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{buchs|guelfi}@di.epfl.chAbstractIn this paper we describe how to use the CO-OPN/2(Concurrent Object-Oriented Petri Net) formalism, bydeveloping a case study on groupware or, more speci�-cally, on a cooperative editor of hierarchical diagrams.First of all, we present CO-OPN/2 and describe howsome aspects speci�c to object orientation, such asthe notions of class/object, of object reference and ofthe distinction between inheritance and sub-typing, aretaken 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 Petrinets and discuss some points related to the concur-rency. Finally, we show how 
exible our modeling ar-chitecture is by giving some insight into to the designof other kinds of cooperative diagram editors.Keywords : groupware, object-orientation, distributedsystems, formal methods, Petri nets, algebraic speci�ca-tion, software engineering.1 IntroductionThe objective of this paper is to illustrate the mod-eling capabilities of the CO-OPN/2 speci�cation lan-guage by means of a case study on groupware. Thecase study adopted consists of a Cooperative DiagramEditor (CDE) as has been proposed by R. Bastide,P. Palanque and C. Lakos. The aim of the case studyhas been to provide a common example for formalspeci�cation approaches that combine a formal modelof concurrency with the object-oriented paradigm.�This work has been sponsored partially by the Esprit LongTerm Research Project 20072 \Design for Validation" (DeVa)with the �nancial support of the OFES (O�ce F�ed�eral del'�Education et de la Science), and by the Swiss National Sci-ence Foundation project 2000.40583.94 \Formal Methods forConcurrency".

CO-OPN/2 is a Petri net based object-orientedformal speci�cation language devoted to the speci�-cation of concurrent systems. We presented in theprevious workshop on \Object-Oriented Programmingand Models of Concurrency" the syntax and the se-mantics of the CO-OPN/2 language and some prin-ciples concerning inheritance, sub-typing and re�ne-ment [BB95]. During this workshop many �ne pro-posals for object-oriented extensions of Petri nets wereproposed. Although these proposals all have the sameobjectives, more or less, it is di�cult to precisely de-lineate their similarities and di�erences.The presentation of a common case study can helpto classify the various formal modeling approaches.However, it seems that several points should be clar-i�ed in order to understand each formalism well. Anon-exhaustive list of questions, the answers to whichcan help to understand and distinguish the variousapproaches, follows.1. What kind of data structures are provided ? Howare they described ?2. What is an object ?3. How is a class considered ?4. How do the objects interact with each other ?5. How are the Petri nets and the object notion com-bined ?6. What kind of concurrency is promoted (intra/inter-object concurrency) ?7. What is the underlying semantics of concur-rency ?8. How are the object identities managed?9. What do the terms inheritance and sub-typingmean?



This paper is organized as follows. Section 2, thenext section, brie
y presents the inherent problems ofcooperative systems. In Section 3, the principles of theCO-OPN/2 speci�cation language, and the answers tothe questions stated above are given. The actual casestudy is presented in Section 4. In Section 5 somegeneral considerations about the modeling of the casestudy are given, while some aspects of its design aregiven in Section 6. The �nal section, Section 7, is de-voted to a discussion of how this case study modelingmight evolve, in order to permit the consideration ofother diagram types.2 Cooperative SoftwareThis section is a brief presentation of the most im-portant principles used in the design of cooperativesoftware environments.According to C. S. Ellis, a cooperative system is \acomputer based system that supports groups of peopleengaged in a common task (or goal) and that providesan interface to a shared environment". Thus, in thecooperative system discussed here, we can say that thefollowing computer science topics are involved :� Distributed Systems : the design of a groupwareapplication involves many users working on het-erogeneous platforms which are linked by meansof a computer network.� Concurrency : the order in which the events inthe cooperative system are related must be pre-cisely studied so as to have a coherent and e�cientshared environment.� Networks and Telecommunications: the architec-ture and the functions of the cooperative systemsare directly dependent upon concrete communi-cation capabilities.� Computer-Human Interaction : a multi-user in-terface design requires that new interactionmodes be developed to permit complex syn-chronous, or asynchronous, group actions.A basic notion of groupware is, above all, the sharedcontext, which necessitates the description of a view ofthis context related to each user in interaction. Log-ically, this leads to concrete synchronism, or asyn-chronism, principles which are related to interactiontime constraints. Other problems that must be solvedby groupware are data granularity and strongly, orloosely, coupled works (which depend on the degree

of cooperation between the users). Popular electronicmail or desktop conference systems are classic forms ofgroupware in the �eld of communication applications.For the shared editors we can quote systems such asGri�on [DQV92] or GroupDraw [GRWB92]), amongothers.Several general multi-layer models have been givenin order to have a precise framework for the de-velopment of groupware applications (see [Kar94]and [EW94]).The architecture of synchronous groupware mustbe studied in order to build a robust, transparent ande�cient system. The groupware must also allow formodi�cations of distributed data within some timelimits that are satisfactory to the user and have noconstraints upon the graphic interface. The two majorapproaches to groupware architectures are the central-ized and the replicated architectures. The �rst has acentral process which manages all the users' accessesalong with the data integrity. The second introducesone process for each user and all these processes com-municate together in order to preserve the integrity ofthe data which are replicated on each site.We use a layered structure, in Section 5, for thespeci�c cooperative editor model we wish to de�ne,and we organize the system in a centralized way. Itmust be noted that the purpose of the CooperativeDistributed Editor modeling is to elaborate an initialabstract solution which respects the requirements.3 CO-OPN/2 PrinciplesCO-OPN [BG91] (Concurrent Object-OrientedPetri Nets) is a speci�cation language designed for thespeci�cation and the modeling of large concurrent sys-tems. The two underlying formalisms of CO-OPN arethe algebraic speci�cations and the Petri nets whichare combined in a way that is similar to the combi-nation of algebraic nets [Rei91]. The �rst formalismis used to describe the data structures and the func-tional aspects of a system, while the second serves tomodel 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 paradigmhas been adopted. Thus, a system is considered as be-ing a collection of independent entities which interactand collaborate together in order to accomplish thevarious tasks of the system. With respect to the datastructures, the algebraic speci�cations are composedof modules which are organized into a hierarchy.2



In order to overcome some limitations of CO-OPNregarding the object orientation, a new version, namedCO-OPN/2 [BB95], has been developed which in-troduces some notions peculiar to object-orientationsuch as the notions of class, inheritance, and sub-typing. For the sake of homogeneity regarding thenotion of sub-typing, order-sorted algebraic speci�ca-tions [GM89] have been adopted for the description ofthe data structures. In these, many sorted algebraicspeci�cations form a special case.3.1 Object and ClassAn object is considered as an independent entitycomposed of an internal state which provides someservices to the exterior. The only way to interact withan object is to ask a service of it; the internal state isthen protected from inadvertent accesses. Our pointof view is that this protection mechanism, known asencapsulation, forms the essence of object-orientationand there should be no way of violating it.CO-OPN/2 de�nes an object as begin an encap-sulated algebraic net in which the places compose theinternal state and the transitions model the concurrentbehavior of the object. A place consists of a multi-setof algebraic values which are described by means oforder-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, whilethe latter composes the internal behaviors of an ob-ject. Contrary to what occurs with the methods, theinternal transitions are invisible to the exterior worldand may be considered as being spontaneous events.An important characteristic of the systems we wantto consider is that of their potential dynamic evolutionin terms of the number of objects they may contain.Thus, the dynamic creation of objects is a major ob-jective. In order to describe these dynamic evolvingsystems, the objects are grouped into classes. A classdescribes all the components of a set of objects andcan be viewed as serving as an object template. Allthe objects of one class manifest the same structure.3.2 Object InteractionIn our approach, the interaction with an object issynchronous, although asynchronous communicationsmay be simulated. Thus, when an object requires aservice it asks to be synchronized with the method (pa-rameterized transition) of the object provider. Thesynchronization policy is expressed by means of asynchronization expression, which may involve many

partners, as long as with three synchronization oper-ators (one for simultaneity, one for sequence, and onefor alternative or non-determinism). For example, anobject may simultaneously request two di�erent ser-vices of two di�erent partners, followed by a requestthe service from a third object. This mechanism gen-eralizes other approaches such as the transition fusionor the Petri net systems [Kie89].3.3 ConcurrencyFrom an intuitive point of view, each object pos-sesses its own behavior and concurrently evolves withthe others. The Petri net model naturally introducesboth inter-object and intra-object concurrency intoCO-OPN/2 because the objects are not restricted tosequential processes.The step semantics of CO-OPN/2 allows for the ex-pression expression of true concurrency in comparisonwith interleaving semantics.Nevertheless, the purpose of CO-OPN/2 is that ofcapturing the abstract concurrent behavior of each en-tity modeled, with the concurrency granularity notfound in the objects but rather in the invocations ofthe methods. A set of method calls can be concur-rently exercised on the same object.3.4 Object IdentityWithin the CO-OPN/2 framework, each class in-stance has an identity, which is also called an objectidenti�er, that may be used as a reference. Moreover,a type is explicitly associated with each class. Thus,each object identi�er belongs to at least one type. Infact, the object identi�ers are order-sorted algebraicvalues established by a special order-sorted algebra,and provided in order to capture the notion of sub-typing. This object identi�er algebra is constructedin order to re
ect the sub-type relation which is es-tablished between the classes, i.e. two carrier sets arerelated by inclusion if, and only if, the two correspond-ing types are related by sub-typing.Since object identi�ers are algebraic values, it ispossible to de�ne data structures which are build uponobject identi�ers, e.g. a stack or a queue of objectidenti�ers. Evidently, the places of algebraic nets maycontain object identi�ers.3.5 Inheritance and Sub-typingWe believe that inheritance and sub-typing are twodi�erent notions which are used for two di�erent pur-poses. Inheritance is considered as being a syntactic3



mechanism which avoids the necessity of developingclasses from scratch and mainly serves in re-use ofparts of existing speci�cations. A class may inheritall the features of another and may also add some ser-vices or change the description of some already de�nedservices.The sub-typing relationship is based upon thestrong version of the substitutability principle [Ame90,LW93]. This principle implies that, in any context,a class instance of a given type may be substitutedwith another instance of the sub-type while the behav-ior of the whole system remains unchanged. In otherwords, the instances of the sub-type have a strong se-mantic conformance relationship with the super-typede�nition. This conformance relationship is based, inCO-OPN/2, upon the bisimulation between the se-mantics of super-type and the semantics the sub-typerestricted to the behavior of the super-type.Both inheritance and sub-typing relationships mustbe explicitly given and both of the hierarchies gener-ated by these relationships do not necessarily coincide.In other words, two classes related by inheritance arenot necessarily related by sub-typing. Identifying bothinheritance and sub-typing hierarchies leads to sev-eral problems as stated by Snyder [Sny86] and Amer-ica [Ame87].3.6 Answers to the QuestionsBefore proceeding to the treatment of the casestudy, 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 ? Howare they described ?The data structures consist of order-sorted alge-braic values which are described by means of hi-erarchical order-sorted algebraic speci�cations.2. What is an object ?An object is an encapsulated entity which providesome 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 algebraicvalues) of the net represent the state of the ob-ject. Two kinds of transitions are provided, theinternal transitions or spontaneous events and theparameterized transition or methods.3. How is a class considered ?

