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Abstract

Petri Netsare becoming increasingly popular asameansto formally specify and verify hardware
systems at a high level. Many tools are being developed. Unfortunately, no common format is
available that would allow these tools to interchange designs, for two main reasons. most tools
only implement a subset of the Petri Net notation, and many tools do not allow the use of
hierarchy. We present an interchange format for the description of hierarchical Coloured Petri

Nets. It has many featuresin common with EDIF.



1. Introduction

Petri Nets are becoming increasingly attractive as a formalism for the design of hardware sys-
tems. The graphical nature of the Petri Net notation makes it more attractiveto circuit designers
than algebraic notations, which are much less intuitive. Petri nets are mathematically well
founded, and can be used to check for potential hazardsin circuits. They can be used asamodel-
ling language to perform formal synthesig 2] and high level analysis of complex processor de-
signg 8] and signal processing chips[10]. Petri Nets and their closely related notation, Signal
Transition Graphs, are extensively used in the area of design of asynchronous circuits[5]. It is
possible to translate Petri Netsto VHDL, and vice versafor subsets of VHDL [7, 9], making it
possible to integrate Petri Net tools into existing design environments. Many researchers have
proposed extensionsto the Petri Net notation for the accurate model ling of circuit propertiessuch

astiming information (e.g., [6]).

Asaresult, anincreasing number of researchers wish to use or develop Petri Net tools. Thereis
currently alarge number of suchtoolsavailable, for example Cabernet, CPN/AMI, Design/CPN,
Loopn, PNS, SURF—2, and XSimNet. A very comprehensive overview canbefoundin[4]. Some
of these tools, such as Design/CPN, are commercial products and are not widely used. The vast
majority of the tools are free. Unfortunately, since Petri Nets are normally only used through a
graphical interface, the file format needed to save the netsis usually defined without consider-
ation of the problem of interchangewith other systems. Asaresult, thereareasmany fileformats
asthere aretools, because different tools usually use different subsets of thefull Petri Net nota-
tion. If researchers are to interchange designs, some common format will have to be found that
is capable of describing the full Petri Net notation. Some form of standardisation istherefore ur-
gently required in order to allow Petri Net designers to exchange designs without major diffi-
culties. To the best of our knowledge, PNIF (Petri Net Interchange Format) representsafirst at-

tempt at such aformat.

PNIF allowstextual description of Coloured Petri Nets (CPNSs) [3]. It isbeing devel oped as part
of ajoint project to synthesize synchronous and asynchronous controllersfrom CPNs. PNIF has

aL1SPikesyntax, andisheavily influenced by EDIF, the Electronic Design I nterchange Format



[1] (version 2.0.0.). The basic structure of a PNIF description is

(keyword paraneterl paraneter2 ...... par anet er n)

The parameters in this construct may be atomic language components, or they may recursively
consist of akeyword and alist of parameters. This particular kind of syntax isvery suitable for
the purpose of interchange, because it is simple (and therefore easy to parse and manipulate by
means of software), easily extensible, and can be used to describe arbitrary complex structures.

It isnot intended for direct use by human beings.

The paper is organised as follows. We first discuss the magjor components of CPNs in general
terms. We then discuss the major aspects of theinterchange format: overall organization, defini-
tion of colours, variables and tokens, hierarchy, places, arcs and transitions, outputs, and geo-

metrical aspects. We finish with a complete example.

2. Coloured Petri Nets

A Petri Net isabipartite directed graph. It consists of placesand transitionswhich are connected
by arcs. Each net has a marking which is an assignment of tokens that circulate around the net.
Net execution depends on rules that determine whether a transition is enabled or fired. Places,
transitions and arcs have associated conditions and actions that determine theserules. They also
have graphical properties, such aslabelsthat are displayed on the graphical interface. Coloured
Petri Nets have in addition the possibility to specify colours, which are in effect data structures,

and functions and variables that operate on these data structures.

In order to allow the user to keep the complexity of the net within reasonable bounds, PNIF has
provisionsfor hierarchical descriptionsof nets, afeaturefrequently not implementedin Petri Net
tools. Hierarchy isessential for reducing the complexity of net descriptions to manageabl e pro-
portions. The net is modelled as a collection of small nets, which may instance each other. The

semantics of hierarchy are discussed below.

All features of anet have graphical properties. For example, placesare usually drawn ascircles,
and transitionsasrectangles. Theserectanglesmay differinsize. Arcsmay follow irregular paths

on the screen, in order to make the display more understandable. Annotations (i.e. text) may be



inserted anywhereto improve readability. Text has, of course, anumber of propertiesitself relat-

ing to font family, font size etc.

