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# Sample Obj Data (Pyramid) # Sample Obj Data (Pyramid)
mtllib pyramid.mtl newmtl green

usemtl| green Ka000

v 00 1.0 0.0 Kd 0.30.80.3

v 1.0 -08 1.0 Ks 0.9 0.9 0.9

v 10 -08 -1.0 Ns 20

v -1.0 -08 -1.0

v -1.0 -08 1.0

vn 09 04 00

vn 00 0409 mATLOBKT—HT7 1L
vn 00 04 09 (pyramid.obj) (%)

vn 0.0 -1.0 0.0

£1//1 2//1 3//1 (A1) T—RI7/IL
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£1//3 43 5//3 pyramic.

f 1//4 5//4 2//4

f 5//5 4//5 3//5 2//5
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X MFAED=OIC. BERT—FER)TLT—42
Z\ s S — po Ak TERT—2(EE, &R, BRE)
ENTTEET HDOMN—AR xﬁﬁ;ﬁo)i#ﬁﬁ&é 4 « BAOEEAEES
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11 RGRLT—4 . -=__
struct Vecz;r EEEE&E&E& BERT—%
toat LTI ~TEREEX,y, 2) EEARIRL (nx, ny, nz)
oat X, Y, z; = e _ —
. y A SRAEAYTYI2 ~TEENT—(r, g b) FURFER (U, v)
11 SERKT—5 - RUTUDIELE
o
Etruct Geometry ERT—42 L SATOH or BAKOH or AT EMAR
i?tt . nuT__verticeS; ////]]gfékﬁﬁaﬁu or —fEDZ AR (MARK-ZARIT=AEIC
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Vector * normals; 11 EBRADIVERT AEIERE, LT —SEITEAD)
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int num_triangles; // = AE
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s J7AILERDEIRELE
~ BROFESYTILIIRR—RLOT LM
- RAFIYBR or TRE—BRX(FFRMER)
Bt AR

HABNEOEREBEZLBELHD
- BEBEEY R0 ES N

BFEDI7AINRADFHRARAH

o —fRICTFAINTH—TYNIAFINTULELD T, /3171

o TPAINTA—=TIRBR D> TUONIE A FUHBRD A

o —DOYMEDIAKT —R121TTIRGL, SRR O —1E K-
HATEBGEERMTELN, TR X FERITED

- BESAT VTN HRDOERNBINES D
* THBEDER. FiAAH - HELEORE

FLEHNDT7AILTEHK (1)

* obj
— Wavefront/Alias Maya, 7 2¥—
+ DXF
— Autodesk AutoCAD, 7 Z¥—
* VRML (Virtual Reality Modeling Language)
- TREA— V-V OMBEIELRE AR
* max
— 3dsmax, N\ FY), U DREBEELRR T4
e X
— Direct X, /3 F1)
— Direct X ZfE X [§ BHI<HHAH - HEEIFIBE

18 19
KKEHNZT7MILEER (2) T7AIERAIAF T DVERL
O AoA 7R - RHEHTIL, obj BHEFEATHIEITTS
— XMLA—ZOF—53 AT+ —< vk — Jt R Alias|Wavefront Maya DT —42H =
— COLLDA SA7JYEESCELTHRAZETHE _ EARMERET—20OBYTRYIZEbhD
" - , v - FERMR. BB LR
— Autodesk MotionBuilder (IH Kaydara FilmBox) . /X1 F) .
L P AREmATA— R ELTEGIRS TS - MEEHRERT mil BXEMETEDIDS
* 9Tk 2£ iy « Obj XD T7A LD
- FREX—+N ! . .
— BRI TV, ETILT—2+1— 4 DEET+—T vk — Mm\AT LY (pyramid.obj)
- RovHIckYiEREh . ARETILAG VRM Bt5H5 — i (car.obj)
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# Sample Obj Data (Pyramid) # Sample Obj Data (Pyramid)

mtllib pyramid.mtl newmtl green

usemtl| green Ka000

v 00 1.0 0.0 Kd 0.30.80.3

v 1.0 -0.8 1.0 Ks 0.90.9 0.9

v 10 -08 -1.0 Ns 20

v -1.0 -08 -1.0

v -1.0 -08 1.0

vn 09 04 00

vn 00 0400 mATVOBKT—2T7 1L
vn 00 04 09 (pyramid.obj) (%)

vn 0.0 -1.0 0.0

f1//1 2//1 3//1
f 1//2 3//2 4//2
£1//3 4//3 5//3
f 1//4 5//4 2//4
f 5//5 4//5 3//5 2//5

mETVOMET 2771
(pyramid.mtl) (£)

Objfiz=L (1)

HFLLWEREVITLEICHLEHRES R
- 3D Format HEDF—T—FTOTTRET HL.
BT —TVLDBEBRARDHD (LITFIEHD)
« http://www.dcs.ed.ac.uk/home/mxr/gfx/3d-hi.html
- FAHBERPOEVVERLEC TS ATREN
BHLEDTIE

