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Manufacturing industries are facing stiff market competition, work pressures
and a very competitive environment. This has forced them to be alert and
take the desired decisions in order to achieve their goals. In this paper, a
review study has been made on MCDM techniques in Manufacturing
Industries. We found that the managers and engineers of the industries face a
number of problems and situations in which decision making is very difficult
and the margin of safety is very less. Any wrong decision would lead to
losses. These situations are mainly of multiple criteria decision making, in
which decision has to be taken by analyzing various criteria’s and them select
the best alternatives among various alternatives present to him. These
situations become more tough and complex when the data available for the
analysis is not precise. The data is in imprecise form and vague. This requires
use of Fuzzy Logic techniques to deal with these types of data. In order to
overcome both the problems, the paper proposes Fuzzy MCDM techniques
which can deal with these situations.
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1. Introduction
Globalization has made a significant effect in the
current market scenario. It has resulted in immense
competition in the market among the manufacturing
industries. Companies are forced to be very careful in
decision making due to limited resources, stiff
competition, etc. factors that affect the working of the
organization in an efficient and effective manner. Any
waste of resources such as money, time, workforce,
etc., due to inappropriate decisions, directly increases
the costs of companies, which, in turn, affects the
customers. The manufacturing industries are presently
being affected by the structural changes caused due to
the internal and external factors of an enterprise. The
market conditions are becoming more dynamic, more
global, and more customers driven. The
manufacturing performance is no longer driven by the
product price; instead other competitive factors such
as flexibility, quality, delivery, and customer service
have become equally important. The demand of the
customer for tailored product has resulted in a shorter
product life, reduced batch quantities and increased
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product varieties. Manufacturing firms need to give
prominence to issues such as reduction of
manufacturing lead time and flexibility to adapt to
changes in the market. The improvement in
productivity and reduction of costs of goods and
services has become the key for maintaining the
market share.
Real world engineering is full of chaotic
disturbances, randomness and complex non-linear
dynamics. Conventional methods such as trial and
error are often used to solve complex optimization
problems. This approach relies on the use of the
analyst’s qualitative knowledge to explore the design
space. Expensive advanced computational analyses
(such as finite element) are also used to understand the
behavior of complex engineering problems. These are
often invoked repeatedly during the search process
making the optimization and concept exploration time
consuming. This traditional search method often
results in sub-optimal solutions due to inherent
limitations in incomplete knowledge representation
and the fact that elaborate exploration of the design
space is inhibited. Competitive market conditions have
forced the manufacturing industries to make
carefuldecisions. Any waste of resources such as
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money, time, workforce, etc., due to inappropriate
decisions, directly increases the costs of companies,
which, in turn, is reflected to the customer.
There is a tendency to accept local optimal
solutions considered to be sufficiently good for the
chosen objective due to the following reasons:
subjective judgment, similarity to historical result or
simply constraint on time to deliver workable
solutions. Multiple global optimal solutions are
desirable for these classes of problems to give
alternative solutions in the presence of increasing
dynamic and ill-defined problem space.
In the current competitive business scenario, one
of the key requirements on global as well as local
firms is to provide their markets with products and
services at lower costs, at a higher quality, with a
shorter product development cycle, and with a shorter
delivery time. In order to achieve these objectives,
several important and critical decisions have to be
taken at a tactical as well as a strategic level.
Economic justification methods, such as return on
investment, or analytic justification methods, such as
linear programming, are frequently employed before
making decisions involving significant investment
decisions. It is important to note that irrespective of
the kind of evaluation – economic or analytic – the
information available for making the decision is
generally vague and uncertain. It is very difficult to
obtain exact data on attributes like investment cost,
expenses, project lifetime, depreciation, etc. for
making these decisions. Hence, these evaluation
methods tend to be less effective in delivering
required information in such an imprecise, or fuzzy,
decision environment.
To tackle the problem mentioned above, fuzzy set
theory can play a significant role. The approximate
reasoning of fuzzy set theory can properly represent
linguistic terms [1]. To deal quantitatively with
imprecision and uncertainty, all of the assessment data
can be specified as triangular fuzzy numbers [2, 3].
Subsequently, a fuzzy multi-criteria decision-making
(MCDM) method can be applied to integrate various
linguistic assessments and weights in order to
determine the best selection. In contrast to traditional
approaches, which tend to adopt only one specific
evaluation technique, an integrative approach is
proposed, combining strategic, economic, and analytic
justification approaches.

