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ABSTRACT

One of the strategic decisions of any organization is decision making about manufactur-
ing strategy. Manufacturing strategy is a perspective distinguishing a company from other
present companies in that industry and creates a kind of stability in decisions and gives a spe-
cial direction to organizational activities. SIR (SUPERIORITY& INFERIORITY Ranking)
method and their applications have attracted much attention from academics and practi-
tioners. FSIR proves to be a very useful method for multiple criteria decision making in fuzzy
environments, which has found substantial applications in recent years. This paper proposes
a FSIR approach based methodology for TOPSIS, which using MILTENBURG Strategy
Worksheet in order to analyzing of the status of strategy of the Gas Company. Then for-
mulates the priorities of a fuzzy pair-wise comparison matrix as a linear programming and
derives crisp priorities from fuzzy pair-wise comparison matrices

Manufacturing levers (Alternatives) are examined and analyzed as the main elements of
manufacturing strategy. Also, manufacturing outputs (Criteria are identified that are com-
petitive priorities of production of any organization. Next, using a hybrid approach of FSIR
and TOPSIS, alternatives (manufacturing levers) are ranked. So dealing with the selected
manufacturing levers and promoting them, an organization makes customers satisfied with
the least cost and time.

KEYWORDS
strategy, Miltenburg’s worksheet, Fuzzy Superiority & Inferiority Ranking (FSIR), TOPSIS,
manufacturing levers, manufacturing outputs.

Introduction

strategy forming the context for the business strate-

gy which in turn forms the context for each function-
al strategy including manufacturing. Skinner also has

There is many studies on manufacturing strategy
(MS). For the first time Skinner (1969) [1] introduced
manufacturing strategy to exploit certain properties
of the manufacturing function to achieve competi-
tive advantages. Manufacturing strategy is defined as
a pattern of decisions, both structural and infrastruc-
tural, which determine the capability of a manufac-
turing system in order to meet a set of manufacturing
objectives that fit with the overall business objec-
tives. Skinner’s approach have led to a predominant
hierarchical process model starting from corporate
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described the importance of a strategic alignment of
the manufacturing function; manufacturing strate-
gy has become one of the most discussed issues in
the field of operations management. [2] provides a
tool for the assessment of manufacturing’s strategic
role, and introduce product/process matrix. [3] pro-
posed a framework for generic manufacturing strate-
gies which is derived from [4, 5] approach of gener-
ic strategies and Hayes and Wheelwright’s product-
process matrix. [6] and [7] have made empirical ob-
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servation of the strategy formulation and implemen-
tation process, and find that the process is essentially
hierarchical, which is consistent with Skinner’s ap-
proach. In a preliminary study of the 7rst HPM data
set (High-Performance Manufacturing Project), An-
derson & Schroeder (1999) [8] evaluated the process
of manufacturing strategy empirically with a sample
of 53 respondents. The paper focuses on the link be-
tween business strategy and manufacturing strategy
and provides first insights how these strategy levels
affect each other. The literature in the area of man-
agement strategy contains an excellent set of con-
ceptualizations. In business and academic journals
there exist plenty of articles telling industry what
to do. The manufacturing industry, for instance, is
told to integrate its financial, marketing and pro-
duction strategies, develop an operational focus, and
match its processing system to its product design
and mix, and a host of other things. According to
the Hill’s point of view [9], manufacturing strategy
should be supportive to the achievement of a com-
pany’s competitive priorities. Hill also proposes a
five-step procedure to link manufacturing strategy
to order winners in order to achieve the congruence
between them. Miltenburg [10] proposed an overall
framework with three steps for performing an analy-
sis of a company’s manufacturing strategy in terms of
congruence with the production system, its products,
and its capabilities. In a study, Bates et al. [11] an-
alyze the relationship between manufacturing strat-
egy and organizational culture in 41 US plants and
stress the link between the business strategy and the
manufacturing strategy as well. At present, most re-
search focuses on strategy content. However, research
on manufacturing strategy development is relatively
limited. Safsten et al. [12] investigate the usability of
Miltenburg’s framework in small and medium sized
manufacturing companies, and further suggest some
changes of the model. Lee et al. [13] propose a frame-
work for a decision-support system to support the
formulation of a manufacturing strategy which con-
sists of manufacturing system modeling and analyz-
ing performance measures. The proposed decision-
support system enables the formulation of manufac-
turing strategy using what-if analysis against dynam-
ic manufacturing environments. Quezada et al. [14]
developed a methodology for the development of a
manufacturing strategy by means of exploiting the
concepts of the analytic hierarchy process. In terms
of this methodology, a manufacturing strategy can be
formulated by creating a five level hierarchy: focus,
company objectives, strategic business units, criti-
cal success factors and manufacturing decision areas.
This methodology also allows a strategic diagnosis
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of the current manufacturing system and the gener-
ation and evaluation of action plans to improve the
company competitiveness. Slack et al. [15] give some
indications on how to assess the support from the op-
erations function. According to Slack view, manufac-
turing strategy is part of a manufacturing company’s
total strategy. It contains the pattern of strategic de-
cisions and actions which set the role, objectives and
activities of the manufacturing in a manufacturing
company. Just as with any type of strategy, we can
consider its content and process separately. The con-
tent of manufacturing strategy comprises the specif-
ic decisions and actions which set the manufacturing
role, objectives and activities. Platts et al. [16] pro-
posed a three stage procedure of developing manufac-
turing strategy. The procedure uses profiles of market
requirements and achieved performance to show up
the gaps which the manufacturing strategy must ad-
dress. The literature Operation Management (OM)
describe six indicators for plant competitive perfor-
mance such as unit cost of manufacturing, standard
product quality, on-time delivery, fast delivery, flex-
ibility in changing the product mix and flexibility in
changing volume, etc. [17]. Karacapilidis et al. [18]
develop a computerized knowledge management sys-
tem for the collaborative development of manufac-
turing strategy. The system is used to capture the
strategists’ rationale and stimulates knowledge elici-
tation, and it can support the social and knowledge
processes of collaborative strategy development by
integrating a domain specific modeling formalism.

