Applied Mathematics and Computation 215 (2009) 2001-2010

Contents lists available at ScienceDirect x
APPLIED
. . .  MATHEMATICS
Applied Mathematics and Computation COMPUTATION
journal homepage: www.elsevier.com/locate/amc ==
Identification of interrelationship of key customers’ needs based
on structural model for services/capabilities provided by a
Semiconductor-Intellectual-Property Mall
Chung-Wei Li**, Gwo-Hshiung Tzeng "¢
2 Graduate School of Business Administration, Chung Yuan Christian University, Chung Li, Taoyuan, Taiwan
b Institute of Management of Technology, National Chiao Tung University, Taiwan
€ Department of Information Management, Kainan University, Taoyuan, Taiwan
ARTICLE INFO ABSTRACT
Keywords: The semiconductor industry is shifting towards innovation and acquisition of intellectual
Semiconductor property. Semiconductor-Intellectual-Property (SIP) design, a new industry, is also rapidly
;‘Illtjell\ilecﬁual property growing. This challenges both providers and users to develop infrastructure and standard
a

interfaces. Establishing an SIP Mall to provide a full array of SIP business services is a new
concept used to promote growth of the SIP industry. Many foundries and governments
have been involved in setting up SIP Malls; however, the major services needed for an
SIP Mall to attract SIP providers and SIP users must still be clarified. In this paper, the DEM-
ATEL (DEcision MAKking Trial and Evaluation Laboratory) method was used to discover and
illustrate the key services needed to attract SIP users and SIP providers to an SIP Mall.
Research enabled the derivation of the interrelated services and the structural interrela-
tionship between them using the DEMATEL method. Overall, four key services were found
to be vital for an SIP Mall to attract customers and to allocate resources efficiently.
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1. Introduction

SIPs are pre-designed functions that can be implemented in one or more semiconductor devices, such as Application Spe-
cific Integrated Circuits (ASICs), Application Specific Standard Products (ASSPs) or Programmable Logic Devices (PLDs). There
are three types of SIPs: Soft SIPs, Hard SIPs and Firm SIPs. These SIP types are based on the degree to which an SIP has been
targeted toward a particular fabrication process [1,2] SIP users choose which type of SIP to purchase by considering whether
or not the SIPs meet the specific project requirements, availability, specifications, cost, number of sources, reputation of sup-
pliers, and number of foundries supported [3]. Because of the competitive pressure, improved time-to-market, availability of
deep-submicron manufacturing processes [4], trend of outsourcing, and booming of the System-On-a-Chip (SOC) era, the SIP
market has grown faster than the semiconductor market overall [5,6].

The SIP Mall is a transaction platform for gathering SIPs and promoting SIP trade services. However, SIP users and SIP pro-
viders face many obstacles in the process of purchasing SIPs. Due to the increased use of commercial SIPs from multiple
sources, the process of finding and evaluating SIPs has become time consuming and more complex. The primary concern
for an SIP Mall is how to attract SIP providers and SIP users. While SIP Mall founders must determine which services are most
conducive to operating an attractive SIP Mall, these issues have rarely been studied.
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In this paper, we interviewed chief-executive officers, senior technical personnel, and marketing managers to determine
which services (customer’s needs) were required for establishing a successful SIP Mall. Our hypothesis was analyzed by
using the DEMATEL method [7]. Unlike a Structural Equation Model (SEM), which has been applied in a number of economic
arenas to determine the structure of correlations between variables, the DEMATEL method illustrates the structure and inter-
relationships of the services and induces a few key services to improve its effectiveness. The DEMATEL method determines
18 influential services and their interrelationships.

The rest of this paper is organized as follows: Section 2 describes the issues of the emerging SIP Mall. In Section 3, we
describe the DEMATEL method, explain how to construct the data set of this study, and illustrate the interrelationships of
these 18 services. The roles of the 18 services for establishing an attractive SIP Mall, which were analyzed by the DEMATEL
method, are discussed in Section 4. Finally, in Section 5, we draw conclusions and offer some discussion related to future
work.

