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TER AR Z R, FRATA D T S I EDE 22410 . [EY (render) XM iAl7E
HISCHELZUGEI, ERR TRV Q) i & ER Rt #2 . OpenGL HJ&H i —Ffie
PRRG, BRZIN, BAIRZHAMME R RS, OpenGL & TOUMHMLA RS, HEWA
SR T ARG . BlaneERIREE (ray tracing), MIXEHFEARCLBHE TARBHINFE
Bl Aid, SRR TR RN RS, R G822 H 2] OpenGL >k Bon EI&,
SCE T R A BT RF 1R B

Y (model), S F a4 (AT MM X PS4 10]) & JL & oo, #lan
R =R R, TET SRR TR, (vertex) WAFTER & FIXT IR o

OpenGL 7 — A B BE & A0S (8%, B BB AR 48 P A T 1 — SRR IR PR 2R
PR A R O R R E BT A EIE AL BT GREE W GPU) Za iy —Fh /Nl
FEJ¥ . OpenGL 7EHNTBALE TR A Mgm e TH, LA E#E NG O EAHEAE GPU BT
T 2R PRI I 34T . #F OpenGL 1, £ #| P fp
AERZE BB (shader stage) . H A FH AL S
M0 S E 8% (vertex shader) UL N FICE (A8%, Hi
HHT I B, J53 T B EH S Y
JCBUE . BT IS OpenGL 2 ¢ #1522 FH 21 % 1 25 5
.

AR ERA S T R L fm T A aE
Mo BE (pixel) E/nas Ei/hyal WEIT, 1t
BHLRGN A R R R AE R ZAF ( framebuffer)
M, JE R i D AR B — B SE N A
X8, AT DA B WS B B 2 ) R s L

L] CAG il ode\01ATri., Ll (E)

El 1-1 fT s i —> ] B OpenGL F2 9 i 1 E 1-1  5%—4> OpenGL /¥ triangles.
R, EE—-ITEOPEPETHANEOR =/AE. cpp ML FE R

XA e B PR I 1.1 R
B 1.1 25— OpenGL F2J¥ triangles.cpp

111077077777 777777777777777777777777777777777777777777777777777777777177
//

// triangles.cpp

//

111077777777 77777777777777777777777777777777777777777777777777777777777

#include <iostream>
using namespace std;

#include "vgl.h"
#include "LoadShaders.h"

enum VAO_IDs { Triangles, NumVAOs };
enum Buffer_ IDs { ArrayBuffer, NumBuffers };



enum Attrib_IDs { vPosition = 0 };

GLuint VAOs [NumVAOs] ;
GLuint Buffers[NumBuffers];

const GLuint NumVertices = 6;

//
// init
//

void

init (void)

{
glGenVertexArrays (NumVAOs, VAOs) ;
glBindVertexArray (VAOs [Triangles]) ;

GLfloat vertices[NumVertices][2] = {
{ -0.90, -0.90 }, // Triangle 1

0.85, -0.90 1},

-0.90, 0.85 1},

0.90, -0.85 1}, // Triangle 2

0.90, 0.90 1},

-0.85, 0.90 }

e i)

}i

glGenBuffers (NumBuffers, Buffers);

glBindBuffer (GL_ARRAY_BUFFER, Buffers[ArrayBuffer]);

glBufferData (GL_ARRAY_BUFFER, sizeof (vertices),
vertices, GL_STATIC_DRAW) ;

ShaderInfo shaders([] = {
{ GL_VERTEX_SHADER, "triangles.vert" },
{ GL_FRAGMENT_SHADER, "triangles.frag" },
{ GL_NONE, NULL }

}i

GLuint program = LoadShaders (shaders) ;
glUseProgram (program) ;

glVertexAttribPointer (vPosition, 2, GL_FLOAT,
GL_FALSE, 0, BUFFER_OFFSET(0)) ;
glEnableVertexAttribArray (vPosition) ;

//
// display
//

void
display (void)
{
glClear (GL_COLOR_BUFFER_BIT) ;

glBindVertexArray (VAOs [Triangles]) ;
glDrawArrays (GL_TRIANGLES, 0, NumVertices) ;
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glFlush() ;
}
/e e oo
//
// main
//
int

main (int argc, char*x argv)

{

}

glutInit (&argc, argv) ;

glutInitDisplayMode (GLUT_RGBA) ;
glutInitWindowSize (512, 512);
glutInitContextVersion(4, 3);
glutInitContextProfile (GLUT_CORE_PROFILE) ;
glutCreateWindow (argv([0]) ;

if (glewInit()) {

cerr << "Unable to initialize GLEW ... exiting" << endl;

exit (EXIT_FAILURE) ;
}

init () ;
glutDisplayFunc (display) ;

glutMainLoop () ;

WVFR 2515 X AU A 2, Al B R JL-F 58— OpenGL T2 3 Fr b 75 Y
FEARNET . BATHE TAJET OpenGL IEFEIr #Y—LL2E =7 BF A, LIS — 2L i
B TAE, BanelE s O, s AR A SF——OpenGL A B IF AL X LE I fE. K
AR 1 — L Bl o BRI ] 1) Co++ R TR BIRE P 94 S o RS OpenGL 2—4> C
WEIRARE, (HEABPRITAROHE S C++ Rk MWE, EIURARH TR Cr, F
S b, FRATVHBIBILE IR > C+ ARSI A 2 B — B Ry ) f5 ML S R )

Ay B L, IS AR B 11 A S . AN IR, R A EE Y 2 B PR

MR X SO
Q ERF RS, TS TRk I HA ] T2 474 S LA ]
4 G LA

Qinit() pREL T B7 150 B AR P T B B R8s . B T R R E e B ST B TS L
B AT HATSHIMLS (texture mapping) MIEMGEHE, 26 6 N4 X —H AR,
FEX A init() sREH, HRTEE T PHE RN MBI EFE R RIEHRE T
JEH & Eds. TR D R @i, AT EE TS R oo s fBds. XA
LoadShaders() 2T A& s 7EA GPU WERAVEL T TSLBLAY RS, 55 2 SL1Rdns
AEHEMHLHNE .

©  BLEE, X TR & AT T 2 R, A RN EOR RPN, (el B2 X6 &,
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1) VI glClear() K igERE H N .

2) P OpenGL fir &R IH RS 52
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Q fiem, main() BT TR E 1. P8 A init() LR IR it AR EIRIRA R 10— R 51
BHETAE, XEARUSES DL gl FFL MR, (R T R AL b R 45 L
A BN TR] 3k  pR R MIA BT Y ok 25 =7 2 GLUT Ml GLEW By eRi%, FAT]
2B B AT ot D 58 il — SE T B A T RE, I FLORIE OpenGL )% 1 LLZ T FEA
R E R G E O RS L.

FERA T X Se R B2 T, AT L ESEMBE— T OpenGL WY RREL . a4 75X,

DA R — BT FH (R i AR 254 o

1.3 OpenGL &%

IE QAR AT e © 4 T i 19, OpenGL JE Hr Jt A 1Y bR ECHS 2 LS A7 “gl” AE b i
%, RIER—AEEZAKREFEIF L4, DLtk fr 4 — 4> 50 5 09 o6 £ (6 4n
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5 R 24 22 25, OpenGL J& 3 L% & /2 GL_COLOR BUFFER _BIT ¥
X, i display() & . AR E A LD GL_PESRHTZE, JF B AT Rl 2ok 43 e
I, IX B B E SO #define RZEMN, BATHEA LES A LLITE OpenGL 1 3k 314
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P STESE 2 il B — 48 glUniform*() iy k%, ©A ZR2IE, #1401 glUniform2f()
il glUniform3fv(), TEREAFRIT “Bo0” oz )a, FATE L5 SR 2R k4R R & Y
e AISH. N, glUniform2f() fiE “27 FoRX A RETHR B A 2 NS 8UE (B TienT
e A28, Wik—3E LT 24 FORFE ) glUniform*() sB——FEARFd, &A1
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CET L EANFR RN PN SEEE GLfloat KA, 5, AYKMMEBARARESS
—A VT, BJE vector AR, BIFRRIRATTHEEH—A 1 4509 GLfloat U4 K AL A 2 NF
SUBUE 6T glUniform2fv() 5 ), AN NS S50
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BE HEER BEIMEAN CIEEHIERE OpenGL ZERIE X
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s 16 o #&54 signed short GLshort

i 32 {4 int GLint, GLsizei

f 32 fLIF a2 float GLfloat, GLclampf

d 64 {3 V7 5 double GLdouble, GLclampd
ub 8 N AT 5 AL unsigned char GLubyte

us 16 (L JCAF 5l unsigned short GLushort

ui 32 v oA A unsigned int GLuint, GLenum, GLbitfield

@% R CiEE WBFE LA REER T OpenGL 45 XA i, H A OpenGL H & #h 52
AARE, TheadEmEET TR, wREHEALRNAEFFHEA OpenGL & X 49 £ 45
kA, Mo UFEETF N OpenGL LI F B H CRDH, HALFEHE
KB ATE Y FE AT
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AR, JFERE R AR T R B e 4 B e 2 e i MR . D 1-2 TR O OpenGL 4.3 A 148
2. A M OpenGL H#EA LK, EMERELC LKA THEHE KNS,

OpenGL B e U P LA JLfr £ (TG ML EIIT), IF B e A 2l — R4
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1.4.3 THRER
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S BT BERR AR, A ECEOO I R RO E . S RPN B Bl AT AR B
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PRI 7 I o FESCR B B FATTRT LU — 5K 5 22 5k SO 18] e R i 7 AR
FATHAESS 6 B 1 A RBCHELUR 1Y N2

MAEFR AT L T % OpenGL LMY ILRIAIN, e FoR M ENF] 1.1, HTEPE LIk
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PN AT S UM A, K B AT IO 45

int

main (int argc, char*x argv)

{
glutInit (&argc, argv);
glutInitDisplayMode (GLUT_RGBA) ;
glutInitWindowSize (512, 512);
glutInitContextVersion (4, 3);
glutInitContextProfile (GLUT_CORE_PROFILE) ;
glutCreateWindow (argv([0]) ;

if (glewInit()) {
cerr << "Unable to initialize GLEW ... exiting" << endl;
exit (EXIT_FAILURE) ;

}

init();
glutDisplayFunc (display) ;

glutMainLoop () ;
}

55—/ R glutinit() 71 ST WI R 1L GLUT . EaB B ANmSirS5k, JHA
FEBRILh S GLUT Aol #RAE AR OGR4 (9] ik B0 H ARV ) o glutinit() 2502 N
FEFF IR 2R —A> GLUT R, B4 ot s HAl GLUT 588 it i 75 R 6 2544

glutinitDisplayMode() & & 1 2 /5 I 4 A9 % 1SR, 75k A1) v HUR5 20 e
FIffi ] RGBA it zs i) (X7 4 IR AMITIHE) o BRILZAM, B0 LIGH DR EE L
i) OpenGL Rt , M5 4 i VR B 2 A7 535 2 AR,

glutinitWindowSize() % & JIrifs i % H K /h o WA AETE X B s — e, WL
AR BRI RST, SRIEHRIE T EYLA R FEsh S BEE R 0B K/,

J& T B P 8 glutinitContextVersion() il glutinitContextProfile() % & T A1 T 7
i) OpenGL ¥ 5% ( context) MJZEAI——iXJ& OpenGL N HBH T ic si R AR 1 B N4 4R 1) 25 i
gEfy . X B F i OpenGL 4.3 AN 942 O A 20 (core profile) RGBS . X A
AT LA AR A9 R OpenGL U HOHTRRIE, &ML AT RABESE 53 /b —Fh e 5485, XFEH
OpenGL 1.0 JRAS LIK A RErE R ol LAZERR FF h 4 .

B 19— F 2 glutCreateWindow(), ‘EIINREFIE 47—, QR YFETHY RS
PRIEE AT LA /2 glutinitDisplayMode() (4 s B UER, X Bl 2 Q)  — A% 1 (i 2330
FVFREALE D RGEHET) . HAA GLUT 18 T —A % H2Z s (Lt & 44 OpenGL ¥
BEryat ), FATA AT LA OpenGL AHIC Y REL

AREEX TN A, B2 FORETEA glewlnit() %, &8 TIRATH A5 — A4l BhE
GLEW ( OpenGL Extension Wrangler) . GLEW 1] DA AL AR IR bt st 72, JFH ST
ALV 6 8 FH 9 FAth— 28 OpenGL i 5 1%, WNSRIAH GLEW, FRATTAT BRIA 75 Z AT AH
LM TAEA R IETTRT

11
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FIXH, EATE L5 T/ OpenGL Z Hi Y &I E TAE. 75 FZEAZ init() £
FEr, FRAOTERI4G 1L OpenGL AHICHI T A 558, DIMESE B2 S5 i3E e TAR .

T —/ 2 )2 glutDisplayFunc(), B & T E/xFEJE (display callback), HJ GLUT 7
R TN R B 2 A s P BIFE . 3% BLZ5 GLUT AL A display() 3X 4 R £ 1
bE, SRR A . GLUT W] LU A — ZR 51 [ 8 pR EiOR A BRI i A . ik
W 0 RSHEER R B, B SR A SR 4% GLUT JEMNE .

main() &5 %5 T 0 S — A R BIUR glutMainLoop(), X2 — N TR AT RIIER, B
T — ELAC G HRERAE RGP i A G BE . 280K 36, glutMainLoop() 23 | i
EEHEHTES, RGeS A3 glutDisplayFunc() FryEMH sREL. 50 E0E
J&, glutMainLoop() j&2— M TEBRIGH, FIEASHITEE Z G ITAE W4 .

£
I
il

1.5.2 OpenGL FU¥IRAIZTE
TFERK B H) 1.1 F 0 init() BEL B e FRI 5 2 A RS

void

init (void)

{
glGenVertexArrays (NumVAOs, VAOs) ;
glBindVertexArray (VAOs [Triangles]) ;

GLfloat vertices[NumVertices][2]
-0.90, -0.90 }, // Triangle
0.85, -0.90 1},
-0.90, 0.85 1},
0.90, -0.85 3}, // Triangle 2
I
}

e
as

0.90, 0.90
-0.85, 0.90

P Nt Rt Wate Wate Masal

}i

glGenBuffers (NumBuffers, Buffers);

glBindBuffer (GL_ARRAY_BUFFER, Buffers[ArrayBuffer]);

glBufferData (GL_ARRAY_BUFFER, sizeof (vertices),
vertices, GL_STATIC_DRAW) ;

ShaderInfo shaders[] = {
{ GL_VERTEX_SHADER, "triangles.vert" 1},
{ GL_FRAGMENT_SHADER, "triangles.frag" },
{ GL_NONE, NULL }

};

GLuint program = LoadShaders (shaders) ;
glUseProgram (program) ;

glVertexAttribPointer (vPosition, 2, GL_FLOAT,

GL_FALSE, 0, BUFFER_OFFSET(0)) ;
glEnableVertexAttribArray (vPosition) ;

}
LM AT RS P A

fEinit) o i TR D R B M B i, 7R R B R R R 4, TR A O
glGenVertexArrays() 7l T TS 5020 X4 (vertex-array object), OpenGL 23 [H it 3 i —i
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TS BT A AR AE R AT, 763X BLIEH NumVAOs Mxf 4, Rl A~ 4 /A st firdg 4%
H%(E . glGenVertexArrays() 55 —ANSEGR [T G2 B, e X LAY vaos.,
FATXT glGenVertexArrays() BRI 58 B BN T

void glGenVertexArrays(GLsizei n, GLuint *arrays);

AR 18] 0 AARGEFHEIXTRAFE arrays i, FHFEDUSEEING . IR 14 5T LU IR 7S BC S
ZHIGATNE, I HENEEM AR AT S BRRESEE 17 T EER IR L.

T2 KR L OpenGL A #h & glGen* L, EATH 57/ BLA[FZERL) OpenGL
XM ZAFR. XBAFEL CIEF h i — a5 28, AT BN AT B H AR5
HEZE, ZAAEX ., 7E OpenGL 1, XA AL MASZEEXF 42 (bind an object),
B i — &%) gIBind* % 3L OpenGL PREUEE & L CHLH . AEX A6+, FRATHE T
glBindVertexArray() PRECEI @I HAR 2 T —A4 TS B X 42 .

void glBindVertexArray(GLuint array);

glBindVertexArray() 5¢ B T = 3 T {E. 40 2R i A 19 248 & array dE 0, Jf H &
glGenVertexArrays() FriR [BI (), AR 2 44 A — A5 09 TS B4 6 52 31 H 5 H A4 FRCHR
A, R ER O LB TSNS h, AL BE XA TS S, I
H BB X G b I R A T0 s BRI SR A (928 & array i 0, J84 OpenGL ¥
AT FHRR P T 43 BE A A A TR X 5, I KT RS F 3 TSR i BRUCIR S

an 5 array N J& glGenVertexArrays() I iz 1l 1 £t {H, ¢ & B © 4 9 glDelete-
VertexArrays() BRECREL T, 43X A 4= —1> GL_INVALID_OPERATION %,

XA, A R — TS B S R 24 F 2R, 4 A glBindVertexArray()
W EHERNK. 18 OpenGL X FEAY X R P E #RAEAE W % WL, (HERNATRETE LI T
it e T A HIRATES — KGR E R RIS (BN, 5 — W E B G446 S 80
gIBind*()), OpenGL W #B<3 43 BLiX XTGBT a7 9 N AFIT BOR B VRN AT X &, BRI A J5 4k
MERAEE 2 T G0 XS 4, AN, 3 B0 TO AR AE 0 G i RSl 2 95 T AT
(R ARA T 2R . 7R 55— I gIBind*() RELZ I, BB i X G2 40 23000 h Ak R L ERTAR
A, AT R A R A TR X A X g T

RER RIS R SR IR B BRI E 2T 6, — HIE TR, Mk R4 itimad iy
B A B AT 2 B g o A BIGE o ACRIRATRE T SCECE B 5 — IR, B AT A Z IR &g 1)
G ARl m) O — 2 BLIE . OpenGL MR R Z AN, Bk FoR UL, 7EMFMEN T IRATR
BEYRTE —DREGE: QIVEXTGITHI UG 1 & TR0 BRI s AR A R AT TR 45l X X 42,
B IFASIE H a0 X2t A1 78 display() Bl E R G —MIE N, BIERFIZTT
AR A glBindVertexArray() PR%K .

13
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TR B 2R N, IR T TR TAT 2R 03 E . 286Dk, R
YR AT SE RO TS B SR EZ 5, 2T LUJEH glDeleteVertexArrays() K& B

void glDeleteVertexArrays(GLsizei n, GLuint *arrays);

MR n ASTE arrays e TSRS, IXFE A 19 44 B AT LAFR O VR T 6 et
TR E (Y TR A 2B, IR 2 ST 48 & I T B R R i 0 CGRBIBAT T
glBindBuffer() ik, It HEASECH 0), MBI TG B ARSI 5. 7F arrays
MR Y A PR ER S R, (ER Y T TV B A RS A S R AR AR AR Ak

W, N T HRRE B 522, AT LA glisVertexArray() #6822 BE
LR — DTS BT

GLboolean gllsVertexArray(GLuint array);

W array 2 — T2 H glGenVertexArrays() 1 H1% A #% M 5% 19 T S B0ZH X 42 1
ZWR, 4R GL_TRUE. WIS array Jfy 0 8033 AN JEATA] TS B X R 27K, B4R
i GL_FALSE.

T OpenGL HP HABZEHI AR5, FRATTHSAT LAE 225010 4% & glDelete* Al glls* Ay FE .

MUt N Y
T B R0 SR AF— ROV DU 008 . X SRR R A BN A7 0 g2k, JFH Y
A9 5E B TR RO X A B AT VA — P T R4 0f G226, (ER B0 AR 2 Fh 28 B0 1Y

XI5, IF HH A — 3R X G I AN ST AL PR R . IE W ETSCR TR B, RAERT
OpenGL R 55 s o BC S BRI — B N A2 X3, I HILF-Fr A & A OpenGL &R 2 A4t 7
GIAFR R .

T0 S AR G W06 At 82 55 TS B2 0 2 i A R, AR5 AT M A T iR
IR — 1

T, AT T A WS S AR R 44 PR, AR B A & glGen* TE X 1Y R 2L
Bl glGenBuffers(). 7 X A~ + 1, &A1 B NumvBOs 4> % % ( VBO HJl Vertex Buffer
Objects) F|E4 buffers [, LIT & glGenBuffers() BRI .

void glGenBuffers(GLsizei n, GLuint *buffers);

IR B n A YRR E AR AR, IS buffers £2H . & [B15] buffers H111Y
FARRAN— R S 1% L I L AN
X HUR [0 2 Bk HH T i AR A X 4, ENTESR e Z 5 R asid sk — ] FI RIS .
0 =— MR MEFX 4 FR, glGenBuffers() AKEHIA 2R X ME A ZAEXT 4 o
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MM EAEI TR 2 )5, winl AJE A gIBindBuffer() 5452 E17 o H1T OpenGL Hi 47
REFARER TS, FIGE — AN, 752352 Bt R f 2 783X 4~
Trf, TR T A A B A7 b, UL GL_ARRAY_BUFFER 2870, 217X}
LR IAE A 8 Flr, 20 B T ATE A OpenGL THRESCHER . A 455 M 19 7 5 23 53T 18
A5 TSI B % A o

gIBindBuffer() rRELI RN A UNTT &

void glBindBuffer(GLenum target, GLuint buffer);

& RE 24 TS B B AE X B target &6 A1 BN DL 2 AL — 4~ GL_ARRAY_
BUFFER. GL_ELEMENT ARRAY BUFFER, GL PIXEL PACK BUFFER. GL PIXEL
UNPACK_BUFFER., GL_COPY _READ BUFFER., GL COPY_ WRITE BUFFER. GL_
TRANSFORM FEEDBACK BUFFER #11 GL_UNIFORM BUFFER. buffer i% & /& 245 &
AR G2 FR

glBindBuffer() & I =5 T/E: 1) WAEE IR0 buffer, HER—MIEFRNTL
SR IS LKA — A 5% A PR R TR S 2) RGEE B — A C &8
MRAEXT G, WA ERE R YRS B S . 3) WHERSEE ) buffer (E5 0, AB4
OpenGL ¥ A% 1l target N FHAEATSEAF X 5 o

JIT A PR AEXT G4 0T LAl glDeleteBuffers() ELEERE L.

void glDeleteBuffers(GLsizei n, const GLuint *buffers);

MBS n A RAFTE buffers B2 A ZATAT G . BRI G2 AF X R AT LLEE ] (i dn,
H glGenBuffers()) .

AR BRI R AR L O8I, IRATRN G T A 96 2 1 B8 BRI R AR
%, BVA T H 0 15 A S 5T gIBindBuffer() A4 F . S i B M B AS 77 78 7Y 28 A7 %
R, BWEZEAXNRN 0, LK ZBWAZIRE (R HERR)

FAT AT LU glisBuffer() sk Br— BB 52— D RAF M G2 TR

GLboolean gllsBuffer(GLuint buffer);
iR buffer J2—C & HCIF H A B EZAAR R A FR, Wikl GL_TRUE.
A buffer 7y 0 sLE AN REAXS R4 FK, MR M GL_FALSE.

P B BRA AR R

PIIRAL TS ZAF N R 2 ), e AL DU Bl WX R B A g 4 h . X — 4
Jeifiid glBufferData() (il e, & EEAMWAMES . JrBe T Bodls B ws A AE A2 o], %
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Je B KA MO AR 7 A 802 7% D1 31 OpenGL IR 553 A PN A7 o

H T e TEAR 2R R i 37 e 22 st ] glBufferData(), PRI IR AT A AR 3¢ HUR A T fifk
B, RERMEIABhEELZRBEXAKEL. &5, glBufferData() (iH:40E X
MU

void glBufferData(GLenum target, GLsizeiptr size, const GLvoid *data, GLenum usage);

£ OpenGL fIR 55 ¥is N A7 T 3 TC size DMEAEHIC GEE N byte), H TAEREBIEESHE K51 .
WY HTSEE X RO S T RBRIEE , A5 Je i bR L

X T IO R P RdE , target 28 8 GL_ARRAY BUFFER; &5 |%i N GL_ELEMENT _
ARRAY_BUFFER ; OpenGL 1) 2 & %1 #i & GL_PIXEL_UNPACK_BUFFER ; X} F M
OpenGL 3B 1% 2 %3 GL_PIXEL _PACK_BUFFER ; X T2 77 2 [a] () 5 il B ds
GL_COPY _READ BUFFER Fl GL_COPY WRITE BUFFER ; X T-Z4UBHZE1E hAE-Aif it S0 3
¥~ GL_TEXTURE_BUFFER ; X} T i i transform feedback % {6 #% 3K 145 F) 45 158 BN
GL_TRANSFORM_FEEDBACK_BUFFER; [fii—#(45 it %% & GL_UNIFORM_BUFFER.

size FIRFEAEEIE 10 B8R . XU SE T data PRI TR I BB LI TR
FEAtZS [ A 455

data Z 42— % P NAE T 5T, DMERIIR LR AERT 4, B 42 NULL, Qi2Rf%
ABFeE G, MK A size R/ BYEHE N Z P o #5 DL 30 IR 55 o . 4 R4 A NULL,
2K BE size K/ANIARBI LR AL ORI, LIS IS .

usage T 1% & 43 B 808 2 J5 i =52 ORI S A J7 0. T F Y 7 AL 46 GL_STREAM
DRAW. GL_STREAM READ. GL_STREAM COPY. GL _STATIC DRAW. GL_STATIC
READ. GL_STATIC COPY. GL DYNAMIC DRAW . GL DYNAMIC READ #l GL_
DYNAMIC COPY.

R PRt 1Y size K/ T IS5 Sm BE 8 7 BC A &2, IR 4 glBufferData() 4 )™ A —
4~ GL_OUT_OF _MEMORY %1%, 1R usage ¥% B A & vl FH AR08, A8 208 72 4
GL_INVALID VALUE %8i%.

— FF MR A Z 0N T REA R e, ER S eR B S T 2 ) R s 2l
PR] AT A EEAE A AR (8 T 12 308 53 ol 1 4 b ) 2 A A

7 LT, BV T gIBufferData(). AR T 5 K dh b (5 A7 A — 1 vertices X
Y. IR B RS AR T P TR B, IS A FRATT T RS AR AL SO X
SERGA, Bl SRS R R AR A, T IRATT AR R SR PR, R iR S A
& GL_ARRAY_BUFFER, BI8E BRH — S48 FATE T ZHE € NAF A BCr KN (.
£k byte), HILE LM sizeof (vertices) KEMITH . fe)a, TR L4 EBIEE
OpenGL H i G . EATRATHE AT REHILAM, Nawafrmeisi, B
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DL glBufferData() ) usage %40 GL_STATIC_DRAW.

BRItz Ah, usage it A —RANIETAT H, 55 3 mAHEMIAFEN],

MRS vertices B TP IEUE, WK ENTTE x My J5 10 # 9 R E 7E
[-1, 11 SR N . SEPR b, OpenGL HAEAE Ll AL by as (8] N Y LR IE TT . T HA 275 R
il R A8 B B2 GE R R A AL I £ Ak bR 2 4t ( Normalized Device Coordinate, NDC), X Writd
Kb gt —AERAYBRE], HIEPR FIFARMB, 5 5 o @il 3 4e2 [\ i 2 e Wik
WS RS A B AL AR 2R PP BB T 1 o AR BT NDC AR, ANid SRy B3R
T30 o fd P — BB B R 52 Y AR A s T

WA, RO LRI T — AT %, I eEss e gh. T—
A, RATERCE R B AR T .

PR S R (ds

XF 48— OpenGL F2J¥, 4B i fli FH 19 OpenGL A i T a5 F 3.1 i), #BFR 24K
ERDPANE O AE OISR ITE OfF. EX D01, FRATE 5 —4 5 B ok 21
LoadShaders() KL BIX A EEK, B 75 24 A —1> ShaderInfo Z5 R (XSS5 1K1
SEI I AR AT LS LR I8 AR () 3k SO LoadShaders.h) .

X} T OpenGL & J¥ L 1l &, & & % 5t J& fff H OpenGL #% A1 % ( OpenGL Shading
Language, GLSL) %i'5 i9— A~/ . GLSL EME I A OpenGL & A 1IiES , ©5
CHH B FARR ML, R4 GLSL T ir A FetEJE ARG T OpenGL &1~ E (B B, AT
1] PAPAFAT R i A& GLSL % 485 OpenGL ., AN A T b X447, FFHiliZ&E®
Ko A AR R AT R, RATERH & A7 BN AR S, IF B
LoadShaders() EzHUC /e OpenGL & R F . ffi ] OpenGL % (a8 E 17 4w f2 iy 2
RS TAZS IS 2 TN E .

