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Linked List

LU YAUIY AN

Heap

i o A4 Ada o #include <stdio.h>

double Area(double r);
double PI=3.14159265359;

main()

Stack {

(nuiaudsimantuluszninedu) double R=3:
printf("%lf",Area(R));

}
double Area(double r)

{

ArnanLazfuys Global

double area=2*PI*Square(r);
return area;

}

double Square(double i){

. double ans=i*i;
Y < =
(lfaulusunsunIeLA3og) return(ans);

TUsunsy




Linked List

LHUTIN8A LS
Heap
#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;
main()
Stack |
{
double R=3;
printf("%lf",Area(R));
}
. i o double Area(double r)
ARINLazAauUs Global { - !
double PI1=3.14159265359; double area=2*PI*Square(r);
return area;
}
double Square(double i)
TUsunsy a {
double ans=i*i;
T return(ans);
......................... }




Linked List

LU YAUIY AN

Heap

Stack

Apsfinaziauys Global
double PI=3.14159265359;

TUsunsy

double R=3;
nnnnnnnnnnnnnnnnnn

eeeeeeeeeeeeeeeeeee

double area=2*PI*Square(r);

aaaaaaaaaaaaaaaaaaaaaa
double ans=I";

#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;
main()

{

> double R=3;

printf("%!lf",Area(R));

}

double Area(double r)

{
double area=2*PI*Square(r);
return area;

}

double Square(double i){
double ans=i*i;

return(ans);



Linked List

LU YAUIY AN

Heap

Stack

Apsfinaziauys Global
double PI=3.14159265359;

eeeeeeeeeeeeeeeeeee

aaaaaaaaaaaaaaaaaaaaaa

TUsunsy

double R=3;
nnnnnnnnnnnnnnnnnn

double area=2*PI*Square(r);

double ans=i";

#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;

main()

{
double R=3;

— printf("%lf" )Area(R));

}

double Area(double r)

{
double area=2*PI*Square(r);
return area;

}

double Square(double i){
double ans=i*i;

return(ans);



Linked List

LU YAUIY AN

Heap

Stack

Apsfinaziauys Global
double PI=3.14159265359;

eeeeeeeeeeeeeeeeeee

aaaaaaaaaaaaaaaaaaaaaa

TUsunsy

double R=3;
nnnnnnnnnnnnnnnnn

double area=2*PI*Square(r);

double ans=i";

>

#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;

main()

{
double R=3;
printf("%lf",Area(R));

}

double Area(double r)

{
double area=2*PI"Square(r);
return area;

}

double Square(double i){
double ans=i*i;

return(ans);



Linked List

LU YAUIY AN

Heap

#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;
main()

{

double R=3;
printf("%!lf",Area(R));

, }
Arnannaznanls Global double Area(double r)

double PI=3.14159265359; {
double area=2*PI*Square(r);
return area;

}

Usunsy double Square(double i){

> double ans=i’;

,,,,,,,, Jn return(ans);

eeeeeeeeeeeeeeeeeee
aaaaaaaaa =2'PI"Square();
retum area;

double ans=i";

aaaaaaaaaaaaaaaaaaaaaa




Linked List

LU YAUIY AN

Heap

#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;
main()

{

double R=3;
printf("%!lf",Area(R));

, }
Arnannaznanls Global double Area(double r)

double PI=3.14159265359; {
double area=2*PI*Square(r);
return area;

}

Usunsy double Square(double i){

double ans=i*i;

= I return(ans);

aaaaaaaaa =2'PI"Square();
retum area;

double ans=i";

eeeeeeeeeeeeeeeeeee

aaaaaaaaaaaaaaaaaaaaaa




Linked List

LHUTIVILEAIIUEN
Heap
#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;
Stack main()
{
double R=3;
printf("%lf",Area(R));
: }
ARINLazALUs Global double Area(double r)
double PI=3.14159265359; {
— double area=2*PI*Square(r);
return area;
}
Usunsy double Square(double i){
double ans=i*i;
e return(ans);
S }




Linked List

LHUTIVILEAIIUEN
Heap
#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;
Stack main()
{
double R=3;
printf("%lf",Area(R));
: }
ARINLazALUs Global double Area(double r)
double PI=3.14159265359; {
double area=2*PI*Square(r);
— return area;
}
lJsunsy double Square(double i){
double ans=i*i;
e return(ans);
o }
e 10




Linked List

LU YAUIY AN

Heap

Stack

Apsfinaziauys Global
double PI=3.14159265359;

TUsunsy

double R=3;
nnnnnnnnnnnnnnnnnn

eeeeeeeeeeeeeeeeeee

double area=2*PI*Square(r);

aaaaaaaaaaaaaaaaaaaaaa
double ans=I";

#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;

main()

{
double R=3;

— printf("%!lf",Area(R));

}

double Area(double r)

{
double area=2*PI*Square(r);
return area;

}

double Square(double i){
double ans=i*i;

return(ans);

11



Linked List

LU YAUIY AN

Heap

Stack

Apsfinaziauys Global
double PI=3.14159265359;

TUsunsy

nnnnnnnnnnnnnnnnnn

eeeeeeeeeeeeeeeeeee

double area=2*PI*Square(r);

aaaaaaaaaaaaaaaaaaaaaa

double ans=i"i;

retum(ans);

#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;

main()

{
double R=3;
printf("%lf",Area(R));

}

double Area(double r)

{
double area=2*PI*Square(r);
return area;

}

double Square(double i){
double ans=i*i;

return(ans);
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Linked List

S o
LA UV IYAITHRN
4 Ady ] o/ v =
Heap lassassionauandrsiuluinglusieasiden
Juagnunen wazaadnenssy
LY 1 A < a %
Aqag1elliluvaslusunsuinlisunianien C
Stack

ArnnaznauUds Global

TUswnsy
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Linked List

LU YAUIY AN

Heap

Stack

ArnnaznauUds Global

TUswnsy

mumwiﬂﬂit,t,ﬂﬁuﬁgﬂﬂamlwél,l,é’a

TUswnsy 64 Us Aazlaldnun
11nNIUSLASY 32 UR
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Linked List

LU YAUIY AN

Heap

Stack

ArnnaznauUds Global

TUswnsy

YUIATURL U source code
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Linked List

LU YAUIY AN

Heap

Stack

ArnnaznauUds Global

TUswnsy

YUILUASULUAIVULSU
AR SINATYNINALT

Windows 32 bit 223170155 1 Mb
Linux 2¢31ial3% 8 Mb
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Linked List

LU YAUIY AN

Heap

Stack

ArnnaznauUds Global

TUswnsy

YUILUASULUAIVULSU
LAlAESINITYNINAAL

IRommnaivhlusfesUssmamudsneu
Tnnas:

31237 compiler 9ndudasdiusiag
function 138 method aglduiily stack
inle

LS Array a1Usgnele main()
naginulull Aty array 9R9RvUIALULDY
AasnauUsEnd wazildsuiuasunalula

Luila
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Linked List

LU YAUIY AN

Heap

Stack

ArnnaznauUds Global

TUswnsy

YUILUASULUAIVULSU

AR SINATYNINALT

Windows 32 bit 223170155 1 Mb
Linux 2¢31ial3% 8 Mb

YU 1 Mb AUIYDT VULSU

Wsunsuazinudeyaldliia 1 Mb Tawseld ?

