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PROJECT SUMMARY
Overview
Computational modeling has become an indispensable tool in modern research, including chemistry
and biology. Development of computational frameworks supporting molecular engineering
applications, such as a rational design of molecules with desired properties, is of particular interest
across industries. Both academic and industry researchers are increasingly recognizing the value of
high-quality open source software and pre-competitive collaboration efforts – new organizational and
legal frameworks are needed to efficiently establish and manage such multi-institutional
cooperations, as are new mechanisms for building and maintaining shared infrastructure. With the
Open Molecular Software Foundation (OMSF), we seek to address this gap and create a
collaborative, cost-effective organization to support an ecosystem of open source projects in
molecular sciences, build expertise around managing and governing these projects, explore
pathways to sustainability, and accelerate innovation by sharing our knowledge and tools under open
licenses. Ultimately, our goal is to grow and support our ecosystem as a distributed network of
autonomous communities connected via shared infrastructure, processes, and values.

Intellectual Merit
OMSF has 4 different projects under its umbrella and close ties with several adjacent projects, giving
it a good initial grasp of the common challenges and potential solutions applicable to distributed,
collaborative projects across the molecular software space. In the grant period, we will: 1) create
“molecular sciences OSE playbook” – a combination of legal templates, onboarding guides and
training materials for users and contributors, and governance and management processes for
projects; 2) build technical solutions to improve quality and security of our projects, such as reusable
kit frameworks, project cookiecutters, automated testing on different hardware platforms, and
deployment via distribution systems; 3) strengthen OMSF’s position as a neutral ground where
different stakeholders can come together to discuss and contribute to common infrastructure,
securing long term sustainability and relevance of our OSE in the shifting landscapes of research
needs and technology advances. All materials will be released under permissive licenses. We will
build an active community around open source tools and best practices in molecular sciences and
create cooperative mechanisms for continuous improvement and development of new technologies.

Broader Impact
The ability to perform efficient and productive research is contingent on the access to robust, reliable
and well-documented research software regularly benchmarked for performance and accuracy.
Biotech and chemical industries are becoming more reliant on molecular modeling in their R&D
workflows, and the interest further grows with the recent advances of AI technologies. With OMSF,
we are building a mechanism for rapid progression of the state-of-the-art computational methods in
molecular modeling into stable, customizable and interoperable software to further expand research
capabilities and improve outcomes. In addition, training and validating computational models require
large datasets and are computationally very expensive, especially AI models, making this technology
out of reach for less-resourced researchers and companies. We aim to broadly enable innovation by
coordination of efforts, pooling resources and making resulting materials widely available for reuse
and further development. Additionally, we will enable community oversight and control of future
developments by adopting a community governance approach and transparency around these tools
without sacrificing progress and quality of produced technology.
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1 CONTEXT OF OSE

1.1 Overview. As molecular modeling grows in impact and usage, the number of available tools
also grows, but these often suffer from lack of quality or sustainability, with academic projects often
ending at proof-of-concept stage without reaching the levels of maturity and robustness needed to
benefit research and the economy. Such proof-of-concept work often suffers from poor documenta-
tion, inadequate or non-existent user support, and lack of long-term maintenance. Industry-based
researchers face similar challenges with their customized, in-house software solutions, as theymay
not have the skills or time to update or extend the software. Proprietary software further prevents
reuse and modification of existing solutions, and makes it harder to systematically benchmark and
analyze simulation results, though such benchmarking is essential for systematic improvement of
computational methods and models1. In summary, the further progress of molecular modeling re-
quires robust and reliable research software regularly benchmarked for performance and accuracy.
The open source approach to building common infrastructure is a great success story in the tech
industry, and the molecular sciences will benefit from a similar model. Thus, we propose building
better collaboration and coordination mechanisms to align researchers, developers and funders to
effectively contribute to a research commons while fueling future discovery and innovation.

1.2 Guiding principles and long-term vision. The Open Molecular Software Foundation
(OMSF) is a 501(c)(3) non-profit organization focused on facilitating collaboration and software de-
velopment for molecular simulation and design. We believe that open source software and open
science provide the best path to accelerated discovery and innovation, as permissive licenses en-
able rapid dissemination and democratize access to important tools and research results worldwide
and across sectors. To ensure that our tools are built and maintained with quality, security and us-
ability in mind, OMSF aims to facilitate collaboration between software teams, researchers, and
funders to jointly design, build and validate key infrastructure for computational molecular sciences.
Building OMSF as a community-driven organization is an integral part of our mission. Ultimately,
we will create a strong and dynamic ecosystem of robust and widely-adopted open source infras-
tructure forming a “full stack” for molecular modeling, driving new discoveries and applications in
molecular function and design. The full scope of our mission is given in Fig. 1.

1.3 Specific societal needs and broader impact. As the molecular sciences mature and key
new innovations become critical for industry, we’re reaching a critical moment or turning point. By
advancing open source innovation, we create a link between academic and industry researchers
and software scientists which we will help translate into dramatic progress on our shared problems,
ranging from materials design to food sciences and human health. The present moment is key, as
new multi-billion dollar industries are launching, software and hardware tools are changing rapidly,
and players are open to new, pre-competitive ways of approaching their shared problems.

