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Mid-term report

Scientific evaluation of ARTES and PAMP

The aims of this evaluation were threefold

1) to guide the project's further studies

2) to give ARTES board an independent view of each project's potential

3) to give SSF (Swedish Foundation for Strategic Research) an independent view of ARTES
conformance to SSF's objectives

The focus of this evaluation has been on the scientific aspects of individual projects. We have also
received brief statements of ARTES and PAMP:s contributions and future funding suggestions.

The evaluators recived different tasks, Professor Andy Wellings, Department of Computer
Science, University of York, U.K. were asked to evaluate the ARTES part of the programme and
Professor Jaswinder Pal Singh, Computer Science Department, Princeton University, USA were
asked to evaluate PAMP. The material was shiped to the evaluatorsin May 2000 and their
response were recived by e-mail in June 2000.

The material consisted of

1. anoverview of the project's (the web page at www.artes.uu.se/project/),
2. the applications,
3. support letters,
4. reports and publications
5. the*"Take advantage of ARTES’ brochyre,
6. ARTES Mid term report submitted to SSF,
7. Embedded systems and the future of Swedish I T-research
(apaper put together to assist SSF' s strategic planning)
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University of York
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PROJECT EVALUATIONS

Hardware-Software Co-Design of Real-Time Systems(#2)

Started 13/1/98

1. Suggestions for improving the scientific work

Currently the main criterion for selecting a particular hardware/software partition appears to be minimisation of
hardware costs. For high-volume embedded markets such as automobiles, this is perhaps the most appropriate
criterion. However, the work would have awider impact if other criteriawere also investigated. For example,
utilisation levels of the processors or busses or output jitter etc.

Relevance of the studies carried out for the real-time area
Thisisavery important and relevant area.
Isthe project’s research direction heading in the proposed direction?
Yes.
Is the present direction scientifically relevant?
Very much so.
Has the present direction a potential industrial use?
Y es, particularly for high-volume mass produced embedded systems. And potentially for other areas as well.
Assessment of the project

Currently GOOD and potentially VERY GOOD. There has been a good volume of conference publications
already; if these can be turned into high quality journal publications then the work will reach a wider audience.

Perhaps the project would benefit from collaboration with Project #3. Also some international interaction with
Viennaon TTA might be helpful.
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7. Recommendation regarding the future funding of the project

The funding should be maintained to allow the completion of the PhD (and beyond if the work continues to be
successful ).
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Incremental Static Scheduling (#3)

Started 1/7/98

1

Suggestions for improving the scientific work

The key to the success of this project is showing that the approach doesn’t undermine the advantages obtained by
static scheduling compared to other more flexible scheduling approaches. It would be nice to see case studies
comparing the proposed approach with fixed priority systemsin terms of a) ease of schedule construction, b) run-
time efficiency (overheads) and c) level of determinism produced.

Relevance of the studies carried out for the real-time area

Thiswork istrying to bridge the gap between static scheduling and dynamic scheduling. My
own personal view isthat it perhaps has more industrial relevance than long-term real-time
research relevance.

Isthe project’s research direction heading in the proposed direction?

Yes

Isthe present direction scientifically relevant?

Yes—see?2

Has the present direction a potential industrial use?

Yes, particularly given that static scheduling has widespread use in industry yet it isvery inflexible.
Assessment of the project

Currently FAIR, potentially GOOD

Currently there isonly minimal publication. However, there is good international
collaboration. Whether the work is novel enough to enable it to obtain higher levels of

assessment is questionable.

Recommendation regarding the future funding of the project

The funding should be maintained to enable completion of the PhD.
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I ntegrated Control and Scheduling (#7)

Started 13/1/98

1

Suggestions for improving the scientific work

The work of lain Bate at the University of York on scheduling with offsets might be applicable to the work of
Anton Cervin (Improved Scheduling of Control Tasks).

I's the rel ationship between this work and that of Stankovic’s reported at Euromicro RTS 19997

A nice further interaction between the two parts of the project would beif the WCET analysis could also insert
Ogain pointsO into the code which can then be used to inform the scheduler that the actual execution time of the
task will be lessthan the worst case (rather than at the end of the task). Thisisaform of feed forward used for
mode changes but at finer granularity.

Relevance of the studies carried out for the real-time area

The project bridges the gap between control systems engineering and real-time systems engineering. This gap has
been an embarrassment for both communities and hence the project is most welcome.

Isthe project’s research direction heading in the proposed direction?
Yes, it appears so.

Is the present direction scientifically relevant?

Yes

Has the present direction a potential industrial use?

Yes particularly for embedded control systems. If we can get better integration between the scheduling and the
control task, more efficient and robust systems will result.

Assessment of the project

| think this project borders on VERY GOOD. There are good conference publications and journa publications
are beginning to appear. The collaboration with Lui Shais most welcome and important.

