CS 32 Week 3
Discussion


Srinath

Srinath


Topics

* Linked Lists
* Definition
e [raversal
e |nsertion
e Deletion

e Problems

e Worksheet 3



Linked Lists : Definition
Sﬂjly Linked List, Doubly Linked List

head
class Node { m — 37
int ~-val ; E E E

Node nenk ’

J;
No oo L\QO‘JL/




Linked Lists : Definition
Sﬂjly Linked List, Doubly Linked List

tail

class Node {

head
int ~-val ; %’ E f%\

Node nenk;

J,
No oo \nwi/

Node 1\?05\}

e can also use o “:O\\\ Poth«’.’(‘



Linked Lists : Definition
Sﬂjly Linked List, Doubly Linked List

head
class Node { m — 37
ink w1-val ; E B E

Lol

NM[; ’ne"vd:', e can also use o +tail FOi"J‘”
’ émPJ(J “SJC(!
No vl "\QO‘A/

Node %ail;



Linked Lists : Definition
Sﬂjly Linked List, Doubly Linked List

head
class Node { m — 37
Int “fl—'\/‘at\. p E B E

Lol

,\lwlj 'new‘c', e con also use o *ail POi"\J‘“
’ émPJ(J \1'5%?
Node” ‘nw.i/ Vond =

Node ¥ail; il =



Linked Lists : Definition

Singly Linked List, Doubly Linked List il
class Node[ hesd
int m-val ; ok ‘ 2L\ ;
Aode”™ nenk prev: —
Node” pvey,
3K
f\l.O Aé_x \/\m(k,‘

{\(oo\ef an \ )



Linked Lists : Traversal

Printing all elements
E’ o | /7| ¢ @
b / |

beoﬁlt\nw\

head



Linked Lists : Traversal

Printing all elements

head



Linked Lists : Traversal

Printing all elements



Linked Lists : Traversal

Printing all elements

I\(C)Aéj,f ‘\Ze.hf\f,' v,
‘\:e.-ﬂ‘a = \'WAO\/ A =2 A @/\ %’ wuLL

cont £2 %Cmpé'"—"""l}



Linked Lists : Traversal

Printing all elements

I\(OAQ.‘V ‘ke.hf\f A v,
temp = head, = i @/ > bl

cont £2 %Cmpé'"—"”‘l}



Linked Lists : Traversal

Printing all elements

‘\:exnf = \nwm\,

conk ¢2 ‘ECMV*"’"’”‘I}

temp = temp-sment;



Linked Lists : Traversal

Printing all elements

Node” temp; head

‘\:exnf = \nwo\,

conk ¢2 ‘ECMV*"’"’”‘I}

temp = tempsment;



Linked Lists : Traversal

Printing all elements

I\(OAQA’ ‘ke.m( ' "'M_aA

‘kbﬂ? = \’)M.Ok/'

conk ¢ -l:g.npem_ml;

L4

‘kamp = {e-ﬂf—amn{;

e ® e °*

Vo o W Lo nemk l\oc)\z’{

Print agan .- wnb 1

‘ECM( L}&CO\N'\@ ~ULL -



Linked Lists : Traversal

Printing all elements

head

while (—’ceon( | = )

Cou\tLL JCC"\(%‘Y\—VQ[;
‘\:ov\f = 'l:em(?—éne:vx{:)‘

J



Linked Lists : Traversal

FJ'V\A Y\OAQ, re_VfZSen]t‘\hﬂ [?
Find a given element R ww(

B



Linked Lists : Traversal

Find a given element

/\(oole,¥ {emr;f @
‘te;m _F = L’\%A/ W@/@/ o
while_({:cm(amml 1= 5) ch;v/\f

{
JCemff- {:emp9”@’d:/' 25 Al this ok T
} What can 80 L")Ymﬁ(l

Netuvn %emf 5

\:mA no«l& raffﬂen]nhﬂ 57



Linked Lists : Traversal

Find a given element

W head
Node” Yemp o Q @
S
Femp = hea A 7@@/ JULL

F.\'V\A noJL re_V{Z.Sen]c'\hﬂ 5?

