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PRIME – Privacy and Identity
Management for Europe – aims to
develop a working prototype of a

privacy-enhancing Identity Management
System. To foster market adoption, novel
solutions for managing identities will be
demonstrated in challenging real-world
scenarios, eg from Internet communication,
airline and airport passenger processes,
location-based services and collaborative 
e-learning.

All social and economic interactions between
human beings in modern civilisation require the
exchange of some personal data. The decision
of what data to make available is made
intuitively in normal life: for instance, do you
choose to state your name when shaking hands?
In the online world, every person must handle
numerous accounts and data sets. These so-
called ‘partial identities’ will increasingly play a

key role in future electronic services as well as
in public security (eg border controls). They may
very well convey sensitive personal data, such as
patient health data, employee data or credit
card data. Surveys have shown that people now
feel their privacy is at risk from identity theft
and the erosion of individual rights. In the
Information Society, people want to interact
securely and safely while maintaining control of
their personal data.

PRIME focuses on solutions for privacy-
enhancing identity management that supports
end-users' sovereignty over their private sphere
and enterprises' privacy-compliant data
processing. Since its inception in 2004, the
PRIME project has demonstrated viable
solutions to privacy-enhancing identity
management by delivering a reference
framework, requirements, an architecture,
design guidelines, protocols and prototype
implementations that are evaluated from a
multidisciplinary perspective.

To achieve its goals, PRIME uses cutting-edge
semantic Web tools. This allows the so-called
‘sticky policy’ paradigm to be implemented
where privacy metadata containing governance
information are travelling across databases –
even across company boundaries – together
with the data record they control. 

W3C participated as a subcontractor of ICPP,
the Schleswig-Holstein Data Commissioner, and
provided architecture consulting and
international outreach. In October 2006, W3C
organised a very successful workshop on
Languages for Privacy Policy Negotiation and
Semantics-Driven Enforcement (see
http://www.w3.org/2006/07/privacy-ws). This
led to the creation of the Policy Languages
Interest Group (PLING, see
http://www.w3.org/Policy/pling). 

PRIME

EC funding: €10 050 000

ERCIM's role: W3C participating as a subcontractor

ERCIM members/partners involved: 
Katholieke Universiteit Leuven (FNRS/FWO), 
GEIE ERCIM/W3C 

Scientific coordination: Eric Goderniaux, IBM Business
Consulting Services, Belgium

Duration: March 2004-May 2008

https://www.prime-project.eu

Privacy and Identity
Management for Europe, an

Integrated Project funded by the
Information Society

Technologies programme of the
European Commission.

Managing the personal identity has become a serious
issue as we enter our credentials online and into
various databases.
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VITALAS

The VITALAS project is working on a 
pre-industrial prototype dedicated to
intelligent access services for

multimedia professional archives, which
would provide the consumer with new
technological functionalities. VITALAS system
technology is envisaged to be a B2B tool that
will develop technology that could be applied
and reused for larger public consumers facing
multimedia content search engines.

VITALAS will provide an advanced solution to the
problems of indexing, searching and accessing large-scale
digital audio-visual content (for instance, INA's audio-
visual archive for September 2006 contains 732 063
hours of television and 1 063 246 hours of radio).

Main achievements in 2007

Market Analysis
An in-depth market analysis has been performed in
order to assess the market for mixed media search
products, to identify which are the key opportunities
for VITALAS exploitation, and to know where VITALAS
can address market needs and what its strengths are
relative to the competition. 

Elaboration of VITALAS Use Cases
Because VITALAS is a user-centric system, the
analysis of users’ requirements and expectations,
the elaboration of VITALAS use cases and the
definition of ‘adapted test corpora’ were
performed during the first six months of the
project. A first version of the user interface and 
of the visualisation modules was developed. The
users’ requirements in term of security, access
rights and personalisation were defined and the
architecture of the security module was issued 
in accordance to the whole system architecture.  

First Version of the Platform: VITALAS v0
During the first half of 2007, the definition of the
architecture of the VITALAS platform and the
specification of the baseline were completed. 
A Web-service-oriented architecture was proposed

together with a data reference model for data
exchange among services. Furthermore, several
business services have been identified and their
interfaces have been described. A view of the user
interface that is foreseen for the first version of the
VITALAS system is shown above. 

First Year of scientific research: 
- enabling technologies: specification and

development of the V1 SoA modules, including
content media indexing (audio, video, text) and the
new visual local features (interpretable interest
points, dissociated local features); 

- cross-media indexing (fusion) with the
implementation of a state-of-the-art cross-media
indexing tool (audio, text and visual features;
combination using SVM);

- cross-media retrieval (query expressions to
represent VITALAS use cases, initiated search log
analysis of Belga image collection, coordination of
and participation in INEX multimedia track);

- implementation of a first version of the required
baseline system to allow initial integration of
VITALAS components.

The major activities still to come will be to extend
integration and collaboration between partners in the
VITALAS system in order to improve upon the state
of the art, including: 
- development of new methods for generic object

recognition;
- visual thesaurus construction;
- video visual features and similarity measures;
- word-sense disambiguation;
- speech indexing;
- similarity search structures. 
The consortium will also seek to make novel
contributions to cross-media indexing, in particular
cross-media representation and cross-media fusion,
and will choose the retrieval model whose
effectiveness of the ranking component will be
measured in international benchmarks.
The next version of VITALAS system (available in the
second half of 2008) will integrate the compliant
text, video and audio modules in the platform. It will
be implemented in the content provider partners’
requirements for training and trials.

EC funding: €4 690 000   

ERCIM's role: administrative coordinator

ERCIM members involved:
INRIA, CWI, Fraunhofer IAIS   

Scientific coordination: Nozha Boujemaa (INRIA)  

Duration: January 2007-December 2009  

http://vitalas.ercim.org

Video & image Indexing and reTrievAl
in the LArge Scale, an Integrated

Project funded by the Information
Society Technologies programme of

the European Commission.  

Prototype of the VITALAS User Interface.
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The purpose of an ERCIM Working Group is to build and maintain a network of ERCIM
researchers in a particular scientific field. The Working Groups are open to any researcher
in the specific scientific field.  

The activities of a Working Group can be divided into several areas: workshops to build the
community and maintain its vibrancy, projects designed to advance R&D in the particular area of the
Group, and human mobility (internal mobility and fellows) to assure the appropriate trained human
capital. On application to the ERCIM Executive Committee, a Working Group receives support in the
form of initial seed money to set up a first workshop. 

