
deploying the CCOP systems to support the intelligence needs of the naval
commanders and other intelligence gathering and analysis agencies in the
federal government.

CASE STUDY: MANUFACTURING AND SALES IN
THE AUTOMOTIVE AFTERMARKET

This case study was written by Andy Roff and Larry Blair with modeling as-
sistance from the author. Both Andy and Larry are executives from the au-
tomotive aftermarket who have owned and managed several businesses.
They each have 30 plus years of experience, specifically in the provision of
information systems for the shared benefit of both suppliers and distribu-
tors. They can be contacted at larblair2@aol.com.

Background and History of the
Automotive Aftermarket

The automotive aftermarket (AAM) started soon after the first horseless
carriage made its way on to the world’s roads more than a century ago. It
happened perhaps within a couple of days when the original dog-clutch
gave in to the abuse of its erstwhile horse-driving operator! And thus, the
AAM was born the moment the first screw needed replacement. Over time,
as makes and models of automobiles multiplied, so did the manufacturers of
parts to repair and keep them running—some commissioned by the auto

452 MORE INDUSTRY APPLICATIONS

FIGURE 14.15 Summary real options analysis results.

Summary Results Strategy A Strategy B Strategy C
PV Option Cost (Year 1) $348,533 $1,595,697 $1,613,029
PV Option Cost (Year 2) $4,224,487 $3,043,358 $4,494,950
PV Option Cost (Year 3) $3,688,994 $10,105,987 $8,806,643
PV Revenues $24,416,017 $33,909,554 $48,420,096
PV Operating Costs $16,220,188 $16,765,513 $9,951,833
PV Net Benefit $8,195,829 $17,144,041 $28,868,264
PV Cost to Purchase Option $425,000 $169,426 $72,611
Maturity in Years 3.00 3.00 3.00
Average Risk-Free Rate 3.54% 3.54% 3.54%
Dividend Opportunity Cost 0.00% 0.00% 0.00%
Volatility 26.49% 29.44% 15.04%

Total Strategic Value with Options $1,386,355 $4,466,540 $15,231,813
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makers—with various manufacturing “pattern” parts of varying quality and
durability. As of the time of writing, the world APA is approximately $800
billion per year, with a 3 percent expected growth rate going forward.

With so many different parts and suppliers, there was a need for refer-
ence books to identify the correct item, so giving birth to the parts catalog.
Nothing much changed until the introduction of the microfiche in the 1960s,
and that was used almost exclusively by the car makers’ service and parts
network. In skilled hands, this quasi-electronic database brought efficiency
and speed to the parts sales and automotive repair processes. However, the
wealth and complexity of the largely graphic-based content made its adop-
tion by the competitive aftermarket nonviable.

Instead, the ubiquitous personal computer became a natural tool for the
advent of electronic cataloguing in the early 1980s. A major hurdle that still
had to be overcome was that the various proprietary systems demanded a
high level of specific data formatting, which was an extremely costly exercise
to undertake and conflicted with the existing print-oriented legacy practices
of the catalog authors. Also, there was little point in the major aftermarket
suppliers each devising and installing their own e-catalog versions when
each one would demand a separate hardware platform to run on. Worse,
these platforms could not integrate with the computerized point-of-sale
(PoS) tills that were introduced in the late 1970s.

This demand vacuum was just too big, both conceptually and given the
constraints of the available technology. The first European attempt concen-
trated on providing a standalone terminal, bringing together parts from mul-
tiple providers in a “bookcase” format. There was a common drill-down of
available car makes and models with access to information compiled by
each aftermarket supplier and designed for dissemination by trade associa-
tions. This system originated in the Netherlands and was also licensed for
use in the United Kingdom during the early 1990s.

Although eventually a commercial failure, this system’s introduction
forced the parts suppliers and manufacturers to focus on e-data provision
and begin the shift from a print-centric catalog-building mentality. This shift
was reinforced by the ambitions of national parts distribution chains to pro-
vide “tied” e-catalogs and the leading PoS providers to add e-cataloguing ca-
pabilities to their terminals. Both initiatives increased the demands for e-data
from suppliers and manufacturers.

In the United States, a national PoS provider decided on a massive in-
vestment in 1984, leading to the introduction of a dedicated, integrated
e-catalog in 1985, followed by a European version 5 years later.

So the manufacturers’ primary “shop window” took the form of these
third-party e-cataloguing systems. They were forced to become less posses-
sive about their data, had less control of timeliness and accuracy in the way
it was presented to the marketplace, and had to provide multiple versions of
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the e-catalogs for the various national chains and third-party providers. In
some cases, they were even obliged to pay to have it placed on display.

