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From the Editor

In this issue
– We pay tribute to Helmut Veith (1971-2016) with an obituary by Thomas Eiter and
Richard Zach. His passing is a tremendous loss to our community.
– 2016 is an election year for SIGLOG. The biographies and election statements of all
the candidates can be found in the Elections section.
– The issue contains three technical columns.
- In the Complexity column edited by Neil Immerman, Thomas Schwentick and
Thomas Zeume explain the latest developments in Dynamic Complexity.
- Mike Mislove’s column on Semantics extends an invitation to Game Semantics
from Nikos Tzevelekos and myself.
- Franco Raimondi reports on the verification of temporal-epistemic properties in
Neha Rungta’s column on Verification.
– In the Conference Reports section, edited by Jorge A. Pérez, Fritz Henglein reports on
POPL 2016 and Alexandra Silva writes about the associated Mentoring Workshop,
PLMW 2016.
– As usual, we wrap up with the latest issue of SIGLOG Monthly, prepared by Daniela
Petrişan.
SIGLOG News is still looking for a volunteer to coordinate a section on book reviews.
Please email editor@siglog.org if you are interested.

Andrzej Murawski
University of Warwick
SIGLOG News Editor
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Chair’s Letter

It saddens me to begin this message with an announcement of the untimely death of
one of the young active members of the community: Helmut Veith. Our condolences go
out to his family and friends. A formal obituary appears in this issue. I interacted with
Helmut over the orgranization of FLoC 2014 which was part of the historic Vienna
Summer of Logic. I also worked with him on the establishment of the Church Award.
He will be sorely missed.
Elections for the SIGLOG executive council are happening soon. There will be a
formal announcement in this issue and there is additional information on the SIGLOG
web page. I am very pleased that every office is contested: it shows that we are an
active community with people taking an interest in the governance of SIGLOG. A big
“thank you” to Dale Miller who put together the slate of candidates.
This summer our flagship conference ACM-IEEE Symposium On Logic In Computer
Science will be held in New York City. This year we are embarking on a new venture:
SIGLOG (in the person of Alexandra Silva) will organize a mentoring workshop just
after LICS. This follows the very successful model that POPL runs every year. We look
forward to a great conference and workshop. I hope to see many of you in New York
this summer.

Prakash Panangaden
McGill University
ACM SIGLOG Chair
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O BITUARY
Helmut Veith (1971-2016)

TU Wien and the Faculty of Informatics mourn the loss of Prof. Helmut Veith,
who passed away on March 12, 2016 at the age of 45.
Prof. Veith died tragically on March 12, 2016. He fell into a coma due to unforeseen
complications following routine surgery; he died without regaining consciousness.
Education and Career

Helmut Veith was born on February 5, 1971. After graduating high school at the
BG/BRG Tulln in 1989, Veith studied computational logic at the TU Wien and graduated in 1994. He received his doctorate in computer science in 1998, the promotion
ceremony was carried out “sub auspiciis praesidentis” by the president of Austria, a
rare honor indicating his immaculate academic record. Helmut Veith began his scientific career at the Institute of Information Systems, where he held a position as assistant
researcher (Universitätsassistent) in the Databases and Expert Systems Group from
1995 onward. In 2001, he received the Habilitation, the right to teach at the university
level, for the field of applied and theoretical computer science. Shortly thereafter, Veith
accepted a position as associate professor (Professor C3) at the Technical University
of Munich in 2003, which he held until 2007. From 2008 to 2009, he began building
a large research group at the Technical University of Darmstadt, where he was full
professor (Professor W3). He returned to the TU Wien in 2010, and was the inaugural
holder of the professorial chair in computer aided verification.
ACM SIGLOG News
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Helmut Veith became interested in computer aided verification in the late 1990s
after taking a guest lecture course in model checking given by Orna Grumberg. His
interests expanded during a post-doctoral visit at Carnegie Mellon University in
1999/2000, supervised by Turing Award-winner Edmund M. Clarke, and funded by
a Max Kade Fellowship. Prof. Veith’s subsequent work focussed on this area. He established a sustained and successful research collaboration with Prof. Clarke, and was
named Adjunct Professor at Carnegie Mellon in 2005.
Awards and Memberships

Helmut Veith was a leading researcher in the area of computer-aided verification, to
which he made numerous contributions. He worked in particular on model checking for
software and hardware, on abstraction tools, parametric questions in model checking,
analysis and testing of computer programs, and in this context also on temporal logic.
Two examples can serve as illustrations. The first is a path-breaking, outstanding article on the verification of systems using refined abstraction; it is universally known
in the field as the “counterexample-guided abstraction and refinement (CEGAR)” method and has found applications in many areas outside as well. This work received the
CAV Award 2015, an award that honours contributions of fundamental importance to
the field of computer aided verification. The second is a paper on the verification of
modular software, which received the ACM SIGSOFT Distinguished Paper Award in
2004.
Helmut Veith’s research interests, however, were not limited to verification. His wider interests included computer security and embedded systems, mathematical logic
(especially fuzzy logics), the theory of databases, finite model theory, and complexity
theory. He made significant contributions to each of these fields. He published his results in numerous papers in the most prestigious journals and conference proceedings.
Due to his interdisciplinary approach to research, driven by curiosity and applications,
Helmut Veith was well-known and admired in several research communities. This is
reflected in his membership in many program and steering committees. In his main
field of research, Helmut Veith was co-editor of the Handbook of Model Checking, the
last volume of which is scheduled to appear this year, and co-chair of the CAV conference program committee in 2013 as well as of the FMCAD conference this year.
Contributions to the TU Wien and Science in Austria

Following his return to the TU wien, Helmut Veith considered it his challenge to integrate and foster the significant existing potential in areas related to logic, such as databases, artificial intelligence, knowledge-based systems, automated deduction, with
computer-aided verification. His aim was to bring these areas together under the banner of logic in computer science, and to make Vienna and Austria an international
center for logic and verification. In this regard, his efforts to create an Austrian research network on “Rigorous Systems Engineering (RiSE)” have to be highlighted; the
network has been funded by the Austrian Science Fund since 2011, and he served
as its vice chair. At the TU Wien he co-initiated a doctoral college in logic in computer science. After its successful completion, it transformed into a doctoral program
in “logical methods in computer science”, also funded by the Austrian Science Fund
beginning in 2014; Veith served as its director. This doctoral program made a substantial contribution to a restructuring of graduate training in the Faculty of Informatics.
Other projects suggested or initiated by Veith have been the Vienna Center of Logic
and Algorithms (VCLA), a platform for fostering national and international research
and collaboration in the area of logic and algorithms, and the Vienna Summer of Logic, the largest event in the history of logic. This unprecedented conference united in
one place a large number of the most important annual meetings in the areas of maACM SIGLOG News
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thematical logic, logic in computer science, and logic in artificial intelligence, which
enabled a broad exchange of research results. It was held in July 2014 at the TU Wien.
The event, which was shaped in large part by Veith as its co-chair, was an enormous
success and was received enthusiastically by the research community.
Helmut Veith not only excelled in his research and organisational projects. He was
unfailing also in his dedication to the Faculty and its interests. He held a central role in
the development and organization of the Faculty, where he participated in numerous
working groups and committees. His inexhaustible creativity and his imagination showed new avenues. He proved this already as an undergraduate student through his
development of the studium irregulare in “computational logic”.
Helmut Veith was an outstanding proponent of foundational research, but he also
understood the importance of innovation and application. He was always open to cooperation with other disciplines. Currently an interdisciplinary project with the Faculty
of Architecture, which Veith helped bring about, and which is funded by the Austrian
Science Fund through the PEEK program, serves as further evidence of the wide horizon of his interdisciplinary thinking. He was going to contribute his own expertise in
information design to this project.
Nurturing New Talent

Teaching, learning, and nurturing new academic talent were a particular and important concern for Veith. He contributed to the design of masters and doctoral programs,
and supervised numerous masters theses and dissertations, many of which received
awards. He also supervised a number of post-doctoral researchers and supported their
promising careers. He is appreciated especially by the numerous young scientists who
received research awards thanks in part to his dedicated mentorship. Helmut Veith
was researcher and teacher with heart and soul. With his death, the Faculty of Informatics and the TU Wien has lost one of its most outstanding and innovative leaders.
The Austrian science community, and indeed the international computer science community, has lost a highly respected and influential member. He was also a well-rounded
academic with interests, e.g., in literature and performing arts.
Helmut Veith was a cooperative and open colleague and a very good friend to us all.
His death leaves a void that will never be filled; we will miss him. It is incomprehensible that he would be taken from us in the prime of his life. He already created so many
things, but there were also so many hopes. His work and legacy will be our mission.
The Faculty of Informatics will forever honor his memory. Our thoughts are with his
family during this difficult time.
Written by Thomas Eiter (TU Wien)
English translation by Richard Zach (University of Calgary)
Photo c VSL/Nadja Meister

For more material dedicated to the memory of Helmut Veith visit
http://forsyte.at/2016/03/helmut-veith-1971-2016/
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E LECTIONS
I wish to thank all those who have volunteered to be on the first SIGLOG
ballot. The enthusiasm shown by the many who responded demonstrates that
there is very strong interest in SIGLOG and its future.
Dale Miller
Chair of the Nominating Committee
SIGLOG holds elections in 2016. The slate of candidates can be found on the ACM
election page
http://www.acm.org/elections/sigs/elections
and is as follows:
CHAIR

Frank de Boer
Prakash Panangaden
Simona Ronchi Della Rocca
Aravinda Prasad Sistla
VICE-CHAIR

Véronique Cortier
Martin Hofmann
Luke Ong
Leszek Pacholski
Frank Pfenning
SECRETARY

Zakaria Chihani
Elaine Pimentel
Alexandra Silva
TREASURER

Amy Felty
Vivek Nigam
R. Ramanujam
Natarajan Shankar

The following pages contain bios and statements from all the candidates.
ACM SIGLOG News
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Candidate for Chair
Frank de Boer
Centrum Wiskunde & Informatica, Amsterdam, Netherlands
BIOGRAPHY
Academic Background:
Ph.D., Free University of Amsterdam, 1991, Proof Theory Object-Oriented Languages.
Professional Experience:
Leader Formal Methods research group, CWI, Amsterdam, 2010 – Present;
Professor, Leiden University, Leiden, Netherlands, 2008 – Present;
Coordinator Theme Software, CWI, Amsterdam, Netherlands, 2011 – Present.
Professional Interest:
Programming logics and semantics; Model-checking; Design and implementation
actor-based languages; Runtime verification; Simulation intelligent transport systems.
ACM Activities:
Associate Editor, ACM Transactions on Computational Logic, 2015 – Present.
Membership and Offices in Related Organizations:
Editor in Chief Formal Methods, Frontiers (Open Access journal), 2015 – Present;
Editor Open Access Journal Scientific Programming, Hindawi Publishing Organisation,
2014 – Present;
Treasurer, Dutch org. Theoretical Informatics, 2014 – Present.
STATEMENT
My main overall goal is to increase the general awareness of ACM SIGLOG, specifically
attract young people. To this aim I would like to add more dynamic content to the website
and initiate activities along the following lines:
Education: Use of the website as a portal for online courses to further advocate the
importance of logic in the general computer science curriculum. Also of interest in
this context is the addition of information about logical problems (and their possible
solutions) At varying degrees of difficulty, ranging from undergraduate level to the
level of open scientific problems.
Tools: Provide and maintain a list of state of the art tools for logic, e.g., tools for
program verification, theorem provers. A rather ambitious but interesting activity in
this context is the organization of tool competitions, and establishing and updating
a list of corresponding benchmarks.

ACM SIGLOG News
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Social media: Provide means for direct interactions by use of modern social media.
For example, use of the website for blogging about and discussions of logic and
computation related topics.
Besides the above, I would like to discuss other possible conferences to sponsor or to
support. Finally, I would like to investigate further sponsoring of ACM SIGLOG itself.

ACM SIGLOG News
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Candidate for Chair
Prakash Panangaden
McGill University, Montréal, Québec, Canada
BIOGRAPHY
Academic Background:
Ph.D., University of Wisconsin-Milwaukee, 1980, Physics.
Professional Experience:
Professor, School of Computer Science; McGill University, Montréal, Québec, Canada,
1990 – Present;
Associate Professor, Computer and Information Science, Queen's University, Kingston,
Ontario, Canada, 1990;
Assistant Professor, Computer Science Department, Cornell University, Ithaca, New York,
1985 – 1989.
Professional Interest:
Probabilistic systems; Automata theory; Semantics of programming languages;
Concurrency theory; Quantum information.
ACM Activities:
Chair, SIGLOG, 2014 – Present.
Membership and Offices in Related Organizations:
Member, LICS Organizing Committee, 2005 – 2008;
Member, MFPS Organizing Committee, 2007 – Present;
Member, LICS Advisory Board, 2011 – 2015.
Awards Received:
Fellow of the Royal Society of Canada, 2013.
STATEMENT
I am pleased at the opportunity to run for the position of SIGLOG Chair in the first election.
I have been the Chair since the inception of SIGLOG two years ago and I have seen it grow
to its present size of almost 300. My hope is to see SIGLOG through to its next renewal in
two years' time and then to hand over the reins. SIGLOG is still in its growth phase and I
feel that someone who has experience interacting with ACM would serve the community
best in the next two years. We have made a lot of progress: we have cooperation
agreements with similar organizations in Europe, we have a flourishing community letter
with substantial technical content, we have reached out to conferences and workshops to
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affiliate with SIGLOG and we have founded a major award named after Alonzo Church.
There is more to be done, of course, and I hope to have your support to put SIGLOG on a
firm footing.

ACM SIGLOG News
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Candidate for Chair
Simona Ronchi Della Rocca
University of Torino, Torino, Italy
BIOGRAPHY
Academic Background:
Master Degree, University of Torino, Italy, 1969, Nuclear Physics.
Professional Experience:
Full Professor, University of Torino, Italy, 1987 – Present;
Associated Professor, University of Torino, Italy, 1983 – 1987;
Assistant Professor, University of Torino, Italy, 1973 – 1983.
Professional Interest:
Lambda Calculus; Type Theories; Linear Logic; Implicit Computational Complexity;
Semantics of Programming Languages.
ACM Activities:
Editor of TOCL (ACM Transaction on Computational Logic), 2000 – Present.
Membership and Offices in Related Organizations:
Vice-President, European Association for Computer Science Logic (EACSL),
2012 – Present;
Member, European Association for Theoretical Computer Science (EATCS),
1988 – Present;
Secretary, Italian Chapter of European Association for Theoretical Computer Science
(EATCS), 1988.
STATEMENT
From my point of view, there are two main problems for our community.
Teaching Logic. Many universities have computer science undergraduate curricula without
courses in logic, so students start the highest level of studies with quite few competences in
logic and formal methods. Logic cannot be taught only at the graduate level: logic is a way
of thinking, and needs to be learned at the beginning of the formation.
Research funding. The list of topics of the European calls is more and more moving to
applied research; computer science, in particular, is essentially considered as a tool for the
applicative part in other research fields. The foundational research is funded essentially by
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the local government, with less funds every year since the economical crisis. I do not know
the situation in other countries.
SIGLog can play a role in order to solve such problems, by sponsoring public discussions
and publishing statements about it. The best would be to enhance the collaboration with
EACSL and EATCS. The three institutions could work together to enforce the role of
logic both in teaching and research, and to influence the EU policy in financing the research
projects in logic and foundation of Computer Science.

ACM SIGLOG News
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Candidate for Chair
Aravinda Prasad Sistla
University of Illinois at Chicago, Chicago, IL USA
BIOGRAPHY
Academic Background:
Ph. D., Harvard University, 1983, Computer Science/Applied Mathematics.
Professional Experience:
Professor, University of Illinois at Chicago, Chicago, IL, 2000 – Present;
Associate Professor, University of Illinois at Chicago, Chicago, IL, 1991 – 2000;
Senior member of Technical Staff, GTE Research Laboratories, Waltham, MA,
1985 – 1991.
Professional Interest:
Formal Methods; Model Checking; Logic in Computer Science; Security; Database
Systems.
STATEMENT
If elected as chair, I will strive towards bringing out the importance of Logic and Formal
Methods in Computer Science and its advancement. In the area of education, we need to
identify and recommend a critical list of topics in Logic and Formal Methods that need to be
included in the general undergraduate CS curriculum. A similar list of recommended topics
need to be prepared for more advance courses, say on verification, etc. In the area of
research, a vigorous promotion of the conference Logic In Computer Science (LICS) and
the journal TOCL will be undertaken. Actions towards increasing the quality of publications
(such as awards to best papers) and participation will also be identified and promoted.
Also, incorporation of special sessions in other related leading CS conferences (e.g., CAV)
will be investigated and appropriate action will be undertaken. I will also strive towards
closer collaboration of conferences and journals closely related to Logic in Computer
Science and Formal Methods. Furthermore, I will also promote special issues of top
journals on Logic in CS. Closer collaboration with EATCS an EACSL will be sought.
I will also undertake promotion of diversity and encouragement of young researchers.
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Candidate for Vice-Chair
Véronique Cortier
CNRS, Lorraine University, Nancy, France
BIOGRAPHY
Academic Background:
Ph.D., ENS Cachan School, 2003, Computer Science.
Professional Experience:
Research Director, CNRS, Lorraine University, Nancy, France, 2010 – Present;
Researcher, CNRS, Lorraine University, Nancy, France, 2003 – 2010.
Professional Interest:
Verification; Security; Protocols; Voting.
ACM Activities:
SIGLOG Executive Committee Member, SIGLOG, 2014 – Present;
TISSEC Editorial Member, 2015 – Present.
Membership and Offices in Related Organizations:
CSF Steering Committee, IEEE, 2013 – Present;
POST Steering Committee, 2014 – Present;
CSF Program Committee Chair, IEEE, 2012 – 2013.
Awards Received:
Inria - French Académie des sciences Young Researcher Award, 2015;
IEEE Technical Committee on Security and Privacy, 2013;
Top Cited TCS Paper Award, 2010.
STATEMENT
SIGLOG is a young Special Interest Group while there is a large and active community
working in logic and computation. I have been a member of the SIGLOG Executive
Committee since its start in 2014 and I am pleased to be running for the Vice Chair
position, to help SIGLOG to grow and gather the community in logic and computation.
SIGLOG has been very active since its birth with the launch of an enjoyable and instructive
newsletter and the creation of the Church Prize that awards outstanding contributions in
logic and computation. There is already a large community in logic as shown by the strong
conferences in the field such as LICS. If elected, I will work together with the Executive
Committee members to make SIGLOG a strong and unified community that gathers and
structures the existing community in logic and computation.
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Candidate for Vice-Chair
Martin Hofmann
University of Munich, LMU, Munich, Germany
BIOGRAPHY
Academic Background:
Ph.D., University of Edinburgh, 1995, Computer Science.
Professional Experience:
Full Professor, University of Munich, LMU, Munich, Germany, 2001 – Present;
Associate Professor, University of Darmstadt, TUD, Darmstadt, Germany, 2001;
Lecturer/Reader, University of Edinburgh, Edinburgh, Scotland, UK, 1998 – 2001.
Professional Interest:
Applications of logic and type theory to programming; Type-based resource analysis;
Limplicit computational complexity; Rigorous justification of program transformations;
Type systems for secure programming.
ACM Activities:
General Chair, POPL 2007, SIGPLAN, 2006 – 2007.
Awards Received:
IEEE-LICS Test of Time award, 2014;
Distinguished Dissertation Award of the British Computer Society, 1995.
STATEMENT
My research agenda is rather broad ranging from seminal works on dependent type theory
(LICS 1995) to finite model theory (LICS 2009) and abstract interpretation (LICS-CSL 2014).
The unifying theme has always been the application of logic, semantics, and types to concrete
questions from programming and verification. Over and over, I find that the notions of logic,
here including semantics and type theory, crop up and turn out useful in unexpected
situations. I was therefore very pleased to see that SIGLOG has been formed and fully
subscribe to its motto of "logic/informatics = calculus/physics&engineering". I felt honoured
to be invited to serve as Vice-Chair and would be very glad to contribute in this way.
My particular strength w.r.t. to this office could be the breadth of my work allowing me to
appreciate works from, e.g., linear logic and proof theory, as well as those from finite model
theory leaning towards complexity, all the way to automatic verification. I see the role of
SIGLOG as providing a platform for relating these and other often rather disjoint subfields of
logic in computer science, and would like to help make that happen.
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Candidate for Vice-Chair
Luke Ong
University of Oxford, Oxford, United Kingdom
BIOGRAPHY
Academic Background:
Ph.D., Imperial College London, 1988, Computer Science.
Professional Experience:
Professor of Computer Science, University of Oxford, Oxford, UK, 2004 – Present;
Director of Graduate Studies, Department of Computer Science, University of Oxford, UK,
2011 – 2015
Fellow, Merton College, Oxford, UK, 1994 – Present.
Professional Interest:
Semantics of computation; Verification; Programming Languages.
ACM Activities:
Vice Chair, ACM SIGLOG, 2014 – Present;
General Chair, ACM-IEEE Symposium on Logic in Computer Science, 2013 – 2015;
Steering Committee Member, ACM-IEEE Symposium on Logic in Computer Science,
2015 – 2018.
Membership and Offices in Related Organizations:
Steering Committee Chair, ACM-Incoop Conf. Formal Structures in Comp. & Deduction,
2015 – 2018;
Council Member, European Association of Theoretical Computer Science, 2012 – 2017;
Board Member, European Association of Computer Science Logic, 2007 – 2016.
STATEMENT
I would like to see SIGLOG develop into a natural and welcoming home for researchers
and practitioners worldwide, interested in the connections between logic and computer
science. On the theoretical side, SIGLOG embraces “Volume B” theoretical computer
science, which has traditionally had a larger following in Europe than in North America.
I aim to work to promote and raise the profile of logic in computation, not just in North
America, but also in Asia and other continents. At the same time, I hope to make SIGLOG
a more appealing professional body to our European colleagues. I believe it is very
important that SIGLOG remains relevant to colleagues who apply logic in their work,
but who may not consider themselves theoreticians. A model I like is the broad church
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that is Federated Logic Conference, where there is cross fertilisation of ideas because
people from a number of communities interact, using logic as a common language.
SIGLOG can strengthen its community by instituting awards to recognise the achievements
and contributions of its members; it can nurture its younger and students members by
sponsoring their professional developments. These are two tasks I consider strategic
and aim to champion.

ACM SIGLOG News
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Candidate for Vice-Chair
Leszek Pacholski
University of Wroclaw, Wroclaw, Poland
BIOGRAPHY
Academic Background:
dr hab (Polish Higher Doctorate), Polish Academy of Science, 1972, Mathematics.
Professional Experience:
Professor, Department Chair, University of Wroclaw, Department of Computer Science,
Wroclaw, Poland, 1996 – 2015;
President, University of Wroclaw, Wroclaw, Poland, 2005 – 2008;
Chair of the Logic Group, Mathematical Institute of the Polish Academy of Science,
Warsaw, Poland, 1973 – 1994.
Professional Interest:
Finite model theory; Model theory.
ACM Activities:
Member, Committee for the Best Dissertation Award, 2000 – 2005;
Member, Membership Activities Board, 1998 – 2001.
Membership and Offices in Related Organizations:
Member, LICS Advisory Board, 1995 – 2010;
Member, EACSL Executive Committee, 1992 – 1997;
Board Member, Informatics Europe, 2011 – Present.
STATEMENT
I am deeply honored by the nomination to run for the SIGLOG Vice-Chair. For over
45 years I have been a member of logic community – first in pure logic and then in logic
and computation. For 9 years I have served as a member and then chair of committee for
Logic in Europe of the Association for Symbolic Logic (ASL), responsible for organization of
Logic Colloquium, the annual ASL meeting in Europe. I have served on the committee of the
ACM dissertation award. For many years I have also been a member of the Advisory
Committee of LICS. Since its beginning I have served on the editorial board of ACM
Transactions on Computational Logic.
The SIGLOG community is very large and diverse. It consists of several sub-communities
ranging from abstract finite model theory, through term rewriting, automated deduction, SAT
solving to foundations of programming languages, data bases, security and others. One of the
main problem of this community is keeping it together and preventing separation of subareas
and isolation from the core and applied computer science. I believe that ACM TOCL and first
of all LICS should serve as the vehicle to maintain unity of this community.
ACM SIGLOG News
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Candidate for Vice-Chair
Frank Pfenning
Carnegie Mellon University, Pittsburgh, PA USA
BIOGRAPHY
Academic Background:
Ph.D., Carnegie Mellon University, 1987, Mathematics.
Professional Experience:
Head, Department of Computer Science, Carnegie Mellon University, Pittsburgh, PA,
2013 – Present;
Professor, Department of Computer Science, Carnegie Mellon University, Pittsburgh, PA,
2002 – Present;
Associate Dean, School of Computer Science, Carnegie Mellon University, Pittsburgh, PA,
2009 – 2010.
Professional Interest:
Logic in Computer Science; Programming Languages; Automated Deduction;
Computer Security; Computer Science Education.
ACM Activities:
Organizing Committee, LICS, ACM/IEEE Joint Conference, 2008 – 2010;
Program Chair, LICS, ACM/IEEE Joint Conference, 2002;
General Chair, PPDP, ACM SIGPLAN, 2002;
Program Chair, PPDP, ACM SIGPLAN, 2000.
Membership and Offices in Related Organizations:
President, CADE, Inc., 2003 – 2004;
Trustee, CADE, Inc., 1998 – 2004;
Steering Committee Member, ETAPS Conference, 2012 – 2013.
Awards Received:
ACM Fellow, 2015;
Alexander-von-Humboldt Fellowship, 1996;
Fulbright Scholarship, 1980.
STATEMENT
Logic and computation are connected in many different ways. To name just a few, there is
the correspondence between proofs and programs, there are logics for reasoning about
programs, and there is the central role of proof theory and model theory in automated

ACM SIGLOG News

19

April 2016, Vol. 3, No. 2

deduction and verification. Because of its strong influence in many areas of computer science
it is sometimes neglected as a field of its own. I would like to further its independent
development, specifically in undergraduate and graduate education, including curriculum
development and organization of summer schools. I see creating awards, an effort that has
been underway since the creating of SIGLOG, as another excellent way to strengthen the
profile of the field. As an emerging special interest group, we should also reach out and build
strong connections with organizations such as the European Association for Computer
Science Logic (EACSL), the Association for Automated Reasoning (AAR), and the
Association for Symbolic Logic (ASL).

