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ABSTRACT

Competitive pressure is forcing many manufacturing companies to invest in product
platform consolidation. The belief is that fewer, more robust product platforms will
significantly improve competitiveness by dramatically reducing product development
times and life-cycle costs while effectively increasing product line-up offering and
customer satisfaction. However, most companies lack a framework for valuing a product
platform strategy and therefore are at risk of making platform-related decisions which
result in suboptimal business performance.

This thesis addresses the need for a systematic method for valuing a product platform
strategy. The importance of the method is its ability to systematically capture the
complex interrelationship between platform strategy and platform performance while
recognizing the uncertainty associated with product platform decisions. The best
platform configuration requires that benefits be optimized given the costs. System
analysis methods and data visualization are demonstrated which communicate cost-
benefit interactions and the risk of pursuing different platform strategies. Risk is related
to platform performance uncertainty. The greater the range of possible performance
outcomes, the greater the risk.

The thesis framework is applied to an example from tlie automobile industry. The
application considers an automobile company in the early stages of a major
reorganization that is interested in developing a new product platform for its compact
truck vehicle segment. Three separate vehicle platform strategies are evaluated and
compared.
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1.0 INTRODUCTION

Many companies suffer from having too many platforms, sharing toc little technology.
Each market niche is served by a different product platform. Such companies generally
allow each product development team to operated independently. This permits the
engineering of products and processes with as many variations as the number of teams
that design and build them. As each product is designed and processed separately, there
is minimal opportunity to promote synergy across similar products. The result is a myriad
of products with few shared subsystems or manufacturing technologies, higher cost and

lower margins.

Competitive pressure is forcing many companies to invest in product platform
consolidation. The belief is that fewer, more robust product platforms will significantly
improve competitiveness by dramatically reducing product development times and life-
cycle costs wi ile effectively increasing product line-up offering and customer
satisfaction. However, most companies lack a framework for valuing a product platform
strategy. This impedes adoption of robust product platform strategies since assessment of

platform value requires evaluation of cost-benefits in a systemwide context.

This thesis addresses the need for a systematic method for valuing a product platform
strategy. The importance of the method is its ability to systematically capture the
complex interrelationship between platform strategy and platform performance while
recognizing the uncertainty associated with product platform decisions. The best
platform configuration requires that benefits be optimized given the costs. System
analysis methods and data visualization are demonstrated which communicate cost-
benefit interactions and the risk of pursuing different platform strategies. Risk is related
to platform performance uncertainty. The greater the range of possible performance

outcomes, the greater the risk

13



Thesis Outline

Following this introduction, Section 2 provides a discussion regarding the theory of
product platforms. The concept of a product plaiform, its definition and relationship to a
product family, and how platform benefits can lead to competitive advantage are all

discussed in this section of the paper.

Section 3 provides an overview of the methodology developed for valuing a product
platform strategy. It presents a 5-step process; 1) identify platform performance metrics,
attributes and uncertainty, 2) develop platform scenarios, 3) analyze platform scenarios,

4) evaluate and compare strategies, and 5) identify preferred platform strategy.

Section 4 applies the framework to an example from the automobile industry. It
considers a company in the early stages of a major reorganization that is interested in
developing a new product platform for its compact truck vehicle segment. This section
describes the framework in detail and shows how it can be used to compare three compact

truck platform proposals.

The last section, Section 3, draws conclucions from the thesis research. It discusses the

benefits of the proposed platform analysis process.
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2.0 THEORY BEHIND PRODUCT PLATFORMS

Product Platform as a Competitive Advantage

Product platform strategy can be used to compete in today’s competitive global climate.
A product platform provides competitive advantage in two ways: 1) platform efficiency,
the degree to which a platform allows economical generation of derivative products, and
2) platform effectiveness, the degree to which the derivative products produce revenue for
the firm [Meyer and Lehnerd]. See Figure 1. The optimal platform, that is the platform
which offers the greatest competitive advantage, has both efficiency and effectiveness
advantages. Figure 2 lists the potential benefits of a product platform in terms which

relate to efficiency and effectiveness measures.

Constrained | Robust Weak Strong
&  High |by in-flexible§ product and Revenues Revenues
5 E process process
3 g - >
88 Problems in |Constrained _ _
15 E Low |both product |by in-flexible Ineffective Effective
and process |product Platform Platform
Low High
Manufacturing
Efficiency

Figure 1: The Power of a Product Platform is Efficiency and Effectiveness
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Faster Product Development
* Less time needed to develop product and process
+ Common systems/components reduces testing requirements
* Less product complexity increases engineering productivity

Lower Total Cost

« Savings in total engineering and manufacturing investment

+ Lower variable costs
— Economies of scale in procurement and manufacturing
— Reduced quality losses
~ Lower transportation costs

Increased Production Volume

» Manufacturing flexibility to increase volume in response to
demand changes

¢ Reduction in plant downtime during model changeover

Figure 2: Benefits of a Product Platform

Product platforms as a means for competitive advantage has been studied previously. In
1992, Wheelwright and Clark differentiated between product families, derivative
products and product platforms in their study of vacuum cleaners. In 1993, Meyer and
Utterback did the same in their study of electronic imaging systems, as did Sanderson and
Uzumeri in 1996 in a study of Sony’s portable cassette players, as well as Meyer and
Lehnerd in 1997 in a study of Hewlett-Packard’s ink jet printers and Black & Decker’s
consumer power tools. Each of these studies has contributed insights as to how product
platform design can lead to efficiency and effectiveness in product development and

manufacturing.

Product Platform Defined
To develop an understanding of the definition of a product platform, it is helpful to start
with the concept of a product family. A product family addresses a market segment while

derivative products or groups of products target niches within the segment. See Figure 3.

16



A product platform is an element of the product family core, serving as the technical

foundation for each product in the family.

Family Core ~\

*Common User Needs
of Market Segments

*Common Product
Platforms

*Common Distributiop/” . - =
>.Channels i

Figure 3: A Product Platform is at the Core of a Product Family

A product platform can be thought of as the physical implementation of a product design
that serves as the base architecture for a series of derivative products [Meyer et al.].
Every product has an architecture comprised of subsystems and interfaces. The
architecture of a product has the potential of becoming a platform if it serves as the

foundation (base) for creating several or more derivative products.

With this background, a precise definition of a product platform can now be understood.
Meyer and Lehnerd define a product platform as the set of subsystems and interfaces
which forms a common structure from which a stream of derivative products can be
efficiently developed and produced. 1t is important to note that in addition to product

architecture, a product platform embraces manufacturing. See Figure 4.

17



Basic Product
Architecture

Product Platform

Common Subsystems and
Subsystem Interfaces,
Mfg Technologies & Processes

2§ =

Der 1 Der 2 Der 3

...Products Derived from
the Same Platform

Figure 4: Product Platform Embraces Product Architecture and Manufacturing

Product Platform Strategy

The goal of a product platform strategy is to efficiently and effectively product
development and manufacturing. A strategic approach to product platforms is one that is
highly selective, carefully choosing the elements that should be common [Meyer and
Lehnerd]. First and foremost are the subsystem interfaces. Once the interfaces are
established and fixed into place, degrees of freedom emerge for developers to improve
particular subsystems. Second, is the examinaticn of product subsystems to identify
which particular subsystems have the potential of being leveraged across derivative
products. Such subsystems have the potential of becoming valuable competitive assets.
Lastly, when third party components or modules are freely available, is the effective
integration of third party components with in-house subsystems to create diverse and

competitive product families.
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3.0 AFRAMEWORK FOR VALUING A PRODUCT PLATFORM
STRATEGY

5-Step Process’
The purpose of this section is to introduce to the reader a 5-step framework for valuing

product platform strategies. See Figure 5.

Step 1 - Identify Platform Performance Metrics, Attributes, and Uncertainties
Platform value analysis begins with the identification of important performance metrics

and the set of attributes with which to measure platform performance relative to the
metrics. Performance metrics are needed to quantify the value of a platform strategy and
allow for platform strategy comparisons. Platform attributes capture the cost-benefit
implications of a particular platform strategy and allow for the calculation of platform
performance metrics. In addition, since knowledge regarding cost-benefit implications
are incomplete (as a result of assumptions being made regarding future events), an
understanding of uncertainty is needed to transform cost-benefit assumptions into

information which can be used in the platform evaluation process.

Performance Metrics
Net Present Value (NPV) and Return On Sales (ROS) are two financial measures which

can be used to evaluate platform strategies. NPV is the equivalent worth of a platform’s
net cash flow. A platform strategy creates value when its expected return exceeds the
cost of capital employed®. ROS is the ratio of profits before tax minus other c.:sh charges
(i.e., engineering and manufacturing investment) to total sales revenue. Platforin NPV

and ROS together capture the expected value of a platform strategy.

This 5-step process is based on two separate works; one by Jordan and Graves (See paper by Jordan and Graves)
and the other by AGREA, Analysis Group for Regional Electricity Alternatives, MIT Energy Lab (See paper by
Stephen R. Conners).

The cost of capital is an opportunity cost to investing in the platform strategy, or in other words, the rate of return
the company could have earned on an alternative, similar-risk investment.
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1) Senior Managementy
Marketing, Product and Mfg
Business Offic

5 Step Process

1) Identify performance metrics,
attributes and uncertainties
2) Develop platform scenarios
1) What-if situations
i) Related uncertainties
3) Analyze platform scenarios
4) Evaluate and compare strategies
5) Identify preferred platform and

5) Attribute Database

seek consensus
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Figure 5: 5-Steps in Valuing a Product Platform Strategy
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In addition to expected NPV and ROS results is the quantification of platform risk.

Platform risk refers to the bunching of possible platform performance results about the

expected value. The greater the range, the greater the risk.

Platform Attributes
Platform attributes capture the cost-benefit implications of a platform strategy. They are

the factors used to evaluate platform strategy performance. Eight platform attributes are
defined. They are; engineering and manufacturing investment, fixed costs, manufacturing
capacity, production costs, transportation cost, product timing, sale price and customer

demand.

Platform Uncertainties
While attributes describe cost-benefit implications, uncertainties describe unknowns

faced along the way. Effective platform planning involves determining how to meet a set
of desired goals subject to constraints and unknowns. The unknowns reflect possible

changes in both long-term cost-benefit trends and short-term (year-to-year) volatility.

Step 2 - Develop Platform Scenarios
A platform scenario represents the evaluation of a platform strategy for a single set of

attributes and related uncertainties. Platform scenarios are useful for studying how a
platform strategy responds to a number of plausible cost-benefit assumptions. The
multiplicative effect of combining different strategies and plausible cost-benefit

assumptions can yield a large number of scenarios.

Platform Strategy
Platform strategies themselves are strategic plans. Three strategic areas need tc be

consider in the development of a platform strategy. They are marketing plan, product

plan, and manufacturing plan.
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Marketing Plan’

Product platform strategy begins with the development of a marketing plan. The main
objective of the marketing plan is to segment the markets. Market segmentation can be
facilitated with the use of a market segmentation grid. See Figure 6. In a market
segmentation grid, major markets segments are arrayed horizontally each representing the
principal customer groups identified by the firm. The vertical axis reflects the different

tiers of product price and performance which will serve the markets.