A class describes the structure of the objects, andis simply considered to be an object template.4. How do the objects interact with each other ?An object interacts with some other objects byasking to be synchronized with them. The syn-chronization policy is expressed by means of asynchronization expression involving three oper-ators (simultaneity, sequence, and alternative).5. How the Petri nets and the object notion are com-bined ?In the previous workshop [Bas95] summarizedthis by \Objects inside Petri nets, Petri nets in-side objects, unifying approach". Because of itsuse of object references, CO-OPN/2 may be clas-si�ed in the \unifying approach" category.6. What kind of concurrency is promoted (intra/inter-object concurrency) ?The Petri net model naturally implies the promo-tion of both intra/inter-object concurrency.7. What is the underlying semantics of concur-rency ?A true concurrency semantics (step semantics)has been adopted.8. 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 re
ects the sub-typing relationship. Data structure of referencesmay be constructed and may be contained in theplaces of an object.9. What do the terms inheritance and sub-typingmean?Inheritance is mainly considered to be a syntacticmechanism which serves in the re-use of parts ofexisting classes while sub-typing implies a strongsemantic conformance relationship between theinstances of the sub-type and the super-type in-stances. This conformance relationship is basedon bisimulation. The inheritance process allowsone to eliminate or re-de�ne some previously de-�ned components. Two classes related by inher-itance are not necessarily related by sub-typing.Both of these relationships between classes mustbe explicitly expressed.4



3.7 Other ApproachesThe other approaches which may be compared toCO-OPN/2 may be categorized in the High LevelPetri Net class of models. These include algebraicnets [Rei91], OPN [Lak95], Cooperative Nets [SB94],and CLOWN [BCC95] among others. All these mod-els are based upon the Petri nets as well as uponsome formalisms which vehicle the data structures as-pects. Moreover, the object-oriented paradigm hasbeen adopted by all these formalisms.4 Cooperative Diagram EditorWe have chosen to adhere strictly to the orig-inal statement of the Cooperative Diagram Editor(CDE) case study, as has been suggested by BastideLakos and Palanque so as to correctly make a com-parison between our modeling and other approaches.This section presents the original statement of thecase study, equipped with some words that are high-lighted by numbers which will be later clari�ed in Sub-section 4.2. The details furnished by these later clar-i�cations correspond to our speci�c interpretations ofsome freedom left by the authors of the case study.4.1 Original Statement of the Case StudyThe 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 diagrams ①, etc.(Note that if the diagrams happen to coincide withthe formalism you are proposing ②, 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 di�er-ent workstations, and cooperating in constructing theone diagram. In the Computer Supported Coopera-tive Work (CSCW) vocabulary, such a tool could beranked amongst synchronous groupware (each user isinformed in real time of the actions of the others) al-lowing for relaxed WYSIWIS (What You See Is WhatI See) : each user may have his own customized viewof the diagram under design, viewing di�erent partsof the drawing or examining it at a di�erent level ofdetail.A second key aspect ③ of this problem is that theeditor should cater for hierarchical diagrams, i.e. com-ponents of the diagram can be exploded to reveal sub-components.

A simple coordination protocol ④ is proposed tocontrol the interactions between the various users:1. (a) Users may join or leave the editing sessionat will, and may join with di�erent levels ofediting privileges. For example, a user mayjoin the session merely to view the diagram,or perhaps to edit it as well (see below).(b) The current members of the editing sessionought to be visible to all, together with theirediting privileges.2. (a) Graphical elements may be free or owned bya user.(b) Di�erent levels of ownership should be sup-ported, including ownership for deletion, en-capsulation, modi�cation, and inspection.(c) The ownership must be compatible with theuser's editing privileges.3. Ownership for deletion requires that no-one elsehas any ownership of the component { not evenfor inspection.4. Ownership for encapsulation requires that onlythe owner can view the internal details of thecomponent { all other users can only view thetop level or interface ⑤ to the component.5. Ownership for modi�cation allows the user tomodify attributes, but not to delete the compo-nent.6. Ownership for inspection only allows the user toview the attributes ⑥.7. Only ownership for encapsulation can persist be-tween editing sessions. (Note that this owner-ship is tied to a particular user, not a particularworkstation.) All other ownership must be sur-rendered between sessions.8. Ownership for inspection is achieved simply byselecting the component.9. Other forms of ownership (and release) areachieved by an appropriate command, having �rstselected the component.10. The level of ownership of a component is visibleto all other users, as is the identity of the owner.11. The creator of an element owns it for deletionuntil it is explicitly released.5



4.2 Speci�c InterpretationsAs has been suggested in the statement of the casestudy, several kinds of cooperative editors may be con-sidered and the designers may exercise a certain degreeof freedom when making their interpretations. In or-der to present the informal speci�cation with as muchprecision as possible, the following explain in detailsour speci�c interpretations of each highlighted wordswhich appear the previous sub-section.
①,② We have decided to consider three kinds ofCDE : hierarchical Petri nets similar to Petrinets systems [Kie89], SADT (Structured Anal-ysis and Design Technique) [RS77] and CO-OPN/2 diagrams. The hierarchical Petri netseditor is used as basic case study and a com-plete modeling of this editor is presented. Nev-ertheless, both SADT and CO-OPN/2 diagramseditors are brie
y presented as variants on thehierarchical Petri nets editor. We believe thatboth of these variant editors are relevant to theunderstanding of our presentation, seeing as theSADT diagrams have absolutely no connectionsto the Petri nets community, while CO-OPN/2diagrams modeled by means of CO-OPN/2 in-troduce an elegant auto-reference exercise.
③ 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 componentswhich are hierarchical and the ones which arenot. The former correspond to the nodes whilethe latter represent the leaves of the hierarchicalstructure.
④ The coordination protocol is only used to co-ordinate the diagram accesses of the users andmust be distinguished from the synchronizationprotocol which, in turn, must ful�ll the coop-erative requirement which allow all users to actupon the same document. Moreover, it must en-sure the integrity of the document, for exampleas described in Section 2.
⑤ With regard to the notion of interface, we haveintroduce the notion of anchor, the notion of linkalong with the notion of interface. An anchor ofa component is a location to which another com-ponent may be attached. A link of a componentis used to link two anchors, one of which is abeing part of the component and the other partof another component. These two notions form

the concept of the interface of a component cor-responding to the set of sub-components whichmay be linked to any anchor of the componentitself. Thus, the interface corresponds to a set ofcomponents. For example, the interface of thetransition of the hierarchical Petri nets, whichare under consideration consists of the input andoutput places.
⑥ The notion of attribute is present but we do notprovide the speci�cation associated with it. Forexample, the date of creation as well as the nameof the creator of a component could be regardedas 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 SessionHere is given an example of a hierarchical Petri netwhich 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, andone token. The �gure shows that both the transitionsand the places have been placed in a hierarchical re-lationship (a transition is associated with a sub-netand a place may contain some tokens). For instance,hierarchical transition t (level 0) is associated with asub-net (level 1) composed of the component labeledpti; tti; atj for i = 1; 2 and j = 1; : : : ; 4 and the place p1(level 0) contains one token labeled r (level 1) whichis also displayed at level 0. The anchors are repre-sented by small black squares placed at the border ofeach component. Recall that an anchor is a location towhich another object may be linked and that a com-ponent is linked to another component by giving boththe 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 StructureThe purpose of this case study is to provide a CO-OPN/2 model of a cooperative editor of hierarchicaldiagrams. Among the two kinds of architectures whichwere introduced in Section 2 (centralized and repli-cated), the centralized architecture has been chosenbecause it encompasses all the requirements of the casestudy. Moreover, the design of applications seems to6
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tFigure 1: An Example of Editing Session.be easier with respect to centralized architectures incontrast to those which are replicated.We use a layered abstract model of a cooperativesoftware upon which to base our speci�cation of aCDE. This model is a simpli�cation of the one thathas 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 [BBG96b].We consider a Graphical Interface Layer (the view-ports), a Centralized Synchronization Layer (theserver) and an Abstract Document RepresentationLayer (the diagram document). This structure andits elements are described in this section.5.1 Structure of a CDEFour kinds of entities are involved in a centralizedarchitecture of a CDE: users, viewports, a server andthe document. Figure 2 depicts an overview of thisstructure in which one may see all four kinds of entitiesas well as the interaction between them, representedwith the arrows.All the users collaborate in the edition of a part ofa hierarchical diagram by means of a viewport whichprovides some basic functions which permit that as-pects of the document be modi�ed. Viewports serveto collect the actions of its logged-in user, to transmitthese actions to the server, and to display the docu-ment which pertains to the information sent by theserver. The role of the server is to collect and han-dle the actions of the users, to update the document
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Figure 2: Overview of a CDE.in accordance with the required coordination proto-col, to inform every concerned viewport of the actionsof the users and to allow for a simultaneous access tothe document. Thus, when several users collaboratein the editing of one document, all of them see eachothers modi�cations.5.2 Document RepresentationAs is required, a document has an organization thatis hierarchical. In order to represent a tree structure,two kinds of components must be introduced : hier-archical components and atomic components. Theformer 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 thusmay not include any sub-components. A documentis, in itself, a hierarchical component which containsall the components of the document. Since each com-ponent is represented by means of an object, i.e. anentity which possesses some attributes and providessome services, a document is essentially a collection ofobjects which are organized into a hierarchy.5.3 Three Levels of EntitiesIn the interest of establishing generalizations andprogressively re�ning our discussion, our modeling isorganized in three main entity levels as is shown inFigure 3. Each level is, in fact, the result of a fur-ther step in the development of the speci�cation whichprogressively enriches the simple speci�cation of a sin-gle user editor. One may see the four entities whichcompose an editor presented horizontally, i.e. User,7
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Viewport, Server, and Component. Vertically,the top level corresponds to classic editors, which doesnot permit any cooperation between more than oneuser. Thus, only one user at a time may edit a di-agram. At the second level (C-User, C-Server,
C-Viewport, C-Component), the notion of cooper-ation as well as the notions of attribute, ownership andinterface are introduced. This second level, in fact,complies with all the proposed case study. The thirdlevel, depicted in Figure 3 shows an example of a con-crete cooperative hierarchical Petri nets editor. It iscomposed of a PN-C-Server, PN-C-Viewport andits PN-C-Components. The e�ective components ofa Petri nets, i.e. the arcs, the places, and the tran-sitions, are not represented in this �gure. Since theycompose the document, they should be connected withthe PN-C-Component entity. In the next sub-sectionthese 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 3we illustrate a cooperative Petri net editor but otherkinds 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 brie
y pre-sented in Section 7.5.4 Structure of the ClassesThe classes which compose our modeling of a CDE,as well as the relationship between the classes, clearlyarise from Figure 3. Thus, each oval of the �gurecorresponds to a class and the relationships betweenthe classes are represented by the arrows. Three kindsof relationships between classes are especially relevanthere : clientship, inheritance, and sub-typing.

