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Design and Implementation of a Java Package for Sharing Array
Data by the DSM Interface on a Cluster of Workstations

Haejung Lim' and Myung Kim'™"

ABSTRACT

In this paper, we present JPAS(Java Package for Array Sharing) which is a Java Package for sharing
arrays of data on a cluster of workstations. It allows us to divide an array of data into several pieces,
and to place each piece on a different host. JPAS uses Java RMI so that the entire array can be accessed
by a location transparent interface which is similar to that of a distributed shared memory system. JPAS
is portable and easy to use since it is implemented using pure Java.

In order to reduce network overhead, JPAS allows programmers to use their prior knowledge of the
application. Data consistency can be maintained through the value updating methods defined for all the
elements of an array. We developed parallel programs which use JPAS, and tested them on a cluster
of workstations. The test results show that JPAS is a parallel programming tool with reasonably good
performance.

M 2 1.19) = A A 2] & 3Hobject serialization) 2} RMI(Re~
mote Method Invocation) 7] 0] £3=lo] itk A
Javae 2 =E Jto g 3t WA R 578 olztA &) ol 3t B o & 1F], Javar UEYo) A

sg AFSHE BAE SYA dololth. 57, Axo] A Azsvold Felay Ao BR
SunAtoi A A F 3= JDK(Java Development Kit) 2)3 mwo| &3 88 4 Qo HITd=

*KIST Eglol22A4H 95A7Y Javas
T olgdxtistn PAEEHRY 2wy <& F&sE dF-Eo] FtstA A E 1 ATH1,2,3,

ZIvte 2 S AE AldiA HE AFE 87



356 QEDICIOE =2X HM2A M3=(1999. 9)

8,101.

ozt HAAFH B4 AA vAIA Y 24
3 B4k F+ vl 28] (Distributed Shared Memory,
o3l DSM2 & ¢k¥) 2d 2 vt} Javag 7o
Z A A 4 BdE FEI o2&, JavaPVMI3],
DPJ[2], JPVMI1], JPE(11]E € + Aot o]E& &
F AR A gale|ng =2 e} vl ojE 9
AAE g2 Jojokslar, HA A o]E& 22
A Xz o] F Al A} &t EHEE AdTt Javad
o] &3lo DSM 24l & T ¥3 o 2%, JavaPartyl[8]
9} Java/DSM[10]1& & 4 Utk ©] Java DSM A] 2
d52 dutzog DSM 249 EA4Y FF Au}
7Hg Malol 9o F713Q 7S AFste &
Java Vg Ao} ME o] FEtY Al2EE AFPA
o) BoZ 3o, HEAo] BojAw ©io] Ut

2w o] A B9, HAIA] Hd 2L
Ho= DSM 2do) A8-3817] Hejrh B AoA
€ W4E dolHE o T2Ed BAAA A4
F, "9ysA FRE # AEE &= JPAS (Java
Package for Array Sharing)#tE Java 713 & 4
Asln FAs A JPASE -1 22 371/ 54
£ 2= AR, HAA HA FA BT A g DSM
24 o] elgjElo] A2 FF HoHE ALE-3ch E4,
As e s zzadgur &3 e JEIA
ojde] BEAL FH UolHE ALY W wiE ¢
QEE 3t BEYRIUEY 2= HFoh Al

A, £ JavaZ T OB FRFLR E-]

U Hzo] gtEgolu Az Eg o] AYo] gloE B
F JDKY AXHE 2 ZYF Aol AHEE §
it}

JPASE DSM 2l 43 T4 dlole o] /1% 54
< A2 s o] 28 A FSA T, DSM Rl # =
o33 28 Folrl Uk dukAE o2 DSM Al &F
e EFAAY Adolu Held Al=dE T3l
7HEAQd AR E AFFoZHN tlolH &
3 YAl 2PAHY HT A H )2 B oz}
T W2 e AH(cache)d) BFAL AFHoZ
FA ANAZD g, JPASAAE EFA AU
B} A| A€l o] ©& glo] Java RMIE o} &3t 97
AR 7} 7F FH HolE & v 24 w]o]E Y A A
A2 UEE 3= dolt F g s TR
dolE 2 AL8-3te A%, o] iES Java 94 AA

.