N TR IR TR GOSN A, AT AR BT A AR OC R 4T N 2SR S R
BEH R, FELE, RBERANERSS GLSL f RSB SE, mieE, RATAFE
FEB 1.2 HPOt TS RS AR A — R AT il

5 1.2 triangles.cpp XTI A TH & 45 8%« triangles.vert

#version 430 core

layout (location = 0) in wvec4d vPosition;
void

main ()

{

gl_Position = vPosition;

}
Bk, EMNAERARAZ ., F9 LRI Z AT Ui ZE 5 @4 (pass-through
shader) Y. & R TR AL P8 UL 25 R b o A RSt Fefi T duid 2 2
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FFRATE
55 —A47T “ #version 430 core” 8 T HATHT Y OpenGL % (15 5 W IR A, X B
“430” FRFRATHER L] OpenGL 4.3 ¥ Y GLSL &5 . X H AT 44 ML &£ T OpenGL
33 WA . FEARZATAY OpenGL WA, JRAS T I EUF 22 A — ) (FEAN-4 S
WA 2 55) . XA “ core” FIRIRATHE M OpenGL #Z 03K (core profile), X5 ZHi
GLUT #J pR % glutinitContextProfile() % & N &N 24—, B NH OIS —1TAN %R
B “#version”, FNWARFESMBFH “1107 A, HEX Y5 OpenGL # DR IFA A .
BATAEA AT HAEFXT 330 frAS B DL B (3 s DL e IR SR T R s SR A RRAS 5 A8
SERCHTINRAS , IR AR B T RS A I i o AT, (R ARKE TC il e 1 R G
T2, WAV T — GO, & OdEREg O INRH A B R e
AT UL, E EAITAAIE A C R EHE AIEE SR, & FOR TR UGS AT I A% R ORI X iy
M AR B, T FRAT A O 58 G AL RL (785 T N2 RIS T B T s &
B, SRIE AT DR R b 098 5 AN [A] 9 OpenGL 45 (A B B AH CHK
TEXA TR F T, RA—1% K vPosition M AZE, EHFAWHN “in”, &F
b, AR A TRZMNE.
layout (location = 0) in vec4d vPosition;
FAT IRl AT 22 R i3 — AT AR B o
Q @M% W vPosition SUEZERM AT, HOMEHAFR/F “v” ERXATS R
AFRAHTEE o XA A8 3t T DR AF 82 T 7 A5 8 o
Q F 1T vecd, WHlJE vPosition 8. ZEX H P /&—4~ GLSL Ay PU4ETF 5
i, GLSL HAHEH 28R, XO7Ed 2 m RN 4.
PR LFE RS, RATES 1.1 MR F xR Ts R s T2 inE, Hi2
FET S A A A vecd SkRIZE. A TIPS AR ek A WEH? F5¢ 1
OpenGL 2 FHERINEUE A sh3E 7o X BB (1 AL AR B 1T vecd BIERIAMEH (0, 0, 0, 1),
RS AFE R T x Ay Aapni b, HABPIASARPRE (2 F1w) $E8E A Sie R 0 Fil 1
Q B HtRIRATNIA SR in TR, B TR AE AR . IEWR
FIr UL, X LA AT DA B AR & out . A IRATAEX HERHA RS HEIE .
Q FEWFERE layout (location = 0), EWRMEARRER (layout qualifier),
H 2 s s S Hou e (meta data) . FATTAT DA AR Ja) BRGE £ 2K 15 B AR Z2 A (R (1)
Ja e, A SR O [ A € B B G
EXH, W E vPosition AYN & JE T location Ky 0, XA E 5 init() pRELAY )5 T
frexdemiEE .
JE, TEA AR main() RECT SLHE 1) KRS, OpenGL M T A 4 (g, Tt
A TR E AT B, #BA —> main() BRAL. X TIXAE AN S, T8I0 SR
AT A B A B T A (LA s e il i 8 g1 Position o JFUHIRATK & T
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#| OpenGL I ity —2L 5 8885t , BN ZELL g1 MERFTZN.

HZEM, FATRFE AR ooE Ga RIS TS Aasi T, 4 1.3 FositzE R oo
HEIRINE

1 1.3 triangles.cpp XL ¥ oG #5 (8% triangles.frag

#version 430 core

out wvec4d fColor;

void
main ()

fColor = vec4 (0.0, 0.0, 1.0, 1.0);
}

D NFHY I, X RS AU AR RAR AL, BREN R T A2 AR
HORER, RATCZTEAPIAS | B LIS main() K8, X BAFEE 2R, H
SEVRMRIR AT AR Y, JLP TR 36 (O fe A ZEAS A AT S SRR 1

S e AR E S NN

Q AU RN feolor, HE, BT out BRUERF! 7EIXH, HEOMKHSIE feolor

XENEAEE T, MK AR R CHT BB (R B RIS ST “f7).

QB ohBie . X, S Iuia B E— P IU4ERy i . OpenGL Y EIE )2

il id RGB Bl B F R, HhEA B i (R FRLAE, GFRRZRE, BE
AR MEEIARE [0, 1] B AYEEE fEX LT REZe IR],  “(H RO — > DU 4E (Y [i]
" BHE, OpenGL SEBr B 7 RGBA Bifazs ], Hrha WAMEIF A (E.
Bk alpha {, THTREESEBEVIE, 64 BHRATHEXMEE, HREARE, &
PR E B E N 1.0, XFoR FITHEEREEENEYI.

JroE O as BAER SRR INAE, FRATRT LU ERSEBAR T 2 iak M 1)

FATE LHEA TN T WA R init() FiR)s AP s BR 2 T TR R A ds 1A i
SRR ATX R AP BIRACR . X Wl ERATIr i nF @SR AR, R
MRS E @A 28], LRSS 5 Be 2 1] ) R 8 i % e ok

B TR S E A EUE, W2 OpenGL K2 AL A T A 0 s B4, T EAEE @
TP —A in 255, SRS glVertexAttribPointer() K & Ik Sl — 4~ 10 ok P44

void glVertexAttribPointer(GLuint index, GLint size, GLenum type, GLboolean

normalized, GLsizei stride, const GLvoid *pointer);

BEE index (FOf IR ENE) A B X IR (E. pointer F /R ZAF X L H,
A T o7 B T 4 T 53 09 B0 B8 1w A% (. (IR S an ik 0, filf T EE A R 48 s
(byte) . size R/R BNV T LI HHEHHE, FTREL. 2. 3. 453 GL_BGRA,
type $5 22 T A4l b &Aoo &R 8 iR 25 A (GL_BYTE. GL_UNSIGNED BYTE. GL_
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SHORT. GL_UNSIGNED SHORT, GL INT, GL _UNSIGNED_INT, GL FIXED, GL_
HALF_FLOAT. GL_FLOAT & GL_DOUBLE). normalized % & 5l 2 54 76 ££ fif iy 52 75
T BT —4k (8l ] glVertexAttribFourN*() pR%L) . stride EEH TN ILEZ
[ B R/ IMEFSE (byte) o WNAE stride K7 0, AR ARV i B2 B4 7E—ie .

BERFANTA — RIS TEE &, [Hh glVertexAttribPointer() HS0 & — M EH R
a4 . HEE N TR 2 RE AU (PRAEE— DS h, ANl R A3 T35 4
BIZs e, bingese), FoA1HLTT LI glVertexAttribPointer() 45 /f OpenGL i 43 M P 77
WG . BT, vertices HE AW E THRANTTHMETEE . R 1-2 IR NAEX
A7 HL glVertexAttribPointer() #1454~ 50 s B & H 8 .

* 1-2  ¥|#F glVertexAttribPointer() th 5 £t H 5]+

SH AR HE fRRE
B HE A T A R A 2 Y location {E, L EE & 2 AT Y
index 0 vPosition, FER M HiX MEHIK HEAE € AR RO A, At
] DL TS g 4 e e 1 A
size 5 Xk B AT A T R H. vertices Pt
NumVertices DT, BATAAMAITTERE
type GL_FLOAT XA R R GLAloat 28 A
RHL O GL_FALSE IR A IS5 — SRR
normalized GL_FALSE T BARARME, PRI DURAT B, ARCSRREIE [—1, 1] A9
—ABIEHEIN, 5 RE Oy E AR R (GLint 27 GLshort)
stride 0 B e L R R Ay, R BOE (A P AF R SR S B
5T B EARE R, B e] DR E N 0
pointer BUFFER OFFSET(0) ﬁgiﬁﬁﬁ 0, BEMEAEENGAFRT R — A5 (Mt R 0)

A B LT ) S0 R RE NS S B R FIT I O 0% 5588 45 40 BT X D BB . 76 5 SCrP 3R AT 138
22 3 glVertexAttribPointer() 3k S 3R 0l FL T

XEIRATEH S T —$T, 5 glVertexAttribPointer() 1) BUFFER_OFFSET
FARFGE MR . XA E B E SOEA T AR, R,

#idefine BUFFER_OFFSET (offset) ((void «) (offset))

TELIFERRARHY OpenGL Y RFE RIS, Rt BUAETRA 17 00 A ki R %
XGRS R, IAE1% glVertexAttribPointer() HEAIBEE A B — MBI N AHEET .

FEinit() H, FRATEA —IAE 558 A 50 8, AR =S 0 m v Bed . A8 0
glEnableVertexAttribArray() 2 5¢ WX i TAE, [REPE: glVertexAttribPointer() %) 15 1 14 J&
PERUA AR 4R 51 A XA %k, £ 5% glEnableVertexAttribArray() FUTEAf# BN T FTs

© 7E OpenGL HHIIRRA S rf (3.1 MUARZAT), T BB ] LU B S RAFTE N TR T AT, TR J2:
GPU ZAF X5, PRI SRR ET#8 S AT 20t & B AY
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void glEnableVertexAttribArray(GLuint index);
void glDisableVertexAttribArray(GLuint index);

WE e ™A 5 index R 51 AHSCHK B T s B 4H . index 4 & — >4 T 0 2 GL_
MAX VERTEX ATTRIBS—1 2 [alf{{H.

B, AR Z e s Hi A TAERIAT

1.5.3 FE—IX{#EHH OpenGL HITIEHR

TERE PRI A B E 2 5, ER TAE (FEXF ) giadks @ 7. display()
PRECHAT 4 1TA0RS, AN B TR S BN TE T A OpenGL #2757 &R 2], N HEFRATER
B AR

void

display (void)

{ glClear (GL_COLOR_BUFFER_BIT) ;

glBindVertexArray (VAOs [Triangles]) ;
glDrawArrays (GL_TRIANGLES, 0, NumVertices) ;

glFlush();
}

B, WATEEPRWIEAT VB A TIE e . G BRI T A glClear() SEhl.

void glClear(GLbitfield mask);
T bR T8 5E 1Y ZAFEE T BB AT A0V BR (. mask & — AT LUE 28 307 #R4E
kAgE ZMBERISE, ATHRBUE IR 1-3 fis.

A2 1056 4 3 b o o] R E A7 (depth

buffer) S5 ZEAE ( stencil buffer) FINZ, 4 x1-3 BRESE
SRIBAT X% A7 (color buffer) AYIRAIRIT . ZfF BIR
PRAEAR AT fEAH 1T, glClear() 23 ffi Fl—AM B0 AT GL_COLOR_BUFFER BIT

SRR . X AT, TR ;fij;j gi’;fgigf‘;ff;jgn
. . PRZ n - _

OpenGL BRIA IRt , HIMA(A . Ll 50 g s -

THBREE I EUE, v LA glClearColor().

void glClearColor(GLclampf red, GLclampf green, GLclampf blue, GLclampf alpha);

WOE AT EBR B E(E, T RGBA B FXEIAZAE MG T/E. (S5 4
T RGBA BN Z) X LY red . green ., blue. alpha #S2 ¥ #k KT 2] [0, 11 HITEEIN .
FNAYIERRBIE (0, 0, 0, 0), 7E RGBA AT ERRBRE,
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THBREEA B & OpenGL ARZALHI A — 1, BERE{A S — B IR B 75241 OpenGL
WEEY . OpenGL A7 — MM ERAPRERINIFR RN AS I D), HEIE#E—Hm
OpenGL MGEHT, FrA BRAS ARSI MG A BIAEUE . 28 OpenGL 2304 B8 T A 5 2l 1)
ARAME, B ATRATOT A5 B AS BUE B

2 LS BRI R 1, e an 3R AT A B Y A T BB s E o s, AT
ZLHH glClearColor(1, 1, 1, 1) {HZFRMNINIRAE ABHER XA pREE? 458, FRATAT
DA 4% 7E display() FRECT 1 FH glClear() Z A & o (HIRXHERITE, bR T8 — it AT
WZ i, FHoAh A %) glClearColor() (143 FI#B /& 2 4% 1 —— [ iy OpenGL 1E & UK T8 Y4 i 4
SHEEREERBONIRESE NG, 57— BCRE S I E TR init() sREh iz & RS
o, S, SRR T LARE S SO AR AR DI s IrA R R T B AT N & kA AR AR B
EABRZAE init() iR E . 48R, TURMREIHAGIFRAEE, (AR ESEMRTeTT
HEEFH AR

iX—ix 7 triangles.cpp ¥ 7 i Xt T glClearColor() #73 J .

1] OpenGL #4141

1) 5 T PIAT B AR R R ATME A 2 0 T B, SRS IR T4 . e
JH glBindVertexArray() e 45 > Ts B A 1 09 T 80 o e anai S 20, FeAqiTar
DA A BB VI AR 17 TR AE I 2 T B R 5R G o

HRIEH glDrawArrays() ok 52 BT 25 &4 1] OpenGL 4528 1 145 .

void glDrawArrays(GLenum mode, GLint first, GLsizei count);

fift FH 2 HT 96 09 0SB e 2ok o — RGN LT OT, IR E Sy first, [Mi4h
WA E R first + count—1, mode X & T W E K STTAYZEA, © 7] LLJZ GL_POINTS. GL_
LINES. GL_LINE STRIP, GL LINE LOOP. GL TRIANGLES., GL TRIANGLE
STRIP, GL_TRIANGLE FAN Fl GL_PATCHES 1 f{{E & —Fh.

TEX A7, Fe A48 glVertexAttribPointer() % & 1 44 #% = &y GL_ TRIANGLES,
FEIAA B T AW 0 WA A&, Y NumVertices NICE (XA FH R 6 1), X
FERURT DAy e thphsr i) = FIB BT T o RATSTES 3 AN A A METIEIR .

i®—id 1% K triangles.cpp L€ E B — A AR X Ay LA E G, ] 40 GL_POINTS 3 # GL_
LINES. 1R UG EXHF e —FET, BEALNERTRSLRFT R,
M5t GL_PATCHES (& EF 2B EME R, BACER THaLHEEN, 50
F9BHAR,
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e Jn1E display() A& JE ] gIFlush(), BRsE#] A 2547 9 19 OpenGL x4 7 B 58 1 -
&5 5] OpenGL R 55 A ¥, 78 J5 SCrh AR DLt 248 gIFlush() B4k 55 — AT R Y
A, (HR X RE RGN Y i X AN kAT 2 AR E

void glFlush(void);

3l Z AT OpenGL i & 37 BIFRAT, SRR T DARIE B T — g i 18] P 4= 3B 5 A

AP

TEVR Y OpenGL i F2 A JHE A LA 20, ARPTRE Skl & (2 A ) X 75 2 L2 /A
[B])” 2 X" MRESRIE YL — IR . 2l — AN, 80 OpenGL HEME S ) HoAth 4
T RERE R A R AT A S TS5, FRATTAT 6 T OpenGL J&7E A1 4 Fif i 5¢ Al ix 26
BREM

SRR gIFlush() A B GE— D IEMNE SR, HEEALE, F E glFlush()
HUR SR T AT 1217 A9 4236 A OpenGL IR &5 im i 2, I H B &3 BR Ml—— 8 FF A 55
FEATA B2 58 h, SRR RN 2. Ak, AT EM A gIFinish() i, B4
— H SR A Y ETHY OpenGL #AESE 5, FHRR [l

void glFinish(void);

S BT A AT OpenGL AL BIAAT, I HAFRFEAI &ML,

QL R RBET LA glFinishO0— W RIRE L KT FRY T, Bk
T B EEAIAGAWEA . BREATH B OpenGL 44 EARERAHY, (EE
X TR Rt A A A Y R

S HHIZE ] OpenGL 145

TR — A0 F Y P — A E RN IR A A, BEERCh RN REZHRE,
AR A2 X%+ OpenGL #EEALA 1Y Jg IS FH . 46 K 2 800 5 /E A X ¥ T LUl i glEnable()
il gIDisable() fir 4 F i 5 # ]

void glEnable(GLenum capability);
void glDisable(GLenum capability);

glEnable() & jg — 1~ 30, glDisable() 2 XM 'E. A 1R £ 2 & ] LE AR
ZH#% A glEnable() #l gIDisable(). 41 GL DEPTH_TEST fJ LI 3k T i 85 & 5 11 1
FEMIR; GL_BLEND W] DL J k45 il il 5 (4524, 10 GL_RASTERIZER_DISCARD M T
transform feedback i 2 F7 A9 /= 2 e YLt
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RZmi e, JEHZEIRATN OpenGL 45 Y e 5 2R ML 25 HAM AR 1y 53 FH A p g, T 1
M A C B ZOR PR TR IR B R, kil LU glisEnabled() Sk [ 75 5
R HI1E B .

GLboolean gllIsEnabled(GLenum capability);

M4 A5 0 24 AR € ks, &M GL_TRUE ={# GL_FALSE,



% 2 E (?i&'?/ff ce &

Sk =iy

AEHR

B EAENEZ G, RS AEELITEE

Q X4} OpenGL B2 KU BT IR AS [FIZE ALY & A

Q (] OpenGL & 15 5 M A IE 5 (e

Q (] OpenGL H it Z FPHLHIK K 2 A (s

Q (=2 GLSL & (L IR Qv &2 PR S s i) 45 (s

A FK A A4 40l 7E OpenGL H i F AT 4 B2 %5 (4. 2% (shader) . T %6444 OpenGL % 1

i 5 (OpenGL Shading Language, ifi % W #KAE GLSL), &5 i 40 B & @2k i 5
OpenGL W HRF 3 H .

X —F S LT L

Q2.1 K2 OpenGL W T 208 F 2/ ] g A2 KU & (B 8% -

Q 2.2 PSRN B OpenGL AT i F s 4 1 1A B BE .

Q2.3 THSNY OpenGL B A .

Q2.4 SN AU EE AR T, DUCE TRy 5 0 AR 5 50 76 B Bz ) 2
E.

Q2.5 TSN 4% GLSL & (s i A il guf 5 (o de 2 )7 19k 8, SRS IRt vl LLAE
OpenGL W B FHEHE T .

Q2.6 SN A INE AR AT MR T, R DEASHE IS A i
T EEEPAT A TR

Q2.7 WA A2 E GA N TRE G A ATRCE WEIEE L.
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2.1 FEE885 OpenGL

AR OpenGL J&E Yy 48 L /™ F MM & (0 2 R A0 BRAL A . R HIE (A ds, P4
 OpenGL AT LIMEIRIFAE T 6 RAVERRE O INAE T, W WLE GO F OpenGL HY T Z1:
£ OpenGL 3.0 FUA LLRT (FizhiAs ), s iR 81 T 3 845 50 ( compatibility profile)
85, OpenGL b & — AN EEINREE L ( fixed-function pipeline), ‘& A LLTEA & (A8
MG O AU SRR EWE . M 3.1 MURTFGS, [ DIRB LM OB LB, BRIk
A A s R e i T AR

Jeit /& OpenGL i & HAWEIIE API (135 (AL 8%, 38 5 AR I 8 of —Fh R 0k 1) d B2 18 5 5 9
), T OpenGL Kii, Fofi12fH GLSL, thi/Z OpenGL Shading Language, ‘&/&7E
OpenGL 2.0 A ZE A KA (FEZHIE R TH EIUIGE) . B 5 OpenGL Y & Jig S [A] i i 47
1y, JFlHE 25BN OpenGL — & H T, HIR GLSL & —Ff &1 BB kit
MgmFEE S, HRERSEATS “C” IBFIEFHEM, HREAH —5 C++ 1.

KRN BRE HOSNTTE, DI EiEn 7 Xik# GLSL, gt dif s eIt
H 50 IR PR G, LA R ap g iy IR e v (0 B 4% 388 BAN [R] 19 4 s o

2.2 OpenGL NORIZEE L

FE5S 1 B 44 OpenGL WE Y8 L AT T — DMEEE A 49, S0AENs 30 3 4 4t - 21
BIEAH B FIL R TR TAE, 4.3 MUARETEELA 4 MEMPrEe, F 1458
TR B, BB TSR — DTS B T,

1) TS EGNEE (vertex shading stage) 43 VR TE TS 2877 % 42 v 25 H 1 T0 A 509
BN AL BRARANTI S . XA B BEX T A 1) OpenGL R P #S 2T 1Y, I H A Hig8E — 1%
tagn. 5 3 BR X TAE AR EH TN 4

2) dsrE G EE (tessellation shading stage) s&=— Al BERIBTEE, S0 R b g 2CH

g LA E ST T AR, B4 TE OpenGL B4 N TR A T L& . XANBYBUR 2 5,
SRR B TS5 B Bt s, I BRI A TS R T — A O AL B, 2B 9 EE S
AWM AT BN

3) JUfTE B B: ( geometry shading stage) )& — 1T B, B 4&7E OpenGL 45
AR A A U T T IE 0 XA B Be s AR T TR s 9 LT 8106 . s R AT A3
M A e A T Z2 i LA, el A JUAT DT B (ks = MIB b h 4B, 808
T PT A B LR . s A B Bew e F B4 LT & €2 5 B iy A nT 2k F TS (&
B B 5 U LT BT T s AR B2 5, AT ek A Al 50 R BeA: s e s (Can e o vk
JaH) o 55 10 S A ILE AR B N2 .

4) OpenGL # (AL e Jg — A3 J2 oo (BB ( Fragment shading stage) . iX /1~y
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Br2s b3 OpenGL Yt b2 J5 A B kS ot (CAnERJEH T oRAEE Arial, SR RFEEER),
It HaxX AP Bt b i e — N s . fEXNFrBerh, iR — > hoor B EmEEE, Re
b B LM R T ANR S R FocE BN Al S gEAR MR 5.

5) HEEHEAH B (Compute shading stage) Fl IR EBEATE, B IEAERIEE L) —5K
g%, TRTERR T FPARXT SRS 0 — AN B B T 5 B AL B A 2 TSR 7 Je ik 25 DB
Bl , MR RS E W NS . TR AR AR T R] DU S A A AR TR Y
JIT A RN FH () B A o X v A FE 2R A7 1 e AbBRACR , SOE AT T A B A T
Y. IHEEORNNES I 12 %,

IAEFRATTR LR T — D EE M, SRS G Bz MG . EufE
F1EPFERAN, &AL RBOEH N X —Fdafeimiick, fidabim, K5
e Ao Blan, £ CHEFH, X—ofn bl 2R R, sF RSO, GLSL
HZWAER. B EOASREERMBGRE 2B CRY, ElNmMASRE -8R
main() FYPR%L. 5 C R, GLSL B main() sRELEA L 250, A% @ Brh
i ARV 0 BT A S S 2 e A € 2 R R A R R TR MG (T RN BB AT S N
FEIF T 4 R 28 e AR TR VG —— & (AR 248 5 5 AR TE L AR e A QA v s B i A8 02 58 N A
Mo B, TFERE) 2.1 N

2.1 — AR TGS O ds

#version 330 core

in vecd4d vPosition;
in vecd4d vColor;

out vec4 color;

uniform mat4 ModelViewProjectionMatrix;
void

main ()

{

color = vColor;
gl_Position = ModelViewProjectionMatrix * vPosition;

}

BARKRE—MEFENE LR, HREEEAFZSHEERENTT . RIEAEEAD
e AN G Bt AT AR, A W LR (SR AR AR % S 1A A A R A A5 A
TERR PR AR A AL B B #version SR BIFT A MUAS .

e, WERX LA R . OpenGL 2 fif JH g A FI % 22 0 ok % i o (0 4% BT 7 (9 %80
Yo BT RAAERERA — A RBZA (B0 vecd, JECKHIRAMIEFTA4H), OpenGL i &
ST in AREEBER D BIFE AR, LU out ARG GAI AL U L SRR
{H2:7E OpenGL BRI TH (g OIS B8 (W12R OpenGL AR BRA R TR, AR AKX HL o N4
AR AG BRI RSB G, IR AR MR R OCEB B E) o o — AR M
OpenGL L FH AR O8I 19, FRAE und form 28 i uniform 28 AR 25 Bl 25 0 5 5 % H e
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AR TR, EX T A B U R TR EHARE— R, BRARN IR P X E AT 1 .

2.3 OpenGL EE1ESHhiR

AT 24 OpenGL W (A5 5 M T — iR . GLSL BHA45 1 C++ Fil Java HY1R
ZFEME, Bt OpenGL BT AT B Be b fifi F G & (s T SChE, R ARRIERE AR BoSH
— ML ERE, RATE e GLSL K . 2850, DL HAb T & @B BT A s
FRPE, RGO RERR ST B 2 G gs b i) B SRR E TS

2.3.1 {#HF GLSL fgEm@mse

XML

— NEHOIRERT— C BIFZEML, ABJEM main() BRETTFHIATHY . £ GLSL F
AR — IR AR AN N PN
#version 330 core

void
main ()

/] KR GE R
}

KRR/ ORERA S, EREAITAOREAR, X—n5 CilE 8. Wb, HEa
FRIP S HF CIHF IR AT RS ——/* F*/. {H)E, 5 ANSI CiEH A, XHM
main() PRECR T 2R [l — N EEE, BRI void, AN, HEOMSEFS CiltE KL
AR A TS F AR, AT RS RARL AU — 5. X HLS B9 GLSL B P 4 X531k,
WPVEE G RistT, HEENIIERATC RS H. N TS — L FEE AR
AN, T IR — 2 A 3 AR A LA A G I R A

AR Iy ]

GLSL Je—Rli R IR, FrA s b aRme i o], JOf 2 R BRI, AR i 4,
PREGAr 4 LS C I FE M ATLME SR 8055, DIRCTRIZTFAF () SRS # 1) #4

o (R R I E TR R R AR A B R %21 GLSL REAMIERD
B TR HAN, AR RN R =2 a:ni
R 21 el T GLSL SRR AKRIAL int RS RN 32 (A
XA (DL LR SR E TR R G 2R uint T2 32 (%
HRBEII . WalEvl, BRI N EIE A2 bool iR fH
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g ORI, PRI g RS v mT DA L R A i 2
52X — R A, FRIEAIEIZEHL, AT NEIE A 2 ok, s seiAmify
FiRFERR (sampler), KM% (image), PAKJFEFI140#% (atomic counter) . ‘AT 1T B AR A
BF—AANBRR AR, TR SZESCG &  EUR, DARJEFI B Eds, S0 4 5.
AN[F A RAE ARSI DL e AT R AT LS WL 6 &

AR 118

IR B AL ARG SR ], (ER AT AT LAAE A P B AT 22 i 04 A g o 7 P ok 86 2
(X — 5 C++ —B, RV B A U5 20— MU Yo rh SERT A TE A HL) o FRATT AT LA IR
C++ BTEE R T A GLSL A2 i B /R AT, 4 s s -
Q EAEAT R BOE L2 AP WA AS S 1A AR A s, RO 55 (g B 1 v B9 BT A9 e K
BRI AT LI

QE—HRFETZN (FlanssoE L. ME3ReE “if” Slan R ) AL E,
HBETERAE S BTG N AFAE

Q MEAR AU A AR, Fln, B magaEEa e i.

for (int i = 0; i < 10; ++1) {
A E
}

HEBTEAEPA AR AR

ARG

A A% s ER L ZAE 7 B )[R B A TR B A . fBilan
int i, numParticles = 1500;

float force, g = —9.8;

bool falling = true;

double pi = 3.1415926535897932384626LF;

PR T T AT LR g N L A i B N R A (. TR T IR 2
BN E— PSR FR 8, sE AR “u” 83 U7 RFR— DA B

PERUT IR AL — A/ NEOR, BRAERA TR ATk kR e, Bilin 3E-7 O,
AR Z WA FA T AT LK — > B e e o — 9 80 oAb, 37 s Bt ] LS R £ R
RBEM—A “f7 8 “F” Jadl, X—85 Cilis P pi 2ok M. iR Ekk—
> double WiEERIPE AL, DATERRIRMIGZE “IF” s “LF”.

