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In 1986, the Centre for Mathematics and 
Computer Science (CWI) celebrated the 40th 
anniversary of its foundation, an event under
lined by a number of special activities. 
Ever since 1946, the Institute has first and 
foremost concentrated on basic research into 
mathematics and computer science - with 
equal emphasis on theory and application. 
The balanced development of the two 
scientific disciplines has been a priority from 
the very start. 
A significant event during the year was the 
further expansion of the computer science 
research activities in line with CWI's 1985 
development plan for this research. 1986 was 
also marked by the upgrading of research into 
mathematics and the interface between 
mathematics and computer science. 

The titles of projects started or upgraded in 
1986 and financed in the framework of The 
Netherlands Stimulation Programme for 
Computer Science illustrate the broad range 
of CWI research: 

• Interactive planning methods; 

• Analysis and control of information flows 
in networks; 

• Vector algorithms; 

• Interactive systems; 

• Distributed operating systems; 

• Distributed information systems; 

• Expert systems and other aspects of 
artificial intelligence. 

Introduction 

Unfortunately, the funds available were far 
from adequate for total realization of CWI's 
development plan. A delayed start had been 
foreseen for some projects. The shortfall 
meant a further postponement for two pro
jects in particular: Distributed Algorithms and 
Statistical Analysis of Images - neither of 
which could be started in 1986. Other projects 
had to cope with a reduced budget. Regret
tably these included Expert Systems. Perhaps 
most unfortunate of all was the delayed start 
to the strategically important Statistical 
Analysis of Images. Ironically, it is in this 
project that the synthesis between mathemat
ics and computer science - a CWI speciality 
and at the very core of the institute's activi
ties - comes into its own. 

CWI researchers come from a multi-disci
plinary background; mathematicians and 
computer scientists operate as a team. This 
combination puts the institute in a strong 
position offering as it does a broad approach 
to new developments. Increasing involvement 
in national and European projects, such as 
those sponsored by The Netherlands Founda
tion for the Technical Sciences (STW) and the 
ESPRIT and COST-11 programmes, is a logi
cal progression. 
CWI's capacity and potential are significantly 
reinforced by subsidies for these projects and 
additional grants from a variety of Dutch 
government programmes specifically promot
ing computer related research. It is regret
table that the institute's main source of 
finance, provided by The Netherlands Organi-

zation for the Advancement of Pure Research 
(ZWO), is insufficient to maintain the current 
rate of progress in the longer term. 
Many of the externally financed projects were 
joint efforts with companies and (semi-)state 
bodies from home and abroad, including: 
Philips, PTT-DNL, BSO, NLR, Siemens, 
INRIA, Sema-Metra, Praxis, Karlsruhe 
University and NAG. Direct contacts with a 
number of companies were both renewed and 
strengthened. Shell showed its confidence in 
CWI by granting a number of basic research 
fellowships with particular relevance to the oil 
industry. 
Research contracts were also signed with The 
Netherlands Organization for Applied 
Research TNO, and with IBM (in collabora
tion with the two Amsterdam Universities). 
Among the many top level international con
tacts, special mention should be made of 
those with CWl's French and West German 
equivalents, INRIA and GMD. 

In November 1986, the 'Frontiers in Informa
tion Technology' (FIT) organization was set 
up under CWI auspices to encourage interna
tional contacts in the field of information 
technology - in particular by organizing 
conferences on advanced aspects. Representa
tives from Dutch research, industry and 
government form FIT's steering body, the 
Permanent Board; prominent figures from the 
international information technology sector 
make up the Honorary Board. FIT's first 
event, a symposium on Intelligent Auto
nomous Systems, was held in December 1986. 
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The output of a research body like CWI con
sists of more than just placing learned articles 
in scientific journals; the organization of 
conferences, colloquia and courses, book pub
lishing, consultation and the training of 
researchers are also part of the job descrip
tion. 
Even so, 'Science and Industry' and 
'Mathematics and Computer Science' were 
more than routine symposia marking, as they 
did, the Centre's 40th anniversary. As its title 
implies, the first targeted industry and 
government; the second offered fellow scien
tists an overview of post-1945 developments 
in our field and CWI' s role therein. 

During 1986, CWI also organized the 'Inter
national Seminar on Teletraffic Analysis and 

Computer Performance Evaluation' and three 
workshops: 

• Geometries and Groups, finite and alge
braic (with NATO support); 

• Models for Physiologically Structured 
Populations (with support from ZWO, the 
Royal Netherlands Academy of Arts and 
Sciences and Leiden University); 

• Making Distributed Systems Work (a 
SIGOPS workshop). 

Among the many publications during 1986, 
special mention should be made of three 
monographs: 

• Mathematics and Computer Science, con
taining the proceedings of a 1983 CWI 
symposmm; 

In October IBM signed an agreement with the 
two Amsterdam universities and CW!, in the 
presence of the Minister for Education and Sci
ence Mr. W.J. Deetman. The agreement invol
ves some thirty research and educational pro
jects until 1990 using IBM material and per
sonnel support. The alpha and gamma sectors in 
particular will profit from this agreement. Mr. 
Deetman welcomed this example of industrial 
participation in scientific education and 
research. 

• Mathematics and Computer Science II, con
taining the papers presented at the sympo
sium of the same name mentioned above; 

• The Numerical Solution of Volterra Equa
tions by H. Brunner and P.J. van der 
Houwen. 

These titles put the needed momentum into 
the launch of a series of CWI monographs 
and made up for the hesitant start. 

A. Schrijver's book, Theory of Linear and In
teger Programming, was also published during 
the year. Another book, The Dynamics of 
Physiologically Structured Populations ap
peared under the joint editorship of J.A.J. 
Metz (Leiden University) and 0. Diekmann. 
A full publication list can be found at the end 
of this report. 

The institute's function as a Centre for 
Mathematics and Computer Science was 



reflected in a number of nation-wide collo
quia organized during 1986. Such was the 
overwhelming response to 'Vector Software', 
that a follow-up colloquium is planned for 
autumn 1987 and CWI is to organize a course 
on the same subject. 
Another colloquium, 'Image Processing: 
Theory and Practice', also attracted large 
numbers of researchers from the academic, 
technical and industrial sectors. The nature 
of the theme and the background of partici
pants are both multi-disciplinary; this collo
quium helped foster the essential close inter
disciplinary contacts. 

Using courses to share knowledge is nothing 
new to CWI. Vacation courses, bringing 
teachers up to date with the latest develop-

ments in mathematics, were among the earli
est activities. Such was their success that these 
courses became a regular fixture. In 1986, 
Matrices provided the theme. CWI also 
organizes post-graduate courses such as 
'Software Engineering', which has enjoyed a 
good response for a number of years. Other 
1986 titles included 'Networks' and 'PRO
LOG'. 

The following sections report in more detail 
on the various CWI activities in 1986. It is 
my sincere wish that the reader takes as much 
pleasure in reading this Annual Report as we 
had in composing it. 

P.C. Baayen 
Scientific Director CWI 
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In June the 40th anniversary of SMC was cele
brated with a symposium 'Wetenschap in 
Bedrijf', which considered the relation between 
fundamental research in mathematics and com
puter science and its use in an industrial 
environment from a number of angles. Indus
trial speakers were Mr. F. C. Rauwenhojj, 
Chairman of the Senior Management Commit
tee of Dutch Philips companies (left), and Mr. 
H.L Beckers, Group Research Coordinator 
Royal Shell Group, Shell International 
Research Company (right). 



The Centre for Mathematics and Computer 
Science (CWI) is the research institute of the 
Stichting Mathematisch Centrum (SMC), 
which was founded on 11 th February 1946. 
SMC falls under The Netherlands Organiza
tion for the Advancement of Pure Research 
(ZWO), the main source of funding. 
In line with its statutory purpose 'to foster 
the systematic pursuit of pure and applied 
mathematics in The Netherlands', SMC 
immediately set up an institute for fundamen
tal research, the Mathematical Centre. From 
the outset this institute played an important 
role in the development of computer science 
in The Netherlands. A change to the present 
name, CWI, in September 1983, reflected the 
major expansion of research in this field. On 
the national level this growth led to the 
setting-up in 1982 of the Stichting lnforma
tica Onderzoek in Nederland (SION), an 
independent ZWO research organization for 
computer science. SION and SMC share 
premises at CWI, their formal connection is 
embodied in a Permanent Consultation Com
mission. 

SMC also finances research projects at Dutch 
universities. These projects are organized in 
eight national working parties in the follow
ing fields: 

• Numerical mathematics; 

• Stochastics; 

• Discrete mathematics; 

• Operations research and system theory; 

Organization 

•Analysis; 

• Algebra and geometry; 

• Logic and foundations of mathematics; 

• Mathematical physics. 

SMC is administered by a Board of Trustees, 
in which the Minister of Education and Sci
ence is represented. Actual administration is 
delegated to the Board of Directors of SMC, 
which is also responsible for CWI. A Science 
Committee advises the Board of Trustees on 
matters of research policy and organization 
involving both ~e National Working Parties 
and CWI. The Science Committee is made 
up of researchers from universities and CWI. 
An Advisory Council is being set up to advise 
the Boards. of Trustees and Directors on gen
eral research policy and strategic decisions 
involving CWI. Members of this Council 
come from government, industry and univer
sity circles. A number of Advisory Commit
tees make recommendations to CWI scientific 
departments on implementing research plans. 

CWI's goal is fundamental and advanced re
search into mathematics and computer sci
ence, with special emphasis on areas to which 
the research may have relevant applications. 
Research is fundamental in that it mainly 
concerns those problems lacking standard 
methods of solution. It is advanced, in that 
CWI aims at a high level, both nationally and 
internationally. Preference is given to subjects 
with internationally relevant development 
potential. 

CWI research is organized in eight scientific 
departments. The structure is less rigid than it 
appears, given considerable inter-departmen
tal collaboration. This is a matter of deli
berate policy, not only in the selection of 
research topics, but also in the selection ·of 
the permanent scientific staff. There are also a 
number of supporting service departments. 
The organization of SMC and CWI is shown 
on the opposite page. 

By international standards CWI might appear 
relatively small and incapable of involvement 
in the full range of major developments in 
mathematics and computer science. 
However, size can be deceptive. By its very 
nature CWI, with its close knit research units 
supported by state-of-the-art computer facili
ties and a well stocked library, is ideally 
equipped to handle the dynamic and interdis
ciplinary demands of present day 'research. 
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Organization of the Centre for Mathematics 
and Computer Science. 
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Each Annual Report spotlights one. particular 
CWI research topic. This year's contribution 
deals With concurrency. 

CONCURRENCY 

J.W. de Bakker (Department of Software 
Technology) 

The study of distributed processing has become 
a central theme in computer science. The field 
is vast containing, amongst others, questions of 
complexity, parallelism and concurrency. The 
Department of Software Technology deals in 
particular with programming concepts for con
currency. 

Whereas a sequential computation runs on 
one processor, a parallel computation assumes 
a number of processors which interact in a 
variety of ways depending upon the particular 
situation. At the macroscopic level, one often 
speaks of distributed systems, e.g. networks of 
computers or distributed databases. At the 
microscopic level, parallel architectures are the 
prime example, where sometimes thousands 
of - mostly identical - processors Within one 
computer system cooperate in computations 
the organization of which is a major focus of 
current algorithmic research. 

Mathematical modelling is substantially more 
difficult for concurrent programming concepts 
than for sequential ones. In a sequential pro
gramme the output depends only on the 
input, whereas in parallel programmes it also 
depends on the history of the processing, for 

Annual Focus 

which a structured representation of the inter
mediate actions and states is necessary. The 
following small case study illustrates the 
difficulties in defining meaningful semantics 
for parallel computations. 

A sequential program S may, semantically, be 
seen as a function <P which transforms a given 
input state o to an output state o'. For exam
ple, the assignment x: =x + 1 will change a 
state where x equals zero to a state where x 
equals one. Expressed in symbols this reads 
[S) =<PE~~~ , or: the meaning [S) of S is a 
function <P from domain ~ to codomain ~. 
Sequential composition S 1 ; S 2 (first perform 
Si. then S 2) is modelled in a straightforward 
manner by the composition of functions. 
Inclusion of non-deterministic constructions 
in sequential programmes does not pose seri
ous semantic problems. We simply enlarge the 
codomain ~ to the power set ~ (~), i.e. the 
collection of all subsets of ~. Suppose that, 
for example, at a certain stage of the execu
tion there is a choice between two pro
grammes S 1 and S 2 to follow, expressed by 
the symbol S 1 D S 2 , then we can model its 
meaning [S 1 DS2 ) by the function 
;\o.([S 1)(o)U[S2)(o)), where the two oper
ands of the set union ' U ' in this function are 
elements of the power set ~ (~). 

We encounter an essential difficulty when 
extending this approach to the language con
struct S 1 llS2 , standing for the parallel execu
tion of S 1 and S 2 - here and often elsewhere 
taken in the sense of the arbitrary interleaving 

of the elementary ('atomic') actions making 
up S 1 and S 2 . There is no immediate 
mathematical operator modelling the pro
gramming notion of parallel execution, and in 
the semantic research one takes various ways 
out. 

One method (only a partial solution) is not to 
view programmes as state transformations, 
but to describe them on a higher level of 
abstraction in terms of 'atomic' or uninter
preted actions only. In this description the 
assignment x: =x + 1 is viewed as an 'atom', 
without any inner structure. Models of this 
kind consist of sets of sequences or tree-like 
structures composed of atomic building 
blocks. They have a strong flavour of formal 
language theory and sequences of atomic 
actions are eminently suited to undergo the 
'merge' operation, contrary to the case for 
(state transforming) functions. 

A second method, which we have advocated 
for some time, is to introduce a domain P of 
so-called processes p as solution of the equa
tion 

P = {po}U(~~~c!osed(~XP)) 

We can read this equation as follows: any 
process p belonging to P is either the 'nil pro
cess' p 0 , which cannot take any action, or is a 
function, and it makes good sense to write 
<o',p'>Ep(o): process p, for input state o, 
yields output state o' together with the so
called resumption p' (a concept put forward 



Logo of the Dutch National Concurrency Project 

by Plotkin). From the equation it can be seen 
that the processes belonging to its solution 
have a structure which combines features of 
sequences (~Xqj'), sets ('?Pc10 se<1( •.• )) and func
tions (~~ · · · ). It now turns out that the 
semantic operators. (composition), U (union) 
and II (parallel) can all be defined satisfac
torily. This allows us to write down equations 
such as [S 1 llS2]=[S 1]11[S2 ]. Many more 
details of this style of semantic definitions can 
be found in [2]. 

The CWI · concurrency project emphasizes 
languages for parallelism and, more 
specifically, formal models for parallel pro
gramming concepts. The project participates 
in two collaborative efforts: ESPRIT project 
415 and the Dutch National Concurrency 
Project. 

ESPRIT is the European Strategic Pro
gramme for Research and Development in 
Information Technology. In project 415, six 
major European industries, with Philips as 
prime contractor, work together on 'Parallel 
Architectures and Languages for Advanced 
Information Processing: a VLSI Directed 
Approach'. Six sub-projects investigate paral
lel architectures based on a variety of parallel 
programming styles, e.g. object oriented, 
functional and dataflow, and logic program
ming. Their activities in the areas of Seman
tics and Proof Techniques, and of Architec
ture and Applications are integrated in two 
working groups. CWI participates in the 
mathematical modelling of the Parallel Object 

Oriented Language (POOL), developed by 
Philips as conceptual starting point for the 
architectural design of its Distributed Object 
Oriented Machine (DOOM). So far, we have 
jointly designed an operational and denota
tional semantics for POOL [I], [2], and made 
initial steps towards the design of a proof 
theory. CWI is also active in the Working 
Group on Semantics and Proof Techniques. 

The Dutch National Concurrency Project 
(LPC) has been operative since the beginning 
of 1984, and is primarily sponsored by the 
Research Foundation for Computer Science 
(SION). The project concentrates on syntac
ti~ semantic and proof theoretic aspects of 
concurrency. CWI researches the semantics of 
non-deterministic dataftow, a computational 
model which underlies an important branch 
of contemporary research in parallel architec
tures. A recent achievement was the design 
of a 'fully abstract' mathematical model, in 
which an observer of the behaviour of a 
dataflow net sees the right level of detail. LPC 
is also involved in a variety of organizational 
activities. One of these is a formalized contact 
with two other national programmes: the 
French C3 programme (Cooperation, Con
currency and Communication) and the British 
Alvey programme (chapter Formal Aspects of 
Computer Science). 

Alongside work in these projects CWI also 
researches the foundations of concurrency 
semantics in cooperation with a number of 
universities (VU Amsterdam, Kiel and SUNY 
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at Buffalo, see [3] for an overview). The metric 
process theory developed jointly with J.I. 
Zucker (SUNY) proved to be a very useful 
tool for our denotational semantics for 
POOL, and is now also being applied to the 
assessment of various models for the new pro
gramming notion of process creation. 
Attempts are also being made to unify and 
interrelate semantic models for logic program
ming. 

References 
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Department of Pure Mathematics 
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J.K. Scholma A.E. Brouwer 

D. Chaum 
A.M. Cohen 

T.H. Koornwinder 
J. van de Lune 
J.C. van der Meer 

J. de Vries 

The last decennia have shown an integration 
of various branches of science, which hardly 
touched each other in the past. The same is 
true of mathematics where a strong interac
tion between specialisms also got under way -
with occasionally surprising results. An exam
ple is the interaction between stochastics and 
computer science. Purely mathematical prob
lem areas frequently emerged from concrete 
questions. This mathematics often turns out 
to be relevant for the original - or another -
application area. A fine example is found in 
gauge theories (arising in connection with 
particle physics) and its related differential 
topology and algebraic geometry (research in 
this area won a Fields Medal in 1986). 
Another striking development is the increas
ing interest in purely mathematical research 
by physicists, chemists and engineers. 
Departmental subjects are chosen for their 
interesting connections with other areas in 
mathematics. In particular the notion of sym
metry - its exploration and description in all 
kinds of situations - plays a central role in 

this choice. The importance of contacts with 
computer science - e.g. in cryptography - goes 
without saying. 

The current research projects are: 

• Discrete mathematics (Van Bon, Brouwer, 
Cohen); 

• Cryptography (Den Boer, Chaum, Evertse, 
Van de Graaf); 

•Analysis (Koornwinder, Van de Lune, Rui
tenburg); 

• Algebraic mathematical physics (Hazewin
kel, Van der Meer, Ruijsenaars, Scholma); 

• Dynamical systems (De Vries). 

Discrete mathematics 
During recent years CWI research into 
discrete mathematics has focused on graph 
theory and finite groups. Brouwer, Cohen 
and Neumaier's book Distance Regular 
Graphs nears completion. The far reaching 
expertise developed by the department in the 

field of Lie-type and diagram-type geometries 
was applied to determination of maximal sub
groups of certain Lie-type groups and of 
finite subgroups of Lie groups. Particular 
attention was given to finite quasi-simple sub
groups of E 8 , the 27-dimensional module of 
E 6(q), groups of exceptional Lie-type and the 
covariant algebra of SL(2,C). 

Cryptography 
In cryptography, mathematical techniques are 
developed to protect the transmission of 
confidential data against tapping or 
falsification. The need for such a protection 
will greatly increase (e.g. in electronic pay
ment systems) with the advent of distributed 
computer systems. CWI research concen
trated on the development of certain proto
cols. The 'credential mechanism' protocol is 
based on the well-known RSA-system, which 
uses the practical impossibility to factorize 
very large numbers. Its goal is to protect per
sonal data as well as an organization's secu
rity interest, where there is exchange of data 
on individuals. A generally applicable cre
dential mechanism was developed, which 
comes very close to this goal. Other research 
dealt with 'zero information' protocols, where 
one party proves to the other that it possesses 
a secret, without revealing information about 
it. Finally, an implementation in the pro
gramming language C was made of an elec
tronic payment system developed at CWI. 

Analysis, in particular on Lie groups 
The main goal of this project is harmonic 



Untraceable electronic cash is illustrated by an 
analogy to envelopes and carbon paper. The 
individual seals a blank slip of paper and a fac
ing piece of carbon paper in an envelope, and 
supplies it to the bank. The bank deducts one 
dollar from the individual's account, applies a 
'worth one dollar' signature (stamp) to the out
side of the envelope, and returns the unopened 
envelope to the individual. The individual 
verifies the signature and removes the envelope 
and carbon, leaving only the signed slip of 
paper. When the shop receives the slip as pay
ment, it verifies the carbon image of the validat
ing signature on the slip, and supplies it to the 
bank for deposit. When it too has verified the 
slip's validating signature, the bank honours the 

deposit knowing the slip must have been in an 
envelope it (the bank) signed The bank does 
not, however, know which of the many 
envelopes it signed contained the slip, and thus 
the bank cannot trace it to the individual's 
account, unless the individual wishes it to be 
traced The mathematical notation superim
posed above shows how the system could be 
realized using personal card computers and the 
RSA public key crypto-system. It is a rather 
special case of a credential mechanism, the first 
practical examples of which were put forward in 
1986 by CW/. These are quite flexible, highly 
secure, and, like the payment system, can be 
proven to protect privacy optimally - even 
against infinite computing resources. 
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analysis on symmetric spaces connected with 
semisimple Lie groups, in particular in rela
tion to special functions; the various prob
lems of a number theoretic nature are also 
covered. 
Work has been done on the group theoretical 
interpretation of Askey's tableau of hyper
geometric orthogonal polynomials. This 
involved replacement of the independent vari
able by a differential operator or by an ele
ment from the universal enveloping algebra of 
a special semisimple Lie algebra. Further
more, Askey's tableau was extended to 
orthogonal systems of hypergeometric func
tions. The study of orthogonal systems associ
ated with root systems continued in close col
laboration with Leiden University. Product 
formulas for generalized Jacobi polynomials 
were also developed. Attention was also paid 
to various smaller subjects, such as: irreduci
bility of polynomials in connection with poly
logarithms; k-modal polynomials; convex 
polygons on lattices; and the zeros of 'arbi
trary' sections of the series ~nn-s (the 
Riemann zeta function). Lastly, a syllabus on 
Tauber theorems was completed. 

