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ABSTRACT

Products are often paired with additional servicesatisfy
customers’ needs, differentiate product offeringsd remain
competitive in today’s market. This research isivadéd by the
need to provide guidelines and methods to suppertiesign of
such services, addressing the lack of knowledgeustomized
service design as well as methods for designingesadliating
services for mass customization. We extend concépts
module-based product family design to create a odetior
designing families of services. In particular, wdraduce a
strategic platform design method for developingtaomszed
families of services using game theory to modeliagions
involving dynamic market environments. A moduledxhs
service model is proposed to facilitate customizsdvice
design and represent the relationships betweertidunscand
processes that constitute a service offering. Autedelection
problem for platform design is considered as aeggia module
sharing problem under collaboration, and we usealitonal
game to model module sharing and decide which nesdul
provide more benefit when in the platform basednmarginal
contribution of each module. To demonstrate impletatéon of
the proposed method, we use a case study invodviagnily of
banking services.

1. INTRODUCTION

Products are often paired with additional servicesatisfy
customers’ needs, differentiate product offeringsgd remain
competitive in today’s market. Customized servigee an
important source of revenue for many companiestiquaarly
those working within a mass customization environimghere

" Please address all correspondences to this atis&@psu.edu

customer satisfaction is of paramount importanoaovative
companies that generate a variety of products andces for
satisfying customers’ specific needs are invoking ecreasing
research on mass-customized services, but the itgagdrtheir
efforts are still focused on products and manufaegu
operations [1]. This research is motivated by theed to
provide a basis of service design guidelines andhoas,
primarily because of a lack of knowledge on cuskaaiservice
design as well as methods for designing and evalyiaervices
for mass customization.

Service science research seeks to improve the gtioity
and the quality of service offerings by creatingvrienovations,
facilitating business management, and applying tmac
applications [2]. Recently, theories and methodie®gfor
mass-customized products are being applied to cervi
development [3, 4], and the concept of product fadesign, in
particular, provides good solutions to various cosred
service industries [3, 5, 6]. Product family designa cost-
effective way to achieve mass customization bywaiig highly
differentiated products to be developed from a comm
platform while targeting individual products to tiliet market
segments [7]. By sharing and reusing assets such as
components, processes, information, and knowledgess a
family of products and services, companies canciefiily
develop a set of differentiated economic offeribgsmproving
flexibility and responsiveness of their product asdrvice
development processes [8].

The value of services depends on market segmemtatio
strategies that are identified by information dedvfrom the
relationship between customer needs and servicadens [9].
In dynamic and uncertain market environments, heanewe
often have incomplete or uncertain information rdgay
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market trends, customer’s preferences, productomtsc and a
company's strategies for service development. Tadlifate

customized service design in dynamic market enwiemts, we
investigate strategic module sharing among servifas
designing a service platform using a game theowgijgroach.
Game theoretic approaches provide a rigorous frameor

managing and evaluating different strategies toeaehplayers’
goals using their complete or incomplete informatiand

knowledge [10].

The objective in this research is to develop atefia
platform design method for developing customizedilies of
services using game theory to model situations luivg
dynamic market environments. We extend conceptsn fro
module-based product families to create a methodséovice
design. A module-based service model is proposdddititate
customized service design and represent the re&dtips
between functions and processes in a service. Gbjented
concepts and a function-process matrix are usedntdyze
service processes and identify the relationshipsvden the
service functions and the service processes tlabffiered as
part of a service. In this paper, we utilize moehdesed
platform design by introducing common modules, aari
modules, and unique modules for service family glesiA
module selection problem for platform design issidared as a
strategic module sharing problem under collabonasituation.
We employ a coalitional game to model module sigadnd
decide strategic solutions for selecting moduleshim service
family being designed.

The remainder of this paper is organized as follows
Section 2 reviews related literature and backgrdongroduct
and service family design as well as game theopliegions.
Section 3 describes the proposed method to desigfornized
families of services using a module-based serviodahand a
coalitional game. Section 4 gives a case studygusifamily of
banking services. Closing remarks and future worle a
presented in Section 5.