2. Issues of an SIP Mall

The SIP Mall is designed to provide the services needed for SIP providers and SIP users to reduce the time, risk and cost of
chip design, and to allow chip design companies to have sufficient and reliable key components for marching into the world-
wide chip design market. Although the functions of the SIP Mall are helpful for customers and could accelerate the growth of
the SIP market, there are still some obstacles for the development of the SIP Mall.

In the process of chip design, from clarifying the functional specifications of the requirements to verifying the functions of
the chips, it is found to be difficult for designers to incorporate SIPs into a single design because companies have different SIP
design specification requirements. SIP providers and users meet with difficult integration situations in the trading environ-
ment. Legal provisions [8,9], application platform development, SIP development, and other services related to the trading
procedure [10] should also be considered before SIP trading. Significant Internet-related obstacles, including SIP ownership
conflicts, design support disputes that reflect interdependencies among individual design blocks, and disagreements over
pricing and royalties [11] also should be considered. Currently, most contracts are negotiated, signed and completed only
between the licensor and the licensee. A design that incorporates multiple SIP products may involve several SIP providers
and more than one source of manufacturing. As a result, SIP users have to manage multiple providers in the supply chain,
each with different business models and technical capabilities. Even though the SIP business models tend to be more com-
plex, an intermediary, or agent such as the SIP Mall, does not play a major role in the process. The situations make customers
consider outsourcing jobs to an agent, but make them doubt that the SIP Mall can resolve these problems.

An important issue for an SIP Mall is how to attract SIP providers and SIP users to trade it. In addition to feasibility and
efficiency, the founders of SIP Malls have to know the perceptions, relationships and needs of both SIP providers and SIP
users [12-14] and differentiate their services from the consortium and other SIP vendors. To address this issue, it is necessary
to answer the following questions: What critical services should an SIP Mall provide? Do these services all have the same
priorities? Is there any interrelation between them? How should an SIP Mall perform these services? To truly benefit its cus-
tomers, an SIP Mall must understand the needs and expectations of all parties related to the SIP Mall. Answering these ques-
tions is also critical to the SIP industry to clarify the role of the SIP agent. In the next section, we will describe the DEMATEL
method, explain how to construct the research data set of this study, and illustrate the analysis results.

3. DEMATEL method and interrelated factors

The DEMATEL method is based upon graph theory, enabling us to plan and solve problems visually, so that we may divide
the factors into a cause and effect group, in order to better understand causal relationships. The purpose of the DEMATEL
enquiry in this paper, with experts’ knowledge for contributing to a deeper comprehension of the component services, is
the analysis of the structure and interrelationships of the services, and the identification of the key services which will influ-
ence the satisfaction of customers for an SIP Mall.

3.1. DEMATEL method

The DEMATEL method, developed by the Science and Human Affairs Program of the Battelle Memorial Institute of Geneva
between 1972 and 1976, was used for researching and solving complicated and intertwined problem groups [15,16]. The
methodology can confirm interdependence among variables and develop a chart that reflects interrelationships between vari-
ables. The end product of the DEMATEL process is a visual representation - an individual map of the mind - by which the
respondent organizes his or her own action in the world. This organization process must occur for the respondent to keep inter-
nally coherent and to reach his personal goals. The applicability of the method is widespread, ranging from analyzing world
problematique decision making to industrial planning [17-21]. The steps of the DEMATEL method are described as follows:

Step 1: Find the average matrix
Suppose there are H experts available to solve a complex problem and there are n factors to be considered (in this study,
ten levels are adopted, as relations between the 18 factors). The scores by each expert give us a n x n non-negative
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answer matrix XX, with1 < k < H. Thus X',X?,...,X" are the answer matrices for each of the H experts, and each element
of Xis an integer denoted by xfj The diagonal elements of each answer matrix X* are all set to zero. We can then compute
the n x n average matrix A by averaging the H experts’ scores matrices. The (i,j) element of matrix A is denoted by ay,

1,
QG =1 > X (1)
H k=1

In application, respondents were asked to indicate the direct influence that they believe each factor exerts on each of the
others according to an integer scale ranging from 0 to 4. A high score from a respondent indicates a belief that greater
improvement in i is required to improve j. From any group of direct matrices of respondents it is possible to derive an
average matrix A.

