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METHOD SYNTHESIS OF THE CONFIGURABLE LOGICAL BLOCKS  
ON BASIS OF UNIVERSAL LOGICAL ELEMENTS 

 
An approach to the synthesis of adaptive structures represented by multi-level logic, Boolean network de-
scribed as an acyclic graph with universal logical elements, is proposed. As a result of the synthesis of such 
structures are determined the type of logic function of the Boolean network of a given learning sample of bi-
nary vectors, which allows using of this structure for the problem of classification of input vectors. Unlike 
known methods for the synthesis of multilevel logic, method of the synthesis of such schemes proposed in this 
paper. It based on the description of a Boolean network by Zhegalkin’s polynomials, starting from subnet 
(n=3).  
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Introduction 
 

A wide range of classification tasks requires adap-
tation (reconfiguration) structure to a given functioning 
algorithm [1-3]. The appearance of crystals FPGA types 
[4], which represent the functional field of universal 
logical elements (LE), makes it possible decide an issue 
of the hardware implementation of algorithms by con-
figuring the structure of crystal to perform the required 
algorithm [4]. 

From the standpoint of topology [5] the adaptive 
logic network (ALN) is a matrix of the LE, which is 
grouped into functional units (FU) and function blocks 
(FB), the location of which is fixed, while the change in 
their functioning occurs depending on the class of the 
tasks and their assignment. 

Let us call LE a universal combinational automa-
ton: 

L n, F , 
where n  is the number of binary inputs or the dimen-
sionality of the input variables LE; 

n2F {f }, [1 2 ]     is the set of Boolean func-

tions realized by LE. 
Thus, as a universal LE will use a multiplexer 

(Fig. 1). 
An address inputs ( 0 1z ,z ) of multiplexer will be 

as inputs for binary variables and inputs of data 
( 0 3x x ) - as control inputs, specify the type of logical 
functions, for the realization of which the multiplexer is 
configured. 

Table 1 shows example of a truth table of the mul-
tiplexer functioning as a universal logic element. 

Fig. 1. Multiplexer structure 
 

Table 1 
The truth table of multiplexer 

Inputs Output 
ix  0z  1z  Y 

Logic func-
tion 

0x 0  0 0 0 

1x 0  0 1 0 

2x 0  1 0 0 

3x 1  1 1 1 

AND 

0x 0  0 0 0 

1x 1  0 1 1 

2x 1  1 0 1 

3x 1  1 1 1 

OR 

 
The versatility of the LE allows adapting it for the 

implementation of an arbitrary Boolean function. In the 
case of (n 2)  LE implements one of 16 logical func-
tions representing the full (base) set of functions of two 
variables ( a, b ): 

0x

1x

2x

3x

Y

0z 1z
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1 2 3 4 5

6 7 8 9 10

11 12 13 14 15 16

f a b;f a b; f a b; f a b;f a & b;

f a & b; f a & b;f a & b; f a b;f a b;

f a; f b;f a;f b;f 0; f 1.

        

      

     

 

The truth table for the full set of logical functions 
of two variables is shown in Table 2. From the values of 
the column of the table can will be determined the type 
of logic function. 

 
Table 2 

The truth table of logical functions 

Input data Types of logic functions 
a  b  1f  2f  3f  4f  5f  6f  7f  8f  
0 0 0 1 1 1 0 0 0 1 
0 1 1 0 1 1 0 0 1 0 
1 0 1 1 1 1 0 1 0 0 
1 1 1 1 0 0 1 0 0 0 
a  b  9f  10f  11f  12f  13f  14f  15f  16f  
0 0 0 1 0 0 1 1 0 1 
0 1 1 0 0 1 1 0 0 1 
1 0 1 0 1 0 0 1 0 1 
1 1 0 1 1 1 0 0 0 1 

 
 

Statement of the Problem 
 
Let the system for arbitrary logic function zf  

(
n2z 1 2   ) of the full feature set is specified: 

n n n
n

1 1 1
z 1 2 n 1

2 2 2
z 1 2 n 2

k k k
z 1 2 n k

2 2 2
z 1 2 n 2

f (x , x ,..., x ) y ;

f (x , x ,..., x ) y ;
...

f (x , x ,..., x ) y ;
...

f (x , x ,..., x ) y .

 

 

 

 

 

That is, for any logical function zf (x)  

(
n2z 1 2   ) the variables we obtain a system that 

determines the values of these functions ky  

( nk 1 2   ).This system is a training set D  (for which 
ky 1 ). 

It is necessary, on the basis of the set values of 

components k
lx  of  the vectors  of  the training set D  to 

define the type of logic function zf (x)  and, on the basis 
of the type of functions from Table 1 to determine the 
value of the column corresponding to this function. 
Column values are fed to the data inputs of the multi-
plexer (who now are control and define the type of logic 
function for LE (multiplexer). 
 