2. BACKGROUND AND LITERATURE REVIEW

2.1 Extending Product Family Design Methods to
Service Family Design

A product family is a group of related productsdzhsn a
product platform, facilitating mass customizatigndsoviding a
variety of products for different market segmenteste
effectively [11]. A product platform is the set d&éatures,
components or subsystems that remain constantgroduct to
product, within a given product family. A succesgfmoduct
family depends on how well the trade-off betweemndhonomic
benefits and performance losses incurred from lgagishared
platform are managed [12]. Based on theories and
methodologies for mass customized product desamilies of
services and service platforms have been develapédpplied
to provide solutions in various customized servwichistries [3,
5]. For example, a bank can develop a number otkihg

account service families by combining common sewiand
various options for offering different services. eTkommon
services are considered as a service platformHerservice
families. A typical approach to create a varietysefvices is to
provide customers with various options and choiegated to
individual customer needs, which often warrant &odal
charges as they add value to the initial offeribg][ Meyer and
DeTore [5] proposed a platform-based approach teeldp
new services using methods and processes for agpbybduct
family and product platform design and appliedapproach to
define a new service platform in an internationagurance
company. Jiacet al. [3] discussed how design theories and
methodologies for products and manufacturing systeam be
applied to the design of service delivery systemis rhass
customization. They considered a service delivgstesn as a
product system instead of an operational systemeiReand
Saidin [6] investigated key factors for the implettaion of
mass customization in a services context and usedice
modules to represent the levels of modularizatibthe scope
of work and process in designing mass customizationesses.
Li [14] introduced some concepts and assumptionsdovice
package and service product module level in selivicevation
and service product development. Moadral. [4] proposed a
method to identify a service platform along withrigat and
unique models for service family design using aiserprocess
model and a fuzzy c-mean clustering method based
functional similarities.

on

2.2 Game Theory Applications

A game is a description of a strategic interacttbat
includes constrains based on players’ actions. G#mery
provides reasonable solutions for various gamesexadliates
their properties [10, 15]. According to the conistie and
situations of the games, game theoretic models ban
partitioned into three categories: (1) cooperatased non-
cooperative games, (2) strategic and extensive gjaara (3)
games with complete and incomplete information.
engineering design, game theoretic approaches lmen
applied to model strategic relationships betweesigmers for
sharing design knowledge and solving design probletraoet
al. [16] applied game theoretic approaches and design
capability indices to model the relationships betwe
engineering teams that were described as cooperation-
cooperative, and leader/follower protocols, and ilifate
collaborative decision-making during a product izzdlon
process. Fernandeet al. [17] proposed a framework for
establishing and managing collaborative design espaly
combining elements of cooperative and non-cooperati
behavior, and formulating strategic and extensisengs with
utility theory. Kopin and Wilbur [18] introduced Bayesian
game to model cost sharing in uncertain and incetapl
information that were related to producer and corsu
attributes such as nature, production costs, mayand
information, and preferences. Correia [19] invextiég the
representation of incomplete and asymmetric infoionato

In
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model a strategic Bayesian game that was reprakdiytehe

constraints of a transmission system and playetrategic Credit

reactions to estimate uncertainties. Lewis and nekést[20] Business )
presented mathematical ~constructs for modeling a Excellent| Advantage Interest FU"A_“3|VS|S
multidisciplinary optimization problem using gamkeoretic Business
principles and the compromised Decision Supportblera

(DSP) in a collaborative, sequential, and isolatesign .
environment. Lariviere and Van Mieghem [21] usetinaing Good MyAccess Regular Business
game to determine customers’ arriving behaviorethasn a Advantage
delay cost function in a service facility and preed

appropriate strategies to select arrival times tfo¥ various “r

volumes of service capacities. Finally, Huaeg al. [22] Fair CampusEdge <}:| Preferred$ Business
described a multi-stage non-cooperative configoratgame Economy
between platform products and supply chains tordete the

optimal configuration decisions of a manufactuned auppliers Small Medium Large

for mass customization, and demonstrated the agtjalits of
the proposed game and solution procedure usingriessef
simulation experiments and a numerical example. Mead
based service platform design and the proposeditiooal
game for service family design are discussed next.

