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Abstract

A CAVE virtual reality system CompleXcope is installed in Theory and Computer Center, National Institute
for Fusion Science, for the purpose of the interactive analysis/visualization of 3—dimensional complex data of
supercomputer simulations. This guide explains how to make a CompleXcope application with OpenGL and
CAVE library.
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1.1 N=F W yFUFqsETZaT7I¥E—-2g

B4 DHEFRFFOTTIRICIIAYESEOHFRTIE, A— =Y Va2 -5 it X 2K EBAER I 2
v—937ﬁ$¥&H%¥&®—oa&ofwiToﬁcr\kﬁ@iﬁéh%&ﬁ?—&&ﬁﬁ?%%&tho
TRIE(EZ 27V E—2a ) CRECOENIHbhTVET, ChECPOBRRECBEY T 71 v 2T —4
T—ar i AVSEOE Va7 E—2a vy - L EiDHEERTLEN, SOLS % 2 R LBHEETIEF—
FIBUEML SATRESRMEREZLET 2 ICRT T THEHEHE (., B4 I UM BTV BG
MREYaT7I¥-2a YEBOVERFABRLTVWE L,

FR I, BEA=F VY TY 74 (VR) EFPEEESE L, B BTREE{EER3IZED L~
IZBLTYWEYT, VROS#H: LT

EVRFATOLEH — HEMNT<TIRMIR L, TORBHH?L 8 0 BEL B 5.
UFPNZ AL — BBREFRZEESEZ DSV LTLEEIFOB A IS LTI TA Y £ ACHET 5,
MM — REEHEZMONEZ OB THILEY, EYELEDERLEDTES,

REFBETONI T, ThODEHRIBEREORAR — SBREFRERERRIIER2NBALTVARE — 5D
ADILHEEZLNRTEY, ABFCHA T4 74 v 7 ¥TaT7 I ¥~ avougr bR TEEN R EBOL
HToHNET, TITRARBERD VREHE2(HLWE V2TV E-va vy A7 4L LTERT LS
ﬁﬁ L“C% i er:o

- VRIZIEZ, KS{FUTAy FRY ¥ 7 v F74 A7 L1 (Head Mounted Display, HMD) %45 A& . k&
BAZ =IOV B —TCRF VAR RETL A Y] — YREFARODZoDERM BN ET, BEDORY
U=YEREFRR. EWRBAPBLADI, A2 ) - I NARBOB I GBREFANTLEI NI, 33
BRTHECEMET A 71 TEETSCAFATTN, 2OPNRERBBLES>TVVEXYOLONB LT, —0
HRRREGRAN—ZLPBELETHILE, KENIXMFENEVIRANDE 00, BORAEE VS STt
TolBRTWI S, Wi, 1) 2 4KEYH TH (Univ. 'Illinois, Chicago) Electronic Visualization Labora-
tory (EVL) MzB W THRB S h7: CAVE LI E VR Y RAF Ak, A2 ) — v BEFRO VR VRAFADISA 4
=TTHD, PORLERINAZLOTT, 19964, ZOX A FOEHED— A (H) 13, CAVE YA F 420
TORBEBLIETC, FREF—FEVa T Y-S VAT A TR RET 20 FOEWHERL T
AELe ELTEORRE, CAVE VAFAOERBIIER IR, R4OHMIIEEII+SRBOL~LEL
TVRHEHTLE Lz, TOXIRERPL, BHAT. BR - 32l —Ya Mty —id, 199749 H.
CAVENRWEETC VR VA7 A AL, W5 (complex) 27— % 2 THAL - AT+ 27-00-A L WS Bk %
AHT CompleXcope & &ftHiTE Lz,

1.2 CompleXcope M/\— Ky 1)

CompleXcope & 2 7 A D {881, —BAT10 74 — b (B3A-I V) OREEUHGORRTT, HEDOLE
H. ., ZOBEM@E, RURRETAZ ) —»ilhoTwiEd, EMEAFEOETAZ ) -V ILHEE,S, FRicH L
TRHEHDPLAF LA OS2 s 4 — —TRESREINET, (RECLIAEOBEORY ) — it sng

Yhttp://www.evl.uic.edu/EVL/index.html
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7Y PRV ORI Y HONTHT, L 7Y FERF TR E SRR E T, Sho0#y ¥ £FAL
THEE I CompleXcope WIS > 7= 3 ¥, (REBRAEYEERH LAY, HARMEPHLAD, HELLDITEZ
LOWMRTT. OF VEBREERE YT VYA AT, HEWCRETEZOTT, Py d—YAFLALE, KB
ZHREPITTHBERE T v v ¥ —RERPFIFHF2TVAT Y FONBLEFRNERATAIVATATY, ChbD7—F
$FALT, CAVE VA7 ARSBEOHAFERE VT VI A LICERTHIEMMREC LT, 220, 4B
&% CompleXcope R & o7 ), LattBRALY, IHLNERBELTALDLTL, A7) -VitKES
NAEEYEBECRENER SN0, BIEIPORIAREBENRIZNTY, 72, FIvA—VRATF
APLOF—FiZ, T7)=r—=var/a/apoB)Atl L bMETT,

1.3 CompleXcope 7O7Z 327

‘CAVE DN~ ¥ 27 D4 ¥ ¥ — 72— Ak, CAVE 54 73V EREIh3 EVL CHESAESAL 75
¥FALET. CAVE 54 75 it, LBE2 UNIX 7OLADER, 22— &) LOBRGERL MR
Al PEBSABRECHRANEI OBV RHEEROET, AFLARRELBERY TNy 77 O9F
A%, VROBRILET, LALBLEEZSS % EBNHCLEL T NBERET A 75 Y TF, o T Com-
pleXcope # ¥ V27 U ¥—¥ a Y iCHAT AHRER. HHIMED H LA WRBSEEEROME T Tl
WV TT, HLIICAVEFA 73 )M TEHOICABLT I, REREEROBR LG, BToHEERE
HEtTLZ EeEBRLIT,

1. HBET D IRTBEOTH

2. FORBEMTORE (EEH)

3. EOMENRG ONERHE (1, RATES)
4 REOHE. . FROE

Thbik, HOEWBIRAIVE2—F¥F74 v 2 AKBTHERNLAEETT, COLHRENDORDIER
ENT T T4 9T ATATT VR EADY TTH, CompleXcope 7175 X »# TidE il OpenGL & i
MB35 749225477V 2FMALET?, OpenGLBERELOHABRL 2o TWAIKRTT T 747 A
ZA 75V TT, o T CompleXcope TE Va7 ¥— 3 %79 70/ 5 A%B {21t OpenGL & CAVE 5
AZINVENIZODTFATIVERM>TBLLENH VTS, ZONA FTIRE2HET OpenGL ¥, HI BT
CAVE5A7F VoW BHLET. &5, ﬁ"?i)‘ hpbHEesd s CompleXcope TSIy, B
125854

&, Iris GL, Open Inventor, Iris Performer #5F1 5 7T 8k
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LOpenGL Mo TEELAKEER%E CAVE 9475 1) % fE > T CompleXcope Bz “BE{L” 42 }

SEPEEALATLLEY,
1.4 ZOHA FOB/IEIBR

ZOHA PR L TIRER. Zhh s CompleXcope Y AF AL HAVTF— 3OV IaT7 Y- 3 v 5T
IHOWEHRETT, ETHl~ L5 CompleXcope #FHB T 2121t OpenGL ¢ CC 70X T A% 8 < HiE %
AMoTBLLEFSD T T, L2 L CompleXcope THEL 22 Dit, OpenGL HESBFLBED ) bOIZAD
—WHTY. ETOBEHIZ. BLAOBMETIVA L F4 Ty o ¥V aT Y E~2arvh, BEF—FICBATVLE
EOEE B EOT, RRY IV a3 vED I REORAR LR OPLVWEY TALREGR YL JE
Pz Ty, OpenGLIZIZEN L) kWA O CCERETEICT A4 ZEEFAT SR TV E T, &e
DEMIZRETNS BLES ) $¥ A, £TTIOH{ FTI CompleXcope 707 5 3 ¥ 7 CHE L &2 5 OpenGL
DEFRFSEPERAZT e TRIIBRL I T (E28), ZOFE2E T OpenGL TR L2 CG ¥ 7—-4 X
T—YaYDELS—IRFSELIFESRALET, o T, ZDEid CompleXcope & 1B % “H A TV 74
T4y IETaT N E—Ya r0zD0 0penGLAM” ELTHHROT LA MR T, B, AVSEDY Uo7y
V=23 V= NViZEDPET OpenGL ¥ ATWANTT, COBEHOITAVS ETRTELVE I LlPVESE
DEVaTV¥—Ya 70y L EGTHERSZEXHRDL LD IZR2TLE S,

% 3ETid CAVE library OEFRG 2L FVHIZOWTHEHR L4, OpenGL L itivy, CAVE library -
DWTRTEESRTWARHRE L I (GREZA)YFELIEA, Web B BLTHBORITZa P AANTE A &HE
—OFF¥2 Xy FTY, LAL%YS, CAVE library SRR I EF B SN T A 75U ROT, 2070 S
IVTHEETAS —FHILIRETHMBETY, (OpenGL izl<726MThdHH A, ) EE, OpenGL 7o
TTLADERET— AT —VaYDELS—IRREFDTOY T ALY S, FLBE% CompleXcope i iy &
THTOSFTLOAFCLAMBI RN IT, Eos—HHEEBBEE, X142 Fofies <2 MaE,
(BRTZMDSH 2 RAE~D) HEERL2 L2 TIBFIELTTIZS 4 L Thidwid w34, Com-
pleXcope Tit CAVE library #*# 16 ¥ 2 THENIZAB LT hA3 D 6TY, .

Appendix A TiZ CAVE Y A7 ADBHICHH S WD 27 F%, Appendix B Tit OpenGL OE{®% £ # —
VI T ANCBETAHECOWTRMLET,

CompleXcope 7077 3 X Tk, C($7l C++) BRET/OY A4 B LENXD D T+, ARG EE
ab=vayOFBTIE, Fortran DLFAN— b TiBHoTH CHRHTHMbRVEVIPFREMNS VL ELE
Yo € 2T Appendix C Tid Fortran 70757040 D CSEOMELAMERATI L, £2. 3E2OH
TNHTRS T AERATERTIOLERIBROBBE I A—F2Z 2 BEIILELES bbAAIOEN
R-VHTRCOREZHERRITTRTT, CROVTEIHEORABIISES DI TOT, LELBLTEAS
£BELTX B, Appendix D CRF 7 AF v vy €V VTIN5 72 AF v (ER) % pict © gif &, £
BE7+—<v OEErLERT LIS FERMLET,
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OpenGL AP

2.1 OpenGL D&RE|

OpenGLVSBERBN LS T 74 v 2 A5 75} TT, BHMIZIX SGI (Silicon Graphics, Inc.) 2R L7
GL 25 74 77 ) HRE0RETTH, FiE OpenGL ARB (Architecture Review Board) & 9 #Hiiat, +o
HEEDREEL 51 £ ADRHETo TV ET, '

OpenGL OR#EBET 572012, TFI3RTIVE2—57TF74 927 X (CG) TITH — MR EEIIDNT
EITATLEY,

(1) RAEMZ I RTEREAEET S

(2) +TI8TET23RTYEERL

(3) ZOEAMOHE 2 FET 5 020 (HES) 2i8ET5

(4) tEDE, CEEEOBZFELEET S

(5) WENMEEL HHLEETS

(6) TOHATRADNERBLHE WH) L, 25—y 77 0B &Rt
(7 35—y 77yORRHHEBOT -y —HEHICHETT S

INIHCETUY Il TROERELREFIE (1) 25 (5) TTOEET, OpenGL It XiCZ0fE%%1TD

ZRDTATF)TF, (6) IROARELHET, FYF 749 I AT =2 AF =2 a TN FI X7 ##-TH
HICABLET, BEO (7) LR, ThFhOHERY A7 L CEFT A9 T, EMICELITZFOMERTE-
TS TA Y FP P ATAEFLET. OpenGL 22 (7) ofe¥iciz£{ Mbh IHA, 2D

’ OpenGL 274 ¥ K ¥ A7 A LIk ' I

BDTYT, OpenGL OMITH 120@H H 234, FOHIZZ A L Fo 2wz, 94 FOoEROETD
BRLADTAMBIES N ETA, D720 OpenGL ZBMICEKEL2WIAENRZ 7075 AERE TERIZLTW
%7, BE X Window. Macintosh, Windows95/NT. Be % ¥'#i4 % o A 7 4 T OpenGL i34 I T g T+ 2%,
BEFWHLBHELTHLY - Ra—-FTRU CG 2R TE B LT, ALY 77 ORATE Y 1 ¥ Fy iR
TAHERALETRE VAT AMEETTHE, S04 Y8 72— AWHFFTREXLLEND D T+, R4 DBS, BEH
t242 OpenGL THERL L 72 CG % CompleXcope THERE£5Z LIBT3, WE %Y CompleXcope i2RRE &
HHORRELRZOT, FTIREZFEEO X Window (LR34 T OpenGL OFFE LTWEF L & ),

X Window ECHMEHIZ OpenGL 70 ¥ 5 3 ¥ 7 % ¥ 5124 glut library{l] &£ Hidh 3 M. Kilgard i2 & - T
HESNLFATITVEME OF—KHTT, LAL., SZTOHRLOEHWIZ OpenGL OEFBEOERIIH LD
T, glut library X Y b FRICY 1 > F o HEAH*ES aux library L WHBEIYF A 77 VI kit LT, =

lé x5 IC3ER | “OpenGL” ¥, “Open GL” Tikd D EtA,
2Xlib, Motif. Tcl/Tk XTI 4 ¥ FooH@M+ T2 LbmezT,

9
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oAy FydBwWsY, BREERTIRYE. LERMROBEYHA LIS 7TV TT, A BRTRLIT
A, ROAFM L YERN L IRTDHEMECEETIMEOATEEATVEY, TP FBOT IV TTOST
LAEETEFTH. FOV—AI— FOPIZ ‘aux” TIBE 2MENH -2 6 Fhit aux library DBETY.

—7%. CompleXcope B ¥ XRT2HLI2LLD (7) DIFFEE CAVE library #f7 % ¥, CAVE library
ORKEIL “CAVE’ CIETI > TwaB0TT Iig» ) i3, CompleXcope Tiiw 4 & FUxEHERI & id£L
HNIBADT, KREMNLT A FoBIBIEEE L aux library OREYFEZEE2{( BN ETHA, '

ik, LD (5) D% (HAEADONE L FEOIEE) b CompleXcope CRUEH N EHA, A1 YD (L TFvh—
oMo THA)BE&Y Y v # —BREOUBIEIIRALL s T RTAEE 6 2V S T, TTAH5%EIE OpenGL
OBEDS b, HaniEEizlT 582 CompleXcope 7O 75 I Y FIZRIESH D IEHA, FT v - eDHE
HETHEZITNIA ATEHTIHEELCAVE 74 77 ) HEBNIZL>T{hEt, CAVESA 77D
fe, HAREETS OpenGL BB 2 B4 H 4 FRATHWLINOTT,

2.2 THFAPE WebR—JIIDOWVT

OpenGL 283 2 AR 7 ¥ A F &£ LT “OpenGL Programming Guide® %0 ¥, H—RE (2, 3] 12 1993 &
W, BE2RE (4, 5] 1997 L RITENTVE T, R TIE aux library %, 8B ThRIE glut library 2o TH
HENTHWET, FOREDZOXRIE, OpenGL DA TV EFE~REHOT, OpenGL ICH L THELZ L1
EAVRZTEWTHDET L, S22 T BIALRAVETT, X LARFORTEH T VR B T TA, F
72, OpenGL @@ TOMBIc oW TR Lz 2TV e LTHEFWERRD “OpenGL Reference Manual” 7% 1) ¥
$[6le £/ O0penGLAMBRBYFTA VAT -V A7 -2 a3 ETllman 37 FiZXoTOpenGLOv=27
MEFYTAYTRBILITERTT, v (R) BEOFLFVv (B) BEROENHNITYRIR (G) DEMDOEHDH
LeMFEasNT T, FRM LTINS glut DEREICL - TES R “OpenGL Programming for the X Window
System”[1] T3, BEBTHEINZ OpenGLOFFA M ELTR[7)BHH £,

OpenGL i2 2\ T OEFHEKIE OpenGL DARA—

http://www.opengl.org/
EFRTTEv, BERTE,h7 OpenGL @ WEB ~— /& LT OpenGL_Japan &) Htkii k5 b DA H Y &
T
http://www.kgt.co.jp/opengl/
"%7-. OpenGL @ FAQ 22w Tt
http://www.sgi.com/Technology /openGL/
O HAERIZ
http://tech.webcity.ne jp/~andoh/opengl/openglfaq.htmi
FIET SV,
F7:, OpenGL HZEAFE#|LZT A 75V E LT Mesa
http://www.ssec.wisc.edu/~brianp/Mesa.html
L3 bohH 0 2T, Mesa it Avid Technology, Inc ISBHE+ 3 Brian Paul I X o CEIR & h. 7Y —TAET
ﬁE‘(‘—;-o :

2.3 OpenGL EHBTE51T5Y
#%TEEL (3B~ E ¥4, OpenGL TH
o 4> FYOHE
o IR, HAffi, I AFOEXN IRTYWHEDOER
o (ToA—ta Y BUICEER) ¥ 7y 77 OPEX
« X747 O |

FREJHRTVR, HRTOREFMIPPDET, TCTCIRLOIEETRIITHILOOBHNE T 7T )
MHERSEEShTVET, ' '



2.4 OpenGL 70 ¥ 5 s 0EREE

11

ZDH 4 FTit aux library & glu library 280 FfB LT, gIX BIBIE S 7oy 7 7y O8I 2 75002,

aux library

glu library

glX library

glut library

eIt i,

A Y FORRCLERIRZBREEHAS-51 75,
ﬁ&&%%ﬁhﬁ<ﬁ&%ﬁﬁéhfwé ﬁ&uéf
‘anx’® W EHFTHET L,
HROHELHEERL FA R CRET IS,
aux library & BIRRICERZ C R RBICH C HBL AR
ERTVE, ‘glu’ LWIHIBRTFERE,

X Window IEE*EFTIOKLELMETHD
FATTN, glX EVHIBETFT LD,

X Window BRUFERENDEL DIAL » FO AT AT
OpenGL 70 ¥ 5 A% FR &4 2 DK A S 15 HiREE

2RELROISATTY, ‘glut? LW BEFEHED,

2.4 OpenGL 7075 LNOEFIEE

#hTH aux library %457 OpenGL OB b MMz 707 I 2% RTHEL LS, =0 OpenGL 7075 4
2 =0 DPEEBANLACERRLH b OTT, :

[ simple.c ]

#include
#include

main() {

<GL/gl.h>
"a.ux . hll

auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
auxInitPosition (0, 0, 500, 500);
auxInitWindow ("simple.c");

glClearColor (0.0, 0.0, 0.0, 0.0);
glClear (GL_COLOR_BUFFER_BIT);
glColor3£(1.0, 1.0, 1.0);

glMatrizMode (GL_PROJECTION);
glLoadIdentity ();
gl0rtho(-1.0, 1.0, -1.0, 1.0, -1.0, 1.0);
glBegin (GL_POLYGON) ;

glVertex3f£(-0.5, -0.5, 0.0);

‘glVertex3f(-0.5, 0.5, 0.0);

glVertex3f( 0.5, 0.5, 0.0);
glVertex3f( 0.5, -0.5, 0.0);

glEnd();
glFlush{();
sleep (10);

glut
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B TTOT—TI2RTVwELLL .

#1471k OpenGL 7O ¥ F AL EL 774 ¥ include LTwET, TD7 74 M3 T OpenGL THEH &
THwsr o, EROEL. OpeaGLEKO 7O ¥4 TEEZEWREATWVWEY, (CompleXcope 795 T4 b
D T)0penGL BB A #EHILTOV— A3 FCRELIOFEBLEMNB I T,

# 24Ttt, aux library OERHCAELR 77 4 A D include T, CHREOF N7 7 AITELT aux li-
brary %M L T OpenGL O ¥ LITHT, TOFHLETT, L L ETH~A L) 12 CompleXcope 70
Y5 AT, “Dinclude XL { A TL LI,

¥ 4796 main BETY,

5 64TH 6 81T T aux library OMEEBATVWE Y, H6TTIE. BRY 1) ¥y 77— FT
#2 (2) RGB E—-FTAITE, 2HFRLTET, YU 77E—FEHLT, $3—2F7hriv 77
E-FbdhIEdt, chidFoA—a e bR fviid, $7-. RCBE—FLURBVIEEXTIFEN—2
T, Red, Green, Blue Dfi* BEEETLE—FTT,o bI—2HF—AVTFv 2 AE-FEVIDLB NI T,
B FT—F—TVERELT, — 204 TP o 7 ADLBYRDLFET, LA 2HEHTIHETTH
KEDTILV— LSy 77 EB{OBREOSF I A v VAT -2 AF—a»TRIFEALES T EIZRVTLE I,

BIFTTCRE Y- LIRRTDIA Y FOOMBEREZESEBELTVET, V1 Y FOOEFBOBEERMEY |
(0,0) 27N, AT (500, 500) 7 LA LEIHTHELTVET, S CEERIE. (X Window DV —LiC

W) RAREY—OELBET. +x FEEE, +y AEETTY, :

# 8 7@ auxInitWindow() T A ¥ FU#H&E X ¥, SIMIEBHLALXFRANIA X FIDY A PV — IR

anEd, ‘

81 0FFUR, “gl TH5E HMEI Lk OpenGL BT, %1 047® glClearColor() TH, /Sv 7 7%
SUYTLABERETIEYEELTI T, BEROTRBLELELI THVEEA, 4005|HiTFHh¥NR R, G, B, A
DET, 0L 10EEAERTY, Al Alpha fiE2EL, CARDODWTOHBEI I TREBLIT,

#1145y 7782 )FPLTwET, TRT/HNy 77 REGBAMLTO, $abbRicey bEnid, E
BICELIEI T2 ) 7 L7=Dik color buffer TF, /¥v 7 7 12idMic depth buffer, stencil buffer % r‘;’_ﬁ"% h*
Ta

g1 2177CIk. #HEAVIBOEBEEELTCVEY, IITi (R G B)=(10,10,10) 2% ) BEEELTY
T4, ThblE, Ao+ 7Yy b EETITENEECED T,

#1 317L 1 AT CIRSBEATH 2 BT EEfEL T Y, 20BERIIDODVWTRZBTHL(FEBELTI T,

15T CHIRTHAER ZATERIIETEEZCENETAVIIEFHEEL TV T, EHEL RIS
Rz A BE0HETT, glOrtho) @6 2DOFIMIIFET S Sétm‘ﬁiﬁw (ZE k=R ‘F J: FH, WZH)0E
hWEhOEOIBERLTREY,

£1647582 14 %7 (glBegin 7% glEnd % T) H—2OHWEBMIZ R TWT, ZOBFFTEFBEH
TwEFe SIHTUSTADBRLERLBITT. H1 6170 glBegin() 5[ GL_POLYGON #*EHH T I
FTo THIEChLBHC bOMSAHLOETHE I LERELTVET,

#1 TATREAROELORED x,y,z BIE (-0.5,-0.5, 0.0) 2R LTVE T,

#1876 20 TECHABTENRERET. AT, Erw@ﬁ&%%i,fmi?o

£ 2 117® glEnd() THAROWEIET LLT,

82 2170 glFlush() 13, #hT CT-o LHERSIT OSSP OBATH > TV 2HATHE, BHAICIEE & £FT
SEAMBTT. LATIRD N FLAY, HEARIBTLLOEIIONEERSLIILET, )

8 2 31742 (OpenGL & 2R 2V) C 0BT, TORMEE M1 0BELILLLE2WV] LWHISDHTT, Th
AroTLED ETUYS HRBEDESE (glFlush D) KT (EEXT 1) LET, #-T. 94> Frid—@&
EFRENTTCREATLE I =D, BROBEFHRITA, T2 I Tsleep(10) EFFEZ LIZX D 10BH Y1 ~
FORRTLRITEETVIDTT, SOBDRETRTH L TN TTY T AT, sleep 2ELTIZTA X I %
FobRRLEIDFEEBNALET,

3 fusr/local/include/GL/gl.h
AT OpenGL O 54 T b EH—2 MRy VT2 EAULTCEEL TV B84, ”'7‘)}ﬁ‘b‘oifb‘ﬁu?:tbi'?77’f7/ l‘ﬁ’ﬁof
WhHkELZ Y, . :
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2.5 OpenGL DOEAR & BEHDEEF

OpenGL PRI LY “gl” THED . MERTBETAEROEHLFEATFIILE T, (#l11f “glClearColor”),
ERIE UL THI Y, TKAFCREL THBEMICETREMR 2,

T, PR “glColor3f ()” ML H iz, MBENRBECHEFEEULE (ZOBHE ") HEETRTWHEE A
HNEF I0OIL, BMFEO3R, COREMBIREIOLAEEERLI T, BEEETAINEISZ “glColor4f ()"
EVSbDbHD, THEFIBE 4L ET, T4, U O Y4 1. float Bl ERATIBIC LA LA ERL T
To DENERBOBRT U H, [300EFHOFKELE] LI LERLTWADIT T, IL4ERTF
OTLT 7y PROEEAL, FAPERTAFEOT-YHELUTIc I LD TS,

BRT F—5H OpenGL D EIER
b sy MEH GLbyte
i P2V P EX GLint
f N2Y¥y b EH GLfloat
d 64 ¥ +EH ' GLdouble

SIT, BHOAEVHAARRESTWALZLEEFELTTEY, CEHEOInt ¥ float ENH 4 LT A7 44K
" H#TT, GLint #* GLfloat F& ) T E TV AFAKFELZWIAN % OpenGL 7R ¥ F A% 8 I L MT g
%hET, T, OpenGL DMBAIZIIKRIL V' TR LOFEL BT T 2D WV ZRZ bV (B 28
BRLES, COBE, BBEEFOFIRELT, W(OPDF|HELTIMEOTII L, BBEOERY (oFhHh
RN DRSS EEEDET, MBOFIHEEF D OpenGL OBBDIZ LA LLTH, <27 PVZITRLY £~z
Fv (D) ZHBDON-YarERoTwEt, ROFALETATL LD,

float color_arrayl[l = {0.0, 0.0, 1.0}; /x ¥ */

glColor3f£(1.0, 1.0, 0.0); /* E:Ecimﬁ-—%ﬁ&:%ﬁiﬁ */
glColor3fv(color_array); Sr BEOHT-EFICRE */

