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ARTES++

An application for extended funding of
the ARTES National Graduate School

Submitted by ARTES to the Swedish Foundation for Strategic Research (SSF) in response to
SSF’s invitation “Inbjudan att söka medel för fortsättning av forskarskolor” Dec. 12, 2002.

Application compiled by Roland Grönroos (ARTES/UU), Hans Hansson (ARTES/UU/MDH), Jörgen Hansson
(CUGS/LiTH), Paul Pettersson (UU) and Karl-Erik Årzén (LTH).

Contact person: Hans Hansson  (hans.hansson@mdh.se; +46-70 4912288), ARTES, Uppsala Univ., Box 337, 751 05 Uppsala)

Summary
ARTES applies for 7 MSEK in funding for extended operation of the ARTES graduate school
2004-2006. 20 students annually, from 9 participating universities, will be provided support
for international mobility, industry contacts, and attending courses. Totally 18 instances of 13
courses will be given. Leadership will be enforced by appointing a director of graduate
studies. Support to the ARTES graduate school will be instrumental in continued recruitment
and education of strong PhD students in the real-time and embedded systems area, and will
substantially add to the return on the investment already made in ARTES.
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1. Background
ARTES – A network for Real-time research and graduate Education in Sweden – is supported
by SSF with 88 MSEK for the period 1998-2003 (originally 2002, but a prolongation into 2003 has

been granted by SSF). ARTES, which is formally associated with Uppsala University, is a
national network with the following participating universities: Blekinge Institute of
Technology (BIT), Chalmers, Skövde University (HiS), Halmstad University (HH),
Linköping University (LiU), Lund Institute of Technology (LTH), Mälardalen University
(MdH), KTH, and Uppsala University (UU).
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ARTES is dedicated to Real-Time Systems research, which is multidisciplinary in that it (at
least) includes aspects of Automatic Control, Computer Science, Computer Engineering and
Electrical Engineering. There is also a multitude of application areas for Real-Time Systems,
ranging from embedded micromechanical systems to world-wide communication systems.
The area is of paramount importance to Swedish industry, since many Swedish companies are
designing and manufacturing products with real-time systems as vital components.

In addition to direct project funding, ARTES organises graduate training by supporting
development and organisation of graduate courses, organisation of an annual summer school
and graduate student conference, as well as supporting graduate student mobility, in the form
of travel grants, support for international visits and industry stays.

ARTES is organised as a network of participating research groups and industries, with an
executive board dominated by industrial representatives and two executive administrators:
programme director Hans Hansson (engaged 20% of full time) and assistant programme
director Roland Grönroos (35%).

Project support and graduate training. ARTES is the main source of funding and the
national driving force in real-time systems research via direct project support to 43 graduate
students and general support of graduate training for more than 130 graduate students. Before
2003, 18 Licenciate and 6 PhD theses were completed within ARTES. For 2003, 9 Licenciate
and 12 PhD theses are planned, and during 2004 approximately 10 PhD theses will be
presented as a result of ARTES support. The ARTES concept has proven efficient in that the
study time has been reduced for the PhD students (4.25 yrs, compared with the nominal time
of 5 yrs with 20% department duty). ARTES demand for industrial co-operation for every
PhD student has resulted in varying activities from regular meetings to exchange of personnel,
studies of industrial problems, and to patents and product development for several MSEK. But
the most important industrial benefit is that the PhDs are well prepared for an industrial
career.

ARTES has organised 12 graduate courses, provided 120 travel grants and supported longer
international visits (minimum a month) and other mobility for 19 graduate students. These
mobility activities include reports back to the ARTES network via www.artes.uu.se. These
reports help other students to plan their visits and provide up-to-date information from the
international arena.

International impact.  ARTES has had considerably international impact. The presence of
Swedish researchers at the major international conferences has greatly increased. ARTES has
been used as the model for several other national research programmes in real-time and
embedded systems within Europe, e.g., in Austria. ARTES has also contributed to making
Sweden a major player within the European research activities in the area, e.g., there are
several Swedish research groups participating in the European ARTIST network (within the
5th Framework Program (FP5) and most likely also in FP6), and ARTES has contributed to
making embedded systems a priority area in FP6.

2. Motivation
There are many reasons for providing continued support to ARTES and its graduate school,
the main ones being:

•  Real-Time and Embedded systems is an area of strategic importance where Sweden
has a strong position (via ARTES and leading industries, such as ABB, Ericsson,



3

Saab, Volvo). Continued support will be instrumental in guaranteeing that Sweden
maintains and strengthens its position.

•  ARTES has created a national research community with critical mass and international
impact. The current funding situation makes it difficult to recruit new graduate
students as the ARTES students now are graduating. There is an apparent risk of a
reduced return on the investment made in ARTES, due to the dramatic reduction in
funding.

