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#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=PI*Square(r);
return area;
}
double Square(double i){
double ans=i*i;

return(ans);
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#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=PI*Square(r);
return area;
}
double Square(double i){
double ans=i*i;

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

#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=PI*Square(r);
return area;

}

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

return(ans);



Linked List

LUV VALY AT

Heap

Stack

Main()
Double R=3

Apsfinaziauds Global
double PI=3.14159265359;

TUsunsy

double area=2"PI*Square();

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

main()

{
double R=3;

— printf("%lf",Area@

}

double Area(double r)

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

}

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

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

Stack .
main()

Area() {

Double area double R=3;

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

Double R=3 }

ArnsnuazAauls Global double Area(double r)
double PI=3.14159265359; {
— double area=PI*Square(r);
return area;
}

WUsunsy double Square(double i){
double ans=i*i;
return(ans);
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Heap
#include <stdio.h>
double Square(double i);
double Area(double r);
Square() double PI=3.14159265359;
Double ans main()
Area() {
Double area double R=3;
Main() printf("%lf",Area(R));
. Double R=3 }
AAINLazAwUs Global double Area(double r)
double PI=3.14159265359; {
double area=PI*Square(r);
return area;
}
TUsunsy double Square(double i){
— double ans=i*i;
’ return(ans);
‘ o }
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Heap
#include <stdio.h>
double Square(double i);
double Area(double r);
Square() double PI=3.14159265359;
Double ans main()
Area() {
Double area double R=3;
Main() printf("%lf",Area(R));
. Double R=3 }
AAINLazAwUs Global double Area(double r)
double PI=3.14159265359; {
double area=PI*Square(r);
return area;
}
TUsunsy double Square(double i){
double ans=i*i;
’ — return(ans);
‘ o }
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#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;

Stack .
main()

Area() {

Double area double R=3;

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

Double R=3 }

AAILazAILUs Global double Area(double r)
double PI=3.14159265359; ¢
— double area=PI*Square(r);
return area;
}

TUsunsy double Square(double i){
double ans=i*i;
return(ans);
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Stack

Area()

Double area

Main()
Double R=3

Apsfinaziauds Global
double PI=3.14159265359;
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double area=2"PI*Square();

#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=PI*Square(r);

B return area;

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

return(ans);
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Apsfinaziauds Global
double PI=3.14159265359;
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double area=2"PI*Square();

#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=PI*Square(r);
return area;

}

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

return(ans);
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#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=PI*Square(r);
return area;

}

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

return(ans);
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YUINTUBYAU source code
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Windows 32 bit 223170155 1 Mb
Linux 22311al3% 8 Mb
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fiﬁamawadﬂﬁﬂlumgawﬁzmﬁﬁ’gLLﬂiﬁau
lannass

A1z compiler Sudunasgrumas
function 138 method aglaiiuiily stack

LA

LULe Array a1UsEn el main()
nagAulull MY array 99 VUIALULDY
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Stack
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Windows 32 bit 223170155 1 Mb
Linux 22311al3% 8 Mb

YU 1 Mb AUIYDT VULSU

Wsunsuazinudeyaldliia 1 Mb Tadwseld ?

fuAu char azldu1nde 1 audauds

wnwaldusaly ?
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Stack
/ Windows 32 bit az310ata% 1 Mb
T Linux 228179l 8 Mb
) #include <stdio.h>
ArAsnLazaauys Global main()
{ double Giant[200000];
printf("Hello World");
}
I‘U‘JLLﬂi&I #include <stdio.h>
main() B Chtempitemp.exe - O *
{ double Giant[300000]; :r... ess exited ” I”r 2. I.__ seconds with return value 3221225725
printf("Hello World");
}
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Windows 32 bit 223170155 1 Mb

— o wod
Linux 2231nal3% 8 Mb

#include <stdio.h>

B Chtemp\temp.exe - O *

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

}
Giant dUu10 =8 x 300000=2.4Mb

AUNUN stack denalirtlusinsuvneIunnusni
LUUULSENINA Stack overflow

Aw C Laillszuunsagay A9y programmer A93La4
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Pointer
339 ALY pointer aglu Stack

1 v o | Y
WANUEINITOD19ALHAUS LU heap 16
Y X Y Adyd 1
N15LNDedaYaRUUEEENI
By reference %38 LU104lA8N15919D9

o g Y & v = '
Aauwdsildinudaya 15andd

Value Type

AauUsnidinuaALIiUg S80I

Reference Type
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Pointer
N5 1B9URUBANA Y heap § 2

YUNDUAD

1 99999 NUNANUIUINNNDINTT

C Tdande svida=malloc(vu1afifaenis)

