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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 info-
communications. The theoretical and practical aspects of choice of preferable version of telecommunication facilities are
examined taking into account totality of quality indexes and judgments of experts on the basis of hierarchical analysis method.

Objective. 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.

Methods. Scientific novelty of the work consists in the application of hierarchy analysis method for comparative analysis
and selection of a preferred version of telecommunication means taking into account a set of quality indicators and judgments
of experts. Solution of multicriteria 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. Method 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.

Results. Theoretical and practical aspects of choosing the preferable version of telecommunications means taking into
account the totality of quality indices and experts’ judgments based on hierarchical analysis method are considered. 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 are proposed.

Conclusions. Practical features are studied and recommendations are formulated for application of the method of hierarchy
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 design

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.

Singularities of choice of the unique preferable
version of telecommunications means with the HAM
use are considered in this paper. Examples are given of
the HAM application to the comparative analysis and
choice of the preferable version for different types of
telecommunications means taking into account the
quality indices totality and experts’ judgments.

Singularities of hierarchies’ analysis method

The hierarchies’ analysis method consists in
decomposition of the problem of choice of the unique
design version of some system into simple components
and obtaining the judgments of experts on paired
comparisons of various elements of the choice problem
[6]. As a result of processing of the obtained numerical
data of experts’ judgments according to a certain
mathematical procedure they receive components of the
global vector the components of which characterize the
priority of the choice of versions of the designed
system and identify the choice of a single version of the
system.
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Decomposition involves structuring of the problem
of choice in the form of the hierarchy of levels, which
is the first stage of the HAM application. Fig. 1
presents in the most general form the hierarchy of the
problem of choice, which is built from the top (goal
selection) through the intermediate levels (indicators of
quality) to the lowest level (the alternatives of building
the system).
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Fig. 1. Decomposition of the problem of choice in
the levels hierarchy

The principle of comparative judgments of experts
in the HAM consists in that the objects of the problem
of choice are compared by experts in pairs by
importance. The importance degree of different
versions of the systems (level 3) and different quality
indicators (level 2) are compared pairwise. The results
of pairwise comparisons are reduced to the matrix
form.
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Fig. 2. Matrix of pairwise comparisons of choice problem
elements

Assessment of pairwise comparisons of elements a,

is found using the subjective judgments of experts,
numerically defined on a scale of relative importance of
elements.

Then some processing of matrices of the
hierarchies’ elements pairwise comparisons is carried
out at levels 2 and 3. From the mathematical point of
view, the processing task is reduced to calculation of
the main eigenvector, which, after a certain
normalization becomes the vector of priorities of
elements at the corresponding level of the hierarchy.

Components of the main eigenvector are calculated
as a geometric mean value in the row of the matrix of
pairwise comparisons of elements at each level

V;anal/, l,]=1,_’/l (2)
U J=1

Components of the elements priorities’ vector are
calculated through the components of the main
eigenvector

P.=V’

i n >
2V,
i=1

Based on the matrix of quality indicators pairwise

comparisons (1), obtained at level 2, components of the
main eigenvector (2) and quality indicators priorities

j=Ln. 3)

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=1,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, =Y P0O,. j=LN, )
i=1

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



20

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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Table 1 presents the initial data for comparative
analysis and selection of versions of communication
systems with MPSK and MFSK with different number
of positions M.

Table 1
System’s versions
1 | 2 | 3 | 4 5 | e | 71 | 8
Quality
indicators MPSK MFSK
M=2 | M=4 | M=8 M=16 | M=2 | M=4 | M=8 M =16
K Z_Eb/NO’ 10 10 13 18 13 10 8 7
bit/s/Hz
K, =RW. 1 2 3 4 12 12 13 1/4
dB
The original values of quality indicators K, and K, Table 2
were normalized to the maximum value and converted K, | K, 4 P,
to the comparable form. Then, taking into account the K, 1 12 0,707 0,333
opinions of experts, the matrices of pairwise
comparisons of these indicators of quality were formed, K, 2 ! 1414 0,667

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 calculated
values of components of the vector of priorities of
modulation versions in the communication system in
relation to quality indicators. Here in the last line, the
components of the vector of priorities of quality

indicators are presented. The components of the vector
-
of global priorities C'  are shown in the last column of

table 3.

