IS
BU3HAUEHHS TPYJAOMICTKOCTI po3pobieHoro momarky (1088 mromuHO-rOMMH), BapTOCTI
po6otu 1o Horo ctBopeHHo (130336 rpH) Ta MpUOIM3HOTO Yacy, BATPAuYEHOTO Ha PO3POOKY
(6,2 micsiri).

Po3poOnennii momarox BiANOBiAA€ MOCTABICHUM MLUIAM Ta 3aBIaHHSAM JIUILIOMHOI
po06OTH 1 MOKe OyTH BUKOPUCTAHUN Y MONAJBIINUX JOCIIKEHHSIX Ta peani3allii irpoBUX Ta
MYJIBTUMEIIMHUX TPOEKTIB, 110 6a3yroThes Ha Unreal Engine.
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JIONATOK A
KOJI TIPOTPAMM

Jlictunr PlayerBase.cs:.

#include "Kismet/KismetMathLibrary.h"
#include "TriggerInterface.h"

#include "InteractableBase.h"

#include "DrawDebugHelpers.h"

#include "Kismet/GameplayStatics.h"
#include "Camera/PlayerCameraManager.h"
#include "PlayerControllerBase.h"

#include "MainUIBase.h"

#include "TriggerComponent.h"

#include "Camera/CameraComponent.h"
#include "Components/CapsuleComponent.h"

// Sets default values
APlayerBase:: APlayerBase()
{
// Set this character to call Tick() every frame. You can turn this off to improve
performance if you don't need it.
PrimaryActorTick.bCanEverTick = true;

Camera = CreateDefaultSubobject<UCameraComponent>(TEXT("Camera"));
Camera->SetupAttachment(RootComponent);

}

// Called when the game starts or when spawned
void APlayerBase::BeginPlay()

{
Super::BeginPlay();
InitialCapsuleHeight = GetCapsuleComponent()->GetUnscaledCapsuleHalfHeight();
GetCharacterMovement()->MaxWalkSpeed = WalkSpeed,;

b

void APlayerBase::MovementForward(float AxisValue)

{
FVector ForwardVector =
UKismetMathLibrary::GetForward Vector(GetControlRotation());
AddMovementInput(ForwardVector, AxisValue);

1f(!GetWorldTimerManager().IsTimerActive(FootstepTimer))
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GetWorldTimerManager().SetTimer(FootstepTimer, this,
&APlayerBase::HandleFootsteps, 1.1);

}

void APlayerBase::MovementRight(float AxisValue)

{
FVector RightVector = UKismetMathLibrary::GetRightVector(GetControlRotation());
AddMovementInput(RightVector, AxisValue);

if (!GetWorldTimerManager().IsTimerActive(FootstepTimer))
GetWorldTimerManager().SetTimer(FootstepTimer, this,
&APlayerBase::HandleFootsteps, 1.f);

}

void APlayerBase::HoverInteraction(float DeltaTime)

{
FVector ForwardVector =
UKismetMathLibrary::GetForward Vector(GetControlRotation());
FVector Distance = ForwardVector * InteractDistance;
FCollisionQueryParams QueryParams =
FCollisionQueryParams(FName(TEXT("Interaction Actor")), false, this);
FHitResult Hit;
FVector Cameral.ocation = UGameplayStatics::GetPlayerCameraManager(GetWorld(),
0)->GetCameralocation();
APlayerControllerBase* PlayerController =
Cast<APlayerControllerBase>(GetController());

//Line trace for interactable objects
if (GetWorld()->LineTraceSingleByChannel(Hit, Cameral.ocation, Cameral.ocation +
Distance, ECC Visibility, QueryParams))

{
if (ensure(Hit.GetActor()) && Cast<AlnteractableBase>(Hit.GetActor()))

{

InteractHover = Cast<AlnteractableBase>(Hit.GetActor());

PlayerController->MainUI->PlayInteractAnim(EUMGSequencePlayMode::Forward);
b

else

{

InteractHover = nullptr;

PlayerController->MainUI->PlayInteractAnim(EUMGSequencePlayMode::Reverse);
}
}
else

{
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InteractHover = nullptr;

PlayerController->MainUI->PlayInteractAnim(EUMGSequencePlayMode::Reverse);

b
b

void APlayerBase::Interact()

{

if (IsValid(InteractHover) && InteractHover->bCanlnteract)
{
UTriggerComponent® TriggerComponent =
InteractHover->FindComponentByClass<UTriggerComponent>();
if (TriggerComponent != nullptr)

{
TriggerComponent->TriggerActors();
b
b
}
// Called every frame
void APlayerBase::Tick(float DeltaTime)
{
Super::Tick(DeltaTime);
//Get actors in front of player that are interactable
HoverlInteraction(DeltaTime);
HandleCrouching(DeltaTime);
b

// Called to bind functionality to input
void APlayerBase::SetupPlayerInputComponent(UInputComponent™ PlayerInputComponent)
{

Super::SetupPlayerInputComponent(PlayerInputComponent);

PlayerInputComponent->BindAxis("MoveForward", this,
& APlayerBase::MovementForward);
PlayerInputComponent->BindAxis("MoveRight", this,
& APlayerBase::MovementRight);

PlayerInputComponent->Bind Axis("LookUp", this,
&APawn::AddControllerPitchInput);

PlayerInputComponent->BindAxis("LookRight", this,
&APawn::AddControllerYawInput);
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PlayerInputComponent->BindAction("Interact", [E_Pressed, this,
& APlayerBase::Interact);

PlayerInputComponent->BindAction("Crouch", IE_Pressed, this,
&APlayerBase::StartCrouch);

PlayerInputComponent->BindAction("Crouch", IE_Released, this,
&APlayerBase::StopCrouch);

PlayerInputComponent->BindAction("Sprint", IE_Pressed, this,
& APlayerBase::Sprint);

PlayerInputComponent->BindAction("Sprint", IE_Released, this,
&APlayerBase::StopSprint);

}

void APlayerBase::HandleCrouching(float DeltaTime)

{
UCharacterMovementComponent* MoveComponent = GetCharacterMovement();
FHitResult Hit;
float SmoothCrouch = GetCapsuleComponent()->GetUnscaledCapsuleHalfHeight();
if (bIsCrouching && GetMovementComponent()->IsMovingOnGround())

{
SmoothCrouch = FMath::FInterpTo(SmoothCrouch,
MoveComponent->CrouchedHalfHeight, DeltaTime, CrouchSpeed);
MoveComponent->MaxWalkSpeed =
MoveComponent->MaxWalkSpeedCrouched;

GetCapsuleComponent()->SetCapsuleHalfHeight(SmoothCrouch);

b
else if (GetCapsuleComponent()->GetUnscaledCapsuleHalfHeight() !=

InitialCapsuleHeight && !GetWorld()->LineTraceSingleByChannel(Hit, GetActorLocation(),
GetActorLocation() + (GetActorLocation().UpVector * InitialCapsuleHeight), ECC_Visibility,
FCollisionQueryParams(NAME None, false, this)))

{
SmoothCrouch = FMath::FInterpTo(SmoothCrouch, InitialCapsuleHeight,
DeltaTime, CrouchSpeed);

GetCapsuleComponent()->SetCapsuleHalfHeight(SmoothCrouch);
if(bIsSprinting)
MoveComponent->MaxWalkSpeed = SprintSpeed;

else
MoveComponent->MaxWalkSpeed = WalkSpeed;
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void APlayerBase::HandleFootsteps()
{

}

UE LOG(LogTemp, Log, TEXT("Test"));

Jlictunr CoreMinimal.cpp:.

#include "GameFramework/Character.h"
#include "GameFramework/CharacterMovementComponent.h"
#include "PlayerBase.generated.h"

class ITriggerInterface;
class AlnteractableBase;
class UCameraComponent;

UCLASS()
class SPOOKYGAME API APlayerBase : public ACharacter
{
GENERATED BODY()
public:
// Sets default values for this character's properties
APlayerBase();

// Called every frame
virtual void Tick(float DeltaTime) override;

// Called to bind functionality to input
virtual void SetupPlayerInputComponent(class UlnputComponent*
PlayerInputComponent) override;

//Distance that the player can interact with objects
UPROPERTY (EditDefaultsOnly, BlueprintReadOnly)
float InteractDistance = 500.f;

//Camera component
UPROPERTY (VisibleAnywhere, BlueprintReadWrite)
UCameraComponent® Camera;

//Speed to crouch and uncrouch
UPROPERTY (EditDefaultsOnly, BlueprintReadOnly, Category = "Movement")
float CrouchSpeed = 5.1;

//Player walking speed (Copied from CharacterMovement Component)
UPROPERTY (EditDefaultsOnly, BlueprintReadOnly, Category = "Movement")
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float WalkSpeed = 250.f;

//Player running speed
UPROPERTY (EditDefaultsOnly, BlueprintReadOnly, Category = "Movement")
float SprintSpeed = 350.f;

//Store interact actor that the player is currently looking at
UPROPERTY (VisibleAnywhere, BlueprintReadOnly)
AlnteractableBase™ InteractHover = nullptr;

protected:
// Called when the game starts or when spawned
virtual void BeginPlay() override;

private:
//Control player movement forward and backward
void MovementForward(float AxisValue);

//Control player movement right and left
void MovementRight(float AxisValue);

void HoverInteraction(float DeltaTime);
void Interact();

//Change player move state to sprinting
void Sprint() { GetCharacterMovement()->MaxWalkSpeed = SprintSpeed; bIlsSprinting
= true; }

//Change player move state to running
void StopSprint() { GetCharacterMovement()->MaxWalkSpeed = WalkSpeed;
bIsSprinting = false; }

//Called to begin crouching
void StartCrouch() { bIsCrouching = true; }

//Called when player no longer wants to crouch
void StopCrouch() { bIsCrouching = false; }

//Called every tick to handle smooth crouching
void HandleCrouching(float DeltaTime);

//Store initial capsulehaltheight
float InitialCapsuleHeight;

//Handle triggering footstep sounds and screen shake
UFUNCTION()
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void HandleFootsteps();

//Handle footstep sound delay
FTimerHandle FootstepTimer;

//Store interact actor that player is interacting with
AlnteractableBase™ CurrentInteractActor = nullptr;

//When true, player wants to crouch
bool blsCrouching;

//When true, player wants to sprint
bool blsSprinting;
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// Fill out your copyright notice in the Description page of Project Settings.
#pragma once

#include "CoreMinimal.h"
#include "GameFramework/PlayerController.h"
#include "PlayerControllerBase.generated.h"

class UMainUIBase;

/**

*

*/

UCLASS()

class SPOOKYGAME API APlayerControllerBase : public APlayerController

{
GENERATED BODY()

public:

UPROPERTY (EditAnywhere, BlueprintRead Write)
UMainUIBase* MainUI;

s
// Fill out your copyright notice in the Description page of Project Settings.
#include "TriggerComponent.h"

#include "TriggerInterface.h"
#include "InteractableBase.h"

// Sets default values for this component's properties
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UTriggerComponent::UTriggerComponent()
{
// Set this component to be initialized when the game starts, and to be ticked every
frame. You can turn these features
// off to improve performance if you don't need them.
PrimaryComponentTick.bCanEverTick = true;

/...

// Called when the game starts
void UTriggerComponent::BeginPlay()

{
Super::BeginPlay();
/...

}

// Called every frame

void UTriggerComponent::TickComponent(float DeltaTime, ELevelTick TickType,
FActorComponentTickFunction* ThisTickFunction)

{
Super:: TickComponent(DeltaTime, TickType, ThisTickFunction);
/...
b
void UTriggerComponent::TriggerActors()
{
for (AlnteractableBase™* Actor : ActorsToTrigger)
{
//Call trigger function for all actors in array if they implement the trigger interface
if (IsValid(Actor))
{
[TriggerInterface® TriggerActor = Cast<ITriggerInterface>(Actor);
TriggerActor->Execute OnTrigger(Actor);
b
b
b

// Fill out your copyright notice in the Description page of Project Settings.

#pragma once
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#include "CoreMinimal.h"
#include "Components/ActorComponent.h"
#include "TriggerComponent.generated.h"

class AlnteractableBase;

UCLASS( ClassGroup=(Custom), meta=(BlueprintSpawnableComponent) )
class SPOOKYGAME API UTriggerComponent : public UActorComponent

{
GENERATED BODY()

public:
// Sets default values for this component's properties
UTriggerComponent();

protected:
// Called when the game starts
virtual void BeginPlay() override;

public:

// Called every frame

virtual void TickComponent(float DeltaTime, ELevelTick TickType,
FActorComponentTickFunction® ThisTickFunction) override;

//TArray of actors to trigger when TriggerActors() function is called

UPROPERTY (EditAnywhere, BlueprintReadOnly)
TArray<AlnteractableBase*> ActorsToTrigger;

//Function to be called to trigger actors in ActorsToTrigger array

UFUNCTION(BlueprintCallable)
void TriggerActors();

Jlictuar GameUI.cpp:.

