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Original scientific paper
Abstract: A large number of authors base research on a small number of
traffic access criteria using one of the decision-making methods. The methods
on which research can be based are multi-criteria decision-making in
combination with fuzzy logic and rough numbers that give relevant results
and are widely applied in all fields of science today. When using these methods,
it is necessary to emphasize that there is a certain degree of subjectivity of the
decision maker, but this can be minimized using fuzzy or rough numbers. This
research refers to traffic accessibility of suburban areas, where the system of
urban public transport is operational. The aim of this paper is to compare the
significance of particular criteria using the Fuzzy AHP method and the Rough
AHP method, which would show differences in the values of weight significance
criteria and their ranking. The research has shown that the factors such as a
network of public transport (PT) lines, the network of accessible roads in a
settlement, Built infrastructure, travel time and the timetable have the
greatest importance in description of traffic accessibility.

Key words: Traffic Accessibility; Multi-crteria decision making; Rough
Numbers; Fuzzy AHP; Rough AHP Method.

1. Introduction

Traffic accessibility as a function of public transport strengthens the economy,
deals with the conservation of energy and resources, reduces congestion, improves
the quality of air and our health, provides critical assistance in emergency situations
and catastrophes, increases the development and value of real estate, increases
mobility in small urban and rural communities, and reduces health costs. All of this
contributes to a better quality of life.
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This paper gives a qualitative approach, not an analytical one. Experts are
consulted to measure different criteria. The approach is in essence based upon opinion
and not mathematical or scientific accuracy. Therefore, the starting point in this paper
is the fact that it is possible, based on the experience so far, to gain an insight in the
potentials of a new approach to observing traffic accessibility, especially in suburban
areas where the system of urban public transport is operative.

Relevant criteria for traffic accessibility were described and measured (taking into
account social equality). These criteria influence the reduction of the usage of
passenger vehicles in suburban areas and create a more favorable environment for
urban public transport in view of improving efficiency of the transport system and its
sustainable development. As instruments of transport policy, measures that can be
taken to manage the transportation needs of users (passengers) do not ask for great
material investment, making them even more attractive.

The selection criteria for traffic accessibility that have an impact on the
development of suburbs is a complicated process. It requires a detailed and
permanent analysis of all relevant factors, which can have a smaller or greater impact.
In order to identify the right criteria and sub-criteria that affect traffic accessibility, it
is necessary to possess real knowledge of transportation systems, city infrastructure,
demographic conditions, geographical surroundings, and fields related to decision-
making and management. The choice of the criteria of traffic accessibility affecting
different suburban communities is a complex process. Problems of finding an optimal
solution, that is, tasks of optimization, are found and solved in every day life. They are
found almost everywhere, in technical and economic systems, in the family,
companies, sports clubs etc. (Guli¢, 2015). The decision-making process and the choice
of "best" alternatives are usually based on more than one criterion and a set of
constraints.

The decision maker should ultimately adopt a solution. The decision taken by the
decision maker is called the best or preferred solution. The task of multi-criteria
optimization is to help the decision-maker choose the solution he considers to be the
best in the given conditions. Therefore, efforts to solve the set multi-criteria problem
are often called multi-criteria analysis. When making a decision, the choice of some of
the alternatives is assessed to solve a particular problem. In the decision-making issue
there are goals that are to be achieved by decision, the criteria that measure the
achievement of these goals, the weight of those criteria that reflect their importance
and alternative solutions to the problem (Rankovié¢-Plazini¢, 2015).

At the beginning of the paper, a general introduction with an overview of existing
research and literature dealing with similar issues was given. In the second section,
the concept of accessibility is explained and traffic accessibility criteria relevant for
further research are presented. The third section describes the methodology that has
been applied and the methods used to compare the significance of the criterion. The
fourth section presents the results of the research, followed by a discussion of the
results obtained and a conclusion.

2. Literature review

The international project MORECO (mobility and residence costs) explains the
conjuncture between future places of living and accessibility. Special emphasis is put
on the consequences that the uncontrollable spread of settlements causes to public
transport services. The main goal of the project was to promote sustainable mobility
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through the development of a polycentric system of settlements. The main operative
goal of the project was to promote the implementation of decisions made by private
and public actors on locations that are close to public transport stops (Guli¢, 2015).
Litman (2017) wrote about the concept of accessibility and the ways it can be
incorporated into transport planning. Many factors can have an impact on
accessibility, including movability (physical motion), quality of transport, networking
of traffic systems, mobility, and land use.

