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ABSTRACT

This paper presents a hybrid fuzzy-based method that integrates Fuzzy-AHP and
Fuzzy-MADM approaches for identifying global logistics (GL) strategies when corresponding
supply and demand environments are complicated and uncertain. Before applying the
methodology, six typical types of GL strategic modes were specified with their distinctive
channels of physical distribution and information flows. Survey data collected from integrated
circuit (IC) manufacturersin Taiwan was used to demonstrate the applicability of the proposed
method. The empirical results indicate that the proposed method can be used to identify GL

strategies when the factors that influence GL are complex and uncertain.
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1. Introduction

The competitiveness and complexity faced by globalized high-technology firms have led
them to recognize the necessity of employing suitable global logistics strategies for survival
and to satisfy the growing demands from their international customers. Herein, global logistics
(GL) isregarded as the extension of domestic business logistics in the geographic domain, as
some of corresponding logistics functions, e.g., physical distribution and inventory, are
executed overseas. Similar definition can also be found elsewhere (Bowersox et a., 1996;
Dornier et a., 1998c), where GL istermed aform of geographically integrated logistics.

Compared to domestic logistics strategies, global logistics strategies are more complex
and difficult to develop for several reasons. In an international scenario, information and cash
flows are more difficult to coordinate than in asingle-country environment. Thiscanbeseenin
that global logistics strategies must consider factors including different exchange rates, trade
barriers, transfer prices, and labor resources. On the other hand, the globalization of logistica
activities makes business operations increasingly complex because of growing sources of
uncertainty such as greater shipment distance, longer lead time, and globa market complexity,
relativeto domesticlogistics. Clearly, these factors are very difficult to include in mathematical
models, such as mixed integer programming models, which are extensively used for the design
of domestic supply chains. Another typical illustrationisthat in the planning of global logistics
distribution strategies, the procedures for aggregation of suppliers, customers, and goods are
critical to facilitate modeling the distribution channels of global logistics.

Although there has been much research regarding managerial approaches for global
logistics design and coordination, most of the related literatureis devoted either to specific topics,
such as exchange rate fluctuations, globa structuring, and strategic aliances (Kogut, 1985; Carter
et a., 1989; Ohmae, 1989; Min et d., 1994); or to qualitative analyses in international supply

chain scenarios (Goldsborough, 1992; Bartmess et al., 1993; MacCormack et al., 1994). The
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importance of flexibility in global companies as a response to fluctuations in exchange rates,
changes in government policies, and complexities in competitive moves is discussed in Kogut
(1985). Further detailed analysis on exchange rate fluctuations can also be found in Carter et d.
(1989). Strategic aliances, which are regarded as fundamenta tools for succeeding in a highly
competitive global market, are characterized in Ohmae (1989). For analysis of global logistics,
one method is proposed by Goldsborough (1992), which explores basic factors of globa
information systems. Comparisons between |ocation decision-making based on direct labor costs
and that based on the core competencies of the company are conducted in Bartmess et al. (1993).
Furthermore, a four-phase decision making processis proposed by MacCormack et al. (1994) for
internationa location decisions, together with related key factors, such as adequate infrastructure
and manageria issues.

Accordingly, strategic planning of global logistics for high-technology industries warrants
further research, particularly in terms of strategic evaluation. Although various globa logigtics
strategies have been tentatively implemented by the globalized high-technology industries in
response to the complexity and uncertainty of the global business environment, there remains a
lack of approaches suitable for the systematical evaluation of the existing global logistics
strategies. Similarly, some researchers have pointed out that there is limited literature in
international logistics strategy, and the existing research seems to focus, for the most part, on
descriptive aspects (Fawcett, 1992; Verter et a., 1995). In addition, it is noteworthy that in an
internationa scenario, the high-technology industry may predominate over other traditional
industries worldwide, not only with its high-priced products, but aso with itsworld-wide markets
of demands which deeply influence the stability of the globa economy.

To overcome the issue of complexity and uncertainty in GL strategic planning, this study
presents a hybrid fuzzy-based approach, which integrates both fuzzy multi-attribute

decision-making (Fuzzy-MADM) and fuzzy analytical hierarchy process (Fuzzy-AHP)
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techniques to develop logic rules used to identify appropriate GL strategies for global
operations of high-technology industries. Here, fuzzy-MADM refers to a method for
multi-attribute decision making (MADM) under uncertainty, where afinite number of decision
aternatives are evaluated under a finite number of performance criteria. The purpose of the
analysisisto rank the alternativesin a subjective order of preference. The overall performance
of these alternatives is herein assessed via proper assignment of numerical grades or scores
measured through fuzzy theories to address the issue of vagueness of human preferential
judgment. In addition, considering different weights associated with these attributes perceived
by different decison makers in the judgment procedure, the fuzzy-AHP is involved in this
study. Accordingly, with the aid of Fuzzy-AHP basic principles, a hybrid Fuzzy-based
approach is proposed in which four maor procedures are involved: (1) hierarchical structure
development of GL operational strategies, (2) generation of pairwise comparison matrices, (3)
weights determination, and (4) specification of decision-making logic rules.

