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Tree Insert

treeInsert(Tree T, Node z):
loop from y � NIL, x � root(T) while x

���NIL
y � x
if key(z)

�

key(x) then x � left(x)
else x � right(x)

parent(z) � y
if y �NIL then root(T) � z

else if key(z)

�

key(y) then left(y) � z
else right(y) � z
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Tree Insert (1)

treeInsert(Tree T, Node z):
loop from y � NIL, x � root(T) while x

���NIL
y � x
if key(z)

�

key(x) then x � left(x)
else x � right(x)

parent(z) � y
if y �NIL then root(T) � z

else if key(z)

�

key(y) then left(y) � z
else right(y) � z
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Tree Insert (2)

treeInsert(Tree T, Node z):
loop from y � NIL, x � root(T) while x

���NIL
y � x
if key(z)

�

key(x) then x � left(x)
else x � right(x)

parent(z) � y
if y �NIL then root(T) � z

else if key(z)

�

key(y) then left(y) � z
else right(y) � z
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Tree Insert (3)

treeInsert(Tree T, Node z):
loop from y � NIL, x � root(T) while x

���NIL
y � x
if key(z)

�

key(x) then x � left(x)
else x � right(x)

parent(z) � y
if y �NIL then root(T) � z

else if key(z)

�

key(y) then left(y) � z
else right(y) � z
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Tree Insert (4)

treeInsert(Tree T, Node z):
loop from y � NIL, x � root(T) while x

���NIL
y � x
if key(z)

�

key(x) then x � left(x)
else x � right(x)

parent(z) � y
if y �NIL then root(T) � z

else if key(z)

�

key(y) then left(y) � z
else right(y) � z
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Tree Insert (5)

treeInsert(Tree T, Node z):
loop from y � NIL, x � root(T) while x

���NIL
y � x
if key(z)

�

key(x) then x � left(x)
else x � right(x)

parent(z) � y
if y �NIL then root(T) � z

else if key(z)

�

key(y) then left(y) � z
else right(y) � z
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Tree Insert (done)

treeInsert(Tree T, Node z):
loop from y � NIL, x � root(T) while x

���NIL
y � x
if key(z)

�

key(x) then x � left(x)
else x � right(x)

parent(z) � y
if y �NIL then root(T) � z

else if key(z)

�

key(y) then left(y) � z
else right(y) � z
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Tree Delete [target has no children]

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has no children] (1)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has no children] (2)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has no children] (done)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has one child]

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has one child] (1)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has one child] (2)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has one child] (done)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has two children]

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has two children] (1)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)

� � �

scc(Node x)
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Tree Delete [target has two children] (1)

�

Tree Successor

scc(Node x):
if right(x)

���NIL then return treeMinimum(right(x))
loop from y � p(x) while y

���NIL, x �right(y)
x � y, y � p(y)

return y
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Tree Delete [target has two children] (1)

�

T S (1)

�

Tree Minimum

scc(Node x):
if right(x)

���NIL then return treeMinimum(right(x))

� � �

treeMinimum(Node x)
while left(x)

���NIL
x � left(x)

return x
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Tree Delete [target has two children] (1)

�

T S (1)

�

Tree Minimum (1)

scc(Node x):
if right(x)

���NIL then return treeMinimum(right(x))

� � �

treeMinimum(Node x)
while left(x)

���NIL
x � left(x)

return x
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Tree Delete [target has two children] (1)

�

T S (1)

�

Tree Minimum (2)

scc(Node x):
if right(x)

���NIL then return treeMinimum(right(x))

� � �

treeMinimum(Node x)
while left(x)

���NIL
x � left(x)

return x
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Tree Delete [target has two children] (1)

�

Tree Successor (2)

scc(Node x):
if right(x)

���NIL then return treeMinimum(right(x))
loop from y � p(x) while y

���NIL, x �right(y)
x � y, y � p(y)

return y
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Tree Delete [target has two children] (1)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)

X15

X5 X16

X3 X12

X10

X6
X7

X13
X20

X18 X23

z
y

27



Tree Delete [target has two children] (2)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has two children] (3)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)

X15

X5 X16

X3 X12

X10

X6
X7

X13
X20

X18 X23

z
y x

29



Tree Delete [target has two children] (4)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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Tree Delete [target has two children] (done)

treeDelete(Tree T, Node z):
if left(z) �NIL or right(z) �NIL then y � z else y � scc(z)
if left(y)

���NIL then x � left(y) else x � right(y)
if x

���NIL then p(x) � p(y)
if p(y) �NIL then root(T) � x

else if y �left(p(y)) then left(p(y)) � x
else right(p(y)) � x

if y

���z then key(z) � key(y), data(z) � data(y)
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