AU char azldu1nde 1 A udauds

wnwaldusaly ?
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Linked List

P | o
LN UV U R ITHLA
Heap o )
VUIALUAYULLURIVUETU
LAlAESINITYNINAAL
Stack
Windows 32 bit 2310a13% 1 Mb
Linux 2¢31ial3% 8 Mb
#include <stdio.h>
Anasnazals Global main()
{ double Giant[200000];
printf("Hello World");
}
I‘UiLLﬂ‘JﬁJ #include <stdio.h>
main() B Chtempitemp.exe - O *
{ double Giant[300000]; , r 2. ‘_ seconds with return value 3221225725
printf("Hello World");
} 19




Linked List

LU YAUIY AN

Heap

Stack

ArnnaznauUds Global

TUswnsy

YUILUASULUAIVULSU
LAlAESINITYNINAAL

Windows 32 bit 223170155 1 Mb
Linux 2¢31ial3% 8 Mb

#include <stdio.h>

B Chtemp\temp.exe - O *

main()

{ double Giant[300000]; e
printf("Hello World");

}

Giant 4vu1n =8 x 300000=2.4Mb
AUNUN stack danalirtlusinsuvneIunausni
LUUULSENINA Stack overflow

M C Laillszuunsiaaay Aely programmer A93La4
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Linked List

~ )
LN UNAUIEAITUN
Heap . o y y
'WLJ,'JSﬂﬂqﬂmﬁqwqﬁﬂﬁaﬂmai%ﬂqﬂ
seuuUURnIsle
Stack [EFTERhre

AauUsviafglun1el C MUNDIrUIgAINIdUl

Aasfinaziauds Global uuAg

Pointer

TUswnsy
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Linked List

LU YAUIY AN

Heap

Stack

ArnnazaauUs Global

TUswnsy

Pointer
339 qualfaus pointer aglu Stack

1 v o I 'Y
WANUEINI5OD19A LS U heap 1

N15LNDedaYaRUUEEENI
By reference %39 L9109lA8N15914999

Y g Y & v = 1
aulsinldinudaya anan

Value Type

AauUsnIFAUAILWYY 1S8n71

Reference Type
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Linked List

LU YAUIY AN

Heap

Stack

ArnnazaauUs Global

TUswnsy

Pointer
N5 1B9URUAMUI LU heap § 2

YUNDUAD

1 SeaNUNANUYUINNNDINIT

C Tdande avids=malloc(vu1affaenis)

Java l9A1d4 new

2 Aunudelylyuan
C MMds free(szysumis)

Java liifpeAu
INSIZASTUUNAIUIY ADYRNSIEDULASAWTI

23



Linked List

LU YAUIY AN

Heap

Stack

s

ArnnaznauUds Global

TUswnsy

Pointer
A9819N1SITNUNlY Heap

19 12 bytes Wotfiu hello world

#include <stdio.h>
main()
{ char *s;
mm) s=(char *)malloc(12);
strcpy(s,"hello world");
printf("%s",s);
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Linked List

LU YAUIY AN

Heap

g HHHAHHAHHAHH

Stack

ArnnaznauUds Global

TUswnsy

Pointer
A9819N1SITNUNlY Heap

19 12 bytes Wotfiu hello world

#include <stdio.h>
main()
{ char *s;
mm) s=(char *)malloc(12);
strcpy(s,"hello world");
printf("%s",s);

25



Linked List

LU YAUIY AN

Heap

> hello world

Stack

ArnnaznauUds Global

TUswnsy

Pointer
A9819N1SITNUNlY Heap

19 12 bytes Wotfiu hello world

#include <stdio.h>
main()
{ char *s;
s=(char *)malloc(12);
mm) strcpy(s,"hello world");
printf("%s",s);
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Linked List

LU YAUIY AN

Heap

Stack

s

ArnnaznauUds Global

TUswnsy

Pointer
A9819N1SITNUNlY Heap

19 12 bytes Wotfiu hello world

#include <stdio.h>
main()
{ char *s;
s=(char *)malloc(12);
strcpy(s,"hello world");
mm) printf("%s",s);

27



Linked List

LRUNAUIAIUTT
Pointer
Heap Fegransianuily Heap
g heloworld | 3 i
19 12 bytes wiaLiu hello world
Hinclude <stdio.h>
Stack

main()
{ char *s;
s=(char *)malloc(12);
strcpy(s,"hello world");
m=)  printf("%s",s);
free(s);
printf("After:%s\n",s);

ArnnaznauUds Global

TUswnsy
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Linked List

LU YAUIY AN

Heap

Stack

s

ArnnaznauUds Global

TUswnsy

Pointer
frognenslanuily Heap
19 12 bytes Wotfiu hello world
#include <stdio.h>
main()
{ char *s;
s=(char *)malloc(12);
strcpy(s,"hello world");
printf("%s",s);
) free(s);
printf("After:%s\n",s);
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Linked List

WAUTALIYAIINAN
Pointer
Fleap Fragansldnuily Heap
19 12 bytes Wotfiu hello world

Hinclude <stdio.h>
Stack

main()

{ char *s;

B Cihtempitemp.exe - O X

s=(char *)malloc(12);

strcpy(s,"hello world");

printf(“Before:%s",s);

free(s);
mm)  printf("After:%s\n",s);

TUswnsy
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Linked List

LU YAUIY AN
Pointer

Heap
ANEN19 C FUANAUNUITAINUINAAUIA
a1 luAu DadazUalusunsulunan

Stack I o I 3 < o Y I v v
MU8ANUTIEINNUAZUNNaUNN vl e
789 Reboot LAS8I9819LA7

i agiuaziands Global N1FLUVUIYNINT Memory Leaked

TUswnsy
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Linked List
A19819 code M VLAA memory leaked Huuita3IT18iign

Y 74 1 1R . 1 o
A9 1ULaUIUNN L1153 99259U8AINIVUIN 16G IUNUA ?

D @ @ 5 Aol @ @ 'E | EE OB Eg | 'f E[[I] & TOM-GCC | Processes Performance App history Startup Users Details Services
Q] @ [ | | g1roba1s) v N
CPU M
[*] temp.c 10% 1.56 GHz emory 16.0 GB Unknown
1 #include <stdio.h> L L

< M
2 main() T g(zm
38 { double *s;
. | | Disk 0 (C:
453 while(1)fi ' oy
5 s=(double *)malloc(sizeof(double)); :
| Disk 1(D3)
6 0%
| Disk 2 (F:
8 o (F)
n use (Compressed Available Speed 1333 MHz
| Disk 3 (G) 46GB (262 MB) 113 GB == dofd
0% ) i Form factor: DiMM
Committed Cached Hardware reserved: 8.5 MB
| Disk 4 (H) 6.0/184GB 99GB
0% Paged poc MNon-paged peo
' 571 MB 216 MB
Eg Compiler (2) % Resources il Compile Log 4 Debug @Findﬂesuks @C'USE l Ethernet e
Line Col  File Message Fewer details = (V) Open Resource Monitor
C\temp\temp.c In function ‘main’:
ine: 4 Col: 10 Sel: 0 ine: A lenath: 106 Inzert Done narsine in 0015 ceeonds

*ALAaY : KIUNAaRIRsULUSUNSULUU notebook
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Linked List

A19819 code M VLAA memory leaked Huuita3IT18iign

Y 74 1 1R . 1 o
A9 1ULaUIUNN L1153 99259U8AINIVUIN 16G IUNUA ?

