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Red-Black Insert

rblnsert(Tree T, Node z):
loop fromy < nil(T), x«<root(T) while x#nil(T)
y <X, 1 f key(z)<key(x) then x «left(x)
el se x < right(x)

p(z) <y
| f y=nil(T) then root(T) « z
el se 1 f key(z)<key(y) then left(y) «z
el se right(y) «z

left(z) «right(z) «nil(T), col(z) « RED, rblnsertFix(T,z)




Red-Black Insert (1)

rblnsert(Tree T, Node z):
|l oop fromy < nil(T), x«<root(T) while x#nil(T)
y <X, 1f key(z)<key(x) then x «left(x)
el se x < right(x)

p(z) <y
| f y=nil(T) then root(T) « z
el se 1 f key(z)<key(y) then left(y) «z
el se right(y) «z

left(z) «right(z) «nil(T), col(z) « RED, rblnsertFix(T,z)




Red-Black Insert (2)

rblnsert(Tree T, Node z):
loop fromy < nil(T), x«<root(T) while x#nil(T)
y <X, If key(z)<key(x) then x < left(x)
el se x < right(x)

p(z) <y
| f y=nil(T) then root(T) « z
el se 1 f key(z)<key(y) then left(y) «z
el se right(y) «z

left(z) «right(z) «nil(T), col(z) « RED, rblnsertFix(T,z)




Red-Black Insert (3)

rblnsert(Tree T, Node z):
|l oop fromy < nil(T), x«<root(T) while x#nil(T)
y <X, If key(z)<key(x) then x < left(x)
el se x «right(x)

p(z) <y
| f y=nil(T) then root(T) « z
el se 1 f key(z)<key(y) then left(y) «z
el se right(y) «z

left(z) «right(z) «nil(T), col(z) « RED, rblnsertFix(T,z)




Red-Black Insert (4)

rblnsert(Tree T, Node z):
|l oop fromy < nil(T), x«<root(T) while x#nil(T)
y <X, If key(z)<key(x) then x < left(x)
el se x < right(x)

p(z) <y
| f y=nil(T) then root(T) « z
el se 1 f key(z)<key(y) then left(y) «z
el se right(y) «z

left(z) «right(z) «nil(T), col(z) « RED, rblnsertFix(T,z)




Red-Black Insert (5)

rblnsert(Tree T, Node z):
|l oop fromy < nil(T), x«<root(T) while x#nil(T)
y <X, If key(z)<key(x) then x < left(x)
el se x < right(x)

p(z) <y
| f y=nil(T) then root(T) « z
el se 1 f key(z)<key(y) then left(y) «z
el se right(y) «z

left(z) «right(z) «nil(T), col(z) « RED, rblnsertFix(T,z)




Red-Black Insert (6)

rblnsert(Tree T, Node z):
|l oop fromy < nil(T), x«<root(T) while x#nil(T)
y <X, 1f key(z)<key(x) then x «left(x)
el se x < right(x)

p(z) <y
1 f y=nil(T) then root(T) « z
el se I f key(z)<key(y) then left(y) «z
el se right(y) «z

left(z) «right(z) «nil(T), col(z) « RED, rblnsertFix(T,z)




Red-Black Insert (7)

rblnsert(Tree T, Node z):
loop fromy < nil(T), x«<root(T) while x#nil(T)
y <X, 1 f key(z)<key(x) then x «left(x)
el se x < right(x)

p(z) <y
| f y=nil(T) then root(T) « z
el se 1 f key(z)<key(y) then left(y) «z
el se right(y) «z

left(z) «<right(z) «<nil(T), col(z) « RED, rblnsertFix(T, z)




Red-Black Insert (8)

rblnsert(Tree T, Node z):
loop fromy < nil(T), x«<root(T) while x#nil(T)
y <X, 1 f key(z)<key(x) then x «left(x)
el se x < right(x)

p(z) <y
| f y=nil(T) then root(T) « z
el se 1 f key(z)<key(y) then left(y) «z
el se right(y) «z

left(z) «<right(z) «nil(T), col(z) « RED, rblnsertFix(T, z)
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Red-Black Insert (8) | Red-Black Insert Fixup

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 f p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,2z)
col (p(z)) «BLK, col(p(p(z)))« RED, rRot(T,p(p(z))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK
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Red-Black Insert (8) | Red-Black Insert Fixup (1)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,2z)
col (p(z)) «BLK, col(p(p(z))) «<RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK
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Red-Black Insert (8) | Red-Black Insert Fixup (2)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 f p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,2z)
col (p(z)) «BLK, col(p(p(z))) «<RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK
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Red-Black Insert (8) | Red-Black Insert Fixup (3)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 f p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) «<col (y) «BLK, col(p(p(z))) «<RED, z<p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,2z)
col (p(z)) «BLK, col(p(p(z))) «<RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK
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Red-Black Insert (8) | Red-Black Insert Fixup (4)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,2z)
col (p(z)) «BLK, col(p(p(z))) «<RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK
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Red-Black Insert (8) | Red-Black Insert Fixup (5)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 f p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «<p(z), IRot(T,z)
col (p(z)) «BLK, col(p(p(z))) «<RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK

Z y
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Red-Black Insert (8) | Red-Black Insert Fixup (6)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 f p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,z)
col (p(z)) «BLK, col(p(p(z))) «<RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK

Z y
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Red-Black Insert (8) | Red-Black Insert Fixup (6) | Left Rotate

| Rot (Tree T, Node Xx):
y « right(x)
right(x) « left(y)
1 f left(y)#£nil(T) then p(left(y)) <X
p(y) < p(x)
1 f p(x)=nil(T) then root(T) «vy
else i f x=left(p(x)) then left(p(x
el se right(p(

