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Implementation of Software DSM in Java
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and SATOSHI MATSUOKA 1114

Rapid commoditization of advanced hardware and progress of networking technology is now
making wide area high-performance computing a.k.a. the ‘Grid’ Computing a reality. Since a
Grid will consist of vastly heterogeneous sets of compute nodes, especially commodity clusters,
some have articulated the use of Java as a suitable technology to satisfy portability across dif-
ferent machines. Since Java’s natural model of parallelism is shared memory multithreading,
one will have to support distributed shared memory (DSM) in a portable manner; however,
none of the previous work on implementing Java on DSM has been portable solution. Instead,
we propose a software architecture whose goal is to achieve portability of DSM implementa-
tions across different commodity clustering platforms, and implemented a prototype system
JDSM. Benchmark results show that the current implementation on Java incurs increased
memory coherency maintenance cost compared to C-based DSMs, thus limiting scalability to

1959

some degree, and we are currently working on a solution to alleviate this cost.

1. 0000

goobooobobooboooooboboboooooo
000000000000 Grid ComputingO0 OO0
00 Wide Aree HPCOOOOOODOOOOOOOODO
0000000000000 0000 Grid Computing
gooobooooboooooobooboboooboboooo
gooooooooooooooboooboboooDooboo
goooooooooooobooooooboooDbbo

{1 000000 DO00D0O0O0O0OD0 Do0oO0oDoOoDOo
Tokyo Institute of Technology
t2 000000000
Electrotechnical Laboratory
{3 000000000000
JSPS research fellow
t4 000000000
Japan Science and Technology Corporation

0000000000000000000000000
000000000000 000000000000
000000000000000000JITO0000
0000000000000000000000000
0000 JavaOOOO0OO0O000000000000
0000 JavaO0OO0O0O000 JVMJavaO O OO
0)0000000000000000000000
00 PCOO0O0O0O0000000000000000C0
000000000000000000000000
000JVMOOODODOOOOOO00O0000000
00 (DSM)0O0O0O0000000000000000
0oY? oooo0000000000000oOn
00 JVMOOOO0OOO0O00D0O0000000000
0000000000000 00000000000
JvMOoOOoOoooooJITOO00000000000
0o0000000000000000000000O0



2 goooooooooooooooo 1959

goooobooooOoO0oO0O0b0O0O0oO0O000o
gooo0oooboooooooobOoooooboo
OO0 Java0O0O0OOO0O0O0OCOOO PureJavaOO OO
oooooooOoO0oO0oO0O0O000O0o0O0ooboooo
ooooooooOoOoOoOoOoOoOoOoOoOoOoobooobobo
ocooooooOoOoOoOoOoOoOoOoOoOoOoOoOoobobooobo
ocooooooOoOoOoOoOoOoOoOoOoOoOoOoOoobobooobo
ocooooooOoOoOoOoOoOoOoOoOoOoOoOoOoobobooobo
ooooooooboOooOoooooOooboOobObboOoon
00o0ooo0oOooOobD 320000 PCO0OO0OOO
000000000 SocketD VIAO PMOOOOODO
ooooooo0o0O0O00O0000000ooboooo
O0Java0O00O0O0OO0OO0OO0OOOOOODSMOOO
O0o0o0oo0ooooooOooo coooouooooo
ODSMOOOOO0O0OO0OO0OO0O0OO0O0OO00OO0O0O0O0O0O0O0
ocoooooooOoOoOoOoOoOoOoOoOoOoOooboobooo
ooooooooOoOooOoOoOoOoooOoooooooo

2. JDSMOOQOO

2.1 JavaOOOOOOOO0OODSMOOO
Java0 00 D0OO0OOO0OOO0ODSMOOO JavaO OO
00ooo®Y 0000000 C00000noon
00 DSMOOOOOOOOOOO0O0OOOOO0000
0000000000000000000000000
Java0 00000000000 O00000O0OOO
2.1.1 00000
DSMOOOOO0OOOO0O0O00O00O0O000O00
0000000000000000000000
000000000000 00 Page-Based Object-
Base 000 O0O000DO Page-BaseO O OO OOOO
DSMOOOODOOO0O0O JavaDOOOO0OO JVM
000000000000000000000000
00 Java000O0O0000D0D0O0JVMOOOOOO
JVMOOOO0OOOJavad 000000000000
000000000 Page-Base 00000000 JVM
0000000000000000000000000
0(GC)000000000000000000000
000000 Object-Base 100000000000
00000 Javad00O0000O0000000O000
000000000000 Java000O0000000
00000000000 JavadO0OOD0O0O00000O
0000000000 JVMOOO0OOO0GCOOOO0
0000000000000000000000000
JVMOOO0OOOO000 Object-Base 0000000
000000000000000000000000
0000000000000 JavaOOOO DSMOO

goobo0oobooobooooboooboooooo
goobo0oobooobooooboooboooooo
goobo0oobooobooooboooboooooo
goood ([ID CO0000000O000000 Lazy
Release Consistency O 0 0O O Invalidate, Update O
00000D0)00000000D0OO0OO0ODOO
godboooOooooobOoboboouoooooodg
godboooOooooobOoboboouobooooodg
goodbobooooooooooda

