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Abstract

In CUDA which is current mainstream GPGPU development environ-
ment, the user has to deal complex memory structure such as each crowd
of cores has shared memory.

The user can program with simple memory structure using MESI-
CUDA which we are developing. However, the current implementation
may generate inefficient code compared with the hand-optimized CUDA
program. Therefore, we propose a scheme which automatically gener-
ates code such as data allocation on the complex memory structure, load
balancing for multi-GPUs, and mapping threads.

To achieve these generating code, it is necessary to analyze statically
the code written by the user and obtain parameter for optimization.
Therefore, in our proposed scheme, statically analyzing index expressions
of accessing array obtain access counts and accessed range of element
of arrays by each thread. Furthermore, using these result obtain access
counts and accessed range of element of arrays by each crowd of threads
sharing shared memory.
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#define N 1024

#define BX 128

#define S (N*N*sizeof (int))

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

__global__

void transpose(int all[N], int b[I[N], int c[I[NI){

O WwWN

6 int k , tmp = O;

7 int row = blockDim.y*blockIdx.y+threadIdx.y;
8 int col = blockDim.x*blockIdx.x+threadIdx.x;
9 for(k =0 ; k<N ; k+t+){

10 tmp += alrow] [k] * b[k] [coll;

11 }

12 cl[row] [col]l = tmp;

13 }

14 void init_array(int d[N][N]){...}
15 void output_array(int d[N][N]1){...}
16 int main(int argc, char *argv[]){
17 int *da, *db, *dc;
18 dim3 dimGrid(N/BX, N);
19 cudaMalloc(&da, S);
20 cudaMalloc (&db, S);
21 cudaMalloc(&dc, S);
22 init_array(ha);
23 init_array(hb);
24  cudaMemcpy(da, (int*)ha, S, cudaMemcpyHostToDevice) ;
25 cudaMemcpy (db, (int*)hb, S, cudaMemcpyHostToDevice) ;
26  transpose<<<dimGrid, BX>>>
((int (%) [N]))da, (int (x) [N]))db, (int (%) [N]))dc);
27 cudaMemcpy ((int*)hc, dc, S, cudaMemcpyDeviceToHost) ;
28  output_array(hc) ;
29 cudaFree(da) ;
30 cudaFree(db) ;
31 cudaFree(dc);
32}
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1 #define N 1024
2 #define BX 128
3 __global__int galN][N], gb[N][N], gc[N][NI;
4 __global__
void transpose(int al[l[N], int b[I[N], int c[I[NI){
5 int k , tmp = 0;
6 int row = blockDim.y*blockIdx.y+threadIldx.y;
7 int col = blockDim.x*blockIdx.x+threadIdx.x;
8 for(k =0 ; k<N ; k+t+){
9 tmp += alrow] [k] * b[k] [col];

10 }
11 c[row] [col] = tmp;
12 }

13 void init_array(int 4[NJ[N]){...}
14 void output_array(int d[N][N]1){...}
15 int main(){
16  init_array(a);
17  init_array(b);
18  transpose<<<dimGrid, BX>>>
((int (%) [N]1))da, (int (*) [N]))db, (int (*) [N]))dc) ;
19  output_array(gc);
20 }
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byte(R(v,b,)) = size(R(v,by,)) X sizeof (type of v)

modulo 00 00000O0O0DDOO0O00O0O0O0ONOODDOOOOOODOOOOO
a%M(e0M O000000000)00000 [min(a)/M] O [maz(a)/M] 0000
oooooooooooobobo0o oM -—-10000000D0O0O00000ODOO
0 min(a)0maez(a) 000000000
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00200000000000000000 aecess(v) 0000000
gooboooooboood

access(vy) = access(vy)/byte(R (v, by))

6.2.2 OU00O0OO0OODOOOOOODOOOOO

000 s(s=0,...,n" = 1) 0000 e(v") 000000 gODOOO
gbgbbubobooobuooobuogbbudgbboobooobob
gobobobbobouogooooobbobobboogoooooobboboo
gbbogbobbodgbbooobbuooobbuooobbooobbo
er—1(v")0 0000000000000 O0O0O0OOOOOOOOODO
UbgUbOOO0ODLOOObLObODOObbOo0ObbOOobObuobboon
gooo

6.3 UQOUO

04400000000000000O0D00O0O0DOO440000000
OO0b030000 a0b0cO00D000000 rowHecolDkOODOOODOO
ooobbooodgobo Iibbgboobooboboobooobobobooon
Ofor0d0000000O0DO0ODOOODOODODDOODDOODOO
obooobobo44000000 610000

