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preference structure in ORESTE
method
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In this study, a novel integrated method including CRITIC (Criteria Importance Through Inter-Criteria
Correlation) and ORESTE (Organisation, Rangement Et Synth&e De DonnCes Relarionnelles)
methods from MCDM (multi-criteria decision making) methods and aiming to solve the problem of
inconsistency in the ORESTE method has been proposed. Since the ORESTE method only considers
the ordering of alternatives and criteria, a conflict may occur due to the different ordering of each
alternative in the criteria. To solve the conflict problem in the second step of the ORESTE method, it
is proposed to create the preference density matrix of the alternatives by using the CRITIC weights
of the criteria, and to calculate the net flow values with reference to the PROMETHEE Il (Preference
Ranking Organization Method for Encrichment Evaluations 1) method (C-ORESTE Ill). The CRITIC
method is used because the relationship between the criteria is as important as the alternatives in
calculating the normalized preference intensities. To test the validity and applicability of the proposed
method, an application is made to the logistics center location problem within the scope of green
logistics.

Decision making is the act of choosing the correct pattern among alternative behavior patterns. A decision-
making process includes the decision maker, alternatives, criteria, the decision maker’s priorities, objective
priorities, environmental effects, and the consequences of the decision. The process may end with the decision
maker choosing, ranking or classifying among the available options. According to this perspective, multi-cri-
teria decision making (MCDM) methods are way of thinking which provides the right decision. Multi-criteria
decision-making methods based on pairwise comparisons of certain criteria in general and it helps to make the
most accurate decision with numerical data!. MCDM is the general name given to the solution of problems in
which multiple and conflicting goals (criteria) are desired to be achieved. MCDM is seen as the fastest growing
branch of Operations Research in recent years and represents an area that renews and revives the characters of
systems thinking, multidisciplinary and scientific approach in problem solving, which is the essence of this field?.

In this study, a novel integrated method (C-ORESTE) including CRITIC and ORESTE methods from MCDM
methods and aiming to solve the problem of inconsistency in the ORESTE method has been proposed. The
CRITIC method is a method used to calculate the objective weights of the criteria considered in multi-criteria
decision making problems, and it provides an important source of information to decision makers by obtaining
important criterion weights called “Objective weights” The ORESTE method is a ranking method in which the
superiority of alternatives, also called “action’, is determined over another alternative according to each criterion’.
This method simply ranks the alternatives without considering the value differences in each criterion set. Thus,
it allows to compare alternatives on different sets of criteria. However, since this method only considers the
ranking of alternatives and criteria, inconsistency may arise due to the different rank of each alternative in the
criteria. In the second stage of the ORESTE method for the resolution of the conflict problem, it is suggested
that the alternative density matrix is created by using the weights of the alternatives, and in the third step, the
net flow values are calculated based on the PROMETHEE II method according to the preference density matrix
(C-ORESTE). The preference density is the mean sequence of rank differences from one alternative to the other
alternative based on each criterion. That is, it is the degree of preference according to the global order. The mean
sequence is the sum of the order differences divided by the total number of transactions. The aim is to obtain
more effective results by taking into account the degree of contradiction between criteria (CRITIC Weight) as
the Global weak rank values are taken into account in determining the density of preference among the alterna-
tives, and to complete the ranking of the alternatives by creating a new preference structure according to the net
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flow values. The preference structure indicates superiority, equality, or incomparability in pairwise comparison
of alternatives. To test the validity and applicability of the C-ORESTE method, an application was made to the
logistics center location problem within the scope of green logistics. Green logistics can be defined as a term
that emerged intending to minimize the environmental problems that arise as a result of logistics activities*. This
definition supports the importance of the concept of green logistics in practice to reduce environmental problems
in the logistics sector and ensure sustainability. The data required for the application and the criteria taken into
account in the selection of the green logistics location were obtained by conducting fieldwork with the help of
an expert team within the framework of the concept of sustainability and environmentalism.

Studies using the ORESTE method reveal that the inability to use the net weight values of the criteria and the
incomplete preference structure can be a problem for the decision-maker. Therefore, decision makers are looking
for alternative methods or ORESTE hybrid methods. Therefore, the ORESTE method is not preferred much. The
novelty of this study is that it both presents a completed preference structure and considers criterion weights in
normalized transactions. Thus, it is expected that this method will be used more effectively.

The article is organized as follows: “Literature research” section provides studies on the ORESTE method;
“Methodology” section highlights a proposed new integrated approach. Finally, the results are discussed in
“Conclusions” section.