Java l9A1d4 new

2 Aunudelulywan
C TdAnda free(szymumis)

Java LiifasfAu
= Y] v = | v
LNINSUITUURKRAIUTU ﬂ@ﬂﬁi?ﬁ]ﬁ@ﬂ%ﬁgﬂ‘lﬂm
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Pointer
Aey19N1s e uNlY Heap

1‘?? 12 bytes fotfiu hello world

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

Hinclude <stdio.h>

main()

{ char *s;
mm) s=(char *)malloc(12);
strcpy(s,"hello world");
printf("%s",s);

A1nntazaauls Global

TUswnsy
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19 12 bytes waLiu hello world
Stack

Hinclude <stdio.h>

main()

{ char *s;
s=(char *)malloc(12);
mm) strcpy(s,"hello world");
printf("%s",s);

A1nntazaauls Global

TUswnsy
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A1nntazaauls Global
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Pointer
Aey19N1s e uNlY Heap

1‘?? 12 bytes fotfiu hello world

#include <stdio.h>
main()
{ char *s;
s=(char *)malloc(12);

strcpy(s,"hello world");
mm) printf("%s",s);
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Pointer
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1{; 12 bytes oty hello world
#include <stdio.h>
main()
{ char *s;
s=(char *)malloc(12);
strcpy(s,"hello world");
mm) printf("%s",s);
free(s);
printf("After:%s\n",s);
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1‘?? 12 bytes fotfiu 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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19 12 bytes fotfiu hello world
#include <stdio.h>
main()

{ char *s;

B0 Chitempitemp.exe

TUswnsy

s=(char *)malloc(12);

strcpy(s,"hello world");

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



Linked List

LUV VALY AT
Pointer

Heap
21UN19 C NUANAUNUIIAINUINAAUIA
o luAu DanuazUaldsunsuluunan

Stack ' o A o o Y, M o'w Y
PUIEANNUTIEINLUAZUNNFuLN Ly lru L le
A89 Reboot LAS8I9819LA7

fagiuassauls Global N1TUUULIENIT Memory Leaked

TUswnsy




Linked List

A19819 code M lViLAin memory leaked Huuita3IT18¥ign

Y 74 1 1R Y, 1 o
A9 1UL2aUUN L1153 9925IUIAINIVUIN 16G IUNRUA ?

D @ @ 5 * @ @ 'E | EE OB gg | 'f [ﬂ]] & 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

< Memo
2 main() 4.?,»']6.02&(29%)
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 0%
n use (Compressed Available Speed 1333 MHz
| Disk 3 (G) 46 GB (262 MB) 113 GB = Sk
0% ) ] Form factor: DiMM
Committed Cached Hardware reserved: 8.5 MB
| Disk 4 (H) 6.0/184GB 99GB
0% Paged poo MNon-paged peo
' 571 MB 216 MB
Eg Compiler (2) % Resources dh Compile Log v Debug @ Find Results @ Close l Ethernet v
Line Col File Message Fewer details = (V) Open Resource Monitor
C\temp\temp.c In function ‘main’:
ine: 4 Col 10 Sel: 0 ine R I enath: 10/ In<ert None narsina in (.015 <eronds

*ALAAY : KIUNAaRIRsULUSUNSULUU notebook
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Y 74 1 1R Y, 1 o
A9 1UL2aUUN L1153 9925IUIAINIVUIN 16G IUNRUA ?

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 maln( ) 4.7/16.0 GB (20%)
38 { double *s;
. Disk 0 (C3)
4 wh:l.lie(l) 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":

ne: 4 Col: 10 Sel 0 line=: 8 I enath: 106 Inzert None narsina in 0015 seconds

*ALAAY : KIUNAaRIRsULUSUNSULUU notebook
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Pointer

g8 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 val ue 1

free(s);
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Heap
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Stack

A1nntazaauls Global
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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);

B ChUszers\ohm\Documents\helloworld.exe

eturn value
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Y v A a 1Y & A o
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- A15 UNSN Lazau 89A89lUt2a1 O(N)
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wnianasinuYeyaliluniigauddiu heap
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Linked List: Singly Linked List

Singly Linked List %38 Regular Linked List anwlungisenin nslesinen

[~3 as <@ [} 1 1 dl aa Y S 1 = ¢ Y] Ad' ] 1 aa Y ¢ 1
Uudsmaiu Joyasgresalliasvasdadiudng q lnsiinaawmasilufausaudasdauwiun Sandnlua
(Nodegsluusiazlunazusznauluaieg 2 d7u Ao Data%zLﬁm’J’aga%aﬁﬁLﬁuﬁ Lard2uaas Av Link Field
EVAUINLAY AvidsvasluasaluTudans