The main aim of paper (Stankovi¢ et al., 2018) is the definition and quantification
of criteria that have the greatest impact on the traffic accessibility of suburban
settlements, and development of a model for assessing traffic accessibility. This model
refers to the traffic accessibility of suburban settlements in which the public transport
system functions and represents a qualitative approach to research. One of the most
popular methods of multi-criteria decision making, FAHP was used. Daily use of multi-
criteria decision-making methods (Mardani et al,, 2015; Gul et al,, 2016) certainly
contributed to the growing popularity of this area. In the paper (Akkaya et al., 2015)
an integrated fuzzy AHP and fuzzy MOORA model is proposed for solving problems in
the field of industrial engineering. Chen and Yang (2011) used limited Fuzzy AHP and
Fuzzy TOPSIS for selection suppliers. There are a considerable number of publications
dealing specifically with the comparison of classical AHP and fuzzy AHP (Stevi¢, 2018).
AHP is often used in combination with other methods where authors use AHP to
estimate the weight of the criteria (Stevi¢ et al.,, 2015).

In addition to the fuzzy theory, a very suitable tool for treating uncertainty without
the influence of subjectivism is the theory of rough sets, first presented (Pawlak,
1982). Unlike fuzzy theory and probability theory in which the degree of
indeterminacy is defined on the basis of the assumption, in the theory of rough sets,
indeterminacy is determined by the approximation which is the basic concept of the
theory of rough sets. The theory of rough sets uses only internal knowledge, that is,
operational data, and there is no need to rely on modeling assumptions. In rough sets,
measurement of uncertainty is based on the uncertainty already contained in the data
(Khoo & Zhai, 2011). This leads to objective indicators that are contained in the data.
In addition, the theory of rough sets is suitable for applications that are characterized
by a small number of data, and for which statistical methods are not suitable (Pawlak,
1991, 1993; Stevi¢, 2018).

3. Methodology

In selecting the best assessment or decision-making method for criteria selection,
research and the scientific literature in this field show that the problem could be
solved by applying the multi-criteria decision-making method. The analytic hierarchy
process (AHP) is a multi-criteria method that supports decision making with conflict
criteria and alternatives. It has been thoroughly studied and improved through
various scientific papers at prestigious universities worldwide (Roy et al., 2018; Badi
et al, 2018; Lukovac & Popovi¢, 2018). The AHP method has great significance for
problem structuring and the decision-making process. Comparison was later carried
out by pairs of elements in the hierarchy (aims, criteria and alternatives). These
assessments can be made as comparisons between two elements at a set level of the
hierarchy, taking into account their influence at a higher level. The comparison of the
elements in pairs reveals the relevance of a specific element in comparison to another
to meet the level of the aims and the criteria (Saaty & Kearns, 2014).
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3.1. Fuzzy AHP method

Let X = {x1, X2, . . ., Xn} be a set of objects, and U = {uy, uz, . . ., um} set of goals.
According to the methodology of the expanded analysis by Chang (1996), for each
taken object, an expanded analysis of the goal uj was carried out. The values of the
extended analysis m for each object can be presented as follows (Chang, 1996):
M;i,Mji,M;?,i =12, ..,n, (D
where is Mé,j =1,2,...,m, fuzzy triangular numbers.

Chang’s extended analysis contains the following steps:

Step 1: Values of fuzzy extensions for i-th object are:

n n m -1
Si=ZMéix ZZMéi , (2)
j=1

i=1j=1

-1
In order to get the expression [Z?=1Z;‘n=1 Méi] , it is necessary to carry out

additional fuzzy operations with m values of extended analysis, given in the following
expressions:

m m m m
D M=\ D um ) | 3)
j=1 = = =
and
n m n n n
ZzMéi:<zli'zmi,zui>' (4)
i=1j=1 i=1 i=1 i=1
Inverse vector:
ne 1 1 1
ZZMéi =[n o e . (5)
== il Xinamy X g
Step 2: Level of probability Sz > S1 is defined as:
L, if my2m,
0, ifli=u
V(S, =5) = { L -, 1 2 6)
, other
k(mz —uy) — (my — 1y) J

