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Abstract Today’s globally competitive world of manufacturing requires partici-
pating firms to introduce an increasing number of products with shorter life span, at
a lower cost, in an environment where demands are uncertain and with shorter lead
times to fulfill those demands. One approach towards meeting these demands is the
use of mass customization, specifically the platform based design and production
strategy. This chapter presents the platform design problem in which a platform is
created with the objective of producing a family of products at a minimum cost. By
using the platform every product variant in the family is assembled either directly
from its components or from the platform. Three methods for developing such
a platform-based strategy are described: design of a single platform, design of
multiple platforms, and design of a single platform while considering demand
uncertainty.

Abbreviations

BOM Bill-of-materials

EVPI Expected value of perfect information
OPL Optimization programming language
PAR Part assembly relationship

QFD Quality function deployment

VSS Value of the stochastic solution
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6.1 Introduction

In today’s highly volatile market there is a growing concern for fulfilling the indi-
vidual customer wants and needs. “The customers now have plenty of choice ...
they have become more aware ... they select the product that most closely fulfills
their opinion of being the best value for the money ...” (Hollins and Pugh 1990).
Therefore, “customers can no longer be lumped together in a huge homogeneous
market ...” (Pine 1993); rather this competitive world of manufacturing requires
the manufacturer to introduce an increasing number of products with shorter life
span and at a lower cost. This requires the producer to continuously search ways to
reduce production costs, while still offering attractive products. In the past, a com-
pany could capture the market and enjoy high profits by mass-producing a large
volume of the same model. Now, the focus in manufacturing is shifting from mass
production to mass customization; a trend no longer limited to high value prod-
ucts. This phenomenon is demonstrated by the fact that from 1973 to 1989, there
was a 70% increase in the number of car models produced in the US with a com-
mensurate drop in the volume of production per model (McDuffie ef al. 1996). It
is thus important to note that there is a distinction between supporting variety and
supporting customization as discussed in Simpson (2004), with the platform tech-
nology able to support both concepts.

Toward this end, various strategies have received significant attention in the lit-
erature and practice including, but not limited to, the use of the concept of delayed
differentiation (Lee 1996, Lee and Tang 1997, Swaminathan and Tayur 1998),
exploiting commonality at the product design state (Ulrich and Pearson 1993), the
use of lean manufacturing concepts (Womack et al. 1990), and the product plat-
form strategy (Meyer and Lehnerd 1997).

Due to its advantages, the platform approach has gained acceptance by many
corporations as the means to increase their product count without increasing the
cost per product. Examples of industrial applications of the platform concept in-
clude Black and Decker, which applied this idea to its power tool products (Meyer
and Lehnerd 1997). Volkswagen used a platform architecture strategy and reduced
development and production costs (Wilhelm 1997). Sony applied this approach to
its product development process (Sanderson and Uzumeri 1995). AeroAstro Inc.
used platform architecture with their multipurpose radio platform and solved many
of the communication problems faced by spacecraft system designers (Caffrey
et al. 2002). HP’s Ink Jet Printer platform architecture is rejuvenated constantly
and hence the derivative products are constantly upgraded (Meyer 1997). Other
examples of manufacturers that have successfully implemented platform based
production strategy include Rolls Royce (Rothwell and Gardiner 1990), Boeing
(Sabbagh 1996), and Honda (Naughton et al. 1997).

In this chapter, we discuss a platform based approach for the production of
a product family. Using this approach, every product variant in the family may
either be assembled directly from its components, or from any platform whose
component set resembles those required by the product. The methodology seeks to
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find an optimal platform that will minimize the overall production costs of the
products, which include the costs of production, holding cost of unused platform
inventory and shortage cost of lost demands of products (if demand is stochastic),
while considering the demand of each product type.

The rest of the chapter is organized as follows: Section 6.2 offers a review of the
work related to the platform formation problem. Section 6.3 defines the problem
along with the description and formulation of three variants: a single platform sys-
tem, multiple platform solution, and a single platform problem considering demand
uncertainty. Section 6.4 presents an example of the stochastic demand case and
Section 6.5 provides the conclusion and some directions for future research.

6.2 Background

Ulrich and Eppinger (2003) define a platform as a collection of assets, including
component designs, shared by multiple products. It can also be defined as a set of
shared functionality, components, subsystems, and manufacturing processes ac-
ross the product family (Robertson and Ulrich 1998).

Various streams of research in the area of product platforms were greatly influ-
enced by contributions from Pine (1993) in the area of mass customization, Meyer
and Lehnerd (1997) in the area of platform concepts, and Sanderson and Uzmeri
(1997) in the area of managing product families (Allada and Jiang 2002). Krishnan
and Ulrich (2001) provide a literature review of the various decisions that take
place during the product realization process including when and how to construct
a platform architecture.

