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Binary Search Trees
Hedefler

- [kili arama agacimi olusturmak ve gerceklestirmek.

« Ikili arama agac1 ADT’ nin calismasin1 anlamak.

- Ikili arama agac1 ADT’sini kullanarak uygulamalar yazmak.
 BST kullanarak liste tasarlamak ve gerceklestirmek

Data Structures: A Pseudocode Approach
with C 2



BST Tanimi

[kili arama agaci1 (Binary Search Tree),
asagidaki ozelliklere sahip bir 1kil1 agactir:

= Sol alt agactaki tiim elemanlar kokten daha
kticuktir.

= Sag alt agactaki tiim elemanlar kokten biiyiik
veya koke esittir.

= Her alt agacin kendisi 1kili bir arama agacidir.

Data Structures: A Pseudocode Approach with C, Second Edition



Temel Kavramlar

Ikili arama agaclar: bir listede arama yapmak
icin ve aymi zamanda listeye veri eklemek/silmek
icin miikemmel Dir yapi saglar.

Data Structures: A Pseudocode Approach with C, Second Edition 4



BST Tanim

Genel olarak, her bir diiglim tarafindan temsil edilen bilgi,
tek bir veri elemani yerine bir kayittir. Ikili arama agaci
tanimi bir kayda uygulandiginda, siralama 6zellikleri kaydin

anahtarina atifta bulunur.

tﬂ < K all >= K

Binary Search Tree



Binary Search Trees
C17 D

£ %

Valid Blnary Search Trees

D

(a), (b) - complete (eksiksiz) and balanced (dengeli) trees;
(d) — nearly complete and balanced tree;

(c), (e) — neither complete nor balanced trees



Binary Search Trees

(c) (d)

Invalid Binary Search Trees

Data Structures: A Pseudocode Approach with C, Second Edition



BST Operations

Dort temel BST isleminden bahsedilir:
gezinme, arama, ekleme ve silme;

* Traversals
« Searches
 Insertion
e Deletion

Data Structures: A Pseudocode Approach with C, Second Edition
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Binary Tree Traversal

Data Structures: A Pseudocode Approach with C, Second Edition



Binary Search Trees

Example of a Binary Search Tree

Preorder traversal?

Postorder traversal?
Inorder traversal?




Preorder Traversal

Example of a Binary Search Tree

2318 12 20 44 35 52




Postorder Traversal

Example of a Binary Search Tree

12 20 18 3552 44 23




Inorder Traversal

Example of a Binary Search Tree

12 18 20 23 35 44 52

Ikili arama agacim inorder gezinme/dolasma
siral1 bir liste olusturur.




Right-Node-Left Traversal

Example of a Binary Search Tree

5244 3523201812

Ikili arama agacini «Right-Node-Left » gezinme
azalan siral liste turetir.




Three BST search algorithms:

= Find the smallest node
= Find the largest node
= Find a requested node

Data Structures: A Pseudocode Approach with C, Second Edition
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Binary Search Trees
Find the smallest value

algorithm findsmallestBST (val root <pointer>)

If (root->left null)
return (root)
return findsmallestBST (root->left)
end findsmallestBST

Left Subtree
not Empty

Left Subtree
not Empty

[ Left Subtree }

[Empty-Retur

44

FIGURE 7-5 Find Smallest Node in o BST



Binary Search Trees

From calling To calling
algorithm algorithm
/ QY
—
if (...) o
return(root) Q%
return findSmallestBS(T...) = — PO\{\
/ N
™
it ( ...) e
return(root) &'5‘
returnfindSmallestBS(T...) PO@
Root
, (third call)
if (..) QY
return(root) —_ - ‘\0
return findSmallestBS(T...) Pointe

Find the smallest node in BST.
Figure 8-5



Binary Search Trees
Find the largest value

algorithm findlargestBST (val root <pointer>)

1. if (root->right null)

1. return (root)
2. return findlargestBST (root->right)
end findlargestBST



Search a BST

Agacta belirli bir dugumu arama/bulma!

An ordered array

12 | 18 | 20 | 23 | 35 | 44 | 52

Search points in binary search




Binary Search Trees
Find the specific value

algorithm searchBST (val root <pointer>, val targetKey <key>)

If (root is null)
return null
If (targetKey < root->key)
return searchBST (root->left, targetKey)
else If (targetKey > root->key)
return searchBST (root->right, targetKey)
else
return root
end searchBST



20 numarah dugiumu ariyoruz...

Argument: 20 A
1 if (root is null *
1 réturn null ) o . Root
2 end if b first call
3 if (argument < root->key) <
— I return searchBS'T (root->left, E) .. ]—J
4 elseif (argument > root->key) A
1 return searchBST (root->r1ght E)
5 else
1 return root
6 end if

Root

1 if (root is null)
1 return null
2 end if
3 if (argument < root->key)
I return searchBST (root->left, E)
4 elseif (argument > root->key)

| return searchBST (root->right, E)

.