(remote object)Z AAAA Fa, o) vo|gE
AHgEEE BAEEL A4lY 22 AH g wis
g &3 A 54 w2oz wid AA
read(), write) HAZE 3&3t AT HolHE
B & F Y= £ 3t} JPASE DSM Ed 3 2ol
A 2" Y RH o 2 bo]E 9 A (consistency)S
AFsHA = AT ufE AAEo] HA gozZ Al
B g Ue dALEES VHARE ol F o] &3t =
2oy He 2 3= dloly dBR S FAT +
Atk =3 DSM Al AL dutE o2 SR E e
A =] (installation)#}-3-& R 2= WA, JPAS
T Java 9714 B2 FHHJLEZ fEEA o)A
Z2aw Ao JPAS 7 AS YXES S =2
#d g Foll JPASTF A F3HE Java ZE2IAHET
37 AYPAFlE Ao 2 I AL o] tasich

JPASE HiE violE ¢ BHYoz Had d5E
ARg-go o HolE Elye] A AAHA g
o] $-& Java 7} type argument S 3 {313 o
g dloElE Java 94 AAZ AT o) 2w
o thokst YA B uig A 22 ae2d F

Z)lA AeeEE AE 5 7] WEelth A2

e C++9] "Z8l(template) Z< type parame-
terization 7]% & Javaol F71sle ${79]150] 4
T3 e, o) JPASS AAAIE Java A A
U ALERE Q] dole Bl = v de] 94E AME-E
4 QA H=2g, JPASE Btk dwrde AjHA
(enumerated) B} ¢1E1 9] FHE A Y3l Java 7]
Az 449 & Qo

B =Fo 4L g 2o 2304 JPASE]
AAHQ) 74 2 7€ PHE gt 33N E
oA Z2 1AL E3) JPAS APIE W B 1, 444
M JPASE AHEE 2709 dA 22 aYE Has
HolAd Fei2gd A APAA 455 X85
FXe B dyolA 4& A9s 2o F¥

A7FAed s ok
2. JPASS| Mt 7

4 FH2EHYY oY Hzdol e a5
of e WP HolEE JPASE AHEBe] TR e
e Ay dch 26 dolE ) T2, 44, W Y
43} B0 o714 QFE 2 gl JPASY]

3
3}



HAAHOIM SAH2H MM 2MSRHZE

N2g Tz 7E PAE s B,

2.1 JPAS2l 3w Ho|E =

JPASE wlA]R] g4 Rdo] zt= w@hAe T2 7
A7} dolE 9] Y& 71Ygsta, HHs A Hel =
2 A XZLe) o]E-& o] FA Aot st BEHE €E7] 9
&}, DSM 2d3} 22 Z2 a9 Aol AE A
&t Fel2gue 2 QXS FHE vl
He 19 13 22 2% AA (composite object)
[45] FH2 TAHEY. B AAE 3t A
(handle)®} o2 7§¢] ) (body)Z o]F oA 7—‘]#]
o, AEH} vir)E 24zt A EFS) (object type)S
2 FEErt vide F& dolee 44 s AF
3laL, o] HiolElgl AAE TOE 4 Ue 7E
(primitive) GAHS W Wiz ket

HEL ths 714 715& T3l dolE 9 AHe-#
Atol 9] QI H o] 25 @F3ct AA, 3 o8&
ARste vt &g AT 4, vidd #e A
HE #stt B A FxAA viriet AEL
MR TE F4 I BAHY EXF 5 U 1
HEZ AELS Aalo] AAFF vt Az X7}
ATRIA, FF Hole e & e o= uito) &
3 A=A 59 A HE Partition® Directory2h= A}
g7z A Fn g} A, vt o2

F EATE o JEL JAE F

T3 92 vt F2etn A E ol
AL = Y EE AT E Ao & HE]
JE & X sl= Aot dAZ Zg

o e N

o
o
2

o

Processor 1 Processor 2

Handle Handle New Handle
Dir Partition copy i iti
Dir Partition Dir Partition
Gen Method | pass Gen Method ﬁcnﬁd
timized
Body ¥ cthod
(Frimitive Method ]
Shared Data :
i
T
l
T
i
'
i
i
: L !
Body ,/ < ;
> '3
__ Shared Data Shared Data

Processor 3 Processor 4

a7 1. S8 AH 7=

OIE{HOIAZ HiE CHOIE S

.

