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This paper reports the principles of build-
ing irregular codes with a low density of pari-
ty checks. It has been determined that finding
irregular finite-length codes with improved
characteristics necessitates the optimization
of the distributions of powers of the symbol
and test vertices of the corresponding Tanner
graph. The optimization problem has been
stated and the application of a bioinspired
approach to solving it has been substantiat-
ed. The paper considers the main stages of
the bioinspired method to optimize the finite-
length irregular codes with a low density of
parity checks. It is shown that a given meth-
od is based on the combined application of the
bioinspired procedure of bats, a special meth-
od for building Tanner graphs, and computer
simulation.

The reported study aimed to evaluate the
effectiveness of the proposed method for opti-
mizing irregular codes when using the select-
ed bioinspired procedure and the predefined
model of a communication channel.

Based on the study results, it has been
determined that the optimized relatively short
irregular codes with a low density of pari-
ty checks possess better characteristics com-
pared to existing codes. It is shown that the
derived codes do not demonstrate the effect of
an "error floor" and ensure an energy win via
encoding of about 0.5 dB compared to regular
codes depending on the length of the code. It
has been determined that the optimization of
irregular codes with a low value of the maxi-
mum power in the distribution of powers of the
symbol vertices of the Tanner graph leads to a
decrease in the order of an error coefficient in
the region with a high signal/noise ratio.

The application of the optimized irregu-
lar codes with a low density of parity checks
could improve the efficiency of next-genera-
tion wireless telecommunication systems

Keywords: wireless telecommunication
systems, irregular codes, optimization, bioin-
spired search, communication channel
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1. Introduction

To ensure the predefined reliability of information trans-
fer, telecommunication technologies employ a variety of
interference-resistant code structures. A special feature of
the next-generation wireless telecommunications systems
is the dominant use of codes with a low density of parity
checks [1]. The peculiarity of these codes is the sparseness
of the verification matrix, which makes it possible to use an
iterative decoding method based on trust propagation. The
disadvantage of a given method is the presence of a noise
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threshold effect, above which the probability of proper de-
coding approaches zero [2].

Codes with a low density of parity checks almost reach
the throughput limit for different communication channel
models. They also demonstrate better probability rates of iter-
ative decoding errors when increasing a signal /noise ratio (an
“error floor” effect), as well as less difficulty in the technical
implementation of the codec compared to turbocodes [3].

The graphical representation of this class of codes is
based on Tanner graphs. In this case, the verification matrix
of some code corresponds to the incident matrix of the corre-



sponding Tanner graph. Depending on the type of a Tanner
graph, the regular and irregular codes with a low density of
checks for parity are distinguished. In this case, the latter,
in general, have better characteristics, which predetermines
the expediency of their practical application [3].

To enhance efficiency and improve the characteristics
of irregular codes with a low density of parity checks for
the predefined conditions for information transfer, it is ad-
visable to optimize their parameters. In this case, different
performance criteria can be used, such as a noise threshold
value, the computational decoding complexity, encoding
speed, etc.

For very long codes, that is, for an asymptotic case, op-
timization can be implemented using special mathematical
tools — the external information exchange diagram [4] and
a density evolution procedure [5]. However, finite-length
codes have limitations on the use of specific mechanisms.

Thus, it is a relevant task to study the improvement of
the effectiveness of finite-length irregular codes with a low
density of parity checks by optimizing their parameters.

2. Literature review and problem statement

An approach to building the ensembles of irregular codes
with a low density of parity checks based on semi-defined
programming is proposed in [6]. To that end, the authors
stated appropriate optimization problems, to solve which
they used classical optimization methods. Examples of the
parameters of the resulting code ensembles with optimized
encoding speeds that reach the throughput of the commu-
nication erasure channel were given. However, the issues
related to the application of a given approach to other models
of communication channel and special classes of codes with a
low density of parity checks remained unresolved.

