yu]

=,

Hoxazamno, wo 0 nidsuuwenns 0ocmogip-
Hocmi nepedasanms inopmauii y 6e3npogo-
006UX MENEKOMYHIKAUIIHUX CUCMEMAX WUPO-
KO 3acmocosylomoscs 320pmro6i Koou CnijbHo
3 pisHomanimnumu memooamu 0exo0y8aHHs.
Hagedeno 3azanvii npunuyunu cumwmesy ma
napamempu anzeOpaiMHux HeCUCMeMAMUMHUX
320pmKo6ux K00i6 3 006L1bHOI0 WEUOKICMIO
K0OYBAHHA MA MAKCUMATLHO 00CAHCHOIO KOO0~
8010 8i0CManH10.

IIpedcmaeneno ocroeni emanu 6Gioincnipo-
8an020 Memoody 0ex00yeanHs anzedpaitnux
320pMKOBUX KOOI6 3 BUKOPUCMAHHAM Mexa-
HizmMy eunaoxoeozo 3miwenns. Iloxazano, wo
cymuicmo npedcmasienozo memooy 0exooy-
8aHHA NOJAAE Y 3ACMOCYBAHHI NPOUedypu
Juepenuiiinoi egonroyii 3 espucmuuno 6u-
snauenumu napamempamu. Taxoxnc y danomy
Memo0i BUKOpUCMOBYEMbCA iHopmauis npo
HaOiliHiCMb NPUUHAMUX CUMBONIE 01 3HAXO-
Oxcennsa naubinvu nadiinozo 6asucy ysazaiv-
HeHnoi nopoodicyeanvioi mampuyi. Jodamxoso
3ACMOCOBYEMBCA MEXAHIZM 8UNADK0B020 3Mi-
wennsa 0 moouixauii npuiinamoi nocaiooe-
Hocmi 3 Memoio 30ilicnenns 6Gioincnipoeanozo
nOWYKY HA OCHOGI PI3HUX HAUOLTLW HAOil-
Hux 06a3ucie ysazanvienoi nopoolicyeanvioi
mampuui.

3a pesyavmamamu 00Cai0HCEHb BUSHAMEHO,
wo Oioincniposanuil memoo 0eKo0yeanHs asu-
2ebpaiunux 3eopmrosux xooie 3abesneuye oio-
wy epexmuenicmv y nopienanni 3 anzedpaiu-
HUM MemoooM 0ex00Yy8anHs Yy Kamaui 36°s3-
Ky 3 aoumuenum OILIUM 2aycCOBUM UWYMOM.
B 3anescrocmi 6i0 napamempie anzeopaiuno-
20 320pmMK06020 KO0y Mma Heo6xionozo Koei-
UieHmy NOMUNOK eHepzemuuHull euzpaut 6i0
xoodyeanns cmanosumv 6i0 1,6 06 do 3 ob.
Ioxaszano, wo npedcmasnenuil 6ioincniposa-
HUll Memoo 0ex00yeants modice Oymu GUKOPUC-
manuil 01 320pMK0BUX K00i6 3 6€JUK010 006~
JHCUHOM0 K0006020 0OMEINHCEHHSL.

Ipu yvomy npeocmasenenuii memod odexo-
dyeanns aneeOpaivHux 320pmKo6ux K00ié npo-
epac 3a epexmusnicmio memooy 0exo0yeanns
Bimepo6i ma mypéoxodam npu docmammniii Kio-
Kocmi imepayiii 0ex00y8ans

Kantouosi caosa: 6e3npoeodosi menexomy-
niKayiuni cucmemu, 320pmro6i xoou, anzed-
paiuna cmpyxmypa, dexodyeanus, 6Gioincnipo-
8aHUll NOWYK

1. Introduction

The introduction of new telecommunications services
and the need to provide access to information resources over
alarge territory predetermines the relevance of application of
wireless telecommunication technologies.
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A variety of noise resistant encoding methods are used
to ensure the desired reliability of information transmission
in telecommunication systems, based on these technologies.
Specifically, convolutional codes are widely used in wireless
telecommunication systems [1]. Synthesis of random codes
of this class is based on a computer search that is characte-




rized by high computational complexity and does not gua-
rantee obtaining codes with the required properties [2]. Con-
volutional codes with the algebraic structure, the so-called
algebraic convolutional codes, were proposed to remove
these constraints. These codes are based on generalization of
the provisions of the block code theory, have high structural
code characteristics and improved properties.

