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Platform Valuation for Product

Family Design

Seung Ki Moon and Timothy W. Simpson

Abstract The valuation of a product increases flexibility in decision-making for

developing new products or redesigning existing products and affects product life

cycles. Strategic adaptability is essential in capitalizing on future investment

opportunities and responding properly to market trends in a dynamic environ-

ment. To identify the valuation of a platform in a product family, we investigate

strategic module-based platform design using market-based decision-making.

The objective of this chapter is to propose a financial model to evaluate design

valuation for a platform based on market mechanisms in an uncertain market

environment. Real options analysis is applied to value options related to

introducing new modules as a platform in a product family. In the proposed

model, we use design quality that is determined by customers’ preferences and

performance utilities for products. To demonstrate implementation of the pro-

posed model, we use a case study and numerical analysis involving a family of

mobile products.

7.1 Introduction

Product family design allows innovative companies to create customized product

roadmaps, to manage designers and component partners, and to develop the next

generation of products based on platform strategies (Cronin 2010). By sharing and

reusing assets such as components, processes, information, and knowledge across a
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family of products, companies can efficiently develop a set of differentiated

economic offerings while also improving the flexibility and responsiveness of

product 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 et al. 2005).

In uncertain market environments, the valuation of a product increases flexi-

bility in decision-making for developing new products or redesigning existing

products and affects product life cycles (Bollen 1999). Design has reflected the

requirement changes that are caused by customers’ preferences, technologies,

economic situations, company’s strategies, and competitive moves. Strategic

adaptability is essential in capitalizing on future investment opportunities and

responding properly to market trends in a dynamic environment (Smit and

Trigeorgis 2004).

Market-based product design can consider various and dynamic market

environments by capturing dynamic factors, such as customer needs and trends,

companies’ strategies, regulations, resources, and technologies in product design.

To identify the valuation of a platform in a product family, we investigate strategic

module-based platform design using market-based decision-making. The value of

products depends on market segmentation strategies that are identified by informa-

tion derived from the relationship between customer needs and functional

requirements. Real options valuation provides a rigorous analysis that can be

applied to develop a financial model for valuing, managing, and optimally

exercising options (Longstaff and Schwartz 2001). Real options analysis is a

decision-making method to evaluate design strategies that are affected by

company’s decision, competitors’ action, and new technologies (Smit and

Trigeorgis 2004).

The objective of this chapter is to propose a financial model to evaluate design

valuation for a platform based on market mechanisms in an uncertain market

environment. The proposed model is to facilitate product family design strategies

that will maximize the expected profit under uncertain constrains, such as demand,

customers’ preferences, and regulations. Real options analysis is applied to value

modules related to a platform in a product family. In the proposed model, we use

design quality that is determined by customers’ preferences and performance

utilities for products.

The remainder of this chapter is organized as follows. Section 7.2 reviews

related literature and background for product family design and market-based

design approaches. Section 7.3 describes the proposed financial model to evaluate

product family design. Section 7.4 gives a case study and numerical analysis for

design valuation involving a family of mobile products. Closing remarks and future

work are presented in Sect. 7.5.
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7.2 Literature Review and Background

7.2.1 Product Family Design

A product family is a group of related products based on a product platform,

facilitating mass customization by providing a variety of products for different

market segments cost-effectively (Simpson et al. 2005). A successful product family

depends on how well the trade-offs between the economic benefits and performance

losses incurred from having a platform are managed. A well-defined platform

reduces production costs by improving economies of scale and reducing the number

of different components that are used (Simpson et al. 2005; Moon et al. 2008).

Simpson et al. (2001) introduced a method to optimize a platform by

minimizing performance loss and maximizing commonality based on a scale-

based product family design approach. Johannesson and Claesson (2005) described

a configurable product platform design process and model using an operative

product structure and a hierarchical function-mean tree to capture parameters

describing design information such as rules, variants, requirements, and product

configuration possibilities. Thevenot et al. (2007) developed the design of com-

monality and diversity method (DCDM) to provide designers with

recommendations for both the functional and component levels by the inherent

trade-off between commonality and diversity during product family and platform

development. Moon et al. (2008) introduced a market-based negotiation mecha-

nism to support product family design by determining an appropriate platform

level that represents the number of common modules using a dynamic multi-agent

system in an electronic market environment. Zacharias and Yassine (2008) pro-

posed a mathematical model for developing and evaluating modular product

families to provide maximum market coverage by integrating a conceptual design

approach, a product development cost model, an economic model. Moon and

McAdams (2009) introduced a method for developing a universal product family

through a game theoretic approach in a dynamic market environment by extending

concepts from product family design to universal design. Johnson and Kirchain

(2011) used a generative cost model to investigate development lead time and costs

