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        Section: 
      Overall Objectives

        Overall Objectives

        Our times are characterized by the massive presence of highly
distributed systems consisting of diverse and specialized devices,
forming heterogeneous networks, and providing different services and
applications. Revolutionary phenomena such as social networks and
cloud computing are examples of such systems.

        In Comète we study emerging concepts of this new era of computing.
Security and privacy are some of the fundamental concerns that
arise in this setting. In particular, in the modern digital world the problem of
keeping information secret or confidential is exacerbated by orders of
magnitude: the frequent interaction between users and electronic devices, and
the continuous connection between these devices and the internet, offer
malicious agents the opportunity to gather and store huge amount of information,
often without the individual even being aware of it. Mobility is an additional
source of vulnerability, since tracing may reveal significant information. To
avoid these kinds of hazards, security protocols and various techniques
for privacy protection have been designed. However, the properties that they
are supposed to ensure are rather subtle, and, furthermore, it is difficult to
foresee all possible expedients that a potential attacker may use. As a
consequence, even protocols that seem at first “obviously correct” are later
(often years later) found to be prone to attacks.

        In addition to the security problems, the problems of correctness, robustness
and reliability are made more challenging by the complexity of these systems,
since they are highly concurrent and distributed. Despite being based on
impressive engineering technologies, they are still prone to faulty behavior due
to errors in the software design.

        To overcome these drawbacks, we need to develop formalisms, reasoning
techniques, and verification methods, to specify systems and protocols, their
intended properties, and to guarantee that these intended properties of
correctness and security are indeed satisfied.

        In Comète we study formal computational frameworks for specifying these
systems, theories for defining the desired properties of correctness and
security and for reasoning about them, and methods and techniques for proving
that a given system satisfies the intended properties.

      

      
      

      
    

  
    Research Program

    
      	Research Program	Probability and information theory
	Expressiveness of Concurrent Formalisms
	Concurrent constraint programming
	Model checking



    

  
    
    
      
      
      

      
      
        
        Section: 
      Research Program

        Probability and information theory

        Participants :
	Konstantinos Chatzikokolakis, Catuscia Palamidessi, Ehab Elsalamouny, Yusuke Kawamoto, Marco Stronati, Joris Lamare.

        Much of the research of Comète focuses on security and privacy. In
particular, we are interested in the problem of the leakage of secret
information through public observables.

        Ideally we would like systems to be completely secure, but in practice this goal
is often impossible to achieve. Therefore, we need to reason about the amount of
information leaked, and the utility that it can have for the adversary, i.e.
the probability that the adversary is able to exploit such information.

        The recent tendency is to use an information theoretic approach to model the
problem and define the leakage in a quantitative way. The idea is to consider
the system as an information-theoretic channel. The input represents the
secret, the output represents the observable, and the correlation between the
input and output (mutual information) represents the information leakage.

        Information theory depends on the notion of entropy as a measure of uncertainty.
From the security point of view, this measure corresponds to a particular model
of attack and a particular way of estimating the security threat (vulnerability
of the secret). Most of the proposals in the literature use Shannon entropy,
which is the most established notion of entropy in information theory. We,
however, consider also other notions, in particular Rényi min-entropy, which
seems to be more appropriate for security in common scenarios like one-try
attacks.
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        Expressiveness of Concurrent Formalisms

        Participants :
	Catuscia Palamidessi, Luis Pino, Frank Valencia.

        We study computational models and languages for distributed, probabilistic and mobile systems,
with a particular attention to expressiveness issues. We aim at developing criteria to
assess the expressive power of a model or formalism in a distributed
setting, to compare existing models and formalisms, and to define new
ones according to an intended level of expressiveness, also taking
into account the issue of (efficient) implementability.

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      Research Program

        Concurrent constraint programming

        Participants :
	Michell Guzman, Yamil Salim Perchy, Luis Pino, Frank Valencia.

        Concurrent constraint programming (ccp) is a well established process calculus for modeling systems where agents interact by posting and asking information in a store, much like in users interact in social networks.
This information is represented as first-order logic formulae, called constraints, on the shared variables of the system (e.g., X>42). The most distinctive and appealing feature of ccp is perhaps that it unifies in a single formalism the operational view of processes based upon process calculi with a declarative one based upon first-order logic. It also has an elegant denotational semantics that interprets processes as closure operators (over the set of constraints ordered by entailment). In other words, any ccp process can be seen as an idempotent, increasing, and monotonic function from stores to stores. Consequently, ccp processes can be viewed
as: computing agents, formulae in the underlying logic, and closure operators. This allows ccp to benefit from the large body of techniques of process calculi, logic and domain theory.