2.1.2 OO00OO0OO0OO0OOO0O

ooooooooooOoJaval00OO0OO0OOCOOOO
gooboooooobooooboooboooooo
0000000000000 o0ooooDbSMOOO
gooboooooobooooboooboooooo
godbooooooooobOoboboooogoooodg
godbooooooooobOoboboooogoooodg
godbooooooooobOoboboouoogoooodg
godbooooooooobOoboboooogoooodg
godbooooooooobOoboboouoogoooodg
gooboooooobooooboooboooooo
ooooooooooooooJvMOOooooooo
goobooooooboooobooobooooog
0 (eg. <JVM?)0D0OD0OODO0O00000D00D00O

gooooooobooboboooboooboooboo
Oo0oooooSPMDOOOOOOOOOO DSMO
0oooooooooo SPMDOOOOoOoOoOOOO
godboooOooooobOoboboouoooooodg
SPMDUOOUOOO0OOOOOOOOOOOOOOOOO
godboooooooobOoboboooooooodg
gooboooooobooooboooboooooo
00o00o0oo0ooooooooooooooon Java
00 OpenMP(e.g. JOMP?) 0O OD00O000D00O
goobooooooboooobooobboooooo
goobooooooooooooboog

00000000 (boo00o0)0D0ooboooooo
0000000000 Master-ProxyOOQO QOO QOO
goodooooobooooobobobboooooodg
00000000000 Master-ProxyOO QOO QO QOO
0000000000000 O0oooouUooo Proxy
gooboooooobooooboooboooooo
gooboooooobooooboooboooooo
gooboooooobooooboooboooooo
gooboooooobooooboooboooooo
gooboooooobooooboooboooooo
000000000000 ProxyOOOOQooooQg
godboooooooobOoboboooooooodg



Vol. 0 No. SIG 0(PRO 10)

gooboooooobooooboooooooooo
gooboooooobooooboooooooooo
goobooooooboooobooooboooooo
goobooooooboooobooooboooooo
goooooo
goooooooooooooooJvMOoOoooo
godboooooooobOoboboOobooboooodg
doo0oooooooooOooOOoOOJvMOOOOO
Hash 00 0O0000OOCOOOOOOOOJVMOOO
OHashOOODODOOOOOOOOOOODODOOOOO
gooboooooobooooboooooooooo
gooboooooobooooboooooooooo
O0O0OoSPMDOOOOOOOOOOOOOOOOO
goobooooooboooobooooboooooo
gooboooooobooobobooobobboooooodg
godboooooooobOoboboobooboooodg
000000 (0D0D0D000O0O0O0O00bO0O0oOoooO
0000000000 00000Ooooooon)o
2.1.3 000000
oo0ooDbbooooboboooooooooo
DDDDDDDDDDDDDDD(DD)DDDDDD
goooobooooooboooooooood
Primitive 0000000000 OCO0OOOOCOOOO
e JUUIUIDUDODDOUODOUODDODDOUODLO
godb0o0ooO0obOOobouoboobobooooo
0000000000000 D0O0O0O0O00DD (o
godbobooO0obOOobOouooobobooooo
00)00000O000O00o0D0OOooDoooooo
goodbo0o0ooooobOobooooo
° DDDDDDDDDDDDDDDD(DD)DDDD
goooooboooboooooooooobooo
0000 SerializableDO OO OODODOOOOOO
goooo0oooooboooboooboooo
e J00O0OODODODO False-SharingOD 0000
goooopooOobobODbDbObOoooooooboo
gooooooOoOoODODODOOOO0OOOoDbODbDbOO
godboooobooooobobobooooo
e Primitive 000000000 wrapper 0000
00000o0oooooooo00 PrimitiveOO OO
goooooboooobooobooo
2.2 0JOO0OODOODOO
goo0o0ob0oo0ooooobooobooogooo
oooooooOoooooooDbSMOOOOOOOO
od
ooooooo JavaOOOOOOOOODOOOOO
0000000000000 0000D00O (Strict