A JRAL BT LUE true B0 false, X EIATHIMILAIMIE, AT LB 2 3k W ME
Z—, ] PO — A IR SR AT AT I LR 4 R T o

T pa
EANFT TR E) A, GLSL o C++ ByEmE M2 4y, I E e B p B e i e o /b —
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ge i,

int £ = false;

XS o R Pl — iR, oA REAN BB T AU AR &t AT DAl A7 B U 4
FZERINER 2-2 Frs . %£2-2 GLSL ke EBIE K

T 2R AR s T X SE R AU AR L ) FREMER | AT R X i
T DSR40 N 2 RO ) o AR B Y uint int
B, R SEAE AT R IT E R 2 float int, uint

double int, uint, float

SN AN R R R o Nl
JIT AT A B RS L 40 A 5 24 P A e b 1 RS 3k B PRI T L C+ 2
EEEM, BRE-AATFHRBATRAFE A RE, & IR B AE . Fin,

float £ = 10.0;
int ten = int(f);

XHEME T A int B 1 RBOR 7E U . IEAh, A —SE SR A M 1 R
¥, {ff float. double., uint. bool, PAKiXSEASHY ) [a) & NG [ A3 Fh A4 i pR AT
A LML A Z A HA 2R RS A (B AT i 0 . 0 S s W AR B T GLSL 19 75 — 45k
PR A8, RIS pRECET AT AR 2 AN FZE B RS, (B B AT TR T 1 A — S pR A 24 R
FRAVTRE I K xof ek BRI A T B 22 A A

REPH

GLSL (AR 0] DLEAT 578, 540 OpenGL (EHESSAIAHILEL, LA K fRifkit
B R AR

B, GLSL 24 34U 4 Dyl i, R0 m#lnl U] bool, int,
uint. float fll double X $EFE A KA, JL 4, GLSL 37 #F float Ml double 2K R Ay
FEBE, 2 2-3 45t 1 AT AT A ) o AR R A

% 2-3 GLSLHmESHEMEEE

HARE 2D [ 3D mE 4D W& AEPESE
mat2 mat3 mat4
mat2 x 2 mat2 x 3 mat2 x 4
float vec2 vec3 vecd

mat3 x2 mat3 x3 mat3 x 4

mat4 x 2 mat4 x 3 mat4 x 4

dmat2 dmat3 dmat4
dmat2 x2 dmat2x3 dmat2 x4
double dvec2 dvec3 dvec4
dmat3 x2 dmat3x3 dmat3 x4
dmat4 x 2 dmat4d x3 dmatd x 4
int ivec2 ivec3 ivecd —
uint uvec2 uvec3 uvecd —

bool bvec2 bvec3 bvec4 —
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TR E S A NE R, Bl matax3, HPHE—MERRIE, £ ME
TR

i H X LE SR P B A9 A2 A R R AL A 5 B AT TR b B R B -

vec3 velocity = vec3 (0.0, 2.0, 3.0);

AU Z L] AHEA TS5 e e -

ivec3 steps = ivec3 (velocity);

Ti] gk P )i R RS0 T DA R AU B I — A il RO, — AN Y 1) AR 1 2 —
AN 1) (R R PR, IR T R B 1 Sl RO I O P

vec4d color;

vec3 RGB = vec3(color); // ARG RAWN=ZALET

Rlity, T AR T ORI — . I E Tl b (B i, il

vec3 white = vec3(1.0); // white = (1.0, 1.0, 1.0)
vec4d translucent = vec4d (white, 0.5);

R AR Ty NS AR ), R BLRT RO E RGP — 0 F A R 5 58 e IROE R AR R
XEF RS, U 2 ) R pR R — AL, AR R M Lon Fat i O IXME, HAt
JLRAETBCE Y 0, Billn:

400003

m = mat3(4.0)= [ 0.0 4.0 0.0
0.0 0.0 40

R o AT L 5 7 R R TR AR o e — S D R M EDR A . A AT W] LU AR A 6]
wAES, HEGE LSRRI, 5 50 7 sCUE R R A S A,
FERE R 46 E T B S E A, datRud, e ARBERR E e, RIREGET (X
— 5 CIE T 2 4B I RTIR LA )

B, Ay LGE R LA R Z — R —> 3 % 3 AR -

mat3 M = mat3(1.0, 2.0, 3.0

4.0, 5.0, 6.0

7.0, 8.0, 9.0)
vec3 columnl = vec3 (1.0, 2.0, 3.0);
vec3 column2 = vec3 (4.0, 5.0, 6.0);
vec3 column3 = vec3 (7.0, 8.0, 9.0);

mat3 M = mat3 (columnl, column2, column3);

Y

vec2 columnl = vec2(1.0, 2.0);
vec2 column2 = vec2(4.0, 5.0);
vec2 column3 = wvec2 (7.0, 8.0);
mat3 M = mat3 (columnl, 3.0,

column2, 6.0,
column3, 9.0);

31
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RIS R —FERY
10 40 7.0
20 50 8.0
3.0 6.0 9.0

Vil ERUERE TR
T 2t 5 R P PP 0 0 2O AT LSRR TR) S B A o 1) SCRF TR LAY ST R T ) ) X

IR I AR, S BT R BB . AR nT ALL 2 4ER2] i AT )

I f TP A A A R ] LU I A BREEA T USRI, AN .
float red
float v_y

B F W — N 0TI RS TS ERERE S RN

float red
float v_y

FE, B 2-4 PR, SMRMATKEINA =FIEXIES, BN TR —H

color.r;
velocity.y;

color[0];
velocityl[1l];

Mo AR A FRGE A HU R T e HE T X 20N [ B A4

®2-4 EEFEWHEFM

SRR SR
*y,2,w) 5B OCH ) B

(r. g b, a) SHUEACH )
(s,t,p, Q) 5 S AR B A DG 0

Foft o BV IRV B —A 85 UL FH I swiizzle, X FERGAGARTE,  HANER (23 (8] A 55 st

X
e MEIE. Filn, PGS A, SETRABIERL O BRI E — e

vec3 luminance = color.rrr;
Ffpli, AR AR A A A R ALE, AT DL
color = color.abgr; // K% color thEANHE

ME— B BRI R, 7E—RIERM— R, HBEMH—MRR PR AT, e i,

T AR R R TR A -

vecd color = otherColor.rgz; // &i%. “z” F BT FEWFEFEA
AR, WERIRATUIR TR T AR RO, BT R g AR .

vec2 pos;
float zPos = pos.z; // 4i%E. 2D MELRHFE “2” 4 &

FE TR AU R Al AGE IR ARIC 7 3o sl A 4 rp B B — MR, sl —

iV

matd m = mat4(2.0);
vecd zVec = m[2]; /] KBRS 2 7
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float yScale = m[11[1]; // @9 U#EHA m[1].y
gk ik

PRALL T LA e 1K A ) 26 0 ) K5l 415 B — A a5 A 2 v o g R T DL 1k 22 4 8K
AR A RB S R . WRE LT — N EIR, IRA B2 AR — 8, Jf HgsUE
=T R, BRI S TR A SR

struct Particle {
float lifetime;
vec3 position;
vec3 velocity;

Y

Particle p = Particle(10.0, pos, vel); //pos, vel ¥} vec3s %7

5 CUTH AL, QR 1 25 AR AR R, aTRAEHRAEH] “57 () 455

Bl

GLSL i SRR B M R R, ARSI . F1 Cili s A, B p R 51 vl LU
HITFESRTEW ([ Do —DR/ANK n EBARITRILHEE 0 F n—1. HES CiEF AN
12, AU RMBE RS, SCE @ R G HEES 2 A P, GLSL 4.3, U
R TT R W] LU S — AN, PnT LA 2 45 B i s . ANid, GLSL 4.2 MR AR
AR FeVF ST B SR R A (R TCvA A e 2 4 i ) o

BT LASE SO KRNI, 3038 A RN o FRATAT LU A KN B A E S — A
K A2 fE n T E AW, SR B G E R RN R A B . B A R R S
g, filhn.

float coeff[3]; // % 3 A float THEMWHEA

float [3] coeff; // 5 LEAHE

int indices[]; // K& X 4%, M UEHF W CER

AR T GLSL s —55 (first-class) Z8MY, W2 Ul e AMiEmEL, JFHATLIUHE
BRI SRR M2 A QSR B AT H ) an e — B (B, IR 4 AT LAS% BT T B =X
AT AL 3 PR -

float coeff[3] = float[3](2.38, 3.14, 42.0);

T FLAA) 3 o R AEEI(E T DU

B4, GLSL W45 Java ), B — D EaH 77T DU IR B E: BREBCK
FER) T length()o QR IRATTTH LEEAE— DR A BE, 7T LUK S T 1 9 4] 1 A 1]

length() 77
for (int 1 = 0; 1 < coeff.length(); ++i) {

coeff[i] »= 2.0;
}
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Iv] £ FIVRE B 28 Ao mT LA FH length() J7 ko o) o 09K B 2 B A & A 4 i 44K
R KR TR SN 1, YIRATE AR i IE 2Ok & 5| a2 R B
B (AN, mi2] SRR m 955 =510, XA TR i e JR A7 22 5 .

mat3x4 m;
m.length(); // m@E&WIHN 3
m[0].length(); // & O0ONFIHEFLSENANH A 4

R AR BEAEAE i PR R 2 E Y, BT A length() 71250 [l — AN e iRk &, FkA1n]
DIHEREM R0 6 HEMHE, 6.

mat4d m;

float diagonal[m.length()1; // &N KNG HEERNEE

float x[gl in.length()1; // REHAHKNGAEEEGMANT EHAE

XETHEAT I BURVARRE , LUK AL B length() HBE — -4 PRI BEC AR Bt
{HR X T RSB R Uk, length() B9 MR 7F £ 2 2 1T T BEAT & AR 1A o AN S fiff FH 2 42 25 R 0
DlEl—Fr Bt 2 E BN, IBARTRE A X ML, X T & @as PRI A X 4
(I busger AATF0T, 5 SCH A 2R). length() BT A SR A4 T A8, Tk
11175 9% length() J [l — 25 IR 4, 8 4 TR 117 2 (RE 27 (28 o 0 AL/ 2 0
length() ik ZRIELC &E 1.

LU AN T DA R, EiEES CIEE ML

float coeff[31[51; // —AANN 3 W4, EFas&T ANy 5 5 84

coeff[2][1] *= 2.0; // WERI®REN1, SEREN 2

coeff.length(); // EANFTELREEE 3

coeff[2]; // ER—NKAMNN 51 4HA

coeff[2].length(); // EANFELREFES

22 YR P DA FAT A 28 B g 2 Ok Ml . AR T ZE SN R Iy L=, IR R N2
Cle A ) 2 B A 8080 A8 N AFAT sy T B AR A2 de B

2.3.2 TFHEBRFIRT

Bt R AT DU i — S AR U A 2 B9AT . GLSL Hh—3k5E T 4 Fh4 )Ry
WA, Wk 2-5 PR,

int ¢

int r

R 2-5 GLSL BIEBUESIHH

KEMEIHT ik
const He— A et SO HigE s IR TR AL 2 — ikt &, A EARSBam
R
in B DAL 1 A (R B B i AL
out WAL S A (LR B B i A
uniform e DA b ] AR AL 25 45 (O OB, ) T4 E I IR R
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(&2)
KEVEIHFF i
buffer BN R T L0 — SO S N A . XN AE D g T B AEAE 224 (storage
buffer) fii
shared IR A R AL TAEZ. (local work group) HIbsify, & Hg] T8 % @ dsh
const fAifRRRIFF

5 CHEF TN, const FERIMUEMAT IR B AR iy HEe2al . filhn, FIamiEs

const float Pi = 3.141529;

S E R pi R « BELE. WA ENFEHBRNT const BIMifFZ )5,
WAL XN T A, 2K — A, DRk AR St 2007 75 B ) B i sk iR A 7
WithAk.

in fFRfPREIAF
in BRI T E & G BUR AR & . X I AL BT LUR TR B I O T T

FHOAR), dUER— & OO B AR

FOCEE gt ] DL — S = 5 SRR BR E [ OO AR B, XS TR 4 srp ik
TR

out Efi%M kAT

out EUEFF T %E L —3 @Ak br BL i th A8 | —— i, TG 35 (s b h AR s
AFFIR AR, B Fr oo (e b R R oo

uniform {FiEFRRIAT

TEEGAIBITZHT, uniform AT A LIS E — DTEN TR i B ir iR s, A
A TR PR i R & AR AR AR . uni form AR AR A AT H 0% 5 BE 22 8] AR 2 2L =11,
BWAUE A R i, ARRIZEB AR & (LR E A IR g ) & AT LACE N uni form 42
. HOEMILESAE uniform Fh, WIEHEKRZENE.

2R, FRATATRETT 2B E — D EOTE GBI EE . AT LIS B]—> uniform 7%
i, B EOEE BB RS ad b, E s h ST A

uniform vec4 BaseColor;

AR, AT LR 4 F BaseColor R X /N8 &, (HZ W R 75 B AE FH 7 N
MRS EWNE, B E2M L TAE, GLSL Siifas 278 5 8 (4 12 77 i 41 g
—A> uniform A8 H K. WRTG L& &N T T BaseColor MM, AT EH LKA
BaseColor TEFNETRG], X—&0] Ll glGetUniformLocation() pREUE 5E L .
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GLint glGetUniformLocation(GLuint program, const char* name);

iR A1 (4 45 A5 ¥ o uniform 22 & name X0 AR5 [{H. name J&—>LA NULL 451
FRER, NAAEZE R . WK name 553 HINE AT DA uniform A8 &RAAHAT, B0
name J&— TR I E AR AR (B0, DLl FFkivAEs), IBAREEHR —1,

name F] DR — AR, A 09— I0F (HEF name F 2408 75465 DL
KR ZRBIET), SESMAARNEAN E (% H name I, 5 EAEL5MIRAS AR Z G0N
RS, BRI EAR, HSEAHETFPNELR 20, X T uniform A4,
AT DL 3 I 48 R B 0 24 BRI S5 — AN on R (B, H3EH “ arrayName” ),
SCE AT DI b R ER AR S — ook (B, S1E “arrayName[0]” )

MR TR BB i e 5 (M A FEF (200 glLinkProgram()), 75 15X HE ()3 BB A 45 & A
4k

M4 15 2] uniform 428 & 09 XF N R 516 Z 5, AT H AT LL3E i glUniform*() 3 &
glUniformMatrix*() F 41 pR R 152 5 uniform 28 5t A1E T o

] 2.2 J&—3REL uniform A8 5925 | H % & BARME 7= 6.

B 2.2 U uniform 28 ARG T H ik & HIARHE

GLint  timeLoc; /*» F@EEdH uniform B & time WX 3| */
GLfloat timeValue; / fFiz4THfjE */

timeLoc = glGetUniformLocation (program, "time");

glUniformlf (timeLoc, timeValue) ;

void glUniform {1234} {fdi ui}(GLint location, TYPE value);

void glUniform {1234} {fdi ui}v(GLint location, GLsizei count, const TYPE* values);

void glUniformMatrix {234} {fd}v(GLint location, GLsizei count, GLboolean transpose,
const GLfloat* values);

void glUniformMatrix {2x3,2x4,3x2,3x4,4x2,4x3} {fd} v(GLint location, GLsizei count,
GLboolean transpose, const GLfloat* values);

B 5 location & 5| {7 & %t ¥ #Y uniform 28 & B, HhmBEE RS ®mA
count M HE 4 A (BRHE glUniform*() B =, A1 ~ 4 MH), 5 A location
A7 E /Y uniform 28 f . QISR location /AN WAL IR R T 1MA, IAENA Z 5 %L count 4>
TCRASPEA

GLfloat JEA A pi %L (G A ) AT LUK B BN FE AR B 17 s 8. float ZE A Y
Mg, float R . B # float KA 504, 5225, GLdouble JE Y pREK
a8 d) v LARREBA NS B AL bR i . [l i A4 . GLfloat JE Ay BR & 7T L
A R B
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GLint EX i pi%t U528 A 1) T UHDREH AN ARS8 A | A5 A &
HAF SRR, s A A SR ) R . A, T DU AR U ak A 7 SOECR A
ANOE SO . A RERIR AR . MR, 5220, GLuint B EEL (54
A ui) WATDLHSREA T S8 AR | ) o A .

X F glUniformMatrix{234}*() & 51 s B Ui, #] LI values HHEEA 2x2, 3 x3
S 4 x 4 A ERAE U P

X T glUniformMatrix{2x3,2x4,3x2,3x4,4x2,4x3}*() &5 KBCEUE, T values
HRsE A K I R B A R ) B A IR B . an 2R transpose 32 # A GL_TRUE, B4 values
T B R DT BRI A R (5 C 5 B Zl), W2 GL_FALSE, B4
values LGSR LS 37 AT 152 A B o

buf fer {FfifFREIFF

QR AT AR N R L — R A 0 6 (s, IR AR I L R buffer &2
o B9 uniform ARARFIML, Al n] IS @8 xh e i N AT . R ORI,
T ZAE— buf fer RAMH] buffer &R, AEFHEKXT “Be” BMESHETNA .

buf fer BT E RER RIHAE N E Q855 MR P L2 0 — R NP AT . X HRAT RS
TH OARUUE TS UUR AT G R o ZAr AR/ T LUTERE (75 4 i R PP 4 4 50 Um0

shared {AifRRRIAF

shared BMifF HAEM TiHAE gt b, Eal UL A TARH NN 5
12 BTN HE.

2.3.3 &g

& O GRI FLIE TAR B E A K 58 i — 26 SR TAE . 5 C++ P RgIE ML, GLSL
WARME T ORE A ERAELRT, REEBAS MEUETH R T a SRR AR, DL — RIE G Gt
1T A

FIARPRAERF

FEAn] —F i 55 B BORE AN Bl DA SRR DA AR e RN (S 03k 2-6 ), IB4ixA~
HARRATED, £ 2-6 PHRAEF R ISR BURF ARSI B R, AT XTI A2
RUDA AR TR A, JF HOO T 1 B AR MR, AR AR E X R b U [F] 1 4R . A
F2-6 FE AR R HE ine Ml uint, DL XN A9 0] & VR S A0S AL 4E float Al
double, LARXTR Y] AR FORZERIGES Fr G (R BURTE s B, DA A A G
25 A A R4
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*2-6 GLSLIBMEHSMHER

RER BRIERF QP:EES:! i
1 0 — PR
[l Bl GRRE . I B T bR
5 £() PRIER PRSI 5 140 8 bR AR
(A1) ERLIATUN U [ea) 45 R AR 1) 32 e b 1k
=+ BRI Ja BB )
+ == BRI T B / 0
3 + - BRI —JGiE / %k
~ Sl —Jefg s “dE” (not)
! A R A —JCiZH “IE” (not)
4 */ % AR Feikis
5 +— BRI A iz 5
6 <<>> gl L (R
7 <><=>= BRI KR B
8 == = AASEHAE
9 & B it “ 5”7 (and)
10 A Ay el “H88” (xor)
11 | FEm ;<" (or)
12 && AR 7 @ “5” (and)
13 AN AR i S (xor)
14 I A SR i =" (or)
15 a?b:c MR IER R SOCEEBRERAEST MY TN EAT T 2 W, iR
a T AT b, ABIFAT )
= & VRt (L
== AR BRI
16 *= /= BRI
Vo= <<= >>= A
&="=|= H
17 (GE5) (E=3 BAERFIT A
RIEFFH R

GLSL "By RER - AT e 2o ad B0, Walte Ul e AT ar LI T 2 Fh 28 84 i 404 45
PEo HERIR, FEMEAE R ROREAERT (RIERTE AR BB / 3BT 7 M ——=")
75 GLSL PR 2id A% E SCHY . AN, QSR FATH 2 A7 i A M 2 [k (TR, 4
PERRI P AR R B2, MR R, ARR RIS ARG Sty ),  m] LA T T A4

vec3 v;
mat3 m;

vec3 result = v * m;

LA F9 BIR 1) 2% 7 2 IO W A0 1) ) A4 R A AU DEIE B9 o A, o ml K o ol 2



$2% Reskw

Mg Arhrtdofe i, LIRS AR . — DS K i Ao, A o) o AH S5 2 /Y 2
— AN ISR BT I, LR SRR A SRS B B R R R AR TR £ 2R

vec2 a, b, c;
mat2 m, u, v;

c =ax*x b; // c = (a.x*b.x, a.y*b.y)
m=ux v; // m = (u00*v00+ul0lxv10 u00xv0l+u0l*vll
// u01+v00+ull*v10 ul0*v0l+ull*vll)

FeA ik mJ LAE 2o e K P G 5 S B DAY — S ) BEERAE (1N, eI SORe), LUK
A B AT B o] R R R 4R A

il

GLSL 32 4 5 =8 H B 2 AT 19 if-else Ml switch iE4) . 5 CiEZhi = AH I ,
else AU LRI BERY, - HA ZF7iE A a0 H 215 Ay .

if (truth) {
/] %R true 4%

else {

/] %1 H false WA X
}

switch FAJAYEH] (M GLSL 1.30 JF4R) 5 Cifi & i 22y, afLERHIT iy 752X

switch (int_value) {

case n:

!/ &4

break;
case m:

// &4

break;
default:

/] EH

break;

}

GLSL [ switch &)1, 3745 “ fall-through” JE: —A> case 1547 40 5 V&A1l FH break 4%
B, IBASMEIITF— case BRI, HA case ARTT Bt T—LLiF4), H A switch Bt
SR (TR S 2Z00) . 1EAh, 5 Cr PRI, GLSL ARVFFESR—A case ZRTHNN
WA, AT Y case S5MFATT G, IRAKSSHREFDIFHAT default 73 A NZE

T IEA

GLSL % #f C 5= K1 for. while Fl do ... while ¥, H for MG AT LIZEFE AP 1G
FE S AR RR AR AR i, TR AR AR A 1 L R T AR A N

for (int i = 0; 1 < 10; ++1) {

}
while (n < 10) {

39
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}
do {

} while (n < 10);

vl
Br 7 ARPERIIEIR Z 51, GLSL i STRf— LI R iR ) o 3R 2-7 7R D HAt ol A I 4
il o
& 2-7 GLSL WyimEHIiER

&R Ei:ipuy
break LAEAIRIYIETT, I B ARSI TR A N 25
continue ZALEEMA N ST A BRI AT, SR BT I M TR AR SEAT T — U U A A
return [ 4524 | MY FIRRR ], AT LA A BREGR [EE QR [FHE 255 s ECH B IR [ SRR )
discard LI )T, LAk GAasiIT . discard 1A BB T R T (A

discard 1A HUEH TR ocE dash . R otE OB TS discard 184 07 & 7 B
2k, Aadix L E e T HAAR A RS2 PR

R

FRATT AT LA o 508 A O] i e S ST 9 AR A o s 24 4 ] LD A e £ 5
i, FFEHBD R AR RAIL S c GLSL SCHFHI T I E SCeRgR, RIS B T — S8 N E R AL,
HARGIRAT LIS UL % Co HIP B CRBRT ITE AN E Gas W R E XL, RIGTEZ A
@R E .

]

PRECEITTRIE S CIRF AR ML, R R A 55 B i R B A -

returnType functionName ([accessModifier] typel variablel,
[accessModifier] type2 varaible2,

.2)
/] B

return returnValue; // % returnType ¥ void, M F%HE return &4
}

PRECA FR AT LUBAE T 74T . B A R P AT, BRI Ay . E 8 T kI
A gl MR BTG

AR EE AT LU AR N ) GLSL 26, sl I RS ORI LR 7 . i Rl {E
By, i AR R/ AR — A s AR [M{E 2R BR: void, IR AE W] RLEAT 1R
e

PREC SR T LU, A id 8 (B b BB R RN
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FEREF— A~ PR A, 625075 B Y R o Ee 4 Y R RO . GLSL M4 i w5 C++
— B, AR R B AP B R B A ], I e A R TR AR R S SCRIE AN
TEF—DH QAR E T, AW — RO sREUR R R T R B,
EORIFBEA 2 M B SE B A . T — ) B A 51 1

float HornerEvalPolynomial (float coeff[10], float x);

BRI
S GLSL 9 R B AT LLFEIZ 1T 5 B SORGR [ s, H2ES “C” o C++ A,
FEEA R SCE SRS Ak 52 00, SR pR 8 S E00T LS 2 — 1 S ER HI A
e F BB R T EAE R EGE 1T R B 4 DU R Erh o A pR IR R [ e B
F2-8 41T GLSL Haf A S BORHIFT .
< 2-8 GLSL SR#ESHHI T a &6 R

SRR i
in B P DB R 0D (AR IR 2 AT, BRI FIEL)
const in A HER R DL 2 ek e
out IR EREC P AR IR (P sk A o R 2 A s LI
inout PRy DR R e, I FLR ] R AT B S B

KHET in BATERY . MR —EREA QT EMUTRBHE, I8ASBA A 25N
BCE M in BT, (HUE, Q02RAR AR 2N R P8 DL R, IR ABRA Tl s /0T
BN out (RAEEMAYEE) 8 inout (AILAEEAWA] DIS I AYAS &) BT, QRIA]
G- EARE LB IR, IR A SRR R R

HEA, R A S I B PR U R B T B A R, AR — const in &
AT AR L pR RO AL AT S A . AR AR, IR ALERREP S A —A in ERIA AR 4,
AH 2 TR B A SR R 5 DL AT TR, TR TR R A B R A AR

2.3.4 TENARETM

GLSL L RUEFEAR A & A dsrh, WA 58 2 W A TR 0 215 2 78 & — HE R 25 L.
X—15IE 5 CPU i H R P A7 15k A9 [nl @UAR ], BN R A O A6 07 KT e & 5 804
AEH AT 25 5 o IXELARTLY 225 0 T 2008 1 SA S AR R, PR 45 B AR B BeRT
RET BT B 78— B 45 A . GLSL A AP 7 Bk i ff % (A ds Z R TR A M, |/
invariant ¥ precise KT,

X7 AR T AL BB A e i A A, R DR [R] — A =AY 45 R T DU IE
B ORZEM) o B2, XF1E BV ETE A4 A BT, X R 7 2 88 0 Ik (R IE 25
B3 B O IPER YR RS U= AR A BT R, B IRAT
Te AR EVLH A R AR 5 B AR p a5 SR e AR . Filn
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uniform float ten; /1 BB RAR)TFEEXANMMERN 10.0
const float £ = sin(10.0); // gHEHlysEFBEa &4
float g = sin(ten); // R A R

void main()
{
if (£ == g) /] £ g R A

}

EX N4, TIEIEM— i E invariant i precise BRI, 45
ERA A AT AR, A EATHR S e m 2] EE 48 th a4

invariant FRREIAT

invariant BRI 45 T LB B AT A0 5 45 A% AR & 6 mT UBR CR AR A 25 € 2 A0 i 11 A8
W TR ERIA, I AR AR R AR, AR AT AR A R R AR

] LUK — A~ 9 B B B AR & A B oA invariant, 0] DLE B — AN P B E LRI AE BN
invariant, {440

invariant gl_Position;
invariant centroid out vec3 Color;

PRATREIRICAT, A8 B iV 2R — N g I EBE N — D BetZid 2 T —4>, LA
1E4 (e h B AR Rl ) B R Z BT S, XHZE R E CHY invariant,
PRUERIMESE R invariant SRR R, 41 F3CH %) gl Position (i HE .

FEP G B b, AT BB SR Ak vh i By ] AR AT O invariance, ) RLE TR
& AR T4 pragma S8 GX I T AR

#pragma STDGL invariant (all)

2R N invariance AJ LA B FA TR IR AT, (H2, XA T8 G ds i ket
AFTEEE o R T ARUEAZSYE, i 123 30 GLSL Jaikds AT i — i b TAERGa I 1k .

precise FUEIFF

precise FREAT AT LA E AT A 1153 b i 722 6 50# pR 8RR B, B R4 F A R
A SC, BRI IFAS I B R B, TG S e n B I, FRATTE R AR AR o
Hh B ke A i LA AR 24 . 26 9 Bl R A Ao B AN g, JF HAE Xt
precise WREIFFIHEAT I — D A PFIRFI 51 5347

SR U, A0SR URAIE R KA 7 R A AR B0, Bk b i 8l & R
TG ((HRFEEC PPN mZ5 5L W2k, P4 sr FATI Z MM H precise MidE
invariant. ZEFRUL, THEAFR P, I a b AU(E &L T 284, 52045 R 2
A, AP o B d AR AE T e, B a Fil o [FBT S b R d RAE T SSH A, HRNIZ
F BRI TSR



Location = a « b + ¢ % d;
precise FRGIFF AT LA E N E AL/ AR R, s R mI{E .

precise gl_Position;
precise out vec3 Location;
precise vec3 subdivide(vec3 Pl, wvec3 P2) { ... }

TEE AT, KB precise AT ITEME AN S 5 Z 5 (AT Aol o B 1 150 B X A8 i

#HTU\@IWZHU WEZYL IR0 e
HIFAEH precise M— N SEBRFEMASE, SR L1 % 238 2N RE P P A A [+] 1) ofe

B RN 2 5, i, 5 U\*ﬁiﬁﬁ] SHTP 7N ﬁﬁkkg{)ﬁﬁﬂt\fﬁﬁﬁ/ﬁ: 3 fin
iz% (fused multiply-and-add, fma). /&P X P4 X T [l — A E AT 45 Rl g <
FEM/NZESR TiXMERIE precise IIA RN, KL IS HHEEHIER TWtﬁ%Ep
XM TIRA T s EX TR e E E2, HIAT g2t P d e,
LA GLSL $2HE T —A> P & (4 s &L fma(), 1R P AT DB HE Al R A~ R AR T e i 4

precise out float result;

float £ = c * d;

float result = fma(a, b, £f);

MR, WURATFEE B2 a Fl ¢ B9ME, APABA LB AR A S, KSR Bt
WA MEH precise T,

2.3.5 EEIEATILIESS

Zii%— GLSL H s 15— MM At Figs . X — 55 C IS P AL FEER 250,
JF H GLSL [FJFEHL T — R A a2 KA S A il AR RS B, s & X8, Aid, 5
CIBES WAL FES AR S, GLSL A X &iyar4 (#include) o
PALPRES i A

# 2-9 45 T GLSL Tk BRES I SRR A0 AL B 25 1 2 DA KU I %) pRER
Fz2-9 GLSLWIFiLIESEGS

RREEGS ik

Fdefine PR X, 15 C BB B A Al

#undef

#if

#ifdef

#ifndef AR A S 4, 5 CiE S AL a2 Fl defined #EEVERFISZE .

#else St 2R A BT DI P Bk ik 20 el #define & X AY{E

#elif

#endif

perror text TR toxt SCT A (VB TREA 1) A B 6 R B H s

43
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(22)
AL IERE G S iR
#pragma options 3 Tl 2t 124 PR B 0
#extension options BB S de HFREE GLSL § R Ifie
#version number BEE S ATH FH Y GLSL fRAS 42 Fk
#line options WEH LIS
GLSL Fiikb ¥R AT LUR LS C i & AN B U 22 s, A B R 5

Brsie Ll K Wi B AT o 25 T LUE SO B —A9ME, fian .

#define NUM_ELEMENTS 10

s FAASH, Bl

#define LPos(n) gl_LightSourcel[ (n)].position

BeAh, GLSL b fit 1 —2U M5 aFa %, M Tl —2ei2 {5 B (AT L@ #error
), Wk 2-10 PR .

% 2-10 GLSL FisbEIRPHTEN R

__LINE__ 115, BN E 24T FTA A TAT B0 —, AT LB #line fi 2L
__FILE__ M B AL IR IR A H G S
__VERSION_ OpenGL % (415 5 JAS i B RR R E X

Ak, o] Ui #undef fir &R BUH Z AE SO A9 (GLSL WERIZEBRSN) o filin

#undef LPos

AP SRR AR5y 32

GLSL iy FilAb Bl g 55 C 15 B WAL BEAS AR]85 T LRSI 2% 5 SCLL b B R 0 2% AR
AW HE AR 7032, A5 AR RSB

5 O] LA i P AR ROk S 5 Rk B —Fhr sUR AT #ifdef fiv 4> -

#ifdef NUM_ELEMENTS

#endif

o HAE HE I #elif iy & oA AT A HEAT T -

#if defined(NUM_ELEMENTS) && NUM_ELEMENTS > 3

#elif NUM_ELEMENTS < 7

#enéié
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2.3.6 YmiFEsHvizE

#pragma i 7] LhIn e a2 i NG B, JFTEE (G as AU g ie it i i — 2L i s @ vk .

