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KEYWORDS ABSTRACT
Supply chain management, Nov_vadays supply chain management has t_)ecome one _of the powerful
Liability, business concepts for organizations to gain a competitive advantage

in global market. This is the reason that now competition between the
firms has been replaced by competitiveness among the supply chains.
Moreover, the popular literature dealing with supply chain is replete
with discussions of leanness and agility. Agile manufacturing is
adopted where demand is volatile while lean manufacturing is used in
stable demands. However, in some situations it is advisable to utilize a
different paradigm, called leagility, to enable a total supply chain
strategy. Although, various generic hybrids have been defined to
clarify means of satisfying the conflicting requirements of low cost
and fast response, little research is available to provide approaches to
enhance supply chain leagility.By linking Leagile Attributes and
Leagile Enablers (LAs and LEs), this paper, based upon Quality
Function Deployment (QFD), strives to identify viable LEs to achieve
a defined set of LAs. Due to its wide applicability, AHP is deployed to
prioritize LAs. Also, fuzzy logic is used to deal with linguistics
judgments expressing relationships and correlations required in QFD.
To illustrate the usefulness and ease of application of the approach,
the approach was exemplified with the help of a case study in
chemical industry.

Analytic Hierarchy Process,
Fuzzy logic,
Quality Function Deployment.
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1- Introduction
The combined effect of system-induced and

manufacturing practices is replete with
discussions of leanness and agility. The lean

marketplace uncertainty typically leads to the
type of bullwhip effect supply chain dynamics
(Fisher, 1997); Furthermore, the need to
distinguish between stable functional products
competing on price and volatile fashion or
innovative products dependent on fast
response, is now widely accepted (Fisher,
1997). The popular literature dealing with
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approach operates best when there is high
volume, predictable demand with supply
certainty, so that functional products can be
created. In low volume, highly volatile
supply chains, where customer requirements
are often unpredictable and supplier
capabilities and innovations are difficult to
control, a more responsive or agile approach,
based on innovative products, is appropriate
operationally (Cox and Chicksand, 2005).
There can never be any one single best way
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(lean or agile) of managing business strategy
and supply chain (Cox and Chicksand, 2005).
Indeed, sometimes ‘““agilean” approaches may
be necessary because there are decoupling
points in supply chains that require a lean
approach at one point and a more agile
approach at another (Naylor et al., 1999).

The proposed paper tries to develop an
integrated approach to obtain supply chain
leagility. Furthermore, we attempt to introduce
a practical tool that could be easily adopted to
implement leagile strategies. By linking
Leagile Attributes and Enablers (LAs and LES)
our proposed approach, which is based upon
the House of Quality (HOQ) of Quality
Function Deployment (QFD) methodology,
aims at identifying the most appropriate leagile
enablers to be implemented by supply chain
management.  Leagile  Attributes (LAS)
represent company’s requirements, and appear
as “whats” in the HOQ, while Leagile
Enablers (LEs) are listed as “hows”, since they
are considered as practical tools the company
can implement to achieve leagility. First, the
priority weights of LAs are computed by
Analytic Hierarchy Process (AHP). Then, LEs
are ranked through the application of fuzzy-
QFD. Fuzzy logic is used to deal with
linguistics judgments expressing relationships
and correlations required in the HOQ.

The remainder of the paper is organized as
follows. In the second section, we have the
literature review of lean, agile and leagile
supply chain. Then, traditional QFD, fuzzy
logic, and AHP frameworks are presented as
are commonly discussed in literature. In the
third section, based on the findings from the
literature, Leagile Attributes and Enablers
(LAs and LEs) are identified, and our AHP-
fuzzy-QFD approach to enhance supply chain
leagility is detailed. A case study is presented,
in section four, to illustrate the usefulness and
ease of application of the model. Finally, the
last section contains the concluding remarks
and future research directions.

