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Prototype of a debugging support tool using reproduction of the
execution by extended Petri-net for Java multi-thread programs

SHOICHIRO KITANOY® TETSURO KATAYAMAZ!-P)

Abstract: In multi-threaded programs, it is difficult to reproduce the situation when existing bugs are
discovered because execution of the multi-threaded programs is usually non-deterministic. Therefore, it is
difficult to obtain the information for understanding the behavior of the program when bugs are discovered.
And, to identify the cause of bags becomes difficult. This paper proposes a supporting method for debug-
ging to reproduce Java multi-threaded programs by visualizing the behavior of the programs with Petri-net.
Conventional Petri-net cannot enough express the complicated behavior of the multi-threaded programs.
Therefore, we extend Petri-net. We have confirmed the effectiveness of our method by implementing a pro-
totype of a debugging supporting tool based on our method. In experiment for confirmation, to use our tool
could identify the cause of the bug in about 33.6% of the time it takes without our tool. This result shows
that our method and tool can improve efficiency in debugging for the multi-threaded programs.
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Table 1 A rule for conversion from source code to Petri-net.
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public void run(){
statementR1;
synchronized(lock){
statementR2;
lock.wait();
statementR3; }
statementR4; } }

void method(){
statementM1;

statementM2;

statementM4; }

class MyThread extends Thread{

new MyThread().start();

while(ex){ statementM3; }

(@) start_run
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‘ in_sync

start_method
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new MyThread().start();

synchronized
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. lock.wait();
. relock
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ex is true

exis true

statementM3;

1
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exis false| |
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ex is false . statementR3;

M1 Y—23— Rkl ==

‘ statementM4;

. statementR4;

Fig. 1 An example of source code.
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Fig. 2 Petri-net converted from source code of Fig.1.
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Fig. 3 The expression of roles of tokens.
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Fig. 6 An overview of our tool.

T, TAMPETTERWREZVWTWS., 22T, 28
WO KL, BATANOBE T 0 I L EREFLUE
LA LMK U TIIEFIZEW. 232 O
MEBETHERTLEVWTANME, 7075 A0RSHD
METUEPET L B>TWVWEIEDEHML, ZA4LT
T MNTBRRME LT 2RERE L. TR MBEERE
THRT UREGAEE, STRIZEEL TWZA Ly NOIREE
EHEBUZALY ROEEH AL, £ALV Y N7 57240
WY, TANETRICBONSERET —KX2 LTI 7
A IVIZRFT 5.

3.2 Java 7O S LDY—XD—KBSRNMNY Ry kA
D BENE i RE

AKY—=)ViE, Java 7O 5DV —Aa2— K& AN

U, 22 fiCRULZEBBANC K >T, V—AI—FN%ER

M) 2y MZHBZHT S, ZHLTTEZRMN) XY B

WY — VO EIZRRT 5.

3.3 RMNYRYy RERWEYIalL—Y 3 ViEE
HEIT A MERECHEONEZT 710, BARLERMY
2y bV, FANEORNEY I 2V —YarT 5.

34 Y—=ILEDRKNYY XY NORBEFE

ARY =Tk, RMY 2y M EOERERPILTEL
Oz, —MOHERIZH U TREFEOEHZ{T 72, BIR
BIZIE, &h—2 IZEDIR->7ZIDIEN—2 v DBTH
HU7z, EAV Yy RPay 73510 AR ADERIT
Pa—lZfKRrT5. ZOa—IF, ¥Ial—va ik
RZETDALY Foray I\ RE2RRT 3.
BEDONI VI ave7—0%RTRRATHDIIHL
T, By DR EMRRERITH NI VIV ave T —
7%, vy 7 OEEOGEEIRE Oy 7 OMRDEGE LR
TENETNRKRT B, /2, BEO TV —A %2R THRRT
5DIZx LT, synchronized ® 7L — A HKRTHRRT 5.

3.5 @EAMIERWZY—ILDEE
TG F T, AY— I IVOEMRK ALY, V—

2014 Information Processing Society of Japan

Vol.2014-SE-185 No.23
2014/7/11

public class NumberPrinter {
private Object lock = new Object();
private boolean isNotPrintedOne = true, isNotPrintedTwo = true;

private class OnePrinter extends Thread {
public void run() {
synchronized (lock) {
System.out.printin(1);
lock.notifyAll(); }
IsNotPrintedOne = false; } }
private class TwoPrinter extends Thread {
public void run() {
try { synchronized (lock) {
while (isNotPrintedOne) lock.wait();
System.out.printin(2);
lock.notifyAll(); }
isNotPrintedTwo = false;
} catch (InterruptedException e) { }}}

private class ThreePrinter extends Thread {
public void run() {
try { synchronized (lock) {
while (isNotPrintedOne | | isNotPrintedTwo) lock.wait();
System.out.printin(3); }
} catch (InterruptedExceptione) { } } }

public NumberPrinter() {
new OnePrinter().start();
new TwoPrinter().start();
new ThreePrinter().start(); }

public static void main(String[] args) {
new NumberPrinter(); } }

7 WHTAINTEEALREY —AT—FOH
Fig. 7 An example source code

including a bug to apply to our tool.
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Fig. 9 A Petri-net generated by our tool.
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Fig. 10 A view which has displayed locked instances.
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Fig. 11 A cause of a bug.
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Table 2 A result of experiment without our tool.
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Table 3 A result of experiment using our tool.
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