Iuikas LA

PEACIET R T S 2R A s i, B o BHEE %A 2 T E & IR as
AT D3d 3k T T A A 43 i) e P ElcE A AL 1R 0

#pragma optimize (on)
e

#pragma optimize (off)

XEVEI M AE PREUE XSz S & . — AT & s # T e T O fk ks .

ik a3 PRI I

PR LT AT LA FH B 25 A s i & S22 s B 4 o Rl DGE o R T A2 43 0 g
FH B AR R

#pragma debug (on)
B

#pragma debug(off)

SIS, Xk AR R HOE LRI AN, BRGNS, A A
o 2R AR IR

2.3.7 =RFEBERFIEN

I3 — ] I #pragma i PEWUR 2 STDGL . 33X /NEEIT H HiH 355 FH AT A i i 28 H(E
ARG A

s iy e Shrgsban

GLSL 5 OpenGL 2L, #Fa] LU 4 i) 7 ORI . Beas A= pdenl KIFE A 2
[ OpenGL SR IIARRER AT, DR AR AT 0 20025 (g v vl RE F 2 A9 9 e D RE AT 25
B R

GLSL HiAb B ME T #extension A4, FI T HE7n 35 G5 A 2 136 e 7 4t 128 155 2 ] Acb i T
MY RNE . X TR, SiF 2y, FATHRAT LIRS 54 g i 72 vh i & B AT
Ak 7 5

#extension extension_name : <directive>

iX HL ) extension_name 5 1 H] glGetString(GL_EXTENSIONS) i $ B 9 9™ Ji2 T fig
RS, o T U]
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#extension all : <directive>
AT B BT A R AT R o
<directive> AJ I AY3EI 405% 2-11 s
*®2-11 GLSL ¥ RB&LBIHH

we ik
require WERTCHE SRR E Y R IRE, BUE P E Wy all, WIERETR
enable WERTCHE SRR E Y REINRE, W25 1VES s AURBCE Dy all, WHERATR
warn WERTCIE SRR E Y R IIRE, BE TR IR B P AT TP, 4 &S
disable AR AR SRR E IR (HIR ) 4 18 5 AN 8 BEXT DI DN REAY SCHE), B AR BCE Dy all WIAE IR BT Ay
YRS, ZJa AT P SO A SR, 4R B e

2.4 FEHREO

O SN RFZHE, BE A A& I Bz B s iy s w1 ] DA ZU B I
It B A B R X FIE X . uniform 28 & 0] LU uniform B, i A Rt A8 & 0]
LA in Fl out Bk, &A@ IREFHEA AT LUEH] buffer B,

BN ZIEMN . X THF—T uniform RIG L,

uniform b { // BELFT LN uniform, in. out :# buffer
vecd vi; /] By R k&
bool v2; /.

bi IR R R vl v2

%

uniform b { // WREFFFTLLH uniform. in. out B # buffer
vecd vl; /] BERNEEY X
bool v2; /..

} name; /1 i lE ek B HE A name.v1. name.v2

A Fh A B T BEAR AN B A0 R SO s . SR KU, Bt (block) FF 4R 43 1) 44 FR
(TR Sk b) XF R TR a1 0945 0 &4 8k, T 45 B84 i 4 R (BT p A vy
name) FHT7E% (25 RS rhi ] ELAA B 51 28 5

2.4.1 uniform

W E RIS i 4%, B4 H  H2IAY uniform A8 A2 . EH
STEZANEH AT R —A> uniform 45 & . i T uniform A8 & (907 B 5 O 254 42
B B P2 A Y (st 2 98 T glLinkProgram() AR ), DRI B 78 W FRR e PR R A3 A &R 5 | al
RESAA , BPEFRATS uniform A8 & 15 & 1 E 0] GE & 58 2 AH IR 9. 1T uniform 2247 % 42
( Uniform buffer object) & —F ik uniform A8 &5, VIR AEARIE I E @AY 2 E 3t
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=
|38
Rl

= uniform FCHE A I
AR BT A0 uniform 725 B A R 706 T 1P LT FE RO €05 2000, PRI AR 32
A s €375 1991 261 OpenGL FREOR B 7 uniform ZE4747 4.

2.4.2 IEEE®FPHY uniform IR

i 7] — 2H uniform 2% & 1Y J5 ¥ J2& {# FH 1 4 giMapBuffer() /Y OpenGL P& % (= WL 3
), (R LG At e iTay A U X E Bk, A5 5 75 W] 41 uniform 22
i, MR EEE TR, BRI IER, W uniform B, —> uniform
P B fdi 11 OCHE S uniform 4822 o SRR b e A 75 2 2 09 48 A0 & 7E — XHE G 5 24,
i 2.3 fioR.

51 2.3 FH]—> uniform

uniform Matrices {
mat4 ModelView;
mat4 Projection;
mat4d Color;

}i

R, HOMSPIEBIERACE IR, ANBHFEP; Ho A B ARG RS |
FUG AR 808 . —4> uniform Herp Hon] D4 & 2R AIAY A 5. tbAh, uniform B4 40
TE 4 JRVE Ry 7 B .

uniform Heir) 4 45 il

T uniform Herp ] LU FHAS [F] 6% R i 445 Sf 15 A8 e 9 A5 Jmy 7 20 X 22 BRI A5 T LA HI SR
WE BN uniform B, AT LR B T A J5 4K uniform S HES) 77X (TR 220 A s
W1) o A IR BR AT S A2k 2-12 Fros.

% 2-12  uniform K975 B BR #I5F

75 5 BR 1 #F i
shared ¥ # uniform YR ZAFFRFLER GUEBINWAIRITN, 5 shared FAHBRIFFEA A
FEIRT)
packed BCE uniform A /N INAEZES ], (ER RS AR AR () 2L 53X A4
std140 IR AEAT R 77 Uk E und form SREUE & A SAAHN buffer B, SUMRI
std430 bR A R 2RI buffer B, SULHSRT
row_major i AT 3 2 69 07 XA uniform B A4 4 B4
column_major i A 5 7 14 07 O A7 uniform e AOAE 4 (G a2 BRIA RO )

fan, R EILTE A uniform $t, JIF HAERHAT E 5097 SRR, IBAT LU
R AR R 7 B
layout (shared, row_major) uniform { ... };

22 BRI AT AT LA o [R5 T A IE 5ok o B o R 20T B AT 5 4R AY uniform Bk E R
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—M R, AT A R A

layout (packed, column_major) uniform;

XFE—2K, MEMTZ )5 B FTA uniform SER Sl X A RJr =, BRAIE RS 2/
A ey, BCE KRBty A B T 1 A R O

Yjl] uniform Herb y5W1) uniform 285

4R uniform RO g 44 T, AHJZ e A B 1Y uniform 48 5 I8 23 32 23X />4 44 1 R
il WLV, uniform )44 FRIFABESE N uniform 28 i iU AC A PR, TRIICHE AN AT 44 1)
uniform He RS B[] 44 748 5 25 78 G 1 I 3 A D2 . SR, ZE V5 18] —> uniform 2% & (1 i,
WA — 8 AR EAH TR 24 F5

2.4.3 MMNFBRERAIAE uniform $R

uniform 7% f & 5 (0,88 5 0 AR P Z I L2 88 i 22, DRt G SR 35 8.4 1Y uniform
AR R AR 24 1 uniform e, AR AR B IR BN AR B IR FS (B QNSRRI T X 2
A ARG E , IR Amin] LA FEBAEXT e T3 T 0 in i, X —id B S fE x5 (ffi
glBufferData() & pREL) J&—E1 .

B TN R BY & %8 P uniform B B9 4 7. W0 S 2 X uniform B A AY
uniform 28 i AT W MR 1k, A — Lt R AR CHBRF PRSI &, o LU
Hi glGetUniformBlockindex() pFi %R [ X% A (1445 B, 2R 5 76 W H A2 15 04 i bk 23 ] B 58 B

uniform 22 i [ R G
GLuint glGetUniformBlocklndex(GLuint program, const char * uniformBlockName);

& Al program H' 4 FX N uniformBlockName f¥ uniform £t ) & 5| {H. W #
uniformBlockName ANZE—E A uniform 2P, ARAiR [l GL_INVALID INDEX.,

WU ZYI IR AL uniform XTI A ZEAERT 42, IR AFRA 175 28 H] gIBindBuffer() 2% 47Xt
%465 8] Hbr GL_UNIFORM_BUFFER Z |, W5 SCH AR G (55 3 Bk 25 I
I FERE) o

MR G IATIRAZ )T, AT E Wi 44 1 uniform B AR i S L R T 2
KAzsia), Fedi1nl L ] 6%k glGetActiveUniformBlockiv() Jf- H.i% & Z%0 8 GL_UNIFORM _
BLOCK_DATA_SIZE, iXHFEmln] DLk [0 4 i35 o0 Fe 9 SRS R/ (R4 uniform B A JRyix
S R AT RES: [ ShHERR B (88 TP %A )Y uniform 2845 ) . glGetActiveUniformBlockiv() B
Bk w] DL SR SR B — i 44 1Y uniform B HA— 2L AR 4L

FEARB uniform W RBIZ )5, FATTHER —DRAEX G GNP, 5 W7
I8 ] glBindBufferRange(), {3 414 uniform B 2430l FH A7 K AEtE 09, 40T LA
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{# i glBindBufferBase().

void glBindBufferRange(GLenum target, GLuint index, GLuint buffer, GLintptr offset,
GLsizeiptr size);

void glBindBufferBase(GLenum target, GLuint index, GLuint buffer);

B ZAEXT 4 butfer 55| index i 44 uniform R CHEAE K. target A LL &
GL_UNIFORM_BUFFER (XfF uniform #t) 5% GL_TRANSFORM_FEEDBACK_BUFFER
(JH T transform feedback, Z: U555 % ). index J& uniform 2R [R5, offset fl size
43938 E T uniform Z247 MU ARG Z 51 IR /N

& 1 gIBindBufferBase() % 1 F i i glBindBufferRange() Jf: i% # offset H 0,
size NEAERBRINK/N

TE ARG BL R 8 FX P4 pR AT BE 2774 OpenGL 45i% GL_INVALID VALUE : size
INF0; offset +size KTFEFKR/N; offset B size A& 4 BIEEL; index /NF 0
HH K T4T GL MAX_UNIFORM_BUFFER_BINDINGS 3 []{H

M T Ar 44 uniform FUREAEXT RZ A B IR Z 5, Bl FH 2 A AR DC i i 2 B AT X6
HeN B A TR I A sl 1 el

FATETT LA #3744 uniform SAIZAEXS S Z MA@ X R, WitZil, A~
fit I EEFE A5 BB A 9808 B 40T HAA il GRS R Iy =, iR 26 iy i 22k
[F]—~> uniform ¢, A2 VR ] GERE 2 B M7, XA AT DLUkE S0 T8 [W 00 35 (L 88 F2 7
[l — AR ARG5S 2 X i — 4> uniform Hepy 46 @ 7=, 7T LAYEH A
glLinkProgram() Z Hij ¥ FH glUniformBlockBinding() PR%L.

GLint glUniformBlockBinding(GLuint program, GLuint uniformBlockIndex, GLuint
uniformBlockBinding);

1 K uniformBlockIndex 45E £ uniformBlockBinding .

T — 1 44 1Y uniform H . uniform 2% & (%) 7 &) S 38 1o 45 FP AR SR RIS i 455 76 g 125 A B
B . an SRl T BN A R R, IR T A W R A AE B AE uniform B R A%
HEHBUREAE RN, Wik, FHEFRHA P A4 glGetUniformindices() 1 3¢ 4k HUHS i& 44 FR
uniform 28RS 5, T glGetActiveUniformsiv() 7] LAFRISHE 1 25 |0 B 1Y I A% 2 ALK
/AN, T 2.4 PR

void glGetUniformIndices(GLuint program, GLsizei uniformCount, const char**

uniformNames, GLuint* uniformIndices);

iR 7] fff A uniformCount /> uniform 28 & (Y &R 5| 7 B, 78 1Y 44 FK 18 i 74T &#
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B uniformNames K #§ &, ¥ iR b R 7 7€ 04 uniformIndices [, 7
uniformNames ' f) & 4~ 4 FR #B & LANULL 3k 45 B /Y, % H uniformNames Fl
uniformIndices WAL IC 2 EEN N 1% & uniformCount e WHRAE uniformNames
25 Y RS 24 BN 2 24 i S AT Y uniform 22 82 4 PR, B4 uniformIndices HXf L i
P ER25E5A GL_INVALID INDEX

5l 2.4  WUEAL—1A544 uniform B uniform 4% &
/* MEHCEME TEERELEZR -4 K “Uniforms” B uniform ¥k */

x* named "Uniforms" =x/
const charx vShader = {
"$version 330 core\n"
"uniform Uniforms {"
" vec3 translation;"
" float scale;"
" vecd rotation;"
" bool enabled;"
Wy
"in vec2 vPos;"
"in vec3 vColor;"
"out vecd fColor;"
"void main()"

W

" vec3 pos = vec3(vPos, 0.0);"

" float angle = radians(rotation[0]);"

" vec3 axis = normalize(rotation.yzw) ;"

" mat3 I = mat3(1.0);"

" mat3 S = mat3( 0, -axis.z, axis.y, "
" axis.z, oL | faficshk, "
" -axis.y, axis.x, 0);"
" mat3 uuT = outerProduct (axis, axis);"

" mat3 rot = uuT + cos(angle)* (I - uuT)

+ sin(angle) xS;"
" pos *= scale;"
" pos x= rot;"
" pos += translation;"
" fColor = vecd (scale, scale, scale, 1);"
" gl_Position = vecd(pos, 1);"
" } n
Y

const charx fShader = {
"#version 330 core\n"
"uniform Uniforms {"
" vec3 translation;"
" float scale;"
" vecd rotation;"
" bool enabled;"
H};H
"in vecd fColor;"
"out vecd color;"
"void main()"

nyn



}i

" color
wyw

fColor;"

/* FT¥ cLsL AN FHADNNEE @B </

size
Type
{

}
void
init

{

_t
Size (GLenum type)

size_t size;

#define CASE(Enum, Count, Type) \

case Enum: size = Count * sizeof (Type); break
switch (type) {

CASE (GL_FLOAT, 1, GLfloat) ;
CASE (GL_FLOAT_VEC2, 2, GLfloat) ;
CASE (GL_FLOAT_VEC3, 3, GLfloat) ;
CASE (GL_FLOAT_VEC4, 4, GLfloat) ;
CASE (GL_INT, 1, GLint) ;
CASE (GL_INT_VEC2, 2, GLint) ;
CASE (GL_INT_VEC3, s GLint) ;
CASE (GL_INT_VEC4, 4, GLint) ;
CASE (GL_UNSIGNED_INT, 1, GLuint) ;
CASE (GL_UNSIGNED_INT_VEC2, 2, GLuint);
CASE (GL_UNSIGNED_INT_VEC3, 3, GLuint) ;
CASE (GL_UNSIGNED_INT_VEC4, 4, GLuint) ;
CASE (GL_BOOL, 1, GLboolean) ;
CASE (GL_BOOL_VEC2, 2, GLboolean) ;
CASE (GL_BOOL_VEC3, 3, GLboolean);
CASE (GL_BOOL_VEC4, 4, GLboolean) ;
CASE (GL_FLOAT_MAT2, 4, GLfloat) ;
CASE (GL_FLOAT_MAT2x3, 6, GLfloat) ;
CASE (GL_FLOAT_MAT2x4, 8, GLfloat) ;
CASE (GL_FLOAT_MAT3, O GLfloat) ;
CASE (GL_FLOAT_MAT3x2, 6, GLfloat) ;
CASE (GL_FLOAT_MAT3x4, 12, GLfloat);
CASE (GL_FLOAT_MAT4, 16, GLfloat);
CASE (GL_FLOAT_MAT4x2, 8, GLfloat);
CASE (GL_FLOAT_MAT4x3, 12, GLfloat);

#undef CASE

default:

fprintf (stderr, "Unknown type:
exit (EXIT_FAILURE) ;

break;

}

return size;

()
GLuint program;

glClearColor (1, 0, O,

ShaderInfo shaders][]

0x%x\n", type);
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{ GL_VERTEX_SHADER, vShader },
{ GL_FRAGMENT_SHADER, fShader },
{ GL_NONE, NULL }

Y

program = LoadShaders (shaders) ;
glUseProgram (program) ;

/* 4 uniform H "Uniforms" ¥INE & */
GLuint uboIndex;

GLint uboSize;

GLuint ubo;

GLvoid =+buffer;

/* B "Uniforms" 8y uniform & HF K5, FABENFH KN */

uboIndex = glGetUniformBlockIndex (program, "Uniforms");

glGetActiveUniformBlockiv (program, uboIndex,
GL_UNIFORM_ BLOCK_DATA_SIZE, &uboSize);

buffer = malloc(uboSize) ;

if (buffer == NULL) {
fprintf (stderr, "Unable to allocate buffer\n");
exit (EXIT_FAILURE) ;

}

else {
enum { Translation, Scale, Rotation, Enabled, NumUniforms };

/* BEGHEEGGPHME ~/

GLfloat scale = 0.5;

GLfloat translation[] = { 0.1, 0.1, 0.0 };
GLfloat rotation[] = { 90, 0.0, 0.0, 1.0 };
GLboolean enabled = GL_TRUE;

/x BATTUHE S — AR EARBEL, HHEF oM uniform BE */

const charx names [NumUniforms] = {
"translation",
"scale",
"rotation",
"enabled"

Y
/* EHIEBEE, UWANARREEFTSAMENLE */

GLuint indices[NumUniforms];
GLint size[NumUniforms];
GLint offset [NumUniforms];
GLint type [NumUniforms] ;

glGetUniformIndices (program, NumUniforms, names, indices);
glGetActiveUniformsiv (program, NumUniforms, indices,
GL_UNIFORM_OFFSET, offset);
glGetActiveUniformsiv (program, NumUniforms, indices,
GL_UNIFORM_SIZE, size);
glGetActiveUniformsiv (program, NumUniforms, indices,
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ki
™
e

GL_UNIFORM_TYPE, type);

/* ¥ uniform R EEH NE ZHFF */
memcpy (buffer + offset[Scalel, &scale,

size[Scale] * TypeSize(typel[Scale]));
memcpy (buffer + offset[Translation], &translation,

size[Translation] * TypeSize(typel[Translation]));
memcpy (buffer + offset[Rotation], &rotation,

size[Rotation] * TypeSize(type[Rotation]));
memcpy (buffer + offset[Enabled], &enabled,

size[Enabled] * TypeSize (type[Enabled]));
/* EXuniform ZFME, WM GEHEAL, FLE5ECBRFHELRIK «/
glGenBuffers(l, &ubo);
glBindBuffer (GL_UNIFORM_BUFFER, ubo) ;
glBufferData (GL_UNIFORM_BUFFER, uboSize,

buffer, GL_STATIC_RAW) ;
glBindBufferBase (GL_UNIFORM_BUFFER, uboIndex, ubo);

2.4.4 buffer 1R

GLSL 1y buffer #t, siF X FHHBEIFMNE, e R NEFEMEEFEI SR (shader
storage buffer object), ‘B MITT A2, uniform B, Aad E Z [A1A AHe PR 220, 1S
buffer BRAYINFEE MR A, B, HEOIMATLIE A buffer B, BUCLA AN I LB HAD
WA AR R B8 AP AR B o R, T DAETE Y 2 H R B RN, TN 2 G 15 R
FERERRHE ., BN

buffer BufferObject { // BlE—ATHEE W buffer

int mode; // % (preamble) M R

vecd points[l;  // fjg—Ai BT LR FE AN KA
}i

WERTEE BT A 4 0 LB R KN, 8] IAER R T i i fiE 2 )
EHRZ A E RN HOSP ol LIEEN length() Jrik sk BUE Ye it 15l KN

A% AT LX) buffer Herb i) it 0 AT 328 E #.E . B ABREXTE A8 A 2 AE X 21
o T H A G 28 AR Z T ULy o R RREXT T 8E AdedE s A B 5L, JUHEXTEE
FEIZ %) PN DX e A 7 Ak 3 ) A

5 buffer BN ZEBR IS (B0 coherent) VLM JE FHEAE A CIRATHETE S W
911,

BB OIS AR 4 19757 R 5 E uniform Z1EAY T 250, A3 gIBindBuffer()
F1 glBufferData() 7 E{#i il GL_ SHADER_STORAGE BUFFER 1E N HbrZ 8, FKA10I U
15 11.2 TR B — A .

WERARATT LT A A, IR DL uniform e, I HAS 485 A B AT g 1%
1 G TR ZS A3k 52 FF buffer B, {HJE uniform B # 2 L WEH)



2.4.5 in/out R

HOGLEN—DBr B L, RS ERAST B Beb, X —ad B R LU IS D
AR o R R bR it )5 SORVEAT A U A A T T A B B B B DR 2L
(LA S B P ) B A 22 7R A B A i B

B, —AS O € g Bl AT BES

out Lighting {
vec3 normal;
vec2 bumpCoord;

Yi
B RooE s i A ICEL Y

in Lighting {
vec3 normal;

vec2 bumpCoord;

} .

TG (o i ml LU H A BORDE IR AE R, JF ELAR 2 nit sz A B B . OpenGL 4 (i
P B RO AR A T AR, BN g1 _Pervertex, MRS TNEAZR
gl_Position FfFR. HATATLIFERM X C kB — g BN BRI,

2.5 EE:IEOVmF

OpenGL & O FETMME 5 C i 75 35 T 4R i 5 36 5 220 AT 1845
KN, BERGRAAERER, RRHEH
P EAMUS . SR, fEREE SR TR — R )
HARSCEAIE, I & ] TR, 1
¥ i GLSL & (s il Bt 52251, R
AN 3o Gt PF A FIEE H2 45 8 /& OpenGL API [ — 3
SYIMIE .

&l 2-1 45 7 A 3 GLSL % {4 28 X% 42 9 H.
R A BT BT AR T 1

XA E AT, AT EEAE
PR P o 1 25 R TR

X TR E A4

1) Bl —PHORE

2) F 5 R IR SR X 4

3) WUEE AN g PR )

RIG T BN 2N & ORI RN — 15 Bl 2-1 HOwsgmdams Iyl

h(l
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Y, .

1) gl — P HEORET.

2) B AR OB AT

3) HEEEA CARTRT

4) HWrE O I BRE T BRI TSR

5) fifi I B 25 A AL BT AR T

Tt 2 BRI Z A G ARG ORI RRATTA W REAEAS R B R Y b 2 IR — A~ eR AR
i GLSL F2 /¥t Al — B B, R ATAH A8 R 5T IE 2 A B a2 Z 1. Wit
AN A R 8 AR R i R R R BRI, TR G IE M s X R el
— A E ORI,

W glCreateShader() kB E (A 25/ 4% .

GLuint glCreateShader(GLenum type);

P — A F AR A4, type & 4 J& GL_VERTEX_SHADER, GL_FRAGMENT_
SHADER, GL TESS CONTROL SHADER., GL TESS EVALUATION SHADER & #
GL_GEOMETRY_SHADER H1f—A~, iR [BMAE A g & — MR 8E, Wikl o Wi
HRAE T HiR

BIAE H glCreateShader() B & T H @A R Z )5, Wil LUK 35 (4 09 TR0 S B
XKL L X — PR A glShaderSource() PR

void glShaderSource(GLuint shader, GLsizei count, const GLchar** string, const
GLint* length);

B A IR G B B — 1 @ 28 X 42 shader [, string /& —1> 1 count 17 GLchar
KAV FRF R A B, HkFnmE OB EE. string H A9 755 8 0T LUE
NULL &5 EhY, rrPIR&Z. 1 length AT LUZELL T =FER—FF. 41IR length & NULL,
T2 FeA 1% string 25 HH 19547 45 #3482 NULL 45 B9, &0, length 4204 count
MIEE, BN 5FR string PXATHIREE . Q1R length 4l i AR — 984K,
AR 2B F R AR F-4F I AR IR IENE R R, T4 string X R AT A
A NULL &%

IR B A R A, 752l H glCompileShader() PR,

void glCompileShader(GLuint shader);

i P A A% 1 PR AR . 45 2R A if0 7T LA Y glGetShaderiv(), Jf H 2 %k GL_
COMPILE_STATUS,



56

XHEE5CEFTEFNmIERM, TFE A AW B2 S e . WA
glGetShaderiv() 3 HZ %4 GL_COMPILE_STATUS, iR 1] ()5 & 4 i3 1 RE IR S . it
&Ik GL_TRUE, MBAHFEMII, T4 DoKX a3 — NG s B v . R
JMe, AR 2w LA ik i B g 15 H AR A 2 ) )5 . glGetShaderinfolog() pRi%L < ik [1]
— A5 ERSEEAM SRS, T ROR PR AR, X B R /N T LLE 8
glGetShaderiv() (7Z%{ GL_INFO_LOG_LENGTH) k4 i,

void glGetShaderInfoLog(GLuint shader, GLsizei bufSize, GLsizei* length, char*
infoLog);

i [A] shader P55 g g R o IR BIAY HE(E B & — LU NULL 5B #4588, B
TF1E infoLog ZZA7H, KN length NP4 . HER] LR 0] %) 5 KAB &l 1 bufSize 2k
FE SN o
2R length & F NULL, A2 4RI infoLog MR/,
MAVEIFRIE T ITAVENE AR RZE, PR AT — AT AT
ME SR, XMURESEEEASNENEEEL., Bk, RINEE—-EaRET,
DI (s X 4 o 8 o X LA #I T glCreateProgram() i,
GLuint glCreateProgram(void);
Bl — = E BT . R PMER— D AET L, Ry 0 MBI & A T 45

URBEOSRTFZE, T2 LU KB EME Af R b, LT sty
MIFESY o ORI (g d L B n] LUl i glAttachShader() sREOR 52 1.
void glAttachShader(GLuint program, GLuint shader);

B O A X% shader JCIE B 5 (O 8 F2 T program [, 35 (085 X 52 AT LAAEAT ] B fig ¢
BEIECANET, (HEENf R AL M2 FA BTN, &g
Al LLRI A SRR B 2 AN A ) & AR FE T b

XN, WERIRATTHE R PR B — A AR 4, AR & g 3
B4 AT LA glDetachShader() BR%L, 15 %I 12 (058 X SR FRIRAT S AR 5 0 G2 1) SR 16

void glDetachShader(GLuint program, GLuint shader);

BB E O XT % shader 5% (@48 F2 7 program AU, WIRE QLR E L ¥ibric &
MR x4 () glDeleteShader()), #RJ5 M BEf#ER T CHK, B2 EF S0k RIS IR .

HIATH A L O RCHBE QR 2 n, Bt nT LR G A nT 4k
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TR T o X— T2 %L gllinkProgram().
void glLinkProgram(GLuint program);

PR 5 program SCBK Y F AR X G oRE L — e B E G RE P . BEERAE
i 2% S 6 n] LUJE H glGetProgramiv(), H. 2%tk GL _LINK STATUS. 4R [n] GL
TRUE, ARAfE#EMT; &, i&IA GL_FALSE,

Hi 25 0 25 6T 42 b o] BE A7 AE ) 8, PR O e o AR AR T RE 2 R . R AT T DL A
glGetProgramiv() (#7 2% GL_LINK STATUS) ¥ & ifj 4 £ 2 VE 0 45 2. 4R [f] GL
TRUE, WASEZARAERED, SRIGFRATAT LG & R R AL B0 SR 7 oo 7. i
BEHZ R, BPAR 1M1 45 58 GL_FALSE, B2 A1A] LLid i 4 H] glGetPrograminfoLog() i
ORI P EE R B A5 B IR R R A

void glGetPrograminfoLog(GLuint program, GLsizei bufSize, GLsizei* length, char*
infoLog);

1% 18] % J5 — K program 53 ) H &5 B, HER B F4/ 8 LINULL 58, KE
A length 745, PRAFAE infoLog ZZA7H . log RJ iR [l A% K AE i i bufSize 455 . WIHR
length 25 NULL, ARAAZ:HaR A infoLog M

R IRATT T M 5E B T AR oA, B4 sk vl LAVE FH e 8L glUseProgram(), J1 HZ%(
BEE AR X G 1 AR SR e T TS 808 R oA Y .

void glUseProgram(GLuint program);

e 105 (A 28R F program. Q1R program AE, A FrA i A E (g
B R, WIRBA I EAEATE @R, A OpenGL MEAELE R R E LK, HER
SRR

MRELBEHT —MRETF, MEFERBOHINE GRS, oUE M FR 2 a0 B it
%, MAFMNTEE P E TR . DR S BT, B Er S R
RS FHRRY o QSRBEHR M, B4 M RTH0E A O BIP KR =T HI, RagosR,
LR FR AT RS b F B B 5 ] glUseProgram() 487 T YRR T 4 Ik

ME O RS2 In ., Fefiln] Ll it glDeleteShader() ¥ e MR, I H AT
FROERB BRI EAENET . X—55 CIES RN RMFER, S&A01152)
AHITRFZ )G, MAHTRENR ST, ERFRNE R TRmIEN1E.
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void glDeleteShader(GLuint shader);

MR % A% R shader. WIZR shader i & 22 5L B — > 838 20 B0E (v 2
Je b, B2 BRI Al BRSNS (e R A B R, it A S
BRIX X

SR, RIS FA A ORI, tnl I EEEE H glDeleteProgram() i
FRE -
void glDeleteProgram(GLuint program);

A7 BN BR— A~ R BCA AT AT R b i F 5 (45 A2 program,  UNARFR P IE7E B
AP, 253 E 2 R IR .

e, AT HRGRE D SE R, b T LU A gllsShader() KA A3 G st R 2T
TEAE, st glisProgram() HIMi 2 (AR R T JE A 7R1E

GLboolean gllsShader(GLuint shader);

W shader &—1Nid 1t glCreateShader() 4E A& (o 28X 2RI FR, I H A B
B, AB4iRIE GL_TRUE. iR shader 2ZF o A& E @ L AMRMWIET(E, WHER M
GL_FALSE.

GLboolean gllsProgram(GLuint program);

5 program & — > 1t glCreateProgram() A= i (2 F X S i 4 Rk, I LA
MK, B4Rl GL TRUE. HISR program J2& 0 8i# A& GRS FEIT AR, WR
il GL_FALSE.

2.5.1 F{I8Y LoadShaders() E&ZX

T AR R A @ AR R R, FRATAE R ] P i — > LoadShaders() pR %L
KA AFEBEE Aty . BITC AR | EAH—DRF P S T X A ROk gk
] LAY 2 € AU

26 EeEHEIFER

R
GLSL AVFRATEE (i b e, Tk 2t s B Ji i B B R sy . R 23



25 M P FEI R T B BB, U6 21T LA VRTINS R A2 (0 08 sl % G0 if S Ak A7 G5 £
PR ERE, Qi 2.5 B

B12.5 EAE OAREE G R

#version 330 core

void func_1() { ... }
void func_2() { ... }

uniform int func;

void
main()
{
if (func == 1)
func_1();
else
func_2();

}

HOMGTRFERS LT CIlrm h iR B s, Bl LIS TR P Rl e
TEBE OGN, BRI FRFRES, RnshEiEE TRFIEE. A&
Ja, Ml BCE TP R uniform AR, TS TR R — I I LA T

2.6.1 GLSLFEERFIEE

MIAVTTLEAEE s P T PR R, WS AP E TR,

1) i e B subroutine g STy 2R A .

subroutine returnType subroutineType (type param, ...);

Hrp returnType A DURAL 2RI A pRBGR [FE, 171 subroutineType &— A4 0 F R
LR HTEMSTREG IR, RN ATFES HSEWEA, A—E4 BS54
i (FRATAT LB B A8 C 15 Y typedef, T subroutineType 5t &8 & LHYZEAY) .

