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SPRAT: A Stream Programming Language with
Runtime Auto-tuning

HirOYUKI TAKIZAWA, T HIROKI SHIRATORI, 1*1
KaTuTo SATO!! and HIROAKTI KOBAYASHI2

This paper realizes capabilities to program without any architecture-specific
descriptions and also to select an appropriate processor from different pro-
cessors of a computing system at runtime, by cooperation between a stream
programming language and its runtime environment. To realize such a runtime
auto-tuning capability, this paper focuses on stream processing whose execution
time can be estimated with a simple linear performance model, and proposes a
method to switch between different processors based on runtime performance
prediction. This paper shows that appropriate switching between CPU and
GPU in a PC allows even a code written in a high abstraction level to achieve
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high-performance computing, which makes use of the characteristics of each
processor. The evaluation results demonstrate the effectiveness of switching
between CPU and GPU according to their performance difference. The results
also show that the proposed method can automatically select an appropriate
processor, which may change depending on the data size.

1. 0ooano

00o000oooDOoooooD0o0o0ooDoo00ooDOo00o0ooOo0Oo0on Graph-
icsProcessingUnitDGPUDDDDDDDDDDDDDDDDDDDDDDDDDDDDUD
0000000 pCOO0O0OO0OCPUDOOOODOOOOODOOOO GPUOOODDOO
ooodoooopCOO00OOOO0ODOOO0OOOOOO0OOOOOOODOOOOODOOO
dooooooooooooooGpPUDOODOOOOODOODOODOODOOOOOOOOOD
goo0o0oo0obOooooooboooDoobobDbOoobobDoooDoOoobDoooboooa
goobooooboooo

0o000obOOo GeUODOOOODOOODOOODOODOOODOODOODOODOOOODOOODOOO
J0o000o0ooodoDooooooDoooooooooooDooGPUOOOOOOOD
0 General-Purpose computation on GPUsOGPGPUOOOO0OOOOOO CcPUOODODO
00000000000 0000000000000 Compute Unified Device Architec-
tured CUDALP O Close-To-Metald CTME 0000 GPGPULOOODOOODOOO
0000o0o00oo0oOooodoDOoDodD GepUDOODOODOODOODOOODOOOD
0000o0o0oooooooooooooocpPU000O0OOoOOoOoOoOoOooDOoOoOoOooOon
gdobboooboboooboboobobboooo

ggboooboobobuoobuoobooboobooboobooboobboobooo
0000000000 00ooo00ooooooDo0ooooooooooooGPUODOO
goodobbooboooooogobbobbooooooobob bbb EpLobboo
000000000%Y00000000000 CUDAOD CTMODOOO0OODOOO0OCO

f10000000000000D

Graduate School of Information Sciences, Tohoku University
f2000000000DOOO0OO00OOOO

Cyberscience Center, Tohoku University
*x1 00000000000O00O000O0OD

Presently with NS Solutions Corporation

(© 2008 Information Processing Society of Japan



208 ODOO0OO0OO0OO0OOOOoOoOOOObOOOOoOoooo

goododoooooooodooobooooobooooboooooooooooog
goobooobobooobboobbooobbooobbuooobooo

pgobooobooboboboboobobooboobooboboboobboobboboo
gooboooobuooobobuooobbuooobbuoobboobobbooobboo
goodobobobobooooooobbbtboooooobbDbbbbooooULD b o
GPUDOOOOODOOOODDOOOGPUODOODOOOODOOOODOOOODOOOODDO
goobooboboobooboooobbobobooboooboobDoooobobooo
goodboooboobooboobobooobDboobooboobooobboooDoooo
gooodoobobobooooobobobobboodooooDoobObbooooooooboobo
gooboobooboobooobuo0obooboobOOooboobooDboobobooo
goobooobobooobbooobobooobobooobbooobooo

gooboooGPUDOOOOODOODOODODOOOOOODOODOODOODOCOODOOO
goboooo0ooobOooboooobDbooobooDoobDoobooboobooo
joodooooOoooooooboboboo0ooooooDoboOobooooOoooobooDbo
Stream Programming with Runtime Auto-Tuningl SPRATO 000000000 OOO
gooooobooooooooooobooooboodooooooooooooooog
0000000000000 D0o0oo0oOooSPRATODOODOODODOOODOOOO
goodooobobooooboboooooboboooob oo oooooooog
ooDooOoo0®ooooooo

2. 0000

21 0OO00O0OOOUOOO/oOoo/o0O000

000 GPUOODOOOOOODO OO General-Purpose computation on GPUsO
GPGPUO O OO OpenGL O DierctX 00O 0O O APIO Application Programming In-
terfaced D000 GPUOODOOUOODOOOGPUOOODOOODODOOODOOODOOO
0000000000 C for graphicsO CgO O High-Level Shader Languaged HLSLITI
OpenGL Shader Languaged GLSLO O 0000000000000 Y000000000
gbooobooooooobooboooobooooooboooobobooboboobobo
00000000oooouooo GepUOOOOOOOOOOOOOO