<?xml version="1.0" encoding="utf-8"?>
<AutoVisualizer xmlns="http://schemas.microsoft.com/vstudio/debugger/natvis/2010">

<!-- Epic Games, Inc. UE4 Visualizers -->

<!-- FString visualizer -->
<Type Name="FString">
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<DisplayString Condition="Data.ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="Data.ArrayNum &lt; 0">Invalid</DisplayString>
<DisplayString Condition="Data.ArrayMax &lt; Data. ArrayNum">Invalid</DisplayString>
<DisplayString Condition="Data.ArrayMax &gt;=

Data.ArrayNum">{Data.AllocatorInstance.Data,su}</DisplayString>
<StringView Condition="Data.ArrayMax &gt;=

Data. ArrayNum">Data. AllocatorInstance.Data,su</String View>

</Type>

<!-- TStringView default visualizer -->

<Type Name="TStringView&lt;*&gt;">
<DisplayString Condition="Size == 0">Empty</DisplayString>
<DisplayString Condition="Size &lt; 0">Invalid</DisplayString>
<DisplayString Condition="Size &gt; 0">{DataPtr,[Size]}</DisplayString>
<StringView Condition="Size &gt; 0">DataPtr,[Size|</StringView>

</Type>

<l-- TStringView<WIDECHAR> visualizer -->

<Type Name="TStringView&It; WIDECHAR &gt;">
<DisplayString Condition="Size == 0">Empty</DisplayString>
<DisplayString Condition="Size &lt; 0">Invalid</DisplayString>
<DisplayString Condition="Size &gt; 0">{DataPtr,[Size]su}</DisplayString>
<StringView Condition="Size &gt; 0">DataPtr,[Size|su</StringView>

</Type>

<!-- TStringView<ANSICHAR> visualizer -->

<Type Name="TStringView&It; ANSICHAR &gt;">
<DisplayString Condition="Size == 0">Empty</DisplayString>
<DisplayString Condition="Size &It; 0">Invalid</DisplayString>
<DisplayString Condition="Size &gt; 0">{DataPtr,[Size]s}</DisplayString>
<StringView Condition="Size &gt; 0">DataPtr,[Size]s</StringView>

</Type>

<Type Name="TStringBuilderBase&It; *&gt;">
<DisplayString Condition="Base == CurPos">Empty</DisplayString>
<DisplayString Condition="sizeof($T1) == 1">{Base,[ CurPos-Base]s} </DisplayString>
<DisplayString>{Base,[ CurPos-Base]su} </DisplayString>
<StringView Condition="sizeof($T1) == 1">Base,[ CurPos-Base]s</StringView>
<StringView>Base,[ CurPos-Base]su</StringView>

</Type>

<Type Name="FGuid">
<DisplayString>{ {{A,Xb}-{(unsigned _ int16)(B >> 16),Xb}-{(unsigned
__int16)B,Xb}-{(unsigned  int16)(C >> 16),Xb}-{(unsigned
__int16)C,Xb} {D,Xb} } } </DisplayString>
<Expand>
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<Item Name="A">A,X</Item>
<Item Name="B">B,X</Item>
<Item Name="C">C,X</Item>
<Item Name="D">D,X</Item>
</Expand>
</Type>

<!-- FText visualizer -->
<Type Name="FStringTableEntry">
<DisplayString>{*DisplayString.Object} </DisplayString>
</Type>
<Type Name="FTextHistory StringTableEntry::FStringTableReferenceData">
<DisplayString Condition="StringTableEntry.Object != 0 &amp;&amp;
StringTableEntry. WeakReferenceCount.ReferenceController->SharedReferenceCount &gt;
0">{*StringTableEntry.Object}</DisplayString>
<DisplayString Condition="StringTableEntry.Object == 0 ||
StringTableEntry. WeakReferenceCount.ReferenceController->SharedReferenceCount ==
0">&I1t;MISSING STRING TABLE ENTRY &gt;</DisplayString>
</Type>
<Type Name="FTextHistory StringTableEntry">
<DisplayString>{*StringTableReferenceData.Object} </DisplayString>
</Type>
<Type Name="TLocalizedTextData&lIt; *&gt;">
<DisplayString>{*LocalizedString.Object} </DisplayString>

</Type>
<Type Name="TGeneratedTextData&lIt; *&gt;">
<DisplayString

Condition="LocalizedString.Object">{*LocalizedString.Object} </DisplayString>

<DisplayString Condition="!LocalizedString.Object">{DisplayString } </DisplayString>

</Type>

<Type Name="TIndirectTextData&lt;* &gt;">
<DisplayString>{History } </DisplayString>

</Type>

<Type Name="FText">
<DisplayString>{*TextData.Object} </DisplayString>

</Type>

<!-- FName visualizer -->

<Type Name="FName'">
<DisplayString Condition="Number">{Comparisonlndex} {Number - 1}</DisplayString>
<DisplayString>{Comparisonlndex } </DisplayString>

</Type>

<Type Name="FName" Priority="High">
<DisplayString Condition="Number">{Displaylndex} {Number - 1}</DisplayString>
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<DisplayString>{DisplayIndex } </DisplayString>
</Type>

<Type Name="FMinimalName">
<DisplayString Condition="Number">{Index} {Number - 1}</DisplayString>
<DisplayString>{Index }</DisplayString>

</Type>

<Type Name="FNameEntryld">
<DisplayString Condition="Value &amp; FNameDebugVisualizer::UnusedMask">Illegal
name (block index out of range)</DisplayString>
<DisplayString Condition="!GNameBlocksDebug[ Value &gt;&gt;
FNameDebugVisualizer::OffsetBits]">Illegal name (null block)</DisplayString>

<DisplayString>{(FNameEntry&amp;)GNameBlocksDebug[ Value &gt;&gt;
FNameDebugVisualizer::OffsetBits ][ FNameDebugVisualizer::EntryStride * (Value &amp;
FNameDebugVisualizer::OffsetMask)],sb} </DisplayString>
</Type>

<Type Name="FNameEntry">
<DisplayString Condition="Header.Len &gt; FNameDebugVisualizer::MaxLength">Illegal
name (length > NAME_SIZE)</DisplayString>
<DisplayString
Condition="Header.bIsWide">{WideName,[Header.Len|su} </DisplayString>
<DisplayString>{AnsiName,[Header.Len]s}</DisplayString>
</Type>

<!-- FStatNameAndInfo -->
<Type Name="FStatNameAndInfo">
<DisplayString>{(EStatOperation:: Type)((NameAndInfo.Number >>
(EStatAllFields::StartShift + EStatOperation::Shift)) &amp; EStatOperation::Mask),en}
{(EStatDataType:: Type)((NameAndInfo.Number >> (EStatAllFields::StartShift +
EStatDataType::Shift)) &amp; EStatDataType::Mask),en} {NameAndInfo}</DisplayString>
<Expand>
<Item Name="[Name]">NameAndInfo</Item>
<Item Name="[StatOperation]">(EStatOperation::Type)((NameAndInfo.Number >>
(EStatAllFields::StartShift + EStatOperation::Shift)) &amp; EStatOperation::Mask)</Item>
<Item Name="[StatDataType]">(EStatDataType::Type)((NameAndInfo.Number >>
(EStatAllFields::StartShift + EStatDataType::Shift)) &amp; EStatDataType::Mask)</Item>
<Item Name="[IsCycle]">((NameAndInfo.Number >> (EStatAllFields::StartShift +
EStatMetaFlags::Shift)) &amp; EStatMetaFlags::IsCycle) == EStatMetaFlags::IsCycle</Item>
<Item Name="[IsMemory]">((NameAndInfo.Number >> (EStatAllFields::StartShift +
EStatMetaFlags::Shift)) &amp; EStatMetaFlags::IsMemory) ==
EStatMetaFlags::IsMemory</Item>
<Item Name="[IsPackedCCAndDuration]">((NameAndInfo.Number >>
(EStatAllFields::StartShift + EStatMetaFlags::Shift)) &amp;
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EStatMetaFlags::IsPackedCCAndDuration) ==
EStatMetaFlags::IsPackedCCAndDuration</Item>
<Item Name="[ShouldClearEveryFrame]">((NameAndInfo.Number >>
(EStatAllFields::StartShift + EStatMetaFlags::Shift)) &amp;
EStatMetaFlags::ShouldClearEveryFrame) ==
EStatMetaFlags::ShouldClearEveryFrame</Item>
</Expand>
</Type>

<!-- FStatMessage without DebugStatData-->
<Type Name="FStatMessage'>

<DisplayString>{NameAndInfo } </DisplayString>
</Type>

<!-- FStatMessage with DebugStatData -->
<Type Name="FStatMessage" Priority="High">
<!--ST None -->
<DisplayString Condition="(EStatDataType::Type)((NameAndInfo.NameAndInfo.Number
>> (EStatAllFields::StartShift + EStatDataType::Shift)) &amp; EStatDataType::Mask) ==
EStatDataType::ST None">
{{NoneType NameAndInfo={NameAndInfo} }}
</DisplayString>

<!--ST int64 && !IsPackedCCAndDuration && !IsCycle -->

<DisplayString Condition="(EStatDataType::Type)((NameAndInfo.NameAndInfo.Number
>> (EStatAllFields::StartShift + EStatDataType::Shift)) &amp; EStatDataType::Mask) ==
EStatDataType::ST int64 &amp;&amp; ((NameAndInfo.NameAndInfo.Number >>
(EStatAllFields::StartShift + EStatMetaFlags::Shift)) &amp;
EStatMetaFlags::IsPackedCCAndDuration) != EStatMetaFlags::IsPackedCCAndDuration
&amp;&amp; ((NameAndInfo.NameAndInfo.Number >> (EStatAllFields::StartShift +
EStatMetaFlags::Shift)) &amp; EStatMetaFlags::IsCycle) != EStatMetaFlags::IsCycle">

{{Int64={DebugStatData.Cycles} NameAndInfo={NameAndInfo}}}
</DisplayString>

<1--ST int64 && !IsPackedCCAndDuration && IsCycle -->

<DisplayString Condition="(EStatDataType:: Type)((NameAndInfo.NameAndInfo.Number
>> (EStatAllFields::StartShift + EStatDataType::Shift)) &amp; EStatDataType::Mask) ==
EStatDataType::ST_int64 &amp;&amp; ((NameAndInfo.NameAndInfo.Number >>
(EStatAllFields::StartShift + EStatMetaFlags::Shift)) &amp;
EStatMetaFlags::IsPackedCCAndDuration) != EStatMetaFlags::IsPackedCCAndDuration
&amp;&amp; ((NameAndInfo.NameAndInfo.Number >> (EStatAllFields::StartShift +
EStatMetaFlags::Shift)) &amp; EStatMetaFlags::IsCycle) == EStatMetaFlags::IsCycle">

{{Cycles={DebugStatData.Cycles} NameAndInfo={NameAndInfo}}}
</DisplayString>

<1--ST int64 && IsPackedCCAndDuration && IsCycle -->
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<DisplayString Condition="(EStatDataType:: Type)((NameAndInfo.NameAndInfo.Number
>> (EStatAllFields::StartShift + EStatDataType::Shift)) &amp; EStatDataType::Mask) ==
EStatDataType::ST_int64 &amp;&amp; ((NameAndInfo.NameAndInfo.Number >>
(EStatAllFields::StartShift + EStatMetaFlags::Shift)) &amp;
EStatMetaFlags::IsPackedCCAndDuration) == EStatMetaFlags::IsPackedCCAndDuration
&amp;&amp; ((NameAndInfo.NameAndInfo.Number >> (EStatAllFields::StartShift +
EStatMetaFlags::Shift)) &amp; EStatMetaFlags::IsCycle) == EStatMetaFlags::IsCycle">

{{Count={DebugStatData.CCAndDuration[0]},Cycles={DebugStatData. CCAndDuration[1]}
NameAndInfo={NameAndInfo} } }
</DisplayString>

<!--ST double -->
<DisplayString Condition="(EStatDataType::Type)((NameAndInfo.NameAndInfo.Number
>> (EStatAllFields::StartShift + EStatDataType::Shift)) &amp; EStatDataType::Mask) ==
EStatDataType::ST double">
{{Float={DebugStatData.Float} NameAndInfo={NameAndInfo}}}
</DisplayString>

<!--ST FName -->
<DisplayString Condition="(EStatDataType::Type)((NameAndInfo.NameAndInfo.Number
>> (EStatAllFields::StartShift + EStatDataType::Shift)) &amp; EStatDataType::Mask) ==
EStatDataType::ST FName">
{{Name={(FNameEntryld&amp;)DebugStatData.Cycles}
NameAndInfo={NameAndInfo} } }
</DisplayString>

<!1--ST Ptr -->
<DisplayString Condition="(EStatDataType::Type)((NameAndInfo.NameAndInfo.Number
>> (EStatAllFields::StartShift + EStatDataType::Shift)) &amp; EStatDataType::Mask) ==
EStatDataType::ST Ptr">
{{Ptr={DebugStatData.Ptr} NameAndInfo={NameAndInfo}}}
</DisplayString>
</Type>

<!-- FAllocationInfo -->

<l--
uint64 OldPtr;
uint64 Ptr;
int64 Size;
FName EncodedCallstack;
uint32 SequenceTag;
EMemoryOperation Op; Alloc=1, Free=2, Realloc=3
bool bHasBrokenCallstack;

>
<Type Name="FAllocationInfo">
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<l-- Alloc -->
<DisplayString Condition="0Op == 1" >
{{A SeqTag={SequenceTag} Ptr={Ptr} Size={Size} Callstack={EncodedCallstack}
bHasBrokenCallstack={bHasBrokenCallstack} } }
</DisplayString>

<!-- Free -->
<DisplayString Condition="0Op == 2" >

{{F SeqTag={SequenceTag} Ptr={Ptr} bHasBrokenCallstack={bHasBrokenCallstack}}}
</DisplayString>

<!-- Realloc -->
<DisplayString Condition="Op == 3" >
{{R SeqTag={SequenceTag} OldPtr={OldPtr} Ptr={Ptr} NewSize={Size}
Callstack={EncodedCallstack} bHasBrokenCallstack={bHasBrokenCallstack} } }
</DisplayString>
</Type>

<Type Name="FThreadSafeCounter">
<DisplayString>{Counter } </DisplayString>
</Type>

