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MCDM  Juimhpp  dp pwpp  wyplonpubiphbp  F, npnip
qluhunnynud ki dh pubh sunpbppblinh hunlwdauy i’ jufugnyi
wyplonpubp (bpp - planplgne huokwp.  Um Gywwadng
sunpulipplilinh lphnp nprplgpn MCDM  dlgennblinh hhpundwd
wpling  ympbphg JdEhh F Guwpdiownwy,  sunpubfpilipn
puguwhuwgwymd ki nprpmd Gugugbmnh §nnpdhg, wylnihlonl
quyg-gnyyqg  hwdbduannyamibblpn - sunpmprppsiiiph 7
wyplunpubpbbiph dholt Gh, npnbp Gwnnignid i nprpnidbiiph
dunnphgp. Swpplp sunpuwbppilinh Ghuandwadp wyplonpubpbliph
lppmblipp winwgynid &b MCDM dlgenniilinhg dlih §hpwmdundpy.
TOPSIS-n gnyq  hwdbdunnniopub fpw hplinfuwo  dlenn  F
wyplunpuubpblphie lphnp puppulyne hundup. <uwndwdwgl TOPSIS
lgonnh, junfugniyh ugiplonpubph L lgbligny npuig puphg.

Ui hlimwgminnyemihl wnwpwplynid £ WCDM  dlgennp
npwbu  bGnp  dlgany” MCDM  Julmpplibipnid  oquuugnpdyng
sunpblippbliphl lphn wuwgn hunfwp. Qpagnibpblipp uwwgfly ko
[Fihpubh pnlmpughl prpuugnid gmgulpfud phlkpnyemibbkph
Jpwll dniphg. Qe hlimwgninnigeyul npnpdwle duanphgp
punlpugwo Ep mwpplin mpnpunbibiph puwi pbhlpnyembiilphg
bplp sunpulippbinhg fpuwmupdn, hnmuughngeymbp it nhulp.
TOPSIS-p1 npuyliu MCDM dtgonn plunpiyfud E WCDM-A Shannon-
J hlan hwdfdunnlyne hwdwp. Bplpupoadwalllon himwblpupnid
wyl waflyh jun] E gnponid.

Puhngh puunlp” Mnpundmghn, MCDM, suwfuubiifiplilp, Shannon,
TOPSIS, nprnpnidiiliph dunnphgu
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A.J]. buenapu

IIPUCBOEHHUE BECOB KPUTEPHIM I10 MATPUHIIE

PEIIIEHHH (WCDM): JAHHBIE TETEPAHCKOH
®OH/[OBOH BUPKH

Ilpobrema MCDM npedcmasnsem coboii pso aremepHamus,
KOMOopble OYeHUBaomes no HeCKOAbKUM Kpumepusm 0iist 6bloopa
naunyuwet anomepramuest (aremepnamug). C omoil yenvio
onpeodenenue eca Kpumepueg s6IAemcs OOHUM U3 BANCHBIX
mamepuanos 0as ucnoavzosanus memodos MCDM. [lpeacoe
6ce20, IUYO, NpUHUMAaloujee peuierue, onpeoesem Kpumepuu, a
3amem NPoBOOUMCsL NAPHOE CPABHEHUE MeHCOY Kpumepuamu u
AnbMepHAmMUBamu, KOmopbwle COCMAassIon Mampuyy peuweHu.
Beca anvmepnamue no pasnvim Kpumepusm HOIYHAIOMC C
nomowwto 00rnozo uz memooose MCDM. TOPSIS — osmo
OCHOBAHHBIN HA NAPHLIX CPABHEHUSX MEmoO NPUCBOeHUsl 8eca
anomepramusam. Ilo memody TOPSIS gwidersemcs ayuwas
anbmepHamuea Ha 0CHoGe Uux gecd.