To eliminate this problem, study [7] considered the op-
timization of codes with a low density of parity checks with
multiple edges for communication channels with an additive
white Gaussian noise (AWGN) and erasure. The authors
described a combined approach to the compatible optimiza-
tion of different parameters for a given code class. Methods
of local optimization and differential evolution were used to
solve the set optimization problem. In this case, the iterative
decoding threshold was determined by using a procedure of
density evolution for the selected models of the communica-
tion channel.

However, works [6,7] aim to obtain codes with a low
density of parity checks reaching the throughput limit of the
selected communication channel models without taking into
consideration the computational complexity of decoding.
Therefore, to minimize the computational complexity of
iterative decoding of long codes with a low density of parity
checks, paper [8] devised a methodology for constructing
such codes for an arbitrary symmetrical communication
channel without memory. A given approach is based on the
proposed assessment of the complexity of iterative decoding
calculated through the procedure of density evolution and
the analysis of the external information exchange diagram
for the predefined code. The resulting irregular codes, opti-
mized for decoding complexity, have much better character-
istics compared to codes optimized beyond the throughput
limit of the communication channel.

However, studies [6—8] do not take into consideration
the peculiarities of specific information transfer systems

and specific communication channels. In order to eliminate
these limitations, paper [9] used the external information
exchange diagrams in conjunction with the differential
evolution method to optimize relatively long codes with
a low density of parity checks in the underwater acoustic
communication channel. The study demonstrated that the
optimized codes possess better characteristics compared to
regular codes with a low density of parity checks and turbo-
codes for the selected conditions of information transfer. In
addition, paper [10] examined the optimization of codes with
a low density of checks for parity of different lengths, used
in conjunction with a continuous phase modulation in the
construction of a satellite system of digital TV. To that end,
the authors of [10] proposed a practical model with global
interleaving and stated a corresponding nonlinear optimiza-
tion problem. To solve the set task, they applied an approach
based on an analysis of the external information exchange
diagram in conjunction with the latest bionic swarm intelli-
gence procedure. It is shown that the optimized codes pro-
duce an additional win from encoding in the channel with
AWGN compared to previously obtained codes. In turn,
study [11] considered the optimization of finite-length codes
with a low density of parity checks to be used in the Internet
of Things technology. The proposed approach is based on
the computer simulation of the process of transmitting infor-
mation in a channel with gaussian interference and the use
of the simplex descent method to find the optimized codes.
However, studies [6—11] were aimed at optimizing long
enough codes, although next-generation wireless telecom-
munications systems imply the use of relatively short codes.
To solve this task, paper [12] proposed a class of spatially-re-
lated codes with a low density of parity checks with an un-
even structure. To further optimize the parameters of these
codes for use in erasure channels and AWGN, the authors
applied a procedure of density evolution in conjunction with
the method of differential evolution. The optimized codes
are shown to exceed regular and irregular codes with a low
density of parity checks with a uniform structure for the
selected communication channel models in terms of energy
intensity. However, these codes have a specific structure that
limits their application in practice. Study [13] shows that
optimizing short codes with a low density of parity checks
for optical communication systems in a free space requires
consideration of the characteristics of the communication
channel. To that end, it was proposed to jointly use the asym-
metric density evolution procedure and various evolutionary
optimization procedures used in parallel. As a result, the
codes optimized for the asymmetric communication channel
with a modulation of the “inclusion-exclusion” type were ob-
tained. However, a given approach is characterized by high
computational complexity, which greatly limits the scope of
its application. In addition, the use of special mathematical
tools in [12, 13] with limitations for optimizing short codes
leads to a deterioration in the characteristics of the obtained
codes. An option of overcoming these difficulties is to apply
the concept of “decoder in a loop” using a genetic algorithm
when optimizing short codes [14]. A given approach takes
into consideration the characteristics of the communication
channel and meets the practical requirements for decoding.
It is shown that the obtained codes demonstrate improved
characteristics in the communication channels with AWGN
and Rayleigh fading compared to existing codes. However,
a given approach can only be used for very short codes with
a low density of parity checks due to the optimization of the



verification matrix in general. Paper [15] also reported a bio-
inspired approach to optimizing the finite-length irregular
codes with a low density of parity checks without the use of
specific mathematical tools. To that end, the authors stated
an appropriate optimization problem and described the
methodology for solving it. The essence of the proposed ap-
proach is the joint application of the generalized bioinspired
procedures, a method of building Tanner graphs, and the use
of computer simulation.

