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Binary Search Trees Eﬁ 4 a5l Eed! yle i
o
N gl Gl Gy By ol 13 Lagd sl Ayl

. 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.

. Elsereturn true
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Basic Operations on BST % 1 46l Eedl sl il § dwlud clleal
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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, Post Order
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Searching in Binary Search Tree

Y

12Ul gl Sy §
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Consider The Following BST
Key=6

As Key ( 6) Is Greater Than 3,

Search In The Right Subtree Of 3 3

Ao T aclsd dumy By § find (k) dloat! deaid]

o decision tree 1,3 5= Lel e Byddl I
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Compare Key With Root, i.e 8
as 6¢<8, search in left subtree
of 8

0@

As 6 Is Equal To Key (8), So We Have
Found The Key

4
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c.return true
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Searching % 2 aslid) Sl By § Sl

T e dtie A vy ol 7lide g k Cus cugbadll 13 Saie Lasog 17 3519501 alaill e
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Algorithm TreeSearch(k,v):
if T.isExternal(v) then  returnv
if k<key(v) then return TreeSearch(k,T.left(v))

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

return v {we know k=key(v)}
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: BST caiall public M&J‘ esaSearch() c.)\.?.” RS C‘.J“a‘u‘ Wl ey Q\.ﬁL@

bool Search(const int & item) const;

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

locptr = locptr->left;

else if (item > locptr->data) // descend right
locptr = locptr->right;

else found =true; //item found

}

return found;

}

ralll § adldl 8,08l LS (a9

o g S Semdl Byxd ji> wie locptr iyl [RVPRLITPS
GO9S cusmy Al Budall (gyludd! ol Guedd! dayl JI JI Jasiy
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¥ it
// 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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Update Operations(Insertion) [AD 1 2 o] wdl &l
, O)tiall
Lolad 8 pdilen ciliasl g alasiwly remove g insert obdeall cili Gy dabidl deed) jlad] s
AL L) Adas pasais T 4GS 8y ds o2 : Insertion odxt! -1
gl Lellae| IMS (e A1y $9S Vv awsiy Vv deyls Bude e ymiall 4L tinsertAtExternal(vie) -
NULL dagill Lge opaball

2-7 aladll § &l ginsert(k,x) Judis Sy (dds,boll sia alusiwl

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
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Update Operations(Insertion) [A " TR

P p o 2 (aedl) dovad! 51,0

STEP 3 : Comparing x with 6jligJi
the right child of 20 T

Consider The Following BST

d) awss @y Ayl Bude JI T iz (e
Aadll cloY  Bagas  Adsls  Budc
& yheeld Wl 3-7 JSad Grg Bugal!

X = 40 ( The Node To Be Inserted )

STEP 1: Comparing X -
== Again 40 Is Greater Than 30

with Root Node Move Pointer To The Right Side A L oy By
Root Sl 100 Oof 30
@ © STEP 4 :Insert item
) = to the right of 30

Since 100 Is Greater Than 40.
Move Pointer To The Left Child (20)

Bl (A 40 4a pais pda -3-7 JSa
(a) adsall dag) 17 JSa b Al Gual

STEP 2 : Comparing X with

left child of root node

VL RL TR X

«— Inserted ALl B jaudd) (b)
Node

As 40 Is Greater Than The Node 30,

Thus It Will Be Inserted To The Right

Of 30

Since 20 Is Less Than 40, Move
Pointer To The Right Child (30 )
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Update Operations %‘\7 2 (J.:\.z)‘ ) sl é—‘*‘)‘a

Delete RS

duyls sudcTreeSearch slel 13) - 1-2
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Case 2: Delete A Node With Single Child In BST

ot LB B R L B . A A B A B L R A L AL -..'a.' S RRAWY AR TR W

Delete Node 70 After Deletion
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Update Operations [A X wt( e
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Delete G

Case 3 :Delete A Node With Both Children In BST

Roplace 50 With It's In

Order SUCCossSor ) Delete 50

Delete Node 50 After Deletion

929 Successor ;e Eem G cuids] Sl3 1o Lt addg wbade (Rgy5dl (§ Oides (50 7 Liall 93) ddds Sl yuaial-2-2
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Update Operati PA X S a
pdate Operations o 5 (bl ) Jsaad! &l b
el

Removal RES|

: o liadl yiol slo 2
Node *findmin( Node *r)
{
if (r==NULL) return NULL;
else if (r->left==NULL)returnr;

else return findmin(r->left);

}

Cxdl bamds (e Adxdl -5-7 S

il Eoe 3-7 JSAI) 9 dgdl Al

wBudc § e (65 7 Liakl 53) diiis syl
(s b o 45 ) el s L] DS
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Binary Search Tree (BST) Traversals [A Al Gy By & Jl g
oo t 3 O ?
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Binary Search Tree (BST) Traversals — Inorder, Preorder, Post Order

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.