Omo uccrnedosanue npeorazaem memoo WCDM 6 xauwecmese
HO0B8020 Memooa 01 NPUOAHUSL 8eCa KPUNEPUSAM, UCTIONb3YeMbIM
6 3aoauax MCDM. Pesyromamor noayuenvl u3z peaivbHOU
8b100pKU KOMRaHUlL, komupyiouuxcs Ha Tecepanckoii porooeou
oupoce. Mampuya pewtenuti 8 5mMom UCCIe008aHUU COCMOANA U3
0gadyamu KOMNAHULL U3 PA3HLIX OMpAciell U mpex Kpumepues
doxoonocmu, HadedcHocmu u pucka. TOPSIS ¢ kauecmse
memooa MCDM ewibpan ons cpasnenus WCDM ¢ Shannon.
Ipexmusnocmv WCDM na Teecepanckoii ¢poroosoii bupoice
maxas sce, kax y Entropy Shannon npu mex orce ycnosusx; ou
pabomaem euye ryyuie 8 00I20CPOUHOU Nepcnexmuese.
Knrouesvie cnosa: Ilopmeporuo, MCDM, Kpumepuu, [llenton,
TOPSIS, Mampuya pewenuii.

An MCDM problem is a number of alternatives that are
evaluated with respect to several criteria to select the best
alternative(s). For this purpose, determining the weight of
criteria is one of the important materials for using MCDM
methods. First of all, criteria are identified by the decision-maker
then pairwise comparisons are between criteria and alternatives
that construct the decision matrix. The weights of the alternatives
with respect to different criteria are obtained by using one of the
MCDM methods. TOPSIS is a pairwise comparison-based
method for allocating weight to alternatives. According to the
TOPSIS method, the best alternative based on their weight is
allocated.
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This research proposes the WCDM method as a new method
to give weight to criteria used in MCDM problems. The results
are obtained from a real-world sample from companies listed on
Tehran Stock Exchange. The decision matrix in this study
consisted of twenty companies from different industries and three
criteria Return, Reliability, and Risk. TOPSIS as an MCDM
method is selected to compare WCDM with Shannon The
efficiency of the WCDM in the Tehran Stock Exchange is the same
as Entropy Shannon under the same conditions; it performs even
better in the long term.

Key words: Portfolio, MCDM, Criteria, Shannon, TOPSIS,
Decision Matrix

1. Introduction

The relative weights of the criteria are necessary for the issue solution process when
dealing with multi-criteria decision-making challenges. The methods LINMAP, least
squares, specific vector techniques, Shannon entropy, CRITIC method, and others can
be mentioned as the techniques for figuring out the weights of the criterion.

Making decisions usually involves some factors and possibilities. In making
decisions, all factors are not equally important. In these situations, it is vital to
determine the weight or coefficient of the relevance of each factor in the decision-
making process. Each criterion's relative weight is determined by how it is important
to other criteria. Reaching the targeted objective will be greatly aided by the thoughtful
and appropriate selection of weights of criteria. For this purpose, it will be useful to
utilize WCDM for weighing criteria. The following three techniques each have a
different way of weighing the criteria [Odu 1449]:

1.Applying specialist knowledge

The right criteria are identified and weighed using this technique, which also
considers the features of the research area and the expertise and knowledge of subject-
matter specialists. This method's simplicity and documentation are two benefits.
However, this approach has drawbacks, including the risk of the expert estimating the
weight incorrectly and the challenge of harmonizing their mental units of measurement.
By using a range or percentage, professionals may gauge the significance of several
aspects.

2.Making use of data expertise

Data knowledge depends on the information that may be used to solve the issue.
The weight of each element may be calculated using this technique by taking the
answers to the issue and estimating the degree to which each factor depends on the
solution. The likelihood of error is lower when using the data knowledge approach, but
the quality of the initial replies determines how well it performs.

