J J

d—- . o il
v ® ¥ I ¥ & R 4% '
PUBLISHING HOUSE OF ELECTRONICS INDUSTRY P '*ﬂ

...“ URL:http://www.phei.com.cn

= bes . T




=y OpenGL

T F I % & AR AL

Publishing House of Electronics Industry



nE T

OpenGL & — T REN ZEHBAEBREFED AT U ELR A E B LR BE
MBEEERRILSEFEN =2 CER,

EBGRZDWE H-WARREAITE —2 I H OpenGL, + A OpenCL 2 HI B A
EABRK =AY ERKNBEANE; B BN RAB—FABPR OpenGL, M BLH R A HFHUKE KR
#J OpenGL B8R , LI B Windows 95 OSR2 35 3§ F # OpenGL 3L BE, 2 Bl A F &£ R A X HERXIIEEH
OpenGL 2 ¥ ; 8 = #8434 OpenGL B%5 F M, M E SV RFF 4 H OpenGL B 0> 5 PR ¥ . OpenGL % I 18
¥ EE R M BA B Windows95 OSR2 9 WGL. Win32 FE SR B A R 401K 8, AP NAEEL, LMEF, BHT K
BROBRF, XERFILFARET OpenGL AL F o

FHEERAVE LB ¥ .Ci5F JFORTRAN iE 5 BT 2R 491 % % 3 OpenGL i, th 2T
AR TERERARETS OpenCL B H ML,

+ 4 : M8 OpenGL
w E & HER
RiTHmE. CER
BARSE. KB
BBl &
% 9T &, ‘
WA ZTT: BT Ak AR AR SR AT W‘URL‘:http://www,phei.com.cn
IR TT AR 173 (58 HRH 100036 K AT BB iE 68214070

Y LT W CL)

& . SHEFEBESY

FF A, 7187x 1092 1/16  EP3K.26.5 F¥ .62 TF

R K 19984ESAM IR 199848 A% 1 IREVRI
ISBN 7-5053-4910-4

LA 2T

5E #.38.00 7T

A ELFLEHBRAGEE, b BB T BR PR L, AELZITHRA T AR
RRAR PR - B ED 5 52 '



B B

OpenGL [1JH]5 & B SGI A 5] A HEE LI KK IRIS GL, £— L =4
AENERESAED. B SCGI AR A&, BT HBER. st B,
H& T OpenGL, BH GL MiTife, WHEFRE, EHTE2MEGTFEREBERSE, AP
WL A RIX BT, G R IR B R B L ksl = A ER,
BREHNEREFER N BERK.

1992 ££ 7 J3, SGI %A 7 OpenGL 1] 1.0 KA, JGK SGI S54RI &R T Windows NT
THIFRAS . 1995 45 12 B, tH OpenGL ARB (Architecture Review Board) #t#: T OpenGL 1.1
FRA, IX—RAN] OpenGL HAE1FEI T INMBIF5IA T — L85 5haE, Microsoft # OpenGL %
BeE] Windows NT H, f& 3k BB EREIFRK AN Windows 95(0EM Service Release 2)1,
F P EER] BAZE Windows 95 Windows NT ¥38 T H & OpenGL NI, XA LME 5 [@Hhin
CAE W TR ERFE B k.

PEVTFEHAN RO, —HERER TEERE P8, B4, M.
VR LA BE MR, BCA 32 MERARSENMEL, BN CSRasEt T EM
RILAES K 534h, {#H Microsoft Visual C++. Fortran Powerstation 8RR ftE TF R IS,
R ESCIRA R, AR FEBHER . el AP EER4% Windows 95 FF
81T OpenGL MY, JHEE Microsoft ff] OpenGL Bl MINALHIANE, XLopy AL
BE, WIREE.

ABGREATS, B ARENTE——216 OpenGL, B34 MRS
——RAGTF OpenGL, 3 =% 4 OpenGL &% F.

