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ARTICLE INFO ABSTRACT
Avrticle history: The most basic step in managing an organization is to develop appropriate and
Received 2023-06-27 practical strategies . Developing a detailed and complete plan that will determine
Accepted 2024-02-23 the long-term direction of the organization and guarantee the profitability and
survival of the organization . In this research, using multi-criteria decision-mak-
Keywords: ing techniques, a new SWOT model has been created to formulate organizational
Financial Strategy strategies (financial, commercial, production and similar). The upcoming re-
Marketing Strategy search method is of a mixed type (qualitative-quantitative) which will be used in
SWOT Matrix the qualitative part of the method (descriptive-survey) and in the quantitative part
Multiple Criteria Decision of the fuzzy Delphi technique and multi-criteria decision making. In order to tar-
Making(MCDM) get more the results of this research and its output model, Iralco Company (lran
Uncertainty Aluminium) has been selected as a strategic and widely used global product man-

ufacturer to study and implement the mentioned models and techniques.

1 Introduction

The concept of strategy is one of the important and valuable categories that are raised in the field of
macro social issues in economy, politics, social, financial and economic micro communication and other
issues of life and if we look at it properly, most of the economic problems and failures. The country's
production and industry and even personal issues have their roots in the lack of attention in this sector.

Superficial perception and not paying attention to the category of marketing has caused the bitter trag-
edy of the failure of industries to continue in the markets. On the other hand, it must be acknowledged
that decision-making, planning, and strategizing in environments full of peace, tranquility, and complete
certainty, if not completely meaningless, are certainly unrealistic. In making a decision and presenting
an organizational strategy, since instead of a "definite future” one is faced with a spectrum of “probable
or believable futures", "uncertainty” casts a shadow on the issue and should be considered in the for-
mulation of the strategy. Although sometimes along with terms and concepts such as decision
making and planning, restrictions such as "under conditions of uncertainty" are added but it must
be acknowledged that decision-making and planning in environments full of calmness, stillness,
and absolute certainty, if not completely meaningless, is certainly unrealistic [1]. In making a
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decision and presenting an organizational strategy, since instead of a "probable future" one is
faced with a spectrum of "believable futures™, "uncertainty" casts a shadow on the problem. The
results of the research conducted in the field of strategy show that organizations gradually real-
ized that if strategy is used properly, they will achieve a sustainable competitive advantage when
the necessity of this became more evident when the survival of companies depended on choosing
the right strategy and it was appropriate and this incident has always appeared during environ-
mental turbulence [2]. SWOT analysis is an efficient tool for identifying the environmental con-
ditions and internal capabilities of the organization. The basis of this efficient tool in strategic
and marketing management is knowing the internal and external environment of the organization.
Fred. R. David provides the following method for constructing a four-dimensional matrix of
strategies using the combination of four factors. Internal factors (strength and weakness) includ-
ing factors: finance, marketing, sales, production, management, Staff and the like) and External
factors (opportunity and threat) including factors: economic, political, competitive, social, legal
and the like) suggests:Strategies of strengths-threats (ST): By implementing these strategies,
companies try to use their strengths to reduce or eliminate the effects of existing
threats.Strengths-Opportunities Strategies (SO): in the form of these strategies, efforts are made
to make the organization take advantage of external opportunities in the best way and maximize
the opportunities.Weaknesses-Threats Strategies (WT): The aim of this strategy is to reduce in-
ternal weaknesses and avoid threats from the external environment.Weakness-Opportunity Strat-
egies (WO): The purpose of these strategies is for the organization to improve internal weak-
nesses by exploiting the opportunities in the internal environment [3].

. Strength (S) Weakness (W)

Opportunity (O)

Threat (T)

Fig.1: Traditional model (four dimensions), [14] strategic management

The advantages and disadvantages of this research are as follows ,The SWOT model is one of the sim-
plest and most practical models in determining marketing strategies and decision-making strategies in
many industries and services, which, while being useful, also has some flaws and ambiguities. In this
research, it has been tried to use the traditional SWOT four-facet model (Igor Ancef) and by fixing its
basic defects and then expanding and developing this model, a flexible six-facet model for SWOT has
been extracted. The advantages and disadvantages of this model can be as follows:

a) All traditional SWOT analyses are done with regard to the certainty of the internal and external
conditions of organizations, which is practically impossible for future strategies. In this research, the
views and opinions related to the uncertainty in creating strategies have been used. Because the future
conditions of every organization are predicted in the form of uncertainty in many cases, and almost no
expert can state the future conditions of the organization in a definite manner .In this research, using
uncertainty techniques, an attempt has been made to solve this shortcoming

b) The methods of weighting and ranking factors in SWOT are very descriptive and lack verifiable
criteria, which is also addressed in this research.

c) In the SWOT table, all the aspects for combining internal and external factors (strength, weakness,
threat, and opportunity) are not used and only four categories of strategies are created in it. In the present
research, by expanding this model, a more flexible model based on six categories of strategy is available
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to managers and decision makers which creates a bigger space for decision making. The numerical
values used in this research have been obtained according to the opinions of experts regarding the en-
vironmental conditions (economic, political, managerial and similar) of the aluminium industry and

Iralco company, in the period from May 2022 to May 2023, and this is possible with Paying attention
to severe environmental fluctuations in the future will cause the practical results of the research to suffer
a decrease in effectiveness. The innovation of this research is as follows, *-In the created model, the
use of network analytical process (ANP) in weighting the sub-criteria and strategies causes a more
reliable ranking in the model and makes strategies to be created by combining the most important cri-
teria (with the highest weight). Expanding and developing the four-sided strategic SWOT matrix and
creating a six-sided SWOT matrix that creates more flexibility and efficiency to provide different strat-
egies. New strategies have been added in the new matrix. Many of these strategies exist in the decision-
making of many organizations, but they cannot be explained and placed in the four-dimensional matrix.
Therefore, the new design of this matrix and the inclusion of new dimensions will make this matrix
more flexible and closer to reality. It can be said that the added dimensions are a kind of reverse engi-
neering. It means transferring several types of strategies that are currently being implemented in many
organizations from the application environment to the new matrix. The dimensions added are:

a) The fifth dimension, called OT, means strategies during which it is tried to use the available envi-
ronmental opportunities to avoid or reduce environmental threats .Which also has a lot of practical
history (helping fellow allies to repel existing or common enemies)

b) The sixth dimension called WS strategies, during these strategies, internal strengths are tried to be
used to overcome the existing weaknesses. This type of strategy can be one of the most useful strategies
in times such as economic sanctions or blockades. Of course, this type of strategy is also very appli-
cable (using strong sectors to help weak sectors in order to maintain or improve them)

Using the MABAC method increases the validity and reliability of the model for the following reasons:

A) It has a simple mathematical device and stable results  B) Perfect results can be easily obtained
with this method because it takes possible values into account C) It is possible to combine this method
with other approaches. Hence, the MABAC method has the ability to meet the needs of a valid priori-
tization tool.
According to the nature of the UTA STAR method (deduction of cumulative utility functions from past
decision-making data), using this method ensures the results of the previous ranking .The formulation
of strategies is always done according to the analysis of environmental factors and in order to apply
them in the far or near future of the organization, therefore, due to the changeable environmental con-
ditions in the future, the use of certainty will reduce the effectiveness of the current strategies in the
future. The use of uncertainty (FUZZY) in this research has reduced this shortcoming

