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Recall

logically abstractly we are representing
sets as trees in a forest

implementation of forest an array

TDisjointsets
Abstract
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Our implementation thus far in the lab is

Ito
to do
do to

If no weigh height size heuristic is used

in worst case

Oreg
can have n

I height trees
0 worst

f what is the finning
I time of Find x

I n
O what is the

worst case running
time of Union Gay

a if x t y are roots 011

b if x y could be any
elements in the forest

OC



n

In the above the great amount of work is

done in the find op's

Union ops are quick once the find

ops within them are completed

we call that implementation Quick Union

QuickFindImplementation
Let's make Find do less work

Trade off Union will have to do more world

what kind of trees make Find ops quick
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QUICK FIND

Find x

return parents

Union x y
D x parent

q ye parent

if p num children genum children

swap p and q

for each child c of q
c parent p

go parent p

Best done using the following representation of a

parent

dtree

ty
sibling

children list X
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What is the running time for Union

worst case trees are equal in size when

they are unioned

o o o o o o o o 8 trees There are

Ign stages

1 I I 4 trees and in each

stage HALF

of the nodes ie

must have theirones

parent pointers
reassigned

Ato 1 tree I a total of
Cn lg n

work

Claim The work done in the worst case is G Ign
amortized per union

Proof There are lg n stages where at

each stage we go from 2k trees of size



ge g 2k
to 2kt trees of size Ike for ke lg n
down to 0
Each stage reassigns z parent pointers
thus the work is n lg n

The number of ops in all these stages

is I that Ign n I
E O n

so amortized running time is Idf Agn
Hence 0 Ign per op amortized



Heuristicstoimproverunningtimet
Union by rank
rank of sc is approximately

logs size of tree rooted at x

E height of subtree rooted at x

note we do not keep exact record of height or
number of nodes

Here's what we do instead

I s s so

to

we are parsimonious with rank we only



increase it if we union two trees of

equal rank

3
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2 Path Compression

Let's do some helpful house keeping while

we climb the tree during a FIND



Find x Find x

while parented x if parentEd x

x parented parent fit Find parent's
return x return parentEC

Worst case running time of Quick Union

Union Find using Path compression
and

Union by rank

In the scope of this course we will be

able to show that the running time

is Ight n amortized time per operation

Ig n number of times you take the Ig
before getting to El

lg't 1 0

19 2 I



Igt 3 19 4 2

19 16 3 2 no 2 4 20 2

Ig 65,536 4 21 65,536 2416,274

Igt 2655 5

Super super slow growing function

Igt atoms in universe 5

Igt n essentially acts like
a constant

in most conceivable practical

circumstances

KassignmetI
what happens when increase n by 1

by n double it

if running time is



d n

she by 1

eg c n c na

n't Zn 1 ntl
C n't

CatDentD

What if n is doubled
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