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a b s t r a c t

This paper presents a quantitative basis to analytically determine the ranking of factors through strengths,
weaknesses, opportunities, and threats (SWOT) analysis using a fuzzy multi-criteria decision-making
method known as analytic network process (ANP). The ANP approach is chosen due to its promising
capability in modelling potential dependencies among SWOT factors. This study is conducted for the
first time in a ceramic and tile industry to determine the most important influential factors affecting the
performance. Moreover, the prior mentioned presents unique factors to take into account the inherent
uncertainty of human decision making processes via fuzzy logic. The possible benefits of the presented
study are: (1) an increased level of exports in the tile and ceramic industry, (2) selecting the best
investment opportunities on valuable, inimitable, and irreplaceable resource, and (3) the formulation of
a competitive strategy on the basis of existing potentials in the company and throughout the industry.
To achieve these aims, grey-relational and fuzzy logic are utilized as well. The proposed approaches are
applied and tested for the first time on an Iranian ceramic and tile company as a case study. Finally, the
applicability of the proposed approach is investigated by obtaining and identifying the most and the least
important strategies. The results indicate that the proposed fuzzy logic and grey relational ANP-based
SWOT are highly capable and applicable approaches in providing valuable insights for strategic decisions
in the ceramic and tile industries.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Iran is among a few number of countries that naturally enjoy
the support of many mineral and valuable resources. For instance,
Iran is considered as one of the countries having considerable
mining capabilities in the field of decorative and façade stone [1].
Iran has been ranked the second in terms of proved reserves of
decorative stones. Iran is also ranked the first in the world in terms
of stone diversity. However, while there are 14 private ceramic and
tile manufacturing companies in Iran that make this country as
the world’s third biggest manufacturer of construction stones and
decorative after China and India, it also ranks as the 12th global
exporter in this area [2].

The lack of a special export programme and its proper use is
one of the primary problems of the tile and ceramic industry in
Iran. The development of this industry in the world, otherwise
known as the ceramic industry revolution, was primarily due to
its wide applications in various industries. However, the Iranian
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tile and ceramic industries have failed to develop and provide
sufficient export figures (The Office of Production Cooperatives,
Ministry of Cooperation, Islamic Republic of Iran, 2015). As such,
in this paper, the authors attempted to identify the main reasons
for poor export in this industry by focusing on themain variables of
the proposed model, demonstrated in Table 1, where the internal
factors of the company that subsequently influence the export
value are identified. Table 1 demonstrates that the ceramic and tile
industry has great potential for development at the global level in
terms of production and exporting products.

According to the information obtained in 2015, Iran’s produc-
tion in the tile and ceramic industry accounts for 4.2% of the world
production. In Asia, after China and India, Iran is the third largest
exporter of tile and ceramic products. However, Iran’s share of
export is only 2.3% of the world (The Office of Production Coop-
eratives, Ministry of Cooperation, 2015). Nevertheless, according
to the macroeconomic indicators of industry and its comparative
advantages, one question is raised. What is the reason for Iran’s
weakness in the exports of ceramic tile products? Or in other
words, why does not the exportation of tile and ceramic products
provide competitive advantages?
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Table 1
World indices of ceramic and tile industry (million square metres).
Source: The office of production cooperatives, Ministry of cooperation, 2015: 6
Year World

production
World export The export share of

world production
Iran’s
production

Iran’s export Iran’s share of
export

Iran’s export share of
world exports

2015 8515 1735 20.4% 350 40 11.5% 2.3%

1.1. Significance and importance of the current study

Given the great potential and capabilities provided by Iran’s tile
and ceramic industry, also considering the amount of transactions
made in this industry until 2015 (based on the report of the Is-
lamic Republic of Iran Customs Administration), the necessity of
giving much attention to this industry and its export have been
investigated closely in this paper. In this regard and, to improve the
structure of the industry’s export performance, special attention
should be given to the resources and reserves of the industry
within Iran. Accordingly, based on the existing approaches for
identifying factors affecting export performance, a resource-based
approach is taken in this study.

Through investigating previous studies in the field of export
performance [3], it can be concluded that while in many of these
works Porter’s view (contingency or environmental view) has been
implemented, less attention has been given to the resources and
capabilities of the industries. In practice, these studies have con-
cluded that the internal factors of companies can explain changes
in profitability better than external (environmental) factors. How-
ever, according to the same conclusion, it is evident that the ap-
plication of a resource-based approach is rarely observed in or-
ganizations and companies. Accordingly, this approach has been
magnified in this study in order to present a more convincing
explanation for its performance. In strategic management, the
strengths, weaknesses, opportunities, and threats (SWOT) analysis
has been utilized many times in the decision-making processes of
different businesses effectively. Nonetheless, it lacks identifying
the importance ranking of the SWOT criteria (factors). That is
why various models based on the analytic hierarchy process (AHP)
were proposed by researchers [4]. However, they do not take into
account the interactions between the factors/criteria.

Previous studies have shown that unfortunately, the use of the
contingency view provides contradictory results [1,5,6]. Note that
the Porter school fans consider the effect of external factors on the
performance of organizations at the high level, whereas, fans of the
Schumpeterian School believe that this effect is negligible. Note
also that the results of studies such as [5] that applied the resource-
based approach consider the effect of external factors at the high
level. However, the current study intends to investigate the effect
of these factors (marketing resources) on the competitive strategy
and performance of organizations, with respect to the previous
studies conducted in this area.

1.2. Motivation and contribution

A review of the literature in this field reveals that there is
no study that explains the flow of ‘‘resources of company →

competitive strategy → export performance’’ in an integrated and
comprehensive way. The previous studies such as [1,3,7] have
only investigated a part of the prior flow. Therefore, this research
intends to offer an integrated model to examine the impacts of
resources on the strategy and performance of organizations. In
short, the significance of the present study can be summarized as
follows:

• The importance of a guideline (strategy) in the competitive
environment of international markets.

• Increased competition in international markets and the im-
portance of marketing resources.

• The increasing role of marketing resources, especially
entrepreneurship-oriented actions in the issue of customers’
satisfaction.

• Focusing on the market-oriented approach and avoiding a
product-centric perspective to achieve a greater share of the
market.

This research is conducted for the first time in the Iranian
ceramic and tile industry to investigate the industry’s export per-
formance based on a fuzzy logic and grey relational network
process (ANP)-based strengths, weaknesses, opportunities, and
threats (SWOT) analysis. The possible benefits of the present study
are as follows:

• An increased level of non-oil exports in the tile and ceramic
industry.

• More investment on valuable, inimitable, and irreplaceable
resources for companies.

• Formulation of a competitive strategy based on existing po-
tentials in the company and subsequently, throughout the
ceramic and tile industry.

Moreover, the SWOT analysis weighted by the fuzzy ANP that
takes into account the inherent uncertainty in the ceramic and
tile industry is carried out to evaluate the proposed strategy. On
the other hand, while some studies have utilized the traditional
SWOT in a deterministic environment, there is no discussion that
accounts for the inherent uncertainty in the global ceramic and tile
industry.

To address the drawback of the classical SWOT analysis, the
problem at hand is enhanced by utilizing fuzzy logic, as well as
associating multi-criteria decision-making techniques. In short,
the aims of this research can be summarized as the following:

1. Proposing an analytical approach to determine the factor
rankings in the SWOT analysis via ANP that incorporates a
multi-criteria decision-making method to model the poten-
tial dependencies involved among SWOT factors.

2. Considering the inherent uncertainty of human decision
making by introducing fuzzy logic. The proposed method-
ology can also be named SWOT fuzzy ANP, which is further
applied and validated in the ceramic and tile industry.

The industrial application of this study provides additional op-
portunities in identifying critical factors and strategies in the ce-
ramic and tile industrial companies. It also offers cost effectiveness
for companies that operate in industrial environments under un-
certainty. Moreover, the following points provide further informa-
tion regarding this research:

� Why is the topic important? The competition among ce-
ramic and tile industrial companies has been noticeably in-
creasing in Iran.

� What are research questions?

(1) Identifying significant factors.
(2) Determining the priority among the achieved strate-

gies taken from SWOT.
(3) Demonstrating the most and the least important strat-

egy.
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Fig. 1. An instance of the manufactured products.

� What has been studied? The studies and experiments are
implemented in Ceramara ceramic and tile Co.

� What are the contributions? A combination of both theory
and experimental techniques to investigate quantitative and
qualitative critical factors and strategies in a ceramic and tile
industrial company.

� Why propose this particular method? The fuzzy logic and
grey relational ANP-based SWOTmethod that considers both
quantitative and qualitative critical factors and strategies in a
ceramic and tile industrial company is utilized to achieve the
aim.

