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Abstract

In this paper we describe how to use the CO-OPN/2
(Concurrent Object-Oriented Petri Net) formalism, by
developing a case study on groupware or, more specifi-
cally, on a cooperative editor of hierarchical diagrams.
First of all, we present CO-OPN/2 and describe how
some aspects specific to object orientation, such as
the notions of class/object, of object reference and of
the distinction between inheritance and sub-typing, are
taken into account within the formalism. Afterwards,
we show how these notions may be used for the mod-
eling and the design of an editor of hierarchical Petri
nets and discuss some points related to the concur-
rency. Finally, we show how flexible our modeling ar-
chitecture is by giving some insight into to the design
of other kinds of cooperative diagram editors.

Keywords: groupware, object-orientation, distributed
systems, formal methods, Petri nets, algebraic specifica-
tion, software engineering.

1 Introduction

The objective of this paper is to illustrate the mod-
eling capabilities of the CO-OPN/2 specification lan-
guage by means of a case study on groupware. The
case study adopted consists of a Cooperative Diagram
Editor (CDE) as has been proposed by R. Bastide,
P. Palanque and C. Lakos. The aim of the case study
has been to provide a common example for formal
specification approaches that combine a formal model
of concurrency with the object-oriented paradigm.
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CO-OPN/2 is a Petri net based object-oriented
formal specification language devoted to the specifi-
cation of concurrent systems. We presented in the
previous workshop on “Object-Oriented Programming
and Models of Concurrency” the syntax and the se-
mantics of the CO-OPN/2 language and some prin-
ciples concerning inheritance, sub-typing and refine-
ment [BB95]. During this workshop many fine pro-
posals for object-oriented extensions of Petri nets were
proposed. Although these proposals all have the same
objectives, more or less, 1t is difficult to precisely de-
lineate their similarities and differences.

The presentation of a common case study can help
to classify the various formal modeling approaches.
However, it seems that several points should be clar-
ified in order to understand each formalism well. A
non-exhaustive list of questions, the answers to which
can help to understand and distinguish the various
approaches, follows.

1. What kind of data structures are provided 7 How
are they described ?

2. What is an object ?
3. How is a class considered 7
4. How do the objects interact with each other ?

5. How are the Petri nets and the object notion com-

bined 7

6. What kind of concurrency is promoted (intra/
inter-object concurrency) 7

7. What is the underlying semantics of concur-
rency 7

8. How are the object identities managed?

9. What do the terms inheritance and sub-typing
mean ?



This paper 1s organized as follows. Section 2, the
next section, briefly presents the inherent problems of
cooperative systems. In Section 3, the principles of the
CO-OPN/2 specification language, and the answers to
the questions stated above are given. The actual case
study is presented in Section 4. In Section 5 some
general considerations about the modeling of the case
study are given, while some aspects of its design are
given in Section 6. The final section, Section 7, 1s de-
voted to a discussion of how this case study modeling
might evolve, in order to permit the consideration of
other diagram types.

2 Cooperative Software

This section is a brief presentation of the most im-
portant principles used in the design of cooperative
software environments.

According to C. S. Ellis, a cooperative system is “a
computer based system that supports groups of people
engaged in a common task (or goal) and that provides
an interface to a shared environment”. Thus, in the
cooperative system discussed here, we can say that the
following computer science topics are involved :

o Distributed Systems: the design of a groupware
application involves many users working on het-
erogeneous platforms which are linked by means
of a computer network.

e Concurrency : the order in which the events in
the cooperative system are related must be pre-
cisely studied so as to have a coherent and efficient
shared environment.

e Networks and Telecommunications: the architec-
ture and the functions of the cooperative systems
are directly dependent upon concrete communi-
cation capabilities.

e Computer-Human Interaction: a multi-user in-
terface design requires that new interaction
modes be developed to permit complex syn-
chronous, or asynchronous, group actions.

A basic notion of groupware is, above all, the shared
context, which necessitates the description of a view of
this context related to each user in interaction. Log-
ically, this leads to concrete synchronism, or asyn-
chronism, principles which are related to interaction
time constraints. Other problems that must be solved
by groupware are data granularity and strongly, or
loosely, coupled works (which depend on the degree

of cooperation between the users). Popular electronic
mail or desktop conference systems are classic forms of
groupware in the field of communication applications.
For the shared editors we can quote systems such as
Griffon [DQV92] or GroupDraw [GRWB92]), among
others.

Several general multi-layer models have been given
in order to have a precise framework for the de-
velopment of groupware applications (see [Kar94]
and [EW94]).

The architecture of synchronous groupware must
be studied in order to build a robust, transparent and
efficient system. The groupware must also allow for
modifications of distributed data within some time
limits that are satisfactory to the user and have no
constraints upon the graphic interface. The two major
approaches to groupware architectures are the central-
ized and the replicated architectures. The first has a
central process which manages all the users’ accesses
along with the data integrity. The second introduces
one process for each user and all these processes com-
municate together in order to preserve the integrity of
the data which are replicated on each site.

We use a layered structure, in Section 5, for the
specific cooperative editor model we wish to define,
and we organize the system in a centralized way. It
must be noted that the purpose of the Cooperative
Distributed Editor modeling is to elaborate an initial
abstract solution which respects the requirements.

3 CO-OPN/2 Principles

CO-OPN [BG91] (Concurrent Object-Oriented
Petri Nets) is a specification language designed for the
specification and the modeling of large concurrent sys-
tems. The two underlying formalisms of CO-OPN are
the algebraic specifications and the Petri nets which
are combined in a way that is similar to the combi-
nation of algebraic nets [Rei91]. The first formalism
is used to describe the data structures and the func-
tional aspects of a system, while the second serves to
model its operational and concurrent features. How-
ever, both these formalisms are not suitable to specify
“in the large”. To compensate for the lack of structur-
ing capabilities in the Petri nets, the object paradigm
has been adopted. Thus, a system is considered as be-
ing a collection of independent entities which interact
and collaborate together in order to accomplish the
various tasks of the system. With respect to the data
structures, the algebraic specifications are composed
of modules which are organized into a hierarchy.



In order to overcome some limitations of CO-OPN
regarding the object orientation, a new version, named
CO-OPN/2 [BB95], has been developed which in-
troduces some notions peculiar to object-orientation
such as the notions of class, inheritance, and sub-
typing. For the sake of homogeneity regarding the
notion of sub-typing, order-sorted algebraic specifica-
tions [GM89] have been adopted for the description of
the data structures. In these, many sorted algebraic
specifications form a special case.

3.1 Object and Class

An object is considered as an independent entity
composed of an internal state which provides some
services to the exterior. The only way to interact with
an object 1s to ask a service of it; the internal state is
then protected from inadvertent accesses. Our point
of view is that this protection mechanism, known as
encapsulation, forms the essence of object-orientation
and there should be no way of violating it.

CO-OPN/2 defines an object as begin an encap-
sulated algebraic net in which the places compose the
internal state and the transitions model the concurrent
behavior of the object. A place consists of a multi-set
of algebraic values which are described by means of
order-sorted algebraic values. The transitions are di-
vided into two groups: the parameterized transitions,
also called the methods, and the internal transitions.
The former correspond to the services provided, while
the latter composes the internal behaviors of an ob-
ject. Contrary to what occurs with the methods, the
internal transitions are invisible to the exterior world
and may be considered as being spontaneous events.

An important characteristic of the systems we want
to consider 1s that of their potential dynamic evolution
in terms of the number of objects they may contain.
Thus, the dynamic creation of objects 1s a major ob-
jective. In order to describe these dynamic evolving
systems, the objects are grouped into classes. A class
describes all the components of a set of objects and
can be viewed as serving as an object template. All
the objects of one class manifest the same structure.

3.2 Object Interaction

In our approach, the interaction with an object is
synchronous, although asynchronous communications
may be simulated. Thus, when an object requires a
service it asks to be synchronized with the method (pa-
rameterized transition) of the object provider. The
synchronization policy is expressed by means of a
synchronization expression, which may involve many

partners, as long as with three synchronization oper-
ators (one for simultaneity, one for sequence, and one
for alternative or non-determinism). For example, an
object may simultaneously request two different ser-
vices of two different partners, followed by a request
the service from a third object. This mechanism gen-
eralizes other approaches such as the transition fusion
or the Petri net systems [Kie89].

3.3 Concurrency

From an intuitive point of view, each object pos-
sesses 1ts own behavior and concurrently evolves with
the others. The Petri net model naturally introduces
both inter-object and intra-object concurrency into
CO-OPN/2 because the objects are not restricted to
sequential processes.

The step semantics of CO-OPN/2 allows for the ex-
pression expression of true concurrency in comparison
with interleaving semantics.

Nevertheless, the purpose of CO-OPN/2 is that of
capturing the abstract concurrent behavior of each en-
tity modeled, with the concurrency granularity not
found in the objects but rather in the invocations of
the methods. A set of method calls can be concur-
rently exercised on the same object.

3.4 Object Identity

Within the CO-OPN/2 framework, each class in-
stance has an identity, which 1s also called an object
identifier, that may be used as a reference. Moreover,
a type is explicitly associated with each class. Thus,
each object identifier belongs to at least one type. In
fact, the object identifiers are order-sorted algebraic
values established by a special order-sorted algebra,
and provided in order to capture the notion of sub-
typing. This object identifier algebra is constructed
in order to reflect the sub-type relation which is es-
tablished between the classes, 1.e. two carrier sets are
related by inclusion if, and only if, the two correspond-
ing types are related by sub-typing.

Since object identifiers are algebraic values, it is
possible to define data structures which are build upon
object identifiers, e.g. a stack or a queue of object
identifiers. Evidently, the places of algebraic nets may
contain object identifiers.

3.5 Inheritance and Sub-typing
We believe that inheritance and sub-typing are two

different notions which are used for two different pur-
poses. Inheritance is considered as being a syntactic



mechanism which avoids the necessity of developing
classes from scratch and mainly serves in re-use of
parts of existing specifications. A class may inherit
all the features of another and may also add some ser-
vices or change the description of some already defined
services.

The sub-typing relationship is based upon the
strong version of the substitutability principle [Ame90),
LW93]. This principle implies that, in any context,
a class instance of a given type may be substituted
with another instance of the sub-type while the behav-
ior of the whole system remains unchanged. In other
words, the instances of the sub-type have a strong se-
mantic conformance relationship with the super-type
definition. This conformance relationship is based, in
CO-OPN/2; upon the bisimulation between the se-
mantics of super-type and the semantics the sub-type
restricted to the behavior of the super-type.

Both inheritance and sub-typing relationships must
be explicitly given and both of the hierarchies gener-
ated by these relationships do not necessarily coincide.
In other words, two classes related by inheritance are
not necessarily related by sub-typing. Identifying both
inheritance and sub-typing hierarchies leads to sev-
eral problems as stated by Snyder [Sny86] and Amer-
ica [Ame87].

3.6 Answers to the Questions

Before proceeding to the treatment of the case
study, we now furnish answers to the questions pre-
sented in the introduction. These short answers sum-
marize the information contained in the preceding sub-
sections and are destinated to give an overview of CO-

OPN/2.

1. What kind of data structures are provided 7 How
are they described ?

The data structures consist of order-sorted alge-
braic values which are described by means of hi-
erarchical order-sorted algebraic specifications.

2. What is an object ?

An object is an encapsulated entity which provide
some services to the outside. An object is repre-
sented by a Petri net in which the tokens are al-
gebraic values. The places (multi-set of algebraic
values) of the net represent the state of the ob-
ject. Two kinds of transitions are provided, the
internal transitions or spontaneous events and the
parameterized transition or methods.

3. How 1s a class considered 7

A class describes the structure of the objects, and
1s simply considered to be an object template.

. How do the objects interact with each other ?

An object interacts with some other objects by
asking to be synchronized with them. The syn-
chronization policy is expressed by means of a
synchronization expression involving three oper-
ators (simultaneity, sequence, and alternative).

. How the Petri nets and the object notion are com-

bined 7

In the previous workshop [Bas95] summarized
this by “Objects inside Petri nets, Petri nets in-
side objects, unifying approach”. Because of its
use of object references, CO-OPN/2 may be clas-
sified in the “unifying approach” category.

. What kind of concurrency is promoted (intra/

inter-object concurrency) 7

The Petri net model naturally implies the promo-
tion of both intra/inter-object concurrency.

. What is the underlying semantics of concur-

rency 7

A true concurrency semantics (step semantics)
has been adopted.

. How are the object identities managed ?

All the objects possess an identity or reference.
These references are order-sorted algebraic val-
ues, established by a particular order-sorted alge-
bra whose sub-sort relationship reflects the sub-
typing relationship. Data structure of references
may be constructed and may be contained in the
places of an object.

