Applied Soft Computing 40 (2016) 544–557

Contents lists available at ScienceDirect

Applied Soft Computing
journal homepage: www.elsevier.com/locate/asoc

An integrated intuitionistic fuzzy AHP and SWOT method for
outsourcing reverse logistics
Madjid Tavana a,b,∗,1 , Mohsen Zareinejad c , Debora Di Caprio d,e ,
Mohamad Amin Kaviani c
a

Distinguished Chair of Business Systems and Analytics, La Salle University, Philadelphia, PA 19141, USA
Business Information Systems, Department Faculty of Business Administration and Economics, University of Paderborn, D-33098 Paderborn, Germany
c
Young Researchers and Elite Club, Shiraz Branch, Islamic Azad University, Shiraz, Iran
d
Department of Mathematics and Statistics, York University, Toronto M3J 1P3, Canada
e
Polo Tecnologico IISS G. Galilei, Via Cadorna 14, 39100 Bolzano, Italy
b

a r t i c l e

i n f o

Article history:
Received 1 June 2015
Received in revised form 22 October 2015
Accepted 2 December 2015
Available online 17 December 2015
Keywords:
Reverse logistics
Decision making factors
Outsourcing
SWOT analysis
Intuitionistic fuzzy AHP

a b s t r a c t
We consider the problem faced by a company that must outsource reverse logistics (RL) activities to
third-party providers. Addressing RL outsourcing problems has become increasingly relevant issue in the
management science and decision making literatures. The correct evaluation and ranking of the decision
criteria/priorities determining the selection of the best third-party RL providers (3PRLPs) is essential for
the competitive performance of the outsourcing company. The method proposed in this study allows
to identify and classify these decision criteria. First, the relevant criteria and sub-criteria are identiﬁed
using a SWOT analysis. Then, Intuitionistic Fuzzy AHP is used to evaluate the relative importance weights
among the criteria and the corresponding sub-criteria. These relative weights are implemented in a novel
extension of Mikhailov’s fuzzy preference programming method to produce local weights for all criteria
and sub-criteria. Finally, these local weights are used to assign a global weight to each sub-criterion and
create a ranking. We discuss the results obtained by applying the proposed model to a case study of a
real company. In particular, these results show that the most important priority for the company when
delegating RL activities to 3PRLPs is to focus on the core business, while reducing costs constitutes one
of its least important priorities.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
Reverse logistics (RL) is one of the key features of a company that affect customers’ purchasing decisions in a competitive
environment. RL can be deﬁned as “the process of planning and
implementing the efﬁcient and cost effective control of the ﬂow
of raw materials, inventory being processed, ﬁnal goods, and relevant information, from consumption point to origin point, aimed at
reevaluation or proper disposal” [1]. RL is about the processing of
returned goods, how to deal with these items properly and all the
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operations related to the reuse of goods and materials in order to
improve the productivity, proﬁtability, and efﬁciency of the company. Thus, RL involves all supply chain activities which occur in
a reverse order: it is the process comprising the movement and
transfer of goods and products that can be returned in the supply
chain [2].
RL can increase the competitive advantage of the company by
accepting returned goods and gaining customers’ trust in purchasing decisions [3]. Immediate and effective RL can enhance customer
satisfaction [4] which is highly important for maintaining and
improving competitive advantages. However, as observed by Kannan et al. [5], Krumwiede and Sheu [6], and Meyer [7], RL processes
can be remarkably complex.
Due to resource constraints, most companies are not able to control complicated networks and implement an effective RL plan. As
a result, companies need to outsource part or all of their RL activities. Busi [8] simply deﬁned outsourcing as the “strategic decision
of an enterprise to prevent doing an activity in-house (p. 8)”. In
other words, outsourcing means subcontracting to a third party
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one or more of the operations that cannot adequately performed
in-house [26]. In many cases, organizations choose other companies (or ﬁrms) to investigate RL advantages and problems, returned
goods management, and customer service operations and, hence,
delegate the relevant processes to them. These ﬁrms are known as
“third-party RL providers” (3PRLPs). In this sense, outsourcing RL
processes turn out to be particularly interesting from the strategic
viewpoint [5,9].
Outsourcing, however, is not always successful [10] and it is
actually proﬁtable for the company only if it is done properly. A
proper implementation of the outsourcing procedure is possible
through a set of data analyses associated with the organization’s
strategies about risk taking, proﬁtable outlooks, focus on core
operations, strategic alignment, internal processes, external environment, human resources, etc. The correct evaluation and ranking
of the decision criteria/priorities determining the selection of the
best third-party RL providers (3PRLPs) is essential for the competitive performance of the outsourcing company.
Although outsourcing is being considered an important issue in
several scientiﬁc ﬁelds, the number of studies concerning the analysis of outsourcing RL is very limited. Thus, despite the existence of
some interesting and recent literature on outsourcing RL (see, for
example [11–13]), the study of outsourcing RL decision making is
still to be considered in its early stages. In particular, most of conducted studies discuss how to select 3PRLPs without proposing a
detailed analysis of the strategic aspect of outsourcing RL.
1.1. Problem statement
We consider the problem of outsourcing RL activities faced
by a company or organization that must sub-contract to a third
party operations that cannot be adequately performed in-house.
The company must decide which ones are the RL activities to outsource and to which third party so as to guarantee a competitive
performance on the market.
In order to select the best third-party RL provider (3PRLP), the
company managers need to correctly identify and evaluate the factors that play a relevant role in the outsourcing process and to rank
the decision criteria (or priorities) that must be met by the available
3PRLPs. Thus, the problem becomes to design a suitable method
that allows the managers to both identify and rank the factors (and
the corresponding decision criteria) to refer to when taking RL outsourcing decisions. To the best of the authors’ knowledge, there are
no previous studies that attempt to identify the elements of success
and/or failure in outsourcing RL decision making.
1.2. Contribution
In the current paper, we focus our attention on the identiﬁcation and evaluation of the important factors affecting
manages’ decisions about outsourcing RL. The method we
propose to rank the priorities of the outsourcing company
combines Strengths-Weaknesses-Opportunities-Threats (SWOT)
analysis with an Intuitionistic Fuzzy (IF) version of Analytic Hierarchy Process (AHP), where local weights of decision criteria and
sub-criteria are obtained through a novel intuitionistic fuzzy extension of group preference programming.
The integrated method can be outlined as follows. First, we use
a SWOT analysis to identify the criteria and sub-criteria that are
considered relevant by the company when selecting a 3PRLP. Then,
we use an Intuitionistic Fuzzy AHP (IF-AHP) to evaluate the relative importance weights among the criteria and the corresponding
sub-criteria. The relative weights are given in terms of Tringular Intuitionistic Fuzzy Numbers (TIFNs), while the consistency
rate (CR) of each comparison matrix is measured by the standard
Chang’s Method [14,15]. We implement the relative weights in an
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intuitionistic fuzzy preference programming (IFPP) model to produce local weights for all criteria and sub-criteria. Finally, as in AHP,
local weights of sub-criteria are combined with those of the corresponding main criteria to produce global weights which are in
turn used to rank all the sub-criteria. Fig. 1 provides a graphical
representation of the phases just described.
The IFPP model that we use to derive the local priorities (local
weights) from uncertain pair-wise comparison judgments (comparison matrices) expressed by TIFNs is an extension of the fuzzy
preference programming (FPP) method proposed by Mikhailov
[16], Mikhailov [17] to derive priority vectors from a set of crisp
or interval comparisons. This novel expansion of the FPP model to
an IF setting represents the main contribution of the paper from
the technical point of view.
We discuss the results obtained by applying the proposed model
to a case study of a real company. In particular, these results show
that the most important priority for the company when delegating RL activities to 3PRLPs is to focus on the core business, while
reducing costs constitutes one of the least important priorities.
The speciﬁc objectives of our research can be outlined as follows.
a) Designing an efﬁcient methodology to determine and evaluate
the main elements that play a role in successfully outsourcing
RL activities.
b) Developing an effective analytic hierarchy process with intuitionistic fuzzy numbers supported by a veriﬁable IFPP method.
c) Synthesizing IF-AHP and SWOT so as to obtain an integrated
method for analyzing strategic decision making processes.
The remainder of this paper is organized as follows. Section
2 presents a literature review on RL outsourcing, the key role it
plays in attracting costumers in competitive environments and
the reasons for RL outsourcing decisions. Section 3 discusses the
methodology and tools that we employ to develop our method. In
Section 4 we deﬁne the IFPP model that will be used for local rankings, while in Section 5 we explain how to integrate the IFPP model
with AHP-SWOT. Section 6 shows the results obtained by applying
the proposed method to a real case study. These results are discussed and interpreted in Section 7, while Section 8 presents our
conclusion.
2. RL outsourcing and decision criteria: a literature review
Addressing RL outsourcing problems has become an increasingly relevant issue in the management science and decision
making literatures (see, Oshri et al. [18] and Zhu [19], among the
most recent work).
RL is a component of closed loop supply chains (CLSCs). CLSCs
are a combination of forward supply chains and RL, usually organized and managed by the original equipment manufacturer that
supports its own production line [20]. The RL component is often
used to dispose of low consumption products. 3PRLPs have being
showing their potential in this context especially in relation with
and their involvement with the return of goods in international
associations has expanded [4]. In fact, companies constantly have
particular problems with accepting returned goods and recovering missing valuables. Thus, most of the existing research on the
topic (Kannan et al., 2008; [5,9,21]) has focused on selecting and
evaluating 3PRLPs for supply chains.
A proper implementation of RL operations increases both
customers’ satisfaction and competitiveness on the market [4].
This implementation depends on a correct choice of third-party
providers when outsourcing RL so that the company can focus on
other production activities and the efﬁciency of its supply chains
increase.
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Fig. 1. The proposed IF-AHP-SWOT method.

