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Available online 17 April 2024 stated problem, an improved TOR method is introduced in this paper to cater the

redundant ES problem. An example is used from the literature to test the improvisation.
The result indicates the implementation of the TOR method provides a better solution

Keywords: since it satisfies two conditions which are the highest value for different weights and
Trade-off Ranking; MCDM; conflicting the least compromise values in average weights. This verifies the reasonableness and
multi-criteria effectiveness of the TOR method.

1. Introduction

Many Multi-Criteria Decision-Making (MCDM) methods have undergone modification or
improved methods processes [1,2]. The evolution process is fitted to the situation or problem that is
being solved in certain cases. Though the trade-off ranking (TOR) method is still new, the evolution
process is also experienced by the TOR method which will be discussed in this paper.

Due to the newness of this method, there is still a lack of study involving the method. A study was
done by Jaini et al., [3] that used the TOR method to solve the MCDM problem with conflicting criteria
in the vehicle routing problem to get the best solution and minimize the trade-off among the criteria.
Besides the uses of the TOR method alone, a study was done by Ibrahim et al., [4] that integrated the
TOR with the Shapley value solution concept in cooperative game theory, acronymized as the S-TOR
method. An improvement concerning the weights of the criteria was considered based on the
fairness concept in the Shapley value solution concept.

The problem highlighted by the TOR method is a case of redundancy in the extreme solutions
(ES). Redundancy is a repetition of identical values in a set of data. In this paper, repetition occurs in
the same criterion where the problem in selecting ESs arises concerning the maximum or minimum
criteria.
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The redundancy of ESs has raised an issue on choosing which ES for TOR calculation must be
chosen for the next calculation steps. The ES is the base for the TOR method before the next
calculation process proceeds. Therefore, this paper aims to improve the TOR method for the case of
redundant ESs. In addition, this paper contributes to the TOR method in the MCDM framework with
an improvement regarding the redundant ESs with some modifications to the procedures. Hence, a
variant of the TOR method is developed.

The rest of the paper is organized as follows: The literature on the TOR method is presented in
the next section. Then, the TOR method is briefly discussed, followed by the proposed methodology
of the improved TOR method. Later, a few case studies of redundant ESs with different and average
weights are solved using the improved TOR method. Lastly, the conclusion is discussed.

2. Literature Review

MCDM is a process of solving real-case problems according to some criteria to find the best
solution among several available alternatives. Many methods have been improved for the study in
MCDM. One of the methods that has undergone improvement is the Technique for Order Preference
by Similarity to Ideal Solution (TOPSIS). Wang and He [1] proposed two improvements to
conventional TOPSIS. The first improvement for TOPSIS was the response of nominal-the-best that
this type of procedure does not require selecting from the alternatives since the positive ideal
solution is the target itself. The second improvement was the purpose of robust design and the root
of mean square error.

Besides that, Kuo [2] also studied the TOPSIS method and proposed an improvement since TOPSIS
contains adequacy in the ranking index. TOPSIS method selects the alternatives based on the closest
and farthest distances from the positive and negative ideal solutions, respectively. The ranking index
in the conventional TOPSIS method disregards the weights of an alternative from its positive and
negative ideal solutions, and this will be a lack in the TOPSIS method as it has no preferences by the
decision-makers. Therefore, a new ranking index was proposed by adapting the alternative with its
positive and negative ideal solutions as cost and benefit criteria respectively.

Itis a challenging undertaking to choose suitable MCDM methods and also its variants for specific
problems, especially those methods that need some improvements from time to time. A comparison
study was done by Chakraborty [5] that showed TOPSIS and modified TOPSIS methods to help
researchers distinguish between these two methods. Besides TOPSIS and its variants, some methods
experienced improvements or modifications, such as the previous studies [6] and [7] that were not
within its method but integrated into other methods.