High Performance
High Cost

Mid-range Which Products will be Sold in Which Segments?

Low Performance
Low Cost

Segment A SegmentB  Segment C

Nt

Derivative Products

|
| Product Platforms |—l

Figure 6: Market Segmentation Grid

* This framework for formulating a marketing plan is discussed in detail in *“The Power of Product Platforms” by
Meyer and Lehnerd.
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Product Plan*

After the marketing plan, the next step is to define the product plan. Four types of

product planning strategies are defined below.

Niche Specific

In a niche specific strategy, each market niche is served by a different base architecture.

The result is a variety of products with few shared subsystems or manufacturing

technologies. See Figure 7.

High Performance
High Cost

Mid-range

Low Performance
Low Cost

Prod Arch 1 Prod Arch 4 Prod Arch 7
— | — > | ——p
Prod Arch 2 Prod Arch § Prod Arch 8
‘- || — > | 4+—>
Prod Arch 3 Prod Arch 6 Prod Arch 9
+—> | — | —>
Segment A  SegmentB  Segment C

Figure 7: Niche Specific Product Strategy

Horizontal Leveraging

An alternative to the niche strategy is horizontal leveraging. A product architecture is
leveraged horizontally when its architecture is shared across a given tier of price-

performance. An example of horizontal leveraging is shown in Figure 8. The benefit of a

* This framework for formulating a product plan is discussed in detail in “The Power of Product Platforms” by Meyer

and Lehnerd.




horizontal strategy is that a company can introduce a stream of new products across a
series of related customer groups without having to design and produce totally separate
products for each group. However, for the horizontal leveraging strategy to be effective
the customer groups have to be similar in their needs regarding the subsystems.
Horizontal leveraging occurs to the degree that common subsystems are shared

horizontally across market segments.

High Performance High-end Product Architecture
High Cost N >
Mid-range Mid-Range Product Architecture

Low Performance Low-end Product Architecture
Low Cost - | I -

Segment A SegmentB  Segment C

Figure 8: Horizontal Leveraging Product Strategy

Vertical Leveraging
Another type of product plan is one in which the firm seeks to leverage the base

architecture across a range of price-performance tiers. See Figure 9. For example, cne
variation of vertical leveraging occurs when a company that has traditionally excelled in
the high-end of the market scales its product down into the lower price-performance tiers.
In its simplest form, high-end vertical scaling is accomplished by removing certain
functionality from the high-end products to achieve a lower price point. A second

variation occurs when a company that has traditionally excelled in the low-end of the

25



market scales its product up into the higher price-performance tiers. In this case, low-end
vertical scaling is accomplished through the addition of more functional component
technologies or new modules which meet the customer needs from higher price-
performance tiers. The benefit of vertical leveraging is that a company can introduce a
streamn of new products within a segment of related customer groups without having to
design and produce totally separate products for each group. However, for the vertical
leveraging strategy to be effective the products have to be produced at a value-cost level

which is appropriate for the market niche.

High Performance A Initial
High Cost ‘ ; Architecture
, 5 Initial ;
Mid-range : Architecture '
> H
Low Performance | njgial : '
Low Cost Architecture v

Segment A SegmentB  Segment C

Figure 9: Vertical Scaling Product Strategy

Beachhead Strategy
A product plan which combines horizontal with vertical leveraging is called a beachhead

strategy [Meyer and Lehnerd]. See Figure 10. With a beachhead strategy, the company
develops a base architecture for one particular segment. From that initial foothold, the
firm scales up/down and leverages horizontally in a way which best appeals to the needs

of other market niches. The benefit of a beachhead strategy is that it combines the
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benefits of horizontal and vertical leveraging. It attempts to maximize product and
manufacturing efficiencies. If successful at implementing a beachhead strategy, a

company has great potential to enter new market niches from a superior cost position.

High Performance » A ¢
High Cost E
Mid-range D ST N 4
Low Performance | _ Initial | -
Architecture
Low Cost -—>

Segment A Segment B Segment C

Figure 10: The Beachead Strategy: Horizontal and Vertical Leveraging

Manufacturing Plan

A third plan to consider when developing a product platform strategy is the
manufacturing plan. The manufacturing plan defines which products will be produced at
vhich plant and the manuracturing technology used in the manufacturing process. See
Figure 11. The links in the network define the level of process flexibility at each plant.
The manufacturing plan is a function of both the product architecture and the

manufacturing technology available at the plant.
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Figure 11: Example of a Manufacturing Plan

Platform Definition
Once the marketing, product and manufacturing plans are fully considered, the next step

is actually defining the platform. Recall from Section 2, a product platform is the set of
subsystem and interfaces that forms the common structure from which the stream of
derivative products can be efficiently developed and produced. With platform design, the
goal is to define the platform based on a product architecture and manufacturing process
which will efficienily and effectively accommodate product development and

manufacturing.
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Platform Attributes

Engineering and Manufacturing Investment
Associated with each platform strategy is an investment in product development and
manufacturing. Money is needed to engineer and test the product(s), to acquire the

necessary manufacturing tooling and equipment, as well as to ramp-up production during
product launch.

Different platform strategies will require different levels of engineering and
manufacturing investment. Figure 12 shows the investment requirements for three
different platform strategies. Strategies which are more expensive initially but require
less spending over time are often representative of platforms which are more flexible.

The reason for this is because the cost of flexibility is initially high, but future

expenditures are less.

- N O T W0 O N

T 8 8 8 G 680 @

QO O O O O O O O

> > > > > > > >
$

|
o $400) 1
E %600 {
@ $(s00) |
Z (1,000
= $(1,200) -
$(1,400)

Time

Figure 12: Platform Engineering and Manufacturing Investment Requirements
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Fixed Costs

In addition to engineering and manufacturing investment, there are fixed costs related to
manufacturing, administration and sel’ing, and marketing. A platform strategy influences
fixed costs through its impact on the number of derivative products and manufacturing
plants required by the product platform. For the purpose of this analysis, fixed cost will
be allocated by plant and projected throughout the analysis period as is shown in Table 1.
The forecast for Plant 1 in shown in Figure 13. As an example of a platform implication,

the Plant 1 forecast considers a constant annual fixed cost increase of 2%.
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> > > > > > > > > £ 3
Time
Figure 13: Fixed Cost Forecast
o Year 1 Year2 |Year3 ([Yeard |Year5 |Year6 |Year7 |[Year8 |Year9 [Year.. [YearN
Plant 1 $900 $918 $936 $955 $974 $994 | $1014| $1034| $1054| $1,076 $1,097 |
Plant 2 $650 $242 $980 $715 $445| $1,622| $2246 53,391 $3,058 b2,746 52,406
Plant 3 $400 | $1,464 | $1,145 $823 $999 | $1,132| $2,222 52,329 | $2,455 | $2597 b2,217
Plant 4 $300 $372 | $1,061 $1247) $1430| $1570| $2,168 j1,282 | $1,414]| $2064| $2,190

Table 1: Fixed Costs by Plant
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Manufacturing Capacity
Manufacturing capacity is the production capacity of the platform’s manufacturing

network. A platform strategy impacts manufacturing capacity as a result of product cycle

time, setup and changeover effects. Manufacturing capacity is estimated by plant and

projected throughout the analysis period as is shown in Table 2. As an example of a

platform implication, the reduction in volume shown in Figure 14 is intended to represent

Plant 1 downtime in year 2 as a result of suspending production for installation of flexible

manufacturing equipment.
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Figure 14: Plant 1 Forecast of Manufacturing Capacity

~ |Year1 Year2 |Year3 |Year4 |YearS |[Year6 ([Year7 |[Year8 |Year9 |Year... Year N

Plant 1 158 119 158 158 158 158 158 158 158 158 158
Plant 2 176 134 176 176 176 176 176 176 176 176 176
Plant 3 56 56 56 56 56 42 56 56 56 86 56
Plant 4 73 64 73 73 73 73 73 73 73 73 73

Table 2: Manufacturing Capacity by Plant
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Production Costs

Production cost is the variable cost of producing the products. Production cost can be
thought of as a function of two factors; material and labor. A platform strategy influences
both material and labor costs. Production cost is defined by the product-plant
combination and is projected over the analysis period as is shown in Table 3. As an
example of one platform implication, the forecast in Figure 15 reflects expected

production cost reduction of 2% annually.
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Figure 15: Product X-Plant 1 Variable Production Cost Forecast

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year... |YearN
Prod X - Plant 1 $9600| $9408| $9220| $9.035| $8855| $8,678 | $8,504 | $8,334| $8,167 | $8,004 [ $7,844
Prod Y - Plant 2 $9600 | $9.408| $9.220| $9.035| $8855| $8,678| $8504| $8,334 | $8,167| $8,004| $7.844
Prod X - Plant 3 $7.,200 7,056 | $6,915| $6,777 | $6,641 $6,508 | $6,378 | $6,251 $6,125 | $6,003 | $5,883
Prod Y - Plant 4 $7600| $7448| $7299| $7,153| $7010| $6870( $6732| $6598| $6468| $6,336| $6,210

Table 3: Production Cost by Plant

32



Transportation Costs

Transportation cost is the cost of getting the product from the point where it is

manufactured to the buyer. A platform strategy influences transportation costs as a result

of platform decisions regarding manufacturing flexibility. Transportation cost is defined

by product-plant-region combination and is projected over the analysis period as is shown

in Table 4.

Transportation
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Figure 16: Transportation Cost Forecast

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year... (YearN
Prod X-Plant 1-Region 1 $500 $600 $550 $500 $450 $450 $500 $525 $525 $500 $500
Prod X-Plant 1-Region 2 $750 $850 $800 $750 $700 $700 $750 $775 $775 $750 $750
Prod Y-Plant 2-Region 1 $400 $480 $440 $400 $360 $360 $400 $420 $420 $400 $400
Prod Y-Plant 2-Region 2 $600 $680 $640 $600 $560 $560 $600 $620 $620 $600 $600

Table 4: Transportation Costs by Product-Piant-Region Combination
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Product Timing

Product timing refers to the schedule for product introduction and enhiancements. The
important element of product timing is when the product starts generating revenue for the

company. A platform strategy influences product timing to the extent at which it delays

or expedites product introductions or enhancements.

A product cycle plan maps product introduction and evolution. See Figure 17. Mapping
of each product begins at the start of commercial sale and continues to the end of
commercial sale. At some time during a product’s life-cycle, modifications are made to
enhance the product based on changes in market requirements or technology’. The

thickest lines on the map represent the distinct platform architectures supporting the

underlying products.