ACM SIGLOG News

20

April 2016, Vol. 3, No. 2

Candidate for Secretary
Zakaria Chihani
CEA, Saclay-France
BIOGRAPHY
Academic Background:
Ph.D., École polytechnique, 2015, Computer Science.
Professional Experience:
Postdoctoral Fellow, CEA, Saclay-France, 2015 – Present.
Professional Interest:
Foundational Proof Theory; Proof Checking; Declarative Languages; Boolean Satisfiability;
Constraint Satisfaction Problem.
STATEMENT
I feel grateful that my application for the position of Secretary for ACM SIGLOG is considered.
As a new member, I cannot ascertain that I realize the sheer importance of the role of ACM
in general and of SIGLOG in particular to the logic world today. But already what I know of its
activities gives me pride in being a member of this community. Having experienced university
both from the perspective of a student and, to a certain extent, that of a teacher, the promotion
of logic to undergraduate students is particularly dear to me. It would, therefore, bring me great
honor to take part in the work of this group. I am aware that my lack of experience does not
play in my favor, but it is balanced by the deep respect for the task and the eagerness to learn
that, if chosen, I would apply to my work.
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Candidate for Secretary
Elaine Pimentel
Federal University of Rio Grande do Norte, Natal, Brazil
BIOGRAPHY
Academic Background:
Ph.D., Federal University of Minas Gerais, Brazil, 2001, Proof Theory.
Professional Experience:
Associate Professor, Federal University of Rio Grande do Norte, Natal, Brazil,
2014 – Present;
Associate Professor, Federal University of Minas Gerais, Belo Horizonte, Brazil,
1994 – 2013.
Professional Interest:
Proof Theory; Logical Frameworks; Mathematical logic; Model theory; Topology.
ACM Activities:
Professional Member, ACM, 2013 – Present.
STATEMENT
SIGLOG is relatively new, hence running for a position of secretary in this SIG is quite
challenging and exciting. As a secretary, I plan to contribute to SIGLOG by acting
in the following fronts:
1. increase membership in SIGLOG by suggesting:
a) alternative publicity programs; and
b) a broader number of conferences to be supported/sponsored by SIGLOG;
2. increase the international impact of SIGLOG, especially in emerging academic
centers in South America;
3. help enhancing ACM scholarship programs, such as ACM-W, in order to foster
the participation of woman and developing countries students in conferences in
Logic and related areas.
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Candidate for Secretary
Alexandra Silva
University College London, United Kingdom
BIOGRAPHY
Academic Background:
Ph.D., Radboud University Nijmegen, 2010, Computer Science.
Professional Experience:
Senior Lecturer, University College London, United Kingdom, 2015 – Present;
Assistant Professor, Radboud University Nijmegen, The Netherlands, 2011 – 2015;
Post-doc, Cornell University, Ithaca, NY, 2011.
Professional Interest:
Programming Languages; Coalgebra; Semantics; Verification; Formal Languages.
ACM Activities:
Secretary, SIGLOG, 2013 – Present.
Membership and Offices in Related Organizations:
Member Steering Committee, LICS ACM/IEEE, 2015 – Present.
STATEMENT
It is my great pleasure to run for the Secretary position of ACM SIGLOG. During the past
decades there has been extensive, continuous, and growing interaction between logic and
computer science. The logic and, more broadly, the formal methods community has grown in
numbers and diversity. There are now many highly-attended conferences that testify to the
vitality of the community, which had functioned without a unifying organisation until the creation
of ACM SIGLOG two years ago.
If elected, I will:
•
•
•

Advocate the importance of logic and formal methods in Computer Science Education.
Devise strategies to create a fair atmosphere in SIGLOG sponsored events in order to
foster the increase of women and minorities in the community.
Stimulate student participation in conferences through travel grants.

I am committed to strengthening the leadership role of ACM SIGLOG in the logic, computation,
and formal methods community.
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Candidate for Treasurer
Amy Felty
University of Ottawa, Ontario, Canada
BIOGRAPHY
Academic Background:
Ph.D., University of Pennsylvania, 1989, Computer Science.
Professional Experience:
Professor, University of Ottawa, Ontario, Canada, 2000 – Present;
Research Scientist, Bell Labs, Murray, Hill, NJ, 1991 – 1999;
Visiting Researcher, Inria, Sophia Antipolis, France, 1989 – 1991.
Professional Interest:
Theorem proving; Program verification; Formal methods; Logical frameworks;
Trustworthy computing.
ACM Activities:
PC Member, ACM/IEEE Symposium on Logic in Computer Science, 2016;
PC Member, ACM Symposium on Applied Computing, SVT Track, 2009 – 2012;
PC Member, ACM Workshop on Formal Methods in Security Engineering, – 2007.
Membership and Offices in Related Organizations:
Steering Committee Member, International Conference on Interactive Theorem Proving,
2012 – Present;
Steering Committee Member, International Workshop on Logical Frameworks and
Meta-languages, 2009 – Present;
Trustee (Steering Committee Member), International Conference on Automated Deduction,
2004 – 2015.
STATEMENT
I am honored to have the opportunity to run for Treasurer of SIGLOG. I have been a continuous
ACM member since 1992, and before that was a member for many years as an undergraduate
and graduate student. I have been a member of SIGLOG since its inception almost two years
ago.
I have a broad range of professional experience that I believe will serve me well as a member
of the SIGLOG executive committee. This experience includes serving as PC chair, steering
committee member, and PC member of numerous conferences in logical foundations of
computer science, formal methods, and programming languages.
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As treasurer, I would welcome the opportunity to support the growth and success of SIGLOG.
I strongly support the central goals of the organization as outlined in the founding documents,
including advocating for the importance of logic in the undergraduate computer science
curriculum and establishing prizes that recognize the significant contributions of members
of our community.
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Candidate for Treasurer
Vivek Nigam
Federal University of Paraíba UFPB, João Pessoa, Brazil
BIOGRAPHY
Academic Background:
Ph.D., Ecole Polytechnique, 2009, Computational Logic.
Professional Experience:
Associate Professor, Federal University of Paraíba (UFPB), João Pessoa, Brazil,
2012 – Present;
Postdoctoral Researcher, Ludwig Maximilian University of Munich (LMU), Munich,
Germany, 2010 – 2012;
Postdoctoral Researcher, University of Pennsylvania, Philadelphia, PA, 2009 – 2010.
Professional Interest:
Computational Logic; Formal Methods; Foundations of Computer Security; Proof Theory;
Logical Frameworks.
STATEMENT
I am honoured to be considered for the position as SIGLOG's Treasurer. I fondly
remember my first ACM venue at PPDP'09. Since then I participated with articles as
well as PC-membership in many ACM (LICS, FSCD, POPL, PPDP) and other logic-related
venues (CSL, RTA/TLCA, CONCUR, WOLLIC, among others). My work is tightly aligned
with SIGLOG's overall goal of advancement of logic and computation, formal methods
in Computer Science, with works in Logical Frameworks, Computer Security, Formal
Methods, and Programming Languages. I am an active member of the Brazilian logic
community being this year's LSFA co-chair, the main Brazilian logic forum, to be held in
conjunction with FSCD, and member of LSFA's Steering Committee. I also co-organised
in 2015 the Shonan Meeting of Logic and Verification Methods in Security and Privacy
bringing together leading researchers to discuss relevant topics in the field.
As SIGLOG's Treasurer, I will work closely with the SIGLOG officers making sure that
SIGLOG's finances run smoothly and transparently preparing clear and comprehensive
financial reports. I will take an active interest in the forthcoming initiations of SIGLOG
helping foster SIGLOG's visibility, particularly in South America.
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Candidate for Treasurer
Ramaswamy Ramanujam
Institute of Mathematical Sciences, Chennai, India
BIOGRAPHY
Academic Background:
Ph.D., Tata Institute of Fundamental Research, Mumbai, 1988, Computer Science.
Professional Experience:
Faculty, Institute of Mathematical Sciences, Chennai, India, 1988 – 2016.
Professional Interest:
Mathematical Logic; Automata theory; Game theory; Proof complexity; Security theory.
ACM Activities:
Area Editor, ACM Transactions on Computational Logic, 2011 – 2016.
Membership and Offices in Related Organizations:
Convener, Executive Council, Association for Logic in India, 2007 – 2011;
Member, Executive Council, Association for Symbolic Logic, 2011 – 2013;
Member, Executive Council, Indian Association for Research in Computing Science,
2002 – 2008.
STATEMENT
I feel honoured to have been asked to run for office in the ACM SIGLOG election. I have
been a member of the ACM for some years and have been active in ACM India as well.
As Area Editor of ACM ToCL, I have been associated with one of the central activities of the
Logic subcommunity within computer science. This is a community that has the potential to
expand and grow significantly in Asia, especially in south Asia and East Asia where it is
currently rather miniscule. My work in the Indian Association for Research in Computing
Science, the Association for Logic in India and in the Council of the Association for Symbolic
Logic over the last two decades convinces me that Logic and Computing Science have a
great deal to contribute to each other not only as disciplines but also in our professional
development. I hope that we can bring a better understanding of diverse educational contexts
to develop our community as a whole, the world over.
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Candidate for Treasurer
Natarajan Shankar
SRI International, Menlo Park, CA, USA
BIOGRAPHY
Academic Background:
Ph.D., The University of Texas at Austin, 1986, Computer Science.
Professional Experience:
Principal Scientist, SRI International, Menlo Park, CA, 2014 – Present;
Staff Scientist, SRI International, Menlo Park, CA, 1998 – 2014;
Senior Computer Scientist, SRI International, Menlo Park, CA, 1994 – 1998.
Professional Interest:
Logic; Formal Methods; Automated Theorem Proving; Computer-Aided Verification;
Cyber-physical systems
ACM Activities:
Treasurer, SIGLOG, 2014 – Present.
Awards Received:
CAV Award, 2012.
STATEMENT
Logic is the calculus of computing and it is a privilege to be part of the creation and
organization of SIGLOG. The key challenge for SIGLOG is in serving and representing
the interests of the hundreds of researchers, students, and professionals working on
logic-related topics. As the organizer of a summer school series and in my association
with various conferences, I have been able to reach out to young researchers to convey
the benefits of being part of SIGLOG. Expanding enrollment will allow SIGLOG to institute
prestigious awards and sponsor exciting conferences. As computing evolves and confronts
challenges of immense complexity, logic will play an increasingly critical role in building a
strong intellectual foundation. It is my hope that over the next few years, SIGLOG will
become the premier international forum for representing the expanding range of activities
at the intersection of logic and computing.
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C OMPLEXITY C OLUMN
NEIL IMMERMAN, University of Massachusetts Amherst
immerman@cs.umass.edu

The bird on my birdfeeder instantly processes any change to its visual input: should
it flee or keep eating? In dynamic complexity, we ask what information we should
maintain, so that, upon a small change to our input, we can quickly compute the new
answer to a certain query. It had been a long-standing open question whether graph
reachability could be maintained in first-order logic. A recent breakthrough result is
that yes, it can. In this column, Thomas Schwentick and Thomas Zeume explain this
new result and map out the current landscape of Dynamic Complexity.
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Dynamic Complexity: Recent Updates

Thomas Schwentick

Thomas Zeume

TU Dortmund University

TU Dortmund University

1. INTRODUCTION

In many data management scenarios the data is subject to frequent modifications, and
it is often essential to react to those changes quickly. When a train is canceled on short
notice, travelers need to find alternative connections as fast as possible. When a web
server is temporarily not available, data packages have to be rerouted immediately.
Recomputation of a query result from scratch after each small change of the data
is often not possible in such scenarios due to the large amount of data at hand and
efficiency considerations. Very often it is also not necessary: the breakdown of a single
train does usually affect only a small fraction of the whole train network. Thus it is
reasonable to try to dynamically update essential information in an incremental fashion by reusing information that has been previously computed. Ideally such a dynamic
update should use less resources than recomputation from scratch.
Besides saving resources, a dynamic approach to query answering can increase the
expressivity of database query languages. The relational algebra (corresponding to the
core of SQL) can only express queries that can be formulated in first-order logic (aka
relational calculus) and therefore inherits the well-known expressivity limitations of
first-order logic. In a nutshell, it thus can only express local queries that do not count
(see [Libkin 2004] for more information on the limits of first-order logic). However,
when previously computed information is available after a change of the data, query
results can be “built-up” over time, and therefore queries that the relational algebra
cannot express might be maintainable in this dynamic setting. For example, whether
the size of a set is odd or even can be easily maintained under single insertion and
deletion operations with the help of a single bit of auxiliary (stored) data.
One way to model this dynamic scenario is the descriptive dynamic complexity framework (short: dynamic complexity) introduced independently by Dong, Su
and Topor [Dong and Su 1993; Dong and Topor 1992] and Patnaik and Immerman
[Patnaik and Immerman 1994]. It was mainly inspired by updates in relational
databases. Within this framework, for a relational database subject to change, auxiliary relations are maintained to help answering a query Q. When an insertion or
deletion of a tuple to the database occurs, every auxiliary relation is updated through
a first-order query that can refer to the database as well as to the auxiliary relations
(cf. Figure 1). The class of all queries maintainable in this way is called D YN FO.
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Dynamic query evaluation
Change operation
Data

Update
Auxiliary data
QA

QA

&
Query result

Fig. 1. The dynamic setting: after a change operation the auxiliary data is updated and one of the auxiliary
relations, QA , yields the result of Q.

Example 1.1. The reachability query asks for all pairs of nodes that are connected
by a path in a given graph G. A naı̈ve approach for maintaining this query is to use
a binary auxiliary relation T which represents the transitive closure of the graph. We
show how to update T under edge insertions. When an edge (c, d) is inserted then there
is a path from a vertex a to a vertex b if (1) there had been a path from a to b before
the insertion, or (2) there had been a path from a to c and a path from d to b before the
insertion. This can be easily specified by a first-order update rule as follows.
on insert (u, v) into E
!
"
update T (x, y) as T (x, y) ∨ T (x, u) ∧ T (v, y)
The new
T then consists of all pairs (x, y) for which the formula
! version of relation
"
T (x, y) ∨ T (x, u) ∧ T (v, y) holds, where (u, v) represents the inserted edge.
This simple example just illustrates the framework. In fact, it is not possible to update
T under edge deletions without further auxiliary relations (see Theorem 5.1, shown in
[Dong and Su 1998]).
As one of the easiest queries that requires some recursion, the reachability query
has been by far the most intensely studied query in dynamic complexity. We already
saw that it can be maintained when edges can only be inserted. Patnaik and Immerman conjectured that Reachability can be maintained under insertion and deletion
operations with first-order update programs [Patnaik and Immerman 1997]. This has
been confirmed1 recently in [Datta et al. 2015].
The main purpose of this article is to give a high-level proof sketch of this result
(in Section 4). Furthermore, it gives a detailed discussion of possible dynamic settings
(Section 3), some inexpressibility results and techniques (Section 5), and some pointers
to the literature for further topics (Section 6). In Section 2 we fix some notation and
formally define the dynamic setting that will be used in this article. The article is not
an exhaustive survey on dynamic complexity.
Readers mainly interested in the upper bound for Reachability might directly jump
to Section 4 and consult Section 2 for the precise notation.
We borrow material from several talks we presented in the last few years as well
as from some of our articles [Gelade et al. 2012; Zeume 2015; Zeume and Schwentick
2014, 2015]. For a more complete exposition of the current state of the art of dynamic
complexity we refer to [Zeume 2015].
1 As

a side remark: the authors of this article had started a research project, funded by the German DFG,
with the aim to develop lower bound methods and the (remote) ultimate goal to prove R EACH ̸∈ D YN FO.
Research is full of surprises.
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2. BASIC DEFINITIONS

For each m ∈ N, the set {0, . . . , m − 1} is denoted by [m]. The reachability query R EACH
is defined as usual.
Problem:
Input:
Output:

R EACH
Directed graph G
Set of all pairs (u, v), for which there is a path from u to v in G

We have already seen a dynamic program in the introduction. In general, a dynamic
program2 P works on an input structure I over a schema τinp and updates an auxiliary
structure A over a schema3 τaux . Both structures I and A share the same domain D
which does not change during a computation. We call a pair (I, A) a state and consider
it as one relational structure. The relations of I and A are called input and auxiliary
relations, respectively. Input relations can be changed by inserting or deleting a single
tuple. A change operation is thus of the form insert ⃗t into R or delete ⃗t from R, for
some tuple ⃗t and input relation R. For a sequence α of change operations and an input
database I, we denote the database resulting from applying α to I by α(I).
A dynamic program has a set of update rules that specify how auxiliary relations
are updated after a change. An update rule for updating an auxiliary relation T after
inserting a tuple into an input relation R is of the form
on insert ⃗x into R
update T (⃗y) as ϕ(⃗x, ⃗y )
where the formula ϕ is over τinp ∪ τaux . We often refer to ϕ as the update formula.
The semantics of such an update rule is as follows. When a tuple ⃗a is inserted into
input relation R, then the new state S of P is obtained by inserting ⃗a into R and
def
by defining each auxiliary relation T via T = {⃗b | (I, A) |= ϕ(⃗a, ⃗b)}. Similarly for
deletions. For a change operation δ we denote the updated state by Pδ (S), and similarly
for sequences of changes.
The dynamic program P maintains a k-ary query Q if it has a k-ary auxiliary relation
QA that, after each change sequence, contains the result of Q on the current input
database. More precisely, for each non-empty4 sequence α of changes and each empty
input structure I∅ , relation QA in Pα (S∅ ) and Q(α(I∅ )) coincide. Here, S∅ = (I∅ , A∅ ),
where A∅ denotes the empty auxiliary structure over the domain of I∅ .
The class of queries that can be maintained by a dynamic program with update
formulas from first-order logic is called D YN FO.
The precise relationship between D YN FO and standard (static) complexity classes
is unknown. However, a lower and an upper bound can be easily observed: every query
that can be expressed in FO can also be maintained in D YN FO. On the other hand,
every query in D YN FO can be evaluated in polynomial time.
We will make use of a very weak form of logically defined reductions under which
D YN FO is closed. In a nutshell, a first-order reduction ρ from a Boolean query Q to a
Boolean query Q′ maps every structure A to a structure B = ρ(A) such that Q(A) is
2 We

note that, although, in principle, we use the setting of [Patnaik and Immerman 1997], our notation
considerably departs from [Patnaik and Immerman 1997]. This should not hurt much, since we try to avoid
too much notational detail.
3 To simplify the exposition, we will usually not mention schemas explicitly and always assume that all
structures we talk about are compatible with respect to the schemas at hand.
4 This restriction is needed for technical reasons. Otherwise, we could not handle Boolean queries with a
yes-result on empty structures. Alternatively, one could use an extra formula to compute the query result
from the auxiliary (and input) structure.
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true if and only if Q′ (B) is true. For the precise definition of first-order reductions we
refer to [Patnaik and Immerman 1997]. A first-order reduction is5 bounded if there is
a constant c such that every single-tuple change in A yields at most c changes in B.
3. THE SETTING

Although the principal idea of logic-based dynamic complexity is quite simple, several
design choices have to be made in a formalization. We picked one particular setting in
the definition of D YN FO in Section 2. However, there are many aspects of the model
that can be defined differently.
We discuss some of the available design choices in this section. We first discuss alternatives with respect to the allowed change operations, and afterwards alternatives
regarding the definition of update programs. Towards the end of the section, we compare the D YN FO setting with other dynamic settings.
3.1. Change Operations

The D YN FO-setting only allows single-tuple changes: in one change operation, a single
tuple can be added to or deleted from the current input structure. An alternative could
be to allow insertion or deletion of a set of tuples. However, allowing to insert and
delete arbitrary sets of tuples would make the dynamic setting pointless, since in one
step one could jump between two arbitrary inputs. Therefore, set-valued changes seem
to make sense only if they are restricted in some way, e.g., by bounding the size of
change sets or by requiring them to be defined by a formula or algebraic expression.
The restriction to single-tuple changes is severe from a practical point of view. However, it turns out that already this simple type of changes raises difficult research
challenges. For the same reason, the restriction to single tuple changes is also common
in the study of dynamic algorithms.6
The D YN FO setting comes with a restriction that looks unnatural to many people,
when they see it for the first time: the domain (universe) of the structure at hand is
fixed, that is, it is not possible to add or remove elements from the current domain.
In particular, new tuples can only come with elements that are already present in the
current structure.7 However, update programs of one setting can usually be adapted
to the other setting in a straightforward manner.
3.2. Update Programs

Naturally, the machinery for update programs gives rise to many alternatives. We
distinguish three “sub-aspects” here:
(1) the logic used for updates,
(2) the “data structures”, i.e., the signature of the auxiliary structure, and
(3) the initialization mechanism.
3.2.1. Logic for Updates. In our definition of D YN FO, the logic used for updates is firstorder predicate logic, but many other logics have been considered:

— extensions of first-order logic by, e.g., counting quantifiers to be able to capture
queries that seem(ed) beyond D YN FO, and
— restrictions of first-order logic, especially with the goal to prove lower bounds or to
pinpoint the dynamic complexity of a given query more precisely; these restrictions
5 In

[Patnaik and Immerman 1997] these reductions were called bounded-expansion reductions, but this
name is now in use for other, unrelated, concepts.
6 Nevertheless, we plan to study simple defined changes in the near future.
7 This is the main difference between the D YN FO-setting and the FOIES-framework proposed by
[Dong and Su 1993; Dong and Topor 1992].
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most often affect the quantifier structure of formulas (and particularly might forbid
quantifiers completely).
The precise semantics of update programs is also important, e.g., whether update
formulas specify the new state of the auxiliary data explicitly or as the “delta” with
respect to the previous state. The definition of D YN FO uses explicit specification, but
this difference obviously does not matter. One might suspect that it matters for restricted logics, but we will see in Section 6 that most often the choice of the semantics
does not influence the expressive power.
3.2.2. Data Structures. The arity of the auxiliary relations (or functions) can influence
the dynamic expressive power of a logic. Many lower bound results involve some arity
restriction, e.g., the reachability query can not be maintained in D YN FO with (at most)
unary auxiliary relations (cf. Theorem 5.1).
For D YN FO, it does not matter whether the auxiliary data is stored in functions
or relations. However, for restrictions of first-order logic, this distinction might become relevant. The quantifier-free fragment of D YN FO which allows relations and
functions8 is called D YN QF and the one that only allows relations is called D YN P ROP
[Hesse 2003b]. Since we mainly deal with D YN FO, we assume in the following that
the auxiliary data consists of relations only, unless otherwise stated.
3.2.3. Initialization Mechanism. With respect to initialization, there are many alternatives, as well. Of course, the main interest of dynamic complexity is to understand how
auxiliary data can be used to maintain a query. However, when it comes to the formal
definitions, one has to decide in which situation the dynamic computation starts. Two
questions need to be answered here:

— what are the possible initial values for the input structure, and
— how are the initial values of the auxiliary relations determined?
To give a first glimpse of possible pitfalls, let us assume our answer is “arbitrary”
for the first question and that the initial auxiliary relations are “empty”. With that
choice a query could be maintained in first-order logic (if and) only if it can be already
expressed in first-order logic. This holds because, at the start of a dynamic computation, the dynamic program would need to be able to react to arbitrary structures
without the help of auxiliary data. And thus the query would be also expressible by
the first-order update formula for the query relation.
Our definition of D YN FO adopted the setting that has been used most often in the
literature, in which the input structure is initially empty and the auxiliary relations
are empty as well [Patnaik and Immerman 1994]. With respect to the initialization,
the definition D YN FO appears very innocent at first sight: what could be wrong
about initially empty auxiliary relations? However, the setting allows a dynamic
program to establish a linear order on the “activated” elements of the structure, i.e.,
those elements that are currently in some tuple or had been in some tuple before
[Patnaik and Immerman 1997]. It is even possible to establish arithmetic relations
(addition and multiplication) on the activated elements [Etessami 1998]. However,
from a practical point of view, this setting seems very plausible and the ability to use a
linear order or arithmetical relations to maintain queries does not contradict intuition.