The remainder of this paper is organized as follows: the next
section contains some information on the background of the inves-
tigated company. Section 3 provides the description of the prob-
lem. The solution methodologies are proposed and implemented
in Section 4. Finally, Section 5 provides the conclusions.

2. Problem description

Fig. 1 demonstrates some of the manufactured products of the
proposed company. The question is how to determine the rank-
ing of the significant factors affecting the exports of the tile and
ceramic products of the company through an analytical approach
called ANP-based SWOT analysis. In what follows in the next sec-
tion the implementation of the proposed approach is illustrated.

3. The solution methodology

The majority of multiple-attribute decision making (MADM)
methods assume that the criteria are independent of each other; a
case that rarely happens in real-world applications. Moreover, the
concept of interactions among the criteria has not been discussed
much in the existing literature. This paper aims to put a step for-
ward to fill this gap by applying the analytic network process (ANP)
method. The fuzzy logic and grey relational ANP-based SWOT
method that considers both quantitative and qualitative critical
factors and strategies in a ceramic and tile industrial company is
utilized to achieve the aim.

To address the drawback of the classical SWOT analysis, the
problem at hand is enhanced by utilizing fuzzy logic, as well as
associating multi-criteria decision-making techniques. In short,
the aims of this research can be summarized as the following:

1. Proposing an analytical approach to determine the factor
rankings in the SWOT analysis via ANP that incorporates a
multi-criteria decision-making method to model the poten-
tial dependencies involved among SWOT factors.

2. Considering the inherent uncertainty of human decision
making by introducing fuzzy logic. The proposed method-
ology can also be named SWOT fuzzy ANP, which is further
applied and validated in the ceramic and tile industry.

The literature on the ANP application is quite reachwhere there
are many works in strategic policy planning [8,9], market and
logistics [10], economics and finance [11], civil engineering [12,
13], manufacturing systems [6,14], territorial and environmental
assessment [7] and transportation problems [7]. Currently, ANP is
widely being utilized in territorial decision problems with stake-
holders having an active role in decision-making [4]. A broad
range of quantitative and qualitative criteria involved in many
complexmodels can be considered in ANP, based onwhich amulti-
criteria decision problem is structured into a network via pair-wise
comparisons made to assess the weights and to rank the alter-
natives [1,3,7]. For instance, Li et al. [15] developed personalized
individual semantics to support linguistic group decision making
in computing with words. Kou et al. [16] presented a Hadamard
model to mitigate judgement contradiction in the decision matrix.

ANP provides an extension to the applications of AHP in cases
where there are interdependent relationships between the mea-
sured elements and hence generalizes the applications of the
super-matrices in AHP [17]. Furthermore, note that the ANPmodel
includes control hierarchies, clusters, and elements, alongside con-
taining the relationships between elements and their ability to
connect clusters and elements. The prior mentioned connection
capability aims to achieve priorities based on the inherent effects
between the elements and the clusters [4]. To summarize, the ANP
process involves the following four main phases.
1. Structuring the decision problem andmodelling the description;
2. Compilation of pair-wise comparison matrices;
3. Generating a super matrix;
4. Assigning final priorities;
Interested readers are referred to [2,18], and [19] for more details,
although none of which considered SWOT in their analyses.

The general form of the super-matrix W k is depicted in Fig. 2
where CN denotes theNth cluster, eNn shows the nth element in the
Nth cluster andWij is a blockmatrix that consists of priorityweight
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Fig. 2. The general form of the super-matrix.

vectors (w) of the influence of the elements in the Ith cluster with
respect to the Jth cluster. If the Ith cluster has no influence on the
Ith cluster itself, (i.e. a case of inner dependency)Wij becomes zero.

During the development of the ANP methodology, three differ-
ent supermatrices are extracted [18]:

• The un-weighted super-matrix (or initial super-matrix): it
includes all eigenvectors that are derived from the pair-wise
comparison matrices of the model.

• The weighted super-matrix: A stochastic super-matrix ob-
tainedbymultiplying the values in un-weighted super-matrix
by the weight of each cluster. In this way, it is possible to
determine the priority level assigned to each cluster.

• The limited super-matrix: it is the final matrix of the analysis
obtained by raising the weighted super-matrix to a limiting
power in order to converge and to calculate a long-term
stable set of weights that represents the final priority vector.

Moreover, at the final step, the super-matrix is raised to a power
limit Lim

k→∞

W k to achieve a matrix where all columns are identical
and each provides the global priority vector. If there are two or
more limiting super-matrices, then the Cesaro sum obtained using
Eq. (1) is performed to compute the final priorities.

Lim
(

1
N

) N∑
r=1

wk
r

k→∞

(1)

In Eq. (1) N denotes the number of limiting super-matrices, andwr
is the rth limiting priority [19]. The Casero sum can also be used
to calculate the average influences of the limiting super-matrix. At
the end, the alternative with the largest priority is chosen.

The details of the above-mentioned four main phases are as
follows [6].

Step 1 — Network structure formation
Having a comprehensive set of criteria determined by 100 ex-

perts, in this step the relationships between/among the crite-
ria, sub-criteria, and alternatives are determined in a graphical
network presentation, where both within and between cluster-
relationships are captured.

Step 2 — Formation of pair-wise comparisons and obtaining
local priority values

Pair-wise comparisons are performed in this step to obtain the
priority value of each factor in the network presentation of the
first step. Note that during this step, the following operations are
performed:

1. Having the values of the pair-wise comparisons in the com-
parison matrix, a local priority vector is extracted from the eigen-
vector using Eq. (2), inwhich A, w, and λmaxcorrespond to the pair-
wise comparison matrix, eigenvector, and eigenvalue,

respectively.

Aw = λmaxw (2)

2. The matrix A, which demonstrates the pair-wise comparison
between the factors, is calculated using Eq. (3).

A =
[
aij

]
n×n ; i = 1, 2, . . . , n, j = 1, 2, . . . , n, (3)

where aij denotes the pair-wise comparison value in the pair-wise
comparison matrix A.

3. Now, the normalized pair-wise comparisonmatrix Bwith the
elements bij is calculated using Eq. (4).

bij =
aij∑
i aij

; i = 1, 2, . . . , n, j = 1, 2, . . . , n. (4)

In addition, the eigenvector (W ) is obtained using the eigenvalues
shown in Eq. (5).

W =

⎡⎢⎢⎣
w1
w2
...

wn

⎤⎥⎥⎦ ; wi =

∑
i bij
n

, for i = 1, 2, . . . , n. (5)

W ′
= AW =

⎡⎢⎢⎢⎣
w′

1
w′

2
...

w′
n

⎤⎥⎥⎥⎦ , ⇒ λmax =
1
n

(
w′

1

w1
+

w′

2

w2
+ · · · +

w′
n

wn

)

Next, λmax is calculated using Eq. (5), while the consistency prop-
erty is checked after going through Eqs. (6) and (7). In these formu-
lae, CI, RI, and CR are consistency indicator, random indicator, and
consistency ratio, respectively. Besides, RI is obtained through a
standard random index table showing the random index values for
a different number of criteria regarded. Note that the consistency
ratio must be smaller than 0.10.

CI =
λmax − n
n − 1

(6)

CR =
CI
RI

(7)

Step 3 — Formation of the unweighted, weighted and limiting

super-matrices and to obtain final priority values
The supermatrix, or the partitionmatrix, is obtained by locating

the local priority vectors on convenient columns. Generally, the
sumof one column in the supermatrix is greater than 1. The cluster
is then weighted and normalized to establish a stochastic matrix,
based on which the sum of the elements in a column is 1. The new
obtained super matrix is called the weighted supermatrix [20]. If
the power limit k displays a big random number, an increase is
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provided in the super matrix to power 2k + 1, so there becomes
an approximation to limit, which is the importance weight. The
newmatrix is then called the limiting super matrix. Afterward, the
priorities of the alternatives can be obtained by normalizing each
column in the super matrix [21,22].

Inwhat follows in Sections 3.1 and 3.2, brief backgrounds on the
fuzzy analytic hierarchy process and the fuzzy ANP are given.

3.1. The fuzzy AHP

The analytic hierarchy process (AHP) is a decision-making tool
utilized by many researchers worldwide. It helps to set priorities
when quantitative and qualitative aspects are being considered in
the process. Many find it very practical and flexible to use. AHP
works by minimizing complex evaluation criteria into a series of
one to one comparisons. However, due to lack of certainty on
information and difficulty evaluating the strength of preferences,
decisionmakers are unable to set the exact numerical values when
conducting the test. Therefore, AHP plays a key role in solving this
issue as it enables the users to deal with uncertainties involved in
decision-making processes.