The main objective of outsourcing is then clear. It is to guarantee
or increase the efﬁciency of the production processes of the company. However, the factors and the strategic priorities leading to
outsourcing decisions are multiple.
Mello et al. [22] state that the two most common reasons to
employ outsourcing are cost reduction and quality improvement.
Numerous researchers support this point of view. For example,
according to Lee and Walsh [23], the most important criterion to
consider when deciding whether or not to outsource and to which
third-party providers is cost savings. However, it should be noted
that in most cases, the objective of outsourcing in reverse supply
chains is not just cost savings, but also to increase the productivity
and improve the service so as to increase the overall competitiveness [12,24,25]. Previous studies conducted on outsourcing
clearly show that outsourcing increase the organizational efﬁciency
through minimizing and controlling organization costs [26,27].
Moreover, outsourcing can signiﬁcantly improve the expected
quality level, until guaranteeing an overall quality improvement
[23]. Delegating operations to a third party can improve an organization’s performance when this party has the appropriate potential
skills to run the operations [4,23,27,28].
Another incentive for outsourcing is the lack of internal capability to perform RL operations within the organization, a fact
corroborated by other studies such as those conducted by Elmuti

and Kathawala [29] and Baldwing et al. [28]. Developing the necessary skills to fulﬁll speciﬁc tasks through constant training can be
very time consuming, require much effort and be very expensive.
Therefore, outsourcing is often preferred to “in-house operations”:
it allows the company to concentrate time and energy on performing the tasks where it is actually competent [23].
Outsourcing RL is very common in business [5,8,9]. In this
regard, Ordoobadi [12] studied outsourcing RL from the economic
viewpoint as a business strategy. Building on the results of [25,95],
Ordoobadi [12] emphasizes that both strategic factors (i.e. outsourcing factors) and ﬁnancial issues must be considered in an
outsourcing model. Therefore, he recommends applying economic
feasibility tools to evaluate outsourcing and explicitly states that
the core activities of an organization should be managed by the
organization itself, while the activities that are less important
should be outsourced. Ordoobadi’s model investigates the gap
between in-house operation costs and outsourcing RL activities to a
3PRLP. However, this model is far from performing a complete and
strategic analysis of the important factors that lead to outsourcing
decision making. It does not evaluate or identify the factors related
to RL outsourcing, and proposes just a few questions for identifying
the core factors of the organization.
Summarizing, all the existing literature agrees on the importance of identifying the factors and incentives to decide which
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activities must be performed in-house and which ones must be
outsourced. However, none of the study conducted so far proposes
a veriﬁable method to identify and classify outsourcing decision
criteria.
3. Methodology and tools
The methodology we propose in this research is novel and it is
herein applied for the ﬁrst time to perform evaluations related to
outsourcing RL. As outlined in Section 1.2, we use a SWOT analysis to evaluate external and internal decision making factors in
outsourcing RL. In order to overcome the quantitative restrictions
intrinsic to SWOT, we integrate SWOT with AHP. We use intuitionistic fuzzy numbers (IFNs) to express in quantitative terms
the otherwise linguistic assessments generally employed in the
pair-wise comparisons of AHP to model individuals’ subjective
judgments about the factors selected for the analysis.
The literature related to the methodology proposed herein
demonstrates that many studies have used a hybrid model of SWOT
and AHP. See, among the most recent [30–34,92]. This kind of
hybrid models is often used to improve and complement the results
obtained by a SWOT analysis. In fact, AHP can quantitatively determine the importance of the factors or groups of factors considered
by SWOT [35].
We include below a brief review of SWOT and AHP highlighting
the drawbacks of both methods that make the adoption an hybrid
AHP-SWOT method necessary for a proper evaluation of decision
criteria. We also dedicate a subsection to discuss the advantage of
using intuitionistic fuzzy numbers instead of crisp values to express
the relative weights in the hybrid AHP-SWOT model. Finally, we
review some basic notions on intuitionistic fuzzy numbers.
3.1. SWOT analysis
The most popular method used in strategic analysis is the analytic model known as SWOT analysis. This method simultaneously
evaluates strengths, weaknesses, opportunities, and threats [36]. In
order to successfully and effectively operate on the market, organizations must be aware of internal and external factors that can
inﬂuence their success or failure. In their study, Learned et al. [36]
present SWOT analysis as a simple but effective tool in strategic
planning that can be used by the organizations to identify such
factors.
Internal factors of SWOT analysis include strengths and weaknesses. Analyzing these factors means to identify and evaluate
the organizational aspects that can affect the success or failure of
the strategies adopted by the organization itself. External factors
include opportunities and threats. Analyzing these factors means
to investigate the environmental factors that cannot be controlled
by the organization, but can affect its performances.
SWOT analysis does not in general provide complete measures
and evaluations but, if used properly, it represents a basic reference
point for formulating a valid strategy. The main shortcoming of
SWOT is that it provides only qualitative evaluations for the indentiﬁed factors. It does neither quantify the factors nor allow for an
objective raking of the alternatives [33,35,37,92]. Integrating SWOT
with AHP allows to overcome this problem.
3.2. AHP method
The Analytic hierarchy process (AHP) is a well-known technique used in multi-criteria decision making (MCDM) to analyze
complicated decision making problems. It comprises several steps:
structuring the problem, identifying decision making factors, evaluating the importance of such factors, and synthesizing all decision
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making factor weights [14,38–40]. For the sake of completeness, we
outline the main phases of conventional AHP.
I. Structuring the decision problem as a hierarchy. The overall
objective of the problem occupies the top level of this hierarchy, the intermediate levels represent the decision criteria and
sub-criteria, while the bottom level corresponds to the possible
alternatives.
II. Calculating the relative importance weights of the decision
criteria in each level of the hierarchy. These weights are usually
obtained through an averaging method so as to avoid errors
derived from a single datum [39,40]. Pair-wise comparisons
matrices are constructed using the fundamental scale 1 (equal
importance) to 9 (extreme importance) deﬁned by Saaty [14].
The ij element of a comparison matrix represents the priority
score assigned to the ith criterion over the jth criterion. The
element ji is the reciprocal value.
III. Calculating the local weights (average weights) of the decision
criteria.
IV. Ranking the alternatives. The local alternative scores are combined with the weights of the criteria to assign a ﬁnal score to
each alternative.
The AHP method can be applied to evaluate both qualitative
and quantitative elements [39], transforming also intangible factors into quantitative values that can be systematically weighted
through a series of pair-wise comparisons.
AHP has been proven to be one of the most practical MCDM
methods [41]. In particular, Peniwati [42] showed that, when
compared to other decision making methods in terms of predetermined relevant criteria, AHP proves to be really effective.
However, AHP has also been widely criticized. Perhaps the most
challenging problem of AHP is that it allows for changes in the
produced “rankings”. Most of the research conducted by MCDM
researchers has discussed ranking changing criteria (see, for example [43–46]). In this regard, Saaty [47] points out both the
remarkable characteristics and the sensitive points of AHP. He
believes that ranking changes follow from structural changes that
are reﬂected by the implementation of diverse relative scales. Thus,
the non-stability of the ranking merely expresses the ﬂexibility of
the analytical structure.
Recently, AHP has been also employed in outsourcing models
(see, among others, the works of Yang and Peng [48], Peng [49], Lai
[50] and Scott et al. [51]) and in logistic outsourcing model (see, for
example [52,53]). To the best of our knowledge, none of the studies
conducted in this direction has focused on a strategic analysis of the
factors affecting decisions concerning outsourcing logistics (either
forward or reverse).
3.3. IF-AHP: why intuitionistic fuzzy numbers for relative
weights?
All the pair-wise comparisons that produce the relative weights
of the criteria appearing in the intermediate levels of AHP are made
by the decision makers (DMs) on the basis of the knowledge and
information they have on the company under analysis. That is,
the pair-wise comparisons which constitute the AHP key “ingredient” are based on a subjective interpretation and evaluation of
the company needs. As a consequence, DMs’s personal viewpoints
can deeply affect the ultimate results [34,54–56].
The uncertainty derived from the subjectivity and imprecision to which the evaluation process necessarily undergoes makes
conventional AHP an inadequate tool to deal with situations characterized by the vagueness of linguistic assessments.
This shows the necessity to upgrade a crisp SWOT-AHP model
to a fuzzy one. Using intuitionistic fuzzy numbers instead of fuzzy
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numbers allows for an even more reliable analysis of decision
problems showing increasing levels of uncertainty. Fuzzy AHP and
Intuitionistic Fuzzy AHP, as well as, Fuzzy SWOT are extensively
used in the current literature. See, among others, [50,52,57] for
Fuzzy AHP; [58,59] for Intuitionistic Fuzzy AHP; [37,60,61] for
Fuzzy SWOT.
3.4. Intuitionistic fuzzy numbers (IFNs): basic notions
Modeling uncertainty in decision analysis is usually based on
fuzzy set (FS) theory. In order to analyze any set, Zadeh (the inventor of fuzzy logic and fuzzy sets) associates a number belonging
to the range [0,1] to each element of the set, this number indicating the membership degree of that element to the set [62].
Assigning just one value to an element to measure how much
(membership degree) it can be part of a set is the main feature
of FS theory. The membership idea has further developed in the
last few years and new functions have been deﬁned to deal with
uncertainty, namely, non-membership functions and uncertainty
functions [63]. Uncertainty functions reﬂect the fact that DMs won’t
always be able to select a given membership degree. Furthermore,
Atanassov [63] formalized uncertainty degrees as a function of the
hesitancy shown by DMs when making decisions. Atanassov [63]
called such a function an intuitionistic fuzzy set (IFS). Indeed, IFSs
are generalizations of standard FSs, which are considered in conditions where there is not enough information to deﬁne and operate
with traditional FSs [64]. The research involving IFSs is vast and the
number of applications to multi-criteria decision making surprisingly large (see, [65,66,96]).
In the following, we introduce some basic concepts related to
fuzzy sets, intuitionistic fuzzy sets and triangular intuitionistic
fuzzy numbers (TIFNs).
Deﬁnition 1 ([62]). Let X be a nonempty set and A be a subset of
ត is deﬁned as follows:
X. The fuzzy set A
ត = {x,  (x)|x ∈ X}
A
ត
A

