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APPIA-GULP-PRODE 20001 IntroductionTimed Concurrent Constraint Programming (see [9]) is an extension of the Con-current Constraint Programming paradigm obtained adding the time concept tothe CCP model. The fundamental contribution of the tcc model is to augmentthe ability of constraint programming to detect \positive information" with theability to detect negative information. Such a negative information is crucial tomodel reactive and real-time computations. tcc, in addition, incorporates theidea that once a negative information is detected it is too late to change the pass.If some information has not been stored in that instant it will not be stored.The method of Model Checking is an extremely successful approach to formalveri�cation developed in the last two decades. With this method it is possibleto verify a determined behavioral property of a reactive system over a model. Itis an algorithmic method that makes an exhaustive enumeration of all the statesreachable by the system and analyzes all possible behaviors.Model Checking has two major advantages: it is fully automatic and its appli-cation requires no user supervision or expertise in mathematical disciplines (asopposed to completely deductive techniques) and when the design fails to satisfya desired property it produces a counterexample.Our �nal goal consists in describing an environment in which is possible toapply Model Checking to a system speci�ed in the tcc language. To apply ModelChecking with our approach it is necessary to perform four basic tasks:� to convert the speci�cation of the system into a formalism almost acceptedby a Model Checking tool,� to use the concept of time and the initial value of variables to calculatethe variable domains in the time interval where the Model Checking will beexecuted (we assume initial values and time interval provided by the user),� to represent the properties that the design must satisfy in an appropriate(logical) formalism,� to adapt a standard automatic veri�cation mechanism based on ModelChecking to the output of our previous steps. This may involve humanassistance for example to evaluate the results or localize the errors.In this paper we discuss the �rst two tasks with particular attention to the for-malism for the representation of the model and to the restrictions for guaranteeingits �niteness. In fact, one of the main features of our approach consists in thefact that, working with a (declarative) constraint based language, we can buildabstract versions of collection of models directly from the speci�cation. Moreover,we also use the (explicit) notion of time present in tcc to bound variables and



Modeling Concurrent systems speci�ed in a Temporal Concurrent Constraint languageobtain models in which Model Checking can be performed classically. Indeed, thegraph which we build is �nite because in a given time instant we consider pro-grams which are essentially determinate (terminating) ccp programs, while theevolution of graphs corresponding to di�erent time instants is also �nite becauseof the restrictions we impose on variable domains and time intervals.In Section 2 we introduce the programming language tcc including a shortdescription of its semantics and its main features. In Section 3 we introducethe de�nition of tcc Structure and present the basic de�nitions that allow usto formalize the method. In Section 3.3 we describe how to perform the �rststep in modeling the system producing a (�nite) graph representation of an (acollection of) in�nite state model(s). Then, in Section 4 we (brie
y) discuss theintroduction of the restrictions based on time parameters and values provided bythe user. Finally, we draw our conclusions and comment on the steps which arenecessary to complete the de�nition of our framework.2 Timed Concurrent Constraint ProgrammingTimed Concurrent Constraint Programming was developed as a simple model fordeterminate, timed, and reactive systems. Using this model the typical advan-tages of the declarative paradigm are gained. For example, programming in thismodel is more intuitive and reasoning with the derived languages is easier thanwith imperative languages. Another important property is that the speci�cationis executable, that is what you prove is what you execute.The language supports hierarchical and modular construction of speci�cations(programs). Because it is a determinate language, construction and analysis ofprograms and speci�cations is easier.In Figure 1 we can see the original syntax of tcc. For technical reasons wehave modi�ed some minor details.There are two kind of constructs in this language: CCP (Concurrent ConstraintProgramming) constructs and Timing constructs. Tell, Parallel Composition andTimed Positive Ask are the CCP constructs inherited from CCP. These operatorsdo not cause \extension over time". In particular, Parallel Composition is theexplicit representation of concurrency in the language and Timed Positive Askand Tell allow the processes synchronization and state evolution.The other class of constructs are Timing constructs: Timed Negative Ask, UnitDelay, and Abortion that cause extension over time. Unit delay forces a processto start in the next time instant. Timed Negative Ask is a conditional version ofUnit Delay, based on detection of negative information: it causes a process to bestarted in the next time instant if on the quiescence of the current time instant,the store was not strong enough to entail some information.