On the other hand, fuzzy AHP (FAHP) includes local priorities
from the preference ratio, which are combined to obtain the global
priorities. FAHP computes fuzzy priorities based on arithmetic
operations for trapezoidal or triangular numbers. Although this
system iswidely known, there aremany critics of this theory due to
its consistency issue. This is because there is no specific articulation
on what would make up an inconsistent comparison matrix and
how the informationwould behandled. Besides, the obtained fuzzy
priorities are more likely to be flawed due to its lacking of a mech-
anism to eliminate inconsistent data. As a remedy, the following
steps are carried out in this paper to achieve the normalizedweight
vectors. Asmentioned in Chang’s [3] procedure, the extent analysis
for each goal is performed after each object is taken.

In this way, Aher et al. [23] tried to study variousmorphological
characteristics and to implement Geographical Information Sys-
tem (GIS) and MCDM through FAHP techniques for identification
of critical sub-watersheds situated in transaction zone between
mountainous and water scarcity region of Western Part of In-
dia. Besides, Agell et al. [24] presented a new approach based upon
qualitative reasoning techniques for representing and synthesizing
the information given by a group of evaluators. Amathematical for-
mulation was then developed that contributes to decision-making
analysis in the context of multi-attribute and group decision-
making. Dong et al. [25] presented a review of consensus reach-
ing processes (CRP) in a social network group decision making,
and therefore it classified them into two paradigms: (i) the CRP
paradigm based on trust relationships, and (ii) the CRP paradigm
based on opinion evolution.

Step 1: The value of fuzzy synthetic extent with regard to the ith
object is determined using Eq. (8)

Si =

m∑
j=1

M j
gi ⊕

⎡⎣ n∑
i=1

m∑
j=1

M j
gi

⎤⎦−1

. (8)

To calculate
∑m

j=1 M
j
gi in this equation, the fuzzy addition operation

of m extent analysis values for the certain matrix is calculated
using Eq. (9)

m∑
j=1

M j
gi =

⎛⎝ m∑
j=1

lj,
m∑
j=1

mj,

m∑
j=1

uj

⎞⎠ . (9)

To acquire
[∑n

i=1
∑m

j=1 M
j
gi

]
, the fuzzy addition operation ofM j

gi is

performed. Hence,⎡⎣ n∑
i=1

m∑
j=1

M j
gi

⎤⎦ =

⎛⎝ m∑
j=1

lj,
m∑
j=1

mj,

m∑
j=1

uj

⎞⎠ , (10)

As a result
[∑n

i=1
∑m

j=1 M
j
gi

]−1
can be calculated by the inverse

of Eq. (10) as follows [16]:⎡⎣ n∑
i=1

m∑
j=1

M j
gi

⎤⎦−1

=

(
1∑n
i=1 ui

,
1∑n

i=1 mi
,

1∑n
i=1 li

)
. (11)

Step 2: as M̃1 = (l1,m1, u1) and M̃2 = (l2,m2, u2) are two
triangular fuzzy numbers, the degree of possibility of M̃2 ≥ M̃⊮
is defined as

V
(
M̃2 ≥ M̃1

)
= Sup

[
min

(
µM1 (x) , µM2 (y)

)]
for y ≥ x. (12)

Eq. (12) can also be equivalently expressed as:

V
(
M̃2 ≥ M̃1

)
= hgt

(
M̃1 ∩ M̃2

)
= µM2 (d)

=

⎧⎨⎩
1 if m2 ≥ m1
0 if l2 ≥ u2

(l1−u2)

(m2−u2)−(m1−l1)
Otherwise,

(13)

This is a method for calculating the area of a trapezoid, without us-
ing the trapezoid height of Fig. 3, where d, as shown in Fig. 3, is the
ordinate of the highest intersection point between µM1 and µM2 .
To do this, we drop perpendiculars (called ‘hgt ’ for height) from
the upper base to the lower base.

To better compare M̃1 = (l1,m1, u1) and M̃2 = (l2,m2, u2),
calculating both values of V

(
M̃1 ≥ M̃2

)
and V

(
M̃2 ≥ M̃1

)
is nec-

essary [16].

Step 3: The degree of possibility for a convex fuzzy number M̃to be
greater than k convex fuzzy numbers M̃i; (i = 1, 2, . . . , k) can be
defined by

V
(
M̃ ≥ M̃1, M̃2, . . . , M̃k

)
= v

(
M̃ ≥ M̃1 and M̃ ≥ M̃2 and · · · and M̃ ≥ M̃k

)
= Min

i
v

(
M̃ ≥ M̃i

)
(14)

If we define

d
′

(Ai) = Min
i

v

(
M̃i ≥ M̃j

)
for i ̸= j (15)

then the weight vector is obtained by

W
′

=

(
d

′

(A1) , d
′

(A2) , . . . , d
′

(An)

)T
(16)

where Ai; i = 1, 2, . . . , n are the n elements of the weight vector.

Step 4: Via normalization, the normalized weight vectors are

w = (d (A1) , d (A2) , . . . , d (An))
T , (17)

where w is a non-fuzzy number.

3.2. The fuzzy ANP

AHP is applicable, in particular, for those problems that have
no interaction between criteria. Nonetheless, in many real-world
situations, interactions between criteria and sub-criteria can be
seen; this is the disadvantage of the ordinary AHP. In contrast,
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Table 2
Generating parameters.
Intensity of importance Definition Explanation

1 Equal importance Two activities contribute equally to the objective
2 Weak or slight importance One activity is weaker than the other
3 Moderate importance Experience and judgement moderately favour one activity over

another
4 Moderate plus importance One activity is more moderate in favour of another
5 Strong importance Experience and judgement strongly favour one activity over

another
6 Strong plus importance Experience and judgement more strongly favour one activity

over another
7 Very strong importance An activity is favoured very strongly over another; its dominance

demonstrated in practice
8 Very, very strong importance An activity is favoured very-very strong over another
9 Extreme importance The evidence favouring one activity over another is of the highest

possible order of affirmation
Reciprocals of the above
scales

If activity i has one of the above non-zero numbers assigned to it when
compared to activity j, then j has the reciprocal value when compared to i

A reasonable assumption

1.1–1.9 If the activities are very close May be difficult to assign the best value but when compared with
other contrasting activities the size of the small numbers would
not be too noticeable, yet they can still indicate the relative
importance of the activities

Saaty [18] proposed an ANP that is capable of dealing with nonlin-
ear, i.e. networkmodels. To copewith the interactions between cri-
teria and sub-criteria, ANP adopts the super-matrix calculation to
determine factor weights. Nevertheless, as some decision makers
are often subjective and imprecise, especially when evaluating the
performances, the use of the fuzzy set theory is justified. This the-
ory is cable of describing the ambiguity involved in the decision-
making processes. In this regard, Mikhailov & Tsvetinov [9] devel-
oped a fuzzy AHP method that utilizes a nonlinear programming
based on fuzzy preference programming (FPP). FPP is appropriate
to obtain comparison matrices for interval and fuzzy judgements
and provides a more efficient way compared to the ones obtained
using linear programming models. That is why the FPP approach
proposed by Mikhailov & Tsvetinov [9] is adopted in the current
work to obtain factor weights.

A triangular fuzzy number (TFN) scale 1̃–9̃ as demonstrated
further in Table 2 is utilized in this work, where pair-wise compar-
ison matrices are constructed using TFNs regarding the decision
maker’s judgements. This fuzzy comparison matrix is shown in
Eq. (18) [15].

Ã =

⎛⎜⎜⎜⎜⎜⎝
(al11, a

m
11, a

u
11) (al12, a

m
12, a

u
12) . . . (al1n, a

m
1n, a

u
1n)

(al21, a
m
21, a

u
21) (al22, a

m
22, a

u
22) . . . (al2n, a

m
2n, a

u
2n)

.

.

.
.
.
.

. . .
.
.
.

(alm1, a
m
m1, a

u
m1) (alm2, a

m
m2, a

u
m2) . . . (almn, a

m
mn, a

u
mn)

⎞⎟⎟⎟⎟⎟⎠ . (18)

As seen above, the element ãmn, which is derived by (almn, a
m
mn, a

u
mn)

denotes the comparison of the component m along with the com-
ponent n. Because of the operational laws of fuzzy numbers, the
matrix Ã can be rewritten by replacing ãmn with its corresponding
reciprocal value (i.e. 1/amn) as follows:

Ã =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎝

(1, 1, 1) (al12, a
m
12, a

u
12) . . . (al1n, a

m
1n, a

u
1n)

(
1
al21

,
1
am21

,
1
au21

) (1, 1, 1) . . . (al2n, a
m
2n, a

u
2n)

.

.

