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Department of Mechanical Engineering,
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Abstract
Purpose – In today’s ever-changing global business environment, successful survival of manufacturing
firms/production units depends on the extent of fulfillment of dynamic customers’ demands. Appropriate
supply chain strategy is of vital concern in this context. Lean principles correspond to zero inventory level;
whereas, agile concepts motivate safety inventory to face and withstand in turbulent market conditions.
The leagile paradigm is gaining prime importance in the contemporary scenario which includes salient
features of both leanness and agility. While lean strategy affords markets with predictable demand, low
variety and long product life cycle; agility performs best in a volatile environment with high variety,
mass-customization and short product life cycle. Successful implementation of leagile concept requires
evaluation of the total performance metric and development of a route map for integrating lean production
and agile supply in the total supply chain. To this end, the purpose of this paper is to propose a leagility
evaluation framework using fuzzy logic.
Design/methodology/approach – A structured framework consisting of leagile capabilities/
attributes as well as criterions has been explored to assess an overall leagility index, for a case
enterprise and the data, obtained thereof, has been analyzed. Future opportunities toward improving
leagility degree have been identified as well. This paper proposes a Fuzzy Overall Performance Index
to assess the combined agility and leanness measure (leagility) of the organizational supply chain.
Findings – The proposed method has been found fruitful from managerial implication viewpoint.
Originality/value – This paper aimed to present an integrated fuzzy-based performance
appraisement module in an organizational leagile supply chain. This evaluation module helps to
assess existing organizational leagility degree; it can be considered as a ready reference to compare
performance of different leagile organization (running under similar supply chain architecture) and to
benchmark candidate leagile enterprises; so that best practices can be transmitted to the
less-performing organizations. Moreover, there is scope to identify ill-performing areas (barriers of
leagility) which require special managerial attention for future improvement.
Keywords Benchmarking, Decision support systems
Paper type Research paper

1. Introduction: lean, agile and leagile manufacturing concept
In this era of globalization, modern manufacturing enterprises are continuously facing
tough market competitions. The remarkable industrial growth in past few decades has
completely revolutionized their traditional manufacturing strategies, giving emergence
to the modern concepts of lean, agile, and nowadays, leagile manufacturing. These new
strategies enable the enterprises to survive in the turbulent environment of violent
competitions laid down by their competitors. The requirement of faster delivery within
due date, the ability of being flexible to satisfy fluctuating market demand have been
the prime motivations that has provoked manufacturing enterprises to look for the Benchmarking: An International
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available best alternatives, and implement it in their daily manufacturing practices.
This led to the development of a new concept of leagality, which is an integration of
lean and agile principles. Agile manufacturing is adopted where demand is volatile and
lean manufacturing is adopted where there is a stable demand. However, in some
situations it is advisable to utilize a different paradigm on either side of the material
flow decoupling point to enable a total supply chain strategy. This approach is termed
as leagile paradigm (Mason-Jones, 2000a, b).

Recent advancements have shown that leagile principle has immense potential to
counteract the existing complexity of the market scenario. Therefore, leagile principles
are, nowadays, attracting modern manufacturing enterprises; researchers as well as
management practitioners are aiming to find its potential benefits almost in all
industrial sectors throughout the globe.

1.1 Lean manufacturing
Leanmanufacturing focusses on cost reduction by eliminating non-value added activities
so that several advantages can be obtained such as minimization/elimination of waste,
increased business opportunities and to gain competitive advantage. Lean
manufacturing is generally adopted where there is a stable demand and to ensure a
level schedule. The term “lean manufacturing,” which first appeared in 1990s (Womack
et al., 1990; Holweg, 2007) when it was used to refer to the elimination of waste in the
production process, has been announced as the production system of the twenty-first
century. Historically, the concept of lean manufacturing was originated with Toyota
Production Systems; and Toyota had increasingly become known for its effectiveness in
implementing Just-In-Time manufacturing systems. Lean manufacturing is called “lean”
as it uses less or the minimum, of everything required to produce a product or perform a
service. Lean operations eliminate seven tedious wastes, namely overproduction, over
processing, motion, waiting, transportation, defects and inventory.

1.2 Agile manufacturing
Agile manufacturing is the ability to respond and create new windows of opportunity
in a turbulent market environment, driven by the individualization of customers’
requirements cost effectively, rapidly and continuously. Agile manufacturing is
essentially the utilization of market knowledge and virtual corporation to exploit
profitable opportunities in a volatile marketplace (Power et al., 2001; Katayama and
Bennett, 1999; Christopher, 2000).

Agile manufacturing is used to represent the ability of a producer of goods and
services to thrive in the face of continuous change. These changes can occur in markets,
in technologies, in business relationships and in all facets of the business enterprise.
On the contrary, lean manufacturing, the emphasis is on cost-cutting. The requirement
for organizations, to become more flexible and responsive to customers’ expectations,
led to the concept of agile manufacturing as a differentiation from the lean
organization.

1.3 Leagile manufacturing
Leagility is the combination of the lean and agile paradigms within a supply chain
strategy by proper positioning the decoupling point. A leagile system has the
characteristics of both lean and agile parts, acting together in order to exploit market
opportunities in a cost-efficient manner. The system defined as leagile could be an
entire supply chain or a single manufacturing plant with individual lean and agile
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sub-groups containing a decoupling point, which separates the lean and agile portions
of the system. The decoupling point is the point in the material flow streams to which
the customer’s order penetrates (Mason-Jones et al., 2000a, b; Prince and Kay, 2003). It is
the point where order driven and the forecast-driven activities meet. A decoupling point
within a factory enables lean and agile practices to complement each other at the
operational level to improve overall performance and profitability of the factory.
The most important reason behind combining these two concepts is to take advantages
of both in a single unit; because, there is always a need for responding to volatile
demand downstream and providing level scheduling upstream from the marketplace
(Van Hoek et al., 2001). Naylor et al. (1999) believed that they can complement each other
in the right operational conditions and should not be viewed as competitive, rather as
mutually supportive. Agility is dynamic and context specific, aggressively change
embracing and growth oriented (Goldman et al., 1995). Agile manufacturing promises
not only improved manufacturing performance, but also the support of future business
strategies designed to improve the way in which an enterprise competes in the
marketplace. On a strategic level, agile manufacturing is seemed very attractive for its
potential to cope up with future uncertainty and the prospect of producing a wide range
of highly customized products at mass production prices. Therefore, these two
concepts can be combined within successfully designed and operated supply chains;
where agile manufacturing concepts are applied to the part of the supply chain under
the greatest pressure to operate in an environment of fluctuating demand in terms of
volume and variety. Lean concepts can then be applied to the rest of the supply chain to
create and encourage level demand necessary to achieve the cost benefits associated
with this production strategy. The innovation being sought is the application of lean
and agile concepts at different stages of the same manufacturing process route so that
the benefits of both strategies can be maximized.

2. State of art and problem definition
Naylor et al. (1999) compared lean and agile paradigm highlighting the similarities and
differences as agile manufacturing is best suited to satisfy a fluctuating demand and
lean manufacturing requires a level schedule. They combined both the paradigm
within a total supply chain strategy particularly considering market knowledge and
positioning of the decoupling point. Mason-Jones et al. (2000a) integrated lean
production and agile supply in the total supply chain and supplemented by information
enrichment which required evaluation of the total performance metric and development
of a route map. Adopting such an approach to supply chain re-engineering ensured that
customer service levels were improved at the same time lead times and costs were
greatly reduced. Mason-Jones et al. (2000b) classified supply chain design and
operations according to the lean, agile and leagile paradigms that enabled to match the
supply chain type according to marketplace necessity. Herer et al. (2002) introduced
transshipments, which represented a common practice in multi-location inventory
systems involving monitored movement of stock between locations at the same level of
the supply chain and established a model, how transshipments could be used to
enhance both agility and leanness. Stratton and Warburton (2003) explored the role of
inventory and capacity in accommodating the lean as well as agile supply chain
variation and identified how Theory of Inventive Problem Solving (TRIZ) separation
principles and Theory of Constraints (TOC) tools might be combined in the integrated
development of responsive and efficient supply chains. Prince and Kay (2003) described
the circumstances on which, manufacturing organizations required an integrated agile
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and lean characteristic in their supply chain. They also described the development of
the virtual group (VG) concept, which was the application of virtual cells to functional
layouts. VGs enabled the appropriate application of lean and agile concepts to different
stages of production within a factory. The identification of VGs was achieved through
enhanced production flow analysis. Bruce et al. (2004) discussed the characteristics of
the textiles and apparel industry and identified the perspectives of leanness, agility and
leagility within existing supply chain fiction, which offered as solutions to achieving
quick response and reduced lead times.

Narasimhan et al. (2006) attempted an empirical study to determine whether leanness
and agility forms occurred with any degree of uniformity in manufacturing plants.
The result illustrated the existence of homogeneous groups that resembled lean and agile
performing plants. They identified important differences pertaining to their constituent
performance and also revealed that while the pursuit of agility might presume leanness,
pursuit of leanness might not presume agility. Agarwal et al. (2006) presented a
framework which encapsulated the market sensitiveness, process integration, information
driver as well as flexibility measures of supply chain performance. They investigated the
relationship among lead-time, cost, quality and service level and presented a case study on
three types of supply chain: lean, agile and leagile in the context of fast moving consumer
goods business. Krishnamurthy and Yauch (2007) proposed a theoretical model of leagile
manufacturing and analyzed the utility of leagility concept to a single corporate with
multiple business units. They explained whether a decoupling point would be necessary
to distinguish the lean and agile portions of the enterprise.

Rahimnia et al. (2009) presented a case study to apply the decoupling point concept
in a healthcare delivery system considering the leagile concept. By grouping healthcare
services into three pipelines, the aforesaid study identified decoupling points for the
supply chain. It also argued that while discussing leagility in a professional service
organization, the important role of human resources should be highlighted. Chan et al.
(2009) proposed an integrated process planning and scheduling model inheriting the
salient features of outsourcing; and leagile principles to compete in the existing market
scenario. The authors also proposed a new hybrid Enhanced Swift Converging
Simulated Annealing (ESCSA) algorithm, to solve the complex real-time scheduling
problems. It had an inherent feature of the genetic algorithm, simulated annealing and
the fuzzy logic controller. Rahimnia and Moghadasian (2010) highlighted the
application of leagility and its characteristics in a mass service organization. Despite
the low customization in mass services, fast food restaurants faced changing needs of
the customers. To respond to these demands, the case organization could adopt new
strategies so that it could be able to serve the customer with short lead times, low costs
and high variety. Huang and Li (2010) illustrated how a personal computer original
equipment manufacturer in Taiwan achieved leagility through re-engineering of its
supply chain. The case study showed how the company adjusted its production
processes from build-to-order to configuration-to order so as to achieve leagility.

Konecka (2010) emphasized the importance of the risk management in supply chains
strategy such as lean, agile and leagile. These studies facilitated the choice of an
appropriate supply chain strategy based on the risk analysis. Moron and Haan (2011)
presented a practical case study on Polish distributer in Poland. They stated that
during the volatile period an agile approach provided the flexibility and
competitiveness needed. However, when the market matured; the overly expensive
agility caused last minute crisis; then a lean approach enabled the optimization of
processes needed to supply customer in a more reliable way.
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Azevedo et al. (2012) proposed an index to evaluate the extent of agility and leanness
of individual companies and the corresponding supply chain. The index was obtained
from a set of agile and lean supply chain practices integrated in an assessment model,
named Agile and Delphi technique which was used to develop a series of weighted agile
and lean supply chain management practices and also the importance of the paradigms
through experts in automotive. Soni and Kodali (2012) addressed the issue of lack of
standard constructs in frameworks of lean, agile and leagile supply chain by evaluating
reliability and validity of lean, agile and leagile supply chain constructs in Indian
manufacturing industry. Principle component analysis was performed on these
constructs to find out the pillars of each type of supply chain followed by evaluating
reliability and validity of these pillars to establish the underlying constructs.

Literature has been found rich enough in delivering in-depth understanding of lean,
agile and leagile concepts in supply chain management. Potential benefits of individual
supply chain strategies in appropriate situation have been well documented. The need
for combining lean as well as agile principles in a total supply chain has also been
clearly highlighted. While adopting a particular supply chain strategy; performance
assessment is indeed necessary. Relatively less work has been found reported in
literature concerning different aspects of performance appraisement of leagility-driven
supply chain. Motivated by this, present work attempts to develop an efficient leagility
assessment module in fuzzy context. Data obtained from a case organization at eastern
part of India has been explored to reflect application feasibility of the proposed method.

The rest of the paper has been organized as follows. Section 3 presents basic
knowledge on fuzzy logic that will be required in data analysis as well as interpretation
phase. Section 4 provides detailed understanding of the proposed evaluation
framework; its procedural steps, etc. Case study has been reported in Section 5.
Managerial and research implications of this work has been documented in Section 6.
Finally, Section 7 draws conclusions of this research.