Weakness Strength
(W) ®)

Opportunity
©)
Threat
Q)

Fig. 2: Innovative and Six-Dimensional Research Model
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2 Theoretical Fundamentals and Research Background

In this section, we will study the aluminium industry and analyse it first and then we will examine the
conditions of Iralco Company so that we can use it to identify, explain and classify the current internal
and external conditions of the company properly and by using them, we can formulate correct criteria,
sub-criteria and strategies during the research. In the next step, we will find out the problems of this
model by using different researches related to SWOT and identify the results obtained in different meth-
ods of analysing this matrix. Knowing the strengths and weaknesses of these methods, a suitable ana-
Iytical method with the least error and the most effective should be chosen, which we will discuss sep-
arately below. Evaluation and understanding of environmental factors of aluminium industries.The
value chain of aluminium materials and products from mining to final products includes six main links
in the upstream (mining, alumina and smelting of aluminium waste) and downstream (semi-finished
products and recycling) but the present research is written with the focus on the upstream area of pri-
mary aluminium, focusing on aluminium metal.

Table 1: Some of the Studies and Researches Are Described in the Following Table
A researcher or scholars Tools and methods used The purpose or result of the research

Adelkhani and Hagshenas QSPM-SPSS Designing practical strategies in Sepah Bank

Kashani 2019[6].

Aghasafari hana 2020[7]. SWOT Compilation of organic agriculture development
strategies

Ahmed 2021[8]. SWOT-IPA Determining performance priority in university plan-

ning to increase student satisfaction
Placement and optimization of the place

Ehsanifar and Hosseinzadeh
Lotfi 2016[9].

Glilgin et al. 2021[10].
Hosseini and Qurbani Ghah-
farokhi 2018[11].

Hosseinzadeh robab 2016[12].

UTA STAR- MADM

SWOT-AHP-MABAC
SWOT-ANP

Determining the best health tourism strategy
Selection of strategies for the production of sports
goods

Determining the competitive position of health care

MABAC-SHANNON

ENTROPY in Iran's provinces
Lestari and Yunita 2020[13]. SWOT Determining the best marketing strategy of the organ-
ization
Mehrmanesh and Ghasemi SPSS Prioritizing marketing strategies
2016[14].
Muzahidu et al. 2020[15]. SWOT-ANP Formulating a strategy in the pottery industry

Nezir 2022[16].

MABAC-BWM-FMEA

Providing a risk assessment framework using risk pa-
rameters

Riyanto 2020[17].

SWOT

Compilation of business support strategy

Sanela Arsi 2017[18].

SWOT-ANP-FANP

Prioritizing ecotourism strategies

Solangi et al. 2019[19].

FUZZY-TOPSIS- SWOT-
AHP

Sustainable energy planning

Weizhang et al. 2019[20].

MABAC-FUZZY

Ranking of explosion risk levels in stone mines

Yuksel 2007[21].

SWOT-ANP-FUZZY

Ranking criteria and sub-criteria

Today, aluminium with its special and different properties is used in various strategic industries such
as construction industry, aerospace industry, transportation, automobile manufacturing, packaging,
electrical industry and their subordinate industries and as a strategic metal, it is one of the most im-
portant metals in the global metal and products market [4]. Iran is one of the first producers of alumin-
ium ingots in the Middle East. Aluminium production in Iran started in 1351 with the establishment of
Arak Aluminium Factory (Iralco) with a production capacity of 100 thousand tons per year. Then Al-
Mahdi and Hormazal Aluminium factories were added to the country's production complex. In the 80s
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and 90s, the country's aluminium ingot production progressed based on these three factories with a total
nominal capacity of about 450,000 tons. Currently, with the construction of several other production
units, the production capacity in Iran has reached more than 600,000 tons. Iralco's production has now
increased to 200,000 tons with the expansion of the production line [5].

3 Proposed Methodology and Research Questions
The questions that have been tried to be answered during the current research are as follows:

1) What are the strengths, weaknesses, opportunities, and threats for developing a flexible strategic
marketing plan for Iralco in the current situation?

2) What is the significance of the criteria used to develop a flexible strategic marketing plan for Iralco
using the ANP method in conditions of uncertainty?

3) What are the existing potential strategies to be used in Iralco Company in the current situation using
the traditional (four aspects) and new (six aspects) SWOT matrix?

4) What is the priority of implementing the mentioned company's strategies with a developed ANP-
MABAC combined approach in the conditions of uncertainty to reach flexible marketing strategies?
5) What is the desirability measurement of the implementation of the flexible marketing strategies of
the mentioned company with the developed combined approach-ANP-MABAC UTASTAR in condi-
tions of uncertainty?

6) Reviewing and ranking strategies according to the traditional framework (four aspects) of the SWOT
matrix, and determining the flexible and potential alternative strategies in the new flexible model of
SWOT (six aspects) can happen?

According to the objective, the present research is in the field of applied research. For this reason, it
deals with solving a problem and providing a related solution for managers and stakeholders in the real
world of the aluminium industry and Iralco. Also, in terms of the nature and method of data collection,
the upcoming research has a mixed research method, which is created by combining qualitative and
quantitative research methods. In the qualitative part of this research, it is in the form of (descriptive-
survey) and in the beginning, the indicators needed for the SWOT matrix have been extracted through
articles, books, magazines and internet sites and then it is based on the mentioned matrix framework
and based on internal and external factors (strength, weakness, opportunity, threat) of Iralco and Alu-
minium Industry, a semi-open questionnaire is designed [22].The semi-open questionnaire has been
given to selected expert experts in the initial stage for survey and they were asked to express their
opinions about the above factors in a descriptive and separate manner in Iralco factory and aluminium
industry, Then the primary theories were collected .In the second stage, all the collected theories with
the name of the expert providing the opinion were made available to all experts and they are asked to
reevaluate their opinions by studying the opinions and reasons of other experts and some of them and
rewrite the most important internal (weakness and strength) and external (threat and opportunity) fac-
tors. In the next step, using the final theories, the most converging factors are evaluated and screened
by the Delphi technique in uncertainty conditions [23-24]. Screening and importance measurement is
done by a closed questionnaire with a spectrum of 5 options in the conditions of uncertainty .In the next
step, using the screened factors of the 9-choice questionnaire, a quantitative part is extracted to analyse
the pairwise comparisons [25]. In the quantitative section, factors were identified and then the identi-
fied factors were analysed and classified in the qualitative part by a combination of Analytical Network
Process (ANP) and Multi-Attributive Border Approximation Area Comparison (MABAC) and Star Ad-
ditive Utility Method (UTASTAR) method under uncertainty conditions. And finally, the innovative
and flexible model of the research will be developed, tested and presented [26-27-28-29].
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The statistical community of this research is Iralco Company, which employs about 4500 human re-
sources, of which 221 people are graduates (204 postgraduates and 17 PhDs). But since drafting a strat-
egy and preparing a list of strengths and weaknesses, opportunities and threats in its most effective part
requires an expert view and needs high experience and expertise Therefore, among these people, the
people(Bachelor's degree, more than 10 years of work experience and more than 5 years of management
experience at the middle and high levels of the organization) who have the conditions of the compilation
were considered in order to identify and select the internal and external agents of Iralco and to form the
expert team. During the initial selection, 62 managers had the condition ,among these managers, 27
people expressed their desire and knowledge about the proposed and desired issues, and based on judg-
mental sampling, 25 ten people were selected from among the 27 mentioned people and formed the
expert team. One of the most important and sensitive stages of research is information gathering. The
method of gathering information is influenced by the nature of the subject and the variables under
study. Studying libraries is one of the usual ways to obtain findings and one of the most basic steps in
collecting information for research .The main data collection methods and tools are documents, obser-
vations, interviews and questionnaires . 3 types of questionnaires are used in this research, which are
given below:

Type 1. Semi-open questionnaire presented to the expert team to identify and extract internal and ex-
ternal factors and indices
Type 2. Closed questionnaires based on the Likert scale of 1 to 5 and converting them into fuzzy values
to confirm and screen the indicators.
Type 3. Paired comparison package questionnaire based on the spectrum of 1 to 9 to examine the
importance of the criteria. The validity of this research is done in two parts

A- Face validity ~ B- Criterion-related Validity
Face validity in this research, the fuzzy Delphi technique was first used according to the opinions of
selected experts in the aluminium industry in Iralco and finally, due to the fact that the mentioned factors
have been confirmed and re-reviewed by the expert team and convergent factors were extracted, its
validity is confirmed.In the criterion-related validity section, first, a 5-choice closed questionnaire ob-
tained from the summation of convergent factors in the semi-open Delphi questionnaire was given to
the experts and then, the values of the received answers are converted into fuzzy values. In the next
step, the fuzzy mean was taken from the created fuzzy value and then the obtained average is converted
into a definitive average .In this research, the acceptance threshold value for the absolute mean of each
criterion was considered 0.7 and criteria that get a definite average of less than 0.7 will be removed and
they will not be used in the 9-option questionnaire (pairwise comparisons). In this research, due to the
uncertainty of the data and considering the conditions of uncertainty, inconsistency rate has been used
to check reliability. Inconsistency rate is one of the important parameters in pairwise comparisons .
This rate indicates whether the comparisons can be trusted or not, or whether the pairwise comparisons
have adequate validity. This rate should always be less than 0.1. If the deterministic medium becomes
fuzzy, the inconsistency rate can be calculated by using the Goss and Butcher algorithm that they pre-
sented in 1998. This index is designed in such a way that if the answers of the experts are inconsistent
and contradictory, this problem will show and that's how we realize the inappropriateness of the ques-
tionnaire and answers and in the case that the inconsistency is greater than the declared quorum (ten
percent), it is necessary to re-evaluate [23]. ANP algorithm for SWOT used in the research can be
expressed as follows ,SWOT analysis is a suitable analytical tool for determining the importance of the
identified factors. Although SWOT determines the factors accurately and successfully, but it was not

[1048] Vol. 9, Issue 3, (2024) Advances in Mathematical Finance and Applications



Motallebi et al.

able to quantify the weights and effects of strategic factors in the options .This research shows a process
for quantitative SWOT analysis for situations where there is an internal dependence between strategic
factors. The proposed algorithm uses the network analytical process (ANP) and allows the measurement
to be done in the conditions where there is a dependency between strategic factors. The network model
presented in this research for the purpose of SWOT analysis is composed of four levels, the goal (best
strategy) at the first level, SWOT factors and SWOT sub-criteria at the second, third and last level,

respectively, of strategy options [30-31].

Fig. 3: ANP Algorithm for SWOT

Decision matrix is a swot hierarchy with four levels as follows

Goal 0 o 0 0
SWOT factor wil 0 0o a0
W= SWOTszubfactor [0 w32 0 0

Alternatives ] ] widi 1

Fig. 4: SWOT Hierarchy
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Fig. 5: Hierarchical & Network Model for Analyzing SWOT

W1 is a vector that shows the effect of the goal, including choosing the best strategy according to the
SWOT factors, and W2 is a matrix that shows the internal dependence of the SWOT factors. W3 and
W4 are also matrices that respectively express the effect of SWOT factors on each of its sub  factors
and the effect of SWOT sub-factors on the options .In the conditions that w21 is a fuzzy sub matrix
expressing the effect of the target on the criteria, w32 is a fuzzy sub matrix expressing the effect of the
criteria on each of the sub criteria, w 43 is a fuzzy sub matrix expressing the effect of the sub criteria
on each of the options .The importance in each of the above sub matrices is expressed by a triangular
number and 1 is the identity matrix whose components are triangular numbers. In the W matrix, the
assumption that the clusters and elements are independent is taken into account but when there is de-
pendence between the clusters, the matrix changes, that is, if the criteria are dependent on themselves,
then the W22 index will be non-zero.

Multi-criteria decision-making methods (MCDM) provide the possibility that various criteria can be
used simultaneously in determining the best option and the most appropriate conditions. Network ana-
Iytical process (ANP) is one of the multi-criteria decision-making methods with non-linear structure
and two-way relationships. Therefore, the main innovation of ANP is the structure of its networks which
enables the researcher to study the relationships between the entry’s (components) recognized in dif-
ferent clusters and the dependence between elements in the same cluster.
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Target

(=0

Crptions

Fig. 6: Differences between a Hierarchical Structure and A Network Structure [21].

The implementation of the Network Analysis Process (ANP) method in the fuzzy environment also
overcomes the ambiguities and uncertainties in decision making. In Fuzzy's ANP method, first the in-
ternal relationships between the factors are specified to determine the network between the indicators.
Then, by making pairwise comparisons, relative weights are calculated. To calculate the weight in fuzzy
pairwise comparisons, it is based on the Buckley geometric mean method. This method is known as the
improved (expanded) fuzzy AHP .The steps of this method are listed below. Suppose that Pij is a set
of decision makers' preferences regarding one index over other indices. The pairwise comparison ma-
trix is formed as follows; [21-30].

~ ~1 PlZ Ifln
A: 1321 ~1 PZTL (1)
Ppi P 1
s — n p 1/n. .
rl' - (H]=1Pl]) L= 1,2,3, e, n (2)
L+2M+U
Wcrisp= 2 (3)

In this research, in order to calculate the weight in pairwise comparisons, verbal expressions and trian-
gular fuzzy numbers listed in the table below have been used. Where n is the number of related elements
per row. The fuzzy weights of each pairwise comparison matrix index is obtained by Buckley's geo-
metric mean method. The geometric mean value of the fuzzy comparisons of the index i is obtained for
each index:

Then the fuzzy weight of the (i-th) index is shown by a triangular fuzzy number

After calculating the fuzzy weight factors, we de-fuzzy the weights using the formula below and then
normalize them
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Table 2: Table of Verbal Expressions and Fuzzy Numbers to Weight the Standards [32].

code Priorities Fuzzy equivalent of priorities
lower limit Medium limit Upper limit

1 Equal importance 1 1 1
2 same to relatively more important 1 2 3
3 relatively more important 2 3 4
4 Relatively more important than very important 3 4 5
5 Very important 4 5 6
6 High to very high importance 5 6 7
7 Very important 6 7 8
8 Very much to completely more important 7 8 9
9 Absolutely more important 8 9 10

FUZZY and grey MABAC method used in the research can be expressed as follows. In multi-indicator
decision making methods, MADM sometimes aims at weighting the research factors and sometimes
ranking the research options. The method we will discuss in this article is among the option ranking
methods .The MABAC method is one of the latest multi-criteria decision-making techniques used to
rank options in multi-criteria decision-making models [27]. Implementation of multi-criteria decision-
making methods in fuzzy and grey environments overcomes the uncertainty of decision-making and its
ambiguities .So, the results will be more accurate for the model. The MABAC method can also be
easily implemented in fuzzy and grey environments. In these environments, the laws related to these
methods are used. The MABAC (Multi-Attributive Border Approximation Area Comparison) method
is one of the new multi-criteria decision-making methods. The purpose of this method is to rank the
options in a multi-criteria decision-making model .Fuzzy MABAC technique examines this model in
a fuzzy environment, which eliminates uncertainties and ambiguities in decision-making and results in
more accurate results the steps of this method are given below [33-27].

