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ABSTRACT

Petri nets have been accerted as an excellent mbdel for
asynchronous concurrent information systems, hoth hardware and
software. several variants of these nets have neen reported in

the literature to suit specific requirements, In a recent paper
MURATA (1] nas successfully demonstrated tne possibility of using
the discrete state space approach to represent Petri nets,
Murata’s paper models Petri nets as a linear state dJifference
equation and thus makes it possible to use several concepts of
systems theory for the analysis of Petri nets . In this paper we
examine critically murata‘’s approach andg extend it to cover the
"inibitor ' arc" <concept .This paver also reviews a few relevant
publications on Petri nets .

RESUME

Les réseaux de Petri ont été acceptés comme étant 1'une des meilleures mé-
thodes de modélisation des systémes informationnels concurrents, tant matériel

que logiciel. Des variantes des réseaux de Petri ont également &té publiées
pour portvoir s'adapter aux cas particuliers. Dans une récente publications,

MURATA [1] a démontré la possibilité de se servir de 1'approche d'espace d'état
discret pour représenter les réseaux de Petri. L'article de MURATA modélise les

réseaux de Petri par des équations de différence afin de faciliter 1'applica-

tion des méthodes de la théorie de commande pour 1'analyse des réseaux de Petri.
Dans notre article nous examinons de prés 1'approche de MURATA et nous proposons
une extension pour prendre en compte les "arcs inhibiteurs". Par ailleurs, cet

article présente un survol des publications qui nous sont pertinentes.

M! E D PAPIER RECUPERE ET RECYCLE
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1. 4HAT ARE PETRI NETS ?

A Petri net is a3 network representation ot concurrent
information ‘systems ( both hardware and software ) , angd derives
its name from that of its author : C.A. Petri ( 2.1 . Judaing
by the numper of publications this method has provoked , Petri
nets have proved to be an immensely important tool for specifying
» modelinn , analysing , testina and metricising information
Systems [ 3 1. The surveys by FETEKSON [ 4 ] ang MOALLA et al° [
5. 1 give an excellent background to the method of Petri nets .
An  overview of network theory as applicable in this context. may
be found in [ 6 J. : » ) .

Amonast tne major advantages of Petri nets we may cite ¢

Matnematical abstraction : A Petri net is an abstract and
formal model .It thus frees tne user from having to wWOorry

anout details of the physical system and allows him the -

use of powerful ‘and generaliseqd analyvsis ' techniques - .,

Graphical Representation @ Petri nets are almost invaria=-
bly described using a graphical symbolism , This allows
the user to " see " the evolution of a aynamic system. We
are thus able to use the metnods of applied araph ‘theory
(connectivity , reachability , eauivalence etc.) for rege
olving some complex auestlions on the dynamic behaviour of
systems L7), It has also enabled tne use of CAD methods
for oroving the correctness concurrent systems [ 8) [ 9],

-2+ INHIBITOR ARCS
- Petri nets'per se ‘have certain limitations in terms iof
modeliny power . This has Drovoked several extensions r TROSE . OFf

- which are summarised in [ 4 ] and [ 5 1 . Althouah it would be-

impossiole to analyse them all rWe shall. particularly focus on
one of these extensjions - the inhbibitor arc - because of its
practical value{10 J. An "innibitor arc" may be defired (in the
“sense of HACK ) , as follows : An inhibitor arc 1s a swecial kind
of arc . 1t has no size (i.e. It carries no tokens ¥, and is
‘only directed from a place to a transition . The transition ‘is
firaole 1if and only it it was firable in the o0ld sense and all
inpiviting places ( having inhibitor arcs directed at the
transition ) nhave zero tokens . Petri nets with inhibitor arcs
are also called inhibitor nets .

The addition of innibitor Arcs  significantly extends the

modeling power of Petri nets and can resolve several oecision
problems ., HACK [10 ] nas established the eauivalence between
inhibitor nets and " priority nets * (transitions associated with

priority ). It is also known that inhibitor nets are at least as
powerful as Turing machines , and can atmost be tore convenient,
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{Jur experience has shown that ,inhibitor arcs are of immense
help in wodeling synchronisation preblems involvinga opriority
considerations , and also helpo to reduce drastically the qranhlsm
involved in Jdepicting real lite systems .

