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Abstract:  With the development of general-purpose computing of GPUs (graphics processing units), power consumption measurements
and optimization have become an essential issue in the green computing field. The current power consumption of GPUs is mainly
measured by the hardware. However the programmers have had difficulty understanding the power consumption profile of the

applications used to optimize and refactor before the compile phase. To solve this issue, power consumption models were proposed for

« FEETH: BHEK B RFFE4(60970012); 20H 1 1 AL T4 (20113120110008); b iff H SR BT H (09511501000,
09220502800); _Fifg T — Vi & g eI H (XTKX2012)
Wk ). 2012-08-03; &Nl 2012-10-19; E R a]: 2012-12-27

© HEBEERAET hipd/ www, jos. org. cn



I F A F VIR 6 GPU i@ A it o 4eFmaE A 1747

GPU applications with regard to sparseness- branch and denseness-branch programs based on program slicing, respectively. The program
slicing is fine-grained level that lies between the function and the instruction levels and has good feasibility and accuracy in the power
consumption estimation. The power consumption prediction models for program slicing were proposed through no-linear regression and
wavelet neural networks. To specific GPUs, the power prediction model based on no-linear regression is more precise than the prediction
model based on wavelet neural networks. However the wavelet neural networks model has better generality to various kinds of GPUs.
After analyzing the structure of the applications, the weighted power model for sparseness-branch programs was provided to achieve
better effectiveness. The probability slicing power model for denseness-branch programs was also proposed to improve the accuracy that
is based on the probability of the execution paths. The results indicate that the two different models can effectively predict the power
consumption. And the average relative error between the predicted value and the measured value is less than 6%.

Key words: power consumption model; GPU computing; no-linear regression; program slicing; wavelet neural network
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Fig.1 Variation of power consumption of different GPUs
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Table 1 Regression functions of different GPUs power consumption

£ 1 %25 GPU LA A 6 %

GPU %#! DFETRI A Y
GTX260 Pp(x,,x,) = 65.6x, +29.4x2?
GTX280 p(x,,x,) =95x, +46.7x%*

C870 p(x,x,) = 62.4x, +75.8xy"
GTX480 p(x,,%,) =98.7x, +102.3x)"

© PEEEEBAITT

http:// www. jos. org. cn



I F AR F VIR 6 GPU i@ At o4 A 1751

GeForce 5 Tesla & NIVIDA [F7R R F= i £ 41 Tesla C870 52 [fil 1] %\ T & [f] GPU,GeForce £ 41 1) GTX260
1 GTX280 J& 128 AR HH GT200 (¥ 8281 7 [ GTX480 J& K It Fermi /K R [ALBE %S AER 1 (KT
B oy S SMMANE x, R VLB B T WA 2 508,,8 5 GPU KA XS B 5 GPU R &EH K.
h T R UEAELG BB A ROPE TR 40 AN R VR B BE RN SM AN BE IR 07 B0 B, T TIN5 5 o 0 T
7t & = P— P n AR RS B AT R4l . GeForce GTX280 5% 2= £k i/ 2 Jii7m.

0.8
0.6
0.4
0.2
0 +“- -
-0.2
-0.4
-0.6
-0.8

PRZEAH

0 100 200

Fig.2 Residual difference of fitting power consumption prediction value
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Fig.3 Arithmetic density distribution of benchmark Fig.4 Framework of wavelet neural networks
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k=1

Forp Y(k) by SE Br i AR () b U At A AR 22 e S/, SR I SCRIR[27] R 1R 73 Y5 U 9 I 28 AR R /I 38 3 o
WNN #4385 58 B, AR e A I 24O 3R
(1) BECKEGEY L. SM WA, R8T, GPU KX 4 ME/FRFIER, = 2D
1) 35 DI #E.
(2) Xt 4 AMFFAE R AT FAL R, AL BT S B AE S WNIN 46 AR, I 52 DG 2 I ZRB BE 19 4 Hh AL
(3) WAL WNN B4R R 1 PR 7 BB BB wy R wyg.
(@) F N7 ELY) R R R N AE R EE A R AR s SR (2710 1 7 S TR AU R 2 R U T TIOE BOE M,
D% L P 299 25 30 5 77 WU 4k 482 2% > B SION 1k
(5)  NZRM B4l o5 S AN B A2 7 B0 3 (W RRAE & 2] WNIN, 75 21 ThFE 000 8, 75 5 DU & ThAE 2R AT 5 bb, 56
TE R 1R 0 RS
T g AR 3.1 151 40 ANBRUFG) A DK WNIN ) 0000 258 S, 52 o ) {1 55 000041 ) e K% 25 42 0,58, 3K
RZEN 5.87%. S 45 SRR W, WNN R THIIDRS B ARG T A 2 (9] Y ASE 28 4 5 )k o A B [ D B TR 47 58 4 Ak
LA FHRAL GPU.
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4 BEFINFETNEE

