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Marketing: Given a tentative product plan by BSO, marketing 

determines (forecasts) market demand volumes, revenues and variable 

profits by product and market. It then provides this information to 

other organizations involved in the planning process. Market demand 

volumes (sales) are one of the most important inputs into a strategic 

plan and also one of the most difficult to determine. Often, marketing 

will develop several different scenarios for demand volumes 

depending on other company products as well as the competition in 

similar segments. The forecasted volumes are largely dependent on 

estimates of future economic conditions and competitor information. 

Finance: Finance is responsible for reporting current and estimating 

future company financial performance based on product plans. It tries 

to forecast cash flows and ultimate shareholder value (earnings per 

share, profitability, investment efficiency, etc.). Finance also assists 

the Business Strategy Organization in developing and helping achieve 

corporate goals. 

. Manufacturing Operations: The manufacturing operations have 

ultimate responsibility for implementing the product strategy. They 

are also responsible for developing and recommending appropriate 

sourcing strategies for production, as well as developing costs of 

facilitizing plants for production. They are engaged in overall 
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demand of each product (as it evolves) purely by scaling production of each 

product. If the plant is capable of producing only one product and if the 

demand for tha t product falls, then it would be unable to respond to the 

market quickly due to long lead times involved in launching a new product. 

Vehicle assembly flexibility is becoming an important element in 

automotive companies' strategies [4]. Traditionally, the majority of the North 

American automotive market has been sharply divided between cars and 

light trucks. However, in recent years the line differentiating cars and trucks 

is becoming increasingly blurred with the emergence of very popular 

minivans and sport-utility vehicles (SUVs). Two important factors are 

expected to significantly influence the automotive industry over the next 

several years. 

First, several new "platforms" or vehicle types are expected to emerge, 

including[4]: 

. "high" cars: vehicles with truck like (high) seating in cars 

. "cross-dressing" cars: cars with increased ground clearance and truck 

cosmetic cues 

. "macho" minivans: minivans with truck-like or SUV-like features 

. Hybrids: SUV's with car like features 

These new entrants are believed to have a sizable market but are also 

considered financially risky, due to uncertainties in the estimates of their 

market size. These products, therefore have serious implications for capacity 
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planning. However, in principle, since most of these products are car or truck 

derivatives, they could be built in existing facilities if a flexible 

manufacturing strategy is adopted. This, flexibility, is assuming an 

increasingly important role in automotive planning strategies. 

A second factor which has a big influence on the North American 

automotive market is the growing size of the truck market (up from 25% in 

1985 to more than 45% in 1997) and the huge incremental capacity in North 

American truck production (estimated to increase by nearly 50% or approx. 4 

million units between 1990 and 2002). But with such big increases in 

capacity, if the market were to turn around and favour more cars and their 

new derivatives, these manufacturers with the most flexible capacities are 

going to be the winners because converting capacities from trucks to cars or 

vice versa is very expensive and time consuming. Flexibility in 

manufacturing capacity reduces the risks of entering new markets or 

launching new products. 

While flexibility can be a competitive advantage, it is also expensive to 

introduce into the production system. Adding a new product to an assembly 

plant, however similar to an existing product, costs several hundreds of 

millions of dollars. The decision to invest in flexibility has to be made 

carefully by trading off costs vs. expected profits. The focus of this project is 

to develop tools to analyse these tradeoffs using a scenario approach and 

recommend a capacity planning strategy with optimal flexibility. 
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actions. New business insights on the business can surface when the 

competition and industry are analysed using this approach. In addition to 

understanding the "game" this approach also helps to identify new strategies 

to change the "rules of the game". They cite the example of General Motors 

launching a credit card wherein card holders earned rebates towards the 

purchase of a new car. This new strategy helped GM to eliminate year-end 

rebates to a large extent and to develop a loyal customer base. Game theory 

helps business managers deal with uncertainty with respect to competitors' 

actions. For a more comprehensive understanding of game theory the reader 

is referred to "Thinking Strategically: The Competitive Edge in Business, 

Politics and Everyday Life" by Dixit and Nalebuff [8]. 