Algebraic mathematical physics 
The research in this field involves completely 
integrable Hamiltonian systems (quantum as 
well as classical}, exactly solvable lattice 
models in statistical mechanics and related 
problems in gauge and representation 
theories. Some examples of completely integr
able systems are: Toda lattices (chains of 
springs with nonlinear interactions), Korte-
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weg-De Vries equations for shallow water 
waves, the self-dual Yang-Mills equation used 
in particle physics, and some twenty other 
equations, many of which have important 
applications. Among exactly solvable lattice 
models are the hard hexagon and the Ising 
models. 
Normal forms for Hamiltonian systems (a 
normal form is an approximation of a system 
with some degree of symmetry which is possi
bly integrable) were studied as were a new 
cla~s of integrable N-particle systems (quan
tum and classical) which form the relativistic 
generalization of the Calogero-Moser systems. 
A literature study was made of the still 
unsolved problems in the quantum context. 
These problems are related to the theory of 
spherical Fourier transforms on symmetric 
spaces .. Finally, research was initiated to find 
a method of constructing lattice invariants of 
classical integrable continuum models. This 
work is connected with the so-called classical 
and quantum inverse scattering method of the 
Leningrad school. 

Dynamical systems 
At CWI, the emphasis lies on topological 
dynamics and ergodic theory. The theory of 
dynamical systems concerns groups or semi
groups of mappings of a space into itself. 
This space can represent a physical system 
and the mappings its transitions from one 
state to another. Topological dynamics 
involves the study of topological transforma
tion groups, whereas ergodic theory deals 
with measure conserving transformations in 

measure spaces. These subjects are of consid
erable importance for all phenomena where 
nonlinear aspects of differential equations 
become manifest, e.g. bifurcation and strange 
attractors. 

(a) Wilson W.(x 2 ;a,b,c,d) 

Considerable attention was given to the con
struction of - preferably simple - examples 
and counter examples in connection with the 
composition of the book Elements of Topologi-

(b) Racah R. (A.(x );a, j3, y, o) 

/~ 
(c) Continuous dual (d) Condnuou' IDohn 6 \ 

(t) dual Hahn 
R.(A.(x);y,o,N) Hahn S.(x 2 ;a,b,c) p.(x:a,b,ii]) Q.(x; j3,N) 

iX ~\ 
(h) Jacobi (i) Meixner (j) Krawtchouk (g) MeIXner

Pollaczek p~al(x ;cj>) 

~/ 
P~) / K.(x;p,N) 

(k) Laguerre L:;(x) (I) Charlier C.(x ;a) 

~/ 
(m) Hermite H.(x) 

The Askey scheme of classical hypergeometric 
orthogonal polynomials. 

Originally, only the Jacobi, Laguerre and Her
mite polynomials were considered as classical. 
A slight relaxation of the properties required in 
order to be classical, has increased the number 
of families deserving this name considerably. 
The arrows in the scheme denote limit transi
tions. The families at the left hand side are 

orthogonal with respect to a continuous weight 
function, those on the right hand side are 
discrete orthogonal polynomials. The polynomi
als on top have the most complicated hyper
geometric type: 4F 3• CWI's department of 
Pure Mathematics has given group theoretic 
interpretations of the Askey scheme and its 
extensions to generalized orthogonal systems of 
hypergeometric functions (not necessarily poly
nomials). 
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The research on completely integrable Hamil
tonian systems gained considerable impetus by 
the phenomenon of 'solitons': travelling waves 
which retain their shape while travelling and 
with remarkable stability properties. The study 
of solitons led to exact solutions of various phy
sically important nonlinear equations, e.g. the 
Korteweg-De Vries, cubic SchrOdinger and 

sine-Gordon equations. The soliton phenomenon 
plays an important role in the hitherto unsolved 
problem of determining whether a given system 
is (completely) integrable. The illustration (J.F. 
Kaashoek, Erasmus University Rotterdam 
1983) shows two soliton solutions to the sine
Gordon equation c/>zz -q,11 =w6sincp, in an appli
cation to magnetic systems. 
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ea/ Dynamics (they appear almost nonexistent 
in the literature). Research into certain pro
duct conserving functors (resembling reflec
tions) was completed. Application of the 
results to compactifications of semigroups will 
be published in 1987. Preliminary literature 
study was carried out in anticipation of a 
possible future research in ergodic theory. 

Last, but not least, several departmental 
researchers provided expert advice for the 
translation of the Russian Encyclopaedia of 
Mathematics. 
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number of preferential states in phase space, 
between which the system can make transi
tions. The finite predictability of such chaotic 
systems was analyzed. It turned out that the 
stochastic structure cannot be parametrized in 
a simple way. 

J. Grasman H.N.M. Roozen 
H.J.A.M. Heijmans H.E. de Swart 
J.A.P. Heesterbeek N.M. Temme 
B. de Kerf 

Broadly speaking, applied mathematics has 
the task of winning more insight into natural 
processes by mathematical analysis. Until 
recently this was mainly linear analysis, but 
nowadays attention is focused on nonlinear 
problems. For example, recent theoretical 
developments in bifurcation theory and 
chaotic phenomena, in combination with the 
strongly increased possibilities of performing 
computer experiments, have led to a new 
appreciation of fluid mechanics. The Depart
ment emphasizes the development of new 
analytic methods, with an increasing input 
from statistics and computer science. The 
application areas lie in biology, medicine and 
meteorology, in fields where classical methods 
are loosing their usefulness. 

The current research projects are: 

• Dynamical systems with stochastic pertur
bations (Grasman, De Kerf, Roerdink, 
Roozen, De Swart); 

• Asymptotics and applied analysis (Dijkhuis, 
Grasman, Temme); 

M. van Herwijnen 

• Nonlinear analysis and biomathematics 
(Diekmann, Heijmans, Heesterbeek, De 
Kerf, Lauwerier; Metz); 

• Processing and reconstruction of images 
(Heijmans, Van Herwijnen, Roerdink, 
Temme). 

Dynamical systems with stochastic perturba
tions 
Many models of natural phenomena are 
deterministic, finite-dimensional and dissipa
tive in character. Their long-time behaviour is 
of particular interest. These models ignore 
external influences, which cannot be described 
deterministically. Inclusion of such influences 
as stochastic perturbations in the model leads 
to essential changes in the behaviour of the 
solutions. CWI studies two such systems in 
the field of meteorology and biology. 
Two 'spectral' models of the large-scale 
atmospheric circulation have been investi
gated. The most elaborate of them, a ten 
component barotropic model, exhibits a 

In the field of population dynamics a density 
dependent birth-death process was studied by 
means of a two-dimensional stochastic system 
which forms the diffusion approximation of 
the process. Expressions were derived for the 
stochastic stability of the ecosystem using 
asymptotic methods. Finally, a joint project 
was initiated with Prof. K.E. Shuler (USCD 
La Jolla, USA); research involves the difficult 
task of calculating numerically large time 
parameters such as diffusion constants and is 
based on a previously developed theory of 
stochastic walks on inhomogeneous random 
lattices. 

Asymptotics and applied analysis 
For many physical or biological problems, 
asymptotic methods are an important means 
to gain qualitative information on solutions of 
equations or to find approximations for solu
tions. In recent years the Department has 
acquired considerable expertise in dealing 
with asymptotic problems; this has given rise 
to internal (CWI) and external demand for 
problem solving in the fields of complex 
analysis, integrals, and differential equations. 
The asymptotics of Laguerre polynomials 
L~a)(x) were studied for large values of the 
degree. New developments were given where 
the parameter a can also be arbitrarily large, 



in which case a Hermite polynomial is a good 
asymptotic representation. A chapter on 
chaotic and stochastic relaxation oscillations 
was completed for a monograph on asymptot
ics of integrals, and a monograph on relaxa
tion oscillations in general was submitted to a 
publisher. 

The structure of residual currents in a rec
tangular tidal basin was investigated as a 
two-parameter model, in collaboration with 
Prof. J.T.F. Zimmerman (Netherlands Insti
tute for Sea Research (NIOZ) and Utrecht 
University). There turned out to be two dis-

tinct regimes. An approximate technique was 
developed for calculating the residual current 
for strong self-interaction. 
If soluble material is injected into a streaming 
fluid (e.g. drainage into a river), there is con
siderable difference between initial and even
tual diffusion patterns. Analytic approxima
tions for intermediate time scales are being 
studied in a simple model of Poiseuille flow in 
an infinitely long cylinder. The model is 
described by a Schrodinger equation for the 
harmonic oscillator on a circular disk. The 
dependence of eigenvalues and eigenfunctions 
on the oscillator strength is investigated. 
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Participants in the international workshop 
'Models for physiologically structured popula
tions' enjoy a stroll along the beach of Texel 
island. 

Nonlinear analysis and biomathematics 
Central theme in this project is the dynamics 
of populations with an internal, physiological 
structure. Its description via equations relates 
the course of life of individuals to the 
development of the population. In this way 
biological knowledge can generate a detailed 
description of the interaction between the 
population and its environment. Concrete 
applications are found in epidemiology and 
toxicology. There is no satisfactory mathemat
ical theory for dealing with such models. This 
project aims at developing such a theory, by 
studying infinite-dimensional dynamical sys
tems. 
A review of the existing theory, along with a 
number of applications, was given in The 
Dynamics of Physiologically Structured Popula
tions (Springer Lecture Notes in Biomathe
matics 68, J.A.J. Metz & 0. Diekmann edi
tors), which appeared in August. In Sep
tember, an international workshop 'Models 
for physiologically structured populations' 
was held at NIOZ. Participant's background 
varied from pure mathematics to experimental 
biology. Other research topics in this field 
were: justification of model approximations 
by the Trotter-Kato theorem, and mathemati
cal aspects of the Daphnia model. 
The mathematical research focussed on per-





turbation theory of dual semigroups. The 
sun-reflexive case was studied and applied to 
functional differential equations, and turned 
out to be useful in control problems as well. 
A survey was also given of results relating to 
the structure of the resolvent operator of 
linear functional differential equations. 
Finally, work was done on certain degenerate 
first-order partial differential equations, on 
extending a singular perturbation theorem by 
Tykhonov to certain infinite-dimensional sys
tems, and on a coupled system of differential 
and difference equations in connection with 
the dynamics of an epidemic model. 

< Female waterflea (Daphnia magna) with eggs. 
This Daphnia species is used as an experimen
tal animal to study effects of toxic chemicals on 
individuals. The theory of dynamics of physio
logically structured populations, as described in 
Metz & Diekmann's book, can be used to 
deduce the population consequences of these 
effects, under environmental conditions differing 
from those in the experiment. In the case of 
linear models, the key concept is that of a 
stable distribution. The spectral theory of posi
tive semigroups is very useful in deriving results 
about these stable distributions. The mathemat
ical machinery necessary to deal with nonlinear 
models is still in its early stages, and its crea
tion requires the solution of many interesting 
mathematical problems. 

Photo S.A.LM. Kooijman, VU Amsterdam 

Research on iterative maps, Julia sets and 
fractals continued. A joint study with J.A.J. 
Metz (Leiden University) considered a host
parasitoid model. Another paper discussed 
the structure of the strange attractor in a 
model described in terms of elementary func
tions. 

Processing and reconstruction of images 
This is a joint project with the Department of 
Mathematical Statistics. Image processing 
consists of manipulation with data available 
in image form. In digitalized form, they can 
be processed by a computer. Various actions 
can be performed on the images: transforma
tion, coding, restauration, correction, segmen
tation, and analysis. In many cases statistical 
techniques are applied, in particular in seg
mentation and in the reconstruction of images 
distorted by noise. Another important tech
nique is computer tomography, the recon
struction of images from a finite number of 
projections. Applications of the research in 
this project are mainly found in medical diag
nostics, biomedical research, remote sensing 
and inverse scattering. 
In the first phase of this new project a broad 
orientation was carried out with emphasis on 
mathematical morphology. During the 
autumn, a national colloquium 'Image 
analysis: Theory and Practice', was organized 
at CWI. Both mathematical aspects and 
applications were treated by various CWI and 
outside speakers in this series of meetings. 
The colloquium offered excellent opportuni
ties for establishing the closer contacts 
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between various researchers from scientific, 
technical and industrial circles - considered 
essential in such a multi-disciplinary research 
field. At the end of 1986 a research plan was 
formulated, at present the main subjects to 
be: 

• reconstruction of NMR-images (collabora
tion with Philips Medical Systems); 

• mathematical morphology; 

• inverse scattering and image processing of 
seismic data (collaboration with Shell). 
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The effects of two major current develop
ments in mathematical statistics are clearly 
discernable: firstly an ongoing spread of 
application in a broad range of scientific dis
ciplines including psychometrics, econometry, 
demography and epidemiology; and secondly 
use of such new computer science tools as 
image processing techniques. The ever more 
complex data available across the board of 
scientific, industrial and social enquiry were 
matched by an explosive growth in potential 
for computer application making it possible 
to analyse far more realistic models. CWI's 
mathematical research centres on statistics in 
cases where parameters or data are not in a 
finite-dimensional Euclidean space, but in sets 
with a far more complicated structure. The 
abstract spaces occurring in it prompted 
Grenander to term this field 'abstract infer
ence'. The department's research is, however, 
far from abstract. It is directed at the most 
urgent practical problems of applied statistics. 
At the same time it continues recent develop
ments in theoretical, statistics - in particular 

the convergence of parametric and non
parametric statistics. Attention is paid both 
to the process of hypothesis forming and 
model building and to those activities occur
ring within an already precisely formulated 
model. This is reflected in research and con
sultation in such areas as bootstrap methods 
and semiparametric models. 

The current research projects are: 

• Semiparametric statistics (Ter Burg, Dek
kers, Dzhaparidze, Gill, Heesterman, Hel
mers); 

• Stochastic processes (Berbee, Corstjens, 
Dzhaparidze, Gill, Groeneboom, Van der 
Plas, Weits); 

• Applied statistics (Berbee, Van de Geer, 
Gill, De Haan, Rottschiif er, Verbeek, 
Voors). 

Semiparametric statistics 
Semiparametric models have become highly 
popular in several application fields, e.g. bio-

statistics. The idea is to combine the advan
tages of parametric estimation theory and 
non-parametric test theory, by using 
parametric modeling only for those parts of a 
phenomenon which are of special interest. A 
theory has gradually emerged which charac
terizes the optimal asymptotic behaviour of 
estimators in semiparametric models. The 
aims of this project are to construct statistical 
procedures and to derive their properties for 
semiparametric models, as well in general to 
apply techniques from parametric statistics in 
non-parametric models, in particular estima
tion theory. 
Local Asymptotic Normality (LAN) results 
were used in the current study on properties 
of the Cox estimator for the intensity parame
ter of a multivariate counting process. A 
report on the study was made to the First 
World Congress of the Bernoulli Society 
(Tashkent, USSR). It was sh9wn that some 
non-parametric maximum likelihood estima
tors are differentiable functionals of the 
empirical distribution function so that their 
asymptotic distribution can be derived by 
Von Mises calculus. These results were 
reported at the Statistische Tagen (Heidel
berg, West Germany) and the Von Mises & 
NPMLE seminar (Leiden, The Netherlands). 
Random samples - from an unknown distri
bution, weighed in a known way - are com
bined in the model of 'selection bias' in colla
boration with J.A. Wellner (Seattle, USA); 
and a joint study of non-parametric mixture 
models was started with T.A. Louis of Har
vard. 



An article and report were written jointly 
with The Netherlands Interuniversity Demo
graphic Institute on the statistical analysis of 
observations on a Markov process aggregated 
over time and individuals. Up until now such 
data were studied via ad hoe interpolation 
methods, occasionally leading to probabilities 
outside the interval [O, 1 ]. Work continued 
with P.K. Andersen and N. Keiding 
(Copenhagen) and 0. 0. Borgan (Oslo) on 
the book Statistical · Models for Counting 
Processes. The department is preparing a 
joint review article concerning product 
integrals frequently applied in survival 
analysis and the statistical analysis of Markov 
and counting processes. A joint study was 
started with N. Keiding on the model of left 
truncated data which showed up recently in 
connection with star brightness measure
ments. There are similarities, but also 
differences, with the analysis of censured 
data. It transpired that a simple analysis with 
counting process methods is possible, if the 
model is equivalent to a certain Markov pro
cess. The application of new methods for the 
analysis of survival times in Dutch epi
demiologic research was studied during meet
ings with epidemiologists from the Nether
lands Institute for Public Health and 
Environmental Hygiene. These methods com
bine prospective and retrospective data. 
Reports on research concerning the asymp
totic properties of bootstrap estimators of the 
distribution function of 'studentized' statisti
cal quantities were given at the Sixth Pan
nonian Symposium on Mathematical Statis-

ties (Bad Tatzmannsdorf, Austria) and a 
workshop on Capitalization on Chance and 
Sample Reuse Methods ( Groningen, The 
Netherlands). Differences between three esti
mation methods (jackknife, bootstrap and 
delta) in terms of the bias and variance of the 
estimators were analyzed by second order 
expansions. 
A report appeared in collaboration with A.J. 
Van Es (University of Amsterdam) on the 
asymptotic behaviour of elementary sym
metric polynomials. The joint study with 
F.H. Ruymgaart (University of Nijmegen) on 
asymptotic normality of generalized £
statistics with unbounded weight functions 
was completed. The results will appear in the 
Journal of Statistical Planning and Inference, 
as will earlier research on Edgeworth expan
sions for functions of uniform spacings. 
New research was started on the asymptotic 
properties of the Picklands estimator for the 
main parameter of the generalized extreme 
value distribution. Weak and strong con
sistency could be shown for this estimator. 
The problem of estimating the extremal index 
fJ of a stationary series of stochastic quantities 
was studied and possible applications of 
bootstrap methods in the theory of extremal 
values explored. 

Stochastic processes 
This project emphasizes processes in space 
and time, in particular the class of functionals 
on a Markov-dependent process. The study 
employs the physical description of processes 
by 'interaction'. A second aspect is the statis-
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tical analysis of stochastic processes, in par
ticular the extension of classical methods to 
counting processes, time series, etc., the study 
of Markov processes by projection of estima
tor functions, and modelling by stochastic 
processes of traffic streams. 
The uniqueness of Gibbs measures in statisti
cal mechanics was related to absorption pro
babilities of a series of Markov operators 
associated with this measure. Applied to one
dimensional systems it improves one of 
Ruelle's results (1968). Attention was paid to 
computer networks in connection with a 
study of Markov representations for station
ary processes. 
The work on evaluating probabilities of gen
eral M-estimators in the case of large devia
tions was applied to nonlinear regression 
analysis and will be published in Annals of 
Statistics. Identification has been established 
in the area of estimating the intensity between 
two aggregate transient states of a multivari
ate counting process. However, finding a good 
estimation method remains problematic. The 
emergence of a stationary state is studied in 
macroscopic models of traffic flow, based on 
wave equations with 'white noise'. Techni
cally the problem is formulated as a stochas
tic differential equation in an infinite
dimensional space. Studies were made of 
recurrent patterns in Markov-dependent 
chains starting from research on the 
behaviour of rats. 

Applied statistics 
The aim of this project is to enrich mathemat-
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ical statistics through new impulses from 
practical problems and, conversely, to make 
the results of theoretical research available to 
users of statistics in other areas. The current 
topics are: breakpoint methods, stochastic 
models in biology, image analysis (joint pro
ject with the Department of Applied 
Mathematics), and statistical software. 

<Polypeptide growth factors play an important 
role in the regulation of cellular proliferation 
and differentiation. One of the most intensively 
studied among them, the Epidermal Growth 
Factor (EGF), binds to specific receptor proteins 
on the cell surf ace. The lateral distribution of 
EGF receptors, in particular their clustering, is 
related to the cellular response to EGF. This 
distribution can be studied by the so-called label 
fracture method, in ~ombination with immuno
gold labeling of the EGF-receptors. In the pic
ture - an electron micrograph taken at the 
Hubrecht Laboratory for Developmental Biol
ogy in Utrecht - the black dots correspond to 
gold particles attached to A431 cells. 

At CW! a statistical analysis of such pictures is 
being made, in order to model and quantifY 
such clustering effects. The first results indicate 
clear clustering, as can be seen in an EDF-plot 
(EDF = Empirical Distribution Function) of 
nearest neighbour distances, where the deviation 
of the solid line from the region between the 
two dotted lines (the reliability band of the 
simulation) measures the deviation from Com
plete Spatial Randomness. 

Two reports appeared gtvmg the results of 
research on breakpoint methods, concerning 
the extension of the two-phase model to the 
multi-dimensional model. Sections will 
appear in Annals of Statistics. A program 
was written for the estimation of parameters 
in a two-phase regression model. 
A compartment model for the behaviour of 
algae was developed in collaboration with A. 
Tip (AMOLF, Amsterdam) and R. Demats 
(University of Amsterdam). 
The project on statistical analysis of images 
(see also the report of the Department of 
Applied Mathematics) started with a working 
group; outside participation came from com
puter scientists from University of Amster
dam and statisticians from TNO, the Free 
University of Amsterdam and the University 
of Nijmegen. A thorough literature study con
centrated on Image Analysis and Mathemati
ca/ Morphology by J. Serra, and the recent 
exciting contributions made by D. Geman 
and S. Geman (Brown University, USA) and 
J. Besag (Durham, UK) on the application of 
Markov field models to image reconstruction. 
A statistical analysis was started of electron 
microscopy images of the spatial distribution 
of protein molecules in a cell membrane (data 
from the KNAW Hubrecht Laboratory, 
Utrecht). Diagnostic plots showed clear clus
tering and stochastic models for such point 
processes will be constructed and estimated. 
Considerable progress was made with the 
preparations of the ST AT AL-manual. 
Demonstrations were given of the interactive 
data-analysis package S (Bell Labs), which is 
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powerful but easy to use and has excellent 
graphics facilities. 

