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TSUBAME 2.0 &A=

TSUBAME2.0: A GPU-centric Green 2.4 Petaflops Supercomputer

Tsubame 2.0: "Tiny" footprint, very power efficient %SF’:SCTS)
* Floorspace less thap _200m2 (2,_100 ft2) 1408 GPU Compute Nodes,
* Top-class power efficient machine on the Green 500 34 Nehalem "Fat Memory" Nodes

Rack
(8 Node Chassis)

Node Chassis

Compute Node (4 Compute Nodes)

_ (2 CPUs,3 GPUs)
Chip

(CPU ,GPU)

4 it
2.4 PFLOPS
80 TB

| 6.7 TFLOPS 53.6 TFLOPS
1.6 TFLOPS
s GR/103Ge 220 GB/412 GB 1.7 TB/3.2 TB

76.8 GFLOPS 515 GFLOPS
3GB Integrated by NEC Corporation
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« ZEHE/—FIX. CPULGPUDTEAZFHD
— CPU: Intel Xeon 2.93GHz 637 x 2CPU=12 a7

— GPU: NVIDIA Tesla M2050 3GPU ]
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QDR InfiniBand 4GB/s
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25.6GB/s 8GB/s
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GPU 0: Tesla M2050

448core GDDRS
515GFlops QEID Y
3GB

GPU 1: Tesla M2050

448core

515GFlops 3GB

GPU 2: Tesla M2050

448core
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3GB

150GB/s !
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$ nvcc inc_seqg.cu -arch sm 21 -0 inc_seq
$ ./inc_seq
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intBEIDEERZT1ME
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#include <stdio.h>
#include <stdlib.h>
#include <cuda.h>
#include <cuda_runtime.h>

#define N (32)
__global _ void inc(int *array, int len)

{

int i;

for (i = 0; i < len; i++)
array[i]++;

return;

}
int main(int argc, char *argv[])
{

int i;

int arrayH[N];

int *arrayD;

size t array_size;

for (i=@; i<N; i++) arrayH[i] = i;
printf(“input: “);
for (i=0; i<N; i++)

printf(“%d “, arrayH[i]);
printf(“¥n”);

array_size = sizeof(int) * N;
cudaMalloc((void **)&arrayD, array size);
cudaMemcpy(arrayD, arrayH, array_size,
cudaMemcpyHostToDevice);
inc<<<1, 1>>>(arrayD, N);
cudaMemcpy(arrayH, arrayD, array_size,
cudaMemcpyDeviceToHost) ;

printf(“output: “);
for (i=@; i<N; i++)

printf(“%d “, arrayH[i]);
printf(“¥n”);
return 0;
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(1) @CPU: GPU{RI ATE!) fE1Z,

e cudaMalloc(void **devpp, size t count)

— GPUBIAERY (7 /T XAEL, T O—/VJLXFEJEREIEND)(Z
PRI ZFER

— devpp: TINAAAEYFTRLAANDRAU A, BERLIZAE)D
TRLANEZRAEND

— count: fEEFOHAX
 cudaFree(void *devp)
— FEEREZFIK

25

Ty

Bl EX1024DintNDEFIEFER

#define N (1024)

int *arrayD;

cudaMalloc((void **)&arrayD, sizeof(int) * N);
/[ arrayD has the address of allocated device memory




(2) @CPU: AAT—RERiE

e cudaMemcpy(void *dst, const void *src,
size t count, enum cudaMemcpyKind kind)

— %lcudaMalloc THERL=fEISICFEE L F=CPUIAE)
DT—%%&aE—

— dst: EmELET/INARAEY

— src: EREIJTCPUAE!)