Option Pr ic ing Models: Dixit and Pindyck [9] present an analogy between 

stock options and opportunities for capital investment. They present an 

argument against conventional NPV analysis by suggesting tha t capital 

investments are often irreversible and can be delayed, which a conventional 

NPV analysis ignores. They then draw an analogy between holding a call 

option and an opportunity to make a capital investment (i.e. with a right to 

future cash flows when the option or investment is exercised). When a 

company decides to invest, it in effect kills the option. Therefore, it gives up 

the possibility of waiting for new information tha t might affect the 

desirability or timing of the investment. Option pricing models are 
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particularly useful where there are uncertainties regarding a few alternate 

future outcomes. The analysis is similar to decision (or binary) trees tha t are 

used to evaluate options. For example, if a regulation is forthcoming, option 

pricing models can be used to evaluate the benefits of investing (and its 

timing) depending on, say, a probability of the regulation being approved 

(such as the environmental regulations being debated by the United Nations 

in Kyoto, Japan). Option valuation models have successfully been used in 

valuing capital investments for flexibility in manufacturing processes. 

Kulatilaka [10] presents a framework for using option valuation models to 

evaluate the value of flexibility in the context a company analysing the 

opt ion of installing an expensive industrial steam boiler. 

Scenario Planning: Schoemaker [11] argues that scenario planning stands 

out as a tool to help managers with strategic planning for its ability to 

capture a whole range of possible futures in great detail. Scenario planning is 

a method of evaluating strategic options by imagining a range of possible 

future outcomes. It helps a manager avoid overconfidence on one hand and a 

restricted vision on the other. Schoemaker presents an excellent description 

of scenario planning as a planning tool. He details the process of constructing 

scenarios and using them for strategic decisions in the context of an 

advertising agency. Scenario planning has seen applications in the auto 

industry as well [12]. The focus of that work is application of scenario 
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planning to achieve optimal flexibility with respect to capacity planning. The 

scenarios used in the auto industry are based primarily on market demand 

volumes. A detailed discussion of the approach, based on Eppen et. al.'s [12] 

work is presented later. 

2.2 Manufacturing Flexibil i ty 

Flexibility, as defined by Upton [13] is the "ability to adapt or 

change". Manufacturing flexibility has been the focus of much attention in 

recent years. Significant efforts by researchers are being directed at 

approaches to implementing flexibility at all levels - from the shop floor [14] 

to strategic planning [15, 16, 17]. Several new developments in flexible 

manufacturing systems are summarized in [18]. Flexibility in manufacturing 

systems is becoming an integral part of modern manufacturing systems, as is 

J IT [19]. Manufacturing flexibility development and implementation requires 

close interaction between strategic planners (management) and 

manufacturing operations (engineers). There is no doubt that flexibility is 

becoming a major component of automotive strategic plans. Even though 

flexibility is an important strategic element in manufacturing, measuring the 

impact of flexibility on manufacturing performance is an important issue [20, 

21]. 

The focus of this work is to address flexibility requirements at a 

vehicle assembly level. Jordan and Graves have written well recognized 
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articles [22, 23] on this topic. Their analyses of flexibility in vehicle assembly 

sourcing is an important basis for the work outlined in this report. Jordan 

and Graves developed the principles of benefits of flexible manufacturing 

processes. 

They suggest that flexibility is a key strategy for improving response 

time to a changing marketplace. They look at assignment of products to 

plants and show the benefits of having flexibility in vehicle assembly 

capacity. They showed that ignoring the costs of flexibility, assuming 

a constant total capacity in the plants , and g iven an uncerta in 

product demand, a flexible configuration would a lways lead to a 

h igher level of overall expected capacity ut i l izat ion and expected 

sales. The intuition is best expressed in the context of an example. 
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dedicated and flexible configurations for the two plants. In the dedicated 

configuration, Plant 1 can manufacture only Product A and Plant 2 can 

manufacture only Product B. In the flexible configuration, both Plants 1 and 

2 can produce Products A and B. Let us assume that the demand for products 

A and B are independent of each other and have demand scenarios as follows: 

