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ABSTRACT
A good supply chain relationship is essential for
a company to survive and to acquire reasonable

P S Y
i N R e

profit in today’s highly competitive global
environment. Only very few large companies
can and are willing to vertically integrate from
the design stage to the final distribution of the
entire supply chain. Most companies focus on
their specialized functions and to cooperate with
upstream or downstream companies. As a result,
supplier selection is important for maintaining a
certain degree of strategic alliance. This project
aims to develop a fuzzy multi-choice goal
programming (FMCGP) model to help
downstream companies to select thin film
transistor liquid crystal display (TFT-LCD)
suppliers for cooperation. First, fuzzy analytic
hierarchy process (FAHP) is applied to analyze
the importance of multiple factors by
incorporating experts’ opinion.  Next, multi-
choice goal programming is used to consider the
limits of various resources and to formulate the
constraints. From the experimental design and
examination, we testify that the proposed model
not only can consider multi-choice goals,
decision making behavior and limit of resources,
but it can also allocate the purchase among the
selected supplier(s).
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1. Introduction

The TFT-LCD supply chain involves the
domains of optics, semiconductor, electrical
engineering, chemical engineering, mechanical
engineering and material. Because a wide
variety of technologies are required from the
upstream to the downstream in the supply chain,
very few companies have the capability and are
willing to cover all operations from the making
of material to the manufacturing of final
products in the supply chain.  Therefore,
division of works and cooperation among
companies are necessary in the TFT-LCD
industry. The TFT-LCD supply chain is usually
segregated into three parts: upstream, midstream
and downstream. The upstream includes the
equipment (e.g. photo/etch equipment) and the
material and components (e.g. glass substrate,
backlight module and driver IC). By using the
equipment provided by equipment suppliers and
the material provided by the
material/components suppliers, the midstream
companies first manufacture panels and then
assembled them into TFT-LCD modules.
Downstream manufacturers use the modules to
make final products such as notebook computer,
LCD monitors, etc.

Outsourcing has become an important
business approach in various industries since a
competitive advantage may be gained by
cooperating  with  suppliers to  provide
products/services  more  effectively  and
efficiently [1]. Companies in a TFT-LCD
supply chain usually focus on only one or two
steps in the supply chain while outsourcing the
rest of steps to other companies. For instance, a
TFT-LCD manufacturing company may receive
orders from a notebook manufacturing company,
which specifies the specification of the panels,
and manufacture TFT-LCD modules according
to the design. It also needs to find upstream
companies to obtain the required equipment,
material and components. On the other hand,
for a notebook manufacturing company, it also
needs to find one or several suitable TFT-LCD
manufacturing companies to obtain the required
TFT-LCD module for further producing
notebook computers.  In consequence, the

selection of the right companies for cooperation
is important for maintaining a competitive edge.
In addition, how to distribute the amount of
purchases to the selected manufacturers is also a
problem faced by the purchasing companies.

The rest of this report is organized as follows.
Section 2 reviews some recent researches on
supplier  selection. FAHP and goal
programming are discussed in Section 3.
Section 4 proposes a FMCGP model applied to
select TFT-LCD companies by downstream
manufacturers. Some concluding remarks are
made in the last section.

2. Supplier Selection Problem

In current business environment, global
competition is inevitable, and customer
demands are diversified.  This results in
progressively increased costs and sharply
decreased profit. Therefore, purchasing has
become a crucial job in establishing value-added
contents of products and a vital determinant to
ensure the profitability and survival of a
company. Many companies are trying to reduce
their costs while satisfying customer needs by
strengthening their core competencies and
outsourcing other functions. Suppliers have
varied strengths and weaknesses; thus, supplier
selection requires a careful assessment in order
to maintain a continuous good buyer-supplier
relationship.

Categorical method is the simplest supplier
selection method. Each supplier characteristic is
assigned good, satisfactory, neutral and
unsatisfactory and then the total score for each
supplier is summed up [2]. Linear weighing
method is one of the most common methods,
and the concept is to give different weights to a
number of criteria and to select the supplier with
the best weighted total score [3]. Although
most proposed methods belong to linear
weighting and mathematical programming (MP)
models [4], MP models are proved more
effective than the linear weighting methods
because they can optimize the explicitly stated
objective [5]. Muralidharan et al. [6] did a



comparison of various supplier rating methods
and listed the advantages and limitations of the
methods.

A MP model formulates the decision
problem in terms of a mathematical objective
function that needs to be maximized (e.g. profit)
or minimized (e.g. cost) by varying the values of
variables in the objective function (e.g. the
amount ordered with a supplier) [4]. Most-used
MP models in supplier selection are linear
programming, mixed integer programming, and
goal programming/multi-objective goal
programming (MOP). Weber and Desai [7],
Weber et al. [8] and Muralidharan et al. [6]
reviewed past supplier selection researches by
MP models. Hong et al. [4] proposed a
mathematical ~ programming  model that
considers the change in suppliers’ supply
capabilities and customer needs over a period in
time, and the model not only can maximize
revenue but also can satisfy customer needs.
Multi-objective programming (MOP) is a very
popular tool since many criteria, not a single
criterion, can be examined with different
weights. Weber and Current [9] introduced a
MOP for selecting suppliers with order
quantities in  procurement  environments
characterized by multiple conflicting criteria.
Weber (1996) applied DEA in supplier
evaluation for an individual product and
demonstrated the advantages of applying DEA.

