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Full Binary Tree
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Heap Trees
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Binary Decision Trees
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0

1 1 array Va4 structure

UBUA
Y

Link TU@agnaumne

Link TU&gnaun

Struct

#tinclude<stdio.h>
| struct Node{

char c;
int left;
int right;
-}
| main(){

struct Node node[100];

'}
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5% 1 19 array ¥@9 structure

Data Left Right
0 H 1 2
1 E 3 4
2 L X X
3 L X X
4 O X X
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Index Data Left Right
0 H 1 2
1 E 3 4
2 L X X
3 L X X
q O X X

5% 1 19 array ¥@9 structure

#include<stdio.h>
struct Node{

};

char c;
int left;
int right;

main(){

{

struct Node node[100];
node[@].c="H";
node[@].left=1;
node[@].right=2;

node[1].c="E";
node[1].left=3;
node[1].right=4;

node[2].c="L";
node[2].left=0;
node[2].right=0;

node[3].c="L";
node[3].1left=0;
node[3].right=0;

node[4].c="0";
node[4].1left=0;
node[4].right=0;
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5% 2 19 array 28191087

#include<stdio.h>

main(){
char Data[]={'H',"E","'L","'L",'0"};
int Left[]={1,3,0,0,0};
int Right[]={2,4,0,0,0};

Data Left Right

0 H 1 2

1 E 3 4

2 L X X

3 L X X

4 O X X

Array fianl 1 Array 591 2 Array #ail 3

(Data) (Left) (Right)

=~ o 'Y v Y Y = o/
n1saunIaLNSN ilaen mezmmuﬂ%agﬂu Array 04 3 A7
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337 4 14 Linked-list wae Structure

VBYA *Link ldsgnauane

*Link Wggnatuun

Struct

#include<stdio.h>
typedef struct Node{
char c;
struct Node *left;
struct Node *right;
};
main(){

}

14 1 v =
?J@LLﬂﬂﬁ'Nﬁ]']ﬂﬂqil"U Array A®
Auvins left wag right ldlald index ¥a9 node ualu pointer ¥

MIUIVDY node Tunu8A21Uu1
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1) Preorder Traversal
2) Inorder Traversal
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Preorder Traversal

1) 151370 Root Node
2)  1alun1g subtree drugeLuy Preorder
3) lalung subtree AUVLUU Preorder

N15Y129LUY Preorder

A-> B-->C
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Preorder Traversal

1) 151370 Root Node
2)  1alun1g subtree drugeLuy Preorder
3) lalung subtree AUVLUU Preorder
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N15Y129LUY Preorder
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Preorder Traversal

1) 151370 Root Node
2)  1alun1g subtree drugeLuy Preorder
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e —————
- - o

{
|
1
!

~
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Preorder Traversal

1) 151370 Root Node
2)  1alun1g subtree drugeLuy Preorder
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Preorder Traversal
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Preorder Traversal
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Preorder Traversal
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Preorder Traversal

1) 151310 Root Node
2)  1alun1g subtree drugeLuy Preorder

3)  1alun19 subtree AUVIILUU Preorder
N15Y129LUY Preorder
A-—> B-—->C

-———

\ \ ‘

1 [

1 1

1 [
Subtree

.. .- 60

A,B,D,H,1,E,J,K,C — .



Trees: Traversal

Preorder Traversal
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Preorder Traversal

1) 51310 Root Node
2)  1alun1g subtree drugeLuy Preorder
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S~ -~

Subtree
N Subtree S

.. .- 62

A,B,D,H,l,E,J,K,C,F,L,M,G,N,O e o-- -



Trees: Traversal

Preorder Traversal

1) 151370 Root Node
2)  1alun1g subtree drugeLuy Preorder
3) lalung subtree AUVLUU Preorder

A,B,D,H,L,E,J,K,C,F,L,M,G,N,O

N15Y129LUY Preorder

A-> B-->C
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Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y ” \

2)  gauruluds Root U84 Subtree e

3) e lun19 subtree AUVIILUU Inorder

15129 UU Inorder

B-—> A-->C
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Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y ” \

2)  gauruluds Root U84 Subtree
3) e lun19 subtree AUVIILUU Inorder e °
A1SNBIUY Inorder
B—> A->C

——————— a
g N
7 N
/ \
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/ \
\
1
1
| 1
\ 1
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\ 7
N /
A 7’
\\ 7
e
SO _-
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Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y ” \

2)  gauruluds Root U84 Subtree
3) e lun19 subtree AUVIILUU Inorder e °
A1SNBIUY Inorder
B—> A->C

- -~

S~



Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y ” \

2)  gauruluds Root U84 Subtree
3) e lun19 subtree AUVIILUU Inorder e °
A1SNBIUY Inorder
B—> A->C

- -~

S~

H,D,| o



Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y ” \

2)  gauruluds Root U84 Subtree
3) e lun19 subtree AUVIILUU Inorder e °
A1SNBIUY Inorder
B—> A->C

H,D,|,B .



Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y ” \

2)  gauruluds Root U84 Subtree
3) e lun19 subtree AUVIILUU Inorder e °
A1SNBIUY Inorder
B—> A->C
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~
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/
e
e
s
-
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Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y ” \

2)  gauruluds Root U84 Subtree
3) e lun19 subtree AUVIILUU Inorder e °
A1SNBIUY Inorder
B—> A->C

/” —~\\\
, ~
’ N
’ N
/ Y
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N \
N \
| \
Y4
N\
\
N
~
~
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\

/
e
e
s
-
-
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H,D,l,B,J,E,K o



Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y
2)  dauduluge Root Va9 Subtree
3) l@lunne subtree AUVILUY Inorder

- -~

H,D,l,B,J,E,K,A

S s

~
~~a

\

\

\

1

1

1

] 1
1

1

RO
O

N
(&

15129 UU Inorder

B-—> A-

-

-
——————————

-> C
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Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y
2)  dauduluge Root Va9 Subtree
3) l@lunne subtree AUVILUY Inorder

- -~

H,D,l,B,J,E,K,A

S s

~
~~a

\

\

\

1

1

1

] 1
1

1

RO
O

N
(&

15129 UU Inorder

B-—> A-

-

-
——————————

-> C
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Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y
2)  dauduluge Root Va9 Subtree