2024/2023 A6 Juad 8p 1 ik A — dila glaal) duia — 5 jlal) daala https://manara.edu.sy/ 21


https://manara.edu.sy/

Performance of a Binary Search Tree [>A aulis Gy By |
deols
. ot
Liaj G gy sl chilly ydidl amell liagyls Jalos o
Ll o5 QI cdadl sue el Aladl 39 (Laygis Bude JS uie O(1)
Byxdiy ddydzei 03D ugald § (Jldlg T 8y il h g Lasy¥l an cwlids
0(h) (3 § 445 remove  cinsert find &l ykall L6 T a6l demy
Jlad guioes A T AUl Eondl Bymdi o « JWlg T ¢ Lyl 92 h s
g nie syl glas)l o 13) ladd paic n g3 ogald] guzme o
93 elal zidy 1 pa¥1 h=log(n+1) ga T ¢lasy)l 058y «Jad¥l Al
doadl Wt § sl n & - ugalddl Silidos prazt oyl gd o
lidioms audeiud o Jeadl 05K 8 Wlxll sda s n o T lasyl (98
A e A 54 e ugelal
S13 paliadl o Al JUsls agds Lovie Tgudll Allall Eiois
(6-7 JSadl) padline ol Wl e iy melie

(Fas g lat,l &3 asls by dd Jl -6-7 (A

2024/2023 A% Jab 8a 1 ciidara A — Al glaal) Aoiia — 5 jlal) daala https://manara.edu.sy/ 22


https://manara.edu.sy/

Binary Search Tree Applications [A 1 4slS Eems O laudas
an .lél *» L4 ®» .
I IS Jlgmidl oy o e il Jias mad o Go LA il dlany UySU 2608 5y i 4 e As¥ e O

13 28 35 (49 62 66 30 @

l
13356280

l OO
BIE)EE)@\E)) (S ) Byt oy -7-7 JSA)

2

2024/2023 A5 Juad 8 1 kit i — diba slrall dustin — 5 jlial) daala https://manara.edu.sy/ e


https://manara.edu.sy/
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application of binary trees: Huffman codes m[‘éé 1C)L4~53-4 Byl :@Lﬁdb\.g.ii" ‘.’L; é-.&-‘]ﬁ-z
6)li_aJl

il eldg a0 Jilum (o apiadl 3 Al Hlae d ¥ ausiud
Joladl 5 paie cildlite (uyge 8 b pudeiad . illo ydidlg ndidl (pe JUidy By JS Jiad (S ¢ uygn By -
wyloel | JST s 92 30 1 Jgbo Led 0955 (I UNICODE (EBCDIC (ASCIISS &iljea s -
B ki J|9.Iai.» firaa s B e Lé"d‘g Huffman code (;Ledga 8,4 -
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n
expectedlength = wl, + w,l, +....+wl, = > wl,
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application of binary trees: Huffman codes [é 2()‘-@5}&5 s Al e s Y e gadas
d=o <
A O 130¥L Juams Ll o yaig A,B,C,D,E ducaiedl B yo¥ poyuid < Jaun JlieS

weight 0.2 0.1 0.1 0.15 0.45
gtﬁ Lossj.a..é'm Aylell sia Lo usl g %}J&J‘jjm.a ddadidl Ldoudw! 13) L9 B gkl Q

code 01 1000 1010 100 0

19 ddsylall sda 3 duesd| Bpo¥l sl (e ST adgil| Joladl L8 Jlidlig
0.2x2+0.1x4+0.1x4+0.15%x3+0.45%1=2.1

