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I. Abstract
To maximize the profit of their Family Thrillseeker model, a four-door sedan with vinyl seats, plastic interior, standard features, and excellent gas mileage referred to throughout this report as “Thrillseeker”, Automobile Alliance needed to understand the ways in which changes to the unit profit of the Thrillseeker or the allocations of labor hours and doors would affect the overall profit levels of the Thrillseeker model.
This report describes how a Resource Allocation linear programming model was used to perform sensitivity analysis on parameters which influence the profit levels of the Thrillseeker. The primary variables considered during sensitivity analysis were the unit profit of the Family Thrillseeker automobile model, the unit profit of the Classy Cruiser automobile mode, the number of labor hours used to produce each automobile model, and the number of doors used to produce each automobile model.
HomeWorks Financial Services, LLC, will use this report’s findings to prescribe how Automobile Alliance could best optimize its manufacturing and allocations of resources to maximize profit of the Thrillseeker.
II. Objective
HomeWorks Financial Services, LLC, performed sensitivity analysis on the profit levels of the Family Thrillseeker automobile manufactured by Automobile Alliance in order to determine if increases or decreases to the Thrillseeker’s individual unit profit, the number of labor hours dedicated to the manufacture of an individual Thrillseeker, or the number of doors included with the Thrillseeker model would change Automobile Alliance’s ability to produce both the Thrillseeker and another automobile model, the Classy Cruiser, and remain compliant with constraints to the total number of labor hours and doors that can be allocated towards the production of either automobile model during a given month of manufacturing.
HomeWorks Financial Services, LLC, developed a Resource Allocation linear programming model (also commonly referred to as a Cost-Volume-Profit model) and generated a Sensitivity Report to perform what-if analysis on the aforementioned parameters. To ensure the greatest accuracy when making manufacturing recommendations for Automobile Alliance, HomeWorks Financial Services, LLC, made all changes to parameters as part of what-if analysis in an isolated manner such that no more than one parameter was changed at a time and all non-changing parameters equaled their starting values.
What-if analysis would provide the most accurate analysis of how changing unit profit and manufacturing variables could affect (meaning increase or decrease) the profitability of the Thrillseeker automobile model without affecting the volume of both Thrillseeker or Classy Cruiser models being manufactured.
III. Data Discussion
Automobile Alliance provided exact figures for the following inputs, parameters, and constraints: the unit profit of each of their automobile models, which is the dollar amount which the company profits after the sale of a single automobile; the resource requirements (the number of labor hours and doors per unit); the resources available (the maximum number of labor hours and doors total); the maximum demand for the Classy Cruiser automobile model.
Concerning the Thrillseeker automobile model: the unit profit chosen as the base profit level for sensitivity analysis was $3,600; the number of labor hours required to produce a single unit was 6 hours; the number of doors required to produce a single unit was 4 doors.
Concerning the Classy Cruiser automobile model: the unit profit chosen as the base profit level for sensitivity analysis was $5,400; the number of labor hours required to produce a single unit was 10.5 hours; the number of doors required to produce a single unit was 2 doors; the maximum demand (the maximum number of units to be produced) was 3,500 units.
Concerning constraints: the maximum number of labor hours available for the manufacturing site each month was 48,000 hours; the maximum number of doors available for the manufacturing site each month was 20,000 doors.
	
