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Preface

Large software systems are becoming more and more distributed, collaborative, and
communication-centered systems. Services in terms of functional and autonomous
building blocks and the interactions between them have been established as funda-
mental concepts to design, implement, and deploy complex systems. Yet, independent
of platforms and programming languages, formal methods play a key role in research
on complex, service-based systems. They can help us to define unambiguous semantics
for the languages that underpin existing infrastructures, facilitate consistency checking
of interactions, empower dynamic discovery, and drive the analysis of security and
performance properties of applications.

This volume contains the joint proceedings of two initiatives that have been devoted
to the formal foundations of complex systems: the WS-FM:FASOCC 2014 and
WS-FM/BEAT 2015 workshops.

The 11th International Workshop on Web Services and Formal Methods: Formal
Aspects of Service-Oriented and Cloud Computing (WS-FM:FASOCC 2014) brought
together researchers working on service-oriented computing, cloud computing, and
formal methods in order to catalyze fruitful collaboration. It was part of the WS-FM
workshop series that has a strong tradition of attracting submissions on formal
approaches to enterprise systems modelling in general, and business process modelling
in particular. Previous editions of the WS-FM workshop series took place in Pisa
(2004), Versailles (2005), Vienna (2006), Brisbane (2007), Milan (2008), Bologna
(2009), Hoboken (2010), Clermont-Ferrand (2011), Tallinn (2012), and Beijing (2013).
WS-FM:FASOCC 2014 was planned to be held in Haifa, Israel, co-located with the
12th International Conference on Business Process Management (BPM 2014). How-
ever, the continuous uncertainty regarding the situation in southern Israel and Gaza led
to a relocation of BPM 2014 and WS-FM:FASOCC 2014, so that the workshop took
place September 11–12, 2014, in Eindhoven, The Netherlands.

In 2015, the WS-FM workshop and the International Workshop on Behavioural
Types (BEAT) joined forces, resulting in the International Symposium on Web Ser-
vices, Formal Methods and Behavioural Types (WS-FM/BEAT 2015). Both, WS-FM
and BEAT, target the same research setting, i.e., large-scale behavioral software sys-
tems. The aim of this joint workshop event was to bring together researchers and
practitioners in all aspects of behavioral software systems and their applications, in
order to share results, consolidate the community, and discover opportunities for new
collaborations and future directions. Previous editions of the BEAT workshop series
took place in Lisbon (2011), Rome (2012 and 2014), and Madrid (2013). The first joint
edition of the WS-FM and BEAT workshop series, WS-FM/BEAT 2015, took place
September 4–5, 2015, in Madrid, Spain. It was part of the “MADRID MEET 2015
Meeting”, which comprised a one-week scientific event with conferences and work-
shops in the areas of formal and quantitative analysis of systems, performance engi-
neering, computer safety, and industrial critical applications. The program of the



second day of the symposium was shared with that of the 14th International Workshop
on Foundations of Coordination Languages and Self-Adaptive Systems (FOCLASA).

The WS-FM:FASOCC 2014 program included keynotes by Giuseppe De Giacomo
from the Sapienza Università di Roma, Italy, and Fabrizio Montesi from the University
of Southern Denmark, and two sessions with research paper presentations. The WS-
FM:FASOCC 2014 workshop attracted a total of 10 submissions, which were each
reviewed by at least three members of the Program Committee. Eventually, the com-
mittee decided to accept four papers. Further, two of the best papers of the closely
related 6th Central European Workshop on Services and Their Composition (ZEUS
2015) were invited to submit extended and revised versions for inclusion in the pro-
ceedings. After a review process with the WS-FM:FASOCC 2014 Program Committee,
one of these papers was accepted.

The WS-FM/BEAT 2015 program featured keynotes by Cosimo Laneve from the
Università di Bologna, Italy, and Javier Esparza from the Technische Universität
München, Germany, and four sessions with research paper presentations (including
four presentations selected from the submissions to WS-FM/BEAT). The WS-FM/
BEAT 2015 workshop attracted a total of six submissions, which were each reviewed
by at least three members of the Program Committee. Eventually, the committee
decided to accept three papers to include in this volume.

