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Unit - T Linked

Lyst

Marks - j¢
. O | IDiference between thG Qnd C[]:jnam‘lc Memmj
Allocation
gyahie Memmrj Hllooqhan @Smmfc Memorﬂ AM\ocalion
1. Memorj 1s  allocated at the Memo‘rj | ls a]\oe;}ejit_th;L
Comla]la time . Tun dime .
> Memory allocation 15 done Memofj allecabion 4 done
before progvyam execu'Hor). : doﬂhﬂ Frogmm execohon.
. ' _
(:nce 0 ‘memmrj 's allocaled] Once Q memorj g allocqled
1T vemo ) ' . :
‘he ’rm_eé durmj b can be chanaecﬁ o\urmﬂ
P¥ogvam execohon | |
Progrvam execuhon by
| CTeahh_q and releasing
Memory c\urin\ﬂ program
execotion.
| Used W0 armay Used in  Linked Lt
| Allocates Memovy  Jrom ’Mloaa}es Mmemory from dhe
the staek.

'N\_emo'rj s a\loédiécﬁ

avto ma}l‘cal\j by the

Comp}lcr

4 S_'j?.e OFMMGMO{J -_.khou)n a'}

tompile Hime.

heaP

Memory  Js  allocaled only

SIS |

|
f
1
{
]
1l

f at vun 1ime

When  dhere ¢ an explfcﬂ
call 40  malloe ) and calleec:

Fonchons. J ; VO

Syze ofF memorj deﬁe*rmrmeé

PYepavecJ Bji Y-:D‘Badﬂujar L



. o | ln'\YOc\uchor) 40 Linked L':S"

) Coor 5equenh@| memorj a\loco’rior_) OTTQJ Pls Used.

And when vandom Memory 's  avdilable then Linked
LI\S\ Uged.

1) bisl Linked List consisks ofF  collechion of nodeg.
Each node 15 Adivided 1nto Jwo Pcﬂs first park is
data port  and second Par’r ’1s  Jink pml- whieh
Stoves  4he address oF 1he next node.

1l Actual vepresentation oF a node 1S

| oake [ nddrees | or [Dda U

Tevminolagies
.Node *© in a Linked list a node consist ot a daka
and addvess part which stores address of the
next node

sivwctvre of a node

Data | Address ov | Dakq Li nke
VD Data - &torves data oY actual valve
1) fddfess - Addvess ot dhe next node.

Definibion  of node shwdvre

,_e.’fwcF Node

1

int  data ;
stvuct  Node ¥ next $

}




* Addvess °© RAddrvess 1S g memov\\( locabion  where node

)8 stored . Represenkd bj
eq- stwvetk Node % next ;
where

a Po'm’lev

4 stoves address of next node

- Pornter Poiater Jo alss called as link  which stores

the memory address of dhe next node .

Informalion Hield / Data Field ' Stoves dhe acdval data

Example ot aalino ;

float marks ;

v Nex} Po‘m\er . Stores Jhe memory address of 1he next
node 1n srm\g\j inked list - |

In doublﬂ finked 1ist theve ave two po'mlev Fieliés

one for 4he next node and one Jor dhe previous

Node

Examplf, ©  SYyyuct Node * neac’r,'

+Ni| ‘Po'“}f": ls S?ecla\ po'm\ev thet does no¥ pdm*

to any locohion  wWhich  indicates end of the Vst
0Y an emP\;i het. Used n data  shvuclures  |ile

trees , linked )ists efc. 40 indicale the
yntax

end .

phr == now

Declavabion  ofF ol pointer

int ptv = NoLL;




t

. Em?tj List { Zero nodes in a lishis «colled as Erpy
Empty  list. Represented by a head potnter inihalized
40 NULLL.

