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HEAFTHT G 0. BRI A AN LXK EME, BEWMIRNE, eRMRE. KiJedH
Al Alice Peters'3ZEEF 5] 28, 31X — Il H ALV et LA .

VF 22 005 ) [F] o AR 1 orike AT E AR B R Bt L, A B e L
ETRSEHMEFAN LS. Zi#fMarshall RobinflCarlos Gonzalez-OchoaX} i 4 — & 145 5
W, [FIBEREIPAL-Kristian Engstad % 5 1) 307 & N AR AL 1. 1682 2 W Christian
Gyrling®f A5 JUAS T 5 1) Je i3t BEF)E — = (ZhE 2l LKz —). B & A T
A BN RS HIE T AT 51 ¥ R G, O A BRI R Rl 2 3 2 L Keith
Schaefferf 12,177 11 5¢ T 1) BN i AR 52 i 1R JR a6 k).t 22 2 i 21 FL T Paul Keet M1 2514
KMidwayfJSteve Ranck (fth/& “Hydro Thunder” Wi H f13 TR ZHkME T, B8R
TR BERES S AL, (HATUARTE G0 [ LA — TN N &

XA A B =AU B RAE 0N R E B R IRFE (Information Technology Pro-
gramme) AT R IR “ITP-485: k5] % 4ifE (Programming Game Engines)” [
Ead, RXITRBPIECEHZ 7 EZAZ3F. i Anthony Borquezl® +:, 1E & 4 & 5

BT Alice PetersfRAPFEHIRIEA K Petersfilii A2 —.
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E AR R R, BEE R IT RITP-4851X [ TR FE. 70t 22 22 i B0 7E A0 5L FE &2 W Ashish
Sonigk L3 M S IR £ K FRITP-485,

i BT R AATHY A Wr st Jily, A3 AlATT 8 AE RS AR I R A 2 A AN L T
IR F ) N T Tracy Lee. /N5 FDoug Provins. W3 %WMatt Glenn, LA IRATH)
1 A Kim ClarkflDrew Clark. Sherilyn KritzerflJim Kritzer. Anne SchererfMichael
Scherer. Kim WarnerflMike Warner. fEFK/DAER, 43EKenneth GregoryH | — AKX Tk
ST, R AESER S k. Xk AR, JOK I HR R, R )
JErica Gregory, —#B4r/e R M RF A BHRE FX—WH, —& 02K 97N,
WAEP TIRZ LML B FREENZAR, ROEERYS (ULET LRS- A3 ek
B e E T

)5, FRIEZ U Alice Peterss Kevin Jackson-Mead % A K Petersfi g it TN H A
BB RS 1. RARE LA LS Alice Ml Kevin TAE, OB A T7E IX A KA iR R HF
w LAE, FFZ2 A4S T BHAEE 10 TR oo

Jason Gregory

200944 H
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T

i

152 5ip

FE197T94E, ZEHIRMG T NEPE — QR EV——=3KFK (Mattel) 2 )8 ) Intelli-
vision', X “Uik 5% (game engine)” —ialIEE H . HEEE, ZEUREANSANHE
TR A HLIERR (arcade game) HAZHrE M, AR ) BCRE A A8 2 Sy 6 Ui x4 i) 1T
FJ20084F, YR C& BN EEACGE TN ER N, Tk T IUEIE I KA, Uik
FENERAN D T 47 3 3. X LEHLI To AL AN FE I = 4EUE Rt 5, # e R 51 BB IR B, Uik T
%, Hid Software/s F3f)Quake X Doom. Epic GamesA & HIE4] (Unreal). Valves &
fISourceds, #f L AR M SEBE DI REI AT AT KB AF. ) i AT DU Ee ik 5| 2 1 42
B X e 5 R LA AT e A2 G 2RI K.

BRSNS B 25 M SEIAS T- 22 /30, ABTCIR2 v AT EAUE 51 %, &2
AAWIAHEGIEE, FREIH — SR R LT A B G 8 & A — 4% WLz O 4
i, BlbnyEge s, Rl P, ShiE RS, SRS, Bkt A R, N TR
RGE, XS AF T UG B — e AR ) W T T 5

Yilala Vr 2 R Sk 0 1 R o) BEE, WOy, 7 = 4EEE 7 A R IR 7
RIEE HA L, 2R EARSR S 18T, R4 81, HEHF HRIKRE—4F
1, Rk A T R BOIAE R O B & A AT E AR, B S e B X
R EIRBUER T LR T 5

MAFS T, B e S BILL N N2

o LNAAT BEAA Tl 2 A= 7= e 7 | 5

o IS R TIT K BB EFEH LA st

YRR Intellivision A 13— 31661 BT WAL, HAEREMBMA AN (Famicom) & F 44,

297 SO multi-billion, EVAHZ. EARYE 2 E IR R B AF 2 B0k, 20084F 2 ] 1 T 5L K H A0 T ek 31 1o 4
B11TAL%ETT, FIL B IE.

SPEVE: WAk A TFlid Software# FHiffidIfAFidentity (E{5) Blidentifier (FRIRFF) M8, 0L fh 1 GHEHE B AORS 102>
Bregdieh, Rsh =005 A (Gd) HIE (ego) S (superego) Z = idIREBKkidR % Tk, MAEEL D.




o AWRLL 7 R G M BT AN W BLTE LT B Uik 51 2
o MANFETRANMIAIT K,
o AL RA Gk R M B BARFEAR T IS, AL T RS0 o S k2 2 Bl L A 57 2%
[liRza3niB
o ST 10 FAL T b
TERHRRATE S5 S — AT AR 5 2R N Is e, B wh 2 B L) it —ue s
Z & EE (middleware) 1, #iHavok¥HEFE. OGRETE LS| % 2 Rad Game ToolsA H)
1) Granny —4EAh | J LT E B T 246,
EIERTFG 21T, AT MR T 208 sk, RO HURBL A AR i) — e 15 [
IE\W @Aj:é’
o WHRERA ZERI RN B AR AE SRR B X 3

o MLE H (configuration management). FX A% il (revision control) A& 4 Al R 4t
(build system)s

o HHMHIC/CH4IF R — K Visual Studio——H155 "] K E55.

A BB R C++ (BRI K E Pk mIEE S ) AR B E, JFa &
FARBA TRRE, [N, Wisis e bR, =458, B =M%
ERANAEFATER— A OIS, 3 RIFRE 1A — Lo SCI B SR IR 25 A (14 5 A
oo EEAEE, AP EERXENE, BRIELNSH RIS,

1.1 SRR FPARY 254

TE TG B AT AR 51 B8 2 |/, S B H — T S B R A B9 N S B iR T AE
% (game studio) M H HENFEA LI N R E, 3 T (engineer). ZIARRK
(artist)s VXK TTIT (game designer). #HlfEAN (producer) MK HAREH/F AR (T
FRI R, B BB HOR SR AT, AN AT 2 A3 LR IE— A

.

1.1.1 T3P

AR TE I SC B A, ek k THRAR LIS T, ARHE, TR AWK ST
/7 71 (runtime programmer) AT EBFEF I (tool programmer) o ZATHFET G i1 5



L1 SR xR A B B 45 5

B AL THRBEF ARESL TR, (BEANHEA, DEgmBING TIEKE. 8
ATHE/ TR TRIMES A K. G TREMAETNM AEE R B3R —M5 % 25, &
WEge. N TR RE. & e /B, A TR EE TR (gameplay) HHIA Y2
(scripting); WA~ TREITERRFZ IR, TAKKOIFERLPR FEAI®; &F
e TRENT 2B A (generalist) , 1A, BENATH & HAS[E 1] @,

FIR TAEINA R FE SR T HE ARSI M. tbhn, B LM (lead engineer) 7%
vt e gm S ARS,  {E R I B B 28 A BA T (] %, FF o g 0 H AR AR 7 7). M T
TR R, B CARIME Rt B B T &,

HLENF WA M Z M HE AR (technical director, TD) , 457 W = )2 1 W&
—ANEEZANIH, ORI BB BARME L SRS RS, e TER
A e — AN TR SR Rt = R, X2 S BORE (chief technical officer, CTO) .
CTORPIEAN TIEERMH AL, FFEAT AR 1 EEITEIRS.

1.1.2 ERX

BRI 7 “PHANT Ccontent is king). ” ZIARGUE Sk A YT P4 25 )
PR, TR P 20 R RS e BRI, R R T MR — F S ARF AR 4

o BWERZARZK (concept artist) i ZHHELL 1, Lk FIBA T MR 10 Pl e 4 T 3 1%
MERF I TAEME TR K NS B, — M 7RI B BN A8 iy Ji B B 4k 2248 4T
FEARIE T WER S I B SR B o 2 AN o] S G I S 2R (concept art Do

o —H#EEMEIT (3D modeler) AUEAK S BT A FA I /E = 4 JLATREAY, XK fid
WEEM AW B St EMET (foreground modeler) M1 5t #T (background
modeler) 6, HisEBINASTHIEDA. AT, FA. RE LTINS, W
R BTN EEE S S U (e, @7, RS,

o GIBZARZK (texture artist) HIFEFNGIE (texture) M) iR, X ELOUH A RN
5 2y - R bl O D B D) 1 R N R S R

o KTSUH (lighting artist) A B JExk it ) FS MR, Jr@Ed g, . SLE
TS BEE, INREE NI 5 1B S .

“¥TE: Gameplay UF(EHRILE, ATBLME.

SR A7 E LU Y i (gameplay programmer, GPP) 5| #F2/7 i (engine programmer) X4, AN\

KIIETLHENN (engine engineer) HIHRME, FLCEHLEHII.
SR NN REMIT (level modeler). M #f (environment modeler) BikREAR BT (level artist).

TR BT A A R B R (AR E R R TAE T S AT AR AN B (B AN S i R A ), BTUMRZ
AT ML A AT (character modeler) EFRAMAEEARE (character artist).
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o FNETH C(animator) A H A RISV, (7 2) i B 52 #1772l
PRI R, Zhm 7 06 5. (H2, ks i 2B — SRR i B 158, DARIERY
R T R ) 3

o BNEFHIEES (motion capture actor) $EHt—LEFIGHIBNMER AR, X LL I 2 th 2 i)
IR S, BT

o FXULITIM (sound designer) 5 TRENEHAAE, HIE IR A WA HI& L Ko

o BLEIREY (voice actor) Ak lL &

o {EBAZR (composer) NIFKEIMEH Ko

WA AR, SR SR A R 2 OB . — 23 — AL (L EAR BB
(art director) , MAITRFAMEARE, MFTIEHEBEANTRIIER RS, FHYERF A B
U AR I — 2.

1.1.3  EItUm

T B THIT (game designer) 37T THFIUR RIS HANES 73, X HB 73— MR NHERK M-
ANFEFPE AR BT, AR AEFE W TR AL (—BONBHRID R THImE 2
MZTH FBCE R F 2 BRI R BRI Do s 2k B bR, HAh e s v )i i
E J FOLTE R T T B9 A 0l o6 R B B TAE, 9 an i e MRS Hb i o> BN B s 2

AN W W T R AR AR R I T I 2 7E R R 12 bR xR M R
(gameplay engineer) K% A1E. WA BTHITE TAEMH &, A4 EEEHE L3y
WERR I B2

A LR A S HEE — A2 a 2 A ESR (writer) o WEXRAE FZATH LAEVEBEIR v, 1,
HRIRIER TN AR EH F 4, DL TS )X 1.

) AR AR LML A0, A S BRI AR T T2 47 ST ER AT RA. 1R 223 Xk T A i
WM (game director) —HH, ST BRI OSANTH, TEEVEBERS A1, FEORIESF
ALV RV I B LT AEBEAN R A A — B, BIR AR S TH A I 2 347 A I E N

1.1.4 HHEA

AR TR, $HfEAN (producer) HIMEBARHMF. ALEHRAF, HIENRTT

SPETE: VERR AN Bl R ) SR R AT, W A Bk [ LB SR B N. R BB M R SR Bhim i B R BARGE &
JIT LA B i AR AN B i B AT T AN
PR —MRESR R (level designer).




1.2 R4 7

IR, JERIN I RIFEE IR DT, ALl a m] B, 7R N £ 2 BRI R &
T A, A LR TARE, ZREIME AT A RIS T O B, 5, T
WK ZRIFRARN. AU TAESEELEEBAHMEN GIUAB LS (Naughty
Dog) 2Ad], JLFHA R, GIEMAEER, #EESSHREIE, TAEEERE A
H 7 RIBNE B TAE S A A $ 55

1.1.5 HtTIEAR

PRI e BN W 5 2 — SR B B SR BN, B TAR AT EUE BRI, 35K
RIBIA (—A ST A BB R KB, ATBON 53 RITH . TTHST] 4157 A B A B
KW 22 S e B, R PEBOR S FF

1.1.6 RITARIIE=E

TR T S SRR i A o8, EH H&Z1TE (publisher) 5%, AR TF K& Ui 4% 1)
TAEREARY., KITREE & RKeN, B2 (Electronic Arts, EA), THQ. #EHE i
(Vivendi)» ZJE (Sony). fEK% (Nintendo) Z5. 1RZ Uik LIEEFARE T EAT
P, XL TAE S EAATHRIAE ek, Sean i S5 P RAT R, b — S TAEE RS —K
1T E M AREARAT B ek, HE X0 A2 B2 K RAT &R, B2 M N KATH 2R ME R
TAF. Hlan, THQMUE TAE = AMALEIER, (HTHQIA XL T/EZE, FHXENH
RAWIERIN. ZHEH—2, EEREHHTETEE. 7, F—FFELE (first-party
developer) sEfRVFR TAE=E HERE TR ENAE7H (RJe. AERE. FHO. #ila, m
B2 B — T R R X8 AR = M 5y BEA w] R IR A A2 o A i 2K o

1.2 iEXREfa

AR R4, BANANZRECE B QAR BB B . U7 — 1z 48 8K i
* (board game), WIRMHA (K'EFH (Monopoly)); ACHLFK (card game), IR A
(poker) Al —+—r (blackjack); W7k (casino game), WHEHE (roulette) FIZEHL
(slot machine); ZFEH G (military war game). THHENLIFRR. Z AT —EITEKI L Fh
WS FAR LA “HEi8R (game theory)” , BER&TEIE—N BRI RN HELL T,
ZNMHN (agent) FEFEMIE AR, LUK B S H & e KA. FEWERFENL LT AL R
FIIEEE A, YRR — A 2 A RAT B v BRI — A S 4R R S, Do ] DL A



8 F1E SR

Vi, s, (2 —FER K R AR — 2 T A R, W1 (B (Pong)). (HZ
N (Pac-Man)). {K&MN| (Donkey Kong)) %5.) 1 (IR IE: Pkt 15 4 vk M)
(Theory of Fun for Game Design)) —1iH, F7K-BHER: (Raph Koster) xR E LA—
ANEBRSR, NI IR M AW PR, Do i A Rel o ) MR 2 k[ 26]. B
R iy U 2 ) RS AR AR B SRR (fun). X IEQNAr —/NEIER, KBUH AP RS, B
158 R — B A A AR 15 A R —

ETAREE, RIMSERHRIFERN — DT, 78 B0k b =4k sl =48 &
HHRH, FAELEMIIE (A~1610EA). A5 R/ 09N 25 a] LA 2 BB
HIFlashiif x4k, 2l iiexk (i (P e (Tetris))) BRI 2 ANTELLNF K (massively
multiplayer online games, MMOG ), {HFRATFEE P — 2Lk 5] 2, XLk 5] n]
PLASRIF RS — ANFRIt . S = AFRBE 1 Uk TR+ HIiE Rk

1.2.1  BEFRERAE A SKETR L

K e sl = 4EM LTI, W ENLR 2 X PR NERERT (soft real-time) E T
(interactive) ETFKIE (agent-based) THEHHIRHL (computer simulation) K. LT,
TA XA A PRIt ie, DAMEER .

FERF o ek, %7 Aok — SR sett 7 (8RR MTEgIIR
(model) , MK LRI GELETH EHLH ST, R, FRATA AT eI A 1 Brfr 4i
A1, B BE R B e (quark) BUFRSE, P DL Se R R L B S sl AR Gt B ] Ak Bl
IERARRAS. WA b, a2 I se el i 40 i S R L. itk Capproximation) AfEj 1k
(simplification) AW KE BA WP TR, FHEemwizH e, siE£2— MK
BRI, WReAEFE RIS, MEFRE, TR R H R LIS 2

ETREELZIE, BEhZ2 MWLk FORED —EBH8). WAREFEEFTE=
e TR RIR, Wb B A, kIR, BTSRRI vAREE. BT ORI i
A HE T ARBLRIAST,  fr L2 Bl sk T 4 R (object-oriented ) SAili &, S5
MHIZET X% (object-based) ZmffiEs, WALNE T .

Bt A B2 B i %k B 2 B (B M 42 #l (temporal simulation), B i xk t 5 & sh 73S B9
(dynamic) B A T R S AN R R T, Ui PR A B A I TA) 2R i X A 0 20 [
RN KL N, IX EE N 2 TR A B AN 0] TR AR, DRI A 330 BH Ve X% 2 B Bt [8) P AR 4L
(interactive temporal simulation). /&, ZZFRSRESIERAME, FS2 [A] N Do 5
N, IXAF VR AN B SERT4E L (interactive real-time simulation). &3 B = 1 J& — L5 (A
AR, WAL G R AR S SRBE R, R, IR R R 2 1) B P AR




1.2 WA A 9

AR SE B 7 5t (graphical user interface, GUD) » KIIETABRIE R, #
BT LTk 22 /D # o — e S R i

BIPR (deadline) P LI BELAIZOBES. ER Tk, BRI T2 ZE5RER
BEFD fie /0 HEORN 2400, LARGE B B A 2. OB 20T Xk 2 LA AP 30860y FA) 441 4 I G i i,
A 3% A NTSCHil) 2 B 23 R R O 5 8. ) 288, a7k A7 o Ad 28 Yty S PR, 451
YA T BE 75 B B 120 AR FFAGE . — DR A U N TR e RS0 BE R 1D 2D
BOERT AREREAR. AN, WAREFREEL/ 60 kA SR, AR E
et g E A, BRI R R

YOS RGaE e RS, RIMERNE IR Al R MEME S R Rt AR
H#IEMERT RS (soft real-time system) W WA L, ANRILFRAEISL R AL H
MAT. SibAHtl, FESERFZRYE (hard real-time system) 48 HFR vJ e & S8R E & #1145
HRIET, HAVKMT BT RGN KHB) FiE6FE (control rod) ' 545 & il SLi
RGBT

UL 400t FE A4 2 o o B BB A T, B ] A N RN (analytic) SRE{ET
(numerical) o U1, —ANRIAKRE 5] J7im CUE @ IR EE T, Hairal (43 /closed
form) F AT 5 A

1
y(t) = §9t2 + vot + Yo (1.1)

i AR A H] N H B AP & (independent variable) AT AA[{E KR AE. #4015 2
L B TR Ry Mg, B g, AR Al Ky (0) BB, A2, RER 7 H: )
HEAE MG ERTUkt, FRAR AR, BRI AN S EE AT DU B AN i Xk 58
2 o i SN e

R 52 0 51 737 T BB AR v 5 0
y(t+ At) = Fy(), y(t), §(t), - - -) (1.2)

B2 d, ZNIRAE(t + Ar) KRR (B YRR, W DU HATE s . RS — S mi
88 — S HU BT AN SO R BOR R IR, SR U, 3l AN B S A
PAtk BB BN (time step) FIRGUR. R MRS IER. — D3 “WRIEIn
(game loop)” AWiHAT, FEMEAIRICENF, ZAHREAG, BIWINTHERE. #REH.
WEREEE, A WL TR B — B D BIRAS. X4 R Ja i E QA &
A RHERLG s R AR, BT AR R (force feedback) .

PORRTE: NTSC 32 [ 5 146 (1 2K 10 P AL 4ok, OB k20 /259.94Ha.
VU SRR B AR T RIMORHEI R R SRR SR R R A B A
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1.3 M SIZRMTA

“WExk 51 % (game engine)” X PMARIELE20HLLI0FERFHATE R, 55— ARSI EK
(first person shooter, FPS) #lid Software/ &) JEH 2 W IUE Rk (K %+ (Doom)) H
Ko CHBOKARAD) BVBAT SRR AR 2435 2 1R 7 A% O R (i =4 BT E R R 40 Al
Kl RGN E ARG, FEAREF (art asset) WEARH AL 4 B DT S 48 A7 56 7 x& K0
NI Crule of play). XAXIRABAUER, #55 —DIF R BAF XKWL FAL, 2
TERIIEAR, R RAE. BE A, 88 RIS, X5l R R e,
AT DA I AR T 3 BT 2 e X — R 1 5] Kmod#t X FI %S, modi@ts, — LEEFIRIF X IT
FU /N, BN SRR TAE =, R IR T & S AL i T ELA8 18 O R K,
M BUAE BT B0 RR. FE20HEZ0904F AR, —28ilERk, a0 (M ZHEIISE 3% (Quake 111
Arena)) Ml (HEZ) (UnreaD), FEBCHIN LIRS HITEMmod. AEHAE S, Enida
A IQuakeC, AJ LAFEH 5 (H M€ #1514, M H, Wk TIEEXAMZAGIE, TS A
AMAT RN KR A K, TR R 3 PT DLIAS — Nk 7 | B B4, 58 F o OR3E 43 S B 3k
PR L HIETR AR BARIXAMEEEIE BT Kk — e il TR, HO& TAE=MIF K Fr
BRI OBRAAEETFE 2.

M, WAL G B2 (A (7 PR AR K. —Se 5 BT A I I AR 2y, — 283
FIE DI AR, EGACRE TR A R wnfmE — AR (oreds FE
Fadie ke, ERSI N R R M ALE M RUCE thRe, “ORE 7 RRESE 4 A
ZoE X WA TAEZE AT LLSE S MR e XA 51 88, XN MERRAR, DR B A T R G T (R T
B, XA E LA g

BIRIRENZE4 (data-driven architecture) BVFR] LA K70 #F— AN 8K AF IR LL 58 4 2 5
e, WRLLE Ay R A AR A G A I AR O RN B R A QR 2 VE YRy E
BRI 5, WA FAZ A 25 A Fr i st = RS L =AW AT, DRt X HBH
U T EE” SRAR VYT R, T HAS TR R BB U B KA 2 KRR A IR B Al

R IXAGE N AER A A XA Tk BA 1A ARG RS 51 2 1 al B I, 515
BT MESHEZ B BLEIXAMESHE Bxt Lo 4 ik / 5| B 34T e AL

A LN RE LUK 51 BEREAL i — B A (R Apple Quick Time SR K A 15 T
&), KRBT JUTEA A BUER BB RN A 1T, ENREEAS AR (BRI AR
S KBS 51 HE R B 0 R W R S e B AT & TR oA SO ). SRR — LR
P 51 B, HSE RS A BRI SRR, B0 S — NFRG o B il k. JAl1e 4
FTRAE, T S (R LG AR E T G I8 AT R 58 U X 0 P RE R — AL



1.4 AR ) 5] 2 2 F 11

IR MILR, RPN BT s B AR S AR, X e 2 T — SR s Y,
BRE— DA AR RE A 1 I2 4745, B, — DER S BN R R = A AR
Msett, — ROl ANBIRGF ISR K E SN e BN S Eu] REfE I BSPRE O R 48, A
SAR G B LT . = Ah 51 BE AT el A FE A (REEAEDD 4451
Br, (HE BT oo A BT, £ RIERSE S B =M RIES, 1
SR BAR MU 1A T LA A D P v AT £ = A T X A%

Wt T AU o L P4 v A TS RIS, RN B v S Y e vk S B 45 4
AR B Y 51 B 72 S L4 /e Biltn,  IRAETT DLR 35— A FRG i 51 35 2o filt Sz it e ms
Werko AESE, SRR IR TR I A, F R R T A R TR A IR, &
AT DG I R 1 AR SR 5 1A T R

e SR S5 Amodg 73t SIS

RS SERBLEHN SRRSO T B2 EEEHN
jj 1F | e T
(e Ay (RERE) SIE  (mpzm 3 KR

B 1.1: sG] 58 ALk,

1.4 ARIEHRRETHSIEER

AR Lk 5 R AR R (genre) WM. AP AIEZE S & Lk}
M TR 51 %, Aol T KRB 2 NAELIEFR (MMOG). 3H— A4 (FPS) BisZR
HEEWERL (RTS) 515, W2, SMoIBEWARRMEZH S, Hl, ik aKMK
YRR, AR B RIS N Can AT R TR /B BRI U = 4
FE gy AW TFAE R (heads-up display, HUD) 2 (G $E7E YA 6] FAK 1 SCAD.
FRRIEM ARG S, G, BIRREL) 515 NE — AR ek 1, (H e [EAE Re 1
fl 28 Y {3 %, B A0 JEARIE R (Epic Games) TAEZE W8 58 = ARG a7 iexk (kLo
(Gears of War)), L#MEL (Spicy Horse) TAEZEBHIMA AI)IEE KERR AR 15 15
i (American McGee’s Grimm)), PLKEFE Acro GamesA R AR KIRFE LK (Speed
Star).

PR AU LR R A, JRIRD A R IR 75 5K

PR PR R AR A ARTER AR, R AR AL B R Bt R IE AR SR T HLTE AT A OCRR. Wk,
HUDZ 5 m [ii Hh i 5 RiF sl i o i, ildn— B8 on e m i _E i Bus i 2.
PR PR B AT AR, IR — S B KR iR A, IR A R AR K A W AR
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1.4.1 FE— ARG

F— NFRS (first person shooting, FPS) FJ#AIF] T & (FHM 28 (Quake)).
ZJ3583% (Unreal Tournament)). (A SERT 2 (Half-Life)) (& ZYkE9E (Counter-Strike))
A (ffifr 2 (Call of Duty)) (E1.2). Pt b, X i) Ath, DA X B i E
TrRFF), JFEE T RER KB EENE M . e, WARKFPSH LLEAFE )75 h
BEAT, AT RE 0 S ANE RN = A TE L. IARFPSH f (R sl Al 4T Bl
WA, HTEREA. SEM (hovercraft) M. iR K& KHLEE, FPSHIMENE 1] 25 45 1 AL,

B 1.2: ({4272 (Call of Duty 2)) (Xbox 360/PlayStation 3.

FPSs& R HARME R (R R A 2 —. g5 e EE BV R A 26 = ARG a5 /30
VBBl PLRRI 2 NAELE . X2 R NFPSELAE B S — AN G 240 1 e 20 552 1 11
G RSB B P A, thERE TR T (1 EORBOR BT AR B X xR

FPSik s ik EHOR, #iltn:
o RN TE YL K T = 4k g AP H: L

Y9 hovercraftHICIFEA M RES IR Sy, PO LARE R AT DLE R H R UK EAT .

Yhttp://en.wikipedia.org/wiki/First-person_shooter


http://en.wikipedia.org/wiki/First-person_shooter

14 AR PR G EER 13

o PR S SE FRI S AR AL 4% 1) S R vEE AL 1) o

o TP REAU T AN s 1 0 H 5l )

o 5 EFEH TR ulds.

o ViR MNILHK A IS LML EASIAL, 8 AR B R B

o AEIF MM (MBFMBN S FHDD 738 H 1)) S 8 e

o /NHIBLFELL 2 NUiEHIRE /) GEH X2 BRI 64 iR AEL), LG ERIIET TR
%% (death match) ¥R,

FPSHE A BE F AR LT SR &t m B, I H A% € I 5 28 AU 40 U 5 0 1,
B, =W “HFIIEIT (dungeon crawl) 167 JiFxkid & A H — o264 #H (binary
space partitioning, BSP tree) BJET A (portal) HIVEG RSt = /PFPSHE K AH F HAD
FRRELAL, BIInIERS S Cocclusion culling), BRFAR TE IS AT B PG HE 7 xk i 57 X
b (sectorization), LAH ZhELTF-2)77 2295 & BN X & B RE LR 73— 43 X

MR, BB PSR A A ek e g, Bk T U s R BRIk
T AR E LA, EFPSY, MOINE. FRCE R WIRYEL, kA B R SOKE A
BOARERALARE T AT e HIE,  IXANERRTL A HOR 7 SR AL I B foe ™ A e 4= T 1

1.4.2 FERHEME= AFRIEX

“FGIERR (platformer)” &faIE T AV AN S = AFRUFR (third person game),
TEIX R, EEMERALEE R & Z kiR, S pw 1, 7E 4 H (R
i (Space Panic)). (K&K (Donkey Kong)). (FRAMTEIIKC (PitfallD) K (K
HHE B (Super Mario Brothers )), —4EBACH GEAIIHE 64 (Super Mario 64)). (&
JR (Crash Bandicoot)). (=2 (Rayman 2)). (&i£/NF (Sonic the Hedgehog)). (7
e 5IAHRE (Jak and Daxter)) FR41 (E1.3). (& 50724 (Ratchet & Clank)) #FR741,
PG AR GE 23S L BAR (Super Mario Galaxy)). XX AN B FEANER Y, A
SHEBILAR,

MEER B, -G i385 T DU ER = NRRES 5 /e / i B i sk R 8 — FFF R, #il+
A (Ghost Recon). {/fFHL2s (Gears of War)) (FE1.4). (rhFhiEg. E v & 0 =
(Uncharted: Drake’s Fortune)).

TORRTE: M T IUIRAT IR KD AR X P M 7E M T Bk B RS S R R M R, R O SHTIRY SRR 0 AR E.
http://en.wikipedia.org/wiki/Platformer


http://en.wikipedia.org/wiki/Platformer
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B 1.3: {(Ax5&EM4 (Jak and Daxter))o

B 1.4: (&FME (Gears of War) o
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55 = NFRUE AN B — NPRG el 1V 2 dhal 2 b, (5 = AFRIFRR LU ECE B E A 1)
fe /1 Cability) Kig#h#i. (Jocomotion mode) ', Rt PAAL, IX/NSEAIJ & A F ML &
(avatar) 52 fm BOE F) 4 S 3hm, AR, MAKFPSHEEMM “EF-FE 7 zhmE
KA EL T, BER, FORRESFPSIERAR A 2 NMELAR, FTLARR 18— AP
FEIMEAEFEEB R E MR GNE. AT, EFPSIHFRY, RS 1E BEREE— I
ARAEE A B (NPC), HAREAIEE = NIRRT 0 S A L.

TEF SRR, Wk T A I 2 LR @ A 2R LS g i . (B2, 3= APRS
AR S NI A . X PR SR AR T 2R+ 8 AT A Bl .

5 = NFRIFER AR R AR W T,

o BENT-H. B 481 ML KHALE @RI s,

o F Rk EIT R,

o W= ARRI) “IRERFBNL” & —HEMIK A, WEE it HTFWARET (FE
W EN D BiURAr (FEPC LD BN (BAREPC EAH R ZHAT B = ARG
TR, ARV G AR L P2 ik E AL A 1.

o BIURIMIZGHIALEE RS, DLORIERL A 2 200 1 5 LT 044 B sh 748 1 A S 4

1.4.3  #&3hiExk

& =Hirxk (fighting game) 3% & AP 2l A (AL — & & L AT, S8 141
TH (R3LAEJ) (Soul Calibur)) Ml (k% (Tekken)) (EI1.5). 4EFFARIM TN 4 1 iX
AR,

Fe itk - SR AL I XRE 5 LA R BAR

o FHE MURK=F B,

o HERHAII T HE

o AEMTIN R I H2 il R BEAT A5 BT B R St
o NHE, BN HFSIIT o

HI I B xR 0 = et S LU R, i G HL— BEAL TR, DR R
RAERATEM M5 (world subdivision) BEFLHIFR. [RIFEHY, XLk A K AL
e i PR = 2 A S A

PSP IEERTEX RIS, BIanATE. BRER. Wk, RATAR
Yhttp://en.wikipedia.org/wiki/Fighting_game
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_ RUSH B2 START
e —————)

RN N ~KING

B 1.5: {4 %3 (Tekken 3)) (PlayStation).

TR KR SRR, W2 (ZH2 3 (Fight Night Round 3)) (E1.6), fEHA
TR —ANEK, ZAERAE LU — L .

o FIHHIABEIE, WM EMBEKE fBEE (shader) . FHEIBBI 7R T EUH

(subsurface scattering, SSS) M BT H.

o JE FLI1 A A2 ],

o FETWER BIAT AL S Sk KA A

HAEE RN, —8i Lk, W (K& (Heavenly Sword)), s&7E—/ KA IR
B TFMARZRAEHIHETH. FL b, B2 NIRRT —MNFEREN, AR
Abrawler?0, X P& S| JiERR FH AR T SR ECRE LT 35 = NFRIIEXK S SERT SR B 3 Ko

PO AIEHRFR Ibeat "em up CIERARAD. XS, TEURARL AAETR, FEXRPARBSHEEA, )
G108 £ R 280 PR Whash and slash (YIFI7).
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A 1.6: £+ &3 (Fight Night Round 3)) (PlayStation 3).