ClientshipThe clientship relationship between two classes indi-cates that an instance of one class requires for someservices of an instance of another class by means ofmessage passing or, in our case, of method synchro-nization. A clientship relationship is graphically rep-resented by means of thin arrows. In Figure 3, forexample, one may see, at the top level, that the Userclass uses the Viewport class because a user simplysubmits some requests to the viewport, e.g. to selecta component or add a new component to the diagram,and no information are send back from the viewportto the user. A similar argument holds for the twoother levels. Regarding the other entities (viewports,servers and components), the clientship relationshipis symmetric. In the case of a cooperative editor, ifwe consider, for example, the user's action of addinga 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 theserver which asks for the creation of the new compo-nent and summons the concerned component to in-corporate the new component. Then, the componentinvolved communicates its new aspect to the serverwhich must subsequently compute and send the infor-mation which must be transmitted to each viewport.InheritanceAs mentioned in Section 3.5, we believe that inheri-tance and sub-typing are two di�erent notions whichare used for two di�erent purposes. Inheritance ismainly considered to be a syntactic mechanism forreusing a part of an existing class while sub-typingpertains to the behavior of the instances and is a se-mantics concern.In Figure 3, it clearly appears that the thickvertical arrows represent inheritance relationships.The User, C-User, Server, Viewport and
Component classes have been built from scratch whilethe C-Server, C-Viewport and C-Componentclasses reuse or inherit from the initial classes and addwhat is needed in order to allow for cooperative edi-tion. In a similar manner, the classes located at thelower level inherit from the higher level and add ser-vices required by a cooperative editor of hierarchicalPetri nets, e.g services which are mainly related tothe creation of new places, tokens, arcs or transitions.Note that the User and C-User classes have to bedeveloped from scratch. Although both seem similar,too may services have to be rede�ned in the C-Userclass and inheritance does not furnish any bene�t.8
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Figure 4: The Classes Related by Sub-typing.Sub-typingRecall that, in CO-OPN/2, sub-typing is based on thestrong version of the substitutability principle. Thisprinciple implies that, in any context, a class instanceof a given type may be substituted by another instanceof the sub-type while the behavior of the whole systemremains unchanged.With respect to our modeling of a CDE, we shownthat inheritance could be used without necessary im-ply a sub-typing relationship (c.f. Figure 3). Now, weintroduce, in Figure 4, the classes which related, onthe one hand, by sub-typing with the dashed arrowsand, on the other hand, by inheritance. The classesat the lowest level represent the e�ective componentsinvolved in a cooperative hierarchical Petri net edi-tor (i.e. transitions, places, arcs, and tokens), whilethe classes at the top and the second levels are usedto classify and to make the distinction between thehierarchical components (i.e. the transitions and theplaces) and the atomic ones (i.e. the arcs and thetokens).It is not surprising that the depicted classes in Fig-ure 4 alone are related by sub-typing. In fact, wewill see in the next section that contra-variant ruleis violated between Component, C-Component, and
PN-Component. A similar argument will be given forthe viewport classes as well as for the server and userclasses.6 CO-OPN/2 and CDE DesignIn this section we describe the CO-OPN/2 designof a cooperative hierarchical Petri net editor. In order

to explain some relevant parts of the speci�cation, we�rst 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 notprovide a complete speci�cation of these but rather aspeci�cation of the relevant parts. Nevertheless, thecomplete speci�cation of the case study can be foundin [BBG96a].6.1 Syntactic Aspects of CO-OPN/2A CO-OPN/2 speci�cation consists of two kinds ofmodules: the algebraic abstract data type modulesand the class modules. These two kinds of modulesare composed of three parts : a header, which includesthe information about inheritance and genericity; aninterface, which describes what is accessible when an-other module uses it; and a body, which primarilyconceals the properties of the operation, the behaviorand the state of the objects.When a non-generic class is developed from scratch,its header comes down to the keyword Class1 fol-lowed by the name of the class. When a class is usedonly for classi�cation, or when it is not completelyimplemented and the creation of some of its instancesmakes no sense, we preface the keyword Class by thekeyword Abstract. In the Interface section, the�eld Use declares all the modules used by the cur-rent class. The Type �eld declares the name of thetype of the instances which is used whenever an objectidentity has to be de�ned. This �eld has been intro-duced in order to avoid that the name of a module or aclass and the name of its type are confused, especiallyin cases when inheritance or sub-typing are required.Both names are often very similar but address twodi�erent 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 Objects �eld.All the services provided by the class instances are de-clared within the �eld Methods. Note that the mix-�x and the applicative notation has been adopted forthe pro�le of the methods. The �nal �eld Creationincluded in the interface section concerns the dynamiccreation of the class instances. Within this �eld arelisted the particular methods which create and ini-tialize the objects; these methods may be used onlyonce. A pre-de�ned creation method create is pro-vided when the Creation �eld is empty or absent.The Body section includes some internal or sponta-neous transitions declared under the Transitions1Speci�cation1 may help the reader to understand themean-ing of the various keywords introduced in this sub-section.9



�eld as well as the attributes of the instances withinthe Places �eld. The Initial �eld describes theinitial marking or the static initialization of each in-stance while the properties of the methods and inter-nal transitions are described by means of behavioralaxioms within the Axioms �eld. It is necessary torecall that a transition (parameterized transition orinternal transition) may ask to be synchronized withother partners by means of a synchronization expres-sion. The synchronization expressions takes place af-ter the with keyword. The usual dot notation hasbeen adopted and three synchronization operators hasbeen provided : `//' for simultaneity `..' for se-quence, `+' for alternative.A behavioral axiom is established as followsEvent [with Sync ] :: [Cond ) ] Pre ! Postin which Cond is an optional condition imposed uponthe algebraic values involved in the axiom, Event iseither an internal transition name or a method withparameters, and Sync is an optional synchronizationexpression. Pre and Post , respectively, correspond towhat is consumed and what is produced at the di�er-ent places within the net. Finally, the variables usedwithin the Axioms �eld are grouped together underthe where �eld.6.2 Design of the EntitiesAfter this short introduction of the CO-OPN/2 syn-tactic aspects, we can now describe the design of thevarious entities presented in Figure 3. Other conceptsof the language will be explained as required.Note that our design takes into account threelevels of classes related by inheritance but not bysub-typing. Sub-typing is only present between the
PN-Component class and the Petri net componentsclasses. One may �nd 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 C-User,
C-Viewport, and C-Server classes are build fromscratch and not derived from the top level as shownin Figure 3.UsersThe users involved in a CDE are modeled by meansof the C-User class. This is a small and simple class,built from scratch, which encompasses some relevantaspects easy to explain. In order to give a global view
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Abstract Class C-User;
Interface
Use Coord, Size, Angle,

Privilege, Ownership;
Type c-user;
Methods
join _ : privilege;
leave;
select _ : coord;
unselect;
go-down;
go-back;
delete;
move _ : coord;
resize _ : size;
rotate _ : angle;
own-for _ : ownership;

Body
Use Unique, C-Viewport;
Places
idle _ ,
active _ : unique;
cur-vp _ : c-viewport;
Initial
idle @;
Axioms
join pr with v.(self join pr) ::
idle @ -> active @, cur-vp v;

leave 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.move 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;
where
p : coord; v : c-viewport;
pr : privilege; os : ownership;

;; ... and more axioms ...
End C-User;Speci�cation 1: The Cooperative Users.of a CO-OPN/2 class, we provide the textual formof the C-User class in Speci�cation 1 as well as itspartial graphic outline in Figure 5.Within the Use �eld in the Interface section ofSpeci�cation 1, one may see which algebraic abstractdata types modules are used by the C-User class.These algebraic modules may be found in appendix.Nevertheless, we mention that the Coord ADT mod-ule de�nes the sort coord, which is pair of naturalsand that the Privilege module de�nes both the

view and edit user privileges as required. The fourownerships required by the proposal are de�ned in theADT module Ownership. As for the Unique mod-ule, it only de�nes the generator `@' of sort unique,which plays the role of a black token.Under the �eld Type, one �nds the type name ofthe users.Every name within the Methods �eld models anaction that a user would like to accomplish by meansof the viewport he is connected to. Among these meth-10



ods we may mention the join and leave methodswhich correspond to the will of a user to join or to leavean editing session. The select 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 risesagain within in the hierarchy, delete removes a se-lected component. The move, resize, and rotatemethods are used to modify aspects of selected com-ponents. The own-for method represents the user'swill to own a component for a given ownership.The Viewport and Uniquemodules are only usedby in the Body section, this is why both of these mod-ules are established within the Body section and notin the Interface section.The instance variables are grouped under the
Places�eld and are initialized as has been describedin the Initial �eld (with the empty multi-set be-ing the default value). These instance variables areinvolved in the behavioral axioms which describe theproperties of the methods. For instance, the behav-ioral axiom

join pr with v.(self join pr) ::
idle @ -> active @, cur-vp v;indicates that the join method is asking to be syn-chronized with the join method for the privilege

pr of an available existing viewport v. Recall thatmethod synchronization (a method is a parameterizedtransition) corresponds to a uni�cation of both formaland e�ective parameters and may occur if and only ifpre- and post-conditions have been satis�ed. In otherwords, the user must be idle (the value @ in the place
idle can be consumed) and will become active (thevalue @ will be produced in the place active). More-over, the free variable v will be uni�ed with an avail-able existing viewport and memorized by the currentviewport attribute (cur-vp v). The self-reference
self informs the viewport of the identity of the userwho wants to be connected to it. The viewport willstore this object identi�er in order to know what con-nection has been established.In a second example, we consider the axiom associ-ated with the select 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'swill of selecting an existing component at a given po-sition p to the current viewport v. The same remarkholds for the other methods.Figure 5 provides a partial graphic view of the

C-User class. The inside of the ellipse includes theencapsulated elements, the solid arrows represent the
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select pFigure 5: Outline of the C-User Class.data 
ow, as described by the axioms, and the circlesindicate the places. As for the rectangles, those whichare white correspond to the internal or spontaneoustransitions (which are not present in this class) andthose which are dark indicate the methods. Note thatfor the sake of clarity not all the methods have beenrepresented.�
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Class PN-C-User;
Inherit C-User;
Rename c-user -> pn-c-user;

C-Viewport -> PN-C-Viewport;
c-viewport -> pn-c-viewport;

Interface
Objects Didier, Nicolas, Olivier : c-user;
Methods
new-trans;
new-plac;
new-token;
new-arc;

Body
Axioms
new-trans with v.new-trans ::
cur-vp v -> cur-vp v;
where
v : pn-c-viewport;

;; ... and more axioms ...
End PN-C-User;Speci�cation 2: Cooperative Petri Net Users.In order to obtain an e�ective class of users whichmay be involved in a hierarchical Petri net editor wemake use of inheritance. In Speci�cation 2 one may seethe inheriting class PN-C-User which inherits fromthe class C-User as declared under the Inherit�eld. In this situation some renamings, declared underthe Rename�eld, are necessary. As expected, the pro-�les and the properties of the new services provided bythe inheriting class have been introduced within the

Methods and Axioms �elds, respectively. The newmethods introduced in this class model the user's willto create the e�ective components involved in the hi-erarchical Petri net diagrams at a given location, i.e.11



places, transitions, arcs, and tokens. Moreover, oneobserves that three static objects have been declaredunder the Objects �eld.ViewportA 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 theserver and to redisplay the document whenever it isnecessary.�
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Abstract Class C-Viewport;
Interface
Use Coord, Size, Angle, Picture,

Privilege, Ownership, C-User;
Type c-viewport;
Methods
_ join _ : c-user privilege;
leave;
select _ : coord;
unselect;
go-down;
go-back;
delete;
move _ : coord;
resize _ : size;
rotate _ : angle;
own-for _ : ownership;
display _ : picture;
clear-screen;

Body
Use C-Server, C-User;
Places
priv _ : privilege;
cur-user _ : c-user;

Axioms
u join pr
with the-server.(u login self) ::
-> priv pr, cur-user u;

leave with the-server.(u logout) ::
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;

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

own-for os
with the-server.(u own-for os) ::
cur-user u -> cur-user u;

display pic :: -> ;
where
p : coord;
pr : privilege; os : ownership;
u : c-user; pic : picture;

;; ... and more axioms ...
End C-Viewport;Speci�cation 3: General Class of Viewports.In Speci�cation 3 we give a partial textual form ofthe C-Viewport 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

method informs the server that the user u wishes to belogged-in with the privilege pr. Thus, the viewportstores both the parameters.The select method asks the server to select acomponent which would be in location p, the cur-rent user and its privilege are also transmitted to theserver.The displaymethod (abstractly modeled here) isactivated by the server sends back the picture to bedisplayed on the screen.We deliberately have not provided the speci�cationof the e�ective class of the viewports involved in a hier-archical Petri net editor. We simply mention that the
PN-C-Viewport class is based on the C-Viewportclass and introduces the four services mandatory inthe creation of the Petri net components.�
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Abstract Class Component;
Interface
Use Coord, Size, Angle, String,

Link, Set-Of-Links,
Anchor, Set-Of-Anchors;