3. MODULE-BASED SERVICE FAMILY DESIGN
To develop customized services, we use the follgwin

definitions for service family design [4]:

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

e A service platform is a common basis that consists of
processes, activities, objects, and/or featuresatteashared
and remain constant from service to service, withgiven
service family.

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

» A service component is regarded as an activity to satisfy
certain services, which are defined by a set otgsees,
operations, people, objects, and/or features.

These definitions provide a foundation for modelkugtomized

families of services. Based on these definitiong, extend

concepts from platform-based product family des@develop

a module-based service family. A service platforomsists of

common service modules that are defined as service

components representing functions and processe&dBan the
service platform, we can create a variety of sewi@and
families of services for satisfying various markstgments
depending on service-related design factors sucloction,
facility design and layout for effective customadawork flow,
procedures and job definitions for service prowgeneasures
to ensure quality, extent of customer involvemefyipment
selection, and adequate service capacity [23]. rEigk
illustrates a checking account service family tbansists of a
variety of services for market segments based @tomers’
characteristics, like personal/ business size aeditc In this
case, the preferred service can be considerediges@tatform.

Personal/ Business Size

Figure 1: Example of a Family of Checking Account
Services

Figure 2 shows the proposed method for developing
customized families of services based on the bettpnand
module-based approaches in product family desighe T
proposed method consists of three phases: (1)ceearalysis
and representation, (2) platform design strategyeld@ment,
and (3) strategy determination. In the initial phaservice
modules and components are identified as servitetiins and
processes through service analysis. Then, platfdesign
strategies are developed by module-based desigoeptm
After evaluating different platform design stratgiusing a
game theoretic approach, a final platform is deiegoh to
provide a service family according design charasties. A
description of each phase follows.

Methodologies

Analyze and Represent for
Services

nd

Develop Platform Design
Strategies

¥

Determine a Platform Strategy J -

Phase 1 -Service Process Model

‘ - { - Object-Oriented Concepts W

1 - L -Module-based Design ‘

Phase 2 ( -Expected Strategy Cost

Vs N

Phase 3

- Game Theoretic Approaches

Figure 2: The Proposed Method for Determining a
Service Platform

3.1 Phase 1: Service Analysis and Presentation

Object-oriented concepts can be used to suppovicser
analysis and representation by combining the mebated
service model. Object-oriented design and analysis
methodologies are used to develop information systdy
modeling a system as a set of objects in the afesmfoware
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engineering and business [24]. Through serviceyaizalwe can
determine service-related design factors that epeesented as
processes, activities, objects, and /or featuresl service
functions and processes. Based on service functims
processes, we can use a function-process matrii)RB

identify the relationships between functional meduland
process modules in a service [4].

Based on the concepts of the product module-bassigr
[25], we assume that a service can be decomposed in
modules, which provide specific functions and peses, and
processes are achieved by the combination of thdules
attributes. As shown in Figure 3, service modulag a
categorized into two different levels in a concaptdesign
phase: (1) a strategic level and (2) an operatitmadl. The
strategic level consists of service functional medufor
developing service design strategies. The opertitavel is
represented by service processes and providesigndesvith
cost information related to specific service fuontl modules
and design strategies. To effectively define thiati@nships
between functional hierarchies in a service, anrgmate
representation scheme must be adopted for thecesrvi

Service family

Service

Strategic level
it

Withdraw

Functional level

Relationship;':

Make a deposit

f
fnferm Operational level

Q; j i« Attributes

Balance

Customer

Accept
‘ Process level

Figure 3: Service Strategic and Operational Levels
and Hierarchy

Suppose that a service family consistd skrvicesSF =
(S S ..., ), and a service consists df functional modules,

