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Trees 1.53

Evample 7.22

Insert 65 into the AVL search tree shown in Flg 7.39(a). Figure 7. 39(b) shows the unbalanced
tree after insertion and Fig. 7.39(c) the rebalanced search tree after .RR rotation.

Unbalancea
AVL search tree
(b)

%.L rotation

Balanced AVL search

tree after LL rotation -
()
Fig. 7.37 .
Balanced . Unbalanced AVL
AVL search tree search tree after insertion
ol
Insert x

into By

————— -

1
~ Balanced AVL search
.tree after rotation



7.54 Dala Stctures with ©

q(-‘)
34
k\ Insort 65

o) et
(0) d (0)
Initial AVL search tree
(f') Unbalanced
B_(0) AVLse(ttt)r)ch troe
(0) (-1) / RA rotation
(0) (0) (0)

{

(+0)
Balancod AVL search
tree after RR rotation

(c)

 Fig. 7.39

LR and RL Rotations
The balancing methodology of LR and RL rotations are similar in nature but are mirror images of
one another. Hence we illustrate one of them viz., LR rotation in this section. Fig. 7.40 illustrates
the balancing of an AVL search tree using LR rotation.

In this case, the BF values of nodes A and B after balancing are dependent on the BF value of
node C after insertion. ;
If BF (C) = 0 after insertion then BF(A) = BF(B)=0, after rotation
If BF (C) = -1 after insertion then BF(A) = 0, BF(B) = 1, after rotation
If BF (C) = 1 after insertion then BF(A) = I, BF(B) = 0, after rotation

- o ¥ L BT e T ]
v e 4 N e >
o e '

Example 723 : i
Insert 37 into the AVL search tree shown in Flg 7.41(a). Figure 7.41(b) shows the imbalance in

the tree and Fig. 7.41(c) the rebalancing of the AVL tree using LR rotation. Observe how after”.
incertion BF(C = 39) = 1 leads to BF(A = 44) = -1 and BF(B = 30) = 0 after the rotation.

Amongst the rotations, LL and RR rotations are called as single rotations and LR and RL are
known as double rotations since, LR can be accomplished by RR followed by LL rotation and RL
can be accomplished by LL followed by RR rotation. The time complexity of an insertion operation
in an AVL tree is given by O(height)=0(log n). 2



Treas 7.5

Unbalanced
AVL search trae
aftar insarlion

C,;(’) | e (A“) (¢2)
Jo N
o/

P -
Incert xinto C - \
i i R 1L/ \._\‘
(8) \ Ay o (e \

«\ (0) N\

Balanced
AVL search tree

¥
’4—-—-3——- v+
h=-1=
—© Yo
(9
I
-+ =g
o4
AR o
x
O
-
o
o

Ar

Balanced AVL search

C, :Left suptree of C tree after Lg rotation

Cx "Right subtree of C

Flg. 7.40’

Unbalanced
AVL search tree

(b)

/LR rotation

Balanced AVL. search
tree alter rotation

(c)

Fig. 7.41



7.56 Data Structures with C

Construct an AVL search tree by inserting the following elements in the order of thei
occurrence.

64, 1, 44, 26, 13, 110, 98, 85

: ~ (+1)
. Insert 64, 1 : 64

(0).

(0)
Insert 14

LR rotation (0)

e

i
P

Insert 85



Troes 7.57

pELETION IN AN AVL SEARCH TREE

pletion of an clement in an AVL search tree proceeds as illustrated in procedures 7.6, 7.7 and
A 28 for deletion of an clement in a binary scarch tree. However, in the event of an
‘.Wc due to deletion, one or more rotations need to be applied to balance the AVL tree.
_~c1enon of a node X from the AVL tree, let A be the closest ancestor node on the path
A0 the root node, with a balance factor of +2 or -2. To restore balance the rotation is first
(ied as L or R depending on whether the deletion occurred on the left or right subtree of A.
- dcpcndmg on the value of BF(B) where B is the root of the left or right subtree of A, the R
mbalance 1s further classified as RO, R1 and R-1 or LO, L1 and L-1. The three kinds of R
sans are illustrated with examples The L rotations are but mirror images of these rotations.

3 otation .
:78)=0, the RO rotation is executed as illustrated in Fig. 7.43.