Literature research

Although the ORESTE method is not widely used in the literature like the ELECTRE and PROMETHEE meth-
ods, it has been used in the solution of a limited number of decision problems. Since it is effective in the absence
of numerical data on alternatives, it comes to the fore in decision-making problems. The ORESTE method was
proposed by Roubens® and later used by Roubens® in a case study. Pastijn and Leysen’ also proposed a projection
distance calculation method for the ORESTE method. Pastjin and Leener® used the ORESTE and PROMETHEE
method to select the best sensor combination for landmine detection strategies and compared the solution results.
In addition to them, Givescu’ in the selection of the most suitable tourism areas to improve the country’s tourism
performance, Matej¢ek and Brozova! in agricultural decision problems, Chatterjee and Chakraborty'! in the
selection of materials, Jafari et al.'? port ranking, Eroglu et al.'* used the ORESTE method in personnel selection.
Isik' listed the insurance company alternatives using QUALIFLEX and ORESTE methods and compared the
results. Yerlikaya and Arikan® handled the performance evaluation problem of supports with AHP, ORESTE and
PROMETHEE methods so that SMEs (Small Medium Enterprises) can choose the support that will provide the
best benefit to them, and they took into account the full ranking in PROMETHEE II for the preference structure
that could not be completed in ORESTE II. Luo et al.’®, probability-based hybrid ORESTE method was used to
evaluate thermal comfort in underground mines. Wang et al.'® used the dual hierarchy hesitant fuzzy linguistic
(DHLES) ORESTE method to solve a problem involving city selection by evaluating the traffic density model.
Zheng et al.'” evaluated failure mode and effects with the hybrid range type-2 fuzzy (ITTF) ORESTE method.
Long and Liao'® made sustainable supplier selection using the g-step orthopyr fuzzy set distance ORESTE
(q-ROF-SPAN-ORESTE) method. Akman et al.’? used Fuzzy AHP and ORESTE methods for supplier selec-
tion in the new product development process. Shi et al.?° proposed a new integrated approach by integrating
trapezoidal fuzzy numbers (ITFN), combination weighting method and an extended ORESTE approach. They
used the weak order for the missing preference structure in ORESTE II and evaluated the rock explosion risk of
different lithologies in the Kaiyang phosphate mine. Zhang et al.*! developed an improved interval type-2 fuzzy
ORESTE (IT2F-ORESTE) method based on distance and probability to assess regional economic correctability.
Then, some comparative analyzes with other methods are made to show that the developed IT2F-ORESTE
method can scientifically and accurately support the economic system recovery decision. Qin et al.?? proposed
ORESTE-SORT in the classification of regional ports to determine the level of port group competitiveness.

In the literature, for the incomplete preference structure in the ORESTE method, some decisions were made
according to the ORESTE II missing structure, while in some others ORESTE I and a different method were taken
as reference. However, these studies considered the mean weight of the criteria in the ORESTE II normalizing
procedure. In this study, a three-stage integrated method is proposed to solve the incomplete preference structure
problem in the ORESTE method. For this, the CRITIC weights of the criteria were taken into account in the
ORESTE II normalization process and net flow values were suggested for complete ranking. A literature summary
comparing these studies with the proposed C-ORESTE is given in Table 1. The difference of this study from other
studies is that it provides a complete preference structure by using CRITIC weights in the ORESTE method.

Methodology

CRITIC and ORESTE method. CRITIC method. Diakoulaki et al.?* developed the CRITIC method
based on Standard Deviation (SD), Average Weights (MW) and Correlation in order to weight the three evalu-
ation criteria they used in their study where they measured the performance of eight Greek pharmaceutical
companies. The CRITIC method is a method used to calculate the objective weights of the criteria considered in
multi-criteria decision making problems. The objective weight obtained by this method synthesizes the contrast
intensity of each criterion and the contradiction between the criteria. The contrast intensity of the criterion is
taken as the standard deviation and the correlation coeflicient is used to calculate the discrepancy between the
criteria. In the CRITIC method, it is aimed to extract the information found in the evaluation criteria by analyz-
ing the decision matrix analytically. The algorithm of the CRITIC Method is as shown below**:

Step 1 Normalizing the Decision Matrix. R'=(r'j)m x n matrix (i: alternative, j: criterion) is done with nor-
malized The Eq. (1).

