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Abstract

In recent years, the use of GPGPUs, which use GPUs for general-purpose
computation, has been active. However, the current mainstream GPU pro-
gramming development environments such as CUDA require programming
with a strong awareness of the GPU architecture. In contrast, we are devel-
oping MESI-CUDA, a development environment that reduces the amount of
low-level code to be written. GPUs are equipped with multiple high-speed,
small-capacity shared memories, and MESI-CUDA automatically generates
code to use these memories. However, current methods do not handle large
data sizes well. In this paper, we propose a data swapping mechanism to solve
this problem. Another problem is that it is difficult to specify the appropriate
size of blocks, which are groups of threads that share the same shared memory,
and we propose an automated method for block size. Furthermore, the grid,
which is a collection of blocks, has only one dimension. However, we extend
it to support two dimensions.

The shared memory replacement method addresses the problem of large
data that cannot be stored in shared memory as is. This method enables the
use of shared memory even when the size of data cannot be stored in shared
memory, thereby improving the speed.

The automatic block size determination method takes into account that the
maximum block size is 1024, and compares one-eighth of the data size with
1024, and uses the smaller of the two as the block size. Although the optimal
block size cannot always be selected, it is possible to select a block size that
does not significantly reduce the speed, thus eliminating the need to specify
the block size while minimizing the impact on execution speed.

For the 2D grid application, the MESI-CUDA notation has been changed to
support up to two dimensions of the grid, which is a collection of blocks, by
restricting the thread mapping. This eliminated the need for multiple kernel
function calls, and the increased parallelism reduced the overhead of kernel
function calls, resulting in increased execution speed.

Evaluation of programs using these methods showed that the execution
speed was improved compared to the conventional method. In addition, the
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amount of low-level code in the MESI-CUDA code was reduced compared to
the conventional method.
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#define N 16
#define BS 2

int ha[N*N],hb[N*N],hc[N*N];

__global__ void kernel(int

int i;

int id=blockDim.x*blockIdx.x+threadIdx.x;

c[id]=0;

for(i=0;i<N;i++){
c[id] += a[i]l * b[(i*N) + id];

}
¥

int main(int argc, char *argv[]){
int *da, *db, *dc;

cudaMalloc(&da,N*N*sizeof(int));
cudaMalloc(&db,N*N*sizeof(int));
cudaMalloc(&dc,N*N*sizeof(int));
init_arrayha);
init_array(hb);

cudaMemcpy (da,

(int*)ha , N*N*sizeof(int),

cudaMemcpyHostToDevice);

cudaMemcpy(db, (int*)hb , N*N*sizeof(int),

cudaMemcpyHostToDevice);

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

kernel<<<N/BS, BS>>>(da +(i*N), db , dc +(i*N));

}

cudaMemcpy ((int*)hc, dc , N*N*sizeof(int),

cudaMemcpyDeviceToHost) ;

cudaFree(da);
cudaFree(db);
cudaFree(dc);
return 0;

}

*a, int *b, int
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K22 TRL 175D CUDA 7’075 Ls%Z MESI-CUDA T L
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#define N 1024

#define BS 16

__global__ a[N*N], b[N*N], c[N*N];

__global__ void kernel(int *a, int *b, int *c){
int id=blockDim.x*blockIdx.x+threadIdx.x;
c[id]=0;
for(int k=0;k<N;k++){

c[id]+=a[k]*b[id+(k*N)];

}

3

int main(int argc, char *argv[]){
init_array(a);
init_array(b);

for(int i=0;i<N;i++){
kernel<<<N/BS, BS>>>(a +(i*N), b , ¢ +(i*N));
}
}

X 2.3: 75I#& D MESI-CUDA 7’045 5 Ll
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Shared Memory
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Divided Large Data
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__global__ void kernel(int *a, int *b, int *c){
int i;
int id=blockDim.x*blockIdx.x+threadIdx.x;
c[id]=0;
for(i=0;i<N;i++){
c[id] += a[i] * b[(i*N) + id];
h
}

X 4.6: EKRFZEICE2>THIETNS1THED CUDA 7’'O7F A

int i,j;

__shared__ int s_a[SM_SIZE];

int id = blockDim.x * blockIdx.x +threadIdx.x;
clfid] = 0;

for(i=0;i<N;i+=SM_SIZE){
for(j=threadIdx.x; j<SM_SIZE; j+=blockDim.x)
s_al[j] = al[i+jl;
for(j=0; j<SM_SIZE; j++)
c[id] += s_al[j] * b[(E+j)*N+ id];

R4.7: RRFELCL>THIETNBTSED CUDA 7OT 5 A
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42 70Ov oA XBEREFE

BIED MESI-CUDA LEBR TR 7OY VA AFEI—HHFBHD TR
ETDHENHDHN , ARABRIFEVELTVWSEI—HY—E GPUT—FTY
FrYICELLABAVI—Y—ThY  BYETOY YA XERETHD
FELV . 22T/ OVY ISR ETF— YA AN SHEBRETD L
T7OYIOHAA2RBRIDFLZERRTS . AFEEH<FT/OY
IHAXOBRNVEEHELTHY , EENEELEEEHELTVEL .

