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Abstract

For most SMEs (Small and Medium-Sized Enterprises, SMEs) in Taiwan, in order to
reduce the R&D (Research and Development, R&D) investment, the technology and service
providers (TSPs) are required to provide technical services. Owing to high variety of industry
development, the TSPs are dedicated to development of applied technologies. The operation
purposes of TSPs are to provide customized services and technologies that meet the various
client requirements and to improve capability of their clients via various projects. Previously,
the technology development strategies are determined by domain experts or sales through
trials and errors. However, the project history is usually too complicated for R&D engineers
and sales to utilize for business promotion. Concerning operation characteristics of TSPs, this
research develops technology mining and critical customer mining models based on the
project history.

The proposed technology mining model focuses on exploring technologies with higher
client demands and significant R&D returns so that the TSPs can effectively expand and
continue their business. In the critical customer mining model, customers are clustered into
critical and non-critical customers and the features of critical customers are extracted. By
application of critical customer mining model, the TSPs can efficiently target the critical and

potential customers. In addition to the proposed methodologies, a Web-based system, namely

I



business information management system, is developed to evaluate the feasibility of the
proposed models and techniques.

As a whole, by application of the technology mining and customer mining models,
effective R&D and sales suggestions (i.e. technology development and potential customer
suggestions) can be provided to the TSPs for accurate business promotion.

Keywords: Knowledge Management, Technical Transfer, Technology Development
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The proposed technology mining model focuses on exploring
technologies with higher client demands and significant R&D returns
so that the TSPs can effectively expand and continue their business. In
the critical customer mining model, customers are clustered into
critical and non-critical customers and the features of critical customers
are extracted. By application of critical customer mining model, the
TSPs can efficiently target the critical and potential customers. In
addition to the proposed methodologies, a Web-based system, namely
business information management system, is developed to evaluate the
feasibility of the proposed models and techniques.
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Abstract: Recently, enterprises have faced the pressure of industry transformation and high competency
in the global market. In Taiwan, most small and medium sized enterprises (SMEs) cannot afford
advanced R&D. In order to increase competency of SMEs, the technology and service providers (T SPs)
play a critical role for innovative technology provision. Traditionally, the salesmen of TSPs have to
evaluate the critical customers via trials and errors.  In addition, although the personal digital assistant
(PDA) has been widely used to promote business for its high mobility, the business information
downloaded into PDA is actually rarely concerned. In order to increase efficiency and effectiveness of
business promotion, this paper focuses on the development of a personal business information
management (PBIM) model with four modules namely critical customer identification (CCl), potential
customer identification (PCl), PDA user category determination (UCD) and PDA user busy level
determination (UBD) for TSPs to identify potential customers and to provide personalized business
information. A non-profit R&D institute in Taiwan is used to validate feasibility of the proposed
modules via the developed PBIM platform.  This paper presents a feasible PBIM approach for the TSPs
to efficiently and systematically analyze the project history and PDA daily records for business outreach.

Keywords: Medium Sized Enterprises (SMES), Technology and Service Providers (TSPs), Data Mining,

We-C6.5

Customer Relationship Management (CRM), PDA

1. INTRODUCTION

Owning to high variety of industry development, the
technology and service providers (TSPs) including the
private consultants or non-profit R&D organizations are
dedicated to development of applied technologies in order to
assist the small and medium sized enterprises (SMEs) to
successfully implement advanced technologies that meet the
their operation requirements. However, the technology
development demands cannot be dominant simply by a
limited number of organizations, thus, the TSPs require
useful suggestions about technology development and
potential customers. Traditionally, the critical and potential
customers are evaluated via trials and errors of salesmen.
Under the circumstance, severa operation pitfalls (e.g., alot
of time and human efforts required, etc.) might occur.
Therefore, this paper focuses on development of a customer
identification model for TSPs to identify the critical and
potential customers.

In order to increase efficiency of business promotion, the
personal digital assistant (PDA) has been widely used as the
carrier for personal memos and daily records for its high
mobility. In addition, the business information can be
synchronized with the user data stored in the PDAs. That
is, the PDA has become a powerful and convenient carrier of
persona data and business information storage to promote
business. However, as a result of overloading data, the
salesmen and employees still have to search the business
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information or training materials to fit their requirements
from PDAs. Concerning importance of the personal
information (including notes and daily schedule) stored in a
PDA, this paper develops a user profile mining approach to
explore PDA user’s interests for personalized business
information provision. As a whole, the objective of this
paper is to integrate the PDA information mining and
knowledge management methodologies to assist
establishment of a mobile office environment.

To sum up, based on the operation characteristics of TSPs,

the existing issues of TSPs can be summarized as follows:

e No objective references or guidelines exist for
critical/potential customer identification and business
promotion.

e The personal daily records and business information are
not effectively applied for business promotion.

