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METHODS OF MULTI-CRITERIA OPTIMIZATION IN PLANNING
NETWORKSOF MOBILE COMMUNICATION

Valerii M. Bezruk, Daryna VChebotarova
Kharkiv National University of Radio Electronics, KharkUkraine

The features of the use of multi-criteria optimiaatmethods to solve design problems of mobile camigation networks are
considered. The article is aimed to solve the sescientific and applied problem of planning ampdimization of cellular
mobile communication networks along with takingoiriccount the totality quality indices, based om dipplication of mul-
ticriterial optimization methods. Examples illuging how to select optimal design decisions whiggworks of mobile com-
munication planning taking into account the toyadif quality indices are given.

Introduction tem taking into account a totality of quality ind&[6].

Planning is an important stage of designing nei'lr_here are two approaches when setting the system op

works of mobile communication (NMC), which sub- 'mal|ty criterion: ordinal and cardinal optimalityite-

) . j D . ria.
stantially determines execution of conflicting requ . .
ments of the operator. Thus it is necessary to i The ordinal approach operates with the concept of

account the totality of quality indices, definirgetne- order (better - worse) and is based on introductibn

cessity of the multi-criteria approach when Chogsinsome binary relations on a set of valid designt&wnis

optimal design solutions. But the present methaus a ®,- Thus the solutio®'”’ 0@, is named as an opti-
software do not consider the process of planningCNMmal one by the binary relation of a strict prefees
as the task of a multi-criteria optimization [1-3]. if there are no other existing solutiogs1®, , for
The multi-criteria analysis and optimization are ad ) ) ]
vanced enough in different technical fields, beytare Which the ratiog - ¢ would be fair. A subset of all
still insufficiently widely utilized in telecommuoa- optimal solutions under the ratis- is labeled by
tions, in particular, at NMC planning. One of thear opt. @, .
Sons IS, thqt Fh_e designers h_ave hot comp!etel;zeela The cardinal approach to the description of prefer-
broad possibilities of computing mathematical mdgo . . :
A R . i .~ ence assigns some numerical value of the fundtien
of the multi-criteria optimization and increasingsgi- o ] ’
bilities of computers when solving the practicakimof - defining value of the versiog , to each version
choosing optimal design solutions at NMC planningg J®_ . Each importance function defines the appro-
taking into account a totality of quality indices§).
The given paper contains the survey of theoreticR _ ' \ _
and practical aspects of optimal design solutidrsice  ly in a case, wheik(g') 2 k(¢") . In this case they say,

taking into account a totality of quality indiceShe that the criterion functiork(e) is the estimation tool of

presented methods of the optimal design versioggsign version preference. Thus, the procedure of
choice are based on the multi-criteria optimizatiogo-

ry. Some features of the problem solving the multfh00sing the optimal design variapt’ is defined by
criteria optimization of design solutions at plami the relation¢(i) :arge><tr[k(¢)].

networks of mobile link of 2G, 3G and 4G generagion PP,

are given. In many cases because of poor original idea of opti

L . . mality of design versions it is impossible to efi&hb
1. Methods of mult_l-crlterl_a choice of optimal the scalar criterion of optimality in the formalizéorm
design versions resulting in the choice of the unique design sohuti
Let's consider some features of the methodology @) | Therefore, on the initial stages of planning the
choosing optimal design versions of the technigat s |56 of the design versions is characterized patrie,

fiate order (or preferencdj on set®, (¢'Rg") on-
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but some set of quality indices and the vectoerddh found through optimization of the weighted sumshaf

function bound with them criterion functions

K(P) = (k(9). K, (@).... ko @)). (D) extrk (@) = AK (@) +...+ A K. (@)], 3)

It is important to note that the quality indicestoé s
system can be of three types: neutral, coordinbeed where the weight coefficientd,,..., A are selected
tween themselves and contesting (antagonistic)dmtw m
themselves. In the first two cases the optimizatién on the basis of the conditio >0, > A =1. The Pa-
the network can be separately fulfilled by eachligua i=1