BBy PREANITR——%SI# ) OpenGL, 43/ OpenGL 24| R A A% K iH
=P AA T, XERRAR: OpenGL HBIERSIFA. JUTEZMER. &
BEVIAHIBE. OpenGL MR, BRsRMBEINES. RERERMERNGER. 2%
BFREISE. :

BB WABIR OpenGL——RHE, M BLHA B SRN OpenGL EIL,
XEATRBUR AR : KO LENMRNREERE. 25 REREE. 75 EhEREENE.
HATSUEBRGY, £k LHISOE . SRR, FIF BN R e A S S A |
RAFRBRE. FHANBEERORERERX OERH, %4 NURBS Mg, . H7
W H AT OpenGL #21F, #4448 OpenGL HIXEHE. RUHLE], %4b, B4+ Windows 95
OSR2 ¥ 55 F ] OpenGL SEHL, 256Ut WGL & Win32 FERR B i, FIRGES iR
Fortran Powerstation ¥ 35571 % ) OpenGL &% LA KA Visual C++FF &I AE TR
OpenGL /% .

REHS OpenGL BFFHM, WRFESTFRIIFLH OpenGL BLEER . OpenGL
R FHRERF FE R B LL B Windows95 OSR2 1] WGL. Win32 FE R $iE 40 358 .

AT HEBTEA . EMHUEE] OpenGL MUMHA, AL H T KBIERRE, XSEE/
FAUHET OpenGL NFMIEA K, NFIEEIEEN RN %R OpenGL BB R AN,
AT HEEEFH, ERRPRARE, EEEE TS BT TR R AT 5 hE R 5t




BMARRE THEMRARER: AR, B0E. KilkE. £, 856, RO, Ik
AR HLFE. FRR. R, EHRFEE.

EABHHE IR R TIERMEMR KR ERE CMER T HRA T LR =
M RS, ERFRBR SR,

15 &
1998 %3 A



=| R

F—Ea REATVRE—5EA OpenGL

L
1.1

1.2

1.3

3
2.1
2.2

2.3

2.4

B=%

3.1

3.2

3.3

3.4
3.5

OpenGLﬁiZB ............................................................................................. 3
OpenGL AI“] ............................................................................................. 3
1.1.1 ﬂ‘/A% OpenCL ................................................................................. 3
1.1.2 OpenGL I I =8 = Ty T T LTI T PP E TP T PP PP PP 3
_./l\fg$gg OpenGLﬁF? .............................................................................. 5
1.2.1 ~’|‘?§$B‘JT§F§ .............................................................................. 5
1.2.2 OpenGL R s L R TR P 8
1.2.3 OpenCL ngﬁﬁ;’k‘;& ........................................................................... o]
OpenGL ﬁ}?&ﬁ%ﬁi%ﬁhﬂ ..................................................................... 10
1.3.1 EjOpenCL*ﬁ;éB{]E@ﬁ .................................................................. 10
1.3.2 &8 P gl T L DT 10
1.3.3 1 OpenGL qaﬁﬁﬁﬁé ..................................................................... 17
)::| OpenGL T [ 7. MR e 23
gé@ﬁﬁ&q_.ébr&%]:ﬂg .............................................................................. 23
OpenGL &gﬂ‘{a]¥§ ................................................................................. 23
2.2.1 OpenGL mnmg? ........................................................................ 23
2.2.2 A E R ILAEEEZE «+vvvvvnnemremrrrieeemieti e ee et e e e te e e e eertn e e eeear e erae 30
D I RN TR LT T P 37
mgﬁ%@jﬂﬂﬁm&ﬁ ........................................................................... 38
ZE OpenGL HIFRERMIEE -+-vvveerrmrreereemaemrenr ittt 40
OpenGL %q;@&ﬁ{?\ .............................................................................. 41
3.1.1 OpenGL E@ﬂﬁﬁﬁ ..................................................................... 41
3.1.2 OpenGL I N 1 e e 41
mﬁ-ﬁﬁﬂ@& ....................................................................................... 44
T - - . P 44
3.2.2 BB - e e e e 47
D22 < PP 48
R I B L . 4 2T N 48
3.3.2 TE R v vttt it i i e et e e e e 48
W‘EB“@I& ............................................................................................. 49
wﬁﬁﬁﬂ;mﬁﬁ ....................................................................................... 50