S,=(yiv1,yiv2,...yiyf,...,yiyf‘), where yi¢ denotes

functional modulé in servicei. For service processes, suppose
that a service consists ofn service process modules,
S=(x seoXi X ), Wherex;; is process modulgin

service i. and consists of a vector of length,, X
=(X 510 % X X and the individual scalar

ij2r Nk i,j‘nm)’
componentsx ,, (k=1, 2,..., n) of a process modulg; are

service

il Xi.2

calledprocess features. Each process feature consists of several
attributes, a (=1, 2, ..., t) O A, representing the
component, X, | = (&, 11& o 0@ a1y, ) » Where t,

is the number of attributes defined by servicelyaimand A

denotes the set of attributes in servicd-igure 3 shows the
corresponding hierarchy for representing a famflycloecking
account services. The identification of the attréisuis problem-
dependent, but an example is illustrated in thekipgnservices
case study in Section 4.

A functional service module consists of service cpss
modules that are represented by service compotepesrform

a service in a service family. L& be functional module cost
of functional modulef, C; process module cost of process
modulej in functionf, Cick process component cost of process
componenk in process modulg C;, attribute cost of attribute

t in the process componektof process modulg, and C;

interface cost of process modyglén functionf. Interface cost
depends on the number of service process modulbs. T
functional module cost for functiof is proportional to the
number of service process modules as follows:
C; O (C; +C, (1)
jof

jf

Process module cosCy, is depended on the number of

process components and can be represented by:

C,0y.Cy ()
kOj
c

Process component cogl,, , is proportional to the number

of component’s attributes and can be obtained by:

Cl 0XCh (3)

By introducing coefficientsg , 8, and A, the functional

module cost can be formulated at the operationedl las
follows:

q50;«ﬁ%“§0ﬁ»+cb (4)

where o, S, and A, are mapping cost coefficients related to

process modules, process components, and attributes
respectively 0<a,f,A<w). To set the functional module

cost, an industrial case study is necessary torrdete the
mapping cost coefficients by investigating the tiefeships
between modules in various conditions [26].

3.2 Phase 2: Platform Design Strategy Development
A module-based service family strategy will allofficent

design and transaction of viable families of sexvafferings.
Specifically, modules for functional services candategorized
based on function into: (1) unique, (2) common, é)dvariant
modules. Unique modules are based on distinctivietions
within a service family so that functions in the dates cannot
be replaced by those in different modules to futfile same
functions. Different functions within the serviceniily can be
designed as unique modules to create a varietyepfices.
Common modules are based on common functions wahin
service family so that functions in the modules banshared.
Variant modules are considered as options and eamsbd to
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increase a variety of services the same functions igiven

service family. A variant module can be designe@ asmmon
module for a platform based on service processkgetk to

fulfill a service. If a variant module is selectéat a platform,

additional service processes or service comporaatsequired
to meet functional requirements for all servicesas a service
family design. As such, service transaction costdude the
costs caused by increasing the number of serviegeshould be
served by the variant module.

A well-defined platform reduces service transactimsts
by improving economies of scale and reducing theaber of
redundant processes that are used. Suppose thatieesamily
consists of unique modules, common modules, andantar
modules as illustrated in Figure 4. The platforwelds defined
as the number of functional modules in the platfoamd
consists of the common modules and the variant reedién
appropriate platform level for a service family cdre
determined by minimizing the process module cost®ciated
with the service functional modules. For instandegh levels
of the platform (i.e., high commonality) decreasteiface and
component costs while increasing customers’ praferdoss.
On the contrary, low platform levels (i.e., low cmonality)
decrease customers’ preference loss while incrgasterface
and component costs.

Unique modules { I:I

____________________?___
Variant modules { I:I I:I I rraleolr
e T oy
Common modules (X X J -| Platform
level
ServiceA Service B ServiceN
I\ _
~"

A service family
Figure 4: Trade-off in Platform Level Selection

Based on functional service modules, a platformgihes
determines a feasible set of strategies for theiceplatform
based on his/her design knowledge. The strategies a
represented as alternative designs for a servatéoph and can
be constructed by combining process modules based o
common functions in a service family. L& be a set of
strategies)Y a set of functionsS a set of services in a service
family, andQ a set of module quantitie§, Y, S andQ are
finite sets.

