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Abstract This paper proposed the low power texture cache for mobile 3D graphics accelerators.
It is very important to reduce the leakage power in the standby mode for mobile 3D graphics
accelerators and the memory access latency of texture mapping in the active mode which needs a large
memory bandwidth. The proposed structure reduces the leakage power using variable threshold values
of power mode transitions according to the selected texture filtering algorithms of application
programs, which has the run time gain for texture mapping. In the trace driven cache simulation the
proposed structure shows the best 7% performance gain to the previous MSA cache according to the
new performance metric considering both normalized leakage power and run time impact.
Key words : low power 3D graphics accelerator, mobile devices, active mode, stand-by mode,
texture cache, bilinear filtering, trilinear filtering, power mode transition, normalized
leakage power, run time impact

ME

53] 2¥ 13 o] 33 2HF A FoM Azt

A, A, 7MEA 2dg, gy AL 9
Hol&(GUD, wE, FAL 985 F chde] XA 3%
4 AFE 29 (3D Computer Graphics)S 3A1A
Q4 AT 2ofelth 33 ARGAE AAe R At
71 e AFE 2adoN AAske 334 olnR
HAvth ot o] WREY dg29 giiE e
dag 37 i u$ & A9 Lws 239t

col =EE 20059 AR (ZE&YAALT ] Ados FRHEAFTAG
9] Qg Po}l £FE A7Y (KRF-2005-003-D00290)

toFAEe  dFAvIed R AYFEd o
kys@kpu.ac.kr
=544 0 2006 62 299
AAteE ¢ 2006 11E 23%

A9 Y Ay DAdAE 23 F9 He Wrg A=
9} Aats FuEly] WA w22 HY A%
27Er1,2,12].

a9 wyde $3ste 2ud 7ivle S A
Ago ga7= e oud A A FoAME FaF
A7 adeltt & 339 Y s&e] e Ay &
2 oFE 2uid Y7)elA 33 2" Ao Zg
nelne] A4 deld ¢, ¥923 E3x, A
A%, 2% ZHAHYE TY Aol W 2 A¥ &
Zojtk. wEld AHY 33 a3y JkErle d7s
2uld 2710 w9 Fesi12] =3 He ¥EA
20N EA 7% (deep submicron process)e CMOS
AlolE Zolg] 7Hie} wIHIA Euld77] Wr|R=



a8 BRAFIH=EA: Al2w F o8 A M A A 2 30072

(standby mode)lA 9] 43 (leakage power)E 7]
sgedoz Frken e FAolEE, Fiwcs
(active mode)ollX|9] A®AH ZAW Yol tj7]x
ZdME wA A 24 7Y 97 = "ot s]

3R e AZNE G4 ANSIISEA
EA Aztol} wiAg FHs= d2A v o] |
g AkgdtHl6]l #22% o3 duiEe o9 A7
Aed 2 FolM MIPMAP @8 7]9+9) bilinear HE]
B3 trilinear BEHPo] ©o] ALLHT} bilinear Yely
< 1/he] MIPMAP #¥dA 4712 €4 dojelg B
ZHinterpolate)3te] 17§9] ZaHE v olele} w3l
W0, trilinear TWEIHL AHF 2719] MIPMAP
Hol A 74z 4704 8/l €Al dHolElE B
[16]. o]} o] H2X UneEe APHU HAx 3
A& 23 glojA HwE J4 dEL EU B =F
Xz =ZHkd 3D Y Jr)e FREEAM &
277 g7IR=dM e FHAAYHLE Fo|7] sl &
232 dolgte] WRe AAALE #Hadn §§& Te
I3 API Z=99d #See 75 gl s iz
¢ Ay R A% 71ES 2 A d2F A4 3
ZE AUt

£ =% 748 ogd Zo) 1739 AEd oo 2
e AAY HAY FE GTE B, 374
= Eukd 7718 SFREECAM Y FRAE gy
EEAQNNY FAHAAFG S Fole A2 d2A A T
Z5 AAgTE 439X E 37N AT TR AE
HoldE B¢ A% H7EE F95a viREo g 5734
A AEE EEFU