3.5.2 ﬁﬂ;;ﬁ[ﬁgiﬁ& ................................................................................. 50

3.5.3 FRBUTTEIH covororeverreretnnttreti e et s e ans 50

3.6 DEFRAPHEI — BT - eoererrr e e e e 53
FHOBE FIRTUFE -vorcerorereerii ittt ettt st g 57
4.1 E%ﬁﬂ%%%ﬁi%ﬁ ................................................................................. 57
4.2 BRI AT — P B R T FE oo e e s st e 58
4.3 H—F BRI FBBYBGIAIEE v crrerrrrraerrierriie i 64
FHE JEBBATE - e e e e 69
5.1 OpenGL JGEHBE S -oooverreererme 69
5.1.1 OpenCLﬁ'ﬁﬂﬁ%ﬁi’f%@ ..................................................................... 69

5.1.2 YA HRAYAE IR <o e 70

5.2 A S B R B R c oo e e e e e e eas 72
5.3 %)‘(H*}Uﬁ:ﬁ .......................................................................................... 81
5.4 JIBADFBBIERREEIN --o v erensrrrnerrmertrieeiir e ittt et et e et eeteaearaerrnarrnaaaas %)
5.4.1 OpenGLITABIBME  ---vvvvrrreeeremmmmmmmrmrinrireee i niieser e ee e s e 90

5.4.2 BB R T HIEIIALIR - oottt erreereeeeta e e e erera e eerans 93

S REE—RABTIE OpenGL

%7‘(1 ﬁﬁ\ﬁiﬁ*ﬂ; ....................................................................................... 99
6.1 é ...................................................................................................... 99
6.1.1 ﬁ%ﬁf’ﬁlﬁg%jﬁﬁ& ........................................................................ 99

6.1.2 YE%&#H‘JQQM ........................................................................... 100

6.2 BT oottt i i e et e ei e e et r et e nas 106
6.2.1 ﬁiﬁ#fi\% ................................................................................. 106

6.2.2 &ﬁ#gﬁlﬂ% .............................................................................. 111

0% TS PPN 114
R T RUA: R ] L RO PR 122
W B YA - F 1 £ 7 T U RURNN 122
7.2 @1& ................................................................................................... 130
7.3 @g&ﬁ;ﬁm ....................................................................................... 130
AT BITB R oo e tr e i e et e e enaan 135
8.1 WA FIAITHMET o ovoeveeeterrenmnaren ittt e et aranans 135
B2 N B e et e e eera e e r ey 138

. 8.3 %%és‘cﬂiﬁébﬂﬁﬁ .................................................................................... 141

I\



8.4 E N RUETTEABER orevvrerereererenntrtee ettt ettt e 144

EEHEE  PPLBIB[R --ooveevverrreren e or e e e 150
9.1 %M‘E&ﬁﬁﬁ% .................................................................................... 150
9.1.1 ,%?*E ....................................................................................... 150

9.1.2 gmllzggﬁg% .............................................................................. 151

9.2 WEREBMKBHBIE v, 152
9.2.1 Xﬂ%{%ﬁ&ﬁﬂﬁ%ﬁ ........................................................................... 152

9.2.2 {E%\ff{—ﬁfﬂl:&'ﬁﬁf'ﬁ ..................................................................... 158

L T - 11 5 S S 158
9.3.1 BRI FERE ~ooereetmeee i e e a e 159

0.3.2 JBEBIEEE e e e e 173

LS T T T — o~ S PPN 174
FE REBEF NURBS oottt et e et e e eera e ans 181
10, 1 SR B B ot vttt e e e et e et et e e e e 181
10.1.1 _.ggjgﬁgg ................................................................................. 181

10.1.2 :gﬁ;}gﬁ%ﬁ ................................................................................. 185

10.1.3 RO MFR L FRILEE - oo mmiin e e, e, 191

10.2 GLU NURBS HELT  vovvcterrtraeertetetiatiiiitiiitttterieteeerssnseeernesesennereessnsesesnnnesns 195
10.2.1 ﬁ}%ﬁ NURBS ?%%‘J@% .................................................................. 195

