4 GRAPHS -
A grapb G 15 defined as o pair of sets

, €= (E)

) where N2 Set of oll Verh'ces[nodes| points. |

y f &7 set of ol edges-io the graph-

(V12 ho-of verhces d c L

) ra G .
| oR NG

Oteder of graph G- (g5

TEl? no.of edges in el b o

the groph. o i

or

’ Srze of the graph G

® . NULL Graph 7 -

) -4 ‘graph no edges 1S called o "Null graph” -
a

h' wrth only  ope \ertest
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®  Nop direckrd Oraph ? Cuhdirected  Crraph)

Jnao non-directed graph, cach 4,‘;«1,54 16 represented
by "set of fwo verkices viovg}

o et
LVisvi} = 4p edge ber™ Yiand Nj- i
fa

*  Drrecked Craph € Pr-CGraph) 7
- B

_ In.o drgraph, each edge s
£ repru;enhd hg ap ordered
patr_.of fwo vertice
NP oapd Vi -

CViNG) = Ap edge from Vife Vi

- © ep -
Ap <dge drawn frm o verfew to rhserf i3
called o " loop”

- 100p-

WAHPEURBER - of - werhices are e
= g T —fu J.snn "8 mamvxéhon. ope edge then those

1
)
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edges dre called "Parallel tdges” and the:
rewvh‘nj or con GJfanana greph /s colled
o r‘nu'h‘g:p_b,"v

@ _ o «‘_
L 2] —:
©

Sreople Craph 7

s called @ "S'mple Graph'.

a
3

b
max-mo of edges here
= g v
J

~~, 9
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o te. of ample graphs _pe
——— oo edges.

‘ble with 0 vezhces

T JGESEE))

L8 No. of srmpie graphs mou: it 5 Veehiy Caedga t
e ZrMax po ot cdges potible rfh 5 Vechces

= KBCacpg,

= Mo.of woys e can choose cwe con Choose
X ony U edges

=_10Cy = texgxgyng = o

Peqared no. of graphs © 1O

_% 2. No. o emple grophs poss- wih .p Vertlce {
3 o odion D

7 Grth p overhte.s max. po. o edges.poss-

= DCg . DN-D
i ST

B . R i | i ey




®  connested _Croph 7 |
A graph G' /s said fo be connected " /T there

eusts o path bu“'evgé( _parr of verkees. 1
4 & e +-
.3 T
a b * 1T
4 9graph @hrch 5 nob (oppected il have two |
or more copnpecied (ormpon enks 4
CLY) 4
Ope or more connected components and on S
’s0lated \reatex, =

G pegees of a verhex (3) 7

denoted by deg o)

number of edges rpaident with the wedrex YA

2 i
cunBNertex  corth. degree 'O 45 culied on.'isolated. 4=
e e -

- I o

Nerbex corth degree "t’ fs colled pepdantt
e
fvins
. 5 . . i ]
wu»gui\ﬂu;\\- ple, graph with ‘na” Vrezh'ced, , dearee of

HiNettene N ots less than * equal fo A-1)

it
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e degcV) £ CO-1) o0 it yerbrces),

N e

d o

In an undirected graph, o loop ab @ verfex L 2
- counfed os..2. ¢dges

— AR @ dr‘gm#h >

.~ _Tndegree o vahor Vs deg*cva
" = rwa.:s‘f edges rncident to the. Nactesx iy
ol (or)> po- of incoming edges:

i Ouidegeee .ot o Verfex V= degiovd

) )
Do .{ ¢dges rmnodent froro  the \eetex. g

ho- . oF outgorng  eolges
2 e

olegtcar=1

; i Ml i

i idegmcay= t
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pob allscaed in o digraph’

® _Adja ffp(:/i 4

1 there ewsts ap edge pel
d c

a

end

a

o are

g pagbboa]

*n o graph, bwoe verfrces are sard 4o be 043‘“&}_,,
% the 4w hces.

e o vertrees. |

N 4

b 1

ot adjacent =l

edges are suard to odjfecent, |

"In o graph, fwo

O]

.ordet . then the sequence
“degree Sequance”

v there ewmsts o common wvertex for the fwo
edJM.