In paper [3], the polynomial representation of convolu-
tional codes, which made it possible to identify their cyclic
structure and to obtain the codes with a large free distance,
was proposed. In paper [4], the algebraic approach to de-
composition of any convolution code into several sub-codes
was presented and the parameters of the obtained cyclic
convolutional codes were given. In article [ 5], the concept of
cyclic convolutional codes was developed and a relationship
between the polynomial and vector of representation of these
codes based on the generalized circular matrices was found.
In paper [6], the principles of construction of the double
cyclic convolutional codes were presented and it was shown
that separate codes of the given class are close to optimal.
In article [7], an innovative approach to the implementation
of the cyclic structure of convolutional codes and the corre-
sponding binary codes based on polynomials of a special kind
was proposed. In [8, 9], algebraic principles of the construc-
tion of convolutional codes with the given encoding rate and
the necessary code distance that have the properties similar
to the classical block codes were presented. Paper [10] pro-
posed an algebraic approach to determining generator poly-
nomials and structural parameters of convolutional codes
through the selected non-binary cyclic block code.

The classic decoding of random convolutional codes by
the Viterbi method is based on the search in the code trellis
with the use of probabilistic procedures. Due to the high com-
putational complexity, this decoding method can be applied
only to the codes with a small code constraint length. In ad-
dition, the possible algebraic structure of a code is not taken
into account during implementation of this method [11].

Thus, the research aimed at further improvement and de-
velopment of the methods for decoding convolutional codes
by using the information on their algebraic structure, as well
as determining their characteristics and properties, should be
considered relevant.

2. Literature review and problem statement

At present, most methods of decoding algebraic con-
volutional codes are based on the approach that takes into
consideration the cyclic structure of these codes by analogy
with block codes.

Paper [12] presents the algebraic method for decoding
a particular class of cyclic convolutional codes, which guaran-
tees correction of a fixed number of errors. In this case, the
limit of successful decoding is determined by the minimum
code length of a code. According to this method, the accepted
sequence is divided into separate blocks. After accumulating
several blocks, decoding of the first of the obtained blocks of the
accepted sequence begins. Partial decoding of the determined
cyclic block code is carried out at each stage of the method.

In article [13], the principles of construction and the
method of decoding the convolutional codes with special
cyclic structure and the maximum achievable code distance
were shown. The decoding method based on the procedure of
finding the positions and error values in accordance with the

principle of decoding by a minimum distance was presented.
In this case, the computational complexity of this method prac-
tically does not depend on the size of the finite field and grows
polynomially with an increase in code memory. Due to these
characteristics, the presented decoding method can be applied
to convolutional codes with high structural characteristics.

Paper [14] considers the features of formation of a code se-
quence of convolutional codes, parameters of which are assigned
by a generator polynomial of the selected cyclic code. In this
paper it was shown that decoding these codes can be carried
out by serial decoding of codewords of the given cyclic code.
According to this method, the syndrome for each block of the
accepted sequence is determined. After that, the errors in the ac-
cepted block are found by means of the calculation of the system
of equations in the finite field and the codeword is recovered.

Through processing of hard decisions, the above algebraic
methods for decoding the convolutional codes are characte-
rized by relatively low correction ability and low efficiency.

At the same time, known advantage of likelihood deco-
ding of convolutional code is the possibility of taking into
consideration the information about reliability of accepted
symbols, that is, the implementation of soft decision pro-
cessing. This direction of development of the methods for
decoding the random convolutional codes, specifically, the
codes with the ring structure.

Specifically, a two-phase approach to decoding cyclic closed
convolutional codes based on the Viterbi method was proposed
in [15]. This approach uses the assumption that all possible
states in the code trellis can act as an initial state with an equal
likelihood. At the first stage, the search for the state in the
grid trellis, which has the highest credibility using a modified
Viterbi method with soft output, is performed. After finding
this state, the circular properties of these codes are used and
Viterbi decoding is applied that begins and ends on the selected
state, determined at the previous stage. The efficiency of this
decoding method by the criterion of decoding error is close to
optimal. This method has a fixed and relatively low computa-
tional complexity in the given range of the signal /noise ratio.

In paper [16], there is a comparative analysis of the ef-
ficiency of different approaches to the Viterbi list decoding
of convolutional codes with the ring structure that is used
to transmit short information sequences. It was shown that
in this case the highest efficiency is ensured by the circular
parallel Viterbi decoding by lists that are characterized by
the smallest computational complexity.

The method of decoding by a maximum likelihood of cyc-
lically closed convolutional codes with reduced complexity
was proposed in [17. This method is based on bi-directional
search by the first priority. The presented approach ensures
steady computing complexity of decoding with an increase
in the information sequence length and the code constraint
length of the convolution code.

