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Graphical Linear Programming Overview

Module Summary

Overview of Module  
Students will learn how to deduce from a word problem constraints in order to determine the optimum values of the variables to achieve a goal.

Primary Career Cluster
Transportation, Distribution and Logistics-- Logistics Planning and Management Pathway
Recommended Course: Algebra 2

Cluster Knowledge and Skills and Performance Elements
Academic Foundations
· ESS01.03.06  Construct charts/tables/graphs from functions and data.
· ESS01.04.02  Apply scientific methods in qualitative and quantitative analysis, data gathering, direct and indirect observation, predictions and problem identification.
Problem-Solving and Critical Thinking
· ESS03.01.05   Evaluate ideas, proposals and solutions to problems.
· ESS03.01.06  Use structured problem-solving methods when developing proposals and solutions.
· ESS03.04.02  Gather technical information and data using a variety of resources.

Common Core Standards
Mathematics
· A-REI 6.  Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing  on pairs of linear equations in two variables.
· A-REI 9.  Find the inverse of matrix if it exists and use it to solve systems of linear equations (using  technology for matrices of dimension 3 x 3 or greater).
· A-REI 12.  Graph the solutions to a linear inequality in two variables as a half-place (excluding the  boundary in the case of a strict inequality), and graph the solution set to a system of linear inequalities  in two variables as the intersection of the corresponding half-planes.
· F-LE 2.  Write arithmetic and geometric sequences both recursively and with an explicit formula, 
use them to model situations and translate between the two forms.

Materials: 
· Calculator
· Graph Paper

Job Connection:  
· Dow Agroscience – www.dowagro.com
· Supply Research and Development – In this function, scientists develop  products invented by Discovery into viable commercial products. Process Research Chemists determine the most effective methods for scale-up and manufacture of the active ingredient of a product. Formulation chemists work to develop stable and safe formulation and packaging systems. 
· The Modeling Center of Expertise – Scientists leverage modeling technology and bio-statistical techniques to facilitate field and laboratory scientists in their generation and evaluation of data. 
http://www.dowagro.com/careers/career/rd_path.htm

· American Airlines – www.aa.com
· Industrial Engineer - Our Engineering professionals develop airplane performance data to ensure the safe and efficient operation of American Airlines and its affiliates. This involves developing and maintaining load planning, planning take-off performance, flight databases and related systems, payload/range mission analysis, fuel forecasting and reporting, airframe/engine evaluations and the support of daily operational activities.
· Airport Consulting Group - This group focuses on assisting airport locations with technical support.  Our goal is to maximize each station's productivity while providing optimal customer service. Entry level industrial engineers may have the opportunity to work on exciting assignments relating to developing and maintaining corporate work standards for passenger, ramp, and cargo services by using time study and work sampling techniques; providing technical support for evaluating new technologies, service initiatives, or future airport projects; coordinating, developing and supporting real-time labor management systems to increase labor efficiency and productivity in addition to staffing automation used for strategic planning and forecasting and/or generating productivity and methods improvement recommendations.
· http://www.aacareers.com/us/frame_index.htm?college.shtml

Vocabulary:
Linear Programming: A technique that identifies the minimum or maximum value of some quantity.   
Constraint:  Limit on the variables
Objective Function:  a model of the quantity that you want to make as large or as small as possible
Vertices:  Points of intersection of the equations of the constraints.

Lesson Plan:
1.  Introduction:
· We can use the idea of linear programming to solve a multitude of problems involving many different types of situations.
· Can use PowerPoint to illustrate relationship to supply chain.  Power Point is 
GraphicalLPSlidesAdv.ppt

2.  Discuss the following examples and student assignment  using the GraphicalLPSlides.pdf.   

· Example 1:  Buying Music
· Suppose you want to buy CDs and tapes.  You can afford as many as 10 tapes or 7 CDs.  You want at least 4 CDs and at least 10 hours of recorded music.  Each tape holds 45 minutes and each CD holds 1 hour of recorded music.  
· Define Variables
· X = # CDs, Y = # Tapes
· Write Constraints
· 
 