. What do the terms inheritance and sub-typing

mean ?

Inheritance 1s mainly considered to be a syntactic
mechanism which serves in the re-use of parts of
existing classes while sub-typing implies a strong
semantic conformance relationship between the
instances of the sub-type and the super-type in-
stances. This conformance relationship is based
on bisimulation. The inheritance process allows
one to eliminate or re-define some previously de-
fined components. Two classes related by inher-
itance are not necessarily related by sub-typing.
Both of these relationships between classes must
be explicitly expressed.



3.7 Other Approaches

The other approaches which may be compared to
CO-OPN/2 may be categorized in the High Level
Petri Net class of models. These include algebraic
nets [Rei91], OPN [Lak95], Cooperative Nets [SB94],
and CLOWN [BCC95] among others. All these mod-
els are based upon the Petri nets as well as upon
some formalisms which vehicle the data structures as-
pects. Moreover, the object-oriented paradigm has
been adopted by all these formalisms.

4 Cooperative Diagram Editor

We have chosen to adhere strictly to the orig-
inal statement of the Cooperative Diagram Editor
(CDE) case study, as has been suggested by Bastide
Lakos and Palanque so as to correctly make a com-
parison between our modeling and other approaches.
This section presents the original statement of the
case study, equipped with some words that are high-
lighted by numbers which will be later clarified in Sub-
section 4.2. The details furnished by these later clar-
ifications correspond to our specific interpretations of
some freedom left by the authors of the case study.

4.1 Original Statement of the Case Study

The system to be studied is software allow-
ing for cooperative editing of hierarchical dia-
grams.  The diagrams may be the work prod-
ucts of some Object-Oriented Design methodology,
Hardware Logic designs, Petri Net diagramsm, etc.
(Note that if the diagrams happen to coincide with
the formalism you are proposing, be careful to dis-
tinguish clearly between the two.)

One key aspect of this problem is that the edi-
tor should cater for several users, working at differ-
ent workstations, and cooperating in constructing the
one diagram. In the Computer Supported Coopera-
tive Work (CSCW) vocabulary, such a tool could be
ranked amongst synchronous groupware (each user is
informed in real time of the actions of the others) al-
lowing for relaxed WYSIWIS (What You See Is What
I See) : each user may have his own customized view
of the diagram under design, viewing different parts
of the drawing or examining it at a different level of
detail.

A second key aspectD of this problem is that the
editor should cater for hierarchical diagrams, i.e. com-
ponents of the diagram can be exploded to reveal sub-
components.

A simple coordination protocol U s proposed to
control the interactions between the various users:

1. (a) Users may join or leave the editing session
at will, and may join with different levels of
editing privileges. For example, a user may
join the session merely to view the diagram,
or perhaps to edit it as well (see below).

(b) The current members of the editing session
ought to be visible to all, together with their
editing privileges.

2. (a) Graphical elements may be free or owned by
a user.

(b) Different levels of ownership should be sup-
ported, including ownership for deletion, en-
capsulation, modification, and inspection.

(¢) The ownership must be compatible with the
user’s editing privileges.

3. Ownership for deletion requires that no-one else
has any ownership of the component — not even
for inspection.

4. Ownership for encapsulation requires that only
the owner can view the internal details of the
component — all other users can only view the
top level or interface to the component.

5. Ownership for modification allows the user to
modify attributes, but not to delete the compo-
nent.

6. Ownership for inspection only allows the user to
view the attributes|.

7. Only ownership for encapsulation can persist be-
tween editing sessions. (Note that this owner-
ship is tied to a particular user, not a particular
workstation.) All other ownership must be sur-
rendered between sessions.

8. Ownership for inspection is achieved simply by
selecting the component.

9. Other forms of ownership (and release) are
achieved by an appropriate command, having first
selected the component.

10. The level of ownership of a component 1s visible
to all other users, as is the identity of the owner.

11. The creator of an element owns 1t for deletion
until it 1s explicitly released.



4.2 Specific Interpretations

As has been suggested in the statement of the case
study, several kinds of cooperative editors may be con-
sidered and the designers may exercise a certain degree
of freedom when making their interpretations. In or-
der to present the informal specification with as much
precision as possible, the following explain in details
our specific interpretations of each highlighted words
which appear the previous sub-section.

0,0 We have decided to consider three kinds of
CDE: hierarchical Petri nets similar to Petri
nets systems [Kie89], SADT (Structured Anal-
ysis and Design Technique) [RS77] and CO-
OPN/2 diagrams. The hierarchical Petri nets
editor 1s used as basic case study and a com-
plete modeling of this editor is presented. Nev-
ertheless, both SADT and CO-OPN/2 diagrams
editors are briefly presented as variants on the
hierarchical Petri nets editor. We believe that
both of these variant editors are relevant to the
understanding of our presentation, seeing as the
SADT diagrams have absolutely no connections
to the Petri nets community, while CO-OPN/2
diagrams modeled by means of CO-OPN/2 in-
troduce an elegant auto-reference exercise.

O We have made the choice of representing a com-
ponent by means of an object. In order to de-
scribe a hierarchical structure, two kinds of com-
ponents have been introduced: the components
which are hierarchical and the ones which are
not. The former correspond to the nodes while
the latter represent the leaves of the hierarchical
structure.

0 The coordination protocol is only used to co-
ordinate the diagram accesses of the users and
must be distinguished from the synchronization
protocol which, in turn, must fulfill the coop-
erative requirement which allow all users to act
upon the same document. Moreover, 1t must en-
sure the integrity of the document, for example
as described in Section 2.

O With regard to the notion of interface, we have
introduce the notion of anchor, the notion of link
along with the notion of interface. An anchor of
a component is a location to which another com-
ponent may be attached. A link of a component
is used to link two anchors, one of which 1s a
being part of the component and the other part
of another component. These two notions form

the concept of the interface of a component cor-
responding to the set of sub-components which
may be linked to any anchor of the component
itself. Thus, the interface corresponds to a set of
components. For example, the interface of the
transition of the hierarchical Petri nets, which
are under consideration consists of the input and
output places.

[0 The notion of attribute is present but we do not
provide the specification associated with it. For
example, the date of creation as well as the name
of the creator of a component could be regarded
as being attributes. Note that position and ro-
tation are not considered as being attributes be-
cause they are integral parts of the component.

4.3 Example of an Editing Session

Here is given an example of a hierarchical Petri net
which could be edited by means of our cooperative di-
agram editor. Figure 1 depicts a two level Petri net in-
volving some transitions, some places, some arcs, and
one token. The figure shows that both the transitions
and the places have been placed in a hierarchical re-
lationship (a transition is associated with a sub-net
and a place may contain some tokens). For instance,
hierarchical transition ¢ (level 0) is associated with a
sub-net (level 1) composed of the component labeled
pﬁ,tf,a‘? fori=1,2and j = 1,...,4 and the place p;
(level 0) contains one token labeled r (level 1) which
is also displayed at level 0. The anchors are repre-
sented by small black squares placed at the border of
each component. Recall that an anchor is a location to
which another object may be linked and that a com-
ponent is linked to another component by giving both
the anchors and the identity the other component.

The three names ‘Nicolas’, ‘Olivier’ and ‘Didier’
represent the three users involved in the editing ses-
sion. ‘Nicolas” and ‘Olivier’ edit the Level 0 while

‘Didier’ acts upon the Level 1.

5 Modeling Structure

The purpose of this case study is to provide a CO-
OPN/2 model of a cooperative editor of hierarchical
diagrams. Among the two kinds of architectures which
were introduced in Section 2 (centralized and repli-
cated), the centralized architecture has been chosen
because it encompasses all the requirements of the case
study. Moreover, the design of applications seems to
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Figure 1: An Example of Editing Session.

be easier with respect to centralized architectures in
contrast to those which are replicated.

We use a layered abstract model of a cooperative
software upon which to base our specification of a
CDE. This model is a simplification of the one that
has been proposed by Karsenty [Kar94] and has al-
ready been presented for the elaboration of a gen-
eral cooperative system modeling which uses CO-
OPN/2 [BBGY96b].

We consider a Graphical Interface Layer (the view-
ports), a Centralized Synchronization Layer (the
server) and an Abstract Document Representation
Layer (the diagram document). This structure and
its elements are described in this section.

5.1 Structure of a CDE

Four kinds of entities are involved in a centralized
architecture of a CDE: users, viewports, a server and
the document. Figure 2 depicts an overview of this
structure in which one may see all four kinds of entities
as well as the interaction between them, represented
with the arrows.

All the users collaborate in the edition of a part of
a hierarchical diagram by means of a viewport which
provides some basic functions which permit that as-
pects of the document be modified. Viewports serve
to collect the actions of its logged-in user, to transmit
these actions to the server, and to display the docu-
ment which pertains to the information sent by the
server. The role of the server is to collect and han-
dle the actions of the users, to update the document

!
i-8
!

/
8#9;

Figure 2: Overview of a CDE.

in accordance with the required coordination proto-
col, to inform every concerned viewport of the actions
of the users and to allow for a simultaneous access to
the document. Thus, when several users collaborate
in the editing of one document, all of them see each
others modifications.

5.2 Document Representation

Asis required, a document has an organization that
is hierarchical. In order to represent a tree structure,
two kinds of components must be introduced : hier-
archical components and atomic components. The
former kind of components may include some sub-
components and correspond to the nodes of the hi-
erarchical document, while the latter kind of compo-
nents represent the leaves of the structure and thus
may not include any sub-components. A document
is, in 1itself, a hierarchical component which contains
all the components of the document. Since each com-
ponent 1s represented by means of an object, i.e. an
entity which possesses some attributes and provides
some services, a document is essentially a collection of
objects which are organized into a hierarchy.

5.3 Three Levels of Entities

In the interest of establishing generalizations and
progressively refining our discussion, our modeling is
organized in three main entity levels as is shown in
Figure 3. Each level is, in fact, the result of a fur-
ther step in the development of the specification which
progressively enriches the simple specification of a sin-
gle user editor. One may see the four entities which
compose an editor presented horizontally, i.e. User
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Vi ewport, Server, and Conmponent. Vertically,
the top level corresponds to classic editors, which does
not permit any cooperation between more than one
user. Thus, only one user at a time may edit a di-
agram. At the second level (C-User, C Server,
C- Vi ewport , G- Conponent ), the notion of cooper-
ation as well as the notions of attribute, ownership and
interface are introduced. This second level, in fact,
complies with all the proposed case study. The third
level, depicted in Figure 3 shows an example of a con-
crete cooperative hierarchical Petri nets editor. It is
composed of a PN- C- Ser ver , PN- C- Vi ewport and
its PN- G- Conponent s. The effective components of
a Petri nets, i.e. the arcs, the places, and the tran-
sitions, are not represented in this figure. Since they
compose the document, they should be connected with
the PN- C- Conponent entity. In the next sub-section
these entities, which compose the document, are ex-
plained.

This structure makes possible to build various co-
operative editors. At the third level of the Figure 3
we illustrate a cooperative Petri net editor but other
kinds of CDE such as SADT diagrams or even CO-
OPN/2 diagrams editor, could equally have been de-
rived. These two variant editors will be briefly pre-
sented in Section 7.

5.4 Structure of the Classes

The classes which compose our modeling of a CDE,
as well as the relationship between the classes, clearly
arise from Figure 3. Thus, each oval of the figure
corresponds to a class and the relationships between
the classes are represented by the arrows. Three kinds
of relationships between classes are especially relevant
here : clientship, inheritance, and sub-typing.

Clientship

The clientship relationship between two classes indi-
cates that an instance of one class requires for some
services of an instance of another class by means of
message passing or, in our case, of method synchro-
nization. A clientship relationship is graphically rep-
resented by means of thin arrows. In Figure 3, for
example, one may see, at the top level, that the User
class uses the Vi ewport class because a user simply
submits some requests to the viewport, e.g. to select
a component or add a new component to the diagram,
and no information are send back from the viewport
to the user. A similar argument holds for the two
other levels. Regarding the other entities (viewports,
servers and components), the clientship relationship
is symmetric. In the case of a cooperative editor, if
we consider, for example, the user’s action of adding
a new sub-component to a given component will gen-
erate the following interaction between the other en-
tities. First the viewport transmits the request to the
server which asks for the creation of the new compo-
nent and summons the concerned component to in-
corporate the new component. Then, the component
involved communicates its new aspect to the server
which must subsequently compute and send the infor-
mation which must be transmitted to each viewport.