2.6 OpenGL ®X7—h

OpenGL iZid B4 2B (RF—F) | HBVIEE— FHL SADNET, SNTTCHTELLOE LTI
“BEDHN T EVIDPAF—FO—2TF, AF— OFE LTI, “BEOHOAES?, “HEOED
K&, “BEOH T -y 77 OERE (LCHEELLTHBELZLO) | “BEORBOR” 250 T+,
AF—MIBLTEERZ X,

A7F— M, —EROALOEREE NS T THEY

PANE Bl 4 ’C“To B, ﬁ.%?ﬁi‘i‘%ﬂﬁﬁ “glColor3t” v, ZOHRFRATALEL & H, LD “simple.c” @5
5. EFFEOWE ZBET HES (4 16 1T glBegin() #5821 17 glEnd() T) #IKEHWL T, M
“draw_rectangle(}” ¥ EF L7 LFL 1,
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OpenGL AP

glColor3f(1.0, 1.0, 1.0);

draw_rectangle(); /* BVWERBERHC «/
glColor3£ (1.0, 0.0, 0.0);

draw_rectangle(); /¥ FRWIEAELEL +/
drav_rectangle(}; /* FOIEFRE L I—2H<L +/

glColor3f(1.0, 1.0, 0.0);
draw_rectangle(); fx WBWIEFTEEHC »/

S rHiz, glColord() CBMEDNHI—" ¥ BETHE. ThIBR, BURENAT—" AT - FEEENS
T, FhUBEFOETHINET, (o7 XFailt, coFITR4OOEFEFEL s TLENETH,
SR OEGELIRVIEIELELED, )

2.7 K. #&. ZAKOHER

OpenGL TREAZKREEZA 727 b, AERESABOALEDEELTHBRLI T, ERCRIILA
EO3IRTWHEEBSATLORE N ELTEREhET, BIRLCVGUARTERLITN. ) £LT. ZO=H
BOEXER (7) 374 7EFRINTT) F2THE (vertex) OUBEEET A L TERI NI T,

FTHETVIFATOF L TVERTHRIELEID ROTOTY AT, 2=0D0FHLOEGALOCTRIIZE
PRIZ6DOORERIET,

[ dmpblc]

#include <GL/gl.h>
#include <math.h> /* ¥EFEF 175 (sin, cos) ¥{EI720D =/
#include "aux.h"

main() {
float pi;
float x0, x1, x2, x3, x4, x5;

float y0, y1, y2, y3, y4, y5;

auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
auxInitPosition (0, 0, 500, 500);
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auxInitWindow ("simple2.c");

glClearColor (0.0, 0.0, 0.0, 0.0); /»
glClear (GL_COLOR_BUFFER_BIT);

glColor3f (0.0, 1.0, 0.0);
glPointSize (5.0);

glMatrixMode (GL_PROJECTION);

giloadldentity ();

glortho (-1.5, 1.5, -1.5, 1.5, -1.5, 1.5}; /% SIE4HEIK */

pi
x0
x1
x2
x3
x4
x5

/% e =/

[* GOREE BEEZEN ¥/

= 3.1415593;

= cos(0*pi/3); y0O = sin(0*pi/3);
= cos(1*%pi/3); y1 = sin(1*pi/3);
= coa(2+pi/3); y2 = sin(2*pi/3);
= cos(3+pi/f3); y3 = sin(3*pi/3);

= cos(4+*pi/3); y4

sin(4+pi/3);

= cos(5*pi/3); y5 = sin(B#pi/3);

glBegin(GL_POINTS) ;

glVertex3df (x0, y0, 0.0);
glVertex3f(xl, yl, 0.0);
glVertex3f (x2, y2, 0.0);
glVertex3f(x3, y3, 0.0);
glVertex3f(x4, y4, 0.0);
glVertex3f (x5, y5, 0.0);

glEnd () ;

glFlush();
sleep (10);

/» o o
/*

/x .o

/e

/* ) o

/* ERABE

\ end of simple2.c /

HRAFE */
[ AF =Ry T 7DI YT */

*/
*/
*/

*/

COTRYIARELELE, BELIL6OOREBOANRENL T TT,

TTOBFTETOL I ICHRICEF{ I ENTETY,

(FLT1 OHHKIIY A ¥ Fod HEM
RHEENEY, ) A7V 7 FDERODICE, BT B “glBegin” 7 5 “glEnd” ORI SLER BT (£
BLylBLi) “‘glVertex()” £ I—ATHIZVLDITITY, #oTLOTTY 54D S L, glBegin #* HglEnd

glBegin(GL_POINTS);

for (i=0; i<6; i++) {

x = cos(i*pi/3); y = sin(i*pi/3);
glVertex3f(x, y, 0.0);

} .
glEnd();

B, TOFBETHBWAEEL 703 L% UTICEE T,

[shnpb3£ ]
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OpenGL AF

#include <GL/gl.h>
#include <math.h> /+ EEF 4 77 (sin, cos) */
#include "aux.h"

main() {

float pi, x, y:

int i;

auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
‘auxInitPosition (0, O, 500, 500);

auxInitWindow ("simple3.c");

glClearColor (0.0, 0.0, 0.0, 0.0); /* HF{EAIE »/

glClear (GL_COLOR_BUFFER_BIT); /% BF—NwTrDI)T +/
glColor3£(0.0, 1.0, 0.0); /% $FE »/
glPointSize (5.0); /¥ BDHL X 5EZER o/

glMatrixMode (GL_PROJECTION);
glloadIdentity ();
gl0rthe (-1.5, 1.5, -1.5, 1.5, -1.5, 1.5); /+« B EHEE »/

pi = 3.141593;

glBegin(GL_POINTS);
for (i=0; i<6; i++) {
x = cos(i*pi/3); y = sin(i*pi/3)};
glVertex3f(x, y, 0.0);
}
glEnd();

glFlush();
sleep (10);

\ end of simple3.c /

OIS FATRATVIFA TEBEILAN, ChELLEBLTSAR S I FA T4/ LICEERELT
AEL L Do EDLDITH, kD “glBegin()” ®F[#]. “GL_POINTS” % “GL_POLYGON” IXZ X 57513 T,
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[ simpled.c j

#include <GL/gl.h>
#include <math.h>
#include "aux.h"

main() {

int i;
float pi, x, ¥y;

auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
auxInitPesition {0, 0, 500, 500);
auxInitWindow ("simple4.c");

glClearColor (0.0, 0.0, 0.0, 0.0); /* WRAHARE =/

glClear (GL_COLOR_BUFFER_BIT); /% BF—N9 Ty DL )T %/

~ glColor3£(0.0, 1.0, 0.0); /e R/
glMatrixMode (GL_PROJECTIDN);
glLoadIdentity ();

glortho (-1.5, 1.5, -1.5, 1.5, -1.5, 1.5); /x SE4AMR */

pi = 3.141593;

glBegin (GL_POLYGON) ; /= K== ZZREE
for (i=0; i<6; i++) {
z = cos(i*pi/3); y = =sin(i*pi/3);
glVertex3f(x, y, 0.0);
}
glEnd();

glFlush();
sleep (10);

\ end of simpled.c /

SO T LEELEDEHIREIIBY ORI N6 ATHE TSN T T . GL_POLYGON 35 B io B+ &

ZENHYET,

74

GL_POLYGON THi{ DitF—FmLizha LWE/E

RENHZETT, MBARREEONSARIIFEHLTHRELET,

28 JUirqJ0BEE

CHTT “glBegin()” OFIHIHETH TV I F 4 7O\ LT “GL_POINTS” & “GL_POLYGON" -4

TE3F L7, “GL_POLYGON” 2 A I T—2oNB AN ERETE, BEMNICRFARICHEELZIRTA 7V 22 b b .

BHFOHEE D & LTHRTE T TH 5 “GL_POLYGON” 2 437 L b v 2 £,

PAENCADL I L 6EBERMRTELEELITAIL L), $T8o55TEA

v0, vl, ..., vT Dx. y, zBET. BN TERER
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OpenGL A

U}

float v0(]
float vi[]

{-1.0, -1.0, -1.0};
{1.0, -1.0, -1.0};

EEEHELIT, TLTIhHORAEHE:, XD LI EThiEwnebii Ty,

I/» v4 v6e %/
glBegin{GL_POLYGON) ; /* Fo—-—— + */
glVertex3fv{v0); /* / /1 */
glVertex3fv(vi); /* V2= + | v . =/
glVertex3fv(v3)}; /* | v3l / */
glVertex3fv(v2); /* I I/ */
g1End() ; /% +—————= + */
/* v0 vl */
glBegin(GL_POLYGON);
glVertex3fv(v2);
glVertex3fv(v3);
glVertex3fv(vE);
glVertex3fv{v4);
glEnd();

/* glBegin() & glEnd() M7k i 4EHEE »/

LAPL2HFE, Shidt TLIROECIOYFANE w2 T, ¥ o3 BACEEF— s HEthFR IESD
EERTWVWEPSTT,

CRXIuHE, LVYEMIIIKTA TV PEEHET LI EXWETT, Tt “GL_POLYGON" BLSticd,
ROLSGHES)IF 4 TERABRESRTVEPLTY,

WEZVIF4 70OBEEFOER
GL_POINTS £ YA DAY
GL_LINES AhAT LA #R
GL_POLYGON & A
GL_TRIANGLES M L-=E%
GL_QUADS aF L7 AR
GL_LINE_STRIP EE LB
GL_LINE_LOOP HMELLBT BALRLALER)
GL_TRIANGLE_STRIP HE L=
GL_TRIANGLE_FAN BRCEELL=AK
GL_QUAD_STRIP MELUER

FREND T IF 1 75 LTglBegin() ¥ A TER S NWBRFIROEN TH5,

SrmH A4 KT, MEOHIITRTEOS (i} “TFE” CROYALOTT, THIEIONf FOITLAVERTREDOLT ( 5 — THWID
TFo SOHMELAE B HhoTVOTREVHIERIOTTL. .. '
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v0 vO | w2 vi____v2
x / i / I
: / | v3 / |
v3 x x vl / / |
vi o __ v0 I
X v2 vé vb Iv3
GL_POINTS GL_LINES GL_LINE_STRIP
v2__ v3 v2 v3 v0 vt
AR e + +=—
vi / | V1 | [r++/
| v6 | N+ttt | S+ v4 v5
VAN \++++/ vd e Fom—m——— +
vO |/ \| v4 \++/ v3 v2 [H+++++/
\/ tmm——— +
GL_LINE_LOOP v0 w7 v6
GL_POLYGON GL_QUADS
vl v3 vb v6 vO_______ v2
F-— e - + \N++++4+/  wB_____ vd
JHttd | bbbt | bbbt/ \+++/ P ++++/
[t | A | \+/ | +++/
/++++¥+|++++++|+++++/ + |++/
tomm——— $mm————— hm—— vl 1+/
V0 v2 vd vb v3l/
GL_QUAD_STRIP GL_TRIANGLES
v4 v3 - ov2
+——— +-—— +
vi v3 v6 A e e e LA S |
o e o + \b+dt |t S+
SN\ N+t HH+/ 4/
FEE AR S T A Y \++ | ++/++/
Sttt e\ E et/ \+|+/+/
mmmmmm #momnes + \1//
v0 v2 w4 w0
GL_TRIANGLE_STRIP GL_TRIANGLE_FAN

EhEThOEFIZ £ TglBegin() LglEnd() MM TglVertex3f ¥ glVertex3fv{v0), glVertex3fv(vi),
glVertex3fv(v2), glVertex3fv(v3), --- DIEHFIIFA LK IHAP NS S D TF, glBegin() DT X AND 7
DITATOEMIIEL o THPNLEEI BRI DI T, THOEOFE SV IF4 72 ML, 6EEKIIRDLEDIZ

MRt ERTEET,
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OpenGL A1
glBegin(GL_QUAD_STRIP);
glVertex3fv(v0); glVertex3fv(vl);
glVertex3fv(v2); glVertex3fv(v3);
glVertex3fv(v4d); glVertex3fv(v5);
glVertex3fv(ve); glVertex3fv(v7);
glVertex3fv(v0); glVertex3fv(vl);
glEnd();
glBegin(GL_QUADS);
glVertex3fv(v0); glVertex3fv(v2);
glVertex3dfv(vd); glVertex3iv(ve);
glVertex3fv(vl); glVertex3fv(v3);
glVertex3fv(vh); glVertex3fv(v7);
glEnd();

bELAMDTII T4 TEMoTERTHIILOTERTT,
WETY)IT 4 T2HEAEOENIEAZICHELZIRTWELSETNT LI EFHRITH, £hA5TTIERY

TV FADBBEICa—F T T v P ARELILIEHET A, 0TI CREGLESLRBELENSATY

LWOTEBBIZIEREE 20T,

2.9 BRELEMBEIFENICRES IS

VAGERDBHH T V% IRT CG & H1DITRRD L) RERFLETT,

1. BEAE
2. BAORE (CLEOCHEE L PERETCORS. RAOETD)

3. RS PVOBRE

BEEARE ., HEFACEEOENELZ s THEETARI, —BFHNOEA T 2RRTAIETT, ThEfT
bk 48, FRENZBEMERENTLEVET, OpenGL DFA,

‘ ' 77 # b b CHREELERFb LV I

DT, TRETILHIICHETILEMNHDET, R L LBEHLAEORELEREAR /0737 L3k
(L RPEBEREETD LI A—F2ZT7ICHART 5 OpenGL B O—2 2 EE/T RO THBTT,

Rii, L0225 5BEOREI OV THEICHNTEEILES. CCTRELE N, AEEECHVLIE
BEWIBELIFLALVFALEREIELZ TRALERTYS, 23 h, — o - HBEOLECHESRS LHE3 4
EHRLIT, SRETCOH L INTOY T ATRERICBEFAT S OpenGL B —2obHTETRATL, £,
hIETOSOT 7 ATIRBREIL( TRl 27:DTT, 2% 0., OpenGL Tit

) 7740 FCIIEBRLEBESTL W : I

SLAELBETZLICE(AL TSN EHA,
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DTT, BBENZWE, IRTEPEIIBE X OE2TFA. HoT, V7 Ni CCEREERT 2720 BE N
ETT, BHFETILICHEET AL, 7075 A8T OpenGL BMEO 213 VRAK I OTHETY,
LPALEHYTIHE, 7077 eoTRACHEZI EMELET, FAHSETD 3 (FBEHNZ LD
5aTToiiﬁf,%%%6L&Lf%h%ﬁ%ﬁﬁ%#if&ﬂ&%%#&l5K\ﬁ%??S%ﬁ%ﬁ®iE
TEHBEE, REOLE. RAOKE, FLTYSEROEATOEROMETHRINET, K-T. BHEH
WRHEBRRIARTYBEZHETATEAZEATOERERNZ PV RSETALENH D I T,

2.10 BEAEBEFTIFI b

FTHBELAZL I 0penGLOF 7+ L P TIIREALE 2T A, REMAELTI I Y RET2HME
ERATIENC, YT 7497 T~2AF—ayCRBRALABREIVIFETERLTWAIERLTRE S
LIde TRLDIREFFTANY T sENILOEH > THBLLENHY T+,

FTANy 77 OBEH
77 A

o====== | 18
o | 14 depth
os==========| 11 buffer
3D OBJECT o=========| :

DE=EE=====

TI374 92T =2 A7—axilid, 77A/Ny 7 7 (depth buffer)® & v ) 5 /Sy 77 HHES ATV E
CF. TONY T, RESAL2RTEROEC Y EMERTO, [HA»L—EFHOMEE COEE (= 7
FA)] PMRESATWET, 7OX AT, 3RTWE (0BI-X & LE4) ¢ H @B LA, BEsAS-2XK
TERICZDOBI-X FEEMbLTRESHELI DT TTH, FOLEERODLIBLTFAL (FTATA L) 2w,
FNIIER LA0BI-X DA 2T ERFT I 0TF10,

FISAF AP
(1) BI-XDHr— 5(PkLi?)tﬁﬁk®E%D%#ﬁT50
(2) EPAHESINL 2ARERFOL, AR (I,)) ¥RH2,
(3 BEF7ARy 77 BESINTVEY 2 LR (1,)) TD
FTAAMEED EELEEL, DOFINEFIT (0FD
HPOEMRSGETAD AP E2FRTT S, FLTF/AEED
WEHT D,

HTHIIERDL S 25Tl I,

TEEY I EHR TSN TR A BIWL BB EIAENL . Bl IARBCRIBEVIBRTT,

EL VI REAR L . ENMHCBRE L) T A TR, B, ~EOHED, HEXFENrOMIIMEmPo TRV TYRD &
&, HEORCIMCHIEREZE e ALET LS RRAETY, 4, AFRCELIEWINELSRTT,

BZ Ry g rbiThAd bbb e+,

W%ﬁ@ﬁﬁﬁ?m_mﬂnkmﬂénrmw§¢A# §$m&7wjuzAu_@xacRﬁ?%zfn
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FLRF A FOESE

77 AMEDEH
D= ———————— et v m—— x==========l 36 --> 11

OpenGL TREMB Y EBRT AI2iE, 70/ 74080 L5 (IRTHEOBEEITIENC), ROMYETT/
ATFAMEMAYIOCBRELI T,

1 glEnable (GL_DEPTH_TEST); |

ZOMEBEMRUHLIX, (77 4V FTid OFF T# - 7:)GL_DEPTH_TEST # ON {255, tEREIET, 20
glEnable() W3 BEIt, T/ RAF A FD LD LH4 % OpenGL O : ON IC T B L SCHVeRET,
FFANy 77 CETALORALEBS, Y LLBVE T, RELBREIT IR, $H)—28hTidkon
Wo kB ET, Fhid, EETRDCHE (R (ERCEERIESFLALA) CRBTFPIANy I rE2YTT
AUENSHE, EWHIILTT, FTANY 77D TitiiglClear (GL_DEPTH_BUFFER_BIT) % Mo T
TH, ERO /O FATR, PR 775207 THEEBI #7—Ry 77D 2T (2 NHERBETO
EROEYOEL) 2 LAFAVEVIEENELALTTIG, ERBOSOY 7 ATREIC (ZHTT)

glClear (GL_COLOR_BUFFER_BIT) ;

glClear (GL_DEPTH_BUFFER_BIT);

ERBCLLY, B, LEOCOOBEFUHLITAD L iit i, BUEEE LVEIF SLNTEDD
T, ROLHILLHEHFETAHLHICLELE 9

‘ glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); I

BRIt D 4 3 7 TglEnable() &glClear() ¥ FELRMIL, HICHTRAS Y N T S FTARBEIILTT
BV, 7z, aux library %5 TV HEFICRRELE % T B4, auxInitDisplayMode (# ¥ 770 5 A sim-
plec (p.11) D& 6 ITEM) 07| & K%

(AUX_SINGLE | AUX_RGB | AUX_DEPTH) & L TTF &3,

1141 % iZg1Enable{GL FOG) T. EHDBENE (WAL, TETR/OPF L% (T+ y&tﬁﬂma)ﬁ%# ONEZhE+, %7,
glEnable(GL_LIGHTING) &3 MIAMES ON T 2@METHTHTT (p.25) '
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2.11 &EE~Z P oEEHE

2.11 ZFHEANXT FILOEBEFE

BE* ON 2T DRI, R~ 7 MVOBENLETT, £2C, BBEICOoWTHAT AR, S THEEAN

OB EFEYBALTBEELL S,

EREar b, B

glNormal3f (); I

Tk (RFICETSHE)

' . glNormal3fv(); |

TIHELEIT. BN VOV TEETRERS VY MERD I DT, (7L, (2) KWL TIRLETEH D

THA, )

(1) BEOREEEABENFRES~A7 M VELD
(2) B~ PVEES R 1 IEBELTEL

(3) =M PLEREL TP THAEREEET S

BIXIE3ARAH—2bD LA, 3DOHAETEERAY P AHETILENH NI T, MULAERTAEIL 2

Do

float nO[] = {0.0,
float nl1f] = {0.0,
float n2[] = {0.0,
"float vO[] = {1.0,
float vi[] = {0.0,
float v2[] = {0.0,

glBegin (GL_POYLGON) ;
gllormal3fv(n0);
glVertex3fv{v0);
glNormal3fv(ni);
glVertex3fv(vl);
glNormal3fv(n2);
glVertex3fv(v2);

glEnd();

= O O O O O

1.03};
1.0};
1.0};
0.0};
0.0};
0.0};

/*
/»
/*
/%
/%
/*
/%

[+ THE 1 DERAZ MY %/
/* TAS 2 DEBAY P x/
/* THE 3OE#HEANT L »/

/* TAHE 1 OEE =/
/* THE 2 QS »/
/* TEH 3 DEE */

nl .

*/
*/
*/
*/
x/
*/
w/

COFIDFHEIIERN7 PVRREI 1 THAIEHFERATTI. £ ThrvHEit. FHEMN sqrt() 21> THEE
fELTHbglNormal IXFET L HICLTTE W, :

CCT—2EELZILYFHNFY, OpenGL Ti

ETOHERIRLEEBYDD I



OpenGL A9

EVIETT, bbAHA, FhIEB~Z FLVOmETERSILTT,

EofiTit, 320THESAZESNZ PVRLTRALTTYI S, B2 MVE2EHALS A A0, —R
EFHET, EROBCBRUI T, CoRLBEOFFANT, BREIISOBELACRLTRLLER~Y FVEH
FELET, FOEHIZ. ROBETRAIIODWTHRALARICHLIIZIZDET,

212 FREEALED

2.12.1 READE-F

BB L2L3ic, chECETEAATOYS ACHERLELFoTWIRAT L, BEABCHLTE
2Hoit, OpenGL Tit

WA EIRBE, BHEEDLVWRBOZO0E—F

MY, BENFT NP EEVD T ETT. COZODE— F (AF—}) . OpenGL DD R 7 — F & [k,
—2® OpenGL 7O ¥ 7 ANESTHAHBRIIKEIDEILZ & HWERTT., B, BRHICRAFRRET S Com-
pleXcope 70 ¥ F ATk, TORHEOEH FEAOCT— FUSEIIEHMELfTORLITL L ),

BELEBII>WTHBETAEIC, BEEHLRVE-FREIVIBESREION, F0LEPHEILEIVIA
TRRESNDHOHD, COVTHRHALTBLENSHITL L I, MBIT A,

B EbLRVE— Fik,
o (BWIM%E) P, St B
0 Aa—LFEFOI—FA ¥ —T 11— AEREDOEFR
o FTIAFYROEYY

BEOREREAIBCEVE T, Cho BT AERRATLE S 7 20T 210 [RELENALEZV] L)
ZETT, FAHBIRARETCHLEDAL, BENEICEHAIH, FAFORBEMTEOXERLTVESD
A, MAOBIIRE T, POo—ERWEL S TRAZ LI LIEVDITTT, #oTI0k 3 3EEH% OFF 2 L TN
MEHEET, FLT, ZoOBREVWI R, BTEHEBLAZL I, BEFIHICL-glColor B AT EL I
Fo

I, FBEIRTHBIIZA— Ay — T2 —ZA0BMTEHEORY v A 22—+ BB, RiEN-EATE
NEDEMICHEPLEV LT, FORY VRAZ 2P TRAR (R TRENEY, #hbldf V5 -T2 —
ADLOIIRRTLETT, V7LV EARETL0BEMRFHETZLBEEINICZVDITY, 20X I LB
bREABRTORVAT— FOFTENLDAZ 2~k WL 4.