Degree Sequence

If the
G

degrees

of an

are Qrranged fn Ascepdrn
9 en

>‘®“AVC(1) i

[T R AL S

ot Ibe g

roph-

or

the verhces fto

the graph

descendrmn

50" obtarned 1 called

i

i
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@ Regular Craph 7
- A graph s said to. “Regutac" if afl The vechices
- have same degtee .
_.. In.a graph,

7f  degree. of each veetex is k', then the grap
- s called  "k-regalar graph®

, _ex 0 & polygen s a D»r—qy,a!az.gmph%

- 5-regular graph ? ’
5

- 3
@)
>
()
b

— ® Complete _Graph 7 (';

- A Simple greph  with ‘n' muﬁuar:éf adJ

—_ Vethces is. called .a. c«:mple}c 9raph qnd

~ . olenoted bc‘f o S8
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oo K2 onpile geaph cith fwo rocikaaly.

adjacent Nrerh'ces

®a i

ks s Ry, T

ks 4

Ina camplete graph  Kn, degree of each wveden |

<& O-0. : 4
Tax) T

every complete groph s @ "Regular _Graph” |

MNo-of cdges in Kp- NCy = %Q-D

Fvu-y Complte groph Is o simple graph with.  _|-
max no of edges.

4=
A emple ?mph @ith 'n' vertrces " wpd D edges 4
v @ Called @ Tcyele graph™ if @il fhe edges. - formut:

@ eyele S8 length "0’ A cyde qraphi- Goifho i
wﬁu is dm;’:ed by ‘Cp’ 2 graphe<

T the only cysle “graph s bk iET
9o Complete fig ', T 1T bk b e
C3 vren]

I Py

s
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Cy Cs A

®  whea aroph i
A w©heel graph with D Vehces en»4) cap be
Obtarned From o cyce. groph Cp-i by odding
new vertexe Ccalled hub) Ghich s adjacent. to all

Nerices o Cnor

1t 15 denoted by Wn'

Wy =

7 The anly wbeel graph which & alse
tomplete .groph. 7
K

Iz
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In o wheel qraph, degree of hub 13 @
No °£ fdgﬂ n NG 2(”")

© _cyaro _gewph ?

A greph with at least ope _cyde i called as
'gydrc graph'

Evg,—g cycle graph and wheel greph aPd complete |
graph are cgelre . graphs {oe.

EB i

® _Acydre_graph

A graph with po cyeles s called acydic graphl |
e l

e 3 grep : b called
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A hree  with 'p Verhces has P71 edges

Every tee has ot least fwo werhices with degree
9t

Bl

@D Foret 9 j
A drsconnected acyelre grap s called a forest!

o 5

_Brpartite Graph 2 ‘ 5
B wrth wetkex parhhion ‘“}"\L
. Posmple graph G = &ED"is capieq
a bipattede graph (foevery verfex

- A ermple graph G= CVsED corbh Veaten  parfhon
<o Va8 YRd s cated brparkifon graph ! if every
.. - edge of E,joins o vertex in Wi o a wverlexia

- . ...z,
a d
- b 2
3

. cn giibrparted graph;..no.
o . are qdjacent: AR

2RO U CR U R WA VRV AV VR R VAR RVEY]

0t i s s o
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— * . Cormpiete _Srpartte_groph -

A brparie graph G with vertex porhion, VE1ViVs] |
( 6 vey, s sard o be a" complee bipartiie

graph” of €\ﬁg,y Vertex in Vi 15 adjaucent to every
Nerbex in Va.

Ks,q, _
)
1 i
; In general, rf INil=m qng W20 5 then o =
5 complete biparkite graph s denoted by Kmat
2 . . . ]
, Kmin  has ' man' vehces and mis _edges - N
- g
Kmn js q reqular graph iff m=n R
) In general. . cumplete bripartite graph i3 pof a.. . .
. cemplete . graph.

(mle}
K11 rs - the  Snlgngraph®
also . camplete brpurhfe erPh o

I Ecephon I

Siie

q &.bmpﬂ%t\,,‘ 3 Patm.