        Our research in ccp develops along the following two lines:

        
          	
             (a)
The study of a bisimulation semantics for ccp.
The advantage of bisimulation, over other kinds of semantics, is that it can be efficiently verified.

          

          	
             (b)
The extension of ccp with constructs to capture emergent systems such as those in social networks and cloud computing.
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      Research Program

        Model checking

        Participants :
	Konstantinos Chatzikokolakis, Catuscia Palamidessi.

        Model checking addresses the problem of establishing whether a given specification satisfies a certain property.
We are interested in developing model-checking techniques for verifying concurrent systems of the kind explained above.
In particular, we focus on security and privacy, i.e., on the problem of proving that a given system satisfies the intended security or privacy properties.
Since the properties we are interested in have a probabilistic nature, we use probabilistic automata to model the protocols.
A challenging problem is represented by the fact that the interplay between nondeterminism and probability, which in security presents subtleties
that cannot be handled with the traditional notion of a scheduler,
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        Section: 
      Application Domains

        Security and privacy

        Participants :
	Konstantinos Chatzikokolakis, Catuscia Palamidessi, Ehab Elsalamouny, Marco Stronati, Joris Lamare.

        The aim of our research is the specification and verification
of protocols used in mobile distributed systems,
in particular security protocols. We are especially interested in
protocols for information hiding.

        Information hiding is a generic term which we use here to refer to
the problem of preventing the disclosure of information which is supposed to be secret or confidential.
The most prominent research areas which are concerned with this problem are those of
secure information flow and of privacy.

        Secure information flow refers to the problem of avoiding the so-called propagation of secret
data due to their processing. It was initially considered as related to software, and the research focussed on
type systems and other kind of static analysis to prevent dangerous operations,
Nowadays the setting is more general, and a large part of the research effort is directed
towards the investigation of probabilistic scenarios and treaths.

        Privacy denotes the issue
of preventing certain information to become publicly known. It may refer to the protection of private data
(credit card number, personal info etc.), of the
agent's identity (anonymity), of the link between information and user
(unlinkability), of its activities (unobservability),
and of its mobility (untraceability).

        The common denominator of this class of problems is that an adversary
can try to infer the private information (secrets) from the
information that he can access (observables).
The solution is then to obfuscate the link between
secrets and observables as much as possible,
and often the use randomization, i.e. the introduction of noise,
can help to achieve this purpose. The system can then
be seen as a noisy channel, in the information-theoretic sense,
between the secrets and the observables.

        We intend to explore the rich set of concepts and techniques in the fields of
information theory and hypothesis testing
to establish the foundations of quantitive information flow and of privacy, and to develop heuristics and methods
to improve mechanisms for the protection of secret information. Our approach will be based on the specification of protocols
in the probabilistic asynchronous π-calculus, and the application of model-checking
to compute the matrices associated to
the corresponding channels.
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      Highlights of the Year

        Highlights of the Year

        
        Awards

        
          	
             SIGSAC Doctoral
Dissertation Award 2015  for the thesis “Measuring Privacy with
Distinguishability Metrics: Definitions, Mechanisms and Application to Location
Privacy” [29]  by Nicolás Bordenabe (Defended on
Sep 12, 2014)

          

          	
             Prix de thèse de l’Ecole Polytechnique 2015 for the thesis “Measuring
Privacy with Distinguishability Metrics: Definitions, Mechanisms and Application
to Location Privacy” [29]  by Nicolás Bordenabe
(Defended on Sep 12, 2014)
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        Section: 
      New Software and Platforms

        Location Guard

        Participants :
	Konstantinos Chatzikokolakis [correspondant] , Marco Stronati.

        
          https://github.com/chatziko/location-guard
        

        The purpose of Location Guard is to protect the user’s location during the use
of a location-based service, in an easy and intuitive way that makes it
available to the general public. Various modern applications, running either on
smartphones or on the web, allow third parties to obtain the user's location. A
smartphone application can obtain this information from the operating system
using a system call, while web application obtain it from the browser using a
JavaScript call.

        Although both mobile operating systems and browsers require the user's
permission to disclose location information, the user faces an “all-or-nothing”
choice: either disclose his exact location and give up his privacy, or stop
using the application. This forces many users to disclose their location,
although ideally they would like to enjoy some privacy.