Many publications offer conceptual frameworks,
give empirical evidence, etc. concerning the use of
a manufacturing strategy. While extensive literature
on manufacturing strategy has been written since
the 1960s, still some research questions remain unan-
swered. Today, manufacturing companies are forced
to stand up to competitors in the light of a highly
competitive environment. This can be achieved by
a specific alignment of the manufacturing function.
Through the formulation of a manufacturing strate-
gy, the strategic potential of the manufacturing func-
tion can be realized, leading to superior competitive-
ness. Despite the fact that manufacturing strategy is
commonly accepted as an important approach, there
is still a lack of empirical work, especially regarding
the use of manufacturing strategies in a broad inter-
national context [19].

Arafa et al. [20] has discussed the manufactur-
ing strategy and enterprise dynamic capability. The
typical strategic planning process for industrial en-
terprises starts by defining the business strategy that
the firm will utilize. According to the selected type of
strategy, firms have to generate a portfolio of capabil-
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ities that will determine the contribution of the man-
ufacturing function to overall business performance.
By analyzing different scenarios using a system dy-
namic simulation approach and considering market
competitive dynamics, this study explores the vol-
ume flexibility measure considering both the operat-
ing environment and the simultaneous strategic be-
havior of the competing firms.

Jia et al. [21] proposed an approach for manufac-
turing strategy development based on fuzzy-QFD.
The study starts by analyzing the process of man-
ufacturing strategy development and the features
of QFD. In this research, the proposed methodolo-
gy for developing manufacturing strategy uses QFD
as a transforming device to link competitive fac-
tors with manufacturing decision categories such as
structural decision categories and infrastructural cat-
egories, and uses HOQ as a main tool in differ-
ent stages of manufacturing strategy development
process.

Zahirul and Maybelle [22], discovered how the
strategic change following a corporate takeover im-
pacted the nature and extent of use of the firm’s
management control systems (MCS), in particular
its performance measurement system (PMS). They
used Michael Porter’s theory of competitive advan-
tage and Robert Simons’ levers of control framework
to illustrate and interpret changes in the PMS within
an Australian multinational subsidiary following its
takeover by an overseas corporation. To provide em-
pirical evidence on this issue, face-to-face interviews
and archival data are used.

Pradip et al. [23] investigated the employment of
manufacturing strategy in packaging industry of In-
dian company by three constructs manufacturing as
competitive force, functional integration of manufac-
turing, strategic planning and communication. The
final purpose of this paper is proposing a framework
for linking and exploring the pattern of manufactur-
ing strategy implementation, differences in manufac-
turing decisions/levers, manufacturing outputs and
business performance of a firm. This is applied by
grouping the equipment in four class based on the
increasing level of manufacturing strategy implemen-
tation using cluster analysis.

Fantino Giorgio [24] in a doctoral dissertation
focused on workers skills as a competitive asset in
world. In this context, the new actors have to un-
derstand and measure the advantage of investing in
distinguished skills of their workers and translate this
investment into competitive advantage.

Lugman et al. [25] used AHP approach for se-
lecting of manufacturing process of Composite Bicy-
cle’s Crank Arm. The master purpose of this paper
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is investigating the potential type of manufacturing
process to fabricate composite bicycle crank arm in
order to help manufacturing in identification the best
process to be applied in manufacturing of compos-
ite bicycle crank arm to decrease the manufacturing
cost.

Undoubtedly, formulating the manufacturing
strategy and the way of achieving it is one of the
most important factors of business planning process
of an organization, but in many cases, no attention is
paid to it and there is not enough knowledge about
it. To respond to this lack, a research is conducted
in an industrial unit that is one of the great com-
ponent makers of the country. The main purposes of
this research are as follows;

e ranking manufacturing strategies;

e ranking manufacturing levers and assigning them
optimally to support from manufacturing strate-
gy.

For achieving these objectives, this paper propos-
es Miltenburg’s strategy worksheet, and a Fuzzy Su-
periority & Inferiority Ranking (FSIR), based TOP-
SIS methodology which formulates the priorities of
a fuzzy pair-wise comparison matrix as a linear pro-
gramming and derives crisp priorities from fuzzy
pair-wise comparison matrices.

The Superiority & Inferiority Ranking (FSIR)
method is one of the new and relative complex
Multi Criteria Decision Making methods. There
are preference functions in this method such as
PROMETHEE, which after calculating the prefer-
ence of each alternative to the criteria, and finding
the paired preference functions of alternatives due to
the criteria, superiority and inferiority matrix must
be formed. At the next step weighted flow matrix is
formed such as SAW and TOPSIS techniques, and
alternatives can be ranked by calculating the flows.

The fuzzy set theory approaches could resemble
human reasoning in use of approximate information
and uncertainty to generate decisions. Furthermore,
fuzzy logic has been integrated with MCDM to deal
with vagueness and imprecision of human judgment.

This paper outlines the theoretical basis of
manufacturing strategy and Miltenburg’s worksheet.
Fuzzy logic that is the basis for this research analysis
has been thoroughly explored and then the research
methodology is discussed. Superiority and Inferiority
ranking (SIR) techniques and subsequently expres-
sion of this technique in the fuzzy space are shap-
ing the next phase of this article. Using fuzzy SIR
techniques in strategy analysis — that is one of the
innovations of this study — and its implementation in
a typical sample and then expression of conclusions
from findings form the final stages of this research.
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Fuzzy SIR uses fuzzy set theory to express the
uncertain comparison judgments as a fuzzy numbers.