Two or more methodologies can be
combined in the evaluation of suppliers.
Ghodsypour and O’Brien [2] combined AHP
and linear programming to choose the best
supplier and to assign the optimum order
quantity among selected suppliers. Weber et al.
[8] integrated MOP and DEA to deal with non-
cooperative supplier negotiation strategies
where the selection of one supplier results in
another being left out of the solution. Choy et
al. [11] designed an intelligent supplier
relationship management system by using
hybrid case based reasoning and artificial neural
networks techniques, to select and benchmark
potential suppliers. Liu and Hai [12] proposed a
voting AHP method, which combined AHP and
DEA, for selecting supplier by comparing the

weighted sum of the selection number of rank
vote, after determining the weights in a selected
rank.

3. FAHP and Goal Programming

The AHP is a mathematically based MCDM
tool. It is very popular to academic researchers
for data analysis and model verifications and to
provide critical information for decision makers
in various fields such as political, social,
economic and management sciences. A
complex problem is decomposed into several
sub-problems in terms of hierarchical levels,
and the factors of the same hierarchical level are
compared relative to their impact on the solution
of their higher level factor. Pairwise
comparisons are employed among decision
elements, and comparison matrices are formed.
After the consistency of the matrices is
examined, the relative weights of decision
elements are estimated next. The relative
weights are aggregated lastly to obtain an
overall rating for the decision alternatives.

Fuzziness and vagueness are common
characteristics in many  decision-making
problems, and a good decision-making model
should be able to tolerate vagueness or
ambiguity [13]. In addition, decision makers
very naturally provide uncertain answers rather
than precise values, and it is difficult to
transform qualitative preferences to point
estimates.  Therefore, pairwise comparison
under traditional AHP may not be appropriate
due to the necessity of selecting arbitrary values
in the process, and a degree of uncertainty
should be considered in some or all pairwise
comparison values [13]. In consequence, the
incorporation of the fuzzy theory in AHP should
be more appropriate and effective than
conventional AHP. Many researches have been
done on the development and the application of
FAHP, and tremendous amount of FAHP
methodologies are existed.

In the last step of FAHP, the total ranking
fuzzy numbers for decision elements (e.g.
alternatives) are obtained, and the fuzzy



numbers need to be ranked. There are many
different methods to do the ranking, and each
method has its own advantages and
disadvantages [14]. Centroid ranking method is
a popular way [15]. Let f(x) be a membership

function for triangular fuzzy number c=(p,q,s),

the centroid ranking method formula of
triangular fuzzy number C is [15]:

R(C)= j xf, (x)dx/j f(x)dx 1)

Define ¢ =(p.q.s) , 1=12,..,n be n
triangular fuzzy numbers. By the formula stated
above, one can obtain the centroid rank value of
triangular fuzzy number:

1 (1,1 1 1 (1,1, 1 1
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(2)

Finally, the centroid rank value of triangular
fuzzy numbers is:

R(C)=%(p +q +s) 3)

A goal programming (GP) model is useful in
dealing with multi-criteria decision problems
where the goals cannot simultaneously be
optimized. =GP allows decision makers to
consider several objectives together in finding a
set of acceptable solutions and to obtain an
optimal compromise. The purpose of GP is to
minimize the deviations between the
achievement of goals and their aspiration levels
[16]. Sharma et al. [17] proposed a GP
formulation for vendor selection to attain goals
pertaining to price, quality and lead-time under
demand and budget constraints. Buffa and
Jackson [18] also proposed the use of GP for
price, quality and delivery objectives to evaluate
vendors. An integrated AHP and preemptive
goal programming based multi-criteria decision-
making (MCDM) methodology is developed by
Wang et al. [19] to select the best set of multiple
suppliers to satisfy capacity constraint.

Determining precisely the goal value of each
objective is difficult for decision makers since

possibly only partial information can be
obtained [20]. Some approaches, such as
probability distribution, penalty function fuzzy
numbers and various types of thresholds, are
used to reformulate the GP models in order to
incorporate uncertainty and imprecision into the
formulation [20]. Narasimhan [21] was the first
to propose fuzzy goal programming (FGP) by
using the fuzzy set theory with preference-based
membership function to GP. Since then, many
achievements have been made in areas of
preemptive FGP, weight additive model and
stochastic model [16].

Kim and Whang [22] investigated the
application of tolerance concepts to goal
programming in a fuzzy environment by
formulating a FGP problem with unequal
weights as a single linear programming problem
with the concept of tolerance. The model could
reflect the decision maker’s view on subjective
fuzzy business goals based on his/her
experience or intuition. Chen and Tsai [20]
formulated FGP by “incorporating different
importance and preemptive priorities by using
an additive model to maximize the sum of
achievement degrees of all fuzzy goals.” The
approach allowed the decision maker to
determine a desirable achievement degree for
each fuzzy goal and to reflect explicitly the
relative importance of these goals. Kumar et al.
[5] presented a fuzzy goal programming
approach that considered multiple objectives
and dealt with some of the parameters that were
fuzzy in nature.A fuzzy mixed integer goal
programming was formulated. Three primary
goals are minimizing the net cost, minimizing
the net rejections, and minimizing the net late
deliveries, while the constraints are regarding
buyer’s demand, vendors’ capacity, vendors’
quota flexibility, purchase value of items,
budget allocation to individual vendor, etc.