(1)

where Aត : X → [0, 1] is the membership function of the fuzzy set
ត and  (x) is the membership degree of x ∈ X in A.䊏
A
ត
A
Deﬁnition 2 ([63]). Let X be a nonempty set and A be a subset of
X. The intuitionistic fuzzy set Ã is deﬁned as follows:
Ã = {x, Ã (x), Ã (x)|x ∈ X}

(2)

where Ã : X → [0, 1] and Ã : X → [0, 1] are such that ∀x ∈ X, 0 ≤
Ã (x) + Ã (x) ≤ 1. The functions Ã and Ã are called membership
function and non-membership function and measure the membership e non-membership degree of x ∈ X in A, respectively.䊏
ត is a particular case of an intuitionistic fuzzy set
Every fuzzy set A
and can, therefore, be shown written as an intuitionistic fuzzy set:
ត = {x,  (x), 1 −  (x)|x ∈ X}
A
ត
ត
A
A

(3)

Moreover, Szmidt and Kacprzyk [67] interpreted Ã (x) = 1 −
Ã (x) − Ã (x) as an intuitionistic index of A in X. Ã (x) measures
the degree of indeterminacy of the element x in A and reﬂects the
hesitancy degree of x in A (see also Atanassov [63]).
Based upon the theory of triangular fuzzy numbers presented
by Dubois and Prade [68], the concept of triangular intuitionistic
fuzzy numbers is deﬁned as follows:
Deﬁnition 3. A triangular intuitionistic fuzzy number (TIFN) is an
intuituinistic fuzzy set corresponding to a real interval of the form
[a, ā], with a ≤ ā. A TIFN is usually denoted by
ã = (a, a, ā); ıã , εã 

(4)

where ıã and εã are the maximum membership degree and the
minimum non-membership degree, respectively. 䊏

Fig. 2. Membership and non-membership functions of triangular intuitionistic
fuzzy numbers.

The membership function ã and the non-membership function
ã associated to the TIFN ã of Eq. (4) are shown in Eqs. (5) and (6),
respectively.

ã =

⎧
(x − a)ıã /(a − a) if a ≤ x < a
⎪
⎪
⎪
⎪
⎨ ıã
if x = a

⎪
(ā − x)ıã /(ā − a) if a < x ≤ ā
⎪
⎪
⎪
⎩
0

ã =

if x < a or x > ā

⎧
[a − x + (x − a)εã ]/(a − a) if a ≤ x < a
⎪
⎪
⎪
⎪
⎨ εã
if x = a
⎪
[x − a + (ā − x)εã ]/(ā − a) if a < x ≤ ā
⎪
⎪
⎪
⎩
1

(5)

(6)

if x < a or x > ā

Fig. 2 represents the functions ã and ã , the maximum membership degree ıã and the minimum non-membership degree εã .
4. An intuitionistic fuzzy preference programming (IFPP)
model to derive local weights
The role of DMs in multi-criteria decision making is undeniable.
DMs evaluate alternatives and criteria estimating their relative performances. However, the information available to DMs is often very
limited, making it extremely important to create more effective
decision making methods to work in uncertain environments. As
mentioned above (Section 3.3), in order to account for the uncertainty component, we model the pair-wise comparisons on which
AHP is based using intuitionistic fuzzy numbers.
Mikhailov and Singh [69] used fuzzy preference programming
to derive priority vectors from a set of interval comparisons. More
precisely, given a prioritization problem with n elements, the DM is
assumed to provide a set of m = 1/2n(n − 1) fuzzy comparisons that
he uses to form an interval decision matrix:
A = ([lij , uij ]) i = 1, 2, . . ., n, j = 2, 3, . . ., n, i < j,

(7)

where lij and uij are the lower and upper bounds of the corresponding uncertain judgments.
We extend this approach to include intuitionistic fuzzy numbers. That is, we assume lij and uij in Eq. (7) to be the bounds of the
following TIFN:
ãij = (lij , mij , uij ); ıij , εij 

(8)

For more details on fuzzy preference programming please refer
to [16,17,70], among others.
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Interval judgments are considered consistent if there exists a
priority vector w = (w1 , w2 , ..., wn )t that satisﬁes the following
inequalities:
w
˜ i ≤u
˜ ij
lij ≤
wj

i = 1, 2, . . ., n, j = 2, 3, . . ., n, i < j,

(9)

˜ stands for “fuzzy less than or equal to”.
where ≤
The inequalities in Eq. (9) can be represented as a set of 2m
fuzzy linear constraints if we deﬁne the following membership and
non-membership functions where the ratio wi /wj is linear:


⎧
wi
⎪
⎪
−
l
ı /(mij − lij )
⎪
⎪ wj ij ij
⎪
⎪
⎪
⎪
⎪
  ⎪
⎨ ıij
wi
ãij
=


wj
⎪
wi
⎪
⎪
u
−
ıij /(uij − mij )
ij
⎪
⎪
wj
⎪
⎪
⎪
⎪
⎪
⎩0

if lij ≤
if

wi
< mij
wj

wi
= mij
wj

if mij <
if

∗
The maximizing solution is a vector wmax
for which the maximum of the fuzzy feasible area is obtained, that is:
∗
P̃ (wmax
)=

max{min{1 (R1 w), 2 (R2 w), . . ., m (Rm w)}|w1
+ w2 + · · · + wn = 1}

wi
w
< lij or i > uij
wj
wj
(10)


