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Part 1

Those of you who attended this conference last year, may remember
Anatol Holt's lecture 'Formal Methods in System Analysis'., My
intention then, had been, this year, to supplement his lecture by
three hours of concentrated blackboard mathematics, because I felt
that nothing needed adding to Holt's lecture in terms of words and
figures. But I now think that I ought to keep the mathematics to a
minimum, both in order to give a general idea of the content of the

theory, and to raise the entertainment value from negative to zero.

Net theory is a collection of new theoretical, mathematical and
conceptional devices designed for the defining and solving of organ-
isational problems. By that, I mean problems both inside and out-
side the computer; problems of specifying and implementing the
co-operation of a large number of system components concurrently
engaged in partially independent operations and activities. I should
warn you that all my examples are exceedingly, perhaps excessively,
simple. But my aim is to convey the basic ideas and some of the

background and not to explain a full-fledged application example.

Net theory is not, of course, the work of one single person, and
in connection with the material I am going to present I would like,
in particular, to acknowledge the work of Anatol Holt, Fred Coﬁmoner,
and my colleagues Hartmann Genrich and Kurt Lautenbach. To begin
with, I think I should explain the purpose of net theory because it
does not seem to be all that clearly understood. Possibly, the
general impression is that its purpose is mainly descriptive.

This, however, is not the case, but rather to supply us with
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descriptive, deductive and conceptual devices:

— descriptive devices for demonstrating the structure of systems

and of processes supported by a system, in terms of axiomatically

introduced concepts;

- deductive devices for solving application problems such as:

synchronisation problems, concurrency problems, problems
involving mutual exclusion, conflict, arbitration, sequential-

ization, safety, problems of deadlock-avoidance and of endless—

loop avoidance, problems in asynchronous switching logic, and

last but not least, problems arising in an area, not generally
known of as yet, called formal pragmatics, in which we are
concerned with questions of the form 'What, precisely, do we

do?', as opposed to formal semantics in which we are concerned

with questions of the form 'What, precisely, does it mean?';

- conceptual devices producing precise concepts on many levels
or for promoting the communication between the computer expert
and other people; I see this as being a main point of General
Net theory. We can communicate between ourselves very well,
but it is difficult to explain computers to 'innocent' people.
As a conceptual device, net theory should promote this communi-
cation and provide means for introducing new concepts, in a
precise, but nevertheless, easily visualiseable way, hence
the importance of graph-theoretical methods, and of the idea of
the 'token game' played by many independent actors.

Net theory is not primarily a mathematical device, rather it is

accompanied by a simple graphical means of expression consisting,

at the basic level, of four symbols only.

O— O

Figure 1
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In this example (of a net), the symbols used are only squares,
circles, arrows and little dots. For the time being you might think
of it as describing a computer with two input files and two output
files; the input files are present and connected to the comﬁuter

while the output files do not yet exist.

Figure 2a

To start at a very low level, we might compare the graphical
way of expressing nets to more usual graphical tools; consider, for
example, the simple state-transition diagram of Figures 2a and 2b
describing a system of four states and the respective transitions.
Instead of denoting the transitions by aritows, we introduce special
symbols in order to bestow individual existence on them and to be
able to append more than just two arrows to them, possibly leading
to or from other states. We use a dot to denote the holding of a

particular condition at a specific point of time:
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Figure 2Db

Thus, in this notation, we have the following four types of symbols:

e e

S:(:::) state elements (also called places if they can contain
more than just one token);
S contains symbols denoting 'supply stocks', and items in these

supply stocks are represented by tokens or markers (dots) on the

state elements.

T: , transition elements, representing for example,

A

processes; elementary events, of which processes
are built; alterations in the holdings of conditions;

transportations; transformations and so on.

F; — , flow relation, no longer denoting a tramnsition
itself but only the relation between a state and a

transition; f might be read "from ... 1O .0

® , tokens, countable items, resources of any kind.
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Thus, a net is defined to be a triple (8,T,F) where

SNT = # (state elements and transition elements
are disjoint sets),

SUT= field (F) (there are neither unconnected
state elements nor transition elements)

F # @ (nets caunot be empty)

PCSXTUTXxS (the flow relation holds only

between state elements and transition.elements or vice-versa.

A marked net is a net with a distribution of tokens over the places.

These concepts were introduced on the principle that we should
take over primitive ideas from areas such as the production of goods,
where we can observe and physically handle a distribution of items,
rather than from abstract notions of computation, or of processes
supposed to be occurring in people's minds, and in computers as a

delegated type of mental activity.

Figure 3 shows several production activities, denoted by boxes,
and several places in which resources can reside, We could imagine
ourselves as being the worker in box A using one of the screws
accessible to him (accessibility is demoted by arrows), one nut and
one sheet of each type, and, with the help of the screwdriver (which
he returns after use), producing one object of the type shown in
place Z, No use is made of any of what are generally held to be

'primitive' concepts in computing such as assignment of values.

In this figure we can already observe the main phenomena with
which Special Net Theory is concerned, for example, conflict and
contact. All such activities can be described in terms of a simple

game, I shall restrict myself to condition - event — nets, where

the places can contain at most one token: the holding of the condition
being denoted by the presence of a token. Everything which can be
composed out of squares, circles and arrows in the manner of Figure 4,
might be thought of as a gameboard. Each square and circle may
accommodate respectively one player and one token. The players act

independently except in so far as they are affected by the presence

of tokens on the circles.
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Figure 3








































































