Unbatanced AVL search
tree after deletion of x

AVL search tree
before deletion of x

) (+2)

Deleate x

(0) Ag
———rs, B i -1-.
Bn h—1
B
Balanced AVL search MO x o _J_
+-

tree after RO Rotation

"% :node to be deleted

%0 rotation

Flg. 7.43

,..c725 B S
elete 60 from the AVL search tree shown in Flg 7.44(a). This calls for RO rotation to set right
" imbalance since deletion occurs to the right of node A = 46 whose BF(A = 46) = +2 and BF(B
'20) = 0. Figure 7.44(b) shows the lmbalance after deletion and Fig. 7.44(c) the balancing of the

"€ using RO rotation,



1.58 . Data Structures with C

Delete 60
Rl AvL;;ég,;cﬁ ;,;'.g'ef; s i Unbalanced AVL search tree
< ' - before deletion after deletion of 60
T (a) (b)
(+1)
RO rotation

: : Balanced AVL search tres after RO rotation
: © .

o

R1 ROTATION
If BE(B) = 1, the R1 rotation as illustrated in Fig. 7.45 is executed.

.; ﬁ S~ Srad ey oy e £ 8 St £ Sl obct
AP R s R P It
R Y

Example 736

" Delete 39 from the AVL search tree as shown in Flg 7.46(a). This calls for R1 rotation to set right
the imbalance since deletion occurs to the right of node A = 37 whose BF(A = 37) = +2 and BFE
= 26) = 1. Figure 7.46(b) shows the imbalance after deletion and Fia. 7.46(c) the balancing & Fae

tree usmg R1 rotation. .

R-1 Rotation
If BF(B) = -1, the R-1 rotation as lllustmted in Fig. 7.48 is executed.



Trees

AVL search tree Unbalanced AVL search
belore deletion of x treo after deletion of »

'j(ﬂ)

‘ (+1)
Bn
E‘
h-1"%
“ ¥

(+2)

Deleta x

Balanced AVL search
tree after R1 rotation

Fig. 7.45

Unbalanced AVL search tree
after deletion of 39

(b)

%ﬂ rotation

AVL search tree
before deletion

(a)

Balanced AVL search lree nlter R1 rotation

(c)

Fig. 7,46

7.59



7.60 Dats Btructures with ¢

AVL search tree before ‘ Untalanced A_:(L u‘a reh
deletion of » tres altar delstion of »

"‘-;,(*1)
(A ' ,
(1) / n‘,‘ : Deolets »°

U\pf“

-— T —a

x

%-1 Rotation

Balanced AVL search lree
after R-1 Rotation

Fig. 7.47

Ot & 1 @ p--',-r-—,— i lid’ ¥ tatom P et T, T

‘Example 7275 R LA

S DO SRR,

Delete 52 from the AVL search tree shown in Frg 7.48(a). This calls for R-1 rotation to set right
the imbalance since deletion occurs to the right of node A = 44 whose BF(A = 44) = +2 and BF(B

= 22) = -1, Figure 7.48(b) shows the 1mbalance after deletion and th 7 48(c) the balancmg of
the tree using R-1 rotation. B

Observe that LL and RO rotations are identical. Though LL and R} are also identical they yield
different balance factors. LR and R-] are identical, ‘

A similar discussion follows for LO, L1 and L-1 rotations,

Gwen the AVL search tree Show" 0 F'g 7. 49(3) delete the'listed elements:
120, 64, 130

hy ™
Y
.,




Trees 7.61

7 Delete 52

:} _
AVL search tree Unbalanced AVL search tree
before deletion C (0) after deletion
(a) (b)
(0) ’%-1 Rotation

(0)

Balanced AVL search tree after R-1 Rotation
: , (©) '

Flg. 7.48
11§ m-WAY SEARCH TREES

All the data structures discussed so far favor data stored in the internal memory and hence support
mernal information retrieval. However, to favor retrieval and manipulation of data stored in
femal memory, viz., storage. devices such as disks etc., there is a need for some special data
slructures, m-way search trees, B trees and B* trees are examples of such data structures which
f'ﬂd application in problems such as file indexing.
~ M-way search trees are generalized versions of binary search trees. The goal of m-way search
% is to minimize the accesses while retrieving a key from a file. However, an m-way search tree
o height h calls for O(h) number of accesses for an insert/delete/retrieval operation. Hence it pays
Y ensure that the height h is close to log,(n +1), because the number of elements in an m-way
*earch treg of height h ranges from a minimum of h to a maximum of m" —i. This implies that an
M-}\zay search tree of n elements ranges from a minimum height of log,(n +1) to a maximum
ight of 5, Therefore there arises the need to maintain balanced m-way search trees. B trees are

lanceg m-way search trees.
Deﬁnmon . ‘ '

;\n Mway search tree T may be an- empty tree. If T is non empty, it satisfies the following
ropel'ﬁey g

M For some integer m, known as order of the tree, each node is of degree which can reach a
Xt of s il'; other words, each node has, at most m child nodes. A node may be