ãij

wi
wj

εij /(mij − lij )

if lij ≤
if

εij /(uij − mij )

max ˛

1

if

Since we are working in an intuitionistic fuzzy setting, we also
need to consider and solve the prioritization problem for the minimum solution with respect to the fuzzy constraints. Thus, we need
∗
to ﬁnd the vector wmin
for which the minimum of the fuzzy feasible
area is obtained, that is:

wi
= mij
wj
wi
≤ uij
wj

wi
wi
< lij or
> uij
wj
wj

(11)

∗
P̃ (wmin
) = min{max{1 (R1 w), 2 (R2 w), . . ., m (Rm w)}|w1

+ w2 + · · · + wn = 1}
Eq. (11) shows that, unlike triangular fuzzy data, the maximum
of the membership function of intuitionistic fuzzy data can be a
value less than 1. Moreover, it is clear that the membership and
non-membership functions linearly increase on (− ∞ , mij ) and (mij ,
+ ∞), respectively, while they linearly decrease on (mij , + ∞) and
(− ∞ , mij ), respectively.
The set of 2m fuzzy linear constraints that can derived from Eq.
(9) gives rise to a matrix inequality usually denoted as follows:
˜
Rw≤0

(12)

where the matrix R has dimension 2m × n, or, equivalently, as the
following system of fuzzy linear constraints:
˜
Rk w≤0,

k = 1, 2, . . ., 2m

n

w = (w1 , w2 , . . ., wn )|



In order to obtain the minimizing solution, we can use the minmax operator. Thus, we can deﬁne the variable ˇ as follows:
ˇ = max{1 (R1 w), 2 (R2 w), . . ., m (Rm w)}

(20)

and, consequently, obtain the objective function in terms of the
non-membership functions, as follows:
min ˇ
ˇ ≥ k (Rk w)

(21)

k = 1, 2, . . ., 2m

wi = 1, wi > 0

where vk is the linear membership function characterizing the kth
˜
constraint Rk w≤0.
We can now combine models (18) and (21) in a ﬁnal model
that accounts for both the membership and non-membership constraints:
max ˛
min ˇ

(14)

˛ ≤ k (Rk w)
ˇ ≥ k (Rk w)

i=1

That is, w is a solution to the problem if it belongs to the fuzzy
set described by the following membership function:
P̃ (w) = {min{1 (R1 w), 2 (R2 w), . . ., m (Rm w)}|w1
+ w2 + · · · + wn = 1}.

(19)

(13)

where Rk denotes the kth row of R. The kth constraint is characterized by one of the linear membership functions deﬁned in Eq.
(10). Anyway, to simplify the notation, we will use k to denote
the membership function of the kth constraint Rk w ≤ 0.
The priority vectors w solving the prioritization problem correspond to the nonempty feasible fuzzy area P̃ on the simplex
Q n−1 =

(18)

k = 1, 2, . . ., 2m

wi
< mij
wj

if mij <

(17)

The max-min fuzzy linear problem can be changed into a crisp
linear problem. Consequently, the objective function in terms of
membership functions is deﬁned as follows:

˛ ≤ k (Rk w)

⎧

wi
wi
⎪
mij −
+
− lij
⎪
w
wj
⎪
j
⎪
⎪
⎪
⎪
⎪
⎨ εij
=

wi
wi
⎪
⎪
− mij + uij −
⎪
w
wj
⎪ j
⎪
⎪
⎪
⎪
⎩

(16)

A general method for ﬁnding the maximizing solution to decision making problems with fuzzy objectives and constraints has
been proposed by Bellman and Zadeh [71]. This method is based on
the max-min operator. Deﬁne the variable ˛ as follows:
˛ = min{1 (R1 w), 2 (R2 w), . . ., m (Rm w)}

wi
≤ uij
wj
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(15)

(22)

w1 + w2 + · · · + wn = 1
k = 1, 2, . . ., 2m
To solve the above model, we use a maximizing set with two
objective functions. To fuzzify ˛ and ˇ we calculate their minimum
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and maximum values solving the following set of optimization
problems:
f0 : min ˛

f1 : max ˛

g0 : min ˇ

g1 : max ˇ

˛ ≤ k (Rk w)

˛ ≤ k (Rk w)

˛ ≤ k (Rk w)

˛ ≤ k (Rk w)

ˇ ≥ k (Rk w)

ˇ ≥ k (Rk w)

ˇ ≥ k (Rk w)

ˇ ≥ k (Rk w)

n

n

n

wi = 1
i=1

wi = 1
i=1

k = 1, 2, . . ., 2m

wi = 1

wi = 1

i=1

k = 1, 2, . . ., 2m

i=1

k = 1, 2, . . ., 2m

k = 1, 2, . . ., 2m

The membership functions of ˛ and ˇ interpreted as fuzzy variables are deﬁned as follows:

˛ =

ˇ =

⎧
0
⎪
⎨
⎪
⎩

if f0 ≤ ˛ ≤ f1

1

if ˛ > f1

⎧
1
⎪
⎨
⎪
⎩

if ˛ < f0

(˛ − f0 )/(f1 − f0 )

(24)

if ˇ < g0

(g1 − ˇ)/(g1 − g0 )

if g0 ≤ ˇ ≤ g1

0

if ˇ > g1

(23)

n

(25)

Through Eqs. (24) and (25), the priority vector that solves our
intuitionistic fuzzy programming problem (and, hence, maximizes
the feasible fuzzy area) becomes the vector w* solving the following
problem:
P̃ (w∗) = max{min{˛ , ˇ }}

(26)

By using the max-min operator and the variable  deﬁned by:
 = min{˛ , ˇ }

(27)

The problem of Eq. (26) can be transformed into the following
one:
max 
 ≤ ˛

(28)

 ≤ ˇ
Using Eqs. (10), (11), (24) and (25), it can be shown that the ﬁnal
model (or the maximizing objective function) is equivalent to the
following model:
max 
˛ − (f1 − f0 ) ≥ f0
ˇ + (g1 − g0 ) ≤ g1
mij wj − wi + (wi − lij wj )εij − ˇwj (mij − lij ) ≤ 0

CR =

CI
RI

CI =

(max − n)
(n − 1)

(30)

where max is the largest eigenvalue of the matrix, that is:

max =

ωi =

1
n

n

n

aij
i=1 j=1
n

ωj
ωi
(31)

aij

1
n

n

a
i=1 ij

j=1

Random indices for matrices of sizes less than 16 are given in
[14]. The value of CR should not exceed 0.1 for a matrix larger
than 4 × 4. In the case when CR ≥ 0.1, the DMs must decrease the
inconsistencies by reviewing their evaluations [44].
Since the elements of the comparison matrices of our IF-AHP
method are TIFNs, ãij = (lij , mij , uij ); ıij , εij , we need to follow a
more general approach, namely, the one proposed by Gogus and
Boucher [72].
According to Gogus and Boucher [72], to check the consistency
a the fuzzy comparison matrix Ã = (ãij )i,j=1,...,n of dimension n,
whose ijth element is a TFN ãij = (lij , mij , uij ), we must check the
consistency of the following two crisp matrices:
Am = (mij )i,j=1,...,n



wi − mij wj + (uij wj − wi )εij − ˇwj (uij − mij ) ≤ 0
˛wj (mij − lij ) − (wi − lij wj )ıij ≤ 0

Recall [14,15] that the CR of a crisp comparison matrix A =
(aij )i,j=1,...,n of dimension n is deﬁned as the ratio between the
consistency index (CI) and a random consistency index (RI),

(29)

˛wj (uij − mij ) − (uij wj − wi )ıij ≤ 0
w1 + w2 + · · · + wn = 1
w1 , w2 , . . ., wn ≥ 0
i = 1, 2, . . ., n; j = 2, 3, . . ., n; i < j.

Ag = (

To assure a certain quality level of the ﬁnal decision, we need
to compute the consistency rate (CR) of each of the comparison
matrices produced by IF-AHP.