LI RIERBEGH X EERA
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Objfiz= (2)

s BRT—%
1T DOT—R(ER - ER- EHRE)ERT
- BATOFRBEDOXFI (BEE) [C&>T ADT—
AERLTLAMNDRFED
—# TIRFESITIEaAE
-vxyz TEREEZE
-vn nx ny nz EEERIRL
-vt &ty tz TORFVEZE

Objfiz= (3)

s BRRT—2 (8RS
- f vi/tl/inl v2/t2/n2 v3/t3/n3 ...
RYUTN(BIEACEDTEAEEZEES/TIR
FrEEBEBERRNIMNLES)
¢ TORFVEZEDLEBRINLITEDHZEELHD
« ObjEHTIE, EBBX1DHSBEIDOTER

24 25
Objfiz = (4) Objfiz = (5)
« BIRT—2 (HiE) « MET—2(mtl T7AIL)
“mtlib FFAAE - newmtl ITUTIL(#E) %
HEBEET7 LD DHAAE FALLHEOTEERITS
_ Ka rgh BERICHT BRAHE
- usemtl YFYFNE 8
IR DT Y7 LEEETS “Kdrgh HERRATAISNT SRATE
oo Ks rgh SERIRITHT DRI
BITEAYTL DY L —TBERETS Nss BERAEOBEE
(KUTLET L—T ST HLE L) - map_Kd REPECERT HTHRF vERA
* OpenGL O glColor BABIEIF S L, TI4ILATIE,
kakd IZH BT 5/ 5D EESND
26 27
SEOAR
- BEARKT—4
« TP = :
7 AVR TAEIEDE R SHENE
s TARBEDERLIHENE
¢ TPANFEHABMEDIER
- CIZ& DA RAHLNEDRE
— CHIZEDFARAHMEDRE
- THAESIOF A
© BEGRAIRT 2018
28 29




aAVE1—RT 57099 AR F4[0]

T—HREDEES

/1 BT —45 (ObjRe =X A)

struct Obj

{
int num_vertices; // TAR#
Vector * vertices; /1 TE R EREER 5
int num_normals; // &I ILEK
Vector * normals; 11 BRI VERS
int num_textures; // T9RF v EIZH
Vector * textures; 11 T9RF v EZERGI
int num_triangles; // = fAE%

int* tri_v_no; /1 ZAEOTEREZEESDES

T—HREDEES

ZATEmAUTYIR

H1 H2 E3 4 E5 E6
Y Y e e

TERERY Ty [
HERALo Ty R [T
FHRFVERALTYoR ([T

EREET—2 [T]]]
gEwAobLr—5 [T ]]]]

v L s Lo moaromar—s [0
MtL* tri_material; // ZAEOEM DT RRT—%
I3
30 31
T—REEDEEN THRE S D FIH
s ObjFEX CIXEE DRIV ERIETESHH. « SEIDEZEHIDRER
CCTCIRRZAEOAEHRSIEIZT S — ZMFEETIE OpenGL DTE HERF DHEBELFI
-mAERULOENANShI-IEEE. 5D ATELN
=AmIZHEITS — OpenGL DTERERIIFFES=DIZE. FTERD
o —RBIz nfARIE 2EOZARIZHEITES tl:TE,."—"'\F:E*?,—E'g’f-‘ﬁi'\ﬁHb-F'OX?’vE#?&E
- FARREZ AN, ETZATmELTRET FEDDBEN DD
EHNT, T—HEECNIBEEMICTED
— DS BEDIFAILERDABREREMN
BRDEOCHEAEIIELLZLEILKHSHDT,
WEIHELTHRAAHRICERTS
32 33

BEAMRT —2OREH (LLEA)

/1 RGRLT—% m1 ®2 @3 &4 |5 M6
struct Vector [t Vot Vet Vot Vot Vonstuun)

GO ITT T T

float x,vy, z; ZAEAVTIIR
I3 Y
/1 BERKT—45
struct Geometry TEmT—4
{
int num_vertices; // TES%

Vector * vertices;
Vector * normals; 11 BRI VEES
Vector * colors; 11 h>—E25|

int num_triangles; // =

int * triangles; / ZAEOTERESESI

/1 TB R EEIEERS

TERBECH D FI A

- BRITE
- RREHEESIDEHELHD
- TERESEL=T —S8EICEH]T S
« XAFOLHADT—2BETHARAA, R TEH
« RN STERESEL =T —2H1E THRARAH
. RBETIE
- U EFET | HREIEFEOLRVNEMLGT —548
BE R

- TERESNEERT HIBRIC. EOLIBHRM
WEZGHNESHA

34

35




aAVE1—RT 57099 AR F4[0]

BIOTRAK T —SDORE

- MEIDOFIE
— GL_TRIANGLES
— FEZEITHE (num_trianglestR)
 MELNERITHS>TOAE AT—DERE
(glColor3N) IgEEEAT
- BEITSEERAD T, HIOEERLDIEEDHRT
c ADOETEMT—4% OpenGL [ZiET
— tri_v_no, tri_vn_no, tri_vt_no MS>T—2BESEMF
— glVector3f, giNormal3f 75 & DR EIEUHT

