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DAY 1

07h30 Registration and Coffee.

08h45 Welcoming address, President of the South African Institute of Computer Scientists,
Dr. G. Wiechers.

09h00 Invited Lecture.
Professor D. Teichrow, University of Michigan.
Software €ngineering, ... What Can We Expect in the Future.

10h00 COFfF€€
Computer Languages I. Chairman: G. Wiechers.

10h15  S.Berman, University of Cape Town.

_ SPS-AIgol: Semantic Constructs for a Persistent Programming language.

10h50 A. Watson, University of the Witwatersrand.
Petri Net Topologies for a Specification language.

11h25 R. Mori, University of Cape Town.
Towards a Programming €nvironment Standard in USP.

11h50 J. Bishop, University of the Witwatersrand.
ARDA for Multiprocessors: Some Problems and Solutions.

12h30 LWUNCH
Computer Graphics. Operating Systems.
Chairman: D. Kourie Chairman: K. MacGregor.

14h00 C. F. Scheepers, CSIR. . M. Morris, UNISA.
Polygon Shading on Vector Type The Development of a fault Tolerant
Devices. System for a Real-time €nvironment.

14h35 P. Gorringe, CSIR. B. H. Venter, CSIR.
Hidden Surface €limination in Raster A New General-purpose Operating
Graphics Using Visigrams. System.

~15h15 COfFee COffee

Database Systems I. Computer languages Il.
Chairman: B. von Solms. Chairman:-J-Bishop.

15h30  M.€. Orlowska, UNISA. €.M. €hlers and B. von Solms,

Randse Afrikaanse Universiteit.
On Syntax and Semantics Related to The Representation of Chemical
Incomplete Information Databases. Structures by Random Context
Structure Grammars.
16h05 M.H. Rennhackkamp, W. van Biljon, CSIR.
Stellenbosch University.

Modelling Distributed Database A Generalised €xpression Structure.
Concurrency Control Overheads

18h00

Cocktail Party in Cullinan Room A.
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DAY 2

08h30 Keynote Address by Profesor Niklaus Wirth, Swiss Federal Institute
for Technology, 2urich.
An Extensible System and a Programming Tool for
Worksstation Computers. ‘
Computer Networks and Protocols I. Chairman: P.S. Krizinger.
09h30 A.€. Krzesinski, University of Stellenbosch. |
An ARpproximate Solution Method for Multiclass Queueing Networks
with State Dependent Routing and Window FAlow Control.
10h05 J. Punt, University of Cape Town.
A Protocol Validation System. L
10h30 COFfEE )
Computer Networks and Protocols ll. Chairman: R. van der Heever.
11h00 P.S. Krizinger, University of Cape Town.
Protocol Performance using Image Protocols.
11h35 Invited Lecture by Professor G. Lasker, University of Windsor, Ontario.
The Relationship of Natural and Artificial Intelligence. ) ,
12h30 LUNCH
Rrtificial Intelligence. Information Systems.
Chairman: G. Lasker. Chairman: D. Teichrow.
14h00 A. Cooper, CSIR L du Plessis and C. Bornman, UNISA.
A Data Structure for €xchanging The €LSIM language: an FSM-based
Geographic Information. language for the €ELSIM S€EE.
14h35 . I. Newcombe, University of Cape J. Mende, University of the
Town @nd R/Rada,Natiopql Library Witwatersrand.
of Medicing, Marjlard.
Strategyes/for Automatic Indexing Three Packaqging Rules for
and Thesaurus Building. Information System Design.
15h15  COffee COffee
Database Systems Il. Computer languages lil.
Chairman: C. Bornman. Chairman: N. Wirth.
15h30 MJ. Philips, CSIR. W. van Biljon, CSIA.
’ An Approach to Direct €nd-user Experience with a Pattern-
Usage of Mutiple Databases. matching Code Generator.
16h05 S. Berman, University of Cape Town. C. Mueller, University of
the Witwatersrand.
A Semantic Data Model Approach Set-oriented Functional
to logical Data Independence. Style of Programming.
16h45 Open Forum with professors G. Lasker, D. Teichrow and N. Wirth.
Moderator: Dr. D. Jacobson.
19h30 Symposium Banquet in Cullinan Room.

Guest speaker, Dr. D. Jacobson, Group €xecutive: Technology,

Allied Technologies Limited.




DAY 3

08h00
08h30

12h15
12h30

Registration (Tutorial only).

Tutorial.

The Tutorial will be given by professor Niklaus Wirth, Division of Computer Science,

Swiss Federal Institute of Technology, Zurich.

The use of Modula-2 in Software €ngineering.
Topics to be covererd include:

What is Software €ngineering?

Data types and structures.
Modularization and information hiding.
Definition and implementation parts.
Separate compilation with type checking.

- Facilities to express concurency.

Pompous programming style.
What could be excluded?

