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To examine the characteristics of various complex discrete event and distributed systems, Petri net is a potential mathematical and 

graphical modeling tool. The fuzzy production propositions of automated guided vehicle systems are represented in this paper using a 

variant of the Petri net known as the fuzzy Petri net (FPN), in which propositions explains the relation between two propositions. Due 

to its relevance in practice, another Petri net variant known as Conditional Petri net (CPN) is taken into consideration for this 

purpose. CPNs can be used to qualitatively describe gene regulatory interactions, to represent the active and inactive stages of a 

system like switching circuits, etc. The obtained truth degree of the success node validates the belief strength of this property, which 

is a crucial property of BPNs based on initial marking of Petri nets. 
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1. INTRODUCTION 
Petri nets have been used to model and analyze a variety of knowledge-based systems, including computational 

distributed systems, discrete event systems, communication protocols, manufacturing systems, performance evaluation, 

etc. Petri nets have also been used to model and research various kinds of biological networks. This is because they can 

represent the information flow in any expert system and model any graph-based structure. A German mathematician 

named Carl Adam Petri first introduced the idea of Petri nets in 1962 in his doctoral dissertation titled "Communication 

with Automata" that was submitted to Darmstadt University in West Germany. After that, they are utilized as a 

mathematical and graphical tool for modeling and studying synchronization, conflicts, and concurrency in distributed 

and discrete event systems. 

Traditional PNs, however, are unable to accurately depict systems found in the real world. This is because some 

ambiguous and inaccurate information may be presented in these systems due to the ongoing expansion of the database 

of real-world knowledge systems. In order to model industrial control systems, Lipp [13] introduced a special subclass 

of Petri nets called Fuzzy Petri nets (FPNs) to handle uncertain or ambiguous information. Then, in 1988, Looney [15] 

modified PNs to represent rule-based expert systems using fuzzy reasoning and logic.  Later, in 1990, Chen proposed a 

more general FPN model to model knowledge representation and also described a fuzzy reasoning algorithm that 

performs knowledge reasoning automatically. The time concept was supplemented with fuzzy Petri nets in [17], and the 

authors looked at how the time factor affected the net's performance in terms of transition firing and marking of the 

input and output locations. FPNs have been successfully used in a number of fields, including wireless sensor systems, 

operational management systems, biological networks, and fault diagnosis systems [3, 14]. In this paper, we use fuzzy 

propositions from the Conditional Petri nets (CPNs) subclass of safe Petri nets, a rule-based system. Petri nets modeling 

of Automated Guided Vehicle has been explained in [26, 27, 28]. In this paper, minimum spanning approach has been 

used to prevent from the deadlock. Conditional Petri nets are a new and promising class of Petri nets that are useful for 

building control systems, switching circuits, genetic regulatory networks, and many other kinds of systems [7, 21]. For 

instance, a gene can be active or inactive in a genetic regulatory network, meaning that there are two possible states for 

gene expression: ON (denoted by the letter "1") and OFF (denoted by the letter "0"). As a result, we can assign a 

Conditional variable to each gene that indicates whether or not it is active [21]. CPNs can therefore be used to describe 

and examine how genes interact with one another. Similar to analogue circuits, which are based on Conditional logic 

gates, digital circuits, also referred to as switching circuits, use signals with two different states (ON/OFF, 1/0) [6]. A 

helpful mathematical tool for streamlining switching circuits is conditional algebra. Therefore, using CPNs, the 

performance of these circuits can be easily examined. "If a Petri net is Conditional, then initial marking for all the 

places is one," the authors of [7] demonstrate. In this case, we are examining the reversal of the statement "IF initial 

marking for all the places is one, THEN it is a Conditional Petri net," that is, "IF initial marking for all the places is one, 

THEN a Petri net will generate all the results." It is accomplished by acquiring a sprouting tree that exhibits a 

relationship between. These assertions, as well as the degree to which they correspond to goals, are also calculated 
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using the starting proposition's degree of truth demonstrates the degree of conviction in the aforementioned property. In 

order to achieve this, the modified fuzzy reasoning algorithm proposed in [2] has been used. The obtained sprouted tree 

is then used to support an argument, and by using the available techniques for proof. 