N FH 2 e 40 3ok o )5 A8 D) SR A AR V)R SRR R SE A - AT 3k — D W SRR A A SRE T A AR 2 T A
Nvidia 22 & ) CUDA “F & 27 A5k 73 #1 GPGPU #2)% {145 s .GPGPU f2)¥ F 2R M C il 5 IT R, LA &5k i
T A A% G AR R A T U D U RS A g B AT A ) A ek e DR A R R R
GPGPU F& 7 5 ¥ T F2 A7 AN AN [ I S5 A0S s a(1) Db T 48 s R T R AT, 75 AT 2 42 72 0 1 bt L Waarp o
AT HAT HIRE B R B D 7y S8 8. (2) S T R IE I R LR FE (M T R A FR g 0, 75 B0l 0 22 2R R 1 7 =X TR R AR,
LAY A0 15 FR 45 ¥ 5 06 F T 92 T (60 0 B0 4 L B o o 17 B0 B, BTG 8 B0 K L A IR IR 5 hy . R 2
GPGPU F& 775 3 G M AR e /0 I HEEA 1 LA TR 5406 R 45 1)

2t DL BT IR, A SCE GPGPU 2 7K1 43 8 2 S I R 43 S 2 v K 8. ol 19 1 o O A AT A 2R R R
BRI A e v SR U B 3R, 4 SR B (R R )7 T ol L B8 K AR T VP 22 B2 0 BV i 1) GPU JE R e e R L&
He 53 3B A B T I MU BE L N DA B SR IR AR A A — i LA 1R 4 SR AR A T 4R D FE TR
DUABEIRY (04 6 1, 20 S A9 43 SRR A R 45 1) 79 SR e JEE N R T AR
4.1 N EIGHRIEFTHETNEE

GPU I8 75, K 20 R R 1 L 46 0 SO A (A 15 76 D) SHAB R AL (¥ 6l -, FH 0 T 180 g 32 e 3 o FH
JF B A T AR AR

EX 5. B KEZRU A WA RIATE R |CIE RV R G AR AT RO 2 48 1 g 2 45 B i 3%
AT BAT WL AR S 1R, L AR v 5, RS WE . R I ah 4k A FH 55

TE X 6. FLIFREFESE I VIR k2 AL A 2 (9) Fis:

E=3(Bx1) )
i=1
oo PRV IS Ih K 0, R F AT )
S I o B 5 0 OB I 0 PR 5 S 6 B AL R MR 7 (M 38 1 P A
AT ) £, PRt FE B0 1B P S 560 P AT I T, 128 2 (10)
g:%QXLL:iKH (10)
T B G A SEARATIN T, S BB IR 0L PP A A K m S PR o ) 1 e I R P 0 £
fEkEh

B

E=3(RxT) (11)

