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An Implementation of Distributed Shared Memory
in Wide Area Network and Its Performance Evaluation

SHOICHI SAITO," YOSHITOSHI KUNIEDAt* and E1Ji QKUBOtH

A distributed shared memory (DSM) has been used mainly in small-scale distributed sys-
tems as a way of inter-process communications. Furthermore, it has been used as a repository
for shared data in distributed parallel processing on computer clusters. In addition to these
applications, in this paper, it is confirmed that DSM can be effectively used as foundation
of data sharing in a wide-area network based on the Internet. For that purpose, we have
implemented a new memory consistency protocol called “Cluster-based Release Consistency”
(CRC) on Lemuria: a platform of distributed parallel processing which has been now develop-
ing. CRC can be applied to layered computer clusters and can make it possible to practically
use DSM in wide-area distributed environments. In this paper, the functions and processing
schemes in Lemuria for the wide area distributed environments are described. Furthermore,
the performance evaluation in the Internet is presented. As a result of evaluation, Lemuria

has been able to run at higher speed several times as much as other DSM systems.

1. @ U &I

SEEEATYDNE, STur ABEEOFEL L
T, FIMBUEGEB AT BTSSR TE /-,
T, REF—SORMELL T, FHEHI S 25 £
TOFREFIMBICHER SN TWD, B2, 5
TR7UT 7 LDOBEETEFENLE L TVA2DIZ,

t FPRILRSES R 5 A T2

Faculty of Systems Engineering, Wakayama University

tt FIRILKZE Y 27 2 EHELY 5 —
Center for Information Science, Wakayama University

* OB, ARIUAREY R A TR
Presently with Faculty of Systems Engineering,
Wakayama University

tH R EE T 2N

Faculty of Science and Engineering, Ritsumeikan
University

2563

TESEE A 2 EHT A5E, BRE L 2EERK
EEERTHIET 2 BN ARSI ST
7290, IO OWEOKR, BHREENDOE
BEAT & L CTHBEEE A€ ) 351 F B T hE % B
WETRCWEBLEEZ OGRS, UL, fvy—2vy
R A Y b T — 2 R DRSS EEEOEB L
LT, REL TR SR TV AR VOLSEIRTSH 5.
IhiE, FBREAEYSEEERY VT -7 LTOR
FATRZEMRE LT, & 2503 EFED AN
ELTHRDONTELDTHS., 22T, Frld, 5o
B A€ ) OIR B BEREC B A3t o
ELTOTWREERIET 272012, BADEREL TV
LOWIE AE) VAT L Lemuria® R 2070
DT EEL, ZOFMzTo7.

Lemuria i3, KFHEGERE L LS HEECER
BICFI AR B A5 ) 2423 22 L 2 HIEY



2564

E LGB TBD 2D T 5y F 74— A TH D,
Lemuria OFEUE, —BHHIBHRE L T Cluster-
based Release Consistency (LLF, CRC &%) %
WAL, T8RS I A5 OBEBILZiTo TV A Bl H
%. CRC %, Release Consistency. (LLF, RC & B
T) RSN ERY 5 25 ICERMICERL
c—EWREHARNTH 5. RHXTRET 5 F51,

KAV 10) TREL 2FEEHEEELRIC, XA

AEEOFELHEFTORY T & D L BIED Bk RIE

SHERRE R AT A LIk o T, BERKL BES

ZIHICHIBL TWaB., IS DOH - #Es L CRC

DEBU L T, EBFBRETOFEFTEE % -

Tw5,

Lemuria 2817 25t H#7 7 A 513 3 BB L
BoTWAh., Thbh, THNOREBOZ 5 A5 %%
$ 5ETEMIC Lemuriad & MHEN 29— N2 BEEL
77 ASADBREEMFL TwDE, 612, FlD
WBD 7 I Ry %RET HEHERIC Reflector & MHE
NBEY—NEEEL, THROZ 5 X5 EOEEORE
b2EHoTwa. ENOMEBIX, §-XTo Reflector
WX o THESh, BHTRELHERI VAR Y b7 —
I TERENTZ 7 T AT BOBEOHENLER > T
b, ZOEHT, FERI I A EBRBLT A I
XoT, YATAEBET ATEBHOBEMC LT
BETLZ-BHHEo 00 RBERKE EEEL Y
BL, SOEBRBOBEREEZ DREL TWa.
Lemuria \Z BT HEEHY 5 25 OREBILIC X AF) 5
LT, UTodord 5.