2. Decision Making
A decision is a choice made from two or more
alternatives. Decision-making is the process of
sufficiently reducing uncertainty and doubt about
alternatives to allow a reason able choice to be made
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among them. Researchers have studied different
decision-making problems by using different decisionmaking methods such as the analytic hierarchy process
(AHP), fuzzy multiple-attribute decision making
model, linear and 0 – 1 integer programming models,
genetic algorithms (GA), etc.
The analysis of the way the people makes
decisions (prescriptive theories) or the way people
ought to make decisions (normative theories) is
perhaps as old as the recorded history of mankind. The
development of the development of the perfect
decision making method for rational real life decision
making still remains an elusive goal. The
contradiction between the extensiveness of the study
on this subject and the elusiveness of the final goal of
the real life applicability of the findings constitutes in
a way the ultimate decision making paradox.
Decision making is one of the main abilities of
human being that differs them from other creatures.
Now, decision making and analysis is an important
part of management sciences, and it is perhaps as old
as history of mankind. In many real-world problems,
the decision maker likes to pursue more than one
target or consider more than one factor or measure.
Such a desire transforms the decision making problem
to a multi-objective decision making (MODM)
problem or a multi-attribute decision making
(MADM) problem. These groups of problems all
come together in one category, named multi-criteria
decision making (MCDM) problems.
Multi-Criteria Decision Making (MCDM) is one
of the most well-known branches of decision making.
MCDM is divided into multi-objective decision
making (MODM) and multi-attribute decision making
(MADM). However, very often the terms MADM and
MCDM are used to mean the same class of models
(i.e. MCDM).
MODM studies decision problems in which the
decision space is continuous. An example is
mathematical programming problems with multiple
objective functions. MCDM/MADM concentrates on
the problems with discrete decision spaces. In these
problems, the set of decision alternatives have been
predetermined.
Alternatives are the different choices of action
available to the decision maker. The set of alternatives
are assumed to be finite ranging from several to
hundreds. They are supposed to screened, prioritized
and eventually ranked according to the weights
obtained.
Multiple attributes are the main constituent of the
MCDM problems. The attributed can also be referred
as goals or decision criteria. Attributes represent the
different dimensions from which the alternatives can
be viewed.
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A Decision making problem can be defined as the
process of finding the best alternative from all of the
feasible alternatives available for the decision maker
(DM). This means that the DM encounters a number
of MCDM problems. In these kinds of problems the
multiplicity of criteria for judging the alternatives is
found to be pervasive.