Inheritance

As mentioned in Section 3.5, we believe that inheri-
tance and sub-typing are two different notions which
are used for two different purposes. Inheritance is
mainly considered to be a syntactic mechanism for
reusing a part of an existing class while sub-typing
pertains to the behavior of the instances and is a se-
mantics concern.

In Figure 3, it clearly appears that the thick
vertical arrows represent inheritance relationships.
The User, C-User, Server, Viewport and
Conmponent classes have been built from scratch while
the C-Server, C-Viewport and C Conponent
classes reuse or inherit from the initial classes and add
what is needed in order to allow for cooperative edi-
tion. In a similar manner, the classes located at the
lower level inherit from the higher level and add ser-
vices required by a cooperative editor of hierarchical
Petri nets, e.g services which are mainly related to
the creation of new places, tokens, arcs or transitions.
Note that the User and C- User classes have to be
developed from scratch. Although both seem similar,
too may services have to be redefined in the C- User
class and inheritance does not furnish any benefit.
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Figure 4: The Classes Related by Sub-typing.

Sub-typing

Recall that, in CO-OPN/2, sub-typing is based on the
strong version of the substitutability principle. This
principle implies that, in any context, a class instance
of a given type may be substituted by another instance
of the sub-type while the behavior of the whole system
remains unchanged.

With respect to our modeling of a CDE, we shown
that inheritance could be used without necessary im-
ply a sub-typing relationship (c.f. Figure 3). Now, we
introduce, in Figure 4, the classes which related, on
the one hand, by sub-typing with the dashed arrows
and, on the other hand, by inheritance. The classes
at the lowest level represent the effective components
involved in a cooperative hierarchical Petri net edi-
tor (i.e. transitions, places, arcs, and tokens), while
the classes at the top and the second levels are used
to classify and to make the distinction between the
hierarchical components (i.e. the transitions and the
places) and the atomic ones (i.e. the arcs and the
tokens).

It is not surprising that the depicted classes in Fig-
ure 4 alone are related by sub-typing. In fact, we
will see in the next section that contra-variant rule
is violated between Conponent , C- Conponent , and
PN- Conponent . A similar argument will be given for
the viewport classes as well as for the server and user
classes.

6 CO-OPN/2 and CDE Design

In this section we describe the CO-OPN/2 design
of a cooperative hierarchical Petri net editor. In order

to explain some relevant parts of the specification, we
first describe the major syntactic aspects of the CO-
OPN/2 language before introducing our design. Un-
fortunately, due to the size of most modules we do not
provide a complete specification of these but rather a
specification of the relevant parts. Nevertheless, the
complete specification of the case study can be found

in [BBGY6a].
6.1 Syntactic Aspects of CO-OPN/2

A CO-OPN/2 specification consists of two kinds of
modules: the algebraic abstract data type modules
and the class modules. These two kinds of modules
are composed of three parts: a header, which includes
the information about inheritance and genericity; an
interface, which describes what is accessible when an-
other module uses it; and a body, which primarily
conceals the properties of the operation, the behavior
and the state of the objects.

When a non-generic class is developed from scratch,
its header comes down to the keyword Cl ass! fol-
lowed by the name of the class. When a class is used
only for classification, or when it 1s not completely
implemented and the creation of some of its instances
makes no sense, we preface the keyword Cl ass by the
keyword Abstract. In the | nt er f ace section, the
field Use declares all the modules used by the cur-
rent class. The Type field declares the name of the
type of the instances which is used whenever an object
identity has to be defined. This field has been intro-
duced in order to avoid that the name of a module or a
class and the name of its type are confused, especially
in cases when inheritance or sub-typing are required.
Both names are often very similar but address two
different concepts. Usually classes are used to dynam-
ically create new instances but it is also possible to de-
clare static instances by means of the Obj ect s field.
All the services provided by the class instances are de-
clared within the field Met hods. Note that the mix-
fix and the applicative notation has been adopted for
the profile of the methods. The final field Cr eat i on
included in the interface section concerns the dynamic
creation of the class instances. Within this field are
listed the particular methods which create and ini-
tialize the objects; these methods may be used only
once. A pre-defined creation method cr eat e is pro-
vided when the Cr eati on field is empty or absent.
The Body section includes some internal or sponta-
neous transitions declared under the Transi ti ons

ISpecification 1 may help the reader to understand the mean-
ing of the various keywords introduced in this sub-section.



field as well as the attributes of the instances within
the Pl aces field. The I niti al field describes the
initial marking or the static initialization of each in-
stance while the properties of the methods and inter-
nal transitions are described by means of behavioral
axioms within the Axi oms field. It is necessary to
recall that a transition (parameterized transition or
internal transition) may ask to be synchronized with
other partners by means of a synchronization expres-
sion. The synchronization expressions takes place af-
ter the Wi t h keyword. The usual dot notation has
been adopted and three synchronization operators has
been provided: ‘//’° for simultaneity ..’ for se-
quence, ‘+’ for alternative.
A behavioral axiom is established as follows

Event [wi t h Sync] :: [ Cond =] Pre — Post

in which Cond is an optional condition imposed upon
the algebraic values involved in the axiom, Event is
either an internal transition name or a method with
parameters, and Sync is an optional synchronization
expression. Pre and Post, respectively, correspond to
what is consumed and what is produced at the differ-
ent places within the net. Finally, the variables used
within the Axi ons field are grouped together under
the wher e field.

6.2 Design of the Entities

After this short introduction of the CO-OPN/2 syn-
tactic aspects, we can now describe the design of the
various entities presented in Figure 3. Other concepts
of the language will be explained as required.

Note that our design takes into account three
levels of classes related by inheritance but not by
sub-typing. Sub-typing is only present between the
PN- Conponent class and the Petri net components
classes. One may find all the entities and their re-
lationships presented here depicted in Figure 3 or 4.
However, for the sake of clarity, we have only pro-
vided the complete hierarchy of the classes which con-
cern the components. In this paper, the G User,
C- Vi ewport, and C Server classes are build from
scratch and not derived from the top level as shown
in Figure 3.

Users

The users involved in a CDE are modeled by means
of the G- User class. This is a small and simple class,
built from scratch, which encompasses some relevant
aspects easy to explain. In order to give a global view
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Abstract Class C User;

Interface
Use Coord, Size, Angle,
Privil ege, Owanership;
Type c-user;
Met hods
join _ privil ege;
| eave;
select _ : coord;
unsel ect;
go- down;
go- back;
del et e;
nove _ @ coord;
resize _ : size;
rotate _ : angle;
own-for _ : ownership;
Body
Use Uni que, C Viewport;
Pl aces
idle _
active _ uni que;
cur-vp _ : c-viewort;
Initial
idle @
AXi onms

join pr with v.(self join pr) ::

idle @-> active @ cur-vp v;

|l eave with v.leave ::

active @ cur-vp v ->idle @

select p with v.select p ::

active @ cur-vp v -> active @ cur-vp v;
move p with v.nove p ::

active @ cur-vp v -> active @ cur-vp v;
own-for os with v.own-for os ::

active @ cur-vp v -> active @ cur-vp v;

wher e
p : coord; \Y c- Vi ewport;
pr : privilege; os : ownership;

;. ... and nore axions ...
End C User;

Specification 1: The Cooperative Users.

of a CO-OPN/2 class, we provide the textual form
of the G- User class in Specification 1 as well as its
partial graphic outline in Figure 5.

Within the Use field in the | nt er f ace section of
Specification 1, one may see which algebraic abstract
data types modules are used by the G User class.
These algebraic modules may be found in appendix.
Nevertheless, we mention that the Coor d ADT mod-
ule defines the sort coor d, which is pair of naturals
and that the Privil ege module defines both the
vi ewand edi t user privileges as required. The four
ownerships required by the proposal are defined in the
ADT module Omner shi p. As for the Uni que mod-
ule, it only defines the generator ‘@ of sort uni que,
which plays the role of a black token.

Under the field Type, one finds the type name of
the users.

Every name within the Met hods field models an
action that a user would like to accomplish by means
of the viewport he is connected to. Among these meth-



ods we may mention the j 0oi n and | eave methods
which correspond to the will of a user to join or to leave
an editing session. The sel ect method is used to se-
lect a component of the diagram at a given location,
the go- down allows a hierarchical component, previ-
ously selected, to be visited, and the go- back rises
again within in the hierarchy, del et e removes a se-
lected component. The nove, resi ze, and rot at e
methods are used to modify aspects of selected com-
ponents. The own-f or method represents the user’s
will to own a component for a given ownership.

The Vi ewpor t and Uni que modules are only used
by in the Body section, this is why both of these mod-
ules are established within the Body section and not
in the | nt er f acesection.

The instance variables are grouped under the
Pl aces field and are initialized as has been described
in the I ni tial field (with the empty multi-set be-
ing the default value). These instance variables are
involved in the behavioral axioms which describe the
properties of the methods. For instance, the behav-
ioral axiom

join pr with v.(self join pr)
idle @-> active @ cur-vp v;

indicates that the j oi n method is asking to be syn-
chronized with the j 0i n method for the privilege
pr of an available existing viewport V. Recall that
method synchronization (a method is a parameterized
transition) corresponds to a unification of both formal
and effective parameters and may occur if and only if
pre- and post-conditions have been satisfied. In other
words, the user must be idle (the value @in the place
i dl e can be consumed) and will become active (the
value @will be produced in the place acti ve). More-
over, the free variable v will be unified with an avail-
able existing viewport and memorized by the current
viewport attribute (cur-vp v). The self-reference
sel f informs the viewport of the identity of the user
who wants to be connected to it. The viewport will
store this object identifier in order to know what con-
nection has been established.

In a second example, we consider the axiom associ-
ated with the sel ect method:

select p with v.select p ::
active @ cur-vp v -> active @ cur-vp v;

The role of this action is the transmission of the user’s
will of selecting an existing component at a given po-
sition p to the current viewport v. The same remark
holds for the other methods.

Figure b provides a partial graphic view of the
C-User class. The inside of the ellipse includes the
encapsulated elements, the solid arrows represent the
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Figure 5: Outline of the G- User Class.

data flow, as described by the axioms, and the circles
indicate the places. As for the rectangles, those which
are white correspond to the internal or spontaneous
transitions (which are not present in this class) and
those which are dark indicate the methods. Note that
for the sake of clarity not all the methods have been
represented.

Cl ass PN C User;
I nherit C User;

Renanme c-user -> pn-c-user;
C-Viewport -> PN-C Vi ewport;
c-viewport -> pn-c-viewport;

Interface

Obj ects Didier,

Met hods
new-trans;
new- pl ac;
new-t oken;
new- ar c;

Body

Axi ons
newtrans with v.newtrans ::
cur-vp v -> cur-vp v;
wher e
V : pnh-c-Vviewport;

;. ... and nore axions ...

End PN- C User;

Ni colas, Adivier : c-user;

Specification 2: Cooperative Petri Net Users.

In order to obtain an effective class of users which
may be involved in a hierarchical Petri net editor we
malke use of inheritance. In Specification 2 one may see
the inheriting class PN- G- User which inherits from
the class C- User as declared under the | nherit
field. In this situation some renamings, declared under
the Renane field, are necessary. As expected, the pro-
files and the properties of the new services provided by
the inheriting class have been introduced within the
Met hods and Axi ons fields, respectively. The new
methods introduced in this class model the user’s will
to create the effective components involved in the hi-
erarchical Petri net diagrams at a given location, i.e.



places, transitions, arcs, and tokens. Moreover, one
observes that three static objects have been declared

under the Obj ect s field.

Viewport

A viewport has two main responsibilities. First a view-
port has to transmit the user’s actions to the server.
Its second role is to receive the information of the
server and to redisplay the document whenever it is
necessary.

Abstract Class C Vi ewport;

Interface
Use Coord, Size, Angle, Picture,
Privil ege, Omnership, C User;
Type c-vi ewport;
Met hods
_join _ : c-user privilege;
| eave;
select _ : coord;
unsel ect;
go- down;
go- back;
del et e;
nove _ @ coord;
resi ze si ze;
rotate _ : angle;
own-for _ : ownership;
display _ : picture;
cl ear-screen;
Body
Use C Server, G- User;
Pl aces
priv _ privil ege;
cur-user _ : c-user;
Axi oms
ujoin pr

wi th the-server.(u login self)
-> priv pr, cur-user u;

| eave with the-server.(u | ogout)
cur-user u, priv pr ->;

select p with
the-server.(u select p wth pr)
cur-user u, priv pr ->
cur-user u, priv pr;

nove p
with the-server.(u move p wh pr)
cur-user u, priv pr ->
cur-user u, priv pr;

own-for os
wi th the-server.(u own-for os)
cur-user u -> cur-user u;

di splay pic ->

wher e
p : coord;
pr privil ege; 0os : ownership;
u c-user; pic : picture;

i, ... and nore axions ...
End C Vi ewport;

Specification 3: General Class of Viewports.