However, paper [15] described only the general idea of
a given approach and did not provide information on the
characteristics of the reported optimization method for the
predefined conditions of information transfer. In particular,
an important task is to determine the effectiveness of a given
method to optimize the relatively short irregular codes with
a low density of parity checks when applying a specific bioin-
spired procedure. In addition, from a practical point of view, it
is advisable to investigate the possibility of using this method
in the presence of additive interference in the communication
channel. All this allows us to argue that it is appropriate to
conduct a study on the assessment of the effectiveness of the
bioinspired method of optimizing the finite-length irregular
codes with a low density of parity checks.

3. The aim and objectives of the study

The aim of this study was to evaluate the effectiveness
of the bioinspired method of optimizing the irregular codes
with a low density of parity checks in a communication
channel with AWGN.

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

—to devise the principles of construction and to deter-
mine the parameters of irregular codes with a low density of
parity checks;

— to consider the main stages and define special features
of the bioinspired method for optimizing irregular codes
with a low density of parity checks;

— to evaluate the effectiveness of the bioinspired meth-
od for optimizing the irregular codes with a low density of
checks on parity exposed to AWGN.

4. The principles of construction and the parameters of
irregular codes with a low density of parity checks

In a general case, some irregular code with a low density
of parity checks is determined by the distributions of powers
of the symbol and test vertices in a Tanner graph:

dy
M) =3 r, M
dp )
p(x)=2 P @)

where A; is the coefficient that determines the share of
edges originating from the symbol vertex of the Tanner
graph of power i;
piis the coefficient that determines the share of edges orig-
inating from the test vertex of the Tanner graph of power i;
dy is the maximum power of the symbol vertices of the
Tanner graph;

dp is the maximum power of the test vertices of the Tan-
ner graph.

Thus, (1) and (2) define an ensemble of irregular codes
with a low density of parity checks.

Let a code have n symbol vertices in the Tanner graph,
then the number of the symbol vertices of power i is

Nl’,zngi/i .=n1 }Li/i ’
20T [ (a)de
0

and the total number of edges originating from all symbol
vertices is equal to
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= _([K(x)dx I';?»(x)dx

Similarly, suppose the code has m test vertices in a Tan-
ner graph, then the number of the test vertices of power i is
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and the total number of edges originating from all test ver-
tices is
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If one equates (3) and (4), one can obtain the following
equality:

Then, in a general case, the estimated coding speed of a
given code is equal to

Paper [5] shows that the effectiveness of irregular codes
with a low density of parity checks depends heavily on the
pair of the distribution of powers in (1) and (2). Consequent-
ly, the search for the irregular codes with a low density of
parity checks with improved characteristics is equivalent to
finding these distributions of powers.

It should be noted that (1) and (2) determine the ensem-
ble of irregular codes with a low density of parity checks.
A Tanner graph for a specific code from a given ensemble
can be constructed, for example, using a “progressive edge-
growth” (PEG) method [16].

The application of a given method employed the follow-
ing principles of building irregular codes with a low density
of parity checks.



First, we formed the distribution of powers in (2) based
on a uniform law for two consistently selected test vertices of
the Tanner graph. As a result, the task of searching for irreg-
ular codes is reduced to determining only the distribution of
powers of the symbol vertices of the Tanner graph (1).

Second, to reduce the computational complexity of
finding the distribution of powers (1) close to optimal, it is
proposed to use a truncated distribution of powers of the
symbol vertices of the Tanner graph. A given distribution is
formed by the empirical selection of only a few symbol verti-
ces with the predefined powers. For example, this work uses
the powers of 2, 3, dy and a small number of intermediate
powers depending on the code parameters.