File Edit Search View Project Execute Tools AStyle Window Help File Options  View
D I@ | Ll @ @| "E EE 0OME EE| Q%| | Eﬂ]] @ TOM-GCC | Processes Performance  fApp history Startup Users Details Services
EE ﬁ [ﬂ {globals) ~ P
- CPU M
[*] temp.c - 10% 1.56 GHz emo 16.0 GB Unknown
1 #include <stdio.h> v ey o o
= emory
2 main ( ) 4.7/16.0 GB (20%)
38 { double *s;
. Disk 0 (C3)
45 while( DA by
5 s=(double *)malloc(sizeof(double)); 30 seconds
Disk 1 (D2) Memory compasition
6 0%
7}
8 Disk 2 (F)
0%
In use (Compressed) Available Speed: 1333 MHz
c : Slots used: 4ofd
E?«I;,Sk 3(G) 4.6 GB (262 MB) 11.3 GB o it
Committed Cached Hardware reserved: 8.5 MB
Disk 4 (H) 6.0/184GB 99GB
0% Paged pool Men-paged pool

571TMB 216 MB

. Ethernet v
EE Compiler (2) m Resources d]]] Compile Log % Debug @ Find Results Close
Line Col File Message Fewer details ':E:-:' Open Resource Monitor

CA\temp\temp.c In function 'main":

ine: 4 Cal: 10 Sel: 0 inex: 8 | enath:  10R Inzert None narsing in 1.015 ceconds

*ALAaY : KIUNAaRIRsULUSUNSULUU notebook
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Linked List

LU YAUIY AN

Heap

Stack

ArnnaznauUds Global

TUswnsy

Pointer

&8 Array 11199 Heap azlaluiy ?

#include<stdio.h>

main(){
char *s;
s=(char *)malloc(sizeof(char)*2000);
*(s+0)="H";
*(s+100)="E';
*(s+999)="L";
*(s+1999)="L";
printf("%c",*(s+0));
printf("%c",*(s+100));
printf("%c",*(s+999));
printf("%c",*(s+1999));

B ChUsers\ohmi\Documents\helloworld.exe — O

conds with return value 1

free(s);
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LU YAUIY AN

Heap

Stack

ArnnaznauUds Global

Pointer

#include<stdio.h>

main(){
char *s;
s=(char *)malloc(sizeof(char)*20000000);
*(s+0)="H'";
*(s+100)="E';
*(s+999)="L";
*(s+20000000-1)="L";
printf("%c",*(s+0));
printf("%c",*(s+100));
printf("%c",*(s+999));
printf("%c",*(s+20000000-1));

free(s);

TUswnsy

B ChUszers\ohm\Documents\helloworld.exe

onds with return value
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Linked List

1% Pointer wagne Array lUl3lTunuasauangddu heap reuntaunn stack overflow
weibainUsynn
v A a 1 W < = =
- AasldNunIsRasanuluNuLAe?

- A15 UNSN Lazau 899A89lbt2a1 O(N)

= = < v 1 o 1
wnianasinuYeyaliluniigauddiu heap
Aulilaseasnevayadnuila Feazlinnuwmianzaundn N5l Array wag Primitive Type
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Linked List

Linked List
$18N15 L84

- Singly Linked List

- Doubly Linked List
Circular Linked List
Circular Doubly Linked List
Multi Listed
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Linked List: Singly Linked List

Singly Linked List %38 Regular Linked List aulungiseni nsleanen

[~3 ad < [V} 1 1 dl aa Y ¢ 1 = ¢ Y] Aﬂ' ] 1 aa Y ¢ 1
Uudsmaiu Joyasgesaliiasvasdaiudng q lnsiinaawmasidufausaudasdauwiun Sandlua
(Nodedsluusiazlunazusznauluaie 2 d7u Ao Data%LﬁUi’J’agamaeﬁﬁLﬁuﬁ Lazdungse Aa Link Field
EMATINLAY Auvidsvasluasaluludan

Tudruvssdatanraazidusrgnisifgrnsaidusanasanlaludiuvas linkagtdudruitiuaiurusvalunun

daluTu Twnuagavingazinuan Null Felildguludedunisla o Wudauennms dugavasdanludedaanasiisn
) o d” [ 1 a . . . =2 & a a [ I a v a 2 & & a

wUsamsud Auviedan (List pointer variable)@aduiiinuauvidasuduvadian T390 Aaluunusnvadddan

& Y a Y v a <

Wwee taadlifideya dayalulvuausnvasdanazidu Null

I
|
Data field o

I Link field
(Information field) :
|

Node
Head node L
H E
L 0 X
38

Tail node



Linked List: Singly Linked List

Data field ﬁa%’ayjaﬁé{amﬁﬁ’uﬁﬂ 91931Ju orimitive type 38 composite type nla
Inteulavoyaiuiy 1y d1auvestays

Link field A® AviudlunulgAI U7 (address) TuniigA1Nu31U89 node aal

Tail node #nfiealt Link field Ay Null ¥5e -1 Waueni1 Augatoyaua.

Data field

(Information field)

Link field

Node
Head node L

L

\ 4
M

H

) X

\ 4
—
\ 4

Tail node



Linked List: Singly Linked List

n15d319 Linked List
A1 C Reuas1e Node Taglamndsuuu 1asedsng (structure)

Link field Td@audsuuy pointer

Data field

(Information field)

Link field

Node
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Linked List: Singly Linked List

AN5@319 Linked List

Y% 1 < Y 6
FpgnabUTHNTULAUAYALNSANY]

Data field : Link field

char Name[20]; long phone; PhoneBook *next;

PhoneBook

struct Node{
char Name[20];
long phone;
struct Node *next;

}PhoneBook;

Aasulnaluy 32 Us Aaaulnauuy 64 Un
PhoneBook fvunavinla? PhoneBook fuuavinla?



Linked List: Singly Linked List

AN5@319 Linked List

Y% 1 < Y 6
FpgnabUTHNTULAUAYALNSANY]

AAaulnauuu 32 U¢
PhoneBook fvunavinla?

AAaulnanuu 64 Us
PhoneBook fivunavinla?

#include <stdio.h>
main(){
struct Node{
E char Name[20];
long phone;
; struct Node *next;
}PhoneBook; |
printf("%d",sizeof(PhoneBook));

o | 8 | ol @ | |Tom-cocc 2.5.2 32-bit Release v

B F\data\GoogleDriveKU'\Lectures\ C522 1\ slides\C4_singleLinklist.exe — a x

xited after 0.04091 seconds with re
ey to continue .

988 | " | 8 | dh @ || Tom-coc 4.5.2 €4-bit Release v

B FhdatahGoogleDriveKUhLectures\ C522 1 slides\ C4_singleLlinklist.exe — O >

ited after 0.0166 seconds turn value 2
ey to continue .
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Linked List: Singly Linked List

AN5@319 Linked List

o - .y nssiinvayaadtu Linked List
A9EgalUTHNTULAUAYALNSANY] v

Node 50

#include <stdio.h>
main(){
typedef struct Node{
| char Name[20];
long phone;
; struct Node *next;
}PhoneBook;

‘ PhoneBook *head, *tail;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
tail=head;

strcpy(head->Name, "John");
head->phone=123456789;

head-»next=0;

printf("Name:%s\nPhone:%1ld" ,head->Name, head->phone);

*head *tail free(head);

}
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Linked List: Singly Linked List

AN5@519 Linked List S o . .
o ) o ASILTaNaaslU Linked List
A9EgalUTHNTULAUAYALNSANY] v

Node 50

#include <stdio.h>

KAXXXNXXXXX main(}{
| $8555885558855% | HtHHHHHE typedef struct Node(

char Name[20];
long phone;
; struct Node *next;
}PhoneBook;