3.Combining data and professional knowledge

Weight is assigned to each criterion in this technique by the findings of the expertise
and experience of specialists and the usage of the available information. In this manner,
the weights are first individually computed using expertise and expert data, and the
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desired weight is decided by comparing the results. As a result, there is a lower chance
of error, and the weights are more accurate.

A crucial area of decision-making theory is multi-criteria decision-making
(MCDM). Regarding the problem's solution space, MCDM issues are often split into
two categories: Multi-Attribute Decision Making (MADM) and Multi-Objective
Decision Making (MODM). The typical matrix representation of an MCDM issue is as
follows:

A Cl .. Cn
pm =1 ( '.:_' ) ®
Am Anm1 - Omn

Aij is the score of alternative i in relation to criterion j, where Al, A2,..., Amis a
collection of workable alternatives, C1, C2,..., Cn is a set of decision-making criteria.
The objective is to choose the best overall value alternative, such as the most desired
or significant alternative.

There are several ways to determine the total worth of the alternative i. The basic
model for the majority of MCDM approaches, the simple additive weighted value
function [Keeney et al. 403], may be used to calculate Vi in a general form as follows:

n
Vi = EW]' al-]- (2)
j=1

How the weights of the criteria or vectors w = w1, w2,..., wn are produced is crucial
and has served as the inspiration for the launch of numerous MCDM systems over the
past several decades. Several MCDM techniques have been put out in recent years, with
AHP being the most well-liked (Analytic Hierarchy Process, ANP(Analytic Network
Process), TOPSIS(Technique for Order of Preference by Similarity to Ideal Solution),
ELECTRE (Elimination Et Choix Traduisant la REalité), VlseKriterijumska
Optimizacija 1 Kompromisno Resenje (VIKOR), and PROMETHEE (Preference
Ranking Organization Method for Enrichment Evaluations), also can cite to some
recent developments in the study and comparison of different MCDM methods like the
SIR method (superiority and inferiority ranking), SWARA (step-wise weight
assessment ratio analysis), multi-attribute evaluation using imprecise weight estimates
(IMP), and subjective weighting method using continuous interval scale [Hasan et al.
15-29]. Some methods like TOPSIS need the weight of criteria. For this purpose, some
methods like SWARA, SHANNON, BWM, and AHP can compute the weight of the
criteria.

This paper proposes a new method called WCDM for computing the weight of
criteria. The remainder of this paper is organized as follows. Section two is
methodology. In section three, a new method (WCDM) is proposed, the WCDM is
applied to a real-world problem, and it is comprehensively compared to the ENTROPY
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SHANNON considering several evaluation criteria. Section four explains the scientific
novelty of the research. Section five illustrates the result of the real-world problem and
compares WCDM and SHANNON and uses weights of criteria obtained from them in
the TOPSIS method to find the weight of alternatives and the result of portfolios. The
conclusions and suggestions for future research are represented in section Six.

2. Methodology
This section includes of Research type, Sources, Variables, Tools and Assumptions

2.1 Type of research

The current study is a hybrid of the two types of research Basic and Applied because
its goal is to develop knowledge and apply it in the present.

2.2 Statistical population

The statistical population of this research is all companies listed on the Tehran Stock
Exchange. Because it is very difficult to conduct a study on all companies, even though
the results are more realistic, some companies working in different industries have been
selected as a sample.

2.3 Sources of data collection

All information in this study is obtained through the financial journals and sites of
the Tehran Stock Exchange .

2.4 Variables

The independent variables of the study consist of the return, reliability and risk of
companies. These are the criteria of the decision matrix that are used in the WCDM,
Shannon and TOPSIS methods.

2.5 Tools

Microsoft Excel is used as the software.

2.6 Assumptions

-Buy stocks of each company on the first of the year and sell them at the end of the
year.

-The daily stock price of companies that are used to calculate criteria include capital
increment, DPS and transaction commission.

-The beginning of the year in the solar calendar is from March 21. For example, the
solar year 1395 is equivalent to March 21, 2016

-Annual interest on bank deposits is assumed 20 percent.