Given this, the truncated distribution of powers of the
symbol vertices of the Tanner graph, containing / nonzero
coefficients, can be represented as follows:

Ax)=Y Ax?, ©)

where A, is the coefficient that determines the share of edges
originating from the pre-selected symbol vertex of the Tan-
ner graph of power i;

d; is the pre-selected power of the i-th component of the
distribution of powers.

In this case, the following condition must be met for the
A, coefficients:

!
YA =1 0<A, <. )

i=1

Then, considering (6), the search for the distribution of
powers of the symbol vertices in (5) can be represented as a
search for the elements of A; vector of length 1.

In addition, to limit the search area to the dimensionality
of [-1, it is advisable to represent the I-th coefficient in (5)
as follows
It
A=1-Y A, @

i=1

i=

Thus, the application of the described principles makes
it easier to find irregular codes with the predefined coding
speed R with improved characteristics.

5. A bioinspired method for optimizing irregular codes
with a low density of parity checks

Taking into consideration (5) to (7), the desired distri-
bution of powers of the symbol vertices of the Tanner graph
of some irregular code can be represented in the form of
a A= (A1, Ay, .., A1_1)~ vector. To assess the “quality” of a
given vector, when constructing a Tanner graph by the PEG
method, it is necessary to define the appropriate objective
function. In [5], a value of the noise threshold for iterative
decoding was selected to be the objective function. To calcu-
late this threshold, the authors used a procedure of density
evolution for different distributions of powers of the vertices
of the Tanner graph, determined by using the method of
differential evolution. However, a given approach is charac-
terized by significant computational complexity while the
accuracy of the results decreases for relatively short codes.

To address these drawbacks, paper [15] suggests using
the probability of a decoding error (an error factor) as an ob-
jective function, calculated from computer simulation based
on the Monte Carlo method.

Thus, taking into consideration (5) to (7), a search for
the improved irregular codes with a low density of parity
checks with the predefined parameters for some model of a
communication channel can be formally represented in the
form of the following optimization problem:

S(A%)=min /(&) ®
/(A)=BER, 9)
SNR=const, R=const, 10)
A= KA,:1—§A,. : a1

0<A; <1

where A* is the global (local) minimum, which corresponds
to the “best” vector, consisting of the coefficients of the dis-
tribution of powers of symbol vertices;

A’ is the set of permissible solutions, which corresponds
to a group of vectors that consist of the coefficients of the
distribution of powers of symbol vertices;

BER is the probability of a decoding error (an error rate);

SNR is the signal /noise ratio, dB.

It follows from the analysis of function (9) and limita-
tions (10), (11) that the stated minimization problem (8) is
the task of nonlinear programming. In this case, determin-
ing a global minimum using classical optimization methods
is characterized by significant computational complexity.
Therefore, to solve it, paper [15] proposed to use the gen-
eralized bioinspired optimization procedures that make it
possible to find a suboptimal solution with acceptable com-
putational complexity.

Study [17] shows that the bioinspired procedure prompt-
ed by the behavior of bats is more effective at solving
standard optimization problems than a series of other pro-
cedures. Therefore, we shall consider the possibility of using
a given bioinspired procedure when solving optimization
problem (8).

Consider the main stages of the bioinspired method for
optimizing the finite-length irregular codes with a low den-
sity of parity checks based on the procedure of bats.

Stage 1. Select the code parameters and the characteris-
tics of a communication channel model.

Step 1. 1. Select the value of coding speed R.

Step 1.2. Determine the value of the SNR signal/noise
ratio, which should be small enough to achieve a predefined
probability value for a decoding error over an acceptable
simulation time.

Stage 2. The bioinspired optimization of the distribution
of powers of the symbol vertices of the Tanner graph for the
predefined code parameters.