Travel support is given to ERCIM researchers by their institutes to allow them to participate in the
workshops organised by the Working Group. It is expected that each Group organises at least one
annual workshop. A major activity of an ERCIM Working Group is to search actively for project
funding that crosses national borders. The projects DELOS, MUSCLE and Net-WMS, for example, have
been initiated by ERCIM Working Groups. 

ERCIM institutes have reserved resources to stimulate mobility, enabling work on collaborative
research projects at other institutes for periods from one to six months. Working Groups are also
invited to identify topics of interest to be included in the half-yearly calls published for the ERCIM
'Alain Bensoussan' Fellowship Programme, and as a consequence can participate in this programme by
hosting a fellow. ERCIM Working Groups contribute many of the articles in ERCIM News and
commonly provide scientific coordination for the special theme sections. They also participate in the
production of ERCIM strategic reports. 

http://www.ercim.org/activity/workgroup.html
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Computing and Statistics
Coordinator: Erricos J. Kontoghiorghes, School of Computer Science and Information Systems,
Birkbeck, University of London

The WG has over 300 members and has resulted in many journal publications. Those reported here
were generated in 2007 by ERCIM fellows and for special issues based on the ERCIM WG meetings.
The members of the WG's specialized group ‘Fuzzy Statistical Analysis’ obtained the COST Action
IC0702 ‘Combining Soft Computing Techniques and Statistical Methods to Improve Data Analysis
Solutions’. The kick-off meeting of the WG initiated a special issue on Computational Econometrics.
There were approximately ninety submissions, and it is expected to be published early in 2009.

The WG has been in contact with Elsevier, publisher of the journal Computational Statistics and Data
Analysis. A discussion was held on establishing  a series of ERCIM WG ‘Computing and Statistics’
review articles. These articles will also be considered for publication in the CSDA journal. The
accepted review articles will be freely available on the WG's Web site.

Joint publications:
- Computationally efficient methods for estimating the updated-observations SUR models, Petko 

I. Yanev and Erricos J. Kontoghiorghes, 2007, in Applied Numerical Mathematics, Volume 57, Issues 
11-12, November-December 2007, Pages 1245-1258, http://dx.doi.org/10.1016/j.apnum.2007.01.004

- 2nd Special issue on Numerical Algorithms, Parallelism and Applications, Erricos John
Kontoghiorghes and Bernard Philippe, 2007, http://dx.doi.org/10.1016/j.apnum.2007.01.010

- A graph approach to generate all possible regression submodels, Cristian Gatu, Petko I. Yanev and
Erricos J. Kontoghiorghes, in Computational Statistics, http://dx.doi.org/10.1016/j.csda.2007.02.018

- Efficient algorithms for computing the best subset regression models for large-scale problems, Marc
Hofmann, Cristian Gatu and Erricos J. Kontoghiorghes, 2007, in Computational Statistics,
http://dx.doi.org/10.1016/j.csda.2007.03.017

- An efficient branch-and-bound strategy for subset vector autoregressive model selection, Cristian
Gatu, Erricos J. Kontoghiorghes, Manfred Gilli and Peter Winker, 2007, in Journal of Economic
Dynamics and Control, http://dx.doi.org/10.1016/j.jedc.2007.08.001

- The Third Special Issue on Computational Econometrics, David A. Belsley, Erricos J. Kontoghiorghes
and Jan R. Magnus, 2007 in Computational Statistics, http://dx.doi.org/10.1016/j.csda.2007.02.002

Organised events: 
Kick-off meeting of the ERCIM Working Group, 20-22 April 2007, Geneva, Switzerland. 

International Workshop on Computational and Financial Econometrics held on 20-22 April 2007, 
in Geneva, Switzerland. Lecturers included James MacKinnon, Queen's University, Canada; Peter
Rousseeuw, University of Antwerp, Belgium; Dimitri Bertsekas, Massachusetts Institute of Technology,
USA; Claudio Albanese, Imperial College London, UK; John M. Mulvey, Princeton University, USA. 
The workshop was held jointly with the kick-off meeting of the Working Group. 

ERCIM fellows hosted:
Cristian Gatu at Department of Computer Science, University of Neuchatel, Switzerland and INRIA-
IRISA, France.

WG Web site: http://www.dcs.bbk.ac.uk/ercim

.
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Dependable Software-Intensive Embedded Systems
Coordinators: Erwin Schoitsch, Austrian Research Centers/AARIT and Amund Skavhaug, NTNU. 

Joint project:
DECOS (Dependable Embedded Systems) is an FP6 Integrated Project. It develops architecture and
middleware (‘high-level services’) on top of time-triggered core services (TTA, Layered FlexRay, TT-Ethernet)
to enable the design, development and validation (with certification support) of distributed, networked
dependable embedded systems, and to facilitate the shift from federated to integrated architectures. The
ERCIM WG is the dissemination partner in the project, and ERCIM information was distributed at all DECOS
events and workshops. There have been three joint workshops between ERCIM and DECOS.

Joint publications:
ERCIM/DECOS Workshop Proceedings 2007, E. Schoitsch, A. Skavhaug (Eds.)

Organised events:
- ERCIM/DECOS Workshop at Euromicro 2007; Topic: ‘Dependable Smart Systems: Research, Industrial

Applications, Cooperative Systems, Standardization and Certification’, 28 August 2007, Lübeck, Germany.
- ERCIM/DECOS/COOPERS Workshop at SAFECOMP 2007; Topic: ‘Dependable Embedded Systems –

Challenges, Impact, Solutions, Examples, Professional and Academic Education and Training’, 
18 September 2007, Nuremberg, Germany. 

- INDIN 07 Workshop, Special Session on Dependable Embedded System, 25 July 2007, Vienna, Austria.

The Working Group was also present at a number of conferences during 2007: the Vehicle Electronics
conference, which was held in Baden-Baden, Germany, 10-11 October 2007 with over 1500 participants
and at which the WG ran a booth; the Open Forum on Time-Triggered Technologies, Aerospace Field
Bus Technologies for Safety Critical Applications, Toulouse, France, 24-25 April 2007; the ITEA2, held
in Berlin, Germany with some 500 participants; and at a variety of national exhibitions and events of
the public funding agency in Austria.