Step 2: Calculate the Normalized Initial Direct-Relation matrix

We then create a matrix D, by using a simple matrix operation on A. Suppose we create matrix D and D =s - A where

s =Min ]n 1 . (2)

) n
max a;;| max a;i
1<ign 12‘ l]‘ 1gj<n ;‘ IJ‘

Matrix D is called the Normalized Initial Direct-Relation matrix. The (i,j) element d;; denotes the direct influence from factor
X; to factor x;. Suppose d; denotes the row sum of the ith row of matrix D.

d = d;, 3)
j=

The d;. shows the sum of influence exerted from factor x; to the other factors directly. Suppose d; denotes the column sum
of the jth column of matrix D.

dj =Y dj (4)
i=1

Then d; shows the sum of influence that factor x; received from the other factors. We can normalize d;. and d; as
_

Z?:ldi' 7

d;

Uj(d) = .
Zf:ld-j
Matrix D shows the initial influence which a factor exerts and receives from another (see Appendix A). Each element of
matrix D portrays a contextual relationship among the elements of the system and can be converted into a visible struc-
tural model - an impact-relations-map - of the system with respect to that relationship. For example, as shown in Fig. 1,
the respondents are requested to indicate only direct links. In the directed digraph graph represented in Fig. 1, factor i
directly affects only factors j and k; indirectly, it also affects first [, m and n and, secondly, o and q. The digraph map helps
to explain the structure of the factors.
Step 3: Compute the total relation matrix

The element d,g-z) of D* means that factor x; exerts its direct/indirect influence on factor x; (j = 1,2,...,n) through all factors
during phase 2. The element d,@j'") of D™ means that factor x; exerts its influence on factor x; (j = 1,2,. . .,n) through direct/

wi(d) ()

(6)

Fig. 1. Example of a direct graph.
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indirect influence of all factors during phase m.A continuous decrease of the indirect effects of problems along the powers
of matrix D, e.g. D?>,D,...,D>, guarantees convergent solutions to the matrix inversion, similar to an absorbing Markov
chain matrix. Note that D = [d;j]n.n, 0 < djj < 1, where 0 < {31 dj or 3 d;j < 1,and at least one 3}, d;; or i d; equal
to 1, Vi,j€{1,2,...,n}, then lim D" = [0] where [0],,.., is the n x n null matrix. The total relation matrix Tis ann x n
matrix and is defined as follows:

nxn’

S>D=D+D*+D’+-- - +D"=DU+D+D*+ D’ +---+ D" )

m=1
=DA-D)'I-D)A+D+D*+D*+---+D" ") =DI-D) 'I-D")=D(I-D) ". (7)

I is the identity matrix. T is called the total relation matrix. The (i,j) element of the matrix T, t;;, denotes the full direct and
indirect influence exerted from factor x; to factor x;. Like the formula (3)-(6), we can obtain t;, t; wi(t) and v(t).

Step 4: Set a threshold value and obtain the impact-relations-map

In order to explain the structural relationship among the factors, while keeping the complexity of the system to a
manageable level, it is necessary to set a threshold value p to filter out the negligible effects in matrix T. Using the values
of w(t) and #(t) from the matrix of full direct/indirect influence relations, the level of dispatching and receiving of the
influence of factor i can be defined. The inter-relationship of each factor can be visualized as the oriented graphs on a
two-dimensional plane after a certain threshold is set. Only those factors that have an effect in matrix T that is greater
than the threshold value should be chosen and shown in an impact-relations-map.The threshold value is decided by