3. Fuzzy preliminaries
Fuzzy logic is basically a multi-value logic which permits intermediate values to be
defined between conventional ones like true/false, low/high, good/bad, etc. It is an
established fact that, as the complexities surrounding a system increase, making a
precise statement about the state of the system becomes very difficult.

To deal with vagueness in human thought, Zadeh (1965) first introduced the fuzzy
set theory, which has the capability to represent/manipulate data and information
possessing based on non-statistical uncertainties. Moreover fuzzy set theory has been
designed to mathematically represent uncertainty and vagueness and to provide
formalized tools for dealing with the imprecision inherent to decision-making problems.
Some basic definitions of fuzzy sets, fuzzy numbers and linguistic variables are
reviewed from Zadeh (1975), Buckley (1985), Negi (1989), Kaufmann and Gupta (1991).
The basic definitions and notations below will be used throughout this paper until
otherwise stated.

3.1 Definitions of fuzzy sets

Definition 1. A fuzzy set ~A in a universe of discourse X is characterized by a
membership function m ~A xð Þ which associates with each element x in X
a real number in the interval [0, 1]. The function value m ~A xð Þ is termed
the grade of membership of x in ~A (Kaufmann and Gupta, 1991).
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Definition 2. A fuzzy set ~A in a universe of discourse X is convex if and only if:

m ~A lx1þ 1�lð Þx2ð ÞXmin m ~A x1ð Þ;m ~A x2ð Þ� �
(1)

For all x1, x2 in X and all λ ∈ [0, 1], where min denotes the minimum
operator (Klir and Yuan, 1995).

Definition 3. The height of a fuzzy set is the largest membership grade attained by any
element in that set. A fuzzy set ~A in the universe of discourse X is called
normalized when the height of ~A is equal to 1 (Klir and Yuan, 1995).

3.2 Definitions of fuzzy numbers

Definition 4. A fuzzy number is a fuzzy subset in the universe of discourseX that is both
convex and normal. Figure 1 shows a fuzzy number ~n in the universe of
discourse X that conforms to this definition (Kaufmann and Gupta, 1991).

Definition 5. The α-cut of fuzzy number ~n is defined as:

~na ¼ xi : m ~n xið ÞXa; xiAX
� �

; (2)

Here, α∈ [0,1].

The symbol ~na represents a non-empty bounded interval contained in X, which can be
denoted by ~na ¼ ½nal ; nau�, nal and nau are the lower and upper bounds of the closed
interval, respectively ( Kaufmann and Gupta, 1991; Zimmermann, 1991). For a fuzzy
number ~n, if nal 40 and naup1 for all ∈ [0, 1], then ~n is called a standardized
(normalized) positive fuzzy number (Negi, 1989):

Definition 6. Suppose, a positive triangular fuzzy number (PTFN) is ~A and that can
be defined as (a, b, c) shown in Figure 2. The membership function
m ~n xð Þ is defined as:

m ~A xð Þ ¼
x�að Þ= b�að Þ; if apxpb;

c�xð Þ= c�bð Þ; if bpxpc;

0; otherwise;

8><
>: (3)

0

1

~�n (x )

x

Figure 1.
A fuzzy number ~n
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Based on extension principle, the fuzzy sum ⊕ and fuzzy subtraction Θ of any two
triangular fuzzy numbers are also triangular fuzzy numbers; but the multiplication ⊗
of any two triangular fuzzy numbers is only approximate triangular fuzzy number
(Zadeh, 1975). Let us have a two PTFN s, such as ~A1 ¼ a1; b1; c1ð Þ; and ~A2 ¼
a2; b2; c2ð Þ; and a positive real number r¼ (r, r, r), some algebraic operations can be
expressed as follows:

~A1 � ~A2 ¼ a1þa2; b1þb2; c1þc2ð Þ (4)

~A1 Y ~A2 ¼ a1�a2; b1�b2; c1�c2ð Þ; (5)

~A1 � ~A2 ¼ a1a2; b1b2; c1c2ð Þ; (6)

r � ~A1 ¼ ra1; rb1; rc1ð Þ; (7)

~A1Ø ~A2 ¼ a1=c2; b1=b2; c1=a2
� �

; (8)

The operations of ∨ (max) and ∧ (min) are defined as:
~A1 3ð Þ ~A2 ¼ a13a2; b13b2; c13c2ð Þ; (9)

~A1 4ð Þ ~A2 ¼ a14a2; b14b2; c14c2ð Þ; (10)

Here, rW0 and a1, b1, c1W0.
Also the crisp value of triangular fuzzy number set ~A1 can be determined by

defuzzification which locates the best non-fuzzy performance (BNP) value. Thus, the
BNP values of fuzzy number are calculated by using the center of area method as
follows (Moeinzadeh and Hajfathaliha, 2010):

BNPi ¼
c�að Þþ b�að Þ½ �

3
þa; 8i; (11)

Definition 7. A matrix ~D is called a fuzzy matrix if at least one element is a fuzzy
number (Buckley, 1985).

1

0 a b c
x

~�A(X )

Figure 2.
A triangular fuzzy

number ~A
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3.3 Linguistic variable

Definition 8. A linguistic variable is the variable whose values are not expressed in
numbers but words or sentences in a natural or artificial language
(Zadeh, 1975). The concept of a linguistic variable is very useful in
dealing with situations, which are too complex or not well defined to be
reasonably described in conventional quantitative expressions
(Zimmermann, 1991). For example, “weight” is a linguistic variable
whose values are “very low,” “low,” “medium,” “high,” “very high,” etc.
Fuzzy numbers can also represent these linguistic values.

3.4 The concept of generalized trapezoidal fuzzy numbers (GTFNs)
By the definition given by Chen (1985), a GTFN can be defined as ~A ¼
ða1; a2; a3; a4; w ~A Þ; as shown in Figure 3 and the membership function m ~A xð Þ :
R- 0; 1½ � is defined as follows:

m ~A xð Þ ¼

x�a1
a2�a1

� w ~A ; xA a1; a2ð Þ
w ~A ; xA a2; a3ð Þ

x�a4
a3�a4

� w ~A ; xA a3; a4ð Þ
0; xA �1; a1ð Þ [ a4;1ð Þ

8>>>><
>>>>:

(12)

Here, a1⩽ a2⩽ a⩽ a4 and w ~AA 0; 1½ �.
The elements of the GTFNs x∈R are real numbers, and its membership function

m ~A xð Þ is the regularly and continuous convex function, it shows that the membership
degree to the fuzzy sets. If −1⩽ a1⩽ a2⩽ a3⩽ a4⩽ 1, then ~A is called the normalized
trapezoidal fuzzy number. Especially, if w ~A ¼ 1; then ~A is called trapezoidal fuzzy
number (a1, a2, a3, a4); if a1oa2¼ a3oa4, then ~A is reduced to a triangular fuzzy
number. If a1¼ a2¼ a3¼ a4, then ~A is reduced to a real number.

Suppose that ~a ¼ a1; a2; a3; a4; w ~að Þ and ~b ¼ b1; b2; b3; b4; w~b

� �
are two GTFNs,

then the operational rules of the GTFNs ~a and ~b are shown as follows (Chen and Chen, 2009):

~a � ~b ¼ a1; a2; a3; a4;w ~að Þ � b1; b2; b3; b4;w~b

� �
¼ a1þb1; a2þb2; a3þb3; a4þb4;min w ~a ;w~b

� �� �
(13)

a10 a2
x

a4

�A (x )~

~wA

a3

Figure 3.
Trapezoidal fuzzy
number ~A

1944

BIJ
23,7

D
ow

nl
oa

de
d 

by
 T

A
SH

K
E

N
T

 U
N

IV
E

R
SI

T
Y

 O
F 

IN
FO

R
M

A
T

IO
N

 T
E

C
H

N
O

L
O

G
IE

S 
A

t 0
1:

12
 1

4 
N

ov
em

be
r 

20
16

 (
PT

)



~a�~b ¼ a1; a2; a3; a4;w ~að Þ� b1; b2; b3; b4;w~b

� �
¼ a1�b4; a2�b3; a3�b2; a4�b1;min w ~a ;w ~b

� �� �
(14)

~a � ~b ¼ a1; a2; a3; a4;w ~að Þ � b1; b2; b3; b4;w~b

� � ¼ a; b; c; d;min w ~a ;w ~b

� �� �
(15)

Here:

a ¼ min a1 � b1; a1 � b4; a4 � b1; a4 � b4ð Þ
b ¼ min a2 � b2; a2 � b3; a3 � b2; a3 � b3ð Þ
c ¼ max a2 � b2; a2 � b3; a3 � b2; a3 � b3ð Þ
d ¼ max a1 � b1; a1 � b4; a4 � b1; a4 � b4ð Þ

If a1, a2, a3, a4, b1, b2, b3, b4 are real numbers, then:

~a � ~b ¼ a1� b1; a2� b2; a3� b3; a4� b4;min w ~a ;w ~b

� �� �
~a=~b ¼ a1; a2; a3; a4;w ~að Þ= b1; b2; b3; b4;w~b

� �
¼ a1=b4; a2=b3; a3=b2; a4=b1;min w ~a ;w~b

� �� �
(16)

Chen and Chen (2003) proposed the concept of COG point of GTFNs, and suppose that
the COG point of the GTFN ~a ¼ a1; a2; a3; a4;w ~að Þ is x ~a ; y ~að Þ; then:

y ~a ¼
w ~a� a3�a2

a4�a1
þ 2

� �
6 ; if a1aa4

w ~a
2 ; if a1 ¼ a4

8><
>: (17)

x ~a ¼ y ~a � a2þa3ð Þþ a1þa4ð Þ � w ~a�y ~að Þ
2� w ~a

(18)

3.5 Ranking of GTFNs (Thorani et al., 2012)
The centroid of a trapezoid is considered as the balancing point of the trapezoid
(Figure 4). Divide the trapezoid into three plane figures. These three plane figures are a
triangle (APB), a rectangle (BPQC) and a triangle (CQD), respectively. Let the centroids
of the three plane figures be G1, G2 and G3, respectively. The incenter of these centroids
G1, G2 and G3 is taken as the point of reference to define the ranking of GTFNs.
The reason for selecting this point as a point of reference is that each centroid point are
balancing points of each individual plane figure, and the Incentre of these centroid
points is a much more balancing point for a GTFN. Therefore, this point would be a
better reference point than the centroid point of the trapezoid.

Consider a GTFN ~A ¼ a; b; c; d;wð Þ; (Figure 4). The centroids of the three plane
figures are G1 ¼ ð aþ2bð Þ=3; ðw=3ÞÞ; G2 ¼ ð bþcð Þ=2; ðw=2ÞÞ and G3 ¼ ð 2cþdð Þ=3;
ðw=3ÞÞ; respectively.

Equation of the line G1G3 is y ¼ ðw=3Þ and G2 does not lie on the line G1G3 :
Therefore, G1G2 and G3 are non-collinear and they form a triangle.
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We define the Incentre I ~A x0; y0ð Þ of the triangle with vertices G1, G2 and G3 of the GTFN
~A ¼ a; b; c; d;wð Þ as:

I ~A x0; y0ð Þ ¼ a aþ2b
3

� �þb bþ c
2

� �þg 2cþd
3

� �
aþbþg

;
a w

3

� �þb w
2

� �þg w
3

� �
aþbþg

 !
(19)

Here:

a ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
c�3bþ2dð Þ2þw2

q
6

b ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2cþd�a�2bð Þ2

q
3

g ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3c�2a�bð Þ2þw2

q
6

As a special case, for triangular fuzzy number ~A ¼ a; b; c; d;wð Þ; i.e. c¼ b the incentre
of centroids is given by:

I ~A x0; y0ð Þ ¼ x aþ 2b
3

� �þybþz 2bþd
3

� �
xþyþz

;
x w

3

� �þy w
2

� �þz w
3

� �
xþyþz

 !
(20)

Here:

x ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2d�2bð Þ2þw2

q
6

y ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
d�að Þ2

q
3

z ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2b�2að Þ2þw2

q
6

w

0 A (a,0) B (b,0) C (c,0) D (d,0)

Q (c,w)P (b,w)

G1 G3

G2

Source: Thorani et al. (2012)

Figure 4.
Trapezoidal
fuzzy number
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The ranking function of the GTFN ~A ¼ a; b; c; d;wð Þ; which maps the set of all fuzzy
numbers to a set of real numbers is defined as:

Rð ~AÞ ¼ x0 � y0 ¼
x aþ 2b

3

� �þybþz 2bþd
3

� �
xþyþz

� x w
3

� �þy w
2

� �þz w
3

� �
xþyþz

 !
(21)

This is the area between the incenter of the centroids I ~A x0; y0ð Þ as defined in Equation
(19) and the original point.