Chang [16] proposed an MCGP approach to
solve a multi-choice aspiration level (MCAL)
problem, in which decision makers can set more
aspiration levels to each goal of the multiple
objective decision-making problem to find more
appropriate resources so as to reach a higher



aspiration level in the initial stage of the
solution process. The approach is applicable
when there is a goal that can be achieved from
some specific aspiration levels (i.e., one goal
mapping many aspiration levels) [16].

Min > w(d, +d,) (4)
St f(X)-d; +d =) g,5,(B) i=12,...n (5)
d,d >0 ,i=12,...n (6)
S,(B)eU,(x), i=12,...n (7)
x eF (F is a feasible set) (8)

where d, is the deviation from the target value
g;; W, represents the weight attached to the
deviation; d" =max(0,f(X)-g,) and
d-=max(0,9, - f(X)) are, respectively, over- and
under-achievements of the ith goal;, s,(B)
represents a function of binary serial number;

and u (x) is the function of resources limitations.

For something that is more/higher the better
in the aspiration levels, the highest possible
value of membership function is 1, based on the
fuzzy theory [23]. To achieve the maximization
of g,s,(B), the flexible membership function

goal with aspiration level 1 (i.e., the highest
possible value of membership function) is used
as follows [16]:

gljslj( B)_ i _
Grox = Gin

d +d =1 9)

where g,..and g, are, respectively, the upper

and lower bound of the right-hand side (i.e.,
aspiration levels) of equation (6).

For easy calculation, the fractional form of
equation (7) is [16]:

1 1 L
:gijSﬂ(B)_f‘gmin_dl +d| =1 (10)

where L =g, -g,,.

4. Formulation of fuzzy multi-choice goal
programming for TFT-LCD manufacturer
selection

In this section, an MCGP model with the
incorporation of FAHP is proposed for the
selection of TFT-LCD manufacturers by a
notebook (NB) manufacturer. The steps can be
summarized as follows:

Step 1. Form a committee of experts in NB
industry and define the TFT-LCD
supplier selection problem. The
selection of suitable TFT-LCD
manufacturers for a NB company to
purchase TFT-LCD  modules is
essential for the NB company to be
successful.  With a comprehensive
review of literature, consultation with
domain experts and consideration of
data accessibility, the factors for
determining the performance of TFT-
LCD companies can be organized.

Step 2. Formulate a questionnaire to compare
factors pairwisely in their contribution
toward achieving the goal of selecting
the best TFT-LCD supplier. Five-point
scale is applied, and the opinions of
experts are collected and combined into

a fuzzy pairwise comparison matrix A.
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a. 1

fori,p=1.2,...n (11)

where a.=(.,m,u) and a.-a.~ 1,
I. @ the smallest assigned value
among the experts,
m. : the largest assigned value among
the experts, and
u. : the geometric average of the
values of all other experts.

Step 3. Check the consistency of the fuzzy
matrix and obtain FAHP weight, w .
Based on Buckley [24] and Csutora



and Buckley [25], let A=[ai, ] be a
positive  reciprocal matrix, and
A =[a»] be a fuzzy positive
reciprocal matrix, if A is consistent,

then A is also consistent. If A is not
consistent, the questionnaire must be
modified by the experts. The fuzzy
weight W is:

w,=[a, ®--®4a,J", fori=1,2...n (12)

Step 4. Defuzzy w by the centroid method.
Each fuzzy number ofw is defuzzied
to get a best crisp value:

w = (W W W) for i=1,2...n (13)

Step 5. Normalize the weights of factors. The
weights of the factors are normalized by
the following:

_w i=
Wi_/zinlwl  fori=1,2...n (14)

Step 6. Set the GP model for the supplier
selection. The objective is to maximize
the satisfaction of the suppliers, and the
goals are G,,G,,...G,...,G,.

Max z,=[G,.G,....G,....G,] (15)

Step 7. Set the MCGP model. An example is as
follows:

Minz=Z%(d,;+d|;+|_,(d,;+dl; ) (16)

St f(X)-d; +d =3 10,8,(B),i=12,..n (17)

f(X)-d;+d, =g™z +9™(1-z2),i=12..n  (18)

1 - ‘ 1, min
f(g. Z,+g (l_zi))_d|2+di2:f(g| or g )s

i=12,.,n (19)
d.d ,d d, d; d,>0 ,i=12,..,n (20)
x eB (B is a feasible set) (21)
2, {01 (22)

5. A case study for evaluating TFT-LCD
companies

To examine the practicality and the
effectiveness of the proposed MCGP model for
supplier evaluation, we use an anonymous
notebook (NB) manufacturing company in
Taiwan in the selection of TFT-LCD company(s)
as an example. Depending on the factor used,
one TFT-LCD company may perform better
than the others. Therefore, experts are
interviewed first to decide the factors for
selecting suppliers. The procedures and results
of the proposed model in the case study are as
follows.