3) e lun19 subtree AUVIILUU Inorder

- -~

’ E
Se-———=-=
l E
B

H,D,l,B,J,E,K,A,L,F,M

S s

RO
O

N
(&

15129 UU Inorder
B--> A-->C

-

~~~~~~~~
————————————
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Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y
2)  dauduluge Root Va9 Subtree

3) e lun19 subtree AUVIILUU Inorder

————

H,D,l,B,J,E,K,A,L,F,M,C

~< o
-

RO
O

N

15129 UU Inorder
B--> A-->C

-
——————————
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Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y
2)  dauduluge Root Va9 Subtree

3) e lun19 subtree AUVIILUU Inorder

————

H,D,l,B,J,E,K,A,L,F,M,C

/’\

15129 UU Inorder

-

-

P -

~< o
-

-
——————————

B-—> A-->C
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Trees: Traversal

1)
2)
3)

Inorder Traversal

a v v
151310 subtree AU
dauduluge Root 994 Subtree

16lunn9 subtree AMUVLUY Inorder

H,D,l,B,J,E,K,A,L,F,M,C,N,G,O

T ——
P -
B
~
S_—_—-

~< o
-

/’\

15129 UU Inorder
B--> A-->C

-

-
——————————
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Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y ” \

2)  gauruluds Root U84 Subtree
3) e lun19 subtree AUVIILUU Inorder e °
A1SNBIUY Inorder
B—> A->C

- -
- -
~~

——
Se
N _——-

-
~ -
~ -
- -

H,D,l,B,J,E,K,A,L,F,M,C,N,G,O o



Trees: Traversal

Inorder Traversal

1) 153910 subtree AUL1Y ” \

2)  gauruluds Root U84 Subtree e

3) e lun19 subtree AUVIILUU Inorder

H,D,l,B,J,E,K,A,L,F,M,C,N,G,0O

15129 UU Inorder

B-—> A-->C
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Trees: Traversal

Postorder Traversal

1) 153910 subtree AUL1Y \

2) lalunng subtree AUYMLUU Postorder
3)  dgauruluge Root UM e — °

15129 UU Inorder
B--> C-->A

~——
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Trees: Traversal

Postorder Traversal

1) 153910 subtree AUL1Y \

2) lalunng subtree AUYMLUU Postorder
3)  dgauruluge Root UM e — °

15129 UU Inorder
B--> C-->A

~——
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Trees: Traversal

Postorder Traversal

1) 153910 subtree AUL1Y \

2) lalunng subtree AUYMLUU Postorder
3)  dgauruluge Root UM e — °

15129 UU Inorder
B--> C-->A

~——
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Trees: Traversal

Postorder Traversal

1) 153910 subtree AUL1Y \

2) lalunng subtree AUYMLUU Postorder
3)  dgauruluge Root UM e — °

15129 UU Inorder

B--> C-->A
i@ (9
//’— ~N — 7 N~
e \\ e ~o
/ N N
/ / \
\y \
[ |( |
O OO0 ©OW 1O |
\\ 77N //
N / \\ /
N o Pid ~ PR

~—_ ~ -

H,l,D,J,K,E,B
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Trees: Traversal

Postorder Traversal

1) 153910 subtree AUL1Y \

2) lalunng subtree AUYMLUU Postorder
3)  dgauruluge Root UM e — °

15129 UU Inorder
B--> C-->A

(> CORVaiOAVEOR
D OC 00 00 @

\___ \

\_—//

H,l,D,J,K,E,B,L,M,F

83



Trees: Traversal

Postorder Traversal

1) 153910 subtree AUL1Y \

2) lalunng subtree AUYMLUU Postorder
3)  dgauruluge Root UM e — °

15129 UU Inorder

\

B-—> C-—>A
O (e OraOh
/ AN
/ \
/ \
( |
0 ° \ /
\ //

~——

H,l,D,J,K,E,B,L,M,F,N,O,G
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Trees: Traversal

Postorder Traversal

1) 153910 subtree AUL1Y \

2) lalunng subtree AUYMLUU Postorder
3)  dgauruluge Root UM e — °

15129 UU Inorder
B--> C-->A

© = (&
OO (2 O,
O OO OO WO ©

H,l,D,J,K,E,B,L,M,F,N,O,G,C

85



Trees: Traversal

Postorder Traversal

1) 153910 subtree AUL1Y \

2) lalunng subtree AUYMLUU Postorder
3)  dgauruluge Root UM e — °

15129 UU Inorder
B--> C-->A

=

H,l,D,J,K,E,B,L,M,F,N,O,G,C,A
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Trees: Traversal

Postorder Traversal

1) 153910 subtree AUL1Y \

2) lalunng subtree AUYMLUU Postorder
3)  dgauruluge Root UM e — °

15129 UU Inorder
B--> C-->A

H,l,D,J,K,E,B,L,M,F,N,O,G,C,A
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Trees: Traverse Algorithm

TunaudsnsviasluTuduls
- Recursive

- @eulUsunsudng su uees
- 14 Stack waz Loop

- laiee uslusunsuenn
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Trees: Preorder Traverse Algorithm

n1sviasluluauliuuu Preorder iuU Recursive
#include<stdio.h>

char Data[]={'H","E',"L",'L","'0"};
int Left[]= {1,3,-1,-1,-1};

int Right[]={2,4,-1,-1,-1};

void pre(int p){

if(p!=-1){
printf("%c ",Data[p]);
pre(Left[p]);
pre(Right[p]);
)
}
void preorder(void){
Index | Data Left | Right pre(@);
0 H 1 2 }
1 E 3 4 main(){
preorder();
2 L X X }
3 L X X
4 O X X 'rocess exited after 0.03124 seconds wi

y to continue . . .




Trees: Inorder Traverse Algorithm

n1svaaluludulduuu Inorder LUy Recursive

#include<stdio.h>

char Data[]={"'H',"E","'L",'L","'0"};
int Left[]= {1,3,-1,-1,-1};

int Right[]={2,4,-1,-1,-1};

void inord(p){

if(p!=-1){
5 inord(Left[p]);
printf("%c ",Data[p]);
; inord(Right[p]);
}
}
void inorder()
{
i inord(0);
Index | Data Left Right }
0 H 1 2
1 E 3 4 main(){
inorder();
2 L X X }
3 L X X
4 O X X ited after 0.0118 seconds with return

ntinue . . .