Therest of this paper isorganized asfollows. In Section 2, we review the fundamental s of
globa logistics strategies, and illustrate six typical operationa modes that have been
increasingly used in the globalized high-technology industries of Taiwan. In Section 3, we
present the architecture of the proposed hybrid fuzzy-based method, and its primary procedures.
Section 4 describes numerical examples to demonstrate the applicability of the proposed

method. Finally, concluding remarks are summarized in Section 5.
2. Specification of Operational Modes of Global Logistics

The core of global logistics management involves two key elements: integration and

! Previously Fuzzy-MADM techniques have been extensively investigated to address the issue of lack of precision
in assessing the relative importance of attributes and performance ratings of alternatives with respect to specific
attributes (Dubois et al., 1980; Zimmermann, 1987; Chen et a., 1992). Nevertheless, there are some issues, e.g.,
cumbersome computations and complicated computer programming, still remaining in existing Fuzzy-MADM
approaches (Chen et al., 1997), which may limit their applicability for real-world unstructured decision-making
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sharing of transnational resources. This is evidenced in the operations of the diverse global
logistics strategies, including original equipment manufacturing (OEM), original designing
and manufacturing (ODM), original branding and manufacturing (OBM), origina design
logistics (ODL), aswell as outsourcing.

Based on the philosophy of integration and sharing of transnationa resources, many
international companies have perceived that the implementation of global logistics strategies
can reduce transportation costs and improve the capability to control inventory, and this
efficiency is evident in global logistics operations. For example, Hewlett-Packard contracted
with Roadway Logistics to manage its inbound raw materials warehousing in Vancouver,
Canada. As a result, nearly 140 Roadway employees replaced 250 HP workers, who were
transferred to other HP activities (Wheelen et al., 1998). Other striking cases can be found in
the personal computer industry, such as the operational strategies of Compag and Déell in their
head-to-head business competition (Dornier et al., 19983, b).

After elucidating the fundamentals of global |ogistics management, weillustrate six types
of GL operational modes that are typically used by Taiwanese high-technology manufacturing
enterprises”. These proposed GL modes are distinguished by their degrees of resource sharing
and integration with foreign enterprises. The specified six types of GL operational modes,
referred to as modes A to F, are illustrated in Figs. 1 to 6, respectively. The distinctive
operational features of these modes, together with their specific logistical networks are
described below.

GL-mode A, shown in Fig. 1, represents a typica mode of internal manufacturing

centralization for global logistics operations; it can be widely found in international

problems, such as the GL issues addressed in this study.
2 The six types of GL modes are specified according to our surveys aiming at the Taiwanese |C manufacturers,
This survey was conducted previous to this study, and was supported by National Science Council of Taiwan
under Grant NSC 89-2416-H-327-027. Details of corresponding procedures of surveys are described elsewhere
(Sheu et al., 2001), and omitted in this paper.
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high-technology manufacturing enterprises, including integrated circuit (IC) and personal
computer manufacturers. One distinctive feature of GL-mode A is that the entire process of
manufacturing, including inventory management is controlled and completed domesticaly;

however, raw materials and potential customers are outsourced abroad.

Fig. 1. Global logistics mode A (GL-mode A)

GL-mode B, asdepicted in Fig. 2, has aimost the same function as GL-mode A, except for
manufacturing, which is partly outsourced abroad in order to reduce the costs of production.
Given either GL-mode A or B, the activities of inventory and delivery with respect to finished

products are controlled primarily by the domestic firm.

Fig. 2. Global logistics mode B (GL-mode B)

Figure 3 depicts the network of GL-mode C, which can be regarded as an extension of
GL-mode A. GL-mode C maintains the same features as GL-mode A in terms of internal
centralization of manufacturing, although their distributions differ. Compared to GL-mode A,
in which the distribution activity is completely centralized, GL-mode C permits external
distribution centers to reduce logistics costs for transporting finished products to foreign

customers.

Fig. 3. Global logistics mode C (GL-mode C)

Asillustrated in Fig. 4, GL-mode D, represents a synthesized mode that evolves from both
GL-modes B and C. In addition to the outsourcing to foreign manufacturers, as performed in
the operations of GL-mode B, GL-mode D possesses the same property as GL-mode C interms
of utilizing the external distribution resourcesto enhance the efficiency of overseasdistribution

channels. Despite the fact that GL-mode D relies highly on the competence of foreign



contracted logistics partners, in contrast with either GL-mode B or C, GL-mode D may benefit
multinational enterprises by its transnational resource integration and sharing in global supply

chains.

Fig. 4. Global logistics mode D (GL-mode D)

GL-Modes E and F, in Figs. 5 and 6, represent two sophisticated models of global
logistics operationsthat are increasingly used in high-technology industries. These two modes
are greatly advanced in global logistical management, especially in terms of utilizing external
sources for both product processing and component assembly. As can be seen, foreign
assembly firms with the functions of both product processing and distribution exist in either
GL-mode E or GL-mode F. However, GL-mode F differs from GL-mode E in outsourcing
from contracted foreign manufacturers, and thus has the relative advantage of reducing the

logistics costsin serving foreign customers.