Purchasing managers and related experts in
the anonymous company are invited to define
the TFT-LCD supplier selection problem and to
prepare a supplier candidates list. With a
comprehensive review of literature,
consultation with domain experts and
consideration of data accessibility, the major
factors for selecting TFT-LCD companies are
unit purchase cost (C), yield rate and number of
suppliers. A questionnaire is prepared for the
decision makers to compare factors pairwisely
in their contribution toward achieving the goal
of selecting the best TFT-LCD supplier. The
integrated fuzzy matrix is calculated by
equation (20) and is shown in Table 2. The
consistency of the integrated fuzzy matrix is
examined.

Five potential TFT-LCD companies in
Taiwan are selected for evaluation. Because the
NB company is located in Taiwan, which has
many well-known and larger-scale TFT-LCD
manufacturers, it is in the best interest of the NB
company to simply select the suppliers in
Taiwan for cooperation.

6. Conclusions

Supplier selection and evaluation process is
very complicated with interrelationship among
two or more organizations in a supply chain. In
addition, the process is multi-objective in nature.
The selection of one (or several) TFT-LCD



manufacturers for subcontracting is essential for
a notebook company and any other company
that requires TFT-LCD modules. In this
research, an MCGP model is proposed to
evaluate the performance of TFT-LCD
manufacturers and to allocate the purchase
amount to the selected companies, while the
number of suppliers that should be selected can
be set as preferred. Fuzzy AHP is applied first
to obtain the weights of the criteria, and an
MCGP approach is used to find the optimal
solution of module allocation to suppliers. We
testify that the proposed model not only can
consider multi-choice aspiration levels in each
goal, decision making behavior and limit of
resources, but it can also allocate the purchase
among the selected supplier(s).

References

[1] 1. McCarthy, & A. Anagnostou, The
impact of outsourcing on the transaction
costs and boundaries of manufacturing,
International Journal of Production
Economics, 88, 2004, 61-71.

[2] S.H. Ghodsypour, & C. O’Brien, A
decision support system for supplier
selection wusing an integrated analytic
hierarchy process and linear programming,
International  Journal of Production
Economics, 56-57, 1998,199-212.

[3] F. Roodhooft, & J. Konings, Vendor
selection and evaluation: an activity based
costing approach, European Journal of
Operational Research, 96(1), 1997, 97-
102.

[4] G.H. Hong, S.C. Park, D.S. Jang, & H.M.
Rho, An effective supplier selection
method for constructing a competitive
supply-relationship, Expert Systems with
Applications, 28, 2005, 629-639.

[5] M. Kumar, P. Vrat, & R. Shankar, A fuzzy
goal programming approach for vendor
selection problem in a supply chain,

Computers and Industrial Engineering, 46,
2004, 69-85.

[6] C. Muralidharan, N. Anantharaman, &
S.G. Deshmukh, A multi-criteria group
decisionmaking model for supplier rating,
Journal of Supply Chain Management,
38(4), 2002, 22-33.

[7] C.A. Weber, & A. Desai, Determination of
path to vendor market efficiency using
parallel coordinates representation: A
negotiation tool for buyers, European
Journal of Operational Research, 90, 1996,
142-155.

[8] C.A. Weber, J.R. Current, & A. Desali,
Non-cooperative negotiation strategies for
vendor selection, European Journal of
Operational Research, 108, 1998, 208-223.

[9] C.A. Weber, & J.R. Current, A multi-
objective approach to vendor selection,
European  Journal of  Operational
Research, 68(2), 1993, 173-184.

[10] C.A. Weber, A data envelopment analysis
approach to measuring vendor performance,
Supply Chain Management, 1(1), 1996, 28-
30.

[11] K.L. Choy, W.B. Lee, & V. Lo, Design of
an intelligent  supplier  relationship
management system: a hybrid case based
neural network approach, Expert Systems
with Applications, 24, 2003, 225-237.

[12] F.-H.F. Liu, & H.L. Hai, The voting
analytic hierarchy process method for
selecting supplier, International Journal of
Production Economics, 97, 2005, 308-317.

[13] C.S. Yu, A GP-AHP method for solving
group  decision-making  fuzzy = AHP
problems, Computers and Operations
Research, 29, 2002, 1969-2001.

[14] G.I. Klir, B. Yan, Fuzzy Sets and Fuzzy
Logic Theory and Applications, London:
Prentice-Hall International, 1995.



[15] R.R. Yagar, On a general class of fuzzy
connective, Fuzzy Sets and Systems, 4,
1978, 235-242.

[16] C.-T. Chang, Multi-choice goal
programming, Omega: The International
Journal of  Management  Science,
35(4), 2007, 389-396

[17] D. Sharma, W.C. Benton, & R. Srivastava,
Competitive strategy and purchasing
decisions, Proceedings of the 1989 Annual
Conference of the Decision Sciences
Institute, 1989, 1088-1090.

