GPU5CUDAR#4

¥ T2

zhaoyang@nscc-tj.gov.cn

g8t EEXEP

www.nsce-tj.gov.cn


mailto:zhaoyang@nscc-tj.gov.cn
mailto:zhaoyang@nscc-tj.gov.cn
mailto:zhaoyang@nscc-tj.gov.cn

CERZE

“Ki—5” M
B GPU®
B CUDARE# B B S Y

B CUDA Fortran & CUDA C

B CUDAR LA I

www.nsce-tj.gov.cn



[

monitoring and diagnostic system

7168 computing nodes

1024 service nodes

Intel Intel Intel Intel | Intel Intel
CPU CPU CPU CPU CPU CPU
M2050 M2050 M2050
GPU GPU GPU

FT
CPU

FT
CPU

FT
CPU

FT
CPU

FT
CPU

FT
CPU

T

s

<

Interconnect communication system

<

<

I/0 system

SH

LS

TH-1A RG0H

TE IR

LA A A

.nsce-tj.gov.cn




PR < oT— 2 LGPU% i o %

CUDAYwIFEISLE :
€ CUDAZIEET I’ /vol-th/software/cuda

/vol6/software/cuda

NESETS) www.nsce-tj.gov.cn



PCI-E

DDR3

CERZE

www.nsce-tj.gov.cn



Processor
CUDA cores
Core clock

on-board memory
Memory bandwidth

Single/double
precision floating
performance

System /0
Board power

1 x Tesla T20
448
1.15 GHz
3GB
148 GB/s peak

1030/515 GFlops

PCI-E x 16 Gen2
<=225W
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& fp32, fp64, int32, SFU, LFU

o HfE#T
@ 48K AIECEAYshared memory/L1

# 32K 32-bit H1FEE
# texture/constant cache

64K Configurable
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© DRAM/global memory
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© Register
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Device
Grid1
»
Grid 2
| Block Block Block
(0, 0) (1, 0) (n-1, 0)
Block Block Block
(0, 1) § (1,1) (n-1,1)
B_lGCﬁ(i, 1)
Thread| Thread| Thread| Thread| Thread
(0, 0) (1,0) (2,0) (3,0) (4,0)
Thread| Thread| Thread| Thread| Thread
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Thread| Thread| Thread| Thread| Thread
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* grid§ A block MF#4T
 block§ A4 thread Bj3#47

block4 :
« O P T RIRF 2 : SyncthreadS()

« thread|a)3# i shared memoryifT

f&

BELELHH :

Device
Grid 1
Block Block Block
(0, 0) (1, 0) (2, 0)
Block Block Block
O, 1) (1, 1) (2, 1)
Block (1, 1)

dim3 grid(1024,1,1), block(256,1,1);

kernel<<<grid, block>>>(...);
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PELM CUDA 4% 48 # &

B LRSS
AN EAEDblockldx, blockDim, threadldx

dim3 grid(4,1,1), block(4,1,1);

1

threadldx.x: | |
blockldx.x: | |
ldx: |

IdxX = blockldx.x*blockDim.x + threadldx.x;
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b 4L CUDA Fortran

Fg—: “cuf’iBSiEfa

subroutine scale(a,n) program scaleTest
integer :: | use cudafor
integer, value :: n
real :: a(’) real, allocatable :: b(:)
IScuf kernel do (1) <<<**>>> real, allocatable, device :: d _b(:)
do i=1,n allocate(b(n))
a(i)=a(i) *2 allocate(d_b(n))
enddo o
end subroutine d b=Db(1:n)
call scale(d_b, n)
b=d b(1:n)

end program scaleTest

$ pgfortran -Mcuda scale.cuf

$./a.out
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b4 CUDA Fortran

H¥E—: #subroutinedhkernel

attributes(global) subroutine scale(a,n)

subroutine scale(a,n) integer :: i
integer :: | integer, value :: n
integer, value :: n real :: a(’)
rea_l a() | = threadldx%x + (blockldx%x-1)*blockDim%x
do |§1,n | a(=a(i)*2
a(i) = a(i) * 2 end subroutine
enddo
end subroutine real, allocatable :: b(:)
real, allocatable, device :: d_b(:)
real, allocatable :: b(:) allocate(b(n))
allocate(b(n)) allocate(d_b(n))
call scale(b, n) d_b = b(1:n)
call scale<<<n/128, 128>>>(d b, n)
b=d b(1:n)
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fWfunctiongkernel

void scale(a,n)

