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RESUME

Each local, self-government unit which is planntogdevelop and later implement the project of land
consolidation is confronted with the problem of okimg the cadastral municipality for land
management via land consolidation. The applianceufi-criteria decision method enables and helps
the decision makers to act regularly and correathen making a decision. Multi-criteria analysis,
above all, enables decision making in conflict dbads. These conditions include multiple alternas
and criteria, from which some should be maximizau others minimized. This paper deals with the
problematic of the ranking of cadastral municipasitin which land management should be performed
with the use of land consolidation, by applying G5 method. The paper also presents the
evaluation of the defined model in the MunicipabifyPeinci.
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INTRODUCTION

Land consolidation represents a planned processhwigulates the lots management as well as the
property over them [1]. According to the Agricultit. and Act [2], land consolidation is defined as a
process which incorporates planned, organizatideghl, economic, and technical measures which
are implemented for the purpose of enlargementimpdovement of natural and ecological terms on
the land. The main goal of land consolidation Hasgs been enlargement of agricultural properties
in the smallest possible number of fine-shaped, lotsorder to improve primary agricultural
production and promote its development.

In time, however, land consolidation obtained aencomplex form, so according to [3,4,5,6,7,8,9],
land consolidation today represents an importaptageh to sustainable development. It started with
the primary goal of increasing arable agricultuazd, and developed in an important instrument for
the overall management and development of urbamaatareas.

By perceiving the significance and benefits whicdnd consolidation projects bring to the
development of the area, as well as the limitedrfanal funds for the realization of the projectsha
Republic of Serbia, it is clear that the choicecatlastral municipalities must include those which
demand a greater need for land territory managementit is necessary to perform the ranking of
cadastral municipalities according to certain ciate
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The solution of this problem is presented with thethods of multiple-criteria optimization, which
enable the ranking performance based on the re¢alaksut cadastral municipalities, obtained from
relevant institutions (Republic Geodetic Authoritatistical Office, Municipalities, etc.). Hence,
according to [10] the perpetuation and exactnesseaf estate cadastre significantly affects the
realization of land consolidation projects - pritharthose related with the readitton of
hydromelioration, for which land consolidation etsimplest tool.

Projects from the field of land consolidation arghhdemanding and imply significantly large

financial investments. Considering the general @ttaristics of these projects, it remains cleat tha
unequivocal decision making, providing of funds amedting priorities when choosing municipalities
and cadastral municipalities for agricultural lamthnagement with land consolidation, are an
imperative [11].

By applying multi-criteria decision making methodse Local Self-Government Units are provided
with multiple alternatives which need to be rankedording to a certain number of criteria. While
performing the ranking, some conflict terms develdpen some criteria should be maximized, and
other should be minimized. To solve this problenstiuments more flexible than mathematical
techniques of pure optimization are applied. Onsuch methods is COPRAS.

Land consolidation projects are ranked accordingeédollowing procedure [12]
o Defining of the ranking criteria;

Calculating of quantitative indicators for the s¢ésl criteria;

Data normalization, which provides equalization;

Evaluation of weight coefficients;

Ranking of projects with the help of multi-criteaaalysis.

O o0ooo

The listed steps are applied by all multi-critemiathods, whereby some of the most frequently used
are described in the paper [13]. Methods of multeda analysis are used in many spheres of hi# a
science. Nowadays, land consolidation is incompreitde without sustainable development, where
the methods of multi-criteria analysis are alsaddd].

The object of this paper’s research is the laurgchifi land consolidation projects and their
characteristics, with the goal of obtaining a fardd real image which will further serve as a fouiuta
for objective defining of the model and for sugdgegtrelevant criteria for the ranking of cadastral
municipalities. This paper also focuses on COPRAghod of multi-criteria analysis and its appliance
in the ranking of land consolidation projects.

The paper defines the model of multi-criteria decisnaking with the use of COPRAS method. The
use of a suggested model, serving as particulek-tyadool for decision making process, aims to
decrease the risk of wrong decision making and @kemthe whole process significantly more
objective and effective.