Year 1 Year2 Year3 Year4 Year5 Year6 Year7 Year.. Year N
Platform 1
m

Product 1 Discontinued
Product 2 Enhancement
Product 3 Enhancement
Platform 2 Product 4

m
Product 1 lEnhancement

Product 2

Enhancement

Product 3

Discontinued

Figure 17: Example of a Product Cycle Plan

* These enhances are often referred to as product freshenings.
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Sale Price

Sale price is the price of the derivative product in the market where it is sold. The sale

price forecast is believed to be based on market factors and thus is independent of the

platform strategy®. Sale price is defined by product-market combination and projected

over the analysis period as is shown in Table 5. Different sale price forecasts may be

used for considering different what-if scenarios. For example, a dip in sales price in year

7 may reflect a firm’s reaction to lower its price ir. response to a competitor who offers a

new (and improved) product that year.

$14,000
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$13,000
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$12,000
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Year 4
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Year7
Year 8 1
Year 9

Year
Year N

Figure 18: Product X Sale Price Forecast in Market 1

= Year1 |Year2 |Year3 |[Year4 |Year5 |[Year6 _|Year7 |Year8 |Year9 [Year.. [YearN
Market 1 | $12,000 | $12,000 | $12,500 | $13,000 | $13,500 | $13,500 | $12,900 | $13,000 | $13,300 [ $13,500 | $13,700
Market 2 ; $12,000 | $11,500 | $12,000 | $11,500 | $11,000 | $12,000| $12,500 | $13,500 | $13,000 | $12,500 | $12,000
Market 3 $9,000 | $10000| $9,500| $9.000| $9.000| $9.000| $10,000 | $10,000 | $10,000 | $10,000 | $5,500
Market 4 $9,500 | $9,500 | $10,000 | $10,000 | $10,000 | $10,000 | $10,500 [ $9,500 | $9,500 | $10,000 | $10,000

Table 5: Product X Sale Price by Market

® This would be the case if we assume external factors, such as competitor behavior, are the primary factors
influencing the sale price.

35




Customer Demand

Customer demand is the expect demand for the derivative products. A platform strategy
influences customer demand by the extent to which it effects the attractiveness of the

product offering. Customer demand is defined by the product-market combination and
projected over the analysis period as is shown in Table 6. Cus

function of external factors. Different demand forecasts m

different what

tomer demand is also a

ay be used for considering

-if scenarios. For example, a dip in demand price in year 5 may reflect an
economic recession.
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Figure 19: Customer Demand Forecast

_____|Yeard Year8 [Year9 [Year.. [YearN

Prod X - Market 1 274 257 267 -
ProdY-Markat 2 | 8 7 7 7 7
ProdX-Marketd | 71 19 19) 19 19
ProdY - Market4 | 25| 29 29 29 29

Table 6: Customer Demand (‘000) for Product X by Region
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Platform Uncertainties
The platform attributes characterize the expected cost-benefit implications associated

with a platform strategy. Uncertainties reflect all plausible scenarios in terms of both
long-term trends and year-to-year volatility. Plausible long-term trends are captured by
different cost-benefit scenarios. Volatility is captured by representing each expected value

in the forecast with a probability distribution as is shown in Figure 20.
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Figure 20: Forecast Volatility
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Step 3 - Analyze Platform Scenarios
After developing the platform scenarios, the next step is scenario analysis. Scenario

analysis is performed by simulating the operation of a platform following each strategy
and related uncertainty. The scenario analysis process consist of three modules; 1)
simulation, 2) linear programming, and 3) analysis. See Figure 21. These three modules

taken together effective quantify the operation of a platform strategy.

Input  —p Product Platform Strategy —> Qutout
Marketing Plan Linear Programming Model Sales Volume (Lost Sales)
Product Plan ProductNodes  Plant Nodes | pjany ilization
Manufacturing Plan Links Total Revenue
Fixed Costs Total Cost ‘
. Customer Demand gT ; - -
 Sale Price g LJ_Y_;W
Plant Capacity § Obj:  max[Z x,(rev-cost),]
Production Costs § ; st Net Present Value (NPV)
Transportation Costle : % ::i zgl, tg:l:: :::)) Return on Sales (ROS)

Figure 21: Computer-Based Scenario Analysis Tool

Simulation
Scenario analysis and simulation are useful for assessing platform strategies under

uncertainty. Simulation is used, as an extension to scenario analysis, to repeatedly select
values for the expected attribute factors according to their probability of occurring. In
terms of valuing a product platform strategy, simulation is used to select values for
manufacturing capacity, production cost, transportation cost, sale price, and customer

demand.
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Linear Program Modeling’

Linear programming is a tool for solving optimization problems. In all linear
programming problems, the decision maker wants to maximize (usually revenue or profit)
or minimize (usually cost) some function of the decision variables. This function is
called the objective function. In terms of valuing a product platform strategy, linear
programming is used to model the platform strategy and simulate platform ope‘ration.

The linear programming model consists of product nodes, demand nodes, and links. See

Figure 22.
Customer Market Mfg Capacity, Production Cost, and
Demand Price Transportation Cost can be defined for each link Capacity

D1 P1 Cy
» e 7
D4 P4 [Product4 Cs

————— 7 s

D7 P7 |Product 7 \
s e
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o e _
D10 P10
D11 P11 —_— T
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piz2 P2
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Figure 22: Formulating Linear Programming Model

" The linear programming software used was developed by the Leaders For Manufacturing Scheduling and Logistics
Research Group.
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Product Nodes
The product nodes are used to input data from the demand side of the equation. Platform

scenario data of interest is; 1) marketing plan (how many product and the markets where
they will be sold), 2) product timing, 3) sale price and, 4) customer demand. Uncertainty
in the factors which are input into the product node is represented by different demand

side platform scenarios and forecast volatility.

Plant Node
The plant nodes are used to input data from the supply side of the equation. Platform

scenario data of interest is; 1) manufacturing plan (i.e., how many plants) and 2)
manufacturing capacity . Uncertainty in the factors which are input into the plant node is

represented by different supply side platform scenarios and forecast volatility.

Links

The links represent the manufacturing plan for which products will be made in which
plants. Platform scenario data of interest is; 1) manufacturing plan (process flexibility) 2)
production costs and, 3) transportation costs. Uncertainty in the factors which are input

into the links is represented by different platform scenarios and forecast volatility.

Output
The linear programming model simulates platform performance and outputs expected

sales, revenue and variable cost (production and transportation) data for each platform
along with expected plant utilization and lost sales (lost sales datz is greater than zero

when customer demand exceeds the platform’s manufacturing capacity).

Analysis
Table 7 is an example of a spreadsheet which can be used to assess a platform’s

performance. At the top of the spreadsheet, fixed investment spending in Engineering and
Manufacturing is collected by year for each derivative product. Below investment
spending are the operational attributes output by the linear program model. This is where

the plant utilization, sales volume, sales revenue and total cost operating results are

40



collected. Also, in this section of the spreadsheet is the fixed costs (not including above
investment). Below the platform’s op_eraiirfg results, profit before tax is measured as total
revenue minus total cost. Down further in the spreadsheet is where depreciation of
equipment is considered. A tax rate is used to estimate earnings after tax. Operating cash
flow is the earnings after tax Plus noncash charges (depreciation). Net cash flow is the
operating cash flow minus cash charges (Engineering and Manufacturing investment).
All calculations are adjusted for inflation. The spreadsheet data is used to evaluate
platform performance based on traditional financial measures. At the bottom of the

spreadsheet, net present value (NPV) and annual return on sales (ROS) are calculated.

3 3
f Yoar1 | Yaar2 | Yeors Yoard Yoar 5 Yeor... YearN
(12 3 (49 83] (12)] s (35 (48
(9 (27} (38 38 9 26, (34
-] . p ~L)+ 0.10 {0.30) {0.40
,'a]’ 10 13 25| (3 9 (12
3 {8) 303 83 8 70 {278
8 54 {214) (45 8 51 {189
- . -] - {0 2) {7
(3 (23 {89 19 (2) (18 (70
21)ls (118 368 135 22 (118) 370
8 88.3 89.8) 89.21
889 918 832
4.88] 8.13] 11.55 13.31
- b - - 16278 | 16,038 | 16,318 18,139
N B . 9 30, (9,987) {9,865
4 - - s (2,054 (2,054)] 8 {2,064) (2,054
$ -13 -3 -1s 3887[S 4214)8 429718 4,220
3 -1 -3 -1s 4,162 [§ 4615(s 4815]§ 4,837
3 -13 -13 & ] & ] -13 -13 -
] -13 -1$ -1$ (148! (204) § 88 32
1S -1s 4012[$ 4412 (s 47471¢ 4,805
;_-L-L-Lmass 1,765|S 1dgg 1,022
S -1 ] $ 2407($ 2647(8 2848 (8 2,883
$ -1 [] $ 149 20418 68 32
$ =18 [] -1$ 2557]$ 2851s 2910]s 2,015
$__ (24l (ng) _(3e8)] & 24211§ 2828 [ § 2,788 [ § 2,545
1.0000] 1.0230] 1.0465 1.0708 1.0852 1.1204 1.148

24.62% 26.05% 25.69%, 24.15%,

Table 7: Analysis Spreadsheet of Platform Performance
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Figure 23 represents the notion of risk as it relates to platform performance. It shows the
output performance values for each scenario in the form of a bell-shaped curve.
According to the left figure, if 12.14 is the expected NPV the probability the expected
return is the actual result is between 11 and 12 percent. In other words, there is about

88% chance that the actual NPV performance will be something other than 12.14.
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Figure 23: Distribution of Platform Strategy Performance

Step 4 - Evaluate and Compare Platform Strategies
The scenario analysis process yields an database from which platform strategies can be

evaluated and compared. At this point, better combinations of options may be identified
and uncertainties may be added or dropped. Additional scenario analysis may then be
performed, until the range of strategies evaluated constitutes a set of scenarios for which

significant improvements are unlikely.

Step 5 - Identify Preferred Platform
Once this point in the process is reached, all of the important impacts associated with the

choice of platform strategy have been identified. The expected performance associated
with the platform strategies have been quantified, as well as the risk. At this time, the
platform stakeholders and other decision-makers can identify a preferred. Fine tuning

and implementation of the strategy can then commence.
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4.0 DEMONSTRATION OF 5-STEP FRAMEWORK

This section uses the 5-step framework to assess and compare the value of three product
platform strategies. It considers an automobile company in the early stages of a major
reorganization that is interested in developing a new product platform strategy for its
compact truck vehicle segment. The compact truck family had proliferated into four
separate platforms. Many company representatives however believed that fewer
platforms would improve compact truck competitiveness by dramatically reducing
product development times and life cycle costs while effectively increasing product line-

up offering and customer satisfaction.

The key question the S-step framework will address is wkich compact truck platform
consolidation strategy has the highest value? The remainder of this section demonstrates
the framework for valuing a platform strategy. All data confidential to the U.S.

automobile company has either been disguised or removed all together.
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Step 1 - Identify Performance Metrics, Attributes and Uncertainties
The first step in the process is to identify the platform performance metrics, attributes and
related uncertainty. A summary of the platform metrics, attributes and uncertainty

considered in this demonstration is shown in Table 8.

