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picture. This study develops an integrated fuzzy multi-criteria decision-making
(MCDM) framework to evaluate and rank the financial performance of ten rubber and
plastic companies listed on the Tehran Stock Exchange (TSE). Four groups of
financial criteria identified from the literature (liquidity, leverage, activity and
profitability ratios) were weighted using Chang's extent analysis method of the fuzzy
analytic hierarchy process (FAHP), based on pairwise comparisons by a panel of
experts in finance and the capital market. Financial data for 2023 and 2024 were then
used to construct the decision matrix, and the companies were ranked with the TOPSIS
method. Liquidity ratios received the highest weight (0.389), followed by profitability
(0.249), leverage (0.219) and activity ratios (0.143). Company A10 obtained the
highest closeness coefficient (CC = 0.88), followed by A4 (0.80) and A7 (0.76). The
proposed framework offers investors and portfolio managers a systematic and
replicable tool for comparing the financial performance of companies and supporting

stock selection within an industry. Because the results depend on expert judgments
and a two-year period, future studies should examine the robustness of the rankings
through sensitivity analysis and longer time horizons.

1. INTRODUCTION

Every organization has an urgent need for an evaluation system in order to know the level of desirability and
quality of its activities, especially in complex and dynamic environments. On the other hand, the absence of an
evaluation and control system in a system is considered to mean the lack of communication with the internal and
external environment of the organization, the consequences of which are old age and ultimately the death of the
organization. The phenomenon of organizational death may not be felt by top managers of organizations due to the
fact that it does not happen all at once. However, studies show that the lack of a feedback system makes it impossible
to carry out necessary reforms for the growth, development and improvement of the organization's activities. Finally,
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this phenomenon is organizational death. The issue of performance evaluation has challenged researchers and users
for many years. In the past, business organizations only used financial indicators as a performance evaluation tool;
Until "Kaplan and Norton" in the early 1980s, after reviewing and evaluating management accounting systems, they
revealed many of the inefficiencies of this information for evaluating the performance of organizations, which is
caused by the increase in complexity, the organization of the environment, and market competition. Financial
indicators do not report accurately on the cost of processes, products, and customers, and they only emphasize the
control process of a part instead of the whole system.

2. RESEARCH METHODOLOGY

In this paper, the weights of each criterion are calculated using FAHP Method. After that, TOPSIS is utilized to
rank the alternatives. Finally, we rank the Companies based on these results. Before explaining about FAHP method,
it has been described fuzzy sets and fuzzy numbers as follow:

2.1. Fuzzy Sets and Fuzzy Numbers

Fuzzy set theory, which was introduced by Zadeh (1965) to deal with problems in which a source of vagueness
is involved, has been utilized for incorporating imprecise data into the decision framework. A fuzzy set A can be
defined mathematically by a membership function pz (X), which assigns each element x in the universe of discourse
X a real number in the interval [0,1]. A triangular fuzzy number Acan be defined by a triplet (a, b, c) as illustrated
in Fig 1.
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Fig. 1. A triangular fuzzy number A.

The membership function pz(X) is defined as
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Where 1, m, and u are also considered as the lower bound, the mean bound, and the upper bound, respectively.
The triangular fuzzy number N is often represented as (I,m,u). According to Table 1, criteria compare with each
other. After pairwise comparisons, are finished at a level, a fuzzy reciprocal judgment matrix A can be established
as:
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Table 1. Linguistic variables for important of each criteria

linguistic variables tria?iu nliref;lzzy
very low (0.00,0.00,0.00)

low (0.10,0.20,0.30)
medium low (0.20,0.35,0.50)
medium (0.40,0.50,0.60)
medium high (0.50,0.65,0.80)
high (0.70,0.80,0.90)

very high (0.80,1.00,1.00)

Where n is the number of the related elements at this level, and a;; =1/ ajj. Basic arithmetic operations on triangular
fuzzy numbers A = (1;,m;,u;), where I; <m; <uy, and A, = (I,mp,uz), where 1, < m, <u,, can be shown as follows:

Addition:

AID Ay =11 + b ,m; + ma,u; +uy) 3)
Subtraction:
A]@ Az = (l] - Uz ,mp - mp,u; — 12) (4)

Multiplication: if K is a scalar

(kl; ,kmq,kuy), k>0

K®AP{&WJm%HQ,k<O

A1® A2 ~ (1112 ,m1m2,U1U2) , if 112 0 , 122 0 (5)

. 1 m u
Division: A; @ Ay = (= ,—= ,5) ,
uz ‘mz "l

if 120,1L>0 (6)

Although multiplication and division operations on triangular fuzzy numbers do not necessarily yield a triangular
fuzzy number, triangular fuzzy number approximations can be used for many practical applications (Kaufmann and
Gupta, 1988). Triangular fuzzy numbers are appropriate for quantifying the vague information about most decision
problems including Facility location selection. The primary reason for using triangular fuzzy numbers can be stated
as their intuitive and computational-efficient representation [27]. A linguistic variable is defined as a variable whose
values are not numbers, but words or sentences in natural or artificial language. The concept of a linguistic variable
appears as a useful means for providing approximate characterization of phenomena that are too complex or ill-
defined to be described in conventional quantitative terms [28].

