Intermediate Programming
Day 18



Outline

e Linked lists

* Review questions



Linked lists

We’ve seen some linked-list operations
* Create a node
 Add a node after a node
* Get the length of the list
* Print out the contents

We need some more:
* Add to the front of the list
* Remove an element from the list
e Deallocate memory associated to the list
* Make a copy of the list

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int length( const Node *head );
void print( const Node *head );

#endif // charlList_included




Linked lists

* |nsertion
e Create the linked-list element
* Update the pointers

charlList.c
#include "charList.h"

int add_front( Node **head , char ¢ )
{
Node *n = create_node( ¢ );
if(In) return 1;
n->next = *head;
*head = n;
return O;

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int add_front( Node **h , char ¢ );
int length( const Node *head );
void print( const Node *head );

;fendif // charList_included
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Linked lists

* |nsertion
e Create the linked-list element
* Update the pointers

charlList.c
#include "charList.h"

int add_front( Node **head , char ¢ )
{
Node *n = create_node( ¢ );
if(In) return 1;
n->next = *head;
*head = n;
return O;

charlList.h

#ifndef charlList _included

#define charlist_included
typedef struct _Node

{

struct _Node *next;

char value;
} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int add_front( Node **h , char ¢ );
int length( const Node *head );
void print( const Node *head );

;fendif // charList_included
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Linked lists

* |nsertion
e Create the linked-list element
* Update the pointers

charlList.c
#include "charList.h"

int add_front( Node **head , char ¢ )
{
Node *n = create_node( ¢ );
if(In) return 1;
n->next = *head;
*head = n;
return O;

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int add_front( Node **h , char ¢ );
int length( const Node *head );
void print( const Node *head );

;fendif // charList_included
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Linked lists

* |nsertion
e Create the linked-list element
* Update the pointers

charlList.c
#include "charList.h"

int add_front( Node **head , char ¢ )
{
Node *n = create_node( ¢ );
if(In) return 1;
n->next = *head;
*head = n;
return O;

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int add_front( Node **h , char ¢ );
int length( const Node *head );
void print( const Node *head );

;fendif // charList_included

*head
n n->next
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Linked lists

* |nsertion
e Create the linked-list element
* Update the pointers

charlList.c
#include "charList.h"

int add_front( Node **head , char ¢ )
{
Node *n = create_node( ¢ );
if( In) return 1;
n->next = *head;
*head = n;
return O;

main.c

#include "charlList.h"

void main( void )

{

char c1=0 , c2=1, c3=2;
Node *h = create_node( cl);
add_after( h, c2);
add_front( &h , c3);

return O;

( main
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Linked lists

* |nsertion
e Create the linked-list element
* Update the pointers

charlList.c
#include "charList.h"

int add_front( Node **head , char ¢ )
{
Node *n = create_node( ¢ );
if(In) returni;
n->next = *head;
*head = n;
return O;

main.c
#include "charlList.h"

void main( void )
{
char c1=0 , c2=1, c3=2;
Node *h = create_node( cl);
add_after( h, c2);
add_front( &h , c3);
return O;

( main
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Linked lists

* |nsertion
e Create the linked-list element
* Update the pointers

charlList.c
#include "charList.h"

int add_front( Node **head , char ¢ )
{
Node *n = create_node( ¢ );
if(In) returni;
n->next = *head;
*head = n;
return O;

main.c

#include "charList.h"

void main( void )

{

char c1=0 , c2=1, c3=2;
Node *h = create_node( cl);
add_after( h, c2);
add_front( &h , c3);

return O;
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main. c
#include "charlList.h"

Linked lists void main( void )

{
_ char c1=0 , c2=1, c3=2;
* [nsertion Node *h = create_node( cl);

* Create the linked-list element Ggg_;lf’reig gh czg;).
» Update the pointers ada_rron ,€3).

return O;
charlList.c }
#include "charlList.h"

- . ( add_front 1 _ _(— - — Inain 1
int add_front( Node **head , char ¢ ) 2 . 2|1]0|.®
{ -

Node *n = create_node( ¢ ); h ¢ head/,,c—s c2cl h

if(In) return 1; P
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return O; ! !
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main. c
#include "charlList.h"

Linked lists void main( void )

{
_ char c1=0 , c2=1, c3=2;
* [nsertion Node *h = create_node( cl);

* Create the linked-list element Ggg_;lf’reig gh czg;).
» Update the pointers ada_rron ,€3).