BEIIRLLETZAFy<wo 7L, 2RTOERT— ¥ 2 3RTYWHROREIZERVHTIT, LRvEER
HTYTALEREERTLHETT, Ml2id, CompleXcope Pz “RIBHIE” ¥ fEN T E+ELTL L,
HIBPEOBRBEIPBE 7 IT A 7CHERLR2TMEZ 0 2VORLRTTY, 20RELEI-NRFHETT
JIFA7TCBRTAIERZ(ALAATRTT ) FEEILAETTL, EANTETHIARORY T THESN
iz, FOLy T TREBEAL{BENPP>TLEITLLIY, 29I LEIRERE 2 ATEET—~¥
(FrAF¥YELT77ANMBELTBE, HT@HPRIC R TR20TE, ChMF2AFrv oy
FOF2, RENREI AT, FIRANS AN, HITHPROEIRBY IS AAEENERINS
DT, THHIBHAB L BEBEETT, o TF 7 AF vy v ¥V Vb BHEATHRVE~-FTTnETE, 772
Frev ¥ FOEBNEIIE 2B CEIL T T,

BLE. XB% T ki,

LRgraeMoRBH) T 305t e, FrAF T LEBNIIEIZ oo TBBLET,
13CompleXcope TitF 7 AF ¥ v ¥ ¥ % A v & — ¥ (“Welcome to CompleXcope” £) % A =2 —DRRHAALIT,
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BEERELZVE- FTIE
o glColor BABT, (FFAF YT ¥V I TRTFIAF YA AUV BEL
BREOTEHRRENS, ‘
o KFOMERE, BIU(LLEELTWAHETH) B~y L

EREBRTH D,

Evnd I kTt

2.12.2 HEEAEF N
BT, FNTHBRLBIIOWTHELIRTAE L 9, BHEAE Y% OpenGL B,

glEnable(GL_LIGTHTING) ;
glEnable (GL_LIGTHTO) ;

T, glEnable() MER T 7A7 A FABEOKRECRICOHTE T Lz, SOMEBIL, i THEEL A OpenGL
D4 OREEX ONIITZL VI $0OTY, D 14THDglEnable() ik, FBEZ ON T 5 &V BETT,

OpenGL TIIEFIIMBUEE T 5 Z LW T T, BFIIEREO, RiEL, k2, .. L. FETITREAT
VWET, LDglEnable(GL_LIGHTO) £\ ) BEIFUH Lit, 0FBOKEEMEI L) EHRTT, KBS ZoB(H
itk T T

glEnable (GL_LIGTHTING) ;
glEnable(GL_LIGTHTO);

glEnable (GL_LIGTHTL);

ELET, BRTHBEAT L LI, 70/ 7 00/OESFT. TATLORBEOKE (KMBLEE) 2 BEL T T &
iR ENEH QLR (GL_LIGHTO %) CREIShiE 1+,

S CTHEERTORRPIIOVTEITAIL L ), FRERFALNOLIIHET DY, BOLZVWREZEZ R
T, REOHKFIIERNOAE SEHL, TOARY MVOAMTY. REFLHARIHBEORE, K, X¥#, #4
RYMEIATE S KT EBILE D E L THRBICAMOBEICA-TEE T, 8524, B, K. X#. WS 2hEh
BED (EDEROMELE L TO)RIELFHEFF>TED, BEROCBICASTL(ZRDARY M LitFhoS
TREFLTVE T, SR CI0L I 2BBZ2 2T ERICERT 20RO LA ASHEICKELROT, OpenGL T
HEREY ROBICETVLE T,

o RiRIZETHE

o JEiiL RGB @ 3 A% M ITHST 2

o BEARR—ELAEFENLy BRACALEEII—FELIILEN)

o HiEA SWRAKNERASN TS Lk

o MRBHNGICIZBRESE, Wk, SELOMY 2 IMENHD LERD
(FNFNIZRGB O I HH L)

o Ykid, LEDIEEOEFNFIIL, BV 2 RMEEEED

o PRIl L o 3BBMOKOE RGB RAV 2 THI TSNS

o RiENRELLEE. FRFNICEOFBE LTV, Rkl LE0 3 M
DOXEFRELTRE OETHRD S

IHEAZER-BHE LT, Jhid t'ﬁiﬁ'c*ebz; b hdrbot, BEOBUG LI Z RV TILE CEG HES
T, UFTTIRLEED “3o0%", BEL. 8k, SEXC>WTHBELEIL LS,
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2.12.3 BB, HEE. SEX

E33%5% (ambient light) i, SEOF L AELIRMHZHRIEL, 280 Lizgizdhe L T3, koBEEH 5
WAHMENPOEBL LT ETLIET, o TREXDBES., RBEONELVIDIIEEKRT, 72/, €D RGB
BRADHBEITIEETT. WhOETI Lo BB IS oW FMIFEF IR shbEEL T T, 2%
EIRRAEFBVCTRTCHAHKCRI LT RERAORAARBILA-TEET,

BEL

-—— 0B} ——-- HEERBEEDH WL FRDT L
BLEsTHEIBs LHT

SERCE (diffuse light) & it, BESENE L BV, REOMBNERC 2D 3T, DHEERT2H2EER (R TY)
CHBEH LA, FOEEEFEIRALY, (P VBN L IRAENED) 2RTAEL 2D, HEROR
BASRLKFEOFERS M E § MEEDESAZ PR R ELET, X M §E AHFTOR, TOHEHR
HEAC KD EY, CRUEEETEEAPSEO LML TWAZ LS LET (TR, K)o L2L, FEAOL
TRAENKECZA LY (TR, &), BACTE2CEERMLIEAY,

RGO Bt

S OTHRICRST IS NS EEGEOW S i3, HAOME (5m) LIFEBRTHLILIITERET &,

B pms v fa,
ot nEHORPSHHFTES SALSS, BEANCEEORD (Zhi2df~s blonitegshi T ERLE A,
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Bi%ITSEK (specular light) 22V TTY. @HEIR. SBS. RACROLPRTIRAF v 7FILALNER
RESERATLIOILBVLRET, DHROREFEICHAVEETHABSIICO LI BRRFECR T+, SHEEIE
HEPOYEOETMIIEL LRI, TITHERKATIAMINEBRIAFEHEL, FhUAOHENZRIZEA LR
Hanidi, #-oT, SEETRALAONEBIER I 2NEYd, COZLEANS IPATCEVELITATILEY, @
EEOMBELOSRAKBEOHEORLNRS b d 3, BEROER~Z M vx AL LET, #LT. HEE,LA
HUROFRMOBE~Z PAEFTELILE D MAKAZEENRIX, F+ T2 7 LFTL 254138, b
BYFRDIENTE 2o TVEET, ROBESW/LTT &V,

W0 K5t
#Ha
KB V2 (H3L)
e
\/ Vi (BEuY)
—_— S PR
/' \
|
o Lt + A
/1 V3 (B5\)

2.12.4 RBAOENE

BER, HHE SEEO3IRFOLFLFECHTHEY 7 LE CGHRRONPEIL2 DI+, 2RTIR. FhTH
DIDOBEFHERD CC TEOL S HHREFHT 2 0MET 202, BBLELL S, i (0,0,0) KBk
LE1OREBOPELELTHT T, FHEMEBEPAT AT BVBARTT SV, &, #A (B3R) 13 +2 FAO
WIRESI BB L LET, HEE~D, zHED +oo BETT (KB,

I, REASHAROBHARST L EEARFRELIEDT L L, (HR0) BEERA IR ST
bDELELLES. TOLE, RIEFOLICRAZTLLI P IEERIII-TRIEIDLOIFAPSLME LS
WCWET45, ROFEEH, “BAL” OTTH, ECHELALI I, BELISL O FEICEE KL
ITOT, BRAPS—FBEVRALDA(0,0,1) b, TAUNOE L LTRUHLZ S TRILICA DT, #oT
BEAZTCRARE, LEEFE R, HETR SR SR 2RTOMIILARA ZWI L2 £,

T, SEGERP SEBAZLT M SN TUEBLEERTHE L2, HHKE. TORBINES S ®
RBLU. PURORARLLZROE~DASATHL A REVET, - T, RELHHLTWAREDS (1,0,0)
PRL\LRL, FIASBNL I, RELOAIE 2oTwE T+, FLTREL IZRANMNICH LR
(z <0) (BRI OEBAIZKFEMDE 4D £ RoTwEtA, DFVE-BTT (EHCThH), +4
IYFATvIEDaTYE—Va TR, (REEOMMELENBV2BHI) ER L 3RTWEO—HI L RE
ZREIRIDEIIBRBESINHEELVWLO TS ) T2 A, FITHRRITBERICMAT, 2L HIZGDD
BEAZFABCHRMSEEIT, 2322012 THEOENMIIH2EREL ) oT 5 ER-TRL, +42Y
A S E T, ' | ‘

FRTRBHRIC, KEPSEAALIPRE SN TUIRE4FELIL L I, ZOBE. RODTFHL—RFH
AL RoTRABTLEY, (NFYaENI) 2EREDREBVEBATTF 2\, ) Blab~7#s,

180penGL TIIMAFEERCE L Z LATRTT.
170penGL T AH A BRRICH Z L ATRT T,
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SEARIE., YEOHENFEBNTHL I LFEBLAVEBSLEYTT, T, T TR (U LAENRDEL)
SEEHENOBIIL, WEOIEBRENTEVIRBELYDRELIF-TVwET, Shid, AEYAOBOIS ZELALY
HROIRTWELRIBELERLTANIFP DI T, BEAROCHEEIL LT, tOREOBKD (EvilkE
NI OYBFAHARY PREEA(RALATLL Y, Shid, (BEOHRAPORT) T TCOAEEOER~NY
AL L) EEEIENEFFRLELTVLEHTT, ThoRBEOARy P2 RAREER. ERICEOREN
BIEAIDE L., BRI TRALD S, KDL ) K ORRBES T2 T,

BR, ALY F 4799 ETaT7 ) HE—Ya »iiBWvTit (CompleXcope TH).

‘ VEOELAEAREZFLRE T, BELRETALIDHEDIITS I

Evi) DA, FEOBRENT2EEL2ERNLAFELTFLATLLE Y. OpenGLAF7 + 0 TR, 0FD
FiEt

' BELEEE R LR E 1(RK) OREL, BRELIRO I

EhoaTnET, 1HFUEONEIIOWTIELSTONT 7+ T,

FNTRIICHRESY —2oBRETLESMZI—-FE2RTARILLS, P74V OXEREIBEIEL TR T,
LEZOREEONBOBREIIT T LBCROT. HECET 5 HHRICREIIdgllightf () T itgllightiv()
ENET, :

GLfloat light_position[] = {10.0, 5.0, 3.0, 1.0}; /* RKEDOHRE «/

glLightfv(GL_LIGHTO, GL_POSITION, light_position);

glEnable (GL_LIGHTING) ; /+ BEE—F ON */
glEnable {GL_LIGHTO); /* HiBOFEE DN =/

BEE7—5 (LB~ ML light_position ) ISIR4ETHD I T, RADI 2 2,4, AT, F4RTE 10
ThiZ, Z0z,y,z: UBIIRESBLIAT T, —&HICIE. gllightfv() O EHTEETIN L LEMNBO NS
M% Iz, by, 1z, lw) & L7:B, RENERCELNAEEE. (o/lw,ly/lw,lzflw) E2 D EF, #oTIhbs
FEHEND LI, _

EREIDEENE (IR BEEBOELRTY 0.0 T3,

T5L, B0 3IKT (le, 1y, lz) CHRESNLZ FRAOERRCAREXBINE T, #oT OpenGL 70 ¥ 5 ATRRFE
BUBOEIRSI00D 1006k Icy 2O EEBCT,

BT, LTl EFI, 7N P CRBREERSHEELI YA, ETORTERET A2 Ko LE
T : ' :
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glLightfv(GL_LIGHTO,

glEnable (GL_LIGHTING);
glEnable (GL_LIGHTO);

2.13 HMEOTFES

B EOBEOHRES GRSIBRTED LBV T, WE0®iE. ARKO (R,G,B) 02N PRICHT 2R
BRE5ABILTCEBRLET, #LT.

GLfloat light_position[]
GLfloat light_diffuse(]
GLfloat light_ambient[]
GLfloat light_specular{] = {0.8, 0.8, 0.8, 0.0};

/+ BEHE—F ON »/
/x HiIEOEBL ON +/

{10.0, 5.0, 3.0, 0.0}; /* EFRE =/
{1.0, 1.0, 1.0, 0.0}:
{0.3, 0.3, 0.3, 0.0};

/= B +/
/* BUES =/
/% SEFG */

glLightfv(GL_LIGHTO, GL_POSITION, light_position); /* U */
glLightfv(GL_LIGHTO, GL_DIFFUSE, light_diffuse);
glLightfv(GL_LIGHTO, GL_SPECURAR, light_specular); /+ $EX =/
GL_AMBIENT, 1light_ambjent);

/= LELE */

/* B +/

glMaterialfv()

*E-oTHRETS

ZETHRBLET,
UToa—-FzAhd, T0BREHEIIGPETLEY, 207 Y5 ARFCEBENZEROK (1) LRE
DHEERILEROK (2) 2HLDTT,

_ GLfloat
GLfloat
GLfloat
GLfloat

"GLfloat
GLfloat
GLfloat

GLfloat

light_position(]
light_diffusel[]
light_ambient[]
light_specular(]

ball_1_diffusel[]
ball_1_ambient[]
ball_1_specular[]

ball_2_diffuse[]

{10.0, 5.0, 3.0, 0.0};
{1.0, 1.0, 1.0, 0.0};
{0.3, 0.3, 0.3, 0.0};
{0.8, 0.8, 0.8, 0.0};

{1.0,

0.0, 0.0, 0.0};

{1.0, 0.0, 0.0, 0.0};
{0.8, 0.8, 0.8, 0.0};

{0.0,

1.0, 0.0, 0.0};

YHEOH B, B, MEOE. BEEOZRBRICHT 5 AR BN

/* FCIRBELE */

/* B 1%/

/% R 2 %/
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GLfloat ball_2_ambient[]
GLfloat ball_2_specular[]

{0.0, 1.0, 0.0, 0.0};
{0.0, 0.0, 0.0, 0.0};

glLightfv(GL_LIGHTO, GL_POSITION, light_position); /* fiLiE */
glLightfv(GL_LIGHTO, GL_DIFFUSE, light_diffuse); /* HREOE =/
glLightfv(GL_LIGHTO, GL_SPECURAR, light_specular); /+ SHE} +/

glLightfv(GL_LIGHTO, GL_AMBIENT, light_ambient); /e FHESE +/

glEnable (GL_LIGHTING); /v BEE—F ON »/
glEnable (GL_LIGHTO); /* RiE0E%L ON +/
glEnable(GL_DEPTH_TEST) ; /* T7AT AL (BERLE) ON +/

glClear(GL_CDLOR_BUFFER_BIT | GL_DEPTH_RUFFER_BIT):
Jx Xy 7 7 OHE =/

/* R1OER =/
ngaterialfv(GL_FRﬂNT, GL_DIFFUSE, DYall_1_diffuse);
glMaterialfv(GL_FRONT, GL_AMBIENT, ball_i_amnient);
glMaterialfv(GL_FRONT, GL_SPECULAR, ball_1_specular);

glMaterialf (GL_FRONT, GL_SHININESS, 110.0); /v BEHEDRE »/
make_ball_1(); f R1IOTAELESEEBERTL «/
/* R2OEHE =/

glMaterialfv(GL_FRONT, GL_DIFFUSE, ball_2_diffuse);
glMaterialfv(GL_FRONT, GL_AMBIENT, ball_2_amnient);
glMaterialfv(GL_FRONT, GL_SPECULAR, ball_2_specular);

make_ball_2();

R1OEHEOHCGL_SHININESS DEEZTHEIANH D I8, ThiIEEE L FRiTh, 0005 128.0 DfE%
bh, PEORXETFEHENLEIEWIEENRE( Y, F7ANMPEIO0OTTOT,

FEAER)BICRREELLTRET S

ZEFERLEVWTT &V,

2.14 ZFHiENXY RV RBER

bRk iz, BEATTCOPEORZ AL,

18 = 5724} glMaterialfv() Ti2 %2 <. glMaterialf() #ELN TV I EIHEFLTTE, bHAAIRE, ZCTHEHELTHELT
VL LD DHRA L TELC, REMEOLO (K 110.0) THLLHTT,
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(a) KEHLHTNDLTORRS (L. H#. FHx(R,G,B)
(b) OB ICHE X hTuv B WD KEHER
() HEONEB:EHEAIIRE SN ER~Y bV

¥ 7y IwhRET T, #I13 OpenGL ¥EBIMIHEL T hE ¥+, TOHENLHELVIDEIROBER D
DTY. WEEBRT2EBOFV I DS 5, —20R ) T (FAE3AT) /LT

(1) 3DOHAKSVWTLEED (a)-(c) 1> T RGBHELFET S
(2) 3AFBORBORET, 3ODELEDORCBHEEMET S

toT 3ODEANDERNS MV RRLEEICEETAE, CO3IABIPENIRAL, —F. TREROERE T
DEECEETHE, “O3ABEHEAN LLET, (3ABONBOES 2 LEIEOMED> TV (DT, )
ShE D, BRWEY T (B TEVEHE) TROPZHMEONHBEERRT A I EFTRRLE 2o TWET,

216 ZZETDEED

IHET, IRTYROTHS L EBAY MVvoERO4H >, BHIBRELEDOEEFESEYHALTE&T L,
OpenGL 2 - T3XRECGC 707 523 T2 IR EZSEELRFBE*MALENDD ¥, —DFHEADR
FERMEOBE - HiEL S, RE23ZE (Ka—A27) KHHETAI L, © 9 —2id OpenGL @ —E O BEIF
Leded TP T2 8lkoC, 7O 53 »EEAL, ALYy YHEXERLT BN
EAFAATLANAL) Tt 37-BE0I5HE (T2 A3 ) 252 HEMBALET, cOFI PO
NUBOESTid, HRAFI L SADERE LTy 7L 7oy a3, ERAZEHLZ LTI S EENE
FTo CROOV AN TIAR, PLBETHE, T iMEc@Eirzt0 BB LT LA, AVSETIRS
DICCVE S i WERED CG b OpenGL 22 ETRETY, €U0 T h 6D 70T 4% X Window ETHL T
ATT SV,

BAUAIE TR L, TOF A FCEy A Y FO2RWRD, 94y FOR Ly ¥y IBRERTSELD
THEMTaux 74 75 ERRETNAHTA 77V ERAHLTE T, L, aux 74 77 VICiERZHHELT
WiEWERLZBEESHD, SROF I TRYSATHELIAL I, FTFRAILENALELE D,

216 aux 7173 NICLIH2EAKORT

aux 74 77 ik, YA ¥ FyolEE (auxInitDisplayMode %) % %R (auxInitWindow) % & O8O
iz, B4 L2 3RTPHE T TCHBETES L) LENLZRESHAEESATVE T, OpenGL Tt 3 X+ #
BETaeaicid, TOHADERELERRS MVOMEEFRELZTNELZLRZVIEZBVHLTLZS v, #
ARV EEL ORI TLERECI - FFLETT, #oT, BEFBHVLEDbNI ZEEOHBE I — FAfaux
FATIVBRINTVET, FO—DIHRLHFESINTVET,

3
auxWireSphere (GLdouble radius);

auxSolidSphere(GLdouble radius);

ZoolEiR s ofErEL, BHKELTELSPZHALE T, LOWire D FRTESA LS LEBTHEALSE
R (TATTL—4) 2fThv, TOSlid DFIZEENY PLOEESAAETH D, BRAES T4 5 74
BB L e AV Ed, LTS3 200 b 0L SicWire i & Solid EMHEEL T3,

9L AL ETETHEBLET,
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Itk
auxWireCube(GLdouble size);
"auxSolidCube(GLdouble size);

=13 .
auxWireBox(GLdouble width, GLdouble height, GLdouble depth);
auxSolidBox(GLdouble width, GLdouble height, GLdouble depth);

=35 A
auxWireTorus (GLdouble minorRadius, GLdouble majorRadius);

auxSolidTorus(GLdouble minorRadius, GLdouble majorRadiuns);

gk
auxWireCylinder (GLdouble radius, GLdouble height);
auxSolidCylinder (GLdouble radius, GLdouble height);

M

auxWireCone(GLdouble radius);

auxSolidCone(GLdouble radius);

IEE#

auzWireTetrahedron(GLdouble radius);
auxSolidTetrahedron(GLdouble radius);

EAEE
auxWireOctahedron(GLdouble radius);
auxSolidOctahedron(GLdouble radius);

E+
auzWireDodecahedron(GLdouble radius);
auxSolidDodecahedron(GLdouble radius);

EZEE
auxWireIlcosahedron(GLdouble radius);
auxSolidIcosahedron(GLdouble radius);




2.17 glu library (2 X 23, M, FAEOHE

TA—=Hy b
auxWireTeapot (GLdouble size);

auxSolidTeapot (GLdouble size);

FTRENOUBOF I BOBRIIEHETLL ), T_RTCOWKIESAZHLIILTHEESRET, 6 52ARLDH
BEFEHIELEZETOY T LADEMIZanx. h* A include EhTWARERH Y T+,

2.17 glu library iC & 3. A, QROES

BR, I, PA8E2ECR, EROaux 54 75N A THFBIEIhS oMb BT+, —FH 20
RE, aux 74771 ORKETIR, EOWEKRED “Bor2” (FIRTREBRT LRI T o) »@immidkey
2D, $AXERE(LTRABEEHOR ) I UHRITLE-TRIIR2BEMH VT T, +0 LS LIz
glu 7477V EFMALTTE V. glu 7477 )00, M, ARIHECHEFARESATV T, #A50G
TRETAIRI I O¥ERETH I LT T,

glu 74 7% TR, M. ARO LA %< LS ICiE4FmEdI

GLUquadricObj* gluNewQuadric(void);

V) BEEEFRUET. CORBBICETEAD “Quadric® L3 FEid. glu library TiIR, PR, AP RO 2
CRRTCETMTAIEICHELEY,

a12% + a2y® + 6327 + aszy + asyz + ag2T + a7% + agy + agz + a1 = 0

. glhu TRPED /T X =5 (LORD a) b ayo) PEUSEZ VL 0OBEAIIT LD T T, gluNeqQuadric it
TOBEGERETIOULBLAEVERET UYL, FOTFLARELET, FOHBT, Bl ITHE1<
Beid

glu I2X A
void gluSphere(GLUquadricDbj *qobj, GLdouble radius,
GLinit slices, GLint stacks);

CVIBBERUET. #1538 ktgluNevQuadric Ty b LKA v ¥ %, S23MICRROERL RET,
BITIWEBATIBNREBRT DR T OMH S HIETLHATTo slices IBEHHDOFUH. stacks 12
EAmOFEH TS, R,

glu 12 X A%
' void gluCylinder(GLUquadricObj *qobj, GLdouble baseRadius,
GLdouble topRadius, GLdouble height,
GLinit slices, GLint stacks);

glu (CX2A%
void gluDisk{GLUquadricObj #*qobj, GLdouble innerRadius,
GLdouble outerRadinas, GLinit slices, GLint stacks);




OpenGL AF]

YABESNTVWET, FNFROFIROBERIIEMTELTLL 5o BL { & OpenGL Programming Gluid, Sec-
ond Edition (4], p-431 £ 8E L TT 5\, 7=, E£BilgluSphere ¥ o724 ¥ IV 70 7 AN 3 H (Xballg
p72) mHETHRET,

218 Ea—1>7

aug;—4yyuowfm%LiLx5,21—4yy@mm%)tu\ﬁﬁmﬂﬁzﬁm%mntb‘ww
FEABHOMES L) LTEAOBREBE N BT IMET, BTHA2 L) e TREZRBET2HRTT,
TFAREFTON A 7L ERBR L OFESCHOE L ), ATy TERIBE,

e HAZREEL (RFZE)

e Zy7ONBLMELRD (EFVVY)

o LyXEWWMLCHEELYRD ($1E)

o MENIIEROKRESEHRDL (K2 —#FH— FERFE)

En S EERPETT, FAFROEZELHET S CGC CORUFAMLOFERAOBTY, CGIKBITAIhbDEE
L% a—A T ERUET,

TS —A Y YOBET, BELRLVIEFRENEDLIIILTHTLDZDTLLYP? CG TR, v
TEBET AR TV ORASOBEY 7075 ATERSLENSDE T, 2v 7H EL” LBRIANLEE (F
AR ry FEEDF—IVCEINLES) . REEORER, ERANCR B ETEARRKOLORESLLZTT
FhG, FRIILELLZVET T, Cit. 20Ty 7HAMBDREVTEANLIBEREITRETLLIDP?D
LAATY POEEFERICANTER) TV OEAOER L BEHIHETLI LS (METEHD 35 Tk
THo LPL, bolWWhHENSDET, BERTNESET, sy EMMEVAFTFLVEERZERL. JOHL
WEERDD ETEFAPLAT “EL" 22y 7#BLADTT, 25 LTEEORKL WHIEBRSLECRDIT,
RiIZ, SOOIy THF—TND L BMEPEE v ClBo> T (T2 A-Ya % 0penGL /U Y T AT HILE
FXELIY (Dt = 0EACDBELO)BHtOBREBE, z = vt g PLIELTHRI I OETHAONKE
% (glVertex3f %X ) BETAHAL WIS LERAUTAETZA-Va iz Iy, LALLM LT
it BERY s AR v BB S ¢, HooEERFEEL. COFLVEBEORAILTy TEH 0T
Fo 3 LTHEORFBHEVITBROLBL LIV, 2OEPCEREHE A5 —LINFHZLA SO D
TRERFFEIZLLDNET, SO KEERYERL AL, HLVWEEROL L TR EE LV I BED
Flaiz, “BEOEEROD L T)EAIMBICFLCH bV IRELFoHE—2RTHETAIBCEY
3 ETT,

SIT—oOEAVIENHY T, FhI

‘ Va—A Y724 RTUOBRERTH L I

EVWHZETT, OpenGL THFEY I VORSLRBEBRET S L 5, TOMEBERY (z,y,2,w) D4 RTTH
FELAZEFBWHLTT S, SO 4RTEBEIIRRER L FIThET, RRERLEIRRKOBRIZ, HROB
. B, SEX4T400FFORTETENTTELADTY, HEOBYHRLAERZT 2L H2A3T3FO
FTRTERTE I, 47472 L BEMNBECERESOHETRITIOHIFEVCREATETLEIC L
BRA Y PTE, ¥FT74 97 T—FATF—arTiR, SOOI 4 REOTHFELTLIN-FOITHHE
ERTWVEED, L) I RERLLBShLDTY,

FACRIDBEERL LIV LELIRTAIL: ) BRINIZAEENFDH Y, ROBFLETSRIT,

ETFNE R
HEER
ERERHE
Ea—#H—ER

B W N

VRIS LIHIRFE4RT Wit L BH B,
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CHHB) (BFAYA-FR) E, 2(HEER) I4TANOTAOHIECET s RET, 3OBRERELI

FIREBENE 4RI TCHOBEFHAHEAT, Zhid OpenGL FHBWIZTH>OTT oy I M EL B2 LEIL
BNEFRA FLTADE—R— PEREIIA VYOI B 0BG EERII I L ANy 77 OBBTHRE
HEPERETILOTT, BHERYA VY FOOHMATEAL 7LDVl ) O CRELZEHILZVRY
ERTALERD N T A, B, 70/ HERLTBLENDLDE. LBOLE20XF v 7T, FhHo
4T 4FIOTRICEFELTED. FOFROTARKRO LS KRIZTR T,

EFNE 22— oo > EFNY 2 —F75)

HEER <-—--—-- > BT

Uj/@%ﬁﬁﬁboiokbfgﬁéhéwﬁééO}L#L<%TkiL:Oo%%ﬁﬁvﬁdgwﬂii
f%?wzl— TR M CEHRsnET,
v = My

Kz iEEEAT P eERsnE T,
v = Pv' = PMv

HRIZZORREENRS Mo (z,y,2,1) DEDOIEFEHEIRSTHY (EHERE) . Va—R—- ERLBE
NEERIZL o THT— RN 7707 L NEBICESINT, BRH%E CC BEXELNTTH,
FTRIOERA A -V BRIV OPRIRRBITTAELL ) 22720, BTORT LI, 7u¥ I 48
TFOREF*EERTET A LB HHITADT, ThoFHAILLBEESN THA, BT A— /%%c
rbaorbfﬁuxti?o@%%@y,)tﬁ?ﬁﬁﬁéﬁbﬁﬂu L8R

L= I B e Y S
== R
O = o O
R - ]

ERGET, 2 @OEY HE o 2T EET 5 ERTR

coseg ~—sing 0
sing cosy O
0 0 1
0 0 0

o O o

LD ET, SORTRITAIOR 4 RSOHERENL {550 TEAN, HEERTEE 4 A FEM I EE
BOET, B, %OV INTOYTATCERTSE LIT% BgluPerspective(f,aspect,zNear,zFarr) &
W BRI R AT MM RR L

cot { [2)
a.apict 0 0 0
0 cot(f/2) 0 0
0 0 tFar+sNear 2«zFar«zNear.
zNear—zFar zNear—zFar
0 0 -1 0