Demand (Units) Scenario Probability of Scenario 

50 1/3 
100 1/3 
150 1/3 

Let us assume that the two plant capacities are equal and the total capacity 

between the two plants can have one of the following values: 100, 130, 150, 

170, 200, 230, 250, 270 and 300. Since the demand scenarios for the two 

products are assumed to be independent, there can be a total of nine product 

demand combinations for A-B (50-50, 50-100, 50-150, 100-50, ...150-150). Let 

us consider the following situation, which depicts one of the several demand-

plant capacity combinations: 

Demand for Product A = 150 units 

Demand for Product B = 50 units 

Probability of Demand Scenario occurring = 1/3 * 1/3 = 1/9 

Total Plant Capacity = 200 units (100 each in Plant 1 & 2) 
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The total sales and capacity utilization for the two configurations (dedicated 

& flexible) occur as follows: 

Sales of Product A: 

Dedicated Configuration: 100 units (since A can be produced only in Plant 1 

whose capacity = 100) 

Flexible Configuration: 150 units (since A can be produced in Plants 1 & 2) 

Sales of Product B: 

Dedicated Configuration: 50 units (= demand) 

Flexible Configuration: 50 units (=demand) 

Total Sales: 

Dedicated Configuration: 150 uni ts 

Flexible Configuration: 200 uni t s 

Capacity Utilization (total sales/total capacity) 

Dedicated: (100+50)/(200) = 75% 

Flexible: (200)/200) = 100% 

Therefore, in this case, both the total sales and capacity utilization are 

higher for the flexible configuration than for the dedicated configuration. 

This analysis sequence can be repeated for all demand scenarios with 

varying total capacity levels, and a total expected sales and capacity 

utilization can be computed (the probability of each demand scenario 



occurring is 1/9). The complete results of the calculations are shown in Figure 

4. The Excel spreadsheet calculations are shown in Appendix 1. 

Figure 4: Total expected sales and capacity utilization for dedicated and flexible 
configurations as shown by Jordan & Graves 

It can be seen from the figure that the Expected Sales/Capacity 

Utilization envelope for dedicated facilities is below tha t of flexible 

configurations. At an extreme, when the capacity for each plant is set to the 

minimum possible demand, flexibility has no value since both plants will be 

fully utilized. Similarly, at the other extreme, if the plant capacity is set to 

the maximum demand, all the demand for both products will always be met 

and flexibility will have no additional value. However, if the capacity is set to 

something in between, expected sales and utilization for the flexible 
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configuration will always be higher. Also, at the same total capacity level, a 

flexible configuration will exhibit a higher expected sales and utilization. 

In addition to the benefits of flexibility in these simplistic terms, 

Jordan and Graves [22, 23] also showed that "chaining" (or linking) 

production facilities in a long linked chain is almost as good as having total 

flexibility. Consider 10 products and 10 plants as shown in Figure 5. Figure 

5(b) shows a configuration with total flexibility, i.e. all products can be 

manufactured at all sites. Figure 5(a) shows the plants and products linked 

in one long chain. As an example, the authors show tha t if the standard 

deviation for expected demand for each product was 40, the maximum and 

minimum demands were 180 and 20 units, respectively and each plant 

capacity was a constant of 100 units, then the expected sales and capacity 

utilization for a plant configuration with 1 chain (or 10 links) is almost equal 

to that of a totally flexible configuration with 90 links (see 22,23 for further 

details). In their article, Jordan and Graves developed the following 

heuristics for capacity planning in the context of flexibility: 

• try to equalize the number of plants that each product in a chain is 

directly connected to 

• try to equalize the number of products that each plant in the chain is 

directly connected to 

• try to create a circuit tha t encompasses as many plants and products as 

possible 
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• a little flexibility in the "right" fashion can yield most of the benefits of 

total flexibility 

• flexibility is most effective at increasing expected sales and capacity 

utilization when it is added to create longer chains of plants and products 

While Jordan and Graves presented a very elegant description of the 

intuition behind the principles of the benefits of flexibility, some open issues 

remain which makes their model inconvenient to use directly for practical 

applications: 

• Interdependence or cannibalization of product demands: The launching of 

new products in the automotive industry can have two effects in the 

marketplace: take market share away from competition and/or 

cannibalize one's own product in a similar or another segment. Including 

product demand interdependence in a model is normally difficult since it 

can lead to nonlinearities in the formulation. In our work, we do not 

include product demand interdependence directly (functional form) but do 

allow it to be included in the construction of demand scenarios. 

