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Parallel Recomputing: A New Approach for Fault-tolerant High Performance Computing

WANG Pan-feng DU Yun-fei FU Hong-yi YANG Xue-jun ZHOU Hai-fang
(National Laboratory for Paralleling and Distributed Processing, College of Computer, National University
of Defense Technology, Changsha 410073, China)

Abstract Checkpointing is the most commonly used scheme for tolerating faults in high-performance computing sys-
tems. But this scheme has its performance limitation when the number of processors becomes much larger. The paper
proposed a new approach called parallel recomputing for tolerating a single process failure in parallel computing. The
main feature of our approach is that it utilizes the computing power of the redundant processor instead of the storage ca-
pacity. The paper also presented an optimization of this approach which is a combination of parallel recomputing and
checkpointing, and then illustrated how to incorporate parallel recomputing and its optimization into a parallel program.

Experimental results demonstrate that the overhead of parallel recomputing is less than checkpointing when the number

of processors becomes large,and its optimization can provide a better performance than parallel recomputing.
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Step 1. Data partitioning

Distribute L loops to N processes:np;=L/N

Compute the start loop: k_offset = myrank * np;
Step 2. Main loop

for k = k_offset to k_offset + np;

Compute result: R;

end
Step 3. Collect global result

Call MPI_Allreduce(+++)

R = Ro+ Ri+ * + Rn—1
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Step 1. Data partitioning
Distribute L loops to N processes:np;= L / N
Compute the start loop: k_offset = myrank * np;
Set recovery flag; recovery = false
Backup the current MPI communicator: call MPI_COMM_dup
()
Step 2. Main loop
for k = k_offset to k_offset + np;
Compute result; R;
end
Step 3. Detect and process a single failure
if (Pj fails and recovery = false) then
Save the current result:R;’ = R;
Set recovery flag:recovery = true
Change the number of processes:N = N—1
Distribute np; loops of P; to N—1 surviving processes:
npi= np;/ (N—1)
Compute the new start loop: k_offset = k_offset + ---
Recovery the MPI communicator: comm = oldcomm
goto step 2
endif
Step 4. Collect the global result
if (recovery = true) then
Combine two results;R;= R;+ R’
endif
Call MPI_Allreduce(+-+)
R=R;+R;++++Rn—1
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Step 1. Data partitioning

Distribute L loops to N processes:np;= L / N
Compute the start loop: k_offset = myrank * np;
Set recovery flag: recovery = false
Backup the current MPI communicator; call MPI_COMM _dup
(+er)
Step 2. Main loop
for k = k_offset to k_offset + np;
Compute result:R;
Checkpointing one every ckpt loops:
if (k mod ckpt == 0) then
Save the current result:R{"= R;
Save the current k:kk = k
endif
endfor
Step 3. Detect and process a single failure
if (process j fails and recovery = false) then
Save the current result:R/'= R;
Set recovery flag:recovery = true
Change the number of processes: N = N—1
Distribute np; loop of process j to N— 1 surviving proces-
ses:
npi= (np;— kk)/ (N— D)
Compute the new start loop: k_offset = k__offset + kk +

Recovery the MPI communicator; comm = oldcomm
goto step 2
endif
Step 4. Collect the global result
if (recovery = true) then
Combine three results;Ri=R;+R;’+R,”
endif
Call MPI_Allreduce(-+)
R=Ro+ Ri+ + + Rn—1
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