APPIA-GULP-PRODE 2000(Agents) A ::= c { Tellj now c then A { Timed Positive Askj now c else A { Timed Negative Askj next A { Unit Delayj abort { Abortj skip { Skipj A jj A { Parallel compositionj XbA { Hidingj g { Procedure call(Procedure Calls) g ::= p(t1; : : : ; tn)(Declarations) D ::= g :: A { De�nitionj D:D { Conjunction(Programs) P ::= fD:AgFigure 1: Syntax for tcc programsIn [9, 11] the de�nition of other possible operators with respect to the basicones can be found. For example the always, now c then A else B, multi-ple prioritized waits, whenever, do P watching are de�ned using the operatorsshowed in Figure 1. We could always transform a complex program into a sim-pler one that uses only basic operators. This is an important remark because, inprinciple, we only have to construct the mechanism of modelization for the basicoperators.As a matter of fact, we will not proceed exactly in this way but we will leavesome operator (e.g. the always) non translated. This is done in order to obtaina �nite representation of an in�nite state model after the �rst modelization step.For example, in Figure 2 we can see a program written in tcc with the \extra"operator always.fib(Val) :: Val:0 jj next Val:1 jjalways X^ (now Val:X thennext (Y,Z)^ (now Val:Y then skip jj(Z = X + Y) jj next Val:Z)).Figure 2: Example: Fibonacci Program.The above program calculates the Fibonacci series. In the �rst time instantit produces the �rst value, in the next time instant it obtains the following onein the series, and so on. The �rst step necessary to replace the always by basicoperators can be seen in Figure 3. We show only the �rst transformation stepbecause the complete transformation would produce an in�nite speci�cation.In the following we assume to use the tcc language enriched with the always



Modeling Concurrent systems speci�ed in a Temporal Concurrent Constraint languagefib(Val) :: Val:0 jj next Val:1 jjX^ (now Val:X thennext(Y,Z)^ (now Val:Y then skip jj(Z = X + Y) jj next Val:Z)) jjnext always (X^ (now Val:X thennext (Y,Z)^ (now Val:Y then skip jj(Z = X + Y) jjnext Val:Z))).Figure 3: Example: Fibonacci Program transformed.operator. The operational semantics of the constructs in Figure 1 is de�ned in[10]. For giving the semantics for the always operator we add to the transitionsystem in [10] the following rule:(�; always A) �!always A � [ fAg [ fnext always AgWe have de�ned this rule following the notation used in [10]3 ModelingOne of the �rst activities in verifying properties of a system is to construct aformal model for the system. This model should capture those properties that willbe veri�ed. Reactive systems cannot be modeled by their input-output behavior:it is necessary to capture the state of the system, i.e. a description of the systemthat contains the values of the variables in a speci�c time instant. We have tomodel how the state of the system changes when an action occurs (transition ofthe system). In our case the state transition graph must be built starting from thetcc formalism introduced above and will eventually contain an explicit notion oftime.3.1 BasicsIn order to start with our modeling task we use the classical notion of KripkeStructure. This kind of structures are able to capture the behavior of reactivesystems and, as we will show below, it is possible to construct automatically onestructure that represents the behavior of the system from the tcc speci�cationof the program.Variables. The set Var represents the universal set of variables. V � Var isthe set of variables that appears in the program clauses specifying the systemproperties and describe the state of the program in each time instant. Variables



APPIA-GULP-PRODE 2000in Var are typed, where the type of a variable, such as boolean, integer, etc.,indicates the domain D over which the variable ranges. Following Manna andPnueli (see [7]), in order to model the temporal behavior we have to introduce theset of primed versions of each variable. In particular, we assume that, for eachx 2 Var, its primed version x0 is also in Var. Those primed versions representthe value of the unprimed variable in the next time instant.We can describe sets of states and transitions by �rst-order formulas essentiallyas usual (cf. [7, 3]). The only di�erence in our case, is the fact that now our �rst-order formula representing the transition (R(V; V 0; T )) has an extra parameterT expressing whether the transition corresponds to a passage to the next timeinstant or not.A state of our graph (structure) is a set of constraints, that de�ne the value ofvariables, and a set of labels, that represent the point of execution of the system.The labels are introduced in the original program and can be active or disabled,depending upon the store of the system at each time instant. If the store allowsto execute the operation associated with a speci�c label, then this label is active,otherwise it is disabled. All labels representing a temporal operation are disabledwhile there exists a normal label active in the whole system (perhaps in anotherstate).De�nition 3.1 Let C be the set of constraints in the tcc syntax and L be theset of all possible labels generated to label the original speci�cation of the system.We de�ne the set of states as S � 2C[LNow we can de�ne formally our graph (structure) capable of representing thesystem behavior.De�nition 3.2 (tcc Structure) Let AP be a set of atomic propositions. A tccStructure M over AP is a 5-tuple M = (S; S0; T; R; L), where1. S is a �nite set of states.2. S0 � S is the set of initial states.3. T = ft; ng is the set of possible type of transitions. t denotes a temporaltransition while n denotes a normal transition.4. R � S � S � T is a transition relation that must be total, that is, for everystate s 2 S there is a state s0 2 S such that R(s; s0; t) or R(s; s0; n).5. L : S ! 2AP is a function that labels each state with the set of atomicpropositions true in that state.