HEIAYS A

void RenderObj( Obj * obj

: ! [ RERELL=ARORHER
int i, j, no;
Mtl* curr_mtl =NULL;
F=AEIEICRYIRL
glBegin( GL_TRIANGLES );

for (i=0; i<obj->num_triangles; i++)
{ REDRMERGDBEDHHE

11 RTITILOYYEZ

if ( ( obj->num_materials > 0 ) && ( obj->tri_material[ i] != curr_mtl ) )

{

curr_mtl = obj->tri_material[ i ];
glColor3f( curr_mtl->kd.r, curr_mtl->kd.g, curr_mtl->kd.b );

} SoTiE. Bk ABRRAROBEOAELE |

36
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REITOT L

/I ZAEOERART —ENEE
for (j=0; j<3; j++)
{

/1 BRI

no = obj->tri_vn_no[ i*3 +j ];

const Vector & vn = obj->normals[ no ];
glNormal3f( vn.x, vn.y, vn.z );

/1 TARERR
no = obj->tri_v_no[ "3 +j ];
const Vector & v = obj->vertices[ no ];
glVertex3f( v.x, vy, v.z );
}

}
glEnd();

T7AILER A AR ALIE D 1E R
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B IA A ALIE DV RL

C/IC++ TOI7A I ERHIAH

- TSN EBELLOTEASBE
T7AIERF AP DS iE

— stdio ZfE A (CARERH. CHhobEZD)
— iostream Z{E A (C+HZZEREE. > HEEF)
FRAIRAATEIFFN DR DA %

— B CXFEHNEET or NESATSUEFIH
—scanf ROBE#HEFER (EXFEHEHAH)

— tokenizer Z{EF (BIEDYIYH TDIZAERE)

79 A ALEB ) E B (5%)

c AIERDT—EDHARAHDLEN
- ER-RUTEL BN ORI DIHE

« BN ELGRESOT—EEERRTNERL
DT, AERT—HDHRNIBHELL

—REFETHRAAFTLEVESHLLHNGES
s AERT—HDHRVEEETILENDHD
s AIERDT—2DIFKA
- HoALOHNEYREHDEHEHERLTHE,
EENRY AL -0HELHS
s EFEIFANICHETET . NRLEBLO TR
— T—RERAABENSEEEFIZILTS
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— A&7 S5k

« BIRT—RICRSY ., —fRICT—2 AN
EYZY|

s BATHBEDI7A/ILEXEZES

K. FE. DIERORVWEREZERTES
« yacc D F|FH

—LRXFEEFEOTIFZFAILDIEEEET DL,
BIFTANTOSLEH AL TN BaY R4
= IA b

— AUTFUANKE., BEFEHDR TG

AHDRBTEM)

- HEEERET S ETHRARAHDITLART LV

— A&7 S5k

* XMLOFIFA
- TRAE—WR. 2T o T 5% R
- EEHL. RARADSATSINSHEE
- BEEBEE R - EM AT — 2Tt IS AT BE
- JSON O %A

—- FRAEX—HHK. JavaScript # Tz LDT—4
ok

- BDTOT IV EBDLHEAADD

* XML®JSONZEFI AT HF=HIlF, Thibl
LEDKHBERREERT ILENDHD

AHDRBTE(2)

42
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Bt A ALIE 0D Bl

« objfe X DFEARAADH T ILTOYT S L

~-THRADHEHRAH. —EDORIITY - TUTILD
SR A IAH D FH

— E2RIFEEERLTHDIE
« C/C++ TOHAAANED YT
— studio 42 iostream Z#{F>1=T7 7ML DFHHIAH
— tokenizer Z{E>T=-XFF| DA

— STL(Standard Template Library) Z{§>7=0] %
RT—20OHK

CIZ&BFHAAHNIENDRE

44
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FARAHDEDH T IV

« C TO obj KXDFZAABDH LTI
— stdio ZE 21771 ILDFHEHAH
— scanfR DI ERAMEFE-1-XF 5 DR
—-AERDT—EIDHEHAFH~D R G
s HOMLHT R RELGEIEHERL THLIETHE
c IREBEHDEFIDOKRESEBZ B A XIZIERRIE

— C/C+ BEBBOMENAIZDONTIE, CDE
ETIEHRBALEVLDO T, EBHEARSLZE
« Visual Studio DANILT THEYELWGERBANSH D

46

Yo FINTOT S LDER

« obj.h

— objle R DERMIKT —4ERTHEEEKL®
A HHEB M D EER

* obj.cpp

— obj e X DERIMAR T — 2 DERA A - B
ERNEE

* obj_viewer.cpp

~ LEEOBEXR-BEHEERT A TAT I L
— GLUT + OpenGL Z{#

47
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o TINTATS L)