Tudruvssdatanraazidusignisifgrnsaidusanasanlaludiuvae linkagtdugruitiuaurusvalunun

daluTu Iwnuagavingazinuan Null Felildguludeduniala o Wudauenns dugavasdanluderaanaziian
) LY dy ] 1 a . . . =2 & a a [ I a v a 2 & & a

wUsamsud Auvledan (List pointer variable)@aduiinuauwvidasuduvadian T390 Aaluunusnvadddan

& Y a Y v a <

Wwee iaadlifideya dayalulvuausnvasdanazidu Null

Data field

(Information field)

Link field

e — — — — —

Node

Head node

/ L

4
—
A

0O X

Tail node

38



Linked List: Singly Linked List

Data field Aovayafinain13dusin 9199.du primitive type %58 composite type fila
fndeulavoyaiuiy Ly §19ureIvaya

Link field A8 AUl unuIgAIIU7 (address) TunuIgANN31U8e node aal

Tail node infiealu Link field fiadu Null ¥5e -1 WBUDNI1 FUATOYALA?

Data field

(Information field)

Link field

Node
Head node L

I

g E —

) X

v
—
A 4

Tail node
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A198919 Linked List
A1 C Reuas1e Node Tagladndsuuu 1asedsng (structure)

Link field TuUsuuu pointer

Data field

(Information field)

Link field

Node



Linked List: Singly Linked List

A1958979 Linked List

CYj ' < Ly ¢
fpgnalushnIUAUAYALNSANY

Data field

| Link field

char Name[20]; long phone;

PhoneBook *next;

PhoneBook

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

}PhoneBook;

arAaulnaluy 32 Us
PhoneBook fvunanila?

aAaulwaluu 64 U
PhoneBook fvunanla?
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- i i #include <stdio.t
N198@919 Linked List m;gﬁ(;‘{e stdio.h>

' ¢ struct Node{
fpgnalushnIUAUAYALNSANY ~ char Name[20];

long phone;
; struct Node *next;
}PhoneBook; |
printf("%d",sizeof(PhoneBook));

" | 3 | dlb @ | Tom-ccc 4.5.2 32-bic Release v

¥ '3
01A8 lIVL‘V\I ALlUU 32 ﬁ &) i _- F\data\GoogleDriveKU\Lectures\ C5221\slides\C4_singleLinklist.exe — a x

PhoneBook fvuamnla? _ — . .
xited after 0.04091 seconds with return value 2
ey to continue .

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

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

aAaulnauluy 64 U
PhoneBook fivunanla?

ited after 0.0166 seconds with return value 2
oy to continue .




Linked List: Singly Linked List

N198379 Linked List
foaalUsN I UaYALNSANY

*head *tail

nssiuvayaadtu Linked List

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);

free(head);

}
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Linked List: Singly Linked List

A1958979 Linked List

. ) . NSLNYeNaadly Linked List
el UTHNTULAUAYALNSANY v

Node 50

#include <stdio.h>

KEXXKXXXRXX main(){
4 SSSSSSSSSSSSSSS | #HAHAHAH typedef struct Nodef

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

A1958979 Linked List

. ) . NSLNYeNaadly Linked List
el UTHNTULAUAYALNSANY v

Node 50

#include <stdio.h>

KEXXKXXXRXX main(}{
 SSSSSSSSSSS9SSS | HHHHAHAH 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\\——’%aﬂ free(head);

}




Linked List: Singly Linked List

A1958979 Linked List

Y ' = L ¢
el UTHNTULAUAYALNSANY

John

HHHHHHAH

KXXXRRXRKXRXRXX

*héﬁ\

*tail

nssiuvayaadtu Linked List
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:%1d",head->Name, head->phone);

free(head);

}
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Linked List: Singly Linked List

A1958979 Linked List

Y ' = L ¢
el UTHNTULAUAYALNSANY

John

123456789

KXXXRRXRKXRXRXX

*héﬁ\

*tail

nssiuvayaadtu Linked List
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:%1d",head->Name, head->phone);

free(head);

}
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Linked List: Singly Linked List

A1958979 Linked List

Y ' = L ¢
el UTHNTULAUAYALNSANY

John 123456789
a1 C Liladenuin NULL paagls
157190BURNUY null A28 0
*heQi\ *tail

nssiuvayaadtu Linked List

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:%1d",head->Name, head->phone);

free(head);

}

a8



Linked List: Singly Linked List ﬁaaéwq‘[ﬂmmmLﬁuagm‘fmﬁwﬁ

nssiuveyaadly Linked List Node a1
#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;

}



Linked List: Singly Linked List ﬁaaéwq‘[ﬂmmmLﬁuagm‘fmﬁwﬁ

nssiuveyaadly Linked List Node a1
#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;