A promising development of the methods for soft de-
coding of convolutional code implies the application of new
approaches based on the mathematical apparatus of natural
computing.

In paper [18], the method for decoding the convolutional
codes with an arbitrary encoding rate based on recurrent
neural networks was proposed and encoding optimization
strategies were given. The research conducted in the work
showed that this decoding method provides reliability of
information transmission at the level of the Viterbi method,
but with a lower computational complexity and the possibi-
lity of parallel information processing.



Paper [19] presented the adaptive method of soft de-
coding of convolutional codes based on artificial neural net-
works. In this paper, training of a neural network was carried
out according to the principle of teacher-guided learning,
and computer modeling was used for the optimization of
systematic parameters of the method. In this paper it was
shown that the efficiency of the proposed decoding method is
close to that of the Viterbi method. Characteristic properties
of this method include the adaptability to the conditions of
information transmission, reduction of training and decoding
time, non-iterative principle of information processing and
the possibility of parallel decoding.

A significant disadvantage of the above methods of soft
decoding of convolutional codes based on the search in the
code trellis and the use of neural networks is the rapid in-
crease in computational complexity at an increase in code
constraint length, which significantly narrows the area of
their application in practice. In addition, to enhance efficien-
cy and to decrease computational complexity of decoding, it
is advisable to take into account the algebraic structure of the
selected convolutional code.

On the other hand, an innovative approach in the theory
of block codes is representation of a decoding problem in the
form of an optimization problem for the solution of which
it is advisable to apply bioinspired procedures, specifically,
genetic algorithms.

The methods for decoding algebraic block codes based on
the joint application of the genetic algorithm, information
sets and the Chase method are proposed in paper [20]. This
research revealed that the efficiency of the presented hard
decoding method is similar to that of the Berlecamp-Messi
method. In addition, the conducted research implies that the
proposed method of soft decoding of block codes ensures the
energy gain from encoding at the level of the existing com-
bined decoding method.

To reduce the computational complexity of soft decoding
of block codes based on the genetic algorithm, it is proposed
in [21] to use the verification matrix, that is, to perform deco-
dingin the binary space. The characteristics of this approach at
different parameters of the genetic algorithm and the assigned
parameters of the selected classical block codes were studied.
It was shown that the proposed approach provides additional
gain from encoding in comparison with the existing decoding
methods for various models of communication channels.

Article [22] presented the methods for decoding linear
block codes in the binary space based on the compact genetic
algorithm with an increased size of the tournament The work
proposed different approaches to increasing the size of the
tournament and determined the influence of the parameters
of the selected genetic algorithm on the quality of decoding
of algebraic block codes. It was shown that the proposed de-
coding methods provide high enough gain from encoding and
are characterized by a reduced computational complexity.

Generalization of these results in the case of convolu-
tional codes was proposed in [23]. This paper presents the
main stages of the method for soft decoding of algebraic
convolutional codes based on bioinspired procedures. The
key stage of this method is an application of the generalized
bioinspired search to determine the predicted code sequence.
The additional components of this method include finding
the most reliable basis of the generalized generator matrix of
an algebraic convolution code and the application of the ran-
dom shift mechanism. This decoding method can be regarded
as further development of the methods for decoding convo-

lutional codes based on natural computations and as an al-
ternative to hard decoding of algebraic convolutional codes.

However, in paper [23], only the general conceptual
idea of this approach was presented and no information on
the characteristics of the presented decoding method for
assigned conditions of information transmission was given.
Specifically, an important task is to determine the efficiency
of this method for decoding algebraic convolutional codes
during the application of the specific bioinspired procedures
and the influence of additive noise, which causes the need to
conduct further research in this direction.

3. The aim and objectives of the study

The aim of this study was to assess the efficiency of the
bioinspired method of decoding of algebraic convolutional
codes in the communication channel with additive white
Gaussian noise (AWGN).

To accomplish the aim, the following tasks have been set:

— to analyze the principles of synthesis and to determine
parameters of algebraic non-systematic convolutional codes
with arbitrary encoding rate;

— to consider the main stages and determine the features
of the bioinspired method for decoding algebraic convolu-
tional codes using the random shift mechanism;

— to assess the efficiency of the bioinspired method for
decoding algebraic convolutional codes at the influence
of AWGN.

4. Methods for analysis of efficiency of bioinspired
decoding of algebraic convolutional codes

4. 1. Principles of synthesis and parameters of algeb-
raic convolutional codes

In paper [10], it was shown that a generalized generator
polynomial of a convolution code is actually a generator
polynomial of some non-binary block code, which completely
determines the characteristics of this convolutional code.

