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Abstract The objective in this research is to introduce a method for identifying
a service platform along with variant and unique modules to create a service family
by integrating object-oriented concepts, ontologies, and data mining techniques.
A service process model is introduced to describe a service based on a sequence
using a graph model and object-oriented concepts. Fuzzy clustering is employed to
partition service processes into subsets to identify common modules — the platform
— and specific modules for the given service family. To demonstrate the proposed
method, we apply it to select a platform for a family of banking services.

Abbreviations

CN  Customer need
FCM Function-component matrix
FPM Function-process matrix
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FR  Functional requirement
PC  Partition coefficient
UML Unified modeling language

8.1 Introduction and Background

For mass customization, companies are increasing their efforts to reduce cost and
lead-time when developing new products and services while satisfying individual
customer needs. Mass customization depends on a company’s ability to provide
customized products or services based on economical and flexible development
and production systems (da Silveira ef al. 2001). By sharing and reusing assets
such as components, processes, information, and knowledge across a family of
products and services, companies can efficiently develop a set of differentiated
economic offerings by improving flexibility and responsiveness of product and
service development (Simpson, 2004). Product family design is a way to achieve
cost-effective mass customization by allowing highly differentiated products to be
developed from a common platform while targeting products to distinct market
segments (Shooter ef al. 2005).

A product family is a group of related products based on a product platform
(Simpson et al. 2005). A product platform is the set of features, components or
subsystems that remain constant from product to product, within a given product
family. A successful product family depends on how well the trade-off between
the economic benefits and performance losses incurred from having a shared plat-
form are managed. For instance, high levels of commonality decrease interface
and component costs while increasing customers’ preference loss.

Services are an important source of revenue for many companies, since prod-
ucts can be paired with additional services to satisfy customers’ needs, differenti-
ate product offerings, and remain competitive in today’s market. Service science
research seeks to improve the productivity and quality of service by creating new
innovations, facilitating business management, and applying practical applications
(Hidaka 2006). Recently, theories and methodologies for mass-customized prod-
ucts are being applied to service development (Jiao et al. 2003), and the concept of
product family design, in particular, provides good solutions to various custom-
ized service industries (Peters and Saidin 2000, Meyer and Detore 2001, Jiao ef al.
2003). For example, in the IBM Malaysia service unit, modularization of the scope
of work and processes has been applied to service level design for mass customi-
zation (Peters and Saidin 2000). Lincoln Re used platform concepts to develop
new insurance services (Meyer and Detore, 2001). In this chapter, we extend con-
cepts from platform-based product families to create a new approach for module-
based service family design.

The objective in this research is to introduce a method to identify a service plat-
form along with variant and unique modules in a service family by integrating
object-oriented concepts, ontologies, data mining techniques, and fuzzy set theory.
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Object-oriented concepts provide service analysis tools for describing a business
process or a workflow process in a service (Arlow and Neustadt 2002, Hoffer
et al. 2006). A function-process matrix is used to identify the relationships be-
tween the service functions and the service processes that are offered as part of a
service. An ontology is applied to define properties that consist of attributes and
behaviors for representing a service in a service hierarchical structure. A service
process model is introduced to describe a service based on a sequence using a
graph model and object-oriented concepts.

Data mining can be used to help identify customer needs, to find relationships
between customer needs and functional requirements, and to cluster products
based on functional similarity to facilitate modular design (Braha 2001). Fuzzy
c-means clustering (FCM) (Bezdek 1981) is employed to partition service proc-
esses into subsets to identify a platform and modules in a given service family.
The clustering results provide membership values that represent the corresponding
membership level of each cluster, which can be considered as the degree of simi-
larity among process features. Fuzzy set theory (Zadeh 1965) is used to determine
platform levels that represent the membership values.

The remainder of this chapter is organized as follows. Section 8.2 describes the
proposed method for identifying a service platform and service modules. Sec-
tion 8.3 gives a case study using a family of banking services. Closing remarks
and future work are presented in Section 8.4.

8.2 Method for Service Module and Platform Identification

To develop customized services, we propose the following definitions for service
family design:

1. A service family is a set of services based on a service platform, facilitating
mass customization by promoting customer value and providing a variety of
services for different market segments cost-effectively.

2. A service platform is a common basis that consists of processes, activities,
objects, and/or features that are shared and remain constant from service to ser-
vice, within a given service family.

. A service module is a set of service components for performing a service.

4. A service component is regarded as an activity to satisfy certain services, which

are defined by a set of processes, operations, people, objects, and/or features.