The remaining paper is organized in the manner shown here: Sect. 2 discusses fundamental ideas of Conditional Petri 

nets, fuzzy, Petri nets and all types of Petri nets. The fuzzified propositional algorithm is described in Section 3. The 

three cases used in Section 4 to illustrate how the algorithm is implemented. The formulation and validation of the 

argument are covered in Section 5. The conclusions and scope are provided in Section 6. 

  

2. OVERVIEW OF PETRI NETS 

Petri nets are classified as directed, weighted, bipartite multi-graphs with two different types of nodes: locations and 

transitions. When modeling conditions, places are represented by circles, while transitions are modeled by bars or 

rectangular boxes [8, 9, 12]. The condition-event (place-transition) net is another name for it [11]. Directed arcs are 

used to link these nodes together to represent the relationship between them. The place is known as the input (output) 

place of that transition if there is a directed arc connecting it to the other transition. Each arc has a positive integer 

assigned to it that represents its weight. In general, the weight is omitted for the arcs with weight 1. Tokens, which are 

nonnegative integers, are used to identify some locations. In a location, they are represented by using black dots. The 

number of tokens present in a location indicates the number of available data resources. The Petri net's state is 

represented by the marking vector M, which also provides the number of tokens that are present in each location within 

that state. PNs are described mathematically as [16]: 

 

Definition 1: A 5-tuple is a Petri net: PN= (P; T; F; W; M0); where P ={p1, p2,..., pn}and T ={t1, t2,..., tm }are 

respectively the finite non-empty set of places and transitions, with 𝑃 ∩ 𝑇 = ∅ and 𝑃 ∪ 𝑇 ≠ ∅ , 𝐹 ⊆ (𝑃 ∗ 𝑇) ∪
(𝑇 ∗ 𝑃) 𝑎𝑛𝑑 𝑀0 → {0,1,2, … },  

 

According to the transition firing rule, a Petri net is simulated. If all of a transition's input locations have more tokens 

than the weight of the arcs connecting them, the transition is considered enabled. Those locations serve as the 

transition's input, the enable tokens are used when an enabled transition fires. The transition consumes and deposits into 

each of its output locations in accordance with weight of the arc. A transition that has been fired alters the system's 

state. and a change in the marking as a result. You can find comprehensive information about PNs in [18]. The 

transition's firing rule is shown in Figure 1. 

 

 
 

Fig. 1(a) Petri net before firing. Fig. 1(b) Petri net after firing. 

 

Definition 2: The place pj is referred to as being immediately reachable from the place pi if pi and pj are, respectively, 

the input and output places of any transition between ti; l=1, 2,..., m. The location pk is referred to as reachable from the 

location pi if it is another location that is immediately reachable from both pj and pi. 

As seen in Fig. 1(a), for instance, place p3 is immediately reachable from place p1 and place p4 is immediately reachable 

from place p2, while place p5 is also reachable from p1 and p2. 

 

Definition 3: The place pi's immediate reach-ability set, represented by IRS. The set of locations that can be reached 

right away from pi is known as pi. And the RS-indicated reach-ability set of pi. Pi is the collection of locations that can 

be reached from pi. For instance, in Fig.1(a)Petri net before firing, Places p1 and p2 are the transition's inputs, and p3, 

p4and p5 are the transition's outputs. Here, t1, t2 and t3 are enabled transition. (b) A Petri net following a shot. One token 

from p1, two tokens from p2, and three tokens from p4 are consumed and deposited on p5 and the following firing of 

transition is followed t1, t2 and t3. The initial marking is M0={1,2,0,0,0} and the final marking after firing the transition 

is Mn={0,0,0,1,1}. The Petri net is said to be in a dead state at this point because no transition is enabled, meaning that 

no transition firing will occur. 

IRS{p1}={p3} 

IRS{p2}={p4} 

IRS{p3}={p5} 

IRS{p4}={p5} 

RS{p1}={p5} 
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RS{p2}={p5} 

 

Definition 4: If both of the locations pi and pj are input locations for the transition tl, then they are referred to as adjacent 

locations with respect to the transition. For instance, the locations p3 and p4 in Fig. 1 are close by to the transition t3. 

 

Ordinary Petri nets, however, cannot accurately represent many real-world situations, and they are also unable to handle 

the ambiguous or uncertain data that most knowledge-based systems present. This is due to the fact that expert systems' 

databases are constantly growing, which causes these systems' complexity to rise. 

