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TOPICS: • Relationship between net theory and other approaches (possibilistic logic) • Flexible manufacturing systems



Abstract After having described the importance and the complexity of monitoring Flexible Manufacturing Systems, this paper shows the interest of introducing uncertainty and imprecision within Petri net based models. These two concepts are then introduced through a modification of the marking of a Petri net with objects, and of its interpretation (external conditions associated with the transitions). It is shown how, in some cases, uncertainty is propagated and how, sometimes, it is possible to go back to certainty. Finally, an illustrative example is described.



1 Introduction. 1.1 The hierarchical control architecture. Due to its complexity, Flexible Manufacturing System (FMS) Control is commonly decomposed into a hierarchy of the following abstraction levels: planning, scheduling, global coordination and real-time monitoring, sub-systems coordination and local control. Each level operates on a certain model of the manufacturing system. The upper level models are more aggregated but also more global. The decisions made at each level have to be a refinement of the decisions made at the upper levels.
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At the same time, each level supervises the behavior of the level just below. This is done by checking that the current state of a given level is consistent with the update messages sent by lower level. Let us consider these levels in detail.



Planning operates with manufacturing ratios, i.e. number of parts to be manufactured per week or per month. At this level, a pre-allocation of the machines is done in order to reduce the combinatorial explosion of the scheduling level.



Scheduling is the level where the manufacturing plan is elaborated. A sequence for the execution of each operation on each machine (the schedule) is built. It checks that the quantity of planned products is feasible.



Global coordination: its function is to update the state representation of the workshop in real-time. It has to check that no abnormal update message is received in order to guarantee a certain consistency between the actual state of the workshop and the technical data base (fault detection). It has also to compare the set of the operations which are possible (because the required resources are free in the shop) with the set of the operations which have to be done in order to respect the manufacturing plan (or strategy) and consequently to make the right decisions in real-time.



Sub-system coordination realizes the coordination of subsystems such as the transportation system, the manufacturing cells or workstations, the storage units etc. No more global optimization is required. The decisions taken at this level derive directly from the decisions taken at the global coordination level. The manufacturing plan is normally not explicitly involved.



Local control implements the real-time control of the machines, the devices etc. No decision is made at this level.
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1.2 Real-time decision within a plan. The representation of a Flexible Manufacturing System by means of Petri nets, in order to model conveniently resource allocations, implies the use of a kind of high level net. As A.I. techniques are already commonly used for FMS management [BEN 86] [ERS 86], it seems natural to employ Predicate/Transition nets [GEN 87] where each transition is considered as a rule with variables and each place as a set of entities verifying some predicate. The concept of objects possessing a class and a set of properties or attributes is also very convenient because the modeling of a shop floor is frequently based on the actual objects (parts, machines, tools, etc...) circulating in it. It is the reason why we have chosen to substitute the variables of the Predicate/Transition net by objects rather than by constants i.e. to use Petri Nets with Objects (PNO) [SIB 85]. The Petri net structure (underlying condition/event net) is convenient to depict resource allocation mechanisms. Firing a transition with available tokens corresponds to making a decision compatible with the shop floor state and with the manufacturing policy. A token that remains in a place associated with the input queue of a machine (containing the parts waiting for an operation) after the planned time means a violation of this policy [ATA 87].



