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Abstract
Scientific workflows have become mainstream for conducting large-scale scientific research. As a result, many workflow applications and Workflow Management Systems (WMSs) have been developed as part of the cyberinfrastructure to allow scientists
to execute their applications seamlessly on a range of distributed platforms. Although the scientific community has addressed
this challenge from both theoretical and practical approaches, failure prediction, detection, and recovery still raise many research
questions. In this paper, we propose an approach inspired by the control theory developed as part of autonomic computing to
predict failures before they happen, and mitigated them when possible. The proposed approach is inspired on the proportionalintegral-derivative controller (PID controller) control loop mechanism, which is widely used in industrial control systems, where
the controller will react to adjust its output to mitigate faults. PID controllers aim to detect the possibility of a non-steady state far
enough in advance so that an action can be performed to prevent it from happening. To demonstrate the feasibility of the approach,
we tackle two common execution faults of large scale data-intensive workflows—data storage overload and memory overflow. We
developed a simulator, which implements and evaluates simple standalone PID-inspired controllers to autonomously manage data
and memory usage of a data-intensive bioinformatics workflow that consumes/produces over 4.4TB of data, and requires over
24TB of memory to run all tasks concurrently. Experimental results obtained via simulation indicate that workflow executions may
significantly benefit from the controller-inspired approach, in particular under online and unknown conditions. Simulation results
show that nearly-optimal executions (slowdown of 1.01) can be attained when using our proposed method, and faults are detected
and mitigated far in advance of their occurrence.
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1. Introduction
Scientists want to extract the maximum information out of
their data—which are often obtained from scientific instruments and processed in large-scale distributed systems. Today’s
computational and data science applications may comprise
thousands of computational tasks and process large datasets
(from remote sensors, instruments, etc.), which are often distributed and stored on heterogeneous resources. Scientific
workflows are a mainstream solution to process large-scale
scientific computations in distributed systems, and have supported traditional and breakthrough research across several domains [1]. As a result, many workflow applications and Workflow Management Systems (WMSs) have been developed as
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part of the cyberinfrastructure to allow scientists to execute
their applications seamlessly on a range of distributed platforms [2, 3].
In spite of impressive achievements today, failure prediction,
detection, and recovery remain a major challenge in workload
management in distributed systems, both at the application and
resource levels. Failures affect the makespan of the applications, and therefore the productivity of the scientists that depend on the power of distributed computing to do their work.
Throughout the remainder of this paper, a failure may represent an inconsistent state of the system, which may be an actual
fault, poor performance, or a constraint violation.
Unsurprisingly, failure detection and handling for distributed
scientific applications has been the subject of significant effort,
both from practitioners and from researchers [4, 5, 6, 7, 8, 9, 10,
11, 12]. However, most of these approaches do not aim to prevent faults, but to mitigate their impact. They also make strong
assumptions about resource and application characteristics, so
that resource management problems are rendered tractable. But
the resulting solutions may perform poorly in practice when unJanuary 10, 2019

