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Agenda
1. Introduction (my background)
2. Examples of Research Reproducibility & Reliability
○

Boeing; IEEE; National Academies of Science, Engineering, and Medicine report

3. Two Projects: Reliability in Complex Systems
○

Scientific Reproducibility Costs and Benefits

○

Performance Scalability, Trust, and Reproducibility

This material is based upon work supported by the National Science Foundation under Awards No. 1941443 and 2028881. Any opinions, findings, and
conclusions or recommendations expressed in this material are mine and do not necessarily reflect the views of the National Science Foundation.
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1. Introduction (Victoria)
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My Background: Education
PhD in Statistics from Stanford University (2006)
╺ Advisor: David Donoho (Statistics)
╺ Doctoral Committee Chair: Michael Saunders (Management Science and
Engineering (MS&E))
╺ Dissertation: Simulation-based evaluation of model selection methods;
web-based platform for tool sharing and community building in analysis
of underdetermined linear systems (sparselab.stanford.edu)
MLS in Law from Stanford Law School (2007)
Reproducible Research Standard (2009)
Undergraduate and master’s degrees in Economics (UBC and UOttawa)

My Background: Appointments & Research Interests
╺
╺
╺
╺
╺

Berkman Klein Fellow at Harvard Law School (2008)
Postdoc at MIT Sloan School of Management (2009)
Kauffman Innovation Fellow at Yale Law School (2009)
Assistant Professor, Statistics Department, Columbia University (2010)
Associate Professor, School of Information Sciences, University of
lllinois Urbana-Champaign (2014)

Principal research interest in Reproducibility of Computational Results
╺ Arose from dissertation work
╺ Leverages statistical, computational, and legal preparation
╺ Started circa 2002

My Background: Research Recap
╺ Defining and extending reproducibility of computational results:
▫ code/data sharing (principles, standards, platforms)
▫ Intellectual Property issues (Reproducible Research Standard)
▫ generalizability of sample-based findings (false-discovery rates,
overfitting, model selection, updating results)
▫ improving science through shared tools
╺ Developing operationalized terminology:
▫ Reproducible, Replicable
▫ Discovery Pipeline
╺ Holistic infrastructure for scientific reliability, verification, and trust:
▫ Sparselab, RunMyCode, ResearchCompendia, Whole Tale

2. Research Reproducibility & Reliability Examples
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Reproducibility Example 1: Boeing
The NASEM Committee on “Reproducibility and Replication in Science”
hosted a panel entitled Reproducibility in Industry and Industrial
Engineering on April 18, 2018 (link).
Bill Lyons presented, the Director for Global
Research and Development Strategy on the
Global Technology Organization of Boeing’s
Advanced Centralized Research and
Development Team

Disruption Expands the Need for Reproducibility
Lyons: The ability to replicate ideas and capabilities across the company is
what got Boeing to be a 100 year old company “One Boeing”
Aerospace industry is undergoing disruption:
╺

Digitization; AI; Autonomy; Additive Manufacturing…

➞ Data integrity are critical “Our customers’ lives depend on it”
➞ Results of a system, e.g. based on Machine Learning, can be
nondeterministic.
Boeing: $4 billion of $1.9 trillion in global R&D. They know they don’t have all
the answers.
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Boeing Leverages Reproducibility
Employs a global model for replication: standards setting and sharing results
to validate results in consortia (12 R&D centers) and beyond.
Results may come from a partner in Australia with new materials developments
and a lab in St. Louis does high throughput combinatorial analysis of materials to
rapidly check the results.

Knowledge management and information sharing to accelerate the pace of
change in their industry.
Replication Award to honor teams that “applied existing capability in new ways
throughout Boeing, enabling business process or technology improvements.”
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Reproducibility Example 2: IEEE
IEEE steps to reproducibility and computational transparency:

2016 workshop
http://www.ieee.org/researchreproducibility

Editorial Policies and Badging
Pilot Partnerships: Code Ocean
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3. Two Projects: Reliability in Complex Systems

1. Reproducibility Costs and Benefits
In 2019 the National Academies committee “Reproducibility and Replication
in Science” published consensus report (I was a committee member).
Produced key definitions and several recommendations.
╺ Reproducibility is obtaining consistent results using the same input data,
computational steps, methods, and code, and conditions of analysis;
“computational reproducibility.”
╺ Replicability is obtaining consistent results across studies aimed at
answering the same scientific question, each having obtained its own data.
13

Report Recommendation Highlights
REC. 4-1: To help ensure the reproducibility of computational results, researchers
should convey clear, specific, and complete information about any computational
methods and data products that support their published results in order to enable
other researchers to repeat the analysis, unless such information is restricted by
non-public data policies.
REC. 6-3: Funding agencies and organizations should consider investing in research
and development of open-source, usable tools and infrastructure that support
reproducibility.
REC. 6-9: Funders should require a thoughtful discussion in grant applications of how
uncertainties will be evaluated, along with any relevant issues regarding replicability
and computational reproducibility. Funders should introduce review of reproducibility
and replicability guidelines and activities into their merit-review criteria.
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Research Questions
╺ How does the implementation of the NASEM recommendations
impact research reliability?
╺ Idea: Assess costs and benefits from the recommendation in
carefully chosen use cases
╺ NSF-funded with M. Taufer (UTK):
▫ 4 use cases (2 at scale, 2 long tail)
▫ Leverage formalisms for reproducing results (e.g. “Tale”) to
assess impact of recommendations
▫ Develop larger proposal for more comprehensive analysis
This material is based upon work supported by the National Science Foundation under Award No. 1941443
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The Whole Tale Project (wholetale.org)
● An open platform for computational reproducibility
○

