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CHAPTER FIVE
CASE STUDY 

   PN modeling is a powerful tool for modeling and analysis of asynchronous, concurrent systems which are difficult to model using simulation and QNs. It is convenient to model non-product form characteristics, such as multiple workstation holding, blocking, synchronization, and prioritization, which are common in a computer integrated manufacturing CIM. 

5.1   Modeling Methodology 

   Modeling methodology is the key to the application of Petri nets to manufacturing systems[5]. 

1. Identify the activities and resources required for the production of one item of each product.

2. Order the activities by precedence relations as given in the process plan.

3. For each activity in order: create and label a place to represent the status of that activity ( event ); add a transition ( start activity or preconditions ) with an output arc(s) to the place(s); add a transition ( stop activity or postconditions ) with an input arc(s) from the activity place(s). In general, the stop ( postcondition ) transition for one activity will be the same as the start transition for the next activity. When the net is executed, a token in an activity place will indicate that the activity is taking place. Multiple tokens will indicate the activity occurring in multiplicity; for example, in a buffer place, two tokens might represent two parts being stored at the same time. The firing of the start transition represents starting the activity or process and the firing of the stop transition represents the completion of the activity and may also represent the start of the next activity.

4. For each activity in order: if such a place has not been already created, create and label a place for each resource which is must be available to start the activity. Connect all appropriate resource availability places with arcs such that each inputs to the starting ( precondition ) transition for the activity. Create outputs arcs to connect the stop ( postcondition ) transition following the activity to any resource places representing resources which become available ( are released ) upon completion of the activity.

5. Specify the initial marking for the system.

5.2  Physical Description of  a Flexible Manufacturing Systems Prototype

  The physical system to be modeled and the components (parts) to be manufactured are shown in Fig. 5.1. Work pieces ( Parts ) to be machined are held in an input storage. The performing operations which are first operating on lathe machine and secondly on milling machine through buffering. The final products are placed in output storage, if "good products" or "reject products". All materials handling is accomplished using a machine loading  and unloading robot between the two machines, input and output storage and buffering storage.
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Fig. 5.1. A Simple Flexible Manufacturing System
5.3  A Generic CIM Design Method Using Petri Net 

   To illustrate the modeling methodology, take a flexible manufacturing system as shown in Fig. 5.1. The activities ( places ) and starts and stops of activities ( transitions ) are shown in Table 5.1. and the sequence of activities shown in Table 5.2. 
Table 5.1: Activities ( Places ) and Starts and Stops ( Transitions ) for  Petri Net Model
	Activity

Place
	Name
	Transition
	Name

	P1
	Input storage for parts
	t1
	Parts arrived to input storage

	P2
	Buffer is idle
	t2
	Starts for loading and turning parts

	P3
	Turning operation on lathe M/C
	t3
	Robot unloading and lathe is free 

	P4
	Turned parts available
	t4
	Start to load Semi product on buffer

	P5
	Buffer for semi product
	t5
	Robot unload semi product

	P6
	Semi product at buffering
	t6
	Start for loading and milling semi product

	P7
	Milling operation on milling M/C
	t7
	Robot unload and mill is free

	P8
	Lathe M/C idle
	t8
	Start to load output storage

	P9
	Output storage for final products
	t9
	Finished product and start to arriving a new parts

	P10
	Robot for loading and unloading 
	
	

	P11
	Mill M/C idle
	
	

	P12
	Milling M/C is available
	
	

	P13
	Lathe machine is available
	
	

	P14
	Output storage is available
	
	


Table 5.2: Sequence of Activities of the Petri Net
	Place
	Precondition
	Postcondition
	Place
	Precondition
	Postcondition

	P1
	t9
	t1
	P8
	t3
	t2

	P2
	t5
	t2
	P9
	t8
	t9

	P3
	t2
	t3
	P10
	t3, t5, t7
	t2, t4, t6

	P4
	t3
	t4
	P11
	t7
	t6

	P5
	t4
	t5
	P12
	t7
	t4

	P6
	t5
	t6
	P13
	t1
	t2

	P7
	t6
	t7
	P14
	t7
	t8
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Fig. 5.2: Dynamic Network( Petri Net ) for FMS Model for Fig. 1.
5.4   Software for a Functional Analysis of a Petri Net Model
The developed software enables analyzing of a system for its various properties irrespective of time. Functional analysis has been used in the Petri net to refer to this type of analysis. The software analysis is based on some approaches used to determine the various properties of PN model: liveness, safeness, reachability and conservativeness.