The basic and primary goal of the research is fmeehe multi — criteria optimization model, based
upon which objective ranking of land consolidatfojects for agricultural land management by land
consolidation in the Municipality of Eimci will be performed. This way, with planned dgsiand
realization of land consolidation projects, theditions for more economical and efficient agrictddu
production in rural areas are created, which dieaffects the development and prosperity of local
communities in general.

MATERIAL AND METHODS
Material
With the goal of ranking the cadastral municipefitin the Municipality of Rénci, data considering

the state of both property and parcel in the amalyzadastral municipalities have been gathered. The
data have been obtained by relevant institutiord facilities like Republic Geodetic Authority,
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Ministry of Agriculture, Forestry and Fisheries, hiitry of Public Administration and Local Self-
Government, Statistical Office, and the Local Satfvernment Unit of Rénci. Because of the
complexity of the problematic itself, large amowhtdata was obtained from cadastral municipalities
during the research. Thus, their presentation wérbe left out.

Optimization model of land consolidation projects

In order to formulate the optimization model, itnecessary to define the goal, criteria, and the
alternatives. The model's goal is to rank cadastrainicipalities (alternatives — 15 cadastral
municipalities) in the Municipality of Renci, i.e. to determine the order of the prioritiés
agricultural land management with land consolidatio the mentioned municipality. An approach
described in the paper was used to define the @atiion model [11].

Defining of the model was conducted through sev&egs:

1. Defining of goal functions (criteria).

2. Defining of the weights of individual criteria.

3. Defining of the decision matrix for the rankiofjcadastral municipalities.
4. Applying of the mathematical model of COPRAS moek

Defining of goal functions (criteria)

In the goal of determining of the optimal cadastralnicipality, that is of their ranking for the
realization of land consolidation projects in theitipality of Pé&inci, and based on the analysis of
numerous research and scientific literature, a tebexperts from the field of land consolidationrr

the Faculty of Technical Sciences in Novi Sad dafiand suggested relevant criteria for the ranking:

f1 : Share of arable land in the total agricultleiad surface;

f2 : Average parcel surface in out-of-constructioea;

f3 : Number of parcels per real estate folio;

f4 : Average property surface in out—of—constructeea:

f5 : Percent of individual agricultural manufactsreiith property size larger than 5 hectares;
f6 : State property share in the total out—of—goictibn area surface;

f7 : Size of the state property land, given indeas

f8 : Surface under channel network;

f9 :Active agricultural population;

f10 : State of land consolidation.

Criteria are reasoned in a way described in tHewahg text.

» Share of arable land in the total agricultural lauatface.Grouping of the land through the
realization of land consolidation projects refexslesively on arable land (fields). Larger
percent of arable land in the total municipalityface clearly indicates on the greater land
consolidation effects [11]. This function is maxa®ed in the optimization process.

* Average parcel size in out-of-construction ar&eea fragmentation and the average parcel
size have always been obstacles for agricultunaldpment. Size and shape of the parcels in
fragmented households often doesn't allow the matiouse of modern mechanization.
Additionally, it is also a very significant loss tifne to transfer the mechanization from one
parcel to another. Such a disarranged propertyt tenrationally processed, so there are no
incomes which could be realized if the property waanged properly. The priority in ranking
should be given to cadastral municipalities in Whilce average lot size in private property is
smaller, with the goal of gaining a larger surfdt&]. This function is minimized in the
optimization process.

« Number of parcels per real estate folio. One ifrtiest important goals of land consolidation
is to reduce the number of parcels with land cadatbn participants, that is, to make the
participants have their property on the smallesssiile number of places in the land
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consolidation area after the land consolidatiorjgmtois realized. With a higher number of
parcels per real estate folio, the land consolidatffects also increase. This function is
maximized in the optimization process [15].

« Average property size in out—of—construction ar@eerage property size in an out—of-
construction area is a significant factor becaulsa gimple reason — the process of land
consolidation doesn’t make any sense when the geesiae of the property is small. With a
larger average property size in an out-of-consimactegion, the land consolidation effects
also increase. This function is maximized in th8rojzation process [15].

e Percent of individual agricultural manufacturersghwproperty size larger than 5Shectares.
Small, family-type households, whose developmert vestrained for too long by the most
diverse restrictive measures, have the tendencgotopletely vanish in perspective. The
following groupings, classified per property sit@ve an effect on the creation of market
economy [16]:

1. Agricultural households with property size up tha&will have problems with existence in the
future as well. It is presumed that members ofdhesiseholds will gain employment in other
households, other sectors of economy, or they bélldirected on intensive production of
vegetables, fruit, special cultures, etc.

