12.3 Netes: Henmilton Peaths emd Hemmilbon Circuits

@ Objectives

1. Can you define Hamilton paths & Hamilton circuits?

2. Canyou find the number of Hamilton circuits in a complete graph?
3. Can you use weighted graphs to solve problems?
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Examples:
1) Find a Hamilton Path. A B 2) Find a Hamilton Circuit.
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3) Is the graph shown connected? Complete?
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Note: The number of Hamilton circuits in a complete graph with n vertices is ( \
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5) How many Hamilton circuits are there in the graph from #47 M
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Weighted Graphs

S A complete graph whose edges have numbers attached to them is called a

weig he gty
¢ The numbers shown along the @(9 Q0 S of a weighted graph are called the weights of
the edges.
A 190 B Iixamples: The graph shown is a model graph for one-way airfares for
cities 4, B, C, D.
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circuit4, B,D,C,A. &) + 5§ + )19 + 121 =%44%

3) Use the weighted graph to find the cost of the trip for the Hamilton circuit 4, D, C, B, A.
4) Use the weighted graph to find the cost of the trip for the Hamilton circuit 4, C, B, D, A.
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5) Which Hamilton circuit would be the least expen51ve‘7 Q Al g J
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Example: Use the graph shown for # 6 — 8.
6) Modify the graph by adding the least number of edges so that the resulting

graph is complete. | Determine the number of Hamilton Circuits for the graph.
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7) Give two Hamllton‘CldrELn’tifor your new graph. A» / é . C: / Zj/ A
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8) Modify the original graph by removmg the least number of edges so that the resulting graph has an

Euler Circuit. { f A
- [ e 4
: I » 2 Wi X N A
—5 i TN \\
3 i
g < \ . \J
' v [

9) Find an Euler Circuit for the graph drawn in #8. \ ol ¢ /}’ eI /4 ng 4 6
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e : Methods of Sclving Breveling Sdlesperson Problems
Objectives
. Can you use the Brute Force Method 1o solve traveling salesperson problem
2. Can you use the Nearest Neighbor Method 1o approximate solutions to travelinz
salesperson problems?
Can you describe the benefits and weaknesses of the Nearest N |<’m‘ or Method
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The Traveling Salesperson Problem (TSP)
The traveling salesperson problem is the problem of finding a
weighted graph for which the sum of the weights of the edges is a

Note: Such a Hamilton circuit is called the optimal Hamilton circuit or the optimal solution.
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The Brute Force Method: One way to find the optimal solution for a TSP.

+  Model the problem witha _C O""V\}J le l/(q/ , weighted graph.

+ Makea ' el of all possible Hamilton circuits.

« Determine the Silv/™ of the weights of the edges for each of these Hamilton circuits.

+  The Hamilton circuit with the __ ¥\ €. sum of weights is the optimal solution.

Example: A businessman lives in City D and needs to travel to cities A,
B. and C before returning home. The weighted graph shows the cost (in
dollars) of gasoline used to drive to each city. Use the Brute Force Method
to find his optimal circuit.

Hamilton Circuit Weights
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| How could the optimal solution be found by using the

Although the Bruce Force Method always provides the optimal solution, it is time-consuming and can é

be difficult for more difficult problems. _ |
Reminder: for a complete graph, the number of possibilities can be found by using (n=1)!

How many circuits would need to be considered in order to find the optimal solution to a TSP if there
are 5 vertices? 6 vertices?
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The Nearest Neighbor Method: Used to all),{]( 0 Yy mat solutions to a TSP.

1. Model the problem with a complete, weighted graph.
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2. Identify the _ V@I 10X that serves as the starting point.

3. From the starting point, choose an edge with the _ 5 /" Qf}ﬁ #<+  weight. Darken this edge to
the second vertex.

4. From the 2nd vertex, choose the edge with the smallest weight that does ___ ¥1¢) + leadtoa
vertex already visited. Darken this edge to the third vertex.

5. Continue building the circuit, one vertex at a time, by moving along the edge with the smallest ;
weight until all vertices are visited. ‘
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Example: A sales director who lives in city 4 is required to
fly to regional offices in cities B, C, D, and E. The weighted
graph shown gives the one-way airfares. Use the Nearest
Neighbor Method to find an approximate solution. What is
the total cost? A’
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6. From the last vertex, return to the <
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Nearest Neighbor Algorithm? :
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Why would the Nearest Neighbor Algorithm be used instead of the Brute Force method?
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