Type component;
Methods
move _ : coord;
resize _ : size;
rotate _ : angle;
get-pos _ : coord;
put-label _ : string;
add-link _ ,
del-link _ : link;
get-links _ : set-of-links;
add-anchor _ ,
del-anchor _ : anchor;
get-anchors _ : set-of-anchors;

Body
Places
position _ : coord;
dimension _ : size;
rotation _ : angle;
label _ : string;
links _ : set-of-links;
anchors _ : set-of-anchors;
Axioms
move 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 lb :: label lb’ -> label lb;
add-link l :: links lks -> links lks + l;
del-link l :: links lks -> links lks-l;
get-links lks :: links lks -> links lks;
where
p, p’ : coord; s, s’ : size;
r, r’ : angle; lb, lb’ : string;
l : link; lks : set-of-links;

;; ... and more axioms ...
End Component;Speci�cation 4: General Class of Components.ComponentsA document is composed of components organized intoa hierarchy . Some of these components are said to be12



hierarchical in the sense that they may contain sub-components and some are said to be atomic becausethey represent the leaves of the tree structure of thedocument and, consequently, cannot contain any sub-components. In fact a document is a hierarchical com-ponent in itself.The Component class given in Speci�cation 4 mod-els the simplest components of our class structure.This kind of components does not include any no-tion of cooperation speci�c to the case study. Thecomponent state consists of six places, four of themconcern the graphic aspects of the component itself,i.e. position, dimension, rotation and label.The anchors and links places contain, respectively,the set of the locations at which another componentmay 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 usersrequired by the case study are introduced in the
C-Component class which inherits from the previ-ous class as illustrated in Speci�cation 5. The par-ticular authorized-for place associates a set ofusers with each ownership. The associations user-ownership are surrendered by the surrender serviceas required. The authorized-for? method is usedby the server to determine if a given user owns thecomponent for a given ownership, while the own-formethod allows a user to modify its ownerships. Thebehavioral axiom of the own-for event ensures thatnobody owns the component for deletion and addsthe user u to the users who already own the compo-nent for modification.The PN-C-Component class in Speci�cation 6models the components in relation with a Petrinet editor. As usual, this class inherits from the
C-Component with some necessary renamings. Fromthis class we have derived the PC-C-H-Componentclass, related to the hierarchical Petri net componentsin Speci�cation 7, and the PN-C-A-Component classgiven in appendix.The PN-C-H-Component class introduces threenew instance variables as well as some associatedmethods. The parent place represents the iden-tity of the ancestor component, while the childrenplace corresponds to the set of sub-components. Asfor the disp-depth instance variable, it corre-sponds to how many levels have to be display by the
component-pic method which returns the pictureof the component. Thus, some components may beopaque or not (e.g. the places are not opaque sincetheir tokens must be displayed). Opaqueness is repre-sented by the value 0.
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Abstract Class C-Component;
Inherit Component;
Rename component -> c-component;

Link -> C-Link;
link -> c-link;

Interface
Use Attributes,Ownership,Picture,C-User;
Methods
get-attrib _, put-attrib _ : attributes;

_ own-for _ ,
_ authorized-for? _ : c-user ownership;
surrender;
component-pic _ : picture;

Body
Use Set-Of-C-Users;
Places
attrib _ : attributes;
_ authorized-for _ : set-of-c-users

ownership;
Initial
[] authorized-for deletion;
[] authorized-for inspection;
[] authorized-for modification;
[] authorized-for encapsulation;
Axioms
u own-for deletion ::
(((users1 = []) or (users1 = []+u)) and
((users2 = []) or (users2 = []+u)) and
((users3 = []) or (users3 = []+u)) and
((users4 = []) or (users4 = []+u))) =>
users1 authorized-for deletion,
users2 authorized-for inspection,
users3 authorized-for modification,
users4 authorized-for encapsulation
->
([] + u) authorized-for deletion,
users2 authorized-for inspection,
users3 authorized-for modification,
users4 authorized-for encapsulation;
u own-for os ::
not (os = deletion) =>
[] authorized-for deletion,
users authorized-for os
->
[] authorized-for deletion,
(users + u) authorized-for os;

u authorized-for? os ::
(users + u) authorized-for os
->
(users + u) authorized-for os;
where
os : ownership; u : c-user;
users, users1, users2,
users3, users4 : set-of-c-users;

End C-component;Speci�cation 5: Cooperative Components.�� ��Abstract Class PN-C-Component;
Inherit C-Component;

Rename
c-component -> pn-c-component;
C-Link -> PN-C-Link;
c-link -> pn-c-link;
C-User -> PN-C-User;
c-user -> pn-c-user;
Set-Of-C-Users -> Set-Of-PN-C-Users;
set-of-c-users -> set-of-pn-c-users;

End PN-C-Component;Speci�cation 6: Cooperative Petri Net Components.13
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Abstract Class PN-C-H-Component;
Inherit PN-C-Component;
Rename pn-c-component -> pn-c-h-component;
Interface
Use Coord, Picture, PN-C-Component;
Subtype pn-c-h-component < pn-c-component;
Methods
add-child _ ,
del-child _ : pn-c-component;
get-child _ at _ : pn-c-component coord;
get-parent _ : pn-c-component;

Body
Use Depth, Set-Of-PN-C-Components;
Places
parent _ : pn-c-component;
children _ : set-of-pn-c-components;
disp-depth _ : depth;

Axioms
add-child c ::
children compnts -> children compnts+c;

del-child c ::
children compnts+c -> children compnts;

get-child c at p
with c.(get-pos p) ::
children compnts+c -> children compnts+c;

get-parent c : parent c -> parent c;
where
p : coord; c : pn-c-component;
compnts : set-of-pn-c-components;

End PN-C-H-Components;Speci�cation 7: Hierarchical Petri Net Components.The four e�ective Petri net components, i.e.the transitions, places, arcs, and tokens, areconstructed from both PN-C-H-Component and
PN-C-A-Component classes. We only have provided,in Speci�cation 8, the PN-C-Trans class which de-scribes the class of the hierarchical transitions involvedin the hierarchical Petri net editor. The sub-typingrelationship, explicitly declared within the Subtype�eld, follows the hierarchy of Figure 4 in Section 5.4.The Initial �eld in Speci�cation 8 de�nes thestatic initialization of the instance variables. Forinstance, one may see the dimension of the transi-tions and the position of their four anchors. Thedynamic creation and initialization is given by the
create-trans method within the Creation �eldand by its behavioral axiom which, in this case, justtakes charge of the initialization of the position in-stance variable.The component-picmethod, abstractly modeledhere, is used to return the graphic aspects of the tran-sition (just a rectangle) which will be transmitted tothe appropriate viewports.ServerThe server is a crucial element which must :� manage the identi�cation of the users,
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Class PN-C-Trans;
Inherit PN-C-H-Component;
Rename pn-c-h-component -> pn-c-trans;
Redefine component-pic _ : picture;
Interface
Use PN-C-H-Component;
Subtype pn-c-trans < pn-c-h-component;
Creation create-trans _ : coord;
Body
Initial
dimension <50 100>;
rotation 0;
anchors []+<25 0>+<0 50>+<49 50>+<25 99>;
links [];
disp-depth 0;
Axioms
component-pic pic :: -> ;
create-trans p :: -> position p;
where
p : coord;
pic : picture;

End PN-C-Trans;Speci�cation 8: Hierarchical Petri Net Transitions.� save and restore a document,� provide all the services required by the users,� cope with the accesses to the shared document inaccordance with the coordination protocol,� allow the users to simultaneously access to thedocument,� send to the viewports the relevant information tobe displayed.A partial textual form of the C-Server class whichallows several users to edit simultaneously the samedocument is given in Speci�cation 9.In a centralized architecture only one server ispresent. Thus, we de�ne in the C-Server interfacewithin the Object �eld a static instance of this class
the-server. Thus at system initialization this in-stance will be created and each class using the classserver will be able to use this server instance.In order to give an insight of the behavior of such aserver, we explain in detail the move wth methodwhich may also be observed in all the classes presentedin this paper. Moreover, in Figure 6, we have provideda graphic outline of the C-Server class stressing the
move method behavior. The dashed arrows representthe synchronization expressions of the behavioral ax-ioms.The set of triple-uvc contained in the instancevariable assoc associates each logged-in user with theviewport he is connected to, and the current compo-nent he is currently acting upon.The behavioral axiom of the move method indi-cates that the user u wants to move the selected com-14
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c.component-pic picFigure 6: Outline of the Cooperative Server.ponent according to its privilege pr to location p. Toaccomplish this task the server has to determine thealready selected component and be synchronized, se-quentially, with it. An additional necessary veri�ca-tion is to be sure that the user possesses the editprivilege. The synchronization expression �rst ensuresthat the user u has the authorization for the modi�ca-tion of the component c and then asks the componentto move itself to the position p. The production of ablack token @ in the place broadcast-flag triggerso� the transition start-broadcast to be �red.As one can see in Figure 6, the start-broadcastinternal transition copies the assoc place into the
broadcast-to which will be able to send the in-formation to be displayed to each viewport by meansof two synchronization requests. The �rst 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 ofthe broadcast-to place have been removed andonly the empty set resource is left. Finally, the
finish-broadcast transition consumes the emptyset.Here, it 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 theoutside world the events which compose the movemethod seem to be performed simultaneously, whereasthey are actually serialized.Finally, from the abstract C-Server class we de-rive the PN-C-Server which describes the e�ectiveserver involved in the hierarchical Petri net editor.The PN-C-Server class is presented in Speci�ca-tion 10. This class introduces the missing servicesrelated to the creation of the e�ective Petri net com-ponents.
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Abstract Class C-Server;
Interface
Use Coord, Size, Angle, Privilege,

Ownership, C-User, C-Viewport;
Type c-server;
Object the-server : c-server;
Methods
_ login _ : c-user c-viewport;
_ select _ wth _ ,
_ move _ wth _ : c-user coord

privilege;
_ own-for _ : c-user ownership;
save; restore; new-document;

Body
Use Unique, C-Component,
Set-Of-C-Components, C-Triple-uvc,
Set-Of-C-Triple-uvc, Picture;
Places
document _ : c-component;
broadcast-flag _ : unique;
broadcast-to _ : set-of-c-triple-uvc;
assoc _ : set-of-c-triple-uvc;
_ selected _ : c-user set-of-c-components;
Initial
broadcast-to [];
assoc [];
Transitions
start-broadcast;
finish-broadcast;
broadcast;
Axioms
u login v ::
assoc uvc, document doc ->
assoc (uvc + <u v doc>),
u selected [], document doc;
u select p wth pr
with c.get-child c’ at p ::
(pr = edit) or (pr = view) =>
assoc (uvc + <u v c>),
u selected compnts
->
assoc (uvc + <u v c>),
u selected (compnts + c’),
broadcast-flag @;
u move p wth pr
with c’.(u authorized-for? modification)

.. c’.move p ::
pr = edit =>
u selected ([] + c’)
->
u selected [], broadcast-flag @;
u own-for os with c’.(u own-for os) ::
u selected ([] + c’) -> u selected [];
start-broadcast ::
broadcast-flag @, assoc uvc
->
assoc uvc, broadcast-to uvc;
broadcast
with c.component-pic pic

.. v.display pic ::
broadcast-to (uvc + <u v c>)
->
broadcast-to uvc;
finish-broadcast :: broadcast-to [] -> ;
where
p : coord;
pr : privilege; os : ownerskip;
pic : picture;
uvc : set-of-c-triple-uvc;
c, c’, doc : c-component;
compnts : set-of-c-components;
u : c-user; v : c-viewport;

End C-Server;Speci�cation 9: Cooperative Server Class.15
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Class PN-C-Server;
Inherit C-Server;
Rename
c-server -> pn-c-server;
C-User -> PN-C-User;
c-user -> pn-c-user;
Set-Of-C-Triple-uvc->Set-Of-PN-C-Triple-uvc;
set-of-c-triple-uvc->set-of-pn-c-triple-uvc;
Interface
Methods
_ new-trans-wth _ : pn-c-user privilege;
_ new-plac-wth _ : pn-c-user privilege;
_ new-token-wth _ : pn-c-user privilege;
_ new-arc-wth _ : pn-c-user privilege;