Inihialize 4he list as emp’tj

styuct NodeX* head = NULL ;

33 Types of = Lists

Hy Linear List

) Cwevlar  Lysh

T\i) J)oub\:l linked Ilist

1) Lineay List s Fach node po’m\s at. the successwe

node - The last node points Fo  NULL. Nodes are
linked  with  each  gther 1n Sequen’na\ manner . It
'a al\se  colled as Singly Linked List. Lisk
- dvaversal 1e only m forward  divechon .
head ' |
i 1.5 '_)LC ‘_)ISD > NULL
Data Nexi

Fifjure 24 Linear Lish

W) Ciseular Ligt o First and last pode are Ioaica\\\\r
connected with each other. I} creales a orevlar
gtructure . Next Pow|' of dhe last node stores the

address of the Pirst node  which  connects

sear end of Vet 1o 1ts  drond end.



Circolar sk allows  conhinuovs dvaversal of dhe lish.
There 18 no naull do end Adbe ligt. ide can

; . . el
1rayerse g arevlar  linked lisk trom an:j nNode

Ve, 49 has no beg'mmn_cl and no end.
head

Data Nﬁd—r

Figure 3.2 CiveWlar  Linked Lja}

i) Represen}ohon of onub\J Linked  1)st

Alse  called as +Lu0-u,laj Ihinked Ust  which 1sq

more  complex . Pointer peints 16 the next as well

) PTevIovs  pode . 1Y containg dhree -'paﬂs

data, pointer +o dhe next node and po‘m’rfr 1o the

previovs  node . List traversal s in  beoth

direchon
Porward as well as  backward direction .
i‘head |
NULL Prev | A [Nﬁﬁ APrev| B [Nenf—> Prev| C Nex'c‘__\f’m ﬂﬂ‘%

NuLL

F180re, 5% ﬂ)oublj Linked Ligh

In above ‘?!30)’6

Jata  part  stoves actval data oy Value,

Prey part  stores Ahe address  of p’rev'\oUs node .

Next  part  stores the addresy of next node.
Theve ave 4we NULL ab the end of 1,8t as wel|

as at the begﬁmnin\q of dhe ish, &




Definition  6F dhe node shrdure

stvwet  Node
L
it data
struet Node *  next ;

struct Node ¥ prev ;

¥

34 C)Pma\'ions an a S'mg{j LI''nlked List
. C"rea\mg a lLinked Lish

A‘S”’fﬁhm for creahnﬂ a Linked List of o1ze 3
Siepg

H—Debme—rrode——siroetvre

) Staxt

2) Define Jhe node stroctore

3) (reate 3he First node

4)  Alocale memorj for dhe fivel node

5) Shove data n- hrst node

6) Mgke dhis onode as head -

7 Yo cveale o Second node allocate memaY tor
gecond nede and Store data in gecond nade -

8) Link dhe head node’s next to dhe gecond node.

Ahird node a\loeate memory Yoy
data 1N Athird node.

next 4o dhe Ahivd

9) Te cveate a
Ahird node and Stove

t16) Link the gecond node's

node and 8et Ihird node's next to NULL

1 Q4an



Node Shudure

struet Node

i

int dala
Styuet Node * ﬂepdf);

q.

/

Memwj a\location 4o head
glvruet Nede # head = (¢ slyvet Node* ) malloe

(sizeof (ghvuct Node))
Datq s¥omaﬂ ‘'n  head

head — data = lo .

~Jng,eﬂ]nj a new node 'n a  Lynked List

*There are Ahree ways do Inserk @ new node yn
a Linked List-

1. Jdngert at dhe beamni%

9. Insert ab the end

3. ingert at dhe middle

1. ingert at dhe be\g'\nn'\nﬂ

ﬂ\aofﬁhm

VD Star |
W) Alocole  memory for new node
W) Syore data 10 new node

W) Make a next of Dew node Yo P“)'M to head.

V) Make a head o »pom‘r 10 neu)\j ingeried node.

V) o}
) Stop .




Piece ofF code 4o nsert nade ab dhe beﬂinnirj

shvuet node  #newnode

newnode = mallee ((gizeol ¢ airuct Node));
newngde - data = 4 ;

Nnewnode — next = head /

head = neanode_,-

2. Ansert at the end
ngofdhm
1) Start
) Allocate  memory {or npew node
i) Store dota "0 new node.
W) Traverse the list 4o dhe lost nede
V) Make next of lost node 1o neuwly inseried
node
) Stop
Prece of code 1o nsert nade ol the end
struct node  *newnode ;
newnsde, = malloe ¢ sizeof (styuet node)) ;
newnode — daka = 4;
newnode —>next = NULL:
slvvet node Atlemp = head;

while C temp — next | = NULL)

3

temp = -Lemp—:’ﬁe“lt,"

i
Lemp — neylt = newnode ;



Emmp\es

Y- Jdnsert at he beﬂ}nhinﬂ

head Zz

“3 4] S

e

NULL

bewnade.