For comparison of S1 and Sz, both values are required V(S1 = S2) 1 V(Sz = S1).
Step 3: Level of probability which states that convex fuzzy number is greater than
k convex number S (i=1, 2,..., k) can be defined by the expression:

V(S = 8.,5;,...,8) =minV(S; =>S,), i=12..k 7
Weight vector is given by the following expression:

U ! ! ! T
W' = (d'(A),d'(4;), ..., d'(4,)) (8)
where is:
d'(A;) =minV(S5; = S,), k+1i, k=1,2,..,n; 9)

and Ai (i=1, 2, .., n) n of the element.
Step 4: Through normalization, weight vector is:

T
W = (d(41),d(4,), ..., d(A4,)) (10)
where W does not represent a fuzzy number.
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Through the application of the fuzzy AHP method, the main disadvantage of the
classical AHP method is alleviated, and this is indicated by an insufficiently large scale
of comparisons. To this end, different scale have been developed based on fuzzy
triangular numbers, where the decision-maker has the ability to evaluate the
significance of the criteria much more closely and more easily. Within Table 2,
linguistic variables are converted into triangular fuzzy numbers:

Table 2. Linguistic scale of significance (Srichetta & Thurachon, 2012)

Linguistic Scale TFNs Reciprocal TFNs
Equally important (1,1,1) (1,1,1)
Weakly more important (1/2,1,3/2) (2/3,1,2)
Strong more important (3/2,2,5/2) (2/5,1/2,2/3)
Very strong more important (5/2,3,7/2) (2/7,1/3,2/5)
Absolutely more important (7/2,4,9/2) (2/9,1/4,2/7)

3.2. Rough AHP method

The rough AHP consists of the following steps (Zhai et al.,, 2009; Stevi¢, 2018):

Step 1: Identification of the target of the research, followed by identification of the
criteria and potential solutions. In this step, it is necessary to form a hierarchical
structure, as is the case with the classic AHP.

Step 2: Formation of a group matrix of pairs in pairs from e, experts, expressed
as:

e e
1 X127 Xim
x5 1 - x5
B,=|"%t | em (11)
e e
xml xmz 1

where is x7, (1<g<m,1<h<m,1<e<s) the relative importance of the criteria g
on the criterion h expressed by the expert e, m represents the number of criteria, while
with the number of decision makers (DM) or experts.

Calculate the maximum of its own vector A%, from B,, then calculate the
consistency index CI = (A%, -n) / (n-1).

Get out of the table (RI) depending on n and calculate the degree of consistency
CR=CI/RI.

Subsequently, the group matrix of comparison B is expressed as:

~e e
1 %2 - Xm

~e ~e
~ X 1 X
B=|" Loem (12)

~e ~e

Xm1  Xm2 -1
where is Xgn {x;h, xgh, ) xgh }, Xgn the sequence of the relative importance of the

criteria g on the criterion h.

Step 3: In this step, a rough matrix of comparisons needs to be formed.

All elements x,, in B must be translated into a rough number RN(xgy):
RN (xgn) =[xk, x5h] (13)
where is xg,Ll lower limit of rough numbers RN (xg,), while xg,'{ the upper limit of the
rough number.

Then a rough sequence RN (%g,) is presented as:

RN (gn) = {[xgh xgn ], [x3h xgn'], - [xgh, %51 1} (14)
After that, conversion to an average rough number is carried out RN (xgp,):
RN(xg,) =[xk, xeh (15)

90



Determining the Importance of the Criteria of Traffic Accessibility Using Fuzzy AHP and ...

1L 2L SL
L _ XghtXght ot xgh (16)
gh S

1U 2U sU
U _ XghtXgptotxgy (17)
gh —

s
where is xﬁh lower limit of rough numbers RN (x,4,) and x;]’h the upper limit of the

rough number.
Then, the rough matrix of the comparison of M is expressed as:

[ [1,1] [xf2, xi’z] o [ x{]m]-l
M = [szl"xgi] [1:'1] [xém:'xgm] | (18)
l[x‘anlrhx‘rLrltl] [ernZv.xrlr]LZ] [1; 1] J

Step 4: Calculating the rough weight wy for each criterion using the following two
equations:

m m m m
e = [\/Hh=1x5h’ ’ \/thlxguh ] (19)
w'g = Wg / max(w}/) (20)
where is w'g normalized weight of the criterions.