Fig. 5. Global logistics mode E (GL-mode E)

Fig. 6. Global logistics mode F (GL-mode F)

3. Methodology

We formulate the process of assessing GL operationa strategies as a multi-criteria
decision-making problem using the proposed fuzzy-based method. The proposed approach is
based on the techniques of Fuzzy-AHP and Fuzzy-MADM to restructure the complex domains
composed of diverse internal and externa factors in the global logistics. The GL
decision-making rules generated from the proposed method can identify feasible GL
operational strategies for specific high-technology manufacturing enterprises and examine the

operational performance of these enterprises in terms of their competencies in implementing



GL operationa strategies.

Primarily there are three procedures involved in the proposed fuzzy-based method: (1)
generation of pairwise significance comparison matrices, (2) specification of fuzzy-weight
criteria, and (3) development of decision-making rules. The framework of the proposed
fuzzy-based method is presented in Fig. 7, and the details are presented in the following

subsections.

Fig. 7. Framework of the proposed method

Procedurel Generation of pairwise significance comparison matrices

This procedure investigates the relative significance among the attributes of a proposed
GL operational strategic framework using Fuzzy-AHP. The Fuzzy-AHP technigue can be
viewed as an advanced analytical method improved from Saaty’s analytic hierarchy process
(Saaty, 1977; Saaty, 1980), which is a well-know decision-making analytical tool used for
modeling unstructured problems in various areas, e.g., social, economic, and management
sciences (Khorramshahgol et al., 1988; Wabalickis, 1988; Bard et al., 1990; Triantaphyllou et
a., 1995). Despite the convenience of AHP in handling both quantitative and qualitative
criteria of multi-criteria decision making problems based on decision makers judgments,
fuzzyness and vagueness existing in many decision-making problems may contribute to the
imprecise judgments of decision makers in conventional AHP approaches (Bouyssou et al.,
2000). Therefore, more and more researchers (Laarhoven et a., 1983; Buckley, 1985; Boender
et a., 1989; Chang, 1996; Ribeiro, 1996; Lootsma, 1997; Yu, 2002) have engaged in the fuzzy
extension of Saaty’s theory, referred to as fuzzy AHP, which has been shown to provide
relatively more accurate descriptions of the decision making process in comparison with
conventional AHP techniques.

It is also worth noting that other researchers consider the aforementioned imprecise

8



judgments as uncertainty in the stochastic domain, where the pairwise judgment comparison
ratio is treated as a random variable (Vargas, 1982; Saaty et al., 1987; Basak et a., 1993;
MacKay et al., 1996; Basak, 1997; Rosenbloom, 1997). Such a statistical solution aternative
seems comparative to Fuzzy-AHP from a theoretica point of view; however it is not
considered in this study due to our concerns over the rationality of formulating human
judgment impreciseness with stochastic processes, and the corresponding cumbersome
calibration and validation procedures needed to ensure model’s validity.

Here, we utilize the fundamentals of Fuzzy-AHP to anayze the aforementioned GL
strategy architecture. Employing the principles of Fuzzy-AHP, we construct a 3-layer
hierarchic framework, as depicted in Fig. 8, which is founded on the basis of three layers: (1)

GL operational mode, (2) GL functionality, and (3) key factors influencing GL functionality.
Fig. 8. The hierarchic framework of GL operational strategies

The next step in this procedure isto generate pairwise significance comparison matricesto
investigate the relative significance of any two components in the proposed GL hierarchic
layers2 and 3 (i.e., layers of GL functionality and key factors). Inthe process of generating the
elements of a given pairwise significance comparison matrix, the componentsin the same layer

arein linear order, based on the decision maker’s judgment of the relative significance of these

components, and are associated with specific ordinal numbers. Then, an element gi'j‘ of the
pairwise comparison matrix associated with components i and j of layer k is given by
& =5/s’, where § and s represent the aggregated ordinal numbers associated with
components i and j of layer k, respectively. Accordingly, any given element g”* isaso an

ordinal number rather than an exact ratio scale which is typically used in classica AHP

approaches. Correspondingly, the higher an ordinal number, the more important the associated



component is. Similar concepts can also be found in the early literature of Fuzzy-AHP, e.g.,
Buckley (1984, 1985). As such, utilizing Fuzzy-AHP, we have a 5x 5 pairwise significance
comparison matrix associated with layer 2 (D?) and a 13x13 significance comparison matrix

associated with layer 3 (D?®). Herein, D? and D® are given by
1 5122 5123 5124 5125_
5221 1 5223 5224 5225
D?=|g2 &2 1 &2 &4 1)

2 2 2
En Ep S 1 &g

2 2 2
€51 €52 €53 1_5X5

3 3
1 ep - €
3 3
D = En 1 & ©)
3 3 e 1
€131 G132 1343

The last step of this procedure is to approximate the fuzzy weights associated with the
componentsin agiven layer. Here, we employ the geometric mean technique to facilitate the
approximation of the fuzzy weights because thistechniqueis easily extended for computing the
weights of fuzzy positive reciprocal matrices, as explicated in the prior literature (Aczel et al.,
1983; Uppuluri, 1983; Buckley, 1985a, b). For instance, given that afuzzy positive reciprocal
matrix is consistent, the geometric mean technique may easily approximate the fuzzy weights
the same as those obtained from Saaty’s 4 — max technique, termed the largest-eigenvalue
technique (Saaty, 1980). In addition, the geometric mean technique may also satisfy the
condition of the absence of rank reversal, asillustrated in Lootsma (1997). Note that although
an increasing number of alternatives have been proposed for the final solutions of true weights
(Bryson et al., 1997; Ramanathan, 1997; Levary et a., 1998; Yu, 2002), it isnot our intention to
compare these existing alternatives within the scope of this study.