.
.
.
.

. . .
.
.
.

(
1

alm1
,

1
amm1

,
1

aum1
) (

1
alm2

,
1

amm2
,

1
aum2

) . . . (almn, a
m
mn, a

u
mn)

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎠
(19)

This matrix is used to estimate the fuzzy priority w̃i, w̃i =

(wl
i, w

m
i , wu

i ), i = 1, 2, . . . , n by means of the judgement matrix
which approximates the fuzzy ratios ãij so that ãij ≈ w̃i/w̃j. Now,
to compute the triangular fuzzy numbers, the logarithmic least
squares method is utilized as described in Eqs. (20) and (21).

w̃k = (wl
k, w

m
k , wu

k ), k = 1, 2, . . . , n (20)

Fig. 3. Intersection between M̃1 and M̃2 .

ws
k =

(∏n
j=1 a

s
ij

)1/n∑n
k=1

(∏n
j=1 a

m
ij

)1/n ; s ∈ {l,m, u} . (21)

3.3. The SWOT fuzzy ANP

Having the background in Section 3, the essential steps involved
in the proposed framework can be stated as follows. The first
step is the identification of the SWOT factors, SWOT sub-factors,
and alternatives. The importance of the SWOT factor, which cor-
responds to the first step of the matrix manipulation concept of
the ANP, is explored based on the works of Saaty & Takizawa [21].
Afterward, the inner dependencies among the SWOT factors, the
inner dependency matrix, the weights of SWOT sub-factors and
the priority vectors for alternative strategies are computed. The
general sub-matrix for the SWOT model used in this study is as
follows:

W =

⎡⎢⎣ Goal
SWOT factor

SWOT sub-factor
alternative

⎤⎥⎦ =

⎡⎢⎢⎣
0 0 0 0
w̃1 W̃2 0 0

W̃3 0 0
0 0 W̃4 I

⎤⎥⎥⎦ , (22)

where w̃1 is (wl
1, w

m
1 , wu

1). Thus, the proposed SWOT fuzzy ANP
approach involves the following steps to perform.

Step 1: Identify SWOT sub-factors and determine the alterna-
tive strategies according to SWOT sub-factors.
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Step 2: Assume that there are no dependencies among the
SWOT factors; determine the fuzzy importance degrees of the
SWOT factors using a 1–9 scale (i.e. obtain w̃1). The fuzzy pair-
wise comparisons scale used in this study are further described as
follows.

Step 3: Determine, with a fuzzy 1̃ − 9̃ scale, the inner depen-
dencymatrix of each SWOT factor with respect to the other factors
using the schematic representation of inner dependencies among
the SWOT factors: (i.e. calculate W̃2).

Step 4: Determine the interdependent priorities of the SWOT
factors (i.e. obtain w̃factors = W̃2 × w̃1).

Step 5: Determine the local importance degrees of the SWOT
sub-factors with a fuzzy 1̃ − 9̃ scale (i.e. calculate w̃sub-factors(global) ).

Step 6: Determine the global importance degrees of the SWOT
sub-factors (i.e. determine w̃sub-factors(global)).

Step 7: Determine the importance degrees of the alternative
strategies with respect to each SWOT sub-factor with a fuzzy 1̃–9̃
scale (i.e. specify W̃4 ).

Step 8: Finally, determine the overall priorities of the alterna-
tive strategies, reflecting the interrelationships within the SWOT
factors (i.e. obtain w̃alternatives = W̃4 × w̃sub-factors(global)).

4. A case study

In order to demonstrate the application of the proposed SWOT
fuzzy ANP approach, the Ceramara Company case study is pre-
sented in this section.

4.1. Generating the SWOT matrix

To initialize, an expert teamwho is familiar with the operations
involved in the company performs the external environmental
analysis. Here, the aim is to identify uncontrollable SWOT sub-
factors that affect the success of the organization. This leads into
identifying the strategically important sub-factors that have signif-
icant effects on the success of the organization. Table 3 presents the
SWOT matrix and the seven alternative strategies based on these
sub-factors.

The aim of using the SWOT analysis in this study is to determine
the priorities of the strategies. Export development, achieving the
maximum nominal production capacity, and focusing more on the
domestic consumermarket are among the strategies that should be
considered in the short-term by the owners of the Ceramara Indus-
trial Co. These strategies are considered as either stabilization or
opportunity creating strategies. The opportunity strengthening or
maintaining strategies consist of gaining technical knowledge on
designing and manufacturing external enamels, localization (joint
venture), providing a systematic plan for export, confidence build-
ing and optimal use of BDS that are in line with the research into
the industry. The stabilization strategies of creating opportunity
include a wide advertisement at the internal and external levels,
checking the performance of the domestic and foreign competitors,
producing various products with excellent quality, and producing
various sets of commodities (Portfolio). TheWT avoiding strategies
or opportunity seeking strategies include the sales ofmanagers and
experts’ services in othermarkets, the general strengthening of the
factory for taking advantage of the possible opportunities.

Further investigations in Ceramara Industrial Co. indicate that
creating effective mutual trust between the partners and neigh-
bouring units as well as private and state support seem essential.
Considering the possibility of raising the level of general knowl-
edge and management along with the inadequacy of the relation-
ships in the private and public sectors, also the need for identifying
the financial, credit and educational opportunities and facilities in
setting the goals and making the collective policies necessitates
providing the possibility of the specialized consultations for the

sub-units of the company. Given the formation of the industrial
clusters of ceramic tile in Ceramara Industrial Co. and the existence
of many possible areas of cooperation between them, a tremen-
dous need for conducting a more comprehensive study on the
creation of cooperation networks among the Ceramara Industrial
Co. and other active companies operating in this field seems nec-
essary. The following are a number of preliminary suggestions for
these cooperation networks in order to expand the tile industry in
Ceramara Industrial Co. further.

• Generating a transport corporate in order for the shared use
of facilities by the factories to reduce costs.

• Making attempts to encourage investors to invest in areas
such as processing raw materials and manufacturing of parts
and machinery of tile production in order to localize the
industry (considering the appropriate fields and the scattered
activities of craftsmen in this field).

• Formation of the corporate commercial companies in order
to organize marketing and the possibility of encouraging the
competition and gaining access the international markets.

• Effective communicationwith the builders and contractors in
the construction industry.

• Creating a think tank in the Ceramara Industrial Co. to provide
more practical solutions in line with the future development
of the tile industry.

• Training and reinforcing more teamwork among the owners
of the tile industry in Ceramara Industrial Co. to gain great
access to the foreign markets.

4.2. The grey relational analysis

In what follows, brief backgrounds on the grey analytic hierar-
chy process and the grey ANP are given. Themajor advantage of the
grey theory is that it can handle both incomplete information and
unclear problems very precisely. As a part of the grey theory, the
grey relational analysis (GRA) is a method to analyse the relational
degree of every factor in the system. The main function in GRA is
used to indicate the relational degree between two measurement
sequences via utilizing a discrete measurement method to mea-
sure the distances [25].

The whole calculation steps are shown as follows:
Step 1: Five levels of maturity are defined as initial ∈ [0, 1],

repeatable ∈ (1, 2], standardized ∈ (2, 3], managed ∈ (3, 4] and
optimizing ∈ (4, 5].

Step 2: Suppose the number of decision makers is p, which
effectively filled in the questionnaire. dijk means the score of the
second-class index. Therefore Sample matrix D can be obtained:

D = (dijk)

i = 1, . . . ,m; j = 1, . . . , n; k = 1, . . . , p

Step 3: Threshold value λg (g = 1, 2, . . . , 5) and evaluation
grey type Ce(e = 1, . . . , g) are defined, with the purpose of
determining the corresponding whitenization weight coefficient
fg (dijk), then grey evaluation weight rij of each second-class index
can be calculated as the following:

rij =

∑p
k=1 fe(dijk)∑g

e=1
∑p

k=1 fe(dijk)
(23)

e = 1, . . . , g; k = 1, . . . , p

Then, the grey evaluation weight vector of every second-class
index Xij can be obtained:

rij = (rij1, rij2, . . . , rijp); i = 1, 2, . . . ,m; j = 1, 2, . . . , n. (24)
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Table 3
SWOT sub-factors.