First step is supposing the decision matrix of people's opinions is as follows:

fll flz es fln
p=| %21 Xz - an i=1,2,...,m; i=1,2,...,n (4)
Zm1 Xmz o Xom

Each column represents an index and each row represents an option. Xij indicates the quantity of the
(i- th) option in the sub-criterion of the (j-th) Also, the sub-criteria may be negative or positive ac-
cording to the effect on the options. In this research, verbal expressions and fuzzy numbers from the
following table were used to evaluate the options for each criterion.

The second step is normalizing the initial decision matrix (N)

Due to the fact that the gender of each of the criteria may be different, in the second step the decision
matrix is normalized to neutralize the effect of different scale of the criteria. In order to do this and
according to the type of each standard, positive and negative standards are used for normalization.
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Table 3: Table of verbal expressions and corresponding fuzzy numbers to evaluate the options [32]

code Priorities Fuzzy equivalent of priorities
lower limit Medium limit Upper limit
1 Very weak 1 1 3
2 Weak 1 3 5
3 Medium 3 5 7
4 Great 5 7 9
5 Very great 7 9 11
The normal decision matrix is represented by N
nyp 0 Mg
N=[ : : (5)
Nm1i - Nmn
The normalized matrices of N are calculated using the following equation.
tij = % For positive equation (6)
- xij—x; . .
tij = ——F For negative equation @)

i i

In the above equations, the X; entry of the initial decision matrix are (X) and X;"and X;*are defined as
below.

Xt=max (x1, x2, ...., xm) Indicates the highest value of the fuzzy upper limit, which has been ob-
served among the options in a specific criterion.

X; =min (x1, x2, ..., xm) Indicates the lowest value of the lower limit of the fuzzy, which is ob-
served among the options in a certain criterion.the third step is forming the normal weighted matrix
(Vij)
Since the criteria have different weight in the evaluation process; in this case, the entry of the balanced
normal matrix should be calculated according to the following equation. In this equation, tj is the entry
of normal matrix and w; is the weight of the i-th Criterion. Also, vj; form the entry of the balanced matrix
V.

O =wi* (& + 1) 8

The Fourth Step is Specifying the Boundary Matrix of the Estimation of the Region (G)

In the fourth step, the border matrix of the estimation area (G) is calculated based on the following
equation. In other words, the geometric mean of the entry of each standard column in the weighted
matrix should be calculated

g,= (T2, 93)™ ©))

the fifth step calculating the Distance of the Options from The Boundary of the Estimation of the Area
Q

The distance of the options from the border of the area estimation is determined according to the fol-
lowing equation, equal to the difference between the weighted matrix (V) and the value of the area
estimation border (G).
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gi1 " YGin

0=V-C= -

[Vn v Vin

Umi " Umn Imi " Imn
sixth step is ranking the options In the last step of the MABAC method, the value of the criteria func-
tions is calculated based on the total distance of the options from the area estimation vector (qi) for
each, according to the following equation. By calculating the sum of the entries of the Q matrix in a
row, the final value of the standard functions is determined for each option and the basis of the ranking
of the options is set.

n
5=Yay (11)
Jj=1

The following equation is also used to de-fuzzy the final scores. In this equation, L is the lower limit

of fuzzy number, M is the middle limit and u is the upper limit of fuzzy number.
S=L+m+u
3

(12)

the developed model of additive utility function of star (UTA STAR) in fuzzy mode used in the re-
search can be expressed as follows
Additive utility star method (UTA STAR) is among the techniques that evaluate and analyse the util-

ity
function of decision making. This technique was first proposed by in Siskos and Jacquet 1982

Cumulative utility method is a method for inferring cumulative utility functions from a set of past de-
cision-making data. (In this research, FUZZY MABAC method). Cumulative utility methods simulta-
neously use points assigned by decision makers to a selected set of options (decision data), which is
called the reference set, as well as the ranking of options from the best to the worst option or from the
option with the most to the least preferred as data and or receive input. After receiving inputs, cumula-
tive utility methods employ linear programming techniques to derive a specific decision model in the
form of a utility function for the decision maker that recreates the given ranking of options as completely
and accurately as possible. The obtained utility function is a real multivariate, polynomial function with
a range equal to (0,1) where each variable represents the points that have been given to the options in
relation to a specific criterion. The purpose of cumulative utility method is to derive or evaluate decision
models from preference data or past decisions in the form of a list of ranked options. In the literature,
this approach is called preference separation. This process initially defines, determines and models the
problem related to decision-making as a set of criteria by using non-decreasing, comprehensive and
independent utility functions. Then, using special linear programming techniques, from among the
ranked options. The reference set is a comprehensive and general cumulative utility function and several
relative and limited utility functions. It infers a collective. This model is able to solve the problem of
dependence of indicators on each other while estimating the utility function.Marginal utility (value)
functions are finally obtained by using the above relations and linear programming, with an objective
function that depends on the}7=,[6+ (ax) + 6 ~(ax)] and indicates the total amount of deviation. As
stated by " Siskos and Jacquet ", if the optimal answer is obtained if the objective function is equal to
zero, (z*=0) then the number of acceptable answers for the
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Z > wg (13)

is not zero and it leads to many desirable answers that maintain the [ k] conditions. Descending has
become a problem [9-28]. First step is calculating the value of the marginal (border) value
Expressing the Additive desirability of the options U[g(a)],k = 1,2, ...,m based on the desirability

values of the margins (border) . The value of the marginal (boundary) value of each option (a) belonging

to the domain Qi€ [gi] , g-*1]can be calculated by linear extrapolation using the following equation:

2ulg:(@)] —ul<g1)+g‘f+3 “"l[ (671 ~(g)] (14)

The above step is executed for all the options and the values of the border margins are stated for all
the options.
second step is expression of marginal utility values based on (wij;) variables

w(g) =0 vV i=12,..,n

j-1 (15)
ui(gij) = Zi=1wit V i=12,..nandj=23,..,a;—1

In the developed star Additive utility method, similar to the classical method, a double positive error
function is proposed according to the under equation

Glo@) =) wHlg@]-o*@+o @ ¥ acay (16)

While o, isan error potential related to  u’[g(a)]

Third step is calculating the difference between consecutive A(ay, ax41)
Equation:

Aay, ar41) = tlg(ar)] — ot (ay) + 0~ (ar) — lg(ars1)] + 0t (ags1) — 07 (A1) (7

Fourth step is fuzzy linear programming model

m
[minlz = ) [5* (@) + 57 (a,)] (18)
k=1
%(ak'ak+1) =26 if a2 ak+1} vk
Alag, ag+1) =0 if ag~ agqq

n a;—-1

2,2,

i=1 j=1

w20 , 6% (a)=0 , 6 (@)=20 Vv ijandlk

§ =(0.05,0.05,0.05)
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| Identifying wealmesses, strengths (intemnal factors), opportunities, threats (extemnal factors) |

Preparation of a questionnaire based on the Likert scale for the identified factors

4--____.