Simpson (2004) provides an authoritative definition of the platform as a sup-
porting tool for family based production. He also provides metrics and strategies
to support platform based production as well as a review of optimization based
approaches for platform design. The author clearly distinguishes between variety
and customization, but states that “product platforms play an integral role in facili-
tating the product customization process” while highlighting web based ap-
proaches towards platform based customization.

Jose and Tollenaere (2005) provide a literature review of approaches towards
platform design. They describe the concept of standardization and modularization
as well as various product architectures that support modularity. Allada et al.
(2006) provide a review of various problem types related to tactical and strategic
platform development as well as a review of platform evaluation techniques.
Simpson et al. (2006) provide an overview of the platform concept, application
areas, and ongoing research in academia and in industry.

Research work on qualitative approaches to the platform problem include
Maier and Fadel (2001), Dahmus et al. (2001), Shil and Allada (2005), and Wilson
and Norton (1989). Such approaches can be exemplified by the work of Martin
and Ishii (1997, 2002) who developed a conceptual approach towards developing
platform architectures utilizing the quality function deployment (QFD) methodol-
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ogy and describing the design-for-variety approach. Similarly, Kota et al. (2000),
and Park and Simpson (2005) developed methods to assess the design commonal-
ity of a product family and the cost of its production.

Platform development is considered a costly endeavor recovered through con-
sumer willingness to pay for the features provided by the platform. An analysis of
platform development cost is provided by Krishnan and Gupta (2001). Similarly
an analysis of the optimal set of product configurations termed optimal diversity
management problem is addressed by Briant and Naddef (2004). A more engineer-
ing based approach towards optimal design of platform features is described in
Nelson et al. (2001), while a more conceptual description of the platform design
process is available in Gonzalez-Zugasti ef al. (2000).

Various quantitative solution methods to the platform optimization problem
looked into finding the optimal design parameters that will satisfy the overall
function requirements of the product family. These methods include (but are not
limited to) the branch and bound algorithm (Fujita and Yoshida 2001), dynamic
programming (Allada and Jiang 2002), agent based techniques (Rai and Allada,
2003), simulated annealing (Fujita ef al. 1999), and genetic algorithms (Li and
Azaram 2002, Simpson and D’Souza 2002, 2004). Similarly, Jiao and Zhang
(2005) developed an optimization based approach towards allocating product
attributes to a product portfolio considering the consumer utility and preferences,
and engineering costs and product life cycle. Clearly the overall analysis of a plat-
form based design can be overwhelming considering issues of component design,
performance, and quality, as well as suppliers’ management, product life cycle,
and demand. Practically, due to its complexity the problem is decomposed into
smaller segments — one of which is addressed in this chapter.

Platform based architecture is often utilized towards mass customization and
can be defined as “building products to customer specifications using modular
components to achieve economies of scale” (Durray ef al. 2000). Some architec-
tures of mass customization emphasize maximizing commonality in design across
internal modules, using a product platform with modules as building blocks (Jiao
and Tseng 1999). Such an approach utilizes three views of the product: functional,
technical, and physical. Mapping between the technical and the physical views
implies considering manufacturing and logistics, important aspects addressed in
this chapter. The modular structure and technical modules are realized using phy-
sical modules as components and assemblies. This arrangement is similar to the
typical bill-of-materials (BOM) — since many products can share the same mod-
ules, resulting in a polyhierarchical graph (as suggested in this chapter).

Ross (1996) defines five approaches for utilizing the customer voice towards
mass customization. At one end the customer can modify core elements in the
product while at the other extreme, known as the “high variety push” the manufac-
turer provides a high variety of pre-designed products. In addition, MacCarthy
et al. (2003) identify six processes that are essential to mass customization, one of
which is “product validation and manufacturing engineering”, which is responsi-
ble for generating the manufacturing processes and the bill of materials. The me-
thods presented herein fit into the above mentioned approaches.
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The platform approach towards product design

Utilizing platforms to assist in product design can be implemented using three
modes:

1. scalable platform formation;
2. module based or configuration based platform formation; and
3. combination of both module based and scalable platform formation.

Scale based product family design is a method by which some of the variables
in a product family are kept fixed while other variables such as scaling variables,
are “stretched” or “reduced” to generate the variants within the product family.
Module based product family design is a method by which a product family mem-
ber is derived by adding and/or removing modules from the platform. This ap-
proach, based on the concept of modularity in product design, is more prominent
in practice as it allows the platform to leverage for products from different market
segments (Baldwin and Clark 1997, Ulrich and Eppinger 2003).

A combination of both module based and scale based platform formation strate-
gies is considered by Fujita and Yoshida (2001).