Strengths Weaknesses

SWOT

The existence of raw material mines in the
province and ease of geographical access
The existence of raw material mines in the
province and ease of geographical access

Lack of outlook and strategic planning in
the field of market and export

Access to new technologies in the field of
machinery

Weakness in packaging for export

Abundant and skillful workforce Weakness in human resources
management

Acceptable quality products at the
standard level

Lack of educational, research and applied
laboratory services

Centralized plant growth regarding the
energy access and low cost of natural gas
(dependency of the ownership and
management), access to funds

Convenient transportation with a low
compared to an average per capita supply
chain practices

Weakness in the design for export

The dependency between the ownership
and management in terms of control

Opportunities SO target strategies of the optimal and fast
use of the opportunities

WO strengthen strategies to maintain
opportunities

Neighbour countries that passed the
reconstruction era

The existence of wealthy countries in the
region (the Persian Gulf littoral states)

Gaining technical knowledge and
designing and manufacturing of enamels

Interest in the direct investment in
producing enamels

Localization (joint venture)

Suitable domestic construction
development market in the Fifth
Development Plan of the country

Confidence building

The developing condition of the interior
factories of paints and enamels

Export development Efficient use of BDS in line with the
industry-related research

The development of the country’s
transportation system, non-membership
in the WTO (due to the poor quality of
goods in some units)

Achieve the maximum nominal
production capacity

Focus more on the domestic consumption
market

Threats ST sustainability strategies of opportunity
creation

WT avoiding strategies of opportunity
searching

The entry of new competitors with high
production capacities
The possibility of changing the
government’s macro strategy
The absence of an internal centralized
market for export
The possibility of changing the
consumption pattern towards substitute
goods
The development of substitute goods in
the market
Growth of tendency towards environment Wide inside and outside advertisement

Political sanctions on the restriction of
access to technology and spare parts
imports

Evaluating the performance of the inside
and outside competitors

Sales of managers and experts’ services in
other markets

The laws of labour, social security and tax Producing various products with excellent
quality

General strengthening of factory for taking
advantage of the possible opportunities

Lack of attention to customers’ needs and
considering customers’ feedbacks in the
product

Producing various sets of commodities
(Portfolio)

Lack of a comprehensive documentation
system in the R&D section

• Step 4: The grey evaluation weight matrix of every first-class
index Xij can be obtained:

Ri =

⎡⎢⎣ ri1
ri2
. . .

rini

⎤⎥⎦ =

⎡⎢⎣ri11 ri12 . . . ri1g
ri21 ri22 . . . ri2g
. . . . . . . . . . . .

rini1 rini2 . . . rinig

⎤⎥⎦
i = 1, 2, . . . ,m (25)

With that, the grey overall evaluation weight vector Bi =

(bi1, bi2, . . . , big ) can be obtained:

Bi = Wi · Ri = (ωij, ωi2, . . . , ωig ) (26)
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Fig. 4. ANP diagram.

• Step 5: The grey overall evaluation weight vector B of U can be
calculated as the following:

B = W · R =

⎡⎢⎣B1
B2
. . .

Bm

⎤⎥⎦ =

⎡⎢⎣b11 b12 . . . b1g
b21 b22 . . . b2g
. . . . . . . . . . . .

bm1 bm2 . . . bmg

⎤⎥⎦ (27)

U = B ·

⎡⎢⎣λ1
λ2
. . .

λg

⎤⎥⎦ = b1λ1 + b1λ1 + · · · (28)

In the above, the value ofU is just a grey number, and it needs to
calculate each whitenization weight function fg (U) of evaluation
grey type, and according to max fg (U), the maturity grade of U can
be finally estimated.

4.3. Using fuzzy logic

The steps involved in employing the proposed approach are as
follows.

Step 1: As the problem is converted into a hierarchical structure in
order to transform the sub-factors and alternative strategies, they
can be measured by the ANP technique. The established schematic
structure is illustrated in Fig. 4. The aim of ‘‘choosing the best
strategy’’ is found in the first level of the ANPmodel. Afterward, the
SWOT factors (Strengths, Weaknesses, Opportunities, and Threats)
are described in the second level. The SWOT sub-factors are shown
in Fig. 5 using the Super Decision Matrix. The SWOT sub-factors in
the third level include five sub-factors for each of the strengths,
weaknesses, opportunities, and threats factor. Furthermore, the
aforementioned seven alternative strategies in the SWOT matrix
denoted by SO1, SO2, WO1, WO2, ST1, ST2, and WT1 are placed in
the last levels.

Step 2: Assuming that there are no dependencies among the SWOT
factors, the pair-wise comparisons of the SWOT factors are made

Fig. 5. The priorities of the sub-criteria.

by the expert team via triangular fuzzy numbers (TFN) regarding
the goal, i.e. 1̃ − 9̃. The pair-wise comparison matrix, presented in
Table 4, is analysed using the Microsoft Excel software, based on
which the following fuzzy eigenvector is achieved. On the other
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Table 4
Pair-wise comparisons of SWOT factors without dependencies among them.
SWOT factors S W O T Importance degrees of SWOT factors

Strengths (S) 1̃ 2̃ 3̃ 3̃ 0.250 0.370 0.370

Weaknesses (W) 1̃ 2̃ 3̃ 0.250 0.280 0.280

Opportunities (O) 1̃ 2̃ 0.250 0.198 0.198

Threats (T) 1̃ 0.250 0.152 0.152

hand, the priorities between sub-criteria are illustrated in Fig. 5.
As a result, we have

w̃1 =

⎡⎢⎣ S
W
O
T

⎤⎥⎦ =

⎡⎢⎣0.250 0.370 0.370
0.250 0.280 0.370
0.250 0.198 0.370
0.250 0.152 0.370

⎤⎥⎦ (29)

Step 3: Inner dependencies among the SWOT factors is calculated
by investigating the effect of each factor on every other factor
through fuzzy pair-wise comparisons. In the introduction section,
it is mentioned that it is not always possible to assume the SWOT
factors to be independent. More appropriate and realistic results
can likely be obtained by utilizing both SWOT analysis and the ANP
technique together. The dependencies among the SWOT factors are
achieved through utilizing the analysis of both the internal and
external environments of the organization. Pair-wise comparison
matrices are established for the proposed factors according to the
inner dependencies, presented further in Tables 5–8.

Based on the case study at hand, the following question: ‘‘what
is the relative importance of strengthswhen comparedwith threats
on controlling weaknesses?’’ arises in the pair-wise comparisons
and leads to a value of 9̃ (absolute importance) as listed in Table 2.
The resulting fuzzy eigenvectors are shown in the last column of
Tables 5–8. Note that the inner dependency matrix of the SWOT
factors

(
W̃2

)
is formed after the relative fuzzy importanceweights

are computed as Eq. (30) shown in Box I.

Step 4: The interdependent fuzzy priorities of the SWOT factors are
obtained in this step as:

w̃factors = W̃2 × w̃1 =

⎡⎢⎣0.374 0.427 0.433
0.159 0.165 0.162
0.208 0.225 0.227
0.259 0.183 0.179

⎤⎥⎦ (31)

Step 5: Using the pair-wise comparison matrix, the local fuzzy
priorities of the SWOT sub-factors are determined as:

w̃sub-factors(strengths) =

⎡⎢⎢⎢⎣
0.364 0.426 0.446
0.192 0.227 0.222
0.148 0.124 0.118
0.148 0.113 0.108
0.148 0.111 1.106

⎤⎥⎥⎥⎦ (32)

w̃sub-factors(weakness) =

⎡⎢⎢⎢⎣
0.113 0.075 0.071
0.319 0.392 0.401
0.152 0.112 0.108
0.190 0.170 0.167
0.226 0.250 0.253

⎤⎥⎥⎥⎦ (33)

w̃sub-factors(opportunities) =

⎡⎢⎢⎢⎣
0.306 0.358 0.373
0.155 0.122 0.117
0.155 0.122 0.117
0.192 0.199 0.196
0.192 0.199 0.196

⎤⎥⎥⎥⎦ (34)

Step 6: In this important step, the overall fuzzy priorities of the
SWOT sub-factors are computed by multiplying the interdepen-
dent fuzzy priorities of the SWOT factors obtained in Step 4, by

the fuzzy local priorities of the SWOT sub-factors achieved in
Step 5. The computations are provided in Table 9, where the
w̃sub-factors(global) vector, achieved by the overall priority values of the
sub-factors, is found in the last column.

Step 7: After completing the prior steps, the critical degrees of
the alternative strategies considering each fuzzy SWOT sub-factors
should be obtained. The fuzzy eigenvectors are calculated by in-
vestigating these matrices and the W̃4 = (W Bottom

4 ,WMedium
4 ,W Top

4 )
matrix presented in Table A.1 of the Appendix.

