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ABSTRACT

In this paper, we present an efficient way of implementing OpenGL ES 1.1 standard for the environments with hardware-supported
OpenGL AP, such as desktop PCs. Although OpenGL ES was started from the existing OpenGL features, it becomes a new
three-dimensional graphics library customized for embedded systems through introducing fixed-point arithmetic operations, buffer
management with fixed-point data type supports, completely new texture mapping functionalities and others. Currently, it is the official
three dimensional graphics library for Google Android, Apple iPhone, PlayStation3, ete. In this paper, we achieved improvements on the
arithmetic operations for the fixed-point number representation, which is the most characteristic data type for OpenGL ES. For the
conversion of fixed-point data types to the floating-point number representations for the underlying OpenGL, we show the way of efficient
conversion processes even with satisfving OpenGL ES standard requirements. We also introduced a simple memory management scheme
to mange the converted data for the buffer containing fixed-point numbers. In the case of texture processing, the requirements in both
standards are quite different and thus we used completely new software-implementations. Our final implementation result of OpenGL ES library
provides all of over than 200 functions in OpenGL ES 1.1 standard and completely passed its conformance test, to show its compliance
with the standard. From the efficiency viewpoint, we measured its execution times for several OpenGL ES-specific application programs
and achieved at most 33.147 times improvements, to become the fastest one among the OpenGL ES implementations in the same category,
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void gIMultMatrixficonst GLfloat* m) {
/* call to underlying OpenGL */
fune_ptr for = function pointer to OpenGL's gIMultMatrixf{...);
call (*fpr)(m);

}

void glLightf(GLenum light, GLenum pname, GLfloat param) {
/* call to underlying OpenGL */
func_ptr fptr = function pointer to OpenGL's glLightf(...);
call (*fptr)(light, pname, param);

}
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ol 2= bl MAIE gIMutMatrixx(-), gllightx
() Fol e, AAHo2E AD3] B 45| o
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2 952 FE9U.
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void giMultMatrixx(const GLfixed* m) {
/* type conversion */
GLfloat fm[16]
fm[0..15] = fixed_to_float(m[0..15])
/* call to underlying OpenGL */
fune_ptr fprr = function pointer to OpenGL's giMultMatrixf(...);
call (*fptr)(fim);
}

void glLightx(GLenum light, GLenum pname, GLfloat param) |
/* type conversion */
GLfloat fparam = fixed_to_float(param);
/* call to underlying OpenGL */
func_ptr fptr = function pointer to OpenGL's glLightf(...);
call (*fprr)(light, pname, fparam);

U5 #$EY 744, OpenGL ESAIME ¥5454 A
Y3 3P4 ABYE 2F YA, OpenGLAAM =
AR REL5d A8YTE AT o] Ao ¥
2573 8349 g9 1425H EelY §5E 4E 2R
ol g Wgo] W dEH oEE OpenGLY
glOrtho(-++) el di¥sHE, G429 glOrthof(-+), glOrthox
() §rEE & F Ak ¥ F&o| AH8€ float_to_
double(-+-)9} fixed_to_double(:-) W22 ¥4+ 7z 3
FAFEY 2257 A5YAN AE R5LATH AR
Yoo WYL FFic

void glOrthof(GLfloat left, GLfloat right, GLfloat bottom,
GLfloat top, GLfloat near, GLfloat far) {
* type conversion */
GLdouble dleft, dright, dbottom, dtop, dnear, dfar
= float_to_double(left, right, bottom, top, near, far);
/* call to underlying OpenGL */
fune_ptr fptr = function pointer to OpenGL's glOrtho(...);
call (*fprr)(dleft, dright, dbottom, dtop, dnear, dfar);
}

void glOrthox(GLfixed left, GLfixed right, GLfixed bottom,
GLfixed top, GLfixed near, GLfixed far) {
/* type conversion */
GLdouble dlefi, dright, dbottom, diop, dnear, dfar
= fixed_to_double(lefi, right, bottom, top, near, far);
/* call to underlying OpenGL */
fune_ptr fpir = function pointer to OpenGL’s glOrtho(...);
call (*fprr)(dleft, dright, dbottom, dtop, dnear, dfar);
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void glMaterialf(GLenum face, GLenum pname, GLfloat param) {
switch (face) {
case GL_FRONT_AND_BACK:
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fanc_ptr fpir
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break
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break
}
}
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v 24 4¢ #12AL glDrawArmrays(-+) Y glDrawElements
() 8 2L 28 FFEL FY3= AFd, dx9 =
ol A= Ad HEFY 435S OpenGLo| A 9