Body
Axioms
u new-trans-wth pr
with c.(u authorized-for? modification)

.. c’.create-trans <0 0>

.. c.add-child c’ ::
pr = edit =>
assoc (uvc + <u v c>)
->
assoc (uvc + <u v c>), broadcast-flag @;

where
uvc : set-of-triple-pn-c-uvc;
u : pn-c-user; v : pn-c-viewport;
c : pn-c-component;

;; ... and more axioms ...
End PN-C-Server;Speci�cation 10: Petri Net Server Class.Within the Axioms �eld, one may see how a newPetri net transition is created at a position p for anuser u with the privilege pr. First the ownership formodi�cation of the current component is veri�ed, then(sequentially) the creation of the transition in itself isrequested followed the addition of the new transitionto the current component.6.3 Behavioral Properties of the ClassesIn Figure 7 we have provided a snapshot of a sys-tem of objects taking part in the development of ahierarchical 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 solidarrows correspond to the synchronizations that can beperformed, and the dashed arrows represent the linkbetween the connected components.The server object is a key element of the whole sys-tem. All the modi�cations concerning any componentare transmitted to the server which dispatches the re-sult of the modi�cations to the appropriate viewports.In CO-OPN/2, the concurrency is naturally managedby the places which are multi-sets of algebraic valuesand build states concurrently accessible by the objectmethods. Despite this modeling power, it is some-times di�cult 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 children
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2Figure 7: Class Instances of the Example.place of the PN-C-H-Component class which is a setof references modeled by means of an algebraic ab-stract data type and not a multi-set. This modelingchoice prevents from accessing simultaneously some ofthe sub-components of a node.The server component allows intra-concurrency. In-deed, most of the services (not login and logout) ofthe server may be simultaneously activated by two dif-ferent users for two di�erent components, for instancethe move wth method. Moreover, some servicesmay be requested by two di�erent users for the samecomponent, for instance the rotation and the shift-ing of a component. We did not have optimized thebroadcast performed after a modi�cation, for examplea simultaneous modi�cation of two components willproduce two simultaneous request for the displayservice of the viewports (synchronously performed af-ter the component modi�cation).7 Modeling of Other EditorsIn this section we give one direction for the evolu-tion of our modeling of the hierarchical Petri net editorin order to obtain other kinds of cooperative editors.The class structure presented in this paper is 
exi-ble enough to take into account other cooperative ed-itors such as an editor of SADT diagrams as well asan editor of CO-OPN/2 diagrams. The mandatory16



modi�cations only concern the classes derived fromsecond level of Figure 3. Thus, the lowest level ofFigure 3 as well as the component hierarchy must berede�ned according to the type of the diagram. Herefollows two suggestions concerning the sub-typing re-lationship between the components of SADT diagramsand CO-OPN/2 diagrams.SADTSADT diagrams are quite simple, they consist of twokinds of components the boxes which may be arbitrar-ily nested, and the arrows. Thus, Figure 8 depicts thecomponent hierarchy which could be adopted for thedesign of a cooperative editor of SADT diagrams.
SADT-ArrowSADT-Box

SADT-ComponentFigure 8: Sub-typing Hierarchy for SADT Compo-nents.CO-OPN/2A CO-OPN/2 speci�cation is a set of interconnectedclasses which consist of an encapsulated Petri netequipped with some methods or parameterized tran-sitions. Thus, CO-OPN/2 formalism de�nes only twolevels 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 
ow. At the class level, the com-ponents are the classes and the arrows which expressthe synchronization requests. In Figure 9 we establisha possible component hierarchy for the a CO-OPN/2diagram editor.8 ConclusionIn this paper we modeled a case study on group-ware or, more speci�cally, on a cooperative editor ofhierarchical diagrams. The aim of this case study wasto provide a general example in order to compare var-ious approaches which combined a formal model ofconcurrency and the object-oriented paradigm. First,we presented the CO-OPN/2 speci�cation language
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COOPN/2-SyncFigure 9: Sub-typing Hierarchy for CO-OPN/2.by giving some explanations of the speci�c notions ofobject-orientation. As for the proposed case study,we showed how the CO-OPN/2 formalism is adaptedfor the modeling of cooperative applications in whichconcurrency is a major objective.The distinction established between inheritanceand sub-typing has allowed us to provide a 
exiblestructure of classes and, at the same time, enabled usto treat the components which compose the diagramsin 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 increasethe regularity of the treatments. The formalization ofsuch a sub-typing relationship is one of our presentresearch activities.In order to provide a complete development systembased on CO-OPN/2, we are working on the devel-opment of tools adapted to our formalism, and alsostudying the other phases of the life cycle such as theanalysis and the test of object oriented software as wellas the techniques of incremental implementation.9 AcknowledgmentsWe would like to thank Alain Karsenty and JanVitek for their helpful suggestions and for the valu-able discussions which all engaged in with regard togroupware and object orientation.References[Ame87] Pierre America. Inheritance and subtyping in aparallel object-oriented language. In J. B�ezivin,J.-M. Hullot, P. Cointe, and H. Lieberman, edi-tors, ECOOP'87: European conference on object-oriented programming: proceedings, volume 276of LNCS, pages 234{242, Paris, France, June1987. Springer-Verlag.17
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A Full CO-OPN/2 Speci�cation1 ;; COOPN/2 specification of a Cooperative Editor of Hierarchical Diagrams2 ;; ----------------------------------------------------------------------3 ;; Contains all the classes and ADT modules involved in the case study except the very4 ;; basic abstract data types such as the booleans, uniques, naturals, and strings;5 ;; === Component class6 ;; This class provides the basic elements of the graphic components involved in the editor.7 ;; It will be used so as to build more complex components. The services given by this class8 ;; are classified into three categories:9 ;; 1- the services in relation with the graphical aspects of the component (move, resize,10 ;; rotate, get-pos, put-label, ret-pic);11 ;; 2- the services which allow the user to attach a new component (add-link, del-link,12 ;; get-links);13 ;; 3- the services which allow the user to add/remove a new position where components can be14 ;; attached (add-anchor, del-anchor, get-anchors).15 Abstract Class Component;16 Interface17 Use Coord, Size, Angle, String, Link, Set-Of-Links, Anchor, Set-Of-Anchors;18 Type component;19 Methods20 move _ : coord; ;; modify the component aspects21 resize _ : size;22 rotate _ : angle;23 get-pos _ : coord; ;; provide the position24 put-label _ : string; ;; modifie the component’s name25 add-link _ , ;; add and remove a given link26 del-link _ : link;27 get-links _ : set-of-links; ;; provide all component links28 add-anchor _ , ;; add and remove a given anchor29 del-anchor _ : anchor;30 get-anchors _ : set-of-anchors; ;; provide all the anchors31 Body32 Places33 position _ : coord; ;; where the component is located34 dimension _ : size; ;; how big is the component35 rotation _ : angle; ;; how the component is oriented36 label _ : string; ;; component’s name37 links _ : set-of-links; ;; which components are linked with38 anchors _ : set-of-anchors; ;; where the components may be linked39 Axioms40 move p :: position p’ -> position p;41 resize s :: size s’ -> size s;42 rotate r :: rotation r’ -> rotation r;43 get-pos p :: position p -> position p;44 put-label lb :: label lb’ -> label lb;45 add-link l :: links lks -> links (lks + l);46 del-link l :: links lks -> links (lks - l);47 get-links lks :: links lks -> links lks;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 where52 p, p’ : coord;53 s, s’ : size;54 r, r’ : angle;55 lb, lb’ : string;56 l : link;57 a : anchor;58 lks : set-of-links;59 anchs : set-of-anchors;60 End Component; 19



61 ;; === Cooperative components62 ;; This class enriches the Component class with the cooperative aspects of the editor.63 ;; Four ownerships are taken into account64 ;; deletion : requires that no-one else has any ownership65 ;; inspection : only the owner can view the attributes66 ;; modification : only the owner can modify the attributes67 ;; encapsulation : only the owner can view the internal details,68 ;; can persist between editing sessions,69 ;; The method authorized-for? plays the role of a predicate. The method can be fired70 ;; iff the given user owns the component for the given ownership. This method uses71 ;; the place authorised-for which associates a set of users for each ownership level.72 ;; The method own-for is called whenever a user wants to own the component for a given73 ;; ownership. This method verifies the compatibility between the ownership and the74 ;; privileges of the user.75 Abstract Class C-Component;76 Inherit Component;77 Rename component -> c-component;78 Link -> C-Link;79 link -> c-link;80 Set-Of-Links -> Set-Of-C-Links;81 set-of-links -> set-of-c-links;82 Interface83 Use Attributes, Ownership, Picture, C-User;84 Methods85 get-attrib _ , ;; provide and mofify the attributes86 put-attrib _ : attributes;87 _ own-for _ , ;; own the component for an ownership88 _ authorized-for? _ : c-user ownership; ;; is the user authorized for an ownership ?89 surrender; ;; surrender all ownerships except encapsulation90 component-pic _ : picture; ;; provide the picture of the component91 Body92 Use Set-Of-C-Users;93 Places94 attrib _ : attributes; ;; t-uple of attributes95 _ authorized-for _ : set-of-c-users ownership;96 Initial97 [] authorized-for deletion; ;; nobody owns the component for any ownership98 [] authorized-for inspection; ;; [] denotes the empty set99 [] authorized-for modification;100 [] authorized-for encapsulation;101 Axioms102 get-attrib t :: attrib t -> attrib t;103 put-attrib t :: attrib t’ -> attrib t;104 u own-for deletion ::105 (((users1 = []) or (users1 = ([] + u))) and ;; guaranty that nobody (expect u itself)106 ((users2 = []) or (users2 = ([] + u))) and ;; owns the component for any ownership107 ((users3 = []) or (users3 = ([] + u))) and108 ((users4 = []) or (users4 = ([] + u)))109 ) =>110 users1 authorized-for deletion,111 users2 authorized-for inspection,112 users3 authorized-for modification,113 users4 authorized-for encapsulation114 ->115 ([] + u) authorized-for deletion, ;; u is the only one who owns the component116 users2 authorized-for inspection, ;; for deletion and may be for inspection117 users3 authorized-for modification, ;; modification and encapsulation118 users4 authorized-for encapsulation;119 u own-for os :: ;; verify that nobody owns the component for120 not (os = deletion) => ;; deletion and add u as owner for os121 [] authorized-for deletion, users authorized-for os122 ->123 [] authorized-for deletion, (users + u) authorized-for os;124 u authorized-for? os :: ;; verify that the user u owns for ownership os125 (users + u) authorized-for os -> (users + u) authorized-for os;20



