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A Proposal of Parallel Computing Framework for GPU
and an Evaluation with Genetic Algorithms

Yukt Kurano,t Masaro Yosuivr, ! Mitsunorr Mikit!
and ToMoYUKI Hirovasut?

Graphic Processing Unit (GPU), which was traditionally used for image pro-
cessing, has been widely applied to general computation called GPGPU. Nowa-
days, a lot of studies using GPUs are progressing and various products are
developing. The most famous feature of GPU is hundreds of processing cores
lead to low energy consumption compared to their physical volume. Even sev-
eral developing environments are already provided, software developing cost
remains high. Implementation of GPGPU program of the target algorithm ex-
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ploiting parallelism requires not only realization of the target algorithm, but
also knowledge of architecture such as memory hierarchy. We propose a frame-
work, which enables easy implementation of parallel computation using GPU.
The framework can lead communization of GPU programming. This paper re-
ports evaluations of the simple genetic algorithms (SGA) implemented on the
framework to confirm achieving parallel computation on GPUs. As the frame-
work can customize parallel granularity and the number of GPU, relationship
between computational speed and execution condition is also discussed.
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D TOP500 D 17 5 iz < v DN 3 A48 GPU ZMARALE L ZAF L THBY, 7721
A==V Ea—F3MEPIEEICE L, ZLDOAPEGIFHT LI ENTER Y, %
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Sl EFOIREFETH D CUDA, OpenCL 2585 &1, GPGPU OB¥a A M3/ &
(oot L L, WHREDS T NA 2 (GPU EEFTAXEY) OXEVIGE 2708
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2. CUDA
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ARFZEERE T, NVIDIA fh23EEclitfi L <\ % GPU AV ARSI C©H 5, CUDA
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67D, 12D SM X120 block IZMIGT %, SM 1Z##PD Streaming Processor (LA
K SP) »57%D, 120 SP 312 thread ICHWIGT 2. % L CHAMRERICH D 4TS
NIBEUIFRIRFICET SN, WHIABIER SN S, £/ SM O E#Z % block, SP O
BEMA S thread ZHE T2 &, TRTZFARARCH D Y TS 2N TE VD, —
JEICUFVABLTE 22\>, 2 2T 1D block 25 Z#Z 2 &, f##L TR D block %
227 SMACHI D M, thread b RIS, FHRZHE A7 SP ICRD thread ZH| H 4T3,
L EFBEHEROE D LT RFORM, FHEERSHHAINAVESREIFEET 20
5 1d thread £, block Bz FET 2 Z L THO T2 LWHRETH 5.

¥ 72 FETDOBRICIE warp &\ ) BBALCTRIU e a3 fr S, MBI N5, 1warp 13 32
D thread 7> 5 7% 3 728, thread 1% 32 DfEFHEOLGE IR I LU I N3,

3. BEMR

WBLD—iF% GPU TITH T & TEdL L = RIS BlE SN Tw3, LarLlzins
1, BE LR E A T 2 HMRILBOTECHE, AR IR T CRITERR
L, Fa—=v /7L {HBLERTHZ, Z0LH)REFEDOBH L, PCGILEMEMT 5 PGI
Accelerator 1&, GPU L TAZICUIEE 2T -oDHAE L COEHIRTWL3T,
PGI Accelerator &, BEfFD C 558, F 7% Fortran SN a2 — Pk a X v +TH
3574V 75 47 (WHHLIERT) ZFHAL, F—&U5M:% oL — 7% CUDA I
X% GPU LToOWHMICEN T 20284 5TH B, F72 GPU DA 0AFIGHFkEA )
2y, AEDF 4 L7 F 4 THRABOBIETH 2 OpenMP® ® XcalableMP? 237F7E L,
T4 V7T 4 7THAI KL 2 HENEIHLD —E DL 2 E T2 b5,

¥72, PC 7 I AZIZ Xk 2 WMHIHBEEREICE VT, GA D—HONE%E PC 75 AF I
70— R LIRS 2 7L —0 7 — 7 BT 2R T 0210, GA ZHRE
T AR, WHEDOE UG HOKRE T2 D206 THD, D7 LV—LT—7%
Hwz b, BEEFOCHTET TRy b= TERI N, — FIC0BR 4t 7u— 3
3. BREDRER, 7V —257 =212k > CIHFIUBEDR A ICFEEEDTE K 2 & LMD
EBHER SN, ZDLHI B 7L =07 =27 2AFEEE~ DY a2 74 70— Fig,
WHIEHHEE LD a— FE23R L F 2 —= v 7T 2FH L, 7V —2av—2ZFMHT 25%
BN ZNENOHEMIBIEFTE S,
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4. BEI7L—-L9—79

