
Lecture Notes in Computer Science 9807

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison
Lancaster University, Lancaster, UK

Takeo Kanade
Carnegie Mellon University, Pittsburgh, PA, USA

Josef Kittler
University of Surrey, Guildford, UK

Jon M. Kleinberg
Cornell University, Ithaca, NY, USA

Friedemann Mattern
ETH Zurich, Zürich, Switzerland

John C. Mitchell
Stanford University, Stanford, CA, USA

Moni Naor
Weizmann Institute of Science, Rehovot, Israel

C. Pandu Rangan
Indian Institute of Technology, Madras, India

Bernhard Steffen
TU Dortmund University, Dortmund, Germany

Demetri Terzopoulos
University of California, Los Angeles, CA, USA

Doug Tygar
University of California, Berkeley, CA, USA

Gerhard Weikum
Max Planck Institute for Informatics, Saarbrücken, Germany



More information about this series at http://www.springer.com/series/7407

http://www.springer.com/series/7407


Jasmin Christian Blanchette • Stephan Merz (Eds.)

Interactive
Theorem Proving
7th International Conference, ITP 2016
Nancy, France, August 22–25, 2016
Proceedings

123



Editors
Jasmin Christian Blanchette
Inria Nancy – Grand Est
Villers-lès-Nancy
France

Stephan Merz
Inria Nancy – Grand Est
Villers-lès-Nancy
France

ISSN 0302-9743 ISSN 1611-3349 (electronic)
Lecture Notes in Computer Science
ISBN 978-3-319-43143-7 ISBN 978-3-319-43144-4 (eBook)
DOI 10.1007/978-3-319-43144-4

Library of Congress Control Number: 2016945777

LNCS Sublibrary: SL1 – Theoretical Computer Science and General Issues

© Springer International Publishing Switzerland 2016
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, express or implied, with respect to the material contained herein or for any errors or
omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG Switzerland



Preface

The International Conference on Interactive Theorem Proving (ITP) is the premier
venue for publishing research in the area of logical frameworks and interactive proof
assistants, ranging from theoretical foundations, technology, and implementation
aspects to their applications in areas such as verifying algorithms and programs,
ensuring their safety and security, or formalizing significant mathematical theories. ITP
grew out of the TPHOLs conferences and ACL2 workshops organized since the early
1990s.

Previous editions of ITP took place in Edinburgh, Nijmegen, Princeton, Rennes,
Vienna, and Nanjing. The seventh edition (ITP 2016) was organized by the Inria
research center Nancy – Grand Est in Nancy, France, during August 22–25, 2016. In
all, 55 submissions were received for ITP 2016. Each submitted paper was reviewed by
at least three members of the Program Committee or external reviewers, and the
Program Committee decided to accept 27 regular contributions and five rough dia-
monds. Viktor Kuncak, Grant Olney Passmore, and Nikhil Swamy were invited to
present keynote talks at the conference. The main conference was followed by work-
shops dedicated to the Coq and Isabelle systems, as well as to the Mathematical
Components library.

The present volume collects the scientific contributions accepted for publication at
ITP 2016. It also contains abstracts of the keynote presentations.

We are very grateful to the members of the ITP Steering Committee for their
guidance and advice. Our colleagues in the Program Committee and the external
reviewers did an excellent job in preparing timely and helpful reviews as a basis for
selecting the accepted contributions. We extend our thanks to the authors of all sub-
mitted papers and the ITP community at large, without which the conference would not
exist.

The Inria research center Nancy – Grand Est, and in particular the delegate for
colloquia Anne-Lise Charbonnier, provided professional support for the organization of
ITP 2016. We gratefully acknowledge financial support by Aesthetic Integration,
Communauté Urbaine du Grand Nancy, Microsoft Research, Région Alsace Cham-
pagne-Ardenne Lorraine, and Springer. As in previous years, Springer accepted to
publish the proceedings of ITP 2016 as a volume in the LNCS series, and we would
like to thank the editorial team for the very smooth interaction.