	Unit Profit
	Labor Hours
	Doors
	Demand

	Family Thrillseeker
	$3,600
	6
	4
	-

	Classy Cruiser
	$5,400
	10.5
	2
	3,500



	
	Resources Available

	Labor Hours
	48,000

	Doors
	20,000



The input data provided by Automobile Alliance was based on the existing sale prices of the Thrillseeker and Classy Cruiser automobile models, as the two models are already on sale and generating healthy profits. If Automobile Alliance wished to increase the profit per unit of the Thrillseeker model, they would be most interested in how changes to the unit profit would affect total profit; if they wished to increase the quality of the Thrillseeker model without lowering profit, they would be most interested in how changes to the number of labor hours dedicated to a single unit would affect total profit; etc.
IV. Model Methodology
HomeWorks Financial Services, LLC, chose a Resource Allocation (or Cost-Volume-Profit) linear programming model as the basis for what-if analysis because Resource Allocation models can be used to maximize the profit of a manufacturing endeavor given the profit created by the sale of the products being manufactured, the resources used to produce each product, and the resources available during manufacturing. In the case of Automobile Alliance, it was necessary to maximize the total profit of manufacturing for the Thrillseeker and Classy Cruiser automobile models so that a Sensitivity Report could be generated.
To determine the optimal maximized solution, HomeWorks Financial Services, LLC, used Microsoft Excel’s built-in Solver add-on to solve a model matching the input parameters and constraints described in III. Data Discussion: the total profit was used as the objective for solving; the numbers of each automobile model to be produced were used as the changing variables; the number of Classy Cruisers to be produced was bound to be less than or equal to the demand of the Classy Cruiser model; the numbers of each resource (labor hours and doors) used to produce each automobile model (Thrillseeker and Classy Cruiser) were bound to be less than or equal to the numbers of resources available (labor hours and doors).
After the optimal maximized solution was determined by Microsoft Excel’s Solver add-on, HomeWorks Financial Services, LLC, generated a Sensitivity Report through the Solver dialog. This was necessary for performing what-if analysis because the Sensitivity Report details the following details about each of the variable cells and constraints as they pertain to Automobile Alliance’s manufacturing:
Concerning variable cells, which represent the automobile models to be produced: the final value, which is the number of a given automobile model to be produced; the reduced cost, which is the rate at which the total profit will decrease if another of the given automobile model is produced; the objective coefficient, which is the unit profit of a given automobile model; the allowable increase, which is the amount that the unit profit of a given automobile model can be increased by without changing the optimal maximized solution; the allowable decrease, which is the amount that the unit profit of a given automobile model can be decreased by without changing the optimal maximized solution. The reduced cost was not relevant for the purposes of what-if analysis, so it was ignored.
Concerning constraints, which represent the resources used during manufacturing: the final value, which is the number of a given resource that is used throughout the manufacturing process; the shadow price, which is the amount by which total profit will increase or decrease if another of a given resource is used; the constraint right-hand side, which is the maximum number of a given resource that can be used during manufacturing; the allowable increase, which is the amount that the use of a given resource can be increased by without changing the shadow price; the allowable decrease, which is the amount that the use of a given resource can be decreased by without changing the shadow price.
Finally, what-if analysis was performed using the Sensitivity Report as a basis to create a parameter report for the unit profit of the Thrillseeker automobile model. This parameter report would serve as the results with which recommendations for Automobile Alliance would be made to further optimize their Thrillseeker profit levels.
V. Analysis Results
The following objective function associated with the Resource Allocation linear programming model conducted by HomeWorks Financial Services, LLC, was generated using Microsoft Excel’s Solver add-on when the optimal maximized solution for the number of units of each automobile model (Thrillseeker and Classy Cruiser) to produce was calculated:  where  is the number of Thrillseeker automobile models to be produced,  is the number of Classy Cruiser automobile models to be produced, and  is the total profit to be recognized by manufacturing  Thrillseeker units and  Classy Cruiser units.
The Sensitivity Report generated as part of Microsoft Excel’s Solver add-on calculation revealed the following ranges of optimality, which are the ranges (from lower bound to upper bound) of allowable objective coefficient or constraint right-hand side values that do not change the objective function:
Concerning variable cells with objective coefficients: for the Thrillseeker automobile model, an allowable increase of 7,200 and an allowable decrease of 514.29, combined with an objective coefficient value of 3,600, resulted in a range of optimality for unit profit from $3085.71 to $10,800; for the Classy Cruiser automobile model, an allowable increase of 900 and an allowable decrease of 3,600, combined with an objective coefficient value of 5,400, resulted in a range of optimality for unit profit from $1,800 to $6,300. All these values were rounded to the nearest hundredth as necessary, as each automobile model’s unit profit is measured in dollars.
Concerning constraints with right-hand sides: for the number of labor hours used, an allowable increase of 8,250 and an allowable decrease of 18,000, combined with the right-hand side value of 48,000, resulted in a range of optimality of 30,000 hours to 56,250 hours; for the number of doors used, an allowable increase of 12,000 and an allowable decrease of 5,500, combined with the right-hand side value of 20,000, resulted in a range of optimality of 14,500 doors to 32,000 doors.
With these ranges of optimality, it is important to understand that increasing a parameter to match either of its upper or lower bounds may change the objective function. Only the range of values between the upper and lower bounds are guaranteed not to change the objective function.
What-if analysis of how changing the unit profit of the Thrillseeker automobile model affects the number of each automobile unit being produced and the total profit was conducted, and a parameter report was created as follows:
	Thrillseeker Unit Profit
	# of Thrillseekers to be Produced
	# of Classy Cruisers to be Produced
	Total Profit