•  The only current continuation of ARTES are the new SAVE and FLEXCON
programmes. They, however, only partly replace the research project funding of
ARTES. There is no remaining graduate school in this area when ARTES finishes.

•  Previous ARTES graduate courses have been used as continued training by industries,
we expect that also the proposed new courses will attract industrial interest.

•  Partially using ARTES as a role model, embedded systems has been identified as a
priority area in the European 6th Framework programme (FP6). Participation in
emerging FP6 programmes will require matching national activities.

3. Proposal

Key elements

The key elements of this proposal are:
•  Co-operation between several universities, with UU as formal host.
•  Focus on graduate courses and international mobility. 18 instances of 13 graduate

courses will be given and students will spend at least 3 weeks at an international
research group.

•  Industrial involvement.
•  No support to student salaries to allow involvement of more students through mobility

and course support.
•  A new director of graduate studies.
•  Complementary funding from ARTES will provide support for summer schools and

graduate student conferences.

Organisation
The ARTES programme will end in 2003, with a planned continuation of some network
activities during 2004-2005. A small part of the ARTES research projects will continue in the
recently initiated programmes FLEXCON and SAVE. This application proposes a
strengthening of the graduate education activities that will complement FLEXCON and
SAVE, as well as extending and increasing the impact of the continued network activities.
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Other initiatives that we expect will benefit from and interact with ARTES++ include the
Vinnova supported centres ASTEC (at UU/MdH) and LUCAS (at LTH/BIT), the KK-
foundation research profiles MRTC (at MdH) and BESQ (BIT). There are also strong links
with existing and planned graduate schools, in particular CUGS and SAVE-IT.

CUGS (the national computer science graduate school) is commissioned by the Swedish
government and hosted by Linköping University. CUGS started its activities in fall 2001, and
has a broad scope in Computer Science and Engineering, including real-time systems and
embedded systems. Participants in CUGS are LiU, LTH, MdH, HiS, Växjö University,
Örebro University, BIT, and Jönköping University. CUGS organizes annually a kick-off
meeting and a workshop, but the main focus is on courses, which are given in a condensed
format to facilitate participation from several universities. We expect close cooperation
between CUGS and ARTES++, in the form of joint courses, mutual participation in events,
networking on student and faculty level, as well as co-operation is organizing summer schools
and graduate student conferences

SAVE-IT is a graduate school currently being planned. Funding of SAVE-IT is pending a
decision by the KK-foundation.. SAVE-IT is organized in association with the research
program SAVE, including research groups at MdH, LiU, KTH, and UU. The SAVE-IT
students are industrial graduate students, typically employed by participating industries, and
sharing their time between research training and industrial engineering work. SAVE-IT has
many similarities with ARTES++, e.g., course package, meetings, and international mobility.
We expect a close co-operation between SAVE-IT (which organizes training of industrial
graduate students) and ARTES++ (which organizes training of mainly regular graduate
students)..

Management
The ARTES++ Graduate School is managed by a director of graduate studies (Paul
Pettersson, UU), with administrative support by Roland Grönroos (ARTES assistant program
director). A steering committee will be appointed consisting of 2 graduate students, Paul
Pettersson (who will chair the committee), Roland Grönroos, the directors of the programs
SAVE and FLEXCON (Hans Hansson and Karl-Erik Årzén), together with the director of
CUGS (Jörgen Hansson, LiTH) Additionally, each participating university will appoint one
supervisor and graduate student to form a reference group, which additionally will include 2-5
representatives from industry.

Other
initiatives

SAVE
(Hans Hansson,

MdH)

FLEXCON
(K-E Årzén, LTH)

ARTES Network (Roland Grönroos, UU)

ARTES++ Graduate School (Paul Pettersson, UU)
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Supervision and admittance
Students admitted to ARTES++ will be required to take at least 20p of mandatory ARTES++-
courses and to participate in ARTES++-activities. They will however be formally enrolled at
their home university and have to comply with local tradition and regulations. Nevertheless,
ARTES++ will require that a group of supervisors is appointed for each student. The group
should consist of at least three supervisors, one of which should be external to the home
university; possibly from another participating university, an international partner or industry.
The external supervisors should provide complementary perspectives and act as mentors.

Students admitted to ARTES++ will first have to be admitted at their home university.
Selection of students will be made by the reference group (or an admittance committee
appointed by the reference group), and shall be based on qualifications and relevance for
ARTES++. Each participating university will however be guaranteed at least one admitted
student annually.

