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Acceleration of Himeno Benchmark on
Multi-node GPU System by Overlapping
Communication with Calculation
- Over 700 GFLOPS of Sustained Performance is
Achieved with 32 GPUs -

Toshihiro KatoT, Takayuki Aokiﬁ, Akira Nukadaﬁ,
Toshio Endow, Satoshi Matsuoka'"
and Atsushi Hasegawa ®

When programs run on GPU multi-node system, communication between CPU and
GPU occurs frequently because direct communication between GPU and GPU is

unusable and inter-node communication via CPU is inevitable. This can become a
bottleneck in improving scalability. We tried to improve scalability of Himeno
benchmark by overlapping communication with calculation and hiding communication
time behind calculation time. As a result, 709 GFLOPS of sustained performance
(corresponding to 1.17 TByte/s of sustained memory bandwidth) with 32 GPUs of
NVIDIA Tesla S1070 is achieved about the problem that longest dimension is exchanged
from Z-direction to X-direction based on size XL. Increase in performance by such a
overlapping is over 55%. Such an approach can be applied to other problems that its
communication and calculation can be operated simultaneously. We’ve succeeded in
showing potential of high scalability execution on GPU multi-node systems.
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BE R F~—7 BT A EEL—T T, A—7 1 [HI-Y 34 [AOEE/ NS
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Shared memory & 1%, 1 -2 SM (Streaming Multiprocessor)N® 8 > SP (Streaming
Processor) CHAH I N D, HiH, NEEO ATV FHEHKTH 5. Shared memory D7 7 &
ZHEIZ LA AW, F A XL SM H7- 0 16KByte TH 5.

MEEZOBRA D LESplc >N T, BET — X Z2HMNAT D
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TNRAAREY ~DOT 77 A% EHRITITH 20
A, AT VAT VB AZHAVWDILERD D.

AT VAT JEAZR ST LHDICITEA 2EGE2RETRERD LD, 4 HR
BERoT-D1L, 778 ABMBEKOT KL AD 64Byte (HREEESEHIN T 16 EHR)
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AT VAT 7B AEREBIELH-0, BANCKIT 28 (Z Fm) oW A xRN
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_______________ & |ame AT AT .
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2 MEOFEIUCET 5 X A 5F v — ~ (16GPU fif F )
CUDAXIGGPU TG & A % FIRFIZAT 9 72 D12 I streamBEAE[9] % FI 9~ 5 . Stream
IMEFBER O B 5 —#HOMH A2 EHET S rbcofziw, BEAERRFTRETH 5. CPU-GPU
MEEQR-3 B LV 2-5) IZ2VWTIE, CUDATHR—FENTWEIERATY) 28—
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CPU-GPUME(E 1T FEEE R EEI O FH R & RIFFFITE N 5.
GPU L CTOER X CPU L TORER L IIFEFBM TETIN D7, MPLEIE(Q2-4)iX
FERBTITOILS.

4. BEHER
HIEBREE 2 DL T ISR T.

FOR LERFFIEBE S > % — TSUBAMEA —/X—a B a2 —#[6]
A A K/ — F: Sun Fire X4600 % K32 / —F
Dual-Core Opteron 2.4GHz X 8
% v kU —2:InfiniBand 4x SDR (10Gbps M Ji[f]) X2
GPU: NVIDIA Tesla S1070 (4GPU #5#)
HORS FE PR B NEORUE B 2 — 7 MERE: IGPU 572 ¥ 1.04TFLOPS
TA ARZEY:1GPU 72V 4GByte
TNA ARZEY N RiE: 1GPU $72 9 102.4GByte/s
BA N — ROMEERIZ X W PCI-Express 1.1 x8 <& — K (2GByte/s) CTHifE

K 32GPU £ COWEZAT > 7. WEBRE TIZHE—DR A~/ — RIZ 2GPU H ki
SNTWDEN, 1 KRR/ —FH7=0 1IGPU OHZEEH L=, #lxiX, 4GPU OHIE T
WEARAR ) — R4 7 —=FREHHLTND.

A AXLHY (£ 2588) 12250 T, BELHEOA—N—F v FHETETo 728
B EITORPoEEE, TREFNCE T ZHEREEN 31T,

WEEEMEIC S L CHEERM A H0EV 4GPU 04 Tk, BE BED A —1—F
o FEITIC L BPEREM FIE 15%FREICIEE 5%, HEARMNER SIS 16GPU,
32GPU OEA TIE 55%BOMEREM ERNB STV 5.

a2 OB 53 MPI ERE ORFRIN —E & 725 K 5 BB ek
RETIX, WAIBOBEMI» b LT WERMN—E LR, A= "—F v 7IEEHAR
TiE, EERESBRETRME E L TEERNDG DA —7 ) 7 4 13EV. 4GPU
75 32GPU TOMEREM k1L, B — 7 MEEE 8 fFICx LT 345 fFICibE > T 5.

