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Guest Contribution 

A Pragmatic Approach to Development Information to Provide Service on a Wide 
Scale 

Stephen S Mncube, PhD 
Divisional Manager: Development Information Services, Centre for Policy and Information, 

Development Bank of Southern Africa 

1 Introduction 

The rapid technological growth in our time has produced 
an explosion of information. This, in turn, has spawned 
information systems based on the use of computers and 
automated systems. These mechanised devices with their 
seemingly infinite capacity to store and retrieve knowledge 
on command have myriad applications. But the use of 
computer and automated information devices pose serious 
problems to individuals, groups and societies on an inter
national scale in disseminating the available information. 
This is even more true in information flow between regions 
with high information capabilities than in those that have 
little or none. The information flow between these regions 
has been varied and frequently haphazard whenever it has 
existed. 

In this context the philosophy for development infor
mation speaks to interdependence and humanitarian con
cern in information flow to various regions of the earth. 
Information must be .perceived as a universal entity. The 
initial failure of one region and the ability of another to ac
quire information should not dictate a permanent global de
marcation into 'developed and less developed' categories. 

2 Objectives 

The objective of development information is for it to func
tion as an interlinking mechanism between a complex in
dustry of information resources and the users of informa
tion. In addition, development information should be a cat
alytic agent that aims at providing objective clarification in 
information needs between regions with high information 
capabilities and those with little. 

3 Mission 

The mission is to strive for a move in all regional, na
tional and international agencies and organisations con
cerned with information to give full co-operation and assis
tance in setting criteria and s.tandards, formulating policy, 

SACJ/SART, No 18, 1996 

and assessing the information needs of a given region of 
the world. Development information is capable of realisti
cally assessing information related to socio-economic de
velopment in the light of the unique requirements of world 
regions in need of information and information technology. 

4 The Dynamics of Information Processing 

The proliferation of information technology production has 
resulted in the growth and development of an ever expand
ing information packaging industry. This area has become 
so large in size and scope that it is necessary to discuss 
some of the important developments that are taking place 
in the area. 

The newest phrases now being used in information 
packaging range from electronic archives, compact discs 
(CDs), computer tapes, microfiche, teletexts, video discs, 
magnetic tapes and interactive imaging systems ( optical 
systems) to word processing and the use of laser technol
ogy. Developing countries will not escape this new wave 
of information packaging. It soon will be bombarded with 
vendors of these products, to a point where some adaptation 
will be inevitable. 

Assuring the quality of technical processes and the 
accuracy of packaging information is becoming an increas
ingly difficult task. Rapid increases in the volume of in
formation, the sophistication of information uses, and the 
complexity of material flows and processes are characteris
tic of most modern technical environments. As complexity 
increases, the risk of introducing significant errors into ma
terial processes increases. The very complexity of such 
systems makes the detection of error itself a complex task. 
With increasing frequency, public and private organisa
tions are seeking help from corporations with experience 
in quality control and information .validation to ensure that 
technical process and information pa.ckaging meet perfor
mance and accuracy standards. Th¢ problems association 
with quality control and validation can be minimised by 
following these guidelines: 

• Establishing ways of aiding in planning, organisation 
and control of software purchasing and development 
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through 
- creating a directory of software suppliers 

- evaluating the quality of software supplied 

- keeping abreast of the state-of-the-art in software 
production 

• Providing leadership in the innovative use of software 
materials and the utilisation of extensive market re
search on software before making amajor purchase 

• Establishing cost-efficient ways of packaging and de~ 
signing your own software by learning how to design 
and evaluate software for your own use 

Preparation for these new technologies for packaging infor
mation ought to be made in institutions of higher learning. 
Perhaps it would be timely to introduce some of these con
cepts in technical institutes in order that future demands 
imposed by the new information technology may be met. 

The successful growth of developing countries infor
mation technology will ultimately depend upon the com
mitment of substantial resources, especially financial re
sources. The successful application of this infoti'nation 
technology will require more than the mere receiving and 
storing of it. In addition to the tasks of acquiring and 
organising informational materials, channels must be es
tablished to analyse incoming information. Too much of 
the information technology that does get transferred out 
of the industrialised nations is never utilised because it is 
unsuited for the consumption of users in developing coun
tries. A great deal more effort must be made to analyse, 

,package and disseminate materials on existing and forth
coming information in all vital areas of.work and study so 
that these technologies will be accessible to the developing 
countries' information-user communities. 

5 The Need to Establish a Consortium 

Information technology specialists need to establish a con
sortium of regional, national and international information 
networks and associations. The consortium could be an 
open structure inviting any institutions, organisations and 
agencies existing for the purpose of forming a network or 
documentation clearinghouse and of providing information 
technology not as an end-product but as a means for human 
change. 

The element common to all membership is an interest 
in and dedication to providing useful and accurate infor
mation that can bring about humanistic change. Equally 
important is a commitment to the development of relevant 
information resources to meet the needs of regions with 
low information capacity. 

The philosophical outlook of the consortium would 
therefore be to crystalise and emphasise broad knowledge, 
deep understanding, and imaginative efforts, including a 
dedication to great ideas in providing accurate solutions to 
the information needs of various regions on an international 
scale. 
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6 The Organisation of Services for Members 

The ideas constituting a conceptual framework for a 
service-oriented consortium are as multitudinous as the 
Kalahari sands but in this instance the consortium could 
function to: 

• support creative change within its membership 
• facilitate and support new educational enterprises and 

programs addressed to meet the needs of previously 
disenfranchised persons 

• develop and implement co-operative programs and 
projects among it members· 

• provide a meeting ground for a diversity of persons, in
stitutions, and agencies with common values and pur
poses 

• provide a forum for the exchange of ideas among its 
member associates 

• encourage methods of solving social problems 
• influence public policy to be consistent with its mission 

and purpose. 

7 An Appraisal of Internet 

While casual observers have the leisure to observe unob
trusively the growth and development in Internet to be a 
world-wide phenomenon in information sharing, they do 
so at no cost. On the other hand, information specialists 
have to judge and weigh the work of an ongoing Internet 
program and estimate its usefulness as a network or net
works to their daily operations. Information specialists are, 
therefore, still more sceptical about the scope and magni
tude of the Internet. They alone are facing challenges of 
adding another performance task of being evaluation re
searchers of Internet in order to provide objective clarifica
tion of incorporating Internet as an integral component of 
their information system. This can be a tedious undertak
ing because it entails not only knowing how to navigate the 
Internet network but also cognisance of the following key 
factors: 

• how appropriate the Internet is to your information en
vironments 

• to what extent the databanks provided through Inter
net are relevant to the mission and objective of your 
environment 

• what the relationship is between costs and benefits of 
having Internet at your disposal 

All these factors need to be addressed to determine the 
effectiveness of Internet in any given information envi
ronment, be it in a government setting or in other work 
environments. 