Accordingly, given an nxn pairwise significance comparison matrix associated with a
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given layer k (D*), we have the fuzzy weight associated with component i of layer k (w*):

o 1)

51|

n
where, m represents a component index for calculation of the sum with respect to n/Hg.'j‘ , 85
j

3

shown in the denominator of Eq. (3).

Procedure 2  Specification of fuzzy-weight criteria

This procedure generates fuzzy-weight criteria used in the proposed multiple-attribute
decision-making rulesto identify feasible GL strategic modes. Three scenariosareinvolvedin
this sequentia procedure, and they are described as follows. First, we specify five linguistic
terms, including “very high”, “high”, “medium”, “low”, and “very low”, which represent five
gualitative criteria to identify the intensity of the subjective importance associated with each
component of aGL hierarchic layer. Second, these qualitative criteria are mapped into specific
fuzzy membership functionsto obtain raw fuzzy criteriaviafuzzy-and-defuzzy transformation.
Third, with the fuzzy weights obtained previously in Procedure 1, the fuzzy-weight criteria
associated with the components of GL hierarchic layers are computed.

The scenario of mapping the five specified qualitative criteria into specific fuzzy
membership functionsis critical in this procedure. According to fuzzy set theory, the concept
of fuzziness helps to quantitatively characterize the linguistic terms. Such a feature seems
useful for quantifying the pre-specified qualitative criteria. Inthisprocedure, we specified five
aggregated fuzzy functions associate the aforementioned five qualitative criteria, respectively,

including two trapezoidal and three triangular fuzzy membership functions, asshownin Fig. 9.
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Note that the parameters of these fuzzy membership functions were approximated on the basis
of experts’ viewpoints, which we collected prior to the methodology development in aprevious

study (Sheu, 2001). Given the lower width (L.), mean (M. ), and upper width (U.) of a

specified fuzzy membership function z.(x), to integrate the multiple experts opinions, the

following formulas are applied:

L =min{?} ve=12..E (4)
M. =(]£[ MEJE ve=12,.E 5)
L. :max{Uf} ve=12,..E (6)

where L7, M7, and U? respectively represent the lower width, mean, and upper width of the

corresponding disaggregated fuzzy membership function «°(x) measured by a given expert e.

Accordingly, the proposed aggregated fuzzy membership functions are given below.

1 ,09<x<1
Ly (X)=<10x-8 ,0.8<x<0.9 (7
0 , otherwise

(18-20%)/3 ,0.75<x<09

. 1 ,x=0.75 @
Ml =1 20x-12)/13  ,06<x<0.75
0 , otherwise
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3.5-5X ,0.5<x<0.7

=1 " ©
Pl =15y 15 . 03<x<05
0 , otherwise

(8—20x)/3 ,0.25<x<04

1 , X=0.75

X) = 10
M=) 0x-2)13  .01<x<0.25 (10)

0 , otherwise

2-10x ,0.1<x<0.2
Ly (X) = 1 ,0<x<0.1 (11)
0 , otherwise

where 4, (X), £, (X) , 4, (X), 22, (X) , and g4, (X) represent the fuzzy membership functions
associated with the qualitative criteria“very high”, “high”, “medium”, “low”, and “very low”,
respectively; and x is the intensity of a given linguistic variable measured on a scale ranging

fromOto 1.

Fig. 9. Fuzzy membership functions for qualitative criteria

After specifying fuzzy membership functions, the process of defuzzification can then be
conducted. Here, we employ the left-and-right scoring method, which has been investigated
previously as an efficient approach to accomplish the quantification of linguistic variableswith
high efficiency (Chen and Hwang, 1992; Chen and Klein, 1997). According to Chen and
Hwang (1992), the left-and-right scoring method isamaodification of Chen’s approaches (Chen,
1985), aiming to convert fuzzy members to crisp scores (i.e., defuzzy values) by two specific
minimizing and maximizing sets, termed the left and right scores. Employing this defuzzifying

method, the defuzzy value associated with a given fuzzy membership A (; (A)), can be

determined by
13



,LlT(A) — [/IR(A)"';-_ ,UL(A)] (12)

where u(A) and x, (A) represent the right and left score functions, respectively, given by
Ha(A) = SUP, [, (X) A e (X)] (13)

p (A) =SUp, [, (X) A fin (X)] (14)

InEgs. (13) and (14), u.., (A) and p, .. (A) aredefined asthe maximization and minimization

with respect to x, both which are given respectively by

(x) = ) G 0<x<1 (15)
Hma\ ™) =10 otherwise
D 0<x<1
Hin (%) {O e otherwise (10

Using the aforementioned fuzzy-and-defuzzy transformation processes, the fuzzy-weight
guantitative criterion, which refers to a specific threshold used to quantitatively assess the
significance of a corresponding component of a given GL-strategy mode, can then be

determined as follows. Given GL-mode A, the fuzzy-weight criterion associated with a

specific component i of layer k of agiven GL-mode A (71(A)) is specified by

AN (17)

braF

A=1

77ik (1) = Wik X

where (1) is the un-weighted criterion associated with the component i of layer k of
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GL-mode A, with mathematical form

