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HPC applications that use message passing programmer interfaces like MPI rely on asynchronous commu-
nication to achieve scalable performance. Asynchronous communication often produces non-deterministic
software executions. Non-determinism in MPI applications can negatively impact the correctness of HPC and
scientific simulations, and non-deterministic bugs can be very costly to debug. One study [3] reported more
than 10,000 hours of compute time spent manually debugging a non-deterministic bug located in the HYPRE
2.10.1 linear algebra software package [4].

Non-deterministic bugs like those in the referenced version of HYPRE produce inconsistent application exe-
cution patterns, thus making it difficult to perform reproducible science and to reason about and identify the
source of said bugs. For this reason, the problem of developing tools for automatically identifying the root
sources of non-determinism (i.e., function call-stacks that produce non-deterministic executions) has become
an important challenge to solve.

To address this challenge, we present ANACIN-X, an open-source software framework for identifying regions
of code in MPI applications that exhibit high amounts of non-determinism and for reporting the call-stacks that
contribute to high amounts of said non-determinism. Specifically, we target MPI applications that implement
point-to-point communication (i.e., communication that does not use collective MPI function calls). This is
done by quantifying the non-determinism in MPI applications as graph kernel distances. More details for this
work can also be found in previous work of the authors [1, 2].

In Figure 1 we show that graph kernel distances can effectively represent the amount of non-determinism
present in an application’s execution. Figure 2 illustrates that ANACIN-X can use these kernel distances to
identify the root sources of non-determinism within an application. For both simulations, the simulation
was set to use 16 MPI processes on 1 POWER9 compute node with non-determinism varying from 0-100%
in increments of 10%, and the test was repeated over 100 executions. For demonstration purposes, ANACIN-
X comes packaged with three benchmark applications that model communication patterns common in HPC
codes (i.e., message race, algebraic multigrid (AMG) 2013, and unstructured mesh).
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