Once anet hasbeen built, it isusually subjected to analysis or some form of verification in order
to establish whether the net isfreefrom hazardsthat would makeit impossibleto build aworking
circuit fromit. Thereare many featuresthat may be analysed. Some of these are discussed bel ow.

In some cases, the net may be subjected to synthesisif the analysis produced satisfactory results.

We do not intend to discussthe syntax of PNIF in any detail here. Rather, we discuss general and
novel features, and present an example at the end of the paper to give the reader a good idea of

what the format |ooks like. We divide the features into the following categories.

¢ basic PNIF constructs;

e overall design organisation;

* basic net elements, such as places and transitions;

e theuse of hierarchy;

e advanced features such as analysis and verification;

e graphical properties.

3. Basic constructs

The basic types that are supported are boolean, (subranges of ) integer, floating point, and enu-
merated types. PNIF supportsanumber of keywordsto specify arithmetical and boolean express-
ions using these basic types. Programming language constructs are available throughi f and
thewhi | e statements. A new colour (i.e. datatype) for usein token expressions can be defined.
It isof course also possibleto declare variables, constants, arrays, and functions. Statements are
available to assign values to variables. PNIF thus supports a full range of programming con-

structs.

4. Overall design organisation
A complete Petri Net description in PNIF may contain the following elements:

e data management features;



e global declarations of colours, variables, functions, etc.;
* the collection of subnets that make up the net.

The datamanagement sectionisused toinsert information used by datamanagement tools. These
include the PNIF version number, the version number of the Petri Net, the name of the program
that created the net (optionally with its version number), the name of the site where the design
was entered, the name of the author, a time stamp using Universal Time Coordinates, atitle for
the design, apossible annotation, and alist of external library files. All these features are similar

to those found in EDIF

5. Net structure

A net must have ageneric name. It will normally have inputs and outputs, which must be identi-
fied as such. It will further consist of a collection of arcs, transitions, places, subnets, tokens, an
initial marking, and a definition of the outputs generated by the underlying circuit implementa-

tion.

Places and transitions have associated predicates, actions and delays. A predicate is a boolean
expression that describes under which condition(s) tokens resident within the place will be ma-
nipulated. If the predicateisto be displayed onthe screen, it will haveto beintheformof astring.
Actions are performed as aresult of the value of the predicate. A delay specifies minimum and

maximum delays for transitions.

Place statements may also specify the minimum and maximum number of tokens that may be
allowed to accumulate in the place during ssmulation. Transitions may also specify a name and
an edge of aclock signal, withwhich thetransitionisto be synchronized. The clock edgeiseither
arising or falling edge. Arcs may have an associated action and delay, but no predicate. An arc
statement al so specifies the source and sink of the arc, i.e. from which place/transition to which
transition/place the arc goes. The source or sink of an arc may be empty, allowing for ' dangling’

arcs (which are used to prevent the graphical display from becoming too cluttered).

Each net declaresthetokensinitially availablein the net. Tokens may of course have aparticular
type. If the number of tokens of a particular type is greater than 1, we have an array of tokens.

The type must be a predefined type or a user defined colour.



Initial markings describe how many tokensof aparticular typeareinitially present in aparticular

place.

One hardware design specific feature of PNIF is the definition of outputs of the underlying cir-
cuit. Thistakes the form of a number of output equations which will normally bein the form of

boolean equations on the set of hames of input variables.

6. Hierarchy

Hierarchy is essential in managing the complexity of large nets. Jensen[3] describes the issues
in some detail. A lower level net (called a subnet in this paper) is called a page. Pages that act
asasingle transition are called substitution transitions. Similarly, there are substitution places.
Both kinds have special semanticswhich are briefly explained bel ow. In addition, one can regard
subnets also as macros, which have no special semantics. Nets containing macros must be flat-

tened before they can be analysed.

Each subnet has an interface to the outside world. This determines what internal parts of a net
are accessible from the outside. The interfaceissimilar to alist of formal procedure parameters
in programming languages. It declares the ports of the design. Input and output ports will fre-
guently have their own graphical representations. Port names must not clash with other internal
names. They will normally be connected to internal net elements using appropriate arc state-

ments.

Ports have different types dependent on how they are used. Ports of typei nput , out put and
cl ock indicate that the subnet has Jensen semantics. Thismeansthat aport will merge with the
corresponding socketsin the surrounding net. All connecting nodes on the outside must be either
places or transitions. If they are places, the subnet is a substitution transition, otherwise it is a
substitution place. This enforces the same connection rules asin aflattened net. Enforcement of
semantic ruleswill haveto be done by design tools. Thefollowing port typesare also available:
pl acei nput, pl aceout put, transitioni nput,and transitionoutput. The
use of such types indicates that the net isto be used as a macro. If aport has such atype, itis

aproper part of the subnet (that is, it will not merge with any socketsin the outside net), and may



only be connected to appropriate other parts of the outside net. For example, a port of type

pl acei nput may only be connected to transitions in the outside net.