Modeling Concurrent systems speci�ed in a Temporal Concurrent Constraint languageA path in M from the state s is de�ned as an in�nite sequence of states � =s0s1s2 : : : such that s0 = s and R(si; si+1; X) holds for all i � 0.Now we show how to derive a tcc structure M = (S; S0; T; R; L) from the tccprogram speci�cation of the system.We cannot apply directly the method of [3] to model the system behaviorbecause they assume that the domains for the variables are �nite and hence thenumber of possible valuations for the variables is �nite. We de�ne the set ofstates as the set of all combinations of restrictions that appear in the system andwe construct them while analyzing the speci�cation. In each state a collection ofconstraints that represent the possible values of the variables in that time instantwill appear.In the following we de�ne a construction that will return a graph representationof a tcc structure associate to a given tcc speci�cation. Such a graph can simplybe seen as a pictorial counterpart of a tcc structure, with nodes representing thestates and arcs representing the transition. To render the fact that we have twokind of transitions (depending upon the value of the third parameter in R) wewill use two kind of arcs. Moreover, we will have special nodes (that is, thoseassociated to the always operator) that correspond to points where an in�niteunfolding would be necessary if we translated every operator in the pure basiclanguage.3.2 LabelingThe notion of label allows to represent the point of execution in a state. Weintroduce this information by translating the original speci�cation into a labeledversion. This transformation consists in introducing a di�erent label associatedto each instance of a constructor in the speci�cation. In Figure 4 we show thelabeled version of a program that calculates the maximum number between twovalues given by the user. Our approach in labeling the program is similar tothe approach used in [7, 3]: we only adapt classical approaches to our speci�coperators. A simple algorithm translates the original program in the labeled one.Below we show the details of this transformation. Let P be a statement, thelabeled version Pl of it is de�ned as follows:� if P = c then Pl = flg c.� if P = now c then A then Pl = now c then flg Al.� if P = now c else A then Pl = now c else flg Al.� if P = next A then Pl = next Al.



APPIA-GULP-PRODE 2000� if P = abort (skip) then Pl = P� if P = A jj B then Pl = Al jj Bl.� if P = XbA then Pl = XbAl.� if P = g and g is a procedure call then Pl = g.� if P = always A then Pl = flg always Al.The result of applying this transformation to the \maximum" example isshowed in Figure 4.fl0g max(X,Y,Z) :: fl1g now (X>Y) then fl2g Z:X ||fl3g now (X>Y) else fl4g Z:Y.Figure 4: Example: Maximum number program labeled3.3 Graph constructionIn this section we explain how we construct the tcc structure in an automatic way.We start from an initial node constructed by assigning to its labeling functionall constraints referring to initial parameters of the program and the set of labelscorresponding to those instructions that can be executed in the �rst time instant.We de�ne a series of actions associated with each operator de�ned in the languagesyntax that will produce the graph while analyzing the speci�cation.In each state we represent the point of execution of the program by providingthe labels of the instructions that can be executed in the next step. Each labelcorresponds to a di�erent parallel process and can be active (which means that theconditions to execute the operator associated to this label are satis�ed) or disabled(which means that the operator represented by this label cannot be executed inthat moment because the store does not entail the necessary conditions). Adisabled label can be activated in the same time instant but in a subsequentstate, when the store entails all the necessary conditions.It is important to notice that a temporal operation (next, now-else, etc.)cannot be executed before all the \normal" operations are executed. This ismotivated by the fact that we have to arrive to the quiescence state (where nomore information can be produced in the present time instant) before moving tothe subsequent instant of time. Only in quiescence we will be sure that we haveall the information necessary in the next time instant.� Tell. This operator adds some information to the store in the current timeinstant. In our graph construction it is translated as a new node related with