Optimization based platform formation methods for various objectives

The platform design and selection concept have been used for various objectives
such as reducing cost and simplifying the design effort (Simpson 2004), improv-
ing life-cycle design (Ortega et al. 1999), optimizing production cost or profit, or
reducing time to market (Krishnan and Ulrich 2001). Martin and Ishii (1997) pro-
posed methodologies that can help companies to quantify the costs of providing
variety and qualitatively guiding designers in developing products that incur in
minimum variety costs. Simpson ef al. (1999) proposed a model that uses the
overall design requirements in generating the product platform and resulting prod-
uct family that best satisfies the overall design requirements. Farrell and Simpson
(2001) try to improve response to customers’ requests, reduce design cost, and
improve time to market for highly customized products by designing product plat-
forms. Sudjitanto and Otto (2001) use a matrix to group modules for platform
determination in order to support multiple brands for platform cost savings as well
as revenue enhancing. Nayak ef al. (2002) propose a variation based method for
product family design, which aims to satisfy the range of performance require-
ments for the whole product family.

6.3 Problem Description

In this section a platform is considered to be a set of shared components among
multiple products. A product from a product family is produced using a platform
by adding or removing some of the components that are assembled using the plat-
form. Figure 6.1 illustrates a hypothetical product family with four products (P,



110 D. Ben-Arich

P,, P;, and P,), each consisting of a different collection of components from the
set {4, B, C, ..., H}. Suppose a platform for this set of products is as shown in
Figure 6.2. In this case P; would be created by using the platform, removing G
and adding C, and P; would be created by removing D and G and adding C and F.

A platform is only justified if the assembly of the components to the platform
can be done efficiently using mass production methods. The platform is not a
super-set of all the products in the family, for some products parts will be added to
the platform while for other products parts will have to be removed. Thus, adding
and removing components from a platform to fit a particular product typically cost
more than if the component is included in the platform (via mass production) and
remains there to be used in the product. However, if the component is not required
for a particular product, it can be removed and used in a different product.

Each product’s bill of materials is considered to be binary. One complicating
factor is that while determining the configuration of the platform, the part family
relationship must be maintained.

In order to manage the part assembly relationship constraints, a binary part as-
sembly relationship (PAR) matrix for the product family is determined. An ele-
ment of PAR, f;=1 represents that component j precedes component / or compo-
nent j is needed to be present in the platform for / to be included in it, as
component / requires j to be assembled to form a platform. As an example, the
PAR for the product family shown in Figure 6.1 is shown in Table 6.1.

B
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Figure 6.1 Example of a product family

Figure 6.2 A platform for the product family | D | | E | | G |
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Table 6.1 PAR for product family in Figure 6.1

A|B|C|DJ|E|F |G]|H
A 1 1 1
B 1 1 1 1
C 1 1
D
E
F
G
H
Notations:

K is the set of products in a given product family, k € K={1,2, ..., |K|}.
J is the component set, j € J={1,2, ..., |J|}.
I represents the platforms, i € I={1,2, ..., ||}; i=1 for the single platform case.
Dy is the demand for the kth product.
C;is the cost of the jth component (purchasing price).
CP; is the cost of assembling the j'h component using a platform (mass assembly).
C4; is the cost of manually adding the jth component to a product (C4; > CP)).
CR; is the cost of manually removing the jth component (CR; > CP)).

V is the product matrix with

1 if product & requires component j
v, =
" 0 otherwise
Jijix are elements in the PAR such that

1 if component j precedes / in product £
ik = .
0 otherwise

A; is the setup cost to construct platform i.

Decision variables for this model are as follows:

X is a matrix with binary entries describing components included in the platforms,
such that:

i

1 if platform i contains component j
x —
0 otherwise

Y is a binary matrix that states that product £ is made on platform 7, with ele-
ments:

1 if the product & is made using platform i
Vi = .
0 otherwise
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The following variables are also used:

_ |l ifthe j™ component is added manually to platform i to form product k
" 0 otherwise

_ | lifthe j™ component is removed manually from platform i to form product &
" 0 otherwise

6.3.1 The Single Platform Design Formulation

Minimize
I K] 1 k]
Z (CPJ+C./)DKX1.i Tt (CA./+C./)DKa1./k +
J=1 k=1 Jj=1 k=1 (6 1)
LS :
(CR,-C,)D,r,
j=1 k=1
Subject to:
e ==X, v, Vj,k (6.2)
Hoe SA=v 00X, V), k (6.3)
Xl_]’a]/k’ 1,/,k {0 1} (6'4)

The objective (6.1) is to minimize the total production cost, which includes the
cost of mass assembly (cost of producing platforms) and the cost of the compo-
nents (I), the cost of manually adding components to the platform to produce the
products (II), and the cost of removing components from the platforms (III) (with
allowance to reuse the components). The constraint in (6.2) ensures that a compo-
nent is added to the platform only if it is required in the product and not present in
the platform. The constraint in (6.3) ensures that a component may be removed
from the platform only if it is in the platform and it is not required in the product.

