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Introduction to Petri Nets

10.1 INTRODUCTION TO SIMPLE PETRI NETS

The Petri net is a state diagram that can be used to describe the behaviour of both sequential and

parallel systems. It was initially conceived by Karl Petri in the 1960s and has had a good

following of academics ever since. There is a website devoted to all things Petri at http://www.

informatik.unihamburg.de/TGI/PetriNets/.

Petri nets are often used as a tool to study the behaviour of parallel and concurrent systems (not

necessarily electrical). They have also been used to study parallel and concurrent programming

methods. In recent years, researchers have shown [1] how the Petri net can be used to develop and

synthesize electronic FSM systems, in a similar way to how synchronous and asynchronous

systems can bedeveloped and synthesized.Themain reason for employingPetri nets is the ability

to create parallel systems.The followingmethodmakes use ofmaterialwith permission from [1].

Figure 10.1 illustrates a two-state diagramand itsPetri net equivalent. In aPetri net, the ‘state’

is represented by a ‘placeholder’ and the ‘transitional lines’ between states are represented by

‘arcs’ that connect the placeholder (P1 andP2) to transitionpoints (T1 andT2). The inputs along

the transitional lines of a state diagram are placed against the transition points along the

connecting arcs that link one placeholder to another in a Petri net.

The Petri net uses a memory element to represent each placeholder (rather like in a One Hot

state diagram – as illustrated in Figure 10.1). However, in Petri nets used to represent parallel

systems, there canbemore thanoneactiveplaceholder (whereas ina statediagramonlyone state

can be active at any one time). For this reason, a Petri net needs someway to show which of its

placeholders are active. This is done by using a ‘token’ to represent an active placeholder and by

placing a ‘dot’ in the placeholder that is active.

In Figure 10.1, placeholder P1 is active, since it has a token, and placeholder P2 is not active

and, hence, does not have a token.

A brief explanation of the behaviour of the Petri net in Figure 10.1 follows.

Initially, a token is in placeholder P1 (via initialization logic to be explained later).When the

input x becomes active (x ¼ 1) the transitionT1will fire, and the tokenwillmove (following the
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of parallel controllers’ by JM Fernandes, M Adamski and A J Proenca, (IEE Proceedings- Computers and Digital
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arcpath) toplaceholderP2,where itwill remain (becauseT2 is not able tofire sincex is still 1), as

illustrated in Figure 10.2.

It should be noted that transition T1 will only firewhen x ¼ 1 and a clock pulse occurs. Note

also that outputs P ¼ 0 and Q ¼ 1 in P2, so outputs are following a Moore-type model. When

x ¼ 0 and the next clock pulse occurs, the token will pass back to P1, as shown in Figure 10.1.

The syntheses for this Petri net are based upon the equations shown in Figure 10.1. There are

three basic equation types:

� placeholder equations;

� transient equations;

� output equations.

The placeholder equations follow the same format as the sequential equations for an event-

driven state machine. This is best described in terms of the Petri net in Figure 10.1, shown in

Equation (10.1). The Petri-net equations define the input to aD-type flip-flop, hence the ‘P � d’
on the left-hand side.

P1 � d ¼ T2þ P1 � =T1: ð10:1Þ
This is interpreted as: for P1 to get a token, T2 must have fired; or, to hold on to the token, a

token must be in P1 and T1 must not have fired.

For P2:

P2 � d ¼ T1þ P2 � =T2: ð10:2Þ

State diagram using One 
Hot method
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P,/Q
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/P, Q
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Q,P/Q/,P
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s1.d = s0.x + s1.x
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More Complex Logic
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Figure 10.1 Comparison between a state diagram and Petri net with respective equations.
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Thefirst termT1on the right-hand side ofEquation (10.1) for P1 is, in effect, a turn-on condition

for the placeholder P1. The product term P1 � T1 is a hold term for the placeholder.

The transition equations are made up of the conditions necessary for the transition to fire. In

the Petri net of Figure 10.1 it can be seen that T1will only fire if P1 has the token andP2 does not

have the token and the input x ¼ 1,. Hence:

T1 ¼ P1 � x � =P2: ð10:3Þ

In the same way:

T2 ¼ P2 � =x � =P1: ð10:4Þ

There is more to these rules when describing more complex Petri nets, which will be explained

later.