3. Need
of
Fuzzy
MCDM
Manufacturing Industries

in

Manufacturing organizations are very challenging
as they involve in number of multiple activities. In
order to achieve best results all the multiple activities
must be properly planned, designed, coordinated and
executed through a collective effort. The managers of
the company may be an expert in their respective
areas, all the persons has to work collectively in order
to achieve the desired goals. Hence only an efficient
and productive organization can survive in today’s
competitive environment. We all know that a
manufacturing industry faces a number of day to day
challenges. In order to sustain decision making is an
important aspect of the industry.
Managers confront with a number of problems
which involves decision making in multiple criteria
situations i.e the manager has to decide among a set of
alternatives present in front of him. They may occur
with fuzzy nature i.e the data available to the manager
is not precise and exact. Hence these types of
problems require special attention because decision
making is very important. A bad decision can result
into heavy loses to the industry and this in turn will
affect the customers also. In order to deal with these
types of situations Fuzzy MCDM techniques have
been proposed which take into account both the fuzzy
nature of the problem and the multiple criteria
confronted by the managers. Use of these techniques
help in reaching to a best optimal solution which takes
into account all the alternatives present in front of
him.
Some of the areas which require Fuzzy MCDM
techniques in the manufacturing industry are:
Selection of best Supply Chain
 Vendor Selection
 3PL selection
 Machine Tool selection
 Plant/Site Selection for a new plant, etc.
Fuzzy MCDM methods help the decision makers
to take best decisions. They are like an aid in the
decision making in fuzzy and multiple criteria
environment. An appropriate decision taken results
into best results in the field and hence will add to the
profits of the organization.
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Fuzzy MCDM technique has been discussed in
details later.
The main steps of multiple criteria decision
making are as follows:
a) Establishing system evaluation criteria that relate
system capabilities to goals.
b) Developing alternative systems for attaining the
goals (generating alternatives).
c) Evaluating alternatives in terms of criteria (the
values of the criterion functions)
d) Applying a normative multi-criteria analysis
method.
e) Accepting one alternative as ‘‘optimal’’
(preferred).
f) If the final solution is not accepted, gather new
information and go into the next iteration of multicriteria optimization.
Steps (a) and (e) are performed at the upper level,
where decision makers have the central role, and the
other steps are mostly engineering tasks. For step (d),
a decision maker should express his/her preferences in
terms of the relative importance of criteria, and one
approach is to introduce criteria weights. These
weights in MCDM do not have a clear economic
signiﬁcance, but their use provides the opportunity to
model the actual aspect s o f decision making (the
preference structure). Various MCDM techniques
have been discussed below.

4. Classification of MCDM Methods
Multiple criteria decision-making (MCDM) [35]
is one of the most well-known branches of decisionmaking. It refers to making decisions in the presence
of multiple, usually conflicting, objectives. The basic
idea behind MCDM is the construction of a decision
tree using a selection of criteria relevant to a particular
decision and the weighting scoring of the criteria and
the alternatives for each different criterion.
Various MCDM methods are:
1. Weighted Sum Model (WSM)
2. Weighted Product Model (WPM)
3. Analytic Hierarchy Process (AHP)
4. Revised AHP Method
5. ELECTRE Method
6. TOPSIS Method

5. Analytic Hierarchy Process AHP
The analytic hierarchy process (AHP) was
developed by Thomas L. Saaty (36). The AHP is
designed to solve complex problems involving
multiple criteria. An advantage of the AHP is that it is
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designed to handle situations in which the subjective
judgments of individuals constitute an important part
of the decision process.
Basically the AHP is a method which involves
various processes. They are as follows:
1. Breaking down a complex, unstructured situation
into its component parts.
2. Arranging the parts, or variables into a hierarchic
order.
3. Assigning numerical values to subjective
judgments on the relative importance of each
variable and
4. Synthesizing the judgments to determine which
variables have the highest priority and should be
acted upon to influence the outcome of the
situation.

5.1 Advantages of AHP
AHP provides a single easily understood, flexible
model for a wide range of unstructured problems.


It enables people to refine their definition of a
problem and to improve their judgment and
understanding through repetition.



It does not insist on consensus but synthesizes a
representative outcome from diverse judgments.
It takes into consideration the relative priorities
of factors in a system and enables people to
select the best alternative based on their goal.
It leads to an overall estimate of the desirability
of each alternative.









It integrates deductive and system approaches in
solving complex problems.
It can deal with the interdependence of the
elements in a system and does not insist on linear
thinking.
It reflects the natural tendency of the mind to sort
elements of a system into different levels and to
group like elements in each level.



It provides a scale for measuring intangibles and
a method for establishing priorities.



It tracks the logical consistency of judgments
used in determining priorities.