(32)

i,j=1,...,n

The CR of both crisp matrices must be less than 0.1 for the fuzzy
matrix Ã to express a consistent judgment on the side of the DMs.
m
Thus, the following CRs must be computed:CRm = CIRI where

CI m =

5. Integrating the IFPP model with AHP-SWOT
5.1. Consistency rate analysis

uij · lij )

m
max

(m
max − n)
(n − 1)

1
=
n

ωim =

1
n

n



n

mij
i=1 j=1
n

mij

n
j=1

i=1

mij

ωjm
ωim


(33)
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andCRg =

CI g
RI
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Table 1
SWOT analysis and criteria classiﬁcation.

where

g

CI g =
g
max

(max − n)
(n − 1)
n

1
=
n





n

uij · lij



i=1 j=1
g

ωi =

1
n

n



g
ωi

(34)

uij · lij

n 
j=1

g

ωj

i=1

uij·lij

5.2. Assigning local and global weights
The model of Eq. (29) is a new IFPP model. In the proposed IFAHP-SWOT method, we implement this model to assign the local
weights of all the decision criteria and sub-criteria identiﬁed and
hierarchically decomposed through AHP-SWOT. That is, we use
IFPP model (29) in the phase III of conventional AHP (see the AHP
outline in Section 3.2).
Finally, we rank all the sub-criteria under consideration by
assigning them global weights as follows:
global weight of "subcriterion"
= (local weight of "subcriterion")
× (local weight of corresponding SWOT group)

(35)

Eq. (35) describes the standard computing procedure employed
in AHP to assign global weights to the criteria/factors within each
level and sublevel of the hierarchy of the problem at hand.
6. The proposed IF-AHP-SWOT to evaluate decision criteria
in RL outsourcing: a case study
We have applied the proposed framework at Pipex,2 a manufacturer of composite pipes in West Virginia. Pipex is the leading
manufacturer of pipes, joints, and composite tanks in West Virginia.
6.1. Implementing a SWOT analysis: criteria identiﬁcation
Decisions on outsourcing RL are taken on the basis of criteria
and factors that vary from company to company. Therefore, the
ﬁrst step was to select selecting qualiﬁed individuals (experts in
logistics and academics) to compose a ﬁrst decision making committee (logistics panel). A questionnaire was prepared in order to
implement the SWOT analysis.
Considering the goals of the research, the questionnaire respondents were selected from two spectra: academics that had
participated in scientiﬁc and research activities on RL and those
who have had experience in the logistics industry. A total of 5 academic experts were chosen for the ﬁrst SWOT analysis. The second
analysis of SWOT was done by four experts of Pipex. Each member of the logistics panel was asked to identify different strengths
and weaknesses, but also the opportunities and threats in relation
to outsourcing. After performing both SWOT analyses, the panel
selected 39 factors as those properly representing the important
decision making factors in outsourcing RL for Pipex.
To avoid a large number of factors (which would lead to the
increase of pair-wise comparisons and make the subsequent analyses difﬁcult), an attempt was made to rank the factors based on
their importance. Therefore, a questionnaire was designed based

2
The name has been changed to protect the anonymity of the manufacturing
company.

Targeting
process

Sub-criterion

Main criterion

↑
↑
↑
↑
↑
↑

Focus on the main business (S1)
Risk sharing (S2)
Product quality (S3)
Enhanced return on investment (S4)
Cost management (S5)
Customer satisfaction (S6)

Strength (S)

↑
↔
↓
↓
↓

Hidden costs of outsourcing (W1)
Giving the full power of attorney to a
third party (W2)
Organizational control (W3)
Flexibility reduction (W4)
Commitment and risk coverage (W5)

↑
↑
↑
↑
↑

Environmental compatibility (O1)
Increasing market share (O2)
Standardization (O3)
Proper relations among staffs (O4)
Organizational growth (O5)

Opportunity (O)

↑
↑
↑
↑
↑

Carry risk (T1)
Stealing materials and data (T2)
Increasing inventory (T3)
Economic recession (T4)
Tax risk (T5)

Threat (T)

Weakness (W)

on the Likert scale and was submitted to the experts online and
in a wide geographical spectrum. Fifty-six answers were collected,
which was sufﬁcient for such an analysis since the main objective
was basically to identify the most important factors so that the least
important factors could be eliminated or ignored. To deal with the
discrepancies emerging from this process among the number of
respondents, it was necessary an adjustment of the sample size
that was made by using SPSS MVA [93]. Therefore, to achieve the
missing data values, the Tabachnick and Fidell [73] method was
used. However, according to the percentage results of the means,
most criteria were classiﬁed in two classes: “very important” and
“extremely important”. As a consequence, it was necessary to use
the cut-off value method to reduce the number of factors. Finally,
21 important factors were identiﬁed as the most important ones:
they are reported in Table 1.
Note that the issue of reducing the number of factors has already
been addressed in many studies related to hybrid models of SWOT
and AHP (see, for example, [23,74]). More in general, one can follow
Saaty’s [39] approach and to limit the number of subcriteria corresponding to each criterion to a number between 7 and 9. This is
necessary in order to make an accurate and effective model of a
problem since it has been proven that the human brain is not able
to examine/compare more than 9 factors at the same time.
6.2. Implementing an IF-AHP model: relative weights
By using the factors obtained through the SWOT analysis, the
hierarchical structure of the problem was created. The structure
that has been used to apply IF-AHP is shown in Fig. 3. The symbol
Wxn indicates the weight of the factor xn belonging to one of the
main factor groups of SWOT.
Given the hierarchical structure in Fig. 3, a questionnaire was
prepared in order to perform all the possible pair-wise comparisons among the factors. The respondents were asked to answer the
questions based on their own beliefs. In this stage, logical pair-wise
comparisons were provided both among all the sub-factors composing a ﬁxed factor and among all the main factors. The number
of binary comparisons depends on the number of factors available
in each level of the hierarchy. That is, if the level contains n elements, it is necessary to make n(n − 1)/2 pair-wise comparisons.
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GOAL
Weakness (W)

Strengths(S)

Opportunities (O)

Threats (T)

S1/Ws1

W1/Ww1

O1/Wo1

T1/Wt1

S2/Ws2

W2/Ww2

O2/Wo2

T2/Wt2

S3/Ws3

W3/Ww3

O3/Wo3

T3/Wt3

S4/Ws4

W4/Ww4

O4/Wo4

T4/Wt4

S5/Ws5

W5/Ww5

O5/Wo5

T5/Wt5

S6/Ws6

Outsourcing

In-Housing

Fig. 3. Hierarchical structure of the problem.

Table 2
The IF-AHP scale.

6.3. Implementing the IFPP model: local weights and consistency
rate analysis

Extremely strong
Intermediate
Very strong
Intermediate
Strong
Intermediate
Moderately strong
Intermediate
Equally strong

(8,9,9)
(7,8,8)
(6,7,8)
(5,6,6)
(4,5,6)
(3,3,4)
(1,2,3)
(0,1,2)
(0,0,1)

Each one of the comparison matrices was then used to determine the local weights of the criteria or sub-criteria composing
it. The local weights were obtained by implementing the relative
weights composing the comparison matrices in the IFPP model of
Eq. (29). The corresponding problems were analyzed using the software LINGO 11.0. The results returned by LINGO 11.0 for the local
weights corresponding to each comparison matrix are reported in
the last column of Tables 3–7.
We also performed a consistency rate analysis using LINGO
11.0. All the comparison matrices exhibited a good consistency
rate (CR). For instance, relative to the comparison matrix in
Table 5 (the matrix of pair-wise comparisons among the weakness sub-criteria), the software returned CRm = 0.005 < 0.1 and
CRg = 0.027 < 0.1 as results. Table 8 summarizes the CR values (both
CRm and CRg ) returned by LINGO 11.0 for all the comparison
matrices.
The local weights in the last column of Tables 3–7 represent the
relative importance of the elements within the corresponding level
of the hierarchy described in Fig. 3. Table 9 shows the local weights
of all the criteria in all the hierarchical levels and sublevels. The
local weights of the criteria in the ﬁrst level (i.e., strengths, weaknesses, opportunities and threats) appear in the ﬁrst column (Local
weights of SWOT criteria). The second column (Local weights of
sub-criteria) consists of four blocks: each block corresponds to a
sublevel of the second level of the hierarchy and shows the local
weights of the corresponding sub-criteria. Clearly, the sum of the
local priorities corresponding to each hierarchical level and sublevel is 1.