)) <y
X)) <y
left(y) <X, p(x) <y

X
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Red-Black Insert (8) | Red-Black Insert Fixup (6) | Left Rotate (1)

| Rot (Tree T, Node Xx):
y « right(x)
right(x) « left(y)
1 f left(y)#£nil(T) then p(left(y)) <X
p(y) < p(x)
1 f p(x)=nil(T) then root(T) «vy
else i f x=left(p(x)) then left(p(x
el se right(p(

)) <y
X)) <y
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Red-Black Insert (8) | Red-Black Insert Fixup (6) | Left Rotate (2)

| Rot (Tree T, Node Xx):
y « right(x)
right(x) < left(y)
1 f left(y)#nil(T) then p(left(y)) « x
p(y) < p(x)
1 f p(x)=nil(T) then root(T) «vy
else i f x=left(p(x)) then left(p(x
el se right(p(

)) <y
X)) <y




Red-Black Insert (8) | Red-Black Insert Fixup (6) | Left Rotate (3)

| Rot (Tree T, Node Xx):
y « right(x)
right(x) « left(y)
1 f left(y)#£nil(T) then p(left(y)) <X
p(y) < p(x)
1 f p(x)=nil(T) then root(T) <V
else if x=left(p(x)) then left(p(x
el se right(p(

)) <y
X)) <y
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Red-Black Insert (8) | Red-Black Insert Fixup (6) | Left Rotate (done)

| Rot (Tree T, Node Xx):
y « right(x)
right(x) « left(y)
1 f left(y)#£nil(T) then p(left(y)) <X
p(y) < p(x)
1 f p(x)=nil(T) then root(T) «vy
else i f x=left(p(x)) then left(p(x
el se right(p(

)) <Y
X)) <Y
left(y) « X, p(x) «vy
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Red-Black Insert (8) | Red-Black Insert Fixup (6)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 f p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,z)
col (p(z)) «BLK, col(p(p(z))) «<RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK

23



Red-Black Insert (8) | Red-Black Insert Fixup (7)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 f p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,2z)
col (p(z)) «BLK, col(p(p(z))) «RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK

24



Red-Black Insert (8) | Red-Black Insert Fixup (8)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 f p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,2z)
col (p(z)) «BLK, col(p(p(z))) «<RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK
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Red-Black Insert (8) | Red-Black Insert Fixup (8) | Right Rotate

rRot (Tree T, Node x):
y « left(x)
left(x) < right(y)
L f right(y)nil(T) then p(right(y)) « X
p(y) < p(x)
1 f p(x)=nil(T) then root(T) «vy
else i f x=left(p(x)) then left(p(x
el se right(p(

)) <y
X)) <y
right(y) < x, p(x) «vy
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Red-Black Insert (8) | Red-Black Insert Fixup (8) | Right Rotate (1)

rRot (Tree T, Node Xx):
y « left(x)
left(x) < right(y)
L f right(y)nil(T) then p(right(y)) « X
p(y) < p(x)
1 f p(x)=nil(T) then root(T) «vy
else i f x=left(p(x)) then left(p(x
el se right(p(

)) <y
X)) <y
right(y) < x, p(x) «vy

<<
>
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Red-Black Insert (8) | Red-Black Insert Fixup (8) | Right Rotate (2)

rRot (Tree T, Node Xx):
y « left(x)
left(x) < right(y)
1 f right(y)#nil(T) then p(right(y)) < X
p(y) < p(x)
1 f p(x)=nil(T) then root(T) «vy
else i f x=left(p(x)) then left(p(x
el se right(p(

)) <y
X)) <y
right(y) < x, p(x) «vy




Red-Black Insert (8) | Red-Black Insert Fixup (8) | Right Rotate (3)

rRot (Tree T, Node X):
y « left(x)
left(x) < right(y)
L f right(y)nil(T) then p(right(y)) « X
p(y) < p(x)
1 f p(x)=nil(T) then root(T) «vy
else i f x=left(p(x)) then left(p(x
el se right(p(

)) <y
X)) <y
right(y) < x, p(x) «vy

11
i
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Red-Black Insert (8) | Red-Black Insert Fixup (8) | Right Rotate (done)

rRot (Tree T, Node X):
y « left(x)
left(x) < right(y)
L f right(y)nil(T) then p(right(y)) « X
p(y) < p(x)
1 f p(x)=nil(T) then root(T) «vy
else i f x=left(p(x)) then left(p(x
el se right(p(

)) <Y
X)) <Y
right(y) < x, p(x) <y

30



Red-Black Insert (8) | Red-Black Insert Fixup (8)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 f p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,2z)
col (p(z)) «BLK, col(p(p(z))) «<RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root(T)) « BLACK
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Red-Black Insert (8) | Red-Black Insert Fixup (done)

rblnsertFix(Tree T, Node z):
whi | e col (p(z))=RED

1 f p(z)=left(p(p(z))) then

y < right(p(p(z)))
| f col (y)=RED t hen

col (p(z)) <col (y) «BLK, col(p(p(z))) «<RED, z«p(p(z))
else if z=right(p(z)) then z «p(z), [Rot(T,2z)
col (p(z)) «BLK, col(p(p(z))) «<RED, rRot(T,p(p(z)))
el se ... (same as then clause, with ‘right’ and ‘left’ exchanged)
col (root (T)) « BLACK
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Red-Black Insert (done)

rblnsert(Tree T, Node z):
loop fromy < nil(T), x«<root(T) while x#nil(T)
y <X, 1 f key(z)<key(x) then x «left(x)
el se x < right(x)

p(z) <y
| f y=nil(T) then root(T) « z
el se 1 f key(z)<key(y) then left(y) «z
el se right(y) «z

left(z) «<right(z) «nil(T), col(z) « RED, rblnsertFix(T, z)
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