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Executing Shared Memory Benchmarks on the EM-X
using Fine-grain Communication Mechanism

HiroruMI SAKANE,tt HIROKI HONDA it TOSHITSUGU YUBA,t
YuETsu KODAMAT and YOsHINORI YAMAGUCHI#t.t

In this paper, we discuss performance of distributed shared memory on the EM-X with
fine-grain communication by showing experimental results of benchmark programs. While the
EM-X is a physically distributed memory machine, it can handle fine-grain remote memory
access efficiently so that enhancement for shared memory programming is available by pro-
viding a global pointer facility. We chose three programs from the SPLASH2 benchmark suite
to clarify the characteristics of shared memory execution of the EM-X. At first, we changed
the programs to fit the EM-X manner by making it possible to investigate the basic perfor-
mance with the least effort. We also made some optimized versions of the programs, including
multithreaded versions for hiding communication latencies. Communication overheads of the
parallel programs are discussed by comparing with sequential executions. BARNES shows
very good speedups because of its many local executions compared with communication. Pro-
grams, such as LU and FFT, which require high shared memory access rate tend to limit their
performance due to overheads caused by per word communication. Multithreaded execution,
for the sake of latency hiding, brings gains of up to 43%.
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Y7251 nce-NUMA ELTRAZENTES, H£H
AT LA BEICE, STy ML AERE) £
FAE) T AEESAVOR, VATV UFECHZS
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(SEQ) & ¥ %,

3.1.2 %HTOYT T LDOEKREE (ST)

SPLASH2 7025 Ak, BADT—F%77Fx~E
HY LI ERERLT, APPEXEATIEY B TR EDI
7Y 254 7HF PARMACS ¢ w70 CiadidanT
Wwh, T, WEHLSRAT)EFOT I VREELRT
Wi, HEEMOVy Y S ERERIEE VL, &
VOFAV—RA TSI AEEEORE I ETET v E Y
TOEEETAFIAL VIR LTHY, EM-X TOERED
FRICHES 72,

NV—FES4 3 OBREELETRE, TuS T AOME IS
LB AROBFILICOVTRARBOTEL IR L720,
SEOFMTIRLEL LOR#ELIZITb RV, T2, T
B AHEAXOEREAHICBVT, EHICBELTRN L)
LIEEH R ED 2,

o EM-C #4285 705 I vy R—-be LT, <
VF ALy Figfer ZU—NUEAL Y ¥ R HWS, B
T 254 7% PARMACS v 7 0 i85kt
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BT RTEERED
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5k 5, —PERTH LI LFHLPRGEILAR
DRA Y HFEXBERAT 5, 2O PEFEROHKIIFE
ETITo72Hs, 7~ 70— L ) BRI T
2HELH D,

o FREVNETIEEEEIRIN-FY 7 RFBET 200 HE
BLd 5,

IS OEEHIRES TU S T ADN—Y 3 v & ST(straight-

forward) & EFELT 5o

3.1.3 O—ANT7Y e XRE(E (L)

EM-X 2815 STOEFTTREFAE Y OT—F N /)
E— FORRUFFTOREVD, FA—FILET7A b8
BERELTLIE ), EENT Oy 7 B THRABIITDR
57075 AT V=TFOMUTF v 7 FTHILIZED
FryrOF =Ny FREMZAIENTE, O—A N
T EAIHT ARBHFTETH L, ZORKBILEIT
N—¥ 3 v % L0(local optimized) & FFET %,
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ALy FELTREZUES L L) KBICFEETH
W5, Tz, BPECCUTHEERERY ALV Y FTE LB
Bt T %0
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IOIih, L0 & MTOMFEHRE R L7201, Thbt

WAEDOEIN—T a VU {ERT %o
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SPLASH2 OHPLRD 3 DDTTY 5 LARBAR,

