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Simple Graph
Definition . A simple graphG = (V, E) consists oV, a

nonempty set ofertices andE, a set of unordered pairs
of distinct elements o callededges
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Multigraph -A Non-Simple Graph

There can be multiple telephone lines between

two computers in the network.
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Multiple Edges
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Two edges are calledultiple or parallel edges
if they connect the same two distinct vertices.

Loops
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An edge is called Eopif it connects a vertex to itself.

Pseudograph A Non-Simple Graph
There can be telephone lines in the network from a computer
to itself (for diagnostic use). Detroit

New York
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Chicago
Denver
Washington
Los Angeles

Aln apseudograplG = (V, E)two or more edges may
connect the same pair of vertices, and in addition, an
edge may connect a vertex to itself.
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Undirected Graphs

pseudographs
multigraphs
simple graphs
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A Directed Graph

The telephone lines in the network that operate
in two directions are represented
by pairs of edges in opposite directions.
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A Directed Graph

A In adirected graphG = (V, E) the edges are
ordered pairs of (not necessarily distinct) vertices
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Some telephone lines in the network may operate
in only one direction .
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A Directed Multigraph

A In adirectedmultigraph G = (V, E) the edges are
ordered pairs of (not necessarily distinct) vertices,
and in addition there may be multiple edges.

Detroit
New York

. Chicago
San Francisco

Denver Washington

LosAngeles  There may be several one-way lines in the
same direction from one computer
to another in the network.




Types of Graphs

Simple graph
Multigraph

Pseudograph

Directed graph

Directed multigraph
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' " dedi(a)al; degt(a)=1
: " deg(b}=1 ; deg*(b)=3

> " def(c)e 1; deg*(c)=2

. ded(d)e 0 ; deg*(d)=0
" def(e)e 1 ; deg*(e)=0

' aeb(f)f 2 ; deg*(f)=0
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i deg v = deg f(v)

Note.lsomporphicsimple graphs must have the same
invariants:

The number of vertices

The number of edges

The degrees of the vertices

No vertex of deg 1
b deg(e)=1

d e

Non-isomorphic graphs

Graph Isomorphism

Isomorphism Example

A
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Non-Isomorphic Example Ara These Isoniorphic?
* Same # of
vertices
g 2 3 * Same # of
\ ; o edges
) * Different
‘ of verts of
3 degree 2!
c ¢ 1 1 © (Avs3)
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