F

32 oAg 71E71e] MElRge a9 194 BRRE
o] AEWE holRel AHMETAS AP,
AAAE, @A H]D), A2, FojFA}, HY
A2 59 Ay BAZ A UE 4 dd 339 2
A 715719 FBL A dEa dQuxd oE ¥
< 1Y 2RF2 2uld 7]7)dA 33Y g HE)
o =gujgay A, doldduaE, HaXEiE
FHAYE, 2% ZddHE 59 A% 270 A%
2 A% g0 ol FEIY] YA FAHHE »
F= 7142 39 28 2o $RHYY dF¥E FE
4R, FHFAF, AFEFR, FFNHIHE B9
g 7ol d7Em ok [1ldAME AT &
A o]8F ZAHIARACY(AGR) AR
Y-S AAEPen, [3-5ldME T Blam
% A 7iEE 283 dad T Age =3
e TS ARG =8 [36]dAME "ag A%

)

B S T

Lo

:TL

&

Transformation

Geometry i : |
Stage l Lighlting J
| Trianglf Setup |
[ _Edge Processing |
Rendering i

Stage Span Processing

[ Texture Mapping |
|
|

Deptr; Test |

Color Manipulation |

a9 1339 39 71&719 53 golzagl

A B A < Sxge) 1 2

« B89 PHEA] Holole - she el it
P=aCVfax

R T e opRRE el

iAok i, Rt Je)- 8 VPR

« EHHRI Hle] 7= »SWERAT Tesjold) 5l 7

a9 2 FHPAEE BEe 7d

o W&ty FHFHLE Qs IES AXNSGEU
E3] [3lolMe AEAQ on/off WAle] A ] Wy
o wste dad e e FFH A w9
LA Z9sta ok (18l E AQY: FRE 7}
A A2E 923 AHE AAstAoh

B =54 Agste €24 Asls MSA A4 [11],
drowsy 7§48], decay ZWH[13] ©9] 7P A n=
1S Jste g gk Jhd AYERE el A4 B
E50] vlg AY ZEEF gEid AT JAx
glol W7lEly glew T4 FY 4=/ HE A =
=2 AfE= 71H-E 9ugith decay AAl13]= AA
B2 AHYREE off REZ HIHA FHALDEL Ao
e WHoln drowsy Bl AHEEZ=E drowsy
(sleep) REE HlHA FARYH ARE Zo|dA dHo

£ 22138 FARAT F4 BE JHAEE A
F7} AGAel Besith MSA AH1E A8 2=
AR TREZS £ ¢ JAF Wgolch

a2#d MSA 714[11], drowsy 8], decay 744
(13] §& #g 2= A 7I&A A4 £S5 AL
8 @& A2 Adorste @o] drh 18 3404
2 dFzle] 4¥d d23 A % dE& 29
bilinear WE1¥# trilinear WEFP ZaeFl upebr

=



ied7)7e) SAuEd frRES BE 2ad A4E 309 249 7157 59

dxx 4ol S ELF conflict miss Ao A HE=
E59 Ha o7] Ajze]l AEE Aolrt S ¢ &
Atk B AR AlEdold HWE 4ol dW3
o 29 3(a)E BY bilinear BE o) trilinear YEH
Bo} Jl4 slE&o] wowWA 19 3(b)E EW bili-
near eI A= BE9] FF thr) Agte] =
22 trilinear FEIF ] A-vole o W w4 d¥9E&
Y F Ae Y 2= HIE FPAITY] Aol
T 9%l o Ay 2R Y 4+ Jozs e A
g E9 g wFHor o B dFoiM s 339 a8y
API¢] A2 Heg FuEol mebr 7hize Ay
B= A#R 7Y e /e FRE ARG

2ok Y)71e] 542 gREe AR tr1Rsd A
AYLE7L dojunz FHETGAY LHAE 74
B golle tiyREdAE T AY a1 AF
= ufe abslti7-11,13]. MSA AA[11]E drowsy
[8] 719} decay 7M#13] B} F2AY SwolN ¢
FEAI 1o WE S8 A7 AT AHIE Zol7] 9
M A BE5Y 1Y 2o A o] e
olop gitt. £ 4 Z2d9] J4 3 Hd =z
27 g et AE 2z [4@ dFe 7Y
el detAet d1v] wioltk. B dAFME MSA i

| MBiinear_ 328 M Biincar_64B B Triinear_325 0 Tritinear._648 {

1

0.99

0.98

097
0.96

0.85

(@ g4 74 3| ES =l

| WBiinear_32B M Biirear 64B B Triinear_32B 0 Trinear_64B :

100000

10000

1000

(b) WA B HF th7] A3t vlm
79 3 Bilinear e Y3} Trilinear Y| & =fx
2 A FF vwGGld =7 4dKB~32KB, &
£ =7): 39B~64B, AEARE: dway, HX|7}
Zdlolel: Quake IH[14])