8 Training in Information Networks 

A seminar for the network should be designed to launch the 
co-operative exchange of knowledge and experience with 
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information accessibility and utility of the participant's re
spective information holdings. To succeed in this effort, 
the organisers will marshal appropriate interdisciplinary 
experts and technical resources from within the regions 
involved. The content of the seminar will consist of infor
mation related to formalising and establishing a plan for 
information networking. It is important that information 
ministries achieve a high level of knowledge and sensitiv
ity to the information needs of their individual country, re
gion, and ultimately the world, in order to assess, prescribe, 
design, manage and evaluate the most appropriate uses of 
information technology for enhancing the advancement of 
their world countries. 

Although the organisers will determine who will be 
invited to participate in this seminar, special effort will be 
made to ensure that representatives come from a diversity 
of backgrounds, and have sorrie knowledge or experience 
relating to information systems. Additionally, considera
tion will be given to the level of information technology 
which is currently utilised by the representative's country. 

The content of the seminar will be tailored to meet 
the specific needs and issues designated by the participants 
thrnugh a pre-seminar survey and needs assessment, which 
will be administered by the organisers. 

9 Summary 

The above aims at presenting some possible scenario and 
does not pretend to be exhaustive. The issues, however 
vital to development information, are given cursory treat
ment here. It remains important for the luminaries in this 
area to expand on some of the thoughts contained above. 
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The Complexity of Petri Net Transformations* 
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Abstract 

We consider the complexity of several property preserving Petri net transformations found in the literature. These transfor
mations were candidates for.inclusion in a software tool to pe,form liveness and boundedness analysis on Petri nets. These 
results show that it is infeasible for certain transformations in general to assist in liveness and boundedness analysis. We 
also consider synthesis transformations and show, for each transformation, their complexities. In each case, we consider 
the complexity of the decision problem with regard to the applicability of the transformation. 
Keywords: Petri Nets, Analysis of Algorithms, Problem Complexity, Program Verification, Model Validation and Analysis, 
Model Development, Reduction and Synthesis Transformations, Liveness, Boundedness 
Computing Review Categories: D.2.2, D.2.4, F.2.0, /.6.4, /.6.5 

1 Introduction 

The authors considered implementing certain Petri net trans
formations in a Petri net analysis tool in order to assist with 
the liveness and boundedness analysis of large Petri nets. 
Petri net transformations have been proposed to be used 
in two different ways: as synthesis or reduction transfor
mations. In each case, only property preserving transfor
mations are investigated. Synthesis transformations are 
applied to a Petri net in which the desired properties are 
known to hold ( either by construction or because state space 
analysis is possible), producing a larger Petri net in which 
the desired properties are now guaranteed to hold. Reduc
tion transformations are intended to reduce the state space 
in such a way that a state space analysis may be performed 
to determine if the desired properties are held by the original 
Petri net. The distinction between reduction and synthe
sis transformations is usually determined by their use, as 
each can often be reversed and used as the other type of 
transformation. 

While compiling our list of transformations from the 
literature, it became evident that the decision problems re
garding their applicability fell into one of three classes. One 
could classify two of these classes as str4ctural, where only 
the incidence matrices and the initial marking need be in
spected in order to determine whether the transformation is 
applicable. We consider a property dependent on the initial 
marking, that can be determined without state space explo
ration, to be a structural property, rather than a behavioural 
property. 1be third class depends on the structure of the 
state space and may require the (partial) generation of the 
state space in order to determine whether the transformation 
applies. Furthermore, we do not directly assume or show 

• This work was carried out at the Data Network Architectures 
Laboratory, Department of Computer Science, University of Cape 
Town, Private Bag RONDEBOSCH, 7700, South Africa. URL: 
http://www.cs.uct.ac.za 
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that state space exploration, partial or full, is required for 
any of the problems that we consider in this paper. Since 
we use problem reductions to prove our results, this fact is 
hidden in the decision problem from which the reduction 
emanates. The structural classes mentioned above are the 
following: the first includes decision problems that can be 
solved simply by s_canning the incidence matrices and the 
initial marking of the Petri net; the other class involves de
ciding whether some relation exists between the entries of 
the incidence matrices, and possibly the entries of the initial 
marking. -we have found that all transformation decision 
problems that can be decided by scanning the incidence 
matrices and initial marking can be decided in polynomial
time. Those problems that determine whether there exists 
a dependency among the entries of the incidence matrices 
and the initial marking, range in complexity from poly
nomial-time problems to .NP-complete (.NPC). Those 
problems that depend on the behaviour of the resultant net 
are EXPSPACE-hard [5, 22, 12]. 

For the EXPSPACE-hard results we use Liptons re
sults cited in Jones, Landweber and Lien [13], and use 
problem reduction and the EXPSPACE-hardness of the 
liveness and reachability problems. For poly~omial-time 
results, Donaldson [6] shows code fragments and asserts 
that these are a valid interpretation of the applicability con
ditions of the particular transformation. 

In the remainder of the paper, we give the notation 
used, followed by definitions of transformation rules. We 
then consider the complexity of various reduction transfor
mations followed by the complexity of various synthesis 
transformations. 

2 Definitions and Notation 

We include here the "standard definitions" related to Petri 
nets simply to establish a notation that we can use through-
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out the paper. 
An unmarked Petri net is a 4-tuple N = ( P, T, B, F) 

where: P = {p1, ... , Pm} is a finite and non-empty set of 
places. T = { t1, . .. , tn} is a finite and non-empty set of 
transitions. B E wmxn is the backward incidence matrix 
and describes the arcs and their respective weights from 

. the places to the transitions. F E wmxn is the forward 
incidence matrix and describes the arcs and their weights 
from the transitions to the places. Further, P n T = 0. 
The incidence matrix C of the Petri net N is defined by 
C= F-B. 

A marking M of a marked Petri net N = ( P, T, B, F, 
Mo) is a vector M E wm giving a distribution of tokens 
among the places in P. Mo is the initial marking and is the 
marking of the Petri net in its initial state. A marking M' is 
said to cover a marking M" if and only if M' (p) 2: M" (p ), 
\/p E P,written M' 2: M". M(p) is the number of tokens 
on the place p E P at marking M. 

This matrix notation of Petri nets will be used through
out this paper but it is equivalent to the functional notation 
often used in the literature. B(p, t), for example, describes 
the arc from the place p E P to the transition t E T and its 
arc weight. 

Given Petri net N = (P, T, B, F),a transition ti E T 
is said to be enabled at a marking M' of N if and only if 
M' 2: Bei where ei is the unit vector with a 1 as the i-th 
component. A transition ti E T enabled at a marking M 
of N may .fire-yielding a new marking M" of N defined by 
M" = M' + (F - B)ei = M' + Cei. 

The firing of a transition usually changes the marking 
of a Petri net. If M 1 was the marking before the firing 
of a transition t E T and if M2 the marking after firing t 
then M2 is said to be directly reachable from M1 by firing 

t and is written M1 _.:__, M2. The reachability set is the 
transitive and reflexive closure of direct reachability and is 
written R(Mo). R(M) is the set of all possible markings 
reachable from the marking M. 

