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These slides introduce linked lists
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* Motivation

* Arrays have distinct advantages and disadvantages
* Easy to use
* Fixed in size

e Desire a similar structure but without the disadvantages

e Linked List
* Variable size
» Efficient addition or deletion of elements
 More difficult to create
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e Basic Structure
e Each list node is a structure

Data Members

ra

Can only be traversed
in the forward direction

List Node
Null PTR
o/ Data Members o—|——
List Head Last Node
List Head o » Data Members @ —— Data Members o
Null PTR
» Data Members ¢ »/ Data Members o—1—
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* Node structure

struct ListNode{

INt Id; > Data (could be anything)
double gpa;

. 2 Address of next node
struct ListNode* next;

5

For reasons out of scope for this class — we must use the struct approach to creating
the structure (typedef not allowed)
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e Starting a new list

// create the list structure
struct ListNode{

L neifs
float val;
struct ListNode * next;
¥
//
// start a new list
//
// create a pointer to be the head of the linked list
struct ListNode * head = NULL; Het d S e
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* Adding a node to the beginning of the list — 15t time

//

// add a node to the beginning of the list head =2 NULL
i/

// create a temporary node for the new node

struct ListNode * new_node; new_node >

// allocate memory for the new node
new_node = malloc(sizeof(struct ListNode)); new_node
// assign values to the new node
new_node->id = 1234; L L HE
(*new_node).val = 12.34; -

// point the new node (next) to where head is currently pointing

new_node->next = head; new_node =2
// point the head to the new node new_node >
head = new_node; haad D

// new node no longer needed
free(new_node); head -2
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1234 | 12.34
1234 | 12.34 | NULL
1234 | 12.34 | NULL
1234 | 12.34 | NULL
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* Adding a node to the beginning of the list

94

// add a node to the beginning of the list head =

//

// create a temporary node for the new node

struct ListNode * new_node; new_node 2>

// allocate memory for the new node

new_node = malloc(sizeof(struct ListNode)); new_node =
// assign values to the new node
new_node->id = 6789; Lol IS
(*new_node).val = 67.89; X
// point the new node (next) to where head is currently pointing

new_node->next = head; new_node =2

1234

12.34

NULL

6789

67.89

6789

67.89

r

// point the head to the new node (
head = new_node;

// new node no longer needed Head >
free(new_node);

1234

12.34

NULL

6789

67.89

r

N
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e Example

* linked_list.c

Created on:
Author:

Dec 13, 2@22
jehnsentimo]j

Iy

#inc]ude <5tdi0.h$
#include <stdlib.h>

// create the list
struct ListNode{
int id;
float wal;
struct ListNode * next;

b

// function prototype
struct ListNode * add_to_list(struct ListMode * the_list,
int main(void){
setbuf(stdout, NULL);
17
J/ start a new list
7

// create a pointer to be the head of the linked list

struct ListNode * head = NULL;

T

// add nodes to the beginning of the list
head = add_te_list(head, 5, 5.5);

head = add_to_list(head, 3, 3.3);

head = add_to_list(head, 7, 7.7);

head = add_teo_list(head, 1, 1.1);

// print the list

struct ListNede * tmp_head = head;

while(tmp_head != NULL){

tmp_head = tmp_head-»next;

}

return @;
}// end main

printf("list item is at ¥p, has values ¥i ¥f, and points to ¥p\n", tmp_head,

struct ListhNode * add_to_list(struct ListNode * the_list,
// adds a new link to the beginning of the provided list
// returns a pointer to the new head of the list

// setup new node
struct ListNode * new_node;
new_node = malloc(siz
if (new_node MU

e));

memory ™) ;

ues
id wval;
= val_val;

// update pointer
new_node-»next = the_list;

// return a pointer to the new head of the list
return new_node;

¥/ end add_to_list

int id_wal, float val wal){

=== —_— = T L7 =

1 1.laeeee,
7 7. 7BREEe,
3 3.388e68,
5 S5.5eeeee,

values
values
values
values

at 88C61CE8, has
at 88CR1CTE, has
at BeCelC58, has
at 8ecelc4e, has

list
list
list
list

item
item
item
item

is

1=
is

15

and points to
and points to
and points to
and points to

<terminated> (exit value: 0) Class_Project.exe [C/C++ Application] Z\msoe_current\ELE1601\eclipse_

geCalCye
eaCelCss
BaColcCae
gaeaaaEa

tmp_head->id, tmp_head->val, tmp_head->next);
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e Searching a list

* Traverse the list until:
* You find the item
 Hit the end

struct ListNode * search_list(struct ListNode * the_list, int id val){
// search a list for a given value
// return a pointer to the node or a null ptr if not found

struct ListNode * tmp_ptr;
for(tmp_ptr = the_list; tmp ptr != NULL; tmp_ptr = tmp_ptr->next){
if(tmp _ptr->id == id_val)
return tmp_ ptr;