"%l'\u&<‘lxm?a'ﬂr\f0\\ l—" 0 JC@:;Y
‘1:6mf7<— ‘EEMP9”Z’&JC/' 25 il s wok’
} What can A0 wm(tjq

Asest work i € 1 nok in sk .

Nek emp
o T ; "o pnontatin, k"



Linked Lists : Traversal

Find a given element

AloAaF fet:ng_io( \ 7@/@/@’ .

w \e_C-\:an [= JULJ{

PJV\A Y\OJL reffﬂen]cwhﬂ 57

i
> =l the Llanke !

—
—’—’

temp = tenf SNnomt;

B

Neuvn %ew\? ;



Linked Lists : Traversal

Find a given element

/\l 00{&9‘ “cem (; \

\:JV\A Y\OAL raF{Z.Sen]nhﬂ o’7

“EEEE -

) / .S ‘\/\\,‘\\ T‘&L\,\m KpJUL[: \—F ﬁG“C ’{‘OU\‘\A.

temp = temf SNomt;

B

7\6*’.\1\1 n Jc'ew\F 5



Linked Lists : Traversal
Find element at position | R ww(

|



Linked Lists : Traversal
Find element at position | R ww(

AlOAe Jcern( = L\é&\i} \ \%W@/@/@ s
Voo - "1\__’___.

F-"V\A Y\O(lé. mﬁf (OS‘lt.{On 2 7

7\6‘:\.«\/ n Jcemf p



Linked Lists : Traversal
Find element at position | R ww(

l\(oole,y Jcem( = L\é&i} '\_% “
It pos=o; \ 7@@/@/ R

F-"V\A Y\O(lé. mﬁf (OS‘lt.{On 2 7

7\6‘:\)\\f n Jcew\? 3



Linked Lists : Traversal
Find element at position | R ww(

l\(oole,y Jcem( = L\é&ll; '\_é “
Int pos=o; \ 7@/@/@/ S

while (temp 1 = MULJf
o f:sﬂf.—_z h, {l:w(eo\\a'} temf

F-"V\A Y\O(lé. mﬁf (OS‘lt.{On 2 7

& \ 'olankS\.‘..,
J temp -:.tenfah@vdc/‘ 2 > Fill the 3

7\6‘:\/\'( n Jc'ew\? 3



Linked Lists : Traversal
Find element at position | R ww(

/\(Oole)‘ Jcem( = L\G&J} ~ = "
Int peszo; 79/@/ NJULL

hile (temp 1 = MULJf
o (.:n!;.z b, {la*(eﬂ\\é;} temf

\905 —\—-\—)‘

F-"V\A Y\O(lé. mﬁf (OS‘lt.{On 2 7

\ blanks \H
temp = tenp >nomt; ) 5 Fil] the 2 b«

B

7'\6‘:\1\1 n Jcem? 3



Linked Lists : Traversal
Find element at position | R ww(

l\(oole,¥ Jcem( = l\eaot; \__> “
It pos=o; \ 7@/@@/ R

wahile (temp 1=t )]
o (ﬁ.z 9 { beak;) temf

pos ++, Ll rekam WLl - PM'J‘.""’\
7 OU\!C O—P \\Sjcj \DO\AT\O\Q -

F_\'V\A Y\OAQ_ 0‘% (OS‘k{On yi 7

temp = tenp >nemt; y

B

Netuvn %em? ;
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Linked Lists : Insertion g Eq

Insert element in between
neert 267



P— |
Linked Lists : Insertion @ E-‘_I

Insert element in between
neert 267

Kode” N = nea /\(o&(),' ﬁ'

Q) cveokre nedd noda.



P— |
Linked Lists : Insertion g E—‘_l

Insert element in between
neert 267

Mode N = nea /\(o&(),' ﬁ'

Q) cveokre ned noda.

R Yede it



Linked Lists : Insertion g E-_I

Insert element in between
\\r\sd'lf 267

Kodz N = new I\(OJ«(),' E

Q) cveokre nedd noda.

R Yede it



Linked Lists : Insertion g E_I

Insert element in between
\V\S@Hf 267

rode” N = new r\(a(}a(),' E

>n Z."\,C = V’> n(,"\k )
Q2" 2 Q) cveokre nedd node.