Performance Metrics

Net Present Value (NPV)
Return on Saies (ROS)

Attributes

Engineering Investment Transportation Cost
Manufacturing Investment Product Timing
Fixed Costs Sale Price
Manufacturing Capacity Customer Demand
Production Costs

Uncertainty

Long-term Trends

Short-term Volatility

Table 8: Platform Performance Attributes

Step 2 - Develop Platform Scenarios

A platform scenario represents the evaluation of a platform strategy for a single set of
platform attributes. Platform scenarios are useful for studying how a platform strategy
responds to a number of plausible cost-benefit assumptions. The multiplicative effect of
combining different strategies and cost-benefit assumptions can yield a large number of

platform scenarios.



Platform Strategy
In this study, three platform strategies are defined. They are called individual, global

pickup and North American truck. Each strategy represents a different approach to

product platforming and results in a unique set of cost-benefit implications.

Marketing Plan
Figure 24 is an example of a market segmentation grid for the compact truck family of

products. It shows a total of 5 products serving three market segments. The five products
are SUV1 (Sport Utility Vehicle), N1 (New compact truck offering), PU1 (Pickup Truck
1), PU2 (Pickup Truck 2), and PU3 (Pickup Truck 3). The three market segments are
North America, South America (including Central America) & Middle East, and the Rest
of the World.

In this marketing plan, SUV1 and N1 products are expected to serve all markets segments
whereas PU1, PU2, and PU3 are expected to serve only one market segment each. This
will have implications laier in the platform valuation process. For example, if the
platform analyst feels that offering the same SUV1 product in Rest of World as in North
America would lower product demand for SUV1 in Rest of World, the low demand
expectation will be expressed in the modeling of customer demand for SUV in Rest of

World.
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Figure 24: Compact Truck Marketing Plan and Countries by Market Segment
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Product Plan
Figure 25 - Figure 27 characterize the three different product plan approaches for the

compact truck family. The product plans will be referred to as individual, global pickup

and North American truck.

Pi

SUv “ | Architecture |

P4
New Truck <—— Architecture ] ’

) P2 P3
Pickup Architecture ™

Architecture
-

North South America Rest of
America & Middle East  world

Figure 25: Individual Product Plan
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SUV I Architecture
New Truck - P 4 —
Architecture
Picku -  P2¢ | I
P Architecture i

North South America Rest of
America & Middle East World

* New P2 Architecture

Figure 26: Global Pickup Product Plan

SUV T >
P1* >
New Truck Architecture
. P2 P3
Pickup l . X
Architecture | Architecture

North South America Rest of
America & Middle East World

* New P1 Architecture

Figure 27: North America Truck Product Plan
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Manufacturing Pian

Figure 29 - Figure 31 capture the individual, global pickup, and North American truck
manufacturing plans. Six plants are available for manufacturing the compact truck family
of products as defined by the marketing plan. The location of each plant is as shown in
Figure 28. In the case of this study, the six plants are facilities already owned by the

company.

00a
Ouw -
o]

04

Figure 28: Geographic Location of Compact Truck Manufacturing Piants

The decision for which products will be made in which plant is not straightforward.

There are constraints and cost implications associated with the sourcing decision. For
example, the product plan places constraints on the sourcing decision due to the fact that
the product architecture is a determinant of whether or not two products can be built in

the same plant. In addition, the level of flexibility required at the plant is a determinant of
the type and cost of the manufacturing equipment, the expected throughput rate
(capacity), and the distance between where the product is made and where it is sold
(transportation cost). These implications associated with the individual, global pickup

and North American truck strategies are captured in their platform attributes.
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PI8UV
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Figure 29: Individual Platform Manufacturing Plan
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Figure 30: Global Pickup Platform Manufacturing Plan

51



Plant 3

Portugal
Other Europe /
ROW KD's

Figure 31: North American Truck Platform Manufacturing Plan

Platform Definition
A cross-functional engineering team made up of design and manufacturing

representatives specified the product architecture and manufacturing technology
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requirements for the individual, global pickup, and North American truck proposals. The
goal was to define each compact truck platform based on «n architecture and
manufacturing process which could efficiently and effectively accommodate product

development and manufacturing.

The team decided to focus the platform development effort on the body structure
architecture and Body-in-White (BIW) manufacturing process. See Figure 32 - Figure
33%. The team believed that a platform for the body structure subsystems had great
benefit potential. This opinion was based on the quality, lead-time and cost implications
which are associated with product variety and changeover in the body structure
subsystem, as well as the perceived acceptance in the market place for a high degree of

commonality in body structure design.

In the design of the individual, global pickup and North American truck platforms, a great
deal of attention was paid to body structure interfaces and assembly technology.
Interfaces were defined to promote freedom in particular subsystem designs while
promoting reusabiiity in manufacturing equipment and handling devices . For example,
each platform was designed with common underbody interfaces and a main line assembly
sequence. This was done to enable movement of vehicles between plants as well as

permit production of existing products while introducing new models.

* New truck, N1, subsystems and assembly sequence is similar but not shown due to confidentiality reasons.
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Platform Attributes

Platform attributes capture the cost-benefit implications of each platform strategy thereby
capturing how one platform differs from another in terms that matter for platform
evaluation. Below are quantification of eight platform attributes. They are; engineering
and manufacturing investment, fixed costs, manufacturing capacity, production costs,

transportation cost, product timing, sale price and customer demand.

Engineering and Manufacturing Investment
Associated with each platform strategy is an investment in engineering and

manufacturing. Engineering investment is needed to design and test the derivative
products. Manufacturing investment is necded to acquire the necessary manufacturing
tooling and proceks equipment. Figure 34 plots the investment requirement for each
compact truck platform strategy. On the left of Figure 34 is engineering investment, on
the right is manufacturing investment. Both the global and North American truck
strategies are more expensive initially, because of the higher degree of product and
process flexibility which must be incorporated into the product and process, but less

expensive later in the analysis period as a result of this flexibility.

- - - - « [ «~
c ¢ Bindvdd| & % B Indivicual
o O X200
g X0 NGicbal £ ﬂg) HGlobal
H S0 ONATCK| '@ Z‘mﬁ CINA Truck
s g siom
£ 5100 £ s(1400)
Time Time
Figure 34: Engineering and Manufacturing Investment
Fixed Costs

Table 9 - Table 11 tabulate the fixed cost implication for the compact truck study. Fixed

costs are related to manufacturing overhead, administration and selling, and marketing.



The fixed cost forecast for each platform strategy is based on two platform related factors.
First, it is believed that the fixed cost for each strategy does not change over time.
Second, a 10% reduction in manufacturing overhead is credited to the global pickup and
North American truck strategies’. This reduction in manufacturing overhead is based on
the expected overhead savings resulting from a higher level of component and assembly

commonality found in the global pickup and North American truck strategies compared

to the individual strategy.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Plant 1 $ 301 $ 301$ 201$ 300$ 301 $ 3008 3001$% 300 $ 301 $ 301
Plant 2 $ 301 8% 3018$ 301$ 3001$% 3008 300$ 301 $ 300$ 3018 301
Plant 3 $ 57 § 57 § 57 ¢ 57 ¢ 5% 5% S5 8% 5% 5 8% 57
Plant 4 $ 1798 1798 179 ¢ 1798 1798 179 ¢ 1798 179 $ 179 § 179
Plant 5 $ 53§ 535 % 535 $ 535§ 535 $ 535 $§ 55 $ 535 § 535 § 535
Plant 6 $ 53 $ 585§ 535 $ 55 % 535 $ 535 $ 535 $ 55 $ 535 § 535
Table 9: Individual Platform Fixed Costs (Millions)
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Plant 1 $ 285§ 285 § 285 § 285 $ 285 $ 285 $§ 285 $ 285 $ 285 § 285
Plant 2 $ 285 § 285 $ 285 § 285 § 285 $§ 285 $ 285 $ 285 $ 285 § 285
Plani 3 $ 54 $ 54 § 54 § 54 § 54 § 54 § 54 $§ 54 § 54 § 54
Plant 4 $ 169 % 169 $ 169 $ 169 § 169 $ 169 $ 169 § 169 $ 169 $ 169
Plant 5 $ 535 $§ 535 § 535 § 535 $§ 535 $§ 635 § 535 $ 535 $ 535 § 535
Plant 6 $ 535 % 535 § 535 § 535 $§ 535 $ 535 § 535 $ 535 $ 535 § 535
Table 10: Global Pickup Platform Fixed Cost (Millions)
2001 2002 2003 2004 2005 2008 2007 2008 2009 2010
Plant 1 $ 285 $ 285 $§ 285 $§ 285 § 285 $§ 285 $§ 285 $§ 285 $ 285 $ 285
Plant 2 $ 285 $ 285 $§ 285 $ 285 $§ 285 $ 285 $§ 285 § 285 § 285 $ 285
Plant 3 $ 57 $ 57 § 57 $ 6% 5 8% 57 8% 5 $ 5§ 57§ 657
Plant 4 $ 1798 1798 1798 179§ 179 § 179 § 179 § 179 $ 179 $ 179
Plant 5 $ 511 % 511 $ 51 8% 518 51 8% 5186 51 8% 511 § 511 § 511
Plant 6 $ 511 § 511 § 511 § 511 § 511 §$ 511 $ 511 $ 511 § 511 $§ 511
Table 11: North America Truck Platform Fixed Cost (Millions)
Manufacturing Capacity

Table 12 - Table 14 tabulate the manufacturing capacity implications for each of the

platform strategies. The manufacturing capacity forecast is based on platform relatzd

® Because manufacturing overhead is not 100% of the total fixed cost represented in the table, the net change in fixed
cost is less than 10%.
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factors. The major difference accounted for in each platform’s manufacturing capacity
forecast is the expected plant downtime. See Figure 35 - Figure 37. Plant downtime

occurs when the platform strategy is implemented and during product changeovers.

2000] 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010

Plant 158 152 158 158 158 152 158 158 158 158 158

Plant 2 176 169 176 178 176 169 176 176 176 178 176

Plant 3 56 56 56 56 56 54 56 56 56 56 56

Plant 4 73 70 73 73 73 70 73 73 73 73 73

Plant 5 385 370 385 370 385 385 370 385 385 385 385

{Plant 6 180 182 190 182 190 130 182 190 180 190 180

Table 12: Individual Platform Plant Capacity (‘000)
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Figure 35: Individual Platform Plant Capacity Graphs

- 2000] _ 2001]  2002]  2003]  2004]  2005] _ 2006] _ 2007] _ 2008] __ 2009] __ 2010
Plant 1 158 119 158 158 158 155 158 158 158 158 158
Plant2 176 134 176 176 176 172 176 176 176 176 176
Plant 3 56 56 56 56 56 42 56 56 56 56 56
Plant4 73 64 73 73 73 72 73 73 73 73 73
Plant 5 385 370 385 370 385 385 370 385 385 385 385
Plant 6 190 182 190 182 190 190 182 190 190 190 190

Table 13: Global Pickup Platform Plant Capacity (‘¢00)
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Figure 36: Global Pickup Platform Plant Capacity Graphs
2000] _ 2001]  2002]  2003] _ 2004]  2005] _ 2006] _ 2007] _ 2008] __ 2009] 2010
Plant 1 158 119 158 158 158 155 158 158 158 158 158
Plant 2 176 132 176 176 176 172 176 176 176 176 176
Plant 5 385 370 385 370 385 385 370 385 385 385 385
Plant 6 180 182 190 182 190 190 182 190 190 190 190
Plant 3 56 56 56 56 56 54 56 56 56 56 56
Plant 4 73 70 73 73 73 70 73 73 73 73 73]
Table 14: North American Truck Platform Plant Capacity (‘000)
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Figure 37: North American Truck Platform Plant Capacity Graphs
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Production Costs
Table 15 - Table 17 tabulate the variable production costs for the individual, global

pickup and North American truck strategies. The production cost forecast for each

platform strategy is based on two platform-related factors.