Step 8: In this step, the overall fuzzy priorities of the proposed
alternative strategies, representing the interrelationships within
the SWOT factors, are obtained as follows:

w̃alternatives =

⎡⎢⎢⎢⎢⎢⎢⎣

SO1
SO2
WO1
WO2
ST1
ST2
WT1

⎤⎥⎥⎥⎥⎥⎥⎦ = W̃4 × w̃sub-factors(global)

=

⎡⎢⎢⎢⎢⎢⎢⎣

0.257 0.312 0.123
0.380 0.206 0.211
0.085 0.061 0.057
0.272 0.264 0.286
0.110 0.305 0.335
0.110 0.254 0.057
0.256 0.346 0.111

⎤⎥⎥⎥⎥⎥⎥⎦ (35)

Step 9: Finally, the overall fuzzy priorities of the proposed alterna-
tive strategies are converted to the crisp values as follows:

w̃alternatives =

⎡⎢⎢⎢⎢⎢⎢⎣

SO1
SO2
WO1
WO2
ST1
ST2
WT1

⎤⎥⎥⎥⎥⎥⎥⎦ = W̃4 × w̃sub-factors(global) =

⎡⎢⎢⎢⎢⎢⎢⎣

0.191
0.198
0.052
0.122
0.111
0.110
0.137

⎤⎥⎥⎥⎥⎥⎥⎦ (36)

The results suggest that SO2 is the best strategy with an overall
priority value of 0.198. After that, SO1 is the second important
strategy. Moreover, WO1 is the least important strategy calculated
for the decision maker. The results confirm the applicability of the
proposed model and the solving methodologies.

4.4. Utilizing the grey relational approach

The steps involved to employ the grey rational approach to the
case at hand are:

Step 1: Assuming that there are no dependencies among the SWOT
factors, the pair-wise comparison of the SWOT factors is made
using a Grey number (TFN) scale regarding the goal. All pair-wise
comparisons in this application are performed by the expert team
as priormentioned. The pair-wise comparisonmatrix, presented in
Table 10, is analysed using the Microsoft Excel software to obtain
the following grey eigenvector. Note that the priorities between
sub-criteria are illustrated in Fig. 5.

w1 =

⎡⎢⎣ S
W
O
T

⎤⎥⎦ =

⎡⎢⎣0.250 0.370 0.370
0.250 0.280 0.370
0.250 0.198 0.370
0.250 0.152 0.370

⎤⎥⎦ . (37)

Step 2: Inner dependencies among the SWOT factors is calculated
by investigating the effect of each factor on every other factor
through grey. As mentioned previously, it is not always possible
to assume the SWOT factors to be independent. As such more
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W̃2 =

⎡⎢⎢⎣
B

1.000
M

1.000
T

1.000
B

0.833
0.115 0.087 0.072 1.000
0.480 0.609 0.626 0.000
0.405 0.304 0.301 0.167

M
0.875

T
0.900

B
0.500

1.000 1.000 0.000
0.000 0.000 1.000
0.125 0.100 0.500

M
0.667

T
0.667

B
0.655

0.000 0.000 0.158
1.000 1.000 0.187
0.333 1.000 1.000

M
0.706

T
0.733

0.118 0.106
0.176 0.161
1.000

⎤⎥⎥⎦ (30)

Box I.

Table 5
The inner dependency matrix of the SWOT factors with respect to ‘‘strengths’’.
Strengths W O T Relative importance weights

Bottom Medium Top

Weaknesses (W) 1̃ 1/9̃ 1/4̃ 0.115 0.087 0.072

Opportunities (O) 1̃ 3̃ 0.480 0.609 0.626

Threats (T) 1̃ 0.405 0.304 0.301

Table 6
The inner dependency matrix of the SWOT factors with respect to ‘‘weaknesses’’.
Weaknesses (W) S T Relative importance weights

Bottom Medium Top

Strengths (S) 1̃ 9̃ 0.833 0.875 0.900

Threats (T) 1̃ 0.167 0.125 0.100

Table 7
The inner dependency matrix of the SWOT factors with respect to ‘‘opportunities’’.
Threats (T) S W Relative importance weights

Bottom Medium Top

Strengths (S) 1̃ 3̃ 0.500 0.665 0.665

Threats (T) 1̃ 0.500 0.335 0.335

Table 8
The inner dependency matrix of the SWOT factors with respect to ‘‘threats’’.
Threats (T) S W O Relative importance weights

Bottom Medium Top

Strengths (S) 1̃ 8̃ 5̃ 0.655 0.706 0.733

Weaknesses (W) 1̃ 1/2̃ 0.158 0.118 0.106

Opportunities (O) 1̃ 0.187 0.176 0.161

appropriate and realistic results can likely be obtained by utilizing
both SWOT analysis and the ANP technique together. The depen-
dencies among the SWOT factors are achieved through utilizing
the analysis of both the internal and external environments of the
organization. The pair-wise comparison matrices established for
the proposed factors according to their inner dependencies are
presented in Tables 11–14.

For the case study at hand, the answer ‘‘absolute importance’’,
i.e. a value of 9 in Table 2, is obtained based on the pair-wise
comparisons for the question ‘‘what is the relative importance
of strengths when compared with threats on controlling weak-
nesses?’’ The results of the grey approach are shown in the last
column of Tables 11–14. Note that the inner dependency matrix of
the SWOT factors (W2) is formed after the relative grey importance
weights are computed as Eq. (38) shown in Box II.

Table 9
The fuzzy SWOT sub-factors.
SWOT factors Priority of the factors SWOT

sub-factors
Priority of the
sub-factors

Overall priority of the
sub-factors

Strengths (0.374, 0.427, 0.433) (S1)
(S2)
(S3)
(S4)
(S5)

(0.364, 0.426, 0.446)
(0.192, 0.227, 0.222)
(0.148, 0.124, 0.118)
(0.148, 0.113, 0.108)
(0.148, 0.111, 0.106)

(0.136, 0.182, 0.193)
(0.072, 0.097, 0.096)
(0.055, 0.053, 0.051)
(0.055, 0.048, 0.047)
(0.055, 0.047, 0.046)

Weakness (0.159, 0.165, 0.162) (W1)
(W2)
(W3)
(W4)
(W5)

(0.113, 0.075, 0.071)
(0.319, 0.392, 0.401)
(0.152, 0.112, 0.108)
(0.190, 0.170, 0.167)
(0.226, 0.250, 0.253)

(0.018, 0.012, 0.011)
(0.051, 0.065, 0.065)
(0.024, 0.019, 0.017)
(0.030, 0.028, 0.027)
(0.036, 0.041, 0.041)

Opportunities (0.208, 0.225, 0.227) (O1)
(O2)
(O3)
(O4)
(O5)

(0.306, 0.358, 0.373)
(0.155, 0.122, 0.117)
(0.155, 0.122, 0.117)
(0.192, 0.199, 0.196)
(0.192, 0.199, 0.196)

(0.064, 0.081, 0.085)
(0.032, 0.027, 0.027)
(0.032, 0.027, 0.027)
(0.040, 0.045, 0.045)
(0.040, 0.045, 0.045)

Threats (0.259, 0.183, 0.179) (T1)
(T2)
(T3)
(T4)
(T5)

(0.306, 0.366, 0.380)
(0.155, 0.129, 0.124)
(0.155, 0.093, 0.090)
(0.192, 0.206, 0.203)
(0.192, 0.206, 0.203)

(0.079, 0.067, 0.068)
(0.040, 0.024, 0.022)
(0.040, 0.017, 0.016)
(0.050, 0.038, 0.036)
(0.050, 0.038, 0.036)

Table 10
Pair-wise comparisons of SWOT factors without dependencies.
SWOT factors S W O T Importance degrees of SWOT factors

Strengths (S) [1, 2] [2, 3] [3, 4] [4, 5] 0.250 0.370 0.370
Weaknesses (W) [2, 3] [3, 4] [4, 5] 0.250 0.280 0.280
Opportunities (O) [3, 4] [4, 5] 0.250 0.198 0.198
Threats (T) [4, 5] 0.250 0.152 0.152
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W2 =

⎡⎢⎢⎣
B

1.000
M

1.000
T

1.000
B

0.833
0.115 0.087 0.072 1.000
0.480 0.609 0.626 0.000
0.405 0.304 0.301 0.167

M
0.875

T
0.900

B
0.500

1.000 1.000 0.000
0.000 0.000 1.000
0.125 0.100 0.500

M
0.667

T
0.667

B
0.655

0.000 0.000 0.158
1.000 1.000 0.187
0.333 1.000 1.000

M
0.706

T
0.733

0.118 0.106
0.176 0.161
1.000 1000

⎤⎥⎥⎦ (38)

Box II.