Consultation 
As in preceding years, the department was 
involved in a number of consultation projects. 
Some of these, e.g. segmentation of speech, 
estimation of motorway capacity, citation 
analysis, and extreme water levels on the 
North Sea coast, are ongoing. A short 
description of two new projects follows. 
The first involved statistical advice relating to 
accountant control, on the application of 
modem methods in time series analysis to 
'cipher analysis', and of multi-step sampling 
techniques. 
In the second project, AKZO (a Dutch chem
ical multinational) posed the following prob
lem: a population of three-dimensional 
spheres is observed in two-dimensional cross 
sections. What statistical conclusions can be 
drawn about the distribution of sphere diame
ters from the empirical distribution of circle 
diameters? This is a form of the classical 
Wichsell problem. It seems possible to use 
modem techniques of density estimation 
(penalized maximum likelihood) for its solu
tion. 
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As its name implies the department covers a 
variety of subjects, ranging from complexity 
theory and combinatorics to probability 
theory and differential geometry. The unifying 
element is found outside mathematics, in the 
applicability of the research in decision situa
tions. Problems were originally supplied by 
economics and industrial engineering, where 
the need for optimal action in decision situa
tions was first felt. Nowadays they also come 
from communications and control, and even 
from political and social sciences. Although 
the very nature of its subject would seem to 
put the emphasis on applications, the depart
ment has always retained an interest in the 
development of the underlying mathematical 
theory. It proved possible to find a balance 
between pure scientific research and an 
involvement in practical projects. 

The current research projects are: 

• Combinatorial optimization (Anthonisse, 
Braam, Desrochers, Kindervater, Lageweg, 

I.L. Braam 

Lenstra, Savelsbergh, Schrijver, Stougie, 
Van de Velde); 

• Analysis and control of information flows 
in networks (Van den Berg, Boxma, Cohen, 
Groenendijk); 

• System and control theory (Polderman, 
Schumacher, Van Schuppen, Smulders, 
Spreij, StOhr, De Waal). 

Combinatorial Optimization 
Combinatorial optimization is concerned with 
the investigation of problems that require the 
determination of an optimal ordering, choice, 
or assignment of a finite number of objects, 
such as the determination of distribution sys
tems, depot locations, timetables and produc
tion plans. Results employed come from 
discrete mathematics, probability theory and 
computer science. In 1986 departmental 
research concentrated on design and analysis 
of algorithms, polyhedral and polynomial 
methods, parallel algorithms and interactive 
planning methods. 

Problems of scheduling fixed jobs, pipelines, 
unrelated parallel machines, and machines 
with load-dependent speeds were investigated 
in collaboration with researchers from abroad. 
Twelve open questions relating to the travel
ing salesman problem were collected, and 
work continued on a book on scheduling. 
Finally, a verification was given of the proof 
by Cartier and Pinson of the optimality of 
Lageweg's solution for the notorious 10 X 10-
job-shop scheduling problem. 
Research continued on matrices with the 
Edmonds property which solve integer linear 
programming problems after one round of 
Gomory cuts. The decomposition of graphs 
without certain 'forbidden' substructures was 
studied. Research on multicommodity flows -
relevant for integrated circuit design - was 
marked by three-fold progress: in the rela
tions between fractional. and integral flows, 
and between distances and cuts, and in the 
existence of paths of prescribed homotopy. In 
addition, a polyhedral characterization was 
found for the existence of edge-disjoint paths 
between three given pairs of points in a 
graph. Randomized algorithms for quick 
determination of graph connectedness were 
developed using orthogonal representations. 
A fully-polynomial approximation scheme 
was given for the problem of assigning 
resources to a partially ordered set of tasks in 
such a way that the required time to complete 
all tasks in the proper order is minimized. All 
work on polyhedral and polynomial methods 
was carried out in collaboration with 
researchers from non-Dutch organizations 



including Bell Communications Research and 
other US institutes, and from Budapest (Hun
gary). Four review articles were written on 
Polyhedral Combinatorics, and the book 
Theory of Linear and Integer Programming by 
A. Schrijver (Wiley) appeared during 1986. 
Progress was made with another book 
Geometric Algorithms and Combinatorial 
Optimization under the joint authorship of 
Schrijver, M. Grotschel (Augsburg) and L. 
Lovasz (Budapest), which should appear in 
late 1987. 
Parallel enumerative methods for combina
torial optimization problems were experimen
tally implemented on the IBM-LCAP in 
Rome, and a queueing model describing 
congestion phenomena in such processes was 
analyzed. The research on the parallel compu
tational complexity of approximation algo
rithms for the traveling salesman problem was 
completed. A review article on parallel 
combinatorial computing was presented in 
Cornell University's Distinguished Lecturer 
Series in Discrete Optimization. 
In the field of interactive planning methods, 
the clustering, routing and scheduling 
modules of CAR (an interactive system for 
computer aided routing) were improved; 
CAR was installed on the IBM PC/ AT with a 
Professional Graphics Display and on the 
IBM 6150 (PC/RT) with a 5081 Graphics 
Display. An implementation of CAR at 
Fashion Transport Holland is expected to 
take place mid-1987. Functional and techni
cal descriptions of CAR will appear in 1987. 
The Department is developing a system for 

interactive production planning in the cloth
ing industry in close cooperation with the 
TNO-Fibre Institute; the programme receives 
a partial subsidy via the INSP. The research 
also focuses on algorithms for a generalization 
of the job shop scheduling problem; this has 
a relevance for planning of assembly 
processes. A detailed problem classification 
was designed within the context of an expert 
system for classification and manipulation of 
problem types within a coherent subfield of 
mathematical programming. Finally, a start 
was made on the description of the functional 
and structural properties of decision support 
systems - an NFI supported joint project with 
the Universities of Eindhoven, Rotterdam and 
Delft. 

Analysis and control of information flows in 
networks 
This project concerns the mathematical 
modeling, analysis and control of information 
flows in computer systems (computer perf or-
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Computer applications are playing a role in 
revitalizing the Dutch clothing industry. As part 
of a N FI supported project also involving the 
TNO Fibre Institute, CW/ is developing a deci
sion support system for the planning and 
scheduling of a sewing department. Primarily, 
this will support the control of the assembly 
shop in order to meet due dates, reduce in
process inventory work and improve overall 
efficiency. 

(Photo KOALA Tricotagefabrieken BV, Aalten) 

mance analysis) and telerflmmunication net
works ( teletraffic analysis). Given the sto
chastic nature of traffic flows, performance 
analysis is based on probability theory. 
Applications range from traditional fields like 
telephony and telegraphy to computer inter
communication, as well as communication via 
satellites and mobile communication systems. 
The rapidly increasing influence of computer
and communication networks in everyday life 
makes the research element of this project of 
considerable social interest. The problems are 
usually formulated in terms of a network with 
servers and customers queueing for service. 
Queueing theory studies performance meas
ures such as customer waiting and sojourn 
times, and queue lengths. 
One of the queueing models studied describes 
congestion phenomena in the dispatch of 
branch-and-bound algorithms on parallel pro
cessors. Another simple model gives insight 
into the interaction of terminal and batch 
traffic in a computer system. A review article 
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on two-queue models was completed, and 
progress made on the Russian translation of 
Boundary Value Problems in Queueing System 
Analysis by J.W. Cohen and O.J. Boxma. A 
study was made of flow control protocols for 
computer communication networks where 
messages can get lost because of restricted 
buff er space. A conservation law was derived 
for waiting times in multi-queue models with 
cyclic service. Such models are important in 
the study of Local Area Networks with a bus 
or rin,g structure. The conservation law has 
far-reaching implications: it unifies and gen
eralizes many existing queueing formulas and 
has already been used in colloboration with 
B. Meister (IBM Zi.irich) to derive waiting 
times in the IBM Token Ring. Considerable 
attention was paid to recent important 
developments in software for queueing 
analysis. The general-purpose package 
QNAP2 is now operational at CWI, and the 
special-purpose package QLIB is also avail
able. In June, the International Seminar on 
Teletraffic Analysis and Computer Perfor
mance Evaluation at CWI was attended by 
some eighty experts, more than half from 
abroad. 

System and Control Theory 
System and control theory aims both at the 
modeling and analysis of mathematical 
models for dynamic phenomena and at the 
development of algorithms for control and 
prediction problems. There is an increasing 
need in society for automatic control and sig
nal processing, e.g. in connection with 

A simple example of a multi-queue model with 
cyclic service is a road with one half blocked. 
There are three queues, two for cars and one 
for pedestrians. The traffic lights form a cyclic 
service system. Such systems frequently occur in 
computer networks, in particular Local Area 
Networks, where data from various stations are 
all transmitted through one communication 

robots, electricity networks, satellites, road 
traffic, computer networks, speech processing 
and prediction of environmental pollution. 
In the area of deterministic systems, the 
Department studied transformations of sys
tems of coupled differential equations; results 
were presented in an invited lecture at an 
international conference in Como (Italy). 
Now, a closer look is being taken at systems 
with a special structure. A quantitative study 
was made of the effect of uncertainty in the 

channel. CW/ derived a conservation law for 
such systems which unifies and generalizes 
many existing results. The law states that, 
although individual queueing times are very 
difficult to calculate, there is a simple expres
sion for their weighed sum, thus admitting a 
simple approximation of individual queueing 
times. 

model on robust stability as part of the 
'Large Flexible Space Structures' project 
sponsored by STW. A similar analysis is 
being made of the Strongback Solar Array (a 
Fokker design). 
The classification of all stochastic realizations 
of factor analysis models was investigated. A 
dynamic factor system was defined and its 
stochastic realization problem formulated. A 
stochastic control model was constructed for 
a load balancing problem in a telephone-



It is an established fact that overload means 
major service reduction in a communication sys
tem. A typical example is a 'Stored Programme 
Controlled' trunk exchange, where the calls are 
handled by a computer. In order to reduce the 
effect of peak loads as much as possible, a con
trol regulates access to the exchange by limiting 
the number of admitted calls in accordance with 
the processor load. Both incoming calls, and 
various actions inside the communication sys
tem, are stochastic in nature. In an STW spon
sored project CW/ is studying a stochastic con
trol problem in order to design a more efficient 
admission system. In its general formulation the 
model is also applicable to computer networks 
and other systems. 
The graph shows the rate of successful call com
pletions in a model explicitly accounting for 

customer patience. The performance of this 
model without regulation is strongly dependent 
on the buffer space k for the maximum number 
of admissible calls. 

exchange, and a control algorithm for this 
problem analyzecl. A new approach was for
mulated (with the emphasis on multivariable 
processes), for the approximating stochastic 
realization problem for Gauss processes. The 
dynamic behaviour of freeway traffic was 
modeled and its stability properties analyzed. 
A study was made of adaptive filtering prob
lems for systems with counting process obser
vations, and of self-exciting counting process 
systems with finite state space. Further, an 
adaptive pole assignment algorithm was syn
thesized and theoretically analyzecl. 
The modeling phase was completed in the 
STW sponsored project on prediction and 
control problems for freeway traffic. The 
model describes the traffic behaviour in a 
realistic way. A second order approximation 
of the optimal prediction algorithm led to 
satisfactory results. A contribution on this 
project was submitted to the lOth Interna
tional Symposium on Transportation and 
Traffic Theory which will be held in Boston 
(USA) next year. 
Overload control in communication systems is 
being studied in a STW-project, in particular 
the modeling of Stored Program Controlled 
trunk exchanges as a system of queues. There 
are contacts on this problem with Philips 
Telecommunication and Data Systems and 
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the Netherlands Postal and Telecommunica
tions Services (PTI). Finally, criteria were 
analyzed for the approximations of a time 
series by a Gaussian stochastic system, and 
studies made of the specific approximation 
problem with a Gaussian distribution on a 
finite-dimensional space. 

Consultation 
As in previous years, the Department was 
involved in a number of outside consultations 
including: 

• research into processing corporation tax 
returns, commissioned by the Finance Min
istry; 

• a project on behalf of a shipping company 
wishing to get the maximum use out of its 
containers (mathematical modeling led to a 
successfully implemented interactive optim
ization programme); 

• development of a decision support system 
for allocating aircraft to gates at Schiphol 
Airport (planning issues were drawn up 
and the definition phase of seasonal plan
ning completed in 1986); 

• a joint investigation with the Delft 
Hydraulics Laboratory involving models 
for water resource management and taking 
into account the energy production require
ments of hydro-electro stations and drink
ing and irrigation supplies. 
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Numerical mathematics concerns the design 
and analysis of approximating methods of 
solution for mathematical problems. Many 
problems originate from the natural sciences 
and are formulated in terms of differential or 
integral· equations, or large algebraic systems. 
The Department is especially interested in 
numerical aspects of partial differential equa
tions in connection with flow problems and 
semi-conductor problems. Research ranges 
from the very fundamental to utilization 
oriented. The field is permanently influenced 
by changes in computer hardware, not only 
by the increase in memory size and calculat
ing speed, but also by changes in architecture. 
Parallel computation is expected to play an 
important role in the near future. Indeed 
many expensive and cumbersome laboratory 
experiments (e.g. wind tunnel tests) can be 
simulated on a supercomputer, using parallel 
techniques. Since CWI has access to such a 
supercomputer at SARA, the Amsterdam 

C. Boon 

Academic Computer Centre, departmental 
research is also directed at vectorising tech
niques and parallel aspects of numerical algo
rithms. CWI aims to achieve a central role in 
this field, by building up a library of numeri
cal algorithms designed for parallel comput
ers, and by (co-)organizing a national collo
qmum. 

The current research projects are: 

• Discretization of initial value problems 
(Blom, Boon, De Goede, Van der Houwen, 
Hundsdorfer, Louter-Nool, Sommeijer, Ten 
Thije Boonkkamp, Verwer, Wubs); 

• Multigrid methods for boundary value 
problems (Hemker, Koren, Spekreijse, Wes
seling, De Zeeuw); 

• Computational number theory (Lioen, Te 
Riele, Winter); 

•Numerical software (Bergman, Blom, De 
Goede, Hemker, Lioen, Louter-Nool, Te 

Riele, Schlichting, Sommeijer, Van der 
Vorst, Winter, Wubs, De Zeeuw). 

Discretization of initial value problems 
The aim of this project is the development 
and analysis of algorithms for the numerical 
solution of initial boundary value problems. 
These algorithms have applications in physics, 
chemistry, biology, the technical sciences, etc. 
It is important to gain insight into their sta
bility and the accuracy of the numerical solu
tion. Moreover, efficiency remains a per
manent matter of concern, given that the 
increase in calculating speed is outweighed by 
a considerably larger size of the calculations. 
Research concentrates on aspects of partial 
differential equations such as stability and 
convergence, adaptive grid techniques, the 
incompressible Navier-Stokes equation and 
difference schemes for hyperbolic differential 
equations. The use of supercomputers has 
greatly increased the interest in this subject, 
and its practical importance. 
Using the method of lines, it was shown that 
most Runge-Kutta methods undergo order 
reduction when applied to semi-discrete par
tial differential equations. On a fixed space 
grid this phenomenon shows up in exception
ally large error constants which can increase 
indefinitely with the mesh width. Results were 
reported at the ODE conference in Albu
querque (USA). In applying Runge-Kutta 
methods to stiff differential equations, the 
order of B-convergence is an appropriate 
measure for the expected accuracy. In the 
case of dissipative nonJinear problems it was 



shown that the order of B-convergence is one 
higher than the 'stage order' in only a small 
class of Runge-Kutta methods. Conditions for 
monotonicity in some simple Rosenbrock 
methods were formulated and applied to 
prove global convergence for modifications of 
Newton's method. 
The stability of the hopscotch method was 
analyzed in connection with linear initial 
boundary-value problems, in particular the 
odd-even scheme for the one-dimensional 
convection diffusion equation. This scheme 
was also applied to the calculation of free 
convection in a square cavity, for which an 
accurate reference solution is available. It 
turned out that the odd-even hopscotch solu
tion oscillates if the initial conditions are 
discontinuous. Methods of confining those 
oscillations were shown. Three simple adap
tive grid methods in which the integration 
takes place on a moving grid by a coordinate 
transformation were investigated. The prob
lem of very steep transitions in space and 
time can be dealt with in this way. The first 
results with a Crank-Nicolson type method 
are very encouraging. 
The work on hyperbolic differential equations 
covered discretization in time and space and 
the study of Lax-Wendroff schemes. Solution 
methods were devised for the integration of 
differential equations with oscillation
dominated solutions. Work on discretization 
formulas for spatial derivatives in Cauchy 
problems was completed. Smoothing tech
niques were applied in order to increase the 
stability of Lax-Wendroff schemes. 

The implementation of the programme for 
solving shallow-water equations was almost 
completed. It can now be used in practice by 
coupling to the WAQUA system of The Min
istry of Public Works, e.g. for the Eems
Dollard estuary. The calculation method is 
highly vectorisable. Certain smoothing tech
niques for problems with non-periodic boun
dary conditions were analyzed in connection 
with semi-discrete parabolic and hyperbolic 
differential equations. Experiments with the 
previously developed collocation method for 
nonlinear Volterra equations of the second 
kind were concluded with the publication of 
the FORTRAN code COLV12. 

Multigrid techniques for boundary value prob
lems 
The numerical analysis of boundary value 
problems mainly concerns solution methods 
for elliptic and hyperbolic partial differential 
equations and integral equations. These 
equations often arise in technical applications 
and numerical methods are the most impor
tant tool to derive quantitative information 
from them. Boundary value problems form 
such a wide field that this project is restricted 
to multigrid techniques. With these techniques 
the very large systems of algebraic equations 
that arise in the numerical solution of boun
dary value problems, can be solved very 
efficiently. 
In the study of multigrid algorithms and 
related defect-correction techniques, particular 
attention was given to convergence proofs 
and the convergence analysis of nested itera-
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tion techniques. Results were applied to the 
stationary Euler equations for non-viscous gas 
flows and reported at the ISAM-86 confer
ence in Weisig (GDR). A combination of 
accurate unstable and inaccurate stable opera
tors was also applied in a defect-correction 
process in order to resolve contact discon
tinuities for the Euler equations. Results 
were reported at the BAIL IV conference in 
Novosibirsk (USSR). 
In the application of multigrid methods to 
flow problems the previously developed and 
highly efficient FMG-FAS method for the 
Euler equations was refined in various ways: 
tau-extrapolation for reaching higher preci
sion, a streamline-upwind version of Osher's 
scheme for more precise transonic flow calcu
lations, a remedy against 'sonic glitches', a 
boundary condition treatment for curved 
fixed walls, and the discretization of source 
terms were studied. A second order precision 
monotonous solution scheme was developed 
for nonlinear scalar hyperbolic conservation 
laws, by introducing limiters in space discreti
zation. The efficient solution of these schemes 
by using a spectral block-Gauss-Seidel relaxa
tion was considered. A publication on the 
research related to the Euler equations 
appeared in the proceedings of the IOth 
ICNMFD conference. Various methods to 
solve the Euler equations for non-viscous flow 
by multigrid techniques were reviewed in col
laboration with G.M. Johnson (Colorado, 
USA). 
In the STW supported project on application 
of the Euler equations to flow problems, 



In 1986 the STW sponsored project at CW! 
'Euler Equations' attained its goal of developing 
an accurate and efficient numerical solution 
method for a mathematical model describing 
steady, compressible, inviscid gas flows (the 
steady Euler equations) on behalf of the Dutch 

aerospace industry (Fokker and NLR). The 
main industrial application is the prediction of 
the aerodynamic properties of aircraft designs 
at subsonic and transonic speeds. This flight 
simulation of possible future aircraft will ulti
mately call for the solution of the more general 

Navier-Stokes equations. The numerical method 
developed to date may be regarded as a step on 
the route to this goal. 

Photo: The first prototype of the new Fokker-50 
flying over The Netherlands ( 1985 ). 



automatic grid adaptation proved useful in 
flow calculations on a transonic wind tunnel 
section. Several second order discretizations 
and the defect-correction process were studied 
for calculations on airfoils. Different discreti
zations give optimal results, depending on the 
type of flow, but in all cases defect-correction 
turns out to be a very efficient solution 
method. Production of high quality results 
using the method devised at CWI was clearly 
shown by flow profiles at a workshop on 
Euler equations. Finally, flow profiles around 
a propeller were modeled as Euler equations 
with source terms. The model was both 
efficient and led to good results. 
Further, it proved possible to solve the 
Navier-Stokes equations for large Reynolds 

numbers by considering them as a perturba
tion of the Euler equations and applying pre
viously developed defect-correction techniques 
to these equations. Second order accurate 
discretizations of the convective and diffusive 
part of the Navier-Stokes equations were 
used. Three operators, to be inverted in the 
defect-correction process, are being studied in 
order to improve this technique for intermedi
ate values of the Reynolds number. 
A robust and efficient blackbox multigrid 
solver was developed for linear systems with a 
9-point band structure as a result of the 
research on multigrid methods. By the use of 
matrix-dependent prolongations and restric
tions, this algorithm is particularly efficient 
for elliptic equations with highly discontinu-
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ous coefficients. 
Consideration of the multigrid technique for 
the solution of the system of three equations 
in one space dimension was started as part of 
a preliminary study of the stationary semi
conductor device simulation equations. 

