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Module Summary

Module Overview

Students will become familiar with real applications of graphs in project management and traffic and material flows.

Primary Career Cluster

Transportation, Distribution and Logistics-- Logistics Planning and Management Pathway

Recommended Course:  Discrete Math
Cluster Knowledge and Skills and Performance Elements

Academic Foundations

· ESS01.03.06  Construct charts/tables/graphs from functions and data.

Science (NGSS) for “Networks, Projects and Routings”:

· MS-PS4.C: Information Technologies and Instrumentation

· HS-PS4.C: Information Technologies and Instrumentation
Common Core Standards

Mathematics

F-IF 4.   For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship.
Materials: 

· Optional no-bake Key Lime Pie ingredients and utensils
Job Connection:
· Pepsi Americas - http://www.pepsiamericas.com/
· PepsiAmericas is an anchor bottler and distributor of Pepsi and related beverages. We have operations in 18 states, Eastern Europe and the Caribbean with over $3 billion in annual revenues and 17,0 employees globally. The Warehouse Certifier ensures and verifies that all orders are accurately and timely filled according to warehouse policy.
· Warehouse Certifier - The Warehouse Certifier owns check in/out procedures for all vehicles entering & exiting the gate.  The position will be responsible for planning and coordinating activities of employees engaged in the building of pallets, certifies the accuracy of the product on the pallets and ensuring the loads are shipped to the correct customer.   Participate in period close inventory count. Coordinate activities of employees engaged in the building of pallets, and traffic flow with the warehouse.
Vocabulary:
Graph – A set of points and line segments that connect the points representing connections and relationships among the objects represented by the points.  For example, points may represent cities and lines may represent roads.
Network – A directed graph
Project – An ordered set of tasks
Lesson Plan:

1.  Introduce the Lesson with PowerPoint File, NetProjRoutSlidesBasic.ppt. 
2. Discuss the following content using slides on pages 7-11 in the Appendix of this module.

How do you make an apple pie?

	Crust
	
	Filling

	2 cups flour
	
	3 cups diced apples

	1 teaspoon salt
	
	2/3 cup sugar

	½ cup cooking oil
	
	1 tablespoon flour

	¼ cup + 1 tablespoon water
	
	½ teaspoon cinnamon

	
	
	2 tablespoons butter



Project Planning

· Arrows represent precedence

· Dots are tasks

· Add times to dots – figure out

· how long project will take

· critical path

· how to divide up tasks between people

· how many people needed

Design of Assembly Lines And Sorting Systems (FedEx)

· Assign people to tasks so that everyone has the same amount of work.

· Rebalance as workflow changes


3.  Introduce Problem to be solved.  May want to use Slides on pages 12-18 in Appendix.

Trash Pickup and Snow Plow Routing
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Is it possible to plow every street without repeating?

Koenigsberg Bridge Problem


Can you take a walking tour of the town that crosses every bridge once and only once returning to your starting point?

(called an Euler tour or Euler circuit)
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What is the shortest route passing through Indianapolis, Fort Wayne, Gary, Evansville, and Louisville, returning to the starting point and not passing through any city twice?







Here is a possible route.







Here is a shorter one.

This is called the travelling salesman problem and is used a lot in truck routing and communication networks.

GPS and computer dispatch makes it necessary to resolve these problems while the trucks may be in route.

Maximum Flow

System of pipes – Capacity related to diameter

What is the maximum flow from top to bottom?

· Oil and gas pipelines

· Traffic flow

· Communication networks

· Water pipes

· Sewers

· Storm sewers

· Drainage ditches/ waterways

· Computer games

· Sorting systems (FedEx)

8 Queens Problem

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Can you arrange 8 queens on a chessboard so that none are in the same row or column or on the same diagonal?

This can be solved as a maximum flow problem.

Assessment:   

Provide students with Handout 1, Margarita Key Lime Pie Instructions and have students create a diagram for assembling a Key Lime Pie like the Apple Pie diagram.  See Key/Flow Chart by accessing file:  Key_Lime_PieFlow_Chart.doc with this module.
Assessment –Page 1 Handout

	Crust
	
	Filling

	1-1/4 cups finely crushed graham crackers
	
	14 oz of sweetened condensed milk

	½ cup butter, melted
	
	1 – 2 teaspoons lime zest*

	¼ cup sugar
	
	½ cup Key Lime juice**

	
	
	8 oz heavy cream

	
	
	3 teaspoons sugar


How do you make No-Bake Key Lime Margarita Pie?

Make extra lime zest for garnish, if desired.

** Approximately 4 limes

Assessment –Page 2 Handout

Margarita Key Lime Pie – Required utensils

1. Grater or lime zester

2. Juicer

3. 9 inch pie tin

4. 2 mixing bowls

5. whisk / mixing spoons

6. Measuring spoons / measuring cup

7. Microwave (to melt butter)

8. Refrigerator (to chill after completion)

9. Gallon zip-lock bags (to crush graham crackers in)

10. Rolling pin to crush graham crackers (optional)

Assessment –Page 3 Handout

Key Lime Margarita Pie Recipe

This pie can be made with regular lime juice and it is great. Another trick to make this recipe even better, is to use Key Limes. You can find them at most grocery stores year round depending on which state you live in. However, if they are not available year round you can still use the regular limes and it will be a good recipe still. 