Since many efforts have to be devoted to business searching,
consistency and accuracy of marketing decisions cannot be
guaranteed.  This research develops critical customer
identification (CCl) and potential customer identification
(PCI) modules to identify critical and potential customers to
seize the business opportunities.  Unlike the previous
research that focuses mainly on personal customer mining or
product sales, this paper applies the project history to
explore the profiles of critical clients. That is, the existing
customers of a TSP are classified into critica and
non-critical customers. Based on the distributions of



digtinct attributes of critical customers, representative
features of critical customers can be extracted and the
features can then be utilized to identify the potentia
customers. The issues about customer searching of TSPs
can be summarized as follows:

Systematical classification of existing customers
Objective references or guidelines for potential
customer identification

Taking advantage of the personal information, the user
requirements for knowledge can be determined. This
research develops PDA user category determination (UCD)
and PDA user busy level determination (UBD) modules to
explore user profiles and provide personalized business
infformation (i.e., appropriate types and volume of
knowledge documents). That is, this research presents an
intelligent KM scheme by integrating the PDA information
(including notes and daily schedule) mining model and
mobile knowledge management mechanism. Based on the
user profile mining technique, the PDA-ready knowledge
that fits user requirements can be imported from the
knowledge server to the client PDA. By application of the
mobile KM technique, the organization knowledge can be
seamlessly provided to the PDA user via the data
synchronization process. The attempt of this paper is to
present an applicable and intelligent mobile knowledge
carrier for realization of the mobile office. The issues about
personalized information provision can be summarized as
follows:

Personal information extraction and analysis

Accurately importing appropriate types and volume of
business information or training documents to the PDA
users (i.e., personalized services for PDA users)

s
vhes with TT3A

Fig. 1. The To-Be model for TSPs business promotion

[

Unlike the previous research that focuses mainly on personal
customer mining or product sales, this paper applies the
project history to explore critical customer profiles and
applies the daily records to explore user requirements. As
a result, via the automatically generated suggestions, the
TSPs can reduce reliance on experienced salesmen for
business promotion. The TO-BE model for business
promotion of TSPsisdepicted in Figure 1.

2. LITERATURE REVIEW

Based on the business operation background of TSPs, the
PBIM model proposed in this paper consists of four typical
issues including TSP technology transfer, customer
searching and PDA application. The previous studies
related to these three topics are reviewed in this section.
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2.1 Technology Transfer of TSPs

In order to reduce R&D investments, most SMEs have to
acquire innovative technologies from TSPs (e.g., private
consultants or non-profit R&D organizations, etc.) to
increase their competency in the market. Thus, the TSPs
play a critical role for innovative technology provision and
develop and transfer the advanced technologies to the
enterprisesto assist their customers to enhance their business
operation performance (Buratti and Penco 2001). Bessant
and Rush (1995) emphasizes the issues that should be
considered for the TSPs to transfer their technologies.
Asuka-Zhang (1999) figures out the customer requirements
and the resources required for technology development and
implementation are critical factors for successful technology
transfer. The TSPs should explore the R&D energy,
organization structure and operation strategies of the
customers to effectively expand their technology transfer
business (Tan, 1995). In addition, Radosevic (1999)
indicates that allocation of the limited human resources and
investments to the most appropriate technologies and
customers is the another critical issue for technology
transfer.

In addition to above critical factors for technology transfer,
since the R&D technologies provided by academic
organizations (e.g., the universities) can significantly
improve the business operation efficiency of their customers,
the applicability of academic R&D accomplishments in the
real industry should be evaluated before technology
implementation (Kingsley et al., 1996; Fujisue, 1998). On
the other hand, for international non-profit organizations,
previous studies regard that the different culture, language,
technology applicability and technology development status,
etc. of global customers are the key issues for worldwide
technology transfer (King and Nowack, 2003; Bozeman,
2000; Liu and Jiang, 2001).

2.2 Customer Mining

Recently, most enterprises believe that their profits can only
be increased by dedicating their limited resources (e.g.,
human resources and investments) to the customers with
higher values (i.e., the critica customers). That is, the
customers of low economic benefits (i.e., the non-critical
customers) must be strategically ignored. Via the 80-20
principle (i.e., top 20% customers might induce 80%
enterprise profits), the VIP customers can be identified based
on customer transaction data in the credit card market (Chen,
2002) or cookies. In addition, Berry and Linoff (2000) also
utilizes the 80-20 principle to classify the customer of high
values based on the product transaction records in the
retailers. Since the 80-20 principle is widely applied to
identify the critica customers of organizations, Sherden
(1994) points out that enterprises have to ignore the
demands of non-critical customers (i.e., the low 30%
customers, namely the 80-20-30 principle) in order to
significantly reduce the costs of enterprises.

On the other hand, the RFM (i.e., Recency, Frequency and
Monetary) approach can aso be applied to identify the
customers with higher profits to enterprises. Based on the



RFM concept, Macus (1998) develops an evaluation matrix
for customer value analysis and derives the customer
segments with higher profits. Hughes (1994) indicates that
the RFM factors that denotes the customer business
behaviors should be equally weighted. Therefore, the
customers can be classified into five categories based on
their RFM ranking. Besides, some studies focus on
identifying the customer values for different markets.
Garbarino and Johnson (1999) identify the critical customers
of long-term relationship with theaters based on ticket
ordering records. Therefore, the active marketing such as
opera advertisement can be carried out for the critical
customers.

2.3 Application of PDA

Development of the wireless network has facilitated
application of PDA on information acquisition. As a result,
the users can ubiquitously acquire information via their
PDAs. Yuan and Tsao (2003) establish a mobile information
publication server to provide customized advertisement to
users with mobile phones or PDAS. In that research, a neural
network methodology is used to learn and revise the user
preferences in order to enhance the effectiveness of the
published advertisement. Similarly, Yuan and Cheng (2004)
apply a clustering agorithm to group customers and
products and provide appropriate advertisement to mobile
phones of customers based on the clustering results. In
addition to commercia applications, the mobile devices
have been used to realize distance learning and telemedicine
(Elske, Anke, Bernd, & Reinhold, 2000).

3. PERSONAL BUSINESS INFORMATION
MANAGEMENT MODEL

In order to assist the technology and service providers (TSPs)
in efficiently promoting business, this research develops a
persona business information management (PBIM) model
for TSPs to identify critical customers and to provide
personalized business information. In the proposed PBIM
model, four critical issues including critical customer
identification, potential customer identification, PDA user
category determination and PDA user busy level
determination are considered. Four heuristic modules,
namely CCI, PCI, UCD and UBD modules, related to these
issues are developed. The relationship between the four
modulesis depicted in Figure 2.

