Examples: Equivalunce Relation: A simple approach o finding is To truce

- Given pfime p, a=b mod p Binary. relation over set S such that the patL o the root - Set= Element
=t
€4 P:S ; Por€ition: ED)SJID).‘}’{l)L)I\)...} Va,\o)c e$: /’ o lenen
{1,123 vefldve s oz o Set J\rhp\e-ﬂ“c) (Elewment x) {
= Givan graph G, vertices u, v, symmetric: o= b @ b=a w\\/\'\\c(]mvmt ix1 # vmlﬂ
w=v € insame cmnected cmponent teansitive : azbe brc D azc —Lx  parentlx]
@F’% ® % Avug, e@u\\la\cnc( rc,(dt'\on Ac,fmc.( « return X

‘puv‘ft'\'iovx over S
Parti‘\'(m: {1)8,10}l{\)st)‘ﬁ){ﬂ){‘)ﬂ

¢

y Set Tdontifiers are mdices of root nodes

Union- Find: Ef)' Find(1) =3
Given set S {\,7.,...)\4‘& mamtain \')Dfé\)om; S:;tl Fmnd(©)=3
& pavtition spporting ops: menThm Find (5)° &
' @)

Twitt: Eack element inits qmn set Tuo items in same set
{\'S) {‘L\).U ){v\\ lﬁ Find (%) - F\‘V\A(\g) ® 7 ©
Union (st Mevge two sets set S
wnd \rqolacc with ‘t‘/\eir Unio. @ IV\\lc(‘tcA-Tre(’, Appfouctv @ Arrm&- BascA IW\?\(,V\'\CV\TaﬁDY\‘

Find (x): Retorn the set Lm‘hiv\'\v\? % - Store elements of each set A Assome: S={i,2,..,n}
o tree with links o paren® G500 parent D1, ubere parent [l s s
€Xamp\e: Suppost:f({',53,}1,‘,33,{53)4)7? -Root wode is set Watifier © wat mdey or O wull if vt
S S.

s Eﬂ,{\})",los 0 {156,803 14,43 ! L2 31 4 5 ¢ 7 % a w W on
Union (5,,5) = 103,4,5,73, (2,09 Q. © '\ [alofo[s[u]+]a]2[c[1]=]"]

Find (§) = S, Find (8D S+ @/% : g o - &/://
| 0




Set Union (SCJC s Jet ) @ How Yo Union 7

-Qust Ik one trec undev
YA

oW

\I\Liall\ts7

“Rank: Based on \/\c(b\/\’(

o'( Tree . Link lower
VoK G (Jal\é

it CrankLs1> \rm
—D““Y’ s+t
Pa\l‘ov"tf_!—.\ «t ndices of roots
rank L) & mox [ rank [t})

|+ rank L]

Re call - Tnese

are 'Juﬁ arva

the other

- How To Maintain \

v‘ctu\fV\ 't

Q7 Iwnit: Al vanks « O

J

Running Time ? :

Twit: On) - set a pa\rwd:s *o

nll + ranks 1o O
Union = O - cmstant time
Find © (r(tree &L(?\/\ﬂ

EKWP\U
(a7ey 1 {5y 1443

@/é)é @o % GPl «— unks
| ® o © @
10 () &

Onion (‘1)\‘1.) [ her lowor wmlg}
\ vank[41> max( rank il
\* rank 112))
= Wi (1)

d W
Uniown ( 1)3) L8oth hewe same mmkx
2 ek (31 poor (romk Y,
@% & 3 D Lt vank £2Y) Lse’ “ Sl,\du ‘trcc \/\C\O\/“\- = (j(\o% V\X
(o > = Find takes O’((o(o n) fime

= W\U‘)‘(z/‘s)
-1

chv\ww A-quv»inca, ﬁm\(-l/)ascé w.cv\z?in&
Ogaf?f(’_,c of &L\O\Nt \/\ has ot l(;m't

2 nodes.

G et 0 Lart casc”’

Proof B‘b\ induction on wum. of uniovs
Basis: Sinale node . 6\=O, 2=\ wodes
Step: Gonsider the last of series

of unioms Let T+ T loe trees

o W\ofve.‘- I'\E,\'i)‘/\'b: e\/ « ‘?\:
Sees = wen

ﬂ\a_ wductiog Wz ’2,"‘ n'>2

AR,

Fina| tree \,\L‘\g’\,\)v\/\f\/\’*\ﬂnn’r\

Final ‘“‘b(:,/ VOA e wn
n=wrn 222 -2 2
= 21 =

W) 7:\ J
Cose 2 6< B X IA// ‘E T(I\”
Fined height =W Y
F\‘v\a\’s\‘%hc: WV
wewsnw 22+2 272 =12 v
Case 3¢ ﬁ’)&” (_uommdr\‘ AN a



Pothh Cuvarmiw\f @ Siv\r\\o\t Union- Bind pcr{awﬂj o Theorem: (-I_wf\)o-n 47S) After init.
'.I(I\)\V\CV\WLW we pw{wm find seavence_of M Unions v Finds on anyy seq of W Uniow-Finds (uith
short-aT the links o tb\%\ set of size v oin O(W\lOB VV\) Hime . paTM wwpressinn) Takes Total hime
Po\V\T c\mcﬂta Yo vooT > Amortiz¢td Time (ovuwaroz. P O(w\-u(m,w\\.
= Thus &ocs not increase yunnin OYJ) is O‘(\o? m) @Aw\ol‘h?&«l time = d(o\(m)w»
1’3”(} more than cowstont lout - Not bad- But cn Le do \o(’-ﬂ'bf? [For all prad‘t(a\ purpoases, Haio s
Can speeé up locter findls cmstont Time, ) ﬁ
ﬁ From supur "’“0 to super small
Twerse of Ackuman:

’.Dis\')o\'nt Set

Uniow - Find T (M n) = Min {o,\ \A(i)L’“/V\_\)>|o%\ vm}

Obs: almmn) Y Jor wny ima@ma\o]ﬁ

values 5 mon (m2nd

JARRVAN
ﬂ D\'arﬁsiow /-\ckwwwmls Funcfﬁw\ Q J ﬁ

Does this fittle trick improve (\424) Lo\ 213 45 ..
ruwn\v\%t\w\u? For ()20 oV |23 [4]5 6| AO)
gtv ko N Al I AR YN
= (Jorst wse - No. Find Mo { . . 23157777 13| AC2,))=2y3
. -\ 1) € 120,)70 " N
take O(b% n) e A(L-);D: A(l \ \('\. ‘)) ) 2| 511372497 Aﬁ?;ﬁ‘l’ i3

= Amortized - yul. Huae, iVV\P/\)\Iva\(/v\'\J- AL, Ay 0.0 4 13 |ma[RET] /OAH,j)i
<%M+ hard o PNVC) Looks “V\V\OC"V‘-\'J l""d- s a W'ONTM\' AQ\/Mare than atoms i'hunivm%{%i 3