8 For

the update of functions, function terms that involve an if-then-else mechanism can be used [Hesse
2003b].
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The D YN FO setting can be strengthened by allowing the auxiliary relations to be
initially non-empty, even though the initial structure has no tuples. This setting reminds one of notions of circuit families, where, for each input length n, there is a
circuit Ci that decides all strings of this length. Like in the world of circuit families
one can distinguish the case of non-uniform initialization (the initial value of the auxiliary relations is just an arbitrary function of the size of the universe) and various
levels of uniform initialization (where this function is somehow restricted). Restrictions that played a role in the literature include polynomial-time computable initializations [Patnaik and Immerman 1994] and just linear order, addition and multiplication on the whole universe [Etessami 1998]. We refer to the class of queries that can
be maintained by dynamic programs of the latter kind as D YN FO(+,×) . This class
is used in the second step of the proof that the reachability query is in D YN FO (cf.
Proposition 4.2). Non-uniform initialization was considered in [Datta et al. 2014] (for
an extension of D YN FO).
Orthogonally, the D YN FO setting can be varied by allowing initial situations, in
which the structure under consideration is non-empty. Besides the non-sensical variant with empty initial auxiliary relations, mentioned above, non-uniform and uniform
initializations of the auxiliary relations can be considered here as well. It is not hard
to see that for non-uniform initialization the expressive power is the same, no matter
whether the initial input structure is empty or non-empty. The non-uniform setting
emphasizes the maintenance aspect as it somehow “abstracts away” the effect of the
initialization. Thus, lower bounds against this setting are guaranteed to show a lack of
maintainability as opposed to proofs that might exploit the weakness of initialization.
Thus, inexpressibility results for this setting are the most powerful and therefore, the
most desirable ones.
There is another, more subtle, aspect that makes the setting with non-empty initial structures interesting: it allows to study the maintainabilty of properties in the
context of unordered input structures. Such investigations have been carried out by
Grädel and Siebertz [Grädel and Siebertz 2012]. They considered the definition of initial auxiliary relations by extensions of first-order logic like inflationary fixed-point
logic with or without counting quantifiers. This form of initialization is, in general, not
able to define a linear order on unordered structures (let alone arithmetic) and allows
to prove inexpressibility results.
The following table gives an overview of the main settings considered in this article.
Table I. Overview of settings and dynamic classes.
Initial auxiliary relations

Empty
+, ×
Arbitrary

Initial input structure
Empty
Arbitrary
D YN FO
FO
D YN FO(+, ×) FO(+, ×)
Non-uniform D YN FO

The interplay of different initializations has been investigated in [Datta et al. 2015;
Grädel and Siebertz 2012; Patnaik and Immerman 1997; Weber and Schwentick 2007;
Zeume and Schwentick 2015].
3.3. DYN FO and dynamic algorithms

The original motivation for the introduction of the framework of dynamic complexity
was to study the dynamic evaluation of relational database queries from a Logic and
Complexity perspective. The framework captures a restricted form of incremental view
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maintenance in which the underlying database changes by only one tuple at a time.
It is therefore natural to consider first-order logic as update language, since it directly
corresponds to the relational algebra which in turn is subsumed by the database query
language SQL. Thus, queries in D YN FO can be maintained by SQL updates.
Dynamic problems have been studied extensively from an algorithmic point of view
as well. In this area the focus is on developing algorithms that need less resources
for recomputing query results after modifications than a naı̈ve algorithm that recomputes results from scratch. A good starting point for readers interested in dynamic
algorithms are [Demetrescu and Italiano 2008; Roditty and Zwick 2008] (for upper
bounds) and the survey by Miltersen on cell probe complexity [Miltersen 1999] (for
lower bounds). A sequential framework for studying dynamic complexity was proposed
in [Miltersen et al. 1994].
The consideration of first-order logic as an update language also makes sense from
an algorithmic point of view. Since the (uniform version of the) circuit complexity class
AC0 corresponds to FO(+,×) [Barrington et al. 1990], D YN FO(+,×) can be seen as a
dynamic version of AC0 . On the other hand, circuits from this class can be simulated by
parallel random access machines (short: PRAMs) with polynomially many processors
in constant time (see, e.g., [Vollmer 1999]). Thus if a query can be maintained via firstorder update formulas (with built-in arithmetic), it can be dynamically recomputed by
a highly parallel program in constant time as well. This low parallel complexity does
not necessarily translate into fast sequential algorithms in the sense of dynamic algorithms, and it is not immediately clear how to implement first-order update programs
in real systems. However, results from dynamic descriptive complexity offer a foundation for future work towards fast, parallel dynamic programs for important queries.
4. THE DYNAMIC COMPLEXITY OF REACHABILITY

Before we sketch a proof for the first-order maintainability of the reachability query,
we give a short account of previous dynamic expressibility results for the reachability
query. For lower bound results we refer to Section 5.
Whether R EACH ∈ D YN FO, i.e., whether the reachability query can be maintained
by first-order update programs, has been one of the main questions studied in the field
of dynamic complexity. The positive results that were obtained towards the resolution
of this question can be clustered in two groups:
(1) results that show how to maintain R EACH on restricted classes of graphs, and
(2) results that show how to maintain R EACH in extensions of D YN FO.
In a sense, the latter line of research has won this race, since the methods developed
there ultimately yielded a D YN FO program for R EACH. We will report about the limited success of a third line of research that worked on inexpressibility results in the
D YN FO setting in Section 5.
Results of group (1) showed that the reachability query can be maintained in
D YN FO for undirected graphs [Patnaik and Immerman 1994], directed acyclic graphs
[Dong and Su 1993], and embedded planar graphs [Datta et al. 2014]. For undirected
graphs, reachability can even be maintained in D YN QF (i.e., with quantifier-free
formulas using auxiliary functions) and for acyclic deterministic graphs even in
D YN P ROP (i.e., with quantifier-free formulas with auxiliary relations) [Hesse 2003b].
In the case of undirected graphs, spanning trees [Patnaik and Immerman 1994] or
distance functions [Grädel and Siebertz 2012] can be used. In the case of directed
acyclic graphs a smart observation that allows to figure out whether there is a path
from a to b after deleting some edge (c, d) can be used [Dong and Su 1993].
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The first result in the second group was that, on arbitrary directed graphs, Reachability can be maintained in D YN TC0 [Hesse 2003a]. The technique was based on using generating functions for representing the number of paths of a given length from
one node to another and on the observation that only paths up to length n have to
be considered. In [Datta et al. 2014] it was shown by a similar approach that Reachability can be even maintained in D YN AC0 [2]. In terms of logic, D YN AC0 [2] can be
seen as the extension of non-uniform D YN FO in which update formulas are allowed
to use modulo-2 counting quantifiers. This paper initiated the study of the dynamic
complexity of matrix rank (putting it in D YN TC0 ) which eventually led to the result
that Reachability can be maintained in D YN FO [Datta et al. 2015]. We describe the
surprisingly elementary proof and some consequences of this result in the remainder
of this section.
T HEOREM 4.1 ([D ATTA

ET AL .

2015]). R EACH ∈ D YN FO.

For technical simplicity, we will sketch the proof for the Boolean s-t-reachability query
instead of R EACH, since a program for R EACH can be obtained from a program for
s-t-R EACH by running it in parallel, for every pair (u, v) of vertices.
Problem:
Input:
Question:

s-t-R EACH
Directed graph G, nodes s, t
Is there a path from s to t in G?

Before we start the description of the proof, we first fix some notation for matrices and vectors. By A[i, j] we refer to the entry in the i-th row and j-th column of a
(m)
matrix A. Similarly, x[i] denotes the i-th entry of vector x. By ei we denote the mdimensional unit (column) vector e with e[i] = 1 and e[j] = 0 for j ̸= i. We write x⊤
if we use vector x as a row vector. The rank and the determinant of A are denoted by
det(A) and rank(A). For a prime number p, we denote by rankp (A) the rank of A as a
matrix over Zp (and with entries adjusted modulo p).
The following algorithmic problem will play an important role in the proof.
Problem:
Input:
Question:

F ULL M ATRIX R ANK
(m × m)-matrix A with values from {0, . . . , m}
Is rank(A) = m?

The proof consists of three relatively simple steps, all of which build to some extent
on previous work.
(1) s-t-R EACH can be reduced to F ULL M ATRIX R ANK by a bounded firstorder reduction (and since D YN FO(+,×) is closed under such reductions,
F ULL M ATRIX R ANK ∈ D YN FO(+,×) implies R EACH ∈ D YN FO(+,×)).
(2) F ULL M ATRIX R ANK ∈ D YN FO(+,×).
(3) For every domain independent query Q, if Q ∈ D YN FO(+,×) then Q ∈ D YN FO
(and therefore s-t-R EACH ∈ D YN FO, since s-t-R EACH is domain independent ).
Here, a query Q is domain independent, if Q(D1 ) = Q(D2 ) for all databases D1 and D2
that coincide in all relations and constants (but may differ in the underlying domain).
The first step is similar in spirit to reductions in [Cook 1985; Laubner 2011]. The algorithm constructed for step (2) adapts a dynamic sequential algorithm for maintaining rank from [Frandsen and Frandsen 2009]. The third step extends the technique
for maintaining arithmetic presented in [Etessami 1998].
In the following we describe the three steps separately and largely self-contained.
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4.1. From Reachability to Matrix Rank

Towards the reduction from s-t-reachability to matrix rank, let G be a graph with
n vertices and AG its adjacency matrix, and let s, t be vertices of G. The important
observation (which can be found, e.g., in [Horn and Johnson 2012, Theorem 6.1.10.]) is
that I − n1 AG is invertible and
∞

(I −

! 1
1
( AG )i .
AG )−1 = I +
n
n
i=1

A closer inspection of the sum on the right hand side reveals that this matrix has
a non-zero entry at position (s, t) if and only if t is reachable from s. Thus, the same
holds for the inverse of I − n1 AG .
For technical reasons, we prefer to deal with integer matrices and therefore rather
def
work with the matrix B = nI − AG , which is also invertible. We denote by B +s the
(n)
((n + 1) × n)-matrix that is obtained by extending B by an additional row (es )⊤ and
(n+1)
by B +st the extension of B +s by the additional column vector et
.
Then the following chain of equivalences holds.
t is reachable from s

⇐⇒ (B −1 )[s, t] ̸= 0
(n)

⇐⇒ (B −1 et )[s] ̸= 0

(n)

⇐⇒ the equation Bx = et
⇐⇒ the system

has no solution vector x with x[s] = 0
(n)

Bx = et
= 0

⊤
(e(n)
s ) x

has no solution vector x at all

(n+1)

⇐⇒ et
is not in the column space of B +s
⇐⇒ B +st has rank n + 1
The latter equivalence holds since B is invertible, and thus B and B +s have rank n.
We next describe, how the above equivalence gives rise to a bounded first-order reduction from s-t-R EACH to F ULL M ATRIX R ANK . We first observe that , for graphs with
n vertices the resulting matrix has only entries in {0, . . . , n}. We can therefore represent inputs for F ULL M ATRIX R ANK as follows by finite structures. A matrix with m
rows and columns and values in {0, . . . , m} is represented by a structure with universe
of size m + 1, a linear order < and a ternary relation A. Thanks to <, the elements
can be identified with the numbers 0, 1, . . . , m in a natural way. A tuple (i, j, k) ∈ A
indicates that the (i, j)-entry of A is k. If there is no (i, j, k)-tuple for some i, j, then the
(i, j)-entry has the value 0. We only consider changes of A that leave A in a semantically meaningful way, that is, for every i, j there is at most one k such that (i, j, k) ∈ A.
We note that changes in B +st that are triggered by single edge changes in G can be
applied in a way that ensures this property.
It is now easy to check that, in the presence of a linear order9, B +st can be obtained
from G by a first-order reduction that has the additional property that each entry in
B +st depends on at most one edge of G. Hence, the reduction is a bounded-first-order
reduction [Patnaik and Immerman 1997] and therefore reachability can be maintained
in D YN FO(+,×) if the problem F ULL M ATRIX R ANK can be maintained in D YN FO(+,×).
9 We

can assume that the reduction has a linear order available, since it is applied in the context of
D YN FO(+,×).
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4.2. Matrix rank in DYN FO(+,×)

Next, we show the most important intermediate result for Theorem 4.1, which is interesting also in its own right.
P ROPOSITION 4.2. F ULL M ATRIX R ANK ∈ D YN FO(+,×).

P ROOF SKETCH . We give an informal description of the dynamic algorithm for
F ULL M ATRIX R ANK . It can be easily transformed into a D YN FO(+,×) program. In the
following we fix m > 0 and only consider (m×m)-matrices with entries from {0, . . . , m}.
We first show that in order to maintain whether rank(A) = m it suffices to maintain rankp (A) for sufficiently many small primes p. Clearly, rank(A) = m if and
only if det(A) ̸= 0. Since det(A) is bounded by m!mm , its binary representation has
O(m log m) digits (for sufficiently large m). It follows with the help of the Prime Number Theorem10 that det(A) ̸= 0 if and only if there exists a prime p ≤ m2 such that
det(A) ̸≡ 0( mod p).
Therefore, for large enough m, rank(A) = m if and only if there exists a prime p ≤ m2
such that rankp (A) = m.
In the following, we describe how rankp (A) can be maintained, for a prime p. To this
end we adapt a dynamic algorithm that has been stated in [Frandsen and Frandsen
2009]. The idea is to maintain an invertible matrix U and a matrix E in reduced rowechelon form such that U A = E. That E is in reduced row-echelon form means that
— the leading entry, i.e., the left-most non-zero entry, in every row is 1,
— the column of such a leading entry is all-zero otherwise, and
— rows are sorted in a “diagonal” fashion, that is, for larger row numbers, the column
numbers of leading entries strictly increase.
Thanks to rank(E) = rank(U A) = rank(A) and the structure of E, it holds that
rank(A) equals the number of non-zero rows of E.
We describe next, how this information can be maintained after a change of A[i, j],
for any i, j ≤ m. Let A′ denote the new value of matrix A after this change. We explain
next, how new matrices U ′ and E ′ can be obtained such that U ′ A′ = E ′ .
After a change of A[i, j], U A′ differs from U A at most in column j. Thus, to get the
desired matrix E ′ in reduced echelon form, we can proceed as follows.
(1) If column j has more than one leading entry of U A′ :
— let the entry with the maximum number of successive zeros in its row (uniquely
determined) be the new leading entry,
— set this leading entry to 1, and set all other entries of column j to 0 by appropriate row operations.
(2) If a former leading entry of a row k is lost in column j (by the change in A or by
step (1)),
— set its new leading entry (i.e., the next non-zero entry in row k and some column ℓ > j) to 1 and set all other entries of column ℓ to 0 by appropriate row
operations.11
(3) If needed: move the (at most two) rows, for which the position of the leading entry
has changed (compared with E) to their correct positions.
An illustrating example can be found in Figure 2. The row operations mentioned above
are done by suitably adapting U . Each of the three steps can be performed in constant
10 The

Prime Number Theorem yields about N primes between 1 and N log N .
all other columns with leading entries have only one non-zero entry, and row k has no non-zero
entries before column ℓ, these row operations do not do any harm to the echelon structure of the rest of the
matrix.

11 Since
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parallel time and therefore by a D YN FO(+,×) update program Pp . It remains to combine the D YN FO(+,×) programs Pp , for each prime p ≤ m2 into one update program
that performs all computations simultaneously. To this end, for each relation R that is
k-ary in each Pp there is a (k + 2)-ary relation in the full program. Each tuple comes
with two additional entries p1 , p2 , representing a prime ((p1 − 1) × m + p2 ). The program can easily determine which pairs (p1 , p2 ) represent actual primes, since it can
use arithmetic right from the start.
U
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⎜
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0
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Fig. 2. Illustration of the modifications necessary for one change in matrix A for p = 5.

4.3. DYN FO(+,×) vs. DYN FO

Since, s-t-R EACH is easily seen to be domain independent, the proof sketch for Theorem 4.1 can be completed by a proof sketch for the following result.
P ROPOSITION 4.3.
Q ∈ D YN FO.
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Etessami already observed that D YN FO programs have the same expressive power
as D YN FO(+,×) programs, if, before the actual change sequence starts, for each element u of the universe, the edge (u, u) is inserted and afterwards deleted [Etessami
1998]. He described how these preliminary changes can be used to construct a linear
order and compatible + and × predicates on the whole universe. He also observed that,
alternatively, arithmetic can be defined incrementally, so that at any point there are relations <ad , +ad and ×ad that represent a linear order on the activated domain, and corresponding ternary addition and multiplication relations, respectively. We show next
that by a refined technique D YN FO programs can simulate D YN FO(+,×) programs
for domain-independent queries without any form of preprocessing.
P ROOF ( SKETCH ). Let Q be a domain-independent query and P a D YN FO(+,×)
program that maintains Q. For simplicity, we assume that Q uses only one binary
relation E, the adaptation for arbitrary structures is straightforward. We recall that
change sequences are applied to an initially empty structure, but that P uses nonempty initial relations that provide a linear order and the corresponding addition and
multiplication relations on the full universe.
We will construct a D YN FO program P ′ that simulates P. By definition of D YN FO,
P ′ has to maintain Q under change sequences from an initially empty structure (just
as P) but with initially empty auxiliary relations (unlike P). The challenge is therefore
that P ′ cannot simply simulate P right from the beginning of the change sequence, as
it does not have <, + and × available.
We say that an element u of the universe has been activated by a change sequence
α = δ1 , . . . , δℓ , if u occurs in some δi , no matter, whether an edge with u is still present
after the whole sequence α. We refer to the set of activated elements by A. The update
program P ′ maintains a linear order < on A. Whenever new elements are activated by
the insertion of a tuple t, the linear order is extended by these elements in a straightforward fashion. The relative order of the newly activated elements is determined by
their position in t. Also an addition relation and a multiplication relation on A is maintained, just as in [Etessami 1998]. Thanks to the linear order, we can assume that A
is always of the form [m], for some number m, consistent with <.
The basic idea for the construction of P ′ is to split computations of P into phases,
based on the size of A, and to let P ′ use different simulations for the different phases
of P. More√precisely, we say that a computation of P on a universe U of size n is in
phase i < n + 1, if more than (i − 1)2 but at most i2 elements of U are activated. The
update program P ′ uses one simulation per phase of P and we refer to the simulation
that is responsible for phase i as the i-simulation.
For each i, the i-simulation begins as soon as i elements are activated.12 The isimulation stops as soon as A contains more than i2 elements. For each i, the query
result of P ′ is the query result of the simulation that is responsible for the current
phase. That is, the query result is provided by the i-simulation if more than (i − 1)2
and at most i2 elements are activated (in the simulated run of P).
When the i-simulation starts, a linear order, an addition relation and a multiplication relation over [i] are available. From these relations a linear order, an addition
relation and a multiplication relation on pairs over [i] can be easily defined in firstorder logic.13 The i-simulation uses the set of pairs over [i] as universe of size i2 . It

12 We

note that a simulation need not start at a phase border. But each simulation is responsible for one
phase.
13 Technically, the addition relation over [m] is a 6-ary relation, a tuple (u , u , v , v , w , w ) of which is
1
2 1 2
1
2
interpreted as (u1 , u2 ) + (v1 , v2 ) = (w1 , w2 ).
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maintains a bijection14 gi between the activated elements of the structure with respect
to the computation of P and the pairs over [i]2 , that respects the linear order. At the
start of the i-simulation, gi (k) = (0, k), for every k ∈ [i].
The actual i-simulation starts on the structure over [i]2 with empty input relations
and with the linear order and the corresponding addition and multiplication relations
over [i]2 . It uses one 2k-ary auxiliary relation, for every k-ary auxiliary relation of P,
and a 4-ary auxiliary relation E ′ that corresponds to E.
As already stated, the input relation of the i-simulation is empty, when the simulation starts. However, at this point the “real” input relation E might have up to i2 tuples
over [i], to which we refer as the old tuples. For each change operation δ, P ′ inserts up
to four tuples to E ′ and simulates P for these four insertion steps. If δ is a deletion,
then one tuple might be deleted. More precisely, for each occurring change operation
P ′ determines the four lexicographically smallest tuples t1 , . . . , t4 in E, whose image
under gi is not yet in E ′ , inserts gi (t1 , ) . . . , gi (t4 ) to E ′ and simulates the induced behavior of P on the auxiliary relations. If the change operation deletes some tuple t from
E and it holds gi (t) ∈ E ′ , then gi (t) is deleted from E ′ and the corresponding update
2
operations are performed. It is easy to see that after i2 change operations, E ′ will coincide with gi (E) and from this point on, the i-simulation only needs to simulate the
actual current change operation. This happens before phase i starts and therefore, the
query result provided by the i-simulation during phase i (translated via gi−1 ) will be
always correct.15
This completes the description of the i-simulations, for each i. Of course, it is not
possible to let each simulation use its own set of auxiliary relations. However, we can
simply increase the arity of each relation symbol by one and use the new entry to
indicate, for each tuple, the number of the simulation, for which it is used.
4.4. Some consequences of R EACH ∈ DYN FO

From Theorem 4.1, one can infer that some other queries are in D YN FO by relatively
straightforward bounded first-order reductions.
As a first example we consider regular path queries (RPQs) on graph databases. A
graph database is basically a directed graph with edge labels from a finite16 alphabet.
A regular path query Q is just a regular expression over label names. It yields all pairs
(u, v) of a graph database for which there is a path from u to v whose sequence of
labels is in the language specified by Q. The problem of maintaining such a query can
be easily reduced to R EACH as follows. Let A be an NFA for the language of Q with
initial state q0 and unique accepting state qf . Then one can construct, given a graph
database G, the synchronized product G × A of G and A; and (u, v) ∈ Q(G) holds if and
only if (v, qf ) is reachable from (u, q0 ) in (the unlabelled graph) G× A. Since each single
change in G only induces at most |A| changes in G × A, the reduction is bounded and
therefore, the maintainability of RPQs follows from Theorem 4.1. This easily transfers
to conjunctions of regular path queries, CRPQs. We note that further classes of query
languages for labeled graphs have been studied in the literature [Muñoz et al. 2016;
Weber and Schwentick 2007].
By a standard reduction to reachability it also follows that 2-SAT is in D YN FO.
However, the consequences of Theorem 4.1 are not fully understood yet. One might
be tempted to expect that D YN FO can maintain all queries Q that can be expressed by
14 Technically,

we can think of gi as a ternary relation at this point.
careful readers we note that for very small values of i this has to be slightly adapted.
16 The set of labels actually needs not be fixed a priori. However, given a regular expression r, only labels
that occur in r are relevant for maintaining r and all other labels can be replaced by some fixed label X not
occurring in r.
15 For
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a formula with a unary transitive closure operator in front of a first-order formula ϕ.
However, even though in this case ϕ basically specifies a first-order reduction from Q
to R EACH, this reduction does not need to be bounded and therefore maintainability
in D YN FO does not immediately follow.
5. INEXPRESSIBILITY RESULTS

Many queries are thus in D YN FO. It is also desirable to learn what queries are not in
D YN FO. As mentioned above, each query in D YN FO can be evaluated in polynomial
time, but we do not expect that all polynomial-time queries are in D YN FO.
There are many standard methods available that can be used to prove that a query at
hand is not expressible in first-order logic [Libkin 2004]. However, explicit lower bound
results for FO(+,×) are much harder to achieve [Arora and Barak 2009] and there
are no results of this kind for the extension of FO(+,×) by arbitrary modulo counting
quantifiers. Proposition 4.3 can be interpreted as a statement that lower bounds for
D YN FO are at least at hard as for FO(+,×). Indeed two prime examples of queries
that cannot be expressed in first-order logic, reachability and parity, can be maintained
in D YN FO. Thus the two notorious weaknesses of first-order logic, locality and the
inability to count globally, are not shared by D YN FO— and thus cannot be used to
prove inexpressibility results.
With current methods, explicit inexpressibility results for D YN FO seem out if reach.
It is thus natural to develop such methods first for fragments of D YN FO. In this section, we give examples of such inexpressibility results for a fragment with auxiliary
relations of bounded arity and for the fragment D YN P ROP in which update formulas
are quantifier-free.
The first result from [Dong and Su 1998] shows that the reachability query cannot
be maintained with only unary auxiliary relations. Since the definition of D YN FO requires that the query result is always represented in one distinguished auxiliary relation “only unary auxiliary relations” means that all auxiliary relations besides this one
binary auxiliary relation are unary. The result therefore also subsumes the result mentioned in the introduction, that reachability cannot be maintained without auxiliary
relations (besides the query relation).
T HEOREM 5.1 ([D ONG AND S U 1998]).
D YN FO with unary auxiliary relations.

Reachability cannot be maintained in

P ROOF. Towards a contradiction assume that there is a D YN FO-program P that
maintains Reachability with one binary auxiliary relation T for storing the query result and otherwise only m unary auxiliary relations. We assume that the update rule
for T for deletions is
on delete (u, v) from E
update T (x, y) as ϕ(u, v, x, y)
for some formula ϕ of some quantifier-depth k. Let n be sufficiently large with respect
to k and m. Let G = (V, E) be a graph on n vertices which forms a directed cycle. Let S
be the state of P after insertion of the edges of E in some order (see Figure 3).
Since the transitive closure of E is V × V , ϕ is equivalent to the formulas ϕ′ resulting
from ϕ by replacing all occurrences of T -atoms by ⊤. Clearly, ϕ′ only refers to E and
the auxiliary relations. Since n was chosen sufficiently large, there are three disjoint
paths P1 , P2 and P3 in C of length 2k+1 that are isomorphic in S . Let (a1 , b1 ), (a2 , b2 )
and (a3 , b3 ) be the innermost edges of P1 , P2 and P3 , and assume that they occur in
this cyclic order. When deleting the edge (a2 , b2 ), there is still a path from a3 to a1 but
no path from a1 to a3 . Yet (S, a2 , b2 , a1 , a3 ) |= ϕ′ if and only if (S, a2 , b2 , a3 , a1 ) |= ϕ′ by
Gaifman’s Theorem [Immerman 1999]. This is the desired contradiction.
ACM SIGLOG News

43

April 2016, Vol. 3, No. 2

p1

p2

p3

a1 b1

a2 b2

a3 b3

Fig. 3. Illustration of the construction in Theorem 5.1. The colors indicate the content of the unary relations.

