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Application of Different Methods of Multicriteria Analysis for Railway Route
Selection

IVONA Z. NEDEVSKA, University Ss Cyril and Methodius, Original scientific paper
Faculty of Civil Engineering, Skopje, Macedonia UDC: 625.11
ZORAN M. KRAKUTOVSKI, University Ss Cyril and Methodius,  DOI: 10.5937/tehnikal 706797N
Faculty of Civil Engineering, Skopje, Macedonia
ZLATKO S. ZAFIROVSKI, University Ss Cyril and Methodius,
Faculty of Civil Engineering, Skopje, Macedonia

Decision making is the study of identifying and choosing alternatives to find the best solution based on
different factors and considering the decision makers expectations. Every decision is made within a
decision environment, which is defined as the collection of informations, alternatives, values and
preferences available at the time when the decision must be made. The difficult point in decision —
making is the multiplicity of the criteria set for judging the alternatives. The objectives are usually
conflicting and, in most of the cases, different groups of decision — makers are involved in the process.
To facilitate this type of analysis, a family of tools referred to as Multi — criteria decision — making
methods gained ground due to the need to have a formalized method to assist decision — making in
situations involving multiple criteria.

This paper presents a methodology for route selecting in the planning and designing of railways based
on the multiple criteria decision making. The need for applying multi criteria analysis in the decision
making process for studying and designing a transport infrastructure project is also conditioned by the
characteristics of the infrastructure that has the title of the public good (many interested subjects for it)
and in order to minimize the problems and risks which are related to the elaboration of such projects.
The proposed methodology provides a complete and systematic solution to this problem. Result of the
methodology is the most suitable route in accordance with the adopted criteria and existing constraints.
The developed methodology is based on three different methods for multiple criteria decision making,
Weighted Sum Model — WSM, AHP method (Analytic Hierarchy Process) and VIKOR method.
Evaluation is performed in section of railway route of two alternatives on the Corridor 10, on the section
from station Dracevo (Skopje) and station Veles. The results confirm validity and usefulness of this
methodology.

Alternative I is new corridor on the left side of the Vardar Valley, with a minimal radius R = 1.500m.
the route passes through the villages Oreshani, Taor and Katlanovo. The track is designed for speed of
160km/h. Alternative Il is a new corridor near variant I, except for the section between the chainage
km16 to km29, with a minimum radius R = 800m, in order to minimize earthworks as well as the length
of the objects (bridges, viaducts, tunnels) wherever possible. The track is designed according to the
speed of 120km / h.

Key words: planning and designing, railway route, the most suitable route alternative selection,
multicriteria decision making, Weighted Sum Model, Analytic Hierarchy Process, VIKOR method

1. INTRODUCTION valuable tool that we can apply to many complex

Multi-Criteria Decision Analysis, or MCDA, is a decisions. It is most applicable to solving problems
that are characterized as a choice among alternatives.

Author’s addres: Ivona Nedevska,- University Ss It has all the characteristics of a useful decision
Cyril and Methodius, Faculty of Civil Engineering, ~SUpport tool: It helps us focus on what is important, is
Skopje, Partizanski odredi 24, Macedonia logical and consistent, and is easy to use.

e-mail: ivona.nedevska@live.com - Generally, when selecting a conveyance system,

Paper received: 30.05.2017. the usual procedure is to search for a solution by

Paper accepted: 04.12.2017. considering various variants. The most frequently
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APPLICATION OF DIFFERENT METHODS OF MULTICRI?

applied selection methods are based on the technical-
economic and multi-criteria analysis. In the case the
multi-criteria decision-making is applied, the results of
the technical-economic analysis (specific costs) are
treated as one of the criteria. -

The developed methodology is based on three di-
fferent methods for multiple criteria decision making,
Weighted Sum Model - WSM, AHP method (Analytic
Hierarchy Process) and VIKOR method.

For successful application of these methods in
practice, usually are adopted the following criteria:
¢ Investments for the construction,

e Management and maintenance cost,
e Capacity,

e Duration of construction works,

e Impact on environment.