Fe 94, 13425 AREL Fysh A8y W
B ANES & Ao A2 Hx9 OpenGL ES
10 #= FEoAE o] WAL "oy, M $x9 4
Zg AsE A F o ¥Hy 7150 EYE olf7t F
o ®E AHYE AT AoUSE AeEE, F EEAHY
Az dwyge]l "asid $eo FHAIME olYE A=Y
W8 29 & glDrawArrays(--)4 glDrawElements(-) &4
7} 32€ dvl ojd FP3= diAl, I HEE ARE
& ¥xd vrgd st B P& 93} £
g o] FArt

g3 A2jo] glojAE OpenGL# OpenGL ES Aol
2 zjol7t EAFL & £, glCompressedTexImage2D
()¢} glCompressedTexSublmage2D(--)& ¥4 °|&3} ol
M AT T B, HHd Y2 FHo] L3}
o g2A, §9 ¥ ¢H3 d20, OpenGLEY A
g adz AT FE 9o, 9423 A AqME B
BRA ¢As N2 WA FHo] "Lt $29
Aol gduts A2 ALE-E 913 OpenGL ES
HAAE ATEGoZ THF AlexGL[11]9] Z=EE °]4
3o o] EAE A

4. 7H dH

2 =RoME 38 49T 7YPES AHEY, HF
Ho2 QOpenGL ES EFQ%F H2EE ¢H3 FHs}e
OpenGL ES 1.1€ OpenGL olA F#3Act. o] A=
AF 3¢ 238 Az, V1€ FE AEES v
A, EF¢ 7EE FHB diF H7bAAE BEFAA
A g2 FAHAREA e 34 (correctness)H, T
@9 A&A(efficiency)® WA & F A4

OpenGL ES& ARG 222 JFNME YL ¥
Jbete 718222 EFEQUF HAEE A I8} OpenGL ES
¥ZQZE H2AEE OpenGL ESE F3% golugey 3
coj7} & FME FFAEAE Frksie Z2adoR,
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Arste BE A #3E 993 s g

OpenGL “dol49] OpenGL ES 7@ Z#E8 EFUF H
222 JA] QA @71A 7139 A e
d, 39 #ojj2 A€ OpenGL #}e]E.2{2]7} OpenGLS
Bt FT8%UE Aot o] A o]n] OpenGL ES
109 #Fz 7EE UM Ay EAHIE 9
[14]. ¥ =&olME nVIDIA AHe] FX3400 2P~ =9
34l OpenGL =2tolv]9} GLee ol B2 2][28]8 Al4-3+%
3, 2 o] ZfdE 3919 OpenGL T3] EAE o
oA e gton, FFHog $ao FEL OpenGL ES
11 E&UF H2EE T3l

3dolA A9 uiet o], $2]9 OpenGL ES 7L
T4 4% 42 JHME A3E =¥S 714 £
Y £x9 524E WK A8ME 7129 OpenGL ES
L1 golB2jg] FojA vlny $dicks F71E wowA
di] A8 9lE HybridAle] Gerbera®} Imagination
TechnologiesAt¢] PowerVR MBXE i tj4o2 AL43}
At vl WHo2E OpenGL ESS SA4E # 843§
b2 433 OpenGL ES Z2a3g gatez zzte g
olige & AHgdte HF F8 AE 2. &Y
OpenGL Ez:@-‘i—i @3] OpenGL ESZ EH§ oA
S FEATE ANTE AL EAY 899 OpenGLel Al
T 7I~‘=“H’- AHgstEE, grtgog: HYsA g
oj¥i o2, $at 200539 /H € OpenGL ES 29 A
@4 (coding challenge)dl YFPA TIPS FEHo
°]&& OpenGL ES9 542 AHgsto Huide 58S ¢
g AAsoer2 OpenGL ES golBele vlm
Bt Agsin BARA o)E Z2aY Foji EF
Agde #74& "az dE 1] =2a39e Adsx, U
M2 47 Z233Y, San Angeles, Dancing Flora, Jelly Fish,
Wake Breaker& ¥]ize] tjgez Agtch