The reminder of this paper is organized as fol-
lows: Sec. 2, Introduces the research area (Abzarsazi
Industries of Iran); Sec. 3, describes manufacturing
strategy (Manufacturing outputs as Criteria’s and
Manufacturing levers as Alternatives); Sec. 4, re-
views the literature of TOPSIS, Fuzzy TOPSIS and
Fuzzy TOPSIS stepwise procedure; Sec. 5, gives a
brief review of Fuzzy SIR; in Sec. 6, case study of
this research is presented; and finally in Sec. 7, is the
conclusion of this paper.

Research area
(Abzarsazi industries of Iran)

Abzarsazi Industries produces metal components
that tries to improve its quality, safety and oc-
cupational hygiene performance constantly by es-
tablishing quality management systems, safety and
occupational hygiene based on ISO 9001:2008 and
OHSAS 18001:2007 for achieving its strategic aims.
At present, having efficient human resource and
equipped and advanced shop floors and also various
processes of production such as machining, thermal
operations, forging, founding, die making, etc. this
industry is one of pioneer component maker compa-
nies in the country.

Production managers always want to offer a bet-
ter and more diversified and cheaper product. On
the other hand, Demands of customers increases and
competitors offer more products, but what do pro-
ducers offer to customers? According to Miltenburg’s
strategy worksheet there are six important outputs
including in time delivery, cost, quality, performance,
flexibility and innovation [26].

Applying a competitive strategy requires using
a suitable production system and applying a pro-
duction system also needs supplying an acceptable
level of manufacturing levers. Manufacturing levers
or manufacturing factors are human resources, orga-
nizational structures & controls, production planning
& control, sourcing, process technology and facilities.
Also existing limitations for organization is budget
and time (Management and Employment).

Certainly, supplying the above manufacturing
levers makes the organization reach ideal conditions,
but do the existing limitations allow realizing this vi-
sion? According to the existing limitations, investing
for improving which manufacturing lever(s) can be
better effective in implementing suitable production
systems and achieving the competitive advantages of
the organization? It is better for producing compa-
nies to follow policies to meet expectations of cus-
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tomers in long term, to prevent from making sketchy
decision and temporal improvements. Then the main
question of the research is as follows:

According to limitation of resources in Abzarsazi
Industries such as budget and time(Employments
and Managers), and considering the Criteria’s (De-
livery, Cost, Quality, Performance, Flexibility, In-
novativeness), improvement of which Manufactur-
ing levers including human resources, organization-
al structure, substructures, production planning,
process technology or supply resources can cover cri-
teria of evaluating customers of Abzarsazi Indus-
tries?

The power of organizations in response to rapid
changes of the environment and accountability to
demands of customers in current competition con-
ditions are the most important advantages. Doing
the present research and finding suitable manufac-
turing levers according to demands of customers are
necessary to achieve this aim. The results of solv-
ing this problem are: ranking manufacturing strate-
gies, choosing a suitable production system, choos-
ing manufacturing levers and allocating resources
optimally to support from manufacturing levers.
Implementing procedures of the research increas-
es customers’ satisfactions, production share rela-
tive to competitors and develops the organization
more.

Manufacturing strategy

Organizations compete with each other to sur-
vive and achieve success and use a strategy to be
better to survive and guarantee their success in long
term. The nature of strategy is selection of differ-
ent implementation of activities compared to com-
petitors, so that it brings a unique value situation.
According to Porter, a stable strategic situation is
the result of a system of activities that any of them
enhances the other. In strategy planning, three lev-
els are defined for strategy: Corporate strategy, of
Business strategy and functional strategy. The lev-
el of corporate strategy includes macro decisions of
the company. The business strategy notes the way of
competition at any business. According to the gener-
al direction of corporate strategy, business managers
make decisions about competitive advantage of any
business. Finally, functional strategies are designed
for supporting function sectors of the company from
corporate strategy and business strategy. [27] define
the manufacturing strategy as a consistent model of
decisions in production that is related to business
strategy. According to this definition, manufacturing
strategy is a body whose contents are decisions relat-
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ed to production and its two features are consistency
of decisions with each other and their relations with
business strategy [27]. Hill thinks the manufactur-
ing strategy is the way of coordination for achieving
consistency among production capabilities and suc-
cess requirements [28].

Strategies show the way achieving the goals, so
selecting correct and effective ways is critical. One
of the suitable analytical models in manufacturing
strategy and production system is Miltenburg strat-
egy worksheet. Combining models and tools present-
ed by other researchers, Miltenburg has presented
a general framework for analyzing the manufactur-
ing strategy of a company due to its convergence with
production system and its capabilities [26].

Manufacturing outputs (Criteria’s)

Production competitive priorities are one of the
contextual elements of manufacturing strategy. In
this element, the importance of any competitive pri-
orities in production system is identified. The study
of previous researches (to 1990s) about manufactur-
ing strategy shows that there is a general agreement
on four priorities of cost, quality, delivery and flexi-
bility. Almost most theoreticians believe that in man-
ufacturing strategy, the importance and priority of
any of these four factors must be determined. Skinner
believes that the emphasis of any of these priorities
is a guideline for designing and planning a produc-
tion system. For example, if in a production system,
reduction of cost is chosen as the first priority, it
shows that in production planning, cost reduction
plans must be paid more attention. There are two
views about competitive priorities:

e the view of exchanging competitive priorities,
e the view of high class global companies.

Advocates of the first view believe that producing
companies are not able to simultaneously achieve all
competitive priorities and as a result, there is a king
of exchange between selection of competitive priori-
ties and more attention to one of competitive priori-
ties leads to less attention to other priorities. Howev-
er, advocates of the second view believe that produc-
ing companies established today and famous as high
class global producers retract this rule and apply
competitive priorities including cost, quality, flexibil-
ity and quick delivery simultaneously on their pro-
duction system.