2. Review of the Literature
We begin by providing a brief overview of the
tools and paradigms used in this work.

2-1. Lean Supply Chain

The term “lean production” was first used by
Krafcik (1988b), and subsequently, Womack
et al. (1990) used this term to contrast Toyota
with the western “mass production” system in
his book of “The Machine That Changed the
World”. Lean production, originating from
the Toyota Production System is one of the
initiatives that many major businesses all
around the world have been trying to adopt in
order to remain competitive in the
increasingly global market (Pe'rez and
Sa'nchez, 2000;  Schonberger,  2007;
Womack, et al., 1990). The focus of this
multi-dimensional approach is on cost
reduction by eliminating non-value added
activities, and using tools such as JIT, cellular
manufacturing, total productive maintenance,
production smoothing, setup reduction and
others to eliminate the waste (Abdulmalek
and Rajgopal, 2007; Monden, 1998; Nahmias,
2001), extending not only within the
organization but also along the company’s
supply chain network (Scherrer-Rathje, et al.,
2009). A key feature of the “Machine” book
was that it did not only discuss manufacturing
operations, but also supply chain (Holweg,
2007). The core thrust of lean production is
that the mentioned tools can work
synergistically to create a streamlined, high
quality system that produces finished
products at the pace of customer demand with
little or no waste (Crute et al., 2003; Shah and
Ward, 2003). Lean promises significant
benefits in terms of increased organizational
and supply chain communication and
integration (Scherrer-Rathje, et al., 2009).
The adoption of lean principles, which put
more emphasis on levelizing the production
schedule (Naylor et al., 1999), lead to a
positive outcome with stable and/or
increasing profitability (Cox and Chicksand,
2005). Furthermore, managing the supply
chain and working closely with suppliers is
facilitated by rationalizing the supplier base
and focusing on suppliers committed to the
ideals of lean production (Kannan and Tan,
2005).

While aspects of lean thinking may be
appropriate internally for all participants in
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supply chains, the ability to extend this way of
thinking beyond the boundaries of the firm
into the extended supply chain is problematic
to some extent; so, lean supply is of limited
utility for many participants in supply chains.
This is primarily because the leverage
resources sometimes do not exist to allow a
lean SCM approach to be adopted throughout
the chain (Cox and Chicksand, 2005).

2-2. Agile Supply Chain

Among proposals of how to deal with an
uncertain and unpredictable environment,
agility is one of the most predominant and
popular ones (Kettunen, 2009; Sherehiy et al.,
2007) emerged in the beginning of the 1990s.
The creators of “agility’”” concept at the
lacocca Institute of Lehigh University (USA)
(1991) defined it as: ‘‘A manufacturing system
with capabilities (hard and soft technologies,
human resources, educated management, and
information) to meet the rapidly changing
needs of the marketplace’’. Gunasekaran
(1999) defined agility as the ability of
surviving and prospering in a competitive
environment of continuous and unpredictable
change by reacting quickly and effectively to
changing markets, driven by customer-defined
products and services. An agile system puts
more emphasis on rapid reconfiguration and
robustness (Naylor et al., 1999). Sharifi and
Zhang (1999) mentioned that responding to
change in proper ways and taking advantages
of changes are the main factors of agility.
Despite the differences, all definitions of
“‘agility’” emphasize the speed and flexibility
as the primary attributes of an agile
organization (Gunasekaran, 1999; Sharifi and
Zhang, 1999; Sherehiy et al., 2007; Yusuf et
al., 1999). An equally important attribute of
agility is the effective response to change and
uncertainty (Goldman et al., 1995; Kidd, 1994;
Sharifi and Zhang, 2001; Va'zquez-Bustelo
and Avella, 2006).

One of the challenges the new millennium has
brought about for supply chain managers is the
commonality of turbulence and volatility in
markets (Lancioni, 2000). As Christopher
(1999) pointed out, nowadays agility is an
important factor in the design of supply

chains. This refers to the ability of the supply
chain to respond quickly to changes in
customer and competitive demands. Agility in
a supply chain, according to Ismail and
Sharifi (2005), is the ability of the supply
chain as a whole and its members to rapidly
align the network and its operations to
dynamic and turbulent requirements of the
customers. The foundation of the agile supply
chain lies in the integration of customer
sensitivity, organization, processes, networks
and information systems (Lin et al., 2006). In
her study, Bottani (2009) proposed an original
approach to show the applicability of the
Quality  Function  Deployment (QFD)
methodology, and particularly of the House of
Quality (HOQ), to enhance agility of
enterprises. She suggested that future studies
can address the development of a similar
integrated approach to enhance the leanness
of companies. This sound suggestion is the
impetus behind the present study.

Agility, encompassing both companies and
the supply chain as a whole (Ren et al., 2001),
is recognized as fundamental for survival in
turbulent and volatile markets and to help
companies to deliver the right product at the
right time to the customers (Agarwal et al.,
2007; Gunasekaran et al., 2002; Lin et al.
2006; Yusuf et al., 1999; Yusuf et al., 2004).