0 6.1: 0000
O | 0oo | 000
threadIdx.x 0 127
threadIdx.y 0 0
k 0 1023
row | blockDim.y*blockIdx.y blockDim.y*blockIdx.y
col | blockDim.x*blockIdx.x | blockDim.x*blockIdx.x+127

gobobboooogoobbobbbbbbbodoooooooood
godbogboboobbobodgbooobuoobboobtoe20dn
gooo

gooobobbboougooooooboboobbboodoooood
OO00a0bOcODOO0OOOOODOODOOD
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0620000

00 |0DObOo0ObhOoOobOoOooo |oobooboooooa ‘ Jdo00ood0obOoO0ObO0 |oobodbboobobooooa

a 1024 1024 1024*128 1024*128/(1024*sizeof(int))
b 1024*128 1024 1024*128 | 1024*128/(1024*128*sizeof(int))
¢ 128 1 1*128 1*128/(128*sizeof(int))

6 int row = 1ThreadIdx.y;

7 int col = 1ThreadIdx.x;

8 for(k =0 ; k<N ; k+t+){

9 tmp += alrow] [k] * b[k] [col];

10 }

11

20 }

clrow] [col] = tmp;
15 int maih(){

18 transbose<[<N, N>]>
((Ant (%) [N]))ga, (int (*) [N]))gb, (int (*) [N]))gc) ;

0660000000000 MESI-CUDAOODOOO

o0 GpUOOOOOOOOOODDODODOOOOOOOOODDDODOO
GPUDODDODOOOOOOOO0ODDODODODODODOOOaD 1024 xsizeof(int)

gooo

Oe6b0440 00000000000 DOODOOODOODOODOODO
U0U00OUO1ThreadIdx.xJ 1ThreadIdx.yU O U OO xUOyO OO0 OO
gbbodbodbbdla0bbudbddnbl 1ThreadIdx.xU U0
gboogbbodbxbodboogbbogbobuoobboobogn
gbobudbobobtbecb0200000000000 1ThreadIdx.x
gboogboboobuodgbboobddxgbodgbogobogogo
gbbooggbooobooboboobbuoouobbxbbboobbon
00000 threadIdx.xUU0000O0O0O0O0O0OOO0O0O00OOO0O0OO

gbobobouoogon
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64 U0O0OODOOOOOOO

I A O G
gubbooggbobooobobobuoognbooooobbooooa
godobbooooobbboooobbbooooboboboooo
guoodooooobn

goooobboooobboooooobuooooobbuoog
guoddoooooooobobbbbbnmdgooouuoooog
oo r2dgobobooooooooooog
000 RixblockDim.x-R2*(blockDim.x-1) D00 O00O0OOOOOOO
6.7000000O0O0ODODO0U0O0O0O00O0ORIOR2UDDDODDODO0O0O000
guoobbgooobobbbgogobobbuooooobbuoooa
JoooO0o Ibboboo0o0obooooboooooboboowoobobooo
0000000000 [stlend]0[st2en2 00 00 st10 eniO st20 en20
O000o0b0ooobbobooobooobobbooobd el OODO
goooooboobibb=bybDLO00000oooog

ax1i+bxj+ c*threadldx.x + d

p*x1+ qg*x7+1r*threadIldx.x+ s

OO0 eDb0cO0d0p0 0 0sO000000DO00O0DO0Ofig.6.70000
OOD00 Table6 3000000000000 0ODOOODOOODOOODOO
goobooooon

[0][0] [O]IN]

threadldx.x=0

hreadldx.leé

threadldx.x:k-lmi
[M][0] | :

Ue6rndboobooboobo
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063 00000
ao
(a*st1+b*st2+d, pkstl+qgrst2+s)
(ax (enl-1)+bxst2+d, px (enl-1)+g*st2+s)
(a*x (enl-1)+bx (en2-1)+d, px(enl-1)+gx (en2-1)+s)
(a*st1+bx (en2-1)+d, pxsti+qk(enl-1)+s)
(axst1+bxst2+c+d, pxsti+qkst2+r+s)

=g Qw0

7 0o

0000000000000 00000D0O0O0O000000oooa
000000 MESI-CUDAOOOODODOOODODOOOOODOOOOD
000 Tesla C20750 GeForce GTX 6800 GeForce GTX TITANO Tesla
K200 GeForce GTX Q00 00000000 O0ODOOOOOODO GPUO
0000 KeplerOOOOO GTX 6800 GTX TITANOOOODODODO
0000000000000 000o0OoO0O0o000000oo0oooon
OO0O0FDITDO0O0O0O0O0O0OOOO2000000000O0O0O00O00O00
00000000000 00000oOoO0000oooo000n

gbbbobbobodudood oobbbbbobodoodoooooobbbo
Ov40000

gobbbbobbbuodooooooobbbbobbooooooad
gbboogobboogboboooobbuoogbboooobbogn
gobbbbobougooobbbbbbbooooooooobbbo
gobobboobboooooogoobboobbboooooooobo
OooOooooooOoooooobooGGpUObOOODOODOOOOO
goobooboboobugbooboboboobbobobbogn
gobbbbbbouodooooooobbbbodooooooobobo
gobbobbbouoooooobbobbouuooooooboo
gbbboodaobood