Recommendation regarding the future funding of the project

The funding should be maintained to allow the completion of the PhDs (and beyond if the work continues to be
successful ).
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Design of Heterogeneos Multiprocessor Systems for Real-Time Applications (A2-9805)

Started 1/9/99

1

Suggestions for improving the scientific work

The project seems to focus on the evaluation of aposition in the solution space. It isnot clear how that positionis
arrived at or how one can navigate through the solution space to explore alternatives. | would have liked to see
more attention given to thisissue. However, it could be that this area has already been addressed in their previous
work. Similarly, thereislittle detail given on the status of their IDR.

Relevance of the studies carried out for the real-time area

The area of research is core to real-time systems.
Isthe project’s research direction heading in the proposed direction?

It appears to be. But, the exact relevance of the UML work isunclear. | am not criticising the
use of UML see5.

Is the present direction scientifically relevant?

Yes

Has the present direction a potential industrial use?

Very much so. However, for real industrial use, care must be taken not to create esoteric
design representations. If possible the use of standard notations such as UML should be
encouraged as long as they do not inhibit the scientific progress.

Assessment of the project

GOOD. Whilst publication from the currently supported work is so far only a conference
paper, the overall Group does seem to be producing good quality work.

Recommendation regarding the future funding of the project

Funding should be maintained to enable the PhD to be completed.
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Real-time Software for Versatility, Scalability and Reconfigurability (A4-9805)

Started 1/7/1999

1

Suggestions for improving the scientific work

Some of the early survey work has been very broad. Attention now seems to be focused on
the core issues which is good. Analysis of the emerging architecture will be key, as will being
able to reason about conflicting requirements. Perhaps multi-criteria decision making has a
roleto play here?

Relevance of the studies carried out for the real-time area

The problem areais well motivated and multidiscipline.

Isthe project’s research direction heading in the proposed direction?

So far

Is the present direction scientifically relevant?

Y es, developing system and software architectures are key topics.

Has the present direction a potential industrial use?

Y es, particularly for large scale embedded systems

Assessment of the project

Currently FAIR. A thorough survey has been done (which was perhaps a little too broad).
However, few new results have yet emerged from the project.

Recommendation regarding the future funding of the project

Funding should be maintained to allow completion of the PhD.
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A tool environment for the devel opment of embedded systems (#A6-9805)

Started1/1/1999

1

Suggestions for improving the scientific work

I have mixed feelings about applying model checking techniques to the problem of schedulability analysis. Itis
not clear that thisis the most appropriate use of model checking. | tend to view model checking as an approach
for checking the consistency of the specified timing properties and schedulability analysis as the correct approach
for determining whether the timing requirements are met by the implementation. If the approach isto be pursued
then there is a need for a more detailed comparison with schedulability analysis to see whether model checking is
flexible (and efficient) enough to cope with issues like implementation overheads and shared resources.

Relevance of the studies carried out for the real-time area
The project as proposed had good relevance. But see 3.
Isthe project’s research direction heading in the proposed direction?

No, there has been a shift in emphasis away from code generation techniques. The investigator argues that code
can only be generated once schedul ability analysis has been addressed.

Is the present direction scientifically relevant?

I have mixed feeling about the relevance of the current work. See 1.

Has the present direction a potential industrial use?

Unclear. Certainly not as much potential asthe original project.

Assessment of the project

POOR/FAIR. | am worried about the direction the project istaking.

Recommendation regarding the future funding of the project

If the investigator is an experienced researcher with a good track record, then it might be
sufficient to just raise concerns on the current direction but leave it up to him/her on whether

to continue with thisline. However, if the investigator is inexperienced then corrective action
may need to be taken on this project to get it back on course.
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TATOO — Test and testability of distributed real-time systems (A7-9805)

Started: 1/10/1998

1

Suggestions for improving the scientific work

An interesting piece of work. Three issues spring to mind. Firstly, the overhead of avoiding the probe effect — it
would be nice to see some more discussion on thisissue. In particularly, what percentage increase in memory
and processor power is required (can mass-produced systems live with this cost?). Secondly, the problem of
scale. Does the approach scale up to large distributed real-time systems? The case study in the thesis considers
only atwo-node system and a handful of tasks. Thirdly, the issue of genuine sporadic tasks does seem to
undermine the approach.

Relevance of the studies carried out for the real-time area

Extremely important area.

Isthe project’s research direction heading in the proposed direction?

Yes, it appears so.

Is the present direction scientifically relevant?

Y es, although | have some worries about whether the approach will scale.

Has the present direction a potential industrial use?

Potentialy, if the approach does scale and the overheads of the probes are not too great.
Assessment of the project

Currently GOOD/VERY GOOD. The RTSS and RTAS papers are agood sign that the work is
being well received by the international community. A journal paper has also been submitted.