Consider the principles of synthesis of algebraic non-sys-
tematic convolutional codes with arbitrary encoding rate
R=Fk,/n, and the maximum achievable free code distance d_,
based on generator polynomial (N, K, D) of the Reed-Solo-
mon code.

Let us assume that an infinite sequence of information
symbols divided into frames of the length of %, arrive at the
input of a convolutional encoder:

i= (1011,...,10',80 Ay goeensy g sdp ey yee)s

where i, ; is the information symbols united into frames of
k, elements, i,;€GF(q),i=0,1,2,..,j=1,2, ., ky.

Then the infinite information sequence of a non-syste-
matic convolutional code with encoding rate R=#k,/n, can
be written down in a polynomial form of notation:

1(20) = iy )+ (e, X F (oo )2+ (1)

The sets of information symbols of a non-systematic
convolutional code with encoding rate R =k, / n, can be con-
sidered as the elements of field GF(g™), which is an extension
of the output field GF(g), and in this case the length of an in-
formation frame is supplemented with zeros to value m =n,.



Then the information polynomial (1) will be represented
in the following way:

i(x)y=1,+Tx+1x" +..., 2)

where [, is the information symbols, I, € GF(¢™"),i=0, 1, 2, ....

On the other hand, polynomial (2) corresponds to an
information vector of non-finite length, obtained as a result
of reading the coefficients at a formal variable x:

i=(I,,1,1,,..). )

Therefore, we obtained non-binary information symbols
of the given convolution code form set H € GF(g™), the size
of which is [H|=¢" <q", at k,<m.

According to [10], a non-systematic convolutional code
with encoding rate R =k, /n, can be algebraically assigned by
a generator polynomial, which is actually a generator polyno-
mial of the Reed-Solomon code:

G(x)=(x—o")(x—o"")..(x— o), (4)
where o, o, ..., a”P? are the roots of polynomial G(x),
which belongs to field GF(g™); b is the non-negative integer;
D is the minimum code distance of Reed-Solomon code.
After the computations, the generalized generator poly-
nomial of the convolution code (4) can be represented as:

G(X)= 0 + 0, X +0x” +...+ 0, X", (5)

where u is the memory of the convolutional code that cor-
responds to the number of check symbols in a codeword in
the Reed-Solomon code, u=D—1; o, o.;, ..., o, are the roots
of polynomial G(x), which belongs to field GF(g™).

Then the process of convolutional encoding of an in-
formation sequence in the polynomial form corresponds to
multiplication of information polynomial (2) by the genera-
lized generator multinomial (5):

c(x)=i(x)G(x)=C, +Cx+C,)x” + ..., (6)

where C; is the code symbols of a convolutional code,
C eGF(q"),i=0,1,2, ...

To obtain the g-th code sequence, it is necessary to dis-
play code symbols, obtained in accordance with (6), in the
sets of the elements of field GF(g) that correspond the frames
of a code sequence of length n,:

(Y — (o . . . 2
C(X)—(Co,1y~-~,ﬂo,m,)+(C1,p--~yC1,nﬂ )x+(02v0,...,czynﬂ Yx +..., (7)

where ¢; , is the code symbols united in frames by 7, elements,
¢, €GF(q),i=0,1,2, .., k=1,2, ., n,.

Therefore, the described above process of convolutional
encoding can be represented in a vector form using the in-
finite generator matrix that is represented in the generalized
form. For convenience of the vector representation of the
encoding process by the algebraic non-systematic convolu-
tional code with encoding rate R=k,/n,, we will transform
the generalized generator polynomial (5) as follows:

G(x)=G,+Gx+Gyx’ +..+G,x", ®)

where G,, G,, ..., G, are the symbols that belong to field
GF(gq™), which assign the form of the mutual connection of

convolution coder registers. Then a generalized generator
matrix of the algebraically assigned non-systematic con-
volutional code with encoding rate R=#k,/n, will take the
following form:

G(x)
xG(x)

6=l Sl )

Therefore, the process of convolution encoding in the
vector form of notation corresponds to the multiplication of
information vector (3) by generator matrix (9):

c=iG=(C,,C,,C,...)

with further display of the symbols of field GF(¢™) into
vectors over field GF(g) to obtain the code vector, which
corresponds to polynomial (7):

C=(CoygrerCoy s Cupreeer Cpy s Cogreees Ca gy veve)-

In [10], it was shown that non-systematic (7,,k,,V) con-
volutional code with encoding rate R =k, /n, over field GF(g),
algebraically assigned by generalized generator polynomial (8)
or by generator matrix (9), has the following parameters:
information frame length k; =log, (H) (H cGF(q")); code
frame sequence length n, = m; code memory u; code constraint
length V =uk,; length of information block k= (u+1)k,; code
block length n = (u+1)n, = kn, /k,; free code distance d_ 2 D.

