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OpenGL ES 2.0 Emulation on Desktop PCs
Nakhoon Baek

ABSTRACT

OpenGL ES(OpenGL for Embedded System) 2.0 is one of the most widely used 3D graphics API(application progrma interface) standard
for smart phones and tablet PCs at this time. During programming with this APl they prefer desktop environment rather than the target
mobile environment, which has relatively low computing power. Thus, we need to emulate the OpenGL ES 2.0 API on the desktop PCs,
where only OpenGL API libraries are available. In this paper, we present technical difficulties and their solutions to emulate OpenGL ES
2.0 on desktop PCs. Our final implementation of OpenGL ES 2.0 emulation library works on desktop PCs and passed over more than 96%
of the official CTS(conformance test suites) to prove the correctness of our implementation. Additionally, for the commercially available

benchmark programs, our implementation shows equivalent execution speeds to the previous commercial OpenGL ES 2.0 implementations.

Keywords : OpenGL ES, Emulation, Mobile Graphics, Embedded System

dl A3 e Aol A9 OpenGL ES 2.0 ol Edo] A

HH L}
= =

ok

2

OpenGL ES(OpenGL for Embedded System) 2.0& @4 ~vle E3} glE8] PCAlA 74 de] A5 Qe 2
t} o5 o] &sl: MLHAAE dudoR Aol oA Butd FARTHE Ha3 § $4o] AsHth wEhA, OpenGL o)
#7304 2] OpenGL ES 2.0 APIZ 2t o|Egold & Far} gy & <
OpenGL ES 20 & ol &&olAs7] 8, 714 FARES F5s: YHET oo we +d A%E AAd. +d% OpenGL
Eeold glolrnelel: wlaa g PC AN F&sta, 3440 2

AFEE W2 B BANA, mukel e

B~ E(conformance test suite)?] 96%°]/d- &3], FA

ok
of

5

a
2, DN > U i)
o_\_," oy, H

w )
=2 N
2 X 2 o

o

|

S HSTh =3, A er AlgEs WA Z2afsel qid B 7Ee] 49E 7d Atk w58 £ $EE Balth

FI9E: OpenGL ES, OE20|M, ZHIY JHTA, AWLCIE AlA

1.M B

P

oF ofelE, T FuRoE Fo svlE Ei} HE

PCAAE 339 GUIH ol$ % 98e gl o
of weh, Hze) QutE AsHENAE 34 19 s F
de FaAse, diiel s Axgeld oF A9

o 9tk vdeE] BFE AR @A)d A2x2 25 (Khronos
Group)oll Al A3k OpenGL ES(OpenGL for Embedded
Systems)= @t = Al 2~gloAe] E&AQ1 339 g
2 2985 9% A3 ®F(de facto standard)e]t}. A
OpenGL ES® A7} Al2=dE 918 14 g2~ sfo]xe}

# This investigation was financially supported by Semiconductor Industry

Collaborative Project between Kyungpook National University and

Samsung Electronics Co. Ltd.

T3] AE gL AFEHH WE(Cmart Life A8E 913 SWRIES4
AR

=5 20149 1€ 169

AALEE 2014 3¢9 13Y

Y

l(fixed graphics pipeline)< | &3}= ES 1.1[2]3% 17} A~
gS A%t z2agmE gho] ZElSl (programmable pipeline)
< AlFskE 2003] 2 208 g 3.004]0] vk 3l

olglgt EHv tlaay AlxElAY W FolE
2 w7l A2 2 OpenGL ES 1.12 OpenGL 1.3914 3}
AE 3, OpenGL ES 202 OpenGL 2.1[5]%H =¢¢ =
2agE o] Ze}<¢ly} GLSL(OpenGL shading language)
[6]e1 7]5katar 9lch OpenGL ES 3.0 2012 8€e ®F
o] AAHAAE sz E ES 20 WA FAgoz
AdE 3, ol &A= AREE AbElZE wu|ekt) whebA],
OpenGL ES 3.0 ofA7x] F#3] SAs¥ A & 48
o7 Holm B =RoMiE dAHAA s g AL
+ OpenGL ES 2.0& o=

OpenGL ES 20014 =48 ZzadwE so]=zgele
172 9] 174 spolxmeleA] st=glol2 1A F o] d
715ES d8o we HAS & F JEE, Fai 19149

%
Al
i

o

e}



126 SEMESel=2X/BRFH Z S8 AL MIT M4=(2014. 4)

2o, wEx o]t (vertex shader)9t ZYIHE 4 o]H
(fragment shader)& Al&3tal, o528 Tz g 4
= #ojy] @AA(shader language)® ESSL(OpenGL ES
shader language)& A Aeti7]. ojg st WS aggx
stedolE wg BAH SR AMEE F EE o, w2

g AREE O WE AR el o $5e 89S A
A7] witell, A&} Age] ol Ao ® J|gEr)