Table 11
The inner dependency matrix of the SWOT factors with respect to ‘‘strengths’’.
Strengths W O T Relative importance weights

Bottom Medium Top

Weaknesses (W) [1, 3/5] [1/9, 4] [1/4, 2] 0.115 0.087 0.072
Opportunities (O) [1/9, 4] [1/4, 2] 0.480 0.609 0.626
Threats (T) [1/4, 2] 0.405 0.304 0.301

Table 12
The inner dependency matrix of the SWOT factors with respect to ‘‘weaknesses’’.
Weaknesses (W) S T Relative importance weights

Bottom Medium Top

Strengths (S) [1, 5] [4, 9] 0.833 0.875 0.900
Threats (T) [4, 9] 0.167 0.125 0.100

Table 13
The inner dependency matrix of the SWOT factors with respect to ‘‘opportunities’’.
Threats (T) S W Relative importance weights

Bottom Medium Top

Strengths (S) [1, 5] [2, 4] 0.500 0.665 0.665
Threats (T) [2, 4] 0.500 0.335 0.335

Table 14
The inner dependency matrix of the SWOT factors with respect to ‘‘threats’’ under
certainty.
Threats (T) S W O Relative importance weights

Bottom Medium Top

Strengths (S) 1 8 5 0.655 0.706 0.733
Weaknesses (W) 1 1/2 0.158 0.118 0.106
Opportunities (O) 1 0.187 0.176 0.161

Step 3: The interdependent grey priorities of the SWOT factors are
determined in this step as:

wfactors = W2 × w1 =

⎡⎢⎣0.548 0.527 0.703
0.951 0.500 0.322
0.008 0.200 0.657
0.311 0.201 0.542

⎤⎥⎦ (39)

Step 4: Using the pair-wise comparison matrix, the local grey
priorities of the SWOT sub-factors are calculated as:

wsub-factors(strengths) =

⎡⎢⎢⎢⎣
0.364 0.426 0.446
0.192 0.227 0.222
0.148 0.124 0.118
0.148 0.113 0.108
0.148 0.111 1.106

⎤⎥⎥⎥⎦ (40)

wsub-factors(weakness) =

⎡⎢⎢⎢⎣
0.113 0.075 0.071
0.319 0.392 0.401
0.152 0.112 0.108
0.190 0.170 0.167
0.226 0.250 0.253

⎤⎥⎥⎥⎦ lim
x→∞

(41)

wsub-factors(opportunities) =

⎡⎢⎢⎢⎣
0.306 0.358 0.373
0.155 0.122 0.117
0.155 0.122 0.117
0.192 0.199 0.196
0.192 0.199 0.196

⎤⎥⎥⎥⎦ (42)

Step 5: In this important step, the overall grey priorities of the
SWOT sub-factors are computed by multiplying the interdepen-
dent grey priorities of the SWOT factors obtained in Step 3, by the
grey local priorities of the SWOT sub-factors achieved in Step4. The
computations are provided in Table 15, where the wsub-factors(global)
vector, obtained by the overall priority values of the sub-factors, is
found in the last column.

Step 6: After completing the prior steps, the critical degrees of
the alternative strategies considering each grey SWOT sub-factors
should be obtained. The Grey eigenvectors are calculated by in-
vestigating these matrices and the W4 = [Wa,Wb] presented in
Table A.2 of the Appendix.

Step 7: In this step, the overall grey priorities of the proposed
alternative strategies, representing the interrelationships within
the SWOT factors, are obtained as follows:

w̃alternatives =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣

SO1
SO2
WO1
WO2
ST1
ST2
WT1

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
= W̃4 × w̃sub-factors(global)

=

⎡⎢⎢⎢⎢⎢⎢⎣

0.257 0.312 0.123
0.380 0.206 0.211
0.085 0.061 0.057
0.272 0.264 0.286
0.110 0.305 0.335
0.110 0.254 0.057
0.256 0.346 0.111

⎤⎥⎥⎥⎥⎥⎥⎦ (43)

Step 8: Finally, the overall grey priorities of the proposed alter-
native strategies are converted to the crisp values as:

walternatives =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣

SO1
SO2
WO1
WO2
ST1
ST2
WT1

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
= W4 × wsub-factors(global)

=

⎡⎢⎢⎢⎢⎢⎢⎣

0.131
0.132
0.152
0.022
0.101
0.110
0.137

⎤⎥⎥⎥⎥⎥⎥⎦ (44)
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Table 15
The grey SWOT sub-factors.
SWOT
factors

Priority of the
factors

SWOT
sub-factors

Priority of the
sub-factors

Overall priority of
the sub-factors

Strengths [0.334, 0.473] (S1)
(S2)
(S3)
(S4)
(S5)

[0.164, 0.446]
[0.192, 0.222]
[0.050, 0.118]
[0.100, 0.108]
[0.102, 0.106]

[0.136, 0.193]
[0.072, 0.096]
[0.050, 0.051]
[0.043, 0.047]
[0.031, 0.046]

Weakness [0.149, 0.162] (W1)
(W2)
(W3)
(W4)
(W5)

[0.013, 0.071]
[0.319, 0.401]
[0.102, 0.108]
[0.150, 0.167]
[0.226, 0.253]

[0.008, 0.011]
[0.023, 0.065]
[0.013, 0.017]
[0.010, 0.027]
[0.016, 0.041]

Opportuni-
ties

[0.208, 0.227] (O1)
(O2)
(O3)
(O4)
(O5)

[0.306, 0.373]
[0.105, 0.117]
[0.102, 0.117]
[0.192, 0.196]
[0.192, 0.196]

[0.064, 0.085]
[0.012, 0.027]
[0.022, 0.027]
[0.040, 0.040]
[0.040, 0.045]

Threats [0.178 , 0.279] (T1)
(T2)
(T3)
(T4)
(T5)

[0.306, 0.380]
[0.135, 0.224]
[0.100, 0.015]
[0.192, 0.203]
[0.192, 0.203]

[0.079, 0.068]
[0.040, 0.022]
[0.040, 0.026]
[0.050, 0.136]
[0.050, 0.136]

4.5. Discussion

The grey output is divided into nine membership functions
‘‘Lowest’’, ‘‘Lower’’, ‘‘Low’’, ‘‘Low–medium’’, ‘‘Medium’’,
‘‘High Medium’’, ‘‘High’’, ‘‘Higher’’, and ‘‘Highest’’. After imple-
menting the approaches, it is revealed based on computational
results that fuzzy logic is a suitable tool, which is utilized to en-
hance the decision-making process of the present work. Although
there are many approaches to analyse the result obtained by the
fuzzy logic approach, a simple and easy approach is used here to
improve the performance of the grey relational analysis. It should
be mentioned that the MATLAB toolbox is used in this work to
obtain the grey-fuzzy output. Besides, the type of the membership
function used in this research is triangular, which is generally
implemented to solve engineering problems. The results showed
that the SO2 strategy with an overall priority of 0.198 was the
best. After that, SO1 is the second important strategy. Moreover,

WO1 is the least important strategy obtained. In contrast, utilizing
the grey relational analysis, WO1 is the second important strategy
with an overall priority value of 0.152. After that, WO2 is the
second important strategy. This difference is quite rational as the
grey approach, based on literature review, is more applicable than
the fuzzy logic approach. The comparison of the results between
the grey relational grade and the fuzzy logic reasoning for the
grey indicate that implementing the grey relational improves the
performance slightly as this method is used to reduce the uncer-
tainty involved in the data available to analyse the strategies. In
addition, the grey relational coefficient between all comparability
sequences and the reference sequence is calculated. If a compara-
bility sequence translated from an alternative has the highest grey
relational grade between the reference sequence and itself, then
that alternative will be the best. The fuzzy logic is used here to
convert linguistic data into the crisp score. At the end, the results
confirm the applicability of the proposed models and the solving
methodologies.

5. Conclusion

This research has been conducted for the first time in an Iranian
ceramic and tile company to investigate the company’s export
performance based on a grey relational and fuzzyANP-based SWOT
analysis. The benefits of this research include the following:

1. Increasing the level of exports in the tile and ceramic indus-
try

2. Determining the highest amount of investment on valuable,
inimitable, and irreplaceable resources of companies.

3. Formulation of a competitive strategy on the basis of the
existing potentials in the company and subsequently in the
proposed industry.