N,BS ZZNETNNKRES a DERK , 7OV I H A XELER, AT

DESIZTOY VYA XERETS .

1. BS=2't & 2'=N/8 BB LI RADERETH S

2. 1024 EBS T/ hEWVEZT7OYIOHALAAELTRATS

CUDA Q7 OY I3 A4 A0 LERIF 1024 THBD =8 , 1024 ELLEL T
TWMEZ7OYIHASAAXELTHEALTVS AFEATRERATRELRT
AY OH A XEZBIRTEDDITTREREVY , HRETE 1 RTHEICSED
TOVVORBRIDENTEDLY , HEPEEOHELRETED L
EZZ5Nd . 2hit&ky) , 7O0Y 08414 X&RMWL /= MESI-CUDA 7 7
ANTEENT7AILTETOVIICKRD ALY RYYED T TR
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5D .

43 2 RxTJVUY ROBEH

HED MESI-CUDA B R Tk 1 XTI VY R, 1 Rx780vy 90
D—FILBHRUARMATELZVLEY , ALY RBABRYABWVEERE—
FLBHBZEREHOCEITXHENHS . 70T T LFIZ GPU TEFLTH
RERABNFEETSES  EXNICE I BON—R/LBEHOFTEL TE
RIBDONEBELV . T , ALY REFBYVEBEVEEGREIVY KR,
J7OYIDORTEBERTELLRE7OY VYA XOILKREETHIST S
NETHD . ZTZT2RAIVY R1ARTAY VOH—ILBEHOFY
H U A" A8 MESI-CUDA S8 £ Z1RETS .2 A7 U Y ROBHELIC
BVT—EBMELLEZDON 7OV IHA XZEDRSICRETEINED
2N, RREBRXEFREICL>T/OAYIHASA XBRRE>TVWBRED L
T2 . FTLEIXTOTOVTALCHETDOREL V=S , 2 RTTUY
ROBERFERBNNOEBIICHLTxAEIZNALY R, yAEICN
ALY REL , BfFTNx NEOAL Y REZERTRDENDETS .

RRFETRD—ILEHORTELOBICZOY 0%, 7OvY D

RMODALY ROFZ 1 RTTHEELTSHRELTWEY , BREFETE
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O 0 N N R WD =

—_
(=]

TJUY RORTBE 1V RTABICERTDAL Y REESIBELTET .
7OV 04 AGBEBHREENTVD S , ERTHALY REET7OY
THAXTE 2207 OYIO0OKEL , 1 7O0Y VDALY REZET
AYOHAXETBETIVY RORAEx BEEhEHOAL Y K
BEERTDENTETHD .

RERFETOTIEORRZERA4SICRT . RFETR LRIV Y
R1IXTZTAYITOALY REREBE2THY , ALY ROBHEY &
Wiee , BHREA—IIILBEBEFTELTVSD . A—FIILBEBROFVH

LICEF—NAY RAFBY) , CAHFRERTO—REEBZ>TWVDS .

int main(int argc, char *argv[]){
init_array(a);
init_array(b);

for(int i=0;i<N;i++){
kernel<<<N/BS, BS>>>(a +(i*N), b , ¢ +(i*N));
3
3

K 4.8: RERFEICKBD1THEDO MESI-CUDA 7’07 5 Ll

BEFETOAIBOBAERAOCTT  TABICRTESY , H—
ZVEBOFRTHLE 1 BEE>TBY | F—/SAY RAIRIC & BEF

BEBEANRADD  JVY RE2RTODEEEZ2THY , 1IRTHE

19
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[o R e Y B U R S

HIEYDALY REFNTHBDTNx NEDAL Y RAERE NS .

int main(int argc, char *argv[]){
init_array(a);
init_array(b);
kernel[[[2, N]]](Ca, b , ©);
}
4.9: BRFZEIZKB1THED MESI-CUDA 7’05 5 Ll
5

NREFTHIOTFRE Y AL EZFM7 OV ZLE L TERITEEDR

EZIT2 Iz . RATRIRZEUTICRY .

