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Study on Availability of GPU for Scientific and Engineering Calculations

Kensaku SAKAMOTO and Seiji KOBAYASHI*

Center for Computational Science & e-Systems
Japan Atomic Energy Agency
Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 30,2009)

Recently, the number of scientific and engineering calculations on GPUs (Graphic
Processing Units) is increasing. It is said that GPUs have much higher peak
floating-point processing power and memory bandwidth than CPUs (Central
Processing Units). We have studied the effectiveness of GPUs by applying them to
fundamental scientific and engineering calculations with CUDA (Compute Unified
Device Architecture) development tools. The results have shown as follows:
1)Computations on GPUs are effective for such calculations as matrix operation, FFT
(Fast Fourier Transform) and CFD (Computational Fluid Dynamics) in nuclear
research region. 2)Highly-advanced programming is required for bringing out high
performance of GPUs. 3)Double-precision performance is low and ECC (Error
Correction Code) in graphic memory systems supports are lacking.

Keywords : GPGPU, CUDA.

*RIST(Research Organization for Information Science and Technology)
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1. XTI

T4, GPU(Graphics Processing Unit) Z JLFHEFIZH WA HFI3 2 Tl 0, Aamf
L, AR, VRN, FHEBY, T XA R LTI SN Lol o T,

FHERET THEG) RO 138 CIESE 0O THY, R CTIIARREZ2 MM %2
IR TR W TIRFICEE 2 FIETH L. R DRICB T 53R 08 & LT3
AHE, BURE), BRI, WS, MEVE, BAWSEIChlo TR D, BHARE45ER
FErtE (LT, B (I28 00 2R+ ORI THGPUZ A CT& 508 iEZ W
ERbns.

NVIDIA#: 23424695 CUDA(Compute Unified Device Architecture)? (% —#%x72 7
TIIVIEBTHLICEBREN—RIILIEMAERBEE TH Y, [FtOGPULHPCH
CEGICFIHTED L2127, ZNICXVWGPUa v B a—T 4 V7 OBIEMELS 2V,
—EOFHAPIMESND L DI oTz.

G4 TIE, NVIDIAKEA S 5 GPU & BB BECUDAZ W T, GPUDPERER A M
OB AHIEH A O 72D OGPURIA HIERHE LTV, i Iik5E 05231 2 GPURIH
AR &Rz s 5.

PEREFH A K ORI G IER BN eN— Ry 27 f Y 7 b7 2 £ 1 — 1ITRT.

#F1—1 MEABRFEATICHWW N N—RFy T KR 7 huxT

N—Roy=xT

CPU Intel Core2 Duo E6750 2.66GHz
AT 2GB 800MHz DDR2-SDRAM
GPU NVIDIA GeForce 8600GT
AF—T xR PCI-Express

Y7 h T

0S Windows Vista Business

BAFE BR B Visual Studio 2005

2N, T Intel Visual Fortran & C ver.10.1
BEEAEZ A7 Z Intel MKL ver.10.0

GPU =314 Z CUDA ver.2.0
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2. T—=X%77F%

GPUDMEREZR T38| & T 720121k, GPUDT —F% 7 7 F v 2T ANEND D.
Z 2T, AEICHW=GeForce 8600GTD T — X7 7 F ¥ T DN TahR 5.

GPUILEEN 72341 7T 4 > (Pipeline) 5 X 5, LW HH CILHMRHRICFIHTE 5
HEMRE ST 52 =7 7 4 K =— & —(Unified Shader) 5 K& EHT 5 Z Lick
ST, FMEREBLBE~OEREZ M- L TCE, Zhcky, AERT e s 7 I 7 HH
BRI 0 7T 7 4 v 7 UAORHEERICEDLND K5 1Z/keoTz

FHEIZH V= GeForce 8600GTDI AT —%7 7 F ¥ ThHG80T NA ADT —F 77
FraX2—1LRK2 - 21277, M2 —1IRTEBY, G8OT A AIEHDOT 7
AF ¥ 7 uk vH 7 F AKX (Texture Processor Cluster) 2> 572 > TE Y, mil/g 7/ o — 3L
AV (Global Memory) & DIEENFREE 7> T 4. £z, K2 — 21T EBY, &7
JAFxyTak s T AR F2O0O~< /LT T atk v Y (Streaming Multiprocessor) 7> 5 72
n,K~wLFrayirEnEn8g >»A K —3 77 rt v Y (Streaming Processor)
EMENDEBRN GRS, ZOA N =7 T ak v HiE328 y h OB NI A
(MUL) & 2 &8/ Mg fns B (MAD) % [FIRFIZATVY, 28T RO A Ly REFTHATEE
Lo TWA. FDIEh, HA A% U (Shared Memory), L1% ¥ v = (L1 Cache), A%
¥ )V 7y v aa=y Special Function Unit), 77 AF ¥ 7 4 L% (Texture
Filter) %X OMin 4y = v b (Instruction Unit)ZEn 572 5.

