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ABSTRACT
Computational experiments have become an integral part of the scientific method, but reproducing, archiving, and querying them is
still a challenge. The first barrier to a wider adoption is the fact that
it is hard both for authors to derive a compendium that encapsulates
all the components needed to reproduce a result and for reviewers to
verify the results. In this tutorial, we will present a series of guidelines and, through hands-on examples, review existing tools to help
authors create of reproducible results. We will also outline open
problems and new directions for database-related research having
to do with querying computational experiments.

Categories and Subject Descriptors
D.0 [Software]: General; H.4 [Information Systems Applications]: Miscellaneous; H.2 [Database Management]: Database
Applications

General Terms
Documentation, experimentation

Keywords
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1.

COMPUTATIONAL EXPERIMENTS
AND REPRODUCIBILITY

Important scientific results not only give insight but also lead to
practical progress. The ability to test results is crucial for science
to be self-correcting. In natural science, long tradition requires that
results be reproducible by researchers the world over: an experiment done by laboratory L at time t is deemed to be reproducible if
it can be repeated at a possibly different laboratory L0 at some later
time t0 . For this to be the case, the description of the experiment
must be sufficiently precise to allow repetition. When that fails,
scandal ensues [11, 26, 27].
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Computational experiments support not only computer science
research, but also natural science, social science and humanities research. For that reason at least, computational experiments should
meet the same standards of reproducibility as natural science experiments. The lack of reproducibility for computational results
currently reported in the literature has raised questions about their
reliability [8] and has led to a widespread discussion of the importance of computational reproducibility. This has already resulted in
a number of workshops, special issues, and software tools [17, 3,
18, 22, 30, 1, 13, 6]. Academic institutions such as ETH in Switzerland, funding agencies, conferences and journals have all pushed
for authors to include reproducible results in their publications [10,
25, 5, 19, 20, 33, 4, 12].
Our goals for computational experiments follow the spirit of reproducibility for natural science experiments. A computational experiment that has been developed at time t on hardware/operating
system s on data d is reproducible if it can be executed at time t0 on
system s0 on data d0 that is similar to (or potentially the same as) d.
Such experiments are the basic building block for reproducible research papers, which, in addition to text, include data, specification
of computational processes, software/code, as well as information
about the environment used to derive the results.
There are many side benefits to producing and using reproducible
experiments:
1. Reproducible programs can be compared. Different programs
for the same purpose can be compared based on performance
and quality on a common data set.
2. Reproducible software and results are documented. Newcomers to a field or to a research group can understand how to
use and modify the software and its data inputs. This in turn
allows others to more easily build upon existing research.
3. Reproducible software is portable. The software that drives
the original experiment may be combined with other software in some target environment to result in an entirely new
artifact.
4. Reproducible experiments are cited. Recent work has shown
that papers including reproducible experiments have higher
impact and visibility than those that don’t [34] (though admittedly there may be confounding factors).
Within computer science, the database community has been a pioneer in the adoption of reproducible experiments [20, 19, 5]: SIGMOD has had a repeatability committee since 2008, and starting
in 2012, VLDB will also provide repeatability evaluation. As reproducible computational experiments become ubiquitous and are

shared across different scientific domains, the database community is uniquely qualified to contribute to tools that play on them:
these experiments can, after all, be viewed as data items that can be
queried, modified, executed, and visualized [15].
Even though it is clear that reproducible computational experiments will make science better, there are many challenges that need
to be addressed, including: how to create and package these experiments; how to query and combine experiments to make them
useful to future researchers; and how to mine experimental repositories to find useful patterns. This tutorial will present a series of
tools and will provide hands-on examples of how to create reproducible experiments. Besides suggesting guidelines to create the
experiments, we will also discuss many of the pitfalls that should
be avoided. We will conclude with a discussion on new research
problems this initiative suggests.

2.

TUTORIAL OUTLINE

Computational Reproducibility in Science: Overview. We will
discuss the motivation for and importance of reproducible experiments, as well as their benefit to authors and to the scientific community in general. We will also review the key issues, social, legal [31], and operational [2] associated to the publication of reproducible experiments. Last but not least, we will provide examples of how different communities are approaching this problem
(e.g., [9, 28, 33, 4]).
Creating and Publishing Reproducible Experiments. Although
full reproducibility is the ideal, it may not be attainable in practice.
Based on our experience with the SIGMOD Repeatability effort
and users of the VisTrails reproducibility infrastructure [17, 16], we
have identified the following criteria to characterize experiments
with respect to the level or reproducibility:
1. Depth: How much of an experiment is made available or
archived: (a) a set of figures associated to a manuscript (this
is the default level today); (b) the script (or spreadsheet file)
used to generate the figures included in the paper together
with the appropriate data sets; (c) the raw data measured during the experiments together with the scripts used to obtained
different levels of derived datasets (e.g., the raw data is IO response time measured for a period T and for various IO sizes,
and the derived datasets are the average response time per IO
size); (d) the set of experiments (system configuration and
initialization, scripts, workload, measurement protocol) used
to produce the raw data; (e) the software system as a white
box (source, configuration files, build environment) or black
box (executable) on which the experiments are performed.
2. Portability: Can the results be reproduced (a) on the original
environment (basically the author of the experiment can replay it on his or her machine);1 (b) on a similar environment
(i.e., same OS but different machines), or (c) on a different
environment (i.e., on a different OS or machine).