Z['uT (Ai )]X HAj\i,k,z

vy =12 S (18)

InEq. (18), 4 (A) representsthetota score of a given fuzzy membership function associated

with a specific qualitative criterion j; HAj\i,k, , Tepresents the number of the high-technology

enterprises that rate the component i of layer k of GL-mode 4 with the qualitative criterion j,
which can be determined viaaquestionnaire survey to the high-technology enterprises; and Sis
the valid sample size of respondentsin the survey. For instance, using 7 (1) , the significance
of the corresponding component i of layer k of GL-mode 4 can be quantitatively identified on
the basis of the integrated experts opinions via the aforementioned fuzz-and-defuzzy
procedure, rather than being based merely on individua subjective linguistic opinions, e.g.,

IMPORTANT or VERY IMPORTANT.

Procedure3 Development of decision making rules

In Procedure 3, we apply the estimated fuzzy-weight criteria for the generation of
decision-making rules that can be used to assist high-technology enterprises to identify
effective GL operational strategies. Suppose that in utilizing the pre-specified five linguistic
items, the subjective judgment of a high-technology enterprise | on the importance associated
with each component of the GL hierarchic framework is known. We then propose the
following decision-making logic used for identification of GL strategies suitable for the
enterprisel.

Step 0: Input the subjective judgment of the high-technology enterprise | on each component of

each given GL layer k.
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Step 1: Calculate the corresponding total score of the specific fuzzy membership (u; (A))

given that the subjective judgment of the high-technology enterprise | on the component i of
GL layer k is measured with agiven qualitative criterion j.

Step 2: Identify appropriate GL strategies using the following decision-making rules.

e Rulel
IF [0 xur (AH] = p¥(a)  foraliandk (19)
THEN Get the GL-mode A involved in the strategy recommendation list (A" ); and

associate the recommended GL-mode A with arelative priority index 7}, whichis given by

>3 o < (AD]-nk ()
TS S S e < AD -]

vier VK Vi

|
T,

(20)

ELSE GL-mode A4 is not regarded as an appropriate GL strategy for further use by the
high-technology enterprisel.

o Rule?2
IF The present GL mode (i ) executed by the given high-technology enterprise | is

consistent with a given GL strategy in the recommendation list, the present GL mode (i ) is

suggested.

ELSE If the given high-technology enterprise | insists on using the present GL mode (/T )

non-recommended, further improvements in those unsatisfactory GL components (i), i.e., the
corresponding value of [a)ik x yT(A'f}')] is less than 7/(1), are suggested. Otherwise,
replacing the current GL mode(ﬁt ) with theone (1), which hasthe greatest value of 7z} inthe

recommendation list, is suggested.
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Note that from a practical point of view, the fuzzy-weight criteria (1) shown on the right
hand side of Eq. (19) is determined using the proposed methodology, and the estimate of

y7a (A'fi' ) shown on theleft hand side of Eq. (19) can be measured using the data collected from

the questionnaire survey aimed at any given target enterprise.
4. Numerical Examples

Toinvestigate the applicability of the proposed method, a numerical study was conducted
during the spring of 2002 using a nation-wide questionnaire mail survey aimed at integrated
circuit (IC) manufacturersin Taiwan. Herein, two scenarios are involved: (1) development of
decision-making rules using survey data, and (2) demonstration of the model’s capability in
terms of identifying appropriate GL strategies.

The survey was distributed to 150 |C manufacturing enterprises, and atotal of 33 samples
were valid out of the 35 responses received. The data gathered were used as the database to
establish the proposed decision-making rules. The contents of the questionnaire were designed
on the basis of the proposed GL hierarchical framework, and divided into two sections. In the
first section, survey respondents were asked to rank the components of a given layer in the
proposed GL hierarchical framework according to the comparative importance of the
components. In the second section, they were asked to qualitatively assess these components
using the pre-specified five linguistic criteria, i.e., “very high”, “high”, “medium”, “low”, and
“very low.” The data collected in the first section were employed to generate the pairwise
significance comparison matrices viaProcedure 1. The data obtained in the second section served
to specify the fuzzy-weight criteria of the decision-making rules quantitatively by means of
Procedure 2 of the proposed method.

Note that the condition in terms of the consistency of the estimated pairwise significance

comparison matrices associated with given layers must be proved to hold in any AHP-based
17



techniques to ensure the reliability of the numerical results. Accordingly, the data obtained in
the first section of the questionnaire were examined utilizing the Cronbach’s a statistic, which
iswidely used to assess the internal consistency based on the correlation between items, e.g.,
guestions of the questionnaire (Cronbach, 1951). Herein the Cronbach’s . measureis given by

2.8
1— p

2

21
e (21)

where o isthetotal number of the questionsin the questionnaire; ¢, isthe standard deviation

associated with question p; &; represents the aggregated standard deviation of the survey data.

