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Editorial Note 
Regrettably this is the last issue of Question es Informatica to appear in its current format. There are a number of 
reasons for terminating the production of QI in printed form. Firstly, the cost of publication has tripled over the last 
couple of years. Secondly, the interest in the journal has dwindled to the point where one may question the need for 
a South Arican publication on the more academic aspects of computing: the readership has not expanded but, more 
seriously, despite many appeals no contributions are submitted. At present I have only one paper in the pipeline. It 
appears that the only supply of papers comes from the two-yearly Computer Science Symposium, and this is not suffi
cient to justify the expense of publishing QI in its present form. 

Nevertheless, both the Computer Society and the Institute of Computer Scientists feel that a vehicle for publishing 
the results of research in the field of information technology is required for this country. We propose to continue QI 
in a format similar to that used by Questions Informatica. In other words we shall use a photo-reproduction process 
and a printed cover to continue the publication of QI, but at greatly reduced costs. This puts the onus of delivering 
reproducible copy of the authors, but relieves the printers from the problems experienced with unusual 
symbols, diagrams, computer printouts, etc. 

The journal will continue to accept only papers which have been referred. In fact, we shall try to satisfy all the re
quirements for being regarded as a publication acceptable under the rules for obtaining university subsidies. It is also 
intended to guarantee quick publication, say not more than three months after acceptance of a paper. However, the 
journal can only continue to exist if it receives enough contributions of sufficiently high standard. 

Again, I would like to appeal to all engaged in research and development in computer related areas, to consider 
publishing your results in QI. 

Finally, it is my pleasure to thank Dick White, of Thomson Publications, for all he has done to produce this journal 
in its current form. 
G WIECHERS, 
Editor 



Syllabi for Computer Science as a Scientific Discipline 
Stef W. Postma 

University of South Africa 

Abstract 
The paper is concerned with computer science as a science and the training required by its scientific practitioners-to
be. The background and objectives for a curriculum design are briefly sketched, and a taxonomy is given for computer 
science. The syllabi for the undergraduate courses and an honours course are described and justified. The masters 
degree is briefly considered. To clarify the undergraduate courses the mathematical pre- and co-requisites are touch
ed upon. 

Introduction 
A number of things have happened over the last seven or so 

years, some of them continuing, that prompt a reappraisal of 
computer science and its teaching at universities. The follow
ing are the more important: 
1. The Japanese 'fifth generation' initiative. 
2. The response of western civilization - e.g. The Alvey report, 

and American initiatives. 
3. The establishment of. a core of knowledge in computer 

science. 
4. The emergence, in the seventies, of tertiary educational 

establishments between universities and technical colleges. 
These are the Colleges of Advanced Education in Australia, 
the Technikons in South Africa. 
There are also. some continuing processes which should be 

taken into account: 
1. The shortage of skilled personnel. 
2. The availability of cheap hardware. 
3. The automatization of skilled work. 

The problems arising from the above are not discussed in this 
paper, neither does this paper contain a complete solution, but 
it addresses one aspect of the problems and proposes a start 
towards a solution to these: In order to create work for people 
and to exploit the capabilities of modern computers we need 
a skilled group of people - computer scientists - and their 
training is discussed below. 

An Input-Output Diagram 
In setting up a curriculum the users, i.e. students, should be 

considered as input to the teaching/training process, the 
graduates and indeed all who take a course constitute the out
put. Such a diagram is given in fig. I. 

In the diagram the figures given show the typical percentages 
of students who drop out, pass but do not continue etc. At the 
masters level a spectrum of results are considered and the MBA 
is included to clarify this spectrum, it is not proposed that the 
MBA be offered in a Computer Science department, and it may 
be doubtful whether the Masters in Information Systems should 
be offered in the C.S. department or in a Business Economics 
setting. A similar spectrum holds with respect to a masters 
degree in electrical engineering, but this is not shown. 

If we take a typical first year group through the diagram, 
them the following results (i.e. graduates etc.) are produced: 
Intake at first year level: 200 
33 OJo pass and enter 2nd year: 67 
Most pass the BSc: 60 
Typical honours class (33 %): 20 
At the masters level: 10 
9 of the 10 do an essentially terminal masters, 1 of the 10 does 
an academic masters and proceeds to PhD, of the other 9 some 
may come back for an applied degree. 

