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We consider asimple network i.e no multiedges orselfloops
of n nodes and one component Thatis thenetworkisconnected

We know thattheminimum number ofedges itcanhavewhile
remaining simple and

connected isImminent

theproof isgiven onpage 123 Sucha network is atree
undirected

Themaximum number ofedges will occurwhenthere is anedge
between

every
two nodes Asthe edgesare undirectedMax isgiven

bythe
number ofways one can choose two elementsfromasetofn

where orderis irrelevant andwe aresampling without replacement

pelf

This is a completegraph



IWe
constructthe adjacency matrixofthenetwork

I
4 5

We recall that the adjacencymatrix is givenby

Aig
l if thereis anedge famj to i

o otherwise

Tus we have

1at
T

We
confirmthatthisisconreatinMattematioat



b We findthe incidencematrix ofthe bipartitegraph

É É É Es groups

J arbitrarylol individuals
L assignment

I 2 3 4

Werecall thatthe incidencematrix B is defined as

Big
l if item j belongs to group i
O otherwise

flowing Figure6.4lb ourmatrix will be 5 4
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We remarkthat ifwe had labeledthegroupsand
individuals theother

way he
wouldhave derived the transpose ofthismatrix

c Wederive theprojection matrix ofthegraph

É É É É groups

t d ol individuals

I 2 3 4

ontoits blacknodes i.e ontothegroups Asthere are
5 groups ourprojectionmatrixwill be 5 5

Thetwodifferentprojections are P BTB 4x4 andPEBBT
5 5 Thus theprojectionmatrix ontotheblacknodesisgivenby



0 I 0 0

1pkBBt
f 2 3 0 I

Theoffdiagonalelements ofthis matrix Pij gie thenumber
ofcommonmembers of groups iandj Thediagonal

elements PE

givethenumberofelements ofgroup is

Weconfirm this resultbyobservingtheoriginal bipartitegraph



LIA bethe adjacencymatrix and I bethevectorofall I's

I We knowthat

Ki I Aij
AT I where ATTableTaiji n

II AI

b We know that the numberofedges m obeys

2m F ki I I AI I

IT A I ImajITAII

f f



c We express N where Nij is of common neighborsof iandj
A common neighbor is anode x suchthat x andi areneighborsandaandj are
neighbors Thus Nij givesthenumberofpathsof length 2connecting iandj

It is known that A ij gives
thenumberofpathsof length 2between

node i and nodej But since i a j j a itwehave

In II
d Wedeterminethetotal numberoftriangles in anetwork Atriangle
canbethought ofas a pathoflength 3from anode i to itself
This is given by A ii But since allpaths around

d

i Ip
are to countas a single triangle and

there are 6 suchpaths
we conclude thatthe total number of triangles is givenby

IttraI



611
a We showthat a 3 regulargraph

musthave an even numbe

f nodes

hot n bethe numberofnodes

G I ki I 15,3 3 I

In n 3 0 22 3 27

n 2 E E Al sincethegraphis 3 regular

Tus thenumberofnodes ofa 3 regulargraphis even B

b We showthatthe averagedegreeofatree is strictlylessthan
2

Te average degree isgivenby

C 21 2 4 211 4 a 2

in ve trees have always satisfy m n l I

nd



JWe considerpaths between nodes A B and C The edge
connectivity i.e thenumber ofedge independentpaths betweenAand
3 is X andthe edge connectivity of Band G is yhX

Wedetermine the edgeconnectivity between A and C We
propose

that any edge independentpath from A B canbecombined

with any edge independentpath from B C to form an

dge independentpath from A C

Tus theedge connectivity ofAand C is IX.FI



Iftar
graph consists of n I nodes connectedto acentralnode

1 te
WLOG he call this node 1 Then the adjacencymatrix
is given by

un
OE

We construct thepattern

Case n 2

A 1441 0 5 1

Imax



Case 2 4 3

A t to
D P X I 2 Xun F

Case 3 4 4

A 0 542 3

Dm B

It is trivial to confirm computationallythatthe characteristicequation
always takestheform

O IME G i1 Haff



I eitherdidnotattemptorwas unabletosolvetheotherexercises fromthischapter