In the table below are shown all the criteria that are
taken into account when making this multi - criteria
analysis, and each criteria is expressed in his natural
scale.

Table 1. Criteria in natural scale

Criteria
Chrstnuction Codt Copcity | Duationof | Inpactonthe
of teoue
(€107 (€410 | (wainsper (poirts) (poirts)
dns)
= 2 T . = =
1 653 01 27 20 50
it 530 58 Ll e 0

e Construction Investments is defined by monetary
units (M EUR), and it is necessary to minimize in
the multi criteria analysis.

e Cost management and maintenance of the route
criterion is defined by monetary units (€), ie itis a
sum of money obtained by discounting the annual
costs over a period of time analyzed in the project
(usually 30 years) and it is necessary to minimize
the same in the multi criteria analysis.

e The track capacity ctiterion is assessed by number
of pairs of trains or number of trains per shift.

Greater value means that the variant is better '

ranked ie. the maximization of the criterion is
carried out.

e Due to the inability to determine the exact duration
of construction works in years, based on certain
tests carried out, it has come to the conclusion that
it will be more reliable if the value of this criterion
is assessed descriptively, with points from 0 to
100, where greater value means better ranked
variant in relation to this criterion.
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e The environmental impact analysis takss

* problem into a hierarchy of more eas=

count any possible changes, negative o=
on the biological, physico-chemical a=&
economic aspects of the environment
the aspects of the health of the populatics &
working in the project scope ) that ma;
the implementation of the project. £+
appropriate professional expertise and cum
have made an assessment of all medis =
under consideration included in the scome &
assessment of the impacts on the envirommes
Environmental Impact criterion = &%
descriptively by ranking a scale with =
values from 0 to 100 where greater o &
. better ranked variant in relation to this Sos

2. METHODS

2.1. WEIGHTED SUM MODEL — WS

Indecision theory, theweighted =us &
(WSM) is the best known and simplest =
decision analysis (MCDA)/multi-criters &8
making method for evaluating a numse =
natives in terms of a number of decisios 5
is very important to state here that = = =
only when all the data are expressed = S8
same unit. In general, suppose that 2 = &
problem is defined on alternatives =& &8
criteria. Furthermore, let us assume s &0 8
teria are benefit criteria, that is, the hizhe S
are, the better it is. Next suppose that = S
relative weight of importance of the crsis
aij is the performance value of alternanmsi
it is evaluated in terms of criterion C;. T 8
(i.e, when all the criteria are considess E
neously) importance of alternative . B
AiWSM-score, is defined as follows

n
WM -soore __ s =173
A = E wjya;, for i =12

j=1

For the maximization case, the b=
the one that yields the maximum i
value.

2.2. ANALYTIC HIERARCHY PROCESS

Analytic Hierarchy Process (AH® &
technique for organizing and analyz=g
cisions, based on mathematics and p=
developed by Thomas L. Satty in e
been extensively studied and refined &

Users of the AHP first decompass

sub — problems, each of which ca= =
dependently. The elements of the F
to any aspect of the decision pro~ies
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APPLICATION OF DIFFERENT METHODS OF MULTICRITERIA..

intangible, carefully measured or roughly estimated,
well or poorly understood — anything at all that applies
to the decision at hand. Once the hierarchy is build, the
decision makers systematically evaluate its various
elements by comparing them to each other two at a
time, with respect to their impact on an element above
them in the hierarchy.

Once the hierarchy is built, the decision makers
systematically evaluate its various elements by com-
paring them to each other two at a time, with respect to
their impact on an element above them in the hie-
rarchy. In making the comparisons, the decision ma-
kers can use concrete data about the elements, but they
typically use their judgments about the elements' re-
lative meaning and importance. It is the essence of the
AHP that human judgments, and not just the under-
lying information, can be used in performing the
evaluations.

