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This study investigates the trends followed by M\&N@Iobile Virtual Network Operators) in the lasted years and
analyzes the strategies that can contribute tcstiveess of Taiwan’s telecommunications industry mwadketing. We
apply the method and concept of PATTERN (Plannisgigtance Through Technical Evaluation of Relevaember)
to establish relevant systems for searching oukdéyesuccessful factors of strategies to attractN@g. We also use the
fuzzy Multi-Criteria Decision Making (MCDM) metholbr analyzing the different preference of a decisgwoup in the
criteria weights and for ranking the alternativesiifuzzy environment in order to provide a stratetheme. These results
provide a reference to assist telecommunicationsradprs, 3G license owners, potential MVNOs, andimgent
manufacturers when working out business plans.
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1. Introduction

Mobile communications has developed at an astamjspace. In developing countries, the popularity of
mobile communications also continues to hit alef@sts. Such a development speed and market smle h
made mobile communications the new growth for amnemy and an important pillar industry in each
country.

The business model of MVNOs is derived from a caorabon of marketing sales, line facilities, and
equipment operators in order to provide telecomeations services. An MVNO is a mobile operator that
does not own spectrum or radio access networksifretures. MVNOs must, however, have full control
over all customer-facing services, such as brandimayketing, and billing. This differentiates thdrom
airtime resellers, and much of an MVNO's succegsedds on the level of cooperation it receives ftbe
mobile network operator (MNO). This is because MBO owns the radio access infrastructure and
spectrum resources, putting the operator in a sgpng negotiating position. On the other sidein@gkhe
MNOQO's point of view, an MVNO can be likened to arydig customer that brings in a considerable arhoun
of additional revenué 2 They are often competitors in the market, but cosely the MNO needs to utilize
its spectrum to maximize revenue potenfidl.

Taiwan’s Ministry of Transportation and Communioats (MOTC) (Source: http://www.dgt.gov.tw)
opened up MVNO services in September 2003, makitigei only mobile communications service with no
deadline for application. Three providers applieth¢ an MVNO put up through September 2005 they have
all experienced poor operationdn accordance with the past experiences of openipg the
telecommunications market, the timing of it and tyyges of services are key factors in influencirgetier
a business succeeds or not. In fact, a good regulatechanism should consider the social, econoanid,
consumer aspects when doing®$8 This paper proposes an ideal formulation of sgias for the timing of
opening up a market to MVNOs. We note that the weported here was done during policy formulation,
and the recommendations as such were not adoptedyalicy. The scenario and reasoning behind the
strategy formulation can be valuable reference$fdNOs and 3G operators.
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This paper uses the method and concept of PATTERIEn(ing Assistance Through Technical
Evaluation of Relevance Number)*®to establish relevant systems for catching the suscess factors of
the strategies for opening up to MVNOs. We also fugey multiple criteria decision making (MCDM) to
find and analyze the criteria weights through fuzdyP (Analytic Hierarchy Process) in different dgon
groups. We then analyze and rank the strategiadumzy environment by using Simple Additive Weight
(SAW).

The remainder of this paper is organized as folldyez. 2 presents the overview of Taiwan’s MVNOSs.
Sec. 3 offers the research methodology. A real sas#y in Taiwan is conducted and discussed in &ec.
Finally, conclusions are presented in Sec. 5.

2. An Overview of the MVNOs in Taiwan

This Sec. introduces a business concept of MVNOmfrthe development of Taiwan’s mobile
communications for the next Sec.’s analysis onsthetegies to open up Taiwan to MVNOSs servicesfand
policy making references. We analyze the evolutbmobile communications in Taiwan in SubSec. 2.1,
and then we present the definitions and types oN@¥ and service development of MVNOSs in Taiwan in
SubSec. 2.2.

2.1 Evolution of mobile communications

With the increase in privatization and competitipgar by year, most countries have deregulated and
reformed their telecommunications sectors. Polidsgmatherefore must look to the mobile phone maaket

a way of achieving social policy goal#loreover, to open up to competition - regardlesthefgovernment,
industries, or consumers - a nation needs to siipuhore regulatory mechanisths

To establish an environment of market competitiagdal on fairness and efficiency, a government must
devise a deregulated policy to ensure public isteesnd consumerism. This was exactly the working
summary statement of the white paper policy foedemmunications liberalization issued by the MOTC o
Taiwan in 2003*,

The flourishing development of mobile phones inwka can be traced back to the course of the
country’s telecommunications liberalization in 199®e evolution and milestones of the market aevsh
in Fig. 1. To realize its WTO (World Trade Organization) eoitments, i.e., to establish an effective
competition mechanism in Taiwan’s telecommunicadiomarket, resale and 3G services were opened up,
completing the full liberalization of the telecomnications market®.

Deregulated
four tgyl:)es of Deregulated Deregulated Deregulated Deregulated
i Satellite Comm. Domestic Fixed Network || Submarine Deregulated
Mobile Comm. services Leased Services Cable Landing 3G Services
Services Circuits
Jan-May De | Feb- Mar De Feb Dec
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$b Jil ! l NovI ! Jul ' fll | *
|J | Licensing of

Revised DGT Reformed MVNO

Telecom Act i Amended Opened ISR Amended .
CHT Established Telecom Act P Telecom Act Services

Fig. 1. Liberalization milestones in Taiwan. $ource the MOTC, Taiwan.)

Data from Taiwan’s Department of Statistics, Mirysdf Transportation and Communications (MOTC)
show that there are 112.5 mobile phone numberslp@rpersons at the end of August 2003. With this,
Taiwan became number one in the world that yeah am average of more than one mobile phone number
held by each Taiwanese. In reference to regulatamvering 3G mobile phone services based on other
countrie(s},GinSeptember 2003applications for MVNOs were opened after the regpedaws had been
amended”.
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Through electronic bidding for 3G (third genera)iomobile services during a period covering 19 days
and 180 rounds, the MOTC awarded 5 licenses fronualg 16 to February 6, 2002. These five 3G
operators began deploying their 3G operations dg asend-2003 and as late as the winter of 2005.

The trend towards liberalization and the rapid dmweent of the global telecommunications industry
have contributed to the emergence of MVNOs. In Ddmr 2002 the DGT (Directorate General of
Telecommunications) of MOTC announced its “CongidtaDocuments of the Deregulation of MVNOs” to
collect public opinion. After collecting various @ds and carrying out the necessary administrative
procedures, Taiwan officially deregulated its MVM@rket in September 2063

2.2 MVNOSs' development

MNOs traditionally need a lot of manpower and materesources to maintain and administer their
operational systems. They have to also investargoeat deal of resources to increase their maHase and
meet consumers’ demand. MNOs’ comprehensive opasathowever, show a lack of efficiency in terms of
network management and business operations.

The core competence of Taiwan's MNOs is in the rgangent of networks. As competition increases,
MVNOs have emerged as a supplement to MNOSs’ intffeenarketing departments.

The definition of MVNO by the International Telecomnications Union (ITU) is stated as follows
(Source http://www.itu.int/osg/spu/ni/eg/resources/MVN@dex.html):

(1) MVNOs are operators that offer mobile communicatisarvices to end users without having their own
radio spectrum. That is to say, MVNOs do not owerises and must lease network capacity or
equipment from licensed operators.

(2) An MVNO can be a provider of a mobile communicati@ervice or a value-added service and possess
its own Mobile Network Code (MNC) and SIM (Subsenibidentity Module) cards.

One can look at an MVNO as having its own tradensarll reselling the products and services of
MNOs through their marketing strategies. While MV&l@ombine communications technologies with
marketing in order to satisfy customers’ needs, ghtterns of success or failure for developing M\ANO
within each county are quite differett*® From the progress of telecommunications libeasin and the
operations and differences in purpose of a supervismechanism, Taiwan’s MOTC (Source:
http://www.dgt.gov.tw) categorized MVNOs into folavels. The four levels range from the conservative
phase to the completely open phase and by thetetavhich they rely on MNOs. The scope of business
for each level is summarized Trable 1

Level 1: MVNOs only become involved in the sale of theliMSards. They get involved neither in building
an infrastructure nor in installing switching eguignt.

