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The last few years have been a fertile ground for the development of many scientific and data-
intensive applications in all fields of science and industry. These applications provide an indispens-
able mean of understanding and solving complex problems through simulation and data analysis.
As large-scale systems evolve towards post-petascale computing to accommodate applications’ in-
creasing demands for computational capabilities, many new challenges need to be faced, among
which fault tolerance is a crucial one [1, 2]. With failure rates predicted in the order of tens of
minutes [6] for the exascale era and applications running for extended periods of time over a large
number of nodes, an assumption about complete reliability is highly unrealistic. Because processes
from scientific applications are, in general, highly coupled, even more pressure is put on the fault
tolerance protocol since a failure to one of the processes could eventually lead to the crash of the
entire application.

By far the most popular fault tolerance technique to deal with application failures is the
Checkpoint-Restart strategy. Unfortunately, classical checkpointing, as used today, will be pro-
hibitively expensive for exascale systems [5]. A complement to this classical approach is failure
avoidance, by which the occurrence of a fault is predicted and proactive measures are taken. In
general, failure prediction is based on the observation that there is a fault-errors-failure propagation
graph [3]. The fault generates a chain of errors that could be observable at the system level that
end with the failure which is observed at the application level and usually is represented by an
application interruption or performance degradation.

Over the years, different methods have been developed that deal with failure prediction in
the HPC community [3], methods that have been used extensively on different HPC systems and
presented a variety of results. In our previous work we introduced the concept of signal analysis
in the context of event analysis, which allowed us to characterize the behaviour of different events
and to analyze them separately depending on their individual behaviour [4]. All results show that
failure prediction is a theoretical viable solution for future fault tolerance techniques. One of such
solution is called proactive checkpointing by which an application saves its state only when a failure
is predicted.

Proactive checkpointing alone cannot systematically avoid re-executing the application from
scratch if failures are not perfectly predicted. Unfortunately, the complexity of an HPC system
makes the correlations between its events probabilistic and so it makes perfect failure prediction
almost impossible. Moreover, recent research shows that a large set of failures do not generate any
precursor events in the system [1]. Therefore, it becomes increasingly important to find ways to
combine failure prediction with existing fault tolerance techniques. One solution is a combination of
failure prediction in the form of proactive checkpointing with the classical periodic checkpointing.

All experiments for failure prediction methods have been the result of the analysis of past gener-
ation HPC machines in simulated online environments. The scale of today’s systems has increase by
two orders of magnitude, with predictions for exascale showing an even higher increase [2]. More-
over, simulated online predictions assume tuning the parameters of all prediction modules in the



offline phase in order to achieve the best possible results in the online phase. While this methods
show prediction results that could theoretically be achieved in real scenarios, they do not reflect the
reality of running in realtime and predicting failures using best local parameters.

In this poster, we introduce a methodology for truly online predictions and we show that by
using this model, prediction is possible and gives good results on small systems. Moreover, we
investigate the differences between current large-scale systems and previous smaller systems and how
this difference affects prediction. For this purpose we study the feasibility of online failure prediction
methods on the Blue Waters system. With a sustained performance of 1 Petaflop on a range of
real-world science and engineering applications, the Blue Waters supercomputer is representative
for today’s large scale systems and provides new insights into the performance and results of current
fault predictors.

Also, we implemented a hybrid checkpoint strategy by integrating our previous work with a mul-
tilevel checkpointing protocol, in order to study the overheads of these fault tolerance techniques on
applications’ execution. We investigate the difference in the overhead encountered by this approach
on a small and large system and how this is translated in the decrease of the waste given by the
protocol. We show to what extent current failure prediction method are possible on Blue Waters
and what are the challenges in achieving an effective fault prevention mechanism.
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