Constraints
Coordinator: François Fages, INRIA

Joint projects: 
Net-WMS - Towards integrating virtual reality and optimisation techniques in a new generation of
Networked businesses in Warehouse Management Systems under constraints (see page 25)

Joint Publications:
Recent Advances in Constraints, F. Azevedo P. Barahona F. Fages F. Rossi, 2007, Springer-Verlag LNCS
4651, http://www.springerlink.com/content/978-3-540-73816-9

Organised events:
CSCLP international workshop on Constraint Solving and Constraint Logic Programming, 7-8 June 2007,
Rocquencourt, France. Speakers included Thierry Benoist, Bouygues; Gilles Pesant, Ecole Polytechnique
Montreal, Canada; and Jean-Charles Régin, ILOG, France.

WG Web site: http://contraintes.inria.fr/~soliman/ercim

.

.
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Digital Patient
Coordinator: Ioannis Tollis, ICS-FORTH

Organised events:
- 4th Digital Patient WG meeting, 14-15 May 2007, in Lausanne, Switzerland 
- Special session on ‘Digital Patient Simulation and Modelling of Pathophysiology’ in the 1st

International Conference on Digital Human Modelling, 22-27 July 2007, Beijing, P.R. China.

Articles in ERCIM News:
The Working Group coordinated the special theme ‘The Digital Patient’ of ERCIM News No. 69. 

WG Web site: http://www.ercim.org/wg/Digital_Patient

E-mobility
Coordinator: Torsten Braun, University of Bern, Switzerland/SARIT

Organised events: 
- eMobility WG meeting, 16 February 2007, Malaga, Spain
- 1st ERCIM Workshop on eMobility, 21 May 2007, Coimbra, Portugal. The workshop was held prior to

the International Conference on Wired/Wireless Communications. More than twenty participants
attended this workshop, with twelve presentations being selected by the international programme
committee from 21 submissions. Prof. Luis M. Correia from Technical University of Lisbon gave a
keynote talk on ‘eMobility: present and future challenges’.

WG Web site: http://www.emobility.unibe.ch

Environmental Modelling
Coordinator: Steffen Unger, Fraunhofer-FIRST

Organised event:
14th ERCIM Environmental Modelling Group Workshop ‘Informatics Applications on Simulation and
Modelling for Engineering the Environment’, 3-4 September 2007, held at Aristotle University,
Thessaloniki, Greece. 

Research issues that were addressed in the workshop presentations included:
- modern methods of knowledge extraction from huge environmental data sets (computational

intelligence, data fusion)
- modelling and simulation tools, and communication and presentation means for the citizen, for the

operational forecasting of air quality on all scales from European to street canyon level
- simulation and modelling, in particular the use of interactive Grid technology, in coastal and river

research (tsunamis, floods) and other life science domains.

WG Web site: http://ercim.first.fraunhofer.de

.

.

.



ERCIM - Activity Report 2007

34

W
O

R
K

IN
G

 G
RO

U
PS

Formal Methods for Industrial Critical Systems
Coordinator: Pedro Merino, University of Malaga/SpaRCIM 

Joint publications
- special issue of Formal Methods in System Design, 2007, Volume 30, Number 3, Andrew Butterfield,

Juan C. Bicarregui and Alvaro Arenas (Eds) http://www.springerlink.com/content/6412p614h32u5070
- Formal Methods: Applications and Technology, in Lecture Notes in Computer Science, 2007(4346),

Authors: Brim, Lubos; Haverkort, Boudewijn; Leucker, Martin; Pol, Jaco van de,
http://www.springerlink.com/content/3j27336744nv3257

Organised events:
- FMICS 2007: 12th International Workshop on Formal Methods for Industrial Critical Systems, 1-2 July

2007, Berlin, affiliated with the Computer Aided Verification (CAV) conference. The workshop
included five sessions of regular contributions and three invited presentations, given by Charles
Pecheur, Thomas Henzinger and Gérard Berry. In addition to the participants’ proceedings, a volume
in the Lecture Notes in Computer Science (LNCS) series published by Springer Verlag will be devoted
to FMICS 2007. FMICS 2007 attracted 33 participants.

- special session: ‘Advances in the FMICS-jETI Platform for Program Verification’ at 12th IEEE
International Conference on Engineering Complex Computer Systems (ICECCS 2007), 13 July 2007,
Auckland, New Zealand.

WG Web site: http://www.inrialpes.fr/vasy/fmics/index.html

IM2IM - IT and Mathematics applied to Interventional Medicine

Coordinator: Marc Thiriet, INRIA

Joint publications:
- Flow simulations and velocity measurements in a model of the carotid artery, Farinas MI, Garon A,

Thiriet M, Vetel J, in ICIAM 2007 conference proceedings 
- Simulation of aerosols in the airway tract with a 3D Eulerian model, Bourgault Y, Thiriet M, in ICIAM

2007 conference proceedings. 

Organised events:
- workshop on Open Interfaces for Multi-Disciplinary Simulation and Code Coupling at NAFEMS

World Congress 2007, 22-25 May 2007, Vancouver, Canada
- International Workshop on Modelling, 22-25 October 2007, held at National Taiwan University,

Taipei, Taiwan. Speakers included Olivier Pironneau (UPMC, France), André Garon (Polytechnique
School of Montréal, Canada) and Felix Wu (University of Hong Kong and UC Berkeley). Topics
covered: image processing, virtual reality in medicine and surgery (medical simulators, computer-
aided diagnosis, treatment planning), image-based computational domains, particle flow (blood
microcirculation, aerosols) and cancer angiogenesis

- IM2IM meeting held during the ERCIM spring meetings on the topic ‘modelling and simulation in
health’, 14-15 May 2007, Lausanne, Switzerland.

WG Web site: http://www.ann.jussieu.fr/~thiriet/csas/Im2im

.

.
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Image and Video Understanding
Coordinator: Eric Pauwels, CWI

Joint project: 
MUSCLE - Multimedia Understanding through Semantics, Computation and Learning (see page 24)

Joint publication:
Machine Learning Techniques for Multimedia, Matthieu Cord, Padraig Cunningham (eds), 2007, ISBN
978-540-75170-0
http://www.springer.com/computer/artificial/book/978-3-540-75170-0 

In 2007 the MUSCLE project produced 68 papers, of which ten involved authors from different ERCIM
institutes. These papers are available online at: 
http://www.muscle-noe.org/component/option,com_preprints/Itemid,121
The research accomplished within the WG is also showcased through videos at: 
http://www.muscle-noe.org/content/blogcategory/19/64/

Rapid Integration of Software Engineering Techniques (RISE)
Coordinator: Nicolas Guelfi, University of Luxembourg/FNR

Joint publications:
- Engineering of Fault Tolerant Systems, N. Guelfi, P. Pelliccione, H. Muccini, A. Romanovsky, Software

Engineering of Fault Tolerant Systems, Series on Software Engineering and Knowledge Engineering,
World Scientific Publishing Co, 2007

- Coordinated Atomic Actions for Dependable Distributed Systems: the Current State in Concepts,
Semantics and Verification Means, B. Gallina, N. Guelfi, A. Romanovsky, in proceedings of the 18th
IEEE International Symposium on Software Reliability Engineering (ISSRE 2007), Trollhaettan,
Swedens, IEEE.