[18] F.P. Buffa, & W.M. Jackson, A goal
programming model for purchase planning,
Journal of Purchasing and Materials
Management, Fall, 1983, 27-34.

[19] G. Wang, S.H. Huang, & J.P. Dismukes,
Product-driven supply chain selection
using integrated multi-criteria decision-
making methodology, International
Journal of Production Economics, 91,
2004, 1-15.

[20] L.-H. Chen, & F.-C. Tsai, Fuzzy goal
programming with different importance
and priorities, European Journal of
Operational Research, 133, 2001, 548-556.

[21] R. Narasimhan, Goal programming in a
fuzzy environment, Decision Sciences, 11,
1980, 243-252.

[22] J.S. Kim, & K.-S. Whang, A tolerance
approach to the fuzzy goal programming
problems with unbalanced triangular
membership function, European Journal of
Operational Research, 107, 1998, 614-624.

[23] A. Charnes, & W.W. Cooper, Management
Model and Industrial Application of Linear
Programming, Wiley, New York, 1961.

[24] J.J. Buckley, Fuzzy hierarchical analysis,
Fuzzy Sets and Systems, 17, 1985, 233-247.

[25] R. Csutora, & J.J. Buckley, Fuzzy
hierarchical analysis: the Lambda-Max
method, Fuzzy Sets and Systems, 120,
2001, 181-195.

S El%—“
7&%%&3/@%%59%“5@%% El ;ﬂﬁ[aszl[@r—?pﬂﬁ
gf’bl;@%ﬁgg SCI I [gifHAT]]

International conference:

TFT-LCD supplier selection by downstream
manufacturer using fuzzy multi-choice goal
programming, The Third IASTED International
Conference on Computational Intelligence,
Banff, Canada. (EI Conference)



FRERTHELR EAHRAR L 3 I8 RFE g B2

9% =« 7 * 9 p

L AL PRI 1 , - N ot e
i EE Y 2 B%‘wﬁf 1 E AR kA E R kB KR
B e Y ;;96&7’32Bi96&7 ~ &P
£ & SN . NSC 95-2416-H-216-003
. A B2 B
= B |Banff, Canada
g3k (P %) %= FE IASTED # X7 £ Rt ¢
##  |(® <) The Third IASTED International Conference on Computational
Intelligence
w4 (P %) 1% 500 558 P R3] ™ P50 P $ TFT-LCD R 2 5 8
i (# % ) TFT-LCD supplier selection by downstream manufacturer using fuzzy
wr multi-choice goal programming

% Y04

i)



FEPF R AT IER

— Bt fRIDE

The International Conference on Computational Intelligence (CI 2007) was a major forum
for international researchers and professionals to present their latest research, results, and
ideas in all areas of computational intelligence. The conference proceedings are
El-indexed. The relevant topics for this conference include Ant Colony Optimization,
Artificial Intelligence, Artificial Neural Systems, Chaotic and Complex Systems,
Computational Intelligence, Data Fusion and Mining, Expert Systems, Fuzzy Systems,
Genetic Programming, etc. The conference featured one distinguished keynote speaker:
Gheorghe Tecuci (George Mason University, USA) with topic “From Personal Computers
to Learning Assistants: Development and Use of Intelligent Agents by Non-Computer
Scientists.” His presentation on intelligent agents was intended to be at the crossroads of
computational and artificial intelligence.
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The scientific level of a conference is controlled by the quality of the reviews. Each
paper was blind peer-reviewed by three reviewers. The CI 2007 conference had an
acceptance rate of only 56%. In the conference, I presented a paper entitled “TFT-LCD
supplier selection by downstream manufacturer using fuzzy multi-choice goal
programming,” and the topic attracted the attention of attendants because the issue has not
been researched a lot in the past. | also served as a session chair of Session 5
-“Neuro-Fuzzy Systems,” and this gave me, our university and Taiwan a great opportunity
to be known by other scholars.

ik

Even though the NSF funds us for attending conferences overseas, the funding is limited.
The total expenditures incurred were much higher than the supports from the NSC. For
instance, the airfare from Taipei-Vancouver-Banff-Vancouver-Taipei was very expensive,
around NT$54,000. The NSC allowable amount for the destination is only NT$39,000.
In order to share research findings and practical experiences with scholars in other parts of
the world and to enhance our research ability, | sincerely suggest the NSC to adjust airfare
quotes and daily allowances overseas to meet the real market prices and to increase the
funding for teachers who are willing to present in international conferences.