 

The method of solving the direct  
synthesis problem 

 
In [1-3] considered the adaptation issues of logical 

networks with one output based on the triangular matrices 
that realize a partition of binary input vectors 

n 2 1e (e ,..., e ,e ) E   as a binary vector into two subsets 
based on a predetermined learning sample D E . 

It is assumed that the output value of the logical 
network is determined as follows: 

1, ( e D);
Y

0, ( e D),

  
 

           (1) 

where D E \ D  – the complement of the set D  in the 
set E . 

In this paper is considered the method of synthesis of 
the logical network with one output by means of the input 
learning sample. 

Structurally TM is a multilevel hierarchical matrix. 
The task of adjustment (adaptation) TM formulated as 
follows. Suppose we have a full set of n –dimensional 
binary vectors n 2 1e (e ,..., e ,e ) E   and given a set of 
n –dimensional binary vectors D E , which is a learn-
ing sample for classification algorithm. 

In general, the task of adapting the structure of TM 
(1) reduces to problem of synthesis of logic function for 
to implementation the mapping :D Y  . 

In accordance with (1) will be considered TM [4] 
with the respective structure (for n 3 ) of links 
(Fig. 2). 

For determination of the logic function TM will 
use polynomials to describe Boolean networks [6]. A 
function of one variable is represented by a polynomial: 

f (1) 0 1 1P a a e  . 

12L

11L21L

1e
2e3e  

 
Fig. 2. Structure of TM with honeycomb structure  

of intercommunications 

 

Accordingly, the polynomial of n  variables: 

f (n) f (n 1) n 1 n f (n 1)P P a e P    .            (2) 
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Determine the polynomial f (3)P  can be a different 

way by solving a system of linear Diophantine equa-
tions (SLDE) in the field of residues modulo 2 – 2F . In 
general, for solution of SLDE in the field pF , where p  

– prime number, method was developed and on the his 
basis – algorithm. Details of the method and algorithm 
described in detail in [7,8], therefore here are the basic 
properties of the algorithm, which is named TSS. 

Theorem 1. The general solution of linear inhomo-
geneous Diophantine equations (SLIDE) has the form: 

k
1

i
i 1

x x x


  , 

where 1x  – particular solutions inhomogeneous SLIDE 
and ix  – a basic solution of the system of linear homo-
geneous Diophantine equation (SLHDE), which corre-
spond to a given inhomogeneous SLIDE.  

Theorem 2. TSS – algorithm for solving SLDE 
builds the general solution of this system in time pro-
portional to the value of m n , where m  – the number 
of equations, and n  – the number of unknowns. 

Finding the polynomial f (3)P  is that for a given 

learning sample for a polynomial built SLIDE, whose 
solutions give different versions of the synthesis of the 
structure nodes. 

However, this method can be improved and ex-
tended to the more general case of decomposition given 
by way of connections. 

We will describe the method. 
Example. The configurable logic block (as LE) in 

the structure of modern FPGA has 6 binary inputs. 
Therefore, we consider the problem of synthesis of 
logical function for this unit. Given the learning sample 
( n 6 ) for 12L  and has next form: 

6D ={(000000),(000010),(000101),(000110), 
(001111), (010001), (011000), (011010), (011100), 
(011101), (011110), (010111), (010011), (010100), 
(011011), (011001), (100001), (101000), (101010), 
(101100), (101101),(101110), (100111), (100011), 
(100100), (101011), (101001), (110000), (110010), 
(110101), (110110), (111111)}. 

By means learning sample we build a system of 
linear inhomogeneous Diophantine equations (SLIDE), 
substituting elements from D to f (6)P  (corresponding 

system is not possibility to present because of great his 
dimension). As a result of solution of SLIDE we get the 
function for LE: 

1 4 2 3 3 4 1 2 5 6f e e e e e e (e e ) e e .       
For compensation we consider imagine the expres-

sion (2) for n 3  as a Zhegalkin’s polynomial for hon-
eycomb structure links: 

f (3) 0 1 1 2 2 3 1 2 4 3

5 1 3 6 2 3 7 1 2 3

P a a e a e a e e a e

a e e a e e a e e e .

     

        
(3) 

Function synthesized by means a wave method, 
based on the initial learning sample: 

3D ={(000), (010), (101), (110), (111)}. 
By means learning sample we build a system of 

linear inhomogeneous Diophantine equations (SLIDE), 
substituting elements from 3D  to f (3)P . 

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

1a 0a 0a 0a 0a 0a 0a 0a 1,
1a 0a 1a 0a 0a 0a 0a 0a 1,
1a 1a 0a 0a 1a 1a 0a 0a 1,
1a 0a 1a 0a 1a 0a 1a 0a 1,

S
1a 1a 1a 1a 1a 1a 1̀ a 1a 1,

. . . . . . 0,

. . . . . . 0,

. . . . . . 0.