Organised event:
RISE 2007 – Rapid Integration of Software Engineering techniques workshop, 26 November 2007,
Luxembourg. Speakers included Henry Muccini Università dell’Aquila, Italy and Giovanna Di Marzo
Serugendo, Birkbeck College, London, UK. RISE 2007 was an international forum for researchers and
practitioners interested in the advancement and rapid application of novel, integrated, or practical
software engineering approaches, being part of a methodological framework.

In 2007, RISE began its important evolution in order to redefine an ERCIM Working Group focusing on
resilience of software and systems.

WG Web site: http://rise.uni.lu/tiki/tiki-index.php

.

.
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Security and Trust Management
Coordinator: Fabio Martinelli, CNR

Organised events:
- FOSAD 2007 – summer school on Foundations of Security Analysis and Design, 9-15 September,

Bertinoro, Italy. Lecturers included Ross Anderson, Ulfar Erlingsson, Cathy Meadows, Chris Mitchell,
George Necula, Bart Preneel, Jean-Jacques Quisquater and Roberto Segala. The topics covered secure
programming languages, analysis of security protocols, cryptographic algorithms, access control
policies and trust management. More than fifty students attended the school. 

- STM 07 – The 3rd Annual WG Workshop, 27 September 2007, Dresden, Germany. E. Vétillard from
Trusted Logic gave a speech on mobile payment security policies. As with the previous two editions,
STM 2007 was co-located with ESORICS 2007. 

WG Web site: http://www.iit.cnr.it/STM-WG

The STM WG is active in the NESSI European technology platform (Networked European Software and
Services Initiative). The WG initiated an award for the best PhD thesis on Security and Trust Management,
which received a lot of attention from the European scientific community. STM is also promoting an ERCIM
PhD Summer School on ICT for Global Security, in order to closely follow the new security theme of FP7. 

Smart Environments and Systems for Ambient Intelligence (SESAMI)
Coordinators: Anthony Savidis, ICS-FORTH and Norbert Streitz, Fraunhofer IPSI

Organised event: 
The second informal Working Group meeting took place in Beijing, China, as part of the 4th
International Conference for Universal Access in Human Computer Interaction (UAHCI), jointly with
the 12th International Conference on Human-Computer Interaction. Two special thematic sessions
took place, organized and chaired by SESAMI, entitled:

SESAMI–I: Interaction Design and Evaluation 
SESAMI–II: Tools, Architectures and Infrastructures

The two sessions included a total of 14 accepted papers by Working Group members, published as
part of the Springer LNCS proceedings of the UAHCI -2007 conference.

WG Web site: http://www.ics.forth.gr/sesami/

Soft Computing
Coordinator: Petr Hajek, Institute of Computer Science, Academy of Sciences of the Czech Republic/CRCIM

Organised event:
The sixth workshop of the ERCIM Working Group on Soft Computing, jointly held on 11-14 September 2007 in
Ostrava, Czech Republic, with the EUSFLAT 2007 conference, was the last workshop of this ERCIM Working Group.
The group decided to cease its activity because a shift of interest had taken place. The group members plan to
apply for a new ERCIM Working Group in the near future with the provisional title ‘Mathematical Fuzzy Logic’.
The proceedings of the previous fifth workshop will be published under the title 'Foundations of Soft
Computing', with the subtitle ‘Selected papers from the Fifth International Conference on The Logic of
Soft Computing and the Workshop of the ERCIM Working Group on Soft Computing’.

.

.

.



ERCIM - Activity Report 2007

37

W
O

R
K

IN
G

 G
RO

U
PS

Software Evolution
Coordinator: Tom Mens, Université de Mons-
Hainaut/FNRS/FNR

Joint Publications: 
- Teaching Software Evolution in Open Source, M.

Petrenko, D. Poshyvanyk, V. Rajlich, J. Buchta, IEEE
Computer, November 2007, pp. 25-31

- Feature Location using Probabilistic Ranking of
Methods based on Execution Scenarios and
Information Retrieval, D. Poshyvanyk, Y.-G.
Gueheneuc, A. Marcus, G. Antoniol, V. Rajlich, IEEE
Transactions on Software Engineering 33(6): 420-
432, June 2007

- Seaside: A Flexible Environment for Building Dynamic
Web Applications, S. Ducasse, A. Lienhard, L. Renggli,
2007, IEEE Software 24(5): 56-63

- Semantic Clustering: Identifying Topics in Source
Code, A. Kuhn, S. Ducasse, T. Girba., 2007, Information
and Software Technology 49(3): 230-243, Elsevier

- Stateful Traits and their Formalization, A. Bergel, 
S. Ducasse, O. Nierstrasz, R. Wuyts, 2007, Journal
of Computer Languages, Systems and Structures,
34(2-3), pp. 83-108, Elsevier

- Ontology Evolution: State of the art and future
directions, Pieter De Leenheer, Tom Mens, 2007,
Book Chapter in: Ontology Management:
Semantic Web, Semantic Web Services, and
Business Applications, edited by Martin Hepp,
Pieter De Leenheer, Aldo de Moor, York Sure. pp.
131-176. Springer, http://dx.doi.org/10.1007/978-0-
387-69900-4_5

- Analysing Refactoring Dependencies Using Graph
Transformation, Tom Mens, Gabriele Taentzer,
Olga Runge, 2007, Software and Systems
Modelling 269-285 September,
http://dx.doi.org/10.1007/s10270-006-0044-6

- An Empirical Study of a System evolved using
Agile Methods, Author: Capiluppi A., Fernández-
Ramil J., Higman J., Sharp H., Smith N., 2007,
International Conference on Software Engineering,
ICSE 2007, Experience Report, 22-24 May 2007,
Minneapolis, USA

- A Model to Predict Anti-regressive Efforts in Open
Source Software, Capiluppi A., Fernández-Ramil J.,
2007, 23rd International Conference on Software
Maintenance (ICSM 2007), 2-5 October 2007, Paris,
France.