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Trees: Postorder Traverse Algorithm

n1sviasluluauliuuu Postorder wuu Recursive

#include<stdio.h>

char Data[]={'H',"E","'L","'L", '0"};
int Left[]= {1,3,-1,-1,-1};

int Right[]={2,4,-1,-1,-1};

void postorder(){

post(@);
}
void post(p){
if(p!=-1){
: post(Left[p]);
~ post(Right[p]);
Index | Data Left Right } printf("%c ",Data[p]);
0 H 1 2 }
1 £ 3 1 main(){
postorder();
2 L X X }
3 L X X
4 O X X

ocess exited after 0.01352 seconds v

s any key to continue . .
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Trees:

n1svinaluTuauliiuuu Preorder wuuld Stack

1) push AIULKHUYDY root node

2) nviuald p AeAILULIYBY root node WAyt 3 AUN31 p ALY
null

3)  A9UN89AUIRUG subtree AMULIBVDY p 013 node AUV push
address vasiiu Inslngavintunay 3 Jeluds leaf node

4) pop WAld p
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Trees: Traverse Algorithm

1)
2)
3)

4)

n1svealuTuauliiiuu Preorder wuuly Stack

push ATLLAUIVBY root node

o v = [ 1 o v 1 [

AMUALY p ABAILULIVDY root node WazyinYa 3 3uni1 p aztdu null

A9UNEIALIUS subtree AUIBVRY p A3 node AUV push address vasiiu lnaliveaindunau 3
= =

Waluns leaf node

op 1A 14 o

0
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Trees: Traverse Algorithm

1)
2)
3)

4)

n1svealuTuauliiiuu Preorder wuuly Stack

push ALY root node

Avuals p AAILULIYBY root node wWazyinta 3 aun31 p a2y null

A9UNEIALIUS subtree AUIBVRY p A3 node AUV push address vasiiu lnaliveaindunau 3
= =
Waluns leaf node

op 1A 14 o

0

0 114 H
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Trees: Preorder Traverse Algorithm

1)
2)
3)

4)

n1svealuTuauliiiuu Preorder wuuly Stack

push ALY root node

Aviuald p AAILNLIYBY root node wazyinga 3 aun31 p azUu null

A9UE9ALLNUS subtree AMULI8VBY p

878 node AUV push address vadiu|lnglvingarinvunay 3

Lﬁ@lﬂﬁﬂ leaf node

pop ¥1A1ld p

] e i

0

0 114 H
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Trees: Preorder Traverse Algorithm

n1svealuTuauliiiuu Preorder wuuly Stack

1)  push #LLAUIVDS root node
2)  mvuali p Aefunieuas root node wazsinda 3 aundn p azdu null
3) | ANUNEIALAUS subtree PIUYIBVDY p|All node AUV push address vasiiu lnaliveaindunau 3

g tuag lear node

4) op 1A 14 o

0
0 114 H
0 2 H
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Trees: Preorder Traverse Algorithm

n1svealuTuauliiiuu Preorder wuuly Stack

1)  push #LLAUIVDS root node
2)  mvuali p Aefunieuas root node wazsinda 3 aundn p azdu null

3)  audaRnunUl subtree Augevae p[a1d node AUV push address vy [laglvingarinvunay 3
= =
Waluns leaf node

4) op 1A 14 o

0
0 219 H
0 2 H
1 2 HE




Trees: Preorder Traverse Algorithm

n1svealuTuauliiiuu Preorder wuuly Stack

1)  push #LLAUIVDS root node
2)  mvuali p Aefunieuas root node wazsinda 3 aundn p azdu null

3) | awndenunis subtree AMuL18Yae p|indl node AMuYIN push address vaudlu lnglvivaarindunauy 3

Lﬁla'L‘lJﬁﬁ leaf node

4) op 1A 14 o

0
0 219 H
0 2 H
1 2 HE
1 q 2 HE

3 42 HEL




Trees: Preorder Traverse Algorithm

n1svealuTuauliiiuu Preorder wuuly Stack

1)  push #LLAUIVDS root node
2)  mvuali p Aefunieuas root node wazsinda 3 aundn p azdu null

3)  awndeenunid subtree AMUL18Yae p 613 node AUV push address vaudlu lnglvivaarindunauy 3
P2 =

Waluns leaf node

4) op 1A LE o

0
0 219 H
0 2 H
1 2 HE
1 q 2 HE

3 42 HEL




Trees: Preorder Traverse Algorithm

n1svealuTuauliiiuu Preorder wuuly Stack

1)  push #LLAUIVDS root node

2)  mvuali p Aefunieuas root node wazsinda 3 aundn p azdu null

3)  awndeenunid subtree AMUL18Yae p 613 node AUV push address vaudlu lnglvivaarindunauy 3
= =
Waluns leaf node

4) op 1A Ld o

0
0 219 H
0 2 H
1 2 HE
1 q 2 HE
3 42 HEL

4 2 HEL
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Trees: Preorder Traverse Algorithm

n1svealuTuauliiiuu Preorder wuuly Stack

1)  push #LLAUIVDS root node

2)  mvuali p Aefunieuas root node wazsinda 3 aundn p azdu null

3)  awndeenunid subtree AMUL18Yae p 613 node AUV push address vaudlu lnglvivaarindunauy 3
= =
Waluns leaf node

4) op 1A Ld o

0
0 219 H
0 2 H
1 2 HE
1 q 2 HE
3 42 HEL

4 2 HELO
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Trees: Preorder Traverse Algorithm

n1svealuTuauliiiuu Preorder wuuly Stack

1)  push #LLAUIVDS root node
2)  mvuali p Aefunieuas root node wazsinda 3 aundn p azdu null
3)  awndeenumid subtree Aug18Yas p 613 node AUV push address vaudlu Inglvivaarindunauy 3

Lﬁ@lﬂﬁﬁ leaf node

4) op 1A 14 o

0
0 219 H
0 2 H
1 2 HE
1 q 2 HE
3 42 HEL

4 2 HELO
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Trees: Preorder Traverse Algorithm

n1svealuTuauliiiuu Preorder wuuly Stack

1)  push #LLAUIVDS root node

2)  mvuali p Aefunieuas root node wazsinda 3 aundn p azdu null

3)  awndeenunid subtree AMUL18Yae p 613 node AUV push address vaudlu lnglvivaarindunauy 3
= =
Waluns leaf node

4) op 1A 14 o

0
0 219 H
0 2 H
1 2 HE
1 q 2 HE
3 42 HEL
q 2 HELO

2 14 HELO