ARV T X7 7F ¥ &KX 2 —3|RT. 8SODA KN —=I 7Tty Vix, nETh
32bitD L VAKX EHTLH. Filz, 8ODODA N =TT utw Y REFICT 7 B AAE
REFEAFYVEATSH. ZCOHFEAEVIE, o —LAFY LV EEHICEHEERATY
Thb, 16KB/ 161 7 nboTWAD, WHEAFT VTV AZ LR RRY 70 /T AT
WMETEELTCT 7 EATELAERY THY, ZOEERAEY NV RIgEZHENFIHTS
T ETEMARHAENAREL D, K~ TFTuky Vi, ThENI L AF U bFRy vy
= (Constant Cache) & 77 A F ¥ &+ v v = (Texture Cache)z 3 5. {~/LF 7tk
PIL32bitD LA ZEy FERTSH. ZD20DF ¥ v a~EXIALEITXH 5,
WIXmARY EH Lo T D, K~ TF T at vPidT 31 2 AE U (Device Memory)
WXk TFr—2 w595,

CPULGPUD NN— R THROEWE [ 2 — 412777, CPULGPUDHES, =
fa—a=y s RNF ¥ v 2 OBOERPEND, GPUICEIT 5 EE e 4 i i
IZLTWAZ LN,

A2 FHV 7= GeForce 8600GTOHAEL X7 p—< 2 A5 FK2 — 1R T. A Y —3I
Jratw v OEN32E L -oTEY, ZOZ b= LFTulryo#HiEs2+8=4 L\
D LWL, T AT YN RIEERD &, 224GB/Is EEFICEETHD Z ENb0D.
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G80 Device A2
NViols,

« Processors execute computing threads

« Thread Execution Manager issues threads

« 128 Thread Processors

« Parallel Data Cache accelerates processing

@ MVIDIA Corporation 2008 Global Memory

M2—-1 G807 —F77F ¥

Texture Processor Cluster (TPC) @
NRIDLA,
Streaming Multiprocessor (SM)
[hsimciionTT] [CTaiald 1
| mstruction Fetchibispatch |
A=
= [ | | T
BEi—=H=—F
I | R |
[ |

@ NVIDIA Corporation 2008

2—2 G807 —x7 7 FvGEM) »
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Memory Architecture >

niviola
Device
« The global, constant, and :
texture spaces are regions of fultiprocessor
) device me_mory | Multiprocess;rz
w Each multiprocessor has: Multiprocessor 1

@ A read-only constant cache
@ A read-only texture cache

@ A set of 32-bit registers per
processor
¢ On-chip shared memory .
& Where the shared memory Unit
space resides
@ To speed up access to the
constant memotry space
@ To speed up access to the
texture memory space
@ NVIDIA Corporation 2008

M2—3 AEYT—FF7F%

Control ALU | ALU =

ALU | ALU =~

I

CPU GPU

@NVIDLA Corporation 2008

2 —4 CPU & GPU O i 9
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#2—1 GeForce 8600GT OfifkE X7 3 —~ 2 A D

AN —AnTFatk 32
a7 7 nays (MHz) 540
Yrx—H—rnrv7 (MHz) 1190
AEV2r7vv7 (MHz) 700
AV YA X(MB) 256
ARV A H—T A A 128-bit
AUy Rig(GB/A) 22.4

T 7 AT FRIEFEQ0 B/IFD) 8.64
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3. CUDAZuss53I7

2T, CUDADOTa /o I v T IVICONWTIRS, EEOITFIE 2 7 F Ao
WT )L« EFTHER G REER 2R

3.1 CUDA O A v R b —/VI5{k

CUDA DB EREEIT NVIDIA #L D% A DRI CTHX 7 o m— RA[EETH H 6. 0S &
L Ci%, Windows, Linux X T MacOS ZH AR —FLTW5A. 231 Z & LT, Windows
TliZ Microsoft Visual Studio/C++72%, Linux Ti& gecec 254 A h—/L LTV B LR
&%. CUDA FZ7 A%, CUDA Y —/% v kLT CUDASDK =2 — RH¥ 7L DIEICA >~
A b= 5. 2RI E Y, %k 5 GPU M b S 7= 5B 5 Z 4 75 U CUBLAS
KMOCUFFT &1 A h—L &N 5. £72, CUDA Visual Profiler 14 > A h—L§ 5 &,
72 21X CUDA 7m 7T AFETRHEOAEY T 7 2AO—EMH (2e—Lb > N ZMHEET
HZEWTE, RT3 —< U ZADWEIIHKLD. v =2 T ARLEREOEHFEF OBEN S F
ELTEBY, ¥urao— KOS BRETHD.