2.3. VIKOR METHOD

VIKOR method is a multi — criteria decision ma-
king or multi — criteria decision analysis method. It was
originally developed by Serafim Opricovic to solve
decision problems with conflicting and noncomme-
nsurable (different units) criteria, assuming that com-
promise is acceptable for conflict resolution, the deci-
sion maker wants a solution that is the closest to the
ideal, and the alternatives are evaluated according to
all established criteria. VIKOR ranks alternatives and
determines the solution named compromise that is the
closest to the ideal.

The compromise ranking of VIKOR has the four
steps that n and m are the number of criteria and alter-
natives, respectively. Step 1 and 2 finds utility measure
and regret measure for alternatives regarding each cri-
terion. Then, step 3 computes the minimum and ma-
ximum amounts of the step 2 results. The calculation
of Qj as the majority agreement in step 4 prioritizes the
alternatives.

3. RESULTS

3.1. WEIGHTED SUM MODEL - WSM

Since the criteria are given in their natural scale, it
is necessary to make normalization of the criteria, ie
reduction of natural measuring matrix to zero matrix.

Table 2. Zero multi — criteria matrix

e
Comtruction | Cet Candty | Duionof | Inpat onthe
_oftheroe ;
- - + + +
1 | o8 0% | 1m T BT
1 1 110 [ 0% 10 10
collciond | 2% | Bo% | 2% | uos | nore
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When making the zero matrix it is important t
define if the criteria is best rated with maximum c

minimum value, ie to ascertain whether to make ma
Ximization or minimization of criteria. Zero multi
criteria matrix is shown in the following table.

Since the zero multicriteria matrix has been ca
Iculated, next step is to calculate the global sum fo
each alternative and select an optimal alternativ
solution:

160_24d = 0.81*32.50% + 0.99*18.00% -+ 1.00%22.50%
+0.67%14.00% + 0.91*13.00% = 0.88

120_24s = 1.00*32.50% + 1.00%18.00% + 0.60%*22.50%
+1.00%14.00% + 1.00*13.00% = (.99

Following the calculations for each alternative, i
is evident that alternative 120 24s has higher globa
sum than alternative 160_24d, which means that alter-
native 120_24s is higher ranked alternative, ie accor-
ding to the terms of considered criteria and obtained
weight coefficients, it is recommend the choice of vari-
ant 120_24d in the process of further design.

3.2. ANALYTIC HIERARCHY PROCESS

Step 1. Calculate the selected criteria for assessing
project performance.

Table 3. Criteria in natural scale

Criteria
Corstruction Cogt Capmity | Dumtinof | Inpat ntte
Imestmats | maspenent CaEnion | aMiomet
ad wark
Alternative NRINEnAe
of the oute
(E*107) (€107 (trains per (poirts) (ports)
__dy)
- - + + +
I 653 591 27 2
I 530 385 311

Step 2. Analysis of individual criteria and
determing their weight coefficients

bl g ,;::“ Syorgny gy Faud sy Shergh ;:‘} Fakpma
e ;*%.‘ag [0 S P L R e
A 1 + | : i ! i : .2 _— h 2
g ¢ & 31 38 .7 &

Figure b Table of Satty

The analysis are done for each criteria separately,
depending on the values that has given appropriate
criterion for alternatives.

For this analysis is very important to determine
whether the observed criteria is most favourable when
it has maximum or minimum value, ie to determine
whether it is necessary the criteria to be maximized or
minimized.
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e K1 — Investment for the construction

Alternative I I SUM :r&a\iz;age
I 1.00 | 0.20 | 1.20 | 0.17
I 5.00 | 1.00 | 6.00 | 0.83
¥ 6.00 | 1.20 | 7.20 | 1.00

Investments costs

0.83

0.17

Alternatives

- 020 040 060 0.80

Weight coefficient

1.00

Figure 2 — Coefficients for Investments cost

e K2 - Management and maintenance costs

Capacity
nE
=
31
s | .75
Tl
m
- 0.20 0.40 0.60 0.80
Weight coefficient
Figure 4 — Coefficients for Capacity
¢ K4 — Duration of construction work
Alternative | 1 I SUM Average value
1 1.00 | 2.00 | 3.00 0.67
11 0.50 1.00 | 1.50 0.33
% 1.50 | 3.00 | 4.50 1.00