T 8 G55 S BRI BERR K BRI & =| E — P | by Jy (50 L, B SRR IO PRI 3 F4) )y G 9% FE R ) 5 o
i R IURAE s T Y The P YN AU THFE (1 AR AME, W A 2 (12) frs:
ﬁzf(Bx%g}E:ﬁxt (12)
TRINRZE & =| P — P | X R0 32 M0 BR 5 (4 DG T 92 147 i BSPM(branch-sparseness prediction method).
4.2 BSPMXEHRA
BSPM (1) 5 B 7 A S 1 4e] SR 35 T S RE IR0 T 505 B AL AR 3 R U5 AR 1y i et v, o 72 A i 2 70 S i )7
oM U)o RS U A I BCR SRAG VT S BERY) B AR R T DR v S R SR A rh R AR LA R 3
A i) i
(1) IERADR 53 Ui A7 45 AE I 2R 8L R 4 152 5 S [ A DX 8 1A S 6 AN [i), i DA TE A DX 23 U7 A7 45 1 ) 2 2.
42 SR AT ARAE B o W 3l TR AR D DR R HE Vs A7 #24F NIVIDA [¥] CUDA b ) 9hi 19 L 747 5€ AT ik
DX 24 PR AR AT R e o 0 B 2 R 5K X 3 U A7 8 8L AR T, A Jed A7 DX 38 R 2 G PR 5 1°F, T I i A7
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fiti 73 Tie R B4 1) 75 U SLX 43, 1 cudaMalloc 55 R 44

(2) M DX B U AE A AR DR AR S 4 o AR b, R R AR AT O ) WA R AT R A T A R T B —
AN THSRAERT I Al — ORVE S A R I 2 A AR A5 I AR C A — IR Vi A 0. th T C i
PR TS5 Ui A7 3R AR B 45 5, S A VG ) 20 i A2 4538 R 1 i 11 (F Veet0)=mO+m3 K 1% 15
TOM R R — 2 FEASE B E 1) mO+m3 Rl — 4 U A7 8 4 1) L A0, R 4 Jn sk JFe b 41 2 S FEAR ML, o1 51
BAEAN 473

(3)  TEIRE AT T SEVE S B 5 A e, AN WT B8 50 4% 0t S 0 1 45 4 D AR e eh AT SR A B 22 TR B A0 34
G K B UK B A A AL T S A 28 D0 A R 0 T AT 5 Q0T 1 228 i i JT R Y SR (2817 1) 5 12K 2 e U7
Jr Rl 73 o FE A AR T Al 3 A O S A T ) A AR R T For,While 45 S8 1 il B 5k A< B
IR 300 45 AR B AN IZ AR TR A I — SV B, VB A 1A T OB PR AT R KL

BiE 1 VDRI AR R IT S

#WNYIF C{B\,B,,....B;}.

W RIFEMYI R C{S1,5,.»S.)

1. For B=B; to B, do

2 For each S; in B; do

3 Sj.count=1;

4 Endfor

5. Endfor

6. For B=B, to B, do

7. If B; is LoopBlock then

8 Search the iteration_number in B;;

9 For each §; in B; do

10.  Sj.count=iteration_number,

11.  Endfor

12. Endfor

13. Return C{S},S>....,S,}

B 5 IR AY) v S TE A T BUR count 3 15 1 AT~3 5 4T), FHAREUEFE 7 HH (1) For,While S50E 45 1d
RARMAG IR P FEATLCEE 7AT), 24— MR LAY E S5, 75 A8 BT 98 A5 1) ok T RO PR IR B BB 8 47); 88 5, A 16
IRFEA Y 1 BN 1 5T A B VU count WRAE (BB 9 AT~38 1147) 855, V) v C 24031 R TT )5 I 12 4815 A SR R
13 47).

FEMRIRIX 3 AN SCHE I LS,/ 41 BSPM L 5B G vk ) v vh B T D FE R o 55085 52 BRI 4 A7 ilh X 0Kt
RS9y 59 4 VIR SRAComs Cotms Coms Conmy FEN VLT AR VI Z T A AEIE IR, €y, N Cy, = D, TR
VERF S MY AEFT 4R 23 003 OP,OP™ BSPM S0 T :

Bk 2. FE T ODRER TR S R A

BNDIF CAS1LS,.... S} BRAFIT AR OP°,0P™.

i D) B T I RE I U SR AL
1. For C=C,, to Cy, do
2 If CieC;

3. r=r;

4. Endfor

5. Foreach Cjin C; do

6 For each §; in C;; do
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7. If S;.ope OP° then

8. #A=#A+S,.count,

9. Else S;,.opeOP™

10. #HM=rx(#M=+S;.count);
11. Endfor

12. Endfor

13. A=H#AHM,

14. Return A.

1 56 ARG AR R R AF G R AR e A — AR+ 1 AT~28 34T, BRI U o A AR AGAT A 1 ) TR AR A
THEERAERT MV S GEv B HUCR 74T 28 8 A7) A A AE VA7 BRAE IV A7 G v oM B9 9 47 585 10 4T)
I HALUH A B 755 5, 2 T DB R v 503 [ R IZ H G0 vt a5 UMAF vt saM (I ELA (R 13 17).