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Trees: Preorder Traverse Algorithm

n1svealuTuauliiiuu Preorder wuuly Stack

1)  push #LLAUIVDS root node
2)  mvuali p Aefunieuas root node wazsinda 3 aundn p azdu null
3)  awwndeenunid subtree AUL18Yae p 613 node AUV push address vaudlu lnglvivaarindunauy 3

Lﬁ@lﬂﬁﬁ leaf node

4) op 1A 14 o

0
0 219 H
0 2 H
1 2 HE
1 q 2 HE
3 42 HEL
q 2 HELO

2 14 HELO
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Trees: Preorder Traverse Algorithm

n1svealuTuauliiiuu Preorder wuuly Stack

1)  push #LLAUIVDS root node

2)  mvuali p Aefunieuas root node wazsinda 3 aundn p azdu null

3)  awndeenunid subtree AMUL18Yae p 613 node AUV push address vaudlu lnglvivaarindunauy 3
= =
Waluns leaf node

4) op 1A 14 o

0
0 219 H
0 2 H
1 2 HE
1 q 2 HE
3 42 HEL
q 2 HELO
2 219 HELO

2 919 HELOL
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Trees: Traverse Algorithm

2)
3)

4)

n1sviaeluluauldiuu Inorder wuuly Stack
AMUA p ADALWNUIVDY root node
¥ngntunaud 3 uay 4 aunseits p 1y null
A9UFIRILMLS subtree dudnavas p Soalng push AuKLsYa9
node 5213191119 AUNI13204 leaf node
pop ALY node aanu1 %N stack 19lwauldsunsy %10 node
7 pop aanul ﬁ'agnmaé’ﬁumq Tlddumisuly p uazau
nauluvinda 2
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Trees: Traverse Algorithm

n1sveeluTuauliiuy Inorder nwuuley Stack

1) A9UA p ABAILILIYDY root node

2) gTunaudl 3 WaL 4 aunsEe p WU null _ Node kU

3) AIUNGIALNUY subtree AUL18VBY p 13881AY push

0 119

ALYALIVDY node RININTG AUNT12A leaf node
4) pop A1L#ALY node 88AN %N stack F19l%aUTUSUATH %N
node # pop aanaal Avgnn1eauud Tildaunuetulu p

waziunaulunide 2
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Trees: Traverse Algorithm

n1sveeluTuauliiuy Inorder nwuuley Stack

1) A9UA p ABAILILIYDY root node

2) gTunaudl 3 WaL 4 aunsEe p WU null _ Node kU

3) AIUTLIALLAUS subtree AMULIBVBY p L398LA8 push 0
AULULIYD9 node 5E1I19N9 AUNT19204 leaf node
4) pop A1L#ALY node 88AN %N stack F19l%aUTUSUATH %N 1 0

d' = QI 14 1 0 1 3
node # pop aanaal Avgnn1eauud Tildaunuetulu p

waziunaulunide 2
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Trees: Traverse Algorithm

n1sveeluTuauliiuy Inorder nwuuley Stack

1) A9UA p ABAILILIYDY root node

2) gTunaudl 3 WaL 4 aunsEe p WU null _ Node kU

3) AIUNGIALNUY subtree AUL18VBY p 13881AY push

0
o 1 1 1 E
AULNUIYDY node U199 PUNINZA4 leaf node
4) pop A1L#ALY node 88AN %N stack F19l%aUTUSUATH %N 1 0
node # pop aanaal Avgnn1eauud Tildaunuetulu p 3 10

waziunaulunide 2
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Trees: Traverse Algorithm

n1sveeluTuauliiuy Inorder nwuuley Stack

1) A9UA p ABAILILIYDY root node

2) gTunaudl 3 WaL 4 aunsEe p WU null _ Node kU

3) AIUNGIALNUY subtree AUL18VBY p 13881AY push

0
o 1 1 1 E
AULNUIYDY node U199 PUNINZA4 leaf node
4) pop A1L#ALY node 88AN %N stack F19l%aUTUSUATH %N 1 0
node # pop aanaal Avgnn1eauud Tildaunuetulu p 3 10 L

waziunaulunide 2
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Trees: Traverse Algorithm

n1sveeluTuauliiuy Inorder nwuuley Stack

1) A9UA p ABAILILIYDY root node
2) MMg1TUnaUN 3 LA 4 3unseNs p Wi null _ Stack Node #isu
3) AIUNGIALNUY subtree AUL18VBY p 13881AY push .
AULULIYD9 node 5E1I19N9 AUNT19204 leaf node
4) pop A1L#ALY node 88AN %N stack F19l%aUTUSUATH %N 1 0
= = QI ¥V 1 0 1 3
node # pop aananil|Asanniesnuuan Tildaunustulu p 3 10 L

waziunaulunide 2
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Trees: Preorder Traverse Algorithm

1)
2)
3)

4)

n1sveeluTuauliiuy Inorder nwuuley Stack

AUA p ABATLINUIVBY root node

MMg1TUnaUN 3 LA 4 3unseNs p Wi null _ Node kU

A9UE9AILIUUY subtree AUL18VBY p 15081A8 push

0
AULNUIYDY node 21319919 AUNT12A4 leaf node
pop A1L#ALY node 88AN %N stack F19l%aUTUSUATH %N 1 0
node 91 pop @anN3 NsaNNIIAIUY21 Trldaunusuulu p
v 3 10 L
[ o v
uazaunauluvinde 2
1 0 LE
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Trees: Preorder Traverse Algorithm

1)
2)
3)

4)

n1sveeluTuauliiuy Inorder nwuuley Stack

AUA p ABATLINUIVBY root node

Mg1dunauil 3 Waz 4 aunseis p Wy null

AU IR UG subtree dudeuas p Boelag push
AULULIYD9 node 5E1I19N9 AUNT19204 leaf node
pop A1L#ALY node 88AN %N stack F19l%aUTUSUATH %N
node 7 pop aanundi ﬁ'qgﬂmaé{wmq Wlddusmiatiuly p

waziunaulunide 2

TN

0

1 0

3 10 L
1 0 LE
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Trees: Traverse Algorithm

1)
2)
3)

4)

n1sveeluTuauliiuy Inorder nwuuley Stack

AMUA p ABATLIAUIVBY root

node

M1dunauil 3 Wag 4 aunsens p Wy null

A9UE9AILIUUY subtree AUL18VBY p 15081A8 push

ALLAUIVDY node FTHINNY

pop A1L#ALY node 88AN %N stack F19l%aUTUSUATH %N

d' = tal ¥V 1 0 1 3
node # pop aanaal Avgnn1eauud Tildaunuetulu p
uazaunauluvinde 2

AUNI12204 leaf node

0

1

10

LE

LE

LEO

TN
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Trees: Traverse Algorithm

1)
2)
3)

4)

n1sveeluTuauliiuy Inorder nwuuley Stack

TN

AUA p ABATLINUIVBY root node