o] [ L] [o]] [ [

p=0.07

Fig. 2. Examples of a complex relationship graph based on different threshold values (data is taken from the Initial Direct-Influence Matrix, shown in
Appendix B of this paper).
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the decision maker or, in this study, by experts through discussion. If the threshold value is too low, the map will be too
complex to show the necessary information for decision-making. If the threshold value is too high, many factors will be
presented as independent factors, without showing relationships with the other factors. Each time the threshold value
increases, some factors or relationships will be removed from the map (Examples are shown in Fig. 2.) An appropriate
threshold value is necessary to obtain a suitable impact-relations-map and adequate information for further analysis
and decision-making.Furthermore, after a suitable map is obtained, the focus of the problem can be shown by analyzing
the values w; and ; of the factors in the map. The value (w; + ¢;) — the index representing the strength of the influence
both dispatched and received - shows the degree of the central role that the factor i plays in the problem. Commonly,
a higher (w; + ;) value means that the factor has a stronger connection with the other factors and plays a central role.
The value (w; — v;) is another index representing the role of a factor. A higher (w; — #;) value means that it has a stronger
influence on other factors, than the influence it receives from them. If (w; — ¢;) is positive, then the factor i is dispatching
influence to the other factors. If (w; — #;) is negative, then the factor i is receiving influence from the other factors. Differ-
ent (w; + ;) and (w; — ;) values will be explained along with the structure of the factors’ effects.

3.2. Data set

To conduct our research, a services list and questionnaire were created by consulting with academics and practitioners
that focus on the SIP trading and licensing process. The services list and questionnaire take into account several dimensions
of services, of which SIP providers and users need to be aware, such as technology, cost, strategy, and legal issues [22-27].

Second, based on listings in the “2003 Semiconductor Industry Yearbook” [28], companies were surveyed via phone and
e-mail about their willingness to participate and their level of experience in the SIP trading and licensing process. There were
24 companies that agreed to answer the questionnaire and discuss their responses. These 24 companies were experienced as
licensees and licensors in the SIP business and had extensive knowledge about SIP trading and licensing. After we discussed
and revised the questionnaire with their chief executive officers, senior technical personnel, and marketing managers, 18
interrelated services (presented in Table 1) were included to use in the final questionnaire.

In our questionnaire, experts were to be asked to use the DEMATEL approach to measure the influence of each service on
the others. The relationships among the 18 services were measured using a scale from 0 to 9 (where 0 is “no influence” and 9
is “the most influence”). Experts evaluated the relationship between sets of paired services in terms of degree of influence
and direction of mutual movements. In total, 24 questionnaires were sent to experters, 19 questionnaires were responded.
Because of missing data, the final sample size for this study became 17, constituting an effective response rate of 71%. The
response data, an 18 x 18 scoring matrix, for each company, was used for the DEMATEL analysis. Then, a Total Relation Ma-
trix was obtained from the 17 18 x 18 weighted matrices. Finally, based on the Total Relation Matrix and experts’ advice, a
threshold value was determined and a graphical presentation, referred to as an impact-relations-map, of the interrelation-
ships among the services was created and discussed.

4. Results
4.1. The normalized Initial Direct-Influence Matrix

After receiving the 17 questionnaire responses, an average matrix A (an 18 x 18 matrix) was calculated and a Normalized
Initial Direct-Influence Matrix D, shown in Appendix A, was derived.

Table 1
The 18 services identified as necessary to have a successful SIP Mall.

Services Notation
Verification X1
Financial assistance Xa
Research institutions Questing X3
Credit investigation X4
Business process streamlining X5
SIP support and maintenance X6
Increasing company awareness X7
Patent analysis Xg
Technology valuation Xg
Establishing strategic partnership X10
Licensing support X11
Project assessment X12
SIP grading X13
Better price negotiation X14
Technical standard specifying X15
Market share improving X16
Overhead cost saving X17

Documentation X18
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4.2. The total relation matrix

After deriving the Total Relation Matrix T, based on the Normalized Initial Direct-Influence Matrix D, the values w; and #;
of each service can be mapped to a coordinate plane, as shown in Fig. 3. The points above the diagonal, (w; > v;), indicate that
the services exerted more influence than they received, and vice versa.

Ten services which exerted more influence than they received are located above the diagonal and the “SIP Grading (x;3)"
service and have the highest w; values (0.065). This provides a clue for the following analysis that the services which affect
service “SIP Grading” may play central roles in the problem. Eight services are under the diagonal, and the service “Better
Price Negotiation (x14)” has the highest ¢; value (0.0643). This provides a clue that the “Better Price Negotiation” service
might be on the lowest level of the structured map, if the “Better Price Negotiation” service is included in the map.