Level 2 MVNOs possess only a small amount of network eleisito provide value-added servicEbey
lease radio interfacesregistration systems, authentication systems, MNCs, MSCs (MoBwegtching
Centers), and transmission systems from MNOs. Thale the most use of MNOs’ facilities in order to
reduce their operational costs.

Level 3: Aside from using MNOSs' radio interfacebjs type of MVNO installs some or all of tissvitching
equipment and network elements by itséifpossesses at least its own registration andeatitation
systems, and in addition to MNC, it even estabshes own MSC. However, the provided
telecommunications services are completely thrahghinfrastructure of MNOs. Such a mode of operatio
allows this MVNO type to focus on the provision it§ own special services. This MVNO is usually
considered to bemore advanced service reseller, aiming at providirgscribers with special services.

Level 4: This type of MVNO is also called “Full MVNO” or ite MVNQO”, which means that its mobile
communications services, to some extent, are ginolahose of MNOs. This MVNO does not have an
allocation of spectrum. This MVNO tries to repliea majority of the host MNOs’ infrastructure. layn
establish its own MNC, HLR (Home Location RegistdMSC, billing systems, and even some mobile ISP
(Internet Service Provider) infrastructure such asWAP (Wireless Application Protocol) gateway.
Furthermore, it has full control over branding gimiting and has maximum independence from the host
MNOs.
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Table 1. Levels, scope of business, and facilitibsilt by MVNOs.

Level Scope of Business Facilities Built by MVNOs

Level 1 Resell mobile communications services Business support system
provided by MNOs

Level 2 1. Resell mobile communications services 1. Business support system
provided by MNOs 2. Value-added services system
2. Provide value-added services with their own 3.Registration and authentication systems
network components (except telecommunications number resources, which

belong to MNOs)

Level 3 Provide integrated mobile communications
services

1. Business support system

2. Value-added services system

3. Registration and authentication systems
4. MSC

Level 4 Provide integrated mobile communications
services

1. Business support system

2. Value-added services system

3. Registration and authentication systems
4. MSC

5. Transmission system

Source The MOTC in Taiwan_(http://www.dgt.gov.tw/).

With MVNOs’ marketing expertise, MNOs can avoidifags customers and further boost their revenues
and profits. Moreover, MVNOs can help MNOs attnaetv subscribers at lower costs. While it is oftefdh
that MVNOs are a good thing for competition, thepoging view is that the mobile environment is
sufficiently competitive, and that the arrival o 3perators (many for high-income countries adgptire
“n+1” approach (Note: That when’is the number of existing licenses of 2G, thea i1 approach’ will
award one more (i.e. +1) license to 3G.)) will hatt increase competition. The stance taken by ssmre
of “wait and see”, leaving time for the 3G markittation to become clearer.

To meet market demand, MVNOs must combine commtioits technologies with marketing
endeavors for satisfying customers’ needs. Thepetof success or failure for developing MVNOgath
county are also different. The regulator shouleéftdly devise a mechanism when opening the mankebu
ensure consumerism and a healthy competitive mdtkststill uncertain whether MVNOs will be a sigss
in Taiwan.

Hicall Telecom is one of the three firms that hlksady obtained the first MVNO operational license
and has started negotiating with local MNOs. MVN&sbscriber phone numbers can be offered by MNOs
after both parties finalize negotiations. The MOdd&s not establish any related rules in advancegialate
this.

Although international attention has been diredtethe development of MVNOs, it is still uncertain
whether MVNOs will be a success in Taiwan. Accogdio the spirit of the Telecommunications Law in
Taiwan, the MOTCshould establish an overall plan of telecommunicesi development to supervise
telecommunications businesses and to promote thelafement of an information society as well as publ
welfare.

Based on concepts in Sec. 2, the opening up afdeleunications services must be a complete plan,
not just talk without any design. The creation ofmpetition and also market structure should beidensd
during the opening of the market. The opening tabket for telecommunications licenses should be well
planned to influence sociegconomy, and customer levels.

3. MCDM Method for Evaluating the Strategies of Opaing the Market up to MVNOs

We perform the two-stage multi-criteria for evalogtthe strategies of opening the marigptto MVNOs.

In the initial stage we apply the PATTERN method @oncepts” ** **to establish a hierarchy system for
searching out the criteria and evaluating the ejias in Taiwan. Secondly, we combine the fuzzy
decision-making theory’ with fuzzy AHP to determine the evaluation critevieights. All alternatives are
evaluated by experts who based on their persotgecive perceptionand then analyzed and ranked by
using SAW.

3.1 Establishing a hierarchy system for evaluatittte strategies of opening the market up to MVNOs

The PATTERN method and concepts are used to esttadlhierarchical strategic system for evaluative t
strategies of opening Taiwan’s market up to MVNOSs.
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The analytical procedures include three steps: s€gpario writing - to write the scenarios from the
public’s point of view; (2) establishing a relevantee - to build up the relevance tree from thetexats of

the scenarios; and (3) evaluation - to make thetifative evaluation (preference and performancejhe

relevance tree by subjective perception. In thibShe. we focus on scenario writings and establish a

relevance tree in decision-making process (FigTBdse steps can be summarized as follows:

(1) Scenario writings. Scenario writings are based upon using the habidoatain® % i.e., the past
understanding of problems, experience, knowledge, iaformation is derived from brainstorming
techniques discussed in previous Sec.s to probstitiegies of opening the market to achieve ttadsgo
of MVNOs (goal level).

Input Process Output
Sets of _
Alternatives Planners

v

Necessary and
Useful Methods

:

Decision Makers

47

:

Related objective Variables

and their Relationship
to Alternatives J

Preference Structure

Information for
Decision Makers

-___________i_______________

Fig. 2. Features of the decision-making proces$

Scenarios are generally composed of the followiegs:
(a) problem definition and its background;
(b) description of current conditions;
(c) possible future outcomes;
(d) social, economic, legal, and technological backagdsu etc.

Basic on the scenario writings, we consider theblemms from the following viewpoints in order to
achieve the goal level: (a) social aspect; (b)amst aspect; (c) economic aspect. We build updlevance
tree from the content of the scenario writings.

(2) Relevance tree.The elements of relevance tree (In the mathematieaision tree, the elements are
always called the ‘nodes’) are ‘a relevance setgosed of statements derived from the “goal” level
(the high level) through the objectives/aspectéieiga, policy or strategic planning, down to the
implementation (the lower level). Elements of releve trees are defined and identified in hieraeghic
strategies from brainstorming concepts. They acatkxdl at every level from the interaction feedback
procedure from high to low levels (top down) andnfrthe low level integrated up to the high level
(bottom up). Such a structure constitutes a hibieat system for the strategies to open up Taiwan’s
MVNO services.