The Issues Facing the Industry

There is a silver lining to this particular cloud. Given that the formats of the
data are now becoming increasingly common and indexed to an industry
standard—in the United States, industry-sponsored lists are available—data
will become increasingly consistent with a faster time to market. Now that
technology is more advanced, graphics and illustrations on the part’s char-
acteristics, its location on the car, fitting tips, and other key information can
all be linked into such a catalog. All of these improvements will help to in-
crease the quality of the buying experience and enable individual manufac-
turers the ability to distinguish their offerings.

And there’s more. Manufacturers’ products can be accurately linked to
a list of cars and that list of cars can be linked to state-provided car popula-
tion statistics. Now production and distribution strategies can be subjected
to risk analysis, simulation, forecasting, optimization, and real options
analysis. When all the possible components impacting on a decision to man-
ufacture or source the supply of a given replacement part are taken into
consideration, it shows just how fragile and error-prone traditional decision-
making methods must be.

The Analytical Complexity

An example case study is based on Casky Automotive Electrics, Inc., a the-
oretical private company specializing in the design and manufacturing of au-
tomotive products in support of the original equipment manufacturing
(OEM) sector of the automotive industry. Casky’s specialty is rotating
electrics, commonly known as alternators and starters. The company has
close ties with both Ford and General Motors (GM), and these firms have
provided Casky with a basis for growing their business in both North Amer-
ica and Europe. As a development partner to two of the world’s largest au-
tomotive manufacturers, Casky has supported the development programs of
both manufacturers with engineering expertise that has led to manufactur-
ing contracts for starter motors for some of the most recognized car models
on the road. Those relationships have also led to contracts for some of the
newest hybrid models in which fuel efficiency is maximized. These models
place an even greater burden on the starter motor and therefore increase
its cost and complexity. Casky has won a contract for the starter motor
for the hypothetical new Phalynx hybrid minivan that was introduced by
GM in 2005. GM has placed orders for the units that will be fitted to the
cars during their assembly. However, Casky has also won the contract for
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the service support of the dealer network for replacement of starters as re-
quired by service demands. The automotive manufacturing industry is one of
the largest (considering both economic value and employment) in those coun-
tries having a high vehicle registration. Certainly North America and Europe
account for most of the vehicle registrations in the world and highest per
capita ratios of car registrations in comparison to the general population.

Initial total sales of the Phalanx are predicted at 100,000 per year, ris-
ing to 150,000 in year 2 and reducing to 100,000 in year 3. Sales predictions
for similar models in the past have been accurate to ±5 percent. The vehi-
cle will be manufactured in mainland Europe and primarily marketed in
Europe and North America. The eventual population of the model will vary
across the European and North American states but will aggregate 55 per-
cent and 45 percent in the two markets. Vehicle population statistics will be
available annually from various external suppliers. A face-lift, as opposed to
an all-new, model will be marketed in year 4, and sales are predicted to re-
cover to 150,000 before declining steadily to 75,000 in year 5 prior to an all-
new model launch. The total predicted model population will therefore
be 575,000 with an annual scrap rate—attrition through either insurance
total loss or being uneconomical to repair—of 2 percent compounded annu-
ally. There are two gasoline and one diesel versions with a prediction of
equal demand for all three engine variations across the model range, with
these engines serving both the original and face-lift versions, but not the all-
new model.

Caskey is chosen to provide the starting motor for all three engines. They
supply only new, as opposed to reconditioned, units both to GM and the au-
tomotive aftermarket (AAM). Each starting motor unit is different, having
been specifically designed for a specific model, and has different wear char-
acteristics with a minimum time before failure (MTBF) of 100,000 miles for
the smaller gas engine, 85,000 miles for the larger gas engine, and 100,000
miles for the diesel version. The average annual user mileage is predicted at
12,000 for the smaller gas engine and 15,000 for both the larger gas engine
and the diesel. There is a 2-year warranty on the units sold in mainland Eu-
rope and 3 years in the United Kingdom, Ireland, and North America.