1.4.4 TR

SEIENER (racing game) 2VELFEFTA DAFEIE |2 b 2 A0 Bl Ath 20 2 32 AT 55 BT RR
ARG JUAF K00, & BRI S IER (“sims”) J7 R 3 SL I 25 B AR 38
(i (B ZEIRIETK (Gran Turismo)) ). Al (arcade) F&IEIEXE M &F % R 2 T B (U
(EAZHLFE L (San Francisco Rush)). (HG#FEM (Cruism USAD) 22, (IREFEME (Hydro
Thunder)) Do — /MU HAM FRAE K AL # (street racing) HIRICAL, X SRR
BRSO3 4. £T 3% (kart racing) 2 — 1M, HrHESMAH %P4
WEXREC AL @ A BN A, BIRERRE (0 (BREFEE (Mario Kart)). (AKX
(Jak X D) (TS L (Freaky Flyers)) ). “Fail” Wik A — & 2 M Al A S LL3E, 41
W, —ER TP R E ST WE, B2 AR BN T S AR
SEHUERR IR, A WL GERE RS,

SRR R AR R R, X BRI FPSTER. (A2 — R ELFP Sk R
V2. B, XRPERa H AR K E IS E M F60E, A g i\ — 2581k 4y
YR, EHERACEE AT E TR (vehicle) . FEE K. HZ, KT EHR
T B W ITE Y R B FR 2 2 0t b L TR AIA SRR R Y] (B4 IRIE RS
(Gran Turismo 5)) HOHT A BE Rk A

2. HRSES NRAC, (HIGES 78 065 A AT,

2297 JA W Cruisin’ USAFFARIEH.
2nttp://en.wikipedia.org/wiki/Racing_game
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S TE A LT BRI

o M ZH “F51]” KIEYLIRIL Y 5, FIanflH Z4EABOE MR, (AL ik

o FRIEIWH V)T BB H I Z4EX I, FRA “4r X (sector)”s X SEEGHE 2544 F R S HIE
Petlif B WAEFIWT (visibility determination) , #fBIAEDUR RIS MW N T8 58
AR, LA RAR 22 AR BOR ) .

o HEAMMARBHIEFEEMELME G, B AREEYE NS B T 285 5.

o UNIRFEIE L I R S AR A= 25 10], U ZAEAE 1B 1L B AR LN S5 AT ) (A flf 3

3

B 1.7: (3% %55 (Gran Turismo 5)) (PlayStation 3).

1.4.5 SCRTSRBEEK

BULE I SERT 5E0% (real-time strategy, RTS) WIS AT LLANZH (VWD EEL:2 (Dune
IT: The Building of a Dynasty)) (1992) BE ). FRFRARE (BEESH (Warcraft)).
(T & 51k (Command & Conquer)). (77 E KX (Age of Empires)) MK (& Fx 4 %5
(Starcraft)). TEXIFRH, DURE—A WG E, R 5T S0 & R SRR
(battle units) ZiX B EFEXF. Rk 55 2 LRHI AL Coblique top-down view) 4[]
P BN RTINS R A 8 7] S5 4E 5L H RS,

RTSHll# A B VFIL K e LLULE AN BE B S5 4.  IXAS BRI TT A REAERTSTE J

247 RERTSHARM AL ML (isometric projection), EJFE%E 3N MAAN (BREE) 120°, WE1.8F7R.
’nttp://en.wikipedia.org/wiki/Real-time_strategy
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514 bR S A

BRI R R I TS (grid-based, BUFRAZET HLI0 /cell-based) Z @i H 5,
FEE F IE S #:52 (orthographic projection) 26, XA I K KWL THEHE RS Hlw,
KI1L.8E R T AMRTS (Fir ALY 5 ARk L

PLAE BIRT ST 23 A F I A5 S L = 4Rt 7, (I ey X% ] R A7 450 FH AR HE 51 &%
a1, UPRIEFESR A AT S (s el 4t 55. fildn, wE1L9f =T (mé
H5HER3Y.

RSB T T

o BEAME MR TTAE F AR AR ART B BORSE AL, A xk e SRR AN s oK B TC.

o WXL AIEAT 2 215 = AL (height field terrain) i [ _F 1.

o [ THBELLSy, VR HEVFIT AR Y E O EE 5.

o M/ H )7 Sl H Jy s A LIVE R BRI, Fn BSR4 &, MRS ITMk,

GRS S B T HA

UNoRomimie. 253144

2697, RS, BISANHPR B R FEEA R TAT . FEMIES (perspective projection) HI&, IEHHHASH T
ANERIIRR
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B 1.9: {44 54Ek3 (Command & Conquer 3)) (PC).

1.4.6 KEIZ NFELITFE

KA Z NAELRUERK (massively multiplayer online game, MMOG) WK TF (G
%42 W (Neverwinter Nights)) 27 (ERHIMES (EverQuest)). (B & 5 (World of
Warcraft)) [ (EERKH: B &R (Star Wars Galaxies)). MMOGE XN RERII SCHRF K E I
F (HMETEHET ), —fckil, XEIMESEIET RMFFAESR (persistent world) H
AT (FR A 48 FOIRAS RE 2 — BUAR KIS A], R € Bu X SRR B s [AHCAR 2D,
B 1 [FI R NBONEEATESL, MMOG B 3456 AN 1) 2 Nk A2 AU . MMOG )
THREEMMOA B IR (MMORPG). MMOZER HEHE % (MMORTS) AKMMO
— ANFREF R (MMOFPS). KT IR RA, I SHAR TR, E1L102 R ERAT
FIMMORPG (BEE 5 8.

MMOGHI#Z O/ — HAEH 58 R R 55 e IX L8 IR 55 28 4E 47 Ui it S BUBOIR S, B8
HPEN/EE, R AtH - ESCEXGEIPH TG (voice over internet protocol, VolP)

TR X B S T1991—19974 fEAOL® I2 [fiNeverwinter Nights MMORPG. [ 5t K 0 3 & 10 i A, =2
HiBioware A ®I A MR, T-2002%4T.
28nttp://en.wikipedia.org/wiki/MMOG
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EMRS2, JUF T EMMOGHERE R A e WIS RS 2, 0 m] BEAEJE XK N B RR A0 S FF
/NEIAE By (micro-transaction). 1XSE #0219 £ BN KR, (R E AT e A g il 55 48 B
B R A FRIK 5 NBIAZ 5 o

KIOIMMOG [ 337 SRR Dex B AR K, MMOG B [ [ 18 FOA% L R (K T
FoAt I %Ko

Il

!

¢
»
&y
e

-l

als o

B 1.10: {EZ#5F% (World of Warcraft)) (PC).

1.4.7 E g Aa

AR ZWRRM, ALEMTER, #Hn:

o KHIFM (sports) 30, & FEAFUHZHFHRA CIIMIBEER, BBk, E3K. m/REK
BREED.

o FaPEIEK (role playing game, RPG).

o LA HLIEX (god game), U1 ( E7F tHIMIE (Populous)) 3'H1 (FEEH (Black &
White) ).

2OV IRALIR KA AR SS A5 TN RE R MM O GARRS Fof /N 28 Rk (RS i — L0/ NEIZE BN T3 2% FH 548 (dedicated
server) , IMA&LA—ANBUEK 1% bty [F I HeAT AR5 28, 83 FH 255 21 (peer-to-peer) k. (HMMOGHRS 281 — N EH B 1)
e, RiLATHE TR D HA.

3096y HA4E'S NSPT, (HISE S 7E i 5 AT,

3L%3E: R PopulusIFEAIER.
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o MEFEHE S HEHLERR (environmental /social simulation), W1 (BT (SimCity))

(BN AE (The Sims)).

o fRIRIERR (puzzle) 1 (HEZ Wi (Tetris)).
o AEFTURRIIEEHE, MR, HIFE RS,
o KT TTHTE, 91U Ha 2 F]Pogo I st B2 £1E ) X

o Ak R,

BRI R R BOR TR K, DR AR Gt il 51 28 R w SR BT A7 28 22 5. SR
AR R BT R WA KA S 2 A, JCHAE BT G, Sl bR 2.
TR VERE R AN BT IR TT, BRI EE LA T ™ AR i R I 72 e /e BRI, IRAESE —A
GIVEERAR RN T AR, LEAFEF G, Bk EATT,

1.5 x5 R

1.5.1 FHHESIEXRIE

— NN, EAZYESE — ARG AR (FPS) 2 (% L3 (Castle Wolfenstein
3DD) (19924F), IXFPCHF Ak 5 E 15 50 5% M M id Softwarezy 7] filF, & 51 457 Xk Tk
NS NG BE T Al id Softwares Ak T K T (Kt (Doom) ). (5 #if 2
(Quake) ). (FHMZHE2 (Quake ID) M (F 3 (Quake IID). IXLL5|B7E2ay FoE
WAL, BT AR BSOS K. QuakeMH A 8 H RHIMEIR 20k, HZHkK
HFVE ARSI 2, flin, (GREME (Medal of Honor)) PCRRA 52 M4 K2 A&

o (M ZHE3) (id Software @] ).

o (JHIE (SIND) 32 (RitualAF] ).

o (HALJEF.AKK.2) (Rituala#]).

o (REMZT: BAH1T3) (Medal of Honor: Allied Assault)) (2015 & Dreamworks

Interactive ).

(REhE . MK (Medal of Honor: Pacific Assault)) GEFZHLZ ),

HAbvr 25 T M BRI N AR, Kol BMGE R R, B 7 2 Ak & AR
=, FHEL L, ValveAr[fISourced| B (RIT A (HERIA)) WMELIEHI 2 #h 2 MR,

(EMZHE) M (R ZEE2) AR T A 383/, T 5 in 1 2 4 5| 2 1 S8R A

329 ECSIinfI RN E A EH.
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“F57 FH B (BARRIERE SR, FHARHCES RS ). XA EAZIE
WUFHIB T, BE UL Tl iRk 51 e BAERIE R, SEREM (CHph 2 E) A (R 2 AE2)
VAR AT £Eid Software (] W %G T %533,

LA G HE) B (M2 EE2) WK, HnT LAFE Visual Studio ™ g 18 AR 264K A,
TR R A E I B S R B, R BT 2. X FE I — I AR A S R T
AT DA v B T s AT R, 2 SR B HATARES, TSl s e, EHE IR T
—PAREGIEE, HH By X E o iR,

1.5.2 [EZ]IG|EE

19984, Epic Games F) @ i 7% A 0% (%) (Unrea) [ AFPSH 5. H i,
FEFPSH M, ELIMONTE M Z B EESE S T LI 51 %240 (UE2) £ (ELI5EH372004
(Unreal Tournament 2004)) (UT2004) &M, 5] 2 8 HRHETLE “mods”, H
HRALFE R0 B R Rk REZ)5I#E3MR (UE3) & T — N B, SERAE LA
IR TR AR E Wl D Ee. filin, e 7 s K0 EJE P St 2w e e
(shader) , XA —% NKismet> ¥ BT - St dn 5 i k2 2 H. TR 2Tk s
HUESHIME, fFEEpic GamesH) M2 21 (EFHL2S (Gears of War)).

R 4] 51 5 DA A THI ) D fg RO MM TR R HEL)5 8RR, KK
& VAR J7 A EAE BARGE LT & B RS AT IR o RELT 51 32 1l R 9 oK i 5 3 il 4
(prototyping) T HMENVIERT G, 7 HRGIE LA 28— 85 = AFRI3DIER (4 A]
FH SRt A S 2R )3 )

L) HF K& M 4% (Unreal Developer Network, UDN) $2fLAN[ERA 451 K+ 5
SRS S HARAE B30, UEKEE 73 SCRY P % 28 3R, AT AT 4145 UT2004 3% %% 1 o 5 # AT LAl
fEmods. 1H:Z, UE2RHARLSCRY L UE3M) A5 SO Rk 5| S F . 2, UE3M
T M=, ARSI R I R SR oy /N TAE R AR, BB ER V2 0T
ZIHTR st Je e, —ANAAT MG 2 Beyond Unreal®®.

33nttp://www.idsoftware.com/business/techdownloads

S4PEE: Kismet/E L H IR /RAE R, AR E.

SSPEAL: BR T RSN, REIFRE B B EER ThEE LR & A B MR TR X B2 B H A 3 B T A

36nttp://udn.epicgames.com

STREYE: 7E20094E10H, Epic GamesA T & Aii % A Unreal Development Kit (UDK). X EHfE ATl 4% 1T 4 3 )
PEFET 40 51 B AR L AR ORI S0 ok ffmod . [R] I 4R A4 B ¥ 7 R AU e UDK B BT UE3HIZhiE K&
TA, MUESEBARZAEAET, UDKARMIER, JFAEF RS UnrealScriptfRis CREWHCH+478), JFEm R
ffiWindowsfi 4. ¥ Whttp://www.udk.com/.

38http ://www.beyondunreal .com


http://www.idsoftware.com/business/techdownloads
http://udn.epicgames.com
http://www.udk.com/
http://www.beyondunreal.com
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1.5.3 Source5|Z#

Valve A Alff ] H FIF K Source 51 %, il 1 LLH— I (R (ARSEIS 7252 (Half Life
D). HEE (RER 2. #—/ % (HL2: Episode One/Two)). (% [ % %2 (Team
Fortress 2)). (f£i&17] (PortalD)) CGX5MEMASGSETE (FFE (The Orange Box)) JiFrkE
$EH). Sourced| BRI pEA YA, HEDERE I T REMW 5L 5] B33,

1.5.4 fEHXNA Game Studio

MXNA Game StudiofZ— k7 F X7 @ BT K&, 1% a8l 2 8 4l
Wexk, VEM AT TR AE X /5, WA YouTube il 7 5 H Hll A4 —FE.

XNAKE TR CHE S K ATEF 1247 F (Common Language Runtime, CLR).
XNAM I R N Visual Studiosl H 4 2 kit A Visual Studio Express. Visual Studiofig
B IUE B — Uk, BRI AR E AR FE S (art asset) . JERKIT K E
Al PLHAXNAGIEPC M ik Xbox 3600 *R. 404N/ b3k G, JF k& wtnl LLE Tk b A&
F|Xbox LiveM 4%, S0, R T H, BERH adh, F—R AL
PRI . XNARIRE — RN BIAR K.

1.5.5 HbEgls[E

W6 A 35 TR 3 AV 22 T ke e 5| 3. R IS R I TR o] B A R LA SE 51, (HAR
Z A ARG AR LU B YRS, IR SEH AT AR il 4 51 5 Sl ik gm AR UL 5 A B il
HiEric Lengyel 2001461 70 1) Terathon Software/A &) BT JF & [11C4 5] 4, H SR Al FiZ A
Al E R, CATIV R AR AL T 2 A TR TR,

1.5.6 ETHBHAERG|EE

Y2 A A ST RIF 4 B ORI 51 2. 2T Z RIS A T Westwood TAE

SOFYE: BH NN, BN Tid Software/s &l [ 5 2 MSourced| #, RE 5 i 4)35% 4+ i) 7T 3% 4L 5| % 2 4 H Cry Tek 2>
A f)CryEngine 3. CryEngine 3 % M5t & #. JE 4L 6e /A T A A 4R % 38, CryTek ®l {E#6 70 WF 7L AR A HF, W]
MWhttp://www.crytek.com/cryengine/presentations.

A0 MUK E 20084FE4ER, RETF A ZEHAXNAKIEXbox Live Indieli##%, B T Xbox Live Marketplacet sz, At H
BT R A #A HIs PR . E5 7T WX NA Creators Club Onlinef¥fihttp://creators.xna.com/.

“nttp://www.terathon.com

“®http://www.terathon.com/wiki
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http://www.terathon.com
http://www.terathon.com/wiki
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EIFRKMSAGES| 2., Wi M) (Naughty Dog) A a1 (HEIR (Crash Bandicoot)). (7%
5 IAHRE (Jak and Daxter)) K& (ki ik: 85 e MK =K (Uncharted:
Drake’s Fortune)) 741, WAETEH . APlayStation. PlayStation 2f1PlayStation 343 %
TERETIGVEE EIF R MR 2R, RS A AR BN 51 %, a2 #E. Source & HE4]
g1, —FFaEH R A N .

1.5.7 JFRES|E

TEUE = 40 3k 51 2 2 Bl R B I R wIE, JREM Btk KA. “IFIE (open
source)” 18 H E A PEACH A G 2 3k A5, I H HIF AR A A TR, B2 U AT AT
NEBAT LAXHARAS i v ik 5B F8 B AT X (licensing), 18 &R FHGNUME H A L 77 7f
iE (GNU General Public License, GPL) B{GNU%i#E A ¥ AJiE (GNU Lesser General
Public License, LGPL) **. GPLAVF %2 HHAMY, EHMTAMEMEBINGPL, BIEZ
A b AR 22 50 S (At NAE s 5 8 WS VR R B R P2 R s . e A A HoAth b 9f
B 2R BB A R -

M EARZ IR G %, ALl S YA, AURIET, AL AT R
T B FI R AT R 4R B, B SR S R BV L, ORI i Ak 51 B it 2 2.

OGRE=Z—MEMMRE, XN5% 5 =4HE451%. OGREH SHA & b &1
MR =AERE RS RFNEHAGIIERS, HEPAERE (heads-up display,
HUD) FEFH 5 (graphical user interface, GUI) B —4i%E 552 (2D overlay) #4t,
DL A B R Cani i 2R /bloom) HIJEHAALEE (post-processing) F#%4t. OGRE[T)
YE# I 5 OGREFFAE— A SE MR 51 2, (H'E R 2 A 2 Prfy 5| B AR 75 2 1 VF 2 St 40
.

PAR F1 e Ath — 2 5101 44 TR 5 | 2

e Panda3D/Z 2t T JIA L) 51 8. 5151 3 242 12 HPythonfe il K ATE 5. HiilH

P 77 f PR b A = Uit xR S BB DL IR 155

o YakeZiL 2 TOGREMH & M4 Thfg 5] 2.
e Crystal Spacese —/NM&# AU BLLH 2244 (I x% 5| 5o
o Torque® M Irrlicht #7144 H 28 FH 1) 51 %,

433%7¥: JR W Gnu Public LicensefliLesser Gnu Public License £ A IE#f.
A R B Bihttp: //cg.cs.tu-berlin.de/~ki/engines.html T A REV) M. L H AT & Fhttp://www.
devmaster.net/engines/s

PR TorquedfdF—fE SCERFFEITH. AT A R H R LA LU 08 2 IR AL IRARAD, 1T 7= AL 3


http://cg.cs.tu-berlin.de/~ki/engines.html
http://www.devmaster.net/engines/
http://www.devmaster.net/engines/

F14F BT TR RS

14.1 M EMARSGRES

Z RO R T B — BT N AR AR, EAT SRR — A ZE S AR A A 1
. BHAs. shStFIouR. FRb AT X Hl - ehrdEm 4, (HRABEEAEH AT
HIRs B MR E (gameplay foundation system). AR IRAT AT LL-A H Hb ) H 7 2% -5 07 2% 5]
B LR, IR AW MR RAERINIAL T 242 T #ig b, FRATAT AL — /MR
PEIERI R SR, HORH 7 & ANk Bl 1. AR, SEERHIX S 2450 L s 2 — Le pRiF
A B HARTEARA SR s b, BRI (A 4 S, BB  — R FRAER [X
5 T G 2 A ) S PR P 2% — il — R ROFT 5| R A — . A — LSk | B i
MR RGBT 512 /R Rz b RGP EEZE S, Sk T HE R
Bt SSEIE 2. S8, ANE G RWAA H A 2 IE R, XG50 k2
ABERFEHEHHE.

BN 51 R KA T AR A SR, 2SR 2 DU AR R X
FEIT R4t

o IEITHTMEM TR IER! (runtime game object model): R IFFRRNT FALAL KIS B, AL

MBI AE TH 5 g 5 25 v A

o XFEINKHEM (level management and streaming): I R 48 51 5t 3N KBTI 3%,

PR BRI R NS 2 0l SRR AT, R REESHRE AT, A

FEE—ANE RS AR (HEERR FOGRE A IRE AN/,

o FFLAIRTHRIRE! (real-time object model updating): AT 4t 5 IR XT SR

HF (autonomous) 474, WZE AT Hrae N0 R X BLah2 2 Wk 5| b i g V%

637
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FIAT  IBATI RV R S

AR KRG IEG T N — BT .

HEREHAIE (messaging and event handling): K2 Bk 6t 4 75 5 HAth X} %@

fF MR E (message) V2 I g R & I FURES SURIE 51, B aie

FRIZFIEENEH (event). Ik, 2 TEESIEHERAHRNEHRS.-

Hiﬂzk (scripting): EHIC/CH+551E 5 RS m B REHE, Sl TR T
s T IR PUE LA, Ux&TE.Kj\qjﬁiiﬁif/ﬁﬁK?UElﬁfrmZ?y TEx% 5| 48

ﬁ?é?%%lx**/\ﬁ$ﬂiﬁ§ﬁ§ XETE F AR AL T OUAR), WPython®{Lua, 7] LL2 K

WIES, WEL)KKismet.

BirRENCRIZEETE (objectives and game flow management): M7 REGEHILFK K

H AR SRR BRI AR X A8 H bR AR 2 AT K B AR 7 41 (sequence)s

B (tree) BEE (graph) FrE L. HAR X HESLLE (chapter) BI04, JLHE

— LG 3 B R IRB AR, V2 AR IR AR R X M. R R R R T

TWERR B ARSAE, IBERBLSO H AR SE sORE R, I HLAE B A5 R 58 e B BHPS B 5 N

TR A X I AR T IARIX L YRk “F 4 (spine)”s

fEXE EE ARG, BT R TR R R . W EERM LT RS (5L

reail) Ding

S~ E (spawn) KIHKR (destroy) SFMITR: Wkttt F b zhd tREe®
TRE T AR NE VR L & AN EE SR BIEREERSK K HIRE
NG TEANRRR, BOTEEMNEN AT RA S B VF 2 ko o
BN RGE, Jsha P AR o S BN A LA R B, ) — B 5] B ] i 58 42 4%
1B O, BB B

BRRAKRESIZRG: FMRNRHASBHRAE PRSI TRENGIERG. 28K
X RAEALGE B DL ATE B = R RS Ko, A I RO RA R TRCR, A
AL, 2 H o RA RS S, ARG B T AR iR AR
RGN ELEDREZ — W2, FOREE IS REEVT HEA TR 1 51 3 R G5
SERHRIAS RAT A Wk oI BRI L, Dk A AR RS2 ZhaS T FEALEY., X
AT A AN R AE M M Y, T R 51 B R L N 8] B 2 2 3 R A Ui xR R IR
X BT e 75 AR S8 O AT SR, LIKFR 8 e OGS S 8] R AR P S, 0 3
TN ZA G BT RGRMBNE, WA EE 738 AR T R GUA B 1A ELAR A
TESCRURFA T R R Il RAETT AL RE s PEBEAE B3 AUtk 75 R A 25038 R J ke Tk
Xt QAR RLA A R W I #E,  n] DU B UM O R8T, IR AE 1 5 G 44 P o
X R, EARM, B 0 T AR SE NL AT LSS A P AR IR B 5 2 0E e AR, AE
Vo Ed, FrgitR R G ERF NZ 5.
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o E—MIXRFRINFF (unique object id): M JER H F A G H LT IARIEA
TR R FEIZATHE, DAIREE N EER BB E XN §. XEWRE, BN RFES
FEANME— PR IRRT. N RAT BN A4 R i 7 (B AR IR AT R AL, (HIRATT 0 20 5 A 1e 47 I
5 75 £ BT s R I I e AR . O IRRT R e mi P RE 2 ik, (H X NSRRI K & K
VLI . VR =5 B AU AR IR FF (hashed string id, W5.4.3.175) fE X4
FRRFFR BRI E, BUNEATRIERE U BAR RAF, (E X R A7 a, Bt
NEHHR,

o FFAITREE (query): WEKMEFEAN R G0 0 A4 A — L6 5 v 2 98 Uit X 1H: F A %
Ko ATATBEA E DAME— AR IRAF IS SN R, BOE BUSFER FrE A R,  Blid 5
TR R SR A (BN SR Be s A €.20m BA N R i RO,

o MR EIMA (reference): 4F| 7RI R, AT ZLLEFHLHIRE HSIA,
BV R AE A R AN O I OR B, 0 T RE RR L OR B S I [A]. X R 5] AT RE 1]
BB R R — AN CH+ES BB, T ae A B m g pLE], ) sl 51 F v 30
BRETEEr.

o BIRIRZSHL (finite state machine, FSM) HIT#F: LUk G M ) & £ A5
T7 R A BARESL ALk 5] n] DL R AT 2 RS2 —, IR
AN HJEMESAT R,

o MEZEH| (network replication): 7EMZ%2 Nk, ZAMNEARALAIE &4 Bl
B PGERAE —fd. AR RPRAS I 2l b — S L i L8 B, 2R,
XTREPRE W DLAESH GEE) RHALS 522 AR, ra Dua ae W3 —
ESQIIPO

o ZFHERMBNIEK. XRIFAM (object persistence): ¥ %k 5] 2 ge 0 tH Fi i
M G U AR A7 B, BEUUR RN G180 DUSRI “AR AT Hb 7 A2 447 (1)iE
SRAFRG R G, B 28 S 1) 7 2, B T S R A A 5 g R S 0 A /RO T R T
SRR T e X R AR T AR E S M hRe, B, BTR AR
(runtime type identification, RTTI) . K& (reflection) , PANIMEIIE (abstract
construction) o RTTLR T2 HAAEIZ AT GEsh A M A W R 28, DL EA
WRLL M S T ik. G s n] DLEE AN s i 2R 0 A AR [RIINE, GV R A L. )
REFEAEXN RMNHERL P A — DX R B NS 0 e ERPTiE s 5 WA RTTL
SR Bt SR IE B SR AR SRR, T AT TN IX EE T fg.

AER T RS ZE - IRAR T T RS
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14.2 JBHE{TEXTRIERIZEH)

PR BT T P T AR I, T — ANl BT RO AR A, AR S ST Rk
R 2 M TTR, RECNIAT NRERR, eNTamReE . EisfTnr, ik
LA 2R 4000 R X L RS () B ARSI AR AT AT e ) A il R 4 b B LR Y
At

IBATIS XS ST SCEL,  ATRES TR IR X RERAH L, mef g AL fln, 12
A7 B S USRS AT B 56 A A A2 FH T ) 0 e g A5 05 55 R SEILIY, B AT R — 20 HAHE R 1Y
SEBIFIR A RPN R TR VTR ERET, ISAT I X GSARLIA ZUE ST A2 1) L 1k 7
G A P R B R AL R AT 9.

FERFBETH A I T E T il O AR, IS AT I AR AR ik R B 384T I X
G AF i, (B2 Bt 51 3 2R BUR PR AR 280 WUk 22—

o LUXTRAHIL (object-centric): BEXA&H, BA T HEITHERIT R, fEIaiTH 2 LEA
K B HAADER LG TR R, BANRE —HBMRITAH, XEeH 23R rE L
MRS (EREZANFD) 2. Wkt A AT 2o R E .

o LIBM AL (property-centric): BEXUEH, AEAN T H TRk G AL AME —FRiRfF 3R
A~ CAPSERUA AL, TR B IAR AR B R H D B0 RV B 204 T 2 A 30l
=, MEMERB R AR, XEJFNE DX RERRFTONEE (R4 A 7E AN 2RS4
B IE RSB ES ). R IEAS Bl SN G A K2R 2 S TR BT A
TS RS2 b b e R B PR AR A BT e . B, HREXNSRE “ls” Bk, ENR
BB T H0If, FRRAIT, EHXRE “PIRESEH” @ik, A etaeE =4t
TEGL N =T A% R 5481

DAL PR A SR XA R AT HMURR D00k Rl BRATPREB— IR TUEA T — 2R 4075, H7ESLTs
T — AN KUK AT RERR AL T 53 — XU IS, FRATT 2 il 45 B

14.2.1 AR ATOH &L

£ VLSS g L e A A 5o ARy i, RN O G SEBLN RIS, B4
BAHERE RSB, R RRE N, W 2R FE R B DUR A WA ek W

it
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14.2.1.1 —NEHRLUCEIMETHRIERE: (REFMHE)

PR GG I A — % ZAE AN C++ S5 T )X B 5ok SED. B, ik KMidway 2
AL CRTEEZERE) At e HCS B, GRY SR T — AN % ] 5 uoxt G
M, Hp S L SR,

FRE (TR LN TR RS,

TIFL, Wi B b

b= T /N NGB S TR U F LY/ D

7Kl

®E.

VAT

R 20 R

FOERI (A2 U XEOERAE—E, T e IR RE B A K380,
COYIRCIING: VI VA SR ESiiky/E DR
TPk R Ay (HUD) JtE.

K142 L5k CREFEME) M. FEE MK #A ik B by, e b A g s
re A B S AT,

Zid (X
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(GRY HFH =M% Anorld tMC struct, A TSR AMAE (BI—
ANFRIE). A NS BRI R R IFRE . 2, FAS LA 5 WAS SE ], T K
. A RLFRCRSA B OREEESE . FEME. Ik B A3k b HoAth 3h 2% N 2w
AwWorldob_t CEItHFX %) XA EH st ruct BSEE]. CGRY HE X FpxT Rk 2 A & i e
SRR T BRI £

Worldob_t H#E 455 A I B Bl 03 BT R A7 BRI E r). T8 G izont S = 48
My —HAEEBRAR, FRFShERSE R (GRY ASCFRERERAshED, YEEMNE R
e . D, LA A S HAE s A, FEAworldob tif A3
feEr: —Mvoidx “HIP i (user data)” FREF. —AMEI “update” ERELFRE L —A
“draw” BREUFIREr. DL, AR GRY FEAR™HE X ERmEAT SR, A GR) 155
B RE TR RIET (C), FEAHSIE WA EEMOOPKHE: 4% (inheritance)
%3 (polymorphism) o F P BIETEEN 2B ANWERR XS G0 24 2R — L2 X6 i xR o0t G2 2R A AH 5%
B E E SCIREE R, R G4 Bt R R4k R — L ILG  Dhfg. 1 “Banshee” #§
FEFT RN A F T “Rad Hazard”, FH &A1 AL S 575 ZA F RS E B L EHHE
) KRB, XA REARE S FE R, AN aE 2SN GEd
“update” H%D, VLAZERIMM G “draw” HED 1.

struct WorldOb s
{

Oreint_t m_transform; /% [LE/EE x/
Mesh3dx m_pMesh; /x ZHEME «/
[ oo %/

voidx* m_pUserData; /x BEEXRA «/
void (»m_pUpdate) (); /x ZXEH «/
void (*m_pDraw) () ; [* BBLHE «/

bi
typedef struct WorldOb_s WorldOb_t;

14.2.1.2 B—ERXIERRLEN

1R E AR IAT 2 FH 23 S22 1 07 ST i ot GERAR .. A8 250 & e i e 1 1A
WA SRR RERTTH I RIE T Fom — A KRB SoT R, HEM. Y]
T R SRE R G . Rk, RE Rk ek 51 SR SRR IR M, X2 E
(LR
v RS AT AT RAICH R R B FA Al CH AT QBN S AR MR SR, JUp

EAE— DN ELZARBERE, MR 16 R 5 B R FER R B AT R R0 R E SN 2 R R s, "
LA B 335 5 bk 4
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K428 T — AN H TSR (R N) M RRRRE M. WERERH (fFE v
Z R 51 ) # 2 LA 4 NGameOb ject R A, & W] RE IR M BT A X R #0377 2
HIThgeE, B WRTTIE 7 #)4k. MiMovableObject RN H T R A &AL B K€ W] Xt
%2, RenderableObject?ﬁ%ﬂﬁ%\%{@%%%ﬁ%jj (RGN (ZEND), el Ak
R [sprite; WIRZIA=ZLERIRA, Bl GeRfH =MEMHIE ). MRenderableObjectik
TR IZEN ST RRAIEESE, MR B, X — MRS T, BERR T
LR RRB RGN E Ja A S—H 1. AR TheE S #H0E 2 IRES MR, 1Mo
TSI J2 IR G R i B R U S I B ) 2 ] T R

ANV

MovableObject

/N \A

RenderableObject,

VT RV

PacMan | | Ghost | | Pellet |

PowerPellet

B 14.2: (LB A) R K Z KR EZH,

—IFRRI, RO SIS IR IR AR A R R, IR IR 102 RS AT RE
& A 73 s KT HL LR A T RO R A U 5 AR, BEE SRR RE MK R, B
WA RN BT R RE, BREERZ NE—EARBILRIREH (monolithic class
hierarchy ). 43 XA G AL i JLF- i A SR A0 2 kK B A S K 2R8I, e AR I R
JRIREG . REL) S5 B o AR g — A il T (E14.3).

14.2.1.3 RERREHIF0)H

B — P8 K B2 IR SRR T & BIBA K UG, 7] SBUR Z ARIZER A 8, B2 REEH
KA AR AR TE, XS ] A SR e JRATTA R LR LA BB 0 45 R B8 2 U045 R I B
N EF

AKEVIERE, YEIPRIERL

A RBARAERZ IR TR AT, BUBERE AR, 4E KB ROV EEE A
PR B4 TR I, B R RE IR R R T LR B .
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Powerups

Controller

AlController
PlayerControlle

T

ArmorPickup
WeaponPickup|

B 14.3: {JE47353#3%2004 (Unreal Tournament 2004)) &975& 3 £ £ Bk 444 &,

XK, IR BTG i, FEIRERT S NEUEE R ERE, M sads
TARFEFR PRI MBS, i AR SOHE BLR B T bug.

TRERIAZHERITTH

A BRG] T MR UE D BT R, XEARAEFR NS HEE (taxonomy) o
an, £ EE (biological taxonomy, XFf{Ealpha taxonomy) 31845 KA 725 Fr
HEY, eMH T8EHIM: 8 (domain). Ht (kingdom). [] (phylum). 2 (class). H
(order). #} (family). J& (genus). Ff (species). FEMHHIE—ZE, S KXHAANFRPITEIRIE
HER EITCE AR i % 300 B R R AT A PR R 4

AR JZ IR R B R M2 — e, B REEEN RIE T E R HBEA “H” 5k HIE-
TR E AR E 2K, A2 IR G 7 A eE, R, EEARTEEH 7
—ANEEAFER CH K. B, VSRR ETEARE S AN, EIRRA U
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VB, 25 BBV 3SR, WS — A58 e AR S .