LM pes ofVedges poscrbic
graph @™ 'n' Verhces 05 l

P ——




D G s o bipachte graph iff ¢ bas pe wyces of

pio

then Mo

= toe

q

Jodgllerplifx

A specrel

po- o edges

s
wing  Keis.

case of brparkte graph >

*_Starit Groph 7

Ji34

" Star qraph™

B brpartite groph of the form Kups w o star

graph with

n wveazhces:

ep %),




® Complement of a_graph

Leh'6 be o simple grapb wrth 'n' vertices

Complement of G denofed by G is alse o
Stmple graph  with Same Verkces as that of G
bub an edge LUV} s present in G it the
cdge rs absent rn G- ise 19VI 4G

e fwo vehca are adjacent 1o G iff they are
not adjacent ro G
4 & d c

°

o

»
S
o

“tf G 5 any Simple greph, theo po of edges G
a; oo of edges ™ T rs always equal fo Poof
& cempuu graph kn. ohen

P V@],

81 L+ G be a smple graph with I verhres

.and 12 edges -find .no- of edges rn G-

& rhawes
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nepaD. = P
nt-n= 138 6 -

~ ‘bo-of edqes o G = 36-12= @

%2 G is a smple qraph with. 42 edges anol &
bas 3% edges: Fnd po-of vechces /n groph..

R4

-

Tk ne-ef vethces o graph = n- ‘
_______ we have , IEcom! + [EG| = [ECkm,] y
N
i S bhen- 78 i ),
. - .
N bl
)

5}

b)

= deuv) S

)

® po. of edges in the..Shorkest paibh ,,UA}))

O U amnd. . N. . N . ¢
Q

I o
— -
- ®
— -
— 0)
T = " it 0)

— . i




€ Pecelmelly of o vectex N 7 €W 0 |

V) = ax. dedsy) N UE G |

Fom  prev. graph, |

®- ]

Cear: g 2 7
eeby= 2 ks T
2cco= 2 ) T
<cdy= 3 R T
eCe)sr 3 T
ecer: a a
®  Ragjys _of o conpected groph 7 £CW 1
K@= muin. of the €ccephricrhies of ail =
Veunh'ces AL
CFer the groph previous, —+
tew - 2. 1
® Diameter of a connected_graph > 407 -+
A= g, of eecentremes of ol eeehces —

e, = 3.

®. Central pornt..”7

1t eey) = TC@ Hen v re .
cedbal _porot of & g




/86

Por -lhe previous groph, b.e and £ are centol
pornts of G

® Centre of a_greph

i Set of ot cenhol pornts of o gqroph s called
“Center of the graph”

_ ® Cramferace | permeter of G 7

The no of edges ro o Jongest cycle of (& U
E, _called clramference of G

L For fhe prev. groph, crrcumfperence 5 Sk3

Mo. of edges fn a échr’uu wicle of G fs
- called Critth of the gropb' ond rs doented bé’

For fthe prex. groph, gizrh ot the graph s 3.

_* Sury of degrees of verkces theorem 7.

C

4 6= C\IB) be a pondirecied graph. corlh Ner'ces
v= LV Ve, oVt then

n
£ dglid) = ax ho.of sdéu: '
&

e A
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® (‘groﬂary_lg - 4
Let @ be a divesfed graph cith V© LV)s o vn} |

then —
(22 —

= <1134C\M) 2 E
i=t 7
and —
n 3
€ deg ey = IE| ]

=t

@ Corollory ) 7 |

In any nep-ditected grapbs the po _of werkces
with gdd degree s always evem-

n

£ degeniy= @ i
i 0

) ®  because oF fhis the sar of degrew|
; of ol verhces s ol ways exen. |
> 86, no-of ~erhces w@rth odd Yegree Can Dot
) . be  odd in mpo. 4

B ® Grrollary 27 B

.In . nondrrected Qroph, if degree of each verfex
) & k', then sum of degrees of all Mehce Qs
) T B
Yol g e o i

S AV R LE




— e ® corpllary W 7

In a nondrrected graph, r£ degree of
eztew 15 ateast fe € KD, then

IV < 2. 1B

ke 3,3/?,1}.
db qc

G2y RV & 24E1

2c4y < to.

