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Professor Thomas Reps has been a member of the faculty of the Computer Sciences
Department of the University of Wisconsin—Madison since 1985. He was promoted to
Associate Professor in 1988, Professor in 1994, and received the Rajiv and Ritu Batra
Chair and a WARF Professorship (which he named in honor of CS Department co-
founder J. Barkley Rosser) in 2015. He served as Associate Chair of the Department from
1990 to 1993. He has held visiting appointments at INRIA (1982-83), the University of
Copenhagen (1993-94), Consiglio Nazionale delle Ricerche (CNR) in Pisa, Italy (2000—
01), and Université Paris Diderot — Paris 7 (2007—08). In addition to his UW career, he
co-founded GrammaTech, Inc., where he served as President for 31 years.

Research Highlights: During nearly four decades on the faculty, Professor Reps
conducted research in the fields of Programming Languages, Verification, and Software
Engineering. His research ranged over a wide variety of topics, including abstract
interpretation (and its applications to model checking; dataflow analysis; shape analysis;
and analysis of machine code, concurrent programs, and probabilistic programs),
program slicing, partial evaluation, computer security, program synthesis, quantum-
circuit simulation, code instrumentation and profiling, divided-difference arithmetic,
incremental algorithms, and software-development environments.

With Prof. Tim Teitelbaum (Cornell), Reps created the Cornell Program Synthesizer, the
first example of an interactive program-development environment for a strongly typed
imperative programming language. It resembled modern program-development
environments, such as Microsoft Visual Studio and Eclipse, but pre-dated them by over
two decades. In follow-on work, Reps and Bowen Alpern created the first screen-
oriented, interactive, automated proof assistant.

With his late wife, Prof. Susan Horwitz, and Prof. Mooly Sagiv (Tel Aviv), Reps showed
that the problem of context-free-language reachability (CFL-reachability) in directed
graphs is a key concept in program analysis. (CFL-reachability is the variant of graph
reachability in which a path from node s to node ¢ only counts as a valid s-¢ connection if
the concatenation of the labels on the path's edges forms a word in a given context-free
language.) He showed that many program-analysis problems could be formulated as
CFL-reachability problems. The idea is now standard, and a CFL-reachability solver is a
key component of most systems for software model checking and bug detection. You
may have noticed that Windows became much more stable starting around 2004 (fewer
“blue screens of death”). In part, that happened because a group at Microsoft developed
the SLAM tool, a static analyzer that checks for bugs in Windows device drivers (which
used to cause 85% of Windows system crashes). One of the algorithms that made SLAM
successful is the algorithm for interprocedural dataflow analysis based on CFL-
reachability that Reps, Horwitz, and Sagiv developed in 1995.

Reps’s work with his then-student G. Ramalingam on an incremental algorithm for the
shortest (hyper-)path problem found at least two prominent homes: AT&T used the



algorithm to adjust capacities in their network when they scheduled link downtimes for
maintenance (with about a dozen links needing service each day). Later, the algorithm
was combined with the A*-search algorithm to solve planning problems for the SUV
from CMU that won the DARPA 2007 Urban Challenge race for autonomous vehicles.

The “shape-analysis” problem studied by Reps, Sagiv, and Prof. Reinhard Wilhelm
(Saarland University) from 1995-2010 concerns how to establish properties of programs
that use linked data structures. These properties—such as whether a list is cyclic or
acyclic—require following pointer chains deep into memory. This need represented a
major obstacle for reasoning about real-world programs, which make extensive use of
storage allocated from the free-storage list. In their work on “parametric shape analysis
via 3-valued logic,” they created a method for automatic reasoning about linked data
structures (and, more generally, evolving logical structures). Their results inspired an
enormous community research effort and eventual industrial applications at Facebook,
Amazon, Microsoft, and elsewhere.

From 1998-2017, Reps worked on methods for analyzing machine code. In 2004, he and
his then-student Gogul Balakrishnan developed an algorithm for static analysis of
machine code that—without relying on symbol-table or debugging information—tracks
the flow of values through memory. For each program point, the algorithm identifies a
safe approximation of the contents of the registers and memory at that point, which is
then used to determine what addresses may be read or written by each operation. The
algorithm was used to develop a platform for (i) finding bugs and security vulnerabilities
in a program when its source code is unavailable, and (ii) aiding security analysts to
understand the workings of off-the-shelf components, plugins, mobile code, and DLLs, as
well as memory snapshots of worms and virus-infected code.