Buck OO GPUOODOOODOOOOOODOOOOOOOOOOOOOODOOOO API
0000000000000 0DO0O0O0000oO0o00DODODOO0O00o0O0ODn BrookGPU O

000000000 0O0oo0oOoDOoOooOooOogd Vol No.2 207-220 (Aug. 2008)

0000007 0BrookGPUD COODDODOODOOOOODOOODDOOOOOOOO
000D000000D000000000 BrookDODODODOOODOO APIDOOOO
0000000000 0BrookGPUOODOOODODODOODO runtime backendd O 0O 0O O
0 BRT-RUNTIME 0000000000000 0D00D0O0DODOOBrookGPU version 0.4
00 CPUOOpenGLODirectX 0 300000000000000D0000DOOOO0OO
BrookGPU DD CPUODOODOODOODOODOODOOD GPUODOODOOD
00000000000 CPUDOODOODOODOODOODOOGPUDOODOO
0000000000000000000D000000000000000000 APIO
0000000000 GPGPUDOODOODOOODODOOODOOOODOOOODOO
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0D000000000000D0O
00DO0GPUODOOODOOOOODOODOODOODOO GPGPUDOODOODO API
000000000000 000000000CUDAD CTMO GPUOOOOODOO
0D0O00?»300000 OpenGL O DirectX 00D0O00D0O0D GPUDODOODOOOO
00000000000 00GPUDDOODOOOODOOODODOODDODOOODO
0000000000000 GPUDODODOOODDOOOOODODODOONOONoO
0000000000000 00000000000000000000000000
oDooo%®80p0o00000000D00D00N0N0oGPUNDODNDNODONODOD
GPUODODODODODOODODODOODODODODDDOOODODDNONONODODO
000000000000 00000000000000000000000000000
000000000000 00DO00
00000000000000D0000000000000 CPULD GPUDOOODO
00000000000000000000000000Y 00GPUDOOOOOOOO
000000 000000000000000000000000000000000
0000000000000D00000000000000000000

2.2 000O0O0ODO
GPUODOODODODOOODOODODODOODODOODODODOOOODOn
onoog

Buck OO GPUOOOODOODOOOOODOOOOODOOO GPUBenchOOOODOODOO
GPUOOODODOODOOD GPUOOODOOODODOOOOOOODODDOODOOD

(© 2008 Information Processing Society of Japan



209 OD0OO0OO0OO0OO0OOoOoOoOooooOOobOoOoOooooo

000000000000000YWO00000BuckOOOO 7)00000CPUODO
GPUODOOOO0ODODOOO0OODOOOOODDOOOOOGPUDNDODOOOOOOO
0000000000000000000000000

Trancoso 1'? 0OGPUOODODOOOOODOOOOOOODOOOOODOOOOODOD
0000000000000000000000000000000000000000
00000000000000GPUDOOODOOOOODOOODOOOODODOOooog
00000000 BrookGPUODOOOOOOOOOOOO BRTRUNTIME 00O OO0
000 CPUD GPUOOOOOOOOOOODOOODOOOOO CPUDDOOODDOOOO
0ooooooooog

000" oOGPGPUOODOODOODOODOOOOOODODOOOOOOOOGPU
0000000000000000000000000000000000000000
000000000000 000000000000000000000000MMO00
0000000000000 0000000000000000000000000000
O0O00Ostartup timeD0 000 0000000000000 GPGPUOOOOOOOOO
00000000000000000000000000000000000000000
00000000000000000000GPGPUOOOOOOOOOOOOOOOO
0000000000000 00000D000000000000000D0000000Og
O00000000OHeODO GPUOOOOOOOOOODOOOOOOODODOOOOOOO
000000000000 0000™o

3. Jboobogobooboobooboobobbooboon

JoooooGpPUDDDOOOOOOOOOOOOOOOOOOOOO0OO0OOOOOOOO
00 cidooooooooopoooooooDooooooooooooooooooooo
0000000000000 0000 Stream Programming with Runtime Auto-Tuning
OSPRATOOOOOU0OO0OOODOOOOOOOOOOOOODOOOOOOOOOODO
gobodoboobooooboboobooboobOoobooboobooonoooo
000000000000000000™0

3.1 JO000O0OoOooboooooo

GpPUODODOOOODOOO0ODOOO0OODOOOOODOOOOOOOOOOOOOOOOO
0000000000000 00000000SPRATOOOOOOOOOOOOODOOO
goooooooobboooodoooooooooboOobobooooooooooo

000000000 0O0oo0oOoDOoOooOooOogd Vol No.2 207-220 (Aug. 2008)

kernel map saxpy( float a,
in stream<float> x,
in stream<float> vy,
out stream<float> z){
zZ=ax*xx+y,;

}

int main(int argc, charx* argv){
stream<float> sX(N,M), sY(N,M), sZ(N,M);
float x[N#M], y[N*M], z[N*M], pi=3.14f;

init_array( x, y);
streamRead (sX, x);
streamRead(sY, y);
saxpy(pi, sX, sY, sZ);
streamWrite(sZ, z);
print_array(z);
return 0;

01 SPARTOOODOODOOODOO
Fig.1 Sample code of the SPRAT language.
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Fig.2 SPRAT language translation.
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for(int i=0; i<M; i++)

for(int j=0; j<N; j++)

z[i*xN+j] = axx[ixN+j] + y[ixN+j];
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Table 1 Performance parameters.

