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Yactsp 1. IlIpuauns: 3D rpadpuku.

J1711 IOJTHOTO TTIOHUMAHUS, UTO TaKoe HIeliepbl U Kak OHU BooOIIe paboTaloT He0bxo-
ZTUMO, JJIs Hayasia, u3yduTh TpUHIUIBI 3D rpaduku. B 3T0# yacTu s KpaTKO OIHUIILY BECh
IIyTh, IPOJIEJIBIBAEMBIN OOBEKTAMU /10 UX OTOOpaKEHUs Ha DKPAHe.

Bepmiunbl (vertices). Haunem ¢ Toro, uto 0060 00beKT B 3D Mupe cocTouT us
MHO>KECTBA TOUEK, HAIIPUMED:
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Puc. 1. Habop sepwiut npedcmasasiowjux obvexm

Kakzass 3 3TUX TOYeK Ha3bIBaeTcs BepimnHOUM. Kaxkyas BepmmHa mMeer psif| mapa-
METPOB: MO3UIUI0 B IPOCTPAHCTBE, BEKTOP HOPMAaJIU, IIBET, TEKCTYPHbIE KOOPUHATHI U
T.I. BOT TOYHOe OmKcaHue CTPYKTYPhI BEPIINHBI, UCIOIb3yeMoi B Xors3D (HazHaueHue
BCeX ITapaMeTPOB BEPIIHUHBI OyZleT OIMCAHO /ajIee):

struct Vertex

{
float x, vy, z;
float weightl, weight2, weight3, weight4;
BYTE bonel, bone2, bone3, bonei4;
float normalx, normaly, normalz;
DWORD diffuse;
float tul, tvl;
float tu2, tv2;
float binormalx, binormaly, binormalz;
float tangentx, tangenty, tangentz;

}:

YJieHBI CTPYKTYPHI X, Y, Z — OIHCHIBAIOT ITOJIOKEHNE BEPIIUHBI B JIOKAJIPHON CHCTEME
KOOpPAUHAT 00bEeKTa. ITO 03HAYAET, UTO BCE MTO3UIUH BEPIITUH 33al0TCS IIyTeM CMEIeHUS
OTHOCHUTEJIBHO HEKOTOPOTO IIeHTpa 00beKTa (He 00s3aTeIbHO, UTO 3TO OyZIeT reoMeTpuye-
CKHH IEHTP MOJIyYUBIIEHCS (PUTYPHI).

weight1, weight2, weight3, weight4 — 3amaior Bec 7j1s1 COOTBETCTBYIOIIEH KOCTH.
JIJisl TIOJTHOTO TOHUMIMA 3HAYeHUS 3THUX IapMETPOB, HEOOXOAUMO 3HATh IPUHITHUII
paboTHI CKeJIeTHOW aHUManuu (ueMy OyzieT IOCBSIIEH OT/IEJIbHBIA YPOK).
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bone1, bone2, bone3, bone4 — xpaHAT WHAEKCH KOCTEH, BO3AEHCTBYIOIIUX HAa
JIAaHHYIO BepIInHy. TakuM 06pa3zoM MaKCUMYM 4 KOCTH MOKET OKa3bIBaTh BO3/IEHCTBUE Ha
mepeMellleHre BEPIINHBI IIPU CKeJIETHONM aHUMAIHH.

normalx, normaly, normalz - onuceiBaror HOpMasb BepmuHbl. Hopmaib
HCIIOJIB3YeTCS JJIA pacueTa OCBEIIEHHOCTH BepPIIMHBI (KOTOpash paBHA YIVIy MeEXKIy
HOPDMaJIBI0O M HaIIpaBJIEHHMEM HCTOYHHKA OCBeIleHus (11 TOYEUHBIX MCTOYHHKOB
HCIIOJIb3YETCSI BEKTOP HaIpaBJIeHHBIH HA HETO)).

diffuse — nBer BepiuHkbI, ymakopauHeli B DWORD. Ilo3BosisieT 3aaBaTh IIBET JJIA
KaXX/I0U OTAEJIbHO B3SITOU BEPIITUHBI U TOOUBATCA TAaKUM 00pa30M I'PAJUEHTHOMN 3aTUBKU.
LIBeT ynmakoBBIBAEeTCS CIEAYIOIINM 00pa30M:

NPO3payvYHOCTb ]_1
[0; FF] [@; 255]

KpaCHbIN KaHan
[O; FF] [0; 255]

3eNleHbl KaHan
[O; FF] [0; 255]

CUHWIA KaHan
[0; FF] [0; 255]

Puc. 2. Ynakxoska ysema e 00HO yemuwipexdailmHoe yesno0e 4ucAO0

tui, tvi — mepBbIi HAOOp TEKCTYPHBIX KOOpPAUHAT (OOBIUHO WCIIOJIB3yeTCs I
Iudy3HBIX TEKCTyp). TeKCTypHble KOOPJAWHATHI 33[]al0T TOUKY Ha TEKCTYpe, B KOTOPOM
pacIoyIoKeHa JIaHHas BEPIINHA.

tu2, tv2 — BTOpOIl HAGOP TEKCTYPHBIX KOOPAUHAT (OOBIYHO UCIIOJIB3YeTCA JJIS KapT
ocgerenus (light maps)).

binormalx, binormaly, binormalz — onuceiBaroT 6GMHOPMAaJIb BEPIIUHBI.

tangentx, tangenty, tangentz — onuceIBaOT KacaTeJIbHYIO BEPIINHBIL.

3Hasg BCe 3TH [JaHHBIE MBI MOXKEM IPAaBWIBHO PACHOJIOKUTH BEPIIMHBI B 3D
IIPOCTPAHCTBE, OCBETUTH U OKPACUTD UX.

Ho Habop BepmiuH ele He sABisercsa 3D mozenbo. Bee BeplInHbI IpynnupyooTes o 3
IITYKH B TPEYroJbHUKUA. VIMEHHO TpEYroJbHUKA W OTOOpaskaloTCsA Ha HKpaHe B
pesyJibTaTe.

Puc. 3.Bepuuutbt coeduHeHble 8 Mpey20AbHUKU
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KaskipIil TPEYTOJIbHUK OIMCHIBAETCS CIIEAYIOIIEN CTPYKTYPO:

struct Triangle

{
WORD indexl, index2, index3;
i

ne index1, index2, index3 — uHAEKCH BEPIIUH, U3 KOTOPHIX COCTOUT TPEYTOJIHHUK.
ATH WHJEKCHl KCIOJb3YIOTCA JIHII JJII TOTO, YTOOBI 00O03HAYUTHh KaK HEOOXOJIHMO
CTPYIIITUPOBATh BEPIITUHBI UTOOBI MOJIYYHJICA HEOOXOIMMbBIN 00BEKT. bojiee OHM HUKaK He
HcIosb3yioTesa B 3D rpaduke v Hai HAMH He BBITIOJIHSAETCS HUKAKUX JIEHCTBUMA.

JlaHHbBIE 1A KaK0H TOYKU Ha TPeyroJbHUKe (0yzp TO mo3urusa B 3D mpocTpeHcTBe,
HOpMaJib, IIBET, TEKCTYPHbIe KOOPJWHATHI) WHTEPIIOJIUPYIOTCA B B3aBHUCUMOCTH OT
ITOJIO’KEHU S TOYKU Ha TPEYTOJIbHUKE U 3aBUCAT OT JaHHBIX BCEX BEPIIUH TPeyroJbHuKa. 1
MMEHHO 3TH WHTEPIOJUPOBAHHbBIE JIaHHBIE OYAYT HCIIOJIH30BAHBI IIPH PacTepHU3AIUHN
TpEeyTOJIbHHKA (IIPOIiecce ero HemoCPeACTBEHHOU OTPUCOBKU). HampumMep 1IBET BEpIIINH:

RGB(255; 0; 0)

RGB(0; 0; 255) RGB(0; 255; 0)

Puc. 4. HHmepnoaayus ygema Ha mpey201bHukKe

HTak, 0OBEKT COCTOUT U3 BEPIINH, CTPYIIIMPOBAHHBIX B TPEYTOJIbHUKHU. Tereps pa3oe-
peM, Kak IPOUCXOAUT OTPUCOBKA 00BEKTA HA HKPAHE.

Kak yke ObLJIO CKa3aHO, Bce BEPIIUHBI 00bEKTa HAXOAATCA B €ro JIOKAJIBHOU cHucTeMe
KOOpZUHAT.

Puc. 5. O6sexm 8 210KaNbHOLL cucmeme KoopouHam

© 2009 Xors3D Team. All Rights Reserved.
Crpanuna 4



Ham ke HeoOXOAWMO peajin30BaTh IepeMelleHHe, BpallleHHne W MacIITaOupOBaHUE
00BEKTOB, 3TO 0O3HAYAET, UTO KaXKAYIO0 BEPIINHY HEOOXOMMO ITIEPEBECTH B MUPOBBIE KOOP-
JIMHATBI, YTO JleJIaeTCs MPU IMOMOIIA MUPOBON MaTpHUIbI 00beKTa (CocTosAIel u3 MaTpHU-
IIbI MACIITAOMPOBAHUA YMHOKEHHON Ha MATPUILy BpaIlleHUs U YMHOXKEHHON Ha MaTPHUILY
mepemeliieHus). fl He cTaHy paclUChIBATh, KaK ITOJIy4aeTcs KaKJasi MaTpHUIla, 3TO He OTHO-
CUTCA K TeMe JaHHOTO YPOKa, U K TOMY K€ He fBJISETCA HeOOXOAUMBIM i pabOThI C
Xors3D. Hanpumep, BeplirHa uMeaa KOOpAUHATHI (0.0, 15.0, -5.0). MBI IIepeIBUHYIN U
OTMAacCIITaOUPOBATH OOBEKT CIIEAYIOIINM 00pa30M:

xPositionEntity (entity, 3.0,
0

2.0, 10.0);
xScaleEntity(entity, 1.0, .5, 2

.0);

B pesysipTaTe mo3unus BepIIUHBI OyZieT TpaHCPOPMUPOBAHA TAK:

new_ x old x * scale x + translate x;
new y = old y * scale y + translate y;
new z = old z * scale z + translate z;

HOILCTaBIIHH CI0la Hallli 3BHAYCHUA, II0IydaEM:

new x = 0.0 * 1.0+ 3.0 = 3.0;
new y = 15.0 * 0.5 + 2.0 = 9.5;
new z = -5.0 * 2.0 + 10.0 = 0.0;

Taxum 06pa3zom, MbI IOJIYYHUIJIH MUPOBBIE KOOPAUHATHI BEPIIUHEI (3.0, 9.5, 0.0). CTouT
OTMETHUTD, YTO HaMEPEHO OBLIO MPOIYIIEHO BpallleHne 00beKTa M0 IPUIHNHE IPOMO3/IKUX
dhopMys1, HO OHO TaK’Ke BIIUSAET Ha PE3YJIbTaT.

3. 10, 2) gd4i710:

)

(3.9.5,2)

0, 9.5, )L
f 1lr}

Puc. 6. O6vexm 8 Muposoll cucmeme KoopouHam, nocae mpavcgpopmauuu
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Jlasiee HaM HeoOX0/IMa 3aBHUCHUMOCTb ITOJIOKEHHUSI 00OBEKTOB OT IIOJIOKEHUS KaMepPHhI B
3D mupe. IToaToMy ciieAyIOmuM IIaroM UeT TpaHcgopMalivs BEPITUH MaTPUIENd BHUAA
KaMephl (KoTopas sIBJIsAeTCs 00paTHON MHUPOBOM MaTPHUIEN KaMePhI, 3TO 03HAYAET YTO BCE
JleiicTBuA (a B JAaHHOM CJIy4yae 3TO MepeMellleHUe U BpalleHne) OyAyT BBIIIOJTHEHBI B 00-
PaTHOU ITOC/Ie0BATEIFHOCTH). B pe3ysbraTe KOOPAWHATHI BEPIIHHBI MEPEBOAATCA W3
MHPOBOT'O MPOCTPAHCTBA B IIPOCTPAHCTBO BHU/Ia KaMePHI.
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Puc. 7. IIpeobpaszosatue Mupoe8oil no3uyuu 06seKma 6 nNPoOCMpPaHcmao euda Kamepbvl

[Tocne aToro uzer orbpackiBaHre HEBUAUMBIX TpeyroiabHUKOB (backface culling, T.e.
0oTOpaKOBKA TPEYTOJbHUKOB, JIMIIEBasi CTOPOHA KOTOPBIX oOpallleHa OoT KaMmephwl). Takue
TPEYTOJIbHUKH, KaK MPABUJIO, HE BUHBI KaMepe, 1 MOKHO COKOHOMHUTH PEeCYpPChI HE PUCYS
ux. Tem He MeHee, B psifie CJlydaeB HYKHbBI 2X CTOPOHHUE TPEYTOJIbHUKH, IIO3TOMY JIAaHHBIN
sTam MOXKHO OTkiaouarh (ucnosb3yss duar FX_DISABLECULLING B dyHKIUU
xEntityFX()).

Ho

aa Yan'

Puc. 8. Omceuenue HesuOUMbLX epaHell

Koryia BeIOpakoBaHbl HEBUJIMMbBIE TPEYTOJBHHKH IIPOHUCXOIUT OCBEIeHHEe OOBEKTa.
OcCBEeIeHHOCTh Ka’KJIOW BEPIIMHBI PACUUTHIBAETCS B 3aBUCHMOCTH OT ee HOpMasu. Ilpu
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STOM YYHUTHIBAIOTCA TaKHe IlapaMeTPhl HCTOYHHUKOB OCBEIIEHHs KaK II0JIOKEHHE,
HaIlpaBJIeHHWe, pajguyc aeucTBus, IBeT. OcBelleHHe IIPUAET CIleHe O0BEMHOCTh H
PEaTUCTUYHOCTD:

o

Puc. 8. Ocseiuenue obvexma

[Tocsie ocBellleHUsI TPOUCXOAUT €Ille OJHO OTCeUeHWe HEBUIMMOU T'eOMETPHUH IO 3a-
JTAHHBIM IIOCKOCTSIM OTCeuYeHHs1. BO3MOKHO 3 BapHaHTa pacCIOJIOKEHU TPEYTOJIbHUKA U
IJIOCKOCTH:

1. TpeyroJIbHUK JIEIKUT TIepe]] IVIOCKOCThIO. Tako! TPEYroJIbHUK Oy/IeT MOJTHOCTHIO J10-
IyIIEH K TaJIbHEUIIEeN OTPUCOBKE.

2. TpeyroJIbHUK JIEXKHUT 3a IMJIOCKOCThIO. TaKoU TPEyToJIbHUK OyZeT IOJTHOCTHhIO OTOPO-
IIIEH U He OyIET OTPUCOBAH.

3. ILl1ockocTh mepecekaeT TPEYTOJIbHUK. B TaKOM ciTydae 4acTh JieKalas mpes II0CKo-
CTBIO OyZIET OCTaBJIEHA, a JIeXKalllas 3a Hel — OTceueHa.

Hanpuwmep:

No

Puc. 10. OmceueHue HedUOUMOTl ceoMempuul
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Hanee cienyet nporiecc npoekiuu 3D nzobpakenus Ha 2D 1I0CKOCTb, KOTOPOH ABJIA-
eTcd Hall 9KkpaH. B 3D rpaduke ucmosnp3yeresd 2 TUIIA IPOEKITUN:

1. IlepcnektuBHaA npoekuud. IlepcriekTrBa 3TO ABJIEHHE KAXKYLIErocs HCKaXeHU:
MponopIuil U GOpMBI TeJl IPU UX BU3yaJIbHOM HabioaeHUn. Tak 0OBEKT paclosioKeH-
HBIU JIaJIbIIIE OT KaMephl Oy/ieT Ka3aThCsA MEHbIIE, YeM OOBEKT TOTO K€ pa3Mepa pacIoso-
>KeHHBIN OJrske. JJaHHBIA TUI MMPOEKIIUU MAaKCUMaJIbHO TOYHO COOTBETCTBYET OOBIYHOMY
BOCIIPUATHIO OKPY2KAIOILET0 MUPa YeJI0BEKOM.

Puc. 11. IlepcnexmueHasn npoexyus

1. Optorpaduueckass mpoeknus. ITO HU300paKEHUE KaKOro-HHOy/b IpeaMeTa Ha
IVIOCKOCTH, IIOCPEACTBOM IIPOEKTHPOBAHUA OT/EJbHBIX €r0 TOYeK IIPU IIOMOIIH
IIepIEeHUKYJIAPOB K 9TOU IIOCKOCTU. B oprorpaduueckoil mpoeKIuu NpeaMeThl
MIPEJICTABJIAIOTCA TAKUMH, KAKMMH OHU TIPEICTABJISIUCH Obl HAOJIIOAATEII0, CMOT-
pAIleMy Ha HUX ¢ 0€CKOHEYHOro paccTossHusA. [Ipu 3ToM THIle TPOEKITUU He IIPOUC-
XOZUT UCKAXKEHUN B 3aBUCHMOCTHU OT YAAJIEHHOCTU O0BEKTA.