3% 3. BSPM ik

NN {CLC,. ., Col

it I I AE P

1. For C=C, to C,

2.  ForeachS;in C;

3. L=L+1;

4.  Endfor

5.Fori=1tom

6. P+=PxL/L

7. Endfor

8. Return P

TR 3 L E AR & V) A SRBATH R 1 AT~36 3 4T), 085 3 7 V) v 8, B 4 2 (12) 3K i
S ITTN D #2585 4T 56 6 17).

43 N XFEERFEIIFETN R

TESL B N I — S R B WA P A B GPU U 4.1 51 BSPM 78 Ab H 5K 2643 S 4% (R 7%
J IS A7 e B8 AR5 5t — b 0f 43 SR 86 R 1) B PR 5 25 8 5 LR AR 52491 2k /i 44 BSPML 114 R R

B AN HFERE P={s',s%s",s%,1%,i0,87,s%,1%s'0,. 3, Horb i ROR if 203454, s ROR IR A B WE
1 s® T E E HR R A SE BRI AT P AL AT AN N 0.001. T4 8 B TH 5T 2 B 1 E A K, 76 BSPM Hh,iFi £y
8 XS IR D FE IR 56 W00 di K AR S B AT e A o iy 3 AT MR 2 N T 220 o) DI G 1 5 00 e sk DL, 3000 53 S A
WREF IS BSPM 23 I8 22, T HEAfG 1 AR E

h T B 3 SO R ) TN ) 0 T AR R 1 F R D R R T R AR R R T b 4y SCHRAT B AR B
WL S YD R ) 2 AR DL 5 M I R PR AT B D 1010 o R R v SR R R 4B
PR CAETUIN Co M Co A5 Cop AT FIME AR T 258 B WU 20K Cip X5 V5508 B2 B IR, A Gy BT 585
JEAEH C TS i

EX TEBHEEE). BV CPINTFURN{C,Ca,..,Cad A7 Co PR T RATHER BIE 1 V) 8
C,={CitsCotpe s o UV R B3 g C, P 15 U A2 4 4 0 EL .

TG 38 KB R N TR e, T A 80 S S B 3.1 SR 3R 3.2 71 P ) o R0 8 TE D) 40 5 RS AY
RN Ao 28 99 248 1 D) R TS 8, 17 FH R 1 T 3 2R P 2 24 5 (13) i

n m é n m n
P=;[ex'L:'],L=2q| (13)
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b, Py YN ORI D2, C, R R e v oA 20U F 4., £ A 3R AT B 43 S 08 % 5 B 10 S RE F50000 5 12 T3
BDPM(branch-density prediction method).
4.4 BDPMEHERH A

BDPM [ B AR R V) $hAT M 10 JI BT AT T 80 3 Fh k(1) s R Al v A0 Atk % 500 157 4R
AT TR AT SR a0 B 6 3 S AT T 220 e A v T B AR T R B M 22 .(2) B A TR AR AT IR BT P AR B
AR IR A N B0 AN W7 B30T 23 S 45 R PAAT B M 26 301 2 43 M v e M e v AL B R AR X S (3) B4
W1 735 A% T T — R v, B T s 500 0 A SR B A LA S R S R R R K B AR R O S T AR
JP R 2543 SR IAT A 256, T D7 Sk B 1) BAA T A 56 A0 DA o S 80408 110 43 S T A 21 ey T oA e s T AR L T
SE it 1 5, AR SO IO T V23R ID B B A3 SE AT R

