
32nd International Conference
on Foundations of Software
Technology and Theoretical
Computer Science

FSTTCS 2012, December 15–17, 2012, Hyderabad, India

Edited by

Deepak D’Souza
Telikepalli Kavitha
Jaikumar Radhakrishnan

LIPIcs – Vo l . 18 – FSTTC 2012 www.dagstuh l .de/ l ip i c s



Editors
Deepak D’Souza Jaikumar Radhakrishnan and Telikepalli Kavitha
Dept. of Computer Science & Automation School of Technology and Computer Science
Indian Institute of Science Tata Institute of Fundamental Research
Bangalore 560012 Homi Bhabha Road, Mumbai 400005
India India
deepakd@csa.iisc.ernet.in jaikumar@tifr.res.in, kavitha@tcs.tifr.res.in

ACM Classification 1998
D.2.4 Software/Program Verification, F.1.1 Models of Computation, F.1.2 Modes of Computation, F.1.3
Complexity Measures and Classes, F.2.2 Nonnumerical Algorithms and Problems, F.3.1 Specifying and
Verifying and Reasoning about Programs, F.4.1 Mathematical Logic, F.4.3 Formal Languages

ISBN 978-3-939897-47-7

Published online and open access by
Schloss Dagstuhl – Leibniz-Zentrum für Informatik GmbH, Dagstuhl Publishing, Saarbrücken/Wadern,
Germany. Online available at http://www.dagstuhl.de/dagpub/978-3-939897-43-9.

Publication date
December, 2012

Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche Nationalbibliografie; detailed
bibliographic data are available in the Internet at .

License
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported
license: http://creativecommons.org/licenses/by-nc-nd/3.0/legalcode.
In brief, this license authorizes each and everybody to share (to copy, distribute and transmit) the work
under the following conditions, without impairing or restricting the authors’ moral rights:

Attribution: The work must be attributed to its authors.
Noncommercial: The work may not be used for commercial purposes.
No derivation: It is not allowed to alter or transform this work.

The copyright is retained by the corresponding authors.

Digital Object Identifier: 10.4230/LIPIcs.FSTTCS.2012.i

ISBN 978-3-939897-47-7 ISSN 1868-8969 www.dagstuhl.de/lipics

http://www.dagstuhl.de/dagpub/978-3-939897-47-7
http://www.dagstuhl.de/dagpub/978-3-939897-43-9
http://dnb.d-nb.de
http://dx.doi.org/10.4230/LIPIcs.FSTTCS.2012.i
http://www.dagstuhl.de/dagpub/978-3-939897-47-7
http://drops.dagstuhl.de/lipics
http://www.dagstuhl.de/lipics


iii

LIPIcs – Leibniz International Proceedings in Informatics

LIPIcs is a series of high-quality conference proceedings across all fields in informatics. LIPIcs volumes
are published according to the principle of Open Access, i.e., they are available online and free of charge.

Editorial Board

Susanne Albers (Humboldt University Berlin)
Chris Hankin (Imperial College London)
Deepak Kapur (University of New Mexico)
Michael Mitzenmacher (Harvard University)
Madhavan Mukund (Chennai Mathematical Institute)
Wolfgang Thomas (RWTH Aachen)
Vinay V. (Chennai Mathematical Institute)
Pascal Weil (Chair, University Bordeaux)
Reinhard Wilhelm (Saarland University, Schloss Dagstuhl)

ISSN 1868-8969

www.dagstuhl.de/lipics

FSTTCS 2012

http://drops.dagstuhl.de/lipics
http://www.dagstuhl.de/lipics




Contents

Preface ix
Conference Organization xi
External Reviewers xiii

Invited Talks

Learning Mixtures of Distributions over Large Discrete Domains
Yuval Rabani . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Imperative Programming in Sets with Atoms
Mikołaj Bojańczyk and Szymon Toruńczyk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Algorithmic Improvements of the Lovász Local Lemma via Cluster Expansion
Dimitris Achlioptas and Themis Gouleakis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Test Generation Using Symbolic Execution
Patrice Godefroid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

Automated Reasoning and Natural Proofs for Programs Manipulating Data Structures
P. Madhusudan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

Contributed Papers
Session 1A

Certifying polynomials for AC0[⊕] circuits, with applications
Swastik Kopparty and Srikanth Srinivasan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

Randomly-oriented k-d Trees Adapt to Intrinsic Dimension
Santosh S. Vempala . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

Lower Bounds for the Average and Smoothed Number of Pareto Optima
Navin Goyal and Luis Rademacher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

Exponential Space Improvement for min-wise Based Algorithms
Guy Feigenblat, Ely Porat, and Ariel Shiftan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

Session 1B

An effective characterization of the alternation hierarchy in two-variable logic
Andreas Krebs and Howard Straubing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Decidable classes of documents for XPath
Vince Bárány, Mikołaj Bojańczyk, Diego Figueira, and Paweł Parys . . . . . . . . . . . . . 99

Faster Deciding MSO Properties of Trees of Fixed Height, and Some Consequences
Jakub Gajarský and Petr Hliněný . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