5 else
1 return root
6 end if

1 if (root is null)
1 return null
2 end if
3 if (argument < root->key)
1 return searchBST (root->left, E)
4 elseif (argument > root->key)
1 1return searchBST (root->right, E)
5 else

L (7 01 191u10d UIN}OY >

[ T return root |

6 end 1f

second call

third call

NS

An ordered array

‘12|18|20|23|35]44|52|

Search points in binary search




BST Insertion

= Veri eklemek 1¢in tek yapmamiz gereken bos bir
alt agaca (empty subtree) kadar dallar1 takip
etmek ve sonra yeni diigiimii eklemek.

= Bagka bir deyisle, tiim eklemeler bir yaprakta
veya yvaprak benzeri bir diigiimde (leaf-like
node) gerceklesir.

= leaf-like node: sadece bir tane bos alt agaci olan bir
digim

Data Structures: A Pseudocode Approach with C, Second Edition 22
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FIGURE 7-8 BST Insertion
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Binary Search Tree — Insert Node

Tree Tree

(a) Before inserting 19 (b) After inserting 19

Tree Tree

20 3

(c) Before inserting 38 (d) After inserting 38



ALGORITHM 7-4 Add Node to BST

Algorithm addBST (root, newNode)
Insert node containing new data into BST using recursion.

Pre root is address of current node in a BST
newNode is address of node containing data
Post newNode inserted into the tree

Return address of potential new tree root
1 if (empty tree)

1 set root to newNode

2 return newNode
2 end if

Locate null subtree for insertion
3 if (newNode < root)

1 return addBST (left subtree, newNode)
4 else

1 return addBST (right subtree, newNode)
5 end if
end addBST

Data Structures: A Pseudocode Approach with C, Second Edition
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newNode < root
qo left

newNade = root
go right

Subtree empty
Insert hera

FIGURE 7-9 Trace of Recursive BST Insert

Data Structures: A Pseudocode Approach with C, Second Edition
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Binary Search Tree — Insert Node
Iterative Algorithm

algorithm insertBST (ref root <pointer>, val new <pointer>)

If (root is null)
root = new
else
pwalk = root
loop (pwalk not null)
parent =pwalk
If (new->key < pwalk->key)
pwalk=pwalk->left
else pwalk=pwalk->right

If (new->key < parent->key)
parent->left=new
else parent->right=new
return
end insertBST



Deletion

s Bir diigimii silerken asagidaki muhtemel
durumlar vardir:

= Silinecek diigiimiin ¢ocugu yoktur (no child). Bu durumda
tek vapmamiz gereken diigimi silmek.

= Silinecek diiglimiin sadece bir sag alt agaci vardir.
Digimi siler ve sag alt agaci, silinmis diigumiin
ebevevynine tutttururuz/baglariz.

= Silinecek diigiim sadece sol alt agaca sahiptir. Digiimi
siler ve sol alt agaci, silinmis digumiin ebeveynine
tutttururuz/baglarnz.

= Silinecek diigiimiin iki alt agaci vardir. Bir diigiimii agacin
ortasindan silmek miimkiindiir, ancak sonu¢ ¢ok dengesiz
agaclar olusturma eglhmmdedlr (Cozlim, sol alt agacin en
biiyiik elemanini veya sag alt agacin en kiiciik elemani
koke tasimak.

Data Structures: A Pseudocode Approach with C, Second Edition 28



Binary Search Tree — Delete Node

Before After

Before Tree F Tree ! After

(b) Delete node (44) with no left child




Binary Search Tree — Delete Node

(c) Delete node (18) with no right child

Before '! Tree ! Tree After

(d) Delete node 23 with two children




Deletion from the middle of a tree

= Dugumi silmek yerine, silinen verilerin yerini
alacak veriler1 bularak mevcut yapiy1r miimkiin
oldugunca korumaya calisiriz. Bu 1ki yoldan
biriyle yapailabilir.
» Silinen diigiimiin sol alt agacindakl en biiyiik

diigiimi bulabilir ve onun verisi silinen diigiimiin
verisinin yerini alir.

» Silinen diigiimiin sag alt agacindaki en kiiciik
diigiimii bulabilir ve onun verisi silinen diigiimiin
verisinin yerini alir.




