


Disjoint set Data structure

(
(Union- find Data Structure

- as an abstract date type ( ADT)

fq.mu#FthaeeIiewefficieut for my algo
ADI Datatype

integers -

user defined

datatypes
** In some cases

,
actual datatype f-

it helps in myis not so important' afp



Example : -7 For your algo, you need a

FIFO queue of items.
we

A- need certain operations
→ insert items in queue

fiqh → remove items from queues ( retro)€ IsIne queue empty ?

ADT
that supports

these
operations
is Convenient that we agree onthe operations

without specify, the data type of
-ore items .

2- design my algo



Define se → Implementation niew

I the only views

operational it implementation view -
FIFO queue: insert

,
season . . - arrays

- { -linked list

Uses of-the dates stsnetnse doesn't need to bother aboutimplementationview .

Operational view :→ Ageneral ABSTRACT DATA TYPE
-

moregeneral
Ex

. Sack P£tm operations ) impabzzggai.sn
AI - linked her .



While designs an lap, if you realize that your needs

correspond to a part ADI you immediately use that .

Modular process- -

-

) Algo
ADT} Operator ↳ the spa ( without✓

worrying about

implementation
list down operations details)
-

I↳ ↳ * We cannot always ignore

Suitable implementation.
these .



Disjoint sett Union third as an ADT.
-

↳ee example of not so straight- forward date

structure that helps in impnng efficiency of Algoa

Scoffs these are n elements no
,
- . an

dividend . into disjoint sets.
Criniteally, each element is a group in itself.

Operations rponafaeesetfseg g→ Make a Singleton set with as id - "K"

Disjoint find Sethe , g→ Cuter a
,

fond -the id of the setdaaomtthu.io?Yig,...itIoEFEsisa.wu-East:¥bay¥:3:Roy . New set



Exampleof a- algo : - Crowns. Spanning Bee Algo
Kruskal's Algo

Jeffry think of a social Network N . ( facebook.ITwines)
-

defined by a set of people V

• a set of edges that define
relationship petn pairof people

'! ( in no past
order)
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$2, RB (Rt, R'07 fth parts
£.

-
- - order]
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- w

connected component connected component

write an abp that finds out all the connected components,

and for each person KEY outputs the connected component
a belongs to

¥: In:Ea:::÷. ..(ow - toanersal could
be used)

- You get to San E only once



Algo ( that uses my ADT)
for each REV do

makesetln)

for each Caylee do

if find Cas # findley)
union laid

for each NEV

output - Person "n " belong 'teeompondtohdfa
-

m edges

npe.me?j8:..:a::rdam:2M - find N
.

union sarin any

Old Union way a essence
*a Ord makeset 01ms find

-

-
- → but you also

want efficiency



↳ lemiWe→ Simplest implementation
n people

use an army ?

q#Tmakeset

end X a

union L

X stores the identity of the( mum : ":*. ::::::÷::::
.

7 Define a group - e'd to each element

too . 3 7 11 '2

× P



Union

e-3 7 11 18 LEI
③ 77 T T

→ Olm ) -
m

→
one,

↳ union lap
n .

Union t th T T

o:
'

÷.
÷..>

change the identity of each element in B.II.su
Complexity e worst case :S Oln) complexity b. -

ibn A
- ee.



Jinked List Date Structure

Beach set it denoted by a linked list

÷→lTT¥
.
makeset-0M_

my Singleton set

id A head node

si.nu#IxtjTtIEiiI7tiiiItnn: Em. ..

w.
.

I:*.
* fixdl Attend



Union Crip
.
-

-

- I size .

nu¥t→TIttItH 2

-
.

.

÷.ES#i.zJvnionat---rEtnis
head
* add o±¥st . Han!!ftq(single pointer update)

hortus
* Change back pointers of all the

0cm ←

⇒

nodes 9.fine am. * Y:L:* ha.



Can we do better?
1 . Keep # of nodes in each list ( in head)

2 . Dum's union
,
add the smaller list to end of the

larger list
- will that hedpf

Worst case - smaller list
Cabe Mz ele.↳

→ Changing nzbaufpo.ms
Jet 's look at number of changes we're doing.

Look aft anode
,
find an upper band onto total #of times

,

its back- pointer is updated .



CAINE
node

change its backpointer - when it is appended at
the end of a larger list

first ftme it's baek pointer was updated → size of the
soulless linked lest atleast 's

2nd time
1- La

Hrd is

x. *
± !