Fuzzy Petri nets (FPNs), a Petri net extension for the knowledge representation of complex control processes and fuzzy 

rule-based expert systems, are created to address these drawbacks [13, 15]. 

A system with uncertainty is studied and modeled using a fuzzy Petri net. A truth value between 0 and 1 is linked to the 

token in a place and a certainty factor between 0 and 1 is linked to each transition in an FPN. Additionally, there can 

only be one token per location. Chen's definition of a fuzzy Petri net is [2]: 

Definition 5: A fuzzy Petri net is an eight-tuple, which looks like this: 𝐹𝑃𝑁 = (𝑃, 𝑇, 𝑄, 𝐼, 𝑂, 𝑓, 𝛼, 𝛽) where P, T and Q 

are non-empty finite sets of places, transitions, and propositions, respectively, 𝑃 ∩ 𝑇 ∩ 𝑄 = ∅, |𝑃| = |𝑄|, Iand O are 

input and output functions, both from transition. An association function known as 𝛼: 𝑃 → [0,1]connectseach transition 

to a certainty factor with a real value between 0 and 1. 𝛽: 𝑃 → 𝑄is an association function also indicating the truth 

degree of e is [0,1]. Fig 2(a) shows the FPN model before firing the transition. 

In an FPN, a transition ti is enabled if ∀ pj𝜖 I(ti), meaning that for all input places pj of the transition ti, each place's truth 

degree is greater than or equal to the given threshold value k, i.e., 𝛼(pj)>k. The Fuzzy Production propositions are then 

fired, and each step in the reasoning process of an FPN updates the truth value of the output place. 

A fuzzy relation between two propositions is defined by a fuzzy production proposition (FPP). Fuzzy 'IF-THEN' 

propositions are typically used to express FPPs, where the part of the proposition following 'IF' denotes the antecedent 

or precondition and the part of the proposition following 'THEN' denotes the consequent or post-condition [2, 15]. 

Let the two propositions of the FP1 be If q1 ("the machine is working") and q2 ("You have required raw material on the 

working state"), THEN “the process will taken place and the product will be manufactured”. The two locations p1 and 

p2 will correspond to the two propositions q1 and q2, respectively. Let's say that the truth degree of the proposition q1 is 

0.90 and the threshold value is k= 0.52. Figure 2 depicts the modeling of FP1 using FPN. 

 

 
Figure 2(a): FPN before firing the transition,(b)  after firing the transition.  

In the FPN model mentioned above, P={p1, p2 } 

𝑇 = {𝑡1} 

𝐼(𝑡1) = {𝑝1, 𝑝2} 

𝑂(𝑡1) = {𝑝3} 

𝑓(𝑡1) = 𝜇1 = 0.52 

𝛼(𝑝1) = 0.9 

𝛼(𝑝2) = 1 

𝛼(𝑝3) = 0 

𝛽(𝑝1) = 𝑞1 

𝛽(𝑝2) = 𝑞2 

𝛽(𝑝3) = 𝑞3 

 

Since 𝛾1 > 𝑘, thetruth degree of the proposition q2 will be𝛾2 = 𝛾1 ∗ 𝜇1 = 0.468shows in fig 2(b). It informs us that the 

product is manufactured with quantity 0.468. Above  fig. depicts the firing of an FPN. 

These are the most popular Fuzzy Production hypotheses: [2, 15]: 

 

Type 1: If qj then qk 

 
(a) Before firing the transition (b) After firing the transition 
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     Figure 3: Type 1 of FPN 

Type 2: If q1 and q2 then qk (AND logic) 

 
(a) Before firing the transition (b) After firing the transition 

Figure 4: Type 2 of FPN (AND logic) 

 

Type 3: If q1 or q2 then qk (OR logic) 

 
(a) Before firing the transition (b) After firing the transition 

Figure 5: Type 3 of FPN (OR logic) 

 

Type 4: If q1 or q2 or q3 or …… qn then qk (Rout logic) 

 
(a) Before firing the transition   (b) After firing the transition 

Figure 6: Type 4 of FPN (Rout logic) 

 

Type 5: If q1 and not q2 then qk (Inhibit logic) 

 
(a) Before firing the transition (b) After firing the transition 

 Figure 7: Type 5 of FPN (Inhibit logic) 

 

Conditional Petri nets, a special class of 1-safe Petri nets, were utilized in this study (CPNs). In their reach-ability tree, 

CPNs are 1-safe Petri nets that produce all n binary vectors as marking vectors [7-9, 22, 23]. See [7, 22] for more 

information on CPNs. 