é

3, . 5TATH REPRﬁSHNTATIUN OF PETRT WNETS

Petri nets , we obpserve , nhave invarlably been used as a
tool for representing concurrent information systems 1in a
grapnical fasnion .Tnis 1s obvious from tne profusion of araph
theoretic oublications which discuss Petri nets . The influence
of arapn tnheory 1Is also evidenced by the nomenclature used
(places, Arcs etc. Y.Although this approach is Jjustified to a
ljarge extent ’ we have observed that it does have a serious
handicap : Petri net grarhs , even ftor moderately sized systems,
pecome nignly involved and contusinag . Besides being
inconvenient to conceive , Petri net graons have to be ~in  any
case transftormed ~into some other formal descrintion (incidence
matrices , linked 1lists etc. ), for computerised analysis
purposes It is in tnis context that MURATA®s model marks a
milestone in Petri net theory .

Let us Assume an " ordinary , self loop free " petri net
wivn =~ nlamac and t transitions (see paae 35 of Ref., 7 tor
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The aoove approach of MUKATA is interesting in several ways.
It provides a very compact representation (as a matrix equation )
of a Petri net . Thus storade and analysis usina a digital
computer 1s made possible . The methods ot matrix algebra can
be wused to derive properties ot a given Petri net . MURATA’s
eguation is in the form of a state difference equation , very
well known to control theorists. Several concepts oOf control
thneory can be transposed to analyse Petri nets , as has been done
in [ 1 ) for instance . However for any practical implementation
of this technigue , we would need a few additional checks (not

foreseen by MURATA ) .

MURATA assumes that the elementary firing or control vector
U contains exactly one non zero entry , a " 1 " ., This has been
introduced obviously to avoid conflict . This, in our opinion,
is not a restriction , since the case of firings of multiple (non
conflicting ) transitions can be broken down to a segquence of
single transition firings.The case of conflicting transitions can
be easily predicted by a simple examination of the matrix A : No
column of A snould contain more than one element of value =1 .
By examining the rows of A one can deduce if a given transition
is a source transition ( creates one or more tokens without los-
ing any ) , or a sink transition ( loses one or more tokKkens with-
out creating any ) . This test is very useful to detect possible
runaway conditions or deadlock conditions . :

MURATA®s modelino assumes implicitely that only firable
-transitions will pe fired by the control vector U ’ i.e. U ‘
will contain a " 1 " only for that transition whose upstream
places have at least one token eacnh .. Computer implementation of
this model can ve facilitated if a test can be made to avoid
illegal transition firings. The test would consist of verifying
for each firing instant :

: t
{miK_—l =0 —.—)E a3 5 Uik Z - 1} | ¥i =1,2,...p (2)

Attempts have been made by some authors to use MURATAs
avproach for modelina mathematically basic loaical operations @
AND, OR , WAND ano 0T [ 1t J .The approach of KHAN et al has
however some weaknesses Iin the sense that they use non standard
primitives and an adhoc symbolism. The basic Petri net model
employed has very limited modelinu power. Wwe DPropose a very
simple extension to MUKATA®s state equation, so that it can
handle innipitor arcs also and thus render modelina of logical
operations a trivial affair . The advantages gained are enormous
since we #ill be raising the power of these state equations to
that of a Turina machine . we will a8lso he avle to model several
practical applications , involvina priorities for instance , by
usina appropriate transformations as explained in paragraph 2 .



4. STATE HMODEL FOR INHIBITOR NETS ( AND PRIORITY NETS )

Let us consider , as 1in paraaraph 3 above y an ordinary,
selt loop free Petri net with the difference that the
arcs connecting places ana transitions may be the normal arcs or
innibitor arcs . All the earlier assumptions are still held
~valid. The inhibitor net will be said to contain a self loop
even for cases where a place and a transition are connected by a
~pair of opposing arcs (normal arc and inhibitor arc ) . In such
cases tne model will lead to ambiguities and will be
matnematically incorrect . The concept of conflict will also
remain the same i.e. 1t 3 place contains more than one outgoing
arc ( normal or inhibitor ) the resultant situation may be a
conflict' wunless the downstream transitions to which these arcs
lead , are mutually exclusive . The matrix A (equation 1 ) will
remain the same both for normal and for inhibitor arcs.

