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If the current node is null then return true.

If the value of the left child of the node is greater than or equal to the current node then

return false.

If the value of the right child of the node is less than or equal to the current node then

return false.
If the left subtree or the right subtree is not a BST then return false.

Else return true
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Basic Operations on BST:

Searching in Binary Search Tree

Insertion in Binary Search Tree

Deletion in Binary Search Tree

Binary Search Tree (BST) Traversals — Inorder, Preorder, PostOrder
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Searching in Binary Search Tree
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Compare Key With Root, i.e 8 A
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as 6<8, search in left subtree q y (6)
Found The Key
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Algorithm SearchTree (k,v):
if T.isExternal(v) then  returnv
if k<key(v) then return SearchTree (k,T.left(v))

else if k>key(v) then return SearchTree (k,T.right(v))

return v {we know k=key(v)}
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bool BST :: Search(const int & item) const

{
BST *locptr =root; bool found =false;
for (;;)
{ if (found||locptr==0) break; )
if (item < locptr->data) // descend left PS ORI él.i.ﬁ‘ Sz By jdor s Iocptr )"‘1’5'1‘ I S
locptr = locptr->left; 09S crucmy ddltl Buiall &slud! ol M‘ Loyl I ) Jaii
else if (item > locptr->data) // descend right d 3l Ll o }\Si 31 )"'441 dic Eems ol yaiall
ocper=locpurorighy 5 gl el slmyf s o Aeleall s peiad adal
else found =true; //item found : . e e P
} Ol Gai @lg A8)ld dueyd 3pxd | Indie Liydio locptr zuay

return found; .5,.7.&" @ 03-?3.4}.\..5-).44.1.’."
}
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// Utility function to search a key in a BST
BST BST::search(BST * root, int key)
{ // Base Cases: root is null or key is present at root
if (root == NULL) return NULL;
if (root->key == key) return root ;
// Key 1s greater than root's key
if (root->key < key)return search(root->right, key);
// Key is smaller than root's key

return search(root->left, key);
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BST* BST::Insert(BST* root, int value)
{if (!root) {return new BST(value);} // Insert the first node, if root is NULL.
if (value > root->data) {// Insert data.
/*Insert right node data, if the 'value’to be inserted is greater than 'root’ .Process right nodes.*/
root->right = Insert(root->right, value);}
else if (value < root->data) {
/* Insert left node data, if the 'value’ to be inserted is smaller than 'root' node data. Process left nodes.*/
root->left = Insert(root->left, value);}

return root;} // Return 'root' node, after insertion

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 12| 39



Update Operations(Insertion) [A

2 (yadl) Jyadl @1 4o

the right child of 20 [ | o dosslazedl sl -
s ) L des)) 3.:;] bR o gos
J! twjé’ @."3 44.9)\:' bl J! T yd= (e
donddl  glgid  Bgus  Adsls Budc
X = 40 ( The Node To Be Inserted ) R . Z 40, . -
waoel) Wl 3-7 IS8 (i Busazll
STEP 1: Comparing X . ‘3 e ot
= Again 40 Is Greater Than 30 M Lﬁ' % e 2%
with Root Node Move Pointer To The Right Side o e
Root SN 100 Of 30
@ @ STEP 4 :Insert item
) = to the right of 30
Since 100 Is Greater Than 40. (20
Move Pointer To The Left Child ( 20 - . - N
STEP 2 : Comparing X with 3-7 S gﬁ
left child of root node
<— Inserted éj-d‘ 41%5\‘ (a)
Node
As 40 Is Greater Than The Node 30, .
g:::;lt Will Be Inserted To The Right @m\ 3 A A (b)
Since 20 Is Less Thcm 40, Move . . . . < .
Pointer To The Right Child (30) auld Sy By i Q)-“Ud-‘ ¥l 3-7 JSad
MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 13| 39



Update Operations Delete [>A 1 (JJ\.zJ‘ ) S| &l ko

6jliall
Delete -RES|
eLadl e ¥ LY elldg ¢ pdmedl aldee oo Juldy | 5 A4S b.o‘ T 46ld Eemy 8y i delete(k) ddoat! Gedes piny