Fig. 2. Relationship between the four modules

Under the proposed PBIM architecture, the project history
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including project data and customer profiles can be
maintained via the data maintenance module. Also, the
PDA user’s private information including notes and daily
schedule can be maintained via synchronization procedure.
After that, the data preprocessing (DP) module can
determine the values of customer features, project attribute
values, keyword frequencies of PDA notes and scheduling
time of daily schedule.

In the CCI module, the 80-20 principle is applied to identify
the critical customers. Based on distributed project
attribute values over the project period, the customers with
top 20% ranks can be regarded as the critical customers.
Furthermore, by classifying the existing customers into
critical and non-critical customers, the PCl module can filter
out the key features of critical customers and estimate the
confidence intervals of feature values.  Finally, the
estimated values of key features can be applied to identify
the potential customers. In the UCD module, the
correlation between the keywords and categories established
by the domain experts or knowledge engineers is applied to
determine PDA user category. Based on deriving the
keyword frequencies in PDA notes, the correlation between
the specified user and categories can be determined. Based
on the schedule time of PDA user, the total busy time and
variance of the free time are analyzed in the UBD module.
Finally, a mapping table can be established to determine the
occupancy scale of the specified user and suitable volume of
knowledge documents can be provided to the PDA user.

By revising the algorithms proposed by Hou and Yang (2006)
and Hou and Yang (2006), the CCI, PCI, UCD and UBD
modules can be developed. Details of each decision
module are described in the following.

3.1 Critical Customer Identification (CCl) Module

After deriving the distributed project attribute values via the
DP module, the CCI module assigns the recent projects with
higher weighting values. Furthermore, the 80-20 principle
is applied to identify the critical customers with higher
weighted project attribute values.

Concerning project history of each customer C;, the project
attribute D; distributed over distinct time intervals (i.e., time
period [P.;, P]) can be accumulated as. Here the time
factor is concerned to accurately explore the importance of
each customer. Therefore, the CCl module derives the
weighted index value Ci[Dj] via Equation (1). Asshown in
Equation (1), the index value C[D,];, distributed over
time interval [P.;, P] is multiplied with a corresponding
weighting value a;,. Finadly, based on the results, the
rank (R[C;,Dj]) of each weighted index value can be
obtained. As the time factor is introduced, the rank
distribution of each customer C; under index D; can be
tabulated in Table 1.

CID]=3CID,I, xa', @

where «,, denotes the weighting val ue with respect to time
period [Py, P].



Table 1. Ranks of customers for critical customer

determination
ustomers
Index G C o G
D; R[C.D]] R[C..D]] R[C.D]]

As shown in Table 3.1, after deriving the ranking value
R[C;,D;] of each customer C; under each performance index
D;, the customers with top 20% ranking are regarded as the
critical customers (the 80-20 principle). In summary, the
existing customers can be classified based on the
performance indices of previous projects in order to identify
the customers with long-term relationship (i.e.,, higher
project duration) and promotion effectiveness (more budget
allocated for projects).

3.2 Potential Customer Identification (PCI) Module

After classifying the existing customers into critica and
non-critical customers, the PCI module can filter out the key
features of critical customers and estimate the confidence
intervals of feature values for critical customers. Finally,
the estimated values of key features can be applied to
identify the potential customers.

Based on the classification result of critical and non-critical
customers, al the customer features are examined to figure
out the key features for identifying critical customers. For
each gpecific feature B, the gravity center of the critical
customer cluster C’ (i.e.,, the average of B[C/]) can be

derived. Similarly, the gravity center of the non-critical
customer cluster can aso be obtained. The distance
between the gravity centers of the two categories (i.e., W(B)))
and the feature deviation in critical customer cluster (i.e.,
S(B,[C'])) can aso be obtained. The ratio of above two

coefficients (i.e.,, CV(B))) can be derived via Equation (2).
According to the values of CV(B)), the customer features
with top ranking are regarded as the key features for critical
customer identification.

w(B)
S(BICD
After identifying the key features of critical customers, the

cV(B) = @

(1-0)% confidence interval of each key feature Bl'( for

critical customers can be obtained via Equation (3) and can
be regarded as an edtimator for critica customers
identification.
{C[B.]} = AveC[B,]-t .., m
’ vNC
SC[B,]
al2,NC -1 \/E
where AveC'[B,] and SeC'[B,] denote the average and
the standard deviation of key feature B, for critical

customers respectively and NC' denotes the total number
of critical customers.

U(C[B,]} = AveCB,] +t 3

As the By value of a new customer falls in the (1-a)%
confidence interval of key feature B,, the new customer
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can be regarded as a potential customer; otherwise, the new
customer is regarded as a non-critical customer. Based on
the results derived via the PCI module, more business can be
accurately outreached to potential customers by sales of
TSPs.

3.3 PDA User Category Determination (UCD) Module

In UCD module, the personal information maintained in the
PDAs of domain experts is regarded as the training
documents for deriving the correlation between documents
and categories. After deriving the frequencies of the
keywords in the PDA notes via DP module, the correlation
between the specified user and categories can be determined.

That is, after deriving the keyword (KW;) frequencies
N(KW;,ND;) of the PDA notes (ND;) via the DP module,
UCD could at first determine the relation between specified
PDA user (Ut) and categories (Gy.) based on the correlation
between keywords and categories established by the domain
experts or knowledge engineers.

