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MULTICRITERIAL CHOICE OF TELECOMMUNICATIONS MEANS
USING HIERARCHICAL ANALYSIS METHOD

Valeriy M.Bezruk, Yulia V. Skorik
“Communication Networks™ Department, KHNURE, Kharkov

Background. Telecommunications means (systems, devices, technologies etc.) are important components of modern infe
communications. The theoretical and practical aspects of choice of preferable version of telecommunication facilities a
examined taking into account totality of quality indexes and judgments of experts on the basis of hierarchical analysis method.

Object]‘re. The requirements of strict account of the inconsistent quality indices totality arise when choosing their desig
versions. This defines the necessity to use methods of multi-criteria optimization when choosing optimal design solutlons frot

a set of admissible versions.

Methods. Scientific novelty of the work consists in the application of hierarchy analysis method for comparative anal
and selection of a preferred version of telecommunication means taking into account a set of quality indicators and judgmen
of experts. Solution of multicriteria optimization problems consists, in the general case, in the search of not one but some se
Pareto-optimal solutions which can be used at designing. Method based on attraction of some additional subjective informatics
in the form of experts’ judgments can be used for narrowing the Pareto set to the unique design solution.

Results. Theoretical and practical aspects of choosing the preferable version of telecommunications means taking i
account the totality of quality indices and cxperts’ judgments based on hierarchical analysis method are considered. Examp
of the problems of choice of the preferred version for different types of telecommunication means, in particular, for dig
communication systems with different modulation type. different versions for building a mobile network of the 3rd generati
different technologies of mobile networks of the 4th generation, different types of speech codecs are proposed.

Conclusions. Practical features are studied and recommendations are formulated for application of the method of hier:
analysis in the selection of the preferred design versions of means of telecommunications.

Key words: telecommunications means; multicriteria optimization; Pareto-optimal solutions; choosing of preferred de

version; hierarchical analysis method.

Introduction

Telecommunications means (systems, devices,
technologies etc.) are important components of modern
info-communications [1, 2]. The requirements of strict
account of the inconsistent quality indices totality arise
when choosing their design versions. This defines the
necessity to use methods of multi-criteria optimization
when choosing optimal design solutions from a set of
admissible versions [2-4].

Solution of multi-criteria optimization problems
consists, in the general case, in the search of not one
but some set of Pareto-optimal solutions which can be
used at designing [3, 4]. It is often required to choose
the only preferable version of telecommunications
means for further stages of info-communication
systems creation. Various methods based on attraction
of some additional subjective information in the form
of experts” judgments can be used for narrowing the
Pareto set to the unique design solution. As the
comparative analysis of their efficiency shows [5] it is
rationally to use for this purpose the hierarchies’
analysis method (HAM) [6] in many practical
situations.
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Singularities of choice of the unique prefera
version of telecommunications means with the HA
use are considered in this paper. Examples are given @
the HAM application to the comparative analysis 2
choice of the preferable version for different types
telecommunications means taking into account | :
quality indices totality and experts’ judgments. ;

Singularities of hierarchies’ analysis meth

The hierarchies’ analysis method consists:
decomposition of the problem of choice of the un
design version of some system into simple compon
and obtaining the judgments of experts on p
comparisons of various elements of the choice pr
[6]. As a result of processing of the obtained num
data of experts’ judgments according to a ce
mathematical procedure they receive components o
global vector the components of which characteriz
priority of the choice of versions of the desi
system and identify the choice of a single version ¢
system.



Decomposition involves structuring of the problem
f choice in the form of the hierarchy of levels, which
the first stage of the HAM application. Fig. 1
resents in the most general form the hierarchy of the
roblem of choice, which is built from the top (goal
election) through the intermediate levels (indicators of
uality) to the lowest level (the alternatives of building
he system).

Levell

Global prority
{goal of the choice)

\
/

Level 2
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Fig. 1. Decomposition of the problem of choice in
the levels hierarchy
The principle of comparative judgments of experts
the HAM consists in that the objects of the problem
choice are compared by experts in pairs by
portance. The importance degree of different
rsions of the systems (level 3) and different quality
dicators (level 2) are compared pairwise. The results
pairwise comparisons are reduced to the matrix
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Fig. 2. Matrix of pairwise comparisons of choice problem
elements

- Assessment of pairwise comparisons of elements a,

i

. found using the subjective judgments of experts,
americally defined on a scale of relative importance of
i glements.