Modeling Concurrent systems speci�ed in a Temporal Concurrent Constraint languagethe node from which it is been executed. In this new node we add to theinformation stored in the previous node, the new constraint expressed withthe tell operator. We then analyze the next operator in the speci�cation andintroduce in the node labeling its label or set of labels. When we introducea label in a node, we have to analyze it to decide if it must be active ordisabled.� Positive Ask. This operator veri�es if the guard is satis�ed in the presentstore and if it is satis�ed, then the program execution can continue with thebody speci�cation. In our graph representation we construct a new nodewhere the previous constraints over variables continue to hold . In additionit adds the body's labels with the analysis explained above.� Negative Ask. This operator veri�es that the condition speci�ed in theguard is not satis�ed in the present state. In that case it executes in thenext time instant the actions speci�ed in the body. In building the graphrepresentation we act as in the case of Positive Ask but the informationadded to the node labeling is the negation of the guard and the nodesassociated to the body are related with the current one by a time transition.The fact that the body is executed in the next time instant is guaranteedby the fact that a label associated to a time operator is disabled if we canexecute some normal action (and this is the case for labels associated to aNegative Ask's bodies). The introduction of the negation of the guard isperformed because we need to update the meaning of the node to representalways the conditions that are satis�ed in each state.� Next. This operator represents the increment of one time unit, i.e., the passfrom the actual time instant to the next one. In the graph it is representedby a particular transition. No time transition is taken if one of the nontemporal actions can be executed. This causes that in a speci�c step ofthe construction all labels of all states correspond to temporal operators(Negative Ask, Next or Abortion). In such a situation the time instantis increased and the variables renamed to avoid confusion. In the graphconstruction the transition associated to the Next operation is representedwith a special arc just to indicate that there has been a change of thetransition interpretation and variables have been renamed. Such a specialarc corresponds to the value t for the third parameter of the associatedtransition relation in the tcc structure.� Abort. The meaning of the Abort action is the end of the execution. Ifthis operator is executed, then the branch of the graph is closed: there willbe no descendants from that node.



APPIA-GULP-PRODE 2000� Skip. Skip does no operation, which means that in the graph representationwe will have only that the label associated to the Skip operator disappears.The process continues with the same analysis for labels to be introduced,as in the previous cases.� Parallel. The Parallel operator represents the concurrence behavior of thelanguage. It generates di�erent branches of execution. In our graph con-struction we introduce in the labeling function all labels of those executionbranches taking into consideration all possible restrictions for the active ordisabled label state. It is important to note that for one node there will beas many direct descendants as activated labels contained in it.� Hiding. This operator represents the concealment of the variable to therest of the system. It will be useful in the subprogram associated to theHiding operator. In the graph representation it is expressed as a new nodewith all previous constraints and this variable renamed. As for the labels,we do the typical action of addition of the Next operators.� Procedure Call. This operator simply connects to another graph structurebuilt using the previous rules.� Always. The node associated to the Always operator is the special kindof node to which we referred commenting on the pictorial representation oftcc structures. Its main feature is the fact that we will have to introduce an(normal) arc from the subsequent state in which a quiescence point occurs.The following theorem proves the correctness of our graph construction.Theorem 3.3 Let T be the tcc structure constructed by the above method fromthe tcc speci�cation S. Then the construction T is correct since�(T ) � [[S ]]where � is the function that represents the traces in T given by the sequences,starting from the root, of program stores in each tcc node in a path and [[S ]]represents the operational semantic of the tcc speci�cation S in [10] enriched bythe rule discussed in Section 1.3.4 An illustrative exampleTo illustrate the actions explained in the previous section, we show a tcc struc-ture and graph construction for a programming example. The speci�ed systemcalculates the maximum value between two (see Figure 4).
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Figure 5: Sequence of stepsWith this example we show the use of the two types of state transitions. Todi�erentiate those two types of arcs in the graph we will draw the normal arcsas solid lines and time transitions as dotted ones. In the fourth step of Figure 5it is showed the graph structure obtained when we apply our method to the\maximum" example (see Figure 4). Note that we have assumed that each nodeinherits all constraint from its predecessor but we will not show them explicitly,we only show the new information added to the store.Step by step, the algorithm evolves as follows (in Figure 5 we show graphicallythe process). In the �rst step an initial node that represents the initial state isconstructed. In the labeling of this node we have the two possible branches ofexecution represented by two labels and the real values of the program parameters.The two labels are active because their associated operators can be executed inthe next step.In the second step we have to develop all possible branches of execution, i.e.the branch of the Positive Ask and the one of the Negative Ask. The left onecorresponds to the Positive Ask (l1) and the right one to the Negative Ask (l2).The node 1 is labeled with the condition that imposes the guard of the now-thenoperator, the label of the Positive Ask body and the rest of the labels that havenot been executed in this transition. In this case, the label l2 appears disabledbecause the store does not allow the execution of the Negative Ask (the store