3. Literature review

In today's corporate activity, decision-making is crucial. Making a choice requires
taking into account a variety of factors, many of which may be at odds with one another.

The Entropy Shannon was selected to compare with the WCDM method. Step-by-
step of the WCDM process is covered in the first section. This study uses some
strategies and techniques to weight criteria in WCDM. The three basic techniques used
for calculating the weight of criteria and alternatives in this research are WCDM,
Shannon, and TOPSIS.
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3.1 Criteria

This section describes the criteria utilized in this study. Return, Reliability, and Risk
are the criterion employed.

Return

The return is the most significant idea in investment decision-making. Each share
or portfolio of shares provides a particular return to the holder if purchased, held, and
sold at a specified distance from the moment of acquisition. This return reflects price
fluctuations as well as ownership advantages.

We need a metric of the return on investment to evaluate investments effectively.
Most financial studies utilize asset returns rather than prices [Beattie 1].
Percentage of Stock Return

_ lasttrading day — first trading day of the year

©)

Share price on the first trading day of the year
% 100

Reliability

Reliability engineering is a branch of systems engineering that focuses on the
capacity of the equipment to operate without failure. The capacity of a system or
component to work under defined conditions for a certain amount of time is referred to
as reliability. The capacity of a component or system to work at a specific moment or
interval of time is commonly referred to as reliability.

The Reliability function, abbreviated R, is theoretically defined as the likelihood of
success at time t. This likelihood is evaluated using comprehensive analysis, past data
sets, or reliability testing and modelling. In reliability projects, availability, testability,
maintainability, and maintenance are frequently characterized as components of
"reliability engineering." The cost-effectiveness of systems is frequently determined by
reliability.

The majority of the methodologies used to determine dependability criteria are
employed in a variety of sciences. This study employs the following methodology

[Jahan Biglari 282]:
Y.(Fail days)

MDF = 4
total number of trading days @
Risk

Risk denotes future uncertainty regarding earnings or results deviating from
expectations. Risk quantifies the degree of uncertainty an investor is willing to accept
to profit from an investment. Risks come in many forms and occur in various settings.

The beta (or market beta or beta coefficient) in finance is a measure of how an
individual asset moves (on average) when the entire stock market rises or falls. As a
result, beta is also known as an asset's systematic risk or market risk. Beta is not a
measure of individual risk. The beta equation is as follows:

_ Cov(ry,mp)
© Var(rp)
Iy is the return of the market and ry is the company's return [Kenton 1].

®)
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3.2 Shannon Entropy

One of the multi-criteria decision-making strategies for estimating the weight of
criterion is the entropy method. A criterion-option matrix is required for this approach.
Shannon and Weaver suggested this approach in 1974. The level of uncertainty in a
continuous probability distribution is expressed by entropy. The primary assumption
behind this strategy is that the greater the spread in the values of a criterion, the more
significant the criterion [Hosseinzadeh Lotfi , F and Fallahnejad 55].

Shannon demonstrated that high-probability occurrences yield less information, but
low-probability events provide more information. Uncertainties are decreased when
new information is acquired, and the value of new knowledge is proportional to the
degree of uncertainty eliminated. As a result, uncertainty and information are
inextricably linked characteristics [Azar 8].

3.3 TOPSIS

The TOPSIS technique rates alternatives using a multi-criteria decision-making
(MADM) process. The terms "perfect solution” and "near to ideal solution™ are
employed in this procedure. The best possible answer in every aspect seldom exists in
practice; thus, the ideal solution strives to get as near as possible. The distance of an
alternative (or choice) between a positive ideal and a negative ideal solution is assessed
to assess how similar they are to one another. The alternatives are then weighed and
ranked according to the negative ideal solution's distance to the overall distance
between the positive ideal and negative ideal solutions.