The mode (m) of the GTFN ~A ¼ a; b; c; d;wð Þ; is defined as:

m ¼ 1
2

Z w

0
bþcð Þ dx ¼ w

2
bþcð Þ (22)

The spread (s) of the GTFN ~A ¼ a; b; c; d;wð Þ; is defined as:

s ¼
Z w

0
d�að Þ dx ¼ w d�að Þ (23)

The left spread (ls) of the GTFN ~A ¼ a; b; c; d;wð Þ; is defined as:

ls ¼
Z w

0
b�að Þ dx ¼ w b�að Þ (24)

The right spread (rs) of the GTFN ~A ¼ a; b; c; d;wð Þ; is defined as:

rs ¼
Z w

0
d�cð Þ dx ¼ w d�cð Þ (25)

Using the above definitions we now define the ranking procedure of two GTFNs.
Let ~A ¼ a1; b1; c1; d1;w1ð Þ and ~B ¼ a2; b2; c2; d2;w2ð Þ be two GTFNs. The working

procedure to compare ~A and ~B is as follows:
Step 1: find Rð ~AÞ and Rð ~BÞ:
Case (i) If Rð ~AÞ4Rð ~BÞ then ~A4 ~B
Case (ii) If Rð ~AÞoRð ~BÞ then ~Ao ~B
Case (iii) If Rð ~AÞ ¼ Rð ~BÞ comparison is not possible, then go to step 2.
Step 2: find mð ~AÞ and mð ~BÞ:
Case (i) If mð ~AÞ4mð ~BÞ then ~A4 ~B
Case (ii) If mð ~AÞomð ~BÞ then ~Ao ~B
Case (iii) If mð ~AÞ ¼ mð ~BÞ comparison is not possible, then go to step 3.
Step 3: find sð ~AÞ and sð ~BÞ:
Case (i) If sð ~AÞ4sð ~BÞ then ~Ao ~B
Case (ii) If sð ~AÞosð ~BÞ then ~A4 ~B
Case (iii) If sð ~AÞ ¼ sð ~BÞ comparison is not possible, then go to step 4.
Step 4: find lsð ~AÞ and lsð ~BÞ:
Case (i) If lsð ~AÞ4 lsð ~BÞ then ~A4 ~B
Case (ii) If lsð ~AÞo lsð ~BÞ then ~Ao ~B
Case (iii) If lsð ~AÞ ¼ lsð ~BÞ comparison is not possible, then go to step 5.
Step 5: examine w1 and w2:
Case (i) If w1Ww2 then ~A4 ~B
Case (ii) If w1ow2 then ~Ao ~B
Case (iii) If w1¼w2 then ~A � ~B
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4. Leagility evaluation: a conceptual framework
Leagile supply chain is a new conception that proposed in the context of diversified
and personalized customer demands; it can quickly response fast changing
demands, and modularize all kinds of personalized products as much as possible
(Zhang et al., 2012). Successful implication of leagility-driven supply chain requires its
performance to be assessed.

The procedural hierarchical framework (Table I) for leagility evaluation assessment
module has been illustrated as follows. The assessment framework is based on a leagile
capabilities-attribute-criterion hierarchy; and it consists of five leagile enablers (at first
level), 40 leagile attributes (at second level) and 188 leagile criterions (at third level). This
descriptive model is very much comprehensive; it has been partially adapted from the
work (Vinodh and Aravindraj, 2012) and extended up to third level with the help of
extensive literature survey from internet. The model addresses all major dimensions
(leagile capabilities) of leagility such as virtual enterprise; collaborative relationship;
strategic management; knowledge and IT management; customer and market
sensitiveness; termed as first level evaluation indices or leagile capabilities. In the
proposed three-level evaluation hierarchy, the first level indices have been comprised by
examining business operation environments, measuring leagile drives and thereby
identifying of leagile supply chain capabilities. The second level of the framework assesses
the leagile enabled attributes and synthesizes appropriateness ratings as well as priority
weights. The third level of the evaluation module assesses the leagile criterions and
synthesizes appropriateness ratings (performance extent) and priority weights.
As the module encompasses various leagile capabilities, attributes as well as leagile
criterions; subjectivity of the evaluation indices incorporates various decision-making
uncertainty, ambiguity and vagueness. Therefore, a fuzzy logic approach has been utilized
toward avoiding imprecision, inconsistency and incompleteness in the decision-making
information and to deduce the human error and creation of expert knowledge and
interpretation of a large amount of vague data. Above mentioned framework finds a
performance representative “crisp value” against each of the third level leagile criterion
and finally obtains performance ranking order for different leagile criterions. It is assumed
that, higher the crisp value; higher be the performance extent for the said leagile criterion.
Procedural steps of leagility appraisement have been summarized as follows:

(1) Construction of general hierarchy model (set of capabilities/attributes/criterions)
toward evaluating leagility extent.

(2) Formation of an expert team (decision-making group) consisting of a finite
number of decision makers (DMs). It is solely the task of the top management to
select DMs from important managerial hierarchy level of the enterprise as well
as from academia.

(3) Selection of appropriate linguistic scale to collect expert opinion in relation to
priority weight as well as performance rating of different leagility evaluation indices.

(4) Selection of a suitable fuzzy scale to transformDMs linguistic evaluation information
into appropriate fuzzy numbers for further data analysis and interpretation.

(5) Collection of survey data (expert judgment) in relation to performance ratings
and importance weights of leagile indices using linguistic terms.

(6) Approximation of the linguistic ratings and weights by using fuzzy numbers.
Fuzzy weighted average method is used to aggregate decision-making information.
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Assume a three-level evaluation criteria hierarchy consisting of m capabilities (at first
level). Under each first level capability there exist n number of attributes
(at second level). Each second level attribute is followed by p number of criterions.

Fuzzy appropriateness rating (Uij) of jth second level attribute (Cij) is computed as
follows:

Uij ¼
Pp

k¼1 wijk � UijkPp
k¼1 wijk

(26)

here Uijk is the fuzzy appropriateness rating of kth leagile criterion (Cijk) at third
level wijk the fuzzy priority weight of kth leagile criterion (Cijk) at third level fuzzy
appropriateness rating (Ui) of ith first level capability (Ci) is computed as follows:

Ui ¼
Pn

j¼1 wij � UijPn
j¼1 wij

(27)

here Uij is the fuzzy appropriateness rating of jth leagile attribute (Cij) at second level
computed from Equation (26), wij the fuzzy priority weight of jth leagile attribute (Cij) at
second level:

(7) Determination of Fuzzy Overall Performance Index (FOPI) and finding the
existing leagility level.

Finally, FOPI is computed as follows:

FOPI ¼
Pm

i¼1 wi � UiPm
i¼1 wi

(28)

here Ui is the fuzzy appropriateness rating of ith leagile capability (Ci) at first level
computed from Equation (27), wi the fuzzy priority weight of ith leagile capability (Ci) at
first level:

(8) Determination of Fuzzy Performance Importance Index (FPII) corresponding to
individual third level leagile criterions.

FPII is computed as follows (Lin et al., 2006):

FPII k ¼ 1�wijk
	 
� Uijk (29)

Representative crisp value corresponding to individual FPIIk((kth) third level criterion)
is used to determine performance ranking order of third level leagile criterions:

(9) Perform gap analysis and identify the barriers (ill-performing areas) to achieve
leagility.

5. Case application
This evaluation framework has been case studied in a famous locomotive part
manufacturing organization at eastern part of India. The study presents the application of
the conceptual model of leagility embedded with lean and agile principles. A fuzzy logic
approach has been used for the evaluation of leagility in supply chains. It is aimed to
compute the performance of supply chain using both lean and agile concepts
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(as leagility supply chains) using a fuzzy logic approach. General hierarchy model for
leagility evaluation has been furnished in Table I. Definitions of linguistic variables for
assignment of priority weight and performance ratings have been shown in Table II, which
is basically a nine-member linguistic-term set. Linguistic evaluation information needs to
be converted into appropriate fuzzy numbers. A fuzzy scale (Table II) consisting of GTFNs
has been explored to convert DMs linguistic evaluation into fuzzy numbers. An expert
group consists of ten DMs has been constructed by the top management. The expert group
has been instructed to utilize aforesaid linguistic scale toward assigning appropriateness
rating against each of the third level leagile criterions; priority weights against individual
leagile capabilities (at first level), attributes (at second level) as well as criterions (at third
level). Priority weight of leagile criterions (in linguistic term) assigned by the DMs has been
shown in Table III. Table IV represents appropriateness rating (in linguistic terms) of
leagile criterions assigned by the DMs. Linguistic priority weight of leagile attributes (at
second level) as well as leagile enablers (at first level) given by DMs have been shown in
Tables V and VI, respectively. Linguistic data have been converted into appropriate fuzzy
numbers as depicted in Table II. The “Aggregated average rule” has been utilized to
accumulate DMs opinion. Table VII represents aggregated fuzzy priority weight as well as
aggregated fuzzy rating of individual leagile criterions. Aggregated fuzzy priority weight
and computed fuzzy rating (computed using Equation (26)) of leagile attributes have been
given in Table VIII. Aggregated fuzzy priority weight and computed fuzzy rating
(computed using Equation (27)) of leagile enablers have been tabulated in Table IX. The
FOPI thus becomes (Equation (28)): (0.399, 0.554, 1.170, 1.580, 1.000).

Table X represents computed values of FPII against individual third level leagile
criterions (using Equation (29)) and corresponding performance ranking order.

6. Managerial and research implications
The paradigm combining lean and agile principles invites a new management
framework. The leagile framework allows firms and supply networks to configure an
appropriate profile to face successfully the market volatility and fight to secure
competitive advantages. It is particularly important for the firms and enterprises
exploiting markets in terms of cost, quality, response time and service level where the
consumers seek for better responsiveness to meet unpredictable ever-changing demands.

The major implications of this research are standardization of leagility evaluation
methodology and adoption of new strategic technique for an organizational supply
chain management. As far as practitioners/consultants realm is concerned, the
proposed leagility evaluation platform and fuzzy-based appraisement framework

Linguistic terms
(attribute ratings) Linguistic terms (priority weights) Generalized trapezoidal fuzzy numbers

Absolutely poor (AP) Absolutely low (AL) (0,0,0,0;1)
Very poor (VP) Very low (VL) (0,0,0.02,0.07;1)
Poor (P) Low (L) (0.04,0.10,0.18,0.23;1)
Medium poor (MP) Medium low (ML) (0.17,0.22,0.36,0.42;1)
Medium (M) Medium (M) (0.32,0.41,0.58,0.65;1)
Medium good (MG) Medium high (MH) (0.58,0.63,0.80,0.86;1)
Good (G) High (H) (0.72,0.78,0.92,0.97;1)
Very good (VG) Very high (VH) (0.93,0.98,1,1;1)
Absolutely good (AG) Absolutely high (AH) (1,1,1,1;1)

Table II.
Definitions of
linguistic variables
for priority weight
and attribute ratings
(A-9 member
linguistic-term set)
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Leagile
criterions (Cijk) DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C111 MH H AH MH VH H H AH H MH
C112 H M H VH MH H MH H VH AH
C113 MH AH AH VH H H H AH H H
C114 AH H VH AH AH H AH VH H H
C115 MH VH H H MH VH MH H VH H
C121 AH MH H VH MH H AH AH H H
C122 H H VH MH H H H MH H VH
C123 MH H H H M H AH AH H H
C124 H VH VH AH AH H VH MH VH H
C125 H MH MH MH H AH H MH H VH
C131 VH VH AH AH VH MH H H AH H
C132 H AH H H MH AH VH M MH MH
C133 MH MH VH H H MH H AH AH H
C141 H MH MH H VH H VH H H MH
C142 VH H H H H H MH VH H H
C151 MH M H VH MH VH H MH H AH
C152 H AH MH H H MH AH AH H MH
C153 VH AH H H H AH MH H VH AH
C154 MH H AH H VH MH AH VH H H
C155 H VH MH AH H MH H MH H AH
C161 H H AH H H H VH H H VH
C162 MH AH H VH VH M MH MH VH H
C163 MH MH AH VH H AH H H H H
C164 VH AH VH H H H AH AH AH VH
C165 VH H H MH H VH H MH MH H
C166 H H H H VH MH VH AH AH VH
C167 MH H AH MH H H MH H H MH
C168 MH H H MH H H H AH H H
C169 H VH VH AH VH VH H VH H AH
C171 VH H MH MH H VH VH H H MH
C172 H VH MH MH AH H H H VH VH
C173 MH H MH VH VH VH H VH MH AH
C174 H H H H VH MH AH H MH H
C181 VH VH M AH H MH H H H VH
C182 MH VH AH H H H AH H VH MH
C183 H H MH VH VH M MH AH H MH
C184 VH VH MH AH H H H MH VH AH
C191 AH AH H H AH AH AH H H H
C192 H MH AH VH AH MH MH AH MH H
C193 VH MH MH MH H AH AH MH H AH
C1101 MH H AH H VH H H AH H MH
C1102 H M H VH MH H MH H VH AH
C1103 H AH AH VH H H H AH H H
C1104 AH H VH AH AH H AH VH H H
C211 MH VH H H MH VH MH H VH H
C212 AH MH H VH MH H AH AH H H
C213 H H VH MH H H H MH H VH
C214 MH H H H M H AH AH H H
C215 MH VH VH AH AH H VH MH VH H