Close of Symposium.
LUNCH




THE
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RANDOM CONTEXT STRUCTURE GRAMMARS .
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A representation of chemical molecules by
Random Context Structure Grammars is proposed.
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three-dimensional digital structures. Random
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}ntroductioq

In Chemistry chemical structures are modelled in three dimensions by
the ball-and-stick method. A formal method to generate or accept
(recognise) three-dimensional chemical structures could have interes-
ting applications. [j6,7,8:] One of these being that thé oécurences
of three-dimensional chemical structures within larger structures are
of importance in for instance X-ray crystallography and_chemical

documentation [6 j[

In this paper we propose a method to generate three-dimensional
representations of molecules. In a molecule atoms are bonded together
by chemical bonds. Each atom appears in the molecule in a certain
context. This context is defined by theaother atoﬁs in‘the molecule

as well as the bonds between the atom and the other atoms in the
molecule. As the context in which the atom appears ié three-dimensional
a formal method to generate a molecule must make provision for three-

dimensional contexts.

Random Context Structure Grammars (RCSG) generate three-dimensional
structures using a number of permitting and forbidding contexts. [:H)]
In an RCSG the rewriting of a single symbol in the structure may be
influenced by the presence and/or absence of certain specified symbols
in the structure. This is applicable to the appearance of atoms in a

molecular structure.

In Section 2 Random Context Structure Grammars will be defined and

discussed briefly.

In Section 3 an example of a Random Context Structure Grammar that

generates a methane molecule is discussed.
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In Section 4 a brief discussion of Random Context Structure Automata
is given. The equivalence of the generating power of RCSG's and the

accepting power of RCSA's are commented on.

Random Context Structure Gramméfs.

One-dimensional Random Context Grammars were originally defined by
(Van der Walt [ 1 J) and extended to two dimensions by (Von Solms
[ 4,5 ])whb defined Random Context Array Grammars. In Random Context

Structure Grammars the principle of a random context is extended to

three dimensions.

The language generated by an RCSG is a set of three-dimensional digital
structures. (For a discussion of three-dinensional digital structures
the reader is referred to (Rosenfeld [.7 j). An RCSG can only generate
connacted structures. (A structure S is connected if there exists a path

betwzen any two symbols in S consisting cf only symbols of S).

An RZSG is a 4-tuple G = (VN, Vys Py S) wnere Vo, Vo, P and S have the

N> T
usuz? formal language meanings. The produ:ztions of P are of the form:

Ao (U3 Ty/Uys Tp/Ugs To/Ups T/Ugs Te/Ugs T/Uzs T;)

A
-
{LFaY
~

+
where A e Vy, ae (Vy L) Vo), U, T Sv
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The productions will now be discussed by considering figure 1 which
shows a single symbol in a three-dimensional structure. The lines

and planes through the point where the symbol 1s located, determine

the different contexts which must be considered before . a. production

is applied.

FIGURE 1

Z-axis

West

' -‘__/ up _
Y L South
(a). ; 4 .
(b), East
(c)

North

down

The Context associated with a symbol A in a
3-dimensional structure
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There are seven different contexts associated with the symbol A:

a) The horizontal line context - All the symbols appearing on

the line through A parallel to the X-axis.

b) The vertical line context - All the symbols appearing on

the 1ine through A parallel to the Y-axis.

c) The depth line context - All the symbols appearing on the

line through A parallel to the Z-axis.

d) The horizontal plane context - All the symbols appearing on

the plane through A parallel to the XY-plane.

e) The vertical plane context - All the symbols appearing on

the plane through A parallel to the XZ plane.

f) The depth plane context - Al1 the symbols appearing on the

plane through A parallel to the YZ-plane.

g) The global context - A1l the symbols appearing in the

structure.

Productions can cause substitution in six different directions:

A > o to the east

A « o to the west

N

A” o to the south

A ¥ o to the north

>
->

a upwards

A + o downwards



A production

of G can be interpreted as follows:

If A appears in a three-dimensional structure of symbols of

n U V; A may be substituted by a eastwards if -

(a) all the symbols of U, and none of T, appear in the

horizontal 1ine context

(b) all the symbols of U, and none of T, appear in the
vertical line context

(c) all the symbols of U and none of T, appear in the

depth 1line context

(d) all the symbols of U, and none of T, appear in the

horizontal plane context

(e) all the symbols of U and none of Ty appear in the

vertical plane context

(f) all the symbols of Ug and none of T, appear in the

depth plane context

(g) all the symbols of U7 and none of T7 appear in the

global context

(h) |al = 2 the background symbol must appear directly

east of A

Co
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(i)  Jai = 1 A is simply substituted by o if (a) - (g) holds.

The other types of productions are interpreted in a similar

way.

It is easy to see that RCAG's are a special case of RCSG's. The
structures generated by RCAG's can be seen as ‘structures lying in

a single plane. The power of RCSG's is inherent in the fact that

the substitution of a symbol in a structure can be influenced by

the presence or absence of other symbols in seven different contexts

in the structure. This should have very interesting practical appli-

cations.