pitfalls that can hamper the quality of reproducible experiments.
While in some cases it may be possible to reproduce the whole
process from data acquisition to the final plot in the paper, in others it may be possible (or desirable) to reproduce only part of the
process. There are, however, simple workarounds that can be used
to ensure that key parts of the experiments can be verified. For example, even though access to a third-party Web service may not be
reproducible, by storing the results obtained from the Web service,
not only can these results be examined, but the remaining components of the experiment can be reproduced. Similarly, results derived by complex processes (e.g., long-running simulations) can be
cached and packaged together with the experiments.
Tools and Resources. We will give an overview of state-of-the-art
tools and resources that are available to authors. We will address
the following key questions. First, what are the tools that a research
team should use to archive and distribute experiments at different
levels of depth, portability and coverage? Second, what is the infrastructure that should be deployed to publish experiments for the
community, and eventually to allow researchers to build on the experiments provided by others?
To demonstrate different tools that are essential in the creation
of reproducible experiments, we will use real (hands-on) examples.
For example:
• We will illustrate the usefulness of version control systems for
creating and managing reproducible experiments as well as discuss
their limitations.
• We will provide examples of the problems that ensue when portability is ignored, and show how to create portable experiments using virtual machines and packaging systems such as CDE.2
• To automate the repeatability process, it is necessary to capture
(i) the computational process (i.e., workflow or implicit script) that
was used to generate the figures in a paper and (ii) the provenance
information for all components of the experiment. We will demonstrate tools such as Madagascar3 and Vistrails [16]4 , which provide
support for these tasks.
• An important component of a research project is the publication
of the results. We will give an overview of different approaches
for including reproducible results in research articles (see e.g., [17,
22]) as well through interactive Web-based interfaces [29, 21].
Open Research Problems. Computational reproducibility efforts
in many communities will soon give rise to experiment repositories
that hold data and software. The database community can take the
lead in showing how to advance science by providing new techniques and tools for designing the experiment repositories and exploring the information they hold. In this section, we will discuss
open problems for database research related to the design, management and exploration of experiment repositories, including but not
limited to:
• Design and Management of Experiment Repositories. Although there are already some repositories in use that cater to
different aspects of reproducibility (see e.g., [24, 9, 28, 23, 7,
21]), they are still in their infancy, and there are many open
questions about what their architecture should be, or even
how they will be used. For example: will publishers such as

3. Coverage: How much of the experiments can be reproduced:
(a) partial, or (b) full reproducibility.
In this part of the tutorial, we will present a series of guidelines
that authors can follow during the design (and execution) of their
experiments to make them reproducible. We will discuss potential
1

This might be the preferred mode for proving the reproducibility
of proprietary software: outsiders would be allowed to play with
software and data sets but not download the software.

2

http://www.stanford.edu/ pgbovine/cde.html
http://www.reproducibility.org/wiki/Tutorial
4
http://vistrails.org
3

Figure 1: A reproducible paper [32]. A result reported in a reproducible paper comes with a deep caption that includes the components required to reproduce that result, including, for example, the specification of the computational process used, the underlying
source code and libraries, raw data, and the environment. Results can be published using different media, including PDF, Word,
Wiki, HTML pages, and they can be both static and interactive.
• Mining Experiments The availability of large collections of
experiments opens up new opportunities for knowledge discovery. A notable example is the ability to measure the impact of a specific piece of work or of a given area. For example, given an algorithm A, count other papers that use A
(directly or indirectly); or given a set of algorithms in a given
area, count their use in other areas. Many other questions
and meta-questions can potentially be answered, for example: what are the characteristics of experiments that have had
high impact? what are the most common workflows used to
solve a given problem? The nature of the data creates new
challenges for mining.

ACM host a mega-repository? Or will authors publish experiments on their own Web site and experiment search engines
be developed to locate and index them? How will usage be
controlled and tracked? In addition, since these repositories
will hold diverse data—source code, binary files, raw data,
structured workflows, provenance—an important question is
how to efficiently store, index and connect this information.
• Querying and Searching Experiments. Because reproducible
experiments have several levels of data and meta-data, they
can enable researchers to identity related work in new ways.
They can formulate queries over the method of an experiment (e.g., find experiments that perform data cleaning using
Algorithm A followed by integration using System B); over
the raw data (e.g., find all experiments that operate over a
dataset with salinity information from the Columbia River);
that straddle raw data and method (e.g., find a workflow that
generates a volume rendering of salinity data); etc. Because
of the inherent heterogeneity of the data, which include structured and unstructured data contributed by many different
users, there are new challenges for querying. A flexible query
system (and language) is needed that is able to cross the
boundaries between structured and unstructured data perhaps
in a similar way to querying on dataspace systems [14]. In
addition, intuitive and visual interfaces are needed that can be
used by a broad range of users who do not necessarily have
computer science expertise, and that allow them to iteratively
explore the information in the repository.
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