<Type Name="FThreadSafeBool">
<DisplayString Condition="Counter==0">False</DisplayString>
<DisplayString Condition="Counter==1">True</DisplayString>
</Type>

<!-- FTimespan visualizer -->
<Type Name="FTimespan">
<DisplayString>Ticks = {Ticks}</DisplayString>
<Expand>
<Item Name="Total Milliseconds">Ticks / ETimespan::TicksPerMillisecond</Item>
<Item Name="Total Seconds">Ticks / ETimespan::TicksPerSecond</Item>
<Item Name="Total Minutes">Ticks / ETimespan:: TicksPerMinute</Item>
<Item Name="Total Hours">Ticks / ETimespan::TicksPerHour</Item>
<Item Name="Total Days">Ticks / ETimespan::TicksPerDay</Item>
</Expand>
</Type>

<Type Name="FAsyncPackageData">
<DisplayString>ExportCount={ExportCount}, ExportBundleCount={ExportBundleCount},
ImportedPackages={ImportedAsyncPackages. ArrayNum }</DisplayString>
</Type>

<Type Name="FEventLoadNode2">
<DisplayString Condition="bDone.Element">Done {Spec-&gt;Func,na}</DisplayString>
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<DisplayString Condition="bFired.Element">Fired {Spec-&gt;Func,na}</DisplayString>
<DisplayString>Queued (BarrierCount={BarrierCount.Element} )
{Spec-&gt;Func,na}</DisplayString>
</Type>

<Type Name="FExportObject">
<DisplayString Condition="Object != 0">{Object-&gt;NamePrivate}
({Object-&gt;ObjectFlags,x } )</DisplayString>
<DisplayString Condition="!bFiltered &amp;&amp; !bExportLoadFailed">Null
(Create)</DisplayString>
<DisplayString Condition="bFiltered">Null (Filtered)</DisplayString>
<DisplayString>Null (Failed)</DisplayString>
</Type>

<Type Name="FAsyncPackageDesc2">
<DisplayString Condition="CustomPackageld.Id !=
CustomPackageld.Invalidld">{CustomPackageName} ({CustomPackageld.Id,X})
{DiskPackageName} ({DiskPackageld.ld,X})</DisplayString>
<DisplayString>{DiskPackageName} ({DiskPackageld.ld,X})</DisplayString>
</Type>

<Type Name="FAsyncPackage2">
<DisplayString>{Desc} </DisplayString>
</Type>

<Type Name="FPackageld">
<DisplayString Condition="Id != Invalidld">{Id, X} </DisplayString>
<DisplayString>Null</DisplayString>

</Type>

<Type Name="FPackagelndex">
<DisplayString Condition="Index &It; 0">ImportIndex={-Index-1}</DisplayString>
<DisplayString Condition="Index &gt; 0">Exportlndex={Index-1}</DisplayString>
<DisplayString>Null</DisplayString>

</Type>

<Type Name="FPackageObjectindex">
<DisplayString Condition="TypeAndld != Invalid">{(EType)(TypeAndld >> TypeShift)}
{TypeAndld &amp; IndexMask,X}</DisplayString>
<DisplayString>Null</DisplayString>
</Type>

<Type Name="TPackageStoreEntryCArray View&lt;*&gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString>Num={ArrayNum}, Data[0]={($T1*)((uint8*)this +
OffsetToDataFromThis)} </DisplayString>
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<Expand>
<Arrayltems Condition="ArrayNum &gt;= 0">
<Size>ArrayNum</Size>
<ValuePointer>($T1*)((char*)this + OffsetToDataFromThis)</ValuePointer>
</Arrayltems>
</Expand>
</Type>

<Type Name="F Vector">
<DisplayString>{{X={X} Y={Y} Z={Z}} }</DisplayString>
<Expand HideRawView="true">
<Item Name="X">X</Item>
<Item Name="Y">Y </Item>
<Item Name="Z">Z</Item>
<Item Name="||V||&#xB2;">X*X + Y*Y + Z*Z</Item>
</Expand>
</Type>

<Type Name="FQuat">
<DisplayString>{{X={X} Y={Y} Z={Z} W={W}}}</DisplayString>
<Expand HideRawView="true">
<Item Name="X">X</Item>
<Item Name="Y">Y </Item>
<Item Name="Z">Z</Item>
<Item Name="W">W</Item>
<Item Name="||Q||&#xB2;">X*X + Y*Y + Z*Z + W*W</Item>
</Expand>
</Type>

<Type Name="FRotator">
<DisplayString>{ {Pitch={Pitch} Yaw={Yaw} Roll={Roll}} }</DisplayString>
<Expand HideRawView="true">
<Item Name="Pitch (Y)">Pitch</Item>
<Item Name="Yaw (Z)">Yaw</Item>
<Item Name="Roll (X)">Roll</Item>
</Expand>
</Type>

<Type Name="FTransform">

<DisplayString>{ { Translation={ {X={Translation.m128 {32[0]}
Y={Translation.m128 f32[1]} Z={Translation.m128 f32[2]}}}
Rotation={ {X={Rotation.m128 {32[0]} Y={Rotation.m128 f32[1]}
Z={Rotation.m128 f32[2]} W={Rotation.m128 f32[3]}}}}}</DisplayString>

<Expand>

<Synthetic Name="Translation">
<DisplayString>{ {X={Translation.m128 f32[0]} Y={Translation.m128 f32[1]}
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Z={Translation.m128 f32[2]}}}</DisplayString>
<Expand>
<Item Name="X">Translation.m128 f32[0]</Item>
<Item Name="Y">Translation.m128 f32[1]</Item>
<Item Name="Z">Translation.m128 {32[2]</Item>
<Item Name="||V||&#xB2;">Translation.m128 f32[0]*Translation.m128 f32[0] +
Translation.m128 f32[1]*Translation.m128 f32[1] +
Translation.m128 {32[2]*Translation.m128 f32[2]</Item>
</Expand>
</Synthetic>
<Synthetic Name="Rotation">
<DisplayString>{ {X={Rotation.m128 f32[0]} Y={Rotation.m128 {32[1]}
Z={Rotation.m128 {32[2]} W={Rotation.m128 {32[3]}} }</DisplayString>
<Expand>
<Item Name="X">Rotation.m128 {32[0]</Item>
<Item Name="Y">Rotation.m128 f32[1]</Item>
<Item Name="Z">Rotation.m128 f32[2]</Item>
<Item Name="W">Rotation.m128 f32[3]</Item>
<Item Name="||Q||&#xB2;">Rotation.m128 {32[0]*Rotation.m128 f32[0] +
Rotation.m128 f32[1]*Rotation.m128 {32[1] + Rotation.m128 {32[2]*Rotation.m128 f32[2]
+ Rotation.m128 f32[3]*Rotation.m128 f32[3]</Item>
</Expand>
</Synthetic>
<Synthetic Name="Scale3D">
<DisplayString>{{X={Scale3D.m128 32[0]} Y={Scale3D.m128 f32[1]}
Z={Scale3D.m128 f32[2]}}}</DisplayString>
<Expand>
<Item Name="X">Scale3D.m128 {32[0]</Item>
<Item Name="Y">Scale3D.m128 {32[1]</Item>
<Item Name="Z">Scale3D.m128 {32[2]</Item>
</Expand>
</Synthetic>
</Expand>
</Type>

<Type Name="FPlane">
<DisplayString>{{X={X} Y={Y} Z={Z} W={W}}}</DisplayString>
<Expand HideRawView="true">
<Item Name="X">X</Item>
<Item Name="Y">Y </Item>
<Item Name="Z">Z</Item>
<Item Name="W'">W</Item>
</Expand>
</Type>

<!-- TEnumAsByte visualizer -->
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<Type Name="TEnumAsByte&lt;*&gt;">
<DisplayString>{($T1)Value } </DisplayString>
</Type>

<!-- UObjectBase visualizer -->

<Type Name="UObjectBase">
<DisplayString>(Name={NamePrivate } )</DisplayString>

</Type>

<!-- FFieldClass visualizer -->

<Type Name="FFieldClass">
<DisplayString>(Name={Name} )</DisplayString>

</Type>

<!-- FFieldVariant visualizer -->
<Type Name="FFieldVariant">
<DisplayString Condition="bIsUObject==0">{Container.Field} </DisplayString>
<DisplayString Condition="bIsUObject==1">{Container.Object} </DisplayString>
<Expand>
<Item Name="Field" Condition="blsUObject==0">Container.Field</Item>
<Item Name="Object" Condition="blsUObject==1">Container.Object</Item>
</Expand>
</Type>

<!-- FField visualizer -->

<Type Name="FField">
<DisplayString>(Name={NamePrivate} )</DisplayString>

</Type>

<!-- FChunkedFixedUObjectArray visualizer -->
<Type Name="FChunkedFixedUObjectArray">
<DisplayString Condition="NumElements == 0">Empty</DisplayString>
<DisplayString Condition="NumElements &lt; 0">Invalid</DisplayString>
<DisplayString Condition="NumElements &gt; 0">NumElements={NumElements},
NumChunks={NumChunks}, {NumElementsPerChunk}</DisplayString>

<Expand>
<IndexListltems Condition="NumElements &gt; 0">
<Size>NumElements</Size>
<ValueNode>
Objects[$i / NumElementsPerChunk][$i % NumElementsPerChunk]
</ValueNode>
</IndexListltems>
</Expand>
</Type>
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<!-- TArray<* TFixedAllocator<*> > visualizer -->
<Type Name="TArray&lt;* TFixedAllocator&lt; * & gt; &gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &lt; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &lt; ArrayNum">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;=
ArrayNum">Num={ArrayNum } </DisplayString>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer>(TArray&lt;$T1, TFixedAllocator&lt;$ T2 & gt;
&gt;::ElementType*)AllocatorInstance.InlineData</ValuePointer>
</Arrayltems>
</Expand>
</Type>

<!-- TArray<*,TInlineAllocator<*,*> > visualizer -->
<Type Name="TArray&lt;*, TInlineAllocator&lt;*, * & gt; & gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &It; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &lt; ArrayNum'">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;=
ArrayNum">Num={ArrayNum} </DisplayString>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer Condition="AllocatorInstance.SecondaryData.Data ==
0">(TArray&It;$T1, TInlineAllocator&lt;$T2,$T3&gt;
&gt;::ElementType*)AllocatorInstance.InlineData</ValuePointer>
<ValuePointer Condition="AllocatorInstance.SecondaryData.Data !=
0">(TArray&It;$T1, TInlineAllocator&I1t;$T2,$T3&gt;
&gt;::ElementType*)AllocatorInstance.SecondaryData.Data</ValuePointer>
</Arrayltems>
</Expand>
</Type>

<!-- TArray<* ,TMemorylmageAllocator<*>> visualizer -->

<Type Name="TArray&lt;*,TMemorylmageAllocator&lt; *&gt; & gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &lt; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &It; ArrayNum'">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;=

ArrayNum">Num={ArrayNum}</DisplayString>
<DisplayString>Ptr={AllocatorInstance.Data.Ptr} </DisplayString>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax'>
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<Size>ArrayNum</Size>

<ValuePointer Condition="(AllocatorInstance.Data.OffsetFromThis &amp; 1) !=
0">(TArray&lt;$T1,TMemorylmageAllocator&lt;$T2&gt; &gt;::ElementType*)(
(char*)&amp;AllocatorInstance.Data + (AllocatorInstance.Data.OffsetFromThis >>
1))</ValuePointer>

<ValuePointer Condition="(AllocatorInstance.Data.OffsetFromThis &amp; 1) ==
0">(TArray&lt;$T1,TMemorylmageAllocator&lt;$ T2 &gt;
&gt;::ElementType*)AllocatorInstance.Data.Ptr</ValuePointer>

</Arrayltems>
</Expand>
</Type>

<l!-- TArray visualizer -->

<Type Name="TArray&lt;*,*&gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &It; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &lt; ArrayNum'">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;=

ArrayNum">Num={ArrayNum} </DisplayString>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>

<ValuePointer>(TArray&lt;$T1,$T2&gt;::ElementType*)AllocatorInstance.Data</ValuePointe
|
</Arrayltems>
</Expand>
</Type>

<!-- TArray<char> visualizers -->
<Type Name="TArray&lt;char,*&gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &It; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &lt; ArrayNum'">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum'">Num={ArrayNum}
{(char*)AllocatorInstance.Data,[ ArrayNum]s } </DisplayString>
<StringView Condition="ArrayMax &gt;=
ArrayNum">(char*)AllocatorInstance.Data,[ ArrayNum]s</StringView>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer>(char*)AllocatorInstance.Data</ValuePointer>
</Arrayltems>
</Expand>
</Type>
<Type Name="TArray&lt;char, TFixedAllocator&lt; *&gt; & gt;">
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<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &lt; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &lt; ArrayNum">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum'">Num={ArrayNum}
{(char*)AllocatorInstance.InlineData,[ ArrayNum]s } </DisplayString>
<StringView Condition="ArrayMax &gt;=
ArrayNum">(char*)AllocatorInstance.InlineData,[ ArrayNum]s</String View>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer>(char*)AllocatorInstance.InlineData</ValuePointer>
</Arrayltems>
</Expand>
</Type>
<Type Name="TArray&lt;char,TInlineAllocator&lt;*, *&gt; &gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &It; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &lt; ArrayNum'">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data == 0">Num={ArrayNum}
{(char*)AllocatorInstance.InlineData,[ ArrayNum]s } </DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data != 0">Num={ArrayNum}
{(char*)AllocatorInstance.SecondaryData.Data,| ArrayNum s } </DisplayString>
<StringView Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data ==
0">(char*)AllocatorInstance.InlineData,[ ArrayNum]s</StringView>
<StringView Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data !=
0">(char*)AllocatorInstance.SecondaryData.Data,[ ArrayNum]s</StringView>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer Condition="AllocatorInstance.SecondaryData.Data ==
0">(char*)AllocatorInstance.InlineData</ValuePointer>
<ValuePointer Condition="AllocatorInstance.SecondaryData.Data !=
0">(char*)AllocatorInstance.SecondaryData.Data</ValuePointer>
</Arrayltems>
</Expand>
</Type>