1.4 Challenges. 1) Operational framework and coordination. Building communities requires
a different set of skills than scientific software development, though both are needed to build sus-
tainable open source infrastructure. Cross-institutional collaborations, in particular, require clear
and solid foundations, including a clear legal framework around governance, management of funds
and intellectual property rights, but also project and community management to assist with coordi-
nation of efforts across projects, institutions and individual contributors. The cost of coordination
and efficient information exchange can be quite high, but failing to do so incurs even higher costs,
resulting in missed collaboration opportunities, duplication of efforts and lack of interoperability.
The latter has been a long standing challenge in the field2. OMSF recognizes the need for better
coordination and management of people, resources, and assets associated with large, distributed
infrastructure projects to achieve better outcomes for the entire ecosystem. For example, OpenFF
recently led an unprecedented collaborative and standardized benchmarking effort of developed



Figure 1: OMSF’s mission and vision.
force fields on both public and proprietary datasets3. While the industry partners can’t necessarily
easily share information with each other, they can do so with us. We will leverage such neutral
ground to enable cooperation across organizations. 2) Sustainability. OMSF hosts several in-
dependent software projects, which have their own funding and governance, and OMSF takes a
small fee to handle legal and administrative obligations (currently 10%). While OMSF’s projects
may already be sustainable, the organization itself is not; it is lean and has a minimal profile, yet
because of this, it lacks resources to keep up with key demands from the community and to sup-
port its own growth. Specifically, we have no resources to invest into community building efforts
and systematic improvements aimed at the entire ecosystem, though these are an integral part
of our mission. Given OMSF’s size and youth, it mostly operates in “firefighting” mode, dealing
with urgent issues at the expense of investing in overall ecosystem health and sustainability. Thus
currently, OMSF operates at a basic level with a single staff member supporting operational tasks,
but we need additional investment to build community resources and ensure sustainability.

1.5 Aims.Via POSE,OMSFwill build collaboration infrastructure to support open source projects
in molecular sciences, and pave the way toward long-term ecosystem sustainability. In particular,
we will develop several key infrastructure areas, including legal and contract infrastructure, con-
tribution guidelines, best practices in software development and project governance, and easy
access points for our prospective contributors, as well as streamlined onboarding. We need a
one-time investment to create these materials and processes, which will yield high returns over
time and a solid foundation for growth even after the project period. We expect long term benefits
for the entire ecosystem. Sections 2-6 give a detailed overview of our aims and plans.

1.6 OMSF Ecosystem. In the roughly one year that OMSF has been in operation, it has helped
nucleate two projects, and has been approached by several existing projects interested in path-
ways to sustainability, clearly demonstrating the need for OMSF. Table 1 lists active projects under
the OMSF umbrella, along with projects in various stages of onboarding. All OMSF projects are
required to release their software and data under OSI-approved permissive licenses for the broad-
est possible reuse. Typically, this means MIT for software and CC-BY 4.0 for data/know-how/other
content. Collaboration and continuous assessment play a key role in project’s progress with con-
tributions from both industry and academic researchers3;4.



Figure 2: Active OMSF projects (OpenFF5–8, OpenFE9;10, OpenFold11;12) and industry partners,
and projects in different stages of onboarding (WESTPA13–15, Rosetta16;17, OpenMM18;19, Fragal-
ysis20.



2 ECOSYSTEM GROWTH

Figure 3: We plan a cyclical process where our
community identifies certain processes and rec-
ommendations as best practices, and turns the
most common ones into ecosystem templates.

2.1. Building OSE through standardized templates and best practices.
Every project comes with its own challenges
and operating environments, but they often
have common requirements for project tools
and protocols. We will develop a set of rec-
ommendations and best practices around soft-
ware development, project management, le-
gal frameworks, and community building re-
sources that every project will need, whether
hosted by OMSF or not. Rather than ad-
dressing this for each individual project, we
will develop a general guide for projects to fol-
low, while also laying out how projects can ef-
fectively define their own “traffic system” and
flow – an evolving ’open source playbook
for the molecular sciences’ to enable the
growth of our ecosystem while adhering to best
practices around quality and security (3). We
will further operationalize selected best prac-
tices and recommendations by developing a
set of customizable ecosystem templates or
blueprints, such as legal agreement templates,
onboarding guides and covenants for contribu-
tors, and cookiecutters/kit designs for developers (see Sections 4 and 5). These templates and
processes will create amechanism for aligning people around decision-making processes and gov-
ernance, and provide recommendations for communication and information dissemination strate-
gies. Our ecosystem support team (Section 4) will drive development, implementation and regular
assessment of developed resources during this grant period. We will disseminate the playbook
content through public platforms and outreach activities. More importantly, we will establish di-
rect feedback and contribution mechanisms to encourage reuse and active participation in future
development and maintenance of these community resources across our ecosystem.

2.2 Collaborative project development. Each of our current Hosted Projects already has a
network of industry and academic researchers (see OpenFF, Open Free Energy, OpenFold web-
sites) working together to build tools of interest together with the core developer teams. Our
project teams usually involve a mix of OMSF-affiliated software scientists, academic and industry
researchers. This allows us to efficiently explore new developments and rapidly incorporate expert
feedback in every cycle of software development and validation, ensuring that we are developing
products of value with an immediate positive impact on their research (see D.Cole’s Collaboration
Letter). The collaboration model that we currently employ usually involves the following steps:
1) collaborative roadmap planning; 2) new feature (capability) prototyping in academic groups or
in collaboration with leading experts; 3) integration of new feature prototypes in the main code-
base by core developer teams; 4) validation of new software features by academic and industry
researchers; 5) maintenance of core packages by core developer teams8. Each of these steps
provide an opportunity to contribute to the project and engage with the community members. We
will combine these existing development processes with new resources developed in this grant,
such as contributor and collaborator guides, plugin/kit designs, etc. to enable further community



engagement and growth of each project (see Section 4-6).
2.3 Technology and accessibility. We plan to make our infrastructure readily available and

optimized for cloud deployment with the aim of making our tools more accessible to both academic
and industry users via our partnership with Oracle Cloud (see Collaboration Letter). Oracle Cloud’s
robust infrastructure and the company’s experience working with leaders in the research space will
be a significant benefit towards OMSF’s growth. A partnership with Oracle will provide a strong
cloud framework that will continue to drive new capabilities and provide a means for researchers
and software engineers, alike, to build novel and innovative open-source approaches in molecular
sciences. This will also facilitate availability of OMSF software on other cloud providers.

