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Abstract

This work is focused on the deadlock prevention problem for a class of Flexible Manufacturing Syst-
ems(FMSs) which is modelled by Systems of Simple Sequential Processes with Resources (S*PRs), based on
Petri net models. Petri Nets (PNs) gives a strong framework of modelling resources shared between concurr-ent
processes in FMSs. This paper deals design methodology of controllers based on the Petri nets for the synthesis
of FMSs based on a siphon PNs analysis is to be controlled by the set of minimal siphons which are generate a
new P-Semifiow. We distinguish siphons in PN to give the necessary impact on the final supervisor control
scheme that is the basis siphon structure analyzed to control FMS. The experimental approach is Siphon PN to
give an effective tool for the liveness network, which gives a typical analysis to solve deadlock prevention in
FMSs models are checked by PNs. Successful implementation of an FMS corresponds to synthesize a PN is to
compute process models in parallel systems that have been specified to deadlock detection. In our application,
the examples of an FMS are a control system by PN.

Index Terms: Siphons, Experimental approaches, FMS, Petri Net-Toolbox V. 2.3, Simulation
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1. Introduction

An FMS is advanced technologies manufacturing facility processes of the high flexibility to useful reso-urce
allocation and part routing, and event-driven operation. Generally, an FMS consists of several work-station
exhibit a high degree of resource sharing, and competing for finite resources use to control the activities of
several pieces of manufacturing equipment (e.g. machines, robots, buffers, AGVs', etc). In the general setting
the parts advancing through the system compete for a finite number of resources, a deadlock may happen.
Limited shared resources are a competition between them it leads to sharing resources systems, Circular Waits,
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resource-circuits, and deadlock in FMS [1, 2]. In an exemplary FMS, raw parts of different types enter the
system at factors of time or asynchronously [3, 4, 5] processed and simultaneously [6], and concurrently
interacting recursively processes sharing common resources lead to a deadlock or blocking. The former is used
for representation of PN, and solving deadlock prevention that is a very important issue in[7—-13] essence for
FMS. Petri Net property siphons lead to an unmarked please net which is modelled concurrent systems have to
deal with the satisfaction of the conditions of good behaviour in the multi-resources in the distributed systems.
Row et al., [14] developed a new approach that is appropriate to all S°PR models of FMS. The liveness Petri
net can achievable by only controlling elementary siphons.

One way of choosing with deadlock problems is to model an FMS with Petri nets [27, 28] . The pioneer
approaches using Petri net techniques to cope with deadlocks in FMS are mainly implemented by preventing
some necessary conditions or detect and resolve a deadlock when it occurs. Petri Net is a versatile hierarc-hical
modelling tool combination of a large class of the model of a manufacturing system that represent in
production, industrial, and social systems can be regarded as large-scale discrete optimization problems [18],
[19]. In the formulation and synthesis of Petri_net use invariance properties that can be automatically computed,
help to build the controller [5-9] should be able to ensure the property, i.e., the siphon is generated. The
dynamics controlling of FMS are developing actually based on the characteristic structure of S*PR net, and the
existing deadlock prevention problem is solved using the concept of siphon-based policies and reachability-
graph-based. The declarative models employing, the multimodal routes planning that aims to find an optimal
route between the resource, where Petri_Net to the evaluation of many interesting models such as modelled on
FMS, Computer Networks, programming models, and Model-Based Testing.

The Large-Scale systems of FMS [15-18], are difficult to model commonplace is described by Petri nets
techniques using in the information system design process. As a result, an alternative sequence is a separation
or division into suitable numbers of interconnected sub-systems to reduce their complexity of modeling
resource allocation tasks [19]. Modelling and simulation [20—24] are very important techniques of decision
making on the stage of the complex system designing. The aimed behavioural specification PN is the
evaluation of application-specific a class S°PR at the system of FMS modelling and control distributed system,
where multiple processes and resources are executed concurrently and/or asynchronous. In spite of the fact that
reachability-graph-based approaches [25], can generally to ensure the optimality or suboptimality of the
controlled framework as far as shows the distributed systems. The existing approaches to measuring FMS are
Petri nets have well-known properties over other models which are demonstrated to be a tool for prominent
capabilities to describe FMS. Abdul-Hussin et al., [9, 10] describe a simulations PN by Matlab in order to show
that the reachability graph and total computational are required to investigate the deadlock that siphons
analyses can be utilized to determine if deadlock markings are reachable.