that can have significant effects on technology choice and lead to substantial cost

savings in product families. Rojas Arciniegas and Kim (2012) developed a meth-

odology to identify a set of components containing sensitive information related to

security concerns using clustering optimization, while considering component

sharing and optimal architecture for a family of products.

7.2.2 Market-Based Design Approaches

In engineering design and product development, market-based design approaches

can provide the ability of investigating additional flexibility and strategic value.
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Game theoretic approaches have been applied to model strategic relationships

between designers for sharing design knowledge and solving design problems.

Real option analysis has offered a natural framework to evaluate the valuation of

product design by utilizing managerial flexibility in the valuation process (Gamba

and Fusari 2009; Brach 2003).

Xiao et al. (2002) applied game theoretic approaches and design capability

indices to model the relationships between engineering teams that were described

as cooperative, noncooperative, and leader/follower protocols and facilitate

collaborative decision-making during a product realization process. Fernandez

et al. (2005) proposed a framework for establishing and managing collaborative

design spaces by combining elements of cooperative and noncooperative behav-

ior and formulating strategic and extensive games with utility theory. Kopin and

Wilbur (2005) introduced a Bayesian game to model cost sharing in uncertain

and incomplete information that were related to producer and consumer

attributes such as nature, production costs, players and information, and

preferences. Jiao et al. (2006) identified four types of real options based on

European options for product family design and developed a valuation frame-

work to evaluate the options of configuration inherent in design using financial

analysis. Ford and Sobek (2005) applied real options concepts to product devel-

opment processes for managing uncertainty through flexibility impacts project

behavior, performance, and value. Gamba and Fusari (2009) described a stochas-

tic dynamic framework for valuing the contribution of modularization process

and modular operations in the design of systems using real options. Kumar et al.

(2009) proposed a market-driven product family design methodology to deter-

mine an optimal product offering and platform level strategy based on the

estimated demand model in market segmentation grids by evaluating the impact

of the variability of products and development cost. Shiau and Michalek (2009)

introduced an approach based on Stackelberg game to solve a product design

optimization problem for profit maximization under short-run price competition.

The proposed approach considered Nash and Stackelberg conditions as design

constraints to reflect competitor pricing reactions. Moon et al. (2011) developed

a method for designing customized families of services using game theory to

model module sharing and decide strategic solutions for selecting modules in

dynamic market environments. A coalitional game was employed to model

potential module sharing and determine which modules used in the platform

provide the most benefit. Jiao (2012) utilized a hybrid real options valuation

approach to evaluate the flexibility of product platforms for improving platform

planning and investment by integrating product-related options and project-

related options under endogenous and exogenous uncertainties. In the next

section, the proposed financial model for evaluating the valuation of platform

design is discussed in detail.
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7.3 A Financial Model for Platform Design Valuation

In this chapter, we propose a financial model to investigate design strategies based

on the value of the platform design using real option analysis.

7.3.1 Product Family Architecture

The basic idea of modular design is to organize products as a set of distinct

modules that can be designed independently and develop a variety of products

through the combination and standardization of modules (Ramesh et al. 2002).

We assume that a product can be decomposed into modules that provide specific

functions, and functions are achieved by the combination of the modules’ design

variables.

Suppose that a product family consists of l products, F ¼ ðP1;P2; . . . ;PlÞ and a

product, i, consists of mi modules, Pi ¼ ðxi;1; xi;2; . . . ; xi;mi
Þ, where xi;j is a module j

in product i and consists of a vector of length nm, xi;j ¼ ðxi;j;1; xi;j;2; . . . ; xi;j;nmÞ. The
individual scalar components xi,j,k (k ¼ 1, 2,. . ., nm) of a module xi;j are called

design variables. Each module can be achieved by alternative instances. Let bj be an
instance of module j (bj ¼ 1, 2,. . ., B) and M be a module instance matrix for the

instances of modules in a product family. By introducing a module instance matrix