According to the literature review and scenariotiwgs, relevance tree is used to create a hierarchy
strategy system for identifying the optimal treridsstrategies of opening the market up to MVNOg@si
different scenario criteria and strategies. Elemd&nbdes) of relevance tree are defined and idedtif
hierarchy strategy systems through brainstormingcepts and a series of pre-tests with domain expert
including two professors (one in an MBA prograng tther is in a Telecommunications Technique Cgnter
two experienced mobile operators, and six governmoficers. These experts are asked to rate theracy,
adequacy, and relevance of the criteria and dimessand to verify their “content validity” in ternad the
MVNO market-opening strategies. The results froma literature review and expert opinions lead to a
decision for the modification and adoption of therarchy structure used in this study. The exppmions
are located at every level from the interactiordfissck procedure of the high level all the way ddwithe
low level (top down) and from the low level intetgd up to the high level (bottom up). Such strussur
institute evaluation hierarchy strategies in ornegstablish the markepening strategies as showrFiig. 3,
which is an example of relevance tree of the sjiateto open up Taiwan’s MVNOs services.
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Goal Aspect Criteria

Level O 1 2

Oligopoly broken up to
enhance the market
Innovation and reformation
helpful to the development
of society for an intellectual
economy

Promoting the popularity of
information helpful to
decreasing the digital divide

Social Aspect

Upgrading the quality of
service for customers
Promoting the reduction of
telecommunication fees
Diversified choices to satisfy

customers

Customer Aspect

—— Investmenton infrastructure is
increased to promote the
occupation and the
development of relevant
industries for domestic deman
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— Impacts unfavorable to
relevant domestic industries

— Contributive to the promotion
and development of new
techniques for communication

Economics aspect
I

—— Acceleratingthe diversification
of value-added services and
promoting service to increase
industrial competition on the
international market
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Level 3 and Level 4.

S2: Level 1, Level 2, and Level 3 to open up
the present phase (early 2004), not for

Level 4

S3: Level 4 to open up in the present phas
(early 2004)

S4: Level 1 and Level 2 to open up only in

=)

the

present phase (early 2004), depending on

a regular review of the market annually

to open up Level 3 and Level 4
S5: Level 1 and Level 2 to open up, not for,
Level 3 and Level 4, after 3G operator

have provided services for one year (if

the middle of 2005 approximately).

S6: Level 1, Level 2, and Level 3 to open up,
not for Level 4, after 3G operators have

provided service for one year (in the
middle of 2005 approximately)
S7: Level 4 to open up, after 3G operators

have provided services for one year (if

the middle of 2005 approximately)

S8: Level 1 and Level 2 to open up after 3G
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year (in the middle of 2005
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review of the market annually to open
Level 3 and Level 4
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Level 3 and Level 4, after 3G operator

have provided services for two year (in

the middle of 2006 approximately)
S10: Level 1, Level 2, and Level 3 to open
not for Level 4, after 3G operators hay
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S11: Level 4 to open up, after 3G operator

have provided services for two year (in

the middle of 2006 approximately)

S12: Level 1 and Level 2 to open up after 3G

up

up,

()

operators have provided services for two

years (in the middle of 2006

approximately), depending on a reguldr

review of the market annually to open
Level 3 and Level 4

Fig. 3. Evaluation of the hierarchical structure br the strategies of opening up to MVNOs.

(3) Evaluation. This paper uses the fuzzy MCDM to find and analyeecriteria weights by fuzzy AHP in
different decision groups. We then analyze and thalstrategies in a fuzzy environment by using SAW

3.2 Determining the criteria weights

Because the evaluation of the criteria items entdilerse meanings, we cannot assume that eaalateal
criterion is of equal importance. In this Sec. vee the fuzzy AHP and combine the fuzzy geometriarme
method to determine the criteria weights. The best-fuzzy/de-fuzzification and normalized weights a

then used to locate the synthetic performance value

(1) Getting the fuzzy weights for the hierarchy praess

Because an evaluator always perceives the weighiséser own subjective evaluation, an exact ocigee
weight for a specified criterion is not given. Thésds to the use of the fuzzy weights of criteiackley

initially investigated fuzzy weights and fuzzy itilfor the AHP techniqué®, extending it by the geometric
mean method to derive the fuzzy weights. From Sei80), ifA=[g;].m IS a positive reciprocal matrix,
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1/m
m
then the geometric mean of each ngwan be calculated as =(|‘lajJ . Here, Saaty definedl.,, as
=

the largest eigenvalue oA (C.l.= (4,
components of the normalized eigenvector correspgrtd A

-m)/(m-1), seeAppendix A) and the weightsw are the
maxr Wherew = /(r, +r ).

For responding to the subjective perception inedat weights, Buckley (1985) considered a fuzzy
positive reciprocal matrixA:[aj], extending the geometric mean technique @eeendix B) to define

the fuzzy geometric mean of each rojv and fuzzy weightw corresponding to each criterion as follows
22.

f=(@,0--04a,)"";, w=f0(@O0---0r,)". (1)
(2) Evaluating performance

Bellman and Zadef’ were the first to investigate the decision-makprgblem in a fuzzy environment,
initiating the fuzzy MCDM. We use this method tcalate the strategies and alternatioé opening up to
MVNOs and rank them accordingly. The method and@dares of fuzzy MCDM theory are as follows.

Measuring criteria: Using the measurement of listiai variables to demonstrate the criteria
performance (effect-values) by expressions suckery very disagree”, “very disagree”, “disagre&air”,
“agree”, “very agree”, “very very agree”, the ewatlors are asked to make their subjective judgm@nts
Each linguistic variable can be indicated by angialar fuzzy number (TFNJ within a range of 1-100 (as
shown inFig. 4 and Appendix C Fig. A2 and Table A4). The evaluators can subjectively assign their

personal perception to the performance value ieradtive k of each criteriomn (i =1,2,...m). In these

linguistic variables, Iet\7k‘? indicate the fuzzy performance value of evalugtofp =1,2,...n) towards

alternativek (k =1,2,....K ) under criteriai , and let the criteria of the performance be inigideby the set
S

W=, M2Up), i0S. ()

Since the perception of each evaluator varies daogrto the evaluator’'s experience and knowledge
and the definitions of the linguistic variables waas well, this study uses the notion of geometric
mean/average value so as to integrate the fuzzymedt values ofn evaluators:

Vkiz(v;iDVéD'“DWi)lm- 3)

The sign O denotes fuzzy multiplication, and,, is the geometric mean/average with the fuzzy

number of subjective judgments of the group denisi@akers. It can be indicated by a triangular fuzzy
number as follows:

Vi = (Li» My, Uy) (4)
Ho(x)
A
1
Absolutely
{ important
very very \19 y low fair high very ry very
low oW high high
0 E : >
0 10 20 30 40 50 60 70 80 90 100

Fig. 4. Example of the membership functions of lingistic variables for measuring the performance vale of alternatives.

(3) Driving the Synthetic Utility Values



G. L. Fu, C. Yang and G. H. Tzeng

The evaluators now choose a performance valueafdh eriterion. In this investigation we use thergetric
mean/average method to aggregate the anticipatéoripance values. The synthetic utility values ten
driven as follows:

R=V OW, ®)

where V =[Vg ., and Vi = (L, My, Ug) 5 W= (W, W0 ) and W = (h,m,y).

R =Zm:\7\{ 0 :(Zm:|i|_ki,zm:m M, ,Zm:q Ui) k=12,..K. (6)
= i=1 i=1

i=1

where R< is the fuzzy synthetic value of theh strategy. Therefore, the results of the fuzzmtisgtic
decision reached by each strateéy are the fuzzy number.

We can analyze the similarity (closeness) amongehstrategies Iﬁ k=12,..K) which are

classified by their types. The synthetic utilityziy values on these strategies not only can go runde
de-fuzzification, but also can be discussed andyaed. It is also seen that the non-fuzzy ranking method
for fuzzy numbers can be employed during the coisparof the strategies. In previous works the pdoce

of de-fuzzification has been to locate the best-foamy performance (BNP) value. Methods of such
de-fuzzified fuzzy ranking generally include theaneof maximal (MOM), the center of area (COA), and
the a-cut - three kinds of method$2" % Utilizing the COA method to determine the BNRaisimple and
practical method®, and there is no need to introduce the prefereatesy evaluators. The BNP value of

the triangular fuzzy numbenfzK =(LR,, MR, UR) can be found by the following equation:

BNR =[(UR - LR) +( MR- LRJ]/3+ LR L. @)

The COA method is used in this paper to analyzerank the order of importance of each criterion and
strategy. According to the value of the derived BN® can now value each strategy to open up to M¥NO

4. Empirical Study: Evaluating the Strategies of Opning up to MVNOSs in Taiwan

According to the evaluating hierarchy and stratggwee estimate and proceed to the empirical stumdieu
three subSec.s: (1) finding and analyzing the ktsigof criteria, (2) analyzing the alternatives for
evaluating the strategies of opening up to MVNOS%aiwan, and3) driving the synthetic utility values.