Recommendation regarding the future funding of the project

The thesiswork is now almost complete. It would be nice to see the work applied to a
reasonably sized industrial problem. | would favour funding for this.
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Application of wait/lock-free protocols to real-time systems (A8-9805)

Started: 1/3/1999

1

Suggestions for improving the scientific work
The current work seems to be based on a single application (the snapshot algorithm).
| feel there is aneed to be able to classify data sharing schemes which are applicable to a

walit/free synchronization approach and, if possible, to provide re-usable components for their
implementations (e.g. Ada generic packages) which can be instantiated with the actual data

types.

Relevance of the studies carried out for the real-time area

Very relevant.

Isthe project’s research direction heading in the proposed direction?
Yes.

Is the present direction scientifically relevant?

Yes.

Has the present direction a potential industrial use?

Initially for Technology providers but if the work can provide generic mechanisms then it will become more
important for end users.

Assessment of the project

GOOD. The research isincremental building on the pioneering work of others and, hopefully, taking it a stage
forward towards industrial exploitation.

Recommendation regarding the future funding of the project

Thelevel of funding should be maintained to allow the PhDs to be completed.
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Automatic Control in Distributed Application (AIDA 2) ( 9811-2)

Started 1/2/2000
1. Suggestions for improving the scientific work
The work has only just started and it is too soon to comment on the scientific work performed.
2. Relevance of the studies carried out for the real-time area
Application oriented.
3. Istheproject’s research direction heading in the proposed direction?
Too soon to tell.
4. |sthe present direction scientifically relevant?
| guess. The proposal is abit vague.
5. Hasthe present direction a potential industrial use?
Yes.
6. Assessment of the project

Too soon to tell.

7. Recommendation regarding the future funding of the project

Too soon to tell.

11
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I dentification of Complexity-Reduction Techniques for Optimal Scheduling in Embedded
Distributed Real-Time Systems (9811-3)

Started 1/5/1999

1. Suggestions for improving the scientific work

It is disappointing that the work on identifying the constraints has not really dug deep. There appears to have been
no real effort to identify the underlying requirements which result in the derived requirements. | suspect that the
detailed timing requirements are derived from more fundamental requirements. However, the classification is
nice. Perhaps aworkshop between this project and 9905-1 should be arranged?

It isalso not clear how all of the entriesin the classification are represented in the CSP.

2. Relevance of the studies carried out for the real-time area
Potentially very relevant. However, there is a danger that the very nature of the approach
(application knowledge affecting the search for optimality) might not lead to transferable
research results.

3. Istheproject’s research direction heading in the proposed direction?
Yes.

4. |sthe present direction scientifically relevant?
Yes, but see 2.

5. Hasthe present direction a potential industrial use?

Perhaps the Industrial Collaboration is not bearing fruit on this project (indicated by the
disappointing results from the constraints study).

6. Assessment of the project

Currently, FAIR. However, there is good international collaboration and the potential for Very Good results to
appear.

7. Recommendation regarding the future funding of the project

The level should be maintained to enable completion of the PhD.

12
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Node-level fault tolerance for fixed priority scheduling (9811-5)

Started 1/4/1999

1

Suggestions for improving the scientific work

There has been much work in thisarea. | would have liked to see the results of the survey to
ensure that they are aware of it all. The GUARDS projects, for example, would seem to be a
key reference. Also, the work of Sasikumar Punnekkat (when at Y ork) who is now at Uppsala
would seem to be appropriate as he modelled the impact of faults on response time analysis.
Relevance of the studies carried out for the real-time area

Clearly, fault tolerance is a key aspect of real-time.

Isthe project’s research direction heading in the proposed direction?

It appears so.

Is the present direction scientifically relevant?

Yes.

Has the present direction a potential industrial use?

Y esin the high-integrity system domain.

Assessment of the project

Currently FAIR. Although there does appear to have been good industrial collaboration.

Recommendation regarding the future funding of the project

The level should be maintained to enable completion of the PhD.

13
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Hierarchical Design and Analysis of Timed Systems (# 9811-5)

Started 1/1/1999

1

Suggestions for improving the scientific work

The mativation for thiswork is good, coming from the industrial collaboration. | wasn't sure about the relevance
of the animator for hybrid systems to the main thrust of the project.

Relevance of the studies carried out for the real-time area

The development of practical model checkers such as UPPAAL has been an important
influence on the real-time area. If thiswork is successful, it will be very relevant.

Isthe project’s research direction heading in the proposed direction?

| think so, assuming that the work on hybrid systemsis not core and has been thrown in to boost the publications!
Is the present direction scientifically relevant?

Yes

Has the present direction a potential industrial use?

Yes, | expect model checkers to be used more often in the future.

Assessment of the project

GOOD. Although it is difficult to judge at this stage whether the project will have a major
impact on the way UPPAAL is used.