Scientific Reports |

(2023) 13:4754 | https://doi.org/10.1038/s41598-023-31561-4 nature portfolio



www.nature.com/scientificreports/

Incompleted preference
Author (year) Methodology Preference density structure Completed preference | Application field
Pastijn and Leysen (1989) ORESTE Mean weighted (1/k) ORESTE II - -
Pastjin and Leener (2002) ORESTE and PROMETHEE Mean weighted (1/k) ORESTE IT - Defense system
Givescu (2007) ORESTE I - - - Tourism
Matéjéek and Brozova (2011) | ORESTE I - - - Agricultural decision problem
Chatterjee and Chakraborty ORESTE I - - - Material selection
(2012)
Eroglu et al. (2014) ORESTE I - - - Employee Selection
Isik (2016) QUALIFLEX and ORESTE Mean weighted (1/k) ORESTEII - Insurance companies
Yerlikaya and Arikan (2016) gl;é’,SI;lEOMETHEE and Mean weighted (1/k) ORESTE II PROMETHEE II SME supports
Luo et al. (2020) Probabilistic ORESTE Mean weighted (1/k) ORESTE II - Undersoil ore and minerals
Wang et al. (2020) DHLFS and ORESTE Mean weighted (1/k) ORESTE II - City selection
Zheng et al. (2021) ITTF ORESTE Mean weighted (1/k) | ORESTE IT - Eﬂf;rs‘;sm"de and effects
Long and Liao (2021) q-ROF-SPAN-ORESTE Mean weighted (1/k) ORESTEII - Supplier selection
Akman et al. (2021) Fuzzy AHP and ORESTE Mean weighted (1/k) ORESTEII - Supplier selection
Shi et al. (2022) TrFNs, entropy and ORESTE | Mean weighted (1/k) ORESTE II ORESTE I Explosion risk assessment
Zhang et al. (2022) IT2TF ORESTE Mean weighted (1/k) | ORESTE II - The assessment of regional

economic restorability

Qin etal. (2022) ORESTE-SORT Mean weighted (1/k) | ORESTE IT - Sorting port group competi-
This study C-ORESTE CRITIC weighted (w;) | C-ORESTEII C-ORESTE III Green logistic location selection|

Table 1. Studies on the ORESTE method.
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Step 2 Calculation of the standard deviations (0}) of the criteria: Calculation of the standard deviation is done
by The Eq. (2). Here, 7}, j. is the column mean of the criterion.

Step 3 Determining the correlation (pjx) between criteria. The correlation value between the j criterion and
the k criterion is calculated by The Eq. (3).

i = >it (rjj = ) (e = 70)
A 7 — — >
VS (=B L (o — P2

Step 4 Calculation of the amount of information for each criterion. The amount of information is calculated
by The Eq. (4).

k=1,2,...k;j=1,2,..,k). (3)

¢ =0j Z A= pp), k=12,..k;j=1,2,....k). (4)
k=1

Step 5 Determination of criterion weights. The criterion weights are determined using The Eq. (5).
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ORESTE method. ORESTE was developed as a new MCDM method by Roubens in 1982 as an alternative to
the ELECTRE method*. ORESTE is basically a simple ranking method in which the superiority of the alterna-
tives over each alternative is determined according to each criterion. That is, this method decides in favor of the
superior alternative, regardless of the relative amount of difference between the alternatives®. The method has
opposite processing steps unlike the ELECTRE method. In the first stage (ORESTE I), a full preliminary row of
alternatives is made. In the second stage (ORESTE II), since some values of these front rows are incomparable
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and indifferent values, a conflicted analysis is performed and some parts are removed’. This method is more
suitable for problems involving qualitative data as it only considers the ranking of alternatives and criteria. It
can also be used for problems involving quantitative or mixed data'®. In this study, since the second phase of the
ORESTE method is handled with a different approach, it is also introduced in the “Proposed method” section.
The first phase of the ORESTE method consists of three steps and is as follows:

Step 1 Ranking of Alternatives and Criteria. A weak rank of criteria is made in which indifference (I) and
preference (P) relations are taken into account. This rank is a preference structure with a weak or complete
front rank in which the importance relationship of the criterion is determined. Likewise, the weak rank of
the alternatives on the basis of each criterion is determined in accordance with the definition of mean rank
proposed by Besson. Then, using the mean rank, a new value is assigned to each alternative of this weak rank
to form a global (real-exact) rank.

Step 2 Calculation of projection distances. An initial distance point is created in the position table accord-
ing to the values calculated by the distances for each alternative. These distances are also used to compare
alternatives by considering the importance relationship of the criterion. In Egs. (6) and (7), it allows to
determine the relative positions of the alternatives according to a random origin point based on the rank
value of the alternative and the superiority of the criteria. Here; Dj(a) a alternative j. projection distance value
for the criterion, r(Cj) j. besson ordinal value of the criterion and rCj(i) is j. is the besson ordinal value of
the i.alternative considering the criterion. Pasijn and Leysen’ used the nonlinear projection formula in The
Eq. (8) to determine projection distances.

IfaPb, Dja) < Dj(b) (j=1,2,...k), (6)
If rCi(a) = rCy(b) and C;P C,, Di(a) < D;(b), (7)
. R . R /R .
Dji(a) = [a r(Cj) + (1 - oz) rCj(a) } i=12,...m). (8)

In The Eq. (8), & is the weighted factor. If a=0.5, the sequence of alternatives and criteria is equally important.
R is a parameter chosen by the decision makers. Below are the different R values and their meanings:

R=1: average rank (arithmetic mean);

R= -1: rank harmonic mean;

R=2: quadratic average rank;

R= —co: min(r(Cj), rCj(a))R = + co: max(r(Cj), rCj(a)).