5.2 Disadvantages of AHP






Linear hierarchy structure
Static decision evaluation
Independence assumption among criteria
Simple matrix algorithm to find maximum eigenvalue
No feedback mechanism
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6. Fuzzy AHP
Analytic hierarchy process (AHP) has been
widely used as a useful multiple criteria decision
making (MCDM) tool or a weight estimation
technique in many areas such as selection, evaluation,
planning and development, decision making,
forecasting, and many more. The traditional AHP
requires exact judgments. However, due to the
complexity and uncertainty involved in real world
decision problems, a decision maker (DM) may
sometimes feel more confident to provide fuzzy
judgments than exact comparisons.

7. Fuzzy TOPSIS
TOPSIS is called technique for order preference
by similarity to ideal solution. It is very effective in
multi-criteria decision making (MCDM). It was
developed by Yoon and Hwang in 1980 [58] as an
alternative to other MCDM methods. The basic
concept of this method is that the alternative should
have the shortest distance from the ideal solution and
farthest distance from the negative-ideal solution in
some geometrical case. Positive ideal solution is a
solution that maximizes the benefit criteria and
minimizes cost criteria, whereas the negative ideal
solution maximizes the cost criteria and minimizes the
benefit criteria
The TOPSIS method assumes that each criterion
has a tendency of monotonically increasing and
decreasing utility. Therefore, it is to define the ideal
and negative-ideal solutions. The Euclidean distance
approach was proposed to evaluate the relative
closeness of the alternatives to the ideal solution.
Thus, the preference order of the alternatives can be
derived by a series of comparisons of these relative
distances.
In the classical TOPSIS method, the weights of
the criteria and the ratings of alternatives are known
precisely and crisp values are used in the evaluation
process. However, under many conditions crisp data
are inadequate to model real-life decision problems.
Therefore, the fuzzy TOPSIS method is proposed
where the weights of criteria and ratings of alter
natives are evaluated by linguistic variables
represented by fuzzy numbers to deal with the
deficiency in the traditional TOPSIS. There are
necessary steps in utilizing TOPSIS involving
numerical measures of the relative importance of
various criteria and the performance of each
alternative with respect to these criteria. However,
exact numerical data are inadequate to model real life
situations since human judgments are often vague
under many conditions. This method has been
successfully used in land use planning project, venture
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evaluation of project, the evaluation of hospital
performance, optimal material selection, Etc., it makes
the evaluation decision more scientific, accurate and
operable.

8. Literature Review
De Grann (1980) first adopted triangular fuzzy
numbers in the traditional AHP. Then in 1983, Van
Laarhoven and Pedrycz [37] extended and modified
the fuzzy AHP approach of De Grann (1980) by using
extended theory and approximation theory. Buckley in
1985 addressed the concept of consistency into fuzzy
AHP model.
A number of methods have been developed to
handle fuzzy comparison matrices. Some of them are
given below:







Logarithmic least squares method (LLSM) [38],
to obtain triangular fuzzy weights from a
triangular fuzzy comparison matrix.
Geometric mean method to calculate fuzzy
weights [39].
Extent analysis method by Chang [40], which
derives crisp weights for fuzzy comparison
matrices.
Fuzzy preference programming method (PPM),
by Mikhailov [41].



