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Linked List

= 1 o
LANUNAUILR TN
Heap
. . 4 da o #include <stdio.h>
(MueANNTIVIAIBINERENL1YLA) double Square(double i);
double Area(double r);
double PI=3.14159265359;
Stack main()
& o A a & W {
(nuaunUsnaduTuIZnINes) double R=3;

printf("%lf",Area(R));
}
double Area(double r)

{

Arnnaznuls Global

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

}

double Square(double i){

double ans=i*i;

TUsnsy
v < =
(Anulusunsun1eLAsag)

return(ans);




Linked List

= | o
LLN UV A I
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));
}
' a w double A doubl
AAINkazauUs Global {Ou @ Arealdouble )
double PI=3.14159265359; double area=2*PI*Square(r);
return area;
}
TUsunsy double Square(double i){
double ans=i*i;
return(ans);
,,,,,,,,,,, }




Linked List

LU YUY AN

Heap

Stack

Aasiinaziauus Global
double PI=3.14159265359;

TUsunsy

double R=3;
......................

Gouble area=2PI*square(r);
yyyyyyyyyyy

double ans=I"i;

yyyyyyyyyyyy

#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

= I )
LA UNAUILAITHNAN
Heap
#include <stdio.h>
double Square(double i);
double Area(double r);
double PI=3.14159265359;
Stack main()
{
double R=3;
B rintf("%\f" Area(R);
' = o }
AAINLLasALUS Global double Area(double r)
double P1=3.14159265359; {
double area=2*PI*Square(r);
return area;
}
lJsunsy double Square(double i){
double ans=i*i;
S return(ans);
e }




Linked List

= I )
LA UNAUILAITHNAN
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));
' = o }
AAINLLasALUS 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;
S return(ans);
e }




Linked List

LU YUY 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));

: }
AAINaznals Global double Area(double r)

double PI=3.14159265359; {

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

}
I‘USLLﬂSﬂJ double Square(double i){

——> double ans=r";

\\\\\\\\\\\\\\ return(ans);

Gouble area=2PI*square(r);
yyyyyyyyyyy

double ans=I"i;

yyyyyyyyyyyy




Linked List

LU YUY AN

Heap

Aasiinaziauus Global
double PI=3.14159265359;

TUsunsy

double R=3;
......................

Gouble area=2PI*square(r);
yyyyyyyyyyy

double ans=I"i;

yyyyyyyyyyyy

#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

= I )
LA UNAUILAITHNAN
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));
' = o }
AAINLLasALUS Global double Area(double r)
double P1=3.14159265359; {
— double area=2*PI*Square(r);
return area;
}
lJsunsy double Square(double i){
double ans=i*i;
S return(ans);
e }




Linked List

LU YUY AN

Heap

Stack

Aasiinaziauus Global
double PI=3.14159265359;

TUsunsy

double R=3;
......................

Gouble area=2PI*square(r);
yyyyyyyyyyy

double ans=I"i;

yyyyyyyyyyyy

#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);

EEE) return area;

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

return(ans);
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Linked List

LU YUY AN

Heap

Stack

Aasiinaziauus Global
double PI=3.14159265359;

TUsunsy

double R=3;
......................

Gouble area=2PI*square(r);
yyyyyyyyyyy

double ans=I"i;

yyyyyyyyyyyy

#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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LU YAUIL AN

Heap

Stack

Aasiinaziauus Global
double PI=3.14159265359;

TUsunsy

double R=3;

yyyyyyyyyyy

double ans=I"i;

yyyyyyyyyyyy

#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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4 o
LLANUN U R I
v dy 1 [V} v =
Heap Taseas19io1auans1enuluinglustgaziden
Yuagnun1wn wazaalnenssy
o 1 dy < dl p=| v
298190 UV lUSUNSUNMTIUAWATYT C
Stack

Arninaziauds Global

TUsunsy

13




Linked List

LU YAUIL AN

Heap

Stack

Arninaziauds Global

TUsunsy

GumﬂLViﬂTﬂﬁLLﬂﬁmﬁQﬂﬂaﬂwéLLé‘a

TUsunsy 64 Us Aazlaldnun
11ANNUSUATY 32 UR
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Linked List

LU YAUIL AN

Heap

Stack

Arninaziauds Global

TUsunsy

 AUINTUBLAY source code
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LU YAUIL AN

Heap

Stack

Arninaziauds Global

TUsunsy

—

YUINLURYULUAIVLSU
LAlAESINIEYNINAALY

Windows 32 bit Q:ﬁﬂﬁ’ﬂl”ﬁﬁ 1 Mb
Linux 2e317al3% 8 Mb
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LU YAUIL AN

Heap

Stack

Arninaziauds Global

TUsunsy

YUINLURYULUAIVLSU
LAlAESINIEYNINAALY

rowmnaivhlusfesssmadudsneu
Hnnass

Ang1231 compiler InTJudoFinusag
function %138 method agldfuiily stack
inle

LLe Array a1UsEAEY main)
nagnulull ey array sedivunnluey
AasnaulsEna waziUdsuluasualile

Laila
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Linked List

LU YAUIL AN

Heap

Stack

Arninaziauds Global

TUsunsy

YUINLURYULUAIVLSU
LAlAESINIEYNINAALY

Windows 32 bit Q%ﬁi’ﬂﬁ’ﬂl”ﬁﬁ 1 Mb
Linux 2e317al3% 8 Mb

YUIR 1 Mb AUEDY VUSSU

Wsunsuaznudayaldliia 1 Mb Tywsali 2

AU char azldungs 1 d1udauus

UMW LIl ?
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= | o
LLN U AU IG R ITHU
Heap A o
YUIRNLUABULLUAIVUE U
LALAETINIEYNINAAL
Stack
Windows 32 bit 22310at3% 1 Mb
Linux 2:317al5% 8 Mb
#include <stdio.h> T —— - O X
ArnawazaaunUs Global main() '
{ double Giant[200000];
printf("Hello World");
}
#include <stdio.h>
TUsunsy _ (55 et R B
main()
{ double Giant[300000]; SESGNEE———
printf("Hello World");
} 19




