
 

202409 10 DataStructures Week 07

AVLTrees
For binary search tree

time complexity of search
oninsertion

deletion

h OCR N no of nodes in BST

as bad as linked list if he Ocn

we need h to be 0 logan

Modify BST get h in O log n



ii For every internal node in BST difference bw height of
left subtree and right subtree is atmost 1

abs

leaf node is at height 1
differencebetween

4 15 heightof left
right subtree

height global parameter 3 12 1

conditin
local

0 1 2 5902.0 9 1 0

0 1
10651O

AVLtree example



Theorem The height of AVL tree of n nodes is O logn

Proof n n minimum number of nodes in an AVL tree of
height n

N 1 1 0 leaf node

n 2 2

For h 3 an AVL tree consists of
not mode staffers
one AVL tree left or right subtree of height n 1

one AVL tree of height either 1 or h 2
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1 Δ DI yea

1 1 nch 1 nth 2

lower bound needed

n h n b 1 n n 2

and n n 2 n h 1

nch 2 n h 2

2 n h 4

NCR 2 h 2i



Choose i sit b 20 2

n h 2 n 2

n 2 2

NCR 2

2 logNN h

I hollogn.NO
The height of AVL tree is O log n
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f f tree of a nodes 0 The 1

the height of AVL tee is 2k 1

Proof

65
mat of not at most

Δ height 2

k 2 height 3



weight 5

41516

É
4

K 2 h 3

k 3 h 5 h 2k

K 4 h 7

formal proof by induction



F Ine closest leaf is at level k then all

nodes 1 k 2 have 2 children

pay
In all proof Autrophe this fd.mu

a
trees

Bycontradiction

Suppose u at level K 2 that teach
internal

has only one child v node has
exactly 2 children

v is at level k 1 so it can't be all leaf nodes
a leaf node at same level

BST of nodes can be linealin a

Yffham
AV item 2

height
20,1

1
2 n

height10 k

I



I
n is exponential

Height balance property is violated in height

at u

Contradiction

QED

search.insertionandddetioninAVLteeelilse.ae
ch exactly BST

Iii Income In BST

search add node

v news insured
mode



Inserting a node in AVL tree changes height of
some nodes in T

Only those nodes that are ancestors of v

Height balance property can violate at those

nodes ancestors of v

Traverse up toward root from v until we find a

a mode where height balance property is violated.CZ

Let 2 have child y and grandchild se
on path
now I



678 Z height
balancing

property
is
violated

61 I 170 062
Inewly

8added

Rotation A process of locally reorganising BST

u v are two nodes sit u parent v
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key akeyluakydi
Insertion 4 possible cases

Y can be left right child of Z

can be left right child of y



caseI 4 is the left child of 7 is the left subchild

of Y

xnet
n 3

4 1 2 3

2 41 4 2 4 3

z after Fefore inserting
inserting not possible

whyinsisted
held her at

Fefore inserting
Effing not possiblenode
notviolate



nth
4 3

his rotatin 9
2 42 2

E E

tL



20240912
closest leaf
node at

height at most 2k 1

from level 1 to kk
all internal nodes have 2

children
2 1ˢᵗ node on which height balance is violated

Y child of on the path to inserted mode

child of Y on the path to insertednode

Case i Y right child ofZ

right child of 2

analogous to case i



nth

rotation n Y

If
net

net
h 2

nee me
rotation nz

1k h 1 k.ht1 hr

it
Ican't before

2.8
Ibalanced

if
imbalance
occurs



44
43

rotation 4 2
4

1 11 11
h he 1 h 1 he hit

Case iv identical to case Ii

Δ 61
11 Δ
Δ Δ



Time complexity

insesting like BST log n

identifying x y and Z O log n

rotation single double 1

DELETE the deleted node

Let Z be the first imbalanced node in the path

from w to root

let 4 be the child of 2 with larger height
Let n be the child of Y with larger height



Y can be left right child of 7
can be left right child of Y

imbalanced

eti happens at ta na is

14
2

reduced from h to n 1 hit

Z is imbalanced hely h t half
R has larger height than Is he

so m he he or he 1

Since hilts hr T2 Notation yo

can be either h 1 or



imbalanced

0 14 2

14
2

rotation y Z

f
no

hah 1

Notation yo
Tan 2 I

n 2
x y z are balanced

after rotation helt can be reduced So need to

continue up further

repeat the algorithm considering T as newTy



In the worst case repitition needs to be

done O logn times

Analogonstase6se

case.fi
I imbalance

assume hit

wait
0k

Asbefore ht.ly h horn

since yisbalanced th
bath fishht Fi is horn 7



if her ish then we wouldhave picked
root of Ti as a

rotationMig

imbalance is
can imbalance
here dueto

herebut

hits h h di

hh akln.cl Anup

a c



ht of T reducesfrom 472 to hit repeat considering T as new Ty

0

analogous to previous case casein

Emits
Deletion usingBST O logn

In worst case weneed to go
up to root Ollogn

Ineachweneed to perform
0 i rotation