Managers always try to offer a better and more
diversified product more quickly. An organization be-
ing a pioneer in one or more of such cases can guaran-
tee its victory against competitors. Industry offers six
manufacturing outputs to the customers (Table 1).
These six outputs are the result of Miltenburg’s clas-
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sification and match of eleven variables estimated in
the study of Miltenburg [26].

Table 1
Manufacturing outputs [26].

Delivery Time between taking orders and delivery to
customers. How does a delay occur in most

orders? How are delays?

Cost Costs of materials, work force, overload and

other resources used for producing a product

The extent of matching between materials
and operations and demands and expecta-
tions of customers

Quality

The features of products and the extent in
which features and design allow a product to
do what other products can’t do

Performance

The extent in which the volume of the ex-
isting products can increase or decrease to
respond to demands of customers quickly

Flexibility

Innovativeness | The ability of introducing new products
quickly by changing the design of the existing

products

Manufacturing levers
(alternatives)

Most big organizations have three levels of strate-
gy as corporate strategy, Business strategy and Func-
tional strategy. Main factors at business level are
production, marketing, financial affairs and human
relations. Each of these factors must perform inside
certain limitations and these limitations will effect
on strategies. At the third level of strategic planning
orders (functional level), each of functional areas as
marketing, production, financial affairs, etc. provide
strategies for supporting from certain goals of the
organization. Manufacturing strategy is composed of
eight main components: production technology, ca-
pacity, facilities and deployment, process technology,
human resources, operational decisions, integration

of suppliers and quality (Fig. 1).
Corporate
strategy

P e e B

r T L L) 1
Strategyof [l Strategy of
productonand [l Francialng [ Sty o Steey of
operations accoutng [l merkefing [ relations
L

Technology |l Faclitiesand Integration . | [ .

Fig. 1. Hierarchy of strategic planning in an organization.

Many authors have expanded lists of strategic
decision aspects or production subsystems. In one
of famous lists, six subsystems are slated for pro-
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duction. These subsystems are called Manufacturing
levers (factors) and are: human resources, organiza-
tional structures & controls, production planning &

control, sourcing, process technology and facilities
(Table 2).

Table 2
Manufacturing levers.

Human The level of skill, wage, educational poli-

resources cies and promotion, employment security
and etc for all groups of staff

Organizational| Formal communications between groups

structures (queues) in production systems. The way

& controls of decision making, what is the dominant
culture?” Which system is used for evaluat-
ing performance and motivation?

Production Rules and policies planning and control-

planning ling the following: flow of materials, activ-

& control ities of queued staff, operation of support-
ing from production and introducing new
products

Sourcing The amount of vertical integration, how
does the production system manage that
part of production and distribution system
not owned? How are the relations with sup-
pliers

Process The type of equipment, the extent of au-

technology tomation, connection between production
process parts

Facilities The location, size and focus of individual
shop floors, the type and time of variations
in these shop floors

Any variation at the level of functional strategies
of the organizations creates adjustments in manu-
facturing levers. Small variations in manufacturing
levers improve the current production system and
extensive modulations of manufacturing levers can
result in variation of the production system. In other
words, the combination of the six factors determines
perfectly that whether the production system is job
shop or batch flow, OPL', EPL2, FMS3, JIT* or con-
tinuous flow. When the existing production system
changes to other system, wide modulations are re-
quired for all six factors.

Research methodology

The fuzzy TOPSIS

Decision-making is the procedure to find the
best alternative among a set of feasible alterna-
tives. Sometimes, decision-making problems con-
sidering several criteria are called multi-criteria
decision-making (MCDM) problems [30, 31] and of-

LOperator — Paced Line Flow
2Equipment — Paced Line Flow
3Flexible Manufacturing System
4Just in Time
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ten require the decision makers to provide quali-
tative/quantitative assessments for determining the
performance of each alternative with respect to each
criterion, and the relative importance of evalua-
tion criteria with respect to the overall objective
of the problems. So, Multi-criteria decision making
(MCDM) refers to screening, prioritizing, ranking,
or selecting a set of alternatives (also referred to
as “candidates” or “actions”) under usually inde-
pendent, incommensurate or conflicting criteria [32].
These problems will usually result in uncertain, im-
precise, indefinite and subjective data being present,
which makes the decision-making process complex
and challenging. In other words, decision-making of-
ten occurs in a fuzzy environment where the infor-
mation available is imprecise/ uncertain. Therefore,
the application of fuzzy set theory to multi-criteria
evaluation methods under the framework of utility
theory has proven to be an effective approach [33].
The overall utility of the alternatives with respect
to all criteria is often represented by a fuzzy num-
ber, which is named the fuzzy utility and is often
referred to by fuzzy multi-criteria evaluation meth-
ods. The ranking of the alternatives is based on the
comparison of their corresponding fuzzy utilities [34].

The TOPSIS is extended for group decision-
making in a fuzzy environment [30] and incorpora-
tion the fuzzy set theory and the basic concepts of
positive and negative ideal to expand multi-criteria
decision-making in a fuzzy environment [31] and
fuzzy pair-wise comparison and the basic concepts
of positive ideal and negative ideal points to ex-
pand multi-criteria decision-making in a fuzzy envi-
ronment [35]. A fuzzy multi-criteria decision-making
method based on concepts of positive ideal and neg-
ative ideal points to evaluate bus companies’ perfor-
mance is also proposed [36].

Many ranking methods based on the fuzzy con-
cepts have been proposed to solve the multiple crite-
ria decision-making(MCDM) problems, e.g. [35, 37—
48] etc. However, to efficiently resolve the ambigui-
ty frequently arising in available information and do
more justice to the essential fuzziness in human judg-
ment and preference, the fuzzy set theory [49], has
been used to establish a fuzzy TOPSIS problem [30,
37-39, 43, 47, 49-51].