Seresning of strengths, wealmesses, (intemnal factors), opportunities, threats (extemeal
factors) by furzy Delphi method

r Y

Determining the internal relztionships of factors (criteria) |

a—

| Conducting pairwise comparisons between identified factors |

| Calculating the weight of intemnal and external factors with the ANP furzy method |

™,
™,
™,

»

Formation of mnovative six-di-
menzicnal strategic SWOT ma-
trix nsing ANP fuzzy results

Forming 2 four-dmensional
strategic SWOT matrixz using
ANP fuzzy results

\ /
Determming the rank of strategies in four-dimensional and six-dimensional
matrix by fuzzy MABAC methods and fuzzy UTA STAR method

L

[ Providing practical suzgestions |

Flow chart 1. Research Steps

4 Analysis and Finding

The results of the fuzzy Delphi method (identification, refinement and prioritization of criteria and sub-
criteria to extract feasible strategies) . At this stage, first, a semi-open questionnaire was given to se-
lected experts and they were asked to express their opinions on the following in a detailed and separate
manner .a) Internal environment (weakness and strength) b) external environment (opportunity and
threat). Then these initial theories were collected. In the second stage, all the theories collected without
the name of the expert providing the opinion were available to all the experts. They were asked to revise
their opinions by studying the opinions and reasons of other experts and rewrite the most important
factors again. ..Then, the questionnaires of the second stage of collection and comments were catego-
rized and numbered, which included 48 items. Then, the expert team was asked to express their opinion
about each criterion in the form of verbal variables listed in the mentioned questionnaire. In the next
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step, the fuzzy fixation of the values obtained from the experts' responses was done. To fuzzy the num-
bers, first, we convert the values into fuzzy numbers according to the spectrum of the table 2-3, then
based on the equations 3-9 to 3-11, the fuzzy average of the points is obtained. And then by the equation
3-12, the fuzzy average is converted into a definite number. In this research, a threshold number of 0.7
is considered for the fuzzy mean for validity measurement below the criteria, the results of which are
given in Table 4.

Table 4: The Results of the Fuzzy Delphi Method

Non-
Criterion Sub Criterion Fuzzy average Fuzzy av- | Con-
erage dition
Strength 1 Private dock in the port of Imam 0.575, 0.825, 0.95 (0.783) Accept
Proximity to most of the subordinate industries 0.375, 0.625, 0.85 0.617 Reject
2 and domestic suppliers due to being in the cen-
tre of the country
Easy access to the best semi-heavy and heavy 0.5, 0.75, 0.875 (0.708) Accept
3 industries of the country in the central province
due to the presence of most of these industries
in Arak and the province.
The first and the largest aluminium ingot pro- 0.5,0.725,0.875 (0.700) Accept
4 ducer in lIran
The presence of some elite and experienced (0.733) Accept
5 people in the company 0.525,0.775,0.9
The long-term contract between Iralco and the 0.575, 0.825, 0.95 (0.783) Accept
country of Guinea is based on the permission to
6 extract from the rich bauxite mine of this coun-
try (Conakry)
weakness High costs of electricity consumption (about 0.475,0.725, 0.875 (0.692). Reject
7 20% of the production cost)
High costs of energy, overhead and wages due 0.525, 0.775, 0.925 (0.742) Accept
8 to non-advanced production technology
9 Lack of liquidity needed for development 0.525, 0.775, 0.925 (0.742) Accept
Lack of application of specialized management 0.3, 0.525,0.75 (0.525). Reject
10 in most departments.
Lack of effective communication and lack of 0.575, 0.825, 0.975 (0.792). Accept
1 employment of domestic and foreign specialists
and elites of the aluminium industry in produc-
tion and research
Lack of implementation of privatization in the 0.2, 0.375, 0.625 (0.400). Reject
12 real sense.
Failure to use modern aluminium production 0.15, 0.325, 0.575 (0.350) Reject
13 technology.
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Table 4: Continue
Non-
Sub Criterion Fuzzy average Fuzzy av- | Con-
erage dition
0.5, 0.75, 0.95 (0.733). | Accept
14 Inefficient recruitment, administrative, financial
and executive structure
confirmation
Absence of active and effective R&D depart- 0.375, 0.625, 0.825 (0.608) Reject
15 ment in the factory.
Substitution of relationships instead of criteria 0.325,0.575, 0.8 (0.567). Reject
16 for recruiting, promoting and transferring or-
ganizational jobs.
Very weak connection with international and 0.25,0.5,0.75 (0.500) Reject
17 academic research.
Absence of active diplomacy with countries 0.5, 0.75, 0.925 (0.725) Accept
18 with primary resources
19 Weak and unstable profit due to the sale of bul- 0.3,0.55,0.8 (0.550) Reject
lion (raw sale)
Absence of a transparent system of salaries and 0.325, 0.575, 0.825 (0.575) Reject
20 wages, related to the productivity of the human
force
Lack of ownership or easy access to rich do- 0.35, 0.525, 0.775 (0.550). Reject
21 mestic bauxite resources for production
Non-participation in aluminium recycling in- 0.575, 0.825, 0.95 (0.783). | Accept
22 dustries, which have high profit and low cost,
and relying only on raw sales (bullion sale)
About 41% of the world's bauxite reserves are 0.4,0.65,0.8 (0.617). Reject
23 in Asia and Pacific.
(Asia 18 percent and Oceania 23 percent)
The largest producer of bauxite in the world is 0.375, 0.6, 0.825 (0.600) Reject
24 China, which has a good commercial and politi-
cal relationship with Iran.
25 Aluminium is the third most abundant element 0.35, 0.6, 0.85 0.600 Reject
in the earth’s crust after oxygen and silicon
Oppor- 26 Aluminium is the most used metal in the world 0.592, 0.35, 0.6, 0.825 (0.592) Reject
tunity after iron.
97 The presence of many aluminium recycling in- 0.558, 0.325, 0.55, 0.8 (0.558) Reject
dustries in Iran.
The growing trend of global aluminium con- 0.525, 0.775, 0.925 (0.742) Accept
28 sumption
Most of the world's aluminium consumption is 0.375,0.6,0.8 (0.592) Reject
in Asia.
29
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Table 4: Continue
30 Huge resources of gas in Iran that can replace 0.55, 0.8, 0.975 (0.775) Accept
electricity energy to produce
Non-
Sub.Criterion Fuzzy average Fuzzy av- | Con-
erage dition
Aluminium is considered a national strategic 0.5,0.75,0.9 (0.717) Accept
31 and leading industry
The special feature of aluminium such as its 0.325, 0.55, 0.75 (0.542) Reject
density is one third of steel and high resistance
32 . .
to pressure and stress before breaking, high
strength of aluminium alloys.
Low recycling costs (5% of the cost of alumin- 0.375, 0.575, 0.75 0.567 Reject
33 ium production from raw materials)
The presence of educated people and elites with 0.5,0.75,0.925 (0.725) Accept
high academic and experimental technical
34 . .
knowledge in the central province and the coun-
try
The presence of leading universities and re- 0.5,0.75,0.9 (0.717) Accept
35 | search institutes in the province, the country and
the world
36 The announcement of the government's strong 0.525,0.775,0.9 (0.733), Accept
support for production and employment
Existence of low-grade bauxite mines in Iran 0.35, 0.6, 0.825 (0.592) Reject
37 that are not noticed by competitors and are not
significantly exploited
38 Considerable profit in the subordinate industries 0.325, 0.55, 0.75 (0.542), Reject
of the aluminium industry
39 The lack of special and rich bauxite mines in 0.475, 0.725, 0.9 (0.700),
Iran
Threat 0 Subsidy of energy price in China for production 0.4, 0.65, 0.85 (0.633) Accept
as a competitor.
a1 Strict environmental laws of regulatory bodies. 0.3,0.525,0.75 (0.525) Reject
42 The growth of aluminium industries in neigh- 0.55, 0.8, 0.95 (0.767), Accept
bouring countries, especially in the Persian Gulf
43 The high-risk factor of foreign investment in 0.225, 0.475, 0.725 (0.475) Reject
Iran
a4 Disruption of rival countries in the Persian Gulf 0.425, 0.675, 0.875 (0.658) Reject
area in raw material safety
The opinion of the people of the region to the 0.5,0.75,0.9 (0.717) Accept
45 factory as a big source of environmental pollu-
tion
46 The country's economic sanctions 0.525, 0.775, 0.9 (0.733), Accept
47 The lack of stability of the exchange rate 0.575, 0.825, 0.95. (0.783), Accept
48 48. The presence of strong competitors in the 0.6, 0.85, 0.975 (0.808) Accept
field of alumina resource extraction in the world
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According to the results of the fuzzy Delphi method listed in the above table, the number of 25 non-
fuzzy criteria have obtained less than 0.7, so they are removed and 23 indicators are confirmed as the
final ones, which are specified in the above table which are indicated in the table.