BRE Nsk= Java WIINQ AHet 76 357

F5 dolHE el AFHe] oy 22 o)
250} £AST, B AA 722 Ao W
So Waszw 429
oS BE AA FEE G Be
Eoh A, 29 19 dolAs o) ZzAN 19
4

E4e 7
ol ZEA|A 40 BAIE ] AP EHH, o] F X2
© A2 et E FR3te E4E etk 4,
O}L’r«] dolele A8 /e vt ER Uro] A
F 3, U el vt £ FelaE A E4bE o
-r]x]?—l-r Atk ol FA g A o 2 el vl olH
£ o8 7o SHHA w2 UYro ALSStY, &
g ole & T Ao “t}5 ¢} 7|(multiple read)” & 3}A
v} “thE 2 7)(multiple write)"& & 4 Utk AH,
ARSI 43 Qe diolHe x99 94X ARE
B g HAEE S FE3A A L2 dlolH
FTHE & 5 Uk EF AA T2 vlol= 94
A WA= g HA T B4kEo] EXIEE, AEL
Partition/Directory & E3l| ¥3l= vl & ol Y E
Yoz HEdoh 283, AEL vihrt 7HR 94
AL WA=E Z#-(assemble)dle] =217}
dsle Y FF L E AFsr o o, B3t
A ‘_TLZ°1V1“ I9 14 Ay A=) 713 Par-
tition¥ Directory A R 2 E AFE-51H A] vt o)
HA Aol AEE T Yalo g 2t 548
715 AFse FF HER AT £ JxF o
o &3 AER AL U fZeA o] Aol
o] A HE E4T AEE T3 TR dHolHE
AHEE S omg qA3] DSM WUE ol 28 F
fr delHE H28 4 s wBhopet EHa
HEY oHs=gE MAstd Hes FAAE &
AT,

2.2 JPAS Na"l 7l A FE

JPASE 2104 MdHe 53 AA F2& bigdo
2 Java RMI¢} 274 5418 58] DSM °1EMI o] &
A 13t} JPASE £13 o] T4 HolE A4
of AH&E = Java Fe 25 S EE Aol 43
RS HEIFE 2709 Java TEIP S Z o] F 0]
At ol Z2aPER 258 I 2~119 84
Zol A ZIAAME ol T dHioleE A4, &
A Fgsted AL

Javae & FAoFr), & thE Java 7HE # 4l



.

358  ZEIDICIOIEE =X X2 M3%(1999. 9)

E 1. JPAS "7|X|2] T+

Java €82
Java 2239 S dolEg a2~ g 24
Body 292
BodyCreator EZEij’;Z::I : z—;i 2]1?1: J?ASADD —E*.i!l]./;
. BodyCreator.java — - . JPASApp.java
Handle &# 2
: Handle_ijava - A& A&
. . : Handie_fjava - 448§ A5
}%m};i;%fsdzgrlfger java 47 Handle:@ A= Barrier @342
| : Cache_ijava, Buffer_ijava - A5& 71419 #H : Barrier.java
. Cache_fjava, Buffer_fjava - 45§ 7149 5
otol}, =} o2 AHE HHA7IE 715E 7HAL Processor 1 Processor 2
QA @t aHEE PSo] TPAA A B2E el
Aol Hit] & BEo] B AR E T35 A CRTAb
Z+ 32E Ao vt E AAsFE 2230 g8 Body Creator] Stb[Substub[sun]| @ | Body Creator
3ok, o] =213 L vl A A (Body Creator) T2 ®
aPoletm Raoh uit) A Z23Y L Java 94 @/ @\ Naming.looks,
A2 T JPAS N ZA ool A¥E o ]
Naming fookup()
woges Z2 A AR g APdrt ol A4 /
server # ¥ WX (skeleton)® RMI #HAZE Body Creator oty erentr
(registry)oll S2(a¥29 @ FZ)sA Bt vid
A Zgagde] HA2EHH FZH F, JPAS o

geACIHAAN B4 HolEE AYsHE WA Froceser3 Frocessord
BCInit(2hs MAEE 3529 39 @ #2)3t4 a7 3. BCR dlolgel £7|8
28 z2Ed dAAE SRE A Y T

28l client AN V=) RAARIA DT pop gojyopg wrie 44412 25 WY

Z) BCR (Body Creator Reference) o] &l A% Ay Zzade gdss 22ae g 7HE
o — a2 y

Processor 1 Processor 4 - A =2 iﬂ 1;% Sy 78]5]‘(7}; '\’h}g EE kﬂi %‘Q)g}

i 3 ] = J 1 Z
[Body Creator | A A AAAAA sAetrHE | 7-4—1— ‘_(:L.%'} 4
@ Naming.bind() ® Naming.bind() 94 @ %}‘) @% }g }\é X}-‘E' 0]% O] %3}01 Partition

F4E 278§ F, 94 32E vy YHEE
aYESAA RMIZ vt BAE 24 (39 49 ©
Fz)3ch o 3e B v B4 ZRIRL by

, AA) Java 93 AAZ A, vt Q] server @l H G

[Body Creator ~8 dAA2ER0] S22 59 ® F2)T F, client
(D Naming.bind() ®|| Naming.bind() duers AsdA YAZHIY 59 @ Bz,
Partition &4 M de] 28 Aug fA%E &
: F2 A ugo] 712 £ A2 28 A4H
Processor 2 Processor 3 =2 o wde 7t 9471 AAHY AE vt Y
a7 2. HiC) A Zaoe| A Wz e @4 JPASAME TEALS H