R Yede it



Linked Lists : Insertion E E:]

Insert element in between
\v\sdt’ 267

Rode N = new I\ldJﬁO/’ E

 nonenk = Ponenk;
OIZT2" o oo 7| @ creode ned neda

Q@ _ - - - ——-- 3 Yedve it



P—s |
Linked Lists : Insertion E Erl

Insert element in between
neert 267

Node” N = newd /\(o(}a()/’ ﬁ_

’>nz.'\% = V/) nev\'kj
I © cveode ned noda

@S- @ resie it
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Linked Lists : Insertion reert e

Insert element at beginning \nwo\\

Rl
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Linked Lists : Insertion insere 2.6 1

Insert element at beginning \'w.ao\\

- | 8
Node” n = neo noded), E '@ E!

d Creake. Newd '\OAQ,
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Linked Lists : Insertion insere 2.6 1

Insert element at beginning \'w.ao\\

” | 8
Node” n = neo Noded), E 'El E!

@’ o —— PR ——_‘

d Creake. Newd '\OAQ,

@) vedldire |



Linked Lists : Insertion ingere 2.4 1

Insert element at beginning \nwo\\

Node” n = neo Noded), I 'El E’
@ n- nmjc -:__"‘\_264} L ]

@ Creake. New noolQ_

@) vedldire |



Linked Lists : Insertion
Insert element at beginning \nwo\\

/\IOAL¥ Nn = hee '\lDAZ-O/. &
0 n—>nenk = "‘\ZNL) §ﬂ

@ cCreszke new node

@ ve ire A

neere 1€ 1



neer 2€7

E4E @

Linked Lists : Insertlon

Insert element at end



] ] \v\se.\(-\f 267 ol
Linked Lists : Insertlon i

Insert element at end

Node” n =ned NedeO): E} E)



Linked Lists : Insertion
Insert element at end L;mo\



] ] \v\se:l-‘f 267 ol
Linked Lists : Insertlon i

Insert element at end

Node” n =ned NesdeD): E} E)
@ “tei‘ ﬁhCV\}C’ I\-)— %



] ] \v\se:l‘\: 26 7 ol
Linked Lists : Insertlon i

Insert element at end

Node” n =ned NesdeD): E E)
@ ‘tﬁll "?hév\k— IL)- @



_ _ _ weere 267 .
Linked Lists : Insertion o

Insert element at end L)

eod
Noke™ n =ned NedeO); m E E()
JJ—C
O _tail pnent =1y %



Linked Lists : DeIetion

Delete element In between

delele 12 T

1




Linked Lists : DeIetion

Delete element In between

0, Gt He node ts

delele 12 T

1

be deleted



Linked Lists : Deletion

Delete element in between f rf

head
@ _I_\lO?\_Zy—‘l:'\f-.—_— fi_ %_ I’LC'»\%'_} g E E
L\

() Get the node e be deleked




Linked Lists : Deletion delete 127
Delete element in between P xrnf
X head
0, l\lw\& ‘ltvxf_z—f_—zrlfv\{:/' ?‘ E B
|
D~ | e e o b dedeked

(@) Yewre '



Linked Lists : Deletion delete 127
Delete element in between P Xhnp
X head
0, i\’Oé& —l_"_"f_"’_fzrlf“{/. g E E
B - | e ket e ddeked

(@) Yewre '



Linked Lists : Deletion

Delete element in between

P T ¢
head
O Node” Arp = foment, <] B El

hent =
@ f-a_ D S 0 Cot e node te be o\e,\e.-\:w\

o‘e‘e_\:c 12 1

(@) Yewre ’



Linked Lists : Deletion

Delete element in between

p Ay
head
O Node” Arp = foment, <] B E

hent =
@ f—-?— R - 0 Ceot e node te be o\e_\e.\:co\

deleke 127



Linked Lists : Deletion

Delete element in between 1
head
@ ﬁlo%&y_‘lm =_Fj_r_rfv\£}° ?l
@ —-h L‘KE = temp ”"_f“{) —
- S TTTT T @ Get the node o

be deleted



Linked Lists : Deletion
Delete first element 3 mo\




Linked Lists : Deletion
Delete first element 3 mo\




Linked Lists : Deletion
Delete first element 3 mo\




Linked Lists : Deletion

Delete first element 3 mo\
o | o B E
© - - ---— =



Linked Lists : Deletion

Delete first element 3 mo\
@ Node" top = head E @ @ E
@ _ - - — - e



Linked Lists : Deletion
Delete first element 3 w.o\




Linked Lists : Deletion
Delete first element 3 mo\

@) Kek ¥he node Yo be deleted

() Yewlre '