Linked List

LHUN UL AN

Heap

Stack

Arninazfauds Global

TUsunsy

UIALUAULUAIVUL U
LALAETINIEYNINNAAL

Windows 32 bit ﬁlzﬁﬂﬁ'ﬂ‘l’ﬁ"ﬁ 1 Mb
Linux 2:317al5% 8 Mb

#include <stdio.h>

‘ B Chtempltemp.exe - ] X

main()
{ double Giant[300000]; [HSe_—_—G_:
printf("Hello World");

} =
Giant 49u1n =8 x 300000=2.4Mb

AUNUN stack dapalrlusinsuniunRausni
LUUULSENINA Stack overflow

Awn C Laidlszuunsasau AelY programmer AB93La4
20
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U 0
LLN UV U PIITH D
Heap | _ N g
VUYANUNFINNTOSD9UD YN
e ARG
Stack 13idi311m

AauUsvinmedlun1el C NU1DMU28ANINEIUU

AasTinaziauus Global il

Pointer

TUsunsy

21




Linked List

LHUNAUIEAINUN
Pointer

339 quaRuls pointer aglu Stack

Heap

1 v o 1 v
WANUEIN5019A AU IY heap 1A

Stack Y,
N13LUDedayaLUUEEN N

By reference %359 LW104lA8N1591999

Amefinaziauys Global o Hdo v & w a :
muﬂﬁﬂﬁmnwaa&a LIBNIN

Value Type
| *Giant pe P

TUsunsy

A UsNIBAUAILIAUY 138071

Reference Type

22
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LHUNAUIEAINUN

Heap

Stack

Arninaziauls Global

TUsunsy

Pointer
N5 LB9URUIBAINR Y heap & 2

YUNDUAD

1 SeUaNUNANUIUIANABINTS

C Tga1de Aius=malloc(Vu1afnaens)

Java l¥A1d9 new

2 Aunuidelulanas
C Tddnda free(szysumia)

Java LifaeAu
INSIZASTUUNAIUIUY ADYANTIVEDULALAULA

23



Linked List

LU YAUIL AN

Heap

Stack

Arninaziauds Global

TUsunsy

Pointer
Aeg19n1seNunly 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);

24



Linked List

LU YUY AN

Heap

HHAHHHHHAHEH

Stack

Arninaziauds Global

TUsunsy

Pointer
Aeg19n1seNunly 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 YUY AN

Heap

hello world

Stack

Arninaziauds Global

TUsunsy

Pointer
Aeg19n1seNunly 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);

26



Linked List

LHUN UL AN

Heap

Stack

s

Arninazfauds Global

TUsunsy

Pointer
A19819N1s e UNlY Heap

19 12 bytes oty hello world

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

strcpy(s,"hello world");
mm) printf("%s",s);
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Linked List

LNUANNUIGAIININ
Pointer
Feap Fregramsianuilu Heap
3 .
19 12 bytes tiwalAu hello world
Hinclude <stdio.h>
Stack

main()
{ char *s;

s=(char *)malloc(12);

AnsTiuaz@auUs Global
strcpy(s,"hello world");

mm)  printf("%s",s);
free(s);

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

TUsunsy

28




Linked List

LRUANNUIAIININ
Pointer
eap Fregramsianuilu Heap
19 12 bytes Wotfiu hello world
Hinclude <stdio.h>
Stack

main()
{ char *s;

s=(char *)malloc(12);

AnsTiuaz@auUs Global
strcpy(s,"hello world");

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

s

TUsunsy

29




Linked List

LHUN UL AN

Heap

Stack

TUsunsy

Pointer

shognenslanuily Heap
19 12 bytes oty hello world

#include <stdio.h>

main()

{ chars;
s=(char *)malloc(12);
strcpy(s,"hello world");
printf(“Before:%s",s);
free(s);
mm)  printf("After:%s\n",s);
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= I o
LLANUN U R I
Pointer
Heap
ANTNIYT C FUAUAUNUILAIUT ARV
A luAu Dz valusunsulunan
Stack I o I > & o 'Y, 1 v ¥
PUIYANUIEUTUAZUINAULN Ll L e
789 Reboot LASaIRE19LALN
adiuaziuls Global N1LUVULIENIT Memory Leaked

TUsunsy
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Linked List

A79819 code MIINLAA memory leaked wuuaITIENEN

A9 LB UL NS A9ES2UYAIIUINVUIA 16G IUNRUA ?

D &] H ﬁ @ 3] 5 had [g @ 'B ES s 88 4 dlb g || ToM-6oC | processes Performance App history Startup Users Details Services
@ ﬁ |!| {globals) 2 r | p A
[ temp.c E:oaurss GHz Mem ory 16.0 GB Unknown
1 #include <stdio.h> — e 10 ‘
. Memo
2 main() 477160 GB (29%)
38 { double *s;
g isk :
48 while(1)f g
5 s=(double *)malloc(sizeof(double)); ‘
Disk 1 (D:
6 o°|us (D)
7%}
Disk 2 (F3)
8 0%

. W \vailable 1333 MHz
Disk 3 (G) 4.6 GB (262 MB) 11.3 GB St u i
0% bt ¢ ed: 8.5MB
- 6.0/184GB 9.9 GB
0% )

571 MB 216 MB

| Ethernet
88 Compiler (2) @ Resources dllj CompileLog 7 Debug [Q Find Results 8] Close
Line Col File Message Fewer details = (}) Open Resource Monitor
C:\temp\temp.c In function ‘main’:
line: Cnl: 10 Sel: 0 line<: ] lennth: 106 I Nane narcina in N.015 cecon: L

*AADY : UIUNAADNVIULUSUNSUUULR notebook

32



Linked List

A79819 code MIINLAA memory leaked wuuaITIENEN

A9 LB UL NS A9ES2UYAIIUINVUIA 16G IUNRUA ?