Lambda-Max method, which is the direct
fuzzification of the well-known kmax method by
Csutora and Buckley [42].
Among the above approaches, the extent analysis
method has been employed in quite a number of
applications due to its computational simplicity.
However, such a method is found unable to derive the
true weights from a fuzzy or crisp comparison matrix.
The weights determined by the extent analysis method
do not represent the relative importance of decision
criteria or alternatives at all. Therefore, it should not
be used as a method for estimating priorities from a
fuzzy pair wise comparison matrix
Many fuzzy AHP methods have been proposed by
various authors. These methods are systematic and
useful approaches to the alternative selection and
gives justification to the problem by using the
concepts of fuzzy set theory and hierarchical structure
analysis. Decision makers have experienced that it is
more confident and easy to give interval judgments
than fixed value judgments. This is due to the fuzzy
nature of the comparison process.
The earliest work in fuzzy AHP was by Van
Laarhoven and Pedrycz (1983) [37], which compared
fuzzy ratios described by triangular membership
functions.
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Stam et al. (1996) [43] explore, how recently
developed artificial intelligence techniques can be
used to determine or approximate the preference
ratings in AHP. They concluded that the feed-forward
neural network formulation appears to be a powerful
tool for analyzing discrete alternative multi-criteria
decision problems with imprecise or fuzzy ratio-scale
preference judgments. Chang (1996) [44] introduces a
new approach for handling fuzzy AHP, with the use of
triangular fuzzy numbers for pairwise comparison
scale of fuzzy AHP, and the use of the extent analysis
method for the synthetic extent values of the pairwise
comparisons.
Cheng (1997) [45] proposes an algorithm for
evaluating naval tactical missile systems by the fuzzy
AHP based on grade value of membership function.
Weck et al. (1997) [46] gave a method to evaluate
different production cycle alternatives adding the
mathematics of fuzzy logic to the classical AHP. Any
production cycle evaluated in this manner yields a
fuzzy set. The outcome of the analysis can finally be
defuzzified by forming the surface centre of gravity of
any fuzzy set, and the alternative production cycles
investigated can be ranked in order in terms of the
main objective set.
Kahraman et al. (1998) [47] employed a fuzzy
objective and subjective method obtaining the weights
from AHP and make a fuzzy weighted evaluation.
Deng (1999) [48] presents a fuzzy approach for
tackling qualitative multi-criteria analysis problems in
a simple and straight forward manner. Lee et al.
(1999) [49] review the basic ideas behind the AHP.
Based on these ideas, they introduce the concept of
comparison interval and propose a methodology based
on stochastic optimization to achieve global
consistency and to accommodate the fuzzy nature of
the comparison process. Cheng et al. (1999) [50]
propose a new method for evaluating weapon systems
by analytical hierarchy process based on linguistic
variable weight. Zhu et al. (1999) [51] make a
discussion on extent analysis method and applications
of fuzzy AHP.
Chan et al. (2000a) [52] presented a technology
selection algorithm to quantify both tangible and
intangible benefits in fuzzy environment. They
describe an application of the theory of fuzzy sets to
hierarchical structural analysis and economic
evaluations. By aggregating the hierarchy, the
preferential weight of each alternative technology is
found, which is called fuzzy appropriate index. The
fuzzy appropriate indices of different technologies are
then ranked and preferential ranking orders of
technologies are found. From the economic evaluation
perspective, a fuzzy cash flow analysis is employed.
Chan et al. (2000b) [53] report an integrated approach
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for the automatic design of FMS, which uses
simulation and multi-criteria decision-making
techniques. The design process consists of the
construction and testing of alternative designs using
simulation methods. The selection of the most suitable
design (based on AHP) is employed to analyze the
output from the FMS simulation models. Leung and
Cao (2000) [54] propose a fuzzy consistency
definition with consideration of a tolerance deviation.
Essentially, the fuzzy ratios of relative importance,
allowing certain tolerance deviation, are formulated as
constraints on the membership values of the local
priorities. The fuzzy local and global weights are
determined via the extension principle. The
alternatives are ranked on the basis of the global
weights by application of maximum–minimum set
ranking method.
Kuo et al. (2002) [55] develop a decision support
system for locating a new convenience store. The first
component of the proposed system is the hierarchical
structure development for fuzzy analytic process.
In the year 2003, CengizKahraman et al. (2003)
[56], employed fuzzy AHP technique for comparison
of catering service companies. He carried out the
process on certain main and sub attributes which were
proposed by experts that are required in a catering
firm. He then proposed the best firm out of the three
firms presented and also concluded that fuzzy AHP
can be effectively applied in the given field.
A brief literature review about the fuzzy TOPSIS
technique has been discussed below.
Jahanshaloo et al. [59] developed an algorithmic
method to extend TOPSIS for decision making
problems with interval data. Yang and Hung [60]
utilized TOPSIS for solving a plant layout design
problem. In particular, Wang and Lee [61] proposed
two operator Up and Lo to find positive-ideal and
negative-ideal solutions and used these operators to
solve fuzzy multiple-criteria group decision making
problem.
Chen and Tsao [62] extended the concept of
TOPSIS to develop a method for solving MADM
problems with interval-valued fuzzy data and
compared the results using different distance
measures, including Hamming distance, Euclidean
distance and their normalized forms.