Cost-Parity and Cost-Streett Games
Nathanaël Fijalkow and Martin Zimmermann . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

32nd Int’l Conference on Foundations of Software Technology and Theoretical Computer Science (FSTTCS 2012).
Editors: D. D’Souza, T. Kavitha, and J. Radhakrishnan

Leibniz International Proceedings in Informatics
Schloss Dagstuhl – Leibniz-Zentrum für Informatik, Dagstuhl Publishing, Germany

http://www.dagstuhl.de/en/publications/lipics/
http://www.dagstuhl.de/en/about-dagstuhl/


vi Contents

Session 2A

Super-Fast 3-Ruling Sets
Kishore Kothapalli and Sriram Pemmaraju . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136

New bounds on the classical and quantum communication complexity of some graph
properties

Gábor Ivanyos, Hartmut Klauck, Troy Lee, Miklos Santha, and Ronald de Wolf . . 148

Session 2B

On Bisimilarity of Higher-Order Pushdown Automata: Undecidability at Order Two
Christopher Broadbent and Stefan Göller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160

Scope-bounded Multistack Pushdown Systems: Fixed-Point, Sequentialization, and
Tree-Width

Salvatore La Torre and Gennaro Parlato . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

Session 3A

Scheduling with Setup Costs and Monotone Penalties
Rohit Khandekar, Kirsten Hildrum, Deepak Rajan, and Joel Wolf . . . . . . . . . . . . . . . . 185

Scheduling Resources for Executing a Partial Set of Jobs
Venkatesan T. Chakaravarthy, Arindam Pal,
Sambuddha Roy, and Yogish Sabharwal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199

Session 3B

Visibly Rational Expressions
Laura Bozzelli and César Sánchez . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

Safety Verification of Communicating One-Counter Machines
Alexander Heußner, Tristan Le Gall, and Grégoire Sutre . . . . . . . . . . . . . . . . . . . . . . . . . 224

Session 4A

Density Functions subject to a Co-Matroid Constraint
Venkatesan T. Chakaravarthy, Natwar Modani, Sivaramakrishnan R. Natarajan,
Sambuddha Roy, and Yogish Sabharwal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236

Efficient on-line algorithm for maintaining k-cover of sparse bit-strings
Amit Kumar, Preeti R. Panda, and Smruti Sarangi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

Maintaining Approximate Maximum Weighted Matching in Fully Dynamic Graphs
Abhash Anand, Surender Baswana, Manoj Gupta, and Sandeep Sen . . . . . . . . . . . . . . 257

Approximation Algorithms for the Unsplittable Flow Problem on Paths and Trees
Khaled Elbassioni, Naveen Garg, Divya Gupta, Amit Kumar,
Vishal Narula, and Arindam Pal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267



Contents vii

Session 4B

Graphs, Rewriting and Pathway Reconstruction for Rule-Based Models
Vincent Danos, Jérôme Feret, Walter Fontana, Russell Harmer, Jonathan Hayman,
Jean Krivine, Chris Thompson-Walsh, and Glynn Winskel . . . . . . . . . . . . . . . . . . . . . . . 276

On the Complexity of Parameterized Reachability in Reconfigurable Broadcast Networks
Giorgio Delzanno, Arnaud Sangnier, Riccardo Traverso, and Gianluigi Zavattaro . 289

Extending the Rackoff technique to Affine nets
Rémi Bonnet, Alain Finkel, and M. Praveen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301

Accelerating tree-automatic relations
Anthony Widjaja Lin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313

Session 5A

k-delivery traveling salesman problem on tree networks
Binay Bhattacharya and Yuzhuang Hu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325

Rerouting shortest paths in planar graphs
Paul Bonsma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337

Space Efficient Edge-Fault Tolerant Routing
Varun Rajan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350

Session 5B

Approximate Determinization of Quantitative Automata
Udi Boker and Thomas A. Henzinger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 362

Timed Lossy Channel Systems
Parosh Aziz Abdulla, Mohamed Faouzi Atig, and Jonathan Cederberg . . . . . . . . . . . . . 374

Session 6A

Solving the Canonical Representation and Star System Problems for Proper Circular-Arc
Graphs in Logspace

Johannes Köbler, Sebastian Kuhnert, and Oleg Verbitsky . . . . . . . . . . . . . . . . . . . . . . . . . 387
Directed Acyclic Subgraph Problem Parameterized above the Poljak-Turzík Bound

Robert Crowston, Gregory Gutin, and Mark Jones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400
Beyond Max-Cut: λ-Extendible Properties Parameterized Above the Poljak-Turzík Bound

Matthias Mnich, Geevarghese Philip, Saket Saurabh, and Ondřej Suchý . . . . . . . . . . 412
Subexponential Parameterized Odd Cycle Transversal on Planar Graphs

Daniel Lokshtanov, Saket Saurabh, and Magnus Wahlström . . . . . . . . . . . . . . . . . . . . . . 424

Session 6B

Deciding Probabilistic Automata Weak Bisimulation in Polynomial Time
Holger Hermanns and Andrea Turrini . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435