CUDA 7'wu /I I JET VORI R Z 3 — 11277, CUDA TIER ST
TSV r—alt, A A M= ENTZ CUDA K742, CUDA %A LT7A4TF
ULONCUDA 7477V %ELT, GPUDAEYFEMOMRSAL Yy RFETEITHI Z &
MNARETHS. CUDA Yu /73 71F C SfELI3ERILCA VX —T7 =24 ATHDY,
CUDA THE SN A 7 v =7 MICar "4 Zm»6 ) 7 LT CPU TEMET 5 —F
EVa—VEERTES.

32CUDA v/ IvJ7ET IV

CPUMI % R A F(Host), GPUI% T /34 A (Device) & M5, 3— 2T B, &K
A RIS T R A EThH—3/V(Kerne) N EEN SND, T—FRNVDOHPTHRKLBEDOAL v
R(Thread W FIFEITRITONDH D, —EIZFITINDL I —RMT1DER>TS. GPU
ALy RIZCPUAR Ly REWARTIHEFICHRETHD A — 3~y RBITEA LN &N
R ThHbH. ALy FOELFVET Y7 Block) MDY, EHIZ7 Ry 7DELEED &
7'V R(Grid) L FES. h—x)VE 7Y v FNTEBISND, 120 LvF7aty ¥ T
FITSNDHT7 ey 7 E1OTHLR, BEOT ey 7 BERICHFETE S,

B3 —3ICH—RNVDAEVT 7 ®8AERT. 7Ry 7NOALy NE, EAEY %
M LIT =2 OEELETORMICE > TEWIHHTE 5. LarL, Blorda vy 7N
ALy REFHHATE 2. I—FVO AT =X 37 a— L AEVICENPND. B
A MIZ =NV AE) ZFHALEETELINEEAR) 2FHALEESTERN. BTy
DALy RIZL s THAEARY RGNS, ZOHFAE VIV VRAZ AT EHE
Thbh, 7ur I I 0TI THRMIIHHAT L &7 v 7T LFTRT 4 —~< 2 A0
7 %.

ALy RiE32 ALy REMTEITEND. ZOHEMNETU—7(Warp) & FE5. < LF 7
Bty HICEEND8ODA N = T uat vy iT 4 VA 7 M-S TR Uiz 5
T35, arrsuay I RnNr=—F—ra vy 7| ZH_XTIHEFITNIWNWZ ENREHTHD &R
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PiLh. LTeno» T, 32 ALy R=1WarpHfLD A L v RIWAIFEITIZL Y 7'a 7T LFET
NT =< ANmETHZEERD.

3.3 vl AETOWN

CUDASDK=t— RH 7L, EBEO 7 v 7T MISHTRER ST SE 27 Aan
HAEIRTWD. ZZTiE, MatrixMul& W H175fE (C=AxXB)&RIHETH 707 T A
HBREIL, FEITOHRNEHEHT S.

AR, Tm T AﬂiCPUfEJJ’C“?%ﬁéi(L, GPUHID I —F NV E MO T TAL v R
WHIEITHNFThNS. K3 —4I1A Ly RIHIEfTORNEZ =T .

CUDA v /Z 7T Té 70 7T AOFERP IR TEIVILL F()~G)D@EY TH 5.
KT 7077 A THOYLNARENRGEEFL LT,

3 — 5|tV —A=z2— FMatrixMul_kernel.cu)Z R,

8, FATICHWEZ A A 7 v 77 AMatrixMul.culZGPU £ >3 CPUTCGPU % — 2
alb—vard5a—REERLEY, Ty TEZMHAIAALTEa— REAER LD T
5. ZoOH, CUDAOMA DOHIIZCUDA_SAFE_CALLZ: E ORI % /58 ChRdik &
NTWLDOTEENLETHD.

