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Lecture A9 —Linked Lists

Kymberly Fergusson

Overview

* Operationsfor Lists.
* Implementation of Linked Lists.
» DoubleLinked Lists.

List Operations

Goto apositioninthelist.

Insert anitem at aposition inthelist.
Delete anitem from aposition in thelist.
Retrieve an item from a position.
Replace an item at a position.
Traversealist.

Comparsion

Linked Storage
— Unknown list size.
— Flexibility is needed.

Contiguous Storage
— Known list size.
— Few insertions and deletions are made within the list.
— Random access

Linked List

< I|_—I_

#FrTnder LT NREDLT STH
#defi ne LI NKEDLI STH
#i ncl ude <stdbool . h>
#i ncl ude "node. h"

struct LinkedLi stRec
{
int count;
Node* headPtr ;
I

typedef struct LinkedListRec List;

void intializeList(List* listPtr);
bool |istEnpty(const List* listPtr);
Node* setPosition(const List* |istPtr,
void insertltenfList* listPtr,
float del eteNode(List* listPtr,

int position);
float item int position);
int position);

#endi f 6
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Initialize List
listPtr _} count 0

headPt r NULL

void initializeList(List* listPtr)
{
listPtr->headPtr = NULL;
listPtr->count = 0O;

}

Set Position

« check if position iswithin range

« start with address of head node

e set count to O

« while count isless than position
—follow link tonext node
—increment count

« return address of current node

Node* setPosition(const List* listPtr, int position)

{

int i;

Set Position

Node* nodePtr = |istPtr->headPtr ; : | | | | | |
if (position < 0 || position >=listPtr->count) { Head
fprintf(stderr, “Invalid position\n”); Y
exit(1); 0 1 2
el se {
for (i =0; i < position; i++) { o
nodePtr = nodePtr->nextPtr; II'POS"I on
}
}
return nodePtr ;
}
9 10
Set Position Set Position
Head > > Head
0x4000 0x2030 0x30a8 0x4000 0x2030 0x30a8 v
A
2 position 2 position

[ 1]

X nodePt r

11

X nodePt r
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Set Position

0x40

posi tion
|
nodePt r

00 0x2030

0x30a8
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nead => | [ |l | 5
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vead &> | [ |
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If we insert it at position O.
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Head
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If we insert it at position O.

2

o 1

Head

2

3
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Instead, suppose we insert it at position 1.

| 5[ |
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0 El&

2

\

Instead, suppose we insert it at position 1.

Head

3

17

=L I JL L=l [ 5

0 2

\

void insertltenfList* listPtr, float item int position)

{

}

newNodePt r ->next Pt r
listPtr->headPtr = newNodePtr;

= setPosition(listPtr,
newNodePt r ->next Pt r
nodePtr->next Ptr = newNodePtr;

Node* newNodePtr = makeNode(iten);
Node* nodePtr

= NULL;
== 0)

= listPtr->headPtr;

= nodePtr->nextPtr;

listPtr->count ++;

position-1);
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Inserting — New List

Head |:> 0x30a8

II' posi tion

0x30a8 newNodePt r

19

Inserting — New List

Head | :>|:|E|°X3°as

<

IIlposition

newNodePt r

Inserting — Start of List

0x2008 0x30a8
\
/A 0x2000

newNodePt r w
posi tion II'

21

Inserting — Start of List

et == T T[T 7

4bx2008 0x30a8

7/ 0x2000
newNodePt r w

posi tion I—D——l

Inserting — Start of List

I

Head
f0x2008 0x30a8

/4 0x2000

newNodePt r X
posi tion ;

23

Inserting — Insidethe List

s L L FH——L 1 4

>

Y
0x3050

nodePtr Ox Y
Q 0x2000
newNodePt r X
position ;

0x3080
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Inserting — Inside the List Inserting — Inside the List

Head |::>|:|:|—; Head —> I:D—‘
s v

4
0x3080 Ox3050 0x3080 %3050
nodePt r 0><3080 nodePtr px3080

0x2000 / 0x2000
newNodePt r 0><2000 newNodePtr Px2000
position position

25 26

Hj?d Delete
If we delete the Node at position 2.

I = = = o

0 1 2 3 v

If we delete the Node at position O. | | _L_| | _|:| | _H | _I_
ST T |

o 1 2

<

Head
27 28
void del eteNode(List* listPtr, int position)
{
Node* ol dNodePtr = NULL;
Node* nodePtr = NULL;
|f we delete the NOde at pOSition 2 if (listPtr->count > 0 & position < |istPtr->count)
{
if (position == 0) {
H d ol dNodePtr = listPtr->headPtr ;
listPtr->headPtr = ol dNodePtr ->nextPtr ;
}
else {
nodePtr = setPosition(listPtr, position - 1);
ol dNodePtr = nodePtr ->nextPtr ;
> > nodePtr- >next Ptr = ol dNodePtr ->next Ptr ;
}
0 1 2 Y listPtr->count--;
free(ol dNodePtr) ;
}
el se {
fprintf (stderr, “List is enpty or invalid position.\n");
exit(1);
29 } 30
}
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Deleting — 1% Node Deleting — 1% Node

nead => | [ |l | 5 I

0x4000 0x2030 0x30a8 0x4000 , 0x2030 0x30a8

]

II' posi tion IIlposition Head

0x4000 nodePt. Px4000 nodePtr.