The simulation results provided with a visualization Petri net model of FMSs are developing methods of the
optimization that can be improved on siphons based on the controller exhibits to be the best performance of the
sequence operations manufacturing systems [5, 6, 7]. The circular waits are deadlocks occurrences of FMS
which are related to specified resource allocations request. Petri_Net provides the power of automatic
construction of an entire PN based controllers of a manufacturing workstation [9-13]. Moreover, the reacha-
bility graph can already be analyzed a generally presupposes a complete of reachable states [23, 24, 30].
Among the existing modeling formalisms, Petri nets emerge because of its characteristics is implemented to the
literature for types modeling of production systems. This paper presents the general characteristics widespread
used so-called S®PR (i.e. Systems of Simple Sequential Processes with Resources)[15], which is actually
adopting PNs as the design technique for controlled automation system. The concept of siphons used to be
extended subsequently by Li et al., [16, 17].

Our approach is the dynamic simulation of interpreted adaptive Siphons PN under supervision are required
to be sufficiently marked at any reachable marking from an initial marking. Petri Nets were used in [9, 10],
employs deadlock prevention based on the structure siphons analyzed, and reachability graphs PNs are used to
a class so-called (S*PR)} [20, 21,30], to compute emptiable minimal or maximal siphons in marked Petri nets.
These contributions have Petri Nets as a powerful modeling tool for the components of FMS that have been
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successfully used for such analyses. These studies deal with S*PR, which is a generalization of S*PR nets, and
extend S®°PR nets to model the complexity such a system showed by using alternative resources [19, 29], as in
S°PR nets, are exploiting many resources simultaneously. Place Invariants (PI) are applied to control deadlock
prevention in [20—-25] FMS.

As above mentioned, it has already been a simulation approach [20, 21], which is another effective method
of analyzed deadlock and Reachability Graph (RG) is deciding for a given marking M, whether it is reachable
in a specific net. It is PN simulated with the tool Matlab [5-7], which is critical to high-lights the fact that
considerable control issues with FMS in [9-13]. Petri Nets has an advantage of appropriate methods of
efficient tools, and implementation to ensure the uninterrupted functioning of the plant net model that is
originally built.

Organization. Section I, reviews some basics of Petri nets used throughout this paper. The prerequisite for
the concepts of siphons is presented, and The computation of a control place by a P-Semifiow in Section IlI.
Section 1V, recalls the results of an S®PR-net presents the results of simulation then conclusion.

2. Preliminaries
2.1. Petri Net [15-20]

A PN is a 4-tuple G= (P, T, Q, W) where P and T are finite and nonempty sets. P is a set of places and T is a
set of “transitions” with P U T #@,and PN T =@. Q < (P xT) U (T xP) is called a flow relation
represented by directed arcs. W: (P <T) U (T xP) — {0, 1} is a mapping that assigns a Weight to an arc.

A node of x in G = (P, T, Q) is eitherapeP ort €T. The post-set of node x isx*={y € P U T|(y, x) € Q},
and its pre-set ex = {y e PU T | (y, X)e Q }. Where W(x, y) > 0 if (x, y)e Q, and W(x, y) = 0 otherwise,
where x,y e PUT. If W(x, y) =1, V(X, y)e Q. The net G is called an ordinary Petri Net (OPN, for short),
indicated by G = (P, T, Q) if vq €Q,W(g ) = 1. An OPN is called a state machine (SM) if Vt €T, |t |- [t |=1.
A marking is a mapping M:P — Z, where Z U {0}. M(p) denotes the number of tokens in place p. A pair (G,
My) is called a marked Petri_Net or a net system, and My is called an initial-marking of G. The set of markings
reachable from M in G is denoted as R(G, M,). For a set of places S — P the marking of place S is defined as:
M(S) = > peS M(p) is used to define a vector M. Petri_Net will be described either by the pair G = (G, My),
where G is a PN, and My is initial marking, or by 5 —tuple: G = (P, T, Q, W, My).

