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Exercise

Define the term dictionary
data structure, give exam-
ples. Hint: check [11.4.

Quiz

What is the efficiency of
dictionary ops in a binary
search tree (BST)?

(OF
Quiz
A perfectly balanced tree
leads to optimal dictionary

ops due to its optimal height,

however, is perfect balance

required for optimal height?.
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Transform-Conquer

Balanced Search Trees

-

S

#—~ o Dictionary

o Node balance
> Perfect balance

KAU o CPCS-223 1



Balanced Search Trees

Color profile: Disabled

AVL Trees

> Balance factor
> AVL balance

Like sorting a list to gain a

O(log n) search, can we I::> MOtivation

improve the O(n) dictionary
operations of general binary
search tree?

g:fiifle balance factor. I::> Definition

Which tree from previous
slide could be an AVL?

o Performance promise

e o EXtra operations: rotations

structure and AVL balance.
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Balance Factor Exercise

Which BST is also a valid AVL tree?
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Observations

7 2 B
Exercise . . .
Determine indicated I’Ight—l‘lght rlght—left
balance factors. left—left left—l’ight

> Insert/delete of a key in an AVL
causes max imbalance of +2

- Imbalance patterns

o> Correction
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Both unbalanced node
and its subtree on same

side.

(O

Left-left child pattern
leading to single right rota-
tion to restore balance.

Quiz
Where does the term rotation
come from?
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AVL Tree Operations
Simple Rotations

I (unbalanced node)

(a) R-rotation

(b) L-rotation
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Step 1: L-rotate subtree of r
Step 2: R-rotate r

(O

Left-right child pattern
leading to LR-rotation.

Step 1: notice the
rotation pattern
as in case (b).

Balance factor = ?

AVL Tree Operations

Double Rotations

@ Step 2: notice
rotation pattern
as in case (a).

Helps to visualize an \‘\ ) LR (3)
empty right subtree. *.___-’

Exercise 0

Repeat for case (d), RL double
rotation.
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(c) LR-rotation
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@

v v
AVL insert procedure must 6 8 2
always update node balance 5 / I I 3 I
factors, and perform rota-
tions as needed.

QlliZ O e
Suggest a formula for updat- @

ing the balance factor.

+1 +1 (6)
Quiz L e 2
What if more than one node : “(3) (8
breaks the AVL balance? + o) © %)

R(5)
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B e Building AVL Tree
Example

Composite Default screen

Complication (3 rotates
left of 5) leading to 2 left
subtrees (?)

Quiz

In what ways would an
algorithm to insert in
AVL tree be different from
one that inserts in a BST?
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Transform-Conquer: AVL Tree

Color profile: Disable

An AVL tree actively main-

wnnmceoroma £ VWhere’s the transformation?

or close to optimal dictio-
nary operations.

> Performance gains

~ Interesting average %
®
@ ® ©
° ° O 5 ()
- Main disadvantage
l 666
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