}



Linked List: Singly Linked List ﬁaaéwq‘[ﬂmmmLﬁuagm‘fmﬁwﬁ

nssiuveyaadly Linked List Node a1
#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;

}



Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*he

*tail

John:123456789 | X

Jane:987654321

*%*

Node $au"

#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;

}
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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*he — *tail

John:123456789 | X

Jane:987654321 | X

Node $au"

#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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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*he

*tail

John:123456789

Jane:987654321

Node $au"

#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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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*he

*tail

John:123456789

Jane:987654321

Node $au"

#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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Linked List: Singly Linked List ﬁaaéwﬂﬂnmmLﬁuagm‘fmﬁwﬁ

nssiuveyaadly Linked List Node a1
#include <stdio.h>
*head | | *tail main(){

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

John:123456789 N\

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));
Py 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;
}



Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*he — *tail

John:123456789

Jane:987654321 | X

Node $au"

#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;
E) pt->next=0;
tail->next=pt;
tail=pt;
}
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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*he — *tail

John:123456789

Jane:987654321 \

Node $au"

#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 ﬁaaéwﬂﬂnmmLﬁuagm‘fmﬁwﬁ

nssiuveyaadly Linked List Node a1
#include <stdio.h>
*head =y main(){

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

John:123456789 N\

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));
X strcpy(pt->Name, "Jane");

Joe:12354321 pt->phone=987654321;

pt->next=0;

tail->next=pt;

tall=pt;

y

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

pt->phone=123454321;

pt->next=0;

tail->next=pt;

‘ tail=pt;
}



Linked List: Singly Linked List ﬁaaéwq‘[ﬂnmmLﬁuagmimﬁ’wﬁ

nssiuveyaadly Linked List Node a1
#include <stdio.h>
*head =y 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));

y

X strcpy(pt->Name, "Jane");
Joe:12354321 pt->phone=987654321;
pt->next=0;
tail->next=pt;
tail=pt;
n15L Node maine lu Linked List iadnugudauniaranidu pt =(PhoneBook *) malloc(sizeof(PhoneBook));

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

O(].) pt->next=0;
tail->next=pt;

Y A o v tail=pt;

A laifiAauUds *tail aglgiaan O(N) } Ps
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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*head

*tail

John:123456789

Jane:987654321

AT9N9A Node LN

1 a;N Node ImJl
2 1‘1/? link field 984 node TwlU% head node
3 WAy head node 1% node ual

Joe:12354321
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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*head

*tail

John:123456789

Jane:987654321

1 @979 Node SL‘mJI

AT9N9A Node LN

Pater:12354321

*%*

Joe:12354321

2 11; link field 989 node 1‘1/13Jl1‘LJ%J head node

3 WA head node lﬂ% node Tyl

pt =(PhoneBook *)

malloc(sizeof(PhoneBook));

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

pt->next=head;

head=pt;
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Linked List: Singly Linked List ﬁaaéwq‘[ﬂnmmLﬁuaymimﬁ’wﬁ

nssiuveyaadly Linked List N13kN9N Node W3n
*tail
pt =(PhoneBook *)
\ malloc(sizeof(PhoneBook));

strcpy(pt->Name,"Peter");
John:123456789 \) pt->phone=123454321,
)

pt->next=head;
Pater:12354321

*head

head=pt;

Jane:987654321 \

Joe:12354321 X

1 a%JN Node SL‘mJI
2 link field w84 node Wlud head node
3 WA head node % node ual
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Linked List: Singly Linked List ﬁaaéwq‘[ﬂnmmLﬁuaymimﬁ’wﬁ

nssiuveyaadly Linked List N13kN9N Node W3n
*head *tail
pt =(PhoneBook *)
\ malloc(sizeof(PhoneBook));
strcpy(pt->Name,"Peter");
John:123456789.. \) pt->phone=123454321;
Pater:12354321 - Pt->next=head;
m—) head=pt;

Jane:987654321 \

Joe:12354321 X

AUFULDUNIUIAIVBINITUNIA node LInuntingana

O(1)



Linked List: Singly Linked List ﬁaaéwq‘[ﬂnmmLﬁuaymimﬁ’wﬁ

nssiuveyaadly Linked List

*head *tail \
John:123456789.. \)

__________________ Pater:12354321

4 v
NKINHNDINIILLNINKUI Node

Jane:987654321 \

%4 o 1
gavie A8vienals ?

Joe:12354321 X

Afo9 Traverse AdULH head

lUauds node gaving wann

1734 link 47370 node 1y



Linked List: Singly Linked List éf’;aéﬂﬂﬂmﬂﬁmLﬁuagm‘[,mﬁwﬁ

*head *tail \ Traverse y11a814ls ?