First, the production costs associated with the individual, global pickup and North
American truck platform strategies are different. In the global pickup strategy PU1, PU2,
and PU3 are derivatives of the same platform. The PU1 and PU2 derivative products will
experience a reduction of variable production cost due to economies of scale in
procurement and manufacturing. However, the PU3 (low-end pickup for Rest of World
Markets) will experience an increase in variable production cost due to its commonality
with the higher performance PU1 and PU2. Similarly, in the North American truck
platform strategy SUV1, N1 and PU1 are derivatives of the same platforra. SUV1 and
N1 will experience a reduction of variable production costs, but PU1 experiences an
increase in variable production cost. Second, it is believed that a constant cost reduction
of 2% annually will be achieved by each platform strategy. The 2% annual decrease in
production cost represents cost reduction efforts at the plant which are independent of the

platform strategy chosen.

2001 2002 2003 2004 2005 2006 2007 2008 2009
PU1-Plant 1 $ 7171 § 7027 § 6,887 $ 6,749 $ 6614 § 6482 $ 6352 $§ 6225 $ 6,101
PU1-Plant 2 $ YAYARE 7027 § 6,887 $ 6,749 § 6614 $ 6482 $§ 6352 $ 6225 $ 6,101
PU2- Plant 3 $ 10965 $ 10,745 $ 10530 $ 10320 $ 10,113 § 9911 & 9713 § 9519 $ 9328
PU3-Plant 4 $ 5830 § 5714 § 5589 § 5487 $ 53718 § 5270 § 5165 $ 5061 $ 4,960
N1-Plant 5 $ 9902 § 9704 $ 9,510 $ 9320 $ 9,133 § 8951 $§ 8772 § 8596 $ 8424
SUV1-Plant 5 $ 11436 $ 11207 § 10983 § 10764 $ 10548 $ 10337 $ 10,131 $ 9928 $ 9,729
SUV1-Plant 6 s 11436 $ 11,207 § 10983 $ 10764 $ 10548 $ 10337 $ 10,131 $ 9928 $§ 9,729

Table 15: Individuai Platform Variable Production Costs

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
PU1-Plant 1 $ 6445 $§ 6316 $§ 6190 $ 6066 $§ 5945 $ 5826 $§ 5709 $§ 5595 $ 5483 $ 5374
PU1-Plant 2 $ 6445 $ 6316 $ 6190 $§ 6066 § 5945 § 5826 $ 5709 $ 5595 § 5483 $ 5374
PU2- Plam 3 $ 9918 $ 972¢ $ 9525 $§ 9335 § 9,148 $ 8965 $ 8786 § 8610 $ B8438 $ 8,269
PU3-Plant 4 $ 6,606 $ 6474 $ 6344 $ 6217 $ 6093 $ 5971 $ 5852 $ 5735 $ 5620 $ 5,507
N1i-Plant5 $ 9902 $ 9704 $ 9510 $ 9320 $ 9133 § 8951 & 8772 $ 859 $ 8424 $ 8,256
SUV1-Plant 5 $ 11436 $ 11,207 $ 10983 $§ 10764 $ 10548 $ 10337 $ 10,131 § 9928 $ 9,729 $ 9535
SUV1i-Plant 6 $ 11436 $ 11,207 § 10983 $§ 10764 $ 10548 $§ 10337 $ 10,131 § 9928 § 9729 $§ 9535

Table 16: Giobal Pickup Platform Variable Production Costs
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2001 2002 2003 2004 2005 2006 2007 2008 2009

PU1-Plant 1 $ 7784 § 7628 $§ 7476 § 7326 $ 7180 § 7036 $ 6895 § 6758 § 6,622
PU1-Plant 2 $ 7784 § 7628 § 7476 $§ 7326 $ 7180 $§ 7036 $ 6895 $ 6758 $ 6622
PU2- Plant 3 $ 10965 $§ 10,745 § 10530 $§ 10320 $ 10,113 § 9911 § 9713 § 9519 § 9,328
PU3-Plant 4 $ 5830 $ 5714 § 5599 $ 5487 $§ 5378 $ 5270 $§ 5,165 § 5061 $ 4,960
N1-Plant5 $ 9024 § 8844 § 8667 § 8494 $§ 8324 § 8,157 § 7994 § 7834 $ 7678
SUV1-Plant 5 $ 10423 § 10214 § 10010 $§ 9810 $ 6613 $§ 9421 $ 9233 § 9,048 $ 8,867
SUV1-Plant 6 $ 10423 $ 10214 § 10010 § 9810 $§ 9613 § 9421 § 0233 $§ 9048 $ 8,867

Table 17: NA Truck Platform Variable Production Costs

Transportation Costs
Table 18 - Table 20 tabulate the transportation costs for the product-piant-region

combination defined by each of the platform strategies. Figure 38 shows the geographic
location of the six plants in the manufacturing plan. The transportation cost forecast is
based on the expected costs associated with getting the product from the plant where it is

produced to the customer.

Transportation costs are estimated as either $0, $50, or $100 per vehicle'®. If the product
is sold in the region where it is produced, no transportation costs are incurred. If the
product is sold in a region where an established shipping route is available (i.e., U.S. to

Europe), a $50 transportation cost is incurred. Otherwise, the transportation cost is $100.

(1) North America (9) Former Soviet Union
6 (4) Europe
%8 ol ‘
2 ' ) (8) Far East
04 Asia
6)GCC &
Middle Eastern
(2) Central America Countries
(3) South America
(7) Asia-Pacific
o (5) Africa
3

O =Plant Location

Figure 38: Worldwide Production Plant Locations

" Transportation costs were estimated as such because of a lack of available data.
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PU1 - Plant 1 - Region 1
PU1 - Plam 2 - Region 1
PU2 - Piant 3 - Region 2
PU2 - Plant 3 - Region 3
PU2 - Plant 3 - Region 6
PU3 - Plant 4 - Reglon 4
PU3 - Plant 4 - Region 5
PU3 - Plant 4 - Reglon 7
PU3 - Plart 4 - Region 8
PU3 - Plant 4 - Reglon 8
N1 - Plant 5 - Region 1
SUV1 - Plant 5 - Region 1
SUV1 - Plant 5 - Region 2
SUV1 - Plant 5 - Region 3
SUV1 - Plant 5 - Region 4
SUV1 - Plant 5 - Region 5
SUV1 - Plant 5 - Region 6
SUV1 - Plant 5 - Region 7
SUV1 - Plant 5 - Reglon 8
SUV1 - Plant 5 - Region 9
SUV1 - Plant 6 - Region 1
SUV1 - Plant 6 - Reglon 2
SUV1 - Plant 6 - Region 3
SUV1 - Plant 6 - Region 4
SUV1 - Pl 6 - Region 5
SUV1 - Plant 6 - Region 6
SUV1 - Piant 6 - Region 7
SUV1 - Plant 6 - Region 8
SUV1 - Plant 6 - Region 9
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Table 18: Individual Platform Average Transportation Costs

PU1 - Plant 1 - Region 1
PU3 - Plant 1 - Region 4
PU2 - Plant 1 - Region 6
PU1 - Plant 2 - Region 1
PU2 - Plant 3 - Region 2
PU2 - Plant 3 - Region 3
PU2 - Plant 3 - Region 6
PU1 - Plant 4 - Region 1
PU3 - Plant 4 - Region 4
PU3 - Plant 4 - Region 5
PU3 - Plant 4 - Region 7
PU3 - Plant 4 - Region 8
PU3 - Plant 4 - Region 9
N1 - Plant 5 - Region 1
SUV1 - Plant 5 - Region 1
SUV1 - Plant 5 - Region 2
SUV1 - Plant 5 - Region 3
SUV1 - Plant 5 - Region 4
SUV1 - Plant 5 - Region 5
SUV1 - Plant 5 - Reglon 6
SUV1 - Plant 5 - Region 7
SUV1 - Plant 5 - Region 8
SUV1 - Plant 5 - Region 9
SUV1 - Plant 6 - Region 1
SUV1 - Plant 6 - Region 2
SUV1 - Plant 6 - Region 3
SUV1 - Plant 6 - Region 4
SUV1 - Plam 6 - Region 5
SUV1 - Plant 6 - Region 6
SUV1 - Plant 6 - Region 7
SUV1 - Plant 6 - Region 8
SUV1 - Plant 6 - Region 9

2001

$100
$100

$50

$50

$50
$100
$100
$100
$100
$100

$0
$100
$0
$0
$50
$100
$50
$100
$50
$100
$100
$100
$0
$50
$100
$50
$100
$50
$100
$100
$100

$50
$50

350

$50
$100
$100
$100
$100
$100

$100

$100

$100

$100

$100
£50
$100
$100
$100
$0
$50
$100
$50
$100
$50
$100
$100
$100

$100
$100
$100
$100
$100
$0
$100
$0
$0
$50
$100
$50
$100
$50
$100
$100
$100
$0
$50
$100
$50
$100
$50
$100
$100
$100

2007
$0
$50
$50
$0
$50
$50
$100
$100
$100
$100
$100
$0
$100
$0
$0
$50
$100
$50
$100
$50
$100
$1C0
$100
$0
$50
$160
$50
$100
$50
$100
$100
$100

2008

$50
$50

$50

$50
$100
$100
$100
$100
$100

$100

$100

Table 19: Global Pickup Platform Average Transportation Cost
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2009

$0
$50
$50
$100
$100
$100
$100

$100

$0
$50
$100
$50
$100

$100
$100
$100
$0
$50
$100
$50
$100
$50
$100
$100
$100

2009

$50
$50

$50

$50
$100
$100
$100
$100
$100

$100



PU1 - Plant 1 - Region 1
N1 - Plant 1 - Region 1
SUV1 - Plant 1 - Region 1
PU1 - Plant 2 - Region 1
N1 - Plant 2 - Region 1
SUV1 - Plant 2 - Region 1
PU2 - Plant 3 - Region 2
PU2 - Plant 3 - Region 3
PU2 - Plant 3 - Region 6
PU3 - Pla 4 - Region 4
PU3 - Plant 4 - Region 5
PU3 - Plant 4 - Region 7
PU3 - Plant 4 - Region 8
PU3 - Plant 4 - Region 9
PU1 - Plant 5 - Region 1
N1 - Plant 5 - Region 1
SUV1 - Plant 5 - Ragion 1
SUV1 - Plant 5 - Region 3
SUV1 - Plant 5 - Region 4
SUV1 - Plant 5 - Region 5
SUV1 - Plant 5 - Region 6
SUV1 - Plant 5 - Region 7
SUV1 - Plant 5 - Region 8
SUV1 - Plant 5 - Region 9
PU1 - Plant 6 - Region 1
N1 - Plant 6 - Region 1
SUV1 - Plant 6 - Region 1
SUV1 - Plant 6 - Region 2
SUV1 - Plant 6 - Region 3
SUV1 - Plant 6 - Region 4
SUV1 - Plant 6 - Region 5
SUV1 - Plant 6 - Region 6
SUV1 - Plant 6 - Region 7
SUV1 - Plant 6 - Region 8
SUV1 - Plant 6 - Region 9