4.1 Finding and analyzing the weights of criteria.

We sent out a total of 28 questionnaires, 24 ofctviivere completedlhey include seven scholars, eight
experienced mobile operators (five MNOs, includidG and 3G service operators and three service
providers), five equipment manufacturers (e.g. Moy Nokia, Ericson, etc.) and four governmenticeffs

of MOTC. For the fuzzy AHP questionnaires exampkeAppendix C. The results of the literature review
and the experts are listed according to the fortadlatructure of the key factors, and as suchvhkiation

of the opening up to MVNOs and the weights of tligective hierarchy and attribute hierarchy can be
analyzed. The weights from the decision groupsoatained by using Fuzzy AHP and BNP de-fuzzificatio
(using Eq.(1) and Eq.(7), and results showiidhles 2 and 3 and the consistency radi(C.R) values are

also checked, whereby th€.R values are all smaller than 0.Appendix A). If the C.R values are
larger than 0.1, then this questionnaire shouldebeonsidered and re-written until this questioramaian
satisfy the smaller than 0.1.

Table 2. Weights (Triangular Fuzzy Number and Nornalized BNP) of the Aspects and Ranking

Aspects Social Aspect Gurser Aspect Economics Aspect
K, M, U) L, M, U) L, M, U)
Scholars (0.3101, 0.4511, 0.6336)  (0.1686, 624.3449) (0.2139, 0.3026, 0.4654)
BNP 0.4650 0.2532 0327
2G & 3G Operators  (0.2061, 0.3927, 0.6081)  (0.1753, 0.3112, /%5 (0.1857, 0.2961, 0.6008)
BNP 0.4023 0.3470 036
Service Providers (0.3471, 0.5723, 0.8227)  (0.1547, 0.1952689) (0.1667, 0.2320, 0.4102)
BNP 0.5807 0.2044 0.269

Equipment (0.3321, 0.4381, 0.5654)  (0.2180, 012824189) (0.1952, 0.2798, 0.3573)
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Manufacturers
BNP 0.4452 0.3063 a27
Government Officers  (0.2776, 0.3622, 0.4638)  (0.2547, 0.3189, 9939 (0.2569, 0.3189, 0.4034)
BNP 0.3679 0.3245 04826
Total (0.2891, 0.4362, 0.6079) .1€10, 0.2716, 0.3947) (0.2063, 0.2922, 0.4542)
BNP 0.444 0.2858 3106
Total Ranking 1 3 2

Table 3. Local weights and global weights (GW; GWsi Aspects’ Weight x Local Weights) final normalized BNP of the critera.

Criteria Scholars 2G and 3G Operators IS&Ee Providers
(L, M, U) GW (L, M, U) GW (L, M, U) GW
Cu (0.1609, 0.2168,0. 3192) (0.2130, 0.4162703% (0.1580, 0.2303, 0.3679)
BNP 0.2323 0.0990 0.4331 0.1412 0.2521 0.1318
Ciz (0.2392, 0.3499, 0.4928) (0.2407, 0.41285D4 (0.1456, 0.2077, 0.3180)
BNP 0.3606 0.0761 0.4683 0.1527 0.2238 0.1121
Cuz (0.2967, 0.4332, 0.6232) (0.1114, 0.17104 13 (0.3426, 0.5620, 0.8616)
BNP 0.4510 0.0863 0.2101 0.0685 0.5887 0.3066
Cax (0.1984, 0.2918, 0.4493) (0.2929, 0.4030, 9155 (0.2389, 0.4180, 0.6118)
BNP 0.3132 0.0761 0.4170 0.1258 0.4229 0.0719
Cax (0.2276, 0.3553, 0.5182) (0.2273, 0.3144,%6344 (0.0794, 0.1077, 0.1647)
BNP 0.3671 0.0839 0.3291 0.0993 0.1172 0.0196
Cus (0.2301, 0.3529, 0.5567) (0.2008, 0.28263633 (0.3200, 0.4744, 0.7902)
BNP 0.3799 0.0868 0.2899 0.0875 0.5282 0.1023
Cs1 (0.1464, 0.2421, 0.4708) (0.1912, 0.26716D43 (0.1861, 0.2615, 0.3642)
BNP 0.2864 0.0803 0.2732 0.9864 0.2706 0.0646
Cs2 (0.0700, 0.1113, 0.2000) (0.3036, 0.39140D55 (0.0829, 0.1346, 0.2242)
BNP 0.1271 0.0355 0.3992 0.1262 0.1472 0.0352
Cas (0.1453, 0.2585, 0.4707) (0.1118, 0.14980402 (0.1480, 0.2544, 0.3732)
BNP 0.2915 0.0814 0.1552 0.0491 0.2586 0.0618
Cay (0.1893, 0.3882, 0.6735) (0.1440, 0.19186042 (0.2173, 0.3494, 0.6149)
BNP 0.4170 0.1159 0.2001 0.0634 0.3939 0.0941
Table 3. (Continued)
Criteria  Equipment Manufacturers Government Officers Total
(L, M, U) GW (L, M, U) GW (L, M, U) GW
Cu (0.3074, 0.3696, 0.4536) (0.2658, 0.3418282) (0.2130, 0.3188, 0.4543)
BNP 0.3769 0.1613 0.3453 0.1227 0.3287 0.1332
Cw (0.3102, 0.3779, 0.4400) (0.3922, 0.4828964) (0.2662, 0.3833, 0.5440)
BNP 0.3760 0.1609 0.4904 0.1742 0.3979 0.1612
Ciz (0.2153, 0.2525, 0.3071) (0.1426, 0.1753284) (0.2095, 0.2978, 0.4538)
BNP 0.2583 0.1105 0.1890 0.0643 0.3204 0.1298
Cax (0.4718, 0.5278, 0.6055) (0.3139, 0.3804556) (0.2755, 0.3943, 0.5479)
BNP 0.5350 0.1586 0.3832 0.1250 0.4059 0.1066
Cax (0.1477, 0.1680, 0.1799) (0.2744, 0.341492408) (0.1943, 0.2674, 0.3640)
BNP 0.1652 0.0490 0.3470 0.1091 0.2752 0.0723
Cas (0.2716, 0.3042, 0.3369) (0.2352, 0.2788389) (0.2439, 0.3383, 0.4894)
BNP 0.3042 0.0902 0.2824 0.0888 0.3572 0.0938
Cs1 (0.2050, 0.2579, 0.3212) (0.2461, 0.2733112) (0.1955, 0.2717, 0.3938)
BNP 0.2614 0.0683 0.2769 0.0883 0.2870 0.0831
Cs» (0.0849, 0.1083, 0.1365) (0.0685, 0.0793986) (0.1067, 0.1482, 0.2136)
BNP 0.1099 0.0287 0.0801 0.0256 0.1560 0.0452
Cas (0.1376, 0.2010, 0.2630) (0.3086, 0.35140P1) (0.1634, 0.2437, 0.3523)
BNP 0.2005 0.0524 0.3540 0.1129 0.2531 0.0732
Cay (0.3173, 0.4328, 0.6220) (0.2619, 0.2968289) (0.2212, 0.3364, 0.4963)
BNP 0.4573 0.1202 0.2940 0.0936 0.3513 0.1016

4.2 Analyzing the alternatives for evaluating therategies of opening up to MVNOs in Taiwan

This subSec. analyzes and ranks the achievemeek ¢fveach criterion in each strategy by using the

methods of fuzzy theory for treating the fuzzy eammental problems.
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(1) Linguistic Variables

According to Zadeh (19659, it is very difficult for conventional quantifican to express reasonably those
situations that are overtly complex or hard to miefiThus, the notion of a linguistic variable icessary
under such a situation. A linguistic variable igaaiiable with values that are words or sentencesnatural
or artificial language. For example, the evaluatibthe alternative to the “the present stage (teefanuary
2004) opens up Level 1 and Level 2, “rather thaenopp Level 3 and Level 4” being important as rdgar
to the criteria “oligopoly broken to enhance therkea” in this study. We take on values such asywery
dissatisfy”, “very dissatisfy”, “dissatisfy”, “fair “satisfy”, “very satisfy”, and “very very satigf >, with
respect to a fuzzy seven level scale. The memigefghctions of the expression values can be inditaty
triangular fuzzy numbers (TFNY within the scale range of 0-100 (sEi. 4). The evaluators can also
define their own individual range for the linguéstvariables employed in this study according tarthe
subjective judgments/perceptions within the scél@é-d00 (sed-ig. 4).

