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5 1 BasicNotation and TerminologyforGraphs
A graph looks like this formaldefinition after pictures

at Jadjacentvertices
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Edges All the lines andre

a edge incidentto y andus

curves in the picture

Graph V E

Here are the more formaldefinitions
A graphG is a pair V E where V is asetusuallyfiniteandE

is a set of 2 element subsets of V Elementsof V are called
vertices and elements of E are callededges

V venter sit E edgeset
Preferrednotation ay instead of n y Only forgraphs

Note ay yr because x y yin

If ny is an edge the vertices n and y are said to beadjacent
Theedge ny is said to be incident to se andy

The drawing of a graph is not the same as thegraph
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Two vertices are neighbours if they are adjacent lie there is an

edge joining them Theneighbourhoodofavertex is all thevertices
which are its neighbours In the picture above a e is the

neighbourhood of d and the neighbourhood of g is empty

Let G V E be a graph and v a vertex ofG
dagger of edgesofG incident to r

number ofedges in its neighbourhood
degree of v

When G V E and H W F are graphs we say H is
a subgraph of V if we v and F CE

Example In any finite graph there are at least 2 distinct verticesof
the same degree
Roof dega n E tut 1 So

dig V Itv1 t

By the Pigeonhole principle dega is not injective 1

Remark This is the similar to the example of there being 2 people
with the same of friends in a groupof a people

Isomorphisms of graphs
Consider the following two representations of graphs
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V h i j k I m n o w pq r s t u r we

These are essentially the same graphs The correspondence between the
vertices is as follows
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The technical term is G and H are isomorphic

Definition Wesay G V E and H W F are isomorphic if there is
a bijective map t V W such that

my EE E fin fly E F

Written as G E H Read as G is isomorphic to H

Note at a
GI H H E G
a it and it I azz

mannequtian

relation

Theorem TheHandshake Theorem Let G V E be a graph Then

PE deg 107 2 El
Proof

Every edge is incident on two
vertices

and contributes twice to the
Sum of the degrees

corollary The number ofvertices ofodddegree is even
Poof Let Vo be the set of vertices of odd degree and Ve the
set of vertices with even degree Then



2151 Ey deger El degli t Inedegir

Ey dig in I deg even number
eve since reve

evennumber

Thus 2 deg Iv is an even number But eachterm in the

sum is odd Since the sum of two odd numbers is even
and the sum of an odd number with an even number is odd
it is easy to see that the number of terms in the sum must
be even A

Basic Examples of graphs
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Here are Pa Pa Pa Pa Pg and Pg often in more than one version
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Definitions Let G V E be a graph A walk in G is a

sequence of vertices hi Nz rn such that Nina is an edge

for ie ie n t A path is awalk in which all vertices are distinct
A cycle is a path cares attend that sun is an edge
A better definition of a cycle is a walk Gi na Rn anti
such that car m is a path and anti ki

The length of a walk is the numberof edges in it
Thus the lengthof Coen in is n t

It is easy to see the following
as lengthof Pu n t

i length of cu
n

sa A path China m haslength n t
or A cycle Ca Nz ape has length n



no A pathoflength n 1 regarded as a subgraph
is isomorphic to Pn
A cycleoflength n regarded as a subgraph is

isomorphic to Cu

Definition A graph G V E is connected if for all myEV nay
there is a path starting at se and ending at y

This is not connected Had
the dottedline been an edgea

go then thegraphwouldhave
a o beenconnected