San Angeles$} Dancing Florat Ztz} ujg] TA|¢ &3
= EE5S FAZ e AFY oYvjojae 1# 5029 2

T 4129 ZR AN AAsE Z2aPoed. F =2
_w& EF 13244 A8, vy 7%, 2% 5¢ 2%
3] AHdte F& AT, Zze Ay 3He (29 39
(a), (D% 2tk Jelly Fishe 19708t Fubo] HE A9 o]
71§ €314 o}Alo|= AY<Q Space Invaderss] 339 wA
o|i, Wake Breakert tgt§h REIME #o|4 Aol
= EF AR 7] o] wgsls g3 AYgez A
@ AL (29 39 (), (e 2o o5 AY T2y
< A ZHAE SRHINARAY A ZHsle Zz
B 1% 1629 18 1527 £85U

ol Z2IYPEL BF ojyvjoldoly A & 3w
He A4de AUE Bl £X 328 e, 2
BE Atololy AMga 4FE HEAY, ofuslolHe A

e 937 A% ZAA Ad ARE MY F8 Az
3 NodE (2¥ 90X o), 24 D REL 98}

OpenGLE 0|83 OpenGL ES 1.1 8 165

(a) San Angeles

- .(d) ‘;Fake BmsktrL ;
(7 3) BImO| AIRE! OpenGL ES g WIX| At T2 s

1, &5 38 299 L85 NS 23%Y.

<E D> Z Z2aYo gisiA, B =FdM 78 g
o|B22], PowerVR MBXz2lo|¥ 22|, Gerbera 2}to|Belg]
g 47 A8dd 33 FYNDEoT G 2oL
Inte] Xeon 340GHz CPU% 2GB RAME 744+ PCol
nVIDIA Abe] FX3400 282 7t=8 Fase, golny
? 82 ¥ 5340 &89 ZAE FFY Z T2y
M2E ¥F ZdY S TYYT 42 AL 2D,
ZHdF 28 ARk diiME B, EEHUX, J2g F
k& AAEA

Z2ad d2 A6y BRY 75 224 gax,

T8 wed 2a 8 A

]
A Y alg, 3ol Fe 8 H 7| A QA 2
ool d 44 Wl el H ( delay)

A9 108 e A
(8 4) WSl Tajel oMol AlZt 53
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(B 1) &FE 58 A2

(unit : msec)
implementations test programs 2 =89 FE4n PowerVR MBX Hybrid Gerbera
# frames 6,528 6,196 | 1,165
average 1472 17.107 | 92 704
SanAngeles . std. dev. 0.809 5,409 19.069
SRR D e minimum 0.001 0.001 0.001
maximum 47.368 375,623 180.771
# frames 9,808 _ 7272 9013
average 0530 0:853 17.568
DancingFlora . std. dev. 0.372 3892 7402
elaj time frame
Idteng e minimum 0.106 0.170 1L170
maximum 15412 95.437 175.201
# frames 3616 [ 3,705 7,598
average 1.096 1.574 7.942
JellyFish : std. dev. 07% 3394 2163
disedtiine per Sl —— o 0158 0277 26%
maximum 35.803 155.640 42573
# frames 1,397 _ 1,838 1656
| average 1.710 1765 13.904
WakeBreaker 2 std. dev. 0502 4478 4671
el e e minimum 0563 0.763 4161
maximum 15.563 164.802 36.79

T8 =3 He B we, 48 At o)z}
gk <E 2>M9 Zo], TP 48 At HAFPY
€& mE o} ¥E v g 4] TP BTN
2 =8 78 At MY S8 45E B, o
£22 PowerVR MBX, PlAI%2 2 Gerberadl 47} HA
o T2y ¥ A} AT, B =89 7 Zd:s
7 AdHez Bl 91, OpenGL Al <] OpenGL
ES Fd A FoA 7HF 53t €22 PowerVR
MBXe] Hl3jA 34 1.032d, Hd 2289412 &&= F4E
2ok £3 F0hE 78 Al Gerberadl HlsiA = HAi
72464, Hdj 33.147¥19] £ F4E 7HA S