2.2. Fuzzy AHP

The fuzzy hierarchical analysis process is one of the most famous multi-criteria decision-making techniques
introduced by Saaty. When we are faced with several options and indicators in decision-making, this method can be
useful. Although experts use their mental skills and abilities to make comparisons, it should be noted that the
traditional hierarchical analysis process cannot fully reflect the human thinking style. In other words, the use of
fuzzy sets is more compatible with linguistic and sometimes vague human explanations, and therefore it is better to
use fuzzy sets (using fuzzy numbers) to make long-term predictions and make decisions in the real world. In 1983,
two Dutch researchers named Lahrhorn and Pedrik proposed a method for the fuzzy hierarchical analysis process,
which was based on the method of logarithmic least squares. The complexity of the steps of this method made this
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method not used much. In 1996, another method called "developmental analysis method" was presented by Chang.
The numbers used in this method are fuzzy triangular numbers.

2.3. TOPSIS Method

This study uses this method to obtain the value of priority and to rank alternatives. TOPSIS views a MADM
problem with m alternatives as a geometric system with m points in the n-dimensional space. The method is based
on the concept that the chosen alternative should have the shortest distance from the positive-ideal solution and the
longest distance from the negative-ideal solution. TOPSIS defines an index called similarity to the positive-ideal
solution and the remoteness from the negative-ideal solution. Then the method chooses an alternative with the
maximum similarity to the positive-ideal solution [29]. It is often difficult for a decision-maker to assign a precise
performance rating to an alternative for the attributes under consideration. The merit of using a fuzzy approach is to
assign the relative importance of attributes using fuzzy numbers instead of precise numbers. This section extends
the TOPSIS to the fuzzy environment. This method is particularly suitable for solving the group decision-making
problem under fuzzy environment. We briefly review the rationale of fuzzy theory before the development of fuzzy
TOPSIS. The mathematics concept borrowed from [30-31].

Step 1: Determine the weighting of evaluation criteria

A systematic approach to extend the TOPSIS is proposed to ranking strategies under a fuzzy environment in this
section. In this paper the importance weights of various criteria and the ratings of qualitative criteria are considered

as linguistic variables (as Table 2) [32].

Table 2. Linguistic scales for the importance of each criterion

Linguistic variable Corresponding triangular fuzzy number
Very low (VL) (0.0, 0.1, 0.3)
Low (L) (0.1,0.3,0.5)
Medium (M) (0.3,0.5,0.7)
High (H) (0.5,0.7,0.9)
Very high (VH) (0.7,0.9, 1.0)

Step 2: Construct the fuzzy decision matrix and choose the appropriate linguistic variables for the alternatives
with respect to criteria

C, C, .. Cy

Ai [R11 Xy X1n
= Ay R Ry X2n
D= :

AM Xm1 Xm2 Xmn

i=1,2,....,m;j=1,2,...,n
&+ x5+ +xS) @)
where ')?1‘] is the rating of alternative A; with respect to criterion C; evaluated by K expert and
R - Gl b
Step 3: Normalize the fuzzy decision matrix
The normalized fuzzy decision matrix denoted by R is shown as following formula:
R= [Fijlmn, 1= 1,2,...,m; j=1,2,...,n ®)

Then the normalization process can be performed by following formula:
90
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- ai; b Cii
Where Ty = (.~ ,—3) ¢ = maxcy
999 i

The normalized Tj; are still triangular fuzzy numbers. For trapezoidal fuzzy numbers, the normalization process
can be conducted in the same way. The weighted fuzzy normalized decision matrix is shown as following matrix V:

V= [Tijlman , 1= 1,2,...,m; j=1,2,...,n %)

Step 4: Determine the fuzzy positive-ideal solution (FPIS) and fuzzy negative-ideal solution (FNIS)

According to the weighted normalized fuzzy decision matrix, we know that the elements Vi]- are normalized
positive TFNs and their ranges belong to the closed interval [0, 1]. Then, we can define the FPIS A™ and FNIS A~
as following formula:

At=(V1,V3.,...V) (11)
A=(Vi,V;,..V3) (12)
where V" =(1,1,1) and V; =(0,0,0) j=1,2,...,n

Step 5: Calculate the distance of each alternative from FPIS and FNIS

The distances (df andd;) of each alternative AYfrom and A~ can be currently calculated.

dif =Y, d(¥;, Vi) ,i=12,..m  j=1,2,...n (13)
di =Y, d(¥;, Vi), i=1,2,...m  j=1,2,...n (14)

Step 6: Obtain the closeness coefficient (CC;) and rank the order of alternatives

The CC; is defined to determine the ranking order of all alternatives once the di” and d; of each alternative have
been calculated. Calculate similarities to ideal solution. This step solves the similarities to an ideal solution by
formula:
=4

df +dy

CC; i=1,2,...m (15)

According to the CC;, we can determine the ranking order of all alternatives and select the best one from among
a set of feasible alternatives.