2) ffi I A % X Y subroutineType, ifiid subroutine J¢ 8 73k & X X AT RIFHE S
NZS, DMERS G AT sh B EE . AR R 80 JF A SCERIT T g X

subroutine (subroutineType) returnType functionName(...);

3) HJa, TRE A TR uniform B hE, HARAE TS T “REGEE” 0 FRT &
PEAE S, X nT DAAER FHAR P s ol

subroutine uniform subroutineType variableName;

¥ BT = AL BRE AR, FRATATLAUE L6 2.6 S S FREE O REFNTE S i =X
MBS

2.6 FH-NTETFES

subroutine vec4 LightFunc(vec3); // # 1 %

subroutine (LightFunc) vec4 ambient(vec3 n) // % 2 ¥
{

return Materials.ambient;



}

subroutine (LightFunc) vec4 diffuse(vec3 n) // & 2% (£F4)
{
return Materials.diffuse *
max (dot (normalize(n), LightVec.xyz), 0.0);
}

subroutine uniform LightFunc materialShader; // % 3 #

FRIFIFA—E HE T BpE8 (g, 2.6 1% LightFunc) . WRE X T2
PRI FRET, IRATRATAT LA B —AFRFE T2, 5 e @ LT Rt
FRIT MBS RS, WF PR

subroutine void Type_1();
subroutine void Type_2();
subroutine void Type_3();

subroutine (Type_1, Type_2) Func_1();
subroutine (Type_1, Type_3) Func_2();

subroutine uniform Type_1 func_1;

subroutine uniform Type_2 func_2;
subroutine uniform Type_3 func_3;

1 BB, func 1 A LAf#E A Func 1 1 Func 2, XER WA FRFASEE T
Type 1. {HJf&, func 2 ¥t HAEME M Func 1, 1 func 3 HfEfliH Func 2.

2.6.2 HEEFEBEFER

WERIATC AL AT E ST il F R RV RS, B4 R B 5 G 6
AR Y AT SR, SRS R SRR E R VR R G 3E AY pRAR D AT

TEZHN s g2 88 3 rh, FATA B T — A% 1Y uniform 48 &, ZJ5 50 AT LA3K
e EIFEE EHE, 5HALA uniform ZZ B AR AR, TR FH uniform 75 24
glGetSubroutineUniformLocation() 3k H 1 B #9417 & .

GLint glGetSubroutineUniformLocation(GLuint program, GLenum shadertype, const

char* name);

iR 1] £ K name (%) 82 J¥ uniform 1) {7 &, AH N 1) & €4 B B 38 2 shadertype o $5
7E o name J& — I~ LA NULL 45 & 19 % £F #, 1 shadertype [ {H 4% 75 J& GL_VERTEX_
SHADER. GL_TESS_CONTROL SHADER. GL TESS EVALUATION SHADER. GL
GEOMETRY_SHADER # GL_FRAGMENT_SHADER ' fij—1~,

SR name A2 —NEE B F Y uniform, MR A -1, 402R program A& —>0] H
B & O RSFER, IBAas:ill—4 GL_INVALID OPERATION £8i%.

YA T uniform BUEZ S, BATHE ZHBEA TRFAEE QSR TRRT 5. X



— 0] L3 o 5 F R4 glGetSubroutinelndex() 2R 5E -
GLuint glGetSubroutinelndex(GLuint program, GLenum shadertype, const char* name);

M AR T program H1iR [l name Jir X 7 A9 5 €6 2% PRER O R 51, A N A9 G B B 1o
shadertype 2K 48 . name & — > LA NULL 45 & A9 F £ &8, 1 shadertype 4 {f 24 701 J&
GL_VERTEX_SHADER. GL_TESS _CONTROL SHADER. GL_TESS_EVALUATION
SHADER., GL_GEOMETRY_SHADER #(# GL_FRAGMENT_SHADER H'fj—">,

AR name ANzt shadertype & (A — MG S FH2F, 8443k [8] GGL_INVALID_INDEX.

MEMHA T FREFPN RIS L Fuiform Y 7 & 2 &, o M f# H
glUniformSubroutinesuiv() &8 & 76 & A a8 H AT — 4> FF2 )7 i . EAE b B,
FIP A B9 A2 7 uniform #RAUEZ IS WA AL I L 72

GLuint glUniformSubroutinesuiv(GLenum shadertype, GLsizei count, const GLuint*

indices);

% H BT A count P & 4 %% 7 F2 /¥ uniform {# [ indices 5% 2H M (B, AH W 19 & @
B Bt il 1 shadertype % #§ % . shadertype i) fH &4 %l J& GL_VERTEX_SHADER. GL_
TESS_CONTROL_SHADER. GL_TESS EVALUATION_SHADER. GL _GEOMETRY _
SHADER 5% # GL_FRAGMENT_SHADER ' f§ — /1~ %% i 4~ F 2 J¥ uniform X} i F
indices[i] MI{E..

2R count A B F M AT 48 & B ¥ 19 & @ B Bt shadertype Y GL_ACTIVE
SUBROUTINE_UNIFORM_LOCATIONS fd, #4474 — GL_INVALID_VALUE 4
. indices " YT A [EH L H/NT GL_ACTIVE_SUBROUTINES, 150|474 —4> GL_
INVALID VALUE 4%i% .

¥ EPERA G R, USRI IR, EER T 2.6 T SCE AR
W
GLint materialShaderLoc;

GLuint ambientIndex;
GLuint diffuselIndex;

glUseProgram (program) ;

materialShaderLoc = glGetSubroutineUniformLocation (
program, GL_VERTEX_SHADER, "materialShader") ;

if (materialShaderLoc < 0) {
/! 432, materialShader FRFEEHEHWTRF uniform

}

ambientIndex = glGetSubroutineIndex (program,

61
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GL_VERTEX_SHADER,
"ambient") ;
diffuseIndex = glGetSubroutineIndex (program,
GL_VERTEX_SHADER,
"diffuse");
if (ambientIndex == GL_INVALID_INDEX | |
diffuseIndex == GL_INVALID_INDEX) {
// g% 8 #F )T GL_VERTEX SHADER WM BT 46 5 6912 )7 3% A & Al

else {
GLsizeil n;
glGetIntegerv (GL_MAX_SUBROUTINE_UNIFORM_LOCATIONS, &n);

GLuint *indices = new GLuint[n];
indices[materialShaderLoc] = ambientIndex;

glUniformSubroutinesuiv (GL_VERTEX_SHADER, n, indices);

delete [] indices;

AR

£ | il glUseProgram() i & & #1 % & Pr & 7 12 ¥ uniform W {8, B KW IRF 5 #F 4
LA K

2.7 MIMNEEHRUR
Y2

£ OpenGL 4.1 JRARZ AT (A% &Y RIIGE), e AT, [F—rHE Raeghe — 1%
AT o WRAIRI AR 7 75 20 24 oo AR A R [ [R]—AT00 05 % €0 35 1 JL AT 44
ARG, B AR ABAHRAT . I HRR Rl — TS E B At 2 Hil 20y, IFH 2
4658 BRI & G FET, I R T IR A IR 2 AR i A

IS AR XS nT AN R P 1 (R B (BIINT0S 5 () S8R — A RPEL .

B2, RMNTEUEHTEORTLANEORBET. AT LA
glProgramParameteri() p& %) H.1% B 2 %5 GL_ PROGRAM_SEPARABLE, #k /5 4% #
GO X R AR P L P M . WA AL A R, AT L
HEAT BTG Y glCreateShaderProgramv() >k 55 (8 il f2, JF AR P ARiR R al
L= (N BSCTR), SRIEHREE B AR X4 .

WEORBTESGAINZE, MW EHXAINE QREREREIH 2 BT i
HOB B, XF OpenGL H g KFR PRI UL, ABA — DAL — 98 — MBRAERE, DIK
X AT A PR, B O aE LR a9 B #E T DLV A glGenProgramPipelines(), RIA & —4~%
i R R ARRAT, SRSB4 A gIBindProgramPipeline(), f#i15i% % F 7 LA H H 4
O, mECE B E G B M. 5 A A A X AL, R AT LT L i



— H2% AE&uid 63

glDeleteProgramPipelines() 5% .

MAE T MRFEL 2R, LA glUseProgramStages() ¥ 22 Fibric Kyl 57 iR
PR CERBNEL I, el 3 7 2R R A LA B LA RIS € JTit, 25 F) 7 ikt
& B, MZHTEY glUseProgram() HAE B F— D RF 1 H A YR 90 MR 2.

R TR UME R, & 2R B Bz ] i 1 in 1 out A% f —— s WA 2512 DT T
o AR ST A0 25 €0 4 0T G2 A0 R P 422 o) gt AT DA A ok 6422 L P DE RO NS o, S =2 L, fdiH
M7 ARFE X A S 2 HRefEe il — A B rh ATk A . QR4 O A IE R T,
W2 oA W n] A2 A8 5 (out AF 6 ) HRAAE Lo

N E Y gl PerVertex B b2 &5 593 DI 4 X b e 1 5 A 2z 11 rh A TR 3 43 T LA
i, WRELHR T 20y, BaxX—LROF.

i
out gl_PerVertex {
vecd gl_Position; // #%%E gl Position ZE# W F M
float gl_PointSize; // #%% gl PointSize fEHEH P A
}; /] FEER gl PerVertex HyH bk &

XREFRATRE S, T A A BB D, B TRAMNELRN B P, X B
gl_PerVertex H CIHNE M. WRAFRE QSEFEAHE] TR WEndEn, Ka
T )2 (A 2005 AR ) 19 = s B 3 A PN A B

B Sk 2l ST 1 45 G g8 X4 0T LU 45 A A S 9 AR )F uniform B2, BT LAFRATT AT LA H W D
J5 ¥ K% uniform A8 5 (. 55— B J5 1k & i# i glActiveShaderProgram() ok i £ —
WA AR AT, SR A glUniform*() A1 glUniformMatrix*() o 15 & oA 35 645 f 7
(Y uniform AL (E . 53 —Fh oy ik, WIRIRATHER W Ik, &P glProgramUniform*() #1
glProgramUniformMatrix*() si%, EN1A — A program X524k, XFEAT Loty ik
BN AY uniform A8 AY(E

void glProgramUniform {1234} {fdi ui}(GLuint program, GLint location, TYPE value);

void glProgramUniform {1234} {fdi ui}v(GLuint program, GLint location, GLsizei
count, const TYPE* values);

void glProgramUniformMatrix{234} {fd}v(GLuint program, GLint location, GLsizei
count, GLboolean transpose, const GLfloat* values);

void glProgramUniformMatrix{2x3,2x4,3x2,3x4,4x2,4x3} {fd}v( GLuint program,

GLint location, GLsizei count, GLboolean transpose, const GLfloat* values);

glProgramUniform*() il glProgramUniformMatrix*() &% i {8 JH 55 glUniform*() #I
glUniformMatrix*() (90 & —FERY, 0 — A9 IX B F— 4> program SOk 3% & 1fE & 5
B uniform 28 AU CAR AR o X L R B 25 /2, program AT LIRS J& 2 HiT 4 2 A AR
FF (B efis—~# F glUseProgram() 48 € iU GRS R T ) o



(‘/;*‘o"lf/(l Ce j % 3 -'-é‘:

OpenGL 445,

AEBR

BEEATANRZIE, RSB LUUTFEES

Q HE9FTA OpenGL ] FI Y1 YL [T

Q winfe i B8R E, AT IR E Y.

Q 29 6E Y (instanced rendering) 55 i e HE 74 X E YL 474k

OpenGL 1 FZAE RN KB YL B A7 . 8 TS0 liX — 20K, B E 40
YRS RS T RTE S (LG . 2R, UK =MIE), e TR0 A6 % 5 B9 st , whal L
FikH 2D LUK 3D WIARMIEZS . OpenGL HiAl & TR Z 18 Yo X R TUHY R AL, X L PR L
VERRATTH R B ST AE A T A JRy L T % A 3Ci: A G BT R BRI 3, & 2 R — 4 B oo e
— A RECUE P T S B . X S BRI LT OpenGL fie 0y 3 2L PR AL AL, W SR B A
BT, IRAFRATATREER T 15 bk B 2 Ao Tk 58 AT AT 1 .

XS LU ILT

Q3.1 144 OpenGL H o] LI FE Y B oAl

Q 3.2 1R OpenGL 4 A HLAGHLE]

Q3.3 544 H T R A0 7 G DA R T 6 € 2 v A A P

Q3.4 N4 OpenGL T2 Ay pRELAE

Q3.5 5 DA e 20k et 1 ] — 00 500 of S 30 2 A AR A T 4 5 1o

3.1 OpenGL Bt

OpenGL ] LA SCHRHAR Z MR A I ST B . AN AT A8 nT LIS 25 0 = Fh 2 B b i
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—Fh, Blgi. 2, BUE =MIE. M =MIBEIDUERIAT DL G o A0 L TEERMA (Z), 3
BRI (SMIE) . A B = A AR A4 T B (1 5 45 07 <2 3 1 Sl P T 26 0 ©
OpenGL ib SR HA— S K ST A, AFEVE R 20 53 & i A 1Y Patch 2874, LA SAE R L& 6
arki A B RB42 19 (adjacency primitive) . 404 (LR ANSE E4F) BINAFT LS ILE 9 %,
LS G A 4T LL2 LA 10 55, 7E3X P & L 236t Patch FISR 2 I JU A ARY R4 T IR
ABUHE . FEX—20r, FRATHAG A . LM = AIBX =M oA,

311 A
AT LS A — A TS R . — AN S — A PULE PR BRI, BRI, #SEBR B

FEAEEIR, PRICAE OpenGL " E &t Bonbidke (SE LSS ) LiY— N VUHE X SOk A4
Mo MYEYL s EITCHIEHEE, OpenGL 23 it — Z8 51 ALK J i o5 i 7 56 MR R v . 7
OpenGL 1%t s A TEME AR T B, AR A SRAEETE A SR T AR 2R h i DU 24
o, B2 NI SRR S T S . DR KA K T A RN, BR— R ERIR
A Gt glPointSize() % ), WAl AFETRS . 4050 R (g m] ) B A8 & gl PointSize 5
MEEHATERAE, BATFE T GL_ PROGRAM POINT SIZE WA G, HiIAGELE OIS
A gl_PointSize, #NIX/MEKHEZNE, RGMIRSHH glPointSize() ik & %A

void glPointSize(GLfloat size);

BB [ E B E RN, R A I GL_PROGRAM _POINT _SIZE, A4 &¥ 4%
T E RN,

BN SR/ 1.0 PG G FRATTTE Ye s A INEe, BTS2 B _LAR R R A8 LA — 1
B CHR, BETUIRRBRAN) o AR B R/NE I (TG R i gIPointSize() it J& 17 gl
PointSize 5 A—PKT 1.0 BIMH), I2BA SAI U AR 2 i sl 1 MR R e fidn,
WA GRS 1.2, IF BTRIEA 2 T— MR L, A RAR MRS 2RI
SO o ER AN R T TR A AR T WA K sl T AR R SR b 2 ], IR A PR R R
2 BPDCIRAR I (R MER IR ) o AR DURIESAH T 4 DAHBIR R P b,
MAIE 4 MERISPIRSE, W B— DS R0 4 MER A

KRR

U SRAE ] OpenGL R G T, A2 s ocAR AT oo k. 1EAR T B
RHR R B R X, iR MG R A T DU A R A B R . A0 KUE R oo
0% v I A AT SR IR R SR (L. OpenGL Y RO (A% R it T — DRIk A N B

©  FrEMEECEICRE, AR EIEAL R N h RO X S I RDEA A ER . B ETIER, il
Patch FISREE[EITT, RICH: A HIEATOHIMERY .
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A KR B — W5 oKk, B gl PointCoord, H:H AL T 21 A JCAE i X 38k P 19 Ak bR A

K. gl PointCoord HAETE ook tadeth TAE CR B &7 AL A fs h w4 ),

TRE R AT S AT YA S K gl PointCoord 1F ki ASCHRAR R, 450 vl LT

FHAE B AN S0 A T B SR it . K 25 SR HE AT alpha RilTR 5% B 290 58 5228 Fr oo (ff

discard RET) ZJ5, FATEATIBIEAFIERF) SRR (point sprite) X4,
KATSTEE TSR 6.13 5 45 1A DG U 200 ff 2 )1 .

3.1.2 % FHSERL

OpenGL Yk FRIR— 54 Be, A REE LA TR E A i 75 [l ) f . ST AR AT LA
WX TGOR R IR, AT RN — i . 2 Bt n] LI T8k R KR — R 51
LB, ENTETTLUEH B GH .. AA 2B MAFIRZ (line loop), TMIFFJ ) 2 B4k
(A ERME) ML (line strip) . 58I, LML PR BIEAFAZETAR,
PR e, 5 ST P A B R D A 140 iy 2 B3 1 S A 2 5 i AR e 1 2R (. e B Sk 17 0 D)t
F diamond exit #L0] . 7E OpenGL MYFRIEUEIA 5 b 25 th T HAE A B, (B, 7EIX HLiA
ST EXTE AT EA U, B EMRRTEFE R LT XA — AR, X —
SN A B B B TORMME, I HERBL 2R T 22 M BAR B, X MR %32 5
HEm——TFrAEZE I A & A IE S8 B (RIZRBE R S TEEIE ) o Ak, WiRie%
il 75— A B BT C LB, IRAMET B sl 7EmR R RSB —Ik.

diamond exit HLIXT T 40 L B2 A %, (H/& OpenGL 7] LLid i glLineWidth() pki%X
R B B TE B /N NS T Z R glPointSize()) o

void glLineWidth(GLfloat width);

WELB R E TR . FONMEN 1.00 XA width RRKBERE, BEOA0E—1
KT 0.0 BfE, B E—DRRIGE.

R B BRIE T ZE M) gl PointSize & (A7 E ORI E, OpenGL H 14k Be 22 il 40 20138
Ik [ B T RSk e . AN RERBLTE R T 1, Ak Bole pl K 1 Fn 2 B A2 ) 9 B R
ANIIRER . GARZBCH Y TP (DS EEE m I By Ay, MR A, IBAX
T R REACE . R ERE X FF, I i B 1 Ly T .

ISR TS FGERERITE, OpenGL b v XT T 28 B i 11 A0 278 7 1k DL R 2R 56 B9 6 ik
DL JEARX F . WIS T ROEFERIE, IS AL BOR B R i 3 47 I R S R R B
SN o R i T & NS

3.1.3 =AF. £FH5BEm|
SR A TS SRS AU . IR e A = TR R, A R
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HHAL =ML 582 =M BYTE G im i = AN TS 2 B3 i 85 DU e = 4530 sk ok
FERI . WUERBEEAR Z W RAEEN, T =4 EMPE 2 i s, IBAE2ZE T —MIEN
oM, RIS = AIBILEE T — 45l (HPALEE S TS0, IS AAS AT BEAT AT ] SR AF (L[] B £57
TR ZMIEZN . X —mdEHHEENERE, B OpenGL AJ ISR Z RPN [A] 1 Sl
R, (REX TALEE AR R E A B M R

Q WA = MAIE R AR E B R g w3 i 55, UL AT BEAS 32 2D I

S

Q WA= AIBR =D FARERE, AATREZ R 2 T — 1 Mt m .

XAHE T, OpenGL X TR = ML ILZZ i O b i FEA 7= AR AR 285% , oA
Fﬁﬁzﬁﬁ%éﬁﬁi‘ﬂeo X—E X TF =M AT (triangle strip) B{#& bR T ( triangle fan) [5EH}
et AR E B, M T = A TS SRR — D = MIE, RARRY TR 5 Z i =B
J& AT — A BB 1) = AIE . X — R R A&l 3-1 Fios .

Bl 3-1 = fIEARI I TIE A )R

vy e = A0 T OB, 85— AT 2 AR — A 3t
=N AEE, TR ARk = TG AL S T
I B A T 08 2 15 A S22 20 B 0 =
AT s T DL T 2 kT ) 5 R B R T 4 SR TR
] 3-2 7 4 = FA T 90 T T T4

G P TEH AT LI T F — 5 2R 2 BB o
A3 i OpenGL HYMC2 B HEAT 3k, JFHAE hE e [0 02 AR AY DA
BRI A SR 3 3-1 Bl ¢ I 5 OpenGL KO 22 IR 3 2 o

* 3-1 OpenGL B Th#ERFRIE

Bl OpenGL # % &
Js GL_POINTS
24 GL_LINES
ek GL_LINE_STRIP
TEIRLL GL_LINE_LOOP
My = GL_TRIANGLES
=& GL_TRIANGLE_STRIP
=SIY A 1 GL_TRIANGLE_FAN

© HELHWHEXF— MR R AT L T — R EEIRITA, XA 82 1 i — 28 a2, 9] dn 7 gl iR
(blending) Hfy= A4S RAGEEF
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ELE SUNAIEU IS N S S

—AZIICA WA I RATEE, YAS [R] T SR, e AT E Y2 R T AE
FEA—FER) o PR AR S — AN SR R T s, nT AR B S H DX A3 B 1 N RN A R
M. BREOL T, 15T T I 28 ) 7 i — 20 . SR e As s —J@ vk, o (A ]
R B DGR A T2 s, T LA glPolygonMode() i -

void glPolygonMode(GLenum face, GLenum mode);

Pl 2 0IE B IE T 55 M4 R, S4L face 4/ GL_FRONT_AND_BACK,
Iii mode A LAJ& GL_POINT. GL_LINE 8(# GL_FILL, B4 3% & 2 ¥ 4l
BAE R . A 2R, BOAEA T, 1E 1A A 09 2 0 ] JE se A X

2N ANIBIELZ PR

MAB bk 13, 22 3008 TF T8 A TR 7 Bf A% b W 2R 3 i B m HES . IR ATT AT
DIAg AT “AIRE” (9 SRR —— M ERE Bk, X KRR EARVEA M /e (orientable
manifold), RPJyn—Em)£ihE BIANERAAR . TR 2% e S5 02 A ) 9 i s MO
(Klein bottle) FIZEL L 5 HHT ( Mobius strip) ANJ&. Hajifil, XFEAYZ T AT LR 58 42
KA N I e e U KA

B FAT— b R T — A W AR R, HE B A SIS ZEAE AT £ ) > i
T4k . BehEE AT LU#E i OpenGL 1 K%K glFrontFace() >k 4% (reversing) F51H, Jf HBiX
B2 I TH TR T )

void glFrontFace(GLenum mode);

il Z I ETE AW A GL_CCW, M ZHEEERH D AR RZ
J5, T BRI B R A TR N IR . ARARACH GL_CW, TR A SR HITIS 175 6] f) T
BN WA IE T o

O viswTE OREHRFL ) BT UBAATENES (winding) .

X F—A> A E I B L 10— S0 2 0 4R . 58 B P BB R Ok B, BRI
A 2GR WA —— T TG S0 E 2 T £, G SR AR AL 4 S
TR 2] LIFF e #0 (culling) € B #H:M3 OpenGL SR LK. S22, R T4
B2 W, I8 RAEEZOE R WA, R E 578 OpenGL [ sl 3 1F 1fi 5 # 75 1t /1
ZiE, FLMEH] glCullFace() #ir4, [Alifil it glEnable() JTfE #s .




——— % 33 OpenGL 4% 7 X,

void glCullFace(GLenum mode);

TE 3G 40 ) B 5 25 RE Je 2 A7, B HEM s (R W —25 2. mode AT LIJE
GL FRONT, GL BACK % # GL FRONT AND BACK, ZrilZ/miEm. W meE g
LN, Bl SRk, FATE7E AL glEnable() fl GL_CULL_FACE B4k T JH #
W ZJEd Al LAE A giDisable() Fl[RIRE IS EOR K H & .

=122

MNEE Ll B A SRS, AW 22 30 B T L T 9 1, T B X A 220 A
FASER R TR IR i AU A — RO A
n—1
a=5 in}/i@l — Xig1)i
i=0
Herfo, Ay, 535010 223038 1 n A TUS R 1 A DUR Y5 H AR x Ry, 1M i @ 12450
(i+ 1) mod n AL, Hrf mod FRARBUREAY A
B FRA B Ay GL_CCW, HRA a > 0 Byt TUAUFOe I i 2B AU L F IR Y s 75
WM TR, WEREEN GL_CW H a<0, IBAXRNZIP0 T IER; SN e T,

3.2 OpenGL &R

JLF- i 45 1 F OpenGL 58 1 i -1 &R 21 T 2247 buffers H1 184 H . OpenGL 2% 17
RN NGELEXN S (buffer object) . 7E5H | THEBRMNC LR EHANA T HANZNE L,
b, XA R IR A BN EAEXT RO T T S T, AT RS AT AR
'YV &0 ZEP QRSS2 N (20

3.21 BIESHEER
Y5 OpenGL AR Z H A S IEAL, A i Sl i ] GLuint RYMERFEAT AT 44 1. 3X
AME R LAE I glGenBuffers() fir 2k . FATE BT 1 AL X DRk 1, (B2
XHESHRG T ENER, U EEES%,
void glGenBuffers(GLsizei n, GLuint* buffers);
R[] n A YA AR AR, FHORTFE) buffers B2H .

T glGenBuffers() 52 J&, FAT K AE buffers PR 8] —MEAEX R AFRIVEA , H
SEIUI XS4 R R GEA H R . BN AREIEMZ G HA A AR E RIE S R
JAB P —ADEE 2R, BRI RA 2 HAERIR R, X — i F R E
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7 OpenGL 23R HU— e L A7 A BESRE I, RIS S A7 0 B 58 U 5 B LR 73 L & X 1
MINAE . ATHIIEAF S G A (B HAR, target) QN 3-2 HIR.
%32 EEHENBR

Bz

Jjibes

GL_ARRAY BUFFER

XA GE A AT DL SRR AE glVertexAttribPointer() 5 & 14 Tl i
B gt . AESEPR TR X — HAR A RBJE R H FH I

GL_COPY_READ_BUFFER fil GL_COPY _
WRITE_BUFFER

WA H AR — X B AHVC EL R 255 0, T4 DR A7 2 [l 4
i, IFHALEE OpenGL YR ZEM, WAL AATATHFIRIE
79 OpenGL ¥

GL_DRAW_INDIRECT BUFFER

AR R B R B4 (indirect drawing) (97, IRAXAZEAF
HisHFEGE A A S5, PR RIS 2 0L~ —1y

GL_ELEMENT_ARRAY BUFFER

4552 B A HARY A7 Ha] UL & T R 51 50, DMEA T
glDrawElements() &5 1JE X 2 il a4

GL_PIXEL PACK BUFFER

X — % A7 H An F T G 6 G rp 52 BORCHE 451 3 480 388 1 o
ZF 1 B PR, M O 10 OpenGL 4y & £ 3% glGetTeximage() il
glReadPixels() %

GL_PIXEL UNPACK BUFFER

% —2% ¢ B ¥5 5 2 i1 GL_PIXEL_PACK_BUFFER fHZ, &
] LIE N glTeximage2D() 454 B0 54

GL_TEXTURE BUFFER

LU R AT R A E B B S R AE, X ARl DL B
E AP BT 55 B . GL_TEXTURE_BUFFER A] L)
AR IR AR 0 B AR, AR IRATE TR 245 A7 B B 8L
L, AR E NS G T

GL_TRANSFORM_FEEDBACK_BUFFER

transform feedback /& OpenGL FEMEMY—F{EHETTE, Tl LIAE
LAY T KBTS A 25 ) (AP 22 T 05 4 (6, nI AR AT JLA]
BB B, Bl AR i S R AR, JF B BHS A
BB G, X B AL TR as & 8, Al i %]
B0 s X e JEm 5 . transform feedback FUTELIAN 1 S
5.4 RS

GL_UNIFORM_BUFFER

XA~ B Fx 0T LA T A 8 uniform 2% 7 X 42 (uniform buffer
object) MIZRAFHIE. uniform ZAAMIMIENFIHES W 2.4.1 11
N

ZAEX GRS, SRR bt 2 i 2 8 ] glGenBuffers() R AL AR 1 — R A 4 PR, ARG 8
it gIBindBuffer() ¥ — 4~ 4 FREPE B 3K 3-2 iy — D HARR M. 51 w4 h e angid
glBindBuffer() #1 giBindBuffer() pR%L, Aihix B AR ZE R 58, LAGRIIE SO S Bk

void gIBindBuffer(GLenum target, GLuint buffer);

B 2 FR A buffer (Y 2% 47 XF % 45 5 3 target JIT §8 & 19 5% 17 45 & 1o target &6 201 J2
OpenGL XM ZATH8E HbnZz —, buffer R it glGenBuffers() /3 BL A2 k. Qi
buffer &5 —IRBEHE, ARA T HXS N 18 AT Gt [R] s o A 2t



% 3% OpenGL 4% 7 X,

T, BERNC KA R I05E $13R 3-2 hiyE— D His BT, A% Bl
ZATM GRS, B2 TRAAFAEAT AR (19— A A7 XS I SR AE 2O 5Bl
A, e 1) He i A — 2R A T

3.2.2 RERFBMNTEHEGE

W A i AR OpenGL A7 7 AT AR 2R Lo dn B4 0 b A% s 25, S bkt
BT B B B 2 AE X R b © A B /3 8, 305 i OpenGL 171 B¢ A USRS 4K 5 B B i 5%
BNGAERT G ) D A7 %) G v A 386 500 e 1T B %) 5 10 s 2 A 4 TBC N ) P e A Bl . X
— Al L it glBufferData() sRECESE K. T IRIFRR 4 4 gIBufferData() #YJsifl

void glBufferData(GLenum target, GLsizeiptr size, const GLvoid* data, GLenum usage);

YT target (IRAFRRIIIL size K/ (ALY WIFFREZSE] . WIPRSEL data
A& NULL, JB2KAEH data BT 7E B9 N A XU N AR WD HR fLBE D25 0] o usage SR VR
FEFF 18] OpenGL ¥ &t — M7, 4878 G A7 P RO K vl REHL s — Se R RO iR

BRI RS, glBufferData() f& B MR AFXT L (B HHL) fEfas I, W
BBV, ANAEEAE N AE X G SR A FL AR 2 R R, IR AGRAE X Z K IR
HIRLSRBCEZ 25, 52250, WA EdE RN YR B B A2 N, IRAZAEXT S
WA LGE RN B, BARFRATRT L AR R GR L B s i A e e i i, (1
JEX PR RO RRINE , AR ik A Bt A — e e )

OpenGL XJ T ZZ A0 GAEAEAE th i B U /3 e Iy 8 B 3, R AU T s A 98 o
BF Y target 280, 5 —MEHE S E0E glBufferData() 1111 usage. usage W21/E PN B brifE
RV B —A~, 40 GL_STATIC_DRAW % GL DYNAMIC COPY. i & X HAtRiN
TE2AFREBE A fl P3R4y R BRAR . 553437 L& STATIC . DYNAMIC 3 # STREAM H?
By—A~, T —EB5r Al LIJ& DRAW, READ Hi#% COPY Hhfl—1~,

XUE COMET BRRRAT I EAR S SN 3-3 fis .