Recommendation regarding the future funding of the project

Maintain funding to allow PhD to be completed.

14
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New directionsin symbolic model checking for real-time systems (9811-6)

Started 1/8/1999

1

Suggestions for improving the scientific work

In the long term, expanding the work to languages other than PL C-based ones and those
supporting the synchronous hypothesis would make the results more widely applicable.

Relevance of the studies carried out for the real-time area

Model checking is currently the most appropriate technique for undertaking automatic
verification of real-time systems. If thiswork is able to extend the size of the systems capable
of being modelled, then it is very relevant to the real-time area.

Isthe project’s research direction heading in the proposed direction?

Yesit appears so.

Is the present direction scientifically relevant?

Yes.

Has the present direction a potential industrial use?

Yes, particularly if it is ableto significantly increase the size of systems modelled.
Assessment of the project

Based on the success criteria, currently FAIR. However, the work has only been underway for
6 months so thisis alittle misleading. However, it should perhaps be noted that the progress
report gives no visibility to the work undertaken by the Research Student and the paper does
not have his name on it.

Recommendation regarding the future funding of the project

One would like to see how the Research Student is progressing before recommending further
funding.

15
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Real-time mobile communications (9905-8)

Started 1/1/2000

1

Suggestions for improving the scientific work

If the project isto include in its remit safety-critical systems then perhaps some attention
should be given to denial of service security attacks.

Lehoczky at CMU (CS Department) has done some work on probabilistic real-time system
modelling which might be relevant.

Relevance of the studies carried out for the real-time area

Extremely relevant. Real-time mobile communication will become increasingly more
important.

Isthe project’s research direction heading in the proposed direction?

It appears so.

Is the present direction scientifically relevant?

Yes, | believe so.

Has the present direction a potential industrial use?

If successful and if the security issues can be solved then yes.

Assessment of the project

Currently FAIR, but should obtain at least a GOOD rating if not aVERY GOOD rating.
Recommendation regarding the future funding of the project

Maintain funding to allow PhD to be completed.

16
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Flexilereliable timing constraints (# 9905-1)

Started 1/2/2000

1

Suggestions for improving the scientific work
Thereislittleto say asthe project has only just got underway. | suggest early collaboration with 9811-3.

Relevance of the studies carried out for the real-time area

Very relevant if flexible systems are to be implemented.

Isthe project’s research direction heading in the proposed direction?
No results yet.

Is the present direction scientifically relevant?

Yes.

Has the present direction a potential industrial use?

Yes

Assessment of the project

This project has only just started so it is difficult to evaluate at this stage.

Recommendation regarding the future funding of the project

Not applicable at this stage.

17
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Methods for integration of heterogeneous real-time services into high performance networks (#
9905-7)

Started1/1/2000
1. Suggestions for improving the scientific work
Good motivation for the study. Too early to give suggestions.
2. Relevance of the studies carried out for the real-time area
Very relevant.
3. Istheproject’s research direction heading in the proposed direction?
No results yet
4. Isthe present direction scientifically relevant?
Yes
5. Hasthe present direction a potential industrial use?
Yes
6. Assessment of the project
This project has only just started so it is difficult to evaluate at this stage.
7. Recommendation regarding the future funding of the project

Not applicable at this stage

18
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Testing of Event-Triggered Systems (9905-11)

Started 1/1/2000

1

Suggestions for improving the scientific work

Good background work to the project. . Too early to give suggestions.

Relevance of the studies carried out for the real-time area

Very relevant.

Isthe project’s research direction heading in the proposed direction?
No results yet

Is the present direction scientifically relevant?

Yes

Has the present direction a potential industrial use?

Yes

Assessment of the project

This project has only just started so it is difficult to evaluate at this stage.
Recommendation regarding the future funding of the project

Not applicable at this stage

19
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Functional integration and interference in embedded control systems (9905-11)

Started 1/2/2000
1. Suggestions for improving the scientific work
To soon to see how they have responded to a cutback in the number of Research Students.
2. Relevance of the studies carried out for the real-time area
Increased functional integration of distributed real-time systemsis an important topic.
3. Istheproject’s research direction heading in the proposed direction?
Too soon to say.
4. |sthe present direction scientifically relevant?
Yes
5. Hasthe present direction a potential industrial use?

Yes, particularly if it isable to decrease the cost and increase the fault tolerance of such
systems by sharing more effectively the computing resource.

6. Assessment of the project
Too soon to tell.
7. Recommendation regarding the future funding of the project

Too soon to tell.

20
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Overall Observations

1. It istoo soon to expect good quality Journal publications. However, the projects need to be
encourage more in this direction. Hence most of the assessments are below Very Good.

2. Thedetails of the assessment criteria are perhaps also alittle in conflict with the ARTES goals
as they focus on academic measures rather than industrial take-up/collaboration.