The expected strategy cosi(g,), for designer’s strategy

g, (i=1.,N) is estimated by an expected cost function:
fl:GxYxSxQ~0O. the
f'(g,v,s,0) represents the cost of functigrat quantityq for

performing strategyg for a platform ins services. For example,
the expected strategy cost fercan be determined based on
functional costs and the benefit of family desigi®]:

Hence, real number of

. >Ct
f'(9,y,5,0) =px2—

I xq

®)

where /7 is a factor for overhead, antl is a strategy
weighting function as follows:
1, if moduleis unique
= ) (6)
X, otherwise
where y is the number of services includingl in a service
family, and q is a volume penalty factor related to product
sales quantity. For a given set of servicefg,) varies

depending on choosing a strategy for platform dedipe next
section discusses a coalitional game model forrohiténg a
platform design strategy.

3.3 Phase 3: Platform Strategy Determination

Various game theoretic approaches can be applied to
determine a design strategy according to informatalated to
design environments as mentioned in Section 2.thitnpaper,
we use a coalitional game that is designed to msiti¢htions
wherein some of players have cooperation for sge&igoal in
a game. A coalitional model focuses on the potkhgaefits of
the groups of players rather than individual playds5]. In the
coalitional model, the sets of payoff vectors argedi to
representvalue or worth that each group of individuals can
achieve through cooperation.

A module selection problem in platform design cam b
considered as a strategic module sharing problemerun
collaboration situation. We employ a coalitionalrgato model
module sharing situations regarding uncertain marke
environments and solve the module selection prolitegiven
service family design. To determine a platform, decide
which variant modules provide more benefit in tHatfprm
based on the marginal contribution of each module.

We assume that each module in a service can beledode
as a player. Then, consider the following moduléect®n
problem for platform design in a dynamic marketisstvment.
Each player has a strategy for designing a modideh group
of players (coalition) can be represented as dqgphatdesign
strategy for a service family and be independent tha
remaining players. To determine modules for platfatesign,
we consider the set of all possible coalitions amdluate the
benefits of coalitions based on individuals’ prefeses.

In order to formulate the proposed scenario asaittmal
game, we must first identify the set of all playeks and a
function, v, that associate with every nonempty sulizef N (a
coalition) [15]. A real numbev(G) represents theorth of G
and the total payoff that is available for divisiamong the
members ofs. And, v satisfies the following two conditions: (1)
v(d)=0, and (2) (superadditivity) If G,TON and
GnT=0,thenv(GOT)=2Vv(G) +V(T).

Based on the definition of a coalitional game, pheposed
game can be defined as:
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* N: players who represent (variant) modules
* V(G) : the benefit of a coalitionis [0 N

Table 1: Four Checking Account Services in a
Banking Service Family

where a coalition(3, represents a platform design strategy that Option SerXice Seré’ice Ser(‘:’ice Ser[‘)’ice
conS|sts_(_)f _several variant modules E’ls me_r_ltlone8e_|ct|on Deposit Yes Yes Yos Yes
3.2: A utility is used to evaluate players coq!wtal peneflts for Withdraw Yes Yes Yes Yes
their pay offs and can be calculated by a utilitgdtion, u, (9) , Transfer Yes Yes Yes Yes
that is the difference between the cost of desggninique Banking Statement ves Yes Yes Yes
servicesN, and the cost of designing family services based o Online account statement ves ves vey Yes
! gning y Checking writing Yes Yes Yes Yes
platform strategyg, : ATM transactions Yes Yes Yes Yes
u (g) - C(N) — C(g,) (7) Online banking with bill pay Yes Yes Yes Yes
' ] ' Telephone banking Yes Yes Yes Yes
where c(N) and c(g,) are estimated by the expected COSt[ Trade stocks online Yes No Yes Yes
functions as mentioned in Section 3.2. ?hp;icokr;:l business economic Yes No Yes No
In this research, we use the Shapley value toyamahe CKing
benefits of family design and determine a desigatagy for Maintenance fee ves No ves ves
’ y 9 . g A y Additional checking and saving N N v N
platform design[27]. The Shapley value is a sotlutamncept account ° o es 0
for coalitional games and is interpreted as the eetqd Loans and lines of credit No No Yes No
marginal contribution of each player in the setcofiitions. Service for cashier’ check, and | No Yes No
Shapley value is defined as follows [27]: So on
(|G| 1)|(n |G|)‘ Interest No No Yes No
_ AL : _ . Preferred rates on Money
¢.(N,v) = G%DGT[V(G) v(G\{i})] (8) Market, CDs No No Yes No