~ Then some processing of matrices of the
srarchies’ elements pairwise comparisons is carried
at levels 2 and 3. From the mathematical point of
, the processing task is reduced to calculation of
main eigenvector, which, after a certain
alization becomes the vector of priorities of
ents at the corresponding level of the hierarchy.
Components of the main eigenvector are calculated
s a geometric mean value in the row of the matrix of
fairwise comparisons of elements at each level

i,j=Ln. (2)
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Components of the elements priorities’ vector are
calculated through the components of the main
eigenvector

4 e
o j=Ln. 3)

fi= n ?
S
i
=t

Based on the matrix of quality indicators pairwise
comparisons (1), obtained at level 2, components of the
main eigenvector (2) and quality indicators priorities
vector (3) of the system P are calculated. Similarly,
there are evaluation matrices of pairwise comparisons
of options systems at level 3 separately in relation to
each quality indicator system. The components of the
respective main eigenvectors and vectors of priorities

O,, i=l,n are computed in relation to quality
indicators on the basis of these matrices. The values of

the global priorities vector components are computed
using these data

C,=XPQ,, j=LN, ©)
i=]

where 7 is the number of quality indicators, N is the
number of the systems’ versions being compared.

The most preferred version of the system is selected
based on the maximum value of the global priorities
vector components (4).

Consider the practical features of the HAM method
use exemplified by the preferred version choice for
different types of telecommunication means from some
set of allowable versions taking into account the totality
of quality indicators and judgments of experts [7].

Comparative analysis and selection of versions
of construction for communication systems with
different modulation types

Digital communication systems with coherent
MPSK, and non-coherent MFSK with different number
of modulation M positions with the probability of bit

error P, =107 [8] were chosen for the comparative
analysis. Signal-to-noise ratio K, = E, /N, and the

efficiency of bandwidth utilization K, =R/W are
chosen as indicators of the quality.

It is assumed that, filtration by Nyquist (ideal
rectangular) takes place prior to modulation, so a
minimum of double the bandwidth at intermediate
frequency is equal to W, =1/T, where T is the
symbol duration. In this case the effectiveness of the
band use is R/W =log, M . In MPSK modulation the
value of R/W increases with the increase of M . It is
assumed that the transmission band is equal to
W, =M/T. In MFSK modulation the effectiveness
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of the wuse of the ©band is equal to
R/W =(log, M)/ M. In this case the value of
R /W decreases with the increase of M .
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analysis and selection of versions of communication §

Table 1 presents the initial data for comparative |

systems with MPSK and MFSK with different number §
of positions M.
Table 1 §

System’s versions -
o = =y N - D S | 8
Quality o -
indicators MPSK MFSK
M=2 | M=4 | M=8 M=16 | M=2| M=4 | M=8 M=16
Kleb_/NU’ 10 10 13 18 13 10 8 7
bit/s/Hz
K, =&, ! 2 3 4 12 12 1/3 1/4
dB
The original values of quality indicators K, and Table
K, were normalized to the maximum value and K, | Ky v i
converted to the comparable form. Then, taking into K, ] 172 0,707 0,333
account the opinions of experts, the matrices of K. 2 1 1,414 0,667

pairwise comparisons of these indicators of quality
were formed, as well as different versions of the
systems in relation to each quality indicator. With these
matrices of pairwise comparisons the components of
the main eigenvectors and the vectors of priorities were
calculated according to (2), (3) and (4) using the special
software complex created in the EXCEL environment.

Table 2 presents the calculated estimates of the main
eigenvector component and the component of the
vector of priorities of quality indicators.

Table 3 (first two columns) presents the calcul
values of components of the vector of prioritie
modulation versions in the communication system
relation to quality indicators. Here in the last line,
components of the vector of priorities of qu
indicators are presented. The components of the ve

-
of global priorities C  are shown in the last colum

table 3.
Ta
System’s version k 2, C}_

1 0,117 0,078 0,09087
2 0,098 0,179 0,15227
3 0,045 0,25 0,18235
4 0,021 0,366 0,25215
5 0,038 0,049 0,04537
6 0,082 0,042 0,0552
7 0,214 0,02 0,08402
8 0,384 0,015 0,13677
P 0,33 0,67

The preferred option Ne4 is selected by the

maximum value of components of the global priorities
=y

vector C in the considered set of modulations’

versions in the digital communication system. It
corresponds to the communication system with
coherent MPSK with the number of positions M =16, at

signal/noise ratio E, /N, =18 dB and efficiency of
bandwidth utilization R/W = 4 bit/s/Hz.