&

Puc. 12. Opmoepaguueckas npoexuyus

Tunm mnpoeknuu MOKeT OBITh JIETKO H3MEHEH TIPU  IIOMOIMA  KOMAaH/IbI
xCameraProjMode().
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[Tocsie TPOEKITMY MHPa Ha IJIOCKOCTh ITPOUCXO/TUT ITpeobpa30BaHueE B ITOPT MPOCMOTPA
(viewport). ITopT mpocMoTpa oIpezesisieT MPSAMOYTOJIbHYI0 00J1aCTh B KOTOPYIO Oy/IET BBI-
BOJIUThCS KOHEUHOE n300pakeHre. TUIIMUHO 3TO BCE OKHO UIPhI, HO €r0 pa3Mephl MOKHO
U3MEeHATH TP noMoInu koMaHael XCameraViewport():

Puc. 13. IlIopm npocmompa

HTak, B pe3ysbTare BceX MPEAbIIYIINX MpeoOpa3oBaHUM, Mbl HOJIYYHUJIN CIHUCOK Tpe-
YTOJIBHUKOB Ha IUIocKocTU. OcTaeTcs MOCJEHUU 5Tal — pacrepusanusa. Pacrepusamus
3TO TIPOIIeCC OIpesie/IeHNs 1IBeTa KaXK/I0M TOUKH, U3 KOTOPBIX COCTOUT TPEYTOJIbHUK.

JIJ1s KasKZIoM TOYKY HAM M3BECTHBI TEKCTYPHBbIE KOOPAUHATHI U IIBET, 3aBUCAIIUN OT
[IBETA BEPIINHBI U OCBEIIEHHOCTH TOYKU. DTHU JAHHbBIE MIOJYyYalOTCsA IIyTeM MHTEPIIOJIAIUN
JTAHHBIX BEPIITUH 00Pas3yIoIuX TPEYTOJIbHUK. I10 TEKCTYpHBIM KOOPAUHATAM JI€JIaeTCS BbI-
O0opKa U3 TEKCTYP, MOJIyUeHHble 3HAYEHUS CMEIINBAIOTCA 3aJJaHHBIM 00pa3oM MeK/y Co-
6011 U UCXO/THBIM I[BETOM, U HOBO€ 3HAUeHUe, IIOJIyueHHOe B pe3yJbTaTe, U ABJISAETCA KO-
HEUYHBIM IIBETOM TOUKHM Ha JKpaHe (ecju BKJIIOYEHO ajibda-CMeNIuBaHUE, TO STOT I[BET
elfe Oy/IEeT CMeIIaH C y>Ke UMEIINMCS B Pe3yJIbTHpPYIolieM Oydepe).

B kauecTBe UTOTA MPUBEAEM IIOJTHOCTHIO IIPOIIECC BU3YATU3AIINU:

JlokanbHas MupoBaa MNpoctpaHcTBO
cucrema cucrema BMAA
KoopanHaT KoopawnHaT Kamepbl
OtrceueHne OtceueHune
OcpelwjeHne
HeBNAUMbIX L CeKY LMK
TpeyrofibHMKOB MNOCKOCTAMM

MNpoekuynoHHoe  [peobpaszosaHue
NPOCTPaHCTBO B MOpT Pactepunzauua
Kamepbl npocMmoTpa

Puc. 14. IIpouecc susyaruzayuu
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Yacts 2. [llenaepsl.

Wtak, Mbl pazobpauch ¢ KOHBellepoM Budyaimsanuu. Telepb MOXKHO I1ePEXOIUTD He-
IIOCPEJICTBEHHO K IeliepaM. [[1g Hauasa paccMOTPUM, YTO TaKoe Iieiiiep BooOi1ie.

[letinep 3TO HEOOJIBINIAS TPOTPAMMA, BBIIIOJTHAEMAs MIPOIIECCOPOM BHIEOKAPTHI, OIU-
ChIBaIOIIasi JEUCTBUA IS KaKIOU OT/IEJIbHO B3SITOM BEPIIUHBI (BEPIIMHHBIA IIEHAED)
00beKTa, U JJI KaXKJIOM TOYKU Ha MOJIyYEHHBIX TPEYTOJIbHUKAX (IIMKCEJIbHBIN Ieiiep).
Takum 06pa3oM, BepIIMHHBIN 1€l Iep OMUChIBAeT TpaHCHOPMAIIUIO BEPIIUH B IPOCTPAH-
CTBO BHJ]a U UX IIPOEKIIUIO, a MUKCEJbHBIU — MIPOILIECC PACTEPU3AIUU TPEYTOJIbHUKOB. 110
YMOJTYaHHIO, Bce TpaHcopMamuu o0BbeKTa M pacTepusalis BBIIOJIHAIOTCSI IO CTPOTO
npenonpeneneHubiM pynknusam (FFP, Fixed Function Pipeline), moBemeHne KOTOPBIX
MOXKHO JIMIIIb HEMHOTO M3MEHUTh, MeHsAs ollpejiesieHHble nmapameTpbl DirectX (penpep
creiiTol). [lleiiepsl ke MO3BOJIAIOT MOJIYIUTh MOJTHBIA KOHTPOJIb HAJ MOYTH BCEMU ITa-
[IaMU BU3yaJU3allu¥, U BBIIIOJIHATD IEUCTBUA TaK U 110 TaKUM (popMysiaM, KaK 3TO HY>KHO
BaM B KOHKPETHOM CJIydae. DTO MO3BOJIsIET MOJYyUYUTh pa3HOoOOpa3Hble rpaduueckue a¢-
(pexThI OYKBTLHO HECKOJIBKIMH CTPOKAMH KO/A.

Ctout 3aMeTuTh, YTO HA OOBEKT MOKHO OTPHUCOBATH TOJIBKO C OJJHUM BEPIIMHHBIM U
OJTHM IHUKCEJIBHBIM IeiiepoM 3a pa3. [loaTomy 7711 KOMOMHUPOBAHUA HECKOJIBKUX 3-
dexToB He0Ox0UMO JIOO0 MUCATH IIEHEP, coueTaIoUN B cebe Bce HE0OXOIMMble TEXHU-
KH, JIN0O0 UCII0JIb30BATh MHOTOIIPOXO/IHBIN PEH/IEPUHT.

Xors3D ucnospdyer HLSL B KauecTBe sA3bIKa IIeiiziepoB. Beipakasich 60Jiee TOYHO —
HCIIOJIb3yeTCsl HAACTPOUKA HAJ[ CTAHAAPTHBIMU IllelijiepaMU, MO3BOJIAIONAs CO3/1aBaTh
daitnpl 3bdeKToB, KOMOMHUPYIOLUX MHOXKECTBO BEPIIMHHBIX U MUKCETHHBIX IIEHIEPOB,
Y IPeJIOCTABJIAIIINX HA OCHOBE HUX PsAJ, TEXHUK, C KOTOPBIMU MOKeT ObITh OTPHCOBAH
00bekT. Tak B offHOM (paiiyie MOKeT OBITH peayin30BaH bump-mapping /A1 Bcex BUIOB HC-
TOYHUKOB CBeTa (HAIMpPaBJIEHHBIX, MMPOXKEKTOPHBIX, TOUEUHBIX), U MEPEKTI0UaTCd B UTPe
BCETO OTHUM BBI30BOM.

Kaxxnpiil dpaiin apdexra MOKHO YCIIOBHO Pa3AeIUTh HA CIeAYIONIe CEKITUN:

1. OOBbsABIEHNE KOHCTAHT. TYT ONMMCBHIBAIOTCSA BCE HCIIOJIb3yeMble B IIeHiepax mepe-
MeHHbIE, KOTOpbIe MOTYT OBITh U3MeHEeHbI N3BHe. K HUM OTHOCSATCA: MaTpUIlpl (MUpoOBasd,
BHU/IOBasi, MPOEKIIMOHHAA), BeKTOpa (MO3UIMN U HAIMpPaBJIEHUs MCTOUHUKOB OCBEIEHMUS,
UX IIBET, I[BET 00BEKTA U T.II.), TEKCTYPHI. ITU JIAHHBIE JOIKHBI OBITh TI€PEJAaHbI U3 UTPHI U
MOTYT MEHATHCSA JTUOO CO BpeMeHeM, JIM00 B 3aBUCUMOCTHU OT pucyeMoro o0bekTa. MHorue
CTaHJAPTHBIE TapaMeTPhI (TaKue KaK MaTPHUIIbL, JaHHbIE ICTOYHUKOB OCBEIIIEHUS, TEKCTY-
PBI U T.II.) MOTYT IIPEaBaThCsA aBTOMATHUYECKHU, JJI 3TOTO JOCTATOYHO JIUIIH YKa3aTh ce-
MAaHTHUKY 711 KOHCTAHTHI.

2. OObsABIIEHNE CTPYKTYP BXOJHBIX/BBIXOAHBIX JIAHHBIX MIEHIEPOB. DTU CTPYKTYPHI
ONHCHIBAIOT, KaKue JaHHbIe IIeliepbl MOJIYyYaloT, U Kakue BO3BPAIIAIOT KaK pe3ysIbTat
cBO€el paboTHI.

3. O0bsBIIeHNE TIEHIEPOB U HETIOCPEJICTBEHHO UX KOJ. TyT 3a/1a10TC OCHOBHBIE (DYHK-
IIUU BEPIINHHBIX U IIUKCEJIbHBIX LIEUIEPOB, a TAKXKe JIONIOJHUTEIbHbIE (QYHKIIMU UCIIOJIb-
3yeMblI€e B IIPOIIECCE PACUETOB.

4. ObbsaBieHne TeXHUK. TeXHUKAa COCTOUT U3 OJHOTO, Peke HECKOJIbKUX IMPOXOZO0B.
Kax/1p1il mpoxo/; — 3To mapa U3 BEPUINHHOTO U MUKCEJIBHOTO IIelifiepa (IIpu 3TOM UX Ha-
Jinaue He sIBjIsieTcss 00s3aTeIbHBIM, €CTU KaKOU-TO Iel/iep OIyIleH, OH Oy/ieT 3aMellleH
FFP), u HeoOxouMBble /Il TAHHOTO IPOXO/ia YCTAaHOBKU peHJiep cTeWTOoB (HampuMmep,
BKJIIOUEHUE/ BBIKJIIOUEeHNE aTbda-CMEINTUBAaHUA U YCTAHOBKA ero Tuma). O0beKT OyAeT OT-
PUCOBAH ITOOUYEPETHO € KAKABIM IIPOXO/IOM YCTAHOBJIEHHOH /IJI1 HETO TEXHUKH.
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JlaHHBIA IIOPAZOK CJIEOBAaHMA BOBCEe He 00si3aTesieH, BCE CEKIMH MOTYT CBOOOHO
CMEIINBAThCSA MEXKy COO0H, HO ATO IPUBOAUT B HEUNTAOETILHOMY KOy, YETO CTOUT U30e-
raTh.

Temepb pacCMOTPUM KaKIYI0 CEKITUIO U CHHTAKCHC HCIOJIb3YyeMbIX B HEH MHCTPYKITUI
60J1ee o/IPOOHO.

O0baBeHne KOHCTAaHT. VTak, B HLSL cyIecTByIoT ciieayrolye 6a30Bble THIIBI I1e-
PEMEHHBIX:

% bool — ornueckoe 3HaueHne, npuHUMaeT true wiu false
» int — 32-x OUTHOE 11eJIOUHNCIIEHHOE 3HAUEeHUE

uint - 32-x 6uTHOe 6€33HAKOBOE LIEJIOUHCIEHHOE 3HAaUeHHE
half — 16-tu 6uTHOE 3HaUeHHe ¢ IIABAIOIIEH TOUKOH

» float — 32-x OuTHOE 3HAUEHHE C IUIaBAIOIIEH TOUKOMN

CTOUT 3aMEeTHUTh, UYTO TAKKe TO/IJIEP>KUBAIOTCA CTPOKHU, HO OHU HE MOTYT OBITh UCIIOJIb-
30BaHBI B IIeHiepax, II03TOMY UX Ha3HAUYeHUE OCTAETCS HESCHBIM.

[TpuBesieM MpUMepPbl KOHCTAHT 0a30BBIX TUIIOB:

RS

DS

R/ K/
SR X X4

RS

int screenWidth; // smech OymeT xXpaHUTCHA LMPYHA SKpPaHa
float lightRange; // 3mech OyIeT XPaHUTCS pPamuyC OEeNCTBUS
// MCTOUYHMKA OCBeLEeHUI
bool useSpecular; // jar omnpeneyidolMii MCHIOJL30BATL MM HET CIEKYJIAP

Kpome 3TOro nmerwTes TUIIBI 4J11 BEKTOPOB U MaTPHII.
BekTopa MOTYT COCTOATH U3 JaHHBIX JIFOOOT0 Oa30BOTO TUIIA U UMETh Pa3MEPHOCTH OT 1
110 4. Hatipumep:

floatd4 diffuseColor; // nubysHwei LBeT O0OLEeKTa
int2 screenSize; // pasMep sKpaHa

Kpome Toro, 0IyCcTUM CJIEIYIONTUI CHHTAKCHUC O0BABIEHUS BEKTOPOB:

vector<float, 4> diffuseColor; // mubdysHem useT obwbexTa, 4 float sjmemeHTa
vector<int, 2> screenSize; // pasMep skpaHa, 2 int siaemeHTa

JJIeMeHTHI BEKTOpa UMEHYIOTCA TaK — X, Yy, Z, W (Jiubo r, g, b, a), rocTtyn kK HUM MO-
KeT OCYIIECTBJIATHCSA IIPH MOMOIIY orepaTopa ‘.’

float4 someVector;
someVector.x = 1.0f;
someVector.y = 2.0f;

Taxoke IOMyCTUMBI OIlepallii OAHOBPEMEHHO Ha/l TPYIIIION 5JIeMeHTOB, HallpuMep:

float4 someVector;

someVector.xyz = float3(1.0f, 2.0f, 3.0f);
someVector.w = 0.5f;

someVector.xyz /= someVector.w;

YTO paBHOCUJIBHO CJIeAYIOIeMy KOAy:

float4 someVector;
someVector.x = 1.0f;
someVector.y = 2.0f;
© 2009 Xors3D Team. All Rights Reserved.
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someVector.z = 3.0f;
someVector.w = 0.5f;
someVector.x /= someVector.w;
someVector.y /= someVector.w;
someVector.z /= someVector.w;

ManI/II_II)I MOTYT COCTOATH U3 JaHHBIX J1I000T0 6a30BOTO THUIIA 1 UMETH OT 1 10 4-X pA-

JIOB U

CTOJIBKO 2Ke KOJIOHOK. Hanmpumep:

float4x4 worldMatrix; // crapHmapTHas MmarTpuia 4x4, OOBUHO MCIIOJIbL3yeTCs
// VMEHHO B3TOT TUIL
int4xl someMatrix; // uemyoumcisieHHas MaTpuua ¢ 4 psamaMu ¥ 1 KOJIOHKOM

AHaJIOTUYHO BEKTOPaM MaTPHUIIBI MOTYT OBITh OObSABIEHBI TaK:

matrix<float, 4, 4> worldMatrix; // crapumapTHasa MaTpuua 4x4, OOEBHYHO
// MCIHoJIb3yeTCs MMEHHO 3TOT TMII

matrix<int, 4, 1> someMatrix; // ueyoumciieHHas MaTpuua c 4 pajaMu u
// 1 KOJIOHKOM

I[OCTYH K 9JIEMEHTaM MaTpHUIObl MOXHO IIOJIYYHUTb TPEMA crocobamMu:

1.

Vcniop3ys omnepaTop ‘. ¥ UMs 3JeMeHTa _Mm< PS> <KOJIOHKAa>, TJIe P U KOJIOHKA

MMEIOT UHJIEKC B aIia3oHe [0; 3], HarpuMep:

floatd4x4 worldMatrix; // crapHmapTHas MaTpuia 4x4, OOBUHO MCIIOJBE3yEeTCs
// VIMEHHO BTOT TUII

// ybupaem CMelleHUE U3 MaTPUILE

worldMatrix. m30 = 0.0f; // no ocu x

worldMatrix. m31 = 0.0f; // no ocm y

worldMatrix. m32 = 0.0f; // no ocum z

2.