2.4 Incentives and future growth potential. To date, OMSF projects have attracted interest
from more than 30 pharmaceutical companies and startups, and recently from the tech industry.
However, we are yet to develop a systematic approach for efficient recruiting of industry partners. A
main motivation for industry researchers to support our projects is “scratching an itch”, i.e. improv-
ing tools and their performance, pooling resources to reduce development cost and collaboratively
assessing accuracy of methods and models on open and proprietary data. This accuracy assess-
ment offers very important information for day-to-day research decisions, but comes at a high cost
in terms of human and compute needed by any single group acting alone. It also helps with un-
covering software bugs or any other performance issues that affect all stakeholders. These joint
efforts build strong ties between industry researchers and trainees, resulting in more job opportu-
nities for trainees and direct access to talent for industry. This was observed in practice within the
Open Force Field Initiative, where several team alumni moved to positions with industry partners.

Academic science, too, benefits from stable and well-maintained infrastructure. With such
tools, academics can focus on new science and discovery rather than building the necessary
tooling, exploring new functionalities and research topics of interest instead. Trainee participa-
tion in OMSF projects opens up access to a network of experienced researchers in industry and
academia, as well as the opportunity to closely collaborate with experienced research software en-
gineers, benefiting all involved. Although we have dozens of academic researchers participating
as collaborators, advisors and contributors across our current projects? , we believe that this num-
ber can further grow by creating clear engagement pathways and self-onboarding mechanisms for
researchers and contributors outside of our existing networks (see Section 4.1).

Our current approach to ecosystem growth relies heavily on our existing contact network and
active outreach. Our projects are typically able to draw early adopters/testers by soliciting vol-
unteers from these networks, which provide a solid foundation on which to build a sustainable
ecosystem. We are also able to advertise new projects to our existing industry partners and fa-
cilitate collaboration or cost-sharing between projects when convenient. However, most of our
existing projects are in the early stages and still need to build their communities of active users
and contributors, thus we propose to expand and formalize our networks via POSE – it will allow us
to use our existing resources and connections more efficiently and result in a long lasting impact
on our sustainability. To illustrate, Micaela Matta (Kings College London) approached us with a
funding opportunity and a desire to use OpenFF infrastructure for an exciting science project, but
she needed an industry partner. We circulated her ideas to our industry network, and received
interest from several partners. Ultimately she was able to partner with Janssen Pharmaceuticals
to get a grant supporting the work of a Ph.D. student in this area, using OpenFF infrastructure
to explore new science. Our collaboration with Danny Cole (Newcastle, see Collaboration Letter)
was somewhat similar. We would like to see more of these examples where researchers pursue
their own research interests while extending the OMSF ecosystem along the way. We will also aim
to collaborate with our industry partners (e.g. Oracle for Research) and academic institutions (e.g
MolSSI) on outreach by leveraging their existing networks to spur community growth and create



new connections.

3 ORGANIZATION AND GOVERNANCE

3.1 Current governance model.OMSF is a fully remote, distributed organization using fiscal spon-
sorship to engage in research software development activities and provide administrative and op-
erational support for open source projects, with OMSF acting as a legal representative and custo-
dian of participating codebases, and assisting with project governance, fundraising, distribution of
funds, personnel, accounting, legal matters, etc. We seek to combine the efficiency of central-
ized, shared organizational infrastructure with the benefits of the distributed, collaborative
open source projects. At the moment, our sponsored projects, called Hosted Projects, are the
organization members. Each Hosted Project comes with its own membership agreement and
governance structure. OMSF has a Board of Directors overseeing its activities, making strategic
decisions and ensuring that the organization remains aligned with its tax-exempt purpose, with
directors elected by the leadership of the hosted projects. Up to seven Directors may serve at
the same time, where up to 4 “internal” members will represent the Hosted Projects and up to
3 “external” members who bring external expertise and represent the community. Two industry
representatives will join the Board on Nov 1, 2022 and we expect further expansion in 2023 to
reach the Board’s maximum capacity. Our website21 offers more details about the current Board
members and OMSF governance.

The OMSF Board may approve new projects as Hosted Projects if they satisfy the following
criteria: 1) Working on a problem within or related to the molecular sciences domain; 2) Licensing
work under an OSI approved license for software, or under license compliant with Open Defini-
tion for other content; 3) Publicly available code and data on appropriate repositories (GithHub,
GitLab, Zenodo, etc.); 4) Clear governance model and relationship with OMSF21. Once a project
is approved, the project members sign an agreement specifying rules of participation and a char-
ter describing the project’s governance structure. OMSF can hire staff, give fellowships, apply for
grants and accept donations on behalf of each Hosted Project. Most projects have a Governing
Board making relevant decisions about project development, roadmaps, hiring, finances, etc. The
OMSF Board of Directors provides oversight over Hosted Projects’ activities to ensure alignment
between projects and OMSF’s missions, and adherence to legal and regulatory requirements (4A).
This structure allows Hosted Project communities to manage and govern their own resources and
responsibilities with admin and operational support provided by OMSF.