®51: FME7OT 5 LADORTRE

CPU AMD Ryzen 7 3700X 3.60Ghz
XE!) | 48GB
GPU GeForce RTX 2070 SUPER

N=2! TH') , EES5OTOTTLEN=4096 ETRERRE T HEFIH

SIT—RXFVICKRMIDZEANTBELES , N=812HSBERRFET

2 IT7—RXEVUZEREREWN . £, 7Oy 094X (170v 79

HiW DALY R¥ ) ZBS ERFETD .
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510 YIT7—RXTEUBBANCBZFEOHM

N=8192 , BS=256 Tl 21T 2 /= . RKFZETR I T7—RXED ZR
ATEBLVDIERL  BEFZETRIT—RXEVZFALTLS .
JIR , YOAEZEE ICRREFEOANTREICE2>TVWDR LN THD . 1T
NROZ7O7ZLBT—RORAENES , I T7—RXTEVOMRY
BROOBRICZL>TVS . YOAEZEOT7OJ S LATREERDA TV D
ADEZRAVTEHEZTD S , I T7—RXFTVIEBMALETF—2D

RAEABWCENSKIBEZRER LICBA 2 LEEXASND .
®52: 1T RXEVUBBANBXFEOFMER

ERTOTSAL | #RKFEG) | BREFE () | EETERBL (%)
T8 24.22 21.64 89.4
YIE® 929.54 301.54 324

KSICTHIEOHDER , RSA4ICVIEZOKDRFERZRETS .17
HEESIT—RXTEVOMRNIFWEY | N=4096 £TNDIHFE & N=8192
DEEBILDIT—RAEVZFEATERWVGEETEETERAL . ¥
OAEETRT—Z2ORMENE< , I T7—RXTEVOMRISVES |
N=8192 (5 B LERICHRFETREBINICETREN EETVSD . R

FELCLDARBET —EZNORBAMRNTH 2 12EVAD .
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K53 THROFMBER S TT7—RXTEVANEZFR)

N RRFZEG) | BRFZE ()
1024 | 0.24 0.23
2048 | 1.27 1.28
4096 | 5.18 5.18
8192 | 24.22 21.64

®54: VIEZEORMEGER T T7—RXEVANBAFR)

N | RERFEG) | BREFIE(®)
1024 | 5.24 5.32
2048 | 20.62 20.64
4096 | 81.62 81.03
8192 | 929.54 301.54

52 7Ov oA XBEEREFEOEM

N=4096 THMZ1TV\ , RRFETEEEERTRKBEORED > 1ZBRICHE
ALTWE7OY o34 X288 R , RRFETREDNICTOY OY
AXZRELTMEZT > 12 . ETKREBOFEMOHRLF T7OY VHF A4 XT
% REZTOYIHAAFBRTETVEWVWS , E550707F
LEERTRENFrELSTHFRLSIBTOY IH A AORERIT>TUVE

WZENDLD .
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®55: 7OV 0 A XEBBREF EOFMBER

ERTOTTL | ERFEG) | BEFE () | EETEBE (%)
1TH 8 5.18(256) 5.29(512) 102.1
YB3 80.51(128) | 81.05(512) | 100.7

RSO6ICTHIBOADER , K57 ICVIEZOERERT . 550
TOVZLEELVEERTZRESEDES557O0Y VYA XICRE
LTRVWEWY , F—2 A AN KRELZBICOhTHEYAE7TOY VY
AREDTNNENDEEICHD . £E5DPLESNTOERETDL

ATENR  KYRELTOY VA XERETIEHORXIROSh

2HREMEHS .

& 5.6: THBEOFMGER (FOY V44 XBBREFE)

N RERFEG) | BRFZE )
1024 | 0.20(128) 0.20(128)
2048 | 1.27(256) 1.27(256)
4096 | 5.18(256) 5.29(512)

F57: YAEZE®D

MR (O VA XEEBREFE)

N

BERFIE (5)

BEFE ()

1024

5.12(128)

5.12(128)

2048

19.95(128)

20.62(256)

4096

80.51(128)

81.05(512)
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53 2RmJ Uy ROEROME

N=4096 , BS=256 CiHMEZ1T> 1= . {THETEETRREAN 9.85%F T
ARE N TVWBOIERL , VOEETE 924%EB2TVS . ZhiE{T5
BAZEIL—T7BOICKRL , VAEETRE 2EIL—T7 0y , AIHEZE
T EBANERER LEABESBZ>TVWDEEXSNKSD . &, YOE
BTCRYIT—RXEVICRDTUVERAERERLAELLS , RFEDOE

