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CPU  

Å2005/4 Pentium ṇ  

ïỄ ú ṇ  ἲ Ệ  

Å2006/6  Xeon  

ï ṇ ṇ Xeon  

Å2006/11 Xeon  Xeon Ệ  

Å2007/1 Core2 Quad  

Å2010/3 Xeon 7500  8 úHTἲ16  

Å2011/4 Xeon E7  10 ḭ2Ṍ8  

Å2013/9 Xeon E5 -2600  12  

Å2014/2 Xeon E7 -v2  15  

Å2014/9 Core i7 -5960X  8 Haswell  

Å2014/9 Xeon E5 -2600v3   18  
2 ḱ ṇ   ṇ   http://japan.intel.com/contents/museum/hof.html   

צּ  
ךּ︡ ḭ  

ḭ  
צּ כֿךּ  



CPU  

3 

    

L1 L1 L1 L1 

L3  

L2 
 

 

L2 
 

 

L2 
 

 

L2 
 

 

CPU  

    

L1 L1 L1 L1 

L3  

L2 
 

 

L2 
 

 

L2 
 

 

L2 
 

 

CPU  

ṏ 

 

ṇ ṇ  

נּ  
256KB  

נּ  
8MB 

נּ  
32KBx2  

ḱ Core כֿ GPUּצ ךּ  

ḱ  



GPGPU 

4 

General Purpose Graphic Processing Unit  
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ỒớỒớỠṕểṖ 
Å GPU ︣ טּ ḭ 

CPU ךּ IC טּ Ḯ 

Å צּ אל ḭצּ צּשּ אל
︡ טּ ṇ ךּ ףּ ḭ

ḱ ṇ ṇ ךּ נּ IC ṇ צּ
שּךּ ḱ אל ךּ Ḯ 

Å 90 3D צּ ︡ḭ ךּ
︡ SIMD צּ שּ קּ Ḯ 

2000 ḭ ṇ פּ
ṇ צּ ḭ צּ ︡ Ḯ 

כֿ ḱ ￼ḭ ︣
GPGPUצּ טּ Ḯ 

Å GPU 2010 2000GFLOPS ṇ ṇ︡
ḭCPU טּ ḭ2011

GFLOPS ךּ ḮGPU צּ טּ
צּ ḭGPUשּ ṇ אל IC
שּ נּ ḭCPU פּ

צּ  Ḯךּ

http://ja.wikipedia.org/wiki/GPGPU 



ỒớỒớỠṕỄṖ 
Å GPU ṇ ḭ

ṇ ︡ ךּ Ḯ 

כֿ נּ ḱ

פֿ 1 פּ︡ ḭשּ ︣ ṇ

ṇ נּ ḭ ṇ ︡ ︢

︣ Ḯ 

Å כֿ לּ SIMD ṇ 3

︣ ḭ צּ ṇ ṇ

אלפּצּ ḭ ︡ ︡  Ḯלּ

Å ḭ ṇ ṇ ︣ ḭ שּ ṇ

︣ כֿ ḭ צּ ︡  Ḯלּ

http://ja.wikipedia.org/wiki/GPGPU 



ỒớỒớỠṕễṖ 
Å GPU צּ טּ ḮGPUּצ לּ שּ

ḭ ︡ לּ

24צּ שּ ḭשּ

לּ ︡ לּ צּ

טּ Ḯ 

Å ךּ ḭ ṇ קּ

ḱ ṇ וֹ טּ ḭ 1 אלקּ

פֿ 3 ṇ ︡ צּ ︣ וֹ

ḭ קּ פּ ךּ

︡ ףּ ḭ ṇ צּ

ךּ ṇ ṇ קּ

צּ ︣ ￼ נּ צּ  Ḯךּ

http://ja.wikipedia.org/wiki/GPGPU 



ỒớỒớỠṕỆṖ 
Å GPU ḭ ṇ

︣ כֿ 2 ṇ

︣ כֿ ︡ ךּ ḭ טּ

ךּ קּ Ḯךּ IC ḭ

︡ ḭ

צּ ךּ ךּ Ḯךּ

פḭGPUּשּ ︡ אל GPGPU IC ḭ

ךּ ︡ טּצּ

ḭֿכ צּ אל Ḯ 

http://ja.wikipedia.org/wiki/GPGPU 



CUDA  
ÅCUDA = NVIDIA GPGPU  

Å  ( ) ṇ  

ï CPU vs GPGPU PU( )  

Å ḭלּ קּ ( )  לּ

ï ṇ  vs ṇ  

Å צּ  ἲ ּפּפּצ  

ï שּ  ( שּ C/C++ ) 