Fgntunoud 3 wag 4 aunseis p W null
AU IR UNUS subtree dudeuas p Boelag push
AULULIYD9 node 5E1I19N9 AUNT19204 leaf node

pop A1L#ALY node @andh N stack F19l%aulUsunss %#In

ﬂ 14 1 0 1 3
node 1 pop 2ana13l AvgNN1eaIuY Tildaunustulu p

waziunaulunide 2

0

1

10

LE

LE

LEO

LEO
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Trees: Traverse Algorithm

n1sveeluTuauliiuy Inorder nwuuley Stack

1) A9UA p ABAILILIYDY root node

2) gTunaudl 3 WaL 4 aunsEe p WU null _ Node kU

3) AIUNGIALNUY subtree AUL18VBY p 13881AY push

- 0
FINLLIALIYDY node 3TN IUNTNLDN leaf node
4) pop A1L#ALY node @andh N stack F19l%aulUsunss %#In 1 0

node 71 pop 88nua neann1ainuYa ildaundedulu p 3 10 L

wazaunauluvindes 2
1 0 LE
1 0 LE
q 0 LEO
0 LEO

0 LEOH
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Trees: Traverse Algorithm

n1sveeluTuauliiuy Inorder nwuuley Stack

1) A9UA p ABAILILIYDY root node

2) Wgdunauil 3 Lag 4 aunsens p sy null _ Node kU

3) AIUNGIALNUY subtree AUL18VBY p 13881AY push

0

AMLNLUNVBY node F¥NINN9NE UNI192D4 leaf node

4) pop A1L#ALY node 88AN %N stack F19l%aUTUSUATH %N 1 0

node # pop 88nu1dl ﬁ'qgﬂmaé{wmq Trldaunmidsuulu p 3 10 L

waziunaulunide 2
1 0 LE
1 0 LE
q 0 LEO
0 LEO
0 LEOH

2 LEOHL
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Trees: Traverse Algorithm

n1sveeluTuauliiuy Inorder nwuuley Stack

1) A9UA p ABAILILIYDY root node

2) gTunaudl 3 WaL 4 aunsEe p WU null _ Node kU

3) AIUNGIALNUY subtree AUL18VBY p 13881AY push

0

AMLNLUNVBY node F¥NINN9NE UNI192D4 leaf node

4) pop A1L#ALY node 88AN %N stack F19l%aUTUSUATH %N 1 0

node # pop 88nu1dl ﬁ'qgﬂmaé{wmq Trldaunmidsuulu p 3 10 L
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0 LEOH
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Trees: Traverse Algorithm

n1svealuTuaulsiuuy Postorder wuuly Stack

811N Preorder 1ag Inorder stﬁvﬁuumaumiwmwm msznml,a“
Y219z liwillaunu

Yy

< = a E, Y o ' = P
N19LAYU node YIVILNU $1’3ﬂ'11.!‘|/i14’1ﬂ']l>l>‘l/i‘ﬂﬂ LWEﬂ‘Vﬁ’T\ﬂ@ node ¥

U

1) N1%UA p ABALIKLIYBY root node LazNITUNBY 2 Laz 3 F13UNI1
stack ¥4

2) leaauIn199181508 9auUn313209 leaf node 521319M9LH push
o oAl = Y ) o ' . Yy ]
AuvuanEg wndignatuwan 1 push dundsaniagld $ 1aaumi

3) pop MMLUUINLUE $ aBnNUINIUUA KN stack 919 THAULUSUASH 1IN
WU node N3 $ Tildanuuuanulu p wazaunauluvings 2

119



Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1) | A%UA p ABAILUULSUBY root node UAZYINTUADY 2 waz 3 €1

AUNI1 stack L2149 _ Node fin1u

2)  ldasumnedneisesqauninazig leaf node 531#319M191% push 0

AuneiIg wndgnanuedn i push dunidsgniesld $ 13
ATURLN
o 1 d' 1 gj 1 124
3)  pop Munlsnlifl $ sanuvieNm w1 stack 919 TRaulusunsy
#INWU node 73 $ Tldaunusuuly p wazrunauluvinde 2
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Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1)  A%UA p ABAILUULSUBY root node UaZYINTUADY 2 waz 3 91

AUNI1 stack L2149 _ Node fin1u

2) IRaIUINIBI8L9598 5| AUNAZAN leaf node 21NN 8

push Auvusneng vandanauva W push drundsgnlngld

$ TAAuUni 0 20
2] 1 d' 1 gj 1 v
3)  pop mundenlig $ sanuienua wn stack 319 Tiau
TUsunsy wnnu node 98 $ Tildaunudsuuly p wazau

nauluvinda 2
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Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1)  A%UA p ABAILUULSUBY root node UaZYINTUADY 2 waz 3 91

AUNI1 stack L2149 _ Node fin1u

2) IRaIUINIBI8L9598 5| AUNAZAN leaf node 21NN 8
o 1 dl 1 = b2 v o 1 1
push Auvusneng vandanauva W push drundsgnlngld
$ TAAuUni 0 20
3)  pop mundenlig $ sanuienua wn stack 319 Tiau 1 $20
TUsunsy wnnu node 98 $ Tildaunudsuuly p wazau 1 $41$20

nauluvinda 2
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Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1)  A%UA p ABAILUULSUBY root node UaZYINTUADY 2 waz 3 91

AUNI1 stack L2149 _ Node fin1u

2) IRaIUINIBI8L9598 5| AUNAZAN leaf node 21NN 8
o 1 dl 1 = b2 v o 1 1
push Auvusneng vandanauva W push drundsgnlngld
$ TAAuUni 0 20
3)  pop mundenlig $ sanuienua wn stack 319 Tiau 1 $20
TUsunsy wnnu node 98 $ Tildaunudsuuly p wazau 1 $41$20

nauluvinda 2

3 $41520
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Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1)  A%UA p ABAILUULSUBY root node UaZYINTUADY 2 waz 3 91

AUNI1 stack L2149 _ Node fin1u

2)  leasunegneseasaundnaze leaf node sEUININISLH

push Fuvisiii vniignduan 1% push dwmisgnineld °

$ 1Aduntin 0 20
3) pop TV § 99U anun vin stack 3719 AU 1 520

TWsunsa sinnwu node @t $ Tildsumusiulu p wazau 1 $41$20

nauluvinde 2

3 $41520 L
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Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1)  A%UA p ABAILUULSUBY root node UaZYINTUADY 2 waz 3 91

AUNI1 stack L2149 _ Node fin1u

2)  leasunegneseasaundnaze leaf node sEUININISLH

. 0
push Auvusneng vandanauva W push drundsgnlngld
$ 1Aduntin 0 20
3) pop ARSI § BONUNISVINA VN stack 319 WU 1 520
TUsunsy wnnu node 98 $ Tildaunudsuuly p wazau 1 $41$20
nauluvinde 2