In Specification 3 we give a partial textual form of
the G- Vi ewport class. One may see that the major-
ity of the services concern the requests of the users.
For example, the behavioral axiom of the _join_

12

method informs the server that the user u wishes to be
logged-in with the privilege pr. Thus, the viewport
stores both the parameters.

The sel ect _ method asks the server to select a
component which would be in location p, the cur-
rent user and its privilege are also transmitted to the
server.

The di spl ay method (abstractly modeled here) is
activated by the server sends back the picture to be
displayed on the screen.

We deliberately have not provided the specification
of the effective class of the viewports involved in a hier-
archical Petri net editor. We simply mention that the
PN- C- Vi ewport class is based on the C- Vi ewport
class and introduces the four services mandatory in
the creation of the Petri net components.

Abst ract Cl ass Conponent;

Interface
Use Coord, Size, Angle, String,
Li nk, Set-Of -Links,
Anchor, Set-Of - Anchors;
Type conponent ;
Met hods
nove coord;
resize _ . size;
rotate _ . angle;
get - pos _ @ coord;
put-label _ : string;
add-1ink _ ,
del-link _ : link;
get-1inks set-of -1i nks;

add-anchor |
del - anchor
get -anchors

anchor ;
set - of - anchors;

Body

Pl aces

position _ : coord;

dinension _ : size;

rotation _ : angle;

| abel : string;

i nks _ . set-of-links;

anchors _ : set-of-anchors;

Axi onms

nove p position p’ -> position p;
resize s size s’ -> size s;
rotate r rotation r’ ->rotation r;
get-pos p :: position p -> position p;
put-label Ib :: label Ib” -> label Ib;
add-1ink | links Iks -> links I'ks + I;
del -1ink | links I ks -> links Iks-I;
get-links I'ks :: links lks -> links |Kks;
wher e
p, p’ coor d; s, s’ : size;
r, r’ angl e; Ib, I'b string;
I 1ink; I ks : set-of-1links;

;. ... and nore axions ...
End Comnponent ;

Specification 4: General Class of Components.

Components

A document is composed of components organized into
a hierarchy . Some of these components are said to be



hierarchical in the sense that they may contain sub-
components and some are said to be atomic because
they represent the leaves of the tree structure of the
document and, consequently, cannot contain any sub-
components. In fact a document is a hierarchical com-
ponent in itself.

The Conponent class given in Specification 4 mod-
els the simplest components of our class structure.
This kind of components does not include any no-
tion of cooperation specific to the case study. The
component state consists of six places, four of them
concern the graphic aspects of the component itself,
i.e. position,dimension,rotationandl abel.
The anchor s and | i nks places contain, respectively,
the set of the locations at which another component
may be attached, and which components are linked to
(a link is a triple of two anchors and one component).

The notions of cooperation between several users
required by the case study are introduced in the
C- Conponent class which inherits from the previ-
ous class as illustrated in Specification 5. The par-
ticular aut hori zed-f or place associates a set of
users with each ownership. The associations user-
ownership are surrendered by the surrender service
as required. The aut hori zed- f or ? method is used
by the server to determine if a given user owns the
component for a given ownership, while the own- f or
method allows a user to modify its ownerships. The
behavioral axiom of the own- f or event ensures that
nobody owns the component for del et i on and adds
the user U to the users who already own the compo-
nent for modi fi cati on.

The PN-C- Conmponent class in Specification 6
models the components in relation with a Petri
net editor. As usual, this class inherits from the
C- Conponent with some necessary renamings. From
this class we have derived the PC- G- H- Conponent
class, related to the hierarchical Petri net components
in Specification 7, and the PN- C- A- Conponent class
given in appendix.

The PN- G- H- Conponent class introduces three
new instance variables as well as some associated
methods. The parent place represents the iden-
tity of the ancestor component, while the chi | dren
place corresponds to the set of sub-components. As
for the di sp-depth instance variable, it corre-
sponds to how many levels have to be display by the
conponent - pi ¢ method which returns the picture
of the component. Thus, some components may be
opaque or not (e.g. the places are not opaque since
their tokens must be displayed). Opaqueness is repre-
sented by the value 0.
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Abst ract Cl ass C Conponent;
I nherit Conponent;
Renane conponent -> c-conponent;
Li nk -> C Link;
link -> c-link;
Interface
Use Attri butes, Omership, Picture, C User;
Met hods

get-attrib _, put-attrib _ : attributes;
_ own-for _ ,
_ authorized-for? _ : c-user ownership;
surrender;
conponent-pic _ pi cture;
Body
Use Set-Of -G Users;
Pl aces
attrib _ : attributes;
_ authorized-for _ : set-of-c-users
owner shi p;
Initial
[1 authorized-for deletion;
[] authorized-for inspection;

nodi fication;
encapsul ati on;

[] authorized-for
[] authorized-for

AXi oms
u own-for deletion ::

(((usersl =[]) or (usersl = []+u)) and
((users2 =[]) or (users2 = []+u)) and
((users3 =[]) or (users3 = []+u)) and
((users4 =[]) or (usersd4d =[]+u))) =>

usersl authorized-for deletion,
users2 authorized-for inspection,
users3 aut horized-for nodification,
users4 authori zed-for encapsul ation

->

([] + u) authorized-for deletion,
users2 aut hori zed-for inspection,
users3 aut hori zed-for nodification,
users4 aut hori zed-for encapsul ati on;

u own-for os ::

not (os = deletion) =>
[] authorized-for deletion,
users authorized-for os
->
[] authorized-for deletion,
(users + u) authorized-for os;

u aut horized-for? os ::
(users + u) authorized-for os

->

(users + u) authorized-for os;
wher e

os : ownership; u : c-user;
users, usersl, users2,

users3, users4 : set-of-c-users;

End C- conponent;

Specification 5: Cooperative Components.

Abst ract Cl ass PN-C- Conponent ;
I nherit C- Conponent;
Rename

c-conponent -> pn-c-conmponent;

C- Link -> PN-C Link;

c-link -> pn-c-1link;

C- User -> PN-C User;

c-user -> pn-c-user;

Set-OfF-C-Users -> Set-O-PN C Users;

set-of -c-users -> set-of-pn-c-users;
End PN- C- Conponent ;

Specification 6: Cooperative Petri Net Components.



Abstract Cl ass PN-C- H Conponent ;
I nherit PN C- Conponent;
Renane pn-c-conponent -> pn-c-h-conponent;
Interface
Use Coord, Picture, PN C-Conponent;
Subt ype pn-c- h-component < pn-c-conponent;
Met hods

add-child _ ,
del -child _ : pn-c-conmponent;
get-child _ at _ : pn-c-conponent coord;
get-parent _ : pn-c-conponent;
Body
Use Depth, Set-Of-PN C Conponents;
Pl aces
par ent _ : pn-c-conponent;
children _ : set-of-pn-c-conponents;
di sp-depth _ : depth;
Axi onms
add-child c ::
children conpnts -> children conpnts+c;
del -child c ::

children conpnts+c -> children conpnts;
get-child c at p

with c.(get-pos p) ::

children conpnts+c -> children conpnts+c;

get-parent ¢ : parent c -> parent c;
wher e

p : coord; Cc : pn-c-conponent;
conpnts : set-of-pn-c-conponents;

End PN- C- H Conponents;

Specification 7: Hierarchical Petri Net Components.

The four effective Petri net components, i.e.
the transitions, places, arcs, and tokens, are
constructed from both PN G H Conponent and

PN- C- A- Conponent classes. We only have provided,
in Specification 8, the PN- C- Tr ans class which de-
scribes the class of the hierarchical transitions involved
in the hierarchical Petri net editor. The sub-typing
relationship, explicitly declared within the Subt ype
field, follows the hierarchy of Figure 4 in Section 5.4.

The I nitial field in Specification 8 defines the
static initialization of the instance variables. For
instance, one may see the dimension of the transi-
tions and the position of their four anchors. The
dynamic creation and initialization i1s given by the
creat e-trans method within the Cr eati on field
and by its behavioral axiom which, in this case, just
takes charge of the initialization of the posi ti on in-
stance variable.

The conponent - pi ¢ method, abstractly modeled
here, is used to return the graphic aspects of the tran-
sition (just a rectangle) which will be transmitted to
the appropriate viewports.

Server

The server 1s a crucial element which must:

e manage the identification of the users,
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Cl ass PN-C- Trans;
I nherit PN C- H Conponent;
Renane pn-c- h-conponent -> pn-c-trans;
Redef i ne conponent-pic _ pi cture;
Interface
Use PN- C- H- Conponent;
Subt ype pn-c-trans < pn-c-h-conponent;
Creation create-trans _ : coord;
Body
Initial
di mensi on <50 100>;
rotation O;
anchors []+<25 0>+<0 50>+<49 50>+<25 99>;
links [];
di sp-depth 0;
Axi ons
conponent-pic pic ::
create-trans p :: -> position p;

_>;

wher e
p : coord;
pic : picture;

End PN- C- Tr ans;

Specification 8: Hierarchical Petri Net Transitions.

e save and restore a document,
e provide all the services required by the users,

e cope with the accesses to the shared document in
accordance with the coordination protocol,

e allow the users to simultaneously access to the
document,

e send to the viewports the relevant information to
be displayed.

A partial textual form of the G- Ser ver class which
allows several users to edit simultaneously the same
document is given in Specification 9.

In a centralized architecture only one server is
present. Thus, we define in the C- Ser ver interface
within the Obj ect field a static instance of this class
t he- server. Thus at system initialization this in-
stance will be created and each class using the class
server will be able to use this server instance.

In order to give an insight of the behavior of such a
server, we explain in detail the _move _wt h _ method
which may also be observed in all the classes presented
in this paper. Moreover, in Figure 6, we have provided
a graphic outline of the C- Ser ver class stressing the
nmove method behavior. The dashed arrows represent
the synchronization expressions of the behavioral ax-
ioms.

The set of t ri pl e-uvc contained in the instance
variable aSS0C associates each logged-in user with the
viewport he is connected to, and the current compo-
nent he is currently acting upon.

The behavioral axiom of the nmbve method indi-
cates that the user U wants to move the selected com-
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Figure 6: Outline of the Cooperative Server.

ponent according to its privilege pr to location p. To
accomplish this task the server has to determine the
already selected component and be synchronized, se-
quentially, with 1t. An additional necessary verifica-
tion is to be sure that the user possesses the edit
privilege. The synchronization expression first ensures
that the user U has the authorization for the modifica-
tion of the component ¢ and then asks the component
to move itself to the position p. The production of a
black token @in the place br oadcast - f | ag triggers
off the transition st art - br oadcast to be fired.

As one can see in Figure 6, the st art - br oadcast
internal transition copies the assoc place into the
br oadcast -t 0 which will be able to send the in-
formation to be displayed to each viewport by means
of two synchronization requests. The first synchro-
nization request gets the graphic aspect of the ex-
panded current component, while the second synchro-
nization sends the picture to the appropriate view-
port v. This process is ended when all triples of
the broadcast-to place have been removed and
only the empty set resource is left. Finally, the
fini sh-broadcast transition consumes the empty
set.

Here, 1t is necessary to stress that the internal tran-
sitions are invisible to the outside world and are con-
sidered as being spontaneous events. Thus, for the
outside world the events which compose the nove
method seem to be performed simultaneously, whereas
they are actually serialized.