= ) | s o
ay ;
Gy & Gy @
O OE @ O e @
@ @ @ (z2>

Largest key on
left subtree

(a) Find ditKey (b) Find largest

[ Move largest
data here

Largest node
deleted

(c) Move largest data (d) Delete largest node

FIGURE 7-10 Delete BST Test Cases

Data Structures: A Pseudocode Approach with C, Second Edition 32



Binary Search Tree — Delete Node

algorithm deleteBST (ref root <pointer>, val dltkey <key>)
This algorithm deletes a node from BST.
Pre root is pointer to tree containing data to be deleted,
dltkey is key of node to be deleted.
Post node deleted & memory rcycled, if dltkey not found, root unchanged.

Return true if node deleted, false if not found.



= @ [ z=r)
If (root null) - oy @

1 return false
If (dltkey < root->key) return deleteBST(root->left, ditkey) @ @&
else If (ditkey > root->key) return deleteBST (root->right, dltkey)
else

If (root ->left null)
ditPtr=root, root =root->right, recycle(dItPtr), return true
else If (root->right null)
ditPtr=root, root =root->left,  recycle(dItPtr), return true
else
dItPtr = root->left
loop (dItPtr->right not null)
ditprt=dltprt->right e — :
root->data =dItPtr->data 5
return deleteBST (root->left, dItPtr->data.key) 5
end deleteBST

Binary Search Tree — Delete Node




Binary Search Tree ADT

e Data Structure
» Algorithms

Data Structures: A Pseudocode Approach with C, Second Edition 35



User program

main compare process

ADT

Public functions

BST_Create BST_Count BST_Full BST_Empty

BST_Destroy

BST Insert B5T Delete BST Retrieve| [BST Traverse
_insert _delete retrieve _traverse
_destroy

Private functions

FIGURE 7-11 BST ADT Design

Data Structures: A Pseudocode Approach with C, Second Edition



BST_TREE

count  roof compare

y ¥

to to
tree compare

NODE

left  dataPtr  right

vy v

to to )
left  data right
subtree subtree

typedef struct

{

int count;

int (*compare)
(void* arqul,
vold* argu);

NODE* root:

} BST TREE;

typedef struct node
{

void® dataPtr;

gstruct node* left;

struct node* right;
} NODE:

FIGURE 7-12 BST Tree Dota Structure

Data Structures: A Pseudocode Approach with C, Second Edition
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PROGRAM 7-1

BST Declarations

1 | /* Header file for binary search tree (BST). Contains
2 structural definitions and prototypes for BST.

3 Written by:

4 Date:

5| */

6 | #include <stdbool.h>

2

8 | // Structure Declarations

9 | typedef struct node

10 {

11 void* dataPtr:

12 struct node* left:

13 struct node* right;

14 } NODE:

15

16 | typedef struct

17 {

18 int count;

19 int (*compare) (wvoid* argul, void* argul):
20 NODE* root;
21 } BST TREE;
22
23 | // Prototype Declarations
24 BST _TREE* BST Create

25 (int (*compare) (void* argul, void* argu2)):;
26 BST_TREE* BST Destroy (BST_TREE* tree);

27

28 bool BST_Insert (BST_TREE* tree, void* dataPtr);
29 bool BST Delete (BST_TREE* tree, void* dltEKey);
30 void#* BST_Retrieve (BST_TREE* tree, void* keyPtr);
31 void BST Traverse (BST TREE* tree,

32 B void (*process) (void* dataPtr)):
33

34 bool BST Empty (BST_TREE* tree);

35 bool BST Full (BST_TREE* tree);

36 int BST Count (BST_TREE* tree);

37

38 static NODE* _insert

39 (BST TREE* tree, NODE* root,

38



Create a BST

PROGRAM 7-2 Create BST App“cuﬁon Interface

00 =] On N s L B =

B B B B B B e e e e e b e e e
o W b = O WO 00 =] O N o W R = O WD

‘,.-’*

*/

= BST Create = ==
Allocates dynamic memary for an BST tree head
node and returns its address to caller
Pre compare is address of compare function
used when two nodes need to be compared
Post head allocated or error returned
Return head node pointer: null if overflow

BST TREE* BST Create

{
!/

//

(int (*compare) (void* argul, void* argu?))

Local Definitions
BST TREE* tree;

Statements
tree = (BST TREE*) malloc (sizeof (BST TREE));
if (tree)

{

tree->root = NULL;
tree=>count = 0;
tree->compare = compare;
} // if

return tree;
// BST Create

39



Insert a BST

PROGRAM 7-3 Insert BST Application Interface

o L B =

J.l'r* =======s======x==== RBST In=sert ====s=css=s=s=========x=

This function inserts new data into the tree.
Pre tree is pointer to BST tree structure
Post data inserted or memory overflow
Return Success (true) or Overflow (false)

00 =1

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

*/
bool BST Insert (BST_TREE* tree, void* dataPtr)
{
// Local Definitions
NODE* newPtr;