W

These definitions provide a foundation for modeling customized families of
services. Based on these definitions, we extend concepts from platform-based
product family design to develop a module-based service family. A service plat-
form consists of common service modules that are defined as service components
representing functions and processes. Based on the service platform, we can cre-
ate a variety of services and families of services for satisfying various market
segments depending on service-related design factors such as location, facility
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Figure 8.1 Proposed method for service module and platform identification

design and layout for effective customer and work flow, procedures and job defi-
nitions for service providers, measures to ensure quality, extent of customer in-
volvement, equipment selection, and adequate service capacity (Fitzsimmons and
Fitzsimmons 2004).

In this chapter, we introduce a method for identifying a platform along with
variant and unique modules in service families using object-oriented concepts,
ontologies, and data mining. Figure 8.1 shows the flow diagram of the proposed
method that consists of three phases: (1) service analysis and model, (2) service
ontology, and (3) module and platform identification. The next section discusses
each phase of the method in detail.

8.2.1 Phase 1: Service Analysis and Model

8.2.1.1 Service Selection and Analysis

Figure 8.2 shows the process for developing a family of services based on a cus-
tomer-driven approach. Information required to identify customer needs (CNs)
can be collected by surveying prospective customers and by conducting a market-
ing study that begins by establishing target markets and customers. In the initial
phase, CNs are analyzed to understand customer intention and determine a strat-
egy for developing a service family. For example, the number of services can be
decided by customer groups and classified according to CNs. CNs are also used
to identify appropriate functional requirements (FRs), which are then mapped to
the CNs. In service design, FRs represent processes and capabilities that can be
determined by work flow, procedures and job definitions for service providers,
and service quality. During conceptual design, services can be designed based on
FRs, and their functional modules can also be determined. In particular, a family
of services is first configured by defining a service platform. A service platform
consists of several common modules that can be shared across a family of ser-
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Figure 8.2 Service family design process

Table 8.1 A function-process matrix for service analysis
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vices. After conceptual design, through prototype and pre-service processes, final
services are delivered.

Object-oriented concepts can be used to analyze service processes and identify
service design factors. Object-oriented design and analysis methodologies are used
to develop information systems by modeling a system as a set of objects in the
area of software engineering and business (Schach 2004). Through service analy-
sis using objected-oriented concepts, we can determine service-related design
factors that are represented as processes, activities, objects, and/or features, as well
as service functions and processes. These design factors are also used to define the
properties of service components in service process model design.

Based on service functions and processes, a function-process matrix (FPM) is
introduced to identify the relationships between functional modules and process
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modules in a service. The FPM is similar to the FCM (Strawbridge et al. 2002),
which provides a mapping between a product’s components and its sub-functions.
Table 8.1 shows a conceptual representation of the FPM. The first vertical column
shows service functions, the top horizontal row is service processes and the cells
of the FPM represent the relationship between each function and process. The
number “1” in a cell indicates that a relationship among a function and a process
exists. For example, Function 1 in Table 8.1 entails Process 1 and Process m to
achieve this function.

8.2.1.2 Service Process Model

A business process or workflow process is described by logically related activities
to achieve a defined business goal or create value-added products or services to
satisfy customer needs (Reijers 2003). In services, a process can be considered as
a procedure, routine, and policy to create services, which are defined by a set of
activities, ordering constraints, and data or materials used for the service activities.
Unified modeling language (UML) can be used to analyze service processes and/or
basic workflow. UML is a standardized specification language for system design
and analysis using a set of concepts, constructs, terminology, and notation (Arlow
and Neustadt 2002). For example, sequence diagrams are object-interaction dia-
grams that consider temporal sequencing and are useful for describing the behavior
of use cases and the interaction between objects within a system (Hunt 2000). Ac-
tivity diagrams provide a modeling method to represent the business and opera-
tional workflows using the detailed logic of a business rule. By analyzing the se-
quence diagrams or the activity diagrams for a service, we can obtain attributes and
identify information flow among objects for service design. For instance, suppose
that the objects of a deposit process in a banking service consist of a customer, an
employee, an account, and a balance. An activity diagram for the deposit process
can be represented as shown in Figure 8.3. Processes in the diagram are repre-
sented by activities and attributes for performing the service.