we define a matrix B ( of order t x p ) such that :

bij = 1 if place j is connectea to transition
' -1 by an inhibitor arc .
= 0 -otherwise .,

MURATA®s state eguation (Fan. 1 ) will have to be modified
as follows : : '

M =M .+ AU

.
K = Mer + Bl | ’ -3

K

=My + (A B)TUK ' - ()

For any U, the product BTUKwill indicate if any transition
containing an incident inhibitor arc is oeing fireq . In such
cases the element corresponding to the n©lace from wnich the
innibitor arc originated will contain a " 1 " .,

It will also npe observed from Ean. 3 that the test
originally proposed for conflict situation (see paragraph 3 )
is still wvalid . The test for leuality of. a transition tiring
(see EZgn. 2 ) will however have to look for tne absence of a -
token . we shall leave this as an exercise to the reader .,

5. AN EXAAPLE

Let us imaagine a narrow stairway leading out of a building .
whenever a person wants to ao out , he ( or she ) 1looks if the
stairway is vacant and promptly walks out. Let us aAssume that
all men are «cnivalrous and they let a lady take the stairway
first. Let us also assume that the stairway is always used 1in
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only one direction and tnat there can be atmost only one person
using it at a time .

we nave tried to depict this situation using a Petri net .
The inninitor arc ensures that a lady gets the right of way
before a man ., '

<

LADY - ComAN

4e could have eliminated the inhlbitor arc by assianing
priorities to transitions and by qiv1nq transition T2 a hiqgher
priority than transition 15 , '
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Wwe can transform this net into a state representation ( Eagn. 4 )
~witn tnhe following values for matrjces A and B :

PO

—
1 0 0 0 0
-1 1 =1 0 0
A = 0 -1 1 0 0
0 v 0 s | 0
-1 0 =1 -1 1
0 0 1 0 -1 «C 5)
- o—
0 0 0 0 0
0O t 0 0 0
J 0 0 Q 0
B = 0 0 0 0 0
1 0 { 0 0
0 0 0 0 0 ( 6 )
oo e

3y 3 simple observation of the rows and columns of A |, we
.conclude the followina :

- Place | and place 3 could lead to conflicts .
- Transition 1 and transition 4 could lead to
runaway conditions if thev fire too often ,

L.et 1us observe the evolution of the Petri net for the
followina scenario :

- Stairway free .
- A lady approaches the stairway .
= A gentleman approaches the stairway .
= Another lady approaches the stairway
while the first lady is still on her way .
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[£f we define nk as the transpose of M for all K = 1,2,e0e0
( that maxkes typing easier ! ). we can qgenerate the following
marking vectors by using eguation 4 : ' :

Firing sequence Marking vector Remarks
Initial #Marking NO= L O 0 1 0 0] Vacant stairway
T1 Fires (ul=1) M1 =[1 0 1 0 01 A lady enters
T2 Fires (u2=1) N2 = 0ot 0 0o 01 Lady walks out
T4 Fires (u4=1) N3 = 0 1 0 1 01 Man enters,waits
T1 Fires (ul=1) N4 = [ 1 1 0 1 01 | Another lady
T3 Fires (u3=1) WS = L1 0 1 1 0] Vacant stairway
T2 Fires (u2=1) :

IS5 is .inbibited Mg = [ O 1 0O 1 0] Chivalry !
T3 Fires (u3=1) N7 = L9 0 1 1 01 | vacant stairway
TS Fires (ubS=1) NB = [ 0O 0 0 0 11 Man walks out

Ihat brings the story to a hapoy ending !
6. CONCLUSIUNS

The practical importance of MURATA’s contripbution to Petri
nets has been detailed , MURATA’S model has been extended to
cover the concept of inhibitor arcs ( -and hence its dual -~
priority nets) , both of which have very important practical
applications . It has been shown tnat the extension proposed
conserves all the properties of the original model . A reference
is also made to the mathematical modeling of Hoolean
functions AND , GR , NOT and WAKD, Wwe have also derived several
checks for detecting a priori certain nathological conditions .
These tests could be very important for any practical
implementation ot Petri nets as state difference equations .
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