Hcnosnb3ys onepaTop ‘. U UMsA 3JIeMeHTa _ <psA><KOJOHKa>, I/le PAJl U KOJIOHKA

UMEIOT UHJIEKC B IAIIa30HE [1; 4], HAIPUMeEDP:

float4x4 worldMatrix; // crapHmapTHas MaTpuua 4x4, OOHUHO MCIOJL3YyEeTCHd
// VIMEHHO 3TOT THUII

// ybupaem CMeleHre U3 MaTPULE

worldMatrix. 41 = 0.0f; // no ocum x

worldMatrix. 42 = 0.0f; // no ocu y

worldMatrix. 43 = 0.0f; // no ocu z

3.
C++)

Hcnosp3ysa JOCTyn K 3JIeMEHTaM MAaTpPHIbl KaK K JIBYMEPHOMY MAacCHBY (B CTHJIE

floatd4x4 worldMatrix; // crapHmapTHasa MmaTpuua 4x4, OOBUHO MCIOJL3YyEeTCHd
// VIMEHHO 2TOT TUIl

// yGupaeMm CMeleHMEe U3 MaTPULEL

worldMatrix[3] [0] 0.0f; // no ocm x

worldMatrix[3][1] 0.0f; // mno ocu y

worldMatrix[3]1[2] = 0.0f; // 1o ocu z

OT/1eJIbHO CTOUT PACCMOTPETH TAKKE TUIIHI KOHCTAHT Kak texture u sampler.
TexcTyphl UCIIONB3YIOTCA JJIA CBA3BIBAHUSA BalllUX TEKCTYp B Urpe (HAJIOKEHHBIX Ha
00BEKT, WIN 3aTPYyKEHHBIX OT/IeJIbHO) C IeiepoM. Haa TekcTypamMu He POU3BOAUTCA
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HUKAKHUX OIlepaIliii, OHU BBIIOJIHATH POJIb CBA3YIOIIETO 3BeHa. TeKCTypy MOKHO OOBSAB-
JIATH O0e3 yeTKoro ykazaHus ee tumna (1D, 2D, 3D, xyOuueckas):

texture diffuseTexture; // 2D mmbysHas TekcTypa oObeKTa
texture enviromentTexture; // kyOuueckas TeKCTypa OKPYXeHNMID

JInbo KOHKPETHO yKa3bIBasi €€ THII:

Texture2D diffuseTexture; // 2D mubysHas TekcTypa oOBeKTa
TextureCube enviromentTexture; // kybuueckas TeKCTypa OKPYXEHMS

Kak y»ke ckazaHO, TEKCTypa He MOKET MCII0JIb30BAThCA JJIsi BLIODOPKU U3 HeEe, JJIsl 3TOTO
cayxut tun sampler. OOIui CHHTAKCUC 00bSIBIEHUS:

sampler mMA KOHCTaHTE = sampler state

{
Texture = <uMa_ TekKCTyper>; // obd3aTebHoe MoOJe
// manee umyT HeoOsA3aTeJNIbHEIE IIOJIA, ONMCHBAaKIME CBONCTBA
// Ha3H4YEeHMe KaXIOOI'0O M3 HUX MBI PaCCMOTPMM HMXE

AddressU = OONyCTMMOE 3Ha4YeHUe;
AddressV = OONyCTMMOE 3HaudeHUe;
AddressW = OONyCTUMOE 3HadeHUEe;
BorderColor = HONyCTVMOE 3HaueHUue;
MinFilter = IONyCTMUMOE 3HadeHUe;
MagFilter = HOONYyCTMMOE 3HAadeHUe;
MipFilter = OONyCTMMOE 3HadeHUe;
MaxAnisotropy = IOmyCTMMOE 3HadeHMre;
MaxLOD = @OOIyCTMMOE 3HAYEHUE;
MinLOD = IONyCTMUMOE 3HadeHUe;
MipLODBias = OONyCTMMOE 3HadeHUue;

}i

Takske Kak U TEKCTypy, sampler MoxxHO 00bsIBUTH OO0 6e3 ykazaHUsI KOHKPETHOTO
THIIA, JILOO C HUM.

Tenepb paccMOTPUM KaK/i0€e I0JIe CTPYKTYPBI, U 3HaUeHUe KOTOpble OHO MOJKET IPU-
HUMATb.

1. Texture — Tekcrypa, KOTOpas OyAeT HUCIOJIb30BaThCA IPU BBIOOPKE, 3aUeHUs STOTO
IOJIs — UM CYIICTBYIOIIEN TEKCTYPHI B YTJIOBBIX CKOOKaX, HAIIPUMED:

texture diffuseTexture; // 2D mubysHas TexcTypa oOBEKTA
sampler diffuseSampler = sampler state // OymeT MCHONIB30BaTbECA IPY BHOOPKE
{

Texture = <diffuseTexture>;

b

2. AddressU, AddressV, AddressW — Tutbl ajipecariiu TEKCTYPHBIX KOOPAUHAT I10
3-M OCSAM, JOIYCTUMBI CJIeAYIOIIEe 3HAUEHHUS:

% WRAP - B ciiyuyae BBIXOJIa TEKCTYPHBIX KOOPJAUHAT 3a IIPeJIeibl CTaHaapT-

HOTrO AuaraszoHa (a 3To [0.0; 1.0]), OyZeT UCIOoIb30BaH TaWIUHT (IIOBTOpPE-

HUE) TEKCTYPBHI, T.€. €CJIN Y Hac KoopauHatkl 1o ocu U — [0.0, 3.0], TekcTypa

OyzeT MOBTOpeHa 3 pasa.
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Puc. 15.Taiinosaa adpecauus mexkemyp

*

» MIRROR - cxoxxa ¢ WRAP, HO Ka)/JIbIid CJIEAYIONUA TOBTOP OyZeT 3ep-
KaJIbHBIM OTPa)KeHHeM IPe/IbIIyIIETO.

K/

Puc. 16. 3epxanvHan adpecayus mexkcmyp

R

% CLAMP - TekCcTypHbIe KOOPAUHATHI BCET/Ia OYAYT OTCEKATHCS 110 JUATIA30HY
[0.0, 1.0].

Puc. 17. OmceveHue mexkcmypHwix koopouram no duanasony [0.0, 1.0]
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< BORDER - anamornudo CLAMP, HO IBET NUKCEJIOB 3a IIpejleJlaMu Ara-
ma3oHa Oy/ieT paBeH He KpaWHUM ITUKCeJIaM TEKCTYPhI, a 3HAUEHUIO 3aj]aH-
HOoMYy uepe3 mmosie BorderColor.

Puc. 18. OmceueHue mekcmypHbLx KOOPOUHAIM U 3A1UBKA UBETNOM

*,

¥ MIRRORONCE - pa6oraer anasiorndao MIRROR, HO OyZIET TOJTBKO OJTHO

IIOBTOpPEHME, IocJe 3Toro paboraet no metoxy CLAMP.

3. BorderColor — DWORD 3HaueHue 1BeTa, KOTOPbIU OYyET UCIIOJIb30BAThCA B Me-
tozie aapecaiiuu BORDER.

4. MinFilter, MagFilter, MipFilter — onucesiBaeT MeToAbl GUIBTPAIIUN TEKCTYPHI.
MinFilter u MagFilter onucsiBaoT GUIBTPALINIO CAMOU TEKCTYPHI U OOBIYHO CTABATCS B
onuHakoBele 3HaueHus (MinFilter 3agaer meron duipTpanuu NpUMeEHsAEMBIH IpU
YMEHbIIEHUH TEKCTYDbI, MagFilter — npu yBenmmuenun), MipFilter onuceiBaer puibt-
panuio rmp YPOBHEH TEeKCTYpbI. J[0TyCcTUMbIe 3HAUEHHUS
% NONE - ¢punpTpanus TeKCcTyp He UCIOJIb3YyeTCs.

% POINT - ucnoJsib3yercs ToueyHas QUIbTPALUa TEKCTYP.

% LINEAR - ucnoyb3yercs OMInHeHAsA (PUIbTPAIUa TEKCTYP.

s ANISOTROPIC - wucnosnb3dyerca aHU30TpPONHAA (QUIbBTPALUA TEKCTYP.
Kpome 3TOr0 HEOOXOIMMO yCTaHABIUBATh YPOBEHb aHU30TPOIHOUN (UIBT-
parmuu yepes mojie MaxAnisotropy.

5. MaxAnisotropy — ycraHaB/JNBaeT YpOBEHb aHH30TPONHOHN duabTpanuu. Mmeer
cwiy Tosbko ecau ycraHosieHo 3HaueHne ANISOTROPIC B mnosnsx MinFilter,
MagFilter wiu MipFilter.

6. MinLOD u MaxLOD — mo3BoJIfIIOT 33/1aTh HIDKHUHM ¥ BEPXHHUH Mip-ypOBHU IS
TEKCTYPHI.

7. MipLODBias — cMeleHus 1 pacCIUTaHHOTO Mip-ypoBHA. Hampumep, ycTaHOB-
JieHO 3HaueHme 2, Direct3D paccuurtan 3 mip-ypoBeHb /i BBIOOPKH, TAaKUM 00pa3oM, ¢
y4eTOM CMellleH!s, OyeT UCII0Ib30BaH 5 YPOBEHb.

Teneps moroBopuM 006 aBTOMATUUYECKOUW NMPUBSA3KE MEePEMEHHBIX K JIAHHBIM Iepefia-
BaeMbIM M3 JIBIJKKA. ABTOMAaTHUUYecKas Ilepefadya objierdaeT paboTy C Ieulgepamu, T.K.
Xors3D cam onpezenseT kakoe 3HaUueHUEe HEOOXOUMO YCTAHOBUTD B 33/JaHHYIO IIepeMeH-
HYIO TI0 IPUBSI3aHHOU K HEW CeMaHTHUKe, U U30aBJIseT BaC OT HEOOXOMMOCTH JIEJIaTh 3TO,
ucnoas3ys pynkiuu tuna xSetEffectInt(), xSetEffectVector() u T.1.

Ha nmanubiit MmomenT Xors3D moziep:kuBaeT aBTOMaTUUECKYIO Iepefiauy CIIeyIoux
JTAHHBIX:

0

*0

S

*,
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% PasHooOpa3Hble MaTpPUIIbI (MHPOBasi, BUA0BAsA, IPOEKIIMOHHAS U UX KOMOU-
HAIINH), BOT ITOJIHBIN CITHCOK JIOITyCTUMBIX CEMAHTHK:
o MATRIX_ WORLD - mupoBas MaTpuIia 00beKTa
o MATRIX_VIEW - BujioBasi MaTpulla aKTUBHOU KaMephl
o MATRIX_ PROJ — npoeknmoHHas MaTpHIlla aKTUBHOM KaMephbl, Jlajiee
HUJIyT KOMOWHAIINMY ITEPBBIX 3-X 0a30BBIX MATPHII.
MATRIX_WORLDVIEW
MATRIX_ WORLDVIEWPROJ
MATRIX_VIEWPROJ
MATRIX_VIEWINVERSE
MATRIX_WORLDINVERSETRANSPOSE
MATRIX_WORLDINVERSE
MATRIX_ WORLDTRANSPOSE
MATRIX_ VIEWPROJINVERSE
MATRIX_VIEWPROJINVERSETRANSPOSE
MATRIX_VIEWTRANSPOSE
MATRIX_VIEWINVRSETRANSPOSE
MATRIX_PROJINVERSE
MATRIX_ PROJTRANSPOSE
MATRIX_PROJINVRSETRANSPOSE
MATRIX_WORLDVIEWPROJTRANSPOSE
MATRIX_WORLDVIEWPROJINVERSE
MATRIX_ WORLDVIEWPROJINVERSETRANSPOSE
MATRIX_ WORLDVIEWTRANSPOSE
MATRIX_ WORLDVIEWINVERSE
o WORLDVIEWINVERSETRANSPOSE
Bor mnpumep wuCHOJB30BAaHHUSA ABTOMATUYECKOW Iepelayd MaTpUIl II0
ceMaHTHKaM:

O OO0 OO0 O0OO0OO0OO0OO0OO0ODO0OO0OOoOO0oDOoOO0O0OO0

floatd4x4 worldMatrix : MATRIX WORLD; // ciopma OyneT yCTHOBJIEHHa MMPOBAaAd
// maTpuia ofnekTa
floatd4x4 viewprojMatrix : MATRIX VIEWPROJ; // cioopma OymeT yCTaHOBJIEHHA
// BUIOBasg MaTpulla KaMepkl
// yYyCHOXeHHas Ha MNPOEKLMOHHYIO

7/

% Tekcrypsl o0bekTa. Kaxapiii 00beKT (2 TOYHee ero MOBEPXHOCTH), MOTYT
UMETH 10 8 TeKcTyp, oHM nepegatoTcd no cemantuke TEXTURE_n, roe n —
HOMe TEKCTYPHOTO CJIOS B Auaria3oHe [0, 7]. Hampumep:

texture diffuseTexture : TEXTURE 0; // mudyszHas TexcTypa, OyIeT B3ATa C
// HYJIEBOTO CJIOS INOBEPXHOCTM OOBEKTa
texture normalTexture : TEXTURE 1; // TexcTypa kapTe HOpMajer, Oyner
// B34Ta C IepBOTO CJIOS [NOBEPXHOCTU
// obbexTa

¢ Jlanable 00 UCTOYHHKAX OCBEIeHUA:
o LIGHTn_POSITION - mo3umnus HUCTOUYHHKA, IJIe N — IOPAJAKOBBIN
HOMeP UCTOYHHKA OCBEIIeHU s
o LIGHTn_DIRECTION - HamnpaBjieHU€e UCTOUHUKA
o LIGHTn_RANGE - paauyc feiicTBUsA HCTOUYHUKA
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o LIGHTn_INNER - BHyTpeHHUH VyrojJ  KOHyca OCBelleHUs

IIPOKEKTOPHOT'O UCTOUYHUKA, B pajuaHaX
o LIGHTn_OUTER - BHemHHHM YroJl  KOHyca  OCBelleHU:

MIPOKEKTOPHOTO UCTOUHUKA, B palUaHAX
o LIGHTn_COLOR — nBeT UCTOYHHKA OCBENIEHUS

// IaHHBE IJid pacyeTa OCBEIEeHUS MPOXEKTOPHBM MCTOUHUKOM

float3 lightPosition : LIGHTO0 POSITION; // nosmuuda MCTOUHMKA

float3 lightDirection : LIGHTO DIECTION; // HampapjeHre MCTOUYHMKA

float 1lightRange : LIGHTO_ RANGE; // pammyc MCTOUYHUKA

float 1lightInner : LIGHTO_ INNER; // BHTYpPEHHUN yTOJI KOHyCa CBeTa
float 1lightOuter : LIGHTO_ OUTER; // BHemHM yrojI KOHyca CBeTa
float4 lightColor : LIGHTO COLOR; // UBeT MCTOUYHUKA

7

% COLOR_AMBIENT - oxpyXKalolluid CBeT, ycTaHaBJINBaeTcd (QyHKIUEN
xAmbientLight().
% JlanHble MaTepraia 0ObEKTA:

o COLOR_DIFFUSE - nudysHblii 1nBeT O0OBEKTa, yCTaHABJIUBAETCS
dyukmueit xEntityColor()

o COLOR_SPECULAR - 1BeT OTpa)keHHOTO OT OOBEeKTa CBeTa,
(axkTruecku mepBble 3 3eMeHTa (X, Y, Z) PpaBHBI 3HAYEHUIO
ycraHaBiuBaeMoMy ¢ynknued xEntityShininess(), mpametrp w paBeH
CHJIe OTPAKEHHOTO IBeTa (110 YMOJTYaHUIO 100.0), TaK K€ OH MOXKET ObITh
noixydeH ceManTukoii SPECULAR_POWER

% Kpome Toro, Xors3D aBTomaTudecku HacTpauBaeT ajabda-cMelluBaHUE, 32

HCKJIIOUeHUEeM CJIyyaeB, KOI/la Bbl CaMM OIIpeZieJINJId UT0 THIl B ONHCAHUU

MIPOXO0/ia TEXHUKH.

Co BpeMeHeM 3TOT CHHCOK MOXKeT M3MEHATHhCA, 3a TOUHON uHdopMalueil obparaii-

Tech K JJOKyMeHTaI[UH.

OO0bsB/IeHHNE CTPYKTYP BXO/JXHBIX/BBIXOAHBIX JAHHBIX HIeHaepoB. [lepexoqum
K cienymwolel ceknuu addekra. B npeapiayiieid yacTyu A He yKas3as elle OJiHy BO3MOK-
HocTh HLSL — 00bsABIeHNe cCOOCTBEHHBIX CTPYKTYD JAaHHBIX, Hamojiobue cTpykryp C, Ha-
npumMep:

// KBaTEpHMOH
struct Quaternion
{
float x, vy, z, w;

}:

Jlesio B TOM, YTO OOBIYHO 3TO HCIIOJIB3YETCSI TOJIBKO JJIsl OOBABIIEHUS CTPYKTYP BXOJ-
HBIX ¥ BBIXOJHBIX JIAHHBIX IeiepoB. Kaxpiil meligep (BepIIMHHBIN UJIN MTUKCETbHBIHN )
mosydaet ot Direct3D ompesiesieHHBIH HAOOp JaHHBIX, U TaKKe BO3BpAIAET HEKOTOPBIE
JlaHHBbIE KaK pe3yJIbTaT cBoel paboThl. VTak, 11 BepIIMHHBIX IIeliepoB B Xors3D mormyc-
THUMBI CJIe/IyIOIIE BXOJIAIIYE JIaHHbIE:

s POSITIONO — no3ulius BepIINHbBI B IOKAJIBHON CHUCTEME KOOPAUHAT.
* BLENDWEIGHTO — Beca KOCTel, BO3/IEUCTBYIOIINX HA BEPIINHY.
* BLENDINDICESO — uH/ieKchl KOCTeH, BO3/IEHCTBYIOIINX Ha BEPIIUHY.