10.2.2 fé‘?g .......................................................................................... 199

B —F JEIREE IR oo et e e et 204
L1l EFE v e e e etie it irre i, 204
1111 BB B R A e B e et 204

11.1.2 BB G R < oo e 205

11.1.3 ﬁ*lﬁi .................................................................................... 206

11.1.4 ﬁﬁmw? ................................................................................. 206

11.1.5 %EX .......................................................................................... 211

11.1.6 %'JH%@#%EE@%E: ..................................................................... 220

I8 B i G O 222
11.2.1 fifﬁﬁzﬂ .................................................................................... 223

11.2.2 Eﬁﬁ%ﬁiﬁ?ﬁ}ﬁﬁﬂ .................................................................. 223

11.2.3 B vt el 224
¥E+% Windows NT 1 Windows 95 FIETH OpenGL  «--cvovrmmrenm 2928
12.1 Win32 KETF K OpenGL#}ﬁ .................................................................. 228
12.2 WinR HETFTH OpenGL?@ .................................................................. 220
12.2.1 IR R oo e, 229



12.2.2 {%i;‘:&it .................................................................................... 230

12.2.3 BiEEBPE LT EEMIE crvereerrrrree e e e 231

12.2.4 SR LA s vt e 232

12.2.5 OpenCLERGERFB LIPHEHRAGE oo, 233

12.3  Windows NT.Windows 95 ¥F3& OpenGL fHFH coorremrerrre 240
$£+=%F Windows NT 1 Windows95 F1E T B OpenGL BRIt ----orrormererremnnneennnns 247
13.1 FORTRAN 25 OpenGL BEEBYTEH T --vvoermrrmmmmrremmmm e, 247
13.2 OpenGL AEH R IRTT oo e 263
13.2.1 gﬁgj—‘g}*ﬁ}? ................................................................................. 263

A 1 = - A O 276

13.3 {#FH OpenGL T T LT U 292

FE=#5 OpenGL BEFHl}

EATIE  OpenGL UL BETHEL -+ vovrrvererrreereermereeieinseseeeseres st et st ae e s seeae e eaeensess 205
14.1 OpenGL ﬁ./?\,\*%ﬁ; ................................................................................. 295
14.2  OpenGL B R s e 300

FBHHE OpenGL R FATRFFEETRYEL - oovooreerrereemmem ettt e 376
15.1 OpenGL m}ﬁﬁﬁﬁﬁé\ ........................................................................ 376
15.2 OpenGL [ FHRRFFRERREL  oovereerermmrmme e 378

g_}_ﬁi Win32 x;j OpenGL H‘]#E(WIHC’OWS95 OSR2) ............................................. 393
16.1  Win32 BREE cvoeoreerrttit et i e ettt eeaas 394
16.2 WG BRI v emr ettt e e e re e e 399
16.3 %f/ty ................................................................................................... 409



E—Esy RERNTE—FS){ER OpenGl






#$—&F OpenGL #ER

1.1 OpenGL A7

1.1.1 At4#& OpenGL

OpenGL WIRT 5 2 H SGI A& A HER TEMF AR RIS GL, £&— Tt =4
IHENEESRMAED. BE SCI AR MEMTFEBMEN, BT RE, SSoFHBHEt,
FF&T OpenGL, '&45 GL MIThRE, W HERIFRN, SR TEMEMFE RBERS, B/
AU R XA ETE . Gl HEEm AR IR S R EE LS =g alE, m
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P& OpenGL WH, BUHITEINLIR:, TUABARFEE, REHANE, KL B
BREREY, SN, ZURUERRNERER, FIAFaEEtt.

