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Abstract  

This paper describes a computationally efficient 
method for synthesizing feedback controllers for plants 
modeled by Petri nets which may contain uncontrollable 
transitions. The controller, a Petri net itself, enforces a 
set of linear constraints on the plant. The original set 
of plant behavioral constraints is transformed to yield a 
controller which enforces the original constraints without 
influencing any uncontrollable transitions. 

1 Introduct ion 

A method is proposed in this paper for transforming a 
set of linear constraints on the behavior of a plant mod- 
eled by a Petri net into an equivalent set which accounts 
for uncontrollable transitions; see [3] for an alternative 
methodology based on integer programming. The con- 
trol goal is to realize a set of n, constraints of the form 
Lpp 5 b where p p  is the marking vector of the Petri net 
modeling the process, L E ZncXm, b E Z n c ,  m is the 
number of places in the plant and Z is the set of inte- 
gers. The inequality is with respect to the individual 
elements of the two vectors Lpp and b. In [4] it is shown 
how these constraints can be enforced by a Petri net con- 
troller with incidence matrix D, and marking p, placed 
in a feedback loop with the plant such that the incidence 
matrix D and marking p of the closed loop system are 

The controller Petri net is calculated using 

D, = -LDp Pco = b - LPPO (2) 

where pco and ppo are the initial markings of the con- 
troller and plant respectively. The controllers produced 
are identical to the monitors [Z] of Giua et al. derived 
independantly via an alternative method. 

2 Handling Uncontrollable Transitions 

Uncontrollable transitions in a plant may not receive 
any arcs from the places which make up the the external 
Petri net controller. Let D, E ZmXn" be the incidence 
matrix of the uncontrollable portion of the process net, 
where nu is the number of uncontrollable transitions. 
Assuming no self loops, the Petri net controller given by 
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D, = -LOp violates the uncontrollability constraint if 
LD, contains any elements greater than zero. If we are 
unable to meet the uncontrollability constraint, then it is 
necessary to transform the constraint vector L such that 
the original constraint of Lpp 5 b is still maintained, 
while obeying the uncontrollability constraint. 

Lemma I .  

Let R1 E Zncxm satisfy Ripp _> 0 V pp. 

Let Rz E ZncXnc p.d. diagonal matrix 
(3) 
(4) 

If L'pp 5 b' where 

L' = R i + R z L  (5) 
b' = Rz(b+ 1) - 1 (6) 

and 1 is an n, dimensional vector of 1'9, then Lpp 5 b. 

Proof. The transformed constraint is (RI + Rz L)pp 5 
Rz(b + 1) - 1. Because all of the elements are integers, 
the inequality can be transformed into a strict inequal- 
ity: ( R I  + RzL)pp < Rz(b + 1). Because Rz is diagonal 
and positive definite, RT1R1pP + Ll.rp < b + 1. Assump- 
tions (3) and (4) imply that all elements of the vector 

0 

Let a plant Petri net with incidence 
matrix Dp be given with a set of uncontrollable tran- 
sitions, a set of linear constraints L y  5 b on the net 
marking. Assume R1 and Rz meet ( 3 )  and (4) and let 

RylR1pp 2 0 ,  therefore Lpp 5 b. 

Proposition 2. 

(7) 

Then the controller 

D, = - (RI  + R2L)Dp (8) 

pco = R2(b + 1) - 1 - (RI + RzA)ppo (9) 
causes all subsequent markings of the closed loop system 
(1) to satisfy the constraint Lpp 5 b. 

Proof. According to (Z), equations (8) and (9) define a 
controller that enforces the constraint L'pp 5 b'. Lemma 
1 shows that if assumptions (3) and (4) are met then a 
controller which enforces a particular constraint L'pp 5 
b' will also enforce the constraint L h  5 b. Because 
RI  and Rz satisfy inequality (7), no controller arcs are 
drawn to the uncontrollable transitions. U 
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The usefulness of proposition 2 lies in whether or not 
it is possible to find RI and Rz which meet the neces- 
sary assumptions. If RI and R2 which satisfy (3) and 
(4) do exist, then they can be found by performing row 

r r \  i 

J *  
operations on 

3 Unreliable Machine Example 

The example presented here is partially based on the 
model of an “unreliable machine” from [l]. The machine 
is used to process parts from an input queue; completed 
parts are moved to an output queue. The machine is 
called unreliable because it is possible that it may break 
down and damage a part during operation. Damaged 
parts are moved to a separate queue from the queue for 
completed parts. The model of the plant is shown in 
Figure 1; the places are described in Table 1. 

Figure 1: Petri net model of the unreliable machine. 

Places 
p l  I Input queue 
pz  I Machine is “up and busy” processing part -~ - -  - -  I p z  I Part is waiting for transfer to pfi 1 
p4 I Part is waiting for transfer to p7 

p5 I Machine is waiting to be repaired 
I m I Comuleted Darts aueue I 
I p7 I Damaged parts queue 

Table 1: Place descriptions for the Petri net of Figure 1. 

The plant model has two uncontrollable transitions, 
tz and t 3 .  Transition t 3  represents machine break down 

considered uncontrollable because the controller can not 
force the machine to instantly finish a part that is not 
yet completed, nor does it direct the machine to  stop 
working on an unfinished part. 

If the machine is broken, we do not want to load a 
new part until repairs have been completed. This means 
that places pz and p5 should contain at most one token: 
p2 +p5 5 1. Parts waiting to be transferred to a storage 
queue, whether completed or damaged, wait in the same 
position on the machine. In order to prevent conflict, 
the second constraint is p3 + p4 5 1 

and so obviously can not be controlled. Transition t z  is 

A check of the uncontrollability condition shows that 
LDu contains positive elements. Row operations are per- 
formed to find appropriate values for RI and Ra which 
yield the transformed constraints that do not influence 
the uncontrollable transitions. The controlled net is 
shown in Figure 2. 

Figure 2: The controlled unreliable machine. 

4 Conclusions 
This paper has presented a particularly simple method 

for constructing feedback controllers for untimed Petri 
nets in the face of uncontrollable plant transitions. The 
method is based on the idea that row operations on a ma- 
trix containing the uncontrollable columns of the plant 
incidence matrix can be used to eliminate controller use 
of illegal transitions. The significance of this particu- 
lar approach to Petri net controller design is that the 
control net can be computed very efficiently, thus the 
method shows promise for controlling large systems, or 
for recomputing the control law online due to a plant 
failure. 
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