Since the placeholder equations of Equations (10.1) and (10.2) are equal to P1 � d and P2 � d
respectively, they define the D inputs to D-type flip-flops. This is illustrated in Figure 10.3.

In future examples, the distinction between the left-hand side of a placeholder equationPn � d
will not be made and will take on the appearance of a recursive equation, as in

P1 ¼ T2þ P1 � =T1
P2 ¼ T1þ P2 � =T2:

This implies that the left-hand side is the input to the flip-flop. Reference [1] uses this approach.

Figure 10.3 illustrates the cycle of design from Petri net to equations, and finally synthesized

circuit. It implies that once a Petri net has been developed, the synthesization is a systematic

application of the rules.

Of course, a PLD device or FPGA could be used and the equations used directly, or the Petri

net could be written at the behavioural level in VeriLog HDL.

2P1P

T1

T2

x

/x

P, /Q /P, Q

Figure 10.2 Token moved to P2 after T1 fired (x ¼ 1).
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In the circuit schematic ofFigure 10.3, note the initialization arrangement. This is the same as

that used in theOneHot design of statemachines. Also note the topological arrangement for the

gate logic. Theflip-flopoutput P1 is connectedback into the turn offandgate logic; and likewise

for the P2 flip-flop. This provides the hold term required to keep the placeholder active.

From this diagram, and the foregoing description of the equations, it can be seen that the flip-

flops provide memory for the placeholder element and that a set flip-flop is equivalent to a

placeholder with a token and a reset flip-flop is equivalent to a placeholder without a token.

The topological structure of the Petri net can be seen in Figure 10.4:

Pn ¼ Tinþ Pn � =Tout: ð10:5Þ

Tin is the turn-on input, and the feedback from output Pn to the input of the ANDgate forms the

hold term. The term Tin in Equation (10.5) is of the form:

Tin ¼ input placeholder AND input enable AND NOT output placeholder:

Tout is the turn-off term,which isnegated inEquation (10.5).WhenToutbecomesassertedhigh,

the /Tout input will go low so as to open the feedback hold term to allow theD flip-flop to reset

(Tin will not be active at this point).

P1 P2
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T2

x

/x

/Y Y

Equations:

P1.d = T2 + P1./T1

P2.d = T1 + P2./T2

T1 = P1.x./P2

T2 = P2./x./P1

Y = P2

Q
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Circuit
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has the token.

Y

Figure 10.3 Full cycle of design from Petri net to circuit.
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Aclose lookatFigure10.4 shows that thegate logicof theANDandORgates themselveswith

the feedback loopwould formanasynchronous eventcell if theDflip-flopwere removed.This is

illustrated inFigure 10.5. It canbe seen that thePetri net canbe synthesized as either a clockedor

unclocked (event-driven) system.

Note that if an unclocked (event-driven) system is to be designed, then the gate propagation

delayswouldneed tobeconsidered.This is similar to theeffects onasynchronous (event-driven)

FSMs discussed in Chapter 9.

Q

QSET

CLR

D
Pn

Pn

Clk

Tin

/Tout

Tin

Pin

Tout

Pout

Turn on

hold

Turn off

Figure 10.4 Basic topological structure of the Petri net.
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The Tin term equation is of the form:

Tin = input placeholder AND input enable AND NOT output placeholder

Turn on term

Turn off term
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Figure 10.5 Asynchronous (event-driven) Petri net structure.
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In Petri nets:

� synchronous designs are clock driven with the D flip-flop elements;

� asynchronous designs are event driven with the D flip-flop elements removed.

There is much research work being carried out on asynchronous Petri nets at a number of

universities. Youmight wish to do aweb search using the keywords ‘Petri nets’ and ‘C gate’ to

obtain further information.

The remainder of this chapter will deal with synchronous clock-driven systems.

To consolidate the ideas discussed so far, a sequential Petri-net controller example will be

considered.

10.2 SIMPLE SEQUENTIAL EXAMPLE USING A PETRI NET

Asequential Petri-net controller example is illustrated in Figure 10.6. In this example, a pumpP

canbe turnedonbyasserting st high tofireT1.After sensorvbecomeshigh,T2will fire to turnon

the motor. Pressing the stop button sp will cause T3 to fire and return the system to placeholder

P1, where both motor and pump are turned off.