3.2 Membership model redesign. We will redesign OMSF’s membership structure to 1) im-
prove our governance model through better representation of our community, and 2) streamline
our administrative processes. Our redesign will add a mechanism for formal participation in OMSF
governance for meritorious contributors to ensure OMSF grows as a community-driven organiza-
tion, where the community includes all contributors, not just those who contribute financially. We
will also streamline the membership process for those joining multiple projects. At the moment,
they must join each project separately, increasing the administrative burden on both sides (4 B,C).
As we improvemembership structure to address these limitations, we will also exploremechanisms
to allow sponsors to divert a fraction of funding to key infrastructure which is critical for projects
but which may not have its own support. OpenMM provides one example of such infrastructure
(see Collaboration Letter)18. We will work together with our stakeholders to develop an acceptable
membership model and implement the changes in our agreements. We will document and share
our membership exploration process, along with our final plans and agreements, publicly.

3.3 General legal framework. In addition to the participation agreement for industry partners,



Figure 4: A) OMSF’s current governance model; B) The current membership model requires a
separate agreement and invoice for each project supported by the same industry partner, creating
confusion on both ends; C) Proposed streamlining of the membership model by becoming an
OMSF member and selecting projects of interest. This model also enables meritorious individuals
to become OMSF members (omitted from the figure from clarity).

each Hosted Project requires a set of agreement templates to enable multi-institutional collabora-
tion and clarify intellectual property (IP) rights and obligations. These include research collabora-
tion agreements, fellowship agreements, MOUs, services agreements, contractor and contributor
agreements, etc. We will make a one-time investment in a consistent legal framework with stan-
dardized terms and conditions around IP, and expected duties and responsibilities for frequently
encountered scenarios. This approach will reduce our legal costs in the future by removing the
need to negotiate similar agreements for every specific instance. Making resulting documents
available for reuse can also reduce legal costs for other projects/organizations with similar needs,
while providing transparency into our organizational operations. Finally, these standardized agree-
ments will lead to faster setup times for new projects due to expedient legal reviews.

3.4 Operational streamlining. Following the membership model redesign, we will streamline
the process of joining and renewing memberships for organizations and individuals alike, and that
for donations. This will reduce our overall admin burden, improving OMSF’s financial sustainabil-
ity. We hope our efficient “admin stack” can become a valuable community resource, from better
project support to collecting information needed for better understanding of our OSE economics.

4 COMMUNITY BUILDING

We will create clear access points for new community members, helping them to find their place
in the ecosystem. The resulting materials and supporting activities will become vital infrastructure,
serving OMSF and its projects in the long run and supporting healthy and sustainable projects. We
will use POSE funding to build OMSF’s community in several key areas listed below.

4.1 Engagement Pathways. Engagement Pathways are guides targeting areas in which we
need to grow the OMSF community – bringing in new people to engage with and contribute to
OMSF projects, bringing in new synergistic funding and science which can extend or help sustain
our organization and projects, and helping new projects spring up or come on board and grow to
become healthy and sustainable. We will deliver the following guides: 1) Contributor/Developer



Guide – this pathway will focus on new software contributors, guiding them in how to get onboarded
and begin contributing to OMSF projects (essentially, a developer guide), with an OMSF-level
template being made available for projects to adapt; 2) Collaborator Guide – this guide will be
aimed at potential new collaborators interested in howOMSF projects/tools can be used to facilitate
their science and how they can obtain OMSF help in facilitating their projects or obtaining their
own funding. For example, OpenFF helped support Cole’s successful proposal for a UKRI Future
Leaders Fellowship (Collaboration Letter). This supports his group’s work on independent science
projects and their contributions back to OpenFF infrastructure and science, funding several full-
time people in Cole’s group. 3) Project Guide – this guide will provide instructions for creating a
new project or transferring an existing one under the OMSF umbrella, and show how OMSF can
facilitate academic-industry partnerships focused on open science/open source software, while
hosting projects benefiting the broad molecular science community.

4.2 Training, onboarding and growth pipelines. To grow our community, we will supplement
contributor/developer guides with explicit training and mentoring programs. We will also work to
design and set up industry internships to bring on new contributors, as many industry members
have regular internship programs, but also through generating proposals to Google Summer of
Code, Outreachy and similar efforts. Industry partners sometimes provide in-kind contributions to
OMSF projects in terms of person-effort, further helping with dissemination of our tools and asso-
ciated best practices. We will partner with other organizations and communities with comprehen-
sive educational experience, such as Rosetta and MolSSI, to provide more training opportunities
to new contributors. Our long-term goal is building a diverse,distributed and growing pipeline of
researchers who use, value, and contribute to our tools and projects, whether or not they maintain
any official connection with OMSF (see also Section 2.3).

Figure 5: We will build our community through
self-onboarding by making our contributor/project
guides and training materials available broadly,
and by actively building those resources and of-
fering training through our ecosystem support
team for maximum impact.

4.3 Outreach/Events. OMSF and our
projects use websites, social media platforms,
and software development platforms to com-
municate with our users and contributors. Our
projects also organize regular online work-
shops to provide an overview of the recent
progress and future plans, and software de-
mos. We plan to organize at least one in-
person event per year to provide an opportunity
for our fully remote organization, project stake-
holders and adjacent communities to spend
some time together, form new relationships,
and strengthen the existing ones. We will use
these events to showcase our projects, but
also to tackle common challenges such as best
practices, infrastructure gaps, project manage-
ment, contributor training, and sustainability.