The larger the R value, the more weight is given to the larger r(Cj) and rCj(a) terms. After measuring the dis-
tance distance for each criterion and alternative, the alternative and criterion clustering can be done by designing
a position matrix on the fundamental diagonal. Thus, those in better positions are positioned to the left, while
those in weaker positions are positioned to the right.

Step 3 Ranking of all projections (Global Rank): Since the distances previously determined for each alternative
are not clear values, it may be misleading to make the actual ranking according to these values. Therefore, a
new rank value is assigned to all values in the position matrix and the global rank is created.

Proposed method. To solve the conflict problem in the second step of the ORESTE method, it is proposed
to create the preference density matrix of the alternatives by using the CRITIC weights of the criteria, and to cal-
culate the net flow values with reference to the PROMETHEE II method (C-ORESTE). C-ORESTE is a method
developed to eliminate the incompatibility problem in the second stage of the ORESTE method, taking into
account the CRITIC weight method. For the two alternatives a and b to be discussed in the ORESTE Method, if
a is slightly better than b for some criteria and bad for the other criterion, a is no different from b. In this case,
it will be impossible to conclude that one alternative is better than the other in terms of preference relationship,
and these two alternatives can be considered as equivalent to each other. However, if alternative a is much better
than alternative b for some criteria and very bad for other criteria, a conflicting situation arises this time. In other
words, if alternative b is good for some criteria and bad for some criteria, an incomparable situation arises. This
raises a problem of incompatibility for two incomparably different alternatives. In order to solve this problem, it
has been suggested that in the second step of the ORESTE method, the preference density matrix of the alterna-
tives should be created using the CRITIC weights of the criteria, and in the third step, net flow values should be
calculated based on the PROMETHEE II method according to the preference density matrix. In this way, since
the Global weak rank values are taken into account in determining the preference density among the alterna-
tives, it is aimed to obtain more effective results by taking into account the degree of contradiction between the
criteria, and to obtain a new preference structure according to the net flow values and to rank the alternatives
completely. The C-ORESTE method consists of 2 stages, C-ORESTE I and C-ORESTE II.

C-ORESTE II method. At this stage, conflict analysis is done by taking into account the CRITIC weights. The
difference of C-ORESTE II from the ORESTE II method is that it normalizes according to CRITIC weights

Scientific Reports |

(2023) 13:4754 | https://doi.org/10.1038/s41598-023-31561-4 nature portfolio



www.nature.com/scientificreports/

instead of mean weights. The main purpose of the conflict analysis is to test the suitability of evaluating the
alternatives with the ORESTE method. Because the global rank of the alternatives obtained in the simple rank-
ing step does not include some cases. Differences or incomparability between different alternatives are analyzed
in more detail. The two alternatives are indistinguishable when both alternatives are (almost) good or (almost)
bad for the same criteria. When both alternatives are good or bad for different criteria, these two alternatives
are not comparable. In other words, if the first alternative is very good for these criteria, the second alternative
is very bad, or vice versa, these two alternatives are incomparable®. C-ORESTE II method consists of two steps
and is as follows:

Step 1 Establishing the normalized preference density. For the conflicted analysis, it is proposed to first calcu-
late the normalized preference density with The Eq. (9). The difference of this equation from the normalized
equation proposed by Pasijn and Leysen’ is that the CRITIC weights of the criteria are taken into account.
Here, C'(a,b) denotes the preference density of alternative a over alternative b, rj(a) denotes the global rank
of alternative a in j. criterion, and wj denotes CRITIC weight of j. criterion.

> wiri(b) — ri(a))
jrapjb (9)

Clab) = (m — Dk

Prof. It corresponds to 1/k in the normalized preference density equation proposed by Wj, Pasijn and Leysen’
in The Eq. (10). In the normalized equality proposed by Pasijn and Leysen’, each criterion has equal weight.

k

Zmz%-ﬁ-

1 1
+--+-=1 (7, as the amount of criteria). (10)
j

k k

1=

Step 2 Performing the conflicted analysis. For the conflicted analysis, Pastijn and Leysen’ needed to calculate
3 thresholds to distinguish between the alternatives indifference (I), incomparable (R), and preference (P)”:

- Threshold f— A threshold based on the minimum value that can be certain to be superior to another
alternative. Threshold f3; gives the relationship between indifference (I) and preference (P) and is calcu-
lated The Eq. (11) as:

1

= ook

(11)

- Threshold C*— The minimum condition at which one alternative can be equal to another alternative,
a threshold that gives the relationship between indifference (I) and inomparable (R). The values in the
mean rank index of the alternatives are taken into account and action is taken accordingly. In the mean
rank array, the 1 rank superiority of alternative a over alternative b corresponds to the number of criteria
(k) value in the global array. According to Pastijn and Leysen’; when analyzing this equal threshold,
alternative a has to be superior to alternative b by half the number of criteria, since there is a minimum
situation that can occur between two alternatives. Likewise, alternative b is superior to alternative a
by half the number of criteria. In this case; The density of preference for alternative a to alternative b
becomes [(k/2) x k]/[(n—1)k2]. Therefore, the value to be used when analyzing the equality between
the alternatives is calculated The Eq. (12) as:

1
Cx < m (12)

— Threshold y — A threshold that gives the relationship between the degree of closeness of a value to
another value and the preference (P) and incomparable(R). This threshold should be less than the net
preference density of alternative y a relative to alternative b and is calculated The Egs. (13) and (14) as:

In the dual criteria decision matrix;

Cab)—Cba) _ ((k+2)/2) x k—((k—2)/2) x k 4
Y=< T Cleo T (k—2)/2) x k k=2 =
In a single criterion decision matrix;
Clab) —Chay _ ((K+1)/2) xk—((k—1)/2) xk 2
V= T T (k—1)/2) x k T k=1 (14)

As a result of these threshold tests, there are 4 situations between any two alternatives. Therefore, the ORESTE
flowchart” is applied for these threshold tests and the conflict test between the two alternatives.

C-ORESTE III method. When the incompatibility situation occurs between the alternatives as a result of the
conflicted analysis, a complete ranking can be made by considering the normalized preference density matrix.
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For this, net flow values are obtained by taking the difference of positive and negative superiorities, as in the
PROMETHEE II method?, and a complete ranking is made according to these values. The reason why the PRO-
METHEE II method is taken as reference is that the normalization equation in The Eq. (15) corresponds to the
type 3 preference function in the PROMETHEE method. The Eq. (15) are as follows:

2 wilrj(b)—rj(a))

j:upjb
— e > wi(ri(b) —ri(@) < (m—1k
C(a,b) = (m=Dk jiapjb 7 g . (15)
1, S wir(b) — (@) = (m— Dk
jrapjb

ORESTE II normalized preference density function function corresponding to type 3 preference function of
PROMETHEE method is as in Fig. 1. Figure 1 are as follows.

C-ORESTE III allows for complete ranking of alternatives. For the full ranking of the alternatives, the net
flow values are determined by The Eq. (16). Here, C(a) is the net flow value of alternative a, Y , C(a, x) the sum
of preference density (positive superiority) in row values of alternative a, and C(x, a) in column values of
alternative a. refers to the sum of preference density (negative superiority).

C@) =) Clax) — Y Clxa). (16)

With the Eq. (17) given for a and b alternatives, alternative a is preference to alternative b, while The Eq. (18)
and alternatives a and b are indifferent.

aPb C(a) > C(b), (17)

a=0>bC() = Cb). (18)

The flow chart of the C-ORESTE method, which includes global ranking (ORESTE I, conflicted analysis
(C-ORESTE 1II), and complete ranking (C-ORESTE III), is as in Fig. 2. Figure 2 shows the three-phase flow-
chart of the C-ORESTE method and explained as follows: In the first stage, the global order of the alternatives
is obtained with the ORESTE I method. These rank values are input to the C-ORESTE II method in the second
step, and the normalized preference density is calculated among the alternatives, taking into account the CRITIC
weights of the criteria. According to these normalized preference densities and threshold values, a preference
structure is created among the alternatives. That is, an alternative is either superior, equal, or incomparable. If
there is an incomparable situation, the normalized preference intensities obtained from the C-ORESTE II method
are input to the C-ORESTE III method and the complete order is obtained by obtaining the net flow values
according to these values. In summary, ORESTE-1; basic row, C-ORESTE II; CRITIC weighted incomplete prefer-
ence structure and C-ORESTE III; Provides a complete preference structure with reference to PROMETHEE IL

Application. In order to test the validity and applicability of the C-ORESTE method, an application was
made to the logistics center location problem within the scope of green logistics. Green logistics is a term that
emerged with the aim of minimizing the environmental problems that arise as a result of logistics activities*. This
definition brings the concept of green logistics to the fore in practice in order to reduce environmental problems
in the logistics sector and to ensure sustainability. When the studies on green logistics are examined, it has been
determined that it is mostly related to the fields of supply chain, storage, transportation, etc.

In this study, optimum location selection was made considering the suitability of 9 alternative logistics centers
in Turkey (Balikesir (A1), Erzurum (A2), Kahramanmaras (A3), Samsun (A4), Istanbul (A5), Eskisehir (A6),

C (a,b)

> >, W, (b)-ri(a)
(m-1)k jrabyb

Figure 1. ORESTE II normalized preference density function (PROMETHEE Type 3 Preference Function).