2. Agricultural households with property size from 3& (the most numerous today) will still
vegetate on the verge of existence from workinggdriculture. They will strive to increase
their property or seek an employment outside ocatjure.

3. Agricultural households with property size from GHa have the preconditions for economic
prosperity if they leave the so-far “everything aadything” production and acquire an
important progress in household modernization.

4. Agricultural households with property size over H® should grow into a basic carrier of
modern market manufacture on the country. Thistfands maximized in the optimization
process.

o State property share in the total surface of outeafistruction arealhe land users in
state property are the Ministry of Agriculture, €siry and Fisheries, Local Self-
Government Units, Local Communities, etc. The usgfrsagricultural land in state
property actualize significant incomes, which ir thast majority of cases enable the
“survival” of individual Local Self-Government UnitThus, it is clear that land
consolidation effects are greater when the surfaicetate land increases [11]. This
function is maximized in the optimization process.

0 Size of the state property land, given in leaseerious source of incomes for the vast
majority of municipalities on the territory of APoyodina is represented by giving
agricultural land in lease. However, certain proigein the realization of the lease are
represented by fragmented and scattered land,gasitde parcels, non-existing irrigation
and drainage systems, etc. Land consolidation dhpubvide better conditions for
agricultural production to future tenants, which ukb enable organs of local self-
government a more efficient lease of land and aicguof a better lease profit [11]. This
function is maximized in the optimization process.

o Surface under channel network. Without a functioobdnnel network, agricultural
production occurs somewhat difficult, due to theklaf possibility for draining away the
extra water from arable land. Besides for drainagpennel network may also serve for
irrigation. The simplest solution for the problefrveater regime regulation is performed
through the process of land consolidation, by sgttip a new channel network. The
smaller is the surface under channel network, trger will the effects of land
consolidation be [16]. This function is minimizedthe optimization process.
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0 Active agricultural population. Due to the indudiration process, that overtook the whole
country by the end of seventies and in the earghtads of the XX century, intensive
deagrarization took place. If we include a very mpabatus of individual agricultural
manufacturers as well as the impossibility of pdivg basic conditions and resources
necessary for modern living, we have more than gimaeasons to improve the conditions
through land consolidation, at least to those wédded to do agriculture despite of generally
poor agricultural situation [11]. This functionmgaximized in the optimization process.

o0 State of land consolidatioithis criterion is specific because it represengsahly qualitative
criteria. It is evaluated descriptively: the lanohsolidation is, or not performed in the CM
(Cadastral Municipality). In order to include tlusterion in the optimization, it is necessary
to perform its quantification, that is - to detenmia scale which will replace descriptive ranks.
The quantification was performed with 0 — 1 scale,that the CM’'s in which the land
consolidation was performed receives the valueHilewthe CM’s in which land consolidation
wasn't performed receives the value 1. The landsclidation effects will be greater in the
CM's in which land consolidation was not performdthis function is maximized in the
optimization process [15].

Defining of theweights of individual criteria

When there are several unequally important critewalved in the process of decision making, it is
necessary to assign them weights (weight factasyalues), which reflect their relative importanc
The weights serve for defining the significancehaf participation of individual criteria while maig

a decision on the choice of the most favorableradtiive solution of the problem.

In this paper, weight values of the criteria ar¢edained with applying AHP consensus model.
Mathematical model of the applied method is desdrilm the paper [17], so its detailed descriptsn i
hereby left out.

Defining of the decision matrix for the ranking of cadastral municipalities (CM )

After assigning weight coefficients to the critenitas necessary to form decision making matriable
1 depicts decision matrix for the ranking of cadesnunicipalities on the territory of the Municljta
of P&inci, for agricultural land management with landhsolidation.