6.3.2 The Multiple Platform Problem

Minimize
DD UCPAC)x, vy D+ 2.2 > (CA,+C))-ay -y, - D, +
iel jeJ keK iel jeJ keK

(6.5)

ZZZ(CR.f_C/)'rf/k V- Dy +ZA,.

iel jeJ keK iel
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Subject to:
agy =1=x;) v, vy Viel;je J;ke K (6.6)
T S(L=vy) X, vy Viel;je LkuK (6.7)
%yh =1 Vke K (6.8)
i1
X; 2 [ ViXa Viel,j,le J;ke K (6.9)
Ie{1,2,....K} (6.10)
x; € {0,1};yki € {0,1};aijk € {0,1};1’% € {0,1} (6.11)

The objective (6.5) minimizes the cost, which includes the setup cost for each
platform, the optimal set of components to include in each platform, and the opti-
mal assignment of products to platforms. The first term in the objective function
represents the cost of production via platforms. The second term represents the
cost of adding components manually to the various platforms to form different
products. The third term represents the cost of manually removing (and allowing
reutilization) excessive components from the platforms to form each product. The
last term represents the setup cost of constructing the platforms.

The constraint in (6.6) restricts component j to be added to platform i to make
product k only if the component is not already in that platform; thus, component j
is required for product &, and product £ is assigned to platform i. The constraint in
(6.7) states that component j may be removed from platform i if that component is
not required in product k; thus, the component is assigned to platform i and prod-
uct & is built from that platform. The constraint in (6.8) ensures that each product
is made from only one platform. The constraint in (6.9) checks the assembly feasi-
bility of each product that uses a platform so that if component / precedes compo-
nent j in a product k assigned to the platform, and component / is assigned to the
platform, then component j must be in the platform. The constraint in (6.10) states
that the optimal number of platforms is an integer, and that the maximum number
of platforms is limited by the total number of the products in the family. Finally,
the constraint in (6.11) ensures binary decision variables.

6.3.2.1 Improving the Formulation
In the formulation in Section 6.3.2, constraints in (6.6), (6.7), and (6.9) are nonlin-

ear, which makes selecting a solution procedure difficult, at best. The following
changes are made to those constraints in order to attain a linear formulation.
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Subject to:

a; +x; <1 Viel,je J;ke K (6.12)
Ay +x; 2V, Viel;je J;ke K (6.13)
Vi 2 ay, Viel,;je J;ke K (6.14)
X; 2k Viel,je J;ke K (6.15)
T X, +v, <2 Viel;je J;ke K (6.16)
T+x, 2 f vy + X, Viel;j,le J;ke K (6.17)

(6.12)—(6.14) replace the nonlinear constraint in (6.6), (6.15)—(6.16) replace the
nonlinear constraint in (6.7); (6.17) replaces the nonlinear constraint in (6.9). The
solution space is extremely large, with the total number of possible platform con-
figurations being equal to paddl

To reduce the solution space we introduce some cutting planes. The first cut
was added to avoid the symmetrical nature of the problem; i.e., the same solu-
tion can be represented in |/|! different ways by merely permuting the plat-
forms. To eliminate such symmetry the following cut has been developed:

D x;2) x Vi,sel. A similar cut used is: Yy, 2D y,Vi,sel.
j j k k

An additional cut that prevents the same component from being added and re-
moved from the same platform is: a,, +r, <1,Vie I;j€ J;ke K .

The cuts above are included in the formulation and the model is solved. Adding
the first cut reduces the computational time by more than 50%, while the next two
cuts have a smaller contribution.

6.3.3 Single Platform Design under Stochastic Demand Problem

Assume that the platform supports N types of products. The facility mass-produces
w units of a single type of platform. The manufacturer experiences stochastic de-
mand for each of the products. If the actual total demand of all product types is
higher than the inventory level of the mass produced platforms, sales are lost. On
the other hand if the actual total demand of the product is less than the platform’s
inventory level, demands are satisfied and some holding (or inventory) cost is
incurred for the unused platforms.

This problem can be formulated as a two stage stochastic programming model
with recourse. The demand for each product is modeled as a set of demand scenar-
ios, each with some probability of occurrence. The probabilities can be assessed
during the product customization phase while interacting with the customer. The
first stage decision variables are:

1. the configuration (components set of a platform);
2. the number of platforms (inventory level) to be produced.
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The second stage decision variables are:

1. The additional components that would be added manually (i.e., without using
the mass production methods) to the platform to make a particular product type.

2. The components that would be manually removed from the platform to make
a particular product type.

3. The quantity of each product type to be produced for each scenario.

The objective is to minimize the total production cost that includes the platform
production cost, the cost of producing the products using the platforms, the hold-
ing cost of unused platforms and stock-out cost of lost demands, in addition to the
cost of manually adding and removing components.