The results of the Cronbach’s o tests associated with the components of GL layers 2 and 3 are

summarized in Table 1.

Table 1. Summary of Cronbach’s o test results

The test results shown in Table 1 generally indicated the acceptability of the survey data.
As can be seen in Table 1, all the thirteen Cronbach’s o measurements are greater than 0.35,
implying that the survey data associated with the components of layer 3 are acceptable.
Similarly, the Cronbach’s a statistic associated with the components of GL layer 2 implies high
acceptability in terms of the collected data. Note that the criteria 0.35 and 0.75 have been
widely used in Cronbach’'s a tests as loose and demanding thresholds for determining the
acceptability of data. Further details regarding the consistency tests can aso be found
elsewhere (Sheu, 2001).

The next step isto generate the pairwise significance comparison matricesfor GL layers 2
and 3. Here, we calculate the elements of the pairwise significance comparison matrices

associated with layers2and 3 (i.e,, & and &), based on the aggregated data collected in the
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first section of the questionnaire. These aggregated ordinal numbers associated with the
components of GL layers 2 and 3 are summarized in Table 2. The analytical results shown in
Table 2 are then used to estimate the pai rwise significance comparison matrices associated with
GL layers 2 and 3, as shown in Tables 3 and 4.
Table 2. Summary of the aggregated ordinal numbers associated with the components of GL
layers2 and 3

Table 3. Estimated pairwise comparison significance matrix for GL layer 2

Table 4. Estimated pairwise significance comparison matrix for GL layer 3

After inserting the elements of the estimated pairwise significance comparison matrices
into Eqg. (3), we have the fuzzy weights associated with the components of layers 2 and 3, as

summarized in Table 5.
Table 5. Summary of the estimated fuzzy weights

Employing the aggregated data measured from the second section of the questionnaire
together with the estimated fuzzy weights, the fuzzy-weight criteria associated with the

components of GL layers 2 and 3 can then be determined via the steps in Procedure 2 above.

The estimated fuzzy-weight criteria(i.e, 7/(1)) are summarized in Table 6.

Table 6. Summary of fuzzy-weight criteriafor identification of GL strategic modes

The results generated from the numerical examples generally revealed some important
findings with respect to the GL operational situations of the IC manufacturing enterprises in
Taiwan. According to Table 5, “core competitiveness’ and “management control” have the
highest and the second highest priorities in the development of GL system functionality. In
addition, “manufacturing procedure” and “R & D” remain the two key factors in determining
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GL operational strategies of high-technology industries. On the other hand, the IC
manufacturing enterprises in Taiwan appear to be rather insensitive to changes in the external
environment of global operations, which may indicate that the high-technology manufacturing
enterprises of Taiwan may face high risks in the global market.

In addition, using the numerical results shown in Table 6, high-technology enterprises can
readily recognize appropriate GL strategic modes to follow. For instance, any given
high-technology enterprise can be asked to respond to the questionnaire mentioned previously.
Then, by following the proposed procedures detailed in the section on methodology, the

left-hand-side of Eq. (19) associated with the enterprise can be cal culated, and compared to the
estimated value of the fuzzy-weight criteria (1) . If the condition shown in Eq. (19) holds,

the GL strategies associated with GL mode- 4 are recommended for the given enterprise.
Otherwise, further improvement in the performance of the current GL operational strategy is
suggested for the target enterprise, particularly aiming at those GL components, which exhibit
relatively greater negative valuesin terms of [a)ik x gtz (A )] —nf(A)%

To demonstrate the capability of the proposed method in terms of the identification of GL
strategies for high-technology enterprises, the developed decision-making rules were tested
using interview survey data. Herein, the survey data were collected from other Taiwanese IC
manufacturers, which are not involved in the previous valid samples, to ensure the validity of
the proposed method. In this scenario, atotal of ten Taiwanese |C manufacturing enterprises
(termed E-1 to E-10 for short) are targeted for the interview survey. Out of theseten target IC
enterprises, five enterprises presently conduct GL-mode A, three ones conduct mode C, and the

rest follow mode F. Inthe face-to-face interview survey, the corresponding decision makers of

3 Given a strategic component i of layer k, a negative value of the measurement of [a)ik X g (Akj' )] minus the

predetermined value of 77ik (A) may indicate that the improvement associated with the strategic component i of
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these enterprises were asked to qualitatively assess the potentia performance with respect to each
GL component under the present operationa condition of the given enterprise, and the possibility
of implementing any other ones of the specified sx GL modes. The pre-specified five linguistic

criterig, e.g., “very high” and “very low” remain used as the evaluation measures in this scenario.