FEM AN RIAET, SRR 70 FEPTE B I A R R 2 e 2 R ILAE VR 98, D AIE
TEISRZRE T 3 HT— D E SRR B RGN, 2N ERINIS A EST L H
AR 7 FARME S IR P — B P RS 2B T, & R R AR
FEIEAH R IRE R BT TR Ah, T RE 2 o — S5 b 20 R T T B R IR A H .
BN, E144Pr R RIRIRG K, IFRRES T ZIEA R A (vehicle) 732K,

\/ IV

LandVehicle WaterVehicle
N SR

Yacht

Motorcycle SpeedBoat

B 14.4: 3785 TFZHuRE & LR B EEREN,

| | Hovercraft ‘

Wz, 2l R THITRRE 7 35 AT, AT AT R I KBER AR (amphibious
vehicle) I, FLLE AT MAMEAAGRELINA KRG XATRESLSEF ABIR K
&, SR A REM AR IEIZ L “ AT B (hack)” RRTLRA. 2817 30

SEGK: Bwiha

KBt P9 R 2 B el /L, R TR — A CH+1 2 H 4k 7K (multiple inheritance,
MDD ifg, wE14.50 . 2R, C++2 HEAk AR N 25| 8—8ese gk EmE. fila, £
H AR AN G R AW 2 AN IA—IIE RN “Eansif (deadly diamond)”
oy “FET-%54 (diamond of death)”. VEIE IS A 153.1.1.375,

NG K
| LandVehicIe| |WaterVehicIe|

| AmphibiousVehicle |

B 14.5: KiEm AR 6 L EREMN,

KM AR TAR. M5B, SRR (12 B4R RCR R IR ai ), HE R E i A5
fe PRI, 2 Bl AR S 48 b m ™ M BRI SR TR g v 4 ] 22 B4k
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mix-inZ

AL NV 2 B AR — M —— DR LA S EN SR E R g E —
MEARK. #FZ, —DHKATLLURAE B £ 4R Z R ) — A BAL— AN, [Hd L
AL BB E M mix-indE TEHERWMSIZD. WAILH P DhREiaEdh ok, T limix-in2g,
FEALIX LE Dy BEAE 75 22 1IN ige 8 Uil N T B R Z st . 4.6 %R 7 — ANl SR,
R K, 8 R E R A B (composition) XA (aggregation) AFLEE, A
SRR EA

MCarryable
MHealth +PickUp ()

+GetHealth() +Drop()
+ApplyDamage() +IsBeingCarried()
+lsDead()
*OnDeath() GameObject

Yo vaRvaY:

Character | Vehicle | Weapon Item
|Player| | NPC | | Tank | | Jeep | | Plstol| MG | |Canteen| | Ammo |

B 14.6: A mix-inX a9 £ BREM, HEATHARMHealth mix-inX 9 £ Sk &F 8, H7T WA
Ao MCarryable mix-in£ T A4 ik £ X a9t f 4% A &5 7,

(Shi2ks e

FEBLHERRIR RG240, Ho— e MRISE T AR R T, MR R ARPR )
ThRESE. ORI, PRI BCRELZ IR, T RERA ) Sl Z A BE 2 AN T KK
BB, XFMEE S IIRENT R IR G AL B, EHEMZN “HHLHRL (bubble up effect)”

filtn, FEERRF AT REM X A — AN, RAARFREE T/KIE. A, kit
LB LEARFE ST AR T, AR S Z SR 2 (T R, Bl s e, giok. B3R5
B “rlE S AR AR BT I 0 2B bR iE, R TR TR 2 K INA 5 EA L)
REN R Z RGP =ZAMRPE . BT AR Z HEY K, 7 RAT 0 A
KIS IR G EIT 8%, RSS2 B T s Rt Lz . Hs b—
LEIRA: HAZFE RN RIFAGEIRIR,  AEG 0] R R AN BB AR £E 22 A2 2% B ] — IR 11
Al (WATIIAUm_bCanFloat X FiAf /R B 7 A8 & LA FF R AE e ) B e, 13 IhEE (BL
NVr 2 HAh iR Th e ) 2 B T4k KZ RS M.
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HEZIGI B IActor GE L) TR “ BN Mastplr. eS8k s &
IR PE e, Shim. B, MR ED). Bk 2 AR S Hl, xR0 L8
S AR (BT IR IRACHTAT 1, FEXH AT REAT — 238 1E), LR BT %
BNV LD RELE L KR RGP RIA R B2, 25187 RGMNERE TR
ST IR A

14.2.1.4 {FRAEKELXEXRER

BUVF, B TR OK R K G R e L R R B, AR T ) Rt AR A R —
A Gs-a)” KFR. Flan, {EHRMGUIY, 27 Rk TGUIME & &K T TEIEHE,
fwindowIRA HRectangleF. ARifi, —MMEHAR MK, BRARBEE-IK
T, HTE XHIBF Bk, XA i) R ) S AR R T g i Rectang Le R 5L 2 B
FwindowZZzH, HE4WindowilH —PRectanglefIfEEEHS%,

FETH FX G, “H—1" KAMANER (composition). fEH LT, ARAREH
ARG, FRIMABRLEINIEST N EE. Mk, A “AmR” —ian, wi
FErRERE. XHEU, HMIEARSLEIR, B B OIEBISM S Ha AL
B, W2 B EBAR ISl FRATH A LU 4RE S H AN SRR R, T4 r)—
NRIAEH G — DR, ZMEARTRZANERE (aggregation) .

TE “%—/I\” E&% “ﬁ—/l\”

BRI R R E G M B 5 B IR SRE, — AT A T EEE 92—
N RARWN “H—N" KFRe. BAVER E14.7 1 51— 2 R G5 R AR E] 7 15 B e 4 15,
GameOb ject IR RS UE T W 0 RPT & KA TR (WRTTL SR dl 5 Fe 5140 SE I
A M2 B 55 ). MovableObject R TR EM S A LH (RIME, &M, PLK
AIERI LB FIX %. RenderableObject I T L% LiE YR ThRE. (AERTA IR XS
FEHEPEG,, i, FBIEKTriggerRegionZEui v L H 4k /K HMovableObject. )
CollidableObject K4 IR MMIEE (S B, AnimatingObject 4T H L] — il
o O SRS I RE 1. B, PhysicalObject 845 Sl il o B AR UL 1) R
71 (N, — AWIREESZ 5] I semitE N, FER R S ).

I 2 Gk 2 2 A ) — R I BAE T, e BRI T FRATT 0 R U AR SR A T ik R R
AR 8 — AR 2 W B AU I 06 R8T, AT # a8 #81% 2K IR 4 HPhysicalObject,
RIS & JF A 77 E i #& sh . 5 ATAE — DN R RR ARG, © % AUEIRE
FCollidableObiject, RIMfi'ER[RERZFIER, AT ERenderableObject HITfE,
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14,7 B SR 2k 7K G54 B B2 ) RBAE T, MEDLY R ILAF 2R T RE.  Ban, REIRAIA
B D HbrshE, AFANIESLAninatingObjectRAE N2, SkeletalObject
FMorphTargetObject. # ATE XA KA FFY PR, LI E M Physical-
Objectﬁﬁﬁ%&ﬁ?*ﬁ@ﬁ/ﬂﬁy */I\‘]}E$§Skeleta10bject, */I\i}[}EEEQMorphTarget—
Object, B e 2 HIK.

I ] ) — MR TR R, B GameObject AN I TN AE 43 2 A SRS 12, REANR
BT —, B EREIRS. RERERAERANEHE (component) BLARFITHR (service
object) o A THAFRATAT LRk £ o0 R s (I DhRe.  BhAh, BRI EE AT DAL
HZEdP, § B EN, AR ARG, X LT ) AR B B B AR S K, PR E AT
HAMA ARG AR EEN NG T R, HlaEgy. shim, fibf, Y8,
BN, YEANIERN RS 2T RGN, X1 RS A ORRREE X R 2.

Kl14.8f& R TR E IR G M B N AT 5 A 47 seit. R, GameObject®
B— MK (hub), &FHBEANAEHFRITEE. MeshInstance AU T Renderable-
Object, ERR —AZMBMR I SLE], JfE3 7 Wi vE ez Mk i) ml. Kl
AnimationController@ & T AnimatingObject, & 3l H Ak 55 $2 it 45 Game-
Object. TransformZ M fMovableObject4EF X R HINAL B, & M K& L #l. Rigid-
Body 2K JE 7~ Wi 3R X R AL BE LA, I NGameob ject $ 41 Xt i 2 Ailf 8 A 4 R Gt I 2
M, MIMAE T CollidableObject X PhysicalObjects

/\
/\
| RenderabIeObject|
/\
/\
/\

Transform

| Meshinstance AnimationControIIerI

PhysicalObject

| RigidBody |

B 14.7: 1B 185,
st % Bk GEMH, X B 14.8: TR HFERAT B REHM, MK E AR F K6 A R
A AREZEE K,
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ERCS:DNolFE WSEER ST

TEX A th i, EE N KA LA, B2 e 2L 10 & 4 B EE
{HGameObject /B4 FNiE E G @M E 2 447 X LA Z AN T R, H A 212 2 Game-
ObjectMR KA BT A vl B 41 48 5. AN Xk R K B UK 4 H GameOb ject K
GameOb ject HIH4 % B £t Fir G LA FR EH W1 AR L NULL. AR AR HIMIE R0, wh g
H GBI R LR AM. TR, BiIAFIGameObject A RE AT UL H 3 Huis 2L T A
Hitk, XM, R4 HGameObject WZRE RGN T IR R 3250295, 1
LA SRR Dy mT 32 (R 19 {8 T R

LN R T — AN A0 A B8 8 i vl AT S e A8, il E X BRI A2 1R i+ 2
M, SEELAT AT R A VE 2 01k, L2 R F ST [R1 28 2 IR S5 R 1 51 R 2 A 1 22 SR
A

class GameObject
{

protected:
// REEH (LB, ZmE. )
Transform m_transform;

/] R

MeshInstancex m_pMeshInst;

AnimationControllerx m_pAnimController;

RigidBodyx* m_pRigidBody;
public:

GameObject ()

{
// BOANT A, RAERTUEE
m_pMeshInst = NULL;
m_pAnimController = NULL;
m_pRigidBody = NULL;

}

“GameObject ()

{
/7 BB £ R 2
delete m_pMeshInst;
delete m_pAnimController;
delete m_pRigidBody;
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}i

class Vehicle : public GameObject

{

protected:
/] mNEE W TE
Chassisx* m_pChassis;
Enginex m_pEngine;

public:
Vehicle ()

{
// HEAREGameObject A H#F

m_pMeshInst = new MeshInstance;
m_pRigidBody = new RigidBody;

[/ EE: BAVRZ ) EE R &L A5 RS A,
/] A REATE ] B BT AR M e AR
m_pAnimController
= new AnimationController (xm_pMeshInst) ;

/] HMERENE|THAMH
m_pChassis = new Chassis (*this, »m_pAnimController);
m_pEngine = new Engine (xthis);

}

“Vehicle ()

{
/) REFHBEENE AN, HAHGameObject & A KA AT AL 1

delete m_pChassis;
delete m_pEngine;

}i

14.2.1.5 BREAH

o ANEAAFNE ESEIER BT 5k, ARG G @ H A 1 B
Ro (ERXFPBCTH, APFEEMSMKE —MUAIESE, AR fEA 281 2
S8AE, G, EWZERRE, BB — A AR LA BE. Bt AR o 53
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JUP AR DAL AR, DT AE RHR GO0 T, AT BLIE U Bl Xioxt Rt g B8 i)
AL, BT R RE IR NN AN AR BRI R R A AL el CRE G ) LT R
HVFREERACE, HAARFirion 2R RS RA 2 DM et )

FI14.9/8 7R 7 IXAhdeite AELAEAmAS ML PR, IR Tt S, AR 3RATT % 230 A
e 4l T A7 SR g 5 i kot R ARG, [FIRE, RS AN TT DR AR R xkox b
MR AH fF. Rl IR S I AL AR BT BT, BRI ERR, TR AR — Rtk
e P SAMB, KRB AR Z ik,

Component
_ +GetType()
GameObject Q%HSWPG()
1 * +ReceiveEvent()
// +Update()
BEERESETZANTA Transform
( anEEER )

AnimationController

RigidBody

Meshlnstance

B 14.9: A4HEE R TR M, B AMRAEFRIT E A X EE B9 @mT,

14.2.1.6 ZhZAH1EEY

RN HA IS K BREL SR IE? AT LIGameObject HREH L
TEHRBREE R Z NHMEEF A, RN REREASZBR—NTATANESE, B
AME—FRIRFT L — Lo H AR ST, (HE A SIEMIEE. BRI, (AN 28
We? BIX A, FHoA—AN 7V R AR R bR IR B B A E A . A HA R
B DOAR IR R o3 207 AR k. A R it — A DIbR IR B R A AR Btk 7, JRAT T
TeZiGameObject X MR M. EHFRX P NEEAHIRE! (pure component model), 4l
E14.1057 7%,

MITFEEI, W e 2w /3 2R AR AN TR B, T et A — 2 inl @il ltn,  JRATIS
B8 SCIE AR P 5 W BRI o6t R AL, I HAE ) 8 AR L0 G 22 i 1E A X ZEL AR S A9 2 i
HIGameOb ject M JE IR AT AFE BIFRA T ER A . A A FH A2l AR, Bz, 3R
AT BLH T #850 (factory pattern) , XFEEAMERXS g L —A T 2K (factory class),
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a N

Transform

-m_uniqueld : int =72

Meshinstance AnimationController

-m_uniqueld : int =72 -m_uniqueld :int =72

RigidBody
-m_uniqueld : int =72
" /

B 14.10: SRR, FHFR R0 F S AR, A4 R REELE—4RR
R R — A,

PR R AU ) R AR O RS R B AL B, JRATTAT DA S SR A i A,
AL 5 IOCA SO P R SCRITE AT R, PE il st B A e 2 1

T AR R R, AR TR RIEAE. BATHF RGameOb ject HfF “AXAL”
» TGRHEZ AN IR, EAEALS R, BRATHR E AR TTE, SRR R
AFRELANIESE. 2R, AR AT DU I Xt B e — AR IR R B A2 R AR A . 2R
17, FAVR AT e 2 =L, B, PRIt e smh iR,

FEIXAP R b, AR, RO R g — iAot B A th T A R R . 3R
IIASRE 8 1d Game Ob je ct LG HOEAF A, 116 20 R HE A 125 00— AR E, 3
SR H bR SO R P AL 35 R IXPIR T IR EL AR

AL AP AR TR T DAAE LSl A 00 H S, BVF A RO Se il X SRR A LA ok 5T
X, BATARETE 20 X SE BT 7 LA B . BRAFSE WA BIARI R 51, AR A
L% 2 B Oy 8 oA 50280, T2 SR B RERC & T 4 it .

14.2.2  LABRMARHOR SR
P P RIE S IR 0, W B AR X gt Bk ATl 5k, ik
FRED HEHE R, XFAUITRAFOEIME (object-centric view):
o K51
o fiiE=(0,3,15)
o EI= (0,43,0)
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o K42
o fiE=(-12,0,8)
o IMl&E= 15

o MR3
o E[= (0,—-87,10)

SR, AT AT DU A Ok BZE, AR R A1 E o R TR & A 1))E
HWES, RENENBIEER, BMREAEE NN G POZEENE, X5 L S
— bR . XA A IORIFE (property-centric view s

o fiiH

o MH1 = (0,3,15)
o M2 = (-12,0,8)
o SE]
o X%1 = (0,43,0)
o W53 = (0,87, 10)
[ ] JI[L%
o X2 =15
DL J& P A o (R 50 GRS Y Bl Dy Hb R A AR VE 2 R M xR R, B HE COR H E B2 (Deus
Ex 2)) M (#fir (Thief)) R, EMPFIEE (14.2.2.577) $RALX LI H A R % 11
2 A,

FEX T X GARAY, DU Ay ol BTSSR REAR . AN B R B R i —
H (BB, PAE RN R IME— AR iRAF N ERE (primary key)o 498, EIH 7] X GA5
B, XPRAMLCAEME X, IE7HEE L HAT R HRANTA TR, T SealdT Jyle?
B GG HA R B S, (AR WHRINERIEAT NEHER N T () fEREAS,
K /8 (b)) @ AR, FRATTHE— B BRI PR 2.

14.2.2.1 BEBEMEIIITAH

TP EPETT DU N B S (property class). JEVER] LU & L SAAE, a0 /R (G B0F
A BRIV BI— MER A = AIE RS, B0 AN TRAE “W7. B EIESEA]
Lo g S 7 ik R BRI R AEAT . RN RV EBEARAT DA i = d s MR AT
NEEETF.
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Blan, FHiFRx R E A Health (ME) BYERISEE], 12X RELRERZ I, I 2k
Bioko XTI REMEGE, HealthXh RASREFIEOE 24 1) @ BAE/E N IR, & YEXT 3
WA LA i ot o i F A M AU, B AR EARAT 8. BN, HiHealth)® A
FEEIN T =N, B AR — ME RS AnimatedSkeleton G I EES) B, M
1A A AT — DB &R 2 dshm. M, 2Healthd AN 2] M0 RREIE
ZHA, EREEVFRigidBodyDynamics (@PE) AlURWHEIRZN ) B R, Bl “Ahidki:”
P

14.2.2.2 BidBIARSEIIT R

ik, RATEIEE R TT s T e N B R B, AR A A
SKEUS RIAT . BRI R REAT — N4 Nscript TARRFIRIEYE, X0 R& xR 1k,
WA E B RIS EE BN GATNIIIAA T 7 R B EL, 5 AR SRR ) X G U R 4
AR R Do BAACHD AT RE T [0l S g thh 7 o i i fFe 147 PR SR A E 2 H RFME RS
(RIS, T 14871 W S A R AE 5

E—Le DR O G 2R, 20 E MR B TN 2R, (H5]Zin it —uk
PLE B IR LTI A AR T R, DASE A A A S — 2838 1) @ ke X Fh 792 84 s 2 . FH 31—
deyiExk, Bl (RHE (Dungeon Siege)).

14.2.2.3 ILEEMSHEYG

EHETELN T, 14225WSHRNES, WEZEEMEMH “ArF” —imERRE
HAELLITIRH) “RYEX 57 #£14.2.1.47%5%, EHEMEH A7 iR D gy it
HEITRIG, MEAS “CAPE” RE X RIFAE A ML

SR, R PR RANANFAEAR 2 07 I HGE S OIAR G, EPTR TR, BRI RO B
HRBZ AT RN, EERDRIET T RAME. £URENT OIS, &
AT GIE SR RAG A B g, e RoRTral WiE s, LG
B MAEAMF G (I RAH) Biitd, FRRIEEHERRIEREZESIE T
AU GEYeds. shbl, M Lzh 125 XA XA WL e, A2 H 00T XA XAl A7
LTS 7o BT E BT VA HER (14.2.1.67), U2 ABM AR
B, BHIREAW—DBRENEE. EREP T i)E, & NGRS LM AN R—
AN 27 BT A BT B R o B, FE MR L7 36 R SR BT 75 14T A
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14.2.2.4 PBMAFORIZHRINERS

PUSE MO NE AV 2B A eam A N 7, BROAERNT A T A7
SEbr EAH BRI EME (RIS, BAIASH SR, WERHPEIER ). EHERESE
R RSN 7 Aok AR, B Re AL € SO BB YE, TEAUE W ik, PIOARAAH
BRI R 8 o AU SCHT B R AR, A FEREF AN (REEEA R E
o A E S0

Ja& M L BT AT BE BUORE R AR B B S A AU, DR A R 2R A ) AR AE A R
AP X RAE AU R AR B AR AL TS, DR A e A ) A A7 A7 B A e v T
PATIR S AIZ S, (i, TEPS3 B A b R A, S5 THATET 2% CPUTE A KK
Ao EHARIESAGAF TN, BellD BOEBR A7 b 2RI, DR 43R AT T B s £ Al
MFTT RN, HT R ET RSP F RS (cache line) 2. MHEIEA R
Bt 7 NH RO BEE 2 454 (struct of array, SoA), MLHAAGR 7\ Nz #4R
(array of struct, AoS). LLFHMXESF BE/R 7AW A7A R 7 SR X e GER, 3]
FA 2584 LU Fh7 SR SELE o SRS, il 7228 T 7R L& o O s ] B
PR IR A, A B R RN

static const U32 MAX GAME_OBJECTS = 1024;
/] BREMZHA (BoS) F R

struct GameObject
{

U32 m_uniquelId;
Vector m_pos;
Quaternion m_rot;
float m_health;
// ......

bi

GameObject g_aAllGameObjects[MAX GAME_OBJECTS];

PP WL RFR AN (memory wall). 4E3E TR AR, M19862E20004F, CPURAERME5%, i 7L
N10%. http://en.wikipedia.org/wiki/Random-access_memory#Memory_walls


http://en.wikipedia.org/wiki/Random-access_memory#Memory_wall
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/] REFEERFWEHAZLEN (son) 77K

struct AllGameObjects
{

U32 m_aUniqueId[MAX GAME_OBJECTS];
Vector m_aPos [MAX GAME_OBJECTS];
Quaternion m_aRot [MAX GAME OBJECTS];
float m_aHealth [MAX GAME_OBJECTS];
// ......

}i

AllGameObjects g_allGameObjects;

L PRy bt R A e e o, 24 diekont S RSB TR R ke, it A DAZE
AP PEZ (B )R R IR SEATRLRE 1 J8 1 25 SEE— N R AT 8, R RS &
ZRh R Gt nl RE S AE LABRES,  OSREFP A BE — MBI don B B ML & F A & e
e

14.2.2.5 HE{HFEIE

— i Ol S A HY AR AR BN R IT R 2 B R R S JE At Dy B A Y
4k, IXLEFRT R AT AR BN R kA

e Rob Fermier, “Creating a Data Driven Engine”, Game Developer’s Conference, 2002.%

e Scott Bilas, “A Data-Driven Game Object System”, Game Developer’s Conference,
2002.°

e Alex Duran, “Building Object Systems: Features, Tradeoffs, and Pitfalls”, Game
Developer’s Conference, 2003.5

e Jeremy Chatelaine, “Enabling Data Driven Tuning via Existing Tools”, Game De-
veloper’s Conference, 2003.7

e Doug Church, “Object Systems”, F20034F & EH /R —NIFRIT KWK E; =
Y H Chris Hecker. Casey Muratori. Jon BlowflDoug ChurchZi4{, 8

4http://www.gamasutra.com/features/gdcarchive/2002/rob_fermier.ppt
Shttp://www.drizzle.com/~scottb/gdc/game-objects.ppt
Shttp://www.gamasutra.com/features/gdcarchive/2003/Duran_Alex.ppt

7http: //www.gamasutra.com/features/gdcarchive/2003/Chatelaine_Jeremy.ppt
8http://chrishecker.com/images/6/6f/0bjSys.ppt


http://www.gamasutra.com/features/gdcarchive/2002/rob_fermier.ppt
http://www.drizzle.com/~scottb/gdc/game-objects.ppt
http://www.gamasutra.com/features/gdcarchive/2003/Duran_Alex.ppt
http://www.gamasutra.com/features/gdcarchive/2003/Chatelaine_Jeremy.ppt
http://chrishecker.com/images/6/6f/ObjSys.ppt
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14.3 HEARMHBEIER

WIHTRTE, A HEF RS 7RSSR ok, FES LR g H— 4
EM =ML RN, Bt 7258/ NS BT A T . AP T P2 A 2432,
wn, —E TR ES A THRT AT, SRS A TRHEE S, HIEATT
MG NIRIREE, R /aHARTE E R UK, Wi, KO, AR B,
ARG AERXE (volumetric region), FH T =4 55 ) i i 4% A AN [F] . 53 4b,
BASIGEBRAE N L GESMMIE (navigation mesh), XL Sf RS &—HLZE, 2
] S U A BT AT R BB, ORI T C A AE 2 1 I 245 i iR o 0 ax e 54,
BATASAE SRR,

7 A B B 3h A T BB R A R N R R RN TE A TN R AR K
1T RRE S TR GRAIAT 0 W2 B R B A e o T E i 38R, 72 LU SO L i
TR G R 2R B R e BESEIAITR — 28 (EIREESR),  DAAEIZAT N o il o R 1
VLR YE ORIt SO SAT 2 B R P AT R Rl A T R, (H LRI AR
SE TR R AT A E O — R S e e SO RAD. Bk, — o AN
ARXTRIME, BRI SR T
o WREBMMFIGE: HAAIE LTI RAETF AT e NA KRS MR
R YRR AT A o 2 kg e DU AT SR T UM WA 3
o MRABPEMAAE: 7L GO IGI S, BRI AT REZ 747
PRIRFE,  BlCH A E— R SR AR IRAT. AL AR M A L it dr, R80T
7, BURE SCHHBX R EEE S

H T H L
fiE

o2t i

14.3.1 iR RS

B A R A A TG, AN INER AN R BRI BRR (binary
image) HAICHF, BARAS RAEISATH T WA PR TS e . Xal, A ST
FEMR TR A, Akt AP A NAT G, BATCRE AN RO BE, Bl
REf] > AT .

W, SERs EIFARIbfa e HE “IIS” BICHHREL B AN IR, B R LA
e, 5 0 75 B R B AT R R R PR AL T, A T AR BN A 1) AT e sz 45 v ) K
(566.2.2.9T VIR TIX 15, ) MH, TREH0r GEIFICHE, s DG 2 ook Ho oy AT
BB W ARIE AT AR H iR e 2t AE ARy, Rk, GRS SCHF DU T R M R

ORIk JRSCH SRR RRE R K IERD, PR R
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2 FAS U B AR BN IR BTLL, 3l i Ak I 3 A A2 A A7 T R 5 2 I e i
i CEARIEME AT REE & AR OB 4k, {51 Dot s s sl A T LT D

14.3.2 R RImABFSIE

FFE (serialization) S 75— Rl X R N AR AR 75 sURE A7 B R AL ST 7
SEITIEAR B —RE IR SR, AL A KR 5 Gl EHURXI RS B, iR 2
PG R, AR RS Ry, fEH R R AR R, E MR A K
RFFMEIO B NAERS, B e EAIEE MRS, RN B EREE, IR T R
FIPIRIRAS. & A B2 ZE B0, A DLBRAT I O AR, B e RN %45 F) T
AR R

AU AR 5 RS . B, C#MJIavaff iz BEhruENL ] FF 21 A0 G = XML
g, LA RFPHIME. W CH++1K 5 IR A bR PR A AL SR, FEd xRk AT
WEATAE, IR T Z MIIKIC++ AL R Gt HATA SRS IR S C++X4 R P
IR G AT, HEATZHE— TR TR IR C++ 5L R G 5 LA E
RS

Fr oA AR R —BE R BOAZ, PSSl o 2 A7 o 5
AR G XMLARAT 6 S35k a0, BOSEBRA R RISCR AR HELL, SRS
THNB B XML R B S 5 IS R SCRr, X2 ST N REE S I 25 F
Z. AR, EHTXMLZ AR AR AL, X T RESE Nt AL R AR ). PRIk, A7 SRR
GBI € S R 3, RTINS EEXMIL PR HL %2,

XN R, P NS S 7 B4, 3 H AT BLSEEA LR AL 2 —.

o TEFLEIMAN—XFRERKEL, WSerializeout () MSerializeIn(), REMEFMNRE
FSEIUIX A BREL A 7 A A e,

o LI —NC++HEMREE (reflection) RGt. AT LI R —MEHN RS EEZNT
FIATAT B R 5 B C++ X0 S

PO JFOCHE M T AL (serialize) —id, BHIWNHRFEIIML (deserialize) BN X,

PR MR (identical) BT LRSS FHAR B FINAE S, S5 B4k (055 G AT LA SR B 36 S A AN ) (9 19 77 A
JA, HEERMARESE, SRARRFES /ST TSI R, AR ZE EIATTUCARE R M. X2 FE
b RS S B E ) Hb T

PR U S — AN RATRORS R TSON, AR HL XML B8 4y 211 HL25 55 WS 45 10 1 %o RN Bl 45 M. UMb e fe — Fi%
# [ C++TF R Firapidjson (https://code.google.com/p/rapidjson/), B XFFISONKIMHT AR, HFERTIHZ
TR TERE A A AE TR oK, ATLAA TR AP 80, B2l T RSP 3l & 4.

3P W] LS #BoostlfiSerializationtit, & LLES: LA KBRS — AN md, RN 750750 RFFIk.
TAT B OL T FTORFDRY AU



https://code.google.com/p/rapidjson/

14.3 A H PR B R R 659

RS CH L HAl — 835 F IR, MUY, SON BRI 7RI A A, X
SE A P A A7 (5 B G SR I A AR, SR B iR BA RSB i B (K2R A R AL
TRRNABUR NS Coffset), BEAL, B WA ERMIPA K REUE . A REIRPUEMT—
NCHHEIREHE R, TFAE IR R 5L R Gkt BE fa] S — Bl 2.

SRT, CH+ IR RGBT 2T, AR M R S Bt Herp— AN
2%, M #de £ine X FEp AN MR AR A O G (K S Biodle AR R kAR N R AR AR —
A HE PR B LLR [Z AR R B Bt B AT DA O REASS650 5 SO I BE 460, el
5 P EL A 31 Lo PR 9

bR 7R IHEAE R, AR G B AR R R B % 3 2B 1 4 T U — BRI
Fo FARRFFMERZ, JIEXNRRTIINE NAFR, FRIEIIE M2, bRl fFn] BA
TR H PR BIIARIARE, Bl HAp A 2R ME— PR IR R

B2, C+4+IF A Pt DL 55 5 Bbn IR AT 22 SEIA I 7 1. SR B 2 PR 0 LE S 1
BF s, [RIFE R A E R gR il 2R ) 24 FX (Winew ConcreteClass) '°. AT gt biE
IR, C++ X RFIMR G A LML (class factory). 1) A LLHAE
)77 LI, ARl FR I VA R L — R R, SR AR AR IR AT R 22— AN R 2
s RO & (functor object), J&3& FlgmiS 77 2 LlfizR. 45E — PRI A RER
TARE,  BATTAT LLLE A2 BT 5 2 200 97 (1Y) R B 7 R, 90 e ok Sl ik i 2

14.3.3 RSS2 AIZIH

TR R AT SIS S B EE I IX AR AR AT B SRR Y
BATISSEILFTE U, R T 5 g 8 2 7 SR N BN i xk 51 B as AT I SE B Reds k. il an,
N T AW R RS Wt 2 Aot RALRRI R G, 5 g B 2 00 O EL B BB AT N I X
SRS, Bl PR O gAY, DLAE BRI O OB AT I S8 A AR R e B 7 B0 it
SR RS 1A RS & LR — i, (B[RRI, R g8 A 5 Ia 1T i kont G B
LM HserializeIn () JSerializeout () A%, 8752 CARFD 5 LIS 210 s

= H

B /o

YRR A S S RIS AT I 5] EEACRD, FRATAT LT ST SR A M G iR i
Rtk 0T FHAHPEEE SCO RN R R AR Z — SR, X HBRE R
EMRER (spawner). A MAZTHN RAVEE. UEHHRIERRTA, AT T L)

VR B, T LB, e LIRS WIGHRRES Pk SCHF (SR ETSE SR SCRRRE 20D AEBUR A B, ] LA —
BSC R, AR PR AR RIS B

5PvE: BPARTTLLX FEcharx name = *-*; BaseClass* b = new name;.
TOPRTE: JESCNBE ST B (Achilles heel).
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o AU B & AR RAE TR 2K BNR A, WASH — AW REEN R
FEIR AT R B GEE. X VRIS A TR F I B, DR A K 2 O R S
AR e R RO E ) LA el 2B AE O R, R] DU AR s 1 2R ok
PR SEFMEIE— AN N IR, AR IX BEIE AT I X G e 2 2 i ) s e JHL 500 e 7 o

PATAT L B AR A RN JG LRI AR O 5, SR ARHREE A, B2 o 75 2 4 A2 ot
Ro AERE AT LSZEUN S — 20 4 (first-class object), & EREA — N ERIIAEEED, X
BETEXT B @ M AN A7 — S8 H el AR plss B 2 AR ot % LAAMP & B,
TE CPrRbESE: fEE AR K I E ) o, BT TR A AR B e S — e Xk A B B s Ak
Pl FATFRIXLE A EBEERKES (position spawner) BEMEREMET (locator spawner) o
TENL AR AR A Z M &, Bilhn:

o & XN TR REA B R 5.

o JE N —ZHAAFRH 2 4 2 AN Bl g 56 55 1L [F]D RE T

o JE SRR B SR AR A B

o & MAEEF M A (waypoint e

Paranpar:
o = ﬁgo

48

14.3.3.1 IR AERIZIH

PR RARAE ST HIBVERIAT N AT AR eas e A dis R A A A o, Juons
FARAITT LR WK 3 ) schema TR 7. schemai® ST WL & 14 2 76 1) B soxt S 52
BRI BAEIBAT A A R i siont B, H TR J7 R R A AT LI A 25 ) B 4
WA T, W AR A E AT B R,

M schema F] it A7 N T8 B SCAS SO, DAL A gmE 28 152 B, FEaT (i A P A & g i
PLF & —>schema SXCAFFIFE T

enum LightType
{

Ambient, Directional, Point, Spot

}

type Light

{
String Uniqueld;
LightType Type;
Vector Pos;

Quaternion Rot;
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Float Intensity : min(0.0), max(1.0);
ColorARGB DiffuseColor;
ColorARGB SpecularColor;

}

type Vehicle
{

String Uniqueld;

Vector Pos;

Quaternion Rot;

MeshReference Mesh;

Int NumWheels : min(2), max(4);
Float TurnRadius;

Float TopSpeed : min(0.0);

Se) 7 LA E A S R R, BRI T A AR, IEE LT
AR, Rz PARPRRY, Wrfrh. B Fas, B SRR, R
. WUocH. ARGBEIth, thf — L@ iPReik 51 88 (A%, RESE SRS 2%,
FE A v A WL € L5267, WinightType. 53— AN ALAE T, X HRHER
ffIscherna 7] i Xof th 57 G 45 45 42 (1 — SR BUAME 2o A I 1k 1 Bt SR AL G s 17 ' 7 220
FGUIFEAE, Bl 7455 8 — e 8 F SCARKE R S B8, A R (B IO 456 P B GB A, 1 2 2 ) 2 {1
RIBIRI LT 2y s 22BAREOSCAHE,  BORAS AN =R B 4B B GULZE M. schemath,
AABE o5 BAGUIFTH, Bldn, BAUTF i BUR M R ME AR KA, ML AAHE
HRTIE IR I H 5.