index. In the third case the reaching of the paadipt reto-optimal solutions are versions, which meet gB)
possible value of each quality index separately ayan different admissible combinations of weight coeffi-
pear inaccessible. Thus just the coordinated optirafi cientsA,...,1
contradictory between themselves criterion fundion
(optimum by the Pareto criterion) can be reachedhS
optimum implies that the potentially possible vahfe
each quality index is reached separately withoterde
oration of other quality indices of the network.uBhthe
further improvement of quality indices can be resath
only at the expense of deterioration of other dquaii- klopt =extr[k(#)], k(@) =K,,....k (#)=K,.
dex. The system versions non-dominated by the ®aret 9o,
criterion correspond to the compounded optimum &)
quality indices values. Here K,,,...,K ; are fixed, but arbitrary set values
Method of discrete choice of the Pareto subset. The  f guality indicators
formalized procedure of obtaining the subset ok®ar  The problem of optimization (4) is solved sequen-

optimal design versions in a criteria spate IZ(CDa) tially for all valid combinations of the specifieglues

m-
Method of performance for finding the Pareto sub-

set. This method includes optimization of one criterion
function, in particular, the first one, providedattthe
remaining ones are referred to the category of con-
straints of the equality type

is defined by discrete search of versions accortting Ky, ...,K . As a result, a multivariate performance is
the relation L - found in the criteria space

P(V) = (k(¢°) OV [Ok(g) : k(#) 2 k(¢°)). Kigpt = T (K0 Ky oo Ko )- (5)
(2) If the found dependence (5) monotonically decreases

The considered task of choosing the subset of Pafer each of the parameters, the effective areacumbis
to-optimal design versions taking into account alitgys  with the Pareto-optimal plane. This plane can deeco
of quality indices is the task of the multi-crierfvec- ent, incoherent or isolated group of points.
tor) optimization. As a rule, the Pareto subsaintbas The formal model of the Pareto-optimization task
a result of solution, contains not one version $mme does not contain the information for choosing the
set of optimal design versions unique version. The set of valid design versionsais
Potentially possible quality indices values, correcowed down only to a subset of the Pareto-optirohl-s
sponding to the compounded optimum by Pareto, feptins at the expense of exclusion of certainly worsr-
sent the multivariate potential characteristicshef de- sions by unconditional criterion of preference (Frare-
signed system. In the criteria space of qualityidesl to optimality criterion).
the totality of Pareto-optimal values represenesRhare- In principle, each version from of the subset ofePa
to-optimal surface and multivariate diagrams of exe-optimal design versions can be chosen for furthe
change of the chosen quality indices of the systestages of the system design, as they are inconiparab
bound with it. by the Pareto unconditional criterion. If only oner-
Finding of the system design versions optimal k& thsion of the system should be selected for the suiese
Pareto criterion can be realized either, accortting®), design stages and implementation there is a négéssi
on the set of valid versions &, or with the use of narrow down a subset of the Pareto-optimal solstion

special methods, for example, the weight method, P to the unique design version. Some additiorfarin

method of performance, the method of successive C(%Hation about preferences .Of .the system customercho
cessions ete e used for this purposé&his information becomes ac-

Weight method of the Pareto subset finding. With cessible after the comprehensive analysis of thet®a

the use of this method the Pareto-optimal solutimes optimal design versions, in particular, the struetand .
parameters of the system, performance of the ddain
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versions of the system, relative importance ofghali- portant for it than the remaining indices. Suchecis
ty indices etc. The obtained additional informatisn a|so possible, that the whole group of indiées. .,k

used for creation of the conditional criterion oéfer- can be strictly ordered from the standpoint of rtie-

ence in the form of the scalar criterion funct|9pt|m|- portance.In particular, a number of such judgments is
zation of which leads to the choice of the unigasigh ) o , )
version of the system from the Pareto subset. possible: the indicatok, is more important than other

Choice of the unique design version fromthe Pareto  indicesk,,... K ; the indexk, is more important than
subset with the use of the scalar importance function. o ,
One of frequently used methods for contractionhaf t other indicesk;,...,k,, , etc. This corresponds to the
Pareto-optimal solutions subset up to the uniqueigde definition of the lexicographic relations, whichncae
version is based on creation of the scalar impoganapplied to compare the obtained Pareto-optimalgdesi

function of F(K,,...k ) m variables. Such a function Versions
is selected, the values of which the binary raticorre- 2. Some examples of application of multi-

sponds to in case if for arbitrary estimatesk OV criteria choice methods for optimal design ver-

the i lityF (k') > F(K") is fulfilled wh d sionsin planning NMC
> -
& inequalityF (k ) (k') is fulfiled when and on Let's consider some practical features of appbecati

ly when the binary relatiok > k. is fulfilled. The im- of the multi-criteria optimization methods to plémg