Alternative | 1 il sum | Average
value
1 1.00 3.00 4.00 | 0.75
I 0.33 1.00 133 |0.25
2 1.33 4.00 5.33 | 1.00
Management and maintenance
costs

).75

Alternatives —

0.60
Weight coefficient

- 0.20 0.40 0.80

Figure 3 — Coefficients for Management and mainte-
nance cost

o K3 — Capacity

Alternative | I 11 SUM | Average value
[ 1.00 | 5.00 6.00 0.83
11 0.20 | 1.00 1.20 0.17
b3 1.20 | 6.00 | 7.20 1.00
800
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—

Duration of construction wor

Alternatives

0.67

0.40 0.60
Weight coefficient

0.20

0.80

Figure 5 — Coefficients for Duration of construc:
work

e K5 - Impact on the environment

Alternative | 1 I SUM | Average ve o
I 1.00 2.00 3.00 0.67
11 0.50 1.00 1.50 0.33
3 1.50 3.00 4.50 1.00

Impact on the environment

0.67

+ Alternatives

0.40 0.60
Weight coefficient

0.20 0.80

Figure 6 — Coefficients for Impact on the enviroms
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Step 3. Creating comparison matrix

Considering the defined purpose, for each pair of
criteria should be submitted value of importance of one
criteria over another in the evaluation matrix (compa-
rison).
Table 4. sorting matrix

Weight coefficients on the level of

criteria
5 L o
=
2= 3
S8 KI |K2 [K3 |K4 |KS )
i * <
K1 | 1.00 | 5.00 | 3.00 [ 7.00 [ 7.00 | 23.00 | 0430
K2 | 020 | 1.00 | 3.00 | 3.00 | 4.00 | 11.20 | 0.209
K3 | 033 [033]1.00]300]|700] 1167 | 0218
K4 | 014 [033 033100 400]58 [0109
Ks | 014 [ 025|014 |025]1.00]179 |0033

Table 5. normalized sorting matrix

Normalization

K1 K2 K3 K4 K5

i

Weight
coefficient

omparison of
m:_‘GmI sy

:

K1 0.55 | 0.72 | 040 | 049 | 0.30 | 2.47 | 0.494
K2 0.11 | 0.14 | 040 | 0.21 | 0.17 | 1.04 | 0.208
K3 0.18 | 0.05 | 013 | 021 | 0.30 | 0.88 | 0.176
K4 008 [ 0.05 | 0.04 | 0.07 | 0.17 | 0.42 | 0.083
K5 008 | 0.04 [ 0.02 | 0.02 | 0.04 | 0.19 | 0.039

1.00 100 1.00 100 1.00 500 1000

Step 4. Calculation with combined weighted with
weight coefficients

The combined weighted with weight coefficients
is done by taking the weight ratios of each criteria
provided in table 7.17 and the weight coefficients obta-
ined for each criteria separately with his comparison in
terms of both alternatives, which are presented in the
above tables and graphs.

The final score and ranking are calculated acco-
rding following steps: weighting criteria obtained for
each criteria separately in the analysis of two alter-
native solutions. Finally weighted coefficients are
summed and the final results are calculated, based of
which can be done ranking of alternative solutions.

TEHNIKA — NASE GRADEVINARSTVO 71 (2017) 6

Table 6. Final score

Weight 1 a2 0220 ofrz 0088 0048
Menagerment .
i Durstion of
Construction ard Impact onthe
Inestrents  maintenence Copcily, m‘::fm emironment:
cosis
Wisgiht 2 - - + + +
E € e fev et parda
1 aif? 075 087 (i3 11
] o8 025 [ik:<) 025 k<]
Management Durstiondf
Canstruction ad . - Impect onthe
Inestents  meintermnce  C202CHY Mﬁlﬁtﬁm emdronment  FINAL
costs RESLT Rayg
- - + + +
i & &f]_r?;“ s ey
1 (1} 017 on oor 0 0% 2
] [k} 006 0 ow o s 1

From the performed calculations by AHP method,
it is evident that alternative 120_24s is better solution
than alternative 160_24d.