Skeleton




B

HIAHIOIM BHAE AN 2AZBSHZ2 QEHOIAZ HiY OB SRE Xsts Java TJINQ MAQL F& 359

A gt Z2 A 20 BE HES AL F& O

Processor 1 Processor 2
Body Creator JPAS App Body Creator Eiﬂ]_}_\_oﬂ 7'“ 7&%(1% 79] @ 7;‘:1}—)0}7'“ Q‘I‘ 1
ZEAs A Be #EL 53 uiele HolyE
MakeBosp mdte | [@ A2 79 © ) £ YA Bk

@

N Processor 1 Processor 2

£
7/
/® @K Makebods)
Body Creator Makelod Body Creator

(et

Body’s Primitive Method

Processor 3 Processor 4
2% 4. RMIE o|88t dir} My
Body
Processor 1 Processor 2
Body Creator JPAS App Body Creator
- BCRTable Processor 3 Processor 4
Skeleton -m
'\ T2 6. RMIE 083t 22 Hlojgf X2
@ @ [ | -
Processor 1 Processor 2
JPAS App JPAS App
Handle @ andle
General Send IF Genersal
Body Creator \\Body Creator Method end_ N Method
M Body [Directo: Object Diru(oPJ LI
- Skeieton Stub[Stub|Stub] |sbrializati StublSrub[Stub
)

UnicastRemoteObject. >
S [

Processor 3 Processor 4

1%' 5 _g__?r C‘"OlE'i-gl %g ;;Badz’sPrimiliveMﬂhﬂ

9 fs) wide B e vie £ER AR

B 28 AF3rt Partition 59 wWiE A4 Processor 3 Processor 4
DeASnde)E ALAE GAAFE WA T E 28 7. s o8t HolH B%
B4 £ (cyclic)EE 5 F919 & (block) %4
T OYE 2d ¥4E 79 shesia, AFHA AEF BES RMIZ S8l 474 v g
A A Z2adel e AR Foclient Ml 2 2@ 3 vole 9 AN o &3 FH
HA2E B FAEY 59 @ A=) HEL o8 HelHE x 2e gty Wi =g 7. e
1o} Directoryell Agste] T uijel] A4= T/ Z old Aul ASo] AT AR B35
HolEl & H & W& Partition $4=9} Directory & W ASE AIEEE T S o 2 HAnE 2
0] &3t A3l HoEE Foprl=E FHIH 6 Hro AE SHAE g 7 T(2Y8Y @O
9] ® ). A& 5o, ey B2 dxrt B8 #2), Directory/Partition AR = Uit AE9] AL
A Partition@53 ¥ o] A&sbof=witlal g2 wely AbgeE (Y 82 @ FE) HEA
Zﬁ%ﬂ‘ﬂ A=A gold F Directory ol A o] nlr] ) ol Mol A QT Bt B4 84 RS S HA s

g3 d 2 Stubg €ojA RMIZ Hs8Hd €}, o] o] & 2= 9t}



360  QEIOICIoNEE =2X M2 R3=(1999. 9)

Processor 1 Processor 2

JPAS App JPAS App

£ Body's Primitive Method

(=

Processor 4

Processor 3

08l 8. & HEe dd H AS

o] 9ol JPASHIAE o ZE A2 A
=7182 98l Barrier 29} BarrierManagers
A Z%th, BarrerManagers W1} T ZAMA
2 APEo e T 250 Hle FrIg A%
Z BsE Java Z2IaPo|th HEA)AH
BarrierManagerS 37| 431 A17]9 BarrierManager
e A8 ANZ3 4 Javad] M &F(ServerSoket)
S dn T2 HAEERE £ 2 Barrier 23 4l
S(syncO)E 7tk aEla ofEe]A o)A A
=787t 2 & 9 Barrier 329 sync() WA=
& 323d 248 %3 BarrierManager©l| Al Barrier
&S A Aok Aol FAsie RE ZEA LS
Eo) sync() 1252 £38) Barrier 54 A3 E B
Y™ BarrierManager 4] Javadl £ 53 &
& ZgAadA Fg ANFS dHAH Z2AZ
9 #Pg& 57138 AU