According to the keyword-category relationship (R(KW;,Gy))
established by the domain experts or knowledge engineers
and keyword frequencies (N(KW;,ND))) derived in DP
module, UCM could determine the correlation W, [U.] of
specified user (Uy) and categories (Gy.) via Equation (4).
Since sum of the derived correlation coefficients between
specified PDA user (Ur) and categories (Gy.) not equalsto 1
(i.e, ZWQ[UT]il)' The derived relationship W,[U, ]
al k

can be normalized via Equation (5) to indicate the
normalized correlation (W,[U+]) of specified user (Ur) and
categories (Gy.) Furthermore, the correlation can be
summarized in Table 2.

3 R(KW,G,)- N(KW,,ND,) (4)
M[UT]: =
3 N(KW,,ND,)
W,[U, ] RACHE (5
> W [U,]

all k
Based on the UCD module, the user’s categories or interests
can be determined and the knowledge center can
automatically import appropriate knowledge documents that
meet the user characteristics and requirements to each user
(i.e., personalized services).

Table 2. Normalized correlation of users and categories

Users
Categories U, U, | ... Ur | ...
G WilUq] | Wa[U2] | ...... WqlUq] | ......
Gy Wi[U4] | W([U2] | ...... W U] | ......

3.4 PDA User Busy Level Determination (UBD) Module
In UBD module, the total busy time and variance of free
time of specified user are analyzed. The higher total busy



time means that the specified user has less time to browse
the documents provided by the knowledge center. Similarly,
if the free time is allocated at different periods, the specified
user has less flexibility to take advantage of the provided
documents. That is, for a busier user (with a higher busy
time and a less flexibility time), only documents of higher
correlation with the specified user are provided to the user at
the synchronization process.

In UBD module, the schedule time of specified user (Uq)
can be extracted via DP module. After that, total busy time
(T[U+]) and variance of free time 6[ U] of specified user (Uy)
can be respectively computed in UBD module via Equation
(6) and Equation (7). Based on the results, the rank value
(R{T[U]}) of total busy time of specified user among all
users can be derived according to descending busy time.
Similarly, the rank values (R{5[U+]}) of variance free time
also can be determined according to ascending variance free
time among al users. The derived ranking values (i.e.,
R{T[U+]} and R{d[Ut]}) of specified user (U;) are
respectively multiplied with corresponding weighting values
(W+ and Wj;) via Equation (8) for regarding as the busy scale
(B[U+]) of specified user.

Therefore, a mapping table for user category (or occupancy
scale) determination (R{B[U;]}) can be established (as
shown in Table 3) viaranking busy scale B[U]. In thistable,
the users with smaller ranks are regarded as busier users
with less time to browse the imported documents in their
PDA.

T[U,]=> E[U,] whereE [U] denotethe ith busy time ©)

alli

¥ (E1[U,] - Ave(EI[U, ]))* YE[U,] (7)
,where Ave(EI[U,]) =

W= Eu ) 1 GITH)
and El [U,] denotefreetime between the (i - 1)th and ith busy period
B[U]=R{ T[U+]}* Wy + R{8[Ur]} W, where Wr+W;=1 G)

Table 3. Busy mapping table
Users
Ranks Us U Ur

B[Ui] R{B[U.]} | R{B[Ud} R{B[Ur]}

As awhole, in the UBD module, the user occupancy scales
can be determined based on their daily schedule.
According to the occupancy scale, the knowledge center can
automatically provide appropriate volume of knowledge to
the PDA usersto prevent knowledge overloading.

4. PERSONAL BUSINESS INFORMATION
MANAGEMENT (PBIM) PLATFORM

In order to demonstrate feasibility of the modules proposed
in previous section, a Web-based persona business
information management (PBIM) platform is developed in
thisresearch. Under the PBIM platform, the project history
and personal daily records could be maintained and the user
authorities are properly managed. Also, the business
suggestions including critical/potential  customers and
personalized knowledge documents can be accurately
provided to the TSP staff.
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The information that is systematically processed by the
PBIM platform includes the user data (e.g., the user profiles),
project history (e.g., the project data and customer profiles),
PDA user daily records (e.g., notes and daily schedule) and
business promotion suggestions (e.g., critical/potential
customers and personalized business information). Based
on the user login information, the PBIM platform recognizes
the user category (e.g., common user, salesman or system
administrator) and provides the corresponding functions to
the user. Under the PBIM platform, the common user can
provide and access all project history including project data
(Figure 3) and customer profiles to increase the data volume
for business analysis and to improve the reasoning
performance of CCl and PCl modules. Also, the common
user can import knowledge documents and training materials
to increase the volume of personalized business information
for salesmen.

——

Fig. 3. Project data mai ntenance

For the sdlesman, in addition to importing and accessing
project history, the salesmen aso can derive the critical and
potential customer suggestions (Figure 4) under the PBIM
platform.  Furthermore, the salesman also can generate
distinct customer searching suggestions by setting different
attribute weighting values (Figure 5) or feature weighting
value based on their experience.
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Besides, the salesmen with PDA (PDA users) can update the
latest domain knowledge (i.e. personalized business
information) onto their PDAs (Figure 6) and the daily
records can be synchronized to PBIM platform for exploring
the user profiles (i.e.,, UCD and UBD modules). That is,
the PBIM platform provides PDA user with the personal
profile analysis and provison functions.  With the
personalized services, the members can efficiently acquire
the latest news meeting salesmen interests. Finaly, the
system administrator can flexibly manage the user authority
viathe user administration function.