3.3. Set of Criteria of Traffic Accessibility

Accessibility as a term should be regarded as the extent to which potential
passengers, who have certain transportation needs, have access to the city area.

Social Exclusion Unit (2003) report determines that accessibility depends upon:

— Existence of transport services connecting people and content;

— Informing people about transport services;

—  Physical and financial limitations of access to transportation services

— Remoteness of content and activities

Accessibility can be:

—  Spatial—referring to the spatial arrangement of contents in relation to
users who set the requirements for their use;

— Temporal—referring to the time when a certain service is offered during
the day, week or a longer period of time in relation to the available time
of users for this service.

The first phase involves the identification and classification of criteria. In this
phase, it is recommendable to use information on the functioning of the analyzed
systems. It was also necessary to classify criteria according to their type, sub-system
they belong to, and the level of decision-making.

A certain number of set elements of the preliminary criteria were identified on the
basis of physical, functional and other characteristics of the system, which was the
subject of the study. The second part of the preliminary criteria was defined on the
basis of scientific and practical research and the analysis of literature on the subject.
The third part of the set of preliminary criteria was identified on the basis of earlier
experience with similar projects worldwide. Combining these three approaches, the
number of set elements of the preliminary criteria for the assessment of the impact of
traffic accessibility was obtained. Respecting experience and recommendations
mentioned above, it is suggested that the assessment of traffic accessibility is made
based on 13 factors (sub-criteria) grouped in 4 groups of criteria (Table 1).
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Table 1. Impact criteria of traffic accessibility on suburb development

Criteria Sub-criteria
Network of PT lines
Remoteness of the railway
Transport

Characteristics of the settlement

Possesion of a car in the household

Built infrastructure

Space Network of access roads

Remoteness from the most significant contents
Comfort in a vehicle

Quality of service Travel time
Transfer points
Timetable
System quality Transport costs
Tariff system

The surveys method, as one of the most commonly used methods for data
collection in surveys (whose optimal size is 5 *# 2 members), gathered data,
information, attitudes and opinions about the relevance of the given criteria in the
preliminary meeting. The questionnaire consists of two basic elements: an
introduction to the survey and questionnaire (questions). Given that this is an
evaluation of predetermined criteria where respondents should only give preference
to the importance, respondents were personally given a closed questionnaire type,
that is, the one with the offered responses in the form of intensity of importance
(optimal 5 intensities). The second part of the questionnaire consisted of a question of
a closed type, by which the participants in the survey evaluated the importance of the
criteria by rounding out one of the grades of 1-5 (1-smallest importance, 5-major
importance).

Decision makers at this level are relevant experts who have knowledge and
experience and who are directly related to the topic that is being processed. All
interviewees have a master's degree.

4. Results

When defining the set of criteria and sub-criteria for assessment of the impact of
traffic accessibility on development of suburbs, an expert team from economy made
up of 5 professionals in the field of Transport systems and Public transport of
passengers was consulted in the city of NiS. The number of experts who took part in
this research is limited due to the impossibility to involve a greater number of experts
who live and work on the territory of the city of Nis. It was required that all experts
from the area of research they are relevant in, be from the territory of the urban unit.
The matrices of the comparison of the value of the estimation by the experts for the
Fuzzy AHP analysis are given in Table 3.
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Table 3. Compatibility matrix for a group of transport criteria

Ay Az A3z Aq

E1 (1,1,1) (5/2,3,7/2) (1,1,1) (1,1,1)

E: (1,1,1) (1,1,1) (1,1,1) (3/2,2,5/2)
A1 Ej (1,1,1) (3/2,2,5/2) (3/2,2,5/2) (1/2,1,3/2)

Es4 (1,1,1) (3/2,2,5/2) (1/2,1,3/2) (3/2,2,5/2)

Es (1,1,1) (3/2,2,5/2) (3/2,2,5/2) (1,1,1)

E1 (2/7,1/3,2/5) (1,1,1) (2/7,1/3,2/5) (2/7,1/3,2/5)