Let N = ( P, T, B, F, Mo) be a Petri net with an initial 
marking, a sequence 

of transitions ti, , ti 2 , ••• , tik E T and markings Mo, M1, 
M2, ... , l'vh E R(Mo) is called a.firing sequence or oc
currence sequence if and only if Mo ~ Mk. The fir
ing sequence is often shown without any markings and in 
this case it is called a transition sequence and is written 

(]' = ti1ti2 · · .tik· 
If <J' = t1t2 ... tk is a firing sequence then #(<J', ti) is 

a count of the number of times the transition ti appears in 
the sequence <J'. 

For an element u E P U T the set •u is called the pre
set of u and u• is called the post-set of u and are defined as 
follows: •t = {p E P : B(p, t) 'f:. O} and is the set of all 
input places of the transition t E T. t• = {p E P : F(p, 
t) 'f:. 0} and is the set of output places of the transition 
t E T. •p = { t E T : F(p, t) 'f:. O} and is the set of all 
input transitions of the place p E P. p• = { t E T : B(p, 
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t) :/= O} and is the set of all output transitions of the place 
pE P. 

Let N = (P, T, B, F) be a Petri net. A net N' = (P', 
T', B', F') is called a subnet (Genrich and Stankiewicz

. · Wiechno [ 11]) of N if and only if P' ~ P ,T' ~ T and 

F'(p, t) 

B'(p, t) 

{ F(~, t) 

{ B(~, t) 

if p E P' and t ET', and 
otherwise, and 

if p E P' and t E T', and 
otherwise. 

A Petri net N = (P, T, B, F, Mo) is ·said to be k~ 
bounded,k E N, or simply bounded if and only if\/ M E 
R(Mo),M(p) ~ k \/p E P. 

In a Petri net N = (:P, T, B, F, Mo),a transition t ET 
is said to be live (Reisig [17]) if and only if\/ M E R( Mo), 
3M' reachable from M such that M' enables t. The Petri 
net N is said to be live if and only if Vt E T,t is live. 

We have concentrated on the well behaved properties, 
that is, the properties of liveness and boundedness, and on 
well behaved Petri nets, that is, those that are both live and 
bounded. 

An unmarked Petri net N = ( P, T, B, F) is said to be 
structurally bounded (Esparza and Silva [9]) if and only if 
for all possible initial markings M6 the Petri net N' = ( P, 
T, B, F, MIJ) is bounded. 

An unmarked Petri net N = ( P, T, B, F) is said to 
be structurally live (Esparza and Silva [9]) if and only if 
there exists an initial marking Mt such that the Petri net 
N' = (P, T, B, F, M6) is live. 

Some of the results and transformations mentioned in 
this paper pertain to subclasses of Petri nets. The follow
ing classes of Petri net feature quite prominently in the 
literature on transformations of Petri nets. 

A Petri net N = ( P, T, B, F) is called an ordinary 
Petri net if and only if 

B(p, t) E 

F(p, t) E 

{O, 1 }\/p E P and \/t E T and 

{O, 1 }\/p E P and \/t E T. 

A marked graph is an ordinary Petri net N = (P, T, B, F) 
such that I• Pl = 1 and IP• I = 1 for all p E P. 

A free choice net is an ordinary Petri net N = 
( P, T, B, F) such that IP• I ~ 1 or •(p•) = {p} for all 
p E P. 

3 Transformation Rule 

Consider a Petri net N = (P, T, B, F, Mo) and let SN be 
the set of all Petri nets, a transformation rule R is a rewrite 
rule together with a predicate P : SN -. { true,false} 
that produces a new Petri net N' = (P' T' B' F' M0') 

' ' ' ' ' 
written N £ N' ,provided P( N) holds. The transforma
tion rule describes how the Petri N' is derived from N. 
The predicate P is called the apf?.lication condition for the 
transformation rule R. The Petri net N is called the source 
and N' the target. 
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p3 

N N' 
Figure 1. Simplification of redundant places 

Let R be a transformation rule, N = ( P, T, B, F, 
Mo), N' = (P', T', B', F', M6) be Petri nets such that 

N .!i+ N' and let C be a class of Petri nets characterised 
by a set of properties C p. The transformation rule R is 
said to be property preserving with respect to C p if N E 
C {::=} N' E C. Such a transformation rule is said to be 
strongly sound with respect to Cp. If N E C ===> N' E C 
then the transformation is said to be sound with respect to 
C p (according to Esparza [8]). 

Synthesis transformations often start with a particular 
Petri net in .which the properties of liveness and bounded
ness are known to hold. The smallest such Petri nets have 
only one place and one transition: A Petri net N = ( {p1}, 
{t 1},B,F) where B,F E N 1x 1 is called an atomic net, 
whether or not an initial marking is supplied. The atomic 
net is an example of a Petri net in which liveness and 
boundedness analysis is straightforward. 

4 Complexity of Reduction Transformations 

In this section we review each of the reduction transforma
tions surveyed and consider the complexity of the decision 
problems regarding their applicability. These transforma
tions are due to Berthelot [I, 2] and Berthelot, Roucairol 
and Valk [3]. The transformations make localised changes 
to the structure of the Petri net and sometimes also to the ini
tial marking. Other transformations in Berthelot [I], which 
Berthelot calls addition of nets are synthesis transforma-
tions, these will be dealt with in Section 5. . 

Simplification of Redundant Places 

If a place is such that its marking can never inhibit the firing 
of any transition connected to it then it is a redundant place. 
This transformation removes redundancies with regard to 
a place by removing arcs from transitions surrounding the 
place. If all arcs are removed then the place can be removed 
from the Petri net. Such places are said to be redundant 
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which Berthelot [I] defines in terms of the application con
ditions of this transformation: 

Definition 1 Redundant Place A place p' E P is said to 
be redundant if and only if there exists an m-vector v E ;:zm 
such that the following four conditions apply: 

v(p). { ~ 0 ifp = p' and 
(1) 

0 if p -1- p', 

3b E N: vT Mo= b, (2) 

vTB < beT and (3) 

vT(B - F) < or. (4) 

(where e is then-vector with a one for each component.) 

These conditions are a reformulation in linear algebra 
of the conditions given in Berthelot [I]. 

After having identified the redundant place the trans
formation can be performed by removing all edges in •p' 
and p' •, then for every transition, ti E T, an edge with 
weight 

(5) 

is added from t top'. If all the weights Wi are zero then the 
place p' is isolated and can be removed. 

Figure 1 from Berthelot [I] shows a part of a Petri 
net that has a redundant place, p3 in N. N' is the same 
part of the Petri net after the transformation of simplifying 
redundant places. In this example all the weights are zero 
and the place p3 has been removed. 

Re-arranging, Eqs (2), (3) and (4) gives an augmented 
matrix 

D = [(B - MoeT)l(B - F)l(-Mo)] 

and the matrix inequality 
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Define an m-vector u such that 

u(p) = { v(p) 
-v(p) 

if p = p' and 
if pt= p'. 

and a· matrix A = ( aij) with the same dimensions as D = 
(dij),thatis IPI x (2ITI + 1), such that 

if row i corresponds to place p' and 
otherwise. 