whereg, (N,v) is the payoff of playei, |G| is the players’
amount in the coalitionG, G\({i} is the players’ amounts
deducing that of, n is all players’ numbers, and(G) is the

payoff of the coalitionG. Through the Shapley value, we can
determine the payoff of each variant module.

In this game, strategies for players representouari
platform design methods depending on variant madirea
service family. Therefore, service functions foatfilrm design
can be determined by selecting strategies basedeovice
processes in a dynamic market environment. In &x¢ section,
the proposed game is applied to determine a vamaudiule for
platform design using a case study involving a Fandf
banking services.

4. CASE STUDY

To demonstrate the implementation of the proposed
method, a family of banking services consisting folir
checking account services is used (see TableThe checking
account services are designed for four differentrketa
segments based on customer’'s preference, balamedit,c
status, and so on. Using the proposed coalitioaaleg we will
determine a platform design strategy for this fgmoil banking
services. This case study focuses on a module-balagfdrm
for the family of banking services at the concepfstage of
development and investigates which variant modpiewide
more benefit when in the platform based on marginal
contribution of each variant module.

! https://www.bankofamerica.com

4.1 Phase 1: Service Analysis and Representation
Applying object-oriented concepts to service ariajyse
can develop activity diagrams for identifying seeriprocesses
or basic workflow. Activity diagrams provide a mdidg
method to represent the business and operationgtflows
using the detailed logic of a business rule [28].aBalyzing the
activity diagrams for a service, we can defineilattes and
identify information flow among objects for servidesign. For
example, an activity diagram for the deposit precegas
developed as shown in Figure 5. Processes in tmgath are
represented by activities and attributes for penfog the
service. In this case study, a service process coend is
described as five attributes: (1) activity, (2) edij (3) input
flow, (4) output flow, and (5) state. The activity an event
defining the intended interpretation of a serviceocgss
between objects and is used as the name of a campodrhe
object represents an object performing activitisgng input
flow in certain services. The flow includes infotina, data,
and materials, which occur in service processeateStare
defined as things that change the input flow aredatitput flow.
For example, a component changes the state afptgd, such
as information like a customer's account balancecwdit,
materials like money, and data in a banking servi@ble 2
shows the process attributes of the selected sempiocess
modules and components based on the results o$dhéce
process analysis for the four checking accountscss.
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Figure 5: Example Activity Diagram for a Deposit
Service

Table 2: Service Process Modules and Components
for the Checking Account Services