<!-- TArray<unsigned char> visualizers -->
<Type Name="TArray&lt;unsigned char,*&gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &It; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &It; ArrayNum'">Invalid</DisplayString>
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<DisplayString Condition="ArrayMax &gt;= ArrayNum'">Num={ArrayNum} {(unsigned
char*)AllocatorInstance.Data,[ ArrayNum]s } </DisplayString>
<StringView Condition="ArrayMax &gt;= ArrayNum">(unsigned
char*)AllocatorInstance.Data,[ ArrayNum|s</StringView>
<Expand>
<Arrayltems Condition="ArrayNum &It;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer>(unsigned char*)AllocatorInstance.Data</ValuePointer>
</Arrayltems>
</Expand>
</Type>
<Type Name="TArray&lt;unsigned char,TFixedAllocator&lt; *&gt;&gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &It; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &lt; ArrayNum'">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum'">Num={ArrayNum} {(unsigned
char*)AllocatorInstance.InlineData,[ ArrayNum|s } </DisplayString>
<StringView Condition="ArrayMax &gt;= ArrayNum">(unsigned
char*)AllocatorInstance.InlineData,[ ArrayNum]s</String View>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer>(unsigned char*)AllocatorInstance.InlineData</ValuePointer>
</Arrayltems>
</Expand>
</Type>
<Type Name="TArray&lt;unsigned char,TInlineAllocator&lt;*,* & gt; & gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &It; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &It; ArrayNum">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data == 0">Num={ArrayNum} {(unsigned
char*)AllocatorInstance.InlineData,[ ArrayNum]s } </DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data != 0">Num={ArrayNum} {(unsigned
char*)AllocatorInstance.SecondaryData.Data,[ ArrayNum]s } </DisplayString>
<StringView Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data == 0">(unsigned
char*)AllocatorInstance.InlineData,[ ArrayNum]s</String View>
<StringView Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data != 0">(unsigned
char*)AllocatorInstance.SecondaryData.Data,[ ArrayNum|]s</StringView>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer Condition="AllocatorInstance.SecondaryData.Data == 0">(unsigned
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char*)AllocatorInstance.InlineData</ValuePointer>
<ValuePointer Condition="AllocatorInstance.SecondaryData.Data != 0">(unsigned
char*)AllocatorInstance.SecondaryData.Data</ValuePointer>
</Arrayltems>
</Expand>
</Type>

<l-- TArray<wchar_t> visualizers -->
<Type Name="TArray&lt;wchar t,*&gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &lt; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &lt; ArrayNum'">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum'">Num={ArrayNum}
{(wchar_t*)AllocatorInstance.Data,[ ArrayNum]su}</DisplayString>
<StringView Condition="ArrayMax &gt;=
ArrayNum">(wchar_t*)AllocatorInstance.Data,[ ArrayNum]su</StringView>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer>(wchar t*)AllocatorInstance.Data</ValuePointer>
</Arrayltems>
</Expand>
</Type>
<Type Name="TArray&lt;wchar t,TFixedAllocator&lt;*&gt;&gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &lt; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &It; ArrayNum">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum">Num={ArrayNum}
{(wchar_t*)AllocatorInstance.InlineData,[ ArrayNum]su}</DisplayString>
<StringView Condition="ArrayMax &gt;=
ArrayNum">(wchar_t*)AllocatorInstance.InlineData,[ ArrayNum]su</StringView>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer>(wchar t*)AllocatorInstance.InlineData</ValuePointer>
</Arrayltems>
</Expand>
</Type>
<Type Name="TArray&lt;wchar t,TInlineAllocator&lt;*,*&gt;&gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &lt; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &It; ArrayNum'">Invalid</DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data == 0">Num={ArrayNum}
{(wchar_t*)AllocatorInstance.InlineData,[ ArrayNum]su}</DisplayString>
<DisplayString Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
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AllocatorInstance.SecondaryData.Data != 0">Num={ArrayNum}
{(wchar_t*)AllocatorInstance.SecondaryData.Data,| ArrayNum]su}</DisplayString>
<StringView Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data ==
0">(wchar_t*)AllocatorInstance.InlineData,| ArrayNum]su</StringView>
<StringView Condition="ArrayMax &gt;= ArrayNum &amp;&amp;
AllocatorInstance.SecondaryData.Data !=
0">(wchar_t*)AllocatorInstance.SecondaryData.Data,[ ArrayNum ]su</StringView>
<Expand>
<Arrayltems Condition="ArrayNum &lt;= ArrayMax">
<Size>ArrayNum</Size>
<ValuePointer Condition="AllocatorInstance.SecondaryData.Data ==
0">(wchar_t*)AllocatorInstance.InlineData</ValuePointer>
<ValuePointer Condition="AllocatorInstance.SecondaryData.Data !=
0">(wchar_t*)AllocatorInstance.SecondaryData.Data</ValuePointer>
</Arrayltems>
</Expand>
</Type>

<l-- TArrayView visualizer -->
<Type Name="TArrayView&lt; *&gt;">
<DisplayString Condition="ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="ArrayNum &It; 0">Invalid</DisplayString>
<DisplayString Condition="ArrayNum &gt; 0">Num={ArrayNum }</DisplayString>
<Expand>
<Arrayltems Condition="ArrayNum &gt; 0">
<Size>ArrayNum</Size>
<ValuePointer>DataPtr</ValuePointer>
</Arrayltems>
</Expand>
</Type>

<!-- TIndirectArray visualizer -->
<Type Name="TIndirectArray&lt;*,*&gt;">
<DisplayString Condition="Array.ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="Array.ArrayNum &Ilt; 0">Invalid</DisplayString>
<DisplayString Condition="Array.ArrayMax &lt;
Array.ArrayNum'">Invalid</DisplayString>
<DisplayString Condition="Array.ArrayMax &gt;=
Array. ArrayNum'">Num={Array.ArrayNum } </DisplayString>
<Expand>
<IndexListltems Condition="Array.ArrayNum &lIt;= Array.ArrayMax">
<Size>Array.ArrayNum</Size>

<ValueNode>*((TIndirectArray&lt;$T1,$T2&gt;::ElementType**)Array. AllocatorInstance.Da
ta)[$i]</ValueNode>
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</IndexListltems>
</Expand>
</Type>

<!-- TChunkedArray visualizer -->
<Type Name="TChunkedArray&lt;*, *&gt;">
<DisplayString Condition="NumElements == 0">Empty</DisplayString>
<DisplayString Condition="NumElements &lt; 0">Invalid</DisplayString>
<DisplayString Condition="NumElements &gt; 0">NumFElements={NumElements},
NumChunks={Chunks.Array.ArrayNum}, {NumFElementsPerChunk }</DisplayString>

<Expand>
<IndexListltems Condition="NumFElements &gt; 0">
<Size>NumFElements</Size>
<ValueNode>
*(
*(

(TChunkedArray&lt;$T1,$T2&gt;::ElementType**)Chunks.Array.AllocatorInstance.Data +
($1 / NumElementsPerChunk)

) + ($1 % NumElementsPerChunk)

)

</ValueNode>
</IndexListltems>
</Expand>
</Type>

<!-- TSparseArray visualizer -->
<Type Name="TSparseArray&lt;*, *&gt;">
<DisplayString Condition="(Data.ArrayNum - NumFreelndices) &It;=
0">Empty</DisplayString>
<DisplayString Condition="Data.ArrayNum &lt;=
Data.ArrayMax">Num={Data.ArrayNum - NumFreelndices } </DisplayString>
<Expand>
<IndexListltems Condition="Data.ArrayNum &gt; 0 &amp;&amp; Data. ArrayNum &lt;=
Data.ArrayMax'>
<Size>Data.ArrayNum</Size>
<ValueNode Condition="(AllocationFlags.AllocatorInstance.SecondaryData.Data != 0)
&amp;&amp;
(reinterpret_cast&lt;uint32*&gt;(AllocationFlags.AllocatorInstance.SecondaryData.Data)[$i/3
2]&gt; &gt;($1%32) &amp; 1) =
0">*reinterpret cast&lt;ElementType*&gt;(reinterpret cast&lt;FElementOrFreeListLink*&gt
;(Data.AllocatorInstance.Data) + $i)</ValueNode>
<ValueNode Condition="(AllocationFlags.AllocatorInstance.SecondaryData.Data == 0)
&amp;&amp; (reinterpret cast&lt;uint32*&gt;(AllocationFlags. AllocatorInstance.InlineData
)[$1/32]&gt; &gt;($1%32) &amp; 1) =
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0">*reinterpret_cast&lt;ElementType*&gt;(reinterpret cast&lt;FElementOrFreeListLink*&gt
;(Data.AllocatorInstance.Data) + $1)</ValueNode>

<ValueNode Condition="(AllocationFlags.AllocatorInstance.SecondaryData.Data != 0)
&amp;&amp;
(reinterpret_cast&lt;uint32*&gt;(AllocationFlags.AllocatorInstance.SecondaryData.Data)[$i/3
2]&gt; &gt;($1%32) &amp; 1) == 0">"Invalid",sb</ValueNode>

<ValueNode Condition="(AllocationFlags.AllocatorInstance.SecondaryData.Data == 0)
&amp;&amp; (reinterpret cast&lt;uint32*&gt;(AllocationFlags. AllocatorInstance.InlineData
)[$1/32]&gt; & gt;($1%32) &amp; 1) == 0">"Invalid",sb</ValueNode>

</IndexListltems>
</Expand>
</Type>

<l-- TBitArray visualizer -->
<Type Name="TBitArray&lt;*&gt;">
<DisplayString Condition="NumBits == 0">Empty</DisplayString>
<DisplayString Condition="NumBits &lIt; 0">Invalid</DisplayString>
<DisplayString Condition="NumBits &gt; 0">NumBits={NumBits},
MaxBits={MaxBits } </DisplayString>
<Expand>
<IndexListltems Condition="NumBits &gt; 0">
<Size>NumBits</Size>
<ValueNode Condition="(AllocatorInstance.SecondaryData.Data != 0) &amp;&amp;
(reinterpret_cast&lt;uint32*&gt;(AllocatorInstance.SecondaryData.Data
)[$1/32]&gt; &gt;($1%32) &amp; 1) !=0">1</ValueNode>
<ValueNode Condition="(AllocatorInstance.SecondaryData.Data == 0) &amp;&amp;
(reinterpret cast&lt;uint32*&gt;(AllocatorInstance.InlineData
)[$1/32]&gt; &gt;($1%32) &amp; 1) 1= 0">1</ValueNode>
<ValueNode Condition="(AllocatorInstance.SecondaryData.Data != 0) &amp;&amp;
(reinterpret cast&lt;uint32*&gt;(AllocatorInstance.SecondaryData.Data
)[$1/32]&gt; &gt;($1%32) &amp; 1) == 0">0</ValueNode>
<ValueNode Condition="(AllocatorInstance.SecondaryData.Data == 0) &amp;&amp;
(reinterpret_cast&lt;uint32*&gt;(AllocatorInstance.InlineData
)[$1/32]&gt; &gt;($1%32) &amp; 1) == 0">0</ValueNode>
</IndexListltems>
</Expand>
</Type>

<!-- TRingBuffer visualizer -->
<Type Name="TRingBuffer&It; * *&gt;">
<DisplayString Condition="AfterBack == Front">Empty</DisplayString>
<DisplayString Condition="AfterBack - Front &It;= IndexMask+1">Num={AfterBack -
Front} </DisplayString>
<DisplayString Condition="AfterBack - Front &gt;
IndexMask+1">Invalid</DisplayString>
<Expand>
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<IndexListltems Condition="AfterBack - Front &lt;= IndexMask+1">
<Size>AfterBack - Front</Size>
<ValueNode>AllocationData[(Front + $i) &amp; IndexMask]</ValueNode>
</IndexListltems>
</Expand>
</Type>

<!-- TPair visualizer -->

<Type Name="TPair&lt;* *&gt;">
<DisplayString>({Key}, {Value})</DisplayString>

</Type>

<!-- TSharedPtr visualizer -->
<Type Name="TSharedPtr&It;*, *&gt;">
<DisplayString Condition="0Object == 0">Null</DisplayString>
<DisplayString Condition="Object != 0">Ptr={(void*)Object},
SharedRefs={SharedReferenceCount.ReferenceController->SharedReferenceCount},
WeakRefs={SharedReferenceCount.ReferenceController->WeakReferenceCount},
Object={*Object}</DisplayString>
<Expand>
<Item Condition="0Object != 0"
Name="[SharedReferenceCount]">SharedReferenceCount.ReferenceController->SharedRefer
enceCount</Item>
<Item Condition="0Object != 0"
Name="[WeakReferenceCount]">SharedReferenceCount.ReferenceController->WeakReferen
ceCount</Item>
<Item Condition="0Object != 0" Name="[Ptr]">(void*)Object</Item>
<ExpandedItem Condition="Object != 0">*Object</Expandedltem>
</Expand>
</Type>