Finally, from the abstract G- Server class we de-
rive the PN- G- Server which describes the effective
server involved in the hierarchical Petri net editor.
The PN- C- Server class is presented in Specifica-
tion 10. This class introduces the missing services
related to the creation of the effective Petri net com-
ponents.
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Abstract Class C Server;
Interface

Use Coord, Size, Angle, Privilege,
Omnership, C User, C Viewport;

Type c-server;

Obj ect the-server c-server;

Met hods
_login _ : c-user c-viewort;
_select _ wh _ ,
_move _ wth _ : c-user coord
privil ege;
_own-for _ : c-user ownership;
save; restore; new docunent ;
Body
Use Uni que, C- Conponent,

Set - OF - C- Conponents, C-Tripl e-uvc,

Set-OfF - C-Tri pl e-uvc, Picture;
Pl aces
docunent _ : c-conponent;

broadcast-flag _ :
broadcast-to

uni que;
set-of -c-triple-uvc;

assoc _ : set-of-c-triple-uvc;

_ selected _ : c-user set-of-c-conponents;
Initial

broadcast-to [];

assoc [];

Transitions
start-broadcast;
fini sh-broadcast;
br oadcast ;
Axi ons
uloginv ::
assoc uvc, docunent doc ->
assoc (uvc + <u v doc>),
u selected [], docunent doc;

u select p wth pr

with c.get-child ¢’ at p ::

(pr = edit) or (pr = view =>
assoc (uvc + <u v c>),

u sel ected conpnts

->

assoc (uvc + <u v c>),

u selected (compnts + ¢'),
broadcast-flag @
u nmove p wh pr

with ¢’ . (u authorized-for? nodification)

.. Cc'.nove p ::

pr = edit =>

u selected ([] + ¢")

->

u selected [], broadcast-flag @

u own-for os with c'.(u own-for os) ::
u selected ([] + ¢') -> u selected [];

start-broadcast
broadcast-flag @ assoc uvc
->

assoc uvc,

br oadcast

wi th c.conmponent-pic pic
v.display pic ::

broadcast-to (uvc + <u v c>)

->

br oadcast-to uvc;

br oadcast-to uvc;

fini sh-broadcast broadcast-to [] -> ;
wher e
p : coord;
pr : privilege; 0s owner ski p;
pic : picture;
uvc : set-of-c-triple-uvc;
c, c¢', doc : c-conponent;
conpnts : set-of-c-conponents;
u : c-user; vV : c-Vviewport;
End C Server;

Specification 9: Cooperative Server Class.




Cl ass PN-C- Server;
I nherit C Server;

Rename

c-server -> pn-c-server;
C User -> PN C- User;
c-user -> pn-c-user;

Set-OF - C-Tri pl e-uvc->Set - O - PN-C- Tri pl e- uvc;
set-of-c-triple-uvc->set-of-pn-c-triple-uvc;

Interface
Met hods
_ newtrans-wh _ pn-c-user privilege;
_ newplac-wth _ pn-c-user privilege;
_ newtoken-wth _ pn-c-user privilege;
_ newarc-wh _ pn-c-user privilege;
Body
AX1 os

u newtrans-wth pr

with c.(u authorized-for? nodification)
c’.create-trans <0 0>
c.add-child ¢’

pr = edit =>

assoc (uvc + <u v c>)

->

assoc (uvc + <u v c>), broadcast-flag @
wher e

uvc : set-of-triple-pn-c-uvc;

u : pn-c-user; Vo

Cc : pn-c-conponent;
;. ... and nore axions ...
End PN- C- Server;

pn-c-vi ewport;

Specification 10: Petri Net Server Class.

Within the Axi oms field, one may see how a new
Petri net transition is created at a position p for an
user U with the privilege pr. First the ownership for
modification of the current component is verified, then
(sequentially) the creation of the transition in itself is
requested followed the addition of the new transition
to the current component.

6.3 Behavioral Properties of the Classes

In Figure 7 we have provided a snapshot of a sys-
tem of objects taking part in the development of a
hierarchical Petri net, in accordance with the exam-
ple given in Section 4.3 and illustrated in Figure 1.
Two kinds of relationships are represented, the solid
arrows correspond to the synchronizations that can be
performed, and the dashed arrows represent the link
between the connected components.

The server object 1s a key element of the whole sys-
tem. All the modifications concerning any component
are transmitted to the server which dispatches the re-
sult of the modifications to the appropriate viewports.
In CO-OPN/2, the concurrency is naturally managed
by the places which are multi-sets of algebraic values
and build states concurrently accessible by the object
methods. Despite this modeling power, it is some-
times difficult to model concurrent accesses when op-
erations on global multi-set states have to be consid-
ered. It is, for instance, the case for the chil dren
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Figure 7: Class Instances of the Example.

place of the PN- C- H Conponent class which is a set
of references modeled by means of an algebraic ab-
stract data type and not a multi-set. This modeling
choice prevents from accessing simultaneously some of
the sub-components of a node.

The server component allows intra-concurrency. In-
deed, most of the services (not | 0ogi n and | ogout ) of
the server may be simultaneously activated by two dif-
ferent users for two different components, for instance
the _nove Wt h _ method. Moreover, some services
may be requested by two different users for the same
component, for instance the rotation and the shift-
ing of a component. We did not have optimized the
broadcast performed after a modification, for example
a simultaneous modification of two components will
produce two simultaneous request for the di spl ay
service of the viewports (synchronously performed af-
ter the component modification).

7 Modeling of Other Editors

In this section we give one direction for the evolu-
tion of our modeling of the hierarchical Petri net editor
in order to obtain other kinds of cooperative editors.

The class structure presented in this paper is flexi-
ble enough to take into account other cooperative ed-
itors such as an editor of SADT diagrams as well as
an editor of CO-OPN/2 diagrams. The mandatory



modifications only concern the classes derived from
second level of Figure 3. Thus, the lowest level of
Figure 3 as well as the component hierarchy must be
redefined according to the type of the diagram. Here
follows two suggestions concerning the sub-typing re-
lationship between the components of SADT diagrams
and CO-OPN/2 diagrams.

SADT

SADT diagrams are quite simple, they consist of two
kinds of components the boxes which may be arbitrar-
ily nested, and the arrows. Thus, Figure 8 depicts the
component hierarchy which could be adopted for the
design of a cooperative editor of SADT diagrams.

SADT- Conponent

/ \
/ \

4 X

SADT- Box SADT- Ar r ow

Figure 8: Sub-typing Hierarchy for SADT Compo-
nents.

CO-OPN/2

A CO-OPN/2 specification is a set of interconnected
classes which consist of an encapsulated Petri net
equipped with some methods or parameterized tran-
sitions. Thus, CO-OPN/2 formalism defines only two
levels of hierarchy with regard to the component nest-
ing: the net level and the class level. At the net level,
the CO-OPN/2 components are the places, the inter-
nal transitions, the methods and the arrows that rep-
resent the control flow. At the class level, the com-
ponents are the classes and the arrows which express
the synchronization requests. In Figure 9 we establish
a possible component hierarchy for the a CO-OPN/2
diagram editor.

8 Conclusion

In this paper we modeled a case study on group-
ware or, more specifically, on a cooperative editor of
hierarchical diagrams. The aim of this case study was
to provide a general example in order to compare var-
ious approaches which combined a formal model of
concurrency and the object-oriented paradigm. First,
we presented the CO-OPN/2 specification language
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COOPN 2- Tr ans COOPN 2- Met hod

Figure 9: Sub-typing Hierarchy for CO-OPN/2.

by giving some explanations of the specific notions of
object-orientation. As for the proposed case study,
we showed how the CO-OPN/2 formalism is adapted
for the modeling of cooperative applications in which
concurrency is a major objective.

The
and sub-typing has allowed us to provide a flexible
structure of classes and, at the same time, enabled us
to treat the components which compose the diagrams
in a consistent and regular way. However, it has ap-
peared that a notion of sub-typing in which some se-
mantic constraints could be relaxed, would increase
the regularity of the treatments. The formalization of
such a sub-typing relationship is one of our present
research activities.

In order to provide a complete development system
based on CO-OPN/2, we are working on the devel-
opment of tools adapted to our formalism, and also
studying the other phases of the life cycle such as the
analysis and the test of object oriented software as well
as the techniques of incremental implementation.

distinction established between inheritance
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A Full CO-OPN/2 Specification

1 ;; COOPN 2 specification of a Cooperative Editor of Hi erarchical D agrans

b e T T il T I T

s ;; Contains all the classes and ADT nodul es involved in the case study except the very

4+ ;; basic abstract data types such as the bool eans, uniques, naturals, and strings;

s ,; === Conponent cl ass

e ;; This class provides the basic elements of the graphic conmponents involved in the editor.
7 ;; It will be used so as to build nore conplex conponents. The services given by this class
s ;; are classified into three categories:

s ;; 1- the services in relation with the graphical aspects of the conponent (nobve, resize,

0 ;] rotate, get-pos, put-label, ret-pic);

11 ;; 2- the services which allow the user to attach a new conponent (add-Iink, del-Iink,

125 get-1inks);

13 ;; 3- the services which allow the user to add/renmove a new position where conponents can be
14 5 attached (add-anchor, del-anchor, get-anchors).

15 Abstract Cl ass Conponent;

e Interface

17 Use Coord, Size, Angle, String, Link, Set-Of-Links, Anchor, Set-Of -Anchors;
Type conponent;

19 Met hods

=

-
3

20 nove _ @ coord; ;; nmodify the conponent aspects
21 resize _ @ size;

22 rotate _ @ angle;

23 get - pos _ @ coord; ;; provide the position

24 put-label _ : string; ;; nmodifie the conmponent’s name
25 add-1ink _ ;; add and renove a given link
26 del-link _ : link;

27 get-links _ : set-of-links; ;; provide all component |inks
28 add-anchor _ , ;; add and renopve a given anchor
29 del -anchor _ : anchor;

30 get-anchors _ : set-of-anchors; ;; provide all the anchors

31 Body

32 Pl aces

33 position _ : coord; ;; Where the conmponent is |ocated
34 dinension _ : size; ;; how big is the conponent

35 rotation _ : angle; ;; how the conponent is oriented
36 | abel _ 1 string; ;; conponent’s nane

37 i nks _ 1 set-of-links; ;; Which conmponents are linked with
38 anchors _ : set-of-anchors; ;; Where the conmponents may be |inked
39 Axi ons

40 nove p ;1 position p’ -> position p;

41 resize s 1. size s’ -> size s;

42 rotate r :: rotationr’ ->rotation r;

43 get-pos p :: position p -> position p;

4a put-label Ib :: label Ib -> | abel 1b;

45 add-1ink | o links ks -> links (ks + 1);

46 del -1ink I 2 links ks -> links (ks - I);

47 get-links lks :: links Iks -> links |ks;

48 add- anchor a :: anchors anchs -> anchors (anchs + a);

49 del -anchor a :: anchors anchs -> anchors (anchs - a);

50 get-anchors anchs :: anchors anchs -> anchors anchs;

51 wher e

52 p, p’ : coord;

53 s, s’ : size;

54 r, r' : angle;

55 I'b, I'b : string;

56 | i ﬂk;

57 a : anchor;

58 I ks . set-of-links;

59 anchs . set-of-anchors;

so End Conponent;
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72
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78
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80
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84
85
86

87
88

Abstract
I nherit Component;

Cooper ative conponents

This class enriches the Conponent class with the cooperative aspects of the editor.

Four ownershi ps are taken into account
del etion : requires that no-one el se has any ownership
i nspection only the owner can view the attributes
nmodi fication only the owner can nodify the attributes
encapsul ation : only the owner can view the internal details,
can persist between editing sessions,

The nmet hod aut hori zed-for? plays the role of a predicate. The nethod can be fired
iff the given user owns the conponent for the given ownership. This nmethod uses
the place authorised-for which associ ates a set of users for each ownership |evel.

The nmet hod own-for is called whenever a user wants to own the conponent for a given
ownership. This method verifies the conpatibility between the ownership and the
privileges of the user.

Cl ass C- Conponent ;

Rename conponent -> c-conponent;
Li nk -> C Link;
link -> c-1ink;
Set - OfF - Li nks -> Set- O - G Li nks;
set-of-links -> set-of-c-1inks;

Interface

Use Attributes,

Met hods
get-attrib _ -
put-attrib _ : attributes;

Omnership, Picture, C User;

provide and nofify the attributes

_ own-for , -

_ own the conponent for an ownership
_ authorized-for? _ : c-user ownership; -

is the user authorized for an ownership ?

Body

surrender; ;; surrender all ownerships except encapsul ation
conponent-pic _ pi cture; ;; provide the picture of the conmponent

Use Set-Of -G Users;

Pl aces
attrib _ : attributes; ;; t-uple of attributes

_ authorized-for _
Initial

set - of - c-users ownershi p;

[1 authorized-for

[1 authorized-for

[1 authorized-for

[1 authorized-for
Axi onms

del eti on; -
i nspection; -
nmodi fi cati on;

encapsul ati on;

get-attrib t attribt -> attrib t;
put-attrib t attrib t’ -> attrib t;
u own-for deletion ::

(((usersl =[]) or (usersl = ([] + u))) and
((users2 =[]) or (users2 = ([] + u))) and
((users3 =[]) or (users3 = ([] + u))) and
((users4 =[]) or (usersd = ([] + u)))

) =>

usersl authorized-for deletion,

users2 authorized-for inspection,

users3 aut hori zed-for nodification,

users4 authorized-for encapsul ati on

->

([] + u) authorized-for deletion, -
users2 aut hori zed-for inspection, -
users3 aut hori zed-for nodification, -
users4  authorized-for encapsul ation;

u own-for os ::
not (os = del et

[1 authorized-for

->

[1 authorized-for

ion) => -
del eti on,

del eti on,

u authorized-for? os :: i
(users + u) authorized-for os -> (users + u) authorized-for os;

20

nobody owns the conponent for any ownership
[] denotes the enpty set

;; guaranty that nobody (expect u itself)
;; owns the conponent for any ownership

uis the only one who owns the conponent
for deletion and may be for inspection
nodi fication and encapsul ati on

verify that nobody owns the conponent for
deletion and add u as owner for os

users aut horized-for os

(users + u) authorized-for os;

verify that the user u owns for ownership os



144
145

148

surrender ::
usersl authorized-for deletion,
users2 authorized-for nodification,
users3 authorized-for inspection
->
[] authorized-for deletion,
[] authorized-for nodification,
[1 authorized-for inspection;

wher e
t : attributes;
os : ownership;
u : c-user;

users, usersl, users2, users3, users4 :
End C-conponent;

;; === Cooperative users

;; A user may join of |leave an editing session,

remove all the owners for each ownership
except for encapsul ation

set - of -c- users;

and be connected to a viewport.