A process model can be defined by various languages with differences in their
syntax and expressive rules (Cao ef al. 2006). A graph model is employed to de-
scribe a service process model based on service sequences. Graphs are an abstrac-
tion developed specifically to represent relationships and consist of two distinct
parts: (1) nodes and (2) edges. The nodes are things in the graph that have rela-
tionships, and the edges are pairs of nodes connected by a relationship (Berry and
Linoff 1997). The encapsulation concept in object-oriented concepts reduces the
complexity of representing a node in service component design. As shown in Fig-
ure 8.4, a node is defined as a service component with properties that can describe
service processes, and an edge as a direction presenting information, data, and
materials flow. A node can be defined by five properties: (1) activity, (2) object,
(3) input flow, (4) output flow, and (5) state. Activity is a process to perform
a particular service by an object and is used as the name of a node. The object
represents an object performing activities using input flow in certain services. The
flow includes information, data, and materials, which occur in service processes.
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Figure 8.4 Service process model and properties for a node

States are defined as things (objects) that change the input flow and the output
flow. For example, a node changes the state of its inputs (states), i.e., information
such as a customer’s account balance or credit, materials such as money, and data
in a banking service.

8.2.2 Phase 2: Service Ontology

To effectively define the relationships between functional hierarchies in a service,
an appropriate representation scheme must be adopted for the services. An ontol-
ogy consists of a set of concepts or terms and their relationships that describe
some area of knowledge or build a representation of it (Swartout and Tate 1999).
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Service ontology is developed to represent the relationships between functional
modules and process modules as shown in Figure 8.5. In the service ontology,
a process module has a hierarchical structure to provide process representation-
based semantics of services.

The basic idea of modular design is to organize services as a set of distinct
service modules that can be designed independently. Based on the concepts of
the product module-based design (Kamrani and Salhieh 2000), we assume that
a service can be decomposed into modules, which provide specific functions
and processes. Service functions are achieved by the combination of service
processes that are defined in the service ontology. Suppose that a service family
consists of / services, SF=(S), S5 ..., S)), and a service consists of f; func-
tional modules, S; = (¥, 5.V, >+ Y, ;) » Where y, . denotes service func-
tional module f in service i. For service processes, suppose that a service con-
sists of m; service process modules, S, = (X,, X,,,....X, ;,...X,, ), where X,
is process module j in service i and consists of a vector of length n,,

= (X, 15X, ;29X jgoesX; ;. ) » and the individual scalar components

k(k—l 2,.. m) of a process module x, ; are called process features. Each
process feature consists of several attrlbutes a;,,,,(t=12,..,t,), representing
the component, X, ,, =(a, ;18 ;4 25es @i oo jis ) s where t, is the number
of properties defined in the service ontology. Figure 8.5 shows the corresponding
hierarchy for representing a family of services. The identification of attributes is
problem-dependent; an example can be found in the banking services case study.
In this chapter, a coding approach is used to represent components’ attributes for
a given clustering method.

Service family

Service

Functional modules Process modules

To o600

L

Relationship
Components

attributes

Figure 8.5 Hierarchy of the service ontology



160 S.K. Moon et al.

8.2.3 Phase 3: Module and Platform ldentification

8.2.3.1 Fuzzy Clustering for Defining Modules

Process decomposition for a service is often represented in a hierarchical structure
as discussed in Section 8.2.2. A hierarchical clustering method can classify a set of
objects by measuring the similarity between objects (Miyamoto 1990). Because
heuristic methods for defining a module may provide overlapping or non-crisp
boundaries among module clusters (Stone ef al. 2000), the results of traditional
clustering approaches are not appropriate to define clusters as modules in service
design. Moreover, since design information for a service depends on the experience
and knowledge of designers, design information, such as linguistic terms, may fail
to describe a crisp representation completely. When clustering design information
we need to assign the information to clusters with varying degrees of membership.
Fuzzy membership can provide proper representation while also capturing the
fuzziness of design knowledge (Braha 2001). Fuzzy clustering approaches can use
fuzziness related to design features and provide more useful solutions (Xue and
Dong 1997, Liao 2001). We employ FCM (Bezdek, 1981) to determine clusters for
identifying modules for the service family. FCM is a clustering technique that is
similar to k-means but uses fuzzy partitioning of data that is associated with differ-
ent membership values between 0 and 1. Since FCM is an iterative algorithm, its
aim is to find cluster centers that minimize a dissimilarity function.

Let x, for k£ =1,2,..n be a process feature and a d-dimensional vector (d is the
number of attributes), and u,, the membership of x, to the ith cluster (i =1,2,...,¢).
The u, , representing a fuzzy case is between 0 and 1. For example, if u,, =0, u, ,
has non-membership to cluster i, and if ,, =1, then it has full membership. Values
between 0 and 1 indicate fractional membership. Generally, FCM is defined as the
solution of the following minimization problem (Bezdek 1981):

Jeen UV = {ZZ(u) X, -} (8.1)

subject to:
S u, =1forall k (8.2)
u, [0,1] (8.3)

where v; is the cluster center of the ith cluster that consists of a d-dimensional
vector, and m is a parameter (m >1) that indicates the fuzziness of the clusters.
We use the FCM algorithm from Bezdek (1981) and Torra (2005) in this work.
While this algorithm does not ensure convergence to a global optimum, it always
converges to a local optimum that may lead to different local minima when using
a different initial number of cluster centers.