Lin et al., [6] mentioned that the conventional Analytic Hierarchy Process (AHP) that limits to the
9-value scale of Saaty is difficult for decision-makers regarding the relative importance relationship
on the criteria. Therefore, they proposed AHP using a Genetic Algorithm to recover the real number
weights of criteria and prepared a function for improving the consistency ratio of the pairwise
comparisons. In addition, Ke et al., [7] proposed the DEA method with fuzzy mathematics. This model
prevails over the objective factors in the conventional DEA model and caters to fuzzy input and fuzzy
output sets.

Among numerous MCDM methods, TOR which was proposed by Jaini [8], is still new to this field
and may be exposed to some improvements. To apply the TOR method, the process needs
alternatives, criteria, and weight for each criterion to solve the conflicting problems. The TOR method
uses the distance from an alternative to the other alternatives to determine the ranking. The ranking
determination in the TOR method depends on the sum of the distances between those alternatives.
The distance reflects the degree of trade-off between the solutions. Recall the aim of this study, it is
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reasonable to improve some steps in the TOR method for the case of redundant ESs. To answer this
guestion, this paper proceeds to the next section for further study and explanation.

3. Trade-Off Ranking Method

TOR method was proposed and developed by Jaini [8]. Generally, the main principle of the TOR
method is to provide a solution with less compromising than the other alternatives. The
determination of the TOR method ranking depends on the sum of the distances between those
alternatives. The distance represents the degree of trade-off between the solutions. At the beginning
of the TOR method, the distance among alternatives is used to decide the ranking. Later, the method
was revised to find the extreme solutions (as the best outcomes) for each criterion that came out
with two levels of selection before rank that will be discussed further for the conventional TOR
method algorithm.

Jaini and Utyuzhnikov [9] first introduced that the trade-off between the objectives is inevitable
due to the constraints that make the optimal solution nonunique called as Pareto solution. The paper
mentioned that the Pareto solution appeared as the ranking problem since it was unconsidered by
any preferences. Therefore, the TOR method, as a new algorithm was proposed as a new ranking
solution that has a unique value. The idea was originally based on the method to minimize the trade-
off level among the solutions so that the ranking later will reflect the least compromised Pareto
solutions. The minimization of the trade-off solutions can be attained by computing the distances
among points in the objective space.

Jaini and Utyuzhnikov [10] studied the TOR method in a conflicting multi-criteria problem. In the
paper, the alternatives were determined to satisfy all the criteria for finding a compromise solution.
The idea of the anchor point for each alternative in the single-objective problem, a solution called an
extreme solution is introduced in the TOR method. The selection of ESs as a reference point as it gives
the best solution in a single-criterion problem. Then, the best solution is taken as a reasonable
compromise solution in the conflicting criteria problem with the minimum value of the degree of
trade-off, DT, . Besides DT,, the DT, indicates the total distances of an alternative to the others for

the second level of selection. The TOR method is based on the smaller value of the distance that
represents a less compromised solution or less degree of trade-off among those alternatives. The
paper concluded that the TOR method is the least compromise solution as the calculation of the ESs
and the other alternatives so the TOR method can be the best approach as the best compromise
option using the differences among the alternatives.

Assuming that there are A alternatives, C criteria and represent the performance of criterion j

in terms of alternative i and w; represents the weight of a criterion, where i=1,2,...,0;j=1,2,...,C.

Table 1 shows the decision matrix for the MCDM problem.

Table 1
The decision matrix
Criterion

WEight W1 Wz W3 Wc
Alternative C; C Cs C.
Al Pll P12 P13 o Plc
AZ P21 P22 P23 o P2c
AS P31 P32 P33 o P3c
A, Pa1 Pa2 Pas3 Pac
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The conventional TOR method algorithm to compute the distance between alternatives is as
follows:
Step 1: The standardization of the performance criterion j in the alternative i, P, using the

y

formula:

P. —min. P, (1)
- I i=12,..,a,j=12,..c.

i .
maxl.Ff.j—mlan.j

Step 2. Determination of the criteria objectives either maximum or minimum.
Step 3. Determination of the extreme solutions, ESZ,k =1,2,...,c,using the formula:

ES, :{minf,.j},j =1,2,...,c, for the cost criteria, or

1<i<a

ES, = {max ,.j},j =1,2,...,c,for the benefit criteria. (2)

1<i<a

Step 4. The computation of the distance between an alternative with every extreme solutions
using the formula:

C

b
Grop (ESZ,A“)=[Z(fkj,fa, )2} ,@=12,.,0,k=12,...c. (3)

J=1

Step 5. The computation of the degree of trade-off, DT, between an alternative with all extreme
solutions using the formula:

Cc

DT, = | W, oy (E5,A%) | =1,2,..,0,k=1,2,....c.

(4)
where w; is the weight or importance of the j* criterion.

Step 6. Rank the best alternative with the lowest value of DT,. If at least two alternatives have
the same values of DT, proceed iteration to Step 7. Otherwise, stop.

Step 7. The computation of the distance between an alternative with every other alternatives
using the formula:

C

7
dTORz(A“,Aﬂ){Z(Ea,—Eﬂ,)} ,a,f=1,2,..,40, (5)

j=1
where I?U the weighted performance of an alternative i in criterion j

P =w,xf,i=12,.,0,j=12,...c (6)
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Step 8. The computation of the degree of trade-off, DT, between an alternative with all other
alternatives using the formula:

D7-2Aa - Z[drom (Aa'Aj )],0! =1,2,...,a. )
im1

Step 9. Rank the best alternative with the lowest value of DT,.

3. Improved Trade-Off Ranking Method for Extreme Solution Redundancy

The conventional TOR method steps explained in previous section will give a reasonable result as
it compromises the trade-off solution. However, the redundancy in choosing ESs as in Step 3 needs
to be improved since the ES represents the best alternative concerning one criterion. Thus, if the
value of some of the alternatives in one criterion is equally the best, there exists a problem in
choosing one alternative to be the ES for that criterion. Therefore, the improved Step 3 for the
conventional TOR method is introduced in this section.

The method, generally, differs at redundant ES. If the ES is redundant, the weights as either
different or average need to be considered. However, note that, if the ES is not redundant, the steps
can proceed as the conventional TOR method itself. The suggested Step 3 to solve the redundancy in
choosing ESs is planned as follows:

Step 3(a). Determination of the extreme solutions, Esz,k =1,2,...,c,using the formula:

ES, ={min ij},j =1,2,...,c, for the cost criteria, or

1<i<a

ES, = {max .

U.},jzl,z,...,c,for the benefit criteria.
1<i<a

If the ES is redundant on that criterion, then

Step 3(b). Refer to the highest weight among all criteria. The ES is an alternative with the highest
value of criterion in that particular weight between the redundant options. If the options are still
redundant, refer to the next highest weight, and repeat the selection process.

Step 3(c). If the weights are equal, then the ES is an alternative with the best value in most criteria
between the redundant options. In this case, it is wise to rank the alternatives based on each
conflicting criterion in advanced.

Step 3(d). If the options for ES of a criterion are still redundant in Steps 3(b) and 3(c), calculate
the difference in value between the redundant options and the best value in the examined criterion,
either in the highest or average weights. The ES is an alternative with the least difference among the
redundant options.

Step 3(e). If every steps above are fail, then the ES is chosen randomly between the redundant
options.

In the next section, the case study on both the highest and average weights is explained.
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4. Numerical Experiments

The case studies for redundant ESs are presented in this section. The problem and data are
extracted from the previous study [11] where four criteria have been taken into account in the

international cooperation in Iran. The criteria are Empowerment Level (Cl), Supplying Risk (CZ),

Strategic Relation (C3) and Future Opportunities (C4). Since the paper used the game theory

method, there are three Nash equilibria with combined strategies result from [11] which then are
considered as three alternatives in MCDM. The alternatives are S,, —S,, (Collaboration Level — Co-

Evolving), S,, —S,; (Risk Management — Supply Chain Re-Conceptualization) and S,, —S,, (Risk —
Management — Co-Evolving).