4.3. Threshold values and the impact-relations-map

Based on the matrix T, the maximum threshold value that allowed all services to be displayed on the impact-relations-map
was 0.36. When the threshold value increased to 0.45, only two direct relationships existed: service “Verification” directly
affected service “Better Price Negotiation” (0.4587) and service “SIP Grading” directly affected service “Better Price Negotia-
tion” (0.4612). After raising the threshold value from 0.36 to 0.45 in increments of 0.01 and conferring with experts to deter-
mine the optimal value to sufficiently display the interrelationships among these services, the threshold value was decided to
be 0.42. Thus, the structured impact-relations-map was also decided as shown in Fig. 4. There were nine services whose values
of exerted or received influence were higher than 0.42. Fig. 4 illustrates the relationships among these nine services: “Veri-
fication”, “Research Institutions Questing”, “Technology Valuation”, “Licensing Support”, “SIP Grading”, “Better Price Negoti-
ation”, “Technical Standard Specifying”, “Market Share Improving” and “Overhead Cost Saving”. Fig. 4 also shows that,
because of their obvious interrelationships, these nine services are related to establishing or operating an attractive SIP Mall.

4.4. The (w; + v;) and (w; — v;) values of services

Based on Step 4 in Section 3, we obtained the values of (w; + #;) and (w; — ;) and their coordinate plane (see Fig. 5). Of the
nine services shown in Fig. 4, the “SIP Grading (x;3)” service had the highest (w; + ;) value (0.1259) in Fig. 5. The (w; + ;)
value is an index for the DEMATEL method. The analysis of the impact-relations-map was started from service whose (w; + v;)
is the highest, “SIP Grading (x3)".

The “Verification”, “Research Institutions Questing”, “SIP Grading” and “Technical Standard Specifying” services are the
most important services for an SIP Mall. They exerted complete direct/indirect influence to five other services - “Technology
Valuation”, “Licensing Support”, “Better Price Negotiation”, “Market Share Improving” and “Overhead Cost Saving”. If an SIP
Mall wants to provide the “Technology Valuation”, “Licensing Support”, “Better Price Negotiation”, “Market Share Improv-
ing” and “Overhead Cost Saving” services, it must first demonstrate to consumers the capabilities of “Verification”, “SIP Grad-
ing” and “Technical Standard Specifying”. The “Research Institutions Questing” capability is also needed to support the “SIP
Grading” and “Technical Standard Specifying” capabilities.

4.5. The remaining services

Excluding the nine services displayed in Fig. 4, the remaining services were considered to be independent services for an
SIP Mall. Although the “Project Assessment”, “Better Price Negotiation” and “Overhead Cost Saving” services, with negative
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Fig. 3. The values w; and z; of each service (the points above the diagonal indicate services which exerted more influence than they received (w; > 7;)).
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Fig. 4. Impact-relations-map based on the threshold value p = 0.42.
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Fig. 5. Values (w; + #; ) and (w; — v; ) of the 18 services (the average of (w; + ¢; ) is 0.1111 and the average of (w; — v; ) is 0).

(w; — u) values, were easily affected by other services, the effects were not obvious when the threshold value equaled 0.42. It
is apparent that the other services, which have neither a (w; + ;) value higher than the average of all (w; + #;), nor a negative
(w; — ) value, can be provided independently.

5. Discussion
5.1. DEMATEL method to derive interrelated keyfactors

In a totally interdependent system, all of its elements are mutually related, directly or indirectly; thus, any interference
with one of the elements affects all the others, making it difficult to find priorities for action. The decision-maker who wants
to obtain a specific objective is at a loss if he wants to avoid disturbing the rest of the system while attaining his objective.
While the vision of a totally interdependent system leads to passive positions, the vision of a clearer hierarchical structure
leads to a linear activism. This neglects feed-back and may engineer many new problems in the process of solving others.
DEMATEL was developed in the hope that pioneering and appropriate use of scientific research methods could improve
the understanding of a specific problematique, a cluster of intertwined problems, and contribute to identification of workable
solutions by a hierarchical structure.