6.3.3.1 Model Formulation

The following additional notations are used to formulate the stochastic integer
program:

1. k=1,2, ..., |K] index of products
2.7, 1=1,2,...,|J] index of components
3. 5=1,2,...,5index of demand scenarios
4. h=platform holding cost, per unit
5. gx= per unit stock-out cost for product &
6. &£ = vector of demands (&,,<,...,£,, ) in scenario s
7. ps=probability of occurrence of scenario s
1 if component j precedes component / according to the part
8. fu= assembly relationship matrix
0 otherwise

Decision variables:

J

1 if the component j participates in the platform
x =
0 otherwise

w = number of platforms to be produced
ks = units of product & to be produced using platforms in scenario s

{l if the component j is added manually to the platform to make product £
a, =

0 otherwise
1 if the component ; is removed manually
ry =4 from the platform to make product k
0 otherwise

u,, = lost demand of product & in scenario s

s

v} =unused inventory of platforms in scenario s

s
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The following model provides an optimal solution:
minimize
Yl
wY (CP,+C))-x, +

Jj=1

K, 2 k| [/
ZPY(ZZ(CA +C))-a, - ykr+ZZ(CR =C;)ry ykrj (6.18)

k=1 j=1 k=1 j=1

s |X|

zpszq/ruks+zps “h- V
s=1

Subject to:
a, +x,<1 vie{l,2,...J|}.ke{L2,...|K]} (6.19)
a, +x,2v, Vie{l.2,...|J]}.ke{1,2,...|K]} (6.20)
Vi Za, vie{l2....|J|}.ke{L2,...|K|} (6.21)
X, 27, vie{l2....|J|}.ke{L2,....|K]|} (6.22)
Fu x4y, <2 Vie{l.2....|J]}.ke{1,2,....|K]} (6.23)
w—v] =§)ka vse{l,2,...,5} (6.24)
=

i =& vse{1,2,....8},ke{L2,....|K|} (6.25)
l+x,2 [, +x, vile{l,2,...|J|} (6.26)
x,€{0,1};a, €{0,1};r, €{0,1};y,, 20w 0, 20,0] 20 (6.27)

The objective function in (6.18) represents the total production cost and includes
the cost of producing the platforms, assembling the products using the platforms,
the total stock-out costs, and the total holding cost under all possible scenarios.
Constraints in (6.19)—(6.21) state that component j must be added to the platform to
make product k if j is not already in the platform (and is required in product k).
Constraints in (6.22) and (6.23) state that component j may be removed from the
platform to make product £ if that component is in the platform and is not required
in product k. The constraint in (6.24) shows that for any scenario, the total number
of products produced cannot exceed the total number of platform in inventory. The
constraint in (6.25) limits the total number of units produced of product & to be
equal to the random demand value of product & for any scenario plus the lost de-
mand. The constraint in (6.26) checks the assembly feasibility of the platform
while deciding its configuration. This constraint states that if component / is in the
platform and, according to the part assembly relationship, component j precedes /
(f; =1), then j must also be present in the platform. The constraint in (6.27) en-
sures the binary and non-negativity nature of the decision variables.
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6.4 An Illustrative Example

In this section a small hypothetical example is used to illustrate the solution to the
problem presented in Section 6.3.3. The stochastic model is validated by calculat-
ing the stochastic solutions, expected value solutions, and solutions in case of
perfect information. The model is validated by showing that the value of stochastic
solutions, VSS (expected value solution — stochastic solution) and expected value
of perfect information, EVPI (stochastic solution — solution in case of perfect
information) are positive for various instances of the example.

Stochastic solutions are determined by solving the stochastic integer program
presented in Section 6.3.3. Expected value solutions are determined by making the
value of w (number of platforms to be mass produced) equal to the sum of the
expected demand of all products and solving the stochastic integer program with
this fixed value of w. The solution in case of perfect information is determined by
solving the model by taking one scenario at a time with a given demand value for
that scenario; the cost value is then determined for that scenario. Finally the
weighted sum of the costs for all scenarios is calculated, where the weight of a
scenario is given by the scenario’s probability, and that is considered to be the cost
in the case of perfect information.

The example uses a family of three products (P1, P2, and P3). The binary bills
of materials of the products and the PAR matrix are shown in Tables 6.2 and 6.3,
respectively.

Data common for all the scenarios are presented below. There are four distinct
components with costs as shown in Table 6.4.

Table 6.2 Material participation matrix (vj) for the three products

A B C D
P1 1 1 0 1
P2 |1 1 1 0
P3 |1 1 0 0

Table 6.3 The product family PAR (f;;) matrix

A B C D
1 1

g|Q|w| >

Table 6.4 Various cost used in the example

Component A B C D
Purchasing cost (US $) 10 11 12 13
Assembly cost (US $) 2 2 2 2
Adding cost (US $) 4 4 4 4
Removal cost (US $) 2 2 2 2
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This small example is solved exactly using OPL 3.5 (from ILOG Corporation).
The reason for taking such a small size problem was that OPL 3.5 took over 40 h
to solve it. That prompted us to develop heuristic based approaches for large, real
life problems (see, e.g., Ben-Arieh and Choubey 2008).