] BEE S - [N = gB0E8 ¢« dil @@ || ToM-6cC | processes Performance App history Startup Users Details Services
?j] ﬁ {globals) v =
CPU M
[*] temp.c - 10% 1.56 GHz emory 16.0 GB Unknown
1 #include <stdio.h>
. Memo
2 maln( ) 4‘?116.08;(29%]
368 { double *s;
3 | Disk 0 (C:
4awhile(1)f 0/(E)
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) 4.6 GB (262 MB) 11.3 GB °/°t e 4of4
0% Form factor DIMM
ached ed: 8.5MB
Disk 4 (H) 6.0/184GB S9GB
0% Paged pool Non-paged pool
571 MB 216 MB
88 Compiler (2) @ Resources lh CompileLog ¢ Debug [G, Find Results & Close ‘ Ethernet o
Line Col File Message Fewer details ‘; Open Resource Monitor
C\temp\temp.c In function ‘main’:
ine: 4 Cal 10 Sel: 0 linec: 8 I enath: 106 Incert Done narsina in 1.015 ceconds

*AADY : UIUNAADNVIULUSUNSUUULR notebook
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Linked List

LHUN UL AN
Pointer

Heap

g8 Array 11139 Heap azlalvy ?

#include<stdio.h>
Stack 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));
Tusunsa printf("%c",*(s+999));
printf("%c",*(s+1999));

free(s);

Arninazfauds Global

‘. B C\Users\ohm\Documents\helloworld.exe - O X




Linked List

LHUN UL AN

Heap

L

Stack

Arninazfauds Global

TUsunsy

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 ' C\Users\chm\Documents\helloworld.exe — 0O X
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19 Pointer wiage Array lulaluniiearnudndlu heap dreuitdeyn stack overflow
wei kiU gy
Y v A a A - T o
- AeslgnunInsRnsanuduNuLhe?

- 115 UNSN Lazau 890a9LyL2a1 O(N)

= = < VY 1 o 1
wnaanazinudayalilumiseainuadndiu heap
Juilaseasnavayadnyiia Feazlinnuwinizaunda n1sly Array uag Primitive Type
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Linked List

Linked List
518N15L84

- Singly Linked List

- Doubly Linked List
Circular Linked List
Circular Doubly Linked List
Multi Listed

37



Linked List: Singly Linked List

Singly Linked List 38 Regular Linked List amwnlngidonin msleadien

Huasnaiu deyaetnesaiilesvasdaiuding o Tnefinesmasiludteusausazdaiun Saninlun
(Nodedsluusiazlunazusznauludae 2 dau Ae Datavziiudeyavasdaiiuy uasdiuiisas Ae Link Field
szt AuisvesTupseluludan

Tudruvasdatanravzndusrgnisifgrnsardulsanasanlaludiuvag linkazidudruintnudundsvaalnua

dalulu nuagaiteazinuan Null Fehilddlugsaumnidle q Wudlavannis fugevesdanludraanaziiao
) o/ dy [ 1 a . . . =2 & aa [ I a v a 2 & & a

wUsansUd Auviedan (List pointer variable)@uduiinumunuaiSuduvasiian J9n ADLUUALSNVBIRER

5 Y a 1 Y [V a [~3

Wwes iaadlifideya dayalulvuausnvasdanazidu Null

|
Data field : o

| Link field
(Information field) |
|

Node
Head node L
H E
L X
© 38

Tail node



Linked List: Singly Linked List

Data field ﬁaﬁﬁauuaﬁéfaqmﬁﬁ’uﬁﬂ 9139 U primitive type %38 composite type fla
finfeuldvoyadiuiiy Wy drauvestaya

Link field B @uidalumulen1uan (address) Tunilea1nuaves node aa

Tail node indiealls Link field Ay Null 39 -1 Wouani1 duandoyawnd?

I
Data field : S

| Link field

(Information field) |
I

Node
Head node / L
H > E —
L @) X

Tail node



Linked List: Singly Linked List

n15@319 Linked List

A1 C Qeudse Node laglasanusiuu 1asedasns (structure)

Link field Tg@auUsuuy pointer

Data field

(Information field)

|
|
| Link field
|
|

Node
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Linked List: Singly Linked List

n15@319 Linked List

Y% 1 < Y 6
AR 1abUTHNTULAUAYALNSANY]

Data field : Link field

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

PhoneBook

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

}PhoneBook;

AAaulnauuu 32 U6 Apaulnauuu 64 Us
PhoneBook fiuuavinla? PhoneBook fauavinla?




Linked List: Singly Linked List

Y ) ) #includ tdio.l
N198379 Linked List i) o
struct Node{
CY ] < LY 3
G]'J@EJ’NI‘U'ﬁLLﬂ'ﬁlILﬂUﬁlql@I‘V]'ﬁﬁW‘V] char Name[20];

long phone;

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

Q/ % ﬂ]]] @ TDM-GCC 4.5.2 32-bit Release v

51@@N1W5LLUU 32 @m F:\data\GoogleDriveKU\Lectures\CS221\slides\C4_singleLinklist.exe — O X

PhoneBook fiuuavinla?