For all siphon S < P, is a siphon if and only if (ifff °S < S°. A siphon is called minimal if it doesn't
contain any other siphon. A minimal siphon that does not contain the support of any P-Semifiow is called Strict
Minimal Siphons (SMSs, for short). For a structurally bounded net, B(p) is the structural bound of place p ,
where B(p) =max [M(p) |[ M= Mg+ [G]*Y;M>0;Y >0].

Definition 1: A P-Semifiow (T- Semifiow) is a vector X>0, and (Y > 0) such that C" « X' =0, (Y' « C" = 0),
also called conservative components. The P-invariant is said to be a P-Semifiow if non number of 1 is
negative. A P-invariant / is said to be a P-Semifiow for all the element of | is non-negative. A P-Semifiow |
is minimal if the greatest common devisor of its non-zero components is | and || | || is not a included another set
of the backup of any other P-Semifiow. We use o represents a firing sequence, while ¢’ is the firing count
vector associated with . If M is reachable from M{i.e. 3o such that (s.t.) M[c)M}, then M =M, + C * 6’ > 0,
where C is matrix net, and c'> 0.

Definition 2. Let (G, M,) a marked in an SPR-net is conservative if for all M'e R(G , M), 2ni€P M(pi) =
2pi€P My(pi). Conservation implies that the complete number of tokens is the equivalent for all markings
reachable from M.
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Definition 3. A vector xe G' is a P-invariants if X - C = 0, where C is matrix of G. A P-invariants has
advantage to the constancy of tokens in subsets of places.

Proposition 1. Let (G, M) be a marked in an S3PR, a P-Semifiow is characterized resource places are
correlated with the resource places and their holders. The relationship P-Semifiow in an S°PR is| Ig | +|Pg]| .

2.2. Aclass of the S3PR Models by Petri Nets

A formula expressing of definitions are adapted from [13]. The reader is referred to [13] for more details of
the S°PR model in [29].

Definition 4. [15, 16] Let I be a finite set of indices, an S°PR is a Petri net G = (Pa U Py, Pr, T, Q),
defined as the union of a set of nets G = (Pa; U Py, Pri» T:, @), (ie N, ={1, 2, ..., n}) sharing common
places.

1) P=Pa U Pr U Pyis a partition such that:

a)P, = {Pol, . Pok}, K >0, pe Pyis called an idle place;

b) P, = U, P, ,where Vi j,P, nP) =@, (peP,) iscalledan Activity place;

)P, ={r,,..,r,.},n >0 (r € P, is called resource place);

2)T=U' T whereVi# T'n T’ =@;

3) Vie G' the subnet G' generated by {p,} U P, U T', is strongly connected state machine, for instance,

every circle contains { p(i)} ,and (G' is called a simple sequential process (S *P));
4) G is strongly connected.
5) Viely,VpeP,,"pNP,=p NP, and

"pNP, |=1.
Definition 5. Let G = (PsuPrU P°, T, Q) be an S°PR. An initial marking M, is called acceptable if:
1) Mo(p) > 1,V p € Pg; 2) My(p) =0, VpePa; 3) My(p) =1, Vpe P°.

Definition 6. Let S be a siphon in an S*PR. For r € Pg, H(r) = *°rn P, the activity places that use r, is called
the set of holders of r. Let [S]=(U,_H(r))\'S. Note that any resource rePg is correlating with a

minimal P-Semifiow I, s.t. || I || = {r}UH(r). Any p e P, is correlating with a minimal P-Semifiow I, with

support || I | [[= PA, v {Pio}.

3. Elementary and Dependent Siphons

The idea siphons and an S*PR [17, 18] that will be used it.

Definition 7. Let ScP be a subset of places of G. A P-vector Ag is defined the distinctive P-vector of S if
VpesS, s (p)= 1; otherwise As (p)= 0.