3. CASE STUDY

After forming the decision hierarchy for Ranking the Financial Performance, the criteria to be used in evaluation
process are assigned weights by using FAHP method. Geometric means of these values are found to obtain the
pairwise compassion matrix on which there is a consensus (Table 3).

Table 3. Fuzzy comparison matrix

Liquidity ratios Leverage ratios Activity ratios Profitability ratios
L m u L m u L m u L m u

Liquidity ratios 1.00 | 1.00 | 1.00 | 3.43 | 4.57 | 6.17 | 1.67 | 2.70 | 3.73 | 0.25 | 1.89 | 3.26
Leverage ratios | 0.16 | 0.22 | 0.30 | 1.00 | 1.00 | 1.00 | 1.87 | 3.28 | 4.30 | 0.62 | 0.90 | 1.40
Activity ratios 0.28 | 0.39 | 0.78 | 0.23 | 0.31 | 0.54 | 1.00 | 1.00 | 1.00 | 0.84 | 2.07 | 2.96
Profitability ratios | 0.34 | 0.53 | 4.59 | 0.75 | 1.14 | 2.18 | 0.46 | 0.71 | 3.38 | 1.00 | 1.00 | 1.00
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Then we calculate the magnitude matrix for each of the indicators, which is shown in Table 4.

Table 4. Matrix of the magnitude results

V) sl S2 S3 sS4
Sl 1 1 1
) 0.563743 1 1
S3 0.366968 0.763757668 1
sS4 0.639884 0.87115552 0.974775709

In the following, based on the results of Table 4, the weight vector of the indicators is obtained. Since these
weights are not normalized, we must normalize these weights, the results of which are shown in Table 5.

Table 5. The weight of criteria

Wi W2 W3 Wa
0.389015 0.219304351 0.142756047 0.24892

According to Table 5, the Ajois the best Company among other Companies.

Table 6. The result of TOPSIS method

CCi Rank
At | 047 9
Az | 0.65 5
As | 053 8
As | 0.80 2
As | 0.63 6
As | 042 10
A1 | 076 3
As | 0.56 7
Ao | 0.67 4
Aio 0.88 1

According to Table 6, Ajj is the best alternative among other.
4. CONCLUSION

This study proposed an integrated FAHP-TOPSIS framework to evaluate and rank the financial performance of
ten rubber and plastic companies listed on the Tehran Stock Exchange. Four groups of financial criteria were
identified: liquidity, leverage, activity, and profitability ratios. Their weights were determined using Chang’s extent
analysis method based on expert judgments, and the companies were then ranked using TOPSIS based on their
financial data for 2023 and 2024.

The results show that liquidity ratios carry the highest weight (0.389), followed by profitability (0.249), leverage
(0.219), and activity ratios (0.143). The prominence of liquidity suggests that experts regard a company’s ability to
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meet its short-term obligations as the most critical aspect of financial health in this industry. This is plausible given
the sector’s dependence on raw materials with volatile prices and its significant working capital requirements. In the
ranking stage, company A10 achieved the highest closeness coefficient (CC = 0.88), followed by A4 (0.80) and A7
(0.76), while A6 (0.42) and A1 (0.47) ranked lowest.

These findings have several practical implications. First, individual and institutional investors and portfolio
managers can use the proposed framework to compare companies systematically and support their stock selection
decisions, rather than relying on a single financial indicator. Second, the managers of lower-ranked companies can
use the results to identify the dimensions in which they lag behind their competitors, especially liquidity and
profitability, and to prioritize improvements. Third, the framework is flexible and can be adapted to other industries
by adjusting the criteria and expert inputs.

The study also has limitations that should be considered when interpreting its results. The sample is limited to ten
companies over a two-year period, which may not capture longer-term performance trends. The criteria weights rely
on the subjective judgments of a limited number of experts. In addition, the evaluation is based only on financial
ratios and does not consider market-based indicators (such as stock returns or P/E ratios) or non-financial factors.
Finally, investment decisions should not be based solely on the results of this study, but should take into account all
relevant market conditions and risk considerations.

Future research could extend this work in several directions: (1) using alternative weighting methods, such as the
Fuzzy Analytic Network Process (FANP) to account for interdependencies among criteria, or logarithmic fuzzy
preference programming (LFPP) to derive more consistent weights; (2) applying other ranking methods, such as
VIKOR, PROMETHEE, or fuzzy TOPSIS, and comparing their results with those of this study; (3) conducting a
sensitivity analysis to test how robust the rankings are to changes in criteria weights; and (4) extending the analysis
to a larger sample of companies, a longer time period, and market-based and non-financial criteria.
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