• How to arrive at an appropriate chain: The question of how many and 

which plants should be grouped together must be addressed. This is an 

important issue because flexibility investments are significant and these 

costs were ignored in their analysis. Their analysis focused on maximizing 

expected capacity utilization and sales, but not profits. Our work is aimed 



at including the costs of flexibility explicitly and optimizing the tradeoffs 

between the benefits of flexibility and costs of achieving it. 

Their approach to arrive at an appropriate level of flexibility used a 

simulation model (to look at nearly all possible plant-product 

combinations) based on heuristics. Our model uses a mixed integer linear 

programming approach to achieve optimality with respect to flexibility. 

Our model does not use heuristics. 
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Figure 5: Chained and total configurations between ten products and ten plants. Jordan & Graves 
showed that if costs of flexibility are ignored and given a total capacity, 10 links (as shown in (a)) 
are almost as effective as 90 links (as shown in (b)) [22,23]. 

2.3 Scenario Based Capacity Planning (Eppen et. al. [12]) 

Eppen et. al. have presented a practical approach to scenario based 

capacity planning for an auto manufacturer. They present a mixed integer 

linear program formulation to approach the capacity planning problem in 

general. Their model includes several aspects of automotive capacity 

planning tha t need to be considered. The optimization approach maximizes 

total profits obtained over multiple time periods. Their model included 
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facilities and their flexible configurations for multiple products in the same 

facility. Given total plant capacity constraints and product demand 

constraints, the program chooses near optimal values for facilities and their 

flexible configurations in each time period. It estimates changeover of each 

plant configuration in each time period and also estimates production levels 

of each product in each given demand scenario. It also automatically allows 

for a near optimal level of unmet demand. If facilitizing a plant for a 

particular product is not profitable, it allows the demand for tha t product to 

be unmet. Unmet demand for each product, therefore, is also a result of the 

optimization. Further details of the model will be clear when the formulation 

used in the current work is discussed in Section 4. In addition to maximizing 

profits, a unique feature of the Eppen model was a "downside" risk 

constraint. This constraint could be tuned so that the optimal capacity plan 

would meet a target profit level (while minimizing the risk of losing money). 

This idea, borrowed from financial literature [24], was a clever aspect of 

their work. 

While Eppen et at. described a general and practical approach to 

capacity planning, their model did not have the ability to pick an optimal 

level of flexibility - i.e. the ability to determine optimal configuration with 

changeovers. Their model assumed that all changeovers in 

conf igurat ions w e r e identical and that the changeovers required 

ident ical investments . In reality, flexibility costs vary with facilities and 
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configurations. Costs associated with changeovers are an important aspect of 

production decisions. Due to this limitation of their model, they allowed only 

one changeover per facility over the planning horizon considered in the model 

(five years). Eppen et at. were also limited by the computational power 

available at tha t time (their study was conducted in 1989). They had to resort 

to using mainframe computers to solve problems that can be solved today on 

a desktop personal computer. However, Eppen et at. clearly demonstrated the 

viability of optimization techniques for capacity planning. 

The model developed in our work builds upon the ideas presented by 

Eppen et. at. by relaxing some of the assumptions. Focus in this work is 

primarily on the notion of optimal flexibility and maximizing expected total 

profits over a multiple period time frame. The next few sections describe the 

model in detail and present results of sample analyses. 
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3. Introduct ion to Model ing & Using Linear Programming 

Analytical business models are often used for executive planning [25]. 

