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glhafd Searc. Trees
How unbadanced could #he tree be?

L alr eaJJ, sorted ¢;L,au7‘ y reverse —sorted P Aear7, sorted . - -

{1 23 45— @ @@ (Q(Q@
+What could be Hhe worst-case Hue comp lex:+

O (depth ) — Q(n) or B(n)
* What would be ickal? O(/Oj IL) of 6((03 n,)



AVL ‘lrees

* A data structure , jnvented bd,‘ Adle Ison —V‘els/cd and L andrs
n 1961 #o batance 51"\0134 Search. Trees -

ESS@II_“'M{[Z/L AVL frees are BSTs with one extra /nVar:an+ [ru’é)
Ly free is alwads balanced/. Yt

- What does balanced mean?
by What )5 the crl+ena. 7%r‘ thot ?
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We need a. D/eferm‘m{s‘ﬁc aﬂﬂ@ddkl



HeBh:I“

o HeiaM- 010 & node
[t /mtjed'f shorfest path. 4o a

A descerdant fea
B, \C exauple: Node E -0
s N\ Node C — 1
D E Node A > 2
/ \ fost 8> 0
. HeiaH o4 an emphy, node  ° H«’a‘d’ o{ a tree

L, non - existing, child o# L The /{eav]e which 15 724‘#10)‘/' awa %om,
M# E }; ""1 ‘Hu root- 34
examgple : SAorting frouEorD +o A—2
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* Recursion :

height (node) = max(C lwgh of childreL)+4

How con we maintan the helgl&?
example: JLet'e add”’F
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’ O/l/{a, nodes in the path fo root
are offected.

‘ /’f we nserted recors ive«{yv,
we can vpdate the tree Jree .



Which. one ¢s vnbafancee/ 7 Who decides that ?
He, jl\:\* cbﬁerence befween slblmd; should not be more H-.an.Z
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What kind o% tree 1‘raw:sa(, a@w&h«» do we need 7

Pre - order [n - ocrder Post - order |- L4
2 17 17 |



Tree 6 Of the 7 Dwa rves void traverse(struct node™ root)

{
(root != NULL) {

traverse(root->left);
traverse(root->right);
printf("%s", root->key);

Post-order: Bashful, Grumpy, Doc, Sneezy, Sleepy, Happy



Which. one ¢s vnbafancee/ 7 Who decides that ?
He, jkﬂ- cleerence befween 5||olmd; Should not be more ﬂ.anl
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What kind o% tree 1‘rmmsa(, a@orh‘hm do we need 7

Post- ordler 1er,versa( 5 what we need hefc‘l
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Evercise : Jot!s rotate 13 riah‘f’

5 /11\25
1/ \7 18/ \30
6/ \8 15/ \20



Evercise : Jot!s rotate 13 m&h‘f 5\."11\ s
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Evercise : Jot!s rotate 13 m&h‘f 5.\”“\ 5
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Evercise : Jot!s rotate 13 r:&h‘f \.—-—11\ s
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/IMP le mentation_:

How %.nl are

Parent

N\

‘A\
void rightRotateRightChild(aviNode xparent){

aviNode *B;
aviNode *A;

B = parent—>right;

A = B—>left;
parent->right=A;
B—>left = A—>right;
A->right= B;




/nser+ 6 intg the 4ree :
L Let's check i the 4ree is a valid B8ST
Ly Then , fet's check i the tree sahsfies the AVL invarian

3
5 4 2_/5\
2,2/ \8 2

o / \u o/\“-:/\:m

: S/ \-‘ °3 / )' 0
* We need 40 ask some quea‘l’ians:
Whiel. node is responsilole '-fof’ this ? 8
Explain whot happened »fr‘ovw He eaes o.f g7
ol Po.ssibi»&?‘l'es ; | —> Single rotation
s left childs right subtree —> dovble rotation



Insection. at Ledt Child's Left Subtree :
S ng le rotation. is suffieient

rotate B riah-l-
Y

A/B\ /A\B
/ N\ y N\
X Y



Insection. at Right Child's Right Subdree :

S l'/\a le rotation i3 :S‘d#’u'cm"

(\l\w ate A feft
- \/‘? - S

4N



Insection. at ole‘{'l' Child 's Ku’“‘f Subtree :
Siﬂole cotation will not be er\ou(jh,. Double rotation (s neaded.

Exawple : A&sum some node s aclokd 4o Y subtree and [et Node B
1S (‘&SPO/\«SIBIQ ‘{ol’” +Hhis problest.

4"’": Bf\?q ‘Qaute problew would alo

. . occur +f the insertion fype

/N N was riant chil's et sobire
becavse 07? +he sdme*r]

Problewm exists

+ “The 4agk is +oo fwh‘ D B. /W be 6 should seek help frow A fiot
Afler A rotates ‘to the fanter side ' 3 can rotate rigd +hen -



- Exercise’ fnsert nodesintoan. AWl tree : 3,2 ,1,4,5,6,F

' S—\~eps . ¢ Insert node into a BST —> @

. check V\e%j"ﬁ dv’fference a,F the cikren.. —> 1
.—‘ -

- Steps continved
V¢ < find He responsible pareat = otate

. and{ize the J-Jpe o¥ wnsertion 2
-1 -1 0 (/e +~r€0h-l-,z/e¥+ —{e{-l')?? ri&'ﬁ'
Y 14 the parent needs a single
rofation , rotate pacent 4o the l

oppos e side o f msection. (2)



- Exercise’ fnsert nodesintoan. AWl tree : 3,2 ,1,4,5,6,F

2 /’:rcsponsiue ‘oaren:l' N 2)

. insertion. +ype
L P{SM- dgu W's e >
rl'oh-} Jubtree O
rotate 5

3
responsible .oarelv",c{-l'
,,\- insertion +Jpe
. m’a’d‘ childs
riaht subtree

L—on‘\'aL‘l'e 2 Ief{-
(Single Rotation )



- Exercise fnsert nodesintoan. AWl tree : 3,2 ,1,4,5,6,F




Exercise: Double Ro

ations : Add more nodes; 16,15 ,14

insertion +Jpe
. needs double
rotation.




Exercise: Pouble Rotations : Add more nodes: 416 ,15 , 14
. F needs help =Frou.
the child 16

| . 46 should torn riah"’
/’ r‘esponslblc Far el\:,’ becau&e _Hw fnser"‘loﬂ.
- insertion -bpe was to <1s fef+
\, . needs double & ©

rotation.




Exercise: Double Rotations : Add more nodes: 16,15 ,14

parent T
turn left




Exercise: Double Rotations : Add more nodes: 16,15 ,14

/‘3 r‘espon,svble ‘oaren:l'

(X [\ \'ri‘jk{- child
2 Double rotation_

1. 6 Sd'J hclp «fpou 15
’Z, /j tsrns gt
[ef} subtree 3. 6 torns {eft

je{rﬂ-
rotatien OO m—) O



Fractice Homework: Add 13 4o +he -frce!
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