(DGPUDF /A A AE VIZTF — & GEIR % HelF
cudaMalloc((void**) &d_A, mem_size A)

(2)7 — % ZGPU/AIIZ #izk
cudaMemcpy(d_A, h_A, mem_size_A,cudaMemcpyHostToDevice)

37V vy ML 7my s ALy FEOMER
dim3 threads(BLOCK_SIZE, BLOCK_SIZE);
dim3 grid(WC / threads.x, HC / threads.y);
matrixMul<<< grid, threads >>>(d_C, d_A, d_B, WA, WB);

(4) B — VB OO L
matrixMul<<< grid, threads >>>(d_C, d_A, d_B, WA, WB)

(B)R A b ~T— X ZHRk, FEHIRAR AL
cudaMemcpy(h_C, d_C, mem_size_C,cudaMemcpyDeviceToHost)

cudaFree(d_A)

CUDAD A Ly Rilt#I 70 77 2 7 ORBITG@) D X 512, v—7%0E14 5 TIT



JAEA-Testing 2009-001

FSDOTII L, <<< ..>>THIENT 1{TOMEERRTHLEZATHAS.

3.4 7u T ADELT
GPUDEAEMRBITIEF ICm <, FATRRZFHIT 2 72 01AT8 0 A X+ RELST
HRERH Y, 2,048%2,048DIEFITHIDOFEEL Lic. CO 1 HEFEITKF L T2,048[RIDOFEFNTH
BAATV, ZivE2,048%2,048ff 533595 DT, 17,179,869,184[01 D8/ N 5
(MUL+ADD) &72%. {T8IOH A X%, K3 —61R-T 7 al I L5, 0— K77 AL
MatlixMulhZ#ZEJ 5 Z LICLVAEETH 5.

AR X 912, 7 A MZHW=MatrixMul.culZ, GPU%ZfHFTCPUTGPUEZ = = L
—2arT5a—REERLEZY, 7Ny FTHEBEMAAATE 2 — REARKLIZY TE 5.
L7=MRn»> T, 7u /7 AR ERE Visual StudiolZ 35V C, Release, EmuRelease, Debug,
EmuDebug® 4 DDE— R&ZIBW, FIT7/34 TV DARE FIT08 TE LA LR > TE
D, =Ialb—va YFTRT ANy JIERITERTH S.

T A NRBEICBIT 57 1 7 Z A5 71, Visual StudiolZ 35V  TRelease®— KL
EmuRelease®— R TIER L7234 F U %, Windows®D 2~ R7m 7 A f#E) L THE
17 L7=. Release®t— R TIZGPU L TH — /A MNFIT X4, EmuRelease®— K Tix, CPU
ECxIalb—va I iMfTbns.

FATHF (ms)E 7 77 aivb & 5. GPURelease®— F) LT

CPU(EmuRelease®— MIZBITHFERIL, ThEFhkoi@y) Tholz.
GPU: 967.026245(ms)
CPU: 3277409.00(ms)

GPUTIZHK 1, CPUTIZHI 554 TH Y, GPUDEITIHEEIZFEF ITRKE W2 &3
5. 12121, CPUDEITICB T D70 s T hkHkbE, CPUDMREE Ik KIRICH| & H LT
WAL 7 a7 AT, SHICFEATRHNEWZOFATHRICMD X 2 7 3 E 0 A B %2
TR TWED AR TH 5.
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@NWIDLA Corporation 2008
3—1 CUDAY© V53 7EFINOERMIRER 9

@NVIDIA Corporation 2008

K3—2 CUDAVuZ/ 7Y J/ET )LD
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Kernel Memory Access

Registers

Global Memory

« Kernel input and output data reside here

@ Off-chip, large
« Uncached

Shared Memory

@ Shared among threads in a single block

@ On-chip, small
@ As fast as registers

<

T M0 T
Grid
Block (0, 0) Block (1, 0)
‘ Shared Memory ‘ ‘ Shared Memory
F N FY F 9 F
|Regislers| |Regislers| |Registers‘ |Registers‘
t v t i ¢ v ¢ h 4
Thread (0, 0) |(Thread (1, 0} || (| Thread (0, 0) || Thread (1, 0)
£ > 3 3
¥ ¥ v L 2
Host Global
Memory

The host can read & write global memory but not shared memory

@ NVIDIA Corporation 2008

M3—3 H—RILDAEYT Z7ERXD
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C Program
Sequential
Execution
Serial code Host 3
Parallel kernel Device
Eernel 0<<<>>>() Grid 0
Block (0, 0) | Block (1, 0)  Block (2, 0)
Block (0, 1) | Block (1, 1) | Block (2, 1)
Serial code Host
Device
Parallel kernel
Eernell<<<s>>() -
Block (0, 0) Block (1, 0)
Block (0, 1) Block (1, 1)
Block (0, 2) Block (1, 2)
Y

Serial code executes on the host while parallel code executes on the device.
&MNVIDIA Cornoration 2008

X3 —4 ALv RIFSIEITOHN Y
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* Copyright 1993-2007 NVIDIA Corporation. All rights reserved.

