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same as "parent is

left child" with

"left" and "right"

interchanged

START

X is
root

?
is RED
uncle

parent
left child

?

parent
is RED

parent

right child
?

parent is root

color it black

Color parent black

Color uncle black

Color grandparent red
X = Grandparent(X)

?

X is a
right child

no (Case 3)

yes (Case 2)

Color grandparent red

Color X black

Rotate-left on parent
Rotate-right on grandparent

color X black
?

?

yes

no

yes

no
no

yes

yes (Case 1)

no

done

no done

Color parent black

Color grandparent red

Rotate-right on grandparent

 Done  Done

yes (Case 0)
done

Insert X in a red-black tree
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Case 1

V S

P

L R

Rotate
S

P R

LV

Recolor
S

P R

LV

V S

P

RL

Rotate

S

R

L

P

V

and P 
Swap S

colors
and color
R black

S

R

L

P

V

RotateV S

P

L R

V

P

L

S

R

Recolor V

P

L

S

R

Case 2

Case 3

Case 4

Black

Red Extra Black

Don’t care

V S

P

L R

Propagate
extra black
and recolor S

P

L R

V
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Case 1

Case 2

Case 3

(Cases for which black X has two red children)

RECOLOR

ZY

X

P

ZY

X

P

Z

U

S

Y

X

P

G

RECOLOR ROTATE
ROTATE

GP

X

YS
UZ

RECOLOR
GP

X

YS
UZ

Z

U

Y

X

P

G

S
Z

U

S Y

X

P

G

G

P

X

Y
Z S U

RECOLOR

G

P

X

Y
Z S U

ROTATE

G

P

X

Y Z

S

U

RECOLOR

G

P

X

Y Z

S

U

Top-Down Insertion Cases for Red-Black Trees
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