return O;
charlList.c }
#include "charList.h"
( add_front 1 _ _(— - —~ nain 1
. * % 5
int add_front( Node **head , char ¢ ) @ (2] o 2|l1]0]-»
{ - -
Node *n = create_node( ¢ ); n t\\head,,"cs c2cl h
if(In) return 1; _,,_g’:»\_; -
n->next = *head; el APl i G
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return O; ! ! !
}




main. c
#include "charlList.h"

Linked lists void main( void )

{
_ char c1=0 , c2=1, c3=2;
* [nsertion Node *h = create_node( cl);

* Create the linked-list element Ggg_;lf’reig gh czg;).
» Update the pointers ada_rron ,€3).

return O;
charlList.c }
#include "charList.h ( pyar—— 1’ (g )
int add_front( Node **head , char ¢ ) e (2] o 2|1|of. ®
{ - .

Node *n = create_node( ¢ ); n ¥ head _-c3c2cl h

if(In) return 1;

n->next = *head; - > i Sk
*head = n; r ¢ i ° i2| | it
| |

return O;




main.c
#include "charList.h"

Linked lists void main( void )

{
_ char c1=0 , c2=1, c3=2;
* [nsertion Node *h = create_node( cl);

* Create the linked-list element Ggg_;lf’reig gh cz??;).
» Update the pointers ada_rron ,€3).

return O;
charlList.c }
#include "charList.h"
nciu L ( add_front 1 _ -(— - — dnain 1

int add_front( Node **head , char ¢ ) « 2| 2[1]of,®
{ \

Node *n = create_node( ¢ ); " t‘\head C3,C/2/C1 h

if(In) return 1; _ \‘_; P

n->next = *head; “ckTToCTTNGT TRy

*head = n; r T ‘oizTiil

return O; ! ! :
}




Linked lists

* |nsertion
e Create the linked-list element
* Update the pointers

charlList.c
#include "charList.h"

int add_front( Node **head , char ¢ )
{
Node *n = create_node( ¢ );
if(In) return 1;
n->next = *head;
*head = n;
return O;

main.c

#include "charList.h"

void main( void )

{
char c1=0 , c2=1, c3=2;
Node *h = create_node( cl);
add_after( h, c2);
add_front( &h , c3);
return O;
}
( main
2l1]0| @
c3 c/Z/cl h
=-——::-‘3s;/
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charlList.h
#ifndef charlList _included

. . #define charList_included
Lin kEd | ISTS typedef struct _Node
{
struct _Node *next;
* Deletion char value;

* Update the pointers } Node;

 Delete the linked-list element Node *create_node( char ¢ );

int add_after( Node *n , char ¢);

charlList.c int add_front( Node **h , char ¢ );

#include "charList.h" void remove_after( Node *n );
int length( const Node *head );
void remove_after( Node *n ) void print( const Node *head );
{

Node *nNext = n->next; #endif // charList_included

if( InNext ) return;

n->hext = n->next->next: n n->next n->next->next

free( nNext ); | k | | A ‘ | A |
} vélue ne.x‘r : value ne:x‘r | value n?:x‘r




Linked lists

e Deletion
* Update the pointers
 Delete the linked-list element

charlList.c
#include "charList.h"

;}.oid remove_after( Node *n )

{
Node *nNext = n->next;
if( InNext ) return;
h->heXt = n->next->hext;
free( nNext );

}

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int add_front( Node **h , char ¢ );
void remove_after( Node *n);

int length( const Node *head );
void print( const Node *head );

;fendif // charlList_included

n->next
nNext n->next->next
| |

\ [ \ [ \

value

C > C > @
next value next value next
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Linked lists

e Deletion
* Update the pointers
 Delete the linked-list element

charlList.c
#include "charList.h"

;}.oid remove_after( Node *n )

{
Node *nNext = n->next;
if( InNext ) return;
h->heXxt = n->next->hext;
free( nNext );

}

charlList.h

#ifndef charList_included
#define charlist_included
typedef struct _Node

{

struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢);

int add_front( Node **h , char ¢ );
void remove_after( Node *n);
int length( const Node *head );
void print( const Node *head );

;fendif // charlList_included

value

ne

nNext

[

n->next
A

\ [

value

value

next

18



Linked lists

e Deletion
* Update the pointers
 Delete the linked-list element

charlList.c
#include "charList.h"

;}.oid remove_after( Node *n )

{
Node *nNext = n->next;
if( InNext ) return;
h->hext = n->next->hext;
free( nNext );

}

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int add_front( Node **h , char ¢ );
void remove_after( Node *n);

int length( const Node *head );
void print( const Node *head );

;fendif // charlList_included

n->next
A

\ [

value
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Linked lists

e Deletion

* Update the pointers
 Delete the linked-list element

charlList.c
#include "charList.h"