2-3. Leagility to cope with supply chain
uncertainty and different product types

SCM improvement strives to match supply
and demand which requires the reduction of
uncertainty within the supply chain to
facilitate a more predictable upstream
demand. Sometimes, however, uncertainty is
impossible to remove from the supply chain
due to the type of product involved
(Bhavnagar and Shoal , 2005). If a product is
highly fashionable its demand will be
unpredictable. Thus, the supply chains are
faced with uncertainty but need to develop a
strategy that enables them still to match
supply and demand. Towill and McCullen
(1999) believe that many of the detrimental
effects of uncertainty can be alleviated by
working hard to reduce the system-induced
effects. This leaves the supply chain to
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develop a strategy that needs to deal with
marketplace uncertainty. The combined effect
of  system-induced and marketplace
uncertainty typically leads to the type of
“bullwhip effect” supply chain dynamics
(Fisher, 1997; Towill et al., 2003) that is the
resultant behavior due to a system-imposed
uncertainty resulting from a supplier discount
scheme operating in a retail supply chain
(Mason-Jones et al., 2000).

On the other hand, product features influence
supply chain configuration and management
choices. As mentioned before, a well-
established classification is the one proposed
by Fisher (1997): “innovative and functional
products”; innovative and fashion sensitive
ones match with a market-responsive strategy,
while functional products match with a
physically efficient supply chain management
strategy (Aitken et al., 2003; Stratton and
Warburton, 2003). The terms lean and agile
supply have emerged to reflect the distinction
between function products and fashion ones.
Various generic hybrids have been defined to
clarify means of satisfying the conflicting
requirements of low cost and fast response
(Christopher and Towill, 2000; Mason-Jones
et al., 2000). The driving force for delivering
fashion products is to develop a strategy to
improve the match between supply and
demand, while the challenge faced by a supply
chain for basic and functional product is cost
reduction (Fisher, 1997).

The lean approach operates best when there is
predictable demand with supply certainty, so
that functional products can be created. In
highly volatile supply chains, where customer
requirements are often unpredictable and
supplier capabilities are difficult to control, a
more responsive or agile approach, based on
innovative products, IS appropriate
operationally (Cox and Chicksand, 2005).
Lean manufacturing and agile manufacturing
are distinct, yet overlapping paradigms
(Narasimhan, 2006). In fact, Naylor et al.
(1999), van Hoek (2000) and others have
coined the word ‘‘leagility’’ to mention to the
overlap in content of both paradigms. Naylor
et al. (1999) argued that while both lean and
agile systems emphasize supply integration,

waste reduction, and lead time compression,
they differ most importantly in their emphasis
on flexibility for market responsiveness. They
suggested that a lean system is best applied
upstream from the decoupling point in a
supply chain while an agile system should be
applied downstream from this point. The
leagile supply chain which has a carefully
selected material flow decoupling point,
usually are based on product configuration
considerations  (Naylor et al., 1999).
Decoupling point is the point that indicates
how deeply the customer order penetrates into
the goods (Hoekstra and Romme, 1992). It is
also defined as the stocking point which
separates activities that respond directly to
customer orders from activities that are driven
by forecasts and demand planning. Upstream
of the decoupling point, orders conform to the
level scheduling mode and are therefore
smoothed. Downstream of the decoupling
point, i.e. nearer the marketplace, orders
conform  directly to end customer
requirements and are volatile (Christopher
and Towill, 2002; Towill et al., 2003).

In their paper, Mason-Jones et al. (2000)
resulted that classifying supply chain design
and operations according to the Lean, Agile
and Leagile paradigms enables us to match
the supply chain type according to
marketplace need. They presented real-world
case studies in the mechanical precision
products (lean), carpet making (agile), and
electronic products (leagile) market sectors to
demonstrate the approach to matching supply
chain design to the actual needs of the
marketplace. Moreover, a framework was
presented by Agarwal et al.(2007), which
encapsulated the market sensitiveness,
process integration, information driver and
flexibility =~ measures of supply chain
performance on the three types of supply
chains: lean, agile and leagile.