Table 2 shows the decision matrix raw data to be used for standardization for both different and
average weights cases later. Then, the improved TOR method will be implemented.

Table 2
The decision matrix raw data is obtained from the
previous study [11]

Cl1 (Max) C2 (Min) C3 (Max) C4 (Max)
Sus— S 7.000 6.143 6.857 6.143

S,—S, 6143 5286 628  7.000
S _S 628 6571  6.857  6.143

A4 B4

4.1 Redundant Extreme Solutions with Different Weights

This subsection presents the case study for the redundant ESs with different weights. Table 3 is
the normalized data, calculated from the Table 2 using Eq. (1). Table 3 shows the ES redundancy in
one of the criteria, C3. Thus, the ES of criterion C3 is obtained using the improved TOR method,
Steps 3(a)-(e), whichever necessary.

Table 3

The normalized decision matrix data with different weights
Cl (Max) C2 (Min) C3 (Max) C4 (Max)

Weight 0.3 0.5 0.1 0.1

S S 1.000 0.667 1.000 0.000

A3~ B4

S S 0.000 0.000 0.000 1.000

A4~ B3

S —S 0.167 1.000 1.000 0.000
A4~ B4

Note that, since the two redundant maximum values are 1.000 in C3 for the maximum goal, the
determination of the extreme solution will be referred to the improved TOR method. Since the
weights are different, the improved TOR method starts the determination of the ES in C3 by Step
3(b), referring to the highest weight among all criteria. In this case, C2 has the highest weight (0.5)
compared to the others. Thus, the ranking will be prioritized by following the minimum goal for this
criterion which ranks the alternatives from the smallest to the highest values. In C2, the smallest

value is 0.000. However, the redundant ES in C3 does not relative to S,, —S,, in C2. Next, the

second smallest value in C2 is 0.667 where the second rankis S,, —S,,. Hence, S,, —S,, is chosen

37



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 43, Issue 2 (2025) 32-41

as the ES in C3 whereas ES is the alternative with the highest value of criterion in that particular
weight between the redundant options.

After calculating the data in Table 3 via Eq. (3) and Eq. (4), the ranking result using the TOR method
with different weights is given in Table 4.

Table 4

The ranking result via the improved TOR
method with different weights

Trade-Off SA3_SB4 SA4_SB3 SA4_SB4
Ranking 2 1 3

Table 4 shows that S,, —S,, is the best ranking for different weights followed by the second and
third ranks which are S,, —S;, and §,, —S;,, respectively. The alternative S,, —S,, has the best
value in C2 (highest weight criterion) compared to S,, —S,, and §,, —S,,. Therefore, §,, —S,, is
more prioritized than the other two alternatives.

4.2 Redundant Extreme Solutions with Average Weights

This subsection presents the case study for redundant ES with average weights. Therefore, Table
5 is created for the average weight value for each criterion by using the same data in Table 2. Similar
steps to TOR method are implemented.

Table 5

The normalized decision matrix data with average weights
—case |

Cl (Max) C2 (Min) C3 (Max) C4 (Max)
Weight 0.25 0.25 0.25 0.25
Sy —Se 1.000 0.667 1.000 0.000