Scientific Reports |

(2023) 13:4754 | https://doi.org/10.1038/s41598-023-31561-4 nature portfolio



www.nature.com/scientificreports/

(quer 9301dwo))) soAnEUIIE
J10J sonjeaA yuel [a30dwos SurureyqQ

EERENT

%

@o=(e)D

(@2 > (®)D @o<(®)D

"POYIRW ISTIO-D Y JO MBY> MO YT, T 2anS1g

«0> (890D

As

[CROPEICRIN]

pue
«0>(qQ®)D

[CXON)

N

QATIRUI)E
[OB3 JO SAN[BA MO[J J3U JO UOTIB[NI[B))

i

QAIIBUIR)E 1OBD JO sanjeA Ajuoniadns
aAne3au pue aanisod oy} Sururueldq

i

XLIjeW
A)1sudp 0oua10Ja1d pazijewIou € SureIdudn)

(I ALSTIO-D)

21N39N1)S RUIRJAAJ paRdwo) :¢-FOVILS

g > (qo-(qe) |

(OJuel eom [BqO[D)) SOALBUI)[E
10 sonjeA yuel [eqo[3 SururelqQ

sonyea doue)sIp uorjodford
[Te 0} sanjeA yuel uossog Surudissy

I

sooue)sIp uonoefoid yo uonemore)

son[eA 9say} 0) SuIpIodoe

sisATeue pajoIjuod Yy Surwrojrod
pue sanjea pjoysaiy} oY) Sururuisieg

SuIpI099. SIATIRUISIE I} O} PUB UOLIA)LIO
oea 0} anJeA yuel uossog oy} SuruSIssy

1

1

SOAIBUId)[E SUOWE SANISUSP
90uaI9)01d pozijewIou Jo uoneno[e)

i

UOLIQJLID OBd 0) SUIPIOJOR SOALBUI)[E
JO YUuel YeOM pUB BLIOLIO JO JUSWYSI[qeISH

(POyIsIN DILIYD)
BLIAILID JO SIYI1om DILIYD JO uonenoe)

XLIJeUW UOISIOop A} JO UONLBAI)

(I1 ALSTHO-D)

2IN3INI)S DU pad[dwodu] :Z-FOVLS

(I ZLSTIO0)
uey [2qo1D [-ADV.LS

nature portfolio

https://doi.org/10.1038/s41598-023-31561-4

(2023) 13:4754 |

Scientific Reports |



www.nature.com/scientificreports/

Denizli (A7), Kocaeli (A8), Usak (A9)) for green logistics activities. The data required for the application were
obtained by conducting fieldwork with the help of an expert team. However, the criteria taken into account in
the selection of green logistics location were determined by the expert team consisting of industry and academic
staff within the framework of the concept of sustainability and environmentalism. These criteria and their defini-
tions are given below:

Capacity (Tons): It is the load capacity of the logistics center in tons. (C1)

Total Area (m?): It is the total area of the logistics center. (C2)

Sun (kwh\m?-year): It is the total amount of solar radiation. (C3)

Wind Speed (km/h): It is the annual wind speed of the region where the logistics center is located. (C4)

Nearest port (km): It is the distance of the closest port to the logistics center. (C5)

Nearest airline (km): It is the distance of the nearest airline to the logistics center. (C6)

Annual precipitation (mm): It is the annual precipitation received by the region where the logistics center is

located. (C7)

® Annual sunshine duration (hours): It is the annual sunshine duration of the region where the logistics center
is located. (C8)

® Pml0: The amount of particulate matter pollutant in the air of the city where the logistics center is located
(Pm10-2018 data). PM10 refers to dust particles smaller than 10 um in diameter. (C9)

e Carbon footprint (Tons): It is the amount of damage caused by human activities to the environment in terms

of the amount of greenhouse gas produced, measured in units of carbon dioxide. (C10)

In order to evaluate the green logistics center, the decision matrix consisting of 9 alternative logistics centers
and 10 criteria to be considered in the application of optimal location selection with the C-ORESTE method is
given in Table 2. The application steps for this section are as follows:

(1) Finding the criterion weights with the CRITIC method: The criterion weights were determined by applying
the processing steps of the CRITIC method to the data in the decision matrix. Microsoft EXCEL software
was used for this. Weight values for each criterion are given in Table 3. According to these values, CRITIC
is the carbon footprint (C10) criterion with the highest weight. This criterion has the highest contradiction
density and provides the most information in calculating the preference density between alternatives.

(2) Obtaining the weak global rankings of the alternatives with the ORESTE I method: In the first step of this
step, the Besson weak rank of the criteria was made by the decision maker and then the Besson weak rank
of the alternatives was made on the basis of each criterion according to the data in the decision matrix.
The Besson weak rank matrix is given in Table 4. In the second step, the projection distances of the Besson
weak rank values were calculated using The Eq. (7). For this, R=2 and 4=0.5 are taken. In the third step, a
global rank matrix of alternatives to these projection distance values was created. The global rank matrix
is given in Table 5.