· 

· 

· 

· Graph Constraints
· Write Objective Function
· Given:  M = 2x + 3y
· Test Vertices
· (7,0) (0, 10), (3, 10) (7, 4)
· Max at (7, 10)
· So, we should by 7 CDs and 10 Tapes
· Example 2: Manufacturing
· A small company makes two similar products, which all follow the same three-step process, consisting of cutting, gluing, and finishing.  Time requirements in minutes for each product at each operation are given below.
	
	product

	operation
	x
	y

	cutting
	1.5
	0.8

	gluing
	0.6
	2.2


	
The firm has 30 hours available in the next period for cutting, 55 hours for gluing.  Product x contributes $4.40 per unit to profit and y contributes $4.50 per unit.  Find the product mix that maximizes profit.
· Define Variables
· X = Product 1, Y = Product 2
· Write Constraints
· 

· 

· 

· Graph Constraints
· Write Objective Function
· 

· Test Vertices
· (0, 1500), (468, 1372), (1200, 0)
· Max at (468, 1372)
· So, we should make 468 product x and 1372 of product y
· Example 3:  Running a Bakery
· A baking tray of corn muffins takes 4c milk and 3c flour.  A tray of bran muffins takes 2c milk and 3c flour.  A baker has 16c milk and 15c flour.  He makes $3 profit per tray of corn and $2 profit per tray of bran muffins.  How many trays of each type of muffin should he bake to get maximum profit?
· Write Constraints
· 

· 

· 

· Graph Constraints
· Write Objective Function
· 

· Test Vertices
· (0, 5), (3, 2), (4,0)
· Max at (3, 2)
· So, we should make 3 batches of corn and 2 batches of bran.

3. Have students complete Supply Chain:   Graphical Linear Programming Worksheet.

4. Review their work using the following file GraphicalLPSlidesMarkup.pdf.

5. Assign Graphical Linear Programming Worksheet 2 as homework if needed.

6. Review work by using slides found in the Graphical Linear Programming document in the Appendix of this module.

7. Assign Worksheet 3 for students to complete. 
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Linear Programming –

	
Constraint – 


Objective Function – 


Vertices - 


Example 1:  Consumer Knowledge

Suppose you want to buy CDs and tapes.  You can afford as many as 10 tapes or 7 CDs.  You want at least 4 CDs and at least 10 hours of recorded music.  Each tape holds 45 minutes and each CD holds 1 hour of recorded music.  

1. Define Variables



2. Write Constraints





3. [image: ]Graph Constraints












4. Test Vertices to find maximum and minimum values
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Example 2:  Manufacturing
A small company makes two similar products, which all follow the same two-step process, consisting of cutting and gluing.  Time requirements in minutes for each product at each operation are given below.

	
	product

	operation
	x
	y

	cutting
	1.5
	0.8

	gluing
	0.6
	2.2


	
The firm has 30 hours available in the next period for cutting and 55 hours for gluing.  Product x contributes $4.40 per unit to profit and y contributes $4.50 per unit.  Find the product mix that maximizes profit.

1. Define Variables


2. Write Constraints




3. Write Objective Function



4. Graph Constraints
a. Use a graphing calculator (see handout)


5. Test Vertices
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Example 3:  Running a Bakery

A baking tray of corn muffins takes 4c milk and 3c flour.  A tray of bran muffins takes 2c milk and 3c flour.  A baker has 16c milk and 15c flour.  He makes $3 profit per tray of corn and $2 profit per tray of bran muffins.  How many trays of each type of muffin should he bake to get maximum profit?