1.3 Supervising the shop floor. The supervising function is responsible for detecting any abnormal behaviour of the physical part of the shop floor. Its requirements are twofold and contradictory: it has to be strict in order to avoid any fault propagation but it has also to be tolerant of human intervention in order to avoid floods of alarms in such situations. A Petri net description of a shop floor allows systematic strict supervision: each event corresponding to normal behavior has to be associated with a enabled transition. On the other hand, an event corresponding to a transition that cannot be fired for the current marking will activate an alarm. However, when the event is known to have a possible human origin, it is better to try to update the shop floor state correctly rather than to produce alarms. In Petri nets with objects, such situations are easily modeled by a token attribute containing the duration of normal operation. A token remaining in a place (that represents for instance a machining operation) more than this duration means that either the machine failed or that the foreseen operation duration was incorrect. The problem is consequently to be tolerant in specific cases and so to decompose the events in three classes: • those corresponding to normal operation, • the forbidden ones, • the acceptable ones.
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For example, let us consider an automatic guided vehicle stopped between two contacts (positions where the controller can detect it and send commands to it). After a human intervention supposed to solve the trouble either by restarting the vehicle or by dragging it to the maintenance station, the normal event is the arrival at the next contact, the forbidden ones are the arrival at any other contact, but an acceptable event is the arrival at the maintenance station. In order to make possible the expression of the notion of acceptable events, it is required to use a logic including the notion of imprecision or uncertainty. In the case of Petri nets, we should express the fact that the existence of an object modeled by a token is known but that its localization is imprecise (the token may be contained in more than a place). The aim of this paper is to apply Petri Net theory and possibilistic logic to treat the shop floor supervising problem.



2 The possibilistic logic. According to several authors [BEL 82] [KLI 88] [DUB 88a], one way of simplifying a very complex system is to allow some degree of uncertainty in its description. Statements obtained from this simplified system are less precise but their relevance to the original system is fully maintained. We shall deal with two categories of uncertainty expressed by the terms vagueness and imprecision. In general [KLI 88], vagueness is associated with the difficulty of making sharp or precise distinctions in the world; that is, some domain of interest is vague if it cannot be delimited by sharp boundaries. Imprecision, on the other hand, is associated with one-to-many relations, that is, situations in which the choice between two or more alternatives is left unspecified. The problems that we find when we deal with the FMS are well represented by these two categories at the different levels of abstraction. When we deal with the scheduling level, the execution time may be known with some imprecision or, due to the complexity of a plan, we want to preserve some flexibility. In this case, the set of admissible plans will not have a sharp boundary and we use the concept of vagueness. So, the interval between the earliest date and the due date is a fuzzy interval. The concept of fuzzy set provides a basic mathematical framework for dealing with vagueness [KLI 88]. At the global coordination level, we have to supervise the possible abnormal situations. The FMS may find itself in a situation which may have one among several possible causes. This situation is captured quite well by the term imprecision, the basic mathematical framework of which is provided by the concept of possibility distribution and possibility measure. Indeed, a possibility measure specifies the degree to which an arbitrary element of the universal set X - also named the reference set - belongs to the individual crisp subsets Xi of X. In the example of the automatic guided vehicles, (see figure 1) the universal set X is the set of such vehicles. Such subsets are:
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• X1 , the vehicles which are on a contact (represented by place C), • X2 , the vehicles which are moving along a section (represented by place MS) and • X3 , the vehicles which are at the maintenance station (represented by place LB). We will present in the next section the basic definitions about the possibilistic measures.



2.1 Basic definitions [DUB 88b]. Let πa be the possibility distribution that delimits the fuzzy set A of the more or less possible values of a. If µA is the membership function of A, we have by definition ∀x ⊆ X, πa (x) = µA (x)



(1)



When the set X is finite, the possibility measure Π can be defined in terms of its values on the subsets of single elements (singletons) of X: ∀A ⊆ X, Π (A) = max π (x), x∈A



where π (x) = Π ({x}). The necessity measures N are related to the possibility measures Π by the equation ¯ N(A) = 1 − Π (A) (2) where A¯ is the complement of A, A¯ = X − A. This equation is a numerical expression of a duality relationship between the modalities of the possible and the necessary (in modal logic), which postulates that an event is necessary when its contrary is impossible. Necessity measures satisfy the relation ¯ =0 min(N(A), N(A))



(3)



which prohibits two contradictory events from both being the slightest bit necessary at the same time. ¿From equations 2 and 3 it is easily verified that ∀A ⊆ X, Π (A) ≥ N(A)