Ez (1,1,1) (1,1,1) (1,1,1) (3/2,2,5/2)
A2 Es (2/5,1/2,2/3) (1,1,1) (1,1,1) (2/3,1,2)

Es4 (2/5,1/2,2/3) (1,1,1) (2/3,1,2) (1,1,1)

Es (2/5,1/2,2/3) (1,1,1) (2/5,1/2,2/3) (2/9,1/4,2/7)

E1 (1,1,1) (5/2,3,7/2) (1,1,1) (1,1,1)

E: (1,1,1) (1,1,1) (1,1,1) (3/2,2,5/2)
As;  Es (2/5,1/2,2/3) (1,1,1) (1,1,1) (2/3,1,2)

Es4 (2/3,1,2) (1/2,1,3/2) (1,1,1) (1/2,1,3/2)

Es (2/5,1/2,2/3) (3/2,2,5/2) (1,1,1) (2/5,1/2,2/3)

E1 (1,1,1) (5/2,3,7/2) (1,1,1) (1,1,1)

Ex (2/5,1/2,2/3) (2/5,1/2,2/3) (2/5,1/2,2/3) (1,1,1)
A+ Es (2/3,1,2) (1/2,1,3/2) (1/2,1,3/2) (1,1,1)

Es4 (2/5,1/2,2/3) (1,1,1) (2/3,1,2) (1,1,1)

Es (1,1,1) (7/2,4,9/2) (3/2,2,5/2) (1,1,1)

The relative fuzzy weights of each sub-criterion for the Transport group of criteria

are shown in Table 4:

Table 4. Average and normalized weight criteria for the transport group of criteria

Sub-criteria w’ w Rank
Network of PT lines - Al 1 0.435 1
Remoteness of the railway - A2 0.070 0.031 4
Characteristics of the settlement - A3 0.610 0.265 3
Possesion of a car in the household - A4 0.619 0.269 2

Similarly, a comparative analysis of the obtained results was performed and they

are presented in Table 5 and graphical way.

Table 5. Relative rank of significance of particular criteria based on comparison

with Fuzzy AHP method

Criteria Sub-criteria w \
Network of PT lines 1 0.435
Transport Remotengss_of the railway 0.070 0.031
Characteristics of the settlement 0.610 0.265
Possesion of a car in the household 0.619 0.269
Built infrastructure 0.961 0.333
Network of access roads 1 0.347

Space Remoteness from the most significant
0.920 0.319
contents

Quality of Comfort.in a vehicle 0.502 0.206
service Travel time 1 0411
Transfer points 0.931 0.383
Timetable 1 0.378
System quality ~ Transport costs 0.934 0.354
Tariff system 0.708 0.268
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Figure 1. Relative weight of sub-criterion for all groups of criteria

If in general the relative weight of the sub-criterion were observed, the highest
values are found in the sub-criteria of Network of PT lines, Travel time, Transfer points
and Timetable. The smallest weights have the sub-criteria such as Comfort in a vehicle
and Remoteness of the railway (Figure 1).

In the second case, using the Rough AHP method, after a comparison, a group

matrix of comparisons in pairs was formed. A group matrix for the transport group of
criteria looks like this:

[ 1,11 241 443 2,5,4]
Il ! 1 111 313 124I
>3 A, A, 2,

Elt11 1 1 1 111 1 29
7733 3003 WL 3.2
111 1 11 3 11 111
257 bygz 3337 1L

Based on the group matrix, the rough weight of the sub criterion for the transport

group of criteria is obtained:

w = {[1.99, 2.67]; [1.04,1.61]; [0.57,0.80]; [0.53,0.89]}
w' = {[0.75,1.00]; [0.39,0.60]; [0.21,0.30]; [0.20,0.33]}

The values of the rough weight of all sub-criteria are given in Figure 2:

1,2

. _

05 |- M [ =

06 I M

04 | - —

[ .

