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@ Binary search trees

A binary tree data structure has the following
properties:

— The left subtree of a node contains only nodes
with keys less than the node's key.

— The right subtree of a node contains only nodes
with keys greater than the node's key.

— Both the left and right subtrees must also be
binary search trees.
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@ BST Examples

If yisin the left subtree of x
then y.key < x.key

If yisin the right subtree of
X then y.key > x.key
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@ Searching in BST T

find(x,T)

z «— T.root
while z # null do
if x = z.key return z
if x<zkey then z — z.left

else z — z.right

return z

@ Find(5,T)

find(5,T)

z < T.root
while z # null do
if 5= zkey return z
if B<zkeythenz — zleft

else z — z.right

return z
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find(5,T)

z «— T.root
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min(T)

zZ— T

while (z.left z null)
do z « zleft

return (z)

@ Insert(x,T)

insert(x,T)

new node (n)

n.key<—x

n.left < n.right < null
if (T == null) then

Ten
else ol
: ind(x,T)
y < find(x,T) v nul
n.parent <y z < T.root
if x<y.key then whilez#null do
Yy—1z2z
y’leﬂ. on if x=zkeyreturnz
else if x<zkeythenz— zleft
y.right < n else z — z.right

— refurny
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@ Insert(6,T)

insert(6,T)
new node (n)
n.key—6
nleft — n.right < null
if (T == null) then
Ten
else
y <« find(6,T)
n.parent <y
if 6 <y.key then
y.left —n
else
y.right < n

@ Insert(6,T)

insert(6,T)
new node (n)
n.key—6
nleft — n.right < null
if (T == null) then
Ten
else
y < find(6,T)
n.parent <y
if 6 <y.key then
yleft —n
else
y.right < n
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@ Delete(6,T) T

@ Delete(6,T)
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@ Delete(8,T) T

@ Delete(8,T)
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Switch 5 and 2 and
delete the node
containing 5

Delete(2,T)

[€]

Switch 5 and 2 and
delete the node
containing 5

Delete(2,T)
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E] Deleting in BST

* Four cases

E] Deleting in BST

* Case — |: Deleting a leaf node

11



ES 103: Data Structures and Algorithms 2012
Instructor — Dr Atul Gupta

@ Deleting in BST

* Case — |ll: Deleting a node having either left or

right child as empty (NIL)
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@ Deleting in BST

* Case —lll(a): Deleting a node having neither
left nor right child as empty (NIL)

q
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@ Deleting in BST

* Case —lll(b): Deleting a node having neither
left nor right child as empty (NIL)
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@ Transplant(T,u,v)

Transplant (T,u,v)

"\
if up = null then T\
Tev
else if u==u.p.left
u.p.left «—v
else
u.p.right —v u

if v <> null /
V.p < up
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@ Transplant(T,u,v)

Transplant (T,u,v) T
if up = null then \

Tev
else if u==u.p.left

u.p.left «v
else

u.p.right < v / v
if v< null

V.p < up

@ delete(T, z)

delete (T, z)
if (z.left == null) and (z.right == null) then  //Case T
if z==z.p.left then
z.p.left < null
else
z.p.right — null
else if (z.left == null) then //Case IT
Transplant (T,z,z.right)
else if (z.right == null) then
Transplant (T,z,z.left)
else //Case IIT
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else
y = Tree-Minimum(z.right)
if (y.p <> z) then
Transplant (T,y,y.right)
y.right — z.right
y.left — z.left
z.rightp «—y
zleftp <y

NIL X

@ delete(T, z)

//Case ITI

//Case IITI (b)

............. y LTI TS y
NIL r [ r
SN RN RN
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else
y = Tree-Minimum(z.right)
if (y.p <> z) then
Transplant (T,y,y.right)
y.right — z.right
y.left — z.left
z.rightp «—y
zleftp «vy
else
Transplant(T,z,y)
y.left — z.left
yleftp —y

@ delete(T, z)

//Case ITI

//Case IITI (b)

// Cgse ITT (a)
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@ successor(x,T)

@ successor(x,T)

1. If x has a right child
it's the minimum in the
subtree of x.right

16
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@ successor(x,T)

@ successor(x,T)

2. If x.right is null, go up

until the lowest ancestor X
such that x is at its left /
subtree
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@ successor(x,T)

If x.right # null then min(x.right)
y < X.parent
While yznull and x=y.right
do x <y
y < y.parent
return(y)

@ successor(x,T)

If x.right # null then min(x.right)
y < X.parent
While yznull and x=y.right
do x <y
y < y.parent
return(y)
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* BSTis an efficient search data structure if it is
fairly balanced
* Complexity (if balanced)
— Insertion O(log n)
— Deletion O(log n)
— Search O(log n)
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