126 surrender :: ;; remove all the owners for each ownership127 users1 authorized-for deletion, ;; except for encapsulation128 users2 authorized-for modification,129 users3 authorized-for inspection130 ->131 [] authorized-for deletion,132 [] authorized-for modification,133 [] authorized-for inspection;134 where135 t : attributes;136 os : ownership;137 u : c-user;138 users, users1, users2, users3, users4 : set-of-c-users;139 End C-component;140 ;; === Cooperative users141 ;; A user may join of leave an editing session, and be connected to a viewport.142 ;; A user performs some actions sending the appropriate message to a the viewport143 ;; he is connected to.144 Abstract Class C-User;145 Interface146 Use Coord, Size, Angle, Privilege, Ownership;147 Type c-user;148 Methods ;; the user’s actions149 join _ : privilege; ;; a user wants to join or leave an editing150 leave; ;; session with a given privilege.151 select _ : coord; ;; select a component located in x,y152 unselect; ;; unselect all the selected components153 go-down; ;; visit the selected component154 go-back; ;; go back up in the hierarchy155 delete; ;; delete the selected component156 move _ : coord; ;; modify the selected component aspects157 resize _ : size;158 rotate _ : angle;159 own-for _ : ownership; ;; modify the ownership of a sel. component160 Body161 Use Unique, C-Viewport;162 Place163 idle _ , ;; the user is either idle xor active164 active _ : unique;165 cur-vp _ : c-viewport; ;; current viewport he is connected to166 Initial167 idle @; ;; default user’s state168 Axioms169 join pr with v.(self join pr) :: idle @ -> active @, cur-vp v;170 leave with v.leave :: active @, cur-vp v -> idle @;171 select p with v.select p :: active @, cur-vp v -> active @, cur-vp v;172 unselect with v.unselect :: active @, cur-vp v -> active @, cur-vp v;173 go-down with v.go-down :: active @, cur-vp v -> active @, cur-vp v;174 go-back with v.go-back :: active @, cur-vp v -> active @, cur-vp v;175 delete with v.delete :: active @, cur-vp v -> active @, cur-vp v;176 move p with v.move p :: active @, cur-vp v -> active @, cur-vp v;177 resize s with v.resize s :: active @, cur-vp v -> active @, cur-vp v;178 rotate r with v.rotate r :: active @, cur-vp v -> active @, cur-vp v;179 own-for os with v.own-for os :: active @, cur-vp v -> active @, cur-vp v;180 where181 p : coord;182 s : size; 21



183 r : angle;184 v : c-viewport;185 pr : privilege;186 os : ownership;187 End C-User;188 ;; === Cooperative viewport189 ;; A viewport transmits each action of the user connected to the server and collects190 ;; the results. For each user’s action, the server sends back to the viewport the picture191 ;; to be displayed by the viewport.192 Abstract Class C-Viewport;193 Interface194 Use Coord, Size, Angle, Picture, Privilege, Ownership, C-User;195 Type c-viewport;196 Methods197 _ join _ : c-user privilege; ;; a user asks to join/leave an editing198 leave; ;; session with a given privilege199 select _ : coord; ;; select a component located in x,y200 unselect; ;; unselect all the selected components201 go-down; ;; visit the selected component202 go-back; ;; go back up in the hierarchy203 delete; ;; delete the selected component204 move _ : coord; ;; modify the selected component aspects205 resize _ : size;206 rotate _ : angle;207 own-for _ : ownership; ;; modify the ownership of the sel. component208 display _ : picture; ;; display the picture returned by the server209 clear-screen; ;; used whenever a user join or leave210 Body211 Use C-Server, C-User;212 Places213 priv _ : privilege; ;; privileges of the current user214 cur-user _ : c-user; ;; who is currently logged in215 Axioms216 u join pr with the-server.(u login self) :: -> priv pr, cur-user u;217 leave with the-server.(u logout) :: cur-user u, priv pr -> ;218 select p with the-server.(u select p wth pr) :: cur-user u, priv pr -> cur-user u, priv pr;219 unselect with the-server.(u unselect) :: cur-user u -> cur-user u;220 go-down with the-server.(u go-down-wth pr) :: cur-user u, priv pr -> cur-user u, priv pr;221 go-back with the-server.(u go-back) :: cur-user u -> cur-user u;222 delete with the-server.(u delete-wth pr) :: cur-user u, priv pr -> cur-user u, priv pr;223 move p with the-server.(u move p wth pr) :: cur-user u, priv pr -> cur-user u, priv pr;224 resize s with the-server.(u resize s wth pr) :: cur-user u, priv pr -> cur-user u, priv pr;225 rotate r with the-server.(u rotate r wth pr) :: cur-user u, priv pr -> cur-user u, priv pr;226 own-for os with the-server.(u own-for os) :: cur-user u -> cur-user u;227 display pic :: -> ; ;; abstractly defined here228 clear-screen :: -> ;229 where230 p : coord;231 s : size;232 r : angle;233 pr : privilege;234 os : ownership;235 u : c-user;236 pic : picture;237 End C-Viewport;238 ;; === Cooperative server 22



239 ;; The server collects the users’ actions sent by the viewports and performs them.240 ;; It mainly solves the accesses to the various components by means of a simple241 ;; protocol and broadcast to each viewport currently connected the results of the242 ;; users actions, i.e. send a different picture to each viewport.243 ;; The place assoc makes an association between each loggeg-on user, the viewport he is244 ;; connected to, and the component he is currently working on. This place consists of245 ;; a set which will be sequentially consulted during the broadcast which will be246 ;; triggered off when a token ill be present in the broadcast-flag place.247 ;; The selected place associates each logged-on user with thier set of selected components.248 Abstract Class C-Server;249 Interface250 Use Coord, Size, Angle, Privilege, Ownership, C-User, C-Viewport;251 Type c-server;252 Object the-server : c-server; ;; static class instance253 Methods254 _ login _ : c-user c-viewport; ;; same services as the c-user and c-viewport255 _ logout : c-user; ;; except that the user who ask the service256 ;; is sent by the viewport as well as ist257 _ select _ wth _ : c-user coord privilege; ;; privilege when necessary258 _ unselect : c-user;259 _ go-down-wth _ : c-user privilege;260 _ go-back : c-user;261 _ delete-wth _ : c-user privilege;262 _ move _ wth _ : c-user coord privilege;263 _ resize _ wth _ : c-user size privilege;264 _ rotate _ wth _ : c-user angle privilege;265 _ own-for _ : c-user ownership;266 save; ;; save the document iff nobody use it267 restore; ;; load the document previously saved268 new-document; ;; create a new document, abstractly defined269 Body270 Use Unique, C-Component, Set-Of-C-Components, C-Triple-uvc, Set-Of-C-Triple-uvc, Picture;271 Places272 document _ : c-component; ;; the document currently edited273 broadcast-flag _ : unique; ;; trigger the broadcast274 broadcast-to _ : set-of-c-triple-uvc; ;; auxiliary set of connected users/viewport275 assoc _ : set-of-c-triple-uvc;276 _ selected _ : c-user set-of-c-components; ;; the set of selected components of each user277 Initial278 broadcast-to []; ;; nobody is connected yet279 assoc []; ;; nobody is connected yet280 Transitions281 start-broadcast; ;; internal transitions so as to broadcast282 finish-broadcast; ;; the information to each connected viewport283 broadcast;284 Axioms285 u login v ::286 assoc uvc, document doc287 ->288 assoc (uvc + <u v doc>), u selected [], document doc;289 u logout :: assoc (uvc + <u v c>), u selected compnts -> assoc uvc;290 u select p wth pr with c.get-child c’ at p ::291 (pr = edit) or (pr = view) =>292 assoc (uvc + <u v c>), u selected compnts293 ->294 assoc (uvc + <u v c>), u selected (compnts + c’), broadcast-flag @;295 u unselect :: u selected compnts -> u selected [], broadcast-flag @;296 u go-down-wth pr with c’.(u authorized-for? encapsulation) ::297 ((pr = edit) or (pr = view)) =>298 assoc (uvc + <u v c>), u selected ([] + c’)299 ->300 assoc (uvc + <u v c’>), u selected [], broadcast-flag @;23



301 u go-back with c.get-parent c’ ::302 assoc (uvc + <u v c>), u selected compnts303 ->304 assoc (uvc + <u v c’>), u selected [], broadcast-flag @;305 u delete-wth pr with c.(u authorized-for? deletion) .. c.del-child c’ ::306 pr = edit =>307 assoc (uvc + <u v c>), u selected []+c’308 ->309 assoc (uvc + <u v c>), u selected [], broadcast-flag @;310 u move p wth pr with c.(u authorized-for? modification) .. c.move p ::311 pr = edit =>312 u selected ([] + c) -> u selected [], broadcast-flag @;313 u resize s wth pr with c.(u authorized-for? modification) .. c.resize s ::314 pr = edit =>315 u selected ([] + c) -> u selected [], broadcast-flag @;316 u rotate r wth pr with c.(u authorized-for? modification) .. c.rotate r ::317 pr = edit =>318 u selected ([] + c) -> u selected [], broadcast-flag @;319 u own-for os with c.(u own-for os) :: u selected ([] + c) -> u selected [];320 start-broadcast ::321 broadcast-flag @, assoc uvc -> assoc uvc, broadcast-to uvc;322 broadcast with c.component-pic pic .. v.display pic ::323 broadcast-to (uvc + <u v c>) -> broadcast-to set-ucv;324 finish-broadcast :: broadcast-to [] -> ;325 save with doc.surrender :: document doc, assoc [] -> assoc [];326 restore :: -> document doc;327 new-document :: -> document doc;328 where329 p : coord;330 s : size;331 r : angle;332 pr : privilege;333 os : ownerskip;334 pic : picture;335 uvc : set-of-c-triple-uvc;336 c, c’, doc : c-component;337 compnts : set-of-c-components;338 u : c-user;339 v : c-viewport;340 End C-Server;341 ;; === Petri nets cooperative components342 ;; This class forms the root of the sub-typing hierarchy of the concrete components343 ;; involved in the editor.344 Abstract Class PN-C-Component;345 Inherit C-Component;346 Rename347 c-component -> pn-c-component;348 C-Link -> PN-C-Link;349 c-link -> pn-c-link;350 C-User -> PN-C-User;351 c-user -> pn-c-user;352 Set-Of-C-Users -> Set-Of-PN-C-Users;353 set-of-c-users -> set-of-pn-c-users;354 End PN-C-Component;355 ;; === Hierarchical Petri nets cooperative components356 ;; This class introduces all the elements necessary for the hierarchical components357 ;; such as the instance variable parent and children and the associated methods.358 ;; Moreover the instance variable disp-depth is introduced, it is used by the component-pic359 ;; so as to make some components not opaque such as the place in which the token are displayed.360 ;; Opaqueness correspond to the value 0. (e.g. 0 for the transitions, 1 for the places).361 ;; The concrete classes in relation with the hierarchical components of the editor24



362 ;; will be derived from this class (transition, place).363 Abstract Class PN-C-H-Component;364 Inherit PN-C-Component;365 Rename pn-c-component -> pn-c-h-component;366 Interface367 Use Coord, Picture, PN-C-Component;368 Subtype pn-c-h-component < pn-c-component;369 Methods370 add-child _ , ;; add and remove a child (sub-component)371 del-child _ : pn-c-component;372 get-child _ at _ : pn-c-component coord; ;; return the child located in position x,y373 get-parent _ : pn-c-component; ;; return the parent of the component374 Body375 Use Depth, Set-Of-PN-C-Components;376 Places377 parent _ : pn-c-component; ;; who is the ancestor378 children _ : set-of-pn-c-components; ;; who are the children (sub-components)379 disp-depth _ : depth; ;; how many levels have to be displayed380 Axioms381 add-child c :: children compnts -> children (compnts + c);382 del-child c :: children (compnts + c) -> children compnts;383 get-child c at p with c.(get-pos p) :: children (compnts + c) -> children (compnts + c);384 get-parent c : parent c -> parent c;385 where386 p : coord;387 pic : picture;388 c : pn-c-component;389 compnts : set-of-pn-c-components;390 End PN-C-H-Components;391 ;; === Atomic Petri nets cooperative components392 ;; The concrete classes in relation with the atomic components of the editor393 ;; will be derived from this class (arc, token).394 Abstract Class PN-C-A-Component;395 Inherit PN-C-Component;396 Rename pn-c-component -> pn-c-a-component;397 End PN-C-A-Component;398 ;; === Petri net transitions399 ;; A transition is a hierarchical component graphically represented by a rectangle400 ;; equiped with four anchors.401 Class PN-C-Trans;402 Inherit PN-C-H-Component;403 Rename pn-c-h-component -> pn-c-trans;404 Redefine component-pic _ : picture;405 Interface406 Use PN-C-H-Component;407 Subtype pn-c-trans < pn-c-h-component; ;; a transition is a hierarchical component408 Creation409 create-trans _ : coord; ;; creation of a transition located in x,y410 Body411 Initial412 dimension <50 100>; ;; horizontal and vertical sizes413 rotation 0; ;; no rotation414 anchors []+<25 0>+<0 50>+<49 50>+<25 99>; ;; 4 anchors (midle of each side of the rect.)415 links []; ;; no link416 disp-depth 0; ;; a transition is opaque417 Axioms418 component-pic pic :: -> ; ;; abstractly defined here;419 create-trans p :: -> position p; ;; initialize the last instance variable420 where 25