3. Thelevel of reporting on Industrial Collaboration in general is poor (see below).
4. Thereisagood mix of projects covering most of real-time systems research. The only notable

absence is any work on HCI issues. However, arguably these are less important for embedded
systems.

21
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PROGRAMME EVALUATION

Has ARTES contributed to

1.

Improvement in academic research

It is clear that the ARTES programme has obtained significant success in improving the spread
and scope of real-time academic research in Sweden. Before ARTES, internationally-
renowned real-time research was limited to perhaps one or two sites. | believe that strong
foundations have now been laid for greater international recognition. The number of papers
submitted to the main real-time conferences seems to have increased, and | expect further
significant increases over the next couple of years. | am also confident that much of the work
reported in these papers can provide the basis for high-quality journal papers.

On apersonal note, York has seen an increase in the number of visitors from Sweden. This,
and the fact that last year’ s Euromicro Real - Time Systems Conference was held at Y ork,
means that | have met quite afew of the new PhD students. In general, | have been very
impressed by the quality of their work and their enthusiasm.

Improvement in research education

Although thisis difficult to quantify without more detailed statistics on the programme, the
feeling | get isthat the academic community has responded well. The ARTES network and
mobility programmes are major contributions to building a strong real-time community and
has provided a critical mass of researchers. This, by its very existence, provides a support base
for PhD students and facilitates the OlearningO experience. The ARTES summer school is
also instrumental in building this support base. | expect the end result to be an increasein the
successful and timely completion of both licentiate degrees and PhDs.

It isalso good to see the number of graduate coursesin Real-Time Systemsincreasing. | am
not sure on the structure of these courses; however, from my perspective, it would be nice to
see these courses being taught intensively in English (say over aweek). Thisway, they could
be advertised and made available to research students across Europe. This would benefit the
wider real-time community.

| also understand that ARTES has sponsored this years Euromicro Real-Time Systems
conference by providing funding for asmall number of non-Swedish PhD student to attend the
conference. Thisis most gratefully received by the wider real-time community and gives direct
international visibility to the ARTES programme. | would like to see this continue next year!

Improved collaboration

My only overall criticism of the ARTES programme is that the level of reporting on Industrial Collaboration is,
in general, rather poor and mainly consists of Owe had regular meetings with our industrial sponsorsO.
Consequently, there is only scant evidence to suggest that Industrial Partners are playing amajor rolein the
research programme.

22
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It is clear that some groups have good international contacts. | expect, as aresult of ARTES, the international
visibility of Swedish real-time research to be improved. Thiswill have the knock-on effect of increasing
international contact and ultimately international collaboration.

23
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Future Funding

ARTES has successfully expanded the academic base for real-time systems research in Sweden.
Sweden has now, perhaps, the most extensive real-time community in Europe. Experience in the
UK with past targeted research programmes suggest that it is crucial (having built up the
community) not to suddenly withdraw funding after the programme has finished. Otherwise much
of the good work will be lost. Hopefully there will be a natural migration of the PhD students into
Industry. However, now that momentum is beginning to build it is important to continue that
momentum with further funding % particularly, given the importance of real-time systemsto
Swedish industry.

After the current 5 years, it should be clear which project have been successful. Inevitably some of
the work will continue to be long-term and require further funding for its continuation. If this
cannot be obtained through the normal SSF funding route, it will be necessary to extend the
programme for afurther three years. Where projects have results that have the potential for
industrial exploitation, some encouragement may be needed for industrial take-up. Funding of the
network should also continue.

In summary, | believe that the foundations have been laid for a successful programme. | would
support any request for further funding of the programme. However, this funding should be
targeted at the most successful of the current projects.

24
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Scientific evaluation of PAMP
Received from evaluator 2000-06-15.

Project Evaluation Report on Project P1-9805: “ Simulation Concepts to Model Real-Time and
Dependability Properties of Symmetric Multiprocessor Systems”

This project aimsto develop tools and methods for performance analysis and debugging of
complex, rea-time systems, using complete system simulation. Complete system simulation
captures all aspects of acomputer system’s execution, including operating system activity and
low-level hardware interactions, and has the desirable properties of predictability, robustness and
repeatability. The state-of-the-art has been advanced in the last several yearsto be ableto
simulate systems and applications of interesting size. The project’ s goals are therefore timely and
very good.

In terms of actual progress, the project was funded for 1 Ph.D. student rather than the two for
which the proposal was designed. Thus, it is difficult to judge how well the project is meeting its
goals. Thefirst year, ending June 1999, was to be ayear of application analysis, developing a
simulation model of the target case-study, with areport published at the end analyzing the
functional performance, dependability and quality of service required by the system. This report
isnot included. A report issaid to be forthcoming on aliterature survey on state-of-the-art
techniques for using full system simulation for real-time systems.

