Ford Trucks [518 Analytical Decision Modeling I – Yimin Wang] 		
Ford Trucks[footnoteRef:1]  [1:  This exercise problem and related solutions were originally developed by Ramesh Alla based on Practical Management Science 5th Edition. This current revision was revised by Nowed Patwary.  ] 


Ford manufactures two truck models, the F-150 and the F-250. Each truck made goes through the painting shop and the assembly shop. If the painting shop were completely devoted to painting F-150 trucks, 650 trucks could be painted per day, whereas if the painting shop were completely devoted to painting the F-250 model, 550 trucks could be painted per day. If the assembly shop were devoted to assembling F-150 engines, 1400 trucks could be assembled per day. Meanwhile, if the assembly shop were completely devoted to making F-250 engines, 1000 per day could be assembled. However, it is possible to paint both truck models in the painting shop and assemble both types in the assembly shop. Each F-150 contributes $2500 to profit while each F250 contributes $3000 to profit. Utilize Solver to maximize the company’s profit.

Discussion: -	
The question tells us that there are two truck models and there are two steps involved in manufacturing them, painting and assembly. Because we know the unit profit for each Ford truck model, our objective is to maximize the profit; that is, we should decide on the numbers of each truck model that could be produced by Ford to maximize the profit. We have two models but only one painting shop and one assembly shop. Once a truck gets painted, it goes through the assembly shop. Per day production limits of painting shop and assembly shops are given, but the inputs given are the capacity of shops if they work on only one truck model-type. However, the question tells us that Ford can paint/assemble both types of trucks in these shops. As such, our real problem is to set a constraint which limits our decisions (number of trucks of each model) so that we will not overload the per day work which can be done by painting and assembly shops. 
This problem tests our mathematical skills. Do you remember “Work—Time” problems? Let’s look at an example which might explain the concept more clearly. Suppose one painter can paint the entire house in seven hours, and the second painter could take 9 hours to paint the same house. How long would it take the two painters together to paint the house? If the first painter can do the entire job in seven hours and the second painter can do it in nine hours, then the first painter can do (1/7) of the job per hour, and the second painter can do (1/9) ​ per hour. The question then becomes, how much then can they do per hour if they work together? Just do the summation (1/7) + (1/9). Mathematically, we can assume that “t” is the total time taken by two painters to complete the task, which means the above summation is nothing but equal to (1/t). 
(1/t) = (1/7) +(1/9) ---- This equation will help us find the time taken by the two painters to complete the job by working together. The important concept to understand about the above example is that the key to solving the problem was in converting how long each person took to complete the task into a rate/hour. You can use this concept while writing the per day limitations of painting and assembling.




Mathematical Model: -
Parameters (Inputs):





Decision Variables:


Objective:

Constraints:




Excel Implementation:

[bookmark: _MON_1609272619]Please find the attached spreadsheet for solution. 
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As per the optimization model, solver suggests manufacturing 550 Ford F-250 trucks for the daily process, which would bring in a profit of $1.65 M. Even though the company could assemble 1000 F-250 trucks a day, there is a limiting constraint because of the number of trucks that could be painted per day. It is also not surprising that it recommends building zero (0) F-150 trucks; there is a higher per/unit profit on the F-250 model, and at the current painting levels for each model type, it is more profitable to make F-250 trucks. Recall previous Product Mix problems, such as the desk vs. chair problem, or the handbag vs purse model; in those problems, there was a requirement or constraint stating we needed to make a certain amount of each product (example, make 2 times more purses than handbags). Because that kind of constraint does not exist in this problem, Solver finds a solution that does not need both types of products to be made. 

Extra question: If hypothetically, you could change the amount of F-150 trucks painted by the painting shop, at which point would it become more profitable to o
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Inputs

Decision variables

Ford F-150 Ford F-250 Calculated Variables

Painting 650 550 Constraints

Assembling 1400 1000 Objective

Profit 2,500 $          3,000 $         

Ford F-150 Ford F-250

Trucks to be manufactured 0 550

Maximize the Profit 1,650,000 $  

Painting Constraint 1<= 1

Assembling Constraint 0.55<= 1
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7[RA].xlsx
Answer Report 1

		Microsoft Excel 16.0 Answer Report

		Worksheet: [7(RA).xlsx]CH3-Q35

		Report Created: 1/17/2019 10:27:04 PM

		Result: Solver found a solution.  All Constraints and optimality conditions are satisfied.

		Solver Engine

				Engine: Simplex LP

				Solution Time: 0.031 Seconds.

				Iterations: 1 Subproblems: 0

		Solver Options

				Max Time Unlimited,  Iterations Unlimited, Precision 0.000001, Use Automatic Scaling

				Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance 1%, Assume NonNegative

		Objective Cell (Max)

				Cell		Name		Original Value		Final Value

				$C$12		Maximize the Profit Truck Type 1		$   - 0		$   1,650,000

		Variable Cells

				Cell		Name		Original Value		Final Value		Integer

				$C$10		Trucks to be manufactured Truck Type 1		0		0		Contin

				$D$10		Trucks to be manufactured Truck Type 2		0		550		Contin

		Constraints

				Cell		Name		Cell Value		Formula		Status		Slack

				$C$14		Painting Constraint Truck Type 1		1		$C$14<=$E$14		Binding		0

				$C$15		Assembling Constraint Truck Type 1		0.55		$C$15<=$E$15		Not Binding		0.45

				$C$10		Trucks to be manufactured Truck Type 1		0		$C$10>=0		Binding		0

				$D$10		Trucks to be manufactured Truck Type 2		550		$D$10>=0		Not Binding		550





Sensitivity Report 1

		Microsoft Excel 16.0 Sensitivity Report

		Worksheet: [7(RA).xlsx]CH3-Q35

		Report Created: 1/17/2019 10:27:04 PM

		Variable Cells

								Final		Reduced		Objective		Allowable		Allowable

				Cell		Name		Value		Cost		Coefficient		Increase		Decrease

				$C$10		Trucks to be manufactured Truck Type 1		0		-38.4615384615		2500		38.4615384615		1E+30

				$D$10		Trucks to be manufactured Truck Type 2		550		0		3000		1E+30		45.4545454545

		Constraints

								Final		Shadow		Constraint		Allowable		Allowable

				Cell		Name		Value		Price		R.H. Side		Increase		Decrease

				$C$14		Painting Constraint Truck Type 1		1		1650000		1		0.8181818182		1

				$C$15		Assembling Constraint Truck Type 1		0.55		0		1		1E+30		0.45





Limits Report 1

		Microsoft Excel 16.0 Limits Report

		Worksheet: [7(RA).xlsx]CH3-Q35

		Report Created: 1/17/2019 10:27:04 PM



						Objective

				Cell		Name		Value

				$C$12		Maximize the Profit Truck Type 1		$   1,650,000



						Variable						Lower		Objective				Upper		Objective

				Cell		Name		Value				Limit		Result				Limit		Result

				$C$10		Trucks to be manufactured Truck Type 1		0				0		1650000				0		1650000

				$D$10		Trucks to be manufactured Truck Type 2		550				0		0				550		1650000





CH3-Q35

														Inputs

														Decision variables

						Truck Type 1		Truck Type 2						Calculated Variables

				Painting		650		550						Constraints

				Assembling		1400		1000						Objective

				Profit		$   2,500		$   3,000





						Truck Type 1		Truck Type 2

				Trucks to be manufactured		0		550



				Maximize the Profit		$   1,650,000



				Painting Constraint		1		<=		1

				Assembling Constraint		0.55		<=		1