Å ṇ  ( ḭוֹ ( ṇ  

ï ṇ Ḳ ἲfork ἲ ἲjoin ἲ  

ÅGPGPU ṇ ︡  

ï ṇ  

ÅGPGPU ṇ ךּפּ צּ  

ï ṇ ︡ ךּ ḭ  9 



CUDA ṕNVIDIA Ṗ 

CUDA ṇ ṇ ḭCḭC++
ḭFortran אל ︠ פּ  NVIDIA GPU ︣ כֿ
צּ קּ ︣Ḯ 

CUDA ṇ לּךּ ︡ ︣Ḯ ṇ ḭ
︣Ḯ 

1 ︣ לּ ḭ ḭ
ḭ כֿ ︡

ךּ ︣Ḯ ︣ 1 1 צּ ṇ
︣ ︣ 

צּ ︣ ףּ וֹףּ  ID 
 ID ּפḭ ṇḭ ḭ ṇ
ḭ ḭ ︣Ḯ 

לּ צּ ︣Ḯ ︢
︣ ṇ ︡ ︡ ︣Ḯ

צּ ︣ וֹףּ  ID ︣Ḯ 

︡ צּ ︣Ḯ
ṇ ︡ḭ ṇ ṇּפ ṇ ḭ ṇ
ṇ ṇ קּ ︡ḭ טּ ṇ ṇ ךּ
ךּ ︣Ḯ 

http://www.nvidia.co.jp/content/apac/pdf/tesla/nvidia -kepler -gk110 -architecture -whitepaper - jp.pdf  



CUDA ṕNVIDIA Ṗ 

CUDA ḭ ︡ḭC 
לּ ṇ ṇ צּ פֿ אל ︣Ḯ 

ḭ ḭ ṇ ḭ
לּ ṇ צּ פֿ אל ︣Ḯ 

אל ḭ ṇ ṇ︣ ṇ
טּ ḭ ṇ ṇ ︡ ︣Ḯ 

http://www.nvidia.co.jp/content/apac/pdf/tesla/nvidia -kepler -gk110 -architecture -whitepaper - jp.pdf  



#define STRIPS 65536*256  /* Number of total strips */  

 

__global__ void Kernel(FLOAT *Result);  

FLOAT h_result [THREAD*BLOCK]; 

 

int  main(int  argc, char** argv){  

    unsigned int  timer;  

    FLOAT pi;  

    CUT_DEVICE_INIT(argc, argv);  

    FLOAT *d_result ;  

    cudaMalloc((void**) & d_result , sizeof (FLOAT)*THREAD*BLOCK); 

    cudaMemset( d_result , 0, sizeof (FLOAT)*THREAD*BLOCK); 

    cudaMemcpy( d_result , h_result , sizeof (FLOAT)*THREAD*BLOCK, 
        cudaMemcpyHostToDevice)  

    dim3 grid(BLOCK, 1, 1);  

    dim3 threads(THREAD, 1, 1);  

    Kernel<<< grid, threads >>>( d_result );  

 

    cudaMemcpy( h_result , d_result , sizeof (FLOAT)*THREAD*BLOCK,  
        cudaMemcpyDeviceToHost);  

    pi=0.0 ;  

    for ( int  k=0; k<THREAD*BLOCK; k++) { 

        pi += h_result [k];  

}  

    printf (ΓGPU =%15.12f ¥nΔ,   
        ( pi -  (((FLOAT)0.5)/((FLOAT)STRIPS))) * (FLOAT)4.0);  

 

    cudaFree( d_result );  

}  

__global__ void Kernel(FLOAT *Result)  

{  

    //GPU≢─  

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

    FLOAT tmp = 0.0;  

 

    for( int  k=0; k<(STRIPS/BLOCK/THREAD); k++){ 

       FLOAT x = ((FLOAT)((ix*(STRIPS/BLOCK/THREAD))+k)) 
           / ((FLOAT)STRIPS); 

       tmp += ((FLOAT)sqrt (1.0 - x*x)) / ((FLOAT)STRIPS);  

    }  

    d_result [ix] = tmp;  

}  

 

CUDA ṇ  
 

 

GPU  

ṇ  
h_result  

GPU  
d_result ︡ 

ṇ h_result  
d_result ṇ 

GPU  
fork ἲ  ἲ join  

GPU  
d_result ṇ  

h_result ṇ 

 
GPU  

GPU ḭ  
אל ︡ḭ 

d_result קּ  
פּ לּ

ḭשּ ID
פּ ︡ ךּ  



NVIDIA Titan  

http://www.nvidia.co.jp/object/geforce -gtx - titan - jp.html  



http://www.nvidia.co.jp/object/geforce -gtx - titan - jp.html  

NVIDIA Titan  



GeForce GTX TITAN  (2013)  

http://www.4gamer.net/games/204/G020420/20130217001/  



Kepler  GK110 ṕểṖ 

Å71  

Å 1  

Å  

ïể ṇ Fermi ễ
 

http://www.nvidia.co.jp/content/apac/pdf/tesla/nvidia -kepler -gk110 -architecture -whitepaper - jp.pdf  



Kepler  GK110 ṕỄṖ 

Å  
ïCPU ︡ ṇ ḱ  

ï ḱ  

ÅHyper -Q 
ï CPU( פּ( ể GPU בֿ  

Å ṕGMUṖ 
ïGMU GPU ︣ ︣  
ṕ ṇ ḭ Ṗ 

ÅGPUDirect  
ïGPU ṕ Ṗ￼אל ṇ
קּ  

http://www.nvidia.co.jp/content/apac/pdf/tesla/nvidia -kepler -gk110 -architecture -whitepaper - jp.pdf  
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SMX Ӹ ṇ  

