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h i g h l i g h t s

• We present a complete system for efficient scientific workflow similarity search.
• Workflow indexing integrates with repositories’ existing search—no graphs needed.
• Layer Decomposition reranking of candidate workflows ensures high result quality.
• We evaluate on a large corpus of workflows with similarity ratings by human experts.
• Our system greatly improves previous results in speed and retains superior quality.
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a b s t r a c t

Scientific workflows have become a valuable tool for large-scale data processing and analysis. This has
led to the creation of specialized online repositories to facilitate workflow sharing and reuse. Over time,
these repositories have grown to sizes that call for advanced methods to support workflow discovery,
in particular for similarity search. Effective similarity search requires both high quality algorithms for
the comparison of scientific workflows and efficient strategies for indexing, searching, and ranking
of search results. Yet, the graph structure of scientific workflows poses severe challenges to each of
these steps. Here, we present a complete system for effective and efficient similarity search in scientific
workflow repositories, based on the Layer Decomposition approach to scientific workflow comparison.
Layer Decomposition specifically accounts for the directed dataflow underlying scientific workflows and,
compared to other state-of-the-art methods, delivers best results for similarity search at comparably low
runtimes. Stacking Layer Decomposition with even faster, structure-agnostic approaches allows us to use
proven, off-the-shelf tools for workflow indexing to further reduce runtimes and scale similarity search
to sizes of current repositories.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Scientific workflow systems have become an established tool
for creating and running reproducible in-silico experiments. With
their increasing popularity, online repositories of scientific work-
flows have emerged as a means of facilitating sharing, reuse, and
repurposing. Examples of such repositories include CrowdLabs [1],
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SHIWA [2], and the Galaxy repository [3]. Probably the largest
workflow collection is myExperiment [4], which currently con-
tains more than 2500 workflows from various disciplines, includ-
ing bioinformatics, astrophysics, and earth sciences. To make the
best use of these repositories, users need support to findworkflows
thatmatch their specific needs [5]. However, currently these repos-
itories only support keyword queries which are matched against
textual descriptions, tags, and titles given to the workflows upon
upload [2,3,1,4]. Obviously, the quality of such a search critically
depends on the quality of the annotations associated with work-
flows.

Another source of information that can be exploited for search
is the definition of a workflow itself [6]: scientific workflows
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Fig. 1. Sample scientific workflows from the myExperiment repository: (a) ID: 1189, Title: KEGG pathway analysis, (b) ID: 2805, Title: Get Pathway-Genes by Entrez gene id.

typically resemble directed acyclic graphs (DAGs) consisting of
global input and output ports, data processing modules, and
datalinks which define the flow of data from one module to the
next. Each module has a set of attributes associated with it, such
as a descriptive label, the type of operation to be carried out, or,
for instance, the uri of a web-service to be invoked. Two sample
workflows from myExperiment are shown in Fig. 1. This struc-
ture or topology of the workflow, together with the attributes
defined on the workflow’s modules, is used by structure-based
methods of workflow comparison. An obvious advantage of
structure-based approaches to workflow similarity search is that
they do not require any additional information to be provided by
the workflow designer apart from the workflow itself. Structure-
based approaches are typically used in a second search phase: first,
users identify workflows which roughly match their needs using
keyword search. In the second phase, users select one candidate
workflow and let the system retrieve functionally similar work-
flows, i.e., the system performs a workflow similarity search.

Several studies have investigated different techniques for as-
sessing workflow similarity using this attribute-enriched struc-
ture [7,8,6,9–12], but initial results indicate that they perform
no better, and sometimes even worse, than annotation-based
methods in terms of retrieval quality [13,8,11]. However, these
comparisons were performed on very small and well-documented
workflow sets, and thus the results should not be extrapo-
lated to the large, but shallowly annotated repositories that exist
today. To verify this hypothesis, in prior work we performed a
large-scale comparative evaluation of workflow similarity search
algorithms [14]. Our results indicated that (a) structure-based
methods are indispensable for some current repositories which
lack rich annotations, (b) structure-based methods, once prop-
erly configured, outperformannotation-basedmethods evenwhen
such rich annotations are available, and (c) any such standalone

approach is further beaten by ensembles of annotation-based
and structure-based methods. We also discovered that both the
amount of configuration required and runtime considerations
were drawbacks to suchmethods: fastworkflow comparison using
annotations on the workflows’ modules provides best results only
when ubiquitous, functionally unspecific modules are removed
from the workflows in a preprocessing step. The configuration of
which modules are to be removed is specific to a given dataset,
and is non-trivial. Methods based on workflow substructures, on
the other hand, provide rather stable results across different con-
figurations, but have prohibitive runtimes.

Based on these findings we presented a novel technique for
measuring workflow similarity that accounts for the directed
dataflow underlying scientific workflows [15]. The central idea
is the derivation of a Layer Decomposition for each workflow,
which is a compact, ordered representation of itsmodules, suitable
for effective and efficient workflow comparison. Comparatively
evaluating this novel technique against previous approaches, we
showed that the algorithm (a) delivers the best results in terms
of retrieval quality when used stand-alone, (b) is essentially
configuration free which makes it applicable to any workflow
repository, regardless of how well its workflows are annotated,
(c) is faster than other algorithms that account for the workflows’
structure, and (d) can be stacked and combined with other
measures to yield better retrieval at even higher speed.

Extending on these encouraging results we here investigate
their transferability into a system for fast similarity search for
scientific workflows at repository-scale. While runtime has been
a concern in developing the Layer Decomposition approach, scaling
its quality of scientific workflow comparison to large collections
of workflows requires additional considerations as of how to best
index workflows for fast retrieval. Especially our previous findings
regarding the stackability of Layer Decomposition with other
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