N Vol.2011-HPC-130 No.8
AL P R g 2011/7/27

IPSJ SIG Technical Report

RAEHRRETILCIaAL—23 D
BHGPUILL 2E%EL

P DB e Y ViU S S < L N T
= o oAt A L Gt F ok g

ANHOWEZRO THEE 2o AHHBERZITICER U TEIE TV TRL, &
BHTYIaL—Ya vz FEMNLESHOOLONTWS, UL U KA >
T ab—va VIR NS D, ETIVERKLL, EERTARIHEEEEEZ IR
ELZYIalb—2avyPMfibhd Il ehigwn. T2 T, KRFETEYIalL—va
VEEELT S0, O 7 0ENASIL, GPU 28 L2 PC I IAREM
WTETT S, AFETIE, YIal—Ya v TREERLEE %, NVIDIA C1060
L C2070 DEBZZT—FT 7 F ¥ D GPU TEITLZ L TOMREDBRNIDOWVTR
3. F72, Cl060 Z## L /- PC 7 5 AKX ETOMHFETFIZEY, 16 5D GPU %
WAy Ial—vavilB 0 TEOliibRNER CTE -2 & 2577

Multi-GPU Acceleration of Numerical Simulation
for the Linear Model of Visual Neurons
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A popular approach to understand our human visual “functions” is perform-
ing the computational simlutaions of its linear models created with a focus on
input-output relations of cells. However, due to a lot of simulation time for a
huge amount of cells, it often happen that only simplified models of selected
visual “functions” have been dealt with. So, in order to speed up the simu-
lation, in this study we attempt to parallelize the program and perform it on
a GPU-accelerated PC cluster. We show a performance comparison between
NVIDIA C1060 and C2070, which are difference in their architecture, in a case
of performing the core operations required in the simulation. Moreover, we
show that high parallelization efficiencies are observed when parallelizing the
program on a PC cluster, which has 16 nodes equipped with C1060 cards.
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Fig.1 Modeling of a basic function of the human visual system.
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xR 1 YA X H—FNY A DT B G —FIIVT =2 Y1 X (non-separable kernel)
Table 1 Total size of all kernel data for varying space size and kernel size (non-separable kernel).

15 x 15 x 15 20 x 20 x 20 25 X 25 X 25
320 x 240 0.97GB 2.29GB 4.47GB
512 x 384 2.47GB 5.86GB 11.44GB
640 x 480 3.86GB 9.16GB 17.88GB

K2 ZEHYA X =NV A T2 EE =NV T =4 YA X (separable kernel)

Table 2 Total size of all kernel data for varying space size and kernel size (separable kernel).

15 x 15 x 15 | 20 x 20 x 20 | 25 X 25 X 25
320 x 240 13.2MB 17.6MB 22.0MB
512 x 384 33.8MB 45.0MB 56.3MB
640 x 480 52.7MB 70.3MB 87.9MB
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Fig.3 A method to store and access to multiple kernels (separable).
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Fig.5 A method to store and access to kernels for convolutions

multiple convolutions. processed in a batch.
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Fig.6 Reducing the communication volume.
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Fig.7 Distributed processing on the multiple nodes.
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£33 N—KRouxz7 V7 U7 EE (NVIDIA C1060 ## PC)
Table 3 The hardware and software specification about the PC equipped with NVIDIA C1060.

Joky Intel Xeon Quad-Core CPU W3520 (2.67GHz)
AEY 6GB

GPU NVIDIA C1060 (GT200 7 —%5 2 F )
Streaming Processor a7 | 240

PAER AR e OV b2 1.296GHz

HORE P 7 /NS R T B 933GFlops

AEY 4GB

A& i 102GB/#

YATAI/F PCI Express x16 Generation 2

(O} CentOS 5.3

C Compiler Intel C compiler 11.1

CUDA CUDA Toolkit 3.2

K4 N—RUx7 V7 Uz TEE (NVIDIA C2070 ik PC)
Table 4 The hardware and software specification about the PC equipped with NVIDIA C2070.