B UL XK 5 BV G 2K M schema X 4k 7K, FISRI 4k A&ARRL 50, Fir A iRt 4
T EAIE LAY, XN — NME—FRIRET, DMETEIE AT A A R X e XS JE AT
PATETH Zschemad 8 %€, HAthschema | B PAZE A& X N T schemae

14.3.3.2 EMHEAE

B A DV R AR, MR X SschemaF B E LIS K 2R L. A, if
X U T LE i T 7 A Ui ARG RSB B S, R D e AT R B K E .
fEschema N K& JE M2 LEIAE (default value), XU & SL@) )@ A BRI H B, ¥
BEOMMELLGE, Bt Imataeis 2 g B ik RRME) “F5 7 Sefl, (AR DU 3
BE S5 i
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AT, R B PE R BRUE G R, ks I A R A B N HTHP 920,
et A AR, BIE ZHE NFHPEOME R N30, A5 AMize, #ilE
H B NEA 30 HP. H 2 AT A BB AT i A AL B B NZE A0 BATEM I Py
ZHTBVERIE N, IHEHHPE T THCN30m?

AR, AT BB NS, UL A S T RBRE B 2T DA R
WS ZE YRS BB IIRE, A — DB IITE, HURR T ABRE A [F R
B, AL EEAR, EHEDNBEEAAE, EHEEREIAME. (XRRE
TS B RE S G R schema SO, M BESRIBUR PE FUBRIME. D AEIRNTHIE T, 2
HEAF B NI A A L HP BB CHIRBRARRAT T ST L 4 i #s I HP MR 2
NHABEED. B, HBOAME 2080830, XS Nt H 3R B EUE

A G BERVEIRAE N GRS BAME. B, schema B 3 H ¢ LT TopSpeed
BRAME N EE/NF80TE L, T MotorcycledR 4 AT REHIZERNEE 5 N/ 10055 B,

14.3.3.3 4 s R AR AN IF AL

A AR A RN R R, HEE A e R, FHEMEAMEEM (robustness).
MNECHEE BRI A Bk UL, A BREEE X ) FR, A B B R AR B IR I D R, 5L
2 H 8 SIS 7 A AR A5 2. SR S Bt mT g B Uy R R st 1y HL
A DML Rl 2Bl IR SOE B TR 2 AN AE XS, AT DATRT B 2 e AT ] ARAAHE, 3
TEREAT G RE R B P 75 A XS, PGSR FHERE. PRI, Wk v H AR 5 O el s i 2k
XTRAERINF, A I B A% AT ] AR g LA

A Bl L T AL T i R 5 g R 4 O BT AN SR B, D] DA e S o s S R R T e A PR
SEAEN S B FeMschema. EAN T 25 1R 51 B AT S AN, I LA 5] Sl i 4075
YEFFARHE IR IR G

AR AR AR Carchetype) ¥ ARt vH I & FE P SANAT i 3k R s K J0 &, i)l
A DATE TH 57 g8 2% b e SORT IR R M schema, AR T TE A A FR ADVFRE T A NG
MAEFF 5377 LL% B R R SEBLEE AT I B 5. RERF REAUN 1 B kA REZ AT, BHK
TNHS SRR E LRI SEIZ A R BRA B IBATI S, B R A B A nT LA T
FHBSCA A TR I A H R A B MBS, 1247 A SE LA T LAAE A

R IR, R ARIHP AR RIS ON30, SIS EECRIAUAS0R MR, AR 22 DR 2 T {5 R e
R, RGN, AT TR R, %8 A b RBH S, TR A TR R, 55—k, FRML
eI R Y R S AR T, TR PR — MR R R R B T, R P SR M BRI, O
S BEIR BT



14.4  JERRTH S BN An 5B 663
14.4 FFxk i REVINEFN BIR

NS S L G A 2 5 A AT I T O G T TR R, BRATT B T AT,
FAPIMBEE N, JFHAN RSB EN. PR FmE R g WA =R EHES
fISCAFT/ O, AR T80T xR A 5 2H B e HAB I 2 537 BN A7 A8 PR LSRR I A7 7
Be A RETR  BEAE T o SAE Tk A R IR 2%, 513t/ 2 B A gl SRR . X B0
TR RIS RETRN AT, LA DRAEAN I G IERA 28 22524k, LR LT R0
TRt ST N, IS AR R SR WS A

14.4.1  fEEARRINE

i B T AR N BT, R e I T 5, B SR VRIS BRI
IR I AR AL LR RARD). Hiis kTR sid SR, PR Easfr R R,
(1) 2 S e 2 B2 T R 30 18— 248 48

RPN A PR R IR R E B . W16.2.2. 74 2, HEAR LA T /riE & X Fi i
AN~ RAR BB SR IRISATIE, T 56 I3 A S Ak 0 = 40 75 22 1) B R 2 HEAR
[k, EEMMLZNBAHIEE (load-and-stay-resident, LSR) ¥z, FATid FLSREE ¢
INEJE HERARE . AT, BN AT AR R A SO, E A B S B
o T HERR P LSREUE <« b MBIz RIE, W55 R R 5 2 B 2 LSREL
Wz bo BEMATUEZMEZ EMEHCR T, El411ER 7 I,

ARV T R, ERA A H Y, DuaE BIRH ki AR AL 2 F 4
B, HREANIEARESLBIL R, B8, AR, o5 — A U AR 5 R B EE n 2 e,
WAETRIFRA IR T, MR 2085 — 5 — 4N #m i 2 5%,

14.4.2 FREmHEiFEL: AEE

N T RS BRI B I, AR AR T S B AR SR BRI I, kPR gk
B AT AR — AT B A S B J7 AEHEI  Th 7 B 7 B 90 B £ P A 2 D A 55 ) K /N
Beo AT DHERRAINB S — B AE, EJE LD ZOT ibik KA, R A H S
HI/OREF e (RIVINEACRS & A2 5 — R ARIZAT) MR RBES A F. BRI KT
AE T, EEJEOR AT LA N <R UIE b 2F-

iR BTN TR OB, MRS UUHCPUM—S 3, flin (JERMEBE L (Bayonetta)) £
INER R 2AEBERAE R RS, HHREERS], ROUEA BIA B IR LSREGE (A AL RIZ) 645,




664 147 IBATHE AR ME SR RS
INELLSREIE - SABIKEURIC -

HAGTIEE
(LSR) i

HARFA -

LSRE R REARNEIR

T

HERFA - BRERCA -

LSR&E

T

HARFB -

LSRE REBHHIR

T

A 14.11: S TR ERA —AXFOERwERE, ETHRROANERESIFFES

PATHE AT A 5 — AR R, w2 4RI xR 5 N A DI BN AN A RN, K
HI—HHR AT <5288 (Pl Frdi e, IO—H TR B aE 7 — NN . TBAS N
HEERFR N “PHFEE Cair lock)”s

WERITURIT, B —A> “eB” HB Ak —A> “HHIRE" Hik. Duxfe e BT
Bt ARJEHENBHRG . FHEG R A 2A 18 s CHAR RS, B 1k Bus R B R 8] 2 /i 1 72 B 40
Beo X, WAL B TR SR AL, JEINECT AN se B A A B e, ik
FALRHRG A TR, W DAEDeS ) e i — S0EIE, SR PAT A BES, B, gk
7 AT YN

REFE DL S oI [F) I hn o8 Bt SR 2 g, SCB /e P Casynchronous) CAFI/O. 1%
A Z7%6.1.31. KRR EA — SEAEE, It 2 D0 R ITAa I A1) 7 28 N 20
T, BRI i A7 PO T AR AT R A ) i be. 2800, Abux C st Nk i At )s, £
5 PHRR = AN D BN, AN 75 2 B0 8 i T
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Xboxf] O R TN Fik. 2, KA T DU R BUBMR B A X3
KM, Br OGFE) MmHE, fRe RIAEITE~ 107 8k 2 i@ 2R e pe /N X3, By 1k 3K
Prik. PS2 (T2 (Jak 2)0) A 7 RHRGE, Hpatt FH a8 Bl MRl (30D
HEARZ A SO, AR 73 SO X 2 T #A — N 2H/NFR BEL R =2

14.4.3 ettt RAYER

VR PR BT ZOR R B R BGE H OAE— MR, SR g it it i br. HAE,
B L% AN E I J) BRAE 0 /N B BELRG X3, T2 4 1 50 & H AR M, 8 izl B ik T3
Ko

LA R 5 B P IX R M R BRFENEBR (streaming) o 5 A Fa] LU 2
TS, HAA WA EERR: () XS EIEHE W RS inEcdE: (b M
FLTTEEHEAL, AR SR A RNE,  H B th A= BRI

A R AL T EALER A b E— RS 2 A A7, RIBLAE AT DAFE 2 A 7 4k
TREFFEWAF 2 e RATAT AT A A7 23 1) 73 B3 A A KN g2 b X 5, JRATT 23 A
WA, B, CHEFALRERXINGEMX, RJEiETKAEALI . BPox gt ABASREAT I
A, BEETERBIALRE, wial U EA A PO I B0 FIDA R 25 — D h X HF/A
BRI, AT P E I IR EA Y, FATAT DA AR L g2 ob X, HEIKE
T BEIES R T L k.

{EZ,  TXPRRELFE (A A 7 A — S D, R e thE S A B R R/ e SRR
BRI Tk T B RN AR BUATR RN ER 2E L 08 K DURTE3 N X 22—,
111 AN BE e

b R A R TR — s SR SEARRLRE B N AF 73 107 e JRORBRAT T 2 B BRI A7
Hye, WAz, BAHEH RIS B (RS it R, BTSRRI, S0, Zhim
) HUIRUARFEIR N Bl . SRR ATV — AN USROS A T i) A A7 20 BE 2
gi (I6.2.2.77%%), %75 NS 1 BOX L SR EE, 1 B AUH GG RN A Fre X (o
PREFI: PR AT A D) PR AR,

14.4.3.1  FIEFEhNE ML ER

MPAT A T B R F AR RS I N AF S BC A8 7 SR, 51 R e 15 0 7R i R AR
WIS BF 1) 75 BN B Le B O We 2 AR (iRl AR A =0 B, AT T A
AR AT B RN E XI5 (level load region) R Guda il Nk A B1#8 % 7=,



666 14 BT RS

CRUMAARFI) A PIASEE E oy BRI A QR Bk I 5. AR By AN IZ LG R HR A AE
THAL, —H AR, HENSHEOVZ B EASRAT. AP S R
AR AL, FRATFRRX LA U XIE (region), XA (AP RES A EE M 5. A
DREC A — 3R, B B G T2 X A A7 Bz 5 i A B

FEHAERNZ], E AT A NX X . JATAT PR B X 28 X I 2 551
RIFHE, DIEANFTNA I AARES, R RNRAGEMR A ERIIR, SAF
RO AR 35 B SIRAPGE R 7, SUe] UEER A AR AL B 55K BT
(UdLBe, Al AT eI E AT — A W E R R AE B FATAR R T O% R0 XA 54
B, WIRIIZOKASF B — N HRFEHMARATE K, e S K WBIHR L §H
ARSI RIS, AR e BB BN A E14.12880R T HECR,

21 242 243
&2 2+3 244

@M

B 14.12: 13 R R 9B Rk, H/% FToE RBAT g —AAARiF K7L, moETix
AT B ABRIE IR R KA A B 03 £ ALEF A 3 30K K.

14.4.4 MWREBRHWAGFEE

YRR BN G, RATH BRSNS RIER (spawning). 2 i
g A F R RAE KRG, 7078 P ST 2 i R R — AN E AN, LA
J TR AN TR G A ST A B R W RARARGNEE T E2 —&, AR
T RIS N B HTENA T RC ] REIR S, P AFRATTL 446 — 6 TR A O 73 B i R R
B XHTIEERN RSB AFRRAN, NS e FBNAFR R, &G
BT BN AEAS RS DL FLSEHLN A AN F BN RNAEE BT, DU LN 23R B4
LA DL TT %o

14.4.4.1 NREBWBLAEFESE
B LY 5 BN T R N AF A IR R A, SR T B BRGET ZI A i, Il R R

W 5E e AR P AN A L A AT XL 5 B VR X ARSI AN E 2R, HEA
G SN I SIS AR R SR AN FE B AR B R R T 1 T DA ARy
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TERE GO “ERR 0T G sy e e 07 TR tH: 5 2H B J5 {8 A4S ) 22 Bl A S50 AR o B

WG AR S T AR Fr, DR A B 2E e e 1 I A U RO R N A R R 2 SR B A5
(known a priori) HAF (bounded). XEIRE, WEARXT G A AF AT LA H Tt gnig 48 228
e, JRETHAAMNEIE B B, a5, FEE RS LB, AR LA
InE TRl —He A, T EX S ot R T HAR SR, WA s AR . ORI
AR, R R AR AT T N A SO Wt A SER TGO T, AR
FOHTIERRON R, 38 BN A A AR

BRI T, SRR B G U™ R 9 TR EIER R AR, BATH A
Mg P e L R, ARE B EAMEIN BG4 R SRR 2 )a, IX LX)
ZATLLA BN B O AT UL, TR EA TR R ) “ Al 7. SR, 72 I 5 g et 1,
T R BE T I 20 T80 A A T ) ox G SR R A i )t 5 B A B A BT AT A B A TG PR A B
AR, AR BN, BCHAR SO SR, BT DR — ST M AR S &,
Ul EE AR B T

14.4.4.2 SREBPIHITTSHEER

e xR e T I B A B A AR B AR G Rk 51 B, AR IX EE R AR T RO R AR
BEAESCIL, H R LU LR AS 75 20

FE— R, FRATTTHO i = )8R N AEIE e BT AN FIR B BT R0 & CH I 22 A
RN F LD AR WA &, ARl HTA 15 Z T as——ith 7 Fl ds
(pool allocator) o HIT-IExR AT G 1Az BAN A B IR 7 — Mk R AR R I, AT AN BEAE
HEAR AT LAY (stack-based allocator) o FRIEFRATIEH 2 AN TTIEX AT WA R, DR
PRI LA W7

ABMHRLBGAF

A BRI RO R (1 S REORAIE o5 R AR TR A A A7 B, JRATT AT A RO R X R
S B g SChs b, BATH T EONERE RPN RILZE Ml i, A
Xt R 2 B[R] — 4> 7 BL 4%

KoM e et e A A IE (B TVA R BRAE T 3RAT 2R AR 2 Mt BATH G Z
SR GRS, M EFRZIUR, REIRE TALL HEARDIT
2, WAVIABALIZAT I L P A AR RS K, A — X RA R R SR1, Y2 R

ORI AR R “FRESEER (law of conservation of mass)”.
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b RS S IR 13X AR T

INRATE RS

AT LUE BR i o RS = — AN RS AL O ST AT A7 3, A 2 VR T oxt
FAEITCERK/ANR TR GANH. XAERE R WA RS, A2 AT RETR
LN IT,

flan, FAITRE =@ —Hith o le s, NI InE KANRTT— R, ws.
16v 32. 64. 128. 256151275, FATW AT REAE 53— AN 51 LLUIE B 3 26 Ay Fe k=, X ak
ST T RIB AT 2 EE SeH EdiE K v 52 17 41 A 1 B0

MAZDBENAZHI AR, BATE @I um Gl HFFILAPMEERTEHET
FREIKA BAVEVFHBRTTR LT RAK, FrehziR? A fE. (fFmR, BA1ZM T
R T, XA TPEENAL . HRAES SN EA IR, HIER AN RK
TCERMIBIEEER, AT T DHETE R R 408 FH R HE N A7 IO g AR R AR, BN
FATTHE KR AT I T BB P 7] LT AN B /N AL A7 1) L

PL_E B IR 1 43 Bie 28 A BHEFR O NRAFESECEE (small memory allocator)s X TR
BEREAM /RO SR, M B2 BT B T RE TR BRI o 120 TC 28 0 mT DL 35 PR/ N B
WHINAE AL, A LS R R AT PRI 5 s LAMNIRR B e RBER TR, X MEME
LB HEN A IR BN 2.

REEEMN

B MNHEKNAERE R 752 BRSSO, WEFCINBFEEZEER (memory reloca-
tion), W RAECHECHI W AFREE B AR B BB, M K. NAFRBIIA L 2
IRE G0, (HHTHAVEFES) “Hlig” MO R, AT ZEEH /N 5 X [r) X Le g
AN AR IFEEr . TEIE IL5.2.2.275,

14.4.5 % FEE

V2R ARV B AT AR, SR G T UG Nk, RERIE 2 52 s —
FERPIRZS. WA RS (saved game system) St F AN HAEARL, J5 & 8 LR BY
EAZ RN FURES . (B E T RA AR, ArLOEE SEWE1EAMALIN RS (B

R ER 7> BB Do
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BRI TR RZE 5, AN ] B I R A R A R 22000 A DA 57
HEHEX RRPIEIRE, HBEE ARSI RSB ML KE2HSEE (iR
WA AR 1 it ) AT AR VE 2 A A ). DRIk, TR ALERAT I 6 22 A RES AL, T
THEFLBPTIS R Ie  Bl H AR K

T3, WA RS L A ik A T SR R R RIS E B AR, AT E AR AT
AYHHRER M ERE R B, FATICIHEEHE LT B R b PRt
AT BB TR RIS AT A7A% AT BLSE 42 s ANFE Ml X VE (6 B 3
xRS, HATRE R 7 BB A D IRSE R R B AR HE AR I A3 Ja o T 7R
AR (B BLE HIAERIEZ), Rl — DRI AR R G B, JkAF
SRR TS A/ MT 22, T H 2 B R4 S s . U HR B R Rk
A 2 E— R AN CIZ RIS, AN SO R L, MRS, BRI
AL O ERRE AL, ATV IR R I FEAF RS DA AR

14.4.5.1 fEEFES

WexRAFRE T N — 2, IR A BEAEIE 5 T Hh A A, X8 O iR = (check
point)o BEJTAVUFAME T, REAMEAE R ARZS CABAAAE BT Aot A LB B TEiR i
—ABGGE R A, XA GE AR, BRI . BRI, R T AR R
KA AT A A/ BATAT RE R T A7 Do fea AR A s 4 7, N BB A e
—EEIES, PlmE. RTZ%G. AT, A AR RS, TR T
17 5 T R A B ARG S, O De R BIA Rl A7 R A B R P IR 2R,
BTl A s IR A Hok il b RIE T RE S EENEE, JCHR A R ECE D, Bk
7 ] B B 1t

14.4.5.2 {FIH BRI FH

LR S FF— AN TIRE, RO IR S BRI ER (save anywhere)”s 4 8 3, X
LG R A VI BT K AR WE ARG FE A L AT AT o i 77 0 3R IR ZS . R DI R 98 T BUE RS SR 2
FARR, RIS R AR DG PR AN E RN G B AT RS AR T A A7 ok, FFHAEZ JE3K
NGB R PPIRAS

FE AT B TIAERS " Bttt Bk AR SO E AR A T Rl R SR 5
B B TR AL . FATRTLIOIX AN RGUR A R A iE o0, Bk Ay )
RE P L8 SR PR RS AR A lan, {52 Bl i sUmT RE 2 sk o e vk 1, (L Ak
AR 2T RE 75 2 4 DA BRI AR AT
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D ¥ 5 S, Al SR A7 R B B B ik 2 — 8, IS — SRR SR AU R R Je— 2T
KA. I, AT EAC KA IR shm R 2R 51, WA Zlsehe M B
IR B AR AT AT UK SEBER I AR 5E 51012, B A7 i PR A (AR K A8

14.5 XRSIASHFES

AN RO G 7 E R — RUARIRAT, Rt B BB A X 2y, JF HRELEISAT
AR BP0 B, AT A Z AR IR Do Gl E (=5 1 H bR ME— ﬁ%ﬁuﬁﬂl 7 FFIFE
HE, KONEATRELE T g B b R0 S T o B

FEIBATI, FRA LG 7 22 R0 DL 4RI B RATAT BEAy B FH N R ME— AR RAT
KA, BT R G AT T A LR T AT &) (proximity-based
query), Hl4n, FHBER M O10m¥A42 AN BFTH BN,

BIAEE BRI G, BANTE Z LIRS E. AECHCH+35E S
2, PGS TR DME AR AT B, AT DU SERS S 107 3, A B R Et. X &R G
M A AT AR KR Z R, B nT DU A R BOR T PR I, mT DLEIE B i B

FECLTRECY, BATE Setfist LA SEBN RS T71%, AR5 PR R IRATSE LT Ak
SHIBIMAR, USSR LA E] DL s Bl

14.5.1 35§t

FECHICH+H, SEBUXT 51 foe fil B B4 I 7 iRt A S P FR B (BC+H+-19 51 FH 2R LD,
TREHR IR, T H AR s (e A EL R B T . ARTT,  Fadh i RvF 2 il

o I3 (orphaned object): HAEML, NN RAE —NMEEE, HEAZAGHE—
XIS, ST T N R A A O, RO BRI AR A 7 BRI A e
5. SR, FREFIEARE PR BIRE e O 98 S X LE R, XA AT R ARSI B, B
AT EIENAE, HERGOAEFE, B0 RGN AR H AR5 .

o IIRTEST (stale pointer): MIFRXTRJE, FAEML, FrA 48 RIHZN RFRE BHZ N T
fakt. HRATSIDX AW, B TE st i 48 St ——FR 4t 48 17 DL IR 50 R 5 (1 N A7
AELTE RN AR ORI R TR A I i a3t / S5, A rlseai
SR BN IR IFE P AT N I FRE I bug AT REXE LLBEE, RUNEATTBEAEXT R4 5%
Ja BRI R A R I . (HE — B E, HHEHN RO T ZANAR, e
SN EHE I 51 R Bt
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o JLHEET (invalid pointer): FEFF A REH AT (T IE T84T b, s — 285
ToR I, R L I R 0 2 R A A I Y. T e A T DA P I 5 R i, AR
RO S AT AR SR A fR B AR . EIRIOE DU, A SRR A IR A E R TR A
AR E MG LR _EARXT BN A AL BEAT 8 / H. @ XSS S BURBL 5
FL A AR AR 107 5 ]

VP2 U S AR AR ST, PUOTREHZ SEBN R g1 P, S MO A 2 (6 )
TR AR, EARWITRT RS TRENO I, AR 4] DA 2 B SR R 1 51
KA, HJAREA R L WAR ], SO T2, filin, F5imk s #eis
AT I R E5E RV K A AR (DL5.2.2.27%5), At ANREGE A fa St fia Bt JATATRERR 22—
Folones 2R A A (RO S 5 ISR, B 5 2T a8 IR N8 17 5 5E 7 9 A7 R (4R £

14.5.2 EgegE

EHEIRET (smart pointer) & —AN/NEXT R, 1T NEREHER L, WEMHBZM
WEJRIEC/CH+HIREF AT I /. 2R b, BRetRE &8 — ARG 8eE i, JFg
Pt — 20 S ST DL R B TR BT BUAT N AE R ZHUE O T M E A 5T —Ff. 48T U ST H,
K FRATT 75 B« —>IB H TR B T s ik, dbAh, B EHEREH, Kbt FEER
W - +HF-—IBE.

BONE BETREE A S NG, ERe S AHAMOcEHE, AT UGN IRIE P IR, XL
PRI AR R AR H). B, BREIREATRE S AR S, WU HAR R BN R 5 Ok
5%, A O St il LUR [FINUT L k.

BRETRE L nT DAAE B BN R AR A L, iR i S A BR AR B G R R E R R
HI5I AN R ARFR NS (reference counting) 438 7] FEX6T G108 B 48 £ b
2E, BATREMBCAANHTFEZN SR, WTLLEMAHEZN R LR S FE T A H
FH 0o R B AN B

BRefa A . E5E, WA S, HENE TR0 R R T A
H 2R 5L, (HCH ARk ZE TR st d: : aut o_pt r BEIW A NAS B 18 M AR 2 15 5
Boost C+-+5R ZE SR 6 AN FI AP SR & REFR 5T

e scoped_ptr: RN R HiZ R RE—MAE & F$EE .

e scoped_array: fR[A—4X G HIBHN R RE—MIAE TR

e shared_ptr: IRF—MXGREFRE, 2R E G2 MEE &L=,

e shared_array: fRIA—HX GHIRE, ZAX A H 2 M E &L=,
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e weak_ptr: IRA—PXRIIBE, HEAHAZNR, WASHIDHBOEN R, (%
KR A A — N shared_pt r & B,
e intrusive_ptr: HSIHLII T TIER, Bk R X R ey % 5] H it 2.
RANNXIREAEE G, BOAEAIET S B R EC++1REH AR (A E AR S A1
TR HIE R, S NEBUEEA TR B AR AR TR EH E .
IR SEILE REAR ST R AT RE 2 — MR ERIES, % E — B Boost & RE TR £F U 20E
R TR HAEST. b B g 2 A i)

o BIRETRE A L,

B ReTE B AT U AN e B 2R 22,

¥ (exception) HILI OREF IEAE IR REFREHT A

o IBATIN R AR P BEAR i
EENMZE-ANIH, ZOH SRS E R Refas, BRIE SRR ERET 2
AFH)EObug, BEMANEN, REZEE GRS, MELIEH BN, BEH Ak
HISEEL, FlanBoost, MIAZEZEH I K.

gumi

=]
/Q“\

Bt

14.5.3 AW

A#R (handle) {ERZJ5 AT ARG B BESRET, (HEE 5 SLHUE R/ R . 3
AL, AR R4 R RS (handle table) MUREHEZRG], AR N2 A A7 17 5] FIXT
ZEPRET. EQIE AW, R SRR RIS TR, IHEA R RS A
AT E ARSI, W R RIE AR IE N R S R AR, IR B AR AR 5]
Fo 141300 1 A 4544

I NN AR IZA TR TR, RE S AN LR AT B 2 4 S S B, 35 BEINRR —
ARG, R AT AR R O LI R IE A IR A A B SN AR S B HLE 3
WA G M. 4h, AR AR B AL, X RAENAF B e A, FLIH M AT DAAE 6]
WR PR BN FIFATHN B FH B B 51 2 RN AR B RE B 2t 53T

EARFIN R CLSEBUN IR A, 280, ORI R 910 S AR — M RREE, DR
ST B A AR AN 5| 4 O

nttp://www.boost.org/doc/libs/1_54_0/libs/smart_ptr/smart_ptr.htm
LpRE: R BLHTR A LB R E .


http://www.boost.org/doc/libs/1_54_0/libs/smart_ptr/smart_ptr.htm

14.5 XMZR5IH S &l

673

GILTES pOESE
Xt 2 5R9 R 0 p——
m_handleIndex == 1 — > %2
2 NULL
3 — »>( W23 )
4 — |
6 — |

K 14.13: @4k oA B4E164T. a2 ke & 5],

AR EAN G IR R Fln, BRI RAGE T — A, ST
FIRREBLTHRAC K. ZJa, ZARPMER 7, PrRUB1I7ae By sRE. B2 )5, A—
ANFRIXN BB, farel b AR BITRICT. AP JER 5] FX RA R AR5t

RGN EB (MAEEAED. JLTH EX AR TEZE T,

LI X G ] B T R s RN I ME— IR AR IRAT. B4, eI
SURX RARFIARS, ZEA S HICFRRI117, MR 7 SRR “A” 2%
ZBEAINE PR RAZE, FrA 5 X RARGE AW AEEMEHRS17, EANE
AR B BARIRRT. A, 2RI 5] RN X S AR AR S R, BA T AT BLR [a]

TAE, TS RHIR B RBR$EE .

LR (9 ACHS B AT LS VE B SE L — AN B AR, T EEEAT R AEGameobject
A T ERRIRE S, IBA HE N GameOb ject B EH AR A H LA IE 3 T AR 1.

// #GameObject KZ W, RAERF T " —IFR4F

/] AT BB EF AN, wiEhF T SRR

class GameObject

{

private:
// ......
GameObjectId m_uniqueld; /] TR E AR
U32 m_handleIndex; // BtE MG ZGH

friend class GameObjectHandle; // EIHFEidXK &R
// ......

public:
GameObiject () // &R
{
/] Rk EE R RES, RREETTRGSER
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m_uniqueld = AssignUniqueObjectId() ;

/] WEREFR—ARNENEHEERG
m_handleIndex = FindFreeSlotInHandleTable () ;

}i

/7 WEEE AR AN, LARE B E B oAt & $E
static const U32 MAX GAME OBJECTS = ...;

[/ XEARANE, REZEREHEE, TR R
static GameObjectx g_apGameObject [MAX_ GAME_OBJECTS];

/R B B R A KA 2%
class GameObjectHandle
{

private:
U32 m_handleIndex; // HWEHEE|
GameObjectId m_uniqueId; [/ E—FRR R LA i B R AR
public:

explicit GameObjectHandle (GameObject& object)
m_handleIndex (obejct.m_handleIndex),
m_uniqueld (object.m_uniqueld)

{

}

// WCERER A A MR
GameObjectr ToObject () const

{
GameObjectx pObject = g_apGameObject [m_handleIndex];
if (pObject != NULL && pObject->m_uniqueld == m_uniqueld)
{
return pObject;

}
return NULL;

bi
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Uef 7 R SEBL B AR AT T, (HLDhREIF A e 8. JATTREZE SCELE MG &, N 4taish
RG22 RAIRR B SRI0 K BR TR X RI s M faEr, WATLUINAGISME B2, 4
AR, X B E B R A RSB ARME AT B A SR R R AR B

PATREGE R, R5IHRA 51— RENEER, Xt e iR 17— BB R &
XEFNFR. G, FATRT LUEE 225 51 F R RO A i i A A s e AL fFol T
W] DA e T SR A P AT 1 e

14.5.4 R REN

RN G 2D BRI AT I X R 77k, BATHRIX L T 1 N AT &
&Eif] (game object query). 5 &5 APPSR X R AME— AR IRFERR e, A, H
SRR 51 25 75 BAR 2 HoA R Rk R . DAR & — Ll xR I R 1T BE 75 B HIUE AR
X R A 5]

o WHITE AL N AT A TN A .

o X HESRA 1 B TR R TR AR,

o R FTA I & /DT 80% 1 Pl BRI AR XS S

o [H] BT 71 12 JE 52 M 2 4291 BBl Y (O R X G A H A 3

o S 7 B TE B LA Il SR R A2 A B Gt AT Bl F ik AR
MR DAGRSREL DT, BRI A SRR BRI R BT K

T R A P IR R, FRATTAT A ST R — AN B R 8, B
Al L B AR R A4 T 5 e PR A . FRARSM,  FRATTA IR G B A v DA R
o 5E BT A X LA 1), R SR BIFTA AT A8 5.