4.1 ZL—L7—JDHE

RIV—=LT7 =237 A7 D% GPU IcA7u—F L, MHEHEETH 2 L cli%
FEbT 3. 2L TZ2DL5 % GPUZRFALRL T T30 AZERICHRMET 2 2
ETCGPU R 73V 72D LT 22 LZHNET S

4.2 ZL—L7—Y0EE

JL—Aa7—70BEEE 3 ISR T., M3 IRTIIIE, 7L—LT—=71F 222451
S5NTED, 7L =207 =27 DHREIZTNA 2 LD XE VR, FAL ZAANDF—FEK,
kernel BISIFEONM L 247 9. #5373 2006 OFEFE RN & X €Y OKZEIT», W
O LI EHERE R &K T,

Device
ramewor:

rKernel Function
'Execution

Kernel Function

get_from_gpuft Gets Resuits of
P Kernel Function
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User-Written
Code

3 7L—L07—7 Dk

Fig.3 Structure of the framework

HIED 7 L — 27 — 7 Tld kernel BISEMFOH L 7-1E#ICHK A MCHIBIVERES 720, 22
T7L—207 =27 DO LIGITRE D kernel BB THIC A R FMIICHl oL 2T, %
DBETIL—07 =7 DBLEEFOHT 2 & TiHER OIS %1T 9 25, kernel BABH5E T
LT WEAIE, B2, ZORICTNANA AP LDT—FIERERITH
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R1 7v—27—2%FMLZa—Fofl (kernel B%)

Table 1 Example of a code which uses the framework(kernel function code).

1 __global__ void KernelFunction(double* Data) {
2 int tid = threadIdx.x;

3 int bid = blockIdx.x;

4 int bdm = blockDim.x;

5 data[bdm * bid + tid] = tid * bdm;

6

}

£2 7v—2v—s%HALLa—Fof (KAL)

Table 2 Example of a code which uses the framework(host).

1 double Evaluation(void* Data, int Number_of_Datas) {

2 throw_to_gpu (Data, Data_Type, Number_of_Datas,
Number_of _Gpus, Parallel_Particle_Size);

3 get_from_gpu(Processed_Data, Data_Type,
Number_of_Datas, Number_of_Gpus);

4 return Processed_Data;

5}

kernel B%ix, 2 —FDHMICEHET 2. X > T CUDA OREZED L - HHREDE
Fa—ZVITDHHETH S.

4.3 ZL—L7—Y0HBEAE

x®1, K217 —27— 27D a—FOHlZRT, 2—FER7L—L7—27%2H
HeLT7ur 78124 v =1L, kernel IO L, 7L —247—7 DR L&}
DOWFHL 2179,

kernel B%%132 1 I2/R T X 912, @EH D CUDA L FERICEARTEETH S, kDb,
M F 2a—o v T2THIIENTES, 58T — BN EI N5 E2RTRA
FBEINTLEDT, ik HVTEHHEET).

FAPaA—=FOHFRTE2ITRTLIITT7 L =27 =7 DHi% throw_to_gpu BI%CEOH
L, %% get_from_gpu BIECTHEOH S, throw_to_gpu BI8® 514X Data 1%, GPU LCit
HICHW2 7= THD, void D KA & TRINS, JLDT —% D% Data_Type T
T ZET, DY A ZIRERHENFORIEERITH 2 £ TE S, ¥£72, Number_of Datas
TT — 8 D2 ET 5.

Vol.2011-ARC-197 No.11
Vol.2011-HPC-132 No.11
2011/11/28

B o584 7y a v 2EET 5. £3 Number_of Gpus T T2 GPU o#%
Y%, CUDA TIREHED GPU ZHWTHEHHEZ1T) 2 e3TE, ZoEZANT 2.
% L T Parallel_Particle_Size I3MFHUKIIEZ IRET 24 7> 2 »TH 5. WHHLKIEE & 13,
B 5 NI AWHNBIE T B0 1 DDA DOKRE I TH D, flld< 32 L WO L
ZT1O20MHHYNS D, M T2 EMBMOEIN-> T 1 DOMNHEEIKRELS RS, K
7L =57 —=2Ti&, WIHLREZZMIA < 2% & block Ba§ 2, 1block &7 h O thread
oS D, F< 35 & block £5H> T 1block 72 D @ thread B3#E 2 % .

get_from_gpu BIE(D 5% Processed_Data I3 ALBEREH %2 AT 25858 % #4#1 L 72 void Y
RA VI THD, ZDMDFIEUT throw_to_gpu BIE L FERICHEET 5.