3. JPAS API2 OIlH =224

B dolMe dA Z2aY9 S T3 JPASS A
2 APIS A3l z} o). JPAS= master-slave®
= SPMD ZEZ AHgE # e, 974 =
master-slave LE2 ZAAE JPAS 38 JF4 =2
ayg Ag

nxn 38 At BE F39 d¥ CE 78 A
i, 1€ a3 2o] Addn: di,1=Al40]
*Bl0,/1+ Al4,11*B[1,1+ -+ Ali,n—11*Bln—
1,i1. 2 dAd e 88 As) 5 219 49 #E<)

o

Bisto] 2 B2 st uin g A% ¥ 29
Bl Aol o) T2AM2E0] PE A F EE

B AAE Fsto 3 Y & EF S Adste
AT

O3 9. WY I A oY 2Y

JPASS o) £& W& $X JPAS H7|AE YEE
& & JPASApp B2 E 43t o EEA S
243ttt JPASAppE JPAS clE Al E A
e HE 98-8 e ZH2A, ol & AE5S
A main() WA ZlX JPASAppE &7t AlF3t=
o8 714 W AEE o] &34 JPAS A E&A A&
248 4 Aok

master ZE1PL FTH U HE B AH L&
2 A F AES slave TE2IYA A HujFof,
7} slave TE2IAYE0] A4l A dFd ANe &
Q=2 3t 38 F4 FA2 master T2 1Y
< o3 Zo

master 21 L FF HolEE A7 M
M BChit04#)& 43Psle ZE ZT2ER
BodyCreator 2eto]dE #HHA2E 3o}l JPASApp
Ul 2] BCR Elo| &)l A3t} 28l FE A, B, C
o uit) s AAE S 2E HEE vl E templ, temp2.
temp3 ol Z+7z+ HAIE F(53)), JPASApp S 29
MKkList() WA =2 %3] BCR H o] oA o] Z2E
Eute] BC BlHAXE 32389 listl, list2, list3&
FAAATHE). list], list2, list37 J B 7k2, A=
a7z, agn £ ARO=VI2EEI=AZE®)E
stz 23 A5 JHAE 553 P8 A4,
B, C7} 23 AA FehE A4 AH8-103). o] 2A
F4 dolHE 4AF F SendH i) WA=E T8
< slavesoll WA H(118)) Z2ESA FEEY
WS A B, €2 A$ATH123). slave T2 1HLS
a3 119 Arh

oX BE slave ZE1WL JPASApp EH 29
MyRank() WlAE2 353t A4lo] AP=n 9l

-



IDAHIOIM SRAE AUAM 2A2K0I22] QEHOIAT HIY HIOIES B8 A/Sks Java WIINQ &g 28 361

2 pubhc class Master extends $HEAGH

3 pubhc static void main(String args[ 1) {

4

5 mt[ 1 templ = {0, 1, 2, 3}; int{ ] temp2 = {O} mt[ 1 temp3 = {0, 1, 2, 3},

6 HE list1 - Y (temp)); BELL = BCE] list3 = MkList(temp3);

7 int mxrow = 4; int mxcol =

8 Bl A = new K50

9 Hi B = new 8

10 5 C = new H : JPAS API

11 mt[ 1 slaves = {1, 2, 3},

12 & , slaves); & PA(B, slaves); SenrdbEi(C, slaves);

13 3

14 }

02 10. ¥E ZY Ex2l master ZTERIH

| DATES;

2 public class Slave extends JPEEHSH (

3 public static void main( String args[ 1) {

A .

5 = mewHzi( );

6

7 WP e Cachie 8, 0);

8

9

10 for(1 = O, i < AV

11 forG = 0, j < X

12 sum = 0; “ 1 JPAS API

13

14 i

15

16 }

17 aSh( );

18

19}

a2 11, ¥ F4o| slave =20

T 32E9 M3 E Tk o] Hie YT & RMIE A AZ, 913 25 IBA WAEE A
slaveZ} B93t= o E2 HEE 3ed AL Sk FE FA FAA AH A% BE 47 G4
oH(7,88)). 2 o}&, Zt slave ZEIH L A ES 1Y) T A A8 dHiolgolr s sy Uyt AEe
A8 volde AES NA AAFST5H) RecvH_IO RMI vlA=2 Fas7noeE 23 vxg ¢
HAEE 53 master T2 W] Bl HES o] X £ AH AAs) F ALEsA BHast JEY