 

The rule-based CPN system's fuzzy production proposals have been used as input in this case. The truth degree of our 

goal proposition is computed using the fuzzified propositional algorithm, and three cases have been discussed by taking 

into account various fuzzy production proposition certainty factors [2].  
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3. PROPOSITIONAL FUZZIFIED ALGORITHM (FPA) FOR AGVS 
This section has described a fuzzified propositional algorithm based on FPNs for AGV. 

The FPA determines whether there is a precedent-subsequent relationship between the initial and goal propositions by 

using the truth degree of the initial proposition to automatically generate the truth degree of the goal proposition [2].  

FPA creates a tree that lists every route from the starting point to the ending point. The 4-tuple  

{𝑝𝑘 , 𝛾𝑘, 𝐼𝑅𝑆(𝑝𝑘), 𝜆}, where 𝑝𝑘denotes places, denotes a location, 𝛾𝑘 denotes the location's truth degree, 𝐼𝑅𝑆(𝑝𝑘) denotes 

immediate reach-ability set of 𝑝𝑘, and 𝜆 denotes the location's threshold. Let the initial and final locations, respectively, 

be pi and pf. As was previously stated, the places pi and pf  will be related to the propositions qi and qf, respectively. Let's 

say that the user entered the proposition qi, whose truth value is ci, as the starting proposition. This means that the user 

wants to know what will be cf, or the proposition qf's truth degree. 

Axy denotes the set of adjacent locations of px, where py 2 IRS px, and 𝜇𝑥𝑦 = 𝑎denotes the certainty factor of the 

condition related to the propositions qx and qy. The following is a brief explanation of the fuzzified propositional 

algorithm. 

Step 1: Starting with the first proposition, qi, mark the tree's root node as{𝑝𝑘 , 𝛾𝑘 , 𝐼𝑅𝑆(𝑝𝑘), 𝜆}and𝛽(𝑝𝑖) = 𝑞𝑠. The non-

terminal vertex is shown here. 

 Step 2: Pick a non-terminal vertex pain step two. 

(a) If 𝐼𝑅𝑆(𝑝𝑎) = 𝜙 𝑡ℎ𝑒𝑛 𝑝𝑎 is terminal vertex. 

(b) If 𝐼𝑅𝑆(𝑝𝑎) ≠ 𝜙 𝑎𝑛𝑑 𝑝𝑓 𝜖 𝐼𝑅𝑆(𝑝𝑎) 𝑎𝑛𝑑 𝛾𝑎 ≥ 𝜆, then make a new vertex 𝑝𝑓  as {𝑝𝑓 , 𝛾𝑓 , 𝐼𝑅𝑆(𝑝𝑓), 𝜆} where 𝛾𝑓 = 𝛾 =

𝛾𝑖 ∗ 𝜇𝑎𝑓 . 

(c) If 𝑝𝑓 ∉ 𝐼𝑅𝑆 (𝑝𝑎) 𝑎𝑛𝑑 𝑝𝑓𝜖 𝑅𝑆(𝑝𝑎), 𝑡ℎ𝑒𝑛 ∀𝑝𝑛𝜖 𝐼𝑅𝑆(𝑝𝑎) lies between 𝑝𝑎  𝑎𝑛𝑑 𝑝𝑓 for reach-ability. 

1) If 𝐴𝑎𝑘 = ∅ 𝑎𝑛𝑑 𝛾𝑎 > 𝜆, 𝑎𝑛𝑑 𝑝𝑘  does not held in any node in the way between root node pi and the selected node pa, 

then construct a new node pk i.e., {𝑝𝑘 , 𝛾𝑘 , 𝐼𝑅𝑆(𝑝𝑘), 𝜆}  in the tree from the node {𝑝𝑎 , 𝛾𝑎, 𝐼𝑅𝑆(𝑝𝑎), 𝜆}  to the node 

{𝑝𝑘 , 𝛾𝑘, 𝐼𝑅𝑆(𝑝𝑘), 𝜆}  when 𝛾𝑘 = 𝛾𝑘 ∗ 𝑎. Hence, {𝑝𝑘 , 𝛾𝑘 , 𝐼𝑅𝑆(𝑝𝑘), 𝜆} is called the non-terminal node. 

