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1 Graphs and Subgraphs 
1.1 (OIIM'IIS ANI> SIMI'I.E ORAPIIS 

Many real-world situations can conveniently he descrihetl hy means of a 
diagram consisting of a set of points together with lines jnining certain pairs 
of these points. for example, the points could represent people, with lines 
joining pairs of friends; or the points might he communication centres. with 
lines representing communication links. Notice th<lt in such diagrams one is 
mainly interested in whether or not twn given points nrc joined hy a line; 
the manner in which they nrc joined is immateri<~l. A mathematical ahstrac­
tion of situations uf this type gives rise to the concept of a graph. 

1\ graph G is an ordered triple (V(G), E(G), t/•") consisting of a 
nonempty set V(G) of vertices, a set E(G), disjoint from V(G), of ed~ 
and an incidence frmCiian tbu that associates with each edge nf G an 
unnrderetrp;if of {not necessarily distinct vertices of G. If e is an edge and 
u and v are vertices sue that I/IG e = uv, then e is said to jpin 11 and v; the 
vertices 11 and v are called the end.~ of e. 

Two examples of graphs should serve tn clarify the definition. 

Example 
G = (V(G). E(G),I/Ir;) 

where 
V(G) = (u, v,, v,, v., v,) 

E(G) = (e, e,, e,, e., e,, e •. e,, t'.) 

and •/In is defined hy 

Example 2 

where 

ljlo{e,) = v,v,, t/lde,) = v,v,, t/lo(e,) = v,v .• , t/lr;(e.) = v .• v. 

•jlc;(e,) = v,v., t/lde.) = v.v,, ~'r;(e,) = v,v,, •/Ide.) = v2 v, 

H =(V(H), EfH), t/lu) 

V(H)=(u, v, w, x, y) 

E(H) ={a, b, c. d, e, f, g. hI 
and t/IH is defined by 

t/lu(a) = uv, t/lu(b) = uu, tjl,.{c) = vw, 

.,,.(e)= vx, tjl,.(f) = wx, •/lu(g) = ux, 

~ 

.p,.(d) = wx 

•/lu(h)= xy 

~ 
•.· 
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1 Graphs and Subgraphs
bof GRAPHS AND SIMPLE GRAPHS

Many real-world situations can conveniently be described by means of a
diagramconsisting of a set of points together with fines joining certain pairs
of these points. For example, the points could represent people, with lines
joining pairs of friends; of the points might be communication centres, with
lines representing communicationlinks. Notice that in such diagrams one is
mainly interested in whether or not two given paints are joined by a fine;
the mannerin which they are joined is immaterial. A mathematical abstrac-
tion of situations of this type gives rise to the concept of a graph. ;

A graph G is an ordered triple (V(G), E(G), dc) consisting of a
nonempty set V(G) of vertices, a set E(G), disjoint from V(G), ofedges,
and an incid t that associates with cach edge of G an

unordered pair of (not necessarily distinct) vertices of G. If e is an edge and
u and vp are vertices such that Wale) = uv, then e is said to join u and v; the
vertices u and v are called the ends of e.

Two examples of graphs should serve to clarify the definition.

Example |
G =(V(G). E(G), a)

where

V(G) = (01, 02, 05, 04, Us}

E(G) = fe, €2, €a, @4, Cs, Ons Cr, Cn}

and ie is defined by

ler) = VyV2, Pale) = rvs, thea(es) = Vaus, We(es) = Drv.

Po(@s) = 0204, Poles) = Usds, Yies(ez) = V2Us, Pilea) = V2Vs

Example 2
H = (V(H), EfH), ths)

where

V(H)= {u, v, w, x, y}

E(H) ={a, b,c. d, e, f, 2, h}

and we is defined by

ba(a)= uv, wn(b)= uu, talc)=vow, bald) = wx

ae) = ox, walf)= wx, thalg)=ux,  da(h) = xy
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