AM119) 4 BES H2A Ad AgHT 4 B2
Atk de e 99 2% TY e 9ad WY @
n2)Zel weh FhEHY P ANB

3. HMigtste "MAXN e =

B =R AAEE d23 didde 7EFHeR
MSA 7HF F2E swtez itk MSA AHs e
7P AYRCE Ze AFe N4 EE9 HAYR=F
T2 B4 gepA A8 £ QUth active REE
A AH FAEZS 9% A™RE 2T FEEe Emol1
sleep v AZFLEE Z0]7] JA3lY AY AYE ©
olElE fAlFtE HEE WFAM FFHh of E
Mal FZeol AT fle T
27 Q=8 Addgs Aagh Aotk 18
Hax A4e] A A ARa A BEEL 7
2 T o7} active ZE(1V), sleep 2=(0.3V), off
(V)& vepdch 7haded "EE= 7IHS 7HA
MSA A4, drowsy A%, decay ¥+ ZF Ay =
A% sidelE sl ik divkshd AgE g

Al FFIVAEAME dARA B2 IR} 7F
AlZEteg wolz ¥ ground bouncing 5 A1%9)
A% (signal integrity)ol A7} AT = Q3 0|

[

ol

In

)
g

w =

o)
g oL o Borr

of tlo dlo |n

OpenGL 3D
Graphics Applications

Quake3 Game Engine

Call Stream l

Modified MESA 3D library

Annotated
Trace

Texture Cache Simutator

Architecture
Parameter

o0 SanYAL il vdd

Y emmmmeamecmeepaee .-
/ L .

/ cache block \
/ Power mode transition |
\
4 .
! Variable Active 1V .:
% threshold Sioep 0.8V !
4 values j
; off oV Kk

Ay /'
R e —— j p—
Virtual vss -
y
.

‘.
0

1Y 4 Adsle HaA AN R AlEold 87



60 RN =RA: A2 R o] A 34 B A 2 5(A072)

W57 fENE 1 8 Aolg o9 Ay 2= A
# Aglo]l "Wasty] Woltt. 2¥d 718 WAEL A
g 2o A8 72 A4 B9 U7 2 #E
A5z Asokte vl gtk B wEolAM AN
FzE MSAAHA T2E 7htez I3 3944 BR9)
bilinear BEHN AHE B9 BF 7] Azl
Y 322 uilinear YHHS F9olA o @& Y
2o A 28 32 /MAE 7MAQ 39 R A8
BE ke 7HAE slelrs d23 A F2E AA
gt

Agste T2 7|& T2 A% BE 9% 4
5 ARE U& $43% o] 37HA A (metric)E A9
3n AEgolde F3lo dxE Ak AsE ¥
A9 (normalized leakage power)® A7t JF=
(run time impact)® MSA 111N A A%
Az 593t AFsE 448 original 7§49
TAAY L 100%2 3t 7Hd JYRE 7PE] A
AL AFET Aotk FHAY YFE=E original )
Hel ALE 0%E 3 FIMHQA AH nl2 T
g Z7} $YALY] B E&E ek Rolth wEA Aw
g8 A FPAT dREE AL £ EF Aol
$-5% Aejth

« 3788 43 (normalized leakage power) :

Eoive V Byteep ¥ Liatra
B, igin

Euctive & Esteep & AA FPAL T A7 active
HZ B2 sleep R= EEE9] 54AHY L ovi
&} Fewet 7 AYRE 719 F& Ao RAe=
Z71EQl A4 vlAd mE F74EQ FAHAAYES 97
B} Eoigin & 7P FYPEE OIS A3 4L ©
23 A4 AA FYPANZE Fo A B2 FHHY
&g 9ug.

+ X7t FB=(run time impact) :

T

_ exira
=7

original

Toriging & 7H8 AY 2= 71HE AMSSA 42 H
23 AR AN2"e FPANRY Tew. v 7FH H¥
BE AR ©E F71EQ Aot

« 22 A5HE(new performance metric) :

P=Lx(1+R)

a3 919 27HA A% AEE o= vt 1
AE ARAHA 5L vag + gk Gusty FE3A
8L Zo]7] SN AANT 7HEC] NEHoE JH
B Ego] GolA FHPAIZRE hikx]|7] ujFoltt. wz}
A B =R pdAA8y FPIANE 25 umP
N2S A5 A= (new performance metric)S A2}3td