John:123456789. N\ \)

__________________ Pater:12354321

Jane:987654321 \

Joe:12354321 X




Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

A9 Traverse

*tail

) | e

John:123456%9\

/

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

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

A9 Traverse

*head

*tail

John:123456%9\

/

Jane:987654321

A

Pater:12354321

pt=head;

Joe:12354321

N - 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 ﬁaaéwﬂﬂnmmLﬁuagm‘fmﬁwﬁ

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

John:123456%9\

/

Pater:12354321

Jane:987654321 \

pt=head;

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);

}



Linked List: Singly Linked List ﬁaaéwq‘[ﬂmmmLﬁuagm‘fmﬁwﬁ

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

m John:123456789., N
Pater:12354321 -
Jane:987654321 \
pt=head;
X while(pt->next!=0){
Joe:12354321
o¢ 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 ﬁaaéwq‘[ﬂmmmLﬁuagm‘fmﬁwﬁ

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

/

m John:123456%9\

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);

Joe:12354321

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

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

A9 Traverse

*head *tail

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

Address:00000000001C1400

John:123456%9\

‘ Jane:987654321 \

Name:John
Phone:123456789
Next:00000000001C1430
4
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 ﬁaaéwq‘[ﬂnmmLﬁuagmimﬁ’wﬁ

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

Address:00000000001C1400
Name:John
Phone:123456789

m John:123456%9\ Next:00000000001C1430

Pater:12354321

Jane:987654321 \

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);

}

Joe:12354321 X
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Linked List: Singly Linked List ﬁaaéwq‘[ﬂnmﬁmLﬁuaymimﬁ’wﬁ

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

Address:00000000001C1400
Name:John
Phone:123456789
Next:00000000001C1430
Address:00000000001C1430
S Name:Jane
Phone:987654321
Next:00000000001C1460

John:123456%9\

Pater:12354321

Jane:987654321 \

J

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 ﬁaaéwq‘[ﬂnmﬁmLﬁuaymimﬁ’wﬁ

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

Address:00000000001C1400
Name:John
Phone:123456789
Next:00000000001C1430
Address:00000000001C1430
S Name:Jane
Phone:987654321
Next:00000000001C1460

John:123456%9\

Pater:12354321

Jane:987654321 \

pt=head;

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);
}



Linked List: Singly Linked List ﬁaaéwq‘[ﬂnmﬁmLﬁuaymimﬁ’wﬁ

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

Address:00000000001C1400
Name:John
Phone:123456789
Next:00000000001C1430
Address:00000000001C1430
S Name:Jane
Phone:987654321
Next:00000000001C1460
Address:00000000001C1460
Name:Joe
Phone:123454321
pt=he ad; Next:0000000000000000

John:123456%9\

Pater:12354321

Jane:987654321 \

X while(pt->next!=0){
Joe:12354321
o¢ 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

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

A9 Traverse

*head

*tail

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

Address:00000000001C1400

Name:John

John:123456%s\

Jane:987654321

AMNYULDUNI9LIAIVBINTS Traverse AD

A 4

Phone:123456789
Next:00000000001C1430
Address:00000000001C1430

Z 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);

}

"



Linked List: Singly Linked List ﬁaaéﬂﬂﬂmmmLﬁuaydmﬁwﬁ

nssiuveyaadly Linked List

Y v
whead | [*ai N®INNBINTTLNINUUT Node

v o 1
\ gaving avineadals ?

John:123456789.. \)

< g 1
__________________ Pater:12354321 - ﬂéIJEN Traverse §4L% head

lUaung node gaving e

Jane:987654321 \

1734 link 47370 node 11y

A 4

Joe:12354321 X

wazly pointer 37U 2 A2UAS

Traverse

fAILINLAU address ¥4 node Uagliu

Y} d' < 1 v
AINADY LNU address U89 node NUKUN
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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*head *tail \
John:123456%9\
Jane:987654321

v

o

+ Pater:12354321

Joe:12354321

Traverse —

N3N -

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;
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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*head

*tail

\

*pt

|

*ptl

John:12345@<

Jane:987654321

*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");
pt->phone=5554321;
pt->next=pt2;
ptl->next=pt;
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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly 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;
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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly 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;
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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly 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;

m) ptl->next=pt;
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Linked List: Singly Linked List

Y% ' < Y ¢
fpgnalUshNTUAUALALNSANY

nssiuveyaadly Linked List

*head

John:123456%s\

Jane:987654321

v

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

!