The equations for this design are shownbelow, but youmightwant to cover themup and try to

produce them. The equations are illustrated in Figure 10.7, which shows the circuit diagram of

the system; initializationcircuitry is also shown,withflipflopP1beingsetwhileflipflopsP2and

P3 are cleared.

To make this system event driven, the D flip-flops can be removed and the feedback loops

completed from theORgate outputs to the two input ANDgates so as to form the event cells for

P1, P2, and P3.

Sequential Petri-net pump – spin motor problem

P1 T1 P2 T2 P3 T3

st v sp./st/P,/M P,/M P,M

Produce the Petri-net equations for this controller.

T1 = 
T2=
T3 = 

P1 = 
P2 = 
P3 =

Figure 10.6 Another sequential Petri net design.
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10.3 PARALLEL PETRI NETS

Up to this point, only sequential Petri nets have been considered. However, the main point of

using the Petri net is to allowparallel systems to be developed. Therefore, parallel Petri netswill

now be discussed.

A parallel Petri netwill have parallel paths containing sequences. Figure 10.8 illustrates such

aPetri net. In thisPetri net thereare threeparallel pathsbetween theT2andT5 transitions.P1and

P2 form a sequential path. At T2, they ‘fork’ into three parallel paths. At T5 these parallel paths

‘join’ to form a sequential path again.

When the token reachesP2and the syn1 input becomesactive (high), the tokenwill transfer to

P3, P4, and P5, as illustrated in Figure 10.9. The system will now have three event cells (andD

flip-flops) set at the same time.

Suppose inputpbecomes active (high) but input q is not yet active (high). The resultwill be as

shown in Figure 10.10. If, at this point, syn2 were to go active (high), then transition T5 would

not fire because the token has not yet reached P7.

A requirement for a Petri net is that all the placeholdersmerging into a transition (P6, P4, and

P7 into T5) must have a token before the transition can fire.

Eventually, when input q ¼ 1, T4 will fire and the token in P5 will move to P7.

InFigure10.11, all placeholdersmerging intoT5have tokens; so,whenever syn2¼ 1,T5will

fire and the tokens will ‘join’ and P1 will obtain the token again.

Equations for the design:

T1 = P1.st./P2                    P1 = T3 + P1./T1
T2 = P2.v./P3                     P2 = T1 + P2./T2
T3 = P3.sp./st./P1.             P3 = T2 + P3./T3

P = P2  + P3

M =  P3

Q
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P1
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v
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Figure 10.7 Circuit diagram of the Petri net design.
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Figure 10.8 Petri net with parallel paths.
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st X1
X2
X3

/X1 X1

X2

X3/X3

p

q syn2syn1

st

syn1

syn2
p
q

Clk

X1

X2

X3

Figure 10.9 Tokens moved into three parallel paths (fork).
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The above discussion has described a mechanism in which sequential flow can become

parallel flow and merge back into sequential flow again. Most parallel systems behave in this

manner, and thePetri net canbeused tomodel suchbehaviour. This has been oneof the principle

uses for Petri nets in the past.

In the example illustrated in Figures 10.8–10.11, the transitions T2 and T5 act as synchroniz-

ing points; syn1 (controlling the firing of T2) is used to synchronize the point of ‘fork’, and syn2

(controlling the firing of T5) is used to synchronize the point of ‘join’. So, in a hardware system,

the two signals syn1 and syn2 act as synchronizing points.

However, the Petri net is self-regulating, since all placeholders converging onto a transition

must have tokens before the transition can fire.

The equations will now be developed for this example.

First the placeholder terms:

P1 ¼ T5þ P1 � =T1
P2 ¼ T1þ P2 � =T2
P3 ¼ T2þ P3 � =T3
P4 ¼ T2þ P4=T5

P5 ¼ T2þ P5 � =T4
P6 ¼ T3þ P6 � =T5
P7 ¼ T4þ P7 � =T5:

P1 P2

P3

P4

P5

P6

P7

T1

T2 T3

T4

T5

/X1
/X2
/X3

st X1
X2
X3

/X1 X1

X2

/X3 X3

p

q 2nys1nys

st

syn1

syn2
p
q

Clk

X1

X2

X3

Figure 10.10 Input p ¼ 1, q ¼ 0 with P5, P6, and P4 active, but not P7.
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Now the transition terms:

T1 ¼ P1 � st � =P2
T2 ¼ P2 � syn1 � =P3 � =P4 � =P5:

Note here that for T2 to fire there must be a token in placeholder P2, signal syn1must be active,

but none of the P3, P4, or P5 placeholders must be active.