;}.oid remove_front( Node **head )

{
Node* n = (*head);
if( In) return;
*head = n->next;
free( n);

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int add_front( Node **h , char ¢ );
void remove_after( Node *n);
void remove_front( Node **n);
int length( const Node *head );
void print( const Node *head );
#endif // charList_included

*head (*head)->next

[

\ [ \

value

C > ®
next value next
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Linked lists

e Deletion

* Update the pointers
 Delete the linked-list element

charlList.c
#include "charList.h"

;}.oid remove_front( Node **head )

{
Node* n = (*head);
if( In) return;
*head = n->next;
free( n);

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int add_front( Node **h , char ¢ );
void remove_after( Node *n);
void remove_front( Node **n);
int length( const Node *head );
void print( const Node *head );
#endif // charList_included

n->next

n
*head (*head)->next

[

\ [ \

value
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next value next
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Linked lists

e Deletion

* Update the pointers
 Delete the linked-list element

charlList.c
#include "charList.h"

;}.oid remove_front( Node **head )

{
Node* n = (*head);
if( In) return;
*head = n->next;
free( n);

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int add_front( Node **h , char ¢ );
void remove_after( Node *n);
void remove_front( Node **n);
int length( const Node *head );
void print( const Node *head );
#endif // charList_included

n->next
*head

\

value

next value next
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Linked lists

e Deletion
* Update the pointers
 Delete the linked-list element

charlList.c
#include "charList.h"

;}.oid remove_front( Node **head )

{
Node* n = (*head);
if( In) return;
*head = n->next;
free( n);

}

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );

int add_after( Node *n , char ¢ );
int add_front( Node **h , char ¢ );
void remove_after( Node *n);
void remove_front( Node **n);
int length( const Node *head );
void print( const Node *head );
#endif // charList_included

*head

[

value next
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Linked lists

* Copying
e Create a new node with the head’s value

 Make it’s next a (recursive) deep copy of
the remainder of the list

charlList.c
#include "charList.h"

Node *copy( const Node *head )
{
if( lhead ) return NULL;
Node *_head = create_node( head->value );
_head->next = copy( head->next );
return _head;

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );
int add_after( Node *n , char ¢);

int add_front( Node **h , char ¢ );

void remove_after( Node *n);
void remove_front( Node **n);
int length( const Node *head );
void print( const Node *head );
Node *copy( const Node *head );
#endif // charList_included
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Linked lists

Example (sorting chars)

 Read in chars from the stdin and
insert them into a linked list, sorted
from smallest to largest

e Read the charsin

* If the linked list is empty, create a head
containing the char

* Otherwise, if the char is smaller than
everything in the linked list, add it at the head

* Otherwise, add it after the largest element
smaller than the char

* Print out the (sorted) chars
* Free up the memory

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

Node *create_node( char ¢ );
int add_after( Node *n , char ¢);

int add_front( Node **h , char ¢ );

void remove_after( Node *n);
void remove_front( Node **n);
int length( const Node *head );
void print( const Node *head );
Node *copy( const Node *head );
#endif // charList_included
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main. c charList.h
#include <stdio.h> #ifndef charList_included
zgnc:uge <s’;dhb.:> #define charlList_included
include <ctype.h>

#include "charlList.h" Erypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else
{
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after( n, c);

}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n");
while( head ) remove_front( &head );
return O;




main.c
#include <stdio.h>
#include <stdlib.h>
#include <ctype.h>
#include "charList.h"
int main( void )
{
Node *head = NULL , *n;
char c;
while( fscanf( stdin , " %c" , &c )==1)
{
if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else

{

for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;

add_after( n, c);

}
}
for( n=head ; nl=NULL ; n=n->next ) printf( "%c" , n->value );
pr'lan( ||\nu )’
while( head ) remove_front( &head ); >> ./a.out
return O;

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{

struct _Node *next;

char value;
} Node;

#endif // charList_included

head
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main. c charList.h
#include <stdio.h> #ifndef charList_included
zgnc:uge <s’;dhb.:> #define charlList_included
include <ctype.h>

#include "charlList.h" Erypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else
{
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after( n, c);

}
}
for( n=head ; nI=NULL ; n=n->next ) printf( "%c" , n->value );
printf( "\n" );
while( head ) remove_front( &head ); >> ./a.out head
return O; "




main. c charList.h
#include <stdio.h> #ifndef charList_included
zgnc:uge <s’;dl|b.l:1> #define charlList_included
include <ctype.h>