) 48l Chumdl ddee oS iyLu B g ‘5\ ol Al sia G o2yas Toymddl 4 ub.e;_o. ol gl éi

G T (e Budall slmy¥ T Je SearchTree (k,T.root()) slesiwly 3yme Dlily lasiS delete(k) dlenl) Lideaoes s -
Lo | lia k Golu 7 Lida 93 Ipaie (3o

o ¢F 9 null 4eall SearchTree dujylgit! wad Lavic Lpe Sigmmd) dandll i @Jy dnyls Budal Juas ol:dg¥l -
NE-RES |

‘Q\.i.»“.gji > Q.»‘Lngi 489 QjSS Qi <Yl SO Jlag .:3:'5.4)44.2.&." u)\.ﬁ‘ -

A9zl | Budall uiais null gslus Led| ada gddl a3l ang oo Lasie ((48)9) &uay5 Budc SearchTree alef 13)-1-2

ALl waall o3t

Sy pgdis gl Ll aew Budall ggime Jols Lidie t uumg (n) Ldg w ads|s 3udc SearchTree alel 13) L -2-2

(4-7 JSad1) aus ot Labow Jladiad IMS 000 T JuSCa5 Bole s p g ‘:;i al,lad) udall o)t dadgioel | Budall iyt ol

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 14| 39



Update Operations PAV y) (J.:\.‘z.“ ) Jaoatd| és‘)-‘é

6)liadl
o Delete ERES]

Case 1: Delete A Leaf Node In BST

4oyls Budc SearchTree slel 13) - 1-2
i gl yhsll Ay ety Ladie (43y9)
ddgdmll sudall wadg null goluy L)

Al,Lall aaaldl ol
Case 2: Delete A Node Wlth slngle Child In BST d4lsls sudc SearchTree slel 13) - 1-2

S LB B R L R A ... . .- L AL J a - - e

‘5..:\." oyl a9 iy Ladie (g (] Lds
bodall aeadg Lal Jl ada Ll ada
Al,lall waall olisd Ldds gl L

Roplace 70 With 80

4)

Delete Node 70 AfRter Deleotion

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 15| 39



Update Operations ﬂ_% 3( ddadl) dovasd! &l b
ot
Delete RS
bgzmd oLad| J) g38ewe U3 ¥ T (pa W budall s> dbluy adatud (cninl cllad w Ldds> gyl Budall calS 13) -3-2
(5-7 JSad1) obes pgds Liald el pn Yoy T § it o
T e e Jgzxs dw by Jie adsls sudc Jol 9559 4dgizl! Budall Successorcalit! Badall sl pgds O
Il Lol I3 oy Laslomy) pag owd sisasd) At yall By de oo sluatd] vadl 3 a3 U1 Budadl py Budall (s
L Ay caliedl (985 NULL (bl Lyl budie ams Lavkie ) jlud ! olxily T ogua @3 (hag Wl i dadl oY
Oyl
oo Jgaie 4 Byuatll 1da o) w Sy § 43kl Lasdll fead ot Sidige Jgmin § W 3 (bl puaiall Tadmy pgdi O
W 3 Opbl Galud! yuaiall
oves ol L OIS 0 el Ly y Jtiling Chal] fa T e ol aals slecial SN ooy adall ey pgds O
sl Jomill § dladm Liad sidlow iyl 035l jaiall 5slels agis O
e i Loy pgdiy dumyls bude J| sdadl (e sluw pe Jgmis ol Aaiyles old « pdimly Cemdl > § LSy
Ay Ladl sudall ells icremoveExternal ddes Jai5 o3 (g lud! i (e idde o
L Jgvosdl 8oy drliis ilSlomang (gsluacdl £ 5201 3 Aad ST Aol Sudadl Jludin] az ) pany § iz 1 :dlasdle

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 16| 39



Update Operations [A S T
p P S CREREA(D PYPRPLL{I
8)Li_aJl
Delete L

Case 3 :Delete A Node With Both Children In BST

Roplace 50 With It's In
Order SUccossor )

Delete 50

Delete Node 50 After Deletion

G saiall ga9Successor e Eemp A (il Ldo t o L addgwdade (29 3l § O3dee (50) ddi> syl yiaiall -2-2
it a5kl (radieiuse NULL (gylud) opdige gl paiall ore dumpy (ol 8o Jol olemidls 3ioming gosd| g301 slug (vl
1) tyasll BiSyy Bim pgdig Ll 50 derdlly w J160 Lalgiza dudisy o L sl Liag deanyls Sude (p9 60 Lidl> 4