Table 3

System’s version P P, 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
" 0.33 0.67

The preferred option Ned is selected by the

maximum value of components of the global priorities
-

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 3rd
generation

When carrying out a comparative analysis of the
versions for building of cellular networks of mobile
communication (NMC) of the UMTS standard the

following network parameters are selected: the
blocking probability P,,, the density of subscribers
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served N, /S, (N, is the number of subscribers

served, S, is the area of the served territory), the
required number of base stations in the network is
N 4. . These parameters characterize the quality of the
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 g

[4].

Table 4
Ve(r:s;/(l)gof K,=P, K,=N,/S, Ky=Nyy
1 0.1 166 11
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

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

Table 5
K, K, K, Vi L
K, 1 5 3 2,464 0,6173
K, 1/5 1 1/5 0,3424 0,0858
K 1/3 5 1 1,1854 0,297
quality indicators, as well as components of the vector
The calculated values of the components of the S 2 )
vector of the systems’ versions priorities in relation to  Of global priorities C  are shown in table. 6.
Table 6
Version of P P P C
NMC
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

N
vector C corresponds to the NMC preferred version
(Ned), which is characterized by the minimum

probability of blocking P, = 0,02, density of the
subscribers served N, /S, = 183 subscribers/km’ and

the number of base stations N . =18.

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

Wireless technologies of mobile communication
HSPA (release 7 and release 8), WiIMAX 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.
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Table 7
Quality indicators HSPA WiMAX LTE
Release 7 | Release 8 | Release 1.5

Version 1 2 3 4

Spectral efficiency (down channel, MIMO 0,87 1,75 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 main
eigenvector of quality indicators and the components of
the vector of quality indicators priorities.

Table 8
K, K, K, Vi P,
K, 1 3 1/3 1 0,2584
K, 1/3 | 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 vector
of global priorities are shown in table 9.

Table 9
Version P, P, P, ¢,
1 0,057 0,13 0,043 0,0553
2 0,494 0,279 0,093 0,2158
3 0,285 0,548 0,359 0,3586
4 0,165 0,043 0,505 0,3704
P 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 - Ned4. 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 obtained
Pareto set using the method of hierarchies’ analysis.

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

The Pareto subset, which includes 12 versions of
codecs, is singled out from the original set of 23
versions of speech codecs, taking into account the
totality of 5 quality indicators. Next the pairwise
comparison of Pareto-optimum versions of speech
codecs is performed with respect to the chosen quality
indicators. The corresponding eigenvectors and the
vectors of versions’ priorities in relation to the quality

indicators P, j =1,12 are computed as a result of

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

shows the previously obtained
of the vector of quality indicators

N
priorities P . Using these data the values of the

priorities global vector, presented in the last column of
table 10, are computed.

Table 10
Components of vectors of speech codecs priorities
. Codec against quality indicators P, j =112 Components of
Version type Y Z’
vector
Plj P2j P3j P4j P5j

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 G723.1 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 G 728 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 2. Bezruk V. M., Bukhanko A. N., Chebotaryova D.
maximum value of the computed components of the V. Optimal decision making in info-

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
versions of means of telecommunications.
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bespyk B. M., Ckopuk IO.B.

BaraTokpuTtepianbHuii BUOip 3aco0iB TesiekOMyHiKaliii 3 BHKOPHCTaHHSM METOIY aHaJi3y iepapxiii.

IpodnemaTuka. 3acobu TenekoMyHikalil (cUCTEMH, MPUIAAW, TEXHONOTl Ta iHII.) € BaXJIMBUMHU KOMIIOHEHTaMH
cydyacHUX iH(pokoMmyHikaliii. Po3risgaloTbcs TeOpeTHYHi i TMPaKTUYHI acmekTH BHOOpY TNEpeBaXHOIO BapiaHTy 3aco0iB
TelleKOMYHiKallili 3 ypaXyBaHHIM CYKYITHOCTi MOKa3HUKIB SIKOCTi i Cy/DK€Hb €KCMIEPTiB Ha OCHOBI METO/Iy aHaIli3y iepapXiii.

Meta. Bumorm cTpororo BpaxyBaHHA CyNEpewIMBMX TMOKa3HMKIB SIKOCTI BHMHHMKAIOTh NpU BHOOpPi MepeBaXKHOro
MPOEKTHOTO BapiaHTy 3aco0iB TenekoMyHikaliil. Lle 00yMOBIIO€ BUKOpUCTAHHS METOIB OaraToKpuTepiadbHOI onTUMi3allii
Mpy BUOOPi ONTUMATIbHUX MPOEKTHUX PillleHb i3 MHOKMHU JOMYyCTUMUX BapiaHTIB.

