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ABSTRACT

Reliability is the biggest concern facing future extreme-scale, high-performance
computing (HPC) systems. Within the current generation of HPC systems, projections
suggest that errors will occur with very high rates in future systems. Such errors
resulting from faults can generate numerous kinds of failures, which may lead to the
result in outcomes ranging from result corruptions to expose the application to
catastrophic crash.

As we approach exascale, resilience challenges will become critical due to
increases in system-scale. It is thus fundamental that we address the errors that can be
a source concern on the performance of scientific applications running on these future
systems ,in order to reduce their negative impact on the overall system. This requires
management of various hardware and software techniques that are capable of fault

tolerance in the face of a decreasing Mean Time To Failure (MTTF).



Graphics Processing Units (GPUs) are increasingly common in high-
performance computing because of their performance advantages relative to CPUSs.
GPUs are anticipated to be a part of the projected path toward future systems, due to
their unique combination of energy-efficiency, performance, density, cost, also

proved to be effective accelerators in HPC systems.

In this thesis, we propose a two-level fault-tolerance method for the detection
and classification of errors for CUDA-based GPUs. In the first level, it detects the
existence of errors by using software redundancy that applies design diversity. In the
second level, it investigates the problematic software version and re-executes it on a
different hardware component to classify whether the error is a permanent hardware
error or a software error. We implemented our method on General-Purpose Graphics
Processing Units (GPGPUSs) and conducted proof of concept experiments by running
three versions of matrix multiplications with different error scenarios and results show

the feasibility of the proposed method.