JavaOUOOODODODODODOOOOOOO 3

Consistency O Lazy Release Consistency 0 0)
gooooooooooobooooobooo
Write-Invalidate 0 0 00O 00 O 0O O O Release
Consistency 00000000
gooooooooo SPMDOOOOO JavaOOO
godbo0ooOobOOobooboobooboooooo
00000000 read/write 0000000 OO
godb0oooOobOOoboobooboobooooo
godboooOobooboooobobooooo
goooobobo0oboooobooooooobooo
0000oo0oooooooon writeO O OO
goooooo
goobo0 0Obboooboooobooboooobodg
goooooboobooooooooobooo
jdodoooogogboboobbooogogoo
goooopooOoboObODbDboooooooooboo
doooooooooooo Jawab0OOoOOoOooOO
gdodooooboooooooooobooooo
O (equals 00)0000000OO0OOOOOOO
goooooboooboooobooooooobooo
gooooobooboooooooooobooo
00 Primitive 000000000000 OOOO
goodboooooooooooboond wrapd O
goooooog
2.3 JDSMOOOOOO
oJo00oo0ooooooooooooog JavaOO
DSMOOOO —JDSMOOOOOOOOOOORO
JDSMOOOOOOJDSM O0OOOO (jdsm.dsmO O
000)00000000000 (jdsm.commO 000
D)DZDDDDDDDDDDDDDDDDDDDD
ooJbDSMOOOO0OO000O0O0OO0OO0OO0 APIODOOOO
gooboooooobooooboooboooooo
oooooooJbSMOOOOOOoOoOoOoOooooo
0000000000o0ooooooooog APIOO
godboooooooobOoboboouoogooodg
0000000 APIOOO0OOOOO0OO0OOOO DSMO
godboooOooooobOoboboooogooodg
gooboobooooooogo
2.3.1 0J0O0OO0OODOOOO
gooooooboobobooobooboooboo

Y JDSMODOOOO00000DSMOOOOO0O0000000
0 Java O Memory consistency 0000000000000
00000000 JavaO Memory consistency D 00000
000000000000 Maryland 000 Bill Pugh000O
000000 release consistencyDDDDDDDDDD6)D
0000000000000 D



4 goooooooooooooooo 1959

00000000
(JDSMOOODOD)

uoooooogoao
oooo0oooooogoo
| VIA [ TCP/IP | PM |

01 0000000000000

gooo oooo
initialize poooooooooo
finalize poooooooo
getMyNode poooooooooo
getNumNode gooooooobooooooogon
send 0ooooooooo (0ooooon)
asend 0oo0o0o0oo0ooo(0oooooooo)
sendDone asend 000000000
recv gooooooooo
probeRecv gooooooooo

01 00000000 cCemmO0O0000O0O0OOOO

oo0oo0ooooooOoooOoooooo10000
ocooooooOoOoOoOoOoOoO0OOoOoOoOoOoOooboboobo
00 JavaDOO0O0ODO Socket 000000000 OODO
0000000000000D0000 (VIAD PM) O
oooooooOoO0o0o0O0OO000O0o00oooboooo
00000o0o0oUooOoO0Oo APIoDOOODOOOO
goooooooO0oO0o0O0O0o0o0oO0oooooboooo
0000000o0o0ooUooUOo APIoDOOOOO
ocoooooooOoOoOooOoOoOoOoOoOoooobooboboo
0000000000 Java00D0O0O0O00OO0OO0OOO
oooooooo

0000000000 APIDOOODOO jdsm.comm
oooooboooo commdO0O0O00000O0OCOCOO
0000 CommOOIO0O0OO APIODOCOUOODOOO1
ogoooobooOoO0oO0O0OO0oO0000O0O0ooooboooo
gooooooobobocommO0OO0O0O0OO0O0OOOOO

2.3.2 DSMOOOOO

JDSMOOODOGOODODODOoDOoDoDooooooo
ooooooooooooooooboooOoobooo
SharedObjectPool DO O OOOOOOOOOOOO
oooooooOoOoOoOoOoOoOoOoOoOoOoOooobooobooo
ocooooooO0oOoOoOoOoOoO0OOoOoOoOoOoOooboobobooo
O00000000000000 SharedObjectPool
oooz200000000000000000000O
oooooOoOo0O0O00O00000000O0boooo
O00000oo0ooO0o0o0ooooooOoooooo API
oooooooooooooo

23.3 00000000

o0ooo0oooooooooooooo SPMDOO
ocooooooOoOoOoOoOoOoOOoOoOoOoOoOooboboobooo

oooo oooo

initialize ooooooooooo

finalize poooooooo

setComm goooo0o0o0oOoOoDooOobooo

register ooooooooooooo

acquire O00oo0o0o0O0o0O0O0OO0ODOO0OO0ODOOOODD
release goooooooooooobooooooo
update O0ooooO0oOooOoOoOooDooOOoOoonoOo

000 acquire
updateAsync 000 update

acquireAsync

0 2 SharedObjectPool 0D OOOODDOODOODOODOODOON
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public void initialize();
public void start();
public void finalize();
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}
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Socket Java Socket
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PM JPM
000 (byte) 00000 (usec) 0ooo (MB/s) 00000 (usec) 0ooo (MB/s)

1 6.82 0.147 10.4 0.096

4 6.86 0.586 10.1 0.396
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