TOPSIS sees a MADM issue with m alternatives as a geometric system with m
points in the next n spaces. The approach is based on the assumption that the alternative
should be closest to the perfect solution in terms of distance, and the furthest from the
worst ideal solution in terms of distance. Similarity with a positive-ideal solution and
avoidance of a negative-ideal solution are indicators according to TOPSIS. The
alternative approach with the greatest resemblance to the perfect solution is then chosen
[Pavi¢ and Novoselac 5-12].

The alternative receives a better score if it resembles the perfect answer. We attempt
to approach the ideal answer, which is virtually perfect in all respects but does not exist.
We take into account the distance of an alternative from the ideal and non-ideal solution
to gauge how comparable an alternative is to an ideal and non-ideal level. The method's
fundamental presumptions are:

-Every criterion should be equally desirable, either more or less desirable. In other
words, increasing the value of a criterion always makes it more desirable, whether
gualitative or quantitative. The best value that is now accessible must be evenly
declining or growing for the greatest value to be deemed ideal and the worst value to
be deemed anti-ideal.

-The criteria should be created such that they are distinct from one another (being
independent means the absence of internal relations).

-The alternatives' distances from the ideal and anti-ideal solutions are measured
using the Euclidean distance formula since the exchange rate between the criteria is
often a number other than one.
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3.4 Assigning weights of criteria by decision matrix (WCDM)

Suppose we have n criteria and m alternatives. We want to construct a decision
matrix of these criteria and alternatives. If a;j is quantity, use numbers without any
changes. The resulting matrix would be:

a1 - Qin
A= : : (6)
Am1 - Qmn

Where aj is a relative preference of alternative with criterion j
The figure below shows companies as a vector in three dimensions Return,
Reliability, and Risk. These dimensions are the criteria used in the research.
z

N\
Company i th (ai1, aiz, ais) W

AN
P

FIGURE 1. SHOwS COMPANIES AS A VECTOR IN THREE DIMENSIONS
(RETURN, RELIABILITY, AND RISK)
This part explains the process of the WCDM method in seven steps as follows:

Stepl. Normalize decision matrix with Rumina method

There are several positive (benefit) and negative (loss) criteria. Rumina approach
is a normalization technique that has been suggested in this sector. Divide each
criterion’s value for positive criteria by the greatest value for that criterion. In negative
direction criteria, the values of each criterion are divided by the least value of the
criterion [Habibi 1].

U Ci>0
' j
_ max al-]- 7
Nij = min a;; (7)
— <0
ij

Step2. Construct a non-scale matrix with the linear sum method
The computation of eigenvectors is a straightforward Saaty normalization
technique. In this strategy, dividing each integer in a set by the total number of its
components suffices. After normalization, the total number of elements in this scenario
will equal one [Vafaei, Nazanin and Ribeiro, Rita A. and Camarinha-Matos 264-265].
Xl']'
Yy O
Step3. Find the maximum and minimum rows value of the matrix

Tli]' =
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This step computes the maximum and minimum of the matrix obtained from the
previous step.

Step4. Give a score to columns: Count the number of ones on each column

To give grades to criteria, find the number of times each criterion has the best value
(number one is the best value) for alternatives. In a simple word, count the number of
1 for each column. The sum of number 1 of each column is equal to the number of
alternatives. The same way must be done for the worst value.

MAXIMUM MINIMUM

C1 C2 C3 C1 C2 C3

Sum of Sum of Sum of Sum of Sum of Sum of
One One One One One One

Step5. Calculate coefficient
Calculate the distance between the best and the worst for each column.

n; = (Number of best -Number of worst)
N1= Clbest— Clworst N2 = C2best— C2 worst N3 = C3 pest— C3 worst
Step6. Find the unit of weight
First, compute the minimum distance between the best and worst that was obtained
in the previous step, then calculate the distance between them with minimum call it d;.
Now must find the unit weight for criteria w by equation w = 100/}.%_, a; where n is

number of criteria.
Tip. If dj= dmin then the coefficient of the weakest criteria is zero it will be removed.