4.4 Ecosystem support team. We will es-
tablish a dedicated ecosystem support team
consisting of an ecosystem manager and re-
search software engineers (“ecosystem engi-
neers”) whose primary responsibility will be de-

velopment and maintenance of shared resources important for the entire OSE (“ecosystem com-
mons”, see Section 5). They will also assist with integration of developed tools and practices across
community projects, providing support and training when needed. We expect that this process will



result in wider adoption of best practices and improved flow of ideas and expertise across the
ecosystem. Ultimately, we believe that this approach will lead to improved ecosystem interoper-
ability, systematic upskilling of project contributors, and easier cross-project contributions. On the
outward-facing side, we will assist our projects with market research to understand their audience,
as well as identifying potential synergies and evaluating costs/benefits associated with those syn-
ergies, and guide them to effectively communicate with their community. This will be the primary
duty of the ecosystem manager. We will improve our ecosystem and expand individual projects’
capacity through a combination of resource development and active support by the dedicated team.

5 OSE DEVELOPER TOOLS (ECOSYSTEM INFRASTRUCTURE)

We will also build several key developer tools to address certain security and quality control chal-
lenges at the ecosystem level (see below). All our Hosted Projects strive to follow OpenSSF Best
Practices whenever possible (see Data Management Plan)– using GitHub for version control and
management of development, pull request reviews for merging new features; comprehensive doc-
umentation, code review, continuous integration and automated testing, nightly builds, roadmap
planning, etc. However, these practices require constant attention to ensure that everything is
working as intended as different dependencies are being updated, and contributors need training
and guidance as they come with diverse skills and backgrounds. We will design and build a set
of tools and processes aiming to improve and/or standardize certain development practices and
contribution requirements, as a part of our contributor onboarding materials and developer guides.
Our goal is to facilitate compliance with OpenSSF Best Practices through technical solutions and
training available to our projects and broader community. To ensure future relevance and sustain-
ability of the tools built in this project, we will create a community governance model around each
product so it can “exit to community”.

5.1 Reusable plugin/kit framework. To improve extensibility, we will build a framework to al-
low projects to easily accept plugin code. An existing “primary” package can be enhanced in two
different ways without having to modify the original source code: Plugin code dynamically hooks
into an existing code base (typically using a registry and callback mechanism) and enhances or
changes the functionality. Alternatively, a kit is a self-contained computational tool or formal work-
flow description that relies on the primary package. The main difference between plugins and kits
is the depth of integration, with kits being more loosely coupled than plugins. Plugins or kits are
separate from the development of the main package and remain under the control of the original
authors. The separation allows for a different pace of development and it enhances the recognition
of the plugin/kit authors. The major advantage for the development team of the primary package
is that they do not shoulder the burden of maintenance and they avoid accumulation of technical
debt, thus freeing them to focus on core functionality of the main package. This division of respon-
sibility is essential for scaling up the growth of an ecosystem around a package because otherwise
the number of developers of the main package would have to be increased to keep pace with the
addition of new features or risk the degradation of software quality, leading to unmaintainable and
unsustainable code.

Although anyone can write plugins/kits, they often fail to attract users unless they are visible
and findable, accessible, installable via standard mechanisms, and continuously tested (follow-
ing FAIR software standards22). As achieving these standards is difficult for small development
teams and scientists with little or no formal training in software development, it is essential that
plugin/kit developers are supported in order to grow a plugins/kits ecosystem. This support can
come in the form of a framework that is customized for the primary package. The two major com-



ponents of such frameworks are (1) code templates and (2) a registry mechanism. Examples for
such package-specific frameworks are PLUMEDNest23 (input files for enhanced sampling simula-
tions with PLUMED24); the Aiida plugin registry (workflows in material science)25, the napari-hub26

(plugins to enhance the napari image viewer27), and MDAKits28 (enhancements of MDAnalysis29
via kits and plugins). Different projects can implement plugins/kits in different ways. However,
common approaches and common problems exist. As part of this grant we will provide a general
foundational framework that addresses key problems for plugins/kits and will make it easy for a
project to bootstrap its own plugin/kit ecosystem.

Figure 6: Generic plugin/kit ecosystem. Plug-
ins/kits associated with a primary software pack-
age are registered in a registry. Integration be-
tween primary package and plugins/kits is con-
tinuously tested with continuous integration work-
flows whose results are stored in the registry. The
registry frontend allows users to search for plug-
ins/kits and view the current code health.

The basic components of our generic
framework (6) are: 0) template documenta-
tion for requirements that plugins/kits must ful-
fill, 1) a template for a plugin/kit package that
encodes best practices [see also Improve, ex-
tend and build resources for quality assurance
below], 2) a registry backend for maintaining
a record of kits/plugins, 3) continuous integra-
tion workflows for running integration tests be-
tween plugin/kit and the primary package, 4)
a registry frontend that displays available plu-
gins/kits together with appropriate code health
metrics (e.g., version compatibility, test results,
test coverage) and allows users to find appro-
priate plugins/kits. All of these components will
be made available so that they can be easily
customized and run within the organization of
the primary package (e.g., their ownGitHub Or-
ganization). Wewill leverage a common core of
tools that is used byOMSF projects andmost of
the biomolecular software community: Python
is used either as the primary programming lan-
guage or as a glue language. Projects perform
distributed version control via git and GitHub
and use continuous integration (via GitHub ac-

tions) for testing and in some cases deployment.
5.2 Distribution systems/Packaging. Our projects only matter when they are in the hands of