The problem of deciding whether the place p' is redun
dant reduces to whether there exists a nonnegative solution 
to the matrix inequality 

UT A :o; oT where u(p) { ~ ~ if p = p' and 
if pt= p'. (6) 

We need a few definitions and results in order to show 
the complexity of deciding place redundancy: 

Definition 2 Linear Programming Problem Given a ma
trix A E Qmxn and a column vector b E Qm does there 
exist an x E Qn such that Ax :S b? 

Definition 3 Integer Linear Programming Problem 
Given a matrix A E Qmxn and a column vector b E Qm 
does there exist an x E Nn such that Ax :Sb? The {O, 1} 
integer linear programming problem, or ZERO-ONE /LP, 
is defined as for the /LP problem except that the solution 
vector x is required to belong to {O, 1 }n. 

Definition 4 Homogeneous Integer Linear Program
ming Problem Given a matrix A E Qmxn does there 
exist an x E Nn such that Ax :S O ·and x f= 0? The {O, 
1} homogeneous integer linear programming problem, or 
ZERO-ONE HILP, is defined as in the HILP case except 
that the solution vector xis required to belong to {O, 1 }n. ' 

The sequel assumes that the entries of A and b are 
integers as a transformation from rational entries (pairs of 
integers) to integer entries will at most square the size of 
the problem without changing the existence of a solution 
(van Emde Boas [21]). 

Theorem 1 [15] Deciding whether there exists a solution 
to a given LP problem is in P. 

Theorem 2 Deciding whether a solution exists to a given 
HILP problem is in P. If any component of a solution were 
constrained by a positive lower bound then the problem is 
still in P. 

Proof Given an instance ofHILP, Ax :S O, the problem can 
be formulated as an LP problem by adding the constraints 

XJ + X2 + · · · + :l~n > I 

XJ > 0 

x2 > 0 

Xn > 0. 

A solution to the HILP problem exists if and only if a so
lution to the constructed LP problem exists, because the 
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homogeneity of the problem allows any rational solution to 
be scaled to an integer solution. Since the scaling involves 
multiplying by positive integers, any component satisfying 
a positive lower bound will satisfy the constraint after scal
ing. O 

Theorem 3 Consider a given Petri net N = ( P, T, B, 
F, Mo). The problem of deciding whether a given place 
p' E P is redundant is in P. 

Proof By Theorem 2 deciding whether there exists a vector 
u satisfying Inequality (6) is in P. O 

It is possible that there/might be bounds imposed on 
the arc-weights of the reduced Petri net, for example if the 
Petri net were required to be an ordinary Petri net, or if it 
is required that redundant ,places be isolated and removed 
from the Petri net ( arc-weights of zero). Another reason that 
one would be interested in total redundancy is that partial 
redundancy does not preserve strong connectedness of Petri 
nets and live and bounded Petri nets are strongly connected 
(Best [ 4 ]). In the following we show that deciding whether 
a place is redundant such that this arc-weight bound is 
satisfied is an intractable problem. 

The following definition and result are cited in Garey 
and Johnson [ 10]: 

Definition 5 The Knapsack Problem Given a vector a E 
Nn and B, [{ E I:J,B ~ K, does there exist a vector 
x E {O, l}n such that a· x :S Band a· x ~ [{? 

Theorem 4. The knapsack problem in Definition 5 is NPC. 

Definition 6 A Special Bounded Homogeneous Integer 
Linear Programming Problem (SBHILP) Given a matrix 
A E zmxn,b E Nanda component index k, does there 
exist an x E Nn such that Ax ~ O,Ax :S be ( e is the 
vector with each component equal to one) and Xk ~ 1? 

All problems of systems of linear equations and in
equalities over Z,N or {O, 1} are in NP: 

Theorem 5 [23] Given A' E zmxn,b' E zm,C' E -z,pxn 
and d' E 'Z,P, then the problem of deciding whether there 
exists an x E zn (or {O, l}n) such that A'x = b' and 
C'x ~ d' is in NP. 

Theorem 6 The SBHILP problem is NPC. 

Proof The SBHI~P pJoblem is in NP by Theorem 5. The 
proof that the problem is NP'}-{ follows from a reduction 
from the knapsack problem: Consider an instance of the 
knapsack problem in Definition 5; a E Nn and B, [{ E N. 
The system 

a ·x < B 

a·x > /{ 

where x E {O, l}n can be rewritten 

a·x-Ky < B-K 

a.·x-Ky > 0 

where y = 1 and x E {O, l}n. This system can be aug
mented with additional constraints to get an equivalent sys-
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tern with solutions x E Nn: 

o.·x-l{y· < B-1{ 

(B - ]{)xi < B - !{ for i = 1, 2, ... , n 

(B- K)y < B-K 

a·x-Ky > 0 

(B - K)xi > O for i == 1, 2, ... , n 

(B - K)y > 0 

where y = 1 and x E {O, l}n. Since y E {O, 1 }, the 
requirement that y = 1 ·can be written y 2 1. Thus an 
instance of the SBHILP problem has been created which 
has a solution if and only if the given knapsack problem has 
a solution. Thus SBHILP is NP1i and hence NPC. D 

Theorem 7 Given a Petri net N = (P, T, B, F, Mo), a 
place p' E f and a bound b E N, deciding ~~ether there 
exists a vector v satisfying Eq. (5) and Condition (4) such 
that for all ti E T: Wi ~ bis NPC. 
Proof By Theorem 5 theJJroblem is in NP. In order to 
show that the problem is NP-hard, we use a reduction 
from the SBHILP problem: Given· an instance of SBHILP, 
a matrix A= [aij] E zmxn,b E N(wecanassumek = 1), 
we want to know if there exists an x E Nn such that 
Ax > O,Ax < be and x 1 2 1? Construct a Petri net with 
the i-;;-cidence ~atrix C = [ Cij] where 

c·· - ZJ 
{ 

a .. 
ZJ - ~aij 

if i = 1 and 
otherwise. 