Min n; Nmin
d;= Distance nmin to other N1 - Nmin N2 - Npin N3 - Niin
Coefficient a1 = dmin=0 az= 0z ag= s

w is the unit weight of criteria | w = 100/X7, a;

Step7. Weight of criteria: Multiple units of weight to the coefficient

Coefficient a1 a as
w is unit of weight w
Weight of criteria Ci=a1 xw Cr=axw Cr=azxw

3.5. Compute return of a portfolio
The return of a portfolio is defined by the formula (9) in the table below:
m

Portfolio return = Ewiri 9)
i=1
The return of each alternative is r;, the weight of each alternative in the portfolio is
wi, and the number of alternatives is m [Esajian 1].

3.6 A real-world example
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This section demonstrates WCDM through a real-world example. This paper uses
an example to demonstrate the process in the real world. We applied this approach on
the Tehran Stock Exchange for twenty businesses to determine the true price of each
trading day with capital augmentation, DPS, and trading fees. The choice matrix
contained twenty firms as options, as well as three criteria consisting of return,
reliability, and risk.

As an example, this decision matrix was made from values from earlier portions for
the year 1397. The table below pertains to 1397 (2018 to 2019), and it is used to explain
the WCDM method.

TABLE 1. THE SAMPLE OF A DECISION MATRIX

DECISION MATRIX

1397 Return Reliability RISK Company Return Reliability  RISK
Iran Mineral P. 55.86 0.39 -0.68 Sobhan Pharm. -4.78 1.00 1.07
Behbahan Cement  -12.66 0.97 -0.61 Iran Mobil Tele  30.11 0.50 0.57
ﬁ:ge; pardazi g gg 0.24 1.28 | Chadormalu 31.69 0.71 1.08
Fanavaran Petr. 54.68 0.59 0.07 Iran Khodro 0.75 1.00 1.56
S*North Drilling -48.54 1.00 0.18 Khouz. Steel 57.45 0.31 114
S*IRI Marine Co. -1.46 1.00 0.60 S*I.N. C. Ind. 65.43 0.50 0.76
Butane Group 49.16 0.81 0.77 Azar Refract. -39.06 0.84 -0.41
Shahroud Sugar 5.87 0.13 2.08 S*Tehran Const.  -26.38 1.00 -1.26
Yazd Jooshkab 6.66 0.31 0.80 MAPNA -11.28 1.00 0.84
Sahand Rubber 7.72 0.29 1.02 S*Mellat Bank -10.53 1.00 0.39

1397 Return  Reliability RISK

Max Or Min of Criteria  65.43 0.13 2.08

In this stage, the WCDM method is used. First, construct a normalized decision matrix using three criteria explained in

the previous section and the Rumina and Linear normalizing techniques for this aim.
Table 2. Normalized Decision Matrix

Rumina Normalizing (Linear)

1397 Return Reliability RISK Return Reliability RISK
Iran Mineral P. 0.85 0.34 -0.32 0.25 0.06 -0.06
Behbahan Cement -0.19 0.13 -0.29 -0.06 0.02 -0.05
Dadeh pardazi lIranco  0.24 0.55 0.62 0.07 0.10 0.11
Fanavaran Petr. 0.84 0.22 0.03 0.24 0.04 0.01
S*North Drilling -0.74 0.13 0.09 -0.21 0.02 0.02
S*IRI Marine Co. -0.02 0.13 0.29 -0.01 0.02 0.05
Butane Group 0.75 0.16 0.37 0.22 0.03 0.07
Shahroud Sugar 0.09 1.00 1.00 0.03 0.18 0.19
Yazd Jooshkab 0.10 0.42 0.38 0.03 0.08 0.07
Sahand Rubber 0.12 0.45 0.49 0.03 0.08 0.09
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Sobhan Pharm. -0.07 0.13 0.51 -0.02 0.02 0.09
Iran Mobil Tele 0.46 0.26 0.28 0.13 0.05 0.05
Chadormalu 0.48 0.18 0.52 0.14 0.03 0.10
Iran Khodro 0.01 0.13 0.75 0.00 0.02 0.14
Khouz. Steel 0.88 0.42 0.55 0.25 0.08 0.10
S*I.N. C. Ind. 1.00 0.26 0.36 0.29 0.05 0.07
Azar Refract. -0.60 0.16 -0.20 -0.17 0.03 -0.04
S*Tehran Const. -0.40 0.13 -0.60 -0.12 0.02 -0.11
MAPNA -0.17 0.13 0.40 -0.05 0.02 0.07
S*Mellat Bank -0.16 0.13 0.19 -0.05 0.02 0.03
SUM 3.46 5.47 5.40

