7.3 Zachary Tatlock
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Collaboration plan

The PIs are Zachary Tatlock, Michael Ernst, and Tom Anderson. We have an established, productive history
of collaboration and co-authored the PLDI 2015 paper [WWP*15a] that inspired this grant proposal. We
all work in the same department, with offices within a few feet of each other. We co-advise students and
work together on multiple joint projects across a number of distinct areas of computer science, including
verification, software engineering, and distributed systems. We participate in multiple joint weekly meetings,
both on the Verdi project and on other current research topics. In particular, Tatlock and Ernst co-advise
students Pavel Panchekha and Konstantin Weitz. Anderson and Ernst co-advise student Doug Woos, with
Tatlock as an informal advisor. Tatlock is an informal advisor to Ernst’s student Calvin Loncaric, and Ernst
is an informal advisor to Tatlock’s students Stuart Pernsteiner and James Wilcox. All of these students are
interested in formal verification of distributed systems and will work on the proposed project. Ernst and
Anderson also co-advised Ivan Beschastnikh (who graduated in 2013 and is currently a professor at UBC),
whose work spans distributed systems and software engineering.

The PIs will jointly define and participate in the graduate seminars on systems, programming languages,
and software engineering, which are held each quarter. In Spring 2015, Zach Tatlock, along with our
colleague Xi Wang, will develop and teach a graduate seminar, CSE 599, on systems verification focusing on
operating systems, distributed systems, and networking. This seminar will be project-based, and students
will be encouraged to use Verdi to verify their own systems or work on further developing a part of the Verdi
framework.

The Software Engineering and Programming Languages Research Lab is a place where students “hang
out,” allowing not only in-depth interaction among the team members but also informal interactions and
idea-sharing with other students in these areas. The PIs bring different styles, knowledge, and approach to
the research table. This allows us to help students develop along multiple dimensions. We anticipate many
technical challenges in this ambitious project — but luckily collaboration won’t be an obstacle.

7.4 Division of Work

As described in the proposal, we will investigate 10 research questions. The primary faculty leads for each
question are listed below, but we stress that everyone on the team is a generalist. Although we each have
different areas of expertise, we all intend to pitch in on whatever sub-project is needed to push the goals of
the work forward. We strive to foster the same attitude among our graduate students.

RQ1 (Anderson, Tatlock) RQ6 (Ernst, Tatlock)
RQ2 (Anderson, Tatlock) RQ7 (Anderson, Tatlock)

RQ3 (Anderson, Ernst) RQ8 (Ernst, Tatlock)
RQ4 (Ernst, Tatlock) RQ9 (Ernst, Tatlock)
RQ5 (Anderson, Ernst) RQ10 (Anderson, Ernst)

Each of these questions has a multi-year research and development agenda. Instead of trying to complete
one area and then the next, our plan is to work on them in parallel as the results from many of these questions
can help developing solutions to the rest. We will split the research agenda in each area into a series of
six-month challenges that we can integrate into the mainline Verdi framework if successful, and learn from
our failures if not. The idea is to repeatedly course-correct, to go from working system to working system.



7.5 Collaboration Mechanisms

We plan to continue the model we have used in the recent past:

e Graduate students will be co-advised in almost all cases. Not only do students get the benefit of multiple
perspectives, but this provides an almost daily opportunity for faculty to discuss issues with respect to the
project.

e Graduate researchers will typically work on sub-projects in small teams of 2-3; in our view, student
collaboration across project topics is as advantageous as faculty collaboration.

e Undergraduate researchers will be paired with a graduate student mentor, overseen by one other faculty
member. We have found that undergraduates benefit from more frequent interaction than is often possible
with over-committed faculty. Furthermore, graduate students learn a lot from the experience of being an
advisor.

e We will have weekly project meetings, including faculty and students, to discuss research progress and
plan future work. We believe students should see the process of how decisions are made, rather than
making those decisions behind closed doors.

e We will hold weekly PI meetings to track progress against progress goals, diagnose and fix student issues,
and strategize industrial adoption.

e We will organize and hold an annual off-site meeting to coordinate with practioners from our industrial
partners.



Data management plan

The goal of this project is to enable the creation of formally-proven distributed system implementations. To
evaluate the space of design alternatives, we plan to build proofs and extract runnable source code from them;
we will also run experiments on the running systems. All source code, along with configuration files and
instructions for reproducing published measurements of the system, will be made public, hosted via GitHub
and accessible from the project website at the University of Washington.

The principal investigators have a long history of making research software and data publicly available,
so that other scientists can reproduce and build on the work. Anderson has led the development of several
widely used open source software artifacts over the past few years, most notably BitTyrant [PIA*07] and
OneSwarm [[PKA10]. Both have been downloaded more than a hundred thousand times. Most recently they
have led an effort to produce an easy to configure public anti-censorship tool, uProxy, to enable client browsers
to work together to evade censorship [Upr]. uProxy is open source software, and it has more than ten thousand
enrolled beta users for an initial release in the next few months. They have also led the iPlane Internet topology
mapping project [MIP'06]. iPlane has collected and published Internet topology maps continuously since
2006. The iPlane system measures millions of paths per day and the results have been used by more than thirty
research groups. Ernst recently led the development of the Checker Framework (http://checkerframework.org/),
which is downloaded about 300 times per day, and his Daikon (http://plse.cs.washington.edu/daikon/) and Randoop
(http://mernst.github.io/randoop/) projects are even more popular. Dozens more software downloads are listed at
http://homes.cs.washington.edu/~mernst/software/ and http://homes.cs.washington.edu/~mernst/pubs/.

As NSDI steering committee chair, Anderson was instrumental in encouraging NSDI to create a special
award for those papers whose source code and data sets are placed in the public domain. Tatlock is the Artifact
Evaluation Committee Co-Char for PLDI 2016. In this role, he will encourage the authors of all accepted
papers to submit their implementations to the committee which will attempt to independently replicate the
paper’s results before the conference is held.

Policies for access and sharing. We will make the source code for our tools and all test configurations
available for public download using the BSD or Apache license. To ensure the broadest impact of our work,
we will make the source code available for re-use without restriction.

Reproducibility of experimental results. We will publish our results and algorithms using peer-reviewed
venues such as PLDI, POPL, ICSE, FSE, OSDI, and NSDI, as well as through technical reports freely
available through our department web sites. All published experimental results will be accompanied by public
source code, configuration files, and data sets, allowing others to directly reproduce our results.

Plans for archiving data. Data archival is essential for the repeatability of experiments and longitudinal
studies. We will ensure archival of the measured data reported in our published work. We expect these data
sets to be small enough to be served out of the same GitHub and department repositories for the project
source code.

Standards, data format and content. There is no accepted standard for storing and maintaining proofs
(other than the source code of the proof in Coq) and experimental data from distributed systems. We will
ensure that the data set and source code distribution includes sufficient documentation to allow for the
published data to be reconstructed by a third party.
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