The steps of fuzzy ANP analysis in this research are as follows these steps are as follows method

First Step is Calculation of Fuzzy and Normal Weights, in this part, we calculate the fuzzy and normal
weights of the main criteria by using pairwise comparisons of the criteria, and the results are included
in the table below.

Table 5: Fuzzy and Non-Fuzzy Weight of the Main Criteria

Criterion name Geometric mean Fuzzy weight #; Non-fuzzy weight Normal weight
" \r
([1..7)
S (0.509, 0.607, 0.744) (0.096, 0.136, 0.202) 0.143 0.138
w (1.661, 2.03, 2.404) (0.312, 0.456, 0.653) 0.469 0.454
0 (0.834, 1.008, 1.201) (0.157, 0.226, 0.326) 0.234 0.226
T (0.675, 0.805, 0.977) (0.127, 0.181, 0.265) 0.189 0.182
5/326, 4/45, 3/68
& P!
Z(n pij)n
j=1

Second step is final weight of the main criteria, in this part . The main criteria have internal relationships,
and to calculate the final weight, it is enough to use the equation W, = W51 + Wp, that in this
equation, W, is the weight of the main criteria without considering the internal relationships, and W,
is the final matrix of internal relationship weights. = The final weight results of the main criteria are
given below:

S S w 0 1F weight criteria final weight
W 0 0.144 0.234 0.238 0.138 0.162
Final weight of criteria="_ [0.583 0 0.766 0.762] X 0.454 = 0.392
p 0.223 0.526 0 0 0.226 0.269 (19)
0.194 0.330 0 0 0.182 0.176
s S w 0 T weight criteria final weight
W 0 0.144 0.234 0.238 0.138 0.162
Final weight ofcriteria=0 0.583 0 0.766  0.762| X 0.454 = 0.392
T 0.223 0.526 0 0 0.226 0.269
0.194 0.330 0 0 0.182 0.176

According to the results, the weaknesses with a weight of 0.392 have won the first place. Opportunity
points with a weight of 0.269 ranked second, threat with a weight of 0.176 ranked third and strength
with a weight of 0.162 ranked fourth. The third step is determination of the final weight and ranking
of the sub-criteria, in this part, the final weight of the sub-criteria is obtained by multiplying the rela-
tive weight of the sub-criteria by the weight of the main criteria as given in the Table 6.
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Table 6: Final Weight and Ranking of the Sub-Criteria

o o Relative final weight | final rank
Criterion weight Sub Criterion weight substand-
Criterion Substand- ard substand-
ard ard
Private dock In the port of Imam 0.067 0.0109 23
Easy access to the best semi-heavy and heavy
industries of the country in the centrrftl prow'nce 0111 0.0180 1
due to the presence of most of these industries
in Arak and the province.
0.162 The first and the largest aluminium ingot pro-
Strength . 0.374 0.0606 5
ducer in Iran
The pre.sence of some elite and experienced 0.300 0.0486 8
people in the company
The long-term contract between Iralco and the
country of Gumeg is baseq on t_he perm!ssmn to 0.149 0.0241 16
extract from the rich bauxite mine of this coun-
try (Conakry)
High costs of energy, ove_rhead and wages due 0.402 0.1576 1
to non-advanced production technology
Lack of liquidity needed for development
0.059 0.0231 17
Lack of effective communication and lack of
emplo_yment of dome§t|_c angl forelgn_spemallsts 0.105 0.0412 10
0.392 and elites of the aluminium industry in produc-
tion and research
Inefficient 'recrmtment, admlimstrailtlve, financial 0.623 0.159 4
and executive structure confirmation
Weakness
Apsenc_e of active diplomacy with countries 0.104 0.0408 1
with primary resources
Non-participation in aluminium recycling in-
dustries, which have high profit and low cost, 0.0670 0.171 3

and relying only on raw sales (bullion sale)
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Table 6: Continue

o o Relative final weight | final rank
Criterion weight Sub Criterion weight substand-
Criterion Substand- ard substand-
ard ard
The gr_owmg trend of global aluminium con- 0.290 0.0780 5
sumption
Huge_rgsources of gas in Iran that can replace 0.074 0.0199 20
electricity energy to produce
Alumlnlgm |.s considered a national strategic 0.103 0.0277 15
and leading industry
The presence of educated people and elites with
0.269 high : - :
gh academic and experimental technical 0.225 0.0605 6

knowledge in the central province and the ' '

Oppor- country

tunity
The presence of leading universities and re-
search institutes in the province, the country 0.186 0.0500 7
and the world
The announcement _of the government's strong 0.121 0.0325 13
support for production and employment
The lack of special and rich bauxite mines in 0.165 0.0290 14
Iran
The growth of aluminium industries in neigh-
bouring 0.089 0.0157 22
countries, especially in the Persian Gulf
The opinion of the people of the region to the
factory as a big source of environmental pollu- | 0.122 0.0215 19
tion
The country's economic sanctions 0.273 0.0480 9