T3 ¼ P3 � p � =P6
T4 ¼ P5 � q � =P7
T5 ¼ P6 � P4 � P7 � syn2 � =P1:

Here, all parallel pathplaceholdersmergingontoT5musthavea token.Theequations forT2and

T5 need to be noted.

Finally, the outputs can be written as

X1 ¼ P2þ P6

X2 ¼ P2þ P4

X3 ¼ P2þ P7:

P1 P2

P3

P4

P5

P6

P7

T1

T2 T3

T4

T5

/X1
/X2
/X3

st X1
X2
X3

/X1 X1

X2

/X3 X3

p

q 2nys1nys

st

syn1

syn2
p
q

Clk

X1

X2

X3

Figure 10.11 T5 can fire whenever input syn2 becomes active (high).
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10.3.1 Another Example of a Parallel Petri Net

Figure 10.12 illustrates another Petri net example. You might like to try to write down the

equations for this one and check the solution with the equations below. The results should be as

follows.

The placeholder terms are

P1 ¼ T1þ P1 � =T2
P2 ¼ T2þ P2 � =T3
P3 ¼ T3þ P3 � =T4
P4 ¼ T4þ P4 � =T1
P5 ¼ T1þ P5 � =T5
P6 ¼ T5þ P6 � =T6
P7 ¼ T6þ P7 � =T7
P8 ¼ T7þ P8 � =T4:

The transitional terms are

T1 ¼ P4 � st � =P1 � =P5
T2 ¼ P1 � s1 � =P2
T3 ¼ P2 � =P3 there is no input against the transitionT3

T4 ¼ P3 � P8 � =st � =P4
T5 ¼ P5 � s2 � =P6

P1 P2 P3

P4

P5 P6 P7

T1

T2 T3

T4

T5 T6

st

s1

s2

/st

X  /X X

Y

P8T7

/Y

X and Y are outputs

Figure 10.12 Another parallel Petri net example.
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T6 ¼ P6 � =P7
T7 ¼ P7 � =P8:

The outputs are

X ¼ P1þ P3þ P4

Y ¼ P5þ P6:

10.4 SYNCHRONIZING FLOW IN A PARALLEL PETRI NET

In the example in Section 10.3, use was made of synchronizing inputs syn1 and syn2 to

synchronize the flow from sequential to parallel, and from parallel to sequential. Sometimes,

however, there is aneed to synchronizebetween twoseparatePetri nets.Consider the example in

Figure 10.13.

This clearly cannot be done without having some shared communication. It is a classical

problem in parallel programming systems. However, in a parallel programming system, a share

variablemight be considered appropriate. This is dangerous, since this variable could bewritten

to by either of the two parallel entities.

P1

T1

P2

T2

P3

T3

P4

T4

P5

T5

P6

T6

How to synchronize?

Synchronising two independent Petri-Nets

Figure 10.13 Synchronizing two independent Petri nets?
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10.4.1 Enabling and Disabling Arcs

In the Petri net there is a way to overcome this problem, using either

� an enabling arc, or

� a disabling arc.

Consider, first, the action of an enabling arc. As can be seen from Figure 10.14, the process

madeup fromP1 toP3 and the processmadeup fromP4 to P6 are totally independent.However,

the dashed line from P2 to T5 indicates that there must be a token in P2 in order to enable T5.

However, T5 must also have a token in P5 and its go signal must be active (high). So, the

condition for T5 to fire will be

T5 ¼ P2 � P5 � go � =P6 transition equation with enabling arc:

This arrangement ensures that both Petri nets are at a particular state in their sequence (P2 and

P5) before T5 can fire.

P1

T1

P2

T2

P3

T3

P4

T4

P5

T5

P6

T6

T5 can only fire when 
P2 has a token AND 
when P5 has a token 
and its input go high.

Use of an enabling arc

go

Figure 10.14 The enabling arc.