Tahle 20: North America Truck Platform Average Transportation Cost

Product Timing
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Figure 39 - Figure 41 represent the product timing for each of the three compact truck

platform strategies. The timing of products is based on market factors and thus is

independent of the platform decision. As can be seen in the figures, the timing of

products for each of the strategies is the same.
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

P2 Platform
Compact Pickap ¥4 Tonne Reg Cab Fresh Fresh
V4 Tonne Ext Cab Fresh Fresh
34 Tonne 4Dr Ext Cab Fresh Fresh
1 Tonne Ext Cab Fresh
1 Tonne Reg Cab Frash
1 Tonne Crew Cab Fresh
P3 Platform
Compact Pickup 1 Tonne Reg Fresh Fresh
1 Tonne Ext Cab Fresh Fresh
1 Tonne Crew Cab Fresh Fresh
4Dr Exi Cab Fresh
P1 Platform
SUV [4DR LHD Fresh T:m Fresh
[4Dr RHD Fresh Fresh Fresh
4DR Fresh Fresh Fresh
P4 Platform

New |4D( lFleah

Figure 39: Individual Compact Truck Platform Product Timing

2000 2001 2002 2003 2004 2005 2008 2007 2008 2000 2010
P2° Plattorm
Compact Pickup 3/4 Tonne Reg Cab Fresh ﬁrnh
3/4 Tonne Ext Cab Fresh Fresh
3/4 Tonne 4Dr Ext Cab Fresh Fresh
1 Tonne Ext Cab Fresh

1 Tonne Reg Cab Fresh

1 Tonne Crew Cab Fresh

1 Tonne Reg Fresh

1 Tonne Ext Cab Fresh

1 Tonne Crew Cab Fresh

4Dr Ext Cab
FP1 Platform
SUV 4DR LHD Fresh lﬁun Ith
4Dr RHD Fresh Fresh Frash
4DA Fresh Fresh Frash
P4 Platform
New 40r IFulh

Figure 40: Global Pickup Platform Product Timing
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2000 z_m 2002 z_ooa 2004 2005 2008 2007 42_008 2009 2010
P1° Pistform
Pidap ¥4 Tonne Reg Cab Fresh IFtuh
/4 Tonne Ext Cab Fresh Fresh
/4 Tonne 4Dr Ext Cab Fresh ‘Fruh
suv 4DR LHD Fresh |Frad'| Fresh
40r RHD Fresh Fresh Fresh
4DR Fresh Fresh Fresh
New 4Dr Fluh
P2 Platform
Pickup II Tonne Ext Cab TFresh
1 Tonne Reg Ceb Fresh
1 Tonne Crew Cab Frash
P3 Platform
1 Tonne Reg Fresh Fresh
1 Tonne Ext Cab Fresh Fresh
1 Tonne Crew Cab Fresh Fresh
40Dr Ext Cab Fresh
Figure 41: North America Truck Platform Product Timing
Sale Price

Table 21 tabulates the average sale price for each product in the compact truck family.

The average sale price is the weighted-average sale price across all markets. The sale
price forecast is believed to be based on market factors and thus is independent of the

platform decision''.

2001 2002 2003 2004 2005 2006 2007 2008 2009
PU1 $ 12072 $ 12,072 $ 12072 $ 12,072 $ 12,072 $ 12,072 $ 12,072 $ 12,072 $ 12,072
PU2 $ 15686 $ 15686 $ 15686 $ 15686 $ 15686 $ 15686 $ 15686 $ 15686 $ 15686
PU3 $ 9700 $ 9700 $ 9700 $ 9,700 $§ 9700 $§ 9700 $ 9,700 $ 9,700 $ 9,700
N1 $ 19079 § 19079 § 19,079 $ 19,079 § 19,079 $ 19,079 $ 19,079 § 19,079 §$ 19,079
Suv1 $ 22035 $ 22,035 $ 22035 $ 22,035 $ 22,035 $ 22,035 $ 22,035 $ 22,035 $ 22,035

Table 21: Average Sale Price for Each Derivative Product

' This would be the case if we assume external factors, such as economic conditions, are the primary factors
influencing the sale price.
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2010
$ 12,072
$ 15,686
$ 9,700
$ 19,079
$ 22,035



Customer Demand
Table 22 - Table 24 tabulate expected customer demand for each product and market in

the compact truck product family. Figure 43 - Figure 43 list the markets and countries
applicable to this study. The custcmer demand forecast is based on market factors and
thus and is independent of the platform decision'?. As can be seen in the tables, the

customer demand forecast is the same for each platform strategy.

North America Former Soviet Union
Europe

Far East
Asia

GCC &

Middle Eastern

Central America Countries
South America
Asia-Pacific

Africa

Figure 42: Overview of International Markets

' The assumption here is that the customer could not tell if a product, let say PU1, was designed and built from the
individual platform strategy, the global pickup platform strategy or the North American Truck.
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North America

USA
Canada
Mexico
Puerto Rico

Figure 43: Worldwide Customer Demand by Country/Region

USA

Canada

Mexico
PuertoRico
Chile

Brazil

GCC

Argentina

Israel

Other M. E.
South Am. KD's
Other Lat. Am.
Thalland

Other Asia-Pacific
Australia

New Zealand
FSU

Other CIS/Baltic
Africa

Denmark
Germany
Turkey
Norway/SwedernvFinland
UK

Austria

Greece
Portugal

Other Europe
ROW KD's
Canada

USA

GCC

Other L.Am.
Canada

Mexico

USA

Puerto Rico
Other LHD
Other RHD

South/Central America & M lle East

Chile

Brazil

Argentina

Venezuela

Latin America

Persian Guif Countries
Other Middle East
Israel

2001
258.5 2785 2905
6.3 6.8 6.8
13.5 15.0

4.7 4.7 4.7
600 60.0 60.0

00 00 00

142 149 15.0
34 38 42
3700 3830 3960
29 29 3.0
202 229 22,6
174 172 17.5

18.3

Rest of World

Thailand

Other Asia-Pacific
Australia

New Zealand
Former Soviet Union
Africa

Denmark

Germany

Turkey
Norway/Sweden/Fin
United Kingdom
Austria

Greece

Portugal

Other Europe

2006 2007 2008
267.4 267.4 267.4
6.9 6.9 6.9
18.8 18.8 18.8
3.5 3.5 3.5
9.5 9.5 9.5
28.5 28.5 28.5
6.6 6.6 6.6
78 78 7.8
1.5 1.5 1.5
38 a8 38
9.2 9.2 9.2
5.8 58 58
308 30.8 30.8
1.4 1.4 1.4
7.8 7.8 78
1.5 1.5 1.5
6.0 7.0 7.0
14 14 1.4
4.1 4.1 4.1
03 0.3 0.3
1.5 1.5 1.5
1.9 1.9 1.9
0.4 0.4 0.4
21 21 21
0.2 0.2 0.2
11 1.1 1.1
0.7 07 0.7
0.7 0.7 0.7
9.9 9.9 9.9
48 4.8 43
60.0 60.C 60.0
05 0.5 0.5
0.0 0.0 0.0
15.4 15.4 15.4
53 5.3 5.3
388.0 388.0 388.0
3.1 31 3.1
23.4 23.4 234
18.3 18.3 18.3

Table 22: Individual Platform Customer Demand (‘000)
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2009

267.4
6.9

2010
267.4
6.8
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Suv1
Suvi

USA

Canada

Mexico
PuertoRico
Chlie

Brazil

GCC

Argentina

Izrael

Other M. E.
South Am. KD's
Other Lat. Am.
Thaitand

Other Asla-Pacific
Australia

New Zealand
FSU

Other CI1S/Baltic
Africa

Denmark
Gemany
Turkey
Norway/Sweden/Finland
UK

Austria

Greece
Portugal

Other Europe
ROW KD's
Canada

USA

GCC

Other L.Am.
Canada

Mexico

USA

Puerto Rico
Other LHD
Other RHD

‘Table 2!i: Global Pickup Platform Customer Demand (‘000)

68

2008 2009
267.4 2674
6.8 6.8
18.8 18.8
35 35
9.5 8.5
28.5 285
6.8 6.6
7.8 78
1.5 1.5
3.8 3.8
9.2 82
5.8 5.8
30.8 30.8
14 14
78 78
15 1.5
7.0 7.0
1.4 14
4.1 4.1
0.3 0.3
1.5 1.5
1.9 1.9
0.4 04
21 21
0.2 0.2
1.1 1.1
Q.7 0.7
0.7 0.7
9.9 9.9
48 4.8
60.0 60.0
0.5 0.5
0.0 0.0
15.4 15.4
6.3 53
388.0 388.0
3.1 31
234 23.4
18.3 18.3



PU1
PU1
PU1
PU1
N1
N1
SuV1
Suvi
Suv1
Suv1
Suv1
SuUV1
suvi
suvi
PU2
PU2
PU2
PU2
PU2
PU2
PU2
PU2
PU3
PU3
PU3
PU3
PU3
PU3
PU3
PU3
PU3
PU3
PU3
PU3
PU3
PU3
PU3
PU3
PU3

USA

Canada

Mexico
PuertoRico
Canada

USA

GCC

Other LAm.
Canada

Mexico

USA

P:jerto Rico
Other LHD
Other RHD
Chile

Brazil

GCC

Argentina

Israel

Other M. E.
South Am. KD's
Other Lat. Am.
Thailand

Other Asia-Pacific
Australia

New Zealand
FSU

Other CIS/Baltic
Africa

Denmark
Germany
Turkey
Norway/Sweden/Finland
UK

Austria

Greece
Portugal

Other Europe
ROW KD's

15.4

Table 24: North American Truck Annual Customer Demand (‘000)
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Step 3 - Analyze Platform Scenarios
Simulation
In this study, simulation is used to select values for manufacturing capacity, production

cost, transportation cost, sale price, and customer demand.

Linear Program Modeling
Figure 44 - Figure 46 are graphical representations of the linear program models

developed for the individual, global pickup and North American truck platform strategies.
All platform scenario data is input on a yearly basis'">. Platform operating resuits are
simulated for each set of input factors started in Year 2001 through Year 2010. Year
2001 through 2010 represent 10 years of platform operation.