portance function can be written as follows NML. The process of search of the optimal design ve
& sions in planning NMC, taking into account the fatm
F(kv""km)_zcj fj (kj ), (6) ized registration of a totality of quality indicéacludes
j=1

the following stages:
wherec; - are the scale factors defining relative im- - specification of a set of input data for validsid
versions of NMC, which include: the radio standard,
) i ) i ~occupied bandwidth, the number of active subscsiber
are some one-dlmensmnal importance funCtlonS,hvhl(érea of coverage, sectoring and antennas heighé ba
are estimates of importance of the system vergion giations transmitters power, parameters of radivesa
from the point of view of the quality indei; () . attenuation etc.;
- definition of a set of valid design versions taki

into account limitations on NMC structure and pagam
; ters;

- specification of NMC quality indices and calcula-
tion of their values for valid design versions;

- selection of the Pareto-optimal design subset ver
sions of NMC in a criteria space of estimates diliqy
indices values;

- analysis of the obtained Pareto-optimal design ve
sions, multivariate potential characteristics andltim
variate chart of exchange of NMC quality indices;

- creation of the conditional criterion of prefecen

1 (o B with the obtained additional information and setect
¢ (ky, ---1‘%):—{2 [$ )]p} : (7) of the unique design version of NMC.
mi= Multi-criteria choice of optimal design solutions in

The advantage of such form is that depending on thgynning 2G NMC radio network. The example of ap-
[ parameter value a wide class of the membershiying the multi-criteria optimization methods ihet
function is implemented: from the linear additiarh nominal stage of planning of the NMC radio netwofk
with B =1 up to purely nonlinear one witff — oo . the GSM standard is considered [4]. The set ofdvali

Choice of the unique design version from the Pareto NMC versions was formed. Thus, different input data

subset based on lexicographic relations. Sometimes it including the planned amount of subscribers inrtae
is desirable for the customer to receive the makimyOrk. size of the coverage area, the subscribets/ity
value of one of the quality indices of the systémn,ex- at the hour of the maximum load, occupied bandwidth

sizes of clusters, possible probability of calledking

ample, k, irrespective of the values of other quality Nand percent of link deterioration time were spedifi

portance of the corresponding quality indicés(k;) -

Choice of the unique design version from the Pareto
subset based on the fuzzy sets theory. This method is
based on that such a notion as “the best versidgheo
system” can not be precisely defined because ahthe
tial uncertainty concerning preferences of the austr.
This notion can be considered as a fuzzy set amd-+to
timate the design versions it is possible to \gilfan-
damentals of the fuzzy sets theory. In a certaissd¢he
universal form of the membership function, intetpde
from the point of view of the fuzzy sets theoryatéle
to a set of quality index, can be written as

dices. It means that the quality ind&x is more im-
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The following quality indices were chosen: an errasidered [5].The set of valid design versions, defined by
probability, the network capacity, amount of bate s various input data, in particular, by the planedoant
tions in the network, efficiency of the radio-freuecy of subscribers in the network, area of the sereedtd-
spectrum use, probability of blocking, area of cage. ry, probable activity of the subscribers, valid lpability
The subset of the Pareto-optimal versions includihg of the call blocking, was formed. The radio network
NMC design versions was chosen in the criteria espaquality indices were specified: probability of danof
of estimates of the mentioned quality indices. T8 service, density of the served subscribers andssacg
certainly worse design versions were eliminatede Thamount of the base stations.set of valid design ver-
unique design version of NMC among the Paretsions is mapped in the criteria space of estimafes
optimal subset was chosen from a condition of minimquality indices The Pareto-optimal solutions subset in-
zation of conditional criterion of preference (&).is cluding 5 design versions was singled out. The umiq
characterized by the following data: an amounthaf t design version of the NMC radio network was chosen
subscribers - 30000; area of service - 326; ke sub- from this subset with the help of the lexicograpaje
scribers activity - 0.025 Erl; the occupied bandtvid4 proach; this version is characterized by the foitmv
MHz; possible probability of the call blocking -00; data: probability of the blocking - 0,02; densitlytbe
percent of time of the link deterioration - 0.0&ndity served subscribers - 183 subscr. kmmount of the
of service - 94 active subscribers perkmcluster size base stations - 18.

