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GPU(Graphics Processing Unit) % B\ 7=fLAEE GPGPU(General-Purpose computation
using GPUs) 3EWEEMENEE SN TWVWA—AT, 7055 LMEROM L EHREL K-> TV
3. TTTRLR, BEOWNT0SS IV FFErefvic GPGPU 7ud5 IV IR ERLTY
5. AWMXTIEHEE ATV BEUFFHEETLESHANSNTVS OpenMP %2V 7z GPGPU DA
28278, CUDA s GPU [i3 0 OpenMP {5k OMPCUDA 2JZE LT, %7z, AFHIH
DENWT AN T0 TS LEZRNTHRERZTY, YT TS LABRNERTES T LB UEED
OpenMP LAKRDFR TABICHIEELTE BT L BHR L.

OMPCUDA : Implementation of OpenMP for GPU

SAaTosHr OHSHIMA,+ SHOIcHI HIRASAWA'+ and HIROKI HONDA!

General-purpose computation using GPU (GPGPU) has been a focus of attention because
of its performance, but the difficulity of GPGPU programming is a problem. So we have pro-
posed GPGPU programming style using existing parallel programming style. In this paper,
we implemented OMPCUDA OpenMP for CUDA-capable GPU, for explore a possibilities of
GPGPU using OpenMP. Then, we evaluated out implimentation using test program. As a
result, we confirmed that OMPCUDA make GPGPU parallel programming easy and can get

speed-up.
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Processing Unit) & AN TEREEMEREREN1H 2D
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int main(){

OpenMP + GPGPU DE{TEFI

GPU
CPU-GPUMT
BESDE

ERRITE L FIRATE

ik
=

return 0;

—

EREITH2

1 OpenMP ZfWi: GPGPU Fur/SI v/ DEANEZEXS

Fig.1 Basic idea of GPGPU programming using OpenMP

2. GPGPU 7RI 337 DFE

GPU 2RO EHTH 2 EBIEZITS Tul T L
DYERRICIE, 57497 X APL & ¥z —REENE
WH5hTW3. ##0 GPGPU Tl hbDEE
4TIV EFAL, BRERT—XOEEBERT 7 AF ¥
KNS 2T —HDOREICED ST, BEANRE Y 1 —
REBOEDB XUy 2 —F 2 HWESHEOFE
TICEEHZ, EEEROBURICT 7 AF v HiEEE
FIFH$%Z 2T GPU ICX B NHEERER L.

UL LZ D& S EEER TS0 5 53 VT OFER
AVWTHREERRRT 31, ¥HR7 SV Ir—ra
YOTIVIAY ALCIA TESGLE T OS5I 7%
GPU 7—FF 7 F v IC DWW T DEREEDRETHD, 7
TVr—vavyuaysvict>TRERAEEES
T&Eiz. 2T THETRER, BRUET OS50
Wz nE LRI GPGPU 0S5 V7 %(TZ
BHLVWEERTIAT TV OMENEDLN TV S.

CUDA® ® CTM? i, GPU RV AMiEHET 3
GPGPURID TSIV IEERIA TSV TH
D, OpenGL *® DirectX & 9 &{EWL)VT GPU I
TUERTBTENTES. ZDRYH, GPUDT—
FTIFPICHUT-RERITS T TX DAV IERER
BONBZAEEENDS. LHLEDND, ChHDERE
RS54 T5VId GPU 7 —F 5 F v "\DIKEFENE
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FINDEREIPBRFEINTNB LIRS VEHL.

RapidMind® % SPRAT® % ¥, GPU Ic & 3413
% ANV —LEMINBEANT—& LT Th—
FVEMEN B EERE] ZEAT S0 HETRA
M =XV EEOMBELEDSNTVS. AFY—
IVUEBER GPUDTY—FF 7 F v A MY — LI
BEWSBERXTHRILLTWS. 207/ GPUICH

TR ENT TV r—2arFad I TE A b
UY—IVJEHEEMES T LT GPU AFOIF| T s
S LR S BT LAREL 5B, LA LEAEND, X
MU= VTR LS FTEERRH LV S TR
DBEEIFIEFMEE>TNS.
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CUDA runtime library ‘

o |
HOmni runtime Iibrary]

[ C + runtime library call M Exc Java tool

[ a.out

L Omni OpenMP. Compiler
F77 + OpenMP» F77 Frontend
| FELEE
C + OpenMP. ‘» C Frontend %
| X-object code p Exc Java tool kit + CUDA extension
C++ + OpenMP} C++ Frontend 2
A Yty

P
é UDA+ runtime library cal

! IOMPCUDA runtime library

cubin(GPU binary)

7

(GPURI (1) 17

1

C + runtime library call [/
(CPUR(1) v,

2 Omni & OMPCUDA DOE%3H5 XU OMPCUDA D£fk{&
Fig.2 Relationship between Omni and OMPCUDA, and whole picture of OMPCUDA

BIATZAZDTREVWNEEZ . TNEDEZICE
3< OpenMP %MWz GPGPU T uss350
BEARNLEZFZR 1I10RT.