2-4. Fuzzy-Quality Function Deployment

As mentioned previously, our integrated
approach grounds on the House of Quality
(HOQ) of the QFD methodology widely used
as an able tool in prosperous companies all
around the world (Akao, 1990), originally
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implemented and developed in Japan at the
Kobe Shipyards of Mitsubishi Heavy
Industries in 1972 (Hauser and Clausing,
1988). It is a widely used customer-driven
design and manufacturing tool (Gunasekaran
et al.,, 2002; Wang et al., 2010), commonly
used in new product development field to
translate customer requirements (whats) into
appropriate products engineering
characteristics (hows). The success of QFD
applications may be the result of some of its
benefits, such as higher customer satisfaction,
greater customer focus, shorter lead time, and
knowledge preservation (Liu, 2009). The
crucial and essential activity in the application
of QFD is to construct the HOQ accurately,
which includes determining the importance
weights of customer requirements, the
relationship  matrix  between  customer
requirements and engineering characteristics,
and the correlation matrix among engineering
characteristics. For HOQ modeling approach,
see (Bottani and Rizzi, 2006; Chan and Woue,
2002; Chan and Wue, 2005; Fung et al., 2003;
Temponi et al., 1999; Vairaktarakis, 1999). In
the proposed approach, QFD and HOQ
principles are translated from the new products
development field to the leagility context.
HOQ represents a practical tool, which allows
directly assessing the impact of leagile
enablers on leagile attributes, through the
relationships  matrices. It also allows
identifying possible correlations between
enablers.

On the other hand, leagility assessment is
often deal with through fuzzy logic, due to the
imprecise definition of leagility indicators.
Owning to vagueness frequently represented in
decision data, the crisp values are inadequate
to model real life situations. Considering the
typical vagueness or imprecision of functional
relationships between LAs and LEs, it is
difficult to identify them. Fuzzy logic allows
taking into account the different meaning that
we may give to the same linguistic expression.
Thus, the major contribution of fuzzy set
theory is its capability of representing vague
data (Zadeh, 1965). As a matter of fact, this is
why the fuzzy approach has been so widely
adopted in different research fields, as

witnessed by the massive literature on the
subject (Bottani and Rizzi, 2006). A fuzzy set
is a class of objects with a continuum of
grades of membership. Such a set is
characterized by a membership function,
which assigns to each object a grade of
membership ranging between 0 and 1
(Kahraman and Ertay, 2006; Zadeh, 1965).
By the adoption of fuzzy logic we will have
the opportunity to express ill-defined
judgments, such as the impact of a leagile
enabler on a leagile attribute (Bottani and
Rizzi, 2006).

Sohn and Choi (2001) applied fuzzy-QFD to
the supply chain and developed a fuzzy
MCDM method to select a design with an
optimal combination of reliability and
customer satisfaction (Sohn and Choi, 2001).
Chan and Wue (2005) paid special attention
to the various subjective assessments in the
HOQ process, and symmetrical triangular
fuzzy numbers (STFNs) were suggested for
use to capture the vagueness in people's
linguistic assessments. Bottani and Rizzi
(2006) proposed a fuzzy-QFD approach and
addressed the issue of how to deploy HOQ to
efficiently and effectively improve logistic
process. Moreover, in the context of agility, a
detailed comparison between three different
methodologies for agility assessment, both
under crisp and fuzzy environments, was
performed by Bottani (2008), which the
reader is referred to for additional details.

2-4-1. Triangular Fuzzy Number (TFN)

If a,b and c, respectively, denote the smallest
possible value, the most promising value and
the largest possible value that describe a
fuzzy event, then the triangular fuzzy number
(TFN) can be denoted as a triplet (a,b,c)
where, a<b <c. Whena=b =c, itisanon-
fuzzy number by convention. The
membership function can be defined as
(Chamodrakas et al., 2009; Zimmermann,
1991):

(x-a)/(b-a), x e[a,b]
Hn(X) (c-x)/(c-b), xelb,c] 1)
0 otherwise
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If M =(a;,b;,c1) and N=(ap,b,,cy) represents two TFN, then required fuzzy calculations are

performed as below:

Fuzzy addition: M @N = (a;+ay, by+b,, C1+Cy). 2
Fuzzy multiplication: M ®N = (a; xaz, byxb,, c1xCy). 3)
M®1/N= (a1/c2, b1/b2, C1/ 8.2) (4)

Fuzzy and a natural number multiplication:

2-5. Analytic hierarchy process (AHP)

Due to its wide applicability and ease of use,
the Analytic Hierarchy Process (AHP),
developed by Saaty (1980), has been studied
extensively for the last 20 years. It has been
widely used to address multi-criterion decision
making problems. Fundamentally, AHP works
by developing priorities for goals in order to
value different alternatives (Ban“uls and
Salmeron, 2008). The AHP consists of three
main  operations, including hierarchy
construction, priority analysis, and consistency
verification (Ho, 2008). The hierarchy of the
decision variables is the subject of a pairwise
comparison of the AHP. The pairwise
comparison is established using a nine-point
scale which converts the human preferences
between available alternatives as equally,
moderately, strongly, very strongly or
extremely preferred. This discrete scale of
AHP has the advantage of simplicity and ease
of use (Chan and Kumar, 2007). Ho (2008)
reviewed the literature of the applications of
integrated AHPs. The results showed that the
focus has been confined to the applications of
the integrated AHPs rather than the stand-
alone AHP. He also concluded that QFD is
one of the five tools that commonly combined
with the AHP (Ho, 2008). In the paper
proposed, AHP is deployed to prioritize LAS;
the output of this prioritization, represented as
W;, is the input of Fuzzy-QFD part of the
model.