FAAYH FYALE TN nE qFR ARY
g3 S T2 A% wLE FASFPL

4. NEBOIME B8 85 AS

4.1 AIEYIOIM 2

Aol Hhe 1Y 49 Ags o] OpenGLE
7o 23 Quake II AY AA[14]3%  Mediabench
suite[17]9) ¥89 Mesa 3D gelBala textureE Wl
simiaz $£9slam MESA 3D @el#eiblE 433
o "ax FAe @A dolg Edel2$t bilinear/
trilinear WEPe SetElE F&¥ch W F 19
4¢] g} o] Bl dolels Wy mHvHE
FEgoz ypiAQ AY 2 AF BY e VA
E 923 A FRE AEHEHE TG AE
golae E5l 74 =S, 24 B39 HIu] AL,
A =8AZH W3 F active RE, sleep BE, off 2
= g 52 2GS oS X 18 B =8N F
g drx AL & 7L Feld Aotk & 19
A sleep B WIEE sleep RENA active 2= A
2 Ao) BRF FANANLE ujE, active BE
EEZ i) sleep BE EE9 F47HY v &2 0.08%
ZAg8e11]. 274A el2EWR o)A bilinear/trilinear
LHYL AHAF AN Edol2E 28 & #d
A Egol dlojgle Z ¥EY HE W FE3IL
R XNEHo)RNME HA 4 T2y IS
©E>7) )84 bilinear BE|B T} trilinear BEIH Y +
Pulee Q9FoE WHANA A NEHA B3
g APsATh

1 A% 9 g g2z AH 74

4 EE
set associativity 4way
block size 32/64Bytes
cache size 4K/8K/16K/32Kbytes
miss penalty 18-cycle latency

sleep mode penalty 1-cycle latency
ratio of static energy of a sleep

block to active block

0.08

4.2 N5 ®I}

¥ 2= B =R s 72E 233 AE
WRE £3% & ARY 924 Y F2Y 7L
e, B =% AHE Proposede MSA 74
& 7|4t 2 trilinear W3} bilinear YEIHS] H$
o) waely E 29 o] A& TE HFEE AF FH

& 7AAT ¥ 29| P WA A% HhE +4F
Quake III WP $827%E 19 5-107 E 3914



2udr)7]e) FARES RES 2% ped AAY 34 a8g 717 61

® 2 A% g A% B A4 74
74 ek
MSA.255 | MSA, Tsleep=0.25Kcycles, Toff=0.5Kcycles
MSA501 | MSA, Tsleep=0.5Kcycles, Toff=1Kcycles
MSA0104 | MSA, Tsleep=1Kcycles, Toff=4Kcycles
MSA0416 | MSA, Tsleep=4Kcycles, Toff=16Kcycles
MSA.501@trilinear filtering
MSAO0104@bilinear filtering (Quake III)
MSA.501@trilinear filtering
MSAOQ104@bilinear filtering (Mesa texture)
Drowsy0l1 | Drowsy, Tsleep=1Kcycles
Drowsyl6 | Drowsy, Tsleep=16Kcycles
Decay01
Decay16

olf

Proposed

Decay, Toff=1Kcycles
Decay, Toff=16Kcycles

A3, Mesa texture WX|vlz 48 Aze= 1Y
11-120]t},

Quake ¢ 219 5404 F73HE FAAYY A=
MSAS0L 7271 £ =8AA Agste 25 ¥
08 728 Bt} 538 ¢ & gt} oH3 dAPge
MSAAAS] A7 Axtel fFAsith gk gax] X
a2 Fo] YA FEZZ Y Hg AH FE

® 3 2 453 =(Quake III: 32B block, Bilinear
50% Trilinear 50%)

HEEY 4K 8K 16K 32K
MSAS501 | 0214366 | 0139255 | 0.082887 | 0.047103
MSAQ104 | 0.250193 | 0.160261 | 0.095892 | 0.054513
MSAO416 | 051805 0.370799 | 0231523 | 0.130518
Proposed | 0.210494 | 0.133704 | 0.080863 | 0.046106
Drowsy01 | 0.36955 0.302002 | 0.252368 | 0.224739
Drowsyl6 | 0.777392 0.70421 0522012 | 0.363657