Table 7. Initial decision matrix

VIKOR method
Criteria
Alter-
native | K1 K, K; K Ks
(€*%10%) (€*10°) | (trains) (points) (points)
1 IR 1.00 (.00 1.00 (]
11 .00 {00 1.00 .00 {3 0
fi* 530.00 585.00 | 32.7 30 55
fi- 653.00 591.00 | 31.1 20 50
Di -123.00 -6.00 1.6 10 5
For further implementation of multi - criteria

decision making is required that all criteria can be
assigned relative weights or weight factors that
determine their meaning. In this analysis to define the
weighting method used for the simulation of structural
preferences, so that for the values of the weight
coefficients are proposed five scenarios:

e Scenario I: All of the criteria have the same
importance, so they have same weight ratio.

o  Scenario II: Priority is given to the economic and
transport criteria, so that the heist value of
weighting is given to the criteria K1, K2 and K3,
and lowest value of the criteria K4 and K5.

e Scenario III: Priority is given to the economic
aspect, so that the highest value of weighting is
goven to the criteria K1 and K2, and lowest to the
criteria K4 and K5.

e Scenario I'V: Priority is given to traffic aspect and
the highest value of weighting is given to criterion
K3.

e Scenario V: Priority is given to the environmental
aspect, so the highest value of the weighting is
given to the criteria K4 and K5.
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Table 8. Alues of the weight coefficients for the proposed

Based on fundamental relations of the

scenarios package VIKOR and adopted weight for strat
king, v=0.5 has been obtained the following fi
: Scenarios Nk : :
Weight _ cision matrix and ranking.
Coefficients SC1 | 8¢G2' | S€3 | SC4 SC5
Table 9. Decision matrix based on indicators O,
Wi 1 3 3 o 2 ORj
W2 1 3 3 2 2 I 1I
Aps ] 3 5 3 ) SC1 Qj 0,5 05
S 1,0 0,0
W i 9 1 R 1 o
i 1 QR; 0,5 0.5
: SC2 Qi 1,0 0,0
= Bwl Q5j 1,0 0.0
Scenario 1 Eih ok, o= i
20% 20% w3 SC3 Q 1,0 0.0
20% : w: 2 4 ..
: w
20% o QR; 1,0 0,0
20% SC 4 Q 0,5 0.5
" Qs; 1,0 0,0
Scenario 2 W wl = i
15% w2 = : .
23% aw3 SC5 Qj 1,0 0.0
15% Bwa
Ws Qs 1,0 0.0
=
23% 23% w QR; 1.0 0.0
Scenario 3 mwil Table 10. Ranked list of alternative solutions for ¢
9% 2 of the proposed scenarios
BHw
27% Ranging | Scenarios
mw3
CIL1 cun | com | corv |
Ewid -
1 120 24s | 120_24s | 120 24s | 120 24s = ©
mw5 (0,5) ©) (0 05 |.
27% 2 160_24d | 160 24d | 160 24d | 160 243 -
(0,5) ()] (1 (0.5)
Scenario 4 The results of the ranking show that al
10% 20% 120_24s is more favourable alternative solutis
Wwl scenarios 2, 3 and 5, while scenarios 1 and 4 ra=e
w2 alternatives as same. Summing the results we have
up with a solution that better solution is
20% * w3 120_24s and it is proposed as a compromise solu
uwi
CONCLUSION
. Finally this paper was intended to achieve
cen 5 : LT
Scenario 5 goals. First was described the application of =
25% 17% W criteria analysis in making decision to select =
5 route for a railroad. Second, multi - criteria analvs wo
w2 applied on a present case to choose the route for =
Wioa using three different methods (Weight Sum “o
25% 17% AHP methos and VIKOR method).

