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& WE ARE PLEASED to present this special

issue on “Accelerating Scientific Discovery with

Reusable Software.” Our goal is to recognize

the significant increase in the development

and usage of high-quality reusable software

that has taken place over the past decade.

The intent of this special issue is to provide

the computational- and data-enabled research

community with information about the bene-

fits that can be achieved from developing and

utilizing reusable software that follows stand-

ards of quality and good practices. Extensive

community efforts are under way to create

and promote high quality, sustainable, reus-

able software that can enhance the quality

and reproducibility of computational results,

often at little or no cost. We use the term

“scientific community” to refer to researchers

and scholars in all disciplines, not just science

and engineering, and the term “scientific dis-

covery” to refer to research and scholarship

in all fields of study.

We have observed a significant and growing

focus on the reproducibility of scientific discov-

eries and the level of investment in sustainable

software development to advance scientific dis-

covery. A number of the papers in this special

issue highlight these efforts as well as the chal-

lenges resulting from the lack of use of high-qual-

ity reusable software. Significant investments

have been committed to software development,

but a large percentage of that investment has

been conducted in an ad hoc manner without

regard for best practices and standards. This sit-

uation has resulted in research publications that

are dependent upon software of which only a

small percentage can be reused to validate the

research conclusions.

When discussing reusable software, we refer

to numerical libraries, modules, community
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codes, and software tools as well as good pro-

gramming techniques that have been in devel-

opment and use for more than 40 years. These

very high-quality software solutions are often

overlooked by research teams whose lack of

knowledge and awareness leads them to rein-

vent similar software solutions. More often

than not, these research teams have strong

domain research knowledge but little software

engineering experience or programming exper-

tise. The net effect is that some research teams

neglect to pay attention to important details,

such as precision and performance. In contrast,

scientific teams that have adopted highly

developed software solutions and practices

have reduced their overall software develop-

ment time, increased the accuracy and reliabil-

ity of their results, and decreased their “time to

science,” enabling them to conduct more com-

plex analyses and advance knowledge in the

field.

The special issue papers address the chal-

lenges and problems that arise from home-

grown approaches. The papers include best

practices that have emerged from teams with

many years of experience developing sustain-

able scientific software, discipline-focused

case studies, alternative programming para-

digms, and strategies for building communi-

ties of practice. A brief synopsis of the papers

and the lead authors in this special issue are

given below.

� Katz et al. survey organizational efforts aimed

at developing better scientific software and

summarize the perspectives covered in the

papers in this special issue.

� Kellogg et al. describe best practices learned

from developing reusable software for the

geophysics community, with lessons learned

that can benefit other disciplines including

strategies for building a community of

practice.

� Lanore describes a component-based pro-

gramming paradigm approach for building

and using reusable software and demon-

strates it with a Bayesian inference applica-

tion case study.

� Richard et al. describe the computational

chemistry framework NWChem and the

updated NWChemEx package, which was

designed by using standardized approaches,

to enable the computational chemistry com-

munity to benefit from emerging exascale

computing environments.

� Ram et al. describe the rOpenSci Project,

which focuses on best practices for develop-

ing software to support reproducible science.

� Adorf et al. describe how to professionally

develop reusable scientific software and how

to balance this with obtaining rapid scientific

results.

We recognize that these papers represent only

a small subset of the broad range of reusable soft-

ware, projects, and approaches currently avail-

able. We hope the papers will benefit research

teams, lead to adoption of software development

standards, provide a foundation for enhancing sci-

entific reproducibility, and thereby advance our

knowledge and understanding of the world around

us. We further hope that these papers will foster

expanded community efforts, elicit recommenda-

tions for additional best practices, and raise

awareness of other high-quality reusable software

available to specific disciplines and the general

community. The papers provide a view into some

excellent community efforts and a collection of

best practices that can be expanded by the

community.

We encourage you to contribute to accelerating

scientific discovery by participating in community

efforts such as https://bssw.io, https://software.ac.

uk and http://urssi.us to enhance the development

and applications of reusable software.
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