31 32

Deleting — 1% Node Deleting — Middle Node

= O e s = T e

OXZ(ﬁ 0x30a8 Y 0x4000 0x2030 4 0x30a8

I:' posi tion Head I—l——l posi tion
@ nodePt r
w nodePt @O dNode

33 34

Deleting — Middle Node Deleting — Middle Node

Head ::>| | /H/|\_,| | ‘H Head :>|:|:/I/\‘|:D—‘

\/ \

0x4000 0x2030 ) 0x30a8 0x4000 A 0x30a8
1 position 1 position
[‘;X:;'z] nodePt r jl;zz; nodePt r
X a dNodePt r Ox Qa dNodePt r
35 36
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Double Linked List Operations

Double Linked List

41

e . 0 1 2 3 4
¢ Gotoapositioninthelist.
 Insert aniteminapositioninthelist.
. L . I —5 T I n
« Delete anitem from apositionin thelist. 3 !
I—— K— T <1 < T < T
* Retrieve an item from aposition. v
» Replace anitem at aposition.
e Traversealist, in both directions. Current
1 38
struct Doubl eLi nkNodeRec I n%rt at end
{
f 1 oat val ue;
struct Doubl eLi nkNodeRec* nextPtr;
struct Doubl eLi nkNodeRec* previousPtr; 34000 px3080 2030 0x2000
I
typedef struct Doubl eLi nkNodeRec Node; 1 1| 1
x2080 2020 o _| - —_l
struct Doubl eLi nkLi st Rec I——ML . 1 \J I__"”' Y
{
int count ; v A| Y Al
Node* currentpPtr;
int position; m
I currentPtr
. . . . prevPtr newPt r
typedef struct Doubl eLi nkLi st Rec Doubl eLi nkLi st;
39 40
Insert at end Insert at end
0xZ000 [0x3080 | [0x2030 X4000 Px3080 | (x2030
[OX3080 | » [OXZ030 | »[0x2000 > oL __l [X30B0—|» (%2030 4x2000 > oL __l
< 0x4000 < 0x3080 [ NOCT Y f < 0x4000 =< 0x3080 <« bxzozo— ¥
A\ Y \4
o] !
X
currentPtr or evPtr ot ] currentPtr prevptr newPL r -

42
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0x4000

Insert inside thelist

0x3080

Insert insdethelist

0x2030 0x4000 0x3080 0x2030
0x3080— 3 [0x2030 T B[ o x3080 —f=—Qx2030 [ %
r—ML T T0x4000 0x3080 _i Yl—‘NU-L £ PXx4000
A
ﬁ 1 0x2000 ﬁ | 0x2000
currentPtr prevPtr currentPtr prevptr
NULL —_i newPt r 2030
— NULL r——-fLLL
v v
43 44
Insert inside the list Insert inside the list
0x4000 0x3080 0x2030 4000 0x3080 ¥2030
0x3080 T > Joxzo30 | > T x3080 > k2030 | * o T
yl_ ML e 4 < P | v < | (‘ soo—
Al A
A\
currentPtr - prevptr lq currentPtr  prevptr
636 newPt r ST newet r
[ 2080 [ 2080
45 46
Insert inside the list Delete from end
UX4000 UX3080 OXZ030
— XZ000 Px3080 | (%2030
i UoU LEX jvjviv) NOLL __|
Y —_— p— —
v ‘?4 0x4G00 ( 2000 o, gz [ ]
"‘ ”"""v f < 0x4000 =< 0x308 Y
% \ 4 »\
currentPtr prevptr < X IQ
p 2% newt r currentPtr ol dPtr
3080
prevpPtr
a7 48
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Delete from end

0x4000 0x3080  0x2030
0x3080 =1 | NULL NULL —j
l_— NULL | xTox4000 |&0x3080

oI dPtr 0><2030
currentPtr

prevPtr 0x3080

49

Delete from end

0x4000 0x3080

x3080 —3— |NULL

l_‘ML (—33(4000

oI dPtr 0x2030
currentPtr

prevPtr X3080

Delete from inside list

Ox4000. 0x3080. 0x2030.

0x2080 " 2030 T3l gy

e I ¥
\ V\

ot
o

Apvl
[T B

currentPtr

51

Delete from inside list

Qx4000. l 0x3080. N 2030

x2030 2020 “ L

L — 1%
2 ﬁ v\
currentPtr ol dPtr
o~

Delete from insidelist

N

0x4000 I 0x3080 0x2030

4

UX2030 [OXZ030 [ » NOLL

|
[] 0x4000 0x4000
ol dptr IQ

l_

currentPtr

prevPtr

53

Delete from inside list

[N

x4000 I 4 x2030

I i
[xZ030 NOLL

'x4000

-

cureig B

prevpPtr
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Revision

Linked List.
Benefits of different implementations.
Double Linked List.

Preparation

» Read Chapter 6in Kruse et al.

55

Revison: Reading
e Kruseb.22-525
e Standish2.4-25

Preparation

Next lecture: Elementary Algorithms
» Read Chapter 6in Kruse et al.
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