ﬂsmgn Newnsde —> next = head

—3 2| = 3

head .

——

: 1

Newnode

ﬂss}gn head = ncwnodc,(ncu)\nca&)

NVLL

_ﬁ, i _—__alNULL.

head e 3 AT T aowe L
1
3
neuj_ncde, =
Affer  nsevhion
head L2 LE Mg T R
2. _\.\.WSEY} at the end
h_ﬁad 7 2 Z NULL
| F/
— 4 . N
NuLL

néwnode




Traverse till the end of Llinked list and assign

losknode — b next = newnade

head_%[l _ s 13

L
—A 4 e
Newnode NuULL

.Hﬂerl ingerbion al end

e L A I I A

NuLLL

3. Jdnsert ab  dhe middle C given posiHon ) Posihon = 3

— 1] +—= 2| +—3]| +—=
head A » -

— 3 | = o ‘

Newnode *

NULL

Traverse il Cposition -3) node and  aseign

newnode — next = cuyr = next

head . e 2 “_? NULL
lhewnode 13

Assign  cunr — next = newnode
4ViRS

=)

nead . . _.
—3%. 4. 7 2 4 | —— nuLL

Newnode l )

Afler insevhion  of the given posthon

— L 1= 1.3 __91 Z’ B VY

ﬁead

10



3. insert at the Mddle
AMqotithm

) Start

1) Mocate memory for new node.
i) Syore data 0 new node

W) Traverse the het do Just before the given
position of new nede

V) Change neyt pointexs 1o ynsert new node n betwee)
V) Stop

Prece “of code 4o insert node at  dhe middle.

ghrvek node  wnewnode ;
Dewnode = malloe ( 81zeof (struct node))
Newnode — data = 4 ;

struet  node *temp 3 head;

Por ot 122 12 posihion ;. j++)

W temf—%neﬂ: \= NULL)

t

temp = temp— nexﬂ:)'

3
$

newnode = neyk = temp—>nexk ;

temp — next = ﬂeuﬁ)noc\e)

3k




+ Delebing  a node  from o  Linked List

o

Theve are three ways +to delete a node from
Linkedq List
Delete from be\q’mnin_q

. Delete From end

Delete Prom middle
. Delete  1vom beainn'\nﬂ
' Mgo*r‘\*hm
v start

'f\) Chede f head 1s wnure o b is drue b retuvns

NULL + 3f % 1s Talse +hen store dhe current

head M a %empomg Po]n‘\er
M) Moeye Yhe  heod Po‘\n’(er to the mnext node

W Tes Yhe memovj allocated  For dhe old head node

V) Shop
Oiece of code 4o delete node Hrgm dhe beﬂmn'{r}j

i (head == noLL)

{ pantf Y Lish s emp\J , deleton not poss}lolc.\n”)/'
return  NULL

ki

shruet node ttemp - head ;

head = head — nexkt ;

free (temp) ; /I ¥ree memory of 0ld head

12



Example

head 8 n 2L ! 3 i —1>
' NuLL

Afier de\e-hnﬂ from beainninj

head st . P

_3[ M4 7 NULL

~

2. Deteho

2. Delete From end
Al gorithm

1) Start

1) cose 1 @ The list s G\readj em‘ﬂj ¢heek. 1 F
head 18 NULL dhen cannot delete node

1) cease 21 The ligt has on\J one node - Check (F
head- next 13 NULL dhen Pree head.