M, the product family is represented as

PF ¼ MX (7.1)

where M is defined as

Mi;j ¼ bj if module j is used in a product i
0 otherwise

�
(7.2)

In the module instance matrix, if modules are designed by the same instance

(i.e., common modules), then the number of bj is the same. And, the large number of

bj indicates the number of alternatives in module j. Based on the proposed product

family architecture, a module instance matrix can be represented as

M ¼ M11 M12

M21 M22

� �
(7.3)

where M11 and M21 are matrixes for common modules, because the common

modules should be included in both products. M12 and M22 can be a matrix for

unique or variant modules in a product family.
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7.3.2 Company’s Profit Model and Platform Strategy Cost

We use sales profits to evaluate company’s profit. We assume that the price of a

product is determined by the company based on product quality. The product

quality can be represented as functions desired by customers. Then, the profit of

product i, πi, can be formulated based on sales price, product cost, and demand as

follows:

πi ¼ ðSi � CiÞDi (7.4)

where Si is the sales price of product i, Ci is the product cost of product i, and Di is

the sales quantity of product i. In product family design, product cost depends on

platform strategies and design quality. Generally, product cost can be determined

by total expected product volume, material cost, direct labor, production resource

usage, tooling and capitalization costs, system cost (overhead or indirect costs), and

development costs (Magrab 1997). Based on the proposed product architecture as

mentioned in Sect. 7.3.1, product cost for product i is represented by

Ci ¼ MiL
0
iX

0
i (7.5)

where Mi is a module instance matrix for product i,Li is a vector of module costs for

product i, and Xi is module design variables in product i. The module instance

matrix is generated by a feasible set of products and includes a platform strategy to

satisfy product requirements in a product family. In product family level, product

cost using a platform strategy, sy, can be represented as

CðsyÞ ¼ MðsyÞLX (7.6)

where MðsyÞ is a module instance matrix when sy is used for product family design.

The different platform strategies are constructed by combining the different

modules into common and variant modules.

To develop platform strategies based on common modules, we introduce an

expected strategy cost that represents additional costs for developing a new platform

for a product family. Such costs could come from redesigning components, creating

convenient interfaces, or having some components essentially overdesigned for the

most of the product family such that it works sufficiently for one specific product.

Let A be a set of strategies for increasing the platform level, and let cpðsyÞ be the

expected platform strategy cost for strategy syðy ¼ 1; 2; . . . ;AÞ. Then, the expected
platform strategy cost can be calculated as follows (Moon et al. 2008):

cpðsyÞ ¼ η�
P
i2I

Ca
i

f ðIÞ � r
(7.7)
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whereCa
i is the additional design cost of product i associated with the new platform,

η is a factor for overhead cost, and f ðIÞ is a strategy weight function as follows:

f ðIÞ ¼ 1; if a module is unique

I; otherwise

�
(7.8)

and r is a volume penalty factor related to product sales quantity. Hence, the

expected total product family cost, EC, for the product family using platform

strategy, sy, can be calculated by

ECðsyÞ ¼
X
i2I

Ci þ cpðsyÞ (7.9)

where Ci is the product cost of product i. For a given set of products, the value of

cpðsyÞ varies depending on the strategy for platform design. The expected platform

strategy cost function will be used to determine a platform for a product family and

can be developed by various cost functions based on products’ characteristics and/

or company’s strategy in product family development. The next section introduces

a financial model for evaluating platform design valuation using real options.

7.3.3 A Financial Model

We propose a financial model to evaluate the valuation of product family design

using real options analysis in an uncertain market environment. A company tries

to maximize profit by identifying module valuation when new platform design

for a product family will be introduced into markets. In the proposed financial

model, demand can be represented as the source of uncertainty and volatility in

a market. We assume that the demand follows a Geometric Wiener Process and

has drift, μ, for the demand changing (Kamrad and Ritchken 1991). The drift is

defined as

μ ¼ r � σ2

2
(7.10)

where r is the riskless rate and σ is the instantaneous volatility. Let u be the rate of

moving up, d be the rate of moving down, and ud ¼ 1. The demand can move up,

move down, or state constant at time t. The probabilities of movements for the

demand at time t can be obtained as follows (Kamrad and Ritchken 1991):

p1 ¼ 1

2λ2
þ μ

ffiffiffiffiffi
Δt

p

2λσ
(7.11)
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p2 ¼ 1� 1

λ2
(7.12)

p3 ¼ 1

2λ2
� μ

ffiffiffiffiffi
Δt

p

2λσ
(7.13)

where Δt is the length of each time interval and λ � 1. If λ ¼ 1, p2 ¼ 0, and the

movements of the demand become a binominal model (Cox et al. 1979).