Organised Events:
- Third ERCIM Symposium on Software Evolution, 5

October 2007, Paris, France. The aim of the third
edition of this annual international event was to
gather people from academia and industry to
identify and discuss recent advances and emerging
trends in the state of the art in research and
practice in software evolution. 

- International Workshop on Model-Driven
Software Evolution (MoDSE 2008), 20 March 2007,
Amsterdam, The Netherlands. The MoDSE
workshop was held in conjunction with CSMR
2007. Its main objective is to explore how model-
driven engineering (MDE) can enforce and enhance
software evolution. 

- 8th International Workshop on Object-Oriented
Reengineering (WOOR), 30 July 2007, Berlin,
Germany. 

- FAMOOSr 2007 - 1st Workshop on FAMIX and
Moose in Reengineering, 25 June 2007, Zurich,
Switzerland

- Doctoral Seminar on Advanced Topics in Software
Evolution, 12 March 2007, Mons, Belgium. Invited
talks were given by Dr. Bart Du Bois (Antwerpen),
Dr. Yann-Gael Gueheneuc (Montréal) and Dr.
Ragnhild Van Der Straeten (Brussels). Tom Mens,
Kim Mens and Roel Wuys co-organised the
seminar ‘Advanced Topics in Software Evolution’ in
the context of the Graduate School in Computing
Science (GRASCOMP). It attracted doctoral
students from Wallonie, Flanders and France
(Lille). 
ERCIM fellow hosted:
Ellen Van Paesschen at INRIA Futurs, Lille, and CWI.

Additional information can be found on the Web
site http://www.planet-evolution.org, which is
actively maintained by the Working Group. In
particular, one can find a long list of tools that have
been developed and/or actively used by members
of the Working Group. A notable example is the
MOOSE platform. Other useful information is the
list of all recent PhDs obtained in the research
domain of software evolution at member institutes
of our Working Group.

WG Web site: http://w3.umh.ac.be/evol

.
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The PhD Fellowship Programme has
been established as one of the premier
activities of ERCIM. Since its inception

in 1991, over 200 fellows have passed through
the programme. In 2007, 27 young scientists
commenced an ERCIM PhD Fellowship and 39
fellows were employed. This represents 202
person-months.

The ERCIM Fellowship Programme is open to
young researchers from all over the world. It
focuses mainly on topics of interest identified
by the ERCIM Working Groups and the research
projects managed by ERCIM. Ideally, a fellow
will work in two ERCIM institutes, thus
contributing not only to the work done locally,
but also to cohesion between ERCIM partners
and to the cross-fertilisation and cooperation
between research groups working in similar
areas in different laboratories. 

ERCIM ‘Alain Bensoussan’ 
Fellowship Programme

The fellowship scheme also helps young
scientists to become involved in one of the
ERCIM Working Group initiatives, to improve
their knowledge of European research structures
and networks and to gain more insight into the
working conditions of leading European
research institutions. 

In 2007, about 40 percent of the fellowships
were granted to researchers from countries
outside the European Union. This reflects
ERCIM’s contribution to make Europe not only
the world’s biggest ‘brain factory’ but also a
large ‘brain magnet’ in the field of informatics
and applied mathematics.

Fellowships are generally of eighteen months
duration, spent in two member institutes. In
particular cases a fellowship might consist of
twelve months spent in one institute. Fellows

Photo courtesy of INRIA



ERCIM fellows hosted 
in 2007

Osman Abul at CNR
Baptiste Alcade at FNR
Alessandro Artusi at SZTAKI
Agissilaos Athanassoulis at INRIA
Damien Avoce at NTNU
Taxiarchis Botsis at NTNU
Sang-Seon Byun at NTNU
Prasanna Chaporkar at NTNU
Stelios Charalambides at NTNU
Zhenzhong Chen at INRIA
Chung Shue Chen at NTNU
Giorgos Flouris at CNR
Cristian Gatu at VTT
Marek Gayer at CNR
Gael Guennebaud at SARIT (ETH)
Ellen Van Paesschen at INRIA 
Antonia Pessoa Albuquerque at NTNU
Peter Karpati at NTNU
Atanas Kostadinov at NTNU
Andreas Kovacs at INRIA
Hanna Kozankiewicz at INRIA and CWI
Alexander Lazovik at CWI
Nanying Liang at VTT
Delphine Longuet at CWI
Manuel Maarek at FNR
Rode McCall at FhG
Dimitris Michail at INRIA
Georgios Paschos at VTT
Roberto Podesta at INRIA
Balakrishna Prabhu at CWI
Ludwig Seitz at SICS
Natenapa Sriharee at NTNU
Sundaram Suresh at INRIA
Anna Trifonowa at NTNU
Martins Rico Varela at VTT
Irina Vaseva at PLERCIM
Martins Rico Varela at VTT
Petko Ivanov Yanev at INRIA
Liuguo Yin at NTNU

receive a monthly allowance, which may vary
depending on the country. In order to
encourage mobility, a member institution is not
eligible to host a candidate of the same
nationality. 

Candidates must: 
- have obtained a PhD degree in the four years

prior to the application deadline, or be in the
last year of the thesis work with an
outstanding academic record

- be fluent in English
- be discharged or get deferment from military

service
- have completed their PhD before starting the

grant.

Deadlines for applications are currently 30 April
and 30 September each year. 

Since 2005 the Fellowship Programme has been
named in honour of Alain Bensoussan, former
president of INRIA and, together with Cor
Baayen (former president of CWI) and Gerhard
Seegmueller (former president of GMD, now
merged with Fraunhofer Gesellschaft), one of
the three ERCIM founding fathers. 

http://www.ercim.org/fellowship

Number of fellows who have started a grant in the given year.
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In 2007, ERCIM presented Boris Motik from
the University of Oxford in the United
Kingdom with the Cor Baayen Award for 

a promising young researcher in computer
science and applied mathematics.

In a tight competition with seventeen finalists,
ERCIM gave the award to Boris Motik for the
outstanding quality of his work on reasoning
algorithms and systems for Description Logics
(DLs), a family of knowledge representation
formalisms with applications in numerous areas
of computer science. DLs provide the basis for
the Web Ontology Language (OWL) – the
ontology language defined by the World Wide
Web Consortium (W3C) that has become the de
facto standard for ontology development in
fields as diverse as geography, geology,
astronomy, agriculture and the life sciences. Boris
has already made wide-ranging contributions to
research, including both new theoretical results,
and practical systems that promise to change our

Cor Baayen Award 2007 
for Boris Motik

notion of tractability in ontology reasoning.