(continued )

Table III.
Priority weight of
leagile criterions

(in linguistic term)
assigned by the
decision makers

(DMs)
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Leagile
criterions (Cijk) DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C216 H MH MH MH H AH H MH H VH
C221 MH VH AH AH VH MH H H AH H
C222 H AH H H MH AH VH M MH MH
C223 H MH VH H H MH H AH AH H
C224 H MH MH H VH H VH H H MH
C225 VH H H H H H MH VH H H
C226 MH M H VH MH VH H MH H AH
C227 VH VH MH AH H H H MH VH AH
C231 AH AH H H AH AH AH H H H
C232 H MH AH VH AH MH MH AH MH H
C233 VH MH MH MH H AH AH MH H AH
C234 MH H AH H VH H H AH H MH
C235 H M H VH MH H MH H VH AH
C236 H AH AH VH H H H AH H H
C241 AH H VH AH AH H AH VH H H
C242 MH VH H H MH VH MH H VH H
C243 AH MH H VH MH H AH AH H H
C244 H H VH MH H H H MH H VH
C245 H H H H M H AH AH H H
C246 MH VH VH AH AH H VH MH VH H
C247 H MH MH MH H AH H MH H VH
C248 VH VH AH AH VH MH H H AH H
C249 H AH H H MH AH VH M MH MH
C251 MH MH VH H H MH H AH AH H
C252 MH MH MH H VH H VH H H MH
C253 VH H H H H H MH VH H H
C311 AH M H VH MH VH H MH H AH
C312 H AH MH H H MH AH AH H MH
C313 VH AH H H H AH MH H VH AH
C314 MH H AH H VH MH AH VH H H
C321 H VH MH AH H MH H MH H AH
C322 H H AH H H H VH H H VH
C323 VH AH H VH VH M MH MH VH H
C324 MH MH AH VH H AH H H H H
C325 MH AH VH H H H AH AH AH VH
C331 VH H H MH H VH H MH MH H
C332 MH H H H VH MH VH AH AH VH
C333 MH H AH MH H H MH H H MH
C334 H H H H H H H AH H H
C341 H VH VH AH VH VH H VH H AH
C342 VH H MH MH H VH VH H H MH
C343 H VH MH MH AH H H H VH VH
C344 AH H MH VH VH VH H VH MH AH
C351 H H H H VH MH AH H MH H
C352 VH VH M AH H MH H H H VH
C353 VH VH AH H H H AH H VH MH
C354 H H MH VH VH M MH AH H MH
C361 MH H AH H VH H H AH H MH
C362 MH M H VH MH H MH H VH AH

(continued )Table III.
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Leagile
criterions (Cijk) DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C363 MH AH AH VH H H H AH H H
C364 AH H VH AH AH H AH VH H H
C371 MH VH H H MH VH MH H VH H
C372 AH MH H VH MH H AH AH H H
C373 H H VH MH H H H MH H VH
C374 MH H H H M H AH AH H H
C375 H VH VH AH AH H VH MH VH H
C376 MH MH MH MH H AH H MH H VH
C377 VH VH AH AH VH MH H H AH H
C378 H AH H H MH AH VH M MH MH
C379 H MH VH H H MH H AH AH H
C3710 MH MH MH H VH H VH H H MH
C3711 VH H H H H H MH VH H H
C381 AH M H VH MH VH H MH H AH
C382 H AH MH H H MH AH AH H MH
C383 VH AH H H H AH MH H VH AH
C384 MH H AH H VH MH AH VH H H
C391 H VH MH AH H MH H MH H AH
C392 H H AH H H H VH H H VH
C393 VH AH H VH VH M MH MH VH H
C394 MH MH AH VH H AH H H H H
C3101 VH AH VH H H H AH AH AH VH
C3102 VH H H MH H VH H MH MH H
C3103 H H H H VH MH VH AH AH VH
C3104 MH H AH MH H H MH H H MH
C3105 H H MH MH H H H AH H H
C3106 H VH VH AH VH VH H VH H AH
C3111 VH H MH MH H VH VH H H MH
C3112 H VH MH MH AH H H H VH VH
C3113 AH H MH VH VH VH H VH MH AH
C3114 H H H H VH MH AH H MH H
C3115 VH VH M AH H MH H H H VH
C3116 VH VH AH H H H AH H VH MH
C3117 H H MH VH VH M MH AH H MH
C3121 VH VH MH AH H H H MH VH AH
C3122 AH AH H H AH AH AH H H H
C3123 H MH AH VH AH MH MH AH MH H
C3124 VH MH MH MH H AH AH MH H AH
C411 MH H AH H VH H H AH H MH
C412 H M H VH MH H MH H VH AH
C413 H AH AH VH H H H AH H H
C414 AH H VH AH AH H AH VH H H
C421 MH VH H H MH VH MH H VH H
C422 AH MH H VH MH H AH AH H H
C423 H H VH MH H H H MH H VH
C431 AH H H H M H AH AH H H
C432 H VH VH AH AH H VH MH VH H
C433 AH MH MH MH H AH H MH H VH
C434 VH VH AH AH VH MH H H AH H

(continued ) Table III.

1963

Leagility
assessment

module

D
ow

nl
oa

de
d 

by
 T

A
SH

K
E

N
T

 U
N

IV
E

R
SI

T
Y

 O
F 

IN
FO

R
M

A
T

IO
N

 T
E

C
H

N
O

L
O

G
IE

S 
A

t 0
1:

12
 1

4 
N

ov
em

be
r 

20
16

 (
PT

)



provides a guideline and test-kit to achieve strategic fit by focussing on the leagility of
a particular type of supply chain strategy.

Managerial decision-making process often experience uncertain-vague data which is
really difficult to analyze. Fuzzy logic has the capability to overcome such imprecise
linguistic human judgment. Fuzzy logic is an efficient tool to capture human perception
to correlate with a mathematical base. Supply chain leagility, as a whole, is a conceptual
philosophy difficult to model and to estimate an overall leagility index quantitatively.
In this paper, an effort has been made to establish a scientific mathematical
background to assess overall leagility degree for a given supply chain and to assess the

Leagile
criterions (Cijk) DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C441 H AH H H MH AH VH M MH MH
C442 VH MH VH H H MH H AH AH H
C443 H MH MH H VH H VH H H MH
C444 VH H H H H H MH VH H H
C445 AH M H VH MH VH H MH H AH
C451 VH VH MH AH H H H MH VH AH
C452 AH AH H H AH AH AH H H H
C453 H MH AH VH AH MH MH AH MH H
C454 VH MH MH MH H AH AH MH H AH
C455 MH H AH H VH H H AH H MH
C456 H M H VH MH H MH H VH AH
C457 H AH AH VH H H H AH H H
C458 AH H VH AH AH H AH VH H H
C461 MH VH H H MH VH MH H VH H
C462 AH MH H VH MH H AH AH H H
C463 VH H VH MH H H H MH H VH
C464 H H MH H M H AH AH H H
C471 VH VH VH AH AH H VH MH VH H
C472 H MH MH MH H AH H MH H VH
C473 VH VH AH AH VH MH H H AH H
C474 H AH H H MH AH VH M MH MH
C475 H MH VH H H MH H AH AH H
C476 H MH MH H VH H VH H H MH
C511 VH H H H H H MH VH H H
C512 AH M H VH MH VH H MH H AH
C513 H AH MH H H MH AH AH H MH
C521 VH AH H H H AH MH H VH AH
C522 MH H AH H VH MH AH VH H H
C523 H VH MH AH H MH H MH H AH
C531 H H AH H H H VH H H VH
C532 VH AH H VH VH M MH MH VH H
C533 MH MH AH VH H AH H H H H
C541 VH AH VH H H H AH AH AH VH
C542 VH H H MH H VH H MH MH H
C543 H H H H VH MH VH AH AH VH
C551 MH H AH MH H H MH H H MH
C552 H H H H H H H AH H H
C553 H VH VH AH VH VH H VH H AH
C561 VH H MH MH H VH VH H H MH
C562 H VH MH MH AH H H H VH VH
C563 AH H MH VH VH VH H VH MH AHTable III.
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Leagile
criterions (Cijk) DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C111 G VG MG G M G AG M G VG
C112 MG VG G G G MG G G G MG
C113 G G VG M G VG MG G MG G
C114 G MP MG G M VG G M VG AG
C115 VG G G AG G G MG VG VG AG
C121 MG VG AG VG AG MP MG G G G
C122 G G AG AG VG G G G MP G
C123 AG G G G G VG VG MG G AG
C124 M MG G MG AG G MG VG VG G
C125 M VG AG M G G G VG G MG
C131 MG VG MG G MG MG AG G G M
C132 G AG M G M VG AG MP M G
C133 MG G AG M G AG G G VG G
C141 M MG G VG G G G VG G M
C142 MP M AG G MG MG AG G G G
C151 G G G G MG M MG G MG AG
C152 AG G MG MG G G M MG MG VG
C153 G M M AG VG G G VG G G
C154 MG G G G MG M VG VG VG G
C155 MG G G MG G G MG G MG MG
C161 VG MG M M AG AG M MP G VG
C162 G MG G G AG VG G G AG VG
C163 G G AG G G G AG M AG G
C164 M VG VG G G MG G VG G MP
C165 MG MG G G AG M MG G G G
C166 G G MG MG MG VG M AG AG M
C167 MG AG VG VG M G G G MG VG
C168 M AG AG VG AG G G MG M AG
C169 G G G G VG MG M M G G
C171 G M MG MP G M G G VG MG
C172 MG G G MG MP VG VG M AG VG
C173 M AG AG M MG VG MG G M M
C174 G AG VG G M VG M AG MG MG
C181 MG G M MG AG VG VG VG MP M
C182 M MP VG AG VG MG G G MG G
C183 VG MG G G VG M AG AG M MP
C184 G VG M AG G AG M VG VG G
C191 MG G VG G VG G VG AG G MG
C192 M G G MG G VG G G VG MG
C193 G MG MG M MG G G MG VG G
C1101 G VG MG G M G AG M G VG
C1102 MG VG G G G MG G G G MG
C1103 G G VG M G VG MG G MG G
C1104 G MP MG G M VG G M VG AG
C211 VG G G AG G G MG VG VG AG
C212 MG VG AG VG AG MP MG G G G
C213 G G AG AG VG G G G MP G
C214 AG G G G G VG VG MG G AG
C215 M MG G MG AG G MG VG VG G

(continued )

Table IV.
Appropriateness
rating of leagile

criterions
(in linguistic term)

assigned by
the decision

makers (DMs)
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Leagile
criterions (Cijk) DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C216 M VG AG M G G G VG G MG
C221 MG VG MG G MG MG AG G G M
C222 G AG M G M VG AG MP M G
C223 MG G AG M G AG G G VG G
C224 M MG G VG G G G VG G M
C225 MP M AG G MG MG AG G G G
C226 G G G G MG M MG G MG AG
C227 G VG M AG G AG M VG VG G
C231 MG G VG G VG G VG AG G MG
C232 M G G MG G VG G G VG MG
C233 G MG MG M MG G G MG VG G
C234 G VG MG G M G AG M G VG
C235 MG VG G G G MG G G G MG
C236 G G VG M G VG MG G MG G
C241 G MP MG G M VG G M VG AG
C242 VG G G AG G G MG VG VG AG
C243 MG VG AG VG AG MP MG G G G
C244 G G AG AG VG G G G MP G
C245 AG G G G G VG VG MG G AG
C246 M MG G MG AG G MG VG VG G
C247 M VG AG M G G G VG G MG
C248 MG VG MG G MG MG AG G G M
C249 G AG M G M VG AG MP M G
C251 MG G AG M G AG G G VG G
C252 M MG G VG G G G VG G M
C253 MP M AG G MG MG AG G G G
C311 G G G G MG M MG G MG AG
C312 AG G MG MG G G M MG MG VG
C313 G M M AG VG G G VG G G
C314 MG G G G MG M VG VG VG G
C321 MG G G MG G G MG G MG MG
C322 VG MG M M AG AG M MP G VG
C323 G MG G G AG VG G G AG VG
C324 G G AG G G G AG M AG G
C325 M VG VG G G MG G VG G MP
C331 MG MG G G AG M MG G G G
C332 G G MG MG MG VG M AG AG M
C333 MG AG VG VG M G G G MG VG
C334 M AG AG VG AG G G MG M AG
C341 G G G G VG MG M M G G
C342 G M MG MP G M G G VG MG
C343 MG G G MG MP VG VG M AG VG
C344 M AG AG M MG VG MG G M M
C351 G AG VG G M VG M AG MG MG
C352 MG G M MG AG VG VG VG MP M
C353 M MP VG AG VG MG G G MG G
C354 VG MG G G VG M AG AG M MP
C361 G VG MG G M G AG M G VG
C362 MG VG G G G MG G G G MG

(continued )Table IV.