A
o=
T

@ Si}% laﬂ—ﬂi e

ol "ol webA, W
FAA e ol thERs
O Alagold ddfs =

o
=
iuj

n

Kl
[
Mo
=5
i
o

Ir ,_U rlo

215 2t} M} PCAlM = dHib= A S o &g &
a7t a, B =5 E PC 8749 OpenGL 2.1 5%
o] &3] ~nlE Folu} ElE8 PC 374 <] OpenGL ES 2.0
< oﬂgg]o]ﬁs} A2 B

A A7} oF= 3 OpenGL 2.09] olE ol vt g
SA TEE oA §1drh ¥HE) OpenGL ES 209 4
A4 T8 Atgle ol EAst vk dEAQ] ALRE
Imagination Technology A}¢] PowerVR[8], ARM A}9
Mali[9], NVIDIAA}S] Tegrall0] o] Uth o5 EF
PC A4 9] OpenGL ES 2.0 ol E#Ho|HE A&stn YA
v 1 Adseld, 78 WA diEiAle AgekA ¥ vk

=i 2% e TS 3 AAle A 7d 3A
Ao AR AES Adwysit 3FdAE 73 A9t Al
AlE G, o] 2 EH 4ol 4] AE2H FF HAE HolAth

-

2. MH % FH H

OpenGL ES 200] ©®l238 £9] OpenGL 21014 34
HA7 wiel, By Fdo] gl Aoz nY
= AqAuE WHAH o 2= OpenGL 219014 FA® HE A
37 o] OMa} At = AlxEle] BEAS wkdstr] $s o
F3 715 BAFo]l @I & E°] IEEE 754 349
—‘ﬂr%i—’r:xq 38 WAv x198= OpenGLel Bl OpenGL
ES 202 %2 APl &5EA signed 1516 FEHS 144
FH xds AFHoR xdstolof gt g OpenGL

A= 9wl (extension) 7152 ERH & ZHAH
¥ QB A E (framebuffer object: FBO) 71%5[11]e] 3o (core)
7o 2 AEF HUA olE Adstr] f% API E¢] ¥
FHOoZ FItEojo} gt}

#lolt] @A A (shader language) ZWellA= GLSL Rt}
ESSL o]l vsol AAdHEA 25y ArA7E E9 94
) A, A4 WEC (built-in) MFE] o]Eo] ulHA
% —’F Fhol vhH = Wals Ak oo wel, ESSLZ 2t
Ae T2 GLSLY ¢hdd s8ho] x| ¢hon Be
9ol GLSLAAME &A7F fld 4ol ZRIfE]
ESSLolME o d4% Eyoz Qs #Agd e/fs 24
AlACk gt} o] AWA SR ES 20 A EHOIHES T54
o7 ESSL 23S A ZA4o 7 /\L‘i“.i(syntax)
9 AJelE A(semantics) LHE FH3I] FHophdl I o}FH
EA7F 9l ESSL Zzado] tls|Aqt GLSLZS WHae
@efate] Y Z=E FHYAA Foof st WAle] Hast
U]'. Ho=foAe vtE olyl W oz ESSL-to-GLSL W

A7 FEste] uAgstEen, o #glo] I HES
Z]'X] Skt

ol Eeole AAl ulg HAE AA ;o] vpo]Zlel,
Aot BHAA, ZHdwH, JarlAe 4FEo R F4y]
Atk o AEME ol ZE Ad= dYsich

2.1 2of mo|=zjel 73

B =RolA A|Fd= EE OpenGL ES 20 glo]HE g
API ITL—ra:t ELEL’\ IFAA At 2E ey 3
(header file)E<) gl2.h, glZexth, gl2platformh & 7]5+2
2, FFolA 7342?} FEHE U= A&kl 100% 334
< gr39.

A7 FEoME vertex attribute, vertex buffer object
(VBO)O tiet nAAZGA EaS x93 Bio] Aga
FiE& AA e OpenGL stEdole F-FiT
Adstng, e 144254 182 g9 F&
o2 gy o]ok OpenGL 45 o]88 4 Utk

vertex attributed] LALFH AEF S AHESE AT
7}L3P o A5 W3S HE vRolN, BEag A5 Wt
3199, glDrawElements(-- )Y glDrawArrays(---)
"’L—)F% &3t :LEH"”\ Z5o] Jojrfofyl 3h= Al Fed A
ks TR ST

