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Static Data Structure
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Linked List

® Definition: Linked List (adﬁ aﬁﬁ) v Dynamic Data
Structure ﬂumaua (record) 3g9nany laguaay
element & link maaﬂ,ﬂm record an

* Linked List 3 lanan81521nn 15w Singly Linked,
Doubly Linked, Circular — 11 class #t319zN2 13 4A

Singly Linked List
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° ISunuAaL element El% linked list 21 Node

A First Book of ANSI C, 4th Edition




204112: Structured Programming

Linked List [2]
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Dynamic Memory Allocation

A o H ; R 1
* lnadndiuaa awdsle g Na3198uwln function azla
fansagninde (Bawem) la laaunisvinen
function ¥ )

pointT *createPoint(int x, int y ) {
point wPoint = {x5y};

return &newPoint; — Will NOT Work!!
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Syntax — Node Declaration

struct node

{
int data; /* can be any data type */

struct node *next;

};
struct node *head; <===m 1149917 List (head)

/* @I ly typedef \Waa319 alias (shortcut) */

typedef struct node nodeT;
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Application Memory Allocation

* Tun13sulsunsan 9N &3

1 o ~
“i28a21491 2 31luuu@a Stack Heap*
waz Heap (Free Memory)
* Stack 9anN13lAY OS
[~ 1 ¥ ‘]J 1 Wﬁ 6 @
tua1ands uaazwenzn Ve ek
-~ d" A o ‘[ e Qo 6 o
ABNBN DA LI A KaIUNINTW
° Heap 9AN15209LazAKIAY Static/Global
& 1 o o Variable
Tilsunsauinas lrwa1d9 malloc(),
code (text)
calloc(), realloc() lac free()
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Dynamic Memory Allocation [2] Memory Allocation in Stack

#include <stdio.h> Worisu squareofsum(); vimsisunNenswn
¢ Stack int Squar‘e(i:t i square(x+y); szuUYinN13009RWA Ik stack
' < o ) ' return i*i; 2 A goa o
dayanidawiaan Iawzludensulawengunite } wandaliiulondu square() ;
samslisaluaia lasuindasdanedsisnaa
int squareOfSum(int x,int y){ Memory Stack
® Heap WNENY int z= square(x+y); >
return z; square();
< v ¢ & [ ’ .
ﬂ']ilﬂﬂ?laﬂaa']lﬁﬂ %90 struct ?l%'lﬂelﬂﬂ.lu %32 } R |
int arr[1000000]; "|[ square0fSum();
(% 4 [ 1 [ 6 o i i
aaudsiaasmanulilgsanunananenzn ot ok, bes; — et
¢ & a 2 1 int total: main();
L3133 struct NANTIINNKRIDAATUIA LA 2
e o , - - total = squareOfSum(a,b); b |
lassasedayauuuais 9 (Sewluizn Data Structure) printf(“output = %d",total); a,b,tota
o o return 9; . .
Programmer AANIINTLTINLDY } Wal3ana1ss squareofSum(a,b);
WeTdsunsaBarine s szuvezsinmsoasiini swuazﬁﬂnﬁaamuﬂlﬂu Stack
A First Book of ANSI C, 4th Edition 9 Lﬁatﬁﬂﬁ']ttﬂiﬂeﬂﬂgﬂ main()lﬂu Stack 891N maln() ‘VIE]E]\‘IVL’JﬂE]%‘Vi%"I 10
#include <stdio.h> e square() vhewiads return . o .
3 5 3 i) o & v o v f o o A [ =S I‘ P=1
int square(int i){ Tusunswazdnwiniiawsunentuw TWavszuy WINAAINITAINAILUINN data type 11w struct 2 Laahn
return i*i} I‘ o I‘ e A @ \1 Wﬂ fo A ¥ vV ¥ K Y %) ay ['%
} audaluain uazAudrdaulsludoderdud aaIn1sdnsigndedayaluaiulsns 9 la wan
5 > { v (> ug.:
_ o Gonliam Miermory Stack function N&319A11 3741 ¢
int squareOfSum(int x,int y){ «
. o U ~ 1 o U 1
int 2= square(xy); square (). Jniludasinseasniizanadiliadrennas lay
return z; 7’ Y & o
} , i N7 1EWeN%W malloc()
squareOfSum(); . .
*
int main(){ ‘ XV, 7 void *malloc(size_t n)
int a=4, b=g; main(); * malloc = memory allocate
int total; \ - e o 4 o
total = squareOfSum(a,b); b | ¢ Return pointer (1&5313‘%%61 - void ¥) Tddsnnraanusneasly
printf("output = %d",total); a,b,tota mmmmﬁ‘szu (n)
return 0; . q
s ° 1 o 1o ®
YL . 3 iiasquare0fsum() aumsmeu * winvaniIzaT laid15e 9% return NULL
Wunzas main()azgnaaslian JUUALINTAWNIA 11 Stack

