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Graphs

• Examples

• Definitions

• Implementation/Representation of graphs



Graphs

• Graphs: set of vertices connected pairwise by 
edges

• Interesting and useful structure

• Many practical applications• Many practical applications

– Maps

– Web content

– Schedules

– Social networks

– …
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Graphs

• Undirected graphs

– simple connections

• Digraphs

– each connection has a direction– each connection has a direction

• Edge-weighted graphs

– each connection has an associated weight

• Edge-weighted digraphs

– each connection has both a direction and a weight



Undirected Graphs

• A graph is a set of vertices and a collection of 

edges that each connect a pair of vertices





Glossary

• When there is an edge connecting two vertices, the vertices are 
adjacent to one another and the edge is incident to both vertices

• A self-loop is an edge that connects a vertex to itself

• Two edges that connect the same pair of vertices are parallel

• The degree of a vertex is the number of edges incident to the 
vertex, with loops counted twicevertex, with loops counted twice

• A subgraph is a subset of a graph’s edges (and associated vertices) 
that constitutes a graph



Glossary

• A path in a graph is a sequence of vertices connected by edges
– A simple path is one with no repeated vertices

– A cycle is a path with at least one edge whose first and last vertices 
are the same

– A simple cycle is a cycle with no repeated edges or vertices (except the 
first and last vertices)

– The length of a path is its number of edges– The length of a path is its number of edges

• One vertex is connected to another if there exists a path that 
contains both of them

• A graph is connected if there is a path from every vertex to every 
other vertex in the graph
– A graph that is not connected consists of a set of connected 

components

• An acyclic graph is a graph with no cycles.





Graphs

• Examples

• Definitions

• Implementation/Representation of graphs





How to represent/implement a graph?

• Space-efficient

– Accommodate types of graphs that likely to 

encounter

• Time-efficient• Time-efficient

– Add an edge

– If there is edge between v and w

– Iterate over vertices adjacent to v

– … 



Real-world graphs

• Real-world graphs tend to be “sparse”

– Huge number of vertices, small average vertex 

degree



Representation Options

• Edge list

• Adjacency matrix

• Adjacency lists















Full implementation

• http://algs4.cs.princeton.edu/41undirected/G

raph.java.html






