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1 Project plan

Our plan was to have two graduate students doing their doctorate research within the project,
one at Mälardalens University at Västerås and one at Chalmers University at Göteborg.

More precisely the theme of the work that the two students had to get involved in was to
explore research advances in the area of lock-free synchronisation and non-blocking concurrent
data structures implementation and apply them for gaining in e�ciency in the OS kernel level;
the target is to develop an OS prototype, with a lock-free (non-blocking) kernel. The plan of the
proposed work involves the steps below:

� First we planed to study some existing real-time operating systems and the architectures
for which they are applicable for. The purpose of this study is twofold: (a) to identify
the data structures whose implementation is a signi�cant factor for the performance of the
respective real-time OS (b) to identify the synchronisation capabilities (via the wait-free
agreement protocols that they support) of the architectures on top of which these OS are
running. These will lead to the identi�cation of the most e�cient feasible ways for lock-free
implementation of these basic kernel data structures for the respective architectures.

� In the second step of this project we plan to gradually incorporate the new data structure
implementations in the existing kernels and use simulation platforms for their testing and
evaluation. We believe that it is very important not to build a new OS from scratch
but modify already existing ones; in this way we will be able �rst to concentrate on the
wait-free/lock-free aspects on real time OS and, second, to measure exactly at the end the
improvements as we expect that the new techniques will give to the systems; third but not
least the expected bene�ts of the OS will thus be immediately available to the community
that already is using these OS.

� The last phase of the plan will be to test all aspects of the performance of the new kernel
by running the kernel on the targeted real architecture with real data.

� The study and development will throughout the project be guided by case-studies. Initially
we will concentrate on using wait-free snapshots in an automotive diagnostics system

On a more concrete level, the individual roles of the two (cooperating) graduate students will
roughly be the following:
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� The MdH student will focus on aspects related to the implementation of wait-free tech-
niques in Real-Time kernels. This will, in addition to the actual implementation work,
include evaluation and analysis of implementations and applications.

� The Chalmers student will focus on wait-free techniques and algorithms. This includes
study of applications and existing kernels, development and analysis of algorithms, as well
as evaluation of the use of algorithms.

2 Results

During the �rst year of the life of the project we tried to follow the basic lines of our plan. As a
result of this e�ort:

� We managed to recruit two good students: B Alvin and H. Sundell. Unfortunately B.
Alvin left the project some months after the project started. So the project had to run
with only one student in its �rst year course.

� After initiating contacts with ENEA OSE systems and Northern Real-Time group we have
received from ENEA OSE systems the sources of their RTOS and from Northern Real-Time
group the TPK-sources.

� We have studied the above mentioned operating systems thoroughly, focusing at the syn-
chronisation data structures that they use and the ways that these data structures are used
inside the OS. We have identi�ed a number of synchronisation data structures used by the
above OS kernels whose implementations plays a signi�cant role on the performance as
well as the behaviour of the respective OS under faults. Our study was in-line with our
expectations and more signi�cantly gave us new interesting material for our research.

� We have looked at a number of shared data structures that are widely used in modern
commercial OS (the ones that we got from our industrial partners included) aiming at de-
veloping e�cient non-blocking implementations for them. We were quiet successful and we
have proposed e�cient non-blocking implementations for a number of fundamental shared
data structures like bu�ers, queues and snapshot objects that outperform the best known
non-blocking and lock-based algorithms in the literature. The performance of most of these
new implementations was tested experimentally and computed analytically. Implementa-
tions of these shared data structures have run on top of existing multiprocessor systems
that the ENEA OS can support. These results are described in our publications.

3 Changes

The big change in the project was that we had to run the project with one student instead of
two. This did not change the basic plan of the project, we are still following the same basic steps
described at section 1. But, we changed slightly the milestones of the �rst year basically to save
some time since we are running with one student less. So we:

1. Have shown via our research papers the applicability of wait-free techniques in the real-time
systems but we did not have time to write a paper to summarise these.

2



2. We have a number of implementations for the snapshot mechanism that run on top of
existing multiprocessor systems (SUN ENTERPRISE10000).

3. We did not have time to use the wait-free monitoring in a diagnostic systems, but, we have
used it as a debugging tool for debugging our parallel implementations.

4. We did not tried to �nd a wait-free algorithm for agreement in real-time systems because
of lack of time (or one student) and because it was not necessary at this part of our project.

As we have mentioned above there were no changes at the basic steps of our plan, some small
modi�cations at the milestones were made in-order to save time. We do not plan to change the
plan for the next year; we hope that a new student is going to be recruited soon so that the
project can start running in full scale.

4 Publication

1. B. Allvin, H. Hansson, A. Ermedahl, M. Papatriantafilou, H. Sundell, P.

Tsigas. Evaluating the Performance of Wait-Free Snapshots in Real-Time Systems. In
Proc of the 1999 Konferens om Realtidssystem (SNART '99), Linköping, 24-25 August,
1999.

2. P. Tsigas, Y. Zhang. Non-blocking Data Sharing in Multiprocessor Real-Time System.
In Proceedings of the 6th International Conference on Real-Time Computing Systems and
Applications (RTCSA '99), part of the federated 1999 International Computer Congress
(ICC '99), IEEE press, pp. 247-254.

3. P. Tsigas and Y. Zhang. The E�ect of Faults on the Performance of Non-blocking
Shared Data Objects in Multiprocessor Systems. Fast Abstract in the Proceedings of the
1999 Paci�c Rim International Symposium On Dependable Computing (PRDC 1999) part
of the federated 1999 International Computer Congress (ICC'99).

4. H. Sundell, P. Tsigas, And Y. Zhang. Bounding Wait-Free Snapshot Algorithm
Bu�ers Using Timing Information. (Will be submitted)

5. P. Tsigas and Y. Zhang. A fast, scalable non-blocking, concurrent FIFO queue and
its performance evaluation on the SGI Origin2000 and SUN Enterprise10000. (Under
Submition.)

5 Industrial cooperation

ENEA OSE systems has o�ered to us the sources of their OS. Please see the attach letters from
ENEA OSE systems.
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1Philippas Tsigas, 0-06-13 17.16 +0200, Our Report  for the first year

X-From_: tsigas@cs.chalmers.se Tue Jun 13 17:17:18 2000
Sender: tsigas@cs.chalmers.se
Date: Tue, 13 Jun 2000 17:16:13 +0200
From: Philippas Tsigas <tsigas@cs.chalmers.se>
Organization: Chalmers Technical University
X-Accept-Language: el, en
To: artes@docs.uu.se
CC: tsigas@cs.chalmers.se
Subject: Our Report  for the first year

Hi Roland,

Please find attached our first year report.

I am also sending to you by fax two letters from ENEA OSE systems
that have to be attached to our report.

If something is not clear please do not hesitate to contact me.

Best regards,

Philippas

PS Thanks for your help with the deadline.

1Printed for Roland Grönroos <Roland.Gronroos@DoCS.UU.SE>