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

AUFULIUNIUIAIVBINITUNIN node LIgTuntifIgavngne

O(N)
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Linked List: Singly Linked List

n15unsn Node andmnisdagiuaszdl 2 Usshiufe

1 NTWNINNIAIUVLT drdsaninlasiuil e ndidaya address ¥a9 node 6aly
ANMULULDUNLIAFTY O(1)
2 ANSLNSANNAULY AD9 Traverse NaULNBY1 Address 994 node MUY

ANFULDUN9La19 U O(N)
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Linked List: Singly Linked List

A 4
W

t

n15au Node il 4 Usziaufe

1 auAusn (Head)

2 auAdgaving (Tail)
3 audafiag Ay

4 aunaUaguu
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Linked List: Singly Linked List

n15au Node : aufaLsn

*head

*tail

John:123456789

Jane:987654321

Joe:12354321

1) 818 *head 119 link 989 node wsn
2) AUNUNYBY node LSAINAUNUIBAIUTY
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Linked List: Singly Linked List

n15au Node : aufaLsn

*head

*tail *pt

-

John:123456789

Jane:987654321

Joe:12354321

1) 818 *head U9 link 989 node 1sn
2) AUNUNYBY node LAl NAUNUIIAIUTY

» pt=head;

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

n15au Node : aufaLsn

*head

*tail *pt

-

John:123456789

Jane:987654321

Joe:12354321

1) 818 *head U9 link 989 node 1sn
2) AUNUNYBY node LAl NAUNUIIAIUTY

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

n15au Node : aufaLsn

*head

*tail *pt

-

John:123456789

Jane:987654321

Joe:12354321

1) 818 *head U9 link 989 node 1sn
2) AUNUNYBY node LAl NAUNUIIAIUTY

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

Joe:12354321

1) 818 *head U9 link 989 node 1sn
2) AUNUNYBY node LAl NAUNUIIAIUTY

pt=head;
head=pt->next;
free(pt);

O(1)
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Linked List: Singly Linked List

n15au Node : augavie

*head *tail

John:123456789

Jane:987654321 \

1) Traverse 310 node k3ntUéa node annne

) 1 154 4
2) \NU address U89 note NBUFANIY Lz node AN
3) LUABU next Y89 node naugaanIeLdu null
4) Wagu *tail 413 node NOUAANY
5) AUNUNUBY node gANY

Joe:12354321
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Lin

ked List: Singly Linked List

n15au Node : augavie

*head *tail *ptl *pt2

John:123456789

Jane:987654321 \

A 4

Joe:12354321 X

Traverse 990 node W3nluss node gane

iU address 484 note NoUAANTY WAz node @ANY
Wb next 184 node nauanTeLdu null

Wab *tail 1% node ﬁauqmﬁm

Fufiuiives node anme

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

}

tail=pt1;
ptl->next=0;
free(pt2);
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Linked List: Singly Linked List

n15au Node : augavie

pt2=head;

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

pt2=pt2->next;
John:123456789 | ™\ }

- tail=pt1;

Jane:987654321 N\ ptl->next=0;
free(pt2);

Joe:12354321 X

Traverse 910 node &3nlUgs node ganne
1fiu address U84 note NOUAANIY Waz node gAY

)
)
3) WA next 983 node nauaAveLTu null
) wWasw *ail 113 node fiauzjmﬁw

)

AUNUTYBY node gaAney



Lin

ked List: Singly Linked List

n15au Node : augavie

*head *tail *ptl *pt2
John:W

Jane:987654321 | X

Joe:12354321 X

Traverse 990 node W3nluss node gane

iU address 484 note NoUAANTY WAz node @ANY
Wb next 184 node nauanTeLdu null

Wab *tail 1% node ﬁauqmﬁm

Fufiuiives node anme

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 : augavie

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 990 node W3nluss node gane

Lﬁ‘UI address v84 note ﬂ:’ejuajﬂﬁw Wag node EjﬂVTWEJ O(N)
\Wawu next 989 node nauganaidu null

Wab *tail 1% node ﬁauqmﬁm

Fufiuiives node anme
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Linked List: Singly Linked List

n15au Node : auAIuv

*head *tail \

‘ John:123456789..