T TR R
1. Conference Program: The Third IASTED International Conference on Computational
Intelligence.
2. CD of the proceedings.
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ABSTRACT

A good supply chain relationship is essential for a
company to survive and to acquire reasonable profit in
today’s highly competitive global environment. Only
very few large companies can and are willing to vertically
integrate from the design stage to the final distribution of
the entire supply chain. Most companies focus on their
specialized functions and to cooperate with upstream or
downstream companies. As a result, supplier selection is
important for maintaining a certain degree of strategic
alliance. This paper aims to develop a fuzzy multi-choice
goal programming (FMCGP) model to help downstream
companies to select thin film transistor liquid crystal
display (TFT-LCD) suppliers for cooperation. First,
fuzzy analytic hierarchy process (FAHP) is applied to
analyze the importance of multiple factors by
incorporating experts’ opinion. Next, multi-choice goal
programming is used to consider the limits of various
resources and to formulate the constraints. From the
experimental design and examination, we shall testify that
the proposed model not only can consider multi-choice
goals, decision making behavior and limit of resources,
but it can also allocate the purchase among the selected

supplier(s).
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1. Introduction

The TFT-LCD supply chain involves the domains of
optics, semiconductor, electrical engineering, chemical
engineering, mechanical engineering and material.
Because a wide variety of technologies are required from
the upstream to the downstream in the supply chain, very
few companies have the capability and are willing to
cover all operations from the making of material to the
manufacturing of final products in the supply chain.
Therefore, division of works and cooperation among
companies are necessary in the TFT-LCD industry. The
TFT-LCD supply chain is usually segregated into three
parts: upstream, midstream and downstream.  The
upstream includes the equipment (e.g. photo/etch
equipment) and the material and components (e.g. glass
substrate, backlight module and driver IC). By using the
equipment provided by equipment suppliers and the
material provided by the material/components suppliers,
the midstream companies first manufacture panels and
then assembled them into TFT-LCD modules.
Downstream manufacturers use the modules to make final
products such as notebook computer, LCD monitors, etc.

Outsourcing has become an important business approach
in various industries since a competitive advantage may
be gained by cooperating with suppliers to provide
products/services more effectively and efficiently [1].
Companies in a TFT-LCD supply chain usually focus on
only one or two steps in the supply chain while
outsourcing the rest of steps to other companies. For



instance, a TFT-LCD manufacturing company may
receive orders from a notebook manufacturing company,
which specifies the specification of the panels, and
manufacture TFT-LCD modules according to the design.
It also needs to find upstream companies to obtain the
required equipment, material and components. On the
other hand, for a notebook manufacturing company, it
also needs to find one or several suitable TFT-LCD
manufacturing companies to obtain the required TFT-
LCD module for further producing notebook computers.
In consequence, the selection of the right companies for
cooperation is important for maintaining a competitive
edge. In addition, how to distribute the amount of
purchases to the selected manufacturers is also a problem
faced by the purchasing companies.

The rest of this paper is organized as follows. Section 2
reviews some recent researches on supplier selection.
FAHP and goal programming are discussed in Section 3.
Section 4 proposes a FMCGP model applied to select
TFT-LCD companies by downstream manufacturers.
Some concluding remarks are made in the last section.

2. Supplier Selection Problem

In current business environment, global competition is
inevitable, and customer demands are diversified. This
results in progressively increased costs and sharply
decreased profit. Therefore, purchasing has become a
crucial job in establishing value-added contents of
products and a vital determinant to ensure the profitability
and survival of a company. Many companies are trying to
reduce their costs while satisfying customer needs by
strengthening their core competencies and outsourcing
other functions. Suppliers have varied strengths and
weaknesses; thus, supplier selection requires a careful
assessment in order to maintain a continuous good buyer-
supplier relationship.

Categorical method is the simplest supplier selection
method. Each supplier characteristic is assigned good,
satisfactory, neutral and unsatisfactory and then the total
score for each supplier is summed up [2]. Linear
weighing method is one of the most common methods,
and the concept is to give different weights to a number of
criteria and to select the supplier with the best weighted
total score [3]. Although most proposed methods belong
to linear weighting and mathematical programming (MP)
models [4], MP models are proved more effective than the
linear weighting methods because they can optimize the
explicitly stated objective [5]. Muralidharan et al. [6] did
a comparison of various supplier rating methods and
listed the advantages and limitations of the methods.

A MP model formulates the decision problem in terms of
a mathematical objective function that needs to be
maximized (e.g. profit) or minimized (e.g. cost) by
varying the values of variables in the objective function

(e.g. the amount ordered with a supplier) [4]. Most-used
MP models in supplier selection are linear programming,
mixed integer programming, and goal
programming/multi-objective goal programming (MOP).
Weber and Desai [7], Weber et al. [8] and Muralidharan
et al. [6] reviewed past supplier selection researches by
MP models. Hong et al. [4] proposed a mathematical
programming model that considers the change in
suppliers’ supply capabilities and customer needs over a
period in time, and the model not only can maximize
revenue but also can satisfy customer needs. Multi-
objective programming (MOP) is a very popular tool
since many criteria, not a single criterion, can be
examined with different weights. Weber and Current [9]
introduced a MOP for selecting suppliers with order
quantities in procurement environments characterized by
multiple conflicting criteria. Weber (1996) applied DEA
in supplier evaluation for an individual product and
demonstrated the advantages of applying DEA.

Two or more methodologies can be combined in the
evaluation of suppliers. Ghodsypour and O’Brien [2]
combined AHP and linear programming to choose the
best supplier and to assign the optimum order quantity
among selected suppliers. Weber et al. [8] integrated
MOP and DEA to deal with non-cooperative supplier
negotiation strategies where the selection of one supplier
results in another being left out of the solution. Choy et
al. [11] designed an intelligent supplier relationship
management system by using hybrid case based reasoning
and artificial neural networks techniques, to select and
benchmark potential suppliers.  Liu and Hai [12]
proposed a voting AHP method, which combined AHP
and DEA, for selecting supplier by comparing the
weighted sum of the selection number of rank vote, after
determining the weights in a selected rank.