% k.is denoted by I
i ® Corellary 5) 2 !
_...'n o ponditecteds graph, 1f degree of each verex i

— . .almoest & CZR) dhep _

kvl > RET )

& ln. .chove graph,.. K &C@)= 3-

8 oy » 5x2. 5 12> to.

o
. b)
e e B i i il




R N ki
o) ) Femie T E

8" Ler G be a simple nondrrected graph wih
5 werkices and 7 edges . Which of {he foll-
statem ents are ftuef .

B G2

b (@ 72 D apd d) botb are
Corveat: —3

e) bl <3

»\A) o >3

> fC. vl 2 axg

dCed < s T
gl 2 2% ::
. Also,

B8 CC) Nl 2 K2 =

. -~
LACen > MMS = ACen 328 ]

82 fop & be @ momle graph oo rth iRl edlges g
B cerhces @ilh degrge U and” Femy Yertreas ooty

degree o find. pol vertees io-ithe  graph sk

———
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—uy “"m N\, ru}} /70
8% = @ i
. Cdegcwi) = 2 |E|
ret
i 3> CU) + % C2) = AArnz
L 12 +2%: 42 -y - o;e= 422
T3 a2 = 30 BETD
tolol hee ob verhees = 1549 <[ (3
i
i
3. et G be o Somple gragh woh 3% edgos and
degeee ol cach vutex 15 4. Theo IN@ (=%

Kelvie RIAEI.

2 By Cor 3
4

o Givl= 38

TN T=

Lol

2x3¢
T

! - : 9 : N 3

deqree

2ach erfex

a) e g

j

5 1o 5
VO 1= . T SR i
. . . o S
ot5+s )

e




cor 8, degree  of fach verbex is '€,
PN = @]

S zous

vl H8 C k=152,34,6 )
K

=5 ot “posuble

k=T8 pof poverble.

po sirble no. of echces are
@y @ e @)
45,2u,16,%2,'8

Verhices . N
Mox. no. of edges postrble ¢n o imple graph
wrlb 35 cdges ond degree of ewch vertex (s F

T

by Camelory ), vt oegree ol each wepfex
5 ob leant k.

Iber PRI -1 1
Zeut g 2x35
'Yv\‘(lﬂé 3.

T g 28

Lo pe.ef Nehte  poekrble =[as
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o T & g\*f b Y )79
o & - wi ﬁ@ |
=
e Min o o} edges pecesso in.a Simple groph

cotth. 13 verfrees and deqree of  each ecken
2 o least b,
te, 1l S 2-1EL

Py cor- W
o 13 x4 £ 20

{Et » 24,
.l e no. of edg.es =E,

_ Q7. ®pn- no- of vechtas. nDeceno n a simple 3”7an
i it 7. edger And degree” of Cach  vecrer
ol Motk 4 "

e by COME- 5)
-, £V 5 34, 5

»)

)

(9]

* -

J)

9]

z R O

— EHRRINE | 18 e )
- BN & e .

b]

e




wWhich o fhe foll- degree
e'mple mondirected graph

@{s:‘aaus}

o Lo d¢ef

< sum of degrees ot

'T not poséible

19,

sequences represent a

3

atl

v

ethces s 0dd

@ow> no-of 0dd degree vechres o pof oven))

]

Y The graph has 5 veehtes .
.ach vetex £4 alwoys:

\ Pot goswble. K

AN
abo dely

50, degree of

7 Conpot repruent a simple honditeeied groph
bteawse R @ &mple 9roph wrih T Vechces
rf we have a2 vehees wth deg- £ then
deg- of e\femga%u!»sx should  be 7“’3'

“oqivetten _with deg

L

Dot

po S&-ble

T —
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d) g\@,(z,.,.,)‘jﬁ

Yoo

7 Canpot represent o ample nond reekeal graph,
brcaure fa & wm'mple graph wrlb 0 verces, 1P ther
45 a vectex with deg M-’ then that verker th
djoeetit 4o all ofbec \rechtes ¢

Ti o Neckex with deg- 0 th pot possible.