1966

BIJ
23,7

D
ow

nl
oa

de
d 

by
 T

A
SH

K
E

N
T

 U
N

IV
E

R
SI

T
Y

 O
F 

IN
FO

R
M

A
T

IO
N

 T
E

C
H

N
O

L
O

G
IE

S 
A

t 0
1:

12
 1

4 
N

ov
em

be
r 

20
16

 (
PT

)



Leagile
criterions (Cijk) DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C363 G G VG M G VG MG G MG G
C364 G MP MG G M VG G M VG AG
C371 VG G G AG G G MG VG VG AG
C372 MG VG AG VG AG MP MG G G G
C373 G G AG AG VG G G G MP G
C374 AG G G G G VG VG MG G AG
C375 M MG G MG AG G MG VG VG G
C376 M VG AG M G G G VG G MG
C377 MG VG MG G MG MG AG G G M
C378 G AG M G M VG AG MP M G
C379 MG G AG M G AG G G VG G
C3710 M MG G VG G G G VG G M
C3711 MP M AG G MG MG AG G G G
C381 G G G G MG M MG G MG AG
C382 AG G MG MG G G M MG MG VG
C383 G M M AG VG G G VG G G
C384 MG G G G MG M VG VG VG G
C391 MG G G MG G G MG G MG MG
C392 VG MG M M AG AG M MP G VG
C393 G MG G G AG VG G G AG VG
C394 G G AG G G G AG M AG G
C3101 M VG VG G G MG G VG G MP
C3102 MG MG G G AG M MG G G G
C3103 G G MG MG MG VG M AG AG M
C3104 MG AG VG VG M G G G MG VG
C3105 M AG AG VG AG G G MG M AG
C3106 G G G G VG MG M M G G
C3111 G M MG MP G M G G VG MG
C3112 MG G G MG MP VG VG M AG VG
C3113 M AG AG M MG VG MG G M M
C3114 G AG VG G M VG M AG MG MG
C3115 MG G M MG AG VG VG VG MP M
C3116 M MP VG AG VG MG G G MG G
C3117 VG MG G G VG M AG AG M MP
C3121 G VG M AG G AG M VG VG G
C3122 MG G VG G VG G VG AG G MG
C3123 M G G MG G VG G G VG MG
C3124 G MG MG M MG G G MG VG G
C411 G VG MG G M G AG M G VG
C412 MG VG G G G MG G G G MG
C413 G G VG M G VG MG G MG G
C414 G MP MG G M VG G M VG AG
C421 VG G G AG G G MG VG VG AG
C422 MG VG AG VG AG MP MG G G G
C423 G G AG AG VG G G G MP G
C431 AG G G G G VG VG MG G AG
C432 M MG G MG AG G MG VG VG G
C433 M VG AG M G G G VG G MG
C434 MG VG MG G MG MG AG G G M

(continued ) Table IV.
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extent of successful performance of the key indices that stimulate leagility. The fuzzy-
based leagility evaluation model presented here can be effectively implemented in
industries supply chain to attain competitive advantage in the market.

7. Conclusions
Improved supply chain agility and leanness imply that a supply chain is capable of
quickly responding to variations in customer demand with cost and waste reduction.
Leanness in a supply chain maximizes profits through cost reduction, while agility
maximizes profit through providing exactly what the customer requires. This paper

Leagile
criterions (Cijk) DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C441 G AG M G M VG AG MP M G
C442 MG G AG M G AG G G VG G
C443 M MG G VG G G G VG G M
C444 MP M AG G MG MG AG G G G
C445 G G G G MG M MG G MG AG
C451 G VG M AG G AG M VG VG G
C452 MG G VG G VG G VG AG G MG
C453 M G G MG G VG G G VG MG
C454 G MG MG M MG G G MG VG G
C455 G VG MG G M G AG M G VG
C456 MG VG G G G MG G G G MG
C457 G G VG M G VG MG G MG G
C458 G MP MG G M VG G M VG AG
C461 VG G G AG G G MG VG VG AG
C462 MG VG AG VG AG MP MG G G G
C463 G G AG AG VG G G G MP G
C464 AG G G G G VG VG MG G AG
C471 M MG G MG AG G MG VG VG G
C472 M VG AG M G G G VG G MG
C473 MG VG MG G MG MG AG G G M
C474 G AG M G M VG AG MP M G
C475 MG G AG M G AG G G VG G
C476 M MG G VG G G G VG G M
C511 MP M AG G MG MG AG G G G
C512 G G G G MG M MG G MG AG
C513 AG G MG MG G G M MG MG VG
C521 G M M AG VG G G VG G G
C522 MG G G G MG M VG VG VG G
C523 MG G G MG G G MG G MG MG
C531 VG MG M M AG AG M MP G VG
C532 G MG G G AG VG G G AG VG
C533 G G AG G G G AG M AG G
C541 M VG VG G G MG G VG G MP
C542 MG MG G G AG M MG G G G
C543 G G MG MG MG VG M AG AG M
C551 MG AG VG VG M G G G MG VG
C552 M AG AG VG AG G G MG M AG
C553 G G G G VG MG M M G G
C561 G M MG MP G M G G VG MG
C562 MG G G MG MP VG VG M AG VG
C563 M AG AG M MG VG MG G M MTable IV.
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Leagile
attributes (Cij) Weight DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C11 w11 MH VH MH AH AH H H MH VH AH
C12 w12 AH AH H H AH AH AH H MH H
C13 w13 MH MH AH VH AH MH MH AH MH H
C14 w14 MH MH H H H AH AH MH H AH
C15 w15 MH H AH H VH H H AH H MH
C16 w16 AH M H VH MH MH MH H VH AH
C17 w17 H AH MH VH H MH H AH H H
C18 w18 AH H MH AH AH H AH VH H H
C19 w19 MH VH H H MH VH MH H VH H
C110 w110 AH MH H VH MH H AH AH H MH
C21 w21 H H VH MH H H H MH H VH
C22 w22 H H MH MH M H AH AH H H
C23 w23 AH VH VH AH AH H MH MH VH H
C24 w24 AH MH MH MH H AH H MH H VH
C25 w25 VH VH AH AH VH H H H AH H
C31 w31 H AH H H MH AH VH M MH MH
C32 w32 H MH VH AH H MH H AH AH H
C33 w33 H MH MH H VH H VH H AH MH
C34 w34 VH H H H H H MH VH H H
C35 w35 AH M H VH MH VH H MH H AH
C36 w36 H AH MH MH H MH AH AH H MH
C37 w37 MH AH H H H AH MH H AH AH
C38 w38 MH H AH H VH MH AH VH H H
C39 w39 H VH H AH H MH H MH H AH
C310 w310 H H AH H H H VH MH MH VH
C311 w311 VH AH H VH VH M MH MH VH H
C312 w312 MH AH AH VH H AH H AH H H
C41 w41 VH AH VH H H H AH AH AH VH
C42 w42 VH H H MH H VH H MH MH H
C43 w43 H MH H H VH MH VH AH AH VH
C44 w44 MH MH AH MH H H MH H H MH
C45 w45 H H H MH MH MH MH AH H H
C46 w46 H VH VH AH VH VH H VH AH AH
C47 w47 VH H MH MH H VH VH H H MH
C51 w51 H VH MH MH AH H MH H VH VH
C52 w52 AH H MH VH VH VH MH VH MH AH
C53 w53 MH H H H VH MH AH AH MH H
C54 w54 MH VH M AH H MH H H H VH
C55 w55 VH VH AH H H H AH H VH MH
C56 w56 H H MH VH VH M MH AH H MH

Table V.
Priority weight of
leagile attributes

(in linguistic term)
given by decision

maker (DMs)

Leagile
enablers (Ci) Weight DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10

C1 w1 VH AH H AH VH H AH AH VH MH
C2 w2 VH AH VH AH H VH VH MH MH AH
C3 w3 AH AH AH H VH H MH VH VH H
C4 w4 H H MH VH MH AH H VH H AH
C5 w5 VH MH H MH H MH VH AH AH MH

Table VI.
Priority weight of
leagile enablers

(in linguistic term)
given by decision

maker (DMs)
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Leagile criterions (Cijk) Aggregated priority weight (wijk) Aggregated rating (Uijk)

C111 (0.755,0.799,0.908,0.946;1.000) (0.696,0.753,0.864,0.904;1.000)
C112 (0.722,0.775,0.886,0.925;1.000) (0.699,0.755,0.892,0.940;1.000)
C113 (0.811,0.851,0.940,0.971;1.000) (0.694,0.753,0.878,0.922;1.000)
C114 (0.874,0.908,0.968,0.988;1.000) (0.641,0.697,0.808,0.849;1.000)
C115 (0.741,0.795,0.908,0.946;1.000) (0.825,0.869,0.948,0.974;1.000)
C121 (0.797,0.836,0.928,0.960;1.000) (0.735,0.778,0.872,0.905;1.000)
C122 (0.734,0.790,0.912,0.954;1.000) (0.742,0.788,0.888,0.924;1.000)
C123 (0.722,0.772,0.890,0.933;1.000) (0.804,0.849,0.940,0.971;1.000)
C124 (0.846,0.889,0.956,0.977;1.000) (0.708,0.760,0.874,0.914;1.000)
C125 (0.713,0.762,0.888,0.932;1.000) (0.696,0.753,0.864,0.904;1.000)
C131 (0.853,0.891,0.956,0.977;1.000) (0.673,0.725,0.854,0.900;1.000)
C132 (0.715,0.762,0.874,0.914;1.000) (0.622,0.677,0.786,0.828;1.000)
C133 (0.755,0.799,0.908,0.946;1.000) (0.743,0.792,0.898,0.936;1.000)
C141 (0.720,0.775,0.900,0.943;1.000) (0.668,0.731,0.856,0.901;1.000)
C142 (0.748,0.805,0.924,0.965;1.000) (0.653,0.701,0.822,0.867;1.000)
C151 (0.708,0.760,0.874,0.914;1.000) (0.666,0.720,0.858,0.908;1.000)
C152 (0.762,0.801,0.908,0.946;1.000) (0.673,0.725,0.854,0.900;1.000)
C153 (0.832,0.871,0.948,0.974;1.000) (0.710,0.768,0.876,0.915;1.000)
C154 (0.790,0.834,0.928,0.960;1.000) (0.715,0.773,0.886,0.925;1.000)
C155 (0.755,0.799,0.908,0.946;1.000) (0.650,0.705,0.860,0.915;1.000)
C161 (0.790,0.842,0.944,0.979;1.000) (0.629,0.682,0.782,0.820;1.000)
C162 (0.729,0.780,0.882,0.917;1.000) (0.804,0.849,0.940,0.971;1.000)
C163 (0.769,0.814,0.920,0.957;1.000) (0.764,0.809,0.910,0.947;1.000)
C164 (0.895,0.928,0.976,0.991;1.000) (0.674,0.732,0.842,0.881;1.000)
C165 (0.720,0.775,0.900,0.943;1.000) (0.666,0.720,0.858,0.908;1.000)
C166 (0.825,0.869,0.948,0.974;1.000) (0.675,0.725,0.840,0.882;1.000)
C167 (0.692,0.742,0.880,0.929;1.000) (0.743,0.795,0.894,0.928;1.000)
C168 (0.720,0.772,0.904,0.951;1.000) (0.759,0.799,0.880,0.910;1.000)
C169 (0.881,0.924,0.976,0.991;1.000) (0.647,0.711,0.848,0.898;1.000)
C171 (0.741,0.795,0.908,0.946;1.000) (0.578,0.640,0.780,0.832;1.000)
C172 (0.783,0.832,0.928,0.960;1.000) (0.688,0.739,0.838,0.873;1.000)
C173 (0.790,0.837,0.924,0.952;1.000) (0.609,0.666,0.784,0.829;1.000)
C174 (0.741,0.792,0.912,0.954;1.000) (0.710,0.760,0.860,0.896;1.000)
C181 (0.757,0.810,0.906,0.939;1.000) (0.648,0.702,0.804,0.841;1.000)
C182 (0.790,0.834,0.928,0.960;1.000) (0.667,0.719,0.830,0.870;1.000)
C183 (0.708,0.760,0.874,0.914;1.000) (0.669,0.719,0.816,0.852;1.000)
C184 (0.811,0.854,0.936,0.963;1.000) (0.759,0.810,0.892,0.921;1.000)
C191 (0.860,0.890,0.960,0.985;1.000) (0.783,0.832,0.928,0.960;1.000)
C192 (0.769,0.806,0.904,0.938;1.000) (0.694,0.753,0.878,0.922;1.000)
C193 (0.769,0.806,0.904,0.938;1.000) (0.645,0.703,0.846,0.897;1.000)
C1101 (0.769,0.814,0.920,0.957;1.000) (0.696,0.753,0.864,0.904;1.000)
C1102 (0.722,0.775,0.886,0.925;1.000) (0.699,0.755,0.892,0.940;1.000)
C1103 (0.825,0.866,0.952,0.982;1.000) (0.694,0.753,0.878,0.922;1.000)
C1104 (0.874,0.908,0.968,0.988;1.000) (0.641,0.697,0.808,0.849;1.000)
C211 (0.741,0.795,0.908,0.946;1.000) (0.825,0.869,0.948,0.974;1.000)
C212 (0.797,0.836,0.928,0.960;1.000) (0.735,0.778,0.872,0.905;1.000)
C213 (0.734,0.790,0.912,0.954;1.000) (0.742,0.788,0.888,0.924;1.000)
C214 (0.722,0.772,0.890,0.933;1.000) (0.804,0.849,0.940,0.971;1.000)
C215 (0.832,0.874,0.944,0.966;1.000) (0.708,0.760,0.874,0.914;1.000)
C216 (0.713,0.762,0.888,0.932;1.000) (0.696,0.753,0.864,0.904;1.000)