EWHfTRINREShI T,

2.19 EFFIE1-F#H

EFNWE2—FRIZOWTHIPLELCBBLIL 2 ), MEQADIIZRATEL T T, xy FHEEIRD
LN P OXFEHCELELL ) FOUR" DEIAHY, x=20pBlxdh T3,

g, QpenGL OV x— 4 ¥ s U o Ve X b n3ieRb S50 T SCHENAT 4L 1.
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OpenGL AF

y
] |
1 [ |
§=0 +=--- x demmtmemeo

x=0 : x=20

TREHC DI, TPRA (x=0) T, BATVR2VEEDOF OXF L+ HHREEL T, BAT, LvIio
HF DR MEAHSEVIEETT, VE., SOMKE drawP() 2V I B LI L E S,

drawF(): &5 (‘B’) #RS 2=0, y=0 K{ DI IICFOXFEHAL

+____

drawF() # o TRA4DHMNTH D [x=20 XHHBNRL-F] R, Z2o0F 72 —-FREBRTITT I
EiHnET, —olFIBE,. FLTHI)—2REETT, SITCIOZ20FRITHIEENEE RN T T,
Fhii,. BELTALCFHTBHL TEOIAFE., FABEHLCHL5EERLTESALENELBIPLTT, OO
Zkid. TROBHITESETRTHAZEIHBELTRET, (EFPVY2—FRIITHAOHITETERENLI L
FEGHLTAS Y, ) FRBHLEE: VI TRIOVWTEL 2L X, (1) BERLERT 0N, Entk
b Q) PHEERTILIONN COZ2F R0 ENERRTAIENEETT, b BHADToRIS Y OBERO
E9%30C, FMLHR () 2B -0 —HOERERE 70/ 50T 2BOEIHOBOICBE T A,
OpenGL Ti (1) DZEA Kt RERARTOZER, (2) *BEEFRTOERLIVET, I TRRFEEROE
BTEATHELL ), RAEBETE, XOXHiiELET,

R Xk

- Re (A7) OB, AMEIREPRV,

TR FREBERIINLTERSRA, 2%,
BERTER (FTB88. BE) L. Hlt2BERK ¥2<3
ChEBEEER LR,

T TEBREFTHILEWCR, FLHF-L2ERMEBERK 22 5,
- HE, BEORREERICESTITI,
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BREROFTBB LTI 2= F (BB 3,

glTranslatef (GLfloat x, GLfloat y, GLfloat z)

TF. B2, glTranslatef(20.0,0.0, 0.0) 2IFAZL 5, b kb L OBERK OB AICH -1 BFEERE x HH
207208 E. HLURREBERK Lih T,

BERO ML

glRotatef (GLfloat angle, GLfloat axis_y, GLfloat axis_y, GLfloat axis_z)

LI BTV ET, FIROBRIESCENTESTLE >, MAE, glRotatef(30.0, 0.0, 0.0, 1.0) i z &
CBEYCRFEERE 0EERSEET, FOREN . BEOEFATHREEEShAME, 2% ) xy AL
EroRAE BB EICETHETY, (BAEICEHESESCIAEE -30.0. 5t 360 — 30 = 330.0

ELET,)
K %% (KETHZ) % 27 BOT b +90° @S¢ 5 &

ERNET. IOEBRBREFK RERTEL L,
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éf‘%nfmcwhyvaywﬁbnﬁ&trmﬂ0t&5ﬁntFJ%ﬁ(%%umbﬁ#UiLxﬁoiw
Be. roETELE DK ROELTRELT (2) K" A0 y @A IOV, FOFEETEVNI 34D
¥+, 23 h K"EZOb & THY drawF() 2HEWnaTT, $LdbH L,

1. BRBESRL x A 20 ZEFTBH L. (BEERK)
2. BEREERY z BOE N +90 BEEEs €. (BERXRK")
3. CORHEBRKOREETTI-T NI/ F 214

b3+, OpenGLO 7B Y7 AT

glPushMatrix();
glTranslatef(20.0, 0.0, 0.0);
glRotatef(90.0, 0.0, 0.0, 1.0);
drawF();

glPopMatrix();

L¥ %%+, glPushMatrix & glPopMatrix IZDWTHTHHRL ¥, JCTEERZI LI,

BREEOEZFTIUY T 22 E{BIREROTR LA

BEOEFED 2 (25T HET2RETHFTVITIFAY

NSNS

2.20 HEEH

HEEROBETCIHRE LD E s HAOKBEME, HTFHES, RUREFEFHELE T, HEFEL
it BAMFERRCHL S LY TAEREE, BRECETSH (L OIS RR D) EREHEOTHER
HHHIET,

CompleXcope CREFEERIISVWTR TV v ERTLILBERIZLA LS D T ¥ A, €725 CompleX-
cope CIHEEHEOHRANVBIEIER Y vv ¥ —BECKET, HEFRIEREREL LRI >TEH6T
423, 21T, CompleXcope 70 % Z ATIRSHELERICHE L Tide T CAVE library *BEIMICEREL T DD
T, FITCIITRFFERIIOVTHLCEABL T EAN,

EF#IiR '

void glubrtho(GLdouble left, GLdouble right,
GLdouble top, GLdouble bottom,
GLdouble near, GLdouble far);

DEGBEZOBRT IO FALTH RS, MEETAO LRE_ToudhTE2 ) A,
287 5 Trz4b A iE CompleXcope ADEREDRABBIZIZN TIF 4 o TLT VT,
HERIH Iy F 4 T4 2 2T 2T ¥— v avidid, o2 THATEonMHERENY TESTT.
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EVIEEEENTE T, 60D BTRIIEABOATICA- TV EIYEL : BiFHICESFE LT T, RROHM
-z AEEEATVWET, ’
FBREFEIE

void gluPefspective(GLdouble fovy, GLdouble aspect,

GLdouble zNear, GLdouble zFar);

EV) BESERITEE, 7740 P TRESRES (0,0,0). B - AN ET, B ¥ fovy B ET
FEORFHCT, BRIIZ>TREREFR TR E LT, AERO LD fovy/2 K., TO fovy/2 OB IZA S WE
PRIHRZET (0 < fovy < 180.0), % 25|18 ® aspect 12K FHA /| BEEFBORFHEORTT, ZOZ2oD5|%K
TEA(0,0,0) s HE L T2MAREFERSNI T, LA L, TONAFEOPIA> TV IYFETEHFET 2 DI
TlHhEEA, H8(0,0,00idT HETELPES. ETELPHREIFELZVOTT, ThE 27U vEXTE
FUET, S3I5IREELPIB T M-EELZo0OE (Z Vv EXYRE) 2ROE T, COTDIEREQMET, R
POHETCOEREFELIT, COTOOHMIIRINANASOEHZTFIHEERLIOTT,

gluPerspective @ fovy & aspect THRIAPADOFILAZ LI WS+ BATH, TRPFR T 2Far TR S
BN ErYEHOBI IS oL@l RA R oTLEVET, BZhblvioTzFar # LB EIZ K&
LThWiTEdA, BEMETTLRE P F/ATA I P SANy 77 Lidha Ny 772 AL THES LT
Fo bBLAEAIDFTTANY 7 7TDERIIERTT, P7AFA i, zFar £ zNear CHE 222002 ) v ¥ ¥
HOM%ESHFEIZGH (BT LTEFALFROHOFE S HHE T2 CTTH, €008MEYRTTANy 77
OFERTHREINET, Al 2Par 2 KE T2 L, WHEHBETIEL ) LOFTRAFAMHE B 2oTLE
VBT, zNear & sFar iZENENDENFIOTU Y S5 ATRET HWHOMBLRESIELTHRE T2 LE
BdHhET,

2.21 Yo ATSLOE2L—1 T DWT

LETHBE L L 52 CompleXcope 7R ¥ 7 AT 2 -4 »ZOBLTLESRZ £id2 T CAVE library #°8
B LTdnbdE, X Window T OpenGL @ CG ¥ ER S LHETH, BAOBEWTHEF Ay TF47 4y
ZEVaTE—Ta YRS TN HRE 2~ YV EIALETH S, LI EEEHLIDOTCINE2ETHNT
% OpenGL D> F NSOy 5 AT, OpenGL ¥ ROZFFH L2 —4 L VBRROSTERNATL 2 LiIZET,

- .gluPerspectiﬁe LB BREGEEZTEE
- Reldz@E, BWRIE-z2H\ (F7+0VF) KEET S,
- Ka—F— bERETA Y FIRENOROBELAL S DT ETI,

eI ERITRLET, ‘

BEOE 2~ F— b ERIZOWTR, ThITHEALTEITATLE, TPV Y —TRENBELRLYETY
VAN 77 B EAAT RS ERT - Y EERNIIEE Y —EEOY A Y P ICRRE TR E L h T4 A,
FDLEYA VDO EDERIIE I VIIBBE T I L ANy 77 ORE R ETREE AP ERDEON 2 —H—
FEBRTY, 714 X FOSKIEROEAI LWL I URFRELIOPEEOFTETT L, RAOHNIZHEINTH
FTTOT, Ca—F— FERIIOWTIEHBLRBBLILAS, Ya—H— ) ETROBENLREEHFERUTC
AT TINTOT T LIS SglViewPort HROBTERTT 8, _ '

ENTRWL 2P INTU ST LERTHAELE D BTFOHF I TS FATRINECHBAL WS
vy aux library B2tV O TR I T4, FOITL A L Window OFER - BIICME LA 0T, 20
RENFROBBREDPLHEANTELLBVE TN, BLVERIBZROEZ L3 T t, 0 EFTFINALD aux
library Bz X Window ET® OpenGL 707 7 A5 B IFAD “REHN LA FEEZTTF S,

BEETP LMD L) 1IN glu library MK TT. EHETFILEET S OpenGL MM 52 0THH, FIMOMNE (, o {vwo

Tooglo BB L& HIEHTT, _
BHLAFS IV FATA 92 EVaTIH -2 a il o TEANSIEEL VI Do TR ELEVWEDTE,
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222 HLTIANTOTIL (788N 1)

DFRTH A 707 5 AREREERY z A -5 PUFETBH ¢, HFLVWEBERDOELIC
auxWireTeapot B3 (p.31) #BATTIAVY IL—aDT 4 =Ky b 2HLHDNTT ERELTH) I FVDOER
FOEL(0,00) —FIRHEANBNIT — PO —z ARESHREP oA T4 —Hy MIBARE T,
OpenGL @77 # L F TIRABIE —2z AEIZEVTWA I EIZHEE L T8, $h, F4-Fy tAbeA LR
A4 X 3 iZgluPerspective T2 '} v ¥ Y zNear & 2Far ¥ FhEFh 3.0 £ 100 1B ELTWE T,

( wire_teapot.c )

/*

* wire_teapot.c

\*

An (penGL sample program.

- A wire teapot by the aux library.
- No lighting. °
- Perspective view by the glu library;
- No animation.

*/ .

#include <GL/gl.h>
#include <GL/glu.h>
#include "aux.h"

void display {(void) {
glClear (GL_COLOR_BUFFER_BIT);
glColoxr3f (1.0, 1.0, 1.0);
glPushMatrix();
glTranslatef (0.0, 0.0, -5.0);°
auxWireTeapot(1.0); /  TAX =L —LDF4—Fy %/
glPopMatrix();
glFlush();

void reshape(int width, int height) {
GLdouble ang = 60.0;
GLdouble near = 3.0;
GLdouble far = 10.0;
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glViewport (0, 0, width, height);

glMatrixMode (GL_PROJECTION);

glloadIdentity ();

gluPerspective (ang, (GLdouble)u:Ldth/ (GLdouble)height, near, far);
glMatrizMode (GL_MODELVIEW);

glloadIdentity (); '

int main(int arge, char*+ argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv[0]);
auxReshapeFunc (reshape);
auxMainLoop(display);

\ end of wire_teapot.c /

2.23 aux library ik 391 > FoD&l#E

ro¥ A 7oy 34 wireteapot.c TtH‘UE?L'?/f ¥ Fo #0200 anx library Bﬁﬁkomi‘ Nl %)
LEL LI,
¥ ¢ main B OBRMIFHIN TV 5 DidauxInitDisplayMode TF, TR T A ¥ FlERTH 7L — Ay
TrOBERLERAEERETAOOTT, SIEHIEEE{ONFA— 9254252 tﬁ*TﬁE'@Tiﬂ BADER
KIROZEh 2T L bt Ll 9, ‘

EEABLTHOLEVE (T4 Y -7 L—ATHE 1‘5%&8)

auxInitDisplayMode(AUX_SINGLE | AUX_RGB};.

RELEZT2IE IEROHL C6 2/FH L&), ( #FIEE ]

auxInitDisplayMode (AUX_SINGLE | AUX_RGB | AUX_DEPTH);

BEDOBHAER (T A—2 2 2 FEIBIERDES LT,

REABZTEIE (IBEOHDCCEHIEE), [ ToA—-var ]

auxInitDisplayMode (AUX_DOUBLE | AUX_RGB | AUX_DEPTH);

KizauxInitPosition 2TRERTWwES, T OBMIT, B CHNauxInitWindow TR A > Pt =¥ —
EEAOLZLOEOMBIIEL PEHEL T,

TT=d—avriZonTidE (2.208) CHL(HIALET,
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auxInitPosition(GLint x, GLint vy, GLsize vidth, GLaize height)

SIT(z,y) RYA Y FIDELDI—F— OB (K27 VA, (width, height) i394 ¥ FID¥ A X(ES
VB TR o BE®E) T, :
FLTVIVIROBMBE T Y FY2REET,

‘ auxInitWindow(GLbyte *titlestring) I

Blaficixr vy Fooyd vXFEMEFEART T,
ROBKIE, BWiv A Y P LT Ao THA LADEERBDH P T 2B FHRELDLE
BEPEEETRILOCT,

‘ auxReshapeFunc(void (*function)(GLsizei, GLsizei)) I

anxReshapeFuc @ 5182 BI% function ~D KA > ¥ T4, function XZ2oD5|1F* b5, FOFIRIITEENI
VA XBOTA Y FODORBEREMESNET, '
EFLTEREIC

' auxMainLoop(void (*displayFunc) (veid)) : _ I

MEEER TV ETo SIBICY 4 ¥ Ko OFEH (WEOFHHE) L ELBE TN 5 MK displayFunc %3572 L %
+o

224 YINTOTIL(RTEEH2)

RiZTAX =2V —nTREL, BALBELED ANTYEEOHLTRYFLE2RTATILL ),

torus.c
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224 7T rsa (FABEHZ)

.

/*

*  torus.c
An OpenGL sample program.
- A torus by the aux library.
- With the lighting.
- Perspective view by the glu library.
- No animation.

*/

#include <GL/gl.h>
#include <GL/glu.h>
#include "aux.h"

void initial(void) {

GLfloat light_diffuse[] = { 1.0,
GLfloat light_ambient[] = { 0.5,
GLfloat light_specular[] = { 1.0,

GLfloat light_position(] = { 1.0,
glLightfv(GL_LIGHTO, GL_AMBIENT,
glLightfv(GL_LIGHTO, GL_SPECULAR,
gllightfv(GL_LIGHTO, GL_DIFFUSE,
glLightfv(GL_LIGHTC, GL_POSITION,

glEnable (GL_LIGHTING) ;
glEnable(GL_LIGHTO) ;
glDepthFunc {(GL_LESS);
glEnable (GL_DEPTH_TEST);

void display (void) {
GLfloat mat_diffuse[]
GLfloat mat_ambient[]
GLfloat mat_specular{) = { 0.9, 0.

1.0, 1.0, 1.0 };
0.5, 0.5, 1.0 };
1.0, 1.0, 1.0 };
1.0, 1.0, 0.0 };
light_ambient);

light_specular);
light_diffuse);

light_position);

{1.0, 1.0, 1.0, 1.0 };
{0.1, 0.1, 0.1, 1.0 };

8, 0.9, 1.0 };

glClear{ GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT );

glMaterialfv(GL_FRONT, GL_DIFFUSE,
glMaterialfv{GL_FRONT, GL_AMBIENT,

mat_diffuse);
mat_ambient) ;

glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
glMaterialf (GL_FRONT, GL_SHININESS, 64.0);

glPushMatrix();
glTranslatef (0.0, 0.0, -5.0);
auxSolidTorus(0.2,1.0);
glPopMatrix();

glFlush(};

void reshape(int width, int height) {

/* P—TF R

*/
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60.0;

GLdouble ang =
GLdouble near = 3.0;
GLdouble far = 10.0;

glViewport (0, 0, width, height);
~ glMatrixMode (GL_PROJECTION);
glioadldentity ();
gluPerspective (ang,.(GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MDDELVIEW);.
glLoadIdentity ();

int main(int argc, char #+*argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB | AUX_DEPTH);
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv[0]);
initial();
auxReshapeFunc (reshape);
auxMainLoop(display);

\ end of torus.c /

RKOTAYFTARZOD 5 A% #HE T, glTranslate ¥ 2EFT TR LICE Y, Z20BD F—F A%
#ER, RMEERORNE (2,1, -9) BHLTWwET, CoBERORATCHE-HIN-ZZ2BD - A
H—oHO - AORI @R E T,

( torus2.c )

/*
*  torus2.c
\*
Ah OpenGL sample program.
- Two tori (see torus.c).
- No animation.

x/
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#includa <GL/gl.h>
#include <GL/giu.h>
#include "aux.h"

void initial(veid) {
GLfloat light_diffuse[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat light_ambient[] {.0.5, 0.5, 0.5, 1.0 };
GLfloat light_specular[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat light_position{] = { 1.0, 1.0, 1.0, 0.0 };
gllLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);
gllightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
gllightfv(GL_LIGHTO, GL_DIFFUSE, light_diffuse);
glLightfv(GL_LIGHTO, GL_POSITION, light_position);

glEnable (GL_LIGHTING);
glEnable (GL_LIGHTO);
glDepthFunc(GL_LESS);
glEnable (GL_DEPTH_TEST);

void display (void) {
GLfloat mat_diffusel[l = { 1.0, 1.0, 1.0, 1.0 };
GLfloat mat_ambient(] = { 0.1, 0.1, 0.1, 1.0 };
GLfloat mat_specular{] = { 0.9, 0.9, 0.9, 1.0 };

g1lClear( GL_COLOR:BUFFER_BIT | GL_DEPTH_BUFFER_BIT bR
giMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv{GL_FRONT, GL_AMBIENT, mat_ambient);
glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
glMaterialf (GL_FRONT, GL_SHININESS, 64.0): '

glPushMatrix();
glTranslatef (0.0, 0.0, -5.0);
auxSolidTorus(0.2,1.0);
glTranslatef (2.0, 1.0, -4.0);
auxSo0lidTorus(0.2,1.0);
glPopMatrix();

glFlush();

void reshape(int width, int height) {

GLdouble ang = 60.0;
GLdouble near = 3.0;
GLdouble far = 10.0;

glViewport (0, 0, width, height);
glMatrixMode (GL_PROJECTION);
glloadIdentity ();
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gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW);
glLoadIdentity ();

}

int main(int argc, char #**argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB | AUX_DEPTH);
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv[0]});
initial();
auxReshapeFunc (reshape);
auxMainLoop(display);

\ end of torus2.c /

2.25 YLr7arOT7 L (QRER)

Wik (B 5V IIRFTEER) DEEICiglRotate ZH VX T,

[ torus_rotated.c )

torus.c ¥, display BB @ $ DglPushMatrix #*HglPopMatrix DFFE RO L HIILEEL T ¥

" glPushMatrix(};
glTranslatef (0.0, 0.0, -5.0);
glRotatef (-60.0, 1.0, 0.0, 0.0);
auxSolidTorus(0.2,1.0);
glPopMatrix(};

Z OBfglTranslatef & glRotatef ¥ FREHFICEFRLTT SV, chEMIERL, 2 GEHERIZLE-T
LEnEd, ' '

(BRERTH) < (FATBBITH) # (FTBRITH) < (BEERITI)
2E 6T, '



2,26 7V yS L (FABEEEROESYE) 47

2,26 YTNTOTIL(FTBHEOAGEDOHESY)

RKOF 70707 5 TEBREMEFERLTI—LERTVET,

{ torus?2_rotated.c ]

torus.c ¥, display BI¥® P DglPushMatrix »» 5glPopMatrix DT X KDL HIICEELE T,

glPushMatrix();
glTranslatef (0.0, 0.0, -5.0);
glRotatef(-60.0, 1.0, 0.0, 0.0);
auxSolidTorus(0.2,1.0);
glTranslatef (0.0, 4.0, 0.0);
auxSolidTorus(0.2,1.0);
glPopMatrix{();

RREHAOELFCRIOTO S A,
1. $7 (RAT) BIEAY —r FHICBRBL.
2. ZOFLVERRADS LTz MOEY i -60 BEEERANEE S .
3. COEEROL ET-2ED F—F X3MEI R,
4. SOITERRN y @AM 4 720 BEL
5. ZOFLVEEROL ETCSOHD b —F AMHAND,
LEARET,

2,27 TR A Y

Zi2 OpenGL TREFAK 2 —EROFH (ETNVE2—FTR) EAF v P CBESATVET, EFShLE
RIFEDR S v 70—FLOBHARTY, TL T, ThIF CEME I o T&/2glPushMatrix & glPopMatix ()
RERENAY v 2D T o2 b ey THT BT,
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AF v 7 REHHBORRA TR I ELNIBBLULLADELHTT, EFVME2—FROFHFEHA SN LTH
# current matrix ¥ FRUFE ¥, Z@ current matrix iRA ¥ v 7 O0—F LB/ AIA A T BFHITT, glPushMatrix
R E X DITRE push T3 ., FOBED current matrix 3 I¥—-LTAY v 7 O~—F R EFNIE—%F 2
$¥. 2o push ki, BEOFEFTBYLEEL LOREND NI current matrix ZENENOERIZHILT D
FROHTHEORR, i EboTnwE T3, LT glPopMatrix ¥FA CHH % pop T2&, A4 vi0—%L
DFRFETHNT, ZBEBRHATAN—F L2 b, Zhdt current matrix &% D F¥, ZOTFIRD LENIC
glPushMatrix % FFAZZBED current matrix DS DTT NG, F0 L EOFEFFORBIIR - obiT TF, 7
FIZY v 7 2 EFLEI & BROEFONBBEIBRERECRDENL L5 hRELYEORRIEEIITE

E2AT, EiOpenGL KHFFIOAS v 7 M3 WEH VT, —PRELEALETFIEL~FTRAORS
7, bI—oRHEFRORASF v 7, FLTEBMETFZAFY< b2 A (ZhiZ2onTIRION 4 FTide{ft
nIHA) T, glPushMatrix & giPopMatrix 2 Z D 3BEDOTHIAS v 7 FhEThICH LTHEET L 2 LA TR
T4, OpenGL @70 ¥ 5 AT, glPushMatrix ¥ glPopMatrix T h7:8F, LOITRIA S v 7120t LTEA
ENLZOPR TR oI RAE—-FENE OpenGL DA F— bO—2CHiHlenE T, 774NV DT R w2
AE— FiZEFIVE 2 =175 20T b T TIC glPushMatrix % glPopMatrix ¥ FF~4IZ D RIEEF NV E 2 —
FREnwI ks Ed, BICHBLAI I, RAOCEHHICREELHESRITVECTL, 77 AF vy b
Vo P AREREICLLDDIRA, H-T. SONAFDF Y INTUSFTATIR, Ty 7 RAE-FREE
TEHIEEHNEIRAY, FU /N FOSTAIHTERBITHASY v 7@ push & pop REREFNVEa—< Y v
YADAY v 2B LTITbRET,

Ay v rO@EiRE, TCETBM LSO T A torus2aotatedc &£ 7O T A, RUFAEFNIHGT 2E%E
AE~AFT a2 TLES,

[ torus2_rotated2.c )

torus.c H, display BE¥ @R DglPushMatrix 7> &glPopMatrix DS EFROLHWEELE T,

glTranslatef (0.0, 0.0, -5.0);
glPushMatrix();
glRotatef (-60.0, 1.0, 0.0, 0.0);
auxSolidTorus(0.2,1.0);
glPopMatrix(};
glPushMatriz();
glTranslatef (0.0, 1.0, 0.0);

BHZIEHNAYAZ ) T2 UNIX Y2074 b5 FY) BB,
Bz ) vy AE— FERETIMEIL gl¥atrizMode M TY.
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auxSolidTorus(0.2,1.0);
glPopMatrix();

2.28 HLTFINTOTSL (LY TOENE)

Ay s 2B AEHBEOWEDHEE THBB NI BB L IRATHEIBERLERTEI I+, X070V 541
ROEL) 2300 —FAb—20/hE0RERLOTYT, T D push-& pop TEVERT Lt X D, BEERE
FROELEREBHIBH L THELELASDEIRTIBRTCELLBEVE T,

|

/=
* link.c
\*
An OpenGL sample program.
- Three linked tori (with a ball}.
- No animation.
*/

#include <GL/gl.h>
#include <GL/glu.h>
#include "aux.h"

veid initial(void) {
GLfloat light diffuse[] ={ 1.0, 1.0, 1.0, 1.0 };
GLfloat light_ambient[] ={ 0.5, 0.5, 0.5, 1.0 };
GLfloat light_specular[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat light_position[] = { 1.0, 1.0, 1.0, 0.0 };
glLightfv(GL_LIGKTO, GL_AMBIENT, 1light_ambient);
gllightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, light_diffuse);
gllightfv(GL_LIGHTO, GL_POSITION, light_position);

glEnable (GL_LIGHTING);
glEnable (GL_LIGHTO);
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glDepthFunc (GL_LESS) ;
glEnable(GL_DEPTH_TEST);

void set_mat_color(GLfloat *diffuse, GLfloat *ambient, GLfloat *specular)

glMaterialfv(GL_FRONT, GL_DIFFUSE, diffuse);
glMaterialfv(GL_FRONT, GL_AMBIENT, ambient);
glMaterialfv(GL_FRONT, GL_SPECULAR, specular);

void display (void) {

GLfloat
GLfloat
GLfloat
GLfloat
GLfloat
GLfloat
GLfloat
GLfloat
GLfloat
GLfloat
GLfloat
GLfloat

diffuse0[] = { 1.0, 1.0, 1.0, 1.0 };
ambient0(] = { 0.1, 0.1, 0.1, 1.0 };
specular0o[] = { 0.9, 0.9, 0.9, 1.0 };

diffuseli[] = { 1.0, 1.0, 0.0, 1.0 };
ambienti[] = { 0.1, 0.1, 0.0, 1.0 };
speculari[] = { 0.9, 0.9, 0.0, 1.0 };
diffuse2[] = { 1.0, 0.0, 1.0, 1.0 };
ambient2[] = { 0.1, 0.0, 0.1, 1.0 };
specular2{) = { 0.9, 0.0, 0.9, 1.0 };
diffuse3d = { 0.0, 1.0, 1.0, 1.0 };
ambient3{] = { 0.0, 0.1, 0.1, 1.0 };
specular3(] = { 0.0, 0.9, 0.9, 1.0 };

giClear( GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT )};
glMaterialf (GL_FRONT, GL_SHININESS, 64.0);

glTranslatef(0.0, 0.0, -5.0);

glRotatef(-70.0, 1.0, 0.0, 0.0);

glPushMatrix();
set_mat_color{diffuse0, ambient0, specular();
auxSolidTorus(0.2,1.0};
glPushMatrix();

glTranslatef(1.0, 0.0, 0.0);

glRotatef (90.0, 1.0, 0.0, 0.0);

set_mat_color{diffusel, ambientl, specularl);

auxSolidTorus(0.15,0.5);

glPushMatrix();
glRotatef (30.0, 0.0, 0.0, 1.0);
glTranslatef (0.5, 0.0, 0.0);
glRotatef(-50.0, 0.0, 1.0, 0.0);
glTranslatef (0.2, 0.0, 0.0);
set_mat_color(diffuse3, ambient3, specular3);
auxSolidSphere((0.05);

glPopMatriz(};

glPopMatrix();
glPushMatrix();

glRotatef (120.0, 0.0, 0.0, 1.0);

glTranslatef (1.0, 0.0, 0.0);

glRotatef (90.0, 1.0, 0.0, 0.0);
set_mat_color(diffuse2, ambient2, specular?) ;
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auxSolidTorus(0.15,0.5);
glPopMatrix{);
glPushMatrix();
glRotatef (240.0, 0.0, 0.0, 1.0);
. glTranslatef (1.0, 0.0, 0.0);
glRotatef(90.0, 1.0, 0.0, 0.0);
set_mat_color(diffuse3, ambient3, specular3);
auxSolidTorus(0.15,0.5);
glPopMatrixz();
glPopMatrix();

glFlush();

void reshape(int width, int height) {

GLdouble ang = 60.0;
GLdouble near = 3.0;
GLdouble far = 10.0;

glViewport (0, O, width, height);

glMatrixMode (GL_PROJECTION);

glloadIdentity ();

gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixzMode (GL_MODELVIEW);

glloadIdentity ();

int main(int argc, char #*argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB | AUX DEPTH)
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv(0]);
initial{();
auxReshapeFunc (reshape);
auxMainloop(display);

\ end of link.c /

220 F7=A—3gL

ToA=a idBandhsHE(HE) ¢, CCGTRY ARy 77 #ARALTF =2 —Ya»+FEHL T
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1. main % ® auxInitDisplayMode() T AUX_DOUBLE #*EET 5

2. main BI% T auxIdleFunc() ¥Bl¥T 2

3. auxTdleFunc() LFIETE SN AL auzxMainLloop() 11 St 5
BEOBEVIIEETS

4. glFlush{) OH b Hil ngSwapBuffers() -t 3

LETH, 20OEMA»HEMTES L3, giXSwapBuffers #%5/Sy 7 7 ¢ IR 2MHTT, glX 74 75
Dz L uf glXSwapBuffers 12 2 DRTR T glFlush % A TV 5O T giFlush & glXSwapBuffers # Htf T3 —
MELLEEHDIEA,

FATRY Y INTOSFTLERTHILLE ).