4. 2. Bioinspired method for decoding algebraic convo-
lutional codes

Restrict the length of the information sequence that ar-
rives at the input of the convolutional coder to value K, then
taking into account (6), we will get the code polynomial:

C(x)=Cy+Cx+Cx* +..+Cy x"™. (10)

In this case, the polynomial (10) can be formally rep-
resented in the form of code polynomial (N, K, D) of the
Reed-Solomon code, and the corresponding binary display of
this code sequence takes the form:

(20) = (Copo1Cppy )+

. . N-1
+ (cm,...,cm0 )x+...+ (cN,m,...,(,,\HV,,0 )t

(11)

Let us assume that information transmission using this
algebraic convolutional code is implemented with the use of
binary phase modulation, then the code sequence (11) can

be represented in the polynomial form by the corresponding
bipolar code sequence:

o(x)= (Uo.p"'rvo,nu )+

Sl COTTRN I & o S o (NN v )N, (12)
where ©,, is the bipolar code symbols, united in frames
by n, elements, v,, 6{1,—1}, i=0,1,2, .., k=1,2, .., n,

Then at the output of the communication channel
with AWGN, the accepted sequence in the polynomial form
equals to:



r(x)= (70.1:~~-77’o,n0 )+

N-1
+ (7'1.1’"-77’1,/;0 )x+"‘+(7:?\/—1,0""’rN—1.;10 )T, (13)

where 7, are the accepted symbols, united into frames by
n, elements, 7, € R, i=0,1,2, .., k=1,2, .., n,.

It should be noted that the matrix representation unam-
biguously corresponds to the polynomial representation of
algebraic convolutional codes based on (11)—(13). In this
case, the information, code and the accepted sequences can be
represented as vectors, and the generalized generator poly-
nomial of an algebraic convolutional code (5) corresponds to
the generalized generator matrix (9).

Taking into consideration the fact that algebraic con-
volutional codes can be represented as binary display of
Reed-Solomon codes, that is, actually in the form of long
binary (N’ = Nn,, K’ = Kn,) block codes, the bioinspired me-
thod for soft decoding of these codes using the random shift
mechanism was proposed in paper [23].

The main stages of this method for decoding algebraic
convolutional code based on the procedure of differential
evolution [24] are given below.

Stage 1. Initialization.

Determining the initial iteration /=0, the maximal num-
ber of decoding iterations L, parameters of the procedure
of differential evolution (population size is NP, maximal
number of generations is L, , impact factor a, probability of
«crossovers b), magnitudes of random shift 6 and formation
of accepted sequence g=(q,, q;, - qy-,), Where g, = ‘r,‘

Stage 2. Ordering the accepted sequence based on the
information about reliability of symbols.

Location of positions of accepted sequence g according to
decreasing reliability of elements ¢, =|r;|> g, :?rj , which de-
termines permutation 7w, at /=0 and permutation ©] at/>0.

Stage 3. Finding the most reliable basis of the generator
matrix of the algebraic convolutional code.

Ordering the columns of generator matrix (9) based
on m, at /=0 or m at />0, determining the most reliable
basis of the given matrix and transformation of the obtained
matrix into the systematic form G, at /=0 or G/ at />0 based
on permutation w, at /=0 or w, at/>0.

Stage 4. Bioinspired search for the predicted code se-
quence of an algebraic convolutional code with the use of the
procedure of differential evolution.

Step 4. 1. Initialization of the population of vectors of de-
cisions (information sequences of an algebraic convolutional
code) and establishment of the number of initial genera-
tions g=1.

The first vector of decisions ZLg is formed by hard decision
for the first K’ symbols of ordered sequence ¢, which corre-
sponds to the most reliable information sequence. The rest
of vector of solutions z;g, {3,5” . Z\’P,g are generated randomly.

Step 4. 2. Selection of objective vector of solutions i
vell, NP].

Step 4. 3. Formation of the mutation vector of decisions
with the use of the operator of differentiating mutation.

.87

i LTa@

v,g+1 = Zrl (13)

g g
where 17,_‘ o fw, 17,%g are the random vectors of decisions form
.current generation g, i, , #1i, , #1, , #i,, VE[l, NP|;ais the
impact factor, a €0, 2].

Step 4. 4. Formation of the trial vector of solutions using
the crossover operator:

0g?