The second phase, ending June 2000, was to be a conceptua phase in which avariety of
techniques would be devel oped to support design tasks for the target class of applications
developed in the first phase. In this phase, a Ph.D. student has been working on using full system
simulation for one such purpose, which is debugging real-time systems, and has written a paper
submitted to the MASCOTS conference. Thisisan important area, and the student has clearly
made progress. However, so far it is directed toward debugging the operating system itself (due to
the use of physical addresses) rather than an application (which uses virtual addresses). It will be
interesting to see the results when the work is implemented and concrete results presented, even
for the operating system, and when actual case-studies are examined. | suggest that the project
move more rapidly in that direction.

1. Suggestionsfor Scientific work. 1t will be interesting to see the results when the work is
implemented and concrete results presented, even for the operating system, and when
actual case-studies are examined. | suggest that the project move more rapidly in that
direction. Developing more novel and clever ideas for debugging would also be a good
direction.

2. Relevance. Very high

3. Direction. Very Good.

4. Industrial use potential? High.

5. Assessment: Fair with regard to the publications standard. Very good in terms of researcher
reputation. Fair/Good so far in terms of international level, but likely to get much better in
this regard as time goes on.

Future funding recommendation: Continue to fund, and perhaps fund another student to
enable greater progress in thisimportant area.

o

Finally, according to the stated goals of ARTES:
» Regarding student training and being on a very interesting research track, this project is
doing very well. Progressis perhaps slower than it might have been compared with the
proposal, but the project funding for only one student rather than the two requested.

25
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Regarding increasing the efficiency of graduate education, the student’ s status is not
reported so it is not possible to tell

Regarding active industrial involvement, there is close interaction with Virtutech, of which
the principal investigator isa principal and which devel ops the technology, but not much
so far with industrial application companies, it seems.

Regarding maximizing synergy with related national programs, there is no evidence
provided.

Regarding increasing national/international cooperation, the ties with Virtutech and
resulting potential for technology transfer, the progressis very good.

Regarding enhancing Swedish real-time systems research, the progressisgood and is
building ties with another important area: that of system simulation.
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Project Evaluation Report on Project P3-9805: “Design Strategies for Real-Time High-
Performance Multimedia Applications on Multiprocessors’

This project isreally two subprojects that examine applications and system issues in performing
virtual reality applications on multiprocessors. Thisisavery interesting area, attempting to use
parallelism to provide the necessary real-time guarantees for these expensive systems. The goals
are: (i) quality of service negotiating scheduling algorithms and (ii) worst-case performance
analysis and improvement techniques. Thereis afocus on both the application and the system
sides, which is very important in this area.

The project seems to be making excellent progress. New methods have been developed in the
target areas, papers have been written and are being submitted for outside publication, the goals of
the revised proposal are being addressed and met, and students are being educated and trained
very well in research, it seems. Industrial collaboration viaathird, industrial student is very direct
and high. Thereport is extremely well written. Papers have so far been published as technical
reports, but they seem to be of high quality.

7. Suggestions for Scientific work. | think the work is proceeding very well. It might be
interesting and important to consider what the extremely fast graphics chips of today
would do to change the picture in this research. Since the goal isincreasing speed as well
as providing quality of service guarantees, using simply SMPs without graphics
accelerators may not be the way to go.

8. Relevance. Very good.

9. Direction. Very Good.

10. Industrial use potential? Very good.

11. Assessment: Very Good in terms of accomplishment, and Outstanding in terms of leading
researchers. Good to Very Good when combined with publications (since they are only
technical reports so far).

12. Future funding recommendation: Definitely continue to fund. Excellent progress. | am sure
this project can use more student funding if available to it, though it already had two Ph.D.
students.

Finally, according to the stated goals of ARTES:

» Regarding student training and being on a very interesting research track, this project is
doing extremely well.
Regarding increasing the efficiency of graduate education, the students’ status is not
reported so it is difficult to tell. But the students seem to be making very good progress.
Regarding active industrial involvement, there is very close interaction with ABB
Robotics, and the student from there is working directly at the intersection of application
needs and this project.
Regarding maximizing synergy with related national programs, not much evidenceis
provided beyond ARTES.
Regarding increasing national/international cooperation, the tieswith ABB and the
resulting potential for technology transfer are very good.
Regarding enhancing Swedish real-time systems research, the progressis excellent and is
building ties with another important area: that of multiprocessor architecture and software.
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Project Evaluation Report on Project P4-9805: “Design Guidelines and Visualization Support
for Developing Parallel Real-time Applications”

This project aims to design guidelines as well as performance prediction and visualization tools
for developing parallel, real-time systems with a high, predictable and scalable performance. The
target application area is transaction-oriented telecommunications applications.