Boris's output is impressive: in spite of the fact
that he only completed his PhD in 2006, he has
already published more than forty articles in
leading international conferences and journals,
and won the prize for best paper at the 2005
International Semantic Web Conference (ISWC
2005) for his presentation ‘On the Properties of
Metamodeling in OWL’.

Boris studied for his Bachelor's and Master's
degrees at the Faculty of Electrical Engineering
and Computing at University of Zagreb, Croatia,
where he received the faculty award Josip Loncar
for the best student of the cohort. Boris's PhD
work at the Technical University Karlsruhe,
Germany, broke new ground in scalable reasoning
for ontology languages. Boris showed that the
data complexity (ie the complexity measured in
the size of data only) of ontology reasoning is
lower than the combined complexity (ie the

Boris Motik, winner of the
2007 Cor Baayen Award.

^



complexity measured in the size of data and the
ontology) of reasoning. This shows that there are
no fundamental limitations to the scalability of
reasoning in data intensive application, that is, in
applications where the size of the data
dominates the size of the ontology. He also
developed a completely new DL reasoning
technique based on a reduction to disjunctive
datalog. Unlike existing techniques, this new
technique exhibits worst-case optimal
complexity, and also enables the reuse of
established optimisation techniques such as
magic sets that greatly improve the performance
of reasoning with large amounts of data.

Boris's contributions were not only theoretical: he
also implemented a new reasoning system
(KAON2) based on his reasoning algorithms and
demonstrated that, on relatively simple
ontologies with large data sets, the new system
can answer queries with a speed several orders of
magnitude greater than existing tableau based
implementations. This work is of great importance
to the future of the semantic Web and ontology
language applications generally, where an inability
to deal with large volumes of data has been a
serious impediment to wider adoption. This is
illustrated by the fact that Boris's work is already
the basis for a commercial ontology management
system being marketed by ontoprise GmbH.

In addition to his work on KAON2, Boris has
made several other important research
contributions. In his work on meta-modelling, he
showed that the basic reasoning problems
become undecidable if certain features of the
Resource Description Framework (RDF) are
combined with more expressive languages such
as OWL, and that decidability can be restored by
restricting the use of syntax reflection. This is an
important result as it shows that it is possible for
ontology languages to support meta-modelling
while still retaining decidability, thus addressing
the requirements of many semantic Web
applications. Boris's work on combining the best
features of the description logic and logic
programming paradigms has also been highly
influential. He also worked on bridging the gap
between description logic and relational
databases, and proposed a framework for the
integration of the open-world semantics of the
former and the closed-world semantics of the
latter. Finally, he developed a novel calculus for
DL reasoning based on hypertableau, and
implemented it in a new reasoning system
HermiT. This system was the first to process
certain large life-science terminologies, thus
solving some long-standing open problems in the
scalability of reasoning with large terminologies.

Award Rules

The Cor Baayen Award, awarded to a
promising young researcher in computer
science and applied mathematics, was
created in 1995 to honour the first ERCIM
President and is open to young researchers
having completed their PhD thesis in one
of the ERCIM countries. Currently these
are Austria, Belgium, Czech Republic,
Finland, France, Germany, Greece, Hungary,
Ireland, Italy, Luxembourg, Norway, Poland,
Spain, Sweden, Switzerland, The
Netherlands and the United Kingdom.

The award consists of a cheque for €5,000
together with an award certificate. The
successful fellow will be invited to the
ERCIM autumn meetings. 

Conditions:
- nominees must have carried out their

work in one of the ERCIM countries
- nominees must have been awarded their

PhD (or equivalent) not more than two
years prior to the nomination deadline
(usually 15 April each year)

- a person can only be nominated once for
the Cor Baayen Award.

Submitting a nomination:
- nominations should be made by a staff

member of the university or research
institute where the nominee is
undertaking research (self-nominations
are not accepted)

- nominations must be submitted online
using the nomination form.

Selection:
- initial selection will be made by each

ERCIM institute (the national contact
point) which is allowed to put forward
up to two candidates from its country

- nominees will be informed if they have
been selected as one of the two
candidates from their country

- the selection of the Cor Baayen award
winner is the responsibility of the ERCIM
Executive Committee, who will consult
expert opinion in reaching their decision.

Deadline:
15 April each year.
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Event Sponsorship

With its Event Sponsorship
Programme, ERCIM supports
conferences, workshops and

summer schools. ERCIM will select events for
sponsorship that are relevant to the ERCIM
community and of excellent scientific quality.

In return for financial support, ERCIM
sponsorship must be acknowledged in all
publicity material relating to the event.
Promotional and informational material
received prior to event commencement must be
distributed to the conference participants as
part of the participant's conference package.
Event organizers must provide free-of-charge
attendance, should ERCIM decide to send a
representative. They must also provide a booth
in a reasonably prominent place, from which
materials and further information can be
distributed. Event organizers must include the
ERCIM logo with a link to the ERCIM Web pages
on the title (reference) page of the conference,
commencing from the time of successful PR
sponsorship negotiation and continuing for the
remaining existence of these Web pages.

Events sponsored in 2007

- SOFSEM 2007, Harrachov, Czech Republic,
20-26 January 2007

- Workshop in Information Security Theory
and Practices 2007: Smart Cards, Mobile
and Ubiquitous Computing Systems,
Heraklion, Crete, Greece, 9-11 May 2007

- EuroITV 2007: 5th Interactive TV
Conference, Amsterdam, The Netherlands,
24-25 May 2007

- CAiSE'07 - The 19th International
Conference on Advanced Information
Systems Engineering, Trondheim, Norway,
11-15 June 2007

- NETTAB 2007 - A Semantic Web for
Bioinformatics: Goals, Tools, Systems,
Applications, Pisa, Italy, 12-15 June 2007

- ECOOP'07 - European Conference on
Object Oriented Programming, Berlin,
Germany, 30 July-3 August 2007

- ESSLLI 2007 - 19th European Summer
School in Logic, Language and Information,
Dublin, Ireland, 6-17 August 2007

- SIGSOFT Symposium on the Foundations
of Software Engineering, Dubrovnik,
Croatia, 3-7 September 2007

- Grids@Work 2007, Beijing, 28 October-2
November 2007

- ESEC/FSE Joint meeting of the European
Software Engineering Conference and the
ACM 4th IEEE International Symposium on
Wireless Communication Systems 2007,
Trondheim, Norway, 17-19 October 2007

An ERCIM booth, Zürich.
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Since its creation, ERCIM News has
evolved into a periodic multi-
disciplinary European magazine in the

domains of Information and Computer
Sciences, Applied Mathematics and
Communication Technologies, published in
both printed and online editions. 