Sua—Se 0.000 0.000 0.000 1.000
S S 0.167 1.000 1.000 0.000

A4~ B4

For this case, the Steps 3(a) and 3(b) cannot be applied since there are redundant ES in C3 and
the weights are equal for all criteria. Thus, Step 3(c) of the improved TOR method is applied where if
the weights are average, then the determination of the ES is required to be chosen with the best
value in most criteria between the redundant options. In this case, all criteria have the average
weights which are 0.25. In C1, the best value of the alternative §S,, —S,, is 1.000. Meanwhile,
S,. — Sg3 has the best value for the minimum goal C2 which is 0.000. Again, the redundant ESin C3
does not relative to S,, —S,, in C2. Thus, the second smallest best value is 0.667 whereas this
second ranking in C2 is S,, —S,,. Lastly, the best value for C4 to choose the ES is 1.000, which is
alternative S,, —S,,. Even though C4 is redundant for first and third alternatives but that is not
taken into consideration since the best value is the highest. Since most of the criteria are best in
alternative §,,—S,,, therefore alternative S,,—S,,, is chosen as the ES in C3. The situation here
can be depicted as in Table 6.
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Table 6
The ranking for each alternative concerning each criterion
Cl (Max) C2 (Min) C3 (Max) C4 (Max)

Weight 0.25 0.25 0.25 0.25
SA3 - 534 ! 2 1 2
SA4 - 533 3 1 3 1
S S 2 3 1 2

A4~ B4

After calculating the data in Table 5 via Eq. (3) and Eq. (4), however, the values of §,, —S,, and

B4
S,. — Sz are both equally ranked first. Thus, the method proceeds to the Step 7 until Step 9 via the
Eqg. (5) to Eq. (7). Then, the rank of the best alternatives with the lowest value of DT, is used. The
ranking result using the TOR method with average weights is given in Table 7.

Table 7
The ranking result via the improved TOR method
with average weights — case |

Trade-Off SA3 - 534 SA4 - 553 SA4 - 554
Ranking DT, 1 1 3
Ranking DT, 2 3 1

Table 7 shows that §,, —S,, is the best ranking for average weights followed by the second and
third ranks whichare S,, —S,, and S,, —S,,, respectively. The alternative S,, —S,, is the best option
since it has the least compromise traits to all criteria comparedto S,, —S;, and S,, —S,,.In the case

of average weights, the Decision Maker does not have specific preference towards the criteria, thus
taking consideration of the least compromise alternative is the best option in dealing with the
conflicting multi-criteria problem or the set of Pareto solutions. The least compromise means that
the best alternative is on par with all other alternatives, having a value in each criterion that is not

too much different than others. Note that, §5,, —S,, is ranked second for both different and average

weights. The distance position of the alternative S,, —S;, among all alternatives is consistent in all

criteria between different and average weights. Consider another MCDM problem with data as in
Table 8.

Table 8
The normalized decision matrix data with average weights
—case |l

Cl (Max) C2 (Min) C3 (Max) C4 (Max)
Weight 0.25 0.25 0.25 0.25
Sis—Se 1.000 0.667 1.000 0.000

S S 0.000 1.000 0.000 1.000

A4~ B3

s _s 0167 0000 1.000  0.000

A4~ B4

Again, the problem has redundant ES in criteria C3. However, the ES cannot be determined by
the Step 3(c) in improved TOR since the redundant options S,, —S,, and §,, —S,, have equally best
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value in C1 and C2, respectively, while equally worst in C4. In this case, Step 3(d) is implemented.

In C1, the alternative S,,—S,, holds the best criterion value, while alternative S,, —S,, has
0.833 (= 1—0.167) difference in value with the best value. On the other hand, in C2, the alternative
S

difference in value with the best value. Thus, it is wise to choose the first option, S,, -

o —Sg, holds the best criterion value, while alternative S, —S,, has 0.667 (=0.667-0)

54, due to

the least compromise condition to the best value in each criterion. The ranking results for MCDM
problem in Table 8 is given in Table 9.

Table 9
The ranking result via the improved TOR method
with average weights — case |l

Trade-Off SA3 _534 SA4 _553 5

Ranking 1 3 2

S

VYV V!

4. Conclusion

An improved TOR method has been proposed in this paper to cater to the ESs redundancy
problem. lllustrated examples from the literature were used for the further steps of implementation
in solving ESs problem. The implementation result showed that the improved TOR method satisfies
the conventional TOR method on the priority of the highest criteria weights and the compromise in
average weights which verifies the reasonableness and effectiveness of this improved method.