0 T T T T T T T T T T T T |

5 & SRS 3 e e ] S e o
« o\‘& ;&?o Q'é\ ,bé'ef, \*o& Qé'\)‘ \"&\@ Q‘/{\\é Qé\é' é@o\ (,oé *‘3&&

KQ& P N & & EN & & & S

S ¢ & O T ANPGRS SO S
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SRS A S <
& & S < > (96‘

Figure 2. Rough weight of the sub-criteria using the rough AHP method
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The greatest rough weights, in general, have the sub-criteria such as Built
infrastructure, Network of PT lines and Network of access roads. Unlike the
arrangement using the Fuzzy AHP method, the sub-criterion Remoteness of the
railway using the rough AHP method is highly ranked and has a significant relative
weight. The minimum value of relative weight is provided by the Tariff system and
Transfer points.

4.1. Comparison Analysis of Results

After obtaining the results using the Fuzzy AHP method and the Rough AHP
method, a comparison of the significance of the criteria can be made, and the results
are presented graphically.

1.1
1
0.9
0.8
0.7
0.6
0.5
0.4 —_—
0.3 L =FuzmyAHP

0.2 —
0.1
D T T T 1
Network of PT lines Remoteness of the Characteristics of Possesion of a car

railway the settlement  in the household

Rough AHP

Figure 3. Sub-criteria values for the Transport group of criteria obtained
using the Fuzzy AHP and Rough AHP methods

Figure 3 shows the comparative values of the weight of the sub-criterion for the
Transport Criteria Group using the Fuzzy AHP and Rough AHP methods. Although
there is a difference in the value between these two methods, the significance of the
sub-criteria Network of PT lines is dominant in relation to others. Also, using Rough
AHP method, the sub-criterion Remoteness of the railway showed greater significance
than in the case when the analysis was performed using the Fuzzy AHP method.

11
1 —
0.9 —
0.8 —
0.7
0.6
0.5
0.4
03 = — Fuzzy AHP
0.2
0.1

0 T T
Network of accessroads  Remoteness from the Built infrastructure

most significant contents

Rough AHP

Figure 4. Sub-criteria values for a Spatial group of criteria obtained using
the Fuzzy AHP and Rough AHP methods
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Similarly, in Figure 4, the values of the sub-criterion for the Spatial Criteria group

are shown using the methods indicated.

Subcriteria values using the Fuzzy AHP method are approximately similar, as can
be seen in Figure 4. On the other hand, the Rough AHP method shows that the
significance of the sub-criterion of Network of access roads and the Built
infrastructure are approximately equal, but that the Built Infrastructure has a

dominant significance.

11

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Comfort in a vehicle

Rough AHP

— Fuzzy AHP

Figure 5. Sub-criteria values for the Quality of services criteria group

obtained using Fuzzy AHP and Rough AHP methods

Figure 5 shows the values of the sub-criterion of the Quality of service group where
we can see similar weights of the criteria of the Travel time and Comfort in a vehicle.
Only the last sub-criterion (Transfer points) of the Fuzzy AHP method is more

important than the Rough AHP method.

11
1

0.9 -

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Rough AHP
— Fuzzy AHP

Figure 6. Sub-criteria values for the Quality of system criteria group
obtained using Fuzzy AHP and Rough AHP methods

Using both methods, in Figure 6, it can be seen that the values of the weight of the
significance of the sub-criterion of the Quality of system group are similarly

distributed.

Comparative weighting criteria for both methods of multi-criteria decision making

are given in Table 6:
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Table 6. Weight values of all sub-criteria using Fuzzy AHP and Rough AHP

methods
Criteria Fuzzy AHP Rank Rough AHP Rank
Network of PT lines 0.435 1 (0.75; 1.0) 2
Remoteness of the railway 0.031 13 (0.39; 0.60) 4
Characteristics of the settlement 0.265 11 (0.21; 0.30) 11
Possesion of a car in the household 0.269 9 (0.20; 0.33) 7
Network access roads 0.347 6 (0.77; 1.0) 3
Remoteness from the most 0.319 8  (037,049) 8
significant contents
Built infrastructure 0.333 7 (0.74; 1.0) 1
Travel time 0.411 2 (0.86; 1.0) 5
Comfort in a vehicle 0.206 12 (0.37;0.47) 10
Transfer points 0.383 3 (0.32; 0.40) 12
Timetable 0.378 4 (0.86; 1.0) 6
Transport costs 0.354 5 (0.60; 0.72) 9
Tariff system 0.268 10 (0.26; 0.28) 13
1 Fuzzy AHP Rough AHP
" e _ % S
10 AN 10 1o
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Figure 7. Ranking the sub-criterion using the Fuzzy AHP and the Rough