;; A user performs some actions sending the appropriate nmessage to a the viewport

., he is connected to.

Abstract Class C User;
Interface

Use Coord, Size, Angle, Privilege, Oanership;
Type c-user;
Met hods ;; the user’s actions
join _ : privilege; ;; a user wants to join or leave an editing
| eave; ;; session with a given privilege.
select _ : coord; ;; select a conponent located in x,y
unsel ect ; ;; unselect all the sel ected conponents
go- down; ;; visit the sel ected conmponent
go- back; ;7 go back up in the hierarchy
del et e; ;; delete the sel ected component
move  _ : coord; ;; nmodify the sel ected conmponent aspects
resize _ : size;
rotate _ : angle;
own-for _ : ownership; ;; modify the ownership of a sel. conponent
Body
Use Uni que, C Viewport;
Pl ace
idle _ ;; the user is either idle xor active
active _ : unique;
cur-vp _ : c-Vviewport; ;; current viewport he is connected to
Initial
idle @ . default user’s state
Axi oms
join pr with v.(self joinpr) :: idle @-> active @ cur-vp v;
leave with v.leave :: active @ cur-vpv ->idle @
select pwith v.select p:: active @ cur-vp v -> active @ cur-vp v;
unselect with v.unselect :: active @ cur-vp v -> active @ cur-vp v;
go-down with v.go-down :: active @ cur-vp v -> active @ cur-vp v;
go-back with v.go-back :: active @ cur-vp v -> active @ cur-vp v;
delete with v.delete :: active @ cur-vp v -> active @ cur-vp v;
move p with v.nove p :: active @ cur-vp v -> active @ cur-vp v;
resize s with v.resize s :: active @ cur-vp v -> active @ cur-vp v;
rotate r with v.rotate r :: active @ cur-vp v -> active @ cur-vp v;
own-for os with v.own-for os :: active @ cur-vp v -> active @ cur-vp v;
wher e
p : coord;
s @ size;
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r : angle;

VvV . c-Viewport;

pr : privilege;

os : ownership;
End C- User;

;3 === Cooperative viewport

; A viewport transnmits each action of the user connected to the server and collects
;; the results. For each user’s action, the server sends back to the viewport the picture
;; to be displayed by the viewport.

Abstract Cl ass C Vi ewport;

Interface
Use Coord, Size, Angle, Picture, Privilege, Omership, C User;
Type c-viewport;

Met hods
_join _ : c-user privilege; ;; a user asks to join/leave an editing
| eave; ;; session with a given privilege
sel ect _ : coord; ;; select a conponent |ocated in x,y
unsel ect ; ;; unselect all the sel ected conponents
go- down; ;; visit the sel ected conmponent
go- back; ;7 go back up in the hierarchy
del et e; ;; delete the sel ected component
move _ : coord; ;; modify the sel ected conmponent aspects
resize _ : size;
rotate _ : angle;
own-for _ : ownership; ;; modify the ownership of the sel. conponent
display _ : picture; ;; display the picture returned by the server
cl ear-screen; ;; used whenever a user join or |eave
Body
Use C- Server, G User;
Pl aces
priv _ : privilege; ;; privileges of the current user
cur-user _ : c-user; ;; who is currently |logged in
Axi onms
ujoin pr with the-server.(u login self) :: -> priv pr, cur-user u;
|l eave with the-server.(u logout) :: cur-user u, priv pr ->;
select p with the-server.(u select p wh pr) :: cur-user u, priv pr -> cur-user u, priv pr;
unsel ect with the-server.(u unselect) :: cur-user u -> cur-user u;
go-down with the-server.(u go-down-wth pr) :: cur-user u, priv pr -> cur-user u, priv pr;
go-back with the-server.(u go-back) :: cur-user u -> cur-user u;
delete with the-server.(u delete-wth pr) :: cur-user u, priv pr -> cur-user u, priv pr;
move p with the-server.(u nmove p wh pr) :: cur-user u, priv pr -> cur-user u, priv pr;
resize s with the-server.(u resize s wh pr) :: cur-user u, priv pr -> cur-user u, priv pr;
rotate r with the-server.(u rotate r wh pr) :: cur-user u, priv pr -> cur-user u, priv pr;
own-for os with the-server.(u own-for 0s) :: cur-user u -> cur-user u;
display pic :: ->; ;; abstractly defined here
clear-screen :: ->;
wher e
p : coord;
s @ size;
r : angle;

pr : privilege;

os : ownership;

u : c-user;

pic : picture;
End C Vi ewport;

;; === Cooperative server
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267

269
270
271

;; The server collects the users’ actions sent by the viewports and perforns them
;; It mainly solves the accesses to the various conmponents by neans of a sinple

;; protocol and broadcast to each viewport currently connected the results of the
;; users actions, i.e. send a different picture to each viewport.

;; The place assoc nakes an associ ati on between each | oggeg-on user, the viewport he is

;; connected to, and the conponent he is currently working on. This place consists of

;; a set which will be sequentially consulted during the broadcast which will be

;; triggered off when a token ill be present in the broadcast-flag place.

;; The sel ected place associ ates each | ogged-on user with thier set of selected conponents.

Abstract Cl ass C Server;

Interface
Use Coord, Size, Angle, Privilege, Oanership, C User, C Viewport;
Type c-server;

Obj ect the-server : c-server; ;; static class instance
Met hods
_login _ : c-user c-viewort; ;; sane services as the c-user and c-vi ewport
_ logout : c-user; ;; except that the user who ask the service
;; is sent by the viewport as well as ist
_select _ wh _ : c-user coord privilege; ;; privilege when necessary
_ unselect : c-user;
_ go-down-wth _ : c-user privilege;
_ go-back : c-user;
_ delete-wth _ : c-user privilege;
_move _ wh _ : c-user coord privilege;
_resize _ wh _ : c-user size privilege;
_rotate _ wh _ : c-user angle privilege;
_own-for _ : c-user ownership;
save; ;; save the docunent iff nobody use it
restore; ;; load the docunment previously saved
new documnent ; ;; Ccreate a new docunent, abstractly defined

Body
Use Uni que, C- Conponent, Set-Cf-C-Conponents, C-Triple-uvc, Set-O-C- Triple-uvec, Picture;
Pl aces

docunent _ : c-conponent; ;; the document currently edited
broadcast-flag _ : unique; ;; trigger the broadcast
broadcast-to _ : set-of-c-triple-uvc; ;; auxiliary set of connected users/viewport
assoc _ : set-of-c-triple-uvc
_ selected _ : c-user set-of-c-conponents; ;; the set of selected conponents of each user
Initial
broadcast-to []; ;; nobody is connected yet
assoc []; ;; nobody is connected yet
Transitions
start-broadcast; ;; internal transitions so as to broadcast
finish-broadcast; ;; the information to each connected vi ewport
br oadcast ;
Axi onms
uloginv:
assoc uvc, docunent doc

->
assoc (uvc + <u v doc>), u selected [], docunent doc;
u logout :: assoc (uvc + <u v c¢>), u selected conpnts -> assoc uvc;
u select p wh pr with c.get-child ¢’ at p ::
(pr = edit) or (pr = view =>
assoc (uvc + <u v ¢>), u selected conpnts
->
assoc (uvc + <u v ¢>), u selected (compnts + c¢'), broadcast-flag @

u unselect :: u selected conpnts -> u selected [], broadcast-flag @

u go-down-wth pr with c'.(u authorized-for? encapsul ati on)
((pr = edit) or (pr = view)) =>
assoc (uvc + <u v ¢>), u selected ([] + ¢")
->
assoc (uvc + <u v ¢'>), u selected [], broadcast-flag @
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u go-back with c.get-parent c’
assoc (uvc + <u v ¢>), u selected conpnts
->
assoc (uvc + <u v ¢'>), u selected [], broadcast-flag @

u delete-wth pr with c.(u authorized-for? deletion) .. c.del-child ¢’
pr = edit =>
assoc (uvc + <u v c>), u selected []+c’
->
assoc (uvc + <u v ¢c>), u selected [], broadcast-flag @

u move p wh pr with c.(u authorized-for? nodification) .. c.nove p ::
pr = edit =>
u selected ([] + ¢c) -> u selected [], broadcast-flag @

uresize s wh pr withc.(u authorized-for? nodification) .. c.resize s ::
pr = edit =>
u selected ([] + ¢c) -> u selected [], broadcast-flag @

urotater wh pr with c.(u authorized-for? nodification) .. c.rotate r
pr = edit =>
u selected ([] + ¢) -> u selected [], broadcast-flag @

u own-for os with c.(u owmn-for os) :: u selected ([] + ¢c) -> u selected [];

start-broadcast
broadcast-flag @ assoc uvc -> assoc uvc, broadcast-to uvc;

broadcast with c.conponent-pic pic .. v.display pic ::
broadcast-to (uvc + <u v ¢>) -> broadcast-to set-ucv;

finish-broadcast :: broadcast-to [] -> ;
save with doc.surrender :: docunment doc, assoc [] -> assoc [];
restore :: -> docunent doc;

new docunent :: -> docunent doc;
wher e

p : coord;

S . size;

r : angl e;

pr : privilege;

0s : ownerskip;

pic : picture;

uvc : set-of-c-triple-uvc;

c, c¢', doc : c-conponent;

conpnts : set-of-c-conponents;

u : c-user;
vV : c-viewport;
End C Server;

;; === Petri nets cooperative conponents

;7 This class forms the root of the sub-typing hierarchy of the concrete conponents
7, involved in the editor.

Abst ract Cl ass PN-C- Conponent ;
I nherit C- Conponent;
Renane
c-conponent -> pn-c-conmponent;
C-Link -> PN-C Link;
c-link -> pn-c-1link;
C-User -> PN-C User;
c-user -> pn-c-user;
Set-Of-CUsers -> Set-O-PN C Users;
set-of -c-users -> set-of-pn-c-users;
End PN- C- Conponent ;

;; === Hierarchical Petri nets cooperative conponents

;7 This class introduces all the el ements necessary for the hierarchical conponents

;; such as the instance variable parent and children and the associ ated net hods.

;; Moreover the instance variable disp-depth is introduced, it is used by the conponent-pic

;; SO0 as to nake sone conponents not opaque such as the place in which the token are displayed.
;; Opaqueness correspond to the value 0. (e.g. O for the transitions, 1 for the places).

;; The concrete classes in relation with the hierarchical conponents of the editor
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;; Will be derived fromthis class (transition, place).

Abstract Cl ass PN-C- H Conponent ;
I nherit PN-C Conponent;

Renane pn-c- conponent -> pn-c-h-conponent;
Interface

Use Coord, Picture, PN C-Conponent;

Subt ype pn-c-h-conponent < pn-c-conponent;

Met hods
add-child _ , ;; add and renopve a child (sub-conponent)
del -child _ : pn-c-conmponent;
get-child _ at _ : pn-c-conmponent coord; ;; return the child located in position x,y
get-parent _ : pn-c-conponent; ;; return the parent of the conponent
Body
Use Depth, Set-Of-PN C Conponents;
Pl aces
par ent _ pn- c- conmponent ; ;; who is the ancestor
children _ : set-of-pn-c-conponents; ;; who are the children (sub-conmponents)
di sp-depth _ : depth; ;; how many | evel s have to be displayed
Axi onms
add-child c :: children conpnts -> children (conpnts + c)
del-child c :: children (conpnts + ¢) -> children conpnts
get-child c at p with c.(get-pos p) :: children (compnts + ¢) -> children (conpnts + c);
get-parent ¢ : parent c -> parent c
wher e
p : coord;
pic : picture;
c : pn-c-conponent;

conpnts : set-of-pn-c-conponents;
End PN- C- H Conponents;

;; === Atomic Petri nets cooperative conponents

;; The concrete classes in relation with the atom c conponents of the editor
;7 Will be derived fromthis class (arc, token).