T&JE)J)# C,:(C,I,C,z,,C,,,,)E‘J%W)#E@#Lﬁﬂ%%@yﬂ p,:<p,1,p,2,,P,m>,%wiﬂ?§ﬁ$ﬂH:ﬁ;ﬁ%?éﬁ‘“ﬂ(path
profiling) K fiFME 2 n) i p, AR W T (1) 58, & V) F i AR 5 (probe) S 45 /E10T5;(2) HR 7ERE
JPPAT I F2 U SR AR AR AR B (3) )R KB AR OG5 BRI - 43 S B8 A28 I AT B, I =R HE AT Ak
032,

BVLR G INER RS D={d\d,....d.}, T UV PATHEZR pi th A R (14) 73 H.

pi=Y (@ a,) /s (14)

Horh, o RRF U Cy AEMREE 4 d 1 (AT B, s W R B4R d; 22307 V) 1 I AT IR B
SR T 03 SCRIARAT BEAS LS 06 7D v 8 S 7 SRAS A ROV 553 T N @i, @iy, 53 SER 3 R (0 TN
DR
3% 4. BDPM 5k
BN VR DA(P P, Py, S VLR AT B 0 R (D1 P2y oPise oD 6.
By T SRS P
1. For C=C, to C, do
2 For C;=C;; to Cy, do
3 If p;>d then
4 Cic G,
5. End for
6. L+=|C|
7. End for
8. For C=C, to C, do
9. P+=P:|C,|/L
10. Endfor
Bk 4 e Gk S U R T A SR IEBAT R R 2 A7~36 S TR T A R AT 8GR 6 17), i A (13)1%
HH RS (R FR0I T FECER 8 4T~5 10 1T).

5 SRS

SR (R 2 50 UE T FE TN 10 A R0 R A A R K 3 SR R 3 SRR R, b A R S TR
2 TE) AR5 22, LA VAN DR TIN5 v S 06 7R SR FH 28 2.2 1A 2 10 0 1 00 8 3 PR P (R AT S T4
S0 P HER I, SN G FEXT A B GPU & PR G ICEE 3.1 1 R (R AR Lk DA AR A D) R SR TR AR 2 X6}
NVIDIA GT200 il Fermi P& R ,1E$ GT200 44 &[] GeForce GTX 280 Al Fermi {4 & ) GeForce GTX 480 1
by SEBG 05 B AKSZIS FAEE /L Intel Core2 2.33GHZ,2GDDR RAM,320G f##; NVIDIA GeForce GTX 280, 1% L)
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N 602MHZ, f71#5i % 1107HZ;NVIDIA GeForce GTX 480, 1%Ll 4 7T00MHZ, {7 % i % 3696HZ. #1E R 4:
& WindowsXP Profession, CUDA toolkit 2.3, 3R ) #2JF R Ak 190.29. (1T Perl i 5 AT SCAFI 47 £ 4 22 (1) 5%
K I BE, T AR 2 FE M S AN i T R 3R ) Perl 15 5 SEBLTHFE 3 b TN JR 784 R 45

5.1 BSPMAYIEIE

N T BAE BSPM (4G 2k, 46 2 B H T 8 i 4y SRR i ) S 56 R 3 1 SCHR[25,26] 1 CUDA SDK T & 4124,
S r U R 0 R SR IR T R SM (1 B 7 LA T B AN [ ) SM AN Sa 4 AT E 0.3~0.8
2N VSR BE Ay A A 5.7~287 X[, 78 5 T FEUEFE P4 85% V538 BE it 3% 2 n WL, TN /N 0 KT 552 B
AR R B0 39T HA IO, I G A m ARG 000 {5 00 A A P A iR 25 A AR T 6%. 3B 45 SRR W], BSPM. fig %
B TR 43 SRR BRI R T S T RE.

Table 2 Comparison of power consumption prediction value of GTX280

T2 GTX280 DykE A s xf Lt

WAL hie gk Sa A THIEL(W) S I FE(W)
Dotp B AR 0.5 20.5 114.6 119.5
Madd B IR 0.3 233 101.2 105.6