(1) BEOBFEIFTETH .
BEROFEBN ATV 2HEL TV AL, 1
HEDHEFEAEYT 7L ABED A€ OREBY
793R %K T 5 —/\ (Lemuriad & Re-
flector) IZBWTHF vy alTBLZEIZES
T, 2EIBLUEDT 7 AERKIZAN L TE IS
JCET A ENTREE 2B, 8512, A—AK
DEEFEAEYIF ARy VT =27 LR MEDLEET
BTERHE, BRELTRAY PT—2OF A
HESPHLET S,

(2) BEBRLTHIRTE?. 352, FEHEKOSE
BRMEERTE 5.

Lemuriad & Reflector i3, ## X € OEH
BT B —DEFHDIODT — ¥ DEZE
3 TbRwv. EA4OFBRPL 2E) 77 LR
ERIBITEN BT TIIERICT — ¥ %321
v, L7edto T, SEEERCAELT -5
PREESNAZ LR v, 512, FEAOE

THHLE

June 1999

BECE, ZECLIRINBEILER kS,

(3) #HED@BESTFIMKEL B\,

Lemuria K5 7 — %1%, Bk B4 MEITH
D, BEOBET O a LT — & kI KE
Lawv, L720oT, ARSI Twa L
By 7Y r—>aroruxib—noitEn
BEEELLZD IS, BRI, Thbny R
TLADORBEPEGZ LR S,

(4) ZBEBIER
HEROZEIHE XEY VAT LTI, EEO
/= FNOBEEMEIIIToTWE. LaL,
BEXD ) —FEFEL 5L, BIEMKY B
FEISENL ETEEL TS5, 372, 5
BRHMOBHRICEER Y T -7 2EHT 535
A, BERY T — 2 OWHT Lemuria 255
DEEDOEY F L OREER T vy B
ATAZET, EEXy M —2%2E8T 58
BRI BERLTBRT 2 LWL % 5.
N DOEEEBRT A7290101F, 2 BTk
BOTEBRRNES B, L72A>T, Lemuria T
RERBHEZRELTWA, B, BEOE
ETEIMBTH L)Y, TNIEIEHICARBLL
LICHIRTRTH 5.

BT, R@WXT, 2 ECHRBSBERECBIT 25
BEFEATVICEL T Ay -V BEL L 2055
BB, 3 BETIE, Lemuria DEHER, HHicr I 2
Y OR L BRI HRS, 4 BT, ABT
TRET 2 —~EMEHEFR CRCIZoWTHx, 5 &
T, #N% Lemuria D—EMHHIWHR & L THEE
FTAFHEICOVTHRS, 6 BT, Moo HEE
TV AT A EDOMWRD BRI W TR, TR
DEBREB % Lemuria £ CRC DEHMIZOWT
EmT 5.

2. LESEBEICS T 3 98EE A EY

RETIL, FHIEAE ATI VA7 AL Unix 2B}
% socket REIWC I B Ay —TUBEICEHLT, F—
¥ DI FHEL BEFEICOWCTRIERLF B %
WHIMRD . 51T, EESEEECBW TS
ARV RFERT B 0RRE, ZOFIASFICOW
THhHR3,

2.1 Ay tb—CRELSEHEEATY EDLE

2.1.1 F-4an#*B\HE

Aye—VBRILLAF -y DIEFL, SHILA A
EVIZEL BT 5 DIEF (B, Lemuria & V7755
B)ERBTALRIDINCRL, 155, R

e



Vol. 40 No. 6 IS BB BT 5 DEEE AT U OER L £ DM 2565
Rl F-IREICET S Ay - VBELSHE AEY (Lemuria) DI
Table 1 Comparison for data sharing between message passing and distributed
shared memory (Lemuria).
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Size ol4 216 218
Nodes 4 8 4 8 4 8
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Speed up | 1.82 | 1.98 | 3.03 | 3.07 | 1.21 1.37

#3 LUSMOETHER (B H)

Table 3 Execution time of LU factorization (sec).

Size 256 x 256 512 x 512 1024 x 1024
Nodes 4 8 4 8 4 8
Lemuria 19 26 92 141 | 1,199 | 1,823

Quarks 124 392 | 562 | 1,012 | 5,486 | 9,079
Speed up | 6.52 | 15.07 | 6.10 7.17 4.57 4.98

%4 OCEAN OEMR (HfL: 1)
Table 4 Execution time of OCEAN (sec).

Size 130 x 130 258 x 258
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Speed up 1.29 1.29 0.93 1.19
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