→



Single node : almost Oldroyd updates '
n nodes i Olnkgn ) updates

m find * n Union

Ocmtnbgn) O (mine
Linked list Static Array .

Worst case : Beach operation adding a list to the tail
-

of another fist
→ Old time

for a series of operations, the worst case complexity for
any one operator may be him, but on an anergy complexity



be low . this average over a sequence gives a more

reasonable estimate .

dId8 ? Independently worst case maybe
A high

( Sequence of operations : average analysis

] for a.node → Olloyn) amortized complexity
for Baek-pointer

update -

Olnbogn?



Another popular implementation - via rooted teas .

→ Beach set is a rooted tseo ( inverted toes)

Rd of a set e Id of soot

→
gird
sett")

B set in
Q ;-

- - -

t
,

£89 §¥%⑨ ⑦ ⑥ in

⑨
A Annet

* Each node stores the

element of the set
,
and a parent power tithe parent node

it Ahe parent pointer of the root points to itself.



Makeset CM : →

⑥µ OLD

find set (as 9.3 follow parent pointers to the soot
-Mrs

Union Coney) 17 Hay soot of one tree as child of
me another

.( t
ifgain the set Ep, already oµyµ .

> Worst age : this can be 01M
complexity nor efficient

0 (mens n)-



Can A- do better Cloaking? I
Linked list

fi n

, Addy a set A

O÷
.

.
-
-

→ T{{ to
② ¥101 bathe tailotsa.pe

Setter'ssmallest
follow b : height --2( follow2 : heisner =3

→ When a union is performed, the pointer of the
smaller group

is seek to to point to root of the forges group.
-

-



If we use this balancing any tree
of height h must

harm atleast 2h elements -

proof 8-3 And"

Base case : height I

O

f 2 elements

Union A B
-

@goYzekelkntHlth.m {HIM,hlB7tt]
Induction step : Assume that both IAB fellow the property

>2h41 ↳ azghlpd



hr-moxLh@1hlBHafCase1n.hIs) is larger -

→ The final set has the height as that of A
face

but his nose elements
n.gg = 2hm{ ⇒÷÷÷

Cases : health is lazes
MB) a qhlad
nlnewl EBB 2. n (B)
-
-

→ both
cases

sheer
trees

will
contain

atleast
gin edema

"

Eg qhlBH = qhlnew)
↳ Proof -

=



→ Using balances ensure trees have atleast 2h element
'

size Ofbgn) n elements

→ find operation can be done in OBD lime

OCntm-bg.nl } quite similar blinked
list

we can do better than this ?

Idea Path compression Ee And find operation, for each node
-

-

og that •find visits
,

reset the parent poised
from 0 to point to the sooty



A.c. -y②
.

. i ③
" "

③7460 / s p .

.

-

T &?9④ i ⑨ i ⑧ i

⑨ pi
! front

"

④ i

man,

Analysis shows that Usb palm compression for a sequence

of m operations of find a 2 has a complexity
0cm begin



began is recursively defined as

light - leg - 2=1
for n >&

egan . ethos
. Gegen)

Bo. tg H - It by
-

2 =3

leg' 14 = It light =3

toy = It by
.

No = M

< 216
→

for any number nsg6FE6hg*nEz§→ asgood as constant

-
forallpractices



→ path compression helps in achieved

0( m began en) complexity
m finds
n Unions

at 01mm for any practical
w input .

makesetc)
for each Singleton element

,
He do

n- parent one
a. size = a) Kfor union by size

the element'll Stress
the size ..



Algo unten Cregg) 11 Assume nayg'dual meets

if a.size ay - size a = find Cal

x. parent --y §.nl?.on;a.tfjnd9dynsize--yosize-a. size
-

also
g.parent -_ A

a. size - ysizetn -size

Algo find Cal while 2.parents
D= Re w-- z

while repaint to
• - v.parent H find the root

Z - 2. parent
w- parent - roll

2=26 palm
compression



ADA Disjoints Sets 1 Union find
=

MakeSeton ) .

Find boy Offer 's view

Union heap

Amp ' View Array pmplem.ir AND
Linked hist pgopeeminrbee L

Amortized Analysis Maceo /

Eoin ¥4
operations, worst for an also that needs m finds & n Inion

97.91%2%7 endears alsoII
f- L Bee based implementation

any analysis gives is the best
amosesealisbo picture . Trotman