NORMALO — HOpMaJib BEPUIUHBI.

COLORO - 11BeT BEPILINHBI.

o
SRS

K/
*

%

%

3

S
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R/
*

*

TEXCOORDO — niepBbIii HA00P TEKCTYPHBIX KOOP/IMHAT BEPIIINHBI.
¥ TEXCOORD1 - BTOpO#i HA60P TEKCTYPHBIX KOOPAWHAT BEPIITHUHEI.
* BINORMALO — 6uHOpMaJIb BEPIIUHEI.

s TANGENTO — kacaTesibHasi BEPIIIUHBI.
CTOUT OTMETHTDH, UTO MHJEKC IT0CIe UMEHU CEMAaHTUKHU MOKET OBITh OITyIIeH, M TOT/ia
Hcrosp3yeTcs: 0. Takum o0Opa3oM, IMOJTHOCTHIO OIKCATH CTPYKTYPY BXOAAIIUX JAHHBIX

BEPIINHHOTO MIeiaepa aisa Xors3D MoKHO Tak:

X/
*

X/
*

struct VSInput

{
float4 position : POSITION;
float4 blendWeights : BLENDWEIGHT;
float4 blendIndices : BLENDINDICES;

float3 normal : NORMAL;
float4 color : COLOR;
float2 texCoordsO : TEXCOORDO;
float2 texCoordsl : TEXCOORD1;
float3 binormal : BINORMAL;
float3 tangent : TANGENT;

}:

[Topsanok ciiefloBaHUs MOJel CTPYKTYyphbl HeoOsA3aTeseH, YTo Oy/ieT 3alucaHo B IIOJIe
oIIpeziesIsieTCs 10 er0 ceMaHTHKe. Takxke He 00A3aTeIbHO UMETh BCE II0JIS, MOXKHO yOu-
paTh HEHYXKHbIE, HAIPUMED, Y HAC CTATUYHBIA OOBEKT, JIJII KOTOPOTO HAM HEOOXOJIMMO
paccyuTaTh OCBEIIEHHE U HAJIOKUTh TEKCTYpYy, B TAKOM CJIydyae BXOJIAIIYIO CTPYKTYPY
MOKHO OITUCATh TaK:

struct VSInput
{

float4 position : POSITION;
float3 normal : NORMAL;
float2 texCoords : TEXCOORDO;

i

B kauecTBe pe3dysbrara cBoell paboThI, BEpIIMHHBIE IIEHED TOMET BO3BpAIaTh CJe-

JyIollie TaHHbIE:
% POSITIONO - tpascopMupoBaHHAA NO3UIIUA BEPIIUHBI.
% COLORI[n] - 3HaueHue 1pera, CTOUT OTMETHUTh, UTO 3aIIHCHIBATH UMEHHO
IIBET CIO/Ia BOBCe Heobs13aTeIbHO, HAIIPUMED, B CJIydae ecid HeoOXOauMO
repeaaTh B MMUKCETbHBIN IIEUIEP TTO3UIHIO, €€ CIIOKOMHO MOKHO ITOMECTUTH
B J1000e moJie ¢ cemanTukoii COLOR win TEXCOORD.
% TEXCOORD[n] - Tekcrypuble koopsauHaThl. He obs3arensHo float2 3Ha-
YyeHHe, MOXKeT OBITh JIFDOBIM B 3aBUCHMOCTH OT BAaIlIUX HYK/ (HaIrpumep, JJs
Iepelauy HOpMaJId MOXKHO HCIT0J1b30BaTh floats3).
FOG - float 3HaueHus TymaHa /11 JaHHOH BEPIIMHBI.
PSIZE — pazmep Touku. [lefiCTBYeT TOJIBKO HA TOUEUHbBIE CIIPAUTHI (CHCTEMBI
YaCTHUIL).
Hampumep, ecsii HaM HEOOXOIIMO PAacCUUTATh IMOMHUKCEILHOE OCBEIEHUE B IIEH/IEPE,
CTPYKTypa BBIXOIHBIX JJAHHBIX MOKET OBITh CJIEIYIOIIEH:

*
°e

%

%

struct VSOutput

{
float4 position : POSITION;
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float4 position2 : TEXCOORDI;

float3 normal : TEXCOORD2;

float2 texCoordsO : TEXCOORDO;
}:

T.K. B KauecTBe BXOJHBIX JIAHHBIX IMUKCEJIbHBIN Ieiiep MOXKeT MPUHUMATh TOJIBKO
IIBET U TEKCTYPHbIE KOOPJAHWHATHI (T.€. MOJII MOXKHO OOBSABJIATH TOJIBKO C CEMAaHTUKAMU
COLOR u TEXCOORD), fj151 epefilauvl B TUKCEJIbHBIN MIEHIep MO3UITNMU BEPIIIHHBI U €€
HOpPMaJId HEOOXOMMO 3aIHCaATh UX B MOJISI C CEMAaHTUKAMU TEKCTYPHBIX KOOPAUHAT.

OpHako, BIOJIHE JOIMYCTHMO HCIIOJIb30BATh BBIXOJHYIO CTPYKTYPY BEPIIMHHOTO IIEH-
Jlepa B KauecTBe BXOJHOU MUKCEJIBHOTO, HO TOJIBKO /IO TeX MOpP MOKA B MUKCEJIbHOM IIeH-
Jlepe He TPOUCXOAUT oOpalleHus K IOJIAM C HeAOIMYCTUMOH CeMaHTHUKOHU (Hampumep
POSITION), yTo BBI30BET OIMINOKY KOMIWJIAIIUY IIeH/Iepa.

Taxoke menziepHas MoJiesib 3.0 A00ABJIAET elle 2 CEMAaHTHUKU JJIA BXOJHBIX JTaHHBIX
MMUKCEJILHOTO IIeliepa:

% VFACE - 1o 3HaKy JaHHOTO IOJII MOKHO OIIPeJIeJIUTh KaK TPEYTOJbHUK

obpallleH K KaMepe B JAaHHOU TOYKe (OTpHUIaTeIbHBIM 3HAUEHUSIM COOTBET-
CTBYIOT TPEYTOJIbHUKH OOpallleHHbIE OT KAMEPBI, ITOJIOKUTETbHBIE — K HEH).

s VPOS — 11o3unus TOYKH HA 9KpaHe

B xauectBe pesysibTara cBoeil pabOTHI, TUKCEJIHHBIN IIeiIep MOMET BO3BpAIATh CJie-
ZIyIOIIve JaHHBIE:

% COLOR[n] — uBer gys1 jannoro 6ydepa pengepunra. OObIYHO MCIIOJIH3YET-
cst COLORO, HO B ciryyae ucnosnb3oBanusa TexHuku MRT (Hanpumep, npu
Deferred Shading), mukcenbHBIN IIeliep MOKET BO3BpAIaTh HECKOJIBKO
3HAUEHUH IIBETa, CBOU B KAXK/IbII KaHAJI.

* DEPTH[n] - 3nauenue riayOuHBI. n omnpeesiser Homep Oydepa rIyOUHBL,
T.K. Xors3D ucnosnb3yer Bcerma oAuH Oydep, CTOUT UCHOJIb30BATh TOJIBKO
DEPTHoO. CrouT 3aMeTUTbh, YTO HA JAHHBIA MoMeHT Xors3D mnojiiep:kuBaeT
TOJIbKO 1 Oydep riryOuHBI, TOATOMY ITPAKTHYECKYIO ITOJIb3Y JaHHAS CEMAHTH-
Ka MOYKET MMeTh JIUIIb B CIydae, KOrjga HeoOXOMMO PacCUUTaTh TIyOHHY
TOUKH I10 crienuduyHon popmyie.

T.K. 0OBIYHO MMUKCEJIBHBIN IIel/iep BO3BpAIllaeT O/THO 3HAUEHUE I[BETA, MCIIOJIb3yeTCs
cenytolee olpesieieHue:

X/

float4 PSMain (VSOutput input) : COLORO
{

}

B ciyuae ucnospzoBanus MRT, ucnosnb3yercss cmoco0 aHAJOTUYHBIA BEPIIMHHBIM
nengepam:

struct PSOutput

{
float4 color : COLORO;
float4 normal : COLORI1;
float depth : COLOR2;

}s

PSOutput PSMain (VSOutput input)
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Tenepb paccMOTpUM crIOCOOBI TOJTyYeHsI/BO3BpAIlleHHs JaHHbIX Ieiaepom. Cyiect-
BYeT JiBa criocoba:

1. OOBsIBIEHNE CTPYKTYP BXO/IHBIX M BBIXOJHBIX IAHHBIX HEIIOCPEICTBEHHO IPU O0hSB-
JieHnU QYHKIIUU C YKa3aHUEM €ro TUIA — in I BRIXOAAIUX U out /I BO3BpaIaeMbIX
3HAYEHUH, IPU 3TOM HET HeOOXOAUMOCTH CO3/1aBaTh OOBEKT JIJISI BBIXOHBIX TAHHBIX WU
BO3BpAIATh YTO-THO0 U3 GYHKIMH Yyepe3 return, HanpuMmep:

void VSMain (in VSInput input, out VSOutput output)

2. YkazaHue TUIIAa BO3BpaIaeMoro GyHKIuen, co3iaHue BHyTPU 00beKTa HyKHOTO TH-
I1a ¥ BO3BpallleHHe ero ¢ IOMOIIbIo return:

VSOutput VSMain (VSInput input)

{
VSOutput output; // o0ObexT comepxalmmii BHEXOIHBE IaHHLE
// paboTa C IOaHHBEIMU
return output; // BO3BpamaeMm HaHHHE U3 Uelinepa

OO0bsBIeHNE HIEHIEPOB N HENMOCPEACTBEHHO UX KOJ. VITak, MBIl paccMOTpeu
KaK O0BABJIAIOTCS TVIO0AJIbHBIE TIepeMEeHHBIE IIeN/IEPOB U OMMCHIBAIOTCSA JIAHHBIE KOTOPHIE
OHU IIOJIy4YaroT/Bo3BpaiiaT. Terneps camoe BpeMs HNOTOBOPUTH HENOCPEJICTBEHHO O ca-
MUX IIeiepax.

[Tetinepsl fAenATCA HA 2 TUNA — BEPIIMHHBIE U NMUKceabHble. Kak mpaBusio, BepIIvH-
HBIU U IIUKCEeJIbHBIN HIeliep UCIIOIb3YIOTCA BMECTE JUUIA ITOJIyYeHHUs KeJlaeMOoro pe3yJsibTa-
Ta. Kaxkapiil 1meliziep — 9To QYHKIUsA, BHIIOJTHAIONIASA ONPeeIeHHbIN P/l JeHCTBUM Ha
BepumInHOU Win nukceseM. Cam cuaTakcuc s3bika HLSL ouens noxosx Ha sA3bIK C.

g kommeHnTtapues B HLSL ncnionb3yercsa ctuib a3bika C++:

% JIBa 3Haka Koco# uepTsl (‘//”) A1 OAHOCTPOUHBIX KOMMEHTAPHUEB
% MHorocTpouHblii 6JI0K KOMMEHTapueB OTKPBIBAET IOCIIE0BATEIBHOCTD ‘/*
U 3aKpbIBaeT ¥/’

// ®TO ONHOCTPOUHHEI KOMMEHTAPUN
/*
A 3TO MHOTOCTPOUYHLIA

*/

HLSL mMeeT BCTPOEHHBIH IIpEIpOIeccCOp aHAJOTUUYHBIN Iperpoleccopy A3bika C++.
[Tepen xoMmmAIMENd HCXOAHBIN Ko7 0OpabaThiBaeTcs IPENpPOIECCOPOM, BBIOMPAIOTCS
BETBU KOMIIWJIAIIUU II0 YCJIOBUAM, 3aMEHAIOTCA KOHCTAHTBI M MAKPOCHI Ha UX peaibHbIe
npezictaBiaenus. [lognepkuBaioTes caeAyole JUPEKTUBBI IIpenpoleccopa:

% #define — 00bsABIIsIET KOHCTAHTY WJIN MaKpoOC, HAI[pUMeED:

#define PI 3.14159 // xoHCTaHTa C UKMCIIOM «KIIV»
#define max(a, b) (a > b ? a : b) //Maxpoc onpenesyieHrsa MakCUMaIbHOTO UKCIa

R

% #undef — ymanser KOHCTaHTy WJIM MaKpOC OOBABJIEHHBIA JHPEKTHBOKN
#define:

#define PI 3.14159 // xoHCTaHTa C UMCIIOM «IIV»
// WMCHOJBb3yeM KOHCTAaHTY
#undef PI // ymangeM KOHCTAHTY
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% #include — BxIIOUaeT B mIekAep KO U3 Jpyroro daria:

#include “shared.fx” // BkjouaeM KOI C BCIOMOTATEJIbHBIMM OYHKLVAMU

% #if ... #elif ... #else ... #endif — onpenenser 6710k Koz, KOTOPHIH OyzeT
CKOMITHJTUPOBAH, 00sI3aTeJIbHBIM SIBJISIETCS Haauuue AupeKkTuBbl #if u 3a-
kpoiBatolieli ee #endif, ocrasibHbIE MOTYT OBITH OIyIeHbI, O0I0KOB #elif
MO2KET OBITH IPOU3BOJIBHOE YHCJIO:

#1if LIGHT TYPE == POINT

// BymeT CKOMOUIMPOBAH OJIOK KOIa CHeUMOUUHBI [JIS TOUEUHOTO MCTOUHMKA
#elif LIGHT TYPE == SPOT

// Bymer CKOMIMIMPOBAH OJIOK KOIa CIEUMOWMUHBI OJId NPOXEKTOPHOTO MCTOUHMKA
felse

// ByHmeT CKOMIMIMPOBAH OJIOK KOIa CHeUurMOUUHBIA [JIS HANpPaBJIEHHOTO MCTOUYHUKA
#endif

7/

% #ifdef ... #endif — 6,10k Koz1a Oy/IeT CKOMIIMITUPOBAH, TOJIBKO ECJIN YKA3aH-
Has KOHCTaHTa Obl1a 0O'bsIBIEHA BBIIIIE:

#ifdef POINT LIGHT
// xom OymeT CKOMILJIMPOBAH ecjiM Objla yCTAaHOBJIEHHA KOHCTAHTAa POINT LIGHT
fendif

% #ifndef ... #endif — 6,10k Kofa OyeT CKOMIUIUPOBAH, TOJIBKO €CJIN yKa-
3aHHas KOHCTaHTa He ObLIa 00BbABJIEHA, OOBIYHO UCIIOJIB3YETCs IS MPEeAOT-
BpAaIlleHUsI MHOTOKPATHOTO BKJIIOUEHUSI OJTHOTO U TOTO 3Ke (pariia:

#ifndef SHARED FX // npoeepseM Obla JIM paHee OOBsABJIEHA KOHCTAHTA
#define SHARED FX // oOsaBygeM ee, HOpM CJeOyllleM BKJIOeHME 3TOTO daiiia
// mnponpoleccop NPONyCTUT IaHHE OJIOK KOIa

#endif

HLSL o6aazaet mupokuM HabOpoM MaTeMaTUUeCKUX OIepaTOpPOB:

7/

% baszoBble OMHApHbIe MaTEMaTHYECKHUE ONepanuu — +, -, *, /, %
Omneparophbl oOpaleHus: K MacCUBY — [ MHEKC ]
» OmepaTophl IpUCBAUBAHUA — =, +=, -=, ¥*= /= %=, [Ipuuem:

*
SR X

RS

float value += 10.0f; // paBHocunbHO float value = value + 10.0f;

*
°e

Jlornueckue onepanuu - &&, ||, (ycsioBue ? ncTUHA : JIOXKD)

OnepaTopsl CPaBHEHUS - <, >, ==, |=, <=, >=

[IpedukcHbIe 1 TOCTHUKCHBIE OTIEPATOPHI HHKPEMEHTA U JIeKpeMeHTa (++ 1
--). IIpedukcHbIe ollepaTopbl CHaYajia MEHSAIOT 3HAaUEHHE OIlepaH/a a IOTOM
BBICUUTHIBAETCS €ro 3HaueHue, MOCTGUKCHbIE U3MEHSIOT OIEPaH/]T yKe I0-
cJIe pacueTa ero 3HayeHHs, HallpUMep:

*
°e

e

A5

int value = 5;

int second value = ++value; // second value = 6, value = 6, T.K. cHadvasa
// yBenmuueHO BHAUeHMEe OIllepaHIa, ¥ TOJBKO [IOTOM
// OHO UCIOJIL30BAHO B BHPAaXECHUU

value++; // second value = 6, value = 7, T.k. cHauaja
// BHCUMTAHO BHAUeHMe OlepaHma, KOTOopoe OyrerT

int second value
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// WMCHOJIL30BAHO B BHPAXEHWUN, U TOJBKO IOTOM
// OHO yBeJIMUYEHO

¢ OmnepaTop 0CTyna K MOJISAM CTPYKTYP — .
¢ YHapHbIe olepaTtopsl — !, -, +.
Kpome 3TOro nMeeTcsi OrpOMHO€E KOJIMYECTBO BCTPOEHHBIX QYHKIINU, U1 peau3anuun
CTaH/IAPTHBIX PYTUHHBIX JeHCTBUN:
< abs(x) — Bo3Bpaiaer abco0THOEe 3HaUeHHe (MOay/Ib) 3HaUeHus1 X. CTout
OTMETHUTB, UTO €CJIU X SIBJISETCS CJIOKHBIM THIIOM (Hampumep, BEKTOPOM), TO
yHKIMA OyeT mpUMeHeHa K KaXK/IoOMy U3 3JIEMEHTOB (JIaHHOe MPaBUJIO OT-

HOCUTCSA U K IPYTUM ITO00HBIM (QYHKITUSAM), HAIIpUMeEp:

floatd4 value = float4(0.4f, -3.5f, 0.0f, -2.0f);
value = abs(value);
// PaBHOCUJIILHO

floatd value float4(0.4f, -3.5f, 0.0f, -2.0f);

value.x = abs(value.x);
value.y = abs(value.y);
value.z = abs(value.z);
value.w = abs (value.w);

» acos(x) — Bo3BpalaeT apKKOCUHYC X. /[JI BceX TPUTOHOMETPUYECKUX BbI-
YHUCJIEHUH UCIIOIB3YIOTCS PaIUAHBI.

all(x) — BoszBpamaer true, ecii Bce 3JIEMEHTHI X HE SIBJIIOTCS HYJIEM.
any(x) — Bo3Bpalaer true, ecjiu 000 3JIEMEHT X He ABJISETCSA HyJIEM.
asin(x) — Bo3BpaIaer apKCUHYC X.

atan(x) — Bo3BpaIaer apkTaHTeHC X.

atan2(y, x) — Bo3BpallaeT 3HaueHUWE apKTaHreHca y/X. BosBpamaemoe
3HAaUeHUe IIPeJICTaBJIAEeT COOOU JOTOMHAIONIUN YT0JI TOTO YIjla MPSAMOYTOJIb-
HOTO TPEYTOJIbHUKA, VI KOTOPOTO X - JJTMHA CMEKHOU CTOPOHBI, y - JIJTMHA
IIPOTHBOIIOJIOKHOHU CTOPOHBI.