Ingredients you will need:
Crust:
1 1/4 cups of fine crushed Graham Crackers
1/2 cup of butter, melted
1/4 cup of sugar

Filling:
14 ounces of sweetened condensed milk
1-2 teaspoons of lime zest (grated lime peel) Use a zest-er if you have one.
1/2 cup of Key Lime juice, regular will work if Key Limes are not available to you
8 ounces of sweetened whipped heavy cream (add 3 teaspoons of sugar to the heavy cream), or cool whip topping, or another brand if you prefer. I use sweetened heavy cream and whip it into soft peaks. You can make this by using a whisk, a mixing bowl, and the heavy cream. Using the whisk briskly until you pull out the whisk from the bowl, and there are what appear to be small mountains on it. Be careful not to whip too much, as it will turn into butter.

Pie crust: First things first, we are going to make the crust for the Key Lime Margarita Pie. You will need two mixing bowls for making this recipe. In the first bowl the ingredients for the crusts are going into this bowl. You will combine all of the ingredients in the bowl, and incorporate all of the butter and sugar into the crushed Graham crackers. Make sure that it is mixed very well. You will then take your well-mixed crust and add it to your 9" pie tin, and press down onto the bottom, and up the sides, too. Make sure it is even in the pie tin, to ensure even cooking.

Pie Filling: This is where your second mixing bowl comes in. First you will need to use your zest-er and get 1-2 teaspoons of your lime zest. You can make more zest than needed for garnish after your pie is completed. Second you will cut up your key limes and juice them. Then you will need to add your condensed milk, lime juice, and zest and mix. You will then add your whipped heavy cream or, cool whip topping. You will need to fold this in gently. After it is mixed well you will add all of the mixture into the graham cracker crust pie tin. You will need to refrigerate this pie until it is completely chilled. Depending on your refrigerator it could take 1-2 hours.


A P P E N D I X
Projects and Routings

Applications of Graphs

How do you make an apple pie?

	Crust
	
	Filling

	2 cups flour
	
	3 cups diced apples

	1 teaspoon salt
	
	2/3 cup sugar

	½ cup cooking oil
	
	1 tablespoon flour

	¼ cup + 1 tablespoon water
	
	½ teaspoon cinnamon

	
	
	2 tablespoons butter




Project Planning

· Arrows represent precedence

· Dots are tasks

· Add times to dots – figure out

· how long project will take

· critical path

· how to divide up tasks between people

· how many people needed


Design of Assembly Lines

 And Sorting Systems (FedEx)

· Assign people to tasks so that everyone has the same amount of work.

· Rebalance as workflow changes



Trash Pickup and Snow Plow Routing
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Is it possible to plow every street without repeating?

Koenigsberg Bridge Problem


Can you take a walking tour of the town that crosses every bridge once and only once returning to your starting point?

(called an Euler tour or Euler circuit)
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What is the shortest route passing through Indianapolis, Fort Wayne, Gary, Evansville, and Louisville, returning to the starting point and not passing through any city twice?







Here is a possible route.







Here is a shorter one.

This is called the travelling salesman problem and is used a lot in truck routing and communication networks.

GPS and computer dispatch makes it necessary to resolve these problems while the trucks may be in route.

Maximum Flow

System of pipes – Capacity related to diameter

What is the maximum flow from top to bottom?


· Oil and gas pipelines

· Traffic flow

· Communication networks

· Water pipes

· Sewers

· Storm sewers

· Drainage ditches/ waterways

· Computer games

· Sorting systems (FedEx)

8 Queens Problem

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Can you arrange 8 queens on a chessboard so that none are in the same row or column or on the same diagonal?

This can be solved as a maximum flow problem.

Sift together flour and salt





Mix oil and water, beat until creamy





Mix oil/water with flour/salt, form into ball





Divide ball of dough in half





Roll out top crust





Roll out bottom crust





Peel apples





Core apples





Dice apples





Mix apples with sugar, cinnamon, and flour





Put bottom crust in pan





Put apple mix in pan





Cover apple mix with top crust





Dot with butter





Bake
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Handout 1, Assessment
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* Make extra lime zest for garnish, if desired.


** Approximately 4 limes





Handout 1, Assessment
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Sift together flour and salt





Mix oil and water, beat until creamy





Mix oil/water with flour/salt, form into ball





Divide ball of dough in half





Roll out top crust





Roll out bottom crust





Peel apples





Core apples





Dice apples





Mix apples with sugar, cinnamon, and flour





Put bottom crust in pan





Put apple mix in pan





Cover apple mix with top crust





Dot with butter





Bake
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