Fig. 6. Personalized business information displayed via PDA
5. CONCLUSIONS

Concerning the operation characteristics of the TSPs, this
paper develops a personal business information management
model with CCI, PCI, UCD and UBD modules for TSPs to
identify the potential customers and provide personalized
knowledge. Based on performance of the previous projects,
the existing customers are classified into critica and
non-critical customers via the 80-20 principle in the CCI
module. After classifying the existing customers into
critical and non-critical customers, the PCI module can filter
out the key features and the corresponding confidence
intervals to identify the potential customers. In addition, in
order to increase the efficiency of business promotion.
This research develops a PDA user mining model (i.e., UCD
and UBD modules) on the basis of the user information (i.e.,
notes and daily schedule) stored in the fundamental PDA
functions. Furthermore, according to the user profile, a
mobile knowledge management center is established to
silently provide knowledge that meets user demands and
availability during the PDA synchronization process. A
non-profit R&D center is used to validate feasibility of the
proposed modules.  This paper presents a feasible approach
for the TSPs to analyze the project history and to explore
user profile for provision of the personalized business
promotion suggestions.
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Abstract: Recently, enterprises have faced the pressure of industry transformation and high competency
in the global market. In Taiwan, most small and medium sized enterprises (SMEs) cannot afford
advanced R&D. In order to increase competency of SMEs, the technology and service providers (T SPs)
play a critical role for innovative technology provision. Traditionally, the salesmen of TSPs have to
evaluate the critical customers via trials and errors.  In addition, although the personal digital assistant
(PDA) has been widely used to promote business for its high mobility, the business information
downloaded into PDA is actually rarely concerned. In order to increase efficiency and effectiveness of
business promotion, this paper focuses on the development of a personal business information
management (PBIM) model with four modules namely critical customer identification (CCl), potential
customer identification (PCl), PDA user category determination (UCD) and PDA user busy level
determination (UBD) for TSPs to identify potential customers and to provide personalized business
information. A non-profit R&D institute in Taiwan is used to validate feasibility of the proposed
modules via the developed PBIM platform.  This paper presents a feasible PBIM approach for the TSPs
to efficiently and systematically analyze the project history and PDA daily records for business outreach.

Keywords: Medium Sized Enterprises (SMES), Technology and Service Providers (TSPs), Data Mining,

We-C6.5

Customer Relationship Management (CRM), PDA

1. INTRODUCTION

Owning to high variety of industry development, the
technology and service providers (TSPs) including the
private consultants or non-profit R&D organizations are
dedicated to development of applied technologies in order to
assist the small and medium sized enterprises (SMEs) to
successfully implement advanced technologies that meet the
their operation requirements. However, the technology
development demands cannot be dominant simply by a
limited number of organizations, thus, the TSPs require
useful suggestions about technology development and
potential customers. Traditionally, the critical and potential
customers are evaluated via trials and errors of salesmen.
Under the circumstance, severa operation pitfalls (e.g., alot
of time and human efforts required, etc.) might occur.
Therefore, this paper focuses on development of a customer
identification model for TSPs to identify the critical and
potential customers.

In order to increase efficiency of business promotion, the
personal digital assistant (PDA) has been widely used as the
carrier for personal memos and daily records for its high
mobility. In addition, the business information can be
synchronized with the user data stored in the PDAs. That
is, the PDA has become a powerful and convenient carrier of
persona data and business information storage to promote
business. However, as a result of overloading data, the
salesmen and employees still have to search the business
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information or training materials to fit their requirements
from PDAs. Concerning importance of the personal
information (including notes and daily schedule) stored in a
PDA, this paper develops a user profile mining approach to
explore PDA user’s interests for personalized business
information provision. As a whole, the objective of this
paper is to integrate the PDA information mining and
knowledge management methodologies to assist
establishment of a mobile office environment.

To sum up, based on the operation characteristics of TSPs,

the existing issues of TSPs can be summarized as follows:

e No objective references or guidelines exist for
critical/potential customer identification and business
promotion.

e The personal daily records and business information are
not effectively applied for business promotion.

Since many efforts have to be devoted to business searching,
consistency and accuracy of marketing decisions cannot be
guaranteed.  This research develops critical customer
identification (CCl) and potential customer identification
(PCI) modules to identify critical and potential customers to
seize the business opportunities.  Unlike the previous
research that focuses mainly on personal customer mining or
product sales, this paper applies the project history to
explore the profiles of critical clients. That is, the existing
customers of a TSP are classified into critica and
non-critical customers. Based on the distributions of



digtinct attributes of critical customers, representative
features of critical customers can be extracted and the
features can then be utilized to identify the potentia
customers. The issues about customer searching of TSPs
can be summarized as follows:

Systematical classification of existing customers
Objective references or guidelines for potential
customer identification

Taking advantage of the personal information, the user
requirements for knowledge can be determined. This
research develops PDA user category determination (UCD)
and PDA user busy level determination (UBD) modules to
explore user profiles and provide personalized business
infformation (i.e., appropriate types and volume of
knowledge documents). That is, this research presents an
intelligent KM scheme by integrating the PDA information
(including notes and daily schedule) mining model and
mobile knowledge management mechanism. Based on the
user profile mining technique, the PDA-ready knowledge
that fits user requirements can be imported from the
knowledge server to the client PDA. By application of the
mobile KM technique, the organization knowledge can be
seamlessly provided to the PDA user via the data
synchronization process. The attempt of this paper is to
present an applicable and intelligent mobile knowledge
carrier for realization of the mobile office. The issues about
personalized information provision can be summarized as
follows:

Personal information extraction and analysis

Accurately importing appropriate types and volume of
business information or training documents to the PDA
users (i.e., personalized services for PDA users)

s
vhes with TT3A

Fig. 1. The To-Be model for TSPs business promotion

[

Unlike the previous research that focuses mainly on personal
customer mining or product sales, this paper applies the
project history to explore critical customer profiles and
applies the daily records to explore user requirements. As
a result, via the automatically generated suggestions, the
TSPs can reduce reliance on experienced salesmen for
business promotion. The TO-BE model for business
promotion of TSPsisdepicted in Figure 1.