Initially, for the backward incidence matrix B take the 
negative entries of C as the positive entries of B with zeroes 
elsewhere, and take the positive entries of C as the positive 
entries of F with zeroes elsewhere. We want to know if 
there exists a solution, to Cx 2 0 and Cx ~ be where 
x E zn is such that x1 2 1 and Xi ~ O,i =fi 1. Whether the 
place corresponding to x 1 is redundant is dependent on the 
existence of a solution to 

as before. Splitting this system up again we see that we 
have the following systems of linear equations that need 
to be satisfied by the same vector x: [B - M0eT]x ~ 0, 
[B - F]x ~ 0 and -M0 x ~ 0. If we choose Mo= 0 
then this lastsystem is always satisfied and the first system 
reduces to Bx ~ 0. The second sy

1

stem is the one that 
we are interested in as it is simply the system Cx 2 0. 
We would like to show that the additional constraints can 
also be made redundant by choosing suitable values for 
the entries of B (the entries of B can be increased by 
any amount as long as the corresponding entries of F are 
increased by the same amount thus not affecting the values 
of C). Von zur Gathen and Sieveking [23] showed that if 
there existed a solution to a system of linear equations and 
inequalities then there existed a solution which was poly
nomially bounded. Unfortunately this upper bound, based 
on the maximum of the absolute values of sub-determinants 
of a certain size depending on the ran~ of the coefficient 
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matrices, implies an exponential number of computations. 
The computed bound, however, need not be as fine as their 
computation delivers, and we can use the following crude· 
upper bound: · 

which we modified from Hadamard's inequality ( see Knuth [ 1 t. 
This bound can be computed in polynomial-time. Now re
place the system Bx ~ 0 by B' x ~ 0 where B' = [b:j] 
is such that 

if i = 1 and 
otherwise. 

Since this last adjustment only increases the values of B, 
they can be offset by corresponding changes to F so as not 
to effect the matrix C. We want to show the redundancy 
of this new system of equations. Assume first that there 
are only solutions to Cx 2 0 and Cx ~ be with x2 = 
0, x3 = 0, ... , Xn = 0, that is x = (t, 0, ... , 0) where 
t EN\ {O}. The equations Ax 2 0 then reduce to a1 1t 2 
0, a12t 2 0, ... , a1nt 2 0 and we have a11 2 0, a12 2 
0, ... , a1n 2 0, thus x = (1, 0, ... , 0) is a solution to 
Ax 2 0. Furthermore,a11t ~ b, a12t ~ b, ... , a,nt ~ b 
implies a11 ~ b, a12 ~ b, ... , a1n ~ band so x = (1, 0, 
... , 0) is also a solution to Ax ~ be. The existence of a 
solution of the form x = (t, 0, ... , 0) can be checked in 
polynomial time simply by checking whether x = ( 1, 0, 
... , 0) is a solution. Assume now that a solution of the 
form x = (t, 0, ... , 0) does not exist. Then there must be 
at least one other non-zero component to x ,assume x2 =fi O 
(it is sufficient to show the redundancy of the additional 
constraints when only one other component is non-zero and 
we can take this value to be -1 as this is the worst possible 
value in terms of satisfying the additional constraints). In 
this case the system· of equations B' x ~ 0 reduces to 
b~jtl - b2j ~ 0 where 1 ~ t, ~ Q. To show that the 
system is redundant, we substitute fort I its worst possible 
value: Ifb;j = b1jQ then we have b1jQ - bljQ = 0, thus 
satisfying the constraints. If b;j = b2j then b;j 2 b1j Q and 
so b1jQ - b2j ~ b1jQ - b1jQ = 0 which also satisfies the 
constraints. A polynomial-time algorithm for the problem 
in the statement of Theorem 7 implies a polynomial-time 
algorithm for SBHILP. The problem is thus NP-hard and 
this completes the proof that the problem is NPC. D 

Fusion of Doubled Places 

When one combines two places into a single place and is 
able to distinguish to which of the original two places to
kens in the combined place belonged (by markings on sets 
of other places) then the two places are doubled. Berth
elot [l] defines doubled places in terms of the application 
conditions of this transformation: 

Definition 7 Doubled Places [1] Two places p, p' E P, 
p =fi p' are doubled if and only if the fallowing application 
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N N' 
Figure 2. Fusion of doubled places 

conditions hold: 

311, h, ~ P : p E 11 and Vt E T : 
p E et ===> 3q E lz : q E •t 
and an m-vector v E zm such that 

{ 

> 0 ifp E 11, 
v(p) < 0 if p E Ii and 

= 0 otherwise, 
< 
> 
< 

3If, It ~ P : p' E If and Vt E T : 
p' E •t ===> :lq E I~ : q E •t 
and an m-vector v' E zm such that 

v'(p) < 0 if p EI~ and 
{ 

> 0 ifp EI~, 

= 0 otherwise, 
v'T .Afo 

v'TB 
v'T(F - B) 

< 
> 
< 

VM E R(PN,Mo): 

0, 
QT and 
QT. 

LqEh M(q) > 0 ===> L M(q) = 0 and 
qEI; 

LqEI~ M(q) > 0 ===> L M(q) = 0. 
qEh 

Vt ET: 

B(p, t) > 0 ==> B(p', t) = 0 and 

B(p', t) > 0 ==> B(p, t) = 0. 

(7) 

(8) 

(9) 

(10) 

( 11) 

After having identified two places as being doubled 
places the transformation can be performed. This is done 
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by fusing the two doubled places, that is, places p and p' 
are removed and a single place, p", is inserted into the Petri 
net such that •p" = •p U •p' and p" • = p • Up'•. 

Figure 2 from Berthelot [ 1] shows a part of a Petri net 
N that contains doubled places p and p' and the same part 
of the Petri net N' after the transformation of fusing th,e 
doubled ph1ces. 

The following discussion centres around the subprob
lems concerning the application conditions of doubled 
places. Whether the whole problem is intractable depends 
on whether the subproblems are restricted by their inter
dependence. 

The problem of deciding whether all conditions apply; 
that is, whether two places are doubled, can also be shown 
to be intractable. The following result is used in the proof. 

Theorem 8 Consider a Petri net N = ( P, T, B, F, Mo) 
with doubled places p,p' E P. Thenforall ME R(Mo), 
M(p) > 0 ==> M(p') = 0 and M(p') > 0 ===> M(p) = 
0. 

Proof By considering the firing rule, M' = M + Cei 

if M -S M' and, by Condition (7), vT Mo :S O and 
VT ( F - B) :S oT, it follows that VT M :S O for all M E 
R(Mo). This can be rewritten 

L v(q)M(q) + L v(q)M(q) :S 0. 
qEh 

Assume that M(p) > 0 for some marking M E R(Mo), 
then LqEii v(q)M(q) > 0. Hence, LqEh v(q)M(q) < 0 
or LqEh M(q) > 0. Hence, LqEh v(q)M(q) < 0 or 
LqEh M(q) > 0. Thus, byCondition(lO),LqEI; M(q) = 
0. However, it follows from Condition (8), that for all 
ME R(Mo), 

L v'(q)M(q) + L v'(~)M(q) :S 0. 
qEI~ 
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N = (P,T,B,F,M0 ) 

p4 

Figure 3. Reduction of the coverability problem to doubled places 

Hence LqEI{ v'(q)M(q) ~ 0. However, v'(q) > 0 for 

all q E If, and hence LqEI{ M(q) = 0. Since p' E If, 
M(p') = 0. Similarly.if M(p') > 0, then M(p) = 0. D 

We need the following definition and result, due to 
Lipton and cited in Jones, Landweber and Lien [13], in 
order to prove our next result: 

Definition 8 The Coverability Problem [16] Given a Petri 
net N = (P, T, B, F, Mo) and a marking M'. Does there 
exist a marking ME R(Mo) such that M 2:: M'? 