In this FCM algorithm, since the cluster number ¢ is determined before cluster-
ing, a validity index for an optimal ¢ should be considered for defining the number
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of clusters. In this chapter, the partition coefficient (PC) is used to determine the
best cluster number ¢ (Bezdek 1974):

PC(c) = lz Du (8.4)
izt k=1

where 1/c <PC(c)<1. An optimal cluster number ¢* maximizes PC(c), (the num-

ber of services + 1) <c<n-1.

The cluster number determines the number of modules. A maximum mem-
bership value in clusters is an indicator for assigning to a module that can be consid-
ered as a group of similar process features. Among clusters, clusters including the
process features for all selected services become common modules for the platform.

8.2.3.2 Platform Level Determination

Since membership values from the results of clustering represent the degree of
similarity among process features, we can consider the membership values as the
corresponding membership level of each cluster. Based on fuzzy set theory (Zadeh
1965), membership values are measured using a rating scale of [0—1], and the
ratings can be interpreted as fuzzy numbers based on different platform levels,
such as low, medium, and high. Let X be a linguistic variable with the label “plat-
form level” with U= [0, 1], and three fuzzy terms for the linguistic variable are
defined as low (x, ), medium (x, ), and high (x,) as shown in Figure 8.6. The
membership function of each fuzzy set is assumed to be triangular, and the plat-
form level can take three different linguistic terms. Platform level membership
functions are proposed to represent and determine the platform level of a common
module. Therefore, the membership values of functions in a common module are
transferred into platform level values by the platform level membership functions.
The platform level of the common module is determined by the maximum value
among average membership level values for the module. For example, suppose
two processes, 4 and B, are in a common module. If the membership values of the
two processes are 0.4 and 0.6, then the platform level values of the value 0.4 are
represented by 0 at high, 0.8 at middle, and 0.2 at low, while the platform level
values for the 0.6 value are represented by 0.2 at high, 0.8 at middle, and 0 at low.

Platform 4
'eve|1 Low (x,) Medium (,) High ()
08 ------------------ plomnnnnnns '
02 |eenupdunminnnnnad (onreenns
0 A(04) 05 B(0.6) 1

Cluster membership value

Figure 8.6 Fuzzy membership function representing platform level
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Therefore, the platform level of the common module is determined as the middle
level (i.e., 0.1 at high, 0.8 at middle, and 0.1 at low).

8.2.3.3 Interpretation of Results

The final results determine the service platform along with the variant and unique
modules for the service family, where the platform consists of common modules
with a high platform level. If variant modules are selected as part of the platform,
additional process features will be required to make them a common module. The
service ontology is used to identify the meaning of modules using the relationship
between service functions and processes. During conceptual design, these results
can help decision-makers define the set of modules for the service family. The
effective set of modules will lead to improved service family design. Additionally,
since the proposed method uses the similarity of process features, we can evaluate
the commonality of existing services by the membership values of clusters. A case
study is presented next to demonstrate the proposed method.

8.3 Case Study

Consider a family of banking services consisting of four checking account services
as shown in Table 8.2. The checking account services are designed for four differ-

Table 8.2 Four checking account services in a banking service family’

Option Service A Service B Service C  Service D
Deposit Yes Yes Yes Yes
Withdraw Yes Yes Yes Yes
Transfer Yes Yes Yes Yes
Banking statement Yes Yes Yes Yes
Online account statement Yes Yes Yes Yes
Checking writing Yes Yes Yes Yes
ATM transactions Yes Yes Yes Yes
Online banking with bill pay Yes Yes Yes Yes
Telephone banking Yes Yes Yes Yes
Trade stocks online Yes No Yes Yes
Optional business economic checking  Yes No Yes No
Maintenance fee Yes No Yes Yes
Additional checking and saving account No No Yes No
Loans and lines of credit No No Yes No
Service for cashier’ check, and so on No No Yes No
Interest No No Yes No
Preferred rates on money market, CDs ~ No No Yes No

> https://www.bankofamerica.com
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ent market segments based on customers’ preference, balance, credit, status, and
so on. Using the proposed method, we determine a platform and a set of modules
for this service family. This case study focuses on a process-based platform for the
family of banking services at the conceptual stage of development.