*

* NOTICE TO USER:

*

* This source code is subject to NVIDIA ownership rights under U.S. and

* international Copyright laws. Users and possessors of this source code

* are hereby granted a nonexclusive, royalty-free license to use this code

* in individual and commercial software.

*

10 * NVIDIA MAKES NO REPRESENTATION ABOUT THE SUITABILITY OF THIS SOURCE
11 * CODE FOR ANY PURPOSE. IT IS PROVIDED "AS IS" WITHOUT EXPRESS OR

12 *IMPLIED WARRANTY OF ANY KIND. NVIDIA DISCLAIMS ALL WARRANTIES WITH
13 *REGARD TO THIS SOURCE CODE, INCLUDING ALL IMPLIED WARRANTIES OF

14 * MERCHANTABILITY, NONINFRINGEMENT, AND FITNESS FOR A PARTICULAR
PURPOSE.

15 *INNO EVENT SHALL NVIDIA BE LIABLE FOR ANY SPECIAL, INDIRECT, INCIDENTAL,

16 * OR CONSEQUENTIAL DAMAGES, OR ANY DAMAGES WHATSOEVER RESULTING
FROM LOSS

17 * OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE

18 * OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE
USE

19 * OR PERFORMANCE OF THIS SOURCE CODE.

20 *

21 * U.S. Government End Users.  This source code is a "commercial item" as
22 * that term is defined at 48 C.F.R. 2.101 (OCT 1995), consisting of

23 * "commercial computer software" and "commercial computer software
24 * documentation" as such terms are used in 48 C.F.R. 12.212 (SEPT 1995)
25 * and is provided to the U.S. Government only as a commercial end item.

26 * Consistent with 48 C.F.R.12.212 and 48 C.F.R. 227.7202-1 through

27 *227.7202-4 (JUNE 1995), all U.S. Government End Users acquire the

28 * source code with only those rights set forth herein.

29 *

30 * Any use of this source code in individual and commercial software must

31 *include, in the user documentation and internal comments to the code,

32 * the above Disclaimer and U.S. Government End Users Notice.

33 */

34

35 /* Matrix multiplication: C = A * B.

36 * Device code.

37 ¥/

38

39 #ifndef MATRIXMUL_KERNEL_H_

40 #define _MATRIXMUL_KERNEL_H_

41

42 #include <stdio.h>

43 #include "matrixMul.h"

44

45 #define CHECK_BANK_CONFLICTS 0

46 #if CHECK_BANK_CONFLICTS

47 #define AS(, j) CUT_BANK_CHECKER(((float*)&As[0][0]), BLOCK_SIZE * i + j))
48 #define BS(i, j) CUT_BANK_CHECKER(((float*)&Bs[0][0]), (BLOCK_SIZE * i +j))

00 Otk W+

el

3 —5 matrixMul_kernel.cu(1/3)9
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49 #else

50 #define ASG, j) Asl[il[j]

51 #define BS(, j) Bslillj]

52 #endif

53

54 /T
55 //! Matrix multiplication on the device: C=A* B
56 //' wAis A's width and wB is B's width

57 Ml
58 _ global__ void

59 matrixMul( float* C, float* A, float* B, int wA, int wB)

60 {

61 // Block index

62 int bx = blocklIdx.x;

63 int by = blockldx.y;

64

65 /I Thread index

66 int tx = threadldx.x;

67 int ty = threadIdx.y;

68

69 /l Index of the first sub-matrix of A processed by the block
70 int aBegin = wA * BLOCK_SIZE * by;

71

72 /l Index of the last sub-matrix of A processed by the block
73 int aEnd = aBegin + wA - 1;

74

75 /l Step size used to iterate through the sub-matrices of A
76 int aStep = BLOCK_SIZE;

77

78 // Index of the first sub-matrix of B processed by the block
79 int bBegin = BLOCK_SIZE * bx;

80

81 Il Step size used to iterate through the sub-matrices of B
82 int bStep = BLOCK_SIZE * wB;

83

84 // Csub is used to store the element of the block sub-matrix
85 /l that is computed by the thread