ERCIM News covers reports and news relating to
scientific projects from all over Europe and even
beyond, reflecting ERCIM’s growth over the
years. Published quarterly, the magazine
provides regular high-quality information
concerning the latest European R&D and
technology transfer activities. Through short
articles and news items, it provides a forum for
the exchange of information between both
member institutes and the wider scientific
community. The information is reported in an
expository and easily accessible fashion, with
references and links being provided so that the
interested reader can find more in-depth
information on specific topics as needed. The
readership is composed of international and
national scientific policy- and decision-makers,
European and national funding agencies, the
global scientific community and relevant
industrial organisations, with a special focus on
the European area. 

With each issue focusing on a special theme, the
ERCIM News series has become a unique
collection providing an overview of different
topics within information technology. The topics
covered by the issues published in 2007 were
‘Traffic Planning and Logistics’, ‘The Digital
Patient’, ‘Service-Oriented Computing’ and
‘Technology-Enhanced Learning’. For each issue,
ERCIM News invites a personality to write a
keynote statement relevant to the European
scientific community. Authors have included
Jesús Villasante (European Commission, DG
Information Society and Media, Head of Software
& Service Architectures and Infrastructures Unit)

ERCIM News
and Pat Manson (European Commission, DG
Information Society and Media, Head of Cultural
Heritage & Technology Enhanced Learning Unit). 

ERCIM News is the result of close cooperation
between all ERCIM institutes. It is published in both
printed and electronic form. The printed edition
has reached a circulation of about 11,000 copies
and is distributed in over 100 countries. The online
edition offers full-text searching and the numerous
sites and documents quoted can easily be accessed
on the Web. ERCIM News has made a significant
contribution to the wider recognition of ERCIM. 

http://ercim-news.ercim.org 

ERCIM News Editorial Board
Central editor: 
- Peter Kunz, ERCIM Office

Local editors: 
- Erzsébet Csuhaj-Varjú, SZTAKI
- Marie-Claire Forgue, W3C
- Truls Gjestland, NTNU, Norway 
- Michal Haindl, CRCIM, Czech Republic
- Kersti Hedman, SICS, Sweden 
- Bernard Hidoine, INRIA, France 
- Patrik Hitzelberger, Centre de recherche publique Gabriel

Lippmann, Luxembourg
- Annette Kik, CWI, The Netherlands 
- Michael Krapp, Fraunhofer SCAI, Germany 
- Pia-Maria Linden-Linna, VTT, Finland
- Salvador Lucas, Universidad Politécnica de Valencia /

SpaRCIM, Spain 
- Benoît Michel, Université catholique de Louvain, Belgium 
- Eleni Orphanoudakis, ICS-FORTH, Greece 
- Carol Peters, ISTI-CNR, Italy
- Martin Prime, STFC, UK 
- Harry Rudin, SARIT, Switzerland 
- Erwin Schoitsch, Austrian Research Centers GmbH - ARC,

Austria
- Nguyen Hung Son, Warsaw University, Poland 
- Ray Walshe, Dublin City University, Ireland
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ERCIM has one member institute per
country. With DANAIM joining ERCIM in
January 2008, there are now nineteen
member organisations.

A member institute must be a leading
research establishment in its country with
excellent links to both its national and the
international research communities. All
ERCIM members are national centres of
excellence and are independent of specific
commercial ties. They have a strong
involvement in the research programmes of
the European Union and joint projects with
both small and medium-sized enterprises
and large industrial companies.
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FNR : Fonds National de la Recherche
Luxembourg

Contact :
National Research Fund
6, rue Antoine de Saint-Exupéry
P.O. Box 1777
L- 1017 Luxembourg
Tél. : +352 26 19 25 1
Fax : +352 26 19 25 35
E-mail : info@fnr.lu     www.fnr.lu

Luxembourg’s National Research 
Fund is a public establishment with 
scientific, financial and administrative 
autonomy, set up by the Law of 31 
May 1999 in order  to further stimulate 
research activities in Luxembourg.

To fulfill this mission, the Fund 
develops multi-annual research 
programmes and ensures their 
implementation by allocation of 
the financial means put at its disposal.

Main participating research
institutes in informatics :

Centre de recherche public Gabriel 
Lippmann
http://www.lippmann.lu

Centre de recherche public Henri Tudor
http://www.tudor.lu

Université du Luxembourg
http://www.uni.lu

Centre de recherche public de la Santé
http://www.crp-sante.lu

Main research programmes in informatics :

Security and efficiency of new
practices in e-commerce (SECOM)
Duration: 2001 - 2008
Total budget: € 7,500,000
To better master the new context of electronic 
cooperation, the SECOM programme develops an 
integrated research on the safety of electronic
exchange and on the efficiency of new 
organisational models and software for electronic 
cooperation.

NEW : CORE Programme (starting in 2008)
The new CORE programme is designed to feature 
regular annual calls based on the FNR’s priority 
research domains. The call will be open to project 
proposals in 11 areas, among which Information 
Security and Trust Management.

Luxembourg University

Luxembourg University
Luxembourg University

CEPS INSTEAD

CRP H. Tudor
CRP G. Lippmann

Technopole Schlassgoart

CRP Santé
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The categories used for the informatics part of the ERCIM table of competencies shown on the
following pages are the top two levels of the internationally accepted ACM Computing Classification
System [1998 Version]. 

The ERCIM table subsumes more detailed distinctions available from the full ACM CCS
(http://www.acm.org/class), which includes additional levels of description.

The Web version of this table (http://www.ercim.org/activity/expertise.html) offers direct links to
the research institutes and teams active in these fields.  

FNRS-FWO and DANAIM: The figures refer to the number of institutes in the respective country that
are active in this field.