Metoan. HaykoBa HOBM3HA poOOTH TIONIiTaE B 3acCTOCYBaHHI METOAY aHANI3y i€papXiil Ui MOPIBHAJIBHOTO aHaMi3y i
BHOOpY TMepeBaKHOTO BapiaHTy 3aco0iB TeJNeKOMYyHiKawiii 3 ypaxyBaHHSAM CYKYMHOCTI TOKa3HHMKIB SKOCTI I CyIKeHb
eKcriepTiB. PimeHHs OaraTokpuTepiaibHUX 3a4ad ONTHMI3allii MOJsrae, y 3araJbHOMY BHITQJIKY, Y TIONIyKaX HE OMHOTO, a
neskoi MHOKWHM [lapeTo-onTuManbHUX BapiaHTIB, sKi MOXyTh OyTH BHKOPHCTaHI NMpW MpPOEKTyBaHHI. [y 3BYKeHHS
MHOXMHM [lapeTo 10 €IMHOTO MPOEKTHOTO BapiaHTy MOYKHa BHKOPHCTATH METOJ, 3aCHOBAaHWI Ha OTpHMMaHHI Ta oOpoOui
JI0AaTKOBOI Cy0'eKTHBHOT iH(OpMaLil y BUTIIAI CyDKEHb €KCIEPTIB.

PesynbTaTH. PO3riisHyTO TEOpeTHYHI Ta MPAaKTHYHI acleKTH BUOOPY MepeBakHOro BapiaHTy 3aco0iB TeJleKoMyHikauii 3
ypaxyBaHHSM CYKYITHOCTi TIOKa3HHKIB SIKOCTi i CyIkeHb €KCIepTiB, IO 3aCHOBaHi Ha METOAi aHamizy iepapxiii. HaBeneHo
NpUKJIagy BUpILIEHHS 3a7ay BHOOPY MepeBakHOTO BapiaHTy [UIA Pi3HUX THMIB 3aco0iB TeleKOMYyHiKallii, 30kpema, it
uMQpoBUX cUCTEM 3B'SI3KYy 3 DPI3HUM THUIOM MOMYJALIT, pi3HUX BapiaHTiB MOOYyIOBM Mepexi MOOINTBLHOTO 3B'SI3KY 3-r0
MOKOJIiHHS, PiI3HUX TEXHOJIOTii Mepexki MOOLTbHOTO 3B'A3KYy 4-T0 MOKOJiHHS, Pi3HUX THUIIB MOBHUX KOJEKIB.

BucHoBkn. JlocnmimKkeHO MpakTUIHI OCOOIUBOCTI i CHOPMYITbOBaHI peKOMEHAAIil MO0 3aCTOCYBAaHHSI METOIY aHATi3y
iepapxiit s BUOOPY MepeBaKHIX BapiaHTiB MOOYIOBY 3ac00iB TeIEKOMYHIKaIIiif.

KiouoBi ciioBa: 3acobm TenekoMmyHikawil; OararokputepiaibHa onTuMizauis; [lapeTo-onTuManbHi pimeHHs; BHUOIp
TepeBayKHOTO MPOEKTHOTO BapiaHTy; METO aHANI3y i€papxii.

bespyk B. M., Ckopuk IO.B.

MHorokpuTtepuaabHblii BLIGOP CpeICcTB TeJIeKOMMYHHMKALUIA ¢ MCM0JIb30BAHUEM METO/Ia aHAJIM3a uepapxuii

IMpo6aemaTuka. CpencrtBa TeNeKOMMYHHMKAUMNA (CHCTeMbl, MNPUOOPBI, TEXHOJNOTMH W Jp.) SBJISIOTCA BaXXHBIMU
KOMIIOHEHTaMHU COBPEMEHHBIX WH(OKOMMYHHUKAIWiA. PaccMaTpmBaroTCsi TeOpeTHYecKne W TMPAaKTHIECKWe acleKThl BEIOOpa
MPEANOUYTUTENLHOTO BapUaHTa CPEICTB TEJIEKOMMYHUKALUMHA C y4eTOM COBOKYMHOCTH IOKa3areseil KauecTBa M CYXKIACHUIA
3KCMEPTOB HA OCHOBE METOJA aHAIn3a UEPAPXUIA.