5. GA DE%E

5.1 GPU LT®O GA OFtEFE
K7V—0b7=2%H0T, GA O—# D% GPU LTINS % 7v 77 L% 1F
B U7z, GA blF, FRNFRIC XD iR, 72132 00E0RERO 27V ALTH
3. VY LRBEROMEELSEHAEL, 2No0MFICELES 2 BREEZRDIEL, K
R E 72132 OEREEG S, 200 DEEDHRT, ZNENDOMRENZTFHEHL T30
(HEME) ZHWi$ 2083 H D, ZOFMEZFHE & MRS, BAEMICIZRTE L 2 2315
Tk DRE B TIZOCEEL, ZOMR1SHEAHEER S, 20k, FMEE % 23HA
DEHETH 2 IGEIIFEMNIC S < ORFFED DD, GA DEBRRFI D K5y % i35 2 %
T EIThB, F, FHEIZEEE &4 ORISR L TEINST ) ZoEe T — 2 W
D, Z I THHlioNE % GPU IcA 7a—F L, WHEEYT 3 2 & oEdbzX 5, 7272 L
FRREMES S CEEDDDTH LD, ZNENOFHERICHOEF 2 —=v 720
HTH 5,

SO TIE GA DT A MW S5, Rastrigin B%( & Rosenbrock B % V> 7z,
ZNZFNOAEZ L TICRT,

Frastrigin(z) = 100+ Y _(2f = 10cos(2r2,)) (512 < 2, < 5.12)
=1

min(FRrastrigin(z)) = F(0,0,...,0) =0
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n—1

FRosean'ock(x) = Z(loo(xz+1 - xf)z + (1 - xl)Z)
1=1
mi’n(FRoseanock(l')) = F(l, 1, ey 1) =0
%8, AP0 n IZREERT. s OBIFUIRAIFRENO Z N ZFNOFHE b AL L
TED, F—2UitEz2EOL 525, 20D, N6 ORKEZEET 21213 2 DD
WEAAT 2, EAREETIZINS 200WFMZ, N—FY7 270> 2 2DFlHkic
MIBEE %, BEAARIZIE 1 29 block 12 1 DDfEEZE D X4T, 120D thread I E
WD 1 RILTDFEEE D YT, FEEZTI.

(—2.048 < z; < 2.048)

Individual| |Individual

Individual Individual
v
Block

Fine Parallel Particle Size
(Block : Individual = n : 1)

Basic Implementation
(Block : Individual = 1: 1)

Rough Parallel Particle Size
(Block : Individual = 1: n)

(1>n)

4 WHHLKE
Fig.4 Parallel Particle Size

Z L TARTOD thread NOFIHFRER OB 2T 5, D F D EAKERD block iz, Xyt
BHS thread BUCHHET 2 X Y I FEE T2, 272 L THBHEAELETH Y, WHHLREZE
T2 LAEOFEID M THIED B, WHHLHED R 2 BEOMEEOF D UTHEZR 4 12
AT, M40k, WHHLKEZM2 T2 & 2 2B ED block T 1 20D %
v, WIHEREZM L T2 &, 12 block T2 DM FOEEDHEZITH

5.2 CPU & QMBS DL

GPU I B\ THEARIECOFHIEE 2T > 72 & L, CPU CTHliEHE %217 > 72 B JuFR
RFf % L U 72, Rastrigin BA%{, Rosenbrock BA%tZ N8 Z 1B WT, Kiu#% 10, @
%% 400, 2000, 4000 & L, 2fEAICHd %522 2 R % 100 BRIIEL, % DT
BEEH L, £I0s ofEiBEaEII T A FEEETH D AR 720, 1 ED kernel BY
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AT 1000 FI#E DR L TR LEFRARMZ NS E T3,

FEEICHOEREEZR S, R4I1IRT, 2BV 213 2HD GTX460 2B L TED,
GPU % 1 BAV2EAL 2 BAVAEEII O WTHEBZT>7. CPUDAZAV2 71
7745, CPU & GPUZMWE 707 70EL 68, FHEiMNADOMIED 2 — FiZHE—T
b3, ¥ CPUDAREMVETRI I MIZ, =Y 2 TEITLELERTH S, WEEZH S5,
B 6 1cRd. hBlHESI 7 I3EMRHEZAL, T7 7 713 1 BXY7% b Ic§Hii s 2 fE ik
DEERT,