Threat
The lack of stability of the exchange rate 0.227 0.0400 12
48. The presence of strong competitors in the
field of alumina resource extraction in the 0.123 0.0216 18
world

Formulation of four-dimensional and six-dimensional research strategies according to the important
sub-criteria is as follows, after identifying and measuring the importance of the four internal and exter-
nal factors in the previous section, taking into account their importance, we tried to compile the most
creative potential strategies (WO, WT, SO, ST) as below. The Strategies Used in The Traditional SWOT
(Four Dimensions) Matrix Are as Follows:

Strategies of the first to fourth dimensions (WT, ST, WO, SO)
1) W3Tg Escaping the trap of lack of raw materials by partnering with the Iranian government in stock-
piling and exploring new bauxite mines.
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2)W, gT, Amending the structure of the human resource recruitment system and removing the para-
lyzing, unexpert and political laws of the process of human resources entering the ranks and headquar-
ters of Iralco Company as the best solution to increase the power of the company's most important
production department.

3) W, T, Optimizing the current production line and replacing new technology in this production line
in order to increase productivity and reduce environmental pollution.

4)S¢T19 Using the bauxite mines of the countries that are under the contract between Iran and Iralco,
but have not been exploited due to high transportation and mining costs (Bauxite in Guinea, Conakry)
through an active diplomatic partnership with foreign companies that use mines adjacent to this mine
or neighbouring Guinea.

5) §13T4 Moving towards the production and sale of aluminum final products in the raw markets, es-
pecially in the Persian Gulf region.

6) W5 301, 13 Reforming the structure of the human force at the levels of middle, executive and oper-
ational and upper managers by using educated and elite people of Arak city and the country in the
relevant fields of operational departments for optimal decision making.

7) Wg 501213 Creating a powerful system of performance appraisal and methodology in a practical and
measurable way to improve the salary system and the organizational chart by using university specialists
and companies specializing in improving processes and methods.

8) Wy, 5012 13Strengthening the marketing department and external operations of the company by us-
ing: Elites and people fluent in foreign languages and international marketing sciences for continuous
interaction with customers, suppliers and representatives of the companies and governments involved
through cooperation with universities, specialized institutions, elites and industry specialists of the
country.

9) W,0g Moving towards the creation of a production line using new and integrated energy technology
(gas and electricity) to reduce the cost of production and prevent environmental pollution.

10) 4,04 Codified planning to enter new markets in the aluminum industry

Strategies Compiled Using Innovative Flexible SWOT (Six Dimensions), Fifth- and Sixth-Dimension
Strategies (WS, OT)

The following strategies have been added to the dimensions of the traditional four-dimensional SWOT
matrix and created new dimensions and a new six-dimensional matrix

1) W5 ¢S5 Effective use of the experience and ideas of corporate elites and people with internal experi-
ence to correct the current inefficient structure of the organization.

2) W;6S3 4 Entering the secondary industries and final products of the aluminum industry as the largest
and first producer of raw materials (ingots) and exiting from crude sales and as a result achieving more
and more stable profits.

3) 0914 Tgo Attracting the support of the government to receive foreign exchange and subsidy assis-
tance as the largest producer of strategic and leading aluminium industry in the country.

4) 04213T;1 Production of enriched bauxite from low-grade domestic bauxite sources by using the
technical knowledge of leading universities and research institutes of the aluminium industry in the
country and the world in order to escape the trap of lack of raw materials.

Steps to Solve the Fuzzy Mabac Method explained as follow the first step is to form a decision
matrix (D)
This matrix was obtained based on the opinion of experts and using Patil's and Kant's Table
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WS The six-dimensional flexible SWOT matrix
Weakness Strength
W S
WO SO Opportunity oT
(0]
WT ST Threat
T
Fig.7: Innovative and Six-Dimensional Research Model
Table 7: Matrix (D)
D |S1 S2 S3 T4 T5 T6
SO | (4.2,62.8.2) (5,7,9) (4.8,6.8,8.8) (1.8,3.6,5.6) (2.2,3.4,5.4) (1.4,3,5)
ST | (4,5.6,7.6) (5.2,6.8,8.8) (5.4,7.2,9.2) (4.8,6.4,8.4) (4.6,6.2,8.2) (4.4,6.4,8.4)
WO | (2.6,4.2,6.2) (2,3.6,5.6) (2.2,3.6,5.6) (2.2,3.4,5.4) (2.6,3.8,5.8) (2.4,3.8,5.8)
WT | (1.42.4,4.4) (1.2,2.4,4.4) (1,1.8,3.8) (5,7,9) (4.6,6.2,8.2) (4.8,6.8,8.8)

The second step is forming the normal matrix (N), For example, for the first cell we will have:

_ Xgj—x;  xq1—x; _ (4.2,6.2,82)-14

= (0.412,0.706,1)

(20)

+_ .1 +_ .=
xf-x;  xf-x7 8.2+1.4
Table 8: Matrix (N)
N | s1 S2 S3 T4 TS5 T6

SO (0.412,0.706,1) (0.887,0.744,1) (0.663,0.707,0.951) (0,0.25,0.528) (0,0.2,0.533) (0,0.216,0.666)
ST (0.382,0.818,0.912) (0.533,0.718,0.974) (0.537,0.756,1) (0.417,0.639,0.917) (0.4,0.667,1) (0.405,0.676,0.966)
WO | (0.176,0.412,0.706) (0.303,0.308,0.544) (0.166,0.117,0.561) (0.056,0.222,0.5) (0.067,0.267,0.6) (0.335,0.324,0.595)
WT | (0,0.147,0.441) (0,0.154,0.41) (0,0.098,0.141) (0.444,0.722,1) (0.4,0.667,1) (0.459,0.73,1)

The third step is to form the weighted normal matrix (V), This matrix is obtained by Multiply the fi-
nal weight of sub-criteria in the normal matrix
Table 9: Matrix (V)

\Y s1 S2 S3 T4 T5 T6
SO (0.015,0.018,0.022) | (0.027,0.011,0.036) | (0.089,0.303,0.118) (0.088,0.06,0.074) (0.04,0.088,0.061) | (0.022,0.026,0.032)
ST (0.015,0.017,0.021) | (0.027,0.011,0.035) |  (0.093,0.106,0.121) (0.088,0.079,0.092) (0.056,0.067,0.08) |  (0.011,0.036,0.042)
WO | (0.033,0.015,0.018) (0.02,0.023,0.028) (0.069,0.08,0.094) (0.051,0.059,0.072) |  (0.043,0.051,0.044) | (0.025,0.029,0.035)
\Y; s1 S2 s3 T4 T5 T6
WT | (0.011,0.012,0.016) | (0.018,0.021,0.025) (0.06,0.066,0.081) (0.07,0.083,0.096) (0.056,0.067,0.08) |  (0.032,0.038,0.043)
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The fourth step matrix (G), this matrix is obtained by multiplying the geometric mean of the column
related to the criteria in the weighted matrix
For example, for the first cell we will have:
Js0 = ((0.015,0.018,0.022) x (0.015,0.017,0.021) x (0.013,0.015,0.018) x (0.011,0.012,0.016)) = (0.013,0.016,0.019)