There is a demand from GM of sufficient stock on hand for 1 week’s
production with a zero failure rate at fitting. The unexpected failure rate
(that is, before MTBF and therefore resulting in a warranty claim) is
1:10,000. GM’s retail service network has 250 outlets in Europe and 150 in
North America, and each must hold at least two of each unit at the model
launch. Caskey has three European and two North American distribution
warehouses that service both GM’s retail network and the AAM through
both independent and chain parts retailers. The margin is the least on sales
to the GM, +20 percent to the national chains, and +25 percent to the
independents.
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Caskey expects to supply 90 percent of units sold through GM’s service
network outside of warranty claims, but competes from the 4th year onward
with other new unit manufacturers and in the 5th year onward with unit re-
conditioners. There is a single European new unit manufacturer with a distri-
bution network in North America that introduces a modified starting motor,
which also fits another model with an existing and out-of-warranty model
with a similar population and engine mix. This new unit manufacturer ex-
pects to gain an initial 10 percent of the market for the new model, rising by
2 percent compound and 50 percent of the additional model where it was
one of two vehicle parts manufacturers (VPMs) selected for the original
equipment. Two unit reconditioners enter the market in North America and
three in Europe, each expecting a 5 percent share of the market and each dis-
tributing only to the AAM. The reconditioners’ ability to service the market
is directly related to the return of worn units which in the first year of their
operation (year 5 of production) is 100 percent from GM, reducing in subse-
quent years as more units from the other new unit VPM wear out. The MTBF
for the reconditioned units is only 66 percent of that for the all-new units.

The Analytical Framework Applying Risk Analysis,
Simulation, Forecasting, and Optimization

Setting up and solving the problem is not a trivial task, requiring facility
with Risk Simulator’s Monte Carlo simulation, forecasting, and optimiza-
tion routines. Figure 14.16 illustrates a forecast model of the automobile de-
mand based on the assumptions listed previously. Minimum, maximum,
and most likely value ranges are also listed and each of the period’s demand
values is simulated (Figure 14.17); that is, the European and U.S. demands
for each quarter are simulated such that the expected values of each year are
in line with the foregoing assumptions of 100, 150, 100, 150, and 75 thou-
sand vehicles, respectively.

Figure 14.18 illustrates the modeling of the additional requirements and
restrictions of the demand forecasts, such as failure rates of the parts, scrap
rates of the automobile model, and average miles driven per year. Note that
all the highlighted cells in Figures 14.16 and 14.18 are simulation assump-
tions and each value is simulated thousands of times in the model. Next, an
optimization model is developed based on these uncertainties in demand lev-
els, as shown in Figure 14.19. In this model, we see that the decision vari-
ables are the quantity to manufacture; that is, to find the optimal quantity
to manufacture given the uncertainty-based forecasted demand levels. Price
per unit, failure rates, and average driving distance per year for a vehicle are
all accounted for in the model. The analysis provides the optimal quantity to
manufacture such that the total net profits are maximized, subject to excess
costs of surplus and shortages in quantity on hand.
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For instance, say we have a marginal holding or carrying cost of $1.00
for each surplus unit manufactured versus a cost of $1.20 marginal excess
net losses in sales if there is a shortage in manufactured parts with respect to
sales demand. In addition, at least 800 units must be available within the
first 6 months to cover the two-unit minimum per outlet for the 400 outlets
worldwide. Finally, the manufactured output cannot exceed 1.50 times the
forecasted values per year, to prevent any glut in the market. Monte Carlo
simulation and forecasting methodologies were applied as well as dynamic

458 MORE INDUSTRY APPLICATIONS

FIGURE 14.17 Monte Carlo simulation of demand forecast.

FIGURE 14.18 Additional requirements.

Initial Projected Scrap Rate 1.99% (Range is from 1.50% to 2.5% per year)
Postwarranty Scrap Rate 10.82% (Range is from 8% to 15% per year)
Projected Miles Driven Per Year      12,000   (Range is from 10,000–14,000 for small petrol engines)
     15,000   (Range is from 13,000–17,000 for large petrol engines)
     14,989   (Range is from 13,000–17,000 for diesel engines)

Average Warranty    100,000 (miles)

Prewarranty Failure Rate 0.01% (Range is from 0.01% to 0.02% per week)
Postwarranty Failure Rate 0.15% (Range is from 0.05% to 0.20% per week)
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optimization techniques. The actual part quantities that should be manufac-
tured that maximize net profits, minimize excess losses, and are all the while
subject to the relevant minimum and maximum manufactured parts are illus-
trated in Figure 14.19 and charted in Figure 14.20. As can be seen in the chart,
it is optimal to start with a small quantity initially when the Phalanx is intro-
duced, and gradually but with a stepwise progression, increase the number of
parts as the car gets older. The quantity peaks between years 7 and 10 when
warranties expire and when the parts are most needed, and then gradually de-
creases over time as the cars are decommissioned, sold, or scrapped.

