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Abstract—The paper describes the method of synthesis of 

control devices and logic control algorithms for distributed 

technological objects. Control algorithms for this devices are 

often described as a set of rules, most of which are written in 

terms of Boolean and fuzzy variables. To transform the 

production system into a mathematical model in the form of 

logical sequences (system of logical expressions) in terms of 

two-digit logic exists a method, which includes procedures and 

algorithms for conflict resolution and identification of deadlock 

situations in the operation of automata, based on the 

intermediate representation of rule sets in the form of Petri 

nets. The paper describes the modification of this method for 

the synthesis of logic devices and algorithms for the joint use of 

input-output variables Boolean (two-digit) and fuzzy logic. The 

method is implemented by performing the following steps: 

preparation of rules, generalization of rules, representation of a 

set of rules in the form of Petri nets, synthesis of Boolean 

expressions for the state variables, synthesis of Boolean 

expressions for activation of transitions (consequental) and 

formation of output variables. The method allows to synthesize 

hierarchical state machines in terms of boolean and fuzzy logic.  

Keywords—logic control, fuzzy automata, hierarchical 

system, coordination of automata 

I. INTRODUCTION  

The problems of synthesis of logic algorithms and 
devices have a long history, and a large number of 
approaches and methods have been developed to solve them 
[1, 2, 3]. 

At the same time, when solving a number of practical 
problems, first of all, for the cases of synthesis of logical 
control algorithms and devices difficult to control objects, the 
existing methods do not provide an answer to overcome a 
number of fundamental difficulties, which include: 

1. The ‘curse’ of dimensionality. The essence of this 
concept and the associated difficulty is that with increasing 
the dimension of the problems of logical control by the 
number of inputs and outputs (especially for finite-automata 
models), there are great technical difficulties in the synthesis 
procedures associated with the way of representation of 
automata models and the formation of mathematical 
expressions (logical sequences) that relate the values of the 
output signals to the input and States of automata.  

2. Lack of methods for synthesis problems in which there 
is a combination of logical control problems in terms of 
Boolean and fuzzy logic. 

3. Ensuring the compactness of logical algorithms, 
allowing their implementation on standard and not expensive 
controllers. Here we are talking about the fact that the 
previous two difficulties, in principle, in many cases can be 
bypassed by recording the logic of the control device in the 
form of, for example, a production system or a predicate 
system [4]. But it is known that the use of such control 
models involves the development of algorithms that are 
implemented, as a rule, in high-level programming languages 
and require large computational resources, including large 
time-consuming information processing. In addition, at large 
dimensions of models of such types there are fundamental 
issues of ensuring the performance of algorithms [4, 5]. 

This article discusses the approach and implementing its 
methods of synthesis of complex logic algorithms and 
devices based on the use of hierarchical automata systems of 
clear (two-digit) and fuzzy logic [6, 7]. 

II. METHOD OF SYNTHESIS OF LOGICAL DEVICES 

In papers [8-11] and some others sets the direction of 
synthesis of complex hierarchical control systems, that 
developed, based on the use of discrete-event models in the 
form of Petri nets with their subsequent decomposition into 
subnets, each of which is put in accordance with the finite 
state machine.  

However, issues related to the generalization of synthesis 
procedures to logical control devices containing input and 
(or) output variables of both two-digit and fuzzy logic (or 
analog variables) are not considered in these works. 

The problems of synthesis of logical algorithms, first of 
all, subautomates of the lower level (coordinated logical 
control subsystems), remain unresolved to the full extent, 
because at this level there is a problem of using both discrete 
and analog or fuzzy input and output variables. The synthesis 
of coordinating automata is usually carried out in terms of 
two-digit logic [12, 13]. 

Figure 1, as an example, shows the scheme of interaction 
of the lower level automata (A1, A2, A3, A4) and the 
coordinating automaton (CA).  
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Fig. 1. Automats interaction scheme 

An example of Petri nets to coordination of the machine 
during the sequential startup of machines the lower level is 
presented in figure 2 where each transition t1 ,..., t4 are 
mapped to the section of the rules. 

 

Fig. 2. Petri net of CA 

In the variants of parallel operation and (or) 
synchronization of lower-level automata, the Petri net will 
have a more complex appearance. 

Next, we consider a modification of the method of 
synthesis of logical devices and algorithms, characterized by 
the possibility of sharing input-output variables Boolean 
(two-digit) and fuzzy logic. The method is implemented by 
performing the following steps. 

Step 1.  Preparation of rules. We consider the case 
when in the initial set of rules (production system) it is 
possible to use both Boolean variables and linguistic 
statements or fuzzy variables. If analog variables are needed, 
they can be represented as fuzzy variables with a triangular 
membership function. The base of the triangle will 
correspond to the range of values of analog variables. 

The any j-th rule has the form "IF Pj THEN tj "or" IF Pj 
THEN tj ELSE t1j", where Pj is the antecedent (conditional 
part) of the rule, tj, t1j are the consequents (executive part) of 
the rule, j = 1,2,... If the PJ condition is not satisfied, the 
transition to the t1j consequent is performed. 

The task of writing logical sequences in terms of two-
digit logic is solved in papers [1,3,8]. Therefore, to reduce 
the problem to the known, at step 1 it is necessary to replace 
fuzzy variables in Pj and consequents with clear ones, i.e. 
fuzzy terms with an arbitrary form of the membership 
function (MF) [5, 8] are replaced by clear ones (with a 
rectangular form of MF). Return to fuzzy variables, i.e. 
fuzzification of logical expressions, will be performed at step 
5. 