(4)



which agrees with the intuition that an event becomes possible before becoming necessary.
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3 Uncertainty in markings. 3.1 Petri nets with objects. As it has been mentioned in section 1.2, Petri nets with objects are used to describe the coordination mechanisms of the control of the FMS. It is not the purpose of this paper to give the formal definition of this class of Predicate/Transition net. Its chief feature is that tokens are tuples of instances of classes or sub-classes of objects which lead to the association of classes or sub-classes with the variables attached to the arcs and with the places. The objects’ attributes may be involved in predicates associated with the transitions that act as extra firing conditions. They can also be modified by the execution of an action when a transition is applied (fired) to the corresponding objects. As the tokens are tuples of objects and not tuples of constants, it is possible to define a concept of ubiquity. Ubiquity appears when a given object belongs to more than one place or when a given place contains a given objet with an arity greater than one [SIB 85]. In our case, tokens are tuples of physical objects such as parts, machines or tools, and places are the predicates meaning that some objects are in a given state. For example, we might name two instances of the class Part parts p1 and p2 . Each instance represents a distinct object. As a given object cannot be in two different states, the Petri Net with objects describing the shop floor has to be without ubiquity. For example, object p1 cannot be found at a machine and in inventory at the same time. In the next section, we shall show that ubiquity will be interpreted as imprecision about the object localization. Another way of defining non ubiquity is to say that a given object is available in a unique instance (exemplary) and is visible at a unique place. It has to be pointed out that the situation where an object appears in two different tuples contained in two different places corresponds also to ubiquity.



3.2 Imprecise marking. Traditionally, the marking of a Petri net is defined as the mapping M of the set of places P to the set N of natural numbers. M : P −→ N In the case of Predicate/Transition nets and Petri nets with objects, places contain tuples of objects. These tuples represent dynamic relations between objects such as a part which is on a machine or an automatic guided vehicle in a section of the transport system. For example, in the figure 1, the variable < x > belongs to the class Part and < y > to the class Machine. The tuple < x, y > is the dynamic relation
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machine < y > is processing part < x >. So, if O is the set of objects and O∗ the set of tuples of objects, the marking M of a PNO is defined by: M : O∗ x P −→ N When the net is without ubiquity the marking can be defined as M : O∗ −→ P In order to have an image for any element of O∗ we introduce a virtual place φ containing all the defined tuple of objects which are not in a place of the net and we define Pφ as P ∪ {φ }. The marking can also be represented by: M : O∗ −→ {Pφ −→ {0, 1}}



(5)



or M : O∗ x Pφ −→ {0, 1}. If M(o∗ , p) = 1, the tuple of objects o∗ is in the place p. When ∃ p1 , p2 , o∗ ∋ M(o∗ , p1 ) = M(o∗ , p2 ) = 1 there is a ubiquity situation. So this way of representing the marking allows to treat nets with ubiquity as well as nets without ubiquity. During the normal operation, we work with the PNO without ubiquity. As a matter of fact, within the shop floor, a part is always in one and only one site. When an abnormal event occurs, no part, tool or automated guided vehicle can suddenly disappear from the manufacturing workshop but it can happen that we are not sure of its localization. As it has been mentioned in section 2, this will be expressed by uncertainty attached to the occupancy of a token at a place. We are certain of the existence of an object while its localization is imprecise i.e. the object occupies more than one place, leading to ubiquity. It is obvious that any decision involving a command of a machine or a resource allocation requires a certain knowledge i.e. the absence of imprecision. In order to represent this imprecision, we might introduce a possibility distribution πo∗ [DUB 88b] assigned to each tuple o∗ ∈ O∗ and defined on the set Pφ . The set of all these functions describe the marking in a way which resembles (5). Clearly, the possibility distribution assigned to an element of a tuple is the same as that of the tuple. If a given element appears in more than one tuple for a place, then its possibility will be the maximum value over the corresponding tuples. As far as no transition firing is concerned, we shall work directly with the possibility distributions of the objects: o ∈ O πo : Pφ −→ {0, 1}