(1) OpenMP IFETHREL LT, ARAICEITIRE
BEREBOAL Y RE, ALy FTHEE N
ARV ZRHDOBREEZEEL TV 3.

—ABED GPU &, ARFCEKITIRELSED
BRI L, GPU2ATHEI N AEY 2
LT3,

Z D7 GPU LOZHDEEEE% OpenMP
CBIBALYFRIC, GPU EDOXEY %
OpenMP IZ BB ALy RETHE X iz X
EVICED Y TS LT, OpenMP % GPU ic
WndFohzeEZLNS.

GPU I3 M5 LieN— R 2 7 Th
%78, GPGPUIZHBW T AT IHEDEERSY
DH%Z GPU ETUFIETL, ZOMOEFTDIE
CPU TERETTBDN—RNTH 5.

—7 OpenMP Z Wz diFL Tk, 7uays
SAMERFERAVTHRNICIEE LTSS DH
ZEBOALy REHGAEY ZRAVTATIE
7L, ZOMOMNIBRETTS. FDH
BRETER L MHIRITEROERLVAETH 5.
7075 LeEORH AT & B EEILE
TORTVERS DA ZFEIRICIFIRITT B &
V3 EITETIIE GPGPU & OpenMP Tt
BLTW3S.

BIfZ® OpenMP TIIBREITER L MFIRITER L T
RUCXEYZERMZFIHATS. chicilLT CPU &
GPU IZEWVICHY LIz ATV 2B ATV ML E
%78, CPU-GPU MITRELET— 2 ZXEZETS
BEDNBHB. OpenMP DEITETIVTIIBEREITER
LWFIEITHLNRRHCEITENSG C L3RV, &
AR & WA OB R TR B T — 2 BT
ZEITNTELWERITRERNEONZ LEX DN 5.

KO EEEETORYICIZ, WFIETHE CPU &

(2)

GPU THEIEITT BT LHENTH B TRENEN B 3.
LU, CPU-GPU BTOEYIAT—X DEZEHWN
Bk BTz, EENHL 55T Lo HRENME
TULTLES CeAFHRENS. T5IT, WFHIRTH
2 X0 ERICEITT BICIE, CPU DA TETT B,
GPU DA TUFIEITT2H, (TRETHNIE)CPU &
GPU THENFIEITT 2H % EIRT B HRENETB.
T OFERIMFIEFTE O EES® CPU-GPU D&
BREICEREND ), 7TV r—varvruys
TNERT 728 DH 127 OpenMP FERFRDEA
R, RUAREAEDEREZBETEFa—=
BRENRBEL R BTN EZ OIS,

4. OMPCUDA Digg& R

OpenMP ZHWTitdEhizT 0 s S LoitF|k
8% GPU LTRITTBIKIZ, 7V r—>avy
aryoeNElk Lz us'S L% GPU L TETr
A, Bl CUDA Rz —X 538, BED
GPGPU 70/ S V7 THO BN TV BRI ER
TRERENDB.

ARERTR T 0TS LEERT 2HENMEDRT
WZ L ZEH U TERTRER CUDA Xfih GPU Iok
Y, OpenMP ZRAWTERE hiz 7T s LDiF)
E17E8% CUDA X GPU L TEITT 310 DAE
% OMPCUDA DFEEF{T- .

LUFARZETIE OMPCUDA DEKMAREEIC DN
Tih\%. OMPCUDA &, OpenMP 7% Fju 7= g%
5] 7 11 55 1. TH % #pragma omp parallel
for 812 iV 2)L—FUWH 70 55 L LT, GPU
DRFT b B EVAF RGN IE R LIRS
b - BHEETTZC L EERICBEBVTRER T/

4.1 20K

OMPCUDA ¥, BEF®D OpenMP JLEZ Omni
OpenMP Compiler version 1.6” (I F Omni) Z~—
AICEE LTz, Omni & OMPCUDA OBZEB LY
OMPCUDA O2kt&xK 2 IR
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__device__float *gdata;

static void _ompc_func_1(void **args){

__global__ void _ompc_func_1
(float *arg0, float *arg1){

® ... = args0;
...... = gdatal...]
ll* ...... 1
l—lﬁ* CUDAa /845 (nvee)~
{

FTOTATS L GPUZ—R || float gdata[N];
floatgdatalN; @ | || T = args[0];
staticvoid _ompc_func_1 || || ... = gdatal...];
(void **args){