(2) Fuzzy Performance Score of Strategies with Respedriteria

Since the perception of each evaluator varies diouogrto the evaluator’'s experience and knowledge
(subjective judgments/perceptions within the soafle0-100), this empirical study uses the geometric
mean/average value so as to integrate the fuzgnjedt values and BNP de-fuzzification of 24 evaltmt
(using Eq. (3) and Eq. (7), the results are showfable 4).

4.3 Driving the synthetic utility values

Traditional evaluation methods usually take theimim cost or the maximum benefit as their only Eng
index of measurement® ?. However, in an increasingly complex and diveesifidecision-making
environment, this approach may sacrifice too muahuable information in the process. Thus, this wtud
proposes a multiple criteria decision making (MCDMgthod to evaluate the hierarchy systems for the
strategies of opening up to MVNOs.

Among the numerous approaches available for canfiianagement, the most prevalent includes
MCDM. Practical problems are often characterized dgveral non-commensurable and competing
(conflicting) criteria, with no solution satisfyin@ll criteria simultaneously. Applying MCDM, the
compromise solution for the problem with confligtioriteria can therefore be determined, which calp h
decision makers to reach a final decision.

SAW is introduced as one simple and applicablertiggte to implement within MCDM (Eqgs. (5)-(6)).
From the criteria weights obtained by the fuzzy A&ifel the fuzzy performance values of each critesioch
alternative (strategy), this final fuzzy synthaitdity value can finally be obtained (Eq. (6)).t&f the fuzzy
integrated decision is made and subsequently thdumzy ranking method is employed, the fuzzy nurebe
are changed into non-fuzzy values (BNP) (Eqg. (FThlough there are several methods to rank these fuzz
numbers, this study decides to use COA to findBN® value that is used to rank each strategy. Wethes
symbol *-’ to denote the preference with the convention tat- § means § is a better choice than

S;. Here,$- S-S S-Su> S-S S So- S - S-S, which are presented Table 5.

Table 4. Fuzzy performance score of strategies witlespect to criteria.

Cu & Gs &1
¢ M, U) (L, M, U) (L, M, U) (L, M, U)

Criteria
Strategies

LLLPPPPPDP P

(16.58, 28.21, 37.20)
(23.51, 35.02, 43.31)
(26.41, 38.51, 46.97)
(18.68, 30.21, 38.91)
(19.77, 31.92, 40.78)
(23.31, 36.12, 45.20)
(25.29, 39.05, 48.15)
(19.86, 31.90, 40.76)
(14.69, 26.41, 35.44)
(18.13, 30.64, 40.00)
(19.44, 33.54, 42.49)
(14.19, 26,20, 34.67)

(22.81, 33.93, 42.15)
(33.63, 44.47, 52.02)
(44.23, 53.81, 62.41)
(31.39, 39.94, 47.38)
(25.15, 37.04, 45.82)
(33.04, 45.17, 52.93)
(37.21, 48.18, 56.57)
(29.67, 39.64, 47.80)
(18.37, 29.79, 38.80)
(22.17, 33.92, 42.89)

32334.19, 41.97)
§@739.51, 47.63)
§8447.81, 56.18)
12536.75, 44.87)
1@637.46, 45.30)
92739.69, 47.65)
18446.24, 54.38)
@638.10, 46.48)
42930.51, 38.48)
Q@333.28, 41.73)

(28.96, 41.16, 49.15) §8040.76, 48.89)
(18.12, 29.19, 37.68) 3@030.74, 39.49)

(36.33, 45.07, 53.23)
(43.73, 52.36, 60.14)
(44.15, 54.93, 63.30)
(37.25, 46.47, 55.34)
(37.54, 46.22, 54.34)
(44.51, 53.47, 61.29)
(46.34, 55.55, 63.91)
(37.24, 46.47, 54.98)
(32.50, 41.03, 49.54)
(33.65, 42.86, 51.97)
(39.13, 49.03, 57.21)
(32.25, 40.91, 49.14)
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Table. 4 (Continued)

Criteria G Gs Gy (v
Strategies t, M, U) (L, M, U) (L, M, U) (L, M, U)
S, (26.28, 36.06, 45.23) (37.11, 47.85, 56.33) (8831.96, 40.33) (20.64, 31.76, 40.68)
S, (37.20, 46.38,55.77) (42.02,52.90, 61.27) 48344.73,51.21) (34.77, 45.62, 53.79)
S (48.00, 57.63, 66.38) (45.42,56.43, 65.13) 38952.01, 60.16) (37.62, 50.09, 58.00)
Sy (32.98, 42.53,51.54) (38.05, 48.89, 57.67) 30932.21, 40.57) (28.96, 39.30, 47.73)
S (32.61, 43.45,52.83) (42.24,53.05, 62.03) 52034.07, 42.61) (25.07, 36.29, 44.40)
Ss (42.18, 50.92, 58.57) (46.18, 56.87, 65.02) 33545.93, 52.86) (33.73, 43.36, 50.57)
S (45.85, 55.03, 63.47) (55.00, 63.37, 71.13) 33346.78,55.72) (30.33, 41.62, 49.72)
S (37.41, 45.63, 53.37) (39.99, 50.99, 59.60) 12134.61, 43.03) (25.61, 36.84, 45.23)
S (26.65, 36.74, 45.94) (34.17, 44.35, 53.14) 90629.89, 38.36) (13.70, 26.17, 34.69)
Siwo (32.52, 41.46,50.09) (35.18, 45.50, 54.24) 42537.00, 44.89) (27.80, 38.11, 46.68)
Sn (40.19, 47.90, 55.59) (40.17,50.21,57.93) 438143.96,51.82) (37.18, 46.29, 53.78)
S (26.38, 36.24, 44.50) (31.88,41.70,50.42) 12132.78,41.35) (22.27,33.13, 42.17)
Table. 4 (Continued)
Criteria Gs Gy SyntheticFuzzy Performance Score
Strategies L, M, U) L, M, U) L, M, U)
S (24.78, 35.56, 44.42) (36.23, 46.31, 54.52) (26.15, 36.96, 45.41)
S (31.81, 43.13, 52.25) (43.00, 52.27,61.31) (34.51, 45.21, 53.27)
S (41.63, 53.04, 62.25) (47.73,57.48, 65.27) (40.48, 51.63, 60.07)
Sy (26.11, 37.24, 46.17) (37.37,47.61,55.86) (29.35, 39.86, 48.26)
S (32.15, 43.32, 52.40) (35.83, 45.75,53.87) (29.23, 40.42, 48.99)
S (38.92, 49.18, 57.71) (41.79, 52.03, 60.05) (35.74, 46.62, 54.61)
S (42.98, 53.78, 62.60) (47.15, 55.36, 63.59) (39.29, 50.14, 58.59)
S (33.42, 44.52, 53.63) (35.45, 45.29,53.79) (30.19, 41.02, 49.49)
S (27.65, 38.95, 48.36) (28.79, 39.51, 47.98) (23.01, 34.00, 42.73)
S (31.09, 42.36, 51.92) (35.57, 45.33,53.34) (27.48, 38.21, 46.97)
Sn (34.84, 46.81, 55.87) (34.16, 44.60, 52.97) (32.44, 43.49, 51.69)
S (28.23, 39.15, 48.53) (32.26, 42.04,50.31) (23.95, 34.44, 43.01)
Table 5. Synthetic fuzzy performance score witlpeet to criteria.
Criteria Synthetic Fuzzy Performance Score BNP Ranking
Strategies i, M, U)
S (26.15, 36.96, 45.41) 36.17 10
S (34.51, 45.21, 53.27) 44.33 4
S (40.48, 51.63, 60.07) 50.73 1
Sy (29.35, 39.86, 48.26) 39.16 8
S (29.23, 40.42, 48.99) 39.55 7
S (35.74, 46.62, 54.61) 45.66 3
S; (39.29, 50.14, 58.59) 49.34 2
S (30.19, 41.02, 49.49) 40.23 6
S (23.01, 34.00, 42.73) 33.25 12
Sio (27.48, 38.21, 46.97) 37.55 9
S (32.44, 43.49, 51.69) 42.54 5
S (23.95, 34.44, 43.01) 33.80 11
Desired Performance Score* (85.82, 91.64, 100.00) 92.49 -