%= 3-3 ZEAERIAF

“ORR” AR =3
_STATIC BRI N AR RS A=K, SRIG L2
_DYNAMIC_ BARAEAE N R SRS AR AH
_STREAM BARAE N A T AR, RGBS AH
_DRAW HARAEAH N 2t B BT S T A, I HAE R OpenGL 2 il FIEN {5 i 4 (1 B IR
_READ HARAFH P 7582 OpenGL RUBIEIRS A, SRS TER FHFR T HEA 7 2 1) bR 0] 3k S 454
_COPY FAR AP 258 OpenGL AT A, I HAE OpenGL 23l MR fir 4 AR IR

WA usage Z R ME— D HERI I E L, XK RBIBER AR RAMATERE. X2 Hm
OpenGL {1t T 51 2 (9 A7 (IS5 B o 16 e B IBAICAR AT B2 — 00 A 2RAR AT

71
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i _STATIC_ JF3k, B2t Zul8d s 2deE AR, SERAREA —KHRE
TEA T LR RS EE . X AR IRAT AR T 2 H TR FAB it — U AN PR B i Bl 25 28
IR usage f17%5 T STATIC , JIR4 OpenGL 2 7E N HBXTEUHE BBt A7 A0 31, LIORIE B 7E N
fE B B oA, ﬁ%fﬁ)ﬂﬁﬁﬁﬁﬂﬁﬂﬁﬂﬁ*ﬁﬁ X—LEAEmA T RE R K, B2
i FEEE O RN, B 8 AR ERIT K, B L TR A

WRTE usage AL T DYNAMIC |, AR Ui BH B 1) A2 sh 2 40 %y, A8 shad 2 vp
XTI i i R By, i, iR — /\@7{‘%7&?, B P fit FH A £ mT e P i e
B, UEBIA SER BRI  XFEEE, — A FTREA NG DR B 7 2 WU N B R E Sl
SRIGWAB L, SR )5 P9 T8 Z it A ﬁﬂlﬁkfiﬁo Lﬁfﬁﬁﬁﬁ*ﬁfiﬁ‘ﬂ[m GL_STREAM _
FRRAF. BRSO, AR BYCRA AR, I BB s R o s iin L
A (Argg R — k) o X FhAES %, OpenGL £: 2 1] BEA 260 B di 45 D1 21 Pk (1) K5 N A7
W, TR B R HEA T USR], X R T B & AR AE CPU S i T I R 1 1 Gn 4y B 45 B 1)
BRAERT, ORI S oGt — SR AR A, HERR R IR

IRAEFRATEE T 1% usage PiBRAF A0SR 8R40 o 3X — 2048 7 B B AN FHAICHE () 52 A3 .
RIXAFRRFTAE _DRAW, R AR B A 24745 VE A bn il OpenGL 2 il 4 47F 1 $icHia s fikt
Mo Bt E G M5 ZAHR R ERIRAT S _READ, XEPRRAT S0 %
S A W R 7 75 2N A g (S0 Ui AENE" —37), B0 S {d H
_READ FrilfF, X OpenGL 2\ A X ALEAE R T E 2R E AW WERGAF IR A7 1Y & T
SEE, A usage ZEUP LA E DRAW ;5 MR R ZAFXT 4 (pixel buffer object) FIHA
M OpenGL Uik BUEHE O 2 A7 W Z0idi FH &4 READ FOARMRAT. )5, WIS usage Py
COPY, Al FHAR 7 231 i OpenGL i K A= AU IF B AR RIS A7 b, SRR ErER
JE Uk 2RI E R AR . [T _COPY ARiRAF I —AHHN ] T3k j& transform feedback ZZ 47,
XAAF T 22l OpenGL 5 A%, SRJGTEZ G Wil ar & h i E R T A E .

ZAFR S G

A — L& BB DL B A, O — N S — Bl G e, A — 14
AL SO AR B AT 28508 o AR ZOR X Se Bl A T IR TR, JFHAA RS
KEYRAEAT 421 OpenGL i FH . FENAF TP AL 2 A n] RS2y, Wl REANEES:, LGk
il i gIBufferData() — Utk s 58 37 Fir A7 BB . ok b, 4R {6 H gIBufferData() i 47 508 14
W, IBAE RIS EEE, SRE AR NS TSR RN E e —3, I B A =2
(] A (O Bl SO AR PR B T o BRI IR ATTTRZE5 I A8 glBufferSubData() R .

void glBufferSubData(GLenum target, GLintptr offset, GLsizeiptr size, const GLvoid* data);

o FH BT O B B e B A7 2 T (R ks . 90 3| target I BRAFRT R 22N offset 17
RbTF 4R TS B Mkt A data. K/NHK size YRR BROR FEAT B BT, Q2R offset 11 size ) &L
A T RAEX R0 B s B, IR A8 r= e — AR
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N4 glBufferData() il glBufferSubData() 45 Ak AT, B AT&ATRERT X — Ao 17 it
ST ECARIIRAL, SRR EAE R B AR X B . — SRR s T L2 L 3.1,
#13.1 {ii/1] glBufferSubData() 4 L7 4 %
// TEME
static const GLfloat positions[] =
{
-1.0f£, -1.0f£, 0.0f, 1.0f,
1.0£f, -1.0£f, 0.0f, 1.0f,
1
1

1.0£, 1.0f, 0.0f, 1.0f,
-1.0£, 1.0f, 0.0f, 1.0f

/1 TRBE
static const GLfloat colors[] =

{

1.0£, 0.0f, 0.0f,
0.0f, 1.0f, 0.0f,
0.0f, 0.0f, 1.0f,
1.0f, 1.0f, 1.0f,
Y
A < 2ir

GLuint buffer;

/] NETEX G R — A4 AR

glGenBuffers(l, &buffer);

// ¥4 EE GL ARRAY BUFFER E AT

glBindBuffer (GL_ARRAY_BUFFER, buffer);

// 5T A (sizeof (positions) + sizeof (colors))

glBufferData (GL_ARRAY_BUFFER, // E#r
sizeof (positions) + sizeof (colors), /] B KN
NULL, /] TEAE
GL_STATIC_DRAW) ; /1 R
/I BREREEMBEZFN RS 0 WALE
glBuf ferSubData (GL_ARRAY_BUFFER, /! B
0, /7w
sizeof (positions), /1 KN
positions) ; e &

/] BBEEZFEFWACELNREHAL A L WRAEANMENMEE, WHE sizeof (positions)

glBufferSubData (GL_ARRAY_BUFFER, // H ﬁ:
sizeof (positions), /! g % M ht
sizeof (colors), /1 KN
colors) ; /1 B

I AEMBERMT RS 0, MACERRFAR—ZFY, FHHLE

MARREFERZENZOEBERY - C M ME, 84w Ll
glClearBufferData() &% glClearBufferSubData() s%t. T8 AL R B



void glClearBufferData(GLenum target, GLenum internalformat, GLenum format,
GLenum type, const void* data);
void glClearBufferSubData(GLenum target, GLenum internalformat, GLintptr offset,

GLintptr size, GLenum format, GLenum type, const void* data);

TE BRBA X R A 58 4 8t . B85 B target A SR ATA7- it 25 [BDKE (6 FH data " A7
B ARG AT I AL . format Fl type 73536 2 T data X B (A% XA HY

B R B 3 internalformat TS & MRS, SR ILFRRAFEAR 8 i X S ]

X} F glClearBufferData() >k 1, #& /> X 3k # 2 %% 48 & 09 504 pr i 2. i xF
glClearBufferSubData() >k 15, IH 7 X /2 il i offset Al size K46 E 1, B354
T LASEAT A A A A U U A% Lk R RN

glClearBufferData() F1 glClearBufferSubData() &% o 75 3 A 140 U Ak 5 A7 % G2 b 174
MEHE, JF AT 208 5B R AT — b RGN

2% FE N % b 1Y B4 o \T LA fdE 1] glCopyBufferSubData() p& %% B AH AT # 01, 5
gIBufferSubData() ik %5 XF 5 K 2 47 b (149 55 40 4K Uk i 47 241 %< 1 80k R TR, o B 3R A7)
Al DL fifi ] glBufferData() K5 %5 #5550 87 2 2 57 19 8 A7 M b, R K X Se 2 A7 4% A
glCopyBufferSubData() ¥4 Il #| — 8 K 2247 1. MR OpenGL Y EARSIHL, 3 #L4% Il
Z Il Al DA AE AR & 09wk oy, AUl T glBufferData() I, 2 A7 X R AR 28 4 i
DX NS BRIC R T B R IR S . Rt A BB FRATT AT LALE OpenGL 14253 il — e
ARG X8, I BN OO Z AT B 7 D E 2 R e &% 1. IHMEIR SEZ G
FEA I 2 E AR

glCopyBufferSubData() A% 5 41T Ff i -

void glCopyBufferSubData(GLenum readtarget, GLenum writetarget, GLintptr
readoffset, GLintprr writeoffset, GLsizeiptr size);

W98 2] readtarget FZAFXT G — TR ARSI P5 DL 2] 5 writetarget MHZPAE A2 A%
ZIEE IX B . readtarget XJ W [R5 M readoffset {7 & T 4h &2 il size NFT5, SRJEH5
#l| writetarget XJ v/ B8 1Y writeoffset 11 & . 414 readoffset o & writeoffset 15 size AY AR H
TYER BN R HIEE, B4 OpenGL 43774 — GL_INVALID VALUE 4%,

glCopyBufferSubData() 1l L4 7E ¥ A4~ H b5 %t I i 2% 17 2 18] ¥ 01 %04, 1 GL_COPY _
READ BUFFER Fl GL_ COPY WRITE BUFFER % P~ HARIEZ N 17X A H A4 . &1
ANREH T A OpenGL M4/E Y, JF NS A2 S e k4798, JF B R T8k
5 VU766 H 9, A5 OpenGL PR A AN TE ZL0 5595 DL 22 B i B AR X 38105 B A3E, TR
LFEN AR RS W] L RIIE L 2 1
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RPN

AT AT L o 2 R O 2U N R AE R 4 v B B — B 7 2wt R A
glGetBufferSubData() ¢ ﬂoﬁ¢@ﬁTUM%Eﬂ%AEﬁ%%T¢@ﬁﬁﬁ,%ﬁ%
ENCE B N AR ARA I — NS . glGetBufferSubData() AYJEAUN R iR

void glGetBufferSubData(GLenum target, GLintptr offset, GLsizeiptr size, GLvoid* data);

A% 1] 24 T 8 5 ] target BG4 XF G oP BB 20 B A RN o AL 46 KON B O RS T 02
BN offset, [H1332 B BHE K/INH size DT, EATRE G AF RS X35 D] 3] data fT 45
[ B P AE DX R o R GEAE S G Y i Mg, B0 offset F1 size BOFIEE Y T 22 47X
ARG IR, A PR — AR

WERFRATTE FH OpenGL AR T — 2644l , SR )5 A BB AR IBI AT NS, B4 MRS
N iZAd H glGetBufferSubData(). X #f 4 6i F 45 #E GPU 2 ffi FH transform feedback 4k
BRTGUSBOAE DA SR 52 A7 08 4 SOMBE I EIME R A7 x4 (Pixel Buffer Object) H1. J&
SCERIR 25 X Se NS R BARA 1 248K, FRATTd T LAd ] glGetBufferSubDatal() fa7 5t
W Z HTAE A BN GEAE X G (4 B a0 152 ] 1) P 7 v

3.2.3 HHEFNAE

HHEP Ak, 78X — 3 Y4 d 45 I (0 T A & % (glBufferData(). glBufferSubData().
glCopyBufferSubData() fil giGetBufferSubData()) #BA7 7 [7]l — 4~ [, s e A1# 2 S5
OpenGL #17— BURE 42 N #:/E . glBufferData() 1 gIBufferSubData() 2344 1 1 # 5 M A7
T e S D E) OpenGL B BRI N . M%) UL glCopyBufferSubData() 2344 i 22 771
A T — ¥ DL, glGetBufferSubData() M /2 OpenGL 4 HH 1) P AF 1 A 4l 45 D1 2] 1
MR NAE . RIEEE A LS, S AT DhE st RN R B, BRI
X} OpenGL B LAY NAFHEAT VI . 249K, ARIGX R IR R glMapBuffer().

void* gIMapBuffer(GLenum target, GLenum access);

B 241040 52 B target 1 D8 A7 G2 1) H A B0 X S i 53 ) % P o g sk 2s [l 2 )R
Al LR 4 25 5E 1Y) access SR, L 3R [0 (14 35 BF 6 dE EAT R EE T R, iR
OpenGL Joi 4 A7 G i Bk s it i ok, AIB4 glMapBuffer() # /=4 — ANt 15 HLiR 7]
NULL, KA R s oL iy R B A] R 5 RGAE Ry, bean ] 0 R 40 N AR AR 55

MIATIEH giMapBuffer() B, XA~ PRECZ R B — N E5E, B8 96 E 2 target 1Y ZZAF
X} G 1A B DX I X 7 () A o TR TR X e A XTI TR AN AR S — TR —E
e AL R T B A N AF X IR . access SEUHR 8 1 I FHAR 76 T BRI 110 DA DX 388 1 i
HR . BUHRERE 3-4 PR RS Z —.
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% 3-4 glMapBuffer() By B4

G BEY
GL_READ_ONLY I FHRRIF AU OpenGL S Y 7 X SAA T A
GL_WRITE_ONLY B FRIF ALK OpenGL U 77 XA T 5 3
GL_READ_WRITE JREFHRRIF X OpenGL WS 1 P A7 DX AT RESAA T30 # 75 41

Wit glMapBuffer() Joik MU 2277 0 AR, IR AEHFIR 9] NULL. access ZH0AH
THIP Y5 OpenGL X NAF IR B — D27 . WA i 7 iXA25E, A8 24577 4 1R
RUFBIZE R, OIS AT AR B2, SO R . SE 5 P R & LA

CD% SRERRHE AR FEANEEELTEEEFNAR L+, OpenGL 7 &
WHEREHTES, URIERERBEKEN I, WRZHHENER, 52
KM, BRERT AN ERME, R EHAT T B R, 24 OpenGL ¥ KL H
EHEF AN BB FNME L, XFNRESTHER LN REEZLREW, B
B 84 U R A DA 3 £

MR ZAFE 28t GL_ READ_ONLY 5 # GL_READ WRITE i i) £ 2C k47 1 e 5
TR 2 A% G b (Bt X T 0 AR P 2 o] WL . JRATAT AR BN A, B ES AR
X, HEE RGN (R T GL_READ WRITE /5 5 [ A035 ) o G iR
Pil 2 GL_ READ WRITE #{# GL_WRITE ONLY, A4 7] LIl it OpenGL i& [F] )35
Bt ) R N AE S AR . Y S RO 0 IS B AR R R EZ S, ARl
glUnmapBuffer() 04 T BRBLFHRAE, BREARLANR Fs

GLboolean glUnmapBuffer(GLenum target);

fi# B giMapBuffer() a2 i BT . ST G BE i P9 258 A i B ok A R A R AR SRR,
A4 glUnmapBuffer() & [1l GL_TRUE. %A= IR AR R H 5 R G M, 4055
KEAT WA, X EIENAAR A . XFIEL T, R IM{E ) GL_FALSE,
I ELX S A B PN 25 AN T T A . O AR 20 R B MU LR R S, JFH
X 5 A T E T 1R A

UNARAFBR T B ATF RIS, AR A ZHIE A E] OpenGL BRSF PIA7 09 BUHE K 4 F B X 2 47 %o
FA L. XA E SO, AT LASE Ml ] gIBufferData() 73 K 25 1), I HAE data 248
LS8 NULL, ZJR gt WU I H B B S A, fea BRI, I 5 i 1 Kl 1)
GATR GBI BRAE . 1] 3.2 Pon sl — RSP N AU TS ABIZAF X R 817

O ERAYIE, REN TSR A5, A5 OpenGL (SRR 2 5% A P HLA I A 8 4o
WEfJEH giMapBuffer(), Bt B4 Ui i =02 8 & Bk i GL_READ_WRITE, PH ik U 7 34 2 ]
DUIE 3 TAER



% 3% OpenGL%# 5K 77

% 3.2 {fi[] gMapBuffer() ¥ h L1704

GLuint buffer;
FILE * f;
size_t filesize;

/] FATH SR 3 B B AN

f = fopen("data.dat", "rb");
fseek(f, 0, SEEK_END) ;
filesize = ftell(f);
fseek(f, 0, SEEK_SET);

/] ERERLEFHECHERNGEHEL F—KER

// GL COPY WRITE BUFFER (E3X B3 ANYPE S5 A EFRE X),
/] XEERT UG EZET

glGenBuffers(l, &buffer);

glBindBuffer (GL_COPY_WRITE_BUFFER, buffer);

/1 ABERTEEOBEZE, B data ZH AN NULL BT

glBufferData (GL_COPY_WRITE_BUFFER, (GLsizei)filesize, NULL,
GL_STATIC_DRAW) ;
/] BRI

void * data = glMapBuffer (GL_COPY_WRITE_BUFFER, GL_WRITE_ONLY) ;

/WX EN G
fread(data, 1, filesize, f);

T, MERNEZTRT E8, Tuﬁi%%ﬁﬂkﬁl‘#%lﬂxﬁ'f
glUnmapBuffer (GL_COPY_WRITE_BUFFER)

fclose(f);

FEM) 3.2 v, SCHFR I NS BB TE S — A E P s A B AE X g b . G AE X R B et
B R/ING SO RAR R Y o M2 AP 2 5, FRAT AT DA B B0 SO NS A BN AR R 1
B IR AR s DT A 8 DU R, O HL G SRAHE X5 T 1y R P R D A 2 2%
HRETT LI, 4 OpenGL Sl %A SEATATAT 48 DL #R A .

fift X Fh 7 2B IR AL G2 AF X R e <3l o i F I vEREOL . HE i an T . Ry
gBufferData() 5% # glBufferSubData(), 4R [k 2L k)5, FATAT LIXTIR [ ) P A7 X 3
BT AR B E—— R e, e MO S —— R AT LA . X, X
B bR ETE 58 BUE AN n%WTEbﬁﬁﬁE@m%, DAL I W6 20 R ORI 45 DL 7 =K. {HJ, 4o
98 i giMapBuffer(), ‘& Arik [l {4 48 £ /& OpenGL % 45 FE Y. 2498 H glUnmapBuffer()
ff, OpenGL #AAM 5 B ALNAE, T P RRIT SN T A A NE 1o X3
R i 5 2R sl 5 45 DL, OpenGL #{ 0] LIZETH H glUnmapBuffer() Z 5 A4 I ifix Lo 4
I HLSr Rpag [l ﬁﬁlj\]falﬁd’ﬁmf%’:ébﬂ’] SR Z 9S8 B, ANFA2 20N R T f s . [
I, OpenGL M EE 5 DU 5 0 AR T 2 )5 4R E (e sy B8 Z (247, 20N i S,
AF) PR FRRIL AT . WIRATE AT DLRTE, IR ASS SRt i A 17 i fEA
Jo A 53R e S RO ER AR A 21 T X6 2 TR A RET
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Seb A e St

T kA gIMapBuffer() T BB A 22 A WS TR R ({5 2 i FH AR P A iR M4 2 T access
SR, B B GL_READ WRITE), glMapBufferRange() p& 5 %45 4h 19 bR R4k
PO H I E ViR, gIMapBufferRange() s E AN T FF /i «

void* giMapBufferRange(GLenum target, GLintptr offset, GLsizeiptr length, GLbitfield access);

B GEAT R GBI (1) 4 a8 — 0 0 Wi S5 30 AR P () Mk ZS ) e . target B T 2R AT
YR FTHE ) H AR offset A length — % B 1 VE £ W 55 A0 B3R YL Bl (B M 7).
access Je—PNIFRIRAT, FHF iR B AR =

Xt F glMapBufferRange() i, access i3 H1 42041 % GL_MAP_READ BIT #l GL _
MAP_WRITE_BIT H ] — A5 A, LABR AN F AR 7 2 75 20 B S Bl A T e . 5
PR, SCEPIE S A, AL, access IR AT DAL — D ERZ AN HAL AR IRAT, a5k 3-5 s,

% 3-5 glMapBufferRange() H 1 KRR
FRIRT =9%

R B E BT, 45 5 B D2 A7 DX S AT AT A5 41 ml e i 5 LA B T
B SRR s X P9 AT T RSO 50 i B S TR S A RIS, R
LE R AR E SR XA FRIRAF I S GL_MAP_READ_
BIT [ i ffi i

WRBCE IS, SR AR ] Az R, A2 3
DAY FE A B B T AT WU R 2 S B AR e 8 A i SRR
A, AR R A B B 5 TR S A TR, TIBAEAR SRR
R o XAFREFTICE S GL_MAP_READ_BIT [R]ffii

N AR T B 7 ¢ W A0 OpenGL W 5 365 Bl P (1 WB A 35 43 &
& T R B, Jr 2 75 98 ] glUnmapBuffer() 2 i i J
glFlushMappedBufferRange(). U4 2% 77 v 4 K 3 Bl 9 A9 280 4
GL_MAP_FLUSH_EXPLICIT BIT s WS, A S N R TS AR I, Y X
AR IR, XA AR IR A 4 40 5 GL_MAP_WRITE_BIT 25 & {ff
FH. fn GL_MAP_FLUSH_EXPLICIT BIT ¥%45 & X i, 84
glUnmapBuffer() 23 [ skl # 8 4~ Beb DX i 9 2%

QX AR RO BB 135, B4 OpenGL 255 ¢ A IE7E
GL_MAP_UNSYNCHRONIZED BIT S PR A VT RRAELE R, SRS PR M B R N A . AR
TRRABRIRSE, R4 OpenGL AL 2R HEA TR0RE 1Y G A7 [ b H A

GL_MAP_INVALIDATE RANGE_BIT

GL_MAP_INVALIDATE BUFFER_BIT

IEWRAESR 3-5 TP 2 B BER AT TR /R B9, XFT OpenGL £ A9 I LA K K0 1 1n
I B4 [R5 B, kA A AT DA S B — A SRS A 10 e il el A

i 5 47 44 38 & GL_ MAP INVALIDATE RANGE BIT & 3% GL MAP INVALIDATE
BUFFER_BIT Fril 2k 52 L A5 1 Tk, IR A sl Bk % OpenGL AJ LAXT AT 5
AT E A RS AT B, BRAEVRH (S A © 2 W RHd ] GL_MAP_WRITE_BIT AR A%t
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GAFIATE AEAE, WA E G B R P AT — 4 R R E T GL_MAP_
INVALIDATE_RANGE_BIT #Jif&i, R H BN 252 X HA KIS B AR A7 508 (i 20
B H AR AR T A B XA E4r) . i E T GL_MAP_INVALIDATE_BUFFER_BIT,
IR 2 3 R VR AN TSR OIS B8 AT W WS O G A7 X N2 T TCi MR Ah 5 s, R
AR A ZFLH 35 B YA 14 15 DR 7 AR VA A S A ) RS 224 v X G A R R R A iR AT B RS
o HF UL OpenGL & AJ LA 57 S8 47 £ rh el A (38 4, A1 abb BRIV A/RCHe 468 el 1) 500
GIFRIREAE P WA AT o B, A0SR T30 i 22 47 9 55 — S 40 T GL_
MAP_INVALIDATE_BUFFER_BIT, #AJ5 X} 2% 7 H A i) 35 70 1] GL_MAP_INVALIDATE_
RANGE_BIT, R4 % — AR

GL_MAP_UNSYNCHRONIZED_BIT ## iR 47 F F 4% 1 OpenGL #5414 i A1 448 FH B (1)
SFEEHLE] . A X R ERFTE, OpenGL 278 F A7 X 5 22 11 58 WAT ] IE7E A 7 14 A
%o X—4 5 OpenGL ML A X, KA el mitkie ik, ReT ighi Z 5 m
PAETT IAE BB R AN A Z AT e O 723 ] giMapBufferRange() 2 HiiixX A & b
i), B glFinish() 0 MRS (S0 11.3 1), 4 OpenGL WA
B g — A R Dy fig

% J5, GL_MAP_FLUSH EXPLICIT BIT #5 1 £F 3 81 T i FH & /5 K% 3l 41 OpenGL
M T A7 B BRI 4y, SRS 5 A glUnmapBuffer(). i A A £ 4E T 2L i
glFlushMappedBufferRange() rRELIYTEFR 52 AL, HIRAIGNR .

void glFlushMappedBufferRange(GLenum target, GLintptr offset, GLsizeiptr length);

W OpenGL, 485E # target ML A7 H i offset Al length &40 1Y X I8 £ 48 % 4=
THAEE, 5T B B G A7 S A B X

FTATA LA XS A XS Zoh s 1 B E M & R w2 WA
glFlushMappedBufferRange(). Z& 17X} 4 1) 75 [l 2 3l i offset Al length X1 43 19, X P A4~
E O ZHUE T G A7 X G2 ) i 5 0 BBl 22 P, 9 L LB 91 6] 06 51 38 ik gIMapBufferRange() UL &
GL_MAP_FLUSH_EXPLICIT_BIT ARiR AR iif . S ATix M #EZ J5, 23 fBi% OpenGL
X W SR G A7 X G b s 8 BB B 258 i, T T AR AT — SEAH G 454, il n &
BV B 0 T, e DRI B A B AR Y R AT, B BEAT IR, EOE 224
) FR SR A . R G — 4 B A AL TR IR AR TR, sk S ERAE L RT UUR] ¢
o X —HRAEX T OpenGL 5 HoAth i I8 Fy #8409 I A7 4k ab B AR w5 A 5 S0 . 2801k
Wb, A0SR ST 38— AR T R BB JOT R 156 AR A7, IR A EAE G A o
Be 2 8 FEHE R A SO RN X, SRS B2 £ A F 8, IF B~ Bl I — 1k

© AREXEA KEHS T GL_MAP_INVALIDATE BUFFER_BIT, 750 KA 5 J5 — N It 55 DX dsl v A B A
AR
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glFlushMappedBufferRange(). #AJi5 OpenGL ik F] UL 5 i F A F I - AT AT — 2 T4E, M
SCPFEEEUE Z 8 I EAAA T —AFHe

i X AR AT RS TR & 05 =X, FRATTAT LUK R R ¥ Al OpenGL 2 [1] A B4 % Hiv it
BT, SOE S — L S G AL T, Bl 2 AR B D I SR

3.2.4 EFREFHIE

=S

R B 258 B T X BAF AR A AL B, 824 nT DL 4238 1 OpenGL FRATAS P75 24 Fi X
SRR it R IRATIEFE transform feedback HYZEAETE AL, KI5 1 1 e B
HEAT2 M o AR U ) B R 2 il e &, IR AFRAT 150 T LA KB 1 OpenGL, LB &R
Mo ST RO O FUB A AR A A i . 3XFE OpenGL AY SR T LASE I —Se Ak T4E, i
WEENEFECRMS, SRR RES 24 GPU ZIR= A & 5 8 DR

WA TG AR G b B4 BOE AR EdE , IR AFRATTAT LA H glinvalidateBufferData()
o # glinvalidateBufferSubData() A% X -~ pREL A IR AL AN T Fis «

void glinvalidateBufferData(GLuint buffer);
void glinvalidateBufferSubData(GLuint buffer, GLintptr offset, GLsizeiptr length);

W OpenGL, N LT B &5 X AN G v 45 e Ve Bl N 2 i B0, TRt ] LA B s
P8 S B 4l 32 %05 . glinvalidateBufferSubData() 23 il 5 4% #%  buffer 1925 47 X} 5
i, M\ offset 715 b JF i 2 length =715 9%k #iE . glinvalidateBufferData() £ B 424l 57 4
NGATEIE N

FEE, WHE ERBEL, R iEH glBufferData() I H /4 A — 4~ NULL #5 41 /9 i%, 78
2P Sz PR Th e 5 B34 T glinvalidateBufferData() Sz JE w5 ALK o 3% P> 7 1 # 23 3i
Ml OpenGL 52 B AT D22 4 Ml 57 S A7 b i 5cdls . (HJ2, M2 8 I glBufferData() & & #r
Ay N AF X 88k, M7 glinvalidateBufferData() A~ 4. # 4 OpenGL #Y HAKSZ B, 38 & 8
glinvalidateBufferData() () J7 i 2 B ik —2&. 4, glinvalidateBufferSubData()
JEME—— N AT LU 37 S A7 5 G2 v i DX S0 A O 12 o

3.3 TAsE

MERNCEEZADAM T8I, I BAGE G g — A AR TS R, it
TATAE DB BIEAL B B A4 b, RO L TR IUSEE X4 (vertex array object) [
S, EESEERNAERMREE, LR glVertexAttribPointer() i — R 51 R4, 3
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e, FRATH TR AL T TS FE A A C N 25 . glVertexAttribPointer() B H: At 48 Fl bk 4%,
LR ] 15 B — B R 7 s Bl A VA FE A 00 i

3.3.1 EANITIE VertexAttribPointer

TRATC S e 1 25 B S/ Z35) glVertexAttribPointer() #374 . ‘& AN fi «

void glVertexAttribPointer(GLuint index, GLint size, GLenum type, GLboolean

normalized, GLsizei stride, const GLvoid* pointer);

BB 05 8 M 7E index 137 8 0] 1 ) B9 BUHE (. pointer A% 4R 0 B o 5k J& £ 4l b /Y
BB, BRUFEARITTEILAN (HlnFT) FEA, H4EE GLARRAY
BUFFER H #5147 % G2 th i Mo bk AL S 0 E 1Y o size Tn BT S 75 B L R

