ADM2302 Section M, N and P

Assignment 1 Solution

Assignment #1
Linear Programming
Formulation and Graphical Method Solution 

Solution and Marking Scheme

10 points

DEDUCT 1 point if the student did not provide and/or sign the Personal Ethics Agreement concerning Telfer School assignments 

ADM2302 students are reminded that submitted assignments must be neat, readable, and well-organized.  Assignment marks will be adjusted for sloppiness, poor grammar and spelling, as well as for technical errors. While working together is encouraged, plagiarism on assignments will not be accepted. Each student must provide an individual original submission of completed assignments.  This assignment can be hand written. Solutions to problem 1 and problem 2 in this assignment are to include “managerial statements” that communicate the results of the analyses. 

Problem 1 (4.25 points) 
The Oak Works is a family-owned business that makes handcrafted dining room tables and chairs.  They obtain the oak from a local tree farm, which ships them 2,500 pounds of oak each month.  Each table uses 50 pounds of oak while each chair uses 25 pounds of oak.  The family builds all the furniture itself and has 480 hours of labor available each month.  Each table or chair requires six hours of labor.  Each table nests Oak Works $400 in profit, while each chair nets $100 in profit.  Since chairs are often sold with the tables, they want to produce at least twice as many chairs as tables.

The Oak Works would like to decide how many tables and chairs to produce so as to maximize profit.

a) Formulate algebraically a linear programming model for this problem.  Define the decision variables, objective function, and constraints.
b) Use the graphical method to solve this model.

Solution

a) (1.75 points)
0.25 point: for decision variables and their definition (deduct the whole mark of 0.25 point if the definition is incomplete for example T = Tables and C = Chairs)

0.25 point: objective function
1.25 points: Constraints (see below for mark allocation)


Let
T = # of tables to produce

C = # of chairs to produce
Maximize P = $400T + $100C
subject to
50T + 25C≤ 2,500



(0.25 point)


6T + 6C ≤ 480



(0.25 point)


C ≥ 2T




(0.5 point)
and

T ≥ 0, C ≥ 0.



(0.25 point)
b) Graphical method solution (1.5 points) 

0.75 point: treat the constraint correctly. 
0.25 point: find the feasible region
0.25 point: The students have to demonstrate that they used either the isoprofit method (drawing the objective function line) OR the corner point method (by checking all the four corner points and picking the one that leads to the largest value for Z)

0.25 point: Solve algebraically equation (1) and equation (3) for the optimal solution (T, C) = (x¡, x2) = (25, 50) and Z = $15,000.
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c) (0.5 point)
The amount of resources used: 
2500 pounds of oak (50T+ 25C = (50x25) + (25x50) = 2500) thus the slack for oak is zero (2500 – 2500 = 0).
450 hours of labor (6T+6C = (6x25) + (6x50) = 450) thus the slack is 30 hours of labor
(480 – 450 = 30).

Managerial Statement (0.5 point) 
The optimal solution (as given by graph) is to produce 25 tables and 50 chairs for a total maximum profit of $15,000. 

All available 2500 pounds of oak were used in the production (slack =0). 450 hours of labor were used for production which leaves 30 hours of idle time (unused resource).
Problem 2 (3.75 points)
Ralph Edmond loves steaks and potatoes.  Therefore, he has decided to go on a steady diet of only these two foods (plus some liquids and vitamin supplements) for all his meals.  Ralph realizes that this isn’t the healthiest diet, so he wants to make sure that he eats the right quantities of the two foods to satisfy some key nutritional requirements.  He has obtained the following nutritional and cost information:

	
	Grams of Ingredient 

per Serving

	Ingredients
	Steak
	Potatoes
	Daily Requirement (grams)

	Carbohydrates
	5
	15
	At least 50

	Protein
	20
	5
	At least 40

	Fat
	15
	2
	At most 60

	Cost per serving
	$4
	$2
	


Ralph wishes to determine the number of daily servings (may be fractional) of steak and potatoes that will meet these requirements at a minimum cost.

a) Formulate algebraically a linear programming model for this problem.  Define the decision variables, objective function, and constraints.
b) Use the graphical method to solve this model.

Solution

a) (1.75 points)
0.5 point: for decision variables and their definition (deduct 0.25 point if the definition is incomplete for example S = Steak and P = potatoes)

0.25 point: objective function
1 point: Constraints (deduct 0.25 for each missing or wrong constraint)
Let
S = servings of steak in diet

P = servings of potatoes in the diet
Minimize C = $4S + $2P,
subject to
5S + 15P ≥ 50


20S + 5P ≥ 40


15S + 2P ≤ 60
and

S ≥ 0, P ≥ 0.

b) Graphical method solution (1.75 points) 

0.75 point: treat the constraint correctly. 
0.25 point: find the feasible region
0.25 point: The students have to demonstrate that they used either the isoprofit method (drawing the objective function line) OR the corner point method (by checking all the four corner points and picking the one that leads to the smallest value for Z)

0.5 point: Solve algebraically equation (1) and equation (2) for the Optimal Solution: (S, P) = (x1, x2) = (1.27, 2.91) and Z = $10.91.
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Managerial Statement (0.25 point)

The optimal solution (as given by graph) is to have a daily serving of 1.27 steaks and 2.91 potatoes for a total minimum cost of $10.91.
Problem 3 (2 points)
Explain why the following linear programming formulation is probably in error. Indicate what type of possible error(s). 


minimize
Z = 30x1 + 33x2

subject to




15x1 + 18x2 ≤ 90 
(Constraint 1)




20x1 + 12x2 ≤ 120 
(Constraint 2)





x1, x2 ≥ 0
Solution

The solution here would be x1= 0 and x2= 0 
(1 point) 

There could be two type errors or two ways to get a solution that make sense (1 point)

1. to change the constraints to greater than or equal to (≥)

OR

2. Maximize the objective function instead of Minimize

Source: 
Problem 1 and 2: Hillier, Frederick S., Mark S. Hillier 2007. Introduction to Management Science: A Modeling and Case Studies Approach with Spreadsheets. (3rd ed.). McGraw-Hill/Irwin. New York. 602p.
Problem 3: Stevenson, William J., Ozgur, C., and Nsakanda A. L. 2009. Introduction to Management Science with Spreadsheets (Canadian edition). McGraw-Hill/Ryerson. 671p. + appendices.
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