Attributes
Module Process  |Component| Activity Object Input flow | Output flow State
Ko q Custemer |AccountNe.| Money -
Make a Deposit X2 Accept Employee Meney Amount Balance
X3 Inform Employee | Amount Amount
X4 Request Customer |AccountNo.| Amount -
Withdraw Xz 2 Accept Employee | Amount Money Balance
Xa3 Inform Employee | Amount Amount
X4 Request Customer |AccountNo.] Amount
Transfer Money X;0 Query Employee | Amount Amount
Xz 3 Confirm Database | Amount Amount Balance
X4 Inform Employee | Amount Message
Xyt Request | Customer | Customer ID| Message
Trade Stocks Xy Query Employee | Message Message
Xaz Inform Trading Message Message
Xy Request | Customer |AccountNo.| Amount -
Check writing Xs 2 Confirm | Employee | Amount Amount Balance
X5z Inform Employee | Amount Amount -
X5 Query Employee | Customer ID|Customer ID
Certify ID Xs2 Accept Database |Customer ID| Account No.
Xs 3 Reject Database |CustomerID| Message
Check Credit X714 Query Employee | Customer ID| Customer ID
X2 Inform Database |Customer ID Credit
Check Balance X1 Query Employee | Account No.| Account No.
Xs 2 Inform Database |AccountNo.| Balance
Xg g Proposal | Customer |Customer ID| Amount -
Make a Loan Xs 2 Accept Employee | Amount Message Balance
Xs3 Reject Employee | Amount Message -
Record Transaction KXo Confirm Database | Amount Amount
Xioz Inform Database | Amount Balance
Kypq Request | Customer | Customer ID|Customer ID
Open an Account Xisa Accept Employee | Customer ID| Account No.
Xiz Inform Employee |AccountNo.| Message

From the results of the service analysis, a funetimcess
matrix (FPM) was developed to identify relationghipetween
the service functions and processes in this sketusfservices as
shown in Table 3. For example, a deposit serviagtian
consists of three service process modules: Makeepo$it,
Certify ID, and Record Transaction. The Make a DB#po
process module is composed of three componentsiesgq
accept, and inform (refer to Table 2). Each senpcecess
component has five attributes as defined in theicem@nalysis.
Based on functional modules and service plans,ategorized
the modules into three modules: (1) common, (2)anar and
(3) unigue modules.

Table 3: The Function-Process Matrix for Four
Checking Account Services

PL P3 P

©
=
15}

11

Process module

Module

Functional module

\Withdraw
Transfer Money
Trade Stocks
ICheck writing
Certify ID

Check Credit
Check Balance
Make a Loan
(Open an Account

+ [Make a Deposit

[N

Deposit

Withdraw

Transfer

Banking statement

Online account statement

Check writing 1 1 1

ATM transactions i 1 1 1 4
1
1

[
N

-

DEEEN IRecode Transaction

NEEE

Common

-
-

o
o

Online banking with bil pay 1]

Telephone banking 1

Trade stocks oniine 1 1 1 1
1| Optional Business Economy Checking 1 1 1 1 1 1 Variant
2| Maintenance fee 1 1 1
3| Additional checking and saving account 1 1 1 1 1 1
4| Loans and lines of credit 111 1 1
F15| Service for cashier' check, and so on 1 1|1 )1 1 1 eniqu
F16 | Interest 1 1 1 1 1
F17| Preferred rates on Money Market, CDs| 1 1 1 1 1
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4.2 Phase 2: Platform Design Strategy Development

From the information in the FPM in Table 3, we clfine
seven design strategies based on the combinatiothret
variant functional modules as shown in Table 4this paper,
we assumed that the cost of a service componetitibudes
and the interface cost of a process module are it, un
respectively. Supposer = S=y =1, and then, the functional

cost for strategy can be calculated by Equationl§ assumed
that a factor of overhead is 2 units. For examplmtegy G3
has a component cost of 29 (=12+8+9) and an irter¢ast of
3 units according to its process modules. Therefsiree G3
supports three service plans, the expected desiginfer G3 is
21.33, if the value of a volume penalty factor isThble 4
shows seven expected design costs based on procekges
when the value of a volume penalty factor is 1.