3. An Integrated Approach to Enhance
Supply Chain Legality
The framework to achieve supply chain
legality (SCL) by AHP-fuzzy-QFD comprises
four main parts. It has a stepwise description
as presented below:

reM=(ra,rb,r.c). (5)

3-1. Identify LAs and LEs of the supply
chain

To be truly leagile, a supply chain must
possess a number of distinguishing attributes
and enablers. By discussing agile and lean
attributes and enablers available in literature,
we strive to provide practitioners with the
required fundamentals to apply the
methodology developed to real cases. Leagile
attributes (LAs), hereafter defined as the
elements which constitute the underlying
structure of a leagile organization, are
originally conceived as core concepts of
leagile manufacturing. Accordingly, leagile
enablers (LEs) are enabling tools,
technologies, and methods critical to
successfully accomplish leagile supply chain
management.

LAs enhancing supply chain leagility and LEs
to be exploited in order to achieve the
required LAs, accepted by several authors,
were identified. Based on a review of the
normative literature (Brown and Bessant,
2003; de Treville and Antonakis, 2006; Hopp
and Spearman, 2004; McLachlin, 1997;
Narasimhan et al., 2006; Prince and Kay,
2003; Shah and Ward, 2003; Sharifi and
Zhang, 2001) many LAs and LEs were
defined for leagile supply chain, as shown in
Fig. 4, which is the complete AHP-Fuzzy-
HOQ presented in our proposed paper.
Furthermore, suggestions to identify viable
sets of lean and agile attributes and enablers
can be found in literature, and different or
additional LAS/LEs could be listed in the
HOQ. As can be seen in Fig. 1, the leagile
attributes consist of lean, agile and the joint or
shared attribues between lean and agile ones.
Similarly, the leagile eneblers consist of lean,
agile and the joint ones.
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Fig. 1. LAs and LEs listed in AHP-Fuzzy-HOQ achieved from the literature survey

3-2. Prioritize LAs by AHP to obtain LAs’
priority weights (W)

After defining LAs, their priority weights are
computed by using Expert Choice 9.5; for this
purpose, first the pair-wise assessment
matrices are prepared to evaluate the
alternatives (LAs) with respect to criteria.
Then, the criteria are evaluated with respect to
the goal. After evaluating the related literature,
7 criteria were identified including speed,
flexibility, cost, responsiveness, competency,
quality, and innovation (Giachetti et al., 2003;

Sharifi and Zhang (1999); Yusuf et al., 1999;
Yusuf and Adeleye, 2002) Furthermore, as
mentioned before, the hierarchy consists of 9
alternatives that are LAs; Thus, the output of
this hierarchy, which indicates LAs’ priority
weights, represented as W;, is the inputs of
Fuzzy-QFD part of the proposed model.

3-3. Determine the relationships between
LAs and LEs (Rj), and the correlation
between LEs (Ty;)

Due to the qualitative and ambiguous
attributes linked to leagility implementation,
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most measures are described subjectively
using linguistic terms cannot be handled
effectively using conventional approaches.
However, fuzzy logic provides an effective
means of dealing with problems involving
imprecise and vague phenomena (Lin et al.,
2006). It is exploited to translate linguistics
judgments required for relationships and
correlations matrices into numerical values. In
this step, the degree of relationship between
LAs and LEs is stated by the corresponding
fuzzy numbers and puts in the matrix of HOQ.
Moreover, the degree of correlation between
LEs would be then expressed by fuzzy
numbers in the fuzzy HOQ. Both mentioned
correspondences are shown in Tables 1 and 2.

Tab. 1. Degree of relationships, and
corresponding fuzzy numbers (Bottani and
Rizzi, 2006).

Degree of Fuzzy number
relationship
Strong (S) 0.7; 1; 1)
Medium (M) (0.3;0.5;0.7)
Weak (W) (0; 0; 0.3)
Tab. 2. Degree of correlations, and

corresponding fuzzy numbers (Bottani and
Rizzi, 2006).

