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Tealeaf [7] is a heat diffusion application, BUDE [9] is a molecular docking

dominated by a sparse iterative CG solver on application, which combines N-Body

a structured gl’id; it is one of the Mantevo molecular mechanics with Monte Carlo

capable of leveraging some of the properties of the applications to improve their reliability. In benchmarks [8]. search. In BUDE:

this poster, we present a fault tolerance framework that implements multiple resiliency schemes > The overhead of the Nanos task checkpointing scheme does not increase with the population
0 size, since the population data itself is naturally fault tolerant and thus is not checkpointed.

to cope with both fail-stop errors and data corruption. Our techniques are tested with two real
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scientific applications: BUDE, a molecular docking engine, and Tealeaf, a heat conduction code. 500 ‘ Peptide, o For the typical workload, checkpointing overheads were 7% for ARMv7, <1% for ARMv8,
Fre st with variability amongst x86 machines.

Using this framework we have successfully detected and recovered from real data corruptions. 1000
We have also performed error injection experiments, which clearly demonstrated the efficacy of 1500 » | | > Software CRC and defensive coding schemes measured negligible (unobservable) overheads.
our framework. 2000 1° I P S In Tealeaf:
2300 ' Y ‘ ~ o ¢ > The Single Error Detect (SED) scheme experienced 0-1% overhead on x86 and 14%
@ Fault Tolerance in Tealeaf . ' POLST WY BslY  Swe overhead on ARMvS.
3500 Encyme - Drug Torst The Single Error Correct and Double Error Detect (SECDED) schemes incurred a 72%
4000 0 1200 2000 2500 3000 3500 4000 overhead on x86 and 150% overhead on ARMvS.
Tealeaf The CRC scheme resulted in 17% overhead on x86 and 25% overhead on ARMv8. Note that

: . this scheme would detect an arbitrary number of bit errors in the protected data, compared
Conjugate gradient solver @ Fault Tolerance in BUDE to the 1 or 2 bit errors that can be detected and/or corrected in the other two schemes.

Fault tolerance has been identified as one of the major challenges for exascale computing. In
addition to fail-stop errors, silent data corruptions (SDCs) can perturb applications and produce

) ) _ The overheads of task restarts is low as the Nanos framework stores the recovery data in RAM.
incorrect results. Software-based fault tolerance mechanisms have the advantage of being

Inject faults
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sparse matrix

Generate new Swap Evaluate . . .
population population | fitness We have demonstrated an efficient task-based checkpoint-restart scheme for fail-stop errors and

task-level recovery using the Nanos framework.

(6) Conclusions

Fault
Fault Our solution combines a resilient runtime with ABFT techniques, including software ECC and

Task checkpoint Task fail vulnerable _
P CRC data TlEETEeEE CRC methods, to deal with SDCs.

These techniques cause negligible overheads for most of the ABFT-based SDC detection
mechanisms in both BUDE and Teal eaf.

Nanos' task recovery is triggered by trapping program exceptions, enabling it to handle affected
memory regions without crashing the application.
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The sparse matrix is stored in Compressed Sparse Row (CSR) format.
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