% ceil(x) — BosBpamaer Osmkaiilliee IEJOUYHCIEHHOE 3HAUEHHE, KOTOPOE
00JIbIlle WX PABHO X.

clamp(x, min, max) — oTcekaeT 3HaUeHUE X, UTOOBI OHO JIEKAJIO B J[UAIIa-
30He [min, max].

» clip(x) — orOpakoBBIBaeT TEKYIIUHA IMUKCEIb, ecId X (J1I000H ero 3JIeMeHT)
MeHblIIe HyJIs (MCIIOJIb3yeTCs A1 peaIn3aiid MacoK).

cos(x) — Bo3BpaIaeTr KOCHHYC X.

cosh(x) - Bo3Bpaiaer runepb0IUIecKUi KOCHHYC X.

cross(x, y) — BO3BpalaeT BEKTOPHOE IIPOU3BE/IEHUE X U Y.
D3DCOLORtoUBYTE4(x) — mnpeo6pasoBrsiBaeT 4D Bektop (floatg4) B
MAacCHB U3 4 0€33HAKOBBIX OJHOOAUTOBBIX I1€JIBIX UHCEJI.

L)

K/
L4

3

A5

3

A5

X/
X4

L)

*
°e

¢

o
25

RS

X/
X4

L)

*
°e

%

%

3

S

% ddx(x) — Bo3Bpaimiaer 4YacTHYI0 IPOU3BOAHYIO X OTHOCUTEJIBHO X-
KOOPZIMHATHI B SKPAHHOM ITPOCTPAHCTBE.
% ddy(x) - Bo3Bpamaer 4YacTHyIO IPOU3BOJAHYIO X OTHOCUTEJIBHO Y-

KOOPAMHATHI B 9KPAHHOM IIPOCTPAHCTBE.

degrees(x) — mepeBOAUT 3HAUEHUE X U3 PAJIMAH B TPAJYChI.
determinant(x) — Bo3BpalliaeT OIpe/IeINTEb MaTPHUIIBI X.
distance(x, y) — Bo3BpaIljaet pacCTOsIHHE MKy JByMsI TOUKaMHU.
dot(x, y) — Bo3BpaIlaeT ckajsipHOe IIPOU3BE/IEHNE X U Y.

exp(x) — BO3BpaIaeT SKCIIOHEHTY YMCJIa X C OCHOBAHHEM €.
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exp2(x) — Bo3BpallaeT SKCIIOHEHTY YKCJIa X C OCHOBAaHHUEM 2.

floor(x) — Bo3Bpalaer OyuKaiiliiee IeJIOUYNCIEHHOEe 3HAYEHWe, MEHbIIIee
WJIN PaBHOE X.

fmod(x, y) — Bo3Bpaiaer oCTaTOK OT JIeJIEHUs YUCEJ C IJIaBaIoIeld TOY-
KOM.

frac(x) — Bo3sBpamaer ApoOHYI0 4YacTh X, KOTOpas Bcerga OoJipIlle O U
MeHBIIIE 1.

frexp(x, exp) — Bo3BpalllaeT MAaHTHUCCY U SKCIIOHEHTY YHCIa X (9KCIIOHEHTA
3aMMChIBAETCS B aPTYMEHT €XP).

fwidth(x) — Bo3Bpamaer yrcso pasHoe abs(ddx(x)) + abs(ddy(x)).
isfinite(x) — Bo3Bpamaer true, ecyiu X sIBJI€TCS KOHEUHBIM YHCJIOM.
isinf(x) — BosBpamaer true, ecoim X — 6eckoHeuHoe ynucyao (+INF wiu -
INF).

isnan(x) — Bo3Bpaiaer true, eciu X — HeornpeeneHHoe ynucao (NAN wiu
QNAN)

length(x) — Bo3Bpamaer q1uHy BeKTOpA X.

lerp(x, y, ) — ocyIecTByseT JUHEHHYIO HHTEPIIOJISINI0 BEKTOPOB X Uy C
dakTopom s

log(x) — Bo3Bpaimaer sjoraprdm Yrcsia X 1o OCHOBAHUIO €.

log10(x) — Bo3Bpamaer siorapudm yucsa X Mo OCHOBAHUIO 10.

log2(x) — Bo3Bpamaer siorapugm yucsa X o OCHOBAHHIO 2.

max(x, y) — Bo3BpaIaeT HauOoJIbIIIee U3 ABYX YHCEJT.

min(x, y) — Bo3BpalljaeT HauMeHbIIIee U3 JBYX YHCEJI.

modf(x, ip) — Bo3Bpariaer JpoOHYIO YACTh UKCJIA X U 3aIUCHIBAET €T0 Iie-
JIYIO YacTh B aQpTYMEHT ip.

mul(x, y) — yMHO>KaeT X Ha 'y, T/le X Uy — BEKTOP WJIN MaTPUIIA.
normalize(x) — Bo3BpaIaeT HOpMaJIU30BAHHBIN BEKTOP.

pPow(X, y) — BO3BOJIUT X B CTEIIEHb Y.

radians(x) — 11epeBOIUT X U3 I'PAYCOB B PaUAHBI.

reflect(i, n) — paccunThIBaeT OTpPAKEHHBIH BEKTOP JIJISI BEKTOpA X OT IIO-
BEPXHOCTH C HOPMaJIBbIO 1.

refract(i, n, r) - paccuuThIBaeT MPEJOMJIEHHBIN BEKTOP /IJIsI BEKTOPA X IIPU
IIPOXO/I€ CKBO3b IVIOCKOCTh C HOPMAJIbIO N U CTENEHBIO ITPEJIOMJIEHHUS I'.
round(x) — OKpyIJIfAeT X /10 OJIMKAKIIETrO 11eJIOUNCIEHHOTO 3HAYEHU .
rsqrt(x) — Bo3Bpamaer Ynucyio paBHoe: 1.0 / sqrt(x)

saturate(x) — orcekaeT 3HaUYEHHE X 110 IMATIa30HY [0.0, 1.0]

sign(x) — Bo3BpaIaeT 3HaK 4ncjia X. BepHeT -1 ecyi YHUCI0 X OTPUIATEIb-
HOe, O — eCJTH X PaBeH O U 1 €CJIH X MOJIOKUTETbHOE YUCIIO.

sin(x) — Bo3BpalllaeT CHHYC X.

sincos(X, S, ¢) — paccYUTHIBAET CUHYC U KOCHHYC UKCJIA X, CHHYC 3aITUChI-
BaeTCs B apTYMEHT S, KOCHHYC — C.

sinh(x) — Bo3Bpamaer runepb0IuIecKuil CHHYC X.

smoothstep(min, max, x) — Bo3Bpamaer K03QOUIUEHT UHTEPIOIAINN
JIJIs X JIesKallero B uarasoHe [min, max].

sqrt(x) — Bo3BpaIllaeT KBaIpaTHbIA KOPEHb X.

step(a, x) — Bo3Bpairaer 1 ecji X OoJIbIle JTUOO paBeH a, 1 O B IPOTUBHOM
cIyJae

tan(x) — Bo3BpaIllaeT TAaHTEHC X.

tanh(x) — Bo3BpaIaer rurepboIMYEeCKUil TAHTEHC X.
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tex1D(s, t) — nenaer BEIOOPKY TOUKH U3 1D TEKCTYpHI s 10 KoopAuHaTam t.
tex1Dbias(s, t) - seaeT BHIOOPKY TOUKH U3 1D TEKCTypHI S 110 KOOPAHHA-
TaM t, C y4eToM cMeIlleHHsT mip-ypoBHeH 1o 3HaueHuio t.w HemocTymHO B
IeNIepHON MOZJEIH 1.X

tex1Dgrad(s, t, ddx, ddy) - nenaer rpasueHTHYI0 BBIOOPKY TOUKH U3 1D
TEKCTYPHI S 1o KoopAauHaTaMm t HegocTymHO B meiiepHON MOen 1.X
tex1Dlod(s, t) - nenaet BEIOOPKY TOYKH U3 1D TEKCTYPHI S 110 KOOPAHUHATAM
t, 13 mip-ypoBHsA 110 3HaYeHUIO t.w J[OCTYITHO TOJILKO B IIEHA€PHON MOJIETH
3.0

tex1Dproj(s, t) - nenaer BbIOGOPKY TOUKH U3 1D TEKCTYPHI S 110 KOOPAUHA-
tamM t, KOOpAWHATHI MPEeABAPUTEIBHO IPOEIHUPYIOTCA JeJIEHUEM KasKIOu
KOMITOHEHTHI Ha KOMIIOHEHT W. HeZloCTyITHO B IIeH/IepHOM MOIeNTH 1.X
tex2D(s, t) — gesaet BIOOPKY TOUKHU U3 2D TEKCTYPHI S 10 KoopAUHATaM t.
tex2Dbias(s, t) - mesaetr BBIOOPKY TOUKH U3 2D TEKCTYpHI S IO KOOPAHUHA-
tam t, C yueToM cMeIleHuss mip-ypoBHeH o 3HaueHuio t.w HemocTtymHo B
e epHON Moesu 1.X

tex2Dgrad(s, t, ddx, ddy) - nenaer rpaseHTHYI0 BEIOOPKY TOYKH U3 2D
TEKCTYPHI S IO KoopanHaTtaM t HeocTyIiHO B 11elIEpHON MOJIEH 1.X
tex2Dlod(s, t) - neaeT BEIOOPKY TOYKH U3 2D TEKCTYPHI S M0 KOOPAUHATAM
t, U3 mip-ypoBHs 10 3HaueHUIo t.w JloCTyIIHO TOJIBKO B LIEeHAepHON MOJIeIN
3.0

tex2Dproj(s, t) - menaer BBIOOPKY TOUKH U3 2D TEKCTypHI S IO KOOPAUHA-
taM t, KOOpAWHATHI MPEeABAPUTEIBHO IPOEIUPYIOTCA JeJIEeHUEM KayKIOu
KOMITOHEHTBI Ha KOMIIOHEHT W. HeZloCcTyITHO B 1IeiiepHOU MOJIesI! 1.X
tex3D(s, t) — meaer BRIOOPKY TOUKHU U3 3D TEKCTYPHI S 110 KOOpAuHaTaM t.
texgDbias(s, t) - nenaer BbIGOPKY TOUKU U3 3D TEKCTYpHI S 110 KOOPAUHA-
TaM t, ¢ yueToM cMellleHUs Mip-ypoBHeU no 3HaueHuwo t.w HezoctynHo B
IeNIepHOUN MOJIeH 1.X

texgDgrad(s, t, ddx, ddy) - fgenaer rpagueHTHYIO BRIOOPKY TOUKH U3 3D
TEKCTYPHI S 0 KoopauHaTaMm t HeocTymHO B meiziepHON MOeTH 1.X
texgDlod(s, t) - nesaer BEIOOPKY TOUKHU U3 3D TEKCTYPHI S IO KOOPAUHATAM
t, U3 mip-ypoBHs 110 3HaueHu1o t.w JloCTyIIHO TOJIBKO B IIeiilepHON MO/JIesIn
3.0

tex3Dproj(s, t) - nesaeT BHIOOPKY TOYKH U3 3D TEKCTYpHI S IO KOOPJUHA-
TaM t, KOODAWHATHI IPEIBAPUTEIBHO IMPOEHUPYIOTCS JIeJIEHHEM KasKIOU
KOMIIOHEHTBI Ha KOMIIOHEHT W. HestocTymHO B 1mieiiiepHo# Moienu 1.X
texCUBEC(s, t) — nesaet BBIOOPKY TOUKH U3 KyOUUECKOH TEKCTYPHI S IO KO-
opauHaram t.

texCUBEDbias(s, t) - gesaet BEIOOPKY TOUKH U3 KyOMUECKOH TEKCTYPHI S 110
KoopAuHaTaM t, ¢ yueToM cMeleHus] mip-ypoBHel mno 3HaueHuio t.w He-
JIOCTYITHO B IIIEUIEPHON MOJAENH 1.X

texCUBEgrad(s, t, ddx, ddy) - nenaer rpagueHTHYI0 BEIOODKY TOUKH K3
KyOM4ecKo# TeKCTypsI S 1o koopauHataMm t HemocTynHo B mieiiepHo# mMo-
JleJId 1.X

texCUBElod(s, t) - nenaeT BBIOOPKY TOYKH U3 KyOUUECKOH TEKCTYPHI S IO
KoopauHaTaM t, 13 mip-ypoBHs 10 3HaUueHUIO t.w J[OCTYITHO TOJIBKO B IITEH-
JlepHOU MOJIeH 3.0

texCUBEproj(s, t) - nenaer BBIOOPKY TOUKU U3 KYOMYECKOHN TEKCTYPHI S 10
KoopAuHaTaM t, KOOpAMHATHI MPEABAPUTEIBHO IPOENUPYIOTCA JIeJIeHUEM
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Ka)K/IOH KOMIIOHEHTHI Ha KOMIIOHEHT W. HeJTOCTYITHO B IIEW/IepHOU MO/Ien
1.X
% transpose(x) — Bo3BpalaeT TPAaHCIOHUPOBAHHYIO MATPUILy OT MAaTPHUIIBI X.
% trunc(x) — Bo3BpaIaeT eIy 9acTh X.