,;®7U77Aﬁd,_O®@E®¥M&EA€LJUF 72ﬁﬁ9wﬁ§%i€310

swmg torus.c
[ )

\*

/*
* swing_torus.c
An OpenGL sample program.
- Animation.
- A rotating torus (see torus.c).
*/ '

#include <GL/gl.h>
#include <GL/glu.h>
#include “"aux.h"

static GLdouble spin=0.0;

void initial(veid) {
GLfloat light_diffuse[]
GLfloat light_ambient(] { 0.5, 0.5, 0.5, 1.0 };
GLfloat light_specular(] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat light_position[] = { 1.0, 1.0, 1.0, 0.0 };
glLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);

{t1.0,1.0, 1.0, 1.0 };

n
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gllightfv(GL_LIGHT(Q, GL_SPECULAR, light_specular); .
gllightfv(GL_LIGHTO, GL_DIFFUSE, 1light diffuse);
gllightfv(GL_LIGHTO, GL_POSITION, light_position);

glEnable (GL_LIGHTING);
glEnable (GL_LIGHTO);
glEnable (GL_DEPTH_TEST) ;

void display (void) {
GLfloat mat_diffuse([] {1.0, 1.0, 1.0, 1.0 };
GLfloat mat_ambient[]l = { 0.1, 0.1, 0.1, 1.0 };
GLfloat mat_specular[] = { 0.9, 0.9, 0.9, 1.0 };

glClear{ GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT );
glMaterialfv(GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv{GL_FRONT, GL_AMBIENT, mat_ambient);
glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
glMaterialf (GL_FRONT, GL_SHININESS, 64.0);

glPushMatrix();
glTranslatef (0.0, 0.0, -5.0);
glRotatef {(spin, 1.0, 0.0, 0.0);
glRotatef (spin, 0.0, 1.0, 1.0);
auxSolidTorus(0.2,1.0);
glPopMatrix(); '

glXSwapBuffers(auxXDisplay(), auzXWindoew());

void rotation(veoid) {
spin += 1.5;
if (spin > 360.0) spin -= 360.0;
display();

void reshape(int width, int height) {
GLdouble ang = 60.0;

3.0;

10.0;

It

GLdouble near
GLdouble far

glViewport (0, 0, width, height);
glMatrizMode (GL_PROJECTION);
glloadIdentity ();
gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far):
glMatrixMode (GL_MODELVIEW);
~ glLoadldentity ();
}

int main(int argec, char *#argv) {
auxInitDisplayMode (AUX_DOUBLE | AUX_RGBA | AUX_DEPTH):
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auxInitPosition (0, 0, 500, 500);
auxInitWindow (argv[0]1);
initial(Q);

auxReshapeFunc (reshape);
auxIdleFunc(display);
auxMainLoop(rotation);

\ end of swing.torus.c /

230 F-A—=32
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( link_anime.c |

/* _
% link_anmime.c
\*
An OpenGL sample program.
- Animation.
*/

#include <GL/gl.h>
#include <GL/glu.h>
#include "aux.h"

static GLdouble toreoidal_spin = 0.0;

static GLdouble balll_spin = 0.0;
static GLdouble ball2 spin = 0.0;
static GLdouble ball3_spin = 0.0;

void initial{void) {
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GLfloat light_diffuse(] =.{ 1.0, 1.0, 1.0, 1.0 };
GLfloat light_ambient([] { 0.5, 0.5,,0.5, 1.0 };
GLfloat light_specular(] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat light_position[] = { 1.0, 1.0, 1.0, 0.0 };
gllightfv(GL_LIGHTQ, GL_AMBIENT, light_ambient);
glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);
gllightfv(GL_LIGHTO, GL_POSITIDN, light_position);

glEnable(GL_LIGHTING);
glEnable (GL_LIGHTO) ;
glDepthFunc(GL_LESS);
glEnable(GL_DEPTH_TEST);

void set_mat_color(GLfloat *diffuse, GLfloat *ambient, GLfloat *specular) {
glMaterialfv(GL_FRONT, GL_DIFFUSE, diffuse);
glMaterialfv{(GL_FRONT, GL_AMBIENT, ambient);
glMaterialfv{(GL_FRONT, GL_SPECULAR, specular);

void display (void} {
GLfloat diffusel[] {1.0, 1.0, 1.0, 1.0 };
GLfloat ambientO[] = { 0.1, 0.1, 0.1, 1.0 };
GLfloat specular0[] = { 0.9, 0.9, 0.9, 1.0 };
GLfloat diffusei(] = { 1.0, 1.0, 0.0, 1.0 };
GLfloat ambienti[l = { 0.1, 0.1, 0.0, 1.Q };
GLfloat speculari[] = { 0.9, 0.9, 0.0, 1.0 };
GLfloat diffuse2[] = { 1.0, 0.0, 1.0, 1.0 };
GLfloat ambient2f] = { 0.1, 0.0, 0.1, 1.0 };
GLfloat specular2[] = { 0.9, 0.0, 0.9, 1.0 };
GLfloat diffuse3(] = { 0.0, 1.0, 1.0, 1.0 };
GLfloat ambient3[] = { 0.0, 0.1, 0.1, 1.0 };
GLfloat specular3[] = { 0.0, 0.9, 0.9, 1.0 };

'glglear( GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT );
glMaterialf (GL_FRONT, GL_SHININESS, 64.0);

glPushMatrix();
glTranslatef (0.0, 0.0, ~5.0);
glRotatef(-70.0, 1.0, 0.0, 0.0);
glRotatef (toroidal_spin, 0.0, 0.0, 1.0);
glPushMatrix();
set_mat_coler(diffuse(, ambient(, specularQ);
auxSolidTorus(0.2,1.0);
glPushMatrix();
glTranslatef (1.0, 0.0, 0.0);
glRotatef(90.0, 1.0, 0.0, 0.0);
set_mat_color(diffusel, ambientl, specularl);
auxSolidTorus(0.15,0.5);
glPushMatrix(};
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glRotatef (balll_spin, 0.0, 0.0, 1.0);
glTranslatef (0.5, 0.0, 0.0);

. glRotatef(balll_spin*5, 0.0, 1.0, 0.0);
glTranslatef(0.18, 0.0, 0.0);
set_mat_color(diffuse3, ambientB, specular3);
auxSelidSphere(0.05);

glPopMatrix();

glPopMatrix()}; ‘

glPushMatrix();
glRotatef (120.0, 0.0, 0.0, 1.0);
glTranslatef(1.0, 0.0, 0.0);
glRotatef(90.0, 1.0, 0.0, 0.0);
set_mat_color(diffuse2, ambient2, specular2);

. auxSelidTorus(0.15,0.5);
glPushMatrix();

glRotatef (ball2_spin, 0.0, 0.0, 1.0);
glTranslatef (0.5, 0.0, 0.0);

glRotatef (ball2_spin#*5, 0.0, 1.0, 0.0)};
glTranslatef(0.18, 0.0, 0.0);
set_mat_color(diffusel, ambientl, speculari);
auxSelidSphere(0.05);

glPopMatrix();

glFopMatrix();

glPushHatrix();
glRotatef(240.0, 0.0, 0.0, 1.0);
glTranslatef (1.0, 0.0, 0.0);

" glRotatef(90.0, 1.0, 0.0, 0.0);
set_mat_color(diffuse3, ambient3, specular3);
auxSclidTorus(0.15,0.5);
glPushMatrix();

glRotatef(ball3_spin, 6.0, 0.0, 1,0);
glTranalatef (0.5, 0.0, 0.0);

glRotatef (ball3_spinx*5, 0.0, 1.0, 0.0);
glTranslatef (0.30, 0.0, 0.0);
set_mat_color(diffuse2, ambient2, specular2);
auxSolidCube(0.20);

glPopMatrix();

glPopMatrix();

glPopMatrix();
glPopMatrix();
glXSwapBuffers(auxXPisplay(), auxXWindow());
}

* void rotation(wvoid) {

toroidal_spin += 1.0;
balll_spin += 8.0;
ball2_spin += 4.0;
ball3_spin += 1.{;
display();
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}

void reshape(int width, int height) {

GLdouble ang = 60.0;
GLdouble near = 3.0;
GLdouble far = 10.0;

glViewport (0, O, width, height);

glMatrixMode (GL_PROJECTION);

glLoadIdentity ();

gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW);

glLoadIdentity ();

int main(int arge, char *+argv) {
auxInitDisplayMode (AUX_DOUBLE | AUX_RGB | AUX_DEPTH);
auxInitPesition (0, 0, 500, 500);
auxInitWindow (argv[0]);
initial{();
auxReshapeFunc (reshape);
auxIdleFunc(display);
auxMainLoop(rotation);

\ end of link_anime.c /
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TARTVA YA EIRED OpenGLEROFRUHLEZF EOT “vra” {LL, FOETHELHRILT S
LT, 7L, FAAT LAV A SHHET ORI/ L WIS BERBE LTI ZVAL LIEEA, 1 XF
LAY R M, BB OpenGL ME A BT EDLZTOLO TR, (PEVRUHMLECECEEIRSOD
TR ERFIZ 2N 8NDBDOTY, LEXTEFNVY 2 —{THORE (glTranslatef AU L)
2, HEATFHIORE (gluPerspective DIEFH L) 2132 L 4 T4 FIOFTH). RUEFQHTHOMOFFHEIETE
NET. BHORESLBHIFH L FOPTENHAEIRTI T, The2FUHESAEL T o LitLAEg®R
BTt PARATVANVAM2BHETLE, —HOBEORRBEROELIIRESNIONT, ZOETIHEIL
NEd, BHACHEOBRELZ CHVHEATIEVWOT, 705 AP TIheDE—- FEAELUEL2LENSS
BELTARATVA VA MEFBETNECT, BLEEGTIR, 7077 A0MRILOLDIIFTI R SLA YA P 2#
CAREBBZVBTLL Y, —H, ToA—ar7ud AT, Ly¥ Y IEREOMEDEDIZTAATLL YA
FOEBYATREZYETF, P4 A S LA A MiE CompleXcope 70 ¥ 3 Y CHHRIZEBTAILItaD
¥,

FAATVLA YR CETPDERILENLEFAD—2E LT pI5THBALAAREZRL 7275 Asimple3.c ¥
ZEATHEILLH. TORLBFZABRLIERETS

glBegin(GL_PDINTS);
for (i=0; i<6; i++) {
x = cos(i*pi/3); y = sin(i*pi/3);
glVertex3f(x, y, 0.0);
}
glEnd () ;
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DLIHTT, AARET— W T LIl I THMERS D I AN, BUAAEEREIFHMIIEEES
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BRS, AAROBC ZAMBOHEIRIEENRIZLIZ2IPH6TT, COLILHEITIATVA YA E
AT ERERBRI. SO 7 apETSRET,

FAATULANAFTRAAE E LD OpenGL 7u ¥ 7 A0 —-FEx 2D L LTEBEL., FRAEEOT
NN (FHEEFES) EoTET, F0k. BELABEFSERUCBT LR T, —E0 OpenGL 707 F aHF &
HTEFENE T, 2OR. ZAMBOKHEIRL, TOHABROBET- L RFLTVHOT, BELATA
AFLAN AL EFUBT AT ZABEOHEITORELI L L EHNTRA, BRIKFAATLAYAMT
i, =3 LDD OpenGLABOET*HIBHALLTAL IR ERTVEDT, FAAZ VAV A L 2HEBTS
cEidh, FALRWEESI D LETEENB(RAILEDHNIEA,

FTAATVA VR EEET B, BT ORRizglNewlist LglEndList T 7 ML L 7-v»—E D OpenGL K
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GLuint int list_no = 1;

glNevwlist(list_no, GL_COMPILE};

glEndList();

CATI1EDFAAT LA A PERENTI T, HLE 7Oy Lh0BELLEMNET

‘ glCallList(1); : I

EMNIFIFOTA AT LA YA AETENET, ABC2E, 3F. 071 A7 LA )R P bER, ETFTHE
TYo M, FTAIRTLANVAP2FATRERBEELT(L) 7020 AELFBINLIYEOFESE.,
(2) fTH)ifE, () HHAE, Q) F7AFYDER, NI+, +ATH, ¥ IV 7a VS35 RTaTLLE
Jo

ZO7O7 A TRFACLFEEOHE L EABTVIEY, FOMBRT LY 2FhTnT, EaiEED
LD TwES, EREFECAHR{OMNSELREZEY, COL3 LTV FA3FAATLL )R @b
FiEhd, o733 kh, TETRENREEL EoTLEnE T,
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( circles.c )

/*
* circles.c
\*
An DpehGL sample program.
- No Lighting.
- Display List.
*/

#include <math.h>
#include <GL/gl.h>
#include <GL/glu.h>
#include "aux.h"

#define PI  3.14159265358979
- #define TWOPI (2+PI)

GLuint listl = 1;

void initial(veid) {
int i;
GLfloat x,y;

glNewList(listl, GL_COMPILE};
glColor3£(1.0, 1.0, 0.0);
glTranslatef (1.5, 0.0, 0.0);
glBegin(GL_LINE_LOOP) ;
for (i=0; i<100; i++) {
x = 0.8%cos(TWOPI*i/100.0);
y = 0.8+*sin(TWOPI*i/100);
glVertex3f(x,y,0.0);
}‘
glEnd () ;
glTranslatef(-1.5, 0.0, 0.0);
glRotatef (20.0, 0.0, 0.0, 1.0);
glTranslatef(0.0, 0.0, -1.0);
glEndList();

glShadeModel (GL_FLAT) ;

void display (void) {

int i;
glClear (GL_COLOR_BUFFER_BIT);
glTranslatef (0.0, 0.0, -5.0);
glPushMatrix();

for (i=0; i<200; i++)

glCallList(listl);

glPopMatrix();
glFlush();
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void reshape(int width, int height) {
GLdouble ang = 60.0;
GLdouble near = 3.0;
GLdouble far = 1000.0;

glViewport (0, O, width, height);
glMatrixMode (GL_PROJECTION);
glloadIdentity (J;
gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW);
glloadIdentity ();
}

int main(int argc, char** argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB);
auxInitPosition (0, 0, 500, 500);
auxInitWindow (argvi0l);
initial();
auxReshapeFunc (reshape);
auxMainLoop(display);

\ end of circles.c /
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GLuint glGenLists(1);
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/*

* texture.cC

\*

An OpenCL sample program.
- Texuture Mapping.

*/

#include
#include
#include
#include

<stdio.h>
<GL/gl.h>
<GL/glu.h>
"aux.h"

#define IMAGEWIDTH 256
#define IMAGEHEIGHT 256

char

image [IMAGEWIDTH] [IMAGEHEIGHT) [3];

GLuint texidx = 1;

void initial(void) {
" FILE #fp; :

fp = fopen("texture.sample.256x2566","1");

if (£p==NULL) {

}

fread(image, 1, IMAGEWIDTH*IMAGEHEIGHT*3, fp);

printf(" open err; image file.\n");
exit(9);

fclose(fp);

glPixelStorei (GL_UNPACK_ALIGNMENT, 1);
glTexEnvi (GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_DECAL);

glTexParameterf (GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameterf (GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

glTexParameterf (GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP);
glTexParameterf (GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP) ;

glNewList(texidx, GL_COMPILE)};

glTexImage2D(GL_TEXTURE_2D, 0, 3,
IMAGEWIDTH, IMAGEHEIGHT, 0, GL_RGB,
GL_UNSIGNED_BYTE, &image[0][0]{0C]);

glPushMatrix();

glBegin(GL_QUADS) ;

glTexCoord2£ (0.0, 1.0); glVertex3f(-1.0,
glTexCoord2£(1.0, 1.0); glVertex3f( 1.0, .
glTexCoord2£(1.0, 0.0); glVertex3f( 1.0,
glTexCoord2£{0.0, 0.0); glVertex3f(-1.0,

glEnd();

glPopMatrix(};

glEndList();

0.0);
0.0);
0.0);
0.0);
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glClearColor(0., 0., 0., 0.);

void display (woid) {
int i;

glClear( GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT );

glDisable(GL_LIGHTING) ;
glEnable (GL_TEXTURE_2D) ;

glTranslatef (0.0, -2.5, -5.0);

for (i=2; i>=-2; i-—-) {
glPushMatrix();
glRotatef (i#20.0, 0.0, 0.0, 1.0);
glTransalatef (0.0, 3.0, 0.0);

glCalllList (texidx);
glPopMatrix();
}
glFlush();

void reshape(int width, int height) {
GLdouble ang = 60.0;
GLdouble near 3.0;
GLdouble far = 15.0;

1

glViewport (0, 0, width, height};

glMatrizMode (GL_PROJECTION);

glLoadIdentity ();

‘gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW);

glloadIdentity ();

int ‘main(int argc, char **argv) {
auxInitDisplayMode (AUX_SINGLE | AUX_RGB | AUX_DEPTH);
auxInitPosition (0, 0, 600, 500);
auxInitWindow (argv[0]);
initial();
auxReshapeFunc (reshape);
auxMainLoop(display);

\ end of texture.c /
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ZDETIE CompleXcope i2 OpenGL THERL L - EBHE MR 2 KRR S5 70522 BH L T+, CAVE
VAT AABEHRERBLS ) TTH, EON—FIIT AT AOBRILTRALTidH D T A, B4 D CAVE
PATFAON—FIITHREEZRTATLL I, :

. FEHRERA Y- (BH) 3K
EREAZY-Y 1
A=A X =1074—F x 10 74—}

I

Ny FT7YFb79# 7 Ascention Technology #t "Flock of Bird"
L A=FAAVAT A EL

3. HRATVA7UV2s 99— 34K

4. SGI ONYX, 4 x CPU R4400, Main mem. 512MB, 3 x Reality Engine II
5. R&E#E 3K
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/usr/local/CAVE/include ~u ¥ 77 A NVE
/usr/local/CAVE/lib SATITIVE

fusr/local/CAVE/bin ot R e i g o -

EoF4 LI MINEBDET,

3.4 CAVE BiE%

CAVE mEEZIZ. KELohEEL, M- TEEH +x, #ELEHM+y, AVOFEN 4z LEESR
TwE T,

EBAZ ) —>

{£ - T CompleXcope DHEREIT
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display process (1)
display process (2)
display process (3)
application computation process

o W N

tracking process

display process £V ) DEXEB Y EFEERRT D /0L ATt, CompleXcope TitR 2 —HEHTC3@E» 2
?T, display process i3 32& ) £, application computation process £33 Dk, CAVE 705 LD A A
=TT, INHPLI-—FPLDETESTEH>TwET, T4, BHEtoH 8EEHRTIHEER, 07
Ot AHBMBEYEEL ¥, tracking process L) DiE, b v a—dRAOLABER L v v ¥ —RELT L F
DHRB, FAOF— 7 WAL 70X AT, kO 702213 ONYX E03H 2 €Y (shared memorry) % #|
RBLTHEBLE T,

3.6 Configuration File

CAVE il 4 2EFTE—F2hh I+, BHlAiZAFLARRE-FLE/INERE—FRE,) #h60

E— Fit .caverc &\ &H® configuration file TEBEL ¥,

# sample of .caverc
simulator y

DisplayMode mono

Z @ configuration file CEZ oD E—FE 77+ VI PSEBLTVEST, COT7 AL —HFDR—LF (L
Y, FRRGTINr—2a YEFROAL Y T4 LI MY ICBWTBITIE, #THBET S CAVE simulator
Hon ik, VR EMRIE CompleXcope DA Z ) = TR, 7—2AF—a»ONYXDEZFIZHFEIN
% T, %7 DisplayMode mono & 3 DIREREF A FLATIELE) FATHRREELF T arTt, FL¥
YF—2 a3 rEOEET CompleXcope DBMER 7 A FTHRETLH E X IRZ0F 72 3 »»EHTF, CAVEcon-
figuration file XRDEF KT h, COEFCEHFEZShT T, (FELLVESRERShET, )

/usr/local/CAVE/etc/cave.config
~ /usr/local/CAVE/etc/aso.config
~/.caverc

./ .caverc

&% (CompleXcope iZA 7 L4 CRAT HHA) - FHEIRET S 7 7 1V ~/.cavere F 7243 ./.caverc ik
ETIAXE (R THEBT) IKLTBL D, 771 VEBEELTBEET,

3.7 CompleXcope 727 5 LOH N

Z I T CompleXcope 70U ¥ 7 ADWHEIOVWTHIHLEILE . 2T® CompleXcope DT TN r—avd
07 LEERN (R UBEEF-TVET, 7.

[(HONmmDTfU# /a/L“ﬁ&mﬁk]

FHVET, Bz, ﬁﬁ?ﬁ&%ﬁﬁ%uwkéé%CM@@?71»}®@#6£ET%%A&Eu,::?
CEGMBEL -V LET. (CRIHLTRETHELE T, ) £LTRI

1247 B3 5 aso £\ DI CompleXcope THfio Tv: % ONYX & host name T,
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[ (2) (Required) CAVE configuration @Eﬁﬁ]

$fvE o &2 LTBE L7 CAVE configuration file 2 BARd. £/ A -5 2BETHbDTT, config-
uration file 6722 TR, 7TV r -3 03w ¥4 a bbb 51T EXNETE, FL
T. ’ .

( (3) (Optional) 34 » % 1 DHE L ML)

IV ET Ri,

. [(4) (Required) CAVE 5 4 75 ) nansit)

Fhweid,. CORBRKAY ) - O LR L2 display process £ —-2& application computation process. &
U'—2® tracking process % fork LI ¥, £LT, %5 CAVE 54 75 ) MEOFIME LTETET

( (5) (Optional) &7 71 #—3 = ¥ izE# % OpenGL 717 5 A 1L)

AT BREREL T T I 2 TIIA % OpenGL 27— F O#MAML (Bl L SHREORE) PRMET— ¥ DBREL
T, 7075 A0 OHBFREI fork BRTWBOT, OB (22— O¥FETH3) HEO dis-
play process FRFNTETEhT T, KIZ, iV H% CAVE 74 77 JHBOFIKE LTETET

[ (6) (Required) display 838355 )

BTvEd, SOBBIIIRTHEPLBEOZ Y OpenGL It X 2 RERREBHTLHS. 2 h 705 A0H
LEFEVRA T T, HRZOBED display process DT E—éh'(’b‘i’é‘_c FLT, I CAVE 5473
MEOS IBELTETET '

[ (7) (Optional) computation B D5 |

EfFVEIT, FIRET S A—-a 70y 50058, BREARRIHEL TELT2BOEETIMEE 2T
ELET, €LTREIZ :

[ (8) (Required) CAVE 54 75 1 & Tias2 )

247 BBE T -V LET,

38 CAVE Y3ali—%—

TR LARERTHBETIE, BRERITITOTIARMELESETTFA L TH20MEET, ik Com-
pleXcope 70 ¥ 2 I YV CHREETT. LA LT AP+ 5K CompleXcope DHFIZHIFHWTA-T, &I+ v
Y—[REEDITT. «  LBRDVETOHRAZEHRBTY, CAVESGA 7V 2BV 70S560I0L)RTF A
D712 CAVE X I aLb— 4 #FREENTWwET, Zhid CAVE ToOBE, % X Window LT 32l —}
- T54DTF, CAVE configuration file ¢ simulator % y BRELTAL 70 T a5 ELETTEWVS, T4
BEic71 > FodRiRrEhEId, CAVE > 3al—#% T CompleXcope AEfiz VA2 AMOHDKE - @&, 7
YFONB-mE L, 7OV 7 ATHBRENLIRTHESFRICEREINT T,

CAVE ¥ 22 L— ¥ CilkBEOROHE, 7> FOBBSES v OBRELREEF—F—FEvI AT Ial—
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CAVE ¥ 3al— 4 COEDHENI Y b u— L

left arrow . move left
right arrow move right
Up arrow move forward
Down arrow move backward

Shift + up arrow move up
Shift + donw arrow move dovn
Alt + left arrow rotate left
Alt + right arrow rotate right

Alt + up arrow rotate up
Alt + down arrow rotate down
P ' reset head and wand to initial

Cntl + mouse movement
Shift + mouse movement

Alt + mouse movement
< and >

Home

F1/F2/F3/...