Wisgrf, SRR M SRR, AR, UM, UE I BAE E AW, 7R
FF R I R R A 2 ] R A FH B R SR, RS T F 0 B g A X e AR SR, Y
TEAH WA, TARIMAT R A P BE S5 H LI IX e A i), 5 TR BE AN RE IR bR ot 75 22
TFRHT AR 258, DL R B%s 7 — S n] A s S S xoont 5 A 1 10 5 11 IR 2500 45 44

o LIME—FRIRFFE SRR ITR: kXS G TR BRI AN v g A7 T DARE — BRI R D IR

B Fuk — X AR

o MEFEEZHHRBIRIITENK: Uikt Ru] L2 N & (BIRATTRETI

JCHNERT R A, Hitg R a2 NMEERE. B, FRATAT DL i akont 538

PPRE: B, WTLAMEESI IS QIR N, MIBRERER IR, THEBOR R AT LS SR .
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BER, BURYE— MEBU S ARG A R BT X R 51 R 4.

o BRI HBEERXRBITFRMENRIPTAIR: LR 5 & W18 F A
RAKRI. ZHHE ARG SR SRR B Thae, RGBS AR
ERA BT A AR F X LT R B MR L X R

o BIRXEFEZEEAMBTAIIGR: FATAT LU — 22 8] FHO5 A0 45 1) 25 0 77 T 2K
X5 XA GERI T RERE BT R S i ] ST T A RS, T LR SR R T i,
WP R N ked B, B A B 2 [ I 1 A Bt 25 44

14.6 SERTEHETHER TR

TG A e TR B (1 300 A& fe B2 2% (R0 Ui % 5 ) 2, 0 20 I A IR TR] B S A A Ui X X S P R
R R RIS (state) TTHERIEM (attribute) & L CH BH{%FR Nproperty,
FEC++1EF TN R B /data member). #HI41, £ (Pong) Wk, FEEIRIEPRATLL
JE SN EAER R B (v, y) AR SR BE CGREZR JGE BN ITR]De N2 BNAS . FE T[] (AR
B, — MR ZAPIRES MR EERE—ZIMAS. 55—k, — MR R A
DB (discrete), MAZIELR (continuous). HAZ, FATAT LAAE R IUFAR N GORE 2
LN, RGP EHHCRAE (sample). IXFFART DL B g v — 255 UL I Fe Bt

FECL R B, BATHAFSS, (¢) R A X GifE i AR A, XRMAHRERRT
KIEE Y FHATAIER, HRXFRRT IR, — D RIRE TG — 70
(heterogeneous) Wn4ik=, BHEE THAAFTRZENMITE. EE, XEMEHK <R
&7 —iA I IEBIRIRAHL (finite state machine, FSM) HHEPIRE. — Wk R a] DL —
ANEZAFSMATA L, HEXMIER T, BAFSMF S ERRES R A2 TR 2 RES ()
— By

RKEZHICH 51 1 RE GEje. ., mpfE. Y. SasE) #0552,
AT G —HE. IR TETHE RN, BRSO B IR E R | T R A
(BRI 2 ANERE, BEANERRIBAT — N IERIEIN ). ZEA 2 P A i Ak 51 A AE IR a0 5L
BEHTE R AT RAPIRAS, Hemiliid, BB G IR 5 — AT B W Is AT 0 5
ARG

Rk, BT I et RO O — AN IR, B GRS Z AT HPIRASS (¢ — At) g 2T
HUIRASS, (t). ZPTA XS RIKEHT, T B (W B8 B Z BT IA) (¢ — At)e XA REFEAE
WRIBAT P AW ESL., —BORU, SIERER -ADEZAEM, b — AN B SE

PPPEE: Pongf T CPES (), 19726 i Atrai s A HIFERAT 10— 2B ERRIGETH LR,
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(real-time), T HARES S o] GE A XS SIS 31X Lo pf S R AL 48 XTI )05 51 28, nT ge e AL iiF
SAEIA PR EAC I A] 22 A Lo FATTIE HE 22 25V SR I R0 GOIRAS (0 I B 0 29 2 ivF e 3X 4
i, AT LA HRIFRR B UT 77 RSP AR T R 4 Do Ik, HEMOLENR. XEEDRe
R A 12 X R R A

WIEETEHR W, TR GO R i EALRL R, 22— EhAS (dynamic). SERY
(real-time). EFKIE (agent-based) M+ EHIEI (computer simulation). JEXLXT G 5
AR WA EHEEHERL (discrete event simulation) ¢ (FEIL14. 75 H RFHHFIN ).
TEVHRENIRE B, IXEeH R A B T e, A V2 Bl R DAAM R . iRk 2 TR
PR R — AN R R . KT B, EAE—ABE. BRI, L A IR
SHTERRAT G AT HU A e, JE I 2 5] B AR B S B A AR, xR FE T 02 AT DAK IR A 4
FOHA 2 B, X LSS KA AT 53t RT BE MR G| B v A B SE AR P

WFE P i S R G, RS SR R SE R (R B 2=
Sto WA, AOAET, BRI AN 2 N e UL, i R A e & B LT
AOIER, AU TURLEE W, DB WA RTT % #id, — ks #A T
RESHIARH TSR, MAh, TR SCHR ST SR AL BEAR TR — SR IR R T P A 1 1) i

14.6.1 —NEE (BARAT) AR

T — MO AR A IIRES, R AR PN RS, IR S
BREL (A4 Wiupdate 824D, I8 WX AN H 5 AL T R EARIA ) — NIEACFHAT — 0, Bt
BRI IR TR SIS ARG F 2 L update () BREL %R BTSN R AR E i 2
[N Y U B VAR I S S i T N e R e Y 0 R T =B SO IS (b e
JEC MR A, R, M update () AU BT REUN T -

virtual void Update (float dt);

NITECLT RS, BAMER BN G R R IISR R R A R, 20l o R AR 2
FIREAS SRR SEpl. (B, FRATH AT DAEIX B A& e A 22 S LA ] DAY SO L it
o, EEUH AT AR S, JATRT LU ATZN R EE N H A Update (), B
FATATDAXHZAT R “MA” X R Hupdate (), iEEHE BN NESHAHCHA. FA1E
R DA S S S Ao B2 SR PR e AR, RO 5N B E I Update () B

PAPRIE: ARSI IR IR B N Tick. Simulate. Think®, JRMTAIRTSCHTA, AESIEMEIEAELARE, XIEHH
HsEbr g A 25, WAL,
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FE: “BERAMTE (devil is in the details)”, Fr LLIRATTIGZE LA 5T 75 > B ZE 40 1Y
B, AT EFETA XN RIES; 8, Update () MBI Z AT AHE.

14.6.1.1 EERBNRHES

T X% 51 8 T 2 ) — AN 2] (singleton) B H AT I AR R IX A A] RE Y
{fGameWorld BiGameObjectManager. YUk HEAT H AT LA BREH 8O0 G, BT LAY XK,
MREG LA —MREA ST SR, MEERPKTTRIBAIN R, &
RETRET BRI, A LR T AR VBN AS A B ot G, X e 5] (5 m] A ] o oK/ 2 2E
MATRERR. UNTLUER], Ko 51 82 R baE 2R 00 53 2% 0 B0 445 7 B BRI X0 B
HEEHAFT, RWFE N, FATAT DRI AN s 550088 S8R,

14.6.1.2 Update() BHA =T

— /M RXT R JUpdate () BRELE ZE AR TTNE Z ATHFPIRAS, (t — At) U8 © 2401 & B
[ RS S, (1) X AT REAPLIZAT 1Z AT R BINIAR S J7 22 0. X 3l R A [ B A 1% ) 25
(time step) H7=A4FIF425.

REBFERS RN —ADEREA G T RGO, X0 R e 28 MEhm. 5
QeI AL TR FEIGE R DS HA N R /S LAY AR SR A, X e R
G0 2 4 I S A RRCIR A, — AR M R B T e AR R LB I AR A i R B
ffiupdate () AR RN T RS0 B0, 5 RELUR — N Tank IS5 5EHT R 4L

virtual void Tank::Update (float dt)
{
/] BEFETEAHHRAE
MoveTank (dt); //#3h
DeflectTurret (dt); // fRiElgE
FireIfNecessary(); // #H&FXME

/) REEFROWINETRE (RAR—AMFHE, LT
m_pAnimationComponent->Update (dt) ;
m_pCollisionComponent->Update (dt) ;
m_pPhysicsComponent—>Update (dt) ;
m_pAudioComponent->Update (dt) ;
m_pRenderingComponent—>Draw () ;

}

1R Update () AN R, W RAEIA 224 22 A 7 B ER i o 5L
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while (true)

{
PollJdoypad() ;

float dt = g_gameClock.CalculateDeltaTime();

for (each gameObject)

{
// WeEM B Update () BEKEH AT ET A5 !
gameObject .Update (dt) ;

}

g_renderingEngine.SwapBuffers();

PA B BT N EEANER LR, AR ARG ER AT R LR L
ARV IXAN a7 #0071, FRIE T A R 28 ) R R P 5 s

14.6.2  MHEEFRSHI IR EH

RIBIRE 51 B R GHA W™ R A PERERR ). e AT/ EALBE R EHE, Jf HEAEF WU
JARGERORIZ . Bk, KEZHEIERZETHIRKKEH (batched updated. #l1,
XA R AN I R AL AT HA T RIS B (Rl T, WA A E S, 83D
1] L ol A3k 0 S B e A

fERZ B ek ol B b, EPRIEA 2~ BRI 5 7 R G, AR R
AR JUpdate () BB, LN GONBRAER 5187 RS Al K& EREA S #E T R
GRS, W RSB G T RGN LT ARG EAVIRE. B, — Do Sy 2
ERAN—D=MIERK, EERERT RGO NMAEES] (mesh instance) LHEEHT.
(AN PIRE S 9 = ST A B B AN 2], A SERIE I R B AL B T, 008G M
JR S S FAt SRR S AR e ) T Gt 51 R REAE P & SR Ut e v R 7 320 B X A% S B )
Betre TFRRATRAT SR PR S Y e V= ) HE R ROR, (B E I A B RE G . B
AR, i8I A X G 58 R BT A TE 2 51 5 RE = RO L UE Je T R L B R A S
Ig

A T HEGUE BT st R CndATEM I Tank), Hupdate () AR FIXFE:

POPRUE: VERSI R H10.2.7. 4795 s I B S MR BRSSP SR, SO, ELEEERAE. BSPARTAR.
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virtual void Tank::Update (float dt)
{
// BEFHE AR BRA
MoveTank (dt) ;
DeflectTurret (dt) ;
FireIfNecessary();

/] BREXRTRAGHAGHREMYE, BEFEREF EA]

if (justExploded)

{
m_pAnimationComponent->PlayAnimation ("explode");

}

if (isVisible)

{
m_pCollisionComponent—>Activate();
m_pRenderingComponent—->Show () ;

}

else

{
m_pCollisionComponent—->Deactivate () ;
m_pRenderingComponent—->Hide () ;

}

A ==

T AR AL XA -

while (true)
{
PollJdoypad() ;

float dt = g_gameClock.CalculateDeltaTime () ;

for (each gameObject)

{
gameObject .Update (dt) ;

g_animationEngine.Update (dt) ;
g_physicsEngine.Simulate (dt) ;
g_collisionEngine.DetectAndResolveCollisions (dt) ;
g_audioEngine.Update (dt) ;
g_renderingEngine.RenderFrameAndSwapBuffers () ;
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G B RIR 2 ERER S, B EAR T

o MVEGT M. XTI 7RG E T RENNEA BN, BT RS
REAL &0 G 1 T 75 Hdls 7 e 31— AN BB N A7 X HL
o MVWESTE: WLULPATRBEMEH, 2SN ZEHPEM, TAEFIRIEXS
ZHE TR
o WL EERDE: Wk T RAE T LA T H AR 40 HC A BN AE S /SO B R, 5
NFRA MBS HAL T R R S REAT, A ER RN X GIHE 208 5 T 43 R IX
BRI A RO A, R FR R O B TR 0 G0 B I B B — IR
o EBIMAKER: 1R Z 51T RGN R AR RN ZPATIE RS H. 45 H DL
LR AIAT I, AT DU — g i tb ORI B B0, 2549, PlayStation 3324t
BAHNSPUR EdE A HE 4%, MR A HAE S N A7, (EHE R AP & i,
T E— M ELRBREE, 7T DUHDMAE N — A amEdE 2ISPUNE. WX}
GOEMSLEER, X P IHAT A BRI
PR T A AT LR T I ME— IR Rl — 28 5] B R G MDA _EAGE LA R
A AT . #ilan, #H—N3N ¥ RGEEE 2 AWK, F#ATREE R (collision resolution)
B, JZHLE —F BT R, —BRA BRI BN E . X R 2% (interpenetration)
BB, PTAE A AR BN R 1t F G KA

14.6.3 MNRREFRGHIHEIIKE

BIMEEERATA DGR MR, IR G AT G, (] SR Z A G A AT AT 45
, — AN tHE - R, D9t RN B AR 2SS, ST B2 A
HEF AR S XA, BILaATHR, Hrdon GO R 2 A,

FVEF R — DT RG LMK, G, Mk (ragdol) PFEE RS
NS RGP R R, 8, ShiE RGeS A R A A E A% L% (local space skeletal
pose), IXLERATER (joint transform) kB F [0, REWH RGN EN
— /N AIE B AL AE IR R G W3 5 G B I (RIS L WA, NI A4l &5 SR 2 I o
ke H RGBT, B, BT R AR ARt R S (AL A R SR A FE R (skinning matrix
palette). &1 F 2, FHaE &K RAFRE MR, USRS IEWRSE R EIEK
IR, T R SR A AR w2 LA

20PE7E: PS3MICells i LAESAMHESPE, M — AN EMHR I b B DR R A~ R, — AT ARIERSGHEH,
PLSEBR _E 3 xR AQ RS ATl 6 ANSPE. - ANSSPEHSPUMAEZ It 4% il 88 41 /f. http://en.wikipedia.org/wiki/Cell_

(microprocessor).
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14.6.3.1 SMEREF

FEROR T A GE 8] AR ELARH, ] DLEE 8 SE AR A rh Bt 4 5 A6 DA B IR 1 7 3R
GUEHTY. BN, Bl 2R G e AR G ELAE A ARS ) g S A

while (true) // WXREMEIHF

{
// ......
g_animationEngine.CalculateIntermediatePoses (dt) ;
g_ragdollSystem.ApplySkeletonsToRagDolls () ;
g_physicsEngine.Simulate (dt); // &iFEMFIEEMHEI
g_collisionEngine.DetectAndResolveCollisions (dt);
g_ragdollSystem.ApplyRagDollsToSkeletons () ;
g_animationEngine.FinalizePoseAndMatrixPalette () ;

// ......

FEPER AR, AL I LS B i o GORAS. 3 H A BE a7 A s BE ik x Gl —
RUpdate () B W0 RATRER ZAE N 2491 B RGN PIRIZE R B, i xRxT R
FEBE 2 G0 B AR SRAE B . AR, %00 Gt ] Re A B Se IR P Uy SR B s R 40 A
fIhia 2%, 2R AR RE BB EEM B R g%, RRZ0 ST RER B RE
e T 5 B MR A AT B A B JE R R IR, BN R R RER E 2 O
B, B, fEShm R GEE R R AR AT A SRR A T AR

R 22 Ui 3 51 BE VR8O SAE IR ) 2 A HLEAT BB Bildn,  —> 51 B mT Re S F Xt
3N, —IRTENERAEH, —RTEHEREE, — KT REEHAERAT. — DRI RE
I UAG B3N RE R B E O “HER”, DUAIEH 1. IXRP R GTIH AR AIEIA ] B & A2 X AE 1

while (true) //HEX EEIHF
{

for (each gameObject)

{
gameObject .PreAnimUpdate (dt) ;

}
g_animationEngine.CalculateIntermediatePoses (dt);
for (each gameObject)

{
gameObject .PostAnimUpdate (dt) ;
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}

g_ragdollSystem.ApplySkeletonsToRagDolls () ;
g_physicsEngine.Simulate (dt); // &FMIEEEN
g_collisionEngine.DetectAndResolveCollisions (dt);
g_ragdollSystem.ApplyRagDollsToSkeletons () ;
g_animationEngine.FinalizePoseAndMatrixPalette () ;

for (each gameObject)

{
gameObject .FinalUpdate (dt) ;

}

PRt BT R NS 2 SO B (E BNy, RUONREGE I BT A ot ST IR %3t
RIERE, HOTH AT RER . H, ARFrA NN SR Z A SR B, i P AN RR 2
B BRI R AR S CPUIR B R e — AN BRARIE 3 A (1 7022 8 B 28 i o RBERR
AERAR AT B — DRI ERAHr B 8, SUmSMMsERS, Bl
8 A 3 D13 AN SRR S ST B B

14.6.3.2 W@XEH

AFAERT SR IB AR, 3 R B ol A B e 5. DR ) SR 8] A A ]

ﬁﬂ%ﬁ&?%ﬂm Bln, HENRATFRHENRB. BESTEEH (B~ LR

I L RSB ER) WRAZJEAREEHARB, Xt ikl 13 m R Sk W
%ﬁﬁ%@@%t%%%ﬁﬁ%%ﬁwo

X G 1a] A T DARE RN 2 MK (dependency tree) L AHIR AR (forest). %A K
IR G CRIAE AR RS SR D) B PR ) — BB AR BB X )
WEREHT G, LR PR R S LB BE () 719 o5 ELRRAR B8 1 B 749 SN &, o 38 2
FER) T R DA, 14,147,

N T AR ST U B A ) B, — AN RTAT T SR S B g S RO L. R i
AELFIARE, EHERIXLEEELHNME (bucket)o BTN AR A0S RPTHI B 582/
SR BE 71 AU R T A B B3N R 2B BT RN BT G AR, SN
FIMBPAT BB o R G BT R R, BRI ERN B 2R AT T —
MR ERE R, EAEFTA AR 1.
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B 14.14: 55 %3 R B4R B K R T AR A — MR A A

B b, ARB AR RIR R T ). HSERk b, IR —UR . BN, Rk i
ST LTS, T L Ay 0 ST RS AEAS 21 & B AR B E, b IXAMEILT, MR
MAFRER, Bl A T ES N, 2R & /8. Mt FRPREas. —
AN | BT LA 2t D R RS AR PR P B PR, AT IR [ i 5 A A Ao P A XS
IR T B HAt 75 sRER A XA A Do

A2 — i, BBl ks R a1 .

void UpdateBucket (Bucket bucket)
{

for (each gameObject in bucket)
{

gameObject .PreAnimUpdate (dt) ;
}

g_animationEngine.CalculateIntermediatePoses (bucket, dt);
for (each gameObject in bucket)
{
gameObject .PostAnimUpdate (dt) ;
}

g_ragdollSystem.ApplySkeletonsToRagDolls (bucket) ;
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g_physicsEngine.Simulate (bucket, dt); // @F A EEHEN
g_collisionEngine.DetectAndResolveCollisions (bucket, dt);

g_ragdollSystem.ApplyRagDollsToSkeletons (bucket) ;
g_animationEngine.FinalizePoseAndMatrixPalette (bucket) ;

for (each gameObject in bucket)

{
gameObject .FinalUpdate (dt) ;

}

void RunGameLoop ()

{

while (true)

{
// ......
UpdateBucket (g_bucketVehiclesAndPlatforms) ;
UpdateBucket (g_bucketCharacters);
UpdateBucket (g_bucketAttachedObjects) ;
// ......

g_renderingEngine.RenderSceneAndSwapBuffers () ;

S, AN RIS SN EE R — . i, —Y 5 e g SR 7 XA
M, WRERE BV ENREE =J7SDK, B ROV ENIARE UM B A2, A s Hxt
BAVREZL, fEWE AT, R iR 1EH A Em), JFHRNAT
CRUPBIAFIR2: BRI . X2 — N PRUESEAT Z A R T5 .

14.6.3.3 MHRRER “E—m” ER

P AE 3 3 U0 e ORE G B, HL X 0 S0 T RO SR A ) I TR 2 KA. 14.6719 58 X
TS (4)IRAS R W AR GTE B A p R4S 2 5B % Rl w2 R 2 8 RS R
S () BFEHRHIIIRES R ES, (t) GXHE B, =t + At)s

B b, A T RO GRS A2 W 1) S AT Hn AN IS 8] ¢, B 35 2 5 [A) e 1, G 14,159
M. SR, SEBE L, RN ERER, s Jilieksd S22 — /eI E ks, #
TERB R IR AT N R, AR RIS T S, (1), HAT R ] G 7L T — A
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WS (t). XEWRE, ERF A EAZEZ], WA P R FTRI ], 45 R fe 2 ANA.
TR, EETHIEIA M EEZI P ok, A X RATREAERR 2 R IR, i, AR
FIBEC AT RSB EIR G, AR R R s IR A

“ IR T RN R APIRSAE ST 2 BT 2 FR 2 — B0, (EAE B HnR 2 il A
— 2.7

K14.161% B 1 IX—H.

t1 t2

} At |
XA — Sa —I>
XEB — S —1I=

==

el — Sc +—1I>
XD — Sp — >
— t

B 14.15: it EAFANFEXRBIRER T, PR &I 09 RS R BE 8] B IHAT /e B AT Z A7 89,

t t2
\
\
wes— )l —— >
\
vl ——
\
HeD— =
t
B 14.16: F&E, HEIMELRR—LIREM, X ERAE, ERHBERG L LR, —

q )

3t F (deA) KA B R tym BT R (D) WMIAAT AL —23 % (B, C) THRR
BT =D, PACAIRRERNRR—B Y, L L3 ZaREAL Tt Aot Z 1,
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FESEHIEIA o, RN G AN — BURZE 2 TR 6 Mbug ) 32 R IR, BIE kL 7 Ak
N G tnt.  SEOE— N R, 38 B A IR, B AU XA )
Blln, X RBEARIEN RARE R IGE B Tl A, FEFr R s Al /b
it Z RS RANIZBDIRZESSA (1), EFEFRESA (). 5 F ZHORE, WX SA R,
LK —ANEFRF I, 2 FBREN “E—W TR bug. £1XKbug, —ik
KR KPR S8 5 Fottoe Ramt, MR BB HEN R B A R 2,

14.6.3.4 XRREERF

WN14.6.3. 277 ik, MRTRIXAN 1] R 77 58 2 — A AT AT R 70 2. Tl 5 A A 25 8
AT Bt PR 1) 1 90 e 5 RE D I IR L8 06 SR KPR W R AR RSN R BIIE &
RS R ESE(t), MAMZEB—EHE T ZATSEMAM L. FIFE, WURX RAA HEUS
M EBZRTRERESE (1), BNEB—EEHE T ZEABHKMEL. NRANNERSH
SRR — MR R APRE R R, S ad R BRI, BOYRERERE T RE R Hi0 5E
e

—ANRedGE — BRI INE R O, AZBE R RSB ECR R E, TR
B ATHPIRESRES; (t1), HEHAPREE 25— DN RES, (1) X RMADAL: £—, £
AP BN AT 22 A A HARN R ADIRES, AN REF XT3, MUE AT
PR, BRI IZH — A58 —BURPIRESS, (t).  AEEE BT, BIRNZE AR I AR EAR
W, XERENKRESLERE (state caching) 27,

WEGAFER NP, T LGB 2 PR R F 5 PSR, A5 I B ]
I 2 ARSI AME.  Havok B 51 Bt Aok oy 13X AN I AT i DR A7 BEAS WA (1 B 5 R3S

R Bk s A2 U IR S ZAELE NAF. T HAZ SRt H e o — &80 Al il B
IRZATHPIRE AL 2 7E 4 — B, (B AEL RIS AR T REA — 2. 281, W X —
BRI H .

14.6.3.5 jfn_LBTE;

N SR i R GO A ) — Bk, — AR B (1 05 R A2 D BN B (time
stamp)o A4 B BERR 5 73 B SO GRS AR Z ATIE R 2 AT Rl Ay 2 ) LA 51
5, RIS Cassertion) BBIRHAS B0 J7 AT 8E, DA ERIUAS IR BTS2 10

TR EHU, N (buffer) SHEHE (cache) $%. NG RAE R IBHEMAL LRI, THXE R T 7P

AN A EE. TSR TR % Bhttp: //en.wikipedia.org/wiki/CacheH ] “The difference between buffer

and cache” —i.
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N _E I BOFAS REME DR A —# P9XE R A — B . EIRATA DLk — 2 R/ i S &
S H AT IEAE SOFT— M. B EES SERRE EATE TR, B4, BiaT LUl S &
Xt GAN N T B IEAE SR AR . DART & B A— SR,

14.6.4 AFITEIT

76N T 2T (parallelism) AEHTT 3, ik 5| B GE 52 B T RA AT AL B RE
JIEH WP RAE o T2 FFAT 1A 15 52 M i 0 G g H) J7 e ?

14.6.4.1 (EBXITRIBRKGHIT

ARPTJE A,  ASIERRN AR AT AR MER, S F AN ER. JEE, R R IAl2 K
A EAOR, o AR AT BE AN 2 AN 51 2R R G AR AR B AR, kA, ERRT B
2 5 H At i A6 A2 (communicate), A B ARELE BEHIEIA A & 2 IRAZH, TSI O
(pattern) #&A0] Tl H. 55 52 Do 5 N\ BT st el 1R, 3 A i xRN GRAE 22 20 7% b B8 A8 75 TR X
B arset G B AE 2 AR R LA, fERLRE M FE FXil s R AEVF. JEH, B
X RIPPIRESRE, [EARRRIEIF RN RBFE S (QIPlayStation 3[SPU) kG ES A A7
EHH.

TR, FRS LAARET LAIEAT R R N E ARG SR, WA EE K
TR RAREAL, RAIEX R AR HRE A HARL R RIIRE R E. X RAS i AUE
FH B AL (message-passing)e FATH L N E B RFLENE S, LIBXT R0 BE
AFEWAFIE R A FRCPUM B . A L0 SR 2 A sk (distributed) Zif215 5 (1% AL
15 A A WErlang?®) 4 5 R0 ALY, XU iE S 5N B 10 IFAT LE BEAAE IIEE, B
FEC/CH++ 2 KIMIE T B m A A BEZEFE 1) B R LU (context switching), X485 F K59
B AE (idioms) W AT DLW IIET (ERR P 53 “HTREMEI 7, i f & 30 (concurrent). Z3Af 2,
Z A (multiple agent) HIE A4 M =R

14.6.4.2 5S5H%EB5|8FRSIED

BARR I T R A A GBS BT AT, JF B ARE A BE O Tk, (HAH
TR B AN 2 A8 e AR, P 20 i X A1 BA AT B8 18 P P 2 R 8 i x5 B TH 2 e 2K
fa¥he MBATTHETE B A R T8O SARK I VF 2 RE 51 7 RGO AT, XA E
KA EA R a, PO Lo R, KB 51 %7 R G4 R PEREOCHE. X5 TR 5

nttp://www.erlang.org
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BT RG-S AE WA B A R B, 0T SR P G A CPU BT IE H LU, 1K
FE80- 200 M FAY SEZ B W I 451 5

2R, P LR A RN AR R AN AR R AR A RT DA SE 4 RS FRAT IRl Rl T ot
FRETLREM G BT R H ), 1515 T RGA G5 RA GRAIFKIZTH. 2R
TR B Y, G it R AR IFAT A B AR BIAT 2 A R AR o, IR RATE N

EEN BN, "TREEREF REHRS (asynchronous) [FE4E. WI17.6.575 fT$z
Joo AR REEPATRER 3R, BN FHPEZERY (blocking) R¥, IXFhek % E
ERAR TSR BT 0h TR, BT TR T &R T 5HE TERM. BUme, ExR
PATEREG B2 1 TAERS, MR EIFHIEPAZESR! (non-blocking) REL, XFh ek EEE TAEWE
RAERHADLFE, OB EPAT, KIEER G XFRECLRLR 2R T, AR
TAETE G FUERRAE A T LAAR S Ab PR IAMAAH SC I TAE, Q38 5 HARE xR 5, 1 ok
X GO AR S5 Rr . AEIX MRS 5 I ZI B0 —l, 208 RA SHRAFRIAE R TAEMZE R, IEH]
e R B Ab B

P AR B AR ) B4 AL TR (batching)e W114.6. 2754 K, JEAHIE (I4E 5%
LG AR AR, 2 LB ST IR AT S5 PAT B k. FEALEE B B FH 7V R0 GUIRAS B
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Symbols

3 x 3%FE 3 x 3 matrix, 165
4 x 3P 4 x 3 matrix, 146

A

A*BL A* algorithm, 45, 78, 731

FiiE B Hadamard product, 129, 413
alphai & 6% alpha blending function, 412
alphaifiif alpha channel, 373

AVLH AVL tree, 208

B

J\XH octree, 35, 423, 562

A% version control, 252

WAz &4t Revision Control System/RCS, 54
WR A4zl RSE version control system, 53
IR AFE repository, 53

2#[A] half-space, 424

iE W translucent, 363

% penumbra, 392, 431

{1 package, 262

% packing, 112

IR saturation, 36

WHEM bounding sphere tree, 35, 424
WH#AF bounding volume, 418

J&JE explosion, 611

405 targeted movement, 481
BBSEt BBS segment, 106

R AT background modeler, 5
KAk localization, 225, 230

4R %% bind pose, 454

itk & crash report, 336

737

755 compact, 702

A% umbra, 392

BézierZ A\ /5% H 128 Bézier ease-in/ease-out curve,
480

Bézier [l il Bézier surface, 363

AR F R changelist (Perforce) , 54

AR J5 T S 2547 post-transform vertex cache, 414

ABHSERE transformation matrix, 144, 370, 476

{FZE W AT scratch pad, 514

4ifid encode, 497

JaidhrdE coding standard, 89

i3] 5%E coding convention, 89

i P HIMBCT 1418 & % 7812 flat weighted average blend
representation, 505

{F 15U & K Portable Network Graphics/PNG, 262,
380

A3 H #55)H morph target animation, 39, 449

%% compiler, 61

41k UEFH compiled language, 708

DB border color mode, 379

#* table (Lua) , 712

Fric Mg U/ F#% X Tagged Image File Format/TIFF,
262, 380

briE scalar, 128

bR scalar product, 132

X1 surface, 132, 363

FRUECHATHS FE C runtime library /CRT, 352

FRUERR E standard template library/STL, 28, 213

Fr#E IEZZHEBE orthonormal matrix, 139

&3 closed form, 9, 575

145 closed hashing, 222

IFRIAE# R4t Concurrent Version System/CVS, 54

JFAT parallelism, 688

JEAT1k parallelization, 404



738

LR T

4T 4b B parallel processing, 296

A EH Pythagorean theorem, 130

R LTI brush geometry, 48, 622

Blinn-Phong/Z 414 Blinn-Phong reflection model,
389

U playback rate, 463

#7518 game theory, 7

WK wavelength, 371

#MT patch, 54

fikl cloth, 616

ANEWH] opaque, 363

RNZEWIEE opacity, 363, 373

Filk 4k ragdoll, 40, 495, 597, 614

C

C45|% C4 Engine, 24

# B clipping, 411

K sample, 49, 461

KFEZF sampling rate, 49

R material, 48, 383

MR &4 material system, 34

%% & frame of reference, 454

ZH % reference pose, 454

Z4J7FE parametric equation, 168

i R4t operating system/OS, 28

Catmull-Clark#% Catmull-Clark algorithm, 364

Catmull-Rom#£4% Catmull-Rom spline, 259

4% instrumentation, 353

M4z FIHT 28 instrumental profiler, 79

XA cross product, 135

Y5 ik scene description, 362

%5t scene graph, 34, 35, 408, 423

Wi Ji 2 ordinary differential equation/ODE, 574

g% wrap mode, 379

JLRIFFF winding order, 366

ALK E Super Nintendo Entertainment
System/SNES, 235

B2 superclass, 84

#HER hypersphere, 163

A #E lookup table/LUT, 378

FETIE /1 penalty force, 590

G4 imaging rectangle, 392

T2 procedure, 708

FEFHERR program stack, 107

TR library, 61, 281

3l procedural animation, 409, 493, 597

TEFF bi4i% programmer error, 118

K AAE # member variable, 109

HES MR undelete, 60

R % pool allocator, 196, 268, 667, 702
FEAM S persistent world, 20, 42

FEAME persistence, 692

HESL relocation, 203

i A time of impact/TOI, 543, 561
M impulse, 588, 599

% TJ abstract factory, 88

% i abstract construction, 639

R AIZ abstract timeline, 283

1&4% transmit, 372

H streaming, 248, 260, 501, 665

47 55 check point, 669

fil & AKFR trigger volume, 538

YIFARHY prologue code, 79

T HYHBR X [A] vertical blanking interval, 288, 400
4l PR AL pure virtual function, 115
AR pure component model, 651
XE S subsurface scattering/SSS, 16, 372, 435
1#y5E 4 lexical scope, 106

Hi 1% b FE error handling, 118

FHRIR [AY error return code, 120

R error detection, 120

D

Ki¥fi big-endian, 97

RN agent, 7, 8, 623

i text/code segment, 105

HBHAT stepping, 73

AR simplex, 558

#jE bullet trace, 610

PEEHH spring constant, 574

PR 4 RS spring-mass system, 538

Hi] singleton, 88, 678

Hi62% singleton class, 185

2 N single-screen multiplayer, 41

W /% cross-fade, 478, 511

HA7HERE identity matrix, 141

H{7 KB unit vector, 132

A7 PY 6L unit quaternion, 156

HABEE singly-linked list, 221

P K EIREE monolithic class hierarchy, 642

H 4> AL %% single-frame allocator, 199

HR4 AR single instruction single data/SISD, 95

Hg4 244 single instruction multiple data/SIMD,
95, 173, 298
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HIR4S ZHHRIY B streaming SIMD extensions/SSE,
95

