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Status Report on Net Theory

Twenty-nine years ago, net theory of communication was initiated by my
doctoral thesis entitled “Communication With Automata” . At the time of this
writing, the plan which was described in that thesis is just carried out, the pro-
ject approaches completion.

From its very start, net theory was based on physics; it was, in fact, a
physical theory proposed in the language of computer science. Theoretical com-
puter science, at the time, consisted of theories of automata and of formal lan-
guages (classes of symbol strings) . It was shown that the conceptual frame-
work of computer science (of 1960) was not suitable to describe a physical sys-
tem. One important item missing in computer science was the notion of concur-
rency, the symmetric relation between two distinct 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 reachable from each other by a light sig-
nal because of the bounded velocity of light. It was exceedingly difficult to per-
suade scientists of 1960 that concurrency had anything to do with computer sci-
ence, and that its non-transitivity which is so obvious in relativity was part of the
very essence of signaling.

Today, every beginner knows at least of the practical importance of concur-
rency, for example in parallel processing. To make this basic concept of concur-
rency visible to the eye, I invented and later improved a graphical notation for
combinatorial physical processes and systems, along with a game which could be
played with little pieces, or “tokens”, which mirrored elementary physical sym-
metries in such a way that the playing of the game was a simulation of a physical
process. Please keep in mind that the graphical notation and the rules of the game
are not net theory, but only illustrate some theorems of net theory.

The ambitious plan of 1960 was, to formulate all “natural laws” which gov-

ern processes of communication in a language and conceptual framework which
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included both physics and computer science. To this end, computer science was
enriched by the notion of concurrency; today we know of a well-established duali-
ty 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 separated in a transformation of motion, in order to comply to Lorentz invari-
ance, —s0 also space, time and statespace can not be separated in a transformation of
process (the process associated with a particle is the history of its life, namely the his-
tory 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 physics, 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 explicitly (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 implementable. 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 re-
spect to the flow of matter, energy and information.

2. A refinement. You don’t want to describe your system in all physical de-
tails, 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 {rom what, in your purposeful activity, belongs togeth-
er. You need a concept which ties, for example, the switching events or program
steps which belong to the execution of a computer transaction or of a commercial
transaction between people together to a pragmatic unit. These ties are not just
physical ones; they are a necessity for your mind since you want to conccive of a
large distributed physical (technical) process as a whole as something of which
no physical part can be omitted without destroying the idea of a complete, or bal-
anced, transaction,

Petri C A
March 23, 1989
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PIHAM T BN EREZS. FERETFTERASG, WLIRN MU THEE,
PR A RRER TR AT RERI IR TH R LR, DIMERKE REWi4 e, HXHE F &,
XL RRG, REEMRK., URARXMERZZEHANRD, XLBESE
R B R HE AR TE B A MR, IBAtE —FhA Ik ines, FHER
HWEOAK -k, AIERRE, AN ASNOMRRESIER AR R Z
ab, ML “FEHAE” W4 LEHRMINIM RS, KL, “ME” ZFLCAME,
HAETHEMNARATRET BRI AR, BIASZHEBEMNMLAR, METE/MEREHH
ERWARYE, THRAGAHE LA E2FEBRAR K,

Petri B4R 48 % 5% 7 56 000 FIAER B T — S5, 47— Fh I & 58 0 s Bl
Petrif (stochastic Petri nets) &%, & BB IEH K 4 HEZR M DR A] bk K 1T
ERGENERE. MEER—FMSEiITHR, REELKETSEN, MEHEAEEEEZ



B—FE 51T BAWA © 5.

freh BBHRA R . HmAE LU, SAAEMEE, W EARZRIT 5
AR E 4t EEFL MBI T A AM SIS, HRMS
FPERTSCEE AR . h TRTNREMBRTTERBIER A, LOXEEh
FAHPETIERtER Z Al (HBE . A B ANFREHL Petri N, BB A . 5.
BEVLRI 1 Petri MFETRRFRZAL . AFTERHIN G HIK, H Petri BH R4
FERLTE ) TR AR B & AR, [T AL 0 1 A 48 JR BRFE 4 31 O ik s 443t
LI, HSERPBHNEAEHEF. EEARRI KK Rgrbee, LR
GRHEAER, SR LUTFHTILIRER 99. 99X 1451

5. B¥

AR “R57 AWFh, BEFGOMBEM. B85, FRIKE, @AW
FRT, B IR ZI R “RF7, X 21 B A B R4 R A T BE AN E—,
RPMHILER . AR E B NFPLEER, R W W UOR 2L T BEZA 1R
MR R . FEA R ER EHC AR, Bl R ERN &5, WEEN- g
AT REHIER 45 R A E k.

AN TG ERR R 2B, B LR RE RTIT

ERER R ZI B R E MM ERE BTG RZENER? A AR TH
WIBCE, FBRIEERACEZIE, BAEHN “R7F” RERCHMNSE RAENSE
fFo B, A CRAF. PENFRUNF KEANE S, IR P REM
B RANTFRPENTZ0E, PEANAFRUN T2 RS EEWHHNR. BRE,
EL TR ZRN . K. PHREE/NWM? AHEWA 8 2 Edu AT e
“ZIEE” .,

BRI R+ EE%? 60, &l 75m MAE KN T8 2%
NFr WREAR 2, BEB/NT. MBS MFEAKR, 2ANNFRERD
VR 0.3, BHENTWERMIFRE 0.5, X4 0.3 A1 0.5 iy B, AR
MELEFR A AN R [FAEROBOMI . (LI BB 20 B 0 B M) . TR XU A8
TR BTG R . BOME R MR A - IS R 0. 78 TR
TEPFEE L TEELTN “RF7.

BITE] AR ENIEE S “F” WAk EENREKETEE L, RFiLEN
MEMEAREES L. FMERRNH RS S E— B84, TATE &
B LBE T AR SRS Mg S E ST AR 55— &, flin, %A
n SRMURER., MWFn—1 M atl SEBONREEFITE RER, MR
BRIRBEHEA n SRS, AR, TR RIEER AR ARAH. G, .
M Gy, )=, n)y (n—1, n)y, (nt1, n) BERHEK., HF (n, n) HE—W
FERBH n &,