As SWOT analysis was shown to be an effective approach to
investigate and evaluate the strengths, weaknesses, opportunities,
and threats involved in various business and industry, it was first
weighted by a fuzzy ANP and then a grey relational analysis was
utilized to evaluate the strategies. This is due to the inherent uncer-
tainty in the ceramic & tile industries. Note thatwhile some studies
utilized the traditional SWOT in a deterministic environment, no

Table A.1
The W̃4 matrix.
W Bottom

4 =⎡⎢⎢⎢⎢⎢⎢⎣

0.221 0.249 0.143 0.210 0.150 0.159 0.151 0.155 0.082 0.178 0.249 0.243 0.219 0.169 0.174 0.114 0.095 0.143 0.152 0.155
0.202 0.249 0.186 0.176 0.093 0.111 0.151 0.155 0.082 0.134 0.249 0.135 0.219 0.229 0.262 0.114 0.095 0.143 0.219 0.249
0.072 0.068 0.077 0.134 0.076 0.111 0.088 0.083 0.136 0.114 0.068 0.116 0.060 0.071 0.066 0.079 0.095 0.143 0.060 0.068
0.202 0.155 0.214 0.153 0.151 0.111 0.231 0.136 0.092 0.134 0.155 0.157 0.152 0.229 0.243 0.114 0.095 0.143 0.219 0.249
0.102 0.093 0.053 0.102 0.081 0.090 0.151 0.117 0.236 0.093 0.093 0.116 0.152 0.136 0.092 0.270 0.095 0.143 0.098 0.093
0.095 0.093 0.057 0.066 0.215 0.111 0.113 0.117 0.236 0.093 0.093 0.097 0.098 0.071 0.071 0.155 0.393 0.143 0.098 0.093
0.107 0.093 0.269 0.159 0.233 0.308 0.113 0.238 0.136 0.254 0.093 0.135 0.098 0.096 0.092 0.155 0.133 0.143 0.152 0.093

⎤⎥⎥⎥⎥⎥⎥⎦
WMedium

4 =⎡⎢⎢⎢⎢⎢⎢⎣

0.256 0.285 0.138 0.273 0.136 0.187 0.174 0.174 0.062 0.205 0.284 0.294 0.253 0.174 0.176 0.091 0.073 0.158 0.152 0.151
0.242 0.285 0.167 0.187 0.066 0.118 0.174 0.174 0.056 0.135 0.284 0.170 0.253 0.275 0.284 0.091 0.073 0.158 0.26 0.276
0.047 0.046 0.062 0.102 0.069 0.085 0.060 0.052 0.147 0.093 0.044 0.084 0.044 0.048 0.052 0.053 0.073 0.158 0.043 0.050
0.194 0.157 0.215 0.169 0.150 0.118 0.290 0.125 0.063 0.135 0.157 0.182 0.149 0.265 0.276 0.091 0.073 0.158 0.260 0.276
0.102 0.067 0.036 0.081 0.053 0.057 0.112 0.103 0.275 0.062 0.073 0.084 0.149 0.115 0.074 0.366 0.073 0.105 0.066 0.083
0.083 0.093 0.059 0.049 0.258 0.085 0.083 0.078 0.275 0.062 0.079 0.061 0.068 0.054 0.057 0.154 0.474 0.105 0.066 0.083
0.076 0.067 0.323 0.138 0.269 0.351 0.107 0.295 0.122 0.308 0.079 0.125 0.083 0.070 0.081 0.154 0.160 0.158 0.152 0.083

⎤⎥⎥⎥⎥⎥⎥⎦
W Top

4 =⎡⎢⎢⎢⎢⎢⎢⎣

0.260 0.295 0.137 0.279 0.135 0.186 0.173 0.174 0.058 0.209 0.294 0.304 0.259 0.175 0.178 0.087 0.065 0.158 0.151 0.150
0.247 0.295 0.169 0.189 0.062 0.113 0.173 0.174 0.052 0.133 0.294 0.168 0.259 0.285 0.292 0.087 0.065 0.158 0.266 0.287
0.043 0.041 0.058 0.100 0.064 0.081 0.057 0.048 0.143 0.089 0.040 0.082 0.040 0.044 0.048 0.048 0.065 0.158 0.039 0.045
0.200 0.156 0.219 0.169 0.148 0.113 0.302 0.122 0.060 0.133 0.155 0.183 0.149 0.268 0.285 0.087 0.065 0.158 0.266 0.287
0.099 0.063 0.032 0.078 0.049 0.053 0.113 0.099 0.283 0.059 0.068 0.082 0.149 0.112 0.069 0.385 0.065 0.105 0.063 0.077
0.078 0.087 0.053 0.045 0.267 0.081 0.080 0.075 0.283 0.059 0.074 0.058 0.065 0.050 0.053 0.153 0.523 0.105 0.063 0.077
0.073 0.063 0.332 0.138 0.275 0.375 0.103 0.307 0.121 0.316 0.074 0.123 0.079 0.066 0.075 0.153 0.150 0.158 0.151 0.077

⎤⎥⎥⎥⎥⎥⎥⎦
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Table A.2
TheWa andWb represented as [Wa ,Wb].
Wa =⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐

0.221 0.249 0.143 0.210 0.150 0.159 0.151 0.155 0.082 0.178 0.249 0.243 0.219 0.169 0.174 0.114 0.095 0.143 0.152 0.155
0.202 0.249 0.186 0.176 0.093 0.111 0.151 0.155 0.082 0.134 0.249 0.135 0.219 0.229 0.262 0.114 0.095 0.143 0.219 0.249
0.072 0.068 0.077 0.134 0.076 0.111 0.088 0.083 0.136 0.114 0.068 0.116 0.060 0.071 0.066 0.079 0.095 0.143 0.060 0.068
0.202 0.155 0.214 0.153 0.151 0.111 0.231 0.136 0.092 0.134 0.155 0.157 0.152 0.229 0.243 0.114 0.095 0.143 0.219 0.249
0.102 0.093 0.053 0.102 0.081 0.090 0.151 0.117 0.236 0.093 0.093 0.116 0.152 0.136 0.092 0.270 0.095 0.143 0.098 0.093
0.095 0.093 0.057 0.066 0.215 0.111 0.113 0.117 0.236 0.093 0.093 0.097 0.098 0.071 0.071 0.155 0.393 0.143 0.098 0.093
0.107 0.093 0.269 0.159 0.233 0.308 0.113 0.238 0.136 0.254 0.093 0.135 0.098 0.096 0.092 0.155 0.133 0.143 0.152 0.093
0.076 0.067 0.323 0.138 0.269 0.351 0.107 0.295 0.122 0.308 0.079 0.125 0.083 0.070 0.081 0.154 0.160 0.158 0.152 0.083

⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐
Wb =⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐

0.260 0.295 0.137 0.279 0.135 0.186 0.173 0.174 0.058 0.209 0.294 0.304 0.259 0.175 0.178 0.087 0.065 0.158 0.151 0.150
0.247 0.295 0.169 0.189 0.062 0.113 0.173 0.174 0.052 0.133 0.294 0.168 0.259 0.285 0.292 0.087 0.065 0.158 0.266 0.287
0.043 0.041 0.058 0.100 0.064 0.081 0.057 0.048 0.143 0.089 0.040 0.082 0.040 0.044 0.048 0.048 0.065 0.158 0.039 0.045
0.200 0.156 0.219 0.169 0.148 0.113 0.302 0.122 0.060 0.133 0.155 0.183 0.149 0.268 0.285 0.087 0.065 0.158 0.266 0.287
0.099 0.063 0.032 0.078 0.049 0.053 0.113 0.099 0.283 0.059 0.068 0.082 0.149 0.112 0.069 0.385 0.065 0.105 0.063 0.077
0.078 0.087 0.053 0.045 0.267 0.081 0.080 0.075 0.283 0.059 0.074 0.058 0.065 0.050 0.053 0.153 0.523 0.105 0.063 0.077
0.073 0.063 0.332 0.138 0.275 0.375 0.103 0.307 0.121 0.316 0.074 0.123 0.079 0.066 0.075 0.153 0.150 0.158 0.151 0.077

⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐⏐
discussion took into account the inherent uncertainty of real-world
situations.

To address the drawback involved in the application of the
classical SWOT analysis, this research attempted to enhance itwith
fuzzy logic as well as to associate it with a multi-criteria decision-
making technique. The aimswere to (1) propose an analytical basis
to determine the factor ranking in SWOT analysis using ANP that
addresses the potential dependencies among the factors using a
multi-criteria decision making method, and (2) to consider the
inherent uncertainty of the human decision making processes by
introducing the fuzzy logic and the Grey relational analysis. The
proposedmethodology can also be named SWOT fuzzy ANP, which
was performed and validated in a demonstrated case study of the
ceramic and tile industry of Iran (Ceramara Industrial Co.). The
results confirmed the applicability of the proposed model and the
solving methodologies taken to solve the problem by showing the
most and the least important strategies. The results showed that
the SO2 strategywith an overall priority of 0.198was the best. After
that, SO1 is the second important strategy. Moreover, WO1 is the
least important strategy obtained.

The industrial application of this study provides additional op-
portunities in identifying critical factors and strategies in industrial
companies. It also offers cost effectiveness for companies that
operate in industrial environments under uncertainty.
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