S 8% exporter, 258

51 navigation, 630

KOt big-O notation, 211

KEZ NFELLIE M massively multiplayer online
game/MMOG, 20, 42

FTEPIE 4] print statement, 37, 333

KA great circle, 163

Delaunay = f#l|/3 Delaunay triangulation, 486, 510

JT %)M lighting artist, 5

5 point, 126

HBAEFTFH teletype/TTY, 333

FiXt A peer-to-peer, 21, 305

RN 2R point-to-point constraint, 594

#7230 point-normal form, 395

ROt point light, 391

FifH dot product, 132

FAHE dot product test, 134

W FHHERR call stack, 73, 352

IEACHS iterator, 88, 209

KB iE Y48 low-level renderer, 33

K )L K& Cartesian basis vector, 128

i+ JLAFR R Cartesian coordinate system, 126

KFF4FIHT 48 Low Overhead Profiler/LOP, 79

5 )2 55 AL PR B8 % top-level exception handler, 336

E M. fixed-point, 91

Ti s vertex, 126

T ALK vertex normal, 374

T 4% 30 vertex format, 374

T 25 2231 vertex buffer, 266, 367

TS ZAF L2 vertex cache optimizer, 369

TS V)26 R 5 vertex tangent, 374

T s @k vertex attribute, 373

T 5404 vertex array, 367

TSGR vertex texture fetch/VTF, 410

i 5 % (8% vertex shader, 34, 409

SEALES locator, 470, 529

SENL A E A% locator spawner, 660

7€ AL £ oriented bounding box/OBB, 171, 550

% X definition, 101

X area, 622

2B = AFREAK third person game, 13

{REJEN 2% low pass filter, 319

HiE map, 622

HJE terrain, 441

B—Ji K first-party developer, 7

#— NFrhtili first person shooting/FPS, 12

Z)ilH animation, 39

i #$23E 5 motion capture actor, 6

B RFEAR animation sampling frequency, 500

B8 animation pipeline, 501, 502

Z i f5 AL H animation post-processing, 493

M4 animation blending, 476

iR & H animation blend tree, 508

B ]2 % animation control parameter, 525

i E ] 4 animation controller, 501, 535

)i animation bank, 49

i B B animation clip, 49, 459

Zi )il animator, 6

Zh il 5E] animation instancing, 475

A animation tree, 520

Z))iH [F] 25 animation synchronization, 465

Z)iH R4t animation system, 447

Bl E4f animation compression, 496

)il # ¥ B #% animation retargeting, 469

FERA animation state, 515

FERA LI animation state transition, 521

i RAHL animation state machine/ASM, 515

G frozen transition, 479

#h71%% dynamics, 537, 569

FHE kinetic energy, 587

HHENE RS dynamic lighting system, 34

BN

BABERE dynamic linked library/DLL, 61

FHASHM motion blur, 446

A WNAFHE dynamic memory allocation, 193, 702

WA dynamic array, 208, 215

FAHHR dynamic tessellation, 365

FEFEE motion extration, 532

IR Z action state layer, 501, 524

FHERAHL action state machine/ASM, 501, 515

E 5 RAIE comma-separated values/CSV, 233,
356

Z NM#% multiplayer networking, 730

IBr 45 breakpoint, 72, 292

Wi & assertion, 32, 121, 687

K1 5 A 4i assertion system, 120

HE/rFid 4% heap allocator, 193

BA%1 queue, 208

HEPNAF heap memory, 109

FHEEL dual number, 167

FHE VY 7CH dual quaternion, 167

*t5% alignment, 112

%1% object, 83

X %4 i object spawning, 666

# dynamic avoidance, 45
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45| H object reference, 670

XGRS AT object state caching, 687

Hitk stack, 208

HERZ /M IC 28 stack allocator, 194, 266, 667

Hekki stack frame, 107, 719

HERZ PRI stack trace, 337

Z 10 polygon soup, 551

%2 4% multicast, 698

Z AbHES multiprocessor, 296

LIS mipmap, 381

ZWAY & multimedia extension/MMX, 173

% N multiple check-out, 59

%7 polymorphism, 86, 642, 713

ZRFRIMA multithreaded script, 723

Z FRFEPUHE N multisample antialiasing/MSAA, 401
Z E4 7K multiple inheritance/MI, 84, 645

Z {8 multi-byte value, 96

ZFH 4 multibyte character set/MBCS, 231
Jh 525 exclusive check-out, 59

E

“#M¥ two’s complement, 91

Z X #EHM binary search tree/BST, 208

X binary heap, 208

ZIHRAE quadratic probing, 225

—4r#¥F binary search, 212

] binary, 90

—HEHI X % BU& binary object image, 657

T 4E5E M 2D orientation, 580

ZHEAINEZ 2D angular acceleration, 580

ZHYEMHE 2D angular velocity, 580

THE AR 2D angular speed, 580

e )% 2D angular dynamics, 580

It 4rEIM binary space partitioning/BSP tree,
13, 35, 424, 562

F

KIETMAE light emitting diode/LED, 316
KIEWIE emissive object, 392

KATH publisher, 7

7713 method table (Python) , 716
i $f %4 affine transformation, 144, 455, 471
1946 FE affine matrix, 139, 152

A &3 rest pose, 454

FLff azimuthal angle, 429

J2iC 4 disassembly, 77

R EHHE return address, 107
XA anti-portal, 420
S i reflect, 372
J4f reflection, 639, 659
S E F reflective language, 709
Z 4 HE generic programming, 29
HHiF T translation unit, 61
Jx ##% albedo, 372
J IR albedo map, 378
V5% normal vector, 132, 154
L0 normal map, 48, 378, 426
A2 HiESik noninteractive sequence/NIS, 459
%2 Hi%E 845k noninterative sequence/NIS, 623
e EIH EBAE S nonuniform rational
B-spline/NURBS, 363
4 —4i ¥ nonuniform scaling, 129
LK M 2 non-player character/NPC, 43, 45
/¥R resolution, 396
43 )Z58 44 layered architecture, 33
X fork, 299, 608
73 B MBI piecewise linear approximation, 364
7y & component-wise product, 129
T NG emissive texture map, 392
%% encapsulation, 84
B BUE# phased update, 682
4322 taxonomy, 644
7B EH separating axis theorem, 554
SO FE stride, 154
3P amortize, 205
ANy fractal subdivision, 410
fitbr 3¢ analytic, 9
/¥ branch, 54
43 divide-and-conquer, 212, 299
V%15 floating-point, 92
w8 1% powered constraint, 597
TG A B2 normed division algebra, 156
Hli:% & binormal, 374
EHE)Z overlay, 25, 443
TF 5464 symbolic link, 252
H AR compound shape, 552
& %R composite resource, 260, 270
% overdraw, 422
%) buoyancy, 538, 616
1% 7114 buoyancy simulation, 567
B2k & vertex bitangent, 374
AR EAE radiosity, 386
S ¥ complex number, 156
HFHCR bloom effect, 25, 35, 392, 430
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k%54 service object, 648
i £ pitch, 148

G

WS EARK concept artist, 5

w22k gamma responsive curve, 444

%% IE gamma correction, 444

Nilf4 rigid body, 537, 569

WA 5h 112 rigid body dynamics,

Wi{A75[E] body space, 581

NI E B 25 i

W3R 4 stiff spring constraint, 594

T interference, 372

J&% perception, 45, 372

J&JN R4 perception system, 731

245 high dynamic range/HDR, 373

FsATEE Ve high dynamic range/HDR lighting, 35,
430

ALY height field terrain, 19, 441

N height map, 427

PRI 28 high-resolution timer, 288

R ILFE high-level game flow, 622

R 5 S high-level shading language/HLSL, 413

15 I i Gouraud shading, 376

FE %9 Gaussian elimination, 141

Fyi& SEAKR LT constructive solid geometry/CSG, 424

¥ 2}k fighting game, 15

K4l 28 Grassmann product, 157

& [ R YEAERE isotropic matrix, 139

# I 5% anisotropic, 372, 383

GJKH%: GJK algorithm, 556

GNUZEE AL AE GNU Lesser General Public
License/LGPL, 25

GNURX A THA GNU diff tools package, 80

GNUIEH ALY IIE GNU General Public
License/GPL, 25, 54

T2l engineer, 4

T.) #: factory pattern, 651

FLHEPYTHL conjugate quaternion, 158

AR billboard, 36, 438

T.H tool, 46, 53

T HFEF 5 tool programmer, 4

TR %458 tool-side object model,

TAME tool stage, 406

T.H## tool chain, 258

2k collinear, 134

TAE= studio, 7

29, 38, 537, 569

rigid hierarchical animation, 448

625

WJi& PR $L constructor, 274

T B# hook function, 714

GPUi% GPU pipeline, 409

GPU#4#* GPU command list, 421
WEHIFE view matrix, 394

W27 150, 393

WEARF view volume, 395

Mg 2 M FHE view-to-world matrix, 393
i light, 371

FeAE iR light transport model,
i spectral plot, 371

i Bt spectral color, 371
JeMtb rasterization, 400

[A] view space,

362, 386

WHZ 5P B raster operations stage/ROP, 412

2k ray, 168

LIS ray cast, 302, 563

HLRiB 1 ray tracing, 386

JEJE light source, 390, 632

S 2 [A] light space, 433

PN gloss map, 378, 428

I lighting, 384

FHEIG A light map, 35, 390, 408, 621
KATBUE joint weight, 49

KEEMW] key frame, 460

KEEZ S key pose, 460

KA joint, 450, 452

KATYPE joint binding, 471

KHYEI joint scaling, 456

KR E] joint index, 49, 453

*KF level, 622

FKFMFIX K level load region, 665
KA E relational database, 253
KEHA associative array, 712
1515k & inertia tensor, 583

< Z K relationship graph, 696
KEEIL interest registration, 698
FEBRIFA] wall clock time, 78, 288

[ 52 K4 fixed body, 604

[f] 5 T e T
H# skeleton, 450, 452
B EZH 4584 skeleton hierarchy, 452

‘B #2h i skeletal animation, 39

B 865 £ skeletal animation data, 49
HH# RS partial-skeleton blending, 487
HEEEH (BLIT1%3) skel control (UE3)
B H# M skeletal mesh, 49

UL canonicalization, 245

JH4—1k normalization, 132

fixed-function pipeline, 408

521
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7 —1k B % ALFR normalized screen coordinates, 443
JH—1L R [E] normalized time, 462

VSEHH roll, 148

% EhE cut-scene, 623

205 F procedural language, 708

VEMEFE transition matrix, 522

IR transitional state, 521

[ BRr{t internationalization, 225

#3k bone, 450

H

H3EIEM L Hessian normal form, 170
T4 row matrix, 140

J8% welding, 592

% function, 708

PR BRI HEAR function call stack, 716
PR 552 function-level linking, 100, 207
15 5 functional language, 708
%12 hash table, 209, 222

4 JF merge, 59

3B B merge stage, 412

& composition, 88, 646, 647, 723
HAAER ST black body radiation, 371

Bt R4 core system, 32

1 %% core pose, 481

2% Hertz/Hz, 285

H1EREAESS cooperative multitasking, 712, 723
% macro, 64, 68

4124 red-black tree, 208

JE W98 5E late binding, 690

JE B i$1E postincrement, 210

W4 foot sliding, 532

i X 5i% painter’s algorithm, 402

1% pulley, 596

H % tearing, 287, 288

2247 cache, 205

A7 I cache miss, 205, 207, 513
2474k cache line, 205

7 —3 Mk cache coherency, 368

5t ambient light, 391

Wi environment map, 35, 378, 428
ST ambient term, 387

WELE YR environmental rendering effect, 440
ABER ambient occlusion/AO, 433

W RE prismatic constraint, 596

H R4 mutex, 608

[5]1 callback, 714

[H] i %7 callback function, 281, 568
[H A IXBIHESE callback-driven framework, 281
R 73 coefficient of restitution, 588
R A restitution coefficient, 540
L4 join, 299, 608

5 30 ¥ write-back cache, 205

VB4 T4t blend percentage, 476

RA BB blending stage, 412
VBAAERAEA hybrid build, 66
V4T blend factor, 476

VRS blend mask, 487

H A interpenetrate, 544

IPHLif voice over internet protocol/VoIP, 21

JUTEJE geometric primitive, 383

WAt polarization, 372

kiR 4 additive blending, 488, 511

BY)°F 1 clipping plane, 34, 171

faiitk simplification, 8

[B]#: 61 indirect lighting, 386

Widk 4% progressive mesh, 365

A model, 8

WHLE 1 watch window, 73

W SRR EL mip level, 382

BE X} key-value pair, 209, 264, 694

JHIAS script, 654

WA R4t scripting system, 44

A% F scripting language, 707

X G| H cross-reference, 270

# i focal point, 150

BEEZIR hinge constraint, 595

JEEHEAK capsule, 545, 549

HEHL caustics, 386, 435

FAOYEENN character rigging artist, 475

A EENE character animation, 30

i HlH character mechanics, 612

fMhIZ5) character locomotion, 481, 731

A4 weighted average, 138

fni#it accelerometer, 40, 315

FEAYHEIA atomic data type, 94

47K inheritance, 84, 642, 722

LRI R IFEE integrated development
environment/IDE, 61
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%1748 register, 65, 107, 716 HAEM technical director/TD, 5
HMAFTE change of basis, 150, 457 #E truncate, 497
Mo % % extreme pose, 450 LKW baseline offset, 444
HEUEE clamp mode, 379 WLk Z 7 B2 %% mechnical viscous damper, 574
Befilt contact, 548 HT X RIEF object-based language, 8
B 1% contact shadow, 433 HF M FEMH % story-based game, 540
filt e 77 ZCAF solution file, 62 HF HARIE% goal-based game, 540
fi#h% decode, 497 HET BB EIE image-based lighting, 378, 426
FHi Ok%)  interface (Optics) , 372 EF/RFF volume specifier, 242
B4 order, 577 #JI handle, 672, 720
TR analytical solution, 575 JR#A8 & local variable, 107
T )L analytical geometry, 553 JAEEIEAR A local illumination model, 386
fi# 51 H dereference, 80, 672 Ja 2 8] local space, 147, 369
/i medium, 372 JR i ]2k local timeline, 283, 459

4 collection, 208 JE# 4% local pose, 455
4 set, 209 251 #1% absolute path, 244
JUTZEM geometry buffer/G-buffer, 437 Xl spot light, 391
JUATHERF geometry sorting, 422 B4 aggregation, 88, 646, 647, 723
JUTE JG geometric primitive, 33, 34 HEFE matrix, 139
JUA Ly centroid, 571 HiPEFEVE matrix multiplication, 139
JUAT# 3% geometry shader, 409, 410 HE % 4% matrix concatenation, 140
33 base class, 84 HEFE I AR matrix palette, 39, 474
2 5L} 18] duration, 286
1% RS sprite animation, 448 K
BTH St specular, 372
B AT specular term, 387 FFizh 71451 % Open Dynamics Engine/ODE, 30, 38,
Bi1H % specular highlight, 377 542
BT RN specular power map, 428 Fi#%| open hashing, 222
BTG B specular map, 428 Hi open source, 25
AT A specular color, 374 PiHE G antialiasing, 400
BRI B specular mask, 428 BEJ/R T Cornell box, 384
RO depth-of-field blur, 446 kdb kd tree, 35, 424
JEIEYFRK racing game, 17 A 4ufE% (L8 programmable shader, 413
AL static member, 111 T EE N re-entrant, 704
B GIE static lighting, 390, 408 BT RS 482 b client-on-top-of-server, 42
B ERBESMYLE statically typed function binding, BT RS 282 B client-on-top-of-server mode,

690 304
A UMK static geometry, 621 Af DLk FIWT visibility determination, 18, 418
A% AMF race condition, 607 ARtk collidable, 545
3L lens flare, 392 AR YI1A destructible object, 611
1% reflection, 434 "Mk visualize, 629
51545530 mirror mode, 379 "M predictability, 540
3% race condition, 703 AT PATHUE executable image, 99, 105
JEfME approximation, 8 T PAT 5 AT BE4EH I executable and linkable
F K& basis vector, 128, 152 format/ELF, 105
T 3RS clock drift, 289 ZE[A %4 space partitioning, 562
i ARERE H technical requirements checklist/TRC, #4175 L control ownership, 331
332 REIERE fast motion mode, 348
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PUEIE rapid iteration, 516, 633

Peid B FE A quick time event/QTE, 459
YeEHI 3k block scope, 354

5 IS # Xross Media Bar/XMB (PS3) , 28
HEZE framework, 281

T T R4 wide character set/WCS, 231

¥ M extensibility, 258

W AT executable file, 61

L

HiiE#isk zoom in, 614

W4 Bluetooth, 311

latent K%} latent function, 711

% class, 83, 708, 722

RIZIREER class hierarchy, 642

2K class diagram, 84

HKEIXK type punning, 99

71 force, 572, 598

R linked list, 208, 216

1L quantization, 93, 496

BFHP quantum effect, 569

B4 BG4 % /M Joint Photographic Experts
Group/JPEG, 262

B IYE linkage, 103

FEHE4Y linker, 61

LA continuous collision detection/CCD,
543, 561

4L continuity, 478

B4 FE column matrix, 140

LMK cubic environment map, 429

LR cube map, 410

71 )% force-feedback, 9, 317

715 torque, 581, 599

4K A diamond problem, 85

I X 38, critical section, 608

J11# couple, 599

BE#UE M Z M discrete oriented polytope/DOP, 550

F|F handedness, 127

KR4 ZHAEIY B streaming SIMD extensions/SSE,
173

ik stream out, 410

TR S) S1248 40 fluid dynamics simulation, 616

71% mechanics, 569

BT K4S particle emitter, 632

BT RR particle effect, 438

BiF R4 particle system, 35, 438

BF RGHHE particle system data, 50

f% 3% 1 bleach bypass, 36
LU%M# LU decomposition, 141
%1% path, 242

#1257 FRFF path separator, 242
#4297 &1 path node, 45

#4249 F path finding, 45, 731

¥ EL%% silhouette edge, 420, 431
£ poll, 311

%1% movie capture, 349

M

125 /E# R slow motion mode, 348

8 A diffuse, 372

8 EHE A diffuse map, 378

8 SRS diffuse texture, 48

V8 AT diffuse term, 387

8 A diffuse color, 374

AR roaming volume, 45

E 18 bubble up effect, 646

MHMH enumerated value, 120

BRI frame per second/FPS, 285

MERRJiE i 592 Mersenne Twister/MT, 180

1% F A% bits per pixel/BPP, 373

27 skinning, 39, 471, 472

Z [ skinned animation, 450

R skinning matrix, 472

SN ABUE skinning weight, 374, 471

2N E facial animation, 450

MY area light, 392

[/ patch, 363

TH % % 4R FE object oriented programming/OOP, 83

TH % S JHAE F object-oriented scripting language,
722

H X %18 % object-oriented language, 8, 708

RT3l per-vertex animation, 39, 449

74 command, 691

4 FA% command queue, 608

[is

4472 % command line argument, 238

=

7413 command pattern, 692

4B F imperative language, 708

B R % Minkowski difference, 557
IR R B HEF Minkowski sum, 130

1 magnitude (integer) , 91

¥ magnitude (vector) , 130

MR 22 stencil buffer, 33, 400, 432

MR T4 FE template metaprogramming/TMP, 215
EEHE )] friction, 591
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FEYE R coefficient of friction, 592
mod#t[X mod society, 10, 710

K% 54 end effector, 494, 531

BE/R B Moore’s Law, 296

FEF P L moiré banding pattern, 381
LS simulation island, 594
RS 3R simulation game, 539
4 analog input, 313

A analog axis, 313

Wil {5 5id J€ analog signal filtering, 319
RS model-view matrix, 394
MR 23 ] model space, 147, 369

A Z A 4 model-to-world matrix, 370, 393
¥ act, 623

H#% objective, 622

H¥s1# 4 target hardware, 27

BER gold master, 67

N

WAL intrinsic, 175, 416

W A4 )% memory layout, 105, 111

WAL out of memory, 79, 202, 337, 357, 666, 667
A7 15 A B 7, memory access pattern, 193
W75 BL# T memory allocation hook, 357
WAEH R memory allocation pattern, 29
WAF T T & memory analysis tool, 37
WA memory management, 32, 193, 266, 666, 667
WAF#E T memory fragmentation, 201

WK memory corruption, 79

W AFEE memory leak, 79, 356

{7 H & memory usage, 260

W75 E . memory relocation, 668
WAFIBE: T A memory tracking tool, 356

W inner product, 132

WELPE Y inline function, 65, 103, 207
WEKC 4 inline assembly, 175

it energy, 587

Zhii L JE 2% viscous damping coefficient, 574
WM inverse matrix, 141

W PUIEHL inverse quaternion, 158

4 (A7) Newton (unit) , 573
Atk 2 5B Newton’s law of restitution, 588
LIz 5 EH#E Newton’s laws of motion, 569
W2 7)% inverse kinematics/IK, 494, 531, 534

o

OpenGL#EMiES OpenGL shading language/GLSL,

413
FR$iff Euler angle, 148, 164

P

IR derived class, 84

1 24E¥E N Pareto principle, 78

#HHY projectile, 43, 575, 610

fic & I voice actor, 6

i (#HIE) collision (hash table) , 222
iR IE L collision representation, 545
flb#& 4 5 collision material, 568

il & collision query, 563

Mi#EACHEN collision agent, 559

fili4#% & collision island, 608

filff# L€ collision filtering, 567

A4S collision detection, 29, 38, 537
AR 2245 collision detection system, 544
AR IE collision contact manifold, 613
filf#E 1 5% collision world, 546

il 44&F collision volume, 48

B collision cast, 563

Hli 40 B; collision response, 569, 587

il A collision primitive, 548

i E £F collision middleware, 542

Phong K% Phong reflection model, 387
F Bt fragment, 400

JrBUE g% fragment shader, 409

Rif yaw, 148

A EHr batched update, 679

BBk skin, 450

2 EA4M5E fur shell, 384

Sl channel, 335

FHTIRA equilibrium state, 593

SEACLE frustum, 171, 395

KSR frustum culling, 418

“Fifii plane, 132, 170

P A plane lamina, 580

57 screen shot, 349

%75 [H] screen space, 399

FEHEARNTALFR relative screen coordinates, 443
FREEML; screen mapping, 399, 411

“FALE 48 heads-up display/HUD, 11, 25, 36, 233,

438
P& M2 platform independence layer, 31
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TGk platformer, 13

P47 directional light, 391

*F-# translation, 142

PR translation matrix, 144

POD#i#) plain old data structure/PODS, 274
HIMT T E profiling tool, 37

HIHT 4% profiler, 78

HIHTRAE profile sampling, 355

Q

%51 check-out, 57

A front end, 36

IR latency, 404

G intensity, 371, 430

#0152\ Z /1% preemptive multitasking, 28, 723

A5t foreground modeler, 5

%N check-in, 54, 58

#AZE mix-in class, 85, 646

VELET] ILEE potentially visible set/PVS, 418

ATE$3E preincrement, 210

S5k # 892 homogeneous clip space, 172, 396

F-URALFR homogeneous coordinates, 142, 170, 397

JazhI H start-up project, 72

V)48 shear, 456

PIEIBEZ N split-screen multiplayer, 41

12 %% 8] tangent space, 374

Z AR FE intrusive list, 218

ERAAFR R spherical coordinate system, 126

ERTH PRI 0GB spherical environment map, 429

BRI 261471 spherical linear interpolation/SLERP,
163

ERAEFR spherical coordinates, 429

BR1A sphere, 169, 549

ERE X ball and socket joint, 594

ERIE %L spherical harmonic function, 408

ERiE KL K %L spherical harmonic basis function, 436

T2 4ES % Quake Engine, 22

S F A full-motion video/FMV, 36, 459, 623, 730

4RI global illumination/GI, 430

AR global illumination model, 386

£ JEIFAZE global timeline, 283, 463

A JRME—HR IR globally unique identifier/GUID, 44,
227, 263, 271

AR LA global pose, 457

2 JE AL FE AR full-screen post effect, 35, 446

AFFPURYT full-screen antialiasing/FSAA, 35, 401

4 [AY omni-directional light, 391

ZAFNE desaturation, 36, 446
X %) T H diff tool, 80

X7l diff, 58

[X 51}y Bt difference clip, 488
B4 5) de-bounce, 40

Wi MR deterministic, 180
ZRIMHE default value, 661

X% region, 633

R

AL artificial intelligence/Al, 30, 44, 731
{EATHL 5 B T A7 RS save anywhere, 669
MAEZEEE % % human interface device/HID, 40, 309
EEMHAF arbitrary convex volume, 551

H& log, 333

%% container, 208

TR verbosity level, 37, 335

WA Z software layer, 27

A X G AR software object model, 43

A THE software engineering, 83

WAFTF R AL software development kit/SDK, 28
R} soft real-time, 8

LR R SE soft real-time system, 9

A portal, 13, 35, 419

Runge-Kutta 5% Runge-Kutta method, 578

S

S34F 4G S3 texture compression/S3TC, 263, 380
FEIEWE N cel animation, 447
=B 4L cubic spline curve, 410

Z 5PV triple buffering, 400

= triangulation, 365

=ML triangle traversal, 411
MR triangle list, 367

ZHIAT triangle strip, 259, 368
=ML triangle setup, 411

MM triangle fan, 368

= MM triangle mesh, 364

HUF% hasing, 223

3 K%L hash function, 223

=& IH three-way merge, 59
=49 T A three-way merge tool, 80
BT scatter, 363, 372

=4k 1 3D orientation, 584
AT 3D modeler, 5

=4 3hE 3D angular momentum, 584
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MY 3D angular velocity, 584
=4EJ15E 3D torque, 585

=4 3D model, 48

Z4E¥%# 3D mathematics, 125

=44 3D texture, 430

= 4EE) 1% 3D angular dynamics, 583
=21k trilinear, 383

Ak sweep and prune, 563

HFHFR swept shape, 560

@ iABS tone mapping, 430

5% chromaticity, 430

i color temperature, 371

HB% delete, 60

R SCHSGFE ] context sensitive control, 331
YRRk sandbox game, 539

WA WENFERF device driver, 27

#1530 design patten, 88

RIEHIE z-fighting, 402

IREZE M depth buffer, 400, 402

RS deep-copy, 701

RENGE depth map, 435

RETEYP IR 7z prepass, 422

BEYRAE BN resource build rule, 259
ERRE build configuration, 63

£ A% spawner, 659

71 declaration, 101

UL S declarative language, 708

e 1% A (AT biomechanics character model, 31
g splay tree, 208

1ML camera, 316

G250 camera space, 150, 393
TEGHUREE camera collision, 613

if2 time step, 9, 575

W2 K% parallax mapping, 427

M2 P4 E7: parallax occlusion mapping/POM, 427
M E A Windows Bitmap/BMP, 262, 380
i #k time stamp, 687

Hf event, 44, 282, 321, 690

HHE L) time scale, 461, 463

F 24 event argument, 693

B &k %% event trigger, 470

FH 43 event handling, 690, 695

HIFA LSS event handler, 44, 695

i8] BA47 time unit, 289, 461

FIHEBN event queuing, 699

A A time-slice, 28, 712

HFIXB)4EH event-driven architecture, 44
A2 5] time index, 459

HIE A Y event system, 44

i A —%# temporal coherency, 562
FLR YR event priorization, 700

I Al & time delta, 285

A w4 world editor, 50

S ] world query, 670

{5464 world matrix, 370

{525 18] world space, 149, 370
25 (B QLK % E world space texel desnity, 382
AR world chunk, 622, 629, 657

4% radius vector, 128, 571

[t decimal, 90

WA FIETEF visual representation, 545
Mt 4ifE GUI-based programming, 706
MAERLR visual effect, 35, 438

WL3E M visual property, 371

5L instance, 83

K vector, 128

REAHES vector processor, 95

KEHIC vector unit, 95

KB RE vector function, 168

&8 vector product, 135

RENNE vector addition, 129

J % vector subtraction, 129
KR vector projection, 133

7531 hexadecimal, 90

T+ hex editor, 80

#fE potential energy, 587

WX viewport, 34

SEH real-time, 676

SEI SRS U7 K real-time strategy/RTS, 18
SER & 48 real-time system, 251

SZAK entity, 623

IffR deadline, 9, 250

M2k line of sight, 45, 337

E field of view, 34, 471

FA P 48R user error, 118

I B AE & clock variable, 289

FH5 grenade, 610

FHKIM gesture detection, 41, 323

B A2 lead engineer, 5

HEHAE chief technical officer/CTO, 5
W tree, 84, 208

it %1 double-ended queue/deque, 208
XA /it 2% double-ended stack allocator, 196, 267
X4k double dispatch, 559

X% double buffering, 399
X=X bicubic patch, 363

o=
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R K TR B S 53 41 B 8T bidirectional surface
scattering reflectance distribution
function/BSSRDF, 435

XU [ 434 B 4L bidirectional reflection distribution
function/BRDF, 389

W H4EEHR doubly-linked list, 216

MM bilinear, 383

M4 %% double-buffered allocator, 200

JKBEW %A amphibious vehicle, 645

JKIH 4L water surface simulation, 616

KAATE S water rendering, 442

[EHL% random number, 180

¥ & ViE 5 data-definition language, 707

BB data segment, 105

HHEWT S data breakpoint, 75

a4 data object, 270

454 data structure, 28, 32

BRI 2 (E 24 data pathway communication
system, 705

B IS data-driven, 516, 626

HEIRE) 4244 data-driven architecture, 10

B zhFE M data-driven event, 704

stk convergence, 577

A EHWST input re-mapping, 330

MNFAD input event detection, 321

JE M2 property class, 653

JEMERIFE property grid, 631

% FE math library, 32

BE %X numeric representation, 90

A KA numeric base, 90

${H )77 numerical method, 577

HUEMS numerical integration, 285, 575

4 TR Digital Molecular Matter/DMM, 544,
611, 616

Ber e digitize, 313

N0 digital content creation/DCC, 46, 256,
258, 406

#7444 digital button, 312

4 array, 208

VI Y H quadtree, 35, 423

%EIX dead zone, 40, 319

VI A4 Gang of Four/GoF, 88, 692

JHARES | %% thought-controlled device, 318

PO 7t# quaternion, 156, 166, 586

VU JeHi k% quaternion multiplication, 157

V0 e¥ i $% quaternion concatenation, 159

Sourced| # Source Engine, 24

14312 search path, 245

SQTZ#: SQT transformation, 166, 454, 456

SSEZ{7#: SSE register, 173

H% algorithm, 28, 32

HiEHE I algorithmic complexity, 211

HARZHEHIT arithmetic logic unit/ALU, 95

T /R velocity Verlet, 579

f% % tunneling, 559

& F %3] defragmentation, 203

J#Z speed, 285

AEBUERE scaling matrix, 146

45 A T scale factor, 129, 146, 166

E 512 index buffer, 266, 367

5L =M I%E indexed triangle list, 367

K5 H4 index array, 367

P LA BENL G 4 2% 2 B} mother of all pseudo-random
number generator, 181

HE 38 numerical, 9

T

ZZIZEL Taylor series, 577

HFIR IEZZ A FF special orthogonal matrix, 139
7 padding, 175

KT zenith, 429

KA sky box, 441

KA ET sky dome, 441

KA3JEY sky rendering, 440

%A% 1% conditional compilation, 64
2117 £1 conditional breakpoint, 76
ik debugging, 71

i T debugging tool, 37

WikZ: Kl debug drawing, 337

iRAE debugger, 61, 333

5 2 debugging information, 65
PR G debug camera, 348
Wik F#E 4 debug console, 334

SIBk culling, 34

Wit decal, 35, 439

8% commit, 58

A EJC primitive submission, 420
RFALIH volume texture, 430

A= volumetric cloud, 441
ATz early z-test, 411

[{25 C#F1/0 synchronous file I/O, 247
i/ generalist, 5

JEIE K%L channel function, 469
it H TS statistical profiler, 78
HixUE B bucketed update, 683



LR T

749

4 —@#PIE S Unified Modeling Language/UML, 84

4i— WNAF4EH unified memory architecture, 514

B F 217 F & common language runtime/CLR,
248

&K hair, 616

ZEW K transparent, 363

B4 perspective foreshortening, 394

BEMALR perspective projection, 394, 396

L IEHG{E perspective-correct interpolation, 398

Sk header file, 61

%5\ 17 write-through cache, 205

¥ projection, 394

Truevision MBI IERL % Truevision Advanced
Raster Graphics Adapter/TARGA, 262,
380

Truevision B i&ERL 28 Truevision Graphics
Adapter/TGA, 262

B graph, 84, 209

"ML convex hull, 48

)2 layer, 630

MZ A X I convex polyhedral region, 172

& throughput, 404

M convexity, 548

I graphics, 29

A7 2% Graphics Processing Unit/GPU, 408

B (M5 S graphical shading language, 406

I %432 1 graphics device interface, 33

I P 5L graphical user interface/GUI, 9, 25, 36,
255, 277, 282, 443

THMEH T-pose, 455

U

iibert%liiber format, 375

\\%

ANE 51 H external reference, 274

M outer product, 135

4P FERE extrusive list, 218

% mesh, 48

W 4% 526 mesh instance, 370

M %% networking, 41

M 2% N networked multiplayer, 42

W% 2 NiExAEHS networked multiplayer game loop,
304

W 2% 5 il network replication, 711

W44 E ¥ voice over IP/VoIP, 318

L M4 player character/PC, 43

LiEHL#| player mechanics, 42

E T player prediction, 304
SE4VEREE perfectly elastic collision, 588
SEAdEH R perfectly inelastic collision, 588
FEFSES, gimbal lock, 165, 584
LKA texture sampler, 416
LFLJE texture filtering, 383

ZUH %5 [A] texture space, 378

{7 EH bit swizzling, 330

F/RFH 4 Verlet integration, 578
KA 5] H unresolved reference, 99
JE% mantissa, 92

fABEHL pseudo-random, 180

{7 £ 786 configuration space, 494
ME—FRINAF unique identifier, 227

2 EFF bitwise operator, 321

{7 B 4 hi#% position spawner, 660

{7 # R & position vector, 128, 374, 571
ARG text editor, 61

UATES text rendering, 443

FEEM stability, 577

XAFE file section, 270

X4 filename, 242

MRS file system, 241

LA file scope, 106

o texture, 5, 34, 377, 415

S texture format, 380

SRR texture scrolling, 291
LHEARZK texture artist, 5

LN texture map, 374, 377
L texture atlas, 422

L F U texture addressing mode, 379
LFALKR texture coordinates, 374, 378
4UF texel, 377

WHEEE texel density, 381

w2 w-buffer, 402

WiiiE 2 4% Wiimote, 309, 315, 316
WindowsiE & Windows registry, 235
R Z /ML error minimization, 494

T 55T unsigned integer, 90
YAl R 2 Physics Abstraction Layer/PAL, 544
PIH iRk physics puzzle game, 539
YEIRBINI{A physics-driven body, 602
Py §t physics world, 546

