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Last time : Binary Search Trees
Definition :-
A binary tree where we maintain the

following : ↑

· The value at any
mode Is Its

left child , and< its right child

①/O



#dingin a BST: Oheight of tree)
= OCH) Troof

· Check if root = forget value
return true ↓

· If root > farget Is
root :

If root -> left exis f
-

call find on roote left⑨
else return felse ⑤-

· If root 4 target
and on root-rightDSif call ⑫

exts else false ⑰ ⑮E-o
find (58) ⑧-

Und (50) ⑭
=



Insert :

9 modded

D ⑮ find

IS↳
⑳ ⑳- ⑮



Runtime : ht of free
- findOlhagRun -

↳+ insert new mode

as a leaf
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Note : Delete is a bitmore complex !

delete IS
20

72S
S

↳⑮ ↓

can
s find

Some details
,
but alway

Some mode to move while

keeping it a BST.
↳ Oheight offree



Balanced BSTs
stronger

:1blog-
Many kinds :

⑪-

- Red-black frees

-Splay trees Comp
are

or List

- AVL trees Vector
-

:

⑳of them all : Find,
Inserty

↓delete Ollgn)
How? Make sure height Cologn



AVL trees : any BSTwith this-

Fight-balanceproperty :prop
-

for every
mode v in t

,
the heights

of Vis children differ by
3

at most
1

. ·
Check: Note : not complete !
-
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Claim :

The height of an
AVL tree

with n nodes is Zllogan?

induction ! On height of tree
:
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The : how
to maintain ?

* 4
Insert (2) ⑭
Insert (47) :

↳⑭ Y
* 3

Gstill a ~

BST ! ·
after inserts, ⑮weights us &

&

⑰o

Whre is the volation?
zath from new mode to root
I
might violate H-B prop-



Consider the lowest node which fails the
-

Height-Balance property.
↳ call this z

· Let y be
child w/bigger height.

· Let X be grandchild /large hight
-

↑ * 3
⑭

How to ⑮2

"rebuild" ?
Lyi↳
4750



Extrapolate :

X - y
+ z

How could they
order?

Bance:

OY
Z

-

y =
Y

To ⑧ g①
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Baggerexample :

Elsert : Kz, 5, #, 5,X

⑫ rebalance
:

②
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- Z
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⑮

·
7 [logz77 = 3

inserting 1
value : OClogn)



Runtime :

Insert as BST
: O(height)
= Ollogn)

↳ need to GX :

traverse
back up

from

new
mode to root, cality

night : OClogin)

=> Ologn)