Figure 7 — Graphic representation of weight ratios
obtained by the method VIKOR
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APPLICATION OF DIFFERENT METHODS OF MULTICRITERIA...

applying several criteria and alternatives. It is known
that there are many developed methods and techniques
for multi criteria decision making. In order to make a
good decision, it is necessary to evaluate the alter-
natives by defining the appropriate criteria. It is also
necessary to define weight ratios for each of the cri-
teria. The decision-making process is complex because
of the presence of conflicting objectives between the
available criteria and alternatives, so it's difficult to
choose an alternative that best suits the set of goals.
Therefore, three methods of multi criteria analysis
have been applied in order to obtain more reliable and
reliable results. From the analyses and calculations the
following results were obtained:

Table 11. Tabular presentation of the results

ALTERNATIVE | WSM | AHP | VIKOR | RANG
I 088 [044 |1 2
1I 099 (056 |0 1

If we take a look at the practical application of the
three methods for multicriteria analysis, it can be co-
ncluded that they are a tool that really is of consi-
derable help when the task is to decide on the choice
of the most favorable variant solution in relation to
several criteria. Regarding the applied methods, from
the calculations made, it is evident that all methods
give the same result, that is, from the conducted
multicriterial analysis after all three considered
methods, the result is that the alternative II is a better
alternative than I in different criteria that are taken into
account.

However, if you look at the methodology of pro-
blem solving using the methods applied in this thesis,
it is obvious that they have different principles and
methodologies for decomposing and solving the
problem. If you ask analysts dealing with this question,
which of the methods is best, you can get different
answers depending on the type of problem to be
solved, and the type of solution to be obtained.

Based on the foregoing it can be concluded that
multi — criteria analysis represent a flexible solution
intended for users who can successfully use only with
a specific definition of the appropriate criteria and
alternatives.
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REZIME

UVODENJE RAZLICITIH METODA MULTIKRITERIJUMSKE ANALIZE ZA
EVALUACIJU I KRITICKO UPOREPIVANIJE NA PROJEKTIMA SAOBRACAJINE
INFRASTRUKTURE :

Donosenje odluka je studija identifikovanja i izbora alternativa, sa ciliem pronalazenja najboljeg
reSenja baziranog na razlicitim faktorima i uzimajuéi u obzir ocekivanja donosioca odluka. Svaka
odluka se donosi u okruzenju donosica odluka, koje je definisano kao skup informacija, alternativa,
vrednosti i preferenci (prednosti) dostupnih u vremenu kad odluke treba da se donesu. Slozena
tacka u donoSenju odluka je mnogobrojnost kriterijuma koji se koriste za procenu alternativa.
Ciljevi su cesto konflikini i u veéini slucajeva u proces odlucivanja su ukljucene razlicite grupe
eksperata. Da bi se pojednostavile ove analize postoje ,, multikriterijumske metode odlucivanja“
radi potrebe da se ima formalizovani metod koji ¢e pomoéi pri odlu¢ivanju u situacijama koje
ukljucuju vise kriterijuma.

U radu je prikazana metodologija izbora trase u procesu planiranja i projektovanja Zeleznicke
pruge koja se temelji na metodama visekriterijumskog odlucivanja. Predlozena metodologija
omogucava celovito i sistemsko resavanje ovog problema, Ciji krajnji rezultat treba da bude predlog
najpovoljnije trase u skladu sa usvojenim kriterijumima i realnim ogranicenjima. Razvijena
metodologija je bazirana na metodi kompromisnog rangiranja (WSM, AHP I VIKOR metoda), a
njeno lestiranje izvrSeno je na primeru izbora jedne od dve varijante trase Zeleznicke pruge na
deonici Koridora X, izmedu stanica Dracevo (Skopje) i stanica Veles. Dobijeni rezultati su pokazali
prakti¢nu primenu ove metodologije.

Kljuéne reti: planiranje i projektovanje, Zeleznicka pruga, najbolja trasa Zeleznicke pruge,
multikriterijumske metode, WSM, AHP metoda, VIKOR metoda
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