RUMINA'S NORMALIZATION CAN MITIGATE THE NEGATIVE EFFECT OF THE
RELIABILITY CRITERION. IN THE TABLE BELOW, WE APPLIED THE LINEAR
TECHNIQUE TO OBTAIN EACH ROW'S MAXIMUM AND LOWEST VALUE. THESE
NUMBERS CAN ASSIST IN DETERMINING THE NUMBER "1".

TABLE 3. COMPUTING NUMBER OF ONES

1397 Best Worst

Max of Linear Return  Reliability RISK Return Reliability RISK Min of Linear

0.25 1.00 0.25 -0.24  -4.10 -1.02 1.00 -0.060
0.02 -2.27 1.00 -2.22  1.00 -0.44 0.98 -0.056
0.11 0.61 0.89 1.00 1.00 1.44 1.63 0.070
0.24 1.00 0.17 0.03 39.21 6.61 1.00 0.006
0.02 -8.95 1.00 0.67 1.00 -0.11 -0.08 -0.214
0.05 -0.12 0.45 1.00 1.00 -3.72 -8.23  -0.006
0.22 1.00 0.14 0.32 7.37 1.00 2.32 0.029
0.19 0.14 0.99 1.00 1.00 7.05 7.14 0.026
0.08 0.39 1.00 0.93 1.00 2.59 241 0.029
0.09 0.38 0.90 1.00 1.00 241 2.66 0.034
0.09 -0.22 0.25 1.00 1.00 -1.13 -4.49  -0.021
0.13 1.00 0.36 0.38 2.80 1.00 1.08 0.047
0.14 1.00 0.24 0.69 4.16 1.00 2.86 0.034
0.14 0.02 0.17 1.00 1.00 7.19 41.68 0.003
0.25 1.00 0.30 0.40 3.28 1.00 131 0.077
0.29 1.00 0.17 0.23 6.03 1.00 141 0.048
0.03 -6.08 1.00 -1.29  1.00 -0.16 0.21 -0.172
0.02 -4.86 1.00 -4.67  1.00 -0.21 0.96 -0.116
0.07 -0.67 0.32 1.00 1.00 -0.48 -1.50 -0.050

0.03 -1.33 0.69 1.00 1.00 -0.52 -0.75  -0.046
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Number of 1 Best 7 5 8 13 5 2 Number of 1 Worst

The table above demonstrates how each alternative (companies) has performed in
relation to each criterion. Compute the number of the best and worst (numbers 1) for
each criterion at the end of the table. For example, the criteria Return contains eight
greatest and ten lowest values.

Table 4. Process of assigning the weight to criteria after normalizing the decision
matrix

Criteria Return Reliability Risk
n;=(Number of ‘1’ for Beat - Number of ‘1’ for Worst) 7-13=-6 5-5=0 8-2=6
Min n; -6

dj - Distance dmin to other 0 6 12

The sum of di + 1 18

Coefficient a; 0 6 12

w is the unit weight of criteria 5.556

Weight of criteria 0 33.33 66.67

n; is the difference between the number of the best and worst

d; is a vector and shows the distance between nmin with other n; from itself.