86 float Csub = 0;

87

88 // Loop over all the sub-matrices of A and B

89 /l required to compute the block sub-matrix

90 for (int a = aBegin, b = bBegin;

91 a <= aEnd;

92 a += aStep, b += bStep) {

93

94 /I Declaration of the shared memory array As used to
95 /I store the sub-matrix of A

96 __shared__ float As[BLOCK_SIZE][BLOCK_SIZE];
97

98 /I Declaration of the shared memory array Bs used to

3 —5 matrixMul_kernel.cu(2/3)9
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99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

127 }

128

}

/I store the sub-matrix of B
_shared__ float Bs[BLOCK_SIZE][BLOCK_SIZE];

/I Load the matrices from device memory
// to shared memory; each thread loads

/l one element of each matrix

AS(ty, tx) = Ala + wA * ty + tx];

BS(ty, tx) = Blb + wB * ty + txI;

/I Synchronize to make sure the matrices are loaded
__syncthreads(;

/l Multiply the two matrices together;

/I each thread computes one element

/I of the block sub-matrix

for (int k = 0; k < BLOCK_SIZE; ++k)
Csub += AS(ty, k) * BS(, tx);

/I Synchronize to make sure that the preceding
/I computation is done before loading two new
/[ sub-matrices of A and B in the next iteration
_ syncthreads();

/I Write the block sub-matrix to device memory;

/I each thread writes one element

int ¢ = wB * BLOCK_SIZE * by + BLOCK_SIZE * bx;
Clc + wB * ty + tx] = Csub;

129 #endif // #ifndef  MATRIXMUL_KERNEL_H_

130

3 —5 matrixMul_kernel.cu(3/3)9
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* Copyright 1993-2007 NVIDIA Corporation. All rights reserved.
1 #ifndef MATRIXMUL_H_
2 #define _MATRIXMUL_H_
3
4 // Thread block size
5 #define BLOCK_SIZE 16
6
7 /l Matrix dimensions
8 // (chosen as multiples of the thread block size for simplicity)
9 #define WA (3 * BLOCK_SIZE) // Matrix A width
10 #define HA (5 * BLOCK_SIZE) // Matrix A height
11 #define WB (8 * BLOCK_SIZE) // Matrix B width
12 #define HB WA // Matrix B height
13 #define WC WB  // Matrix C width
14 #define HC HA // Matrix C height
15
16 #endif // _MATRIXMUL_H_

3 — 6 matrixMul.h®
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4. FORTRAN A % —T7xA AL CUDA 7477 Y DOFH

BHERHEMTREICH bR 70 /T 2 v /5L LT FORTRAN AHWSRD Z &
2%\, CUDA OF|HBEE:E L LT, FORTRAN /O fiHICHIH T 2 5EHE T (75
) CUBLAS kU CUFFT 2t ST, 22 TIEINHLAZFIH L CHIE & [AREOH#
FEDITHIFEFEIZSWT BLAS 74 77 VU (sgemm) &2 AW TEE L=, 77, LD
2, CPUMIT% Intel MKL % W CEdEt B 217 - 7-.

41 FORTRAN A ¥ —7=xA R

CUDA TN i=A7 v =2 =2 — NI, E# FORTRAN 7~bFIH+ 2 Z &idnHEe
Tho. L, CEl&RRICZITIELTESCRSNCRT 57 — 2 O TIEICIERT
LHMEND S,

4.2 CUDAZA 735V DOFMA

CUDA [ZIZIAVHEIZEH & 57477 U CUBLAS & CUFFT b 5. Ziubix
FORTRAN 26 MM LA[RETH H. £72. CUDA RIA NEEERIETHZ &L
WFIHATRECTH 5. ZNEIHRIBREDOEARY 7 v —F o Th % BLAS(Basic Linear
Algebra Subroutine) & i 7 — U =i %47 5 FFT(Fast Fourier Transform)® 7 A 7
ZVTHY, BFHEMERE CORMEER .