* obj.cpp
— 28~ 1811TH%, A A A AIBEITSEAE
« DPAILEEBIBELTRITRY, EHAALEAT
CIILDRAUAERT
—45~584T T . AT OMERHEL ., S AH
ﬁ%g)ffﬁfﬁm:ﬁiv‘-“—&ﬁﬁi@ti—x%&)l:ﬁEﬁ’:L
TLy

Yo TINTATS LR (2)

11 NI 7R(GARXEi#ES) =
#define BUFFER_LENGTH 1024 2 ﬁmgﬁgﬁgéggfb.Eggﬁ% ‘
#define MAX_VECTOR_SIZE 4096

#define MAX_TRIANGLE_SIZE 4096
#define MAX_MTL_SIZE 32

I7ALEESIBMELTRIFRY, ‘
/1 ObjT7 AL DEHAH HARAEF T OO ERT
Obj * LoadObj( const char * filename )

FILE * fp;
char line[ BUFFER_LENGTH ];
char name[ BUFFER_LENGTH ];

— 404TT. TP ALEBK int i, j;
Lo . . Vector vec;
e TREXF R, HiAHAHE—R int v_no[4], vt_no[4], vn_no[4];
— -~ — s = . —gS~ int count;
— 61‘?71’/“;%—\ 77’{”/’3\'01‘?1'3—95'}1:‘.}}7&‘7"7‘ M5, Mtl* curr_mtl = NULL;
NI
48 49
-~ > = = [N F= St
YoINTnT S LES(3) YoINTOT 5 LR (4)
11 274IVERK s s
4 o FAX—HK, HARAHE—F
fp = fopen( filename, "r % . — H
if (fp== NULL) return NULL; | 2B, fp EEOTIZALISTH 22 * obj.cpp
17 ObJHSEHREMIE (VEETERY A X OEFIEHY L TH) - ?i”ulﬁo)l_f XTI, ftmcmrjoﬁﬁ@ﬁ?F
0bj * obj = new Obj(); - - AR ATZITDEEEMN, ObjeX DK< UF
obj->num_vertices = 0; TERICEE T 55 = FEfR s= gaf] =
obj->num_normals = 0; (TERER. ERRIM L. TORF v ER) neE —)b\é#u £
0bj->num_tex_coords = 0; c ERT—R(2TLUB) ICELTIE 1 XFRE2XF
obj->vertices = new Vector[ MAX_VECTOR_SIZE ]; g ’&E_C#UE
obj->normals = new Vector[ MAX_VECTOR_SIZE ]; TR
bJtex coords - new Veclorl WVECTOR SIZE T} | (s et <ol 85, - TBRT—#ORYTLTF—EDORMATIE. sscanf()
obj->tr1'7v_7no = new int[ MAX_TRIANGLE_SIZE * 3 ]; TORFAERES. RHES) Fﬁﬁ%ﬁﬁﬁ
obj->tri_vn_no = new int[ MAX_TRIANGLE_SIZE * 3 ]; S o— < N g N
obj->tri_vt_no = new int[ MAX_TRIANGLE_SIZE * 3 ]; SEOTATILTIE UTOHADHR
obj->tri_material = new Mt\*[ MAX_TRIANGLE_SIZE * 3 ]; f v0//n0 vi/inl v2//n2
obj->num_materials = 0; OvIIZIXTERES  n0~n2ICIEERBFSHAD)
obj->materials = NULL;
50 51
N > = = [N i =
Yo ITINTRT S LA (5) Yo INTaT S LA (6)
[Z7 1Lt — 1T H3A3 . line (SHEHY
11 TP AT DHHAH 7 AN DORGFTHEL LR T /| EET—3DHHAH —
while ( fgets( line, BUFFER_LENGTH, fp ) 1= NULL ) if ( line[0] == V') SSTR o v, v EFELHTALE |
TDRBEDEXF A T mtllibl TH
11 XTIT ILDFHEHAH hiE. /ST EEET 11 SERATRIL (vn)
if ( strncmp( line, "mtllib", 6 ) ==0) BT, objle Rt DEATIRT LI, if (line[1] =="n") sscanfl8 # & ff > THEAT
FEHRDFIE ELBETS { (AADTH—TYMHES T B ERE)
/1 T ANERT /1 THRRANERAT
sscanf( line, "mtllib %s", name ); sscanfB8 8% {8 > THEAT sscanf( line, "vn %f %f %f", &vec.x, &vec.y, &vec.z);
/1 IEENI=TFANBDITIT INT—REHH RS /1 BRI VERFI DK EIHEH
if ( strlen( name )>0) =S obj->normals[ obj->num_normals ] = vec;
LoadMtl( name, obj ); H:E774}l‘(mtlkit)o)mﬂ’,bﬁm‘ obj->num_normals ++;
} BIIAERLT % LoadMil BIMEMF UL, 3 TN BEARALT—5ERTI R
LoathlEﬂﬁ@%%ﬁiﬁli;‘EKB‘ll: 11 S5 RFvEERE (V)
11 TFYTILOEE LoadObjeBA%t LRI D T, BEEAILHRE else if ( line[1] == t' )
if ( strncmp( line, "usemtl”, 6 ) == 0)
{ .......
52 53
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Yo TINTOT S LR (T)

sscanfRE & {8 > THRAT

[
1 RITLT—SORBDH | (3 3 sl feor— e o TNDERE)

if (line[0] =="'f )