8.3.1 Phase 1: Service Process Model

8.3.1.1 Service Selection and Analysis of the Service Family
Using service analysis, we determine the service functions and service processes

in this set of four services. An FPM was developed to identify relationships bet-
ween service functions and processes, as shown in Table 8.3.

Table 8.3 The function-process matrix for four checking account services

Proocess nodule

Functional nodule

Transfer Money
Trade Stocks
Check writing
Check Credit
Check Balance
Make a Loan
Open an Account

'Withdraw

— [Make a Deposit

Deposit
Withdraw

—_

Transfer 1

Banking statement

Online account statement

Check writing 1 1

ATM transactions 1 1 1
Trade stocks online 1

Additional checking and saving account

Loans and lines of credit

Service for cashier' check, and so on 1 1
Online banking with bill pay 1

Interest

Preferred rates on Money Market, CDs

Telephone banking 1

Optional Business Economy Checking 1 1

=l =] =|=|=|=]=|=|=|=|~|=]|—=]|~|~|~|Certify ID
—|=|=|=|=|=|=|=|~=|=|~=]~=]|~=|—=|~=|~=]| —[Record Transaction

—_ == =] == =] =] == =] =

Maintenance fee
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8.3.1.2 Service Process Model

Based on the results of the service analysis, we can develop activity diagrams for
service process modules to identify service processes or basic workflows as de-
scribed in Phase 1. Through these activity diagrams we determine process features
that are considered as the attributes of the service components in the checking
account services. A service process model for a service function was developed
from service process modules and service process components. For example, Fig-
ure 8.7 shows a service process model for a deposit service function that consists
of three service process modules: (1) certify ID, (2) make a deposit, and (3) record
transaction. The deposit process module is composed of three components: re-
quest, accept, and inform. Each service process component has five attributes as
defined in Section 8.2.1.2.

> Deposit
Request . Request .
1.Request 1.Accept 1.Inform
2.Customer 2.Empl 2.Empl:
3.Account No. 3.Money 3.Amount
4.Money 4.Amount 4.Amount
5.- 5.Balance 5.-

Figure 8.7 Service process model for a deposit service function

8.3.2 Phase 2: Service Ontology

The ontology for the four services was developed using Protégé’, a graphical edit-
ing tool that has functions for developing domain ontologies, customizing the user
interface, and integrating with other applications such as specific reasoning en-
gines (Noy et al. 2001). Figure 8.8 shows the checking account service classes and
all subclasses in Protégé. Process features in Table 8.4 are developed based on the
service process analyses for the four checking account services. Each attribute
takes a different code (number) related to its process feature in Table 8.4. For
instance, if the attributes of a node consist of accept (activity), employee (object),
money (input flow), amount (output flow), and balance (state), then the codes for

® http://protege.stanford.edu
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the attributes are 1, 2, 4, 6, and 2, respectively. Process features’ attributes are
coded as shown in Table 8.4. Table 8.5 shows the 103 process features of the
selected four services.

K Checking account Protégs 3.2.1

e Ed Project  Window  Toos  Help
De R + B0 % mad ¢ 9 <\protégé
O Clazser  Wibs | S Forme | # nsaces | A Gueres |

CLASS BROWSLR CLASS EDITOR.

Tor Project: @ Checking accourt For Class: @ Service &_Make a Depost  (Instance of ‘STANDARD.CLASS)

w w W .

constraimts A & &

| | Service &_Make o Depost

Rloke

Concrete @ -
Template Slots AR=E N
® Service C_Funcsion = ] T = ]
® Service D_Function . P
¥ Process ot it o snge  Skig
¥ BT | Cityect Enge Swing
@ Service A_Make a Depast i Ciperand e Swing
@ Service B_Make a Depost b utpust o sngs  Eaing

@ Service C_Make a Depost
@ Service D_Make o Depost
& Véthcraw
® Transter Meney
@ Trade Socks
@ Check wiing

Figure 8.8 Checking account service classes and subclasses

Table 8.4 Attribute codes for process features in the four checking account services

Code Activity Object Flow (contents) State

1 Accept Customer Customer ID Credit
2 Confirm Employee Account no. Balance
3 Inform Account Credit

4 Query Trading (employee) Money

5 Request Balance Employee ID

6 Reject Amount

7 Proposal Balance

8 Message
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Table 8.5 Service representation for four checking account services

Attributes Attribute codes
Service Module Process Activity Object | Inputflow | Outputflow | _ State Activity | Object | Input flow | Output flow | _State