Theorem 9 The coverability'problem is EXPSPACE-hard. 

Theorem 10 Consider a giJen Petri net N = ( P, T, B, F, 
Mo). Deciding whether two places p, p' E Pare doubled 
is EXPSPACE-hard. 

Figure 3 illustrates the construction used in the proof show
ing a reduction from the coverability problem. 
Proof Consider a given instance of the coverability prob
lem: A Petri net N = ( f;, T, B, F, M~) and a marking M'. 
Construct a transition to with input arcs from each place 
Pi E P with arc-weight M'(Pi), and no other inputs. For 
the rest of the construction, all the constructed arcs have an 
arc-weight of one. Construct a place p0 which is the only 
output place of transition to. Construct transitions t 1 and tz 
which are the only outputs of Po, Transitions t1 and t2 have 
no other inputs. Construct places Pl and p2 which are the 
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only outputs of t1. Places PI and p2 have no other inputs. 
Construct transition t3 which only has inputs from p1 and 
P2· Transition t3 is the only output of places PI and P2· 
Construct places p3 and p4 which are the only outputs of t2• 

Places p3 and p4 have no other inputs. Construct transition 
t4 which only has inputs from p3 and p4. Places p3 and p4 
have no other outputs. Construct place p5 which only has as 
inputs t3 and t4. Neither transition t3 nor transition t4 have 
any other outputs. Construct transition t5 which has as only 
input p5. Place p5 has no other outputs. Construct place 
P6 which only has as input t5. Transition t 5 has no othe~ 
outputs. Construct transition t6 which only has as input P6 
and output po. Place Po has no other inputs and place P6 
has no other outputs. At the initial marking, p6 is marked 
with exactly one token, and no other constructed places 
are marked. With respect to Definition 7 let I 1 = {p2}, 

h = {P1 }, If = {p3}, I~ = {p4},p = P2,p' = p3, 

{ ifs= p2, 
v(s) -1 ifs= p1 and 

0 otherwise, and 

{ ifs= p3, 
v'(s) -1 ifs= p4 and 

0 otherwise. 
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By considering the initial marking as well as the backward 
and forward incidence matrices of the Petri net N with the 
additional places and transitions, it is easy to verify that v 
satisfies Condition (7), v' satisfies Condition (8), p = pz 
and p' = p3 satisfy Condition (11). Since lz n I~ = 0,pz 
and p3 are doubled if Condition (10) is satisfied. If to does 
not ever fire then Condition (10) is satisfied. However, if 
to can fire then there exists a marking in the reachability 
set of the Petri net N augmented with the construction 
such that places pz and p3 are simultaneously marked, and 
hence by Theorem 8 places pz and p3 cannot be doubled. 
Transition to will fire if and only if there exists a marking 
M ,covering M', in the reachability set of the original Petri 
net N. Thus, places pz and p3 are doubled if and only 
if the given instance of the coverability problem has no 
solution. The result follows from Theorem 9 (and the 
fact that deterministic space complexity classes are closed 
under compliment). D 

Other Reduction Transformations 
In Donaldson [6] it is shown that the Fusion of Equivalent 
Places, Post-fusion ofTransition,Pre-fusion ofTransitions, 
and Lateral Fusion of Transitions, all proposed by Berth
elot [l], are in P. 

5 Complexity of Synthesis Transformations 

We next consider the complexity of the applicability of 
each of the synthesis transformations surveyed from the 
literature. These transformations are due to Berthelot [1 ], 
Valette[20], Suzuki and Murata[19] Esparza[?], Esparza 
and Silva[9] and Savi and Xie[18]. 

Addition of a Derivable Subnet 
This transformation duplicates a subnet of a Petri net. This 
refines the process by adding an alternate path along which 
tokens can flow. The tokens which take this alternate route 
are removed from the original Petri net, flow through the 
added subnet and then are returned to the original Petri net. 
This transformation does not change the dynamic behaviour 
of the Petri net as each firing sequence in the transformed 
Petri net has a corresponding firing sequence in the original 
Petri net (replacing any transitions in the added subnet with 
the corresponding transitions of the subnet in the original 
Petri net) and each firing sequence in the original Petri 
net is still a firing sequence in the transformed Petri net 
(Berthelot [1]). 

Berthelot [ 1] defines a derivable subnet in terms of the 
application conditions that must be satisfied before this 
transformation can be applied: 

Definition 9 Derivable Subnet [1] Let N = ( P, T, B, F, 
Mo) be a marked Petri net. A subnet Ns = ( Ps, Ts, B s, Fs) 
of N is derivable if and only if the following conditions 
hold: 

1. Ns is an open subnet of N,that is,Ps contains all the 
places of P which are connected to transitions of Ts, 

2. Ns is a marked graph. 
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3. Ns is connected and contains no circuit. 
4. 3t1 E Ts such that there is a path from t1 to every other 

transition of Ns. 
5. Ns is not re-entrant; for all markings M E R( Mo) 

reached by N,every path included in Ns (a marked 
graph) contains at most one token. 

6. Ps can be partitioned into: 

• PE= {p E Ps : p rt_ Ts•}. 
• Ps = {p E Ps : p rt_ •Ts}. 

• P1=•TsnTs•· 
7. Ns can be emptied by firing transitions in Ts and non

conflicting transitions of T. 
8. (T \ Ts) • nP1 = 0. 

After having identified a derivable subnet the addition of 
the subnet transformation is completed in two steps (let Nd 
be the duplicate of the derivable subnet): 

1. The inputs of Nd are set to the inputs of Ns and the 
outputs of Nd are set to the outputs of Ns, i.e. •Nd = 
•Ns and Nd•= Ns•· 

2. Nd is added to N by fusing inputs and outputs of Ns 
and Nd leaving the internal places distinct. 

Figure 4 shows a part of a Petri net N with a derivable 
subnet and the same part of the Petri net N' after duplicating 
the subnet. · 

Let N = ( P, T, B, F, Mo) be a Petri net to which a 
subnet Ns = (Ps, Ts, Bs, Fs, Mos) is to be added as a 
derivable subnet (Definition 9): 

Theorem 11 Deciding whether a given subnet of a given 
Petri net is derivable is EXPSPACE-hard. 

The proof is by reduction from the coverability problem. 
Figure 5 illustrates the construction used in the proof: 
Proof Given an instance of the coverability problem, N = 
( P, T, B, F, Mo) and a marking M', construct a transition 
t0 with inputs from all places p E P with arc-weights 
M'(p). Constructplacesp1,p2 andp3,and transitions ti and 
t 2 such that p1 has as only input the transition to with arc
weight 2 and as only output the transition t I with arc-weight 
one. Place p2 has as only input transition t1 and as only 
output transition t2, both with arc-weights of one. Place p3 
has as only input transition t2 and as only output transition 
t3 , both with arc-weights of one. Initially the places PI ,P2 

and p3 are not marked. Denote by Ns = ( Ps, Ts, B s, Fs, 
Mos) thesubnetwherePs = {p1,Pz,p3},Ts = {t1,t2}, 

[
1 OJ [O O.] 