This proof has a very “static flavor”. Starting from some state of a certain shape, a
contradiction is obtained by considering only one change operation and the proof argument can therefore use a standard inexpressibility method for first-order logic, locality.
“Static lower bound methods” have been used in several dynamic inexpressibility
results. Along similar lines as for Theorem 5.1 one can prove, e.g., that local update
languages (possibly stronger than FO) cannot maintain Reachability with unary
relations only [Dong et al. 2003], that there is a context-free language that is not in
D YN FO with unary relations [Vortmeier 2013], and that the equal cardinality of two
unary relations cannot be expressed in D YN FO in a setting with weak initializations
[Grädel and Siebertz 2012]. A further lower bound from static complexity that has
been reused in dynamic complexity is a theorem of Cai, stating that m parity functions
cannot be computed in AC0 using m − 1 help bits [Cai 1990]. It has been used by
Miltersen to obtain an arity hierarchy for D YN FO by exploiting a correspondence
between help bits and auxiliary bits 17 . Unfortunately, “static methods” seem not
sufficient (as discussed above) to prove very strong dynamic inexpressibility results.
It thus seems necessary to develop more “dynamic methods” to prove inexpressibility
for non-unary fragments of D YN FO.
We next sketch such a method for D YN P ROP, the quantifier-free fragment of
D YN FO. We give two applications, one of which yields a query that cannot be maintained in D YN P ROP at all, and the other shows that R EACH cannot be maintained by
D YN P ROP programs with binary auxiliary relations, the currently best lower bound
for R EACH with respect to arity.
The method uses a simple locality property of D YN P ROP programs. When updating
an auxiliary tuple d⃗ after a change of an edge ⃗e, a quantifier-free update formula only
⃗ ⃗e, and the constants of the input structure. Thus, if a change operation
has access to d,
changes a tuple inside a substructure A of a state S, the auxiliary data of A is not
affected by any information from outside of A. In particular, two isomorphic substructures A and B remain isomorphic, when corresponding changes are applied to them.
The notion of corresponding changes is formalized as follows. Let π be an isomorphism from A to B. Two changes δ(⃗a) on A and δ ′ (⃗b) on B are said to be π-respecting if
′
δ = δ ′ and ⃗b = π(⃗a). Two sequences α = δ1 · · · δm and β = δ1′ · · · δm
of changes respect
′
π if δi and δi are π-respecting for every i ≤ m. We recall that Pα (S) denotes the state
obtained by executing the dynamic program P for the change sequence α from state S.

L EMMA 5.2 ([G ELADE ET AL . 2012; Z EUME AND S CHWENTICK 2015]). Let P be
a D YN P ROP-program and let S and T be states of P with domains S and T . Further let
A ⊆ S and B ⊆ T such that S ! A and T ! B are isomorphic via π. Then Pα (S) ! A and
Pβ (T ) ! B are isomorphic via π for all π-respecting change sequences α, β on A and B.
Here, S ! A denote the substructure of S that is induced18 by A.
17 [Dong
18 We

and Su 1998] attributes the result to Miltersen.
note that induced substructures contain all constants of the input structure.
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We refer to this lemma as the Substructure Lemma.
The Substructure Lemma can be applied along the following lines to prove that a
(graph) query Q cannot be maintained in a setting with quantifier-free updates. Towards a contradiction, assume that there is a quantifier-free program P that maintains Q. Then, find
— two states S and T of P for two graphs GS and GT ,
— substructures S ! A and T ! B of S and T isomorphic via π, and
— two π-respecting change sequences α and β on A and B,
such that there is a tuple ⃗a over A that is contained in the query result for the graph
α(GS ) but π(⃗a) is not in the result of β(GT ). This yields the desired contradiction,
since either both or neither of the tuples ⃗a and π(⃗a) are contained in the distinguished
query relations of Pα (S) and Pβ (T ) due to the Substructure Lemma.
The first example shows that the Boolean alternating reachability query is not in
D YN P ROP. An alternating graph is represented by a binary edge relation E and a
unary relation A of universal nodes. Given a node t ∈ V , the set of all reachable nodes
Reach(t) is defined as the smallest set satisfying19
— t ∈ Reach(t);
— if u ̸∈ A and there is a v ∈ Reach(t) such that (u, v) ∈ E, then u ∈ Reach(t); and
— if u ∈ A and for all v ∈ V with (u, v) ∈ E, we have v ∈ Reach(t), then u ∈ Reach(t).
We consider the following P-complete problem (see, for example, [Vollmer 1999]).
Problem:
Input:
Question:

A LT-R EACH
Alternating graph G = (V, E, A) and two nodes s and t
Is s ∈ Reach(t)?

T HEOREM 5.3 ([G ELADE

ET AL .

2012]). A LT-R EACH ̸∈ D YN P ROP.

P ROOF. For each m ∈ N, we define a graph Gm = (Vm , Em ) (see Figure 4 for an
illustration).
The vertex set Vm is the union of the following sets of nodes.
—
—
—
—

{s, t};
a set P of 2m nodes p1 , ..., p2m ;
a set Q, consisting of one node qI , for each subset I of P with |I| = m; and
a set R, consisting of one node rJ , for each subset J of Q.

The set A of universal nodes is just Q. The set Em contains the following edges:
— (qI , p), for each node qI of Q and each p ∈ I; and
— (rJ , q), for each node rJ of R and each q ∈ J.
Towards a contradiction, we assume that there is a D YN P ROP -program P for
A LT-R EACH with p auxiliary relations of maximal arity ℓ. Let m be chosen sufficiently
large with respect to p and ℓ, and let A, P, Q, R be the sets of vertices of Gm as defined
above.
! "
m
m
|Q|
We note that |Q| = 2m
≥ 22 .
m ≥ 2 , for large enough m, and therefore |R| = 2
For each r ∈ R, let Ur be the set {s, t, r} ∪ P of size 2m + 3, and let Or be the linear
order on Ur defined by s < t < r < p1 < · · · < p2m . The number of different structures
19 We

note that this is a backward reachability.
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Q

qI

∃
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P

t
′

Fig. 4. An illustration of the graph Gm . Full edges represent edges from Gm ; Grm and Grm result from Gm
by inserting the dashed edges and one of the dotted edges, respectively.

(with respect to isomorphism) with a domain of size 2m + 3, a linear order and at most
ℓ
p relations
of maximal arity ℓ ≥ 2 is bounded by 2(p+1)·(2m+3) , which is strictly smaller
2m
than 2 , for sufficiently large m.
Let S be the mstate of P after insertion of all edges of Gm . Due the above reasoning,
since |R| ≥ 22 , there must be two different nodes r, r′ ∈ R for which S ! Ur and
S ! Ur′ are isomorphic under the isomorphism which maps r to r′ and is the identity
otherwise.20
Let J, J ′ ⊆ Q with r = rJ and r′ = rJ ′ . Since J ̸= J ′ we can assume without loss
of generality that there is a set I = {pi1 , ..., pim } such that qI ∈ J but qI ̸∈ J ′ . Let Grm
be the graph resulting from inserting the edges (s, r) and (pi1 , t), . . . (pim , t) into Gm
′
and Grm be the graph resulting from inserting the edges (s, r′ ) and (pi1 , t), . . . (pim , t)
′
into Gm . Let S r and S r denote the states of P after insertion of these edges, respectively. By the semantics of alternating reachability, s ∈ Reach(t) with respect to Grm ,
′
but s ̸∈ Reach(t) with respect to Grm . However, the Substructure Lemma guarantees
′
that S r ! Ur and S R ! Ur′ are isomorphic and therefore, the update formula for the query
relation of P yields the same query result in both states, the desired contradiction. The
construction is illustrated by Figure 4.
The proof of the following result is similar in spirit.21
T HEOREM 5.4 ([Z EUME AND S CHWENTICK 2015]). Reachability cannot be maintained in binary D YN P ROP.
P ROOF. Towards a contradiction assume that a dynamic program P with quantifierfree update formulas and binary auxiliary schema maintains the dynamic s-treachability query. We choose numbers n and n′ such that n′ is sufficiently large with
respect to the size of the auxiliary schema and n is sufficiently large with respect to n′ .
def
def
Consider the graph G = (V, E) defined as follows. Let V = {s, t} ' A ' B where B is a
set of size n and A is of size 2n . We associate with every subset X ⊆ B a unique vertex
20 The
21 Its

orders Or are only needed to make sure that the isomorphism works in exactly this way.
presentation closely follows [Zeume and Schwentick 2015].
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s
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aX1

b1

aXk

aXℓ

bi1 −1 bi1 bi1 +1 bi2 −1 bi2 bi2 +1

s

Tℓ :
aX1

bk bk+1 bik −1 bik bik +1

bℓ

b1

t

aXk

aXℓ

bi1 −1 bi1 bi1 +1 bi2 −1 bi2 bi2 +1

bk bk+1 bik −1 bik bik +1

bℓ

t

Fig. 5. The structure S ′ from the proof of Theorem 5.4 with highlighted isomorphic substructures Tk and Tℓ .

aX from A in an arbitrary fashion. The graph has an edge (b, t) for all b ∈ B as well as
an edge (aX , b) for every subset X of B and every b ∈ X.
Let S be a state of P with G as underlying structure. Our plan is to find two sets
X, X ′ such that X ! X ′ ⊆ B and the restriction of S to {s, t, aX ′ } ∪ X ′ contains an
isomorphic copy of S restricted to {s, t, aX } ∪ X. Then the Substructure Lemma will
easily give us a contradiction as follows. Consider the two change sequences β1 and β2 :
(β1 ) Deleting edges (aXk , b1 ), . . . , (aXk , bk ) and adding an edge (s, aXk ).
(β2 ) Deleting edges (aXℓ , bi1 ), . . . , (aXℓ , bik ) and adding an edge (s, aXℓ ).
Applying β1 to G yields a graph in which t is not reachable from s, whereas applying
β2 yields a graph in which t is reachable from s. Yet, the substructures induced by
{s, t, aX ′ } ∪ X ′ and {s, t, aX } ∪ X in the corresponding states are still isomorphic due to
the Substructure Lemma. This is a contradiction.
For finding the sets X and X ′ we employ two well-known combinatorial techniques;
a Ramsey-like argument and Higman’s Lemma.
Let ≺ be an order on B. Since |B| is large with respect to n′ , a Ramsey-like theorem
for structures can be employed to obtain a subset B ′ ⊆ B of size n′ such that all
tuples (b1 , b2 ) ∈ B ′ × B ′ with b1 ≺ b2 have the same type in S. Let b1 ≺ . . . ≺ bn′ be an
def
enumeration of the elements of B ′ and let Xi = {b1 , . . . , bi }, for every i ∈ {1, . . . , n′ }.
Let Si denote the restriction of S to Xi ∪{s, t, aXi }. For every i, we construct a word wi
of length i that has a letter for every node in Xi and captures all relevant information
def
about those nodes in Si . More precisely, wi = σi1 · · · σii , where for every i and j, σij is
the binary atomic type of (aXi , bj ).
Since B ′ is sufficiently large with respect to the size of the auxiliary schema, Higman’s Lemma can be employed to find k and ℓ such that k < ℓ and wk is a subsequence of wℓ , that is wk = σk1 σk2 . . . σkk = σℓi1 σℓi2 . . . σℓik for suitable numbers i1 < . . . < ik .
def
def
Define Tk = Sk′ ! Tk where Tk = {s, t, aXk , b1 , . . . , bk } and Tℓ = Sℓ′ ! Tℓ where
def
Tℓ = {s, t, aXℓ , bi1 , . . . , bik }. We refer to Figure 5 for an illustration of the substructures
Tk and Tℓ of S ′ . It is straightforward to show that Tk ≃π Tℓ , where π is the isomorphism
that maps s and t to themselves, aXk to aXℓ and bj to bij for every j ∈ {1, . . . , k}.
Thus X and X ′ can be chosen as {b1 , . . . , bk } and {bi1 , . . . , bik }, respectively.

For inexpressibility proofs with the Substructure Lemma, the challenge is to find
well-behaved isomorphic structures. Several combinatorial techniques have been employed to find such structures. A similar counting argument as in the proof of Theorem 5.3 has been used to show that Reachability is not in D YN P ROP for a restricted
initialization in [Zeume and Schwentick 2015]. We have seen an application of comACM SIGLOG News
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bining the Substructure Lemma with Ramsey’s Theorem and Higman’s Lemma in the
proof that Reachability is not in binary D YN P ROP. Finally, in [Zeume 2014], upper and
lower bounds for Ramsey numbers have been used to establish an arity hierarchy for
D YN P ROP for queries on graphs under insertions, by showing that (k + 2)-Clique is
not in k-ary D YN P ROP. We conjecture that the same approach can be used to prove an
arity hierarchy for D YN P ROP for graph queries (under insertions and deletions).
For very small fragments also some purely dynamic ad-hoc proof techniques have
been used [Hesse 2003b; Zeume and Schwentick 2014].
The biggest future challenge for determining the power of dynamic programs is
to come up with new tools and methods for proving inexpressibility for larger fragments of D YN FO. The potential of the two approaches described above, the reuse of
static techniques and the Substructure Lemma, seems to be exhausted. For instance,
even though an extension of the Substructure Lemma can be employed to prove inexpressibility for the slight extension of D YN P ROP with unary auxiliary functions, it has
been argued in [Zeume 2014] that inexpressibility proofs for binary functions require
new ideas. Several alternative approaches for proving non-expressibility for larger
fragments of D YN FO, for instance Ehrenfeucht-Fraissé games and diagonalizationbased approaches, have been explored by various researchers. Unfortunately the lower
bounds proved with those approaches are not very strong so far. Yet we hope they yield
better lower bounds in the future. We refer to [Zeume 2015] for a more detailed discussion. In [Grädel and Siebertz 2012] a combination of locality and dynamic techniques
has been used to show inexpressibility results in a setting with arbitrary initial input
structures and restricted initialization of auxiliary structures.
6. SOME FURTHER TOPICS IN DYNAMIC COMPLEXITY

As mentioned in the introduction, this article is not meant as a comprehensive survey.
However, in this section, we mention a few other research directions with an emphasis
on such directions to which the authors of this article contributed.
Maintainability Results. Although the reachability query has been the main object of study in Dynamic Complexity, other graph queries have been investigated as
well. Previous work on undirected graph reachability lead to dynamic programs for
spanning forests, 2-colorability, and the binary distance query in undirected graphs
[Dong and Su 1998; Grädel and Siebertz 2012; Patnaik and Immerman 1997]. Tree
isomorphism can be maintained with first-order updates as well [Etessami 1998].
The maintainability of formal languages has been studied as well. Already Patnaik
and Immerman observed that regular languages and Dyck languages can be maintained22 in D YN FO [Patnaik and Immerman 1997]. Hesse showed that the regular
languages can be even maintained in D YN QF [Hesse 2003b]. In [Gelade et al. 2012]
the dynamic complexity of regular language was pinpointed exactly: a formal language can be maintained in D YN P ROP if and only if it is regular. We note that this
is also an inexpressibility result, since it shows that every non-regular language is not
in D YN P ROP. They also showed that all context-free languages can be maintained in
D YN FO; and that certain context-free languages can be maintained in D YN QF. The
maintenance of path queries in labeled graphs is closely related.
The Fine Structure of D YN FO. As described in Section 3, various dynamic complexity classes can be obtained by varying the update formalism, the arity of the auxiliary relations and the initialization mechanism. Higher arity of auxiliary relations
indeed increases the expressive power of dynamic programs with first-order updates
22 We

note that in the study of formal languages, the set of positions and its underlying order is fixed. The
change operations can insert a symbol at a position or delete it (leaving the position empty).
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[Dong and Su 1998] on arbitrary structures. For the quantifier-free fragment an arity
hierarchy for graph queries has been established under insertions [Zeume 2014]. An
extensive study of syntactical restrictions of first-order updates from a database theoretical point of view has been performed in [Zeume and Schwentick 2015]. This study
considered, besides D YN P ROP and D YN QF, the following kinds of restrictions:
— Restrictions of the quantifier structure in update formulas: D YN∃∗ FO and
D YN∀∗ FO;
— Restricted database query languages based on (unions of) conjunctive queries:
D YN CQ and D YN UCQ;
— Their quantifier-free restrictions: D YN P ROP CQ, D YN P ROP UCQ;
— Classes resulting from ∆-semantics of update formulas, indicated by a prefix ∆−.
Although one could have expected that these many different restrictions induce a complicated graph of relationships, it turned out that they are all neatly stacked in a linear
hierarchy.
Dynamic versus Static Complexity Theory. Besides the relationship of dynamic
complexity classes among each other, also the relationship to classical static complexity classes has been investigated, and several connections have been established [Etessami 1998; Patnaik and Immerman 1994]. All first-order definable properties can be maintained using existential first-order updates (though with FOinitialization only) [Zeume and Schwentick 2014] and all existential first-order properties are in D YN QF. Further there are (artificial) PTIME-complete problems
and natural LOGCFL-complete problems in D YN FO [Patnaik and Immerman 1994;
Weber and Schwentick 2007].
Analyzing dynamic programs, e.g. checking satisfiability of a dynamic program, is
of course not easier than analyzing first-order formulas, and therefore undecidable
in general. Many static analysis problems remain undecidable for very restricted dynamic programs [Schwentick et al. 2015].
7. PERSPECTIVES

Many questions remain open and we can only hint at some of them.
We have seen in Section 4 that the maintainability of the reachability query can
be used to show other maintainability results. This might be possible for algorithmic
problems from other areas as well, e.g., from Model Checking [Kähler and Wilke 2003],
Program Analysis [Lev-Ami et al. 2009, 2007], or Knowledge Representation.
As mentioned before, every problem that is reducible to reachability under bounded
first-order reductions can be maintained in D YN FO. It is an interesting question
to what extent the boundedness requirement can be weakened. This question is
strongly related to the question, whether the reachability query can be maintained
under more complex change operations that can change more than one tuple (or a
constant number of tuples). Complex change operations were already discussed in
[Patnaik and Immerman 1994], but a systematic study is still missing as of yet.
Complex change operations could help to make the algorithms found in Dynamic
Complexity more applicable. Another step in that direction could be the development
of a “dynamic programming language”.
Another line of research that suggests itself is which other algorithmic problems
from Linear Algebra can be maintained in D YN FO and in which ways they can be
used to maintain other queries.
Last but not least, the machinery for inexpressibility proofs needs to be further developed. Proving that the reachability query is not in D YN P ROP seems not completely
out of reach [sic!].
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SEM

S EMANTICS C OLUMN
MICHAEL MISLOVE, Tulane University
mwm@math.tulane.edu

In this quarter’s column, Andrzej Murawski and Nikos Tzevelekos offer us an invitation to game semantics. This approach to giving semantics originated in work of the
philosopher and mathematician Paul Lorenzen in the late 1950s [10], who viewed the
meaning of a proposition as a dialogue between two players, a proponent who asserts
, and an opponent, who denies . A proof of is then a winning strategy for proponent. The approach was used by Andreas Blass [5] to give a semantics to Girard’s linear
logic [7]. Noting some shortcomings in Blass’s model, Abramsky and Jagadeesan [2] refined the model to devise a more expressive game semantics for multiplicative linear
logic.
The purpose of semantics in modeling computation is to provide tools for effectively
analyzing the behavior of programs in a programming language, or for computational
processes, more generally. This results in a fundamental difference from its use in the
semantics of logic: game semantics for programming languages is not about winning
strategies. Rather, as Andrzej and Nikos point out, it is about revealing the behavior
of a program.
The move to applying game semantics to model programming languages was
taken independently, and almost simultaneously, by Abramsky, Jagadeesan and
Malacaria [4] and by Hyland and Ong [9], who used different paths to obtain the same
model of PCF. While the publication date on the citations is 2000, the research reported in these papers was completed in 1993. Nickau [12], independently, arrived at
what turned out to be an alternative presentation of the Hyland-Ong approach.
As a new modeling paradigm, game semantics gave a firm foundation for viewing a
program, on the one hand, and its environment, on the other, as equal partners in a
computation. The tension between these “players” was around at least from the work of
C. A. R. Hoare on CSP [8], with the notions of internal and external choice, for example.
A process can make an internal choice without regard to the environment in which it
is operating, but an external choice is governed by the environment: the process offers
possible alternatives, but the environment gets to choose which one is taken. Hoare’s
prototypical example is a vending machine: the machine offers a variety of snacks,
but it is the environment in the form of the user that chooses which one to purchase.
One of the simplest of the many semantic models for CSP is the failures model [6],
which is tailored precisely to distinguish between these two choice operators. Game
semantics was the first modeling paradigm to offer a setting in which both components
of a computation – process and environment – play equal roles.
Whether it be for models of logical systems or for programming languages, inevitably
there is a measure to gauge the effectiveness of a semantics. In classical logic, it’s
soundness and completeness: a sentence is true in every model iff it is provable in the
logic. As noted above, the path from philosophy to programming semantics involved
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Abramsky and Jagadeesan’s development of a semantics for Girard’s linear logic [2].
The criterion their semantics fulfilled is full completeness: stated succinctly, every winning strategy is the denotation of a unique cut-free proof net.
In the case of programming languages, the sine qua non for semantic models is full
abstraction. This involves two kinds of models: an operational model – such as an automaton or a system of transition rules that show how to step through a program,
and a denotational model – a mathematical universe in which program meanings are
built up compositionally, using semantic interpretations of the rules for forming programs.1 A denotational model is adequate if two programs with the same denotation
have the same operational behavior in every environment. A denotational model that
also satisfies the converse – two programs having the same operational behavior in
every environment also have the same denotation — is called fully abstract.
The language PCF is based on Scott’s logic of computable functions as described
in Milner’s notes [11], and the search for a fully abstract model for PCF began with
Plotkin’s seminal paper [13]. There were numerous (unsuccessful) attempts over the
years at solving this problem using traditional domain-theoretic constructions; more
detail about the history of these attempts can be found in [4].
It was only with the advent of game semantics, however, that such a model was
finally identified, but the situation is more complicated. The game semantics model
for PCF discovered independently by Abramsky, Jagadeesan and Malacaria and by
Hyland and Ong is intensionally fully abstract, in the sense that every compact (in
fact, computable) element in the model is definable in PCF. However, equality in the
games model is too fine, because the model reveals so much behavior. An extensional
fully abstract model – one where observationally equivalent PCF terms are identified
– is obtainable only via a quotient process, and, in fact, this is the best that can be
achieved. For a very readable discussion of the details here, see §5.4 of [1].
On a personal level, my first encounter with game semantics was at Samson Abramsky’s inaugural lecture at Imperial College in 1993. The lecture was related to another
application of game semantics that falls between the semantic models for linear logic
and for PCF, namely Abramsky and Jagadeesan’s model of Girard’s Geometry of Interaction [3]. Samson animated his lecture by showing how game semantics, and in
particular, the copy-cat game, would allow him to beat a world master at chess, either
Kasparov or Short – replete with large chess board illustrations like the one below and
students to implement the moves:

1 Some

researchers require that denotational models must be ones given using domain theory, the staple
of programming semantics arising from Dana Scott’s first model of the lambda calculus, since denotational
models originated with domains.
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The key, of course, is that the copy cat insists on starting play with the left board, as
black, and then proceeds by copying each move by white from the left board to the right
board, and then copying corresponding black moves from right to left. In the end, the
copy cat wins one of the games (unless there is a draw). This was the first inaugural
lecture I attended in Britain, and I also was struck by Robin Milner’s “Vote of Thanks”.
Being new to such a ceremony, I was caught off guard when what I presumed would
be a ceremony steeped in propriety and decorum turned into a series of friendly jibes
by Robin aimed at the honoree.
But back to matters at hand. After a brief introductory paragraph describing the
role of game semantics, Andrzej and Nikos’s column takes us through a series of game
interpretations, starting with a simple program, showing how game semantics reveals
the behavior of the program. They describe several aspects of game semantics, indicating their roles in how the semantics is used. They also include comments about nominal game semantics, which relates nicely to the last quarter’s column by Andy Pitts.
They bring their column to a close by indicating several directions in which game semantics can be expected to find application. I hope you enjoy reading the column as
much I have.
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Game semantics is a flexible semantic theory that has led in recent years to an unprecedented number of
full abstraction results for various programming paradigms. We present a gentle introduction to the subject,
focussing on high-level ideas and examples with a view to providing a bridge to more technical literature.

1. INTRODUCTION

Denotational semantics aims at finding meaningful compositional interpretations (denotations) of programs, couched in a variety of mathematical universes. The quality
of such interpretations can then be measured by understanding which programs are
interpreted in the same way, i.e. by the same elements of the model. For example, injective interpretations will be faithful models of the syntax. In contrast to that, if the
modelling objective is to characterise program behaviour then one would like the interpretations of two programs to coincide if and only if the two programs are equivalent.
This criterion of modelling accuracy was introduced in the 1970s [Milner 1977], under
the name full abstraction. It has ever since become the highest prize for the practising
semanticist.
However, the quest for fully abstract models was not to be an easy one. Despite
advances in domain theory, which fuelled early semantic research, the construction of
fully abstract models turned out elusive, even though the techniques were ripe enough
to provide many informative models for numerous complicated programming features.
The efforts of the semantic community in the 1990s, focussed on the purely functional
language PCF, have generated a wealth of results. Among them was the emergence of
a new modelling approach, referred to as game semantics, which uses the metaphor of
game playing as a foundation for building models.
2. GAMES

Game semantics views computation as a two-player dialogue between a program and
the context (or environment) in which it was deployed. The interlocutors, or players,
are traditionally called O (Opponent) and P (Proponent). The former represents the
context, the latter corresponds to the program. Accordingly, a program is interpreted
by a strategy for P that tells P how to conduct the dialogue. Game semantics is not
about winning. Rather, the challenge is to design games in such a way that strategies
express the observable behaviour of code interacting with its computational environment.
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The kind of interactions that a piece of code may produce depends on its interactive
potential: the more complicated the associated types the more interesting interactions
we can expect. The type of free variables as well as the type of the phrase will all
contribute to the shape of potential exchanges.
For example, if we simply take a constant, e.g. ⊢ 2016 : int, then one can imagine the
following conversation between O and P , but not much more.
O
P

What is the result (of evaluation)?
2016.