3 $41520 L

$4 1520
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Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1)  A%UA p ABAILUULSUBY root node UaZYINTUADY 2 waz 3 91

AUNI1 stack L2149 _ Node fin1u

2)  leasunegneseasaundnaze leaf node sEUININISLH

. 0
push Auvusneng vandanauva W push drundsgnlngld
$ 1Aduntin 0 20
3) pop ARSI § BONUNISVINA VN stack 319 WU 1 520
TUsunsy wnnu node 98 $ Tildaunudsuuly p wazau 1 $41$20
nauluvinde 2
3 $41520 L

$4 1520 LO
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Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1)  A%UA p ABAILUULSUBY root node UaZYINTUADY 2 waz 3 91

AUNI1 stack L2149 _ Node fin1u

2)  leasunegneseasaundnaze leaf node sEUININISLH

. 0
push Auvusneng vandanauva W push drundsgnlngld
$ 1Aduntin 0 20
3) pop ARSI § BONUNISVINA VN stack 319 WU 1 520

TUsunsy wnnu node 98 $ Tildaunudsuuly p wazau 1 $41$20

nauluvinde 2
3 $41520 L
$4 1$20 LO

1 0 LOE
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Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1)  A%UA p ABAILUULSUBY root node UaZYINTUADY 2 waz 3 91

AUNI1 stack L2149 _ Node fin1u

2)  leasunegneseasaundnaze leaf node sEUININISLH

. 0

push Auvusneng vandanauva W push drundsgnlngld

$ 1Adunti ¢ 220
3) pop AL § 9oNANYIVINA YN stack 319 WU 1 $20

TUsunsy wInwu node N3 $ Tildeunuauulu p waziu 1 $41$20

nauluvinde 2

3 $41520 L
$4 1$%20 LO
1 10 LOE

$2 0 LOEL

128



Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1)  A%UA p ABAILUULSUBY root node UaZYINTUADY 2 waz 3 91

AUNI1 stack L2149 _ Node fin1u

2)  leasunegneseasaundnaze leaf node sEUININISLH

. 0
push Auvusneng vandanauva W push drundsgnlngld
$ 1Adunti ¢ 220
3) pop AL § 9oNANYIVINA YN stack 319 WU 1 $20

TUsunsy wInwu node N3 $ Tildeunuauulu p waziu 1 $41$20

nauluvinde 2
3 $41520 L
$4 1$%20 LO
1 0 LOE
$2 0 LOEL

0 LOEL
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Trees: Traverse Algorithm

n1svealuTuauliiuu Postorder wuuld Stack

1)  A%UA p ABAILUULSUBY root node UaZYINTUADY 2 waz 3 91

AUNI1 stack L2149 _ Node fin1u

2)  leasunegneseasaundnaze leaf node sEUININISLH

. 0
push Auvusneng vandanauva W push drundsgnlngld
$ 1Adunti ¢ 220
3)  pop MUl $ eenuiaiun wn stack 919 ey 1 $20

TUsunsy wInwu node N3 $ Tildeunuauulu p waziu 1 $41$20

nauluvinde 2
3 $4 13520 L
$4 1$20 LO
1 0 LOE
$2 0 LOEL

LOELH
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Trees: Binary Search Trees

Y, a = Y, Y, v

N1961319 LN I98aU %agaaanmnmu‘lu
0 & Y yao 1 = o . | AV Y
ANMUUNDY E'Jﬁfn'i Traverse NaU JAZAIUTITO NN operatlon mmu‘lﬂ

131



Trees: Binary Search Trees

v o/ o Y 1 =\ v g
dgaunaulugeanulininie aunsnluunil

Binary Search Tree
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Trees: Binary Search Trees

Binary Search Trees

~ @184 node azgnulile

: ﬁagnmaé"]uez’j’qaazﬁaaﬁmﬁaan'ﬁwﬁa u,azﬁagnmaé’qumﬂﬁaaﬁmmnn':ifmia

KD
Y, Y Yy < a ~ =~ R N
- JeyaludulddesTunuuiisnunsaSeuiisunuldvinu

1
=)

NeaNATUYIN

ATNINNITIND
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Trees: Binary Search Trees

v 1 < () = v v <Y v
Payaluuias node 213U %30 AIDNWINLA
Y, <& v A v " & Y v o
‘mﬂmaamimu*‘uagammsziaummu 1%55'1@ Structure LazN11un ID Y89 Node

RET nf rharartare

Id Name Salary
219 Mehbub 9000
120 Zakir 12000 325 Ayesha 8000
98 Uzma 25000 300 Aslam 7000 400 Badar 15000

T

250 Saima 9000 350 Fouzia 25000
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Trees: Binary Search Trees

v =

Yayainganu waaaulimilouny agvinliinanulinsieny

Complete Tree

Uncomplete BST

Skewed Left Skewed Right
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Trees: Binary Search Trees

1)
2)
3)
4)

n1stuYayalu Binary Search Tree

@ ®
®» &

151370 Root node yNA15LUS8ULNIEU node Md5191ndNU Root
NINAL8NIT Root Wilalun1edng winuinnlilalunieuan

g lUisoy 93uN319209 node gaving

1 Y 1 v Y o 1 & v v 1 Y <
“¥1NA1UBYNIAT node E!ﬂ‘l/l']&ﬂ‘l/iﬂ']‘lﬂ‘b!ﬂ node 1%3JLUuQﬂ‘VI']\‘1ﬂ']‘IJGU'1‘EJ ‘Vi']ﬂ&l']ﬂﬂ')'ﬂ‘VIL‘UuQﬂ

1'%
NTUVIN
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Trees: Binary Search Trees

1)
2)
3)
4)

n1stuYayalu Binary Search Tree

154970 Root node ¥MN1siUSEUIEU node Ma519luMdnU Root
1 v 1 1 v 1 1
MINALBENI1 Root Tilelun1edne innunnan e lunieuan
vidlUises 9aundnais node gaving
1 v 1 v Y o 1 & v £ 1 Y & ¥
MNAYRENTT node gavinglviniviua node Tusitlugnniesnudng wnanndnlviidugnaiuen
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Trees: Binary Search Trees

1)
2)
3)
4)

n1stuYayalu Binary Search Tree

154970 Root node ¥MN1siUSEUIEU node Ma519luMdnU Root
MINALBENI1 Root Tilelun1edne innunnan e lunieuan
vidlUises 9aundnais node gaving
1 v 1 v Y o 1 & v £ 1 Y & ¥
MNAYRENTT node gavinglviniviua node Tusitlugnniesnudng wnanndnlviidugnaiuen

41NN
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Trees: Binary Search Trees

1)
2)
3)
4)

n1stuYayalu Binary Search Tree

154970 Root node ¥MN1siUSEUIEU node Ma519luMdnU Root
1 v 1 1 v 1 1