T

/1 TRRANEREN (ZAR - TOAFYERGELOSBE)

count = sscanf( line, “f %i//%i %i//%i %i//%i”, &v_no[0], &vn_no[0],
&v_no[1], &vn_no[1], &v_no[2], &vn_no[2] );

/1 BBATICEML =R T T —5% %

if (count ==6)

{ o = = =
| = objosnum_triangles + 3 ) TEP=AEORTAA TyIRES

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

{
obj->tri_v_no[ i+j ] =v_no[j]-1;
obj->tri_vn_no[ i+j ] =vn_no[ j]-1;
obj->tri_vt_no[ i+j ] =vt_no[ j]- 1;

}

obj->tri_material[ obj->num_triangles ] = curr_mtl;

obj->num_triangles ++;

Yo FINTAT S5 LERER(8)

* obj.cpp
—2181TLARE., ARAATLET =3 A4 X(ZEHE
T.HLWERIZHERLT, RAHRAAET—4%
FH5I2aE—L., FAAAIFERALIZKELE
5 X R HR
- 2FFIHL T, RFEOLEETS

}
54 55
Yo IINTOT 5 LS (9) Yo INTAT S L#ES(10)
s « A>T 045 L (obj_view.cpp)
/] SCETT. I7MILOLITOBMTHHRT —EAMIZ. ﬁﬁlﬁl@?ﬁﬁ?i{’ﬁd)jl] HSLERL
/1 BERERIIERBLAST (EYHZ T THAEIERIIOH. %IE& 58N R T —AERNT AT HEEM
Vector * new_array;
nmeevrvrirr?yn;;e;:r\a/xec?br'[-g\tlji-rz?cl:ar:_:iig;?(eili;ctor ) * obj->num_vertices ); N ﬂF—TI'\—FfJWﬁ!éhT:J:%O)MEEI; 77’(“’%%
deletelal obj-:verti)ées; ! ' ! N ’ ﬁﬁﬁ@mii’éﬁjm
obJ>vertices = new_armay; - F—AWENFLFITEENBGLUTOI— LSV Y
/1 77AVEBLS ESE e N
felose(fp ); « D7 ILERS A T7OY DFRRIZ. Windows API %
11 BAHMAEA TS OT—SERT &/
e o - BEMET, BHRAAERRT -5 HE
56 57
YW TRTSLDORBER
 scanf REAKTIL. Z7MILBERDODPSE(C
X TE7EL I, .
 EITRYT L F— A DR AELL CH++Z &k BFRAAAHMIED L
c AIERT—ADHEHAHIZZTEAER L
TLVELY
— B AH DR THIE AT R LIS B4
HBENRT ALSGNEEEMT HE MEYER
MIZH-O>TLES
58 59
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A AHNEDHR

o C++ TO obj R DHEARAHDHT )L
— I7AIDEFEHAH
« iostream ZfE>f=4i%
- XFHI DR
« tokenizer Z{E375 %
~AERT—ADHEHAH
 STL(Standard Template Library) Z{E57 i%
« FLY CH++ ZESHELRL
- C THRLESBITRIELATRE

« NMBSATSVERRATEHELHD

Tokenizer [Z& DX F5IFHT

« strtok EE%k
— XFHEY H LRk
— 1[E18 tokenizer( XF5, RUIUXFESR);

2[E B L& tokenizer( NULL, RYJYXFES );

- HEDXFIHEHRIETHDTIRE
151

[TInlifs[ Tils] Tal [efeln]. [¥]

[TIn[ifsw][i[s[w][afw][p]e[n].[%]

60

61

STL

 STL(Standard Template Library)

— Al EREEF (vector) . YRR (list) . 253 KIZkD
5 Get) AU TYI R (map) BEDAVTF%
WSIZHES(TF)

- FUIL—+54T35Y

« vector< float > array; D &SI, T HT—2DE!
EEELTCEHEERTE, FREORICHIETES

» A ZERERF (vector) (X, array[ i ] HE D L3I, BEFI
LEMRIZHATES CEEFA—/\—0—F)

< AEYEE(EEOER-BR)LEBMNICTHhND

STLOFERAE()

- AIZ KA vector< & >
~[B&E]I&Y. BEORILEKRIZERESE
—size() [Z&Y, BFIDY A XEMMGF
— resize(), assign() HEIZKY, BHDH A XD
EEPHHL
— push_back() T. REBEICERZTEM
« XF5# string
— vector< char > #{F>TEH
— c_str() T. const char * B DX FF|ZHE

62

63

STLOFERAE(2)