Eg Q/ “ [[I]] ﬂ TDM-GCC 4.5.2 €4-bit Release v

B " F:\data\GoogleDriveKU\Lectures\CS221\slides\C4_singleLinklist.exe — O X

Apaulnaduuu 64 U
PhoneBook fiuuavinla?

xited after 0.0166 seconds with return value 2

\7 ]\'\,‘f.' L0 Cconm iIH]\,‘ .




Linked List: Singly Linked List

n15@319 Linked List

" - .y n1siiiuvayaadly Linked List
AegalUThNTUAUALALNSANY] 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:%1d" ,head->Name,head->phone);

*head *tail free(head);

}
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Linked List: Singly Linked List

n15d5749 Linked List

" - . n1siiiuvayaadly Linked List
AegalUThNTUAUALALNSANY] v

Node 50

#include <stdio.h>

| $$$9555S9555SS | HHHHHHHHA i o SRR

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

N15d519 Linked List 2 s , ,
n1suiiuveyaasly Linked List

fogalusinsuiuayalvsAny
Node 130

#include <stdio.h>

| $$$5$9$558558SS | HiHHHAHHHA i o SRR

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

PhoneBook *head, *tail;

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

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

head->phone=123456789;

head->next=0;

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

*héEa\\\_ *tail free(head);

}
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Linked List: Singly Linked List

N198579 Linked List 2w . _
v - .y nsuuYeNaadlu Linked List
AegalUThNTUAUALALNSANY] v

Node 50

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

| John HHEHHHHAH | FFexexEexx

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);

*héga\\‘— *tail free(head);

}
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Linked List: Singly Linked List

N198579 Linked List 2w . _
v - .y nsuuYeNaadlu Linked List
AegalUThNTUAUALALNSANY] v

Node 50

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

| John 123456789 AR

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);

*héga\\‘— *tail free(head);

}

47



Linked List: Singly Linked List

N158579 Linked List 2w . _
. ) ny nSLNNYeuaasty Linked List
AegalUThNTUAUALALNSANY] v

Node 50

##include <stdio.h>
main()
 John 123456789 0 typedei struct Node{
char Name[20];
long phone;
struct Node *next;
}PhoneBook;

aen C lilddienudn NULL Aoasls
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);

= A 4
L31ITUBULNU null A28 0

*héSa\\‘_ *tail free(head);

}
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Linked List: Singly Linked List 0819 UTHNIAUANALNTANY

n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
*he —— *tail main(){
typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

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;

tail=pt;

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

pt->phone=123454321;

pt->next=0;

tail->next=pt;

tail=pt; 49
}
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n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
*he —— *tail main(){
typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

John:123456789 | X

PhoneBook *head, *tail,*pt;
head =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(head->Name, "John");
— head->phone=123456789;
$SSS S XXXXX 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; 50
}
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n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
*he —— *tail main(){
typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

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));
mmm) 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; 51
}
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n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
*he —— *tail main(){
typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

John:123456789 | X

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));
strcpy(pt->Name, "Jane");
mmm) 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; 5
}
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n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
*he —— *tail main(){
typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

John:123456789 | X

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");
pt->phone=987654321;

mmm) 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; 53
}
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n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
*he —— *tail main(){
typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

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");
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; 54
}
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n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
*he —— *tail main(){
typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

John:123456789

PhoneBook *head, *tail,*pt;

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

head->next=0;

tail=head;

Jane:987654321

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; 55
}
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n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
*he —— *tail main(){
typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

John:123456789

PhoneBook *head, *tail,*pt;

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

head->next=0;

tail=head;

Jane:987654321

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
o strcpy(pt->Name, "Jane");
3399 XXXXX 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;

} 56
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n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
*he —— *tail main(){
typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

John:123456789

PhoneBook *head, *tail,*pt;

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

head->next=0;

tail=head;

Jane:987654321

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
X strcpy(pt->Name, "Jane");
Joe:12354321 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; 57
}
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n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
*he —— *tail main(){
typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

John:123456789

PhoneBook *head, *tail,*pt;

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

head->next=0;

tail=head;

Jane:987654321

pt =(PhoneBook *) malloc(sizeof(PhoneBook));
X strcpy(pt->Name, "Jane");
Joe:12354321 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;

mmm) tail->next=pt;

tail=pt; 53
}
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n1siiiuvayaadly Linked List Node maun

#tinclude <stdio.h>

- -~ main(){
ea —tail | typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

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));
X strcpy(pt->Name, "Jane");
Joe:12354321 pt->phone=987654321;

pt->next=0;

tail->next=pt;

tail=pt;

A 4

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

pt->phone=123454321;

pt->next=0;

tail->next=pt;

‘ tail=pt; 59
}
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n1siiiuvayaadly Linked List Node maun
#include <stdio.h>
N ‘oo main(){
head el typedef struct Node{

char Name[20];

long phone;

struct Node *next;
}PhoneBook;

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

A 4

Joe:12354321 X pt->phone=987654321;
pt->next=0;
tail->next=pt;
tail=pt;
n1suiid Node favine Tu Linked List finaududounianandy pt =(PhoneBook *) malloc(sizeof(PhoneBook));

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

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

v =K v tai1= ]
alaisinuUs *tail azldiaar O(N) } P8 60



Linked List: Singly Linked List

Y% 1 [ Y 6
el UTHNTUAUAYALNSANY]

nsiiuvayaadly Linked List

1 *head

*tail

| John:123456789 ~N

Jane:987654321

A Joe:12354321

ATTLNTN Node L3N

1 @519 Node T
2 19 link field 89 node TviilUd head node
3 Wagy head node L% node Ty

61



Linked List: Singly Linked List

Y% 1 [ Y 6
el UTHNTUAUAYALNSANY]

nsiiuvayaadly Linked List

1 *head

*tail

| John:123456789 ~N

Jane:987654321

1 @519 Node T

ATTLNTN Node L3N

Pater:12354321

*%

A Joe:12354321

2 9% link field ¥84 node slluy head node

3 1Wagu head node W3 node v

pt =(PhoneBook *)

malloc(sizeof(PhoneBook));