PhoneBook *head, *tail;

‘ head =(PhoneBook *) malloc(sizeof(PhoneBook));
tail=head;
strcpy(head->Name, "John");
head->phone=123456789;
head->next=0;

printf("Name:%s\nPhone:%1d",head->Name, head->phone);

*head *tail free(head);

}
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Linked List: Singly Linked List

AN5@519 Linked List

o - .y nssiinvayaadtu Linked List
A9EgalUTHNTULAUAYALNSANY] v

Node 50

#include <stdio.h>

KAXXXNXXXXX main(}{
| $55$8555588558S | HEHHHHEH typedef struct Node(

char Name[20];
long phone;
; struct Node *next;
}PhoneBook;

PhoneBook *head, *tail;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
‘ tail=head;

strcpy(head->Name, "John");

head->phone=123456789;

head->next=0;

printf("Name:%s\nPhone:%1d",head->Name, head->phone);

*hé;a\\~— *tail free(head);

}
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Linked List: Singly Linked List

AN5@519 Linked List

o - .y nssiinvayaadtu Linked List
A9EgalUTHNTULAUAYALNSANY] v

Node 50

#include <stdio.h>

main(){
,John HHAHAHAH e typedef struct Node{

char Name[20];
long phone;
; struct Node *next;
}PhoneBook;

PhoneBook *head, *tail;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
tail=head;

strcpy(head->Name, "John");
head->phone=123456789;

head->next=0;

printf("Name:%s\nPhone:%1d",head->Name, head->phone);

*hé;a\\~— *tail free(head);

}
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Linked List: Singly Linked List

AN5@519 Linked List S o . .
o ) o ASILTaNaaslU Linked List
A9EgalUTHNTULAUAYALNSANY] v

Node 50

#include <stdio.h>

main(){
,John 123456789 e typedef struct Node{

char Name[20];
long phone;
; struct Node *next;
}PhoneBook;

PhoneBook *head, *tail;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
tail=head;

strcpy(head->Name, "John");

‘ head- >phone=123456789;

head->next=0;

printf("Name:%s\nPhone:%1d",head->Name, head->phone);

*hé;a\\~— *tail free(head);

}
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Linked List: Singly Linked List

AN5@319 Linked List S o . .
o ) o ASILTaNaaslU Linked List
A9EgalUTHNTULAUAYALNSANY] v

Node 50

#include <stdio.h>

main(){
,John 123456789 0 typedef struct Node{

char Name[20];
long phone;
; struct Node *next;
M va . }PhoneBook;
a1 C ldlatisnudn NULL Aaaszls ’
PhoneBook *head, *tail;
head =(PhoneBook *) malloc(sizeof(PhoneBook));
tail=head;
strcpy(head->Name, "John");
head->phone=123456789;

‘ head->next=0;

printf("Name:%s\nPhone:%1d",head->Name, head->phone);

=X A 1’4
13719 UBULNY null A8 O

*hé;a\\~— *tail free(head);

}
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nsviutayaasiy Linked List Node mpun
#include <stdio.h>
*head | —| *tail main(){

typedef struct Node{
. char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

John:123456789 | X

PhoneBook *head, *tail,*pt;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
head->phone=123456789;

head->next=0;

‘ tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Jane");
pt->phone=987654321;

pt->next=0;

tail->next=pt;

tall=pt;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");
pt->phone=123454321;
pt->next=0;
tail->next=pt;

tail=pt;

}
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nsviutayaasiy Linked List Node mpun
#include <stdio.h>
*head | —| *tail main(){

typedef struct Node{
: char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

John:123456789 | X

PhoneBook *head, *tail,*pt;
head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");

= head->phone=123456789;

$SSSSXXXXX head->next=0;

tail=head;

‘pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Jane");
pt->phone=987654321;
pt->next=0;
tail->next=pt;
tail=pt;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");
pt->phone=123454321;
pt->next=0;
tail->next=pt;

tail=pt;

}
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nsviutayaasiy Linked List Node mpun
#include <stdio.h>
*head | —| *tail main(){

typedef struct Node{
. char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

John:123456789 | X

PhoneBook *head, *tail,*pt;
head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
= head->phone=123456789;
Jane:XXXXX head->next=0;
tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
‘ strcpy(pt->Name, "Jane");

pt->phone=987654321;

pt->next=0;

tail->next=pt;

tall=pt;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");
pt->phone=123454321;
pt->next=0;
tail->next=pt;

tail=pt;

}
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CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*he

*tail

John:123456789 | X

Jane:987654321

*%*

Node #1811

#include <stdio.h>
main(){
typedef struct Node{
: char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

PhoneBook *head, *tail,*pt;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
head->phone=123456789;

head->next=0;

tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Jane");
mmm) pt->phone=987654321;
pt->next=0;
tail->next=pt;
tall=pt;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");
pt->phone=123454321;
pt->next=0;
tail->next=pt;

tail=pt;

}

52



Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*he

*tail

John:123456789 | X

Jane:987654321

Node #1811

#include <stdio.h>
main(){
typedef struct Node{
: char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

PhoneBook *head, *tail,*pt;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
head->phone=123456789;

head->next=0;

tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Jane");
pt->phone=987654321;

mmm) pt->next=0;
tail->next=pt;
tall=pt;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");
pt->phone=123454321;
pt->next=0;
tail->next=pt;

tail=pt;

}
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CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*he — *tail

John:123456789

Jane:987654321 | X

Node #1811

#include <stdio.h>
main(){
typedef struct Node{
: char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

PhoneBook *head, *tail,*pt;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
head->phone=123456789;

head->next=0;

tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Jane");
pt->phone=987654321;

pt->next=0;

‘ tail->next=pt;

tail=pt;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");
pt->phone=123454321;
pt->next=0;
tail->next=pt;

tail=pt;

}
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CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*he — *tail

John:123456789

Jane:987654321 | X

Node #1811

#include <stdio.h>
main(){
typedef struct Node{
: char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

PhoneBook *head, *tail,*pt;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
head->phone=123456789;

head->next=0;

tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Jane");
pt->phone=987654321;

pt->next=0;

tail->next=pt;

‘ tail=pt;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");
pt->phone=123454321;
pt->next=0;
tail->next=pt;

tail=pt;

}
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nsviutayaasiy Linked List Node mpun
#include <stdio.h>
*head | —| *tail main(){

typedef struct Node{
. char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

John:123456789

PhoneBook *head, *tail,*pt;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
head->phone=123456789;

Jane:987654321 | X head->next=0;

tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
% strcpy(pt->Name, "Jane");
29933:XXXXX pt->phone=987654321;
pt->next=0;
tail->next=pt;
tall=pt;

‘pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");
pt->phone=123454321;
pt->next=0;
tail->next=pt;
tail=pt;

}
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Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*he

*tail

John:123456789

Jane:987654321

Node #1811

#include <stdio.h>
main(){
typedef struct Node{
: char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

PhoneBook *head, *tail,*pt;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
head->phone=123456789;

head->next=0;

tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));

Joe:12354321

strcpy(pt->Name, "Jane");
pt->phone=987654321;

pt->next=0;
tail->next=pt;
tail=pt;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));

strcpy(pt->Name, "Joe");

pt->phone=123454321;
‘ pt->next=0;

tail->next=pt;

tail=pt;

}
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Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*he

*tail

John:123456789

Jane:987654321

Node #1811

#include <stdio.h>
main(){
typedef struct Node{
: char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