Table 1. Decision matrix

Criteria F1 F2 F3 F4 F5 F6 F7 F§ F9 F10
Unit % ha/lot| lot/LN| ha/LN % % % m/ad % N.br.
Weight 0.216| 0.216 0.049 0.084 0.139 0.049 0.p804D| 0.084| 0.031
Goal max min max max ma max max min max  max
Alternative

ASanja 75.30 1.40 3.08 4.32 8.89 36|31 54.54 28.3%614 0.00
Bresta& 81.64| 1.11 3.02 3.35 17.10 10.42 29{94 46.30 74.8100
Deg 70.53| 1.55 2.02 3.12 8.2 24.60 72[72 39.24 29.9000

D. 86.98| 1.46 3.51 5.11) 19.85 33.74 75/98 39.98 46.2500
Tovarnik

Karlowvéi¢ 77.11] 1.16 3.74 433 16.64 27.30 76|36 44.31 35.4M00

Kupinovo 16.700 3.50f 3.39] 11.88 7.42 79/62 0/16 958.92| 0.00
Obrez 27.96) 492 3.5 1550 12.835 56{14 6|32 43.60.879 0.00
Ogar 54.78 2.04] 3.31 6.76 11.61 48/92 32.07 46.115045 0.00
Pe&inci 80.63| 0.58| 3.44 2.0l 950 13.40 6.48 28.33225%.1.00
Popinci 75.18 0.77)] 3.42 264 11.89 6.87 27.04 17.6%.84| 1.00
Prhovo 71.21 0.74 3.85 2.87 10.99 15/12 87.66 3568.48| 1.00
Siba’ 85.11| 1.26| 3.52 445 19.85 26.13 53|89 42.79 61.5000
S. 81.70| 1.05| 3.63 3.820 16.32 16.58 55/19 37.13 65.9100
Mihaljevci

Subotiste 86.27 1.57 2.66 40b 16/06 2491 64.18144054.96/ 0.00
Simanovci | 67.57 1.04 2.78 290 11.53 10/04 42.89.371020.18] 0.00
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M athematical model of COPRAS method

Mathematical model of COPRAS method includes séwteps [18]:

> Step 1 - Formation of the normalized decision matrix RE{t.. Normalization of the values of
decision matrix elements is performed by lineangfarmation — the Sum method, where the
values { are determined by applying the formula:

=X -
r”—m‘ d=1.mj=1.n (1)

where:

Xj - performance of the ith alternative in relattorjth criteria/attribute
m — number of alternatives

n — number of criteria/attributes.

» Step 2 - Formation of the weight-normalized decision mawix M men. Weight-normalized
valuey; is calculated by applying the formula:
V, =W, Xri =3.m j=1.n (2)
where w; represents the weight or significance of jfecriteria/attribute, whereby the following

condition must be vali(i:

=

w =1

» Step 3 - Calculation of Pi (max) and Ri (min) , by fielowing formulas:

= ; jOj™i=1..1
P ;v., D™, i=1.m (3)

R=Yv, i0i™i=1.m @)
=1

+min

where " represents the sum of maximal criteria/attribuaesl j™" is represented with the sum of
minimal criteria, that is attributes.

» Step 4 - Determining of the relative significance (weighy each alternative. The relative
importance of the alternativeg,, is determined by applying the formula:

Q -1 L L (5)
Fly—=g 74 =Lem
R'x;ﬁ,

» Step 5 — The choice of the best alternative, or the ramloh alternatives. The considered
alternatives are ranked in a growing line, accaydnthe value Qand the best alternative A
is determined by applying the following formula:

AT(A [=maQ} (6)

RESULTS

In this paper, the weight values of the defineteaa are determined by applying the AHP consensus
model. In the defined model, the acquired consisténdex is 0.0081, which means that the result is
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sufficiently accurate and that there is no needctarections in comparisons and for repeating ef th
calculations.

For the goal of obtaining a list of priorities ofhdastral municipalities for agricultural land
management by land consolidation, a mathematiceinodthe COPRAS method is applied to the
decision-making matrix (table 1) with weights okthriteria determined by using AHP consensus
model. The following text presents the results ioletéh with applying of COPRAS method for the
ranking of cadastral municipalities in the Munidipaof Pecinci.

Table 2 presents normalized decision matrix, abtetd presents weight-normalized decision matrix.
In the next step, values Pi (max) and Ri (min) wasained and presented in table 4.