Scientific Fields 
of Competency



B. Hardware B.1 Control structures and microprogramming (D.3.2) X X 1 X X
B.2 Arithmetic and logic structures X 1 X X X X X X
B.3 Memory structures X 1 X X X X
B.4 Input/output and data communications X 1 X X X X X X
B.5 Register-transfer-level implementation X 1 X X X
B.6 Logic design X X X 2 X X X X X
B.7 Integrated circuits X X X 4 X X X X X
B.8 Performance and reliability (C.4) X X X 3 X X X X

C. Computer Systems C.1 Processor architectures X 2 X 3 X X X X X
Organization C.2 Computer-communication networks X X X X 1 X X 5 X X X X X X X X X X

C.3 Special-purpose and application-based systems (J.7) X X 2 X X X X X X X
C.4 Performance of systems X X X X 1 X 4 X X X X X X X
C.5 Computer system implementation X X 1 X X X X X

D. Software D.1 Programming techniques (E) X X X X 6 X 6 X X X X X X X X X
D.2 Software engineering (K.6.3) X X X X 4 X X 8 X X X X X X X X X X X
D.3 Programming languages X X X X 4 X 6 X X X X X X X X X
D.4 Operating systems (C) X X 1 X X 2 X X X X X X X X X

E. Data E.1 Data structures X X X X 5 X X 5 X X X X X X X X
E.2 Data storage representations X X X X X 2 X X X X X X X X
E.3 Data encryption X X X X X X 2 X X X X X X X X X
E.4 Coding and information theory (H.1.1) X X X X X X 3 X X X X X X X X
E.5 Files (D.4.3, F.2.2, H.2) X X X X 1 X X X

F. Theory of Computation F.1 Computation by abstract devices X X X 3 2 X X X X X X
F.2 Analysis of algorithms and problem complexity (B.6, B.7, F1.3) X X X X 3 X 6 X X X X X X X X
F.3 Logics and meanings of programs X X X 5 X 4 X X X X X X X
F.4 Mathematical logic and formal languages X X X X 3 X 8 X X X X X X X X X

G. Mathematics of Computing G.1 Numerical analysis (MSC 65, 33-35) X X X X 1 X X 7 X X X X X X X X
G.2 Discrete mathematics (MSC 05, 06) X X X X 3 X X 4 X X X X X X X X X
G.3 Probability and statistics (MSC 60, 62) X X X X 2 X X 6 X X X X X X X X X
G.4 Mathematical software X X X X 5 X X X X X X X X X

H. Information Systems H.1 Models and principles X X X X 2 X 4 X X X X X X X X X
H.2 Database management (E.5) X X X X 2 X X 5 X X X X X X X X X X
H.3 Information storage and retrieval X X X X 3 X X 5 X X X X X X X X X X X
H.4 Information systems applications X X X X 5 X X 5 X X X X X X X X X X X
H.5 Information interfaces and presentation (e.g., HCI) (I.7) X X X X 4 X X 4 X X X X X X X X X

I. Computing Methodologies I.1 Symbolic and algebraic manipulation 1 X 4 X X X X X X X
I.2 Artificial intelligence X X X X 2 X X 6 X X X X X X X X X X
I.3 Computer graphics X X X X 2 X 4 X X X X X X X X X X
I.4 Image processing and computer vision X X X X 3 X 8 X X X X X X X X
I.5 Pattern recognition X X X 2 X X 6 X X X X X X X X X
I.6 Simulation and modeling (G.3) X X X X 1 X X 5 X X X X X X X X X
I.7 Document and text processing (H.4, H.5) X X X X X X 3 X X X X X X X

J. Computer Applications J.1 Administrative data processing X X X 1 X X X X
J.2 Physical sciences and engineering X X X X X 2 X X X X X X
J.3 Life and medical sciences X X X X 1 X X 6 X X X X X X X X X
J.4 Social and behavioral sciences X X 1 X X X X X X
J.5 Arts and humanities X X X X 1 X X X X X X
J.6 Computer-aided engineering X X 1 X X X X X X X X X
J.7 Computers in other systems (C.3) X X X X X X

K. Computing Milieux K.1 The computer industry X X
K.2 History of computing X 1 X X X
K.3 Computers and education X X X X 3 X X X X X X
K.4 Computers and society X X 1 X 1 X X X X X
K.5 Legal aspects of computing X 1 1 X
K.6 Management of computing and information systems X X 2 X 2 X X X X X
K.7 The computing profession 1 X X
K.8 Personal computing X X X X X
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00 General X X X 2 X X X
01 History and biography X X X
03 Mathematical logic and foundations X X 5 X X X X X
05 Combinatorics X X X 2 X X X X X X X
06 Order, lattices, ordered algebraic structures X X 1 2 X X X X X X
08 General algebraic systems X X 1 1 X X X X
11 Number theory X X 2 X X X
12-22 Algebra X X 5 X X X X X X
26 Real functions X 1 X X X
28 Measure and integration 1 X X X
30 Functions of a complex variable X 3 X X X
31 Potential theory X X X
32 Several complex variables and analytic spaces 1 X X X X X
33 Special functions X X X X
34 Ordinary differential equations X X 1 X 4 X X X X X X
35 Partial differential equations X X 1 X 5 X X X X X X
37 Dynamical systems and ergodic theory X X 3 X X X X X
39 Difference and functional equations X 3 X X X
40 Sequences, series, summability X X
41 Approximations and expansions X X 1 X X X X X
42 Fourier analysis X 4 X X X X X X
43 Abstract harmonic analysis X 1 X X X X
44 Integral transforms, operational calculus 2 X
45 Integral equations X 1 X X X
46 Functional analysis X X 5 X X X X
47 Operator theory X 1 2 X X X
49 Calculus of variations and optimal control; optimization X X 4 X X X X X
51 Geometry X 1 X 2 X X X X
52 Convex and discrete geometry X X X X X
53 Differential geometry X X 2 X X X X
54 General topology 1 X X X X X
55 Algebraic topology X 1 X X X X X X
57 Manifolds and cell complexes 1 X X X X
58 Global analysis, analysis on manifolds 2 X X X
60 Probability theory and stochastic processes X X X 1 X X 5 X X X X X X X
62 Statistics X X X 1 X X 6 X X X X X X X X
65 Numerical analysis X X X X 6 X X X X X X X
70-86 Mathematical Physics X 2 X X 1 X X X X
90 Operations research, mathematical programming X X X 1 X X 5 X X X X X X
91 Game theory, economics, social and behavioral sciences X X X X X 5 X X X
92 Biology and other natural sciences X X X X 3 X X X X X X X X
93 Systems theory; control X X X X X X 5 X X X X X
94 Information and communication, circuits X 3 X X X
97 Mathematics education X 1 X 2 X X
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