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

pt->next=head;

head=pt;



Linked List: Singly Linked List

Y% 1 [ Y 6
el UTHNTUAUAYALNSANY]

nsiiuvayaadly Linked List

1 *head *tail

k‘ John:123456789 \

ATTLNTN Node L3N

Pater:12354321

Jane:987654321

A Joe:12354321

1 @519 Node T

2 9% link field ¥84 node slluy head node

3 1Wagu head node W3 node v

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

head=pt;



Linked List: Singly Linked List 0819 UTHNIAUANALNTANY

nsiiuvayaadly Linked List N54150 Node Usn
*head *tail
\ pt =(PhoneBook *)
\ \ malloc(sizeof(PhoneBook));

strcpy(pt->Name,"Peter");
7 pt->phone=123454321;
pt->next=head;

—) head=pt;

John:123456%9\

Pater:12354321

Jane:987654321

4 Joe:12354321 X

AUGULDUNIUIAIVBINITUNTA node LINungane

O(1)

64
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nsiiuvayaadly Linked List

*head *tail

N

John:123456%9\

/

__________________ Pater:12354321

4 v
NINABINIILNINKUT Node

Jane:987654321

4 o I
gae 9z¥iaEels ?

Joe:12354321 X

fifiaq Traverse AuA head
lUauds node gaving Livann

17314 link 11910 node 1wy

65



Linked List: Singly Linked List

Y% 1 [ Y 6
el UTHNTUAUAYALNSANY]

*head

*tail

John:123456?é9\

—————— e — —— o — — — —— — ——

Jane:987654321

Traverse ¥119g74Lls ?

Pater:12354321

Joe:12354321

66



Linked List: Singly Linked List

Y% 1 [ Y 6
el UTHNTUAUAYALNSANY]

A9 Traverse

g

*head

*tail

John:123456%&

Jane:987654321

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% 1 [ Y 6
el UTHNTUAUAYALNSANY]

A9 Traverse

*head

*tail

John:123456%&

Jane:987654321

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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A9 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
*head *tail Next:00000000001C1400

John:123456%&

Pater:12354321

Jane:987654321

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

Joe:12354321 X »

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 0819 UTHNIAUANALNTANY

A9 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
*head *tail Next:00000000001C1400

John:123456%&

Pater:12354321

Jane:987654321

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

Joe:12354321 X

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:00000000001C1400

John:123456%&

Pater:12354321

Jane:987654321

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

Joe:12354321 X

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
Next:00000000001C1400

*head *tail

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

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);

}
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A9 Traverse Address:00000000001C1490

Name:Peter
Phone:123454321
Next:00000000001C1400

*head *tail

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

John:123456%%

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,

Joe:12354321 X

pt->Name,pt->phone,pt->next);
}
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Linked List: Singly Linked List

Y% 1 [ Y 6
el UTHNTUAUAYALNSANY]

A9 Traverse

*head

*tail

John:123456%9\

Jane:987654321

J

Pater:12354321

Joe:12354321 X

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

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

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

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
Next:00000000001C1400

*head *tail

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

John:123456%%

Pater:12354321

Jane:987654321

pt=head;

X » while(pt->next!=0){
Joe:12354321 e ern "
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
Next:00000000001C1400

*head *tail

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

Phone:123454321

pt=he ad; Next:0000000000000000

John:123456%9\

Pater:12354321

Jane:987654321

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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N3 Traverse Address:00000000001C1490
Name:Peter
Phone:123454321
* * H
head tail Next:00000000001C1400
[
\ Address:00000000001C1400

\ Name:John

Phone:123456789
Next:00000000001C1430
Address:00000000001C1430
— Name:Jane
Phone:987654321
Next:00000000001C1460
Address:00000000001C1460
Name:Joe

Phone:123454321

pt=he ad; Next:0000000000000000

John:123456%x

/

Pater:12354321

Jane:987654321

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);

}

O(N) 77
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nsiiuvayaadly Linked List

4 124
e B e NINABINTITUNINKUT Node

v o 1
4nY Az9iaEels ?

John:123456789 \

< g 1
Pater:12354321 AM9 Traverse Aaud head

lUauds node gaving Livaun

17314 link 141310 node lnu

|
|

| <A

|

| Jane:987654321
|

|

|

Joe:12354321 X

wazly pointer 371U 2 A2UNS

Traverse

A9L3NNU address Y89 node Uaguu

o A < 1 v
fa91d94 U address Y89 node Aauwntn 78
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nsiiuvayaadly Linked List

*head *tail

-

K» John:123456%%

+ Pater:12354321

Jane:987654321

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

Traverse while(pt2->next!=0){

“ Joe:12354321 X ptl=pt2;

—  pt2=pt2->next;

}

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

LNSN ] pt->phone=5554321;

pt->next=pt2;

i ptl->next=pt; 79
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nsiiuvayaadly Linked List

*head *tail *pt *ptl *pt2

\

John:12345@</%

+ Pater:1 321

Jane:987654321

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

Joe:12354321 X ptl=pt2;

pt2=pt2->next;
}
XXXKKXXKKX m) pt =(PhoneBook *) malloc(sizeof(PhoneBook));
strcpy(pt->Name,"Max");
pt->phone=5554321;
pt->next=pt2;

ptl->next=pt; 30



Linked List: Singly Linked List

Y% 1 [ Y 6
el UTHNTUAUAYALNSANY]

nsiiuvayaadly Linked List

*head *tail *pt

\

John:12345@<

Jane:987654321

Max:5554321

*ptl

*pt2

+ Pater:1 321

Joe:12354321

PhoneBook *head, *tail,*pt,*ptl,*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; 31
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nsiiuvayaadly Linked List