Fuzzy TOPSIS uses fuzzy set theory to express
the uncertain comparison judgments as a fuzzy num-
bers. The main steps of fuzzy TOPSIS are as follows:
Step 1: Construct the decision matrix as below:
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If there is multi decision maker, we should calcu-
late the simple mean for all of decision makers.
Step 2: Normalize the DM as below:
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Step 3: Constructing weighted Normalized DM as
below:
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Step 4: Determining the Fuzzy Positive & Negative
Ideal Solution as below:

It = <T1+aj:2+a~-~a]~'7j)

= (Maxvﬂ, Max‘z-g, ey Max‘z-n)

= ()
= (Minvﬂ, Minffig, ey Minvm)
Step 5: Calculating Distance between each Alterna-

tive & Fuzzy Positive & Negative Ideal Solution as
below:

n

af = | AV -5 e )

j=1
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where

* 2
o = [(ViF =™ = (Vi = 1],

b= [V - = (v - )

where
* —m _J\12
¢ = [V~ ™)~ (V — 1)
* m — u —u\]2
d = [(Vij' = ;™) = (Vif = ;)]
Step 6: Ranking with relation below:

d-
cC; = —"——
di +d;
So that the alternative with less C'C'; is the better
alternative.

SIR Method

This method (Similarity & Inferiority Rank-
ing: SIR) is one of the new and relative com-
plex Multi Criteria Decision Making methods. There
are preference functions in this method such as
PROMETHEE, which after calculating the prefer-
ence of each alternative to the criteria, and find-
ing the paired preference functions of alternatives
due to the criteria, superiority and inferiority matrix
must be formed. At the next step weighted flow ma-
trix is formed such as SAW and TOPSIS techniques,
and alternatives can be ranked by calculating the
flows.

In SIR method we use such scores that these
scores are obtained by comparing values of criteria.
Assume that we have two alternatives A and A’. To
calculate the scores for these ordinal data with re-
spect to criterion g (to be maximized), we use the
preference structure {P, I'} as follows:

APA’(A is preferred to A’) iff g(A) > g(A"),
AT A’ (A is indifferent to A”) iff g(A) = g(A'),

where g(A) and g(A’) are the criteria values for A
and A’ on criterion g.

First we must form a decision matrix. In any
multi-criteria decision making method, the decision
maker determines a number of criteria. Let A,
As,...,Am be m alternative and (g1, g2,...,9n) be
n cardinal criteria. g;(A;) is the performance of the
i-th alternative A; with respect to the j-th criteri-
ong ;. gj(.) Is a real-valued function (i = 1,2,...,m;
j=12..n)
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91(A1)  g2(A1)  g3(A1)  gn(Ar)

g1(Az2)  g2(A2) -+ gu(A2)
p| |

g1 (Am) g2 (Am) gn(Am)

Then we weight each criterion. In this step we can
use some method like AHP or Shannon entropy. Now
we can compare the criteria value on each criterion
[52]. The generalized criterion is calculated using the
elements of the decision matrix. The differences be-
tween criteria values are used to estimate the intensi-
ty of the preference of A over A’ as per equation (1):

P(A,A") = f(d) = f(g(A) — g(A)), )
P(A, A") is the preference of A over A’.

Brans [53] proposed six generalized criterion
types which can be used to capture the character-
istics of functions that represent the specified crite-
ria. According to the attitude towards the preference
structure and intensity of preference, the decision
maker selects the generalized criteria (along with its
associated parameter). Table 3 lists the types of gen-
eralized criteria. It should be noted that the intensity
of preference for Types 3, 5, and 6 changes gradually
from 0 to 1.

In this research, Criterion with linear preference
and indifference area has been used. For each alterna-
tive A;, the superiority index S;(A;) and inferiority
index I;(A;) with respect to the j-th criterion are
calculated as follows:

Li(A), =) P(Ai, Ai) =Y filg; (Ax) — g5 (42)).
k=1 k=1
(3)

The superiority and inferiority indexes are used
to form superiority matrix (S-matrix) and inferiori-
ty matrix (I-matrix). S-matrix provides information
about the intensity of superiority of each alternative
on each criterion, whereas, I-matrix provides infor-
mation about the intensity of inferiority:

The superiority matrix (S-matrix)

S1(Ar)  Sa(A1)  S3(Ar)  Sn(Ar)
S S1(A2)  S2(A2) -+ Sp(42)

SiAn) Sa(Awm) - Su(Aw)
The inferiority matrix (I-matrix)

L(A)  L(A)  Lb(A)  L(Ay)
. Ii(A2) D(A2) - In(A2)

L(Awm) D(An) L(Am)

The superiority and inferiority indexes (arranged
in S- and I-matrix, respectively) are aggregated in-
to two types of global preference indexes: superior-
ity flow (S-flow) ¢~ (.) and inferiority flow (I-flow)
©=(.). The S- and I-flows are basically the intensity
of each alternative. The former flow measures how
an alternative is globally superior to (or outranks)

m m
Sj(A), = Z P(A;, Ay) = Z Filgj (As) — gj (Aw)), all the othe?s, Whereas, the. lattgr flow measures how
P P an alternative is globally inferior to (or outranked
(2)  by) all the others.
Table 3
Generalized criteria.
Criterion Criterion Criterion
Type 1: . Type 3:
True Criterion T.ype. t2. . Criterion
with linear preference Quasi criterion with linear preference
1 ifd>0 1 ifd> L ifd2p
i > i >q FE
d) = d) = d) = L ifo<d<
1) {o ifd <0 1) {o ifd<q @ p NOSO=P
0 ifd <0
. Type 5: )
L Tl‘y([j)e'tll. . Criterion with linear preference a ’I"ype 6t .
eve riterion and indifference area ausslan criterion
1 ifd>p 1 ifd>p (:ﬁ)
fd)=4 & ifg<d<p fd)=4 =2 ifg<d<p f(d)={ L—e\7?/ ifd>0
0 ifd<gq 0 ifd<gq 0 ifd<0
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There are two aggregation procedures which are
used to obtain S- and I-flows. These are SAW and
TOPSIS procedures. The SAW is considered the sim-
plest and clearest procedure. It is usually used as
a benchmark to compare the results obtained from
other procedures. The TOPSIS is considered very
logical way of approaching the discrete MCDM prob-
lems. However, it is computationally more complex
than SAW [54]. The following sub-sections describe
the structures of SAW and TOPSIS procedures.

