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The astrophysics community has been ahead of many other science communities in mak-
ing research codes publicly available, and therefore in the development and adoption of
community codes. ZEUS-2D [5] was one of the earliest codes to become public, and it has
been followed by several others such as FLASH [1], Gadget [3], Enzo [2] and Athena [4].
This list is not exhaustive, but it provides a glimpse of the open software development
that prevails in the astrophysical community. It is this culture of openness and sharing of
code that is further reflected in the development and rapid adoption of yt [6], an analysis
and visualization package. In this contribution, we highlight the impact of three of these
packages — FLASH, Enzo and yt — on the astrophysics community.

FLASH has been in existence since 1999 and first became public in 2000. Enzo’s devel-
opment started in 1996 and the code was made publicly available in 2003. FLASH has
had over 50 significant developers during its lifetime, while Enzo has had approximately
25. FLASH has had centralized development at the University of Chicago’s Flash Cen-
ter, while Enzo currently has 12 active developers spread over 10 institutions. FLASH
development has been predominantly supported by NNSA-DOE, with some funding from
NSF, while Enzo has had multiple streams of funding. FLASH has been downloaded more
than 3,000 times with several of the downloads by the same person or group, indicating
continued use of the code by corresponding users. Over 850 papers have been published
that used FLASH to obtain all or part of their results. Enzo has similar statistics. To-
gether, these codes annually account for the usage of several hundred million cpu hours
on supercomputers run by DOE, NSF, NASA and other international agencies. Several
PhD dissertations have used one of these codes as their primary simulation tool. Fur-
thermore, involvement in these communities has had strong positive impact on the career
trajectories of young scientists.
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The analysis framework yt was instrumented in a similar fashion to FLASH; while initially
designed to support only the Enzo simulation code, it has been designed to be modular
in its intake of data while retaining a consistent public data access API and internal data
representation. This enables identical analysis scripts to be applied to data produced by
simulation codes such as FLASH, Enzo, and Athena. Recently added support for octree
and particle-based codes such as RAMSES and Gadget has led to significant increase in
the size of the community. Over the three years since the yt method paper [6] has been
published, it has been cited by approximately 95 different papers. During the lifetime of
the code, code contributions from nearly 50 different authors (ranging from very small to
very large) have been accepted to the main code base and the user and developer mailing
list have 220 and 70 members, respectively. Community growth has been important
to all three of these projects. An active user and developer community serves as an
extremely important function of reducing the barrier to entry for new researchers using
HPC resources for scientific simulations. This has been a particularly high priority for yt,
as it is segmented into both fundamental infrastructure (typically contributed by a core
of individuals) and analysis modules and/or code frontends, which are often contributed
by individuals that are newer to the project or who have developed technology for their
own use. The yt project itself is designed to remove barriers to direct technology sharing
between researchers by providing a common analysis platform. These, and similar projects
in other fields, show that if reliable and robust codes exist, and efforts are made to promote
their use, they facilitate higher overall scientific output. They also help foster open science
in their corresponding communities, which has wide-ranging benefits.
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