Table 25 - Table 27 collect linear program output for each of the three platform strategies.
The linear programming output tables record the expected sales, revenue and variable
cost (production and transportation) for each platform along with expected plant
utilization and lost sales. If lost sales are expected, it is due to the fact that total customer

demand for the product is at times greater than the manufacturing capacity.

'* The data displayed in Figure 44 - Figure 46 correspond to Year 1 or 2001
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Unk Capaclty, Variable Production Cost, and

Demand ('000) Transporlation Cost not Shawn Capacity (000}
2585 usa
6.3 P2 PU1 Canada
——
Ave Market Seliing Price Plant 1 152
11.9 § 12072 Mexico
—
33 PuertoRico Plant 2 169
77 Chlle
25.1 Brazl
6.1 . GCC
6.6 Argeniina
PaPU2 Plan; 3 56
1.2 Ave Market Sefling Price Israel
$ 15,688
3.1 Other M. E.
8.4 South Am. KD
5.1 Other Lat. Am.
31.8 Thalland
14 Other Asla-Pacific
6.1 Australla
1.3 New Zealand
5.0 FSU
0.5 Other CIS/Baltic
3.2 Africa ~ \
04 Denmark
20PUD Germany ~ Plant 4 70
Ave Market Seliing Price // 7
1.5 § 9,700 Turkey
04 Norway/Sweden/Finland
31 UK
02 Austria /
1.0 Greece
1.1 Portugal
0.3 Other Europe
121 ROW KD’s
47 P4N1 Canada
Ave Market Selling Price T
60.0 $ 19,079 USA
Plant§ 370
04 GCC
0.0 Other L.Am.
Planié 182
14.2 Canada
P1SUV
3.4 AveMarket Selling Prica  Mexico
$ 22,035
370.0 USA
29 Puerto Rico
20.2 LHD
17.4 RAHD

Figure 44: Individual Platform Linear Program Model
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Link Capacity, Variabie Production Cost, and
Demand (000) Transportaion Cost nol Shown Capacity (000)

20 PZPUI
Ave Marxet Salllng Price
15 § 8,700

Plant4 64

121

47 P4N1 Cansda
Ave Markel Salling Price

600 $ 19,070 USA
_\ Plant6 370
-

04 GCC
0.0 Other LAm,
Plant @ 182
142 Canada.
P1SUV
3.4  Ave Market Selling Price Mexico
$ 22,035
370.0 Usa
2.9 Puerto Rico
20.2 LHD

17.4 AHD

Figure 45: Global Pickup Platform Linear Program Model

72



Demand (000) Transportation Cost nol Shown Capacity ('000)
258.5
6.3
P1*PU1 Plant 1 119
11.9 Markets
33 Planm 2 132
4.7 P1"Ni
Markets
60.0
Plant 5 370
04
00
Plant6 185
14.2
P1* Suv
34  Markets
3100
29
20.2
174
7.7
25.° il
8.1 GCC
6.6 Argentina
P2pPu2 Plant3 58
12 Ave Markst Setiing Price farar{
$ 15688
31 Othar M. E.
84 South Am. KD
6.1 Other Lat Am.
318 Thaland
14 Other Asla-Pacific
6.1 Auetralla
13 New Zsaland
50 FSU
05 Other CiS/Baltic
32 Africa y
04 Denmark \
20 P3PV e’ - Plant4 el
Ave Market Selling Price
15 § 6,700 Turkey
04 Norway/Sweden/Finland
31 UK
e
02 Austrla~
1.0 Greacs
‘1 Portugal
03 Other Ewrope
12,1 ROW KD's

Figure 46: North American Truck Platform Linear Program Model

Unk Capacity, Yarisbis Produrtion Cost, and
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"USA"
“Canada”
“Mexico"
“PuertoRico”
“Chlle"
“Brazil"
"GCC"
“Argentina”
“Israel”
"Other M. E."
“South Am. KD"
“Other Lat. Am."”
"Thalland”
“Other Asia-Paclific"
"Australla”
“New Zealand"
"FSU"
"Other CIS/Bcltic"
"Africa"
"Denmark"
"Germany"
"Turkey"
"Norway/Sweden/Fin
IIUKII
"Austria"
"Greece"
"Portugal”
"Other Europe"
"ROW KD's"
“"Canada"
"USA"
"USA"
"GCC"
“Other L.AM"
"Canada"
"Mexico"
"USA"
"PuertoRico"
"Other LHD"
"Other RHD"
TOTAL:

Plant 1
Plant 2
Plant 3
Plant 4
Plant 5
Plant 6
AVERAGE:

Total Sales ('000)
Total Revenue (MILS)
Total Cost (MILS)

Table 25: Individual Platform Linear Program Output

2001
0.00
0.00
0.00
0.00
0.25
0.00
4.22
0.00
0.33
0.00
0.00
0.00
0.00
0.00
C.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.60
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.88

100%
63%
100%
94%
74%
100%
84%

869
15275
9334

2002
0.00
0.00
0.00
0.00
1.16
0.00
5.96
0.00
0.80
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.15
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
8.13

100%
75%
100%
96%
81%
100%
88%

916
16098
9830

EXPECTED LOST SALES ('000)

2003 2004 2005 2006 2007
0.56 093 000 000 000
0.00 000 000 000 0.00
0.00 000 000 000 0.00
0.00 000 000 000 0.00
341 464 629 6.18 6.18
0.00 002 017 016 0.16
6.33 639 640 637 6.37
0.00 000 000 000 0.00
1.24 1.31 1.38 1.39 1.39
0.00 000 000 000 0.00
0.00 000 000 000 0.00
0.00 000 000 000 0.00
0.00 000 000 000 0.00
0.00 000 000 000 0.00
0.00 000 000 000 0.00
0.00 000 000 0.00 0.00
0.00 000 000 000 0.00
0.00 000 000 000 0.00
0.00 000 000 0.00 0.00
0.00 000 000 000 0.00
0.00 0.00 000 000 0.00
0.00 0.00 000 000 0.0C
0.01 0.01 003 0.03 0.03
0.01 0.01 004 005 0.05
0.00 000 000 000 0.00
0.00 000 000 000 0.00
0.00 000 000 0.00 0.00
0.00 000 000 000 0.00
0.00 0.00 000 0.00 0.00
0.00 000 000 000 0.00
0.00 000 000 000 000
0.00 000 000 000 000
0.00 000 000 000 000
0.00 0.00 000 000 000
0.00 0.00 000 000 0.00
0.00 0.00 000 000 0.00
0.00 0.00 000 000 0.00
0.00 0.00 000 0.00 0.00
0.00 0.00 000 0.00 0.00
0.00 0.00 000 0.00 0.00

1155 1331 1431 14.18 14.18

EXPECTED PLANT UTILIZATION

100% 100% 100% 100% 100%
82% 83% 72% 73% 73%

100% 100% 100% 100% 100%
93% 93% 95% 94%  94%
82% 79% 81% 81% 81%

100% 100% 100% 100% 100%
90% 89% 88% 88% 88%
EXPECTED OPERATING RESULTS

932 925 911 911 911
16318 16139 16016 16025 16025
9967 9865 9778 9784 9784
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2008
0.00
0.00
0.00
0.00
6.18
0.16
6.37
0.00
1.39
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

14.18

100%
73%
100%
94%
81%
100%
88%

911
16025
9784

2009
0.00
0.00
0.00
0.00
6.18
0.16
6.37
0.00
1.39
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

14.18

100%
73%
100%
94%
81%
100%
88%

911
16025
9784

2010
0.00
0.00
0.00
0.00
6.18
0.16
6.37
0.00
1.38
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.0n
0.00
0.00
0.03
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

14.18

100%
73%
100%
94%
81%
100%
88%

911
16025
9784



llusAll
"Canada"
"Mexico"
"PuertoRico"
"Chile"
"Brazil"
vGCC"
"Argentina"
"Israel"
"Other M. E."
"South Am. KD"
"Other Lat. Am."
"Thahand"
"Other Asla-Pacific"
"Australia"
"New Zealand"
IIFSUII
"Other CIS/Baltic”
"Africa"
"Denmark"
"Germany"
"Turkey"
"Norway/Sweden/Finla
IIUKII
"Austria"
"Greece"
"Portugal”
"Other Europe"
"ROW KD’s"
"Canada"
"USA"
n USAII
IIGCCII
"Other L.AM"
"Canada"
"Maxico"
IIUSAII
"PuertoRIco"
"Other LHD"
"Other RHD"
TOTAL:

Plant 1
Plant 2
Plant 3
Plant 4
Plant 5
Plant 6
AVERAGE:

Total Sales ('000)
Total Revenue (MILS)
Total Cost (MILS)

Table 26: Global Pickup Platform Linear Program Output

2001
19.08
2.46
0.00
1.06
0.17
245
0.47
1.37
0.04
1.56
0.00
0.00
7.86
1.19
3.76
0.83
1.27
0.10
0.77
0.07
0.27
0.18
0.05
0.48
0.05
0.00
0.80
0.27
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
46.60

100%
100%
100%
100%

74%
100%

90%

847
15050
8980

EXPECTED LOST SALES ('000)

2002 2003 2004 2005 2006
0.86 277 265 019 0.19
0.07 042 046 0.01 0.03
0.00 000 000 000 0.00
0.03 022 025 0.01 0.02
0.01 0.01 000 0.14 0.00
0.60 1.77 203 265 0.81
0.39 114 128 039 0.29
0.29 047 030 0.07 0.04
0.01 0.01 001 005 0.01
0.33 037 046 040 025
0.00 000 000 0.00 0.00
0.00 000 000 0.00 0.00
1.30 144 232 245 154
0.21 030 037 034 o022
C.64 1.31 143 170 128
0.23 039 044 045 032
0.35 0.71 070 037 o0.18
0.03 013 0145 0.14 0.05
0.11 005 005 024 0.06
0.02 005 005 0cC1 o0.01
0.11 016 012 0.02 0.03
0.04 006 004 0.02 0.02
0.01 002 001 001 0.01
0.12 018 013 0.03 0.03
0.01 0.01 001 0.01 0.00
0.01 009 013 0.02 0.02
0.14 015 019 0.2 0.08
0.08 019 025 0.15 0.1
0.00 000 000 000 0.00
0.00 00C 000 000 0.00
0.00 000 000 000 0.00
0.00 000 000 0.00 0.00
0.00 0.00 000 0.00 0.00
0.00 000 000 0.00 0.00
0.c0 000 000 0.00 0.00
0.00 000 000 0.00 0.00
0.00 000 000 000 0.00
0.00 000 000 0.00 0.00
0.00 000 000 000 0.00
0.00 000 000 0.00 0.00
597 1241 13.80 9.98 5.59

EXPECTED PLANT UTILIZATION

91% 93% 94% 94% 91%
98% 99% 100% 99% 98%
99% 99% 100% 97% 99%
95% 96% 96% 97% 96%
81% 82% 79% 81% 81%