APPIA-GULP-PRODE 2000entails the guard conditions).Considering now the right branch, in the node 2 we have the Negative Askexecution. In the labeling of this node we have the negation of the condition thatimposes the guard of the operator, the label of the Ask body and the rest of thelabels (i.e. l1 is disabled).The third step takes the node 1 and constructs the graph that models the bodyof the Positive Ask. It is added node 3 that represents this and is labeled withthe new variable values, the constraint accumulated from the previous nodes andthe adequate set of labels. In this case node 3 turns out to be a simple node but,in general, it could be a complex subgraph.Finally, in the fourth and last step, the algorithm �nds that all labels aredisabled and then the execution cannot continue normally. It is necessary to in-crement the time instant. Variables are renamed and a temporal arc is introducedmodeling the transition of the temporal operation that can be executed in thatmoment: the body of the Negative Ask (l4 in the Figure). Hence, a new node iscreated (node 4) that contains the negated guard condition, the labels that havenot been executed, and the new labels (in this case there are not new labels).With this example we have seen the two di�erent types of transitions thatwe can have. Now, to show the parallel behavior we show a more elaboratedexample. It consists on the calculation of the Fibonacci series. In Figure 6 weshow the labeled version and the graph construction result can be seen in Figure7.fl0g fib(Val) :: fl1g Val:0 jj fl2gnext fl4g Val:1 jjfl3g always fl5g X^(fl6g now Val:X thenfl7g next fl8g (Y,Z)^(fl9g now Val:Y thenfl12g skip jjfl10g Z : X + Y jj fl11g next fl13g Val:Z)).Figure 6: Example: Fibonacci Program labeled.We can see how the always operator introduces a cycle in the graph forcingthe in�nite behavior. This is natural if we think of the meaning of the repre-sented program: it should calculate an in�nite sequence of numbers. Temporaltransitions are represented as discontinued arcs and note that a temporal tran-sition cannot be made if some label is active. To understand the �gure we haveto think of having a set of nodes that can produce another set of nodes at eachstep of construction. The sequence of those sets of states would be the next one(as it is shown in Figure 7): fnode 0g, fnode 1, node 2g,fnode 3, node 4, node5g, fnode 6, node 7g, fnode 8g, fnode 6, node 9, node 10g, fnode 8, node 11,node 12g, fnode 8, node 13g, fnode 8, node 14, node 15g, fnode 8, node 16, node17g, fnode 6, node 9, node 10, node 18g, fnode 8, node 11, node 12g... This last



Modeling Concurrent systems speci�ed in a Temporal Concurrent Constraint languageset of nodes has already appeared in the series and then the sequence is repeatedinde�nitely.
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Continues in the right section of the FigureFigure 7: Graph behavior of the Fibonacci program4 Graph RestrictionsUp to this point we have introduced a method to construct a tcc structurestarting from the speci�cation of the system. We have obtained a �nite graphbut that cannot be handled by classical algorithms of Model Checking: it is infact an abstract representation for an in�nite collection of models.The reason for which this structure cannot be used with classical approachesis that we have not restricted the variable domains to be �nite. Moreover, it isnecessary to have all variable values in each state, whereas in our graph represen-tation there are variables that do not have a speci�c assigned value (for example,because it depends on the value of other variables). The solution to this problemis to introduce some kind of restriction to the representation forcing the variabledomains to be �nite.The main idea is that we do this transformation taking into considerationinformation from the user that will be required to specify in which interval of timeshe wants to do the veri�cation and what are the initial values of the variables.