Since the AHP model of our study is based on fuzzy evaluations,
the verbal scales of Table 2 were used for the comparisons. Each
evaluation was assigned a degree of membership or a degree of
non-membership with respect to the corresponding decision criterion.
Reza and Vassilis [75] suggested the number of DMs to be
involved in the pair-wise comparison phase to be between ﬁve
and ﬁfteen. Following their suggestion, the AHP questionnaire was
submitted to 10 logistics experts at Pipex. Seven of these experts
answered the questionnaire; the remaining three said that they
were unable to understand the questionnaire method. The small
sample size has not been considered a constraint in this study since
the AHP method is capable of performing a reliable analysis even
when the number of DMs carrying out the pair-wise comparisons
is small [35,74]. Before submitting the questionnaire, a workshop
was set up to explain the AHP method to the selected experts/DMs.
The DMs were asked to make 51 pair-wise comparisons. The averaging method was used to aggregate all the DMs’ answers, and 5
matrices of pair-wise comparisons formed. Tables 3–7 show these
comparison matrices.
Table 3
Pair-wise comparisons among SWOT criteria.
Criteria

S

W

O

T

Local weight

S
W
O
T

(1,1,1)
(0.5,0.667,1); 0.4,0.6
(0.667,1,2); 0.6,0.2
(0.4,0.5,0.667)

(1,1.5,2): 0.4,0.6
(1,1,1)
(0.5,1,1.5); 0.6,0.3
(0.667,1,2; 0.3, 0.7)

(0.5,1,1.5); 0.6,0.2
(0.667,1,2); 0.6,0.3
(1,1,1)
(0.5,0.667,1; 0.6,0.2)

(1.5,2,2.5); 0.6,0.4
(0.5,1,1.5); 0.3,0.7
(1,1.5,2); 0.6,0.2
(1,1,1)

0.436
0.144
0.317
0.103
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Table 4
Pair-wise comparisons among strengths sub-criteria.
Strengths

S1

S2

S3

S4

S5

S6

Local weight

S1
S2
S3
S4
S5
S6

(1,1,1)
(0.667,1,2); 0.4,0.6
(0.5,0.667,1); 0.6,0.3
(0.4,0.5,0.667); 0.6,0.3
(0.333,0.4,0.5); 0.3,0.7
(0.286,0.333,0.4); 0.6,0.2

(0.5,1,1.5); 0.4,0.6
(1,1,1)
(0.667,1,2); 0.4,0.6
(0.5,0.667,1); 0.6,0.2
(0.4,0.5,0.667); 0.3,0.7
(0.333,0.4,0.5); 0.3,0.7

(1,1.5,2); 0.6,0.3
(0.5,1,1.5); 0.4,0.6
(1,1,1)
(1,1,1)
(0.667,1,2); 0.6,0.3
(0.5,0.667,1); 0.6,0.2

(1.5,2,2.5); 0.6,0.3
(1,1.5,2); 0.6,0.2
(1,1,1)
(1,1,1)
(0.667,1,2); 0.4,0.6
(0.5,0.667,1); 0.6,0.3

(2,2.5,3); 0.3,0.7
(1.5,2,2.5); 0.3,0.7
(0.5,1,1.5); 0.6,0.3
(0.5,1,1.5); 0.4,0.6
(1,1,1)
(0.667,1,2); 0.4,0.6

(2.5,3,3.5); 0.6,0.2
(2,2.5,3); 0.3,0.7
(1,1.5,2); 0.6,0.2
(1,1.5,2); 0.6,0.3
(0.5,1,1.5); 0.4,0.6
(1,1,1)

0.336
0.227
0.211
0.071
0.030
0.124

Table 5
Pair-wise comparisons among weakness sub-criteria.
Weakness

W1

W2

W3

W4

W5

Local weight

W1
W2
W3
W4
W5

(1,1,1)
(0.5,0.6,1):0.6,0.3
(0.5, 0.6,1):0.6,0.3
(0.6,1,2):0.6,0.2
(0.6,1,2):0.6,0.2

(1,1.5,2):0.6,0.3
(1,1,1)
(1,1,1)
(1, 1.5,2):0.6,0.3
(0.5,1, 1.5):0.6,0.2

(1,1.5,2):0.6,0.3
(1,1,1)
(1,1,1)
(0.5,1, 1.5):0.6,0.2
(0.5,1, 1.5):0.6,0.2

(0.5,1, 1.5):0.6,0.2
(0.5, 0.6,1):0.6,0.3
(0.6,1,2):0.6,0.2
(1,1,1)
(0.5,1, 1.5):0.6,0.2

(0.5,1,1.5):0.6,0.2
(0.6,1,2):0.6,0.2
(0.6,1,2):0.6,0.2
(0.6,1,2):0.6,0.2
(1,1,1)

0.221
0.187
0.187
0.237
0.168

Table 6
Pair-wise comparisons among opportunities sub-criteria.
Opportunity

O1

O2

O3

O4

O5

Local weight

O1
O2
O3
O4
O5

(1,1,1)
(0.5,1,1.5); 0.6,0.2
(0.667,1,2); 0.6,0.3
(0.4,0.5,0.667)
(0.5,0.667,1); 0.6,0.3

(0.667,1,2); 0.6,0.2
(1,1,1)
(1,1,1)
(0.5,0.667,1); 0.6,0.2
(0.667,1,2); 0.6,0.2

(0.5,1,1.5); 0.6,0.3
(1,1,1)
(1,1,1)
(1,1,1)
(0.5,1,1.5); 0.6,0.3

(1.5,2,2.5); 0.6,0.2
(1,1.5,2); 0.6,0.2
(1,1,1)
(1,1,1)
(1,1,1)

(1,1.5,2); 0.6,0.3
(0.5,1,1.5); 0.6,0.2
(0.667,1,2); 0.6,0.3
(1,1,1)
(1,1,1)

0.279
0.433
0.112
0.068
0.108

Table 7
Pair-wise comparisons among threats sub-criteria.
Threats

T1

T2

T3

T4

T5

Local weight

T1
T2
T3
T4
T5

(1,1,1)
(0.5,1,1.5); 0.6,0.3
(1.5,2,2.5); 0.6,0.3
(0.667,1,2); 0.4,0.6
(0.5,1,1.5); 0.4,0.6

(0.667,1,2); 0.6,0.3
(1,1,1)
(0.5,1,1.5); 0.6,0.3
(0.667,1,2); 0.6,0.3
(0.5,1,1.5); 0.4,0.6

(0.4,0.5,0.667); 0.6,0.3
(0.667,1,2); 0.6,0.3
(1,1,1)
(0.5,0.667,1); 0.6,0.3
(1,1,1)

(0.5,1,1.5); 0.4,0.6
(0.5,1,1.5); 0.6,0.3
(1,1.5,2)
(1,1,1)
(0.5,1,1.5); 0.6,0.3

(0.667,1,2); 0.4,0.6
(0.667,1,2); 0.4,0.6
(1,1,1)
(0.667,1,2); 0.6,0.3
(1,1,1)

0.101
0.187
0.382
0.039
0.291

According to the results reported in the ﬁrst column of Table 9,
the DMs evaluated strengths (0.436) as the most important strategic factor, followed in order of importance by opportunities (0.317),
weaknesses (0.144) and threats (0.103). Furthermore, strengths
were considered 3.03 times as important as weaknesses, 1.38 times
as important as opportunities and 4.23 times as important as
threats.
For what concerns the sub-factors of each SWOT factor, the
second column of Table 9 show the relative importance that was
assigned by the DMs to each sub-factor within its corresponding
SWOT group. For instance, in the strengths group, the “focus on the
main business” was considered to be the most important factor,
followed in order of importance by “risk sharing”, “product quality”, “customer satisfaction”, “increased return on investment”, and
“cost management”. Moreover, “hidden outsourcing costs”, “market share increases” and “increases of inventory” were classiﬁed
as the most preferred factors in the weaknesses, opportunities and
threats groups, respectively.