o) wo} AAETH63Y). master’t BUFE o] A&

A, B, Ce 97 32Ed) £A 3= vt B3] Hastdd e

SHIHE=E 1&g ¢ Atk FE C A wH RMIZ

9 A7RE 28 o ¥4



362  QEIOICIONSE] =2 M2 M8E(1999. 9)

A3 S AZs FAGIE EE Adto] Fd T A
A PA Col FAMo BAsE RHo] Foh
JPASOI & old A& f3l dut HEQ W&
E QrE oW & E(overload)§ B #EQ Cache
9} Buffer 3 25 AF gt o] 4t AEF FA
s 9719t 27 vasrt 242 22 s AAE
o] &3 E 2 oW 2§ WEolth master’t HUlE
Ut HE A, B, CE AvE 2 &3 A& B4 S
3239(7,8%) RMIZ 97 dol8l& AR FI3)
oAl 22 g AZE dolHE g 2HA
H @& A, B, C7} 7}3 Directory/Partition X
T aUR ol ALEE & Ue & AE A4
o o2 A & IS WA UH for FE
Aol mE FA A4 Aoz #3 #ES Cache?l
read HA=E 53 3 S g ¥49 A @&
T 94 #33 A =<1 Bufferd write() A28 ALE
3to] 24 Wyo 71&3 FATNIE ZE Ajte] Ed
3 flush() Wl 228 F3) A4 33 Coll gl 84
gt
JPASY EA F9 e dEe Aol det
olAY F4% FF HES AHEAVE AR FE}
AHE T ¢ dde Holdh &, JPASAA AT ste
WE Feh2g A&stE g vL=8 F7L Ee
owzcss g4 WS FY2E NE] Fu W
=S JeivHz &3 BES YA ARV
P viLsr JPASS duk AE HA=AH
DSM g#Ho]|~2 A1&d & Ut '
A= B JPASY masterst slave 7ol AES
W= o] vhx] WA ] 2ol A wA] A
THEE AT e o g By § glth 1
A

1A 4 Zdo]ME dolE & AHEE wuit}

d

ol
_7':
o

AgHoz TEA 22k AR AN & T3l &

HolelE dojorst ¥ JPAS TR I M=

Aakel 20717 Aol FHF dHolEHA e AES

A3 Y o] AEL B3 AdAMER FH dolEHE

Hod ¢ Qouz WAx] Ao deleE T+

3= Wyde gE

oo 4N
>

=

4. JPASY M5 HII

JPASY 4 dlolg HZ e #H )29 F7)38
15E ol&s AE & de FEL A3

R

Hy mgads 243l JPAS A5 S &3, £4
3] Bttt 432 10Mbps olBule 2 G2 43
2H oA FH 2N £3PsH FH2HY %
= 2 A A E 143MHz9) UltraSparc . £, 64MB<] o
282 741 Solaris 2513 JDK 1.1. Java 7H4
HAL gAstn gtk HE 229 U] =2
ARl APz B9k o8 719 2-874) =2
HXAE A AYPAZ] A$9 A3 A& FH 8o
A& &% FHspeedup)S Bl Heg
A7Z 47 A8 24 AP S 108 A= W E, HES
ol &5 S 73t

4.1 98 4 =208

3o GAZ 2T FE FH dFole
512x512 Ay EI} 1024x1024 AFH L& A}
£33t A% 23 A3 ¥ 29 19 124 Ut
X285 2d 88 g4 =20 A3 ZY AHA
A7 F A4 7] ARb(slave ZE2A 27 $E B}
Aulo]l T2 YH A F EES Z2H AFAZ HoL
tH = A7he] agdE RS E F Utk ol F2
FNS o] RMI AT AL A 7]Q38tE e¥sd=d
1 B 4 9lth Java RMIE A el ARE GAF
I AZste B34S A A2 o] FARNEE 2
2 Fa4E 7HAY, olEd fA8E s A4
AYPAZE QW EE op7]E 7= Sttt H2 6]
of o5t AYA|Ztel] o] F AR diFrE o] HA el
J AR X E P Aztel FOo 2R RMI LA
9] t+8 A3} interoperabilitys 2 E AgjHA 7]
Z9| RPCo AZ g 458 E 4 A= RMI 71 °]

E 2. JPASE 0|8 dE Zd A 48 B

512x512 A+ 44 1024x1024 A% 93

A 8 Az 9 &

A4 7] AT 640%
A Az 150 = A A7 1260 2

AP 2z e b 80z o5

Eag Az |20 5 49 AT |10 &

AH a7l Az |0 2 A4 97 A 40 2
8 PE A A &%z 8 PE FA Az 630 %
et 15% o3 e 152 o)

F A AT w02 s A9 AL |UB 2

w2 Zay APA T 2 | ex 223y APAT 50 2




.