Here P plays according to the strategy that advocates responding with 2016 to the initial question of the environment. The same situation will occur whenever we deal with
a closed program ⊢ M : int that evaluates to 2016. Even though M can be complicated,
the only thing that the context can observe is the outcome of evaluation. Here, the
interaction is admittedly quite shallow and it ends after one exchange.
This changes when we consider program phrases with more complicated types, such
as ⊢ λxint .x + 1 : int → int. Now, in addition to evaluating the term, the environment
can call the function repeatedly using various arguments (call-by-value evaluation).
This can be captured by a dialogue of the following kind, corresponding to the successor function. We stress that game semantics strives to capture exactly the observable
behaviour. For instance, the addition operation x + 1 does not appear explicitly in the
play.
O
P
O
P
O
P

What is the result?
It’s a function.
What is the result if the argument is 3?
4.
What’s the result for argument 5?
6.

More interesting exchanges are still possible for terms of type int provided they contain
free variables, representing undefined procedures. Take, for instance, f : int → int ⊢
f (f (0)) + 3. In order for the phrase to produce a result, the context in which it is
inserted must provide the missing information about f . Accordingly, we may expect the
following conversation, in which P probes the unknown parameter before returning
the final value.
O
P
O
P
O
P

What is the result?
What is f (0)?
5.
What is f (5)?
4.
7.

Note that the value 5 returned by O has been used in the following question. This
corresponds to parameter passing: the value of f (0) is passed to f in order to compute
f (f (0)).
Finally, let us consider an even more complicated example of
f : int → int → int ⊢ let g = f (0) in let h = f (1) in g(2) + h(3) : int
along with an associated dialogue.
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O
P
O
P
O
P
O
P
O
P

What is the result?
What is f (0)?
It’s a function.
What is f (1)?
It’s a function.
What is the result of applying the first function value to 2?
4.
What is the result of applying the second function value to 3?
5.
9.

3. INSIDE A GAME MODEL

At a technical level, game semantics dialogues that capture observable aspects of computation are not expressed in English. Rather, they are expressed as sequences of abstract moves connected with pointers, called justified sequences. The sequences corresponding to the dialogues mentioned earlier are shown below.

⋆q
O

2016a
P

⋆q
O

⋆q
O

0q,f
P

⋆a
P

3q,⋆
O

⋆a,f
O

4a,⋆
P

1q,f
P

5q,⋆
O

⋆a,f
O

6a,⋆
P

2q,f,⋆
P

⋆q
O

4a,f,⋆
O

0q,f
P

3q,f,⋆
P

5a,f
O

5q,f
P

5a,f,⋆
O

9a
P

4a,f
O

7a
P

Note that only initial moves need not have pointers. Any other move must be equipped
with one (“justified”) and its target cannot be chosen arbitrarily. Firstly, the targeted
move must have been played earlier and, secondly, it must be related to the new move
by a relation between moves called enabling. Thus, when defining a game in game
semantics, one starts off by specifying the set of moves, their ownership (O or P ), kind
(question or answer) and the enabling relation. This information is referred to as the
underlying arena.
Arenas used in our examples are given below. The top moves are meant to belong
to O and then the ownership alternates between levels. The subscripts indicate which
moves are questions and answers respectively. One move enables another if they are
connected by an edge and the former lies one level above the latter. We use i, j, k, l to
range over integers, so the actual structure of the enabling relation is not exactly a
tree (for example, in the second arena ⋆a enables both 0q,⋆ and 1q,⋆ , each of which in
ACM SIGLOG News

58

April 2016, Vol. 3, No. 2

turn enables 2a,⋆ ).
⋆q
❂❂❂
ia

⋆q ❈
❈❈
❈
⋆a
iq,⋆

⋆q ❉
❉❉
❉
ka
iq,f

⋆q ❉
❉❉
❉
la
iq,f

ja,f

⋆a,f

ja,⋆

jq,f,⋆
ka,f,⋆

( ⊢ int)

( ⊢ int → int)

(f : int → int ⊢ int)

(f : int → int → int ⊢ int)

After specifying an arena, a typical game model will impose further restrictions on
the shape of allowable justified sequences, which will subsequently be called the plays
of the game. The extra restrictions are needed to capture the specificities of differring
programming features. In the following section we shall review the most commonly
used properties and describe the corresponding computational intuitions.
Once the notion of play is established and it is known what exchanges of moves
can take place, one can proceed to the concept of a strategy (for P ). Game semantics
uses strategies as denotations of terms. More concretely, a strategy is a set of plays
which must be closed under taking prefixes and also under forming extensions using
O-moves. The latter reflects the fact that strategies prescribe the program’s (i.e. P ’s)
responses to O’s actions and, thus, have to be ready to react to all scenarios of play
by O.
Models arising from game semantics can be viewed as categories, in which arenas
and strategies take the role of objects and morphisms respectively. In line with the
spirit of categorical semantics, arenas are used to interpret types and type constructors are interpreted by constructions on arenas. The most common type constructors
such as product or sum, can be accounted for by joining up arenas corresponding to
the arguments, often with the help of a few special moves. An important aspect of
constructions corresponding to the formation of function spaces is the fact that in the
A1 ⇒ A2 arena moves from both A1 and A2 are available but the ownership of moves
from A1 is reversed, while it remains the same for A2 .
This change of ownership is crucial when it comes to composing strategies from arenas A1 ⇒ A2 and A2 ⇒ A3 in order to form a strategy in the arena A1 ⇒ A3 . Then
both A1 ⇒ A2 and A2 ⇒ A3 will contain moves from A2 , but the moves will belong
to different players in the two arenas: if a move from A2 belongs to O in A1 ⇒ A2 ,
it will belong to P in A2 ⇒ A3 , and vice versa. In contrast, ownership of moves from
A1 and A3 in A1 ⇒ A3 is the same as in A1 ⇒ A2 and A2 ⇒ A3 respectively. Consequently, the composite strategy over A1 ⇒ A3 can be defined by appealing to the
strategies involved with the caveat that, if that strategy recommends a P -move from
A2 , we need to relay the response as an O-move to the other strategy, thus fuelling an
exchange between them. If the strategies happen to interact via A2 -moves forever, one
talks of infinite chattering, which corresponds to divergence. If, on the other hand, the
exchange produces a move from A1 or A3 , it is taken as part of the new composite strategy in A1 ⇒ A3 . Because moves from A2 are not present in A1 ⇒ A3 , the exchanges in
A2 have to be hidden and do not feature in the composite strategy.
Following the definition of games, a typical game semantics paper will go on to discuss the kind of mathematical/categorical structure that is needed to model the proACM SIGLOG News
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gramming language in question. The definition is then validated through a soundness
result for closed terms, which will state that every closed term of type unit is interpreted by the strategy corresponding to skip if and only if its evaluation terminates.
For many programming languages, such theorems are within reach of many other semantic paradigms and do not imply full abstraction. What really distinguishes game
models at this point is definability: the fact that all strategies of a certain critical kind1
are denotations of terms from the programming language in question. Intuitively, this
means that the model contains no irrelevant elements (“no junk”): for any criticial
strategy we can find a corresponding term. This opens up the path to full abstraction.
The most elegant results of this kind are based on exact equality of denotations
(strategies). In the absence of primitives for controlling the flow of computation (jumps,
continuations) in contexts, it is necessary to restrict this equality to complete plays
only in order to capture the fact that the exact moment of divergence cannot be identified.
4. PROPERTIES OF PLAYS

Next we survey a number of prominent combinatorial properties regarding the shape
of justified sequences. Remarkably, each of them can be related to a specific programming feature.
4.1. Alternation

Alternation is the requirement that O and P take turns when making moves. Game
semantics uses alternation to model sequential computation. It is relaxed in game
models of concurrency, though. For example, the strategy corresponding to
f : int → unit ⊢ f (0) ∥ f (1) : unit
features the following plays among others (the remaining ones are simply prefixes of
those given below).

⋆q
O

0q,f
P

1q,f
P

⋆a,f
O

⋆a,f
O

⋆a
P

⋆q
O

1q,f
P

0q,f
P

⋆a,f
O

⋆a,f
O

⋆a
P

⋆q
O

0q,f
P

1q,f
P

⋆a,f
O

⋆a,f
O

⋆a
P

⋆q
O

1q,f
P

0q,f
P

⋆a,f
O

⋆a,f
O

⋆a
P

⋆q
O

0q,f
P

⋆a,f
O

1q,f
P

⋆a,f
O

⋆a
P

⋆q
O

1q,f
P

⋆q,f
O

0q,f
P

⋆a,f
O

⋆a
P

Note that, in the first play, the second and third moves correspond to respectively the
left and right calls made inside the term. Similarly, the fourth and fifth moves are
the corresponding returns. Only the last two plays satisfy alternation here. As may be
expected, they correspond respectively to the terms
f : int → unit ⊢ f (0); f (1) : unit
1 In

and

f : int → unit ⊢ f (1); f (0) : unit.

most cases, this coincides with domain-theoretic compactness.
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In this example the associated arena is
⋆q ❉
❉❉❉
❉
iq,f
⋆a
⋆a,f
and any alternating play must begin with ⋆q to be followed by several segments of the
shape iq,f ⋆a,f , which correspond to sequences of calls to f .
Another characteristic feature of concurrent game semantics is that strategies are
closed with respect to unobservable rearrangements of moves: adjacent P -moves may
be permuted, adjacent O-moves may be permuted and an O-move may go past a P move (unless this is prevented by the pointer structure). The three cases correspond to
the inability of programs to control environment actions and the scheduling of parallel
events. Saturation stipulates that if a play from a strategy is subjected to a series of
such rearrangements then the resultant play must also belong to the strategy. Saturation is crucial to obtaining a close match between the syntax and semantics (a definability property). Indeed, while the last two sequences can be traced back to distinct
sequential computations, none of the previous four plays in isolation corresponds to a
term. With saturation in place, the presence of any of the first four plays listed above
necessitates the presence of all six plays. From now on we shall consider alternating
plays only.
4.2. Well-bracketing

A justified sequence is well-bracketed if each answer is justified by the most recent
unanswered question. The condition amounts to insisting on stack discipline between
questions and answers. Intutively, it captures the fact that calls return in the same
order as that in which they were made. Computationally, this corresponds to absence
of programming constructs that can disturb control flow, such as continuations and
exceptions. For example, consider the play given below
⋆q
O

⋆q,f
P

⋆q,f,⋆
O

⋆a
P

which is not well-bracketed, because the last answer is justified by the first question
instead of the third one. The play can be used to interpret the term
f : (unit → unit) → unit ⊢ catch x inf (λy unit .throw x),
where catch x in · · · creates a local exception x which, when thrown, will result in a
jump out of the block.
4.3. Visibility

The remaining constraints to be discussed will have to do with the kind of memory
available to the program. Recall that justification pointers emanating from questions
have to point at earlier moves and these earlier moves must also enable the move
that will be played. Intuitively, this corresponds to making calls to functions that have
been generated during the current computation. However, can one assume that each
of them can be accessed and called? If the analysed programming language comes
equipped with a facility for recording functions (such as general references) then all
intermediate functional results can indeed be remembered for future access and calls.
However, if functional values cannot be stored, the program will be able to access only
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the functional values that are “currently in scope”, for instance, because of being bound
to variables. In game semantics, the intuition behind “current scope” is captured by the
concept of view, defined as follows.
view(ϵ) = ϵ,

view(m) = m,

view(s m t n) = view(s) m n.

The condition of visibility stipulates that, for any prefix s m t n of a play, m must be
present in view(smt). The following play violates visibility in its sixth move.
⋆q
O

⋆a
P

⋆q,⋆
O

⋆a,⋆
P

⋆q,⋆
O

⋆q,⋆,⋆
P

This is because, after the fifth move is played, the view (equal to ⋆q
contain the occurrence of ⋆q,⋆ pointed at by the last pointer.
The above play belongs to the strategy that denotes

⋆a

⋆q,⋆ ) does not

⊢ let h = ref(λxunit .x) in λf unit→unit .((!h)(); h := f ) : (unit → unit) → unit.
In particular, the play describes a computational scenario in which the term is called
twice. As the first-order reference h is initialised to the identity function, the first call
returns immediately (move ⋆a,⋆ ). Note, though, that the argument of the call, which is
a function of type unit → unit, will be recorded in h (thanks to h := f ). Therefore, once
the function is used for the second time, the function recorded during the first call will
be called ((!h)()) rather than the current argument. That is why the last pointer points
at the third move rather than the fifth one.
4.4. Innocence

While visibility characterizes the absence of storage for higher-order values, innocence
is a property corresponding to absolute lack of storage. A strategy is called innocent if
and only if P ’s actions depend solely on the current view. Observe that this strengthens
visibility: not only must the pointer be directed into the view, but the view is the only
information available to P . The play given below violates innocence.
⋆q
O

⋆q
P

⋆q,⋆
O

1q,⋆
P

⋆q,⋆
O

2q,⋆
P

It is taken from the strategy that interprets the term
⊢ let y = ref(0) in λxunit .(y := !y + 1); !y : unit → int,
which returns the number of times the function has been called.
The play above violates innocence in the sixth move: after the fifth move the view is
the same as after the third one, but the respective following P moves are different (1q,⋆
and 2q,⋆ respectively). So, the strategy fails to behave uniformly with respect to views.
Let us finish this section with an example of an innocent strategy corresponding to
the successor function ⊢ λxint .x+1 : int → int. After O plays ⋆q at the start, the strategy
will respond with ⋆a . Afterwards, whenever O plays iq,⋆ , P will reply with (i + 1)a,⋆ .
Thus the strategy is completely determined by plays of the form
⋆q
O

⋆a
P

iq,⋆
O

(i + 1)a,⋆
P

where i ∈ Z. Here is a typical play belonging to the strategy.
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⋆q
O

⋆a
P

0q,⋆
O

1a,⋆
P

5q,⋆
O

6a,⋆
P

2q,⋆
O

3a,⋆
P

5. NOMINAL GAME SEMANTICS

Nominal game semantics is a recent branch of game semantics that provides faithful
models of generative effects, such as objects, references or exceptions found in MLand Java-like languages or the π-calculus. In particular, it uses a countably infinite
set of names to account for addresses of resources and the infinite cardinality can then
be used to model freshness: the generation of a fresh resource, which can be a new
memory cell, a new object or a new exception. The names are embedded in moves and
also feature in stores that are carried by moves in the game. Intuitively, the stores
correspond to the observable part of program memory. All artifacts in nominal game
semantics are closed under name-permutation. This reflects the fact that the concrete
nature of names is irrelevant: we assume the set of names lacks structure and names
can only be compared for equality. Thus, from a mathematical point of view, plays and
strategies in nominal game semantics will be nominal sets [Gabbay and Pitts 2002;
Pitts 2013], a topic explored in the previous issue of the Semantics Column [Pitts
2016].
In order to illustrate the spirit of nominal game semantics, we consider two simple terms that generate reference cells for storing integers, along with representative
plays. The first term creates only one reference at the very beginning, which it returns in response to every call. In contrast, the second term generates a new reference
each time it is called. Note that moves can carry a store: once a new name has been
introduced into play, it is added to the domain of the store.
⊢ let n = ref(0) in (λxunit .n) : unit → int ref

⋆q
O

⋆a
P

⋆q,⋆
O

na,⋆ (n,0)
P

⋆q,⋆ (n,5)
O

na,⋆ (n,5)
P

⋆q,⋆ (n,12)
O

na,⋆ (n,12)
P

⊢ λxunit .ref(0) : unit → int ref

⋆q ⋆a ⋆q,⋆ (n1 )a,⋆
O P O
P

(n1 ,0)

(n ,5)(n2 ,0)

⋆q,⋆ (n1 ,5) (n2 )a,⋆ 1
O
P

⋆q,⋆ (n1 ,12)(n2 ,7) (n3 )a,⋆
O

(n1 ,12)(n2 ,7)(n3 ,0)

P

Observe that, in the two plays, the initial value of each cell is 0 (corresponding to
ref(0)) and that P never modifies the content of the cells afterwards. However, once the
corresponding names become part of play, O is free to modify them as the names are
now available to the environment.
The above approach can also be applied to higher-order storage, i.e. computational
scenarios in which functions can be stored. However, one cannot simply reveal the exact values that are being stored, because they can only be observed to the extent to
which they are going to be used during the computation and cannot be readily compared with other higher-order values. Accordingly, we shall use ⋆ to represent every
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higher-order value and allow plays to explore stored values by playing moves with a
special pointer to the store rather than to another move. We shall use double lines
when drawing such pointers in figures. For example, the term
n : (int → int) ref ⊢ !n : int → int.
is modelled, among others, by the play given below.

nq (n,⋆)
O

⋆a (n,⋆)
P

1q,⋆ (n,⋆)
O

1q,⋆ (n,⋆)
P

3a,⋆ (n,⋆)
O

3a,⋆ (n,⋆)
P

While the third move is of a similar kind to our previous examples and corresponds to
calling the evaluated term on argument 1, the fourth move could be viewed as forwarding the call to the value stored initially in the reference cell corresponding to n. Note
that the content of n can change throughout the computation, so P could also point at
stores associated with other moves, as in our next example. Here, the term is
n : (int → int) ref ⊢ λhint .(!n)h : int → int
and a call to the term must trigger a call to the latest value stored in the reference
rather than the initial one.
nq (n,⋆)
O

⋆a (n,⋆)
P

1q,⋆ (n,⋆)
O

1q,⋆ (n,⋆)
P

3a,⋆ (n,⋆)
O

3a,⋆ (n,⋆)
P

This is reflected by the target of the pointer out of the fourth move, which points at the
store of the preceding move.
6. DIRECTIONS IN GAME SEMANTICS

The style of modelling sketched in our article is known as HO/N-games or pointer
games. The first papers propounding the approach were written to solve the full abstraction problem for the purely functional language PCF [Hyland and Ong 2000;
Nickau 1994]. Another solution to the problem was obtained at the same time using
AJM-games [Abramsky et al. 2000], which do not have pointers and rely on possibly
nested numerical indices to compensate for their absence.
The two ways of modelling subsequently led to a wealth of full abstraction results for
a whole variety of programming features, e.g. state [Abramsky and McCusker 1997b],
control constructs [Laird 1997], call-by-value evaluation [Abramsky and McCusker
1997a; Honda and Yoshida 1999]2 , general references [Abramsky et al. 1998], nondetermism [Malacaria and Hankin 1999], probabilistic computation [Danos and Harmer
2000], exceptions [Laird 2001], concurrency [Ghica and Murawski 2008] and polymorphism [Hughes 1997; Laird 2013]. A tutorial overview of HO/N-game semantics can be
found in [Abramsky and McCusker 1998] and both approaches are discussed in [Hyland 1997].
Nominal game semantics [Laird 2008; Abramsky et al. 2004; Tzevelekos 2008] was
introduced about 10 years after the original models of PCF and made it possible to
eliminate a number of imperfections in modelling reference types, known as the badvariable problem [Abramsky and McCusker 1997b; Abramsky et al. 1998]. In particular, it opened up the way to faithful models of name-based programming abstractions
2 All

of our examples of arenas and plays are couched in the call-by-value framework from [Honda and
Yoshida 1999].
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such as threads [Laird 2006], references [Murawski and Tzevelekos 2009; 2011a] and
objects [Murawski and Tzevelekos 2014]. A tutorial account of nominal game semantics can be found in [Murawski and Tzevelekos 2016].
We conclude our article with a concise overview of some recent directions within
game semantics.
Operational game semantics. Research into understanding the operational flavour
of game semantics has revealed numerous connections to executions of abstract machines [Danos et al. 1996; Curien and Herbelin 1998]. There also exist full abstraction
results obtained using operational (rather than denotational) techniques, e.g. [Jeffrey
and Rathke 1999; Laird 2007; Lassen and Levy 2008]. These are based on ingenious instrumentations of labelled transition systems that capture equivalence through traces.
In some cases, e.g. [Laird 2007] and [Murawski and Tzevelekos 2011b], it has been
shown that the traces and game semantics coincide [Jaber 2015]. However, it is still
not clear how to transfer results between the two methodologies seamlessly and, most
interestingly, how to derive compositional definitions from non-compositional operational descriptions. A first step to investigate such connections was recently made
in [Levy and Staton 2014].
Algorithmic game semantics. The concrete nature of game semantics makes it an
appealing framework for deriving program analyses (see e.g. [Malacaria and Hankin
1999]). Since plays can be viewed as words over a suitably chosen alphabet, one can
use automata-theoretic techniques to represent game models and scrutinise them in an
automated fashion [Ghica and McCusker 2003]. This creates scope for applying game
semantics as a compositional foundation for a wide range of verification tasks [Abramsky et al. 2004]. For nominal games (see e.g. [Murawski and Tzevelekos 2012; Murawski et al. 2015]), one can then tap into the vast literature on automata theory over
infinite alphabets [Neven et al. 2004; Segoufin 2006]. Intuitions from game semantics have also played a crucial role in the first proof of decidability of MSO (monadic
second-order logic) over trees generated by higher-order recursion schemes [Ong 2006].
Concurrent games. Although concurrent computation can be expressed in game semantics via interleaving, it would be highly desirable to establish a dedicated framework for modelling concurrency directly, in the spirit of true concurrency. This goal
has been pursued in the early days of the field in the context of linear logic [Abramsky
and Melliès 1999]. More recent developments include asynchronous games [Melliès
2006; Melliès and Mimram 2007] and concurrent games [Rideau and Winskel 2011;
Castellan et al. 2015]. In particular, the latter framework uses event structures as
the underlying theory. The success of partial-order methods in verification provides
another, more practical, motivation for developing games in this direction.
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NEHA RUNGTA, SGT Inc./NASA Ames Research Center
neha.s.rungta@nasa.gov

The technical column on verification presents an invited contribution by Dr. Franco
Raimondi (Department of Computer Science in Middlesex University, London) titled
“Using multi-agent systems to go beyond temporal patterns verification” in the April
issue of the SIGLOG newsletter. This article presents an introduction to epistemic logic
and verification of epistemic properties. Epistemology is defined as the the study of the
nature and scope of knowledge and justified belief. It analyzes the nature of knowledge
and how it relates to similar notions such as truth, belief, and justification. Epistemic
properties has been applied to philophical reasonings; more recently, it has been applied to state properties of social interactions, artificial intelligence applications, security application, multi-agent systems. The article presents extension of the temporal
logics to support epistemetic properites and verification of it as well. This article I believe is will be of interest to people in the logic community as well as the verification
community. There has been a lot of work in the past twenty years in th field of verification specifically model checking of multi-agent systems; this article presents an
overview of the MCMAS model checker. Thank you Dr. Raimondi for this insightful
article.
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Using multi-agent systems to go beyond
temporal patterns verification
Franco Raimondi,
Department of Computer Science,
Middlesex University, London

A key step in formal verification is the translation of requirements into logic formulae. Various flavours of
temporal logic are commonly used in academia and in industry to capture, among others, liveness and safety
requirements. In the past two decades there has been a substantial amount of work in the area of verification
of extensions of temporal logic. In this column I will provide a high level overview of some work in this area,
focussing in particular on the verification of temporal-epistemic properties, showing how temporal-epistemic
logics can be used to capture requirements that are common in many concrete systems, and describing a
model checker for multi-agent systems called MCMAS.

