Math 140: Thursday Aug 29, Day 6 Notes
Agenda for Thursday, Aug 29,2024

Hamiltonian Circuits and paths 1

Reminders

Online Homework 2 - Eulerization and Hamilton Cir-
cuits and Paths due today by 11:59pm

Office Hour today 1-2:15pm in C162
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Hamiltonian Circuits and paths - continued

Recall:
What is a Hamiltonian circuit?
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What is a Hamiltonian path?
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Example 3. Consider the following graph.
A

BN
E 4 B
8 2
7 6
D 1 C

a) What is the weight of AD? &
b) What is the weight of the Hamilton Circuit ABCDEA?

¢) What is the weight of the Hamilton Circuit ACDEBA?
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Complete graph A graph in which every pair of distinct vertices is joined
by an . If you have N vertices, Ky denotes the complete

graph. Nz A Ky edyp 3
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Formula for the number of edges in a complete graph with N vertices:
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Formula for the number of Hamilton Clrcmts in the complete graph
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Example 4. For a complete graph with 10 vertices, how many Hamil-

ton Circuits are there?

Example 5.
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If Ky has 40,320 Hamilton Circuits, what is N7
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Warm up Question:

Does a Hamiltonian path or circuit exist on the graph below?
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With Hamiltonian circuits, our focus will not be on existence, but on the
question of optimization; given a graph where the edges have weights,
can we find the optimal Hamiltonian circuit; the one with lowest total

Brute Force Algorithm: (Exhaustive Search)

@ Make a list of all Hamilton Circuits from one starting vertex
@Calculate the weight of each circuit.
@ Choose an optimal Circuit.

For K, you have to check '5! =& circuits.
For K5 you have to check ‘1{ =24  circuits.
For K¢ you have to check 51’ =120  circuits.
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Is this an efficient algorithm? Mo

Brute Force is the only algorithm known at this time to always give an
optimal circuit.

Example 1. You want to run errands around town. You want to start
and end your errands at_home and visit Target, the bank, and Starbucks,
but not necessarily in that order. In the chart given below, the numbers
represent miles between each destination.

Home Target Bank Starbucks
Home * C% C 3D 1
Target 5 * 2 4
Bank 3 2 * 6
Starbucks 1 4 6 *

Draw a weighted graph from the information given in the chart.
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List all of the possible Hamilton circuits and their weights.

NTHRSY & +2+Lt) =0y C mirror etk HIBTH)
LTSH S+2144) =5 (mirror HSTAH)

HTSOH SN =13 (HBESTH)
What is the optimal circuit?
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Approximate Algorithms

Nearest - Neighbor Algorithm: MNAA
@Pick a starting vertex

2. When you arrive at a vertex, go ot the nearest neighbor (go along
the edge with the lowest weight) that has yet to be visited. Repeat
to visit all vertices.

3. From the last vertex, return to the start.
4. Compute the weight of the circuit.
5. The circuit we obtain is called the Nearest-Neighbor Circuit.
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Example 2. (again): You want to run errands around town. You want

to start and end your errands at home and visit Target, the bank, and
Starbucks, but not necessarily in that order. In the chart given below,
the numbers represent miles between each destination.

Home Target Bank Starbucks

Home * 5 3 1
Target 5 * 2 4
Bank 3 2 * 6
Starbucks 1 4 6 *
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Find the nearest-neighbor circuit using the graph. Ahis 1S
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Example 5. Apply the NNA algorithm to find a Hamiltonian circuit

on the graph below.
ADCO A
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