X1 Request | Customer | AccountNo. | Money - 5 1 2 4 [
Make a Deposit X2 Accept | Employee | Money Amount | Balance 1 2 4 3 2
X3 Inform | Employee | _Amount Amount - 3 2 3 6 [
Xa21 Request | Customer | AccountNo. | Amount - 5 1 2 3 0
Withdraw Xi22 Accept | Employee | Amount Money Balance 1 2 6 4 2
Xi23 Inform | Employee | Amount Amount - 3 2 4 6 0
X1 Request | Customer | AccountNo. | Amount - 5 1 1 6 0
Transfer Money Xiaz2 Query Employee | Amount Amount - 4 2 6 6 [
X33 Confirm Account | Amount Amount | Balance 2 3 6 6 2
X4 Inform | Employee | Amount Message - 3 2 6 8 0
X4 Request | Customer | Customer ID| Message - 5 1 1 B 0
Trade Stocks X2 Query Employee | Message Message - 4 2 8 8 [
Service A X4 Inform Trading | Message Message - 3 4 B B 0
X1 Request | Customer | Account No. | Amount - 5 1 2 6 0
Check writing Xis2 Conform | Employee | Amount Amount | Balance 2 2 6 6 2
Xiss Inform | Employee | _Amount Amount - 3 2 3 6 0
X Query | Employee | Customer ID | Customer ID - 4 2 1 1 0
Certify ID X6z Accept Account_| Customer ID | Account No. - 1 3 1 2 [
X Reject Account | Customer ID| Message - 6 3 1 B 0
Check Credit X110 Query Employee | Customer ID | Customer ID - 4 2 1 1 [
X2 Inform Account | Customer ID| __Credit - 3 3 1 3 0
Check Balance X1 Query Employee | Account No. | Account No. - 4 2 2 2 [
Xis2 Inform Account_| Account No. | Balance - 3 3 2 3 0
Record Transaction X1 Conform | Account | _Amount Amount | Balance 2 3 3 3 2
X2 Inform Account | Amount Balance - 3 3 6 7 0
Xa11 Request | Customer | AccountNo. | Money - 5 1 2 4 0
Make a Deposit Xa12 Accept | Employee | Money Amount | Balance 1 2 4 6 2
X3 Inform | Employee | Amount Amount - 3 2 3 3 0
X221 Request | Customer | AccountNo. | Amount - 5 1 2 6 [
Withdraw Xa22 Accept | Employee | Amount Money Balance 1 2 6 4 2
X223 Inform | Employee | Amount Amount - 3 2 4 6 )
Xa3.1 Request | Customer | AccountNo. | Amount - 5 1 1 3 0
Transfer Money X232 Query Employee | Amount Amount - 4 2 6 6 [
Confirm Account | Amount Amount | Balance 2 3 6 3 2
Service B Inform | Employee | Amount Message - 3 2 6 8 [
Request | Customer | AccountNo. | Amount - 5 1 2 3 0
Check writing Conform | Employee | Amount Amount | Balance 2 2 6 6 2
Inform | Employee | _Amount Amount - 3 2 3 6 0
Query | Employee | Customer ID | Customer ID - 4 2 1 1 [
Accept Account | Customer ID | Account No. - 1 3 1 2 0
Reject Account_| Customer ID| Message - 6 3 i 8 [
Check Credit Query Employee | Customer ID | Customer ID - 4 2 1 1 0
Inform Account_| Customer ID| _Credit - 3 3 i 3 0
Check Balance Xa1.1 Query Employee | Account No. | Account No. - ) 2 2 2 [
Xa72 Inform Database | Account No. | _Balance - 3 3 2 3 0
Record T i X1 Conform | Account | _Amount Amount | Balance 2 3 6 6 2
X252 Inform Account | Amount Balance - 3 3 6 7 0
Xs1.1 Request | Customer | AccountNo. | Money - 5 1 2 4 [
Make a Deposit X312 Accept | Employee | Money Amount__| Balance 1 2 4 6 2
X3 Inform | Employee | _Amount Amount - 3 2 3 6 0
Xsz21 Request | Customer | AccountNo. | Amount - 5 1 2 6 [
Withdraw Xa22 Accept | Employee | Amount Money Balance 1 2 6 4 2
X323 Inform | Employee | Amount Amount - 3 2 4 6 0