B s = ~ ~ , Fs = ~ ~ 

and Mos T = (0, 0, OJ. It is obvious that Ns satisfies parts 1, 
2, 3, 4, 6, 7 and 8 of Definition 9. Thus Ns is a derivable 
subnet if and only if part 5 of Definition 9 holds, that is, 
if and only if Ns is not re-entrant. Transition to can only 
fire if the marking M' is coverable in the original Petri net, 
and if it does, it will deposit two tokens in Ns in which 
case Ns is re-entrant. If to cannot fire then Ns will never 
have any tokens placed in it. The result follows since the 
coverability problem is EXPSPACE-hard (Theorem 9 on 
page 51). D 
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N N' 
Figure 4. Addition of a derivable subnet 

N = (P, T, B, F, Mo) z:2 
1
, _ J, __ Ns 

~t3 
Figure 5. Reduction of coverability to the derivable subnet problem 

The complexity of each of the parts of Definition 9 
may be important if the hard questions have been answered 
by, for example, the modeller building a Petri net. Donald
son [6] discusses these problems individually. 

Stepwise Refinement of Transitions 

This refinement transformation is performed by replacing a 
transition of a Petri net by another Petri net. In order that the 
properties of liveness and boundedness are preserved there 
has to be imposed on the transition and the replacing Petri 
net certain conditions regarding their dynamic behaviour. 
For example, if the subnet could generate tokens regard
less of the tokens supplied to it, then its inclusion could 
'not possibly preserve boundedness. Similarly, if the subnet 
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consumed tokens and never returned them to the original 
Petri net then it may be possible that that the refinement did 
not preserve liveness. Conversely, the subnet may behave 
in a "proper" way provided that not too many tokens are 
delivered to it by the original Petri net. Thus a restriction 
has to be placed on the transition being refined. We de
scribe these conditions below. This transformation has its 
origins in Valette [20] and was generalised by Suzuki and 
Murata [19]: 

Definition 10 k-enabled Transitions [19] A Petri net N = 
( P, T, B, F, Mo) has a transition t E T which is said to 
be k-enabled fork E w+ in N if and only if there exists a 
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marking ME R(Mo) such that 

kB(p, t) ~ M(p), \Ip E P. 

Definition 11 Block and Associated Petri Net (19] A Petri 
net N = ( P, T, B, F, Mo) with two distinct transitions tin, 
tout E Tis called a block. The Petri net B(N, tin, tout, 
k) = (PU{po},T,BB,FB,MoB) is called the associated 
Petri net of the block N, and is defined as follows: 

{ t = tin,P = Po, 
BB(P, t) = 0 ti tin,P = Po and 

B(p, t) pE P. 

{ 1 t = tout,P = Po, 
FB(P, t) 0 ti tout,P = Po and 

F(p, t) pE P. 

MoB(P) { k p = Po and = Mo(p) pEP 

where k EN+. The place po rt_ Pis called the idle place. 

Definition 12 k-well-behaved (19] A Petri net N = ( P, 
T, B, F, Mo) is said to be k-well-behaved with respect to 
two distinct transitions tin, tout E T if and only if the 
following conditions hold: 

1. tin is live in B(N, tin, tout, k). 

2. For each 0-1 E L(B(N, tin, tout, k)) such that #(o-,, 
tin) > #( 0-1, tout), there exists 0-2 E (T\ {tin})+ such 
thato-10-2 E L(B(N,tin,tout,k))and#(o-,,tin) = 
#( 0-10-2, tout), 

3. #(o-,tin) 2: #(o-,t0 ut)foranyo- E_L(B(N,tin,tout, 
k)). 

Suzuki and Murata [ 19] shows that for n E N+, if a Petri 
net N is ( n + 1 )-well-behaved with respect to tin and tout, 
then N is n-well-behaved. 

Let N = (P, T, B, F, Mo) and N' = (P', T', B', F', 
M6) be Petri nets such that P n P' = 0 and T n T' = 0. 
Assume that for some k E N+, a transition t 0 E T is not 
(k+ !)-enabled in N and that N' is k-well-behaved with 
respect to two distinct transitions tin, tout E T'. The 
transformation of refining transition to yields 

N" = TR(N, N', to, tin, tout)= (P", T", B", F", M6') 

defined as follows: 

P" PUP'. 

T" (TUT")\ {to}. 

B"(p, t) 

F"(p,t) 
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l ~ B(p, t) 
B'(p, t) 
B(p, to) 

l ~ F(p, t) 
F'(p, t) 
F(p, to) 

t E T \ {to}, p E P', 
t ET'\ {tin},p E P, 
t ET\ {to},p E P, 
t E T', p E P' and 
t=tin,pEP. 

t E T \ {to}, p E P', 
t ET'\ {t0 ut},p E P, 
t ET\ {to},p E P, 
t E T', p E P' and 
t = tout,P E P. 

M"( ) = { Mo(P) p E P and 
O P Mo(p) p E P'. 

Figure 6 from Suzuki and Murata [ 19] shows a Petri net 
N with a transition to that is 3-enabled and not 4-enabled. 
Figure 7 shows the Petri net N' which is a block with respect 
to transitions tin and tout and is 3-well-behaved and not 
4-well-behaved. Figure 8 shows the Petri net B(N', tin, 
tout, 3) associated with the block and Figure 9 shows the 
Petri net N" which is the result of refining transition to in 
N using N'. 

to 

Figure 6. Petri net N in which to is 3-enabled 

tout 

Figure 7. Block N' which is 3-well-behaved and not 
4-well-behaved 

r----------------- 1 
I I 

I 

Po 

I __________ J 

Figure 8. Associated Petri net B(N', tin, tout, 3) of block N' 

Deciding whether a given transition in a given Petri net 
is k-enabled (Definition 10) is an intractable problem: 
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Figure 9. Petri net N" produced by refining to in N using N' 

Theorem 12 Consider a given Petri net N = ( P, T, B, 
F, Mo), a transition to E T and a nonnegative integer k. 
Deciding whether to is k-enabled and not ( k + 1 )-enabled 
is EXPSPACE-hard. 

The construction described in the following proof is illus
trated in Figure 10. 
Proof The proof is by a polynomial time reduction from 
the coverability problem. Let N = (P, T, B, F, Mo), and 
a marking M' be an instance of the coverability problem. 
Construct a transition t' which has as inputs each of the 
places p E P with arc-weight M'(p). Construct a place po, 
initially not marked, which has as input only the transition 
t' with arc-weight one. Transition t' has no other inputs 
or outputs. Construct another transition to with an input 
from p0 with arc-weight one and no outputs. Place po has 
no other outputs. Finally, construct a place PI, initially 
marked with one token, with no inputs and which is the 
only other input to transttion t0 with arc-weight one. Place 
PI has no other outputs. The transition t' will fire if and only 
if there exists a marking M E R( Mo) such that M ~ M'; 
this will ensure that at least one token could be placed on 
p0 . In this case to could fire, removing the token from PI. 
Thus there exists a reachable marking of the constructed 
Petri net such that to is I-enabled and not 2-enabled if and 
only if the given marking is coverable in the given Petri net. 
The hypothesis follows from Theorem 9 (the coverability 
problem is EXPSPACE-hard). . D 

Leaving out the construction of the place PI and the arc 
to transition to gives a reductio~ which shows that deciding 
whether a transition is k-enabled is EXPSPACE-hard. 