#include "charlList.h" Erypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );

else
{ for( n=head | && I )
or( n=head ; n->next!=NULL && c>=n->next->value ; n=n->next ) .
add_after(n,c); H

}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n");
while( head ) remove_front( &head ); >> ./a.out head
return O; m




main. c charlList.h
#fnclude <s’rdi9.h> #ifndef charlList_included
gfnc:uge <s:rrdhb.l:1> #define charlList_included
include <ctype.h>
#include "charList.h" Erypedef struct _Node
E”T main( void ) struct _Node *next:
Node *head = NULL , *n; char value;
char c; } Node;
while( fscanf( stdin , " %c" , &c )==1)
{ #endif // charlList_included
if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else
{ for( n=head =NULL && | ) d
or( h=head ; n->next!=NU c>=h->next->value ; n=n->next ) ;
add_after(n, c); H
}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n");
while( head ) remove_front( &head ); >> ./a.out head
return O; mis
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main.c
#include <stdio.h>
#include <stdlib.h>
#include <ctype.h>
#include "charList.h"
int main( void )
{
Node *head = NULL , *n;
char c;
while( fscanf( stdin , " %c" , &c )==1)
{
if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

#endif // charList_included

else
{ for( n=head | && | ) n
or( n=head ; n->next!|=NULL && c>=n->next->value ; n=n->next ) ;
add_after(n,c); H
}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n");
while( head ) remove_front( &head ); >> ./a.out head
return O; mLs
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main.c
#include <stdio.h>
#include <stdlib.h>
#include <ctype.h>
#include "charList.h"
int main( void )
{
Node *head = NULL , *n;
char c;
while( fscanf( stdin , " %c" , &c )==1)
{
if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{
struct _Node *next;
char value;

} Node;

#endif // charList_included

else
{ n
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after(n, c); . ’. ”
}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n");
while( head ) remove_front( &head ); >> ./a.out head
return O; mis
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main. c charlList.h
#include <stdio.h> #ifndef charlList_included
z!nc:uge <s:rrdhb.:> #define charList_included
include <ctype.h>

#include "charList.h" E'ypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );

else
{
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after(n,c); ’. ’.
}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n");
while( head ) remove_front( &head ); >> ./a.out head
return O; mish




main.c
#include <stdio.h>
#include <stdlib.h>
#include <ctype.h>
#include "charList.h"
int main( void )
{
Node *head = NULL , *n;
char c;
while( fscanf( stdin , " %c" , &c )==1)
{
if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else

{

for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;

add_after( n, c);

}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n"):
while( head ) remove_front( &head ); >> ./a.out
return O; misha

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{

struct _Node *next;

char value;
} Node;

#endif // charList_included

» »
» »

head

»
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main. c charlList.h
#include <stdio.h> #ifndef charlList_included
z!nc:uge <s:rrdhb.:> #define charList_included
include <ctype.h>

#include "charList.h" E'ypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );

else if( c<head->value ) add_front( &head , ¢ );
else

{ n

for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;

» » »
» » »

add_after( n, c);

}
}
for( n=head : nl=NULL ; n=n->next ) printf( "%c" , n->value ).
printf( "\n");
while( head ) remove_front( &head ); head
return O;




main. c charlList.h

#include <stdio.h> #ifndef charList_included
zfgc:”ge <5Trd:3'b'l:‘: #define charlist_included
include <ctype.
#include "charList.h" ;ypedef struct _Node
Ot mai e
En main( void ) struct _Node *next;
Node *head = NULL , *n; char value;
char c; } Node;
while( fscanf( stdin , " %c" , &c )==1)
{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else
{
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after( n, c);

}
}
for( n=head : nl=NULL ; n=n->next ) printf( "%c" , n->value ).
printf( "\n");
while( head ) remove_front( &head ); head
return O;
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main. c charlList.h
#include <stdio.h> #ifndef charlList_included
z!nc:uge <s:rrdhb.:> #define charList_included
include <ctype.h>

#include "charList.h" E'ypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else
{
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after( n, c);

}
}
for( n=head : nl=NULL ; n=n->next ) printf( "%c" , n->value ).
printf( "\n");
while( head ) remove_front( &head ); head
return O;
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main. c charlList.h
#include <stdio.h> #ifndef charlList_included
z!nc:uge <s:rrdhb.:> #define charList_included
include <ctype.h>

#include "charList.h" E'ypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else
{
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after( n, c);

A 4
- 3
A 4

}
}
for( n=head : nl=NULL ; n=n->next ) printf( "%c" , n->value ).
printf( "\n");
while( head ) remove_front( &head ); head
return O;
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main. c charlList.h
#include <stdio.h> #ifndef charlList_included
z!nc:uge <s:rrdhb.:> #define charList_included
include <ctype.h>