Lenn. TpeboBaHws CTPOTOTO yueTa MPOTHBOPEUMBEIX MOKa3aTeJ el KauecTBa BOSHAKAIOT IIPU BEIOOPE MIPEATIOUTUTETHHOTO
BapHWaHTa CPEICTB TEJIEKOMMYHUKAIIMA. DTO ONpeaesieT He00X0AMMOCTh MCIIOB30BaHMS METOTOB MHOTOKPHATEPUATEHOM
ONTUMU3AINH TIPY BEIOOPE ONMTUMAITEHBIX IMPOSKTHBIX PEIICHN 13 MHOKECTBA JOITyCTUMBIX BaPHAHTOB.

Mertoasl. HayuHast HOBU3Ha pabOThI 3aKIIHOYAETCs B MPUMEHEHUH METO/1a aHajli3a UepapXuil 1 CpaBHUTEIBLHOTO
aHaliu3a 1 BbIOOpa MpeAnoYTUTEIbHOT0 BapuaHTa CPEICTB TeJIEKOMMYHHUKALMI ¢ y4eTOM COBOKYIHOCTH MOKa3aTenei
KayecTBa U CYKICHUI 3KcepToB. PelieHne MHOrOKpUTEpUalIbHBIX 3a1a4 ONTUMU3ALMK COCTOUT, B 00ILEM cliyyae, B OMCKax
HE OJJHOTO0, @ HEKOTOPOro MHokecTBa [lapeTo-onTUMalIbHBIX BAPUAHTOB, KOTOPbIE MOT'YT ObITh UCIIOb30BaHbl PU
MpoeKTHUpoBaHuU. [ cykeHuss MHOXkecTBa [lapeTo 10 e AMHCTBEHHOrO MPOEKTHOI0 BapuaHTa MOXKET ObITh UCTIONIb30BaH
METOJI, OCHOBaHHBII Ha TOJy4YeHUH U 00pabOTKe JOTOTHUTEIBHOM CyObeKTHBHOM HH(POPMAIINY B BUIIE CYKICHHI SKCTIEPTOB.

Pe3ynbTaThl. PaccMOTpeHBI TeOpeTHIECKHE U IPAKTHIESCKIE aCTIEKTHI BEIOOpA TIPS ATIOYTUTEITHFHOTO BapHAHTa CPEICTB
TeJeKOMMYHHUKaLUi, C y4€TOM COBOKYITHOCTHU MOKA3aTeNiel KauecTBa U CyKACHUN SKCNIEPTOB, KOTOPbIE OCHOBAHbI HA METOE
aHanm3a nepapxwuii. [IpuBeneHb MpUMepHI PeIIeHNs 3a1a4 BHIOOpa MPEAIOYTHTEILHOTO BapuaHTa JJIsl Pa3IMIHBIX THIIOB
CPEICTB TEIEKOMMYHUKAIIVIA, B YACTHOCTH, [T UPPOBBIX CUCTEM CBS3U C PA3HBIM TUTIOM MOIYJISIIIAN, Pa3TMIHBIX
BapMAHTOB MOCTPOCHUS CETH MOOMIILHOU CBSI3U 3-TO MOKOJICHHUS, PA3IMIHBIX TEXHOJIOTHIA CETH MOOMIILHOMU CBSI3U 4-T0
MOKOJIEHHUS, pa3JIMYHbIX TUIIOB PEYEBbIX KOJIEKOB.

BeiBoabl. MccnenoBaHbl TpakTH4YeCKWEe OCOOCHHOCTH W C(HOPMYJIMPOBAHbI PEKOMEHIAIMW MO MPUMEHEHHI0 MeToja
aHanu3a uepapxuit 171 BbIOOpa MpeAnoYTUTEIbHBIX BAPUAHTOB NIOCTPOEHUS CPEICTB TEJIEKOMMYHUKALUIA.

KiroueBble cjioBa: cpe/icTBa TENEKOMMYHHUKALMIA; MHOTOKpUTepUaibHasd onTuMusalus; [lapeTo-onTuManbHble pelleHus;
BbIOOp MPEANOYTUTETHLHOTO MPOESKTHOTO BapUaHTa; METO aHAJIN3a UepapXHid.