Table 6.5 provides the solutions for different demand scenarios, shortage and
holding costs, and probabilities of scenario occurrences. Based on the data pro-
vided in Table 6.5, the following observations are made:

1. The positive values of VSS and EVPI provide evidence of model correctness; it
is obvious that there is an advantage in using the stochastic model over ex-
pected solution approaches.

2. When the probability of occurrence of a particular scenario is high, the solu-
tions tend to shift towards that scenario (Cases 1, 2, 3, and 5) except for the
case of expected value solutions. For a very symmetric case (Case 4) all three
types of solutions are the same, which means that for near symmetric cases us-
ing the expected value solution approach would work well.

Table 6.6 provides a sensitivity analysis of the holding cost and shortage cost
using various cases. Based on the data presented in Table 6.6, the following can be
concluded:

1. When the total demand of products is similar over various scenarios the number
of products to be made in each scenario depends solely on the products’ short-
age costs (Case 1). In addition, the shortage cost should be sufficiently high to
justify the production of products as we have not considered the profit obtained
by producing items in our model (see Case 2).

2. When there is high variability in total demand over different scenarios, the
increase in holding costs encourages lower production for given shortage costs
(see Cases 1 and 2).

Figure 6.3 shows the effect of variance in demand and the number of scenarios
considered in the stochastic model on the stochastic solution. This figure is a plot
of total production cost vs. number of demand points considered in the demand
distribution for each product vs. the standard deviation in a normally distributed
demand. The mean demand for each product is kept fixed at 100 units. The figure
clearly illustrates that increasing the number of demand points considered in the
probability distribution (creating more scenarios) causes the stochastic cost value
to decrease; similarly increasing the normal standard deviation leads to an increase
in the cost value. These instances of the example are solved using a genetic algo-
rithm approach.

Figure 6.4 shows the advantage of the stochastic model over other models. Fig-
ure 6.4 is a plot of objective (cost) value vs. standard deviation obtained by using
the stochastic model, the expected solution model, and the case of perfect informa-
tion for the example. All products have the same mean values for their demand
distribution and standard deviation is increased for all products. The models are
solved using a genetic algorithm method.
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Table 6.6 Sensitivity analysis on holding costs and shortage costs

Case # 1 qi q> q3 fS‘tochastic sol.
h=US $50/80/100 Ussioo  ussioo  ussioo | O% Vilv‘_:ZUS% $8790
Scenarios Pr. él éZ ;3 Y. Y> Y;
S1 0.8 100 50 100 100 50 100
S2 0.2 50 100 50 50 100 50
Case #2 qi q> q3 Obj. val.=5000
h=US $50/80/100 US $20 US $20 US $20 w=0
Scenarios Pr. €l &2 &3 Y Y, Y;
S1 0.5 100 50 100 0 0 0
S2 0.5 50 100 50 0 0 0
Case #3 q: q: qs3 Obj. val.= 18825
h=US $50 US $102 US $101 US $100 w=320
Scenarios Pr. él E_,2 E_,3 Y. Y, Y;
S1 0.5 200 100 100 200 100 20
S2 0.5 100 50 50 100 50 50
Case # 4 qi q> q3 Obj. val.=27830
h=US $100 US$102  USS$101  US$100 w=200
Scenarios Pr. él §2 §3 Y. Y, Y;
S1 0.5 200 100 100 200 0 0
S2 0.5 100 50 50 100 50 50

Total production cost ($)

Number of demand points on
demand probability distribution

Standard Deviation

Figure 6.3 Effect of demand variance and the number of scenarios considered in the stochastic
model on the stochastic solution
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Figure 6.4 Various cost values when increasing the standard deviation of the demand distribu-
tion

Based on Figure 6.4 it is possible to conclude that the expected value model is
recommended in cases where variance in demand is not very high; otherwise, the
stochastic model should be used.

6.5 Conclusion and Recommendations for Future Research

This chapter proposes a platform based optimization approach for the economic
production of a product family under different production strategies; namely,
using a single or multiple platforms, and considering demand uncertainty.

In the case of stochastic demand the chapter establishes the adequacy of the
stochastic model for the platform based production approach, especially when
variance in demand is high. The effects of demand variance and various cost com-
ponents on the optimal platform strategy have also been discussed. The platform
based production approach is also explained and illustrated with an example.

Only a very small instance of the problem could be solved by exact approach
using OPL 3.5. Therefore, we recommend using heuristic methods that can pro-
vide good solutions to large instances of the problem more quickly. One such
approach that combines a genetic search process with integer programming pro-
vides a near optimal solution for large instances of the problem in reasonable
time; yet this approach takes a long time to solve problems with a large number of
demand scenarios. Another method — a pure probability based genetic search
heuristic — solves problems with a large number of demand scenarios very
quickly but with slightly inferior solution quality than the first heuristic approach.