PhoneBook *head, *tail,*pt;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
head->phone=123456789;

head->next=0;

tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));

Joe:12354321

strcpy(pt->Name, "Jane");
pt->phone=987654321;

pt->next=0;
tail->next=pt;
tail=pt;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");
pt->phone=123454321;
pt->next=0;

‘ tail->next=pt;
tail=pt;
}
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nsviutayaasiy Linked List Node mpun
#include <stdio.h>
*head |  (tail | main(){

typedef struct Node{
. char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

John:123456789

PhoneBook *head, *tail,*pt;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
head->phone=123456789;

Jane:987654321 \\ head->next=0;

tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
N strcpy(pt->Name, "Jane");

Joe:12354321 pt->phone=987654321;

pt->next=0;

tail->next=pt;

tall=pt;

A 4

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");

pt->phone=123454321;

pt->next=0;

tail->next=pt;

mmm) tail=pt;
59
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Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head | | tail_

John:123456789

Jane:987654321 \

A 4

Joe:12354321

A3 Node siaving Tu Linked List din1ugudaunianandy

O(1)

alafiaauds *tail azldaan O(N)

Node #1811

#include <stdio.h>
main(){
typedef struct Node{
: char Name[208];
long phone;
' struct Node *next;
}PhoneBcok,

PhoneBook *head, *tail,*pt;

head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
head->phone=123456789;

head->next=0;

tail=head;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Jane");
pt->phone=987654321;

pt->next=0;

tail->next=pt;

tall=pt;

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name, "Joe");
pt->phone=123454321;
pt->next=0;
tail->next=pt;

tail=pt;

}
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Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail

John:123456789

Jane:987654321

\ 4

AT9N9N Node LN

1 @519 Node T
2 19 link field 994 node TvilUd head node
3 WAy head node 1% node Totl

Joe:12354321
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Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail

John:123456789

Jane:987654321

1 @519 Node 1w

\ 4

AT9N9N Node LN

Pater:12354321

*%*

Joe:12354321

2 1% link field 7849 node llUd head node

3 [Wagu head node 13 node vl

pt =(PhoneBook *)

malloc(sizeof(PhoneBook));

strcpy(pt->Name,"Peter");
mm) pt->phone=123454321;

pt->next=head;

head=pt;
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Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail \

John:123456789

Jane:987654321

1 @519 Node 1w

A 4

AT9N9N Node LN

Pater:12354321

Joe:12354321

2 1% link field 7849 node llUd head node

3 [Wagu head node 13 node vl

pt =(PhoneBook *)
malloc(sizeof(PhoneBook));
strcpy(pt->Name,"Peter");
pt->phone=123454321,
pt->next=head;

head=pt;



Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail \

AT9N9N Node LN

John:123456%s\

Jane:987654321

A 4

o

Pater:12354321

Joe:12354321

pt =(PhoneBook *)
malloc(sizeof(PhoneBook));
strcpy(pt->Name,"Peter");
pt->phone=123454321,

pt->next=head;
—> head=pt;

AUFULDUNIUIAIVBINITUNIA node LInuntingana

O(1)
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CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail \

John:123456%s\

Jane:987654321

\ 4

-

Pater:12354321

Joe:12354321

v v
KI1NNDINTIILNINKIUT Node
v o 1
gavig A8vinenals ?

Afo9 Traverse AdUH head
lUauds node gaving wann
11314 link 41910 node vy
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Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

*head

Traverse y1Na814ls ?

John:123456%s\

Jane:987654321

o

Pater:12354321

Joe:12354321
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Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

A9 Traverse

*tail

) | e

John:123456%s\

Jane:987654321

A

Pater:12354321

» pt=head;

Joe:12354321

while(pt->next!=0){
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",

pt,pt->Name,pt->phone,pt->next);

pt=pt->next;

}
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,
pt->Name,pt->phone,pt->next);

}
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Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

A9 Traverse

*head

*tail

John:123456%s\

Jane:987654321

A

Pater:12354321

pt=head;

Joe:12354321

X » while(pt->next!=0){
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",

pt,pt->Name,pt->phone,pt->next);

pt=pt->next;

}
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,
pt->Name,pt->phone,pt->next);

}
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Linked List: Singly Linked List 0819l U TN TUAUANALNTANY

A9 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
*head *tail Next:00000000001C 1400

John:123456%s\

Pater:12354321

Jane:987654321 \

pt=head;

A

while(pt->next!=0){
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",
pt,pt->Name,pt->phone,pt->next);

X
Joe:12354321 »

pt=pt->next;

}
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,
pt->Name,pt->phone,pt->next);

}
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A9 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
*head *tail Next:00000000001C 1400

m John:123456%s\

Pater:12354321

Jane:987654321 \

pt=head;

v
Joe:12354321 X

while(pt->next!=0){
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",
pt,pt->Name,pt->phone,pt->next);

» pt=pt->next;

}
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,
pt->Name,pt->phone,pt->next);

}
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Linked List: Singly Linked List 0819l U TN TUAUANALNTANY

A9 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
*head *tail Next:00000000001C 1400

m John:123456%s\

Pater:12354321

Jane:987654321 \

pt=head;
. ) I
X » while(pt->next!=0){
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",
pt,pt->Name,pt->phone,pt->next);

v
Joe:12354321

pt=pt->next;

}
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,
pt->Name,pt->phone,pt->next);

}
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A9 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
*head *tail Next:00000000001C 1400

Address:00000000001C1400

Name:John
Phone:123456789
John:123456%9\ Next:00000000001C1430
Pater:12354321 <
‘ Jane:987654321 \
pt=head;
v

while(pt->next!=0){
» printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",
pt,pt->Name,pt->phone,pt->next);

Joe:12354321 X

pt=pt->next;

}
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,
pt->Name,pt->phone,pt->next);

}
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A9 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
*head *tail Next:00000000001C 1400

Address:00000000001C1400
Name:John
Phone:123456789

.E» John:123456%9\ Next:00000000001C1430

Pater:12354321

Jane:987654321 \

pt=head;
v

Joe:12354321 X

while(pt->next!=0){
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",
pt,pt->Name,pt->phone,pt->next);

» pt=pt->next;

}
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,

pt->Name,pt->phone,pt->next);
}
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A9 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
*head *tail Next:00000000001C 1400

Address:00000000001C1400

Name:John

Phone:123456789
John:123456%9\ Next:00000000001C1430

Address:00000000001C1430

S Name:Jane
Phone:987654321
Next:00000000001C1460

Pater:12354321

Jane:987654321 \

J

4
Joe:12354321 X

pt=head;

while(pt->next!=0){
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",
pt,pt->Name,pt->phone,pt->next);

pt=pt->next;

}
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,
pt->Name,pt->phone,pt->next);

}



Linked List: Singly Linked List 0819l U TN TUAUANALNTANY

A9 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
*head *tail Next:00000000001C 1400

Address:00000000001C1400

Name:John

Phone:123456789
John:123456%9\ Next:00000000001C1430

Address:00000000001C1430

S Name:Jane
Phone:987654321
Next:00000000001C1460

Pater:12354321

Jane:987654321 \

pt=head;

v X » while(pt->next!=0){
Joe:12354321 ) " "
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",

’ pt,pt->Name,pt->phone,pt->next);
pt=pt->next;

}
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,

pt->Name,pt->phone,pt->next);
}
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A9 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
*head *tail Next:00000000001C 1400