(tasbudlsy 4 Judd!l o JS iy ctducluces y dosdy W desd Ualig y alidl (e Sl

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 17| 39



Update Operati PA 5 S a
pdate Operations o 5 (bl ) Jsaad! &l b
el

Removal RES|

: oliadl yaol sl 2
Node *findmin( Node *r)
{
if (r==NULL) return NULL;
else if (r->left==NULL)returnr;

else return findmin(r->left);

}
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Binary Search Tree (BST) Traversals — Inorder, Preorder, Postorder

Preorder (PLR) At first visit the root then traverse lefr subtree and then traverse

the right subtree.
(4

Postorder (LRP) :Ar first traverse left subtree then traverse the right

subtree and then visit the root.

Inorder (LPR) : At first traverse left subtree then visit the root and then traverse

the rl:ght subtree.
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// C++ program to demonstrate insertion
// in a BST recursively
#include <iostream>
using namespace std;
class BST {
public: int data; BST *left, *right;
BST(); // Default constructor.
BST(int); // Parameterized constructor.
BST* Insert(BST¥, int); // Insert function.
void Inorder(BST*); // Inorder traversal.
void Postorder(BST*); // Postorder traversal
void Preorder(BST*); // Preorder traversal.
BST* deleteNode(BST*, int); // Delete function.
%
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#include <iostream>

#include "BST.h"

using namespace std;

// Default Constructor definition.

BST::BST(): data(0) , left(NULL), right(NULL){}

// Parameterized Constructor definition.

BST::BST(int value){data = value; left = right = NULL;}

// Insert function definition.

BST* BST:Insert(BST* root, int value)

{if (!root) {// Insert the first node, if root is NULL.

return new BST(value);}

// Insert data.

if (value > root->data) {root->right = Insert(root->right, value);}

/*Insert right node data, if the 'value’ to be inserted is greater than 'root’ .Process right nodes.*/
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else if (value < root->data) {

/* Insert left node data, if the 'value’ to be inserted is smaller than 'root' node data. Process left nodes.*/

root->left = Insert(root->left, value);}

return root;} // Return 'root' node, after insertion

// Preorder, Postorder, Inorder traversal function.This gives data in sorted order.

void BST::Preorder(BST*r) // root ->left->right
{if (r==NULL) return;  cout<<r->data<<"\t"; Preorder(r->left); Preorder(r->right); }

void BST::Postorder(BST*r) // left--> right->root
{if (r==NULL) return; Postorder(r->left); Postorder(r->right); cout << r->data <<"\t";}

void BST::Inorder(BST* root) // left--> root-> right

{if (root == NULL) {return;}Inorder(root->left); cout << root->data<<"";  Inorder(root->right);}
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// Function that returns the node with minimum keyVvaliie found in that tree

BST * minValueNode(BST * node)
{ BST * current=node;// Loop down to find the leftmost leaf
while (current && current->left !=NULL)  current = current->left;
return current;}
// Function that deletes the key and returns the new root
BST* BST::deleteNode(BST* root, int value)
{ //base Case
if (root ==NULL)  return root;
// If the key to be deleted is smaller than the root's key,
// then it lies in left subtree
if (value < root->data)
{root->left = deleteNode(root->left, value);}

// If the key to be deleted is greater than the root's key,
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// then it lies in right subtree
else if (value > root->data)
{ root->right= deleteNode(root->right, value);}
// If key is same as root's key, then this is the node to be del

else {// Node with only one child or no child

if (root->left == NULL) // one child on the right
{ BST * temp = root->right; free(root); returntemp;}
else if (root->right == NULL) // one child on the left
{ BST * temp = root->left; free(root); returntemp;}

// Node with two children:Get the inorder successor(smallest in the right subtree)

BST * temp = minValueNode(root->right);

// Copy the inorder successor's content to this node

root->data = temp->data;
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// Delete the inorder successor T

root->right= deleteNode(root->right, temp->data); }

return root;

}

#include "BST.h"

using namespace std;