The following step helps to determine the relasignificance (intensity) for each alternative. Afte
that, the ranking of alternatives was performedenghy the best ranked CM has the greatest intensity
The obtained ranks were sorted per cadastral npatiieés which have the priority for agricultural
land management via land consolidation, and areepted in table 5, where the rank number 1
presents the best ranked CM.

Table 2. Normalized decision matrix

f1 2 3 4 5 6 7 8 9 f10
Aganja 0,072| 0058 0064 0,036 0045 0,084 0,080 560,00,064| 0,000
Bresta 0,079 | 0,046| 0,062 0,043 0,089 0,0p4 0,044 0,0911020| 0,200
Det 0,068 | 0,064 0,042 004D 0042 0,057 0,106 0,p770410| 0,000
D.Tovarnik | 0,084| 0,060 0,072 0066 0,100 0,78 1D, 0,078| 0,063 0,00
Karlovié 0,074 | 0,048 0,071 0,056 0,084 0083 0,111 0,087048| 0,000
Kupinovo 0,016| 0149 0070 0,154 0087 0,185 0,00001®| 0,060 0,000
Obrez 0,027 | 0204 0065 0201 0062 0,131 0,009 60/08,069| 0,000
Ogar 0,053 | 0,089 0068 0,088 0058 0,114 0,047 0J0862| 0,000
Pe&inci 0,078 | 0,024| 0,071 0,026 0048 0,081 0,409 ®,05,035| 0,200
Popinci 0,072| 0032 0071 0034 0057 00416 0,03903®| 0,090 0,200
Prhovo 0,069| 003] 0070 0,037 0065 0035 0,1280700| 0,089 0,200
Siba: 0,082 | 0,052| 0,073 0058 0,100 00p1 0,79 0,p840840, 0,000
S. Mihalievci | 0,079 | 0044 0,075 0,049 0083 0,439,080| 0,073| 0,090 0,20
Subotiste 0,083| 0063 0,055 0053 0081 0,58 0J08079| 0,075 0,000
Simanovci 0,065| 0043 0057 0,038 0059 0,023 0p&020| 0,028 0,000

Table 3.Weight-normalized decision matrix

f1 f2 3 f4 f5 f6 f7 f8 f9 f10
ASanja 0,016 | 0,013] 0,003 0,005 0006 0,004 0,407 0,003 050/00,000
Brestad 0,017 | 0,010/ 0,003 0,004 0012 00p1 0,404 0,004 090)00,006
Det 0,015| 0,014| 0,004 0,008 0,006 0,003 0,409 0,004 030]00,000
D. Tovarnik | 9,018| 0,013 0,004 0,006 0,014 0004 0,09 0,004 050/00,000
Karlowei¢ 0,016 | 0,010/ 0,004 0,005 0,012 0,003 0,409 0,004 04000,000
Kupinovo 0,003 | 0,031] 0,003 0,018 0,005 0,009 0,400 0,001 050/00,000
Obrez 0,006 | 0,044 0,009 0,01y 0,009 0,006 0,401 0,004 060}00,000
Ogar 0,011 | 0,018 0,003 0,00f 0,008 0,006 0,404 0,004 050}00,000
Petinci 0,017 | 0,005 0,003 0,002 0,097 0,002 0,401 0,003 030/00,006
Popinci 0,016 | 0,007 0,003 0,008 0,008 0,0p1 0,403 0,002 080/00,006
Prhovo 0,015| 0,007| 0,004 0,008 0,008 0002 0,411 0,003 080/00,006
Sibat 0,018 | 0,011] 0,004 0,005 0014 0,003 0,407 0,004 070/00,000
S. Mihaljevei | 9017 | 0,009] 0,004 0004 0012 0002 0,407 0,004 080/00,006
Subotiste 0,018 | 0,014| 0,003 0,004 0011 0,003 0,408 0,004 060/00,000
Simanovei 0,014 | 0,009] 0,003 0,008 0,008 0,001 0,405 0,001 020/00,000
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Table 4. Presentation of gained values Table 5. Ranking list of cadastral
Pi (max) and Ri (min) municipalities — COPRAS eathod
Alternative Pi (max) Ri (min) Alternative Intensity Rank