100% 100% 100% 100% 100%
91% 2% 9N% 92% 91%

EXPECTED OPERATING RESULTS

942
16444
9871

953
16618
9978

946

935

942

16441 16362 16459
9878 9824 9893
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2007
0.27
0.03
0.00
0.01
0.03
0.80
0.39
0.05
0.01
0.24
0.00
0.00
1.84
0.23
1.39
0.38
0.30
0.08
0.12
0.01
0.02
0.01
0.00
0.02
0.00
0.03
0.08
0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.46

91%
98%
100%
96%
81%
100%
91%

9
16446
9884

2008
0.18
0.00
0.00
0.01
0.00
0.95
0.31
0.00
0.01
0.23
0.00
0.00
2.03
0.24
1.14
0.33
0.24
0.07
0.12
0.01
0.02
0.02
0.00
0.03
0.01
0.03
0.09
0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.18

90%
98%
99%
96%
81%
100%
91%

941
16446
9884

2009
0.18
0.00
0.00
0.01
0.00
0.95
0.31
0.00
0.01
0.23
0.00
0.00
2.03
0.24
1.14
0.33
0.24
0.07
0.12
0.01
0.02
0.02
0.00
0.03
0.01
0.03
0.09
0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0
6.18

90%
98%
99%
96%
81%
100%
91%

941
16446
9884

2010
0.18
0.00
0.00
0.01
0.00
0.95
0.31
0.00
0.01
0.23
0.00
0.00
2.03
0.24
1.14
0.33
0.24
0.07
0.12
0.01
0.02
0.02
0.00
0.03
0.01
0.03
0.09
0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.18

90%
98%
99%
96%
81%
100%
91%

9
16446
9884



o

2001
"USA" 0.27
“Canada” 0.00
“"Mexico” 0.00
“PuertoRico" 0.00
"Canada" 0.00
"USA" 0.00
"USA" 0.00
"GCC" 0.00
"Cther L.AM" 0.00
"Canada“ 0.00
"Mexico" 0.00
"USA" 0.00
“PuertoRico” 0.00
"Other LHD" 0.00
“Other RHD" 0.00
“Chile" 7.08
"Brazli" 0.67
"GCC" 0.00
"Argentina" 0.00
“Israel" 0.00
“Other M. E." 0.00
“Other Lat. Am." 0.00
“Thailand"” 0.00
"Other Asla-Pacific” 0.00
"Australla® 0.00
“Naw Zealand" 0.00
"FSU" 0.00
“Other CiS/Baltic" 0.02
“Africa” 0.00
“Denmark" 0.00
"Germany" 0.00
“Turkey" 0.00
"Norway/Sweden/Finland" 0.00
"UK* 0.04
“Austria®* 0.00
“Gresce" 0.00
"Portugal” 0.00
"Other Europe" 0.00
"ROW KD's" 0.00
TOTAL: 5.37
Plant 1 100%
Plant 2 58%
Plant 5 99%
Plant 6 100%
Plant 3 100%
Plant 4 94%
AVERAGE 93%
Total Sales ('000) 869
Total Revenue (MILS) 15268
Total Cost (MILS) 9104

2002
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
8.76
2.18
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.1

0.00
0.00
0.00
0.00
0.00
0.08
0.00
0.00
0.00
0.00
0.00
7.94

100%
35%
100%
99%
100%
96%
88%

918
16112
9614

EXPECTED LOST SALES ('000)

2003 2004 2005 2006 2007
0.02 000 0.00 000 0.00
0.00 000 0.00 000 0.00
0.00 0.00 0.00 000 0.00
0.00 0.00 0.00 000 0.00
0.00 000 0.00 0.00 0.00
0.00 000 0.00 0.00 0.00
0.00 000 0.00 0.00 0.00
0.00 000 0.00 0.00 0.00
0.00 000 0.00 0.00 0.00
0.00 000 0.00 0.00 0.00
0.00 000 000 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 000 0.00 0.00 0.00
0.00 000 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
8.99 9.16 9.1 9.16 9.16
3.38 483 4.83 483 483
0.00 000 0.00 000 0.0
0.00 0.00 0.00 000 0.0
0.00 0.00 0.00 000 0.00
0.00 000 0.00 000 0.00
0.00 000 0.00 000 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 000 0.00
0.00 0.00 0.00 000 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 000 0.00
0.02 0.01 0.09 009 0.09
0.00 000 000 0.00 0.00
0.00 000 000 0.00 0.00
0.00 000 0.00 000 0.00
0.00 000 0.00 0.00 0.00
0.00 000 0.00 0.00 0.00
0.00 000 0.02 0.02 0.02
0.00 000 0.00 000 0.00
0.00 000 0.00 0.00 0.00
0.00 000 0.00 000 0.00
0.00 0.00 0.00 000 0.00
0.0 000 0.00 0.00 0.00

1098 1238 14.09 14.09 14.09
EXPECTED PLANT UTILIZATION

100% 100% 100% 100% 100%
56% 40% 34% 43% 31%

100% 100% 100% 100% 100%

100% 100% 99% 100%  98%

100% 100% 100% 100% 100%
93% 93%  94% 94%  94%
92% 89% 688% 90% 88%
EXPECTED OPERATING RESULTS

932 325 910 910 910
16319 16151 16010 16010 16010
9742 9647 9548 9548 9548

2008
0.00
0.0
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.16
4.83
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09

100%
31%
100%
99%
100%
94%
88%

910
16010
9548

2009
0.00
0.00

0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.16
4.83
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09
0.00
0.00
0.00
0.00
0.00
0.07
0.00
0.00
0.00
0.00
0.00
14.09

100%
3%
100%
99%
100%
94%
88%

910
16010
9548

Table 27: North American Truck Platform Linear Program Qutput
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2010
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
©.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
14.08

100%
31%
100%
99%
100%
94%
88%

910
16010
9548



Analysis
Table 28 - Table 30 record all platform attributes into a spreadsheet which calculates

platform performance metrics. At the top of the spreadsheet, the platform investment in
Engineering and Manufacturing is shown by year for each derivative product. Below
investment spending are the operational performance output by the linear program model.
Also, in this section of the spreadsheet is the fixed costs associated with the platform.
Net cash flow is calculated and recorded at the bottom of the spreadsheet. Net Present
Value (NPV) and average Return on Sale (ROS) are as shown in the tables. Figure 47 -
Figure 49 graph the risk of achieving the platform performance as calculated by the

spreadsheet given the uncertainty in platfc ‘m attributes.
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Figure 49: North American Truck Platform NPV and ROS Distribution
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Step 4 - Evaluate and Compare Platform Strategies

The scenario analysis, simulation and linear programming process yields an database
from which platform strategies can be evaluated and compared. Table 31 summarizes the
performance metrics results. It can be seen in Table 31 that all platform strategies have a
positive NPV and ROS. However, both the global pickup and North American truck
have NPV’s and ROS’s which are higher than the individual platform strategy, with the
North American platform strategies having the highest NPV and ROS.

The risk associated with each strategy is captured by the standard deviation value. Based
on the strategies and scenarios evaluated, there doesn’t appear to be much of a difference

in platform risk. In all cases, the standard deviation is approximately 10% of the mean.

Individual Global Pickup NA Truck

N. V ROS NPV ROS NPV ROS
min $8,468 | 21.10% $9,396 | 23.16%] $10,082 | 23.86%
max $13,923 | 28.90%] $14,893 | 30.25%| $15,251 31.69%
mean $11,433 | 25.57%] $12,331 27.20%) $12,433 | 27.60%
std dev 1060 1.65% 978 1.41% 1015 1.55%

Table 31: Summary of Platform Performance Metrics

Figure 51 - Figure 55 provide an explanation for why the North American truck platform
strategy has high value ir terms of NPV and ROS. It can be seen from the graphs that the
North American truck platform has a cost advantage. For a slightly higher investment
initially (Figure 50), the North American truck platform strategy has a slightly lower
average variable cost (Figure 50) and significantly lower fixed cost (Figure 54). These
North American truck cost advantages throughout the analysis period yield a high NPV
and ROS.

82



1999 1

2002 +

001
2002
2003
2004
2005
2006
2007

2008 1

2009
2010

- =~ Individual
— Globa! Pickup
------ N.A. Truck

2001
2002 1

2003 1

2004
2005
2006 1
2007
2008
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Figure 55. Net Cashflow
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At this point in the platform analysis, better strategies can be identified and uncertainties
in terms of scenarios and/or volatility, may be added or dropped. Additional analysis can
then be performed, until the range of strategies evaluated constitutes a set of scenarios for

which confidence is high and significant improvements are unlikely.

Trade-off graphs are useful for assessing many platform scenarios. The multiplicative
effect of combining different strategies and plausible cost-benefit assumptions can yield a
large number of scenarios. Trade-off graphs effectively communicate the cost-benefit

interactions of many different platform scenarios.

An example of the use trade-off graphs is shown in Figure 56. Each plotted point
corresponds to a different scenario, where the light shaded points are plotted to represent
other plausible compact truck platform scenarios not included in the previous section.
The scenarios closest to the optimal results for one cost-benefit implication can be traded-

off against another.
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Figure 56: Cost-Benefit Trade-Off Graphs

Step 5 - Identify Preferred Platform

Once the scenario analysis process is completed, all of the important impacts associated
with the choice of strategy have been identified. The risks associated with the strategy’s
choice, in addition to its performance have been quantified. At this time, the analysis’
audience of stakeholders and decision-makers can identify a preferred strategy, or class of
strategies from the population of scenarios. Fine tuning of the strategy can then

commence.
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5.0 CONCLUSION

The importance of this method is its ability to systematically model the complex
interrelationship between cost-benefit attributes (business issues) and product platforms
and to provide useful data for product platform assessment. The 5-step process has
several advantages when it comes to providing quantitative information in a joint

decision-making environment.

Since it begins with the identification of important performance metrics and attributes, it
automatically addresses the range of concerns held by the group responsible for making
product platform decisions. A clear identification of issues and attributes serves to
divorce discussions of acceptable performance criteria from the platform strategy’s
underlying technology. This is important for politically charged areas within a company.
In such areas, participants enter the discussions with firmly held views often comprised of

an idealized technology which, in their qualitative opinion, represents the correct strategy.

In analyzing the performance of platform strategies, scenario analysis and simulation are
used to assess platform value under uncertainty. Scenario analysis and simulation are less
controversial than more traditional analysis methods which either ignore uncertainty all
together or incorporate uncertainty through a single discount rate. Data analysis
capability with commercially available software identifies the risk associated with
strategy choice, and the range over which performance may vary. This is advantageous to
approaches which look at single optimal solutions alone. Mathematical modeling of the
product platform strategy using linear programming methods provides specificity when

the details of one platform scenario warrant closer examination.

Although the multiplicative effect of combining all available sfrategies and uncertainties
can yield a very large number of scenarios, the process is capable at dealing with a high
level of complexity. Trade-off graphs are used to capture the cost-benefit attributes of
each platform scenario of interest to stakeholders. Trade-off graphs allow the audience to

perform a visual comparison of all scenarios under consideration. This accelerates
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decision-making and enables a focused implementation of platform initiatives. Platform

parameters which are shown to have a strong impact on performance are understood and

managed carefully.
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