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MESI-CUDA: Automatic generation of data transfer code for GPGPU

DAl MICHIURA, 8 KAZUHIKO OHNO," MASAKI MATSUMOTO,1
TAKAHIRO SASAKI' and TOSHIO KONDOf

The performance of Graphics Processing Units (GPU) is improving rapidly. Thus, General
Purpose computation on Graphics Processing Units (GPGPU) is expected as an important
method for high-performance computing. Although programming frameworks, such as CUDA
and OpenCL, are provided, they require explicit specification of memory allocations and data
transfers. Therefore, we are developing a new programming framework MESI-CUDA, which
hides such low-level description from the user. In this paper, we present the programming
model of MESI-CUDA and show the detail of data flow analysis and stream allocation to over-
lap data transfers and kernel executions. The evaluation result shows that the performance
of MESI-CUDA programs is close to hand-optimized CUDA programs, nevertheless the data
transfer code is automatically generated and optimized.
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1 #include <stdio.h>
2 #define N 12800
3 #define SIZE (N*sizeof (int))
4 __global__ void add_array(int *kernel_arg, int *a){
5 int id = blockDim.x*blockIdx.x+threadIdx.x;
6 alid] = a[id] + kernel_arglid];
7%}
8 __global__ void prod_array(int *d, int *e, int *f){
9 int id = blockDim.x*blockIdx.x+threadIdx.x;
10 d[id] = e[id] =* f[id];
11 %}
12 int main(){
13 int *ha, *hb, *hc, *hd, *he, *hf;//000000
14  int *da, *db, *dc, *dd, *de, *df;//0000000
15 cudaMallocHost ((void**)&ha, SIZE);
20 cudaMailocHost((void**)&hf, SIZE);
21 cudaMalloc((void**)&da, SIZE);
26 cudaMailoc((void**)&df, SIZE);
27  cudaStream_t st[2];
28  cudaStreamCreate(&st[0]);
29  cudaStreamCreate(&st[1]);
30 load_array(ha);
31 load_array(hb);
32 load_array (hc);
33 load_array(he);
34 load_array(hf);
35  cudaMemcpyAsync(da, ha, SIZE,
cudaMemcpyHostToDevice, st[0]);
36 cudaMemcpyAsync(db, hb, SIZE,
cudaMemcpyHostToDevice, st[0]);
37  cudaMemcpyAsync(dc, hc, SIZE,
cudaMemcpyHostToDevice, st[0]);
38 cudaMemcpyAsync(de, he, SIZE,
cudaMemcpyHostToDevice, st[1]1);
39  cudaMemcpyAsync(df, hf, SIZE,
cudaMemcpyHostToDevice, st[1]);
40  add_array<<<N/32, 32, 0, st[0]>>>(db, da);
41 cudaMemcpyAsync(ha, da, SIZE,
cudaMemcpyDeviceToHost, st[0]);
42  cudaStreamSynchronize(st[0]);//ha OO OO OO0
43  output_array(ha);
44  add_array<<<N/32, 32, 0, st[0]>>>(dc, da);
45  cudaMemcpyAsync(ha, da, SIZE,
cudaMemcpyDeviceToHost, st[0]);
46  prod_array<<<N/32, 32, 0, st[1]1>>>(dd, de, df);
47  cudaMemcpyAsync(hd, dd, SIZE,
cudaMemcpyDeviceToHost,st [1]) ;
48  cudaStreamSynchronize(st[0]);//ha 0000000
49  output_array(ha);
50 cudaStreamSynchronize(st[1]);//hd 0000000
51  output_array(hd);
52  cudaFreeHost (ha);
57  cudaFreeHost (hf);
58 cudaFree(da);
63 cudaFrée(df);
64  cudaStreamDestroy(st[0]);
65  cudaStreamDestroy(st[1]);
66 }

01 CUDAOOOOO
Fig.1 Sample Program using CUDA
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#include <stdio.h>

#define N 12800

__share__ int a[N], b[N], c[N], d[N], e[N], £[N];

__global__ void add_array(int *kernel_arg){
int id = blockDim.x*blockIdx.x+threadIdx.x;
alid] = a[id] + kernel_arg[id];

}

__global__
int id = blockDim.x*blockIdx.x+threadIdx.x;
d[id] = e[id] * f[id];

}

int main(){

void prod_array(){
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e =
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load_array(a);
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load_array(b);

[
(9]

load_array(c);

[y
o)

load_array(e);

[y
~

load_array(f);
add_array<<<N/32, 32>>>(b);
output_array(a) ;
add_array<<<N/32, 32>>>(c);
prod_array<<<N/32, 32>>>();
output_array(a) ;

NN NN
w N R O O

output_array(d);

24 }

02 CUDAODODOOOOO MESI-CUDA OOO
Fig.2 Sample Program using MESI-CUDA
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Fig.3 Result of Access Analysis for Shared Variables
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Fig.4 Result of Dataflow Analysis
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Fig.5 Stream Assignment for Program in Fig. 2
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_dev_a[id] = _dev_al[id] + kernel_arglid];
}
__global__ void prod_array(int *_dev_d, int *_dev_e,
int *_dev_f){
_dev_d[id] = _dev_e[id] * _dev_f[id];
}
int main(){