To deal with complex problems, structuring the problems by graphical representations and analyzing causal influences
aid in illuminating complex issues, systems or concepts. In the social sciences, casual analysis techniques, such as path anal-
ysis and structural equation models, have been applied in a number of areas. They help resolve questions about possible
causes by providing explanations of effects as a result of previous causes [29-32]. The assumptions and the problems of
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the models [33-35] make these casual analysis techniques inappropriate to solve the problems which are ambiguous and
hard to collect the needed data. Besides, although path diagrams can be used to represent causal flow in a system of vari-
ables, they need not imply such a causal flow; in another word, these models can convey linear relationships and test the
correlation between variables but the direction of influence of each variable. In the multi-criteria decision making (MCDM)
field, the analytic hierarchy process (AHP) and the analytic network process (ANP), both developed by Saaty [36-38], are
decision analysis methods that consider both qualitative and quantitative information and combines them by decomposing
problems into systematic hierarchies to rank alternatives. Although AHP and ANP provide a mechanism for checking the con-
sistency of the evaluation measures, the structure of the problem should be outlined for choosing an adequate method. In the
field of traditional multivariate analysis, the multidimensional scaling (MDS) is a technique for taking the preferences and
perceptions of respondents and transforming multivariate data in low-dimensional space. MDS allows one to gain an under-
lying structure of relations (similarities or dissimilarity), with a goodness of fit test by statistical method, and between
samples by providing a geometrical representation of these relations. This result is similar to that of the novel DEMATEL,
but the basic concepts of these two algorithms are different (the differences between the DEMATEL and MDS algorithms
are explained on Appendix B).

By using the DEMATEL method, we not only know the structure and interrelationships of 18 services, but we can also
identify four key services that influence the satisfaction of customers using an SIP Mall. In this paper, we have shown that
the DEMATEL method is an appropriative method to delineate the structure of a totally interdependent problem and find the
foci for solving the problem. We used the DEMATEL method to divide the needed services into a cause and effect group to
better understand the causal relationships. By identifying the structure and interrelationships, we were able to derive the
key services that influence the satisfaction of customers using an SIP Mall. These results can be helpful for a decision-maker
to allocate resources effectively.

5.2. The focus for an attractive SIP Mall

According to the results, it is essential for an SIP Mall to provide “Verification”, “Research Institute Questing”, “SIP Grad-
ing” and “Technical Standard Specifying” services concurrently, in order to operate an attractive SIP Mall. Based on our
research, a reliable “Verification” service is the most important service of a successful SIP Mall. The “Verification” service
has the highest (w; — ¢;) value, 0.0078, and affects seven services directly or indirectly. This result reveals that the verification
of an SIP is the most important index for SIP users, when they think an SIP Mall could be relied on to collaborate in their chip
design project. The “Research Institutions Questing” service is a latent factor for an SIP Mall to attract consumer trade. As
shown in Fig. 4, the “Verification (x;)”, “SIP Grading (x;3)” and “Technical Standard Specifying (x;5)” services directly affect
four services, but the “Research Institutions Questing (x3)” service affected another six services indirectly via the influence of
the “SIP Grading (x;3)” service. It is necessary for the SIP Mall to search for an institution with the breadth and depth of tech-
nical expertise, not only to troubleshoot, but also to add value. Reliable “SIP Grading” and “Technical Standard Specifying”
services are also attractive to customers.

Our research revealed eight services whose (w;-;) values are negative. This indicates that these services receive more
influence from other services than the influences they exert. This means that these services could be improved by resolving
the services that connect and affect these negative (w; — v;) value services. As shown in Fig. 5, the “Business Process Stream-

” o ”

lining (xs5)”, “SIP Support and Maintenance (xg)”, “Technology Valuation (xg)”, “Establishing Strategic Partnership (x10)”",
“Licensing Support (x11)", “Project Assessment (x;,)", “Better Price Negotiation (x4)", and “Overhead Cost Saving (x;7)" ser-
vices, (w; — v;) values are negative. Among them, the “Technology Valuation”, “Licensing Support”, “Better Price Negotiation”
and “Overhead Cost Saving” services have a higher than average (w; + #;) value with at least one w; or y; value higher than the
threshold value. These four services are affected by other services. If an SIP Mall wants to provide any of these four services, it
should first identify the services which directly affect what they want to provide. The “Business Process Streamlining”, “SIP
Support and Maintenance”, “Establishing Strategic Partnership” and “Project Assessment” services, that do not have a w; or ¢;
value higher than the threshold value, can be considered independent services. An SIP Mall can provide these services and
ignore the influence of the other services.