<!-- TSharedRef visualizer -->
<Type Name="TSharedRef&It;*,*&gt;">
<DisplayString Condition="Object != 0">Ptr={(void*)Object},
SharedRefs={SharedReferenceCount.ReferenceController->SharedReferenceCount},
WeakRefs={SharedReferenceCount.ReferenceController->WeakReferenceCount},
Object={*Object}</DisplayString>
<Expand>
<Item Condition="Object !=0"
Name="[SharedReferenceCount]">SharedReferenceCount.ReferenceController->SharedRefer
enceCount</Item>
<Item Condition="Object != 0"
Name="[WeakReferenceCount]">SharedReferenceCount.ReferenceController->WeakReferen
ceCount</Item>
<Item Condition="Object != 0" Name="[Ptr]">(void*)Object</Item>
<ExpandedItem Condition="Object != 0">*Object</Expandedltem>
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</Expand>
</Type>

<!-- TWeakPtr visualizer -->
<Type Name="T WeakPtr&Ilt;* *&gt;">
<DisplayString Condition="0Object == 0">Null</DisplayString>
<DisplayString
Condition="WeakReferenceCount.ReferenceController->SharedReferenceCount == 0">Object
has been destroyed</DisplayString>
<DisplayString Condition="Object != 0">Ptr={(void*)Object},
SharedRefs={WeakReferenceCount.ReferenceController->SharedReferenceCount},
WeakRefs={WeakReferenceCount.ReferenceController->WeakReferenceCount},
Object={*Object}</DisplayString>
<Expand>
<Item Condition="Object != 0"
Name="[SharedReferenceCount]">WeakReferenceCount.ReferenceController->SharedRefere
nceCount</Item>
<Item Condition="0Object != 0"
Name="[WeakReferenceCount]">WeakReferenceCount.ReferenceController->WeakReferenc
eCount</Item>
<Item Condition="Object != 0 &amp;&amp;
WeakReferenceCount.ReferenceController->SharedReferenceCount > 0"
Name="[Ptr]">(void*)Object</Item>
<ExpandedItem Condition="Object != 0 &amp;&amp;
WeakReferenceCount.ReferenceController->SharedReferenceCount >
0">*QObject</Expandedltem>
</Expand>
</Type>

<!-- TMemorylmagePtr visualizer -->
<Type Name="TMemorylmagePtr&lt;* &gt;">
<DisplayString Condition="Ptr == 0">Null</DisplayString>
<DisplayString Condition="Ptr != 0"></DisplayString>
<Expand>
<Item Condition="Ptr != 0 &amp;&amp; (OffsetFromThis &amp; 1) !=0"
Name="0Object">($T1*)( (char*)this + (OffsetFromThis >> 1))</Item>
<Item Condition="Ptr != 0 &amp;&amp; (OffsetFromThis &amp; 1) == 0"
Name="0Object">($T1*)Ptr</Item>
</Expand>
</Type>

<Type Name="FHashedNameDebugString">
<DisplayString Condition="String.Ptr == 0">Empty</DisplayString>
<DisplayString Condition="(String.OffsetFromThis &amp; 1) != 0">{(char*)this +
(String.OffsetFromThis >> 1)} </DisplayString>
<DisplayString>{String.Ptr} </DisplayString>
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</Type>

<!-- TMapBase visualizer -->
<Type Name="TMapBase&It;*,* * *&gt;">
<DisplayString>{Pairs } </DisplayString>
<Expand>
<Expandedltem>Pairs</Expandedltem>
</Expand>
</Type>

<l-- TSet visualizer -->
<Type Name="TSet&lt;* * *&gt;">
<DisplayString Condition="Elements.Data. ArrayNum - Elements.NumFreelndices &lt;=
0">Empty</DisplayString>
<DisplayString Condition="Elements.Data. ArrayNum &lt;=
Elements.Data. ArrayMax">Num={Elements.Data. ArrayNum -
Elements.NumFreelndices } </DisplayString>
<Expand>
<CustomListltems Condition="Elements.Data.ArrayNum - Elements.NumFreelndices
&gt; 0 &amp;&amp; Elements.Data. ArrayNum &lt;= Elements.Data. ArrayMax">
<Variable Name="Index" Initial Value="0" />
<Size>Elements.Data. ArrayNum - Elements.NumFreelndices</Size>
<Loop>
<If Condition="
((Elements.AllocationFlags.AllocatorInstance.SecondaryData.Data != 0)
&amp;&amp;
((reinterpret cast&lt;uint32*&gt;(Elements.AllocationFlags.AllocatorInstance.SecondaryData.
Data)[Index/32]&gt;&gt;(Index%32)) &amp; 1) !=0)
|| ((Elements.AllocationFlags.AllocatorInstance.SecondaryData.Data == 0)
&amp;&amp;
((reinterpret cast&lt;uint32*&gt;(Elements.AllocationFlags.AllocatorInstance.InlineData
)[Index/32]&gt;&gt;(Index%32)) &amp; 1) !=0)
H>
<Item>((TSetElement &It;$T1&gt;
*)Elements.Data. AllocatorInstance.Data)[Index]. Value</Item>
</If>
<Exec>++Index</Exec>
</Loop>
</CustomListltems>
</Expand>
</Type>

<!-- TSet<*,* TInlineSetAllocator<*>> visualizer -->
<Type Name="TSet&lt;*,*, TInlineSetAllocator&It; *&gt; &gt;">
<DisplayString Condition="Elements.Data. ArrayNum - Elements.NumFreelndices &lt;=
0">Empty</DisplayString>
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<DisplayString Condition="Elements.Data.ArrayNum &It;=
Elements.Data. ArrayMax">Num={Elements.Data. ArrayNum -
Elements.NumFreelndices } </DisplayString>
<Expand>
<CustomListItems Condition="Elements.Data.ArrayNum - Elements.NumFreelndices
&gt; 0 &amp;&amp; Elements.Data. ArrayNum &lt;= Elements.Data. ArrayMax'">
<Variable Name="Index" InitialValue="0" />
<Size>Flements.Data. ArrayNum - Elements.NumFreelndices</Size>
<Loop>
<If Condition="
((Elements.AllocationFlags. AllocatorInstance.SecondaryData.Data != 0)
&amp;&amp;
((reinterpret cast&lt;uint32*&gt;(Elements.AllocationFlags.AllocatorInstance.SecondaryData.
Data)[Index/32]&gt; & gt;(Index%32)) &amp; 1) !=0)
|| ((Elements.AllocationFlags.AllocatorInstance.SecondaryData.Data == 0)
&amp;&amp;
((reinterpret cast&lt;uint32*&gt;(Elements.AllocationFlags.AllocatorInstance.InlineData
)[Index/32]&gt;&gt;(Index%32)) &amp; 1) !=0)
">
<If Condition="Elements.Data.AllocatorInstance.SecondaryData.Data == 0">
<Item>((TSetElement&lt;$T1&gt;
*)Elements.Data. AllocatorInstance.InlineData)[Index]. Value</Item>
</1f>
<If Condition="Elements.Data.AllocatorInstance.SecondaryData.Data != 0">
<Item>((TSetElement&It;$T1&gt;
*)Elements.Data. AllocatorInstance.SecondaryData.Data)[Index]. Value</Item>
</1f>
</1f>
<Exec>t++Index</Exec>
</Loop>
</CustomListItems>
</Expand>
</Type>

<!-- TSet<*,* TFixedSetAllocator<*>> visualizer -->
<Type Name="TSet&lt;*,* TFixedSetAllocator&lt;* & gt; & gt;">
<DisplayString Condition="Elements.Data. ArrayNum - Elements.NumFreelndices &lt;=
0">Empty</DisplayString>
<DisplayString Condition="Elements.Data. ArrayNum &lt;=
Elements.Data. ArrayMax">Num={Elements.Data. ArrayNum -
Elements.NumFreelndices } </DisplayString>
<Expand>
<CustomListltems Condition="Elements.Data.ArrayNum - Elements.NumFreelndices
&gt; 0 &amp;&amp; Elements.Data. ArrayNum &lt;= Elements.Data. ArrayMax ">
<Variable Name="Index" Initial Value="0" />
<Size>Elements.Data. ArrayNum - Elements.NumFreelndices</Size>
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<Loop>
<If
Condition="((reinterpret cast&lt;uint32*&gt;(Elements.AllocationFlags.AllocatorInstance.Inli
neData)[Index/32]&gt; &gt;(Index%32)) &amp; 1) !=0">
<Item>((TSetElement&It;$T1&gt;
*)Elements.Data. AllocatorInstance.InlineData)[Index]. Value</Item>
</Ift>
<Exec>++Index</Exec>
</Loop>
</CustomListItems>
</Expand>
</Type>

<!-- FWeakObjectPtr visualizer -->
<Type Name="FWeakObjectPtr">
<DisplayString Condition="ObjectSerialNumber &lt; 1">nullptr</DisplayString>
<DisplayString Condition="GObjectArrayForDebugVisualizers->Objects[ObjectIndex /
65536][Objectindex % 65536].SerialNumber !=
ObjectSerialNumber">STALE</DisplayString>
<DisplayString>{GObjectArrayForDebugVisualizers->Objects[ObjectIndex /
65536][Objectindex % 65536].0Object}</DisplayString>
<Expand>
<ExpandedItem>GObjectArrayForDebugVisualizers->Objects[ ObjectIndex /
65536][Objectindex % 65536].0Object</Expandedltem>
</Expand>
</Type>

<!-- TWeakObjectPtr<*> visualizer -->
<Type Name="TWeakObjectPtr&lt;*&gt;">
<DisplayString Condition="ObjectSerialNumber &lt; 1">nullptr</DisplayString>
<DisplayString Condition="GObjectArrayForDebugVisualizers->Objects[ObjectIndex /
65536][Objectindex % 65536].SerialNumber !=
ObjectSerialNumber">STALE</DisplayString>
<DisplayString>{($T1*)GObjectArrayForDebugVisualizers->Objects[ObjectIndex /
65536][Objectindex % 65536].0bject}</DisplayString>
<Expand>
<Expandedltem>($T1*)GObjectArrayForDebugVisualizers->Objects[ ObjectIndex /
65536][Objectindex % 65536].0Object</Expandedltem>
</Expand>
</Type>

<!-- FSubobjectPtr visualizer -->

<Type Name="FSubobjectPtr'">
<DisplayString>{Object}</DisplayString>

</Type>
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<!-- FVertexID visualizer -->

<Type Name="F VertexID">
<DisplayString>{IDValue} </DisplayString>

</Type>

<!-- FVertexInstancelD visualizer -->

<Type Name="F VertexInstancelD">
<DisplayString>{IDValue} </DisplayString>

</Type>

<!-- FEdgelD visualizer -->

<Type Name="FEdgelD">
<DisplayString>{ID Value } </DisplayString>

</Type>

<!-- FPolygonID visualizer -->

<Type Name="FPolygonID">
<DisplayString>{IDValue} </DisplayString>

</Type>

<!-- FPolygonGrouplD visualizer -->

<Type Name="FPolygonGroupID">
<DisplayString>{IDValue} </DisplayString>

</Type>

<l-- FTrianglelD visualizer -->

<Type Name="FTriangleID">
<DisplayString>{IDValue} </DisplayString>

</Type>

<!-- TOptional visualizer -->
<Type Name="TOptional&It;*&gt;">
<DisplayString Condition="!bIsSet">Unset</DisplayString>
<DisplayString Condition="blsSet">Set: {{{*($T1*)&amp;Value}} }</DisplayString>
<Expand>
<Expandedltem Condition="blsSet">*($T1*)&amp;Value</Expandedltem>
</Expand>
</Type>

<!-- TUnion visualizer -->
<Type Name="TUnion&lt;*&gt;">
<DisplayString>TUnion{ { { CurrentSubtypelndex} } } </DisplayString>

<Expand>
<Item Name="[TUnion.CurrentSubtypelndex]">CurrentSubtypelndex</Item>
<ExpandedItem

Condition="CurrentSubtypelndex==0">*($T1*)&amp;Values. A</Expandedltem>
78



<ExpandedItem

Condition="CurrentSubtypelndex==1">*($T2*)&amp; Values.B</ExpandedItem>
<ExpandedItem

Condition="CurrentSubtypelndex==2">*($T3*)&amp; Values.C</ExpandedItem>
<ExpandedItem

Condition="CurrentSubtypelndex==3">*($T4*)&amp; Values.D</Expandedltem>
<ExpandedItem

Condition="CurrentSubtypelndex==4">*($T5*)&amp; Values.E</ExpandedItem>
<ExpandedItem

Condition="CurrentSubtypelndex==5">*($T6*)&amp; Values.F</Expandedltem>

</Expand>
</Type>

<!-- TInlineValue visualizer -->
<Type Name="TInlineValue&lt; *&gt;">
<DisplayString Condition="!bIsValid">Null</DisplayString>
<DisplayString Condition="blsValid &amp;&amp;
blnline">{ {{*($T1*)&amp;Data} } } </DisplayString>
<DisplayString Condition="blsValid &amp;&amp;
'bInline">{ { {**(($T1**)&amp;Data)} } } </DisplayString>
<Expand>
<ExpandedItem Condition="blIsValid &amp;&amp;
blnline">*($T1*)&amp;Data</ExpandedItem>
<ExpandedItem Condition="blIsValid &amp;&amp;
'bInline">**(($T1**)&amp;Data)</Expandedltem>
</Expand>
</Type>