Y)EL R4t physics system, 38

Y)EL5| % physics engine, 537
YyH e A #F physics middleware, 542

# 5 stage, 622
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Yk [E object space, 147, 369
TR NIA unconstrained rigid body, 570

X

Xbox 360JF &KEM: Xbox 360 software development
kit/XDK, 232

5% chord, 40, 322

2§ #2[F/F thread synchronization, 608

47 video RAM, 266

2B line segment, 168

M5 wizard, 70

HIXT 4% relative path, 244

X IR RN, relativistic effect, 569

AR S relative axis, 314

)5 BKHL backward Euler, 578

% intersection, 547

i H A project file, 62

HEHR tessellation, 365

1% % picture element/pixel, 361

1 E #1088 pixel shader, 34, 409, 412

4L phase, 462

%R quadrant, 327, 423

2% F P % E RS online user profile, 235

& k4% explicit Euler method, 576

& 4f{E linear interpolation/LERP, 138, 162, 376,
450

LAMEAGHEIRA linear interpolation/LERP blending, 476

MRS linear alegbra, 125

M5 & linear momentum, 572

251 5h /1% linear dynamics, 570, 572

2PN E linear acceleration, 572

B 3Rk explicit Euler method, 131, 286

25148 F linear search, 211

2 EE linear velocity, 572

MR linear probing, 225

2e P R4 77 4 4% linear congruential generator/LCG,
180

/N little-endian, 96

BRI effect file, 417

NP AE S BiLES small memory allocator, 668

W B message, 44, 691

B2 message pump, 34, 280, 690

W BAL# R4 message-passing system, 704

JH S WL message map, 696

V9347 quadrilateral/quad, 365

HAIZ il copy on write, 226

P [F AL FESS synergistic processing unit/SPU, 251, 514

4143 il subdivision surface, 48, 364
AR deformable body, 611, 616

17#2 process, 304

TR shape cast, 564

{& 545 semaphore, 608

Wi absorb, 372

{RHK sleep, 593

EFESE level-of-detail/LOD, 11, 365, 441
JEHY selection, 630

{E Yt render packet, 383

TE Y F|ZH# render to texture/RTT, 415
1B i FEthe rendering equation, 362
JEYLE 18 rendering pipeline, 404

Y« H#x render target, 400

TE PG render loop, 277

184 5| % rendering engine, 33, 361
TEYUIR render state, 420

TEIUREME render state leak, 421
JiE#% rotation, 142

e 71% angular dynamics, 570
JEFE5E [ rotation matrix, 145

e £ 8% virtual table pointer/vpointer, 115
HE B3 virtual function, 87, 115

REPR 3K virtual function table/vtable, 115
HE4)51 % Unreal Engine, 23

RE4)51%3 Unreal Engine 3/UE3, 520
k7K virtual inheritance, 85

7% sequence, 41, 323

F34L serialization, 658

54k serialize, 271

FIER ] seek time, 261

E¥EH looping animation, 448, 462
BT circular queue, 702

PEIREHG circular dependency, 27
FERHL virtual machine, 708

FERLAAE virtual memory, 29, 202
REIFEHL virtual camera, 392, 731
HIEJE A rapid prototype, 406

Y

A3 dumb proxy, 305
FEIRVE YL deferred rendering, 436
Ff5% spline, 363, 614, 633

fii#A rebasing (Git) , 54

4 15 cover point, 612

&S mask, 197

i i color format, 373



LR T

751

FifZIE color correction, 36

At 25 8] color space, 373

PR color model, 373

gttt color-shift, 36

Fiti@iE color channel, 373

fitht diffract, 372

A actor, 256, 623

HE4i compression, 451

#9728 duck typing, 713

55 asynchronous, 689

5B FEF asynchronous program, 302

535 1/ O asynchronous file 1/O, 248

5 exception, 120

#E)F 14 moving average, 320

#3)°F14 running average, 287

PIXE % Hts object-centric, 640

&I attachment, 527

58k exclusive OR/XOR, 322

K# RSt dependency system, 257

R %" legacy asset, 259

fififF 4545 % 68 hardware transform and
lighting/hardware T & L, 409

EEIRZ hardware state, 420

U movie player, 730

it map, 209

fifi St R4t hard real-time system, 9

MNHFEF M Bt application stage, 417

N FAFEFF#;1 application programming interface/API,
28

PR 26 cathode ray tube/CRT, 444

5| 77 gravity, 598

HH audio, 41, 317, 729

EHFE audio bank, 49

HFHEHE audio data, 49

5| %L E engine configuration, 234

HRE T sound designer, 6

BAEZMEE shadow map, 432

BI52 44 shadow volume, 431

BIs2 A H {# shadow volume extrusion, 410

BAiE S shadow rendering, 35, 431

5| 1+ reference counting, 671

5 Fl 52 8% referential integrity, 260, 270

CARK artist, 5

PLJE M N H 0 property-centric, 652

ZAREM art director, 6

— YT IR & one-dimensional LERP blending, 483

HRF5HE signed integer, 90

HxRAH articulated, 48

flift optimization, 65

4 FEN right-hand rule, 136

1 FAHR % right-handed coordinate system, 127

HPESE lossy compression, 497

W%k game, 7

LB F priority queue, 208

A AEERE directed acyclic graph/DAG, 47, 209

H MK directed graph, 270

LA priority, 251

HIARAAH finite state machine/FSM, 676, 723

3BT significant figure, 93

W ATAY saved game, 668

TR B game object, 623

Wikt % A game object query, 675

Wik G ¥ H game object update, 676

Wik S game object model, 43, 625

I K BN game development team, 4

Wik game genre, xvii, 11, 730

Wixk N B H in-game menu, 344

Wik N BSR4 E in-game menu setting, 237

RN B H5Y in-game cinematics/IGC, 36, 459, 623

WAk N B PEREFINT in-game profiling, 349

Wik M B ¥ 154 in-game console, 347

R IEBINIA game-driven body, 603

WKL game designer, 6

AR (A 4% game timeline, 283

Wik H 5t game world, 43, 619

Wk AR %% game world editor, 627

Wkt S n# game world loading, 663

WAk H I H i game world streaming, 665

Wk A game world data, 50

Wkt gameplay, 5, 42

kR IEFE A gameplay representation, 545

Wik A2 gameplay foundation layer, 43

Wik 3R R4 gameplay foundation system, 42, 637

Wik R4 gameplay system, 619, 730

I XAEH game loop, 9, 278

%51 % game engine, 10, 22

WP game asset, 46

Wik s game director, 6

K It friend, 210

FAR T RS Source Code Control System/SCCS,
54

J5 45 origin, 128

[F¥§1d % smooth transition, 479

JFi 42 native class, 710

Je¥dE metadata, 253

JGIEIE metachannel, 470
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M source file, 61

JR% archetype, 662

JZATH 51 %288 runtime engine architecture, 27

J6{% 2. meta-information, 198

B F:ALFR & cylindrical coordinate system, 126

Wi&Eh1E anticipation, 524

TiAb 4% preprocessor, 61

#)3{ constraint, 167, 527, 569, 594

Z)58% constraint chain, 596

Z)903%5 /& constraint satisfaction, 38

LIFREFEF constraint solver, 600

it Hfm St 4% precomputed radiance transfer/PRT,
408, 436

125 locomotion cycle, 532

ZATHFE)F it runtime programmer, 4

JBATH S %47 runtime object model, 625, 640

ZATH A 7 runtime scripting language, 708

BATH SRS runtime type identification/RTTI, 639

IZATR B 2 runtime resource management, 260

5 vignette, 446

i ¥ semantic, 415
Z

# A vehicle, 17, 43, 645

WNFHLEE PHH load-and-stay-resident /LSR resource,
264, 663

HNEVIUE post-load initialization, 275

TE4E 2 N\ online multiplayer, 41

# chapter, 623

K9k aspect ratio, 399

YIZARAY stance variation, 491

HEFY occlusion, 402

HEFEHIFR occlusion culling, 11, 35, 418

LA occlusion volume, 420

H#L direct lighting, 386

BEHENAVi ) direct memory access/DMA, 197

Wi frame, 447, 461

245 rumble, 317

K7Lk aspect ratio, 396

IESFH R orthographic projection, 19, 36, 394, 398

IEMIZ3)% forward kinematics/FK, 494

1EJiE positive rotation, 137

MiZg frame buffer, 399

Mi#% frame rate, 285

Wi% 1= frame-rate governing, 287

iR [A] frame time, 285

HSEMS A2k real timeline, 283

%10 shading, 384

Pt refract, 372

B FriES markup language, 708

X FFT AT supporting vertex, 558

S FFERAEL support function, 559

HEH 5 read only data segment, 106

B Wi direct memory access/DMA, 514

B4 2817 instruction cache/I-cache, 206

Hankhif deadly diamond, 645

FHETE4 smart pointer, 671

F840 exponent, 92

HZ line, 168

L center of mass/CM/COM, 147, 571

H#¥NiEF interpreted language, 708

N 778 chain of responsibility, 696

184t pointer, 670

18EMEIER pointer fix-up table, 271

fl{E N producer, 6

o SRk $E mid-point Euler, 578

I interrupt, 75, 311

I % FET interrupt service routine/ISR, 311

i) ff middleware, 28

/RS epilogue code, 79

M55 L £ axis-aligned bounding box/AABB, 171,
549

A axis-angle, 157, 165

%14 colorization, 446

W#:F43) pivotal movement, 482

#515 B moment of inertia, 581

L)@ 453 dedicated server mode, 304

L H % % dedicated server, 21

HEJEFF transpose matrix, 141

EMAMEA client-server model, 304

E¥ 5 console, 333

F ¥ 5 console variables/CVAR, 236

FELFE master thread, 300

W main RAM, 266

{4 shader, 16, 23, 34

E A7 4% shader register, 414

E OB shader model, 413

#1414 Z 6 per-pixel lighting, 374

HA & independent variable, 9, 574

Hr” asset, 252

A BT H asset management tool, 634

AT EIE asset conditioning pipeline/ACP, 46, 47,
253, 258, 408, 635

FErPETT B asset conditioning stage, 408

It dictionary, 209, 222, 264
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Hz)4 & automatic variable, 107
TR H string, 225
FRFH I string interning, 228

FRFER PR IATF hashed string identifier, 227

St 2

FIF7H character glyph, 226
i1 byte code, 708

FH ¥ endianness, 97
FHEA% kerning, 444

F2 subclass, 84

ZIP{i#4 ZIP archive, 261

H X% natural number, 90
K pose, 454

#Z344f{E pose interpolation, 460
KA FUH gesture interface, 318
FAK font, 225, 443

F M submesh, 383

P3#2 coroutine, 712

7 glyph, 443

H H /7§ free store, 109

HH ¥ degree of freedom/DOF, 156, 167, 570, 594
H 4% & free-form property, 632

E %1% free list, 196

IR R4 resource compiler, 259

PR resource management, 32

IR 8 resource manager, 251
R resource linker, 259

S

X

X

N

=

RIRVEM R resource registry, 263

¥

FIRA RS E resource chunk allocator, 269

FHB% = air lock, 663

BAKA T least significant byte/LSB, 96

5 = A A most significant bit/MSB, 91
I A 7T most significant byte/MSB, 96
Il S A closest point query, 567

#5408 nearest neighbor, 383
1 component, 648, 649
¥ cheat, 348

ApFR73 A coordinate space, 147
{EBEHD cheat code, 348

fEX writer, 6

{EHIZK composer, 6

. FEN left-hand rule, 136

e FAHR % left-handed coordinate system, 127

fEMLAER! job model, 301, 608

BRI resource lifetime, 260, 264

HIREYEE resource database, 253

IR T8 resource conditioning pipeline/RCP, 258
IR A% 2 resource file format, 262

FIRHH S &R resource dependency, 259
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Symbols affine matrix 146, 139, 152
affine transformation {jj§f&#, 144, 455, 471
3 x 3 matrix 3 x 3%FF, 165 agent {RELA, 7, 8, 623
4 x 3 matrix 4 x 3Hi[%, 146 aggregation A&, 88, 646, 647, 723
kd tree kdM, 35, 424 air lock HI%=, 663
2D angular acceleration —#EMNIHEZ, 580 albedo RIBH, 372
2D angular dynamics —4Efie¥:5h /124, 580 albedo map KIEZRMEE, 378
2D angular speed "MK, 580 algorithm &%, 28, 32
2D angular velocity —#Efi&%, 580 algorithmic complexity HVEERE, 211
2D orientation “4E%E [, 580 Alienbrain, 55
3D angular dynamics =43 /1%, 583 alignment 3%, 112

3D angular momentum =4ifi5E, 584
3D angular velocity =#Ef#)¥, 584
3D mathematics =%, 125

3D model =4k 48

3D modeler =#EEMIT, 5

3D orientation —4EE M, 584

3D texture =4E4(H, 430

3D torque —4EJ15E, 585

alpha, 363

alpha blending function alphai@ &%, 412
alpha channel alphai#ii&, 373

ambient light 5, 391

ambient occlusion/AO FEZESY, 433
ambient term FBEN, 387

amortize 7> #, 205

amphibious vehicle /KftEFIH#EE, 645

Bds Mo, 47 analog axis B4, 313
A analog input fBHAHA, 313

analog signal filtering U551, 319
A* algorithm A*Hi%, 45, 78, 731 analytic T, 9
absolute path 4ixfi%f%, 244 analytical geometry LT, 553
absorb Wi, 372 analytical solution f##Tfi#, 575
abstract construction % #iE, 639 angular dynamics JE¥3171%, 570
abstract factory fi% 1), 88 animation #fjiHE, 39
abstract timeline fH% A [H]ZE, 283 animation bank Zfjili#F, 49
accelerometer % i, 40, 315 animation blend tree ZJHEJEAH, 508
act %, 623 animation blending /R 5, 476
action state layer ZHERAZE, 501, 524 animation clip zH B, 49, 459
action state machine/ASM ZMERENL, 501, 515 animation compression zljilli [E4f, 496
actor J# 51, 256, 623 animation control parameter ZEEHIZH, 525
additive blending MV:IR%, 488, 511 animation controller ZJE 4, 501, 535

755



756

HLEG

animation instancing ZiESZf], 475

animation pipeline ZJH&1E, 501, 502

animation post-processing Zi 5 {4, 493

animation retargeting il & & Htx, 469

animation sampling frequency ZHEKFEAIZ, 500

animation state ZJEIRZ, 515

animation state machine/ASM FhEPIREN, 515

R, 521

animation synchronization Zjjii[F]F, 465

animation system Zhil| &%E, 447

animation tree ZHH, 520

animator ZNHEfi, 6

anisotropic [, 372, 383

anti-portal R A, 420

antialiasing #i#%ik, 400

anticipation &3, 524

application programming interface/API N HFEFHE:M,
28

application stage MAHFEFTH B, 417

approximation UL, 8

AraxisMerge, 80

arbitrary convex volume {E&MAR, 551

archetype 5%, 662

area HilX, 622

area light MG, 392

arithmetic logic unit/ALU #HARZ

array #(41, 208

art director ZAREM, 6

articulated 5T, 48

artificial intelligence/AI N T3¢, 30, 44, 731

artist ZARZEK, 5

aspect ratio K3tl, 396, 399

assertion Wi&, 32, 121, 687

assertion system WiF R4, 120

asset %7, 252

asset conditioning pipeline/ACP #%/=ifi
253, 258, 408, 635

PR TPTEL, 408

asset conditioning stage %

animation state transition Zfjif

HEIT, 95

asset management tool W EHHE T H, 634
associative array JCECH4l, 712
asynchronous 7, 689

asynchronous file I/O F&3#1/0, 248
asynchronous program 7727, 302
atomic data type JEAKIEAHRT, 94
attachment &ft, 527

audio &#i, 41, 317, 729

audio bank FHIE, 49

HAEE, 49

audio data

TEIE, 46, 47,

automatic variable Hzh%& &, 107

AVL tree AVLH, 208

axis-aligned bounding box/AABB #iX/F &, 171,
549

axis-angle #lifi, 157, 165

azimuthal angle 517 ff, 429

B

background modeler 5T, 5

backward Euler [ilJ5/k$i, 578

ball and socket joint BRI, 594

base class #£3%, 84

baseline offset JE£k{mfe, 444

basis vector JE&H, 128, 152

batched update fLXXEH, 679

BBS segment BBSE, 106

bicubic patch =K H, 363

bidirectional reflection distribution function/BRDF
Bl RIS 3 AR K, 389

bidirectional surface scattering reflectance
distribution function/BSSRDF XA Z I
SR AT R AL, 435

big-endian Kif, 97

big-O notation KOidi%, 211

bilinear X(£kfk, 383

billboard A%#K, 36, 438

binary ], 9

binary heap — X3, 208

binary object image —#EHIN RIE, 657

binary search —/r-##3, 212

binary search tree/BST X #&#H, 208

binary space partitioning/BSP tree — 757 [H % FIH,
13, 35, 424, 562

bind pose JhiE %, 454

Bink Video, 730

binormal FlVZ&H, 374

biomechanics character model ¥ /12 OEA 31

bit swizzling f7HEZ, 330

bits per pixel/BPP #% &%, 373

bitwise operator fIZHF, 321

black body radiation E{k#E4t, 371

bleach bypass M&id¥E A, 36

blend factor &K T, 476

blend mask RIS, 487

blend percentage IR& H L, 476

blending stage WA B, 412
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Blinn-Phong reflection model Blinn-Phong/5 #5784,
389

block scope HEAIR, 354

bloom effect BUfE&R, 25, 35, 392, 430

Bluetooth 7, 311

body space Wil#&=%(A], 581

bone &3k, 450

Boost, 29, 214

border color mode W& Fi iz, 379

bounding sphere tree fHEF, 35, 424

bounding volume GLHAR, 418

Bounds Checker, 37, 80

branch 4%, 54

breakpoint Wi, 72, 292

brush geometry 2Rl JLTEE, 48, 622

bubble up effect BN, 646

bucketed update i HEH, 683

bug, 118

build configuration A& E, 63

Bullet, 543

bullet trace #fi&, 610

buoyancy ¥/, 538, 616

buoyancy simulation %78, 567

byte code i, 708

Bézier ease-in/ease-out curve BézierZE \ /2% H 2k,
480

Bézier surface Bézierfliffi, 363

C

C for graphics/Cg, 413

C runtime library /CRT Ar#ECHATIFE, 352
C++, 83,90

C4 Engine C45/%, 24

cache 2517, 205

cache coherency 27 —&1k, 368

cache line 2474k, 205

cache miss 7R, 205, 207, 513

call stack AR, 73, 352

callback [, 714

callback function [FHK%L, 281, 568
callback-driven framework [FlHIRZIHESE, 281
camera REH, 316

camera collision #EHLAH, 613

camera space HEHLZH, 150, 393
canonicalization ¥iuifk, 245

capsule [REEM, 545, 549

Cartesian basis vector fif/JL#RE, 128

Cartesian coordinate system ffi-&JLAAFRR, 126

cathode ray tube/CRT BIRT£kE, 444

Catmull-Clark algorithm Catmull-Clarki%, 364

Catmull-Rom spline Catmull-Rom#$4%, 259

caustics fEfi, 386, 435

cel animation FEREIEB)IE, 447

center of mass/CM/COM [y, 147, 571

centroid JUfTH Ly, 571

chain of responsibility Bl3i4%, 696

change of basis £ 150, 457

changelist (Perforce) ZHE, 54

channel #ili#, 335

channel function K%L, 469

chapter ¥, 623

character animation ffzhH, 30

character glyph Ff#, 226

character locomotion ffiftizzl, 481, 731

character mechanics fAHLH], 612

character rigging artist 45NN, 475

cheat {E#E, 348

cheat code fEHERY, 348

check point /75, 669

check-in ZZ N\, 54, 58

check-out &, 57

chief technical officer/CTO HEH AR, 5

chord 3%, 40, 322

chromaticity %, 430

circular dependency fE#KH, 27

circular queue fEHBAF], 702

clamp mode U, 379

class 2§, 83, 708, 722

class diagram 2/, 84

class hierarchy ZJZIR45H), 642

ClearCase, 55

client-on-top-of-server & i FHi 4 ds2 L, 42

client-on-top-of-server mode % F iy TR 55 %8 2 L ABE,
304

client-server model EMAFA, 304

clipping #87, 411

clipping plane BJJJ°Ffi, 34, 171

clock drift T #HE, 289

clock variable F#HF &, 289

closed form &3, 9, 575

closed hashing & UE5I, 222

closest point query fwil s &, 567

cloth fikl, 616

coding convention #i%%IE, 89

coding standard 4iiFriE, 89
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coefficient of friction EE¥#ERH, 592 composition Ak, 88, 646, 647, 723
coefficient of restitution k& &%, 588 compound shape E&KIR, 552
COLLADA, 49 compression E4i, 451
collection #£4, 208 concept artist MEZAREK, 5
collidable FIREfE{A, 545 Concurrent Version System/CVS HERAFH RS, 54
collinear £, 134 conditional breakpoint /£, 76
collision agent A A, 559 conditional compilation 2k{41%, 64
collision cast AifE#E, 563 configuration space fEZEH], 494
collision contact manifold AL, 613 conjugate quaternion FLHEVYTH, 158
collision detection filffEfll, 29, 38, 537 console E &, 333
collision detection system HEEII RSE, 544 console variables/CVAR, F#% G745 &E, 236
collision filtering Hif#LIJE, 567 constraint I, 167, 527, 569, 594
collision island Hlf## &, 608 constraint chain ZJ# %%, 596
collision material A5, 568 constraint satisfaction ZIH 2, 38
collision middleware Rlif#H a1}, 542 constraint solver ZIHURMEFET, 600
collision primitive A%, 548 constructive solid geometry/CSG Stk JLAT, 424
collision query flif# ], 563 constructor MR %, 274
collision representation M FE XL, 545 contact i, 548
collision response RN, 569, 587 contact shadow #ZMlfHE, 433
collision volume AlfifE&F 48 container %#%, 208
collision world fif## 5, 546 context sensitive control [ FCAHIZ#EH], 331
collision (hash table) fiffiE (#FI%E) , 222 continuity #EZ:ME, 478
color channel Fitai#iE, 373 continuous collision detection/CCD % 4EAf A,
color correction F{AIZIE, 36 543, 561
color format Fifatg=, 373 control ownership fH#IGH, 331
color model Fifaifl 373 convergence W8k, 577
color space Fift7S[H], 373 convex hull £, 48
color temperature 4, 371 convex polyhedral region "ZH&XH, 172
color-shift Fithfhifs, 36 convexity ™k, 548
colorization Hf, 446 cooperative multitasking &1EZ/L%, 712, 723
column matrix FIEE, 140 coordinate space AAFRZS[A], 147
comma-separated values/CSV &5 7 b EYHUHE, 233, copy on write H5AI &, 226

356 core pose L& H, 481
command 4, 691 core system #ZD RS, 32
command line argument 41754, 238 Cornell box FEJi/REF, 384
command pattern fr&4E, 692 coroutine e, 712
command queue 4 A%, 608 couple 71, 599
commit $#£35, 58 cover point '8, 612
common language runtime/CLR #HEFIETF G, crash report ik, 336

248 critical section I Jt[X1k, 608
compact 53, 702 cross product X1, 135
compiled language HFXIET, 708 cross-fade RN / i, 478, 511
compiler i3, 61 cross-reference 2 X 5|, 270
complex number %, 156 Crystal Space, 25
component 4}, 648, 649 cube map 7 ENEE, 410
component-wise product )&, 129 cubic environment map MK, 429
composer 1EMZ, 6 cubic spline curve —IXKFE4HIZL, 410
composite resource EAHE, 260, 270 culling #Ikx, 34
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cut-scene iI¥3iH, 623
cylindrical coordinate system [EF4PRR, 126

D

Dashboard (Xbox360) , 28

data breakpoint i &, 75

data object X%, 270

data pathway communication system #2815 &
%, 705

data segment #(#EE, 105

data structure F#i4i#), 28, 32

data-definition language ¥#fiE Y& S, 707

data-driven ¥#:IK3), 516, 626

data-driven architecture ${#i3Xz02E4), 10

data-driven event F#EIKZNFEM;:, 704

DC (MAES) , 716

de-bounce ERF4IEIS), 40

dead zone 4E[X, 40, 319

deadline K[, 9, 250

deadly diamond #frlifa, 645

debug camera VRIRHENL, 348

debug console i &, 334

debug drawing R4 E, 337

debugger WiX#, 61, 333

debugging ik, 71

debugging information X585, 65

debugging tool X TH, 37

decal Wift, 35, 439

decimal i, 90

declaration A, 101

declarative language /= XiEF, 708

decode fi#tY, 497

dedicated server & HR% 4%, 21

dedicated server mode & JEMRESH, 304

deep-copy REH M, 701

default value BRIA{EH, 661

deferred rendering JEIREY:, 436

definition & X, 101

deformable body A4k, 611, 616

defragmentation i H#HE, 203

degree of freedom/DOF HH¥, 156, 167, 570, 594

Delaunay triangulation Delaunay =ffi#4), 486, 510

delete M, 60

dependency system Kt R4, 257

depth buffer JREEZ M, 400, 402

depth map IRENE, 435

depth-of-field blur SiAHH, 446

dereference f#5|H, 80, 672

derived class JR42E, 84

desaturation ZWIAIEE, 36, 446

design patten BLilHEz, 88

destructible object AIBIAYIA, 611

deterministic @R, 180

device driver W& IKENFEFF, 27

diamond problem ZEJE4k& A, 85

dictionary “#4, 209, 222, 264

diff X5, 58

diff tool XJl TH, 80

difference clip X7/ B, 488

diffract fi7ht, 372

diffuse 84, 372

diffuse color & Hifh, 374

diffuse map &M, 378

diffuse term & 5470, 387

diffuse texture 18 HSH, 48

digital button ¥ %4, 312

digital content creation/DCC M 2&0IE, 46, 256,
258, 406

Digital Molecular Matter/DMM ¥4 F#)Jf, 544,
611, 616

digitize #71t, 313

direct lighting E G, 386

direct memory access/DMA H#ZNFVi, 197, 514

directed acyclic graph/DAG H HIEMEIHFE, 47, 209

directed graph HHE, 270

directional light “F47%, 391

DirectX, 29, 33

disassembly il 4w, 77

discrete oriented polytope/DOP E#EMIZ , 550

divide-and-conquer 73if, 212, 299

dot product AfH, 132

dot product test MFFIE, 134

double buffering MZE %, 399

double dispatch X453k, 559

double-buffered allocator M ZE M4 Ht 4, 200

double-ended queue/deque XiPA%1], 208

double-ended stack allocator XUiHifk /AL as, 196, 267

doubly-linked list X [f5E%, 216

dual number X%, 167

dual quaternion XHMEPUCE, 167

duck typing #3728 713

dumb proxy MiACHE, 305

duration £idf (], 286

dynamic array 34504, 208, 215

dynamic avoidance Z)#&[H#, 45
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dynamic lighting system IR AL, 34
dynamic linked library/DLL #)&554%E, 61

dynamic memory allocation ZNZ&NAZ5EE, 193, 702

dynamic tessellation Zh#&4#Eik, 365
dynamics 3 /1%, 537, 569

E

early z-test $&HizIIK, 411

Edge, 29, 30

effect file R HF, 417

emissive object K4k, 392
emissive texture map BTG, 392
encapsulation ¥4, 84

encode %4ifid, 497

end effector Rif3Zz)%s, 494, 531
endianness F1i)7, 97

Endorphin, 31

energy fght, 587

engine configuration 5%t H, 234
engineer TFEIT, 4

entity S, 623

enumerated value HZ4E, 120
environment map MK, 35, 378, 428
environmental rendering effect M HEE G R, 440
epilogue code &fRAS, 79

epsilon, 93

equilibrium state “F#RZS, 593

error detection iR, 120

error handling #i%4b#, 118

error minimization RZ&/Mb, 494
error return code #iiRiR[EIL, 120
Euler angle W$iffi, 148, 164
Euphoria, 31

event Fif, 44, 282, 321, 690

event argument FHIFS4, 693

event handler FH/FALFEES, 44, 695
event handling {443, 690, 695
event priorization FHEA KT, 700
event queuing F{FHEBA, 699

event system FIFRG, 44

event trigger FHFflk A%, 470
event-driven architecture FH/FURBI4H), 44
ExamDiff, 80

exception #%, 120

exclusive check-out Bl %5 H, 59
exclusive OR/XOR #8{, 322

executable and linkable format/ELF A $i47 5 A4 E:4%
%, 105

executable file AIHAT LM, 61

executable image A[HATHUE, 99, 105

explicit Euler method &3 KKH7i%, 131, 286, 576

explosion #¥E, 611

exponent ¥§%{, 92

exporter FH#%, 258

extensibility ¥ JEtE, 258

external reference #Mf5IH, 274

extreme pose Mm% #H, 450

extrusive list 7M#E K, 218

EyeToy, 316

F

facial animation H¥#zhiE, 450

factory pattern T.J #iz{, 651

fast motion mode PRENIERII, 348

field of view ¥, 34, 471

fighting game #Hi#k, 15

file scope X-ERIE, 106

file section XfFE:, 270

file system &R, 241

filename X fF4, 242

finite state machine/FSM 1 FRARAENL, 676, 723

first person shooting/FPS #— AFr4fd, 12

first-party developer —J K, 7

fixed body [EERIF, 604

fixed-function pipeline [#EEEEE, 408

fixed-point &, 91

Flash, 444

flat weighted average blend representation i FIHIAX
PR G RRE, 505

floating-point ¥F A3, 92

fluid dynamics simulation ksl /724454, 616

focal point £, 150

font 74k, 225, 443

foot sliding ¥#25, 532

force /1, 572, 598

force-feedback 77, 9, 317

foreground modeler Ff St@MIT, 5

fork 77X, 299, 608

forward kinematics/FK IE[RiZZ)%, 494

fractal subdivision 7r/E414r, 410

fragment H B, 400

fragment shader FrBE A}, 409

frame i, 447, 461
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frame buffer MiZEf, 399

frame of reference % R, 454

frame per second/FPS #i%L, 285
frame rate WiZ, 285

frame time Miff[a], 285

frame-rate governing MiZ ¥, 287
framework HEZE, 281

free list H%I%, 196

free store HHIfEfE, 109

free-form property HHEAEMHE, 632
freetype, 444

friction BEHEJ), 591

friend AJG, 210

front end ®i¥, 36

frozen transition &5, 479
frustum “F#:kE, 171, 395

frustum culling “F#ESL AR, 418

full-motion video/FMV 234, 36, 459, 623, 730
full-screen antialiasing/FSAA 4 fFbiéaih, 35, 401
full-screen post effect 4=/ JaHACBEIR, 35, 446

function H%{, 708

function call stack FRECHHHER, 716
function-level linking MREHEER:, 100, 207
functional language FR#IET, 708

fur shell JZE4M, 384

G

game Wixk, 7

game asset KT, 46

game designer JEXKWTIT, 6

game development team JFxIF K HIBA, 4
game director JFREM, 6

game engine k71 %, 10, 22

game genre Wi ER, xvii, 11, 730
game loop WfAkAEIF, 9, 278

game object WiXkA %, 623

game object model WX RAEAL, 43, 625
game object query Vi3 L&MW, 675
game object update JFIT REH, 676
game theory f#Z5ig, 7

game timeline R [E]Zk, 283

game world JEk i, 43, 619

game world data JFExRHFEHE, 50

game world editor Wkt FgmiEaE, 627
game world loading Vit F N4k, 663
game world streaming kA H T, 665
game-driven body WFxkIKBINIME, 603

gameplay JFktE, 5, 42

gameplay foundation layer WixkPERRLZ, 43

gameplay foundation system Wik I RS, 42, 637

gameplay representation JifkEREHL X, 545

gameplay system JFxkMHE RS, 619, 730
gameswi, 444
gamma correction fiIAZ1E, 444

gamma responsive curve flI MR HHE, 444

Gang of Four/GoF I A4, 88, 692
Gaussian elimination m#iH £, 141
generalist 7, 5

generic programming ¥z #ZmfE, 29
geometric primitive JL[EJC, 33, 34, 383
geometry buffer/G-buffer JLAZE, 437
geometry shader JLfE 3, 409, 410
geometry sorting JUMHIFF, 422

gesture detection FHAM, 41, 323
gesture interface L FMM, 318

gimbal lock /A58, 165, 584

Git, 54

GJK algorithm GJKH3%, 556

Glide, 29

global illumination model 4J5JtHEHEAE, 386

global illumination/GI 4 )58, 430
global pose &%, 457
global timeline 4R [A]ZE, 283, 463

globally unique identifier/GUID 4 RMi—FriRTF, 44,

227, 263, 271
gloss map JEEMEl, 378, 428
glyph FJ¥, 443

GNU diff tools package GNUX 5] L EA, 80

GNU General Public License/GPL GNU#H A3LVFn]

iF, 25, 54

GNU Lesser General Public License/LGPL GNU7%#

AFLVFATE, 25
goal-based game #£T HARHJIEK, 540
gold master BLF, 67
Google Code, 55
Gouraud shading & K#F ML, 376
GPU command list GPUM4#E, 421
GPU pipeline GPU% &, 409
Granny, 30, 263, 270, 500, 508
graph K, 84, 209

graphical shading language FMLEGIES, 406

graphical user interface/GUT B F 5tiH, 9, 25, 36,

255, 277, 282, 443
graphics ElJE, 29
graphics device interface EIfE1% %8, 33
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Graphics Processing Unit/GPU EJEAL#EAE, 408
Grassmann product #HHiEfH, 157

gravity 5l7], 598

great circle KIFl, 163

grenade FHI#, 610

GUI-based programming M ibFE, 706

H

Hadamard product F[IAZF! 129, 413

hair k&, 616

half-space -%%[a], 424

Hammer, 627

handedness #|F, 127

handle fJ#H, 672, 720

hard real-time system fHSZH R58, 9

hardware state fiffIRZS, 420

hardware transform and lighting/hardware T & L f#
PFAEH I, 409

hash function HFIA%L, 223

hash table fi51%, 209, 222

hashed string identifier 4 EFIARINTE, 227

hasing #{%17%, 223

Havok, 30, 38, 543

Havok Animation, 30

header file 3k3CfF, 61

heads-up display/HUD “F#LExR%E, 11, 25, 36, 233,
438

heap allocator HE4rALes, 193

heap memory HHNFF, 109

height field terrain =¥, 19, 441

height map mEWE, 427

Hertz/Hz ##%%, 285

Hessian normal form #2#1EHZ, 170

hex editor 7Nl gmias, 80

hexadecimal +7NHEfl], 90

HexEdit, 81

high dynamic range/HDR &zh#&TEH, 373

high dynamic range/HDR lighting sl EE 6, 35,
430

high-level game flow FHIFRMFE, 622

high-level shading language/HLSL fm%&E GiEE, 413

high-resolution timer /¥R II2E, 288

hinge constraint 54 H, 595

homogeneous clip space FIXFBIZ[H], 172, 396

homogeneous coordinates FFIKANR, 142, 170, 397

hook function T %, 714

HTML, 708

human interface device/HID A2 4%, 40, 309
hybrid build &4 BHA, 66
hypersphere #¥k, 163

