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Status Report on Net Theory — Foreword

C. A. Petri

Twenty-nine years ago, net theory of communication
was initiated by my doctoral thesis entitled ¥“Commu-
nication With Automata”. At the time of this wri-
ting, the plan which was described in that thesis is
just carried out, the project approaches completion,
with the very active and welcome support of Yuan
Chongyi, author of this book.

From its very start, net tlledry was based on
physics; it was, in fact, a physical theory proposed
in the language of computer science. Theoretical
computer science, at the time, consisted of the theo-
ries of automata and of formal languages (classes of
symbol strings). It was shown that the conceptual
framework of computer science (of 1960) was not sui-
table to describe a physical system. One important
item missing in computer science was the notion of
concurrency, the symmetric relation between two disti-
nct world-points (space-time points in the sense of
relativity theory) which describes them as unconnected
by a causal chain: separated in space, but not reacha-
ble from each other by a light signal because of the
bounded velocity of light. It was exceedingly difficult

to persuade scientists of 1960 that concurrency Had
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anything to do with computer science, and that its
non-transitivity which is so obvious in relativity was
part of the very essence of signalling.

Today, every beginner knows at least of the pra-
ctical importance of concurrency, for example in para-
Ilel processing. To make this basic concept of concu-—
rrency visible to the eye, I invented and later impro-
ved a graphical notation for combinatorial physical
processes and systems, along with a game which could
be played with little pieces, or “tokens”, which mir—
rored elementary physical symmetrise in such a way
that the playing of the game was a simulation of a
physical process. Please keep in mind that the gra—
phical notation and the rules of the game are not net

theory, but only illustrate some theorems of net the-

-ory.

The ambitious plan of 1960 was, to formulate.

all “natural laws” which govern processes of commu—
nication in a language and conceptual framework
which included both physics and computer science.
To this end, computer science was enriched by the
notion of concurrency; today we know of a well-esta—
blished - duality theorem which asserts, among other
things, that concurrency is the precise dual of choice
(e.g.the choice of a program path by executing an
if-statement). Today, we also know that net theory
can pay its debt to physics back: just as space and
time can not be séparated in a transformation of

motion, in order to comply to Lorentz invariance, —
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so also space, time and statespace can not be separa=
ted in a transformation of process (the process asso=
ciated with a particle is the history of its life, namely
the history of the position it occupied in statespace
and in ‘space, together with the transitions from one
position to another).

In order to apply net theory with success, it is by
no. means necessary to study ph)'fsics, or to remember
the physical interpretation of net theory. Rather, a
user.of net theory can forget these and can just rely
on the fact that every net which he can specify expli-
citly (draw on paper) can be connected by a short
(<<4) chain of net morphisms to the physical real
world; your net is, in a very precise sense, physically
impfementable. The 4 morphisms denote:

1., an injection. You don’t want to describe the
universe, but a (small) part of it. That part is
— unlike the universe — not a system which is
closed with respect to the flow of matter, ene—
rgy and information.

2. a refinement. You don’t want to describe your
system in all physical details, the elementary
physical interactions, but very much coarser
(factors of 10°° are typical for hardware).

3. a breaking of physical symmetries. You want
to have a definite direction (from past to future)
for the execution of processes, whereas the
perfect net” of the physical universe is time=

reversal-invariant,



4, an abstraction from what, in your purposeful

activity, belongs together. You need a concept

which ties, for example, the switching ewvents.

or program steps which belong to the execution
of a computer transaction or of a commercial
transaction between people together to a pra-
gmatic unit. These ties are not just physical
ones; they are a necessity for your mind since
you want to conceive of a large distributed
physical (technical) processas a whole as some-
thing of which no physical part can be omitted
without destroying the idea of a complete,’ .or
balanced, transaction. _
This bogl was written before all this had been
prqved; nevc;“t'heless it is an introduction which i:-rc-—

seats all of the basic knowledge you need to a}éply

net .theory {ruitfully. Later books, or later editions.

of this book, will tell the ‘whole story. All recent
experience with nets points in this direction: the more
complete net theory becomes, the simpler net theory
bepomes. '

Net theory is not, of course, the work of a single

person. many people have helped each other and have

helped me to bring it to its present state,. The most
important improvements were made by the following:
Anatol Holt, who foresaw and suggested, 20 years
before 1 was able to formalize them and to put them
into relation to physics, the coloring theorems for

“perfect nets” and the necessity of introducing the
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notion of definite non-occurrence (new to both physi—
.cs and computer science, but a simple3concept offpra—
gmatics). Hartmann Genrich, my close collaborator
for morethan 25 years, introduced synchronization
theory, the mathematics of process extension, bipolar
schemata, predicate/transition nets, and computerized
tools for handling net graphics. Also, [ enjoyed the
advice of Richard Feyman, who put me on the right
track with respect to quantum theory, and of John
Bell, whose famous theorem has been the basis of my
work for the last ten years, and who pointed out to
me very lucidly the dilemma of physicists between
locality (as demanded by Lorentz invariance) and
non-locality (as demanded By quantum theory). Also,
in two years of close and fruitful coorperation, Konrad
Zuse afforded me a glimpse at the mental procedure

of a superbly creative engineer. (He started to build
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his first, electromechanical, computer in 1936, and in-

vented a very-high-level programming language in
1945). 1 am deeply indebted to all of them.

! Y . . o ) . '
Eu Weiming introduced “general conflict”, Ly

Rugqian applied the idea of R‘ie'manni'surf’aces to the
’uniqu:e construction of occurrence nets, Yuan Chongyi,
author of this book, constructed the first nets which
contain non-trival cycloids. [ cn_|oved theu creatlvc

cooperation very much.

March 23, 1989
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Preface

‘Petri Net Theory is a theoy of distributed syste-
ms and processes which is based on a solid mathema-—
tical fundament and which has a lot of attractive
properties for practical application. Among its most
prominent characteristics are its ability to deal appro—
"p}iately with the phenomena of concurrency (causal
independence) as well as nondeterminism (choice) and
the instructive graphical representation of system mo-
dels as net diagram's.

Although Net Theory was founded by Carl Adam
Petri more than twenty years ago and in spite of the
remarkable theoretical progress achieved since then,
its practical usage is still hampered by the lack of
directly applicable results and by the lack of wellesta-
blished methodologics for system design and analysis.
Moreover, although more than 2000 publications on
Net Theory have appeared since its foundation, there
is still an urgent need for good and comprising intro—
ductory books or student texts.

The interest in Petri Net Theory is growing rapi—
dly not only in Europe and in the U. S. A. During
the last years, the number of scientists involved in
this area is increasing in the People’s Republic of
China as well. This evolving interest became apparent

in the recent foundation of the Petri Net Community
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as part of the Chinese Computer Federation. There~
fore, the publication of this book — written by an
outstanding expert in the field — constitutes a remar—
kable and necessary step in the propagation of this
future-oriented topic in China.

I very much appreciate the aim of the book to
introduce and discuss not only the theoretical basis
of Petri nets but also ways to their practical usage.
I sincerely wish that the book will attract a wide
variety of researchers and practitioners and will con—
tribute to a fruitful and successful further develop—

ment of theory and application of Petri nets.

St.  Augustin,
Federal Republic of Germany

Klaus Vqss
(GMD)
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