        The API level of a browser or an operating system is an ideal place for
integrating a location obfuscation technique, in a way that is easy to
understand for the average user, and readily available to all applications. When
an application asks for the user's location, the browser or operating system can
ask the user's permission, but including the option to provide an obfuscated
location instead of the real one! Different levels of obfuscation can be also
offered, so that the user can chose to provide more accurate location to
applications that really need it, and more noisy location to those that don't.

        In 2015, Location Guard matured with several additions and fixes throughout the
year, and was selected by Mozilla as the
pick
of the month  for June 2015, confirming the users' general interest in location
privacy.

        Moreover in 2015 we set the foundations for actively using Location Guard as a
platform for performing research on location privacy. Since location data are
sensitive, since the creation of Location Guard we chose to collect no data
whatsoever from the users. However, such data are invaluable for research
purposes. As a consequence, we created a framework for locally collecting
data at the user's machine, perform an analysis also locally, and collect back
only the results of the analysis for research purposes.
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        Section: 
      New Results

        Foundations of information hiding 

        Information hiding refers to the problem of protecting private information
while performing certain tasks or interactions, and trying to avoid that an
adversary can infer such information. This is one of the main areas of
research in Comète; we are exploring several topics, described below.

        
        On the information leakage of differentially-private mechanisms

        Differential privacy aims at protecting the privacy of participants in
statistical databases. Roughly, a mechanism satisfies differential privacy if
the presence or value of a single individual in the database does not
significantly change the likelihood of obtaining a certain answer to any
statistical query posed by a data analyst. Differentially-private mechanisms are
often oblivious: first the query is processed on the database to produce a true
answer, and then this answer is adequately randomized before being reported to
the data analyst. Ideally, a mechanism should minimize leakage, i.e., obfuscate
as much as possible the link between reported answers and individuals' data,
while maximizing utility, i.e., report answers as similar as possible to the
true ones. These two goals, however, are in conflict with each other, thus
imposing a trade-off between privacy and utility.

        In [12]  we used quantitative information flow principles to
analyze leakage and utility in oblivious differentially-private mechanisms. We
introduced a technique that exploits graph symmetries of the adjacency relation
on databases to derive bounds on the min-entropy leakage of the mechanism. We
considered a notion of utility based on identity gain functions, which is
closely related to min-entropy leakage, and we derived bounds for it. Finally,
given some graph symmetries, we provided a mechanism that maximizes utility
while preserving the required level of differential privacy.

        
        Geo-indistinguishability: A Principled Approach to Location Privacy

        With the increasing popularity of handheld devices, location-based applications
and services have access to accurate and real-time location information, raising
serious privacy concerns for their users. In [17] 
we reported on our ongoing project aimed at protecting the privacy of the user
when dealing with location-based services. The starting point of our approach is
the principle of geo-indistinguishability, a formal notion of privacy that
protects the user’s exact location, while allowing approximate information –
typically needed to obtain a certain desired service – to be released. We then
presented two mechanisms for achieving geo-indistinguishability, one generic to
sanitize locations in any setting with reasonable utility, the other
custom-built for a limited set of locations but providing optimal utility.
Finally we extended our mechanisms to the case of location traces, where the
user releases his location repeatedly along the day and we provide a method to
limit the degradation of the privacy guarantees due to the correlation between
the points. All the mechanisms were tested on real datasets and compared both
among themselves and with respect to the state of the art in the field.

        
        Constructing elastic distinguishability metrics for location
privacy

        The recently introduced notion of geo-indistinguishability tries to address the
problem of accessing location-aware services in a privacy-friendly way by
adapting the well-known concept of differential privacy to the area of
location-based systems. Although geo-indistinguishability presents various
appealing aspects, it has the problem of treating space in a uniform way,
imposing the addition of the same amount of noise everywhere on the map.

        In [13]  we proposed a novel elastic
distinguishability metric that warps the geometrical distance, capturing the
different degrees of density of each area. As a consequence, the obtained
mechanism adapts the level of noise while achieving the same degree of privacy
everywhere. We also showed how such an elastic metric can easily incorporate the
concept of a "geographic fence" that is commonly employed to protect the highly
recurrent locations of a user, such as his home or work. We performed an
extensive evaluation of our technique by building an elastic metric for Paris'
wide metropolitan area, using semantic information from the OpenStreetMap
database. We compared the resulting mechanism against the Planar Laplace
mechanism satisfying standard geo-indistinguishability, using two real-world
datasets from the Gowalla and Brightkite location-based social networks. The
results showed that the elastic mechanism adapts well to the semantics of each
area, adjusting the noise as we move outside the city center, hence offering
better overall privacy.