421 p : coord;422 pic : picture;423 End PN-C-Trans;424 ;; === Petri net places425 ;; A place is a hierarchical component graphically represented by a circle426 ;; equiped with four anchors.427 Class PN-C-Plac;428 Inherit PN-C-H-Component;429 Rename pn-c-h-component -> pn-c-plac;430 Redefine component-pic _ : picture;431 Interface432 Use PN-C-H-Component;433 Subtype pn-c-plac < pn-c-h-component; ;; a place is a hierarchical component434 Creation435 create-plac _ : coord; ;; creation of a place at a given coordinate436 Body437 Initial438 dimension <100 100>; ;; horizontal and vertical sizes439 rotation 0; ;; no rotation440 anchors []+<50 0>+<0 50>+<99 50>+<50 99>; ;; four anchors (east,west,north,south)441 links []; ;; no link442 disp-depth 1; ;; sub-components (tokens) must be visible443 Axioms444 component-pic pic :: -> ; ;; abstractly defined here;445 create-plac p :: -> position p; ;; initialize the last instance variable446 where447 p : coord;448 pic : picture;449 End PN-C-Plac;450 ;; === Petri net tokens451 ;; A token is an atomic component graphically represented by a disc.452 Class PN-C-Token;453 Inherit PN-C-A-Component;454 Rename pn-c-a-component -> pn-c-token;455 Redefine component-pic _ : picture;456 Interface457 Use PN-C-A-Component;458 Subtype pn-c-token < pn-c-a-component; ;; a token is an atomic component459 Creation460 create-token-at _ : coord; ;; creation of a token at a given coordinate461 Body462 Initial463 dimension <5 5>; ;; horizontal and vertical sizes464 rotation 0; ;; no rotation465 anchors []; ;; no anchor466 links []; ;; no link467 Axioms468 component-pic pic :: -> ; ;; abstractly defined here;469 create-token p :: -> position p; ;; initialize the last instance variable470 where471 p : coord;472 pic : picture;473 End PN-C-Token;474 ;; === Petri net arc475 ;; An arc is an atomic component graphically represented by an arrow.476 Class PN-C-Arc;477 Inherit PN-C-A-Component;478 Rename pn-c-a-component -> pn-c-arc; 26



479 Redefine component-pic _ : picture;480 Interface481 Use PN-C-A-Component;482 Subtype pn-c-arc < pn-c-a-component; ;; an arc is an atomic component483 Creation484 create-arc _ : coord; ;; creation of an arc at a given coordinate485 Body ;; rotation and length486 Initial487 dimension <200 20>; ;; horizontal and vertical sizes488 rotation 0; ;; no rotation489 anchors []+<0 10>+<199 10>; ;; no anchor490 links []; ;; no link491 Axioms492 component-pic pic :: -> ; ;; abstractly defined here493 create-arc p :: -> position p; ;; initialize the last instance variable494 where495 p : coord;496 pic : picture;497 End PN-C-Arc;498 ;; === Petri nets cooperative users499 ;;500 ;; From the cooperative user class, this class introduces the necessary services501 ;; for the creation of the four Petri nets components.502 Class PN-C-User;503 Inherit C-User;504 Rename505 c-user -> pn-c-user;506 C-Viewport -> PN-C-Viewport;507 c-viewport -> pn-c-viewport;508 Interface509 Objects Didier, Nicolas, Olivier : c-user; ;; here three users statically created510 Methods511 new-trans; ;; creation of the components512 new-plac;513 new-token;514 new-arc;515 Body516 Axioms517 new-trans with v.new-trans :: cur-vp v -> cur-vp v;518 new-plac with v.new-plac :: cur-vp v -> cur-vp v;519 new-token with v.new-token :: cur-vp v -> cur-vp v;520 new-arc with v.new-trans :: cur-vp v -> cur-vp v;521 where522 v : pn-c-viewport;523 End PN-C-User;524 ;; === Petri nets cooperative viewport525 ;;526 ;; From the cooperative viewport class, this class introduces the necessary services527 ;; for the creation of the four Petri nets components.528 ;; Each service calls the-server, unselect all selected components, and selects the529 ;; new component.530 Class PN-C-Viewport;531 Inherit C-Viewport;532 Rename533 c-viewport -> pn-c-viewport;534 C-User -> PN-C-User;535 c-user -> pn-c-user;536 C-Server -> PN-C-Server;537 c-server -> c-server;538 Interface539 Methods540 new-trans; ;; creation of the components541 new-plac; 27



542 new-token;543 new-arc;544 Body545 Axioms546 new-trans with the-server.(u new-trans-wth pr) ::547 cur-user u, priv pr -> cur-user u, priv pr;548 new-plac with the-server.(u new-plac-wth pr) ::549 cur-user u, priv pr -> cur-user u, priv pr;550 new-token with the-server.(u new-token-wth pr) ::551 cur-user u, priv pr -> cur-user u, priv pr;552 new-arc with the-server.(u new-arc-wth pr) ::553 cur-user u, priv pr -> cur-user u, priv pr;554 where555 pr : privilege;556 u : pn-c-user;557 End PN-C-Viewport;558 ;; === Petri net cooperative server559 ;; From the cooperative server class, this class introduces the necessary services560 ;; for the creation of the four Petri nets components.561 ;; Each service verify that the current component is own for modification, create the562 ;; new component and adds it to the children of the current component. Finally the563 ;; broadcast is triggered off.564 Class PN-C-Server;565 Inherit C-Server;566 Rename567 c-server -> pn-c-server;568 Set-Of-C-Component -> Set-Of-C-Component;569 set-of-c-component -> set-of-c-component;570 Set-Of-C-Triple-uvc -> Set-Of-PN-C-Triple-uvc;571 set-of-c-triple-uvc -> set-of-pn-c-triple-uvc;572 Interface573 Methods574 _ new-trans-wth _ : pn-c-user privilege;575 _ new-plac-wth _ : pn-c-user privilege;576 _ new-token-wth _ : pn-c-user privilege;577 _ new-arc-wth _ : pn-c-user privilege;578 Body579 Axioms580 u new-trans-wth pr581 with c.(u authorized-for? modification) .. c’.create-trans <0 0> .. c.add-child c’582 pr = edit =>583 assoc (uvc + <u v c>) -> assoc (uvc + <u v c>), broadcast-flag @;584 u new-plac-wth pr585 with c.(u authorized-for? modification) .. c’.create-plac <0 0> .. c.add-child c’586 pr = edit =>587 assoc (uvc + <u v c>) -> assoc (uvc + <u v c>), broadcast-flag @;588 u new-token-wth pr589 with c.(u authorized-for? modification) .. c’.create-token <0 0> .. c.add-child c’590 pr = edit =>591 assoc (uvc + <u v c>) -> assoc (uvc + <u v c>), broadcast-flag @;592 u new-arc-wth pr593 with c.(u authorized-for? modification) .. c’.create-arc <0 0> .. c.add-child c’594 pr = edit =>595 assoc (uvc + <u v c>) -> assoc (uvc + <u v c>), broadcast-flag @;596 where597 uvc : set-of-triple-pn-c-uvc;598 u : pn-c-user;599 v : pn-c-viewport;600 c : pn-c-component;601 End PN-C-Server;602 ;; *** Cooperative Editor of Hierarchical Diagrams28



603604 ;; abstract data types part605 ;; A coordinate is a pair of naturals606 Adt Coord as CartesianProduct2(Natural, Natural);607 Morphism608 elem1 -> natural;609 elem2 -> natural;610 _ = _ in ComparableElem1 -> _ = _ in Natural;611 _ = _ in ComparableElem2 -> _ = _ in Natural;612 Rename613 cp2 -> coord;614 fst _ -> xcoord _ ;615 snd _ -> ycoord _ ;616 End Coord;617 ;; The depth is a natural number618 Adt Depth as Natural;619 End Depth;620621 ;; An anchor is a coordinate which represent where a component can be attached.622 Adt Anchor as CartesianProduct2(Natural, Natural);623 Morphism624 elem1 -> natural;625 elem2 -> natural;626 _ = _ in ComparableElem1 -> _ = _ in Natural;627 _ = _ in ComparableElem2 -> _ = _ in Natural;628 Rename629 cp2 -> anchor;630 End Anchor;631 ;; A link attaches a current component with another component by means two anchors.632 ;; The first anchor is the anchor of the current component.633 ;; The component is the component with which the current component is attached634 ;; The second anchor is the anchor of the component with which the current component is attached.635 Adt Link as CartesianProduct3(Anchor, Component, Anchor);636 Morphism637 elem1 -> anchor;638 elem2 -> component;639 elem3 -> anchor;640 _ = _ in ComparableElem1 -> _ = _ in Anchor;641 _ = _ in ComparableElem2 -> _ = _ in Component;642 _ = _ in ComparableElem3 -> _ = _ in Anchor;643 Rename644 cp2 -> link;645 End Link;646 ;; A triple uvc makes an association between a user and the viewport he is connected with647 ;; and the current component he is working with.648 Adt Triple-uvc as CartesianProduct3(User, Viewport, Component);649 Morphism650 elem1 -> user;651 elem2 -> viewport;652 elem3 -> component;653 _ = _ in ComparableElem1 -> _ = _ in User;654 _ = _ in ComparableElem2 -> _ = _ in Viewport;655 _ = _ in ComparableElem3 -> _ = _ in Component;656 Rename657 cp2 -> triple-uvc;658 End Triple-uvc;659 ;; The four required owerships levels are defined.660 Adt Ownership; 29



661 Interface662 Use Boolean;663 Sort ownership;664 Generators665 deletion,666 inspection,667 modification,668 encapsulation : -> ownership;669 Operation670 _ = _ : ownership ownership -> boolean;671 Body672 Axioms673 (deletion = deletion) = true;674 (deletion = encapsulation) = false;675 (deletion = modification) = false;676 (deletion = inspection) = false;677678 (inspection = deletion) = false;679 (inspection = encapsulation) = false;680 (inspection = modification) = false;681 (inspection = inspection) = true;682 (modification = deletion) = false;683 (modification = encapsulation) = false;684 (modification = modification) = true;685 (modification = inspection) = false;686687 (encapsulation = deletion) = false;688 (encapsulation = encapsulation) = true;689 (encapsulation = modification) = false;690 (encapsulation = inspection) = false;691 End Ownership;692 ;; Both the required privileges of a user are defined.693 ;; A user may merely view a diagram or be able to edit (modify) it694 Adt Privilege;695 Interface696 Use Boolean;697 Sort privilege;698 Generators699 view, edit : -> privilege;700 Operation701 _ = _ : privilege privilege -> boolean;702 Body703 Axioms704 (edit = edit) = true;705 (edit = view) = false;706 (view = edit) = false;707 (view = view) = true;708 End Privilege;709 ;; Actually the attributes consist of a t-uple710 ;; This ADT must be more specific711 Adt Attributes;712 Interface713 Sort attributes;714 End Attributes;715 ;; Actually a pictures consists of a matrix of pixels716 ;; This ADT must be more specific717 Adt Picture;718 Interface719 Sort picture;720 End Picture;721 ;; Abstract data type which are in relation with the cooperative aspects30