#include "charList.h" E'ypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );

else if( c<head->value ) add_front( &head , ¢ );

else

{ n
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after( n, c);

}
}
for( n=head : nl=NULL ; n=n->next ) printf( "%c" , n->value ).
printf( "\n");
while( head ) remove_front( &head ); head
return O;
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main. c charlList.h
#include <stdio.h> #ifndef charlList_included
z!nc:uge <s:rrdhb.:> #define charList_included
include <ctype.h>

#include "charList.h" E'ypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else

{

for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;

» » »
» » »

add_after( n, c);

}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n" );
while( head ) remove_front( &head ); head
return O;




main. c charlList.h
#include <stdio.h> #ifndef charlList_included
z!nc:uge <s:rrdhb.:> #define charList_included
include <ctype.h>

#include "charList.h" E'ypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );

else
{ for( n=head | && I )
or( n=head ; n->nextI=NULL c>=n->next->value ; n=n->next ) ;
add_after(n,c); ’. ’. ;.

}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n" )
while( head ) remove_front( &head ); head
return O;
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main. c charList.h
#include <stdio.h> #ifndef charList_included
z!nc:uge <s:rrdhb.l:1> #define charlList_included
include <ctype.h>

#include "charlList.h" Erypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );

else
{ for( n=head | && I )
or( n=head ; n->nextI=NULL c>=n->next->value ; n=n->next ) ;
add_after(n, c); . ’. ’.

}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n" )
while( head ) remove_front( &head ); head
return O;
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main. c charList.h
#include <stdio.h> #ifndef charList_included
zgnc:uge <s’;dl|b.l:1> #define charlList_included
include <ctype.h>

#include "charlList.h" Erypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else
{
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after( n, c);

}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n" );
while( head ) remove_front( &head ); head
return O;




main. c charList.h
#include <stdio.h> #ifndef charList_included
zgnc:uge <s’;dhb.:> #define charlList_included
include <ctype.h>

#include "charlList.h" Erypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else
{
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after( n, c);

}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n" );
while( head ) remove_front( &head ); head
return O;




main. c charList.h
#include <stdio.h> #ifndef charList_included
ch:uge <s’;dhb.:> #define charlList_included
include <ctype.h>

#include "charlList.h" Erypedef struct _Node
Em main( void ) struct _Node *next;

Node *head = NULL , *n; char value;

char c; } Node;

while( fscanf( stdin , " %c" , &c )==1)

{ #endif // charList_included

if( lhead ) head = create_node( ¢ );
else if( c<head->value ) add_front( &head , ¢ );
else
{
for( n=head ; n->next!=NULL && c>=n->next->value ; h=n->next ) ;
add_after( n, c);

}
}
for( n=head ; nl=NULL ; n=n->hext ) printf( "%c" , n->value );
printf( "\n" )
while( head ) remove_front( &head ); head
return O;




Linked lists

e Variants

e Circular lists
v"No need for a "head" node
x |terating is trickier

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node

{

struct _Node *next;
char value;

} Node;

ﬁendif // charList_included

—

C
value next

value

T~

®

@
next

value next
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Linked lists

* \ariants
* Doubly linked lists

v’ Can traverse in either direction

x More pointers to track for
insertions and deletions

% The linked list can be inconsistent

charlList.h
#ifndef charList_included
#define charlist_included
typedef struct _Node
{
struct _Node *next;
struct _Node *prev;
char value;

} Node;

#endif // charlList_included

> \ C > \ @
value | prev | next value | prev | hext

value | prev

@
next
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Outline

e Linked lists

* Review questions
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Review questions

1.How do you implement add_ front of a linked list?

int add_front( Node **head , char ¢ )
{

Node *n = create_node( ¢ );

if(In) return 1;

n->next = *head;

*head = n;

return O;



Review questions

2. How do you modify a linked list to a doubly linked list?

typedef struct _Node
{

struct _Node *next , *prev;

char value;
} Node;



Review questions

3. How do you make a copy of a linked list?

We need a “deep copy”. We traverse the list and create new node from
the old one. We need to pay attention to how to setup the next pointer
for the new list. It should point to the newly created node.
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Review questions

4. Why does add_after take a Node* as input, but add_front
takes a Node™**?

Because we need to change who the head is.
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Review questions

5. What cases should be handled when implementing
remove_front?

Check if the list is empty (the head is NULL).
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Exercise 18

e Website -> Course Materials -> Exercise 18
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