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Abstract
Today’s largest systems have over 100,000 cores, with

million-core systems expected over the next few years. This
growing scale makes debugging the applications that run
on them a daunting challenge. Few debugging tools per-
form well at this scale and most provide an overload of
information about the entire job. Developers need tools
that quickly direct them to the root cause of the problem.
This paper presents AutomaDeD, a tool that identifies which
tasks of a large-scale application first manifest a bug at a
specific code region and specific program execution point.
AutomaDeD statistically models the application’s control-
flow and timing behavior, grouping tasks and identifying
deviations from normal execution, which significantly re-
duces debugging effort. In addition to a case study in which
AutomaDeD locates a bug that occurred during develop-
ment of MVAPICH, we evaluate AutomaDeD on a range of
bugs injected into the NAS parallel benchmarks. Our re-
sults demonstrate that AutomaDeD detects the time period
when a bug first manifested with 90% accuracy for stalls
and hangs and 70% accuracy for interference faults. It
identifies the subset of processes first affected by the fault
with 80% accuracy and 70% accuracy, respectively and the
code region where the fault first manifested with 90% and
50% accuracy, respectively.

1 Introduction
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2 Approach
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Figure 1.

2.1 Semi-Markov Models
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Figure 2.

S3 S1 S2

F3,1 F3,2

n

2.2 Overview of Analysis
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Figure 4.

3 SMMMechanisms

3.1 Creating Time Distributions
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3.2 Comparing Task SMMs
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t ∈ Ti A B
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3.3 Normalized SMM Comparison
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3.4 Clustering Tasks’ Models
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4 Error Detection Procedure

On-line
off-line

4.1 Phases and Epochs
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4.2 Faulty Phase Detection
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4.3 Pinpointing Faulty Task(s) and Error
Sites Using SMM Analysis
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4.4 Detection Using Transition Analysis
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Figure 5.
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stdDev(t) ∗ ν stdDev(t)
t

ν = 1

ν
ν

ν = stdDev(t)

θ
fi

θ t t′

(tts, θ) � (t′ts, θ) ≡

{
θ ∗ (1 + t′ts − tts) > θ′ tts < t′ts
θ′ ∗ (1 + tts − t′ts) > θ t′ts < tts

tts t′ts t t′

t t′

θ θ′

θ θ′ fl

4.5 Visualization of Results

MPI Isend

5 Experimental Evaluation
5.1 Fault Injection Types

N

•
fi FIN LOOP
fi INF LOOP

•
DROP MESG REP MESG

•

CPU THR
MEM THR

5.2 Results of Debugging Faults
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Figure 6.
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Figure 7.

5.2.2 Cluster Isolation
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5.2.3 Transition Isolation
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Figure 8.
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Figure 9.
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Figure 10.

5.3 Case Study: MVAPICH Bug
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Figure 11.

6 Prior Work
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7 Conclusion
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