3 

A Taxonomy for Computer Science 
There now exists a body of knowledge which may be 

designated 'Computer Science', but people generally disagree 
as to what computer science may be. In the following table a 
classification is proposed which covers the subject but hard
ware is not included sihce that is considered to be the province 
of the electrical engineer. This point of view is of course open 
to objection but we do need to start somewhere and it should 
not be difficult to find an equivalent hardware oriented 
formulation. 

The classification is summarized in table I. 
The mathematics for computing is summarized in appendix 

1, and is to be discussed and justified in a separate paper. 
It must be noted that the applications areas each have an 

associated body of knowledge which must be acquired by the 
student. Such knowledge is typically obtained by ancillary 
courses or a second major at the bachelor's level. In particular 

>------> failure rate 33% (50% at UNISA) 

BSc I 

33 OJo 33 OJo 

BSc 
33% 66% 

Other 
BSc 

50% 

10% 

Hons 

50% 

90% 

MSc 

70% 

Ph.D. 
-Academic 
& Researcher 

Cultural background; service courses 

Technical programmer CIS, MBA etc., 
Teaching/Industry training follows 

Professional programmer I system analyst 

l . 1 l 
M.Soft.Eng. M.Inf.Syst. MBA 

programmarian/algorithmician/ 
diagnostician 

l 
Ph.D. - R & D-applied/industrial. 

FIGURE 1: Input/Output diagram for complete 
degrees structure 



the need for statistics in artificial intelligence, industrial 
economy/psychology/law in data/information processing, and 
mathematical analysis in graphics and numerical analysis can
not be over emphasized. 

Core Curricula for Computer Science 
The core curricula for computer science and mathematics are 

summarized per year in table 2. The requirements of other sub
jects to complete a year's curriculum are not considered but 
the remarks in the section above give an indication of what is 
required. The computer science syllabus are considered in the 
next section, and a brief look at the master's degree concludes 
this section. 

Many well-known topics are absent from the core curricula, 
in particular compiler design and operating systems. It is my 
contention, further discussed in the next section, that these are 
specialist topics. If we follow Wegner's lead in considering the 
master's degree to be just that, and not a PhD-failed, then these 
topics cannot be properly covered at a pre-masters level, and 
the work is included at that level at the expense of core material 
so that a lot of time is wasted on material which should in any 
case not occur in options but be mastered by all the students. 
A typical masters then is devoted to one such subject, to master 
the subject itself and in a practical or theoretical (semi) disser
tation to demonstrate acquaintance with methods of research. 

Syllabi for Computer Science 
The following are basic assumptions of the syllabi: 

1. The first year must be a general introduction to the whole 
area of computing, and is not considered in detail. 

2. The material must be presented from the concrete to the 
abstract: an early introduction of abstraction yields parroting 
not knowledge. 

3. Iteration over material is required by the learning process. 
4. The areas denoted TC & PC must be offered in an integrated 

fashion. 
5. Program languages are covered in the lectures, programm

ing languages in the practicals. 
6. Three-hour practical sessions are formally required: two at 

the second year level, three at the third year level and four 
at the honours level. Aim: Transference of know-how. 

7. The AC-options cover only core material, other applications 
are to be added as options depending on departmental in
terests and availability of lecturers. 

The second year concentrates on data items, hence an 
assembler language is studied, and the combination of items 
in linear structures - vectors and files and hence Pascal is 
studied. 

Subroutines and functions are covered in a typical von 
Neumann environment. This of course goes well with the 
iterative approach for linear structures and the correctness by 
loop invariants are covered as formal proofs, a la mathematics, 
in the lectures. The student is presented with an algorithm and 
its proof of correctness, justification for termination and in
dication at least of complexity. The student is not to reinvent 
the wheel again and again, but must use the material in the prac
ticals to solve problems. 

Predicate transformations and a top-down presentation of 
the formal material helps to inculcate good habits, of which 
proper documentation is the most important. But a top-down 
development of a solution can only work if you have a very 
shrewd idea of where you are going, else you are doing research. 
This is just too much to expect from the undergraduate. 

The language(s) used in the practical work is not important, 
and Cobol might well be one of them, or Ada for that matter. 

Compared to standard syllabuses the proposed syllabus does 
not attempt to cover all data structures, but greater attention 
is paid to algorithms. 

The third year concentrates on trees and hence recursion (via 
Lisp), and the student is introduced to non-procedural program
ming via Prolog. Thus an approach is made to non-von 
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MC. Mathematics (Metatheory) for computing: (q.v.) Techni
ques of proofs 
Logic; automata, grammars & languages; algebra; linear 
spaces; recursive function theory; lambda-calculus etc. 