» LU(contig) : 71 v 7 {LL2#17% LU SEOFHHEY
19 7R I7RF—F 3 ATY LCHEFEBE NS,
F—F¥ AL X1 512 x 512 2T 5,

o FFT:1RJC FFT %, BAEtE LATHIEB L X EIE
6 AF v TIT) L TEET B, 7 ¥ A X 65536
=R a

e BARNES : i FOMEMEH OF# % Barnes-Hut
Tree 7V T XATIT )0 F—F ¥ A4 Xk 2048 KT
ET 5,
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LU TR7uy 2% 427y 7RiC PE #FERT 20,

F— AL FRIHEY STREE L, 7RI LEER

LTRZE, 7Oy 20BHREZOTA Y 7 O —F 75135

THITEFbYE, SHLIBBT 7 EAVEDET 7 A%

F—FHITIFHERAT v T Db, INOICL Y HET—

ANT 7 ARBELFTETH L, BFHEHELICETIZE

SHEVWTUY ZTh, 7Oy 7DHNTEF—FDF v 7 24T

9 BB BB LS RETh B, ChOOBERFALT LD

TIEIENREL LB EL e L. 2OBRO—I N

AEYLORET 7 EARELTO-F - A M THS TR

B, MTIZDW T, EVWIEFEO ZVWEREOWHE YV —

THATALV Y FICE) YTk, ALy FOERIZ 7Oy 7

MIBEALCITV, FRIIAEL - TEA T o .
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FFT TH1RLTTF— 9% 2RTEEMNELTH/I. T

Ty 7 BATPERNEFERTI 0, F—aBbiT7oy
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%, 3ONFHEAF Yy TIEBVT, BHFFTEHEL 2T

RETAF— I T/ EARETT Ry VRATH—FIZLY
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FOBEERBUH T, B4 —FHFT0BEBIT A —F LS
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7 AR HICEEL Lz, MTIZDWTIE, STERATF v 7
TR7Oy 7HDITEMTAL Y FREN KT, &REAT v

TTRERBMTHIERNTT Y 7 AOFIEMTEH Y 4T

7zo
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BARNES i3, #¥/$7 A— ¥ 2 RHOoF— Iy EE®FIC8

EAEECTERT 00, BT IHELHD, £E
F—IEEDI L, leaf & cell 7— % 12%& PE g Y i
5N %, body(=particle: 5T 7 — ¥ &) REtEE kR

FLRVHEF—ITHAEH, STOEERTLHE I leaf ®

cell & FREICHIAMEERICR PECHZEICEH Y T 7z, BHEIR
FIIADAR., HEMHOE, EEHEE0RAT v 7TH#
A, FORTHEEROGEFRLFEENS V., £7 ¥
BEOHEFERIIA - F AN TR THT 5720, BfE/S
Y URABAITH S, LDIIOWTIE, BHRELSRET
BWF 2y 7 0F =S~y FAREWZ & b@ALrR%-
2o MT CRABEERFEOAT Yy TRILVF ALY FEE
AL7. HEEHASEERABE T RICEBRA LV Yy FR &R

L. WFAYFo 7 ATALY FERY 57,
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LTWRWEF/NT 2 — 513 SPLASH2 OF 7 + )V ME%
fER L7z. BEEIED 25 7T PRAM tiiﬂéhf\ﬂé@ti
SCHK 8) 6B L PRAM £ 7MW 317 5 BaRTkRE
N, ZOMBERROEELEYET,