X34 Request | Customer | AccountNo. | _Amount - 5 1 1 6 [
Transfer Money Xaaz Query Employee | Amount Amount - 4 2 6 6 [
X3 Confirm Account | _Amount Amount | Balance 2 3 6 6 2
Xss4 Inform | Employee | Amount Message - 3 2 6 8 0
X4 Request | Customer | Customer ID| Message - 5 1 1 8 0
Trade Stocks X2 Query Employee | Message Message - 4 2 8 8 [
Service C X4 Inform Trading | Message Message - 3 4 B B 0
X1 Request | Customer | Account No. | Amount - 5 1 2 6 0
X2 Conform | Employee | Amount Amount | Balance 2 2 6 6 2
X3 Inform | Employee | Amount Amount - 3 2 6 6 0
Xz Query | Employee | Customer ID | Customer ID - 4 2 1 1 0
Certify ID Xas2 Accept Account_| Customer ID | Account No. - 1 3 1 2 [
X3 Reject Account | Customer ID| Message - 6 3 1 B 0
Check Credit X110 Query Employee | Customer ID | Customer ID - 4 2 1 1 [
X572 Inform Account | Customer ID| _Credit - 3 3 1 3 0
Check Balance X1 Query Employee | Account No. | Account No. - 4 2 2 2 [
X0 Inform Account | Account No. | Balance - 3 3 2 3 0
Xz Proposal | Customer | CustomerID| Amount - 7 1 1 3 0
Make a Loan X592 Accept | Employee | Amount Message | Balance 1 2 6 B 2
X303 Reject | Employee | Amount Message - 3 2 3 8 0
Xs10.1 Request | Customer | Customer ID | Customer ID - 5 1 1 1 0
Open an Account X302 Accept | Employee | Customer ID | Account No. - 1 2 1 2 0
X105 Inform | Employee | AccountNo. | Message - 3 2 2 B 0
Record Transaction X314 Conform | Account | _Amount Amount | Balance 2 3 3 3 2
X112 Inform Account | Amount Balance - 3 3 6 7 0
Xa1 Request | Customer | AccountNo. | Money - 5 1 2 4 [
Make a Deposit Xarz Accept | Employee | Money Amount | Balance 1 2 4 6 2
Xars Inform | Employee | Amount Amount - 3 2 3 3 0
Xaz1 Request | Customer | Account No. | Amount - 5 1 2 6 [
Withdraw Xaz2 Accept | Employee | Amount Money Balance 1 2 6 4 2
Xa23 Inform | Employee | Amount Amount - 3 2 4 6 )
Xas1 Request | Customer | AccountNo. | Amount - 5 1 1 3 0
Transfer Money X3z Query Employee | _Amount Amount - 4 2 6 6 [
Xass Confirm | Database | Amount Amount | Balance 2 3 6 6 2
Xa3 Inform | Employee | Amount Message - 3 2 6 8 )
Xaan Request | Customer | Customer ID| Message - 5 1 1 8 [
Trade Stocks Xaaz Query Employee | Message Message - 4 2 8 8 0
Service D Xaa3 Inform Trading | Message Message - 3 4 8 8 0
Xas1 Request | Customer | AccountNo. | Amount - 5 1 2 6 [
Xas2 Conform | Employee | _Amount Amount | Balance 2 2 6 3 2
Xa53 Inform | Employee | Amount Amount - 3 2 3 3 0
Ko Query Employee | Customer ID | Customer ID - ) 2 1 1 0
Certify ID Xasz Accept Account_| Customer ID | Account No. - 1 3 1 2 [
Xaos Reject Account | Customer ID| Message - 6 3 1 8 [
Check Credit Xaz1 Query Employee | Customer ID | Customer ID - 4 2 1 1 0
Xaz2 Inform Account | Customer ID| __Credit - 3 3 1 3 [
Check Balance Xag1 Query Employee | Account No. | Account No. - 4 2 2 2 0
Xap2 Inform Account | Account No. | _Balance - 3 3 2 3 [
Record Transaction Xag1 Conform | Account | Amount Amount | Balance 2 3 6 6 2
Xas2 Inform Account | _Amount Balance - 3 3 3 7 [
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8.3.3 Phase 3: Module and Platform ldentification