Jatvy Intel Xeon Quad-Core CPU W5667 (3.07GHz) x 2
AEY 24GB

GPU NVIDIA C2070 (Fermi 7 —F727F %)

CUDA I7# 448

Ty ¥ a7 O 1.15GHz
Bl R TP E NSO AMERE | 1.03TFlops

AEY 6GB

AE V) H i 144GB/#

YATALI/F PCI Express x16 Generation 2
oS Fedora 11

C Compiler Intel C compiler 11.1

CUDA CUDA Toolkit 4.0

T2 F ¥ D GPU TH3 NVIDIA C1060 & C2070 % #&#&k L7/~ PC(X 3, £4) 2/HTL
MM ZEHIIT 2 Z & T, GPU DT —F 727 F ¥ DFEWIZ & O HEREDMENIZ AR
EDMEERT DI eikdhr
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Fig.8 Execution times of multiple convolution Fig.9 Performance of multiple convolution

parallel executions. parallel executions.
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REZEEARY R, ERIEBP>EZLL Fyyya, TIAFYTHEHATIZRAERD
L2 ¥ vy YadRfHTES. ChOEEHTIZLICLY, KERAEV LA TV IITL
BSMEREDEALZS I ENTELMHMAIZERS>TNWD., TIAFYIZLDHEAAAT 72 A
ZBWTH, AT7FVTAEBIADT—ROEZIHUIZBWTE 768KB D L2 F vy ¥ a
DEZLizky, 1 BARAARREOVERNRESWEINLZEDLEEZ ENDS.

UL, WFNZETTDEAAADEE 2, 3, 4 LEIXY, TI7AF ¥ 5 —EIliA
RO H—RNT—ROREMN 25, 4%, 4527858, C2070 DMERILAEICE/LLAZ.
N, 1EIZRAAEND H—FIVT—ROBMEZ 22 LI12XY, Fyy ¥ aDsiBENDR
{BOEZEIZEDEDEERLNS. Fermi 7 —F 727 F ¥ THHR— h Iz ECC(Error
check and correction) DFGEET, Eu)A TV HHIELWEM ZHEBEE Y £/NI<AR-T
WBZEREEHBELTVWDIEDEEZLND, FEMARRDOEHE Fa—=V TDFEEIE
SBROFETDHD.

BN IR 72 ) IR/ INBUS B IR TR U 72 MEREIXR 9 O L 5 122k L TE Y, C1060
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PEMREDSE <, —FFTIC LD MRED M LIERTE R Mo /-
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Fig.10 An effect of reducing communication volume.

5.2 RIEDHIBICE 2R

3 DODBARAAENIET DEEL, 3 DDBHAAIMA T 12 [ OFEVNSUTEI R % %
BRI L i, T — 2 0RE 2 IZLABA L OEETTS. GPU ETORH
WV BEoNZHEALT—2, HEIATOLIAZNS GPUKNDATF Vv TAEY AEE
HXh, To#, FANAEYAPCI Express 12 &> Tk X b, HH7—&OHIREIL,
INODBEEZHINT 2 2N TES/20, WHRHIE 225 2 N EFI N,
HEZR 10 IZRT.

HAINET—2DYA X%, HEDOZOIZGHEAAEND H—FIN - =7y OV A X
IZHARTHEBR/NI W EEH Y, FEIFRENTH >72. C1060, C2070 DWFTINTEH ML
LRI AE < R o 728, el b TH 5 7.
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BARIZIE, 2/ — ROGAIZ 254, 4 7 — ROBAIT 5.1 {50 MERER L AYEH X h 7

EDOANYAATE, 8/ —RETIE/ — REUZHHIL CTHEEEN ELAZ. 12/ — KRB E
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Fig.11 The number of executed frames per second when using multiple nodes.

6. EbH Y I
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iz 4T 2 2 AERIZDOWTHRE Uz, W=D BB L (CR RS MR Y, HEMRRD
VIial—yavIiZHEOMER I D 2DIITo EREORRL, ko7 —FF 2
F ¥ D GPU TIHHHETE N, LT —F77F v D GPU TIFBHHETI o722
ZRU7Z.
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F72, GPU ### U/ PC 75 A& 1T, MPI Z W TEAAADIA] - /3 BULE % 17
ST izkY, 8 ) —RETIE/ — REUCHHIL CHRENR ETH I L 2MERT I 2. 20D
FEE, 15X 15 %20 EWVWHDREIXDAI—FINVT, EEOETNVEREL-EREZTo7/-15
B, TV — YA AW 320 x 240 OFHE 7 — X IZEWT 40~50FPS DMEREE 5D Z &Y
TX /2. 640 x 480 DELBEHIK X RBE 7 — X 1BV TH 15FPS REDMENE LN TS
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D, BELFHEDA—N=TY T2 IVRNBAT Y2 —) VI THD ZENTENL,

X SIZHEFE 2 BT E 2D TIRARVH L WS EHINE SN/,

A& =327 MIHWTWS Gigabit Ethernet DR & SEEIZ ) — REITiEE I 1
57 —RENLIE, 7L —2LY1 XH 640 x 480 DFFIZ 1 7 L — A Z LI BHEREF R
i, BERETH 0.01 2B 5. ARTRUZ FPS IEZ OHERED 15%FETHITH & 8->
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