(6)
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and consider it as a partial representation of the marking (regardless of the notion of tuple). Moreover, it must be pointed out that we will restrict our study to the case where πo is either zero or one (the fuzzy case will not be considered). We can then make the following statements: • πo (p) = 1 represents the fact that p is a possible localization of o, • πo (p) = 0 expresses the certainty that o is not present in place p. • It can happen that πo (p) = 1 and πo (p′ ) = 1 for p 6= p′ at a given time, i.e. object o may be in place p or place p′ . Indeed, saying that it is completely possible (possibility equal to 1) that the localization of o is p is much weaker than saying that it is completely certain that the localization of o is p. In fact, the first statement does not forbid another localization p′ to be also completely possible for o [DUB 88b], i.e. does not forbid that the localization of o is uncertain. As it has been mentioned in section 2, if the reference set (in our case Pφ ) is partitioned into subsets that are singletons i.e. {pi } and if the following expression holds: ∀pi 6= p , πo (pi ) = 0 πo (p) = 1 then:



πo (p) = πo ({p}) = Π (A) = 1 and ¯ = max πo (p) = 0 Π (A) p∈A¯



where A = {p} and A¯ = Pφ − A. Using equation 2, we obtain N(A) = N({p}) = 1 that is we are certain that the object o belongs to the place p. In other words there is no longer ubiquity concerning the token o. It must be pointed out that the possibility distributions are defined at a given time. As a matter of fact, they can be considered either as functions defined on O in Pφ for a given t or as a function of t for an object o and a given place p.



3.3 Imprecision associated with the interpretation. A practical utilization of Petri nets implies an interpretation of the net i.e. the association of labels to the transitions in order to describe a condition and an action
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together. The condition is an extra firing condition involving either data (for example token attributes in a Petri net with objects) or the occurrence of external events. Consequently, in an interpreted net, a transition can only be fired when the marking is sufficient and when this extra condition is true. The action depicts data modifications or commands sent to the environment. Consequently, we define the interpretation I of a Petri net by attaching to each transition another possibility distribution ηx1 ...xn that plays the part of the extra firing condition: ηx1 ...xn : T −→ { f alse, uncertain,true} (7) where x1 ...xn are the variables associated to the incoming arcs of a. Let us assume that o1 ...on is a possible substitution to x1 ...xn for firing a. If ηo1 ...on (a) is false, transition a cannot be fired. If ηo1 ...on (a) is uncertain a will be fired, and the imprecision will be increased; this pseudo − f iring will be explained in section 3.4. If ηo1 ...on (a) is true and if the localization of o1 ...on is precise, a will be fired. If ηo1 ...on (a) is true and the localization of o1 ...on is imprecise, then a new computation of the possibility distribution of these tokens will be done in order to go back to certainty. This will be explained in part 4.
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Fig. 1 Example of a transition and an imprecise marking
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Let us consider figure 1. Transition a can be fired with various instantiations of the variables < x > and < y > by objects contained in the places 1 and 2 respectively. Let us assume that the objects contained in place 1 have an attribute date, the possibility distributions ηxy can be given:  (t < x.date) ∧ (signal(x))  uncertain i f if (t ≥ x.date) ∧ (signal(x)) (8) ηxy (a) = ∀y true  f alse otherwise



In the case of figure 1 two substitutions are possibles: ηo1 o3 (a) and ηo2 o3 (a) will be obtained by substituting < x > by o1 or by o2 and < y > by o3 . This function has the following semantics. Before time date, the arrival of a message from the shop floor signalling that object < x > was involved in the event a, is possible but does not correspond to a normal behavior. Either the message is erroneous, or the representation of the shop floor state within the controller (the Petri net marking) is not consistent with the actual state. The imprecision about object < x > will increase and the transition associated with event a will be pseudo-fired. On the other hand, receiving the message after time date corresponds to the normal behavior. So the firing of a should be a normal firing and the update of the shop floor state should be done with certainty. Let us assume that: o1 .date = 20 and o2 .date = 40



and that the current time is t = 30. If the message signal(o1 ) is received from equation 8 we have ηo1 o3 (a) = true. Transition a is then fired normally. On the contrary, if message signal(o2 ) is received, we have ηo2 o3 (a) = uncertain and the firing of a should be a pseudo − f iring, increasing so the imprecision.



