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An Application-Level Fault Tolerant System For Synchronous Parallel Computation
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Abstract

An MIER(mean fime between failures) of large scale parallel systerrs s known fo be only an order of several hours, and large
computations sometires result in o waste of huge amount of CPU time. However, the MPiMessage Passing Inferface), a de facto
stondard for message passing pardliel programming, suggests no possibliity fo handie such a problem. In this paper, we propose
an applicafionevel foult tolerant computation system, purely on the beoss of the cument MPI standard without using any
non-standord foult folerant MPL ibrary, thot con be wsed for general scientific synchroncus parcliel computation,
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Check_comm(count,req[],MaxTry,Wtime) {
FailedNode=99999;
for i=1 to ,MaxTry, {

MPL_Testall{count, req[], flag, status[]);

if (flag) return 7777;

else sleep Whime; }

Identify FailedNode using status[[;
Cancel uncleared communication by MPI_Cancel();
return FailedNode;
}

Sure_send()= WAIXE BEWal Check_comm().>.
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Sure_send(receiver,data MaxTry, Wtime) {
FailedNode=7777,  /* some number */
MPL_Isend(receiver,data, &req)
FailedNode=Check_commy(1,req,MaxTry,

Wiime);
return FailedNode;

}
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flag=FALSE;,
do {
MPL Iprobe(MPL_ANY_SOURCE flag,&status); } while
(tlag)
Identify sender(status MPI_SOURCE.)
and receive command for recovery.
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Probe_and_recv(count, data, MaxTry, Wtime) {
received=0;
Set all members of success|] to FALSE;
for i=1 to MaxTry,
for j=1 to count, {
MPL Iprobe(ANY_SRC,ANY_DATA,
flag &status);
if (flag) {
sender = status. MPI_SOURCE ;
msgkind = status MPL TAG;
MPL Irecv(sender, data);
success[sender|=TRUE;
received++;
if (received==count) return 0; }
sleep Whime; }
Identify which slave did not send data.
Return the failed slave’s rank.

}
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Algorithm 2 (SLAVE)
Repeat untli MY_MASTER sends STOP,
1. 1) MPL_Irecv() LR_BV from SLAVEs.
2) Update MY_GV. (Alg. 1 step 2.1))
3) MPL_Isend() MY_BV to SLAVEs.
4) Check if al send/recv are cleared.
If not, start SRP#1 and continue.
2. At every n-th tumn, /* checkpointing*/
1) Checkpoint my current state.
2) Sure_send() MY_GV to
MY_MASTER for checkpointing.
If failed, start SRP#2.
3. Compute MY_CL
4, Sure_send) MY_CI to MY_MASTER.
If failed, start SRP#2.
5. Probe_and recv() a signal(GO_ON or
STOP) from MY_MASTER.

SLAVE’s Recovery procedure #1(SRP#1)

1. 1) Cancel the failed commumication.
2) Identify the rank of the failed process.
3) Report the rank to MY_MASTER.
2. 1) Get a message from MY_MASTER.
2) Change message passing structure,
if necessary.
3. Roll back using my checkpointed data.

SLAVE’s Recovery procedure #2(SRP#2)

1. Take BACKUP for MY_MASTER.
2. Sure_send() the data again to MY_MASTER.

Algorithm 3 (MASTER)
Repeat until satisfactory,
1. 1) Probe_and recv() CI from SLAVEs.
If some SLAVE does not send CI
or some SLAVE sends ERR_PRCS,
start MRP#1.
2) Exchange CI with other MASTER.
If other MASTER does not respond,
start MRP#2.
3) Check convergence and decide

whether to GO_ON or STOP.
4) Send the signal to all MY_SLAVEs.
2. At every n-th turn, /* checkpointing */
1) Probe_and_recv() GV from SLAVEs.
If some SLAVE does not send GV,
start MRP#1.
2) Exchange GV with other MASTER.
If other MASTER does not respond,
start MRP#2.

MASTER’s Recovery procedure #1(MRP#1)

1. Decide which SLAVE failed.

2. Send the info to all MY_SLAVES and other
MASTER to start recovery.

MASTER’s Recovery procedure #2(MRP#2)
1. Direct BACKUP to take over the role of
other MASTER.

Algorithm 4 (BACKUP)
1. Probe_and_recv() a signal.
2. If the signal says to take over some SLAVE’s
role,
D) Get the SLAVE’s GV from MASTER.
2) Start working as the SLAVE.
3. K the signal says to take over some
MASTER’s role,
1) Get all SLAVE’s GV from MASTER.
2) Start working as one MASTER.
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