Dmadd RURE JEE B TR in 0.3 29.1 102.1 108.2
Mtrans P 0.4 5.7 86.8 92.3

scalarProd KA R 0.55 12.1 102.2 106.5

fwtBatch1 PR FL IR A5 7R e 0.8 37.8 123.7 119.4
scan Rk 0.6 355 117.6 122.2

256histogram H 7K 0.45 287 131.8 126.5

5.2 BDPMUYIEIE

FEIRAIE A BE 73 S B A5 7 I, BDPM 8 T BSPML 1 S5 £ 5 />0 SR 5 (1 B AL e, L3R 3.8 WU 52 A8
DCT(discrete cosine transform) 73 32 4580, 0 74 i3 VL BC VA M H.264 fift 6 TR 50547 45 KB 7r SCAH by
S H.264 TI0E1: 0  SAL B i 43 SCRE PP L0 T ik BDPM 52565 /S I £ 6 Pt IR 4 S0
SM i 8, B Sa=1. 1 T B AR 5K AL 4 o B 3 SO AU ARG 8L/ BDPM. A5t B A 200 5585 B2/ T BSPM i 47
%R DR, b 22 3 (13) U A H A D RE TR A 2 3 (12) AR PRI A, T L B8 4 30 S5 o 00 8 £ 7 4°F 3 D g 55
i BEAG 4 A5 RS %2 BDPM (1A A0 535 % 55 BSPM 1 F 5% J3 25 BF 8 K, Rtk BSPML ) 0 £ 15 52
ELFR) AR RS DR ZE 89 05 7 H.264 MRS T 5535 o BSPM. H FIUINEL 5 S M ) R 25 e K, LR TA B 13.8W.S B 4 21
K W,BDPM £ Tl 53 SR R e ik HE A VRO T BSPML.

Table 3 Comparison of two different power consumption prediction methods

&3 PRI FETIIN B

WRAFE P BT A Sa BSPM (W) BDPM (W) S S EE(W)
DCT BRI A e 186.5 0.6 125.4 118.5 120.6
cugrep AR LA 1.3 0.7 110.5 121.1 116.2
binomialOptions G oy At 7 ) 273 0.3 120.7 124.8 127.3
BlackScholes Sxfil oy Ay 7 451 18.1 0.8 116.6 120.7 124.5
cuh264 H.264 fi#t 27.6 0.8 117.5 135.7 131.3

53 FRARERIFEE

NIVIDA ()55 RS H R &R GT200 L5585 —1X GT80 LhA H KZR 4k, i 38 =ACHA &R Fermi Mg R T #4> %
U, KIEREIG T CUDA #2038t S84t Z g A28 R, BRI, ARG R R DD RATEZE S N T — 25
UE THAE T T3 125 A TR A A 2R 00038 o 1 A 1, 6 GeForce GTX 480 R R ks, b GT200 A&
) GTX280 Ml Fermi 4 & ) GTX480 BFl GPU /= i Ty ¥E. 73 &b, th T SM M 15 52 e v 47 Dy 6, DA T 25 A (] 11
LR TR MR R B 5 S0, % LB K SML 23 Tl g M A . I LR SR AURIRAS, BT SM LRI Dy Sa=1,0.8,0.6 1% 3 Fif
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UL PRI AAZR GPU TSI 0 S DAE -5 T F P AT 58 22 LA L3R 4.
Table 4 Comparison of relative error of two GPU architectures with different SM saturations

F 4 VIt GPU K RAEAR] SM HLRIEE T AR 12 225 HE

S Sp g RTINS AHXT % 72 (Sa=1) X} R 2 (Sa=0.8) HH X R ZE (Sa=0.6)
AR WREHE GTX200 Fermi GTX200 Fermi GTX200 Fermi
Dotp 422 426 4.14 432 431 433

Madd 425 428 423 4.08 429 432

Dmadd 5.82 5.67 5.61 455 5.79 5.62

N Mtrans 5.93 5.88 5.90 5.34 5.87 5.65
7S scalarProd 4.17 433 4.07 426 421 4.42
fwtBatchl 3.83 4.12 3.60 3.95 3.69 3.97

scan 4.12 4.23 4.07 420 436 434

256histogram 4.42 4.82 4.24 4.57 4.28 4.63

DCT 1.85 2.97 1.74 2.85 1.78 2.96

cugrep 4.47 422 428 3.96 439 4.14

/3% #M# | binomialOptions 235 3.08 2.11 2.93 2.32 3.13
BlackScholes 3.46 3.91 3.13 3.69 327 3.81