This general area of understanding program structure and reasoning about performanceis very
important as both applications and systems become more complex. The project aimsto address
two of the most critical areas. programming guidelines, and performance prediction tools.

The project seems to be making good progress. Many papers have been published by the two
Ph.D. students, though some of the ones listed seem to have been written before 1999. Students
are being educated and trained very well in research and writing papers to describe research, it
seems. Industrial collaboration with Ericsson is very high aswell as very much appreciated by
Ericsson it seems, with direct use of the research. The change in direction for Haggander from the
original proposal isagood one, moving in a more important direction.

One drawback is that papers tend to be published in venues that are not the leading ones for
paralel computing, which | believe is generally not a very good thing to do. There are many better
venues to publish in for parallel computing and especially for thisimportant area. This aso makes
it difficult to ascertain quality without reading the papersin detail. On the visualization tool front,
it appears that the 1999 goal of application to areal at-scale telecommunications application has
not been met, and instead the tool is being ported to other environments?

13. Suggestions for Scientific work. | think the work is proceeding well. | have not read all the
papers, but | would suggest applying the tool to visualization and prediction tool to real
applications as was intended in the proposal, as well as building more general guidelines. |
would also suggest trying to publish in more competitive conferences and venues, since
that is where the merits of ideas get tested and provided with valuable feedback.

14. Relevance. Very Good

15. Direction. Very Good

16. Industrial use potential? Very good.

17. Assessment: Very good in terms of accomplishment and |leading researchers. However,
publication is generally not in the better venues for parallel computing. Interactions with
Ericsson seem to be proceeding very fruitfully. Overall, Fair to Good by these criteria,
primarily due to the publication issue.

18. Future funding recommendation: Continue to fund. | recommend extending funding to let
the Ph.D. students finish their degrees next year.

Finally, according to the stated goals of ARTES:

» Regarding student training and being on a very interesting research track, this project is
doing extremely well.
Regarding increasing the efficiency of graduate education, the students’ have compl eted
their Licenciates and will complete their Ph.D.s soon. So thisis excellent.
Regarding active industrial involvement, there is very close interaction with Ericsson, and
the letter form Ericsson shows that the collaboration is going very well.
Regarding maximizing synergy with related national programs, not much evidenceis
provided beyond ARTES.
Regarding increasing national/international cooperation, the ties with Ericsson and the
resulting technology transfer are very good.
Regarding enhancing Swedish real-time systems research, the progressis very good.
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Program Evaluation for PAMP

Following the evaluation guidelines, | cannot speak to improvement per se, because | am no
familiar enough with the status before ARTES. However, at least judging from the PAMP projects
that | have evaluated, there does seem to be a marked benefit in terms of concrete industry-
academic collaboration, without distracting from the goal of academic research, which is
beneficial to students.

Academic Research

The quality of the research effortsis very good. The projects | have evaluated are led by some of
the very strongest Swedish researchers in computer systems. The projects target important areas of
research, at least from the viewpoint of parallel computing and computer systems. and have made
substantial progressin them. | cannot speak as clearly to the impact and importance on the real-
time systems side, though the projects at least seem well-motivated from that perspective too. |
have not seen anything so far that is dramatically innovative or earth-shattering, but that israre in
computer systems; the problems here are well-chosen and the research is of international quality.
The oneissue | observeisthat there seemsto be an emphasis on publication in reasonably good
venues rather than focusing on papers that are of high enough quality to be published in the top
venues in the field. It would be good to shift this focus somewhat, toward perhaps making fewer
but big contributions and publishing them in the best venues, since those venues are where
international impact is most often made. The projects are publishing in well-known international
venues, which is very good, but I would advocate an emphasis on targeting the best ones.

Resear ch Education

Here the projects and program seem to be doing very well. Students appear to be completing their
degree stages in atimely fashion, doing good research, and publishing their work actively.
Students are also being exposed to real applications viathe industrial collaborations. Thereis
exposure to multi-disciplinarity through the application collaborations, which the letters from
collaborators describe to be active. | believe there should be more of an emphasis on the
application-oriented and especially application-driven nature of the work, but thisis still early in
the projects. Asis natural in computer science projects, tools and methods are devel oped first and
then applied to applications, so the emphasis here is on tools and methods so far. However, more
direction from the applications would be beneficial to the students' research education aswell. |
did not see much evidence of gender balance in the projects | evaluated.