« STL TIX, ZERICIEBIZT VLRI 518
(2. RIEF (iterator) #EAT S
— RIEF (iterator) #E32 & T, AV TFDFEFEIC
AHhod  KBOVNEEEETED
— RIEF (iterator) TR LT, RAVALRRD
ENTEDS
o ¥ HEF T, RIEF (iterator) NIETEZX B
c ++HIBEEF T ROERITED
list< int > data;
list< int >::iterator it = data.front()

while (it != data.end() ) {
printf( “%d “, *it); it++; }

STLOFERAE(2)

« STL TlE. ZEXRICIBEICT IV ERT B8
2. RIEF (iterator) Z{F AT S
— REF (iterator) #fES2ET. AV TFHDFEFIC
BEHsd ., XBEDWNEBEFRETES
— RIEF (iterator) [T LT, RAV A ELREHEDIE
N TES
o ¥ EEF T, RIEF (iterator) NI EEZ TG
c +EETT. ROERICED
list< int > data;

for ( list< int >::iterator it = data.front(); it != data.end(); i++)
printf( “%d “, *it );

64

65
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STLOFERATE(3)

s AT YH R map, multimap

~UTFOELS, F—(COHEEXFI) EE-T,
F—IZH ST ET—R(CDIFEEIL Object *) &
- RRTED

map< string, Object * > index;

Object * object = NULL;

// 3B

index[ “car” ] = object;

E: 3
maps< string, Object * >::iterator i = index.find( “car” );
if (i != index.end() )

object = (*i).second

STLOFERTTE(3)

s AT YHR map, multimap

—“UTOLSIZ. F—(ZOBEEXFH) &#E-T,
F—ITHIET DT —2(ZDIHEE Object *) &
HB#H-RETED

map< string, Object * > index;
Object * object = NULL;
/1 3Bm

maps< string, Object * >::value_type data( “car”, object );
index.insert( data );

E: 3
maps< string, Object * >::iterator i =index.find( “car” );
if (i != index.end() )

object = (*i).second

66 67
STLOMERAE(4) YoTNTOT 3 LEE (1)
« AT YHI R map, multimap « WavefrontObj.h
~HUTOLSIZ, F—DEHERNDEEZETRET — T—431& & (WavefrontObj V5 R) & E &
BHIELTES < TEE-RYTUT—RICIE STL QA ERESIEER
multimap< int, Object * > index; ~ . . WavefrontObj.Cpp
/1 GERR (F—DEAM0U L. 30U TDET—2%HR) _ s = — ~
muln:map< int, Ob]:ect: >::1:terator L= ipdex.lower,bound( 10 ); - 18"[‘[1;“‘%75\ Eﬁﬁﬂﬁmfﬂ’&fﬂ'jjyx I‘agg
for mape n, Objec - tertor 1561 1oy o - BARA SRR A TR
object = (*i).second; _ 29‘??—6\ 77,{”/%55(
—VY—MZAWS LM EIEETED « iostreamZFFE A, PAF—H A TOHRARAHAE—F
— multimapl. =D DF—IZHL T, EHOT— — BTURE, T7A DS ITT DHEAHRBEAD,
REWRMTED g
68 69

Yo TNT0T 5 LEHR(2)

WavefrontObj::WavefrontObj( const char * file_name )
¢ ifstream file; B
S X BESNE=T71 D E TR
char line[ BUFFER_LENGTH J; FAEEHAS . G
char * token;__char * data;
Group *  curr_group = : aterial * curr_mtl = NULL;
vector< int > face_data;

FRAIAATIEEE (BT D HEE)
11 27ANDF—T DTFFLRERNT HEHR
file.open( file_name, ios::in );

if ( file.is_open() == 0) return; // J74ILHBRITHEMN =K T

11 27 AINEKBEND TS DIRICEAHAH
while (1 file.eof))  ———=5>roFMmIEES 5ETRYBEL]

{
11 FEH A RO REETG e e
file.getline( line, BUFFER_LENGTH ); | BAIOBUHLEDT, BIMIS(E

token = strtok( line, " "); fINRBOTELAZHERE ;

Yo TNT0T 5 LR (3)

» WavefrontObj.cpp
— 3717 T. tokenizer Z{F AL . HARAATZITD
FEOHEE (RYDEEFETOXFES) #mMIF
— 44T T BRBLI BRI LT
~TBERT—HOR)ILT—ADOREHIE., 31EH
= tokenizer ZF AL . LD HFEIEF
s RYIUXFLELT, BB/ EHA(651T1E)

c RYTUT—RIF, TVRAFYERBESNERIND
CEABHHD T, R EZ B (681T)

— BRARAAEET—RIE, STLO A ERELSI

(vector) IZJEAA&#H (push_back () BE%k)

70

71
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BTN T0T S5 L (4)

ZOBUBOEELDT, 5IBICIENULLEIEE

/1 BT —BDFHEHAH
if ( *token =="'v")
(RIERTE L= X F A B EimEMRIT SN D)

