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A Parallel Program Debugger Supporting Reverse Execution

MASAO MARUYAMA,tt SHIGEHIRO YAMAMOTO,te
KazuHikKO OHNOt099 and HIROSHI NAKASHIMA ft

Reverse execution is a powerful technique of debugging. Some serious problems arise, how-
ever, in applying it to parallel programs because of its indeterministic nature. Since a parallel
program’s behavior can be different from run to run, entire information for locating the bug
must be checkpointed in single execution. It causes, in most cases, the users to collect much
larger set of information than really needed. It is particularly serious when locating the in-
reproductive bugs. The users have to run the program repeatedly with costly checkpointing
operation until the bug appears. Therefore we propose a debugging model for parallel pro-
grams based on checkpointing/rollbacking combined with replay method to overcome these
weak points. We applied it to a parallel programming language Orgel, and developed a de-
bugger supporting execution rollback for Orgel programs. Our mechanism works at practical
cost in execution, and can provide useful and powerful functions to the parallel debuggers
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which justify some extra cost.

1. 0000

gooboooboooooboDbOoOoboobooo
goooboooooooooobooooooboobo
goboooooodoobooooooboooooooo

t0o0ooooooooo
Kisarazu National College of Technology

++ 00000000000
Faculty of Engineering, Toyohashi University of
Technology

Y 00DO0O00O00000000000000000

Presently with Hitachi Software Engineering

"0 pooooooooo

Presently with Faculty of Engineering, Mie University

109

ooboboooooooobooooooboooooooon
goooobooooooooobooooooobooo
goooboobobooooooooboooooooon
gooooboobooobooooboooboboooDo
gobooooooooobooobooooooogon
gobooboooooooboooooooooooog
goooooo
gooooooooooooboboooooboooo
booooooooobobooobooboooooon
obooboooooooooooooooboooobooo
gobooboooooooooooobooobooon
obooooboooobobOoobooooboooon
gooobooooooooobobooobooobooooDo



110 gooooooooooooboOoOooooooooo

gooooooooboooooooooooon
oboooboooooooocobooooooooon
goooooobooboooboboooooobooooDo
obooooooobooooooobocooboobooo
gboooobooooobooooooobobooo
gobooooboooobooooboo
ooooooooobooboboboooboooooooo
gobooooooboboobooboobooboooooan
gooodooboooooboobooooooooooon
goooooboooooooooobooooboon
obooocobooooooooooooobooooobo
gobodooooboooobooboOoOooooooono
gooobobooobooooobooooboobooooooo
gooobooooooooooboooooboooooon
goooooooooboooboobooooobooo
goooboooo
gboboooooboooooooooooboooboo
gooooooooboooooobooooooon
goobooooboooooooooobooboaon
oboooobooboobooobooobooooooood
gooboooooooobooobooooooooboooo
goobooobooboooooboooobooooo
gooooooooooboooobooOobocoooooboon
gooooooooobooooooboooooooo
ooooooooo
ooooboooooooooobobooooooo
gooooboooooooooobooobOooboo
gboooooooooobobodoobOooooaon
ooad
gboooooooooooooooooon Orgell)
gooooooboooooooocoooooooo
Order00000O0Oder0 00000 0O0OODOOCODO
goboooobooboooobooooobooooooono
gobooooOooooobooooboooooooon
ooood
obooo 2000000000000000O0
go3bobooooooooooobob 400000
0000 Oder0O0O0OOODOOOO SO0000O
gobooboboeOobOOOOODOOOOOOOO
goboobooboooobooobooooobooobooo
obor0000000O0O0OO0OCDOOOOO8ODOO
gooooo

2. 00ooOOOOOO0O00

1go00o0ooooooboooooooobooboooonon
goooooooooooooooboboobObo0ooooDn

Mar. 2004

01 00000000000000

Table 1 Debugging processes of reverse execution, replay
and the proposed methods.
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1: stream data { value(int v:in); end; }

2: agent main(void);

3: agent worker(data i:in, data o:out);
4: agent main(void){

5: worker wil, w2;

6: data di, d2;

7 connect dl <== self;

8 connect wl.o ==> dl ==> w2.1i;
9: connect w2.0 ==> d2 ==> wl.1i;
10: task {

11: dl <== value(0);

12: terminate;

13: }

14: }

15: agent worker(data i:in, data o:out){
16: dispatch (i) {

17: value(v)

18: if (v >= 100) {

19: o <== end;

20: terminate;

21: } else {

22: tracer(v);

23: o <== value(v+1);

24: }

25: end: terminate;

26: }

27: }

gooooooooooooobOoooobobOoooooo

01 OrgelOOOODOOOODDOD

Fig.1 An example of Orgel program.
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Fig.2 Execution phases and the log generation/reference.
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1: $1 = agent(*,Amaster)
2: $2 = agent_event (#1,*,send,*,Mp|*)
3: $3 = {E|nth(30, $2, V), after(V, E)}
4: $4 = {E|nth(31, $2, V), before(V, E)}
5: $5 = $3 AND $4
6: setcp $5
7: run
8: rollback $2, 31
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Fig.3 An example of debugging sequence.
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Table 3 Provided matching operations.
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Fig.4 An example of rollmin operation.
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Fig.5 Execution time of incremental and differential
checkpointing.
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Table 5 Amount of log data generated by incremental
and differential checkpointing.
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Table 6 Interval of full checkpoints and the cost of

rollback operation.
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Fig.6 Agent tree of the othello playing program.
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Fig.7 Connection between the agents.
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Table 7 Result of sequential execution of othello
program.
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Table 8 Result of parallel execution of othello program.
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