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Transform Nested Loops into MultiThread in Java Programming

Language for Parallel Processing
Deuk-Young Hwang' - Young-Keun Choit'

ABSTRACT

It is necessary to find out the parallelisr in the sequential Java program to execute it on the parallel machine. The
loop is a fundamental source to exploit parallelism as it process a farge portion of total execution time in sequentiaf
Java program on the parallel machine However, a complete parallel execution can hardly be achieved due to data
dependence. This paper proposes the method of expioiting the implicit parallelism by structuring a dependence graph
through the analysis of data dependence in the existing Java programming language having a nested loop structure. The
parallel eode gencration method through the restructuring compiler and also the translation method of Java source
program info multithread statement, which is supported hy the Java programming fanguage itself, are proposed here.
The performance evaluation of the program translated into the thread statement i conducted using the trip count of
loop and the thread count s parameters. The restructuring compiler provides efficient way of exploiting parallelism by
reducing manual overhead converting sequential Java program into parallel code. The execution time for the Java

program as a result can be reduced on the parallel machine,
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procedure Boundinitialllow, upper, lowhigh)
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for every loopNode & {LOOP} begin
lowhigh(i]{j] = loopNode.lower
lowhigh(i+11{;) = loopNode. upper
J+=2

end

end /* end of Boundinitial class */

Input @ lower-upper. Processor Number.
Loop Number
Output © Partition of lewer-upper bound

procedure BoundPartition(lowhigh, ProcessorN.
forCount, 1bub)

/* H'l:',; }% ﬁ t/'
for every i = dl.foxCount*iE] step 2 begin

temp(i] = lowhigh{0Jfi}
blocksizeli) = (integer)ceil((lowhigh[1;[i] -
lowhigh(0](i)} / ProcessorNy
end
/RGN o) wed R #30) oljfe)i s alsio]
22h¢l o} god
for every i = [0, forCount*2) step 2 begin
for every j = (0. ProcessorN] step 1 begin
lowhigh{0)(i}] = templi]
bub(1) = lowhigh(01{i)
Ibubf}i+1) = min(Ibub(jIli) + blocksizeli].
lowhigh{11{iD)
tempiil = lbub[j}i+1]
end
end
end /* end of BoundPartition class */
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public static void main(String args()) |
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Al s for (int i=0. j { No j++) {
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input | Syachronization Variable 7
Output © Lock or Unlock

procedure class Synciow. high}
lock = new booleanlhigh + low)
/* 1. Send Synchronous Method */
z,ynchromzed send{i) hegin
lock(i] = TRUE
notifyAlLO
end
/* 2. Wait Synchronous Method */
‘syn(bwriued walt{]) hegin
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i while (HoeckUD
j wait{)
i end

lend
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procedure class Barvier{looplnforl] loapThread.
ProcessorN)
begin
for every 1 = [1..ProcessorN] begin
if (loopThread(i] v+ NULL)
loopThread(i) join{)
end
end /*

end of Barrier class */
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class Main {

static NestLoopl(] t
public static void main{String args{)) {
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{Algorithm 4) Main Program Class
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Output * Matn program <ode generation

procedure class MainGonerated)
generate(ProcesyarN, torCount = calcLoHi()y /™
eeneratellowhigh = new (2)(foxCount * 21

S o FY T 48 QY 7
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goneratelSync(] P = new Synclsyne_noll /* B7is 3 alme) €t ¢/
generatelfor 1=(C.syne nol step 1

generatelPli] = new sync(lowidin, heghMax))
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seneralellioop= 857 slartt inopInterchange(forfil. forl1
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£511: WE loopNoded) tidte] 23 for %39 7 fm. e ml @ £ for{l E)lbtaﬂte). 0 ) begin
insertSourceCodelsend(subScripted(1})
A - > Aa = 1 a2 FRobEl [} f 1 : PP
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. return sendWaitCount
RIS B ) ) 4 J)plE =y
nis g g9 il wiEl #£45 AE AN end
T4 | g
. oo - - L L a0 g = ALEL Ztapd o
Aedo) gy el uiepo] Edfeka Wl S geldr © 1832 e
_ _ el B Spk o] FEaAkal =oAL S (okgi]as
- = =] 1.y s B e B o= Aat= EEl | BE - e
sl FAsA Gl FE age s, o | e s dedin Ay (Gl

d A AR T nEhy

k ] lang. Threadel S9 2o #Hels)o] gie dix
RK< JOINS st #Ed8 S4a7)asp 34 Sl o oo = 2oalal 22ai A
" - aLer T ) A ad ool T Aol abstract ZInE wo] A4S Hg-
LAl sk ek el Bs el A% A pintors gAEY 3H B3 Fraa Rx gy
A AR s dehE oy kel dishel w8 3 aleizbnl AMEZE Ev)sh wge] AUS AAEich
% send. waite} wfo R FEel adlghE dekgh $718 85E
DOACROSS &eig] = looplnfor W2T8 YAe olxjglog Zefx




T TR A ot

i)
1 —
LRI P - o S e SR R R g

(g2l 6) £ 5z F2of 48 e
{Algorithm 6) Abstract Class of Nested Loop Structure

|nput © Argument list
IOatput - member data allocation

1

J

jprocedure class genlooplnfor(argument list ..

| generatelabstract + clags + looplnfor + exter
‘, + Thread)

| zenerate(declaration(argument list ...

‘ generate(public + loopInfor +

\ (declavation{argument_list .. ).

] senerate(this. + subtract{argument list, TYPE
i = subtract{argument list. TYPE))
’end /¥ end genloopinfor class ™/

(ke poll os (a9 6)el Avp o T2 oY
of W3k FTH FE ‘re s Yo A
(BRI e

-

abstract class loopInfor extends Thread |
JUrun() AlAECA AR FH FEE
shetgial Abetgr, EF7is was 49 Y/
public loopInfor(int low, int high. Sync P}
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{Algorithm 7) Loop Replacement Class

procedure class genLoop{lhMrg, LoopMrg, P, 1)

generate(public + void + run()
for every loopNode & {LOOP} begin
generate(for i = hMrgli)(0]
depth

k=1
end

end
end /* end genlLoop class */

Input ' merge value of lower-upper bound, define-use set of loop. synchronization variable
Output @ construction of concurrent execution part

generate{class + className(loop+1) + extends + looplnfor)
generatefdectaration{LocpMrg)) /% 1hMregel AMEEAL Holg w4 Aol */

generate(public + classNameflloop+1) + declaration(lhMrg. declaration{LoopMrg). Synci] P}
generate{this.deelarationtLoopMrg) < declaration{LoopMrg))

i ¢ IhMreli)(1]: i+ +) begin

3 generate {for subScripted{(k}="for(k).lower: for(k) upper}

source =getSourceCode{loopNode)
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int. N, doublel] a, doublel] b, Sync{3 P) {
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HiolElek T */
}
public void tun(}) {
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