Synchronizing Flow in a Parallel Petri Net 325



Now consider the disabling arc in the example of Figure 10.15. In this example, the Petri net

comprising P1 to P3 can stop the process in the other Petri net P4 to P6 if a token is in P2. This

would be represented by the equation

T5 ¼ =P2 � go � P5 � =P6:

Here, there must not be a token in P2, even if P5 has a token and input signal go ¼ 1.

Now an example follows showing how these two ideas could be used in practice.

10.5 SYNCHRONIZATION OF TWO PETRI NETS USING ENABLING
AND DISABLING ARCS

In the example of Figure 10.16, the sequence of flow is forced to follow a set sequence:

1. It is assumed that in this system the token will always arrive at P5 first, perhaps because of

external circumstances.

2. The token in P5 cannot move on to P6 until the arrival of a token in P2.

3. The token cannotmove on fromP2 toP3becauseT2 is disabled by the disabling arc fromP5.

4. As soon as the input signal go ¼ 1, the token in P5 can move to P6.

5. This removes the disablement of T2 and the token in P2 can move on to P3.

P1

T1

P2

T2

P3

T3

P4

T4

P5

T5

P6

T6

T5 can only fire when 
P2 does NOT have a 
token AND when P5 
has a token and its 
input go is high.

Use of a disabling arc

go

Figure 10.15 Disabling arc to avoid progression at a certain point in the Petri net.
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This example illustrates the idea of how the enabling and disabling arcs can be used to

check flow.

10.6 CONTROL OF A SHARED RESOURCE

Now consider the more practical example shown in Figure 10.17, which illustrates a system

in which two computers, computer A and computer B, share a common resource (e.g. a

printer) via a shared data bus. They are separated from the shared resource via tri-state

buffers that are controlled by signals EA and EB via a Petri-net controller. Inputs to the

Peri-net controller are ra and rb, which are sent by the respective computers. Computer A is

to have priority over computer B.

There are a number of ways in which this problem could be resolved, but the most elegant is

that shown in Figure 10.18. In this solution, two independent Petri nets have been used: one for

processing the ra signal from computer A and the other from computer B.

If computerA accesses its ra signal before computerB accesses its rb signal, then the token in

P1willmove toP2 and the disabling arcwill disableT3 so that the arrival of a signal on rbwill be

blocked.

In due course, computerAwill lower its ra signal and the tokenwillmove back to P1. If rb did

arriveduring the time that computerAhadaccess to the shared resource, then the token inP3will

not move to P4 because T3 is disabled.

P1

T1

P2

T2

P3

T3

P4

T4

P5

T5

P6

T6

T5 can only fire when 
P2 has the token and 
T5 input is 1. 

 T2 cannot fire if P5 
has a token.

Synchronizing using enabling and disabling arcs

go

Figure 10.16 Provision of priority to a particular sequencing of two independent Petri nets.
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Note that if computerAwants toaccess the shared resourceagainwhile computerBhasaccess

to it, raising its ra signal will cause the token in P4 to move back to P3 and the token in P1 will

move to P2 as well. So, computer A has a priority over computer B.

Of course, if during the time that computer B has access to the shared resource there is no

access by computer A, then, when computer B has finished its access, lowering of rb will cause

the token to move back to P3.

Petri
Net

Controller

ra

rb

EA

EB

Tri
State
Buffer

Tri
State
Buffer

Shared
Resource

Computer
A

Computer
B

Figure 10.17 Shared resource controller.
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/ra
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/rb+ra

EA/EA

EB/EB

Disabling
arc

P1 = T2 + P1./T1
P2 = T1 + P2./T2

T1 = P1.ra./P2
T2 = P2./ra./P1

P3 = T4 + P3./T3
P4 = T3 + P4./T4

T3 = P3.rb./P2./P4
T4 = P4.(/rb+ra)./P3

EA = P2
EB = P4

Figure 10.18 A solution to the shared resources problem.
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The equations for the Petri-net controller are given in Figure 10.18. In particular, note the

equation for T3 with its disabling placeholder /P2 term. T3 can only fire if there is a token in P3

and rb is active high and there is not a token in P4 or P2.