- 7 honeycombs; an amount of the base stationgein t Multi-criteria choice of optimal design solutions in
network - 133; an amount of the subscribers sebyed planning NMC transport network. Results of the opti-
one base station - 226; a traffic - 3.326 Erl; arore mization task solution of the NMC transport network
probability - 5.277 10. topology were obtained by two quality indices: the-

As results of Pareto-optimization, there were obrailability factor and relative cost of the transpoet-
tained multivariate patterns of exchange (MPE)h&f t work [5]. In the considered example a set of valid ver-
quality indices, being of antagonistic charactar I sions of the transport network topology was forrfeed
lustration, some MPE are presented at fig. 1. Bdek the nominal schedule of the radio network contanin
point defines the potentially best values of eaudex 26 base stations and 1 base controller. The estinudt
which can be attained at fixed but arbitrary valoés the introduced quality indices were found for eath
other quality indices. MPE also show how the imtopologies of the transport network. The Paretorogit
provement of some quality indices is achieved at tldesign versions subset including 3 topologies & th
expense of other. transport network was singled out in the critepace

109 of estimates of quality indices. The unique design
sion of the transport network topology was founcewh
using the conditional criterion of preference based
minimizations of the scalar criterion function (&)
equal coefficients of importance of quality indices

Multi-criteria choice of optimal design solutions in
planning 4G NMC. The features of using multi-criteria
optimization methods at planning the NMC radio net-
work base on the LTE technology were considered [6]
By the results of the analysis of traffic in thetwerk
the calculation of the radio coverage was perforniesl

o5 = T e - . frequency parameters of the radio networks miningjzi
(b) interference were selected, the parameters of dse b
stations (power, frequency, radiation patternsriém:

Fig. 1. MPE of the quality indicators (the numbésob-  nas and their height of the suspension) were chdsen
scribers serviced by one base station, the loadadhivity of  a result of planning the values of the service ,deeels

subscribers (b) foNMC of GSM standard) of interference, load of traffic on the base staio

transmission rate, probability of errors etc. wele

Multi-criteria choice of optimal design solutions in  tained.
planning 3G NML radio network. The features of solv-  The following quality indices were specified in the
ing the task of the radio network optimization bget process of the radio network optimization: avaligpi
of quality indices at a nominal stage of plannifidh® of link, amount of bit errors, transmission rate the
NMC radio network of the UMTS standard were con-

800

600
Nabts(B)

400]
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line up, the latency, area of the radio coveragéyark NMC variants. There is the possibility to choose
capacity, bandwidth, efficiency of radio spectruseu  («tick off») concrete quality indices to be taketoiac-
The Pareto-optimal design versions subset was sgwunt at the multi-criteria optimization. Besidésre
gled out as a result of using the methodology diihegd are given values of coefficients of relative impoite
design versions multi-criteria choice taking intwaunt of chosen quality indices. Moreover, there is asfibk
the given quality indicedn this case potentially acces-ity to set a type of conditional criterion of pregace
sible quality indices values representing multigggi and values of appropriate coefficients in the gebkc
potential characteristics and also multivariategdiens scalar criterion functions, which will be utilizédr the

of exchange of radio network quality indicators gerunique preferable design version.
obtained in the criteria spac€he conditional criterion
of preference based on the criterion function anfdrm
of (7) was used for choosing the unique designimers
Program complex for multi-criteria choice of opti-
mal design solutions. For a choice of optimal design
solutions on the basis of multi-criteria optimiza-
tion methods, there was developed the program
complex [6]. It includes two parts solving the fol-
lowing issues: setting initial data and calculation
of technical parameters for some permissible set of
variants of NMC; a choice of Pareto-optimal net-
work variants and narrowing them to a single one.
Fig. 2 shows, as an example, the program com-

plex interface. There is a possibility to choose and

the quality indices values at the multi-criteridtiopza-
tion of the concrete NMC. The information about th@\c.
Pareto-optimal design versions, the values of th#im
variate potential characteristics of the NMC bedeg
signed are highlighted on the screéfere is shown

part of table with values of 14 indicesfor 19
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Fig. 2. Program complex interface for multi-crigechoice of

optimal design solutions

Conclusions

1. The methods of choosing the optimal design ver-
sion of NMC are presented taking into account alitgt
of quality indices including selection of the Paret
optimal solutions subset and its further contractip
to the unique design version.

2. Some examples of application of the considered
methods of the multi-criteria choice of optimal ides
versions are given at solving various types ofN\ihé&C
planning tasks.

3. The offered methods and approprigt®gram
complex of multi-criteria choice of optimal design so-
lutions enable to formalize registration of the NMC

S&onflicting requirements and can be utilized in the

available systems of the computer-aided planning of
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