In the example above the distance between niand nmin = 0 then a; is zero and the
weight of Return will be zero, too. Actually two criteria have weight, some times
happen that there is only one criterion that has weight.

N1 = Npin= -2 n2=0 n3=2

0 1 0

4. Scientific novelty

This study introduces and evaluates a new method with high efficiency called
WCDM for computing the rank of criteria and weighting. The WCDM method helps
construct profitable portfolios with returns more than interest banks and stock market
indexes by TOPSIS as the MCDM method for ranking alternatives. This method works
as well as other methods like Shannon. In the long term, WCDM's performance is better
than Shannon's.

5. Analysis

This section compares the results of giving weight by WCDM to criteria for six
years with Shannon and further uses TOSIS techniques for calculating the return of
each portfolio. The charts illustrate portfolio outcomes, and aid in determining which
strategy performs best.
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Giving weight to criteria with WCDM
1,50
1,00 ~—  mReturn
0.50 [ Reliability
m Risk
0,00
1395 1396 1397 1398 1399 1400

FIGURE 2. CRITERIA'S WEIGHT BY WCDM METHOD FOR SIX YEARS
Figure 2 depicts the weight of three criteria estimated with WCDM for each year
from 2016 to 2021.

Giving weight to criteria with Shannon

0,800
0,600

HReturn
0,400 Reliability
0,200 m Risk

0,000
1395 1396 1397 1398 1399 1400

FIGURE 3. CRITERIA'S WEIGHT BY SHANNON FOR SIX YEARS

Figure 3 depicts the weight of three criteria determined with Shannon for each year
from 2016 to 2021. Figure 4 depicts the weight of the criteria using two approaches,
WCDM and Shannon.

Comparing the return of WCDM and Shannon with
TOPSIS
400,00
300,00
200,00 = WCDM
100,00 - Shannon
0,00
1395 1396 1397 1398 1399

FIGURE 4. COMPARING THE ANNUAL RETURN OF WCDM AND SHANNON
WITH TOPSIS
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Figure 4 depicts TOPSIS outcomes as portfolio returns from 1395 to the end of
1399. When the findings are examined more closely, the yearly returns of each
approach after one, two, three, four, and five years are fairly close by two WCDM and
Shannon.

After N Years
25,0000
20,0000 —
15,0000 = WCDM
10,0000 —
Shannon
5,0000 —
One Two Three Four Five

FIGURE 5. COMPARING THE RETURN OF WCDM AND SHANNON WITH
TOPSIS AFTER N YEARS

Figure 5 depicts the performance of two approaches, WCDM and Shannon, for
assigning weights to criteria and calculating each portfolio's return. TOPSIS is the
approach used to weigh the alternatives. As a result, the data reveal that WCDM
outperforms Shannon in the same circumstance five years.

6. Conclusions

This study attempts to create a novel strategy for ranking criteria and then assigns
weight to them for use in the well-known method TOPSIS. TOPSIS is one of the most
well-known MCDM strategies for ranking options. The findings are based on a real-
world sample of firms registered on the Tehran Stock Exchange. The choice matrix
included twenty companies from various industries as well as three criteria: return,
reliability, and risk.

Figure 5 shows the return of each portfolio where WCDM and Shannon assigned
the weight to criteria, and TOPSIS has computed the weight of alternatives and
portfolio returns. The results indicate the performance of WCDM and Shannon. The
performance of each approach is extremely near to each other. In the same
circumstance, WCDM performs better than Shannon after five years. So WCDM
performance is comparable to the well-known Shannon technique, which assigns a rank
and weight to criteria.

Future studies can compare this WCDM approach to other methods such as BWM
and LINMAP, as well as other ways that can weigh alternatives in different real-world
scenarios.
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