AHP methods

Generally, according to the Fuzzy AHP method, Network of PT lines is in the first
place, while the second place is occupied by Travel time (Figure 7). By using the Rough
AHP method, the criterion of Built infrastructure was ranked first, followed by
Network of PT lines. The sub-criterion Remoteness of the railway is at the last place
based on the Fuzzy AHP method, while according to Rough AHP method, it is on the
high fourth position. According to the same method, the Tariff system is last ranked.
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4.2. Analysis of the sensitivity of the criterion values

When choosing the relevant criteria, one of the important characteristics of the
applied methods is the analysis of the sensitivity of the final solution, which allows the
decision maker to examine different variants. The sensitivity analysis shows the
relations of priority change as a function of the significance of the attributes (Batini¢,
2013). Several methods are used to analyze the sensitivity of the solution:

—  dynamic sensitivity analysis;
gradient sensitivity analysis;

- performance sensitivity analysis;

yhead of the head” analysis (one to one);

- two-dimensional analysis.

Dynamic sensitivity analysis shows that the change in the priorities of one criterion
influences the change in the priorities of other criteria and the priorities of the
alternatives within the observed criterion. The importance of implementing a dynamic
sensitivity analysis is also the ability to determine the individual participation of the
criteria in the priorities of the alternative. Changing the priorities of one criterion to
change the priority of the criteria and alternatives, or finally the final ranking of
alternatives as results can be more clearly followed in the gradient analysis graph.
Performance sensitivity analysis summarizes the presentation of the criteria and
alternatives for all criteria individually and collectively at the global level and at the
criteria levels. The significance of the performance sensitivity analysis is that it is
possible to determine the final solution, that is, the result - ranking for any node on the
tree of the criteria within the associated level. An analysis of the sensitivity of the
"head of the head" determines for which percentage the significance of the considered
criterion in relation to the other is higher. To determine this percentage, a specific
scale of the set of criteria for which the required value is determined is used. The graph
of two-dimensional sensitivity shows how alternatives behave according to two
criteria.

To ensure that the results obtained are valid and applicable in the real world,
itis necessary to perform sensitivity analysis and check the stability of the final results.
Changes in the weight values of the criteria are analyzed to determine how their
significance affects the results.
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Figure 8. Results of the sensitivity analysis for the Transport Criteria
Group
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In Figure 8, the sensitivity of the significance of the criterion, which has the greatest
value in relation to the other criteria, was analyzed. The dominant significance of the
Network of PT lines has a weight vector of 0.65 in relation to the sub-criteria of the
Characteristics of the Settlement and the Possession of a Car. The Remoteness of the
railway has a slight dominance of up to 0.1. A small change in value (10-20%) would
not affect the change in the significance of the sub-criterion.
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Figure 9. Results of sensitivity analysis for the Space group of criteria

Sub-criteria The Built infrastructure and the Remoteness from the most significant
contents have a dominant value of the weight of significance up to a value of 0.95
(Figure 9). This practically means that a small change in the value of the sub-criterion
of the Network of access roads (10%) will cause a change in the weight of the
significance and the dominance of the sub-criterion within the space group of criteria.
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Figure 10. Results of the sensitivity analysis for the Group of criteria
Quality of service

In Figure 10, the sensitivity of the significance of the sub-criterion was analyzed.
Travel time in relation to other criteria. The dominant significance for the Transfer
points has the value of the weight vector 0.5, and in relation to the sub-criterion of the
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Comfort in a vehicle of 0.95. With a change of less than 10%, the weight value of the
sub-criterion changes and the sub-criterion Comfort in the vehicle becomes dominant.
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Figure 11. Results of the sensitivity analysis for the Group of criteria
Quality of the system

Sub-criteria the Transport cost and the Tariff system have a dominant value of the
weight of importance up to a value of 0.7 and 0.95 (Figure 11). This practically means
that a change of less than 10% triggers a change in significance according to the sub-
criterion of Transport cost, while the change of significance of 30% would trigger the
dominance of the sub-criterion Tariff system.