Decay0l | 0304089 | 0.204105 | 0.122454 | 0.069623

Decayl6 | 0.739464 | 0.656036 | 0445114 | 0.252101

o] Bjw3 ¥7] Eo MSAFS 9F ZAxEg o
we AYRCs AP FEPRAAAN FL& HFS de
A8t 28 69 YA FFEE BE A
go] 71 P MSAS01L 8714 A% vim thit
FollA 2AZ AQFo]l vt ol FAAHS
7] 98t} sleep RES} off 2= A FH S vE
A% F718Q A vl Bol WS o migich
N3 sleep REAAE AH JE A% 14| &
o) HdErt Q3 off LEZ HF Ao do|EE

Mol
=

EIMSA501 BMSAC104 [OMSA0416 DOProposed MDrowsyOl BDrowsy16 BDecay(! HDecay16

100%

40%

4K 8

I% 5 A3 443 (Quake III: 32B block, Bilinear 50% Trilinear 50%)

BMSAS01 WMSAO104 OMSA0416 OProposed MDrowsyOl EDrowsy16 MDecay0Ol HDecay16]

40%

0%

10%

4K 8

16K 33X

a3 6 3N FFE(Quake I 64B block, Bilinear 50% Trilinear 50%)



62

HEAGI=EA A2 F o] A U A A 25072

'IMSA501 WMSA0104 DOMSA0418 OProposed MDrowsy0l MBDrowsy16 MDecay0t EDecay16

90%
80%
70%
60%
50%
40%

20%
10%
0%

a9 7 A2L A5 E(Quake I 32B block, Bilinear 50% Trilinear 50%)

‘IMSAEOX WMMSAC104 [IMSAQ416 DOProposed MDrowsy0l WDiowsyis BDecayOl lDecayw%}

100%

80%
70%
60%
50%

30%
20%
10%

0%

4K 8K 16K 32K

2% 8 A&E§¢ A5 3% (Quake IIT: 64B block, Bilinear 50% Trilinear 50%)

i active #l sleep Doft |
- l l . I l I
80% o - - ~
60% . e .
40%
0% R
B X X X N X x ¥ % X X X X ¥ x
[~ [ © o co o N =3 o @O N <+ © © N
B - » 28 ey - ™ ] 28 - o - ™
© MSASG1 MSA0104 MSAD4tS Proposed DrowsyQ1 Orowsy16 Decay01 Decay18
I8 9 Active EE HlE&(Quake III: 32B block, Bilinear 50% Trilinear 50%)
Bactive sleep CQoff
100% I S
80% |
60% . - -
40% e
20% - W EIEE N N SN N BEW NE N N N NN N N W R By EEE e
0% + * .
T X ¥ ¥ & X ¥ ¥ ¥ ¥ ¥ X X X ¥ 4 X X X X X X X
{4 T o © N o, W O N @ W0 N - © o ©0 «w © N < O N
e - ® -0 - ® - o =] R - ® B>
© MSAS501 MSAD104 MSAD416 Proposed Drowsy01 Drowsy16 Decay01 Decay16

I3 10 Active 2E H]&(Quake III: 64B block, Bilinear 50% Trilinear 50%)




2l )79

o FARES QrRES

25 12d AdE 339 2219 k&) 63

WMSA255 MMSAS501 CIMSA0104 DOProposed MDrowsy0! BDrowsy16 BDecay0! EDecayl6

4K 8K

18K 32K

a9 11 garshd A

#H(Mesa texture: 32B block, Bilinear 50% Trilinear 50%)

BMSA255 MMSAS01 [IMSA0104 [OProposed MDrowsyOl BDrowsy16 MDecay01 BDecayl6:

60%

50%

K 8K

16K 3K

a9 12

#2847 2T ARALE A Moﬂ A w2
b o wold & wrol ¢tk oA

U A% e 1 seiop f:s}u}

ANG FEE TAAYY SYANE =

2 A% HADAM MSA AFRT AHBo $43L
¢ & 3ok

B =R AN T2 28 787 # 344 B
xo] 7A-dER FPAHE BT mT AR A%
Az ZHAM A 4Tl 53 53 MSA Hot
Aol 3t AY 7%9) 4% o152 dEr

29 9102 87kA AAF A Fx dsiH

active BB, sleep B.E, off 59| vl &L =X Ao
E]— 28 9,109 9% original ¥ 100% active B
o]Fo] A} MSA0416, drowsyl6, decayl6st 7o}
"‘T"%’d‘é}% v Aer At GRETr FHe FERE
active B Hl&o| YAz 28 & &+ rk
9 11,129 Mesa texture #iX|vl=e] 23} S8z
Quake I} FAFsATE Ot Quake I 9+ €& 74
Efo] FolX AuAes e HYyrs A VF:

