
 

Dictionary ADT continued

Dictionary get elements byorderablekey container

may also require Successor Predecessor

Minimum Maximum and ability to process

keys in order Also called Dynamic Set

Binary Search Trees

rooted trees each node having
a left child which may be

Nun

a right child which may be Null

a parent which is Null if the

node is the root

elements or pointers to them are stored

at the nodes elements have keys

The nodes are in BST order

for any node v

keys in subtree vs left are f v key
keys in subtree aright are 7 r key

r
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Fill it with values 1 15
IN

In OrderTraversal r

if r Null

Inordertraversal left

Qt print re key
InOrderTraversal Aright

What would we get if called on T on Ta



BST Search r K It returns a nude with key K

A if exists NULL O W A

if r Null or K key
return r

if Kc res key
return BST Search r left K

else return BST Search rt right K

BST Search has running time 0 h

where h is the height of the tree

ode BST Minimum r

return ptr to node with smallestkey in tree

if re Null or r left Nuu return r

else return BST Minimum r left O



BST Maximum r

return pointer to node with largest key
in tree

Exercise for student

gg
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BST Successor x

return pointer to node with smallest key K A1

if Ge right NULL

return BST Minimum Ge right

y x parent

while ly Nuu and

388818x y

yo y parent

softlyreturn y
o
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Theorem The Dictionary operations
Search Minimum Maximum Successor Predecessor
can be implemented in 8 h time

using a

BST of height h



oid BST Insert for e K
Insert element e with key K into

subtree rooted at r I k

if G Nuu Hy
r new tree node e K

else if Croskey L K

BST Insert rt right e K

else BSI Insert re left e K

10ms
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BST Delete er 272
is a pointer to a

node in the tree rooted
at r

if left NULL or a right NULL

4 2 9oz 80

else y BST Successor z D

Ix y is missing at least one child H

if y left nun off
x yo left

6888else x y right
0

if act NULL

x parent y parent

if y parent NULL

r X

else if y y parents left

yo parents left
x

else y parents right
x

if y 2



z element ye element

z Key y Key

return
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Theorem BST Insert and BST Delete

can be implemented to run in h time

where his height of tree

Theorem Expected height of a BST

built on a key set insertions are

uniform random distribution is log n

Theorem Worst case BST is height n