Consequents tj, t1j and others are associated with some 
executive actions, in particular, with the commands to change 
the current control U by ΔU for the actuators of automation 
systems. Relation is carried out through the initialization 

table [3,5]. An example of the table initialization in the 
original version is shown in figure 3. In the example it is 
accepted that the variable U1 is fuzzy, and the variable U2 is 
Boolean. Suppose that the values of the commands are 
initialized when t1, t2, t3 consequents are activated in any 
rules of the production system. 

For the fuzzy variable U1, the commands 
"decrease"(-ΔU1),"increase"(+ΔU1) are indicated by an 
arrow,"0" - the control remains unchanged. 

For Boolean variables, there are two values of the output 
variable: "1" - "enable" ("increase"), "0" – "disable" 
("decrease"). Thus, in the transition from fuzzy to clear 
variables need to encode three States and, accordingly, need 
two Boolean variables U11 and U12, see figure 4. 

Defuzzification of the input analog or fuzzy variables is 
carried out by known methods by introducing S Boolean 
variables (as comparator outputs) for each term [8]. 

 

Fig. 3. Examples of initialization tables with fuzzy variables 

 

Fig. 4. Examples of initialization tables with boolean variables 

Step 2. Generalization of rules. The number of rules is 
reduced by combining rules that have the same consequents 
[8]. 

Step 3. Representation of a set of rules in the form of 
Petri nets. As for a class of Petri nets was developed 
algorithmization (formalized) methods of determining their 
properties, analysis of efficiency of the rule set is reduced to 
a more simple and reliable procedures for the analysis of 
Petri nets (determining liveness, safety and other properties). 
In accordance with [8, 14-17] a complex network, as a rule, 
are decomposed into subnets with the aim of synthesis of 
finite automata of the lower level (see figure 1). For example, 
each machine of the lower level can control a separate unit 
[8]. An example subnet for one rule is shown in figure 5. The 
production system is interpreted as a Petri net by its 
sequential formation on the basis of the rules execution order. 
Note that this method does not apply to a rare variant of the 
production system, when the rule changes the order of the 
rules. 
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Fig. 5. Examples of subnets 

Step 4. Synthesis of Boolean expressions for the state 
variables. The properties of the resulting subnets are usually 
determined by constructing a reachability graph, determining 
the number of States each subnet can be in. To encode the 
States of the j-th subnet (j = 1,2,...), intermediate logical state 
variables Rji (i = (1, n)) are introduced, where n is the number 
of subnets and their corresponding subautomates. Synthesis 
of logical expressions for state variables by means of 
enlarged state tables (EST) is described in [8]. Figure 5 
shows an example of a subnet, and the corresponding EST is 
shown in figure 6. The Initial state from which the 
subautomat is started to run is state 1. The transition to state 
2 is the conjunction of the conditions of the positions 

P9P10 if you have permission (flag) from the coordinating 
machine B. At the transition to the second state, by analogy 
with Moore machines, activates transition t9, performing the 
role of the output symbol. Further, under the conditions of 
P11, P12, transitions to States 3, 4 are carried out with the 
activation of transitions t10, t11, respectively. After firing of 
the transition t11 in question of subautomata ends in a 
coordinating subatomic about the signal is transmitted. 
Further, with the permission of the coordinating sub-
machine, the following sub-machines of the lower level can 
start working, for example, from positions P13 or (and) P14, 
(separated by a dotted line). After the sub-machine cycle is 
completed, it returns to the initial state 1. 

 

Fig. 6. Examples of state table 

Step 5. Synthesis of Boolean expressions for activation 
of transitions (consequental).  Logical expressions for 
control actions are written. For this: 

1 Defines the number of intermediate variables 
(functions). For the considered example of the j-th subnet, 

two functions Rj1(Rj1, Rj2, BP9P10, P11, P12) and Rj2(Rj1, 

Rj2, BP9P10, P11, P12) are required. Note that logical 
expressions for positions are written through input logical 
variables (see Step 1).  

2 Meanings of the names of the transitions are written as 
a function of a combination of intermediate variables known 
methods [4]. For example: t9 = t9(Rj1, Rj2), t10 = t10(Rj1, Rj2), 
t11 = t11 (Rj1, Rj2). 

Step 6.  Formation of output variables.  

6.1 To generate output signals of Boolean type in 
accordance with the initialization table, each active transition 
is assigned the value of the output signal. Note that a 
properly synthesized hierarchical automaton cannot 
simultaneously activate transitions for which different values 
of output signals are assigned in the initialization tables, i.e. 
there should be no conflicts. 

6.2 In order to generate analog output signals, it is 
necessary to: 

6.2.1 In position expressions, replace Boolean logic 
variables that were derived from fuzzy or analog variables 
(see Step 1) with their membership functions [6, 7]. 

6.2.2 Replace Logical functions , V,"NOT" of Boolean 
type with fuzzy operations t-norm, t-conorm (S-norm) and 
fuzzy negation respectively. Two commonly used logical 
extensions are shown in figure 7. 

In this case, the names of positions in General acquire the 
meaning of MF, because the calculated fuzzy logical 
expressions can contain values in the interval [0; 1]. The 
initialization table (see figure 6) can take the form (see figure 
8). The fuzzy value of the output variable U must be 
defuzzified by one of the known methods, for example, 
averaging: 

 ΔU = (0,1 + 0,5 – 0,8 – 0,2) / 4 = -0,1, 

i.e. in this example, the control effect should be reduced 
by 10%. 

 

Fig. 7. Fuzzy Logic extension 

 

Fig. 8. Table of initializations after fuzzification of input variables  
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