1) int *_host_a, *_dev_a;

( 6) int *_host_f, *_dev_f;

) cudaMallocHost ((void**)&_host_a,N*sizeof (int));

2) cudaMailocHost((void**)&_host_f,N*sizeof(int));
3) cudaMalloc((void**)&_dev_a,N*sizeof (int));

8) cudaMailoc((void**)&_dev_f,N*sizeof(int));
load_array(_host_a);

load_a}ray(_host_f);
add_array<<<N/32, 32>>>(_dev_b, _dev_a);
output_array(_host_a);
add_array<<<N/32, 32>>>(_dev_c, _dev_a);
prod_array<<<N/32, 32>>>(_dev_d, _dev_e, _dev_f);
output_array(_host_a);
output_array(_host_d);

1) cudaFreeHost(_host_a);

6) cudaFreeHost (_host_f);
7) cudaFree(_dev_a);

2) cudaFree(_dev_f);
}

4 __global;_ void add_array(int *kernel_arg, int *_dev_a){

O
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Fig.6 Memory Allocation/Deallocation Code
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12 int maiﬂ(){

(19) cudaStream_t _s[3];

(20) int _i;

(21) for (i =0 ; _i < 3 ; _i++)

(22)  cudaStreamCreate(&_s[_il);

13 load_array(_host_a);

( 1) cudaMemcpyAsync(_dev_a, _host_a, N*sizeof(int),
cudaMemcpyHostToDevice, _s[0]);

14  load_array(_host_b);

( 1) cudaMemcpyAsync(_dev_b, _host_b, N*sizeof(int),
cudaMemcpyHostToDevice, _s[0]);

15  load_array(_host_c);

( 1) cudaMemcpyAsync(_dev_c, _host_c, N*sizeof(int),
cudaMemcpyHostToDevice, _s[1]);

16  load_array(_host_e);

( 1) cudaMemcpyAsync(_dev_e, _host_e, N*sizeof(int),
cudaMemcpyHostToDevice, _s[2]);

17  load_array(_host_f);

( 1) cudaMemcpyAsync(_dev_f, _host_f, N*sizeof(int),
cudaMemcpyHostToDevice, _s[2]);

18 add_array<<<N/32, 32, 0, _s[0]>>>(_dev_b, _dev_a);

( 1) cudaMemcpyAsync(_host_a, _dev_a, N*sizeof(int),
cudaMemcpyDeviceToHost, _s[0]);

( 2) cudaStreamSynchronize(_s[0]);

19 output_array(_host_a);

(1) /00000000_s[11 0000 _dev_c0DO0ODOOOx*/

( 2) cudaStreamSynchronize(_s[1]);

20 add_array<<<N/32, 32, 0, _s[0]>>>(_dev_c, _dev_a);

( 1) cudaMemcpyAsync(_host_a, _dev_a, N*sizeof(int),
cudaMemcpyDeviceToHost, _s[0]);

21  prod_array<<<N/32, 32, 0, _s[2]>>>

(_dev_d, _dev_e, _dev_f);

( 1) cudaMemcpyAsync(_host_d, _dev_d, N*sizeof(int),
cudaMemcpyDeviceToHost, _s[2]);

( 2) cudaStreamSynchronize(_s[0]);

22  output_array(_host_a);

( 1) cudaStreamSynchronize(_s[2]);

23  output_array(_host_d);

(13) for (i =0 ; _i <3 ; _i++)
(14) cudaStreamDestroy (&_s[_il);
24 }

07 O0O0O00OO0OOOoOoO
Fig.7 Data Transfer Code

ooooogroog.
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01 00000000000 (sec)
Table 1 Execution Time (sec)
ooo MESI-CUDA
23.5 23.5
4.1 4.2
11.4 11.7
127.1 127.1
165.9 165.9

oooo
30.0
4.6
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127.8
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gooooo
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0ooo

oooooooooGpPUOOOOOOODOOOOO
goboboooooooooooobooooooooon
goboooooooooooobooocooooooobn
goooboooooobooooooooooooon
000000000000000000000 Tesla
C1060 D OO OO PC (core i7 930, 6GB Memory)
gobooooobooooooobooob 1boog
gooOooSsADOOOOOOOODOOMESI-CUDA
Oo000b cubAOdO0OOOOOOOOOOOO0O
goooobooooobooocoooboboobon
goboobooooooooocooboOoooooooon
O000oooOooooOo cubADOOoOoOOOO
goooooooooobooooobooooooon
gboobooobooooobooboooobooon
oboooooocooboobobooo2b000 217
oooooooooooooooooooooooo
MESI-CUDACOOOCOOOQOOOOOODODOOOOO
gooooooooooooobooooooooon
gobboooooooooobooooobooo

7. Ooonmn
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ClUDAODODOOOOOOOOODODOODOODOOOO
ooDoOoooooooGpGPUOOOOOOODOOO
gooobooooooooooboooooooon
goooooooooooooobooooooboooo
gooooooodoooooooboooooon
gooboooooooobooobooooooooon
gooobobooooooooobooocooooooon
goboocooooooo.

goboooOooooooooooboooOoooon
gobooboooooooooooobooooooooon
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