Future work in this area includes consideration of more complex cost struc-
tures, and multi-period demand settings with some inventory management policy
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such as base stock policy. The correlation in demands of the products can be used
to capture cannibalization effects or to make the problem more tractable for op-
timization by reducing the number of independent demand scenarios.

References

Allada V, Choudhury A, Pakala PK, Simpson TW, Scott MJ, Valliyappan S (2006) Product
platform problem taxonomy: classification and identification of benchmark problems.
ASME Design Engineering Technical Conferences — Design Automation Conference, paper
No. DETC2006/DAC-99569

Allada V, Jiang L (2002) New modules launch planning for evolving modular product families.
ASME Design Engineering Technology Conference, paper No. DETC20020DFM-34190

Baldwin CY, Clark KB (1997) Managing in an age of modularity. Harvard Business Review
75(5):84-93

Ben-Arieh D, Choubey A (2008) Solving the platform selection problem using evolutionary
algorithm. International J of Computer Applications in Technology 31(4)215-224

Briant O, Naddef D (2004) The optimal diversity management Problem. Operations Research
52(4):515-526

Caffrey R, Mitchell G, Wahl Z, Zenick R (2002) Product platform concepts applied to small
Satellites: a new multipurpose radio concept by AeroAstro Inc. 16th Annual AIAA/USU
Conference on Small Satellites

Dahmus JB, Gonzalez—Zugasti JP, Otto KN (2001) Modular product architecture. Design Stud-
ies 22(5):409— 424

Duray R, Ward PT, Milligan GW, Berry WL (2000) Approaches to mass customization: con-
figurations and empirical validation. J of Operations Management 18:605-625

Farrell R, Simpson TW (2001) Improving commonality in custom products using product fami-
lies. ASME Design Technical Conferences — Design Automation Conference, paper No.
DETC2001/DAC-21125

Fujita K, Sakaguchi H, Akagi S (1999) Product variety deployment and its optimization under
modular architecture and module communalization. ASME Design Engineering Technical
Conferences, paper No. DETC1999/DFM-8923

Fujita K, Yoshida H (2001) Product Variety optimization: simultaneous optimization of module
combination and module attributes. ASME Design Engineering Technical Conferences, pa-
per No. DETC2001/DAC-21058

Gonzalez-Zugasti JP, Otto KN, Baker JD (2000) A method for architecting product platforms.
Research in Engineering Des 12(2):61-72

Hollins B, Pugh S (1990) Successful Product Design. Butterworth, Boston

Jiao J, Tseng M (1999) A methodology of developing product family architecture for mass
customization. J of Intelligent Manufacturing 10:3-120

Jiao J, Zhang Y (2005) Product portfolio planning with customer-engineering interaction. I11E
Transactions 37(9):801-814

Jose A, Tollenaere M (2005) Modular and platform methods for product family design: litera-
ture analysis. J of Intelligent Manufacturing 16(3):371-390

Kota S, Sethuraman K, Miller R (2000) A metric for evaluating design commonality in product
families. ASME Journal of Mechanical Design 122(4):403—410.

Krishnan V, Gupta S (2001) Appropriateness and impact of platform-based product develop-
ment. Management Science 47(1):52-68

Krishnan V, Ulrich KT (2001) Product Development Decisions: a review of the literature. Man-
agement Science 47(1):1-21

Lee HL (1996) Effective inventory and service management through product and process redes-
ign. J Operation Research 44(1):151-159



6 The Platform Formation Problem 123

Lee HL, Tang CS (1997) Modeling the Costs and Benefits of Delayed Product Differentiation.
Management Science 43(1):40-53

Li H, Azarm S (2002) An approach for product line design selection under uncertainty and
competition. ASME J of Mechanical Design 124(3):385-392

MacCarthy B, Brabazon PG, Bramham J (2003) Fundamental modes of operation for mass
customization. International J Production Economics 85:289-304

Maier JRA, Fadel GM (2001) Strategic decisions in the early stages of product family design.
ASME Design Engineering Technical Conference, paper No. DETC2001/DFM-21200

Martin MV, Ishii K (1997) Design for variety: development of complexity indices and design
charts. Advances in Design Automation, paper No. DETC97/DFM-4359

Martin MV, Ishii K (2002) Design for variety: developing standardized and modularized prod-
uct platform architectures. Research in Engineering Des 13(4):213-235

McDuffie JP, Sethuraman K, Fisher ML (1996) Product variety and manufacturing perform-
ance: evidence from the International Automotive Assembly Plant Study. Management Sci-
ence 42(3):350-369

Meyer MH (1997) Revitalize your product lines through continuous platform renewal. Research
Technology Management 40(2):17-28