Vertex v;

data = strtok( NULL, ""); v.x = data ? atof( data ) : 0.0;
data = strtok( NULL, ""); v.y = data ? atof( data ) : 0.0;
data = strtok( NULL, ""); v.z = data ? atof( data ) : 0.0;

token ++; ‘ datahNULL TN (&, XFFIEHIEICE L TR
if ( *token =="'t")
t_coords.push_back( v );
else if ( *token =='n")
normals.push_back( v );

BT —%%:8Mm
(BEDBTD2XFEICHELT,

YT INTAT S5 LERER (5)

ZOBUBOEELDT, 5IBICIENULLEEE

/| BT —8OFHEHAH
if ( *token =='f")
(RIERTE L= X FH DB EimE TSN D)

face_data.clear();
while ( (data = strtok( NULL, " /")) != NULL )

/1 TORFRESNERRSNIEE (/) DL (X -1 Z25]E

if(*(data-1)=="7") R 1Y (RO A~—Ror)) D%
face_data.push_back( -1); I ThHRIE. BENTNBEHE

// ObjiE R TIETERBES (L1 HDHEFELIDT -1ILTONSDESITEH
face_data.push_back( atoi( data ) - 1);
}

else EDEFNBIMT DDERE) Face * face = new Face();
Yertices.push_back( v); face->group = curr_group;  face->material = curr_mtl;
| i pressan s [ mir—sen |
72 73
P
SEBORAE
o BEARRT 5
« 77AILIEK
sl B S E25I D FI AR
c TABEDERCIEENIE
« T7AILERAAHNEDIER
— ClZ&BFHAHAANBDEE
— CHHZ K BFARANEDELE
- ERECSIDFIA
« BELGEMARKT—20E
74 75
1 : + 3. 5l
[ERESEEor-1HE (HE) AR BRI ZEE--HE A% (HE)
- TERECS - TEAERS-- -5 T—42%—EIZ£E5 OpenGL
~ B5IF—5%— K25 OpenGL SHEL TSE ISHEL THIETS HhhE
ZITOHEEE « [ERESIZEEST-IEEDOFIE
—~ TR EIZ OpenGL OBEHEFUH LT, &3 | HAQEE ERREDRIT—5%5AE
12T —3%ETVENGES 2. OpenGLIZERST—5ZHEE (B FIDKETFLR)
. MBAESEIETES « glVertexPointer () B#. gINormalPointer ) Bi%., %
- BT F—AOREALTH, EARAEHATIE 3 EORINT ~SE AT SIER
. NEESEILTED c HEOERZ, & KRNI, TORFvERZLRE
« glEnableClientState () B %t
4. BRIIDFERYTHHEEEEEL T —KITHE
« BAT—2ELUEIT M TSR
« glDrawArrays () B3
76 77
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TERBERS 5 A L= (1)

« BT —HDEE

const int num_pyramid_vertices =5; // THR#

const int num_pyramid_triangles = 6; // =fAME

/1 AT VOTEREZEDOES]

float pyramid_vertices[ num_pyramid_vertices ][ 3] = {
{0.0,1.0,0.03},{1.0,-0.8,1.03, {1.0,-0.8,-1.0}, ====-~

i

/] ZAEACTYIR (B ZATEERT PARDERES) DESI
int pyramid_tri_index[ num_pyramid_triangles ][ 3] = {
{0,3,13,{0,2,4},{0,1,2},{0,43},{1,3,2},{4,2,3}

/1 ZAEOEZAINILORI (ZAEEERT STEREZENSEH)
float pyramid_tri_normals[ num_pyramid_triangles ][ 3] = {
{0.00, 0.53,0.853, // +ZAAIDE

TERBR5I 7 AL -5 (2)

« BRES DHREZFIAL CTHaE
void renderPyramid()

glVertexPointer( 3, GL_FLOAT, 0, pyramid_full_vertices );
glNormalPointer( GL_FLOAT, 0, pyramid_full_normals );

glEnableClientState( GL_VERTEX_ARRAY );
glEnableClientState( GL_NORMAL_ARRAY );

glDrawElements( GL_TRIANGLES, num_pyramid_triangles * 3,
GL_UNSIGNED_INT, pyramid_tri_index );

pyramid_tri_index THELTAR
BB ORIIH-T. BEAT—4

...... ESBL. EHORIT EHE
78 79
EHREFNOFAM):
T n I 0) | " -~ —_ -
RRECHIDFIF ARRIEES DT —2EiE
« OpenGL DIERELSIZEST=HICIE. BIE « BRESDHEEZFIRAYTH-OICF. TER
RO EICTHRER ERAIML-TORF v TEICT—REFELDDIRENHD
T SREOEALLE 0 H2 o Be Eo e
- WU E RO BIE S NNNEENANN N AR
AEBDERT—%%
i EIMELSIESR
x THROEEIGED
TERT—2(EE, AR, BRL)
80 81
HREESIOFIAQ2): — .
o . TEREIDFIAG) : T—5EEDE
SREATIIR - HBDTEREE KR THORATF v EEEF
. , l%{%{%{%{%{%} ALTWAIERAHIEHBIELTHIA
TEREFESAVTIIR SEI — S
L R T - BAEEASEAL TS, B TIRAF CEENE
#4272 [T L = N
7937 v@8 172 [P ELLELLELLEILEL ﬁi’;ﬁéﬂmﬁiT—Q%T% .
A EEDT - BERENETEAERISELT. SAEAY
} HOH TS Ty REAER
Baminr—s [T T e i 1AL ANAARR AN AN
a#eobnz—s [[T][]] @~ oA 7y 2 O LTI
ForFeEET—s [[[[]]]] ~ FHAF R Ty X LTI LTI
BT A5 (B, R,
THORF v ELE)
82

