

https://doi.org/10.1109/SE4Science.2019.00009
https://arxiv.org/abs/1903.00732



























https://www.ref.ac.uk/












https://martinfowler.com/bliki/TwoHardThings.html
https://twitter.com/holman/status/776291833336979456



https://martinfowler.com/bliki/TwoHardThings.html
https://twitter.com/holman/status/776291833336979456



https://martinfowler.com/bliki/TwoHardThings.html
https://twitter.com/holman/status/776291833336979456



https://martinfowler.com/bliki/TwoHardThings.html
https://twitter.com/holman/status/776291833336979456



https://martinfowler.com/bliki/TwoHardThings.html
https://twitter.com/holman/status/776291833336979456



https://martinfowler.com/bliki/TwoHardThings.html
https://twitter.com/holman/status/776291833336979456



























https://danielskatzblog.wordpress.com/2019/07/12/super-rses-combining-research-and-service-in-three-dimensions-of-research-software-engineering/



https://www.society-rse.org/



https://us-rse.org/



https://carcc.org/
https://carcc.org/ci-professionalization/
https://carcc.org/wp-content/uploads/2019/01/CI-Professionalization-Job-Families-and-Career-Guide.pdf



















Supporting
Research Software Development

38



High-level comparison

Institutional memory spanning projects, domains, time

Flexible workforce with flexible skills

Can support varying levels of effort, in particular portions of staff members
Supports mentoring/coaching

Reduced bus factor with regards to project core knowledge

Enables scalable growth to more rapidly take on new/large efforts

Fosters reuse and sustainability of built software

Costlier staff, however, better more maintainable code

Perpetual precarious staffing allocations when solely reliant on grants
Difference from status quo makes model hard to describe to funding agencies/Pls
Not possible to fund permanent staff under some agencies

Risk of siloed staff after prolonged embedding in projects

Lack of assimilation into domain if project is too short

Projects today too often do not consider/reward reuse
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Overcoming varying finite duration funding streams

We want to retain professional software development staff

Grant funding

— Often less than 1 RSE FTE

* And at NCSA and Manchester, a project’s 1 RSE FTE should be split across 2 staff members to
lower project risk and reduce project capture of staff

— Shorter duration than staff careers

RSE groups tend towards a form of “Matrix Management”

— Principle Investigator axis: changes over time
* Funded by research projects

— RSE group manager axis: fixed
* Funded by ... ? Overhead? Tax on projects? Institution?

* How do we fund RSE groups to set aside time for growth?
— E.g., skill development, technology exploration, grant writing
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Career paths (NCSA)

Title Assistant Research Programmer Research Programmer Senior Research Programmer Lead Research Programmer Principal Research Programmer
Major Function Develop software and tools to address scientific and other real world problems
Lead development activites and oversee/mentor groups of developers as a "player coach”
Key Responsibilities Develop novel software or contribute to existing software, both independently and/or in collaboration with team members, in support of a project's goals

Interact with peoplein a wide range of educational, scientific, and engineering disciplines to create advanced software
Represent the group at meetings, give presentations at conferences or other venues, and contribute to publications and grant proposals
Carry development and contribute significantly towards the reporting on one or more projects
Track technologies changes/research activity in relevant fields
Evaluate thestrengths and weaknesses between varieties of novel approaches to problems and communicate these to colleagues
Design new approaches and techniques in resolving project specific problems using independent judgement
Oversee and develop on a number of projects: assist in ensuring deliverables/deadlines are met, contribute to proposals, and teach others
Lead and assume responsibility for activities of a project's development team/sub-team,
ensure team/project goals and deadlines are met
Oversee/steward design and development of several significant software code bases
Steward funded projects
Leading the building, maintaining, and growth
of a broad active and sustainable community
around one or more codebases
Unwavering conflict resolution towards
maintaining teams/efforts

Estabilishing non-grant funded sources for one

or more codebases (e.g. service cost models,

industry partnerships)

Decision Making Authority Project developers and students

Supervision Senior/Lead/Principal Research Programmer, Group/Division Leads, Project Leads Group/Division Leads, Project Leads

BA/BS in computer science. Alternative degree fields will be considered/accepted if accompanied by equivalent experience
1-3 years software development experience 5+ years software development experience 10+years software development experience