users and researchers. As such, a solid distribution system is required to deliver software products
and retrieve dependencies. Additional benefits of using these distribution systems come in the form
of improved interoperability and findability of related tools, support for a range of architectures
and automation/inheritance of certain best practices and dev strategies. Enabling more tools to
join the same distribution platform(s) will further strengthen our ecosystem. We already deploy to
platforms such as the Python Package Index? (PyPI), and conda-forge30 (CF), but packaging new
releases can take up substantial developer time due lack of expertise or platform-related issues.
CF is of special interest here, but our developers report that CF documentation can be confusing,
that some key CF packages sometimes remain broken for extended periods of time, and that
pulling back a broken package can be challenging. We will make deployment easier for our teams
and the broader community through training, improved documentation, bug fixing and new feature
implementation, including contributing back to the CF community. To increase the value and impact
of these updates, we will first survey open source communities and developers in our ecosystem



to find the most pressing issues associated with CF. We will also survey our industry partners and
other users to better understand how we could improve their experience. We will share the results
of this survey and work on fixing the most important problems identified by the community. We will
work with Quansight (see Collaboration Letter) and NumFocus consultants to deliver solutions and
training, and make CF expertise more accessible. This cooperation will lead to improved software
quality, security, and availability across the entire ecosystem.

5.3 Continuous integration/Automated testing. In addition to distribution systems, one of
the common challenges for OMSF projects is the ability to test software on diverse hardware and
operating systems. Access to diverse hardware is paramount to adequate testing, yet there is not
a reliable service to test on hardware like GPUs, Apple Silicon (ARM64 architecture or M1 chips),
or other less common architecture. We will run Self-Hosted Runners of GitHub actions as all the
codebases are on GitHub. These runners will handle automatic continuous integration (CI) testing
on production-level hardware, unavailable normally. The objective is not simply to have a single or
limited set of hardware to run OMSF projects, but to serve as proof-of-concept for infrastructure we
can make available to the broader community once successful enough as containerized workflows
that users can deploy on hardware of their choice. We will partner with Oracle Cloud to enable
access to different hardware architectures. These resources, and importantly how to construct and
maintain them, will persist far beyond our own projects or the timeframe of the award.

5.4 Cookiecutter update. We will collect and enshrine key proposed changes inside an up-
dated version of the Molecular Sciences Software Institute’s (MolSSI) “Cookiecutter for Compu-
tational Molecular Sciences” (CC-CMS) package? , as well as improve its maintenance. At its
core, the CC-CMS is a molecular-sciences-centric tool for building Python packages from scratch
which automatically sets up best practices tools and ideas such as CI, automatic documentation,
semantic versioning, dependency resolution, testing frameworks, and more. Each of the above
mentioned improvements and extensions can, and will, be incorporated into the CC-CMS as they
help large swaths of the scientific community. The tools and configurations for establishing Self-
Hosted runners on arbitrary hardware will be built into the CI setup. Updated features that we
commision for CF will be included in the deployment files, and we’ll streamline the deployment
process to go from Python library to deployment on CF. This work will be done in collaboration with
Levi Naden and MolSSI (see Collaboration Letter).

6 SUSTAINABILITY

Our goal is to scale and support our ecosystem as a distributed network connected via shared
infrastructure and best practices, something like a “traffic system” for our OSE, by aligning de-
velopment practices. We will leverage templates and processes to create “self-onboarding” routes
and empower different communities to establish new projects, adhere to best practices in software
development and governance, actively contribute to community resources, and drive innovation31.
This will facilitate collaboration and broaden the contributor pool, since participants will be using
the same tooling and developer guides (Section 3-5) making engagement far easier. We need
dedicated personnel to create and implement these templates and processes, as well as path-
ways for engaging with the broader community – in terms of sharing and implementing templates
and processes developed in this grant, attracting and onboarding new contributors, bringing in new
projects and funders, and creating synergistic projects which can attract their own funding (an area
of prior success). We will build a system which can operate long after the award ends.

For successful delivery and future relevance, we will continuously improve our processes based
on deliberate project scoping and specification, and clear communication and engagement with



relevant stakeholders at every step of the life cycle. We will assign a project driver (or lead team)
to each proposed deliverable to ensure that our goals are met on time. More information about our
development and evaluations plans, including success metrics, are provided below.

6.1 OSE Playbook I: Legal framework, governance and operations.With a one-time invest-
ment of time and effort, we will create a framework to enable fast and easy deployment of new
collaborative projects with clear, adaptable governance models; mechanisms to specify and/or
formalize relationships and responsibilities between participating institutions or individual contrib-
utors; and an inclusive membership and governance model for OMSF (Section 3). We will also
develop an auditing process and ensure license compliance for all our software products relying
on external open source components to avoid licensing issues for our downstream users. We will
further improve our operational efficiency through streamlined administrative processes.

Figure 7: The concept of sustainability for our
ecosystem is based on driving continuous im-
provement and adoption of best practices, and
inclusion and community growth through collab-
oration and training.

Success metrics: We will measure the im-
pact of provided templates and services via sur-
veys, community engagement (web traffic and
social media), number of downloads and ref-
erences made to shared materials, number of
projects adopting our legal templates and gov-
ernance models, and improved administrative
capacity, i.e. larger volume of work supported
by the same amount of effort.