(continued )

Table VII.
Aggregated priority
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aggregated
appropriateness
rating of leagile
criterions
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Leagile criterions (Cijk) Aggregated priority weight (wijk) Aggregated rating (Uijk)

C221 (0.818,0.856,0.936,0.963;1.000) (0.673,0.725,0.854,0.900;1.000)
C222 (0.715,0.762,0.874,0.914;1.000) (0.622,0.677,0.786,0.828;1.000)
C223 (0.769,0.814,0.920,0.957;1.000) (0.743,0.792,0.898,0.936;1.000)
C224 (0.720,0.775,0.900,0.943;1.000) (0.668,0.731,0.856,0.901;1.000)
C225 (0.748,0.805,0.924,0.965;1.000) (0.653,0.701,0.822,0.867;1.000)
C226 (0.708,0.760,0.874,0.914;1.000) (0.666,0.720,0.858,0.908;1.000)
C227 (0.811,0.854,0.936,0.963;1.000) (0.759,0.810,0.892,0.921;1.000)
C231 (0.860,0.890,0.960,0.985;1.000) (0.783,0.832,0.928,0.960;1.000)
C232 (0.769,0.806,0.904,0.938;1.000) (0.694,0.753,0.878,0.922;1.000)
C233 (0.769,0.806,0.904,0.938;1.000) (0.645,0.703,0.846,0.897;1.000)
C234 (0.769,0.814,0.920,0.957;1.000) (0.696,0.753,0.864,0.904;1.000)
C235 (0.722,0.775,0.886,0.925;1.000) (0.699,0.755,0.892,0.940;1.000)
C236 (0.825,0.866,0.952,0.982;1.000) (0.694,0.753,0.878,0.922;1.000)
C241 (0.874,0.908,0.968,0.988;1.000) (0.641,0.697,0.808,0.849;1.000)
C242 (0.741,0.795,0.908,0.946;1.000) (0.825,0.869,0.948,0.974;1.000)
C243 (0.797,0.836,0.928,0.960;1.000) (0.735,0.778,0.872,0.905;1.000)
C244 (0.734,0.790,0.912,0.954;1.000) (0.742,0.788,0.888,0.924;1.000)
C245 (0.736,0.787,0.902,0.944;1.000) (0.804,0.849,0.940,0.971;1.000)
C246 (0.832,0.874,0.944,0.966;1.000) (0.708,0.760,0.874,0.914;1.000)
C247 (0.713,0.762,0.888,0.932;1.000) (0.696,0.753,0.864,0.904;1.000)
C248 (0.853,0.891,0.956,0.977;1.000) (0.673,0.725,0.854,0.900;1.000)
C249 (0.715,0.762,0.874,0.914;1.000) (0.622,0.677,0.786,0.828;1.000)
C251 (0.755,0.799,0.908,0.946;1.000) (0.743,0.792,0.898,0.936;1.000)
C252 (0.706,0.760,0.888,0.932;1.000) (0.668,0.731,0.856,0.901;1.000)
C253 (0.748,0.805,0.924,0.965;1.000) (0.653,0.701,0.822,0.867;1.000)
C311 (0.750,0.797,0.894,0.928;1.000) (0.666,0.720,0.858,0.908;1.000)
C312 (0.762,0.801,0.908,0.946;1.000) (0.673,0.725,0.854,0.900;1.000)
C313 (0.832,0.871,0.948,0.974;1.000) (0.710,0.768,0.876,0.915;1.000)
C314 (0.790,0.834,0.928,0.960;1.000) (0.715,0.773,0.886,0.925;1.000)
C321 (0.755,0.799,0.908,0.946;1.000) (0.650,0.705,0.860,0.915;1.000)
C322 (0.790,0.842,0.944,0.979;1.000) (0.629,0.682,0.782,0.820;1.000)
C323 (0.764,0.815,0.902,0.931;1.000) (0.804,0.849,0.940,0.971;1.000)
C324 (0.769,0.814,0.920,0.957;1.000) (0.764,0.809,0.910,0.947;1.000)
C325 (0.860,0.893,0.956,0.977;1.000) (0.674,0.732,0.842,0.881;1.000)
C331 (0.720,0.775,0.900,0.943;1.000) (0.666,0.720,0.858,0.908;1.000)
C332 (0.811,0.854,0.936,0.963;1.000) (0.675,0.725,0.840,0.882;1.000)
C333 (0.692,0.742,0.880,0.929;1.000) (0.743,0.795,0.894,0.928;1.000)
C334 (0.748,0.802,0.928,0.973;1.000) (0.759,0.799,0.880,0.910;1.000)
C341 (0.881,0.924,0.976,0.991;1.000) (0.647,0.711,0.848,0.898;1.000)
C342 (0.741,0.795,0.908,0.946;1.000) (0.578,0.640,0.780,0.832;1.000)
C343 (0.783,0.832,0.928,0.960;1.000) (0.688,0.739,0.838,0.873;1.000)
C344 (0.832,0.874,0.944,0.966;1.000) (0.609,0.666,0.784,0.829;1.000)
C351 (0.741,0.792,0.912,0.954;1.000) (0.710,0.760,0.860,0.896;1.000)
C352 (0.757,0.810,0.906,0.939;1.000) (0.648,0.702,0.804,0.841;1.000)
C353 (0.825,0.869,0.948,0.974;1.000) (0.667,0.719,0.830,0.870;1.000)
C354 (0.708,0.760,0.874,0.914;1.000) (0.669,0.719,0.816,0.852;1.000)
C361 (0.769,0.814,0.920,0.957;1.000) (0.696,0.753,0.864,0.904;1.000)
C362 (0.708,0.760,0.874,0.914;1.000) (0.699,0.755,0.892,0.940;1.000)
C363 (0.811,0.851,0.940,0.971;1.000) (0.694,0.753,0.878,0.922;1.000)
C364 (0.874,0.908,0.968,0.988;1.000) (0.641,0.697,0.808,0.849;1.000)

(continued ) Table VII.
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Leagile criterions (Cijk) Aggregated priority weight (wijk) Aggregated rating (Uijk)

C371 (0.741,0.795,0.908,0.946;1.000) (0.825,0.869,0.948,0.974;1.000)
C372 (0.797,0.836,0.928,0.960;1.000) (0.735,0.778,0.872,0.905;1.000)
C373 (0.734,0.790,0.912,0.954;1.000) (0.742,0.788,0.888,0.924;1.000)
C374 (0.722,0.772,0.890,0.933;1.000) (0.804,0.849,0.940,0.971;1.000)
C375 (0.846,0.889,0.956,0.977;1.000) (0.708,0.760,0.874,0.914;1.000)
C376 (0.699,0.747,0.876,0.921;1.000) (0.696,0.753,0.864,0.904;1.000)
C377 (0.853,0.891,0.956,0.977;1.000) (0.673,0.725,0.854,0.900;1.000)
C378 (0.715,0.762,0.874,0.914;1.000) (0.622,0.677,0.786,0.828;1.000)
C379 (0.769,0.814,0.920,0.957;1.000) (0.743,0.792,0.898,0.936;1.000)
C3710 (0.706,0.760,0.888,0.932;1.000) (0.668,0.731,0.856,0.901;1.000)
C3711 (0.748,0.805,0.924,0.965;1.000) (0.653,0.701,0.822,0.867;1.000)
C381 (0.750,0.797,0.894,0.928;1.000) (0.666,0.720,0.858,0.908;1.000)
C382 (0.762,0.801,0.908,0.946;1.000) (0.673,0.725,0.854,0.900;1.000)
C383 (0.832,0.871,0.948,0.974;1.000) (0.710,0.768,0.876,0.915;1.000)
C384 (0.790,0.834,0.928,0.960;1.000) (0.715,0.773,0.886,0.925;1.000)
C391 (0.755,0.799,0.908,0.946;1.000) (0.650,0.705,0.860,0.915;1.000)
C392 (0.790,0.842,0.944,0.979;1.000) (0.629,0.682,0.782,0.820;1.000)
C393 (0.764,0.815,0.902,0.931;1.000) (0.804,0.849,0.940,0.971;1.000)
C394 (0.769,0.814,0.920,0.957;1.000) (0.764,0.809,0.910,0.947;1.000)
C3101 (0.895,0.928,0.976,0.991;1.000) (0.674,0.732,0.842,0.881;1.000)
C3102 (0.720,0.775,0.900,0.943;1.000) (0.666,0.720,0.858,0.908;1.000)
C3103 (0.825,0.869,0.948,0.974;1.000) (0.675,0.725,0.840,0.882;1.000)
C3104 (0.692,0.742,0.880,0.929;1.000) (0.743,0.795,0.894,0.928;1.000)
C3105 (0.720,0.772,0.904,0.951;1.000) (0.759,0.799,0.880,0.910;1.000)
C3106 (0.881,0.924,0.976,0.991;1.000) (0.647,0.711,0.848,0.898;1.000)
C3111 (0.741,0.795,0.908,0.946;1.000) (0.578,0.640,0.780,0.832;1.000)
C3112 (0.783,0.832,0.928,0.960;1.000) (0.688,0.739,0.838,0.873;1.000)
C3113 (0.832,0.874,0.944,0.966;1.000) (0.609,0.666,0.784,0.829;1.000)
C3114 (0.741,0.792,0.912,0.954;1.000) (0.710,0.760,0.860,0.896;1.000)
C3115 (0.757,0.810,0.906,0.939;1.000) (0.648,0.702,0.804,0.841;1.000)
C3116 (0.825,0.869,0.948,0.974;1.000) (0.667,0.719,0.830,0.870;1.000)
C3117 (0.708,0.760,0.874,0.914;1.000) (0.669,0.719,0.816,0.852;1.000)
C3121 (0.811,0.854,0.936,0.963;1.000) (0.759,0.810,0.892,0.921;1.000)
C3122 (0.860,0.890,0.960,0.985;1.000) (0.783,0.832,0.928,0.960;1.000)
C3123 (0.769,0.806,0.904,0.938;1.000) (0.694,0.753,0.878,0.922;1.000)
C3124 (0.769,0.806,0.904,0.938;1.000) (0.645,0.703,0.846,0.897;1.000)
C411 (0.769,0.814,0.920,0.957;1.000) (0.696,0.753,0.864,0.904;1.000)
C412 (0.722,0.775,0.886,0.925;1.000) (0.699,0.755,0.892,0.940;1.000)
C413 (0.825,0.866,0.952,0.982;1.000) (0.694,0.753,0.878,0.922;1.000)
C414 (0.874,0.908,0.968,0.988;1.000) (0.641,0.697,0.808,0.849;1.000)
C421 (0.741,0.795,0.908,0.946;1.000) (0.825,0.869,0.948,0.974;1.000)
C422 (0.797,0.836,0.928,0.960;1.000) (0.735,0.778,0.872,0.905;1.000)
C423 (0.734,0.790,0.912,0.954;1.000) (0.742,0.788,0.888,0.924;1.000)
C431 (0.764,0.809,0.910,0.947;1.000) (0.804,0.849,0.940,0.971;1.000)
C432 (0.846,0.889,0.956,0.977;1.000) (0.708,0.760,0.874,0.914;1.000)
C433 (0.741,0.784,0.896,0.935;1.000) (0.696,0.753,0.864,0.904;1.000)
C434 (0.853,0.891,0.956,0.977;1.000) (0.673,0.725,0.854,0.900;1.000)
C441 (0.715,0.762,0.874,0.914;1.000) (0.622,0.677,0.786,0.828;1.000)
C442 (0.790,0.834,0.928,0.960;1.000) (0.743,0.792,0.898,0.936;1.000)
C443 (0.720,0.775,0.900,0.943;1.000) (0.668,0.731,0.856,0.901;1.000)
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aimed to present an integrated fuzzy-based performance appraisement module in an
organizational leagile supply chain.

This paper proposes a FOPI to assess the combined agility and leanness measure
(leagility) of the organizational supply chain. This evaluation module helps to assess
existing organizational leagility degree; it can be considered as a ready reference to
compare performance of different leagile organization (running under similar supply
chain architecture) and to benchmark candidate leagile enterprises; so that best
practices can be transmitted to the less-performing organizations. Moreover, there is
scope to identify ill-performing areas (barriers of leagility) which require special
managerial attention for future improvement.