{
intn, I;
float *a;

for (i=0; i<n; i++)
afi] = ali] * 2; >
}

float *b;
b = (float*) malloc (n*sizeof(float));

scale(b, n);

$ nvcc scale.cu

$./a.out

CERZE

__global  void scale(a,n)
{ . 4
int n, i;
float *a;
| = threadldx.x + blockldx.x*blockDim.x;
afi]=a[i]*2;
}

float *b, *d_b;
b = (float*) malloc (n*sizeof(float));
cudaMalloc((void **) &d b, n*sizeof(float));

cudaMemcpy(d b, b, n*sizeof(float),
cudaMemcpyHostToDevice);

scale<<<n/128, 128>>>(d b, n);

cudaMemcpy(b, d_b, n*sizeof(float),
cudaMemcpyDeviceToHost);
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» 8 GB/s peak (PCle X 16 Gen 2) vs. 148 GB/s peak
(Tesla M2050)

> 1.54GHz*(384/8)Byte*2=148GB/s
o REREN-BEumEE ke, SkEmaEI—K
# PCI-E#EiR 10us
o A3 Hpage-locked(or pinned) memory

—

@ E¥mallocw RE 4 BEBMEE BB, e
NHFRBREENENE, BEAXTEAEDINF.
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real, allocatable, pinned :: b(:)

real, allocatable, device :: d_b(})

allocate(b(n), STAT=istat, PINNED=pinnedFlag)
allocate(d_b(n))

d b =Db(1:n)
call scale<<<n/128, 128>>>(d b, n)
b=d b(1:n)

Tesla M2050

Pageable:~3.5 GB/s
Pinned: ~6 GB/s
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© kernel@/aziRADH, WAL I ZHEXN

d_b =b(1:n)
call scale<<<n/128, 128>>>(d_b, n)
b=d b(1:n)

cudaMemcpy(d_b, b, n*sizeof(float), cudaMemcpyHostToDevice);

scale<<<n/128, 128>>>(d_b, n);
cudaMemcpy(b, d b, n*sizeof(float), cudaMemcpyDeviceToHost);

© FRPBIREMEPRIEMHEN, THZSCPURLT

WHRZS; 2R ELIEANS5GPUR
kernel#if722S
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istat = cudaMemcpyAsync(d b, b, n, 0
call scale<<<n/128, 128>>>(d
call cpuFunction(c)

o it SkernelXH

integer (kind=cuda_stream_kind) :: streaml1, stream?2
istat = cudaStreamCreate(streaml)
istat = cudaStreamCreate(stream?2)
istat = cudaMemcpyAsync(d_b, b, n, stream1)

Zo R EAUEZAR A AR RO F
MR, ERARTHHE.

cudaThreadSyhchronize () ;

B 4

call scale<<<n/128, 128, 0, stream2>>>(d_c, n) «—|X&
call cpuFunction(c)
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L14B4F: niACE N 16KBE48KB, FFL&N/NN128B

L22B77: 768KB, SB%f/NalZhAsi§%: 32B. 64B. 96B. 128B.
BN ERNENT ML L2585
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__global_ void offsetCopy(float* src, float* dst, int len, int offset)

{
int xid = offset + threadldx.x + blockldx.x*blockDim.x;
int index = xid%len:;
dst[index] = src[index];

}
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__global  void kernellD_stride(float* src, float* dst, int len, int stride)
{
Int dstx = threadldx.x + blockldx.x*blockDim.x;
int srcx = (dstx*STRIDE)%len;
if(dstx < len)
dst[dstx] = src[srcx];
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RAL1IZHE: ERRELBIARE.

nvcc -Xptxas -dlcm=cg

N2 RN R A3 2By Z AR LB T U IR
i HTROL:
S NEFVIRAEEAEIHF, BEASEHM
*HFEREHAEEX, NEREAFEHERT
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Processor
CUDA cores
on-board memory
Memory bandwidth

Single/double
precision floating
performance

System 1/0
Board power

1 x Tesla T20
2688
6 GB
249.6 GB/s peak

3935.23/1311.74
GFlops

PCI-E x 16 Gen3
<=235W
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--ptxas-options=-v
RS RAERHEEA
occupation calculator
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