        
        Quantitative Information Flow for Scheduler-Dependent Systems

        Quantitative information flow analyses measure how much information on secrets
is leaked by publicly observable outputs. One area of interest is to quantify
and estimate the information leakage of composed systems. Prior work has focused
on running disjoint component systems in parallel and reasoning about the
leakage compositionally, but has not explored how the component systems are run
in parallel or how the leakage of composed systems can be minimised.

        In [23]  we considered the manner in which parallel
systems can be combined or scheduled. This considers the effects of scheduling
channels where resources may be shared, or whether the outputs may be
incrementally observed. We also generalised the attacker’s capability, of
observing outputs of the system, to consider attackers who may be imperfect in
their observations, e.g. when outputs may be confused with one another, or when
assessing the time taken for an output to appear. Our main contribution was to
present how scheduling and observation affect information leakage properties. In
particular, that scheduling can hide some leaked information from perfect
observers, while some scheduling may reveal secret information that is hidden to
imperfect observers. In addition we presented an algorithm to construct a
scheduler that minimises the min-entropy leakage and min-capacity in the
presence of any observer.
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        Foundations of Concurrency

        Distributed systems have changed substantially in the recent past with the
advent of phenomena like social networks and cloud computing. In the previous
incarnation of distributed computing the emphasis was on consistency, fault
tolerance, resource management and related topics; these were all characterized
by interaction between processes. Research proceeded along two lines: the
algorithmic side which dominated the Principles Of Distributed Computing
conferences and the more process algebraic approach epitomized by CONCUR where
the emphasis was on developing compositional reasoning principles. What marks
the new era of distributed systems is an emphasis on managing access to
information to a much greater degree than before.

        
        An Algebraic View of Space/Belief and Extrusion/Utterance for
Concurrency/Epistemic Logic

        The notion of constraint system (cs) is central to declarative formalisms from
concurrency theory such as process calculi for concurrent constraint programming
(ccp). Constraint systems are often represented as lattices: their elements,
called constraints, represent partial information and their order corresponds to
entailment. Recently a notion of n-agent spatial cs was introduced to represent
information in concurrent constraint programs for spatially distributed
multi-agent systems. From a computational point of view a spatial constraint
system can be used to specify partial information holding in a given agent's
space (local information). From an epistemic point of view a spatial cs can be
used to specify information that a given agent considers true (beliefs). Spatial
constraint systems, however, do not provide a mechanism for specifying the
mobility of information/processes from one space to another. Information
mobility is a fundamental aspect of concurrent systems.

        In the poster paper [24]  we discussed using constraint
systems with an algebraic operator that correspond to moving information
in-between spaces as to mimic the mobility of data of distributed systems such
as posting opinions/lies to other spaces or publicly disclosing data. In the
conference paper [22]  we enriched spatial constraint
systems with operators to specify information and processes moving from a space
to another. We referred to these news structures as spatial constraint systems
with extrusion. We investigated the properties of this new family of constraint
systems and illustrated their applications. From a computational point of view
the new operators provide for process/information extrusion, a central concept
in formalisms for mobile communication. From an epistemic point of view
extrusion corresponds to a notion we called utterance; a piece of information
that an agent communicates to others but that may be inconsistent with the
agent’s beliefs. Utterances can then be used to express instances of epistemic
notions, which are commonplace in social media, such as hoaxes or intentional
lies. Spatial constraint systems with extrusion can be seen as complete Heyting
algebras equipped with maps to account for spatial and epistemic specifications.
In the journal paper [28]  we extended our work in
[22]  by showing that spatial constraint systems can also
express the epistemic notion of knowledge by means of a derived spatial operator
that specifies global information.

        
        A Labelled Semantics for Soft Concurrent Constraint Programming

        In [21]  we presented a labelled semantics for Soft
Concurrent Constraint Programming (SCCP), a language where concurrent agents may
synchronize on a shared store by either posting or checking the satisfaction of
(soft) constraints. SCCP generalizes the classical formalism by parametrising
the constraint system over an order-enriched monoid: the monoid operator is not
required to be idempotent, thus adding the same information several times may
change the store. The novel operational rules are shown to offer a sound and
complete co-inductive technique to prove the original equivalence over the
unlabelled semantics.