" Desired/Aspired Performance Score (very very sgtisfbased on the result of expert questionnaires.

4.4 Discussions

Table 2 provides general perspectives on the three aspedescending order of importance: social aspect,
economic aspect, customer asp&cicial aspect is the most important factor, wheteasustomer aspect is
the least important factor in the strategies tonope to MVNOs. We now elaborate upon the reasons wh
The opening up of MVNOs helps accelerate economielbpment. The government authority - the MOTC
- not only legislates to protect customers’ intesebut also opens up the market to competitiorerdfore,
each provider competes to promote quality servares to satisfy consumers. The monopoly on mobile
communications can then be broken up to promotentheket. Scholars and experts think this is a top
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priority.

The weightings of the 10 criteria are shownTable 3 (from C; to G,). The results reveal that
information literacy is helpful to decrease theitdigdivide. Promoting the reduction of telecomnuation
fees is considered a less important criterion.

Former U.S. President Bill Clinton announced a repoJuly 1999, titled “Falling Through the Net:
Defining the Digital Divide”, which was about theigdal differences proposed by the National
Telecommunications and Information AdministratiddT(A). It was found that the digital differences
among many groups - grouping based on some populstiucture or geographical locations - increaitle w
time. This report showed that some minority groapsl low-income groups are unable to easily obtain
national information and resources. A nation shoelichinate the digital differences by enthusiadljca
implementing an open market strategy. Opening uppetition for MVNOS services can help the popularit
of information usage and reduce the digial, which is verified in this study.

Ever since telecommunications liberalization waplamented in Taiwan in 1996, mobile phone fees
have fallen from NT$0.2 per second to NT$ 0.05 ggrond, a decrease of 75%. Communication fees in
Taiwan are less expensive than those in developedtges. As such, fees are no longer a roadblock i
promoting the communications market. Therefores iteim is listed as a criterion with the least imoce.
Table 5 shows thatS; (Level 4 to open up in the present phase (ear34p0is the best among all. The
reasons are as follows.

The global 3G mobile phone market has not growexgected, as evidenced by the first company to
offer 3G services in Taiwan is in fact still usingpG technologies. MVNO seems to be a tool to ageBG
marketing, because its professional focus is orketeng strategies. The overall opening up to MVNQrs
Level 4 services is believed to be helpful for negidkdevelopment.

We now list whyS; (Level 1 and Level 2 to open up, not for Levelr@ld.evel 4, after 3G operators
have provided services for two year (in the midafil006 approximately)) is the worst case. It is thost
conservative method. In factyBill open up Level 1 and Level 2 services after @@viders have officially
been running for two years (in the middle of 200B)at is, 3does not offer Level 3 and Level 4 services.
By the year 2006, the 2G and 3G operators will impeting in a mature and competitive market. In tha
case, no related industries will benefit by thetategy. Hence, 3s too small in operation scale and too
late in opening timing. Thereforey & the worst choice in selecting both the operiming and operation

type.

Note that the experts gave a score of 50.7&fdkevel 4 to open up in the present phase (eal®4p0
but the ideal or desired/aspired performance sobil experts for Sis 92.49. Why is there such a gap?
Apparently, by considering only opening timing argkration types, the best score they can give.is350
S;. Therefore, there must be some other consideratiommissing factors that can amount to 92.49
(desired/aspired performance score (very veryfaatisn)). What and how can be the possible redson
achieving the desired/aspired performance score@uinother and future researches, we found that the
collaboration between MVNOs and MN@ss the key to its success. We briefly explain #sgollows.

The negative attitude of MNOs in cooperating wittY NOs could due to the following reasons:

(1) Regardless of 2G or 3G MNOs, they both worry abosiing the influence of their brands. Therefore,
they hold a conservative attitude to not coopenatie MVNOSs.

(2) Some MNOs believe they have great advantages iketiag as first-movers. Therefore, they do not
want to cooperate with channel agents or MVNOs.

(3) Some successful channel agents such as 7-Elevearm#iink that the telecommunications field is too
technical, and they do not want to participateperating unfamiliar MVNOSs.

If the MOTC wants to maintain a society of consumerism amefficient or open competitive market,
then it should devise a management mechanism whiokides MNOs and MVNOs with a win-win
situation.

5. Conclusions

Under the leadership of developed countries suchthas U.S., the UK, and Japan, the trend of
telecommunications liberalization has sprouted ywvkere in the world. Many countries have followeit s
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in carrying out the policy of liberalization, relag unnecessary restrictions and reducing thergovent’s
administrative intervention. The mechanism of markempetition is expected to be enacted, so that
consumers can obtain the maximum welfare in orddrelp with the development of the overall economy.
The results in this study confirm such a trend.

Issues in the field of policy decisions oftaiwd complex and multiple criteria. Through MCDMisth
study makes use of Fuzzy AHP and SAW to sort oatpghority of each project. For MVNOSs to be
successful, the following three factors, listedoiler of importance, must be considered: socipeets
economic aspect, and customer aspect. Considérngorial aspect, the most important thing is timuate
information to reduce the digital divide. For theoeomic aspect, literacy is important in accelegthe
diversification of value-added services and pronwijlobal competitiveness of those services. Aster
customer aspect, it is important that the stratfgypening up to MVNOs focuses on diversified clgito
satisfy customers. The result from evaluating estchitegy and ranking is: 35 S;>Sg> S~ S >~ S~

S >S4 S0 S > S Se.

This research notes thag @evel 4 to open up in the present phase of ‘e2094’) gives MVNOs the
necessity to own telecommunications equipment abttiey are pretty much similar to MNOs. Therefore,
manufacturers can sell equipment. Moreovegriri§gers and activates the telecommunications strgiuso
that the industry can create more job opportuniiesording to the results of the “Analysis of thffects of
Telecommunications Liberalization in the Taiwanidt commissioned by the MOTC, a forward correlation
exists between Taiwan’s telecommunications libeagion and the development of its overall economy a
related industries. The report points out thatitipeit/output effect of telecommunications investirisrthat
an “investment of NT$1 in telecommunications widve an overall multiple effect of increasing th&ato
value of production to NT$ 2.89.” Furthermore, I#Ips bring an active market with competition amon
MNOs and MVNOs. Therefore, the consumers will birmsf seeing better services.

Strategies concerning this topic have been studied established herein. We believe mobile
communications can be rapidly and orderly developeds to advance the opening up of this market in
Taiwan.
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Appendix A. Consistency Ratio

The largest Consistency RatiC.R) of pairwise comparison matrices from all resporntsiés under 0.09

and satisfies the practices that requCeR < 0.1. We obtain values within 0.00 to 0.09. Th#ofeing
example illustrates theC.R testcomputation.