= (7 ’ =
lz/,g+1 - (Zw,zr,gﬂ’lur,z;gﬂ""’ lw,zr,gﬂ)’

(14)

where zz_vyvgﬂ is the elements of the trial vector of solutions,
w=1,2,.., K, ve[l, NP], which are determined in the fol-
lowing way:

1

o w,0,8+17

ifU <borw=w,,

w,0,8+1 =3~

Lo else,
where U, is the random number, which is generated by
the uniform distribution law in the range of [0, 1]; b is the
«crossover» probability, b€[0, 1]; w, is the random index
determined by the element of the trial vector of solutions.

Step 4. 5. Encoding the obtained trial vector of solutions
(information sequence) with the use of the modified genera-
tor matrix of algebraic convolutional code G, (or G7).

Step 4. 6. Performance of the selection operation.

Assessment of the quality of a trial vector (and the cor-
responding code sequence of an algebraic convolutional
code) by calculation of the non-correlation function, which
plays the role of an objective function in the procedure of
differential evolution:

E(r,0)= z "',

i:7;.0;,<0

: (15)

where ‘71‘ is the «reliability» of accepted symbols that is
determined by the absolute value (amplitude) of symbols.

If for the trial vector of solutions (14) the objective
function (15) has a lower value than for the objective vector
of solutions (13), then a given vector replaces the objective
vector of solutions in the next generation g=g+1. Otherwise,
the current objective vector of solutions transfers into the
next generation g=g+1.

Step 4. 7. If the maximal number of generations g<L__,
proceed to step 4.1; otherwise, the best vector of solutions
(and the corresponding code sequence of the algebraic con-
volutional code) is determined and we proceed to stage 5.

Stage 5. Application of random shift to the elements of
the accepted sequence.

If the number of iterations /<L, we proceed to stage 2
after their formation of the elements of trial vector 7’

’
r=1+9,

where 0 is the random shift, which is a binary random mag-
nitude that accepts with equal probability value +a, where
a is a real number.

In [25], it was shown that the use of this mechanism
makes it possible to perform randomly the exchange in posi-
tions between the groups of symbols of the accepted sequence
with varying reliability. Actually, the presented mechanism
enables the formation of a new most reliable basis with the
best characteristics by excluding some error positions.

Stage 6. Formation of assessment of the transmitted code
sequence with the help of inverse display and completion of
the decoding process.

After reaching the maximum number of decoding itera-
tions, there occurs the formation of the estimate of the trans-
mitted code sequence by the reverse display of the best code
sequence obtained at stage 4:

Y =5 Yl o Yo =TR[]



Thus, a key feature of the presented method for deco-
ding algebraic convolutional codes implies determining the
predicted code sequence using the bioinspired search. In
addition, an important component of this method is finding
the most reliable basis for different trial vectors, which are
obtained using the random shift mechanism.

In this case, the most reliable basis directly for the accep-
ted sequence is in zero iteration and the new most reliable
bases for modified accepted sequences obtained by applying
the mechanism of random shifts are formed in the following
iterations. This makes it possible to generate new code se-
quences of an algebraic convolutional code using updated
sets of the most reliable bases for the assigned accepted
sequence, which leads to an increase in efficiency of the bio-
inspired search for the predicted code sequence.

Computational complexity and efficiency of the presen-
ted method for decoding algebraic convolutional codes main-
ly depends on the selected bioinspired procedure and the
magnitude of random shift, the selection of which is deter-
mined by the characteristics of the communication channel
and other factors.

4. 3. Procedure for estimating efficiency of the bio-
inspired method for decoding algebraic convolutional codes

To assess the efficiency of the bioinspired method for de-
coding algebraic convolutional codes, we developed a com-
puter model of a wireless telecommunication system that
takes into consideration specific features of information
transmission in the communication channel with AWGN
with the use of the given types of codes and the presented de-
coding method. In this case, this model provides the ability to
change the parameters of algebraic convolutional codes, the
magnitude of interference in the communication channel and
makes comparison of the presented method with the existing
decoding methods [11, 14]. The basic steps of computer mo-
deling of the process of information transmission in a wireless
telecommunications system are shown below.

Step 1. Establishment of the parameters for algebraic
convolutional code, assigning a generator polynomial (ge-
neralizing generator matrix).

Step 2. Establishment of parameters of bioinspired me-
thod for decoding with random shift.

Step 3. Establishment of the range of the signal/noise
ratio and the information sequence length.

Step 4. Formation of the information sequence.

Step 5. Formation of the code sequence based on the ge-
neralized generator polynomial (generalized generator matrix).