...... = args[0]; - }
...... = gdatal...]; l 3R E I
y ® ! float gdata[NJ;
- o

float gdata[N};

int _ompc_main()X

5é;ia[i] Z @ ' éa-a'ia[ll =

argv[0] = ......; CPU3—H argv[0] = ......; ® cuParamSeti(...);
_ompc_do_parallel —ompc_do_parallel cuLaunchGrid(_ompc_func_1, ...);
_ompc_func_1, argv ; __ompc_func_1,argv ); .i* cuMemcpyDtoH(&gdata[i], ...);
} | EEE5E | } el /<9I FD 845 G000
{

int _ompc_main(){

cuMemcpyHtoD(..., &gdata[i], ...);

8 TS LEBEEOLEFIR

Fig.3 Sequence of program converter

OpenMP (23513 B MFIEITEHROIEE 71y & BT
TITbNBZDICH LT, Omni ODFI—RICBIT3
WHIEFTEIIER L LTHBES R ONT VS, DS
BohEE, TR A 75 OMF|EITHLAR
BICXS>TALY RIZEID YT Hh, WHIETENS.

—7T, CUDA lckl}3 GPU L TOMFIMNEE
BEEAMTH D, CPU HLDIFRICHEV GPU ED
ZHOBEERTARICRA L 0SS LEETT 5. &
72U, EEORNIC CPU »5 GPU N\RBET—2%
REEL, FLEEORICIE GPU DS CPUNERE%R
RETRZHREND .

%Z T OMPCUDA Tl&, MHEDOXNE% OpenMP
ISR OBAThETOYS L (V—Aa—K) T
13724, Omni lc &> TT S IRDBREETRS A
TIVOMCH LICEREhT-HhEERHEL L.

Tur5 LEEEEIFMI— FEREL, “Omni
DAUFIETREMFETH L” % “CPU 5 GPU D
T—2%E, GPU \OEEETHAIER, GPU »
5 CPUNDT—ZEZRL” O—HONBEICEZ#
Z T CUDA A OTa S N ERT 28ETHS.
CPU-GPU B TRERETEIXRENH BT —EERHFL
HegEb B abE TV 5.

ETRTA7IViF, Omni DEITRESATSUN
FOWEE%R CUDA MFICERELEZLDTH 5.

4.2 7075 LEHEE

OMPCUDA 7 ul'S LEBEEN TS, Omni
DOHEE% CUDA IKHB L0 S AL £
THFEEUTICRT. COFIEEIN 3 3B LTY
3. Il CESEROY—AI—RERLTWVWABN,
EBRIIMBREIIGUT C E58L Omni OFRERKEL
EHEEHRL TEET>TVS.

(1) HHEERTEMETOISLEREL, 17
BT A 75V OUMFIETHBEBNTEUHE A

TVWBHEHZHRUET (K 3-©).

(2) WFETEHONITHAIN TV B EHZIHER
L, CPU-GPU M TEREZITI BRENDH BE
BERRFETS (K 3-Q).

(3) MHETEHERT 7 AIVIcEEHT (K 3-Q).
WFISKITERIC BEEPECH UDMEET 35813,
ZOBBATHALTWAERIC OV T AR
ICHERL, £LHTEEHT. EL, AFE
TR TR N TV 5 BEUI B REI TN BT
HEh2aeEEt H5720H, TDY—RAa—FR
CbELI-EELT 3.

LIF, BlIZ7AicEEH LIV —XJ—R%E
GPU a—F, &Y —Xa—F% CPU
I—REMRZ LICTB.

(4) CPU a—RIiZDWTiE, Omni DIFFIEITH
PRI U H L% CPU-GPU DT — 2 %%
EB XU GPU NOEEE/THMIERCE &M
2B, TNV IIV ROV T (gee Ix
E)Tari1)VL, CUDA OETRS AT
YLV LT CPURDETT 7 A IVEER
T3 (K3-©).

(5) GPU I—Ricid, CUDA DFEICHEVBISE®
BRCIERT 20T 5. & 5IcOs5 15x
FEL, CPU-GPU TEHOZEZENMTZS
£912F%. &%l CUDA J27341 5 (nvee)
TaAVIAIVEITW GPU BDEITT 7 V%
RT3 (K 3-©).

4.3 RFES1TSY
Omni DETETATITVIE, ALy FOERBX

TEIDYTRNV—T DRy Y a—) 5, ALy FHE

DFEANER T E DMRERREE L TV 5.