Definition 8. Let S be a subset of places of G and 7 is distinctive by T-vector of S if ng = Ag ¢[G]

Definition 9. Let G =(P, T, Q) be a net with| P|=1h, |T |= 1, and Z siphons, S, S,, ... ,and Sy , h , i, Z €
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G. Consider Ag; (s) be the distinguishing by P(T')-vector of siphon S;, ie1— Z}. Note that, the realization of
[Mzxim = st | As2 |- | Asz ]T, and [M]z x¢ = [Alzxm X[Glaxa = [Ms1Ms2 |- - .- ﬁSZ]T [A] ([ ]) is called the
distinguishing by P(T")-vector matrix of the siphons in G.

Lemma 1. Let (G,M,) be a marked in an SPR. The Siphon S in G is:

(1) S don't have marked iff 3M’e R(G,Mp), that is M(S) = 0, where siphon S is emptied.
2) P-invariant is controlled G when S cannot be empty.
3) A siphon acquires its activity when is emptied.

Proposition 2: The invariant-controlled PN is controlled a siphon S [15].
Proposition 3:[9, 10, 11]. Let (G, My) be a Petri net and S be a siphon of G.

If there exists a P-invariant / is said to be a P-Semifiow if VI, is non-negative, Vpe{||l| N S}, where
max,. =1, Il € S, if 1" « Mg >Y,.s I(p) (Max,. — 1), then S is max-controlled.

Lemma 2. The set of elementary siphons (ESs) in net G equals to the rank [n] [17].
Theorem 1. Let Ggs is referring to ESs in G = (P, T, Q).
The formula is representing by: Ges < min{ | P |, {| T [}.

Theorem 2. Let S be a siphon if the net G = (P, T, Q), and ns be its discriminatory T-vector. We can define
that {teT [ns(t) > 0}, {t T | ns(t) = 0}, and {te 7| ns(t) < 0} are a set of transitions.

11 1 01

Bl B [ =l
M1 M2 M3
12 R2 02

= 71 =l

Production routings.

/'Ml—b M2Z—» R2—» O1

Ji: 11 —»R1
TSA V3 M2—» R2—p O

JiI2—»R2 —» M2 —» M1 —» O2

Fig. 1. Production cell
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Example'l. An FMS model involves two working processes (WP) competing for resources with two models
sequence of operations. Considering the model routings represented in Fig. 1, that has three state machines
“M1-M3”, which uses two types of robots R1, and R2; are required during several parts of the process
presents of an S°PR net. )1 handles part movements towards produced P1, and P2 type according to
production Routings shown in Fig. 1. Parts enter the cell during two loadings buffers Iy, and I,, and leave the
cell over two unloading buffers O1, and O2. Our proposed method contains two Production line part types of
jobs (J1, J,) are executed components in a typical of FMS, where the Parts enter it. The appearance of Fig. 2,
PN modelled on the FMS, indicated by (G, My). It shows the system FMS example use case diagram to validate
in the methodology.

A net (G, Mo) shown in Fig. 2. For instance, the Petri net is an S°PR if P° ={pso, pro} is the set of idle

places, plA = {Ps1, Pe2, Pe3: Pes }, IS the set of operation places first, p2A = {Pe1, Pes Pes: Pec) IS the set of

operation places second, p3A = {P71, P72, P73, P74 }, is the set of operation places third, and p, = {R1,R,, M1-

M3}is the set of shared resource places. Each operation place in S*PR can synchronous and simultaneously
require multiple units of different resource types.

The S*PR net model consists of two parallel sequential processes as shown in Fig. 2, that is, process 1: plA

= {pe1— Pss Hs first, process 2: p2A = {pe1— Pes}is second, and process 3: p3A ={p71—p74} is third. The system

demonstration is a synchronized, and parallel sequential competing of operations and represented by five
resource places {R1, R2, M1-M3}. These competitions of the limited resources may lead to deadlocks on this
model. This phenomenon must be prevented before it occurs by some effective appropriateness tools.

t ta3
.—.. .
i Rl 4~
I1/o1 Pe1 Prs P74

ti2 t13
taa
M3 M1
P ¥

Pes
Pe2
@ Pss P7s @
4 ts
ty
6

Peo o h
M2

y
Pes (?