7. Advanced features

PNIF has a construct to indicate that the net has been analysed for a number of advanced prop-
erties, and that therefore analysis for these properties can be omitted, or otherwise be used by

design tools to their advantage. The properties are displayed in the form of alist of strings.

There are many examples of such properties in the extensive Petri Net literature. Examples of
structural properties include whether the net is marked, free choice, extended free choice, or
whether the net describes aFinite State Machine. Examples of behavioural properties can be di-
videdinto thosereferring to capacity (i.e. safeness, k—boundedness, persistence) and activity (i.e.

liveness and freedom of deadlocks and livel ocks).

To the best of our knowledge, support for analysis and verification has not previously been used

in file formats for Petri Net tools.

8. Graphical features

All net features have graphical properties. PNIF allowstheseto be set individually. They include
annotations(i.e. text to bedisplayed with the object), font properties, and thethicknessof thelines
used to draw the objects. A rectangular canvas determines the overa extent of the coordinates
of the objects. Thefollowing properties can also be specified: centre and radius of circles, length

and width of rectangles, and start and finish points of arcs, as well as more complex curves.

In addition, arcs have associated information about the arrow heads and the arc type. Arrow
heads, if present, may be at the start and/or finish of the arc. So called 'inhibitor’ arcs have a

specia graphical appearance in order to distinguish them from ordinary arcs.

9. An example

Thefollowing exampleis based upon a net taken from Jensen [3]. It describes asimple resource
allocation system. There are no complex actions or guards associated with the places and the

transition.
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The PNIF description of the exampleisasfollows. Some definitions of functions, arcsand mark-
ings have been deleted for the sake of brevity. To demonstrate the use of hierarchy, thetransition

Is shown as a supertransition (thisis not the case in the Jensen example).

(pnif

(info
(title "Resource Allocation”)
(annotation ”"Jensen, fig. 1.12")
(version 74.3")
(program " PNEdi tor”)
(dataorigin "University of Newcastle”)
(author "K. Jensen”)
(timestanmp 1994 6 5 13 45 10))

(gl obal

(colour U (field
(colour S (field
(colour I (field

(enump q)))
(enuma b c d e)))

(integer)))

(colour P (field (type U))
(field (type S))
(field (type 1)))

O 0O0OT2OTD

(colour R (field d (enumr s t)))

(defun Succ (paraneter y (type S))
(body (if (equal y a) (then b)
(else (if (equal y b) (then c)
(else (if (equal y c) (then d)
(else (if (equal y d) (then e)
(else (if (equal y e) (then a))))))))))))

(comrent ”other functions go here”)

(variable x (type U))
(variable y (type S))



(variable i (type 1))
)

(net exanple
(interface (port in (input))
(port out (output)))

(transition t1l
(geonetry (centre (pt 10 50)))

)
(arc al

(arrowhead "end”)

(arctype "normal ")

(path (placeref in) (transitionref t1))
)
(arc a2

(arrowhead "end”)

(arctype "normal )

(path (transitionref tl1)(placeref out))
)

)

(desi gn resource

(interface (port in (input))
(port out (output)))

(canvas 200 100)
(property "safe”)

(pl ace p1l
(annotation "Res”)
(annotation "R’)
(geonetry (centre (pt 10 50)))

)
(pl ace p2
(annotation "State”)
(annotation "P")
(geonetry (centre (pt 190 50)))
)

(subnet exanpl e a)

(arc al
(arrowhead "end”)
(arctype "normal )
(annot ati on "Reserve(x,y)")
(path (placeref pl) (portaccess a in))

)

(comrent "other arcs are defined simlarly”)

(mar ki ng
(at pl ace (pl aceref pl)



(tokenref tokl 1 (type Rr)))
(comrent "ot her markings are defined simlarly”)

)

10. Conclusions

We have presented an interchange format for Coloured Petri Net descriptions. Theformat iscur-
rently in use as an exchange format for a project between two universities. It uses a LISP-like
notation and isinspired by and closely related to EDIF. The notation allows hierarchy to beincor-
porated into designs. Development of the format isongoing; in particular, geometrical informa-
tionisstill limited at the moment. The EDIF parser software was adapted to the PNIF grammar,

and is available for interested parties, as well as conversion software from other formats.
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