) Case 3 . “The _l15-¥ has mu\hp\e Nodes dhen

imbalize temF = head and prcv'lous = NULL .
Tvaverse the list unhl  temp veaches dhe last
node - 8tove the second last node 1n one
\ariable and last node 1n temp variable .
Unlink. the last node and free Jast pode memaﬁ

V) 6’rop

Piece of code Ho delete node Yvom Jhe end

} (head = =NVLL)

%“gmnhtt“ List 1s  emply . delehion not ?093*&"& );

veturn NULL 48




1

?}ee(head)}
yeturn NULL :

s

sVruct Node %temP = hjeadl-

stivuct

¢

previous
tem? =

i

Previovs —= neyk = NVLL 2

——

temp—anex\:/~

i?( head — pext = = NULL)

node 4 Previovg — NULL
while ( temp—oneyt ) = NULL )

teﬂw;'

fyee (’temp)/-

Teturn * head .-

Example

head -

1

o

- s O

Atter  deleting  from end

/

head

e

__;_)i_g_

NULL

.NULL

) 4



3. Delete {from middle

Algonthm

1) start

M) Case 1 The list s G\Yf‘adj emP’\J checke (F head

'S NULL  then  cannot delete node .

1) Cose 2t The list hos only one node - check ¥
head next 15 NuLL then free head

D Case 3, The list has mulhiple nodes “hen
Lraverse the element betore dhe element 4o be

deleted . Then Chan&e next ponters 4o delete
the node From the list:

Y) STOP |

Prece of code 4o delete nede from gven posihon
“‘F Che_a(ﬂ — e—p NULL)
i prindf( " Lot 1S emp-\J , deletion not possible ") -

veturn  NULL
W( head @2 next == NULL)

L

tree Chead) ;
return NULL

5

struect node tiemp = head,

—

/




For (iny 1 =0 Lemp | = NuLL 48 §utt position -3 ; i t+t)

]

'Lfﬂ’]P = "Lfm? ——Qﬂt’*ﬁ‘t ;

3

Shvuet node * *node_delete - temp—gﬂexf :

temp =2next = node _delele —dnext ;

free Lnode_de\e\e)/'
reurn heod/'

EYGMPI&
Tosition = 3
B D ey
head - 3| e
cury
J.
- 1= 1.2 14 [ i

Hﬂé"f delehon i 2|

h_ﬁrl T2 4 i) a4

ead
; NULL

-Searchmﬂ a ey 10 Lynked Lish
mjowmm

1) Stast
) Initialize head = NULL

1) inserl @ nodes 4o Jhe Linked st

|6



) Take ”mpuf 10 search 4he ilem

V) initialize a node poinYer temp = head

V1) Traverse dhe list while temf 1S NOT NULL -

Vi) For each node check. 1% \ls data equals 1o
item  wante Ho search .

\f‘.‘ﬁ)&’l? mfji’tfh 18 found then velurm drve or vedumn
mndex of  node  where ilem waa found

1) If mateh 1s oot Pound  move the pointer 4o
the  next node ¢ temp = temp —=next) .

X) If the {raverse ends and temp becomes NULL
ite

s well o0s la-eﬁm 18 not  Ffouond Ahen retury)

false or -y

Xi) 8+0P
Prece of code 4o search a key 1n  Linked Lish

bool searthkey C struek node * head ,ant key)

14

struck  node Flkemp = head ;
while C kemp | = NULL)

L

1£( temp— data == key)
velurn  truve

tf_mp = bemp next J

3

retvrn  False y

17




Emmp\e,

p ven  head and Key = 5 , delermine. whethey 4he

Kej exists b:j "rmvcrsinj *Hrrrouah 1he nodes
sequen’r'nqnj :

head_——)i ] .2 531’%4’%’5[

. NulL
Ovtput brue;_ _

P Given head and key =27
heodﬂz 3 :ES [ HS] jg{i[j_‘% NULL

: vae'rsmj o SQm\c]lj Linked Lisk
Tm\f'ffsmj 1S a Process of vis}-hnj each node
Ohce, S’fOTJrIrH ?mm the head and eno{i'ﬂj ol:
the last node. 1} IS ng&jrm with dhe hglF of
los’rnode, — nexkt becomes NOLL.

P”"”}mj the wvalve of each

exac’rlj

next  pointers 41|

TYQ\JfTS]nj 30\/01\/@3

Nnode .