SMX ḭ CUDA 192צּ אל ךּ ḭ
אל צּ וֹ

ךּ ︣Ḯ 

GPU ṇ כֿ ︡ אל
︡ Ḯ ḭ  GPU ︢ לּ ḭ ṕ ḭ
Ṗ קּ ṕSFUṖּצ אל

ךּ ḭצּ︣ ḭFermi GF110 SM  8 ︡ ︣Ḯ 

SMX ḭ32 ṇ ︡ ṇ
ṇ ךּ ︣Ḯ  SMX ṇ ṇ  4 צּ

ḱ טּ 8 צּ ḭ4 ṇ ḱ
︣ כֿ צּ קּ ︣ḮKepler ḱ ṇ ṇ ḭ4 
ṇ ︡ḭ1 ṇ ︡ 1 קּ קּ 2
︣ḮFermi ḭ כֿ קּ
︡ ḭKepler GK110 ḭצּ ṇ / ḭ ṇ

ḭ ḭ ṇ צּ ךּ טּ
︣ כֿ צּ קּ ︣Ḯ 

http://www.nvidia.co.jp/content/apac/pdf/tesla/nvidia -kepler -gk110 -architecture -whitepaper - jp.pdf  



ṇ ṇ  
http://www.nvidia.co.jp/content/apac/pdf/tesla/nvidia -kepler -gk110 -architecture -whitepaper - jp.pdf  



SMX Ӹ ṇ  

GK110 ḭ1 ּפ קּ צּ  255  

אל 4 ︡ Ḯ1 ּט קּ צּ נּ ḭ

Fermi ּש ︡ ḭ נּ ︡ ṇ

 Kepler כֿ  שּקּ ṇ ︣ טּצּ ︣Ḯ 

ṇ אל ḭKepler  ḭ ṇ ︣

ṇ קּ צּ שּ︡ אל ︡ Ḯּך ḭ

ṇ ︣ ṇ ︣ ḭ

ṇ ṇ ṇ וֹ ︣ טּצּ ︡ Ḯ שּ︡

אל ḭ ṇ ︣ ḭ ︢ ṇ

פּ קּ כֿ צּ קּ ︣Ḯ 

ḭ פּ ṇ אל 1 צּ ḭ

ṇ ︡ ḭ ṇ צּ ︡ ︣Ḯ ḭ

טּ ︣ ṇ שּ ︣Ḯ ṇ

ṇ ṇ לּ צּ שּ פּ ︣Ḯ ṇ

(FFT) לּ ṇ ṇ צּ ḭ

לּ וֹ ṇ 6Ṿ צּ ︡ ︣Ḯ 
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SMX  64KB ṇּצ אל ףּ ḭֿכ  48KB 
ṇ 16KB  L1 ḭּט ךּ ḭ16KB ṇ  48KB  L1 

︣ כֿ צּ קּ ︣ḮKepler  ḭֿכ ḭפּ ṇ  
32KB/32KB ּלּך ṇ  L1 ֹו ḭ

אלצּ שּ ︡ Ḯ 

ḭSMX ṇ ḭ64b ṇ
︣ ṇ ḭFermi SM ּפ אל ḭ1 ḱ פֿ
 256B ︡ Ḯ 

L1 ḭKepler  ḭּט ︣ ṇ ṇ
פּ ךּ ṇ 48KB ṇ לּ צּ אל ךּ ︣ḮFermi 
ḭֿכ ṇ פּ פּ︡ כֿ צּ קּ ︡

ḮKepler  ḭ ṇ כֿךּ
︣ ḭ ṇ כֿ  SM ּפ קּ
לּ ︡ ︡ Ḯ 

כֿ אל ︣Ḯ ḭC99 
¬const  __restrictºṇ ṇ ṇּצ ︡ḭ טּ פּ
ךּ ṇ ︣ ḭ ṇ ṇḱ ṇ
ṇ ︣ לּ צּ וֹ ︣Ḯ 
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GPU ּצ ︣ ṇ  GPU ּצ ︡ḭ ︡ḭ ṇ

ṇ ︣ כֿ צּ ḭCPU ︡ ḭֿכ

GPU ṇ כֿלּ צּ קּ ︣Ḯ 

Kepler  GK110 ḭ ṇ פּ ṇ ︣ כֿ צּ ḭ ṇ

︡ ḭ ṇ ︣ כֿ צּ

 CPU ︡ קּ ︣Ḯ 

GPU ṇ ṇ ṇ ḱ ︣ כֿ

צּ ḭṕ Ṗ  CPU ṇ ṇ וֹ

ḭ ṇ ︡ CPU ךּ ︢ ṇ ṇ

︣ כֿ לּ ︡ Ḯ 

לּ ḭ צּ ṇ ḭ

ḭ ṇ  GPU ḭ
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http://www.nvidia.co.jp/content/apac/pdf/tesla/nvidia -kepler -gk110 -architecture -whitepaper - jp.pdf  
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