TC. Theory of computing: proofs about programs 
Semantics: operational, denotational, axiomatic; syntax; 
proofs; equivalence; schemata etc. 
Models: automata; architectures. 

PC. Pure Computing: programs 
Data structures/types; algorithms-efficiency; pro
gram(ming) languages; architecture; control structures; 
programming methodology, etc. 

AC. Applications: using programs to solve problems 
Data processing; information processing; artificial in
telligence; numerical analysis; graphics; hardware design; 

TABLE 1: Taxonomy 

BSc //: Sequential Data Structures, Iterative Control 
MC: Vectors and matrices; number theory; combinatorics; 

finite automata (FA) & regular expressions (re), Turing 
machines (Tm) & halt problem; model theoretic proposi
tional & predicate logic. 

TC: Loop invariants, predicate transforms; proofs of effec
tiveness & efficiency. 

PC: Assembler language programming: data items - strings 
of bits, characters, numbers - loops & subroutines, von 
Neumann architecture. Pascal: vectors, records, files; 
functions. 

AC: Applied number crunching: percentages, statistics, an
nuities etc. File processing: sorting, merging updating etc. 
1/0 layout. 

BSc /II: Sets & Trees, Recursive & Backtrack Control 
MC: Axiomatic propositional & predicate logic; sets, relations, 

(partial) order, etc; algebra: (semi-) groups, rings, fields, 
ideals; push-down automata (PDA), types 0-3 grammars 
& languages. 

TC: Synax (-analysis); effectiveness, efficiency, equivalence by 
various recursive proof techniques; semantics: opera
tional, axiomatic, schemata. 

PC: Sets, trees, data types; Prolog & non-procedural program
ming; (pure) Lisp & recursive programming; non-von 
Neumann architecture-I; and-or trees and backtracking. 

AC: Sets & random files; symbol & program manipulation -
editors; hierarchical & relational databases. 

BSc Hons: Graphs, Nondeterminism & Concurrency 
MC: Lattices; recursive function theory, lambda-calculus and 

Turing machines; graph theory; introduction to topology. 
TC: Denotational semantics; schemata, Petri-nets, etc; 

efficiency-effectiveness-equivalence: pragmatics. 
PC: Functional programming, lazy functional programming 

& coroutines; non-procedural & applicative program
ming; non-von Neumann II, concurrency, etc. 

AC: Networks; database-network model; distributed process
ing; VLSI (Very Large Scale Integration); AI (Artificial 
Intelligence); decision procedures, expert systems; 
PC(Hons) methods applied to structures of BSc II & III. 

TABLE II: Core Curricula 

Neumann architecture and the Lisp itself is useful as an in
troduction not only to functional programming - it is assum
ed that the Prog-feature will not be used - but also to opera
tional semantics. 



The third year differs from the standard syllabus in that com
parative programming languages are not covered, neither are 
operating systems except in so far as they may be covered in 
the practical sessions - i.e. emphasis on what they do rather 
than how. Programming languages are to be covered at the 
honours level when the student has been taught and have used 
at least four different languages. Data base concepts are, for 
similar reasons, also covered in the practical part of the syllabus. 

Also translators are not covered specifically but with the 
specified study of automata and trees and backtracking it is ob
vious that syntax analysis will be covered as an application. This 
also gives a good starting point for comparative complexity 
studies and, where possible, proofs of equivalence. 

The honours course introduces mat~rial on graphs and 
denotational semantics, is a revision of the undergraduate work, 
and has a distinctive number of compulsory applications of 
which artificial intelligence is the most important. The specific 
AI topics to be covered include theorem proving/problem solv
ing, program generation - linking with functional program
ming, and expert systems. Topics in cognition and pattern mat
ching should be left for the masters. 

Software Engineering/Systems Analysis and Design: There 
are two approaches to this area - the soft and hard. The soft 
option should not be available to a computer science depart
ment but may be left to the engineers and the management scien
tists. The hard option presupposes a proper grounding in the 
fundamentals of computer science and can only be taken at the 
masters level. 

Conclusion: The syllabuses outlined constitute a 90 degree 
change in course - e.g. data structures, or languages, are not 
studied in one year but over a number of years. The question 
of appropriate texts then arise. The solution is to use a book 
over more than one year, or maybe publishers could publish 
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