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The modular approach of a real-time course

Shmuel Tyszberowicz

Tel-Aviv University and The Academic College Tel Aviv Yaffo

Abstract. This article describes some thoughts concerning the negdixdbus
for a “Real-Time Systems” course for computer science stisdd he ideas de-
scribed are based on several years of experience in teashdatga course both
for graduate and advanced undergraduate (in the last yesandies) students at
several academic institutes: Tel-Aviv University, the @péniversity of Israel,
and the Academic College of Tel-Aviv Yaffo.

1 The problem

For over a decade | have been teaching undergraduate andatgastudents at sev-
eral academic institutes various “Reactive and Real-Tiyse®ns” courseReactive
systemare computer systems that continuously react to their paysnvironment, at
a speed determined by the environmégal-Time Systen{RTSs) have reactive be-
havior. An RTS involves control of one or more physical degiavith essential timing
requirements. The correctness of an RTS depends both oimtééntwhich computa-
tions are performed as well as the logical correctness ofdhelts. Adding the term
reactive system to the name is due to the fact that we mairivdéh the reactivity of
the system.

The syllabus of the course, its rationale, and the kind ofgets the students should
do have already been described in [4, 6, 5]. Basically, botlrses focus on the devel-
opment ofprovably correctreactive real-time systems. They cover the full life-cycle
of a system development: specification, design, implentientaand verification. The
courses combine theoretical issues with practical implgai®n experience, trying to
make things as tangible as possible. The courses have baamegl such that no spe-
cial purpose hardware is needed and all software tools usefteely available from
various Internet sites and can be installed quite easili takes our course attractive
to institutions and instructors for which purchasing andntzaning a special lab is not
feasible due to budget, space, or time limitations (as ircage).

The approach we chose was to provide a set of predefined begtolpics, where the
instructor selects which topics to teach, and how much tmdetote to each of them.
As a reference point for the set of topics one can use thosgestep by Zalewski [9].
We have carefully studied the lecture topics, and put legshasis on the knowledge
units. Thus, for example, whereas we described analog agitaldinput/output, we
removed topics such as buses, DSP, LAN. This was mainly doedalthe fact that
computer science students (at least in the above mentiosétltes) do not have the
appropriate background, Thus, we actually eliminated ¢da¢-time hardware architec-
ture knowledge unit. On the other hand, we added other umits as the synchronous
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approach [1]. We also updated the content of others, e.grethietime development
methodologies knowledge unit. Note that whereas the sydladifered by Zalewski
refers to undergraduate students, the topics can be adijosieaduate students as well.
Actually, we can use identical or at least very similar tediar both the undergraduate
and graduate class, but with different content.

During the years | have been teaching those courses, | &ltrttuch more than in
other courses | teach, the success of the real-time coupemde on the background of
the students. Background in this context refers both tosesialready studied and to
industry experience, i.e., developing projects that amgelathan academic ones. This
may have several reasons. Both the content of some courdekatist of mandatory
courses is changing from time to time. This fact has direictlijyenced the content of
the real-time course and sometimes also its quality. Thdean& background of the
students may also have a great influence on the content ofotlmses For example,
suppose that the students have already studied threadsi(aidhat they have studied
both Java and operating systems). If the real-time courpgines programming, it is
reasonable to emphasize embedded systems, since Javdeggrguod interfaces. Thus
it easier to create interfaces to the embedded hardwareyanedn avoid low-level pro-
gramming. On the other hand, Java is not the right languadedbwith hard real-time
systems, as it does not have the notion of interrupts andges\no means to spec-
ify timing constraints. Moreover, features such as garlzadjection or polymorphism,
make it difficult to predict the timing, a crucial demand fard real-time systems. If,
on the other hand they know C, hard real time systems can tiexta

The mandatory courses can then be used to decide what wowdhpleasized in
the course. Of course, if a minimal number of prerequisgesieded in order to teach
other topics, this should be no problem.

Another issue where the real-time systems course differa fither courses is its
preparation. For most other running courses, when pregpdnia materials for a new
semester, it seems that the basic topics have not changgdyteat might be added
are new topics, for example the additions to Java 1.5 as c@dpga Java 1.4. When
looking for new assignments, | almost always end up with dlem that describes a
controller of some embedded system, with virtual sensadsaatuators. Virtual, since
there is no budget to buy even Lego Mindstorm. | always enaghers who could
ask their students to drive satellites, etc (cf. the varimeseedings of the Real-Time
Educational Workshops), or at least drive a Lego train. Aalivays asked myself what
examples will | use if there would be enough budget.