CUBLAS %, LAFOHREED BLAS B#& AR — K LT 5%.
- FET
s LUl (XTI —F kL)
L2 (fTH =T BL)
- L3 (TAI—1751)
- BHERBT— 4
c L1
- CGEMM
CUFFT 1%, U TOMELZTAR—KLTWN5.
- ERT—F EEFERT —F D1~ 3o
- BBED 1 IRTCDO BB EWH|TEITT H 3y F
BT —HEEERT DA T L —AKRNT 7 N L— A

4.2.1 CUBLAS

CUBLAS D51 X FORTRAN (ZH#E U 72 L e > T 5. 372005, EFIOMH
X1 THY, FIAY v —TERINERE 2T D, D7, FORTRAN 7 SH N30
T4 77V o TWAS. CUDA O A MZix CUBLAS Z#FIH L7z 70 Donfefit &
NTEY, 1750F sgemm ZFHT 5 Y —RAa2— KR H5H. FORTRAN offifHl3 5729
DZ w3 —7 177 Afortran.c BRI TND. 20T v —7 a7 7 AL CBLAS
ZRHT 25EICIEFIMERTH L. BEFD a— REEET 554, fortran.c Z W5 &,
22 XA JVIREIZ CUBLAS_USE_THUNKING % €% 5 EEIEN D THTe. T
X0, BEEOMEOH LFIC BB CPU 226 GPU LT —# 2 ab—1L, k% CPUIC
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WL, GPUDAEY BT 5. 72721, BEIFOH LI LI AT Y AEVETHND
DTH— N~y BBDD.

Z ZTl%, CUBLAS O174fE/N—F  sgemm % K| LT, R & [FEEIZ 2048%x2048
DATHRE R RO, V—2a— FE2X4— 11TRT.

T NA ) U T FEIZLLTOMEY THD.

icl /O3 /c fortran.c

ifort /O3 /fpp /IDCUBLAS sgemm_speed.f90 fortran.obj cublas.lib

FATRER I T v 77 20 5 TR (ms) & FZ5hPEREMFlops) TH ) &, fER TR OE
D THoT.

time = 0.4212 MFLOPS= 40787.6562

4.2.2. MKL & O

CUBLAS 74 77V Lol -0i2, [FUATHEEZEBEERE T A 77V Intel MKL
® sgemm % T CPU RT3 T L.

XA YU OFETROBEBY THDH.

ifort /fpp /03 sgemm_speed.f90 mkl_c.lib libguide40.1lib

FATRER I T v 77 205 TR (ms) & FZhPEREMFlops) TH ) &, fERITROE
D THoT-.

time = 1.3104 MFLOPS= 13110.3057

43. BB

T A BB CH U - GeForce8600GTIE, 2 —1IZ7R-TEBV THS. GROT /A AD

AN =207 FavyPiE, 328y hOEE/NSEFEMUL) & /N oS E R
(MAD) % [FIFFIZAT D BESI B FF > TV A DT, FEIMERED B — 7 HITROBITKRDO S b.

3 A (MUL+MAD)x 4 MPx 8 SPx1180(MHz) =113.28(GFlops)

¥72, 7 A FREETHWZCPU Intel 675013, 2.66GHz72D T, FEATHERED &' — 7 fH
FROEIITKROBND.

8 1 %x2.66(GHz) =21.3(GFlops)

ZIT, INETD2048x20481THIFEDHBAMREFE R A2 FK 4 — 11I2F L=, MKL%ZF]
L7288t~ T, CUBLASZFIH L7=5E OFEDMEREITE WA, B — 7 HIZ36%IC &
EFoTnd., B—7EICIVEREZ 5 & 3 729121%, MULEMADOEE % [RIFFZ1T

IYEI T T T AR L BN, BEMNIZITELWNEEDND.

4 — 2 \TATHIFE DV A RBIFEPERE &2 7”9~ Al O 1 K13 1024%x1024 % 1024 & F L,
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1024~2560 DY A X225 C, MKLE CUBLASD E4 71 HE(GFlops) & 7l L 7-.
CUBLASDOMHREM @V A RNZ L - TLE L TR, FIRIZRHETH 55, GPU
OYEREE + 5l E I, GPUOHEEZBfR L, X572 5CUDAY BV T AOSKEN Y
EThorLEpbh5.
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* Copyright 1993-2007 NVIDIA Corporation. All rights reserved.
1 program matrix_multiply
2 implicit none
3 ! Define the floating point kind to be single_precision
4 integer, parameter :: fp_kind = kind(0.0)

5! Define

6 real (fp_kind), dimension(:,:), allocatable :: A B, C

7 real :: time_start,time_end

8 real (fp_kind):: alpha=1._fp_kind,beta=1._fp_kind, c_right

9 integer: 1,j,ml,m2

10 do m1=128,2560,32

11 allocate(A(m1,m1))

12 allocate(B(m1,m1))

13 allocate(C(m1,m1))

