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Abstract—Scientific workflows are an enabler of complex
scientific analyses. They provide both a portable representation
and a foundation upon which results can be validated and
shared. Large-scale scientific workflows are executed on equally
complex parallel and distributed resources, where many things
can fail. Application scientists need to track the status of their
workflows in real time, detect execution anomalies automatically,
and perform troubleshooting — without logging into remote nodes
or searching through thousands of log files. As part of the
NSF Stampede project, we have developed an infrastructure
to answer these needs. The infrastructure captures application-
level logs and resource information, normalizes these to standard
representations, and stores these logs in a centralized general-
purpose schema. Higher-level tools mine the logs in real time to
determine current status, predict failures, and detect anomalous
performance.

I. INTRODUCTION

Scientific applications today make use of distributed re-
sources to support computations such as campus resources,
grids, clouds, or a mixture of them all. Scientific workflows
provide a representation of complex analyses composed of
heterogeneous models usually designed by a collaboration
of several scientists. Workflow representations and associated
middleware help scientists compose and manage the computa-
tion as well as automate the validation and sharing of results.
Workflows are also a useful representation for managing the
execution of large-scale computations.

The majority of execution environments is not immune to
failures of resources such as execution hosts and networks.
However, unlike in a tightly coupled cluster or enterprise
network, application and resource status information is often
challenging to collect and understand and analyze in these
diverse environments — particularly in real time. Solving this
problem is important because misbehaving resources can cause
large, complex workflows to take many hours or days longer
than necessary to complete. If problems could be identified
early, workflow middleware such as the Pegasus Workflow
Management System (Pegasus-WMS) [1] has the ability to
re-route the tasks onto other resources.

Up to now, tools such as NetLogger [2] have been used
to perform off-line log analysis. The Synthesized Tools for
Archiving, Monitoring Performance and Enhanced DEbugging

(Stampede) project aims to apply the current offline workflow
log analysis capability to address reliability and performance
problems for large, complex scientific workflows. Specifically,
Stampede integrates NetLogger and Pegasus-WMS into a
general-purpose framework for analyzing performance and
failure states of running workflows.

This paper describes the Stampede framework: architecture,
components and data models. Scalability of the framework is
evaluated in the context of detailed logs from a number of
real application workflows. A novel and relevant analysis of
the modeled information for workflow failure prediction is pre-
sented. Results from analyzing the real application workflows
demonstrate the real-time performance and effectiveness of
this approach.

II. APPLICATIONS

Stampede is currently used in the analyses of many scientific
applications. The analysis presented here, has been performed
on 1, 329 real workflow executions across six distinct applica-
tions: Broadband, CyberShake, Epigenome, LIGO, Montage,
and Periodograms. The datasets for these applications are
summarized in Table I. A brief description of each application
follows.

TABLE 1
SUMMARY OF DATASETS FOR EACH APPLICATION

Cumulative Count for Each Application
Application Workflows Jobs Tasks Edges
Broadband 71 42,060 62,261 161,867
CyberShake 886 288,665 288,665 1,245,131
Epigenome 47 9,918 19,935 26437
LIGO 26 2,116 2,116 6,203
Montage 184 74,851 1,270,718 531,663
Periodograms 116 95,424 2,219,071 96,296
TOTAL 1,329 513,034 3,862,766 2,067,597

Broadband [3], [4] is a computational platform used by the
Southern California Earthquake Center to simulate the impact
of of an earthquake at one of the Southern California faultlines,
to guide the building design procedures in a given area.

CyberShake [5], [6] is designed to perform physics-based
probabilistic seismic hazard analysis calculations for geo-
graphic sites in the Southern California region. CyberShake
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