Degree of Fuzzy number
correlation
Strong positive (SP) 0.7;1; 1)
Positive (P) (0.5;0.7; 1)
Negative (N) (0; 0.3;0.5)
Strong negative (SN) (0; 0; 0.3)

3-4. Calculate the relative importance (RlI;)
and priority weights of LEs (RIJ-*) to

identify the most appropriate LES

The aim of computing these two parameters is
to determine which LE has the most effect on
supply chain leagility. RI; is computed by
fuzzy multiplication of W;, LAs’ priority
weights, to R;j;, the fuzzy number expressing
the relationship between the i-th LA and the j-
th LE in relationship matrix of HOQ.

RI; =>W, ®R; j=1....,m ©)

i=1

RI]=RI;®> T, ®RIl, j=1...m (1)
k=]

Rl is the relative importance of the k-th LE
and Ty indicates the degree of correlation
between the k-th and the j-th LE shown in the
roof part of HOQ. Furthermore, normalization
is performed by dividing each RI;" by the
highest one according to the fuzzy sets
algebra. Then, in order to rank LEs, the
normalized scores of RI;" should be de-
fuzzified. Suppose M (a,b,c) is a TFN, then
the defuzzified value is computed as:

(a+4b+c)/6 (8)

Leagile enablers with high crisp values
indicate that they can be usefully exploited to
enhance relevant leagile attributes; thus, such
enablers  should be  selected for
implementation.

4. Case study

The proposed approach was implemented in a
case study to illustrate the usefulness and ease
of application of the method, as well as
considering practical implications of the
methodology proposed. The case is presented
in @ company operating in chemical industry
producing detergents. Focusing on the
methodological point of view, in this study
we do not deal with the definition of a
specific set of LAs and LEs to be adopted in
applying the approach; they should be
identified according to the special
characteristics of the company in exam. In
this way, first a QFD team were organizaed
headed by academics and including the firm’s
executives and the main business functions
involved in the supply chain of the mentioned
company. Then, 9 LAs, presented in Fig. 2,
were chosen by the team from the 20 LAs
listed in the HOQ of Fig. 1.
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Fig. 2. AHP-Fuzzy-HOQ of the case study

AHP was deployed to rank LAs by using
Expert Choice 9.5 in its distributed mode. So,
the hierarchy of the goal, criteria and
alternatives were structured as shown in Fig. 3.
As seen in Fig. 3, in the mentioned hierarchy,
the goal is to enhance the Supply Chain
Leagility; moreover, 7 criteria mentioned

before, with the 9 alternatives, i.e. LAs of the
HOQ of Fig. 2 were considered. First the pair-
wise assessment matrices were prepared by
QFD team to evaluate the alternatives with
respect to the criteria. Then, the team
evaluated the criteria with respect to the goal.
All can be seen in Tables 3-10.
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To Enhance
Firm’s Leagility

C1 C2 C3

C5 C6 Cc7

LAL LA2 LA3 LA4

LAG LA7 LAS LA9

Fig. 3. Hierarchy for the firm’s leagility; C1: Speed; C2: Flexibility;
C3: Cost; C4: Responsiveness; C5: Competency; C6:Quality; C7:Innovation.

Then, the degree of relationship between LAs
and LEs, i.e. R;; was identified. Besides, the
correlation between LEs, ie. Ty was
determined. As mentioned before, the
assessment of the relationships and
correlations in HOQ, mainly rely on human
judgments. Thus, in our approach, we
proposed to exploit fuzzy logic as an effective
mean to deal with them; in this way, both R;;
and Ty; were expressed by fuzzy numbers and
inserted in Fig. 3. By using equations (6) and
(7), RI;and RI; were computed, and RI;” was
normalized by dividing each RI;" by the
highest one, i.e. RITQM* (Total quality
management). Then the normalized scores
were de-fuzzified by equation (8). All
computation results are inserted in Fig. 3.

Tab. 3. The Pair Wise Assessment for
Criteria With Respect to the Goal

Tab. 4. The Pair Wise Assessment for the
Alternatives With Respect to C;

1C AA 3A AA A A A A W
A U U U 1 009
A R A S - S S
A1 U U U U U 004
, 3 1 2 2 3 5 3 3 5 3
AV YV [ U YV Y Y U 1 003
s 4 2 2 3 2 4 2 5 4
AV Y o, U , U U Y 005
. 3 2 3 4 2 4 1
A1 1 1 010
Ay s s s 1 2 Y 2 )

A U U U 1 006
s 2 2 2 5 5, 15 5 5 o3

A g 3 4 4 3 5 1 4 1 8'23
7

A 1/ 1 1 009
As s 22 Y 2 Y Y S
Ay 5 5 4 4 6 1 5 1 8'27
9

Inconsistency ratio = 0.08

Tab. 5. The pair wise assessment for the
alternatives with respect to C,.