MINALBENI1 Root Tilelun1edne innunnan e lunieuan
vidlUises 9aundnais node gaving
1 v 1 v Y o 1 & v £ 1 Y & ¥
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Trees: Binary Search Trees

1)
2)
3)
4)

n1stuYayalu Binary Search Tree

154970 Root node ¥MN1siUSEUIEU node Ma519luMdnU Root
MINALBENI1 Root Tilelun1edne innunnan e lunieuan
vidlUises 9aundnais node gaving
1 v 1 v Y o 1 & v £ 1 Y & ¥
MNAYRENTT node gavinglviniviua node Tusitlugnniesnudng wnanndnlviidugnaiuen

a 111N
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Trees: Binary Search Trees

1)
2)
3)
4)

n1stuYayalu Binary Search Tree

154970 Root node ¥MN1siUSEUIEU node Ma519luMdnU Root
1 v 1 1 v 1 1
MINALBENI1 Root Tilelun1edne innunnan e lunieuan
vidlUises 9aundnais node gaving
1 v 1 v Y o 1 & v £ 1 Y & ¥
MNAYRENTT node gavinglviniviua node Tusitlugnniesnudng wnanndnlviidugnaiuen
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Trees: Binary Search Trees

n15AUYayaly Binary Search Tree

Yy v Yo o | Y Mys Ay = |
n1sAudaya Tddwmsunsiagauitnuldiiiinaasnisvivsalal
w3 ki lun1shedayasanunanauldlneauain ID
A5N15aTUiaUNUNISIY node sl lawsuan root 9 leaf
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Trees: Binary Search Trees

n15AUYayaly Binary Search Tree

Y Yo 'y 'Y v 1 Ay = '
nsAudaya lTddmsunsraseuinduldiiindesnsmnsola
wsaltlun1shstayasanurandulilagduain ID
ASn1sazMAaUNUNISENY node Tud Taetsuann root 4 leaf
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Trees: Binary Search Trees

n15AUYayaly Binary Search Tree

Y Yo 'y 'Y v 1 Ay = '
nsAudaya lTddmsunsraseuinduldiiindesnsmnsola
wsaltlun1shstayasanurandulilagduain ID
ASn1sazMAaUNUNISENY node Tud Taetsuann root 4 leaf
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Trees: Binary Search Trees

n15AUYayaly Binary Search Tree

Y Yo 'y 'Y v 1 Ay = '
nsAudaya lTddmsunsraseuinduldiiindesnsmnsola
wsaltlun1shstayasanurandulilagduain ID
ASn1sazMAaUNUNISENY node Tud Taetsuann root 4 leaf
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Trees: Binary Search Trees

n15AUYayaly Binary Search Tree

Y Yo 'y 'Y v 1 Ay = '
nsAudaya lTddmsunsraseuinduldiiindesnsmnsola
wsaltlun1shstayasanurandulilagduain ID
ASn1sazMAaUNUNISENY node Tud Taetsuann root 4 leaf

146



Trees: Binary Search Trees

n15AUYayaly Binary Search Tree

Y Yo 'y 'Y v 1 Ay = '
nsAudaya lTddmsunsraseuinduldiiindesnsmnsola
wsaltlun1shstayasanurandulilagduain ID
ASn1sazMAaUNUNISENY node Tud Taetsuann root 4 leaf
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Trees: Binary Search Trees

n15AUYayaly Binary Search Tree

Y Yo 'y 'Y v 1 Ay = '
nsAudaya lTddmsunsraseuinduldiiindesnsmnsola
wsaltlun1shstayasanurandulilagduain ID
ASn1sazMAaUNUNISENY node Tud Taetsuann root 4 leaf
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Trees: Binary Search Trees

n15AUYayaly Binary Search Tree

Y Yo 'y 'Y v 1 Ay = '
nsAudaya lTddmsunsraseuinduldiiindesnsmnsola
wsaltlun1shstayasanurandulilagduain ID
ASn1sazMAaUNUNISENY node Tud Taetsuann root 4 leaf
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Trees: Binary Search Trees

n15AUYayaly Binary Search Tree

Y Yo 'y 'Y v 1 Ay = '
nsAudaya lTddmsunsraseuinduldiiindesnsmnsola
wsaltlun1shstayasanurandulilagduain ID
ASn1sazMAaUNUNISENY node Tud Taetsuann root 4 leaf

Tunsainduldidu Complete tree
nshudaya lddnludeaslalugmn node
ilinnsdudayasinldizanda Array uag Link list
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Trees: Binary Search Trees

n1511AUaegAlY Binary Search Tree

1931370 Root wadlaumstienaan aundnazliiingelu node gavngaziatiaegaiaue
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Trees: Binary Search Trees

N151ANNNEA LY Binary Search Tree

1931370 Root wa3leum19vInasn aund1azhitingeld node gavingaziiAlaugaieasa

152



Trees: Binary Search Trees

n13tsgevayalu Binary Search Tree

1minn1s Traverse WUU Inorder aglavayansesantagluuin w@ue

N15¥129LUY Inorder
B--> A-->C

31, 30, 40, 45, 50, 65, 70, 75, 80, 88
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Trees: Binary Search Trees

A5 Tun1519 Y

A5 Traverse tatian ON)

15 Add Twnamanugavesnuluae OLog N) mnauluglunaded agluaal ON)

2 v ¥

N5 AUYeYa lnatmeanugwenuluae O(Log,N) mnauluglunades agluian ON)

auliiglumaped = Linked-list
iilussdeldduldlunsiiudaya ?
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Trees: Binary Search Trees

Tun1slgeauase duldsinazidu Complete tree

Complete tree a¢g3 Log,N

MNABINITAUYBYA 1 81U Record Tu Array %@ Linked List agl¥iaa O(N)
AaUTBULIEU 1 a1uATe

mnldaulyd azledan O(Log N)
Log,(1000000)=19.93
M39UTZUU 20 ASILVITUY
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Trees: Binary Search Trees

AunmdayalszyInng 69 auau wnulu Complete tree
A9 loop TUNISAUNASS

Log2(69000000)=26.04
738 27 ASIVIUU

< Vv v
AU IUNSAY LanuIneazls ?

Linked list Taanlunsiiiudaya O(1)
e Auldliaan Log,(N)

=2 & Ay
WUUNITUANNANAT
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