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MATH 1313
Name
______________________

Show your work and give clear explanations for full credit.  Please put all of your solutions and work on your own paper, then attach the exam questions to the front of your paper.  You may use any source, except you may not talk to others in this class.  Good luck.
1. Theodore is a teenager who has started his own snow-shoveling business.  Some of the neighbors in his area have hired him to shovel their walks and driveways.  The graph below represents his current customers.  The vertices are the homes, and the edges are the paths to be shoveled.  Theo lives at vertex H.  
a. (2pts)  What is the degree of vertex H?
b. (2pts) If there is a big snow this weekend, will it be possible for Theo to start at his house, shovel all the walks for which he has been contracted, and end up back at his house for hot chocolate, without doubling back on any walks? (Yes-or-no answer)
c. (3pts)  Why or why not?  Explain your answer.  If it is possible, draw a sample route on the graph which he could follow.  Be sure to clearly label your route. 
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2. (3pts each)  In each situation, indicate whether finding an Euler circuit or a Hamilton circuit would be a better solution to the problem.

a. __________  A UPS truck has to deliver to 27 different buildings in one day.  The driver would like to find the shortest route.

b. __________  You are at the Mall of America for the first time.  You want to find a way to walk down every hallway of the Mall to see it all and then end up back at your car without ever retracing your steps.

c. __________  An engineer needs to program a machine to drill a fixed pattern of holes in a metal plate.  Once the holes are drilled in a plate, another plate is set down and the machine will drill that one.  This automated drilling process will continue.

3. For a. and b. which follow, consider the graph given below.
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a. (5pts) Can you find an Euler circuit on this graph?  If so, draw it or describe it by listing the order of the vertices you would travel.  If not, explain why not.

b. (5pts) Can you find a Hamilton circuit on this graph?  If so, draw it or describe it by listing the order of the vertices you would travel.  If not, explain why not.
4. To make some extra money for the holidays, you take a job selling toboggans to hardware stores in north Texas.  You have 6 stores on your route.  The distances in miles between the stores are given on the chart below.  You would like to start at store B and travel the shortest circuit that visits all your stores.
Distance between stores (e.g., the entry in row C, column E tells you that the distance between store C and store E is 11 miles)

	
	A
	B
	C
	D
	E
	F

	A
	
	10
	12
	7
	30
	35

	B
	10
	
	5
	8
	40
	2

	C
	12
	5
	
	6
	11
	4

	D
	7
	8
	6
	
	55
	3

	E
	30
	40
	11
	55
	
	23

	F
	35
	2
	4
	3
	23
	


a. (8pts) Draw a graph which represents the situation.  You will need to use a full sheet of paper.  Your graph should be a complete graph with 6 vertices.  Along each edge of the graph you should label the distance between the two vertices joined by that edge.

b. (3pts) Why is the Brute Force method a good method for finding the shortest Hamilton circuit?  
c. (3pts) Why is the Brute Force method a not-so-good method for finding the shortest Hamilton circuit?
d. (7pts) Find the circuit you would make if you used the Nearest Neighbor algorithm starting at store B.  Give the circuit and the total length of the circuit.
e. (7pts) Find the circuit you would make if you used the Cheapest Link algorithm.  Write the circuit so that it begins and ends at store B.  Give the circuit and the total length of the circuit.
5. (20pts) Charlie and Denise are sadly getting a divorce.  They have agreed to reach an out-of-court settlement.  In order to reach a fair settlement, they must divide the house, car, boat, and dog in such a way that both of them get equal shares.  They decide to use the adjusted winner procedure.  The following table gives the distribution of their points to each of the four objects.  Determine the final division of the home, car, boat, and dog.  (You must show your work to receive full credit.)
	
	Home
	Car
	Boat
	Dog
	TOTAL

	Charlie
	30
	10
	10
	50
	100

	Denise
	10
	20
	30
	40
	100


6. (20pts) Anne, Bill, Catherine, David, and Emily are siblings who have inherited their parents’ estate.  They agree to use the Knaster Inheritance procedure to decide on a fair way to divvy up the goods.  The following table gives their bids (which they each submitted without knowledge of their siblings bids) on each item in the estate.  Determine the final division of the goods and cash.  (You must show your work to receive full credit.)
	Item
	Ann
	Bill
	Catherine
	David
	Emily

	House
	$200,000
	$215,000
	$195,000
	$175,000
	$205,000

	Cottage
	$60,000
	$49,000
	$62,500
	$59,500
	$55,000

	BMW
	$29,000
	$24,500
	$25,000
	$27,500
	$27,500

	Saab
	$25,000
	$19,000
	$22,500
	$24,500
	$19,500

	Yacht
	$120,000
	$125,000
	$119,000
	$129,000
	$132,500

	Klee painting
	$150,000
	$135,000
	$99,000
	$179,000
	$149,000


7. (3pts each) True or False

a. __________  If a graph has even degree at every vertex, then it is guaranteed to have an Euler circuit.

b. __________  The Cheapest Link algorithm is not guaranteed to always result in the shortest Hamilton circuit on a weighted complete graph.

BONUS The fictional country of Jorgensenland is made up of 5 states.  The population of each state is given in the table below.  The parliament in Jorgensenland has 100 seats.  Your challenge is to find a reasonable and fair way to apportion the seats to the states.  That is, how many seats should each state get, based on its population?  All 100 seats must be used.  You must fully explain your method and how you decided how many seats each state should get.
	State
	Population

	New River
	34,520

	Big Sky
	100,521

	Open Plains
	65,000

	Rolling Hills
	504,240

	Cliff Edges
	21,000
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