— kind: EREFATEIETET DEM Tl
cudaMemcpyHostToDeviceZx 5% %

Bl FEIZHERL-FEEACPUL®DT—AarrayH%851%

int arrayH[N];
cudaMemcpy(arrayD, arrayH, sizeof(int)*N,
cudaMemcpyHostToDevice);
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(3) @CPU: GPUA—RIJLDIEEUH L

e kernel func<<<grid dim, block dim>>>
(kernel paraml, ..);
— kernel func: A—FIJLE#%
— kernel_param: H—JLEED 5%k
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inc<<<1l, 1>>>(arrayD, N);
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¢ GPULTETSINSEH
— global  &ELVOF—T—KZEDIT5S
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o EDRFEAT] (voidDH)

Bl INtEELHNZEA DAV NT HA—RILEAR

~_global  wvoid inc(int *array, int len)
{
int 1i;
for (i = 9; i < len; i++) array[i]++;
return;

}
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o ANEREERHRIZcudaMemcpyZF ALV
o 1=1ZL. ERIERAT (X
cudaMemcpyDeviceToHost 1§

B : $FEERDEHIECPUEIAE!) NELRE

cudaMemcpy(arrayH, arrayD, sizeof(int)*N,
cudaMemcpyDeviceToHost);
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CUDATMDO AL YE(2)

Host Device
Grid 1
Kernel > Block Block Block
1 (0, 0) (1,0) (2,0)
Block . Block v Block
(0,,31” (1,1) ) (2,1)
/" erid2’ i
Kernel > /! . ‘\
2 /II 1 ‘\\
‘| | | R
Block (1, 1)

Source: NVIDIA
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— <<<100, 30>>>
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— dim3 gridDim
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Block
(1,0)

Block
(1,1)

Block
(2,0)

Block
(2,1)

1 & TEE (% v gridDim: dim3(3, 2)
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o ZRALYRATESILHEMN? 1ZHBE=0I12. LLTEFFE

A] BE
— dim3 blockDim
e XALwk7JAOvHoHA4X
— dim3 threadldx
e JOVYIRHRDALYRATYIR,
2FYTAOyIRTELSMN
RAIEFEE DAL YED,
(Oh\%jitﬁié)
c XARAYAXDHIEFY

— M2050 GPU TlZ
x| 1024F T, ylL1024FE T,

2[364FE T
— £{KT1024%F T

blockDim: dim3(5, 3)

> X
Thread | Thread | Thread | Thread | Thread
(0,0) | (1,0) [ (2,0) | (3,0) [ (4,0)
Thread | Thread | Thread | Thread | Thread
(0,1) | (3,1) | (2,1) | (3,1) | (4,1)
Thread | Thread | Thread | Thread | Thread
0,2) | (1,2) | (2,2) | (3,2) | (4,2)
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threadldx
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inc_parld. inc_seqtRICETEZ1TOHS.

NEZEDHED=HIZNALYE

#include <stdio.h>
#include <stdlib.h>
#include <cuda.h>
#include <cuda_runtime.h>

#define N (32)
#define BS (8)
__global  void inc(int *array, int len)
{
int i = blockIdx.x * blockDim.x +
threadIdx.x;
array[i]++;
return;

}

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

int i;

int arrayH[N];

int *arrayD;

size_t array_size;

"ZMATHRIED

for (i=@; i<N; i++) arrayH[i] = i;
printf(“input: “);
for (i=0; i<N; i++)

printf(“%d “, arrayH[i]);
printf(“¥n”);

array_size = sizeof(int) * N;
cudaMalloc((void **)&arrayD, array size);
cudaMemcpy(arrayD, arrayH, array_size,
cudaMemcpyHostToDevice);
inc<<<N/BS, BS>>>(arrayD, N);
cudaMemcpy(arrayH, arrayD, array_size,
cudaMemcpyDeviceToHost) ;

printf(“output: “);
for (i=@; i<N; i++)

printf(“%d “, arrayH[i]);
printf(“¥n”);
return 0;
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e matmul _parTI&

. 1024x1024 B DAL YRZHLN,

1AL YRACHDIEZRZETE

matmul<<<dim3(N / BS, L / BS), dim3(BS, BS)>>>
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