1. INTRODUCTION

Expressing properties such as mutual exclusion and deadlock freeness using temporal
logics such as LTL or CTL [Baier and Katoen 2008] is nowadays considered a standard
skill for software engineers and computer science graduates, especially when they are
working on safety- and mission-critical projects. Several model checking tools, such as
Spin [Holzmann 2003] and NuSMV [Cimatti et al. 2002], support the verification of
temporal properties and are now mature enough to be incorporated into the development lifecycle of industrial products. A detailed study of property specifications [Dwyer
et al. 1999] has built a repository of patterns, encoding desired behaviours of systems
in the most common temporal logics.
Temporal logics belong to the more general class of modal logics [Hughes and Cresswell 1996], which extend propositional logic with modalities. In addition to temporal
logics, other examples of modal logics include doxastic logic with modalities to reason
about beliefs, deontic logic to reason about obligations, and epistemic logic to reason
about knowledge. The proposal of using temporal logic to reason about the correctness of programs has been put forward in [Pnueli 1977] and since then temporal logic
has gained wide acceptance in software engineering. However, other modalities have
not “transitioned” in a similar way outside the more theoretical venues in Computer
Science.
Modal logics have been used routinely in artificial intelligence and multi-agent systems. In particular, there has been a substantial amount of work in the past 20 years
in the area of verification for multi-agent systems. On the other hand, the software
engineering community and the certification authorities seem to have focussed mainly
on temporal specifications. The current trend in integrating automation and humans,
for instance in creating autonomous cars and a mixed airspace with autonomous and
human-controlled aircraft, gives rise to systems whose requirements can be easily captured by multi-modal logics [Gabbay et al. 2003] that extend temporal-only logic.
In this paper I will focus mainly on temporal-epistemic logic with the aim of showing
that the tools and the techniques available can capture in a natural and efficient way
several patterns that require reasoning about knowledge and its temporal evolution
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in a system composed of multiple components. I will show how multi-agent systems
(MAS) provide a suitable abstraction for this kind of reasoning and I will provide an
overview of MCMAS [Lomuscio et al. 2015], a model checker dedicated to extensions
of temporal logic.
The rest of the paper is organised as follows: I discuss Kripke semantics for extensions of temporal logic in Section 2. I will then present a computationally grounded
formalism for multi-agent systems in Section 3, describe the tool MCMAS in Section 4
and introduce some examples in Section 5.
2. KRIPKE SEMANTICS FOR TEMPORAL-EPISTEMIC LOGICS

In this section I introduce the syntax and the semantics of temporal-epistemic logic.
I start with a quick overview of temporal logics and then I introduce epistemic logic,
discussing the notions of knowledge, group knowledge, distributed and common knowledge.
2.1. Temporal logics

The two most common flavours of temporal logic are LTL (Linear Temporal Logic) and
CTL (Computation Tree Logic). The syntax of LTL is as follows:
::=

p

|

¬

¬

|

|

_

|

|

X

|

G

F

|

U

where the other propositional connectives for conjunction and implication can be derived as usual. The temporal operators X, G, F express, respectively, that something is
true in the neXt state, Globally, and at some point in the Future. The binary operator
U requires that the second formula must become true at some point in the future,
and until that point has to remain true. The syntax of CTL is similar, but it prefixes
each temporal operator with a path quantifier:
::=

p

|

_

|

EX

|

EG

|

EF

|

E[ U ]

(the dual quantifier A for “All paths” can be obtained in a standard way).
Given a set of atomic propositions AP , temporal logic formulae are interpreted in
Kripke structures M = (S, t, L, I), where S is a set of states, t ✓ S ⇥ S is a temporal
transition relation, L : S ! 2AP is a labelling function for states, and I ✓ S is a
set of initial states. In the reminder, I will use the term Kripke structure and model
interchangeably. A path ⇡ is a sequence of states ⇡ = (s0 , s1 , . . . ) such that (si , si+1 ) 2 t
for all i
0. A state si in a path ⇡ is denoted by ⇡(i). CTL formulae are evaluated
in a state of a model, while LTL formulae are evaluated over paths. In particular, the
semantics of temporal CTL operators is defined by (Boolean connectives being defined
in an obvious way in terms of the labelling function L)1 :
M, s |= EX iff there exists a path ⇡ s.t. s = ⇡(0) and M, ⇡(1) |=
M, s |= EG iff there exists a path ⇡ s.t. s = ⇡(0) and M, ⇡(i) |= for all i 0
M, s |= E[ U ] iff there exists a path ⇡ s.t. s = ⇡(0) and there exists a j s.t.
M, ⇡(j) |=
and for all 0  i  j, M, ⇡(i) |=
The semantics of LTL operators is defined in terms of paths, as follows:
M, s |= X iff M, ⇡[i] |=
M, s |= G iff M, ⇡[i] |= for all i 0
M, s |= [ U ] iff there exists a j s.t. M, ⇡[j] |=
1 The

semantics of EF can be defined in term of EU, as EF
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(where ⇡[i] is the suffix path of ⇡ starting at state i).
2.2. Epistemic and temporal-epistemic logics

The syntax of single-agent epistemic logic is given by the following grammar:
::=

p

|

¬

|

_

|

K

in which propositional logic operators are extended with the operator K. The formula
K is read as “knows that ” and is normally used to express the epistemic state of an
agent (more on this later).
Epistemic formulae are interpreted in Kripke structures M = (S, ⇠, L) in which, as
in the previous section, S is a set of states, L is a labelling function and ⇠✓ S ⇥ S is an
accessibility relation that is serial, transitive and symmetric. The accessibility relation
⇠ is thus an equivalence relation encoding the set of states that are indistinguishable
for an agent. The semantics of the K operator is given in terms of ⇠, as follows:
M, s |= K

iff M, s0 |=

for all s0 s.t. (s, s0 ) 2⇠

Intuitively, an agent consider K true in a state s if and only if is true in all
the states that the agent cannot distinguish form s. This is a very strong notion of
“knowledge”: not only it implies that an agent knows all tautologies, it also implies
positive and negative introspection, in the sense that, if the agents knows something,
then it knows that it knows it, and if an agent does not know something, then the
agent knows that it does not know it. Nevertheless, this characterisation of knowledge
is appropriate for a range of scenarios [Fagin et al. 2003], such as when reasoning
about security properties and other epistemic states of agents.
Temporal and epistemic logics can be fused (in a technical sense, see [Gabbay et al.
2003]), resulting in a multi-dimensional modal logic in which the temporal and epistemic components are evaluated separately. In fact, one could consider multiple agents,
each of them with their own epistemic accessibility relation. Consider n agents: a
temporal-epistemic Kripke structure is defined as
M = (S, t, {⇠i }1n , L)

This Kripke structure has n + 1 relations: a temporal one and n epistemic accessibility
relations, one for each agent. This model allows the interpretation of formulae defined
by the following syntax, in addition to propositional and temporal operators:
::= Ki

|

|

E

D

|

C

where i is an index ranging from 1 to n, ✓ {1, . . . , n} is a group of agents, E denotes that everybody in a group knows , D denotes that is distributed knowledge
in the group, and C denotes that is common knowledge in the group. To clarify the
difference between these three group operators, consider the following example: Alice
is the teenage daughter of Bob. Alice smokes cigarettes but she has always kept this
secret from her father, so she thinks that he does not know that she smokes. However,
one day Bob could see Alice smoking in a corner, without being noticed by her. Additionally, Alice keeps cigarettes in a drawer in her bedroom, and Bob does not know
about this. In this situation, everybody knows that Alice smokes. Also, the location of
the cigarettes is distributed knowledge between Alice and Bob (this is the knowledge
that could be achieved if epistemic states where shared). However, the fact that Alice
smokes is not common knowledge because Alice does not know that her father knows
that she smokes. Suppose now that one day Bob enters Alice’s room while she is smoking: at this point the fact that Alice smokes is common knowledge between Alice and
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Bob. I refer to [Fagin et al. 2003] for the formal semantics of epistemic group operators
in terms of the epistemic accessibility relations of each agent.
3. MULTI-AGENT SYSTEMS

One of the reasons for temporal patterns to be more widely used than epistemic or
other modalities is probably the clear link between the temporal evolution of a program
and the temporal relation t defined in the previous section. A possible execution of a
program path is a possible path in a model, and the set of all possible executions is the
model. To make verification of temporal-epistemic properties viable it is necessary to
make clear the link between ”real” executions and Kripke structures. This is exactly
the notion of computationally grounded semantics introduced in [Wooldridge 2000].
3.1. Interpreted systems

In this section I describe the formalism of interpreted systems [Fagin et al. 2003], showing how they link both to executions of ”real” systems and to Kripke structures. For a
given set of n agents Agt = {Ag1 , Ag2 , . . . Agn }, an interpreted system is a tuple:
IS = ({Li , Acti , Pi , ti }i2Agt , I, h)
where Li is a finite set of local states for agent Agi , Acti is a finite set of actions that
agent Agi can perform, Pi : Li ! 2Acti is a function, called a protocol, that specifies
which actions are enabled in each local state for agent Agi , and ti : (Li ⇥ Act1 ⇥ · · · ⇥
Actn ) ! Li is a local temporal relation that describes the evolution of the local states
of Agi in terms of its current local states and of the actions of all the other agents. This
implies that agents can only “see” the actions of the other agents, but not their local
states. The characterisation of an interpreted system is completed by a set of initial
states I ✓ L1 ⇥ · · · ⇥ Ln and by an evaluation function h : (L1 ⇥ · · · ⇥ Ln ) ! 2AP , where
AP is a set of atomic propositions.
Each interpreted system gives rise to an induced multi-dimensional Kripke structure MIS = (S, t, {⇠i }i2Agt , L), as follows:
— The set S is the set of of reachable global states: this is the set of states S ✓ (L1 ⇥
· · · ⇥ Ln ) that are reachable from I according to the local temporal relations.
— The temporal relation t is defined by the composition of the temporal relations ti that,
in turn, take into account the protocols of each agent.
— The epistemic accessibility relations are defined by equivalence of local states. Formally, two global states g = (l1 , . . . , ln ) and g 0 = (l10 , . . . ln0 ) are epistemically equivalent
for agent i iff li = li0 . This is a key point, as it allows to define epistemic accessibility
relations as the byproduct of the temporal evolution and the structure of the overall
system, thereby providing a computationally grounded semantics.
— The evaluation function L is identical to the evaluation function h.
As a result, it is possible to use all the known results for standard Kripke structures
in interpreted systems. In particular, traditional model checking algorithms can be
employed for the verification of temporal-epistemic formulae in interpreted systems,
as discussed in the next section.
3.2. Model checking multi-agent systems

Several approaches have been developed to verify multi-agent systems using model
checking. In general, and at a very high level, most of the model checking techniques [Baier and Katoen 2008] for temporal logics transfer to model checking multiagent systems. Examples of model checkers for multi-agent systems include:
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Agent SampleAgent
Vars :
v1 : { a , b , c } ;
This i s a comment
v2 : boolean ;
end Vars
Actions = { action1 , action2 , a c t i o n 3 } ;
Protocol :
v1=a and v2= f a l s e : { a c t i o n 1 } ;
v1=b : {action2 , a c t i o n 3 } ;
Other : { a c t i o n 3 } ;
end P r o t o c o l
Evolution :
( v2=true ) i f ( v2= f a l s e ) and
( AnotherAgent . Action=someAction ) ;
end Evolution
end Agent

Fig. 1. A minimal ISPL example: an Agent.

— VerICS [Kacprzak et al. 2008; Meski et al. 2011]: this is a model checker that support the verification of CTL and LTL extended with knowledge. It implements model
checking techniques based on Ordered Binary Decision Diagrams (OBDDs [Bryant
1986]) and reduction to SAT for bounded model checking.
— MCK [Gammie and van der Meyden 2004; MCK 2016]: this is a model checker that
supports the verification of epistemic and CTL* properties, including support for perfect recall semantics [van der Meyden and Shilov 1999] for some specific patterns of
formulae.
— Other approaches have reduced the model checking problem for multi-agent system
to a temporal-only model checking problem using NuSVM [Su et al. 2007; Lomuscio
et al. 2007].
In this column I will focus mainly on the model checker MCMAS [Lomuscio et al.
2015]. This model checker supports the verification of CTL properties extended with
epistemic operators (both for individual and for group of agents), in addition to ATL
operators [Alur et al. 2002], implementing OBDD-based verification. MCMAS implements the standard model checking algorithm for CTL, which is based on the fix-point
characterisation of temporal operators [Baier and Katoen 2008]. This algorithm is extended to epistemic operators for individual agents by taking into account that the
K operator behaves like the AX operator, but over the epistemic transition. The operator for common knowledge, instead, is computed as a fix-point of the operator for
“everybody knows” E , building on the observation that C ⌘ E ( ^ C ).
4. THE MODEL CHECKER MCMAS

MCMAS [Lomuscio et al. 2015] is a Model Checker for Multi-Agent Systems, released
for the first time in 2004. It allows the verification of CTL formulae extended with epistemic modalities (both individual and groups), the verification of ATL properties [Alur
et al. 2002] and it supports fairness conditions and counter-example/witness generation. In its default configuration MCMAS implements the standard labelling algorithm
for CTL extended to epistemic and strategic operators. The verification engine makes
use of OBDDs [Bryant 1986] to represent states and transitions symbolically.
MCMAS semantics is based on interpreted systems and its input language is called
ISPL (Interpreted Systems Programming Language). Figure 1 provides an example to
encode an agent called SimpleAgent. The local states of an agent are defined by the
variables it controls: in this example, two variables are declared, an enumeration and
a boolean variable, for a total of 6 possible local states. The data types supported by
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Fig. 2. MCMAS GUI: editor window (taken from [Lomuscio et al. 2015])

MCMAS are boolean, enumerations, and bounded numeric ranges. Actions are defined
as a simple list of labels, while the protocol section allows the introduction of nondeterminism in the model (see the protocol line assigning two possible actions to the
case v1 = b). The evolution function is encoded using a NuSMV-like syntax: the evolution line in Figure 1 is read as “The next value of v2 is true if the current value is false
and the action of AnotherAgent is someAction.”
MCMAS is available for download from http://vas.doc.ic.ac.uk/software/mcmas/. The
tool is released as open source and it includes a graphical interface based on an Eclipse
plug-in. A screenshot of the editor window is shown in Figure 2. Formulae to be verified
are listed at the end of the ISPL file and the tool can generate a witness/counterexample for temporal and epistemic/strategic formulae. These are displayed as a tree
and can be exported as an image. The tool is built using standard C/C++, Flex and
Bison and it has been compiled on Windows, Mac, and Linux. I refer to [Lomuscio
et al. 2015] for a more detailed description and for performance considerations.
5. EXAMPLES

As mentioned at the beginning of this column, the key feature of temporal-epistemic
logic is that it allows the encoding of several requirements that may be difficult
to express using temporal-only formulae. Examples of domains in which temporalepistemic logic have been employed are the verification of authentication protocols [Boureanu et al. 2009], the verification of BPEL web-service composition [A. Lomuscio 2012], the verification of a confidential conference management system [Kanav
et al. 2014], etc.
In this section I provide two simple examples to show how temporal-epistemic logic
can express the key properties of two systems in a compact and intuitive form: the protocol of the dining cryptographers [Chaum 1988] and a characterisation of situational
awareness using a temporal-epistemic pattern [Chen et al. 2015].
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5.1. The protocol of the Dining Cryptographers

The original wording of this example is as follows:
“Three cryptographers are sitting down to dinner at their favourite three-star restaurant. Their waiter informs them that arrangements have been made with the maitre
d’hotel for the bill to be paid anonymously. One of the cryptographers might be paying
for the dinner, or it might have been NSA (U.S. National Security Agency). The three
cryptographers respect each other’s right to make an anonymous payment, but they wonder if NSA is paying. They resolve their uncertainty fairly by carrying out the following
protocol:
Each cryptographer flips an unbiased coin behind his menu, between him and the
cryptographer on his right, so that only the two of them can see the outcome. Each
cryptographer then states aloud whether the two coins he can see – the one he flipped
and the one his left-hand neighbour flipped – fell on the same side or on different sides.
If one of the cryptographers is the payer, he states the opposite of what he sees. An odd
number of differences uttered at the table indicates that a cryptographer is paying; an
even number indicates that NSA is paying (assuming that the dinner was paid for only
once). Yet if a cryptographer is paying, neither of the other two learns anything from the
utterances about which cryptographer it is.”[Chaum 1988]
This protocol is the basic building block for the definition of more complex infrastructures enabling anonymous communication over public networks; moreover, notice
that the protocol works for any number of cryptographers greater or equal to three.
The key property of this example can be formalised by the following formula
✓⇣ ^
n
n
⌘
⇣
^
AG
ci announced ^ ¬c1 paid ! Kc1 ( ¬ci paid)_
i=1

i=1

Kc 1 (

n
_

i=2

ci paid) ^

n
^

i=2

¬Kc1 (ci paid)

⌘◆

where AG is the CTL temporal operator expressing that the formula is true in all
states, n is the number of cryptographers, ci announced represents the announcement
made by cryptographer i, and ci paid encodes the fact that cryptographer i paid the
bill. Anonymity is captured by the fact that, if a cryptographer did not pay and there is
an odd number of “different” utterances, then the cryptographer knows that someone
paid for the dinner (expressed as a disjunction), but the cryptographer does not know
who actually paid.
5.2. Situational awareness as a temporal-epistemic formula

As stated in [Chen et al. 2015], “[i]nformally, situational awareness is the ability of
an agent (typically human) to determine the correct internal state of some component
(or some other agent) based on his/her current beliefs. Situational awareness is a key
factor for decision makers in safety-critical situations, such as airplane pilots, medical
doctors, firemen, etc”.
The work in [Chen et al. 2015] introduces an extension of epistemic logic that allows to count the number of states of an epistemic equivalence class in which a given
i
formula is true. In turn, this allows for the definition of a doxastic operator B<
,
which is true if the ratio of states in an equivalence class in which is true is < .
The work in [Chen et al. 2015] models an avionic scenario and it defines the lack of
situational awareness of a situation if there exists a state in which is true, but
an agent believes it to be true with certainty less than 5% (this limit is arbitrary and
can be modified). Specifically, consider a stall situation characterised by the proposition actualStall, and consider that a Pilot can be represented by an agent. Then, the
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fact that it is possible for a pilot to have lack of situational awareness of a stall can be
characterised by the following formula:
⇣
⌘
Pilot
EF actualStall ^ B<.05
(actualStall)
A tool like MCMAS can be used to verify whether this formula is true in a model of the
cockpit of an airplane, thus enabling the detection of potentially dangerous flaws very
early in the design stages of a project.
6. CONCLUSION

In this column I have discussed how the extension of temporal logic with epistemic operators enables the formalisation of requirements from a range of domains. After introducing some basic concepts, I have discussed the notion of computationally grounded
semantics for multi-agent systems and I have presented MCMAS, a tool that supports
the verification of extensions of the temporal logic CTL in multi-agent systems.
My opinion is that an understanding of extensions of temporal logic should be part
of the skills of everyone involved in verification of critical systems, as these extensions
enable the formalisation of a range of requirements that may be difficult to express
otherwise. I have only sketched some of the research in this area and I refer the interested reader to the proceedings of conferences such as AAMAS and IJCAI for more
in-depth results.
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C ONFERENCE R EPORTS
JORGE A PÉREZ, University of Groningen, The Netherlands
j.a.perez@rug.nl

This installment of the conference report column includes two nice personal recollections on two recent (and closely related) events on programming language research:
— Fritz Henglein (University of Copenhagen, Denmark) offers some personal impressions on POPL 2016: the 43rd ACM Symposium on Principles of Programming Languages, which took place in St. Petersburg, Florida, during January 20-22, 2016.
As many of you know, POPL is widely reputed as a premier forum on all aspects of
programming languages research, covering theoretical and practical developments.
Fritz’s report elaborates on various aspects of the conference, including the location/venue, the invited talks, and notable technical presentations. He also makes
a plea for a closer involvement of SIGLOG in future editions of POPL (and its colocated events).
— Alexandra Silva (University College London, UK) reports on PLMW 2016: the 5th
SIGPLAN Programming Languages Mentoring Workshop. This was one of the colocated events of POPL 2016, which took place on January 19, 2016.
The purpose of this mentoring workshop is to encourage graduate students and senior undergraduate students to pursue careers in programming language research.
Another goal of PLMW is to make the POPL conference more accessible to newcomers. In her report, Alexandra offers an enjoyable description of the several technical
talks and mentoring activities available to participants this year.
I am most grateful to Fritz and Alexandra for their availability and contributions.
I look forward to hearing your ideas and suggestions for future installments of the
column. As I mentioned in the previous column, I will be pleased to receive your
personal impressions and/or reports on conferences and meetings broadly related to
SIGLOG.
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2016 POPL Impressions
Fritz Henglein, University of Copenhagen, Denmark

The 43rd ACM Symposium on Principles of Programming Languages, POPL, took
place in St. Petersburg, Florida, January 20th-22nd. POPL is the longest-running annual conference series in programming languages. It is one of SIGPLAN’s four flagship
conferences and has throughout its history consistently been one of the most highly regarded programming language research conferences. Like its sibling conference, Programming Language Design and Implementation (PLDI), POPL covers both theoretical and experimental topics, but traditionally leans more to the left where the PLDI
leans more to the right on the theory-practice spectrum. (Another difference is that
POPL does not declare itself to be the premier forum, just a forum for programming
language research.)
The POPL 2016 location reflects a 3-year cycle of visiting the US East Coast, coupled
with an explicit desire to find a friendly climate in January. The venue itself reflected
a proven choice and reliable user experience: A well worn Hilton with a large interior
ballroom for the three keynote lectures at the beginning of each day without the distractions of natural light. For the rest of the day the ballroom was split down the middle to serve as lecture halls for parallel sessions. Like the hotel rooms at the Hilton, the
lecture rooms were air-conditioned to a level that ensured that the site of a (sole) Californian in flip-flops and beach shorts could instil a hearty shiver. The logistics worked
very well: There was a large lobby outside the ball room for people milling about and
usefully running into each other and a seating section a bit further away for huddling
together over portables showing off past, ongoing and future collaborative work — and
for comparing notes late night on choice whiskeys not available at the hotel bar. Classical American hotel food and beverages were available at lunches, breakfasts and
breaks. A surprisingly useful aspect was the slightly crammed placement of posters
from the Student Research Competition (and the following Saturday also of contributions to the Probabilistic Programming Semantics workshop) in a long corridor. When
lines formed during the evening reception the second day or when crowds naturally
huddled around coffee and snack stations during breakfasts and breaks, it alleviated
the potential mutual awkwardness of somebody (such as me) staring wordlessly at a
poster with a nervous student standing right by its side, shifting from one foot to the
other. A highlight was the banquet the first evening in the exquisite surroundings of
the Dali Museum a short walk from the Hilton and in enthralling company, indeed
so enthralling that by the time I was ready to move up the meandering stairs to the
exhibit proper, it was already closed.
The conference program was anchored by a keynote each morning, delivered by esteemed researchers. The keynotes collectively cover both central and ostensibly remote topics from a POPL perspective. Kathryn McKinley of Microsoft Research gave
the first keynote on programming with uncertainty, a theme receiving increased attention what with machine learning, stochastic simulation and such experiencing explosive growth. She concluded with a flashback on her career. It contained a disarmACM SIGLOG News
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ingly honest, sympathetic and encouraging message to the hundreds of participants: if
you’re experiencing academic and industrial research as a struggle, you’re not alone.
The second keynote was by Richard Murray of CalTech. He gave a lively introduction
to hybrid systems with discrete modes controlling underlying continuous control systems. He illustrated how programming language techniques such as model checking
and logic synthesis are facilitating a move to correct-by-construction methods for developing and synthesizing controllers. Dave Walker of Princeton University delivered
the final keynote. It was his invited talk for the 2015 Robin Milner Young Researcher
Award from SIGPLAN, which he received for contributions to programming language
research. He reflected on the confluences of type theory and security and of formal
methods and networking that he has so significantly contributed to. His complemented
it with a personal recommendation: Hang out with friendly researchers from other
fields, be open and see what happens.
There were 59 technical talks, a remarkable 22 of which had received the — visually unfortunately a bit gaudy — artifact seal of approval, awarded for separately
submitted artifacts being consistent, complete, well-documented and easy to use. An
artifact is a formal object such as source code, a dataset, a test suite, a proof, or a
model in support of the scientific claims in a paper. The remarkable part is that this is
a rather high percentage for POPL and its traditionally theory-leaning contributions.
This bodes well for both repeatability, reproducibility and reuse, and thus for overall
scientific quality and substantiable progress.
The technical contributions span a great variety of topics that draw on and branch
into a number of fields, which is simultaneously exciting and depressing for the same
reason: It involves a great variety of sophisticated theoretical (and practical) tools. The
topics covered types, both as foundational calculi and as type systems and technology for programming languages; semantic models, in particular for tricky concurrency
issues; formal program verification, including correct and fully abstract compilation;
foundations for distributed systems; general-purpose and domain-specific language design; static program analysis and optimization; program synthesis and learning. Notably, probabilistic and machine learning techniques are increasingly being brought
to bear. Learning or synthesizing programs, broadly speaking, from large code bases
and their historical evolution appears to be on the horizon. Will it lead to a practically useful and, better yet, scientifically valid version of programming-by-googlingstackoverflow? POPL also had papers on classical synthesis elaborating on the theme
of searching for suitable type inhabitants. Informing search for programs guaranteed
to have the correct properties by analytics of code that empirically looks related, but
may or may not have desirable properties, appears compelling. A whole lot of automated verification ends in tools developed for (co)NP-hard logical theories originally
termed, but no longer considered “infeasible”; specifically, Satisfiability Modulo Theories (SMT) appears in almost 1/3 of the POPL papers. Likewise, the trend towards
requiring formalizing logics for program reasoning using proof assistants seems to be
undiminished, as evidenced by the increasing number of formal proofs submitted as
artifacts.
Personally, I found it remarkable that Matt Brown and Jens Palsberg managed to
construct a self-interpreter for F-omega, which ostensibly flies in the face of F-omega
being strongly normalizing. The key point is that diagonalization doesn’t yield an Fomega typable lambda-term; self-interpretation isn’t quite universal. Likewise, I found
the paper by Tom Reps, Emma Turetsky, and Prathmesh Prabhu on Newtonian program analysis remarkable. It generalizes previous work by Esparza, Kiefer and Luttenberg, which improves the number of iterations of fixed-point-based program analysis by linear approximation, to the analysis of non regular structures: think ‘linear’
pushdown automata. The paper includes an empirical comparison with chaotic iteraACM SIGLOG News
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tion, which is still more efficient in practice, but one wonders what the full potential of
the Newtonian method is.
These are but a few — fewer than 2016 — impressions from POPL, heavily biased
by my accidental point of view as an ordinary participant without having solicited
help from the committees that did the heavy lifting of making POPL 2016 the premier event that it is. Much could be added about individual papers and especially the
co-hosted events from a SIGLOG perspective, in particular Certified Programs and
Proofs; Verification, Model Checking, and Abstract Interpretation; Coq for Programming Languages. POPL is sponsored (= financially underwritten) by SIGPLAN, and
it is in cooperation with SIGACT. The SIGACT affiliation has existed since the first
POPL. Taking the make-up du jour of POPL as a conference cluster for around 500
participants into account, in my mind it makes at least as much sense for POPL to be
in cooperation with SIGLOG. Maybe next year?
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Report on the POPL Mentoring Workshop
(PLMW 2016)
Alexandra Silva, University College London, UK