Step 2.1. Initialize the population of agents Kg’[,
ge[1, NP] in the examined search space domain. In this case,

the vector A,, elements are formed in accordance with the



uniform distribution with the normalization required to
meet condition (6). In the same step, the parameters for a
bats’ procedure are set — the size of the population NP, the
initial values of the agents’ speed Vg, the frequency of the
signals @™ and @™, the volume of the signal ag,, the fre-
quency of pulse repetition bg,, the initial iteration number
t=1, the maximum number of iterations 7.

Step 2. 2. Construct a Tanner graph using the PEG meth-
od for each resulting vector A, and the distribution of pow-
ers of the test vertices p(x). The p(x) distribution elements
are determined according to (2), taking into consideration
the selected coding speed R. Each Tanner graph obtained in
this step fully defines a specific irregular code.

Step 2. 3. Computer simulation of the process of trans-
mitting information over a communication channel with
AWGN using each irregular code with a low density of
parity checks obtained in step 2. 2. In this case, the number
of code words transmitted is not limited. The simulation pro-
cess is completed when a predetermined error factor value is
reached when using an iterative decoding method based on
trust propagation.

Step 2. 4. Determine the quality of each agent A o based
on the calculation of objective function (9).

Step 2. 5. Migrate the agents Kg,z based on the following
formulae:

(Dg [:wn1i11+(m1nax7mlllill)a (12)
Vg,L+1 = Vg,[ + mg,z (Xg,z - 7\*)’ (13)
Kg,tﬂ = ‘T\g,t + Vg,z+1’ (14)

where o is the vector of length /-1 whose elements are valid
random numbers that have a uniform distribution in the
interval [0, 1].

This step implements the local and global search taking
into consideration the value of the generated random value .

If r>byg, then the local search is implemented by creating
new agents according to the following formula:

Ag,1+1 = Ag,t + Bag,t’
where B is the vector of length /-1 whose elements are valid
random numbers that have a uniform distribution in the
interval [-1, 1].

a,, is the current average value of all agents’ loudness in
the population.

Consequently, when searching locally, new agents are
formed near the best resulting vectors A,, based on the
calculation of objective function (9).

Otherwise, there is a transition to the global search by
forming new agents A, randomly. B

If r<ag, and f(Agy[)<ng *), the formed vectors A,,
are taken as a new current solution and there is an evolution
of the parameters ag; and by [17].

Step 2. 6. If the number of iterations is ¢ <T', then there
is a transition to step 2. 2; otherwise, the best agent A’ is
determined and the transition to step 3 is performed.

Stage 3. Obtain an ensemble of irregular codes with a low
density of parity checks.

At this stage, one saves the found distribution of powers
of the symbol vertices A(x) and the calculated distribution
of powers of the test vertices p(x) of the Tanner graph for

8

the specified parameters of the code and the communication
channel with AWGN.

It should be noted that stage 2 of the proposed method is
a principal one. A given stage is based on the combined use
of the bioinspired procedure of bats, the PEG method for
building a Tanner graph, and computer simulation using the
Monte Carlo method.

Thus, the proposed approach to optimizing irregular
codes with a low density of parity checks can be regarded to
be an adaptation of the principles and procedures proposed
in [5], for the case of finite-length codes.

6. The results of analyzing the effectiveness of a
bioinspired method for optimizing irregular codes with a
low density of parity checks

To evaluate the effectiveness of the bioinspired method
for optimizing irregular codes with a low density of parity
checks, a computer model of the wireless telecommunication
system was developed. A given model takes into consid-
eration the peculiarities of information transfer through a
communication channel with AWGN using a given type
of codes and an iterative decoding method based on trust
propagation The model also makes it possible to change the
code parameters, the amount of interference in the commu-
nication channel, and compare the optimized codes with
existing ones [3, 5].

The simulation that employed the developed computer
model used the following settings:

1) coding speed — 1/2;

2) the signal /noise ratio range is 1 to 3 dB;

3) the parameters for the bioinspired optimization meth-
od using the procedure of bats [17]; population size, NP=30;
signal frequency, ®™"=0 and @™**=2; signal volume, a=0.8;
the frequency of repeating emitted pulses, b=0.2; the maxi-
mum number of iterations, 7=150.