Address:00000000001C1400
Name:John
Phone:123456789
John:123456%9\ Next:00000000001C1430
Address:00000000001C1430
S Name:Jane
Phone:987654321
Next:00000000001C1460
Address:00000000001C1460
Name:Joe
Phone:123454321
pt= head; Next:0000000000000000

Pater:12354321

Jane:987654321 \

- N while(pt->next!=0){
Joe:12354321
o¢ printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",

i pt,pt->Name,pt->phone,pt->next);
pt=pt->next;

}

» printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,
pt->Name,pt->phone,pt->next);
}
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Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

A9 Traverse

*head

*tail

John:123456%s\

Jane:987654321

AMNGULDUNILIAIVBINTS Traverse AD

\ 4

Address:00000000001C1490
Name:Peter
Phone:123454321
Next:00000000001C1400

Address:00000000001C1400
Name:John
Phone:123456789
Next:00000000001C1430
Address:00000000001C1430

D Name:Jane
Phone:987654321

Pater:12354321

Next:00000000001C1460
Address:00000000001C1460
Name:Joe
Phone:123454321

pt= head; Next:0000000000000000

Joe:12354321

while(pt->next!=0){
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n\n",

O(N)

pt,pt->Name,pt->phone,pt->next);

pt=pt->next;

}
printf("Address:%p\nName:%s\nPhone:%ld\nNext:%p\n",pt,
pt->Name,pt->phone,pt->next);

}
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Linked List: Singly Linked List

nsviutayaasiy Linked List

*head

*tail

John:123456789

Jane:987654321

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

Pater:12354321

Joe:12354321

v 74
INABINITUNIANLI Node
gAYy 8081413 ?

Afaq Traverse AdLe head
lUaung node gaving e
1734 link 47370 node 11y

wazly pointer 31U 2 A2UAS

Traverse

A9L3NLNU address Y89 node Uagliu

.Y} d' < 1 v
AINEDY LNU address U89 node NUKUN 78



Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail \

John:123456%s\

Jane:987654321

)

+ Pater:12354321

Joe:12354321

Traverse —

bNIN -

PhoneBook *head, *tail,*pt,*pt1,*pt2;
pt2=head;

while(pt2->next!=0){

ptl=pt2;

pt2=pt2->next;

}

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name,"Max");

pt->phone=5554321;

pt->next=pt2;

ptl->next=pt; 79



Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail

\

*pt

|

John:12345@<

Jane:987654321

Joe:12354321

*ptl *pt2
+ Pater:1 321 -
X

PhoneBook *head, *tail,*pt,*pt1,*pt2;
pt2=head;

while(pt2->next!=0){

ptl=pt2;

pt2=pt2->next;

}

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name,"Max");

pt->phone=5554321;

pt->next=pt2;

ptl->next=pt; %0



Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail

\

*pt

|

*ptl

John:12345@<

Jane:987654321

Max:5554321

*pt2

+ Pater:1 321

Joe:12354321

PhoneBook *head, *tail,*pt,*pt1,*pt2;
pt2=head;

while(pt2->next!=0){

ptl=pt2;

pt2=pt2->next;

}

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name,"Max");

m) pt->phone=5554321;

pt->next=pt2;

ptl->next=pt; .



Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail

\

*pt

|

John:12345@<

Jane:987654321

Joe:12354321

*ptl *pt2
+ Pater:1 321 -
X

Max:5554321

S

PhoneBook *head, *tail,*pt,*pt1,*pt2;
pt2=head;

while(pt2->next!=0){

ptl=pt2;

pt2=pt2->next;

}

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name,"Max");

pt->phone=5554321;

pt->next=pt2;

ptl->next=pt; %



Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail

\

*pt

|

*ptl

John:12345@<

Jane:987654321

*pt2

+ Pater:1 321

Joe:12354321

Max:5554321

S

PhoneBook *head, *tail,*pt,*pt1,*pt2;
pt2=head;

while(pt2->next!=0){

ptl=pt2;

pt2=pt2->next;

}

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name,"Max");

pt->phone=5554321;

pt->next=pt2;

# ptl->next=pt; 03



Linked List: Singly Linked List

CYj 1 < LY 6
FRENabUTHNTULAUAYALNSANY]

nsviutayaasiy Linked List

*head

*tail \

John:123456%s\

Jane:987654321

PhoneBook *head, *tail,*pt,*ptl,*pt2;
pt2=head;

while(pt2->next!=0){

ptl=pt2;

pt2=pt2->next;

}
\ pt =(PhoneBook *) malloc(sizeof(PhoneBook));

+ Pater:12354321

strcpy(pt->Name,"Max");

Joe:12354321

Max:5554321

—

S

pt->phone=5554321,
pt->next=pt2;
ptl->next=pt;

AUFULIUNIUIAIVBINITUNIN node LIgTuntifgavigne

O(N) y



Linked List: Singly Linked List

1 > 2 > 3

A 4
EaN
A 4
wu

L]

n15unsn Node ansmnisdagiuaszdl 2 Usshufe

1 NITWNINNIATUVLT drdsavinlasiuil e niidaya address ¥a9 node aaly
AMUTULDUNTIIAFITY O(1)
2 ANSLNSANNAULY AD9 Traverse NaULNBY1 Address 9949 node NOUNLN

ANNFULDUN9La19 U O(N)
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Linked List: Singly Linked List

[EEN
A 4

\ 4

\ 4

\ 4
W

t

n15au Node il 4 Usziaufe

1 auAusn (Head)

2 auAdgaving (Tail)
3 audafiagfuvn

4 aunaUaguu
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Linked List: Singly Linked List

n15au Node : aufaLsn

*head

*tail

John:123456789

Jane:987654321

A 4

Joe:12354321

1) ¢18 *head W19 link 89 node wsN
2) AUNUNYBY node LSAIAAUNUIIAIUTY
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Linked List: Singly Linked List

n15au Node : aufaLsn

*head

*tail *pt

5

John:123456789

Jane:987654321

A 4

Joe:12354321

1) &8 *head W19 link 89 node wsn

2) AUNUNYBY node LSAIPAUNUIIAIUTY

» pt=head;

head=pt->next;
free(pt);
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Linked List: Singly Linked List

n15au Node : aufaLsn

*head

*tail *pt

5

John:123456789

Jane:987654321

A 4

Joe:12354321

1) &8 *head W19 link 89 node wsn

2) AUNUNYBY node LSAIPAUNUIIAIUTY

pt=head;
» head=pt->next;
free(pt);
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Linked List: Singly Linked List

n15au Node : aufaLsn

*head

*tail *pt

5

John:123456789

Jane:987654321

A 4

Joe:12354321

1) &8 *head W19 link 89 node wsn

2) AUNUNYBY node LSAIPAUNUIIAIUTY

pt=head;
head=pt->next;

» free(pt);
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Linked List: Singly Linked List

n15au Node : aufaLsn

*head

*tail *pt

ot

Jane:987654321

A 4

Joe:12354321

1) &8 *head W19 link 89 node wsn

2) AUNUNYBY node LSAIPAUNUIIAIUTY

pt=head;
head=pt->next;
free(pt);
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Linked List: Singly Linked List

n15au Node : augayng

“head | | "tail 1) Traverse 310 node W3nlUga node gANe

2) AU address U89 note ﬂauaﬂma LAY node amma

)
)
3) Wasw next GUEN node ﬂauammmﬂu null
)
) A

John:123456789

4 LUasJu *tail ami node ﬂauaﬂma

5) Auilufives node GG

Jane:987654321 \

Joe:12354321 X
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Lin

ked List: Singly Linked List

n15au Node : augayng

*head *tail *pt1 *pt2

John:123456789

Jane:987654321 \

A 4

Joe:12354321 X

Traverse 910 node &3nlUgs node gaving

1fiu address Y84 note AOUAAYINE Waz node gaving
WAEL next a4 node ﬁau?jﬂﬁﬁmﬂu null