A\ 307‘11‘]'10’)
1) Start

1) Checle 1F  ligr g emp-}j F b s drve dben b
will not  print and'ih"m\q.



1) Initialize *PmPOTOTJ Porin*er with  head hke

ifmp — head
IN) Traverse +he lie} unti) .tem[') 18 nof equal to
NULL - aind p‘rin’r each node | .e. temP-—a dalq

Then  move 4o dhe next node again  prink 4hen
move 4o next il end of list e while

'}-fmp! — NULL

Y) S’I‘OP
Piece of <ode 4o draverse o list )N 53“3‘3
Linked Liat

it Chead == nNoLL)
prntEC List 1s emply ),
retvrny ; |
struck  node  tlemp = head ,
printf (" List  elements ave \n'"),

while ( temp 1= NUW)

r

prln'}{l(" %d — ‘ y tEmP —D da}o)/

"!:emp = -’cefTNP-')ﬂ,.e“M:/‘

3

Example |
peat L] 2] 2 2L

Oviput ¢ 159253425

NULL

19
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5 Flpphca“ofﬁls of Linked List

D Used as a bui\dmj block, for many othey datq

Is‘Hu&ures , such as  shacks | queves , trees, graphs

ete

1) Used as a po\jnomial manipulaﬁoﬂ

) veed o represen* other data structure

‘N) Veed as Q djnamic memovj mana&emen\‘v

V) Ohlize g doublj linked list %or browsers Ike

Chrome  or  frefox 4o manage.  poge hfshﬂ’j_

The " Back " and Forwayd "  bouttons simplj

Yraverse backward and Fovward

1hrough naode
poiniers

1) Media qu&ev Playlists  move 'nmmeo\m\elj 1o

the next dvack , skip dhe PYe\(;OU5 track o
oppend nNew dracks o YThe queve
Vi) Task scheduling , process manaﬁemeﬂ
VT Undo | Redo vePresen\' actions 1n a?p\i'c'a\{ons
ix) imoge viewers use a linked sequence 1o cyle

through  mages  when  you cliek 4he lefk or
Tight navigahon QYrows .

X) File & CD’WecMrj Moha\ge!ﬂeni‘

20



'Advanhﬂes of  hinked list  ayer arrays

D Linked list agllow efficient insestion and delebign

operabiong )\ thout 3hiPhnj elements  while arays
Tequires  element sh‘ip’rinﬂ.

1) Linked Lists can grow oy shrink dUrrmﬂ yuntime

Whl‘e G"n'aj ;3 ¥1xed GF+GY CYG’QHOF) ;

1) Linked Lists provide efficient ‘inserhion and

delebion at  both ends mak‘in_g The

imP\emenhHOh of  Queves and Deques simple and

shraightforward .

V) No memorj wasted In  binked List becovse.

allo coled e*&acHJ when a node s

memory s
0dded  while jn  avray mMemory  wastage 1.
done  bepapse memory allocahion 18 done
at  compile 4ime . ”

D When data 15 added 4o an  linked lish memory
addvesses  yemain shtable while n  an arvay

enhre memor:j: shuctore  can  be reallocated .

Circvlar doublj linked 1is)
Next
Negk Next

head Prev | A |Next Prev | B |Nex APrev | ¢ [NexH
' Prev - Prey )
Prev

Civevlar doubl_xl hinked ligh 23

. '."J)rau_) shudure of




+ Diffevenhiele  between e-'mglj linked )iet and doubly
_ doub\j WLinked st .

5}153 \, nked hs* Feili. I. D0ubl_\j Tinked e

L SLL nodes conlaing 2 freld-| DLL nodes contains @ Fielde
data fievd ancl nex} link da%a Field , a previous link

?leld ) - At —Plele\ and a next link Feld.