:immediate decidability 5 oélee padddl ls 4 Lls
o gy |dag .immediately decodable 8,4l padddl clat alls Lol g2 madddl Gylo andd gy3¥1 saall 33l
Il i Wby .5yl 3o Jobol L cprefix Lilu Is 32 05K of oS Uyme ey alidl (e Jlis <Ilia
G SLLl colS 13] Lagd jUail (g Bydolie Bymedl U3 S| o padd elay O 5 g8 Ayt Byacd g8 lidl o Jus
syl Byaid die Jams L5
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application of binary trees: Huffman codes u%v 3QL¢53A By 3@\-&‘)‘-’9‘23‘ e Guedas
oytioll
£5(0) #E ymell 5,5, 401 (JUL doso ey ¥ 1y Al 3 2011 i) A5 Coont) Ll g By o oY
{(1000) 51 B <z 8 yaiis (oo 3bas s 32 (2 (100) 5T D Byt 3o cUiSg (01) 6T A byl 8bcds (o B3les £ 32
el o il a1 b Lin) s pd ] el Beles o o upgn 8 ot
:Huffman codes ;ledga 5 a0
o3y Bydilie clall AblS padd d4ds gl ¢Lied 1952 ale (§ D.A.Huffman (b (pe dendl| AWl eyl gt plideio (S
18y S 8 yidd Ladgia b yiol Wb
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.
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o)liaJ '_I
Aatye Al lx il ope ames¥ ol s Loy oul!l (313090 AB,C,D,E L8yl Touzme iy cOladgn Tua)ylsit i giS

1 goea JSI Buslg Bude (e
BJJMJMML\L'@M)L@\W‘_;H @U’J‘gdﬁ%" RAJE DA
B & D A B JSAd iy ] (ila aesming RN (AT RETTPCH  ET PN ol
ALy (A8 poe S (o pedi Lidg 0.140.1=0.2 (& 39| ellas 8 e i

@ " @U’J‘g Jj&” au:\:).a.;ai Y @be‘.‘;j&m '&ﬂ}’&c.\i.\.‘? Q.A)L'i.'z?
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% SuLdj_Q 8 gl :@LLU‘)L?L&Q‘ e Gudas
dsoln

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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application of binary trees: Huffman codes M%V 6QL¢§3AS s Al e s Y e gadas

’ oLal

/N 31 Wiplas Olodp Byaed 01585 oS

@ @ & s LaS gyl I (a0 Ly (A
B D E

@ s LS ALl 8,841 009859
0 1 0 1

@ @ Huffman code 011 000 001 010 1
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application of binary trees: Huffman codes %V 7()\.4.53.4 Byl IEL:-"\-LUU‘-?L«‘“?‘ e ‘_§-,§-Ja3
slase lling ledgn 8pmds § Adyg Bk Laipe chymn (K oladpd Bydads § Rmisly Byilee i ill] el 2uLLS o
oo Ll Ts 32 0985 0 Sy Byl By ey Sl (o JUS i Gt JWlsg 859 JS ) 5demd! oo e
3] sl lid! e Jgbol JLs
IO {IDPT-EA L EHAELS PRNONY REL TP B4 PIEE WS ISRy
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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deo -
AU Al 31 01 o paid < iin 938
cro 010 JU! | il any Liyboo Bl A6l ladgn Bpmds ol vl 8yidie Wl 8 Ol cealin! U
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ot
// 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.

1.
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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.*/

2024/2023 A5 Juad 8 1 kit i — diba slrall dustin — 5 jlial) daala https://manara.edu.sy/ 23


https://manara.edu.sy/

ool BSTF.CPP E‘}ﬁ‘ —alo
0)liaJl
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,

BSTF.CPP sl 5l ke
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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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AVLTrees

1-

2-Why AVL Trees?.

3-Operations on an AVL Tree

4-Rotating the subtrees in an AVL Tree

5- Advantages and Disadvantages of AVL Tree

6- Insertion in an AVL Tree

7-Deletion in an AVL Tree

8-Searching in an AVL Tree

O-lllustration of Insertion at AVL Tree
References

- Deitel & Deitel, Java How to Program, Pearson; 10th Ed(2015)
https://www.geeksforgeeks.org »
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An AVL tree defined as a self-balancing Binary Search Tree (BST) where the difference

berween he/'g/n‘s of left and r/'g/n‘ subtrees for an )% node cannot be more than one.

The difference between the heights of the left subtree and the right subtree for any node

is known as the balance factor of the node.