Comparative analysis and selection

of variants of construction of cellular
networks of mobile communication of the
generation ‘

When carrying out a comparative analysis
versions for building of cellular networks of
communication (NMC) of the UMTS standa
following network parameters are selected:



blocking probability P, , the density of subscribers
/S, (N, is the number of subscribers

i served, S, is the area of the served territory), the
. required number of base stations in the network is
N g7 . These parameters characterize the quality of the
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network operation and can be used as indicators of the
network quality K. Table 4 shows the original data for

P, and the calculated parameters N, /S, and N
(4].

Table 4

Veésp:?gd Ki=F;, K,=N,/S, Ky=Npyy
1 0,1 166 ¥ ]
2 0,07 192 21
3 0,04 142 15
4 0,02 183 18
5 0,02 189 22

Table. 5 shows the matrix of pairwise comparisons
of quality indicators and the calculated evaluations of

L

components of the main eigenvector and the vector of
priorities of the NMC quality indicators.

Table 5
K, K, K, v, B
K, 1 5 3 2,464 0,6173
K, 1/5 ] 1/5 0,3424 0,0858
K, 1/3 5 1 1,1854 0,297

The calculated values of the components of the
tor of the systems’ versions priorities in relation to

quality indicators, as well as components of the vector

of global priorities C' are shown in table. 6.

Table 6

Ve;s:;g of P P, P &
N, 0,03 0,07 0,51 0,1779
N, 0,04 0,45 0,07 0,0863
N, 0,11 0,04 0,26 0,1498
N, 0,47 0,16 0,12 0,3418
N, 0,35 0,29 0,04 0,2551
P 0,62 0,09 0,3

The maximum value of the components of the

-
r C corresponds to the NMC preferred version
, which is characterized by the minimum

ability of blocking P;, = 0,02, density of the
ibers served N, /S, = 183 subscribers/km® and
umber of base stations IV, =18.

Comparative analysis and selection of
technologies for mobile communications HSPA,
WIiMAX u LTE

Wireless technologies of mobile communication
HSPA (release 7 and release 8), WiMAX and LTE [9-
11] were chosen for the comparative analysis.- Table 7
presents the initial values of indicators of quality of
different standards of cellular communication

networks: K| - spectral efficiency (channel down), K,

- radius of action, K; - speed of data transmission.




22

INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 6 NUMBER 2 JULY — DECEMBER !

Table

Quality indicators HSPA WiMAX LTE
Release 7 | Release 8 | Release 1.5
Version 1 2 3 4
-Spectral efficiency (down channel, MIMO 0,87 1,758 1,59 1,57
2x2), bits/Hz/s -
Radius of action. km 30 40 50 5
Speed Mbps 21 35 48 75

The pairwise comparisons matrices of these quality
indicators and versions of technologies in relation to
quality indicators were formed for the considered
technologies based on experts’ judgments. Table 8

shows the calculated components of the
eigenvector of quality indicators and the components @
the vector of quality indicators priorities. E

Table.
Kl R.E K}- V; R
K, 1 1/3 1 0,2584
K, 1/3 1 1/5 0,4058 0,1049
K, 3 5 1 2,464 0,6367

The calculated values of the components of the
vector of the technology versions priorities against each

quality indicator, as well as components of the vecta
of global priorities are shown in table 9. '

Table
Version B P ¥ C,
1 0,057 0,13 0,043 0,0553
2 0,494 0279 0,093 02158
3 0,285 0,548 0,359 0,3586
4 0,165 0,043 0,505 0,3704
£ 0,26 0,1 0,64

The maximum value of component of vector of

global priorities C corresponds to the preferred version
of the mobile technology - Ne4. This is the LTE
technology with the data transfer speed of 75 Mbit/s,
spectral efficiency of 1.57 bit/Hz/s and radius of action
of 5 km.

Comparative analysis and selection of speech
codecs for networks of IP telephony

In the method of analytic hierarchy, when solving
the problem of selection of the preferred design
version, it is checked the consistency of experts’
judgments by calculating the consistency index value
and comparing it with some valid values. In this case
the use of HAM with not a large number of compared
alternatives is recommended.