Meyer MH, Lehnerd AP (1997) The Power of Product Platforms: Building Value and Cost
Leadership. The Free Press, New York

Naughton K, Thornton E, Kerwin K, Dawley H (1997) Can Honda build a world car? Business
Week, September 8, 100(7)

Nayak RU, Chen W, Simpson TW (2002) A variation-based method for product family design.
Engineering Optimization 34(1):65-81

Nelson SA, Parkinson MB, Papalambros PY (2001) Multicriteria optimization in product plat-
form design. ASME J of Mechanical Design 123(2):199-204

Ortega RA, Kalyan-Seshu U, Bras B (1999) A decision support model for the life-cycle design
of a family of oil filters. ASME Design Engineering Technical Conference, paper No.
DETC/DAC-8612

Park J, Simpson TW (2005) Development of a production cost estimation framework to support
product family design. International J of Product Research 43(4):731-772

Pine BJ (1993) Mass Customization: the New Frontier in Business Competition. Harvard Busi-
ness School Press, Boston

Rai R, Allada V (2003) Modular product families design: agent-based Pareto-optimization and
quality loss function-based post-optimal analysis. International J Production Research
41:(17)4075-4098

Robertson D, Ulrich KT (1998) Planning product platforms. Sloan Management Review
39(4):19-31

Ross A (1996) Selling uniqueness — mass customization: the new religion for manufacturers?
Management Engineering 75:260-263

Rothwell R, Gardiner P (1990) Robustness and product design families. In: Oakley M (ed)
Design Management: a Handbook of Issues and Methods. Basil Blackwell Inc, Cambridge

Sabbagh K (1996) Twenty-First Century Jet: the Making and Marketing of the Boeing 777.
Scribner, New York

Sanderson S, Uzumeri M (1995) Managing product families: the case of the Sony Walkman.
Research Policy 24(5):761-782

Shil P, Allada V (2005) Evaluating new product platform development projects: a game theo-
retic real option approach. Industrial Engineering Research Conference, Atlanta 2005. IIE

Simpson TW (2004) Product Platform Design and Customization: status and promise. Artificial
Intelligence for Engineering Design Analysis and Manufacturing 18(1):3-20. IEE

Simpson TW, Chen W, Allen JK, Mistree F (1999) Use of the robust concept exploration
method to facilitate the design of a family of products. In: Roy U, Usher JM, Parsaci HR
(eds) Simultaneous Engineering: Methodologies and Applications. Gordon and Breach, Am-
sterdam



124 D. Ben-Arich

Simpson TW, D’Souza B (2002) A variable length genetic algorithm for product platform
design. 9th AIAA/ISSMO Symposium on Multidisciplinary Analysis and Optimization, pa-
per No. ATAA, AIAA-2002-5427

Simpson TW, D’Souza B (2004) Assessing variable levels of platform commonality within a
product family using a multiobjective genetic algorithm. Concurrent Engineering 12(2)119—
129

Simpson TW, Marion TJ, Weck O, Holtta-Otto K, Kokkolaras M, Shooter SB (2006) Platform-
based design and development: current trends and needs in industry. ASME Design Engineer-
ing Technical Conferences — Design Automation Conference, paper No. DETC2006/DAC-
99229

Sudjitanto A, Otto KN (2001) Modularization to support multiple brand platforms. ASME
Design Engineering Technical Conferences — Design Theory & Methodology Conference,
paper No. DETC2001/DTM-21695

Swaminathan JM, Tayur SR (1998) Managing broader product lines through delayed differen-
tiation using vanilla boxes. Management Science 44(12):161-172

Ulrich TK, Eppinger SD (2003) Product Design and Development. McGraw—Hill, New York

Ulrich TK, Pearson SA (1993) Does product design really determine 80% of manufacturing
cost? Working Paper of Sloan School, MIT

Wilhelm B (1997) Platform and modular concepts at Volkswagen — their effect on the assembly
process. In: Shimokawa K, Jiirgens U, Fujimoto T (eds) Transforming Automobile Assem-
bly: experience in Automation and Work Organization. Springer, New York

Wilson LO, Norton JA (1989) Optimal entry timing for a product line extension. Marketing
Science 8(1):89-112

Womak JP, Jones DT, Roos D (1990) The Machine that Changed the World. Rawson Associ-
ates, New York



	Chapter 6 - The Platform Formation Problem
	Abbreviations
	6.1 Introduction
	6.2 Background
	6.3 Problem Description
	6.3.1 The Single Platform Design Formulation
	6.3.2 The Multiple Platform Problem
	6.3.2.1 Improving the Formulation

	6.3.3 Single Platform Design under Stochastic Demand Problem
	6.3.3.1 Model Formulation


	6.4 An Illustrative Example
	6.5 Conclusion and Recommendations for Future Research
	References