// Driver code

int main(){

/*Let us create following BST

50
/\
30 70

/N /A

20 40 60 80*/
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BST b, *root = NULL; root = b.Insert(root, 50); b.Insert(root, 30);
b.Insert(root, 20); b.Insert(root, 40); b.Insert(root, 70);
b.Insert(root, 60); b.Insert(root, 80);
printf("\n Original BST in Preorder:\t"); b.Preorder(root);
printf("\n Original BST in Postorder:\t"); b.Postorder(root);
printf("\n Original BST:"); b.Inorder(root);
printf("\n\nDelete a Leaf Node: 20\n"); root = b.deleteNode(root, 20);
printf("Modified BST tree after deleting Leaf Node:\n"); b.Inorder(root);
printf("\n\nDelete Node with single child: 70\n"); root = b.deleteNode(root, 70);
printf("Modified BST tree after deleting single child Node:\n"); b.Inorder(root);
printf("\n\nDelete Node with both child: 50\n"); root = b.deleteNode(root, 50);
printf("Modified BST tree after deleting both child Node:\n"); b.Inorder(root);
system("pause"); return 0;
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Original BST in Preorder: 50 30 20 40 70 60 80~ -
Original BST in Postorder: 20 40 30 60 80 70 50

Original BSTinInorder: 20 30 40 50 60 70 80

Delete a Leaf Node: 20
Modified BST tree after deleting Leaf Node:
30 40 50 60 70 80

Delete Node with single child: 70
Modified BST tree after deleting single child Node:
30 40 50 60 80

Delete Node with both child: 50
Modified BST tree after deleting both child Node:
30 40 60 80

Press any key to continue...
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A O 130¥L Juams Ll o yaig A,B,C,D,E ducaiedl B yo¥ poyuid < Jaun JlieS

weight 0.2 0.1 01  0.15  0.45
t ok LoS Byide Byl on (L s g Aoy a1y piymy Aladud) Wl 13) uyga By §
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HUFFMAN'S ALGORITHM

1-initialize a list of one-node binaly trees containing the weights W, W,,... ,W_oOne for each of the characters C.C,.

,CnQ
2-do the following n-1times:
a-find two trees Tand T  in this list with roots of minimal weights w andw’.

b-replace these two trees with a binary tree whose root is w+w , and whose subtrees are T and T, and label

the pointers to these subtrees 0 and 1 respectively.

3-the code for character C.is the bit string labeling a path in the final binary tree from the root to the leaf for C.

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 37| 39



application of binary trees: Huffman codes [A 4()‘_&3&5 IR RIE (P e gadas

o)liaJ _I
Aot g &0l Hledl (re AmsY oliy T Laylaw Bauzll 13980 AB,C,D,E o8yl Tauzma oy coladgn duniyl gi) s 5iS

1 goea JSI Buslg Bude (e
B Chylmall dliall ells 2 Loayliis | st (&1 aalitly Jo¥1 cniyomdd
B & D A E JSad i pmid) (rila peazming . pduedl (l30¥ ) elles LY clldg C
oSy (S p eGSO goeds LiJe 0.1+40.1=0.2 () 591 ellad 8y

@ , Jo¥l ompiunl iz Andl led¥l A (e a0 bk

AL Bk 3 LeS Loy pgdss (ALlls A5l i ) 2lill
@ @ ymdS ymad) ila Ly 0.240.1520.35 Ly g5 8y
E

D A T
¢ UL 2

JOW

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 38| 39



application of binary trees: Huffman codes m% 5()‘-@53.&5 . :@Lﬁ'ﬂj , 2441 gL:. "...I -
§)liol

t b LS 8,0 i 8 pmdidl s ope dmilidl ladga Byacd (195G JWls
2.1 58 By S8 yicdd adgill Jokatl ol Laylu Ly LS

Huffman code 01 0000 0001 001 1
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HUFFMAN DECODING ALGORITHM
1-initialize pointer p to the root of the Huffman tree.
2-while the end of the message string has not been reached, do the following:
a- let x be the next bit in the string.
b- if x=0 then set p equal to its left child pointer.
else set p equal to its right child pointer.
c-if p points to a leaf then

i-display the character associated with that leaf.

ii-reset p to the root of the Huffman tree.
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