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Partial Replay of Parallel Programs Based on Shared Objects

Naohisa TAKAHASHI
NTT Software Laboratories
3-9-11 Midoricho, Musashino-shi, Tokyo 180 Japan

Atstract The Instant Replay proposed by LeBlanc and Mellor-Crummey reproduces execution behaviour
of parallel programs based on shared objects, which allows cyclic debugging techniques to be applied. This
paper presents various variations of the Instant Replay which are 1'epresénted as the combinations of three
replay models based on dataflow execution models and three essential data structures. This paper shows
that the combination of demand-driven replay model and data structure dispersed among objects has such
advantageous features that it can reproduce only requisite instructions to reach a specified breakpoint. The
comparison of all the combinations leads us to conclude that the above combination is superior to other
combinations because it requires the least amount of data to be recorded during execution among all the
combinations with the advantageous features and because it requires less or nearly equal amount of recorded
data than other combinations without the advantageous features. A prototype of replay system, which has
been implemented on a shared memory multiprocessor system, demonstrates that the above combination
has only minor impact on program performance during program execution and has reasonable storage

requirements.
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Oid shared object identifier

Void |version number of shared object Oid
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5 T, LOCK(), UNLOCKQOW, TV hAD7 &R
EEHBICREE-—DEYH TN BEETHE. &F
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Void, T/w)
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ReaderEntry(object, process);
if mode = MONITOR then
LOCK (object.lock);
object.activeReaders = object.activeReaders + 1;
WriteNode(process.id, object.id, object.version, r);
UNLOCK(object.lock);

e

LOCK(object.lock);

myNode = FindMyNode(object, process);

myWriter = FindMyWriter(object, myNode);

SendDemandsfromReader(object, myNode, myWriter);

if (object.currentWriter = myWriter) then
lUNLOCK(object.lock);

e

se
UNLOCK(object.lock);
delay(process, object);
end if;
end if;
end ReaderEntry;

els

ReaderExit(object, process);
if mode = MONI’FOR then
LOCK(object.lock);
object.activeReaders = object.activeReaders — 1;
UNLOCK(object.lock);

e
LOCK(object.lock);
object.Readers = object.Reader — 1; -
if ((object.Readers = 0) and (object.nextWriter # NULL)) then
ResumeNextWriter(object);
end if;
UNLOCK(object.lock);
done(process, object);
end if}
end ReaderExit;

M4 EREHUERTS VLSBT OHAMLERS

els

WriterEntry(object, process);
if mode = M%)NITOR then
LOCK(object.lock);
while object.activeReaders # 0 do
UNLOCK (object.lock);
sleep(process);
LOCK(object.lock);
end do; X i
‘WriteNode(process.id, object.id, object.version, w);

se
LOCK.((object.lock);

myNode = FindMyNode(object, process);
SendDemandsfromWriter(object, myNode);
if ((myNode # object.nextWriter) or

el

(object.Readers # 0)) then
UNiOCK(object.lock);
delay(process, object);

else
UNLOCK (object.lock);
end if;
end if}
end WriterEntry;

WriterExit(object, process);
if mode = MONITOR then
object.version = object.version+1;
UNLOCK(object.lock);

S€e
LOCK(object.lock); .
object.currentWriter = object.nextWriter;
object.nextWriter = FindNextWriter(object); i .
object.Readers = NumberofReadersforCurrentWriter(object);
if (object.Readers = 0) then
if (object.nextWriter * NULL) then
ResumeNextWriter(object);
end if;
else
ResumeReaders(object);
end if;
UNLOCK(object.lock);
dqne(process, object);

el

end if;
end WriterExit;
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nextWriter
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