SAW procedure; S- and I-flows are calculated
based on the weight of criteria (w;) as follows:

<P> (Al) = Z W;S; (Az)v (4)
P~ (4;) = Z W;l;(Ai), (5)

where .
> W =1(W; >0).
i=1
TOPSIS procedure; S-flow is calculated based on

ideal solution Ag; and negative-ideal solution Ag_
for the superiority matrix (S-matrix) as follows:

(A = Si (4i)
0" (A;) = S; (Ai) = 87 (A) o
) /2
S (A) = { > W5 (85 (4) = sHI (7)
(0 <A <o0),
) /A
57 (A) = { W5 (85 (4) = 57)I" (8)
(0 <A < o0),
A% = (max Sy (A), .. max S, (4;) ) (9)
= (Sy, ... S,
Ag = (min 14, ., min 5,(4,)) (10)
= (57,..,Sy).

I-flow is calculated based on ideal solution I ; and
negative-ideal solution Iy for the inferiority matrix
(I-matrix) as follows:

=< N I:F(Al)
cerra e W
. /A
I (4) = ; W, (1 (4) - 1) 12)
(0 <\ < 00),
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1
I (A) = Z W5 (15 (40 = 1) (13)
j_(lo <A <),
Af = (min (43, min I, (45) ) (14)
= (I, ..., I"),
o (e Aot 4)

= (Il_a I,)).

sy Ay

Net and relative flows; Net flow (n-flow) and rel-
ative flows (r-flow) are calculated utilizing S- and
I-flows as per equations (8) and (9):

on(4y) = ¢" (Ai) == (4),
P~ (Ai)
(7 (Ai) = 0= (4))

Four complete ranking are obtained from S-, I-,
n- and r-flows. These are S-ranking (R~ ), I-ranking
(R<), n-ranking (®,), and r-ranking (®,). The S-

ranking R = {P-,I.}, is obtained based on the
descending order of ¢™ (A;) as follows:

AiP > A it o7 (A) > ¢ (Ar), (18)
AT > A, i 0" (A)> e~ (Ay).  (19)

The I-ranking R = {P., I}, obtained based
on the ascending order of ¢=(A4;) as follows:

AP < Ay i o™ (A) > 07 (Ar),
Al < Ay iff 50< (Az) = 50< (Ak)

(16)

pr(4;) =

(17)

(20)
(21)

The n-ranking and r-ranking are obtained based
on the descending order of n- and r-flows, respecti-
vely.

Partial ranking (R) is obtained by combining S-
ranking R~ , and I-ranking R, in a partial ranking
structure as follows:

R = {P,I,R} = R> N R-. (22)

The intersection principle, proposed by Brans et
al. (1986) and Roy et al. (1992), is adopted to com-
pare any two alternatives as follows:

Preference relation P:

APA" iff (AP > A" and AP < A)

or (AP < A’ and AI > A') (23)
or (AI>A" and AP < A').
Indifference relation I:
ATA" iff AT > A’
; (24)
and Al < A",
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Incomparability relation R: e ety > st
Tpy = pi Vi 3 R
ARA" iff (AP > A" and A'P < A) 0; otherwise

or (AP<A and AP > A).

Fuzzy SIR stepwise procedure
Step 1: Construct the Decision Matrix as below:

Step 3: Construct a Superiority & Inferiority Matrix
as below:

S Cq Coy | ... Chn <?5+
91 92 9" Ar | S =35 Sin =287 | X w5k,
A X11 Xi12 Xin |k j
Aa Xo1 Xoo Xon Az . .
. Sij =2 Sij
Am )?ml )?mQ )?mn Am — — o
Wj Wl WQ Wn Wj Wi Wa Wn
I Cq Coy | ... Chn <?5+
> = Ay | L =311 Lin =10 | S @, Y 5%,
. _ 1 . 1 1 11 i 1 in k
That: X;; = (xij, :UZL:EZ) , W = (wj, w}”w;-l) ! " m i
If there is multi decision maker, we should calculate As N N
the simple mean or weighted mean for all of decision Lij =3 If
makers. —
Step 2: Construct the Pair-wise Matrix as below: U — — -
W W1 E3E W
1 A Az Am
S S = Step 4: Combining the TOPSIS approach with FSIR,
Ay X11 X12 Xim . .
— — — in step3 and ranking by TOPSIS as below:
As Xo1 Xoz Xom
S
Am )Zml )ZmQ )?mm wj
At
That: j({ — (4l amu A~
at: Aqj = (xijxijmij)
1 1 I
a4 xl L xl : J'pj"'”’?}"'”‘gj > wmﬁ%ﬁ*‘ﬁq wj
Tpg = pJj 1q 3 . 3 T
0; otherwise A
(26) A
m_om. Shtentel | elgbelel I
0; otherwise +
(27)  Step 5: Ranking by FSIR as below:
5.1.
Ratio Flow
ot @ o <p+é<pf (Doubis 8+c Prade)
oo Doubis & Prade
Ay Method
_ A2 | & =(alaay) | B = (BLbmbY) & = (chemew)
Am
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5.2.
ot o~ Net-Flow
AL | 61 | & | Br =¢84
o Yager Method

