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A graph is a mathematical structure
for representing relationships.

A graph consists of a set of nodes 
connected by edges.

Edges



  

Some graphs are directed.
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Some graphs are undirected.
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Some graphs are undirected.

You can think of them as directed
graphs with edges both ways.



  

How can we represent graphs in C++?



  

Representing Graphs

Node Connected To            

Vector<Node*>      Node*

Map<Node*, Vector<Node*>>   We can represent a graph 
as a map from nodes to 
the list of nodes each 
node is connected to.

We can represent a graph 
as a map from nodes to 
the list of nodes each 
node is connected to.
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Other Representations



  

The Wikipedia Graph

● Wikipedia (and the 
web in general) is 
a graph!

● Each page is a 
node.

● There is an edge 
from one page to 
another if the first 
page links to the 
second.



  

Iterating over a Graph

● Given a linked list, there was just one way to 
traverse the list.
● Keep going forward.

● In a binary search tree, there are many traversal 
strategies:

● An inorder traversal that produces all the 
elements in sorted order.

● A postorder traversal used to delete all the 
nodes in the BST.

● There are many ways to iterate over a graph.
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Depth-First Search

● To do a depth-first search (DFS) from a 
node u, do the following:
● If u is already marked, stop.
● Mark u.
● For each neighbor v of u:

– Recursively run DFS from v.

● The backtracking here is similar to the 
backtracking done in standard recursion.



  

Coding Depth-First Search
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Depth-First Search

This structure is called a 
depth-first search tree.  Notice 
how following the arrows from any 

node will trace a path to the 
starting node in reverse.

This structure is called a 
depth-first search tree.  Notice 
how following the arrows from any 

node will trace a path to the 
starting node in reverse.
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Creating a Maze with DFS

● Create a grid graph of the appropriate size.

 

 

● Starting at any node, run a depth-first search, 
choosing neighbor orderings at random.

● The resulting DFS tree is a maze with one solution.



  

Problems with DFS

● What happens if you want to search for a 
specific node in the graph?
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Next Time

● Shortest Paths
● Dijkstra's Algorithm.
● Shortest-Path Trees
● A* Search.
● ITA: Minimum Spanning Trees I


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Slide 139
	Slide 140
	Slide 141
	Slide 142
	Slide 143
	Slide 144
	Slide 145
	Slide 146
	Slide 147
	Slide 148
	Slide 149
	Slide 150
	Slide 151
	Slide 152
	Slide 153
	Slide 154
	Slide 155
	Slide 156
	Slide 157
	Slide 158
	Slide 159
	Slide 160
	Slide 161
	Slide 162
	Slide 163
	Slide 164
	Slide 165
	Slide 166
	Slide 167
	Slide 168
	Slide 169
	Slide 170
	Slide 171
	Slide 172
	Slide 173
	Slide 174
	Slide 175
	Slide 176
	Slide 177
	Slide 178
	Slide 179
	Slide 180
	Slide 181
	Slide 182
	Slide 183
	Slide 184
	Slide 185
	Slide 186
	Slide 187
	Slide 188
	Slide 189
	Slide 190
	Slide 191
	Slide 192
	Slide 193
	Slide 194
	Slide 195
	Slide 196
	Slide 197
	Slide 198
	Slide 199
	Slide 200
	Slide 201
	Slide 202
	Slide 203
	Slide 204