83
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ERDE(E

HBIZD

« BOTARER ER-TOAFVER
- BHLNGEEDIZEIT BEBE. ChoDFRIT

- BIZH-BERTEERRIMNLNELS
- BRNEDIERTETIRFYEENELD

THLANEETIE, BHEET b3S EAOER T TR

= EAR AR T — 2 0E

HBEOBERT—2EER MNEDHDIER
84 85
BT ART—20E (1) IR ART —2 0 (3)

« SEIE. RPERWA) ELGD. T7MILD s YT T4E T3 H—7x X (Subdivision
DOEAAKT —2HARAAITDODNTEE Surface. 5 E|dhmE)

. PRI =1, 4 #) (= —-RYTUETILERYBRLESEILTOE, BiE
SR T —SILIE (ET U2 T DHAT) 1= A I e B
BILTIE, IS 2D RHiATH S - RUSURBABIRIIEZ BF=0D, UT LA LI
- A¥ B TIEHEHEN AORYTVETLOERIZESDIFHLL?

s BIRT—20ER-REICEDLNETTTA « EfARKDOEIRL
VBEO—EIE, ETY T YTRIITIC ~ HORYTUETILISE S
HMARENTNDIOD, BN TIATSLE — LOD(Level of Detail) : 3 A5 (D S8R5 C T
EREL7a<ES . FIFTTEE BN T SMAZEMICEREL CTHE

86 87
AR RT—2 0 (3) EL))

« RENSDOEMMBKETILERK o BAMKT—42

- =Y B FICKYFEILI- EMERORE . 42t
DRTF—EDEENS. KTV EFLEER J7ANRR

- RADHIG, EHOH AT —20OHE, EFLOME s TARBEDERSIGENE

il iBe - o

L mEoRE . T7ANFEHAHLIBD YRR

« BARRETILOVER-EH _ Clo&k A A M D=L

~ HMEENER T MR EEERMN - XTI FERIIZ/E — CHHZ & DA AHNIBOEE
KTEBETULT VT L HISESEARANRDRE
LB TEERISETUL I BTRADVAT A * ERESIOF A
- BRGMROER - ZR « BEGEMARRKT 202
88 89
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LR—RE

* REOAREEDHELR—IRE
(F¥HBIER[EIELER)

« RARETIILOBENEEZEE

REFE

s FOHEE (G EGEE )
- EDOREHE
« FHRFY-IIELS  RYITUIRE,
SR TA)a— L SR RIELT
~ B E R
c FINIFILUTAUY ATV VN TF

ﬁ e i [0 remc et

90 91
N =] = 3
A [BIRE EEFIEA)
« Moodle DEEMBEEZET S « VPL TO7OY S LDMRE
—EBESN-HRETIZRETS we o | omm | memea—
N J055LOREET
« 4 [EE. Moodle DTOY S35 B EERE Do £RBOD> S 2 o)
12T =HED T v =
— VPL (Virtual Programming Lab) D #RE% F| L= =
- ?Eiéhfzﬂiiéiﬁ?’échﬂ; 5zont=7
DﬁaAG)E*&jEEEETé a & b OEOHERDT o ISRAT3IOYSLERE
- VPL £T, 32 3 )L R47. FHEE1TS FEOTOYSLNERENSDT, &
— FEETITL. ELSETINAZEFFESR BBt HNEERL T
92 93
“~ q “~ q
EBEFIE(I) HBEFIE(4)
« VPL TO7O45 S LNDET « VPL TO 7045 L0
= SOREUHL, AE—-R—ZEF]
0o e, DE SR S S ?
BB ERERERYES LIS,
avqILe RERNEFATHERLY, ; =
S - - AeS BE IS pe——
TATSLDARADRTIND, { S ttanar ey
BEANDEDARER 15T : E
= ?,i’,ﬁg%%?‘i‘ SHFEEOLD - . er: | EBEEOBRRELT, A/ BE ARTEND,
i FRAHERL—HT NI OK AARRERI-LIR
TR TOYSADAN - HAEHERTHEL TN 0
T FOGS A RE T Th, R E R RIS
s (HOBELHS)
\
94 95
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HEFIE(5)

- $E .VPL TOITOYSLDT7yIO—K

L) | RdEa—

~ e
B -
progd104.c

TFANERRTS .. FLL\ I 7 CILORFH X S00MB

96

17