Evaluation plan. 1) Legal framework.
We will evaluate our new membership model
and legal framework via surveys and interactive
meetings with our industry partners and aca-
demic collaborators to ensure our agreements
fulfill their intended purpose in a form accept-
able to our partnering institutions – a clear sign
of success. This means that applicable new
agreements will have to be reviewed by legal
teams of our industry partners and academic in-
stitutions as a part of the development process.
We will run systematic reviews at least once a
year during our annual membership renewals
to assess and improve our legal framework and
updated released documents accordingly. 2)
Operational streamlining. Our administrative team meets bi-weekly to assess and review the
current workload and supporting processes in a relatively complex landscape of procurement sys-
tems employed by our industry partners. As we improve our stack and processes, we will monitor
administrative efficiency as a success metric.

6.2 OSE Playbook II: Onboarding guides.We will develop three onboarding guides (Section
4.1) – for contributors/developers, collaborators (researchers) and projects. The latter will also
include more generalized project management recommendations based on OpenFF protocols and
processes. We will develop these resources as a living document on GitHub, enabling version
control and direct contributions from our community in the form of issues or pull requests, following
the same principles as “enhancement proposals”? ? . We will gather feedback and lessons learned
to create major releases of these guides at least once a year. The ecosystem manager will lead
development of these resources.

Success metrics: Community engagement and adoption (web traffic, social media, pull re-



quests, issues, forks, etc), number and diversity of contributors, downloads/citations.
Evaluation plan. Before releasing the initial version of the onboarding guides, we will request

review from our project members and close collaborators. After the release, we will accept feed-
back on GitHub and allow modifications by external contributors. We will assign a lead maintainer
to each guide and require quarterly review of guides.

6.3 OSE developer tools. As described in Section 5, we will: 1) design and develop a reusable
plugin/kit framework; 2) improve automated testing for different hardware platforms; 3)make conda-
forge distribution systemmore accessible; and 4) update cookiecutter for easy setup of new projects
with best practices embedded. This infrastructure will help with systematic improvement of best
practices and their dissemination/implementation, resulting in an overall improvement of software
quality and security for the entire ecosystem. We will hire a team of research software engineers
(“ecosystem engineers”) to lead and actively support development, maintenance and integration
of these tools for the benefit of the entire ecosystem, as well as assist with training and knowledge
transfer to further expand software development skills in current and future contributors. They will
receive assistance from our project teams, collaborators (O. Beckstein, L. Naden, J. Rodriguez-
Guerra) and consultants when needed, as well as from the ecosystem manager and PIs.

Success metrics: Success metrics for all software components will include general open
source project health metrics, including number of downloads/forks/issues/pull requests32, number
of contributors, number of dependencies, publication citations, imports of the software into exter-
nal projects (e.g. “from openff.toolkit import x”), user satisfaction assessment, workshop/event
attendance, number of views/downloads for training materials, and requests for support.

Adoption and evaluation. Best practices change with time and technology, requiring our ap-
proach to change. We take a two-pronged approach to development and adoption: 1) Working
groups to design and review software and/or best practices. We will establish a working group
around each item listed in Section 5 to enable early community engagement and a path to long-term
sustainability by defining clear roles and responsibilities in future development and maintenance.
The working groups will assist with roadmap planning and specification of deliverables, provide
feedback on design and implementation, and meet regularly to discuss progress and best prac-
tices (at least quarterly). These groups will also examine technology releases, updated software,
and potential future changes which will happen between meetings, and recruit contributors and
future members. Ecosystem engineers will be responsible for early development and deployment
of this infrastructure, as well as providing long-term maintenance. With this approach, we aim to
jumpstart a community of developers and maintainers dedicated to improvement of OSE devel-
oper tools and best practices, and through that, quality and security of open source software in
molecular modeling. 2) Deployment of new changes. Deploying changes to ecosystem infras-
tructure will require several feature advancements that we will develop. First, an upgrade path
will need to be planned to automatically apply potential changes, especially because the broader
user communities will have wildly divergent codes at the time of upgrades. The upgrade paths are
similar to table upgrades in SQL databases. Wherever possible, we will develop a bot to automat-
ically deploy these changes to existing repositories. The working groups will also document each
upgrade path designed for human consumption so users can easily adopt newer best practices
when automatic update is not possible.

6.4 Community building. While we hope that the developed infrastructure under 6.1 and 6.2
will enable self-onboarding for many new contributors, we will engage in community building (Sec-
tion 4). We will promote the developed guides, tools and practices through social media, and
workshops and demos aimed at the broader benefits of the above resources. We will work with our
partnering institutions and communities (MolSSI, QuanSight, Oracle, Rosetta, industry partners)
to host workshops for different skill level users and create internship opportunities in part-



nership with our industry partners and through existing programs, such as GSoC. Our ecosystem
engineers will spend up to 20% on training and upskilling research engineers in our ecosystem.
We will further work to expand our existing networks through new collaborations, synergistic fund-
ing opportunities, and joint efforts around common infrastructure. Our annual in-person events will
allow us to make stronger personal connections with our community members, but also to reduce
friction inherent to remote work in a globally distributed environment. These efforts will be led by the
ecosystem support team with assistance from the PIs, senior personnel and other collaborators.

Success metrics: a) New contributors and collaborators joining OMSF communities; b) In-
creasing or stable number of total open source projects under OMSF’s umbrella; c) Increasing
number of new organizations supporting OMSF/Hosted Projects; d) Size and diversity of OMSF
team to support the ecosystem, including diversity of roles, expertise and backgrounds; f) Amount
of funding raised annually for OMSF and hosted project activities; g) Amount of synergistic funding
OMSF helped to raise; h) Number of industry/GSoC internships to build trainee pipeline; i) Num-
ber of online and in-person events and workshops to train new users and contributors, attendance
levels; j) Creation of useful training materials combined with available user engagement metrics
(web traffic, comments, social media), k) Web traffic metrics, number of active forum users and
active conversation threads, followers on social media and engagement levels with our content.