Using these advanced risk analysis techniques, we are able to predict the
optimal manufacturing output and the life cycle of a specific part based on
historical data and simulating thousands of potential outcomes and scenar-
ios in an optimization model. In fact, we can take this one step further and
on completion of the optimization analysis, reapply simulation and obtain
the probabilities of the net revenues for this particular part, as seen in Fig-
ures 14.21, 14.22, and 14.23.

460 MORE INDUSTRY APPLICATIONS

FIGURE 14.20 Optimal quantity and manufacturing constraints.

4,500

4,000

3,500

3,000

2,500

2,000

1,500

1,000

500

0

Ye
ar

 1
 Q

1

Ye
ar

 1
 Q

4

Ye
ar

 2
 Q

3

Ye
ar

 3
 Q

2

Ye
ar

 4
 Q

1

Ye
ar

 4
 Q

4

Ye
ar

 5
 Q

3

Ye
ar

 6
 Q

2

Ye
ar

 7
 Q

1

Ye
ar

 7
 Q

4

Ye
ar

 8
 Q

3

Ye
ar

 9
 Q

2

Ye
ar

 1
0 

Q
1

Ye
ar

 1
0 

Q
4

Ye
ar

 1
1 

Q
3

Ye
ar

 1
2 

Q
2

Ye
ar

 1
3 

Q
1

Ye
ar

 1
3 

Q
4

Year
 1 1,249 1,859
 2 3,911 5,825
 3 6,345 9,449
 4 9,007 13,415
 5 11,128 16,574
 6 11,146 16,606
 7 15,816 41,770
 8 16,000 48,487
 9 16,000 30,675
 10 15,434 19,406
 11 10,126 12,277
 12 6,644 7,767
 13 2,000 4,914

Manufactured Limit

However, we require two parts per outlet for 250 outlets 
in Europe and 150 outlets in the United States.
So, the first period requires 800 units.

Assumed Cost of a Surplus unit: $1.00 (Additional carrying cost losses per unit)
Assumed Cost of a Shortage  unit: $1.20 (Additional sales loss per unit)

Constraints:
1. First 6 months must be at least 800 units: 800
2. Each year we cannot manufacture more 
    than 1.5 times the forecasted demands:
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Figure 14.21 shows that the 90 percent confidence interval of the net
profits for this particular part is between $15.64 and $18.87 million over
its lifetime. In fact, the expected value or mean net profit is $17.54 million
(Figure 14.22). Finally, using the simulated results, we can compare the
profitability of one part versus another. For instance, suppose we have an
alternative part that the company is deciding on manufacturing and the ex-
pected net profit payoff is $15.0 million. We can determine that by manu-
facturing the current parts, there is a 91.20 percent probability that this
current part’s net profits will exceed the alternative business line.

Extended Business Cases II 461

FIGURE 14.21 The 90 percent confidence interval.

FIGURE 14.22 The simulated statistics.
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In contrast, had optimization and simulation risk analysis not been per-
formed, the results would have been a highly suboptimal set of results. For
instance, based on the required minimum and maximum production re-
quired in each period, say we manufacture at the average of the forecasted
values; the total net profits would have been $13.43 million or manufactur-
ing at the required minimum required values returns $0.71 million in net
profits. Therefore, given such huge swings in values, running optimization
guarantees the maximum possible net profits of $17.54 million subject to
the uncertainties and risks inherent in the demand forecasts.

To conclude, Monte Carlo simulation, forecasting, and optimization
are crucial in determining the risk elements and uncertainties of pricing and
demand levels. In addition, the analysis provides a set of valid optimal quan-
tities to manufacture given these uncertainty demand levels, all the while
considering the risk of the business line. Thus, using risk analysis, decision
makers can not only decide which business lines or parts to manufacture,
but how much to manufacture, when to manufacture them, and if required,
to decide the optimal price points to sell the parts, maximize profits, and
minimize any losses and risks.

CASE STUDY: THE BOEING COMPANY’S
STRATEGIC ANALYSIS OF THE GLOBAL EARTH
OBSERVATION SYSTEM OF SYSTEMS

This case study was written by Ken Cobleigh, Dan Compton, and Bob
Wiebe, from The Boeing Company in Seattle, Washington, with assistance
from the author. This is an actual consulting project performed by Ken,
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FIGURE 14.23 Sample breakeven points.
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