We wish to thank the WS-FM:FASOCC 2014 and WS-FM/BEAT 2015 Program
Committees and the external reviewers for their accurate and timely reviewing and
acknowledge the support of EasyChair for managing the review process. Finally, we
are grateful to the local organization teams of WS-FM:FASOCC 2014 in Haifa (Pnina
Soffer, Nilly Schnapp, and others) and Eindhoven (Wil van der Aalst, Ine van der Ligt,
and others) and of WS-FM/BEAT 2015 in Madrid (David de Frutos and others). They
all did an excellent job in the preparation of the workshops — thanks a lot!

December 2015 Thomas Hildebrandt
Matthias Weidlich

António Ravara
Jan Martijn van der Werf
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Verification of Data-Aware Processes

Giuseppe De Giacomo

Sapienza Università di Roma, Rome, Italy
degiacomo@dis.uniroma1.it

Keynote Abstract

Information systems are based on two pillars: data, which constitute the information
asset of the organization, and business processes, which constitute its modus operandi.
Traditionally these two aspects are considered, conceptualized, and formalized more or
less in isolation. Such form of separation of concerns has been considered quite fruitful
and it led to significant advances in both data and process management fields. However
it has recently been questioned by the so called artifact-centric approach that advocates
a holistic view of data and processes as a unity. In this talk, we will look at recent
progresses in the analysis of processes that live side-by-side with data, both as first-
class citizens. These systems are inherently infinite state and pose serious challenges to
traditional verification techniques such as model checking.



Kickstarting Choreographic Programming

Fabrizio Montesi&

University of Southern Denmark, Odense, Denmark
fmontesi@imada.sdu.dk

Abstract. We present an overview of some recent efforts aimed at the devel-
opment of Choreographic Programming, a programming paradigm for the
production of concurrent software that is guaranteed to be correct by con-
struction from global descriptions of communication behaviour.



Static Analysis of Unbounded Networks
with Behavioral Types

Cosimo Laneve

Department of Computer Science and Engineering,
University of Bologna – INRIA Focus, Bologna, Italy

cosimo.laneve@unibo.it

Keynote Abstract

The analysis of concurrent programs with infinite state models is extremely difficult
due to the inability of statically reasoning about unbounded structures. As an example,
consider those adaptive systems that, in order to reply to peaks of requests, create
networks with arbitrary numbers of servers. In such systems, server interaction
becomes complex and is hard to predict or to detect during testing. Additionally, even
when possible, it can be tricky to reproduce bugs and find their causes. It turns out that,
in these cases, the current analysers either return imprecise answers or do not scale.

This invited talk presents an analysis technique that have been used to verify
properties such as deadlock freedom [5, 6], upper bounds of resource usages [3], and
upper bounds of the computational cost [4] of programs that do not have a finite model.
The proof technique is modular and consists of two parts: a type (inference) system that
associates a behavioural type to a program and an algorithm for analysing the beha-
vioural types.

Behavioural types are simple terms that feature recursion and resource creation –

therefore their underlying model is infinite state – and express features of the programs
that are relevant to the property one wants to analyze. For example, in case of deadlock
analysis, behavioural types highlight resource dependencies; in case of resource
analysis, they highlight resource usages; in case of computational cost analysis, they
highlight the cost in time of instructions.

The behavioural type system typically performs standard abstractions, such as
computing aliases and effects of updates, and its correctness is expressed in a standard
way by means of a subject reduction theorem. In this setting, the subject-reduction
states that: if (i) a program P is typable in an environment Γ with behavioural type b

and (ii) P reduces to P′ then there exists an environment Γ ′ that types P′ with beha-
vioural type b0. It is worth to notice that the types b and b0 are different because, in
contrast to standard types, they change during the computation. Nevertheless, these
changes are regulated by a relation, called later-stage relation, which specifies the
correctness of the behavioural type analyzer (see below).

The analysis of behavioural types is performed either by ad-hoc algorithms – this is
the case of deadlock analysis [5, 6] – or by automatic off-the-shelf solvers, whenever
they are available – this is the case of resource and computational analysis [3, 4].