Reps has published 145 refereed-conference papers (of which 16 were invited for special
submission to journals), 60 journal papers, 19 invited papers, and 4 books. His work has
been recognized by awards from three research communities (PL, Verification, and SE):

e In 2017, Reps received the ACM SIGPLAN Programming [anguages
Achievement Award, given for a significant and lasting contribution to the field
of Programming Languages.

e With his former student Akash Lal and three others, Reps received the 2023 CAV
Award, given for fundamental contributions to the field of Computer-Aided
Verification, for the “introduction of context-bounded analysis and its application
to systematic testing of concurrent programs.”

e Reps received two ACM SIGSOFT Retrospective Impact Paper Awards (2010
and 2011), which recognized papers that have been particularly influential in
software-engineering research. (Only Reps and David Parnas are recipients of
two Retrospective Impact Paper Awards.)

Reps’s Ph.D. dissertation won the 1983 ACM Doctoral Dissertation Award. He also
received an NSF Presidential Young Investigator Award (1986), a Packard Fellowship
(1988), a Humboldt Research Award (2000), and a Guggenheim Fellowship (2000). He is
an ACM Fellow (2005) and a foreign member of Academia Europaea (2013).

Service: In 1996, Reps served as a consultant to DARPA to help them plan a project
aimed at reducing the impact of the Year 2000 Problem on the U.S. Department of




Defense. In 2003, he served on the F-22 Avionics Advisory Team, which provided advice
to the U.S. Department of Defense about problems uncovered during integration testing
of the plane's avionics software.

Professor Reps served on numerous conference program committees, including four
times for POPL (once as PC Chair) and three times for PLDI, the flagship conferences of
the ACM Special Interest Group on Programming Languages (SIGPLAN). He was also a
co-organizer of five Dagstuhl Seminars (at the International Conference and Research
Center for Computer Science at Dagstuhl Castle, Wadern, Germany).

At Wisconsin, Reps served on the selection committee for graduate fellowships (1991-
93), on the Physical Sciences Divisional Committee (2002-05), and as a member of the
selection committee for the Romnes, Kellett, and WARF Professorship awards (2016).

In the CS Department, Reps served as Associate Chair (1990-93). He and Chuck Dyer
(then CS Chair) wrote a memo about the finances of sabbaticals that played a decisive
role in persuading the University to reinstitute a sabbatical program. Reps also served on
the Faculty Recruiting Committee (multiple years), the Awards Committee (multiple
years), and several ad hoc committees to select recipients of professorships and chairs.

Teaching: When he arrived in 1985, Reps created a graduate class on Principles of
Programming Languages (covering A-calculus, semantics, type theory, partial evaluation,
and abstract interpretation), which he taught for many years. During his first year
teaching it, he had the experience of presenting the proof of the Church-Rosser Theorem
with J. Barkley Rosser sitting in the front row!

Reps also taught the undergraduate compiler class and the undergraduate data-structures
class. Notable lectures included (i) showing how an algorithm for the shortest-path
problem, applied to a graph derived from a currency-conversion table from the
International Herald Tribune, could be used to find positive arbitrage cycles, thereby (in
principle) allowing students to obtain fabulous wealth, and (ii) teaching “retrograde
debugging,” in which—while dressed as Sherlock Holmes, wearing two baseball caps in
lieu of a deerstalker (one cap worn forwards, one worn backwards)—he used several
“retrograde chess puzzles” from Raymond Smullyan’s book “The Chess Mysteries of
Sherlock Holmes” to illustrate what it means to deduce (from a core dump or debugger
state) actions that must have occurred in the past, and the order in which they occurred.

Reps gave 7 invited conference tutorials, including 3 at POPL, 2 at CAV, and 1 at PLDL

Reps supervised the Ph.D. dissertations of twenty-four students. Five of Reps’s students
received the Outstanding Graduate Student Research Award given by the UW CS
Department. Akash Lal (Ph.D. 2009) was a co-recipient of the 2009 ACM SIGPLAN
Outstanding Doctoral Dissertation Award, and one of 18 researchers selected for the
2011 India TR-35 list. G. Ramalingam (Ph.D. 1993) is an ACM Fellow (2016).

Conclusion: Professor Thomas Reps has enjoyed a long and productive career in the
Computer Sciences Department at the University of Wisconsin—-Madison. We wish to
acknowledge his notable contributions in research, service, and teaching by conferring
Emeritus status upon him at his retirement, and hope that he will carry out his plan to
continue doing research in the CS Department during his retirement.