cuh264 3.62 4.41 3.44 427 3.56 4.49

FER 4 0 L6 T2 SRR S 72 )7, BSPM 7E B FMA R R AR RTR ZE 3/ T 6%, K340 b T 3.9~4.5 2 [H];
PP GPU 1A R T, BDPM WA R ZE 38 /N F 4.5%, EE AT 2.0~3.6 Z A BT M GPU AR THIMRZER
T L, 1 B P Al Iy T2 T 1 5, KT GPU A 44 2R 09 A8 A B A e 1) s P A A 6T A [) SME S 1)
SERG S5 AT L, GPU HE R SM AL -3 1 W RDIR S I (Sa=0.8), TH AR 784 (10 AH %o 158 Z2 A TV 0 B P M AR S
Z IS UL, ThRE TN A A 530 5 BR SML B MR 1) Y F 3% 5t.GPU W IR 3 ¥ ok P L 7 2 R R /N, L
TEEK SM A RLR A B, GPU FRAT TRk BB AR 31 70 4 K5 10 4 28 RS K, GPU Wl 77 3 T AR I e 6 A AR
PETCVEARIE. DR 1, 2R PRI BT K SM 37 308 M RDR A 2 — P ARV e o F AR U s 3 e T0 I A5 70 7 45 S o
sk, B A R AT 0 B A A

6 IE\%SEEFE

TEFERE P Y 7 A D0 R Py 20 il ) 5 BEREJEE 3R BOCD) A v 5 REFEAH DG AR I 62, Sk 5% RER SML M AN 245 A
ARLAE LG S B0 &l GPU ¥ D) F REFE AR, PO A afy P 5w o0 Tl L@ & %A GPU AR A& 13 H g
FETREINASE 2 SR P /N I Ao 28 199 208 0L 45 R A B2 g B ARG 2 ) 100 A e 1 O 30, IR DAy /) 38 o 501K g0 2 RO P4 v T
ol 28 ox 9% (10 368 0T M AR R 0 TR I s I P )5 SR LB 3K A D) R RE AR S 28, 0] FUIHS 2 SR AR T 4 GPU i
T B SR R ) B S5 e /N DB A 8 I 23 T A BT 0 R G GPU s i, Wl 32 6 TR 22 v R AR e P[] VA B AE 1)
JT DRI BE Aty b 78 0 7% 18 N I R e 1A 3 SO AR, DA 93 S L ) I P R S SR D10 1 A B2 IS A D R A8
RSN IS P P 0~ 42 T B 3 08 T 0 SO 85 0 I R e IR 4 D0 B 254 AT BB 3 /I R AR B, B8 v D AE T
U0 RE A 1 S 6 8 SRR W I P R S R TN A 2R A 288, 1 22 A ] R S Tl AL 0 T GPU A4 2R K38 1 P 5. A
B 75 1 A SCHEAR I AE 9 S Ak by 7 70 S el , A0 P 88 23 2 R P, £ DR UE T 358 22 1A 195 D0 B v 17 1L
A 20 83 P P AR P [ 1 b e (] ikt v 07 M A 2 PR R /1 e Aot 2 ) 4%l KR A1 A A S804 (1 20 A i
BEATE% 2,5 BP M2 2T LE, B A A BT P RE

GPU i HI vF S D FE TR 7 S0 T 5 30 I e N B 8 5d 431 1 YA QR el B 1 8 R 1 0 DA RG24 i
TSRS BE 7 T RN AT ACRS A AN AL T 25 (R FUME s 2 A RS 5 A AR BRAE 2 0 BT v 1R AN 2
DRI 2%, 34 o G TN ASE 2R PR M Af A1 B 0T 20 SRR R Py AT B A PR MR 3 10 L, ) P P 18 sl i AR B A1
N LA PRA, 5B BDPM A5 8 () FIRS B2 15 A 10 249 5 0 A, B vt 0 e PREIASE 28 fy 12 JH) P8l 17 5 S 7, 1)
U BRI RS P rp DO AR AR (A QRS X T RLAL N R J3 I EAE 70 A1 45

28 R R AR PN TS I S v
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