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Multi-criteria selection of optimum means of
telecommunications
Valeriy Bezruk, Yulia Skonk

Abstract - The theoretical and practical aspects of
finding a subset of the Pareto-optimal meams of
telecommunication variants and narrowing o only a subset
of the Pareto preferred wvariamtf, based om the amalyfic
hierarchy process is done.

Feywords — telecommunications, Parete opiimization,
selection of a preferred variamt, the Analyfic Hierarchy
Process.

I. INTRODUCTION

Means of telecomnmnicatons inclode encoders,
modems, transmission, reception snd processing of
sizmals, and telecommunications technologies. Given the
complexity and ligh cost of telecommunications, putting
forward serioms demands on the choice of desizn
variants, the technical and economic the optimum
parameters of gquality. Thiz determines the need for a
mmlti-criteria optimization techniques selection of them
from the set of feasible variants.

This raises the problem of optimization of desien
decizsions on the aggrezate parameters of guality, which
are also called nmlticriteria or vector optimization tasks
[1-3]. As a result of decision the mmlticriteria tasks is
zenerally not only one but 3 subset of the Pareto-optimal
variants  system, Which are non-dominated by
unconditional preference criteria. If on the next stages of
design only one preferred variant of the system, there is
a nead to narrow subset of Pareto should be salect,
invelving some additional information from the experts.
Selecion of a preferred wvariant with the amalytic
hierarchy process was shows. The results of solution of
the problem of mmlti-criteria select as an example of
different types of telecommunications means was show
[3-10].

II. DETERMINIMNG OF THE SUBSET OF PARETO

OPTIMAL SOLUTIONS AND SELECTION OF SINGLE
SYSTEMS

Selecting a subset of the Pareto-optimal variants of
systermns 0 reduces to 'V subsst corresponding Pareto
optimal vector estimates k($°) € V° =opt, V' seening in
the criterion space. A formalized procedure determined
by the expression (1) that includes a subset of the
Pareto non-dominated with respect to a binary 2 wector
estimates [2,3]

opt, V - {k(¢") = V| 7k(8) = V- K@) 2 k(8] - (1

Selection of the Pareto-optimal estimates, no other
evaluation, which would be dominated by their
unconditional preference criteria.  This excludes
definitely the best vector estimation and appropriate
wariants for systems with allowance the agzrezate
parameters of quality. To nammow the subset of Pareto to
a single preferred variant can be applied wvarous
methods based on the use of more subjective
information abont the preferences, which is obrained
from the experts. Selection only the preferred wariant of
the system design using techmiques based on valie
theory, fuzzy set theory, lexicographical relations and
the Analync Hierarchy Process was been [4). The
comparative analysis of these methods to choose a
preferred variant of the system has shown that a3 more
effective method of selecting in terms of the accuracy of
decision-making group of experts is the analytic
hierarchy process (AHPF). Therefore, selection the
preferred wariant of telecommumication means will be
used exactly this method in this paper.

The AHP of decompositon the problem of select a
preferred variant of the system into simpler components
and obtaming mumertical data based on expert judzment
on the pairwise comparison of various elements of the
problem of select. The processing of the data are
calculated evalustion components of global priorities,
the importance of which is characterized by priority
compared alternstives system. Decomposition ncludes
structaring the problem in choice a hierarchy of levels,
which is consmucted from the top (farget choice)
through intermedizte levels (parameters of the guality
of the system) to the lowest lewel (alternative
construction of the system) [3].

Subjective information gathered from experts in the
AHP is obtained by pairwise comparison of the
importance of the objects ar different levels of the
problem of selecting. The different variants of systems
{level 3) and wvarions parameters of guality (level 2)
compared in pairs. The results of paired comparisons of
elements are reduced the matrix form

-Ilfal]""a]j"'aiu

A=: Byl Ay, @
:...... ﬂ_u..
la,..a,. .4,

where a - evalnation of paired comparisons of
selections that are using subjective judgments of experts
are mmerically defined on the scale of the relative
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importance of the elements. The diagonal of the matrix
is filled with "1", and the matrix elements that lie below
the diagonal, are filled with the corresponding inwverse
valies.

The vector of global priorities compared wariants of
the system are processed matrix of pairwise comparisons
of alternatives on every level of the hierarchy. The
vector of global prioritdes calculating by the expression
(2} and the vector of priorities F calculating by the

expression (3) on each level of the hierarchy

p-Yi v =alay . )
l—s: = i]_:lllua 5-%1}3-

With the vector of pricrities F and vectors parameters
of gquality and the priorides of the system QJ the
components of the vector according to global pricrities
T is calculated

n L —
= ., I=SLM, 4
C, Elplqu ()]

where n — the number parameters of gquality, M - the
number variants compared systems.

At the maximum valne of the components of global
priorities (4) choose the comresponding preferred variant
of the system.