Leagile criterions (Cijk) Aggregated priority weight (wijk) Aggregated rating (Uijk)

C444 (0.748,0.805,0.924,0.965;1.000) (0.653,0.701,0.822,0.867;1.000)
C445 (0.750,0.797,0.894,0.928;1.000) (0.666,0.720,0.858,0.908;1.000)
C451 (0.811,0.854,0.936,0.963;1.000) (0.759,0.810,0.892,0.921;1.000)
C452 (0.860,0.890,0.960,0.985;1.000) (0.783,0.832,0.928,0.960;1.000)
C453 (0.769,0.806,0.904,0.938;1.000) (0.694,0.753,0.878,0.922;1.000)
C454 (0.769,0.806,0.904,0.938;1.000) (0.645,0.703,0.846,0.897;1.000)
C455 (0.769,0.814,0.920,0.957;1.000) (0.696,0.753,0.864,0.904;1.000)
C456 (0.722,0.775,0.886,0.925;1.000) (0.699,0.755,0.892,0.940;1.000)
C457 (0.825,0.866,0.952,0.982;1.000) (0.694,0.753,0.878,0.922;1.000)
C458 (0.874,0.908,0.968,0.988;1.000) (0.641,0.697,0.808,0.849;1.000)
C461 (0.741,0.795,0.908,0.946;1.000) (0.825,0.869,0.948,0.974;1.000)
C462 (0.797,0.836,0.928,0.960;1.000) (0.735,0.778,0.872,0.905;1.000)
C463 (0.755,0.810,0.920,0.957;1.000) (0.742,0.788,0.888,0.924;1.000)
C464 (0.722,0.772,0.890,0.933;1.000) (0.804,0.849,0.940,0.971;1.000)
C471 (0.867,0.909,0.964,0.980;1.000) (0.708,0.760,0.874,0.914;1.000)
C472 (0.713,0.762,0.888,0.932;1.000) (0.696,0.753,0.864,0.904;1.000)
C473 (0.853,0.891,0.956,0.977;1.000) (0.673,0.725,0.854,0.900;1.000)
C474 (0.715,0.762,0.874,0.914;1.000) (0.622,0.677,0.786,0.828;1.000)
C475 (0.769,0.814,0.920,0.957;1.000) (0.743,0.792,0.898,0.936;1.000)
C476 (0.720,0.775,0.900,0.943;1.000) (0.668,0.731,0.856,0.901;1.000)
C511 (0.748,0.805,0.924,0.965;1.000) (0.653,0.701,0.822,0.867;1.000)
C512 (0.750,0.797,0.894,0.928;1.000) (0.666,0.720,0.858,0.908;1.000)
C513 (0.762,0.801,0.908,0.946;1.000) (0.673,0.725,0.854,0.900;1.000)
C521 (0.832,0.871,0.948,0.974;1.000) (0.710,0.768,0.876,0.915;1.000)
C522 (0.790,0.834,0.928,0.960;1.000) (0.715,0.773,0.886,0.925;1.000)
C523 (0.755,0.799,0.908,0.946;1.000) (0.650,0.705,0.860,0.915;1.000)
C531 (0.790,0.842,0.944,0.979;1.000) (0.629,0.682,0.782,0.820;1.000)
C532 (0.764,0.815,0.902,0.931;1.000) (0.804,0.849,0.940,0.971;1.000)
C533 (0.769,0.814,0.920,0.957;1.000) (0.764,0.809,0.910,0.947;1.000)
C541 (0.895,0.928,0.976,0.991;1.000) (0.674,0.732,0.842,0.881;1.000)
C542 (0.720,0.775,0.900,0.943;1.000) (0.666,0.720,0.858,0.908;1.000)
C543 (0.825,0.869,0.948,0.974;1.000) (0.675,0.725,0.840,0.882;1.000)
C551 (0.692,0.742,0.880,0.929;1.000) (0.743,0.795,0.894,0.928;1.000)
C552 (0.748,0.802,0.928,0.973;1.000) (0.759,0.799,0.880,0.910;1.000)
C553 (0.881,0.924,0.976,0.991;1.000) (0.647,0.711,0.848,0.898;1.000)
C561 (0.741,0.795,0.908,0.946;1.000) (0.578,0.640,0.780,0.832;1.000)
C562 (0.783,0.832,0.928,0.960;1.000) (0.688,0.739,0.838,0.873;1.000)
C563 (0.832,0.874,0.944,0.966;1.000) (0.609,0.666,0.784,0.829;1.000) Table VII.
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Leagile attributes (Cij) Aggregated priority weight (wij) Computed fuzzy rating (Uij)

C11 (0.804,0.841,0.924,0.952;1.000) (0.579,0.684,0.979,1.122;1.000)
C12 (0.846,0.875,0.948,0.974;1.000) (0.590,0.695,1.002,1.152;1.000)
C13 (0.755,0.791,0.892,0.927;1.000) (0.557,0.655,0.946,1.085;1.000)
C14 (0.762,0.801,0.908,0.946;1.000) (0.508,0.620,0.968,1.149;1.000)
C15 (0.769,0.814,0.920,0.957;1.000) (0.555,0.658,0.974,1.125;1.000)
C16 (0.736,0.782,0.882,0.917;1.000) (0.572,0.675,0.968,1.112;1.000)
C17 (0.769,0.814,0.920,0.957;1.000) (0.518,0.622,0.920,1.070;1.000)
C18 (0.839,0.873,0.948,0.974;1.000) (0.558,0.660,0.935,1.073;1.000)
C19 (0.741,0.795,0.908,0.946;1.000) (0.595,0.691,0.979,1.106;1.000)
C110 (0.783,0.821,0.916,0.949;1.000) (0.564,0.666,0.952,1.091;1.000)
C21 (0.734,0.790,0.912,0.954;1.000) (0.599,0.705,1.017,1.168;1.000)
C22 (0.708,0.757,0.878,0.922;1.000) (0.547,0.652,0.965,1.120;1.000)
C23 (0.839,0.876,0.944,0.966;1.000) (0.579,0.681,0.983,1.123;1.000)
C24 (0.741,0.784,0.896,0.935;1.000) (0.582,0.684,0.973,1.113;1.000)
C25 (0.867,0.906,0.968,0.988;1.000) (0.535,0.644,0.988,1.160;1.000)
C31 (0.715,0.762,0.874,0.914;1.000) (0.569,0.671,0.967,1.108;1.000)
C32 (0.797,0.836,0.928,0.960;1.000) (0.578,0.679,0.963,1.102;1.000)
C33 (0.748,0.797,0.908,0.946;1.000) (0.554,0.661,0.996,1.162;1.000)
C34 (0.748,0.805,0.924,0.965;1.000) (0.529,0.629,0.892,1.024;1.000)
C35 (0.750,0.797,0.894,0.928;1.000) (0.540,0.643,0.932,1.079;1.000)
C36 (0.748,0.786,0.896,0.935;1.000) (0.562,0.665,0.955,1.094;1.000)
C37 (0.804,0.838,0.928,0.960;1.000) (0.571,0.676,0.988,1.142;1.000)
C38 (0.790,0.834,0.928,0.960;1.000) (0.569,0.671,0.967,1.108;1.000)
C39 (0.769,0.814,0.920,0.957;1.000) (0.574,0.677,0.980,1.130;1.000)
C310 (0.762,0.812,0.920,0.957;1.000) (0.566,0.668,0.958,1.100;1.000)
C311 (0.764,0.815,0.902,0.931;1.000) (0.528,0.630,0.914,1.057;1.000)
C312 (0.839,0.873,0.948,0.974;1.000) (0.606,0.703,0.979,1.103;1.000)
C41 (0.895,0.928,0.976,0.991;1.000) (0.564,0.666,0.952,1.091;1.000)
C42 (0.720,0.775,0.900,0.943;1.000) (0.609,0.715,1.024,1.176;1.000)
C43 (0.811,0.854,0.936,0.963;1.000) (0.600,0.699,0.973,1.104;1.000)
C44 (0.678,0.727,0.868,0.918;1.000) (0.531,0.637,0.961,1.124;1.000)
C45 (0.692,0.742,0.880,0.929;1.000) (0.585,0.685,0.966,1.097;1.000)
C46 (0.909,0.946,0.984,0.994;1.000) (0.616,0.723,1.034,1.188;1.000)
C47 (0.741,0.795,0.908,0.946;1.000) (0.558,0.661,0.959,1.104;1.000)
C51 (0.769,0.817,0.916,0.949;1.000) (0.529,0.631,0.958,1.120;1.000)
C52 (0.818,0.859,0.932,0.955;1.000) (0.572,0.674,0.972,1.113;1.000)
C53 (0.755,0.799,0.908,0.946;1.000) (0.592,0.696,0.981,1.125;1.000)
C54 (0.722,0.775,0.886,0.925;1.000) (0.564,0.661,0.929,1.061;1.000)
C55 (0.825,0.869,0.948,0.974;1.000) (0.571,0.678,0.985,1.136;1.000)
C56 (0.708,0.760,0.874,0.914;1.000) (0.513,0.614,0.890,1.030;1.000)

Table VIII.
Aggregated fuzzy
priority weight and
computed fuzzy
rating of leagile
attributes

Leagile enablers (Ci) Aggregated weight (wi) Computed rating (Ui)

C1 (0.881,0.913,0.964,0.980;1.000) (0.460,0.594,1.075,1.349;1.000)
C2 (0.895,0.931,0.972,0.983;1.000) (0.463,0.602,1.101,1.393;1.000)
C3 (0.853,0.891,0.956,0.977;1.000) (0.456,0.592,1.076,1.358;1.000)
C4 (0.790,0.834,0.928,0.960;1.000) (0.474,0.612,1.098,1.382;1.000)
C5 (0.776,0.819,0.916,0.949;1.000) (0.453,0.589,1.068,1.353;1.000)

Table IX.
Aggregated fuzzy
priority weight and
computed fuzzy
rating of leagile
enablers
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Leagile
criterions (Cijk) FPII¼Uij× [(1,1,1,1,1)−wij] I ~A x0; y0ð Þ RðAÞ ¼ x0 � y0 Ranking order

C111 (0.038,0.069,0.174,0.221;1.000) (0.1232,0.3779) 0.0466 23
C112 (0.052,0.086,0.201,0.261;1.000) (0.1461,0.3811) 0.0557 9
C113 (0.020,0.045,0.131,0.174;1.000) (0.0901,0.3727) 0.0336 40
C114 (0.008,0.022,0.074,0.107;1.000) (0.0507,0.3610) 0.0183 56
C115 (0.045,0.080,0.194,0.252;1.000) (0.1394,0.3810) 0.0531 13
C121 (0.029,0.056,0.143,0.184;1.000) (0.1011,0.3730) 0.0377 35
C122 (0.034,0.069,0.186,0.246;1.000) (0.1303,0.3816) 0.0497 17
C123 (0.054,0.093,0.214,0.270;1.000) (0.1554,0.3823) 0.0594 4
C124 (0.016,0.033,0.097,0.141;1.000) (0.0686,0.3660) 0.0251 52
C125 (0.047,0.084,0.206,0.259;1.000) (0.1466,0.3821) 0.0560 7
C131 (0.015,0.032,0.093,0.132;1.000) (0.0654,0.3648) 0.0239 53
C132 (0.053,0.085,0.187,0.236;1.000) (0.1380,0.3775) 0.0521 14
C133 (0.040,0.073,0.180,0.229;1.000) (0.1284,0.3788) 0.0486 20
C141 (0.038,0.073,0.193,0.252;1.000) (0.1353,0.3820) 0.0517 15
C142 (0.023,0.053,0.160,0.218;1.000) (0.1097,0.3791) 0.0416 32
C151 (0.057,0.091,0.206,0.265;1.000) (0.1509,0.3811) 0.0575 6
C152 (0.036,0.067,0.170,0.214;1.000) (0.1198,0.3773) 0.0452 26
C153 (0.018,0.040,0.113,0.154;1.000) (0.0788,0.3689) 0.0291 47
C154 (0.029,0.056,0.147,0.194;1.000) (0.1036,0.3746) 0.0388 34
C155 (0.035,0.065,0.173,0.224;1.000) (0.1211,0.3788) 0.0459 25
C161 (0.013,0.038,0.124,0.172;1.000) (0.0836,0.3731) 0.0312 43
C162 (0.067,0.100,0.207,0.263;1.000) (0.1559,0.3791) 0.0591 5
C163 (0.033,0.065,0.169,0.219;1.000) (0.1188,0.3781) 0.0449 27
C164 (0.006,0.018,0.061,0.093;1.000) (0.0419,0.3576) 0.0150 58
C165 (0.038,0.072,0.193,0.254;1.000) (0.1352,0.3823) 0.0517 15
C166 (0.018,0.038,0.110,0.154;1.000) (0.0768,0.3689) 0.0283 48
C167 (0.053,0.095,0.231,0.286;1.000) (0.1642,0.3850) 0.0632 1
C168 (0.037,0.077,0.201,0.255;1.000) (0.1401,0.3828) 0.0536 12
C169 (0.006,0.017,0.064,0.107;1.000) (0.0450,0.3602) 0.0162 57
C171 (0.031,0.059,0.160,0.215;1.000) (0.1124,0.3775) 0.0424 30
C172 (0.028,0.053,0.141,0.189;1.000) (0.0996,0.3737) 0.0372 36
C173 (0.029,0.051,0.128,0.174;1.000) (0.0922,0.3705) 0.0341 39
C174 (0.033,0.067,0.179,0.232;1.000) (0.1248,0.3801) 0.0474 22
C181 (0.040,0.066,0.153,0.204;1.000) (0.1122,0.3738) 0.0419 31
C182 (0.027,0.052,0.138,0.183;1.000) (0.0970,0.3729) 0.0362 37
C183 (0.058,0.091,0.196,0.249;1.000) (0.1453,0.3786) 0.0550 10
C184 (0.028,0.052,0.130,0.174;1.000) (0.0934,0.3708) 0.0346 38
C191 (0.012,0.033,0.102,0.134;1.000) (0.0690,0.3669) 0.0253 51
C192 (0.043,0.072,0.170,0.213;1.000) (0.1228,0.3760) 0.0462 24
C193 (0.040,0.067,0.164,0.207;1.000) (0.1175,0.3755) 0.0441 29
C1101 (0.030,0.060,0.161,0.209;1.000) (0.1124,0.3770) 0.0424 30
C1102 (0.052,0.086,0.201,0.261;1.000) (0.1461,0.3811) 0.0557 9
C1103 (0.012,0.036,0.118,0.161;1.000) (0.0792,0.3716) 0.0294 45
C1104 (0.008,0.022,0.074,0.107;1.000) (0.0507,0.3610) 0.0183 56
C211 (0.045,0.080,0.194,0.252;1.000) (0.1394,0.3810) 0.0531 13
C212 (0.029,0.056,0.143,0.184;1.000) (0.1011,0.3730) 0.0377 35
C213 (0.034,0.069,0.186,0.246;1.000) (0.1303,0.3816) 0.0497 17
C214 (0.054,0.093,0.214,0.270;1.000) (0.1554,0.3823) 0.0594 4
C215 (0.024,0.043,0.110,0.154;1.000) (0.0794,0.3673) 0.0292 46