3.4 Firing a transition. In a Petri net with an imprecise marking, transitions can be fired in two different ways: certain or pseudo-firing (uncertain firing). The first case corresponds to the classical firing of a transition and therefore necessitates that the localization of all the involved tokens is certain (no ubiquity for them). The action associated with the transition is executed. In the second case, the firing does not correspond to an evolution of the system modeled by the Petri net which is known with certainty. It rather means that we are making some deduction about its state. The actions associated with the transition are not executed because actual commands can only be performed when the knowledge is certain. Pseudo − f iring is performed by computing new possibility distributions for some objects (the tokens which would have moved for a classical firing). Uncertainty about the localization of these objects will be increased. In other words, the sets of the places where their possibility distributions are equal to one will be larger.
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Uncertainty will increase until the occurrence of an event allowing to deduce the localization of the objects with certainty. In doing so, we avoid the occurrence of contradiction in case of abnormal behavior of the system. As soon as an incident occurs, we operate with uncertain knowledge in order to be able to take into account a larger set of possible events (update messages received from the shop floor). The occurrence of one of these events allows us to go back to a certain knowledge. Let us consider the pseudo-firing of a transition a. This is done when η (a) takes the value uncertain, the object localization being certain or uncertain. In this paper, we restrict ourselves to the case where the possibility distributions of the objects used for the firing of a are equal to zero in the output places of a. In fact, if this restriction is not made, restoring certainty could turn out to be impossible because more than one firing sequence would lead from the last certain marking to the new one. When this restriction is violated, a message has to be sent to the human operator in order to inform him that automatic restoration of a consistent state representation of the shop is no longer possible. Pseudo-firing is performed in the following way: possibility distributions πo (p) are set to one for all the objects o concerned with all the input places of transition a (substituted to variables) and in all the output places of a in which the objects would have been put for a normal firing. It must be pointed out that the possibility distributions of these objects are not set to zero in the input places of a. Indeed, this mechanism corresponds to an augmentation of the imprecision. In this way, imprecision will increase until the occurrence of one of the two following events: - a message arrives from the shop floor which will be used to update our knowledge of the shop; - or a message is sent to the human operator signalling that automatic knowledge restoration is no longer possible (either the possibility of the objects in the output places is equal to one, or too much time has passed with no message arriving from the shop floor. Let us consider figure 2. It represents the possibility distributions πo (1) and πo (2) for the object o and the places 1 and 2 as a function of time. The semantics are the following: • at time t1, the fact that place 1 contains the object o means that the occurrence of event a for o will be possible in the future, • at time t2 the pseudo-firing of a for o occurs and uncertainty increases (because ηo (a) = uncertain), • at time t3 the marking is imprecise, the occurrence of a for o may have happened in the past but it is possible that it will happen only in the future, • at time t4, an event that is certain allows the deduction of a precise localization for o, in other words pseudo-firing of a for o terminates, which is equivalent to a normal firing of a from the marking as it was at time t1,
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Fig. 2 Pseudo-firing of a transition
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• at time t5 it is known with certainty that transition a fired for o in the past, a cannot be fired in the future for o without a shop floor state modification i.e. the execution of a cycle by o. Let us go back to figure 1. If signal(o2 ) occurs at time 30, the marking described in b) would be obtained by the pseudo-firing of a by the tuple < o2 , o3 >. When an object o is drawn in a place p it means that the possibility distribution πo (p) = 1 otherwise πo (p) = 0.