TUsunsuaun1sniiemn Tnumain()
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Dynamic Memory Allocation [4]

nodeT *newNode = (nodeT *) malloc(sizeof(nodeT));
a ~ T & o & v
° 129911 malloc() AN return AL void * 131911 eae
{ a [ a {
An191URanuita (type casting) 24 pointer LW RANLI
ABINTI

6 o . U .:; (-9 [] o dl [
°* Wangw sizeof () W NBINVUIAVAI HIHIBAINNIINADINTT
289 TN IRBLINADINIIVWIALNINUDHIADDINRIE nodeT

* YINABINTIDINATY int array VWIA 10 Wb
malloc(sizeof(int) * 10)
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Dynamic Memory Allocation [6]

int main()
{
int i;
int *p= malloc(sizeof(int));
*p=10;
Memory Full !!
p= malloc(sizeof(int));
*p=20; Heap
p= malloc(sizeof(int)); 10
*p=30;
} | 20
30
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Dynamic Memory Allocation [5]

void *calloc(size_t n, size_t size)
P ° o A A a o
* gauiinfiviiisanuan lwansaee array NA&N1TN n 72 lag
LARZAINUWIA Size byte

[V o Y1 a v o a 1 v @
° Wi’ﬁ]&lﬂ'\‘l’i%ﬂiﬁﬂ'\lﬁ'ﬁ\l@l%‘l’l\‘iﬂ&lﬂ?la\'iﬂﬁ\l"l‘ﬁﬂtlﬁagﬂﬁlﬂu 0
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Dynamic Memory Allocation [7]

o & A 19) ¥ o A A 1 o M ¥
asnntiia lalzaaudsla 9 Afinsaesniarsanasi i

o @ 1 o o
wuua123 1519 lnaasAnnbraauTe 9 lagnsly
Wanzw free()

void free (void *)
/* for example */
free(newNode)

° Tu application 1a ‘) 1% memory N229A28
U ] a ‘q'
malloc() azm@adtn1nu memory M1 free() aan Tw
‘ﬁqm Wailaanw memory leak
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Creating a Node

nodeT *createNode (int data) {
nodeT *newNode = malloc(sizeof(nodeT));
if (newNode == NULL)
return NULL;

/* not enough memory */

data; /*same as (*newNode).data*/
NULL;

newNode- >data
newNode- >next
return newNode;
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Add Node to Front

STEPO: | ¢

head ——> 12 ° 99 ° 15
STEP 1: 64

head ——>{ 12 ° 99 ° > 15
STEP2: 64

head 12 ° 99 ® > 15

19
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Adding New Node to a List

* 159813150 Node Twaitanlud@a1%2 (add to front)
#30&IUN"8 (add to back)

° Original List head —> 12 | @ 9 | @ > 15
° newNode 64 a1 head Lfl% NULL
[ v . [
* Add to Front 15 add newNode 2&L1l1n158319 List 1%&!
I/\\
head ——e* 64 c) 12 ° 99 ° > 15
\\/1
¢ Add to Back
head —>{ 12 ° 99 ° 15 ° { 64
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Add Node to Front 2]

nodeT *addToFront(nodeT *head, int data)

{
nodeT *newNode = createNode(data);
if (newNode == NULL) /* not enough memory */
return head;
newNode->next = head;
return newNode;
}

¥ v ¥ o 1
01AaIN17 add to back azmaamamﬂs?