If it is known that the transition to is k-enabled but not 
(k+ 1)-enabled in some Petri net in which it is to be refined, 
then deciding whether a given Petri net is k.:.well-behaved 
(Definition 12) is also intractable (Donaldson [6]). 

Other Synthesis Transformations 
The complexity of further synthesis transformations are 
considered in Donaldson [ 6]. For the transformations Reg
ulation of Laterally Fusible Transitions and Regulation of 
Identical Transitions, the application conditions of these 
transformations (and hence the complexity of the decision 

SACJ/SART, No 18, 1996 

Research Articles 

problem regarding their complexity) are the same as the cor
responding reduction transformations (Berthelot [l]) and 
can be performed in polynomial-time. The transformation 
Stepwise Refinement of Places (Suzuki and Murata (19]) is 
always applicable to any place in a Petri net. 

Esparza [7] considers generating classes of nets from 
kits of rules starting from the atomic net. Of these kits, it is 
only the SL&SB kit which preserves liveness and bounded
ness. The SL&SB kit produces only structurally live and 
structurally bounded Petri nets. In this stepwise refine
ment technique the atomic net is not marked and nothing 
is said of the actual markings which ensure that the system 
is live and bounded, only that such a marking exists. This 
transformation is also described by Esparza and Silva [9]. 
Donaldson [6] also examines the Free Choice Kit of Es
parza [7] and show that for both sets of kits, it is possible 
to decide in polynomial-time each of the refinement rules. 

Finally, Donaldson [6] considered the Event Graph 
Module Decomposition of Savi and Xie (18] and provide~ 
an argument showing that the process can be performed in 
polynomial-time. 

6 Conclusion 

We have shown that the applicability of certain Petri net 
transformations range in complexity from polynomial-time 
(simplification of redundant places - unbounded arc
weights) and NPC (simplification of redundant places 
- bounded arc-weights) to EXPSPACE-hard (doubled 
places, addition of a derivable subnet, and stepwise refine
ment of transitions) decision problems, and thus discovered 
that they are not candidates for inclusion in a software tool 
for analysis of the general Petri net. 

We have also considered the other reduction transfor
mations proposed by Berthelot [l]: Fusion of Equivalent 
Places, Post-fusion of Transitions, Pre-fusion of Transi
tions and Lateral Fusion of Transitions (Donaldson [6]). 
Deciding the applicability of these transformations requires 
only the inspection of the backward and forward incidence 
matrices and, in the cases of pre-fusion of transitions and 
lateral .fusion of transitions, the initial marking as well. 
The applicability of these transformations can be decided 
in polynomial-time. 

Similarly, we have also considered the synthesis trans
formations of Berthelot [ 1] Regulation of Laterally Fusible 
Transitions and Regulation of Identical Transitions, the 
SL&SB and Free Choice kits of Esparza [7], and the Event 
Graph Module Decomposition of Savi and Xie (18], all of 
which can be decided in polynomial-time. 
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formation Systems, as well as shorter technical research 
notes. However, non-refereed review and exploratory arti
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publication under sections marked as Communications or 
Viewpoints. While English is the preferred language of the 
journal, papers in Afrikaans will also be accepted. Typed 
manuscripts for review should }?e submitted in triplicate to 
the editor. 

Form of Manuscript 

Manuscripts for review should be prepared according to the 
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• Use wide margins and 1 ! or double spacing. 

• The first page should include: 

- title (as brief as possible); 

- author's initials and surname; 

- author's affiliation and address; 

- an abstract of less than 200 words; 

- an appropriate keyword list; 

- a list of relevant Computing Review Categories. 

• Tables and figures should be numbered and titled. 

• References should be listed at the end of the text in 
alphabetic order of the (first) author's surname, and 
should be cited in the text in square brackets [1-3]. 
References should take the form shown at the end of 
these notes. 

Manuscripts accepted for publication should comply with 
the above guidelines (except for the spacing requirements), 
and may be provided in one of the following formats (listed 
in order of preference): 

1. As (a) lb.Te)( file(s), either on a diskette, or via e
mail/ftp - a lb.Te)( style file is available from the pro
duction editor; 

2. As an ASCII file accompanied by a hard-copy showing 
formatting intentions: 

• Tables and figures should be original line draw
ings/printouts, (not photocopies) on separate 
sheets of paper, clearly numbered on the back 
and ready for cutting and pasting. Figure titles 
should appear in the .text where the figures are to 
be placed. 

• Mathematical and other symbols may be either 
handwritten or typed. Greek letters and unusual 
symbols should be identified in the margin, if they 
are not clear in the text. 

Contact the production editor for markup instructions. 

3. In exceptional cases camera-ready format may be ac
cepted - a detailed page specification is available from 
the production editor; 

Authors of accepted papers will b~ required to sign a copy
right transfer form. 

Charges 

Charges per final page will be levied on papers accepted 
for publication. They will be scaled to reflect typesetting, 
reproduction and other costs. Currently, the minimum rate 
is R30-00 per final page for lb.Te)( or camera-ready contri
butions that require no further attention. The maximum is 
R120-00 per page (charges include VAT). 

These charges may be waived upon request of the au
thor and at the discretion of the editor. 

Proofs 
Proofs of accepted papers in category 2 above may be sent 
to the author to ensure that typesetting is correct, and not 
for addition of new material or major amendments to the 
text. Corrected proofs should be returned to the production 
editor within three days. 

Note that, in the case of camera-ready submissions, it 
is the author's responsibility to ensure that such submis
sions are error-free. Camera-ready submissions will only 
be accepted if they are in strict accordance with the detailed 
guidelines. 

Letters and Communications 
Letters to the editor are welcomed. They should be signed, 

, and should be limited to less than about 500 words. 
Announcements and communications of interest to the 

readership will be considered for publication in a separate 
section of the journal. Communications may also reflect 
minor research contributions. However, such communi
cations will not be refereed and will not be deemed as 
fully-fledged publications for state subsidy purposes. 

Book reviews 
Contributions in this regard will be welcomed. Views and 
opinions expressed in such reviews should, however, be 
regarded as those of the reviewer alone. 

Advertisement 
Placement of advertisements at RI000-00 per full page per 
issue and R500-00 per half page per issue will be consid
ered. These charges exclude specialized production costs 
which will be borne by the advertiser. Enquiries should be 
directed to the editor. 
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