These models can be used to forecast future events, explore alternatives, to 

develop contingency plans, etc. Models help management describe real world 

situations in an analytical framework. A variety of techniques can be used to 

analyse models, depending on the type of modeling being carried out. The 

steps typically involved in a modeling process in strategic planning can be 

listed generally, as follows: 

• Real world situation: problem identification 

• Formulation and construction of model, including data acquisition 

• Model analysis and solution 

• Model output - decisions and predictions 

• Output comparison with management experience, judgment and intuition 

• Model implementation or model revision with a repeat of the process 

A large number of models fall under the class of "Constrained 

Optimization Models". Often, in real world applications, a set of allowable 

decisions are restricted in some way. These restrictions are called 

constraints. Constrained optimization models provide near optimal decisions 

to the mathematical description of the real world problem. The optimal 

solution provided by these optimization methods are not necessarily the best 

(since the problem description usually does not include every possible issue at 

hand), but should be interpreted as leading to "good" decisions. 
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3.1 Capacity P lanning Us ing Excel Spreadsheets 

The example used in this section is meant to illustrate the issues 

related to capacity planning and will also point out some limitations related 

to solving such problems using spreadsheets. However, it also illustrates the 

ease of use of spreadsheets for linear programs. 

Let us consider three products, A, B and C, and two plants, I and II 

where the products can be produced. There are three annual demand scenario 

forecasts available (Table 4). For purposes of illustration, let us consider 

demand scenario II. Total annual capacities of the two plants are given as 

350,000 and 166,000 units, respectively. Investments required to build each 

product in both plants are given as well as variable profits for each product 

(Table 4). Using the "SOLVER" capability in Excel, a mixed-integer program 

can be set up using the following model: 

Objective: Maximize total profits over 5 years (Cell in green - Objective). 

Decision Variables: Levels of production of each product in each plant (cells 

in blue) are decision variables. Investment is incurred when the first unit is 

produced in a certain facility. 

Constraints: The following constraints are specified: 

• Production (decision variables) should be integer values and positive 

• Total production of each product should be equal to its demand 

• Total capacity utilization of each plant should be between 85% and 99% 
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• Total production of products in each plant should be less than total plant 

capacity 

The results show that analysis recommends tha t Plant I produce 

products A, B and C and that Plant 2 produce only A, i.e., it adds one "link" 

for Product A. This observation stems from the fact that the solution 

indicates 0 units of Products B and C are to be produced in Plant II. Also, 

note that capacity utilizations of the two plants, based on the above 

configurations, are 97.6% and 99%, thereby satisfying the specified 

constraints. Objective function evaluation predicts a total profit of $8.54 

billion. 

This simple analysis illustrates the concepts behind capacity planning 

and use of spreadsheets for linear programs. However, it makes two 

important assumptions which render it impractical. They are: 

• Each demand scenario occurs with a probability of 100%. In reality there 

may be several different scenarios for which profits should be maximized 

in an expected sense. 

• Investments in facilities are unique to a product, i.e. the costs of launching 

a product in a certain plant are independent of what other products might 

be produced there. In reality, investments are highly dependent on plant 

configurations. To introduce costs in an appropriate fashion, the model 

should be able to accommodate several possible configurations as decision 

variables. 
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Some other limitations to using spreadsheets for modeling such 

problems are: 

• input can be cumbersome when complex models are involved 

• input description is completely explicit (does not allow compact notation) 

• spread sheets are limited by the numerical algorithms available within 

the software. 
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The next section develops a more general formulation to the capacity 

planning problem. 

33 



34 





36 



37 



38 





40 



5. Appl icat ion 

The capacity planning model described in Section 4 has been 

implemented in GAMS [28], a commercially available optimization 

environment. GAMS provides an application programming interface to 

describe the equations such as those in Section 4. It provides several tools to 

carry out linear and nonlinear mixed integer program analysis. The MINOS 

module in GAMS has been used in this work. The implementation is best 

described in the context of an example. 