2) Else if  

𝐴𝑎𝑘 = {𝑝𝑏 , 𝑝𝑐 , … . , 𝑝𝑧}i.e., then the decision maker will assign the truth degree of qb, qc,…., qz for the node pb, pc,…., pz 

respectively. Let us assume that tb, tc,….tz be the truth degree entered by the decision maker(DM). 

Let D=min ( ti, tb, tc,…..,tz). 

2.1) If 𝐷 ≥ 𝜆 , then make a new node pk as {𝑝𝑘 , 𝛾𝑘 , 𝐼𝑅𝑆(𝑝𝑘), 𝜆}  in the tree from {𝑝𝑎 , 𝛾𝑎, 𝐼𝑅𝑆(𝑝𝑎), 𝜆}  to 

{𝑝𝑘 , 𝛾𝑘, 𝐼𝑅𝑆(𝑝𝑘), 𝜆}, where 𝛾𝑘 = 𝐷 ∗ 𝑎. Hence pk will be called as non- terminal node. 

2.2) else pa will be assign as terminal node. 

Step 3: If there is no non- terminal node left then go to step 4, else repeat step 2. 

Step 4: If there is no process node, then there exist a relation between initial state and final state and the truth degree of 

the final state proposition will be solved as: 

Let S be the set of success node i.e., 

𝑆 = {(𝑝𝑓 , 𝑟1, 𝐼𝑅𝑆(𝑝𝑓), 𝜆), (𝑝𝑓 , 𝑟2, 𝐼𝑅𝑆(𝑝𝑓), 𝜆), … … , (𝑝𝑓 , 𝑟𝑛 , 𝐼𝑅𝑆(𝑝𝑓), 𝜆)}, 0 ≤ 𝑟𝑖 ≤ 1, 1 ≤ 𝑖 ≤ 𝑛. 

Then set T=max (r1,r2,…,rn). If the final proposition qf has a truth degree of T, then the first and final propositions have 

a precedent-subsequent relationship of automated guided vehicle systems. 

Else no relationship exists between these assumptions. 

 

4. A CASE STUDY 
In this section, we have made three different cases for AGV in Fuzzy Production propositions that correspond to CPNs. 

These claims were developed with the aid of [7, 8, 22]. The degree of each proposition's certainty varies in each 

scenario. 

The following are the fuzzy production hypotheses for the rule-based Conditional Petri nets: 

FP1: IF 𝑀𝑛(𝑥) ≤ 1∀𝑥𝜖𝑃 THEN Petri net is 1-bounded. 

FP2: IF the number of tokens in a place in PN never exceeds one THEN place is safe. 

FP3: IF all the places are safe or Petri net is 1-bounded, THEN Petri net is safe. 

FP4: IF a Petri net is safe and it generates all binary n-vectors as marking vectors in its reach-ability tree THEN Petri net 

is Conditional Petri net. 

FP5: IF a Petri net is Conditional Petri net, THEN 𝑀0(𝑥) = 1 ∀ 𝑥 𝜖 𝑃, |𝑃| ≤ |𝑇| and incidence matrix contain negative 

identity matrix of order n as a sub-matrix. 

FP6: IF a Petri net is safe and 𝑀0(𝑥) = 1 ∀ 𝑥 𝜖 𝑃 THEN it can be embedded as an included subnet of a CPN. 

FP7: IF 𝑀0(𝑥) = 1 ∀ 𝑥 𝜖 𝑃 THEN Petri net is a Conditional Petri net.   

Let's refer to the aforementioned claims as: 

𝑞1: 𝑀𝑛(𝑥) ≤ 1 ∀ 𝑥 𝜖 𝑃, 
𝑞2: 𝑃𝑒𝑡𝑟𝑖 𝑛𝑒𝑡 𝑖𝑠 1 − 𝑏𝑜𝑢𝑛𝑑𝑒𝑑. 