APPIA-GULP-PRODE 2000Then we analyze the program and give an interval of values on the variable domainover which this variable can be in that time interval. Those values are a limit forthe possible values that are calculated by considering the structure of the programclauses. We consider all variable modi�cations and taking into consideration allincrement and decrement actions and data dependencies we obtain the maximumand minimum values. Of course, perhaps those values are not necessarily reached.Finite domains are treated in a di�erent manner because it is not necessary torestrict them.De�nition 4.1 (Domain Restriction) Let V 2 V ar the set of variables ofthe program P and Vinf 2 V the set of variables with an in�nite domain. LettI ; tF 2 N , tI ; tF � 0 an initial and �nal time instant tI � tF , then we de�ne:� valt(V ) as the set of variable values at the instant of time t.� valtI (V ) as the set of initial variable values de�ned by the user.� valmax(V ) as the set of the maximum values that variables can reach.� valmin(V ) as the set of the minimum values that variables can reach.� analyze(S; valtI (V ); tI ; tF ; valmin; valmax) as the function that calculates thevalmax(V ) and valmin(V ) in such a time interval where S is the tcc Struc-ture obtained from the speci�cation PWith these new values we will transform the graph representation obtaining a�nite representation of the system behavior during the time interval introducedby the user and starting by the initial values of the variables de�ned by her.The main di�erence between the classical approach and our method is thatin classical approaches the restriction over the variable domains is introduced inthe de�nition of the system while in our framework we can specify a system within�nite variable domains and construct the corresponding graph structure. Thenwe have a basic structure and we only have to make the graph restriction everytime the user wants to make an execution of the Model Checker and introducesthe necessary information.5 ConclusionsWe have de�ned an automatic transformation which takes a tcc program as inputand returns a representation of the system behavior as a graph structure.Classical Model Checking approaches cannot be applied to the graph structureconstructed in this work because there exist some di�erences between the KripkeStructure constructed in classical works and our tcc Structure. The main di�er-ence is that we introduce two kinds of state transitions. In classical approachestransitions between states represent the increase of time while in our framework



Modeling Concurrent systems speci�ed in a Temporal Concurrent Constraint languagenormal transitions change state in the same time instant. There is an incrementof time only when a time transition is executed. This introduces a synchroniza-tion because a process that would execute a time operation has to wait until allother processes have �nished their normal operations. Classical approaches areasynchronous because they consider that all parallel processes are independentof each others, thus they can be executed without waiting for any informationcalculated by the other processes.We ensure the �niteness of our construction by the following facts. In eachtime instant our language is similar to (terminating) determinate CCP, so eachgraph is �nite. Moreover, for di�erent time instants, we ensure �niteness byimposing a restriction on the variable domains, by considering time intervals.We note a similarity to the work of Clarke et al. [3] in the fact that they intro-duce some synchrony when they impose that all processes of a parallel operationmay �nish at the same time instant.The main contribution of this work is the introduction of a method to verifyproperties of reactive systems speci�ed in tcc. This language is a declarativelanguage but has the notion of time in its semantics and for this reason we cande�ne a Model Checker for a given time interval. This time interval is determinedby the user. The resulting methodology is quite powerful since it exploits the factof using a constraint language for programming, and hence ensuring �nitenessdoes not require to impose severe limitations on the expressivity of the language.The following step of our construction consists of representing the propertythat the user wants to verify. The formalization of this can be done in a waysimilar to Clark et al. [3].References[1] Berry, G. Real-time programming: General purpose or special-purpose languages.In G. Ritter, editor, Information Processing 89, pages 11-17. Elsevier SciencePublishers B. V. (North Holland), 1989.[2] Clarke, E. M., Emerson E. A., Sistla A.P. Automatic veri�cation of �nite-stateconcurrent systems using temporal logic speci�cations. ACM TOPLAS, 8(2),1986.[3] Clarke, E. M., Grumberg O., Peled D. Model Checking. MIT Press, 1999.[4] Halbwachs, N. Synchronous programming of reactive systems. The Kluwer interna-tional series in Engineering and Computer Science. Kluwer Academic Publishers,1993.[5] Harel, D., Pnueli, A. Logics and Models of Concurrent Systems. volume 13,chapter On the development of reactive systems, pages 471-498, NATO AdvancedStudy Institute, 1985.
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