Based on the results of the simulation under the specified
conditions, we have determined the distributions of powers
of the symbol vertices, close to optimal, which take the fol-
lowing form:

A(x)=0.481x"+0.274x" +
+0.063x" +0.095x° +0.087x';

A(x) =0.375x%+0.231x° +
+0.097x" +0.036x'° +0.163x +0.098x™.

The first distribution was used when constructing irreg-
ular codes with a low density of different lengths applying
the PEG method — the “short” (504, 252) code and the
“long” (1008, 504) code. The second distribution was used
only to construct a “short” code. The evaluation of the effec-
tiveness of the derived codes was based on the comparison
of their characteristics with the corresponding regular and
random irregular codes, whose decoding employed the itera-
tive method based on trust propagation.

The comparison of the characteristics of an irregu-
lar (504, 252) code with a low density of parity checks, op-
timized by using the proposed bioinspired method, and the
known regular and random irregular codes with the same
parameters is illustrated in Fig. 1.
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Fig. 1. Dependence of error factor on the signal/noise ratio
for (504, 252) codes with a low density of parity checks:
1 — regular code; 2 — random irregular code;
3 — optimized irregular code

It follows from the analysis of Fig. 1 that the devel-
oped method makes it possible to obtain an irregular
code that ensures an energy gain from coding of about
0.6 dB compared to a regular code at an error factor
of 10°3. In this case, the resulting code does not have the
effect of an “error floor” as opposed to the reported ran-
dom irregular code.

In addition, the resulting distribution of powers of the sym-
bol vertices was used to construct an irregular (1008, 504) code
with a low density of parity checks, comparing the characteris-
tics of which with other codes is shown in Fig. 2.
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Fig. 2. Dependence of error factor on the ratio of
signal /noise for (1008, 504) codes with a low density of
parity checks: 1 — regular code; 2 — random irregular code;
3 — optimized irregular code

It follows from the analysis of Fig. 2 that the irregular code
with the optimized distribution of symbol vertices ensures an
energy gain from the encoding of over 0.5 dB compared to
a regular code at an error factor of 107, In addition, unlike
the reported random irregular code, there is no “error floor”
effect, which makes it possible to obtain a much lower error
factor in the region of high values of the signal /noise ratio.

Paper [5] shows that long random irregular codes with a
low density of parity checks, obtained using the density evo-
lution procedure, almost reach the boundary of a communi-
cation channel. The comparison of these codes’ characteris-
tics with the obtained irregular (504, 252) codes with a low
density of parity checks at different values of the maximum
power in the distribution of powers of the symbol vertices is
illustrated in Fig. 3.
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Fig. 3. Dependence of error factor on the signal/noise ratio
for the random and optimized irregular (504, 252)
codes with a low density of parity checks:

1 — random irregular code (maximum power, 50);

2 — optimized irregular code (maximum power, 50);

3 — random irregular code (maximum power, 15);

4 — optimized irregular code (maximum power, 15)

It follows from the diagrams in Fig. 3 that at a high value
of the maximum power in the distribution of powers of the
symbol vertices the optimized irregular (504, 252) code
demonstrates the effectiveness close to a random irregular
code. In this case, the reduction of the maximum power in
the distribution of powers of the symbol vertices of the opti-
mized irregular (504, 252) code ensures a much lower error
factor in the region of high values of the signal /noise ratio.
For example, at a signal /noise ratio of 3 dB, the error factor
is less by an order of magnitude.

In this case, the proposed bioinspired method for opti-
mizing irregular codes with a low density of parity checks
demonstrates an acceptable computational complexity,
which is adjusted by replacing the type and /or parameters of
the bioinspired procedure.