C.l.= (A, —m)/(m-1), where m is the dimension, andl_,, is the eigenvalue of the matrix.

max

Table Al. The random consistency ind¢R.1.) table.

O

DimensionM | 1 | 2 [3 |4 [5 |6 4 4 10 11 |12 |13| 15

R.I. 0.00| 0.00[ 054 0.90 1ji2 1§24 .32 11449 1.49 1.5] 1.48 1.56 157 J58

Source Saaty, T. L., 198¢°

C.R(Consistency Ratio;% , where RI. is the Random Consistency Index.

C.R.values for Aspects (Level 1): Social Aspect)(Customer Aspect (&, and Economics Aspect {C
are in the range of [0.00, 0.09].

C.R.values for Criteria (Level 2): & C,,, and Gz are in the range of [0.00, 0.09].

£, Gy, and Gz are in the range of [0.01, 0.07].
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£ Csp, G35 and G, are in the range of [0.02, 0.09].
Appendix B. Why does one use the geometric mean/amge for estimating the relative importance/
weights in each criterion by AHP?

(1) The concepts of using the geometric mean techniggie system procedure about the weight are
obtained as follows.

w,i=1.m w,i=1..m w,i=1..m
W W. W, M m T B m,m T B m m_
] : Lo 0w w) (W™ /1 w) w /(I w;)Y
w, \Nl/\M. VVL/ V\{ W/ W, =1 .J—1 J—1.
W=w wiw e wly  wl= T w) (= T = | w ) =
. . . j= j= j=
Wm_Wm/\M Wm/\NJ Wn/ VVn_ n m n
n (Wm /W]) (Wmm/rl Wj) Wm /(rl Wj)llm
Li=1 i L j=1 i L j=1 i
m U
2w =1
. . ] > [w /(1w
(\AI:I_/(!_:IlV\Ij)l/m (\N_L/(H W, )1/m I:lm m m
m m R = S =D w0 w)m, Y w =1
Z V\II/(I'I W)l/m] m 1m = j=1 =
— j=1 ) 1/(Jl_:|1Wj ) n
. ) _V\{L_ :1/(jr|:le) m
n o "o ;
(w /(T )" (w11 w, ) w
m m d T
Z[\Nl /(I—l \Nj)llm] 1/(|—| Wj )llm
i=1 = 1:1_ | W, |
m m i 1/m
(w, /(1w W (W /(1 W)
SlwAmw)em || MW
Li=1 _

(2) The empirical data of the procedure for using teengetric mean technique determine the relative
importance (criteria weights). We can extend thgcpdure to determine the fuzzy weights as follows.

W woooow,
i N T N . R (C
W, a,; - alj e A 1= r 1= :
Aswla a4 = @) =] =] @ |-
Wm_aml amj amm_ m _rm_ m ' ¥
N, (7@ )"
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[ m m m ] fi =[r|rg~ij]1/m rlliri
[Jl:'l(au)]llmlzi:[ M(a))] Hm J' i E

" : W=/ -

: m m_m = iy
W= [El(aj)]l/m/Z[Jl]l( ' = (w = ;
W, ' W m

" m mm ) rI),

[J['l(am,-)]l/m/ Z[ J':'l( a)|" : L 2:1: ]
L | i Wm_

(3) Determining the fuzzy weights according to basiccapts (1) and (2) above.

f=[a,0§,0.08T"", i=12,.m
W =f0(R0rR0--00)"
The concept of the meanings in this paragraphlége® to geometric average. We can then extend this

concept to determine the fuzzy weights. Thereftrese processes of reasoning are only suitablsdche
calculations of the geometric average and canrethescalculation of the arithmetic average.

Appendix C. Explanation and samples of AHP questimaire

Table A2. Example: A returned sample of AHP questare (the level 1)

Level 1 Absolute Strong  Equal Strong Absolute Level 1
Object < importance  important impat  important important  Objet
\ 4 A4 \ 4 \ 4 4
Social 91 71 651 31 1.1 1:3 15 1.7 1.9 stmer
Aspects 81 611 41 2:1 1:2 1:4 1.6 1.8 Aspects
Customer 91 71 51 31 11 1:3 1:5 1.7 1:%conomics
Aspects 81 6:1 41 2:1 1:2 1:4 16 :81 Aspects
Economics 91 71 51 31 1.1 1:3 1:51:7 1:9 Social
Aspects 81 611 4.1 2:1 1:21:4 1.6 1.8 Aspects

Note: 1. Each person received an identical quastioe like this one. Twenty-four of the returnagestionnaires are
combined with their correspondiridg. Al to produce Table 2 and Table 3.
2. In the consistency t&31R.is utilized to determine the degree of consistentyenC.R<0.1 it is considered to
be acceptable.

We use the scale of absolute values shown in TaBl®o help the evaluator make the pairwise

comparison.
Table A3. The fundamental scale of relative impuocea
Intensity of Definition Explanation
important
1 Equal importance Two activities contribute equally to the objective
2 Equally to moderately
3 Moderate important Experience and judgment slightly favor one activityover another
4 Moderate plus
5 Strong important Experience and judgment strongly favor one activityover another
6 Strong plus
7 Very Strong or An activity is favored very strongly over another;its dominance

demonstrated important  demonstrated in practice

Very, very strong

9 Extreme important The evidence favoring one activity over another isf the highest
possible order of affirmation

[oe]

Source Saaty, T. L., 198G°
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The scale of “1-9” is the value of the differentgantance ranking by AHP, as shown in Table C2. The
meanings in this part are based on our recognitidiil in the importance with the different valuddere, 1,

2,3,4,5,6,7, 8, and 9 can be expressed a2, 3, 4, 5, 6, 7, 8, and 9, respectively, which is

filled in at the fuzzy triangle region. For examplé= (6, 7, 8). An example of the size of “ 9" is the
value of subjective recognition for the fuzzy rages shown in Fig. C1.

Example: The “1-9” scale value subjective recognitffuzzy number) for
personal fuzzy regiofL, M, U)

Fuzzy number { 2 3 4 5
(L, M, V) (05,1,2) (1,2,3) (2,3,4) (353 (4,5,6)

Fuzzy number 6 7 8 9
(L, M, V) (5,6,7) (6,7,8) (7,8,9) (8.19)

Hy (%)
1

9

Fig. C1. The fuzzy scale ofl“~ 9" of relative weights of criteria

We first asked each expert to specify their fuzegres(L, M, U ) corresponding to each linguistic

variable. By doing this, we allow each expert tedfy their individual and unique range of corresging
fuzzy scores in the linguistic sense. In the sumweyasked experts to answer with linguistic vagahich as
“agree”, "very agree”, “disagree”...instead of a prisumber with linguistic variables that are answéefe

We then convert each of them into fuzzy scores iwldce offered separately described in Sec. 3.2(2).

Likewise, through Fig. C2. and Table D1, we obfeables 4 and 5.

Example: The seven scales to measure the perfoemanc

Scale 1. very very dissatisfy 2. very dissatisfy 3. dissatisfy 4. fair
(L, M, U (10, 20, 30) (35, 40, 45) (50, 55,60) (60, 65, 70)
Scale 5. satisfy 6. very satisfy 7. very very satisfy
(L, M, U) (70, 75, 80) (80, 85,90) (90, 95, 100)
Hi(x)
A
1
Absolutely
v i important
very, ) iaati very ery very
digsatis Issatigfy saligfy At ?atl satis safisfy
0 ' >
0 10 20 30 40 50 60 70 80 90 100

Fig. D1. The evaluator assigns his/her subjectipelssonal perception to the performance value

We explained in person about the questionnairbeacekperts one by one. They all showed interest in
participating in the survey.
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Table A4. A returned sample of the questionnairkipty performance score of strategies with resfmect
criteria

fiteria | Seven G C,p C3 G G, Cyy Cy Cyy Cyy Cyy
Alternat scale

Very very agree
Very agree
Agree \ \ \ \Y \
s]_ Fair \' \Yi Vv Vv

Disagree

Very disagree
Very very disagree

Very very agree

Very agree

SZ Agree i v \
Fair v v

Disagree

Very disagree

Very very disagree

Very very agree

Very agree
Agree

S.I.Z Fair \ \

Disagree v

Very disagree

Very very disagree]

\

S,: Level 1 and level 2 to open up only in the préggrase (early 2004), not for Level 3 and Level 4.
S,: Level 1, level 2, and level 3 to open up thespré phase (early 2004), not for Level 4.