21
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List Iterating

° AN azaENIBNAINITAN LAl

for (p = head; p !'= NULL; p = p->next) {
/* do something */

}

for (p = head; p->next != NULL; p = p->next) {
/* do something */

}

A First Book of ANSI C, 4th Edition 22
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[3/7]4f9]5]2]6]1

Insertin Order

(3/7/4f9]5/2]6]1

]

13]7/4af9]s/2]1

()]

¢ Insertion Sort (Revisited)

'3/7]4a]9|5]1]2 6] L'%Nﬁhﬂ@‘l"\ttﬂﬁﬂl'ﬂ@ﬂ

U9 ldnepanannNuAININNIN

(3/7/4af9]1/2]5]6

INA
NLYA

(3/7/4f1]2/5]6]9

(3/7/1]2]a/5/6]9]

(3/1/2/4]5/6/7]9]

[1]2]3[4a]s]e[7]9]
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List [terating [ 2]

—~ b R 1
* %301 while 170
void printList(nodeT *head)

{
nodeT *currNode = head;
while (currNode != NULL) {
printf("%d -> ", currNode->data);
currNode = currNode->next;
}
printf("NULL\Nn");
}
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Insertin Order 2]

° MWaILALINWAL insertion sort

U newNode 29 1UN19821 (399711 head TuUn19ne list)
P Al 1
wazugaLiala node dAIAINNIN

H
[10] {20 ] —{30 7]
5] |
H
[5 | 0] —{20| {30 |77}
5] |
H
[5 | r—{10] eg—{20| —{25 | {30 | ]

25
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Insert in Order [3]

1. Case 1: inN newNode->data ﬁaﬂﬂ‘51 head->data
1198 head == NULL

return addToFront(head, data)

2. Case 2: 2lafn az Node 91198 nodex 7
nodeX->data > newNode->data

o 9441' o 1 % q’f
$#1 newNode IINGIURHINRITET nodeX Thib
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Insertin Order [5]

currNode \\

® STEP 2:
head —> 5 e 10 ° 20 ° > 30
newNode —>{ 25
® STEP 3:
currNode \\
head —> 5 ® 10 ° 20 30

newNode —> 25

28
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Insertin Order [4]

¢ STEP O:
newNode ——> 25

head
5 ° 10 | @ 20 | @ 30
currNode
® STEP 1:
cur‘r‘Node\
head —> 5 ° 10| @ 20 | @ > 30

while ((currNode->next) &&
(currNode->next->data < newNode->data))
currNode = currNode->next;

newNode —>{ 25

A First Book of ANSI C, 4th Edition 27

Find in List

nodeT *findInList(nodeT *head, int key)

{
nodeT* currNode = head;
while (currNode && currNode->data < key) {
currNode = currNode->next;
}
if ( )
return H
}

31
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Delete from List

° Case 1: key at] Guv head (Easy)

® Case 2: key ai‘l:nﬁil‘l% list

° STEP 0: %
key = 25
head
T~ 5 ° 10 | @ 20 | e 25 e 30
_——7
currNode
® STEP 1:
curr‘Node\
head —>» 5 ° 10 ° 20 ™ 25 ™ > 30

while ((currNode->next) &&
(currNode->next->data < key))
currNode = currNode->next;
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Array vs Linked List

s Y
° NI INNT delete
@ ) @ A A A
Array: ¥ia8991n delete AadHUANITNDW ) LNaNIUNWAING
Linked List: INRNaNI=NURAINTT delete
A v )
° nIMADINIT insert
Array: A292SUENNIBNAW ) INad319N11914 insert 1@

Linked List: insert lalagalsiaasaduanisnan
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Delete from List 2]

if (currNode->next && currNode->next->data != key) {
printf("Key %d not found\n", key);
return head;

}
® STEP 2: currNode \
head —>{ 5 ° 10 | @ 20 | @ 25 | @ > 30
® STEP 3: currNode \
head —>{ 5 ° 10 | @ 20 25 | @ > 30
¢ STEP 4:
free( ) head —>{ 5 | @ 0| e 20 | e 30
A First Book of ANSI C, 4th Edition 34
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Other Types of Data Structures
A B
CITTTTITTT) [l Tl T
* Arrays é é
® Lists
° (o D E
. (=) [l eleTe]"T¢]
oo Y
[ ) < s < §
O ® 6 @ i

2

'

o G
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Reference

® http://ocw.mit.edu/courses/electrical-engineering-

and-computer-science/6-087-practical-

programming-in-c-january-iap-2010/

¢ http:/len.wikipedia.org/wiki/List of data structur

es
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