Introduction to Petri Nets
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Introduction

· Petri nets were developed in the early 1960s by C.A. Petri in his Ph.D. dissertation

· C.A. Petri. Kommunikation mit Automaten. PhD thesis, Institut für instrumentelle Mathematik, Bonn, 1962. 

· They are useful for modeling concurrent, distributed, asynchronous behaviour in a system

What is a Petri net?

· Petri Net is a 5 tuple 

PN  = (P,T,F,W,M0), 

where 

P = {p1, p2, … pm} is a finite set of places

T = {t1, t2, …, tn} is a finite set of transitions

F (  (P X T) ( (T X P) is a set of arcs

W: F( {1,2,3,…} is a weighting function

M0 :P( {0,1,2,…} is the initial marking      // defines number of tokens per place

P(T = ( and P(T ( (
Example

This Petri net has:

2 places: p1, p2

1 transition: t1

p1 has one token:  M(p1) = 1

p2 has 0 tokens:  M(p2) = 0

Firing a Transition

When a transition t fires

Each pi that has an edge from pi to t removes a token from pi

Each pj that has an edge from t to pj adds a token to pj

Example

Petri net before t1 fires:


Petri net after t1 fires:


A transition must be enabled before it fires

· There is a token in each pi that has an edge to the transition

An enabled transition may or may not fire.

Example

Petri Net before t1 fires:


Petri Net after t1 fires:


Original Petri Nets

· Only 1 token can be removed/added from a place when a transition fires (i.e., the weight is always 1)

Weighted Petri Nets

· Generalized the original Petri net to allow multiple tokens to be added/removed when a transition fires.

· The edges are labeled with the weight (i.e., number of tokens)

· If there is no label, then the default value is 1

Example 1 (abstract example)

Petri Net before transition t1 fires


Petri Net after transition t1 fires


Example 2

Model a system on an assembly line that counts 5 cans and then sends a signal to the operator.

Petri Net before transition t1 fires



p1 – can prepared on assembly line

p2 – p2 is accumulator (counting cans) 

p3 – signal is on

p4 – signal is off

t1 - sensor recognizes can going by

t2 – turn signal on

t3 – turn signal off 

Petri Net after transition t1 fires 

Once? 

Twice? 

Three times? 

Four times? 

Five times?

Six times? (is there only one possible marking here?)

…

Nine times?

Ten times?

Eleven times?

Other Types of Petri Nets

Petri nets have been extended over the years in many directions including time, data, and hierarchy. 

Time Extended Petri nets

· First developed in the mid 1970s

· For real systems it is often important to describe the temporal behavior of the system, i.e., we need to model durations and delays. 

· There are 3 basic ways to introduce time into the Petri net. Time can be associated with:

· tokens

· places

· transitions 

The first introduction of time in Petri nets is in the Timed Petri net model 

· C. Ramchandani, “Analysis of Asynchronous concurrent systems by timed petri nets”, MIT MAC-TR-120, 1974. 

· In this model, a time duration is associated with each transition. 

· The firing rules in this model are that the transition must fire as soon as it is enabled, and firing a transition takes a fixed, finite amount of time. 

· The notion of instantaneous firing of transitions is not preserved in the Timed Petri net model. 

· When a transition becomes enabled, the tokens are immediately removed from its input places. 

· After the time delay, tokens are deposited in the output places.

· The result is that the state of the system is not always clearly represented during the process. 

// Note. There are many other extensions to Petri Nets that consider time.

Colored Petri Nets

· Developed in the Late 1970s

· K. Jensen, “Colored Petri nets and the invariant method”, Theoretical Computer Science, volume 14, 1981, pp. 317-336. 

· Tokens often represent objects (e.g. resources, goods, humans) in the modeled system 

· To represent attributes of these objects, the Petri net model is extended with colored or typed tokens.

· each token has a value often referred to as `color'. 

· Transitions use the values of the consumed tokens to determine the values of the produced tokens

· a transition describes the relation between the values of the `input tokens' and the values of the `output tokens' 

· It is also possible to specify `preconditions' which take the colors of tokens to be consumed into account. 

Hierarchical Petri Nets

· Developed in the Late 1970s by Valette
· R. Valette, “Analysis of  Petri Nets by Stepwise Refinement,” in Journal of Computer and System Sciences, vol. 18, pp. 35-46, Feb. 1979.

· Specifications for real systems have a tendency to become large and complex 

· An abstraction mechanism, hierarchical structuring, is used to make constructing, reviewing, and modifying the model easier

· The hierarchy construct is called a subnet
· A subnet is an aggregate of a number of places, transitions, and subsystems 

· Such a construct can be used to structure large processes

· At one level we want to give a simple description of the process (without having to consider all the details). At another level we want to specify a more detailed behavior. 

· Each subnet is represented with a rectangular box that encapsulates part of the Petri Net model 


Properties of a Petri Net

We can ask some interesting questions about the Petri Nets 

(i.e., we can ask interesting questions about the models of a particular system)

Some properties of interest include:

Terminate

Does the Petri Net terminate?

Immediately Reachable

Is a state reachable when a transition fires?

Reachable

Is a state eventually reachable?

Live

In all states, is there at least one transition that can fire?

Partial deadlock

Is there a state in which at least one transition that can never fire?

Deadlock

Is there a state in which none of the transitions can fire?

Safe

In all states, does each place contain at most one token?

Bounded

In all states, is there a limit to the number of tokens that can be in one place?

Conservative

Is the total number of tokens in the Petri Net constant?

Problems

1. What is a Petri Net? What are some of the extensions have been made to the original Petri Net model?

2. Name 3 specific examples of systems that you think are good candidates for being modeled using Petri Nets. Explain your answer.

3. Draw a Petri Net that has the following properties: safe, bounded, and live.

4. Draw a Petri Net that has the following properties: conservative, has every state reachable, and does not deadlock.

5. Draw a Petri Net that has the following properties: safe and not bounded.

6. Given the following Petri Net:


a) What is the state after t1 fires?

b) What is the state after t1 and then t2 fires?

c) What are all possible states of the Petri Net?

d) What properties hold true for this Petri Net?

7. Draw a Petri Net  that specifies the functionality of a digital 

watch that has an alarm feature (i.e., you can set the time for a beeping alarm to go off).

8. Draw a Petri Net that specifies the functionality of a four function calculator.

9. Draw a Petri net that represents the Dining Philosophers Problem. The Petri Net must not deadlock.

What other properties hold true for this Petri Net?

The Dining Philosophers Problem

Five philosophers sit at a round table. At any given time, a philosopher may either eat or meditate. When they eat, they need to pick up two chopsticks (one on their left and one on their right). When they meditate, they do not need any chopsticks. There are a total of five chopsticks available.

p1





p2





t1





p1





p2





t1





p1





p2





t1





p1





p2





t1





p3





p1





p2





t1





p3





p1





p2





t1





p3





2





4





p1





p2





t1





p3





2





4





2





4





2





t3





t4





t2





t1





p1





1





t1





p2





1





1




















p4





p3





5











t3





t2