Step 6. Transformation of the code sequence into the sig-
nal of binary phase modulation.

Step 7. Formation of AWGN and its adding to the modu-
lated signal.

Step 8. Decoding the accepted sequence with the use of
the bioinspired method for decoding with random shift.

Step 9. Determining the error coefficient for the selected
decoding methods.

Step 10. If a maximum value of the signal /noise ratio has
been achieved and an information message has been com-
pletely transmitted, proceed to step 11, otherwise, proceed
to step 4.

Step 11. Displaying the dependence of error coefficient
on the signal /noise ratio for the selected decoding methods.

Thus, software implementation of this algorithm makes
it possible to estimate energy efficiency when using the
bioinspired method for decoding the algebraic convolu-

tional codes and to compare it with the existing decoding
methods.

When performing experimental studies with the use of the
developed computer model, we used the following settings:

1) code type — algebraic convolutional code with as-
signed parameters;

2) range of signal/noise ratio — from 0 to 9 dB;

3) number of the transmitter information messages (code
sequences of a convolutional code) — 1000;

4) parameters of the bioinspired method for decoding
based on the procedure of differential evolution [24] — ma-
ximal number of decoding iterations L=>50; magnitude of
random shift 8=0.1; parameters of the procedure of differen-
tial evolution — size of population NP=20, maximal number
of generations L =100, impact factor a=0.7, «crossover»
probability 5=0.9.

3. Results of analysis of efficiency of
the bioinspired method for decoding the algebraic
convolutional codes

Comparison of modeling results in the channel with
AWGN of the represented bioinspired decoding method with
random shift, the algebraic decoding method and the Viterbi
method for algebraic (n,,k,,V) convolutional codes with the
selected parameters is shown in Fig. 1, 2.

Analysis of Fig. 1 reveals that the represented bioinspired
decoding method with random shift compared with the al-
gebraic decoding method for algebraic (3, 1, 3) convolution
code provides the energy gain from encoding of 1.6 dB at
error coefficient 107%; 2.4 dB at error coefficient 10~; about
3 dB at error coefficient 107, At this, the proposed decoding
method is less efficient than the Viterbi method in the range
of low signal /noise ratio (about 1 dB).

It follows from the diagrams shown in Fig. 2 that the pro-
posed decoding method for algebraic (4, 1, 8) convolutional
code compared to the algebraic decoding method provides
the energy gain of encoding of around 2.4-2.7 dB at error
coefficient less than 107> In addition, it also follows from
Fig. 2 that at an increase in code constraint length, the effi-
ciency of the presented decoding method decreases in com-
parison with the Viterbi method (the loss is about 1.5 dB).
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Fig. 1. Dependence of coefficient of errors from
the signal /noise ratio for algebraic (3, 3, 1) convolution code
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Fig. 2. Dependence of error coefficient on the signal /noise
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Comparison of modelling results in the channel with
AWGN of the proposed decoding method and the algebraic
decoding method for algebraic (5, 1, 16) convolutional code
is shown in Fig. 3. Because of a large code constraint length,
decoding of this convolution code is impossible to implement
by the Viterbi method. That is why the efficiency of the bio-
inspired decoding method with random shift was compared
with the characteristics of the turbo code for different num-
ber of iterations of decoding (Fig. 3). This turbo code has
encoding rate R=1/2, and consists of recursive systematic
convolutional codes with a code constraint length of V=4.
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Fig. 3. Dependence of error coefficient
on the signal /noise ratio for algebraic (5, 1, 16)
convolutional code and turbo code

It follows from the diagrams presented in Fig. 3 that the
bioinspired decoding method in comparison with the algeb-
raic decoding method for algebraic (5, 1, 16) convolutional
code provides energy gain from encoding of 2.1 dB at error
coefficient 107%; 2.2 dB at error coefficient 107°; 2.3 dB at
error coefficient 107, It also follows from Fig. 3 that in the
range of a high signal /noise ratio, the characteristics of this
convolutional code during the application of the proposed
decoding method exceed the characteristics of the turbo

code after 1 iteration of decoding by 1dB. At a decrease
in the number of iterations up to 16, efficiency of a turbo
code considerably exceeds the characteristics of the alge-
braic convolutional code, although it has a significant code
constraint length.

Table 1 gives numerical results on the efficiency of deco-
ding methods that were obtained in the course of experi-
mental research for algebraic convolutional codes with the
selected parameters in the assigned range of error coefficient.