       

       

       

       


       



















Solving this system by the TSS-method [6, 7], we find 
the single solution 1x (1,1,0,0,1,0,1,1) , which corre-
sponds to the Zhegalkin’s polynomial: 

f (3) 1 3 1 2P e e (e e )   . 

If the learning sample D  is changed, for example, 
D {(0,0,0), (0,1,0), (0,0,1)} , the matrix of the system 
does not change, but it is change only the free terms: 

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

1a 0a 0a 0a 0a 0a 0a 0a 1,
1a 0a 1a 0a 0a 0a 0a 0a 1,
1a 1a 0a 0a 0a 0a 0a 0a 1,
1a 0a 1a 0a 1a 0a 1a 0a 0,

S
1a 1a 1a 1a 1a 1a 1̀ a 1a 0,

. . . . . . 0,

. . . . . . 0,

. . . . . . 0.

       

       

       

       


       



















This system has a single solution 1x (1,0,0,1,1,0,0,1) , 
which corresponds to the Zhegalkin’s polynomial: 

f (3) 3 1 2P e (e e )  . 

If the learning sample D  and D  change places, 
i.e. learning sample becomes sample D , then the 
Zhegalkin’s polynomial takes the form: 

1
f (3) f (3)P 1 P  . 

The examined decisions is a determining factor in 
the sense, that when you add a new input variable, 
system allows no calculations in order to determine the 
new functions in the nodes. 

Indeed, if we consider a network with four inputs 
with the same sample for the three variables, the poly-
nomial has the form 
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f (4) 1 2 3 4P e e e e   . 

This makes it possible to solve the general prob-
lem of the above-described method of the synthesis of 
logical network, which was named by the wave 
method [9]. 
 

Conclusion 
 

The synthesis of adaptive structures, represented 
by universal logical elements is proposed. The synthesis 
of such structures is to determine the types of logic 
functions of a given learning sample of binary vectors. 
A method for the synthesis of logic functions for con-
figurable logic blocks of the crystals FPGA for a given 
set of binary vectors (learning set), based on the descrip-
tion of Boolean network by means Zhegalkin’s polyno-
mials. Determine the polynomial f (i)P  on the basis 

polynomial f (r)P  ( r i  ) by means the wave method 

can be a different way by solving a system of linear 
Diophantine equations in the field of residues modulo 2. 
Since the synthesis by using the wave method requires 
only the synthesis of the network for n 3 , the 
complexity of the algorithm synthesis of the whole 
network is a polynomial of the number of input 
variables. 
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МЕТОД СИНТЕЗА КОНФИГУРИРУЕМЫХ ЛОГИЧЕСКИХ БЛОКОВ  
НА ОСНОВЕ УНИВЕРСАЛЬНЫХ ЛОГИЧЕСКИХ ЭЛЕМЕНТОВ 

В. Н. Опанасенко, С. Л. Крывый 
Предлагается подход к синтезу адаптивных структур, представленных многоуровневой булевой сетью, 

описываемой ациклическим графом с универсальными логическими элементами. В результате синтеза таких 
структур определяется тип логической функции булевой сети, заданной обучающей выборкой двоичных 
векторов, что позволяет использовать эту структуру для задачи классификации входных векторов. В отли-
чие от известных методов синтеза многоуровневой логики, в данной статье предложен метод синтеза таких 
структур, основанный на описании булевой сети полиномами Жегалкина, начиная с подсети (n=3). 

Ключевые слова: адаптация, булева функция, двоичный вектор, FPGA, полином, универсальный ло-
гический элемент. 

 
 

МЕТОД СИНТЕЗУ КОНФІГУРОВНИХ ЛОГІЧНИХ БЛОКІВ  
НА ОСНОВІ УНІВЕРСАЛЬНИХ ЛОГІЧНИХ ЕЛЕМЕНТІВ 

В. М. Опанасенко, С. Л. Кривий 
Запропоновано підхід до синтезу адаптивних структур, які представлено багаторівневою бульовою ме-

режею, що описана ациклічним графом з універсальними логічними елементами. В результаті синтезу таких 
структур визначається тип логічної функції бульової мережі, яка задана навчальною виборкою двійкових 
векторів, що дозволяє використовувати цю структуру для задачі класифікації вхідних векторів. На відміну 
від відомих методів синтезу багаторівневої логіці, у даний статті запропоновано метод синтезу таких струк-
тур, заснований на опису бульової мережі поліномами Жегалкіна, починаючі з підмережі (n=3). 

Ключові слова: адаптація, бульова функція, двійковий вектор, FPGA, поліном, універсальний логічний 
елемент. 
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