June 2016 Jasmin Christian Blanchette
Stephan Merz
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Propositions as Programs, Proofs as Programs

Viktor Kuncak

École Polytechnique Fédérale de Lausanne (EPFL)

Leon is a system that (among other features) enables writing verified programs and
their properties in a purely functional subset of Scala. The key specification statement
in Leon is that a function satisfies its contract for all inputs. Leon proves properties and
finds counterexamples using SMT solvers and an unfolding strategy for recursive
functions. A newly developed link with Isabelle provides an additional safety net for
soundness of the approach.

Due to Leon’s unfolding mechanism, it is possible to write additional, semantically
redundant, expressions that help Leon prove a theorem. We attempt to formalize this
“accidental” feature of Leon. In our view, propositions, as well as proofs, are just
terminating programs. This makes Leon statements and proofs (syntactically) acces-
sible to the half a million of Scala developers. We explain some limitations of this
approach in writing proof tactics and controlling the space of assumptions, suggesting
that a form of reflection would provide benefits of Turing-complete tactic language
without ever leaving the paradise of purely functional Scala programs.



Formal Verification of Financial Algorithms,
Progress and Prospects

Grant Olney Passmore

Aesthetic Integration and University of Cambridge

Many deep issues plaguing today’s financial markets are symptoms of a fundamental
problem: The complexity of algorithms underlying modern finance has significantly
outpaced the power of traditional tools used to design and regulate them. At Aesthetic
Integration, we’ve pioneered the use of formal verification for analysing the safety and
fairness of financial algorithms. With a focus on financial infrastructure (e.g., the
matching logics of exchanges and dark pools), we’ll describe the landscape, and
illustrate our Imandra formal verification system on a number of real-world examples.
We’ll sketch many open problems and future directions along the way.



Dijkstra Monads for Free: A Framework
for Deriving and Extending F*’s

Effectful Semantics

Nikhil Swamy

Microsoft Research

F* is a higher-order effectful language with dependent types. It aims to provide equal
support for general purpose programming (as in the ML family of languages) as well as
for developing formal proofs (like other type-theory based proof assistants, e.g., Coq,
Agda or Lean). By making use of an SMT solver while type-checking, F* provides
automation for many routine proofs.

At the heart of F* is the manner in which effects and dependent types are combined:
this presents several well-known difficulties. Our basic approach to solving these dif-
ficulties is not surprising: effectful computations are encapsulated within monad-like
structures. More specifically, F* interprets effectful computations using monads of
predicate transformers, so called “Dijkstra monads” that compute weakest pre-condi-
tions for arbitrary post-conditions. These Dijkstra monads are arranged in a lattice of
effect inclusions, e.g., pure computations are included within stateful ones.

In this talk, I will describe a new technique for deriving F*’s Dijkstra monad lattice
by CPS’ing (with result type Prop) purely functional definitions of monads corre-
sponding to F*’s effects. Several benefits ensue:

1. For starters, programmers are able to customize F*’s effect lattice using familiar
Haskell-style monadic definitions, while gaining for each such monad a weakest
pre-condition calculus suitable for Hoare-style verification of programs.

2. Next, several useful properties, e.g., monotonicity of predicate transformers, are
guaranteed by the derivation, reducing the proof obligations for adding an effect
to F*.

3. Third, our technique supports a mechanism to break the abstraction of a monadic
effect in a controlled manner, reifying an effectful computation as its pure coun-
terpart, and reflecting pure reasoning on the reified program back on to the effectful
code.

I will also provide a general introduction to F* and its applications, notably its use
in Everest, a new project to build and deploy a verified, secure implementation of
HTTPS, including Transport Layer Security, TLS-1.3.

F* is open source and developed on github by researchers at Microsoft Research
and Inria. For more information, visit https://fstar-lang.org.
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