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Abstract

In this paper, we describe the implementation and evaluations of Distributed Shared-Memory
(DSM) for workstation clusters by using only standard UNIX user level processes. In order
to hide a large amount of the access latency under environment local area network, our DSM
system provides software controlled coherent caches. Since the cache-coherent is maintained
by distributed-directory-based consistency protocol, the system can distribute load of memory
management. We have also measured access latencies in executing some application programs,
such as matrix multiplication, SPLASH benchmark sets (mp3d, water) in our system. For these
results, we confirm software DSM can be an expectable process communication mechanism for

parallel processing on workstation clusters.
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7 54.05  38.76 3.54 3.56  0.08
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6 16.348  5.617  10.071  8.90
7 19.782  5.106  11.773 11.56
8 19.026  6.653  12.363 13.05
9 22.399  8.588  17.117 19.24
10 | 27.257 11.307  16.384 19.49

# 5 ETHRICED L) TEHOHE
(water, page 256byte)

node max min average rate
(sec) (sec) (sec) (%)

1 — — 0.071  0.00

2 330.225 3.819 167.022 4.89
3 221.323 6.049 124.935 3.52
4 96.609 19.870  63.468 1.72

5 175.813  35.017 85.309 2.25
6 176.863 16.666 78.761 2.06
7 163.615 10.701 71.924 1.86
8 209.530 3.619 126.678 3.34

Memory Manager 12, $5% / —F»5&EEAA
EHLERBBF 728, o/ —FoF—xR-Ya
Y—DEMEEIT 2o THhOEZALT 7 A %1T%
IVENBHDL. T4y MO —F OEHL
BTG o-EEEKG, T ITRT.

6 7V-rvIA BB/ —Fo
LB (mp3dd, / — F ¥ 10)

node 128 256" 512 1024
0 0 0 0 0
1 19660 17325 15541 13383
2 351 422 441 629
3 45 46 39 40
4 29 13 9 5
5 7 11 4 3
6 1 10 6 1
7 1 5 8 3
8 2 1 1 4
-9 45 45 49 48
(B4 @)

mp3d i3/ —FBETT7 7 v ABEEDOL 2T T
XLDizs, EEOH 95% 2150/ —F ot
ThbH. EBIE, BED ./ —F THE AT om
LEITRoTWELD, EHLENLF—FDIFLEA
ik, WHMLET R 072/ —FROR—IF -5 Th
ZLBbhd. I, EHEEBOER-TFT -5
i3, NITERELTHWLNTWAR=TF—FT



HA. water ER— VWA I LTHF AE ) IE
BT57F—50% A XHF/PEVDT, mpdd IS
D/ —F2EIELTLOHEXRLETLIT Y
LADEETENERbNS, by PRIFVHERD
EET AL, k6,7 OEEL, BA—~r—YIxT2
TR ADBESIILE NI ERRLTWS, AV AT
AD L ICESEROEF BT O s a v HNT
WBIEE, BT A/ —FOAEBRLT Ay E—
VeRhLINFEYANRIEH THLERDNS.

X1 7)==V I4MNRIBTARM/ —FD
AL E B (water, / —F %k 8)

node 128 256 512 1024
0 0 0 0 0
1 96995 73703 59190 41431
2 4470 11339 16205 10939
3 1819 4989 8173 4414
4 1073 812 727 363
5 3 2 2 4
6 2 2 3 2
7 18 18 19 18

DSM % (774 —YarvaETLTWERN) &
BO/—FICHHLERELTET LA DSME1E
D) —FOLEBLIBHE LS, LOREOH
ERLdEonld, SREES ICRT. A AT
YNDT 72 ZDFEIC L o TH =N/ —F ORIV
Ay roEESN, b TIEDHEER LR S
N5, HEHATIE, EEIXNEBROEEIKEL,
Memory Manager DB S2EICH D 2 EE
gl)/]‘ 3VOT, KIEEREGEFFOREZNEIT

5. ‘

% 8 DSM &4#l LA nsELm L
(page 1024byte)

DSM node | ®ERE (31 1)
1 1.000000
2 1.008524
4 1.023995
8 1.029715

(8&M./—F T mp3d 2%E1T)

6 ETE®

I COMEERIS, KV AT A%FHVIES
TS5 LADETTIE, HEIREOABYHRICLIDZHE
BEmEAHEE SNz, F/2, mpdd, water L5
AT ADFMEEITR o 1okER, MM LtothiT %o
Tw3—F0BERIR, 2y 7—27BEONY FigR
BETHLLEDNS. 40D ATM, FDDI, CDDI
EOTEAY M T — 2 OFERICL T, TOMEIW
FExNnpZ ik, —BoMiEmErHEINS.
IhXibh, VIryz7 DSM I3, BERAY FT—72
FRKBVWTHELZHNTHL LR b5,

MESE LTI, TETAIHMSR—VHiI LT
BT A XOKENDDTHEI NG, TUFJ A

DEEF -5 2HEAFYDTF VAZRBAED L
IR EYTTENPEST, 74—=NVA T Y
VI DOEBTHEEOIR 2EMEELY, / —FH
TR S T TOLABBHONT Y FRKEL RS
BE, WRRICKEGZEBEE5ZH5EVITEFTELD
hzg, I, BER7 SV r—va vkt 5 /—
F &, DSM OFLET S /—Fidgl/ —F T 57,
EBIZRE—/—FIXDSM &7 27X 0 k2D
HETHDOT, £EF - DHEEMNBICE-T, v
NI =S RAH LT I EABESRLEL, LY,
Ay M= BECBWTY 7MY 27 DSM 2Hw
T, /— FHEBEE OB AL WO Bty
BRI, av 4 SHEORBIARTRTCHE L
Hbhb.

HoOMBESE LTI, BP#EL LTHYTwS
Oy s 7, RS TiddE XTIz
MEEBETERLTVWAEDT, YATFLADEBIME
ThrEVIEH, v T2 2T HBENSL
BRYHEIEBLBVEITH S,

41413, SPLASH IZ& ¥ 1% mp3d, water ISt
BT OS5 AL DVRY AT ADOFE TR, &K
VAT ATCHWEFE{LT o a0 7o o
NeDLEER, 7TV r—a v ORERY AT AD
R=THF A X, $EF=F7 DIV YT DENIZL S
TI7 A= WAV 27 ) V7 BEBHRE~RITTHED
EBBEEERTEoTWL, 72, BV b LIZBEDT
7 ABMOBELOEELZRETH S, 0S OBE
I, YAFLAHEDOYLVFALY F{LICEoT, O
YFXAMYNBRIRVATFAT-NDEF—IINYF
ORFCDMIGL T LEFDH D, DED L)%k
PEEL, WBEENEEOLODAY AT LORES
%L?ﬁ%ﬁx%uwﬁﬂﬁ~%%ﬁtféxb%%
ZL7zv,
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