FAHIOIM SHAE AN 2ABRH22| JHHOIAZ HIZ HOIEIS SRE X&isks Java TIINY HAY 7= 363

527
P

/ 4.08
.
——
2.99 / T
72

55 gy
(=] —_ SV ey W (=

1 4 8
Z2HM

28 12 ¢ 4 =200l M5 A (n=512, 1024

of H=)

ALED ok doh old 2L RMI 7S
JPASH] H4318 @A) RMIE 78 54 $0oz
ol&3o g He AT A3t A % A N F
geglgy B}

4.2 2-D diffusion

2-D diffusion EA& oj® Edo] 234 F3
of AFxE] e w) I EH AXH JE AR
(FEE)E 73 FAE EFH BE Z2 1Y
o shteoltth £ Ao E JPASY 45 S 53
37) Al nxnWE 4 At I HoANY U=
&g vEhdTa JHgsta o) 3 8 Y4 FES
BIE T3t o] e 1 HellM M2 U G
©.2 78418} 2-D diffusion #22 A1 &9 )4 3%
toHlud A3 AR E 7] s DA B
Aol i3l 503, 1003] 98 (iterate) 3| A A 23} AT}

13 vis

a3 13. JPASHA{2] 2-D diffusion Al

JPASE o] 8-3}= 2-D diffusion ZZ 10 /‘1%
BA Z2A207F (n+2)x(n+2) A5 FEL
g AA ez Aot o] PHL 1Y 1301]*‘]9}
2ol 7122 5534 £8E o8 Ay BE2og

oFoiAm 7t mEAAE o] BRE sy ol

224 MHZ 7127} diffusionS A4S ZF L2 A
€ Azleo]l & E59 A4ME miA 3 YA O
5% Al&et7] A A ol ZE M 271 AL

2L AAY FE Q2 gtk 1ER HE X
ZAAE A9 Algte] B Fom OB ZE A
E9] Aglo] ¢ d7A 7|dEH A7} o] BE 9
NZL ZA A FE LolM thg BHE-S AR efo}
g}, 2-D diffusion EA M= o8 T M A7
o A FrIste}t dolE FHE A3l JPASY
Barrier & 29} HlolEl & &4 314 o] w3l &
A AES o] ALY} 2-D diffusion F A 9
A3 A 833 29 14, 1591 Uehsloh

¥ 38 BY ZeAMY 7 S/ E X
£ Tale A 2pA 9 AIZEe ZAEAR b ke
(iteration) ¥l Barrier EI =& 53 571319 3
4 559 AA PES T &
HI == Qs &= o) £
dFA EAY A g PR ewI=y HavaRMI
Z Q1% Zld ¥ks) 2-D diffusionl A= Barrier
Fej 27t o] &3k 2 BAlol A5 AA3E o
L4022 A4 B UEY A5 dF A

i—, mlo

—e— 50steps
—u— 100steps

EEPUJNIPS

O3 14. 512%x5612 2-D diffusion Z2I3e| M5 g4t

—e— 50 steps
—m— 100 steps

ar =

Z2AAM 5

% 15. 1024%x1024 2-D diffusion Zzaye| Mz

4t

00I



364  ZEIDICIOEE =2X F2AH M3=(1999. 9)

E 3. JPASE 0|83t 2-D diffusion EXjel &% &=

.

512x512 A% A 10241024 A% 92
A A2 ZH 165 = A 2EAIZH 675 =
508 [MEY ewsl= 85 = 508 MEY ows= 205 %
Z 2PN 250 & E Az 880 =
2 PEs - 2 PEs
Al AA ZE 330 & A XA ZF 1350 =
1008 [MEY onss 104 = 1008 |MEY oms= 210 %
EF APAT 434 % Z AP 1560 =
Al XA ZE 90 % Al 2FA 7 335 &=
5038 [MEY ews= 60 = 508 |MEY W= 245 %
EF APA D 150 = ZF APAT 580 =
4 PEs - 4 PEs -
AAEAIZE 180 = A AFA ZE 670 =
1008 [HMEY ews= 90 = 1008 |MEY oHa= 430 =
F APA7E 270 = F AP 1100 &
AREAZE 475 % AArAIZE 175 =
508 [MEY ews= 545 % 508 MEY ewms= 205 =
% 2P 7 102 = 2 A7 30 %
8 PEs - 8 PEs -
A A ZE 95 % A2 A) 7F 350 %
1008 =g ewss 8 = 1008] MEY oMs= 330 %
%= APAZH 180 = Z APAZH 680 =
R TR TR o |08 |3 a@NTi s
T A T A N
- 1008] |% QAT : 6505 & 1008) |% APAIZE: 2507 &

2 9%E¢ o & # Atk £ 4¥o] 10 Mbps
oyl B} o] F HE AT W) B} u &
S HEY M AL 27 FAHEC] 2
A3te JPASY AFol A o F& Folge AE
71hgd + Ao