The AVL tree is named after its inventors, Georgy Adelson- Velsky and Evgenii Landis,

who published itin their 1962 paper “An algorithm for the organization of information”.
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AVL tree 2
AVL Tree
12
A
'8 18
\J— : \"'..—"'f
{f 5 K} (j?11 K} {f1 TK}
4

The tree on the left is AVL because
the differences between the
heights of left and right subtrees
for every node are less than or

equal to 1.
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Why AVL Trees?

Most of the BST operations (e.g., search, max, min, insert, delete.. etc) take O(h) time
where h is the height of the BST. The cost of these operations may become O(n) for
a skewed Binary tree. If we make sure that the height of the tree
remains O(log(n)) after every insertion and deletion, then we can guarantee an upper
bound of O(log(n)) for all these operations. The hejght of an AVL tree is

always O(log(n)) where n is the number of nodes in the tree.
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Operations on an AVL Tree:

. Insertion

. Deletion

. Searching [Itis similar to performing a search in BST]

Rotating the subtrees in an AVL Tree:
An AVL tree may rotate in one of the following four ways to keep itself balanced:

Left Rotation:

When a node is added into the right subtree of the right subtree, if the tree gets out of

balance, we do a single left rotation.
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Operations on an AVL Tree 2

LR LT T

Left Rotation:
When a node is added
into the right subtree of

the right subtree, if the
tree gets out of balance,
we do a single left
rotation

(anticlockwise rotation).

Right UnBalanced tree Left Rotation Balanced

L eft Rotation
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Right Rotation:

If a node is added to

the left subtree of the

left subtree, the AVL :

tree may get out of o o

balance, we do a single * »

right rotation 0 e @ 0

( clockwise rotation). 0 0
Left UnBalaced tree Right Rotation Balanced
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R, T

Left-Right

Rotation:

A Ieft—right rotation
is a combination in
which first left

rotation takes place

after  that  right

rotation executes.

Left-Right Rotation
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Right-Left

Rotation:

A right-left rotation
is a combination in
which  first  right
rotation takes place
after that left

rotation executes.

LR LT T

Right-Left Rotation
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Advantages of AVL Tree:
1. AVL trees can self-balance themselves.
2. ltissurely not skewed.
3. It provides faster lookups than Red-Black Trees

4. Better searching time complexity compared to other trees like binary tree.

5. Height cannot exceed Iogz(n), where, N is the total number of nodes in the tree.
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Disadvantages of AVL Tree:

1. ltis difficult to implement.

2. It has high constant factors for some of the operations.
3. Lessused compared to Red-Black trees.

4. Due toits rather strict balance, AVL trees provide complicated insertion and

removal operations as more rotations are performed.

5. Take more processing for balancing.
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Insertion in an AVL Tree

AVL Tree:

AVL tree is a self-balancing Binary Search Tree

(BST) where the difference between heights

12

of left and right subtrees cannot be more

11

than one for all nodes. /

Insert a node with value 2 The tree is not an 4

AVL tree

18

§ i)

2024/2023 G Juad 10a 1 clidara s — 43l glaa dia — 3 lal) daala https://manara.edu.sy/

53



https://manara.edu.sy/

Insertion in an AVL Tree 2 DA

12

11

The tree is not AVL because
the differences between the
heights of the left and right
subtrees for 8 and 12 are
greater than 1.

2

17

2024/2023 G Juad 10a 1 clidara s — 43l glaa dia — 3 lal) daala https://manara.edu.sy/

54


https://manara.edu.sy/

[

6)liaJl

Insertion in an AVL Tree 3

Insertion in AVL Tree:

To make sure that the given tree remains AVL after every insertion, we must augment the standard
BST insert operation to perform some re-balancing.

Following are two basic operations that can be performed to balance a BST without violating the

BST property (keys(left) < key(root) < keys(right)).
. Left Rotation
. Right Rotation

T1, T2 and T3 are subtrees of the tree, rooted with y (on the left side) or x (on the right side)
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y X
/\ Right Rotation /\

x 13 ------- > 11 y
AN S /\
T1 T2 L eft Rotation T2 T3

Keys in both of the above trees follow the following order
keys(T1) < key(x) < keys(T2) <key(y) < keys(T3)

So BST property is not violated anywhere.
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Left Left Case
1. Left Left Case

W

T1l, T2, T3 and T4 are subtrees.