CAVE Y32l —4TO7rFOBEDIx Po—LFE

move wnad left/right/forward/back

move wand left/right/up/down

rotate wand/left/right/up/down

rotate wand about Z

reset wand to be in front of user

select wand 1/2/3/... as the current wand

mouse left button
mouse middle button
mouse right button
Space + mouse movement

CAVE V2ol —¥TOI7FDFREF - Vaf AT 45 Oarbu— L Ei

wand left button
wand middle button
wand right button
joystick

E ® N -

3.9 $o7uradsn

CAVE ¥ I aLb—¥TORFHFED2 Y PO—-VEE

CAVEREBCTASRIZIRERER
CAVE # [Hlrs R/ B+ HRzR
7 F GRvig) ofF/FEER
ADEHEOER / ERF

INSERT CAVE O¥:0OFRR / FER

EINTRERY >IN TOYSL5RTHELL D, ROTOZF L1 p42THE L7 OpenGL OH > S
R 7 4 torus.c (F—F 2% —2H<) % CompleXcope BREE LS OTY, o IAFTOEN 7Oy I A
TVRPENLDRB(REZ LTIV TL DD,
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([ Xtorus.c |

/%

* Xtorus.c

\*> .

A CompleXcope sample program.

- A torus by aux 1lib; 4 feet off the floor.
- Copied and changed from /usr/lecal/CAVE/src/ogl/ball.c
- No animation.
- No interaction.
- No navigation.

*/

#include <cave_ogl.h>

/* ipit_gl - GL initialization function. This function will be called
exactly once by each of the drawing processes, at the beginning of
the next frame after the pointer to it is passed to CAVEInitApplication.
It defines and binds the light and material data for the rendering. */

void init_gl(void) { :
GLfloat mat_diffuse({] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat mat_ambient[] {0.1, 0.1, 0.1, 1.0 };
GLfloat mat_specular(] = { 0.9, 0.9, 0.9, 1.0 };

{1.0, 1.0, 1.0, 1.0 };
{ 0.5, 0.5, 0.5, 1.0 };
{1.0, 1.0, 1.0, 1.0 };
{1.0, 1.0, 1.0, 0.0 };

GLfloat light_diffuse[]
GLfloat light_ambient[]
GLfloat light_specular(]
GLfloat light_position[]

n

glClearColor(0., 0., 0., 0.);

glLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);
glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, light_diffuse);
glLightfv(GL_LIGHTO, GL_POSITION, light_position);

glMaterialfv(GL_FRONT_AND_BACK, GL_DIFFUSE, mat_diffuse);
glMaterialfv(GL_FRONT_AND_BACK, GL_AMBIENT, - mat_ambient);
glMaterialfv(GL_FRONT_AND_BACK, GL_SPECULAR, mat_specular);
glMaterialf (GL_FRONT_AND_BACK, GL_SHININESS, 64.0):

glEnable (GL_LIGHTO) ;
}

/* draw_torus - the display function. This function is called by the
CAVE library in the rendering processes’ display loop. It draws a
torus 4 feet off the floor */

void draw_torus{void) {
glClear(GL_DEPTH_BUFFER_BIT|GL_COLUR_BUFFER_BIT);
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glEnable (GL_LIGHTING);
glPushMatrix();
glTranslatef (0.0, 4.0, -2.0);
auxSolidTorus(0.2,1.0);
glPopMatriz();
glDisable (GL_LIGHTING) ;

main(int argc,char s*argv) {
/* Initialize the CAVE %/
CAVEConfigure(&argc,argv,NULL) ;
CAVEInit(); L ‘
/* Give the library a poinfer to the GL initialization function */
CAVEInitApplication(init_gl,0); |
/* Give the library a pointer to the drawing function */
CAVEDisplay(draw_torus,0};
/* Wait for the escape key to be hit */
while (!CAVEgetbutton(CAVE_ESCKEY))

sginap(10); /#* Nap so that this busy loop doesn’t waste CPU time */
/* Clean up & exit */
CAVEExit();

\ end of Xtorus.c /

“CAVE" THIHAMBIRT~TCAVE 5475V OB TT, BERELBEBIIOVWTHBELEL L I,

CAVEConfigure() Configuration 7 — ¥ ¥ Hi&A A, WET 5,

CAVEInit() _ CAVE #iHk, £LTF O£ AD fork

| CAVETnitApplication()  OpenGL BEEOMIA{E% 7 ) BEROEE -

(2 —%E#%) OpenGL DALz

CAVEDisplay() F1ATVA WROKE

draw_torus() (L —¥5E%%)OpenGL FFMLE
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CAVEgetbutton (CAVE_ESCKEY) ESC ¥ — hit DR

sginap() FOtADYFARLF

CAVEExit () ' FIOLREBIL S ET, FOTIAERT TS

310 H7nrOd4L2

ku‘ﬁ%ﬁ(7U7?AEET&§L:5°L@XmmmﬂVWm%mHMM”Oﬁbbu“mm%mSmmﬂ
ETRITHREEITETH, CQax T4 77 VAR THROB LIS TFHECEIFRETT, £ZCglu 714177
OEETHVTREBVWTATT (p.3328HE).

([ Xballc )
/[
* Xball.c
\*
A CompleXcope sample program.

- A ball by the glu lib; 1 feet radius, 4 feet off the floor.
- Copied and changed from /usr/local/CAVE/src/ogl/ball.c
- No animation. :
- No interaction.
- No navigation.

*/

#include <cave_ogl.h>
#include <GL/glu.h>

static GLUquadricObj *spherelbj;

/* init_gl - GL initialization function. This function will be called
exactly once by each of the drawing processes, at the beginning of
the next frame after the pointer to it is passed to CAVEInitApplication.
It defines and binds the light and material data for the rendering,
and creates a quadric object to use when drawing the sphere. */
void init_gl(void) { .
GLfloat mat_diffuse(} = { 1.0, 1.0, 1.0, 1.0 };
GLfloat mat_ambient[] = { 0.1, 0.1, 0.1, 1.0 };
GLfloat mat_specular(] = { 0.9, 0.9, 0.9, 1.0 };

GLfloat light_diffuse[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat light_ambient[] { 0.5, 0.5, 0.5, 1.0 };
GLfloat light_specular{] = { 1.0, 1.0, 1.0, 1.0 };
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GLfloat light_position[] = { 1.0, 1.0, 1.0, 0.0 };
glClearColor(0., 0., 0., 0.);

gllLightfv(GL_LIGHTO, GL_AMBIENT, 1light_ambient);
gllLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
gllightfv(GL_LIGHTO, GL_DIFFUSE, light_diffuse);
gllightfv(GL_LIGHTO, GL_POSITION, light_positiom);

glMaterialfv{GL_FRONT, GL_DIFFUSE, mat_diffuse);
glMaterialfv{(GL_FRONT, GL_AMBIENT, mat_ambient);
glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
glMéterialf {GL_FRONT, GL_SHININESS, 64.0);

glEnable (GL_LIGHTO) ;

spherelbj = gluNewQuadric();

/* draw_ball - the display function. This function is called by the
CAVE library in the rendering processes’ display loop. It draws a
ball 1 foot in radius, 4 feet off the floor, and 2 foot in front
of the front wall (assuming a 10’ CAVE). =/

void draw_ball{veoid) {
glClear(GL_DEPTH_BUFFER_BIT[GL_COLOR_BUFFER_BIT) ;
glEnable (GL_LIGHTING);
glPushMatrix(};

glTranslatef (0.0, 4.0, -3.0);
gluSphere(sphereObj, 1.0, 16, 16);
glPopMatrix();
glDisable (GL_LIGHTING) ;

main{int argc,char **argv) {
/* Initialize the CAVE »/
CAVEConfigure(&argc,argv,NULL);
CAVEInit(); .
/* Give the library a pointer to the GL initialization function */
CAVEInitApplication(init_gl,®);
/* Give the library a pointer to the drawing function */
CAVEDisplay({(draw_ball,0);
/* Wait for the escape key to be hit */
while (!CAVEgetbutton(CAVE_ESCKEY))
sginap(10); /* Nap so that this busy loop doesn’t waste CPU time */
/* Clean up & exit =/
CAVEExit(};

\ end of Xball.c /
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swing_torus.c # CompleXcope BT,

( Xswing_torus.c |

/=

* Xawing torus.c

\x

A CompleXcope sample program. .
- Copied and changed from /usr/local/CAVE/src/ogl/bounce.c
- A rotating torus. ,
- Calculation of their movements are performed in the main process.
- It is communicated to the three drawing processes through
the shared memory.

- No interaction.
- No navigation.

*/

#include <cave_ogl.h>
#include <GL/glu.h>

/* The data that will be shared between processes */
struct _torusdata {

float énglei;

float angle2;

h

void init_gl(void),draw(struct _torusdata =);
struct _torusdata *init_shmem{void)};
void compute(struct _torusdata *};

main(int argc, char #+argv) {
struct _torusdata *torus;
CAVEConf igure(&argc,argv,NULL) ;
torus = init_shmem();
CAVEInit();
CAVEInitApplication{init_gl,0);
CAVEDisplay(draw,1,torus);
while (!CAVEgetbutton(CAVE_ESCKEY)) {
compute (torus);
sginap(1);
}
CAVEExit();

struct _torusdata *init_shmem(void) {
struct _torusdata *torus;
torus = CAVEMalloc(sizeof(struct _torusdata));
bzero(torus,sizeof (struct _torusdata));
return torus;
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void compute(struct _torusdata *torus) {
float t = CAVEGetTime();
torus->anglel = t#*50;
torus->angle2 = t#*73;

void init_gl(veid) {
GLfloat light_diffuse[]

{1.0,1.0,1.0,1.0% . . .- AP
GLfloat light_ambient[] = { 0.5, 0.5; 0.5, 1.0 };
GLfloat light_specular(] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat- light_position[] = { 1.0, 1.0, 1.0, 0.0 };

glEnable (GL_LIGHTO);
glClearColor(0., 0., 0., 0.);

glLightfv(GL_LIGHTO, GL_AMBIENT, light_ambient);
gllightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, light_diffuse);
gllightfv(GL_LIGHTO, GL_POSITION, light_position);

void draw(struct _torusdata *torus) {
glClear (GL_DEPTH_BUFFER_BIT|GL_COLOR_BUFFER_BIT);
glEnable (GL_LIGHTING);

glTranslatef(0.0, 4.0, -3.0);

glPushMatrix();
glRotatef (torus—>anglel, 1.0, 0.0, 0.0);
glRotatef (torus->angle2, 0.0, 1.0, 1.0);
auxSolidTorus(0.2, 1.0);

glPopMatrix();

glDisable(GL_LIGHTING);

\ end of Xswing_torus.c /

IOTUTT LN, BEDE Xtorus.e # Xballe EEXTAE (& Dit, main ® while() PV~ 7HT com-
pute() ¥ ATV AHEZAHTT, CICHERBOHEEZTVE T, BEMICIE F—F AOHEKARK (anglel & an-
gle2) ERMICHAILTHL LTV EE T, COAET— s 2 AT, 7 AT LA IO AP ZALZTERS S
F—FARBIDITTT, FART VA 70€AE32hY, #1561 comupte() %472 TV:a 7T+ X (applica-
ﬁmcmwmmmnmm%ﬂ&ﬁ%&jﬁt1?55tt%EWmLTTéwoammwmmcmmMMMnmmms
PEFLIMEEZI2OTFTAATL AT A Mo TwHITNER VIR A, CAVEO 7O ¥ 5 AT, “0Es
@I5K7UtXE?#KT—9%W§ﬁLTWiTU%LT‘C@EE@tstMmdmmmy%ﬁwfwi
To SOBE, AEDT— 713 torus VI BHOBERICT L LN, £ torus it shared memory LiZ@hh
TwE$, shared memory ~DHH B TEFTFH DAt 1n1t_shmem() BA% P T CAVEMalloc() T¥,
CITEERREUED,
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%

CAVE CHIfI T X % shared memory 1177+ +T 8MB TH 3,

FRUEFE) FEI

CAVESet0ption(CAVE_SHMEM_SIZE, size_in_bytes)

CAVEConfigure() DHITHE,

3.12 YL7ATOYS5L 4

bI—DFA—Yar oI arBTAELL S, HERDO DO R~ VAR CHAED T T

/*

[ Xbounce.c )

* Xbhounce.c

\*

A CompleXcope sample program.

t/

Copied and changed from /usr/local/CAVE/src/ogl/bounce.c

Two bouncing balls.

Calculation of their movements are performed in the main process.
It is communicated to the three dréwing processes through

the shared memory.

No interaction.

No navigation.

#include <cave_ogl.h>
#include <GL/glu.h>

/% The data that will be shared between processes */
struct _balldata {
float ¥;

};

void init_gl(void),drav_balls(struct _balldata *);
struct _balldata *init_shmem(void);
void compute(struct _balldata *);

main(int arge, char ssargv) {

struct _

balldata *ball;

CAVEConfigure(&arge,argv,NULL);
/* Initialize shared memory »/
ball = init_shmem{);
CAVEInit();
CAVEInitApplication(init_gl,0);
/% Give the library a pointer to the drawing function, plus -one argument */
CAVEDieplay(draw_balls,i,ball}; '
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while (!CAVEgetbutton(CAVE_ESCKEY)) {
/* Update the balls’ positions »/

compute(ball);
sginap(1);

}

CAVEExit{) ;

/* init_shmem - initializes shared memory. The data is allocated from a
shared memory arena, and so will be common to all processes forked after
this is called. =/

struct _balldata *init_shmem{veid) {
struct _balldata *ball;
ball = CAVEMalloc(2+*sizeof (struct _balldata)):
bzero(ball,2*sizeof (struct _balldata)):
return balil;

}

/* compute - compute new positions for the balls. The height of the balls
is a function of the current CAVE time. */
void compute(struct _balldata *ball) { ..
float t = CAVEGetTime();
ball[0].y = fabs(sin(t)) # 5 + 1;
ball[1]).y = fabs(sin(t#1.2)) » 3 + 1;
}

static GLuint redMat, blueMat;
static GLUquadricObj *spherelbj;

/* init_gl - initialize GL lighting & materials %/
void init_gl(void) {

float redMateriall] = { 1, 0, 0, 1 };

float- blueMateriall] = { 0, 0, 1, 1 };

{10, 1.0, 1.0, 1.0 };
{ 0.5, 0.5, 0.5, 1.0 };
{1.0, 1.0, 1.0, 1.0 };
{1.0, 1.0, 1.0, 0.0 };

GLfloat light_diffuse[]
GLfloat light_ambient[]
GLfloat ‘light_specular[]
GLfloat light _position(]

glClearColor(0., 0., 0., 0.);
glEnable (GL_LIGHTO);

glLightfv(GL_LIGHKTO, GL_AMBIENT, light_ambient);

glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
~ glLightfv{(GL_LIGHTO, GL_DIFFUSE, light_diffuse);

_glLighth(GL_LIGHTO. GL_POSITION, light_position);

/* 18t display list »/
redMat = glGenLists(1);
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glNewList(redMat, GL_COMPILE);

glMaterialfv(GL_FRONT_AND_BACK, GL_AMBIENT_AND_DIFFUSE, redMaterial);

glEndList();
/* 2nd display list =/
blueMat = glGenLists{(1);

glNevList(blueMat, GL_COMPILE);

glMaterialfv(GL_FRONT_AND_BACK, GL_AMBIENT_AND_DIFFUSE, blueMaterial);

glEndList();

sphereObj = gluNewQuadric();
}

/* draw_balls - draw the two balls, using the shared data for their

y coordinates */

void draw_balls({struct _balldata *ball) {
glClear(GL_DEPTH‘BUFFER_BITIGL_COLUR_BUFFER_BIT);

glEnable(GL_LIGHTING);

glCalllist(redMat);
glPushMatriz(};

glTranslatef (3.0, ball[0].y, 0.0);

gluSphere{spherelbj, 1.0,
glPopMatrix();

glCalllist(blueMat);
glPushMatriz();

16, 16);

glTranslatef(0.0, ball[i]l.y, -3.0);

gluSphere(sphereQbj, 1.0,
glPopMatrix();

glDisable(GL_LIGHTING);

3.13 Y7705 4L 5

16, 18);

\ end of Xbounce.c /

I TOTI Y5 4T glEnable(GLLIGHTING) % PRt AEDH 2 OpenGLBETRTL TwEL
fro BipC, BREAERTLRVTIOYIAERTAEILL ), ERNEEII2 (P LT, i GLLIGHTING
% off 12 L T@E D OpenGL 707 5 A ¥\ {22 TF, TO7UYFALELES L CompleXcope ANEIZL D

3

/*
* Xsnowfall.c
\*
A CompleXcope sample program.
- Snow fall.
- No lighting.

( Xsnowfall.c |
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- No interaction.
- No navigation.

*/

#include <cave_ogl.h>
#include <GL/glu.h>
#include <stdlid.h>

#define NCOMMET 500
#define XMAX 20.0
#define YMAX 20.0
#define ZMAX 10.0
#define XMIN .(-20.0)
#define YMIN (-5.0)
#define ZMIN (-20.0)

" /* The data that will be shared between processaes */

struct _snowdata {

' float =xzpos;
float ypos;
float zpos;
float xaxis;
float yaxis;
float zaxis;
float spin{
float vx;
float vy,
float vz;

};

void init_gl(void),drav(struct _snowdata *);
struct _snowdata *init_shmem(void);
void compute(struct _snowdata *);

static GLuint flake_indx;

main(int arge, char x=argv) {
struct _snowdata *snows;
CAVEConfigure(&argc,argv,NULL);
snows = init_shmem();
"CAVEInit();
CAVEInitApplication(init_g1,0);
CAVEDisplay(draw,1,snows);
vhile (!CAVEgetbutton(CAVE_ESCKEY)) {
compute(snows) ;
sginap(1);
} .
CAVEExit();

float ransu{void) {
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float r = rand() / 32768.0;
return r;

}

struct _snowdata *init_shmem(void) {
int  i;
struct _snowdata ®snovs;

snows = CAVEﬁalloc(NCUHMET*sizeof(struct _snowdata));
bzero(snows, NCOMMET#*sizeof (struct _snowdata));

for (i=0; i<NCOMMET; i++) {
snows [i] . xpos
anows[i) . ypos

snows [i] .zpos
snows [i] .xaxis = ransu();
ransu() ;
ransu();

snows[i] . yaxis
snows[i] .zaxis

return sSnows,;

void compute(struct _snowdata wsnows) {
int i; .
float y, angle, velocity = 0.0005;
float t = CAVEGetTime();

" for (i=0; i<NCOMMET; i++) {
y = snows(i] .ypos - velocity=*t;
if (y < YMIN) y = YMAX;
snows [i] .ypos = y;
angle = t*50;
if (angle>360) angle -= 360;
snows[i] .spin = angle;

void init_gl{void) {
float flake_size = 0.5;
GLuint tmp_indx;

ngisable(GL_LIGHTING);
glColor3£(1.0, 1.0, 1.0);
glClearColox (0., 0., 0., 0.);

tmp_indx = glGenLists(1);
glNevList(tmp_indx, GL_COMPILE);
glBegin (GL_POLYGON) ;
glVertex3f (flake_size/2, 0.0, 0.0);

glVertex3£(0.0, flake_sizexsqrt(3.0)/2.0, '0.0);

XMIN + (XMAX-XMIN)*ransu();
YMIN + (YMAX-YMIN)#ransu();
ZMIN + (ZMAX-ZMIN)#*ransu();
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glVertex3f(-flake_size/2, 0.0, 0.0);
glEnd();
glEndList();

flake_indx = glGenLists(1);
glWewList (flake_indx, GL_COMPILE);
glPushMatrix();
glCallList(tmp_indx);
glPushMatrixz();
glRotatef (180.0, 1.0, 0.0, 0.0);
glTranalatef (0.0, -flake_size/sqrt(3.0), 0.0);
glCalllist (tmp_indx);
glPopMatrix();
glEndList () ;

void draw(struct _spowdata *snows) {
int i;

glClear(GL_DEPTH_BUFFER_BITIGL_CULGR_BUFFER_BIT);

for (i=0; i<NCOMMET; i++) {
glPushMatrixz();
glTranslatef (snows[i].xpos,
snows [i] .ypos,
snows[i].zpos);
glRotatef (snows[i] .spin,
snowe[i] .xaxis,
snows[1i] .yaxis,
snows [i] .zaxis);
glCalllist(flake_indx);
glPopMatrix();
} .

\ end of Xsnowfall.c /

—2OVR Y- OB THEERELZTIDEL, Thiviito 2 B EE LTWwaBHE3, #ELr—F> (kT
3. draw) O T glEnable(GLLIGHTING) & glDisable(GL LIGHTING) % FETY, £h&hoik T 2 MEOWHE
R THREL I,

3.14 JUyELTTL—

HEDTO G AR THEAIB LI, FTRAFRLD on, SEERLZ LIIETHBNIZ CAVE 54 75 1) 48
ﬁqf<ﬂ$?op%Tﬁ%Ltiﬁﬁ\Omﬂ%@ﬁ%ﬁﬁfﬁ\%ﬁ%ﬁﬂ@&U?EVﬁ%%%%éﬁﬁK
Ao TR b DT ELY &) T §B8E) 24TV 2425, CAVE S 475 ik, #hb CAVENear & CAVE-
Far Lv»9 global float EHTHRHTVT, 2077 4+ 1 b i2 CAVENear = 0.1 (74-=1F). CAVEFar = 100
(Z4=kM) EdhTnET, '

P RRAMHRBE- PO, SHELREE— FTHE 2T,



82 ' : : CAVE 74 73 ' Offing

3.15 HBAETYOEN

CAVE 7077 ATRFKAAEVRFALIT, TOAENVDTAr -3 ik CAVEMalloc{) TFLE ¥ 7=
PAFVE 5. B (707 T ARERRT LE8) CAVEExit() #*HBIMIZT ) O TRIET2LREHY IE
Ao LB L. (FUYFABBRRRELHHIETTIN)EFPOTOY T80 Ty valTLESLBELYL,
CAVEMalloc() T7 U4 — b LA EY M, RTHRLXA AT VERoTLEo T RENH Y T T, LOMEK
ki,

ipcs —m -b

Yuyawy FCactive iz o TWAREAEVHAROP A XL EhETOsr—F Lia—Hadasrb0TRLT
AT FEV,

% ipcs -m -b
IPC status from /dev/kmem as of Mon Jul 13 11:52:15 1998

T D KEY MODE OWNER  GROUP 5SEGSZ
Shared Memory:

m 0 0x53637444 —-rw-r--r-- root 8y8 136
m 1 0x00002648 --rw-rv-rv- root s8ys 228
m 2 0x00002649 --Tw-TW-I¥- root sys 140
m 3 0x000007c8 --rw-rw-rw- root sys =~ 4
m 4 0x000009a4 --rvw-rw-rv- guest guest 556912

DA, guest L—FIE 55912 /54 FERBRETIRLTVET. ShE YR LRIRT 20, iperm -m
<ID>” aw» FEEVES, )

asoy ipcrm -m 4
aso}, ipcs -m -b
IPC status from /dev/kmem as of Mon Jul 13 11:52:27 1998

T 1D KEY "MODE OWNER GROUP SEGSZ

Shared Memory:

m 0 0x53637444 --rw-—r--r-- Toot sys 136

m 1 0x00002648 --rw-rw-rv- root gys 228
" m 2 0x00002649 --rw-ru-rv- root . sys 140

m 3 0x000007¢c8 ~-ITw-rw-rW-— root 8ys 4

316 T2 FiICELdarbA-

CompleXcope CRFEREHF L DHEERAOLDIZT ¥ FERELEF, 7Y FO32o0H S LI FEO
IHEFEHOVTVET, T, FVaf AT 4 v 2R HER, AG, $HELE TN FOEEOMELAES
RFOBIC 2 R0 x-y BEAETELNET (J2[ <1, [y £ 1)

AL AOBHTHEA AT OBRAGEL 51T CAVEFree() L\ BESATRELTVET,
Sz34wrbEILBbELARS YIHTETH, CAVE OE#IHEY., YalA51 v 7 EHFET,
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CAVE 7475 )ICl7 ¥ FItlT 2 ROBEFAEIATHE T,

LD B W N -

3.17 frEDRE

. Ty FoRnBERETS,
U/F®3ﬁm%&ﬁ§(fﬁﬂﬁbw)%ﬁ&T5

7Y FOZRY 2 DKM (push/nonpush) AEEENH LD » 2 M5,
BETY FOFRY FHERTOHEDLE) R+ 5,

Va AT Ay s DEE (R ER) ORE (x,y) 2BRIUET 5,

CAVE 7UZ S ATH I T v D — L AFADRETAREL v+ v & —REFL 7 ¥ FOLUE/ HBDT— ¥ % track-
ing process 2B § A% ¥ ¥, I tracking process £ b ® it CAVEInit 3% 7 — M+ WiZEBRIcER S h
DTL—FIIEMT HLEIESH Y T+ A, CAVElbrary i2id. = tracking process # b %HE L HH %I Y Hi3 B
MFARSATVEY, 4 B BRHT2R0OBE, CHBLEL LS,

void CAVEGetPosition(CAVEID posid, float position[3])