Lt ofE R, 2 FRoBBICE T GPU IC X 2B LR TE /2. £ - EARNIc
%, %D block BT 21250 T GPU IC X 2l HEOMEED A9 2 2 & 23
AT ET. kernel BABEEITICEEL THRAET 24— =~y FiZ, HEEICBERE AL
WEEZSND, ZIUTK L kernel BB IZATIFIIE, MRS & Ll L THIEICHEZ 5.
Z D7 OFEEREFATIRR & LT 1 B4 7 D ICFHli§ 2 Mk oz El$ 5 &, RiEfs
%W JiDIE — 8=~y FOEEEDNS (D, AN—Ty bl EEZ 6N 5,

5.3 WFHLRIEZZL S E I EOLEBIFHE D LB

CPU & DOALBIR I FLligiy & [ —4efhic BT, WHILRE %2 2k & &, PR % 100
FEHIL, ZoPHEotEZ1T-7. B7, K8, K9 IcZofRE2RT,

=3 TG

Table 3 Systems used in experimentation

< 1 <> 2
Xeon W3530 | Core i5 2400
CPU 2.8GHz 3.1GHz
Host Memory 6GB 8GB

GPU code Compiler
CPU code Compiler

CUDA toolkit 3.2
gcce 4.4.5-15ubuntul

R4 GPUODARY
Table 4 Spec of the GPUs

Tesla C2050 | GeForce GTX 460
Memory 3GB 1GB
Memory Band Width 144GBs 115.2GBs
The number of SPs 448 336
The number of MPs 14 7
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Fig.5 Execution speed comparison between CPU and GPU.(Rastrigin)
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Fig.6 Execution speed comparison between CPU and GPU.(Rosenbrock)
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EZDHZEDNTES, D% 1block Y72 ) DALMY 2 213 ENFUR XA 25,
% 728 block L & 1block %47: ) DEEEII K ILFIOBIRICH 272D, #& block 235 % 1%

Vol.2011-ARC-197 No.11
Vol.2011-HPC-132 No.11

100 1000
- o 000
800
o ln 700
H ez 600
o
E BN | 500
o | T
E i %& 2 400
= B EH 4
il §§| 3% ’?@ 300
'E b ziﬁ’l M & £
T Ll I e R N
I B LB (BN [ BN B[ EE B
] B OLE BN BN R FER BN 100
BN TR BN [EN e LB |
o0 Wb ERMEES NN MRS ERMRERMEES 0

4000 2000 800 400 200 100 80 50 40 20 10 8 5 4
the number of blocks

B 7 WHHCKIEEDZEAL & MBLRIEDBIR (400 fifk)
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Fig.8 Relationship between execution speed and changing parallel particle size.(2000individuals)

EWFIUCRIEEIZHAS 72 5, BEEARIEETH 2 1block 170 1 DDEEZEID ¥ TS &

9 T, 1block ISRITHET D thread ZEHMTH I Eicks, ZC

SR TuEE 10

TH B0, TOHARIEZRFLHE L LT 1block 2472 ) @ thread 25 10 X h %\ &5k

BIEEDSHC, 10 & D 2w EWFHLRIEE Al &5,

RS, WITNOGAEICE W THWMINCKILZ M § 2 L AMMHEEIMET L, HT

(© 2011 Information Processing Society of Japan



TR TS
IPSJ SIG Technical Report

1000 3500

3000

2500

o
S

COIGTX460x1
EFAGTX460%2
E=ITesla C2050 x1
——GTX460x1
-@-GTX460x2
—&Tesla C2050 x1

2000

1500

time [msec]

o

1000

throughput [indv./sec]

500

% Iv‘ In

200 100 80 50 40

the number of blocks

B9 FHLKIEDZEAL & AMBLHEEEDBIFR (4000 fE )

Fig.9 Relationship between execution speed and changing parallel particle size.(4000individuals)
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MEFACRIE DKL K 72 B IS DN THLBLEE DS Eas> 7B 12 & LT, 1block 2720 D
thread 2SI L 72 2 E DT 65, FEARFEEIZE VTS 1block %72 ) @ thread #iZ
10 THD, lwarp B7-D D thread BLTH % 32 £ D A%\, ZD7®, 10thread DM
& EITT 2701 32thread T DFIHZITH>TED, Z1FEIE,

F7 Mo & LT, block # & LML DEIHRHZTF 5415 . block 1Z MP 1IZE]h 4T
SINTERMAEZITI A, MP HdE 4 12H % £ I IT Tesla C2050 T 14, GTX460 T7 TH
%, Z®D7% block K E W LMD block DYIDEEZFAEL, avFFARAAL v F
& BBEDFA TS, Lo L block BOVNIWEXEY T 7R RIS LA T2k
MBI ETERLSLY, MWEMET T2, ZD7%d MP BHOBE~EAERED block
Bor s, UWHEENERLLLEEZOND,
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