F—"—F v FHEARIZ OV TIE, 4GPU 7> 8GPU TIL B — 7 HHRE 2 f1Cf L T
PEREA EIX 192 5 & 720, K< AFr—nLTWnW3a. LiaL, 8GPU 25 16GPU Tk
PERE I 1.72 %, 16GPU 25 32GPU TIEMEREM EIX 1.35%5&, A7r—F €U T 4
NELTND.

4GPU 76 32GPU ToOMEREM X 4.66 fi%, 32GPU fi FHIFTHEL)PEEE 709GFLOPS
ERERBLIZ. FEAE U N NEIX 1.17TByte/s & 78 5.
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WERMOEEEE R D70, BEICHEY T 202 HIBR L2 oW T L HIEEIT
W, A=A —T v FEHRE R L. R ER 4R T. BERFE AR T
ENIZWEEHIBR LGRS L RZEOMERG LN DS, M E L ToOEEHIBRI &
DIEREL LD &, WHIEDHEMZfE > TRBEN K E <> TS, 32GPU TITH AR H
L DIEFED 30% &M A T\ D.

EIE TR 1 YA IV NOF NI 5 EITRRE 3SR T. BEICHEY T
LZIEBICOWTIEER N RIE L RT.

BEREIE DR E(2-1), FEBERMEEE O H(2-2), GPU—CPU #15(2-3), CPU—GPU i#
FQ-5BLOTLORI~D<—2-60)I2 OV TIE, = — FPicZ A <& AL THE
#iTo7-.

MPL B{EQ-DIZOWTIE, EEORWER LT A N T e s 7 AaERL, WEL
Tole. HTuv AN, BET2 2 7ot X OB TENAEFNR IMByte DF — & i%5%
BEATH. 4~32 WHIDGAEIZHOWTHEEIT- 728, & TOr—ATIRIEFRS DR
BERFon. N RNREZEHT BRI, 5%E 3D 4MByte % IIEREHE THI S =
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A LIRS IR T — 2 O OFSI~ D~ — 2 (2-6) 0.1ms A ; 16GPU 75 32GPU TOMEREM E23 1.79 fif &, ¥4 X XLAHSITHT 5 1.35 i & b

L CokE LTV 5. 32GPU fifi I CIHELHIMERE 1.05STFLOPS # EEL L=, E A€
23~2.5 DIEMME AT S2msRIEL 2%, T OMIEHMZ T <& ks /S NI L3TByes 15, AR B
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6. BhHYIC

WREAR T —7 220 T, v /F ) — N K 32GPU TOMEREZ 7 L 7=.

WEEHEOA — =T v 7ETTHRERMEZBEERMTRE T ZLiIckoT
EAEFIREIZ SS%BOMERER EAAR i, WA OB Uz tEfEm B bz,
[ X XL 8% Tl 32GPU i I IZ 709GFLOPS (E4h A £ U /X Rig 1.17TByte/s
WCFHY) ) #EBLT-.

A X XL FHY CTiE 32GPU EHRFIC K/ A 7 —F U 7 0 DR TR R Sz a3,
:ﬂiiﬂ@@%M’%iﬁ”ﬁﬁ@@% kot %Fﬁﬁ@ CENRNIZTHT
5. A2 XXL | TZD(EIJA:_TT:EE?E ENXHiT, HE IR B DR % %
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PA X XL Y TIEETBRERMOEENLEL D, UTFICRTERICEY, &

Vo0l.2009-HPC-120 No.3
2009/6/12

té@ Bl EDRREMEN B 5.
A [alffi L 72 BRBE Cid, PCI-Express 1.1 x8 |Z GPU 3 X O InfiniBand SDR @ % v
N =2 = FE#HELTHEHALTWS., BEOKGTN— R =7 ZHHL,
PCI-Express 2.0 x16 {Z InfiniBand QDR ® % v U — 27 71— K& 85 L CTHEHA L7z
A, WEFRMAXEMICR> TWAIRNEZRET A LN TE S,
BUKCIE, YA AXLAHY, 32GPUFEATIRFOIEZE RS O BEREIL IGPUSH TV
34GFLOPSTEE TH U, ) A E U N FilE X 56GByte/sF2 i Td> 5 . NVIDIA Tesla
S1070 @ 1GPUHT= Y DT /XA A A E Y N2 KIEIE 102.4GByte/sTH V), T
S4%FREE IR X e, H—GPUTORIEIZ L D, AF VS NIROENZIR 81%
FEALEZEVIOBREBINDY, I5AIFEICOMREEIEZEINLTND.

A ST A K 32GPU £ TOFEZ (T 7208, 5%k S B 5 @ FHb % BT B
2 WITWEINMHEERD. A%iéﬁm#%m¢éb,f%)?&ﬁx®xb74b
MENRE WEREEENMbD S 2 L0, BELHEEOF—N"—F v FETFITL-T
B CEARWVAENENTLZENBZLN, 3 RIEDENAED L R DRITE SR
D.

AL THRARTWE EHEDOA— =T v T FITIC L D mEid L, BEEEELR
RRIZALEEC X 287 QCD HOMBIZ DWW T HSHFEETH Y, GPU v /L F /) — K
AT 5 ETOEBINEEITICONWT, ZORRESREZRTIENTE -
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