2 | S 3 |
hﬂ?_ﬂa_ Pl B ¥ C.- [_....;9 htﬁﬂ , 5
e R

. ara N |

34 Vraversal only 'm ?orward Traversal n bqu direchons
dureo’rion Po'rward and chkwmm\

Qequqreg less  memory "%hon Requwes more memorj
OLL as 1} bae only Hwo | ~than 8LL as 1t hag 2

| Plelds izields

6] SLL 12 Jess uvsed d_{}; DL is more used due {g |
Yo limited number of wider nNumbey of
Ope'rah ong, opcmh ons.

e e —

6 Vged l-n. siaeks ,queues o7 Ugeo\ in Undéjﬁédo
when memory I8 s-}nc’rlj Punchono’la’}j oY build{n’q

limited | complex da’ra s’twcwves

22



. ﬂdvan’mgfs of

avcular  linked list oavey linear

'!ﬂked \|St—

| ' « ' '
) Civevlar  linked 1ist  pyovides continvous dvaversal

while linear linked lisk S‘hop at oene node.

) , ,
D) No MO pointers Yoy circular  linked sk Ve

No need Ho check. for Nurt at dthe end of

sk while linear linked has NvULL PO'iﬂ*f‘B’

3 Can “Maverse 4rom any node 4o any node. 1N
Circolar linked list  whech was no¥ possible N 0

8'11’15]_«1 hinked \ist 1t we 7veacthed 1be las} node.

4) Easi\j can go Ho head from dhe lash node -

5) In q Cireolay sk, any node can be s’raﬂrmj
point  means  we  can tvoyerse each node Trom
any potnt- which 1S not  possible in eingly \1nked
list -

¢) Uses memoyj efﬂcuen‘r\j unth  no erlvo po'\a’ﬂer
needed for dhe list end - while Sr'lhﬂl\\, linked

List 'requifes 0 mcmm’j tor NULL ponﬂer.

3\ 6\ 2¢ Jjg‘”’

Pvepared Bj ¢ Mas. Y. D BOJﬂquY
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Auestion  Rank
emti‘ec}: Daka Stvucture usnmj ' Mavks : 4¢

Subjec} code ° 313301

D Differentiate  belween Stalic and J)\\jnam"lc Meﬂmo*ﬂ

tocation. € Mimmum dwo points O

6-2¢, W-25 Marks- 02
2) state the syntax of declaration of doubly linked
list.

w-24 ™Marks- 0o

3) List oo\von-‘roges of linked list over arYays.
8&-2¢ Marke - 00

4) Deseribe Jhe concept of  linked |igh with  the

tesminolegies : node , next poinler , nul POyt ex

and empty  list,
W-24, 6-25, \n-25 Marks - 04
5 Lst any four OPPHC_&‘HOHS of linked list.

W- 24, Marks - 04
&) wWnyie an a'\\qoa’ﬂhm 40 nsert an element at the

be&q’mninﬂ of s'tn\ﬂIj l'nked ligt:

5-25, u-2s5 »S-26, Marks-oq




7) Creale a s‘mﬂlj linked ist us'mﬂ data Fields ¢ -

15,306,490, 60,75 . Search a node ¢o from singly

linked list and  show  procedure step-by ~step with

the help of dig. start Yo end

W-24, W-25 , Marks - 0¢
®) Draw styucture 4o &JHOWrmj \
1) Singly  linked list Tl)\DaubIJ lmked |ysh

i) Civeolar Sinﬂlj linked lisk

) Cirewlay doublj linked list

IN-24 , 6-2¢ , 44 Marks-04

9) Differenhiate between sihslj linked s}
doubly  linked

and

list- Cminimum 51y Polm‘ls)
I-24 3-25 , Marks - 06
18) Desenbe civeular linked list  with soitable

chiagram . Also stale dhe ao\wanhgea of cyvevlar

(inked Vlist over linear linked lig}.
W-25, 8-25, Marks -06

) IWnte a ¢ program to ‘lmplemen’f singly linked
list  with ope'ra’rior) |
1) insert at end 1) Digplay dhe flish

8-25 , Marks -0y



12) Explain different operthﬁhs on Singlj linked st

IAN-25 , Marlks - 04

12) Wrile C Progyam 4o delete g node From

linked list  from lash Pcsihon

c-2¢ , Marks- o<
149 wrile a ¢ program  for ins.evhnj a new node
at  vandem  posihon in singly  linked st .
s-2¢, Marks - 0¢
15)  Write an a|gor;)rhm tor seaw‘hmj a node 11

M
%c \B\

2 3




