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A Proposal of Java Distributed Collection Library with Multiple
Execution Mode for Distributed Memory Environments

Tomio0 KAMADA,* MASAHARU MORIMOTOft
and DAISUKE FUTATSUMORIt

On distributed computing environments, parallel programs for regular or divide & conquer
type computation show high performance. However, for parallel programs that treat shared
and linked data structures, much effort is required to attain efficient access to shared data.
This paper proposes a computing environment to share linked data structures with multiple
processing elements (PEs), using library for distributed data collections such as Set, Hash,
and Trees. This system allows data structures that consist of elements allocated at different
PEs, and offers object caching facilities where proxy objects are allocated on all the PEs to
cache the object status. At each class definition, the programmer can specify whether each
field should be cached for each calculation phase of the program, to manage the range of data
fields that each PE covers. To cope with the situation where PE irregularly wants to access
data fields that are not covered with, the proxy object prepares remote method invocation
mechanism which delegates calling request to the owner PE of the object. To evaluate the
availability of our proposed system, we transport some sequential programs to distributed
environments using our prototype system, and measures the performance of the program

execution.
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Fig.1 Data structure image.
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enum MyPhase implements Phase {
Init, Others, Calc,

class Moldyn extends DistBase<MyPhase> {
// Partilce 00 O0O0DO0OOO
DistArray<Particle, DistArrayManager> one;

class Particle implements Seasonal<MyPhase> {
@Dist ({@PConf (‘ ‘Init, Others’’, ‘‘HomeOnly’’),
@PConf (‘‘Calc’’, ‘‘Cache’’)}
double xcoord, ycoord, zcoord;

@ist(/x OO */)
double xvelocity, yvelocity, zvelocity;

@Dist ({@PConf (‘‘Init, Others’’, ‘‘HomeOnly’’),
QPConf (‘‘Calc’’, ‘‘Reduce(Sum)’’)}
double xforce, yforce, zforce;

}
0 2 000000O0MoldynOd
Fig.2 Phase description (sample: Moldyn).
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class Moldyn extends DistBase<MyPhase> {
public void run() {
.../* Init x/
for(...) {
become (MyPhase.0Othres) ;

become (MyPhase.Calc) ;
calc(); // O0OOO

}

@Dist ({@PConf (‘ ‘Calc’’, ¢‘ParallelExec’’), ...})
void calc() {
int id = hostID();
int processors = hostNum();
for(int i = id; i < size; i+= processors)
for(int j = 0; j < size; j++)
force(oneli],onel[jl);

03 00000000 MoldynO
Fig.3 Program description (sample: Moldyn).
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class LocalObject implements Seasonal<Phase> {
// counter O 0Phasel U DODOOODODODOO
@Dist ({@PConf (‘ ‘Phasel’’, ‘‘HomeOnly’’)})
int counter;
@Dist ({@PConf (‘ ‘Phasel’’, ‘‘HomeExec’’)})
int bar() { return counter; }
}

class DistNodeO extends DistNode<Phase> {
@Dist ({@PConf (‘ ‘Phasel’’,’’CacheExecWithRetry’’)})
int foo() {
if (L) {

} else {
this.localObject.bar();

}
}
}

04 O0O0O0ODOOOOOODOOOOODO
Fig.4 Usage of CacheExecWithRetry method (sample case).
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class DArrayManager implements Seasonal<Phase> {}

class Moldyn extends DistBase<Phase> {
@Dist ({@PConf (‘ ‘Init’’,’’Homelnly’’),
QPConf (‘ ‘Others, Calc’’,’’Cache’’)})
DistArray<Particle, DArrayManager> one;

init() {
one = new DistArray<Particle, DArrayMnaager>(size);

0 5 DistArray 0000 (Moldyn)
Fig.5 DistArray (sample: Moldyn).
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public enum RayTracerPhase{

Init, App, Valid

}

class RayTracer extends DistributedBase<RayTracerPhase>{

@Dist ({@PConf (*’Init, Valid’’, ’’HomeOnly’’),
QPConf (’’App’’,’’Cache’’) })
Scene scene;

@Dist({@PConf (’’Init, Valid’’, ’’HomeOnly’’),
QPConf (’’App’’,’ ’Reduce(Sum) ’’) })
long checksum;

@Dist({@PConf (’’Init, Valid’’, ’’HomeOnly’’),
QPConf (’’App’’,’ ’Reduce (Sum) ’’) })
int[ ] row;

@Dist ({@PConf (*’Init, Valid’’, ’’NoExce’’),
QPConf (’’App’’,’ *ParalellExec’’)})
void JGFapplication( ){ /* DOOO */ }

void JGFrun(int size){
JGFsetsize(size);
JGFinitialise();
become (RayTracerPhase.App) ;
JGFapplication();
become (RayTracerPhase.Valid) ;
JGFvalidate();

0 6 RayTracer 0000000
Fig.6 Sample code of RayTracer.

