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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;

F={f,}, p=[1+22n] is the set of Boolean func-

tions realized by LE.

Thus, as a universal LE will use a multiplexer
(Fig. 1).

An address inputs (z,z; ) of multiplexer will be
as inputs for binary variables and inputs of data
(xg +X3 ) - 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.
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Fig. 1. Multiplexer structure

Table 1
The truth table of multiplexer
Inputs Output Logic func-

X; Z Z Y tion
Xg=0 0 0 0
x;=0 0 1 0

AND

X,=0 1 0 0
x3=1 1 1 1
Xg=0 0 0 0
x1=1 0 1 1 OR
X,=1 1 0 1
x3=1 1 1 1

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):
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fi=a+bfy =a+b;fy=a+b;f, —a+b;fs=a&b;

fo=a&b;f; —a&b;fy =a&b;fy =a®b;fjy =a®b;

fi, =a;fi, =bifj; =asfy, =b;fjs = 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 || f | § |1, f; | £, | 1, fy
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 f9 flO fll f12 fl} fl4 flS flé
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 f,

(Vz=1+ 22 ) of the full feature set is specified:
f, = (x{,xlz,...,x}]) =Yy

2 .2 2

fZ =(X1 ,Xz,...,Xn)=y2;
k _k k

fZ =(X1 ,Xz,...,xn)zyk;

2n of 2"
fzz(Xl ,X2 . ..,Xn )=y2n.

That is, for any logical function f,(x)

(Vz=1+22n) the variables we obtain a system that

determines the values of these functions y;

(Vk =1+2").This system is a training set D (for which
Yk =1).

It is necessary, on the basis of the set values of
components x}( of the vectors of the training set D to
define the type of logic function f,(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
e=(e,,....e,,¢) € E as a binary vector into two subsets

based on a predetermined learning sample D c E .

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

Y_{l,(VeeD);

= _ 1
0, (Ve eD), O

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 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 R: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:

Pray=2, Dage.

Fig. 2. Structure of TM with honeycomb structure
of intercommunications

Accordingly, the polynomial of n variables:

Pf(n) = Pf(n-l) ® 4,16, Pf(n-l) . (2)
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Determine the polynomial P can be a different

way by solving a system of linear Diophantine equa-
tions (SLDE) in the field of residues modulo 2 — F, . In

general, for solution of SLDE in the field F,, 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
X=X @Z:xi ,
i=I

where x' — particular solutions inhomogeneous SLIDE
and x; — 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 mxn, where m — the number
of equations, and n — the number of unknowns.

Finding the polynomial Py 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 L;, and has next form:

D, ={(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 Py (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:

f =a®€e3 De,e, (e, v%)@e5 @e;.

For compensation we consider imagine the expres-
sion (2) for n=3 as a Zhegalkin’s polynomial for hon-
eycomb structure links:

Piay=2a,@aje, @aye, Dasee, ase; d

€)

Dasee; Dage,e5 Dageie,e;.

Function synthesized by means a wave method,
based on the initial learning sample:
D, ={(000), (010), (101), (110), (111)}.

By means learning sample we build a system of
linear inhomogeneous Diophantine equations (SLIDE),
substituting elements from Dy to Py, .

lay ®0a, @0a, ®0a; ®0a, ®0a; DOag D0a, =1,
lay ®0a, @la, ®0a; ®0a, ®0as ®0a; ®0a, =1,
lay®@1la; ®0a, ®0a; @Pla, Pla;D0a,D0a,=1,
la,@0a, @la, ®0a; Pla, ®0as Dlag D0a,; =1,
la,®la, @la, @la; ®la, las; Dlag @la, =1,
=0,
=0,
S .. .=0.
Solving this system by the TSS-method [6, 7], we find

the single solution x' = (1,1,0,0,1,0,1,1) , which corre-
sponds to the Zhegalkin’s polynomial:
Prs) =e_1®63(€1 Vg) :
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:

lay ®0a, @0a, ®0a; ®0a, ®0a; D0ag D0a, =1,

lay ®0a, @la, ®0a; ®0a, ®0as ®0a; ®0a, =1,

la,®@la; ®0a, ®0a; ®0a, ®0a; D0a;D0a,=1,

la, @ 0a, @la, ®0a; @la, ®0as; Dlag ®0a, =0,

lay®1la; @la, ®la; ®la, Dlay; ®lag Dla; =0,
.=0,
.=0,
.=0.