Collaborations

Collaborations between academic research groups and individual industry groups seemsto be
quite strong, as evidenced by the reports and the letters. That these | etters come from real-time
companies while the researchers are often from the computer system community is a good sign of
cross-disciplinarity. Not enough of the published work and results reflect this so far, though.
There seem to be fewer collaborations, at least in the projects | evaluated, between different,
cross-institutional or cross-disciplinary academic groups. | refer to the PAMP projects | examined,
not to ARTES as a whole which seems to have several strong efforts oriented toward national
collaboration and networks. Thereis aso not much evidence of international collaboration in
some of the projects. Mobility between universities and industry seemsto be high in these
projects, at least at the level of work done being transferred and people working together. | do not
know about people moving jobs from academiato industry or vice versa. Thereis no evidence of
improved (or degraded) handling of immaterial rights at the universities via these projects.
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Evaluator’s Recommendation

It seems to me that the PAMP program is having avery good effect on interdisciplinary research
between real-time systems and computer architecture and software systems. Students are being
trained at these boundaries, which is very important, and very good research is being done in the
program by some of Sweden’s top researchersin the areas. Interaction between academia and
industry seems very good too. Whatever weaknesses | could find | have highlighted above. Such
programs are very valuable when they are successful, and at least PAMP (and it seems all of
ARTES) seemsto be. Real-time and embedded computing, including distributed embedded
computing and communication, is clearly becoming more important. The network effect of such
programsis aso very strong, enabling critical mass, and ARTES seems to be devel oping and
using it very well. | recommend continuing the program after year 5.
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Instructionsfor ARTES/PAMP evaluators

The aims of this evaluation is threefold

1) to guide the project's further studies

2) to give ARTES board an independent view of each project's potential

3) to give SSF (Swedish Foundation for Strategic Research) an independent view of ARTES
conformance to SSF's objectives

The focus of this evaluation is on the scientific aspects of individual projects. We would however
liketo recieve a brief statement of the quality and balance of the entire programme (the project's
you are reviewing).

Project evaluation

As comments on each the project's we would like to recive

1) suggestions for improving the scientific work, cooperations, litterature, methods etc.
2) relevance of the studies carried out for the real-time area

3) isthe project's research direction heading in the proposed direction ?

4) isthe present direction scientifically relevant ?

5) has the present direction a potential industrial use ?

6) your assessment of the project (see proposed terminology at end) with comments

7) your recommendation regarding the future funding of the project

As material for this part of the evaluation we submitt the an overview of the project's (the web
page), the applications, support letters, reports and publications. Please note that several of these
publications are not published yet and may be subject to changes. We therefore ask you to use
these publications only for this evaluation. The publications are made available at or linked from
http://www.artes.uu.se/project/ as soon as there are final versions.

Programme evaluation

To give SSF an independent view of ARTES conformance to SSF:s objectives we would like
comments on the following when looking on al project's and ARTES activities together. We

realise that it is difficult for you to comment on all aspects. Please, make an attempt to at least
give ahigh level impression on the performance of ARTES for as many aspects as possible.

Has ARTES contributed to
1) improvement in academic research
- by the quality of research activities
- by improved international standing of the involved groups

2) improvement in research education
- improved quality of graduate education, manifested e.g. by lowered examination age,
- improved basic training,
- improved multi-disciplinarity,
- improved super-vision,
- improved contact with industry/society at large,
- increased examination of PhD’sand lic’s,
- increased employment of PhD’s and lic’ s outside academia, and
- improved gender balance

3) improved collaborations
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- improved collaboration within academia, between various disciplines

and between different universities, manifested e.g. by joint project's, joint publications
- improved collaboration between academia and industry/society at large, manifested e.g. by
- research project’s, leading to new devel op-ments, prototypes, products and

systems; participation in graduate training/course work, supervision of research
- improved international collaboration manifested e.g. by alist of EU project's and

other international project's
- improved mobility between universities and between academia and industry/society at large
- improved handling of immaterial rights at the university, manifested e.g. by

patents registered and exploited; number of spin-off companies etc

Evaluator’ s recommendations

The Foundation would appreciate recommendations regarding the future funding of the
programme, incl. if and how the programme should be continued after year 5 (the termination of
the current funding period).

For this part of the evaluation we submitt a complementary material to the material for the
project's
- Take advantage of ARTES,
- ARTES Mid term report to SSF,
- Embedded systems and the future of Swedish I T-research
(apaper put together to support SSF:s strategic planning)

Proposed ter minology
In order to standardize the terminology used in the assessment of the different parts of the
program, the following grades should be used:

1 - Outstanding/Excellent. Research at avery high international level; of great international
interest with broad impact and with publications in internationally leading journals and/or leading
conferences; the researchers are among the leading in the field.

2 - Very good. Research at a high international level; of international interest with impact within
the sub-field and with publicationsin internationally leading journals and/or leading conferences;
the researchers are among the leading in the sub-field.

3 - Good. Research at agood international level with publicationsin internationally well-known
journals and/or conferences; the researchers have a good international reputation within the sub-
field.

4 - Fair. Research that only partly is of good international standard and only partialy published in
well-known international journals and/or conferences.

5 - Poor. Research of insufficient quality.

Best regards
Roland Grodnroos and Hans Hansson
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