- The representation of a Methane Molecule by an RCSG

We will give an example of an RCSG that generates the simb]est hydro-
carbon namely methane with chemical formula CH, [«0.]. In a methane
molecule four equivalent bonds are directed towards the vertices of

a tetrahedron by the carbon atom.

~ N

To represent the bonds between the carbon and hydrogen atoms it is
necessary to know that each of the bonds have a length of 1.09A

and that the angles between the bonds are 1U9° 28°'.
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Each bond will be represented by a special terminal symbol B;

which denotes the length (i) and angle (j) of the bond.

As we will have four bonds with the same length but differert

bonding angles we will denote these bonds by B1, BZ’ B3 and B4.

H
B
C
B B
4 By 2
H H H

The set of terminal symbols are H, C,~B1, 82, 83, B4 .

The productions to form a methane molecule is as follows:

The first symbol is generated

1 S+ K

A vertical "bond" is generated
vy ’

2 KK 1117185 Wy Vg v,) )

The three "bonds" on ‘the horizontal level are generated: (note the

context conditions)

3 KKV (VAN 80005 Vg, v,))
4 K V3K (//{V,}; B/{V,Y; 8///8; {V3})

5 K+ VK (//{V1}; B/{V,s V3}s 8//7)
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The terminal C is introduced

6 K« C (//{V1}; {C}/{Vz, V3. V4}; 8///)
A non-terminal connected to the vertical "bond" is introduced

K .
7 Vo 4V, (774CY5 8/777/{Vp5 V35 V)5 B)

Non-terminals connected to the horizontal plane "bonds" are

introduced:

8 Vp > VoK ({C}; §///1V3, V)5 B///V,}; B)

v =3 .
9 V3 K3 (/{C); B// 1V, Vo5 877740435 0)

10 Vg~ KV, ({C)5 877705,V )5 87771335 §)

The sentential bond symbols are replaced by terminal bond

symbols:

1V, 4+ By (//{CY, B////B:0,° By, By, ByD)
12V, »B, ({C}; 9///8; By, B }///1{B,}; )
13 Vyx By (/1C},8//1By)3(B4}///{By); B)

14V, « B, ({C}; B///18,; B3}:p///1By}; B)

15 K~H (//////{8y, B,, By By}; @)
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This generates only one methane molecule. Note how the context con-
ditions in productions 11 - 14 ensure that only one bond symbol
appears between any two terminals representing atoms. Note also that
the context conditions in productions 6 and 15 ensure that a single
methane molecule is generated. To generate more complex carbon
compounds the contexts in these productions would have to be less

stringent.

In the previous example we proposed a method to generate three-
dimensional reprasentations of molecules. It must be stressed that
this representation is a research project on its own and this example
only attempts to show that RCSG's could have useful applications in

this field.

Random Context Structure Automata.

Formal languages are characterised in two ways: by a generative

device_(a‘grammar) and an acceptive device (an automaton). The

‘languages generated by Random Context Grammars are accepted by

Contraction Automata of limitation (w,1) (von Solms [_2,3 ] ).

The languages generated by Random Context Array Grammars are

accepted by Random Context Array Automata (Ehlers & Von Solms [-10:]
Thus it is of interest to characterige the languages generated by
&CSG'S by an acceptive device. Random Context Structure Automata

are discussed briefly in this section. For another example of three-

dimensional finite automata the reader is referred to (Taniguchi et.al [:9_J).

Figure 2 illustrates the main concepts of a Random Context Structure

Automaton (RCSA).
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FIGURE 2
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A Random Context Structure Automaton

An RCSA consists of

o

An input-rectangle of read/write heads. The input-
rectahg]e consists of read/write heads which are vertically

and horizontally connected to each other.

° A three-dimensional input tape (potentially infinite).

The input-rectangle moves across the input tape in east/west and
west/east directions. During an initial bounding state the three-
dimensional digital structure on the input-tape is bounded by a box
frame. The automaton moves from the eastern to the western boundary
and in so doing determines the context. It then moves east and non-
deterministically decides to do a substitution operation. This sub-
stitution is only done if the correct context holds. At most one
substitution operation is done during a movement from the western to
eastern boundary. The substitution operations are defined so that the

structure "shrinks" from the edges and can be seen as parsing
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operations. The moment a substitution operation has been completed
successfully the RCSA goes into a copy state and moves to the eastern
boundary. It “"forgets" the current context, goes back into a read
state and the cycle begins again. The RCSA goes into a final state and
accepts the input tape when only the final symbol and background

symbol appear on the tape. For a more detailed discussion see [10‘]. ‘

The equivalence of the class of languages accepted by RCSA's (lfRCSA)
and the class of languages generated by RCSG's Q[?RCSG) is shown by

the following theorems:

Theorem_l

If L is a language accepted by an RCSA M an RCSG G can be constructed
such that L = L(G).

Theorem 2

If L is a language generated by an RCSG G an RCSA M can be constructed
such that L = L(M).

We can thus conclude that ijCSG = xthSA.
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