Wabw *tail 1% node feugmvine

Fudiuiives node antie

pt2=head;
while(pt2->next!=0){
ptl=pt2;
pt2=pt2->next;

}

tail=pt1;
ptl->next=0;
free(pt2);
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Lin

ked List: Singly Linked List

n15au Node : augayng

*head *tail *pt1 *pt2
John:¥3456-7-89’

Jane:987654321 \

Joe:12354321 X

Traverse 910 node &3nlUgs node gaving

1fiu address Y84 note AOUAAYINE Waz node gaving
WAEL next a4 node ﬁau?jﬂﬁﬁmﬂu null

Wabw *tail 1% node feugmvine

Fudiuiives node antie

pt2=head;
while(pt2->next!=0){
ptl=pt2;
pt2=pt2->next;

}

) tail=ptl;

ptl->next=0;
free(pt2);
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Linked List: Singly Linked List

n15au Node : augayng

pt2=head;

*head *tail *pt1 *pt2 while(pt2->next!=0){
ptl=pt2;

pt2=pt2->next;
John:123456789 " }

tail=pt1;

Jane:987654321 | X ptl->next=0;
free(pt2);

Joe:12354321 X

Traverse 910 node &3nlUgs node gaving
1fiu address Y84 note AOUAAYINE Waz node gaving

)
)
3) 1WA next Y84 node Aaugaverdu null
) WAbY *ail 117 node fauaniine

)

AUTIUNAYBY node AV



Lin

ked List: Singly Linked List

n15au Node : augayng

pt2=head;

*head *tail *pt1 *pt2 while(pt2->next!=0){
ptl=pt2;

pt2=pt2->next;
John:123456789 " }

tail=pt1;

Jane:987654321 | X ptl->next=0;

- free(pt2);

Traverse 910 node &3nlUgs node gaving

Lﬁ‘l,! address U84 note faUaATY Uay node anving O(N)
\Wawu next 989 node naugavineidu null

Wabw *tail 1% node feugmvine

Fudiuiives node antie
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Linked List: Singly Linked List

A15au Node : aUAIUVIN

*head

- John:123456789..

Jane:98T65 1

v

o

+ Pater:12354321

4

1) wWasy next vaaiadagiu 1UTds node Midainsauie

2) AUNUN node NFBIN1SaU

Joe:12354321

97
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Linked List: Singly Linked List

n15au Node : aUAIUT71

*pt *pt2 *head *tail \
|:> John:123456789..
Jane:987654321

1

1) wWagu next voatagdu WA node NABINauTed

2) AUNUA node NFaIN15aU

)

+ Pater:12354321

Joe:12354321

pt2=head;

while(pt2->next!=0){
if(Istrcmp(pt2->Name,"John"))break;
pt2=pt2->next;

}

pt=pt2->next;
pt2->next=pt->next;

free(pt);

98



Linked List: Singly Linked List

n15au Node : aUAIUT71

*pt *pt2 *head *tail \
John:123456%s\
Jane:987654321

1

1) wWagu next voatagdu WA node NABINauTed

2) AUNUA node NFaIN15aU

v

o

+ Pater:12354321

Joe:12354321

‘ pt=pt2->next;
pt2->next=pt->next;

free(pt);
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Linked List: Singly Linked List

4 dl U v a v dl 1% dgl 1
N198U Node : aunIUYIN 1) wWagu next voatagdu WA node NABINauTed

2) AUNUN node NFBIN15AU
*pt *pt2 *head *tail \

John:123456789.. \

+ Pater:12354321

Jane:987654321 \

pt=pt2->next;

‘ pt2->next=pt->next;

v
Joe:12354321 X free(pt);
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Linked List: Singly Linked List

4 dl C¥ v a v dl 1% dgj 1
N198U Node : aunIUYIN 1) wWagu next voatagdu WA node NABINauTed

2) AUNUN node NFBIN15AU
*pt *pt2 *head *tail \

John:123456789.. \

+ Pater:12354321 -
pt=pt2->next;
| pt2->next=pt->next;
Joe:12354321 X ‘ free(pt);

O(1)
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Linked List: Singly Linked List

n15au Node : au node Uaguu

*head *tail \
John:123456789.. \

+ Pater:12354321

Jane:987 321 \

v
Joe:12354321 X

1) Traverse i@y Address 84 node sue
2) wWagu next ¥89 node MULIBUNT next Y89 node Uagdiu
3) AUNUNUIBANIIVBY node UagUiu
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Linked List: Singly Linked List

n15au Node : au node Uaguu
pt2=head,;

while(pt2->next!=0){

*ptl *pt2 *head *tail
\ if(Istrcmp(pt2->Name,"Jane"))break;
ptl=pt2;

John:123456%s\ \> pt2=pt2->next;

+ Pater:12354321 - i

Jane:987654321 \

t ptl->next=pt2->next;
: X free(ptZ),

Joe:12354321

1) Traverse i@y Address 84 node sue
2) wWagu next ¥89 node MULIBUNT next Y89 node Uagdiu
3) AUNUNUIBANIIVBY node UagUiu
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Linked List: Singly Linked List

n15au Node : au node Uaguu
pt2=head,;

while(pt2->next!=0){

*ptl *pt2 *head *tail
\ if(Istrcmp(pt2->Name,"Jane"))break;
ptl=pt2;

\> pt2=pt2->next;

+ Pater:12354321 - i

John:123456%s\

Jane:987654321 \

1

=) ptl->next=pt2->next;
X free(ptZ),

Joe:12354321

1) Traverse i@y Address 84 node sue
2) wWagu next ¥89 node MULIBUNT next Y89 node Uagdiu
3) AUNUNUIBANIIVBY node UagUiu
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Linked List: Singly Linked List

n15au Node : au node Uaguu
pt2=head,;

*pt1 *pt2 *head *tail while(pt2->next!=0){

\ if(Istrcmp(pt2->Name,"Jane"))break;
ptl=pt2;

\ pt2=pt2->next;

+ Pater:12354321 - i

John:123456%s\

ptl->next=pt2->next;

Joe:12354321 X

=) free(pt2);

O(N)

W vinaulagly pointer 2 Anasn azaade O(1)

105



Linked List: Singly Linked List

n15au Node : au node Uaguu

*head

*tail \/

John:123z@><<

Jane:987654321 \

[ ]

ANNTUTRUILES

)

+ Pater:12354321

Joe:12354321

Sedealdanauiilagniy (ndex) 13lu data field

HOU traverse LLAUAINUVDY node NMLALKNIY

AURN

D_

R

gougeinoeels ?