/

o

+ Pater:12354321 -

Jane:W \

1) wWagu next vewUagtu I node nasnisauiiey

2) AUNUN node NRBINITAU

v

Joe:12354321 X




Linked List: Singly Linked List

n15au Node : aUAIUT71

*pt *pt2

*head

%

1) wWagu next YoaUagdu WA node Mndsnisauioy

2) AUNUA node N@aIN15aU

John:123456%9\

/

—

Jane:987654321

v

o

+ Pater:12354321

Joe:12354321

pt2=head;

while(pt2->next!=0){
if(lstrcmp(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%9\ N
Jane:987654321

%

1) wWagu next YoaUagdu WA node Mndsnisauioy

2) AUNUA node N@aIN15aU

v

o

+ Pater:12354321

Joe:12354321

‘ pt=pt2->next;
pt2->next=pt->next;

free(pt);
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Linked List: Singly Linked List

n15au Node : aUAIUT71

%

1) wWagu next YoaUagdu WA node Mndsnisauioy
2) AU node NIndINITAU

*pt *pt2 *head *tail \
John:123456%9\
Jane:987654321

o

+ Pater:12354321

pt=pt2->next;

‘ pt2->next=pt->next;

A

A

Joe:12354321 X free(pt);

100



Linked List: Singly Linked List

v = 'y -y =~y = ¥ dy '
N198U Node : aUAIUYIN 1) wWagu next YoaUagdu WA node Mndsnisauioy

2) AUNUN node NwBIN15AU
*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. N \)

+ Pater:12354321

Jane:987 321 \

Joe:12354321 X

2 2

1) Traverse ey Address 989 node ANUwNe

2 2 14

2) wWagu next ¥89 node AUYIBUNT next Y83 node AU
3) AUNUNUIBANTIVBY node TagUu
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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%9\ \) pt2=pt2->next;

+ Pater:12354321 - i

Jane:987654321 \

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

Joe:12354321

2 2

1) Traverse ey Address 989 node ANUwNe

2) wWagu next ¥89 node AUYIBUNT next Y83 node AU
3) AUNUNUIBANTIVBY node TagUu
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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%9\

Jane:987654321 \

1

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

Joe:12354321

2 2

1) Traverse ey Address 989 node ANUwNe

2) wWagu next ¥89 node AUYIBUNT next Y83 node AU
3) AUNUNUIBANTIVBY node TagUu
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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%9\

ptl->next=pt2->next;

v

Joe:12354321 X

=) free(pt2);

O(N)

W vinulagly pointer 2 Anasn Azaade O(1)
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Linked List: Singly Linked List

n15au Node : au node UagUu

1 1Y v 1

*head *tail \/ aUﬁ?ﬁQQWWU%WSﬁWBS’]ﬂlﬁ ?

John:123%§§s< \)
| Pater:12354321
Jane:987654321

\ Joe:12354321 X

AUGUYDUILE

lsulagaunluginu (index) 1lu data field
HOU traverse LLAUAIFUVDY node MLALNIY

2 ¥V <

MINABINITAUAULENAL traverse 11 index 1 1i9La9NYiN19au node
Jagdueen  Tumauillian ON) o



Linked List: Singly Linked List

g3
YD
1 Waguwlasdnunuveyalanasniia,

o > <
2 mnmmuazawﬂmia

3 N3 Traverse V?WIWQEJ’NTJWL%’J

YBLAE
1 #UFYNUNNUIYANUINLALFSTULAY Link field

¥V
o U

2 Yayaumag node n1ax3a19u Aluanunsawfalnensslawuy Array

Y

3 N1si3esanuvayainlaen (sorting)

4 N5 Traverse NLANANILALN



Linked List: Singly Linked List

A19879N75 LU

feulvlunisasalaseasnaveyadndu 9 wu auly ag N9

laglanzlasaEs1evayaNiins Ay UL UAYUINTBLANABALIA LYY stack

Heulalunisiiu polynomial euszwgaNuN

Polynomial

2-D Array

Sparse Polynomial

3 5 0 0

9x%°%. 3x +2

— Missing Terms

/

Linked list 9

50 | @—F—>

-3
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Linked List: Singly Linked List

A9 Java budl Pointer a¢@374 Linked List laagndls
A59PANETUL L NBLAUYaYaMIBUNTY C wagly Array unun1sky malloc()

N15d5719 Linked list LuuRisen1n1sas1alaele Cursors

9zl Array 2 daglunseauiy Aaksnuiu Data filed way Aangeawnu Link field

Data Array

Index 1 2 3 4 5 6 T

List nodes | D E F A G c B| H

Index 1 2 3 4 5 6 7 a8

Link pointer | 2 3 5 7 a8 1

0
d
A

alet2 | @43 c| @3 | @13 | @43 | @
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Linked List: Singly Linked List

upoe1ebaiinng Java dlasasiesvagawuy List Tuguwuuves ADT Tulveguan

-

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

. v

Phone=i; #3919 Node
}

String Name;
int Phone;

} _

ArraylList<Node> PhoneBook = new ArraylList<Node>(); 85319 List

PhoneBook.add(new Node("John", 123456789)); 2w v
PhoneBook.add(new Node("3Jane", 987654321)); AT ananiy