We consider a profit model for a single product. We assume that the demand, Dt,

during time interval, t, is a variable in company’s profit function. Let S be the sales

price and C be the production cost. We assume that the sales price and the

production cost are determined by the company. The production cost is represented

as row materials, labors, logistics, assemblies, financial issues, and regulation.

Profit, Vsp, for a product in time interval t can be defined as

VspðtÞ ¼ ðS� CÞDðtÞ (7.14)

Otherwise, we consider a platform that is applied to a product. Let di be the rate
of changing demand related to design quality for the product and v be the rate of

variable production cost savings if the platform is applied to a product family. The

demand of the product is affected by design quality related to customers’

preferences. Let Ap be the additional cost of introducing a platform per time

interval. The additional cost is represented as the research and implementation

costs of the new design. The profit per time interval t for the family product can be

calculated as

VfpðtÞ ¼ Sð1þ diÞDðtÞ � ð1� vÞð1þ diÞCDðtÞ � Ap (7.15)

Then, the net benefit from the platform design, Nt, for introducing a platform

during time interval t can be represented as the maximum of the difference between

0 and two profit Eqs. (7.13) and (7.14):

Nt ¼ maxð0; diSDt þ ðv� di þ vdiÞCDt � ApÞ (7.16)

Interpreting Eq. (7.15), positive values of the net benefit represent an advantage

of the family design over single product design. If the net benefit is zero, the

company selects a single product to maximize the profit. The net benefit is affected

by the volatility rate, the changing demand rate, the saving cost of family design,

and the additional cost. To evaluate the valuation of platform design with respect to

customers’ preferences and family design, sensitive analysis will be performed. In

this research, we use a lattice approach to solve the problem (Brach 2003). When

λ ¼ 1, the valuation of a platform can be calculated by the value of call option

based on the net benefit as follows:
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Fðt;NtÞ ¼ pNu
t þ ð1� pÞNd

t

ð1þ rtf ÞΔt
(7.17)

Where p is a risk natural probability and rtf is a risk-free interest rate at time t, Nu
t is

the net benefit of achieving the best case scenario with probability p at time t, and

Nd
t is the net benefit of achieving the worst case scenario with probability (1 � p) at

time t. Figure 7.1 shows the binomial tree for assessing the call option.

7.3.4 Design Quality

In product design, customers’ preference may vary based on specific functional

requirements. Functional preference information can help develop market segmen-

tation for a product family by identifying an initial platform based on core common

functions. The division of a market into homogenous groups of consumers’ prefer-

ence is known as market segmentation (Meyer and Lehnerd 1997). Because a

market segment provides guidelines for determining and directing customer

requirements, it can be used to identify the criteria for designing a product family

more accurately (Longstaff and Schwartz 2001). The basic development strategy

within any product family is to leverage the product platform across products that

target multiple market segments. In the initial phase, customers are classified into

groups based on their characteristics and preferences. Products are also clustered as

groups based on potential suitability for the customers. To evaluate and measure

performance of a product, we propose a quality metric that is positively related to

product quality, customer preference, and price. In this chapter, we introduce two

quality levels to determine the performance of a product (1) marginal quality and (2)

full quality. The marginal quality is defined as the level of quality that satisfies

minimum functional requirements for customers to perform a job through a product.

Customers have zero preference if the service quality of the product is below the

marginal quality. The full quality is represented as the level of quality that satisfies

maximum functional requirements for customers to pay the price for purchasing a

product. The marginal and full qualities are determined by functions depending on

customers’ preferences in market segments. Figure 7.2 shows two design quality

functions of a product for different customers’ groups. In between marginal and full

qualities, customers have various preferences related to product’s quality.

p

1-p

Nt-1

Nu
t

Nd
t

Fig. 7.1 Call option

valuation in the binomial tree
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We assume that the quality of a product is represented by customers’ preference.