major changes that would help in increasing their
productivity, reducing lead times, improving quality,
etc. This requires the managers and the engineers to
take appropriate decisions very rapidly that would
help in growth of the industry. Any waste of resources
such as money, time, workforce, etc., due to
inappropriate decisions, directly increases the costs of
companies, which, in turn, affects the customers.
In many real-time problems in the industries,
managers and engineers are faced with situations
where multiple criteria has to be taken into account
while selecting the best alternative or solution to that
situation among various alternatives available to him.
The situations can be the following have been listed
earlier in the work.
In these cases careful decision has to be taken by
doing various analyses in order to select the best
alternative or solution that would not harm the
industry and would lead to industrial growth. So these
types of problems are known as Multi-Criteria
Decision Making (MCDM) problems and hence
require the use of MCDM techniques (AHP, WSM,
ELECTRE, TOPSIS, etc.) to find their solutions.
Not all of the decision data can be precisely
assessed. When information is easily measurable or
accessible, the information should be coded in crisp
(real) numbers. For those data that cannot be precisely
obtained or is too costly to assess, fuzzy numbers are
used to denote them. Fuzzy set theory makes it
possible to incorporate un-quantifiable information,
incomplete information, non-obtainable information,
and partially ignorant facts into the decision model.
The above discussion depicts the need of both
MCDM and Fuzzy methodology. In this work a
systematic and an integrated approach has been
proposed and discussed incorporating both the
techniques and are called Fuzzy MCDM techniques.
The advantages of this new approach over the existing
ones are as follows:




9. Conclusion & Future Scope
Globalization has made a global impact on the
current market scenario. It has resulted in immense
competition in the market among the manufacturing
industries. In this competitive environment everyone
is trying to compete in the market. In order to achieve
the desired goals industries have to make a lot of
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Conventional approaches, both deterministic and
stochastic, tend to be less effective in conveying
the imprecision or vagueness of the linguistic
assessment.
By using the concepts of fuzzy numbers and
linguistic variables, the objective and subjective
factors are evaluated in such a manner that the
viewpoints of an entire decision-making body can
be expressed with minimal constraints.
The proposed approach allows multiple criteria
decision making problems to take data in the form
of linguistic terms, fuzzy numbers, and/or crisp
numbers. This facilitates more realistic decision
models compared to those generated using
existing methods to be created.
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Triangular fuzzy numbers are mathematically
easy to implement in comparison to trapezoidal
fuzzy
numbers
and
the
mathematical
computations are reduced. The easy-to-use and
easy-to-understand characteristics of this new
approach provide a valuable evaluation tool for
management and system analysts.
Some research areas that require special attention
in the future have been identified. In a decision
process, conflict, uncertainty, fuzziness, imprecision,
and randomness simultaneously exist.




Due to its complex nature, research on searching
and solving multiple criteria decision-making
problems is suggested.
Since the proposed methodology is generic
enough for other decision-making processes,





applications of the proposed methodology to other
business or engineering problems are encouraged.
Ranking approaches are very important to solve
fuzzy or imprecise attributes and constraints. It is
worth noting that even though most of the
existing ranking methods are not perfect, they
have shown the process of human efforts to find
ways of solving problems. There are always some
benefits produced by each method. Recognizing
and continuing the effort in improving these
methods is necessary.
Flawless ranking methods may possibly be
obtained by combining some of the good points of
each of these methods into one algorithm. In this
connection, searching for better ranking methods
is urgently needed to solve fuzzy or imprecise
constraints and other problems.
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