Evaluation plan. While each specific metric listed above may be frequently evaluated and
updated, we will gather all available information and run a systematic review of our community
building strategy once a year. This process will require significant effort and involvement of multiple
stakeholders. Each Hosted Project will also track their own success metrics and work on their own
outreach and community building strategies, and report back to the ecosystem support team at
least once a year. Success of events and workshops will be evaluated after the event and findings
will be recorded for the annual review. Based on the insights gained through suggested metrics
and annual review, we will update our strategy and reallocate our effort as needed.

7 BROADER IMPACTS

The community recognizes a vital need for quality open source software to sustain scientific inno-
vation, and is ready to invest money and effort in this space when shown a way forward, as our
current hosted projects have demonstrated. This has driven the success of OpenFF and OpenFE
projects, and inspired OpenFold, but we at OMSF see a huge potential to do more and better not
just for our projects, but for the entire computational molecular sciences ecosystem – we want
to catalyze a culture change around collaboration and resource sharing in molecular sciences.
Here, we request the resources to and make our tools and know-how available and understand-
able to anyone who would like to build on or extend the OMSF model. This grant will allow OMSF,
and the broader community, to speed up development of essential support systems for the open
source ecosystem in molecular sciences to drive future growth and systematic improvements to
software, best practices, and contributor onboarding and training. The value and promise of fu-
ture successes of computational modeling in molecular sciences is only rising, as demonstrated
by the recent successes in protein structure prediction by AlphaFold2 and other ML applications
and the recent biotech investment boom. Our work will create opportunities for (under-resourced)
researchers to make an impact on this exciting technology by linking them with funding, talent and
contributions. Our work will also create new roles and career paths for scientists who love open
source and open science, acting as a bridge between industry and academia. The ultimate out-
come of this POSE project will be a sustainable organization, well integrated with the community,
which helps nucleate and sustain a broad range of open source projects in the molecular sciences,



and welcomes all contributors regardless of career stage, geographic location, or community.

8 RESULTS FROM PRIOR NSF SUPPORT

NSF CAREER award CHE-1352608: CAREER: Computing accurate free energies for solu-
bility, solvation and transfer PI: D. L. Mobley (UCI); Amount awarded: 602,354, 7/1/14-6/30/19
Summary: This project focused on computing and predicting equilibrium thermodynamic proper-
ties such as solubilities, transfer free energies, and activity coefficients, using simulation-based
alchemical techniques. We developed a validated framework for aqueous solubility calculation,
developed a tool for automatic setup of relative free energy calculations, and applied free energy
calculations to solvation thermodynamics in several different areas.
Intellectual Merit: The Mobley lab developed a new approach for calculation of absolute solubili-
ties based on molecular simulations33, paving the way for applications of this technique in industry
applications. We also developed an approach for precise and accurate relative solubility calcu-
lations34, and began to test these methods on partitioning coefficients35. We also updated and
refined our tool for planning relative free energy calculations, LOMAP, making the software avail-
able on GitHub. Broader Impacts: Insights, results, and software from this work have been used
broadly in both industry and academia. Silicon Therapeutics (now Roivant) adopted our LOMAP
software internally, as did Cresset and a variant is incorporated in Schröodinger’s FEP+ software.
These successes are feeding back into new open source derivatives and extensions of LOMAP.
The Mobley Lab’s work here on free energy calculations informs methods and force field fitting
within the OpenFF Initiative, and insights on partitioning coefficients have helped drive several sub-
sequent SAMPL community challenges. Solubility calculations, too, are now seeing applications
in industry36 based on this work. Publications:33–51 Other products: LOMAP is publicly available
on GitHub under a permissive license and is now being maintained by OpenFE.
NSF DIBBS award ACI-1443054: CIF21 DIBBs: Middleware and High Performance Analytics
Libraries for Scalable Data Science PI: G. Fox (Indiana U), Co-I: Beckstein; Amount awarded:
$ 125,000, 10/1/14 – 9/30/20 (NCE), with REU supplements, $ 65,400 (10/1/14 – 9/30/21 (NCE))
(all subcontract Beckstein).
Summary: In this large early implementation grant multiple groups collaborated to create middle-
ware and analytics libraries to allow data science to work at large scale on high-performance com-
puting systems, covering key application areas in core machine- learning, image processing and
the application communities, network science, polar science, biomolecular simulations, pathology,
and spatial systems52;53.
Intellectual Merit: Co-I Beckstein established the MDAnalysis library for biomolecular simulations
as a key tool to perform serial29 and parallel analysis using task-based54–56 and MPI paralleliza-
tion57;58 approaches. In particular we identified the need for supporting parallel file formats in the
biomolecular simulation community and implemented the parallel-enabled H5MD trajectory format
(based on HDF5) in MDAnalysis58.
Broader Impacts: MDAnalysis is now one of the most widely used general purpose libraries for the
analysis and manipulation of particle-based simulations, showing near exponential growth (citation
data). It has broad applicability including extraction of features for machine learning enhanced sim-
ulation models59, as employed by the winners of the 2020 ACM Gordon Bell COVID-19 research
prize60. The award supported research by two graduate students and nine undergraduates.
Publications: (only including co-I Beckstein):29;52–58;61–63
Other products: MDAnalysis is publicly available from GitHub and via PyPi and conda-forge.
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