// Statements
newPtr = (NODE*)malloc(sizeof(NODE)):
if (!newPtr)
return false:

newPtr->right = NULL;
newPtr->left = NULL;
newPtr->dataPtr = dataPtr:
if (tree->count == 0)

tree->root = newPtr;
else

_insert(tree, tree->root, newPtr);

(tree->count)++;
return true:
} // BST Insert

40



PROGRAM 7-4

Internal Insert Function

Internal Insert Function

1| /*= _insert = ==
2 This function uses recursion to insert the new data
3 into a leaf node in the BST tree.
4 Pre Application has called BST Insert, which
5 passes root and data pointer
6 Post Data have been inserted
7 Return pointer to [potentially] new root
g8 | */
9 | NODE* _insert (BST TREE* tree, NODE* root, NODE* newPtr)
10 | {
11 | // Statements
12 if (!root)
13 // if NULL tree
14 return newPtr:
15
16 // Locate null subtree for insertion
17 if (tree->compare(newPtr->dataPtr,
18 root->dataPtr) < 0)
19 {
20 root->left = insert(tree, root->left, newPtr);
21 return root:
22 } // new < node
23 else
24 // new data >= root data
25 {
26 root->right = insert(tree, root->right, newPtr);
27 return root;
28 } // else new data >= root data
29 return root:
30 | » // _insert

Bu 6zyinelemeli bir
fonksiyon oldugu icin
bir temel durumu
olmalidir. Temel
durumu neresidir?

5
18 .
2 G &
G

(b) After inserting 19

41



Delete a BST

PROGRAM 7-5 Delete BST Application Interface

1| /* = = BST Delete ==
2 This function deletes a node from the tree and
3 rebalances it if necessary.
4 Pre tree initialized--null tree is OK
5 dltEKey is pointer to data structure
6 containing key to be deleted
7 Post node deleted and its space recycled
8 -or- An error code is returned
9 Return Success (true) or Not found (false)
10 | */
11 | bool BST Delete (BST_TREE* tree, void* dltKey)
12 | {
13 | // Local Definitions
14 bool success:
15 NODE* newRoot:
16
17 | // statements
18 newRoot = delete (tree, tree->root, dltKey,
19 B &success);
20 if (success)
21 {
22 tree->root = newRoot;
23 (tree->count)--:;
24 if (tree->count == 0)
25 // Tree now empty
26 tree->root = NULL:
27 y /) if
28 return success:
29 | } // BST Delete

42



PROGRAM 7-6 Internal Delete Function Internal Delete Function

1| /% ==== ===== delete ====================
2 Deletes node from the tree and rebalances

3 tree if necessary.

4 Pre tree initialized--null tree is OK

5 dataPtr contains key of node to be deleted
6 Post node is deleted and its space recycled

7 -or- if key not found, tree is unchanged
8 success 1is true if deleted; false if not
9 Return pointer to root

10 | */

11 | NODE* delete (BST TREE* tree, NODE* root,

12 void* dataPtr, bool* success)

13 | {

14 | // Local Definitions

15 NODE* dltPtr;

16 NODE* exchPtr;

17 NODE* newRoot;

18 void* holdPtr;

19

20 | // Statements

21 if (!root)

22 {

23 *success = false;

24 return NULL;

25 y // if

26

27 if (tree->compare(dataPtr, root->dataPtr) < 0)

28 root->left = _delete (tree, root->left,
29 dataPtr, success);

30 else if (tree->compare(dataPtr, root->dataPtr) > 0)
31 root->right = delete (tree, root->right,
32 dataPtr, success);

33 else

34 // Delete node found--test for leaf node 43
35 {




33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

57
58

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

else
// Delete node found--test for leaf node
{
dltPtr = root;
if (!root->left)
// No left subtree
{
free (root->dataPtr);
newRoot = root->right;
free (dltPtr);
*success = true;
return newRoot;
Yy // if true
else
if (!root->right)
// Only left subtree
{
newRoot = root->left;
free (dltPtr);
*success = true;
return newRoot;
Yy // if
else
// Delete Node has two subtrees

{
exchPtr = root->left;

// Find largest node on left subtree
while (exchPtr->right)
exchPtr = exchPtr->right;

// data memory
// BST Node

// base case

// base case

// Exchange Data
holdPtr
root->dataPtr
exchPtr->dataPtr
root->left =
_delete (tree, root->left,
exchPtr->dataPtr, success);

= root->dataPtr;
exchPtr->dataPtr;
holdPtr;

} // else
} // node found
return root;
// _delete

Internal Delete Function

Move largest
data here




Retrieve a BST

Alma (Retrieve) fonksiyonu, istenen diigiim bulunana
kadar agacin sol-sag yapisimi takip eder. Bulundugunda,
verinin adresi ¢cagiran fonksiyona dondiriiliir. Veri
bulunmazsa, bos bir isaretci dondiiruliir.