OMPCUDA DOEITRZ A 7FV1E, OmnilcBw

TEREITE TITo TV A UEIE CPU TV, F
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STEDfor—FT0T 54 el I Y

AMUALYE 01 2 3 4 5 6 78 9101112131415
16 17 18 19 20 21  «eoeeeeeeees 42 43 44 45 46 47
8 49 50 51 52535455565758&96 61 62 63

OmNiD T I NIRY D a—Yo T (ARLYRDOH)

ALwk0 | 0123 45678 9101112131415 ]
RLwk1 | 161718 19 20 21 22 23 24 25 26 27 28 20 30 31|
ALwi2 | 323334 35 36 37 38 30 40 41 42 43 44 45 46 47 |
RLwk3 | 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 |

*OMPCUDAD R’ & a—) 2% (2Block-4Thread i)

Block0 Thread0 DO | 0123 4567 |

Thread1 D1 | 8 $10M1 12131415 |
Thread2 D2 | 161718192021 2223 |
Thread3 D3 | 2425262728203031 |
Block1 Thread0 D4 | 32033343536373830 |
Thead1 D5 | 40 41 42 43 44 45 46 47 |
Thread2 D& | 4849 50 51 52 53 54 55 |
Thread3 D7 | 56575850 60 616263 |

4 for V=T DR Y 2—1) VFf
Fig.4 Exapmle of for-loop scheduling

FITRTIT> TV BN GPU TIT5, &3 A8
TEELTWVW3. CPU»S5 GPU £713 GPU »H
CPU ~\B& LIz A REN A LT 208 55 L&
Zbn3h, SEBOBEL LARNTIRFEDAEV.
OMPCUDA Tl Bi#liZx for )V— T DAF LI RIE
FEMERBEE L LT, GPU LTHRITENS for )L—
TORY T a—1) v 7%i75 EEEFEEL. Omni
T3 CPU LTEIFENB ALY FEID Y THBIUTL
FISRITRIBER L IREL TV B, chicdonWTiR TS
0r'S LEREHEIC X 5 CUDA £1TRS A 75 VB
BOMNUHLADOEXHEZ WREZREZLTWVS.
for V=T DRy I 2—U
Omni IZ BT 3 for —TDOAFIIX, EITRES A
TISVNRMETS, EXALY RBELDALY FID
ETUCH TR 58— T2 VE T % Iz DB AV
TITbNTW3. CUDA DEFRESATISVILER
Lw R ID IS 3 —E0D ID 21E5BE MED >
TW3 7, OMPCUDA 32 hZFHWT Omni L[
RICERD I —TRIER T 3 b0 RRETEC &
& L. BED OMPCUDA TRV —F DA 2L —
2 aVEERETBERART AV I AT Va—) T D
BERELTVS. BELEEATVa—Y U THEIC
&3 for V=T DAy Y a—Y) U IHIZEK 4 1TRT.
CUDA Ti& GPU LI SBOEREBRMEHINT
BH, BEERIZ S EHMTEESREEAERLTY
%. CUDA TIRIEESRT ¥ DEITHAI® Thread, &

BB L DETHENIZ Block LFEATEY, CPU
M5 GPU N\MFIEITHR%ZT S BRI Block #i &
Thread ${%#5E 3 5. [@— Block D Thread |Z[
—EERBADOEERICE D U TONTEITENS.

%% Block Z# 9 % Thread £l Block Z & Iic Bk
BEZEET R LIZTEY, £l—EOAFETH
IZfEf 9 % Thread #° Block I ZE$ 3 L3 T
RV, A—EREHRHAOSEEREAEMCER 3@
HOEBEZITS T ENTEEVEDD, Block T -
Thread T LIZ{ERID ID BRSNS 728, FITRIC
BTOID ZAVB T L TREESZT—RICRHLTHAL
ERZT3 LN TES. EET 3 Block HBXU
Thread N ERBHBB L CEERBZBZ 21546
ICIIRNEIEITEN, BEBOW NSO NS HEESS
Bl DEERIT 256 BETH R LENTWVS.

CUDA 12 BV} B MFAEICDWTIE, 1Block AD
B8 Thread ZHW Iz 5L, 5 Block %L
%H'%% Block A Tl& 1Thread OAZFHT 2 AH0
H, 88 Block « ##{ Thread Z W\ oM FNE, L)
Lo 3 EHEOUFTIENEZ 5B, #HE Block « #
£ Thread Z W= MF BN R E L { DEE R
KITTE5HDD, [E— Block §D® Thread H[AIEE
KRR ZBEOEERITZ RV Lh D, NERRMEI
& o TIE#EEL Thread & WV AR DOZNRHE S
niznrEetEhd 5.