Table 9
IF-AHP weights and ranking results.
Local weights of SWOT
criteria

SWOT sub-criteria
Local weights
of sub-criteria

Global weights
of sub-criteria

Global
rank

WS = 0.436

WS1 = 0.336
WS2 = 0.227
WS3 = 0.211
WS4 = 0.071
WS5 = 0.030
WS6 = 0.124

0.146
0.099
0.092
0.031
0.013
0.054

1
3
4
11
17
6

WW = 0.144

WW1 = 0.221
WW2 = 0.187
WW3 = 0.187
WW4 = 0.237
WW5 = 0.168

0.032
0.027
0.027
0.034
0.025

10
13
13
9
14

WO = 0.317

0.088
0.137
0.035
0.024
0.034

5
2
8
15
9

WT = 0.103

0.010
0.019
0.039
0.004
0.030

18
16
7
19
12

Comparison matrix

CRm

CRg

WO1 = 0.279
WO2 = 0.433
WO3 = 0.112
WO4 = 0.068
WO5 = 0.108

SWOT criteria
Strengths sub-criteria
Weakness sub-criteria
Opportunities sub-criteria
Threats sub-criteria

0.013
0.01
0.005
0.012
0.013

0.098
0.069
0.027
0.044
0.065

WT1 = 0.101
WT2 = 0.187
WT3 = 0.382
WT4 = 0.039
WT5 = 0.291

Table 8
CRs of pair-wise comparison matrices.
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6.4. Computing global weights for the ﬁnal ranking
Finally, a global weight was assigned to each SWOT sub-criterion
using Eq. (32). The resulting global weights are reported in the
third column of Table 9. For example, the global weight of the
sub-criterion “risk sharing” (S2) was obtained as follows:
(local weight of "subcriterion (S2)")
0.227

× (local weight of strengths group)
×
0.436

=
= 0.099

while the global weight of the sub-criterion “organizational control” (W3) was obtained by:
(local weight of "subcriterion (W 3)") × (local weight of weaknesses group)
0.187
×
0.144

=
= 0.027

The overall ranking (fourth column of Table 9) of the global
weights showed that the “focus on the main business” of the organization was ranked as the most important factor in a RL outsourcing
strategy. The factors “increase of market share”, “risk sharing”,
“product quality”, “environmental compatibility”, “customer satisfaction”, and “increase of inventory” were the next ones to be
prioritized.

sportive activities in the facilities. Therefore, organizational control should be managed accurately and its enhancement should be
a main concern.
7.1.4. Opportunities sub-criteria ranking
In the opportunities category, “environmental compatibility”
was ranked as the top priority. This fact conﬁrms, in particular, the
results of the research conducted by King et al. [77] indicating RL as
one of the solutions to the problem of protecting the environment
besides repairment, renovation, and restoration.
7.1.5. Threats sub-criteria ranking
In the ranking of the sub-criteria in the threats group, “increase
of inventory” appears as the most important factor. Thus, the
3PRLPs should try to prevent the increase of inventory as much
as possible due to the costs that are imposed on the organization.
Often, inaccurate analyses and wrong estimations are made by contractors due to insufﬁcient skills and expertise in this ﬁeld. This is
why this factor turned out to be so important in the outsourcing
decisions of the case study.
7.2. Global weights and ﬁnal ranking

7. Discussion and interpretation of the results
7.1. Rankings based on local weights
7.1.1. SWOT criteria ranking
The results of this research show that DMs considered the
strengths more important than the other three factor groups, i.e.
weaknesses, opportunities, and threats. This reﬂects the special
importance assigned to the organizational resources in a RL outsourcing decision making process.
7.1.2. Strengths sub-criteria ranking
In the classiﬁcation of the sub-criteria in the strengths group,
“focus on main business” was ranked as the top priority. This result
is in line with the literature pointing out how outsourcing RL activities makes the organizations concentrate on issues relative to their
main business. The factor “risk sharing” was ranked in second place
showing that, even though the customers are not willing to share
risk with a third party (“Third party logistics”, 2007, para. 3), Pipex
has considered the risk sharing as one of the most important factors when outsourcing RL. On the other hand, “product quality” was
ranked in the third place conﬁrming the fact that an excellent management of good suppliers not only delivers efﬁcient and suitable
services, but also provides a long-term relationship between the
suppliers and the users [76].
7.1.3. Weaknesses sub-criteria ranking
The ﬁrst position in the ranking of the sub-criteria composing the weaknesses group is occupied by the “hidden outsourcing
costs”, that is, the costs deriving from the fulﬁllment of a contract.
Freight costs [25], consultant costs, and also management costs
[91] fall into this category. Sometimes these costs exceed the initial costs, which can be one of the reasons behind the relatively
high importance value assigned to this factor. In order to outsource
their RL activities, organizations expect the 3PRLPs to keep such
costs low. The second place in the ranking is occupied by “reduction of ﬂexibility”, while “organizational control” was considered
of moderate importance and occupies the third position. The third
position assigned to the sub-criterion “organizational control” indicates that DMs were concerned with losing organizational control if
too much authority was given to the 3PRLPs. This issue is addressed,
for example, by Lee [27] who centered his study on the loss of organization control due to outsourcing, and by Lee and Walsh [23]
who referred to the loss of organizational control in relation to

7.2.1. 1st ranked: “focus on the main business”
This simply emphasizes the fact that RL outsourcing leads the
organizations to concentrate on the core issues relative to their
business.
7.2.2. 2nd ranked: “increase of market share”
This suggests that the DMs of our study have been aiming at
occupying a major share of the market by increasing competitive
advantages. It is quite obvious that the main objective of a company
in selecting 3PRLPs for outsourcing is the constant proﬁtability
of the contractor. Therefore, contracting companies should see an
annual proﬁt increase in order to be able to participate effectively
and proﬁtably in the distribution of growing products and services
[78].
7.2.3. 3rd ranked: “risk sharing”
This indicates that the company has taken into account the possibility of future crises.
7.2.4. 4th ranked: “product quality”
This means that DMs of our study have considered the quality
of the products as one of the key factors in RL outsourcing. In this
regard, the reciprocal relationships between organizational performance criteria (OPC) and product life cycle (PLC) should not be
ignored. For example, product quality is important in the growth
stage of PLC and it is a component of OPC. The revenue derived
from product sales is a relevant matter. Thus, the development
of the “product quality” in PLC would basically become the most
important factor in order to increase the proﬁt. The importance
assigned to this factor is consistent with the results of the research
conducted by Bailey et al. [79], which was based on improving the
quality according to outsourcing.
7.2.5. 5th ranked: “environmental compatibility”
This shows that the DMs of our study have considered environmental implications of taking RL outsourcing decisions. In
fact, besides repairment, renovation, and restoration, RL is one
of the solutions to the problem of protecting the environment
through recycling [77]. Furthermore, an appropriate ecological
image attracts customers who are more and more willing to pay
for goods that are respectful of the environment. That is, paying
attention to environmental issues is rewarded by an increase in
proﬁt terms.
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7.2.6. 6th ranked: “customer satisfaction”
This conﬁrms that, in order to survive in a competitive environment, manufacturing organizations need to improve their services.
According to recent studies, belonging to a well-functioning
network service very much contributes to increase customer satisfaction [80].
7.2.7. 7th ranked: “increase of inventory”
Thus, we can concluded that DMs of our study aimed at selecting
the 3PRLPs so as to maximize the proﬁt in a given time period determined by the necessity of avoiding/reducing delays in the company
activities. Inventory is generally used to assess the performance of
supply chain management [81]. Determining the amount of goods
to order is a key issue: the unsuitable design of the structure of the
supply chain, the irrational analysis of the inventories, the wrong
estimation of the demand are some of the reasons that can lead
to the loss of opportunities and the storing of too much inventory
[82].
7.2.8. 8th and 9th ranked: “Standardization” and “organizational
growth”
This shows that DMs of our study focused their attention on
global markets. The increase of standardization can be a competitive advantage. On the other hand, outsourcing decision making
should be coherent with the mission and objectives of the organization [83] and, hence, with the growth of the company.
7.2.9. 9th ranked: “ﬂexibility”
This result was unexpected! Indeed, ﬂexibility has been identiﬁed as one of the main factors to consider when selecting 3PRLPs
[5,9,21]. Flexibility is a key feature that can enhance customer
service since it usually relates to special and non-routine orders
[84]. Moreover, “ﬂexibility” is a sub-criterion of OPC and shows a
direct relationship with PLC. More precisely, it inﬂuences all the
stages of a product’s life cycle, from the initial to the ﬁnal one,
so that a decrease in ﬂexibility could actually cause somewhat
irreparable damages.
7.2.10. 10th ranked: “hidden outsourcing costs”
Considering that “hidden outsourcing costs” were ranked ﬁrst
among the weaknesses factors, we can conclude that the criteria of
the weaknesses group were not really considered so important by
the DMs of our case study.
7.2.11. 11th ranked and 12th ranked: “return on investment” and
“tax risk”
This result was also unexpected! The position eleventh for
“return on investment” shows that that DMs of our study did not
look at outsourcing as a source of income. At the same time, “tax
risk” in position twelve means that the DMs of our study have paid
relatively little attention to potential changes in ﬁnancial markets
and the risks that these changes could imply for the company.
7.2.12. 13th and 14th ranked: “organizational control”, “giving
the full power of attorney to a third party” and “commitment and
risk coverage”
In general, organizations that are willing to outsource know
quite well that delegating activities to contractors increases the
risk of losing data and materials [25]. The position of moderate
importance occupied by “organizational control” in the ﬁnal ranking shows that the company under analysis had paid relatively close
attention to this factor and attempted to manage it properly. In
addition, organizations try to hire third-party providers that will
provide appropriate coverage for the commitments and risks ahead
of them. This is in line with the fact that the criterion of “giving the
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full power of attorney to a third party” shares the position thirteen with “organizational control”, while “commitment and risk
coverage” is ranked next (position fourteen).
7.2.13. 15th ranked: “Proper relationships among the staff”
This is an interesting result since it also implies proper relationships between third-party providers and the staff so as to encourage
and motivate the employers to work to achieve the organization’s
goals. The lack of such relationships may give rise to strikes, boycotts and similar actions, which constitute an inappropriate context
for logistic measures [85]. Nevertheless, the ideas of cooperation
and reciprocal help were only marginally accounted for by the
DMs of our case study. In the cases where this factor is ignored or
not completely analyzed while selecting 3PRLPs, it is recommendable to assess and evaluate the relationships among the staff after
outsourcing. A useful technique in this sense is SERVQUAL.
7.2.14. Positions 16th to 19th
The remarkable point about these positions is that they
include the strength sub-criterion “Cost management”. Cost reduction is one of the basic pillars of outsourcing in many studies
[22–24,26,79,86–88,94]. However, the results of our case study
showed something different. “Cost management” in the RL section
was considered of little importance by the DMs of our study and
ranked among the last priorities. Therefore, we can conclude that RL
outsourcing does not necessarily means reducing costs and improving efﬁciency [89]. This is a very interesting conclusion considering
that many companies wrongly start to outsource their core activities with the only objective of reducing costs [90].
8. Conclusion
We have proposed a new hybrid method to rank the criteria
and sub-criteria characterizing RL outsourcing decision making.
The proposed model combines the SWOT analysis with an IF-AHP
model. The AHP part of the model allows to quantify the otherwise
purely qualitative results obtained from the SWOT analysis. The
use of triangular intuitionistic fuzzy numbers serves the purpose
of accounting for the ambiguity and uncertainty of the information input on which DMs must perform the pair-wise comparisons
among the decision criteria. In particular, we propose a novel extension of the fuzzy preference programming (FPP) model to an IF
setting. This represents the main contribution of the current paper
from the technical viewpoint.
To the best of the authors’ knowledge, the current paper is the
ﬁrst to implement an IF-AHP and SWOT hybrid model to identify
and evaluate the criteria of an RL outsourcing decision.
We have reported and discussed the results obtained in a case
study involving an actual company. In particular, this study showed
that the most important criterion followed by the company under
analysis in order to take RL outsourcing decisions was the focus on
the core business. Improving product quality in highly competitive
conditions and increasing costumer satisfaction revealed to be two
criteria of high importance, while reducing costs was ranked among
the least important priorities.
The results obtained in this paper can be useful to any organization dealing or willing to implement RL outsourcing. However,
whether and why outsourcing RL can really increase the competitiveness of an organization remains an open question. Further
research should be developed in this direction.
Finally, the preference programming model used to obtain the
local weights in our study could be modiﬁed and adapted to determine the corresponding weights in other multi-criteria decision
ranking methods such as TOPSIS, VIKOR and PROMETHEE in their
fuzzy versions. These extensions provide potential lines of research
to be developed in future studies.