Course Programme
The following is a preliminary list of courses that will be given:

•  Formal Methods in Real-Time Systems (UU)
•  Distributed Real-Time Systems (HiS)
•  Parallel/Multiprocessor Real-Time Systems (Chalmers)
•  Embedded Control Systems (LTH/KTH)
•  Real-Time Scheduling (MdH/Chalmers)
•  Testing of Real-Time Systems (HiS/MdH)
•  Component Technologies for Embedded Systems (MdH/KTH/UU)
•  Design of embedded Real-Time Systems (KTH)
•  Hardware/Software Co-Design (LiTH)
•  Real-Time- OS, Languages, and Middleware (LTH/MdH)
•  Real-Time Databases (LiTH/HiS/MdH)
•  Real-Time Communication (HH/MdH)
•  EmNets - Networked Systems of Embedded Computers (HH)
•  Safety and fault-tolerant Real-Time Systems (LiTH/KTH/MdH)

In addition to the above technical courses a special course on Research Planning will be
given. This course will provide overview of research and research methodologies, together
with coaching to write state-of-the-art reports and research plans. This course will be given
annually.

The model for courses successfully used in ARTES will be used also in the extension,
meaning that courses are open for external participation (including industry), that a fixed
amount will be provided for each course instant, that the courses will be organised to facilitate
external participation, and that support will only be given to courses with participants from
several ARTES nodes.

Industrial Involvement
ARTES has a very strong industrial involvement, with more than 100 industrial persons from
about 40 companies directly involved in ARTES activities. The industrial network is even
wider due to the close link with SNART (The Swedish National Real-Time Association).
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To make the strong industrial network of contacts also available to newly recruited graduate
students and to give them an experience of industrial reality we will have a program in which
each graduate student will make a shorter 2-4 weeks industrial stay. Ideally, this industrial
stay will also give a possibility to get feedback on research ideas and possibilities to discuss
industrial case-studies and deployment.

Multidisciplinarity
One of the main strengths of ARTES has been the multidisciplinary network, which has given
graduate students from different disciplines excellent opportunities to learn more about other
disciplines and to discuss their research issues with other researchers working on the same
problem with a different perspective or on a different problem with a related perspective. We
will continue in this tradition, and even strengthen it by offering a better structured
multidisciplinary course program. Continued summer schools and graduate student
conferences are additionally extremely important for maintaining the strong multidisciplinary
contacts among graduate students that has been established by ARTES.

International and National co-operation
ARTES++ is per se the national research co-operation in real-time and embedded systems,
which additionally offers excellent contacts for national co-operation with industry.

To promote international co-operation and world-leading research, one of the key elements of
ARTES++ is the international mobility program. This program will for each student provide
an opportunity to spend at least three weeks at an internationally leading research group.

4. Budget
The plan is to start ARTES++ in January 2004, with an initial period of preparation during the
later half of 2003. Costs in addition to the director of graduate studies in 2003 will be covered
by the regular ARTES-budget.
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ARTES++ Graduate School Budget

Costs 2003 2004 2005 2006 Total

Admitted stud. 20 20 20 60
Courses (100.000/course) 6 6 6 18
Courses/stud 10,000 10,000 10,000
Sum courses 800,000 800,000 800,000 2,400,00

0
Int'l mobility/stud 30,000 30,000 30,000
Int'l mobilty 600,000 600,000 600,000 1,800,00

0
"ryggsäck"/stud 20,000 20,000 20,000
"ryggsäck" 400,000 400,000 400,000 1,200,00

0
Industry stay/stud 5,000 5,000 5,000
Industry stay 100,000 100,000 100,000 300,000
Sum mobility 1,100,000 1,100,000 1,100,000 3,300,00

0
Summer School 300,000 300,000 300,000 900,000
Graduate Student Conference 100,000 100,000 100,000 300,000
Sum meetings 400,000 400,000 400,000 1,200,00

0
Dir. of Graduate Studies (25%) 125,000 250,000 250,000 250,000 875,000
Admin (20%) 200,000 200,000 200,000 600,000
Board and meet 75,000 75,000 75,000 225,000
Sum admin 125,000 525,000 525,000 525,000 1,700,00

0
Total costs 125,000 2,825,000 2,825,000 2,825,000 8,600,00

0

Funding
Amount applied for (excluding VAT) 6,600,000
Funding for Network Activities and Admin. provided by ARTES: 2,000,000 (2004-

2005)

Amount applied for (including
VAT):

7,173,913
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Appendix A: Participating universities
The following universities participate in ARTES++:

University Department(s) Contact person
Lund Institute of
Technology

Department of Automatic Control
Department of Computer Science

Karl-Erik Årzén

Blekinge Institute of
Technology

Department of Software Engineering and
Computer Science

Lars Lundberg

Halmstad University School of Information Science,
Computer and Electrical Engineering

Magnus Jonsson

Chalmers Department of Computer Engineering
Department of Computer Science

Jan Jonsson

Linköping University Department of Computer and
Information Science

Jörgen Hansson

Skövde University Department of Computer Science Sten Andler
KTH Department of Machine Design

Department of Microelectronics and
Information Technology

Martin Törngren

Mälardalen Univerity Department of Computer Science and
Engineering

Hans Hansson

Uppsala University Department of Information Technology Paul Pettersson