5.8 B

E AZqMe B4t 874004 wld dojHE o
2] S2E Ao Bt A3k, o]& DSM ¢
Huolxag A48 £ UEE Addts A2H<
JPASS AT FE3AT JPASE A&
A z2afge AMREE Java FUY2ET A3
FAS AZ3e 27019 Java T2 1H(BodyCreator
9} BarrierManager)2 2 FAE Java 712 FH)
2A 2714 AddH Y Hepd Al2"E e

rr

32 F=tt

JPASE Java RMIE o] &3t RE F vlolH
E B3 A4 99 Java €73 AAZ AU F
zt 3AENqA dolert Bagd e AS W=
£ 53 24 "ol"HX ¥ AHE3IEE ot JPASE

533 A5 fdE FF ol BYez AL
gt} 3 JDKQ ARG HY Java 71 =4l Bl
o] type argument 715 & A& 3= FAo gy 7Hd

ANEE 0] &3 Java Fe 21} Java AEH oL
5 A7 A% BE dolE B S v d] da
2 AEE 5 3k

JPASE dHlolH 8 A9 F< sl A 7]
o ¥ BA 715E AT Mo AH o=
A7 RELA A HFAH 75S AES A
AE P2 Fr18E BUad FA Q=g =
A 4 ok A wid delEE ZE HE =2
AL JPAS HANAE ALt AT T, Az



O

QIAHOIM SHAE NN EAMIROZE UEHOIAZ BiE CIOES SRE XASE Java WIS &HQ 78 365

o4 ZeiaE] golA AWsl & B3, JPASY 4%
& mng g4gA9el FYAUAL

2o gd

[11 A. Ferrari, “jPVM -The Java Parallel Virtual
Machine,” http://www.cs.virginia.edu/.

[2] V. Ivannikov, S. Gaissaryan, M. Donrachev,
V. Etch and N. Shtaltovnaya, “DP]J:Java class
library for development of data-parallel
programs,” http://www .isprus.ru/~dpj.

[3] “JavaPVM,” http://www.isye.gatech.edu/chmsr/
JavaPVM.

[4] P. Ly, “Aurora:Scoped Behavior for Per—
Context Optimized Distributed Data Sharing,”
In International Parallel Processing Sympo-
stum, pp. 467-473, 1997.

[5] P. Lu, “Implementing Optimized Distributed
Data Sharing Using Scoped Behaviour and a
Class Library,” In 3rd Conference on Object-
Oriented Technologies and Systems, USENIX,
pp. 145-158, June 1997.

{61 J. Maassen, R. van Nieuwpoort, R. Veldema,
H. E. Bal, and A. Plaat: “An Efficient Imple-
mentation of Java’s Remote Method Invocation,”
ACM SIGPLAN Symposium on Principles and
Practice of Parallel Programming (PPoPP’99),
May 1999, Atlanta, GA.

[7] Andrew C.Myers
“Parameterized Types for Java,” Proceeding
of the 24th ACM symposium on Principles of
Programming Languages, Paris, France, Jan-
uary 1997.

[8] M. Philippsen and M. Zenger, “JavaParty -
Transparent Remote Objects in Java,” In
ACM PPoPP Workshop on Java for Science
and Engineering computation, June 1997,

and Barbara Liskov,

{91 Martin Odersky and Philip Wadler, “Pizza into
Java: Translating theory into practice,” Pro-
ceeding of the 24th ACM symposium on Prin-
ciples of Programming Languages, Paris,
France, January 1997.

[10] A. Yu, and W. Cox, “Java/DSM : A Platform
for Heterogeneous Computing,” In ACM PPoPP
Workshop on Java for Science and Engi-
neering Computation, June 1997.

[11] #X43 HAG, 29 3%, “Java B E 223
37 (Java-based Parallel Programming Envi-
ronment),” =3 B 7} 5t 3] Bl F A 2] A| 2~ 8
£0H 3] =53, 99, 15, pp. 141-149, 1998.

o o 3

19973 ol3lAxEn ZFE e
F &AL

19993 o)zleiziofstn A FEISt
7 AL

19993 ~ A KIST EdlelE=2
AAE AEATF Y.

BARoL: WHEAe LFAA, A

FH UEY=

T

19813 olzt Al ey st 58t} &
A}

1983\ d A& ehstm A4bs A g
AA}

1993\d A} ELjo} FPThstm (A
elulutel) ZFE & v
A},

1993 ~1994'd A=) £ Yo} FP o)t (Atetuinte}) 3
FEI g1} 7A), Postdoc.

19953 ~d A ol gda FHFEEH 2

BA R A2 Fehg APt HEAH, AdedH ¢

716k AFE.