©, delete



Linked Lists : Deletion Alebe 2127 4|

Delete last element
LeoA




Linked Lists : Deletion delebe 127 4ail

Delete last element
keoA

O Gt the node ko be deleled




Linked Lists : Deletion delebe 127 4ail

Delete last element
Lwcl

O Gt the node ko be deleled
360\.\'\




Linked Lists : Deletion delebe 127 4ail

Delete last element
keoA

O Gt the node ko be deleled
360\,\'\

@ Yeuive_



Linked Lists : Deletion delebe 127 4ail

Delete last element
keoA

O Gt the node ko be deleled
360\,\'\

@ Yeuive_



Linked Lists : Deletion delebe 127 4ail

Delete last element
Lwcl

O Gt the node ko be deleled
%au'\

Yeuvé_ ~ ?
G eV | e need node 1



Linked Lists : Deletion delebe 127 4ail

Delete last element
Lwcl

O Gt the node ko be deleled
kau'\

Yeuvé_ ~ ?
G eV | e need node 1

hew o \9@‘( ikl



Linked Lists : Deletion Aelebe 127 4ail

Delete last element
Lw&

O Gt the node ko be deleled
3<au'\

Yeuvé_ ~ ?
G YN | e need node 18

hew 1o \QQ“C %l



Linked Lists : Deletion Aelebe 127 4ail

Delete last element

Node™ n =heod, oot ic] A 1)
while ¢ 1= mvtl )y E E/:} |

O - oo s
n= honent; O Gek the node ko be deleled
j 3:0&\
G \re,wife\_o& 32 need node. 18

hew 1o \9@‘( %



Linked Lists : Deletion Aelebe 127 4ail

Delete last element

W\
Node™ n =heod, oot ic] A 1)
while ¢ 1= mvtl )y E E/:} |

O - oo s
n= honent; O Gek the node ko be deleled
j 3:0&\
G \re,wife\_o& 32 need node. 18

hew 1o \9@‘( %



Linked Lists : Deletion Aelebe 127 4ail

Delete last element

n
Node™ n = head, heed C \ 1)
while ¢ 1= mvtl )y E E/:} |

® H (qsnet .—::";a.?])(

break,
- honerk D Cob the node. b be delebed
j %mi\

Yeuvé_ ~ ?
G YN | e need node 18

hew 1o \9@‘( %




Aelebe 11 / +a:
W\

Linked Lists : Deletion

Delete last element

/\[0(*&'”r n =L160~A/’ Lw& ¢ l 1)
while ¢ 1= mvtl )] E Bj) l

® #Chan@d: z:":&;])(

break,
3
n = honent; O Get the node bo be deleted
j 3:0&\
b - oL ‘ .
@’Vljﬂ_@_”\___ / @ fe_um\f‘é\_w\‘c M“MA Md\ng

S ‘o \QG‘C \)(’I



Linked Lists : Deletion Aelebe 127 4ail

Delete last element

W\
Node™ n =head, reod ic] A 1)
while ¢ 1= mvtl )y E E/:} |

@f*("\an@«t :::";a‘-“])(
3 break,
n = honent; O Get the node bo be deleled
J 3:0&\
Lt =nvull] ‘ .
@’Vljﬂf_"’\-__ / @ re_um\f‘é\_m\‘c M“u‘é\ Md\ng
O o to geb ix ]

?) deleke



Aeleke 1117 +a:
W —_ L

Linked Lists : Deletion

Delete last element

) L B
/\[OAZ n = LIZU\A/ MA £ | || ’” )
while ¢ 1= mvtl )y E { ,'

@“’FC"\%V\?A‘E .—;-;-f;a..ﬂ)( |
3 break,
n = honent; O Get the node bo be deleled
J 3:0&\
b - WLl ‘ )
@’V\jﬂg’\-_-— / @ re_um\f‘é\_w& Mnu}\ Md\ng