Acknowledgement
The authors would like to thank the Universiti Malaysia Pahang Al-Sultan Abdullah for the financial
support through the grant PGRS2003167 and RDU223230.

References

[1] Wang, Ying, and Zhen He. "Improved TOPSIS methods for multi-response optimization." In 2008 IEEE Symposium
on Advanced Management of Information for Globalized Enterprises (AMIGE), pp. 1-3. IEEE, 2008.
https://doi.org/10.1109/AMIGE.2008.ECP.79

[2]  Kuo, Ting. "A modified TOPSIS with a different ranking index." European journal of operational research 260, no. 1
(2017): 152-160. https://doi.org/10.1016/j.ejor.2016.11.052

[3] Jaini, Nor lzzati, Adam Shariff Adli Aminuddin, Farahanim Misni, and Zaitul Marlizawati Zainuddin. "A study of
vehicle routing problem via trade-off ranking method." In Journal of Physics: Conference Series, vol. 1988, no. 1, p.
012053. |OP Publishing, 2021. https://doi.org/10.1088/1742-6596/1988/1/012053

[4] Ibrahim, Muhammad Akram Ramadhan, Nor Izzati Jaini, and Ku Muhammad Naim Ku Khalif. "A Shapley trade-off
ranking method for multi-criteria decision-making with defuzzification characteristic function." International
Journal of Applied Mathematics 34, no. 5 (2021): 933. https://doi.org/10.12732/ijam.v34i5.5

[5] Chakraborty, Subrata. "TOPSIS and Modified TOPSIS: A comparative analysis." Decision Analytics Journal 2 (2022):
100021. https://doi.org/10.1016/j.dajour.2021.100021

[6] Lin, Chun-Chang, Wei-Chih Wang, and Wen-Der Yu. "Improving AHP for construction with an adaptive AHP
approach (A3)." Automation in construction 17, no. 2 (2008): 180-187.
https://doi.org/10.1016/j.autcon.2007.03.004

[71  Ke, Qishou, Shaofei Wu, Mingging Wang, and Yuntao Zou. "Evaluation of developer efficiency based on improved
DEA model." Wireless Personal Communications 102 (2018): 3843-3849. https://doi.org/10.1007/s11277-018-
5415-0

[8] Jaini, Nor lzzati. An efficient ranking analysis in multi-criteria decision making. The University of Manchester (United
Kingdom), 2017.

[9] Jaini, Nor, and Sergey Utyuzhnikov. "Trade-off ranking method for multi-criteria decision analysis." Journal of Multi-
Criteria Decision Analysis 24, no. 3-4 (2017): 121-132. https://doi.org/10.1002/mcda.1600

40


https://doi.org/10.1109/AMIGE.2008.ECP.79
https://doi.org/10.1016/j.ejor.2016.11.052
https://doi.org/10.1088/1742-6596/1988/1/012053
https://doi.org/10.12732/ijam.v34i5.5
https://doi.org/10.1016/j.dajour.2021.100021
https://doi.org/10.1016/j.autcon.2007.03.004
https://doi.org/10.1007/s11277-018-5415-0
https://doi.org/10.1007/s11277-018-5415-0
https://doi.org/10.1002/mcda.1600

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 43, Issue 2 (2025) 32-41

[10] Jaini, Nor I., and Sergei V. Utyuzhnikov. "The effect of uncertainties in distance-based ranking methods for multi-

(11]

criteria decision making." InAIP Conference Proceedings, vol. 1867, no. 1. AIP Publishing, 2017.
https://doi.org/10.1063/1.4994413

Hashemkhani Zolfani, Sarfaraz, Reza Maknoon, and Edmundas Kazimieras Zavadskas. "Multiple Nash equilibriums
and evaluation of strategies. New application of MCDM methods." Journal of Business Economics and
Management 16, no. 2 (2015): 290-306. https://doi.org/10.3846/16111699.2014.967715

41


https://doi.org/10.1063/1.4994413
https://doi.org/10.3846/16111699.2014.967715