The tools we have used for our course have also caused a latrafveork. For
example, | am teaching the synchronous language Esterelfréa version from Es-
terel's website [10] is from 2000. In order to adjust it to ngang environments, | have
to prepare a file with the needed instructions and the filgsatfeamissing in newer en-
vironments. A tool that translates Esterel to SMV does watly on the previous Unix
version of Esterel. The free academic version of Esterdlijg&ds a new license every
year.
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2 The solution

All the reasons mentioned in Section 1 caused me to take & In@a teaching this
course. Nevertheless, since | knew that some day | will bechsk teach them again,
| tried to see what can be changed, hoping that there is arbatieast easier, way to
handle these issues.

It became clear to me that in order for the courses to be ssftdeand in order to
make the preparation process smoother, each of the coursekl e built in a way
that will easily enable it to be adjusted to the class. It isemmugh to have two separate
courses, one for undergraduate students and the otherdduate ones; several other
aspects need to be considered.

Creating a syllabus for a given class should be based ongdieed, existing, teach-
ing modules. This can be seen as a multi-dimensional mattiere each cell contains
the relevant teaching module. The first dimension, which islthe most important one,
contains the various topics that should be taught.

Other possible dimensions could be the following (in noipatar order):

— Who are the students: computer science or engineeringrestie
There is definitely a difference in the background of the stug, and it might be
natural to have a more theoretical course for CS studendsa amore practical one
for engineering students.

— Graduate or undergraduate students?
We can choose the very same topics for both classes, buthmlémel of formality
and thus the difficulty will vary. For example, if the insttacdecides that he would
like to teach analysis of real-time systems, the followingpules will be available:

e The non formal approach, e.g. Hatley and Pirbahi [3] or Wand ellor [8]
for undergraduate students.

e The semi formal approach, e.g., Statecharts [2] as a drawlgusing only
an informal semantics, for undergraduate students and coitlerage of the
semantics for the graduate students.)

e The formal approach, e.g., temporal logic [7], for gradisitelents.

— Theoretical or practical course?
On the one extreme there are real time courses which only s&weduling algo-
rithms or formal methods for specification and verificatidrsoch systems. In a
practical course the theory has to be implemented as well.
Subtopics here could for example be which kind of schedwdiggrithms to teach:
EDF, rate monotonic, both?

— What dominating aspects of a system would we like to emphaasiz
Each system is dominated by a specific aspect, which influétecehoice of the
appropriate language.

e Data flow dominated systems, such as a heat-control systeantige noise
reduction system. The preferred language would be Matiadui8k.

e Hard-real-time systems (i.e., systems where the most itapbissue is tim-
ing), such as emergency braking system (in spite of the fhet, there is
also substantial data-flow in such a system). The prefeamgliages are syn-
chronous one, e.g., Esterel, Lustre, Signal [1] or synERJY.
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e Embedded systems, for example smart phones. Here the negfanguage
would be Java.

— What languages do the students already know?
Whereas in the previous item the kind of the system detesnine chosen lan-
guage, here the idea is to chose the kind of systems base@ @xi#ting knowl-
edge, as discussed above.

— Budget.
This definitely may influence the course nature. With no btidhe course can be
a theoretical one, or use free software. However, almosargelreal life project
can be implemented.

— Class size.
In a larger class we can have large groups of students wodkireach project, for
example.

Each cell in this multi dimensional matrix contains the ayrate study module.
This matrix can also serve as a kind of road map, where thareztjknowledge for
each module is provided. Each cell should also contain in&bion regarding the time
needed to teach the module. Hence, while preparing theeahesinstructor will know
if he or she can teach in the planned order and how much timeoitld take. This
approach also enables cases where the instructors decidedse only one topic. Thus,
one of my colleagues is teaching a course which deals ontysetieduling algorithms
for hard real-time systems, whereas another is mainly tegdtow to formally specify
system properties and how to verify these properties usimdeircheckers.

This modular approach makes it easy to add new considesatibhence new study
items. | envision instructors adding more dimensions aedelevant modules for each
dimension. First, the list of topics should be updated, tthenfactors that influence
the content of each topic should be treated. Last, and mayséimportant, modules
should be built. The best would be something like a wiki basted with all the relevant
materials. This will include theory, papers, and preséorat
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