ASanja 0,046 0,015 Prhovo 0,081 1
Brest& 0,056 0,014 Sremski Mihaljevci 0,078 2
De¢ 0,041 0,018 Popinci 0,077 3
Donji Tovarnik 0,060 0,017 Donji Tovarnik 0,074 4
Karlovgi¢ 0,053 0,015 Bresta 0,073 5
Kupinovo 0,039 0,032 Siba® 0,073 6
Obrez 0,047 0,048 Pe&inci 0,072 7
Ogar 0,045 0,023 Karlowi¢ 0,070 8
Pe&inci 0,040 0,008 Subotiste 0,068 9
Popinci 0,048 0,009 ASanja 0,062 10
Prhovo 0,056 0,010 Simanovci 0,061 11
Siba® 0,057 0,015 Ogar 0,056 12
Sremski Mihaljevci 0,059 0,013 Det 0,055 13
Subotiste 0,053 0,017 Obrez 0,053 14
Simanovci 0,037 0,010 Kupinovo 0,047 15

DISCUSSION AND CONCLUSION

Multi-criteria analysis and decision making methdascame an inevitable segment of planning,
management and operative handling in all spherdgeoprocess. There is a significant number of
developed multi-criteria analysis methods, and eathhem helps the decision maker to solve
complex problems. The area involving launching afd consolidation projects soon portrayed the
necessity for multi-criteria optimization.

This happened due to an increased interest of #pulitic of Serbia and local self-management
organs for management of agricultural land by landsolidation, and on the other hand — due to
limited resources. Thus, the appliance of thesehodst is a solution which will help the decision
makers to choose which municipalities and cadastrahicipalities should have the priority for
launching and realization of land consolidationjg@cts.

While giving the priority to a single project fromgroup of land consolidation projects, the deaisio
maker (Municipality) faces with the problem of teeistence of several factors which affect the final
decision. Thus, there is often a situation whicatiudes a conflict among criteria, that is, indivatiu
ranking by different criteria provides differennkang order of land consolidation projects.

Making a decision based upon just one criteriotthovit considering the rest of them, questions the
accuracy, so that kind of decision is incomplete aon-objective.

In order to make a proper decision, it is necestapgpnsider and acknowledge all of the criteriae T
simplest way to solve the problem is to apply wéaia already inevitable methods of multi-criteria
optimization.

Methods of multi—criteria analysis are thereby acedlent instrument which helps in incorporating al
of the criteria in the final decision. This papeegents one of those methods - COPRAS method.
Optimization model, defined in the paper, was usedolving the problem of setting the priority for
cadastral municipalities for agricultural land mgament with land consolidation in the Municipality
of P&inci.

Comparison of the alternatives according to theega was performed with the use of the defined
optimization model of the ranking of cadastral nuipalities and of the mathematical model of
COPRAS method.
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By applying COPRAS method on the defined model, fueking of cadastral municipalities for
agricultural land management with land consolidatrothe Municipality of P&nci was performed in
a very simple manner.

According to the obtained results, the priority fanching of land consolidation projects in the
Municipality of P&inci should be given to the cadastral municipadity°rhovo, followed by Sremski

Mihaljevci and Popinci. The lowest ranked cadastrahicipalities are D Obrez, and Kupinovo.

The suggested methodology, based on the defineclnaodl COPRAS method, may significantly
help the decision maker to make a choice of camlastunicipalities for the launching of land
consolidation projects.

The methodology may include any number of critaarad offers a more objective, simple, and

consistent approach in ranking. This methodology alao be applied in the ranking of different sets
of alternative cadastral municipalities. We shoalldo emphasize that the choice of cadastral
municipality, depending on the local self-governmanmt, may be based on different criteria, not jus

on those we suggested and used in the paper.

The defined optimization model for the choice ofl@stral municipalities for launching of land
consolidation projects is open for further reseamstth an objective to improve, and to remove
eventual deficiencies. That being said, the furesearch may develop in the direction of applying
different methods of multi-criteria analysis or sitaneous appliance of several different methods
combined. Future efforts may also support someaarsearch and lead to defining and suggesting of
new ranking criteria, or eliminating of the oneseally suggested.
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