3. FAHP and Goal Programming

The AHP is a mathematically based MCDM tool. It is
very popular to academic researchers for data analysis and
model verifications and to provide critical information for
decision makers in various fields such as political, social,
economic and management sciences. A complex problem
is decomposed into several sub-problems in terms of
hierarchical levels, and the factors of the same
hierarchical level are compared relative to their impact on
the solution of their higher level factor. Pairwise
comparisons are employed among decision elements, and
comparison matrices are formed. After the consistency of
the matrices is examined, the relative weights of decision
elements are estimated next. The relative weights are
aggregated lastly to obtain an overall rating for the
decision alternatives.

Fuzziness and vagueness are common characteristics in
many decision-making problems, and a good decision-
making model should be able to tolerate vagueness or



ambiguity [13]. In addition, decision makers very
naturally provide uncertain answers rather than precise
values, and it is difficult to transform qualitative
preferences to point estimates.  Therefore, pairwise
comparison under traditional AHP may not be appropriate
due to the necessity of selecting arbitrary values in the
process, and a degree of uncertainty should be considered
in some or all pairwise comparison values [13]. In
consequence, the incorporation of the fuzzy theory in
AHP should be more appropriate and effective than
conventional AHP. Many researches have been done on
the development and the application of FAHP, and
tremendous amount of FAHP methodologies are existed.

In the last step of FAHP, the total ranking fuzzy numbers
for decision elements (e.g. alternatives) are obtained, and
the fuzzy numbers need to be ranked. There are many
different methods to do the ranking, and each method has
its own advantages and disadvantages [14]. Centroid
ranking method is a popular way [15]. Let f (x) be a

membership function for triangular fuzzy number
C=(p,q,s), the centroid ranking method formula of
triangular fuzzy number C is [15]:

R(C)= J' xf, (x)dx/_[ f_(x)dx €h)

Define C,=(p,.q,.s,), i =1,2,...,n be n triangular fuzzy

numbers. By the formula stated above, one can obtain the
centroid rank value of triangular fuzzy number:

C = = .3 L ds 1 1, 1 B
") {q—p [Bq' 2" p'+6p']+si -q [Sq' zq's'+es')M2(s p')}

Finally, the centroid rank value of triangular fuzzy
numbers is:

R(C)=%(p,+0 +s) ®3)

A goal programming (GP) model is useful in dealing with
multi-criteria decision problems where the goals cannot
simultaneously be optimized. GP allows decision makers
to consider several objectives together in finding a set of
acceptable solutions and to obtain an optimal compromise.
The purpose of GP is to minimize the deviations between
the achievement of goals and their aspiration levels [16].
Sharma et al. [17] proposed a GP formulation for vendor
selection to attain goals pertaining to price, quality and
lead-time under demand and budget constraints. Buffa
and Jackson [18] also proposed the use of GP for price,
quality and delivery objectives to evaluate vendors. An
integrated AHP and preemptive goal programming based
multi-criteria decision-making (MCDM) methodology is
developed by Wang et al. [19] to select the best set of
multiple suppliers to satisfy capacity constraint.

Determining precisely the goal value of each objective is
difficult for decision makers since possibly only partial
information can be obtained [20]. Some approaches, such
as probability distribution, penalty function fuzzy
numbers and various types of thresholds, are used to
reformulate the GP models in order to incorporate
uncertainty and imprecision into the formulation [20].
Narasimhan [21] was the first to propose fuzzy goal
programming (FGP) by using the fuzzy set theory with
preference-based membership function to GP. Since then,
many achievements have been made in areas of
preemptive FGP, weight additive model and stochastic
model [16].

Kim and Whang [22] investigated the application of
tolerance concepts to goal programming in a fuzzy
environment by formulating a FGP problem with unequal
weights as a single linear programming problem with the
concept of tolerance. The model could reflect the
decision maker’s view on subjective fuzzy business goals
based on his/her experience or intuition. Chen and Tsai
[20] formulated FGP by “incorporating different
importance and preemptive priorities by using an additive
model to maximize the sum of achievement degrees of all
fuzzy goals.” The approach allowed the decision maker
to determine a desirable achievement degree for each
fuzzy goal and to reflect explicitly the relative importance
of these goals. Kumar et al. [5] presented a fuzzy goal
programming approach that considered multiple
objectives and dealt with some of the parameters that
were fuzzy in nature. A fuzzy mixed integer goal
programming was formulated. Three primary goals are
minimizing the net cost, minimizing the net rejections,
and minimizing the net late deliveries, while the
constraints are regarding buyer’s demand, vendors’
capacity, vendors’ quota flexibility, purchase value of
items, budget allocation to individual vendor, etc.

Chang [16] proposed an MCGP approach to solve a
multi-choice aspiration level (MCAL) problem, in which
decision makers can set more aspiration levels to each
goal of the multiple objective decision-making problem to
find more appropriate resources so as to reach a higher
aspiration level in the initial stage of the solution process.
The approach is applicable when there is a goal that can
be achieved from some specific aspiration levels (i.e., one
goal mapping many aspiration levels) [16].