5.4.1   The reachability tree 

   The reachability tree represents the reachability set of events in a Petri net. Every marking in the reachability set will be produced, and so for any Petri net with infinite reachability set, the corresponding tree would also be infinite. Even a Petri net with a finite reachability set can have an infinite tree. The tree represents all the possible sequences of transition firings. Every path in the tree, starting at the root, corresponds to a legal transition sequence. The main idea is to use the reachability tree to generate all the possible markings that can be reached ( Fig.5.1 ). Each node i ( i = 1,2,...) in the tree is associated with an extended marking µ(i). The marking is extended to allow the number of tokens in a place to be nonnegative integer. Each node is also classified as: 

· Frontier nodes - are nodes which have not yet been processed by the algorithm (the algorithm begins by defining the initial marking to be the root of the tree and, initially, a frontier node). They  are converting by the algorithm to terminal or duplicated nodes.

· Duplicate nodes represent another class of markings which have previously appeared in the tree.

· Terminal (deadlocks) nodes with markings in which no transition is enabled.   We use the above method to study the market Petri net in Fig. 5.2. Fig.5.3 illustrates the above method. The initial marking is ( 1, 1, 0, 0, 0, 0, 0, 1, 0, 1, 1, 1, 0, 0 )T.  In this initial marking one transition is enabled t1. Since we wish to consider the entire reachability set, we define new nodes in the reachability tree for the reachable markings which result from firing t1, it will lead to marking ( 0, 1, 0, 0, 0, 0, 0, 1, 0, 1, 1, 1, 1, 0 ). Then we obtain the final reachability tree in F.g. 5.4.
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Fig. 5.3: The Deadlock Detection Processing Logic [4]
   Our objective is to find at least one deadlocked node and to claim that the system is deadlocked. Figure 6 shows the logic of this method. The model is liveness ( deadlock – free ), boundedness ( the number of tokens in that place can not exceed an integer k ), and  conservativeness ( the number of tokens in the net is remain constant ).

   We use Turbo Pascal to implement the algorithm, the incidence matrix to represent the Petri net model, and the two dimension array to represent the incidence matrix.

   We use the reachability tree to develop the market Petri net to Fig. 5.1and the result of is deadlock – free. The number of nodes according to the firing of transitions in Fig. 5.2 is 9 nodes.
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Fig 5.4: Reachabilty Tree for Fig. 5.2.
5.4.2:   Matrix equations  

    Consider the marked Petri net of Fig. 5.2. The matrices D- , D+, and D  are: 
    
[image: image5.wmf]0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

1

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

1

0

1

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

1

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

1

0

1

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

1

0

0

0

0

1

0

0

0

0

0

0

0

0

-

=

D


                
[image: image6.wmf]0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

0

1

0

0

1

0

0

0

0

0

1

1

0

0

0

0

0

0

0

1

1

1

1

1

1

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

1

0

0

1

0

1

0

0

0

0

0

0

0

1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

=

D


  With an initial marking [image: image8.png]


 = ( 1, 1, 0, 0, 0, 0, 0, 1, 1, 1, 0, 0 )T, transition t1 is enabled and leads to marking μ', and transitions t1t2t3 were leads to μ" where:
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 EMBED Equation.3  [image: image10.wmf]0

1

1

1

1

0

1

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

0

1

0

0

1

0

0

0

0

0

1

1

0

0

0

0

0

0

0

1

1

1

1

1

1

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

1

0

0

1

0

1

0

0

0

0

0

0

0

1

=

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


  
[image: image11.wmf]+

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

è

æ

=

0

0

1

1

1

0

1

0

0

0

0

0

1

1

'

'

m

 
[image: image12.wmf]0

0

1

1

1

0

1

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

1

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

0

1

0

0

1

0

0

0

0

0

1

1

0

0

0

0

0

0

0

1

1

1

1

1

1

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

1

0

0

1

0

1

0

0

0

0

0

0

0

1

=

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-


    From the matrix equations, the two nodes t1 and t1t2t3 are the same results of the of the two nodes of the reachability tree. Then the PN model is : liveness, safeness, reachability and conservativeness.
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