WINABINITAUAIUL8AL traverse 1 index i LiIBLA8AYINN1SaU node

Jagduean  tumauilldiian ON)
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Linked List: Singly Linked List
g3
U

1 wWaguwlasinuiudeyalinaaniia,

o Y <
2 ﬂ’ﬁLL‘V]iﬂLLﬁ%ﬁ‘UVﬂiﬂLi’J

3 A5 Traverse yNlaag1957a157

UBLAE
1 g NuNnuIgAINUINALESULAY Link field

Y <

2 Yoyausiaz node 13z3aU Nldanunsaindlaenselanuy Aray

3 Nsi3esanuTayainlaen (sorting)

4 N5 Traverse NLANANIULALN
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Linked List: Singly Linked List

feulvlunisasnalaseasavoyadndu q wu auld wag ns

laglanzlasas1evayafiinsasullaavundayanasniian Luu stack

A19879N75 LY 9u

Heulalunisiiu polynomial Lieusewganum

Polynomial

2-D Array

Sparse Polynomial

/

Linked list 9

50

— Missing Terms

9x°°- 3x +2

3 |1 @
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Linked List: Singly Linked List

A9 Java hidl Pointer a¥@314 Linked List loagnals
asanavuneLiuTayaniieunw C wagld Array wiunisly malloc()

N15d5719 Linked list LUURS8nNI1n1sa@s19laele Cursors

9219 Array 2 dglunSeaunu Aaksnuiu Data filed way Aangaawnu Link field

Data Array

Index 1 2 3 4 5 6 7 8
List nodes | D E F A G c B

Iindex 1 2 3 a 5 6 7 8
Link pointer | 2 3 5 7 8 1 6

Al @12 = | @43 ¢ o1 o — & o) - @121 G ."'—’HM
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Linked List: Singly Linked List

weiag9lsfiany Java dlassasistayawuy List luguwuuved ADT Wildaguan

class Node { )
public Node(String string, int i) {
Name=string;

Phone=1;

}

String Name;

int Phone;

} _

_ d%19 Node

ArraylList<Node> PhoneBook = new ArrayList<Node>(); #5319 List

PhoneBook.add(new Node("John", 123456789)); 2w Y
PhoneBook.add(new Node("Jane", 987654321)); Y RANINIY

PhoneBook.add(@, new Node("Peter",5554321)); wnsndayalividnge

for(Node x:PhoneBook) {

System.out.println(String. format("Name:’%s\nPhone:%d\n\n", x.Name,x.Phone));
}

=terrninated> HelloList [Java Application]
MName :Peter

Traverse Phone:5554321

Mame : John
Phone:123456789

110
Name: Jane

Phone: 987654321



Linked List: Singly Linked List

weiag9lsfiany Java dlassasistayawuy List luguwuuved ADT Wildaguan

I

class Node {

public Node(String string, int i) {
Name=string; o
Phone=1; — 919 Node
}

String Name;
int Phone;

} _

ArraylList<Node> PhoneBook = new ArrayList<Node>(); #5179 List

PhoneBook.add(new Node("John", 123456789)); A v v
PhoneBook.add(new Node("Jane", 987654321)); tHAYYanamd

PhoneBook.add(@, new Node("Peter",5554321)); wnsndayalivitige

v o 1 A
PhoneBook.remove(1);  AUUIYAALAUIMN 1

for(Node x:PhoneBook) {
System.out.println(String. format("Name:’%s\nPhone:%d\n\n", x.Name,x.Phone));

}

<terminated> HelloList [Java Application] ) ) ) )
Name:Peter <terminated> HelloList [Java Application]
Phone:5554321

Mame :Peter
Phone:5554321
Mame: John
Phone: 123456789
111

MName:Jane

Name:J Phone:987654321

Jane
Phone:987654321



Linked List: Singly Linked List

weiag9lsfiany Java dlassasistayawuy List luguwuuved ADT Wildaguan

Java MIUYNBE1NaT1MEAIE New 101137 Heap agud?
Aatiu stack agldiandne s llewdaunig C
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Linked List

Linked List
$18N15 L84

- Singly Linked List

- Doubly Linked List
Circular Linked List

- Circular Doubly Linked List
Multi Listed
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Linked List

Doubly Linked List A8 Linked List #ifin1si@eulasaosnisisliuazndu

D<I-T & = Te] —LT-<

[FE><]

T

YNlra1u1sa Traverse LN 2 Bien19 (Bidirectional)

NISINIALazay aunsanseylalaen1susu link pointer 919 2 AN
NUUNNINITUSU pointer V89 node F8LazI

1199910 E@1U150 traverse LaNd 2 AEN19 @ msaLdun1alugs node anugnelaias
Toelinnalsy Traverse W1Haus head
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Linked List

Doubly Linked List A8 Linked List #ifin1si@eulasaosnisisliuazndu

<~

B |

<

[FE><]

NISUWNTN node ATINA1S LY pointer 1A 2 A7 Fwlun1iince node

D<A

BT -

©
Ul o
-

BT ~ ]

Inserting a node into doubly linked list

b i

< w— | - | P
a—L [ o ><]
a—L [ 1<]

11

z

i
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Linked List

N158U node ATINA19 Azl pointer TIA517 2 1 YIwlun136nse node

B — el g Y T o=

Rm—a:ﬂm‘]ﬁ :

Deleting a node from doubly linked list
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Linked List:
Doubly Linked List

UDH
1 @1150 Traverse la@adfiAnIa

o Y A~4
2 ANSAULAZLNSNVINLALSA

UBLAE

v | o a o U < . . a U
1 (FYNUNKRUIYAIUINNUEINIULNU Link field 39naU

2 #99A8RARM1U Address U89 node YN918LAEYN
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Linked List

Circular Linked List @ Linked List #idin1si@iexles Node aavinendulusa Node usn

—|a |l @ s | @4 c | @] b .——)le .-—ﬂF

Circulary linked list

F28/l9 Node anvineunduly Node wsnlatsn

1303 head wag tail AUNNS traverse L5410 node tadla
node ﬁu%gmﬁaﬂ’jw head node

dntleuldlunisiuiioUssananadi o wunsinaiiuiutaya
Y3aUsEIaNaTaya NAonWing) q wave1allnuniiuvseants
NIDN1TUTLUIANAFEONUTY

YaLde: 5399015 traverse 813/A infinite loop
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Linked List

Circular Doubly Linked List 8 Linked List Aifinnsidoulesansniuay Woules
Node gavenduluds Node wsn

o2l &—Fle] J T jc] J L Jof3

Circular Doubly linked list
133 traverse 210 node U wazlunsiialnunle dvsfvideu

Double wag Circular Linked list 41571AU

YaLFY: 5279015 traverse 813AA infinite loop
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Linked List

Multi Linked List @8 Linked List fisinssdaslasuinnin 1

La3%119977 Doubly Linked List sigaluu ?

M19AURTIN Doubly Linked List @uaeq link fiausnagdnauludesgeminiy

we Multi Linked List llavamuingasiiuusy

A multi linked list:

35

3|83

[

"
45 = '] 0|1 ’
{0
2|0 1 " 2134
410
A doubly linked list:
<o (12| ¢ (A » |99

W

37
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Linked List

Multi Linked List faulalunisasnsgiudeyadaduius fadags

[ — [ — [ —
Sub 1 Sub 2 Sub 3 Sub 4
—1 Std 1 1 4 1 3
—* Std 2 2 2 * 2 =
—* Std 3 { = 2 i 3 4 N
-1 Std 4 * a 1 * a a4 k
-* std 5 .I 5 2 .I 5 ~q

1AUA1S traverse @u1503%54370 UnAneY s uALa
2YINIATUUUTINYNIYIVOL UNFANWY?
139 1SU1NIY LA ndunAnwiaulnuas Un9 tazlaaziuuwinlug Aanuisavinle

Multi Linked List UnAnw1azlalseuagneazidan

=)
2
o)

V19 WYANALTUNUS wag wARRAALYeduNUS Twivn gudaya
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