*head *tail *pt *ptl *pt2

\

John:12345@</%

+ Pater:1 321

Jane:987654321 .
PhoneBook *head, *tail,*pt,*ptl,*pt2;

pt2=head,;
while(pt2->next!=0){
Joe:12354321 X ptl=pt2;

/‘ pt2=pt2->next;
}

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

Max:5554321

strcpy(pt->Name,"Max");
pt->phone=5554321;

m) pt->next=pt2;
ptl->next=pt; ]2



Linked List: Singly Linked List

Y% 1 [ Y 6
el UTHNTUAUAYALNSANY]

nsiiuvayaadly Linked List

*head

*tail

\

John:12345@<

Jane:987654321

*ptl

*pt2

+ Pater:1 321

Joe:12354321

Max:5554321

e

PhoneBook *head, *tail,*pt,*ptl,*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; 33
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ﬂqﬁLﬂﬂJ%@%aaﬂiu Linked List PhoneBook *head, *tail,*pt,*pt1,*pt2;
pt2=head,;
*head *tail while(pt2->next!=0){
\ \ ptl=pt2;
\ pt2=pt2->next;

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

N John:123456%x

L/

strcpy(pt->Name,"Max");
pt->phone=5554321;
pt->next=pt2;

+ Pater:12354321

Jane:987654321

ptl->next=pt;

Joe:12354321 X

/

AUTULIUNILIANVBINITUNIN node 1IATUnAIganingne

O(N) 34

Max:5554321




Linked List: Singly Linked List

[EEEN
A 4
N
A 4

3

A 4
o
A 4
(@]

L]

n13un3n Node naunusdagiuasdl 2 Ussiaume

v

1 NTUNIANIAUYLT ddsavinlanui Weasainliveya address ¥8¢ node aaly
AMUGUDUMaIANTaly O(1)
2 ASUNIANAUYIY AB9 Traverse NdULNENT Address U89 node ABUNLN

ﬂ'a'mei’fuei’faummaﬁmﬂu O(N)
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Linked List: Singly Linked List

A 4

t

n15au Node 24 4 Ussiaune

1 auAqksn (Head)

2 auAgANY (Tail)
3 audiiagiuun

4 aunaUagiu

86



Linked List: Singly Linked List

n15au Node : aufausn

*head

*tail

John:123456789 \

Jane:987654321

\ 4

Joe:12354321

1) 818 *head 11N link 989 node usn
2) AUNUTNVDY node SN NUNUIEAINUI
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Linked List: Singly Linked List

n15au Node : aufausn

*head

*tail *pt

i

John:123456789 \

Jane:987654321

Joe:12354321

1) &8 *head 11%9 link 989 node 1SN

2) AUNUNYBY node SN UNUIBAINUI

» pt=head;

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

n15au Node : aufausn

*head *tail *pt

i

John:123456789

Jane:987654321

Joe:12354321

1) &8 *head 11%9 link 989 node 1SN

2) AUNUNYBY node SN UNUIBAINUI

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

n15au Node : aufausn

*head *tail *pt

i

John:123456789

Jane:987654321

Joe:12354321

1) &8 *head 11%9 link 989 node 1SN

2) AUNUNYBY node SN UNUIBAINUI

pt=head;
head=pt->next;

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

n15au Node : aufausn

*head

*tail *pt

%

Jane:987654321

Joe:12354321

1) &8 *head 11%9 link 989 node 1SN

2) AUNUNYBY node SN UNUIBAINUI

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

n135au Node : augaving

| *head *tail

. 1) Traverse 210 node wsnldga node Ejﬂﬁ’m

2) 11U address U949 note ABUAAYINY WAz node gnvine

3) LUAgU next ¥84 node Aaugavineidu null

% John:123456789 N

4) wWagu *tail 1% node NdUFAYY

5) AUNUNY8I node dnving

Jane:987654321

\ 4

Joe:12354321 X
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Linked List: Singly Linked List

n135au Node : augaving

pt2=head;

*head *tail *pt1l *pt2 while(pt2->next!=0){
ptl=pt2;
pt2=pt2->next;

}

John:123456789

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

Jane:987654321

Joe:12354321 X

Traverse 90 node wsnlUds node gnving
1iu address Y83 note ABUAAYNY Wag node gnving

)
)
3) WABU next Y84 node d@uajmﬁmlﬂu null
) WABu *tail 11 node fauaniie

)

AUNUNYBY node gaving



Lin

ked List: Singly Linked List

n135au Node : augaving

*head *tail *ptl *pt2
John:1/27>456¥89/ \

Jane:987654321

Joe:12354321 X

Traverse 90 node wsnlUds node gnving

1iu address Y83 note ABUAAYNY Wag node gnving
A 1 1 <

Wae next 989 node nauganiutdu null

Wagu *tail 11% node naugnving

AUNUNYBY node gaving

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

n135au Node : augaving

*head *tail *ptl *pt2
John:%é?%?/ \

Jane:987654321 | X

Joe:12354321 X

Traverse 90 node wsnlUds node gnving

1iu address Y83 note ABUAAYNY Wag node gnving
A 1 1 <

Wae next 989 node nauganiutdu null

Wagu *tail 11% node naugnving

AUNUNYBY node gaving

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

n135au Node : augaving

pt2=head;

| *head *tail *pt1l *pt2 while(pt2->next!=0){
ptl=pt2;
pt2=pt2->next;

John:123456789 | }

tail=pt1;

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

- free(pt2);

Traverse 90 node wsnlUds node gnving

Lﬁ“UI address 484 note NOUAAYTINY Wa¥ node FAViNY O(N)