5.1 Example Problem 

The model described in Section 4 has been used to analyse a real 

capacity planning problem for an automotive company. Due to the 

confidential nature of the information, the data has been modified in this 

discussion. The nature of analysis and results however remain unchanged. 

Consider three products A, B and C, and two plants, I and II. The goal 

of the analysis is to decide which products to produce at each plant. The 

planning horizon is five years (t=1..6), with time period 1 being defined as the 

initial period. Figure 6 is a schematic representation of the problem. The two 

extreme options are either a "base configuration" defined as sourcing 

products A and B in Plant I and product C in Plant II (see Figure 9(b)) or 

completely flexible, i.e., all three products, A, B and C, in both Plants I and 

II. However, certain configurations are not allowed due to manufacturing and 
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The figure shows tha t the demand for Product C (being a new product) has a 

great deal of uncertainty, ranging anywhere from 150,000 to 250,000 units. C 

is in a vehicle segment similar to A and B. The demands for each product 

shown in the figure takes into account the cannibalization that is expected to 

occur when C is launched. Therefore, independent product demands are 

assumed for modeling purposes. Also, note that while the total demand for all 

three products remains approximately the same (500,000 units), the expected 

demand distribution between the products varies significantly. This 

phenomenon is quite common during demand forecasting. 

Per Unit Contribution Margin (Variable Profit) 

The per unit contribution margin (variable profit) is shown in Figure 8. 

Products A and B have the same estimated variable profit of $3340 and 

Product C has a variable profit of $3900. Demand scenarios and profitability 

estimates are provided by the marketing organizations. 
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Each row of the table provides the demand for a product in a certain scenario 

in each time period. The probabilities of each scenario occurring are given in 

a list as shown in Appendix 2. 
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As we shall see later, lost profits are a good metric to compare various 

capacity plans. 

The base plan, as mentioned earlier, corresponds to Products A and B 

sourced at Plant I and Product C sourced at Plant II (no flexibility between 

plants - see Figure 9(b) ). Given the total capacity of each plant and the 

demand in each scenario, the annual lost sales for this configuration can be 

computed. For example consider Scenario 1: 

Demand for Product A = 300,000 units 

Demand for Product B = 56,000 units 

Demand for Product C = 150,000 units 

Capacity for A+B in Plant I = 350,000 units 

Total demand for Products A+B = 356,000 units 

Therefore, unmet demand = 6,000 units of A or B or some mix of both 

There is no unmet demand for Product C because the demand = 150,000 

units and the capacity at Plant II = 166,000 units. Extending these 

calculations for other scenarios, one obtains the results shown in Table 14. 
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The expected gains from a flexible configuration amount to $58 - $3 = 

$55 million per year. The cost of the added flexibility is 

= Cost of flexible configuration - Cost of base configuration 

= $892 Mils - $727 Mils = $165 Mils 

The payback period, for the added flexibility = 

= (Extra Investment for flexibility)/(Gains fro flexibility)=165/55= 3 years 

Before a decision is made to invest in flexibility based on gains in profits due 

to flexibility, management should decide if a payback period of 3 years is 

sufficient. The decision is based on the corporate financial policies of the 

company and on the required rate of return for investments 

Sensitivity Analysis 

One of the advantages of using scenario planning in conjunction with 

an optimization model is tha t additional scenarios can be created (if feasible) 

and evaluated. The additional scenarios can be built by varying any of the 

input parameters in the model. These scenarios are particularly useful when 

there is a high demand uncertainty. The analysis of these variations provides 

management with a feel for the robustness of the plan or the sensitivity of 

the plan to various input parameters. An example of a sensitivity analysis is 

provided here. 
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For the baseline analysis, a set of scenario probabilities are given 

(Figure 7). These probabilities are only an estimate and no one is really sure 

of what they will be. A sensitivity analysis with respect to the probabilities is 

carried out to see if changes in the probabilities leads to a drastic difference 

in solution. 