1. Define Variables



2. Write Constraints






3. Write Objective Function





4. [image: ]Graph (both by hand and on calculator)









5. Check Vertices

Graphical Linear Programming  Worksheet 2 (Homework)-- page 1

1. Suppose you want to buy CDs and tapes.  You can afford as many as 8 tapes or 12 CDs.  You want at least  6 CDs and at least 15 hours of recorded music.  Each tape holds 45 minutes and each CD holds 1 hour of recorded music.  

a. Define Variables


b. Write Constraints





c. Graph Constraints






d. Test Vertices to find maximum and minimum values in the following Objective Equation:  M = 3x + 4y






2. A small company makes two similar products, which all follow the same two-step process, consisting of cutting and gluing.  Time requirements in minutes for each product at each operation are given below.

	
	product

	operation
	x
	y

	cutting
	1.5
	0.8

	gluing
	0.6
	2.2
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The firm has 60 hours available in the next period for cutting and 110 hours for gluing.  Product x contributes $4.60 per unit to profit and y contributes $4.35 per unit.  Find the product mix that maximizes profit.
a. Define Variables
b. Write Constraints


c. Write Objective Function


d. Graph Constraints
a. Use a graphing calculator (see handout)


e. Test Vertices



3. A baking tray of corn muffins takes 3c milk and 4c flour.  A tray of bran muffins takes 4c milk and 2c flour.  A baker has 24c milk and 16c flour.  He makes $3.25 profit per tray of corn and $2.75 profit per tray of bran muffins.  How many trays of each type of muffin should he bake to get maximum profit?

a. Define Variables


b. Write Constraints




c. Write Objective Function


d. Graph 



e. Check Vertices
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Manufacturing

A small company makes two similar products, which all follow the same three-step process, consisting of cutting, gluing, and finishing.  Time requirements in minutes for each product at each operation are given below.
		product	
operation	x	y	
cutting		1.5	0.8
gluing		  6	11
finishing	12	  3
The firm has 30 hours available in the next period for cutting, 55 hours for gluing, and 44 hours for finishing.  Product x contributes $4.40 per unit to profit and y contributes $4.50 per unit.  Find the product mix that maximizes profit.

Can you write equations which represent this situation?

What are we looking to do here?  M________________  P________________


X x ____________  +  Y x ________________  =  ________________________

Number of minutes in a hour?  _________________________

Minutes available for cutting?  	__________________________

Equation for a cutting constraint:	X x ______  +  Y x _______  ≤ ___________

Minutes available for gluing?  	__________________________

Equation for a gluing constraint:	__________  +  __________  ≤ ___________

Minutes available for finishing?  	__________________________

Equation for a finishing constraint:__________  +  __________ ≤  ___________
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Logistics

Allison Engine has two manufacturing plants, I and II, that produce engines for Embraer that makes commuter planes.  The maximum production capabilities of these two manufacturing plants are 100 and 110 engines per month respectively. The engines are shipped to two of Embraer’s assembly plants, A and B. The shipping costs in dollars per engine from plants I and II are to the assembly plants A and B are as follows:
		To Assembly Plant	
	From	  	 A	 	  B	
	Plant I		$100		$60	
	Plant II	$120		$70	
In a certain month, assembly plant A needs 80 engines, whereas assembly plant B needs 70 engines.  How many engines should be shipped from each manufacturing plant to each assembly plant to minimize shipping costs?



How many engines can you produce?  __________________

How many engines can you assemble? __________________

An Equation for shipping cost would be:

________X + ________Y + _________Z + _________W  = ___________

Equations to describe the production of each Assembly facility:

Graphical Linear Programming Worksheet 3-- page 3

X    +   Z  =  __________  and   _______ + _______ = _______

Isolate a variable for substitution in these two equations:  

Z = ______ - _____		_______ = _______ - _______


Assessment:  

Have students complete the following problem.

A small company makes two similar products, which all follow the same two-step process, consisting of cutting and gluing.  Time requirements in minutes for each product at each operation are given below.

	
	product

	operation
	x
	y

	cutting
	1.5
	0.8

	gluing
	0.6
	2.2


	
The firm has 40 hours available in the next period for cutting and 40 hours for gluing.  Product x contributes $4.40 per unit to profit and y contributes $4.50 per unit.  Find the product mix that maximizes profit.

a. Define Variables


b. Write Constraints




c. Write Objective Function


d. Graph Constraints (Use Graphing Calculator)


e.  Test Vertices











A P P E N D I X
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What are the major technological advances that came out of World War II?