Create and publish executable research objects ("Tales")

● Simplify the creation & verification of reproducible results
Easy-to-access
cloud-based computing
environments

Transparent access to
research data

Export/publish executable
research objects (“Tales”)

This material is based upon work supported by the National Science Foundation under Grant No. OAC-1541450

16

Elements of a Whole Tale “Tale”
●

Manuscript
○

●

○

●
●

source or reference

Documentation
○

README, codebook, install
instructions, user guide, etc.
License, copyright, permissions

Code
○ Preprocessing, analysis, workflow
Data
○

●

By copy, by reference, data access
protocol

Results
○

●

Environment
○
○

●

Computational, archival

Metadata
○
○

●

Hardware, OS, compilers, dependent software
Runtime, image, container

Provenance
○

●

Output, figures, tables

Identifiers, related artifacts, Domain metadata
Badges

Tale Version

Chard et al. (2019) Implementing Computational Reproducibility in the Whole Tale Environment. P-RECS '19: Proceedings
of the 2nd International Workshop on Practical Reproducible Evaluation of Computer Systems
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Use Case: Analytics for Molecular Dynamics
Multi-modal computational environment

Thomas, S. et al., (2019) Characterizing in Situ and in Transit Analytics of Molecular Dynamics Simulations for Next Generation Supercomputers.
eScience’19: Proceedings of the International Conference on eScience.

Use Case: Analytics for Molecular Dynamics
Input, output, and intermediary data

Thomas, S. et al., (2019) Characterizing in Situ and in Transit Analytics of Molecular Dynamics Simulations for Next Generation Supercomputers.
eScience’19: Proceedings of the International Conference on eScience.

Work in Progress: Analytics for Molecular Dynamics
Rec. 4-1 (Sharing Methods, Data, Environment): Multiple executables
that generate or consume datasets; pre- and post-processing of data sets,
visualization scheduled onto available resources.

Rec. 6-3 (Invest in Open-source Tools for Reproducible Research):
Fundamental tools for scientific experiments to have reproducibility-oriented
features baked in as first-class citizens.

Rec. 6-9 (Broadening Uncertainty Quantification): Extend UQ to
include impact of (1) use of multiple parallel runtimes; (2) multi-tenancy on
HPC systems; and (3) opacity of code generation.
D. Chapp, V. Stodden, M. Taufer (2020) Building a Vision for Reproducibility in the Cyberinfrastructure Ecosystem: Leveraging Community Efforts,
Supercomputing Frontiers and Innovations, 7(1). DOI:10.14529/jsfi200106

2. Performance Scalability, Trust, and Reproducibility
Problem: Scientists are using increasingly complex multi-modal
workflows which hinders reproducibility and reliability of outcomes.
viz. data generation; data collection and merging; data pre-processing and
feature extraction; data analysis and modelling; and verification, validation,
and visualization.

Idea: Enhance performance scalability, trust, and reproducibility
through building a community-driven roadmap of research priorities
NSF Principles and Practice of Scalable Systems (PPoSS) Planning Award, with UTK
(Taufer), USC (Deelman, Ferreira da Silva, Pottier), UNM (Estrada), Utah (Hall)
This material is based upon work supported by the National Science Foundation under Award No. 2028881
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Three key requirements to achieve robust science
1. Scientific applications must meet both hardware and software performance
when executed despite heterogeneous resources and large scale systems.
Performance scalability can be accomplished through metrics/methods
to capture and measure computing experiments and deploy rigorous
scheduling and resource provisioning that maps tasks to infrastructure.
2. Individuals must trust technology, people, and organizations hosting the
applications’ execution to behave as specified or expected.
3. Individuals must be able to reproduce and replicate: draw the same
scientific conclusions using the knowledge encapsulated in the original
computational experiment and compare pipelines.
This material is based upon work supported by the National Science Foundation under Award No. 2028881
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Project Plan
Host three virtual world cafés to engage both domain scientists and
infrastructure communities to share knowledge via structured conversation.
Articulate the roles of performance scalability, trust, and reproducibility by:
╺ Identifying experimental practices, including computational techniques, that
support the in-concert successful progress of workflows;
╺ Advancing toward general hardware & software solutions for robust science
by evaluating the generality/transferability of the experimental practices;
╺ Defining a research agenda for next generation infrastructure development.
Develop larger proposal for development of improved practices, new solutions
and system innovation, and workforce development.

Conclusion: Opportunities from Convergence
Scientific reliability in increasingly complex computational and human
systems is an emerging issue with national attention.
Research will become massively more compute and data intensive,
and
Research computing will become dramatically more transparent.

These are reinforcing trends, which can admit exciting new
opportunities enabling greater efficiency, productivity, and
discovery.
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Thank you