< ZT posid id CAVE HEAD, CAVE.WAND, CAVE LEFT_EYE, CAVERIGHT_EYE, CAVE_ HEAD NAV,
CAVE.WAND_NAV, CAVE LEFT_EYE NAV, CAVE RIGHT _EYE_NAV DWFRPHBADET, ThFhOE

BRIGROE D T,

CAVE_HEAD

CAVE_WAND :
CAVE_LEFT_EYE :
CAVE_RIGHT_EYE :
CAVE_HEAD_NAV :
CAVE_WAND_NAV :
CAVE_LEFT_EYE_NAV :
CAVE_RIGHT_EYE_NAV :

D EEMEETOE (HEY v v ¥ —[AE) OB

HEMPEECOT  ForE
EEWEECOLBONE
EEMEETOEEOIE

FEY -3 YEETOHEOME
FTEY - a YEBETOT Y FOMNE
FTEY—~va YEETOEEOMNE
FES -2 g VEETOEEONE
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ToC, EEMBELFVY—La YERFVITENHTRT L, EEMER L. MEHRE LA CAVE OR
BRI EESh7 74— BRI LABERTY. #oT, COBERTONBIR-5<2<5 05y L10,
-5 < z < 5ORBEILTA-TwET, Py A -—EBSIRETIERBOLE - AR OBEERTOMELZOD
¢, EEMERE LT o —BREESFINRTT,

—~A. +E¥—xaz@§%tﬁ&ﬁ?5fﬁf—v;/&%%ﬁwrw%ﬁtﬁatﬁﬂ&@%%? BT (feet)
D ) T EAN, %@ﬁm&ﬁ@ﬁ%ﬂ% tﬁ&*iTn

3.18 ARIOEH
EoT v FORVTWAAEESRS ILRROBEEFVE T,

void CAVEGetVector{CAVEID vectorid, float vector(3])

= =5 & H vectorid (243

CAVE_HEAD_FRONT, CAVE_WAND_FRONT,
CAVE_HEAD_BACK, CAVE_WAND_BACK,
CAVE_HEAD_LEFT, CAVE_WAND_LEFT,
CAVE_HEAD_RIGHT, CAVE_WAND_RIGHT,
CAVE_HEAD_UP, CAVE_WAND_UP,
CAVE_HEAD_DOWN, ~ CAVE_WAND_DOWN,

¥ 704,

CAVE_HEAD_FRONT_NAV, CAVE_WAND_FRONT_NAV,
CAVE_HEAD_BACK_NAV, CAVE_WAND_BACK_NAV,
CAVE_HEAD_LEFT_NAV, CAVE_WAND_LEFT_NAV,
CAVE_HEAD_RIGHT_NAV, CAVE_WAND_RIGHT_NAV,
CAVE_HEAD_UP_NAV, CAVE_WAND_UP_NAV,
CAVE_HEAD_DOWN_NAV, CAVE_WAND_DOWN,

#Abifoﬁ%miﬁﬁﬁﬁmﬁEMU&L‘&%M+E¥—vavﬁﬁgﬁwﬁ%mb&LiTo%ﬂ%ﬂ@ﬂ
APOBRTLEIARBEOPTLL Y, HAIZ CAVE.WAND FRONT %% 151202 L T CAVEGet Vector B
A E~UT, 82758 vector 23T Y FOHTRIFOEMA~NZ FADADET,

3.19 7. KE42 RET{LOBRE

Ty FDES v (1HF S 3IB) DERPIN, BECHSIE 2 LERSTIPERSS o 22 &) 2 (BE s,
HHVIE RS 2E<LHETT,

int CAVEButtonChange{int button) /* button = 1,2, or 3 */

ZORBETEAT 0 258> TRIFHGE DK Y ¥ GHIE L TR 1Ry VAR ERACE, 2K
4 /ﬁ%éﬂ?ﬁt—t%%%l«i?o
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3.20 T FREZLBEEOREORH

Complg){cope TOTTALBOTIR, HELBELTHIZDEBIZT Y FOHS CARENTHEIE S x
mbtw%%ﬁLuLuébi#o%o%%uua@vﬁuwaean#%mwifo

CAVEBUTTON1
CAVEBUTTON2
CAVEBUTTON3

%n%hlﬁ‘2§\3§®£§7ﬁﬁﬁﬂéhfw5#85#%ﬁif<ﬂiToﬁéhfw%%ﬁt&ﬁlﬁ%
5?&w%guu0ﬁﬁoréifo:hdﬂid&m;imﬁmi?o ‘

if (CAVEBUTTON1) {

procedure to be done when button 1 (left) is pressed

if (!CAVEBUTTONZ) {

procedure to be done when button 2 (middle) is not pressed

3.21 JVaA 71y IDEZOBE

Va42?4v?@ﬁ%@ﬁ%tk%é@ﬁmtdﬁ®??U%ﬁWiTn

CAVE_JOYSTIC_X
CAVE_JOYSTIC_Y

%n%nxva%Ltv541f4wamgyﬁm«@ﬁéépiaLm@ﬁﬂmﬂmmﬁ?ﬁLifo:@vﬁu
%ﬁiﬁtu%@ﬁt&ﬁLTTéwn%hu‘%ﬁ?a%xi4vﬁumofw&wﬁﬁf%,/sztbui
%®v¢nu(#ﬁu¢éw&ﬂwipﬁfL6Eﬁmaowﬁ%ﬁé&wtwﬁﬁ?Tnﬁofﬁﬁukmxi&ﬂ
EEfTVET,
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if (faba(CAVE_JOYSTIC_Y)>0.2) {

/* procedure to be done vhen joystick is pushed forward
or backward */

3.22 72 FEE-AAEEBOHTALTATS A

FNTIRT Y FEFoCIREBEEMEMEART LI /U F20F  TVERTATILE S0 HMOIXMOEF
ANTHRVIEAN, TY FOERY v E2flTE, 7Y FORCEEL 74~ bOFvRIRADIIET, 7 FOR
A@ﬁyy%ﬁ¢t\%@&ﬁuvvk#ﬁ®¢u&hu%oﬁ%“miié”:tﬁm%ifoﬁ%ﬁii%t%
@éﬁﬁﬁuﬁbbi¢°%Lr\Eh¢$9y%#LtiivvF%m#T&,ﬁﬁ(&otﬁﬁvvF%ﬁat
%wmétowrﬁai?oit‘ﬁA¢$57%ﬁLtii\Va41?4v¢%muﬁfkﬁﬂké<&b.&
6Kﬁ1&¢é<&bi?oﬁh¢$9>%$btﬁﬁuﬂuﬁuﬁbi?o%Lf,OVF®E£9?%W?tﬁ
EEEhET,

( interact.c )

/*
* ~interact.c
Ax
LA CompleXcope sample program. o

- Copied and changéd'from 7usr/10ca1/CAVE/src/ogl/interéct.c
- A sample program for the CAVE interaction procedure.
- A ball appears when wand left button is pressed at the wand tip.
- The ball is grabbed when wand middle button is pressed.
- The ball is destroyed when wand right button is pressed.
- No navigation. -

*/

#include <cave_ogl.h>
#include <GL/glu.h>
#define SQR(x) ((x)=(x))

struct _balldata {
float x,y,z;
float radius;
int grabbed;
int exist; -

};
static GLuint matQ, matl;

void init_gl(void};
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void draw_ball{struct _balldata *);
void check_add(struct _balldata *};
struct _balldata * init_shmem(void);
void update_held(struct _balldata *);
void check_grab(struct _balldata #);

main(int argc,char #*argv) {
atruct _balldata *ball;
CAVEConfigure(&arge,argv,NULL);
ball = init_shmem();
CAVEInit();
CAVEInitApplication(init_gl, 0);
CAVEDisplay(draw_ball, 1, ball);
while (!CAVEgetbutton(CAVE_ESCKEY)) {
check_add(ball);
if ( ball->grabbed )
update_held(ball);
else
check_grab(ball);
sginap(1);
}
CAVEExit () ;

JEZ 2T TR TR
> check_add <
Nk ook ks ok
-void check_add(struct. _balldata %ball) {
float wandPos[3], wandFront[3];
if (CAVEBﬁttonChange(l) == -1) { /* left button is released */
CAVEGetPosition(CAVE_WAND, wandPos); - /* wand position */
CAVEGetVector (CAVE_WAND_FRONT, wandFront); /* wand direction */
ball->x = wandPos[0] + wandFront{0]*0.5;
ball->y = wandPos[1] + wandFront[1]*0.5;
ball->z = wandPos[2] + wandFront[Q]*O.S;
ball->radius = 1; ‘
ball->grabbed = 0;
ball->exist = 1;

}
if (CAVEButtonChange(3) == 1)
ball->exist = 0;

FEL L LT EIT Tl PN

> init_shmem <

Ntk sk A/

struct _balldata * init_shmem(voeid) {
struct _balldata *ball;
ball = (struct _balldata *)CAVEMalloc(sizeof(struct _balldata));
bzero(ball, sizeof(struct _balldata));
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return ball;

FALTTITR 22222 22N
> update_held <
Yk Rk
void update_held(struct _balldata *ball) {
float wandPos[3]; -
if ()CAVEBUTTON2) {
CAVEGetPosition(CAVE_WAND, wandPos);
ball->x = wandPos[0];
ball->y = wandPos{1];
ball->z = wandPos[2];
ball->grabbed = 0;

}
else {
if (CAVE_JOYSTICK_Y > .5) ’ /% Joystick pushed forward =/
ball->radius *= 1.005;
else if (CAVE_JOYSTICK_Y < -.5) /* Joystick pushed backward =/
ball->radius /= 1.005; ‘

AL IR T2 1T T AN . _
> check_grab <« : “
\ ook ok ksk ok ok /
void check_grab(struct _balldata *ball) {
- float wandPos{3];
float distsq; : .
if (CAVEButtonChange(2) == 1) { /* wand middle button is pressed =/
CAVEGetPosition(CAVE_WAND, wandPos);
if (ball->exist) {
distsq = SQR(ball->x - wandPos[0]) +
SQR(ball->y - wandPos[1])} +
SQR(ball->z - wandPos(2]);
~if (distsq < SQR(ball->radius)) {
ball->grabbed = 1;

static GLUquadricObj #sphereDbj;

FEL LT T I 2N
> init_gl <
Nk sk /
void imit_gl(void) {
GLfloat diffuse0[] = { 0.0, 0.0, 1.0, 1.0 };"
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GLfloat ambient0(] = { 0.0, 0.3, 0.3, 1.0 };
GLfloat specular0[] = { 0.4, 0.4, 0.4, 1.0 }:
GLfloat diffusei[]l = { 1.0, 1.0, 0.0, 1.0 };
GLfloat ambienti[l = { 0.3, 0.3, 0.0, 1.0 };
GLfloat speculari[] = { 0.4, 0.4, 0.4, 1.0 };
GLfloat light diffuse[] ={ 1.0, 1.0, 1.0, 0.0 };
GLfloat light_ambient[] = { 0.3, 0.3, 0.3, 0.0 };
GLfloat light_specular[] = { 1.0, 1.0, 1.0, 0.0 }:
GLfloat light_position[] = { 1.0, 1.0, 1.0, 0.0 3;

glEnable (GL_LIGHTO) ;
glClearColor(0., 0., 0., 0.);

glLightfv(GL_LIGHTO, GL_AMBIENT, light_ambient);
glLightfv(GL LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, light_diffuse);
glLightfv(GL_LIGHTO, GL_POSITION, light_position);
sphereObj = gluNewQuadric();

mat® = glGenLists(1);

glNewList(mat0, GL_COMPILE);
ngaterialfV(GL_FRUNT_AND_BACK,.GL_DIFFUSE, diffusel) ;
glMaterialfv(GL_FRONT_AND_BACK, GL_AMBIENT, ambient0);
glMaterialfv(GL_FRUNT_AND_BACK, GL_SPECULAR, specular();
glMaterialf (GL_FRDNT_AND_BACK, GL_SHININESS, 100.0); -

glEndList(}; ' .

matl = glGenLista(1);

glNewList (mat1, GL_COMPILE);
glMaterialfv(GL_FRUNT_AND_BACK, GL_DIFFUSE, diffusel);
glMaterialfv(GL_FRDNT_AND_BACK, GL_AMBIENT, ambientl);
glMaterialfv(GL_FRUNT_AND_BACK, GL_SPECULAR, specularl);
glMaterialf (GL_FRDNT_AND_BACK, GL_SHININESS, 100.0);

glEndList();

FELIE DT TPt

> draw_ball <

Nk ook ok / .

void draw_ball(struct _balldata *ball) {
glClear(GL_DEPTH_BUFFER_BITIGL_CBLDR_BUFFER_BIT);
glEnable (GL_LIGHTING) ;

if (ball->exist) {
if (ball->grabbed) {
glPushMatrix();
CAVEWandTransform() ;
glCalllist(matt);
gluSphere(spherelbj, ball->radius, 32, 32);
glPopMatrix() ;
}
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else {
glPushMatrix();
glTranslatef (ball->x, ball->y, ball->z);
glCallList(mat0);
gluSphere (spherefbj, ball->radius, 32, 32);
glPopMatrix();
}

}
glDisable (GL_LIGHTING) ;

\ end of interact.c /
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CompleXCope DHROKE S3—TH 10 74 — P OLFH T, BEL 74— + DK% CompleXcope NF
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Fﬂz:&ﬁ%&%ﬁu\Eﬁ?ﬂdﬁ—w@ﬁﬂﬁ%ﬁ&@ﬁtx5#?ﬁmumﬁ5VR§E®¢?;ﬁ&ﬁ
#% & Elh A O CompleXcope DA X & (10 74— FLFDEHH) BT TTo COKIREEDLDIIFES -
g PRI ABENEEES R TWE T, FEY—varkid, [7XFEZLHWT, VR ZEHiC CompleX-
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FEF—LarOEEREBVWHIR, XOF T T YT A EEFTEET, CompleXcope TREIZEREL TA
FUZBBICEBRTEIATLL ), COTO YT LR interact.c L PTWE T, +EF— 23 VBEZE-T
v AMEWE T, T/, W CompleXcope OHLENBHIRTWAIBFERTIAY 7L —ANERERET,
BUDDEARRY Y TREMTIA S VRESEFLEALDTARBEERLEILL, TOTESTATIIYad
RF4 v 2% (BE &) BT, 7Y FOmwTwaFRcEds T, FE¥F— 3 3 YEEFRTFE 7 (Com-
pleXcope BN TWABERT) T (A E 23 RIC) BWTITEET, T ValfAT 47 PEAILESITFEY —
o3 RSP %8 (CompleXcope B AR T A4 M) #EE LI ¥, interact.c &H~<T, CAVEGetPosi-
tion() S DBMDF| &A%, CAVEWAND NAV %, “NAV' fEZ0bDIZboTHAI LIERLTTF &V,

FEY—L a2 R EETHCAVE 54 77 ) OBMBA MBIERLTBEEL L), navigate() BEHO,

void CAVENavTranslate(float x,float y,float z)

i, BEROTFIBBITFIERELI T, T

void CAVENavRot(float angle, char axis)

BEEROREFFI*REL I T, b AT S navigate() 2 applicatin computati;)n process 113 %
CEIEELTTF S,

2SOz ETS -, EREOEEERIT draw ball B8% (display process) A%

void CAVENavTransform{void)

CHPAI Y, FNTHSF IV TFOYITALERTATILE DY
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/*

\*

*/

[ navigate.é j

navigate.c

A CompleXcope sample program. :

- Copied and changed from /usr/local/CAVE/src/ogl/navigate.c

- A sample program for the CAVE navigation function.

- A ball appears vhen wand left button is pressed at the wand tip. -’
The ball is destroyed when wand right button is pressed.

#include’ <cave_ogl.h>
#include <GL/glu.h>

8t

};

st

ruct _balldata {
float x,y,z;
floét radius;
int exist;

atic GLuint mat0, boundary;

void init_gl(void);

void draw_ball{(struct -balldata *);
void check_add(struct _balldata *);
struct _balldata * init_shmem(void);
void navigate(void);

main(int argec,char **argv) {

struct _balldata x*ball;
CAVEConfigure(&argc,argv,NULL) ;
ball = init_shmem();
“CAVEInit();
CAVEInitApplication(init_gl, 0);
CAVEDisplay(draw_ball, 1, ball);
while (!CAVEgetbutton(CAVE_ESCKEY)) {

navigate();

check_add(ball);

sginap(1);
}
CAVEExit();

#define SPEED 5.0f /+ Max navigation speed in feet per second */

/*

navigate - perform the navigation calculations. This checks the joystick
state and uses that to move and rotate. The Y position of the joystick
determines the speed of motion in the direction of the wand. The X position
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of the joystick determines the speed of rotation about the CAVE’'s Y axis.
Joystick values in the range -.2 to .2 are ignored; this provides a dead
zone to eliminate noise. The motion is scaled by dt, the time passed since
the last call to navigate(), in order to maintain a smooth speed. =/
void navigate(void) { '
" float Jx=CAVE_JOYSTICK_X, jy=CAVE_JOYSTICK_Y,dt,t;
static float prevtime = 0; '
t = CAVEGetTime();
dt = t - prevtime;
prevtime = t;
if (fabs(jy)>0.2) {
float wandFront[3];
CAVEGetVector (CAVE_WAND_FRONT,wandFront);
CAVENavTranslate(wandFront [0] *jy*SPEED=*dt,
wvandFront[1]*jy*SPEED*dt,
wandFront [2]  jy+SPEED#dt) ;
y .
if (fabs(jx)>0.2)
CAVENavRot (-jx*90.0f#dt,’y?);

FEZ TS TR FIT TN
> check_add <
\ koo kR /
void check_add(struct _baildata *ball) {
float wandPos[3], wandFront[3];
if (CAVEButtonChange(l) == -1) { /* left button is released */
CAVEGetPosition(CAVE_WAND_NAV, wandPos); /* wand position */
CAVEGetVector (CAVE_WAND_FRONT_NAV, wandFront); /* wand direction %/

ball->x = wandPos[0] + wandFront[0]*0.5;
ball->y = wandPos[1] + wandFront[1]#0.5;
ball->z = wandPos[2] + wandFront {2]%0.5;

ball->radius = 1;
ball->exist = 1;

}

if (CAVEButtonChange(3) == 1)
ball->exist = 0;

FALIL L T PEIEAN
> init_shmem <
Nk koo rk /
struct _balldata * init_shmem(void) {
struct _balldata »ball;
ball = (struct _balldata *)CAVEMalloc(sizeof (struct _balldata));
bzero(ball, sizeof(struct _balldata)); |
return ball;

static GLUquadricObj #*sphereObj;
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> init_gl <

\ ok ok ko /

void init_gl(veid) {
GLfloat diffuseQ[]
GLfloat ambient0[]

{1.0, 1.0, 1.0, 1.0 };
{ 0.0, 0.3, 0.3, 1.0 };

GLfloat specularO[]) = { 0.4, 0.4, 0.4, 1.0 };

GLfloat light_diffuse[] = { 1.0, 1.0, 1.0, 0.0 };
GLfloat light_ambient[]l = { 0.3, 0.3, 0.3, 0.0 };
GLfloat light_specular{] = { 1.0, 1.0, 1.0, 0.0 };
GLfleat light_position[] = { 1.0, 1.0, 1.0, 0.0 };

glEnable (GL_LIGHTO) ;
glClearColor(0., 0., 0., 0.);

glLightfv(GL_LIGHTO, GL_AMBIENT, light_ambient);
gllightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);
gllLightfv(GL_LIGHTO, GL_PGSITION, light_position);

spherelbj = gluNewQuadric();

mat0 = glGenlists(1);
gllewList(matQ, GL_COMPILE);

glMaterialfv(GL_FRONT_AND_BACK, GL_DIFFUSE, diffuse):

glMaterialfv(GL_FRONT_AND_BACK, -GL_AMBIENT, ambient0);

glMaterialfv(GL_FRONT_AND_BACK, GL_SPECULAR, specular0);
glMaterialf (GL_FRONT_AND_BACK, GL_SHININESS, 100.0):

glEndList(};

boundary = glGenLists(1);

/* boundary of the CAVE room */

glNewList(boundary, GL_COMPILE):

g1Color3£(0,1,0);

glBegin (GL_LINE_LOOP) ;
glVertex3f( 5, 0,-5);
glVertex3f(-5,10,-5);

glEnd () ;

glColor3£(0,0,1);

glBegin (GL_LINE_LOOP);
glVertex3f( 5, 0, 5);
glVertex3£(-5,10, 5);

glEnd();

glColor3£(1,0,0);

glBegin (GL_LINES);
glVertex3f( 5, 0,-5);
glVertex3f (-6, 0,-5);
glVertex3f( 5,10,-5);
glVertex3f(-5,10,-5);

glEnd () ;

glEndList() ;

glVertex3f( 5,10,-5);
glVertex3f(-5, 0,-5);

glVertex3f( 5,10, 5);
glVertex3f(-5, 0, 5);

glVertex3f( 5, 0, 5);
glVertex3f(-5, 0, B);
glVertex3f( 5,10, 5);
glVertex3f(-5,10, 5);
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> draw_ball <

\rxkkrrnrn®s/

void draw_ball{struct _balldata *ball) {
glClear (GL_DEPTH_BUFFER_BIT|GL_COLOR_BUFFER_BIT);
glEnable (GL_LIGHTING);

/* Apply the navigation transformation =/
CAVENavTransform() ;

if (ball->exist) {
glPushMatrix();
glTranslatef(ball->x, ball->y, ball->z);
glCallList(mat0);
gluSphere(sphere0bj, ball->radius, 32, 32);
glPopMatrix();
}
glDisable(GL_LIGHTING);
glCalllList(boundary);

\ end of navigate.c /

3.24 CompleXcope 7AJ 53T NEE®

L kT CompleXcope 707 7 3 ¥ 7 OESIIR DN TF, CAVEFA 77 VREMO L CRHRALTIATT
UC¥F, 20 CAVE 54 75 0BT T¢, 2—Fid OpenGL O&EFBFRES 2 Ao T, MEIINN—F vl
FUFAHVEETEE T, bHAHAOpenGL # CAVE 54 75V 1Ci, SO 4 FTRBHAL 2ho2ofk4 LERE
HMAESNTVETH, BLOHNTHH VI 2L —Y 37— OTHRI - BIFOLHIZR, 2 THHELRE
7 T+5TY, EBE. CompleXcope DEADKBMET 7 —a v Thh Virtual LHD 72 7T A b, EX
BRI I NE TR LA IV TOY S L2 Eb YA, o TINETOYF LY TLTUT T ARD
HEL, FREFROTOY S ATEAHICENRL TV 2B OBEBEEEELNS, FLI2EELTHITIR, BS
OB iED ¢ S CompleXcope 7 7Y r—a Y HBICRARTESTL L I,

SO A FTik. OpenGL 2o T3RTT7—F 2R L, RRTLHIHECOVTHERL E L7z, Rik. CAVE
Tt OpenGL & H b XD HBL VDY 574 2 AF 4 77" Iris Performer 2 I L TREREZM e H{RTHZ
L4 TBET Y, Performerit, 252774 Mo 3iab—YRUBRBRESNLRERELRY T 747 AY—=NVF v }
T, SRR LR IRTWED T — S R AFHBOMECERT A EFTETT, 610, B RHHHY
BOR) I REPEBMHIIES LTLY Y 7KL s ) T5%, BhBRLARIATVET, fIR
i, MEO2 SAHLRBMLEREEY, FRFhOBRBIC L $AHA 2RE, BFH5 L) 2 RFRTRMEL
(RAB R 5 RIS EBRT 5B &101 Pedformer DEER YV 7 by 7y —VRRELEELD T, (T0&) HFE
OpenGL 3 TI— 74 ¥ ¥ +A2 Lk, FALKEITLRALLLNET, ) LAL, RLOFROLTR, 20
EIBHEL IRTYHOT— ¥ R—ABENERENIIEREITRVTCLE Y. LA, Bl APHR, @
A, EREVCEBRT S C TR OpenGL 2 L 2 HENR4A DEHICEREELZLBbRET,

Bikic. CAVES A7 Ow=aThELT, SOF4 75 OBRETSHS Dave Pape iZ L > THEMRL
CAVE User’s Guide % H 3., SOBIZIZCAVE S A4 75V O@TOMBDOV AL EOBERIPHNET, 2O
7= ViR EVL ® WEB ~—3 (http://www.evl.uic.edu/EVL/index.himl) 7 & HFH D /3— 2 = vEELIE
PHEET,
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K4 CompleXcope DBUENED L RAZBEMH N E T, L HAEKRE L TiE

1. 7 FRHEOMNEBY PF v — LT iz,
2. (K=o ?) A2 -V OBENTEICR L B, HAVIEITERI RV,

3. A2 - COBEETBEMBLNMIDEIL L,

FEVHNIET, COLIBPE, P Iy A —R OV I~ FET I AT a DI IL 9P AL AT
At%##&tfwéﬂﬁﬁﬁébi¢oC@J%&%@@tbn\7?74w71&§b5vw—>zfai%ﬁ
THELDO/u I ANARShTWET, BFEMLDEkO -2 7T,

/usr/local/CAVE/bin/cavevars

:@:vyF&ﬂgf&mmammmﬁgmwnﬁt;77F%ﬁ#LT&TTéw‘UVFw%uﬁm3ﬁi
,v—ﬁ—ﬁ(gowrmmrw5&6wb5wﬁ~m£ﬁﬁbf¢oitgx;v—yum%®M®mﬁw%ﬁ%i
%éﬂfw%@f%n&ty}Kﬁﬁ%+1v¢LfTéwo

/usr/local /CAVE/bin/nifs.universal

SOATYFREAZ V=V IT A MY =V ERFRERES, Ny — U HBATO RV F 2o 2 LTFS, %
72 rtight & left LEDPRLZOOFCAN MHN ET, EEEMALT. HELT TR TV A right O-~OL
FAL EBTRleft OV FHFRITWAZ L EFRIBLTT S, BEFHIRALZBEDS (oA 2o
TweEt, TNLDIVY FCREHIBEL R S CompleXcope BEEIES L TTF SV, FLo0BMa<wy I
bF—H—FTCLAr—7H% - ADTHIEERT LT+,
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OpenGL OE{&% 7 7 1 WMICIRTFT B3 B