502 vertex buffer object(VBO)IIM = 1A A4H
A7E S A 4 e, VBOYAE 3 A
= n

)

e AR
PN AgRTE 54 AR AR Wae @

_M

AP A AR ARE T2 AEAA 500, ©

B SaE Folt e ARs Wrel vwd A%
i
19 WS F AP P HF T

]

d Ao A F5T 7t

22 #lojH >HX X[
OpenGL ES 2.0 OpenGL ES Shader Language (ESSL)
S A4yl g8, WFHez “dejy AAA Hagdy
(shader language compiler)’& Al&3djoF st} B =i
A dAd3] M2 F-2AY ESSL A E AFsts
thalel, ESSLE A E 4ol Z2a7S GLSLZ W

o e



= “ESSL-to-GLSL ¥ 97]"& At E-2A4
ESSL HdE Azste AFde 54 GPU o&
A oAAlER FeEo] ueotol sHAN, M7 WA
PC A9 tddt st=dlo]l 748 Adstrlel d A%
=

TF&e "= 2A “dAH 27 (preprocessor)” 9“3
A 2] 7](core processor)”2  TAAET AAHE] 7= #define,
#version, #pragma®} #& ESSL AA 7] HHES A st
3, A7 B doly HAA 4222 ZEE OpenGL ES
205 7oz 94738 AEX(syntax), AlWE 2 (semantics)
AZE ARG =29 A7) HE2 ESSL d8o= AA Y
DFA(deterministic finite automata)®} PDA(push-down
automata)2 TA Y. 47L& C-like A0]91 ESSL 2o &
3+ (parsing)dfl oF 3tL, £3], ESSLel 3718 Ada <1019
A5 7 At ’\]‘L‘Qi ﬂ‘ﬂ

ol gk M7 ‘ﬂ“]«] AEe A &
Zo W9o] gmH Fo= AGdA 2 =5 A%
A, o] A& W ?SHH AHESIEE git) upEbA, B =E
NzEle Hz9 ESSL-to-GLSL Wel Alo] o 2
(delay)o] TR 4= QA 01—‘?%* GLSL=Z 5
o HuIE My Fx =t =
=g

23 Zallelm ofAEIM X[

dl22=8 8-9] OpenGLoNAE= =9 framebuffer extension[11]
S AFHAA, 2Ugx 28 1T XY HI(frame
buffer)® 5t o}zl @le] W ¥ (render buffer)t} 2D 8%
(texture) 2% ®d 4 A== 3t} OpenGL ES 2004
o]zlo] oxElMo] ol Fof(core) 7]Fo] HIULDZE
WEA] A ook ghrt. th8s] @Al AE-F = OpenGL 2.0
a8y 7t=%Eo9] framebuffer extensions - #|F3kaL
QA8 OpenGL ES 20014E ARz oz 2y F4H 7]
%EE Ae 4 dka AFoHo] ot B =EoAE H
E4 LEEY oEHolH Z=ES FUIEIA ODGHGL

S 20014 HAE ZE framebuffer 715 E5S AFTI=E

)i‘jr 7]8ko] H= dlazg €9 OpenGL 2.000A4 A&
3= framebuffer extension Bt} o FAH 7|5S ATt

a3l

24 QIAEIM T3

OpenGL ES 200 A= A ® A A (core specification)Z
AGe o] Fo WA 7|&H HWHY ALEAES 25 Al
S A3 YA, o
kel

k3t o] 2~ |l A (extension) &2
izl A9 Tdshe

oA A
AR, e 92w

5 S
F7b AFY a% Uk Ax9 FAo ¢md
_C'J_

_Eo

OIA=E &ollM el OpenGL ES 20 Ol=d01E 127

Table 1. Extensions supported by our implementation

OES_blend_func_separate
OES_blend_subtract
OES_fixed_point
OES_single_precision
OES_stencil_wrap
OES_texture_mirrored_repeat
OES_element_index_uint
OES_texture_3D
OES_texture_npot
OES_rgh8_rgba8
OES_packed_depth_stencil
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Fig. 2. Selected screen shots from the test programs
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Table 2. Experimental results (unit: fps)

Our Imp. | PowerVR Ratio
. min 59.9 59.9 100.00%
ntro
max 59.9 60.0 99.83%
aii min 19.8 19.9 99.50%
aiji
! max 260 277 93.86%
. min 299 29.8 100.34%
hoverjet
max 43.0 455 94.51%
advanced min 59.8 59.8 100.00%
world max 60.0 60.0 100.00%
min 59.0 59.8 98.66%
batch test
max 59.8 60.0 99.67%
texture min 59.8 60.0 99.67%
tiling max 60.0 60.0 100.00%
unified min 59.8 59.8 100.00%
shader max 60.0 60.0 100.00%
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