ML type RN A TT R BB

normalized 7R T0 5 B g 2 75 75 2 AR AL 1

BT B Z BTHEAT A — AL BE . stride o B4R AN SETC R 2 6] B #e 7 5 Ki . 4
A stride 4 0, ABALEAFFH RN BAGHUR R EM G/

glVertexAttribPointer() Jir it B IR 25 2 R-A7 21 24 Fi 28 52 19 TR X 4 (VAO) e
size R BYEMBEICRENE (1, 2, 3. 4), SHE - TFRMRIEST GL_BGRA, E%
T 4 DSBS g iR B type ZHORE T AN TG EHE AL, 3£ 3-6 Fn sl
JE type AT AR E AR IRFF SR, DL AY OpenGL i di s #

% 3-6 glVertexAttribPointer() B3B8 X B ARIR

FRIRFF OpenGL ##
GL BYTE GLbyte (475 8 hi%k)
GL_UNSIGNED BYTE GLubyte (FEfF 5 8 (id&Al)
GL_SHORT GLshort (f7 175 16 i 5 #Y)
GL_UNSIGNED_SHORT GLushort (FEff45 16 i 4E75Y)
GL_INT GLint (7455 32 fu%&#l)
GL_UNSIGNED_INT GLuint (JEFF5 32 ik #Y)
GL_FIXED GLfixed (455 16 fi5E M AL)
GL_FLOAT GLfloat (32 {3 IEEE PANE 7 5 7Y)
GL_HALF FLOAT GLhalf ( 16 {37 STESM10 255 & 77 55 1)
GL_DOUBLE GLdouble ( 64 {37 TEEE XU & 77 45 1)

GL_INT 2 10 10_10 REV

GLuint (JE4EREIEI)

GL_UNSIGNED INT 2 10 10 10 REV

GLuint (JR4EREIEI)

W, WRTE type TfE AT GL_SHORT 5 # GL_UNSIGNED_INT X £ (1) 8 5 e 7 |
A2 OpenGL H NG X LB R HUAEAf BN RAF AT LN AT . OpenGL AN 3X L4410 7
VRSB AT LK TR B R AU TSR M o P Tk — e B AR T LASE i normalize

81
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SHOREE R . W normalize 7 GL_FALSE, T84 B 504 B3 0l 0 bl 5 36 1 77 A B =
SRIG PG ABITR GG b BATh U, WK — DR 4 8 AZAF, W type N GL_
INT, 1M normalize & GL_FALSE, 4% (a#8 h & AWIEREZ 4.0, W2 normalize & GL_
TRUE, ARAEHEAEME A BT (B8 Z il 28 Sei 70—k, Ak, OpenGL i —
AT AR T A B 2R AL ) R B R BR BN e R . R B R BUE A AR S 1, IS AR
5 = R/NS (1

c

F=3

IR R AE AT S0, IR AT
26+1
F=
XPA ARG ], _fﬂﬁéé%?ﬁ%ﬁ,ﬁﬁ{ﬁ, ¢ FRNEA R BRI, b RN BT
fi%C (9140 GL_UNSIGNED BYTE #f /2 8, GL SHORT #t /2 16, PIBb2EHE) . H, LM
SR S AUTERR AR OC 10 1 BT, 30T ZE AT A T m B AR o A 3] 1) % £ Tt
FUBTETAE A 4 VE R, IR 23X BIRA TR 3 «

4
f: 232 I
ERIEE A S T 0.0000000093 13— J— AR H# /MR !
BRI T i

WARXT 7 S BUE R TAE Jr 20 F AR TR, A2 R I 1%t J60 8 n S5 & i BB AR KA
e, 23 RS BE I 20, DRI RV ] %) R (B AN BB e {0 AL S Pk A A TH R (0 2
o, B, BRATTFEGI AR S E M. ENHETAE AR T HRRTIEN int, ivec2,
ivec3 UM ivecd, MIRMA LA SHERMIE, Bl uint., uvec2. uvec3 LM uvecd,

?*21!‘]%?%Fﬁiﬂ%~/\ﬁ'§}%@m%%ﬂ"%%&%‘%ﬂm;ﬁ}%ﬁqﬂ BT H s
BT RBHRAE . XA R A glVertexAttriblPointer(), i I RRB A SR

void glVertexAttribIPointer(GLuint index, GLint size, GLenum type, GLsizei stride,

const GLvoid* pointer);

5 glVertexAttribPointer() 25U, Aid & & FHF ) TS 5 €6 25 b 4% 6 4 AL 1 T 58
PEo type W0 it # AU RIS AU ) —Fb, f245 GL_BYTE. GL_UNSIGNED_BYTE. GL_
SHORT. GL_UNSIGNED_SHORT. GL_INT, LA} GL_UNSIGNED_INT.

7, glVertexAttriblPointer() i) 2 55 glVertexAttribPointer() 25 & %5 iy, H 2
AT normalize 28, X2 KM normalize X T BRI TH S J@ Mk i 2 A L. X H
i type 240 H e GL_ BYTE. GL_UNSIGNED BYTE. GL SHORT. GL UNSIGNED
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SHORT. GL INT, LJ& GL UNSIGNED INT XZEFRHAT,

RS JEE T

glVertexAttribPointer() 25 =4~ fk 5l 2 glVertexAttribLPointer()—ix HL Y L %7~
“long” o XA BRECL T T4 R PRI 22 64 (3 1 XU B8 77 s B TV s 1k

void glVertexAttribLPointer(GLuint index, GLint size, GLenum type, GLsizei stride,

const GLvoid* pointer);

5 glVertexAttribPointer() 25, AadXf F4& A0S & G 1Y 64 {3 B BURS B2 17 o5 75
TS B MR, type 44011% & 5 GL_DOUBLE,

x B U W, normalize 2 B K SR JE A 75 E ), glVertexAttribPointer() H ()
normalize F 2 A b BEAR LA IE B ELEE (0 A A S RIS A, PR L AE X LB I AR 200 .
H glVertexAttribPointer() st fdi 1] T GL_DOUBLE 285!, I8 4 SBR[ B4 76 1% 336 3] Th
FUE (AR Z 298 B 3h i 3 32 o7 BkG B 7 s ALy SN—— R A T B AR T B M e e
BH A SURE BE 28, il double . dvec2. dvec3. dvecd, ol XU AYAE FE2EAY, i
hh dmat4., {HJ&, glVertexAttribLPointer() A L4 IE 4 A B (19 52 kg 28, I B e

T PP He 4 Bl A 5X

1] £ glVertexAttribPointer() fiy 4, Z i T 248 &, size ZHW AT EEALHE 1, 2. 3.
4, VIR —DFERBPRIRAT GL_BGRA, AL, type 28U AT LU HE S0 R 5k (%) 25 (8, D
GL INT 2 10 10 10 REV 1 # GL_UNSIGNED INT 2 10 10 10 REV, ‘¥ fl1#8 X} R T
GLuint 204 2R . 33X SEREIR A9 bR PAF 7T LA IR 35 OpenGL SCHf 1Y R 48 £ s 4% X . GL_
INT 2 10 10 10 REV A1 GL_ UNSIGNED INT 2 10 10 10 REV #riHfFE xR T —F A 1Y
B AR, BT AN A 10 AN, SR S 2 N, RS E
RN —AN 32 437 ARS8 ( GLuint) . GL_BGRA AJ LA fij BLstb A GL_ZYXW HH%
A AR 32 (AR EE AT R 3, TRATAT ASE A 3-3 pica Rl 4y Jr 2

w X Y

27

¥ 3-3  BGRA k&R RS 0 s Jm i e 250 A1

F 3-3 /1, TSRS FE—A 32 (PR B0, IF A w, x. y. z—RFEZ A
Wz, y. xoow, SEHBIAERERED, g r. a. B 3-4 1, 00000 R4

© XAZEDEM OpenGL AR, Huhy T I HUA R AN )
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FRw. z, y. x, REEFFGEGESEMNEAZEr, g, b, a.

o % 2 o oz 2 24 20 22 2 2 19 e 7t ts 4 d0 2 W 10 9 8 7 6 5 4 s 2 1 0
\%\I y4 Y

X
Kl 3-4  RGBA #%C10% Hi S8 MR e R i

T K vl A GL INT 2 10 10 10 REV 5{# GL_UNSIGNED INT 2 10 10 10_
REV 3% Wi fkg = rp i —Fhole 8 . a0 glVertexAttribPointer() i type 2 8% & Sy Horp—
FIFRIRAT, I T0 s R0l o i B A TR R 2 5 408 32 60 X AR S 4 00 il ol 45 A o i AR
Je i T EAEAT A — 1k (R4 normalize Z AU BEE), e Jo 1 14 388 B0 I 119 T00 o5 S8 4 24 v o
X ANEICHE (0 HEA O 2O T R R 2SR A S Mk 1 BRI A 2h AL, AN E BRI/ R 10
B, PRIORE R mT LS BB B, I LI o AR Bk 20 77 a5 RS BE g (A4
WS 16 07) . XFEN T NAES M ARG R, Fika B TR R

3.3.2 BISTMABEMRIE

1SR, & {1C 4 T f# T glEnableVertexAttribArray() il glDisableVertex-
AttribArray() R,

X4 R KU 38 1 OpenGL, T 2 A7 i Sf T MRLE TG M 5idl . 7E OpenGL M THLAS,
SEAEP OO 2 T, FRATL 458 B glEnableVertexAttribArray() J& X 7 4 T s & v
TSR A T A5 S P X I 1 S P B AT i TS, SR AT A e LR, OpenGL 2 fifi
FFSTUREY: . AT ST B YRR — A BNE, WA 8 PR BA Ja AT )&
PERCA BTG, S B BME . 28R UL, FRATAY TS 8% Al GBS 22 AT e

AFAME A B BTSRRI U B A7, 3k TCRE S — N A TR 2 R RE A
Fo P, X HUAT DABE R TOUSUR PERCZE O ELA R 2 A T P (R 50 B I TS i i

BB PERY RS S @ PE T L it glVertexAttrib*() R 410 sRECK I E . A0 T & P
TS & s b E— SRR = (40 float . vec2, vec3. vecd B 17 S RIAERMEEHY
Bl mata ), IBAFATHE AT LIGEFH FIAIAY gl Vertex Attrib*() A5 B & B .

void glVertexAttrib {1234} {fds}(GLuint index, TYPE values);
void glVertexAttrib {1234} {fds}v(GLuint index, const TYPE* values);
void glVertexAttrib4 {bsifd ub us ui}v(GLuint index, const TYPE* values);

BWE RGN index KT BRI HAS(E . WRMEBMAFRREEA v, okl i

EANSEE, Wx, y. z. wBEL MRRECREA v, BARZH 4 MSEUERIRAT
FE— BTG AR, BRHEE T values A8 &, AT A x. y. z Fl w435
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JIT A X S pR RER 2% 1 IR A S B R i SR (BRAE e AR R I R BUE D), A&
Jo PR B BN TG (L as o 33 LA S 40t 2 A7 B 0 s R SR R A e Wl Ut B AU
BEEE O IR SR R, S8 AF P B T glVertexAttribPointer() I 1% & normalize 2
#h GL_FALSE M4l B2 —FERY . X T pR AL P 75 248 AR BUEE R I O, FRAT T ] LA
RS AN R EL, KB — R [0, 1] 803 [—1, 1] MYERN, HARIERMASEOR RN
AR5 (BETAFT) R, s sy B o

void glVertexAttrib4Nub(GLuint index, GLubyte x, GLubyte y, GLubyte z, GLubyte w);
void glVertexAttrib4N {bsi ub us ui}v(GLuint index, const TYPE* v);

BCE R index FTA I H)— A8 2GR MEME, IF ARGl 2 P AT 24
H—AEE] [0, 1] MR, HAERFSSEE—E [-1, 1] M.

RIEEAEH] T I LE ek %, i A SRR S5 o i R IE X, AR JR AR 4G IG5
fiv o PIRCHIATT L RE IR B RS B T A R Y (0 i S SR MR e o G 2R T i 1 A b
B Sy R R WOURG B V7 s B3, IR 2 el N T ) R B0 5

void glVertexAttribl {1234} {i ui}(GLuint index, TYPE values);
void glVertexAttribl {123} {i ui} v(GLuint index, const TYPE* values);
void glVertexAttribl4 {bsi ub us ui}v(GLuint index, const TYPE* values);

BE—ADEE NS BATUGRMEE, DHT index 78 A BRI T UE 1

WA, SR TR e M A B BURS R B B, IR 4 Bl R A LAY
glVertexAttrib*() A%, L5

void glVertexAttribL {1234} (GLuint index, TYPE values);
void glVertexAttribL {1234} v(GLuint index, const TYPE* values);

WE—ANEEZSNHET R, DT index {37 B A B0 BE T 1 o

glVertexAttribl*() Fil glVertexAttribL*() Z 41 sk #S 2 glVertexAttrib*() B8, BATH
SHREE 36 T 5 R P 25 glVertexAttriblPointer() 45 pR 1 52 B F i —FEAY

WERARAE ] T 54> glVertexAttrib*() sREL, (H A% i3 25 TR & PR 19 43 12 S B0 2 35
(Bt FH glVertexAttrib*() 19 2f L2, Irid B A T00 8 @ M 2 bR L Bk vecd ), ARABRD
()43 f ok F ST A BN . 4T w ok, BRINE R 1.0, 1y A1z 4r s A B R
0.0 C. WS BRBCTL A 4 AN S T3 s T TSR I A B, IR A S RIS 2
B fAT B IR A T4 S A B

© M THERATBLE x A HOME—PUO IR E vy 2o w BISPEERI 0, RATRER x i{E.
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@% HAMABRMERZRAELELH VAO L HHy, MARRFNEL, XGBE%E, ©
RUEAM MR HCHPHFAE N vec3 W N B, T HATE A glVertexAttrib*()
W aftv FRUBT —NHULEWHESL T, WL2EWEAN P EBEER LB A, B2
KRPERET . WREEMAFCBNANE, EFHRBELWRELEN vecs BT
R, BrzaZENENNPEER S HAEEE W LELF T .

3.4 OpenGL BV4&5I64

K ESY OpenGL 2l A A #E LA Draw XA HUAFFUE IS il fir A KEaT LIS 35
s RePEXFAERSIER WL, RENLH 7 2 HP 48 % GL_ ELEMENT ARRAY

A—J7 i, ERGIAL AT EMH GL_ELEMENT ARRAY BUFFER, H 755 fiff B 342 i
Fr BB BRI 0] . OpenGL 24, HIFEARMAER S TE R WL il 4745k & glDrawArrays().

void glDrawArrays(GLenum mode, GLint first, GLsizei count);

fit R T R @ L L EIOTF 8, B I8 TR B AR 4G 6 R first, 453K
{37 4 first + count—1. mode /R EJLAYZE A, B % JE GL_TRIANGLES, GL
LINE LOOP, GL LINES. GL POINTS ZRRIFRHAFZ—

H52ZHEM, REARMETIEAML 442 glDrawElements().

void glDrawElements(GLenum mode, GLsizei count, GLenum type, const GLvoid* indices);

fii ] count NITER K& L — R BN IUM KT, MICER MR GHERFETE— 1 485E B GL_
ELEMENT ARRAY BUFFER FJZZA7H (JLRENU1ZE 17, element array buffer) . indices & X
TIREBAHEA AP mE AL, WHLERT I BRI &, A FTT . type AUE GL_
UNSIGNED_BYTE. GL_UNSIGNED_SHORT & # GL_UNSIGNED_INT H'fj —4~, B4 il
TIEBAGAATRT I BIRRZEA, mode & X T ETTHE T, BUHUE BT ARN
FFdiy—4>, il GL_TRIANGLES. GL LINE LOOP. GL LINES #{# GL POINTS.

I pR BT 2 DN S R S B 0 T T 1 R A v BRI AR B, SRR B AT A A
mode $5 %€ 14 o2 RS T J& A /9 A AT LLiE i glEnableVertexAttribArray() ok 5¢
A, WA 1 SEATA 410, T glDrawArrays() HOE B AT R G v 1 T SR M IR A B Y
HEBWI Y, B IEE . glDrawElements() fifi ] T 0 2 B A7 R 5 1 BE kR 51

© PRI, OpenGL HUL I T WA Draw “FHERYBREL, (ARASPATIEMZHIEAE, EA1/2 giDrawBuffer()
F1 glDrawBuffers().
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BTN RS AL, A Bk N B 24 1Y OpenGL 2l PREL, FEA R [ AR &3 TX 4
PREOR SE N RE SR . 4N, glDrawElementsBaseVertex() il LUK G E 54l A5 TP R
VBT [ B RS

void glDrawElementsBaseVertex(GLenum mode, GLsizei count, GLenum type, const

GLvoid* indices, GLint basevertex);

A S -5 glDrawElements() JFJEIX B, (HRERIEE i M RFELE AL a4, 52
P b 32 B A5 T A5 0 H H A9 % indices[i] + basevertex TNICEK o

glDrawElementsBaseVertex() 1] DL AR #ig 5 /> &R 51 3& 8Ok i 81 o0 R A & A7
&G R, Fln, an iR — A B AR 2 A ROAS () n #5582 i i 22 T B ), O
HAORFETE — A0S 0 T8 22 A2 4R A v, HE 2ok 98 47 v S R 9 O 7% i ok IX 4. IR 4
glDrawElementsBaseVertex() % AT DA i 15 B K — Wi B (1) & 5 1 5k, B2 X — Wi fir
X7 1) 2y TR o T R — iR B 2R T R A R — B

51—~ glDrawElements() 17 AR B %2 glDrawRangeElements().

void glDrawRangeElements(GLenum mode, GLuint start, GLuint end, GLsizei count,

GLenum type, const GLvoid* indices);

X J& glDrawElements() A)—FF 4% i TE R, B SZFr EAHYS T AR (WEE T
K4 ) 5 OpenGL Z [MIJE W —F 2y, BIJCRBEH A7+ il & BAEm — AR5 ME Ok
H indices) #F<=7% A3 start A1 end Fr i X TEFE 24 4,

AT e AT LAl X s T R 1Y A A ok S Bl — BB B O | gy a4, B,
glDrawRangeElementsBaseVertex() 5t # 4 F glDrawElementsBaseVertex() 5
glDrawRangeElements() Difg i —Fh 41 & IE .

void glDrawRangeElementsBaseVertex(GLenum mode, GLuint start, GLuint end,

GLsizei count, GLenum type, const GLvoid* indices, GLint basevertex);

[\ 7 FH AR 2 Tl e sr —Fh 2ok, HE U5 glDrawRangeElements() 250, Aid A
At 37 F7 8 FH basevertex SR UZ B TS KRG AFEE, AEXH, XA pRECK B ek & T 24
21 G A7 PR AF BB S 575 A start A1 end Z (8], SR FEXFHLAS N basevertex HE%% .

XL o Y[R B IR A AE — S 2B RRAS . 2PN GHES W —37 “ZLHIEG” .
% St 2 4 2 42 3% glDrawArraysinstanced(). glDrawElementsinstanced(), # % if
# glDrawElementsinstancedBaseVertex(). /i, FATHEENFPHNRHR WS, B
IS HOA I B N T PS80, R NG S AR AT PR A TR 42 4 1l R AL
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AR ZAR s, U — DSR2 952 2] GL_DRAW_INDIRECT_BUFFER H#r I
glDrawArrays() [ 4Z kA< i i glDrawArraysindirect().

void glDrawArraysindirect(GLenum mode, const GLvoid* indirect);

¥t 5 glDrawArraysinstanced() 58—, A2l a2 1S8R NI E 3] GL_
DRAW_INDIRECT BUFFER M%7 ([H]3%%: 42247, draw indirect buffer) H 3k B 25
P A% . indirect 1o i W] 42222 i 22 47 1 A9 I B8 Hidik . mode #4751 J2 glDrawArrays() if 32
KR A B TR,

glDrawArraysIndirect() 91 (1) 5Z bR il i 4 24k, J& AL 22 47 indirect Hbhk 1Y
SERIR PRI . XS IR C TR M G 3.3 FR .
5 3.3 DrawArraysindirectCommand %% ¥4 A fit) 75 B

typedef struct DrawArraysIndirectCommand_t

{
GLuint count;
GLuint primCount;
GLuint first;
GLulnt baseInstance;

} DrawArraysIndirectCommand;

DrawArraysIndirectCommand %5 ¥4 {4 i) it 47 35 i 51 %8 23 /£ & glDrawArraysinstanced()
IS EGHEA TN . Hirp first A1 count 2 8% B HAL 1% 2] R R . primCount 278 22 5Ll 1)
A4, 1M baselnstance FLAH Y T 2 SL91 T 43 & 1 Y baselnstance 8 R HIFH.Cy, FRATE L
AR 2 L BE G I AH AT 2 ) o

glDrawElements() BIR42 A< 1Y f# glDrawElementsindirect(), & A E XANF

void glDrawElementsindirect(GLenum mode, GLenum type, const GLvoid* indirect);

A Ji I 5 glDrawElements() & — By, H 2 2 il a5 2 19 2 802 N 95 8] GL_
DRAW_INDIRECT_BUFFER W22 /7 4REU . indirect iC 5% T A4 4 il 52 47 v 1) 4% b
ht. mode A%l glDrawElements() I SZ £EAGHEANE TG AL, 1 type $5 228 T 2 il i 2 0
FHIS TCRBEH A R G MBS AL,

ISR ZE{# H glDrawArraysindirect(), 54 glDrawArraysindirect() H175 Z ISR H To0E
BEHZEAED indirect IRFZHIHEFITAAAARIZEAIIR, XAEIAR) C 1B FIEXR A HIING] 3.4 Pk .
5] 3.4 DrawElementsIndirectCommand %8 #4419 75 B

typedef struct DrawElementsIndirectCommand_t
{

GLuint count;

GLuint primCount;

GLuint firstIndex;

GLuint DbaseVertex;

GLuint DbaseInstance;

} DrawElementsIndirectCommand;
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DrawArraysIndirectCommand Z5#J4& s, Arf DrawElementsIindirectCommand F¢J38 % 57
#R 21N glDrawElementsinstancedBaseVertex() IS EE 1T #MT. count fl baseVertex 2%
e AL B N ER R g . 5 glDrawArraysindirect() 11—, primCount 137~ 2 5Ll (1)
AL, firstindex 1] LA type SHUTTE LIRS VEHE R/NMAZ G, Vit &£ 3] giDrawEle-
mentsinstancedBaseVertex() &R 5| B i 45 4. LA, baselnstance ok 37w 45 3 2 il iy
A, A 22 S TV A M 1 S IR RS

BAE, FATETIE A2 L, Daw T2l % BN B Tahla 2B aEX, 4
gMultiDrawArrays(). gIMultiDrawElements() 1 gIMultiDrawElementsBaseVertex(). %} > B
BARIC T —A first ZE095AL, DL —A count ZELR %A, HTAE I =CH 2 X5 B4
BAMICR, HBSPUT—RIBEME 2 kB 22k, glMultiDrawArrays() BRELHY
JEASUNE

void glMultiDrawArrays(GLenum mode, const GLint* first, const GLint* count,

GLsizei primcount);

TE—A~ OpenGL PREIH 1 7 Hr 2 il 22 4 LT ST 4E - first AT count #RJEELLH B L,
BB ICR AR Y T—Ik glDrawArrays() I, JCE M EEH primcount PLiE

WH gIMultiDrawArrays() 25 4rF F i OpenGL &A% EL .
void glMultiDrawArrays (GLenum mode,
const GLint * first,
const GLint * count,
GLsizei primcount)

GLsizeil 1i;

for (i = 0; 1 < primcount; i++)

{
}

glDrawArrays (mode, first[i], count[i]);
}
i, glDrawElements() 9248 i A 52 giMultiDrawElements(), ‘& RIJEEILGTT

void gIMultiDrawElements(GLenum mode, const GLint* count, GLenum type, const

GLvoid* const* indices, GLsizei primcount);

TE—> OpenGL PRI HE FE 4l Z 4L LT EIT4E . first A1 indices #UE B ATE A,
BB ITR AR T—IK glDrawElements() 8], JTE AY.SEH primcount P7E o

VM giMultiDrawElements() %4 F F ifii 1Y) OpenGL fUHH B .

void glMultiDrawElements (GLenum mode,
const GLsizei * count,
GLenum type,
const GLvoid * const * indices,
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GLsizel primcount) ;
GLsizel 1i;

for (i = 0; 1 < primcount; i++)

{
}

glDrawElements (mode, count[i], type, indices[i]);
}

glMultiDrawElements() 19§ J& it A< 4 & T % 4b 1) baseVertex Z %, 3k /2 gIMulti-
DrawElementsBaseVertex() BR%. B RJRRIGNF s .

void glMultiDrawElementsBaseVertex(GLenum mode, const GLint* count, GLenum

type, const GLvoid* const* indices, GLsizei primcount, const GLint* baseVertex);

TE—~ OpenGL PR EU I FH i 2 b 2 Z 40 JLff Fl e 4E . first, indices Fl baseVertex
FRRE ALK, BB ICER A Y T —IK glDrawElementsBaseVertex() 3 A,
JUE I EEH primcount $RAE .

5 2 i frid () HoAl OpenGL 248 2l 44251, gIMultiDrawElementsBaseVertex()
AT VSN F R Y OpenGL AR A% EL :

void glMultiDrawElementsBaseVertex (GLenum mode,
const GLsizel * count,
GLenum type,
const GLvoid * const * indices,
GLsizei primcount,
const \GLint * baseVertex) ;

GLsizel 1i;

for (1 = 0; 1 < primcount; i++)
{
glDrawElements (mode, count[i], type,
indices[i], baseVertex[i]);

}
A, MRARENEHNERZLE, JFHMESHC L RAR —DZAEXT
% v, nl Ll H $% {# H glDrawArraysindirect() 5% # glDrawElementsindirect() 2t Fi 1)

W, B 4 AT DL X P A~ eR ER RS 2 8 i LA, B gIMultiDrawArraysindirect() il
glMultiDrawElementsindirect().

void glMultiDrawArraysindirect(GLenum mode, const void* indirect, GLsizei
drawcount, GLsizei stride);

ol ZHE T, RSB RAERI A 4. 78 gIMultiDrawArraysindirect()
B — K8 24 dr, ml RL 4y & B 3t drawcount ST 2 Hl v S, TP RIS LS



——— % 3% OpenGL4# 77X 9]

glDrawArraysindirect() it HH 2502 — 1. 1> DrawArraysIndirectCommand 454 {4
Z B Ia] B AR 2 stride N1 o AR stride J2& 0 B93&, B2 BT 10508 25 A (AR A AR — 4>
S HS A

void glMultiDrawElementsindirect(GLenum mode, GLenum type, const void* indirect,

GLsizei drawcount, GLsizei stride);

2l ZHEOCEE, MXSEAEIBIE R ZA 4% . 78 gIMultiDrawElementsindirect()
B — W Y, w] RL Ay & B3R drawcount P SE U2l Ay A, AT IS S
glDrawElementsindirect() It H i) 2 8% — 3 1. % > DrawElementsIndirectCommand
gEM IR 2 8] A 8] B AR 2 stride 75 . Q02K stride J& 0 AYTE, AR4FTA B9 EE 45/ A0k 44
BB HES 1%

OpenGL 2125 >)

X HLEG H — A LU B 1, B T AR E P A 4180 — 7> OpenGL 22 il 5 %
@1 3.5 s A BR A BN A B, IFMER I T2 iR B 3.6 o TR 2 il dr 2
It e

B 3.5 Ll fiv & 1 A i R s 4]

/7 4 ANTRE
static const GLfloat vertex_positions[] =

{

-1.0£, -1.0£, 0.0£, 1.0f,
1.0f, -1.0£f, 0.0f, 1.0f,
-1.0£, 1.0f, 0.0f, 1.0f,
-1.0f£, -1.0£, 0.0£, 1.0f,

Y

/] BT B A
static const GLfloat vertex colors[] =

{

1.0£, 1.0f£, 1.0f, 1.0f,
1.0f, 1.0f, 0.0f£, 1.0f,
1.0£, 0.0f, 1.0f, 1.0f,
0.0f, 1.0f, 1.0£, 1.0f

Y

/) EARIME (RNR KA LH-NZAF)
static const GLushort vertex_indices[] =
{

o, 1, 2
}i

/1 RBETLERAES
glGenBuffers(l, ebo);
glBindBuffer (GL_ELEMENT_ARRAY_BUFFER, ebo[0]);
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glBufferData (GL_ELEMENT_ARRAY_BUFFER,
sizeof (vertex_indices), vertex_indices, GL_STATIC_DRAW) ;

/) Ve BT JE
glGenVertexArrays (1, vao);
glBindVertexArray (vao([0]) ;

glGenBuffers(l, vbo);
glBindBuffer (GL_ARRAY_BUFFER, vbo[0]);
glBufferData (GL_ARRAY_BUFFER,
sizeof (vertex_positions) + sizeof (vertex_colors),
NULL, GL_STATIC_DRAW) ;
glBufferSubData (GL_ARRAY_BUFFER, O,
sizeof (vertex_positions), vertex_positions);
glBufferSubData (GL_ARRAY_BUFFER,
sizeof (vertex_positions), sizeof (vertex_colors),
vertex_colors) ;

B13.6 il an sl

// DrawArrays

model_matrix = vmath::translation(-3.0f, 0.0f, -5.0f);
glUniformMatrix4fv (render_model_matrix_loc, 4, GL_FALSE, model_matrix) ;
glDrawArrays (GL_TRIANGLES, 0, 3);

// DrawElements

model_matrix = vmath::translation(-1.0f, 0.0f, -5.0f);
glUniformMatrix4fv (render_model_matrix_loc, 4, GL_FALSE, model_matrix) ;
glDrawElements (GL_TRIANGLES, 3, GL_UNSIGNED_SHORT, NULL) ;

// DrawElementsBaseVertex

model_matrix = vmath::translation(1.0f, 0.0f, -5.0f);
glUniformMatrix4fv (render_model_matrix_loc, 4, GL_FALSE, model_matrix) ;
glDrawElementsBaseVertex (GL_TRIANGLES, 3, GL_UNSIGNED_SHORT, NULL, 1);

// DrawArraysInstanced
model_matrix = vmath::translation(3.0f, 0.0f, -5.0f);
glUniformMatrix4fv (render_model_matrix_loc, 4, GL_FALSE, model_matrix);

glDrawArraysInstanced (GL_TRIANGLES, 0, 3, 1);

1 3.5 Ff) 3.6 W RE P AT45 R UNIE 3-5 firs . BEREERIFARFTIAARE, Aidix
BRI AR ZIUS AR =8, IF B =M RE IR T — AR B2 il a2

3.4.1 EThIER

T BN B TS A S Y B, FRATT AT BE S B ST K Y OpenGL £ il #24E ,
It B RZH N2 B 5 HT— IR BT 28 89AE ] (5140 GL_TRIANGLE_STRIP) ., 44k,
FATAT LAAE A gIMultiDraw*() & 20 pR %, HR R EEA A LA BIF TR IR R T E
FIK B A 504

OpenGL S FF7E [F] — A8 Ye i & P UEA TR DG E A sh 9 ThRE,  BURTF5 Z48 2 — Rk Y
8, MigETE S 31K 5] (primitive restart index), OpenGL N #BE X MR ARI AL BE .