Symbol Description
By.g Data transfer bandwidth from p to gq.
Sp.q Data transfer startup time from p to q.
Bp k; Throughput of p for execution of k;.
Sp.k; Startup time of p for execution of k;.
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Table 2 Specifications of GPUs used for evaluation.

Model # SMs | Mem[MB] | BW[GB/s]
GF88GTX 16 768 86.4
GF88GT 14 512 57.6
GF86GTS 4 256 32.0
GF85GT 2 256 12.8
GF84GS 2 256 6.4
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Fig.3 Memory access pattern and the execution time.
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kernel map rowop(gather stream<float> gath, out stream<float> ostr){
ostr=gath[0] [0]-gath[[-1]] [0]*gath[0] [[-1]];
}

kernel map normalize(gather stream<float> gath, out stream<float> ostr){
ostr=gath[0] [0]/gath[[-1]][0];
}

int main(int argc, char ** argv){
stream<float> str(N,N);
float origMat [N*NJ];
int i;

// -- (snip) --

streamRead (str,origMat) ;

for (i=0;i<N-1;i++){
stream<float>& s=str[i] [i+1](1,N-i-1);
normalize(s, s); /// kernel invocation
stream<float>& s=str[i+1] [i+1] (N-i-1,N-i-1);
rowop( s, s); /// kernel invocation

}

// -- (snip) --

return 0O;

04 SPARTOOOOO LUDO
Fig.4 LU decomposition written in the SPRAT language.
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Fig.5 Execution time of LU decomposition.
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Fig.7 Relationship between matrix size and effective performance.
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Fig.8 Execution time of CFD simulation.
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*src[pitch_src*(k_index[1]+(0))+1x(-1)]; =src[(-1)*pitch_src+k_index[0]*1];
} }
} else if ((threadIdx.y==1)
return; && (blockDim.y*blockIdx.y+threadIdx.x<k_size[1])){
} sbuf2[threadIdx.x+0]
=src[(blockDim.y*blockIdx.y+threadIdx.x)
// --- GPU kernels --- *pitch_src+(-1)*1];
__global__ void _krnl_normalize_column__spratc_cuda( }
float *dst, int pitch_dst, __syncthreads();
float *src, int pitch_src, if (1flag) return;
int odd_x, int odd_y ) dst [index_dst]-=sbufl[threadIdx.x]*sbuf2[threadIldx.y];
{ return;
int k_index[2] }
= { blockDim.x*blockIdx.x+threadIdx.x ,
blockDim.y*blockIdx.y+threadIdx.y }; (D 02001029000 )
int k_size [2] (DD20D5D BDDD)

= { blockDim.x*gridDim.x-odd_x,
blockDim.y*gridDim.y-odd_y };
int flag = (k_index[0]<k_size[0])
&&(k_index[1]<k_size[1]);
int index_dst=k_index[1]*pitch_dst+k_index[0];
int index_src=k_index[1]*pitch_src+k_index[0];
__shared__ float sbuf[BLOCK_SIZE_X];

o0 ooobooooo

obl1ooooooooooooooobooooooooooboooon
oobmoooooooobooOo 1s000oobo0oob0 1e00DO
gboobooobobooboboboboboboobobbobooon
goooooooooboobo 1 soooooobooobooOoD 200
goboooooooooobOUUbOOIEEEDNDDDO

if ((threadIdx.y==0)&&(k_index [0]<k_size[0])){
sbuf [threadIdx.x+0]=src[(-1)*pitch_src+k_index[0]*1];
}
__syncthreads();
if (1flag) return;
dst [index_dst]/=sbuf [threadIdx.x];

return;

' oo 00

ol o el on pertion_spane i 00 1800000000000000000000 20000000
float ¥src, imt pltchsro, 000000000000000000000000000000000

e dneeddy) O0DO000000DCGPUOOOOODOOODOOODOONOOOD

int k_index[2]

= { blockDim.x*blockIdx.x+threadIdx.x ,
blockDim.y*blockIdx.y+threadIdx.y};

int k_size [2]

= { blockDim.x*gridDim.x-odd_x ,
blockDim.y*gridDim.y-odd_y};

int flag = (k_index[0]<k_size[0])

&& (k_index[1]<k_size[1]);
int index_dst=k_index[1]*pitch_dst+k_index[0];
int index_src=k_index[1]*pitch_src+k_index[0];

oo

__shared__ float sbufi[BLOCK_SIZE_X];
__shared__ float sbuf2[BLOCK_SIZE_Y];

if ((threadIdx.y==0)&&(k_index [0]<k_size[0])){
sbufl[threadIdx.x+0]
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