Table 10: Matrix (G)

G

S1

S2

S3

T4

T5

T6

SO

(0.033,0.016,0.019)

(0.023,0.026,0.011)

(0.077,0.087,0.102)

(0.058,0.069,0.083)

(0.088,0.057,0.071)

(0.027,0.032,0.038)

The fifth step matrix (Q), calculate the distance of each option from the border of the estimation area
For example, for the first cell we will have:

Table 11: Matrix(Q)

g4, =(0.015,0.018,0.022) — (0.019,0.016,0.013) = (—0.004,0.002,0.009)

Q S1 S2 S3 T4 T5 T6
SO -0.004,0.002,0.009 -0.004,0.005,0.013 -0.014,0.016,0.041 -0.035, -0.009,0.015 -0.031, -0.009,0.013 -0.016, -0.006,0.005
ST -0.003,0.001,0.007 -0.003,0.004,0.012 -0.009,0.018,0.044 -0.014,0.009,0.033 -0.014,0.009,0.031 -0.007,0.004,0.015
WO | -0.006, -0.000,0.005 | -0.011,-0.002,0.005 | -0.032,-0.007,0.017 -0.032, -0.010,0.013 -0.028, -0.006,0.015 -0.013, -0.003,0.007
WT | -0.008, -0.003,0.002 | -0.012, -0.005,0.002 -0.041, 0.020,0.004 -0.013,0.013,0.037 -0.014,0.009,0.031 -0.006,0.005,0.016

the sixth step is ranking of strategies in the traditional four-dimensional swot matrix using FUZZY
MABAC method, in this section, the Fuzzy MABAC method is used to rank 4 categories of strate-
gies: WT, ST, WO, SO. According to the results, WO strategy won the first rank. WT strategy has
won the second rank, SO strategy the third rank and ST strategy the fourth rank

Table 12: Score and Final Ranking of Each Option

Option name fuzzy score Non-fuzzy score Rank

SO (-0.454, -0.033, 0.383) -0.035 3
ST (-0.494, -0.08, 0.336) -0.079 4
WO (-0.264, 0.19, 0.606) 0.177 1
WT (-0.38,0.038, 0.455) 0.037 2

Ranking strategies in the innovative six-dimensional swot matrix using the FUZZY MABAC method
explained as follow, (All steps of six-dimensional SWOT matrix calculations are similar to four-di-
mensional matrix)

In this section, Fuzzy MABAC method has been used to rank 6 strategies: OT, WT, ST, WO, SO and
WS and according to the results, the WO strategy ranked first, the OT strategy ranked second, the SW
strategy ranked third, the WT strategy ranked fourth, the SO strategy ranked fifth, and the ST strategy
ranked sixth.
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Table 13: Score and Final Ranking of Each Option

Option name fuzzy score Non-fuzzy score Rank
SO (-0.454, -0.061, 0.354) -0.061 5
ST (-0.523, -0.132, 0.283) -0.124 6
WO (-0.296, 0.141, 0.557) 0.134 1
WT (-0.394,0.017, 0.432) 0.018 4
SW (-0.362,0.074,0.489) 0.067 3
oT (-0.339,0,1.8,0.523) 0.097 2

Ranking strategies in swot using fuzzy star additive utility method used in the research can be
expressed as follows, in this section, we are going to rank the strategies in SWOT by using the
fuzzy star Additive utility method and comparing it with the results obtained by the fuzzy MABAC
method. First, we will do this ranking in the traditional four-sided matrix and then in the innovative
six-sided matrix, and we will compare the results with the Fuzzy MABAC ranking that was done in
the previous section.

Ranking strategies in swot using fuzzy star additive utility method in traditional four-dimensional
SWOT model explained as follow

The following results were obtained after solving the model in the framework of the star Additive lin-
ear model

Table 14: Ranking of Strategies in Traditional Four-Dimensional SWOT Model
A Wll W12 WZI WZZ W31 W42
0 0.3096 0.0067 0.2278 0.3064 0.0979 0.0516

Table 15: The Total Value of Each of the Options and The Comparison of the Initial Rating

Strat- Op- | Total value in fuzzy Rank relative to the correspond- The initial rank obtained
egy tion | star Additive utility ing value of fuzzy star's Additive | from the MABAC fuzzy
type model favourability method

WO 4; | 0.8121 1 1

WT A, | 0.7135 2 2

SO A; | 0511 3 3

ST A, | 0.3468 4 4

Ranking of strategies in swot using Fuzzy Star Additive Utility Method in the six- dimensional
SWOT model explained as follow
After solving the model in the framework of the star Additive linear model, the following results are

obtained.

Table 16: Ranking of Strategies in the Six- Dimensional SWOT Model

zZ* W11 W12 W21 W22 W31 W32 W41 W4—2

0 0.0083 0.0583 0.1583 0.1833 0.0583 0.1166 0.0333 0.0084
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Table 17: The Total Value of Each of the Options and the Comparison of the Initial Rating

Strategy | Op- | Total value in fuzzy star Rank relative to the corresponding | The initial rank obtained from
type tion | Additive utility model value of fuzzy star's Additive the MABAC fuzzy method
WO A; | 0.7917 1 1

oT A, | 0.7425 2 2

SW A; | 0.6925 3 3

WT A, | 0.6425 4 4

SO As | 0.5925 5 5

ST Ag | 0.5425 6 6

5 Discussion and Conclusions

In this research, 48 indicators, including strengths, weaknesses, opportunities, and threats, were given
to 10 research experts through the questionnaires in order to compile a flexible strategic marketing
model in Iralco. Then, the analysis of this part was done using the fuzzy Delphi method. The results
showed that 23 indicators were finally confirmed. Then, using the fuzzy ANP method, the weight and
importance of the criteria and sub-criteria were examined. The results showed that among the main
criteria, weak points ranked first, opportunity points ranked second, threat ranked third and strengths
ranked fourth. Also, among the 23 sub-criteria, high energy, overhead and salary costs due to non-
progressive production technology have been ranked first. The growing trend of global aluminium con-
sumption ranks second and the non-participation in aluminium recycling industries, which has high
profit and low cost, and relying only on raw sales (bullion sales) has won the third rank. In the next
step, using the fuzzy MABAC method, the strategies were ranked in the four-dimensional and six-
dimensional innovative matrix. The results showed that in the four-dimensional matrix, the WO strat-
egy was ranked first. The WT strategy has won the second rank, the SO strategy has won the third rank,
and the ST strategy has won the fourth rank. Also, in the six-dimensional matrix, the WO strategy has
been ranked first. OT strategy is ranked second, SW strategy is ranked third, WT strategy is ranked
fourth, SO strategy is ranked fifth and ST strategy is sixth. In the next step, by using the fuzzy star
Additive desirability method, the strategies were ranked again in the innovative four-dimensional and
six-dimensional matrix. And its results were compared with the fuzzy MABAC ranking results and the
results were completely similar. In the last step, according to the results obtained in the previous stages,
the six-faceted and innovative SWOT matrix was approved as a matrix that provides more and more
flexible strategies with a higher ranking and impact factor
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