The achievement function of MCGP is [16]:

Min > w(d: +d;) )

st f,(X)-d +d = g,5,(B) i=12,..n  (5)

dd >0 ,i=12,...n (6)



S,(B)eU,(x), i=12,..,n (7

X e F (Fis a feasible set) 8)

where d; is the deviation from the target value g;; W,

represents the weight attached to the deviation;
d’ =max(0,f(X)-g,) and d =max(0,g, - f(X)) are,
respectively, over- and under-achievements of the ith goal;
S,(B) represents a function of binary serial number; and

U.(x) is the function of resources limitations.

For something that is more/higher the better in the
aspiration levels, the highest possible value of
membership function is 1, based on the fuzzy theory [23].
To achieve the maximization of g,S,(B), the flexible

membership function goal with aspiration level 1 (i.e., the
highest possible value of membership function) is used as
follows [16]:

gljslj( B)_ i

—d’+d; =1 9)
Grex ~ Gin

where g, and ., are, respectively, the upper and

lower bound of the right-hand side (i.e., aspiration levels)
of equation (6).

For easy calculation, the fractional form of equation (7) is
[16]:

1 1
~gS(B)-—g. —d +d =1 10
L 9,5,(B) L 9,,—d +d, (10)

where Li =0~ T -

4. Formulation of fuzzy multi-choice goal
programming for TFT-LCD manufacturer
selection

In this section, an MCGP model with the incorporation of
FAHP is proposed for the selection of TFT-LCD
manufacturers by a notebook (NB) manufacturer. The
steps can be summarized as follows:

Step 1. Form a committee of experts in NB industry and
define the TFT-LCD supplier selection problem.
The  selection of suitable TFT-LCD
manufacturers for a NB company to purchase
TFT-LCD modules is essential for the NB
company to be successful. With a
comprehensive review of literature, consultation
with domain experts and consideration of data
accessibility, the factors for determining the

performance of TFT-LCD companies can be
organized.

Step 2. Formulate a questionnaire to compare factors
pairwisely in their contribution toward achieving
the goal of selecting the best TFT-LCD supplier.
Five-point scale is applied, and the opinions of
experts are collected and combined into a fuzzy

pairwise comparison matrix A.

a.

1
'&:[aip]: S I 1 e , for

LB <M} I < 1)
)
o
1
)

TR

a.

i,p=12,..n (11)

Q
[
[l

where & =(l,m,u) and a.-a.~1,

l. : the smallest assigned value among the experts,

m, : the largest assigned value among the experts, and

u. : the geometric average of the values of all other
experts.

Step 3. Check the consistency of the fuzzy matrix and
obtain FAHP weight, W . Based on Buckley [24] and

Csutora and Buckley [25], let A= [aip ] be a positive
reciprocal matrix, and A= [aip] be a fuzzy positive

reciprocal matrix, if A is consistent, then A is also

consistent. If A is not consistent, the questionnaire must
be modified by the experts. The fuzzy weight W is:

w,=[a,® - ®4,}", fori=12...n (12)

Step 4. DefuzzyW by the centroid method. Each fuzzy
number of W is defuzzied to get a best crisp value:

V_Vi:(wil+wiz+W.3)3 ,fori=1,2...n (13)

Step 5. Normalize the weights of factors. The weights of
the factors are normalized by the following:

W, :V . fori=1,2...n (14)
IR

Step 6. Set the GP model for the supplier selection. The
objective is to maximize the satisfaction of the suppliers,
and the goals are G,,G,,...G,,...,G,.

Max z,=[G,,G,,....G,,...,.G, ] (15)

Step 7. Set the MCGP model. An example is as follows:



. " W
MinZ=>» —(d!+d; +L(d +d, 16
S (0, +,) (16)
st f(X)-d; +d; =) g,5,(B),i=12,..n 17)
f(X)-d;+d, =g™z,+9™(1-2),i=12,.,n (18)

f(g. Z,+9, (1—2.))—d.z+d.z:E(g- or g™),

i=12,.,n (19)
d,d .d; .d;.dd >0 ,i=12,.n (20)
X e B (B isafeasible set) (21)
z, e {01} (22)

5. Conclusions

Supplier selection and evaluation process is very
complicated with interrelationship among two or more
organizations in a supply chain. In addition, the process
is multi-objective in nature. The selection of one (or
several) TFT-LCD manufacturers for subcontracting is
essential for a notebook company and any other company
that requires TFT-LCD modules. In this research, an
MCGP model is proposed to evaluate the performance of
TFT-LCD manufacturers and to allocate the purchase
amount to the selected companies, while the number of
suppliers that should be selected can be set as preferred.
Fuzzy AHP is applied first to obtain the weights of the
criteria, and an MCGP approach is used to find the
optimal solution of module allocation to suppliers. For
the future research, a case study will be carried out. We
shall testify that the proposed model not only can consider
multi-choice aspiration levels in each goal, decision
making behavior and limit of resources, but it can also
allocate the purchase among the selected supplier(s).
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