T1s

Ps

Fig. 2. Petri net model for an FMS cell with 2925 reachable states
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The net system is an S°PR net contains 29 deadlocks, with 2925 reachable states. In this system, have seven
P-Semifiows taken from Fig. 2, as follow:

Ioso = Peo + Pe1 + Pe2 + Pez + Pea + Pes + Pes = 15,
and
ly70=Pro+ Pra+ Pr2+ Prat P2+ Pr3=15
are the minimal P-Semifiows associated with idle places pgsoand p7o.
IRt = Pe1 + Prat RL=1, lro=Pes+ P71+ R2=1, Im1 = Pes + pra + M1 =1,
Im2 = Pez + Pes + Pr2 + M2 =2, and Iz = pg; + M3 =2,

are the minimal P-Semifiows associated with resources R1, R2, and M1-M3, respectively. Furthermore, an
acceptable initial marking :

M, = 15peo + 15p7 + R1 + N2 + 2M1 + 3M2 + 2M3.
The net has four strict minimal siphons (SMSs):
S1 ={Pes, P72, R2, M2}, S, ={Pes, P73, M1, R2, M2}, and

Ss ={Ps3, Pes, P74, R1, M3, M1, M2}, and S; ={pgs, P72 , R1, M3, M1, R2, M2}.

Peo 4

r 3

Fig. 3. Liveness enforcing supervisor for the FMS cell.
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The Petri_Net tool for the MATLAB [26] provides a powerful means for the model checking in the simul-
ations in order to obtain the reachability graph (RG), and siphons calculated. In the calculation siphons in a PN,
we use an emptiable siphon and imposes to monitor are added to prevent deadlock. Particularly, we distinguish
two important elements of SMSs, which are evaluated as S;, S,. A basic supervisory observation, problem
consists of the controlled PN has no dead, marking and has 19 live markings.

Petri Net Toolbox - Coverability Tree ===
Coverability Tree - Graphic Mode

MO |

M1 ]ﬂ<\mzrg)

SF:Z) M4F3) M5(110)

=

MGFH) M7(t5)  MS(i11)

MItE)  M8(7) M10(t12)
MOi8)  MO(i13) MIi(t)  M12(t9)
M1{8) M2(13) M13(12) M14(t3) M15(t10) B

M3{8)  M4(iB) MS(HS)/////M%M&S) M18(t11)

MG{E8) M7{8) MS(13)

oK Marking List

Fig. 4.Reachability graph of Fig. 3, is running in MATLAB, with two monitors VVS1, and VS2.
4. Simulation of FMS by Petri Nets

Example 2. For illustration, the simulation Petri Net for an FMS model, let us consider the system shown in
Fig. 5(A, and B), consisting of seven components. In fact, it should be needed to evaluate the PN model as
describing the blocking situation which may occur to the synchronized process and/or competitive processes
execution with the three robots R1-R3, and two machines M1 and M2 activity. Our proposed method contains
two Production line part types of jobs(J1, J2) that produce two types of production of FMS, where the Parts
enter it. Petri Nets contains deadlock marked states.

By applying definition 6, an acceptable initial marking My = { P11, P12, P13, P14 6P15, 6P16, P17, P21, P23} FOr
instance, in Fig. 6, the net representation of an FMS is illustrated with marked S®PR G. In this system there are
(15) SMSs that is accessible to the deadlock control purpose, where ESs are marked by S; :