PROGRAM 7-7 Retrieve BST Application Interface

1 [* =================== BST Retrieve ===================
2 Retrieve node searches tree for the node containing
3 the requested key and returns pointer to its data.
4 Pre Tree has been created (may be null)

5 data is pointer to data structure

6 containing key to be located

7 Post Tree searched and data pointer returned
g Return Address of matching node returned

9 If not found, NULL returned

10 | */

11 | void* BST Retrieve (BST TREE* tree, void* keyPtr)

12 | {

13 | // Statements

14 if (tree->root)

15 return retrieve (tree, keyPtr, tree->root);

16 else -

17 return NULL;

18 | } // BST Retrieve




PROGRAM 7-8

Internal Retrieve Function

Internal Retrieve Function

l | /# s=s===========c====== retrieve sss=s====c=c=c====o==
2 Searches tree for node containing requested key

3 and returns its data to the calling function.

4 Pre _retrieve passes tree, dataPtr, root

5 dataPtr is pointer to data structure

[ containing key to be located

7 Post tree searched; data pointer returned

8 Return Address of data in matching node

9 If not found, NULL returned

10 | */

11 | void* retrieve (BST_TREE* tree,

12 void* dataPtr, NODE* root)

13 | {

14 | // Statements

15 if (root)

16 {

17 if (tree->compare(dataPtr, root->dataPtr) < 0)
18 return retrieve(tree, dataPtr, root->left);
19 else if (tree->compare(dataPtr,

20 root->dataPtr) > 0)

21 return retrieve(tree, dataPtr, root->right);
22 else

23 // Found equal key

24 return root->dataPtr;

25 } // if root

26 else

27 // Data not in tree

28 return NULL;

29 | ¥ // _retrieve

46



Traverse a BST

« Bu gezinme (Travese) fonksiyonu, inorder gezinmeyi kullanir ve diigiimii
islemek icin «processy isimli uygulamaya bagli bir fonksiyonu ¢agirir.
* Gezinme isi standarttir fakat uygulama tarafindaki diigiim isleme fonksiyonu
standart degildir.
> Bu nedenle uygulama, gezinme fonksiyonunu her ¢agirdiginda ayrica
veriyi isleyecek fonksiyonun adresini de bu fonksiyona iletmelidir.
« Isleme fonksiyonu sadece bir parametre kullanir: islenecek diigiimiin adresi

PROGRAM 7-9 Traverse BST ﬁ\pphcaﬁcn Interface

/* =================== BST Traverse ===================
Process tree using inorder traversal.
Pre Tree has been created (may be null)
process “visits” nodes during traversal
Post Nodes processed in LNR (inorder) seguence
*/
void BST Traverse (BST TREE* tree,
void (*process) (void* dataPtr))

W00 =] O N o L B

{

10 | // statements

11 _traverse (tree->root, process);
12 return:

13 |+ // end BST Traverse

47



Internal Traverse Function

PROGRAM 7-10 Internal Traverse Function

2 Inorder tree traversal. To process a node, we use
3 the function passed when traversal was called.
4 Pre Tree has been created (may be null)
5 Post All nodes processed
6 | */
7 | void traverse (NODE* root,
8 void (*process) (void* dataPtr))
9 | {
10 | // Statements
11 | if (root)
12 {
13 _traverse (root->left, process);
14 process (root->dataPtr);
15 _traverse (root->right, process);
16 Yy // if
229 | /¥ ==ss—cscsccocoocoo- EEEESEESEN ======sssoooooooooooo
17 return; 230 Print one student's data.
18 } J,."‘,." traverse 231 Pre stu is a pointer to a student
- 232 Post data printed and line advanced
233 | */
234 | void processStu (void* stuPtr)
235 {
236 | // Local Definitions
237 STUDENT asStu;
238
239 | // Statements
240 aStu = *(STUDENT*)stuPtr;
241 printf("304d 3%-40s 34.1f\n",
242 aStu.id, aStu.name, aStu.gpa):;
243 return;
244 | } // processStu

o




Destroy a BST

Silinmesi gereken tiim verileri ve diigiimleri bulmak i¢in agaci gezinmemiz

gerektiginden, fiziksel silmeleri yapmak i¢in 6zyinelemeli bir fonksiyon ¢agiririz.

PROGRAM 7-14 Destroy BST App“caﬁon Interface

00 =] On N b L B e

= Sy =y
O =] o N s W B = O WO

/* =============== BST Destroy ==============
Deletes all data in tree and recycles memory.
The nodes are deleted by calling a recursive
function to traverse the tree in inorder sequence.