The“Financial assistance (x;)”, “Credit Investigation (x4)”, “Increasing Company Awareness (x7)", “Patent Analysis (xg)”
and “Documentation (x;g)” services have positive (w; — v;) values, but do not have w; or ; values higher than the threshold
value. These services are neither easily affected by other services, nor play central roles when the threshold value is 0.42.
Because the connection with other services is not obvious, an SIP Mall can establish these services independently. Of course,
the decision maker(s) could find that these services exert and receive influence by lowering the threshold value of the full
direct/indirect matrix. The designers who acquire SIPs for products are much more concerned about the technological ben-
efits of the SIP Mall than the business model and strategic benefits. These services could be provided after an SIP Mall has

been operating steadily or at a customer’s request.

6. Conclusions

The SIP Mall is a new concept of the SIP business model. The main concern of an SIP Mall is to attract SIP providers and SIP
users. An SIP Mall should provide services that enable SIP providers and users to concentrate on centralized technological
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development. From 18 interrelated services, the literature has shown that four key services that help attract customers to an
SIP Mall are: “Verification”, “SIP Grading”, “Technical Standard Specifying” and “Research Institutes Questing” by using DEM-
ATEL method. These four services influence other services and help determine the satisfaction of customers for an SIP Mall.
The SIP Mall founders should allocate resources to satisfy customers about these four services. Customers’ confidence and
satisfaction with these four services will determine the future of an SIP Mall.

For further research, we suggest determining the relationship between an SIP Mall’s performance and the impact of each
service, to improve the operation of the SIP Mall. Development strategies, such as business models for SIP trade or incubating
start-ups, are vital to an SIP Mall’s survival. The public policy for nurturing the SIP Malls, especially for SIP Malls whose main
consumers are SMEs, is also a viable research area.