5. Discussion

By reviewing the literature, scientific papers and research, as well as consulting
with experts from relevant fields, a total of 13 criteria for assessing the impact of traffic
accessibility in suburban settlements were identified. They are classified into four
groups: transport, space, quality of service and system quality. Economic experts who
are directly in touch with the analyzed problematics were involved in assessing the
significance of certain criteria within each group of criteria.

In order to solve the problem of evaluating and selecting priority criteria from
individual groups, one of the decision-making methods - the Fuzzy Analytical
Hierarchical Process (FAHP) was used, since it is known from previous experiences
and from literature that such problems should be addressed by methods of multi-
criteria decision-making. Also, in defining the significance of the sub-criterion, in
addition to the FAHP method, a coarse theory was applied, among which the Rough
AHP method is most suitable for testing uncertainty when it is necessary to exclude
subjectivism in the choice of the importance of the significance of criteria.

A multi-criterion analysis of four sets of criteria, using the FAHP method, has
shown from each group those that are a priority for assessing the impact of traffic
accessibility. Criteria that in the normalized ranks gained an advantage over other
criteria from their group are:

1. From the Transport Criteria Group, the Network of PT lines has the highest

relative weight;

2. From the Space group of criteria, the highest relative weight has the Network

of access roads;
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3. From the Group of criteria Quality of service, Travel time has the relative

weight;

4. From the Group of criteria Quality of the system, the Timetable has the highest

relative weight.

In the theory of rough numbers, the application of the Rough AHP method
showed from each group those that are a priority for assessing the impact of traffic
accessibility. Criteria that in the normalized ranks gained an advantage over other
criteria from their group are:

1. From the Transport Criteria Group, the Network of PT lines has the highest

relative weight;

2. From the Space group of criteria, the highest relative weight is possessed by

the Built infrastructure;

3. From the Group of criteria Quality of service, the relative weight is possessed

by the Travel time;

4. From the Group of criteria Quality of the system, the highest relative weight is

possessed the Timetable.

By analyzing the obtained results of the applied methods, it was determined that
there is only the difference in the Space group of criteria, where in the first method the
dominant sub-criterion is the Network of PT lines, while in the second method the
significance was assigned to the sub-criterion Built Infrastructure. Generally,
according to the Fuzzy AHP method, Network of PT lines is in the first place, while the
second place is occupied by Travel time (Figure 7). By using the Rough AHP method,
the criterion of Built infrastructure was ranked first, followed by Network of PT lines.
The sub-criterion Remoteness of the railway is at the last place based on the Fuzzy
AHP method, while according to the Rough AHP method, it is on the high fourth
position. According to the same method, the Tariff system is ranked at the last place.

By defining a greater number of different impact factors on traffic accessibility and
by applying the method for multicriteria decision making, it was possible to select
dominant criteria that represent the generators of development and sustainability of
suburban areas, in a similar way as the accessibility criteria have been defined by
Litman (2017). Rankovi¢-Plazini¢ (2015) defined the types of rural settlements in
relation to accessibility, which is a good predisposition for the implementation of some
future models. This created an opportunity for assessment of criteria for traffic
accessibility.

6. Conclusions

The context in which decisions, regarding the implementation of measures, are
made should have strong ties with the impacts that will be assessed, the aims that
should be reached and the target groups (users of public transport) that should be
taken into consideration. Contribution of this paper is to make settlements
competitive for life and to make them attractive for economic investments. Through
definition and quantification of significant criteria for traffic accessibility, first steps
were made towards the development of a future research.

In order to strengthen the bond between the parameters, it is necessary to have a
broad knowledge of natural, social, economic and other characteristics. Also, for a
similar research in the future, the research area would need to be broader, that is with
less limitations than having them now. This means that the number of experts would
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need to be greater and their professional interests would need to encompass wider
social and natural areas. The application of these results in real life is multifaceted and
refers to the improvement of life quality, accessibility of different services, systematic
development of settlements and a possible decrease in migration of residents from
suburban areas.

This paper presents a new way of determining the importance of accessibility
criteria, which involves the application of two methods of multi-criteria decision
making Fuzzy AHP and Rough AHP. By applying these methods, with the help of
relevant experts, the importance of each criterion is determined individually from the
group of 13 criteria and the results are mutually compared. The sensitivity analysis
showed the relationship of priority change as a function of the significance of the
attributes, that is, the criteria.
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