Microsoft FFEH3E OpenGL ££1 3] Windows NT 1, J& 3R B EHERBIFIR A Windows
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T OpenGL R, X AT LM (FHUIE B8 1 /e LB anT k.

hEEAN AR, — AR TS 8>, B—07m, MR,
HEEE/LER BEMRRE, BA 32 MBERANHI, BN CLELIRET T Y
R TR K BN, {#H Visual C++, Fortran Powerstation 2R FF R IR, ZEBML L
EREHRE. TERZEEGEEMAE. T, ABEBENHEX Windows 95 FFET
OpenGL N HFEF, JLHEE Microsoft ] OpenGL Fri¥nzhae X HIF KN KANH, X
NALEFBHREE,

1.1.2 OpenGL [ THEMRF
AW BNE XL EZ IR ER S AMENX SR, B OpenGL I TN



R L ERERNETPRE:
O JUTERCGS. &. 20, BE. (1), SIEXNZHEER.
QE=HZFR FHENSR, EEERRGRUWER.
BrEXMNRBIE, REFGEMREEE N, HEABAMREERERA .
@XHL, EXNROBEFEHRNBES BRERIIFRENOERE. B BraasiTHiE,
LR EER1E, WA 1-1 B,

T
S > e
l{:aa;w 1 wai | L HEE L menr
- — L N L
Bl 1-1 OpenGL KI#R{ENUF
(1) JUTH#AM

1) AT A RS

AR Z AR AR I RIE RS, BRRBREERTE, &AF8HE a3
B U AR B BT SARRR A BT MSUEAR AR, BB SO R, 25 4T 8RR REAS
B, HIBEBHERERNSE.

2) JLUTERER

WIELAERRROAR, JUTEEEREARR. SEHFEERAE, SNLilk
HIFr A TR AR, HEREITE, REXE)UMEE, EEA T AR AT hf
AR, BN FEHE x=tw, y=tw, z=tw. SEHREER, Besivma
RV ERER—MEPRE, BUEHERERE w, LKA R, &L
REZUUY, CEBRHRRR. BERESEAR. 8. ARTSERBER, AR
Bits. WEE.

(2) BEHRM

HENBEANEEEEREARELHOABEE, REBERK. REHZTBER
SR, MRIEBIERRREIEELNIETERN, REEASHENY, ELFRsHFHR
FHML AR R ER .

HHWEHKIENGREIE, WRITEEERERAE GOk, RE. . #HY), 42
PUE 2 SRR R FIS AL EL 38 N TE

BRENBRIEHELTREGAERRENAS, REESIREFARLEN, BES
ANIZE M X G R R —IK.

(3) ®ERBH®

FHERLEEN, B MREBROLEAFTELE, WREAY FHENEE, BUEN
R, GERELE. HEHTHRITAE. o« %R 7 RGBA M FHA). HRNK. %
REMXRR. B, HEREERT, SHEERERTZEE/E, 54 RGBA B
TRIFATRAERE.

W OpenGL FTALMAERAE, HERERFREISEERXMER, SAEYHNiE



PRI, FEANEREIREEX, TERBRRBRR EHTHR, SRS AMZEHIX A
BE. FEBEEEE.

1.2 —EIEAY OpenGL F2FF

OpenGL B—NIIBEsR RIIEA, HHl LMR T (T R BT ZHIR A SRR
R =BT . EARRRNINE, RS E—IEREF, M5 OpenGL HIXK
J R %, OpenGL K35 5 U . OpenGL RAHPRE . XA - HF2FF, W LLE 3, OpenGL
BIFRIREASEHARET: YIEH OpenGL LEFPRENMAEL YA, X, LH
T EAYIP B 42 OpenGL F2/F80vHRITT i, SO ThREAEXI I8, Se BRI FIRERR

L2.1 — A RBKERF

THg MR EREAERN TEET BF 1-D, REXMERFLRREE, B
HE D eBNEFEY, WREXANEFOER E, meMES, aTLASEl— S B i Thag,
WMl g, —HEhekE,
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#define rad 3.14159265/180.
#include <windows.h>
#include <GL/gl.h>
#include <GL/glu.h>
#include <GL/glaux.hs>

#include <math.h>

void myinit(void);
void CALLBACK myReshape(GLsizei w, GLsizei h);
void CALLBACK display(void);

/* Clear the screen. Set the current color to white.
* Draw the wire frame sphere.
*/
void CALLBACK display (void)
{

int 1,3;

float x,y.,z,r;