4 Certainty recovery. 4.1 Principles. At this point, we have explained how, in case of an abnormal operation, the imprecision of the shop floor state representation can be modeled. It must be pointed out that the imprecision concerns only some objects and that the localizations of the others is known with certainty. This means that the part of the manufacturing shop which is not altered by the abnormal operation will operate normally. The restoration of certainty occurs when for a transition a, η (a) is true for a tuple containing objects with an uncertain localization. As previously stated in section 3.4, normal firing implies certainty, and as it has been explained in section 3.2, certainty derives from the fact that the possibility distribution πo is equal to one for only one place. Consequently, it is necessary to have a procedure for the new computation of the possibility distribution that achieves this goal, taking into account the new information received i.e. the fact that η (a) is true.
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4.2 Algorithm. As it has been mentioned formerly, discussing figure 2, pseudo − f iring a transition a can be considered as the beginning of a normal firing. In fact, we put the tokens in the ouput places but we do not remove them from the input places. This is because we are not certain if the transition a has to be fired or not. When we compute again the possibility distributions of the objects, we have to decide for every transition which has been pseudo fired if it has been actually fired or not. In the first case, we say that we decide a pseudo-firing achievement (a has to be fired), in the second case we decide a pseudo-firing cancellation (a has not to be fired). In other words: pseudo-firing achievement: we have concluded that the transition has to be fired because the corresponding event in the shop floor actually occurred. The possibility distributions of the objects involved in the firing are reset to zero for the input places of the transition. pseudo-firing cancellation: we have concluded that the transition has not to be fired because the corresponding event in the shop floor did not occur. The possibility distribution of the objects involved in the firing are reset to zero for the output places of the transition. Let us emphasize the restriction which we have made: no pseudo-firing is performed when the possibility distribution of the objects is equal to one in the output places already. We will also assume that no transition is, at a given time, in the process of pseudo-firing for more than one tuple of objects. This restriction corresponds to the classical hypothesis of simple breakdown in the diagnostic systems. The procedure for the computation of the possibility distribution is thus the following one: 1



2 3 4



5



6



We assume that we are in the case where a message has just arrived and is such that η (a) = true. If the transition a is in process of pseudo-firing (we had previously η (a) = uncertain), cancel this firing (firing cancellation), go to 2, put into list LP the input and output places of a, go to 3, if LP is empty, go to 6 else let p be first element of LP, remove p of LP, go to 4, if there is an input transition t of p different from a in process of pseudo-firing, achieve this firing, put the input and output places of t which are different from p into LP, then go to 4; else go to 5, if there is an output transition t of p different from a in process of pseudo-firing, cancel this firing, put the input and output places which are different from p into LP, then go to 5; else go to 3, the normal firing of transition a can be performed because the localization of the objects are certain.



This procedure terminates because the number of places and transitions is finite and by assumption (no pseudo-firing is performed when the possibility distribution of the objects is equal to one in the output places already) no cycle of possible places for an object can exist.
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5 Analysis. Imprecision is a way of describing a set of alternatives for a given situation, leaving the choice of one of these alternatives open. In the case of a Petri net with imprecise markings, the set of the alternatives for a given object o is the set of places p such that πo (p) = 1, i.e. the set of the possible localizations of o. The sets of transitions that are being pseudo-fired (before pseudofiring achievement or cancellation) describe possible paths for the objects. The paths are legal but only one can be true. Let us consider a Petri net PN, an initial marking M0 , and the corresponding set of the reachable markings A(PN, M0 ). An imprecise marking M is simple a connected subset of A(PN, M0 ). Certainty restoration consists of choosing correctly an alternative, i.e. a marking which belongs to M and thus necessarily which is an element of A(PN, M0 ). Consequently no specific analysis of Petri nets with imprecise markings is required. All the analysis that was done on the net before the introduction of uncertainty remain valid.