Computational number theory 
The aim of this project is to approach certain 
problems in number theory (some of very 
long standing), with the help of a computer. 
In recent years CWI has accumulated consid
erable expertise in the field of computational 
number theory, e.g. on the Riemann 
hypothesis; the Mertens conjecture; amicable 
pairs and hyperperfect numbers; and the fac
torization of very large numbers. Since Rivest, 

(7104 + 1) I (2.17.169553) = 

1347137004811100873407013682969444668328269536502729076842931065225041761120028801 = 

17712988461899423081645348353 * 7605362628157.2299980201419323699150165495621951615617 

CW! established a new world record in 
December 1986 by factorizing an 82-digit 
number into two large prime factors on the 
Control Data CYBER 205 supercomputer of 
the Amsterdam Academic Computer Centre 
SARA. The number occurs on a list of hun
dreds of 'wanted' numbers, published by the 
American Mathematica/ Society. The previous 

record - a number of 71 'ones' factorized on a 
CRAY X/ MP - had been held by Sandia 
Laboratories, USA, since 1984. An 87-digit 
number has been factorized by 7 to 11 'ordi
nary' SUN systems computing in parallel in the 
USA. However, that took 3900 hours of CPU
time against CWl's calculation in only 60 
hours. 

Products of large prime numbers are used to 
code and decode confidential messages. As it is 
almost impossible to reconstruct the prime fac
tors from such a product, the encryption is con
sidered very safe. 'Safe' numbers need to be 
considerably higher than the CW! record 
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Shamir and Adleman's application of factor
ing to cryptography, interest in what modem 
computer technology can achieve in this field 
has greatly increased. 
A survey of all known amicable pairs between 
1010 and 1C>52 was published. By the end of 
1986, the total number of known pairs, 
including some hundreds of additional pairs 
found by researchers outside CWI, had risen 
above 12.000. New results on the sign of the 
difference w(x)-/i(x) were published. Because 
of its implications for the safety of crypto
graphic systems it is of interest to determine 
the largest number that can be factorized 
within a reasonable time with the best known 
method on the fastest computer. To that end, 
C. Pomerance's quadratic sieve factoring 
method supplied with a multiple-polynomial 
change proposed by P. Montgomery, was 
implemented on SARA's CYBER 205 super
computer. Several very large numbers were 
factorized in this way, among which the larg
est ever found with the quadratic sieve 
method on a single computer: (7104 +1)/ 
(2·17·169553), an 82-digit composite number, 
which turned out to be the product of a 29-
digit and a 53-digit prime. The necessary 
computer time was provided mainly by the 
ZWO Working Group on the Use of Super
computers. 

Numerical software 
This is a two-part project: software in the 
Ada language and software for vector com
puters. 

Numerical software in Ada 
In the first place Ada was designed for real
time computation. However, it is generally 
assumed that it will also be widely used in 
large-scale scientific computations. It is 
therefore necessary that large basic software 
libraries are made available for numerical 
computations in Ada. The introduction of 
Ada is strongly encouraged by the Commis
sion of the European Community. 
Work on the construction of a prototype Ada 
numerical software library for large-scale 
scientific computations was continued in col
laboration with British and Irish mathemati
cians. Alongside tlie implementation, testing, 
and documentation of portable elementary 
mathematical functions in Ada and of opera
tions from linear algebra, efforts were made 
to establish a standard definition for these 
functions. 
Methods for applying the so-called Karlsruhe 
arithmetic to more complex numerical algo
rithms were studied with German and British 
mathematicians as part of the ESPRIT pro
gram DIAMOND. Reports were presented at 
the meetings of the Ada-Europe Numerics 
Working Group in Brussels, the SIGAda 
Joint Meeting in Pittsburgh (USA), the 
GAMM Workshop in Karlsruhe (West Ger
many) and the seminar 'Numerical Computa
tion and Libraries in Ada' in Linkoping 
(Sweden). 

Numerical software for vector and parallel pro
cessors 
Since the arrival of the CYBER 205 vector 

The highly successful national colloquium on 
Numerical Aspects of Vector and Parallel Pro
cessors, organized by CW/, in collaboration 
with the Technical University of Delft and the 
University of Amsterdam, attracted more than 
7 5 participants on average. 

computer at SARA in 1984, CWI has 
researched on vectorized and parallelized 
algorithms. It is expected that many algo
rithms will need revision if they are to run 
efficiently on the new class of vector comput
ers. The recent realization in practice of 
several types of parallel computers (Alliant, 
Intel, etc.) has provided considerable impetus 
to research in this field. This year CWI 
organized a highly successful national collo
quium on Numerical Aspects of Vector and 
Parallel Processors. 
The possibility of working with negative 
increments was added in BLAS (Basic Linear 
Algebra Subprograms) for the CYBER 205, 
and a double precision implementation was 



designed.· The research on algorithms for solv
ing large bidiagonal systems on a CYBER 
205 was completed. The NUMVEC library 
(numerical software for vector and parallel 
processors in FORTRAN) was extended with 
the following contributions: BDMG (time 
integration of a semi-discrete scalar parabolic 
differential equation); BLAS (elementary vec
tor operations from linear algebra); 
CCRMCF, CCRPCF and GAUJOR (solution 
of the matrix equation AX=B, where B can 
be a vector or a matrix); and MGDlV and 
MGD5V (solution of linear systems originat
ing from 7-points discretization of two
dimensional elliptic partial differential equa
tions). 

Consultation 
Philips/CAD-Centre/MSW commissioned re
search on time-dependent semi-conductor 
equations. A number of integration tech
niques for numerical simulation programmes 
were studied with a scalar convection
diffusion problem as model. The well-known 
BDF method turned out most suitable for 
realistic problems of this kind. A follow-up 
study involves use of the Newton process in 
solving the discretized, nonlinear semi
conductor equations. The research focuses on 
the one-dimensional stationary equations 
which model a transistor. 
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The principle of vector computing explained in 
terms of an assembly line. In this example, the 
addition inside the computer is visualized by the 
gradual build-up of the symbol + in five time 
steps. Once the assembly line is filled after a 
start-up time it produces the result of one addi
tion every time step. In serial mode every addi
tion would require five time steps. 



The Netherlands Computer Science Stimula
tion Programme (INSP) stresses the impor
tance of research in computer science. CWI · 
has received additional funds from this pro
gramme, in order to grow into a centre 
d'exce/lence in the field of computer science. 
The selected research fields in the three com
puter science departments of CWI are to a 
large extent related to the rapid, ongoing, 
drop in hardware prices and the increase in 
processing power. As a consequence, distri
buted processing is now an important issue, 
and the greatly increased demand for high
quality software has stimulated research in 
software engineering, programming languages 
and environments, and the design of informa
tion systems. In the department of Software 
Technology a considerable part of the 
research is carried out in the framework of 
ESPRIT. 

Department of Software Teclmology 
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The current research projects are: 

•Concurrency (De Bakker, De Boer, Ellens, 
Kok, Rutten); 

• Formal specification methods (Bergstra, 
Van Glabbeek, Goeman, Klop, Rodenburg, 
V aandrager); 

• Extensible programming environments 
(Van Diepen, Heering, Hendriks, Klint, 
Logger, Rekers, Verhoog); 

• Interactive text processing (Van Egmond, 
Heeman, Van Vliet, Warmer); 

• Expert systems and other aspects of 
artificial intelligence (Bezem, Ellens, Van 
der Gaag, Lenferink, Lucas). 

Concurrency 
In the 1970's, distributed data processing 
acquired a central position in computer sci-

ence. New developments in the architecture of 
computer systems have been of great impor
tance in this respect. The research in this pro
ject is concentrated on programming concepts 
for concurrency. In cooperatjng processes the 
main problem is to synchronize the opera
tions of the separate processes and to orga
nize the communication between the 
processes. At present the research within this 
project concentrates on five subjects. 
Within ESPRIT project 415 (Parallel Archi
tectures and Languages for AIP: a VLSI 
directed approach) participation in the work
ing group Semantics and Proof Techniques 
(chairman De Bakker) continued. Another 
section of the work was carried out in subpro
ject A (Philips), with a central role for the 
language POOL (Parallel Object Oriented 
Language). A language was defined which 
contains the dynamic process creation as it 
occurs in POOL, but in which processes 
communicate/ synchronize through instruc
tions which are a generalization of the way in 
which CSP processes communicate. A proof 
system was devised for this language, based 
on correctness assertions describing the 
input/ output behaviour of a program (pre
post conditions). An attempt to find a tem
poral proof system led to a new approach for 
the axiomatization of sequential composition 
in temporal logic. Results on the operational 
semantics of POOL were presented at the 
ACM POPL 86 conference. As for the deno
tational semantics of POOL, a second model 
is under construction containing several levels 
of abstraction. In early 1987 a report will 



appear on the related problem of the solution 
of reflexive domain equations in a metric 
framework. Furthermore, the relation 
between operational and denotational seman
tics of POOL was analyzed in collaboration 
with P. America (Philips) and - partly - J.I. 
Zucker (SUNY at Buffalo, USA), and 
reported on at the Advanced School on 
Mathematical Models for the Semantics of 
Parallelism in Rome. Finally, De Bakker co
chaired the programme committee of the 
PARLE conference, Parallel Architectures 
and Languages Europe, to be held in June 
1987. 
A compositional model for a data-flow net 
with 'fair merge' nodes was devised in the 
semantics of data flow, and reported at the 
ESOP conference in Saarbrticken. However, 
the model was flawed: assuming that only 
input/ output behaviour is observable in a 
data-flow net, the model contained surplus 
information. Hence, an abstraction was car
ried out which turned it into a 'fully abstract' 
model. Networks were also studied, in partic
ular their description in a parallel logical 
language. The first step was how to provide 
Concurrent PROLOG with a compositional 
semantics. 
Key notions from parallel programming 
languages were compared for a variety of 
models: operational/ denotational; metric/ 
order-theoretic; uniform/nonuniform; and 
finite/infinite. This occurred in close colla
boration with J.-J. Ch. Meyer (Amsterdam), 
E.-R. Olderog (Kiel, West Germany) and J.I. 
Zucker (SUNY at Buffalo, USA). Various 
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publications followed, e.g. in the book 
Current Trends in Concurrency, Springer Lec
ture Notes in Computer Science, Vol. 224. 
Given the need for a 'fair merge' operator in 
the construction of a denotational model for 
POOL, the 'fairness' problem is being studied 
in the framework of De Bakker and Zucker's 
process semantics. 
Recent definition techniques for concurrency 
were compared in a study of the program
ming language OCCAM, particularly in 
respect of the instruction 'WAIT a period of 
time'. The contributions to the National Pro
ject Concurrency concerned both organization 
and content. 

Fonnal specification methods 
One of the central problems in the develop
ment of software is the control of complexity, 
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The axiom system ACP"' Algebra of Communi
cating Processes with abstraction. Starting from 
atomic actions or events a, b, c, · · · , larger 
processes can be constructed with sum or alter
native composition ( +) and product or sequen
tial composition ( · ); for instance a · ( b + c) is 
the process that first performs 'a', then chooses 
between execution of 'b' or 'c'. The product 
sign · is often suppressed There is no distribu
tive law equating a(b + c) to ab + ac; thus 
information on timing of choices in a process is 
preserved. (This is important to model process 
features such as deadlock behaviour.) In the 
axioms x,y, and z denote general processes; () is 
the process 'deadlock' and T is the 'invisible' 
action first used by R. Milner in his Calculus of 
Communicating Systems. The parallel operator 
II ('merge') together with the auxiliary opera
tors, lL, I describe 'handshaking' communica
tion between processes (e.g. read-write commun
ication). Using systems of recursion equations to 
denote infinite processes (as in X=aX), every 
computable process can be finitely specified in 
ACP.,.. After an extension with some proof 
rules, the system has also been used for process 
verifications, such as verifications of communi
cation protocols and correctness proofs of sys
tolic algorithms. 

both of problems to be solved and tools used. 
A systematic approach is essential, given the 
often major scale of problems posed by auto
mation projects, hence the increased interest 
in formal methods - and related discussions 
between CWI researchers and their opposite 
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members in such major industrial and (semi-) 
state organizations as Philips and P'IT. The 
bulk of research in this project falls under 
ESPRIT projects METEOR and VIP /VDM 
(METEOR: A Formal Approach to Industrial 
Software Development; VIP/VDM: 
specification for the interface of the Portable 
Common Tool Environment). The main 
them~s are process algebra, module algebra, 
term reduction systems and the specification 
language ASP. 
A simple 'sliding window protocol' was 
analyzed in a report covering verification and 
specification of protocols. As a next step P. 
Urzyczyn (Warsaw) described the well-known 
'dining philosophers' problem in terms of pro
cess algebra. Activity around the theory of 

Project 

algebraic specifications involved a description 
of modularized specifications and the 
specification of parametrized data types. 
Efficient reduction strategies in lambda cal
culus were studied in collaboration with H.P. 
Barendregt (Nijmegen), and R. Sleep and R. 
Kennaway (University of East Anglia, UK). 
The continued collaboration with E.-R. 
Olderog (Kiel) concerning 'failure semantics' 
in connection with process algebra, led to an 
axiomatization for process divergence. Using 
the POOL language as an example, it was 
shown that process algebra can generate a 
semantics for a realistic concurrent program
ming language. A new construction was 
given of a process algebra model, together 
with an upper limit for the number of 

CWI participation in ESPRIT proj~ 

Title 

'features' that can be simultaneously given a 
meaningful algebraic semantics. 
Finally it transpired that the question of 
whether two context-free grammars in 
Greibach normal form specify the same pro
cess, can - under certain restrictions - be 
decided. 

Extensible programming environments 
Programming environments consist of a col
lection of tools for software development, e.g. 
systems for editing and debugging. However, 
many applications require an extension of the 
environment with separate languages. The 
aim of this project is to make such extensions 
user friendly. The problem of specifying the 
semantics of a new language in such a system 
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is attacked algebraically. As in the previous 
year, the research was carried out as part of 
the ESPRIT project GIPE (Generation of 
Interactive Programming Environments). 
From a study of the algebraic semantics of 
module composition there emerged an 
axiomatic system BMA for modules of first 
order axioms with the operators union, export, 
reparsing and selection of visible signature. 
Practical experience came from aigebraic 
description of the dynamic semantics of a 
simple language with go-to statements and 
the static semantics of POOL. As a result, 
the semantics of ASF, the specification for
malism used could be defined and described 
more precisely. A new formalism SDF was 
developed to give the user better facilities to 
define his own syntax. A first implementation 
was based on Tomita's universal context-free 
parsing algorithm. Polymorphic type-from
context inference in the functional language 
ML was described in a combination of ASF 
and SDF and made operational in various 
ways. 

Interactive text processing 
Phototypesetters produce complex documents 
with a variety of text types, special symbols 
and graphic representations. Input is 
prepared on a text editor and consists of a 
mixture of text and commands for the for
matting process. This process is complicated, 
time consuming and usually occurs off-line. 
The results are difficult to visualize on a 
screen and, in case of complicated texts with 
tables, formulas, etc., their processing is 

difficult to predict. The goal of this project is 
to design and implement an interactive sys
tem for such documents, which makes the 
final output immediately visible on a high 
resolution screen - during text input. 
In 1986 the work was mainly directed at the 
design and implementation of subsystems for 
the interactive processing of tables and 
mathematical formulas. A significant problem 
is posed by the need to recalculate sizes of 
rows and columns after a change in a table 
by the user. Efficient algorithms for keeping 
this administration up-to-date were imple
mented experimentally. The system was 
extended with the option of processing 
matrices; its efficiency -was also strongly 
improved. A study was initiated on SGML, 
the ISO-standard for the description of docu
ment structures. CWI is working together 
with Samsom Grafische Bedrijven (a Dutch 
company specializing in the field) to achieve 
initial implementation of this standard. 

Expert systems and other aspects of artificial 
intelligence 
Recently developed AI-systems usually have a 
separate knowledge bank and an inference 
machine which applies the knowledge, 
together with the supplied data, to a problem. 
The research in this project focuses on expert 
systems where this separation is usually real
ized in expert system shells. It is based on 
experiences with the DELFI-2 system 
developed at the Technical University of 
Delft. The group is involved in PRISMA 
(Parallel Inference and Storage Machine), a 
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project directed by Philips Research Labora
tory. 
The inference machine of DELFI-2 was 
extended with a data-driven method and its 
explaining facility extended with a 'why-not' 
facility. An editor was implemented for the 
generation of the declaration part of a 
knowledge bank, which satisfied the syntax 
required by DELFI-2. A production rule 
checker was also developed capable of being 
used for tracing redundant and circular pro
duction rules in a knowledge bank. The 
development of inference machines in PRO
LOG was continued. Various representations 
were tested in connection with the processing 
speed of a middle-sized knowledge bank. 
Research started under the PRISMA-project 
umbrella should eventually lead to a parallel 
knowledge-processing system in the language 
POOL-X. A joint testing plan was set up with 
A.R. Janssens (Leiden) and R.W. Segaar 
(Rotterdam) to test the medical expert sys
tem, HEPAR, involving comparison with a 
statistical method (the COMIK-rule) 
developed in Denmark. 

As in previous years, members of the Depart
ment contributed to the annual national 
post-academic course 'Modem techniques in 
software engineering'. In 1986 CWI also gave 
a course on PROLOG. 
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The swift advances made by computer science 
in recent years have made a wide impact. 
Research in this field is closely tied to social 
and technological developments in informa
tion processing and telecommunications. The 
price of hardware on the market suits most 
pockets and personal computers (PC's) are 
taken for granted. The pace of microcomputer 
development is matched by that in very large 
computer systems and supercomputers. All 
this has stimulated research in networks, 
VLSI design, operating systems, and distri
buted systems. At the same time there is a 
growing need for software, which in turn has 

. stimulated research in software engineering, 
and language design. 

The current research projects are: 

• Complexity and algorithms (Kirousis, 

H.W.K. Boenink 
E.D.G. B0eve 
M.:M. Cathatina 
H. N,'oackel' 
M:.R.oorda 
1'· Snyder 
H.Tempelman 
E. Verweij 
S. van der Zee 
J. Zwaan 
R. Zwart 

Kranakis, Vitanyi); 

• Architectural transparency (Boeve, Jansen, 
Janssen, Mullender, Shizgal, Snyder, 
Steiner, Van der Zee); 

• Computer systems and ergonomics (Boe
nink, Budd, Cathalina, Van Dijk, Geurts, 
Krijnen, Meertens, Nijbacker, Pemberton, 
Roorda, Van Rossum, Tempelman, Zwaan, 
Zwart); 

• Distributed adaptive information systems 
(Advokaat, Kersten, Van der Meer, 
Schippers, Siebes); 

• Constructive algorithmics (Ebergen, Meer
tens, Verweij). 

Complexity and algorithms 
Algorithms are at the heart of computer sci
ence. Ever since the advent of digital comput-

ers the size and complexity of the problems 
undertaken have increased and so has the 
need for efficient algorithms to solve them. 
These technological developments also gen
erate new and difficult algorithmic problems. 
There are important algorithmic aspects to 
CWI research on computer networks and dis
tributed information systems. Design, con
struction and operation are covered, as are 
applications. In parallel or distributed compu
tations the physics of the model is a key fac
tor, hence the costs of communication are 
more important than those for calculation. 
New lower bounds were found for the average 
communication length of symmetric circuits 
embedded in a Euclidean space. These 
bounds are valid for any technology, for 
example for binary n-cubes such as MIT's 
Connection·Machine, even if it is in the form 
of an optical computer. It transpires that 
symmetric circuits with a small diameter are 
of no use to very large multicomputers. 
Results were reported at gatherings including 
the 2nd International Workshop on Parallel 
Processing and VLSI in Loutraki (Greece). 
With an eye to the cost of establishing a tem
porary link between mobile processes in a 
multicomputer network, lower bounds were 
found for the average number of point-to
point transmissions between each pair of 
nodes. Application of this 'Distributed 
Match-Making' problem are found in 'name 
servers', 'mutual exclusion' and 'version 
management'. Various generalizations for 
matching n (;;;i.2) processes were studied. In 
building general asynchronous communica-



tion interfaces, the problem is to construct 
multivalued common registers which can be 
read and written asynchronously and simul
taneously by many processors. Solutions were 
found for all outstanding problems and 
reported at the 27th IEEE Symposium on 
Fundaments of Computing in Toronto and 
various scientific institutes in the USA. 
Using Kolmogorov complexity (near) optimal 
lower bounds were given for the time required 
to simulate one data structure with another -
whether tapes, stacks of buffers. These 
bounds are either within a factor log n from 
the upper bounds, or coincide with them. 
This work was carried out in collaboration 
with Ming Li and L. Longpre (Harvard and 
Washington Universities, respectively), and 
reported at the Structure in Complexity 
conference at the University of California at 
Berkeley. An approximation principle for pro
jective models of process algebras (on a finite 
number of atoms) was used to construct a 
new model for process algebras. The existence 
and unicity of solutions in the projective 
model of arbitrary systems of fixed point 
equations with parameters was proved. A new 
method of constructing 2m X 2m matrices 
with elements 0 or 1 was made, so that the 
sums of rows and columns are all equal to m. 
Non-trivial lower bounds were given for the 
number of such matrices. Formulas from tem
poral logic were studied as representations of 
characteristic sets of linear time - as a joint 
project with K. Oikonomou (AT&T Informa
tion Systems, USA). A reduction algorithm 
was found to calculate sets such at these. 

Finally, E. Kranakis' book Primality and 
Cryptography was published by Teubner
Wiley. 