% 3% OpenGL 4% 7 X,

RGP B T XANERISRS, RS NEXANRE 2G0T S IF G, BT
TEHATAR A oS AR TE Y . KOG E R sh &R 5 U i gIPrimitiveRestartindex() &%k
HeSE LAY

il 3-5 2l fr 4 0 T LR 51

void glPrimitiveRestartindex(GLuint index);

WE DT ABHTCRNRIIE, AREEERS RS, WA 8 s g oo
el WARAEAHE AT R RTI MR B R T MR IRR I, ARG
AN b R LA TR R, 2 Ak S AT A T2, JF BNE — A s B T fh i
Belr] —RBRETES

T TS B YT BAE B glDrawElements() 51 (10 s EGE FH 528, 84T LU
| glPrimitiveRestartindex() Irf§ & &5, I HAEE X NRGMER TSN RECE A ZT
o i, IS HE T G SRRk 2 5 A AT DAEA T IX R A . TR TR gh 4 T L
i glEnable() il giDisable() FECKEM, WIHAIZ 4 GL_PRIMITIVE _RESTART.

FEE 3-6 TR TSR, EAIH T A=A, Hal E T shig 7 T
FIFA . R, EOtER SR E N 8. = ABE T, OpenGL &—H I
FEIOLRBAHGAF PRGN ET] 8, X NEE A, OpenGL AL @I#— T gL, 1
FEGEHCYRET —AIE AR EH . T8 (R519) B —A8r = A K s —1
T, P IRATT R M T A = AIE 40 -

Kl 3-6  (lHIEIDCES ShAYRHAES T =B 2l

93



T AR T ST E R B — AR ik B EOTE A s R Sy
RSBl —fIE AT . B 3.7 A5 3.8 B M IR BB B B R, DAl .

Bl 3.7 whntbsr T AE s, BRI = AR SR

/] WESLTERB S AMAE, KA 2, FOHEXR

static const GLfloat cube_positions[] =

{
-1.0£f, -1.0£f, -1.0£f, 1.0f,
-1.0f, -1.0£f, 1.0f, 1.0f,
-1.0f, 1.0f, -1.0f, 1.0f,
-1.0f, 1.0f, 1.0f, 1.0f,
1.0f£, -1.0£, -1.0f, 1.0f,
1.0f, -1.0f, 1.0f, 1.0f,
1.0f, 1.0£f, -1.0f, 1.0f,
1.0f, 1.0f, 1.0f, 1.0f

}i

/] BATR B
static const GLfloat cube_colors[] =

{
1.0f, 1.0f, 1.0£, 1.0f,
1.0£, 1.0£, 0.0f, 1.0f,
1.0£, 0.0f, 1.0£, 1.0f,
1.0£, 0.0f, 0.0f, 1.0f,
0.0f, 1.0f£, 1.0£, 1.0f,
0.0f, 1.0f, 0.0f£, 1.0f,
0.0f, 0.0f, 1.0f, 1.0f,
0.5f£, 0.5f, 0.5f, 1.0f

Y

/] = & R

static const GLushort cube_indices[] =

{
0, 1, 2, 3, 6, 7, 4, 5, /] - &
OXFFFF, /] o<<- - EAERERIHMET
2, 6, 0, 4, 1, 5, 3, 7 A =P

}i

/] RBTUERNEA
glGenBuffers(l, ebo);
glBindBuffer (GL_ELEMENT_ARRAY_BUFFER, ebo[01]);
glBufferData (GL_ELEMENT_ARRAY_BUFFER,
sizeof (cube_indices),
cube_indices, GL_STATIC_DRAW) ;

'S ail-y-1:3
glGenVertexArrays(l, wvao);
glBindVertexArray (vao[0]) ;

glGenBuffers(l, vbo);

glBindBuffer (GL_ARRAY_BUFFER, vbo[0]);

glBufferData (GL_ARRAY_BUFFER,
sizeof (cube_positions) + sizeof (cube_colors),
NULL, GL_STATIC_DRAW) ;



% 3% OpenGL 4% 7 X,

glBufferSubData (GL_ARRAY_ BUFFER, O,

sizeof (cube_positions), cube_positions);
glBufferSubData (GL_ARRAY_ BUFFER, sizeof (cube_positions),

sizeof (cube_colors), cube_colors);

glVertexAttribPointer (0, 4, GL_FLOAT,

GL_FALSE, 0, NULL) ;
glVertexAttribPointer (1, 4, GL_FLOAT,
GL_FALSE, O,

(const GLvoid *)sizeof (cube_positions));
glEnableVertexAttribArray (0) ;

glEnableVertexAttribArray (1) ;

Kl 3-7 Pt Bl 3.7 45 R =B R, BTN SL B = B AR Rk — A
WIELNISPIZ 7N

¢ STRIP1 7 ¢ STRIP2
[’ 3-7 M = MAIE A AT ik
%1 3.8 K CHE A 3h Y 75 gzl i P = fAJE St 4L 7 J7 1R

// % B glDrawElements
glBindVertexArray (vao[0]) ;
glBindBuffer (GL_ELEMENT ARRAY BUFFER, ebo[0]);

#if USE_PRIMITIVE_RESTART
/) WmREFRTELERS, HrREFERH —RLH w4
glEnable (GL_PRIMITIVE_RESTART) ;
glPrimitiveRestartIndex (0xXFFFF) ;
glDrawElements (GL_TRIANGLE_STRIP, 17, GL_UNSIGNED_SHORT, NULL) ;
#else
/) mREEFRETERS, B2 FERARREH o4
glDrawElements (GL_TRIANGLE_STRIP, 8, GL_UNSIGNED_SHORT, NULL) ;
glDrawElements (GL_TRIANGLE_STRIP, 8, GL_UNSIGNED_SHORT,
(const GLvoid #) (9 * sizeof (GLushort)));
#endif

CD% Y OpenGL E LE B A Z P B LM AENE BN E B, HoHTETE B
. B, TR ERSHRIREN —MRB P LTS FEWEE. BRAWERE %5
HO, EREXMEEHAEGHIAETERAZFLYY., —PFRENEFL 21, XE#n
F o EBIME B A%k (4 GL_UNSIGNED SHORT #y% 5| % 2 16, T GL UNSIGNED INT
ERGIRE32)e BMARTHRE-NELNEIME, R CIENE R RIIEE
H3E, 2 BATUR A FER T P 0E - MEA MR E —NERT T,
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S5k (instancing) o 23X 4|7E Y (instanced rendering) Jf&—FhiELE A T2 2 M 1Y
ERAA I, JERNE RGNS R S AR 2E S . e —FhEEw A AL
(), il /> APT 8 ke i Yo K& JUT R 1) J5 i . OpenGL " 24416 T — 265 22 1 oA
oy 2 B SO AL AT S 2 AT BE4h, OpenGL Hb it T 2R, FLiFE G
i FH 22 AN ) S B i A, FF BRHREASSC ) (A 2 R T00 6 ) A M3 AN [ 119 T0 A J
{H o e A7 51 22 S0 G ) i 2 0

void glDrawArraysinstanced(GLenum mode, GLint first, GLsizei count, GLsizei

primCount);

i) mode. first Fll count BT #4 B[ JLA[ 1A K1 Jo 5 (K4 T glDrawArrays() PR £ i
RS 280, 2B R primCount 341, XFFREASEH], N EASE gl InstancelD #R4:
UG, BRI BUE S LB BTN A R, LUK AN R S0 ) T A5 8 P

XA eR B glDrawArrays() 19 22 SE6RAS , FRATAT LA 5 305X P A oK £ 22 8] 19 AH 2L
Z hb. glDrawArraysinstanced() ) 2 #{ 5 glDrawArrays() J& 5%¢ & S M By, RE L T —
A primCount 28, 33X > 2 B T 15 8 UE A5 18 4 19 S5 49 4. >4 OpenGL $0F7 3X 1> R 4L
g, B S2 bR 4 $4T glDrawArrays() i primCount Y% #% U1, 45 X 1Y mode., first £l
count Z HUHR & HL AL A . HiAh OpenGL 4 2 il i 4t A X i (1 *Instanced WA, ]
glDrawElementsinstanced() (X Jii giDrawElements()) #il glDrawElementsinstancedBaseV
ertex() (X} glDrawElementsBaseVertex()). glDrawElementsinstanced() BREL)E LUIT

void glDrawElementsinstanced(GLenum mode, GLsizei count, GLenum type, const

void* indices, GLsizei primCount);

i 1f mode. count Fll indices JIr #4 i 14 JLA] {& K1 o4 (44 F glDrawElements() iR
BT B L B8, 2B B primCount > 5E 4], 5 glDrawArraysinstanced() 2511,
X TR S, N E AR B gl InstancelD AR 2K UC IR 1Y, BT (10 K (25 A% 1 B THUS 6
i, LADC AR AN ) S 461 iy T Js

T K 7 7% 3, glDrawElementsinstanced() ) 2 #4 45 glDrawElements() %) J& %5
B, HOEHH T primCount 40, 4 U FH £ 524 R, 76 A% I OpenGL #B 2 AR ¥
primCount Z UK E Z W BT84 . XFERRIFARBAHIIGE. Ak, OpenGL
PRAL T P RRAIL T Sfe 15 EE 0 I AS [ S48 1) TS I8 1k, I LR T A5 35 €0 8% vh AT LR RS i 52 4]
JIEXT I 2R 51450



—— % 3% OpenGL %5 X 97

void glDrawElementsinstancedBaseVertex(GLenum mode, GLsizei count, GLenum

type, const void* indices, GLsizei instanceCount, GLuint baseVertex);

i 3 mode. count, indices il baseVertex Ir # A% 19 JL faf & & oo % (M 4 T
glDrawElementsBaseVertex() k44U % Bl 372 Z50), 434 & ) instanceCount > 52 i
5 glDrawArraysinstanced() 2510k, X FAASEH], N E A& gl InstancelD AR 2K %
B, BT BUES AR B TACE AR, DX 3[R S iy T s Jsm Pk

3.5.1 ZLFINTRREME
LS TR SR TSR R S TEDUSF R R S R A

CNFHERAE R R 4, w LT glGetAttribLocation() £, i1 glVertexAttribPointer()
ik, LiGE T glEnableVertexAttribArray() fil giDisableVertexAttribArray() #1750 - 525 H
T T R R R PR R T 2 S B TSR Y -

void glVertexAttribDivisor(GLuint index, GLuint divisor);

BCEZLPRE YT, LT index 7 E A TIGE (45 T DU PR Q0] 2 e (i 51458
BB divisor AUELUNSRIZE 0 A3E, IR ATLJE LA 2 S BIRr A B AR, G Ay (0 0 26
AR ECR, B divisor DSR2 — A HT BB TE(E

glVertexAttribDivisor() &% T4 il T J@ PESE BT AT . index RN & 2 S B RF 1 1Y
TSR RGIM B, B5E 84 glVertexAttribPointer() 11 gIEnableVertexAttribArray() f)
RKOMERE . BIANER T, BADUIE S RS — D JE . R divisor BEE
0 Iid, B AT B YRR SR — 8RN, AESSBIE AR . 2R divisor W& N— 1 AEF A,
TR 2T 5 SR K e FH 22 52 ek, iRt OpenGL W& M5 Fh 45 divisor A~SEf514R 2 32 HL
—ASHTHEE (M Z AR T o BERS7E XA Ja M e i T s PR b, Bl &
5 ME B TH50H A8 B instance/divisor BYJE L, Hh instance 3R SR AYSEBIECH , W divisor #i
JECYHTE MR T ROR . X TR 2B T B kU, TS AR, RS
BT TS A S R/l —AN @ (. WS divisor B8 R 2 TG, BB S5 & 52 ] —
AMEVEE; WEREN 3, IR RE =S, DAtk AT AZ %) 3.9 th iy T s e 1k
a1 S S N TR Z Y O R <P A0 W [ 5] 1 i

B 3.9 Z S THS A LR PR

#version 410 core

/R E Ak A R AL B T R

layout (location = 0) in vec4 position;
layout (location = 1) in vec3 normal;



/1 B — RS R

layout (location = 2) in wvec4d color;

/! model matrix Z£—NRLUIEHEE, HEE P natd & H4E 4 NESWAE,

/T EEEEFEEERET 3.4, 5, 6 BAKEIM

layout (location = 3) in mat4 model_matrix;

FEEALER] 3.9, Z TS JE T color A1 model matrix 197 B IF 5G4 %58 50 1t Hb
o BUAE R R 3.10 FARAS, Hoh B 2K 3.9 ) — 4 T Jm T ik B R 22 SE )
I,

Bl 3.10 2 S 4) Tt o Ja 1k i s 491

// KRBT BB prog Y PN E, prog AEKNEEA TELNEFERERT X,

/) EE, X—FHLRLEFN, BARNCEETNEFCETRETIHBHNALE,
/) XEHRETURGTHERE -, AFEEEANEFFLERENEEMENT

int position_loc = glGetAttribLocation (prog, "position");

int normal_loc = glGetAttribLocation(prog, "normal");

int color_loc = glGetAttribLocation (prog, "color");

int matrix_loc = glGetAttribLocation (prog, "model_matrix");

/1B AL TR R R —— TR Ak %

glBindBuffer (GL_ARRAY_BUFFER, position_buffer);
glVertexAttribPointer (position_loc, 4, GL_FLOAT, GL_FALSE, 0, NULL);
glEnableVertexAttribArray (position_loc) ;

glBindBuffer (GL_ARRAY_BUFFER, normal_buffer) ;

glVertexAttribPointer (normal_loc, 3, GL_FLOAT, GL_FALSE, 0, NULL);
glEnableVertexAttribArray (normal_loc) ;

/) EEFENEA., BNALIARGENZOAST - MFRNHE, Hik

I HBERPEEBNEEXREY, RERE A EOML TR

glBindBuffer (GL_ARRAY_BUFFER, color_buffer);
glVertexAttribPointer (color_loc, 4, GL_FLOAT, GL_FALSE, 0, NULL);
glEnableVertexAttribArray (color_loc) ;

/) XENEEREE WEHEBAWEHFMERN 1, A4 OpenGL & 444514
/] BRE-ANFHBEE, TFARENTANKRET

glVertexAttribDivisor (color_loc, 1);

/1 HZEN, RNEHAEFEMYBEHGRE. TERNETEFCENER
/2 EENANELENRNGLE, HP NRRERNTI R, Bl RONETHRET
/4 AT B
glBindBuffer (GL_ARRAY_BUFFER, model_matrix_buffer) ;
/) TGN B Wty — B e
for (int i = 0; 1 < 4; i++)
{
/) EETE R
glVertexAttribPointer (matrix_loc + i, /] fLE
4, GL_FLOAT, GL_FALSE, // vecd
sizeof (mat4), /! BAEFE



% 3% OpenGL 4% 7 X,

(void x) (sizeof (vecd) * 1)); // #4b{#H1(E
/1B RTR R

glEnableVertexAttribArray (matrix_loc + 1i);
/I % LA

glVertexAttribDivisor (matrix_loc + i, 1);

}

1 3.10 2§ 1, position I normal J& # 0 4, 5271 £k (9 T0 65 J&@ M. 1 color & — >
divisor B E A 1 B2 LA TSR ME . WEEul, B0 color JEPEAR A —A~MS7 1Y
B CHfi S5 24 v B BT A TOLRR 2 ff F X — M) o He4h, model_matrix J& Pt 4 152 8 2 58
B JEYE, BT LA A S PR A — A B AR B AR A B . matd AU R MRS S 2
S E o PR TR AT T D A ) B — S O EL o AT TG R R A AR
TR T LA L 3.11

Bl 3.11 22545 1 1) T A A 2 s 161

// VLB KR W A 4B I A 4 | I AR A B

uniform mat4 view_matrix;
uniform mat4 projection_matrix;

// MAFHEEHENRE GHET A TEEBENRN)
out VERTEX
{

vec3 normal ;
vecd color;
} vertex;

/] RAETF
void main (void)
{
// ARHE uniform Y ULZR AR [ AR ST 0] B AR AL A A 2 07 BB BEAL - AT AR R

matd model view matrix = view matrix * model matrix;

/1 EERAER - NAEERRME, KEREYER

gl Position = projection matrix * (model view matrix * position);

/) FERER - ALEEMENA L 3X3 FHEELHRER

vertex.normal = mat3(model view matrix) * normal;

/] BRI REEEEE N TE R
vertex.color = color;

)

LA R BT A S B R R, SRS B 312 T AR R L ] LAn]
RS, RS SEIEA A C AR R, WS (A — A58 Y Bl iEsy, DL —A
Z I WPE RS ERAE ) XTI A 0 S RS2 A ] A o B B 2 3E 2 gIMapBuffer() LS (77
KEES ABNEATN . AR AR 2K W R RS 3 210 55 A i B, SR Ge 36 i ol
XA WA AT e o WS RS 52 A PR A 2 AT S 38 4 uniform AR RAL 19 . SRS,
AT HFEMH—K glDrawArraysinstanced(), 248 1 T A 524

99
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il 312 ZSpilz AL R B
/] BIHEE

mat4d * matrices = (mat4 =)glMapBuffer (GL_ARRAY_BUFFER,
GL_WRITE_ONLY) ;

/1 R B AN iy AR T
for (n = 0; n < INSTANCE_COUNT; n++)
{

float a = 50.0f » float(n) / 4.0f;
float b = 50.0f * float(n) / 5.0f;
float ¢ = 50.0f » float(n) / 6.0f;
matrices[n] = rotation(a + t » 360.0f, 1.0f, 0.0f, 0.0f) =«

rotation(b + t * 360.0f, 0.0f, 1.0f, 0.0f) =

rotation(c + t * 360.0f, 0.0f, 0.0f, 1.0f) =

translation(10.0f + a, 40.0f + b, 50.0f + ¢);
}

/] TR JE R A
glUnmapBuffer (GL_ARRAY_BUFFER) ;

/1 B %R

glUseProgram (render_progd) ;

/7 YA M A A T
matd4d view_matrix(translation(0.0f, 0.0f, -1500.0f) =
rotation(t = 360.0f = 2.0f, 0.0f, 1.0f, 0.0f));
matd projection _matrix(frustum(-1.0f, 1.0f,
-aspect, aspect, 1.0f, 5000.0f));

glUniformMatrixdfv(view_matrix_loc, 1,
GL_FALSE, view _matrix) ;
glUniformMatrix4fv (projection_matrix_loc, 1,
GL_FALSE, projection_matrix) ;

// g% INSTANCE COUNT MMEZA

glDrawArraysInstanced (GL_TRIANGLES, 0, object_size, INSTANCE_COUNT) ;

FEFIZTTIEE R ANIE 3-8 Firn. FEX M5, i INSTANCE_COUNT (764 3.10 Fiffi] 3.12
RSB D) A9BSR 100, —IE25] 1 100 Gy HE UL, B -48 DUERA — AR
e, XS AT AR S HSOARAR T A E L RS BT o, s b i — R

3.9 BN 3.12 vhAF 75— BE R AR R R A S0 v B BT AT TR 23 77 A — LA ] Y
ZERME, R ENHR SWOZ T AT TH5 . A R 1 Y 25 A e Sl jE., 3 4
model view_ matrix {75545 R PR X5 TS S b ) B AT TOURAR 2 AR R AG . ax BL, FefiTal
PLIE 3 55 — A2 B matd JBAE, i A T2 S 5] A0 A AR A s R I RS R s o R AR A AR T
P, HAb e AT B8 T0 125 00 X Rl i3, (HR I 2 ] HE E B h BULMT A as b o8 i, X ke
BUOTEA BT, MAEZ R SE, SCE W nl UT B LG @819 2 50005k, 3K
ITATES 10 B G EEH AR N E



% 3% OpenGL4# 5K 101

P38 LSl TR M

QI AR ASXAWMBHGA, 55 KBAE 0L RS E TR L A8y
" OpenGL # 4, JLF R4y, Hik, wEEEF Y 4 2 H i — %5 OpenGL
EREEESE — R0 WO A s, TABEWERTAR 5,

T3 — Al 22 S50 T A5 P A ) R R — RSN SO T B — A4 2D 8o, RE
VB 0 538 o S 49 A 1 T AT T P A% 3 25 B A S 8] . TS €82 T LK SS90 X6F 1z 1) I
13 v s, SRS AN 6] B SCHR T Y AN [m] i TLArT A4 52491

FA AT LIAE RGN B — MR, LAMUE T G2 A7 A 28 S A i TS A i &
SIfiE . 5 glDrawElementsBaseVertex() 4 MLAY baseVertex 45, 1EZ 214 pR Y
Hh, SRR R S RS (E AT DLl i — N8 AR B baselnstance ZECKR I E . 714 1X )™ baselnstance 2
%0 /Y pR %LU $5 glDrawArraysinstancedBaselnstance(). glDrawElementsinstancedBaselnstan-
ce() #il gIDrawElementsinstancedBaseVertexBaselnstance(). Bl T ETIAIF

void glDrawArraysinstancedBaselnstance(GLenum mode, GLint first, GLsizei

count, GLsizei instanceCount, GLuint baselnstance);

X} T mode. first Fll count T4 LAY JLA[ A K JCHE (A4 T glDrawArrays() pi%k
Fr S 280, 26 E R primCount 5L, X RS, W& gl InstancelD
FOARYGERS, B BUE S WA R TS s, DX AR SEE R T8k, b,
baselnstance FY{EFH X SE Ak 1 TG @ P i B — DR T W AS (A, MMk ZE OpenGL HX
I RGIE

void glDrawElementsinstancedBaselnstance(GLenum mode, GLsizei count,

GLenum type, const GLvoid* indices, GLsizei instanceCount, GLuint baselnstance);

X} Fif it mode. count Al indices Ir#4 B 1 LR E JGHE (A4 F glDrawElements()
PRI AT ST 280, 2B 1) primCount /354 . 5 glDrawArraysinstanced() 258101,



102

XFREASEH], NE AR gl InstancelD #RSK KB, B 0 EE & 4% 3 B T S 5 (4
DI AR SLAI R T S B . HbAh, baselnstance PR S X SC G4k 1 1o 5 Ja 1k 148
— MR W, MM OpenGL BUE RGN HE .

void glDrawElementsinstancedBaseVertexBaselnstance(GLenum mode, GLsizei count,
GLenum type, const GLvoid* indices, GLsizei instanceCount, GLuint baseVertex, GLuint baselnstance);

%t F i iF mode. count. indices Fl baseVertex FIf #J i, i) JL fi] {4 & ¢ 5 (M1 24 T
glDrawElementsBaseVertex() bR %L 7 (40 57 240, 22 lE A9 primCount 5241, 5
glDrawArraysinstanced() 2581, X} FEASH], N E A E gl InstancelD A2 KUGH: 1
BEUE S AE BN gy, DA AN R SC B T s Jm 4. LAk, baselnstance [9{H
FHART S AL A T e Ja M B — DRI AW AS B, AT OpenGL HUH ARG & .

3.5.2 EEGRPEAAITEES

B 1 22 S Y TS M 2 A, M S A A G AT UAE TG (A as vl oy gl
InstancelD AR A5 . XS4 B — A5 BN 0 FFaR TR, B Sk v g
ZJE, XAMEESIN 1. gl InstancelD M JEAFLE T T AU (s rh, B 214 i A9 2 il 45 £ 9F
WA N E 2 90 R R It . XA, B RIEREE N 0. gl InstancelD HY{E A] LA
3 uniform ARG, W] LAE SR A IR SEE A, 508V S50 br pR £ 4
A, DLCHABR E

RG], FAEH gl _InstancelD E L T 1 3.9 24 3.12 IhRE, AidiX—ik
T ) RSB A7 X4 ( Texture Buffer Objects, TBO) TidEsE @Ak g5 Jm k. X FFRAT]
K91 3.9 Hh TS s R TBO M4k, PRICREBR 1 AH N (% T0 et i 1k i B A0 A5 fifiH —
A TBO Kic RN L HI B A, W5 > TBO M iC SR RIAE R (R . Hofth T 5 Js v
B B AN 5 B AR 5451 3.9 A 3.10 (N AR (244K, Z0% T color Al model matrix J& P
M) o PRABAE R S 2 5 AR TR s RS T A S0 i 20 6 PSS AU SR I, T

B 3.13 TS E AR gl VertexID 714
/] EEFRHEEELH RPN RET K

uniform mat4 view_matrix;

uniform mat4 projection_matrix;

// HE TBO KPRAFZ LA oy B B A AL KR [ A
uniform samplerBuffer color_tbo;

uniform samplerBuffer model_matrix_tbo;

// WEFEBGHE TETHTHEEENRN)
out VERTEX
{

vec3 normal;
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vecd color;
} vertex;

/1 AT
void main (void)
{
// R gl InstanceID ABI& M4 TBO % # K I IE

vecd color = texelFetch(color_tbo, gl_InstancelD);

/) BREENERE AR R —, FHARNTREEAL TBO ¥ 71 natd #4E
/1 BNFERGNMEERRFEANLAN vecd WEE, REEABETEH LR
/1 HEBEEHR, EE, RBEENEIIHE 8, EEENFTHER
/1 RRATHEFHFR)

vecd coll = texelFetch(model matrix_tbo, gl_InstanceID x 4);
vecd col2 = texelFetch(model _matrix_tbo, gl_InstanceID * 4 + 1);
vecd col3d = texelFetch(model_matrix_tbo, gl_InstanceID * 4 + 2);

vecd cold = texelFetch(model matrix_tbo, gl_InstanceID * 4 + 3);

/] AN W R E A — A

mat4 model_matrix = matd(coll, col2, col3, cold);

/) WRAE uniform Y EAE M A S oy A AL AR T A 2 oE R ey AL — AL SR T
mat4 model_view matrix = view_matrix * model matrix;

/] ERABE - MR EERRAE, KERRYERE

gl_Position = projection_matrix * (model_view_matrix =
position) ;

/1 R - AR E 3X3 FHEEREEL

vertex.normal = mat3 (model_view_matrix) * normal;

/] EREOMBFEEEEE N TEECER

vertex.color = color;

}

J TR 313 R E Ay, AR BRI v ik TBO X4, LIfFf& color_tbo
Fl model_matrix_tbo ARG E, REANTFEHWGZ LA TSEME T, A, BT
XA B Z A2 e 200, BT AR B A & A8

B 3.14  Z2 ST s M 1 s 151

/) REINE A prog UFWME, prog fAEE A TiERNFEERT

/) & EE, X—FHFRLFMN, BARNCEENEFCEFRET

// HBHNEE, XENRDTURENEFE &, RFEEHELHAEFT

/] BARENEMEAL R

int position_loc = glGetAttribLocation(prog, "position");
int normal_loc = glGetAttribLocation (prog, "normal");

// WEEMGTEEERA—TE kL

glBindBuffer (GL_ARRAY_BUFFER, position_buffer);
glVertexAttribPointer (position_loc, 4, GL_FLOAT, GL_FALSE, 0, NULL);
glEnableVertexAttribArray (position_loc) ;

glBindBuffer (GL_ARRAY_BUFFER, normal_buffer) ;

glVvertexAttribPointer (normal_loc, 3, GL_FLOAT, GL_FALSE, 0, NULL);
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glEnableVertexAttribArray (normal_loc) ;

/] MAEVRE % LGB A A E R TBO -

// ERAIZE TBO REFMMEM, HE - NEELEMEMKERR . ZFLA
/] FEZREEAE, FEXNTUEE - vecd E E 0| HHE
glGenTextures (1, &color_tbo);

glBindTexture (GL_TEXTURE_BUFFER, color_tbo);

glTexBuffer (GL_TEXTURE_BUFFER, GL_RGBA32F, color_buffer);
// FERFER TBO RFHHMAMEEME . XNMEFMNE (model_matrix_buffer) %A
/) EZAEZA#E, HFEKNTUEAE — N matd 67 L6 B
glGenTextures (1, &model_matrix_tbo) ;

glActiveTexture (GL_TEXTUREL) ;

glBindTexture (GL_TEXTURE_BUFFER, model_matrix_tbo) ;

glTexBuffer (GL_TEXTURE_BUFFER, GL_RGBA32F, model_matrix_buffer) ;

TER, 00314 o ACRS SEBR B HE i) 3.10 B g R /NFIR] BR300 PR SR S PR N Y
OpenGL JRE AR HUZ L] 0 et , R BRI G5 o X — SO 3.13 Hef 3.11
B S AR T LR o X AR B AR Pty ok T B 22 SRR RE A R TG M. 28 1R U,
TR B 8D, IR 448 uniform 020 AT BE LU AT TBO SRAFEE o 53, (H2
J& B X RE R B B FAR . BRIk =2 Ah, ] gl InstancelD B3R 3h Y Jy k 5 J5bh 1) 461 - AH
oA E2 ks, Sebn b, B 3.12 AP AgE G AU = g e BT R R iy, BB AR AT
PR G EORMEE T S 2. FATATAIZSE T HEAEE (WK 3-9).

(e = =

3.5.3  ZLHI7iERIEIR

WRZAE R P P Z L0 Ik, IR AFRATIN 2«

Q 5 I N A B TS B AR A

Q {8 1 glVertexAttribDivisor() 1 & 15 & & P 19 43 B 4%

Q 7E TS & gy d FH N & 1Y) gl InstancelD 25 &,

Q i v Y ek 22 SefilfAs, 14N giDrawArraysinstanced() . glDrawElementsinstanced()
FI glDrawElementsinstancedBaseVertex().