T LT, Bk for )b—TOUFUL TR R
L FOERICE CEEZITS T NSV, 2075
CPU @i} D OpenMP 128V} % XL RAFPLEIZ,
EFE 3 EEOUFTE DOV T I EIIEDF B T A
TE3LEZLNS. EEL, HREEICE->TIRE
£ Thread %z AV 7z M5 M OSHRNE S NV ATEE
MNH 2 3 21, HE% Block %L - Thread i/
BIIHRMEENR GPU I XD ERENS. 2D
HHED OMPCUDA TidT 7 4 )V + D Thread £ &
LT 256 %, Block #(& L T)V—7REE% 256 TH|->
T2 DZBNTVS

5. §F i ]

AETIZ OMPCUDA I2DW\WT, W37 1r'S Lh
BAHERTE S D, MHETOBRNEZ BN

DD BT DOV THMEITS.

FHIRBERE 1 ICRTED Th 3.

FHENSR OS5 L e UTiE, BRNANTIMER R
27075 LWEBRICHFIEE L TE B HEHEET S
e, TEZHAW . THREEEOESIEEEOM
BTbhy, GPUZHVTEEETTEZAMELLT
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Table 1 Evaluation environment

B Oomni 73 1Block D 8Blocks N 64Blocks (1512 Blocks

1000
CPU Xeon E5345 2.33GHz (QuadCore)
ALV AEYEN | 4.0GB (32bit0OS IcD¥ 3.2GB f#)I]) 100
GPU GeForce GTX 280

(27 Clock 604MHz, SP 1 » 1296MHz)

o

EF4+XEVAE | 1.0GB

RITEHM (sec)

GPU &k PCI-Express Gen2 x16

1 bbb

[oF] CentOS 5.0 (kernel 2.6.18)

1 2 4 8 16 32 64 128 25 512

DA 4 GCC 3.4.6, nvee 2.0 v0.2.1221
Omni OpenMP Compiler version 1.6

ZLwK (Thread)

#define N 1024
float a[N+N], b[N«N], c[N«N];
#pragma omp parallel for private(j,k)

for (i=0; i<N; i++){

for (j=0; j<N; j++){
for (k=0; k<N; k++){
c[i#N+j] += a[i*N+k] * b[kxN+j];
}}}

5 IOV —2a—F
Fig.5 Source code of matrix multiplication

LHENTWA. FEEERY x— X2 AR,
GPU OMEEETIUE, CPU & GPU 2= li5Ist
BxERLET— TR LF5hTn3D,

B CTIIBAMRERSS T L&D L BMliRERET
BRACHEEZBONBCLEERHL TV D, K5
IORT XS BEME=EN—TIc L 3EERANTHE
HEZ LEES L7z,

HITHEZR 6 IR, CORIE Omni OFEHLT
WA ALY PRI 2 ETRRIE, GPU @ Thread
# + Block 8K 3 £ITREZRLTVS. GPU
DT CPU LB &1y & FEEAME { Bisd
XHEED Tz, Thread # - Block #h\V iz & ik
EITRNELS E->TLES>TWS. LA LERET S
Thread X - Block $th¥H 2 % L AFLDOFIRL B S
bh, CPU Z LRIZHERZBLONTVS.

TOFBTIXY—RAI— RIBERMZ BT 275
TulSLERTTEENTETNS. BT
FCDWVWTE, MUY —RO— RERAWENS AT
EB%Z LT3 2T CPU X0EWEHRENE LT3,
honz eh b, OMPCUDA ZRVWAZ L TT
V—>arrulS5<id OpenMP OEEZ VT
AP ICEHEE GPGPU Tl S LEBERTE3C L
WHERT & 2.

6. Ebb YT

RFX TREEFEDLIHEFEE AT GPU %
BIcFIHT 270D 1 DOEEL LT, CUDA MK
GPU [lF @ OpenMP 1##% OMPCUDA #%EL

B 6 fTHIMDORITRM

Fig.6 Execution time of matrix multiplication

fz. OMPCUDA &, 7V r—varvrars<ic
Lo TRELGRFMELS GPU 7 —FF 7 F v IcET
DHERDOTE® CPU-GPU MDE(E DEih%s » 8k
TE3zk, Whtic k3 tkEm ER2BONBT LA
R LTz

BER L %% OpenMP 7’0045 LTS e X<,
for V=Tl eBICELHAVDNB Y XYY g ViEE
NOIEE EDERERITH TN S.
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