OO0 GPULDOO OO0 GPUOODOOODOODOODODO 750
god

gobbboobobbobuoooooooobbbobbododooooadd
gobobobbbbouogooobbobbbboddouoooooboo
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074 000000000000000000O (O)

ooo | oood C2075 GTX 680 GTX TITAN K20 GTX 980
ooo ooo gooo bOoOoo |ooob ooo oobob o0obo (bObbob0 ooob joboogo ooo
ooo
64 50.243  5.926 33.237  4.518 22.136  3.558 32.686  5.127 21.302  1.628
8192 256 26.110  5.927 17.889  4.519 13.076  3.560 19.429  5.126 6.866  1.625
1024 26.215  5.927 15.036  4.518 10.628  3.560 15.820  5.127 6.931  1.627

ooo
64 3.230  3.384 1.863  2.014 1.305  1.463 1.828  2.120 0.860  0.763
1024 256 1.859  1.922 1.190  1.315 0.851  0.999 1.163  1.434 0.598  0.564
1024 2.020  2.483 1.334  1.381 0.777  0.824 1.078  1.160 0.555  0.560

FDTD
64 79.803  82.959 56.747  55.606 37.668 37.513 55.395 54.881 41.995 38.930
10240 256 50.544  50.297 38.885 38.618 25.351  25.277 39.347  39.095 24.359 24.137
1024 58.848  57.861 36.005 31.834 22.776  21.219 35.160  33.535 23.571  23.502

Ooooboooobobo GpUOOOOObOOODOODOOOOOOO GPU
goboboooobboboogod

075 000GPUOOOOODOOOOO(O)

\DDDDDD \GTXGSO\GTXTITAN\DDD GPU\

ooo
512 0.0420 0.0297 0.0201
1024 0.326 0.225 0.147
2048 2.580 1.752 1.090
oo
512 0.0398 0.0392 0.0252
1024 0.150 0.148 0.829
2048 0.586 0.575 0.299

ooooooooobonb obobuoboboobobobooono e
gobo

000000000oo0o/o000o0o00oooooooooooo
gobbbbbbouoooooobbbbboouoooooobbbo
gooobooogoboobbbbioooooobobobbbbobo
gbbbooobobbboooobbbao
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076 0000000000000000OOOO(O)

ooo | oood C2075 GTX 680 GTX TITAN K20 GTX 980
ooo ooo gooo bOoOoo |ooob ooo oobob o0obo (bObbob0 ooob joboogo ooo
ooo
64 384.204 5926 | 294.886  4.518 | 139.456  3.558 | 206.064  5.127 | 151.825  1.628
8192 256 953.116  5.927 | 743.408  4.519 | 167.966  3.560 | 514.487  5.126 | 163.001  1.625
1024 1316.029  5.927 | 1557.996  4.518 | 358.794  3.560 | 650.521  5.127 | 267.408  1.627

ooo
64 11.542  3.384 11.077  2.014 7443  1.463 11.041  2.120 3.280  0.763
1024 256 16.067  1.922 11.090  1.315 7.480  0.999 11.093  1.434 3.255  0.564
1024 20.133  2.483 11.321  1.381 7.509  0.824 11.130  1.160 3.355  0.560

FDTD
64 495.268 82.959 | 321.354 55.606 | 213.703 37.513 | 317.766 54.881 | 216.635 38.930
10240 256 572.327 50.297 | 326.701 38.618 | 227.893 25.277 | 335470 39.095 | 205.979 24.137
1024 836.007 57.861 | 422.703 31.834 | 240.496 21.219 | 352.291 33.535| 211.091 23.502

8 Loon

gobobboobobbbuoduooodgobobbbbbbduooooadd
gobobboobbooooooogoobboobobbboooooooobo
gobbbbobbououooooobbbobbbbooooooobbbo
goboboboobboogoooobbboobboudouoooooboo
gobbbbbbuoooooobbbbbbooduooooobbbo
goboboogoobbooooooobon
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HEN

gbodgbodgbuodgugbbooboobooboobbooboad
googbogboobbobobogbuoobooboobooboon
gbobboobodobobobobodgbuogbobbobodobobbn
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