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Definition

A binary search tree is a binary tree of items (ordinarily called keys), that come
from an ordered set, such that

1.
2.

Each node contains one key.

The keys in the left subtree of a given node are less than or equal to the key
in that node.

The keys in the right subtree of a given node are greater than or equal to the
key in that node.




Contd...

e The depth of a node in a tree is the
number of edges in the unique path
from the root to the node. This is
also called the level of the node in

the tree.
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Contd...

e Ordinarily, a binary search tree
contains records that are retrieved
according to the values of the keys.

e Our goal is to organize the keys in a
binary search tree so that the
average time it takes to locate a key
| minimized.

e A tree that is organized in this

fashion is called optimal. Ssn




e 20 keys, we have to try out
131,282,408,400 different trees.







BST

struct nodetype

{

keytype key;
nodetype* left;

nodetype*™ right;
¢

typedef nodetype* node_pointer;
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Search

while (! found)
if (p-> key == keyin)
found = true;
else if (keyin < p-> key);

p = p-> left
else
b = p-> right;
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depth(key) + 1,

Let Key,, Key,, . . ., Key, be the n keys in order, and let p; be the probability
that Key; is the search key. If ¢; is the number of comparisons needed to find Key;
in a given tree, the average search time for that tree is

n

Z Cipi.

i=1

This is the value we want to minimize.
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Example

P1 0.7 P2 — 02: and P33 — 01,
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To that end, s_upliose that'keys Key, through Key; are arranged in a tree that
minimizes

J

2 ConDlm>

m=i

a - Y o B Ry

Because it takes one comparison to locate a key in a tree containing one key,
A[d]l] = ps
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OBST

For each key, there is one
additional comparison at
the root.

Average search time
in this subtree
is Alk + 1] [n]

Average search time
in this subtree
is A[1][k - 1]




A[l]lk — 1] tprt+ ot pey T & +  Alk + 1][n] M 2R

A d

A d

Average time Additional time Average time  Average time Additional time
in left comparing at root searching in right comparing at root
subtree for root subtree

which equals

A1k — 1] + Alk + 1][n] + D, pm.
m=1




Recurrence equation

A[1][n] = minimum(A[1][k — 1] + Ak + 1][n]) + 2 Do

l=k=<n

Al = minimum(A[i][k — 11 + Ak + 1][J]) + 2 [

i=k=j

s

][] = p;
{][{ — 1] and A[j + 1][j] are defined to be 0.

e
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