Architectural transparency 
A connecting network is required if data to 
be exchanged between the proliferating 
number of computers - and PC's in particu
lar. At present such a network is unpleasant
ly obtrusive: each machine is autonomous, 
and special actions are required to make use 
of the inter-machine communication facilities. 
This research project studies the principles of 
designing distributed systems, and aims at the 
development of software architectures which 
result in transparant hardware architecture, so 
that the system user is quite unconscious of 
using several machines. The project operates 
in close cooperation with the Computer Sci
ence Department of the Free University of 
Amsterdam under the direction of Prof. A.S. 
Tanenbaum. It has already resulted in the 
design and implementation of the Amoeba 
Distributed Operating System. 
Amoeba is one of the best known distributed 
operating systems in the world. It is an exper
imental system for the practical testing of the 
project's research results. As a next step 
Amoeba could be used as an operating sys
tem for daily routine programming or text 
processing. Given that Amoeba forms a flexi
ble basis for programming environments, an 
emulator was built for UNIX - the most 
popular current environment by which pro
grammes under UNIX run without changes 
or new compilation under Amoeba. Several 
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In September, CW/ was the stage for the 
Second European S/GOPS Workshop 'Making 
Distributed Systems Work'. In his introduction 
workshop host Sape Mu/lender combined 
advanced cerebral concepts with more tradi
tional 'pedestrian' ideas. 

Amoeba services (Servers) have already been 
implemented: File, Bank, Directory, Boot and 
Process Servers to name but a few. 1986 saw 
the first message transactions between CWI, 
Hatfield (UK) and Troms0 (Norway) as part 
of the European Community sponsored 
COST-11 project. The twelve European insti
tutes involved are working together to build a 
wide-area network Amoeba based operating 
system. 
In 1986, CWI hosted the highly successful 
Second European SIGOPS Workshop 'Mak
ing Distributed Systems Work'. This biennial 
workshop is on its way to becoming one of 
the most important regular events in the field 
of operating systems. 
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Computer systems and ergonomics 
Cheaper hardware brings personal computing 
within reach of an increasing number of 
private and professional users. However, the 
inflexibility of available application software 
often blocks the full and effective use of 
potential. This project, set up in 1982, aims to 
design, implement and distribute a simple, 
structured, interactive programming language 
- embedded in a corresponding environment -
to meet modem views on, and the potential 
of, personal computer use. The language 
ABC, developed during the project the five 
years has been running, is designed to meet 
the need. ABC is both suitable for structured 
programming and user friendly. 
36 proposals for change were adopted and 
implemented from collated preferences and 
criticism, including: 

• the name ABC, instead of the original, B; 

• revised terminology; 

• an experimental extension of ABC to 
describe high-level graphic documents; 

• a new functional design for the editor 
increasing user friendliness and improving 
error detection, modularization and general 
efficiency. 

The two separately existing system versions, 
under MS-DOS and under UNIX, were 
merged into one. As a side result, the system
dependent parts are now concentrated in a 
minimal number of locations. An interface 
was made for the Apple Macintosh, though 
this is not yet publicly available. Other 

improvements in the system included: a faster 
interpretation, with prospect of further 
improvements; a higher functionality of the 
environment; and a considerable reduction in 
file accesses by the system. An implementa
tion made of the Clearing Person Algorithm 
is useful for realizing complete functionality 
of the environment. Terminology and error 
messages were reworked into Dutch. The 
necessary preparations for the transition of B 
to ABC were almost complete by the end of 
the year. 
Around sixty requests for the B-system were 
met in 1986, bringi,ng the total amount of sys
tems distributed directly by CWI to more 
than one hundred. Inclusion of the B-system 
in the UNIX BSD 4.3 distribution tape 
(estimated distribution to date, between one 
and two thousand copies) makes it impossible 
to calculate the number of systems installed. 
Preparations were made for new books: The 
ABC Programmer's Handbook and Computer 
Programming for Beginners, based on earlier, 
B, versions. Two articles were written for a 
wider public on the ABC language and 
environment. A B language stand was organ
ized at three public events. 

Distnbuted adaptive information systems 
The present-day approach to building infor
mation systems is considered both function
ally restricted and inflexible. It is, for exam
ple, impossible to treat unstructured arid dis
similar data (such as documents, pictures and 
sound), in the same way as uniform, struc
tured information. Another drawback is that 

The design of integrated circuits (VLSI) is as 
important as it is complicated. At CW/ the 
problem is approached in a fundamental way by 
attempting to reduce it to the design of a pro
gramme. This programme can be mapped onto 
a VLSI-system by a number of fixed transfor
mations. 

traditional information systems only give a 
snapshot of a dynamic process. The aim of 
this project is to design (theoretical) models 
and develop the required software techniques 
to build a distributed adaptive information 
system (DAISY). The architecture envisioned 
bears the name AMOS, standing for the fol
lowing levels: Applications, Man-machine 
interface, Operations, and Storage of objects. 
A preliminary definition of the object-



oriented language was published. This was 
designed for the construction of adaptive 
information systems and knowledge-based 
applications. Essential aspects of this 
language are: data-flow driven information 
processing, logic programming, co-operative 
process structures and an object-centred 
approach. Here, the class of an object is a 
dynamic concept: objects can change class in 
the course of time, and can belong to more 
than one class. Central to the applications 
envisaged is the 'guardian' concept: a high
level description of a process which reacts 
algorithmically to changes in the knowledge 
bank. A functional prototype of the language 
was developed in PROLOG. 
Although database management systems are 
widely used, only four database machines are 
commercially available due to fundamental 
problems encountered in the development of 
these systems. A joint project titled PRISMA 
(Parallel Inference and Storage Machine) was 
started under the umbrella of the Dutch, 
SPIN, research stimulation programme. The 
participants - Philips Research Laboratories 
(Eindhoven), the Universities of Twente, 
Utrecht, Amsterdam and Leiden, and CWI -
define their goal as the realization oi a 'highly 
parallel machine for data and knowledge pro
cessing'. The DAISY-group at CWI will 
design and realize main-memory database 
management facilities. 
A new, formal approach for modeling data
bases is currently under study. It was esta
blished that the central concepts 'entity' and 
'relation' in the frequently used Entity-

Relationship model, should be replaced by 
the concepts 'attribute', 'entity' and 'inheri
tance' via an ISA hierarchy - thus making it 
possible to consider the database as a topo
logical space. 

Constructive algoritlunics 
The two most important aspects in the design 
of algorithms are correctness and efficiency: 
unfortunately, these are often mutually 
exclusive. An emerging approach to this prob
lem is the technique of transformational pro
gramming. The project aims to increase the 
usefulness of this approach by unifying the 
specification formalism and truly algorithmic 
formalism and by developing (pre-)al
gorithmic concepts and notations on a high 
level of abstraction. 
Among the research subjects is the design of 
integrated circuits (VLSI) by reducing it to 
the design of a programme which can be 
mapped onto a VLSI-system by a number of 
fixed transformations. The programme should 
specify components which communicate 
delay-insensitively with their environment. An 
attribute grammar was developed in such a 
way that any programme satisfying it specifies 
a delay-insensitive component. The grammar 
allows programmes with parallelism, tail 
recursion or projection. A method was found 
to translate every programme written accord
ing to the rules of the grammar in a delay
insensitive composition of basic components. 
In this translation any composition. can be 
realized with only five components: 
Sequencer, Fork, C-element, Toggle and 
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Ex.or-element. Furthermore, the number of 
basic components is proportional to the 
length of the programme. 
The research on algorithmic notations on a 
high level of abstraction led to discoveries of 
an 'as well - as' operator, being dual to the 
'indefinite choice' operator and a variant of 
Hilbert's epsilon operator. A generalization 
of morphisms on arbitrary structures applied 
to other than binary structures often yielded 
familiar functions, e.g. iterated functions for 
the Peano numbers. New results included 
discoveries that any injective function on 
structures is a morphism, and that any arbi
trary function is the composition of a res
tricted number of morphisms. In a first 
attempt to present a development by means 
of a transition in the data representation, a 
factorization of the algorithmic development 
was found to simplify dramatically the com
plete development. Finally a calculus of sub
stitutions was developed with a regular alge
braic structure. The concept of 'generalized 
substitution' facilitates insertion in the exist
ing algorithmic framework and broadens 
application. These results on algorithmic 
notation were reported at IFIP meetings in 
Great Malvern (UK) and Bad Tolz (West 
Germany). 
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This department's research focuses on the 
fundamental problems of interaction: the 
communication between a computer system 
vis-a-vis the external world. This includes the 
design and construction of systems to realize 
this communication. Information exchange 
can be enacted with a human user or with 
systems controlling a process (robot, chemical 
process, etc.). Although technically very 
different, in both cases, the fundamental 
problems display much similarity. 
One aspect of the recent developments in 
hardware is the technological improvement of 
graphic screens, such as raster screens in 
advanced workstations. The interactive mani
pulation of data by means of a representation 
on the screen is a new development of great 
importance. 

The current research project are: 

•Computer graphics (Van Dijk, Ten Hagen, 
Kaandorp, Kuijk, De Ruiter, Trienekens); 

• Interactive workstations (Blom, Ten Hagen, 
Kuijk, Schouten); 
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• Dialogue programming (Ten Hagen, 
Hogendoorn, Ho~g, Van Liere, Schouten, 
Yamaguchi); 

• Intelligent CAD-systems (Akman, Bernus, 
Eshuis, Ten Hagen, Rogier, Takala, Tomi
yama, Veerkamp). 

Computer Graphics 
The aim of this project is to design function
ally complete graphics systems, with special 
support for interactive use. The integration 
of the geometrical and representational 
aspects (colour, line width, real-time motion) 
of two-dimensional drawings having been 
accomplished, attention turned to three
dimensional line drawings, images built up 
from domains as depicted on rasters, e.g. 
TV-screens, and feedback techniques for 
interaction. 
Work on the three-dimensional Graphical 
Kernel System (GKS-3D) continued, with 
participation in international ISO-meetings 
and further development of various functions. 
An ISO-draft proposal for a GKS-30 shell 

around PHIGS (Programmers Hierarchical 
Interface to Graphics Systems) is now circu
lating. A provisional GKS-30 implementa
tion has already been transferred to the 
software industry based on a system contain
ing our implementation of the GKS-3D 
transformation chain and the HLHSR func
tions (Hidden Lines and Hidden Surface 
Removal). The very extensive documentation 
on C-GKS was completed. By optimalization 
of the asynchronous basic functions for 
graphical input GKS can now be used on the 
new SUN III systems as a kernel for various 
experimental systems. Frequent real-time 
reactions in particular can be made both 
efficient and much easier to follow. 
Certification of the GKS implementation was 
gained via the official test suite. 
In connection with the development of facili
ties for raster graphics in programming 
languages, pattern representation algorithms 
were implemented and analyzed in order to 
find a basis for a VLSI implementation of 
these algorithms. A model was developed for 
the total workstation architecture in which 
these chips have to function. A report on this 
new raster architecture was given at the Euro
graphics Workshop on Hardware for Graph
ics in Lisbon (Portugal). 
An interactive system was created, on the 
basis of GKS and GKS-3D, for generating a 
large number of fractals from the class of 
self-similar sets. The system is now being 
adapted for the simulation of biological 
objects. A GKS application programme was 
developed for generating fractals emerging 



from mappings in the complex plane (Man
delbrot sets, Julia sets, etc.). 

Interactive workstations 
The aim of this joint Industry/CWI project is 
to develop advanced interactive workstations. 
Industry provides the hardware and gives 
important information on application charac
teristics, especially from the world of CAD. 
CWI's task is to design the architecture of 
such workstations and to see to their pro
grammability. The eventual aim is to develop 
a fifth generation (intelligent) workstation 

with a built-in mechanism to support the 
interactive dialogue. 
1986 saw completion and implementation of a 
production oriented version of the interactive 
GKS workstation, based on the virtual termi
nal concept with feedback process models. 
The cyclic workstation process was adapted 
to enable the inclusion of already existing 
feedback-interaction mechanisms, e.g. with 
'segment dragging'. 
Another subject taken up in 1986 was the 
design of a picture editor, a system for the 
creation and manipulation of files with graph-
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CW/ played a central role in the development 
of the Graphical Kernel System GKS. The 
two-dimensional version has been accepted as 
an ISO-standard Extension to three dimen-, 
sions, incorporating such functions as Hidden 
Lines and Hidden Surface Removal, is now 
under way. The picture of the well-known old 
Volkswagen type was produced with this system. 

ical information, by means of graphical input 
and output devices. In contrast to a text edi
tor, a picture editor operates on a sequential 
picture file containing non-sequentially depic
ted objects. User difficulty in specifying such 
characteristics as shape and colour of a 
graphic object presents a further problem, as 
does the difficulty of inspecting a picture file 
rather than a text file. 

Dialogue programming 
Dialogue is the usual form of communication 
between man and machine. Dialogue pro
gramming denotes the specification of all pos
sible questions and answers, as well as the 
state of the visible interface at each stage of 
the dialogue. A method has been developed 
to specify the dialogue part of an interactive 
programme as an independent module, a so
called dialogue cell. 
In 1986 the bulk of work focused on gaining 
experience with the implementation of DICE, 
a specification method based on dialogue cells 
developed at CWI. This method contains 
many features rarely considered elsewhere, 
such as support for parallel input/ output and 
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device-independent specifications. A frame
work was devised for specifying related -
though not identical data structures. 
Automatic error dispatch and recovery is 
made possible by error detection via prior 
control and retrospective data checking. A 
history mechanism was devised enabling the 
user to repeat and evaluate dialogues. Succes
sive versions of the so-called radical system 
were completed and evaluated. This system 
for parallel graphical input and output, and 
the coupling of these, allows for precision 
determination of real-time behaviour of a 
graphical interface. The syntax of the radical 
system makes possible a compact symbolic 
notation for drawings. Work progresses on 
embedding the radical notation in the dialo
gue cell language. Various publications on the 
subject are under way. 

Computer experiments have opened a whole 
field of possibilities in the theory of dynamical 
systems. Recently there has been a particular 
growth in interest in iterative systems (self 
similar sets, e.g. fractals), already considered by 
Julia circa 1920 - this in connection with the 
study of nonlinear phenomena. At CW/ a GKS 
application programme was developed for gen
erating fractals emerging from mappings in the 
complex plane (Mandelbrot sets, Julia sets, 
etc.). The picture represents the set 
Zn + 1 =asinzn +b, where a, b and z are com
plex numbers. 



Intelligent CAD systems 
CAD, or Computer Aided Design, is a broad 
field with applications in all technical areas. 
At present, a CAD system usually consists of 
a somewhat arbitrary collection of software 
for the definition, analysis and specification of 
given design facets. This project aims at 
developing a method for describing a com
plete design process as a dialogue between 
user and supporting software. The study 
involves fundamental questions including the 
development of the necessary AI techniques 
and a uniform, consistent user interface. 
There is collaboration with the National 
Aerospace Laboratory NLR. In the area of 
design theory, work is in progress on a frame
work for a formal description of the design 
process in terms of set theory, topology and 
various theories of logic (model, temporal, 
etc.). The Department investigated the ques
tion of representing design information from 
the combination of heuristic and deterministic 
components. The description of design objects 
in terms of 'qualitative physics' is a third sub
ject of study. 
Automation and intellectualization of design 
are crucial elements in industrial innovation. 
In this connection a start was made on pro
ject IIICAD (Intelligent Integrated and 
Interactive CAD), the goal of which is to dev
ise a system able to understand the designer's 
intentions and to assist the design process. 
Central concept is the 'scenario', a prescribed 
design procedure. The system checks the 
design knowledge in the scenarios for com
pleteness, soundness and feasibility and is 

able to reason about physical processes and 
the changes they cause. The IIICAD system 
uses the logical and object oriented program
ming paradigm to describe the 'intensions' 
and 'extensions' of the object and thus to elu
cidate it from various angles. 
Method banks are information systems in 
which data and methods are generated from 
available data and methods. At CWI they will 
be used in connection with flow calculations, 
computer assisted pre-design and production 
planning (ISNaS, ICADES and SPIN/
FLAIR, respectively). A syntax of the map
ping mechanism in dialogue cells was devised 
to discover which functions of the dialogue 
cell system can be used to describe the 
interactions between applications. 
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On behalf of Dutch Railways, CW! developed a 
database for marshalling yard storage, in com
bination with an interactive graphical editor to 
make changes in the database. The editor 
makes it possible to shift tracks, change sema
phore image cards, etc., assisted by such tools 
as consistency controls. For example the data
base could be asked if the distance between two 
semaphores is sufficient for all possible signal 
colours. The editor was implemented using the 
specification method DICE, developed at CW/. 

Several members of the Department were 
involved in the preparatory activities for the 
EUROGRAPHICS 87 conference in Amster
dam. Ten Hagen acted at the 1986 chairman 
of the European Association for Computer 
Graphics. 



Technical Support Sector (STO) 
STO operates in two differing areas: program
ming and publishing. In the past program
ming support concentrated on direct outside 
commissions, in 1986 there was a further shift 
towards internal CWI activities. Increased 
support went to both scientific departments 
and such general computing facilities as text 
processing and office automation. Most sup
port services concern scientific departments 
and their external commissions; to a lesser 
extent STO is also involved in the automation 
of these departments' data handling (e.g. 
work on the Graphical Kernel System (GKS), 
ESPRIT project DIAMOND and the STA
TAL project). 
Increased use of CWI's own UNIX™
systems, PC's and external computer system 
led to a growth in demand for internal, CWI, 
user support. A separate group was formed to 
meet this need, one of its major tasks being to 
support the text processing division. 
1986 saw a proliferation of texts produced on 
the institute's own personal computers. STO 
developed software needed to suit these texts 
to the UNIX word processing system. 
In the area of office automation, CWI intro
duced the INGRES database management 
system and its first applications were made 
operational. STO is examining INGRES's 
potential in automation of the CWI library. 
As in previous years the sector also accepted 
direct commissions from other scientific insti
tutes, government bodies, banks and industry. 
Especially interesting was the calculation of 
models describing the absorption of solid 

Supporting Services 

material from a fluid by active carbon. These 
models are relevant to the purification of 
waste water. Ongoing calculations were com
missioned by the Dutch firm Norit. 

The Publication Department deals with the 
text processing, editing, layout and reproduc
tion of CWI's scientific Newsletters, Mono
graphs, Tracts, Syllabi, Reports, etc., and 
other publications including annual reports 
and doctoral theses. Phototypesetting facili
ties are available for the text processing. CWI 
Monographs are produced in cooperation 
with the North-Ho1:J.and Publishing Company. 
A good deal of work is also done for bodies 
such as the Dutch Mathematical Society. 

Library and Information Service 
CWI is fortunate in its excellent library. 
Indeed the extensive collection of journals 
(1000 current subscriptions), ea. 30.000 books, 
and a large collection of research reports (ea. 
45.000) is of national importance. The library 
publishes a national catalogue of journals 
held by the Institutes of Mathematics and 
Computer Science of the Dutch universities. 
As requested by the European Mathematical 
Council, it collects European preprints, 
research reports, etc., and regularly distributes 
lists with bibliographic data, so providing a 
current awareness service on 'grey literature'. 
For its on-line information retrieval service, 
the library has access to large international 
databases on mathematics and computer sci
ence. 

Computer Systems and Telematics Sector 
(CST) 
CST's main task is to provide the scientific 
departments and other supporting sectors of 
CWI with adequate computer facilities. Work 
consists of acquisition and maintenance of 
hardware and its accessory software, as well 
as research and development of new software. 
Alongside CWI's existing computer systems 
running under UNIX (mainly for the 
scientific departments), 1986 saw a consider
able increase of personal computers (chiefly 
Macintosh), mainly used for text input. The 
incorporation of the$e computers into the 
existing systems, and their maintenance, 
required considerable manpower. For many 
years CWI has been the pivot of EUNET, the 
European Wide Area Network of UNIX to 
which more than 10.000 systems are currently 
connected. Other networks, some worldwide, 
can be accessed through gateways, giving 
entry to a total of around 30.000 systems. 
CWI acts as the main EUNET /USENET 
gateway between Europe and North America. 
CWI has acquired an important position in 
Europe in the standardization and develop
ments of networks. Work in this area, and on 
the integration of existing and/ or planned 
European networks, continued. A text pro
cessing project was started to preview matter 
for the phototypesetter on various output dev
ices (bitmapped displays and laser printers). 

In June, a request to participate in the 
Euromath Project was submitted to the 
Stimulation Action of the European Commis-



sion. Euromath aims at establishing a net
work infrastructure for European mathemati
cians to exchange electronic mail and news, 
as well as building a European literature 
database. 