𝑞3: 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑘𝑒𝑛𝑠 𝑖𝑛 𝑎 𝑝𝑙𝑎𝑐𝑒 𝑖𝑛 𝑃𝑁 𝑛𝑒𝑣𝑒𝑟 𝑒𝑥𝑐𝑒𝑒𝑑𝑠 𝑜𝑛𝑒. 
𝑞4: 𝑃𝑙𝑎𝑐𝑒 𝑖𝑠 𝑠𝑎𝑓𝑒. 

𝑞5: 𝑃𝑒𝑡𝑟𝑖 𝑛𝑒𝑡 𝑖𝑠 𝑠𝑎𝑓𝑒. 
𝑞6: : 𝑃𝑒𝑡𝑟𝑖 𝑛𝑒𝑡 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑠 𝑎𝑙𝑙 𝑏𝑖𝑛𝑎𝑟𝑦 𝑛 𝑣𝑒𝑐𝑡𝑜𝑟𝑠 𝑎𝑠 𝑚𝑎𝑟𝑘𝑖𝑛𝑔 𝑣𝑒𝑐𝑡𝑜𝑟𝑠 𝑖𝑛 𝑖𝑡𝑠 𝑟𝑒𝑎𝑐ℎ𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑡𝑟𝑒𝑒. 

𝑞7: 𝑃𝑒𝑡𝑟𝑖 𝑛𝑒𝑡 𝑖𝑠 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑃𝑒𝑡𝑟𝑖 𝑛𝑒𝑡. 
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𝑞8: 𝑀0(𝑥) = 1 ∀ 𝑥 𝜖 𝑃. 
𝑞9: |𝑃| ≤ |𝑇|. 

𝑞10: 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑚𝑎𝑡𝑟𝑖𝑥 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑠 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑦 𝑚𝑎𝑡𝑟𝑖𝑥 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟 𝑛 𝑎𝑠 𝑎 𝑠𝑢𝑏𝑚𝑎𝑡𝑟𝑖𝑥. 
𝑞11: 𝑃𝑒𝑡𝑟𝑖 𝑛𝑒𝑡 𝑐𝑎𝑛 𝑏𝑒 𝑒𝑚𝑏𝑒𝑑𝑑𝑒𝑑 𝑎𝑠 𝑎𝑛 𝑖𝑛𝑑𝑢𝑐𝑒𝑑 𝑠𝑢𝑏𝑛𝑒𝑡 𝑜𝑓 𝑎 𝐶𝑃𝑁. 

 

Using the aforementioned notations to rewrite the FPPs, we have 

FP1: IF q1 THEN q2. 

FP2: IF q3 THEN q4. 

FP3: IF q4 or q5 THEN q5. 

FP4: IF q5 and q6 THEN q7. 

FP5: IF q7 THEN q8 and q9 and q10. 

FP6: IF q5 and q8 THEN q11. 

FP7: IF q8 THEN q7. 

 

The user is curious as to whether the assertions q1 and q7 have any sort of precedent-subsequent relationship. Because 

𝛽(p1)=q1 and 𝛽(p7)=q7, our initial and goal propositions are q1 and q7, respectively, and the associated initial and goal 

placements are p1 and p7. Assume that in all three circumstances the threshold value, k, is equal to 0.30 and the truth 

degree, 𝛾of the user-provided initial location, p1, is equal to 0.90. Figure depicts the Fuzzy Petri net model of the FPPs 

of Conditional Petri nets. Tables 1 and 2, respectively, display the immediate reach ability set, reach ability set, and set 

of adjacent places. Let's talk about the cases: 

Conditions for the following figures: 

a) IF p1 and p2 THEN p4. 

b) IF p2 and p3 THEN p5. 

 

 
Figure 8: (a)Before firing the transition (b) After firing the transition t1 

 

 
(c) After firing the transition t2 

 

When t1 fires according to FPN conditions: When t2 fires according to FPN conditions: 

 

 

Reach-ability tree of above condition is shown in the following figure: 

Place (pi) IRS (pi) RS(pi) Aik 

 P1 {P4} {P4} {P2} 

P2 {P4} {P4} {P1} 

P3 ∅ ∅ ∅ 

P4 ∅ ∅ ∅ 

P5 ∅ ∅ ∅ 

Place (pi) IRS (pi) RS(pi) Aik 

P1 ∅ ∅ ∅ 

P2 {P5} {P5} {P3} 

P3 {P5} {P5} {P2} 

P4 ∅ ∅ ∅ 

P5 ∅ ∅ ∅ 
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Figure 9: Reach-ability Tree 

 

Cover-ability Tree for the above CPN is as follows: 

 
Figure 10: Cover-ability Tree 

 

Case 1: In this case, the certainty factors are 

𝜇1 = 0.90 

𝜇2 = 0.85 

𝜇3 = 0.80 

 

The tree that was produced after applying the algorithm is displayed in Figure. Since we have a success node with a 

truth degree of 𝛾 = 0.83, it is clear that the first and last proposition are related in a precedent-subsequent manner. 