To determine the value of customers’ reference related to the product quality, Qp,

we assume that customers in the market are categorized into two homogenous

customers, normal and specific groups. The value of the preference, U(Qp), can be

represented by a utility function as follows:

UðQpÞ ¼
0; if Qp � QM

fn;qðQpÞþfs;qðQsÞ
2

; if QM < Qp � QN
F

1þfs;qðQpÞ
2

; if QN
F < Qp � QS

F

1; if QS
F < Qp

8>><
>>:

(7.18)

where QM is the marginal quality of a product,QN
F is the full quality of a product for

a normal customer group,QS
F is the full quality of a product for a specific customer

group, fn;q is a normal quality function, and fs;q is a specific quality function. The

specific quality represents the interaction of product functions: it is a measure that

indicates what requirements are needed to make product functions for the specific

customer group. In this chapter, the design quality allows us to explore how a

particular product platform can best be used to develop a family that provides high

qualities to customer groups through the estimation of demand.

In general, market demands can be affected by the quality and price of a product

(Krishnan and Zhu 2006). To determine the expected demands for introducing

new design at a specific time, we can use the expected preference value and

demographics (potential customers) in market segmentation grids that are covered

by a product (Moon and McAdams 2009). Based on the expected demand, we can

estimate the expected increasing demand rate of a specific product for applying to

the proposed financial model. In the next section, the proposed financial model is

applied to determine the valuation of a platform strategy using a case study

involving a family of mobile products.

Quality

Preference

Full quality
for group 2

Marginal
quality

Quality function for group 1

Quality function for group 2

Full quality
for group 1

Fig. 7.2 Relationship between preference and quality for a product
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7.4 Case Study

To demonstrate and validate the proposed model, a family of mobile products

consisting of N73, N76, N78-1, and N79-1 is investigated from the Nokia N70

phone family as shown in Fig. 7.3. The Nokia N70 series family products provide a

good example of common and variant functions for vision accessibilities as shown

in Table 7.1. These products offer the opportunity to create a product family with

the vision features as common functions that constitute the product platform. Since

the accessible features of the mobile product family are considered as functions for

modules or components, the products can be applied to case studies related to

universal product family design (Moon and McAdams 2009).

The objective in this case study is to determine the valuation of a new platform

strategy in uncertain market environments. The platform design strategy is

represented by accessible modules to support persons with vision limitations due

to ageing and disabilities. This case study focuses on introducing a new product

platform through the addition of accessible modules. Benefit of the proposed

product platform is based on the maximum valuation of the proposed additional

modules. We also perform sensitivity analysis for the valuation of the platform

design strategy with respect to different parameters that reflect the proposed

financial model.

Fig. 7.3 Nokia N70 series

products (Nokia 2008)

Table 7.1 Vision accessible features for four products (http://www.nokiaaccessibility.com)

Vision features N73 N76 N78-1 N79-1

F1 Tactile key markers Yes No Yes Yes

F2 Standard key layouts Yes Yes Yes Yes

F3 Key feedback—tactile Yes Yes Yes Yes

F4 Key feedback—audible Yes Yes Yes Yes

F5 Audible identification of keys—when pressed No No No No

F6 Audible identification of keys—feedback Yes Yes Yes Yes

F7 Adjustable font style No Yes Yes No

F8 Adjustable character size No Yes Yes Yes

F9 Display characteristics (color display) Yes Yes Yes Yes
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7.4.1 Market Analysis and Platform Strategy

Figure 7.4 shows current market segmentation grids for the mobile products with

respect to vision features and market prices. The products have different vision

accessibility features and market prices depending on market segments. For exam-

ple, N73 covers no vision impairment and low price market. In Table 7.2, we can

consider F2, F3, F4, F6, and F9 as common modules for the phone family. And, F1,

F7, and F8 are considered as variant modules.

In this chapter, the company wants to maximize profits by introducing a new

platform as accessible modules for the family of mobile products. We facilitate

function configuration for developing platform design strategies by identifying

relationships between functions and market segments at a conceptual design

phase. Using Feature and Component Matrix, we can determine the relationship

between vision features and components as shown in Table 7.2. We consider that a

cell phone consists of 11 components (Holtta-Otto and De Weck 2007). Among the

components, we assume that a main board includes a program for supporting all

features.