This paper presents the features of the preferred
version choice, when the Pareto-optimization stage is
introduced previously to reduce the number of
compared versions of the systems. The subset of
Pareto-optimal versions is singled out and certainly
worse versions are excluded. Next, the choice of the

preferred design version is carried out in the obtaine
Pareto set using the method of hierarchies” analysis.

An example of analysis and selection of thef
preferred version from a set which includes 23 stand
speech codecs used in the IP-telephony network designf§
[12] is considered. The main technical characteristics off§
voice codecs, characterizing their consumer propertie
in particular, the speed of encoding, the speech quali
assessment, the complexity of implementation, th
frame size, the total delay are chosen as quality
indicators. It is easy to see that these indicators o
quality are linked between themselves and they are of a§
competing nature. -

The Pareto subset, which includes 12 versions o
codecs, is singled out from the original set of 2
versions of speech codecs, taking into account th
totality of 5 quality indicators. Next the pairwis
comparison of Pareto-optimum versions of speec
codecs is performed with respect to the chosen quali
indicators. The corresponding eigenvectors and th

vectors of versions’ priorities in relation to the quality |
indicators P,J,.,j =112 are computed as a result of

processing the obtained matrices of pairwise
comparisons, They are given as columns in table, 10.



This table also shows the previously obtained
components of the vector of quality indicators priorities

-
P . Using these data the values of the priorities global
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vector, presented in the last column of table 10, are
computed.

Table 10

Components of vectors of speech codecs priorities
. Codec against quality indicators F,, j =112 Components of
Version type ; : il E'
P Py Py Py Py

1 G721 «| 0,26 0,13 0,25 0,02 0,21 0,2

2 G 722a 0,02 0,24 0,09 0,01 0,09 0,09

3 G 722b 0,01 0,15 0,11 0,01 0,09 0,07

4 G 723.1a 0,03 0,01 0,05 0,23 0,01 0,04

5 G 723.1 0,04 0,03 0,04 0,26 0,01 0,05

6 G 726b 0,02 0,02 0,21 0,02 0,15 0,06 =
7 G728 0,22 0,05 0,01 0,04 0,17 0,13

8 G 729 0,06 0,08 0,02 0,11 0,05 0,06

9 G 729a 0,06 0,03 0,17 0,09 0,02 0,07

10 G 729ea 0,01 0,09 0,01 0,08 0,04 0,08

11 G 728a 0,12 0,11 0,04 0,03 0,12 0,1

12 G 729d 0,05 0,06 0,02 0,1 0,04 0,05

P,i=15 0,47 0,27 0,15 0,07 0,04

The preferred speech codec is chosen by the
maximum value of the computed components of the
vector of global priorities. Such is the speech codec G.
721, which is characterized by the following quality
indicators: encoding rate - 32 kbit/s, the speech
encoding quality - 4.1, the complexity of the
implementation - 7.2 MIPS, the frame size - 0.125 ms,
the total delay - 30 ms.

Conclusions

Scientific novelty of work consists in the application
of hierarchy analysis method for comparative analysis
- and  selection of a preferred version for
. telecommunications taking into account a set of
indicators of quality and judgments of experts.
Examples of the problems of choice of the preferred
version for different types of telecommunication
means, in particular, for digital communication systems
with different modulation type, different versions for
building a mobile network of the 3rd generation.
different technologies of mobile networks of the 4th
generation, different types of speech codecs. Practical
features are studied and recommendations are
formulated for application of the method of hierarchy
analysis in the selection of the preferred design
i versions of means of telecommunications.
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EBespyx B. M., Cropuk I10.B. ;
BaraToxpuTrepianbnuii BHOIp 3ac00iB TesiexomyHiKkauiii 3 BUKOPHCTAHHSIM METOAY aHANI3Y icpapxiii.

Ipo6nematnka. 3acobu TenekoMyHikaiii (CHCTeMH, NPHAAmM, TEXHONOrl Ta iHUL) € BAXJIMBUMM KOMIOHEHTAM
Cy4acHHX iH(pOKOMYHiKauiH. Po3riigaioTeca TeopeTHYHi i NMPaKTHUHI acneKTH BUOOPY MepeBaHOro BapiaHTy 3acofil
TENEKOMYHiKallili 3 ypaxXyBaHHAM CYKYIIHOCTI IOKa3HHKIB AKOCTI i Cymketib eKCTIEPTIB Ha OCHOBI MeTOTy aHAMi3y iepapxii.