<!-- TFunction visualizer -->
<Type Name="UE4Function Private::TDebugHelper&It;*&gt;">
<DisplayString>{*Ptr}</DisplayString>
<Expand>
<Item Name="[Lambda]">*Ptr</Item>
</Expand>
</Type>
<Type Name="TFunctionRef&It;*&gt;">
<DisplayString Condition="Callable">{DebugPtrStorage } </DisplayString>
<DisplayString Condition="!Callable">Unset</DisplayString>
<Expand>
<ExpandedItem Condition="Callable">DebugPtrStorage</Expandedltem>
</Expand>
</Type>
<Type Name="TFunction&It; *&gt;">
<AlternativeType Name="TUniqueFunction&lt;*&gt;"></Alternative Type>
<DisplayString Condition="Callable != 0">{DebugPtrStorage } </DisplayString>
<DisplayString Condition="Callable == 0">Unset</DisplayString>
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<Expand>
<ExpandedItem Condition="Callable != 0">DebugPtrStorage</Expandeditem>
</Expand>
</Type>

<!-- FGameplayTagContainer visualizer -->
<Type Name="FGameplayTagContainer'">
<DisplayString Condition="GameplayTags.ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="GameplayTags.ArrayNum ==
1">Tag={*((FName*)(GameplayTags.AllocatorInstance.Data))} </DisplayString>
<DisplayString Condition="GameplayTags.ArrayNum >
1">Num={GameplayTags. ArrayNum } </DisplayString>
<Expand>
<Arrayltems Condition="GameplayTags. ArrayNum &It;= GameplayTags.ArrayMax'>
<Size>GameplayTags. ArrayNum</Size>
<ValuePointer>((FName*)(GameplayTags.AllocatorInstance.Data))</ValuePointer>
</Arrayltems>
</Expand>
</Type>

<!-- FActorRepList visualizer -->
<Type Name="FActorRepList">
<DisplayString >({Num}/{Max} {RefCount})</DisplayString>
<Expand>
<Item Name="[RefCount]">RefCount</Item>
<Item Name="[Num]">Num</Item>
<Item Name="[Max]">Max</Item>
<Arrayltems>
<Size>Num</Size>
<ValuePointer>((FActorRepListType*)(Data))</ValuePointer>
</Arrayltems>
</Expand>
</Type>

<!-- TTuple visualizer -->

<Type Name="TTuple&lt;&gt;">
<DisplayString>{{} } </DisplayString>
<Expand>
</Expand>

</Type>

<Type Name="TTuple&lt;*&gt;">

<DisplayString>{{{(*(UE4Tuple Private::TTupleBaseElement&It;$T1,0,1&gt;*)this).Value}
} }</DisplayString>
<Expand>
<Item
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Name="[0]">((UE4Tuple_Private::TTupleBaseElement&It;$T1,0,1&gt;*)this)->Value</Item>
</Expand>
</Type>
<Type Name="TTuple&lt;*, *&gt;">
<DisplayString>{ {{Key},{Value} } } </DisplayString>
<Expand>
<Item Name="[0:Key]">Key</Item>
<Item Name="[1:Value]">Value</Item>
</Expand>
</Type>
<Type Name="TTuple&lt;* * *&gt;">

<DisplayString>{{{(*(UE4Tuple Private::TTupleBaseElement&It;$T1,0,3&gt;*)this).Value},
{(*(UE4Tuple Private::TTupleBaseElement&It;$T2,1,3&gt;*)this).Value},{(*(UE4Tuple Pri
vate::TTupleBaseElement&It;$T3,2,3&gt; *)this). Value} } } </DisplayString>
<Expand>
<Item
Name="[0]">((UE4Tuple_Private::TTupleBaseElement&It;$T1,0,3&gt;*)this)->Value</Item>
<Item
Name="[1]">((UE4Tuple_ Private::TTupleBaseElement&It;$T2,1,3&gt;*)this)->Value</Item>
<Item
Name="[2]">((UE4Tuple_ Private::TTupleBaseElement&It;$T3,2,3&gt;*)this)->Value</Item>
</Expand>
</Type>
<Type Name="TTuple&lt;*,* * *&gt;">

<DisplayString>{{{(*(UE4Tuple Private::TTupleBaseElement&It;$T1,0,4&gt;*)this).Value},
{(*(UE4Tuple_ Private::TTupleBaseElement&It;$T2,1,4&gt;*)this). Value}, {(*(UE4Tuple Pri
vate:: TTupleBaseElement&It;$T3,2,4&gt;*)this). Value}, {(*(UE4Tuple Private::TTupleBaseE
lement&lt;$T4,3,4&gt;*)this). Value} } } </DisplayString>
<Expand>
<[Item
Name="[0]">((UE4Tuple_ Private::TTupleBaseElement&It;$T1,0,4&gt;*)this)->Value</Item>
<Item
Name="[1]">((UE4Tuple_ Private::TTupleBaseElement&It;$T2,1,4&gt;*)this)->Value</Item>
<Item
Name="[2]">((UE4Tuple_Private::TTupleBaseElement&lt;$T3,2,4&gt;*)this)->Value</Item>
<Item
Name="[3]">((UE4Tuple_Private::TTupleBaseElement&lt;$T4,3,4&gt;*)this)->Value</Item>
</Expand>
</Type>
<Type Name="TTuple&It;*, * * * *&gt;">

<DisplayString>{ {{(*(UE4Tuple Private::TTupleBaseElement&It;$T1,0,5&gt;*)this).Value},
{(*(UE4Tuple_Private::TTupleBaseElement&It;$T2,1,5&gt;*)this).Value},{(*(UE4Tuple Pri
vate:: TTupleBaseElement&It;$T3,2,5&gt; *)this). Value}, {(*(UE4Tuple Private::TTupleBaseE
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lement&lt;$T4,3,5&gt; *)this). Value}, {(*(UE4Tuple Private::TTupleBaseElement&lt;$T5,4,5
&gt;*)this).Value} } } </DisplayString>
<Expand>
<Item
Name="[0]">((UE4Tuple_Private::TTupleBaseElement&It;$T1,0,5&gt;*)this)->Value</Item>
<Item
Name="[1]">((UE4Tuple_Private::TTupleBaseElement&It;$T2,1,5&gt;*)this)->Value</Item>
<Item
Name="[2]">((UE4Tuple_Private::TTupleBaseElement&It;$T3,2,5&gt;*)this)->Value</Item>
<Item
Name="[3]">((UE4Tuple_Private::TTupleBaseElement&It;$T4,3,5&gt;*)this)->Value</Item>
<[tem
Name="[4]">((UE4Tuple Private::TTupleBaseElement&It;$T5,4,5&gt;*)this)->Value</Item>
</Expand>
</Type>
<Type Name="TTuple&It;* * * * * *&gt;">

<DisplayString>{{{(*(UE4Tuple Private::TTupleBaseElement&It;$T1,0,6&gt;*)this).Value},

{(*(UE4Tuple_Private::TTupleBaseElement&It;$T2,1,6&gt;*)this). Value},{(*(UE4Tuple Pri

vate:: TTupleBaseElement&It;$T3,2,6&gt;*)this). Value}, {(*(UE4Tuple Private::TTupleBaseE

lement&lt;$T4,3,6&gt; *)this). Value}, {(*(UE4Tuple Private::TTupleBaseElement&It;$T5,4,6

&gt;*)this).Value}, {(*(UE4Tuple Private::TTupleBaseElement&lt;$T6,5,6&gt;*)this).Value}

} }</DisplayString>

<Expand>

<Item

Name="[0]">((UE4Tuple_ Private:: TTupleBaseElement&It;$T1,0,6&gt;*)this)->Value</Item>
<Item

Name="[1]">((UE4Tuple_ Private::TTupleBaseElement&It;$T2,1,6&gt;*)this)->Value</Item>
<Item

Name="[2]">((UE4Tuple_ Private::TTupleBaseElement&It;$T3,2,6&gt;*)this)->Value</Item>
<Item

Name="[3]">((UE4Tuple_ Private::TTupleBaseElement&It;$T4,3,6&gt;*)this)->Value</Item>
<[Item

Name="[4]">((UE4Tuple_ Private::TTupleBaseElement&It;$T5,4,6&gt;*)this)->Value</Item>
<Item

Name="[5]">((UE4Tuple_Private::TTupleBaseElement&lt;$T6,5,6&gt;*)this)->Value</Item>

</Expand>
</Type>
<Type Name="TTuple&It;* * * * * * *&gt;">

<DisplayString>{ {{(*(UE4Tuple Private::TTupleBaseElement&It;$T1,0,7&gt;*)this).Value},
{(*(UE4Tuple Private::TTupleBaseElement&It;$T2,1,7&gt;*)this). Value}, {(*(UE4Tuple Pri
vate:: TTupleBaseElement&It;$T3,2,7&gt; *)this). Value}, {(*(UE4Tuple Private::TTupleBaseE
lement&lt;$T4,3,7&gt; *)this). Value}, {(*(UE4Tuple Private::TTupleBaseElement&lt;$T5,4,7
&gt;*)this).Value}, {(*(UE4Tuple Private::TTupleBaseElement&lt;$T6,5,7&gt;*)this). Value},
{(*(UE4Tuple_ Private::TTupleBaseElement&It;$T7,6,7&gt;*)this).Value} } } </DisplayString>
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<Expand>
<[Item

Name="[0]">((UE4Tuple_ Private:

<[tem

Name="[1]">((UE4Tuple_ Private:

<[tem

Name="[2]">((UE4Tuple Private:

<[tem

Name="[3]">((UE4Tuple Private:

<[tem

Name="[4]">((UE4Tuple Private:

<[tem

Name="[5]">((UE4Tuple Private:

<[tem

Name="[6]">((UE4Tuple Private:

</Expand>
</Type>

<!-- TDelegateBase visualizer -->

:TTupleBaseElement&It;$T1,0,7&gt; *)this)->Value</Item>
:TTupleBaseElement&lt;$T2,1,7&gt; *)this)->Value</Item>
:TTupleBaseElement&It;$T3,2,7&gt; *)this)->Value</Item>
:TTupleBaseElement&lt;$T4,3,7&gt; *)this)->Value</Item>
:TTupleBaseElement&lt;$T5,4,7 &gt; *)this)->Value</Item>
:TTupleBaseElement&lt;$T6,5,7&gt; *)this)->Value</Item>

:TTupleBaseElement&It;$T7,6,7 &gt; *)this)->Value</Item>

<Type Name="TBaseStaticDelegateInstance&lt;*&gt;">
<DisplayString>{StaticFuncPtr} </DisplayString>

<Expand>

<Item Name="[StaticFuncPtr]">StaticFuncPtr</Item>
<Item Name="[Payload]">Payload</Item>
<Item Name="[Handle]">Handle</Item>

</Expand>
</Type>

<Type Name="TBaseFunctorDelegateInstance&It; *&gt;">
<DisplayString>{Functor}</DisplayString>

<Expand>

<Item Name="[Functor]">Functor</Item>
<Item Name="[Payload]">Payload</Item>
<Item Name="[Handle]">Handle</Item>

</Expand>
</Type>

<Type Name="TBaseRawMethodDelegatelnstance&lt;*,*,* &gt;">
<DisplayString>{UserObject} </DisplayString>

<Expand>
<Item Name="
<Item Name="
<Item Name='
<Item Name="
</Expand>
</Type>

'

| v B e B ey B e |

UserObject]">UserObject</Item>
MethodPtr]">MethodPtr</Item>
Payload]">Payload</Item>
Handle]">Handle</Item>

<Type Name="TBaseSPMethodDelegatelnstance&lt;*,*, *&gt;">
<DisplayString>{UserObject} </DisplayString>
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<Expand>
<Item Name="
<Item Name="
<Item Name='
<Item Name="
</Expand>
</Type>
<Type Name="TBaseUObjectMethodDelegatelnstance&lt;* *, *&gt;">
<DisplayString>{UserObject} </DisplayString>
<Expand>
<Item Name="[UserObject]">UserObject</Item>
<Item Name="[MethodPtr]">MethodPtr</Item>
<Item Name="[Payload]">Payload</Item>
<Item Name="[Handle]">Handle</Item>
</Expand>
</Type>
<Type Name="TBaseUFunctionDelegateInstance&It;*, *&gt;">
<DisplayString>{UserObjectPtr} </DisplayString>
<Expand>
<Item Name="[UserObject]">UserObjectPtr</Item>
<Item Name="[FunctionName]">FunctionName</Item>
<Item Name="[Payload]">Payload</Item>
<Item Name="[Handle]">Handle</Item>
</Expand>
</Type>
<Type Name="TDelegateBase&lt;*&gt;" Priority="MediumLow">
<DisplayString Condition="DelegateSize == 0">Unbound</DisplayString>
<DisplayString Condition="DelegateSize &It;=
2">{*((IDelegatelnstance™)(DelegateAllocator.InlineData)) } </DisplayString>
<DisplayString Condition="DelegateSize &gt;
2">{*((IDelegatelnstance™)(Delegate Allocator.SecondaryData.Data)) } </DisplayString>
<Expand>
<ExpandedItem Condition="DelegateSize == 0">Delegate Allocator</Expandedltem>
<ExpandedItem Condition="DelegateSize &lt;=
2">*((IDelegatelnstance®)(DelegateAllocator.InlineData))</ExpandedItem>
<ExpandedItem Condition="DelegateSize &gt;
2">*((IDelegatelnstance®)(DelegateAllocator.SecondaryData.Data))</ExpandedItem>
</Expand>
</Type>
<Type Name="TDelegateBase&lt;* &gt;">
<DisplayString Condition="DelegateSize == 0">Unbound</DisplayString>
<DisplayString Condition="DelegateSize !=
0">{*((IDelegatelnstance*)(DelegateAllocator.Data)) } </DisplayString>
<Expand>
<ExpandedItem Condition="DelegateSize == 0">DelegateAllocator</Expandedltem>
<ExpandedItem Condition="DelegateSize !=
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UserObject]">UserObject</Item>
MethodPtr]">MethodPtr</Item>
Payload]">Payload</Item>
Handle]">Handle</Item>