@ Aeleke {:0\\"]/'

S GED D GED eum—

TS ‘o \9& \)(’I
®) deleke



Linked Lists : Deletion

W —_ /-
Delete last element [ \ '|
Node™ n'=head, 4 c| A ALK
Whale C N - NVLL){ E ’ : 'I
® H (qsnext ==tail){ -
3 break,
n = honect O Gok the node ko be deleked
§ Xl
L = null) \ -
- ’o‘: \2:3\ :c"l- | < num\reg& 32 need node 18
® - gg__é_____:m g hao Yo \9@“( ik 1



o\ele\:e, 11 'Z

Linked Lists : Deletion
/\I?Aezlet?qla,sl: lement Whak o we have ol J 1 elenmt 7
head i)
while (1= MVLL){ . /
© # (rmect == bai)( E[;Jm
3 rear, .
j n= hanen.l.’; )’__9 u\)i\\ ’U:\B S)\Z\\\ c:\aV\‘?

(A w-nemk - NULL

= o —— c— =

G Adete _tasl;



o\de\:e_ 114 'Z

Linked Lists : Deletion ot

Delete last el t \ \ 1 element 7
g oSt ije“ Whak £ we have or J

head Xai)
while (1= NVLL){ e /
@ FFCV\%VN’A‘E s:":all)( JULL
breake,

1 n= honent; > u) i\ Xhis s\ G:V\‘Z é'\w'
(A w-nemk - nNuLlLl ) Segmentaion ok

a—— o - amy |®=» o=

O _o\ _2_\ gjg_ e ___t_m ]



_ _ o\de\:e. :Li?
Linked Lists : Deletion

/\[I?Aezlgti Ias[’: ﬁment What 4 we have Oh\lj 1 Z\ZM‘E [
while (1 I,:MVLL){ "‘”\9 /Jc“‘3
® I"FC"\%VN’A'L’, s:":a?l)( R
breake,
n= honent s w)il Ahis SN\ awke? -0,
J : _ " & @
e n > nemk = NULL) Se¢gmenkaion Fanlk L;L o
- - = - -- . == O\
Aeleke  tail; Need cheek- & ‘n L
® LS -=ND o also head ==AULL.

@ ’cod\_:_ V_L_;_



Linked Lists : Deletion

Delete last element

l:uxl\ CM\Z. -7

while ( 1= AVLL)

® H(honet s=tail){ CASe .

J

@
9,

breax,

3
Ne h-mcmlr;

deleke tal y

tatl = '\_3_



Linked Lists : Problems

How to swap two linked lists?

B EEEL
B YE



Linked Lists : Problems

How to swap two linked lists?

A — qubp
s [ B

Tuet SW AP Xhe Poiv@re_v ¢ )]



Linked Lists : Problems

How to swap two linked lists?

A D W g/ wuw___



Linked Lists : Problems

How to swap two linked lists?

A EEEL

ZEEE



Linked Lists : Problems ﬂ EZ E

Copy a linked list COU A s B 7



Linked Lists : Problems ﬂ E P

Copy a linked list COU A s B 7

@O 4o '\:vat—j\f\ ead lonont d- A



Linked Lists : Problems "~ E J@ E E)

Copy a linked list head — coU A s B 7

Node bmph = head &
P O 4o '\:[«wvt—jl'\ eadh elenunt d- A
w‘,‘;(g_ck'v\fﬁ = '&IULL)Z

%M(p( = E‘\PA"? ’\9""\:}
K



Copy a linked list
Aode™ {:mpﬁ = L’MA'O(/'

wL;(Q_G:MfA = “’ULL)Z

_by\(p( = 'l:'\‘\‘?A’ﬁ ’\0""\:}



Linked Lists : Problems "~ E J@L E E)

Copy a linked list head — COU A s B 7

Aok bmpht = L,“Jp(/‘
F O 4o '\:[«wvt—jl'\ eadh elenunt d- A

obile (ph 1= WL
l\lo(*.zfr C_U = Nexd IJOAZ/. @ C,o\r(,g\J(¢_ Cor\j 0@ {"\Q
C@am— | = bﬂfﬂﬁ'ﬂ-‘”‘\'

elemant

%M(A = 'EV\PA”) ’\9""\:}
K



Linked Lists : Problems "~ E @ E E)

