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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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8 53.99  38.65 3.61 3.64  0.11 8 |19.026 6.853  12.363 13.05
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HoRL Y METAECOBRMME . —FHTHNS
VEPKEVLITH D,

# 5 ETRHMICED L) TEBOES
(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 2, %/ —F 2 b#H EAH
EALERBB R, o/ —FoF—~R-Ya
Y—DENLETR o THOHERART 7 L A %472
SUENDD. FAb Ly MR —F OESHE
T ocBlikEFE6, 7T ITRT.

%6 7)-rI4BIIBTAL/ —FD
#ERNEEE (mp3d, / — 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 45 435 49 48

(B )

mp3d X/ —FETT7 7 v ABEOLRNT VT
LDz, EEOH 95% X1 H D/ — F oEshik
Thb. EBICE, HED ./ —FTHE ) 00l
24T RoTWVBE D, EIYLINETFT—sDITL A
S, MR TR o7 ) — FRAOR—VF -4 Th
LrBbhd, ¥7, EBMLEROLZR-TFT 4
3, N TERELTHYWLONRTWER-TF—FT



5. water F—TH A4 T LTIA X F IO
RTA7F =4 O¥ A XDUNEVDT, mpdd KIE~RE
(DI —F3#E L THALOEXRALETESIT 2
ERADEERENEBRbNS, by PEIZVERD
EETHE, %6, 7 OFRIE, A—R—J375
T I EADBESRP LN EERLTWS, KV AF
AD XY ICEGCROEFEL7 o b oV EHWT
WAIEE, ST 5/ - FOLERIRLTAY E—
TVEELINVFFXYALREYTHLERDbRS.

R I7)V—-VIARICBIFAMB/ —FD
L (water, / —F# 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 %2 (77— aryaETLTWEW) #
BO/—FRESBLEELTETLLZ. DSM2 1A
D/ —FORCERBLEZBELER, FOBREOE
EruEFgonicd, HELKRSIURT. FEAE
YADT 7L ADBEUC L o TH =N/ —FDOFP IV
A2y 7FEEEIN, TP CEDLIEENLERS
ha, BEEATE, #EIXNEERORENKE(,
Memory Manager OMEFHAS2FICE D HE &
g¢§w®?,kﬁﬁﬁﬁﬁtﬁﬁan&WI5?

5.

# 8: DSM #4-#| L& OEER L
(page 1024byte)

DSM node | EEMLE (1)
1 1.000000
2 1.008524
4 1.023995
8 1.029715

(8&®D/—F T mp3d ¥%E1T) -

6 FT&H

INE CONERERL S, BVAF L %AV
TS5 ADETTHE, HEIREOAEMRICLZH
EaEbHZE s/, £/, mpdd, water L5
AT LOFM TR o kR, MM EOHTE R >
TWBE—FOERIE, 2y b 7—27BED/IY FIER
BETHHLEDNAS. %D ATM, FDDI, CDDI
ENEREAY T OB L oT, TOMEITY
FEnpTkicky, —Boikm SIS,
Zhibh, V7727 DSM i3, BEAXAY M T2
BRRCBNTHEELZHENTHL L BRDNISD.

MESE LTCIE, BHTIMMFR—VHM LD
B A XDOKENDDTHBEI NS, 7OV T4

DEEF— 72 RXHFATYDOTF VABENED X
IRTYEVTTBEPICEST, 74=—NVAT 2T )
YT OEBTCHEDITA D BEMEELY, /—FH
TR A T CORIBEMONS Y FHAEL RS
BE, MRBIIKELEREE5ZDLVIHITENEZS
na. ¥z, BERT7T S Vr—a v 52FEGTL/—
F &, DSM OFEET S/ —F 3R/ —F Th 5%,
EBWIEFE—/—FIZCDSM £ 727 2A7 0122
HHETHDT, $EF - OFHENBICE-T, 2y

FI—=S RN LT ARESELRLE. IRy,
Ay M7= BEBIIBWTY 7Y 27 DSM 2Hn
T, /— FHEEEOLEN A% WO R WIEFLE
BRI, IV, SEOTEBIARNRTHL L
Bbhs. ‘

moMBELE LTiE, FE#EEE LTHYTWw?
Oy 7N 7H, BRECEEE ATV 2HAVE
HZBETERLTWADT, YATFADEHIHEE
THDHEVIEH, 2y b T—2 20T 2RENFEL
ZHHMBHFELEZNVEITH S,

4112, SPLASH I8 ¥ 1% mp3d, water ISt ®
HHF OS5 AL NVERY AT AOFEEIT R, &K
VAT ATHWRETFEA7O  ariio7a b o
LNEDEEBR, 77U —a v ORERVATAD
R=TH A X, EF—-5 DTy T DENICLS
T74—VAY 2T )T FBEIRANRIZTHED
EEL LR TRoTWL, Eh, by b LEBEDOT
e AREOFEBLOEELRRETH S, 0S OBE
R, YAFLHEEOIVFALYFIZL-T, o
VIEFAMGYEZR VAT AT LD =AY F
DYEBEZDHG LTV (LEYFHS. DL )%
PEEL, WHENHLEOODERY X T & OUHES
%Lﬁﬁ%ﬁx%uoﬁﬁﬁ-ﬁ%ﬁﬁf&;b%%
W L7z,
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