Rc.lal:ibns and_Diqraphs
dof A alton on a set A s
“wet Ke AxA of ordeced pairs
of A
i_..’ﬂ. A=£|1173)"}
R=£Q,1, (h3), B, (2,9)3
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Le—P—

of A dicected qraph  or it_jr_tgh‘f)
Consisls o{ a vertex set V(D)
énd On e)Je et E(D) thet is
o relation on the vertex set

Nde: Relatins and Ommphs qiVe Oifferent
languages for taltng abot the sawme objects



Whith (amquqe we prafer depends vpen ()
combexnt.

Notaten: I8 R eAxA i a relcton on
A, we wite o Qb for (o) eR

More &hs:

-1 ¢ 2 or AR
—?’-! o—:ma 2 El-;;) or{42)

d K: {(_&,L) I a-b s %tn}

I

'\ 2 3 4

. A=P(Tn]) = §falaciyy,nd
-R=§ (%) | ach}



def A cekton R on A s .
. remeﬂg ) i‘ V&tA o Rq.
- trnnsiue, il Vobc€eA aRb ead bRe
imply o Ke
- Symmeteit | il VobeAd aRbes> LRa

- OatiSymmuleic ; 1 VobeA alb and bRa
in\?l‘ az=b

a_z__c A celaten R on A is an Quiglence
Wl i? R s reflecve, transiive,

and Synmetﬁc 2

Note: We oflen ue ~ to dendte o
eﬁlum‘ﬁhm rda.l:-‘m. D-jnmil c,zu-‘uduq

relatons ace inplenntd on competers
with the Unmm-Fnd doba Shructuces and olqs.



Camples of Eguualoe Relatrpus
€21 <A ﬂ[n])'
‘N = E(&,B) I “‘H|Ll3 -

o~b &= |a|=(b|
' Reflexnve: Vo lalela) v

‘M5 v"lbt" lal=lo] aad holztel imply
&) =)e| v

Symmeba: Vabh ol & Ilsla) v

I¥ =3, then A=P(13)): fe 33 BRE]
{-"2;, f':”, fzﬁ,!,
£,2,332
ond the F'-dm" IS

@E"} ii'f? fapd

I E R N I



t_g_g;: et & be o srtph.
A=V
UMV ED ] uv-wek m G

Relloxwe: Yo V(K), W=w s & uy-welk
G v

' Trangtne: Vu,v,usV((r) i G contams
o uv-walk W, and a vi-walk Wa,
then adding W, +o e end of W,
gves a Uw-walk W in G:

W=u-y-r W
.
W'L_G:l /
- Symmelric : VuveVle) W G cortunmg
@ uv-wilk W,, Daen reversing W,
qves a Vu-wak ja &, vV



df TP ~ s on Guvaleme relobmn
ol A; then we define for ech ach

the giu-\mleucl; _elass of o ) Oaneted
tad, by

[a)= & xeA | anx §
T If a~b, tren [a]=[4]

Eg.'- 'Xe[a]F) oanX . Now anb = b

by the symmelvrz pr-f“l:j ﬂ‘ g Trnsihvntﬂ
awd bmm, O™~ X th'j L"'—X ﬁ.n) llh&&- XQU:]

Theeefoce  [a1S(b]. A smdec argumat
st [ble(al. Hence (a1=[t] =
C_g_f_’ Edhec Lﬂ1“[51=¢ oc [-‘ﬂtul
pe. If cefalnlk], then &vm ane and
bve . Hene [al=(c1:(b], =



Rewock - The eiumhnu classes f n
‘Eln o Puh'bh oP A:  euh aeh
in eradly one @puivalence class.

dof The components of a graph G are
the -Q-Lmuln e classes of the rebtan

- A=v(e)
Chvw = 3m-ud|= m G

BIZES

Thee oce 4 Caupmts in the
Graph abeve, @ek they are circled.

Jf_f_ A sro.laln G is Connetted Wit hes

6&'3 one Cbhpanﬁd:.

F

/)



Questom: i G s a “lage” comnated 3""[%",

then € must contan Some e€dges),
hm MM} must G M?

SHxateay:
‘Think about exireme coaes:
518 G hes O edges, Dum G has
Many (|W-')l) Compeneats
The more compemests G hoy, the
Lorther Awey it D fom l:muj connecle/

*Fad o Cﬂn‘)etﬂn whh rutzrf-lubcs

between ‘“b/ echreme coseS and the
Stalement yoo west tn preve

* Peove. the COlljtl'hlﬂ. Eb mJUd"‘”L

« Pvother tample: Somebmes it & Oasier
B pove o S"Tmsa Shademeant.



Thm Lt G be on n-veber guph wih
O&meén-| edges. Then G has ot least

n-m c.onpatnh.

_?_@_'l B-J nuckion on M,

I¥ m:0, then G s noe)jcs and the

Cohpmelﬁ # G cosst of n iSelated V!l\‘-m)
e & hag n cﬂnchuﬁs and the Slalencnt

helds
If m2), thew G has an odge uv. Let
H be &he 3n.|:h o'ofuld) fom G Bj rMb’

the edye uv; thd

- V(#) = V(¢)
EMW) = E(6) - fiuvil
(In Ve -Hm, we will write H=G-uv_)

Now H hes M"‘:JSCS, so the inducine
lujpoﬂesn mplus et H has ot lest
n-(m-1) = N-m+)  Compenents.



T w ond v Gre in The me mpmou# =

of H then tluestopppmitbld G hes tie
Same Numler 4 Cmpﬂhfs as H and

We o«e Jol«!_

T w on) v ore n Oiffeent compaments
of H, then O.)J-haﬂm.t)gc. uv to H
merges the cmpantels  [u] and [v] b

0 smgle camperent n G- The other
Components rzmain Unchanged. T this (ase,
G hes one fewer cahrment than I-I,
Se O hay at [east N-M Components. g

C_g_f_' ¥ G is o connectel N - vedtey graph
then G has ol lesgt n-) edy & }

P_g-. Suﬁ»lc for o cotndnbm that G

has at mest ﬂ-ld’u. Then ocur thewem
fhPlns G has et least n<nV)=2

Cﬁthnauﬁ’ (‘mﬁ-,,),‘;byj Bt G IS connéte),
fa