8.3.3.1 Fuzzy Clustering for Defining Modules

FCM was used to determine modules for the four checking account services. Since
the number of clusters affects the number of initial modules, it is important to
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0 + + b 4 ¢ . . t b
& 15 25 3B a5 &b 65 7% 85 95
The Numberof Clusters

Figure 8.9 Values of the PC for three different initial seeds

Table 8.6 Clustering results for the four checking account services

Cluster Service A Service B Service C Service D
1 x1,6,1 x1,7,1 x1,5,1 XZ,5,1 x2,5,1 x2,7,1 x3,6,1 X3,7,1 X3,3,1 x4,5,1 x4,7,1 x4,3,1
X3,10,1
2 x1,2,2 x1,5,2 x1,9,1 XZ,2,2 x2,4,2 x2,8,1 x3,Z,Z X3,5,Z X3,9,2 x‘,Z,Z x4,5,2 x4,9,1
X3,11,1
3 x1,2,1 X1,3,1 X1,3,3 XZ,Z,‘l x2,3,1 x2,3,3 X3,2,1 X3,3,1 X3,3,3 x4,2,1 x4,3,1 X4,3,3
X151 X2,4,1 X351 Xso1 X451
4 X1,1,2 X2,1,2 X3,1,2 Xa1,2
5 Xig2  Xi72  Xigz2 | Xos2  Xae2  Xo72 | Xssz  Xszz  Xssz | Xas2  Xaz2  Xase
X3,10,2
6 X113 Xi32 X34 | X213 X232 Xzza | X313 Xsazz2  Xsza | Xar3 Xazz  Xazgs
X153 Xi9,2 X243  Xzs2 X353 X393  Xsa12 | Xas3  Xae2
7 X1,1,1 X2,1,1 X3,1,1 Xa1,1
8 x112y3 XZ,2,3 x3,2,3 X3,10,3 x‘,Z,J
9 x1,6,2 X1,7,Z X‘l,B,Z X2,5,2 XZ,B,Z x2,7,2 X3,6,2 X3,7,2 X3,3,2 x4,5,2 x4,7,2 X4,3,2
X3,10,2
10 X141 Xie3 X253 X341 Xse3 X441 Xae3
1 X142  Xia3 X3a2  Xsas Xaaz  Xaas
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select the number of clusters for FCM effectively. An optimal cluster number ¢
(5<¢<102) was estimated by the validity index (PC) as defined in (8.4). Fig-
ure 8.9 illustrates the values of PC for three different initial seeds at fuzziness
=1.7 and for 10,000 iterations. In this example, c*=11 was selected as the num-
ber of clusters to determine a platform and modules for the four services, since 10
to 15 clusters provides higher average PC values than the other values. Table 8.6
shows the results of FCM using 11 clusters. Clusters that have process features for
all four services can be considered as common modules.

8.3.3.2 Platform Level Determination and Result Interpretation
Using the platform level membership function described in Phase 3, the clusters’
platform levels were determined as shown in Table 8.7. Since level values for

Clusters 1, 3, 4, 7, and 8 indicate high platform level, these common modules can
be combined into the platform for this family of four banking services.

Table 8.7 New platform and modules for the family of checking accounts

Platform level
cluster low middle high Design

1 0 0.2749 0.7251

3 0.0039 0.1118 0.8843

4 0 0.0114 0.9886 Platform

7 0 0 1 (Request, Query, Accept, Inform)
8 0.1088 0.0932 0.798

2 0.0755 0.3711 0.5533
5/9 0.0903 0.9097 0 Module

6 0.0339 0.4048 0.5613 (variant and unique)
10 0 0.3886 0.6114

11 0 0.2257 0.7443

The clusters for the suggested service platform embody a request module,
a query module, an accept module, and an inform module in terms of the activities
listed in Table 8.6. Therefore, the platform for the checking account services can
be designed by integrating processes that are related to these activities involving
a customer and an employee. Variant and unique modules can be used to increase
the number of services according to customers’ needs or functional requirements.
The service ontology can help a designer to search for the appropriate process
features related to particular service functions and processes for service design.
During the conceptual stages of development, this information can provide de-
signers with guidelines for effective service family design.
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8.4 Closing Remarks and Future Work

In this chapter, we proposed a new method for identifying a service process-based
platform along with variant and unique modules in a service family using object-
oriented concepts, ontology, and data mining techniques. An FPM was introduced
and used to identify relationships between service functions and service processes
in a family of services. Object-oriented concepts were used to support service
analysis and representation combining ontologies. Based on a graph model, a ser-
vice process model was introduced to describe a service represented by the service
ontology. Fuzzy c-means clustering was employed to cluster the process features
of services based on the similarity among them and identify a service platform
within the family. We demonstrated the proposed method to determine a service
platform using a case study involving a family of four banking services.

The proposed method can help designers to use the newly-identified design
knowledge to synthesize a platform that consists of common modules and deter-
mine a process-based platform and modules that can be adapted to service design
during initial and conceptual design phase. In addition, the service design knowl-
edge presented within an ontology can provide information and specific combina-
tions of related modules and components based on specific constraints. It is possi-
ble that a designer can also search all of the related components in a module in
service family design. Therefore, the method can help design a variety of services
within a service family. Since the proposed method uses process features during
clustering to determine service process modules, functional requirements for ser-
vices in a family should be considered during service platform design. Future
research efforts will focus on expanding the proposed method to reflect functional
requirements, reusability, and configurability in platform and module design, and
extending its application to various service areas and large-scale service design.
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