I-Collide, 542

identity matrix SR, 141

IEEE-754, 92

IGQY, 444

image-based lighting 3T K& 1L, 378, 426

imaging rectangle ZHiE, 392

imperative language 4 XiEE, 708

impulse &, 588, 599

in-game cinematics/IGC Wik N B Y, 36, 459, 623

in-game console RN EFIEE, 347

in-game menu JER N EEH, 344

in-game menu setting ik B3R AIEE, 237

in-game profiling JExk N B ERETIHT, 349

independent variable HZ &, 9, 574

index array &5I%H, 367

index buffer EJ|ZZM, 266, 367

indexed triangle list Z3l{L =fIEE, 367

indirect lighting [A1#: 68, 386

inertia tensor MK E, 583

inheritance #k7k, 84, 642, 722

inline assembly WL %%, 175

inline function WK%, 65, 103, 207

inner product W, 132

input event detection NG, 321

input re-mapping FAEH B, 330

instance 25, 83

instruction cache/I-cache 84247, 206

instrumental profiler M= FIH 28, 79

instrumentation %, 353

integrated development environment/IDE #§JT &I
5, 61

intensity 3, 371, 430

interest registration J&EE I, 698

interface (Optics) Ftifl (Je%) , 372

interference T, 372

internationalization [Ex{L, 225

interpenetrate A%, 544

interpreted language Hi¥:XiEF, 708

interrupt H1lf, 75, 311

interrupt service routine/ISR HIWiAR%FEF, 311

intersection M%Z, 547

intrinsic W&BH%L, 175, 416
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intrusive list R AE, 218

inverse kinematics/IK Wiz, 494, 531, 534
inverse matrix W, 141

inverse quaternion #UJc#, 158

Irrlicht, 25

isotropic matrix AR, 139

iterator 1%EfX#%, 88, 209

J

job model fENVEIR, 301, 608

join LA, 299, 608

joint K77, 450, 452

joint binding KHigh5E, 471

joint index KH&5l, 49, 453

Joint Photographic Experts Group/JPEG Bt&EG %
KN, 262

joint scaling KII4EM, 456

joint weight JEHIHLE, 49

K

kerning FH R, 444

key frame JCEEM, 460

key pose KHEZLH, 460

key-value pair ${EXf, 209, 264, 694
kinetic energy Zhfg, 587

Kismet, 23, 638, 706

Kynapse, 30, 45

L

late binding J5#i48E, 690

latency &R, 404

latent function latentf %y, 711

layer KJZ, 630

layered architecture 432488, 33

lead engineer B L2, 5

least significant byte/LSB HKH T, 96
left-hand rule TN, 136

left-handed coordinate system & FA:ARR, 127
legacy asset ItF{ %77, 259

lens flare #iskMt%, 392

level KR, 622

level load region K-RIN#IXIH, 665
level-of-detail/LOD ZUEFEREE, 11, 365, 441
lexical scope WiAfEMIEK, 106

libgcm, 29

library #2/7fE, 61, 281

light )%, 371

light emitting diode/LED K} —#%, 316

light map Y&NEE, 35, 390, 408, 621

light source Y&, 390, 632

light space JGIE=(], 433

light transport model YefBHitHiAl, 362, 386

lighting Y6/, 384

lighting artist I J¢f, 5

line Bk, 168

line of sight £k, 45, 337

line segment Z&B, 168

linear acceleration Z&VENIEE, 572

linear alegbra ZMHfC%L, 125

linear congruential generator/LCG £t RIA =4 2%,
180

linear dynamics Z&¥£3) /1%, 570, 572

linear interpolation/LERP £PEH{H, 138, 162, 376,
450

linear interpolation/LERP blending ZMif{HIEA, 476

linear momentum M3, 572

linear probing ZEPEFRA, 225

linear search £k 5, 211

linear velocity Z&MHi#fE, 572

linkage BEEANE, 103

linked list %%, 208, 216

linker HEH28%, 61

little-endian /N, 96

load-and-stay-resident/LSR resource #HAJF4E %K,
264, 663

load-hit-store, 206, 513

local illumination model R#FEIERIT 386

local pose JaifiZe#, 455

local space J&j#fiZS (A, 147, 369

local timeline J&#SIA]ZE, 283, 459

local variable J&i45 &, 107

localization AHifk, 225, 230

locator Ef7%%, 470, 529

locator spawner Ef7#84E 2%, 660

locomotion cycle iz H#, 532

log Hi, 333

Loki, 29, 215

lookup table/LUT ###*, 378

looping animation {E¥ &), 448, 462

lossy compression Hit/E4H, 497

Low Overhead Profiler/LOP {4454, 79

low pass filter lGIEJEH %, 319

low-level renderer fKFME G4, 33

LU decomposition LU%Mi#, 141
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Lua, 711 message pump jH 53, 34, 280, 690

message-passing system JH SfEIE RS, 704
M meta-information JGfFE, 198

macro %, 64, 68

magnitude (integer) 1, 91

magnitude (vector) i, 130

main RAM N, 266

mantissa JE$, 92

map K, 622

map B, 209

markup language BIRiEE, 708

mask g%, 197

massively multiplayer online game/MMOG KM% AfE
2Lk, 20, 42

master thread 22, 300

material i, 48, 383

material system i &4, 34

math library $(%E, 32

matrix £, 139

matrix concatenation #E[EEE 2, 140

matrix multiplication #E[F3E7%, 139

matrix palette BRI R, 39, 474

Maya, 47, 258, 470, 529, 707

mechanics /%%, 569

mechnical viscous damper HLIZ;LE#Y, 574

medium i, 372

MEL, 707

member variable 148, 109

memory access pattern WAFVi MR, 193

memory allocation hook WAF4EL4T, 357

memory allocation pattern WAZSEEIL, 29

memory analysis tool WAZHHT TH, 37

memory corruption WEHIK, 79

memory fragmentation WAFREH, 201

memory layout W ZAi/E, 105, 111

memory leak W7l 79, 356

memory management PFEH, 32, 193, 266, 666, 667

memory relocation WAZEE{., 668

memory tracking tool WAFBE: T K, 356

memory usage WZFH®E, 260

merge A FF, 59

merge stage S FHIE, 412

Mersenne Twister/MT Mifjieik 51k, 180

mesh PIf%, 48

mesh instance M3, 370

message JH 5, 44, 691

message map JH.SHLS, 696

metachannel JCiHIE, 470

metadata Ju(#fE, 253

method table (Python) A&, 716

Microsoft Foundation Class/MFC, 696

mid-point Euler " &RKHL, 578

middleware TEf:, 28

Minkowski difference [XI[ K%, 557

Minkowski sum [0 R#IEF, 130

mip level #ma3 gL, 382

mipmap £ HHXLE, 381

mirror mode #i4#, 379

mix-in class kA2, 85, 646

mod society mod#t:[X, 10, 710

model #H#, 8

model space fRH%5[H], 147, 369

model-to-world matrix BEHEH FHELE, 370, 393

model-view matrix HRWERFE 394

moiré banding pattern ¥FI 4, 381

moment of inertia #zHiE, 581

monolithic class hierarchy #.—[EKI2EZ XM, 642

Moore’s Law EE/REME, 296

morph target animation & H 73, 39, 449

most significant bit/MSB A Mz, 91

most significant byte/MSB A %71, 96

mother of all pseudo-random number generator fiff
PhBERLE™ 485 2 BF, 181

motion blur A, 446

motion capture actor ZHEHILIE L, 6

motion extration FEHEEL, 532

movie capture X{%, 349

movie player ¥ #Fi#, 730

moving average #3°1-¥, 320

multi-byte value ZFTi{H, 96

multibyte character set/MBCS ZFTFRE, 231

multicast £, 698

multimedia extension/MMX Z WAy &, 173

multiplayer networking £ AM%%, 730

multiple check-out £ A%, 59

multiple inheritance/MI ZHE4kK, 84, 645

multiprocessor ZALHE, 296

multisample antialiasing/MSAA % F P, 401

multithreaded script £ZZ&FEMA, 723

mutex H 8!, 608
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N

native class JR4EZ 710

natural number H#%, 90

navigation $Mi, 630

nearest neighbor &4k, 383

network replication M5, 711

networked multiplayer W%5% A, 42

networked multiplayer game loop M %% AJiEskAEHE,
304

networking M%%, 41

Newton’s law of restitution k&= EH:, 588

Newton’s laws of motion ZFfiliz#hEf#, 569

Newton (unit) il (#.47) , 573

non-player character/NPC JEItx fifa, 43, 45

noninteractive sequence/NIS 38 Fi#ESHik, 459

noninterative sequence/NIS IFA8 H %45k, 623

nonuniform rational B-spline/NURBS 35 #BF
%, 363

nonuniform scaling IE4—4K, 129

normal map VEZRNGE, 48, 378, 426

normal vector VA%, 132, 154

normalization JH—1k, 132

normalized screen coordinates JH—4kfi%EALbR, 443

normalized time J3—{LEE], 462

normed division algebra IJEAIERICE, 156

Novodex, 543

numeric base F{HE%, 90

numeric representation H{HFEE, 90

numerical FEX, 9

numerical integration H{HEf/r, 285, 575

numerical method {8777k, 577

(0}

object X%, 83

object oriented programming/OOP X R4FE, 83

object reference X 45|, 670

object space A= (], 147, 369

object spawning X R4, 666

object state caching ¥ GUIRALZETE, 687

object-based language T X RIEE, 8

object-centric ARG NHL, 640

object-oriented language [ X RiEF, 8, 708

object-oriented scripting language [ FX % HAE =,
722

objective HFR, 622

occlusion ¥4, 402

occlusion culling IR, 11, 35, 418

occlusion volume EFAF, 420

octree J\XH, 35, 423, 562

OGRE, xx, 25, 35, 96, 190, 237, 258, 281, 506

omni-directional light 4[], 391

one-dimensional LERP blending —4E£k i {HIR A,
483

online multiplayer fE£6% A, 41

online user profile Z& I P&k, 235

opacity NNEWE, 363, 373

opaque NEHIF], 363

Open Dynamics Engine/ODE HJ#(3h /1% 5%, 30, 38,
542

open hashing A HF, 222

open source i, 25

OpenGL, 29, 33

OpenGL shading language/GLSL OpenGLEMIEF,
413

operating system/OS #fER %, 28

optimization 1k, 65

order B4, 577

ordinary differential equation/ODE #5 /7#¢, 574

oriented bounding box/OBB &M, 171, 550

origin R, 128

orthographic projection IEHF#5, 19, 36, 394, 398

orthonormal matrix frd IEASHERE, 139

out of memory WAL, 79, 202, 337, 357, 666, 667

outer product #MH, 135

overdraw #%:, 422

overlay B2, 25, 443
P

package fl, 262

packing 1%, 112

padding 7, 175

painter’s algorithm HZ 5%, 402
Panda3D, 25, 715

parallax mapping MZNEKE, 427

parallax occlusion mapping/POM Mz R4 ME &%, 427
parallel processing J/74L#, 296
parallelism 1T, 688

parallelization 3174, 404

parametric equation Z¥ 72, 168

Pareto principle A Z$EEN, 78
partial-skeleton blending B85/ #iE A, 487
particle effect ¥iF2(H, 438

particle emitter ¥ &K $ 4%, 632
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particle system ¥ T &%, 35, 438

particle system data ¥ R4 EHE, 50

patch #M T, 54

patch M}, 363

path F£4%, 242

path finding ¥E4ES, 45, 731

path node Ff/ZETT 8, 45

path separator B4 FETF, 242

Pawn (JAIARES) , 714

peer-to-peer SXfs, 21, 305

penalty force #1471, 590

penumbra 5, 392, 431

per-pixel lighting &% %L, 374

per-vertex animation & fzhE, 39, 449
perception %1, 45, 372

perception system A ARG, 731

perfectly elastic collision 5243, 588
perfectly inelastic collision 5E4dE#fAlifE, 588
Perforce, 54, 80

persistence FEAME, 692

persistent world FFA{F, 20, 42

perspective foreshortening BEMUNLE, 394
perspective projection EMELE, 394, 396
perspective-correct interpolation EMKE: IEHi{E, 398
phantom (Havok) , 567

phase {7, 462

phased update /BB H7, 682

Phong reflection model Phong /& S, 387
Photoshop, 47

Physics Abstraction Layer/PAL Y% )2, 544
physics engine #J¥5| %, 537

physics middleware #JH (Al f, 542

physics puzzle game #JHEfRFIFRR, 539

physics system ¥H R5E, 38

physics world ¥J#EtH 5, 546

physics-driven body #/HLIKFNIE, 602

PhysX, 30, 38, 543

picture element/pixel 5%, 361

piecewise linear approximation 7rBtZktEi@iT, 364
pitch A, 148

pivotal movement MR, 482

pixel shader B RKEMAE, 34, 409, 412
placement new, 274

plain old data structure/PODS POD%il4, 274
plane “Fifi, 132, 170

plane lamina “FH## ), 580

platform independence layer V- &M37 )2, 31
platformer “F &K, 13

playback rate #&BUEZE, 463

player character/PC ItxfMith, 43

player mechanics BLFEHLH, 42

player prediction HLZK M, 304

PlayStation 2/PS2, 514

Playstation 3, 297

PlayStation 3/PS3, 514, 681

point &, 126

point light £, 391

point-normal form 7%z, 395

point-to-point constraint mXtSAZIHK, 594

pointer #5%l, 670

pointer fix-up table fHEMEIEZH, 271

polarization t#fk, 372

poll #if], 311

polygon soup ZiA#, 551

polymorphism £75, 86, 642, 713

pool allocator W/ fic#k, 196, 268, 667, 702

Portable Network Graphics/PNG {40 4% K,
262, 380

portal A, 13, 35, 419

pose %3 454

pose interpolation & #4fH{EH, 460

position spawner i &4 a4, 660

position vector fii & K&, 128, 374, 571

positive rotation IEJiE, 137

post-load initialization FAEHIML, 275

post-transform vertex cache B4 /5 Tl mZEF7, 414

postincrement J& B i#l, 210

potential energy #fig, 587

potentially visible set/PVS #7ER] LA, 418

powered constraint &3 JLIHE, 597

precomputed radiance transfer/PRT 545 H %4,
408, 436

predictability R TMIM:, 540

preemptive multitasking # i XL (T4, 28, 723

preincrement A i1, 210

preprocessor MACEESE, 61

primitive submission #2732 ElJt, 420

print statement TEJiEA], 37, 333

priority fR5EHL, 251

priority queue fE5GFAFY, 208

prismatic constraint J§54%, 596

procedural animation 273, 409, 493, 597

procedural language HfEXET, 708

procedure F£J¥, 708

process 17#2, 304

producer #lfEN, 6
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profile sampling HIHTKAE, 355
profiler H|#r#s, 78

profiling tool HIHr T.H, 37

program stack FEFF#ERE, 107
programmable shader A[ZmfE% 4%, 413
programmer error F&/3 R, 118
progressive mesh @it 4%, 365
project file W H X, 62

projectile #l5F4, 43, 575, 610
projection #5#, 394

Prolog, 708

prologue code ¥R IG, 79
property class J&1£J, 653

property grid J&TEM%, 631
property-centric LU AL, 652
pseudo-random fHBENL, 180
publisher K477, 7

pulley ##:, 596

pure component model 2R 651
pure virtual function ZiEKE, 115
Purify, 37, 80

Pythagorean theorem AJiZEHE, 130
Python, 712

Q

quadrant %R, 327, 423

quadratic probing —IXK#FER, 225
quadrilateral/quad MU, 365

quadtree JYXF, 35, 423

Quake Engine 2 5|2, 22

QuakeC, 10

QuakeC/QC, 710

Quantify, 37, 79

quantization =L, 93, 496

quantum effect &8, 569

quaternion VUi, 156, 166, 586
quaternion concatenation PUJCE(H#E, 159
quaternion multiplication DY &k, 157
queue BA%I, 208

quick time event/QTE g M FH4, 459

R

race condition &%, 607, 703
racing game 3K, 17
Radiant, 50, 627

radiosity $#HEH D, 386

radius vector Ki%, 128, 571
ragdoll fifhgE, 40, 495, 597, 614
random number BEHLEL, 180
RAPID, 542

rapid iteration PRIEEIR, 516, 633
rapid prototype dUE/FEA! 406

raster operations stage/ROP YHlligH B, 412

rasterization Ya#lHfk, 400

ray Yzk, 168

ray cast A, 302, 563

ray tracing Y£RiBE:, 386

re-entrant AJHE N, 704

read only data segment RiEHIEEL, 106
real timeline FSERf[A)ZE, 283

real-time SR}, 676

real-time strategy/RTS SZHJ SREEUHRR, 18
real-time system SZHf R4, 251
rebasing (Git) fiT#, 54

red-black tree ZLER, 208

reference counting 5| fit%, 671
reference pose ZH L 454

referential integrity 5| 5E%# M, 260, 270
reflect §f, 372

reflection /4f, 639, 659

reflection #if§, 434

reflective language K iEFH, 709
refract #T5f, 372

region X1, 633

register A 4%, 65, 107, 716

relational database B EHEEE, 253
relationship graph X &K, 696

relative axis A4, 314

relative path MIXT#§4%, 244

relative screen coordinates JFHEAHXTALNR, 443

relativistic effect fHXFIEPERIN, 569
relocation HENL, 203

render loop JEAAEIN, 277

render packet JE4f1, 383

render state JEHAWIRA, 420

render state leak VEIWIRAMIE, 421
render target JEIHFR, 400

render to texture/RTT JEHFILH, 415
rendering engine JE%45| %, 33, 361
the rendering equation /B4 /2, 362
rendering pipeline /8418, 404
repository RAE, 53

resolution 4;¥##%, 396

resource build rule #FEARMM, 259
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resource chunk allocator HIHAHRFELEE, 269
resource compiler HIHZHiFH, 259

resource conditioning pipeline/RCP ZJHiATiE 18, 258
resource database WA E, 253

resource dependency KK R, 259

resource file format FJELHHEA, 262

resource lifetime WIRA#H, 260, 264

resource linker WFFEHAE, 259

resource management WHEH, 32

resource manager WYRE S, 251

resource registry WIRIEME, 263

rest pose A%, 454

restitution coefficient K& 2%, 540

return address iR [F[HiAE, 107

Revision Control System/RCS MiAEHI R4, 54
right-hand rule A F%N, 136

right-handed coordinate system HFAFRR, 127
rigid body Wik, 537, 569

rigid body dynamics NIf3)77%%, 29, 38, 537, 569
rigid hierarchical animation RI?EZFr a0, 448
roaming volume 2R 45

roll ®B)f, 148

rotation Jig§%, 142

rotation matrix FEFEHIFE, 145

row matrix {T4E[E, 140

rumble E3&i, 317

Runge-Kutta method Runge-Kutta5i%, 578
running average %3, 287

runtime engine architecture iZf7 i 51 %484, 27
runtime object model BTH X ZAEAY, 625, 640
runtime programmer ZITRFEF 51, 4

runtime resource management Z{TH EIREH, 260
runtime scripting language @47 JHlIAIES, 708
runtime type identification/RTTI ig47Hf 28455, 639

S

S3 texture compression/S3TC S38H L4, 263, 380
sample XFf, 49, 461

sampling rate SKFEZ, 49

sandbox game VDA, 539
saturation MFIE, 36

save anywhere (L7 & A7, 669
saved game WfRAFRY4, 668

scalar FriE, 128

scalar product bR, 132

scale factor ZHiA T, 129, 146, 166
Scaleform, 444

scaling matrix 4EHUERE, 146

scatter HUHf, 363, 372

scene description 7R, 362

scene graph ¥5t[#, 34, 35, 408, 423

schema, 660

Scheme, 239, 517

scratch pad HZWN{E, 514

Scream, 41

screen mapping FFHLSf, 399, 411

screen shot B4k, 349

screen space JEeZE[H], 399

script A%, 654

scripting language JlIARES, 707

scripting system MIA R%:, 44

search path ##3-£4%, 245

seek time FIEIf[A], 261

selection iEH{, 630

semantic i& X, 415

semaphore 55 F5, 608

separating axis theorem ;& e, 554

sequence J7%l, 41, 323

serialization 771k, 658

serialize 7k, 271

service object TR MR, 648

set #£4, 209

shader F 4%, 16, 23, 34

shader model FH B A, 413

shader register ¥ O 75 1748, 414

shading # {4, 384

shadow map BHRZMGE, 432

shadow rendering FHRIEYE, 35, 431

shadow volume PBHSAERN, 431

shadow volume extrusion BHAFIRiH, 410

shape cast ERFAT, 564

shear V)4¥, 456

signed integer A 75 %4, 90

significant figure AT, 93

silhouette edge %CBEIN%%, 420, 431

simplex HL.4{A, 558

simplification fiifk, 8

simulation game IR, 539

simulation island L5, 594

single instruction multiple data/SIMD {542 H#,
95, 173, 298

single instruction single data/SISD 54 H4#E, 95

single-frame allocator H.Mis ALY, 199

single-screen multiplayer ¥.J%Z A, 41

singleton H.fj], 88, 678
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singleton class #4135, 185

singly-linked list A%, 221

skel control (UE3) izl (REXI51%3) , 521

skeletal animation ‘&z, 39

skeletal animation data H#zhmEHE, 49

skeletal mesh & H# M, 49

skeleton ‘&%, 450, 452

skeleton hierarchy "H#/ZM45#), 452

skin JJfk, 450

skinned animation %3, 450

skinning ¢, 39, 471, 472

skinning matrix %, 472

skinning weight %A EH, 374, 471

sky box KA, 441

sky dome RSN, 441

sky rendering KZS{ES:, 440

sleep KR, 593

slow motion mode 18Z){ERL, 348

small memory allocator /NRNFEHTLET, 668

Small-C (HIAEF) , 714

Small (IAES) , 714

smart pointer £ HEIRE, 671

smooth transition Wi, 479

soft real-time #SLH, 8

soft real-time system #XSZI R4E, 9

SoftImage, 48

software development kit/SDK I A HL, 28

software engineering 1} T.72, 83

software layer #f2, 27

software object model #fF3F GAHA, 43

solution file U7 E LM, 62

sound designer &F(&ITIH, 6

SoundForge, 47

SoundR!OT, 41

Source Code Control System/SCCS JERRG % R4,
54

Source Engine Source5| %, 24

source file Y31, 61

SourceSafe, 55

space partitioning Z¥[Al%4, 562

spawner 4 #%, 659

special orthogonal matrix $FkIEC 4R, 139

spectral color YifEFith, 371

spectral plot YR, 371

specular #ilfi4f, 372

specular color Bifififh, 374

specular highlight Silfimot, 377

specular map BH MK, 428

specular mask $iM#EE, 428

specular power map iR NEE, 428

specular term iR I, 387

speed %, 285

sphere Bk, 169, 549

spherical coordinate system ERAAFRR, 126

spherical coordinates ERAAFR, 429

spherical environment map ERTEFRBENGE, 429

spherical harmonic basis function ERIE3EpE %, 436

spherical harmonic function &%, 408

spherical linear interpolation/SLERP ERTH £k P4 1H,
163

splay tree fHER, 208

spline F:%%, 363, 614, 633

split-screen multiplayer VJE|IFEL N, 41

spot light %), 391

spring constant L, 574

spring-mass system SRS, 538

sprite animation ¥ RZJiH, 448

SQT transformation SQTAE#:, 166, 454, 456

SSE register SSEZF{7#%, 173

stability fasEtk, 577

stack #Ekk, 208

stack allocator R/ ELAY, 194, 266, 667

stack frame HEFEMT, 107, 719

stack trace HEFREREE, 337

stage #Ef5, 622

stance variation ¥i%&AEM, 491

standard template library/STL fr#EfAR 2, 28, 213

start-up project JAZhTiH, 72

static geometry i LT, 621

static lighting ##6E, 390, 408

static member B, 111

statically typed function binding 4 EBRESERLE,
690

statistical profiler gttt \FIHr#s, 78

stencil buffer BRZ, 33, 400, 432

stepping HBGHAT, 73

stiff spring constraint NITE#HEL R, 594

STLport, 28, 214

story-based game F:THMFHHIHAR, 540

stream out Jifiith, 410

streaming #i, 248, 260, 501, 665

streaming SIMD extensions/SSE #5542 $ i &,
95, 173

stride 2MBX 5%, 154

string P H, 225

string interning F/FEHEINH, 228
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studio TfE=, 7

subclass 2%, 84

subdivision surface 47> MiTH, 48, 364

submesh ¥ M, 383

subsurface scattering/SSS XK, 16, 372, 435

Subversion/SVN, 54, 55

Super Nintendo Entertainment System/SNES (T
W, 235

superclass 3%, 84

support function ZEFEEL, 559

supporting vertex XFFIi&, 558

surface ¥, 132, 363

sweep and prune ik, 563

swept shape IR, 560

SWIFT, 542

symbolic link fF5 %%, 252

synchronous file I/O FIF3H1/0, 247

synergistic processing unit/SPU 434, 251, 514

T

T-pose THHIZH, 455

table (Lua) &, 712

Tagged Image File Format/TIFF #ric EUE SO K,
262, 380

tangent space VJZk=[A], 374

target hardware H#Fsfiiff, 27

Target Manager, 334

targeted movement #L[HFE), 481

taxonomy 7K, 644

Taylor series Z81Z %L, 577

tearing MR, 287, 288

technical director/TD #ARE, 5

technical requirements checklist/TRC A B RE H.,
332

teletype/TTY HEITEWL, 333

template metaprogramming/TMP B t4mtE, 215

temporal coherency I[i]—%%, 562

terrain HiF, 441

tessellation ik, 365

TeX, 708

texel &FK, 377

texel density SUERHE, 381

text editor LA, 61

text rendering UATEYY, 443

text/code segment UG, 105

texture G, 5, 34, 377, 415

texture addressing mode QL FHHAE, 379

texture artist ZLELEAREK, 5

texture atlas S RE, 422

texture coordinates SUEHALFR, 374, 378
texture filtering S(ELILE, 383

texture format S(HFEIR, 380

texture map SCHENGE, 374, 377
texture sampler ZUHE XAELE, 416
texture scrolling 23R, 291

texture space S(H7[H], 378

third person game &= AFRIERK, 13
thought-controlled device HEARESH| %%, 318
thread synchronization ZEF2[F5, 608
three-way merge —#& 3, 59
three-way merge tool =& 1L HE, 80
throughput #FhlE, 404

time delta B} [R5, 285

time index A& 5], 459

time of impact/TOI il [a], 543, 561
time scale W [AJLLf, 461, 463

time stamp W&k, 687

time step 25, 9, 575

time unit WA 41, 289, 461

time-slice Ff[E] F, 28, 712

tone mapping B, 430

tool T.H, 46, 53

tool chain T H%E, 258

tool programmer LEFEFR, 4

tool stage T HIEL, 406

tool-side object model T.EJ5xt %A, 625
top-level exception handler Tz 5% A EE K%L, 336
Torque, 25

torque JJ%E, 581, 599

TortoiseSVN, 55, 56

transformation matrix ZE#HHE, 144, 370, 476
transition matrix IVFME, 522
transitional state ITIEIRA, 521
translation ¥, 142

translation matrix TFHE, 144
translation unit FHiFHIC, 61
translucent FiEW 1), 363

transmit f£4%, 372

transparent &M, 363

transpose matrix ¥ B, 141

tree #f, 84, 208

triangle fan =fJE 5, 368

triangle list =KX, 367

triangle mesh =fEMH%, 364

triangle setup =M, 411



HCEG

771

triangle strip —fE, 259, 368

triangle traversal =i}, 411

triangulation =k, 365

trigger volume fil K A&F, 538

trilinear =#k1t, 383

triple buffering =£Z17%, 400

TrueAxis, 543

Truevision Advanced Raster Graphics
Adapter/TARGA Truevision & GHHEEE

fic#%, 262, 380
Truevision Graphics Adapter/TGA Truevision&Ei&
AC#s, 262

truncate #E, 497
tunneling F$%, 559

two’s complement —#h, 91
type punning KWK, 99

U

iiber format iiber#i, 375

umbra A5, 392

unconstrained rigid body TZIHNIAE, 570
undelete M EER, 60

unicode, 230

unified memory architecture 4&—WNZ2H), 514
Unified Modeling Language/UML &—##iE 5, 84
unique identifier Mi—FRIRAF, 227

unit quaternion $A47PUJCEL, 156

unit vector HifiKE, 132

Unreal Engine 4515, 23

Unreal Engine 3/UE3 RE4]51%3, 520
UnrealEd, 254, 634, 635, 711

UnrealScript, 710

unresolved reference AfEH5IH, 99

unsigned integer LRS54, 90

user error H IR, 118

UTF-16, 231
UTF-8, 231
v

V-Collide, 542

variant, 693, 719

vector K, 128

vector addition K= IVE, 129
vector function KEMEL, 168
vector processor KEACHEA, 95
vector product K&, 135

vector projection KEHF, 133

vector subtraction KHEJHZE, 129

vector unit KEMIC, 95

vehicle #H, 17, 43, 645

velocity Verlet #EH /K3, 579

verbosity level TUK 2%, 37, 335

Verlet integration F/R3EM 5, 578

version control MAIEH, 252

version control system JRAEHI RS, 53
vertex T, 126

vertex array Ij&A%4, 367

vertex attribute TSN, 373

vertex bitangent FIVJZkK&E, 374

vertex buffer T S22, 266, 367

vertex cache optimizer T SAZEFILAEE, 369
vertex format Tz, 374

vertex normal TiAEKE, 374

vertex shader T &% (2%, 34, 409

vertex tangent IisilJZkK &, 374

vertex texture fetch/VTF T mgEAH, 410
vertical blanking interval T HEHFXIA, 288, 400
video RAM &7, 266

view matrix WEHFE, 394

view space M%E4%[A], 150, 393

view volume WA, 395

view-to-world matrix ML A, 393
viewport X, 34

vignette &5, 446

virtual camera RGN, 392, 731

virtual function A%, 87, 115

virtual function table/vtable RERE#R, 115
virtual inheritance E#7/K, 85

virtual machine ML, 708

virtual memory EHFFE, 29, 202

virtual table pointer/vpointer HE&R$EEl, 115
viscous damping coefficient ZiiiBHJE &%, 574
visibility determination T WL, 18, 418
visual effect LA, 35, 438

visual property #uHEF, 371

visual representation M RKIAF N, 545
Visual Studio, 61

visualize A/ #i1k, 629

voice actor FLEH T, 6

voice over internet protocol/VolP IPHLif, 21
voice over IP/VoIP M#&iE#, 318

volume specifier HIERFF, 242

volume texture EFISHEE, 430

volumetric cloud Aflz, 441

VTune, 37, 78
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w-buffer w&zi, 402

wall clock time 4} E], 78, 288
watch window WM&, 73

water rendering /KMTERL, 442

water surface simulation /KIHAL, 616
wavelength # K, 371

weighted average IMAFI, 138
welding 174%, 592

wide character set/WCS % 7fF45, 231
Wiimote WiiBE#%4s, 309, 315, 316
WinDiff, 80

winding order JE&%H)T, 366

Windows Bitmap/BMP &K, 262, 380
Windows registry WindowsiEM#E, 235
WinMerge, 80

wizard [, 70

world chunk 540, 622, 629, 657
world editor 544, 50

world matrix 55, 370

world query tHF##, 670

world space {5 25[H], 149, 370

world space texel desnity 5= [AISIR%EE, 382
wrap mode S, 379

write-back cache [FI'5: &+, 205

write-through cache #5217, 205
writer 1%, 6

X

XACT, 41, 729

Xbox, 514

Xbox 360, 297, 514

Xbox 360 software development kit/XDK Xbox 3607
KEM, 232

XNA Game Studio, 24, 258

Xorshift, 181

Xross Media Bar/XMB (PS3) BASMi3EH, 28

Y

Yake, 25
vaw fifiifi, 148

z

z prepass IRETEYPIR, 422
z-fighting REEME, 402
ZBrush, 48

zenith K, 429

ZIP archive ZIP7#£Y, 261
zoom in HiiLHEk, 614
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