Several scenarios were created by changing the probabilities. The 

scenarios and results of the individual optimization runs are tabulated as 

follows: 

Table 15 shows 6 cases with various distributions in probabilities between 

Scenario 1 through 5. Case 1 is the base case that was given. Cases 2 through 

6 represent various situations in which a high probability is assigned from 

Scenario 1 through Scenario 5, in turn. It can be seen that in spite of drastic 

changes in the probabilities the optimal configuration remains the same as 

tha t of the baseline analysis. Additional sensitivity studies are shown in 

Table 16 where extreme cases with respect to scenario probabilities are used. 
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In this study in each case, one scenario assumes a probability of a 100% and 

all other scenarios 0%. Only in the case of Scenario 1 occurring with a 

probability of 100%, the model recommends a base configuration (Figure 9(b)) 

with no flexibility between plants. In all other cases, the analysis 

recommends a flexible configuration. 

5.4 Discuss ion 

Analyses shown in the previous two sections demonstrate how 

optimization methods can be used by management to study capital 

investment options using a scenario based approach. The model presented in 

this report is meant to provide a framework and a representation of the 

modeling process. 

The optimal configurations based on the analysis requires all three 

products A, B and C to be produced in Plant I and Product A alone in Plant II 

(Figure 9(a)). Earlier in the report, it was mentioned that one of the 

advantages of having flexibility is that it leads to a higher capacity 

utilization. Let us look at the capacity utilization for both the optimal 
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It is also worthwhile to compare the optimal flexible configuration with other 

optimal configurations which are allowed. Based on Table 5, the 

configurations shown in Figure 11 are also allowable. However, let us 

compare the investment required to achieve this configuration with the gains 

in profits. 

The investment required to achieve the configurations shown in Figure 

11 (using data in Table 5) is: 

$ 632 Million + $ 285 Million = $ 917 Mill ion 

The investment required to achieve the optimal configuration is 

$ 892 Million. Therefore the increase in investment = $ 25 Million. 

If the new configuration were to be used, it is evident tha t all possible 

demand for all products will be met. Therefore, all unmet demand in the 

optimal case will be met. The expected gains from this configuration is: 

Expected gains = Expected gains from covering the lost sales in the optimal 

configuration 

= $3 Million * 5 = $ 15 Mil l ion (From Equation (12)) 

However, $ 1 5 Million < $ 25 Million , which implies that 

Implying, the alternate flexible configuration will be non-optimal. 

While the optimization approaches presented here have several 

strengths, they also have certain weaknesses. A summary of their strengths 
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and weaknesses are presented in Table 17. Certainly, the advantages of 

optimization comes from the capability of analytical methods to consider 

decision options exhaustively that would be difficult to analyze otherwise. 

The analytical methods, however, are limited by the detail in the model. 

Including great detail usually requires a corresponding increase in input 

data and model complexity. Gathering data pertaining to marketing, 

investments and product plans can be a challenge in a large corporation. 

Modeling techniques require support and buy-in from several different 

organization in a corporation, and it takes time to develop this support. In 

the auto industry, it requires a major cultural change, where historically, 

each of the planning organizations has operated on its own. 
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6. Conclus ions 

A scenario approach for capacity planning to achieve optimal 

manufacturing process has been developed and implemented. The target 

application for this work has been assembly sourcing for new products in the 

automotive industry. The advantages of achieving optimal flexibility in plant 

configurations have been demonstrated. A novel method of achieving optimal 

flexibility in assembly plant has been developed and implemented in a model 

using mixed integer linear programming. The approach has been illustrated 

using an example based on a real situation. 

A natural extension would be to modify the model implementation to 

optimize capacity plans based on cash flows. This would require including 

taxes and other important financial aspects of a long term strategic plan. The 

model can then be used to optimize investments based on a typical cost of 

capital for the corporation. Another extension could be to modify the model to 

recommend changes to product plans. The model can be modified to include 

alternative products and these products can be rated based on how the 

overall profitability of a capacity plan changes. 

Lastly, the model can be significantly improved from usability 

standpoint if a graphical user interface (based on an Excel front end) can be 

implemented. This will allow better transfer of data between the "real" world 

and the model input. 
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