Table 4: Expected Strategy Cost for Variant Modules

. Functional | Service Expected design
Design Process modulsg
module plans cost
G1 F10 A C,D P4, P6, P8, P10 30
G2 F11 A C P2, P5, P6, P7} 69
P8, P10
G3 F12 A C,D P6, P8, P10 21.33
G4 F10, F11 A C,D P2, P4, P5, Pg, 54.7
P7, P8, P10
G5 F10, F12 A C,D P4, P6, P8, P10 30
G6 F11, F12 A C,D P2, P5, P6, PT, 46
P8, P10
G7 F10,F11, | A,C,D P2, P4, P5, P6,| 21.33
F12 P7, P8, P10

4.3 Phase 3: Platform Strategy Determination

The game between three variant modules for platform
design of this service family is defined as the pmsed
coalitional game that is described in Section 3able 5
summarizes the coalitional game for determining nhesl with
three players. To determine marginal contributidos each
variant module, the coalitional benefit of the desstrategies

Copyright © 2009 by ASME



were calculated by Equation (7) as shown in TahleTlge
expected unique cost can be calculated by the stunheo
expected design costs for individual functional wmded in
Table 5. Since there is no benefit in a unique gfesirategy,
we defined four collaborations as the combinatidnthwee
variant modules for design strategies. Therefone, payoff
vector of the game i¥ (0, 0, 0, 0, 44.3, 21.33, 44.33, 95.66).

Table 5: Proposed Coalitional Game for Service

Family Design
Game Modules in Checking Account Services
Players N) F10, F11, F12
Coalition G) GO(@), G1(F10), G2(F11), G3(F12), G4(F10, F11),
G5(F10, F12), G6(F11, F12), G7(F10, F11, F12)

Table 6: Benefit of Coalitional Design Strategies

Coalition Design strategy Expected | Expected | Benefit
Common Unique strategy unique
module module cost cost
G4 F10, F11 F12 76.03 120.33 44.3
G5 F10, F12 F11 99 21.33
G6 F11, F12 F10 76 44.33
G7 F10, F11, | - 21.33 95.66
F12

To determine the marginal contribution of each aairi
module, we used the Shapley value as mentioneddtida 3.3.
The Shapley values of the variant modules (F10, F12) are
(28.05, 39.55, 28.06).
contribution among the variant modules, F11 cardésigned
as a common module into a platform. Therefore, Mpional
Business Economy Checking option will be includedainew
platform to increase common options based on tisesdce
processes.

Through the case study, we demonstrated that thygoped
coalitional game can be used to determine functiomaules
by selecting modules which provide more benefihwitspect
to service processes in service family design. \&kebe that
the coalitional game can facilitate service famigsign in
dynamic market environments.

5. CLOSING REMARKS AND FUTURE WORK

In this paper, we have established a foundatiorséovice
family design by providing a new and visual repreation of
modeling and designing services using modular desigcepts
and object-oriented concepts. We extended concépta

platform-basedroduct family design to develop a method for

module-based service family design. A module-basentice
cost model was introduced to support service desigategies
in a service family. A function-process matrix (FPas used
to identify the relationships between the servigecfions and
the service processes in a family of services. Aut®selection
problem was considered as a strategic module gharisblem
under collaboration situation. We employed a cialél game
to model module sharing and decide which modulesige

more benefit when in the platform based on marginal

Since F11 provides the Hkrge

contribution of each variant module. We have apblibe
proposed coalitional game to determine servicdqtat design
strategies using a case study involving a familybafking
services. Through the case, we demonstrated thatothlitional
game can be used to determine the functional samizdules
that were described as a design strategy for phatéesign.

This research provides a method for developing duiee
based platform for a family of services using fimeal and
process modules in mass customization. To imprdwe t
proposed method, we need to develop a method that c
identify modules based on the designers’ knowleduel
customers’ requirements for establishing desigrateties
effectively. Since the proposed service cost famcis sensitive
to parameters in the mathematical model, the pasmmshould
be determined based on services’ characteristios)pany’s
and customers’ preferences, and a market environrfen a
large-scale service family, an effective searchomtlgm is
needed to generate a set of feasible strategiegame. Future
research efforts will be focused on improving tfficiency of
the coalitional game, developing design stratedgiesuding
uniqgue modules for various service family environise and
expanding its application to develop a negotiatioechanism
for web-based service family design. Also, the psgd method
will be compared to other decision-making methods f
determining a design strategy in a service famégyign.
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