Z

/ \
y T4

/ \
X T3

/\
T1 T2
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1. Left Left Case
Tl, T2, T3 and T4 are subtrees.

Z y
/ \ / 0\
y T4 Right Rotate (z) X Z
/N - -0)eLadl- - - > / 0\ /\
X 13 T1 T2 T3 T4
/ \
T1 T2
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2. Left RightCase

Z

/ \
y T4

/ \
T1 X

/ \
T2 T3
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2. Left RightCase
Z Z
/ \ / 0\
y T4 Left Rotate (y) X T4
/ \ e /\
Tl X y T3
/ \ /\
T2 T3 T1 T2
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2. Left RightCase
v Z X
/\ /o \ /[ \
y T4 Left Rotate (y) X T4 Right Rotate(z) y Z
/ \ - - - - - === s> /\ - - - - - == > [\ / \
1 x y T3 T1 T2 T3 T4
/ \ / \
T2 13 T1 T2
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3. Right Right Case
Z y
/ 0\ W N
Tl vy Left Rotate(z) Z X
/N - - - - - - > /\ / \
T2 X T1. 1T2. T3 T4
/\
T3 T4
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4. Right Left Case

Z

/ \
T1 y

/ \
X T4

/ \
T2 T3
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4. Right Left Case

Z

/ \
Tl y Right Rotate (y)

A
X T4

/ \
T2 T3

R, T

/ \
T1 X

/\
T2 y

/\
T3 T4
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deola
4. Right Left Case
y Z X
/ \ / \ /[ \
Tl y Right Rotate (y) Tl X Left Rotate(z) =z y
/' \ - - - - - - - --> /N - - - === == [\ / \
x T4 T2 vy T1 T2 T3 T4
/ \ /[ \
T2 T3 T3 T4
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Illustration of Insertion at AVL Tree 2 %

Insert Node with value 3 //\ O
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Illustration of Insertion at AVL Tree 3 [A
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. (30)
A ) ()

y

+2
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Illustration of Insertion at AVL Tree 3 [AV
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+2 A

+1

Insert 45

Left rotate, node with value 30
Taken as plvot
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Right rotation,

<10 as pivot

Left rotation,
5 as pivot
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Insert 15
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Insert 15

Left Rotation, 9

U
Right Rotation, 16
as pivot
0

+1
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Illustration of Insertion at AVL Tree 5 PAV
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// C++ program to delete a node from AVL-Free
#include<iostream>
using namespace std;
// An AVL tree node
class Node { public: int key; Node *left; Node *right; int height; };

// A utility function to get maximum of two integers
int max(int a, int b);

// A utility function to get height of the tree
int height(Node *N) { if (N == NULL) return 0; return N->height; }

// A utility function to get maximum of two integers
int max(int a, int b) { return (a > b)? a : b; }

/* Helper function that allocates a new node with the given key and
NULL left and right pointers. */
Node* newNode(int key) { Node* node = new Node(); node->key = key;
node->left = NULL; node->right = NULL;
node->height = 1; // new node is initially added at leaf

_ return(node); }
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Illustration of Insertion at AVL Tree 5 PAY/

6 Lol . . .
// A utility function to right rotate subﬁ?%éqrooted with y See the diagram given above.
Node *rightRotate(Node *y) { Node *x = y->left; Node *T2 = x->right;
x->right = y; y->left = T2; // Perform rotation

// Update heights

y->height = max(height(y->left), height(y->right)) + 1;

x->height = max(height(x->left), height(x->right)) + 1;
return x; // Return new root

}
// A utility function to left rotate subtree rooted with x
// See the diagram given above.
Node *leftRotate(Node *x) { Node *y = x->right; Node *T2 = y->left;
y->left = x; x->right = T2; // Perform rotation
// Update heights
x->height = max(height(x->left),height(x->right)) + 1;
y->height = max(height(y->left),height(y->right)) + 1;
return y; // Return new root
}
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// Get Balance factor of node N T
int getBalance(Node *N) { if (N == NULL) return 0;
return height(N->left) - height(N->right); }

Node* insert(Node* node, int key) { /* 1. Perform the normal BST rotation */
if (node == NULL) return(newNode(key));
if (key < node->key) node->left = insert(node->left, key);
else if (key > node->key)node->right = insert(node->right, key);
else return node; // Equal keys not allowed