722 Adt C-Link as CartesianProduct3(Anchor, C-Component, Anchor);723 Morphism724 elem1 -> anchor;725 elem2 -> c-component;726 elem3 -> anchor;727 _ = _ in ComparableElem1 -> _ = _ in Anchor;728 _ = _ in ComparableElem2 -> _ = _ in C-Component;729 _ = _ in ComparableElem3 -> _ = _ in Anchor;730 Rename731 cp2 -> c-link;732 End C-Link;733 ;; A triple uvc makes an association between a user and the viewport he is connected with734 ;; and the current component he is working with.735 Adt C-Triple-uvc as CartesianProduct3(C-User, C-Viewport, C-Component);736 Morphism737 elem1 -> c-user;738 elem2 -> c-viewport;739 elem3 -> c-component;740 _ = _ in ComparableElem1 -> _ = _ in C-User;741 _ = _ in ComparableElem2 -> _ = _ in C-Viewport;742 _ = _ in ComparableElem3 -> _ = _ in C-Component;743 Rename744 cp2 -> c-triple-uvc;745 End C-Triple-uvc;746 Adt PN-C-Link as CartesianProduct3(Anchor, PN-C-Component, Anchor);747 Morphism748 elem1 -> anchor;749 elem2 -> pn-c-component;750 elem3 -> anchor;751 _ = _ in ComparableElem1 -> _ = _ in Anchor;752 _ = _ in ComparableElem2 -> _ = _ in PN-C-Component;753 _ = _ in ComparableElem3 -> _ = _ in Anchor;754 Rename755 cp2 -> pn-c-link;756 End PN-C-Link;757 ;; A triple uvc makes an association between a user and the viewport he is connected with758 ;; and the current component he is working with.759 Adt PN-C-Triple-uvc as CartesianProduct3(PN-C-User, PN-C-Viewport, PN-C-Component);760 Morphism761 elem1 -> pn-c-user;762 elem2 -> pn-c-viewport;763 elem3 -> pn-c-component;764 _ = _ in ComparableElem1 -> _ = _ in PN-C-User;765 _ = _ in ComparableElem2 -> _ = _ in PN-C-Viewport;766 _ = _ in ComparableElem3 -> _ = _ in PN-C-Component;767 Rename768 cp2 -> pn-c-triple-uvc;769 End PN-C-Triple-uvc;770 ;; Various set used in the specification771 Adt Set-Of-Anchors as Set(Anchor);772 Morphism773 elem -> anchor;774 _ = _ in ComparableElem -> _ = _ in Anchor;775 Rename776 set -> set-of-anchors;777 End Set-Of-Anchors;778 Adt Set-Of-Components as Set(Component);779 Morphism780 elem -> component;781 _ = _ in ComparableElem -> _ = _ in Component;782 Rename783 set -> set-of-components;784 End Set-Of-Components; 31



785 Adt Set-Of-C-Components as Set(C-Component);786 Morphism787 elem -> c-component;788 _ = _ in ComparableElem -> _ = _ in C-Component;789 Rename790 set -> set-of-c-components;791 End Set-Of-C-Components;792 Adt Set-Of-PN-C-Components as Set(PN-C-Component);793 Morphism794 elem -> pn-c-component;795 _ = _ in ComparableElem -> _ = _ in PN-C-Component;796 Rename797 set -> set-of-pn-c-components;798 End Set-Of-PN-C-Components;799 Adt Set-Of-Links as Set(Link);800 Morphism801 elem -> link;802 _ = _ in ComparableElem -> _ = _ in Link;803 Rename804 set -> set-of-links;805 End Set-Of-Links;806 Adt Set-Of-C-Links as Set(C-Link);807 Morphism808 elem -> c-link;809 _ = _ in ComparableElem -> _ = _ in C-Link;810 Rename811 set -> set-of-c-links;812 End Set-Of-C-Links;813 Adt Set-Of-PN-C-Links as Set(PN-C-Link);814 Morphism815 elem -> pn-c-link;816 _ = _ in ComparableElem -> _ = _ in PN-C-Link;817 Rename818 set -> set-of-pn-c-links;819 End Set-Of-PN-C-Links;820 Adt Set-Of-Triples-uvc as Set(Triple-uvc);821 Morphism822 elem -> triple-uvc;823 _ = _ in ComparableElem -> _ = _ in Triple-uvc;824 Rename825 set -> set-of-triples-uvc;826 End Set-Of-Triples-uvc;827 Adt Set-Of-C-Triples-uvc as Set(C-Triple-uvc);828 Morphism829 elem -> c-triple-uvc;830 _ = _ in ComparableElem -> _ = _ in C-Triple-uvc;831 Rename832 set -> set-of-c-triples-uvc;833 End Set-Of-C-Triples-uvc;834 Adt Set-Of-PN-C-Triples-uvc as Set(PN-C-Triple-uvc);835 Morphism836 elem -> pn-c-triple-uvc;837 _ = _ in ComparableElem -> _ = _ in PN-C-Triple-uvc;838 Rename839 set -> set-of-pn-c-triples-uvc;840 End Set-Of-PN-C-Triples-uvc;841 Adt Set-Of-C-Users as Set(C-User);842 Morphism843 elem -> c-user;844 _ = _ in ComparableElem -> _ = _ in C-User;32



845 Rename846 set -> set-of-c-users;847 End Set-Of-C-Users;848 Adt Set-Of-PN-C-Users as Set(PN-C-User);849 Morphism850 elem -> pn-c-user;851 _ = _ in ComparableElem -> _ = _ in PN-C-User;852 Rename853 set -> set-of-pn-c-users;854 End Set-Of-PN- C-Users;855 ;; *** Structured basic abstract data types856 ;; === Comparable elements857 ;; An equal operation is defined as well as the usual equivalence relation properties858 Parameter Adt ComparableElem;859 Interface860 Use Boolean;861 Sort elem;862 Operation863 _ = _ : elem elem -> boolean;864 Body865 Theorems866 (x = x) = true; ;; reflexivity867 (x = y) = true => (y = x) = true; ;; symmetry868 (x = y) = true & (y = z) = true => (x = z) = true; ;; transitivity869 where870 x, y, z : elem;871 End ComparableElem;872 Parameter Adt ComparableElem1;873 Interface874 Use Boolean;875 Sort elem1;876 Operation877 _ = _ : elem1 elem1 -> boolean;878 Body879 Theorems880 (x = x) = true; ;; reflexivity881 (x = y) = true => (y = x) = true; ;; symmetry882 (x = y) = true & (y = z) = true => (x = z) = true; ;; transitivity883 where884 x, y, z : elem1;885 End ComparableElem1;886 Parameter Adt ComparableElem2;887 Interface888 Use Boolean;889 Sort elem2;890 Operation891 _ = _ : elem2 elem2 -> boolean;892 Body893 Theorems894 (x = x) = true; ;; reflexivity895 (x = y) = true => (y = x) = true; ;; symmetry896 (x = y) = true & (y = z) = true => (x = z) = true; ;; transitivity897 where898 x, y, z : elem2;899 End ComparableElem2;900901 Parameter Adt ComparableElem3;902 Interface903 Use Boolean;904 Sort elem3;905 Operation _ = _ : elem3 elem3 -> boolean;906 Body 33



907 Theorems908 (x = x) = true; ;; reflexivity909 (x = y) = true => (y = x) = true; ;; symmetry910 (x = y) = true & (y = z) = true => (x = z) = true; ;; transitivity911 where912 x, y, z : elem3;913 End ComparableElem3;914915 ;; === Ordered elements916 Parameter Adt OrderedElem;917 Interface918 Use Boolean;919 Sort elem;920 Operations921 _ < _ ,922 _ = _ : elem elem -> boolean;923 Body924 Theorems925 (x < y) = true & (y < x) = true => (y = x) = true; ;; anti-symmetry926 (x < y) = true & (y < z) = true => (x < z) = true; ;; transitivity927 (x = x) = true; ;; reflexivity928 (x = y) = true => (y = x) = true; ;; symmetry929 (x = y) = true & (y = z) = true => (x = z) = true; ;; transitivity930 where931 x, y, z : elem;932 End OrderedElem;933 ;; === Generic sets of comparable elements934 Generic Adt Set(ComparableElem);935 Interface936 Use Natural, Boolean;937 Sort set;938 Generators939 [] : -> set; ;; empty set940 _ + _ : set elem -> set; ;; add an element to a set941 Operations942 _ - _ : set elem -> set; ;; remove an element to a set943 _ + _ ,944 _ - _ : set set -> set; ;; add/sub to sets945 _ = _ , ;; equality, inclusion, strict inclusion946 _ <= _ ,947 _ < _ ,948 _ > _ ,949 _ >= _ : set set -> boolean;950 # _ : set -> natural; ;; cardinality of a set951 _ inside? _ : elem set -> boolean; ;; belonging predicate952 Body953 Axioms954 ((s + e1) + e2) = ((s + e2) + e1); ;; commutativity of the insertion (generator)955 ((s + e1) + e1) = (s + e1); ;; no duplication in set (generator)956 s - [] = s;957 s - (s1 + e1) = (s - e1) - s1;958 [] + s = s;959 (s1 + e1) + s2 = (s1 + s2) + e1;960 (e1 = e2) = true => ((s + e1) - e2) = s;961 (e1 = e2) = false => ((s + e1) - e2) = (s - e2) + e1;962 (s1 = s2) = (s1 <= s2) and (s2 <= s1);963 [] <= [] = false;964 (s + e1) <= [] = false;965 [] <= (s + e1) = true;966 (e1 = e2) = true => (s1 + e1) <= (s2 + e2) = s1 <= s2;967 (e1 = e2) = false => ((s1 + e1) <= (s2 + e2)) = (e1 inside? s2) and s1 <= (s2 + e2);968 34



969 s1 < s2 = s1 <= s2 and not (s2 <= s1);970 s1 >= s2 = s2 <= s1;971 s1 > s2 = s2 < s1;972 # [] = 0;973 # (s + e1) = succ (# s);974 e1 inside? [] = false;975 (e1 inside? (s + e2)) = (e1 = e2) or (e1 inside? s);976 where977 e1, e2 : elem;978 s, s1, s2 : set;979 End Set;980 ;; === Cartesian Products981 Generic Adt CartesianProduct2(ComparableElem1, ComparableElem2);982 Interface983 Use Boolean;984 Sort cp2;985 Generator986 < _ _ > : elem1 elem2 -> cp2;987 Operations988 fst _ : cp2 -> elem1; ;; first projection989 snd _ : cp2 -> elem2; ;; second projection990 _ = _ : cp2 cp2 -> boolean;991 Body992 Axioms993 fst (<x y>) = x;994 snd (<x y>) = y;995 (<x y> = <u v>) = (x = u) and (y = v);996 where997 x, u : elem1;998 y, v : elem2;999 End CartesianProduct2;1000 Generic Adt CartesianProduct3(ComparableElem1, ComparableElem2, ComparableElem3);1001 Interface1002 Use Boolean;1003 Sort cp3;1004 Generator1005 < _ _ _ > : elem1 elem2 elem3 -> cp3;1006 Operations1007 fst _ : cp3 -> elem1; ;; first projection1008 snd _ : cp3 -> elem2; ;; second projection1009 thd _ : cp3 -> elem3; ;; third projection1010 _ = _ : cp3 cp3 -> boolean;1011 Body1012 Axioms1013 fst (<x y z>) = x;1014 snd (<x y z>) = y;1015 thd (<x y z>) = z;1016 (<x y z> = <u v w>) = (x = u) and (y = v) and (z = w);1017 where1018 x, u : elem1;1019 y, v : elem2;1020 z, w : elem3;1021 End CartesianProduct3;
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