To develop a new platform consisting of common modules and variant modules,

we need to determine valuation of the variant modules (F1, F7, and F8). The

valuation of modules can help decide which modules are included to a new platform

for increasing benefits and accessible features in product family design. Table 7.3

shows configuration strategies that consist of the variant modules for the phone

product family. To determine the expected strategy cost as mentioned in Sect. 7.3.2,

we considered the number of components that are related to vision features and use

a unit additional cost, Ca , for each component. For example, since the tactile key

marker is related to two components, upper case and keypad, the additional cost of

the tactile key marker is 2 Ca: We assume that a factor of overhead cost and a

Fig. 7.4 Market segmentation grids for the four products
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volume penalty factor are 2 and 1, respectively. The expected strategy cost for the

product family can be calculated by Eq. (7.7). Table 7.3 shows the results of the

expected strategy cost for the platform strategies.

In the vision impairment point of view, Table 7.4 shows a comparison of current

market segments and the expected market segments for new platform design

strategies. For example, if N73 includes additional features, F1 and F7, as a

platform strategy (S1), its expected market segments will cover no and mild

segments for the vision impairment.

7.4.2 Identify Design Quality

Based on the platform design strategies, the expected design qualities for the

products can be calculated by the value of preference as mentioned in Sect. 7.3.3.

We assume that the design quality of a product is depended on the number of vision

features in the product. We consider customers with vision impairment as the

specific group. Figure 7.5 shows the functions of design quality for two customer

groups. The marginal quality was determined by the number of common vision

features. The full quality of the normal group was determined by the design quality

of N73, while the full quality of the specific group was the maximum number of

vision features.

Table 7.5 shows the expected design qualities of the products with respect to

vision features. The expected preference values of the products for the platform

strategies are calculated by Eq. (7.18). For example, the expected design quality

Table 7.3 The expected additional strategy cost for the platform strategies

Strategy

Additional component design cost

Expected additional strategy costN73 N76 N78-1 N79-1 Total

S1-F1F7 4Ca 2Ca – 4Ca 10Ca 5Ca

S2-F1F8 4Ca 2Ca – – 6Ca 3Ca

S3-F7F8 8Ca – – 4Ca 12Ca 6Ca

S4-F1F7F8 8Ca 2Ca – 4Ca 14Ca 7Ca

Table 7.4 Comparison to current market segments and the expected market segments

Platform strategy N73 N76 N78-1 N79-1

Current No Mild Moderate Mild

S1 No, mild Mild Moderate Mild, moderate

S2 No, mild Mild Moderate Mild

S3 No, mild, moderate Mild Moderate Mild, moderate

S4 No, mild, moderate Mild, moderate Moderate Mild, moderate
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of N73 in S1 is 0.75, because the number of vision features for N73 is 7 (F1, F2,

F3, F4, F6, F7, and F9) and the expected preference value of 7 vision features is

0.75 (0.5 for the specific group and 1 for the normal group). Therefore, we can

expect that demand for the mobile products with accessible features will be

depended on the number of persons with vision limitations due to age and

disabilities.

7.4.3 Numerical Analysis

To evaluate the valuation of the vision features, S4 was selected for applying to

numerical analysis based on the proposed financial model. We assume that the

expected demands for the products are determined by the result of market analysis

and the amount of total demands for the cell phone products is 400,000. We assume

that the total time horizon for the problem is 10 years and the time interval is 1 year.

According to the market analysis in Sects. 7.4.1 and 7.4.2, we assume that the

expected demand of the mobile product with accessible features is increased.

Suppose that the problem parameters at the current time (t ¼ 0) in the case study

are as follows:

Number of Vision Features

Preference
Quality function for the normal group 

Quality function for the
specific group

95 6 8
N73

95 6 7 8
N78-1N76

N79-1

1

0

Fig. 7.5 Preference and design quality for the products

Table 7.5 The expected

design qualities of the

products

Strategy N73 N76 N78-1 N79-1

Current 0.625 0.75 0.875 0.75

S1 0.75 0.875 0.875 0.875

S2 0.75 0.875 0.875 0.75

S3 0.875 0.75 0.875 0.875

S4 0.875 0.875 0.875 0.875
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S ¼$400 (average sales price for mobile products)

C ¼$320 (average production cost for mobile products)

D0 ¼400,000 (demand at t ¼ 0)

Ap ¼$7 per a product (additional cost when Ca is $1)

r ¼5 % (riskless rate)