Meta. BuMOTH CTpPOroro BpaxyBaHHA CyNEpewIHBHX IIOKA3HHKIB SKOCTI BUHHKalOTe npu BuGOpi NepeBaHO
MPOEKTHOTO BapiaHTy 3acobiB TenexoMyHikauiit. Lle o8yMOBIOE BHKOPHCTAHHA MeTOIB GaraTokpHUTepiambHOl ONTHMIzAL
npH BHOOPI ONTHMANTBHUX NMPOEKTHHX PIlIeHs i3 MHOMKIHA JOMYCTUMHX BapiaHTIB.

Mertoau. Haykopa HoBu3HA pofoTH monArae B 3acTOCYBAHHI MeTOAY aHAmi3y iepapxill IS MOPIBHANLHOrO aHAM3Y
BHOOpY TNepeBakHOro BapiaHTy 3aco0iB TeleKOMyHiKalill 3 ypaXyBaHHAM CYKYNHOCTI MOKa3HMKIB SKOCTI i cymxe
ekcreptis. PimenHs GaraTokpiTepianbHHX 3alad OMTHMi3allil MONSrae, y 3arajisHOMY BHMNaiKy, y MOLIyKax He OIHOTO,
nesxoi MHOXHHN Ilapeto-onTHMaIbHMX BapiaHTiB, fAKi MOXKYTh OYTH BUKOpHCTaHI mpH rpoexTysansi. Jlnd 3BykeH
MHOKUHH [JapeTo [0 €JMHOro MPOEKTHOrO BapiaHTy MOXHA BMKOPHCTaTH METOH, 3aCHOBAaHMH Ha OTpUMaHHi Ta 06pod
nonatkosol cy6'ekTuBHOT iHdoOpMauil y BUrIIAL CYIKeHE eKCMepTiB. _

PesynpraTn. Po3srnauyTo TeopeTuuHi Ta NpakTHIHi acnexTu BUGOPY NepeBaKHOro BapiaHTy 3aco6iB TenekoMyHiKalil 3@
YPaxyBaHHAM CYKYNHOCTI MOKa3HHKIB AKOCTI i CY/KeHb €KCMEPTiB, 1O 3aCHOBAHI HA MeTOni aHanizy iepapxiil. HaseneHo|
IpYKTaad BHPIWEHHS 3aja¥ BHOOPY NepeBaKHOTO BapiaHTy Ing Pi3HUX THMIB 3aco0iB TejeKOMYHiKalli#f, 30kpema, mn
IU(POBHX CHCTEM 3B'A3KY 3 PI3HHM THTIOM MOMyJALl, pisHuX Bapiantie moSynoBi Mepexi MOGINTBHOrO 3B'S3KYy 3-roj
TMOKOJIIHHA, Pi3HHX TeXHoori il Mepeki MOOLTBHOTO 3B'A3KY 4-T'0 TIOKOJIIHHS, PI3HHX THIIB MOBHHX KOJCKIB.

Bucnosxu. Jlocmimkeno npaktuini ocobnnBsocTi i copMyaboBani pexoMeHnalii WOAO 3aCTOCYBAHHS MeTOLy aHasizy |
iepapxilt ans BUGOPY MepeBaxHAX BapiaHTiB 00y 10BH 3ac06iB TeneKOMyHiKaLiil.

Kmouosi crosa: 3acobu TenekomyHikauil; Garatoxputepianbna onTumizauis; ITapeto-onTumanshi piwenns; BuGip
TIEPEBAKHOTO NPOEKTHOTO BapiaHTy; METOJ aHani3y iepapxiil. '

Bespyk B. M., Cropuk 10.B.

MHOroKpHTEepHANLHBII BBIGOP CPEACTE TEIEKOMMYHHKALHI € HCTIOIB30BAHHEM METONA AHA/IN3A HepapXuii

Ipodaematnka. Cpencrsa TeAeKOMMYHMKAIUAH (CHCTEMbI, NPUOOPLI, TEXHONOTMH H Ap.) ABIAIOTCH BAKHBIMH
KOMMOHEHTaMH COBPEMEHHbIX HH(OKOMMYHUKALMHA. PaccMaTpuBalOTCs TEOPETHYECKHE M NPAaKTHYECKHe acrlleKThl BhIGOpa:
NpEeANOYTHTENBHOI0 BapHaHTa CPEACTB TENSKOMMYHMKALMIT ¢ YYeTOM COBOKYIHOCTH TOKa3aTeneil kauecTsa W CYXIEHMI
JKCNEPTOB HAa OCHOBE METOA aHAJIN3a HepapXHii.