WaYU next 84 node d@uajmﬁwlﬂu null

WA *tail 118 node raugatig

AuituTiuas node gavng 26



Linked List: Singly Linked List

A15au Node : aufI1uvu71

*head

*tail

‘ John:123456789.. ~

Jane:987654321

+ Pater:12354321

1%

1) wWasy next vaandagdu LUTs node #
2) AUNUN node NRBINITAU

Joe:12354321

ADINISAUTD
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Linked List: Singly Linked List

n15au Node : aufIuu71

*pt2

*head

*tail

>

John:123456?§9\ ‘\\

Jane:987654321

1) wWasu next vaandagiu LUTs node NdvinNsauad

14

Y

2) AUNUSA node NFBINITAU

+ Pater:12354321

4l Joe:12354321

pt2=head;

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

}

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

free(pt);
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Linked List: Singly Linked List

n15au Node : aufIuu71

*pt2

*head

*tail

John:123456?89\ ‘\\

Jane:987654321

1) wWasu next vaandagiu LUTs node NdvinNsauad

14

Y

2) AUNUSA node NFBINITAU

+ Pater:12354321

Joe:12354321

‘ pt=pt2->next;
pt2->next=pt->next;

free(pt);
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Linked List: Singly Linked List

n15au Node : aufIuu71

*pt2

*head

*tail

John123456?89\ \\

Jane:987654321

1) wWasu next vaandagiu LUTs node NdvinNsauad

14

Y

2) AUNUSA node NFBINITAU

+ Pater:12354321

Joe:12354321

pt=pt2->next;
‘ pt2->next=pt->next;
free(pt);
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Linked List: Singly Linked List

n15au Node : aufIuu71

*pt2

*head

*tail

John423456?89\ \\

1) wWasu next vaandagiu LUTs node NdvinNsauad

14

Y

2) AUNUSA node NFBINITAU

+ Pater:12354321

Joe:12354321

pt=pt2->next;

pt2->next=pt->next;

- free(pt);

O(1)
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Linked List: Singly Linked List

n15aU Node : au node Uaguu

*head *tail

John:123456%& \

+ Pater:12354321

Jane:987 321

1

1) Traverse Waun1 Address V99 node AU

Joe:12354321 X

2) Wagu next 483 node AUTIENY next Ve node Uagdiu
3) AUNUANIEANUNIIVeY node Uaguu
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Linked List: Singly Linked List

n15aU Node : au node Uaguu

*ptl *pt2 *head *tail
John:123456%% N\
Jane: 987654321

1

+ Pater:12354321

Joe:12354321

1) Traverse Waun1 Address V99 node AU

pt2=head;

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

pt2=pt2->next;

}

=

ptl->next=pt2->next;
free(pt2);

2) Wagu next 483 node AUTIENY next Ve node Uagdiu

3) AUNUANIEANUNIIVeY node Uaguu
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Linked List: Singly Linked List

n15aU Node : au node Uaguu

*ptl *pt2 *head *tail
John:123456%% N\
Jane: 987654321

1

pt2=head;

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

pt2=pt2->next;

+ Pater:12354321

}

Joe:12354321

1) Traverse Waun1 Address V99 node AU

—> ptl->next=pt2->next;
free(pt2);

2) Wagu next 483 node AUTIENY next Ve node Uagdiu

3) AUNUANIEANUNIIVeY node Uaguu
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Linked List: Singly Linked List

n15aU Node : au node Uaguu

*ptl

*pt2

*head

*tail

John:123456%9\

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

7 pt2=pt2->next;

+ Pater:12354321

B }

Joe:12354321

ptl->next=pt2->next;
=) free(pt2);

O(N)

W vinulagly pointer 2 fanasn Azands O(1)
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Linked List: Singly Linked List

n15aU Node : au node Uaguu

D_

whead | [ *tait ausfegmuLeyinegials ?

John:1234}@<

+ Pater:12354321

Jane:987654321

' 4l Joe:12354321 X

ANUFUTDUILEN

Sefeulddsuiilasniu (ndex) Blu data field

MR traverse ILLAUSIFUUBY node AABRIY
WINADINITAUA UL 18AL traverse 1 index 1 L1BLARAYIN1Tau node

Jagdueen  Yumauilldiian ON) 106



Linked List: Singly Linked List
3
U

1 Waguwlasdnuiuteyalanasaa

o Y A~
2 ASLNSNLLAZauNILaLS?

3 A5 Traverse vinlaag19590157
UDLAY
[V a dglj = 1 o a o ) S . .
1 $9FYNUNKUIYAIUIWNLFINIULNU Link field
v 1 V) Yo < 1 Y = v
2 UBYAkAAY node D19LIANU Aluaursonalaenslaunuy Array
3 N1sisesasutayainlaen (sorting)

4 N5 Traverse MNLARANILAL? 07



Linked List: Singly Linked List

FBg1aN15idau
fouldlunsasislaseaseteyatingy q wu sulydl uay N5

laganzlasaasivayaniinsiudeullasuunnvayanasniian Wy stack

v 1
N =

Heulglun1siiu polynomial lieUsendaiug

Polynomial 3x5 - 4x2 +5
2-D Array 3 5 0 0 0 0 -4 2 5 0

— Missing Terms

Sparse Polynomial 9)(50 - 3X +2

el e

Linked list 9 | 50| @&1T—>{-3 |1 .—le 0 |><|
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Linked List: Singly Linked List

AW Java Will Pointer 9374 Linked List tnaggls
asnanatuniaiutayamilioun1w C wazly Array wnunisly malloc()

n15&519 Linked list wuURLs8NIA1s&s19laely Cursors

¢l Array 2 ddalunSeauiu @ausniAu Data filed way sfid@aeAu Link field

Data Array

Index 1 2 3 4 5 (] 7

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

index 1 2 3 4 5 [ 7T 2 ]

