










































2024 09 24 Data Structures Week 09

RedBlack.fr

variation of Bst
search identical to BST
color to each node red black






























Root

external nodes
0 don't store any

of data

58

5

Black depth of all external nodes 2



Black node can

have red or

black child

A 881
0 0 0 0

888888 88

Root is black black depth for all the

red node always has external nodes 2

black children



0 Not a red black

tree

1T
this 1m
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Not a red black

tree

0 0 Red node has red

childI
A
0
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Heifers
Let h be the black height of red black tree of n

nodes

We need to find a relation b w n and h

What is the minimum number of nodes for a given h

n is smallest when all nodes are black

n 2h 1

n is largest when alternate levels are black and red

Overall height 2h

n 22 1



2 1 n 22h 1

h log n 1

n log n 1

h 0 login



input redblacktree node

InsralgrithmforRed Blaktree
Let k be the key being inserted

We create a new mode with key value k and insert

it like BST

The new node is colored red afrh aeph changes
Cas Caselli

newly inserted newly inserted

node node

Double red
problem



the first time
new

ean Parent of inserted node k is red

The parent of a must be black
tootsie redproblem

I dfb
a parent

n h net rotation b a b left child
k rightchild
a left childofbblackdepthofexternal de

of T1
h 1 h 1

I 11
1 a



cases Parent of inserted node k is red

The parent of a must be black
donkeredproblem

Lethetherchildoftober

h no need to rotate

Colour to red
blackheight
of T and to black

h h

g
if parentof b is red

new

blackheight
of external check b'separate 11nodes does colour if red repeat

it painted man



Casff is an external mode

rotation b a

8888
Child of is black or an external node



The parent of b can also be red in this case double

red problem moves up a level

We repeat this process
and eventually might have to

color root node as red

In this case we recolor root node as black This

may increase black depth of all external nodes by 1

Time complexity log n worstcase
you keep getting

Case 1 insertion const Case 2.2
Case 2.1 insertion 1notation const

Case 2.2 insertion notation i beat if parent red



Insertionin AVL
tree us

4fmn.de eeaf.t
directey delete it

Insatin RBT

In BST mode to be deleted is first
swapped with its successor and then successor

node is deleted

The node that is deleted is either a leaf node or

parent to a leaf node



To be deleted

Of third

68 68
58 1 re

easycase non trivial node
has to

directly case be
delete it red

Drones Parent is black node
child of is black ifhas no red child

nodedelete

not possible
deletionhappens in BST

I were

Δ Δ 1
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11

new Ts
afi.fiitn

µ
Parent is black node

Child of is black has one

red child oftwo

Qn topimn.fi opf ed red red problem

h 1

Op



19 double rotation
t
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Case the parent is black has red child Consider right child

of i e that must be black
does not have red child

deletion

happens L
h m.name and

1

h 1 h 1



Case The parent is black has red child Consider

right child of i e that must be black

has a red child

1k 2 1

11 1
n

h 1



Case If parent is red node Then has child

that must be black

has no red child

A
1

nations
1

nations

I
t

h 1
n t



Case Parent is red node has black child has

red child
oneor two

deletions

double
into
h 1

4a c1
n 2 h 1



Timecomplexity

Double red problem does not get introduced in deletion

4 cases when If we keep on falling in case 1.1

is black we may have to go towards hoot

2 cases when

is red

Figure