A3pik HLSL mpeocTasiiseT ciaeayoniie yIpaBsgioliie KOHCTPYKITUH:
% Bertnienue if .. else if .. else — mo3BoJIsIeT BEIOMpPATh KaKO OJIOK KoJia Oy-
JIET BBITIOJIHEH B 3aBUCUMOCTHU OT yCJIOBUsI, HAIIpUMeEP:

int channel;

if (channel == 0)

{
// ecnu 3HaueHme channel pPaBHO HYJIO OyIOeT BHIBEIEH KPACHBI NMKCEJ
return float4(1.0f, 0.0f, 0.0f, 1.0f);

}

else if(channel == 1)

// ecnu 3Hauenme channel paBHO enuHulle OyIeT BHBEIET 3eJIeHBM IUKCEeJ
return float4(0.0f, 1.0f, 0.0f, 1.0f);

// B OCTajIbHEIX CJydasax OyIeT BHBEOEeT CUHUNM OUKCEJI
return float4(1.0f, 0.0f, 0.0f, 1.0f);

Kpome Toro, 1aHHas KOHCTPYKITUSA MMEET JiBa BO3MOKHBIX aTpubyTa (yKasbiBa-
eTcs B KBaJ[PAaTHBIX CKOOKaX IIepe/i epBoi HHCTpyKnuei if, paboTtaeT TOIbKO B
el epHON MozesH 3.0):
o [branch] — Gyzer ucnosp30BaHO JUHAMHUYECKOE BETBJIEHHE HA BUJIEO-
KapTe
o [flatten] — xoHcTpykius OyzmeT pa3BepHYTa B IIOCJIEZOBATEIbHOCTH
OOBIYHBIX MHCTPYKIMI (Bcer/a Ha IIeH/IEPHBIX MOIEIAX HIKE 3.0)

int channel;

[branch] if(channel == 0) // Takoi BapraHT MCIOJL3yeT
// OuHaMMuyeckKoe BeTBJIEHME
[flatten] if(channel == 0) // a Takol pas3BopauMBaeT BeTBEJIHME B

// TocienoBaTeJIbHOCTL OOBYUHEIX KOMMAHT]

7/

% BerBnenue switch - cpaBHuBaer cesiektop (mapamerp, IepelaHHbIN
switch) ¢ psajgom 3HaueHUT U B 3aBUCUMOCTH OT pe3yJIbTaTa BBIMOJIHSET
HY?KHYIO BETKY KOJIa. YCJIOBHUE JIJIsl CPAaBHEHUsI OIPe/IeJIsieTCs HHCTPYKITUEn
case, HHCTpyKIusa break nmpousBoAuT BBIXOJ U3 BETBJIEHUs (TaK:Ke BBIXO-
AT U3 IUKJIOB /IO UX 3aBEPIIEHUs), eCIU JaHHAsS WHCTPYKIIHS MPOIYIIEeHA
IIPOBEPKA 3HaUeHUs Oy/leT MpoAoJDKeHa, He o0s3aresbHBbIN Osiok default
BBITIOJTHSIETCS €CJTH HU OTMH OJIOK case He MPOIIeS IIPOBEPKY:

int channel;
switch (channel)

{

case 0:

{

// ecnu 3Hauenme channel paBHO O
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return float4(1.0f, 0.0f, 0.0f, 1.0f);
}

break;
case 1:
{
// ecnu 3Hauenme channel paBHO 1
return float4(0.0f, 1.0f, 0.0f, 1.0f);
}
break;
default:
{
// BCe ocTajibHEEe CJydau
return float4(0.0f, 0.0f, 1.0f, 1.0f);
}
break;

JlaHHAasi KOHCTPYKIIVS TaK»Ke UMeEET PsiJi aTpUOYTOB:

o [flatten] — xoHCcTpyKIUsA OyZIeT pa3BeEpPHYyTa B IIOCJIEIOBATETLHOCTh KOH-
crpyknuii if ¢c arpubyrom [flatten]

o [branch] - koHcTpykIUsA Oy/ieT pa3BepHyTa B IIOC/IEI0BATETIHHOCTD KOH-
crpyknuii if ¢ arpubyrom [branch]

% Iluxin for — OCHOBaHHBI HA CYETUMKE I[UKJI, MHUIUAIN3UPYET CUETUUK,
IIPOBEPSIET €r0 3HAUEHUE Tepe] OYEPETHON UTepaIlUel U B KOHIE UTEPAIUU
U3MeHsIET CYETUHK. J[JIsi IpeskIeBpeMEHHOTO BBIX0/Ia U3 I[UKJIa MOKET OBbITh
HCIIOJTb30BaHa MHCTPYKIUs break, a1 npomomkenus mukia 6e3 3aBepiiie-
HUS TEKYIIeH UTepariu MOKeT ObITh UCIIOJIb30BaHa MHCTPYKIIHSA continue:

float4x4 worldMatrix;

float sum;

for(int 1 = 0; i < 4; i++)

{
// BEICUMTBEIBAEM CYyMMYy 3JIEMEHTOB TJIaBHOM IMaroHalJlyi MaTpPMILEL
sum += worldMatrix([i][i];

[Tuks for MoskeT UMeTh OJTUH U3 JAaHHBIX aTPUOYTOB:

o [loop] — Oyaer creHepupoBaH KOZ JIISi JTMHAMUYECKOTO BBIITOJIHEHUS
IMKJIa Ha allllapaTHOM yPOBHE.

o [unroll(x)] wiu [unroll] — nukn OyxeT pa3BepHYT B MOCIIEIOBATETD-
HOCTb OOBIYHBIX MHCTPYKIIUH. UHCI0 X OmIpeesseT, CKOJIbKO UTepaIui
IUKJ1a Oy/ieT pa3BepHyTO (MIPU OTCYTCTBUM PA3BOPAUMBAETCA BECH ITUKII).

% Iuxkn while — BbIIOHSETCA TTOKAa UCTHHHO YCJIOBHE (CIiepBa IIPOBEPSIETCS
yCJIOBHE, B CJTydae UCTUHHOCTH BBITIOJIHSETCA UTEPALIHS ITUKJIA):

float4x4 worldMatrix;
float sum;

int num = 0;

while (num < 4)

{

// BBEICUMTBEIBAEM CYMMYy 3JIEMEHTOB PHaBHOﬁ IOVMaT'OHaJIn ManMHH
sum += worldMatrix[num] [num];
num++;
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[Mukn while numeer atpubyThl anasoru4yHsie for.

% Hukna do ... while - BeimosTHsIETCA TOKAa UCTUHHO yCJIOBHE (CIIEpBa BBIIIOJI-
HSETCS UTepaIs IUKJIA, MOCJIe STOTO MPOBEPSETCS YCIOBHUE, B CIIyYae HC-
TUHHOCTH — BBITIOJTHSETCS CIEAYIOIIAs UTePAIU):

floatd4x4 worldMatrix;

float sum;

int num = 0;

do

{
// BBICUMTHBAEM CYMMYy OSJIEMEHTOB TJIABHOM IMATOHAJM MaTPULE
sum += worldMatrix[num] [num];
num++;

}

while (num < 4);

% discard — oTMeHseT OTPUCOBKY JJaHHOTO TMHKCesA (Cxoxka MO (PYHKITHO-
HaJIbHOCTH C clip):

if(diffuse.a < 0.5f) discard; // peanuszalusa MacKu

Tenepb HECKOIBKO cJIOB 0 PyHKIUAX. OObsiBIeHne GyHKIUHN Ha sa3bike HLSL B 061mem
BH/I€ BBITJISIJTUT TaK:

BO3BpalaeMeli TUM UMA QYHKUUM (aPTyYMEHTH QYHKLUN)

{

TeJyio QyHKUMM

}

Kaxkmasa GyHKIUA J0/KHA BO3BpAIIaTh JTUO0 3HAUEHUE JIOMyCTUMOro Tuna (oJuH U3
0a30BbIX, JINOO OOBABIEHHBIX IMOJH30BATENIEM), JINOO He BO3BpAIaTh 3HAUEHUSA BOOOIIE
(rorma ucnosb3yercsa tun void). UMsa GyHKIMU AOJKHO OBITh YHUKAJIBHBIM HIEHTU(U-
KaTOpoM B mpejiesiax daiyia. KomnuecTBo apryMeHTOB MOKeT ObITh TPOU3BOJIBHBIM, KaK-
ZIbI apTyMEHT, KPOME TOTO, MOXKET OBbITh OOBSIBJIEH KaK BXOJHOU WJIM BO3BPAIla€MbIil.
OOBIYHO OCHOBHBIE (DYHKITUH IIEHIEPOB UMEIOT JINOO OJIMH BXOJTHOW apryMeHT (B TaKOM
cyyae oOBEKT JIJIsi BO3BpAIlAeMbIX JAHHBIX CO3AAeTcsA BHYTPHU (YHKIIMU U BO3BpAIaeT
IIOCPEACTBOM KOMaH/IbI return), 100 M0 0THOMY BXOJHOMY WJIX BO3BpAIllaéMOMY apry-
MEHTY.

Wrak, Mbl paccmorpenu cuHTakcuc s3pika HLSL. Temepp momnpobyem HamucaThb IIpoO-
CTEUIIUH IIeliep BHIBOJSINNNA Ha SKpPaH 3aTEKCTYPHUPOBAHHBIA OOBEKT C YUYETOM I[BETa
ycranoBiieHHOTO 4yepe3 xEntityColor(), ocBereHHBIN HaIpaBJI€HHBIM UCTOYHHKOM CBETA.
IIpucrynum.

Kak MBI yKe OIlpeJiesINId MEePBBIM pasziesl y Hac 3T0 00bsABJIEHUE TJI00AJIbHBIX IIepe-
MeHHBIX (KOHCTaHT) Iredaepa. /[yis Hamed 3a7aun HaM MOHAI0OUTCA MaTpUIla JJIs Ipe-
obpa3oBaHuA BepIIUH 0ObEKTA B MIPOCTPAHCTBO MPOEKIUH (T.€. HaM 10 OYepeau HeoOXo-
JIUMO YMHOXKUTh KOOPJAWHATHI BEPIIMHBI HA 3 MATPHUIIBI: MHPOBYIO O0OBEKTA, BUAOBYIO U
MIPOEKITMOHHYI0 KaMepbl. Ho MaTpuIpl 06/1aal0T MOJIE€3HBIM CBOMCTBOM €CJIU UX YMHO-
JKUTh B TIOCJIE/IOBATEJIBHOCTH MUPOBas * BU/I0BasA * MpOeKIMOHHAsA, TO MpU TpaHchopMa-
MU pe3ybTUPYIOIel MaTpUIlel MBI HOJIYIUM Te K€ KOOPJAUHATHI YTO U IIPU MTooYepes-
HOM YMHOKE€HHH Ha BCe 3, HO COKOHOMHM Ha MHCTPYKIUAX (1 YMHOXKEHUE, IIPOTUB 3X)).
Mo3KHO TIepe/iaTh B IIel/iep Bce 3 MaTPHUIIBI U UCIIOJIH30BaTh UX, HO JIyUIlle MOJYYUTh Cpa-
3y pesyaprupywoinyo no ceMaituke MATRIX_ _WORLDVIEWPROJ. Kpome Toro, Ham

© 2009 Xors3D Team. All Rights Reserved.
Crpanuna 27



HeoOX0/IMMa IPOCTO MUPOBasi MaTpHIla 00beKTa /1A TpaHCHOPMAMH HOpMaJIel B MUPO-
BO€ IIPOCTPAHCTBO (3TO HEOOXOAMMO /IJI1 BEPHOTO OCBEIIEHUA 00hEKTA):

floatd4x4 matrixWorldViewProj
float4x4 matrixWorld

MATRIX WORLDVIEWPROJ;
MATRIX WORLD;

//
//

MaTpNiia MTOI'OBAA
MaTpHrlia MMUPOBad

Kpome sToro Ham nmoHamobuTcsa nHpopMarus 00 UCTOYHUKE OcBelneHusA. T.K. uCTod-
HUK y Hac HaIlpaBJIEHHBIN HaM JIOCTaTOYHO 3HATh HAIIPABJIEHUE U I[BET UCTOYHUKA:

float4x4 matrixWorldViewProj MATRIX WORLDVIEWPROJ;
float4x4 matrixWorld MATRIX WORLD;

float3 lightDirection LIGHTO DIRECTION;
float4 lightColor LIGHTO COLOR;

//
//
//
//

MaTpulla MTOTOBasd
MaTpulla MMpOBasd
HanpaBJleH e

LBET

Takoke 11 pacuera 1BeTa MUKcess HaM NoTpeOyeTcs BeT o0bekTa U ero quddysHas

TEKCTypa:

floatd4x4 matrixWorldViewProj MATRIX WORLDVIEWPROJ; // MaTpuia MTOTOBaA
floatd4x4 matrixWorld MATRIX WORLD; // MmaTpuia MupoBad
float3 lightDirection LIGHTO0 DIRECTION; // HanpapJieHUE
float4  lightColor LIGHTO COLOR; // uset

float4 entityColor COLOR DIFFUSE; // uBer oOBeKTa
texture diffuseTexture TEXTURE 0; // TexcTypa

Jlns BBIOOPKU U3 TEKCTYPhl HEOOXOAMMO OOBSIBUTH COOTBETCTBYIOIIHI eii sampler.
Byzet ucriosib30BaTh TalI0BYIO aapecanuio TeKCTypHbIX kKoopauHat (WRAP) wu aHU30-

TPOIHYI0 (GUIBTPALINIO TEKCTYP C YPOBHEM 4X.

floatd4x4 matrixWorldViewProj MATRIX WORLDVIEWPROJ; // MaTpulla MTOTOBaH
floatd4x4 matrixWorld MATRIX WORLD; // MaTrpuila MMpoBas
float3 lightDirection LIGHTO DIRECTION; // HamnpasieHue
float4  lightColor LIGHTO COLOR; // uset
float4 entityColor COLOR DIFFUSE; // uBer oOBeKTa
texture diffuseTexture TEXTURE O; // TexcTypa
// onucweBaeMm sampler
sampler diffuseSampler = sampler state
{

Texture = <diffuseTexture>; // HpuBA3EBaAEM TEKCTYDPY

// ycTaHaBIMBaeM ampecaluio KOOPIVHAT

AddressU = WRAP;

AddressV = WRAP;

AddressW = WRAP;

// ycraHaBiuBaeM OGMUIIbLTPALMIO

MinFilter = ANISOTROPIC;

MagFilter = ANISOTROPIC;

MipFilter = ANISOTROPIC;

// ycTaHaBJMBaeM YypPOBEHb OMIILTpAaLNMA

MaxAnisotropy = 4;

i

Yo 3K, MBI OOBSIBIJIN TIEPEMEHHBIE, Teeph HEOOX0UMO OITHCATh CTPYKTYPBI BXOTHBIX
¥ BO3BpAIlaeMbIX JIAHHBIX IIeiiepoB. [l HAIIUX pacyeToB HaM HeOOXOJuMa MO3UIIHS
BepIINHBI (OHA HY)KHA BCerza), HOpMaJib (JIJis1 pacueTa OCBeIlleHUs) U TEKCTypHBbIE KOOP-
IUHATHI (711 BBIOOPKH U3 TeKCTypbl). TakuM 06pa3oM BXOZHAsI CTPYKTypa /sl BEpIIUH-

HOTO IIlefiyiepa OyieT UMeTb BH/I;
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struct VSInput

{
float4 position : POSITION;
float3 normal : NORMAL;
float2 texCoords : TEXCOORDO;

}i

Ha BbIXO7] BEpIIMHHBIN 1HIeliep OyAeT mepe/iaBaTh TPaHCGOPMHUPOBAHHYIO O3UIIHIO B
MIPOEKITMOHHOM IPOCTPAHCTBE, TPAaHCHOPMHUPOBAHHYIO HOPMAaJIb B MUPOBOM IIPOCTPAHCT-
Be (ee mpuieTcs 3aIUCaTh B JIOMOJTHUTEIBHBIN HAOOP TEKCTYPHBIX KOOP/AMHAT) U TEKCTYP-
HbI€ KOOP/IUHATHI:

struct VSOutput

{
float4 position : POSITION;
float3 normal : TEXCOORD1;
float2 texCoords : TEXCOORDO;

}i

ATy Ke CTPYKTYpy OyZleT MPUHUMATh Halll TUKCEIbHBIN IIeliep, KpoMe TOTo, OH OyZeT
BO3BpaIaTh IIPOCTO IBET ITUKCEJIA, 3HAUUT MBI HE CTaHEM O0BABJIATH HUKAKUX JOMOJIHU-
TeJIbHBIX CTPYKTYP I Hero. B utore Mbl MeeM cJieIyIOIUIN KOZ;:

float4x4 matrixWorldViewProj : MATRIX WORLDVIEWPROJ; // MaTpuila MTOTOBaH

floatd4x4 matrixWorld : MATRIX WORLD; // MaTpulla MUPOBas
float3 lightDirection : LIGHTO DIRECTION; // HanpasJieHUE
float4 lightColor : LIGHTO_ COLOR; // uBer
float4 entityColor : COLOR DIFFUSE; // uBeT obBeKTa
texture diffuseTexture : TEXTURE O; // TexcTypa
// omnmcreBaeM sampler
sampler diffuseSampler = sampler state
{

Texture = <diffuseTexture>; // OpWBA3LIBAEM TEKCTYPY

// ycTaHaBIMBaeM ampecaluio KOOPIVHAT

AddressU = WRAP;

AddressV = WRAP;

AddressW = WRAP;

// ycrTaHaBamBaeMm OUIIbLTPALIMIO

MinFilter = ANISOTROPIC;

MagFilter = ANISOTROPIC;

MipFilter = ANISOTROPIC;

// ycTaHaBJMBaeM ypPOBEHb OMIIbLTpaLNM
MaxAnisotropy = 4;
bi
// BxXOOHaa CTPYKTypa IJid BEPUMHHOTO Wenmepa
struct VSInput
{
float4 position : POSITION;
float3 normal : NORMAL;
float2 texCoords : TEXCOORDO;
bi
// CTPYyKTypa IJid pes3ybTaTa BEpPUMHHOTO leinepa
struct VSOutput
{
float4 position : POSITION;
float3 normal : TEXCOORD1;
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float2 texCoords : TEXCOORDO;
b