PowerVR MBXel| dj§ 714 4%o] 10322 713 £
garo] AW Wake Breaker Z2I1%o]A4¥E OpenGLo A
£ A3 AYHA ¥ATW, OpenGL ESoAME ¥=A] AF
5]ojo} 3= PointSize extension® AHEsl] HEo FUE

E@3H o] 7]1%E 399 OpenGLAIA 9 A2 E 7|0
& & gln, A% AXEY] Xl oo, MY &&=
o AaE 7HALE FU0 € F Uk 7 oy
T3 As= (ag 5Aet 2], & =89 78 A3,
Gerbera& AMS# Z$ole Bk ¥oo] A2 EHHY
o1}, PowerVR MBXolME miE9] ¥% R Eo] 4453
% A$7F Mg ol PowerVR MBXolA e 78 &
Y 7FsAol ada Hely, o] Z9e dFA: g g
olB e g&d &5 vt Fov|sAd,

@A OpenGL 4elA4¢ OpenGL ESE& TFd% golug
g2 & =RdA4 vz didez HFF PowerVR
MBX$}t Gerbera® A3 AlAA AlL7MS§H ASo)
goe e Asd, £ =89 JF 73 dge H2 @
oA 7 APAFHESME olAMNAY F@ Al Eo] ¥
3 43 £ F4E BAFYT

(E 2) THAIZ diH Hln

2 =89 7843 PowerVR MBX Hybrid Gerbera

average time(msec) 7472 17.107 92.704

SanAngeles > r e AT e
ratio 100X 2.289 12,407
. average time(msec) 0530 | 0.853 17.568
DancingFlora : ; T e
ratio LN 1.609 33147
, average time(msec) 1.096 ] 1574 7942
JellyFish = 73 i R O
ratio 1.0 1.436 7946
average time(msec) 1710 | 1765 13904
ratio 00 41
minimum ratio 1.032 7.246
maximum ratio 2289 33.147
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¥ =89 M= OpenGL ES 1.1 59 78S 2% 3§
o, daageMel go], A4 s=gojolA OpenGL 7%
o] olu] AF=E Aol OpenGL ES 715¢ AgHoz
AFse wde zoksdd. Adste uhgd o2 HF
TFEAF}E ZZ2x2 JFAN HAF OpenGL ES EFQ
T d2EE 943 ¥4t OpenGL ES 11 EFE 94
3| ZAAG. olA7A] OpenGL ES EF9F H2AEE
%3¢ OpenGLAI A4 OpenGL ES T& Arel7h fAS
& oS, 29 78 AR HxE2 FFES 5T A
3 Atelelct.

Eg, e A4 eAldARE AAFA 249 ¥4
of 2H& $Ho], 3 £ E Fo|7] HF dIY JYE
€ =Yk 53], 2FAFH A vjAEse A=Y
Hg HgAoA A &x9 P4 o]F001, OpenGL
ESel 53tg &8 Z2adEd dg 58 £ oA
71£9 74 AlE vl H4 1.03200, Hof 331479
4% F4E By

FHHoz ¥of, & =89 738 AldE OpenGL Aol A
9] OpenGL ES T8 Al FolM fdstA EFUF =HA
EE FHsa, 71€9 & ArEe vsAT M w
& 9 £58 Holx o fat o 74 AHE Hug
o2 HEQAT H2E Ao dig 22x2 a§9 3
AAE s, AN gzl Al4HE OpenGL ES Wl
Aula g 2EQ 3DMarkE 837 9@ AUe 54 F
o, E¢, g3 AFFezd #Ax 23 Fott tg
2A9] OpenGL ES 20 E&o) thslX+= OpenGL 20 3
2 lgez M2y FHol 27HY, $E on] HAF
A & dAC A+ OpenGL o199 2P~ 2olr
et AFHE A2goA e AT ATEY S E =
do] 78 94 Zasiy, FFTHOZE o] wgoz 9
HOE Al2dd A gy Yazdoldzx dugd A H o)
28 AFstnA g,
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