At the end of 1986, the CWI hardware 
configuration consisted of four VAX-111750, 
one VAX-11178-0, one PDP-11 computer, 
one SUN-3/ 180 fileserver, a 3b2 microcom
puter, a Data General MV I 4000, two IBM
PC/RT, and workstations consisting of two 
SUN2, six SUN3 and five Whitechapel MG-
1 's. Almost all of these are interconnected via 
a local Ethernet network. Peripherals consist 
of various printers, a Harris phototypesetter, 
a Versatec and disk storage of around 6.5 
gigabytes. There are also 13 Olivetti M-24 
and 47 Apple Macintosh microcomputers, 
mainly for stand alone use, but on occasion 
as terminals, as well as other microcomputers 
including an Atari ST, a Grid, and IBM PC's. 
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Finances 

In 1986, SMC spent over Dfl.. 18 million, of 
which about Dfl. 1.8 million was allocated to 
research by the national working communities 
and over Dfl. 16 million to CWI. 
The expenses were covered by a subsidy from 
ZWO (Dfl. 13 million), from SION (Dfl. 0.08 
million), from INSP (Dfl. 1. 75 million), from 
the Free University of Amsterdam VU (Dfl. 
0.075 million), from STW (Dfl. 0.03 million) 
and from a grant of more than Dfl. 1.26 mil
lion from the European Community for its 
ESPRIT and ADA projects. Finally, an 
amount of about Dfl. 2.1 million was ob
tained as revenues out of third-party-services, 
courses and other sources. 
During 1986 CWI also employed 10 research
ers in positions financed by STW and indus
try. These are not included in the adjacent 
financial summary. 

income CWI 

.----- sales of publications, 
miscellaneous income 

proceeds from services 
and courses 

expenses CWI 

income 
subsidy and grants 

national working 
communities 

1800 
proceeds from services and courses 
sales of publications 
miscellaneous income 

expenses 
labour costs 
materials and overhead 
transfer to SARA 

1824 
12 

<!IQ111\:·. ~"""'"mi~~~?"'l"'h~~r.:;: 

origin of subsidy and grants 
zwo 
SION 
INSP 
vu 
STW 
ESPRIT 

1800 

origin of subsidy 
and grants CWI 

12035 
2678 
1700 

11189 
82 

1750 
75 
30 

1261 

SMC 

16187 
1517 
132 

13859 
2690 
1700 

12989 
82 

1750 
75 
30 

1261 
·~ ~' 

..-----SION 

materials 
and 
overhead 

INSP 
vu 
STW 
ESPRIT 



Pure Mathematics 
J.-Ph. Anker (Switzerland) 
E. Badertscher (Switzerland) 
M.S. Berger (USA) 
L. de Branges (USA) 
A Cornford (USA) 
Y. Desmedt (Belgium) 
W. Diffie (USA) 
H. Dym (Israel) 
R. Ferreira (France) 
S. Herda (FRG) 
E. Horozov (Bulgaria) 
H. Imai (Japan) 
D.A. Leites (Sweden) 
T. Matsumoto (Japan) 
P. Nevai (USA) 
J.L. Nicolas (France) 
R. Peralta (Chile) 
S.J. Prokhovnik (Australia) 
J. Seberry (Australia) 
D. Stanton (USA) 
D. Stodolski (Sweden) 

Applied Mathematics 
J.P. Coleman (UK) 
B. Fiedler (FRG) 
M. Guevara (Canada) 
M. Gyllenberg (Finland) 
H. Hirata (Japan) 
K.E. Shuler (USA) 
J.J. Tyson (USA) 
S. Ushiki (Japan) 
B. Zwahlen (Switzerland) 

Mathematical Statistics 
D. Boos (USA) 
K.-T. Fang (China) 
P. Green (UK) 

Foreign Visitors 

J. Gruger (FRG) 
N.L. Hjort (Norway) 
M.R. Leadbettter (USA) 
T.A. Louis (USA) 
E. Mammen (FRG) 
I. Meilysson (Israel) 
D. Moore (USA) 
D. Siegmund (USA) 
E. V alkeila (Finland) 
A Yashin (Austria/USSR) 

Operations Research and 
System Theory 
M.L. Balinski (France) 
J.A. Ball (USA) 
L. Baratchart (France) 
R.K. Boel (Belgium) 
R. Bordewisch (FRG) 
H. Bruneel (Belgium) 
C.I. Byrnes (USA) 
P.E. Caines (Canada) 
N. Christopeit (FRG) 
B.L. Fox (Canada) 
B.A. Francis (Canada) 
I. Gertsbakh (Israel) 
A.B. Kurzhanski (Austria) 
A van de Liefvoort (USA) 
R. Marino (Italy) 
B. Meister (Switzerland) 
S. Morse (USA) 
G. Prastacos (Greece) 
W. Respondek (Poland) 
R. Rider (USA) 
W.A. Rosenkrantz (USA) 
J.-M. Rousseau (Canada) 
F. Soumis (Canada) 
R. Syski (USA) 
H. Takagi (Japan) 

Numerical Mathematics 
D.V. Anderson (USA) 
H. Brunner (Canada) 
J.C. Butcher (New Zealand) 
J. Dongarra (USA) 
P.P.M. Eggermont (USA) 
W. Enright (Canada) 
M. Erl (UK) 
H.C. Fischer (FRG) 
R. Haggenmilller (FRG) 
G.S. Hodgson (UK) 
K.E. Karlsson (Sweden) 
D.P. O'Leary (USA) 
G. Meurant (France) 
M. Nakashima (FRG) 
J.L. Nicolas (France) 
AM. Odlyzko (USA) 
J.M. Sanz-Serna (Spain) 
C. Ullrich (FRG) 
P.J.L. Wallis (UK) 
J. Wolff van Gudenberg (FRG) 
A Zollner (FRG) 

Software Technology 
S. Abramsky (UK) 
K.R. Apt (France) 
P. Azema (France) 
H. Barringer (UK) 
D. Clement (France) 
M. Diaz (France) 
E.A. Emerson (USA) 
B. Gamatie (France) 
N. Halbwachs (France) 
Jin Ho Hur (Korea) 
R. Kennaway (UK) 
M. Nivat (France) 
R. Platek (USA) 
N. Sabadini (Italy) 

L. Shrira (Israel) 
J. Sifakis (France) 
J.V. Tucker (UK) 
J. Vautherin (France) 
J.I. Zucker (USA) 

Algorithmics and Architecture 
R.S. Bird (UK) 
R. Gimson (UK) 
T. Gleeson (UK) 
Ms. J. Hall (UK) 
David Holden (UK) 
D. Johansen (Norway) 
Y. Moses (USA/Israel) 

Interactive Systems 
P. Bernus (Hungary) 
F. Kimura (Japan) 
H. Suzuki (Japan) 
T. Takala (Finland) 
Y. Yamaguchi (Japan) 



List of Publications 

Department of Pure Mathematics llBBBBBlllllllllllllaa11111a111 

Report series 

PM-R8601 B. HOOGENBOOM, T.H. KOORNWINDER. Fonctions d'entrelacement sur 

les groups de Lie compacts et polynomes orthogonaux de plusieurs vari

ables. 

PM-R8602 G.F. HELMINCK. Deformations of connections, the Riemann-Hilbert prob

lem and taufunctions. 

PM-R8603 J.C. VAN DER MEER, R. CUSHMAN. Constrained normalization of Hamil

tonian systems and-perturbed Keplerian motion. 

PM-R8604 HUSEK, J. DE VRIES. Preservation of products by functors close to 

reflectors. 

PM-R8605 J.C. VAN DER MEER, R. CUSHMAN. Orbiting dust under radiation pres

sure. 

PM-R8606 M. HAZEWINKEL. Lie algebraic method in filtering and identification. 

PM-R8607 A.M. COHEN, G.M. SEITZ. The r-rank of the groups of exceptional Lie 

type. 

Publications in Journals, proceedings, etc. 

Zl A.M. COHEN (1986). Point-line characterization of buildings. L.A. ROSATI 

(ed.). Buildings and the geometry of diagrams, Springer LNM 1181, Springer

Verlag, Berlijn, 191-206. 

Z2 D. CHAUM, J.H. EVERTSE (1986). Crypt-analysis of DES with a reduced number 

of rounds; sequences of linear factors in block ciphers. H.C. WILLIAMS (ed.). 

Advances in Cryptology-Crypto 85, Springer LNCS, Springer-Verlag, Berlijn, 

192-211. 

Z3 J.H. EVERTSE (with J. SILVERMAN) (1986). Uniform bounds for the number of 

solutions to yn = f (x ). Math. Proc. Cambridge Phil. Soc. JOO, 237-248. 

Z4 M. HAzEWINKEL (with M. FLrnss) (eds.) (1986). Algebraic and geometric 

methods in non/inear control theory, Reidel Puhl. Cy, Dordrecht. 

Z5 M. HAzEWINKEL (1986). Experimental mathematics. J.W. DE BAKKER, M. 

HAZEWINKEL, J.K. LENSTRA (eds.). Mathematics and Computer Science: 

Proceedings of the CWI Symposium, November 1983, CWI Monograph 1, 

North-Holland, Amsterdam, 193-234. 

Z6 M. HAZEWINKEL (with J.F. KAASHOEK, B. LEYNSE) (1986). Pattern formation 

for a one-dimensional evolution equation based on Thom's river basin model. 

C.W. KILMISTER (ed.). Disequilibrium and Self-Organization, Reidel Publ. Cy, 

Dordrecht, 23-46. · 

Z7 M. HAzEWI~KEL (1986). Three lectures on formal groups. Canadian Math. 

Soc. Conj Proc. 5, 51-67. 

Z8 M. HAZEWINKEL (1986). Tekstproblemen voor de wetenschapper. Proof No. 2, 

9-13. 

Z9 M. HAzEWINKEL (1986). Idiosyncratic remarks by a bibliomaniac 2: contrasts 

in publishirig and markets. Acta Appl. Math. 7, 313-320. 

ZlO T.H. KOORNWINDER (with R. ASKEY, M. RAHMAN) (1986). An integral of 

products of ultrasferical functions and a q-extension. J. London Math. Soc. (2) 

33, 133-148. 

Zl 1 J. VAN DE LUNE (with H.J.J. TE RIELE, D.T. WINTER) (1986). On the zeros of 

the Riemann zeta function in the critical strip IV. Math. of Comp. 46, 667-681. 

Zl2 J. VAN DE LUNE (1986). An introduction to Tauberian theory: from Tauber to 

Wiener, CWI Syllabus 12, CWI, Amsterdam. 

Zl3 J.C. VAN DER MEER (with R. CUSHMAN) (1986). Constrained normalization of 

Hamiltonian systems and perturbed Keplerian motion .. Z. Angew. Math. Phys. 

37, 402-424. 

Zl4 S.N.M. RUUSENAARS (with H. SCHNEIDER) (1986). A new class of integrable 

systems and its relation to solitons. Ann. Phys. (NY) 170, 370-405. 

Zl5 J. DE VRIES (1986). A note on the G-space version of Glicksberg's theorem. 

Pacific J. Math. 122, 493-495. 

Zl6 G.C.M. RUITENBURG (1986). The GL(n)- invariant ideals of the coordinate ring 

of pairs of symmetric matrices with product zero. Report nr. 24, September 

1986, University of Leiden. 

Other publications 

Zl7 J.W. DE BAKKER, M. HAzEWINKEL, J.K. LENSTRA (eds.) (1986). Mathematics 

and Computer Science: Proceedings of the CWI Symposium, November 1983, 

CWI Monograph 1, North-Holland, Amsterdam. 

Zl8 M. HAzEWINKEL, J.K. LENSTRA, L.G.L.T. MEERTENS (eds.) (1986). Mathemat

ics and Computer Science II: Fundamental Contributions in the Netherlands since 

1945, CWI Monograph 4, North-Holland, Amsterdam. 

Department of Applied Mathematics 11!1111111111111111111111111111111 

Report series 

AM-R8601 0. DIEKMANN. On the mathematical sythesis of physiological and 

behavioural mechanisms and population dynamics. 

AM-R8602 H. ROOZEN. Equilibrium and extinction in stochastic population dynam

ics. 

AM-R8603 H.J.A.M. HEIJMANS, J.A.J. METZ. Small parameters in structured popula

tion models and the Trotter-Kato theorem. 



AM-R8604 0. DIEKMANN. Perturbed dual semigroups and delay equations. 

AM-R8605 PH. CLmiENT, 0. DIEKMANN, M. GYLLENBERG, H.J.A.M. HEIJMANS, 
H.R. THIEME. Perturbation theory for dual semigroups. 1. The sun
reflexive case. 

AM-R8606 S.M. VERDUYN LUNEL. Complex analytical methods in RFDE theory. 

AM-R8607 H.J.A.M. HEIJMANS. Semigroup theory for control on sun-reflexive 
Banach spaces. 

AM-R8608 JIANG FURU. Necessary conditions for resonance in turning point prob
lems for ordinary differential equations. 

AM-R8609 H.R. THIEME. Well-posedness of physiologically structured population 
models for Daphnia magna. 

AM-R8610 N.M. TEMME. Laguerre polynomials: asymptotics for large degree. 

AM-N8602 H. RooZEN. Numerical construction of rays and confidence contours in 
stochastic population dynamics. 

Publications in Journals, proceedings, etc. 

TI F. VAN DEN BoscH, 0. DIEKMANN (1986). Interactions between egg-eating pre
dator and prey: the effect of the functional response and of age structure. IMA 
J. Math. Appl. Med. Biol. 3, 53-69. 

T2 0. DIEKMANN (1986). Dynamics in bio-mathematical perspective. M. 
HAZEWINKEL, J.K. LENSTRA, L.G.L.T. MEERTENS (eds.). Mathematics and 
Computer Science: Fundamental Contributions in the Netherlands since 1945, 
CWI Monograph 4, North-Holland, Amsterdam, 23-50. 

T3 0. DIEKMANN (1986). The cell size distribution and semigroups of linear opera
tors. J.A.J. METZ, 0. DIEKMANN (eds.). The Dynamics of Physiologically Struc
tured Populations, Lecture Notes in Biomathematics 68, Chapter II, Springer
Verlag, 46-77. 

T4 0. DIEKMANN, H.J.A.M. HEUMANS (with contributions by F. VAN DEN BOSCH) 
(1986). Nonlinear dynamical systems, worked examples, perspectives and open 
problems. J.A.J. METZ, 0. DIEKMANN (eds.). The Dynamics of Physiologically 
Structured Populations, Lecture Notes in Biomathematics 68, Chapter VI, 
Springer-Verlag, 203-243. 

T5 0. DIEKMANN, R.M. NISBET, W.S.C. GURNEY, F. VAN DEN BOSCH (1986). Sim
ple mathematical models for cannibalism: a critique and a new approach. 
Math. Biosc. 78, 21-46. 

T6 0. DIEKMANN, H.J.A.M. HEIJMANS, H.R. THIEME (1986). On the stability of 
the cell size distribution. II: Time-periodic developmental rates. Comp. & 
Maths. with Appls. 12A, 491-512. 

T7 J.J.C. GEERLINGS, J. Los, J.P. GAUYACQ, N.M. TEMME (1986). C~arge transfer 

51 

in atom-surface collisions. On the validity of the semi-classical approximation. 
Surface Science 171, 257-268. 

T8 M. GYLLENBERG (1986). The size and scar distributions of the yeast Saccharo
myces cereverisae. J. Math. Biol. 24, 81-101. 

T9 H.J.A.M. HEIJMANS (1986). The dynamical behaviour of the age-size distribu
tion of a cell population. J.A.J. METZ, 0. DIEKMANN (eds.). The Dynamics of 
Physiologically Structured Populations, Lecture Notes in Biomathematics 68, 
Chapter V, Springer-Verlag, 185-202. 

TIO H.J.A.M. HEIJMANS (1986). Structured populations, linear semigroups, and 
positivity. Math. Z. 191, 599-617. 

Tll H.J.A.M. HEIJMANS (1986). Markov semigroups and structured population 
dynamics. R. NAGEL, u. SCHLOTTERBECK, M.P.H. WoLff (eds.). Aspect of 
Positivity in Functional Analysis, North-Holland, Amsterdam, 199-208. 

Tl2 J.J.E. VAN DER MEER (1986). The influence of a geographical barrier on the bal
anee of selection and migration. Math. Meth. in the Appl. Sci. 8, 269-283. 

Tl3 J.A.J. METZ, 0. DIEKMANN (1986). A gentle introduction to structured popula
tion models: three worked examples. J.A.J. METz, 0. DIEKMANN (eds.). The 
Dynamics of Physiologically Structured Populations, Lecture Notes in 

· Biomathematics 68, Chapter I, Springer-Verlag, 3-45. 

Tl4 J.A.J. METZ, 0. DIEKMANN (1986). Formulating models for structured popula
tions, J.A.J. METZ, 0. DIEKMANN (eds.). The Dynamics of Physiologically Struc
tured Populations, Lecture Notes in Biomathematics 68, Chapter III, Springer
Verlag, 78-135. 

Tl5 J.A.J. METZ, 0. DIEKMANN (1986). Age dependence. J.A.J. METZ, 0. DIEK
MANN (eds.). The Dynamics of Physiologically Structured Populations, Lecture 
Notes in Biomathematics 68, Chapter IV, Springer-Verlag, 136-184. 

Tl6 N.M. TEMME (1986). Traces to Tricomi in recent work on special functions and 
asymptotics of integrals. Mathematical Analysis, Teubner Texte zur Mathematik 
79, 236-249. 

Tl7 N.M. TEMME (1986). A double integral containing the modified Bessel function: 
asymptotics and computation. Mathematics of Computation 47, 683-691. 

Tl8 N.M. TEMME (1986). Uniform asymptotic expansion for a class of polynomials 
biorthogonal on the unit circle. Constructive Approximation 2, 369-376. 

Tl9 H.R. THIEME (1986). A differential-integral equation modelling the dynamics of 
populations with a rank structure. J.A.J. METz, 0. DIEKMANN (eds.). The 
Dynamics of Physiologically Structured Populations, Lecture Notes in 
Biomathematics 68, Part B, Topic V, Springer-Verlag, 496-511. 

T20 J.J. TYSON, 0. DIEKMANN (1986). Sloppy size control of the cell division cycle. 
J. Theor. Biol. 118, 405-426. 



52 

T21 S.M. VERDUYN LUNEL (1986). A sharp version of Henry's theorem on small 
solutions. J. Diff. Equ. 62, 266-274. 

T22 H.A. LAUWERIER (1986). The structure of a strange attractor. Physica 21 D, 
146-154. 

T23 H.A. LAUWERIER, J.A.J. METZ (1986). Hopf bifurcation in host-parasitoid 
models. IMA J. Math. Appl. in Med. & Biol. 3, 191-210. 

Other publications 

T24 H.J.A.M. HEIJMANS (1986). Lectures on Strongly Continuous Semigroups, 
Research Report 1986:15, Department of Mathematics, Chalmers University of 
Technology and University of Goteborg. 

T25 J.A.J. METZ, 0. DIEKMANN (eds.) (1986). The Dynamics of Physiologically 
Structured Populations, Lecture Notes in Biomathematics 68, Springer-Verlag, 
XII+5llp. 

Department of Mathematical Statistics 

Report series 

MS-R8601 A.J. VAN Es, R. HELMERS. Elementary symmetric polynomials of increas
ing order. 

MS-R8602 S.A. VAN DE GEER. A new approach to least squares estimation, with 
applications. 

MS-R8603 R.D. GILL, J.A. WELLNER. Large sample theory of empirical distributions 

in biased sampling models. 

MS-R8604 R.D. GILL. Non- and semi-parametric maximum likelihood estimators 
and the von Mises method (part I). 

MS-R8605 J.A. SMITH. Statistical modeling of daily rainfall occurences. 

MS-R8606 K. DZHAPARIDZE. On LAN for counting processes. 

MS-R8607 J.A. SMITH. Estimating the upper tail of flood frequency distributions. 

MS-R8608 V.V. SLAVOVA. Berry-Esseen bound for Student's statistic. 

MS-R8609 S.A. VAN DE GEER. A note on rates of convergence in least squares esti
mation. 

MS-R8610 H.C.P. BERBEE. Uniqueness of Gibbs measures and absorption probabili
ties. 

MS-R861 l R. HELMERS, M. HuSK.ovA. Berry-Esseen bounds for L-statistics with 
unbounded weight functions. 

MS-R8612 A. SIEDERS, K. DZHAPARIDZE. A large deviation result for parameter 
estimators and its application to nonlinear regression analysis. 

MS-R8613 R. HELMERS, F.H. RUIJMGAART. Asymptotic normality of generalized L
statistics with unbounded scores. 

MS-R8614 R.D. GILL, M.M. VooRs (eds.). Papers on semiparametric models at the 
/SI centenary session, Amsterdam. 

MS-N8601 S.G.A.J. DRIESSEN. The sieve method in multi-stage sampling. 

MS-N8602 S.A. VAN DE GEER, M.M. VOORS. Een programma voor het twee{asen 
regressie model met breukvlak. 

Publications in Journals, proceedings, etc. 

SI R.D. GILL (1986). The total time on test plot and the curmulative total time on 
test statistic for a counting process. Ann. Statist 14, 1234-1239. 

S2 R.D. GILL (1986). On estimating transition intensities of a Markov process 
with aggregate data of a certain type: 'occurence but no exposures'. Scand. J. 
Statist. 13, 113-134. 

S3 R.D. GILL (1986). A note on some methods for regression analysis with incom
plete observations. Sankhya (B), 48, 19-30. 

S4 R.D. GILL, B.F. SCHRIEVER (1986). Invited discussion of L.A. Goodman's 
paper on correspondence analysis or log linear models. Int. Statist. Rev. 54, 
289-291. 

S5 P. GROENEBOOM (1986). Some current developments in density estimation. 
J.W. DE BAKKER, M. HAZEWINKEL, J.K. LENSTRA (eds.). Mathematics and 
Computer Science: Proceedings of the CW/ Symposium, November 1983, CWI 
Monograph l, North-Holland, Amsterdam, 163-192. 

S6 L. DE HAAN (1986). The arch-enemy attacked mathematically. M. 
HAZEWINKEL, J.K. LENSTRA, L.G.L.T. MEERTENS (eds.). Mathematics and 
Computer Science II: Fundamental Contributions in the Netherlands since 1945, 
CWI Monograph 4, North-Holland, Amsterdam, 51-60. 

Other publications 
S7 H. DAAN, A.L.M. DEKKERS, L. DE HAAN, R. HELMERS, J. VAN MALDE, J.W. 