2. LITERATURE REVIEW

Based on the business operation background of TSPs, the
PBIM model proposed in this paper consists of four typical
issues including TSP technology transfer, customer
searching and PDA application. The previous studies
related to these three topics are reviewed in this section.
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2.1 Technology Transfer of TSPs

In order to reduce R&D investments, most SMEs have to
acquire innovative technologies from TSPs (e.g., private
consultants or non-profit R&D organizations, etc.) to
increase their competency in the market. Thus, the TSPs
play a critical role for innovative technology provision and
develop and transfer the advanced technologies to the
enterprisesto assist their customers to enhance their business
operation performance (Buratti and Penco 2001). Bessant
and Rush (1995) emphasizes the issues that should be
considered for the TSPs to transfer their technologies.
Asuka-Zhang (1999) figures out the customer requirements
and the resources required for technology development and
implementation are critical factors for successful technology
transfer. The TSPs should explore the R&D energy,
organization structure and operation strategies of the
customers to effectively expand their technology transfer
business (Tan, 1995). In addition, Radosevic (1999)
indicates that allocation of the limited human resources and
investments to the most appropriate technologies and
customers is the another critical issue for technology
transfer.

In addition to above critical factors for technology transfer,
since the R&D technologies provided by academic
organizations (e.g., the universities) can significantly
improve the business operation efficiency of their customers,
the applicability of academic R&D accomplishments in the
real industry should be evaluated before technology
implementation (Kingsley et al., 1996; Fujisue, 1998). On
the other hand, for international non-profit organizations,
previous studies regard that the different culture, language,
technology applicability and technology development status,
etc. of global customers are the key issues for worldwide
technology transfer (King and Nowack, 2003; Bozeman,
2000; Liu and Jiang, 2001).

2.2 Customer Mining

Recently, most enterprises believe that their profits can only
be increased by dedicating their limited resources (e.g.,
human resources and investments) to the customers with
higher values (i.e., the critica customers). That is, the
customers of low economic benefits (i.e., the non-critical
customers) must be strategically ignored. Via the 80-20
principle (i.e., top 20% customers might induce 80%
enterprise profits), the VIP customers can be identified based
on customer transaction data in the credit card market (Chen,
2002) or cookies. In addition, Berry and Linoff (2000) also
utilizes the 80-20 principle to classify the customer of high
values based on the product transaction records in the
retailers. Since the 80-20 principle is widely applied to
identify the critica customers of organizations, Sherden
(1994) points out that enterprises have to ignore the
demands of non-critical customers (i.e., the low 30%
customers, namely the 80-20-30 principle) in order to
significantly reduce the costs of enterprises.

On the other hand, the RFM (i.e., Recency, Frequency and
Monetary) approach can aso be applied to identify the
customers with higher profits to enterprises. Based on the



RFM concept, Macus (1998) develops an evaluation matrix
for customer value analysis and derives the customer
segments with higher profits. Hughes (1994) indicates that
the RFM factors that denotes the customer business
behaviors should be equally weighted. Therefore, the
customers can be classified into five categories based on
their RFM ranking. Besides, some studies focus on
identifying the customer values for different markets.
Garbarino and Johnson (1999) identify the critical customers
of long-term relationship with theaters based on ticket
ordering records. Therefore, the active marketing such as
opera advertisement can be carried out for the critical
customers.

2.3 Application of PDA

Development of the wireless network has facilitated
application of PDA on information acquisition. As a result,
the users can ubiquitously acquire information via their
PDAs. Yuan and Tsao (2003) establish a mobile information
publication server to provide customized advertisement to
users with mobile phones or PDAS. In that research, a neural
network methodology is used to learn and revise the user
preferences in order to enhance the effectiveness of the
published advertisement. Similarly, Yuan and Cheng (2004)
apply a clustering agorithm to group customers and
products and provide appropriate advertisement to mobile
phones of customers based on the clustering results. In
addition to commercia applications, the mobile devices
have been used to realize distance learning and telemedicine
(Elske, Anke, Bernd, & Reinhold, 2000).

3. PERSONAL BUSINESS INFORMATION
MANAGEMENT MODEL

In order to assist the technology and service providers (TSPs)
in efficiently promoting business, this research develops a
persona business information management (PBIM) model
for TSPs to identify critical customers and to provide
personalized business information. In the proposed PBIM
model, four critical issues including critical customer
identification, potential customer identification, PDA user
category determination and PDA user busy level
determination are considered. Four heuristic modules,
namely CCI, PCI, UCD and UBD modules, related to these
issues are developed. The relationship between the four
modulesis depicted in Figure 2.

Fig. 2. Relationship between the four modules

Under the proposed PBIM architecture, the project history
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including project data and customer profiles can be
maintained via the data maintenance module. Also, the
PDA user’s private information including notes and daily
schedule can be maintained via synchronization procedure.
After that, the data preprocessing (DP) module can
determine the values of customer features, project attribute
values, keyword frequencies of PDA notes and scheduling
time of daily schedule.