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

Pf(3) =e;z(e ve,).

If the learning sample D and D change places,

i.e. learning sample becomes sampleﬁ, then the
Zhegalkin’s polynomial takes the form:

1
Pl =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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Pruy=¢,®@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 P, on the basis

polynomial Py, (Vr<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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METO/J CUHTE3A KOHOUT'YPUPYEMBIX JIOTHYECKHUX BJIOKOB
HA OCHOBE YHUBEPCAJIBHBIX IOTMYECKUX JIEMEHTOB

B. H. Onanacenxo, C. JI. Kpvievtii

[pennaraercs mMoaxon K CHHTE3y aJalTHBHBIX CTPYKTYP, MPEACTaBICHHBIX MHOIOYPOBHEBOH OYIIEBOM CETHIO,
OITUCHIBAEMOH AlMKIIMYECKUM TpadoM ¢ YHUBEPCATHHBIMU JIOTHYECKUMHU dJIEMEHTaMU. B pe3ynbrare cuHTE3a Takux
CTPYKTYp OTpPENeNseTcs THIl JIOTUUSCKOW (YHKIIMU OYJIEBOH CETH, 3aJaHHOW 00ydJaromiell BHIOOPKOH TBOMYHBIX
BEKTOPOB, YTO TMO3BOJISIET MCIOJIB30BATh 3Ty CTPYKTYPY IUIsl 33/1a4d KJIAaCCU(HKAIMK BXOJHBIX BEKTOPOB. B oriu-
YyHe OT U3BECTHBIX METOJI0B CUHTE3a MHOIOYPOBHEBOMH JIOTHKH, B JAHHOM CTaThe MPEIOKEH METOJ] CHHTE3a TaKUX
CTPYKTYp, OCHOBaHHBIH Ha oNMCcaHuy OyineBoi ceT rmoauHoMamu JKeramkuHa, HaunHas ¢ nojcetu (n=3).

KaroueBsbie cioBa: ananranus, OyneBa (GyHKIus, TBOMYHBIN BekTop, FPGA, monuHOM, YHUBEpCaJIbHBIN JIO-
THYECKHUH AJIEMEHT.

METO/J CUHTE3Y KOH®II'YPOBHHUX JIOI'TYHUX BJIOKIB
HA OCHOBI YHIBEPCAJIbHUX JIOTTYHUX EJIEMEHTIB

B. M. Onanacenko, C. JI. Kpusuii

3arpornoHoBaHo MiAXiA 0 CHHTE3Y aalTHBHUX CTPYKTYP, SIKi IPECTABIEHO 0araTopiBHEBOIO OYIIHOBOIO Me-
pexero, 110 OMKCaHa alUKIIYHUM rpad)oM 3 YHIBepCaIbHUMH JIOTIYHIMU eJeMeHTaMu. B pe3ynbraTi CHHTE3y TaKuX
CTPYKTYp BU3HAYAETHCS THUI JIOTTYHOI (DYHKIIT OyIhOBOI MEpexi, sika 3ajlaHa HABYAJIHLHOK BHOOPKOI JBIHKOBUX
BEKTOpIB, IO JI03BOJISIE BUKOPUCTOBYBATH ILII0 CTPYKTYPY AJIs 3a1adi kiacugikaii BXiTHUX BekTopiB. Ha BinmmiHy
BiJl BIZIOMUX METOJIB CHHTE3Y OaraTopiBHEBOI JIOTII, Y IaHUH CTATTi 3aIPOIIOHOBAHO METOJl CHHTE3Y TaAKHX CTPYK-
TYyp, 3aCHOBaHUI1 Ha onucy OYyJIbOBOI Mepexi mojaiHoMamu JKerankiHa, TOUMHAIOUI 3 TiAMepexi (n=3).

Karoudosi coBa: aganTanis, 6ynpoBa QyHKIIs, ABifiKOBHIA BekTop, FPGA, noniHoM, yHiBepcalbHHUI JTOTTYHHNA
€JIEMEHT.
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