VAN DER MADE, J.G. DE RONDE (1986). Onderzoek Basispeilen. Tussentijds 
verslag, rapport GWI0-86.008, Dienst Getijdewateren, Rijkswaterstaat. 

S8 N. KEILMAN, R.D. GILL (1986). On the estimation of multidimensional demo
graphic models with population registration data. Netherlands Interuniversity 
Demographic Institute, Working paper no. 68. 

Department of Operations Research and System Theory 11111111111111111111 
Report series 

OS-R8601 R.K. BOEL, J.H. VAN ScHUPPEN. Overload control for switches of com
munication systems - A two-phase model for call request processing. 



OS-R8602 J.W. POLDERMAN. On the necessity of identifying the true parameter in 
adaptive LQ control. 

OS-R8603 O.J. BoXMA. Models of two queues: afew new views. 

OS-R8604 J.M. SCHUMACHER. Transformations of linear systems under external 
equivalence. 

OS-R8605 O.J. BoXMA, F.G. FORST. Minimizing the expected weighted number of 
tardy jobs in stochastic flow shops. 

OS-R8606 O.J. BoXMA, W.P. GROENENDIJK. Pseudo-conservation laws in cyclic
service systems. 

OS-R8607 A. ScHRINER. Polyhedral combinatorics - some recent developments and 
results. 

OS-R8608 C. VAN HOESEL, A. ScHIJVER. Edge-disjoint homotopic paths in a planar 
graph with one hole. 

0S-R8609 G.A.P. KINDERVATER, J.K. LENSTRA. The parallel complexity of TSP 
heuristics. 

OS-R8610 A. SCHRINER. Distances and cuts in planar graphs. 

OS-R8611 C.A.J. HURKENS, A. ScHRINER, E. TARDOS. On fractional multicommo
dity flows and distance functions. 

OS-R86I2 J.K. LENSTRA. Interfaces between operations research and computer sci
ence. 

OS-R8613 P.J.C. SPREJJ. Selfexciting counting process systems with finite state space. 

OS-R86I4 G.A.P. KINDERVATER, J.K. LENSTRA. Parallel computing in combina
torial optimization. 

OS-R86I5 S.A. SMULDERS. Modelling and simulation of traffic.flow. 

OS-N860I W.P. GROENENDDK. The M!Gll queue with randomly alternating ser
vices. 

OS-N8602 J.L. VAN DEN BERG. Queueing analysis of a virtual circuit in a computer 
communication network with window flow control. 

OS-N8603 J.W. POLDERMAN. Adaptive pole assignment by state feedback. 

Publications in Journals, proceedings, etc. 
BI J.M. ANTHONISSE, J.K. LENSTRA (I986). Operational research at the Centre for 

Mathematics and Computer Science. C.B. TILANUs, O.B. DE GANS, J.K. LENS
TRA (eds.). Quantitative Methods in Management: Case Studies of Failures and 
Successes, John Wiley & Sons, Chichester, Ch. 30. 

B2 R.K. BOEL, J.H. VAN SCHUPPEN (I986). Overload control for switches of com
municaton systems - A two-phase model for call request processing. O.J. 

53 

BoXMA, J.W. COHEN, H.C. TuMs (eds.). Teletraffic Analysis and Computer Per
formance Evaluation, North-Holland, Amsterdam, 209-224. 

B3 O.J. BoXMA (1986). Models of two queues: a few new views. O.J. BoXMA, J.W. 
CoHEN, H.C. TuMs (eds.). Teletraffic Analysis and Computer Performance 
Evaluation, North-Holland, Amsterdam, 75-98. 

B4 O.J. BoXMA, B. MEISTER (1986). Waiting-time approximations for cyclic-service 
systems with switch-over times. Performance Evaluation Review 14, 254-262. 

B5 O.J. BoXMA, F.G. FORST (I986). Minimizing the expected weighted number of 
tardy jobs in stochastic ftow shops. Operations Research Letters 5, l I9-l26. 

B6 O.J. BoXMA (1986). A queueing model of finite and infinite source interaction. 
Operations Research Letters 5, 245-254. 

B7 O.J. BoXMA (I986). Efficient fietsenmaken. F. VERHULST (ed.). Wiskunde in 
Utrecht, Universiteitsdrukkerij RU Utrecht, Utrecht, 17-22. 

BS W. COOK, J. FONLUPT, A. SCHRINER (I986). An integer analogue of 
Caratheodory's theorem. Journal of Combinatorial Theory (B) 40, 63-70. 

B9 W. COOK, A.M.H. GERARDS, A. SCHRINER, E. TARDOS (1986). Sensitivity 
theorems in integer programming. Mathematical Programming 34, 251-264. 

B l 0 A.M.H. GERARDS, A SCHRINER (I 986). Matrices with the Edmonds-Johnson 
property. Combinatorica 6, 365-379. 

BI I ~· GROTSCHEL, L. LovAsz, A. ScHRINER (1986). Relaxations of vertex pack
mg. Journal of Combinatorial Theory (B) 40, 330-343. 

BI2 G.A.P. KINDERVATER, J.K. LENSTRA (I986). An introduction to parallelism in 
combinatorial optimization. Discrete Appl. Math. 14, l35-I56. 

BI3 E.L. LAWLER, J.K. LENSTRA, A.H.G. RINNOOY KAN, D.B. SHMOYS (I986). Are 
you all salesmen, here? - The book is not closed on the TSP. Optima 19, I-2. 

Bl4 H. NIJMEIJER, J.M. SCHUMACHER (I986). The regular local noninteracting con
trol problem for nonlinear control systems.. SIAM J. Contr. Opt. 24, I232-
1245. 

B15 J.W. PoLDERMAN (1986). A note on the structure of two subsets of the parame
ter space in adaptive control problems. Systems & Control Letters 7, 25-34. 

B16 J.W. PoLDERMAN (I986). Adaptive pole assigment by state feedback. Proceed
ings 25th Conference on Decision and Control IEEE Press, Piscataway, NJ 
(USA), 106-108. 

B17 J.W. POLDERMAN (1986). On the necessity of identifying the true parameter in 
adaptive LQ control. Systems & Control Letters 8, 87-91. 

BIS A. SCHRINER (1986). Polyhedral proof methods in combinatorial optimization. 
Discrete Appl. Math. 14, ll I-133. 



54 

Bl9 A. ScHRDVER (1986). Geometric methods in discrete optimization. M. 
HAZEWINKEL, J.K. LENSTRA, L.G.L.T. MEERTENS (eds.). Mathematics and 
Computer Science II: Fundamental Contributions in the Netherlands since 1945, 
CWI Monograph 4, North-Holland, Amsterdam, 111-137. 

B20 J.M. ScHUMACHER (1986). Residue formulas for meromorphic matrices. CJ. 
BYRNES, A. LINDQUIST (eds.). Computational and Combinatorial Methods in 
Systems The~ry, North-Holland, Amsterdam, 97-112. 

B21 P.J.C. SPRED (1986). An on-line parameter estimation algorithm for counting 
process observations. IEEE Trans. Information Theory 32, 300-303. 

B22 P.J.C. SPRED (1986). Recursive parameter estimation for counting processes 
with linear intensity. Stochastics 18, 277-312. 

Other publications 

B23 J.W. DE BAKKER, M. HAzEWINKEL, J.K. LENSTRA (eds.) (1986). Mathematics 
and Computer Science: Proceedings of the CWI Symposium, November 1983, 
CWI Monograph 1, North-Holland, Amsterdam. 

B24 J. BONTSEMA, R.F. CURTAIN, J.M. SCHUMACHER (1986). Comparison of some 
partial differential equation models of flexible structures, Rapport· TW-27CJ, 
Mathematisch Instituut, RU Groningen. 

B25 O.J. BoXMA, J.W. COHEN, H.C. TuMs (eds.) (1986). Teletraffic Analysis and 
Computer Performance Evaluation, North-Holland, Amsterdam. 

B26 O.J. BoXMA (1986). Matrices en Markovketens. Vakantiecursus 1986: Matrices, 
CWI Syllabus.lo, CWI, Amsterdam, 79-102. 

B27 A.M.H. GERARDs, A. ScHRDVER (1986). Signed graphs - regular matroids -
grafts, Research Memorandum 237, Faculteit der Economische Wetenschappen, 
KU Brabant, Tilburg. 

B28 M. HAZEWINKEL, J.K. LENSTRA, L.G.L.T. MEERTENS (eds.) (1986). Mathemat
ics and Computer Science II: Fundamental Contributions in the Netherlands since 
1945, CWI Monograph 4, North-Holland, Amsterdam. 

B29 L. LovAsz, M. SAKS, A. ScHRIJVER (1986). Orthogonal representations and con
nectivity of graphs, Preprint EOtvOs L6rand University, Budapest. 

B30 C.L. MONMA, A. ScHRDVER, M.J. TODD, V.K. WEI (1986). A class of convex 
programs for resource a/location problems on directed acyclic graphs, Preprint Bell 
Communications Research, Morristown, NJ (USA). 

B31 A. ScHRDVER (1986). Polyhedra/ and algorithms, preprint (to appear in Nieuw 
Archie/ voor Wiskunde). 

B32 A. ScHRIJVER (1986). Decomposition of graphs on surfaces and a homotopic cir
culation theorem, preprint. 

B33 A. SCHRDVEB. (1986). Polyhedral combinatorics, preprint (to appear in Hand-

book of Combinatorics, North-Holland, Amsterdam). 

B34 A. ScHRIJVER (1986). Theory of Linear and Integer Programming, John Wiley 
& Sons Chichester. 

B35 J.M. ScHUMACHER (1986). Lineaire modellen voor dynamische verschijnselen. 
Vakantiecursus 1986: Matrices, CWI Syllabus 10, CWI, Amsterdam, 61-77. 

B36 J.M. ScHUMACHER (1986). The seventh MTNS symposium, Stockholm, June 
10-14, 1985. CWI Newsletter 9, 36-44. 

B37 C.B. Tu.ANUS, 0.B. DE GANS, J.K. LENSTRA (eds.) (1986). Quantitative 
Methods in Management: Case Studies of Failures and Successes, John Wiley & 
Sons, Chichester. 

Department of Numerical Mathematics ••••••••••••••• 
Report series 
NM-R8601 B. KOREN. Euler flow solutions for a transonic windtunnel section. 

NM-R8602 P.W. HEMKER, G.M. JOHNSON. Multigrid approaches to the Euler equa-
tions. 

NM-R8603 W.H. HUNDSDORFER, J.G. VERWER. Linear stability of the hopscotch 
scheme. 

NM-R8604P.J. VAN DER HoUWEN, B.P. SOMMEDER, K. STREHMEL, R. WEINER. On 
the numerical integration of second-order initial value problems with a 
periodic forcing function. 

NM-R8605 P.J. VAN DER HOUWEN, F.W. WUBS. The method of lines and exponen
tial fitting. 

NM-R8606 W.H. HUNDSDORFER. A note on the monotonicity of a Rosenbrock 
method. 

NM-R8607 K. BURRAGE, W.H. HUNDSDORFER. The order of B-convergence of alge
braically stable Runge-Kutta methods. 

NM-R8608J.M. SANZ-SERNA, J.G. VERWER. Convergence analysis of one-step 
schemes in the method of lines. 

NM-R8609 H.J.J. TE RIELE. On the sign of the difference pi (x )- Ii (x ). 

NM-R8610B.P. SOMMEDER. NUMVEC FORTRAN library manual Chapter: Para
bolic PDEs Routine: BDMG. 

NM-R861 l S.P. SPEKREDSE. Multigrid solution of monotone second-order discretiza
tions of hyperbolic conservation laws. 

NM-R8612P.J. VAN DER HOUWEN, B.P. SOMMEDER. Phase-lag analysis of implicit 
Runge-Kutta methods. 

NM-R8613 E. DE GoEDE. Stabilization of the Lax-Wendrojf methods and a general
ized one-step Runge-Kutta method for hyperbolic initial-value problems. 



NM-R8614 W. HoffMANN, W.M. LIOEN. NUMVEC FORTRAN library manual 
Chapter: Simultaneous Linear Equations. 

NM-R8615J.H.M. TEN TuIJE BOONKKAMP. The odd-even hopscotch pressure correc
tion scheme for the incompressible Navier-Stokes equations. 

NM-R8616 B. KOREN. Evaluation of second order schemes and defect correction for 
the multi grid computation of airfoil flows with the steady Euler equations. 

NM-R8617 P.J. VAN DER HOUWEN, B.P. SoMMEIJER, F.W. WuBs. Analysis of 
smoothing operators in the solution of partial differential equations by 
explicit difference schemes. 

NM-R8618J.G. BLOM, H. BRUNNER. Discretized collocation and iterated collocation 
for nonlinear Volterra integral equations of the second kind. 

NM-R8619J.M. SANZ-SERNA, J.G. VERWER. Stability and convergence in the 

PDE/stiff ODE interphase. 

NM-R8620 J.G. BLOM, J.M. SANZ-SERNA, J.G. VERWER On simple moving grid 
methods for one-dimensional evolutionary partial differential equations. 

NM-R8621 P.W. HEMKER, B. KOREN. A non-linear multigrid method for the steady 
Euler equations. 

NM-R8622 B. KOREN, S.P. SPEKREIJSE. Multigrid and defect correction for the 
efficient solution of the steady Euler equations. 

NM-R8623J.J. RUSCH. The use of defect-correction for the solution of the 2-D 
compressible Navier-Stokes equations with large Reynolds number. 

NM-R8624 P.M. DE ZEEUW. NUMVEC FORTRAN library manual, Chapter: Ellip
tic PDEs, Routines: MGDJV and MG5V. 

NM-N8601 E. DE GOEDE. Het vergelijken van eindige differentieschema's voor het 
numeriek oplossen van hyperbolische differentiaalvergelijkingen. 

NM-N8602W.H. HUNDSDORFER, B.P. SOMMEIJER, J.G. VERWER. A numerical study 
of a ID-scalar semi-conductor model equation. 

NM-N8603H.J.J. TE RlELE, W. BORHO, S. BATTIATO, H. HoffMANN, E.J. LEE. 
Table of Amicable Pairs between 1010 and 1052• 

NM-N8604 T.P. DE VRIES. Plaatsdiscretisatie van hyperbolische differentiaalvergelij
kingen van de tweede orde met periodieke oplossingen. 

NM-N8605J.H.M. TEN TuIJE BooNKKAMP. A note on the behaviour of the odd-even 
hopscotch scheme for a convection diffusion problem with discontinuous ini
tial data. 

Publications in Journals, proceedings, etc. 

Nl H. BRUNNER, P.J. VAN DER HOUWEN (1986). The numerical solution of Volterra 
equations. CWI Monograph 3, North-Holland, Amsterdam. 

55 

N2 K. BURRAGE, W.H. HUNDSDORFER, J.G. VERWER (1986). A study of B
convergence of Runge-Kutta methods. Computing 36, 17-34. 

N3 B. FORD, J. KoK, M.W. ROGERS (eds.) (1986). Scientific Ada, Cambridge 
University Press, Cambridge (UK). 
Herein the following four contributions by members of the department: 

N4 J. KOK. Ada style recommendations, 81-85. 

N5 D.T. WINTER. The implementation of standard functions in Ada, 146-154. 

N6 J. KoK. Two Ada mathematical functions packages for use in real time, 180-188. 

N7 G.T. SYMM, B.A. WICHMANN, J. KOK, D.T. WINTER. Guidelines for the design 
of large modular scientific libraries in Ada, 209-376. 

N8 P.W. HEMKER (1986). Defect correction and higher order schemes for the mul
tigrid solution of the steady Euler equations. W. HACKBUSCH, U. TROTTEN
BERG (eds.). Multigrid Methods, Lecture Notes in Mathematics 1228, Springer
Verlag, 149-165. 

N9 P.W. HEMKER (1986). On the computation of layers in Eulerian gas flows. 
Proceedings of the BAIL IV Conference, Novosibirsk, Boole Press. 

NlO P.W. HEMKER, B. KOREN, S.P. SPEKRIJSE (1986). A nonlinear multigrid method 
for the efficient solution of the steady Euler equations. Proceedings of the Tenth 
International Conference on Numerical Methods in Fluid Dynamics, Beijing, 
1986, Lecture Notes in Physics 264, Springer-Verlag, 308-313. 

Nl l P.W. HEMKER, S.P. SPEKREIJSE (1986). Multiple grid and Osher's scheme for 
the efficient solution of the steady Euler equations. Appl. Numer. Math. 2, 
475-493. 

Nl2 P.J. VAN DER HOUWEN (1986). Spatial discretization of hyperbolic equations 
with periodic solutions. lnt. J. Numer. Methods Eng. 23, 1395-1406. 

N13 P.J. VAN DER HOUWEN, B.P. SOMMEIJER, C.T.H. BAKER (1986). On the stability 
of predictor-corrector methods for parabolic equations with delay. /MA J. 
Numer. Anal. 6, l-23. 

Nl4P.J. VAN DER HOUWEN, B.P. SOMMEIJER (1986). Reduction of dispersion in 
hyperbolic difference schemes by adapting the space discretization. J. Comp. 
Appl. Math. 16, 203-214. 

Nl5 P.J. VAN DER HoUWEN (1986). Discretization of hyperbolic differential equa
tions with periodic solutions. K. STREHMEL (ed.). Numerical Treatment of 
Differential Equations (Proc. 3rd Halle Seminar 1985), Teubner-Texte zur 
Mathematik 82, 75-79. 

Nl6 P.J. VAN DER HOUWEN B.P. SoMMEIJER, K. STREHMEL, R. WEINER (1986). On 
the numerical integration of second-order initial value problems with a periodic 
forcing function. Computing 37, 195-218. 

Nl7 P.J. VAN DER HOUWEN, B.P. SOMMEIJER, J.G. VERWER, F.W. WUBS (1986). 



56 

Numerical analysis of the shallow water equations. J.W. DE BAKKER, M. 
HAZEWINKEL, J.K. LENSTRA (eds.). Mathematics and Computer Science: 
Proceedings of the CW/ Symposium, November 1983, CWI Monograph 1, 
North-Holland, Amsterdam, 235-268. 

Nl8 P.J. VAN DER HoUWEN, B.P. SoMMEIJER, H.B. DE VRIES (1986). Generalized 
predictor-corrector methods of high order for the time integration of parabolic 
differential equations. ZAMM 66, 12, 595-605. 

Nl9 W.H. HUNDSDORFER (1986). Stability and B-convergence of linearly implicit 
Runge-Kutta methods. Numer. Math. 50, 83-95. 

N20J. VAN DE LUNE, H.J.J. TE RIELE, D.T. WINTER (1986). On the zeros of the 
Riemann zeta function in the critical strip. IV. Math. Comp. 46, 667-681. 

N21 H.J.J. TE RIELE (1986). Applications of Supercomputers in computational 
mathematics. 205 Newsletter, Univ. of Manchester Regional Computer Centre, 
Number 5, Winter 1985-1986 (appeared February 1986). 

N22 H.J.J. TE RIELE, PH. SCHROEVERS (1986). A comparative survey of numerical 
methods for the linear generalized Abel integral equation. Z. Angew. Math. u. 
Mech. 66, 163-173. 

N23 H.J.J. TE RIELE (1986). Computation of all the amicable pairs below 1010 . 

Math. Comp. 47, 361-368 and Supplement S9-S40. 

N24 H.J.J. TE RIELE, D.T. WINTER (1986). The tetrahexes puzzle. CW/ Newsletter 
10, 33-39. 

N25 H.J.J. TE RIELE, W.M. LIOEN, D.T. WINTER (1986). New factorization records 
on supercomputers. CW/ Newsletter 10, 40-42. 

N26 J.M. SANZ-SERNA, J.G. VERWER (1986). Conservative and nonconservative 
schemes for the solution of the nonlinear Schrodinger equation. IMA J. Num. 
Anal. 6, 25-42. 

N27 J.M. SANZ-SERNA, J.G. VERWER (1986). A study of the recursion 
y(n + l)=y(n)+rym(n). J. Math. Anal. Appl. 116, 456-464. 

N28 B.P. SOMMEIJER (1986). On the economization of explicit Runge-Kutta 
methods. Appl. Numer. Math. 2, 57-68. 

N29 B.P. SOMMEIJER, P.J. VAN DER HOUWEN, B. NETA (1986). Symmetric linear 
multistep methods for second-order differential equations with periodic solu
tions. Appl. Numer. Math. 2, 69-77. 

N30 P. SONNEVELD, P. WESSELING, P.M. DEZEEUW (1986). Multigrid and conjugate 
gradient acceleration of basic iterative methods. K.W. MORTON, M.J. BAINES 
(eds.). Proc. Numerical Methods for Fluid Dynamics II, Clarendon Press, 347-
368. 

N31 S.P. SPEKREIJSE (1986). Second order accurate upwind solutions of the 2-D 
steady s'tate Euler equations by the use of a defect correction method. W. 

HACKBUSCH, u. TROTTENBERG (eds.). Multigrid Methods, Lecture Notes in 
Mathematics 1228, Springer-Verlag, 285-300. 

N32J.G. VERWER (1986). Convergence and order reduction of diagonally implicit 
Runge-Kutta schemes in the method of lines. D.F. GRiffITHS, G.A. WATSON 
(eds.). Numerical Analysis (Proc. Dundee Conference 1985), Pitman Research 
Notes in Mathematics Series 140, 220-237. 

N33 J.G. VERWER (1986). On the convergence of the method of lines approxima
tions in partial differential equations. K. STREHMEL (ed.). Numerical Treat
ment of Differential Equations (Proc. 3rd Halle Seminar 1985), Teubner-Texte 
zur Mathematik 82, 181-188. 

N34J.G. VERWER (1986). On the shift parameter in the backward beam method for 
parabolic problems for preceding times. Comp. Math. with Appl. 12A, 309-318. 