At the start of the simulation (see Figure 10.19), P1 and P3 are active due to the initialization

with rst and pst inputs (see Verilog HDL code in shared resource folder of Chapter 10 on the

CDROM). Each input ra then rb is asserted in turn to simulate requests for access to the shared

resource.At the seventh clock pulse the rb input has become active; then ra is active at the eighth

clock pulse (priority request fromcomputerA). This results in computerA gaining access to the

shared resource fromcomputerB.ComputerAthencompletes its transactionand, since rb is still

active, computerB regains access to the shared resource. In due course, rb returns to its low state

and the Petri net returns the token in P4 to P3 to relinquish computer B access to the shared

resource.

10.7 A SERIAL RECEIVER OF BINARY DATA

In Section 4.7, an asynchronous binary data receiver was developed using a state diagram

implemented withD-type flip-flops, together with a shift register, a divide-by-11 counter and a

data latch developed using the techniques in Appendix B.

0ns 100ns 200ns 300ns

test.rst

test.pst

test.clk

test.ra

test.rb

test.EA

test.EB

test.P1

test.P2

test.P3

test.P4

test.T1

test.T2

test.T3

test.T4

Figure 10.19 Simulation of the shared resource Petri net.
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In this section, a similar design is describedmaking use of a Petri-net controller. The design is

described in detail, so it can be studied without reference to the one in Chapter 4.

An asynchronous serial receiver is to be developed using a Petri net to allow binary data to be

received and converted into parallel data. The Petri net is a goodway of implementing the serial

receiver, since use can be made of the enabling arc and the design can be implemented using a

single interconnected Petri net diagram.

As a reminder of the arrangement used in Chapter 4, the protocol and sample points are

illustrated in Figure 10.20. The asynchronous serial protocol is to be one start bit (active low),

followed by eight data bits, and two stop bits (11 bits in total). The incoming data need to be

shifted into a shift register, and it is important to ensure that this is donewhen the incoming data

have had time to settle. This can be achieved by using a clock that runs faster than the shift

register clock so that thepoint in time that the shift register data is clocked into the shift register is

around the middle of the available bit time interval.

In Figure 10.20, the bit time interval is around four clock periods, and at the second clock

pulse into the data cell the data at the shift register input are to be clocked into the shift

register (indicated by the arrowed clock pulse points). Thus, the shift register clock will be

four times slower than the main state machine clock clk. This will be increased in this Petri

net version.

Figure 10.21 illustrates a possible Petri-net-based block diagram for the system. In this

system, a Petri-net controller is used to control the operation of the system,which consists of an

11-stage shift register with parallel outputs to a data latch. Note that the data into the data latch

include only the data bits d0 to d7 (Q0 to Q7), not the protocol bits st, sp1, and sp2. The Divide-

by-11 Counter (which could be either an asynchronous binary counter or a synchronous binary

Clk

st d0 d1 d2 d3 d4 d5 d6 d7 sp1 sp2

The Petri net controls the operation of the sample data 
pulse clock RXCK that clocks the shift register (arrowed 
every fourth pulse).

This ensures that the data are sampled near the middle of 
the data bit area of the packet.  Note that the 1-to-0 
transition of the start bit st is used to synchronize the 
receiver to the beginning of the data packet. 

Serial Signal Protocol example

st start bit and sp1, and sp2 stop bits are the protocol bits
d0 to d7 are the data bits (payload).

Figure 10.20 Arrangement of the data packet and protocol.
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counter along the lines of those developed in Appendix B) is used to count the number of input

data bits received and produces an output rxf indicating to the Petri net that the shift register is

full. The shift register is clocked with the RXCK signal derived from the clk signal within the

Petri-net controller.

Should an error occur indicated by the ed signal, the error (ERR) output will be asserted high

and the system will wait for a reinitialization from some external device ready for the next

attempt at receiving a serial data packet. The control herewould bevia the external device using

the serial receive system. The overall system is very similar to the one developed in Chapter 4.

The system is started by the start bit going low, as seen by the serial data in line. Figure 10.22

shows the Petri net diagram developed for the system. This consists of two Petri net diagrams

connected by enabling arcs. The first one, comprising P1 to P5, is used to generate the shift

register clock rxck.The second, andmain,Petri netdiagramcontrols theoperationof the system.

Both Petri nets are driven from the same clock clk.