Table 1

Numerical results concerning efficiency of the methods for
decoding algebraic convolutional codes

S Signal /noise Signal /noise Energy
Pd;:::e i:;%r_ ratio at alge- | ratio at bioin- | gain from
facod dent braic decoding, | spired decoding, | encoding,
ofacode | cie dB dB dB
1072 5.1 3.5 1.6
(3,1,3) | 103 6.9 45 24
1074 8.4 5.4 3
1072 4.3 1.9 2.4
(4,1,8) | 103 55 3.1 2.4
104 6.6 3.9 2.7
102 4 1.9 21
(5,1,16) | 1073 5.6 3.7 1.9
1074 6.3 4.3 2

The analysis of Table 1 reveals that at the assigned values
of error coefficient for the selected algebraic convolutional
codes, energy gain from encoding when using the bioinspired
decoding method in comparison with the algebraic deco-
ding method is from 1.6 dB to 3 dB. In addition, it should
be noted that the use of the bioinspired method with ran-
dom shift for decoding the algebraic convolutional codes
with high encoding rate (R=1/3, R=1/4) provides higher
efficiency.

6. Discussion of results of analyzing efficiency
of the bioinspired method for decoding algebraic
convolutional codes

The methods for soft decoding of convolutional codes
based on the search in the code trellis and the application of
neural networks [15—19] can be used only for convolutional
codes with a small code constraint length (V<9) due to the
rapid growth of computational complexity. According to the
research results, the presented method ensures decoding of
the convolutional code with a quite large code constraint
length (V< 16).

In comparison with the existing methods for decoding
convolutional codes with the algebraic structure, using the
mathematical apparatus of the theory of finite fields and
linear algebra [12—-14], the bioinspired decoding method is
based on provisions of the theory of stochastic optimization
and additional heuristic procedures. As a result, the simplifi-
cation of the formal representation of this decoding method
is achieved and visibility of its main stages is ensured. In
addition, a significant advantage of the presented deco-
ding method is the possibility of taking into consideration



the information of reliability of the symbols received from
the communication channel, that is, the implementation
of soft decoding of algebraic convolutional codes. Due to
this, the presented decoding method in comparison with
the algebraic decoding method [14] in a given range of the
signal /noise ratio ensures an average energy gain from en-
coding of about 2 dB.

The shortcomings of the presented method for decoding
the algebraic convolutional codes include uncertainty at
selecting the operating parameters for the assigned charac-
teristics of the communication channel, such as the type of
the bioinspired procedure and its parameters. The proposed
decoding method has high enough computational comple-
xity of technical implementation. In addition, the presented
method for decoding algebraic convolutional codes is less
efficient than the Viterbi decoding method and turbo codes
at sufficient number of iterations of decoding.

The performed research can be considered as the compo-
nent for improving the characteristics of wireless telecommu-
nication systems through the use of convolutional codes that
should ensure specific reliability of information transmission
while providing some services.

In further studies, it is planned to formalize the selection
rules at the key stage of the presented method of decoding
of a particular bioinspired procedure and its parameters
depending on the conditions of information transmission. In
addition, it is advisable to carry out a comparative analysis
of efficiency of the application of different bioinspired pro-
cedures when implementing the proposed decoding method.

The results obtained in the course of research are inde-
pendent and can be used to upgrade the existing wireless
telecommunication systems or when developing advanced
telecommunication technologies.

7. Conclusions

1. Convolutional codes are widely used, along with various
decoding methods, to increase the reliability of information
transmission in wireless telecommunication systems. Convo-
lutional codes with the special algebraic structure, the para-
meters of which are completely assigned by the generalized
generator polynomial or the corresponding generalizing gene-
rator matrix, can be represented as long binary block codes.

2. The key feature of the presented bioinspired method
for decoding the algebraic convolutional codes implies the use
of a certain bioinspired procedure with the heuristically de-
termined parameters as a search mechanism. In addition, this
method uses information about the reliability of accepted sym-
bols at each decoding iteration in order to find the most reliable
basis of the generalized generator matrix. Using this approach
makes it possible to generate more accurate trial information
and code sequences at the stage of bioinspired search.

The random shift mechanism, which is designed to
modify the accepted sequence for the purpose of bioinspired
search based on a variety of the most reliable bases of the
generalized generator matrix, is additionally used to enhance
efficiency of decoding.

3. The bioinspired method for decoding algebraic con-
volutional codes based on the procedure of differential
evolution ensures higher efficiency in comparison with the
algebraic decoding method in the communication channel
with AWGN. Depending on the parameters of the algebraic
convolutional code and the required error coefficient, energy
gain from encoding is from 1.6 dB to 3 dB. In addition, in
contrast to existing soft decoding methods, the presented
decoding method can be used for convolutional codes with
a large code constraint length.
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