        
        Verification methods for concurrent Constraint Programming

        Concurrent Constraint Programming (CCP) is a well-established declarative
framework from concurrency theory. Its foundations and principles e.g.,
semantics, proof systems, axiomatizations, have been thoroughly studied for over
the last two decades. In contrast, the development of algorithms and automatic
verification procedures for CCP have hitherto been far too little considered.

        To the best of our knowledge there is only one existing verification algorithm
for the standard notion of CCP program (observational) equivalence. In
[16]  we first showed that this verification algorithm
has anexponential-time complexity even for programs from a representative
sub-language of CCP; the summation-free fragment ( CCP+). We then significantly
improved on the complexity of this algorithm by providing two alternative
polynomial-time decision procedures for CCP+ program equivalence. Each of these
two procedures has an advantage over the other. One has a better time
complexity. The other can be easily adapted for the full language of CCP to
produce significant state space reductions. The relevance of both procedures
derives from the importance of CCP+. This fragment, which has been the subject
of many theoretical studies, has strong ties to first-order logic and an elegant
denotational semantics, and it can be used to model real-world situations. Its
most distinctive feature is that of confluence, a property we exploit to obtain
our polynomial procedures.

        Bisimilarity is a standard behavioral equivalence in concurrency theory.
However, only recently a well-behaved notion of bisimilarity for CCP, and a CCP
partition refinement algorithm for deciding the strong version of this
equivalence have been proposed. Weak bisimilarity is a central behavioral
equivalence in process calculi and it is obtained from the strong case by taking
into account only the actions that are observable in the system. Typically, the
standard partition refinement can also be used for deciding weak bisimilarity
simply by using Milner's reduction from weak to strong bisimilarity; a technique
referred to as saturation. In [15]  we demonstrated that,
because of its involved labeled transitions, the above-mentioned saturation
technique does not work for CCP. We also gave an alternative reduction from weak
CCP bisimilarity to the strong one that allows us to use the CCP partition
refinement algorithm for deciding this equivalence. We also proved that due to
distinctive nature of CCP, the new method does not introduce
infinitely-branching in the resulting transition systems. Finally, we derived an
algorithm to automatically verify the notion of weak bisimilarity in CCP.

        The ntcc calculus extends CCP with the notion of discrete time-units for the
specification of reactive systems. Moreover, ntcc features constructors for
non-deterministic choices and asynchronous behavior, thus allowing for (1)
synchronization of processes via constraint entailment during a time-unit and
(2) synchronization of processes along time-intervals. In
[20]  we developed the techniques needed for the automatic
verification of ntcc programs based on symbolic model checking. We showed that
the internal transition relation, modeling the behavior of processes during a
time-unit (1 above), could be symbolically represented by formulas in a suitable
fragment of linear time temporal logic. Moreover, by using standard techniques
as difference decision diagrams, we provided a compact representation of these
constraints. Then, relying on a fixpoint characterization of the timed
constructs, we obtained a symbolic model of the observable transition (2 above).
We proved that our construction is correct with respect to the operational
semantics. Finally, we introduced a prototypical tool implementing our method.
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        Promoting Scientific Activities

        Note: In this section we include only the activities of the
permanent internal members of Comète.

        
        Scientific events organisation

        
        Member of the organizing committee

        Catuscia Palamidessi is member of:

        
          	
             The Executive Committee of SIGLOG , the ACM Special Interest Group on Logic and Computation. Since 2014.

          

          	
             The Organizing Committee of LICS , the ACM/IEEE Symposium on Logic in Computer Science. Since 2010.

          

          	
             The Council of EATCS , the European Association for Theoretical
Computer Science. Since 2005.

          

          	
             The Steering Committee of ETAPS , the European Joint Conferences on Theory and Practice of Software. Since 2006.

          

          	
             The Steering Committee of EACSL , the European Association for Computer Science Logics. Since 2015.

          

          	
             The IFIP Technical Committee 1  – Foundations of
Computer Science. Since 2007.

          

          	
             The IFIP Working Group 2.2  – Formal Description of Programming Concepts. Since 2001.

          

          	
             The IFIP Working Group 1.7  – Theoretical Foundations of Security Analysis and Design. Since 2010.

          

        

        Frank D. Valencia is member of:

        
          	
             The steering committee of the International Workshop in Concurrency EXPRESS. Since 2010.

          

        

        
        Scientific events selection

        
        Chair of conference program committee

        Catuscia Palamidessi:

        
          	
             has served as PC chair of LICS 2015 . 30th Annual ACM/IEEE Symposium on Logic in Computer Science. Kyoto, Japan, 6-10 July 2015.