Note theuseof three enablingarcs.Thefirst one, fromPM2, is used todisable thefirstPetri net

via its T1firing transition until themain Petri net receives a start st data bit. The second enabling

arc, fromP5, is used to prevent themain Petri net frommoving on to PM3 until the first Petri net

has generated a shift-register clock pulse RXCK. Note, also, that an enabling arc is used to

Data Latch

Shift Register

Petri-Net Controller

Divide
By 11

counter

QST        Q0    Q1   Q2   Q3    Q4   Q5    Q6    Q7    QSP1 QSP2

PD

clk

st CDC rxf rxo RXCK

ed

DRY    ERR               ack        en           init

Parallel data out – to outside world

Receive
data in

Error
detection

Receive
 bit

Receive Shift
Register clock

Receive
Register full

Clear Shift Register
 & counter

Start bit
detectionPulse

Data latch

Data
Ready

Error in
Received

data

Acknowledge
packet

Enable
 Device Initialise system (controlled by

outside world device to recover
from error)

Rx

Vcc
R

clr

clr

OQ0   OQ1  OQ2  OQ3  OQ4 OQ5  OQ6  OQ7

d0     d1    d2     d3   d4    d5     d6    d7

Figure 10.21 Block diagram for the asynchronous serial receiver system.
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prevent T5 fromfiring until themain Petri netmoves to PM3; otherwise, there is a potential race

condition between T5 and TM2.

Thus, the first Petri net can generate shift-register clock pulses at the correct time in the data

packet. Note that there are five clock pulses between each RXCK in this realization, rather than

the four as suggested in Figure 10.20. Thus, the system clock needs to be five times the required

baud rate.

In the main Petri net, the placeholder PM3 and its two transitions TM3 and TM7 test for the

shift-register full signal rxf. If low (shift register not full), then the main Petri net loops back

to PM2.

Note that while rxf ¼ 0, PM5will not generate the PD signal (Mealy output). Also, TM5 can

fire on rxf ¼ 0. In due course a full data packet of 11 bitswill be received.At this point, themain

Petri netwillmove on to PM4 to check the ed signal. This signal should be high if st, sp1 and sp2

are received correctly. This being the case, themain Petri net willmove on to PM5,where it will

issue a PD signal (since rxf ¼ 1 now) to latch the received data into the data latch ready to be

collected by the outside world.

The main Petri net will wait for an ack signal (since rxf ¼ 1 now) from the outside world

(indicating that the data have been read) before returning the token to the PM1 placeholder and

resetting the shift register and 11-bit counter.

In this Petri net, use has been made of enabling arcs to synchronize the two Petri nets, and a

Mealy output for signal PD allows a common loop to be used under different conditions.

P1
T1

P2
T2

P3
T3

P4
T4

PM6
TM6

PM4
PM3PM2PM1

TM1 TM2 TM3

TM4TM5
PM5

/RXCK
RXCL /RXCK

/CDC
CDC

fxrts/

/ed

ed
PD = rxf

/rxf

Petri net diagram for the receive serial data controller

Both Petri nets
 driven by 
same clk.

/rxfTM7

ERR

T5

P5

rxf.ack

TM8

Figure 10.22 Petri net diagram for the asynchronous serial system.
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10.7.1 Equations for the First Petri Net

P1 ¼ T5þ P1 � =T1 T1 ¼ P1 � PM2 � =P2
P2 ¼ T1þ P2 � =T2 T2 ¼ P2 � =P3
P3 ¼ T2þ P3 � =T3 T3 ¼ P3 � =P4
P4 ¼ T3þ P4 � =T4 T4 ¼ P4 � =P5
P5 ¼ T4þ P5 � =T5 T5 ¼ P5 � PM3=P1:

10.7.2 Output

RXCK ¼ P4:

10.7.3 Equations for the Main Petri Net

PM1 ¼ TM8þ PM1 � =TM1 TM1 ¼ PM1 � =st � =PM2

PM2 ¼ TM5þ TM1þ PM2 � =TM2 TM2 ¼ PM2 � P5 � =PM3

PM3 ¼ TM2þ PM3 � =TM3 � =TM7 TM3 ¼ PM3 � rxf � =PM4

PM4 ¼ TM3þ PM4 � =TM4 � =TM6 TM4 ¼ PM4 � ed � =PM5

PM5 ¼ TM4þ TM7þ PM5 � =TM5 � =TM8 TM5 ¼ PM5 � =rxf � =PM2

PM6 ¼ TM6þ PM6 TM6 ¼ PM4 � =ed � =PM6

TM7 ¼ PM3 � =rxf � =PM5

TM8 ¼ PM5 � rxf � ack � =PM1:

10.7.4 Outputs

CDC ¼ =PM1 active low

PD ¼ PM5 � rxf Mealy active high

ERR ¼ PM6 active high:

The simulationof thePetri net for the receiver is illustrated inFigure 10.23. In this simulation,

a test-bench module has been developed so that all paths through the Petri net can be checked.