000000000 HomeOnly D000 DApp OO0
00 PEODODOOODOOODOOODOOOOOOO0

Cache HOODOOOODOOODOO

O00Ochecksum OO0 OO0 OO0OApp O0O0O0O PE
oooO0o0o0oooooooooooooODo0o0o00g
0000 PEOCOOOODOOOODOOReduce(Sum)
OoooO0O0ODOOO000000CCrowDOOOOO

RayTracer 100000000000 OO0O0OOOO

OooOOO0OO0OApp 000000 PEOOOOOOOO
oooooboooooocoboboobooobooboooo

Reduce (Sum) DO O OO0DOOOODO

BHO BHOOOOODOOConst, CofM, Calc [
O00000OOCoenst D000 0OONodeD OO OODO
Oooooo8ooooooooooooooDoOo

OpParticle0 0 10000000D00000O00O00O0OO
CofMO Node OO DODODOOOOO0OOOOOOOO

00 Calc0ODODOODO Particle 00 OODOO Node
gg8bouooooooooooooboobobooDbo
OO00o0ob0OO000oOoobooObOO0l Particled
goooooooOooOooooobooobobboooo
gooooOoooboooocoboooMPICODO
oooooooooooogoo
gooboooboooboboooogo rosd
goobogo20006400000000O000O0OODOO
3000000 pPEODOOOOODODODOOOO
J0O000O0Ocemst OO0 OOOOODODODOO



Vol. 46 No. SIG 1(PRO 24)

// 0000000 s0OOOODODO
class TreeNode8<Phase> implements DistNode<Phase> {
public long distNodeID();
public Tree(); // Root Node Only
public Tree(Tree parent, index i);
int depth();
TreeNode getChild(int i);
TreeNode getParent();

// 00000000000
enum MyPhase implements Phase { Const, CofM, Calc }

class MyNode extends TreeNode<MyPhase> {

@DTree (@HomeDist (¢ ‘DistMethod1(2,Block)’?),
{@PConf (‘ ‘Const, CofM’’, ‘‘Home’’),
@PConf (¢ ‘Calc’’, ‘‘Cache(5)’’)})
MyNode (MyNode parent, int i, ..) { super(parent, i); .. }

@Dist ({@PConf (¢ ‘Const’’, ‘‘HomeOnly’’),
QPConf (¢ ‘CofM, Calc’’, ‘AssertOfNoExec’’),
MyNode makeChild(int i, ..) {
return new MyNode(this, i, ..);
}
@Dist ({@PConf (¢ ‘Const, CofM, Calc’’, ¢‘CacheExec’’)})
MyNode getChild(int i) { return (MyNode)super.getChild(i); }

@Dist ({@PConf (¢ ‘Const’’, ‘‘HomeOnly’’),
QPConf (¢ ‘CofM, Calc’’, ‘‘AssertOfNoExec’’)}),
void insert(int val) { ... }

@Dist ({@PConf (¢ ‘Const, CofM’’, ‘‘AssertOfNoExec’’),
@PConf (¢ ‘CofM, Calc’’,
€¢0: CacheExecWithRetry, 3: CacheExec’’)
//00 0-1 00 Retryd3- 00 caller OO

12l
public AccInfo calAcc(Particle target) {
if (o) |
return new AccInfo(....);
} else {

AccInfo sumup = new AccInfo();
for(int i= 0; i< 8; i++) {
MyNode child = getChild(i);
if(child != null ) {
AccInfo result = child.calcAcc(target);
sumup.add(result) ;
}
}

return sumup;

}
}
}

07 BHOOOO
Fig.7 Sample code of BH.
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class Target implements Seasonal<Phase> {
// 00000000
void sendObject(Phase p, ObjectOutputStream out) {
// 00000000000

}
}

class TargetProxy extends Target { // DO0ODOOO
int foo() { // OODODO (override)
phase = DistBase.currentPhase();
switch(phase) {
phasel: return super();
phase2: throw Exception();

}

}

// 000000

void receiveObject(Phase p, ObjectInputStream in) {
// 00000000000

}
}

08 ODOO0OOO

Fig.8 Implementation image of proxy.
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01 MolDynOOOO [sec]
Table 1 Elapsed time (Moldyn) [sec].
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O Calc Others Total
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P 2 - 370 0.5 0.1 371
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O 8 - 101 1.3 0.1 103
16 - 51 2.4 0.1 54

O 1 0.0 635 0.1 0.1 635
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8 3 79 1.6 0.0 84

16 4 40 2.3 0.0 46
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0 2 RayTracer 0000 [sec]
Table 2 Elapsed time (RayTracer) [sec].

PE ooo MPJ

1 32.175 | 30.678
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4 8.511 8.387
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03 BHOOOO [msec]
Table 3 Elapsed time (BH) [msec].

PE Const CofM Cache Calc Total
2073 533 0 | 18433 | 20735
2 991 156 55 | 10538 | 11760
422 97 100 5441 6137
8 205 66 146 2953 3470
16 135 27 275 1981 2497
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09 BHOOOO
Fig.9 BH scalability.
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void methodO(ResultPlace place) {
place.x = ....; place.y = ....;

ResultObj method1() {
X = o3 YT e
return new ResultObj(x, y);

010 0O0O0OOOOOOOOGOODO

Fig.10 Sample code for code rewriting.

class Particle {
static void force(Particle p, Particle q) {
synchronized(p) {
synchroniized(q) { /x 0000 =/; }
}

void forceP(Particle q) {
synchronzied(this) { forceQ(this); }

void forceQ(Particle p) {
synchronzied(this) { /x 0000 */; }
}
}

011 OgO0O00O0OO0O00O0oOoOobooo
Fig.11 Sample code for multiple lock acquirement.
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