          

        

        Frank Valencia:

        
          	
             has served as PC chair (with Camilo Rueda and Martin Leucker as co-chairs) of ICTAC 2015 : The 12th International Colloquium on Theoretical Aspects of Computing. Cali, Colombia Oct 29-31 2015. Co-located with
11th International Workshop on Developments in Computational Models DCM 2015 .

          

          	
             as general chair of ICTAC 2015 : The 12th International Colloquium on Theoretical Aspects of Computing. Cali, Colombia Oct 29-31 2015.

          

        

        
        Member of the conference program committee

        Catuscia Palamidessi is/has been a member of the program committees
of the following conferences and workshops:

        
          	
             ICTAC 2016 . 13th International Colloquium on Theoretical Aspects of Computing
Taipei, Taiwan, 24-31 October 2016.

          

          	
             CONCUR 2016 . The 27th International Conference on Concurrency Theory. Québec City, Canada, 23-26 August 2016.

          

          	
             TASE 2016 . The 10th International Symposium on Theoretical Aspects of Software Engineering.
Shanghai, China, 17-19 July 2016.

          

          	
             FCS 2016 . The Workshop on Foundations of Computer Security. Lisbon, Portugal, 27 June 2016.

          

          	
             MFPS XXXII . The Thirty-second Conference on the Mathematical Foundations of Programming Semantics. Carnegie Mellon University, Pittsburgh, USA, 23-26 May 2016.

          

          	
             PhDs in Logic VIII . Darmstadt, Germany, 9-11 May 2016.

          

          	
             UEOP 2016 . The 1st Workshop on Understanding and Enhancing Online Privacy. San Diego, USA, 21 February 2016.

          

          	
             ATVA 2015 . The 13th International Symposium on Automated Technology for Verification and Analysis. Shanghai, China, 12-15 October 2015.

          

          	
             WPES 2015 . The Workshop on Privacy in the Electronic Society. Denver, Colorado, USA, 12 October 2015.

          

          	
             QEST 2015 . The 12th International Conference on Quantitative Evaluation of SysTems. Madrid, Spain, 1-3 September 2015.

          

          	
             LOPSTR 2015 . The 25th International Symposium on Logic-Based Program Synthesis and Transformation. Siena, Italy, 13-15 July 2015.

          

          	
             FORTE 2015 . The 35th IFIP International Conference on Formal Techniques for Distributed Objects, Components and Systems. Inria Grenoble, France, 2-4 June 2015.

          

          	
             TPDP 2015 . Theory and Practice of Differential Privacy London, UK, 18 April 2015.

          

        

        Konstantinos Chatzikokolakis is/has been a member of the program committees
of the following conferences and workshops:

        
          	
             PETS 2016 : The 16th Privacy Enhancing Technologies Symposium

          

          	
             WWW 2016 : 25th World Wide Web conference

          

          	
             ICISSP 2015 : 1st International Conference on Information Systems Security and Privacy
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             Abstract: In this project we focus on three aspects of formal methods: specification, verification, and synthesis. We consider the study of both qualitative behavior and quantitative behavior (extended with probabilistic information). We aim to study formal methods in all their aspects: foundations (their mathematical and logical basis), algorithmic advances (the conceptual basis for software tool support) and practical considerations (tool construction and case studies).
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        Section: 
      Partnerships and Cooperations


        International Research Visitors


        
        Visits of International Scientists


        
          		
             Santiago Quintero, Undergraduate Student, Universidad Javeriana Cali, Colombia, Nov 2015 to Dec 2015


          


          		
             Camilo Rueda, Professor, Universidad Javeriana Cali, Colombia, Nov 2015 to Dec 2015


          


          		
             Mario Ferreira Alvim Junior, Assistant Professor, Federal University of Minas Gerais, Brazil, Dec 2015


          


          		
             Annabelle McIver, Associate Professor, Macquarie University, Australia, Dec 2015


          


          		
             Carroll Morgan, Professor, University of New South Wales and NICTA, Australia, Dec 2015


          


          		
             Geoffrey Smith, Professor, Florida International University, USA, Dec 2014


          


        


        
        Visits to International Teams


        
          		
             Frank Valencia visited the team of Camilo Rueda (AVISPA) at Pontifical Universidad Javeriana Cali, from Feb 2015
until Feb 2015


          


          		
             Frank Valencia visited the team of Camilo Rueda (AVISPA) at Pontifical Universidad Javeriana Cali, from July 2015
until July 2015


          


        


      

      
      

      
    

  