No matter what property is, analyzer’s correctness is demonstrated by verifying that the
analysis of behavioural types in the later stage relation, which include those types
related by the subject-reduction theorem, always return identical values. That is, if one
type has a deadlock (respectively, consumes at most n resources) then the other one in
later-stage relation has a deadlock as well (respectively, consumes at most n resources
as well).

Our techniques have been prototyped by taking a concurrent object-oriented lan-
guage as reference language. The prototypes for deadlock analysis and resource
analysis are available at [1, 2], respectively, while the prototype for computational cost
analysis is under development.

A relevant advantage of the analysis technique presented in the talk derives from
modularity. Because of modularity, the technique may be applied to several languages
by simply changing the type system and support several behavioural type analysis
algorithms.

References

1. Garcia, A., Giachino, E., Laneve, C., Lienhardt, M.: The deadlock framework for ABS
(2014). df4abs.nws.cs.unibo.it

2. Garcia, A., Laneve, C.: Static analyzer of resource usage upper bounds (2015). sra.cs.unibo.it
3. Garcia, A., Laneve, C. Lienhardt, M.: Static analysis of cloud elasticity. In: Proceedings of

PPDP 2015, pp. 125–136. ACM (2015)
4. Giachino, E., Johnsen, E. B., Laneve, C., Pun, K. I.: Time complexity of concurrent programs.

In: Braga, C., Ölveczky, P.C. (eds.) FACS 2015. LNCS, vol. 9539, pp. 199–216. Springer,
Berlin (2016)

5. Giachino, E., Kobayashi, N., Laneve, C.: Deadlock analysis of unbounded process networks.
In: Baldan,. P., Gorla, D. (eds.) CONCUR 2014, vol. 8704, pp. 63–77. Springer, Berlin
(2014)

6. Giachino, E., Laneve, C., Lienhardt, M.: A framework for deadlock detection in core ABS.
Software and Systems Modeling, pp. 1–36 (2015)
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A Petri-Net-like Model for Multiplayer
Distributed Negotiations

Javier Esparza

Fakultät für Informatik, Technische Universität München, Germany
esparza@tum.de

Keynote Abstract

Many modern distributed systems consist of components whose behavior is only
partially known. Typical examples include multi-agent systems, business processes, or
protocols for conducting elections and auctions. An interaction between these com-
ponents can be abstractly described as a negotiation in which several parties (the
components involved in the negotiation) nondeterministically agree on an outcome,
which results in a transformation of the internal states of the parties. In this talk we
introduce negotiations, a formal model of concurrency close to Petri nets, with mul-
tiparty negotiation as primitive.

Negotiations can be ill designed: the parties can reach a deadlock or a livelock (a
state from which the termination cannot successfully terminate anymore). In a sound
negotiation this is not possible: from every reachable marking the final marking of the
distributed negotiation can always be reached. A sound distributed negotiation has an
equivalent one-step negotiation, called a summary. Loosely speaking, an external
observer that only sees the initial and final states of the parties cannot distinguish a
negotiation from its summary.

In the first part of the talk we study two problems: deciding whether a given
negotiation is sound, and computing the summary of a given sound negotiation. We
introduce deterministic negotiations, in which each participant can always be engaged
in at most one next atomic negotiation. We show that, while both problems are
untractable for arbitrary negotiations, there are efficient algorithms for the deterministic
case. More precisely, we provide a complete set of reduction rules for deterministic
negotiations. The rules reduce the negotiation to its summary iff the negotiation is
sound. Further, the summary is computed after a polynomial number of rule
applications.

In the second part of the talk we introduce negotiation programs, a global struc-
tured modelling language for negotiations, and show that it has the same expressive
power as sound and deterministic negotiations: every program can be implemented by
an equivalent sound and deterministic negotiation, and every sound and deterministic
negotiation is modelled by an equivalent program. Here, a program and a negotiation
are equivalent if they have the same Mazurkiewicz traces and thus the same concurrent
runs.

The talk is based on joint work with Jörg Desel, published in [1–4].
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