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));
}

=terminated=> HelloList [Java Application]
MName :Peter

Traverse Phone:5554321

Mame : John
Phone:123456789

Name:Jane

110
Phone: 987654321



Linked List: Singly Linked List

Leae19lsianu Java dlassasnsvayawuy List Tuguwuuwes ADT Inlvaeuan

—_—

class Node {

public Node(String string, int i) {
Name=string; o
Phone=1; _ §319 Node
}

String Name;
int Phone;

} _

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

PhoneBook.add(new Node("John"™, 123456789)); A v v
PhoneBook.add(new Node("Jane", 987654321)); UL OL BUDLULS

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

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

MName:Jane

Name: ] Phone:987654321 H

Jane
Phone:987654321



Linked List: Singly Linked List

upoe1ebaiinng Java dlasasiesvagawuy List Tuguwuuves ADT Tulveguan

Java MIUYNB81NaI19AIEAIES New 1o1hafl Heap aguad
Aatiu stack agluaNee s lowdaunie C



Linked List

Linked List
$18N15L89

- Singly Linked List

- Doubly Linked List
Circular Linked List

- Circular Doubly Linked List
Multi Listed



Linked List

Doubly Linked List A8 Linked List #ifin1si@eulosaasmsisliuazndu

D<I-T ——F Te] d—LT-<

— L s o<]

t1

=
. —

VIlyaunse Traverse Land 2 ien19 (Bidirectional)

NISINIALazay ausanseylalaen1susu link pointer 919 2 AN
INUUNYININITUSU pointer B9 node F8LaLYI

1199910 E1U150 traverse LANe 2 A9 @ msaLdun1alugs node anugnulaias
Inelumaasy Traverse W1@auLe head



Linked List

Doubly Linked List A8 Linked List #ifin1si@eulosaasmsisliuazndu

<~

+—0F

| & |

E

=
. —

.|

o ]

t1

NISUWNTN node ATINA1S LY pointer 1A 2 A7 WIwlun15AARD node

N—I=

Q
Ule S
-

X=T o—F
RO o—F
o -

b5 m— gl
F—FE [ ° ]
ba e =l NN =

|

Inserting a node into doubly linked list
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Linked List

N158U node ATINA19 Azl pointer TIAS17 2 61 ¥IwlUN16ARe node

Deleting a node from doubly linked list
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Linked List:

Doubly Linked List

b
1 @1150 Traverse la@aiiAnia

o v [~
2 ANSAULAZLNSNYINLALSA

YBLAE
¥ = dglJ d' ' o QI o [V [~ . . QI [V
1 1FYNUNKRUIYAIUITNNUEINRIULNU Link field 39nau

2 MO9RRYRARAIN Address Ua9 node YINYIELAaTYI



Linked List

Circular Linked List @8 Linked List #idin1si#iexles Node aaniendulusa Node usn

—>|a ||| @43 c| &3 0| &3 | o

Circulary linked list

¥e/ln Node annieiunduly Node wsnlatsi

113 head wag tail f91ANS traverse 9254370 node ladla
node ﬁu%gm%mﬂ head node

dnteulalunisiuiioUssananati o wunsinaiuiuveya
Y39UsENIANAYRYR NNDNWINTT 9 wava1allnuniiuvseants
WI0NNTUTEUIRNAANEDINUTE

YaLde: 5399015 traverse @13/A infinite loop



Linked List

Circular Doubly Linked List f® Linked List fifinnsidoulesanimiauay iWoles
Node ganienduluds Node wsn

o lal L] J—Lelc] S—LCIo]*

Circular Doubly linked list
133 traverse 910 node wu wazlunsiialvunle dvsfiuidou

Double wag Circular Linked list 41571AU

YaLde: 5399015 traverse 813AA infinite loop
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Linked List

Multi Linked List fi@ Linked List fidnnsw@esleaannnii 1

LAIR9RN Doubly Linked List si5aluu ?

M19AUATIN Doubly Linked List @uwes link dialsnagdnauludesingamitiy

e Multi Linked List lulateauinsasiiuusy

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 Jeulylunsasnesgiuveyaidaduius fesaens

ke - —k e [ —k

Sub 1 Sub 2 Sub 3 Sub 4

Stadl 41 1 41 3
Std 2 *2 2 42 3

—p 'BE =4 3

std 4 14 1 *4 a h

Std 5 ‘*5 2 *5 4 A

ofa e

18NS traverse @1u1503254370 UnANYY %S U1ALe

2YINFATLUUTINYNIYIVDY UNANWY
39 1SU1NIY LadvndunAnwiaulnuas vl wazlaaziuuwnlig Aanuisavinle

Multi Linked List UnAnw1azlalseuagneaziden

%4
(%4

N9 N

=1

ANIALTIANAUS wae wAaRaaBIdNRus Tudw grudayas
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