(3) Performing the conflicted analysis with the C-ORESTE-II method: The preference density matrix and the
conflicted matrix were obtained by applying the C-ORESTE II processing steps to the global rank matrix.
For the conflicted analysis, p=0.0125, C*=0.0625, y=0.5 were calculated. The preference density matrix is
given in Table 6 and the conflicted matrix is given in Table 7. Accordingly, A2, A3, A6, A9 and A5 alterna-
tives, which no alternative is superior, are incomparable among themselves. A3 is the alternative with the
most superiority and A7 is the alternative with the most superiority. The preference structure created as a
result of the conflicted test is as in Fig. 3. The reason for this is that the Global rank values based on criteria
are close to each other and there is a conflict. This creates an incomplete preference structure.

(4) Obtaining complete rank values for C-ORESTE-III method: By applying C-ORESTE III processing steps to
the preference density matrix, positive superiority, negative superiority and net flow values of each alterna-
tive were obtained. These values are given in Table 8 and the complete ranking of the alternatives is made
according to the net flow values. Accordingly, A3 has the highest net flow value and Kahramanmaras is
the most suitable province for green logistics activities. Then, respectively, A2 (Erzurum) and A9 (Usak)
alternatives. In the last rank is the A7-Denizli alternative. Thus, the preference structure that could not be
completed in C-ORESTE II was completed with C-ORESTE III. The fact that Kahramanmaras comes to the
forefront is that it has the top ranking in the global ranking values and contains fewer contradictions than
other alternatives. However, since the CRITIC weights of the criteria are close to each other, it has been
determined that there is not much effect on the rank values of the alternatives. Since the CRITIC method
makes objective weighting according to the contradiction of the values in the decision matrix, its use in
the ORESTE II method gave more effective and reliable results.

Since PROMETHEE 1I is referenced in the proposed method, the results obtained from C-ORESTE and
PROMETHEE II methods were compared. The aim is to test the validity of the C-ORESTE III method. In the
ORESTE method, the preference density matrix is obtained by normalizing the global rank matrix. This process
corresponds to the 3rd type preference function of the PROMETHEE II method. Therefore, PROMETHEE II
processing steps* were applied to the global rank values in Table 5 and the results were compared. Here, type
3 preference function and CRITIC weights are considered for all criteria. Comparative results of both methods
are given in Table 9. According to these results, the order of alternatives was the same.
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Criteria— C1 C2 C3 C4 C5 Cé6 Cc7 Cc8 c9 C10
Alternative| | Benefit Benefit | Benefit | Benefit | Cost | Cost Cost | Benefit | Cost | Cost
Al 1.000.000 | 211.000 |2 6.5 110 8.13 605 80.6 46 15.8
A2 437.000 350.000 |5 6,5 171 10.8 434 82.6 41 14.94
A3 1.900.000 | 805.000 |5 5 126 4.11 719.7 |80.8 92 15.73
A4 1.156.000 | 258.000 |1 55 20 10 718.3 | 62.4 48 14.63
A5 2.000.000 |220.000 |1 7 10 27 3919 |81.5 44 15.8
A6 1.400.000 | 541.000 |3 55 237 10 3742 | 722 44.5 14.71
A7 500.000 125.300 |3 3 163 23 589 87.6 68 14.77
A8 2.000.000 |694.000 |1 5 15 12 816 67.6 40 15.8
A9 246.000 140.000 |4 6 6.35 |202.95 |557 87.2 46 14.77

Table 2. Decision matrix.

Criteria— Cl1 C2 C3 C4 C5 Cé6 c7 Cc8 C9 C10
Weight 0.099 |0.088 |0.111 |0.089 |0.108 |0.089 |0.081 |0.103 |0.078 |0.153

Table 3. CRITIC weights of criteria.

Cl |[C2 |[C3 |C4 |[C5 |C6 |C7 |C8 |C9 |CI10
Weak rank 75 |6 2 4 9 10 |75 |5 3 1
Al 6 7 6 25 |5 2 4 6 55 |8
A2 8 4 15 |25 |8 5 9 3 2 5
A3 3 1 15 |75 |6 1 2 5 9 6
A4 5 5 8 55 |4 35 |3 9 7 1
A5 15 |6 8 1 2 8 7 4 3 8
A6 4 3 45 |55 |9 35 |8 7 4 2
A7 7 9 45 |9 7 7 5 1 8 3.5
A8 1.5 |2 8 75 |3 6 1 8 1 8
A9 9 8 3 4 1 9 6 2 55 |3.5

Table 4. Besson weak rank matrix.

C1 Cc2 C3 C4 C5 Cé C7 C8 C9 C10
Al 645 595 [26.5 |125 |735 |70.0 |51.5 |39.5 |245 |42.0
A2 79.5 |33.0 35 | 125 |86.0 |81.0 |845 |21.0 6.5 |17.5
A3 445 | 225 35 |51.5 |77.5 |69.0 |38.0 |32.0 |62.5 |225
A4 56.5 [39.5 [47.0 |30.5 |66.5 |755 |445 |73.5 |350 1.0
A5 365 [49.0 [47.0 |10.0 |59.5 |[89.0 |71.5 |28.0 |11.0 |42.0
A6 51.5 [29.0 [14.5 |30.5 |88.0 |755 |79.5 |550 |16.0 2.0
A7 715 |77.5 |145 |66.5 |82.0 |87.0 |56.5 |17.5 |54.0 8.5
A8 36.5 [26.5 |47.0 |51.5 |625 |83.0 |340 |61.0 50 |42.0
A9 84.5 |68.0 6.5 [20.0 [58.0 |90.0 |645 |19.0 |24.5 8.5

Table 5. Global rank matrix.