	$3,000
	1,875
	3,500
	$24,525,000

	$3,085.71
	1,875
	3,500
	$24,685,706

	$3,600
	3,800
	2,400
	$26,640,000

	$4,200
	3,800
	2,400
	$28,920,000

	$4,800
	3,800
	2,400
	$31,200,000

	$5,400
	3,800
	2,400
	$33,480,000

	$6,000
	3,800
	2,400
	$35,760,000

	$6,600
	3,800
	2,400
	$38,040,000

	$7,200
	3,800
	2,400
	$40,320,000

	$7,800
	3,800
	2,400
	$42,600,000

	$8,400
	3,800
	2,400
	$44,880,000

	$9,000
	3,800
	2,400
	$47,160,000

	$9,600
	3,800
	2,400
	$49,440,000

	$10,200
	3,800
	2,400
	$51,720,000

	$10,800
	5,000
	0
	$54,000,000

	$11,400
	5,000
	0
	$57,000,000



In the above parameter report, the Thrillseeker automobile model unit profit is increased in increments of $600, except for in the case of upper and lower range of optimality bounds which are included. As highlighted by the parameter report for the unit profit of the Thrillseeker automobile model, the upper and lower bound values for unit profit in the range of optimality result in a change in the objective function, indicating that only the range of values in between these bounds are valid.
In addition to revealing the ranges of optimality, the Sensitivity Report also revealed shadow prices for each of the constraints on resources used (labor hours and doors):
Concerning labor hours used: there is a shadow price of $480, indicating that every increase or decrease in the number of labor hours used to produce a given automobile model will result in a $480 increase or $480 decrease in total profit, respectively.
Concerning doors used: there is a shadow price of $180, indicating that every increase or decrease in the number of doors used to produce a given automobile model will result in a $180 increase or decrease in total profit, respectively.
VI. Suggestions
If Automobile Alliance wishes to maximize the total profit associated with manufacturing Thrillseeker and Classy Cruiser automobile models at their current unit profits of $3,600 and $5,400, respectively, while satisfying the constraints on labor hours and doors used (48,000 and 20,000, respectively), they should produce 3,800 Thrillseeker units and 2,400 Classy Cruiser units. This recommendation is the result of simple profit maximization rendered by the Resource Allocation model employed by HomeWorks Financial Services, LLC, and would result in a total profit of $26,640,000.
However, if Automobile Alliance wishes to maximize the total profit associated with manufacturing Thrillseeker and Classy Cruiser automobile models without preserving the existing unit profit of the Thrillseeker model, but while preserving the existing unit profit of the Classy Cruiser model, satisfying the aforementioned constraints, and preserving the number of each automobile model to be produced, they can increase the unit profit of the Thrillseeker model to $10,799.99. Note that the increased unit profit is derived as one cent less than the upper bound price of the Thrillseeker unit profit’s range of optimality. This would result in a dramatically increased total profit of $53,999,962.
VII. Final Summary
The what-if analysis conducted by HomeWorks Financial Services, LLC, on potential increases or decreases to the unit profit of the Family Thrillseeker automobile model manufactured by Automobile Alliance indicates that the total profit at current production levels could be further maximized by an increase in the Thrillseeker’s unit profit (from $3,600 to $10,799.99). Additionally, the constraints on the numbers of labor hours and doors used to produce each unit of a given automobile model are fully bound when using the optimal maximized solution of how many units of each model should be produced, which indicates shadowing.
It is the recommendation of HomeWorks Financial Services, LLC, that Automobile Alliance maintain current levels of production but increase the unit profit (and corresponding sale price) of each Family Thrillseeker automobile sold.