6 Example. Let us now consider the following illustrative example. It concerns the transport system of a flexible manufacturing system based on the utilization of automated guided vehicles. These vehicles follow automatically some circuits, their localizations are only known at some points that are called contacts. They can only receive a command (stop, go, itinerary change) when they are on such a contact. In order to avoid collision, the circuits are decomposed into sections and the vehicles have to be controlled in such a manner that at a given time each section can only contains one vehicle. The Petri net in figure 3 describes the coordination of such a transport system: transitions a, b and the places MS (vehicle moving along a section), C (vehicle on a contact) and S (section free) represent the normal system operation. The variable v represents a vehicle, s is some section, and ns is the next section. The transition b indicates that vehicle < v > goes from section < s > to the next section < ns >. The fact that s and ns are not independent is expressed by the possibility distribution ηs ns (b) attached to transition b. The transition a represents the arrival of the vehicle < v > at a contact. Its possibility distribution is the following one:  if signal(x)  true t > v.dis + tmax2 (9) ηv (a) = uncertain if  f alse otherwise where signal(v) is the message sent by a contact when < v > arrives.
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Fig. 3 Transport system



The place MS contains the tuples < v, s > such that < v > moves along < s >. The place C contains the vehicles < v > on a contact. The place S contains the free sections. The transitions f and d depict an abnormal behavior: vehicle < v > battery failed and < v > has been manually removed from section < s > and driven to the load battery station LB. The place MOS represent the movement of < v > out of the sections. It is assumed that vehicles < v > have an attribute dis which contains the date when < v > entered section < s >. This attribute is used as a watch dog in order to detect when a vehicle remains for too long when moving along the section. Sometimes the vehicle stops because it has detected something in front of it, for example a human operator crossing the shop floor. It can be put in to operation again by manual reset and will finally reach the next contact. Sometimes it is the battery that is discharged and the vehicle has to be driven manually to the maintenance station. The transport system coordination has to tolerate the two situations and to release the concerned section when it is certain that the vehicle has been driven away. As the movement out of the section to the maintenance station (from place MS to place MOS) is not controlled by the transport system coordinator, no signal is given informing that in the actual system transition f is fired. However it is this firing which releases the section. The following possibility distribution is therefore attached to f :
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ηv ( f ) = uncertain if t > (v.dis + tmax), else f alse where t is the current time and tmax the maximum duration for crossing a section. The possibility distribution ηv (d) is identical to ηv (a). Consequently, when a vehicle < v >= vi remains for too long time on a section < s >= s j , a pseudo-firing of transition f is done. The possibility distribution πvi is equal to one for the places MS and MOS and πs j is equal to one for MS and S. It must be pointed out that section s j cannot be allocated to another vehicle although its name appears in place S because its localization is not certain. As the marking is uncertain, transition a as well as transition d are enabled for the tuple < vi , s j >. Let us suppose that, after a delay, transition a also is pseudo-fired. Now, transitions a and d, as well as transition b if section s j+1 is free, are enabled. One of them will be fired after the receiving of a message and a recomputation of the possibility distributions of vi and s j as stated in the algorithm in the preceding section. Let us consider the cases when transition d has to be fired. Pseudo-firing of transition f is achieved, and that of transition a is cancelled. The localization of the token < vi > in place MOS is certain and transition d is fired. As a side-effect of the algorithm, the localization of token < s j > becomes certain into place S and this means that this section will be allocated eventually to a vehicle leaving section s j−1 (certain firing of transition b).



7 Conclusion. This paper is a first attempt to introduce uncertainty in the marking of a Petri net in order to take into account abnormal events as well as normal operation. The advantage of doing so is that the combinatory explosion of the complexity of the Petri net is avoided because a larger set of transitions can be considered as enabled by a given marking, however with uncertainty. Further work is now underway in order to be able to consider fuzzy markings. This means that the possibility distributions will be defined on the interval [0, 1] rather than on the set {0, 1}. This will allow the utilization of fuzzy intervals for operation durations as well as for the intervals defined by the earliest starting time and the due date. In doing so it will be possible to monitor the plan execution as well as to supervise the shop floor by means of the same representation of the shop floor state.
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