Conclusions

In this study, a new integrated method including CRITIC and ORESTE methods from MCDM methods and
aiming to solve the problem of inconsistency in the ORESTE method was been proposed. To solve the inconsist-
ency problem in the ORESTE method, the preference density matrix of the alternatives was created by using the
CRITIC weights. Then, by summing the row and column values in the preference density matrix, positive-nega-
tive superiority values and the difference between these values were calculated, and negative superiority values
were calculated. The PROMETHEE II method is taken as a reference for these processes. The reason for taking the
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Al A2 A3 A4 A5 A6 A7 A8 A9

Al 0.000 |0.081 |[0.086 |0.109 |0.070 |0.094 |0.153 |0.114 |0.078
A2 0.149 | 0.000 |[0.122 |0.183 |0.147 |0.091 |0.178 |0.204 | 0.085
A3 0.159 |0.127 [0.000 |0.161 |0.183 |0.124 |0.171 |0.155 |0.154
A4 0.127 |0.133 [0.106 |0.000 |0.131 |0.066 |0.180 |0.110 |0.117
A5 0.096 |0.105 [0.136 |0.139 |0.000 |0.128 |0.210 |0.093 |0.106
A6 0.151 |0.080 [0.108 |0.105 |0.159 |0.000 |0.181 |0.161 |0.121
A7 0.109 |0.065 [0.054 |0.117 |0.140 |0.080 |0.000 |0.165 |0.030
A8 0.123 |0.145 [0.090 |0.101 |0.075 |0.113 |0.218 |0.000 |0.163
A9 0.139 |0.078 |0.142 [0.160 |0.141 |0.125 |0.135 [0.215 |0.000

Table 6. Preference density matrix.

Al A2 |A3 | A4 |A5 |A6 |A7 | A8 | A9
Al I < < R R < R R <
A2 > I R R R R > R R
A3 > R 1 > R R > > R
A4 R R < 1 R < > R R
A5 R R R R I R > R R
A6 > R R > R 1 > R R
A7 R < < < < < I R <
A8 R R < R R R R I R
A9 > R R R R > R 1
Table 7. Conflict matrix.
A2 A3 A6 A9 A5
A4
Al
J

A7

Figure 3. C-ORESTE II structure.

PROMETHEE II method as a reference is that the normalized preference density equation proposed by Pastijn
and Leysen’ corresponds to the PROMETHEE type-3 preference function. In addition, the results obtained as
a result of the application were compared with the results of the PROMETHEE II method. According to these
results, it was remarkable that the alternative ranks were the same, and it was determined that the C-ORESTE
III method was effective and valid.

The proposed method aims to add a new integrated method to the literature by completing the preference
structure that could not be completed in the second phase of the ORESTE method with the addition of another
step. The results obtained as a result of the application revealed that the method is valid and can be easily applied
to other decision-making problems. However, the proposed method has some limitations. Ranking the criteria in
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Y C(a,x) | Y C(a,x) | C(a) Rank
Al 0.785 1.054 -0.269 |8
A2 1.159 0.815 0.345 2
A3 1.235 0.844 0.391 1
A4 0.970 1.075 -0.104 |6
A5 1.013 1.047 -0.033 |5
A6 1.066 0.821 0.245 4
A7 0.759 1.425 -0.666 |9
A8 1.028 1.218 -0.189 |7
A9 1.135 0.854 0.281 3

Table 8. Positive superiority, negative superiority and net flow values (complete ranking).

Alternative — Al A2 A3 A4 A5 A6 A7 A8 A9

C-ORESTE IIT

C(a) |-0.269 0.345 0.391 -0.104 -0.033 |0.245 -0.666 -0.189 0.281

Rank |8 2 1 6 5 4 9 7 3

Quet —0.0332 | 0.0417 |0.0492 | -0.0118 | —0.003 |0.0306 | —0.0859 | —0.0208 |0.0333
PROMETHEE II

Rank |8 2 1 6 5 4 9 7 3

Table 9. C-ORESTE and PROMETHEE II comparative analysis.

the
the

first stage and weighting them in the second stage can create a disadvantage for the decision-maker. Because
criteria are evaluated both subjectively and objectively. This situation can create problems in the applica-

tion of problems involving linguistic data. In the future, the following studies can be carried out regarding the
proposed method:

Other weighting methods can be used instead of the CRITIC method.
For fuzzy decision making problems, the proposed method in fuzzy framework can be developed.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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