S,,: Level 1, level 2, and level 3 to open up aftér@erators have provided service for two yearshgnmiddle of
2006 approximately), depending on a regular rewdétthe market annually to open up Level 3 and Ldvel
C,: Oligopoly broken up to enhance the market.

C,,: Accelerating the diversification of value-addeméces and promoting the matters of service tociase
industrial competition on the international mar{sseFig. 3.for details).

Appendix D. Fuzzy number operations

Fuzzy numbers are a fuzzy subset of real numbepsesenting the expansion of the idea of the centid

interval. According to the definition by Laarhovand PedrycZ? a triangular fuzzy number (TFN) should
possess the following basic features.

Afuzzy numberA onRis a TFN if its membership functigm; (x) : R-[0,1] is equal to:

U (A.1)
0 otherwise

whereL andU stand for the lower and upper bounds of the fuzmy\ber,&, respectively, antl stands
for the modal value (seig. A3.). The TFN can be denoted bA =(L, M, U) and the following is the

operational laws of two TFNsA, =(L;, My, U;) and A, =(L,, My, U;), as shown in equations (2) to (6)
33.

Addition of a fuzzy numbe®

A D A= (L, My, Up) @ (Lp, My, Up)=(Ly + Ly, My + My, Up + Uy) (A.2)

Multiplication of a fuzzy numbelr
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Al O A2: (Llu Ml! U]_) O (Lz, Mz, Uz):(Lle, M]_Mz, U1U2) for Li>01 Mi>01 U |>O (A3)

Subtraction of a fuzzy numbép

A6 A,= (L My, UDS(La Ms, Up)=(Li=Up, My~ My, Us-Ly) (A.4)

Division of a fuzzy numbel]

A0 A= (L, My, Up) O (Ls, Mg, Ug)=(L/Uz, MMy, Uy /L) for Li>0, M;>0,U ;>0 (A5)

Reciprocal of a fuzzy number

Al_lz (Ll, Ml, U1)71=(1/U1, 1/M1Y 1/Ll), for Li>O, Mi>0, U i>0 (A6)
M, (X)
1 A
0 L M U X

Fig. A3. The membership function of the triangulazzy number

References

1. Office of Telecommunications (OFTELMobile Virtual Network Operators: OFTEL Inquiry indWhat MVNOs
Could Offer ConsumergOFTEL, June 1999).

2. Office of Telecommunications (OFTELQFTEL Statement on Mobile Virtual Network Operato(QFTEL,
October 1999).

3. M. Porter,Competitive AdvantagéFree Press, New York, 1985).

4. S. Ulset, Mobile virtual network operators: a sat transaction cost analysis of preliminary eiqeres,
Telecommunications Poli®6(9/10) (2002) 537-549.

5. R. B. B. Evans, Conceptualising and operationalizhmg business to business value chaidustrial Marketing
Managemen80(2) (2001) 135148.

6. B. W. Wirtz, Reconfiguration of value chains in cenging media and communication markdteng Range
Planning34 (4) (2001) 489506.

7. U. S. Bititci and A. S. CarrieStrategic Management of the Manufacturing Value @hé@luwer, Netherlands,
1998).

8. Taiwan MOTC,Telecommunications Act (2003),
http://www.dgt.gov.tw/English/Regulations/TeleconmuationsAct.Shtml

9. International Telecommunications Union (ITU), Reintieg Telecoms, Executive SummaryWorld
Telecommunication Development Rep(2002) 4-11.

10. G. R. Faulhaber, Policy-induced competition: thedemmunications experimentsiformation Economics and
Policy 15(1) (2003) 73-97.

11. NASA, PATTERN relevance guidg vols.), National Technical Information Servicd.S. Department of
Commerce, Springdfield, Virginia (1965).

12. NASA, PATTERN procedure manuaHoneywell Aero Report, National Technical Infornaati Service, U.S.
Department of Commerce, Springfield, Virginia, (1266

13. G. H. Tzeng and T. A. Shiau, Energy conservatigatagies in urban transportation: Application of ltiple
criteria decision-making=nergy Systems and Polig§(1) (1987) 1-19.

14. DGT (2003),Telecommunications Policy White Pappublished by the DGT, MOTC in Taiwan.

15. DGT (2001),Telecommunications Policy White Pappublished by the DGT, MOTC in Taiwan.

16. DGT (2004),Telecommunications Policy White Pappublished by the DGT, MOTC in Taiwan.

17. S. Wallsten, An econometric analysis of telecom petition, privatization, and regulation in Africanc Latin
America,Journal of Industrial Economic$9(1) (2001) £20.

18. M. Secker, The Right MVNO Cocktail? — View from theopl Telecommunications InternationgR002),
http://www.findarticles.com/p/articles/mi_mOIUL/iS_36/ai_86648880

19. R. E. Bellman and L. A. Zadeh, Decision-making inuazfy environmentManagement Scienck7(4) (1970)
141-164.

20. P. L. Yu, Forming winning strategies: An integrated theoryhaibitual domains (Springer-Verlag, New York,

1990).



21.
22.
23.
24,
25.
26.
27.
28.
29.

30.
31.

32.

33.

The Strategies to open Taiwan's MVNOs

P. L. Yu,Habitual Domains: Freeing Yourself from the Limits Your Life (Highwater Editions, KS, 1995).
J. J. Buckley, Fuzzy Hierarchical Analysigjzzy Sets and Systei%3) (1985) 233247.
T. L. Saaty,The Analytic Hierarchy Proces@VicGraw-Hall,New York 1980).

L. A. Zadeh, Fuzzy Logic = Computing with WordEEE Transaction on Fuzzy Systed(®) (1996) 103111.

W. Pedrycz, Why triangular membership functiofa?zzy Sets and Syste6#1) (1994) 2130.

R. Zhao and R. Govind, Algebraic Characteristics deReled Fuzzy Numberinformation Scienc&4(1) (1991)
103-130.

S. H. Tsaur, G. H. Tzeng and G. C. Wang, The Apptioaof AHP and Fuzzy MCDM on the Evaluation Study o
Tourist Risk,Annals of Tourism Resear@d(4) (1997) 796-812.

G. H. Tzeng and S. H. Tsaur, Application of mubigtiteria decision making for network improvemplan model,
Journal of Advanced Transportati@i(1) (1999) 4974.

S. Opricovic and G. H. Tzeng, Defuzzification witha multicriteria decision modelnternational Journal of
Uncertainty, Fuzziness and Knowledge-based Sysit#®)s(2003) 635652.

L. A. Zadeh, Fuzzy Setinformation and contro8(3) (1965) 338353.

C. Yang, G. L. Fuand G. H. Tzeng, Creating a win-win in the telecommuticcas industry: the relationship
between MVNOs and MNOs in Taiwa@anadian Journal of Administrative Scien@24) (2005) 316328.

P. J. M. Laarhoven and W. Pedrycz, A fuzzy extamsib Saaty’s priority theoryiruzzy Sets and Systettig3)
(1983) 229227.

S. J. Chen and C. L. Hwang, Fuzzy multiple attritiéeision making: methods and applicationd.écture Notes
in Economics and Mathematical Systemds. S. J. Chen and C. L. Hwang and Frank P. H{&pinger-Verlag,
New York, 1992).