σ ¼10 % (volatility)

u ¼1.0226 (the rate of move up)

d ¼0.9729 (the rate of move down)

di ¼3 % (the rate of the expected increasing demand rate)

v ¼2 % (the rate of cost saving for product family)

rtf ¼5 % (the rate of a risk-free interest at time t)

We assume that λ ¼ 1. Then, the probabilities of movements for the demand

can be calculated by Eqs. (7.10) and (7.12). Therefore, p1 ¼ 0.5712 (move up) and

p3 ¼ 0.4288 (move down). Using a lattice approach, the valuation of real option for

vision accessible modules is estimated to be $805200.5. This value is represented as

the expected worth of introducing additional accessible modules as a platform for

the family of the mobile phones for 10 years. A binomial lattice with 10 time steps

and 66 nodes is generated to estimate the valuation of the module as shown in

Fig. 7.6. Since the valuation of F1, F7, and F8 are depended on the redesign cost,

Ca, additional vision features for a new platform can be selected by design

constraints related to development cost for the features.

We performed sensitivity analysis to investigate the behavior of the estimated

option value against chaining system parameters such as the rate of cost saving for

product family, the volatility of demand, and the rate of the expected increasing

demand. Figure 7.7 shows the effect of the rate of cost saving for product family on

Year
1 2 3 4 5 6 7 8 9 10

1605369.1
1508309.3

1413394.6 1413396.9
1320577.5 1320579.8

1229811.8 1229814.0 1229816.1
1141052.0 1141054.1 1141056.3

1054253.9 1054255.9 1054258.0 1054260.1
969374.0 969376.0 969378.1 969380.1

886370.0 886372.0 886374.0 886376.0 886378.0
805200.5 805202.4 805204.4 805206.3 805208.3

725826.7 725828.6 725830.5 725832.4 725834.3
648207.1 648209.0 648210.9 648212.7

572303.0 572304.8 572306.6 572308.4
498076.2 498078.0 498079.8

425489.9 425491.7 425493.4
354507.8 354509.5

285094.3 285096.0
217214.9

150835.7

Fig. 7.6 Option value for additional accessible modules in the binomial lattice
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the estimated option value. While the rate of the cost saving increases, the option

value increases linearly. Figure 7.8 shows the estimated option value against the

volatility of demand. The estimated option value is dropped with an increasing rate

while the volatility increases. Figure 7.9 presents the estimated option value versus

the rate of the increasing demand that occurs with customers’ preferences and

demographic trend. Design quality gives positive effects on the option value.

Through the case study, we demonstrate that the proposed valuation model

for a module could be used to determine a design strategy for maximizing profits

by valuing the module in the family of products. The proposed model can provide

a quantitative method to facilitate family design in an uncertain market

environment.
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Fig. 7.7 The estimated option value versus the rate of cost saving for family design
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Fig. 7.8 The estimated option value versus volatility of demand
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7.5 Closing Remarks and Future Work

In this research, we presented a valuation financial model to evaluate design value

based on real options analysis in an uncertain market environment. Real options

analysis was applied to evaluate the expected worth of introducing new modules as

a platform in a product family. Modular product architecture was used to allow a

range of trade-offs in determining the specific configuration for a platform at a

conceptual design phase. To evaluate and measure design quality of a product, we

proposed a preference function using customers’ preferences and performance

utilities for products.

The proposed financial model can facilitate design strategies that will maximize

the expected profit under uncertain constrains, such as demands, demographic

trends, and regulations. In a case study, we have applied the proposed model to

determine the valuation of accessible modules for a platform in a family of mobile

products in an uncertain market environment. We also performed sensitivity analy-

sis to investigate the behavior of the estimated option value against changing

system parameters such as the volatility of demand, the rate of the expected

increasing demand, and the rate of cost saving for product family.

Since the proposed financial model is focused on modular product families,

module configuration issues will be considered as real options analysis for

introducing interfaces between modules in product family design. To improve the

proposed model, we need to develop a method to better reflect the benefit of family

design, social issues, and government regulation. Additionally, since the production

cost are sensitive to the valuation of options, future research efforts will be focused

on improving production cost models in an uncertain market environment. Also, the

proposed method will be compared to other decision-making methods for deter-

mining a design strategy in a product family.
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Fig. 7.9 The estimated option value versus the rate of increasing demand
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