This has requiredmanipulation of the rxf, ack, and ed signals that would normally be controlled

by the external controller. A study of the waveforms in Figure 10.23 shows the test paths.

Essentially, the simulation shows how the enabling arcs control the sequence of both the shift

clock generation produced by P1 to P5, and the main Petri net PM1 to PM6.

Further study of the waveforms reveals the sequence between RXCK pulses, as shown in

Figure 10.24. This indicates that, during the serial data receiving phase, a shift register pulse

occurs every seven FSM clock pulses. Therefore, for a baud rate of 1� 106 bits per second, an

FSM clock of 7 MHz would be required.
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The action of the enabling arcs can be clearly seen in Figure 10.23. The simulation ends with

an error signal forcing the Petri net into PM6.

The complete Verilog HDL listing can be found on the CDROM in the Chapter 10 folder.

Todevelop the entire system, the shift register, divide-by-11 counter, the logicANDgate, and

data latch also need to be defined and connected together.

10.7.5 The Shift Register

This is an 11-bit device. See Figure B.12a and b in Appendix B for details.

10.7.6 Equations for the Shift Register

For a general shift register of m stages (number of D-type flip-flops)

Q0 � d ¼ din the data in

Qn � d ¼ Qn�1
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test.rst

test.pst

test.clk

test.st

test.ed

test.rxf

test.ack

test.P1

test.P2

test.P3

test.P4

test.P5

test.T1

test.T2

test.T3

test.T4

test.T5

test.PM1

test.PM2

test.PM3

test.PM4

test.PM5

test.PM6

test.TM1

test.TM2

test.TM3

test.TM4

test.TM5

test.TM6

test.TM7
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Figure 10.23 Simulation of the Petri net.
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for all remaining flip flops where n ¼ 1to n ¼ m� 1, wherem is the number of flip-flops in the

shift register.

From this, the equations for the 11-stage shift register are

Q0 � d ¼ rx

Qn � d ¼ Qn�1 for n ¼ 1to m� 1 with m ¼ 11:

There is no need to gate the shift-register clock rxck, since it is controlled by the Petri-net

controller.

10.7.7 The Divide-by-11 Counter

This can be either a common asynchronous binary counter (ripple through) or a synchronous

type. See Appendix B, Section B.9.2 and Figure B.13a and b, for details.

10.7.8 The Data Latch

This is a standard design parallel data latch with eightD-type flip flops each having a data input

and data output and all clocked by the pulse data latch signal PD.

Parity detection logic could be added and would follow along the same lines as that used in

Chapter 4.

PM1  PM2                       PM3     PM5     PM2                              PM3..
P1     P2      P3      P4      P5        P1        P2        P3        P4         P5..

RXCK

Seven FSM clock cycles

There are seven FSM clock pulses for every rxclk

Therefore the baud rate = FSM clock frequency / 7

In PM2 T1 is enabled and the P1 to P4 cycle can commence.
At P5, TM2 is enabled and the main Petri net can move PM3, then 
PM5 (rxf = 0) then back to PM2.

The RXCK is produced in P4.

This sequence can continue until rxf goes high (indicating the whole 
data packet has been received) and the loop is broken.  The Petri net 
will then cycle to PM4 and if ed = 1 (no error) the data will be loaded 
into the data latch (pd =1) ready for the user to access.

See Figure 10.23 for details

Figure 10.24 Details of Petri net sequence during data receive phase.
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10.8 SUMMARY

The use of Petri nets can provide ameans bywhich parallel control can be realized in hardware.

This chapter has explored this area and shown how such systems could be developed and

implemented using anHDL.The use of enabling/disabling arcs can help to synchronize parallel

Petri net activities.
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