LU OFETHEIIZBVT, Comp WHHEBETH S, Idle
BAY7EMICEARERETHI, EPEIN) THLIC
Ao THORNVOEPESNY TILEET A2 TOBED

PEZLDRFOFHETH S, PEAEF2AULOSBE
BN 7B AR HREIMRER EAHIRL TV,
NBFTFIO 70y 7 E b2 ) BHOT ¥ 37 2R
L, #UVVFVDTATY XARKENIEOBETHD,
SEQ 1233 L 1PE @ ST IZEfTRMATIEL LIz -T2
DIFIET 7 LA TN~y FBEEETH L, F—/°
ANy FIZBLTIIRECE O THERT S, STILHTAE
BILDRIE. 1PE 04 MT OMRER LI 34% TH 2
DIz L L0 12 68% LV, 2PE L ETIRIMASHEL,
MT DRRFE G, THIBEBIZ) E— FT7 7 L ADPULER
HEVHEMT 2720 Th b, 2PE L LD MT oMgEmE xR
1238 ~43% ThH Y., AROBEIIP%V, PRAM I3t
AU, WTNOBRBE ST 3 b EEAUE R B IRV
AXFEITET L. LO+MT O 64 BDHBAT PRAM D¢
(SEQ D#7 18 ff) Iz o TV 2,

FFT OFEFTHEBICBWT, Comp dETEEM. Trans it
THEBEORBTH %, AESPRVEEOEmNIT LU 12
BT0s, FHEIEHFSZVHBACHENTBY, LU LR
ZOMT XD b LODRHEFIKEV, TNIIEWS FFT O
BAT o THETOU—ANT I LA THEDTHE, MT
DEZRITFEBEA 7 v 712 LABENZ W20, HEkE %)
RiZ24~2T% Lk LT ok, BNOREN RISV D,
PRAM @ ERIZEV, L0 B & U LO+MT A PRAM 126k
LTwaEEE, FFTRA-F L2 u—pLitEoss
#% <. EM-X BHEDOBEA -~y FOEEIIS WL
DTHb,

BARNES OEfTEMICB VT, Force FHEMEH DS
HEEE, Tree 13 8 EARDAEREM. Partition+Rest iE
KFRA VI OPHEBITHETH D, EFTHEOILAL
% Force W HTWA, XMk8) » PRAM H#Eid 65536
DHFALADSDTHB72DBRL %4> 7245, Linear (23
WhDERSTWE, F7 4 A X 65536 12 1PE » 2
EVICNES oz, 2048 L L1, F—FH A XA
NEL BB E—RITIBAHNT Y AREAT B hbS
T SEORKRTIRHENE RSB S, MT D 64 BB
12 46 f51TE L7zo BARNES 33tE 7 7 ¥ X 0EID %
CHBEDF =I5~y FAURNES WG 2, W ED7— &
RO DAMOSTHPIRFTH ), BVHELELTV
TUTFATHDEVE B, Zhiz PRAM ##7 Linear
WKHEWZ EPLEMTONE, MT OHEINSVOIE
BEEVWPSVIEPREATH S, LOERAIBROEBY E%
Lzdrofohs, SEQICHT 2 ST OUBEETA/A I NI L
L, ERTETLZFORHRIINEDP o EZLRS,

3 3.1 =Ny RICRET 3R

BR7UT T A (SEQ) DEFTER L, £ 70 7’5A%
1PE CEMFULAHERLEB T2 212Xy, H#FLI

BADF =N~y FEREARBZLHFTE S, _nativx%

LDRENIKEC BRI A0, EREEEOMEY S

LAHARBZEICE D HULVEREHESH 2 2 e TE 2,

EM-X Tit, ER7 U277 AT BHEFHEE — 1~y
FELTROEI ZboWBTENL,

TRA—NIWRAS L AOEREBF: £BEAE )R T2 R
TEHOTaA—=NVHEL Y FE, A—F PEDID &
O—ANT FLARGERSNS, TR AL T —EH
DFEIEF—FT PEiRSHO» UHEDTH LY, BHD
BER A VTV I APL - T RRETILEND
D, FHEPLDL, T2, KLU I DBEHHF PEATIL
FREERNEFEORS VI BET LW, PERI% 72

— 4 —



70

Linear
60 4 o~ PRAM
-—E— Straightforward (ST)
—— Local Optimized (LO)
50 1 —e— Multithread (MT)

—>— LO+MT

40

Speedup

30 4

5/:

‘Hg====a

T T

84

32
Number of Proessors
B4 &R (LU : 512 x 512 matrix)

70 4

& —8— Straightforward (ST)
—+— lLocal Optimized (LO})
50 1 —o— Multithread (MT)

—X— LO+MT

40

Speedup

30 A

20 1

64

32
Number of Proessors
H5 A8E (FFT : 65536 points)

70 4

Linear
g0 | —HB— Straightforward (ST)
—+— Multithread (MT)

50

40 4

Speedup

30 A

20 o

0 T T T
14 8 16 64

32
Number of Proessors
6 “EHE (BARNES : 2048 particles)

MBI LEHTRERLEBTLEN D S,
BELIFLY: —RKRCHEAE)OA—~FIFO PET
B, FOT 7 EARBEVATF v IEESEI,
RiEREE: EM-X T, #£F7 7 LA 0BEREREITE
XRAaB1 70y s, HABLE2709 27 THb,
Q—ANTPILADF Ty Y: HEAE)F—F2FERT
%5 PE &A—F PEXF—HTEHER, BEEBILD
Fo-F- - A MTHEEFAVNEIHET I EADF —3
~v FEHBTE %, MMU ##2 %Y A7ATRRE
B OMBERIT)I AN TELN,. EM-X T2
O—SVRA Vv F RV T I 2T TF2y 7T HLEDN
HY, Fzvra— FPFF—n~y F&i3b,

YE— PRAHUICEI ALy FehBi: ALy FE2HHT

_.5_

AEELVIAIBRROLDOGEETRLELL, &
NHFFERF -~y Fei b, FREROBKDIEH,
N—TAFV—=Yavhblho)E-rEal LEH
ECHIKAEL, BXE1~1070y 7BECHBEATD
B,

TAFALy FICEI XLy RERS LT L v FRERIKE:
<TNVFALY FEFIHE, U—AWVPEETALY F
DEREITI LEFD D, APHRLEIELTITI. A
Ly FERBMIZBE LI F20~3020y 7 Thh, BF
FIHAREIZ 10~ 1520y 7 THh b,

TR, —RICEFIRBCRAROT Y NT ¥ ADH
BB ENSE L, =N~y FELTHRDOIhLZ E4H
%, THIBFI T T T ANEOHETHY, VAT LDON
FREEBELRV, Mo TRRTRBROIRE LV,

ETHELF =3y FizowT, LU ® 1PE O&FE
EBLTEET 2,

e SEQIIxt¥ 2 ST OMERETORREIR, Fu—/VFA
vyEF, ALy Fylf, PER@EBELA TV Th
3, COMTTA—NVEL Y FEFRIZV— TOINTHT
b, £ET 7 AT ECRETIHRENIENTD
%o

o LOCit, STICHNTAL Y FHlfkLAFrDITl
AEDEIRENR, RAVIF v 7D~y FH%E
Mshz, SEQEDERIT—NVES VY IEREEFD
Fry 7 ChPBEBEEZEHE. WTFRbV—THTH
B0/ EV, 72720, PEHA 2D LT 5 L@EAN
BET DO, AEEMICHST 286 TLOO STIC
WY AR ERIET A, F—FI2E37 27X
HENFEIT B TRRIDZV, foT, FEXEYD
OQ—ANTIEA: =Ny FEHIRETHIENTER
koM ECKE(FSTIHEEILNS,

e STICK L. MTPERLVA 7V VHIBS ORI LR
B5, iSO PERLVA 7 ViddAa ) — FEE»S
MEICEHETRETHS, LU OFERILE ) — FEIHNE
802MMETHY, EEV—FA—NAy FHFT7T70v
IChHBHIENPL, TORKEMIT 312825, E
T ST & MT DX 3038 THH. LA F ¥ VHIR
DIEFTEHTH L I LAERE IR, FHEMEDOE
ALy FOEREBHOFT—1~Ny FTH 5B,

e SEQ & MT ORI ZO— UKL VY FERE ALY Fib
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