‘Mote 2Tn o srmple groph with P vechtes, (PRI,
i ot least fwo yechte showld have same degtee.
a

T e) 2,3,3,3,35. /
e RN ‘
B

I g B
o the given degtee’ $oq. t»  possible.
™
333 Of :
2 {Q'id’;"}' » X

D dey b UP vactex conpob be L. . :

‘_hot  powible

il




2 ¢ 1957

o * Havel- Hakemy's Resarte 2

) Conerder the ol degree sequences I and T
) and asme thab 6equence I 13 i descending

) oxrdes 4
z: 1S bataaite, dday s @andn ] T
T Tt barty, tsmt 4dr,da, ., dn ) T
i ® . I s grephrc ¢ evmple nondirected qraphd 4
it I s graphre 1
) £
i @9 which of " the foll deg se(}ueﬂfu tepresent a |
sinple popdizected graph. f —+
, 6) %606,6.2, 4,33 Ué"v‘somﬂd ]
) @ bed e fo\h :

) Cdeg ¢f) and de5CgY cappot be 3

> U 66i6,4,23,05
W

2 “'ww} T
? Taay {_kq 2, \.\,a} ::
: e

‘ 3] \{\iquo,e_,e} N

= Cop{  “edace ﬁn(;, B = o
@bed o further. . LB




aQ
B b / A )
47 ‘e

2 The reduced fequaiie cotuwt be wepresenfed by
a simple pon-direcled gecph

the ‘given Seguence also Canpot be cepresemted by
a s'eple pondrrected groph.

82) - 4616/5.4,8:3.2 2,2 §
T o Breisws3.3,202,2]
U .
0> oiQ;an,Q,i,y,Q'n—}
c= fn b s 022,00
) . U

21513 Lnand °
- ,

1 = §372 7% 1 ]
(715 RECREIITS RN

etia. nmple f

taph. pam  4be

N

T — il
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tWe can dlso draw a gim ple penditected giapin_|
Fom  the grven SeqUence.
Jeo Morphic_ graphs =2 ]

Two graphs Gi and G2 are sard fo be i6omorphid
F o there eersts o fumcn £ 3t v caa)
such  that

O 4z a bigechoncope-one onio funcr )
and

1 funce ¢ preserves odjocency of veckces.
e, if angy two verhces are adjacent rn graph
Wen the Mmages of these weekces shourd
be adjacent fo G2

freoif the edge (N € Gi oo

edge §Ew, Fovr} €.

then G @Ga e

0 rsomorphic 1o < —-

1$  Cand G2 qre  fso marykrcm, then the Tolr. 4
Copalls mast hold good » o ‘ -
fengt e e 4
w2 Mo-sf vertcas 70 graph-it equal 4
to  ma.ef werhres in Jraph i Ga -1




19%¥

2) E(dl = lBCGqD!

3 5
P The degree  seq ctepces. of Gi and Cra Are some-

W 1P the verhces TN VAL W ferm a opde ot
lengbh K T 1, then b iRTeices oo,
Parad,... # ] shoutd form o ayele of lengh K’

o G2,
Not® 2 Al the above condhons are pecessory  for 9raphs
i Gland G2 4o be jsomorphic- BUt these condDs are

— _pet sufficient to prove Ihal graphs are isemorphic. |
ollo|2013

© (1262 11 dhe adjacensy matnces of G and G2
—_.are Same.. . - i
B ©iZ6a0 oy opmdlig <o ]

et il ey STSPORATI b asE Lt S
—.. & are jsomorphic. . ‘ .
Qi whrich ot the following grophs are. rssmarphic ¢ -

_.d (3 s d’ J

t c’

— T e graph

Gt oz G=.:

2 1G5 is pot isemorphic

Fo
i o




Tc«’u‘ng the tomplements of G and
N hove,
S 1 c
Gr o= i
5 °
. BN b
- L ot
G =
o —
P [}
G ¢ G2
. sllEiEes
) (oR by awng odjocency matmces
5 R
) B
) : LA
. QL@ 1o i
X |
) O |
b 1 ° 1 '
)
. c 0 1 o

