CHAPTER 9
GRAPHS

9.1 A GentLE
|NTRoDUCTION
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Thé Bridges of Konigsberg
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Four Color Traveling Salesman
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9.7 "DerINITIONS AND
Pasic. RoPERTIES



Grapis

A ool 15 o poir of Seks Vand E, hee V# 0 and
60:.@\ gl]z)meyrt of Epg o pm'rop elemernts og V

\,\(ri{e, G=G(v,t).
bor us, graphs are finte | that 15, |V] s findte.
The elements of Vond E o called Verties and e,olges.

EXM/(PLE. V= Facebook users
F-= Fr{moHnips



Graps
We con re,preSen'l: qmﬁ«\s with. p’\c,’wes.
Exawrre. (orsider the Q(aph GV,E) whee

V: Tﬁubﬂ;d.epi

E-1{83 a3, feb}, {e.c3 , .ol
e L d 2 C
D VLN,
(on descrite. o qpagh with o pichure instead o 2t notachion.

Could also write £= {db, ac,eb, ec, dlaf.

We w0y a s adpeent 4o ¢ and d, and ac s ncdent
to o and C.



DEGREES

—ﬂ:le 0{ reg, OF a\fe/‘lfx vV 15 ‘H’\Q,Y\LLW\}XIDC edge.s
‘ir\c.\'dejg to v. Write 0{&3 V.

|Fd?-9v=0, wR Sy V1S 1soloded .



Revmocrapis
The I;"owirq fwo phenomero. are not alloved i o gragh:

— O

[F e allw Hese, we qet vhat is clled @ pseudograph.

Fxampie. \ekins are web pogps
Edges aye links



SUBGRAPHS

A %ubgraph & a graph GIVE) 15 a graph G(V,E) where
V' £V and

'S E
a b
EXAM?Lg G.——_-L’ s o Su\ograph O¥§Q°
e

o

hut A s not.

e

Also: (an cklel any number of edggs 1o gt o subgrooh.
(an celele olvu;j fumber of VerticeS (and all vnci i edqes) o

get a su};graph.



Tuece Seecie Famwies
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n- C\jc,[e Complete gfaph Compld& biportite
gmph




Breugrre Grapus

A biparﬁfe 9r’aph 15 one whose Vertex set can be pa()ci{(of\wl
wito two sets \(4 anol V7_ so thot each Col%t joir\s on elemott of
Vi 4o an elemeit of V.

~>

Sl 22

Fact. A bipartite gragh cortuins no triongles. More qrerdlly, a
bipartite graph contains no odd cycles




“THE HANDSHAKINC LEMMA

PRO?OS(’D ON. ’Wle sum, o? ‘Hr\e, degrees og -l-JnQ \/e/Jd ces

og o} Eseuologfaph IS an everl Number
Spec\ ‘

|C.0»ll\ji
:4;_ O{Qg v = 2|E|

Leonhard Euler

HANDSNAK\NG [F.'MMA. ﬂe Vluh’llg(u'or odlol ofe.gree Vertices o¥ a psmdogro]ol't

1S everl.
deqv = 2_
Broor. % gV = 2 deg v + 2 deg v

Revisit the huggmg Problem.



“THE HANDSHAKING LEMMA

Pespiem. A graph has B0 edges, A \Vertices of degree 2, oF

degree 5, 8 of degree 4, all sther \ertices hove degrea. .
How moany ertices dees the graph L\ave?

%LEM. Out 0? 24 cwflfrg plaqwrs, 8 paurs have p\aqed on

the same feam. Show et one \rmSplw@ol on e soame
team ag 7 othars. Show that one hes p\ouﬁw( on Hw
come, team with no mor than G others.



Decree Seauence

Soy dli,..dn ore the dearees of the vertices of a PSeudonglﬂ,,
where d'(?'OQ?/"’?’dn. en 0{1,...,O(n {S 'H’IB O(CQVEQ/ Seguence
OF Jclu pseudog raph.

@ M 5)4'3'-%’3)3;3/’5: ?7»2/




9.3 GRAPH
|SoMoRPHISM



Grard |somorprism
o grafhs GIV.E) and GIVIE') are 1~somorpl’1;c. i there 15

& bijection ,
V—V
That preserves od jaw'mﬂ and Yionad Jacenty.

I other words, 4o graphs are 1éomor'oh;‘a f ther 15 o
Cl'lam%e op [ab’s {:a\(m% one, ‘(:o 'I:Llo., oflrle/.‘

B(A/‘/lﬂf. \/: {M,V, W} \/: = {a,b,cz \/ — \/'
E = {w,vw} £’ {ac,cb} U+— a

c
Qa
iV W T Vi




GrapU | comorpHism

Whidh og the -Fo“ovvl‘ng Pairs are {somorph‘\c?

@O@ b)@A




lNVARIAJ\ﬂ‘S OF Gmus

\'\L_ Con W ‘U’Le E”owfr\q “ {-\fn e,rpn'n’cs" o? grap‘ns . order to
{:91{ b two ngI'lS are di)qgt’e//l‘ti
(1) Number of vortices
(ir) N wmber o? eol%as
(i{i)begfee, Sequence
etc.

[tis Possilole 7C)r two 9»’050]13":0 ha\/e ‘H'le, Same O{fiqf% Stguence
and be Vlom'somorf)hi c:

\”\ K\

(22,251, 1) 2,22, 1;



EXAMPLES
W'!ud'\ op ‘H’le gl(owmg gmpl«s are ISOMOKFl'lIC

\/04—0—*
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