Pre tree is a pointer to a valid tree
Post All data and head structure deleted
Return null head pointer

*f

BST TREE* BST Destroy (BST TREE* tree)

{

// Statements
if (tree)

_destroy (tree->root);

// BAll nodes deleted. Free structure
free (tree);
return NULL;

} // BST Destroy

49



Internal Destroy Function

Internal Destroy Function

(.3 I SR S S ]

[* = = destroy == ==
Deletes all data in tree and recycles memory.
It also recycles memory for the key and data nodes.
The nodes are deleted by calling a recursive
function to traverse the tree in inorder sequence.

Pre root is pointer to wvalid tree/subtree
Post All data and head structure deleted
Return null head pointer

*/

void _destroy (NODE* root)

{

// Statements
if (root)
{
_destroy (root->left);
free (root->dataPtr);
_destroy (root->right);

free (root); 18 0
y //if
return; B @ &
} // _destroy @)

50




Lab Uygulamasi

Kitaptaki PROGRAM 7-16 BST Integer
Application 6rnek uygulamasinda BST ADT’ nin
kullanim bi¢cimi incelenecek ve uygulama
calistirilacak.



AVL Search Trees

Data Structures: A Pseudocode Approach
with C



AVL Trees

1962 yilinda, iki Rus matematikc¢i, G.M. Adelson-Velskil ve
E. M. Landis dengeli bir ikili agac¢ yapisi olusturdu ve bu yapi
onlardan sonra AVL agaclar1 adiyla anildi.

(b) An AVL tree O(Iogzn)
IH -Hg| <=1

Height balanced trees

<

(a) An unbalanced BST




AVL Trees

Bir AVL agaci, bos ya da asagida gosterildigi gibi ylikseklikleri
1'den bliyiik olmayan 1ki AVL alt agaci olan T ve Ty'den olusan ikili
bir agactir.

H-Hgl <=1

(b) An AVL tree



(a) Tree 23 appears balanced: H; - Hg = 1

RH ]
EH

(c) Subtree 44 is balanced:
| H; - Hy | =1

(b) Subtree 18 appears balanced:
H; - Hg = 1



AV L Trees — Balancing

Agaca bir dugiim ekledigimizde veya bir diigiimu agactan sildigimizde,
ortaya cikan agac¢ dengesiz olabilir ve onu yeniden dengelemeliyiz.

{Out of balance After
EH |
(a) Case 1: left of left
Before Out of balance After
at 14




Before After

Out of balance
at 18

EH ﬁ Insert 13 ]

(c) Case 3: right of left

Before (4 D After

RH

EH

Out of balance
at 14

Insert 19

(d) Case 4: left of right

Tim dengesiz agaclar bu dort durumdan birine uyar:
1. Left of left
Right of right

2.
3. Right of left
4. Leftof right




Dengede olmayan diigiimu
(out-of-balance node) saga
dondurerek solu yuksek

agaci dengeye getirmeliyiz.

Gski kok diigiim(18), sol alt
agacini (12) rotasyon esnasinda
kaybeder. (Yeni kok digiim 12
olur.) Dolayisiyla 18’in bosta
kalan sol koluna 14

Quttu rulur.

Left of left

Rotate right

X Out of balance
(left of left)

EH

(a1) After inserting 12

EH

EH

(a2) After rotation

(a) Simple right rotation

Out of balance
(left of left)

Rotate right

EH

(b1) After inserting 4

EH

EH

(b2) After rotation

EH

(b) Complex right rotation




Right of right

Dengede olmayan diigiimii Rotate ot
(out-of-balance node) sola | -

. . . . [ ut of bal_amce
dondurerek sagi yuksek (right of right)
agacl dengeye getirmeliyiz.

RH

EH

EH EH

Out of balance
(right of right)

EH EH EH

(b) Complex left rotation

Figure 8-16



Right of Left

1. ROtate Ieft First ro?;zorri];ht
2. Rotate right —

EH

EH EH

Second rotate
18 right

—

Kokun solu yuksek ve sol
alt agacin da saginin
yuksek birakildigr dengede
olmayan bir agag goruluyor.

(aright of left tree)

Bir dugumun (18) sol

yuksek birakildigi ve sol alt
agacinin (12) sag yuksek

oldugu bir dengede
olmayan agaci goruyoruz. (b) Complex double rotation right

(b3) After right rotation




1.
2.

Rotate right
Rotate left

Left of Right

First
rotate right

EH

EH

Second Q
rotate left

EH

First Second
rotate right rotate left

(b1) Original tree

EH
EH RH

EH EH EH

(b3) After left rotation

(b2) After right rotation

(b) Complex double rotation right

18




Denge Faktorlerini ayarlama
(Adjusting Balance Factors)

Bir ekleme veya silme 1sleminden sonra, agaci dengeledigimiz
icin denge faktorlerini ayarlamamiz gerekir.
Denge faktorlerinde yapilan ayarlamalar her durum i¢in ayri
ayr1 analiz edilmekle birlikte, genel bir oOriintli vardir:
» Eger eklemeden Once kok dengeliyse, eklemeden
sonra eklemenin yapildig: tarafi daha ytiksek hale
gelir.