FSTTCS 2012



viii Contents

Bisimilarity of Probabilistic Pushdown Automata
Vojtěch Forejt, Petr Jančar, Stefan Kiefer, and James Worrell . . . . . . . . . . . . . . . . . . . 448

Average Case Analysis of the Classical Algorithm for Markov Decision Processes with
Büchi Objectives

Krishnendu Chatterjee, Manas Joglekar, and Nisarg Shah . . . . . . . . . . . . . . . . . . . . . . . . 461
Verification of Open Interactive Markov Chains

Tomáš Brázdil, Holger Hermanns, Jan Krčál, Jan Křetínský, and Vojtěch Řehák . . 474

Session 7A

On the Sensitivity of Shape Fitting Problems
Kasturi Varadarajan and Xin Xiao . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486

Overlap of Convex Polytopes under Rigid Motion
Hee-Kap Ahn, Siu-Wing Cheng, Hyuk Jun Kweon, and Juyoung Yon . . . . . . . . . . . . . 498

Minimum Enclosing Circle with Few Extra Variables
Minati De, Subhas C. Nandy, and Sasanka Roy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 510

Session 7B

Static Analysis for Checking Data Format Compatibility of Programs
Pranavadatta Devaki and Aditya Kanade . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 522

The Complexity of Quantitative Information Flow in Recursive Programs
Rohit Chadha and Michael Ummels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 534

Computationally Complete Symbolic Attacker in Action
Gergei Bana, Pedro Adão, and Hideki Sakurada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 546



Preface

The 32nd international conference on Foundations of Software Technology and Theoretical
Computer Science (FSTTCS 2012) was held at the International Institute of Information
Technology, Hyderabad, from December 15 to December 17, 2012. This proceedings volume
contains contributed papers and (extended) abstracts of invited talks presented at the
conference.

FSTTCS is the annual flagship conference of the Indian Association for Research in
Computing Science (IARCS). Over the past 32 years, the conference has consistently attracted
top-quality submissions, and the legacy continued this year as well. We wish to thank all
authors of submitted papers for helping make FSTTCS a competitive conference.

The selection of papers appearing in this volume owes a lot to the program committee
consisting of 29 distinguished colleagues spread over seven countries. The program committee
spent over two months evaluating the strengths and weaknesses of the 121 submissions
received. In this, we received generous help from 183 external reviewers who together
produced a total of 394 reviews. Every paper that was found within the scope of the
conference was reviewed by at least 3 experts. After several rounds of elimination, we have
put together a program consisting of 43 contributed papers and five invited talks. We are
very grateful to the members of the program committee for contributing their valuable time
for helping us in the critical task of selecting papers. We also thank all external reviewers
for their detailed comments and critical assessment of papers.

In addition to the contributed works, the program featured talks by five eminent com-
puter scientists. We are very grateful to Dimitris Achlioptas (University of Athens), Mikołaj
Bojañcyzk (Institute of Informatics, Warsaw University), Patrice Godefroid (Microsoft Re-
search, Redmond), Madhusudan Parthasarathy (University of Illinois at Urbana-Champaign)
and Yuval Rabani (The Hebrew University of Jerusalem) for agreeing to travel to the
conference and share their insights.

Paper submission, reviewing and program committee discussions for the conference were
managed using EasyChair. We wish to thank the EasyChair team for making this excellent
service available to us, and for ensuring that the reviewing, discussion and paper management
processes went smoothly.

As with the past editions of the conference, FSTTCS 2012 has interesting associated
events. We are grateful to K. Narayan Kumar and Anil Seth for helping us organize the post-
conference workshop on Verification of Infinite-State Systems. We also thank the speakers
who agreed to participate in the workshop: Mohamed Faouzi Atig, Alain Finkel, Gennaro
Parlato, Nishant Sinha, and Parosh Aziz Abdulla. In addition, we are grateful to Ravi
Kannan, Satya Lokam and P.J. Narayanan for organising the joint MSR-IIIT winter school
on Theoretical Computer Science, and thank the speakers at the winter school: Sanjeev
Arora, Cnythia Dwork, Ravi Kannan, and R. Ravi.

We would like to thank IIIT Hyderabad for hosting FSTTCS 2012. We gratefully
acknowledge the immense efforts of the administration, faculty, staff, and students of IIIT
Hyderabad, especially the members of the organizing committee, over the past year in
planning, coordinating and running various aspects of the conference, including managing
the accounts, network services, video recordings, and the logistics. We are grateful for the
financial support the conference received from Google India Pvt. Ltd.

As in the past few years, the proceedings of FSTTCS 2012 is being published as a
volume in the LIPIcs series under a Creative Commons license, with free online access
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x Preface

to all, and with authors retaining rights over their contributions. We wish to thank the
editorial board of LIPIcs for agreeing to publish the current proceedings as a LIPIcs volume.
Marc Herbstritt and Michael Wagner (Dagstuhl) responded promptly and accurately to our
questions pertaining to publishing and editing. We gratefully acknowledge their help and
the help of the entire team in the LIPIcs editorial office in preparing the final version of the
proceedings.

Deepak D’Souza, Telikepalli Kavitha and Jaikumar Radhakrishnan
December 2012
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