}

return NULL;
}// end search_list
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e Searching a list

// search the list
while(1){
int identity;
struct ListNode * found_ptr;

printf("Please enter an ID to search for: ");
scanf("%i", &identity);

found_ptr = search_list(head, identity);
if(found_ptr != NULL)
printf("ID %i was found, and has a val of %f\n", identity, found_ptr->val);
else
printf("ID %i was not found\n", identity);
} // end while

Class_Project.exe [C/C++ Application] [pid: 58]
list item is at @@1F1C88, has wvalues leaeea, and points to

list item is at @@1F1C58, has wvalues 3p@eea, and points to
list item is at @81F1C48, has wvalues Seeaed, and points to

1 1.

list item is at @81F1C7@, has values 7 7.78@888, and points to
3 3.
5 5.

Please enter an ID to search for:
ID 7 was found, and has a val of 7.7@88088
Please enter an ID to search for: 4

ID 4 value was not found

Please enter an ID to search for:

ID 3 was found, and has a val of 3.3@8808
Please enter an ID to search for:

BelF1CTye
BR1FLCSE
eel1F1C4a
aledelele e ele]
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e Creating an ordered list
* Traverse list to proper location
* Insert the new item

struct ListMode * insert_in_list(struct ListMode * the_list, int id_wal, fleat wal_wval){
'/ insert the new node into the_list based on the id value
'/ return the modified 1ist

struct Listdode * new_node;
struct Listdode * cur_node;
struct Listdode * prev_node;

// setup the new list item prev node

new_nede = malloc(sizeof(struct Listnode});

cur_node

if(new_node == WULL){
printf("Failed to allocate memory™); 8
exit(e);

10

10.1

L
new_nede-»id = id_wval;
new_nede->val = val_wval;

f{ traverse to the spot
for(cur_node = the_list, prev_node = MULL;

{cur_node '= NULL) &% (new_ncde-»id > cur_node-»id);
prev_node = cur_node, cur_node = cur_node-»next)
; /¢ do nothing until spot is reached

[/ check for duplicate
if((cur_node != NULL) && (new_node-»>1d == cur_node->1d))}{
printf({"New ID ¥i already exists\n™, cur_node-»id);
return the_list;

new_node

9.9

At this point 2 items
point to cur_node:

3 ~~~hew_node and prev_node
~
'/ insert the new node prev_node ode \\\ cur_node
new_nede-»next = cur_node; ’,’ ™y \4
! check for empty list - .
if(prev_node == NULL) 8 8.8 Ll 9 9.9 10 10.1 —
the_list = new_node; ﬂ
else

prev_node-»>next = new_node;

return the_list;
¥/ end insert_in_list

11
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e Creating an ordered list

1/

int main{veid){

setbuf(stdout, WULL);
{f start a new list

‘/ create a polnter to be the head of the linked 1list

struct Listhode * head = WULL;
/¢ insert into list - ordered Mew ID & already exists
'f using ID here list item is at @8781&73, has wvalues 3 3.382228, and points
head = Insert in_list(head, 3, 3.3}; list item is at @8731e608, has valuss 5 5.588888, and polnts
EE:E - ig:gg—ig—ii:ﬂﬂg:g’ g" ggff list item is at @8781698, has values & 6.508888, and points
head =insmﬁ:iiﬁistumad: é Eleﬁ list }tem 15_at 88781648, has wvalues 9 9.o@as@e, and points
head = insert_in_list(head, 5, 5.5): Ir 8 is not in the list

list item is at ee721672, has values 3 2.282222, and points
// print the list list item is at ee7316D8, has values 5 5.58@ee8, and points
struct Listhode * tmp_head; list item is at @8731648, has values 9 9.9@8288, and points

to
to
to
to

to
to
to

28781603
28781658
287816A8
Soggeaas

2a7E1eDE
28TE1GAS
goggagad

tmp_head = head;

while(tmp_head != WULL){
printf("1list item is at %p, has valu
tmp_head = tmp_head-»next;

#1 %f, and points to %p\n", tmp_head, tmp_head->id, tmp_head->val, tmp_head-»>next);

1

!/ delete items (1 fails because i¥"s not in the list
head = delete from_list(head, 8);

head = delete_from_list(head, &};

/¢ print the list

tmp_head = head;

while(tmp_head != MULL){
printf(™1list item is at %p, has values %1 %f, and points te %p.\n™, tmp_head, tmp_head-»>id, tmp_head-»>val, tmp_head-»next);
tmp_head = tmp_head->next;

1

return &;
end main
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¥ Doubly Linked List ‘ Can be traversed

in either direction

Data Members P# Pak;—'

List Node

NuufTR
List Head | | ]

P p P P
o Data Members F aL— Data Members # F

\ 4
\ 4

v

A Null PTR
P
—> | Data Members P&R PaL—> Data Members PW ak;_’
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