Required Education,

Training, and Experience Some course level soft. dev. Experience

Demonstrated ability to create/lead sub-teams
Knowledge of programming, ability to follow research publications, an ability to write, and an ability to be creative towards open ended software development

Preferred Experience Subject matter experts on one or more technologies
Ability to establish a software development effort from the ground up (create software from scratch)
Programmingin one or more programming languages (e.g. Java, C++, Python, Scala, FORTRAN, Ruby, Javascript)
Proficient in 3 or more programming languages with an ability to explain/decide why one would be utilized over another
Web development (e.g. Server side scripting, client side frameworks, HTMLS5, CSS, REST)
Databases (e.g. MySQL, MongoDB, PostgreSQL)
Contributions towards research publications
Experiencein one or more ofthe following: Machine learning or data mining, Natural language processing, Geospatial data management and programming, Computer vision or graphics, HPC environments, cloud computing,

and/or systems administration




Best practices

1T ILLINOIS NCSA



Best practices

* Research is a team endeavor; larger & more complex projects need a
wider range of skills

L\

1T ILLINOIS NCSA




Best practices

* Research is a team endeavor; larger & more complex projects need a
wider range of skills
* Professionals who write software & analyze data are essential

— Can’t push these activities to students & post-docs, but need to
work with them

1T ILLINOIS NCSA




Best practices

 Research is a team endeavor; larger & more complex projects need a wider
range of skills

* Professionals who write software & analyze data are essential

— Can’t push these activities to students & post-docs, but need to

work with them

* RSE group members (senior developers and/or project

managers) can bring more mature project management aspect/structure

— Team organization (roles, responsibilities)

— Work organization (WBS & timelines for deliverables)

— Software organization (code repositories, issue trackers, wikis, messaging)

— Coding practices (sprints, code reviews, TDD, integration testing, autobuilds)

— —> better, more sustainable code & more efficient group coordination

1T ILLINOIS NCSA




Best practices

 Research is a team endeavor; larger & more complex projects need a wider
range of skills

* Professionals who write software & analyze data are essential

— Can’t push these activities to students & post-docs, but need to

work with them

* RSE group members (senior developers and/or project

managers) can bring more mature project management aspect/structure

— Team organization (roles, responsibilities)

— Work organization (WBS & timelines for deliverables)

— Software organization (code repositories, issue trackers, wikis, messaging)

— Coding practices (sprints, code reviews, TDD, integration testing, autobuilds)

— —> better, more sustainable code & more efficient group coordination

 These can be barriers in projects that focus on science questions
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Institutional memory

* Research software is becoming more important, complex, and costly
e Expertise is valuable
e Students and postdocs pack up and move on

» RSE groups with longevity beyond any individual
project, can act as “institutional memory”

— Long-term/permanent contracts

— Contracts not aligned to projects

* RSEs are generally more mobile across domains than other research staff

— Opportunities for translation of knowledge/artifacts across more users/communities
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e Scientific research is about scientific discovery first and foremost

 There’s a long and deep culture as to what this means
— Scientific method, students, paper publications, ...

 We're trying to change that culture

— Or at least adapt it to include technical aspects _
required by modern day science software science story

 Research is increasingly a team endeavor

— As projects become larger and more complex,
a wider range of skills is required
writes code writes papers

Jay, et al; Identifying the challenges of
code/theory translation; 2017;
10.3897/ri0.3.€13236
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Changing scientific culture

e Scientific research is about scientific discovery first and foremost

 There’s a long and deep culture as to what this means
— Scientific method, students, paper publications, ...

 We're trying to change that culture

— Or at least adapt it to include technical aspects _
required by modern day science software science story

 Research is increasingly a team endeavor

— As projects become larger and more complex,
a wider range of skills is required

* Whether we write software or papers, writes code

we are all researchers Jay, et al; Identifying the challenges of
code/theory translation; 2017;

10.3897/ri0.3.€13236

writes papers
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Conclusions

e Software is becoming recognized as an essential part of research

e Support aspects of such software are not ... yet
— RSE staff, RSE groups
— Models for sustaining, citing and crediting software

* RSE-type groups are emerging globally to address these needs

RSEs and data scientists do not work in a vacuum

— They are key to common research activities, such as hypothesis generation, study
design, data analysis, and interpretation of results

Efforts to make this well understood and accepted by the scientific
community at large are ongoing
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