,,,,,,
glClear (GL_COLOR_BUFFER_BIT}) ;
glColor3f (1.0, 1.0, 0.0);

glLoadIdentity (); /* clear the matrix */



glTranslatef (0.0, 0.0, -5.0); /* viewing transformation
glRotatef (45.0,-45.0,0.0,1.0) ; )
glScalef (1.0, 1.0, 1.0); /* modeling transformation */
for (1=0;1<180;1+=5)
{
glBegin (GL_LINE_LOOP) ;
r=2.*sin(i*rad) ;
z=2.*cos (i*rad) ;
for (3=0;3<360;3j+=5)
{
X=r*cos (j*rad) ;
y=r*sin(j*rad) ;
glvertex3f(x,y,z);
}
glEnd () ;

for (j=0;3<360;j+=5)

glBegin (GL_LINE_LOOP) ;
for (i=0;1<=180;1+=5)
{ .
r=2.*sin(i*rad);
z=2.*cos(i*rad);
X=r*cos(j*rad) ;
y=r*sin(j*rad) ;
glVertex3f(x,y,z);
}
glEnd(};
} )
glFlush();

void myinit (void) {
glShadeModel (GL_FLAT) ;
}
/* Called when the window is first'opened and whenever
* the window is reconfigured (moved or resized).
*/
void CALLBACK myReshape (GLsizei w, GLsizei h)
{

*/



glMatrixMode (GL_PROJECTION) ; /* prepare for and then */

glLoadldentity ():; /* define the projection */

giFrustum (-1.0, 1.0, -1.0, 1.0, 1.5, 20.0); /* transformation */
glMatrixMode (GL_MODELVIEW) ; /* back to modelview matrix */
glviewport (0, 0, w, h); /* define the viewport */

}
/* Main Loop
* Open window with initial window size, title bar,
* RGBA display mode, and handle input events.
*/
int main(int argc, char** argv)
{
auxInitDisplayMode (AUX_SINGLE i AUX_RGB!AUX_DEPTH) ;
auxInitPosition (0, 0, 400, 400);
auxInitWindow ("wireframe of a sphere") ;
myinit ();
auxReshapeFunc (myReshape);
auxMainLoop (display) ;
return(0);

}
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A FAME LR TSR, BARHRRE =S, BIEFE—MEE A BT, YHEY
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MENTRENE. EEHEENR, 5 OpenGL BEIFKESL auxWireSphere BB, 1]
73— B auxSolidSphere T LI #HI—NSZAARER. Kb 4h, HBPEFIE A 1R £ 22 I H A
ZHRYERIER. SR FRERTHER, REANFES LT —4.

JZAT OpenGL M3 R IE - BER.
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windows.h XFFHAX Windows 95 BY Windows NT ¥3E F{EF] OpenGL F1k3C4, glh
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3 MRS AT B IR BT BT , 7E windows95\system B 3 T E 4 opengl32.dl, glu32.dll
PN B A RE .

B 1-2 2 RHER

1.2.2 OpenGL f¥)iE 40 M)

B E—WBFTLUEH, OpenGL Bl EBHSMEISN “ol”, ARGSNEEE
KRS, m glColor3f, HHWMAL GL_Fk, WAAESE, B TRRIEXRALTF, W
GL_LINE_LOOP. FHL:R¥in giVertex3f, K ULMEETANER, “3” B7E 348
B, “07 RHREAHER, BTHANZEEARQC AN 3 D), BEANAREY. B4
I’EXXEE): 2RE 1-1.

£ 1-1 OpentL HSERESRBIRAR

BROBIERR CiBa¥R OpenGL #XUse Y
b 8 freei signed char Gibyte
s 16 fir ¥ short Glshort
1 32 firedi long GLint, Glsizei
f 32 firdt ¥ float GLAfloat, Glclampf
d 64 (LR Ak Double GLdouble, Giclampd
ub S HrEEH unsigned char GLubyte, Giboolean
us 16 freEs unsigned short Glushort
32 fir s unsigned long GLuint, GLenum, GLbitfield

glVertex &iﬁﬁ FRHEX, EHTRANER, ANSHUREFRGSEME v i
FeX, fn givertex3fv, G4 “v” R, RBBE—NRBREBRINISE, T glVertex3fv,
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