» Eger ekleme, dengede olmayan agacin kisa olan alt
agaci tarafina yapilmissa, kok artik dengeye gelmaistir.

» Eger ekleme, dengede olmayan agacin yliksek tarafina
yapildiysa, kok dondiirtilmelidir.



AVL Tree Data Structure

Diger ADT yapilarinda oldugu gibi AVL agaci ADT'y1 de
«head structure» ve «node structurey ile uyguluyoruz.

N

typedef struct
AVL-TREE {

count root compare

int count:

NODE* root:

int (*compare) (void* argul, wvoid* argu2);
} AVL TREE;

NODE :Ypedef struct node
left dataPir bal right struct node* left:
vold* dataPtr:
int bal:
struct node* right;

} NODE;

Denge faktoru

AVL Tree Data Structure




AVL Head Structure

AVL agac¢ bas yapisi, AVL TREE,
= bir sayi,

= bir kok 1saretcisi ve

= listey1 aramak i¢in gereken karsilastirma
fonksiyonunun adresini igertir.

Uygulama programinin agaci goruis alan1 sadece
head structure’a isaret eden bir pointer’dir.



AV L Node Structure

Node
key <key type>
data <data type>
leftsubtree <pointer to Node>
rightsubtree <pointer to Node>
bal <LH, EH, RH>
End Node

#define LH +1
#define EH O
#define RH -1



AVL Insert

= Arama (search) ve alma/getirme (retrieval) algoritmalari, herhangi bir 1kili

agacinkiyle ayndir.

= Dogal olarak Inorder gezinme kullaniyoruz ¢ilinkii AVL agaglari, arama

agaclaridir.
= Bununla birlikte, ekleme ve silme algoritmalar1 yeniden yazilmalidir.

= Ikili arama agac1 olarak, sol veya sag alt afacta uygun yaprak diigiimiinii
bulmaliy1z, sonra bulunan bu tst/ebeveyn diglime yeni diigiimii baglayip
geriye dogru gitmeliyiz.

= Geriye dogru yukariya ¢iktik¢a her bir diiglimiin dengesini kontrol ederiz.
Dengesiz bir diigium bulursak onu dengeler ve agacta yukari dogru
devam edilir.

= AVL agac ile ikili arama agacinin fakhlastig1 nokta burasidir.



AVL Insert

= Biitiin eklemeler dengesiz bir durum yaratmaz.

STl — C18 D
LH Inserting 20 EH
Q balances Q @

EH EH EH
. 18D
[ Inserting 12 ? RH EH
balances @ o @
EH EH EH

Automatic AVL Tree Balancing




AVL Insert Algorithm

AVL Tree Insert

Before "':l'b

BE Algorithm AVLInsert (root, newData)

Using recursion, insert a node into an AVL tree.
@ @ Pre root 1s pointer to first node in AVL tree/subtree
EH EH newData is pointer to new node to be inserted
° 0 Post new node has been inserted
EH EH Return root returned recursively up the tree

EH 1 insert newData at root
2 return root
2 end if
3 if (newData < root)
1 AVLInsert (left subtree, newData)
2 1if (left subtree taller)
1 leftBalance (root)
3 end if
4 else
New data >= root data
1 AVLInsert (right subtree, newPtr)
2 if(right subtree taller)
1 rightBalance (root)
3 end if
5 end if
6 return root
end AVLInsert

<:::::> 1 if (subtree empty)
Insert at root
Insert 4

/Out of balance




AVL Left Balance Algorithm

Bir sol alt agaci1 dengeleme mantigi ve bir sag
alt agaci dengeleme mantigi birbirinin aynasi
(mirror) oldugundan, yalnizca sol alt agaci
dengeleme mantig1 verilmistir.

AVL Tree Left Balance ?

Algorithm leftBalance (root)
This algorithm is entered when the root is left high (the
left subtree is higher than the right subtree).
Pre root is a pointer to the root of the [sub]tree
Post root has been updated (if necessary)
1 if (left subtree high)
1 rotateRight (root)

2 else
1 rotateLeft (left subtree)
2 rotateRight (root)
o ot C12 D

(a1) After inserting 12 (a2) After rotation

(a) Simple right rotation

3 end if
end leftBalance




AVL Rotate Algorithms

algorithm rotateRight( ref root <tree pointer>)

root

To parent

. tempPr Rotate right
tempPtr = root->left &P
root->left = tempPtr->right
tempPtr->right = root

(a) After Step 1
root = tempPtr
tempPtr root
return
end rotateRight 19)
(c) After Step 3

root
To parent

tempPtr @

(b) After Step 2

root

(d) After Step 4




Odev: AVL RotateLeft Algorithm

algorithm rotateLeft( ref root <tree pointer>)

end rotatelLeft



AVL Rotate Algorithms

ALGORITHM 8-3 Rotate AVL Tree Right and Left

Algorithm rotateRight (root)
This algorithm exchanges pointers to rotate the tree right.