S; = {p2, ps, M1, M4, R1, R2}, where My(S; ) = 4;
S, = {ps, P, M2, M3, R2, R3}, where My(S; ) = 4;
Ss = {p2, Ps, p7, M1, M2, R1}, where Mo(S3 ) = 3;
S, ={P, P3, Ps, M1, R1}, where My(S,) = 2;
S5 = {ps, P2, Pr, M2, R1}, where Mq(Ss) = 2;
S6 = {p2, Po, M1, M4, M2, M3, R1, R2, R3}, My($¢) = 8;
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S7 = {p1, P2, P3, P, M2, R1}, where Mo(S;) = 2;
Se ={p2 p3, R1, M1}, where My(Sg ) = 2;
Sg = {p2, Pa, P4, M1, M4}, where Mo(Sg) = 2; S10 = {p1, P2, P, R1}, where Mo(Sy0) = 1;
S11={P1, P2, Ps, Ps, R1}, where Mo(S11) = 1;
S12={P2, P3, P, Ps, M1, M4}, where Mo(S:,) = 2;
S13= {P2, P3, P4 Ps, p7, M1, M4}, where M(Sy3) = 2;
S14 = {p1, P2> P3 Ps» 7, RL}, where M(S14) = 1; and
Sis = {P2 Ps, Ps, Pr, M1, R1}, where Mo(S15) = 2.

R1
e
I1 ; R 12 -
01 g 02
©
o e

(A
Production line part-1:
Im pRl__ Ml R2_ M3 __pR2__ o MI__aR3i 01

Production line part-2:

I PR3 —MI—pF2—p M4—pR2__pMl__Rl_4 02

B)

Fig. 5. (A). Production layout, and (B) Production Line

The Reachability Graph Results has 839 status.

The elementary siphons (ESS) are an identification algorithm proposed in [17], where I1g = (Sy, S,, S3) are a
set of elementary siphons and S,—S;s are dependent ones. However, the assignment to ESs that have been
thoroughly investigated up in [18], and a subnet to the same net leads to obtain the control system. For this

example system, we have three the SMSs: S;, S,, S; are depending on the elementary algorithm described in
[17, 18] such as:

Asi = P2 +ps+ M1+ M4+R1+R2;

Asp = Ps + P + M2 + M3 + R2 + R3 ; and
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As3 = P2+ ps+ p;+ ML+ M2 +R1.
From matrix [n], we can compute as:
Ns3 = Ns1 + Ns2.
The characterization of T-vector matrix is as follows:
M=ttt —t+ts, Ne=—t+l—tg+ty,andfsz3= 2t +l3+ 15—t + 1y,

These procedures given in Table 1, it is straightforward to denote essentially Ass =4s; + Asp. It should be
mentioned, that are two ESs S;, and S,, and S; are dependent siphons one.

Fig. 6. A marked S°PR (G, M,) for Fig. 5.

Table 1. The reconfiguration of T-vector matrix is as follows:

I| t1] ta) t5| ta] 15| te t7 | ts| to| tig| t11] t12f]
nsi=1-1/0/0/0/1/0|[-11/0/ 0|0 0]
Ns2=-1/0/1/0/0|0 0-1/0/0 |1 |0 |
Nez=-2/0/1/0/1|0/-10/0/0 |1 0|+

The rows of the above matrix have presented the syntheses control transition net according to Definition 7.
Three monitors are required, where T-vector values of S;, S,, and Sz in Fig. 6, are implying. The simulation
module computes the resources are associated with the nine sets of P-Semifiows:
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Iis =p1+ps+ps+p7+py+ps and
Ipi6 = P2+ Patps+ ps+PiotPis

are the minimal P-Semifiows associated with idle places pys and pie. Likewise, Iry = p; + p, + R1, where My(R1)
= 1;

Ir2 = pPs + ps + R2, where Mg(R2) = 1;
Irs = Po + P1o + R3, where Mo(R3) = 1; lyy = ps + M1, where Mo(M1) = 1;
Im2 = p7 + M2, where My(M2) = 1; Iz = pg+ M3, where Mg(M3) = 1; and
Ima = ps + M4, where My(M4) = 1,

are the minimal P-Semifiows associated with resources R1, R2, R3, M1, M2, M3, and M4, respectively.