A | 75 | &5 | B3=03 07,

T =350 Fm

b= —
T T om?
a;

bl 1 a’g — a;.”
i am amg ) (30)

3 ?
bu 1 a‘zm - a‘i
T am am?

ot = gpj‘m.b;“,
=" = [(b]" = b).of™ + (o™ — o) 6]

= — (b — )l ™ 4 (o — o ™)b.
(31)

Case study (Evaluation and Selecting
of Manufacturing Levers)

Step 1: Now we use Fuzzy SIR to evaluate the
Manufacturing Levers. We will use a numerical illus-
tration to show our method. In first, set up the fuzzy
decision making matrix of Manufacturing Levers
evaluation according to opinions of five experts in
Abzarsazi Industries of Iran with fuzzy linguistic
variables. On the other hand, in this step, a question-
naire prepared and five experts in Abzarsazi Indus-
tries completed it with linguistic variables. To con-
vert the fuzzy linguistic variables to fuzzy number
can use the Table 4.

Table 4
Linguistic variables for paired comparison criteria.
VL (Very low) 0| 05 2
L (Low) 1 2 3
ML (Medium Low) 2 | 3.5 4
M (Medium) 4 5 6
MH (Medium High) | 5 | 6.5 8
H (High) 7 8 9
VH (Very High) 8 | 9.5 | 10

So, the fuzzy decision making matrix of Man-
ufacturing Levers evaluation according to opinions
of five experts in Abzarsazi Industries of Iran with
fuzzy number will extracted, and finally, the Inte-
grated Fuzzy Decision Matrix will be as Fig. 2.

Step 2: Construct the Pair-Wise Matrices ac-
cording to all of criteria’s.

Step 3: Construct a Superiority & Inferiority
Matrix as Figs 3 and 4.

Volume 10 ¢ Number 1 e March 2019

That for example the number (—15.24152) in col-
umn @+ is calculated as below:
—15.24152 = (—0.40594 % 0.9375)
+(0 % 6.0625) + (0.29631 % 5.875)
+(—0.76563 % 4.9375) + (—1.1875 * 5.5625)
+(—0.625 % 4.375).
That for example the numbers (—0.13312,

0.062514, 0.649049) in table above are calculated as
below:

—0.40594
~0.13312 = <07?59) % 0.9375,
0.062514 = < 0'069375) % 1.90625,
0.649049 = (0'535’75) 3.125

where
e* = max (0.59375, 2.85875,1.96825,1.030938,0,2.187).

And the number (0.339273) in column ¢+ is cal-
culated as
16.17266
31.49575 + 16.17253

That A+, A— are maximum and minimum of col-
umn numbers.
Step 4: Combining the TOPSIS approach with FSIR,
in Step 3 and ranking by TOPSIS as Fig. 5.
Step 5: Ranking by FSIR as Fig. 6.

0.339273 =

Conclusion

In this paper, Manufacturing levers (Alterna-
tives) are examined and analyzed as the main ele-
ments of manufacturing strategy. Also, manufactur-
ing outputs (Criteria’s) are identified that are com-
petitive priorities of production of any organization.
Next, using a hybrid approach of FSIR and TOP-
SIS, alternatives (manufacturing levers) are ranked.
Generally, evaluation and selecting of Manufacturing
Levers and its problems as well as subjective judg-
ment of appraiser are vague and uncertain, and so
fuzzy set theory helps to convert DM preferences and
judgments into meaningful results by applying lin-
guistic values to measure each criterion with respect
to every levers. In this paper, a multi-criteria group
decision making model has been developed based on
fuzzy set theory to efficiently deal with the ambiguity
of the decision making problems in practical cases to
evaluate the levers and comparing them. Fuzzy SIR
is a helpful tool in multi-criteria decision making,
in this method two superiority and inferiority flows

79



Management and Production Engineering Review

www.czasopisma.pan.pl P N www.journals.pan.pl

I

POLSKA AKAT

JEMIA NAL

show that an alternative how can be preferred to an-
other alternatives. Other flows (n-flow and r-flow) in
this method show that which of superiority or inferi-
ority flow is more powerful than another. It makes

decision making process more reliable. So dealing
with the selected manufacturing levers and promot-
ing them, an organization makes customers satisfied
with the least cost and time.

Attachments:
C Al A2 A3 Ad A3 AG
A 0 0 0 0 0 0 0 0 04059375 0.09375 059375 0 0
Al -0.09375 0.40625 0.6559375 -0.25 0.21875 0.46875 -0.0625 0.34375 0.5623125 0 0.5 0.75 -0.1875 0.171875 0.42175
A 03125 0.1875 0.6559375 0 028125 0.125 05623125 021875 028125 0.75
Ad 204060625 0.0625 04684375 0 0 03123125 0.15625 05625
A 0 0 0 0 0 0 0
A6 -0.2655 0.234375 0.5934375 -0.42175 0.046875 0.40625 -0.23425 0.171875 0.4998125 -0.17175 0.328125 0.6875
SUM 10778125 | 0.890625 237375 010 o | 067175 | 0265625 0.875 0578 0.640625 16244375 110875 1359375 334375 01875 | 0171875 042175
Fig. 2. The Integrated Fuzzy Decision Matrix.
S Criteria 1 Criteria 2 Criteria 3
Alternative 1 -0.40594 0.09375 0.59375 0 0 0 -0.29631 0.125 0.452938
Alternative 2 -0.59375 1.640625 2.85875 0.015625 0.453125 0.71825 0 0 0
Alternative 3 -0.8125 0.59375 1.96825 -0.203125 0.921875 1.624375 -0.28125 1.109375 2.421
Alternative 4 -0.71838 0.21875 1.030938 -0.015375 0.828125 1.2495 -0.125 1.734375 2.76475
Alternative 5 0 0 0 -0.359375 1.046875 2.030625 -0.32813 1.8125 3.20225
Alternative 6 -1.09325 0.78125 2.187 -0.359375 0.78125 2.030625 -0.156 1.0625 1.68675
Weight 0.9375 1.90625 3.125 5.0625 6.0625 21.9375 5.875 6.90625 32.25
Criteria 4 Criteria 5 Criteria 6 o+
-0.76563 1.46875 3.34125 -1.1875 0.546875 2.014813 -0.625 6.46875 12.8125 -15.24152 46.65576 169.9718