A © £& 4L e AL S 5

FYPAIZE D= (Mesa texture: 32B block, Bilinear 50% Trilinear 50%)

584 8

B ERoE Zitd 339 2R A&9A
z2age 48 Helo] we bilinear/trilinear W)
Sejueg 75 4oz sel /WA AYRE A
# 28 @ T 923 AH 72 ALY,
AP G2A A4E T4 EE B W ol 9o 2
=% 3% A9Y F2EA oA A7) vmse

A ST B 2T A5 HEAA MSA
ARG Aol 1% A o)5E Zeth

A7eAAE 95 9P SHE & o 09Y
AT AH S AN AT B ¥ ohie)
FPGA 292 B4 ue 2379 939 35 1

Fese A,

B

T 28

[1]1 J. Euh, J. Chittamuru, and W. Burleson, "Power—
aware 3D computer graphics rendering,” Journal
of VLSI Signal Processing 39, pp. 15-33, 2005.

[2] H. Igehy, M. Eldridge, and K. Proudfoot, "Prefet-
ching in a texture cache architecture,” In Procee—



[3]

[4]

[5]

[6]

[7]

[8]

(9]

[10]

{111

[12]

[13]

(141

[15]
[16]

[171

[18]

BEAGI=EA A2d 2 o] A U A A 2 Z(0072)

dings of 1998 SIGGRAPH/Eurographics Workshop
on Graphics Hardware, pp. 133-142, Aug. 1998.

D. Rakhmatov and S. Vrudhula, “Battery Conscious
Task Sequencing for Portable Devices Including
Voltage/Clock Scaling,” DACO02.

W.C. Kwon and T. Kim, "Optimal Voltage Allo-
cation Techniques for Dynamically Variable
Voltage Processors,” DAC03.

K. Flautner and D. Flynn, "A combined hardware-
software approach for low-power SoCs: applying
adaptive voltage scaling and intelligent energy
management software,” DesignCon 2003 System-
on-Chip and ASIC Design Conference, 2003.

Intel, "Trends and Challenges in High-Performance
Microprocessor Design,” Electronics Design Pro-
cess 2004, Key note speech. April 2004.

W. Zhang, et. al., "Compiler—directed instruction
cache leakage optimization,” MICRO'02, 2002.

N.S. Kim, K. Flautner, D. Blaauw, and T. Mudge,
"Drowsy Instruction Caches: Leakage Power
Reduction using Dynamic Voltage Scaling and
Cache Sub-bank Prediction,” MICRO'02, 2002.
M.D. Powell, S.-H. Yang, B. Falsafi, K. Roy, and
T.N. Vijaykumar, "Gated-Vdd: A circuit technique
to reduce leakage in deep-submicron cache me-
mories,” ISLPED, pp.90-95, 2000.

H. Makino, et. al., "A low power SRAM using
auto-back-gate—controlled MT-CMOS,” ISLPED,
pp.293-298, 1998.

JJ. Li and Y.S. Hwang, “Snug set associative
caches: Reducing leakage power while improving
performance,” ISLPED'05, pp.345-350, Aug. 2005.
T. Akenine-Mller and J. Strm, "Graphics for the
Masses-A hardware rasterization architecture for
mobile phones,” ACM Trans. on Graphics, pp.
801-808, July 2003.

S. Kaxiras, Z. Hu, and M. Martonosi, "Cache
decay: exploiting generational behavior to reduce
cache leakage power

Quake I gamre engine, http//www.idsoftware.comvgames/
quake/quake3-arena

MESA project, http://www.mesa3d.org/

T. Akenine-Moller and E. Haines, Real-time ren-
dering, second ed. A K Peters, Ltd. 2002.

C. Lee, M. Potkonjak, and W.H. Mangione-Smith,
"MediaBench: A Tool for Evaluating and Synthe-
sizing Multimedia and Communications Systems,”
30th Annual Int. Symp. on Microarchitecture,
1997, pp. 330-335.

CH. Kim and L.S. Kim, "Adaptive selection of an
index in a texture cache,” in Proc. Int. Conf.
Computer Design, Oct. 2004, pp. 295-300.

EA

1993 @ @AM AAE s}
19959 dAdistn AFEHASGF A}
1999 dAdEE HFEIFA2HF
g3} upAl, 19953 ~1997'd AAUistw
AI7AL 19993 ~2006' AHdAAF System
LSI #PAT9. 2000 3~3A F=4¢]

e AYEAT AR BARCRE AYY 7=

AFEH &

, 33 g k), eidE A2d F