Pre root points to tree to be rotated

Post node rotated and root updated
1 exchange left subtree with right subtree of left subtree
2 make left subtree new root
end rotateRight

Algorithm rotateLeft (root)
This algorithm exchanges pointers to rotate the tree left.

Pre root points to tree to be rotated

Post node rotated and root updated
1 exchange right subtree with left subtree of right subtree
2 make right subtree new root
end rotateLeft




AVL Tree Delete Algorithm

= Ikili arama agacindaki gibi, tiim silme islemlerinin bir yaprak

dugiimunde yapilmasi gerekir.

= Silme mantigi, 1kili agacgtaki silme mantiginin aynisini izler

= Ilave olarak agaci dengeleme isleminin de icerir

= Ekleme mantiginda oldugu gibi, dengeleme agacta yukariya

: ALGORITHM 8-4 AVL Tree Delete
ciktikca gerceklesir.

Return pointer to root of [potential] new subtree

= Delete Right Balance DL e e

1 set success to false
2 return null
= Delete Left Balance > end if
3 if (dltEKey < root)
1 set left-subtree to AVLDelete(left subtree, dltKey,
success)

2 1if (tree shorter)
1 set root to deleteRightBalance(root)
3 end if
4 elseif (dltKey > root)
1 set right subtree to AVLDelete(root->right, dltKey,
success)
2 1f (tree shorter)
1 set root to deleteLeftBalance (root)
3 end if
5 else




Delete Right Balance

ALGORITHM 8-5 AVL Tree Delete Right Balance

Algorithm deleteRightBalance (root)
The [sub]tree is shorter after a deletion on the left branch.
If necessary, balance the tree by rotating.
Pre tree is shorter
Post balance restored
Return new root
1 if (tree not balanced)
No rotation required if tree left or even high
1 set rightOfRight to right subtree
2 1if (rightOfRight left high)
Double rotation required
1 set leftOfRight to left subtree of rightOfRight
Rotate right then left
2 right subtree = rotateRight (rightOfRight)
3 root = rotateLeft (root)
3 else
Single rotation required
1 set root to rotatelLeft (root)
4 end if
2 end if
3 return root
end deleteRightBalance




AV L Delete Balancing

Root

Rotate left
rightTree °
LH
RH EH
EH EH EH

(a) Right subtree is even balanced

Root

(b) Right subtree is not even balanced



Alstirmalar

Asagidaki sekildeki agaclardan hangisi gecerli bir ikili arama
agacidir ve hangisi degildir?

O ©
OO OO
9 & OO

Gt Gt




Alstirmalar

Inorder gezinme teknigiyle asagidaki ikili arama agacim

dolasin.

(49
(2 &

agacinda
inorder
verir?




Alstirmalar

Asagidaki ikili arama agaci bos bir agactan baslayarak ve
klavyeden veri girerek olusturulmustur. Veriler hangi sirayla

girilmistir? Birden fazla olasi dizi varsa, alternatifleri
belirleyin.

)
(28)
@) (e
(45



Alstirmalar

44, 66 ve 77’yi asagidaki ikili arama agacina ekleyiniz.



Alstirmalar

Asagidaki ikili arama agacindan 60’1 iceren diigiim siliniz.

©
(60) O
G & @® G




Alhstirmalar
Asagidaki AVL agaci dengeye getiriniz. Sonucun den%e faktorlerini

gosterin.

LH




Alhstirmalar

Asagidaki AVL agaci dengeye getiriniz. Sonucta ortaya
cikan agacin denge faktorlerini gosteriniz.




Alstirmalar

Asagida verilen AVL agaca 49°u ekleyin. Sonug yine bir AVL
agac olmahdir. Ortaya ¢ikan agactaki denge faktorlerini

gosteriniz. @

60
EH

50 @

LH EH

49 65 &0

EH EH EH



Alstirmalar

Siral olarak girilen asagidaki verileri kullanarak bir AVL agaci
olusturun. Nihai agactaki denge faktorlerini gosterin.

/7 10 14 23 33 56 66 /0 80

EH EH



Alstirmalar

Asagidaki AVL agactan degeri 70 olan diugumu silin.