Abstract Cl ass PN-C- A- Conponent ;
I nherit PN-C Conponent;

Renane pn-c- conponent -> pn-c-a-conponent;
End PN- C- A- Conponent ;

;; === Petri net transitions
;; Atransition is a hierarchical conmponent graphically represented by a rectangle
;; equiped with four anchors.

Cl ass PN-C Trans;
I nherit PN-C H Conponent;
Renane pn-c-h-conmponent -> pn-c-trans;

Redef i ne conponent-pic _ : picture;
Interface
Use PN-C-H Conponent;
Subt ype pn-c-trans < pn-c-h-conmponent; ;; atransition is a hierarchical conponent
Creation
create-trans _ : coord; ;; creation of a transition located in x,y
Body
Initial
di mensi on <50 100>; ;; horizontal and vertical sizes
rotation O; ;; no rotation
anchors []+<25 0>+<0 50>+<49 50>+<25 99>; i 4 anchors (midle of each side of the rect.
links []; ;7 no link
di sp-depth O; ;; atransition i s opaque
Axi onms
conponent-pic pic :: ->; ;; abstractly defined here;
create-trans p :: -> position p; ;; initialize the last instance variable
wher e
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475

476
477
478

p : coord;
pic : picture;
End PN-C- Trans;

;; === Petri net places

;; A place is a hierarchical
;; equiped with four anchors.

Cl ass PN-C- Pl ac;
I nherit PN-C H Conmponent;
Renane pn-c- h-conponent -> pn-c-pl ac;
Redef i ne conponent-pic _ : picture;
Interface
Use PN-C-H Conponent;
Subt ype pn-c-plac < pn-c-h-conponent;
Creation
create-plac _
Body
Initial
di mensi on <100 100>;
rotation O;
anchors []+<50 0>+<0 50>+<99 50>+<50 99>;

coord;

links [];
di sp-depth 1;
Axi onms

conponent-pic pic :: ->;

create-plac p :: -> position p;

wher e
p : coord;
pic : picture;

End PN-C Pl ac;

;; === Petri net tokens

conponent graphically

represented by a circle

a place is a hierarchical component

creation of a place at a given coordinate

hori zontal and vertical sizes

no rotation

four anchors (east,west, north, south)
no |ink

sub- conponents (tokens) must be visible

abstractly defined here;

initialize the last instance variable

;; A token is an atom c conponent graphically represented by a disc.

Cl ass PN-C- Token;
I nherit PN-C A- Conmponent ;
Renanme pn-c-a-conponent -> pn-c-token;
Redef i ne conponent-pic _ : picture;
Interface
Use PN- C- A- Conponent;
Subt ype pn-c-token < pn-c-a-conmponent;
Creation
creat e-token-at
Body
Initial
di mensi on <5 5>;
rotation O;
anchors [];
links [];
Axi oms
conponent-pic pic :: ->;

coord;

create-token p ::
wher e
p : coord;
pic : picture;
End PN-C- Token;

-> position p;

;; === Petri net arc

;7 An arc is an atonic conponent graphically repr

Cl ass PN-C Arc;
I nherit PN-C A- Conmponent ;
Renane pn-c-a-conmponent -> pn-c-arc;
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a token is an atonmic component

creation of a token at a given coordinate

hori zontal and vertical sizes
no rotation
no anchor

no |ink

abstractly defined here;

initialize the last instance variable

esented by an arrow.



479
480
481
482
483

485
486
487
488

530
531
532
533
534
535
536

538
539
540
541

Redef i ne conponent-pic _
Interface
Use PN- C- A- Conponent ;
Subt ype pn-c-arc < pn-c-a-conponent;
Creation
create-arc _
Body
Initial
di mensi on <200 20>;
rotation O;
anchors []+<0 10>+<199 10>;
links [];
Axi onms
conponent-pic pic :: ->;

pi cture;

coord;

create-arc p ::
wher e
p : coord;
pic pi cture;
End PN-C- Arc;

-> position p;

;; === Petri nets cooperative users

;; Fromthe cooperative user class,

., for the creation of the four Petri
Cl ass PN-C User;
I nherit G User;
Renane
c-user -> pn-c-user;
C-Viewport -> PN-C Vi ewport;
c-viewport -> pn-c-viewport;
Interface
Objects Didier, Nicolas, Qivier c-user;
Met hods
new-trans;
new- pl ac;
new-t oken;
new arc;
Body
Axi ons
newtrans with v.newtrans :: cur-vp v ->
newplac with v.newplac :: cur-vp v ->
newtoken with v.newtoken :: cur-vp v ->
new ar c with v.newtrans :: cur-vp v ->
wher e

V : ph-c-Viewport;
End PN-C- User;

- = Petri

nets cooperative viewport

;; Fromthe cooperative viewiort class,
., for the creation of the four Petri
;; Each service calls the-server,
;; new conponent.

Cl ass PN-C Vi ewport;
I nherit C Viewport;

Renane
c-viewport -> pn-c-viewport;
C User -> PN C- User;
c-user -> pn-c-user;
C-Server -> PN-C Server;
c-server -> c-server;

Interface

Met hods
new-trans;
new- pl ac;

;; an arc is an atonmic component

;; creation of an arc at a given coordi nate
;; rotation and | ength

;; horizontal and vertical sizes
;; no rotation

;; no anchor

;5 no link
;; abstractly defined here

i, initialize the last instance variable

this class introduces the necessary services
nets conponents.

;; here three users statically created

;; creation of the conponents

cur-vp v,
cur-vp v,
cur-vp v,
cur-vp v,

this class introduces the necessary services
nets conponents.
unsel ect all

sel ected conponents, and selects the

;; creation of the conponents
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542

new-t oken;
new- ar c;

Body

Axi ons

newtrans with the-server.(u newtrans-wth pr)

cur-user u, pI’iV pr -> cur-user u,

priv pr;

newplac wth the-server.(u new plac-wh pr)

cur-user u, pI’iV pr -> cur-user u,

priv pr;

newt oken with the-server. (u newtoken-wth pr)

cur-user u, pI’iV pr -> cur-user u,

new arc wi th the-server.(u newarc-

cur-user u, priv pr -> cur-user u,
wher e

pr : privilege;

u : pn-c-user;

End PN-C- Vi ewport;

=== Petri net cooperative server

priv pr;
wth pr)
priv pr;

From the cooperative server class, this class introduces the necessary services
for the creation of the four Petri nets conponents.

Each service verify that the current conponent

is owmn for nodification, create the

new conponent and adds it to the children of the current conponent. Finally the

broadcast is triggered off.

Cl ass PN-C- Server;
I nherit C Server;

Renane
c-server -> pn-c-server;

Set - OF - C- Conponent -> Set - Of - C- Conponent ;
set - of - c-conponent -> set-of-c-conponent;
Set-OF-C-Triple-uvc -> Set-Of -PN-C Tri pl e-uvc;
set-of-c-triple-uvc -> set-of-pn-c-triple-uvc;

Interface
Met hods
_newtrans-wth _ : pn-c-user privilege;
_ newplac-wh _ : pn-c-user privilege;
_ newtoken-wth _ : pn-c-user privilege;
_newarc-wh _ : pn-c-user privilege;
Body
Axi onms

u newtrans-wth pr
with c.(u authorized-for? nodificat
pr = edit =>

ion) .. c' .create-trans <0 0> .. c.add-child ¢’

assoc (uvc + <u v ¢>) -> assoc (uvc + <u v c>),

u newplac-wth pr
with c.(u authorized-for? nodificat
pr = edit =>

broadcast-flag @

ion) .. c' .create-plac <0 0> .. c.add-child c’

assoc (uvc + <u v ¢>) -> assoc (uvc + <u v c>),

u newtoken-wth pr
with c.(u authorized-for? nodificat
pr = edit =>

broadcast-flag @

ion) .. c' .create-token <0 0> .. c.add-child ¢’

assoc (uvc + <u v ¢>) -> assoc (uvc + <u v c>),

u newarc-wth pr
with c.(u authorized-for? nodificat
pr = edit =>

broadcast-flag @

ion) .. c' .create-arc <0 0> .. c.add-child c’

assoc (uvc + <u v ¢>) -> assoc (uvc + <u v c>),

wher e
uvc : set-of-triple-pn-c-uvc;
u : pn-c-user;
V : ph-c-Viewport;
Cc : pn-c-conponent;

End PN-C Server;

*** Cooperative Editor of Hi erarchical

Di agr ans
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s0s ;; abstract data types part

eos ;; A coordinate is a pair of naturals

sos Adt Coord as CartesianProduct2(Natural, Natural);
607 Mor phi sm

608 eleml -> natural;

609 elen?2 -> natural;

610 _ = _in ConparableEleml. -> _ = _ in Natural;
611 _ = _in ConparableElen?2 -> _ = _ in Natural;
612 Renamne

613 cp2 -> coord;

614 fst _ -> xcoord _ ;

615 snd _ -> ycoord _ ;

s16 ENnd Coord;

17 ;; The depth is a natural nunber

s1s Adt Depth as Natural;

s19 End Dept h;

620

s21 ;; An anchor is a coordinate which represent where a conponent can be attached.

e22 Adt Anchor as CartesianProduct2(Natural, Natural);
623 Mor phi sm

624 eleml -> natural;

625 elen? -> natural;

626 _ = _in ConparableEleml. -> _ = _ in Natural;

627 _ = _in ConparableElen?2 -> _ = _ in Natural;

628 Renamne

629 cp2 -> anchor;

ez0 End Anchor;

a1 ;; A link attaches a current conponent w th another conmponent by neans two anchors.
esz ;; The first anchor is the anchor of the current conponent.

633 ;; The conponent is the conponent with which the current conponent is attached

ess ;; The second anchor is the anchor of the conponent with which the current conponent is attached.

e35 Adt Link as CartesianProduct 3(Anchor, Conponent, Anchor);
636 Mor phi sm

637 el enl -> anchor;

638 el en?2 -> conponent;

639 el enB -> anchor;

640 _ = _in ConparableEleml. -> _ = _ in Anchor;
641 _ = _ in ConparableElen?2 -> _ = _ in Conponent;
642 _ = _in ConparableElen8 -> _ = _ in Anchor;
643 Rename

644 cp2 -> link;

e45 ENnd Li nk;

eas ;; A triple uvc makes an associati on between a user and the viewport he is connected with
ea7 ;; and the current conmponent he is working with.

eas Adt Triple-uvc as Cartesi anProduct 3(User, Viewport, Conponent);
649 Mor phi sm

650 eleml -> user;

651 el en? -> viewport;

652 el enB -> conponent;

653 _ = _in ConparableEleml. -> _ = _ in User;

654 _ = _in ConparableElen?2 -> _ = _ in Viewiort;
655 _ = _ in ConparableElen8 -> _ = _ in Conponent;
656 Renamne

657 cp2 -> triple-uvc;

ess End Tripl e-uvc;

eso ;; The four required owerships |evels are defined.

ss0  Adt Ownershi p;
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se1 I nterface

662 Use Bool ean;

663 Sort ownershi p;

664 Generators

665 del eti on,

666 i nspection,

667 nmodi fi cation,

668 encapsul ation : -> ownership;

669 Operation

670 _ = _ : ownership ownership -> bool ean;
e71  Body

672 Axi ons

673 (del etion = del etion) = true;
674 (del eti on = encapsul ati on) = fal se;
675 (del etion = nodification) = fal se;
676 (del etion = inspection) = fal se;
677

678 (i nspection = del etion) = fal se;
679 (i nspection = encapsul ati on) = fal se;
680 (inspection = nodification) = fal se;
681 (i nspection = inspection) = true;
682 (nodi fication = del etion) = fal se;
683 (rodi fication = encapsul ation) = false;
684 (rodi fication = nodification) = true;
685 (rodi fication = inspection) = fal se;
686

687 (encapsul ation = del etion) = fal se;
688 (encapsul ati on = encapsul ati on) = true;
689 (encapsul ation = nodification) = false;
690 (encapsul ati on = inspection) = fal se;
es1 End Oaner shi p;

692 ;; Both the required privileges of a user are defined.
693 ;; A user may nerely view a diagramor be able to edit (nodify) it
e9a Adt Privil ege;

ess I nterface

696 Use Bool ean;

697 Sort privilege;

698 Generators

699 view, edit : -> privilege;

700 Operation

701 _ = _ : privilege privilege -> bool ean;
702 Body

703 Axi ons

704 (edit = edit) = true;

705 (edit = view = fal se;

706 (view = edit) = fal se;

707 (view = view) = true;

708 End Privil ege;

709 ;; Actually the attributes consist of a t-uple
710 ;; This ADT nmust be nore specific

711 Adt Attributes;

712 I nterface

713 Sort attributes;

714 End Attributes;

715 ;; Actually a pictures consists of a matrix of pixels
716 ;; This ADT nmust be nore specific

717 Adt Picture;

71s I nterface

719 Sort picture;

720 End Picture;

721 ;; Abstract data type which are in relation with the cooperative aspects
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722 Adt C-Link as CartesianProduct 3( Anchor, C- Conponent, Anchor);
723 Mor phi sm

724 el eml -> anchor;

725 el en? -> c-conponent;

726 el en8 -> anchor;

727 _ = _in ConparableEleml. -> _ = _ in Anchor;

728 _ = _in ConparableElen?2 -> _ = _ in C Conponent;
729 _ = _in ConparableElen8 -> _ = _ in Anchor;

730 Renamne

731 cp2 -> c-link;

7a2  End G Li nk;

7as ;; A triple uvc makes an associati on between a user and the viewport he is connected with
7aa ;; and the current conmponent he is working with.