(meLT\X\Mmhwhﬂﬁ%é%t@@%774wu%?ﬂﬂ‘SGI@Um?Zi—?ayw%ﬁ‘mmp
shot LW /O SATEZ S —EEDY ¥ T WAONF—FEMETT,

LﬁL\:@15&@%%&f&?ﬁ&<‘Wot%ﬁ%&ﬁ@@ﬁ?t—vvb(%iwpm3®774wuﬁ
BEELLVHENSHD 3T, JRELHS OpenGL 101 pict THIMD 7+ —< v b ThI. BLEEERT 7 4L+
LTESERFT2RBES DT HA, LEL, 7L—ANv 77 ORFEZ 2T CRY MY = BT, Bhis
BROBEENET,

glReadPixels()

o TEORBEHALTEBEOT L— Ay 77 ORE (FRASEEIZ A > Frifprdhtwniv) 2HA
KL, EDT—F2RER7 4 -7y FORBEE->TERL, LERAY Yo TRETRIZLLOTT, LA
U, pict FRP2YBMELS A — V7= s BRLOTHEE pict KB XM LixkEetd,

TIT, EFTAVEDA AV 7% (*x) KLTT 74 LICEBEML, CREMLPDT AN T 4 —y M2
RIT U FTpict F, BADT 7 AN T 4=y MIELZ LV OIE b WMTF, AVS DA A—TF—¥i3ts
b®2N4PKEﬁ®Wmmtlﬂ@t@Eﬁ%w&@Eﬁ#ﬁ#ﬂ\%@étﬂ%ﬁ?t»@ammHﬂLg%m
blue FRAZEROENI (BELL) BOBHES A—JT—FT7a—2y FeOTH, M FRBICHEL T + —
Y REBYITTH, ENOREBAV SR I v I F U= (74— b OBEET T U A — a3 it bR
RODEE) BLBER O L BT,

CORLEFHT OpenGL 70T T LD G AVS DA A=V F— s 4 BAWTH L 7707 FAUTFICRLE
o (BRI pA2THALL torusc TF, ) —BFABRES 1 glReadPixels() ##-Tv:3 toAVSx() DEHT
¥o

/*
* saveimage.c
\*
An UpenGL sample program.
- Read the color buffer and make an AVS image file (*.x) from it
by "glReadPixels" command.
- An AVS image file named "picture.x" is automatically generated.
- AVS image file has a simple data structure;
int width
int height
char alpha <-+ 1st pixel
char red |
char green |
char blue <-+
char alpha <-+ 2nd pixel

97
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char red |
char green |
char blua <-+
char alpha <-+ 3rd pixel
char red |
char green |
char blue <-+
- Here, it is supposed that the window size is 600x500 pixels
"and the position of ité‘upper-ieft corner is (0,0).
- A torus is drawn by the aux library.
- With a blue lighting. o
- Perspective view by the glu library.
- No animation.
*/

#include <GL/gl.h>
#include <GL/glu.h>
#include <stdio.h>
#include "aux.h"

void initial(void) {

{0.5, 0.5, 1.0, 1.0 };
{0.5, 0.5, 1.0, 1.0 };

GLfloat light_diffuse[]
GLfloat light_ambient []
GLfloat light_specular[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat light_position{] = { 1.0, 1.0, 1.0, 0.0 };
glLightfv(GL_LIGHTO, GL_AMBIENT, light_ambient);

glLightfv(GL_LIGHTO, GL_SPECULAR, light_specular);
glLightfv(GL_LIGHTO, GL_DIFFUSE, 1light_diffuse);

glLightfv(GL_LIGHTO, GL_POSITION, light_position);

glEnable (GL_LIGHTING);
glEnable(GL_LIGHTO);
glDepthFunc(GL_LESS) ;
glEnable (GL_DEPTH_TEST) ;

glClearColor(0.2, 0.2, 0.2, 1.0);
}

void toAVSx(wvoid) {

'FILE *fp;

char *filel = "./picture.x";
/* Here we supposed that
(1) the window size is 600 x 500 pixels,

*/

(2) The position of the window’s upper left cormer is (0,0).
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char
char
char
char
char
int

int

/=

pic_red [600%500];
pic_green[600*500] ;
pic_blue [600%500];
pic_alpha [600+500] ;

-pic_rgba [600+500%4}; /+ R,G,B and Alpha */-

pic_size [2]; : /* width and height */
i; '

We cannot use the this (simpler) command;

‘glReadPixels (0, 0, 600, 500, GL_RGBA, GL_UNSIGNED_BYTE, pic),

since the each element of RGBA in the color buffer isn’t
necessarily the same as that in the AVS-X image file (which is
"A-R-G-B").

“/

glReadPizels (0,
glReadPixels(0,
glReadPixels (0,
glReadPixels (0,

pic_size[0]
pic_size[1]

» 600, 500, GL_RED, GL_UNSIGNED_BYTE, pic_red);.
» 600, 500, GL_GREEN, GL_UNSIGNED_BYTE, pic_green);
» 600, 500, GL_BLUE, GL_UNSIGNED_BYTE, pic_blue);
» 600, 500, GL_ALPHA, GL_UNSIGNED_BYTE, pic_alpha);

L= = = e

600; /* width in pixel */
500; . /* height in pixel */ - -

n

for (i=0; i<600%*500; i++) {
pic_rgbal[4#i+0] = pic_alphali];

pic_rgbal4*i+1]

It

pic.red [i];

pic_rgba[4+i+2] = pic_green[i];

pic.rgba[4%i+3]

)]

pic_blue [i];

fp = fopen(filel, "w");

if (fp == NULL) {
printf(" open error : %s\n", filel);
exit(1);

}

fwfite(pic_size, sizeof (pic_size), 1, fp);

furite(pic_rgba, sizeof(pic_rgba), 1, fp);
fclose(fp);

void display {void) {

GLfloat mat_diffusel[]
GLfloat mat_ambient(]

{1.0, 1.0, 1.0, 1.0 };
{0.1, 0.1, 0.1, 1.0 };

GLfloat mat_speculari] = { 0.9, 0.9, 0.9, 1.0 };

glClear( GL,CDLUH_BUFFER_BIT | GL_DEPTH_BUFFER_BRIT Y;
glMaterialfv{GL_FRONT, GL_DIFFUSE, mat_diffuse);
gl¥aterialfv(GL_FRONT, GL_AMBIENT, mat_ambient);
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glMaterialfv(GL_FRONT, GL_SPECULAR, mat_specular);
glMaterialf (GL_FRONT, GL_SHININESS, 64.0);

glPushMatrix();

glTranslatef (0.0, 0.0, -5.0);
) auxSolidTorus(0.2,1.0);
glPopMatrix(); ‘

glFlush();

toAVSx(); Jesxses This is it. »sekss/

void reshape(int width, int height) {
GLdouble ang = 60.0;
GlLdouble near 3.0;
GLdouble far = 10.0;

glViewport (0, 0, width, height);

glMatrixMode (GL_PRDJECTION) ;

glloadIdentity ();

gluPerspective (ang, (GLdouble)width/(GLdouble)height, near, far);
glMatrixMode (GL_MODELVIEW);

gllLoadIdentity ();

int main{int argc, char *xargv) {

auxInitDisplayMode (AUX_SINGLE | AUX_RGBA | AUX_DEPTH);
auzInitPosition (0, 0, 600, 500); :
auxInitWindow (argv[0]};

initialQ);

auxReshapeFunc (reshape);

auxMainLoop(display};
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C S8EAFT (diff £ c)

CompleXcope TT 7 U r—a v #4k3il, CEETT/RYSA42B{(LENSN T+, FhIICAVEF L7
7L OpenGL A CEEBENDHAEFRELTWANLTT, £2CZ® Appendix Tit. Fortran iCidEELwith
ES CHRILRZLAWDLRWEWIRREN/OIZ, CEBOMBELER LT+, Fortran & C CiIAIHERS
RELTOEENZERCERIZEENZVOT, JITREOEVICESATBE, LEBNNREELRIBT S
%m%Li?o%Bah,_wﬁw«—vvCaﬁmgr%mﬁié CRATELDT, LECELTHEDC
DTFFALTERBLTT S,

C.1 C SEOEXREE
CH “main” B% L, TIPLRTHINZ EOROPPORT ) TEIRET, FOT 7 F VYT “O &

VIHRFERSL, I VIEHE ‘o’ Iy FEfvE Y, 2050V T 5 & Fortran 72 /%4 5 & B,
““aout” PERINE T, MTFIRT samplell.c i3 C iR 7075 AT,

/* sampleQl.c */

#include <stdio.h>
int funci(int);

main() {
int i,j,k;
i=3;
J=ikd;
printf{"calling funci\n"};
k = funcl(j); /* function call */
printf (" k = Yd\n",k);

int fonci(int k) {
int m;
printf("I am in funci\n");
m = 3*k;
return(m);

BEOLD I NIHIET 5 Fortran 7075 A4 LFIELE T,
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C §FAM (diff £ ¢)

i=3

j o= iwx2

write(6,*)’ calling nfuncl’
k = nfunci(j)

write(6,=*)’ k="'k
stop

end

function nfunci(k)
write(6,*)°I am in nfuncil’

nfunc = 3%k
return-

end

5T, ClBLTRETRERI Y b opRLEL 13,

o Tl BEATIE, PXFEAXFZEINTS
Wﬁ@;‘:%}i u{” &.‘ u}” -(:.E—i ﬂ%

XEH—XidtIa0r ° TRDE, - FO—FRICST (LI i=1; j=2; ):BVTHLAEL

47 MiEH

o TAL M, U THET D /" TRDZ

o AINCIEEABAS 479 (stdio) 2H, DL ETTY T ADEEDICstdio.h &\ ITTFANE
include T 54 EHH 5 ' . :

C.2 x> bk

LKEthﬁt‘3175@“#”&“H”?E&i?aEﬂyﬁmﬁﬂﬁﬁgéﬁEuTkﬁbifo

i=3; /* comment 1 */

FAYPEARTIET A EUTELAVOTREELTTEY, 230 FTOLI L L5 — 102 nEt,
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/=

*  This is-illegal. /* in this part */

C.3 Eﬁ@&i{ﬁﬂ EEE

P&hm&ﬁ&b CTﬁ7U§7A?ﬁ7%&ﬁéT EL&H&&MH&%AD§$%&E&®ﬂt%®E

?@&ﬁdﬁwﬁbTio
int n0; /* integer */
float" " aa'= 3.14; = = - /* real’ */
char cl = 'a’; /* character */

WEEBEH Y T LA,

C4 RETF

double  b=0.3141592653589793a1; /* Teal*s */

EZFHETF +,-,x,/ % ¥ Fortran £ £F T3, mod(1,j) X CTiT i%j t&PhET, T -BELRT
HEF (Fortran Tt “n”) PRE2VL CRiESH IRA, —F. Ciz li/k@l V2B LEEF LD T F,

BICA YT U MRETF (+4) RERTT, R2L, HHEL Y2 )RV FShBE A 32 X2 b4 REHPET
T IA'FT“EM%“%E'CJ»& Lidoe

‘main() {

’ int x,y;
x=1;
X+
¥ = x4+
printf(" y
printf (" x
printf(" x
printf(" x

/% sample02.c */

#include <stdio.h>

/e x it 2 1223 - L e/

My KR2PRASREFORIE3I1222 »/
%d\n",¥y); ' '
%d\n",x); : _
A\n" x+4) /% x SBREREN, FOH T AICRE

%d\n",x); /* HAeXNERFERE ]
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C.5 PBIfRRET

—oDEROINHEEE FA<IBREETIROBIEE $ T, T4 ¥ MIHHT 5 Fortran KL TY

Cé ifX

i XiEEEHEH Fortran & 4> L5 253,

if (y>=0) X;
if (y==1) { /* if (y==1) */
X1; /X1 «/
i2; /* x2; Thlv, *x/
X 3; /* x3; : w/
} : /* ) */
if(y!=0) {
X1;
X2;
.
else {
Xi;
x2;
X 3;

C.7 ; REE

Fortran OH 7 —F 28U T DIE CIZiid ) T8 A, HADIRMEERST T, BEL0T, FAlELT
iMooz ELET, , : - .
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/+ sample03.c */
float sum(float,float); /¥ 7RRSALTEE */

main{) {
float a;
a=sum(2.0,3.0);
}

float sum(float a,flecat b) {
return(a+b);

}

EDEAYLE2VIEE, 23 D Fortran OF 7 —F > & [ CHMLAGEICR, BRI %void” LD % ET
BEEED T, “void” MICITHICERIH D T A,

HATEEL2REIEIBICEMEARD 7Ot 54 SEE LETT, 7O 44 7EE L IR, MEOEHRS
MEOMIL., FORROENHOB LS| BOBLBAFRMIIESTI o LT, ChICE )., BERUELEBO, Ho
$—ﬁnﬁﬁ?£EOHK<Wl?—%:?ﬂ{»ﬁﬁﬁ&?é%lit&biTo

Fortran &a&Evy, BEOMRFE LERTIRTCESHLIOR YHEME0 0" T+, 23 b, ko Fortran 705 A

i=2
call subl(i)

stop
end
subroutine subi(j)

j=0
return

end

i, &7’»—%‘/ subl DU LT, £ i OHIZ 0o TwE TS, HET2 Corayrs.s
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main() {

i=2;
subl(i);

}

void subl(int j) {

Tk, B subl1() OWFUHLED i R2DTETY,

Tortran & O b H —20@ VI, CORMIIERFUHELFTEZEVWHIENDDET, ’)i h. C @ﬂ-ﬁﬁiiﬁ
‘}}ﬁ%’&'ﬂ*}"tﬁtﬂﬂ'§7§"’(‘%6bﬁ?‘§‘o (BEVEILESHDTEAN, )

C.8 forX

Foriran CERLEELZHBA L TH S, wbWwh do Xk C Tt for X TEHENT T, TORTHEYE func() 1
10 E call 34,

for .(i=0; i<10; i++) { /* doi=1, 10 =/
func(}; /* in Fortran =*/

3

for X ( ) AP+ 3 UV TRY bR 3 00FHEER TR

C FEE 5 HEEMG ; #VELLR )

b &’Drb\i‘a—o

C.9 while X

C THE#EO FORTRANTT 22 2RI while() B L T+, .
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/* sample04.c */
. #include <stdio.h>

yoid. funcl(int);
void func2{int);

main() {
int n = 10;
puta("--——-—— e "}; /% "puts" is a standard function */
funci(n);
puts ("-——————-mm e ");
func2(a); ' /% the value n is not changed %/
}

void funci{int i) {
while (i>0) {
printf (" imt = %d\n",i); - .
i--; fe 1= i-1 %/

}

void func2(int i) {
while (i}o)
printf(" int = %d\n",i--);

-+ ? func1() & func2() EROWIZLE T TS,

void func3(int i) { . : .
while (i) o/ () ROMEDT 0 B HEIT »/

printf (" inn = ¥%d\n",i--);

C.10 &%l

C OEF|DFEFTER Fortran EALRL2 Y 4,

t [N] /* t(N) in Fortarn ;/

Fortran Tid. £i3£(1),t(2),£(3),.. ..t (M) LWIiER L LI A, CTH,-

©t[01,t011,+02], ... ,t[N-1] | ' I

DEH. 0PHN-1ECOMEE D EF, 2 KTEFIDEREILROE ) TF,
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‘ t[H] [N) /% 2REER] s/ ' I

FhEFROEFIE,. PRYOPGE-1 L0 ON-1 FTHE T, BTt REBTNMBOT—s¥HY, ThHA
EYHIEATVIDITTTH MTLEN6JOL%®E§ﬁHantﬁﬁ&ofw6f53€#2§f?o
Eﬂ]:df Fortran Tii. 3 x 4 XRTOEF) t(3,4) 1% )

t{1,1).
t(2,1)
t(3.1)
t(1,2)
t(2,2)

t(3,4)

CEETCAEVICERIN T+, C CiER t[3](4] it

+[0] [0]
t[0][1]
t[0] [2]
t[0][3]
t[1][0]

t[2]13]

twﬁ&ﬁﬂﬁﬁhfwi?oHMmm?Eﬁénrékﬁmw?wy%c%%?ﬁaﬁnﬁn(aawm%wﬁm
B dh) SHIMBEERTIRES2VETT, '
3R EOEFSFEL T, MxﬁSﬁx@%A%mﬁ?uﬂunﬂm]k&ni¢o

C.11 HA>%

CEFROBEO— IR, 2TV LM EINTVIEROT FLABYEESBL DL, PFLAMBEMHELT
bOEH(HA v F L IENB) ZH/IEHTEL S t?Tof4/9%oi<ﬁxu7ny7A#ﬁﬁL&n ¥
TeETRHEL L 2D ES,

55%&%&@7}»1%%%?5%4/9apm¢®lot EELE V.

float *ap; _ ) ' I

EFI 2 SAT2RFEMHEAL S 774 7 270 ST AT, B4 082 EEBIFEE MBI L DHEHD D
I, FNREFIOBHE, FORFIEILUTORTWE AT ISOHE (T FLA) KEBELBE DL, 6T

' Towijuy7h¢?%ﬁﬁﬂt@mnm]%ﬁof“%tLiLl?oh@t%#ﬁﬁ@j%”@fuﬁﬂl@
F—¥ik

temp[0), temp[1], templ2], ..., temp[99]

lgsfx OF KL Aizex TGN ET,
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OEFETHEBHEINATVET, (UTORECREEOCADIZT FLAETEAHIESE T+, ChidBIzgEn7s-
BT, EOER Y Y RETBIEDNEET, ) VL2V Lo0EEREREFR (AR D)4 /54 M GO AT Y
%ﬁ%ﬁbfmi#,%‘ﬁutgmm]&wi?—&ﬁjfumm4mo§mﬁﬁu%méhrwatLiL;
Jo THE -

templ[1], temp[2], ...
3. FhER |

4104, 4108,

DFFLAILSNET,
ZITHERLEER

BFIOBREAR AL Y5 THY, EOMTEHHICRNOLFERD

TFLAMASTNE,

LV LTY, LOWTEA tamp 81 57, ZOMEIE 4100 TF, 7UZ 5 LAHBT temp[100] LW
FIRETL 345 temp LI ERRIBIIHFHICRET LTV EYA, LXJ‘L%Gi temp &\ EBIIMR T,
Lard #0MEIZEEMNIZ 4100 IcE Y FERTWADTT,

COZEERNATAE, 707 ART, H5HE func() i2EF temp D7 —F R ETLENDH S, func()
(L0 (454 VY DT - TATEFETEILAELR I L2 TALBERSH FEAL, (RAIOKE 2 100
THAHI L% func() FMoTVBEWHI T EEFMHRE LT, ) func() (138U [PBELRF— 22 A€ bDa100
BHURCBIANTOD &, | EBALINTTHRTT. BURBANE, funcQ I3RS > Ftemp 2518 L LTH
HHIvbiIty, 2 hUToRLETY,

void func(float *); /* 7O by L 7TEFH. ok */

/* void func(float *t) ' ' */
/* void func(float t[3) */

/* void func(float t[{100]) L LTH Lvy, =/
main() {
float temp[100];

func{temp) ;
}

void func(float *t) { /* Z#% void func(float t[1) & LTh Lus 4/
/* void func(float t[100]) T% L\ %/

CDEE func() IZRFEEDT F L A4100 L Y BHBELGTEFELTWET, £ 3 F Ofunc() WERADT F L
ATV HOTHLITL[R2] V) DHI0BFEDT FLALRMENTVAEF—F 2L nd I L #5h5bitT
To bLBAZDTOY T Aidtenpl0] DT FLAN, EfF+2 7L EEAEboELTH (4100 KBS FMT
BEIN) bR ALBEET RA VIO ) LABOFRET AT/ PO REKE ZEAIZHRS H 1 x>
FATA 2D a7y ¥— 5 »CRFICYEATT,

IMBECTRIOLSCEMNE T BT L@T I L, BOPLMRENLE I Kot
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C.12 Es

B CEFORLEMLBEN—>TH Y, CompleXcope 70T XY THLEATIBEGIZDOWTHEH
L. BEROERE—3 L0007 b— 7 LTRVAVEEN LI HD T, FIATHAROT - S IZonTER
THILL I, IRTEMORABEFZIT]L 0F., VREFAFCHEAVELET, BOBROBHIIRILZ SN T
Bh, BEBLT-¥

/* ] AEOBMNBEMETAREOH */
/* j REOBOBRO i FEOBRED x BE */
/+ ] XBOMABD i BEEORFED y B x/
/* j AEORHED 1 FHORED z BE */
/* BRFOMNEBTOLLIHER. FILIER */

/» (CHIEIFZITBIBIREITLOILED) +/

HEeETHTWEELET, RBIETOFIATIR, HEOBIB+H (MY drav() HEL. thiERZ L
2Eh 10 iti@mjjﬁi'ﬁ (BT A0BERTL X Y F?Eiiuﬂ)k é@t“ﬂogvﬁw—? ¥ Ok Tt¥, For-
tran T, (ﬁ?@ﬁkﬁ% 1000 &£ L T)

integer nten{10) /* ] FEOROIBAETHRETIEEOR 7
real xpos(10,1000) /+ j REOHWAOHO i HFEORED x BER «/
. real ypos{10,1000) /* j FEOWMAORD i HEOHED y BHE »/
real = zpos(10,1000) /* j XEOHHIED i BEOKRED z BIE »/
real  curr(10,1000) /+ HREOCEHBTORR */

EnSEHEESL. BELAY IV —F 2 draw OFIEUC _I:UJQ‘CUJEEFIJ(S‘[E% 1) %ﬁ?&b\ﬂﬁﬁﬁ“gﬁt
BEbhit, :
CTlr—s%—%¢& ébi- L7 “48:4 4" magline X LI TORIERT AT LA TRETT,

struct magline {

int nten;

float xpos[1000];
float ypos[1000];
float zpesa[1000];
float curr[1000];

Z DS nagline ii—ﬂi@mﬁﬁt:ﬂi&ﬁﬁ% MHASHRDL S %2L0T, BT SITint & float EF L LN
VO, EROTLW B $ERLACEICRYET, 2L, COTETTRREAEYPCERE L TOEEND
DEdA, SOHEEE nagline 2B, ROL I LTER (BEBER) *line 1 ESLI T,

‘ ' struct magline line_1; : I

HTHUTEH Line 1 KR~ ORIROELLREL2ETOT—FERDH T LHPTE, FHS7AHT line 1
i, BOBREOLOLE—RTE 5EMLERTT, HECEREEINICOHRLOT ] 0FOMARLH I  OF
T '

struct magline lines([10]; I
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EF IZERCE, £ L CHEAORIE I M drav() AHE SR TV EHRIZ

draw(lines); : I

L. MRATSTT S AEEL T EATRETT,
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f+i% D

T RAF v DIER &

F2RETHBE LA LI, OpenGL KRB EN 74—y FOERT— I 6T 2 AF v 2 AR ICERT 218
BABHERA, FITIITR, BEOHERF~ ¥ 71 —2v b5 256x2B6 L2 EILDF ¥ RF v F— ¥ btk
BETACYzA2 )7 rEBALET. CDAZ )7 M ORETIRAL (p.61) CHELEEL S —H AVS 0 1
A=TF—F (*x) BELTEIPOFIAF T FIIER LTV ET (x2exture 27 F), ZOFERTT Y
SADYV—ZbBALET, ' '

D1 FEOERZFAIMHDPETIXF+EERTIIATFK

I TIRERME TR Y 5 4 imtools ©—0 imscale ¥ FI ] L TEEDOEZEERL 5 256x256 € 7 £ )LD AVS
DxBXDT 7 A VICERL, FI,OTF 7 XAF v 20T 2a= FERLET, b5 2A imscale B4b iz b 57—
F7+—7y PEROATYFESHVIETOT, TOLhiHo T HBWItA, XKBL AR, P77V THS
AVE DA X =T F— % (*x} D width & height #EH 64 (64 U ED)2 ORFETLRITNER LR VETT, (width
& height PRI CETHILEiEH D TRA, )

[ mkTexture ]

#!/bin/csh -f

#

# mkTexture

# To make a texture data with 256x256 pixels from
# any image file, via AVS image file format.

" .

if ( $2 == "" ) then

echo usage: $0 filel.rgb keyword
echo output: keyword.256x256
exit

endif

/usr/sdsc_imtools/imtools/bin/imscale -xsize 256 -ysize 256 \
-infile $1 -outfile /tmp/$2.x

x2texture /tmp/$2.x $2 # cc -o x2texure x2texture.c

rm /tmp/$2.x
\ end of mkTexture /

D.2 x2texture A KOYV—X3—~ K
L@mKhﬂmeDvyF?ﬁbh(w%xmamm:v?F@V—ZS—F%ﬂTﬁﬁbi?o
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[ x2texture.c ]

/*

* x2texure.c

* To make a texture data from an AVS image file.
*/

#include <stdio.h>

main(int argc,char s*argv) {
FILE *fpin,*fpout;
int i;
char red, green, blue, alpha;
char sizeinfo[20]; -
int nx,ny; ’

if (arge<3) {
fprintf (stderr," usage: s file_in file_out\n", argv[0]);
exit(8); ' ’ '
}

fpin = fopen{argvi{i],"r");
if (fpin==NULL} { . :
fprintf (stderr,” infile open error.\n");
exit(9);
} S
fread((char *)&nx, sizeof(int), 1, fpin);
fread({char *)&ny, sizeof(int), 1, fpin);
sprintf(sizeinfo,".%dx%d\0",nx,ny) ;
printf(" size = %s\n", sizeinfo);

fpout = fopen((char *)strcat(argv[2],sizeinfo),"w"}; -
if (fpout==NULL) {
fprintf(stderr," outfile open error.\n");
exit(9);

for (i=0; i<nx*ny; i++) {
fread({(char *)%alpha, sizeof(char), 1, fpin);
fread({char *)&red, sizeof(char), 1, fpin);
fread{{char *)&green, sizeof(char), 1, fpin);
fread((char #*)&blue, sizeof (char), 1, fpin);
1
1
i

fwrite((char *)&red, sizeof (char), 1, fpout);

fwrite((char *)&green, sizeof(char), 1, fpout);

furite{(char *)&blue, sizeof(char), 1, fpout);

\ end of x2texture.c /
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[2] OpenGL Architecture Review Board, J. Neider, T. Davis and M. Woo, Open GLTM Programming Guide,
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