Using the proposed method, the disaggregate value of sz, (A'f}' ) associated with each target

enterprise was calculated, and then input to the proposed decision-making rules, as mentioned in
Procedure 3 of the methodology development. The corresponding numerical results in this
scenario are summarized in Table 7.
Table 7. Numerical results for GL-mode identification

The numerical results of Table 7 imply the efficiency of the proposed method used as a
decision-making support tool for identification of GL strategies. Out of the sampled ten IC
enterprises, seven are identified for using the same GL modes as suggested by the proposed
decision-making rules. Theremaining three had different GL modes: two of these accepted our
suggestion; however, the remaining last one rejected our suggestion due to the limitations of
existing operational resources. Overall, nine suggestion cases are accepted out of ten, implying

the efficiency of the proposed method for practical uses.
5. Conclusion

This paper has presented a new approach that integrates Fuzzy-AHP and Fuzzy-MADM
approaches for identifying GL strategies, particularly under the condition that corresponding
supply and demand environments are complicated and uncertain. The proposed fuzzy-based
method involves three major procedures: (1) generation of pairwise significance comparison
matrices, (2) specification of fuzzy-weight criteria, and (3) development of decision-making

rules. Before applying the methodology, six types of GL strategic modes were characterized

layer kis needed in order to efficiently execute the currgijt GL operational mode.



with their distinctive channels of physical distribution and information flows.

In addition, a nation-wide questionnaire survey aiming at the Taiwanese |C manufacturing
industry was conducted to gather data that were used to demonstrate the applicability of the
proposed method. The results from the numerical example revealed that the high-technol ogy
industries in Taiwan, including the 1C manufacturing enterprises, apparently regard “core
competitiveness’ and “management control” as two vital elements in the GL system
functionality. Furthermore, “R & D” and “manufacturing procedure” remain as two key
factors in determining GL operational strategies of high-technology industries. However, the
|C manufacturing enterprises in Taiwan seem rather insensitive to the external environment in
the global operational context. Thismay further reveal that the high-technology manufacturing
enterprises in Taiwan may face high risks in their global operations.

Our study differs from previous GL strategic planning research in severa aspects. First,
we classify high-technology GL operational strategies into six types of operationa modes
according their distinctive properties in terms of physical distribution channels as well as the
patterns of information flows. Such classification helpsto clarify the GL system functionality
and key factors that influence the system functionality. Second, we characterize the
high-technology GL strategic modes on the basis of the proposed GL hierarchic framework
established using the Fuzzy-AHP approach. Clearly, the utilization of the proposed GL
hierarchic framework facilitates the assessment of the comprehensive GL architecture. Third,
we propose decision-making rules to make available the quantitative evaluation used for
identifying proper GL strategic modes. We hope that the methodology presented in this
research would stimulate research in the related fields of global logistics, and may help address

issues regarding the uncertainty and complexity of global logistics operations.
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Table 1. Summary of Cronbach’s o. test results

GL Layer 2
Component Cronbach’s o value Result
1. Management Control 0.87 highly acceptable
2. Core Competitiveness 0.84 highly acceptable
3. Business Operational Orientation 0.79 highly acceptable
4. Marketing & Service 0.81 highly acceptable
5. Response to External Environments 0.77 highly acceptable
GL Layer 3
Component Cronbach’s o value Result
1. Order Processing & Management 0.78 highly acceptable
2. Inventory Control 0.75 highly acceptable
3. Distribution & Transportation 0.76 highly acceptable
4.R&D 0.89 highly acceptable
5. Manufacturing Procedure 0.88 highly acceptable
6. Transnational Strategic Alliance 0.83 highly acceptable
7. Human Resources 0.87 highly acceptable
8. Applications of IT 0.80 highly acceptable
9. Targeted Markets 0.73 acceptable
10.Customer Service 0.66 acceptable
11.Foreign Government Policies 0.54 acceptable
12.Foreign Exchange 0.64 acceptable
13.0thers 0.56 acceptable
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Table 2. Summary of the aggregated ordinal numbers associated with the components of GL

layers2 and 3
Layer 2
Component (coded as U;) Aggregated Ordinal Number
U1: Management Control 4
U,: Core Competitiveness 5
Us: Business Operational Orientation 3
U4 Marketing & Service 2
Us: Response to External Environments 1
Layer 3
Component (coded as x;) Aggregated Ordinal Number
x1: Order Processing & Management 9
Xo. Inventory Control 6
x3: Distribution & Transportation 8
X: R& D 13
xs. Manufacturing Procedure 12

Xe. Transnational Strategic Alliance

X7: Human Resources

xg. Applications of IT

Xg: Targeted Markets

X10:Customer Service

X11:Foreign Government Policies

X12:Foreign Exchange

P2
Niwlk|ANEIB|o

X13:Others
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Table 3. Estimated pair-wise comparison matrix for GL layer 2

U, U, Us Uy Us
U, 1 4/5 4/3 4/2 4/1
U, 5/4 1 5/3 512 5/1
Us 3/4 3/5 1 32 3/1
Uy 2/14 2/5 2/13 1 2/1
Us 14 1/5 1/3 1/2 1
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Table 4. Estimated pair-wise comparison matrix for GL layer 3

X1 X2 X3 X4 X5 X6 X7 X X9 X10 X11 X12 X13

X1 1 9/6 918 9/13 | 9/12 95 910 | 911 | 97 9/4 91 913 9/2

6/9 1 6/8 6/13 | 6/12 6/5 6/10 | 6/11 6/7 6/4 6/1 6/3 6/2

8/9 8/6 1 8/13 | 8/12 8/5 8/10 | 8/11 | 8/7 8/4 8/1 8/3 8/2

ralit iy

13/9 | 13/6 | 13/8 1 13/12 | 13/5 | 13/10 | 13/11 | 13/7 | 13/4 | 13/1 | 13/3 | 13/2