(continued )

Table X.
Computation of FPII
and ranking order of

leagile criterions
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Leagile
criterions (Cijk) FPII¼Uij× [(1,1,1,1,1)−wij] I ~A x0; y0ð Þ RðAÞ ¼ x0 � y0 Ranking order

C216 (0.047,0.084,0.206,0.259;1.000) (0.1466,0.3821) 0.0560 7
C221 (0.025,0.046,0.123,0.164;1.000) (0.0870,0.3698) 0.0322 42
C222 (0.053,0.085,0.187,0.236;1.000) (0.1380,0.3775) 0.0521 14
C223 (0.032,0.063,0.167,0.216;1.000) (0.1171,0.3779) 0.0442 28
C224 (0.038,0.073,0.193,0.252;1.000) (0.1353,0.3820) 0.0517 15
C225 (0.023,0.053,0.160,0.218;1.000) (0.1097,0.3791) 0.0416 32
C226 (0.057,0.091,0.206,0.265;1.000) (0.1509,0.3811) 0.0575 6
C227 (0.028,0.052,0.130,0.174;1.000) (0.0934,0.3708) 0.0346 38
C231 (0.012,0.033,0.102,0.134;1.000) (0.0690,0.3669) 0.0253 51
C232 (0.043,0.072,0.170,0.213;1.000) (0.1228,0.3760) 0.0462 24
C233 (0.040,0.067,0.164,0.207;1.000) (0.1175,0.3755) 0.0441 29
C234 (0.030,0.060,0.161,0.209;1.000) (0.1124,0.3770) 0.0424 30
C235 (0.052,0.086,0.201,0.261;1.000) (0.1461,0.3811) 0.0557 9
C236 (0.012,0.036,0.118,0.161;1.000) (0.0792,0.3716) 0.0294 45
C241 (0.008,0.022,0.074,0.107;1.000) (0.0507,0.3610) 0.0183 56
C242 (0.045,0.080,0.194,0.252;1.000) (0.1394,0.3810) 0.0531 13
C243 (0.029,0.056,0.143,0.184;1.000) (0.1011,0.3730) 0.0377 35
C244 (0.034,0.069,0.186,0.246;1.000) (0.1303,0.3816) 0.0497 17
C245 (0.045,0.083,0.200,0.256;1.000) (0.1435,0.3815) 0.0547 11
C246 (0.024,0.043,0.110,0.154;1.000) (0.0794,0.3673) 0.0292 46
C247 (0.047,0.084,0.206,0.259;1.000) (0.1466,0.3821) 0.0560 7
C248 (0.015,0.032,0.093,0.132;1.000) (0.0654,0.3648) 0.0239 53
C249 (0.053,0.085,0.187,0.236;1.000) (0.1380,0.3775) 0.0521 14
C251 (0.040,0.073,0.180,0.229;1.000) (0.1284,0.3788) 0.0486 20
C252 (0.045,0.082,0.205,0.265;1.000) (0.1459,0.3829) 0.0558 8
C253 (0.023,0.053,0.160,0.218;1.000) (0.1097,0.3791) 0.0416 32
C311 (0.048,0.076,0.174,0.227;1.000) (0.1279,0.3766) 0.0482 21
C312 (0.036,0.067,0.170,0.214;1.000) (0.1198,0.3773) 0.0452 26
C313 (0.018,0.040,0.113,0.154;1.000) (0.0788,0.3689) 0.0291 47
C314 (0.029,0.056,0.147,0.194;1.000) (0.1036,0.3746) 0.0388 34
C321 (0.035,0.065,0.173,0.224;1.000) (0.1211,0.3788) 0.0459 25
C322 (0.013,0.038,0.124,0.172;1.000) (0.0836,0.3731) 0.0312 43
C323 (0.055,0.083,0.174,0.229;1.000) (0.1316,0.3751) 0.0494 18
C324 (0.033,0.065,0.169,0.219;1.000) (0.1188,0.3781) 0.0449 27
C325 (0.016,0.032,0.090,0.123;1.000) (0.0633,0.3632) 0.0230 54
C331 (0.038,0.072,0.193,0.254;1.000) (0.1352,0.3823) 0.0517 15
C332 (0.025,0.046,0.123,0.167;1.000) (0.0872,0.3700) 0.0323 41
C333 (0.053,0.095,0.231,0.286;1.000) (0.1642,0.3850) 0.0632 1
C334 (0.020,0.058,0.174,0.229;1.000) (0.1177,0.3813) 0.0449 27
C341 (0.006,0.017,0.064,0.107;1.000) (0.0450,0.3602) 0.0162 57
C342 (0.031,0.059,0.160,0.215;1.000) (0.1124,0.3775) 0.0424 30
C343 (0.028,0.053,0.141,0.189;1.000) (0.0996,0.3737) 0.0372 36
C344 (0.021,0.037,0.099,0.139;1.000) (0.0711,0.3650) 0.0259 50
C351 (0.033,0.067,0.179,0.232;1.000) (0.1248,0.3801) 0.0474 22
C352 (0.040,0.066,0.153,0.204;1.000) (0.1122,0.3738) 0.0419 31
C353 (0.017,0.037,0.109,0.152;1.000) (0.0759,0.3685) 0.0280 49
C354 (0.058,0.091,0.196,0.249;1.000) (0.1453,0.3786) 0.0550 10
C361 (0.030,0.060,0.161,0.209;1.000) (0.1124,0.3770) 0.0424 30
C362 (0.060,0.095,0.214,0.274;1.000) (0.1571,0.3820) 0.0600 3

(continued )Table X.
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Leagile
criterions (Cijk) FPII¼Uij× [(1,1,1,1,1)−wij] I ~A x0; y0ð Þ RðAÞ ¼ x0 � y0 Ranking order

C363 (0.020,0.045,0.131,0.174;1.000) (0.0901,0.3727) 0.0336 40
C364 (0.008,0.022,0.074,0.107;1.000) (0.0507,0.3610) 0.0183 56
C371 (0.045,0.080,0.194,0.252;1.000) (0.1394,0.3810) 0.0531 13
C372 (0.029,0.056,0.143,0.184;1.000) (0.1011,0.3730) 0.0377 35
C373 (0.034,0.069,0.186,0.246;1.000) (0.1303,0.3816) 0.0497 17
C374 (0.054,0.093,0.214,0.270;1.000) (0.1554,0.3823) 0.0594 4
C375 (0.016,0.033,0.097,0.141;1.000) (0.0686,0.3660) 0.0251 52
C376 (0.055,0.093,0.219,0.272;1.000) (0.1574,0.3829) 0.0603 2
C377 (0.015,0.032,0.093,0.132;1.000) (0.0654,0.3648) 0.0239 53
C378 (0.053,0.085,0.187,0.236;1.000) (0.1380,0.3775) 0.0521 14
C379 (0.032,0.063,0.167,0.216;1.000) (0.1171,0.3779) 0.0442 28
C3710 (0.045,0.082,0.205,0.265;1.000) (0.1459,0.3829) 0.0558 8
C3711 (0.023,0.053,0.160,0.218;1.000) (0.1097,0.3791) 0.0416 32
C381 (0.048,0.076,0.174,0.227;1.000) (0.1279,0.3766) 0.0482 21
C382 (0.036,0.067,0.170,0.214;1.000) (0.1198,0.3773) 0.0452 26
C383 (0.018,0.040,0.113,0.154;1.000) (0.0788,0.3689) 0.0291 47
C384 (0.029,0.056,0.147,0.194;1.000) (0.1036,0.3746) 0.0388 34
C391 (0.035,0.065,0.173,0.224;1.000) (0.1211,0.3788) 0.0459 25
C392 (0.013,0.038,0.124,0.172;1.000) (0.0836,0.3731) 0.0312 43
C393 (0.055,0.083,0.174,0.229;1.000) (0.1316,0.3751) 0.0494 18
C394 (0.033,0.065,0.169,0.219;1.000) (0.1188,0.3781) 0.0449 27
C3101 (0.006,0.018,0.061,0.093;1.000) (0.0419,0.3576) 0.0150 58
C3102 (0.038,0.072,0.193,0.254;1.000) (0.1352,0.3823) 0.0517 15
C3103 (0.018,0.038,0.110,0.154;1.000) (0.0768,0.3689) 0.0283 48
C3104 (0.053,0.095,0.231,0.286;1.000) (0.1642,0.3850) 0.0632 1
C3105 (0.037,0.077,0.201,0.255;1.000) (0.1401,0.3828) 0.0536 12
C3106 (0.006,0.017,0.064,0.107;1.000) (0.0450,0.3602) 0.0162 57
C3111 (0.031,0.059,0.160,0.215;1.000) (0.1124,.3775) 0.0424 30
C3112 (0.028,0.053,0.141,0.189;1.000) (0.0996,0.3737) 0.0372 36
C3113 (0.021,0.037,0.099,0.139;1.000) (0.0711,0.3650) 0.0259 50
C3114 (0.033,0.067,0.179,0.232;1.000) (0.1248,0.3801) 0.0474 22
C3115 (0.040,0.066,0.153,0.204;1.000) (0.1122,0.3738) 0.0419 31
C3116 (0.017,0.037,0.109,0.152;1.000) (0.0759,0.3685) 0.0280 49
C3117 (0.058,0.091,0.196,0.249;1.000) (0.1453,0.3786) 0.0550 10
C3121 (0.028,0.052,0.130,0.174;1.000) (0.0934,0.3708) 0.0346 38
C3122 (0.012,0.033,0.102,0.134;1.000) (0.0690,0.3669) 0.0253 51
C3123 (0.043,0.072,0.170,0.213;1.000) (0.1228,0.3760) 0.0462 24
C3124 (0.040,0.067,0.164,0.207;1.000) (0.1175,0.3755) 0.0441 29
C411 (0.030,0.060,0.161,0.209;1.000) (0.1124,0.3770) 0.0424 30
C412 (0.052,0.086,0.201,0.261;1.000) (0.1461,0.3811) 0.0557 9
C413 (0.012,0.036,0.118,0.161;1.000) (0.0792,0.3716) 0.0294 45
C414 (0.008,0.022,0.074,0.107;1.000) (0.0507,0.3610) 0.0183 56
C421 (0.045,0.080,0.194,0.252;1.000) (0.1394,0.3810) 0.0531 13
C422 (0.029,0.056,0.143,0.184;1.000) (0.1011,0.3730) 0.0377 35
C423 (0.034,0.069,0.186,0.246;1.000) (0.1303,0.3816) 0.0497 17
C431 (0.043,0.076,0.180,0.229;1.000) (0.1296,0.3780) 0.0490 19
C432 (0.016,0.033,0.097,0.141;1.000) (0.0686,0.3660) 0.0251 52
C433 (0.045,0.078,0.187,0.234;1.000) (0.1340,0.3789) 0.0508 16
C434 (0.015,0.032,0.093,0.132;1.000) (0.0654,0.3648) 0.0239 53

(continued ) Table X.
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