0 0 0 -0.39 0.046875 0.437313 3.125 10.84375 20.0625 11.024961 62.0791 155.8958
~0.71875 0.21875 1.217188 132813 0.859375 2.624188 2.75 2.25 6.5 2641016 32.64746 201.7618
20.8425 1 2.560313 0.8125 0.171875 1202313 925 19.4375 30.1875 30.303688 124.7402 364.6989
1.12313 03125 1.529688 2051563 0.171875 0.811688 0 0 2.125 ~12.16066 21.81787 193.4137
-0.37431 0.09375 0.561625 0 0 0 1,625 0.5625 2.5 12,7183 17.0293 131.2289

4.9375 6.03125 16.9375 5.5625 6.21875 7.5625 4375 5.15625 6.375
Fig. 3. The Superiority Matrix.
NWS Criteria 1 Criteria 2 Criteria 3

Alternative 1 -0.30219 0.59388 2.594829 0.875434 6.726539 32.5945 0.184541 3.900918 28.57086
Alternative 2 0 0 0 -0.558544 1.921868 13.66897 0.669308 0.615673 3.983438
Alternative 3 -0.18834 0.177122 0.956493 -0.595939 0.132543 4.79613 -0.89874 0.070267 0.90625
Alternative 4 -0.16206 0.427177 1.77573 -0.819416 0.331357 7.670931 -0.39176 0.003346 0.3125
Alternative 5 -0.31086 0.906448 3.655171 0 0 0 0 0 0
Alternative 6 -0.05257 0.114608 0.46103 0 0 0 -1.31354 0.080305 1.7965

A+ 0 0.906448 3.655171 0.875434 6.726539 32.5945 0.669308 3.900918 28.57086

A- -0.31086 0 0 -0.819416 0 0 -1.31354 0 0

Criteria 4 Criteria 5 Criteria 6 S+ S- [

0 0 0 -0.92131 0.164801 1.553183 0.020637 0.76006 2.074882 16.14591 37.21393 0.697415
-1.59243 2.226375 16.9375 -2.98504 1.318405 6.956257 -0.06191 0.334427 0.872052 27.30936 20.49962 0.428782
-1.41117 0.946209 8.518768 0 0 0 0.268278 1.580926 3.743809 34.757586 9.985688 0.223177
-0.43287 0.166978 2.343052 -1.40039 0.659202 2.905956 0 0 0 35.045522 8.318639 0.191832
-0.54633 0.779231 6.011593 -1.80577 0.659202 3.757702 0.484965 2.784861 6.375 38.523356 8.695461 0.184152
-1.59343 1.391484 12.2564 -2.87301 1.936407 7.5625 0.505601 2237618 4.78125 36.420339 13.36785 0.268494

0 2.226375 16.9375 0 1.936407 7.5625 0.505601 2.784861 6.375
~1.59343 0 0 2.98504 0 0 20.06191 0 0

Fig. 4. The Inferiority Matrix.
Alternatives o+ Rank - Rank @ (net Flow)=(¢+)-(¢9-) Rank Ratio flow= (¢+)/ (¢+ + ¢-) Rank
Al 0.339273 5 0.697415 1 -0.35814199 6 0.327266 5
A2 0.186807 6 0.428782 2 -0.24197523 5 0.30346 6
A3 0.690126 3 0.223177 4 0.466948474 3 0.755637 3
A4 0.748671 2 0.191832 5 0.556839153 2 0.796033 2
AS 0.780367 1 0.184152 6 0.596214161 1 0.809073 1
A6 0.559889 4 0.268494 3 0.291394225 4 0.675881 4
Fig. 5. Combining the TOPSIS approach with FSIR in step3 and ranking by TOPSIS.
Yager

-13.4244 103.6523 443.027 -0.02194 0.009647635 0.020545 -15.2415 46.65576 169.9718

-2.75434 106.9395 420.3077 -0.01805 0.009351086 0.018943 11.02496 62.0791 155.8958

-30.8204 80.89746 375.4913 -0.03265 0.012361327 0.029432 -26.4102 32.64746 201.7618

19.95224 129.1367 416.5703 -0.00949 0.007743731 0.014291 30.30369 124.7402 364.6989

-6.45736 102.4014 402.0195 -0.01881 0.009765495 0.020147 -12.1607 21.81787 193.4137

-16.8996 88.52246 376.5261 -0.02546 0.011296568 0.02475 -12.7183 17.0293 131.2289

Ratio Flow (Doubis-Prade) Deffuzification Rank Net Flow Deffuzification Rank
-1.6208 0.450118 2.148241 0.356918098 5 -288.297 -10.3408 168.1547 -35.20590723 4
-1.59798 0.580507 2.053254 0.404070968 4 -253.387 17.21875 169.6751 -12.31858496 3
-1.79608 0.403566 3.051361 0.515603524 2 -200.14 -15.6025 206.1721 -6.293161133 2
-1.91537 0.965955 3.64084 0.914345741 1 -21.5678 120.3438 375.0503 148.5425146 1
-0.74216 0.213062 2.115279 0.449811323 3 -220.766 -58.7656 187.7104 -37.64681348 5
-0.76955 0.192373 1.711535 0.331682879 6 -258.015 -54.4639 135.4103 -57.88322363 6

80

Fig. 6. Final ranking using FSIR.
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