WTak, y Hac Bce rOTOBO, OCTAJIOCh HAITUCATh COOCTBEHHO CaMU IIekiepbl. BepIInHHBIH
meiiep OyzeT IpUHUMATh Ha BXOJI IaHHBIE B 00BbeKTe cTpYyKTYphl VSInput, mocie atoro
TpaHchOpPMHUPOBaTh Mo3uIluio Matpureii matrixWorldViewProj, tpanchopMupoBaTh
HOpMaJIb MaTpulieil matrixWorld u HopMabU30BBIBATh €€, 2 TEKCTYPHbIE KOOPAUHATHI
MBI IIPOCTO CKOMUpyeM (0OBIYHO HAJ| HUMH He IMTPOUB30AUTCSA HUKAKUX MAHUITYJISAIIIN):

VSOutput VSMain (VSInput input)

{
// OBBEeKT IJid BBIXONHEIX IaHHBIX
VSOutput output;
// TpaHcbopMUpPYEM IIOBUILUIO BEPIIMHEL

output.position = mul (input.position, matrixWorldViewProj) ;
// TpaHcbopMUpyeM UM HOPMAaJIM3yeM HOPMAaJib

output.normal = normalize (mul (input.normal, matrixWorld)) ;
// IepelriMCelBaeM TEeKCTYPHBIE KOOPIOVHATEL

output.texCoords = input.texCoords;

// BO3BpalaeM pes3yJibTaT
return output;

[TukcenpbHBIA MIelaep OyZeT TPUHUMATh HAa BXOJ JaHHbIE B OOBEKTE CTPYKTYPbI
VSOutput, mocse 3Toro 6yieT mpou3BOUTCS BhIOOPKA U3 AU(PPYy3HOU TEKCTYPHI 0OBEK-
Ta, PACCYUTHIBATHCA OCBEIEHHOCTh TOUKH (IS HAIpaBJ€HHOTO HCTOYHHKA OHA PaBHO
CKaJIIPHOMY ITPOU3BEAEHHUI0 HOPMAJIM TOUYKH HAa OOpAaTHBIM BEKTOP HAIIPABJIEHHS HUCTOY-
HUKa OCBEIeHUs]), U BBICUUTHIBATHCS KOHEUHBIA I[BET IIHKcesaa 1o QopmyJie:
IIBET_TEKCTYPHI * I[BET_00OBEKTA * OCBEIEHHOCTD * IIBET_MCTOYHHUKA:

float4 PSMain (VSOutput input) : COLORO
{
// nmeyaeMm BHIOOPKY M3 TEKCTYPH
floatd4 diffuse = tex2D(diffuseSampler, input.texCoords);
// pacuMTeIBaeM OCBEIEHHOCTb TOUWKU
float 1lit = dot(input.normal, -lightDirection);
// BO3BpamaeM pes3yJibTUPYOIMIA BET NMKCeJa
return diffuse * entityColor * 1lit * lightColor;

Tereps MBI UM€eEM CJIEAYIOITAHN KOJT:

floatd4x4 matrixWorldViewProj : MATRIX WORLDVIEWPROJ; // MaTpuila MTOTOBaH

floatd4x4 matrixWorld : MATRIX WORLD; // mMarpuila MMpOoBas
float3 lightDirection : LIGHTO DIRECTION; // HamnpapieHue
float4 lightColor : LIGHTO_ COLOR; // uBer
float4 entityColor : COLOR DIFFUSE; // uBer oOBEKTa
texture diffuseTexture : TEXTURE O; // TexcTypa
// onucwBaeMm sampler
sampler diffuseSampler = sampler state
{

Texture = <diffuseTexture>; // HpWBA3BBaAEM TEKCTYDPY

// ycTaHaBIMBaeM ampecaluio KOOPIVHAT

AddressU = WRAP;

AddressV = WRAP;
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AddressW = WRAP;
// ycTaHaBivBaeMm OQUIIbLTPALMO

MinFilter = ANISOTROPIC;
MagFilter = ANISOTROPIC;
MipFilter = ANISOTROPIC;

// ycTaHaBJIMBaeM ypOBeHb OMIIbTpaumnm
MaxAnisotropy = 4;
i
// BxomHasa CTPYyKTypa IJjid BEePpUMHHOTO mermaepa
struct VSInput
{
float4 position : POSITION;
float3 normal : NORMAL;
float2 texCoords : TEXCOORDO;
}i
// CTpyKTypa IJid pes3yjbTaTa BepUMHHOTO melnepa
struct VSOutput
{
float4 position : POSITION;
float3 normal : TEXCOORDI;
float2 texCoords : TEXCOORDO;
i
// BEPUWMHHBI WenIep
VSOutput VSMain (VSInput input)
{
// OBBEeKT IJid BBIXONHEIX IaHHBIX
VSOutput output;
// TpaHcbopMUpyEM [MOBUILUIO BeEPIIMHEL

output.position = mul (input.position, matrixWorldViewProj) ;
// TpaHcbopMuUpyeM UM HOPMAaJM3yeM HOPMAaJb

output.normal = normalize (mul (input.normal, matrixWorld));
// rneperiMcelBaeM TEeKCTYPHBIE KOOPIOMHATBL

output.texCoords = input.texCoords;

// BO3BpallaeM pes3yJibTaT
return output;

}

// TUKCEJILHBEI Welnep

float4 PSMain (VSOutput input) : COLORO

{
// menaeMm BHIOOPKY M3 TEKCTYPH
floatd diffuse = tex2D(diffuseSampler, input.texCoords);
// pacumMTHBaeM OCBEIEHHOCTH TOUKM
float 1lit = dot(input.normal, -lightDirection);
// BO3BpamaeM pes3yJibTUPYOIMI LBET NMKCea
return diffuse * entityColor * 1lit * lightColor;

Wtaxk, mpl Hantmcanu Ham nepsbiii HLSL meliniep. KoneuHo, OH He fieslaeT HUUYEro oco-
OEeHHOT0, HO 3TO JIUIIIH IEPBbIT IIIar.

TeMm He MeHee, B JaHHOM BU/JIE €T0 HEBO3MOKHO UCII0JIb30BaTh B Xors3D, mpuunHa To-
My — 4 pasfieJ, 0 KOTOPOM £ ellle He paccKasaJl.

O0baBienne TexHUK. Kaxapid ¢ain 3¢p@ekToB MOKET peaTn30BbIBATh KaK OJ/IHH,
TaK U HEeCKOJIbKO IIeiiepHbIX 3ddeKToB. /[ 3Tor0 Hcnoab3yoresa TexHuky (technique).
Kakzas TexHUKa B CBOIO OYepe/b COCTOUT M3 OJIHOTO MJIM HECKOJIBKUX IIPOXOZ0B (pass).
Kax/1p1il Ipoxo7| ycTaHABJIMBAaEeT CBOU IIENiepbl U PeHJIep CTEUThI, pacCMOTPUM OOIIU
CUHTAKCUC TeXHUKU:
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technique uMA TeXHUKU

{

pass uMs_npoxoza

{
}

// IIPOM3BOJIBHOE KOJIMYUECTBO IOOIIOJIHMTEJIBHEIX IIPOXOIOOB

}

HTak, TeXHUKa MMEET CBOE YHUKaJIbHOE UMs. BHyTpu 0J10Ka OOBSIBIIAIOTCS ITPOXOIBI
TexHUKU. OOBIYHO OH OJINH, HO B HEKOTOPBIX CJIYYasIX MOKET HCIIOJIb30BAaThCsI MHOTOIIPO-
XOIHBIA peHzilepuHT. KasKaplii mpoXo/| TaKKe MOKET UMEeTh CBoe nMs. B oTyimune oT Tex-
HUKH OHO He 00s13aTeJIbHOE U HUT/IE HE HUCIIOIb3YeTCs.

Teneppb paccCMOTPUM CUHTAKCHC CAMOTO MPOX0Aa:

pass mMA_npoxoza

{
// HeOoBXOIMMBIE PEeHIep CTEeMNTEH
PixelShader = compile mennepHasa Momesb OyHKUMA BEPUMHHOTO Lekmepa;
VertexShader = compile mernepHasa Momesb QyHKUMA NUKCEJBHOTO lermepa;

B mpoxoze BBl MOKeTe Iepeolpe/iesInTh Jio0ble peHsep creiitel. Kak npasuio, Haubo-
Jiee 4acTo WCIIOJIb3yeMble 9TO CTeUTHI ajibda-cMeluBaHus. [1o Tol mpuUnHe, 4TO peHED
CTEHTOB OUYeHb MHOTO M KaXKAbIH M3 HUX, KaK IIPABUJIO, IMEET HECKOJIbBKO BO3MOKHBIX
3HAUYEHUH, s He CTaHy MPHUBOJIUTH UX, MOJHYI0 UH(POPMAIIUI0 MOKHO MOJIYIUTh B JOKY-
MenTanuu 1o DirectX SDK.

Kaxk BUTHO /171 YCTAaHOBKH IIENIEPOB HEOOXOTMMO YKa3aTh BEPCHIO MIEHIEPHON MO/Ie-
JIY, 7IJ1s1 KOTOPOU OH OyZAeT CKOMIIMJIUPOBAH, a Tak:Ke UM QYHKINU Ieliepa.

JI71s1 BEPIITUHHBIX [IEHIEPOB JIOCTYITHBI CJIEAYIOIINE IIeHIepHbIE MOJIEJIH:

% vs_1_1 — [lepBas anmapatHo Mojjep:KuBaeMasi Bepcus Ieigepos. Hakiia-
JIBIBAET OIpPe/eJIeHHbIE OTPAHUYEHUs: 128 WHCTPYKIIMIH, OTCYTCTBHE JAUHA-
MHYECKOTO BETBJIEHHS, HEJIb3sl HMCIOJb30BaTh BHIOOPKY U3 TEKCTYP B Bep-
IIITHHOM ITIel/iepe, HeT MOJIJIEP;KKU aniapaTHOTO MHCTAaHCUHTA.
vS_2_0 — HaxsiagpiBaeT onpeseseHHble OTpaHUYEHUsA: 256 HMHCTPYKIIUH,
OTCyTCTBHE JITUHAMHUUYECKOTO BETBJIEHUs, HEJIb351 MCIIOJIb30BAaTh BHIOOPKY U3
TEKCTYP B BEPIIIUHHOM Illel/iepe, HET MO/IJIEPKKH alllapaTHOTO WHCTAHCHH-
ra.
vS_2_Xx — JIyia KaXKJ0ro BeHJ0pa 3Ta Bepcus ABJseTca crneluduIHOn, Mo-
3TOMY HEJIb351 OJTHO3HAYHO TOBOPUTH O €€ OTPAHUUEHUAX
% VvS_3_0 — HakiagpiBaeT ompejieJieHHbIe OTPAaHUYEHUA: 512 WHCTPYKIUH,
MO/IEPKUBAET JUHAMHUYECKHEe BETBJIEHHSA U BBIOOPKY M3 TEKCTYp B Bep-
IITTHHOM Iteiiepe (MaKCUMYM 4 TEKCTYPbI).
J1711 MUKCeTbHBIX MIEHIePOB TOCTYIIHEI CIIeIyIOIIye Iel/iepHble MO/
% ps_1_1 — HakmaawsiBaeT omnpejesieHHbIE OTPAaHUYEHUSA: 32 WHCTPYKIIUH,
MaKCHUMYM 4 TEKCTYPbI, OTCYTCTBUE TPAJIUEHTHON BBHIOOPKH U3 TEKCTYp, OT-
CYTCTBUE JUHAMUYECKOTO BETBJIEHUSI.
% ps_1_2 — Pacmupenwue 1.1, 100aBJIeHb HOBbIE (DYHKIIMU U yYBEJIMYEHO KO-

JINYECTBO UHCTPYKIIUH 10 64.

% ps_1_3 — Pacmupenwne 1.1, 100aBaeHb HOBblE (DYHKIIMU U YBEJIMYEHO KO-

JINYECTBO UHCTPYKIIUH /10 64.

% Pps_1_4 — Pacmmpenwne 1.1, 1o6aBjeHbl HOBblE (PYHKIIUU U YBEJIHMYEHO KO-

JIMYECTBO UHCTPYKIIUH 10 64.

© 2009 Xors3D Team. All Rights Reserved.
Crpanuna 32

e

%

o
25



“* ps_2_0 — HaxsazpiBaeT onpezieJieHHble OrpaHUYeHNuA: 64 UHCTPYKIUY, 32
WHCTPYKIIUU JJIs TEKCTYPHBIX BBIOOPOK, 8 TEKCTyp, OTCYTCTBHE JUHAMUUe-
CKOTO BeTBJIEHU

% ps_2_ x — ]Iy Kaxa0ro BeH0pa 3Ta BEPCUS SBJISETCA CIENU(PUIHOMN, TO-
3TOMY HeJIb351 OJTHO3HAYHO TOBOPUTH O €€ OTPAaHUUEHUAX

% Pps_3_0 — HaxkiaawsiBaeT olpe/esieHHble OTPAHUYEHUA: 512 WHCTPYKIIUH,

HEeOrpaHUYEHHOE KOJUUYECTBO MHCTPYKIIUH /I TEKCTYPHBIX BHIOODOK, IPS-

MOM JIOCTYT K ITO3UITNU TOYKU, HAJTUIUE JUHAMIYIECKOTO BETBJIEHUS

K coxxanenuto, Ha JaHHBIA MOMEHT IllelijiepHas MoZiesIb 1.X 0oJiee He TO/IeP:KHUBaEeTCH,
II03TOMY HeJIb3s HCII0JIb30BATh COOTBETCTBYIOIE KOHCTAHTHI.

Wtak, Ternepb Mbl MOXKe€M 3aKOHYUTH Hall 3@@dekT. OnuiiemM TeXHUKY U MIPOXOJ, I
peH/IepUHTra ¢ HalllUMU IielifiepaMu. byzieM HMcrnosib30BaTh MIEHEPHYI0 MOZEeb 2.0 JJIA
KOMITWJIAIIVN:

technique Diffuse
{
pass p0
{
PixelShader = compile vs 2 0 VSMain();
VertexShader = compile ps 2 0 PSMain();

Takum 06pa3oM, ITOJTHOCTHIO HAIl hai addekTa OyzeT BITJIAIETD TaK:

float4x4 matrixWorldViewProj : MATRIX WORLDVIEWPROJ; // maTpwuila uTOTOBadA

float4x4 matrixWorld : MATRIX WORLD; // MaTpuia MupoBasd
float3 lightDirection : LIGHTO DIRECTION; // HamnpaBJieHue
float4 lightColor : LIGHTO_ COLOR; // uBem

float4 entityColor : COLOR DIFFUSE; // uBeT obBBekTa
texture diffuseTexture : TEXTURE 0; // TercTypa

// omnucreiBaeM sampler

sampler diffuseSampler = sampler state

{
Texture = <diffuseTexture>; // OpWBA3LIBAEM TEKCTYPY
// yCTaHaBJIMBaEM ampecalMio KOOPIMHAT

AddressU = WRAP;
AddressV = WRAP;
AddressW = WRAP;
// ycTaHaBauBaeM OMJIbTPALIMIO
MinFilter = ANISOTROPIC;
MagFilter = ANISOTROPIC;
MipFilter = ANISOTROPIC;

// ycrTaHaBIMBaeM ypOBeHb OMIIbTpaLnmM
MaxAnisotropy = 4;
bi
// BXOmHaAa CTPYKTypa IJIS BEPUMHHOTO ekmepa
struct VSInput
{
float4 position : POSITION;
float3 normal : NORMAL;
float2 texCoords : TEXCOORDO;
i
// CTpyKTypa IJisS pes3yjbTaTa BEePUMHHOTO meinepa
struct VSOutput
{
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float4 position : POSITION;
float3 normal : TEXCOORD1;
float2 texCoords : TEXCOORDO;
}i
// BEPUWMHHBI WeIep
VSOutput VSMain (VSInput input)
{
// OBBEeKT IJid BBIXONHEX IaHHBIX

VSOutput output;
// TpaHcbopMUpyEM IOBULUI BeEPIIMHEL

output.position = mul (input.position, matrixWorldViewProj) ;
// TpaHcbopMUpyEeM UM HOPMAJIM3yeM HOPMAaJb

output.normal = normalize (mul (input.normal, matrixWorld)) ;
// TmepenmceBaeM TeKCTYpPHBE KOOPIMHATEH

output.texCoords = input.texCoords;

// BOB3BpallaeM pes3yJibTaT
return output;
}
// TUKCEJILHBIN mernep
float4 PSMain (VSOutput input) : COLORO
{
// menaem BHIOOPKY U3 TEKCTYPEH
floatd4 diffuse = tex2D(diffuseSampler, input.texCoords);
// pacumMTHBaeM OCBEIEHHOCTH TOUKM
float 1lit = dot(input.normal, -lightDirection);
// BO3BpamaeM pes3yJibTUPYOIMI LBET NOMKCea
return diffuse * entityColor * 1lit * lightColor;
}
// TexHuKa OJsa OTPUCOBKU
technique Diffuse

{

pass p0

{
VertexShader = compile vs 2 0 VSMain();
PixelShader = compile ps 2 0 PSMain();

Bce, OH MOJTHOCTBIO TOTOB /ISl UCIIOJIb30BaHUsA B Xors3D. B Toxxe Bpems oH 6e3 mpo-
6s1eM OyzieT paboTaTh ¢ JIFOOBIM JPYTUM JBHKKOM, 32 UCKJIIOUEHUEM aBTOMAaTHYECKOU ycC-

TaHOBKH KOHCTAHT.
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Yacrts 3. Ucnmosib3oBaHue nmieniepos B Xors3D.