'

Loums B e B v B |



0">*((IDelegateInstance*)(DelegateAllocator.Data))</ExpandedItem>
</Expand>
</Type>
<Type Name="TMulticastDelegate&lt;*,*&gt;" Priority="MediumLow">
<DisplayString Condition="InvocationList. ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="InvocationList. ArrayNum !=
0">Num={InvocationList.ArrayNum } </DisplayString>
<Expand>
<Arrayltems>
<Size>InvocationList. ArrayNum</Size>
<ValuePointer Condition="InvocationList.AllocatorInstance.SecondaryData.Data ==
0">(TDelegateBase&It;$ T2&gt; *)(InvocationList. AllocatorInstance.InlineData)</ValuePointe
| g
<ValuePointer Condition="InvocationList.AllocatorInstance.SecondaryData.Data !=
0">(TDelegateBase&It;$T2&gt; *)(InvocationList. AllocatorInstance.SecondaryData.Data)</Va
luePointer>
</Arrayltems>
</Expand>
</Type>
<Type Name="TMulticastDelegate&It;*,*&gt;">
<DisplayString Condition="InvocationList. ArrayNum == 0">Empty</DisplayString>
<DisplayString Condition="InvocationList. ArrayNum !=
0">Num={InvocationList. ArrayNum } </DisplayString>
<Expand>
<Arrayltems>
<Size>InvocationList. ArrayNum</Size>

<ValuePointer>(TDelegateBase&lt;$T2&gt;*)(InvocationList. AllocatorInstance.Data)</Value
Pointer>
</Arrayltems>
</Expand>
</Type>

<!-- TRange visualizer -->
<Type Name="TAtomic&lt;*&gt;">
<DisplayString>{Element} </DisplayString>
<Expand>
<ExpandedItem>Element</Expandedltem>
</Expand>
</Type>

<!-- TRange visualizer -->
<Type Name="TRange&lt;*&gt;">
<DisplayString Condition="LowerBound.Type.Value == ERangeBoundTypes::Open
&amp;&amp; UpperBound.Type.Value == ERangeBoundTypes::Open">[-&#8734;,
+&#8734;]</DisplayString>
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<DisplayString Condition="LowerBound.Type.Value == ERangeBoundTypes::Open
&amp;&amp; UpperBound.Type.Value == ERangeBoundTypes::Inclusive">[-&#8734;,
{UpperBound.Value} |</DisplayString>

<DisplayString Condition="LowerBound.Type.Value == ERangeBoundTypes::Open
&amp;&amp; UpperBound.Type.Value == ERangeBoundTypes::Exclusive">[-&#8734;,
{UpperBound. Value} )</DisplayString>

<DisplayString Condition="LowerBound.Type.Value == ERangeBoundTypes::Inclusive
&amp;&amp; UpperBound.Type.Value ==
ERangeBoundTypes::Open">[ {LowerBound.Value}, +&#8734;)</DisplayString>
<DisplayString Condition="LowerBound.Type.Value == ERangeBoundTypes::Inclusive
&amp;&amp; UpperBound.Type.Value ==
ERangeBoundTypes::Inclusive">[ {LowerBound. Value},
{UpperBound. Value} |</DisplayString>
<DisplayString Condition="LowerBound.Type.Value == ERangeBoundTypes::Inclusive
&amp;&amp; UpperBound.Type.Value ==
ERangeBoundTypes::Exclusive">[ {LowerBound. Value},
{UpperBound. Value} )</DisplayString>

<DisplayString Condition="LowerBound.Type.Value == ERangeBoundTypes::Exclusive
&amp;&amp; UpperBound.Type.Value ==
ERangeBoundTypes::Open">({LowerBound.Value}, +&#8734;]</DisplayString>

<DisplayString Condition="LowerBound.Type.Value == ERangeBoundTypes::Exclusive
&amp;&amp; UpperBound.Type.Value ==
ERangeBoundTypes::Inclusive">({LowerBound. Value},
{UpperBound. Value} |</DisplayString>

<DisplayString Condition="LowerBound.Type.Value == ERangeBoundTypes::Exclusive
&amp;&amp; UpperBound.Type.Value ==
ERangeBoundTypes::Exclusive">({LowerBound.Value},
{UpperBound. Value} )</DisplayString>

</Type>

<!-- FFrameNumber visualizer -->

<Type Name="FFrameNumber">
<DisplayString>{Value } </DisplayString>

</Type>

<!-- FFrameTime visualizer -->
<Type Name="FFrameTime">
<DisplayString Condition="SubFrame == 0.0">{FrameNumber}</DisplayString>
<DisplayString Condition="SubFrame !=
0.0">{(double)(FrameNumber.Value)+SubFrame} </DisplayString>
</Type>

<!-- FRHICommandList visualizer -->
<Type Name="FRHICommandBase">
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<DisplayString>{{ RHI Command -> { this-=>_ viptr[0] } } }</DisplayString>
</Type>

<Type Name="FRHICommandList">
<Expand>
<LinkedListItems>
<HeadPointer>Root</HeadPointer>
<NextPointer>Next</NextPointer>
<ValueNode>this</ValueNode>
</LinkedListltems>
</Expand>
</Type>

<!-- TVariant visualizer -->
<Type Name="T Variant&lt; *&gt;">
<DisplayString Condition="Typelndex ==
0">{*($T1*)&amp;Storage } </DisplayString>
<DisplayString>Uninitialized</DisplayString>
<Expand>
<Item Name="Storage" Condition="Typelndex ==
0">*($T1*)&amp;Storage</Item>
<Item Name="Typelndex">Typelndex</Item>
</Expand>
</Type>
<Type Name="T Variant&lt;*,*&gt;">
<DisplayString Condition="Typelndex ==
0">{*($T1*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
1">{*(§T2*)&amp;Storage } </DisplayString>
<DisplayString>Uninitialized</DisplayString>
<Expand>
<Item Name="Storage" Condition="Typelndex ==
0">*($T1*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
1">*($T2*)&amp;Storage</Item>
<Item Name="Typelndex">Typelndex</Item>
</Expand>
</Type>
<Type Name="T Variant&lt; *,* *&gt;">
<DisplayString Condition="Typelndex ==
0">{*($T1*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
1">{*($T2*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
2">{*($T3*)&amp;Storage } </DisplayString>
<DisplayString>Uninitialized</DisplayString>
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<Expand>
<Item Name="Storage" Condition="Typelndex ==
0">*($T1*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
1">*($T2*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
2">*(§T3*)&amp;Storage</Item>
<Item Name="Typelndex">Typelndex</Item>
</Expand>
</Type>
<Type Name="T Variant&lt;*,* * *&gt;">
<DisplayString Condition="Typelndex ==
0">{*($T1*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
1">{*($T2*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
2">{*($§T3*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
3">{*($T4*)&amp;Storage } </DisplayString>
<DisplayString>Uninitialized</DisplayString>
<Expand>
<Item Name="Storage" Condition="Typelndex ==
0">*($T1*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
1">*(§T2*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
2">*($T3*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
3">*($T4*)&amp;Storage</Item>
<Item Name="Typelndex">Typelndex</Item>
</Expand>
</Type>
<Type Name="T Variant&It;*,* * * *&gt;">
<DisplayString Condition="Typelndex ==
0">{*($T1*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
1">{*($§T2*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
2">{*(§T3*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
3">{*($T4*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
4">{*($T5*)&amp;Storage } </DisplayString>
<DisplayString>Uninitialized</DisplayString>
<Expand>
<Item Name="Storage" Condition="Typelndex ==
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0">*($T1*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
1">*($T2*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
2">*($T3*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
3">*($T4*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
4">*($T5*)&amp;Storage</Item>
<Item Name="Typelndex">Typelndex</Item>
</Expand>
</Type>
<Type Name="T Variant&It;*,* * * * *&gt;">
<DisplayString Condition="Typelndex ==
0">{*($T1*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
1">{*($T2*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
2">{*($T3*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
3">{*($T4*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
4">{*($T5*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
5">{*($T6*)&amp;Storage } </DisplayString>
<DisplayString>Uninitialized</DisplayString>
<Expand>
<Item Name="Storage" Condition="Typelndex ==
0">*($T1*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
1">*($T2*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
2">*($T3*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
3">*($T4*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
4">*($T5*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
5">*(§T6*)&amp;Storage</Item>
<Item Name="Typelndex">Typelndex</Item>
</Expand>
</Type>
<Type Name="T Variant&It;* * * * * * *&ot;">
<DisplayString Condition="Typelndex ==
0">{*($T1*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
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1">{*($T2*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
2">{*(§T3*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
3">{*($T4*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
4">{*($T5%)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
5">{*($T6*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
6">{*($T7*)&amp;Storage } </DisplayString>
<DisplayString>Uninitialized</DisplayString>
<Expand>
<Item Name="Storage" Condition="Typelndex ==
0">*($T1*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
1">*($T2*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
2">*($T3*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
3">*($T4*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
4">*($T5*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
5">*(§T6*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
6">*($T7*)&amp;Storage</Item>
<Item Name="Typelndex">Typelndex</Item>
</Expand>
</Type>
<Type Name="T Variant&lt;* * * * * * * *&ot;">
<DisplayString Condition="Typelndex ==
0">{*($T1*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
1">{*($§T2*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
2">{*(§T3*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
3">{*($T4*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
4">{*(§T5*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
5">{*($T6*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
6">{*($T7*)&amp;Storage } </DisplayString>
<DisplayString Condition="Typelndex ==
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7">{*($T8*)&amp;Storage } </DisplayString>
<DisplayString>Uninitialized</DisplayString>
<Expand>
<Item Name="Storage" Condition="Typelndex ==
0">*($T1*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
1">*($T2*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
2">*($T3*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
3">*($T4*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
4">*($T5*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
5">*($T6*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
6">*($T7*)&amp;Storage</Item>
<Item Name="Storage" Condition="Typelndex ==
7">*($T8*)&amp;Storage</Item>
<Item Name="Typelndex">Typelndex</Item>
</Expand>
</Type>

<e-
%

* Chaos Visualizers
%k

-->

<!-- 2D TVector vizualizer -->

<Type Name="Chaos::T Vector&It;int,2&gt;">
<DisplayString>{ {{X}, {Y}}}</DisplayString>

</Type>

<Type Name="Chaos:: T Vector&lt;float,2&gt;">
<DisplayString>{ {{X}, {Y}} }</DisplayString>

</Type>

<!-- 3D TVector vizualizer -->

<Type Name="Chaos::T Vector&lt; *,3&gt;">
<DisplayString>{ {{X}, {Y}, {Z}} }</DisplayString>

</Type>

<!-- 3D TRotation vizualizer -->
<Type Name="Chaos::TRotation&lIt;* ,3&gt;">
<DisplayString>{ {{X}, {Y}, {Z}, {W}}}</DisplayString>
</Type>
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<!-- 3D TRigidTransform vizualizer -->
<Type Name="Chaos:: TRigidTransform&It; *,3&gt;">
<Expand>
<Item Name="Rotation">(Chaos::TRotation&lt;$T1,3&gt;&amp;)Rotation</Item>
<Item Name="Translation">(Chaos::T Vector&It;$T1,3&gt;&amp;) Translation</Item>
<Item Name="Scale3D">(Chaos::TVector&lt;$T1,3&gt;&amp;)Scale3D</Item>
</Expand>
</Type>

<l-- 3x3 PMatrix visualizer. Just show diagonal elements in preview line. -->
<Type Name="Chaos::PMatrix&lt;*,3,3&gt;">

<DisplayString>{{{M[0][0]}, ..., {M[1][1]}, ..., {M[2][2]} } } </DisplayString>
</Type>

<!-- Chaos Particle Handle Vizualizer. Displays the elements from the SoA for the particle
represented by the handle. -->
<Type Name="Chaos::TGeometryParticleHandleImp&It;*,*,* &gt;">
<l-- non-transient handle -->
<DisplayString Condition="$T3 == 1">&It; {Handleldx} &gt; @
{((Chaos::TVector&lt;$T1,$T2&gt; *)GeometryParticles->MX.AllocatorInstance.Data)[ Particl
eldx]} ({Type})</DisplayString>
<l-- transient handle -->
<DisplayString Condition="$T3 ==
0">&lt; T{((Chaos:: TGeometryParticleHandleImp&It;$T1,$T2,1&gt; **)GeometryParticles->
MGeometryParticleHandle.AllocatorInstance.Data)[Particleldx]->Handleldx } &gt; @
{((Chaos:: TVector&lt;$T1,$T2&gt; *)GeometryParticles->MX.AllocatorInstance.Data)[ Particl
eldx]} ({Type})</DisplayString>

<Expand>

<Item Condition="Type &gt;= 0" Name="Type">Type</Item>

<Item Condition="Type &gt;= 0 &amp;&amp; $T3==1"
Name="Handleldx">Handleldx</Item>

<Item Condition="Type &gt;= 0"
Name="Uniqueldx">((int32*)GeometryParticles->MUniqueldx.AllocatorInstance.Data)[ Parti
cleldx]</Item>

<Item Condition="Type &gt;= 0"
Name="ParticleID">((int32*)GeometryParticles->MParticleIDs.AllocatorInstance.Data)[ Parti
cleldx]</Item>

<Item Condition="Type &gt;= 0" Optional="true"
Name="DebugName">((FName*)GeometryParticles->MDebugName.AllocatorInstance.Data)
[Particleldx]</Item>

<Item Condition="Type &gt;= 0"
Name="X">((Chaos::TVector&lt;$T1,$T2&gt;*)GeometryParticles->MX.AllocatorInstance.D
ata)[Particleldx]</Item>