III. ExxAMPLE OF CHOICE OF THE PREFERRED
VARIANT OF TELECOMMUNICATION MEANS

Selection of the preferred variant of the speech codec.
The practical aspects of the AHP for the choice of a
preferred wariant of a subset of the Pareto-optimal
variants of speech codecs based on aggregate parameters
of guality. The data of differemt of types of speech
codecs for IP-telephony petwork was wuse. The
parameters of the guality is the technical characteristics
of speech codecs, characterizing ther consumer
propertes, in partcular, the coding rate, the estimation
of speech quality, implementation complexity, frame
size, the total delay. From 23 variants speech codecs we
zet 12 speech codecs (1) after narrowing the subset of
the Pareto-optimal, comprising. MNext, the calculated
vector global priorites (4), selection the maximum valne
of the component only the preferred speech codec. Thus
a speech codec G.721, which is characterized by the
following parameters of quality: coding rate - 32 kbit / 55
quality speech coding - 4.1 implementation complexity -
7.2 MIPS, frame size - 0.125 ms total latency - 30ms [5-
E].

Selection of the preferred varisnt a mobile phone
Selection different types of mobile phones znd a
preferred variant of mobile phone is done. 19 types of
mobile phones with parameters of quality that
characterize their properties, in particular, processor,
SCTeEn, CAMErs, Tandomm 3CCess MEmOory, Prices Was use
Of the original set of mobile phones a subset of the
Pareto-optimal, which inclnded @ variants is allecated m
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accordance with (1). A preferred embodiment of a
mobile phone such as Samsung Galaxy Note Edge was
choose, which has the following characteristics: the
speed of the processor - 2.7 GHz, screen size - 56 "
camera resohation - 16Mp, BAM - 3 GBE and the price -
19000gm [7].

Selection of the preferred variant the modem digital
conuminication systems. We bave modems digital
conuminication systems with different types of mult-
position modulation - coberent and incoherent MESE
MPSEKE at various positions including mmltipesition
modulation and bit emor rate given. For selecton
parameters of the guality: efficient use of bandwidth
BfW and signalmpise ratio E /M, . The matrix of
pared companisons of these parameters of guality was
formed with nsed the opinions of experts. The vector of
global priorities are calculated with these matrices. A
preferred variant of the modem im 3 digitsl
commmmunication system is: a coberent MPSE when the
mumber of positions M-14, siznal / noise ratio E, /N, =
1848, bandwidth efficiency F/W =4 bits/z/Hz [¢].

Selection of the preferred variant of a3 quening system.
Different varamts for a smgle-chammel model Q5
(gueuwing system) queue, which describes the processes
of service applications in communication networks was
considered. The parameters of quality: the average time
of service applications; system load (maffic intensity);
the likelihood of system downtme, @t means, the
probability that all the channels are free; the average
waiting time in the gqueue of applications was choose.
The matrix of paired comparisons of these parameters of
quality was formed, and different versions of systems in
relafion to each parameters of guality. These matrices
are calculated values of the components of the vector of
global priorities and selection the preferred variant of
the 5. Se is 5, which has an average service time of
applications - 0.2 seconds, load indicator system - 0.14,
the probability of system downtime - 088, the average
waiting time in the quene applications - 0.03 s [9].

Selection of the preferred wariant of a mobile
commmmunication network of the 3rd generation. A
comparative analysis of the different variants of the
mobile network (M) of UMTS at a stage of plaoning
of the pominal is done. When selecting a preferred
variant, parameters of quality: blocking probability
density of subscribers, the area of the service area, the
requited mimber of base stations in the network were
used The wvector of global priorities as a resuls
calculated the matrices of pared comparisons. A
preferred variant of MM is the variant of MW with
characteristic by the minimum allowable blocking
probability - 0.02, the density of subscobers - 183
ab_km* and the mumber of base stations - 18 [9].

Selection of the preferred mobile network technology
4th generation Selection the mobile commmmication
technolozy 4th zeneration we bave: HSPAK WiMAX
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and LTE. Three areas of quality we have: the spacmal
efficiency (downlink), the range of the dats rate. The
matrix of paired comparisons with the application of
AHP was buls, treznment evalnation found thar the
components of global priormies. It was the preferred
variant of MM 4th geperation LTE is a technelogy with
2 data rate - 75 Mbat's, the spectral efficiency - 1.57
kit'Hz's and the radins of the base station - 5km [9].

Selectdon of the preferred embodiment of the system
aof twelevision broadcasting. A preferred variant of
relevizsion broadcasting in  different standards was
selecion: DVB-T with mmlo-frequency modulstion
SOFDM and the ATSC 3-level frequency modulaton.
The 12 parametsrs of qualiny: Ganssian channel
hierarchical modulanion, mmltupath reception indoor
reception in monon, specmmm efficiency, impnlse nolsa,
harmonic interferspnce, interference from analog TV
systems 1o the co-chappel, mwrterference from digital
televizion n co-channsl, sensitvity te phase noise,
analog interference was used The matrix of paired
comparisons of these parameters of guality with
information gathered from experts is done. The best
variant of system 15 Ewropean standard for digital
televizion breadcastng DVE-T with omlu-frequency
madulation SOFDA [10].

IV ConcrLusmon

The theaoreticzl and practical aspects of muln-criteria
select of optimnm means of telecommmicatons, aking
into accownt the aggregate parameters of qualicy, and
more nformation from experts 15 done. Exzmples of
seening the Pareto-optuimal wariznts and select of 2
preferred design variant unsing the analytic hierarchy
process  for different mpes of telecommunication
facilities is done.
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