Hear. TpeGoBaHus CTPOroro y4era NpOTHBOPEYMBLIX N0KA3aTeNel KauecTBa BOSHUKAIOT NPH BLIGOPE MPEATIOUTHTENBHOTO i
BapHaHTa CPE/ICTB TEICKOMMYHHKAUUH. 3TO OnpejenseT He0GX0AUMOCTb HCIIOb30BAHMSA METOA0B MHOFOKPHTEPHATLHOI !
ONTHMHU3ALIMH TPH BLIGOPE ONTAMATBHBIX MPOSKTHBIX PEIICHNH 3 MHOKECTBA JOIYCTHMBIX BAPHAHTOB.

Meroasl. HayuHas HoBu3Ha paGoThi 3aKMOYAETCS B IPUMEHEHUH METOA aHAIH3A HePapPXUIT LIS CpPaBHUTENIEHOTO
aHazu3a 1 BbIOOpa NPEATNOYTHTENLHOTO BapHAHTa CPEICTB TeICKOMMYHHKALMH C YUeTOM COBOKYIHOCTH NokasaTesei

, Ka4ecTsa M CyX/eHuH SKCNIepTOB. PelleHie MHOTOKPHTEPHATLHBIX 3a/1a4 ONTHMH3ALMHA COCTOMT, B 0BLueM Clyyae, B MOHCKAX
He OJIHOTO, @ HEKOTOPOTO MHOKECTBA [1apeTO-ONTHMAIBHBIX BAPHAHTOR, KOTOPBIE MOTYT GBITH HCMOML30BAHM! P
npoeKTHpoBaHuH. [list cykeHna MHOkecTBa ITapeTo 10 eANMHCTBEHHOTO NPOEKTHOTO BAPHAHTA MOXKET GbITh HCIIONb30OBAH
METOJ, OCHOBAHHBIH Ha MojlyueHUH 1 06paboTke JONONHUTENBHOM CyObeKTHBHOM HEOPMALIY B BULE CYKIEHUN IKCTIEPTOB,

PesyapraThl. PaccMoTpeHs! TeopeTHuecKkHe H MPAKTHYECKHE ACTIEKTH BLIGOPa MPEAOuTHTEIbHOTO BapHaHTa CPeNCTB
TeNICKOMMYHHKALWH, C Y4eTOM COBOKYMHOCTH MOKa3aTeNell KauecTsa U CyKIEeHUH KCTIePTOB, KOTOPhIE OCHOBAHBI HA METO/E
aHanusa nepapxuit. IlpuBeeHs! NpUMephI pellieHHs 3aa4 BbIGOPa MPeANOUTHTENHHOTO BAPHAHTA ANA PA3THYHBIX THIIOB
CpeICTB TENIEKOMMYHHKALMH, B YaCTHOCTH, /U1 LH(POBBIX CHCTEM CBA3H C PA3HBIM THIIOM MOYJSALAH, Pa3IuHbIX
BApPHAHTOB MOCTPOECHHA CETH MOOMIBHO} CBA3H 3-TO MOKOJIEHHS, PA3NMYHBIX TeXHONOTHIT ceTH MOGHABLHON CBS3H 4-ro
TIOKOJIEHHs, PA3THYHBIX THIIOB PEYEBBIX KONEKOB.

BeiBoakl. HccnenoBasel npaktuueckne ocoSeHHOCTH M COPMYNHPOBAHbI PEKOMEHIAUMH 1O NPHMEHEHHMIO METOAa
aHATH3a HePapXHil UTA BbIGOpa MPeANOY THTENLHBIX BAPHAHTOB TNOCTPOEHHS CPEACTB TENEKOMMYHHKALIHL.

Kmiouensie ci0Ba: cpescTsa TeneKoMMYHHKAUNH; MHOTOKpHTEpHATIBHAS ONTHMU3ALAS; [1apeTO-ONTHMAIBHEIE peLIeHus;
BBIOOp NPEANOYTHTENLHOTO NPOEKTHOrO BAPHAHTA; METOJ AHATM3A HepapXuit.
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