N35 F.W. WUBs (1986). Stabilization of explicit methods for hyperbolic partial 
differential equations. Int. J. Numer. Meth. Fluids 6, 641-657. 

N36 F.W. WUBs (1986). Performance evaluation of explicit shallow-water equations 
solvers on the Cyber 205. W. ScHONAUER, W. GENTZSCH (eds.). The Efficient 
Use of Vector Computers with Emphasis on Computational Fluid Dynamics (Proc. 
GAMM-Workshop, Karlsruhe, March 1985), Vieweg, Braunschweig, Wies
baden, 126-137. 

Department of Software Technology llllllllllllllllllllllllllllllllllllllllllllllll 
Report series 
CS-R8601 J.W. DE BAKKER, J.-J.CH. MEYER, E.-R. 0LDEROG, J.I. ZUCKER. Transi

tion systems, metric spaces and ready sets in the semantics of uniform con
currency. 

CS-R8603 J.W. DE BAKKER, J.N. KOK, J.-J.CH. MEYER, E.-R. 0LDEROG, J.I. 
ZUCKER. Contrasting themes in the semantics of imperative concurrency. 

CS-R8605 J .N. KOK. Denotational semantics of nets with nondeterminism. 

CS-R8608 F.W. VAANDRAGER. Verification of two communication protocols by 
means of process algebra. 

CS-R8609 J.A. BERGSTRA, J.W. KLOP, E.-R. OLDEROG. Failure semantics with fair 
abstraction. 

CS-R8613 P.J.F. LUCAS. Knowledge representation and inference in rule-based sys-
tems. 

CS-R8616 L.C. VAN DER GAAG. PROLOG: an expert system building tool. 

CS-R8617 J.A. BERGSTRA, J. HEERING, P. KLINT. Module algebra. 

CS-R8619 J.A. BERGSTRA, J.V. ZUCKER. Algebraic specifications of computable and 
semicomputable datatypes. 



CS-R8620 J. HEERING, J. SIDI, A. VERHOOG (eds.). Generation of interactive pro
gramming environments - GIPE (intermediate report). 

CS-R8621 H.P. BARENDREGT, J.R. KENNEWAY, J.W. Kl.OP, M.R. SLEEP. Needed 
reduction and spine strategies for the lambda calculus. 

CS-R8624 R.J. VAN GLABBEEK. Notes on the methodology of CCS and CSP. 

CS-R8625 J.A. BERGSTRA, J.W. Kl.OP, E.-R. OLDEROG. A new process semantics 
for fair abstraction. 

CS-R8626 P. AMERICA, J.W. DE BAKKER, J.N. KOK, J.J.M.M. RUTTEN. A denota
tional semantics of a parallel object-oriented language. 

CS-R8627 N.W.P. VAN DIEPEN. A study in algebraic specification: a language with 
goto-statements. 

CS-R8629 F.W. VAANDRAGER. Process algebra semantics of POOL 

CS-R8632 J.C.M. BAETEN, J.A. BERGSTRA, J.W. Kl.OP. Decidability of bisimulation 
equivalence for processes generating context free languages. 

CS-R8633 J. HEERING, P. KLINT. A syntax definition formalism. 

CS-R8634 R.J. VAN GLABBEEK. Bounded nondeterminism and the approximation 
induction principle in process algebra. 

CS-R8635 P. KLINT. Modularization and reusability in current programming 
languages. 

CS-R8636 J.C. VAN VLIET, J.B. WARMER. Intertable. 

CS-R8638 J.W. DE BAKKER, J.-J.CH. MEYER. Order and metric in the stream 
semantics of elemental concurrency. 

CS-N8601 N.W.P. VAN DIEPEN. Algebraic specification of a language with goto
statements. 

CS-N8602 J.C. VAN VLIET, J.B. WARMER. An annotated bibliography on document 
processing. 

CS-N8603 P. URZYCZYN. Dining philosophers and process algebra. 

CS-N8604 S. VAN EGMOND, F.C. BEEMAN. Inform: prototype van een interactieve 
formuleverwerker. 

CS-N8605 L.C. VAN DER GAAG, P.J.F. LUCAS. lnleiding tot PROLOG. 

CS-N8606 A. Eu£NS. Semantics for Occam. 

CS-N8607 J. HEERING. Programmageneratoren. 

CS-N8608 R.C. VAN SoEST. Consistency and completeness of knowledge base. 

Publications in Journals, proceedings, etc. 
PI P. AMERICA, J.W. DE BAKKER, J.N. KOK, J.J.M.M. RUTTEN (1986). Opera

tional semantics of a parallel object-oriented language. Proceedings 13th ACM 

57 

Symposium on Principles of Programming Languages, St. Petersburg, Florida, 
January 13-15, 1986, 194-208. 

P2 J.C.M. BAETEN, J.A. BERGSTRA, J.W. Kl.OP (1986). Syntax and defining equa
tions for an interrupt mechanism in process algebra. Fundamenta Informaticae 
IX (2), 127-168. 

P3 J.C.M. BAETEN, J.A. BERGSTRA, J.W. KLoP (1986). Ready trace semantiek 
voor procesalgebra met prioriteitsoperator. Proceedings NGI/SION Symposium 
1986, 281-292. 

P4 J.C.M. BAETEN, J.A. BERGSTRA, J.W. KLOP (1986). Conditional axioms and 
a/{3 calculus in process algebra. Proceedings 3rd IFIP Working Conference on 
the Formal Description of Programming Co1TCepts, Preliminary Version, Ebberup, 
Denemarken. 

P5 J.W. DE BAKKER, J.N. KOK, J.-J.Cu. MEYER, E.-R. 0LDEROG, J.I. ZUCKER 
(1986). Contrasting themes in the semantics of imperative concurrency. J.W. 
DE BAKKER, W.P. DE ROEVER, G. ROZENBERG (eds.). Current Trends in Con
currency: Overviews and Tutorials, Lecture Notes in Computer Science 224, 
Springer-Verlag, 51-121. 

P6 F.S. DE BOER (1986). A proof rule for process-creation. Proceedings 3rd IFIP 
Working Conference on the Formal Description of Programming Concepts, Prel
iminary Version, 1986, Ebberup, Denemarken. 

P7 J.A. BERGSTRA, J.W. KLoP (1986). Verification of an alternating bit protocol 
by means of process algebra. W. BIBEL, K.P. JANTKE (eds.). Mathematica/ 
Methods of Specification and Synthesis of Software Systems 1985, Math. 
Research 31, Akademie-Verlag, Berlin, 9-23. 

PS J.A. BERGSTRA, J.W. Kl.op (1986). Conditional rewrite rules: confluence and 
termination. Journal of Computer and System Sciences 32 (3), 323-362. 

P9 J.A. BERGSTRA, J.W. KLoP (1986). Algebra of communicating processes. J.W. 
DE BAKKER, M. HAzEWINKEL, J.K. LENSTRA (eds.). Mathematics and Computer 
Science: Proceedings of the CW/ Symposium, November 1983, CWI Monograph 
1, North-Holland, Amsterdam, 89-138. 

PIO J.A. BERGSTRA, J.W. KLoP (1986). Process algebra: specification and 
verification in bisimulation semantics. M. HAzEWINKEL, J.K. LENSTRA, 
L.G.L.T. MEERTENS (eds.). Mathematics and Computer Science II: Fundamental 
Contributions in the Netherlands since 1945, CWI Monograph 4, North-Holland, 
Amsterdam, 61-94. 

PI 1 J.A. BERGSTRA, J.W. Kl.OP, E.-R. OLDEROG (1986). Failures without chaos: a 
new process semantics for fair abstraction. Proceedings 3rd IFIP Working 
Conference on the Formal Description of Programming Concepts, Preliminary 
Version, 1986, Ebberup, Denemarken. 

Pl2 N.W.P. VAN DIEPEN (1986). Algebraic specification of a language with GOTO-



58 

statements. Proceedings NG/IS/ON Symposium 1986, 293-303. 

P13 N.W.P. VAN DIEPEN, W.P. DE ROEVER (1986). Program derivation through 
transformations: the evolution of list-copying algorithms. Science of Computer 
Programming 6, 213-272. 

Pl4 L.C. VAN DER GAAG, P.J.F. LUCAS (1986). Inleiding tot PROLOG. Samsom 
Handboek Informatica, 1986. 

Pl5 J. HEERING (1986). Partial evaluation and w-completeness of algebraic 
specifications. Theoretical Computer Science 43, 149-167. 

Pl6 J. HEERING, P. KLINT (1986). User-definable syntax for specification languages. 
Proceedings NGJ/S/ON Symposium 1986, 63-73. 

Pl7 J. HEERING, P. KLINT, B. LANG (1986). Generation of interactive program
ming environments. ESPRIT '85, Status Report of Continuing Work, Part /, 
1986, North-Holland, Amsterdam, 467-477. 

Pl8 J. HEERING, P. KLINT (1986). The efficiency of the Equation Interpreter com
pared with the UNH Prolog Interpreter. Sigplan Notices 21, 2, 18-21. 

Pl9 J.N. KOK (1986). Denotational semantics of nets with nondeterminisl!l. 
Proceedings European Symposium on Programming 1986, Lecture Notes in 
Computer Science 213, Springer, 237-250. 

P20 P.J.F. LUCAS, L.C. VAN DER GAAG (1986). PROLOG en expertsystemen. 
Informatie 28, 1, 16-25. 

P21 P.J.F. LUCAS, A.R. JANSSENS (1986). HEPAR: een medisch expertsysteem voor 
de diagnostiek van de aandoeningen van lever- en galwegen. Proceedings van 
het Medisch Informatica Colloquium 1986. 

P22 P.J.F. LUCAS, H. DE SWAAN ARONS (1986). Het DELFI-project. A. NUHOLT, 
L. STEELS (eds.). Ontwikkelingen in expertsystemen, Academic Service. 

P23 J.C. VAN VLIET, J.B. WARMER (1986). An annotated bibliography on document 
processing. J.C. VAN VLIET (ed.). Text Processing and Document Manipulation, 
Cambridge University Press, 260-276. 

Other publications 

P24 P. AMERICA, K.R. APT, J.W. DE BAKKER et al. (1986). Deliverable 2, ESPRIT 
Project 415 Working Group on Semantics and Proof Techniques, October 1986. 

P25 J.W. DE BAKKER, W.P. DE ROEVER, G. ROZENBERG (eds.) (1986). Current 
Trends in Concurrency: Overviews and Tutorials, Lecture Notes in Computer 
Science 224, Springer-Verlag. 

P26 J.W. DE BAKKER, M. HAzEWINKEL, J.K. LENSTRA (eds.) (1986). Mathematics 
and Computer Science: Proceedings of the CW/ Symposium, November 1983, 
CWI Monograph I, North-Holland, Amsterdam. 

P27 J.A. B~RGSTRA, P. BORRAS, D. CLEMENT, J. DESPEYROUX, T. DESPEYROUX, 

N.W.P. VAN DIEPEN, J. HEERING, P.R.H. HENDRIKS, J. INCERPI, G. KAHN, P. 
KLINT, B. LANG, v. PASCUAL, J. REKERS, L. RIDEAU, H.R. WALTERS (1986). 
Fourth Review Report GIPE Project, december 1986. 

P28 P. KLINT (1986). Prototyping in Prolog, PAO-cursus Prolog, Amsterdam 1986. 

P29 J.C. VAN VLIET (ed.) (1986). Text Processing and Document Manipulation, 
Cambridge University Press Proceedings. 

P30 J.C. VAN VLIET (1986). Via tekstverwerking naar documentverwerking, syllabus 
Samsom seminar Tekstverwerking als uitgangspunt, 1-8. 

Department of Algorithmics and Architecture •••••••••••••I 
Report series 

CS-R8606 E. KRANAKIS. Fixed point equations with parameters in the projective 
model. 

CS-R8607 E. KRANAKIS. Approximating the projective model. 

CS-R8610 T. BUDD. The cleaning person algorithm. 

CS-R8611 E. KRANAKIS, P.M.B. VnANYI. Distributed control in computer networks 
and cross-sections of colored multi-dimensional bodies. 

CS-R8612 MING LI, L. LONGPRE, P.M.B. VnANYI. The power of the queue. 

CS-R8614 J.W. KLoP, E. KRANAKIS. Lower bounds for a class of Kostka numbers. 

CS-R8615 M.L. KERSTEN, F.H. SCHIPPERS. A general object-centered data-base 
language; a preliminary definition. 

CS-R8618 P.M.B. VnANYI. Non-sequential computation and laws of nature. 

CS-R8622 J.C. EBERGEN. A technique to design delay-insensitive VLSI circuits. 

CS-R8628 P.M.B. VnANYI, B. AWERBUCH. Atomic shared register access by asyn-
chronous hardware (detailed abstract). 

CS-R8630 M.L. KERSTEN, F.H. SCHIPPERS. Towards an object-centered database 
language. 

CS-R8631 M.L. KERSTEN, F.H. ScHIPPERS. Using the guardian programming para
digm to support database evolution. 

Publications in J ourna/s, proceedings, etc. 

Al J. BOOM, F. DIGNUM, M.L. KERSTEN, H. WEIGAND (1986). A Conceptual 
Modeling Expert System. Proc. 5th Int. Conj on Entity-Relationship Approach 
(1986), Dijon, France. 

A2 T. BUDD (1986). The Oeaning Person Algorithm. The B Newsletter, Issue 5, 
CWI, Amsterdam, 9-10. 

A3 F. DIGNUM, M. JACQUES, M. KERSTEN (1986). Een ontwerpomgeving voor 



informatiesystemen. lnformatie 28 (2), 813-825. 

A4 M.L. KERSTEN, P.A. PIRCHER, D.T. SHEWMAKE, A.I. WASSERMAN (1986). 
Developing interactive information systems within the User Software Engineer
ing Methodology.IEEE Transactions on Software Engineering, SE-12(2), 326-
343. 

A5 M.L. KERSTEN, F.H. SCHIPPERS (1986). Towards an Object-Centered Database 
Language. Proc. lnt. Workshop on Object-Oriented Database Systems, Pacific 
Grove, USA, Sep. 1986, 104-112. 

A6 M.L. KERSTEN, F.H. SCHIPPERS (1986). Using the Guardian Programming 
Paradigm to Support Database Evolution. Proc. IFIP TC2 Working Conf. on 
Knowledge and Data, Albufeira, Portugal, Nov. 1986. 

A7 E. KRANAKIS (1986). Primality and Cryptography. Wiley-Teubner Series in 
Computer Science, B.G. Teubner (Stuttgart) and John Wiley and Sons (Chiches
ter), 1986. 

A8 E. KRANAKIS, S. PEMBERTON (1986). Primality testing in B. The B Newsletter, 
Issue 5, CWI, Amsterdam, 20-24. 

A9 MING LI, L. LONGPRE, P.M.B. VITANYI (1986). The power of the queue. 
Structure in Complexity Theory Conference, Lecture Notes in Computer Science 
223, Springer-Verlag, Berlin, 219-233. 

AIO L.G.L.T. MEERTENS (1986). Algorithmics - Towards programming as a 
mathematical activity. J.W. DE BAKKER, M. HAZEWINKEL, J.K. LENSTRA (eds.). 
Mathematics and Computer Science: Proceedings of the CW/ Symposium, 
November 1983, CWI Monograph I, North-Holland, Amsterdam, 289-334. 

Al 1 L.G.L.T. MEERTENS (1986). From B to ABC: the Salient Changes. The B 
Newsletter, Issue 5, CWI, Amsterdam, 2-6. 

Al2 S.J. MULLENDER (1986). Making Amoeba Work. Proceedings of 2nd SJGOPS 
workshop 'Making Distributed Systems Work', September 1986, Amsterdam. 

Al3 S.J. MULLENDER, R. VAN RENESSE, A.S. TANENBAUM (1986). Using Sparse 
Capabilities in a Distributed Operating System. Proc. of the 6th Int. Conf. on 
Distributed Computing Systems, May 1986, Vrije Universiteit, Amsterdam, 558-
563. 

A14 S.J. MULLENDER, A.S. TANENBAUM (1986). The Design of a Capability-Based 
Distributed Operating System. The Computer Journal 29 (4), 289-300. 

Al5 S.J. MULLENDER, P.M.B. VITANYI (1986). Distributed match-making for 
processes in computer networks. Operating Systems Review, 1986. 

Al6 S. PEMBERTON (1986). Backtracking in B: the Budd Challenge. The B 
Newsletter, Issue 5, CWI, Amsterdam, 11-19. 

Al7 P.M.B. VITANYI (1986). Non-Sequential Computation and Laws of Nature 
(Invited Lecture). Proceedings Aegean Workshop on Computing, VLSI A/go-

59 

rithms and Architectures (2nd International Workshop on Parallel Processing and 
VLSI), Lecture Notes in Computer Science 227, Springer-Verlag, Berlin, 108-
120. 

Al8 P.M.B. VITANYI (1986). Archirithmics or Algotecture? M. HAZEWINKEL, J.K. 
LENSTRA, LG.LT. MEERTENS. Mathematics and Computer Science II: Funda
mental Contributions in the Netherlands since 1945, CWI Monograph 4, North
Holland, Amsterdam, 139-161. 

Al9 P.M.B. VITANYI, B. AWERBUCH (1986). Atomic Shared Register Access by 
Asynchronous Hardware. 27th Annual IEEE Symposium on Theory of Comput
ing, Toronto, 1986. 

Other publications 

A20 P.M.G. APERS, J.A. BERGSTRA, H.H. EGGENHUISEN, LO. HERTZBERGER, M.L 
KERSTEN, P.J.F. LUCAS, A.J. NUMAN (1986). A Highly Parallel Machine for 
Data and Knowledge Base Management. Projectaanvraag voor Stimuleringspro
jectteam lnformatica-onderzoek. 

A21 P.M.G. APERS, M.A.W. HOUTSMA, M.L. KERSTEN, E.J.A. VAN KUYK, c. VAN 
DER MEER, R.LW. VAN DE WEG (1986). Design considerations for a distributed 
main-memory database system. PRISMA Deliverable, 5 december 1986. 

A22 M. HAZEWINKEL, J.K. LENSTRA, LG.LT. MEERTENS (eds.) (1986). Mathemat
ics and Computer Science II: Fundamental Contributions in the Netherlands since 
1945, CWI Monograph 4, North-Holland, Amsterdam. 

A23 M.L. KERSTEN (1986). Conceptual modelling in Prolog. PAO-cursus PROLOG. 

A24 E. KRANAKIS, P.M.B. VITANYI (1986). Distributed Control in Computer Net
works and Cross-Sections of Multidimensional Bodies. Tech. Rept. 
MIT/LCS/TM-304, Massachusetts Institute of Technology, Laboratory for 
Computer Science, March 1986. 

A25 MING LI, L LONGPRE, P.M.B. VITANYI (1986). The power of the queue. Tech. 
Rept. MIT /LCS/TM-303, Massachusetts Institute of Technology, Laboratory 
for Computer Science, April 1986. 

A26 P.M.B. VITANYI (1986). Non-Sequential Computation and Laws of Nature. 
Tech. Rept. MIT/LCS/TM-306, Massachusetts Institute of Technology, 
Laboratory for Computer Science, May 1986. 

A27 P.M.B. V1TANYI, B. AWERBUCH (1986). Atomic Shared Register Access by 
Asynchronous Hardware. Tech. Rept. MIT/LCS/TM-310, Massachusetts Insti
tute of Technology, Laboratory for Computer Science, August 1986. 

Depar1ment of Interactive Systems ••••••••••••••••• 
Report series 

CS-R8602 P.J.W. TEN HAGEN, C.G. TRIENEKENS. Pattern representation. 



60 

CS-R8604 T. TOMIYAMA, H. YOSHIKAWA. Extended general design theory. 

CS-R8623 P.J.W. TEN HAGEN, M.M. DE RUITER. Segment grouping, an extension to 
the graphical kernel system. 

CS-R8637 P.J.W. TEN HAGEN, A.A.M. KuuK, C.G. TRIENEKENS. Display architec
ture for VLSI-based graphics workstations. 

Publications in Journals, proceedings, etc. 

11 TETsuo ToMIYAMA, HIROYUKI YOSHIKAWA (1986). Extended General Design 
Theory - Metrization of Concept Space and its Application to CAD Systems 
(Second Report) (in Japanese), Journal of the Japan Society of Precision 
Engineering, 52, 8, 124-129. 

Other publications 

I2 M. BAKKER (ed.) (1986). GKS Reference Manual, Volumes I and II, CWI, 
Amsterdam. 

13 M. COHEN (ed.) (1986). S-GKS User Guide, Fortran edition, CWI, Amsterdam. 

14 P.J.W. TEN HAGEN, L.R.A. KESSENER (1986). GKS-3D. The graphics Kerne_! 
system for three dimensions, ISO-DIS 8805. 

I5 P.J.W. TEN HAGEN, L.R.A. KESSENER, B.P. ROUWHORST (1986). GKS-3D shell 
for PH/GS, ISO-DP. 

I6 P.J.W. TEN HAGEN, C.G. TRIENEKENS (1986). Pattern Representation. L.R. 
KESSENER, F.J. PETERS, M.L.P. VAN LIEROP (eds.). Data Structures for Raster 
Graphics, Springer-Verlag, Berlin, 143-163. 



. j 

i 
i 

ERRATUM 

The arrows in the figure on page 14 are wrong and should be given as follows: 

(a) Wilson Wn(x 2 ;a,b,c,d) (b) Racab Rn (A.(x );a., j3, y, 0) 

I~- / ~ 
(c) Continuous dual (d) Conbnuous Hahn (e) Hahn (t) dual Hahn 
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