556

M. Tavana et al. / Applied Soft Computing 40 (2016) 544–557

Acknowledgement
The authors would like to thank the anonymous reviewers and
the editor for their insightful comments and suggestions.
Appendix. Software implementation of the IFPP model
To compute local weight of criteria and sub-criteria, we have
implemented the IFPP model (29) in LINGO 11.0. We include below
the LINGO 11.0 codes used to solve the preference programming
problem given in Eq. (29) in order to determine the local weights for
the weaknesses sub-criteria. The corresponding problems relative
to the other groups of sub-criteria can be derived in a similar way.
The letters T, L and B used in the code correspond to , ˛ and ˇ in
Eq. (29), respectively.
MAX=T;
L-T*0.2153394≥0;
B+T*(1-0.6774733)<=1;
(1/2)*L*W2-W1*0.6+(1)*W2*0.6<=0;
(1/2)*L*W2+W1*0.6-(2)*W2*0.6<=0;
(1/2)*L*W3-W1*0.6+(1)*W3*0.6<=0;
(1/2)*L*W3+W1*0.6-(2)*W3*0.6<=0;
(0)*L*W3-W2*0.6-(2)*W3*0.6<=0;
(0)*L*W3+W2*0.6-1*W3*0.6<=0;
(1/2)*L*W4-W1*0.6+(1/2)*W4*0.6<=0;
(1/2)*L*W4+W1*0.6-(3/2)*W4*0.6<=0;
(1/6)*L*W4-W2*0.6+(1/2)*W4*0.6<=0;
(1/3)*L*W4+W2*0.6-(1)*W4*0.6<=0;
(1/3)*L*W4-W3*0.6+(2/3)*W4*0.6<=0;
(1)*L*W4*W3*0.6-(2)*W4*0.6<=0;
(1/2)*L*W5-W1*0.6+(1)*W5*0.6<=0;
(1/2)*L*W5+W1*0.6-(3/2)*W5*0.6<=0;
(1/3)*L*W5-W2*0.6+(1)*W5*0.6<=0;
(1)*L*W5+W2*0.6-(2)*W5*0.6<=0;
(1/3)*L*W5-W3*0.6+(2/3)*W5*0.6<=0;
(1)*L*W5+W3*0.6-(2)*W5*0.6<=0;
(1/3)*L*W5-W4*0.6+(2/3)*W5*0.6<=0;
(1)*L*W5+W4*0.6-(2)*W5*0.6<=0;
W2*(1/2)*B-(3/2)*W2+W1-0.3*W1+0.3*(1)*W2≥0;
W3*(1/2)*B-(3/2)*W3+W1-0.3*W1+0.3*(1)*W3≥0;
W3*(0)*B-(1)*W3+W2-0.3*W2+0.3*(1)*W3≥0;
W4*(1/2)*B-(1)*W4+W1-0.2*W1+0.2*(1/2)*W4≥0;
W4*(1/6)*B-(2/3)*W4+W2-0.3*W2+0.3*(1/2)*W4≥0;
W4*(1/3)*B-(1)*W4+W3-0.2*W3+0.5*(2/3)*W4≥0;
W5*(1/2)*B-(1)*W5+W1-0.2*W1+0.2*(1/2)*W5≥0;
W5*(1/3)*B-(1)*W5+W2-0.2*W2+0.2*(2/3)*W5≥0;
W5*(1/3)*B-(1)*W5+W3-0.2*W3+0.2*(2/3)*W5≥0;
W5*(1/3)*B-(1)*W5+W4-0.2*W4+0.2*(2/3)*W5≥0;
W2*(1/2)*B-(1)*W1+(3/2)*W2-0.3*(2)*W2+0.3*W1≥0;
W3*(1/2)*B-(1)*W1+(3/2)*W3-0.3*(2)*W3+0.3*W1≥0;
W3*(0)*B-(1)*W2+(1)*W3-0.3*(1)*W3+0.3*W2≥0;
W4*(1/2)*B-W1+(1)*W4-(3/2)*W4*(0.2)+W1*0.2≥0;
W4*(1/3)*B-W2+(2/3)*W4-(1)*W4*(0.3)+W2*0.3≥0;
W4*(1)*B-W3+(1)*W4-(2)*W4*(0.2)*W3+0.2≥0;
W5*(1/2)*B-W1+(1)*W5-(3/2)*W4*(0.2)+W1*0.2≥0;
W5*(1)*B-W2+(1)*W5-(2)*W4*(0.2)+W2*0.2≥0;
W5*(1)*B-W3+(1)*W4-(2)*W5*(0.2)+W3*0.2≥0;
W5*(1)*B-W4+(1)*W4-(2)*W5*(0.2)+W4*0.2≥0;
W1+W2+W3+W4+W5=1;
L≤1;
B≤1;
end
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