7as Adt C-Triple-uvc as CartesianProduct 3(C User, C Viewiort, C- Conponent);
736 Mor phi sm

737 el eml -> c-user;

738 elen -> c-viewport;

739 el enB -> c-conponent;

740 _ = _in ComparableElenl -> _ = _ in CUser;

741 _ = _in ConparableElen2 -> _ = _ in C Viewport;

742 _ = _in ConparableElen8 -> _ = _ in C Conponent;
743 Renamne
744 cp2 -> c-triple-uvc;

725 End G- Tri pl e-uvc;

726 Adt PN C-Link as Cartesi anProduct 3(Anchor, PN C- Conponent, Anchor);
747 Mor phi sm

748 el eml -> anchor;

749 el en?2 -> pn-c-conponent;

750 el en8 -> anchor;

751 _ = _in ConparableEleml. -> _ = _ in Anchor;

752 _ = _ in ConparableElen?2 -> _ = _ in PN C Conponent;
753 _ = _in ConparableElen8 -> _ = _ in Anchor;

754 Renamne

755 cp2 -> pn-c-link;

7s6  End PN- C Li nk;

7s7 ;; A triple uvc makes an associati on between a user and the viewport he is connected with
7ss ;; and the current conmponent he is working with.

7s9 Adt PN-C-Tripl e-uvc as Cartesi anProduct 3(PN-C-User, PN C-Viewport, PN C Conponent);
760 Mor phi sm

761 el enl -> pn-c-user;

762 el en? -> pn-c-vi ewport;

763 el enB -> pn-c-conponent;

764 _ = _in ConparableEleml. -> _ = _ in PN C User;

_ in Conparabl eEl en2 -> _
i n Conparabl eEl en8 -> _

_in PN-C Vi ewport;
_ in PN-C- Conponent;

767 Renane
768 cp2 -> pn-c-triple-uvc;
7es  End PN-C-Tri pl e-uvc;

770 ;; Various set used in the specification

771 Adt Set-Of - Anchors as Set (Anchor);
772 Mor phi sm

773 elem -> anchor;

774 _ = _in ConparableElem-> _ = _ in Anchor;
778 Renane

776 set -> set-of-anchors;

777 End Set - Of - Anchors;

77s  Adt Set - Of - Conponents as Set ( Conponent) ;
779 Mor phi sm

780 el em - > conponent;

781 _ = _ in ConparableElem-> _ = _ in Conponent;
782 Renamne

783 set -> set-of-conponents;

7ea End Set - Of - Conponent s;
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Adt Set-O - C- Conponents as Set (C- Conponent) ;
Mor phi sm
el em - > c-conponent;
_ = _ in ConparableElem-> _ = _ in C Conponent;
Renane
set -> set-of-c-conponents;
End Set- O - G- Conponent s;

Adt Set- O - PN- C- Conponents as Set ( PN- C- Conponent) ;
Mor phi sm
el em -> pn-c-conponent ;
_ = _ in ConparableElem-> _ = _ in PN C Conponent;
Renamne
set -> set-of-pn-c-conponents;
End Set - O - PN- C- Conponent s;

Adt Set-O -Links as Set(Link);

Mor phi sm

elem-> |ink;

_ = _ in ConparableElem-> _ = _ in Link;
Renamne

set -> set-of-Ilinks;
End Set - O - Li nks;

Adt Set-O -C-Links as Set(C Link);

Mor phi sm

elem-> c-link;

_ = _in ConparableElem-> _ = _ in CLink;
Rename

set -> set-of-c-1links;
End Set - Of - G- Li nks;

Adt Set-O - PN C-Li nks as Set (PN C Link);

Mor phi sm

el em -> pn-c-1ink;

_ = _ in ConparableElem-> _ = _ in PN C-Link;
Renamne

set -> set-of-pn-c-1inks;
End Set - Of - PN- G- Li nks;

Adt Set-O -Triples-uvc as Set(Triple-uvc);

Mor phi sm

elem-> triple-uvc;

_ = _in ConparableElem-> _ = _ in Triple-uvc;
Renamne

set -> set-of-triples-uvc;
End Set-O - Tri pl es-uvc;

Adt Set-O-CTriples-uvc as Set (C Tripl e-uvc);

Mor phi sm

elem-> c-triple-uvc;

_ = _in ConparableElem-> _ = _ in CTriple-uvc;
Renamne

set -> set-of-c-triples-uvc;
End Set-O-C Tri pl es-uvc;

Adt Set-O-PN-C Triples-uvc as Set (PN-C-Tripl e-uvc);

Mor phi sm

elem-> pn-c-triple-uvc;

_ = _ in ConparableElem-> _ = _ in PN-C Tripl e-uvc;
Renane

set -> set-of-pn-c-triples-uvc;
End Set-O -PN-C- Tri pl es-uvc;

Adt Set-O-C-Users as Set(C User);
Mor phi sm
el em -> c-user;
_ = _in ConparableElem-> _ = _in C User;
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Renane
set -> set-of-c-users;
End Set- O - C- Users;

Adt Set-O-PNC- Users as Set (PN C User);

Mor phi sm

el em -> pn-c-user;

_ = _in ConparableElem-> _ = _ in PN C User;
Renamne

set -> set-of-pn-c-users;
End Set-O -PN- C Users;

vy *** Structured basic abstract data types

;; === Conparabl e el ements
;; An equal operation is defined as well as the usual equivalence relation properties
Par amet er Adt Conpar abl eEl em

Interface
Use Bool ean;
Sort elem
Operation
_ = _: elemelem-> bool ean;
Body
Theor ens
(x = x) = true; i, reflexivity
(x =y) =true => (y = Xx) = true; i, symmetry
(x =y) =true & (y =z) =true => (x =2z) =true; ;; transitivity
wher e

X, Yy, z: elem
End Conpar abl eEl em

Par amet er Adt Conpar abl eEl ent;

Interface
Use Bool ean;
Sort el ent,;
Operation
_ = _: elenl elem -> bool ean
Body
Theor ens
(x = x) = true; i, reflexivity
(x =y) =true => (y = Xx) = true; i, symmetry
(x =y) =true & (y =z) =true => (x =2z) =true; ;; transitivity
wher e

X, Yy, z: eleml;
End Conpar abl eEl ent;

Par amet er Adt Conpar abl eEl en®;
Interface

Bool ean;

Sort el en?;

Operation

el en2 el en? -> bool ean;

Body
Theor ens
(x = x) = true; i, reflexivity
(x =y) =true => (y = Xx) = true; i, symmetry
(x =y) =true & (y =z) =true => (x =2z) =true; ;; transitivity
wher e

X, Yy, z: eleng;
End Conpar abl eEl en?;

Par amet er Adt Conpar abl eEl enB;
Interface

Use Bool ean;

Sort el enB;

Operation _ = _ : elenB el enB -> bool ean;
Body
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Theor ens

reflexivity
symmetry

= true; ;; transitivity
true; ;; anti-symetry
true; ;; transitivity
i, reflexivity
7, symmetry
= true; ;; transitivity
; enpty set

e2)

(x = x) = true;
(x =y) =true => (y = Xx) = true;
(x =y) =true & (y =2z) =true => (x = 2)
wher e
X, Yy, z: elenB;
End Conpar abl eEl en8;
;; === Ordered el enents
Par amet er Adt OrderedEl em
Interface
Use Bool ean;
Sort elem
Oper ations
- <_’
_ = _: elemelem-> bool ean;
Body
Theor ens
(x <y) =true & (y <x) =true => (y = x) =
(x <y) =true &(y <z) =true => (x <z) =
(x = x) = true;
(x =y) =true => (y = Xx) = true;
(x =y) =true & (y =2z) =true => (x = 2)
wher e
X, Yy, z: elem
End OrderedEl em
;; === Ceneric sets of conparable el enments
Generi c Adt Set (Conparabl eEl em ;
Interface
Use Natural, Bool ean;
Sort set;
Generators
[1 -> set; ;
_+ _ : set elem-> set; ;
Oper ations
_ - _ : set elem-> set; ;
- +_ ’
_ - _ . set set -> set; ;
B <:_ s
<
- >_ ’
_ >= _ : set set -> bool ean;
# _ set -> natural; ;
_inside? _ : elemset -> bool ean; ;
Body
Axi oms
((s +el) +e2) = ((s +e2) + el); ;
((s + el) +el) = (s + el); ;
s - [] =s;
s - (sl +el) = (s - el) - sl
[T +s =s5;
(sl + el) + s2 = (sl + s2) + el;
(el = e2) =true => ((s +el) - e2) = s;
(el =e2) =false => ((s + el) - e2) = (s
(s1 = s2) = (sl <=s2) and (s2 <= sl);
[T <=[] = fal se;
(s + el) <=[] = fal se;
[T <= (s + el) = true;
(el = e2) =true => (sl + el) <= (s2 + e2)
(el = e2) =false => ((sl1 + el) <= (s2 + e2))
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add an elenent to a set
renmove an elenent to a set

add/ sub to sets

equality, inclusion, strict inclusion

cardinality of a set
bel ongi ng predicate

commutativity of the insertion (generator)
no duplication in set (generator)

+ el;

sl <= s2;
(el inside? s2) and sl <= (s2 + e2);



969 sl < s2 = sl <=s2 and not (s2 <= sl);
970 sl >= s2 = s2 <= sl,

971 sl >s2 = s2 < sl;

972 #[] = 0;

973 # (s + el) = succ (# s);

974 el inside? [] = fal se;

975 (el inside? (s + e2)) = (el = e2) or (el inside? s);
976 wher e

977 el, e2 : elem

978 s, sl, s2 : set,;

oro  End Set;

980 ;; === Cartesian Products

981 Generic Adt CartesianProduct 2( Conpar abl eEl enll, Conpar abl eEl en®) ;
es2 I nterface

983 Use Bool ean;

984 Sort cp2;

985 Gener at or

286 < _ _>: elenl elenk -> cp2;

987 Oper ations

988 fst _: cp2 -> elem; ;; first projection
989 snd _ : cp2 -> el ent; ;; second projection
990 _ = _ 1 cp2 cp2 -> bool ean;

991 Body

992 Axi ons

993 fst (<x y>) = x;

994 snd (<x y>) =vy;

995 (<x y> =<u v> = (x =u) and (y = v);

296 wher e

997 X, u: elemnt,

998 y, v : eleng;

999 End Cartesi anProduct 2;

1000 Generic Adt CartesianProduct 3( Conpar abl eEl enll, Conpar abl eEl en2, Conpar abl eEl enB) ;
wor I nterface

1002 Use Bool ean;

1003 Sort cp3;

1004 Gener at or

1005 < _ _ _>: elem elen? elenB -> cp3;

1006 Oper ations

1007 fst _: cp3 -> elent; ;; first projection
1008 snd _ : cp3 -> el ent; ;; second projection
1009 thd _ : cp3 -> elenB; ;; third projection
1010 _ = _: ¢cp3 cp3 -> bool ean;

1011 Body

1012 Axi ons

1013 fst (<x y z>) = x;

1014 snd (<x y z>) =vy;

1015 thd (<x y z>) = z;

1016 (=xy z>=<uvw) =(x =u) and (y =v) and (z = w;

1017 wher e

1018 X, u: elemnt,

1019 y, v : eleng;

1020 z, w: elenS,;

1021 End Cartesi anProduct 3;
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