<Item Condition="Type &gt;= 0"
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Name="R">((Chaos::TRotation&lt;$T1,$T2&gt; *)GeometryParticles->MR. AllocatorInstance.
Data)[Particleldx]</Item>

<Item Condition="Type &gt;= 0"
Name="Geometry">((Chaos:: TSerializablePtr&lt;Chaos::FImplicitObject&gt; *)GeometryPart
icles->MGeometry.AllocatorInstance.Data)[ Particleldx |</Item>

<Item Condition="Type &gt;= 0"
Name="DynamicGeometry">((Chaos::TSerializablePtr&It;Chaos::FImplicitObject&gt; *)Geo
metryParticles->MDynamicGeometry.AllocatorInstance.Data)[Particleldx | </Item>

<Item Condition="Type &gt;= 0"
Name="GeometryParticle">((Chaos:: TGeometryParticle&lt;$T1,$T2&gt; **)GeometryParticl
es->MGeometryParticle.AllocatorInstance.Data)[ Particleldx | </Item>

<Item Condition="Type &gt;= 0"
Name="ShapesArray">((Chaos::FShapesArray*)GeometryParticles->MShapesArray.Allocato
rInstance.Data)[Particleldx]</Item>

<Item Condition="Type &gt;= 1"
Name="V">((Chaos::TVector&lt;$T1,$T2&gt;*)KinematicGeometryParticles->MV.Allocator
Instance.Data)[Particleldx]</Item>

<Item Condition="Type &gt;= 1"

Name="W">((Chaos::TVector&lt;$T1,$T2&gt; *)KinematicGeometryParticles->MW.Allocato
rInstance.Data)[Particleldx]</Item>

<Item Condition="Type &gt;= 1"

Name="KinematicTarget">((Chaos:: TKinematicTarget&It;$T1,$T2&gt; *)KinematicGeometry
Particles->KinematicTargets.AllocatorInstance.Data)[ Particleldx ] </Item>

<Item Condition="Type &gt;=2"
Name="VSmooth">((Chaos:: TVector&lt;$T1,5T2&gt;*)PBDRigidParticles->MV Smooth.All
ocatorInstance.Data)[Particleldx ]</Item>

<Item Condition="Type &gt;=2"
Name="WSmooth">((Chaos::TVector&lt;$T1,$T2&gt;*)PBDRigidParticles->MW Smooth. All
ocatorInstance.Data)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="F">((Chaos::TVector&lIt;$T1,$T2&gt;*)PBDRigidParticles->MF.AllocatorInstance.D
ata)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="T">((Chaos::TVector&lt;$T1,$T2&gt;*)PBDRigidParticles->MT.AllocatorInstance.D
ata)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="LinearImpulse">((Chaos:: TVector&lt;$T1,$T2&gt;*)PBDRigidParticles->MLinearIm
pulse.AllocatorInstance.Data)[Particleldx ]</Item>

<Item Condition="Type &gt;=2"
Name="AngularImpulse">((Chaos:: T Vector&lt;$T1,$T2&gt;*)PBDRigidParticles->MAngula
rImpulse.AllocatorInstance.Data)[ Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="M">((float*)PBDRigidParticles->MM.AllocatorInstance.Data)[ Particleldx ]</Item>

<Item Condition="Type &gt;=2"
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Name="InvM">((float*)PBDRigidParticles->MInvM.AllocatorInstance.Data)[ Particleldx |</It
em>

<Item Condition="Type &gt;=2"
Name="1">((Chaos::PMatrix&It;$T1,$T2,3&gt;*)PBDRigidParticles->MI.AllocatorInstance.
Data)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="InvI">((Chaos::PMatrix&It;$T1,$T2,3&gt;*)PBDRigidParticles->MInvl.AllocatorIns
tance.Data)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="CenterOfMass">((Chaos::TVector&lt;$T1,$T2&gt;*)PBDRigidParticles->MCenterOf
Mass.AllocatorInstance.Data)[Particleldx |</Item>

<Item Condition="Type &gt;=2"
Name="RotationOfMass">((Chaos::TRotation&It;$T1,$T2&gt; *)PBDRigidParticles->MRotat
ionOfMass.AllocatorInstance.Data)[Particleldx |</Item>

<Item Condition="Type &gt;=2"
Name="CollisionParticles">((TUniquePtr&It;Chaos:: TBVHParticles&lt;$T1,$T2&gt;, TDefau
I1tDelete&lt;Chaos:: TBVHParticles&lt;$T1,$T2&gt; &gt;
&gt;*)PBDRigidParticles->MCollisionParticles. AllocatorInstance.Data)[ Particleldx ]</Item>

<Item Condition="Type &gt;=2"
Name="CollisionGroup">((int*)PBDRigidParticles->MCollisionGroup.AllocatorInstance.Dat
a)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="CollisionConstraintFlags">((int*)PBDRigidParticles->MCollisionConstraintFlags.All
ocatorInstance.Data)[Particleldx |</Item>

<Item Condition="Type &gt;=2"
Name="Island">((int*)PBDRigidParticles->MIsland. AllocatorInstance.Data)[ Particleldx |</Ite
m>

<Item Condition="Type &gt;=2"
Name="Disabled">((bool*)PBDRigidParticles->MDisabled.AllocatorInstance.Data)[ Particlel
dx]</Item>

<Item Condition="Type &gt;=2"
Name="ToBeRemovedOnFracture">((bool*)PBDRigidParticles->MToBeRemovedOnFractur
e.AllocatorInstance.Data)[Particleldx]</Item>

<Item Condition="Type &gt;= 2" Name="0ObjectState">((enum
Chaos::EObjectStateType*)PBDRigidParticles->MObjectState. AllocatorInstance.Data)[ Particl
eldx]</Item>

<Item Condition="Type &gt;=2"
Name="P">((Chaos::TVector&It;$T1,$T2&gt;*)PBDRigidParticles->MP.AllocatorInstance.D
ata)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="Q">((Chaos::TRotation&It;$T1,$T2&gt;*)PBDRigidParticles->MQ.AllocatorInstance
.Data)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="PreV">((Chaos::TVector&lt;$T1,$T2&gt;*)PBDRigidParticles->MPreV.AllocatorInst
ance.Data)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
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Name="PreW">((Chaos:: T Vector&lt;$T1,$T2&gt; *)PBDRigidParticles->MPreW.AllocatorIn
stance.Data)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="GravityEnabled">((bool*)PBDRigidParticles->MGravityEnabled.AllocatorInstance.D
ata)[Particleldx]</Item>

<Item Condition="Type &gt;=2"
Name="CCDEnabled">((bool*)PBDRigidParticles->bCCDEnabled. AllocatorInstance.Data)[ P
articleldx]</Item>

</Expand>
</Type>

<l!-- Chaos Generic Particle Handle Vizualizer. Displays as a particle handle. -->
<Type Name="Chaos::TGenericParticleHandle&lIt;*, *&gt;">
<DisplayString>&lt; {Imp.Handle->Handleldx } &gt; @
{((Chaos::TVector&lt;$T1,$T2&gt; *)Imp.Handle->GeometryParticles->MX.AllocatorInstanc
e.Data)[Imp.Handle->Particleldx]} ({Imp.Handle->Type})</DisplayString>
<Expand>
<ExpandedItem>Imp.Handle</Expandedltem>
</Expand>
</Type>

<!-- Chaos Kinematic Target Vizualizer. -->
<Type Name="Chaos::TKinematicTarget&lt;* *&gt;">
<DisplayString>{Mode} </DisplayString>
<Expand>
<Item Condition="Mode &gt; 0" Name="Position">Target. Translation</Item>
<Item Condition="Mode &gt; 0" Name="Rotation">Target.Rotation</Item>
</Expand>
</Type>

<!-- Chaos Dense matrix visualizer. -->
<Type Name="Chaos::TDenseMatrix&lIt; *&gt;">
<Expand>
<Arrayltems>
<Rank>2</Rank>
<Size>$1 == 0 ? NRows : NCols</Size>
<ValuePointer>M</ValuePointer>
</Arrayltems>
</Expand>
</Type>

<!--

Particles SoA vizualizer. This works by displaying the persistent handle for the particle which
uses the above vizualizer.

We are lucky we can do this - [ don't think there's an easy way to vizualize SoAs in object
order in natvis otherwise.
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>
<Type Name="Chaos:: TGeometryParticlesImp&lt; *,* *&gt;">
<DisplayString Condition="MSize &lt;= 0">Empty</DisplayString>
<DisplayString Condition="MSize &gt; 0">Size={MSize}</DisplayString>
<Expand>
<IndexListltems Condition="MSize &gt; 0">
<Size>MSize</Size>
<ValueNode>

((Chaos::TGeometryParticleHandleImp&It;$T1,$T2,1&gt; **)MGeometryParticleHandle. Allo
catorInstance.Data)[$i]
</ValueNode>
</IndexListltems>
</Expand>
</Type>

<l-- Chaos Joint Handle Vizualizer. -->
<Type Name="Chaos::FPBDJointConstraintHandle">
<DisplayString>{ConstraintIndex } :
{(((Chaos::FPBDJointState*)ConstraintContainer->ConstraintStates. AllocatorInstance.Data)[
ConstraintIndex]).Level } </DisplayString>
<Expand>
<Item Name="ConstraintIndex">ConstraintIndex</Item>
<Item
Name="ConstraintParticles">((Chaos::FPBDJointConstraints::FParticlePair*)ConstraintConta
iner->ConstraintParticles. AllocatorInstance.Data)[ Constraintindex ]</Item>
<Item
Name="ConstraintSettings">((Chaos::FPBDJointSettings*)ConstraintContainer->ConstraintS
ettings.AllocatorInstance.Data)[ ConstraintIndex | </Item>
<Item
Name="ConstraintState">((Chaos::FPBDJointState*)ConstraintContainer->ConstraintStates. A
llocatorInstance.Data)[ Constraintindex ]</Item>
</Expand>
</Type>

<!-- Chaos Collision Handle Vizualizer. -->
<Type Name="Chaos::FPBDCollisionConstraintHandle">
<DisplayString>{ConstraintIndex } </DisplayString>
<Expand>
<Item Name="ConstraintIndex">ConstraintIndex</Item>
<Item
Name="Constraint">((Chaos::FRigidBodyPointContactConstraint*)ConstraintContainer->Con
straints.SinglePointConstraints.AllocatorInstance.Data)[ ConstraintIndex ] </Item>
</Expand>
</Type>
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<!-- Chaos Convex StructureData Vizualizer -->
<Type Name="Chaos::FConvexStructureData">
<Expand>
<Item Name="IndexType">IndexType</Item>
<Item Condition="IndexType == 1" Name="Data">Data.DataS</Item>
<Item Condition="IndexType == 2" Name="Data">Data.DataM</Item>
<Item Condition="IndexType == 3" Name="Data">Data.Datal.</Item>
</Expand>
</Type>

<!-- FloChunkId visualizer -->
<Type Name="FIloChunkId">
<l--1d is 12 bytes long and the object is considered Invalid if all values are 0 -->
<DisplayString Condition="reinterpret cast&lt;uint32*&gt;(Id)[0] == 0 &amp;&amp;
reinterpret cast&lt;uint32*&gt;(Id)[1] == 0 &amp;&amp;
reinterpret cast&lt;uint32*&gt;(Id)[2] == 0">Invalid</DisplayString>
<Expand>
<Item Name="ChunklId">*(uint64*)&amp;Id[0]</Item>
<Item Name="ChunkIndex">*(uintl1 6*)&amp;Id[8]</Item>
<Item Name="EloChunkType">*(EloChunkType*)&amp;Id[11]</Item>
</Expand>
</Type>
<!--

* Niagara Visualizers
*

>

<!-- FNiagaraVariable visualizer -->

<Type Name="FNiagaraVariableBase">

<DisplayString>Name={Name},

Type={((FNiagaraTypeDefinition*)(FNiagaraTypeRegistry::Registered Types.AllocatorInstanc
e.InlineData))[ TypeDefHandle.Registered Typelndex].ClassStructOrEnum->NamePrivate } </D
isplayString>

</Type>

<Type Name="UNiagaraNodeFunctionCall">
<DisplayString>Name={NamePrivate},
FunctionName={FunctionDisplayName }</DisplayString>
</Type>

</AutoVisualizer>
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JTIONATOK B

BIAI'YK
KepPiBHUKA €eKOHOMIYHOI0 PO3aijly HAa KBajdi(ikauiiiHy podory 0akajaBpa

HA TeMy:

"Po3po0ka nporpaMHoro 3ade3nedeHHs irposoi Jiokauii Ha 6a3i cepenosuma Unreal
Engine"
crynenta rpynu 121-20ck-1 Censt lannaa JImurpoBuya

KepiBHUK €eKOHOMIYHOI0 PO3aiTy

nou. kag. IIEII Ta ITY, k.e.H JI.B. KacbsiHeHKO
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JIOJATOK B
MEPEJITK ®AWJIIB HA TUCKY

Im’sa daiiry Omnuc

ITosicHIOBaIBHI AJOKYMCHTH

Ksamidikariitaa pobora [TosicHIOBaNIbHA 3amucKa J10 KBaTiiKaIiiHol
Cennb.docx po6otu. Jlokyment Word.
Ksamidikariitaa pobora ITosicHrOBanIbHA 3amucKa 10 KBaiiKaIiiHoi
Cenb.pdf po6otu B popmati PDF
[Iporpama
Ceup.rar ApXiB MICTUTb KOJIH 1

CKOMITUTLOBAHY MpOTpamy

[Ipe3enTartis

Cenb.pptx [IpesenTaris kBamidikaiiiaoi podoTu
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