14 ! Initialize the matrices A,B and C

15 A=1._fp_kind

16 B=2._fp_kind

17 C=3._fp_kind

18 c_right= 2._fp_kind*m1+3._fp_kind

19 ! Compute the matrix product computation

20 call cpu_time(time_start)

21 #ifdef CUBLAS

22 call cublas_SGEMM (n',n',m1,m1,m1,alpha,A,m1,B,m1,beta,C,m1)

23 #else

24 call SGEMM ('n',)n',m1,m1,m1,alpha,A,m1,B,m1,beta,C,m1)

25 #endif

26 call cpu_time(time_end)

27 ! Print timing information

28 print "(i5,1x,a,1x,f8.4,2x,a,f12.4)", m1, " time =",time_end-time_start, "
MFLOPS=",1.e-6*2._fp_kind*m1*m1*m1/(time_end-time_start)

4 —1 sgemm_speed.f90(1/2)7
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29 ! check the result
30 do j=1,m1
31 do i=1,m1
32

33

34 exit
35 end if

36 end do

37 end do

38

39 deallocate(A,B,C)
40 end do

if (abs(c(i,j)- c_right ) .gt. 1.d-8) then

print *, "sgemm failed", i,j, abs(c(i,j)- c_right )

41 end program matrix_multiplyly

4 —1 sgemm_speed.f90(2/2)7
F4—1 2048x2048 1THIFE D FAERERS K
A=A RN FEATIRFH] FrhEre v — 7 PERE b
WAL T4 7 T4 (ms) (GFlops) (%)
sgemm_speed.f90/ 491 10.8 36.0
GPU /CUBLAS
sgemm_speed.f90/ 1311 131 615
CPU /Intel MKL
matrixMul.cu / 967 17.8 15.7
GPU/—
matrixMul.cu / 3977409 - -
CPU/—
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#Z5—1 AFUNY NIEOKE
NVIDIA GeForce 8600GT 22.4GB/s
NVIDIA GeForce GTX280 141.7GB/s
Altix3700Bx2 3 A7 A (NUMAlink) 6.4GB/s
DDR2-800 SDRAM 6.4GB/s
DDR3-2133 SDRAM 17.6GB/s

« No Bank Conflicts

@ Linear addressing
stride == 1

: :

« No Bank Conflicts
« Random 1:1 Permutation

X5— 2

@MNVIDIA Corporation 8008

N7 T RURFREDOH (BEa7eL) 3

« 2-way Bank Conflicts

« Linear addressing
stride ==

@ 8-way Bjank Conflicts

@ Linear addressing
stride ==

X5—3
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@NVIDIA Corporation 2008

(BaEHY) »




JAEA-Testing 2009-001

6. VTAEALTIalb—T gy

BN ESBICB N Ty I 2 b—3 a VR AT 5 72 DI AT BIE R AT R 22 4%
MicHv, FIETH LR ZED TE . IR N0 HTIE, Rz
LOEWH OEELRHENCTHD. i, VIAZA LY Iab— gL, BEARFOX)
IERRFNHEEOM®RE LT, BERIIEWLEEDbRS.

—J, GPU Cliz2=7 74 v z—F—FRABPBRHAIN, F—2%TlE, LU 7L
I T EAT D 12010, WEHESZ GPUNTIT ) U 7 V¥ A Ay a b— 3 VN TTHE
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6 —1 N-Body Simulation THW 55 FHEK 10
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# 7 — 1 IEEE754 xhiiik{(2008 47)9
Floating Point Characteristics <
MDA,
G8x SSE IBM Altivec Cell SPE
Format IEEE 754 IEEE 754 IEEE 754 IEEE 754
Rounding modes for Round to nearest and | All 4 IEEE, round to Round to nearest only Round to zero/truncate
FADD and FMUL round to zero nearest, zero, inf, -inf only
. Supported, Supported,
Denormal handling Flush to zero 1000's of cydles 1000's of cycles Flush to zero
NaN support Yes Yes Yes No
Overflow and Infinity Yes, only clamps to .
support max norm Yes Yes No, infinity
Flags No Yes Yes Some
Square root Software only Hardware Software only Software only
Division Software only Hardware Software only Software only
Reciprocal estimate | 5 | 12 bit 12 bit 12 bit
accuracy
Reciprocal sqrt . . . .
; 23 bit 12 bit 12 bit 12 bit
estimate accuracy
log2(x) and 2" 23 bit No 12 bit No
estimates accuracy
@NVIDLA Corporation 2008
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X7—1

@NVIDIA Corporation 2008
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