Link pointer | 2 3 5 7 8 1

Al @42 e | @4 C o1+ o | @43 ¢ o) - o1 G .'--—)HM
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Linked List: Singly Linked List

Leae9lsAnN Java dlassasnatoyaiuy List Tusuwuuves ADT Taldaguan

S

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

. 1'%

Phone=i; _ §9149 Node
}

String Name;
int Phone;

} _

ArraylList<Node> PhoneBook = new ArrayList<Node>(); 8519 List

PhoneBook.add(new Node("John", 123456789)); & =« 3
PhoneBook.add(new Node("Jane", 987654321)); -/*/U9ARARIID

PhoneBook.add(©, new Node("Peter",5554321)); LL%iﬂ‘ﬁaaga‘l’giﬂﬁ’]qon

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

Traverse Phone:5554321

Name:John
Phone:123456789

110

Name:Jane
Phone:987654321



Linked List: Singly Linked List

Leae9lsAnN Java dlassasnatoyaiuy List Tusuwuuves ADT Taldaguan

-

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>(); 8574 List

PhoneBook.add(new Node("John", 123456789)); < v v
PhoneBook.add(new Node("Jane", 987654321)); HIYBYanINIY

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

14 (] 1 :5
PhoneBook . remove(1); aUVBYANIUUIN 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

Name :Peter
Phone:5554321
Name: John
Phone:123456789
111

Name:Jane
Phone:987654321

Name:Jane
Phone:987654321



Linked List: Singly Linked List

Leae19lsAnu Java dlassasnadayaiuy List Tusuuuures ADT Tldaguan

Java WIUYNBE1NAT19AIES New 191137 Heap aguan
Aatil stack Aglallfude e wisleueuaiy C
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Linked List

Linked List
$18N15 L8

- Singly Linked List

- Doubly Linked List
Circular Linked List
Circular Doubly Linked List
Multi Listed
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Linked List

Doubly Linked List Ao Linked List fifinsideslesaasvnaisliuazndy

<IT-1 = 151 mall | (-

— L To><]

¢

£
L —

YN lva1uso Traverse Lavie 2 e (Bidirectional)

NSUNIALAZAU aTanseyilalagn1susu link pointer 14 2 A
INUUNYINNITUSU pointer 984 node Grelazadn

1H991NE1UN50 traverse N9 2 BANIY 3@ U5 UNIILUEY node augalaiag
Taelinealsy Traverse UN@aus head
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Linked List

Doubly Linked List Ao Linked List fifinsideslesaasvnaisliuazndy

DXIAT GF—TF [5]

—LC [T J— LT o

£
L —

NIIWNTN node MSINAN ALY pointer FIAT1I 2 §11 B8lun16AfD node

D<XI-T & E Te] 3 =l o <]
ptri ptr2
. .

KA a—F T= S —

XTI 8&—F T

I

Inserting a node into doubly linked list
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Linked List

N13aU node R39na18 14 pointer TIAT12 2 F1 WIwluN15AAAD node

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

VDR
1 d@11150 Traverse LAaaIiANIg

o Y~
2 NNSAULAZLNTNLALSD

UBLEY

v | o a o U < . . a U
1 A9 FYNUNKRUIYAITUINUFINIULNU Link field 39naU

2 A99ARYRARRAIN Address U9 node M9F18LaLUIN
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Linked List

Circular Linked List fio Linked List #ifin15i3ealea Node gavienduluds Node usn

—>| A | @2 | &3 c| | 0| &2 | o *

Circulary linked list

1819 Node anvineaunauly Node wsnlatsa

133 head wag tail #9UNNS traverse 2151910 node Tanla
node ﬁu%gﬂﬁﬂﬂfi’] head node

dnteuldlunisiuieussuianadi 9 wunisdnaiduiiuteys
v30UsTananataya Nnenuying 9 uavarallnuniiurseanin
YIONTUITEUIANAAUINYTY

YaLFY: 5239019 traverse 8139 infinite loop
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Linked List

Circular Doubly Linked List fie Linked List Aifinnsioslesaasvnuas 1oules
Node anvinenauluds Node wsn

Circular Doubly linked list
153 traverse 210 node Miu wazlunaiialuuils dvenmilou

Double wag Circular Linked list 4157310U

YaLdy: 5239015 traverse 8139 infinite loop
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Linked List

Multi Linked List fia Linked List fiflnsi@euleaunnnii 1

La2811997n Doubly Linked List asalviu ?

A9 URSIN Doubly Linked List d@uvad link daksnagdnauludsdigawintu
& Multi Linked List TulaU9@uanfeevinuuutu
A multi linked list:
y
45 =" o 1 A = * o4 <
o M ilalss
e 1 21]34 | 2la| 28
410 3| 83 ;
A doubly linked list:
A A
<o |12 ./*_ 99 v | ® 37| >
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Linked List

Multi Linked List fealglun1sasiegiuvoyaideaduius fasiagng

" R — =" ¥ [ e
Sub 1 Sub 2 Sub 3 Sub 4
. 2
—* Std 1 1 1 41 ot
e
—1 Std 2 12 2 *2 =
o stas | "B E |
'* Std 4 *4 1 * a a4 h
-4 Std 5 ﬂ 5 2 4 5 4 B

1A8ANT traverse @1115092L511N UnANYY WD IUALA
2UINTATUUUTINYNIYIVBY WNANY
39 1SN LA ndunAnwaulnuas U1 uazlaazuuuwinlug Aanuisavinla

Multi Linked List UnAnwazlasauatneazidan

N9 N

2

AIALTNANAUS Loz uaaaaeduius Tudvn grudayas
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