According to the truth degree value, there is a 0.83 percent chance that this relationship is true. 

 

Case 2: Here, 

𝜇1 = 0.83 

𝜇2 = 0.78 

𝜇3 = 0.70 

 

we've lowered the values of the certainty factors. The newly adopted certainty factors are decreased. Following the 

implementation of the algorithm, Figure displays the resulting tree. Once more, we have a success node with truth 

degree 𝛾 = 0.63, indicating that the first and final propositions have a precedent-subsequent relationship. The lower 

value of truth degree demonstrates that as we reduce the FPPs' certainty factors, the likelihood that this relation is true 

also decreases; in this instance, it has become 0.63. 

 

Case 3: In this instance, we further reduced the values of the certainty factors. 

𝜇1 = 0.77 

𝜇2 = 0.70 

𝜇3 = 0.68 

 

The newly adopted certainty factors are continuously decreased. Following the implementation of the algorithm, Figure 

displays the resulting tree. We have a success node again, but this time with truth degree 𝛾 = 0.45. The occurrence of 

the success node once more demonstrates that the first and last proposition have a precedent-subsequent relationship. 

The truth degree value has fallen even further, demonstrating that as we keep lowering the FPPs' certainty factors, the 

likelihood that this relation is true will also fall, and in this case, the likelihood has dropped to 0.45. 

 

5. FORMULATION AND VALIDATION OF A PRODUCTION TREE IN AGVS 
In this section, we'll develop an argument based on the tree we got in the previous section, then evaluate the validity of 

that argument. 

 

After applying the fuzzified propositional algorithm in Section 4, we obtained tree for each case, but the path is 

𝑅1: 𝑝1 → 𝑝4 

𝑅2: 𝑝2 →  𝑝4 

𝑅3: 𝑝3 →  𝑝5 

𝑅4: 𝑝2 →  𝑝5 

 

This line of reasoning leads to the following argument, which has four premises (R1, R2, R3, R4). 
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Figure 11: Tree for Case 1. 

 

 
Figure 12: Tree for Case 2. 

 

 
Figure 13: Tree for Case 3. 

 

6. DISCUSSION AND GOALS 
A precedent-subsequent relationship between the initial propositions, "𝑀𝑛(𝑥) ≤ 1 ∀ 𝑥 𝜖 𝑃," and the conclusion, "Petri 

net is a Conditional Petri net," has been demonstrated in this study. That is, "IF 𝑀𝑛(𝑥) ≤ 1 ∀ 𝑥 𝜖 𝑃 THEN Petri net is a 

Conditional Petri net," and the argument validation proof also strongly supports this conclusion. However, the 

likelihood that this relation is true will vary depending on how certain the user's Fuzzy Production propositions are. 

Since the user chooses the certainty factors, higher values can be chosen, i.e. values close to 1, if we are aware that 

some propositions are true. According to the certainty factors, the possibility degree for the Fuzzy Production 

proposition "IF 𝑀𝑛(𝑥) ≤ 1 ∀ 𝑥 𝜖 𝑃 THENPetri net is a Conditional Petri net" to be true in the first case is 0.83, while it 

decreases to 0.63 and 0.45 in the second and third cases, respectively. In particular, it will still hold if we assume that all 

places have initial markings of one, or 𝑀𝑛(𝑥) ≤ 1 ∀ 𝑥 𝜖 𝑃. So, along with other conditions, we have demonstrated that 

the Petri net is a Boolean Petri net IF 𝑀𝑛(𝑥) ≤ 1 ∀ 𝑥 𝜖 𝑃THEN. 

Researchers are still working to solve the problem of computationally good characterization of Conditional Petri nets 

and its verification using Fuzzy Petri nets. The multi switches circuits used in AGVs in various applications may run 

more quickly and require less effort as a result of this characterization. 
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