Fig. 7. PN model control system (G, M,)
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Siphon based control (SC) to the final resents subnet based on reachability graph-based control (RGC) is
generally more convoluted than the one utilizing SC strategies. It should be mentioned, that RGC had 49 status
i.e., circuit of net, and the consequence is liveness net shown in Fig. 8, is checking in the PN-Matlab [26].
Among the existing modelling formalisms, PNs perfect reachable states are the utilization of all add monitors
regards to resource places. With regard to the control places of VS; —VS;, are necessary to add, and the
resulting net is deadlock-free condition. The interactions between resources, activities, and the flow of
processes can be represented by simulation Petri_Net and structural models according to the sequences of
events.

There are three minimal P-Semifiows associated with control places taken from Fig. 7, as follows:

l; =(1,0,1,0,1,0,1,0,0,1,VS)) is the minimal P-Semifiows associated with control place VS, of the resultant
net (Gy, My). Therefore, 1, M; =0 by Definition 1, and Proposition 3, we can obtain the control place VS,
from that: [Gl](Vsl, t) = —t1+t—t; +1g Where Ml(Vsl) = Mo(sl) -1=4-1=3.

In a similar way, for I, = (1,0,1,1,0,1,0,1,0,0,VS,) is the minimal P-Semifiows associated with control place
VS, of the resultant net (Gy, M;). Subsequently, I, . M; = 0 by Definition 1, and Proposition 3, we can obtain
the control place VS, from that: [Gy] (VS t) = =ty + {3 — tg + ty1, Wwhere My(VS,) = My(S,) -1 = 4-1=3.

Likewise, for 13=(2,0,2,1,1,1,1,1,0,1,VS3) is the minimal P-Semifiows associated with control place VS3 of
the resultant net (G, M;). Therefore, |5 . M; = 0 by Definition 1, and Proposition 3, we obtain the control place
VS; from that: [Gﬂ(VSg, t) =2t +t3 + t; — t; + t3;, and Ml(V83) = M0(83) -1=3-1=2.

Coverability Tree - Graphic Mode

M1{B) M2((12) M22(t2) M23(i5) M24(t9) M25(t9) M26(t11) M26(t8)

M3(t6) MA4(B6) M4A(E12) M27(t3) M28(t9) M28(t5) M29(t10) M30(t11) M31(t7) M30(t9)

M5(t6) M7({B) MT({12) MB({12) M32(t4) M33(t10) M33(t5) M34(t11) M35(t7) M36(t10) M35(t9)

M&(t6) M11WWHD) MAO(7T)
M17(t6) M12(t12) M1 SWH 0) M42(t8)
M19(112) M20{f12) M43(t5) M44(t9) M45(t9)
M26(t6) MESWHD)
M30(6) Mzsmz)/jigﬁg)ﬂﬁrm} M48(t5)

M36(t6) M33(t12)

Fig. 8. Segment of Coverability tree Graphic is running under untime PN in [26] controller net referring to Fig 7.

This method gives an analytical solution to the S*PR steady state in case of adding VS, VS, and VS; to (G,
M), where the new model (G, M) is generating the liveness processes execution, and the RG has 49 states
that are used the PN toolbox with MATLAB [26], as shown in Fig. 8. The PN toolbox contains a function,
draw PN, to assist the user in inputting the PN system and obtaining the Reachability Graph.
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5. Conclusion

This paper describes the approaches based efficiencies elementary siphon to the computation of the deadlock
problem with an S*PRs net compliant with typical FMSs. An effective deadlock prevention policy is proposed
to a class of Petri net models appearing in the modelling and control of manufacturing systems. A special class
of siphon Petri nets called S°PR net is used to specify independent models for the system structure and the work
plans. The experimental results are shown three approaches presentations of the Petri Net effective by the
structural analysis, reachability graph analyses, and simulation behaviours using Petri Net-Toolbox for Matlab
[26] is also covered in detail in order to visualized the solutions for both of PN, and deadlock prevention in
FMS. We have presented an approach from P-Semifiow is used to add a monitor to every minimal siphon that
can be emptied and to ensure that any outgoing arc of the monitors will point to source transition. Future work
should extend the well-suited analytical strength of PN tools for frequent deadlock reconfigurable through
simulation, and then apply it to an FMS, possibly integrated with suitable simulation packages.
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