ERERZER>TVD LY , RFEZOMENBLEEZEZSNS .
£58: 28Ty REAOEMER

ERTOTSA | #RKFEG) | BREFE () | EETERBL (%)
1THE 5.18 1.00 19.3
YIE® 81.62 75.17 92.1

RSOICTHEBOFER , RS.I0ICVYIEZDHERZRT . N=4096 D &
ZOEAKRICTIBCRLUTEEENICHENTHY , YOEZEICHLT

FHMREFBVEEASNIS .
& 5.9: THROFMBER QXTI VY ROEM)

N TERFE ) | BEFZE (5)
1024 | 0.239 0.012
2048 | 1.271 0.086
4096 | 5.176 0.997
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#&5.10: YIEEOREBER QRTTU Y ROERA)

N RRFZEG) | BRFZE ()
1024 | 5.24 4.93
2048 | 20.62 19.05
4096 | 81.62 75.17

54 BEHOREFZEOFEM

N=8192 , itk FZF—BE/FEETOY VA XZBRL , REFET
F70Y 0914 XZ2EBBNICRELLE . THETRI7T—RXEUB
BANEAFE, 7OV IH A XEEREFE 2T VY ROBEAD
3ONREFEZEALLEOTHMZI T . YOAEZREXRZ7OY
FLAT2EIN—T7THY , I T7—RXEVEBBHANBAFEZERT
BEHICEN—KIBEBHRAW for IR HFNERSHEVESD , 2T F—R
XAEVHBANEXF R 2RI VY ROBRAGEABICEATE R .
SERIIT—RXEVEHBANBIAFROANBRTHD LS, 7OV
IHAAXBBHREFEEIT—RXTEVEBIANBAFEO2DOF
ZEBEALLEEOTHEMEZTS . £, SEIEERMHT OpenACC , FH
THRBEMLETOTSLALELETSD . £E5507OY T L%E OpenACC

EURNTRREFEORENES , FRRELLLETOT S LKLY EEL
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BoTWA . LAL , BEFEZAVETOIZLARFDRENLLET

072 LDETE

RE (DR

<, T9BHEFIBBIESAD .

®511: BERORRFEEAL 255 OFM

EKEBE7OT 5L | OpenACCG) | ERFE () | BRFZE (5) | FEHKEIL (5)
1T 101.52 24.22 1.00 0.83
YIE: 444.12 929.54 302.57 257.63
6 HHY)I(C
R2EGPUTOTSEI I RBAECTDEHNDTL—LTD—2 MESI-

CUDA OBRR%Z1T>TW3 . MESI-CUDA T EEICRERLELH %= AL

BETRLARILOXEVERBXTF—REEEZRMHL , F—RXFA1 XN
PNEFNEFEIT—RXTEUORAEBETITSOCEN TETHS . AW
RTCRARETFT—R2FAL 7O ZLTH>TE MESI-CUDA £ T
ABRETF—ZTEIT—RXTVZFATEDLDIBIIT—RXE
DEBRAKE 17OV I/ A2RETHIHXEQAVNTOY
IV AXBEREFE 2T VY RFFATREEZD 2R TIT Y R
BRAFEDIDOFEZRBELE .JIT—RXETVANBAFEELE 2R
a7y RERAFEZAAL TR YOEZO 7O LATHEZ

T2kl ? , RKBEETF—X%ZFAL = MESI-CUDA J1— RTEETHE
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BEEEITA MR E . 7OV IO A XAEERAEF 2Z2EALTH
BOFMET2icecsd , FELVWERERTREAVRETTOY V5,4 X
ODEEREICRHL L .

SHEOFEELT , AFETRH7OY IRVELIC LHRTICULARSL
TVWEVEYS , 7OV V&8 2 ARICRBEThE LY BEZE ETES T
BEMEN BB 2RI VJY ROBRIENX NOALY RYVETUAFE
NTVEVWESD 2 RTT VY ROBOAL Y RIVYEZ T OILRIZEK >
TRWREMEAN B LTRAESEN DD . £, FMEERISEZASND
2, 7AY A AEBBREFEORABETREVED , K VKRN

C7OY OH A XERETRLEODORNIVETHS .

e

FREFTICHLLY , HES HYSHEEXRLLLABNZEN , &
R—BRHE , REHBREMEBIOR<BHBLET . &1z, BIFHETSH

HEICBWRULEARZEOERICEDLYBHVWIELET .
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