Copy a linked list Ldgﬁ COU A s B 7

Aok ‘EMFA‘ = L,“J/)(/‘
O 4o H‘m’f]l'\ ead lenont d- A

th(e.G:“"f’* = rdULL)Z
Node™ c.v = ned /&“M/' @ Cvca\J(c_ C—Ozj 0@ {"‘Q

@ AO\A C'DU v K l{SJC'

elemant



Linked Lists : Problems "~ E E’L E E)

Copy a linked list headg — copy A s B 7

/\(oiéy ‘EMFA‘ = ,’WJAU
O 4o ’C‘qmeL\ ead lenont d- A

to"\t(z_G:Mfﬁ | = ’\’ULL)Z
I\[oJ-L'T P—U = Need IJOJ@/' @ C¢¢9\J(¢_ c_ozj o@ {LQ

elemant

C@—)m, \r—b"'fnﬁ'“"m\. ‘o l- JC‘
F(head 8 o)L S AM, C; p o «;\\ﬁ
L\MAB.'_C‘U)' — L/

Exlg = QU)j
4\



Linked Lists : Problems "~ E E)L E E)

Copy a linked list
Aode” brpht = headk;

w[,;(c(bv\'h = A V"L) [
I*loh# = Ned ’\(“h;
c.@amigl = bph> 2ol @ CV‘CG\"‘Zﬁ. Cdzj 0@ ‘H\L g,(.emnjf

'J—(]y\uvxﬁ z:'\J\lLL)[ ‘o l- “C
head = C4Y © Ardd <of o BN
glsgf Exlg = C.U,J :m{%
Eolg >nent = <Y, ; ~> el
tailg = C(j;

= = dmghi et | — gy



Linked Lists : Problems

Delete a linked list

HEEE

e_\ek& all 'f\oAﬂ&



Linked Lists : Problems Nobe ™ rp = head;

Delete a linked list
WL{\LCJCMV | = ”VLQZ

HEEE

é.\é_'k& G‘\\ V\OA@ ém( = jC")F-—') Y\ﬁ"\k‘/



Linked Lists : Problems Nobe ™ rp = head;

Delete a linked list

LOL\{\LCJCMP | = M\ILL)Z
(2.0
" >
e_\e:k& G\‘\\ V\OA@ ém( = 'k"’)(——-? Y\ﬁ'ﬂk‘/



Linked Lists : Problems

Delete a linked list

/\looka,* '1‘)‘4‘\( = l‘\ZaA/

/ '
- - - o a [am— =



Linked Lists : Problems

Delete a linked list

/\lookq_* '1‘)‘4‘\( = l‘\ZaA/

/ |



Linked Lists : Problems

Delete a linked list

/\lookq_* '1‘)‘4‘\( = l‘\ZaA/



Linked Lists : Problems Nobe ™ rp = head;

Delete a linked list

LweagA ‘«)L\{\LCJCMF | = 0\9\)LL)£
BV M
C
de\a& a‘\\ HOA@ | ém( = k’ﬂ(—-—) Y\7Z"Ll."/
. T - ) ' |
A'V'\(j \A.w . O _M -Lg _1;\1\"2 ?:_)‘_T'\\?O\

- Tvo\\fe(S’o(\ l ] }



Linked Lists : Problems
Delete a linked list L.y

e VAR
AT =

de\a& a\'\\ V\Oo\ﬂé :
_)Tvo\\fe(S’o(\ 1]

/\lookq,* ‘EN\( = l‘\ZaA/

wLQ\LCJcmp | = ”VLL){
@ Hode? prev = of,



Linked Lists : Problems

Reverse a linked list



Linked Lists : Problems

Find approximate middle element in one pass

0 u@ —1-H

widdle element



Linked Lists : Problems

Find approximate middle element in one pass

head



Linked Lists : Guidelines

Edge cases and best practices

e Draw Pictures

 When using p->, make sure p is initialized and not NULL

Do not write p++ or p— on pointers

* Always check for special cases : middle, front, back, empty list, one-element
list