Appendix A. The normalized Initial Direct-Influence Matrix

X, 0.0000 0.0331 0.0662 0.0297 0.0628 0.0754 0.0423 0.0503 0.0628 0.0560 0.0651 0.0582 0.0697 0.0731 0.0708 0.0617 0.0537 0.0544
X, 0.0262 0.0000 0.0434 0.0468 0.0445 0.0400 0.0365 0.0411 0.0594 0.0468 0.0457 0.0525 0.0514 0.0640 0.0331 0.0423 0.0503 0.0423
X3 0.0561 0.0280 0.0000 0.0445 0.0480 0.0434 0.0468 0.0685 0.0742 0.0491 0.0651 0.0525 0.0754 0.0503 0.0640 0.0423 0.0503 0.0641
X4 0.0336 0.0523 0.0355 0.0000 0.0514 0.0400 0.0457 0.0480 0.0537 0.0525 0.0708 0.0571 0.0525 0.0628 0.0423 0.0343 0.0571 0.0351
Xxs 0.0505 0.0430 0.0374 0.0411 0.0000 0.0400 0.0343 0.0411 0.0548 0.0434 0.0548 0.0503 0.0457 0.0468 0.0525 0.0377 0.0548 0.0447
X 0.0635 0.0318 0.0336 0.0374 0.0299 0.0000 0.0411 0.0377 0.0411 0.0480 0.0457 0.0537 0.0514 0.0491 0.0480 0.0503 0.0457 0.0411
X7 0.0262 0.0262 0.0411 0.0336 0.0280 0.0411 0.0000 0.0377 0.0457 0.0491 0.0628 0.0388 0.0457 0.0503 0.0468 0.0582 0.0445 0.0351
xg 0.0318 0.0336 0.0617 0.0318 0.0355 0.0318 0.0243 0.0000 0.0674 0.0445 0.0514 0.0514 0.0640 0.0594 0.0582 0.0628 0.0537 0.0568
X9 0.0467 0.0318 0.0654 0.0430 0.0561 0.0355 0.0318 0.0505 0.0000 0.0571 0.0651 0.0594 0.0685 0.0697 0.0594 0.0503 0.0560 0.0484
X10 0.0486 0.0355 0.0318 0.0374 0.0523 0.0505 0.0449 0.0411 0.0449 0.0000 0.0514 0.0491 0.0503 0.0560 0.0628 0.0628 0.0582 0.0496
X171 0.0598 0.0430 0.0561 0.0673 0.0374 0.0598 0.0449 0.0449 0.0523 0.0449 0.0000 0.0434 0.0594 0.0628 0.0514 0.0571 0.0445 0.0496
X12 0.0523 0.0467 0.0430 0.0392 0.0467 0.0430 0.0299 0.0449 0.0411 0.0430 0.0392 0.0000 0.0548 0.0480 0.0491 0.0468 0.0548 0.0460
X13 0.0691 0.0430 0.0691 0.0523 0.0635 0.0561 0.0505 0.0523 0.0617 0.0598 0.0654 0.0561 0.0000 0.0674 0.0617 0.0628 0.0651 0.0520
X14 0.0449 0.0486 0.0355 0.0505 0.0561 0.0505 0.0355 0.0505 0.0598 0.0579 0.0467 0.0542 0.0430 0.0000 0.0468 0.0697 0.0662 0.0460
X15 0.0710 0.0336 0.0617 0.0336 0.0579 0.0542 0.0542 0.0598 0.0579 0.0617 0.0505 0.0523 0.0635 0.0617 0.0000 0.0697 0.0697 0.0738
X16 0.0617 0.0505 0.0523 0.0467 0.0542 0.0654 0.0729 0.0598 0.0486 0.0561 0.0467 0.0449 0.0467 0.0673 0.0673 0.0000 0.0594 0.0460
X17 0.0467 0.0467 0.0430 0.0467 0.0523 0.0392 0.0318 0.0449 0.0486 0.0542 0.0411 0.0505 0.0467 0.0561 0.0542 0.0523 0.0000 0.0399
X18 0.0637 0.0308 0.0596 0.0391 0.0637 0.0473 0.0432 0.0493 0.0617 0.0473 0.0493 0.0493 0.0576 0.0555 0.0596 0.0514 0.0493 0.0000

Appendix B. The differences between the DEMATEL and MDS algorithms

MDS allows one to gain an underlying structure of relations (similarities or dissimilarity), with a goodness of fit test by
statistical method, and between samples by providing a geometrical representation of these relations. This result is similar to
that of the novel DEMATEL, but the basic concepts of these two algorithms are different:

1. The final product of MDS is to find a representation of items in lower dimensions such that the interterm proximities
“nearly match” the original similarities, or distances. The final product of DEMATEL is to obtain an “influence network”
and use the “influence” to find the ‘key factors’ which play central roles in a relationship network (p. 8). DEMATEL also
can apply in social network analysis in complex problems for building a network relationship map (NRM).

2. The relationships (similarities, or distances) of items obtained by MDS can be represented as a symmetry matrix, then the
correlation (such as max p = °°"("*y , then find x and y scores) of two elements is the same. For example, the correlation

(similarities) or distances (d1551mllarlty, suchas max Q = — >~ > e;(xi — xj) , find xq,x5,...,x, scores) of item x; and item

X, can be represented as a;, of the matrix, therefore a,; is equal to a;. The result of DEMATEL is usually not a symmetry
matrix; this means that the influence from factor x; to factor x, is not necessary equal to the influence from factor x, to
factor x;.

3. The end product of the DEMATEL - the impact-relations map, or network relation map (NRM) - is derived as a result of
dynamic process in inter-dependence and feedback among dimensions and criteria (shown as formula 7 on p. 6) of the
influence network. The goal of using MDS, which was developed based on maximum likelihood estimation technique in
statistics, is not considered a dynamic process, but is used to visualize the proximities of factors in a low-dimensional
space. In our paper, MDS is not a suitable method to analyze the ‘key factors’ in network relation problems.
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