In the CCI module, the 80-20 principle is applied to identify
the critical customers. Based on distributed project
attribute values over the project period, the customers with
top 20% ranks can be regarded as the critical customers.
Furthermore, by classifying the existing customers into
critical and non-critical customers, the PCl module can filter
out the key features of critical customers and estimate the
confidence intervals of feature values.  Finally, the
estimated values of key features can be applied to identify
the potential customers. In the UCD module, the
correlation between the keywords and categories established
by the domain experts or knowledge engineers is applied to
determine PDA user category. Based on deriving the
keyword frequencies in PDA notes, the correlation between
the specified user and categories can be determined. Based
on the schedule time of PDA user, the total busy time and
variance of the free time are analyzed in the UBD module.
Finally, a mapping table can be established to determine the
occupancy scale of the specified user and suitable volume of
knowledge documents can be provided to the PDA user.

By revising the algorithms proposed by Hou and Yang (2006)
and Hou and Yang (2006), the CCI, PCI, UCD and UBD
modules can be developed. Details of each decision
module are described in the following.

3.1 Critical Customer Identification (CCl) Module

After deriving the distributed project attribute values via the
DP module, the CCI module assigns the recent projects with
higher weighting values. Furthermore, the 80-20 principle
is applied to identify the critical customers with higher
weighted project attribute values.

Concerning project history of each customer C;, the project
attribute D; distributed over distinct time intervals (i.e., time
period [P.;, P]) can be accumulated as. Here the time
factor is concerned to accurately explore the importance of
each customer. Therefore, the CCl module derives the
weighted index value Ci[Dj] via Equation (1). Asshown in
Equation (1), the index value C[D,];, distributed over
time interval [P.;, P] is multiplied with a corresponding
weighting value a;,. Finadly, based on the results, the
rank (R[C;,Dj]) of each weighted index value can be
obtained. As the time factor is introduced, the rank
distribution of each customer C; under index D; can be
tabulated in Table 1.

CID]=3CID,I, xa', @

where «,, denotes the weighting val ue with respect to time
period [Py, P].



Table 1. Ranks of customers for critical customer

determination
ustomers
Index G C o G
D; R[C.D]] R[C..D]] R[C.D]]

As shown in Table 3.1, after deriving the ranking value
R[C;,D;] of each customer C; under each performance index
D;, the customers with top 20% ranking are regarded as the
critical customers (the 80-20 principle). In summary, the
existing customers can be classified based on the
performance indices of previous projects in order to identify
the customers with long-term relationship (i.e.,, higher
project duration) and promotion effectiveness (more budget
allocated for projects).

3.2 Potential Customer Identification (PCI) Module

After classifying the existing customers into critica and
non-critical customers, the PCI module can filter out the key
features of critical customers and estimate the confidence
intervals of feature values for critical customers. Finally,
the estimated values of key features can be applied to
identify the potential customers.

Based on the classification result of critical and non-critical
customers, al the customer features are examined to figure
out the key features for identifying critical customers. For
each gpecific feature B, the gravity center of the critical
customer cluster C’ (i.e.,, the average of B[C/]) can be

derived. Similarly, the gravity center of the non-critical
customer cluster can aso be obtained. The distance
between the gravity centers of the two categories (i.e., W(B)))
and the feature deviation in critical customer cluster (i.e.,
S(B,[C'])) can aso be obtained. The ratio of above two

coefficients (i.e.,, CV(B))) can be derived via Equation (2).
According to the values of CV(B)), the customer features
with top ranking are regarded as the key features for critical
customer identification.

w(B)
S(BICD
After identifying the key features of critical customers, the

cV(B) = @

(1-0)% confidence interval of each key feature Bl'( for

critical customers can be obtained via Equation (3) and can
be regarded as an edtimator for critica customers
identification.
{C[B.]} = AveC[B,]-t .., m
’ vNC
SC[B,]
al2,NC -1 \/E
where AveC'[B,] and SeC'[B,] denote the average and
the standard deviation of key feature B, for critical

customers respectively and NC' denotes the total number
of critical customers.

U(C[B,]} = AveCB,] +t 3

As the By value of a new customer falls in the (1-a)%
confidence interval of key feature B,, the new customer
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can be regarded as a potential customer; otherwise, the new
customer is regarded as a non-critical customer. Based on
the results derived via the PCI module, more business can be
accurately outreached to potential customers by sales of
TSPs.

3.3 PDA User Category Determination (UCD) Module

In UCD module, the personal information maintained in the
PDAs of domain experts is regarded as the training
documents for deriving the correlation between documents
and categories. After deriving the frequencies of the
keywords in the PDA notes via DP module, the correlation
between the specified user and categories can be determined.

That is, after deriving the keyword (KW;) frequencies
N(KW;,ND;) of the PDA notes (ND;) via the DP module,
UCD could at first determine the relation between specified
PDA user (Ut) and categories (Gy.) based on the correlation
between keywords and categories established by the domain
experts or knowledge engineers.

According to the keyword-category relationship (R(KW;,Gy))
established by the domain experts or knowledge engineers
and keyword frequencies (N(KW;,ND))) derived in DP
module, UCM could determine the correlation W, [U.] of
specified user (Uy) and categories (Gy.) via Equation (4).
Since sum of the derived correlation coefficients between
specified PDA user (Ur) and categories (Gy.) not equalsto 1
(i.e, ZWQ[UT]il)' The derived relationship W,[U, ]
al k

can be normalized via Equation (5) to indicate the
normalized correlation (W,[U+]) of specified user (Ur) and
categories (Gy.) Furthermore, the correlation can be
summarized in Table 2.

3 R(KW,G,)- N(KW,,ND,) (4)
M[UT]: =
3 N(KW,,ND,)
W,[U, ] RACHE (5
> W [U,]

all k
Based on the UCD module, the user’s categories or interests
can be determined and the knowledge center can
automatically import appropriate knowledge documents that
meet the user characteristics and requirements to each user
(i.e., personalized services).