G2, we
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HE

o '
[:8 '
J 1

+ £ -

Ry Isemorphbic-

@2 Wheeh of the foil. graphs are [Semorphic.d

Gi

. . - - &
. TG pe7 ot rsomorphic fo G2 because degree
crquwces of GI and. 42 ore pob Seme.

w.But G2 and @3 are.  [somorphic

A S




@hieh ot be Toll: graphs are isomerphric

a b n
h c I
4 I
3 ]
e 4
&o i
M G, pe cycle o G=, cycle of length 3 fs :

ot length 3 praest. there
) F G and Gaare hot rsomerphre.

Whirch of Hhe a1 graphs are isomorphi 2

; f 2 d 1




o

. > 1 apd. G2 are rsemorphic. btcawt G= can
. be dracwn . as an blparkle .graph. *

o
o G2 fs net rsomerphic fo Gr @ G2 yn G35 we)
i bove cyeles of odd length. 8ot @nrol be & )
o biparkite ﬂmph,

wh/cb i tbe. foll. graphs are Jjsomorphrc £

e &1 opd_ &2 are  pot rzﬁ lim—o:&h_:: LLm. 50 Pbg )
g raph.. G ”ﬁf_.M_ﬁtL's—ELﬂz.iﬂgLLt _bea hwo peghkil
~eatth degaee Lo Dhenean 2o gzo,ah G2, the. XeckeX.. .0

. otth.. deg: 5 has heighk @ith _deg. L.

eply.-one

el
A S R R s




D66 Fod abdber the foin graphs are 1som orphic 7

4 e ?
—— e

b 1 t

G Ga

i Fachrv:mg Vexh'ces of degtee 5. e
haxe.,
rmage of € = 5.

Furthee o and 5 bove simifar pergbbours:

B Peleting C and § from G and GR.owe get

’
J c }, i\
. = T b 1 A

The subgraphs . are rsomerphic.
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G Find whetber the Foll graphs ate rsemorphic.

d

a4 la G, au the vuxhcw Prm o cyele oF
_leugth 3 Whaeas, i Ga . fthere 15 ho coycle of
- lag th-. 8.

10t auwel G are pof «*50..«),'!,1»,‘-5.

T s fasui, ;
¥ G o SR i ® ”it. - )
: A A e

L. Hewe, the U NVechees of deg3 form a.  opele ™)
)

whereas , ho cycle is. Formed. by the .vecbiees of

__oleg-5 io G2
o e

10 graph . Gi, 0 part of Nech'ces af deguficte
adjacent, hereass 0 &2, po Fwo Atethces of deg

are _adjocept:

@
e " A T
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95 find whether the foll qraphs are  fsemsrphic
. d —— =

o
o
M
L
T

7 CGomparing vesrces 9 deg 4. -

{o, b.d} L oporash ]
G=

G - £E, ==

L

d . L
K _

: T

e Gy, the Hwee vechces of deg U fgrmn A —4
cle, Obereas, t0 Ihe second grapks ne cycle e -
formed ‘hythe verhces of deg 8- -+

L L

| o
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29 fig whethew the Tl grophs ate rsomorphic ¢

2 d

a b N
& )
. T Deetrng £ and ..t fom el )
)

1 s
)
'- B @ ‘
i D
-
& ) Ha )
. r )
£ Amage of ¢ = H. )
)
- 3

—n DdghOg e owd . . Fom. Hi e Ha.

D
E)
P}
2
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grople .
5 Qo Heew many ™ nenissmomhic grophs are pouible |
N with 3 vetheo ¢

- 1 oa F
o

r
o
v o

e
ja, ,0\
<y )

, 3 How many #mple Doprsomorphrc grophs are

posuble wih G \echces anel 2 edges.

a
o c T
- do—“ac ey
, Ao || g=— 1
Y k a b =
5 o

=

Jrm e

iy ~




In o evrople graph corth U Vechces ano 2 edges,
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