/* 2. Update height of this ancestor node */
node->height = 1 + max(height(node->left), height(node->right));

/¥ 3. Get the balance factor of this ancestor node to check whether
this node became unbalanced */
int balance = getBalance(node);

// If this node becomes unbalanced, then there are 4 cases Left Left Case
if (balance > 1 & key < node->left->key)return rightRotate(node);

// Right Right Case
if (balance < -1 && key > node->right->key)return leftRotate(node);
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// Left Right Case
if (balance > 1 & key > node->left->key){ node->left = leftRotate(node->left);
return rightRotate(node); }

// Right Left Case
if (balance<-1 && key < node->right->key){node->right = rightRotate(node->right);
return leftRotate(node); }

/* return the (unchanged) node pointer */
return node; }

/* Given a non-empty binary search tree, return the node with minimum key value
found in that tree. Note that the entire tree does not need to be searched. */
Node * minValueNode(Node* node) { Node* current = node;

/* loop down to find the leftmost leaf */
while (current->left != NULL) current = current->left; return current;

}
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Illustration of Insertion at AVL Tree 5 [A
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// Recursive function to delete a node with given key from subtree with
// given root. It returns root of the modified subtree.
Node* deleteNode(Node* root, int key) { // STEP 1: PERFORM STANDARD BST DELETE

if (root == NULL) return root;

// If the key to be del is smaller than the root's key, then it lies in left subtree
if ( key < root->key ) root->left = deleteNode(root->left, key);

// If the key to be del is greater than the root's key, then it lies in right subtree
else if( key > root->key ) root->right = deleteNode(root->right, key);

// if key is same as root's key, then This is the node to be deleted
else { // node with only one child or no child
if( (root->left == NULL) || (root->right == NULL) )
{ Node *temp = root->left ? root->left :root->right;

if (temp == NULL) { temp = root; root = NULL; } // No child case
else // One child case
*root = *temp; // Copy the contents of the non-empty child
free(temp); }
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else { // node with two children: Get the inorder
Node* temp = minValueNode(root->right); // successor (smallest in the right subtree)
root->key = temp->key; // Copy the inorder successor's data to this node

root->right = deleteNode(root->right, temp->key); // Delete the inorder successor

}

if (root == NULL) return root; // If the tree had only one node then return

// STEP 2: UPDATE HEIGHT OF THE CURRENT NODE
root->height = 1 + max(height(root->left), height(root->right));

// STEP 3: GET THE BALANCE FACTOR OF THIS NODE (to check whether this
// node became unbalanced)
int balance = getBalance(root);

// If this node becomes unbalanced, then there are 4 cases // Left Left Case
if (balance > 1 && getBalance(root->left) >= 0) return rightRotate(root);

2024/2023 (5 Juab 105 1 b i — dofila slas wdih — 5 jial) daals https://manara.edu.sy/ 85


https://manara.edu.sy/

lllustration of Insertion at AVL Tree 5 [AD
6)Lial]
// Left Right Case
if (balance > 1 & getBalance(root->left) < @) {root->left = leftRotate(root->left);

return rightRotate(root); }

// Right Right Case
if (balance < -1 && getBalance(root->right) <= @) return leftRotate(root);

// Right Left Case
if (balance < -1 && getBalance(root->right)»>0){root->right=rightRotate(root->right);

return leftRotate(root);
}

return root;

}

// A utility function to print preorder traversal of the tree.
// The function also prints height of every node
void preOrder(Node *root) { if(root != NULL)
{cout << root->key << " "; preOrder(root->left);preOrder(root->right); }

}
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// Driver Code
int main()
{ Node *root = NULL;
/* Constructing tree given in the above figure */

root = insert(root, 9); root = insert(root, 5);
root = insert(root, 9); root = insert(root, 6);
root = insert(root, -1); root = insert(root, 1);

/* The constructed AVL Tree would be
9

/ \
1 10

root
root
root

insert(root, 10);
insert(root, 11);
insert(root, 2);
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cout << "Preorder traversal of the constructed AVL tree is \n";
preOrder(root);

root = deleteNode(root, 10);
/* The AVL Tree after deletion of 10

*/

cout << "\nPreorder traversal after deletion of 10 \n";
preOrder(root);
system("pause"”); return 0;

}
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