Goal C C, Cs Cy Cs Cs Cs We

CC A A AA AF A A A A A We,

C: 1 1/2 3 1/2 1/3 1/2 3 0.144
C; 2 1 3 1 1 2 2 0.165
Cs 1/3 13 1 172 172 172 1/3  0.060
Cs 2 1 2 1 1/2 2 3 0.182
Cs 3 1 2 2 1 172 3 0.205
Cs 2 172 2 172 2 1 2 0.168

Cy 1/3 1/2 3 1/3 1/3 1/2 1 0.077

A 1 1 2 16 3 1/4 14 13 1/2 0.053
A 1 1 1 16 13 14 15 1/4 172 0.033
As 12 1 1 v4 12 15 15 1/3 13 0.032
A, 6 6 4 1 3 2 3 4 4 0.270
As 13 3 2 13 1 15 12 12 1 0.057
As 4 4 5 12 5 1 3 4 5 0.236
A 4 5 5 113 2 13 1 4 3 0.158
As 3 4 3 u4 2 14 U4 1 4 0.102
Ay 2 2 3 4 1 15 13 14 1 0058

Inconsistency ratio = 0.08

Inconsistency ratio = 0.07
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Tab. 6. The pair wise assessment for the
alternatives with respect to C

Tab. 9. The pair wise assessment for the
alternatives with respect to Cg

C 1 A1 Az & A4 A5 AG A7 A8 A9 WC3

C 1 A1 Az A3 A4 A5 AG A7 A8 A9 WCG

A 1 U7 16 2 12 12 15 16 1 0.033
A 7 1 3 4 6 6 3 14 6 0210
As 6 13 1 5 6 6 3 14 5 0162
A, 12 114 15 1 2 3 15 1/5 3 0.050
As 2 16 16 12 1 2 13 16 1 0.037
As 2 16 1/6 13 12 1 15 U7 14 0.026
A, 5 13 18 5 3 5 1 15 3 0105
As 6 4 4 5 6 7 5 1 6 0.338

A, 1 16 15 13 1 4 13 16 1 0.038

A YY) YY) 0.07
L3 2y 5 2 5 3 1o
AU, , U VU U U U U 004
, 3 4 2 2 3 3 2 9
AU Y o, U Y o, U U o, 005
s 2 2 4 3 3 2 4
Ay 4 o4 1 4 2 Y3, 02
] 2 2

A 1 v 0.09
AT I T R T T B
AU TRRRY, YRR 0.06
s 2 2 1 5 5 13 5 13
As 3 3 2 3 3 1 4 4 g.ze
7

A 1 1 0.12
Asos o2 Y 2 2 2 ]

A ooy TRRRY, 0.05
- T e S R S

Inconsistency ratio = 0.1

Tab. 7. The pair wise assessment for the
alternatives with respect to C,

Inconsistency ratio = 0.06

Tab. 10. The pair wise assessment for the
alternatives with respect to C;

A

GG A A A A A A A A A Wey C: A , A Av As As Ar A Ar Wo
A 1 3 2 13 16 VA U5 13 13 0038 A 12/ 13/ 12/ 3 g 12/ 2 2-08
1
A, 173 1 2 15 17 15 1/5 1/3 1/3 0.026 A 1/ 1 1/ 1/ 1/ 1/ 1/ 1/ 1/ 0.04
As 12 12 1 16 16 14 15 1/3 14 0024 2 2 2 3 2 2 4 2 2 5
A vy v U U 007
A 3 5 6 1 12 3 4 4 4 0216 : 2 2 1 3 5 2 5 5 5
A 6 7 6 2 1 4 5 5 6 0313
° Ay 3 3 1 3 2 1 2 4 92
A 4 5 4 13 14 1 13 3 4 0109 4 1
A 5 5 5 14 15 3 1 4 5 0155 f‘ 2 2 2 é’ 12 é’ 2 2 8'12
A 3 3 3 14 1Us 13 14 1 3 0067 A1 vy 1 1 1 005
3 2 2 2 2 Y 3 9 35 %
A 3 3 4 14 Us U4 15 U3 1 0052 6
Inconsistency ratio = 0.1 ;A‘ 3 4 3 1 3 3 1 3 3 g'zz
A, , L, Vv Uy g0l
Tab. 8. The pair wise assessment for the 8 2 2 3 3
. - AU v U [T 0.07
alternatives with respect to Cs ., 2 2 2 4 5, 2 3 3 1 4