Xs 12/9 | 12/6 | 12/8 | 12/13 1 12/5 | 12/10 | 12/11 | 12/7 | 12/4 | 12/1 | 12/3 | 12/2

X5 5/9 5/6 5/8 5/13 | 5/12 1 5/10 | 5/11 57 5/4 5/1 5/3 5/2

X7 | 10/9 | 10/6 | 10/8 | 10/13 | 10/12 | 10/5 1 10/11 | 10/7 | 10/4 | 10/1 | 10/3 | 10/2

Xs 1/9 | 16 | 118 | 1113 | 11/12 | 11/5 | 11/10 1 7 | 114 | 111 | 113 | 11/2

X9 719 716 7/8 7113 | 7/12 715 7110 | 711 1 714 7/l 7/3 72

X0 | 49 4/6 4/8 4/13 | 4/12 4/5 4/10 | 411 a7 1 4/1 4/3 4/2

Xy | U9 | U6 | Us | V13 | V12 | U5 | W10 | Vi1 | U7 | WA | 1 | 13 | 12

X2 | 39 3/6 3/8 3/13 | 3/12 3/5 3/10 | 3/11 | 3/7 3/4 3/1 1 3/2

X13 2/9 2/6 2/8 2/13 | 2/12 2/5 2/10 | 2/11 217 2/14 2/1 2/3 1
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Table 5. Summary of the estimated fuzzy weights

Layer 2
Component (coded as U;) Fuzzy Weight
U1: Management Control 0.267
U,: Core Competitiveness 0.334
Us: Business Operational Orientation 0.200
U4 Marketing & Service 0.133
Us: Response to External Environments 0.066
Layer 3
Component (coded as x;) Fuzzy Weight
x1: Order Processing & Management 0.095
X2. Inventory Control 0.062
x3. Distribution & Transportation 0.093
Xss: R& D 0.138
xs: Manufacturing Procedure 0.153
Xe. Transnational Strategic Alliance 0.058
X7: Human Resources 0.105
xg. Applications of IT 0.116
Xg: Targeted Markets 0.073
X10-Customer Service 0.042
X11:Foreign Government Policies 0.012
X12:Foreign Exchange 0.032
X13. Others 0.021
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Table 6. Summary of fuzzy-weight criteriafor identification of GL strategic modes

Layer 2

Component (coded as U;)

Fuzzy-Weight Criteria

mode-A mode-B mode-C mode-D mode-E mode-F

U1: Management Control 0.092| 0.106| 0.109| 0.102| 0.103| 0.137

U,: Core Competitiveness 0.151| 0126| 0.143| 0.116| 0.116| 0.160

Us: Business Operational Orientation 0.082| 0.084| 0.083| 0.078| 0.080| 0.082

U4 Marketing & Service 0.058| 0.055| 0.048| 0.059| 0.064| 0.037

Us: Response to External Environments | 0.026 | 0.027 | 0.027| 0.026| 0.027| 0.027
Layer 3

Component (coded as x;)

Fuzzy-Weight Criteria

mode-A mode-B mode-C mode-D mode-E mode-F

x1: Order Processing & Management 0.062 | 0.058 | 0.047 | 0.053 | 0.057 | 0.056
X2 Inventory Control 0.032 | 0.034 | 0.033 0.03 0.031 | 0.043
x3: Distribution & Transportation 0.045 | 0.051 | 0.059 | 0.056 | 0.059 | 0.058
Xs: R& D 0.080 | 0.077 | 0.074 | 0.067 | 0.065 | 0.083
xs: Manufacturing Procedure 0.087 | 0.082 | 0084 | 0.09 | 0.094 | 0.094
Xe. Transnational Strategic Alliance 0.033 | 0.036 | 0.038 | 0.029 | 0.029 | 0.030
X7: Human Resources 0.060 | 0.059 | 0.072 | 0.066 | 0.065 | 0.048
xg: Applications of IT 0.067 | 0.052 | 0.041 | 0.072 | 0.080 | 0.083
Xg: Targeted Markets 0.061 | 0.047 | 0.034 | 0.033 | 0.037 | 0.043
X10:Customer Service 0.027 | 0.025 | 0.025 | 0.031 | 0.030 | 0.019
x11:Foreign Government Policies 0.006 | 0.008 | 0.007 | 0.006 | 0.007 | 0.004
Xx12:Foreign Exchange 0.014 | 0.013 | 0.015 | 0.014 | 0.015 | 0.024
X13:0Others 0.011 | 0.010 | 0.012 | 0.013 | 0.013 | 0.012
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Table 7. Numerical results for GL-mode identification

GL mode GL mode accepted/rejected GL mode
(presently used) (suggested) (by the (finalized)
Target sample enterprise)

E-1 A A Accepted A
E-2 A A Accepted A
E-3 A E Accepted E
E-4 A A Accepted A
E-5 A A Accepted A
E-6 C E Rejected C
E-7 C C Accepted C
E-8 C E Accepted E
E-9 F F Accepted F
E-10 F F Accepted F
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