As it is nicely described on the workshop’s webpage, the Programming Languages
Mentoring Workshop (PLMW) aims to encourage graduate students and senior undergraduate students to pursue careers in programming language research.
The workshop consists of technical talks, mentoring talks, and interactive sessions
(including a panel with recent graduates working both in industry and academia). This
year there were about 65 students participating (though more than 150 applied!) and
the group was quite diverse.
The workshop started with a brilliant talk by Matt Might providing a survival guide
to grad school. He provided a lot of tips and advice on how to become a successful
grad student. Xavier Leroy gave the first technical talk on Theorem Provers are a PL
Researcher’s Best Friend and showed the students several possibilities for future research in the area. The second morning session included two mentoring talks: Aarti
Gupta discussed the doubts a PL researcher faces when trying to decide whether to
stay in industry or pursue an academic career. Using her own personal story, she beautifully argued that there is no right choice and that there is always a way to go back
(and forth!). Derek Dreyer gave an amazing talk on how to write papers. It was obvious
Derek had put a lot of thought to his remarks (and we learned he had developed the
talk together with his wife!) and the students really showed a lot of interest in his talk.
Derek’s talk covered, in my opinion, one of the most basic and valuable lessons a grad
student needs to learn in order to be successful!
The afternoon started with an interaction activity: Ross Tate and Isil Dillig developed a PL version of the Taboo game. The students had a lot of fun and learned from
each other concepts drawn from some of the technical talks. If you wonder what type of
words they got: how to explain duck typing without mentioning Ruby, structural, and
dynamic typing?
The rest of the first afternoon session was filled with a technical talk by myself (on
automata and coinduction) and a mentoring talk by John Hughes on how to give a talk.
John put quite some dramatic acting into his talk and conveyed the important message
of what is the goal of a talk: not to impress your audience but to attract them to read
your paper! The second afternoon session had Bob Harper on Two Notions of Beauty
in Programming. Bob’s talk was of a technical nature but he touched upon a very
important aspect: how the ocean divides the type of research that is done in Europe
and the US. It is a sad but very real division and I think many students were not even
aware this existed. Greg Morrisett spoke about the Highs and Lows of a Language
Researcher. He gave a broad overview of his career and how he made decisions along
the way. In particular, he touched upon the issue on when to start a family, which I
think was very enlightening for the audience!
The workshop concluded with a panel discussion, led by Dimitrios Vytiniotis and
with panelists Mark Batty, Mike Carbin, Lindsey Kuper, and Ilya Sergey. The panACM SIGLOG News
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elists were all recent graduates and gave their impressions on the difficulties of grad
school and how to continue once you graduate. There were a lot of interesting questions
discussed, including the importance of a good advisor and I think everyone learned a
lot from the experiences that they shared!
All in all, I think PLMW was an absolute success! During dinner I had the pleasure
of interacting with some of the participants and they were all extremely enthusiastic
about the talks and some of them had even found a topic they would like to work on for
their PhD! We should be grateful to the organisers (Derek, Dimitrios, Isil, and Ross)
for their amazing work!
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http://lii.rwth-aachen.de/lics/newsletters/inst.html
*******************************************************************
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HIGHLIGHTS 2016 - Call for Presentations
SECURECOMM 2016 - Call For Papers
TIME 2016 - First Call for Papers
SSBSS 2016 - Call for Participation
ICDT 2017 - Call for Papers
* JOB ANNOUNCEMENTS
PHD & POSTDOC POSITION AT TU DORTMUND
PHD STUDENTSHIP IN THE HISTORY AND PHILOSOPHY OF COMPUTING
PHD & POSTDOC POSITION AT JACOBS UNIVERSITY BREMEN
THIRTY-FIRST ANNUAL ACM/IEEE SYMPOSIUM ON LOGIC IN
COMPUTER SCIENCE (LICS 2016)
Call for Student Volunteers
July 5-8, 2016, New York City, USA
* APPLICATION FORM: http://goo.gl/forms/7f4Pg6blBU
* APPLICATION DEADLINE: 1 May 2016 at 23:59 EST
* DETAILS: http://lics.rwth-aachen.de/lics16/volunteers.html
* LICS 2016 will be held in New York City from July 5-8 2016, with
affiliated workshops July 9-10. The LICS 2016 Program for Student
Volunteers gives full- or part-time university students from around
the world the opportunity to attend and contribute to a premier
forum for all areas of logic in computer science. As a LICS 2016
Student Volunteer, you will interact closely with researchers,
academics and practitioners from various disciplines and meet other
students from around the world.
* LICS is pleased to offer a number of opportunities for student
volunteers, who are vital to the efficient operation and continued
success of the conference each year. The student volunteer program
is a chance for students from around the world to participate in the
conferences whilst assisting us in preparing and running the event.
* Job assignments for student volunteers include assisting with
technical sessions, workshops, tutorials and panels, checking badges
at doors, operating the information desk, helping with traffic flow,
and general assistance to keep the conferences running smoothly.
* In return, volunteers are granted free registration to the conferences
free access to affiliated workshops, and free access to the Logic
Mentoring Workshop (LMW).
* All students are required to submit the online application by the
deadline listed above. Late applications will be accepted only if
there is space available.
* For additional information, clarification, or answers to questions
please contact the Conference Chair (Eric Koskinen) at
lics2016@erickoskinen.com. For further details, please see this web
page: http://lics.rwth-aachen.de/lics16/volunteers.html
2016 SIGLOG ELECTION -UPDATE
* SIGLOG will hold elections in 2016. The slate of candidates can be
found on the ACM election page http://www.acm.org/elections/sigs/elections
and is as follows:
* CHAIR
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Frank de Boer
Prakash Panangaden
Simona Ronchi Della Rocca
Aravinda Prasad Sistla
* VICE-CHAIR
Veronique Cortier
Martin Hofmann
Luke Ong
Leszek Pacholski
Frank Pfenning
* SECRETARY
Zakaria Chihani
Elaine Pimentel
Alexandra Silva
* TREASURER
Amy Felty
Vivek Nigam
R. Ramanujam
Natarajan Shankar
* IMPORTANT DATES:
- 15 April 2016 - Election site goes live. SIG members are sent an email
notification with voting instructions.
- 3 June 2016 - All ballots due/online election voting site closed.
- 1 July 2016 - Elections completed, all candidates notified of results
by or before this date. Winners take office.
ACM SIGLOG ANNOUNCEMENT
http://siglog.acm.org
* The ACM has recently chartered a Special Interest Group on Logic and
Computation (ACM SIGLOG). Its first Chair is Prakash Panangaden,
the other officers are Luke Ong (vice-Chair), Natarajan Shankar (Treasurer)
and Alexandra Silva (Secretary).
* The ACM-IEEE Symposium on Logic in Computer Science is the flagship
conference of SIGLOG. SIGLOG will also actively seek association agreements
with other conferences in the field. A SIGLOG newsletter (SIGLOG News)
is also published quarterly in an electronic format with community news,
technical columns, members’ feedback, conference reports, book reviews
and other items of interest to the community.
* One can join SIGLOG by visiting
https://campus.acm.org/public/qj/gensigqj/siglist/gensigqj˙siglist.cfm
It is possible to join SIGLOG without joining ACM (the SIGLOG membership
fee is $25 and $15 for students).
DATES
* FSCD 2016
Satellite events and upcoming deadlines
22 June -- 26 June 2016, Porto, Portugal
http://fscd2016.dcc.fc.up.pt/
http://fscd2016.dcc.fc.up.pt/programme/workshopList/
* RuleML 2016
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Call for Papers
Stony Brook, NY, 6-9 July, 2016
http://2016.ruleml.org/calls
Extended Paper Submission Date: April 4, 2016
* LFCS 30TH ANNIVERSARY CELEBRATION + WADLERFEST
Call for Participation
11-13 April 2016, Edinburgh
LFCS30: http://events.inf.ed.ac.uk/lfcs30/
WadlerFest: http://events.inf.ed.ac.uk/wf2016/
* HDRA 2016
Call for Papers
25-26 June 2016, Porto, Portugal
http://hdra.gforge.inria.fr/
Co-located with the FSCD conference
Submission: 15 April, 2016
* FORMATS 2016
Second Call for Papers
August 24-26, 2016, Quebec City, Canada
http://formats2016.lsv.fr
Abstract Submission: April 15, 2016
Paper Submission: April 22, 2016
* GETFUN 4.0
Call For Papers
Jul 1-2, 2016, Coimbra, Portugal
http://sqig.math.ist.utl.pt/GeTFun/4.0
Abstract Submission: April 15, 2016
* VMW 2016
Call for Applications for Student Travel Scholarships
http://i-cav.org/2016/vmw/
Deadline for submission of applications: April 15, 2016
co-located with CAV in Toronto, Canada, July 18, 2016
* QBF 2016
Call for Papers
July 4 2016, Bordeaux, France
http://fmv.jku.at/qbf16/
Paper submission deadline: 20 April 2016
* HSST 2016
Call for participation and abstracts
June 13 - 16, 2016, Halmstad University, Sweden
http://ceres.hh.se/mediawiki/index.php/HSST˙2016
* SYNT 2016 - First Call for Papers
Toronto, Canada, July 17, 2016
http://formal.epfl.ch/synt/2016/
Paper submission: April 22, 2016
* FMICS-AVoCS 2016
Call for Papers
26-29 September 2016, Pisa, Italy
http://fmics-avocs.isti.cnr.it/
Abstract submission: April 18, 2016
Paper submission: April 25, 2016
* WISTP 2016
Call for Papers
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Heraklion, Crete, Greece -- 26-27 September 2016
http://www.wistp.org/
Paper Submission due: 3 May 2016
* FMCAD 2016
First Call for Papers
Mountain View, CA, USA, October 3-6, 2016
http://www.fmcad.org/FMCAD16
Abstract Submission: May 02, 2016
Paper Submission: May 09, 2016
* CRITIS 2016
Call for Papers
Paris, France, October 10-12, 2016
http://www.critis2016.org
Submission of full papers: May 10, 2016
* RV 2016 - 1st Call for Papers
September 23-30, Madrid, Spain
http://rv2016.imag.fr
Abstract deadline: May 8, 2016
Paper and tutorial deadline: May 15, 2016
* ILP2016 - Call For Papers
Call For Papers
September 4th - 6th, 2016, London, UK
http://ilp16.doc.ic.ac.uk
Long paper submission: 13 May 2016
Short Paper submission: 24 July 2016
* SETTA 2016
Call for Papers
Nov. 9-11, 2016, Beijing, China
http://lcs.ios.ac.cn/setta/
Abstract Submission: May 12, 2016
Full Paper Submission: May 19, 2016
* GandALF 2016
Call for Papers
September 14-16, Catania, Italy
http://gandalf2016.dmi.unict.it
Abstract submission: May 20
Paper submission: May 27
* RuleML 2016 Challenge
Call for Papers
6-9 July, 2016, Stony Brook University, USA
http://2016.ruleml.org/challenge
Paper Submission: June 1st, 2016
* IJCAR 2016 Workshop Path not taken
Call for Position Statements
2nd July 2016 in Coimbra, Portugal
Submission deadline: 1st June 2016
* HIGHLIGHTS 2016
Call for Presentations
September 6-9, 2016, Brussels, Belgium
http://highlights-conference.org
Submission deadline: June 3, 2016
* SECURECOMM 2016
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Call For Papers
October 10-12, 2016, Guangzhou, People’s Rupublic of China
http://securecomm.org
Paper Submission due: June 15, 2016
* TIME 2016
First Call for Papers
October 17-19, 2016, Technical University of Denmark, Denmark
http://time2016.compute.dtu.dk/
Paper submission: June 20th, 2016
* SSBSS 2016
Call for Participation
8-14 July 2016, Volterra (Pisa), Tuscany, Italy
* ICDT 2017
Call for papers
27-31 March, 2017, Venice, Italy
http://www.cs.ox.ac.uk/people/michael.benedikt/icdt17.html
Paper deadine (2nd submission cycle): September 18, 2016
FIRST INTERNATIONAL CONFERENCE ON FORMAL STRUCTURES FOR
COMPUTATION AND DEDUCTION (FSCD’16)
Satellite events and upcoming deadlines
22 June -- 26 June 2016, Porto, Portugal
http://fscd2016.dcc.fc.up.pt/
http://fscd2016.dcc.fc.up.pt/programme/workshopList/
* Various meetings and workshops are colocated with FSCD 2016. The
following is a summary of them, with the upcoming deadlines (based
on the data as of 18 March 2016). For the latest information please
visit each event’s webpage.
* Upcoming deadlines (in the chronological order):
- ITRS: March 28-31, 2016
- LSFA: April 8, 2016
- LFMTP: April 8-13, 2016
- LINEARITY: April 8-15, 2016
- HDRA: April 15, 2016
- WWV: April 16, 2016
- HoTT/UF: April 20, 2016
- WPTE: April 22, 2016
- HOR: April 25, 2016
- DCM: April 29, 2016
- UNIF: May 1, 2016
* FSCD Satellite events:
* 6th Workshop on Classical Logic and Computation (CL&C):
http://www.di.unito.it/˜stefano/CL&C/CL&C16.htm
* 12th Workshop on Developments in Computational Models (DCM):
http://dcm-workshop.org.uk/2016/
* 2nd Workshop on Higher-Dimensional Rewriting and Applications (HDRA):
http://hdra.gforge.inria.fr/
* 8th Workshop on Higher-Order Rewriting (HOR):
http://www.diku.dk/hjemmesider/ansatte/simonsen/HOR2016/
* 2nd Workshop on Homotopy Type Theory / Univalent Foundations (HoTT/UF):
http://hott-uf.gforge.inria.fr/
* IFIP Working Group 1.6: Term Rewriting:
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http://cbr.uibk.ac.at/ifip-wg1.6/
* 8th Workshop on Intersection Types and Related Systems (ITRS):
http://www-kb.is.s.u-tokyo.ac.jp/ITRS2016/
* 4th Workshop on Linearity (LINEARITY):
http://www.cs.cmu.edu/˜linearity16/
* 18th Workshop on Logical Frameworks and Meta-Languages: Theory and
Practice (LFMTP): http://dlicata.web.wesleyan.edu/events/lfmtp2016/
* 11th Workshop on Logical and Semantic Frameworks, with Applications (LSFA):
http://lsfa2016.mat.unb.br/
* 30th Workshop on Unification (UNIF):
http://users.mat.unimi.it/users/ghilardi/UNIF2016/
* 3rd Workshop on Rewriting Techniques for Program Transformations and
Evaluation (WPTE): http://project.inria.fr/wpte2016/
* 12th Workshop on Automated Specification and Verification of Web Systems
(WWV): http://www.lucavigano.com/WWV2016/
THE 10TH INTERNATIONAL WEB RULE SYMPOSIUM (RULEML 2016)
Call for Papers
Stony Brook, NY, 6-9 July, 2016
http://2016.ruleml.org/calls
* The annual International Web Rule Symposium (RuleML) is the leading
international event in the field of rules and their applications.
RuleML 2016, the tenth event in this series, will be held at Stony
Brook University, USA. RuleML is the leading conference to build
bridges between academia and industry in the field of rules and its
applications, especially as part of the semantic technology
stack. It is devoted to rule-based programming and rule-based
systems including production rules systems, logic programming rule
engines, and business rules engines/business rules management
systems; Semantic Web rule languages and rule standards (e.g.,
RuleML, SWRL, RIF, PRR, SBVR, DMN, CL, Prolog); rule-based event
processing languages (EPLs) and technologies; and research on
inference rules, transformation rules, decision rules, production
rules, and ECA rules.
* Important dates:
Extended Paper Submission Date: April 4, 2016
Author Notification: May 4, 2016
Camera Ready: May 18, 2016
Conference: 6-9 July, 2016
* Student Travel Support
Some financial support is available to enable student authors to
travel to the Symposium.
LFCS 30TH ANNIVERSARY CELEBRATION + WADLERFEST
Call for Participation
11-13 April 2016, Edinburgh
LFCS30: http://events.inf.ed.ac.uk/lfcs30/
WadlerFest: http://events.inf.ed.ac.uk/wf2016/
* Founded in 1986 by Rod Burstall, Robin Milner, Gordon Plotkin and Matthew
Hennessy, the Laboratory for Foundations of Computer Science is a community
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of theoretical computer scientists with interests in research topics such as
concurrency, semantics, categories, algebra, types, logic, algorithms,
complexity, databases, and modelling, and their applications in Computer
Science and beyond. LFCS30, a celebration of thirty years of innovation in
these areas, will take place in Edinburgh on 13th April with a programme of
talks from current and former members of the LFCS, visitors, and friends.
* LFCS30 will be preceded by WadlerFest, a celebration of Philip Wadler’s 60th
birthday, on 11-12 April. Phil will be presented with a festschrift entitled
”A list of successes that can change the world”.
* For more information and registration instructions, see the above webpages.
SECOND EDITION OF THE WORKSHOP ON HIGHER-DIMENSIONAL REWRITING
AND APPLICATIONS (HDRA 2016)
Call for Papers
25-26 June 2016, Porto, Portugal
http://hdra.gforge.inria.fr/
Co-located with the FSCD conference
* Over recent years, rewriting methods have been generalized from
strings and terms to richer algebraic structures such as operads,
monoidal categories, and more generally higher-dimensional
categories. These extensions of rewriting fit in the general scope
of higher-dimensional rewriting theory, which has emerged as a
unifying algebraic framework. This approach allows one to perform
homotopical and homological analysis of rewriting systems (Squier
theory). It also provides new computational methods in the study of
coherence of higher-dimensional algebraic structures, in
combinatorial algebra (Artin-Tits monoids, Coxeter and Garside
structures), in homotopical and homological algebra (construction of
cofibrant replacements, Koszulness property). The workshop is open
to all topics concerning higher-dimensional generalizations and
applications of rewriting theory, including
- higher-dimensional rewriting: polygraphs / computads, higher-dimensional
generalizations of string/term/graph rewriting systems, etc.
- homotopical invariants of rewriting systems: homotopical and homological
finiteness properties, Squier theory, algebraic Morse theory, coherence
results in algebra and higher-dimensional category theory, etc.
- linear rewriting: presentations and resolutions of algebras and operads,
Grobner bases and generalizations, homotopy and homology of algebras and
operads, Koszul duality theory, etc.
- applications of higher-dimensional and linear rewriting and their interactions
with other fields: calculi for quantum computations, algebraic lambda-calculi,
proof nets, topological models for concurrency, homotopy type theory,
combinatorial group theory, etc.
- implementations: the workshop will also be interested in implementation issues
in higher-dimensional rewriting and will allow demonstrations of prototypes of
existing and new tools in higher-dimensional rewriting.
* Invited speakers
- Michael Batanin (to be confirmed)
- Joachim Kock
- Pawel Sobocinski
* Important dates
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- Submission: 15 April, 2016
- Notification: 11 May, 2016
- Final version: 27 May, 2016
- Conference: 25-26 June, 2016
* Organizers
- Yves Guiraud (INRIA / Universite Paris 7)
- Philippe Malbos (Universite Claude Bernard Lyon 1)
- Samuel Mimram (Ecole Polytechnique)
14TH INTERNATIONAL CONFERENCE ON FORMAL MODELING
AND ANALYSIS OF TIMED SYSTEMS (FORMATS 2016)
First Call for Papers
http://formats2016.lsv.fr
August 24-26, 2016, Quebec City, Canada
colocated with CONCUR’16 and QEST’16
Submission: April 15 (Abstract), April 22 (Paper)
* Topics
- Foundations and Semantics
Theoretical foundations of timed systems and languages; new models
and logics or analysis and comparison of existing models (like
automata, Petri nets, or process algebras involving quantitative
time; hybrid automata; probabilistic automata and logics).
- Methods and Tools
Techniques, algorithms, data structures, and software tools for
analyzing or synthesizing timed or hybrid systems and for resolving
temporal constraints (scheduling, worst-case execution time
analysis, optimization, model checking, testing, constraint solving,
etc.)
- Applications:
Adaptation and specialization of timing technology in application
domains in which timing plays an important role (real-time software,
embedded control, hardware circuits, and problems of scheduling in
manufacturing and telecommunication).
* Submission site: https://easychair.org/conferences/?conf=formats2016
* Important Dates
- Abstract Submission: April 15, 2016
- Paper Submission: April 22, 2016
- Notification: June 4, 2016
- Final paper due: June 11, 2016
- Conference: August 24-26, 2016
* General Chair
- Josee Desharnais, (U. Laval, Canada)
* PC Charis
- Martin Franzle (U. Oldenburg, Germany)
- Nicolas Markey (U. Paris-Saclay, France)
* Invited Speakers
- Scott Smolka, (U. Stony Brook, USA)
- Oleg Sokolsky, (U. Pennsylvania, USA)
- Ufuk Topcu, (U. Texas, USA)
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4TH WORKSHOP ON COMPOSITIONAL MEANING IN LOGIC (GETFUN 4.0)
Jul 1-2, 2016, Coimbra, Portugal
http://sqig.math.ist.utl.pt/GeTFun/4.0
* Affiliated with IJCAR 2016
http://www.uc.pt/en/congressos/ijcar2016
* Abstract submission deadline: 15 Apr 2016
VERIFICATION MENTORING WORKSHOP 2016 (VMW 2016)
Call for Applications for Student Travel Scholarships
http://i-cav.org/2016/vmw/
Deadline for submission of applications: April 15, 2016
co-located with CAV in Toronto, Canada, July 18, 2016
* We are organizing a oneday workshop called the Verification
Mentoring Workshop (VMW). It is co located with the International
Conference on Computer Aided Verification (CAV), to be held in
Toronto, July 1723, 2015. CAV is a premier conference in the area
of verification, dedicated to the advancement of the theory and
practice of computeraided formal analysis methods for hardware and
software systems. The goal of VMW is to attract earlystage graduate
students to pursue research careers in the area of computeraided
verification and formal methods.
* Invited talks at the workshop will cover a broad overview of
research topics in the area (so students can follow sessions of
interest at CAV), the range of career options and perspectives
(academia, industry, research labs, etc), and an insight into
reviewing process (for papers, grant and job
applications). Participation of women and underrepresented
minorities is especially encouraged.
* We will provide travel scholarships to student participants
(graduates, and rising Senior or Senior undergraduates), where the
scholarships will cover registration for the VMW workshop and CAV
conference, accommodations, plus travel expenses. The workshop
website http://i-cav.org/2016/vmw is now accepting applications.
* Important Dates:
Deadline for submission of applications: April 15, 2016
Notification of travel scholarships awarded: May 1, 2016
VMW Workshop: July 18, 2016
* Organizers of VMW 2015:
Aarti Gupta, Princeton, USA
Ruzica Piskac, Yale, USA
Andrey Rybalchenko, Microsoft Research, UK
4th INTERNATIONAL WORKSHOP ON QUANTIFIED BOOLEAN
FORMULAS (AND BEYOND) (QBF 2016)
Call for Papers
July 4 2016, Bordeaux, France
http://fmv.jku.at/qbf16/
* The goal of the International Workshop on Quantified Boolean
Formulas (and Beyond) is to bring together researchers working on
theoretical and practical aspects of QBF solving and applications.
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Apart from topics related to QBF, topics of interest include the
theory and practice of quantification in other formalisms like
quantified constraint satisfaction problems (QCSP), satisfiability
modulo theories (SMT) or theorem proving. The workshop is affiliated
to and co-located with the SAT conference 2016, July 5-8, 2016.
* Important dates:
- Apr 20 2016: paper submission
- May 23 2016: notification of acceptance
- Jun 20 2016: camera-ready versions
* Topics of interest (not limited to the following): QBF applications;
encodings; benchmarks; certificates; proofs; proof formats; proof
checkers; decision procedures; QBF solving; implementation details;
structural QBF solving; heuristics; preprocessing; quantifiers in
SMT, QCSP, and theorem proving;
* Please see the workshop website for further information:
http://fmv.jku.at/qbf16/
THE 6TH HALMSTAD SUMMER SCHOOL ON TESTING (HSST 2016)
Call for participation and abstracts
June 13 - 16, 2016, Halmstad University, Sweden
http://ceres.hh.se/mediawiki/index.php/HSST˙2016
* SCOPE. Software testing accounts for a major part of software
development cost and effort, yet the current practice of software
testing is often insufficiently structured and disciplined. There
have been various attempts in the past decades to bring more rigour
and structure into this field, resulting in several
industrial-strength processes, techniques and tools for different
levels of testing. The 6th Halmstad Summer School on Testing
provides an overview of the state of the art in testing, including
theory, industrial cases, tools and hands-on tutorials by
internationally-renowned researchers.
* TUTORIALS.
- Automatic Software Verification with the Infer Static Analyzer
(Dino Distefano, Queen Mary, University of London and Facebook,
UK)
- Testing and Verification Methods for Many-Core Concurrency
(Alastair F. Donaldson, Imperial College, UK)
- Is Mutation Analysis Ready for Prime Time? (Jeff Offutt, George
Mason University, USA)
- Fault Model-Based Testing from State-Oriented Models (Alexandre
Petrenko, Computer Research Institute of Montreal (CRIM), Canada)
- The Role of Testing and Tools for Innovation (Per Runeson, Lund
University, Sweden)
- Fault Tree Analysis (Marielle Stoelinga, University of Twente, The
Netherlands)
* Ph.D. Symposium
We have 6 time slots for Ph.D. presentations, where each student
gets to present her/his research project (and possibly results) and
receive feedback from our experts. We solicit abstracts of 2 pages
in the EasyChair Style in order to make a selection
(see:http://www.easychair.org/publications/for˙authors ). The
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abstract should contain a clear overview of the problem description,
approach, (existing results, if any,) and future milestone.
Abstract submissions can be made already via
https://easychair.org/conferences/?conf=hsst2016 .
* IMPORTANT DATES
- The deadline for submissions is May 15, 2016.
- The registration deadline is April 15, 2016.
* Further details:
http://ceres.hh.se/mediawiki/index.php/HSST˙2016
5TH WORKSHOP ON SYNTHESIS (SYNT 2016)
Call For Papers
Toronto, Canada, July 17, 2016
http://formal.epfl.ch/synt/2016/
* Contributions of interest include algorithms, complexity and
decidability analysis, as well as reproducible heuristics,
implemented tools, and experimental evaluation.
* Application domains include software, hardware, embedded, and
cyberphysical systems. Computation models include functional,
reactive, hybrid and timed systems. Identifying, formalizing, and
evaluating synthesis in particular application domains is
encouraged.
* Of interest are both approaches that explore alternative development
methods and approaches that improve upon the automation of design,
compilation, and optimization techniques currently in widespread
use.
* All appropriate underlying methods are of interest, including above
formal methods and techniques that build upon computer-aided
verification, but also machine learning techniques. All formalizable
forms of specifications of potential practical interest are
considered, including contracts, temporal logic specifications,
quantitative objectives, partial systems, and input/output examples.
* Of great interest is understanding and making productive use of
relationships between synthesis and related topics such as repair,
fault localization, testing, discovery of inductive invariants,
parameter optimization, constraints solving, theorem proving
(including SMT, superposition-based, inductive, and higher-order