7. Discussion of results of analyzing the effectiveness
of the bioinspired method for optimizing irregular codes
with a low density of parity checks

The optimization methods that are based on special
mathematical tools [4, 5] do not make it possible to obtain
the finite-length irregular codes with low density parity
checks with high design characteristics.

On the other hand, the high computational complexity of
the optimization method based on the concept of “decoder in
a loop” [14] limits the scope of its application to very short
codes. Based on the study results, the proposed optimization



method ensures finding longer irregular codes with im-
proved characteristics.

In contrast to most existing methods for optimizing
irregular codes [6-10, 12, 13] that employ a special math-
ematical apparatus, the proposed optimization method
is based on the Monte Carlo method and the effective
bioinspired procedure. As a result, it becomes possible to
simplify taking into consideration the peculiarities of the
communication channel, code length, coding speed, and
other conditions for information transfer. Owing to this,
the optimized irregular codes with a low density of parity
checks demonstrate higher energy efficiency compared to
regular codes with the same parameters. In addition, the re-
sulting codes do not have an “error floor” effect as opposed
to random irregular codes.

Reducing the maximum power in the distribution of
powers of the symbol vertices for the optimized irregular
code makes it possible to significantly decrease an error
factor at high values of the signal/noise ratio compared to
existing codes [5].

However, the limitation of the reported method for op-
timizing irregular codes with a low density of parity checks
is the uncertainty when choosing operational parameters for
the specified characteristics of a communication channel,
in particular, the type of a bioinspired procedure and its
parameters. In addition, a given method has constraints on
optimizing long irregular codes due to the increased compu-
tational complexity.

This study is aimed at improving the next generation of
wireless telecommunication systems by ensuring the pre-
defined reliability of information transfer in a communica-
tion channel with AWGN. This is achieved by the optimized
relatively short irregular codes with a low density of parity
checks with improved characteristics.

In further studies, it is planned to carry out a meta-op-
timization of the operational parameters of the reported
bioinspired optimization method for the predefined condi-
tions of information transfer. It is also advisable to analyze
the effectiveness of the bioinspired optimization of irregular
codes with a low density of parity checks for other models of
communication channels.

The results from our research are independent and could
be used in promising telecommunication technologies, in

particular, in the implementation of advanced wireless tele-
communication systems.

8. Conclusions

1. Codes with a low density of parity checks are the main
mechanism for ensuring the predefined reliability of infor-
mation transmission in wireless telecommunication systems
of the next generation. The practical need to apply irregular
finite-length codes leads to the requirement for optimizing
the distributions of powers of the symbol and test vertices of
the corresponding Tanner graph for the specified conditions
of information transfer. To simplify the search for irregular
codes with the assigned parameters with improved charac-
teristics, we have used the truncated distribution of powers
of the symbol vertices and the uniform distribution of pow-
ers of the test vertices of the Tanner graph.

2. The proposed method for optimizing irregular codes
with a low density parity checks is based on the combined
application of the bioinspired procedure of bats, the PEG
method for building Tanner graphs, and computer simu-
lation based on the Monte Carlo method. To reduce the
computational complexity of a given method of optimization,
the search for the distribution coefficients is performed only
for a few symbol vertices with the predetermined powers. In
this case, the distribution of powers of the test vertices of the
Tanner graph obeys the uniform law. In addition, the special
feature of the proposed approach is the use of an error factor
as an objective function in the implementation of the bioin-
spired search for irregular codes with improved properties.

3. The optimized, relatively short irregular codes with a
low density of parity checks demonstrate better characteris-
tics compared to existing codes. In particular, the resulting
codes do not have an “error floor” effect, as opposed to ran-
dom irregular codes with the appropriate parameters. On the
other hand, compared to regular codes, the energy win from
coding of about 0.5 dB is achieved, depending on the code
length. In addition, the optimization of irregular codes with
a small value of the maximum power in the distribution of
powers of the symbol vertices of the Tanner graph leads to a
decrease, by an order of magnitude, in the error factor in the
region of a high signal /noise ratio.
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