· Atomic bomb
· Synthetic antibiotics
· Rocketry
· Digital computers
· Linear Programming


Manufacturing

A small company makes two similar products, which all follow the same three-step process, consisting of cutting, gluing, and finishing.  Time requirements in minutes for each product at each operation are given below.
	
	product

	operation
	x
	y

	cutting
	1.5
	0.8

	gluing
	6.0
	11.0

	finishing
	12.0
	 3.0


	
The firm has 30 hours available in the next period for cutting, 55 hours for gluing, and 44 hours for finishing.  Product x contributes $4.40 per unit to profit and y contributes $4.50 per unit.  Find the product mix that maximizes profit.

Variables and Objective Function

X = number of product x manufactured
Y = number of product y manufactured

[image: ]Max profit
Max $4.40x + $4.50 y 

[image: ]Constraints

Cutting 1.5x +0.8y ≤ 1800	
[image: ]
Gluing 6x + 11y ≤ 3300

Finishing 12x +3y ≤ 2640
[image: ]
x≥0, y≥0



Logistics
Allison Engine has two manufacturing plants, I and II, that produce engines for Embraer that makes commuter planes. The maximum production capabilities of these two manufacturing plants are 100 and 110 engines per month respectively. The engines are shipped to two of Embraer’s assembly plants, A and B. The shipping costs in dollars per engine from plants I and II are to the assembly plants A and B are as follows:
	
	To Assembly

	From
	A
	B

	Plant I
	100
	60

	Plant II
	120
	70


In a certain month, assembly plant A needs 80 engines, whereas assembly plant B needs 70 engines.  How many engines should be shipped from each manufacturing plant to each assembly plant to minimize shipping costs?
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x= number of engines shipped from plant I to plant A
y= number of engines shipped from plant I to plant B
z= number of engines shipped from plant II to plant A
w= number of engines shipped from plant II to plant B

Bottleneck is at assembly so z=80 – x and w = 70 – y

Cost = 100 x + 60y + 120(80 – x) + 70(70 – y)

         = 14,500 – 20x – 10y

Production constraints

x + y  100

(80 – x)  + (70 – y)  110

Which simplifies to x + y  40

x  0, y  0, (80 – x)  0, (70 – y)  0

so x  80, y  70

min 14,500 – 20x – 10y

s.t. x + y  100
      x + y  40
            x  80
            y  70
       x  0, y  0

[image: ]

[image: ]


	x
	y
	14,500 – 20x – 10y

	40
	0
	13,700

	80
	0
	12,900

	80
	20
	12,700

	30
	70
	13.200

	0
	70
	13,800

	0
	40
	14,100




The TMA Company manufactures 19 inch color LCD panels tubes at two separate locations, Smithville and Rosston. The output at Smithville is at most 6000 panels per month and the output at Rosston is at most 5000 panels. TMA is the main supplier of the Pulsar Corporation, which has priority on having all of its requirements met. In a certain month, Pulsar placed orders for 3000 and 4000 panels to be shipped to two of its factories located in Albany and Midland respectively. The shipping costs (in dollars) per LCD panel from the two TMA plants to the two Pulsar factories are:
	
	To Assembly

	From
	Albany
	Midland

	Smithville
	3
	2

	Rosston
	4
	5


How much should be shipped from each panel manufacturing plant to the television factories in order to minimize costs?



Where is the bottleneck?
How can you reduce the number of variables?
min 32,000 –x – 3y

s.t. x + y  6000
      x + y  2000
            x  3000
            y  4000
       x  0, y  0

[image: ]
[image: ]


	x
	y
	32,000 – x – 3y

	2000
	0
	30,000

	3000
	0
	29,000

	3000
	3000
	20,000

	2000
	4000
	18,000

	0
	4000
	20,000

	0
	2000
	26,000
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