Table 2. Normalized correlation of users and categories

Users
Categories U, U, | ... Ur | ...
G WilUq] | Wa[U2] | ...... WqlUq] | ......
Gy Wi[U4] | W([U2] | ...... W U] | ......

3.4 PDA User Busy Level Determination (UBD) Module
In UBD module, the total busy time and variance of free
time of specified user are analyzed. The higher total busy



time means that the specified user has less time to browse
the documents provided by the knowledge center. Similarly,
if the free time is allocated at different periods, the specified
user has less flexibility to take advantage of the provided
documents. That is, for a busier user (with a higher busy
time and a less flexibility time), only documents of higher
correlation with the specified user are provided to the user at
the synchronization process.

In UBD module, the schedule time of specified user (Uq)
can be extracted via DP module. After that, total busy time
(T[U+]) and variance of free time 6[ U] of specified user (Uy)
can be respectively computed in UBD module via Equation
(6) and Equation (7). Based on the results, the rank value
(R{T[U]}) of total busy time of specified user among all
users can be derived according to descending busy time.
Similarly, the rank values (R{5[U+]}) of variance free time
also can be determined according to ascending variance free
time among al users. The derived ranking values (i.e.,
R{T[U+]} and R{d[Ut]}) of specified user (U;) are
respectively multiplied with corresponding weighting values
(W+ and Wj;) via Equation (8) for regarding as the busy scale
(B[U+]) of specified user.

Therefore, a mapping table for user category (or occupancy
scale) determination (R{B[U;]}) can be established (as
shown in Table 3) viaranking busy scale B[U]. In thistable,
the users with smaller ranks are regarded as busier users
with less time to browse the imported documents in their
PDA.

T[U,]=> E[U,] whereE [U] denotethe ith busy time ©)

alli

¥ (E1[U,] - Ave(EI[U, ]))* YE[U,] (7)
,where Ave(EI[U,]) =

W= Eu ) 1 GITH)
and El [U,] denotefreetime between the (i - 1)th and ith busy period
B[U]=R{ T[U+]}* Wy + R{8[Ur]} W, where Wr+W;=1 G)

Table 3. Busy mapping table
Users
Ranks Us U Ur

B[Ui] R{B[U.]} | R{B[Ud} R{B[Ur]}

As awhole, in the UBD module, the user occupancy scales
can be determined based on their daily schedule.
According to the occupancy scale, the knowledge center can
automatically provide appropriate volume of knowledge to
the PDA usersto prevent knowledge overloading.

4. PERSONAL BUSINESS INFORMATION
MANAGEMENT (PBIM) PLATFORM

In order to demonstrate feasibility of the modules proposed
in previous section, a Web-based persona business
information management (PBIM) platform is developed in
thisresearch. Under the PBIM platform, the project history
and personal daily records could be maintained and the user
authorities are properly managed. Also, the business
suggestions including critical/potential  customers and
personalized knowledge documents can be accurately
provided to the TSP staff.
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The information that is systematically processed by the
PBIM platform includes the user data (e.g., the user profiles),
project history (e.g., the project data and customer profiles),
PDA user daily records (e.g., notes and daily schedule) and
business promotion suggestions (e.g., critical/potential
customers and personalized business information). Based
on the user login information, the PBIM platform recognizes
the user category (e.g., common user, salesman or system
administrator) and provides the corresponding functions to
the user. Under the PBIM platform, the common user can
provide and access all project history including project data
(Figure 3) and customer profiles to increase the data volume
for business analysis and to improve the reasoning
performance of CCl and PCl modules. Also, the common
user can import knowledge documents and training materials
to increase the volume of personalized business information
for salesmen.

——

Fig. 3. Project data mai ntenance

For the sdlesman, in addition to importing and accessing
project history, the salesmen aso can derive the critical and
potential customer suggestions (Figure 4) under the PBIM
platform.  Furthermore, the salesman also can generate
distinct customer searching suggestions by setting different
attribute weighting values (Figure 5) or feature weighting
value based on their experience.
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Besides, the salesmen with PDA (PDA users) can update the
latest domain knowledge (i.e. personalized business
information) onto their PDAs (Figure 6) and the daily
records can be synchronized to PBIM platform for exploring
the user profiles (i.e.,, UCD and UBD modules). That is,
the PBIM platform provides PDA user with the personal
profile analysis and provison functions.  With the
personalized services, the members can efficiently acquire
the latest news meeting salesmen interests. Finaly, the
system administrator can flexibly manage the user authority
viathe user administration function.

Fig. 6. Personalized business information displayed via PDA
5. CONCLUSIONS

Concerning the operation characteristics of the TSPs, this
paper develops a personal business information management
model with CCI, PCI, UCD and UBD modules for TSPs to
identify the potential customers and provide personalized
knowledge. Based on performance of the previous projects,
the existing customers are classified into critica and
non-critical customers via the 80-20 principle in the CCI
module. After classifying the existing customers into
critical and non-critical customers, the PCI module can filter
out the key features and the corresponding confidence
intervals to identify the potential customers. In addition, in
order to increase the efficiency of business promotion.
This research develops a PDA user mining model (i.e., UCD
and UBD modules) on the basis of the user information (i.e.,
notes and daily schedule) stored in the fundamental PDA
functions. Furthermore, according to the user profile, a
mobile knowledge management center is established to
silently provide knowledge that meets user demands and
availability during the PDA synchronization process. A
non-profit R&D center is used to validate feasibility of the
proposed modules.  This paper presents a feasible approach
for the TSPs to analyze the project history and to explore
user profile for provision of the personalized business
promotion suggestions.
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