theorem proving).
* We strongly encourage submissions that will connect current advances
in synthesis and the area of inductive programming.
* Submission details: http://formal.epfl.ch/synt/2016/
* Important dates:
- Paper submission: April 22, 2016
- Author notification: May 30, 2016
- Workshop: July 17, 2016
* Program Chairs:
- Rayna Dimitrova (MPI-SWS)
- Ruzica Piskac (Yale University)
* SYNT 2016 is a satellite event of CAV 2016 and will take place on
July 17 in Toronto, Canada.
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INTERNATIONAL WORKSHOP ON FORMAL METHODS FOR INDUSTRIAL
CRITICAL SYSTEMS AND AUTOMATED VERIFICATION OF CRITICAL
SYSTEMS (FMICS-AVoCS 2016)
26-29 September 2016, Pisa, Italy
http://fmics-avocs.isti.cnr.it/
Preliminary Call for Papers
* AIMS: The aim of the FMICS workshop series is to provide a forum for
researchers who are interested in the development and application of
formal methods in industry. The aim of the AVoCS workshop series
is to contribute to the interaction and exchange of ideas among
members of the international research community on tools and
techniques for the verification of critical systems. In 2016, FMICS
and AVoCS join their forces to hold a workshop combining their
themes on Formal Methods and Automated Verification. For FMICS, this
will be the 21st, for AVoCS the 16th edition. In particular,
FMICS-AVoCS 2016 aims to bring together scientists and engineers
that are active in the area of formal methods, develop tools and
techniques for the automated verification of critical systems, and
are interested in exchanging their experiences in the industrial
usage of these methods and tools.
* IMPORTANT DATES
- Abstract submission: April 18, 2016
- Paper submission: April 25, 2016
- Notification: June 19, 2016
- Final version: July 10, 2016
- Workshop: September 26-29, 2016
* TOPICS of interest include (but are not limited to):
- Design, specification, refinement, code generation and testing of
critical systems based on formal methods
- Methods, techniques and tools to support automated analysis,
certification, debugging, learning, optimization and
transformation of critical systems, in particular distributed,
real-time systems and embedded systems
- Automated verification (model checking, theorem proving, SAT/SMT
constraint solving, abstract interpretation, etc.) of critical
systems
- Verification and validation methods that address shortcomings of
existing methods with respect to their industrial applicability
(e.g., scalability and usability issues)
- Tools for the development of formal design descriptions
- Case studies and experience reports on industrial applications of
formal methods, focusing on lessons learned or identification of
new research directions
- Impact of the adoption of formal methods on the development
process and associated costs
- Application of formal methods in standardization and industrial
forums
* GENERAL CHAIR
- Maurice ter Beek (ISTI-CNR, Pisa, Italy)
* PC CHAIRS
- Stefania Gnesi (ISTI-CNR, Pisa, Italy)
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- Alexander Knapp (Augsburg University, Germany)
10TH WISTP INTERNATIONAL CONFERENCE ON INFORMATION
SECURITY THEORY, AND PRACTICE (WISTP 2016)
Call for papers
Heraklion, Crete, Greece -- 26-27 September 2016
http://www.wistp.org/
* The 10th WISTP International Conference on Information Security
Theory and Practice (WISTP 2016) see ks original submissions from
academia and industry presenting novel research on all theoretical
and practical aspects of security and privacy, as well as
experimental studies of fielded systems, the application of security
technology, the implementation of systems, and lessons learned. We
encourage submissions from other communities such as law, business,
and policy that present these communities’ perspectives on
technological issues.
* Important dates:
- Paper Submission due: 3 May 2016
- Notification to authors: 4 July 2016
- Camera ready due: 14 July 2016
* Detailed information can be found on the webpage.
INTERNATIONAL CONFERENCE ON FORMAL METHODS
IN COMPUTER-AIDED DESIGN (FMCAD 2016)
First Call for Papers
Mountain View, CA, USA, October 3-6, 2016
http://www.fmcad.org/FMCAD16
* TOPICS OF INTEREST FMCAD welcomes submission of papers reporting
original research on advances in all aspects of formal methods
technology and its application to computer-aided design. Topics of
interest include (but are not limited to):
-- Model checking, theorem proving, equivalence checking, abstraction
and reduction, compositional methods, decision procedures at the
bit- and word-level, probabilistic methods, combinations of
deductive methods and decision procedures.
-- Synthesis and compilation for computer system descriptions, modeling,
specification, and implementation languages, formal semantics of
languages and their subsets, model-based design, design derivation
and transformation, correct-by-construction methods.
-- Application of formal and semi-formal methods to functional and
non-functional specification and validation of hardware and software,
including timing and power modeling, verification of computing
systems on all levels of abstraction, system-level design and
verification for embedded and cyberphysical systems, hardwaresoftware co-design and verification, transaction-level verification.
-- Experience with the application of formal and semi-formal methods to
industrial-scale designs; tools that represent formal verification
enablement, new features, or a substantial improvement in the
automation of formal methods.
-- Application of formal methods in areas beyond computer systems,
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including formal methods describing processes studied in other areas
of science, engineering, and humanities.
-- (New) Application of formal methods to verifying safety,
connectivity and security properties of networks and distributed
systems.
* IMPORTANT DATES (AoE)
- Abstract Submission:
May 02, 2016
- Paper Submission:
May 09, 2016
- Author Response Period:
June 17-21, 2016
- Author Notification:
July 09, 2016
- Camera-Ready Version:
Aug 09, 2016
- FMCAD Tutorial Day:
October 3, 2016
- FMCAD Regular Program:
October 4-6, 2016
* SUBMISSIONS: see http://www.fmcad.org/FMCAD16
* PROGRAM CHAIRS:
- Muralidhar Talupur, FormalSim Inc
- Helmut Veith, Technische Universitaet Wien
THE 11TH INTERNATIONAL CONFERENCE ON CRITICAL INFORMATION
INFRASTRUCTURES SECURITY (CRITIS 2016)
Call for Papers
Paris, France, October 10-12, 2016
http://www.critis2016.org
* CRITIS 2016 covers five thematic foci. Paper submissions should
focus on one of the following topics:
- Technologies: Innovative responses for the protection of
cyber-physical systems
- Procedures and organisational aspects in C(I)IP: Policies, best
practices and lessons learned
- Advances in Human Factors, decision support, and cross-sector
CI(I)P approaches - focus on end-users
- Special private stakeholder session opic
- Young CRITIS and CIPRNet Young CRITIS Award (CYCA)
Full details available at http://www.critis2016.org
* Important Dates:
- Submission of full papers: May 10, 2016
- Notification of acceptance: July 15, 2016
- Camera-ready papers: September 1, 2016
- CRITIS 2016 event: October 10-12, 2016
* General Chairs
- Jean-Pierre Loubinoux, General Director of UIC, represented by UIC Security Division
* Program Chairs
- Roberto Setola, Universita Campus Bio-Medico di Roma
- Hypatia Nassopoulos, Ecole des Ingenieurs de la Ville de Paris, France
16TH INTERNATIONAL CONFERENCE ON RUNTIME VERIFICATION (RV 2016)
September 23-30, Madrid, Spain
http://rv2016.imag.fr
* SCOPE: Runtime verification is concerned with monitoring and analysis
of software and hardware system executions. Runtime verification
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techniques are crucial for system correctness, reliability, and
robustness; they are significantly more powerful and versatile than
conventional testing, and more practical than exhaustive formal
verification. Runtime verification can be used prior to deployment,
for testing, verification, and debugging purposes, and after
deployment for ensuring reliability, safety, and security and for
providing fault containment and recovery as well as online system
repair. Topics of interest to the conference include:
- specification languages
- specification mining
- program instrumentation
- monitor construction techniques
- logging, recording, and replay
- runtime enforcement, fault detection, localization, containment,
recovery and repair
- program steering and adaptation
- metrics and statistical information gathering
- combination of static and dynamic analyses
- program execution visualization
- monitoring techniques for safety/mission-critical systems
- monitoring distributed systems, cloud services, and big data applications
- monitoring security and privacy policies
* INVITED SPEAKERS
Gul Agha (University of Illinois at Urbana-Champaign, USA)
Oded Maler (CNRS and University of Grenoble-Alpes, France)
Fred B. Schneider (Cornell University, USA)
* OVERVIEW: RV 2016 will be held September 23-30 in Madrid, Spain. RV
2016 will feature the first summer school on Runtime Verification
(September 23-25), two workshop days (September 26-25), and three
conference days (September 28-30).
* INFORMATION ON SUBMISSIONS: http://rv2016.imag.fr
* IMPORTANT DATES
Research and tool papers as well as tutorials will follow the
following timeline:
- Abstract deadline: May 8, 2016
- Paper and tutorial deadline: May 15, 2016
- Tutorial notification: June 1, 2016
- Paper notification: July 11, 2016
- Camera ready deadline: August 8, 2016
- Summer school: September 23-25, 2016
- Workshops and tutorials: September 26-27, 2016
- Conference: September 28-30, 2016
* PROGRAM COMMITTEE CHAIRS
Ylies Falcone, Univ. Grenoble-Alpes and Inria, France
Cesar Sanchez, IMDEA Software, Madrid, Spain
* TOOL COMMITTEE CHAIR
Klaus Havelund, NASA Jet Propulsion Laboratory, USA
THE 26TH INTERNATIONAL CONFERENCE ON INDUCTIVE
LOGIC PROGRAMMING (ILP2016)
Call For Papers
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September 4th - 6th, 2016, London, UK
http://ilp16.doc.ic.ac.uk
* AIMS: The ILP conference series is the premier international forum
for learning from structured relational data. Originally focusing on
the induction of logic programs, over the years it has expanded its
research horizon significantly and welcomes contributions to all
aspects of learning in logic, multi-relational data mining,
statistical relational learning, graph and tree mining, learning in
other (non-propositional) logic-based knowledge representation
frameworks, exploring intersections to statistical learning and
other probabilistic approaches.
* TOPICS OF INTEREST include:
- Theoretical aspects: logical-foundations of learning;
- computational/statistical learning theory; specialisation and
- generalisation; probabilistic logic-based learning; graph and tree
- mining. Representation and languages for learning: logic
- programming; Datalog;first-order logic; description logic and
- ontologies; higher-order logic; Answer Set Programming;
- probabilistic logic languages; constraint logic programming;
- knowledge graphs. Algorithms and systems: learning with
- (semi-)structured data; (semi-)supervised and unsupervised
- relational learning; relational reinforcement learning; predicate
- invention; propositionalisation approaches; multi-instance learning;
- learning in the presence of uncertainty; meta-level learning.
- Applications of learning in: art; bioinformatics; systems biology;
- games; medical informatics; robotics; natural language processing;
- web-mining; software engineering; modelling and adaptation of
- control systems; socio-technical systems.
In addition to the above topics, ILP 2016 is also encouraging
contributions in the areas of cognitive technologies, knowledge
acquisition from big data, the cloud and crowd sourced data, deep
relational learning, as well as contributions on the application of
any of these solutions to real world problems.
The conference will host keynote talks from both industry and academia
and will run the first International ILP Competition.
* Submission guidlines: please see the conference website
* IMPORTANT DATES:
- Abstract registration:
7 May 2016
- Long paper submission:
13 May 2016
- Long Paper notification: 26 June 2016
- Short Paper submission: 24 July 2016
- Short Paper notification: 28 July 2016
* We expect there will be a special issue of the Machine Learning
Journal following the conference, which will be open for
everyone. This special issue will welcome conference submissions
from all three categories, which should be significantly revised and
extended, to meet the MLJ criteria, and will be re-reviewed by PC
members.
* CONFERENCE AND PROGRAM CO-CHAIRS:
- Alessandra Russo, Imperial College London UK
- James Cussens, University of York, UK
* ILP COMPETITION CHAIR;
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Mark Law, Imperial College London, UK
* PUBLICITY CHAIR:
Krysia Broda, Imperial College London, UK
* ASSOCIATED EVENT:
3rd International Workshop on Probabilistic Logic Programming
SYMPOSIUM ON DEPENDABLE SOFTWARE ENGINEERING:
THEORIES, TOOLS AND APPLICATIONS (SETTA 2016)
Call for Papers
Nov. 9-11, 2016, Beijing, China
http://lcs.ios.ac.cn/setta/
* IMPORTANT DATES (AoE)
- Abstract Submission: May 12, 2016
- Full Paper Submission: May 19, 2016
- Notification to Authors: Jul. 15, 2016
- Camera-ready Paper: Aug. 6, 2016
* The aim of the symposium is to bring together international
researchers and practitioners in the field of software
technology. Its focus is on formal methods and advanced software
technologies, especially for engineering complex, large-scale
artifacts like cyber-physical systems, networks of things,
enterprise systems, or cloud-based services. Contributions relating
to formal methods or integrating them with software engineering, as
well as papers advancing scalability or widening the scope of
rigorous methods to new design goals are especially welcome.
* Submission details: http://lcs.ios.ac.cn/setta/
THE SEVENTH INTERNATIONAL SYMPOSIUM ON GAMES, AUTOMATA,
LOGICS AND FORMAL VERIFICATION (GandALF 2016)
Call for papers
September 14-16, Catania, Italy.
http://gandalf2016.dmi.unict.it
* TOPICS OF INTEREST: The topics covered by the conference include, but
are not limited to, the following:
Automata Theory
Automated Deduction
Computational aspects of Game Theory
Concurrency and Distributed computation
Decision Procedures
Deductive, Compositional, and Abstraction Techniques for Verification
Finite Model Theory
First-order and Higher-order Logics
Formal Languages
Formal Methods for Systems Biology, Hybrid, Embedded, and Mobile Systems
Games and Automata for Verification
Game Semantics
Logical aspects of Computational Complexity
Logics of Programs
Modal and Temporal Logics
Model Checking
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Models of Reactive and Real-Time Systems
Program Analysis and Software Verification
Run-time Verification and Testing
Specification and Verification of Finite and Infinite-state Systems
Synthesis
* INVITED SPEAKERS
- Luca Bertolussi (University of Trieste, Italy)
- Joanna Golinska-Pilarek (Institute of Philosophy, University of Warsaw, Poland)
- Arnaud Sangnier (Laboratoire LIAFA, Universit=C3=A9 Paris Diderot, France)
* IMPORTANT DATES
- Abstract submission: May 20
- Paper submission: May 27
- Notification: July 1
- Camera-ready: July 29
* CHAIRS
Domenico Cantone, Univ. of Catania, Italy (co-chair)
Giorgio Delzanno, Univ. of Genoa, Italy (co-chair)
10TH INTERNATIONAL RULE CHALLENGE 2016 (RULEML 2016 CHALLENGE)
Call for Papers
6-9 July, 2016, Stony Brook University, USA
http://2016.ruleml.org/challenge
* co-located with (in New York state): The Joint Multi-Conference on
Human-Level Artificial Intelligence 2016 (July 16-19, 2016)
http://ijcai-16.org/
* About Rule Challenge 2016 The RuleML 2016 Challenge is one of the
highlights at the RuleML 2016 Conference, and seeks to provide a
competition among innovative rule-oriented applications, aimed at
both the research and industrial side.
* Topics. Key themes of the RuleML 2016 Challenge include, but are not
limited to the following:
- Demos related to the RuleML 2016 Track Topics
- Rule-based Event Processing and Stream Reasoning
- Business Rules Modeling
- Benchmarks and comparison results for rule engines
- Distributed rule bases and rule services
- Rules and model driven engineering
- Reports on industrial experience about rule systems
- Real cases and practical experiences
- (new) Mobile deployment of rule-based reasoning, including
(but not limited to):
-- Use cases of mobile rule-based reasoning
-- Fine-tuning reasoning techniques to cope with mobile
hardware limitations
-- Realizing efficient crowd-sourced, voting-based, ... processing,
by taking advantage of distributed mobile peer-to-peer opportunities
-- Benchmarking mobile rule system performances, and comparing it
to desktop/server performance
* Important Dates
- Paper Submission: June 1st, 2016
- Notification: June 13th, 2016
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- Camera Ready: June 19th, 2016
- Conference Date: July 6-9, 2016
IJCAR 2016 WORKSHOP ON PATHS NOT TAKEN: THINKING ABOUT
THE PROCESS OF PROOF (IJCAR 2016 WORKSHOP)
https://pathsnottakenblog.wordpress.com
2nd July 2016 in Coimbra, Portugal.
In association with IJCAR 2016.
* Keynote speaker: J Strother Moore, University of Texas at Austin.
* Important dates
Submission deadline: 1st June 2016
Notification of final programme: 15th June 2016
Workshop: 2nd July 2016
* Call for Position Statements: Position statements of up to 500 words
should be submitted by email to pathsnottakenworkshop@gmail.com by
1st June 2016. They should be in PDF format, and include your name,
email address and affiliation, and a short paragraph describing your
background or experience in machine proof. Please indicate whether
you would be willing to have your statement posted on this blog.
* Position statements might address topics such as:
- what do you find hardest or most challenging about machine proof?
- what do you do when you get stuck in a machine proof?
- what is the best advice you have ever been given about machine proof?
- what was your biggest failure in a machine proof?
- how do you plan and organise a machine proof?
- what is the best way to teach others to do machine proofs?
* The scope of the workshop covers research in automated reasoning,
formal methods and proof processes. For futher details please visit
the workshop website: https://pathsnottakenblog.wordpress.com
FOURTH CONFRENCE ON HIGHLIGHTS OF LOGIC, GAMES
AND AUTOMATA (HIGHLIGHTS 2016)
Call for Presentations
September 6-9, 2016, Brussels, Belgium
http://highlights-conference.org
* HIGHLIGHTS 2016 is the fourth conference on Highlights of Logic,
Games and Automata which aims at integrating the community working
in these fields. Papers from these areas are dispersed across many
conferences, which makes them difficult to follow. A visit to
Highlights conference should offer a wide picture of the latest
research in the field and a chance to meet everybody in the
community, not just those who happen to publish in one particular
proceedings volume. We encourage you to attend and present your best
work, be it already published or not, at the Highlights conference.
* Representative areas include, but are not restricted to: logic and
finite model theory, automata theory, games for logic and
verification.
* You submit a proposal for a presentation, not a paper. Hence,
submissions should have a single author, who is the speaker. Since
we expect you to present your favorite result of the year, there
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should be at most one submission per speaker. The abstract, of 1-2
pages, may include a list of coauthors. There are no formal
proceedings and we encourage submission of work presented
elsewhere. Submissions are possible through
https://easychair.org/conferences/?conf=3Dhighlights2016.
* The program will further offer three keynotes by Meena Mahajan
(Chennai), Andreas Maletti (Stuttgart), and Marc Zeitoun (Bordeaux),
two invited sessions, organised by S=C5=82awomir Lasota (Warsaw) and
Anca Muscholl (Bordeaux), and two tutorials by Benedikt Bollig
(Cachan) and Anton=C3=ADn Ku=C4=8Dera (Prague).
* Important dates:
Submission deadline: June 3, 2016
Registration possible until August 7, 2016
12TH EAI INTERNATIONAL CONFERENCE ON SECURITY AND
PRIVACY IN COMMUNICATION NETWORKS (SECURECOMM 2016)
Call for Papers
October 10-12, 2016, Guangzhou, People’s Rupublic of China
http://securecomm.org
* SecureComm seeks high-quality research contributions in the form of
well-developed papers. Topics of interest encompass research
advances in ALL areas of secure communications and
networking. Topics in other areas (e.g., formal methods, database
security, secure software, theoretical cryptography) will be
considered only if a clear connection to private or secure
communication/networking is demonstrated.
* Important dates:
- Paper Submission due: June 15, 2016
- Notification to authors: August 1, 2016
- Camera ready due: August 22, 2016
* Detailed information can be found on the webpage.
23RD INTERNATIONAL SYMPOSIUM ON TEMPORAL REPRESENTATION
AND REASONING (TIME 2016)
First Call for Papers
October 17-19, 2016, Technical University of Denmark, Denmark
http://time2016.compute.dtu.dk/
* TIME 2016 aims to bring together researchers interested in reasoning
about temporal aspects of information in any area of Computer
Science. The symposium, currently in its 23rd edition, has a wide
remit and intends to cater to both theoretical aspects and
well-founded applications. One of the key aspects of the symposium
is its interdisciplinarity, with attendees from distinct areas such
as artificial intelligence, database management, logic and
verification, and beyond. The symposium will encompass three tracks
on temporal representation and reasoning in Artificial Intelligence,
Databases and Logic and Verification.
* Further details about the topics of interest can be found on the webpage.
* Invited speakers:
- Kim Guldstrand Larsen, Aalborg University, Denmark
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- Angelo Montanari, University of Udine, Italy
- Paolo Terenziani, University of Piemonte Orientale, Italy
* Important dates:
- Paper submission: June 20th, 2016
- Notification: July 25th, 2016
- Final version due: August 10th, 2016
- Symposium: October 17-19, 2016
3RD INT. SYNTHETIC AND SYSTEMS BIOLOGY SUMMER SCHOOL (SSBSS 2016)
Call for Participation
8-14 July 2016, Volterra (Pisa), Tuscany, Italy
* The 3rd International Synthetic and Systems Biology Summer School is a
great opportunity to exchange ideas and information with colleagues
and peers from around the world and discover the latest trends and new
exciting results in Synthetic and Systems Biology.
* Further details: ssbss.school@gmail.com
http://www.taosciences.it/ssbss/
* Previous Editions:
SSBSS 2015 http://www.taosciences.it/ssbss2015/
SSBSS 2014 http://www.taosciences.it/ssbss2014/
THE 20TH INTERNATIONAL CONFERENCE ON DATABASE THEORY (ICDT 2017)
Call for papers
27-31 March, 2017, Venice, Italy
http://www.cs.ox.ac.uk/people/michael.benedikt/icdt17.html
* The series of ICDT conferences (http://icdt.tu-dortmund.de/)
provides an international forum for the communication of research
advances on the theoretical foundations of database systems.
* ICDT has made significant changes to its submission dates, in
co-ordination with its sibling conference PODS. There are now two
submission cycles, with the first providing the possibility of
revision.
* First submission cycle:
Abstract deadline: March 18, 2016
Full paper submission deadline: March 25, 2016
Accept/Reject/Revise Notification: May 29, 2016
* Second submission cycle:
Abstract deadline: September 11, 2016
Full paper submission deadline: September 18, 2016
Notification: November 27, 2016
* Examples of relevant topics are: concurrency and recovery,
distributed and parallel databases, cloud computing, connections
between databases and knowledge representation, graph databases and
(semantic) Web data, data mining, information extraction, search,
data streams, data-centric (business) process management, workflows,
web services, incompleteness, inconsistency, uncertainty in
databases, data and knowledge integration and exchange, data
provenance, views and data warehouses, metadata management,
domain-specific databases (multi-media, scientific, spatial,
temporal, text), deductive databases, data privacy and security,
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database aspects of machine learning, model theory, logics,
algebras, computational complexity, design, semantics, query
languages, data models, data structures, algorithms for data
management.
PHD & POSTDOC POSITION AT TU DORTMUND
* At TU Dortmund University, we are looking for talented and motivated
PHD STUDENTS (or post-docs) interested in Database Theory or Logic
and Complexity. The opening is in the working group of Thomas
Schwentick and involves teaching in German language.
* The official, complete job opening is available in German at
https://service.tu-dortmund.de/documents/18/2120797/wiss.+Besch%C3%A4ftigte+bzw.
+wiss.+Besch%C3%A4figter+%28Ref.-Nr.+w9-16%29/ee088546-c46b-40fb-9ad9
-235174c01b91?version=1.0
* CONTACT DETAILS For further details please contact Prof. Thomas
Schwentick, thomas.schwentick@tu-dortmund.de
PHD STUDENTSHIP IN THE HISTORY AND PHILOSOPHY OF COMPUTING
* The deadline for this position has been extended to 18/04/2016.
* The Department of Computer Science at Middlesex University, together
with the LEO Computers Society are looking for a PhD Candidate for a
research project in the area of History and Philosophy of
Computing. This will incorporate research into the objectives,
design, construction and market penetration of the LEO I, II and III
computers, developed by the catering firm J. Lyons and Co., and its
subsidiary LEO Computers Limited subsequently incorporated in
different companies (English Electric LEO, English Electric Leo
Marconi, ICL, Standard Telephones and Cables and finally Fujitsu).
* Further details and instructions on how to apply available at
http://www.mdx.ac.uk/courses/postgraduate-research-degrees/research-studentships/
david-tresman-caminer-studentship-for-the-history-of-computing
PHD & POSTDOC POSITION AT JACOBS UNIVERSITY BREMEN
* Jacobs University Bremen is a private, English-speaking research university
in Germany. The KWARC group conducts research on the representation and
management of formal and informal knowledge in the STEM disciplines
(Science, Technology, Engineering, and Mathematics).
Our interests cover the whole range from formal to informal knowledge
and include
- logics and foundations of mathematics
- formalizing/verifying knowledge
- informal and semi-formal documents (specifications, papers, webpages, etc.)
- domain-specific applications (spreadsheets, CAD, etc.)
- knowledge management (search, user interfaces, system integration, etc.)
We build systems that cover these diverse areas uniformly and integrate across
domains, languagues, and tools, always combinng logical correctness,
wide-range applicability, and large-scale inter-operability.
* DETAIS & POSSIBLE TOPICS
http://www.jacobs-university.de/jobs/phd-and-postdoc-positions-kwarc-group
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* CONTACT DETAILS & APPLICATIONS
For further information and enquiries about this post please contact
Prof. Michael Kohlhase ¡m.kohlhase@jacobs-university.de¿
Applications (including the usual documents) should be directed to the same
email address.
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