WTtak, mocjaeaHss 4acTh ypoka OyieT NOoCBsAIleHa HeloCpeICTBEHHOMY HCIIOJIb30BAHUIO
metiziepos B Xors3D.

[Tocsie TOro Kak MbI HaImMcaJaIu Hall 3QdeKT HaM He0OXOUMO 3arpy3UTh €r0 B IBHIKOK.
Jloist aT0 mcnosbayeres pyHknus xLoadFXFile(), koTopas mpuHUMaeT B KAYeCTBE €UHCT-
BEHHOT0 apryMeHTa ITyTh K ¢aity ¢ 3hdeKToM U B cIydae YCIEeNTHON ero 3arpy3Ke U KOM-
NWIAIUY BO3BpalllaeT yKkasaTeslb Ha HOBbIN addekT. Hanpumep:

newEffect% = xLoadFXFile (“myeffect.fx”)

ITo mpuYMHE TOTO, YTO CTapble BUIEO0 KAPThl MOTYT HE IO//IEPKUBATh HEKOTOPHIE BO3-
MOKHOCTH M, COOTBETCTBEHHO, He Bce 3(pdeKThl Ha HUX OyAyT paboTaTh, UMEETCsA BO3-
MOXKHOCTh IIPOBEPUTH BO3MOKHOCTH BBIIIOJTHEHHS OIPEIEIEHHOM TEXHUKH Ha TEKYIeM
obopynoBanuu uepes pynkmuio xValidateEffectTechnique():

If Not xValidateEffectTechnique (newEffect, “SimpleTechnique”)
RunTimeError “JaHHas TexHMKa He nonmepxmupaercs’”
EndIf

1715 OTpUCOBKH 00BEKTa C olpeseeHHBIM 3 PeKToM HeoOX0AMMO HAIO0KUTh €ro Ha
00bexT. B Xors3D ecThb BO3MOXKHOCTH IPUMEHATH 3P (PeKThl KaK K OTAeJIbHbBIM IIOBEPXHO-
ctam (surface) oObeKTa, Tak U KO BCEMY OOBEKTY IIEJTUKOM, B IAaHHOH CTaThe MBI PACCMOT-
pUM pabOTy TOJIBKO C IIeJIBIM 00BEKTOM, HHOPMAITHIO O paboTe ¢ OT/eIbHBIM IIOBEPXHO-
CTSIMH BBI HaliIeTe B JOKyMeHTAI[UH.

Wrak, apdekT HakiIapiBaeTcs Ha 00beKT npu nomoimu ¢yHkiuu xSetEntityEffect().
ITpu sTOM 3dPekT OyneT HAIOKEH HA BCe IOBEPXHOCTH 00BEKTA U cTapble 3(pdeKThI OyIyT
y/laJIeHbL.

xSetEntityEffect (myEntity, newEffect)

ITpu sTOM Oy/IeT MpPOoU3Be/ieHa CBSI3KAa KOHCTAHT Ieiiepa ¢ MOAAePKUBaeMbIMH aBTO-
MAaTHYEeCKUMU CEMAaHTUKAMU.

Jlasiee HaM HEOOXOIUMO OIIPEIETUTh TEXHUKY, KOTOpast OyZEeT UCIIOIb30BAThCA JJISl OT-
pHCcOBU 00BEKTA, AestaeTcs 3To pu nomoinu GyHknun xSetEffectTechnique():

xSetEffectTechnique (myEntity, “SimpleTechnique”)

®dyHKIMU yKa3bIBaeTCsA OOBEKT, JIA KOTOPOTO HEOOXOAMMO YCTAaHOBUTH TEXHUKY, U
M 5TOU TeXHUKU.

Kak y:xe ObLJIO CKa3aHO, KOHCTAHTHI C MOJ/IEPKUBAEMBIMU CEMaHTHUKaMH OyyT ycTa-
HOBJIEHBI aBTOMaTU4ecKU. [1711 Bcex ocTabHBIX HEOOXOAMMO IepeiaBaTh 3HAUEHUS BpYyU-
HYI0, BOT IIOJIHBIN CIIUCOK JOCTYIIHBIX (DYHKITUI:

% xSetBonesArrayName — ycraHaBjuBaeT UM MacCHMBa MaTpuI], B KOTO-
phIii Oy/IyT TepeZlaHbl MAaTPUIIbI KOCTeU /IJI peaiu3aliui CKeJeTHOU aHuMa-
MU Ha IIeniepe

% xSetEffectBool - ycranaBiuBaeT 3HaueHHE JIOTUYECKON IlepeMeHHON
nenziepa
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¥ xSetEffectEntityMatrix — ycranasimBaeT MaTpully. B kauecTBe 3HaUeHUsI
HCIOJIb3YeTCA azipec MAaTpUIIBI, IIOJIy9eHHBIN pysKIIUAMU
xGetProjectionMatrix(), xGetViewMatrix() u xGetEntityMatrix()

% xSetEffectEntityTexture — ycraHaBIUBaeT TEKCTYPY, B3SATYIO C 33ITaHHOTO
cJ10 00'BEKTA

% xSetEffectFloat — mepesaeT B melepHyIo IIepeMeHHYI0 3HAaYEHHE C TUIa-
Balolllell TOUKOU

% xSetEffectFloatArray — mepezjaeT MacCUB 3HaYeHUU C IIJIABAIOIIEA TOY-

KoM

% xSetEffectInt — nepeziaer B nepeMeHHYyI0 IIeliepa 1eJI0UNCTEHHOE 3HAYe-
HUe

% xSetEffectIntArray — nepesaer B Iieiiiep MacCcUB I[€JIOUMCIEHHBIX 3Ha-
YyeHu!n

*
°e

xSetEffectMatrixArray — nepeiaer B Ieiiep MacCHB MaTPHII
xSetEffectMatrixSemantic — npuBs3bIBaeT K MaTPUIIE IIeHiepa onpeze-
JIEHHYIO CEMaHTHUKY /IJIsI aBTOMaTUYECKOH Iepe/laun 3HaYeHUs
xSetEffectTexture — nepejiaer B meniep TEKCTyPY
xSetEffectVector — nepejiaer B 1meiiiep BEKTOp
* xSetEffectVectorArray — nepejiaer B Ieiiiep MacCUB BEKTOPOB

Bosiee mosipo6HyI0 nHGOPMAIUIO O KXKA0HW (DYHKITMU BbI MOXKETE HAUTH B IOKYMEHTA-
18778

Pome TOrO, BB MOMKETe yAaJIUTh 0OoJjilee He HY)XHYI0 KOHCTaHTY QYHKIUeH
xDeleteEffectConstant(), 00 IIOJIHOCTBIO YHAAJIUTh BCE KOHCTAHTBHI (YHKIIHEH
xClearEffectConstants(). Cam addekt moxeT O0bITh yianeH ¢pyukiueii xFreeEffect().

*
°e

5

S

X/
o®

L)

>

X/
*

xClearEffectConstants (myEntity) ; yoajigeM BCe KOHCTAaHTEH
xSetEntityEffect (myEntity, Null) ; yOwpaem c oOBekTa Menmep
xFreeEffect (newEffect) ; ynanseMm sobdexT

Ta BeIrIAANT pabora c meiiepamu B Xors3D. Teneps paccMOTpUM Bce 3TO Ha MIPAKTHU-
ke. Hanumem nporpaMmy, UCIIOJIB3YIONIYIO IIeli/iep, HAIMCAHHBIN B MIPeIbIIyIIel YacTu.

A He craHy paccMaTpuBaTh CO3J/IaHUE OCHOBBI NpuMepa (MHUIMAIU3AIUI0 Tpaduye-
CKOTO peKMMa, CO3/laHue CIIEHBI, yIIpaBJjIeHNe IepeMeleHrneM kamepsl). [IpuBesy sumib
€ro KOJ:

; TommouaeM 3aTOJIOBOUHBIM (Qanil
Include "xors3d.bb"

; YcTaHaBJIMBAEeM MaKCHMMaJIbHO MNONOEPXMBAEMEIM YPOBEHL aHTMAIMACKHTA
xSetAntiAliasType xGetMaxAntiAlias ()

; YTCHaBIMBaEeM 3ar0JIOBOK OKHa
xAppTitle "Lesson 01"

; VHMUmanmusupyeMm Ipaduxky
xGraphics3D 800, 600, 32, False, True

; lpdueM KpPCOP MBIV
xHidePointer ()

; BriiouaeM crjaxmBaHMe
xAntiAlias True
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; CosmaeM kamepy
camera = xCreateCamera ()

; YCcTaHaBIMBAEM €€ II03ULUI
xPositionEntity camera, 0, 0, -10

; CosmaeMm kyO
cube = xCreateCube ()

; BarpyxaeM TeKCTypy
logoTexture = xLoadTexture ("media\logo.jpg")

; YCcTaHaBJIMBAaeM CJIyUaVHBM LBeT s Kyba
SeedRnd MilliSecs()
xEntityColor cube, Rnd (0, 255), Rnd(0, 255), Rnd(0, 255)

; HaxkinapeiBaem ee Ha KyO
xEntityTexture cube, logoTexture

; LIS MCIIOJIb30BaHMA 0030pa MHIILID CTABUM KypPCOpP B LEHTP
xMoveMouse xGraphicsWidth() / 2, xGraphicsHeight () / 2
mousespeed# = 0.5
camerasmoothness# = 4.5

; coszaeM MCTOUHMK CcBeTa
light = xCreatelLight ()
xRotateEntity light, 45, 0, O

; TJlaBHBEIM LIUKJII
While Not xKeyDown (KEY ESCAPE)

; YhOpamBJieHVEe KaMepown

If xKeyDown (KEY W) Then xMoveEntity camera, 0,

If xKeyDown (KEY S) Then xMoveEntity camera, 0,

If xKeyDown (KEY A) Then xMoveEntity camera, -1,

If xKeyDown (KEY D) Then xMoveEntity camera, 1,

mxs# = CurveValue (xMouseXSpeed () * mousespeed,
mxs, camerasmoothness)

mys# = CurveValue (xMouseYSpeed () * mousespeed,
mys, camerasmoothness)

camxa# = camxa - mxs Mod 360

camya# = camya + mys

If camya < -89 Then camya = -89

If camya > 89 Then camya = 89

xMoveMouse xGraphicsWidth() / 2, xGraphicsHeight() / 2

xRotateEntity camera, camya, camxa, 0.0

~
=

O O O o
~ 0~

|
o

~
(@}

; BpamaeMm ky©O
xTurnkEntity cube, 0, 1, O

; Pucyem cueny
xRenderWorld ()

; OTobpaxaem
xFlip ()

Wend

; g o630pa MBIUBKD
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Function CurveValue# (newvalue#, oldvalue#, increments)

If increments > 1 Then oldvalue# = oldvalue# -
(oldvalue# - newvalue#) / increments
If increments <= 1 Then oldvalue# = newvalue#

Return oldvalue#
End Function

PESYJIbTaT BBIIIOJIHEHHUA 3TOT'O KOJA BbITVIAAUT TaK:

Puc. 19. OmobpadiceHue obvexma 6e3 wetidepa

YTo 3k, COXpaHUM HaIl 1ensiep B ¢ait simple.fx u momectum B nmanky media. Tenepsb
3arpy3uM €ro OTTyja:

; BarpyxaeM wennep mu3 bania
effect = xLoadFXFile ("media\simple.fx")

Z[aﬂee H€O6XOI[I/IMO HaJIOXKHUTDH €TI0 Ha Halll Ky'6, ITPOBEPUTDH BO3SMOKHOCTDb BbIIIOJTHEHUA
TEXHUKHU K YCTAHOBUTD €€:

; HIpOBepsSeM TEXHUKY
If Not xValidateEffectTechnique (effect, "Diffuse")

RuntimeError "TexHMKa He nommepxmupaeTcsa"
EndIf

; HakJIAIHBaeM lMeraep Ha OOBeKT
xSetEntityEffect cube, effect

; YCTaHaBbJIMBaeM TeXHUKY
xSetEffectTechnique cube, "Diffuse"

BoT cob6cTBeHHO U Bee. 3ammycKkaeM IPUMep U BUAUM... Ty:Ke KapTuHKy. Ho Teneps 00b-
eKT pUcyeTcs ¢ IIeHJiepoM, YTO IO3BOJIAET HAaM IIOJIHOCTHIO YIPABJIATH €r0 OTPUCOBKOM.
JlomycTHUM CTPOKY BO3BpallleHHUs I[BeTa 00hEKTa MOKHO U3MEHUTDH TaK:

return (diffuse * entityColor * 1lit * lightColor) * 3.0f;

U B pe3ysibTaTe yCUIUTh APKOCTb OOBEKTA.
Harocsie/iok mpuBey IMMOJTHOCTHIO KO/ IpUMepa:
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; TomnmouaeM 3aTroOJIOBOUHBIM (Qani
Include "xors3d.bb"

; YcTaHaBJIMBaeM MaKCUMaJIbHO HO,H,Hep)KMBaeMBIﬁ ypOBeHb AHTMAaJIMaCVHTIT'a
xSetAntiAliasType xGetMaxAntiAlias ()

; YTCHaBJIMBaeM 3aT'OJIOBOK OKHA
xAppTitle "Lesson 01"

; VHnumanmsupyem rpabduky
xGraphics3D 800, 600, 32, False, True

; llpdgueM KpCOp MbBIIN
xHidePointer ()

; Bkilouaem cIJlaxmpBaHue
xAntiAlias True

; CosmaeMm kKamepy
camera = xCreateCamera ()

; YCTaHaBJIMBaAeM ee IIO03ULMI
xPositionEntity camera, 0, 0, -10

; Cosmaem kyO
cube = xCreateCube ()

; 3arpyxaeM TeKCTypy
logoTexture = xLoadTexture ("media\logo.jpg")

; YcTaHaBJIMBAaeM CJIyUaMHBM LBeT IJid Kyba
SeedRnd MilliSecs ()
xEntityColor cube, Rnd(0, 255), Rnd(0, 255), Rnd(0, 255)

; HaxkmnageiBaeM ee Ha KyO
xEntityTexture cube, logoTexture

; g mMcnosb30BaHMAa 0030pa MHIILD CTABMM KYyPCOP B ILEHTP
xMoveMouse xGraphicsWidth() / 2, xGraphicsHeight() / 2
mousespeed# = 0.5
camerasmoothness# 4.5

; cos3maeM MCTOUYHUK CBeTa
light = xCreatelight ()
xRotateEntity light, 45, 0, O

; BarpyxaeMm mennep mu3 odbania
effect = xLoadFXFile ("media\simple.fx")

; HNpoBepdAeM TeXHUKY

If Not xValidateEffectTechnique (effect, "Diffuse")
RuntimeError "TexHuka He nommepxuBaerca"

EndIf

; HakJamelBaeM lenmep Ha OOBeKT
xSetEntityEffect cube, effect

; YCTaHabBJIMBaeM TEeEXHUKY
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xSetEffectTechnique cube, "Diffuse"

; T'nmaBHBIM LIUKJIT
While Not xKeyDown (KEY ESCAPE)

; YHOpaBJleHME KaMepou

If xKeyDown (KEY W) Then xMoveEntity camera, 0, 0, 1
If xKeyDown (KEY S) Then xMoveEntity camera, 0, 0, -1
If xKeyDown (KEY A) Then xMoveEntity camera, -1, 0, 0
If xKeyDown (KEY D) Then xMoveEntity camera, 1, 0, 0
mxs# = CurveValue (xMouseXSpeed () * mousespeed,

mxs, camerasmoothness)
mys# = CurveValue (xMouseYSpeed () * mousespeed,

mys, camerasmoothness)

camxa# = camxa - mxs Mod 360
camya# = camya + mys
If camya < -89 Then camya = -89

If camya > 89 Then camya = 89
xMoveMouse xGraphicsWidth() / 2, xGraphicsHeight() / 2
xRotateEntity camera, camya, camxa, 0.0

; Bpamaem ky©O
xTurnEntity cube, 0, 1, O

; Pucyem cueny
xRenderWorld ()

; OTobpaxaeM
xFlip ()

Wend

; Iig o630pa ML
Function CurveValue# (newvalue#, oldvalue#, increments)

If increments > 1 Then oldvalue# = oldvalue# -
(oldvalue# - newvalue#) / increments
If increments <= 1 Then oldvalue# = newvalue#

Return oldvalue#
End Function
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