Ct A A A3 AA A A A A3 Ay WG

A 1 3 2 12 13 12 12 14 2 0.080
A 13 1 13 13 12 12 1/3 13 13 0.040
As 12 3 1 13 14 U3 12 1/2 13 0.055
Ay 2 3 3 1 12 2 12 1 2 0128
As 3 2 4 2 1 2 12 12 2 0150
As 2 2 3 12 12 1 12 12 1/2 0.087
A 2 3 2 2 2 2 1 3 2 0.203
As 4 3 2 1 2 2 13 1 3 0.167

A, 12 3 3 12 12 2 12 13 1 0.089

Inconsistency ratio = 0.08

Inconsistency ratio = 0.05

5. Discussions

In our proposed case study, AHP implication
in computing LAs’ priority weights showed
that LA7 (Employee satisfaction) got the first
rank of LAs, followed by LA5 (Delivery
responsiveness) and LA8 (Cost efficiency).
Thus, in the mentioned case, having satisfied
employees would result in getting a more
leagile supply chain mainly because of the
high involvement rate of employees in
achieving a leaner and agiler supply chain.

Moreover, Leagile enablers with high crisp
values indicate that they can be usefully
exploited to enhance relevant leagile
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attributes; thus, such enablers should be
selected for implementation. Results in Fig. 3
indicate that LE12 (TQM) got the highest crisp
value, followed by LE10 (JIT manufacturing).
Although TQM’s relationships with LAs are
not so significant, its highest crisp value is
mainly due to the wide number of correlations
that can be identified between TQM and other
important LEs, i.e. Strong Positive (SP)
correlations with LE6 (CRM) and LE11
(HRM), and Positive (P) correlations with LE1
(Supplier management), LE5 (Supplier
information sharing), and LE10 (JIT) that all
have significant relationships with LAs.
Furthermore, LE3 (Eliminate obvious waste),
and LE1 (Supplier management) placed in the
third and forth rank of implementation.

6. Conclusion and Suggestions

Lean manufacturing and agile manufacturing
are distinct, yet overlapping paradigms
(Narasimhan, 2006). Quite apart from the
general driving out of waste using lean
thinking principles (Womack and Jones,
1996), there has been tremendous pressure to
increase the speed of response of the delivery
process. It is clear that supply chains cannot be
managed using only lean techniques because
they have very unique demand and supply
characteristics that require very different
operational ways of working both internally
and externally. Moreover, in supply chain it is
essential to remove the system-induced
uncertainty, as typified by the “Bullwhip”
effect that is the resultant behavior due to a
system-imposed uncertainty resulting from a
supplier discount scheme operating in a retail
supply chain (Mason Jones et al., 2000).
However, whether to develop an agile
capability or a lean manufacturing structure
will be dependent upon where in the supply
chain the members are located. Therefore, a
total supply chain perspective is essential and
companies should be striving for leagility that
is carefully combining both lean and agile
paradigms (Naylor,1999).

In this paper, an integrated AHP-QFD
approach was proposed to enhance the
leagility of supply chain. The approach shows
the applicability of the QFD methodology, and

especially of the HOQ, to identify viable
leagile enablers to be practically implemented
to achieve a defined set of leagile attributes.
We benefited from AHP to prioritize leagile
attributes; Besides, to well cope with
vagueness of linguistics judgments required
in building the HOQs, relationships, as well
as correlations, relative importance (RI;) and
priority weights (le*) of LEs were all
defined with fuzzy triangular numbers. Also,
a case study was presented to illustrate the
ease of application of the approach. Leagile
supply chains already exist in the real world;
what is important is to recognize when it is
the best way for a particular supply chain so
that it may be appropriately engineered from
the outset (Mason Jones et al., 2000).

As mentioned before, the significant matter in
developing a lean and/or agile capability is to
consider where in the supply chain the
members are located; thus, the focus of
attention of future researches can be on this
subject. Future researches can also consider
utilizing other ranking methods instead of
AHP, such as TOPSIS, to prioritize the
leagile attributes and compute their priority
weights (W;); moreover, W; s obtained from
different ranking methods, can be compared.
In the proposed paper a case study of a
company in the supply chain of chemical
industry was presented; it is suggested to
provide more case studies in the supply
chains of other fields.
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