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Subtopic: Linked lists

* A linear structure, like an array

» Composed of self-referential
nodes

* Operations:. insert, delete,
traverse

» Array implementation

* Dynamic-allocation
implementation
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Inserting into a sorted collection
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* Array or randomaccess file may require

many stepsto open aslot
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+ Insertidfifo a chain take33%teps
» Assumesknowledgeof wheretoinsert
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A linked list
Header node ‘< Null link denoting
+ stack end of list
. ////4 heap
Pointer to L | vl T >

first node

Links to successor nodes

» Linked lists are chains of nodes
* Their form is more flexible than the cell

structure of an array or random-access
file
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About linked lists

* A second way to implement collections
» Contain self-referential node structures

* Operations: Gan
- Insertion R
- Deletion \ -
- Traversal Rl
 Array implementation ,:L-\

Dynamically -allocated node ™~~~
implementation
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List-node structuretype

struct list_nodes

atem_typen data;
&ode_referenceshi next;

I

...where

- &node_referencesiiis some data type (e.g.,
subscript or pointer) that refers to a node
- dtem typefiis the data type of the value
stored by a node
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Array implementation
of alinked list
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» Thenext link isan integer subscript
* A gpecial subscript value (- 1 here) denotes
end of list
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C++ array-based linked list

const int MAX_RECS = 4, MAX_NAME_SIZE = 9;
struct nodes

char name[MAX_NAME_SIZE]; arr_lists::arr_listsQ)
int next; // Default constructor.
class arr_lists num_recs = 0;

for (int i=0; i < MAX_RECS; ++i)
nodes node[MAX_RECS];

nodes header; nude[i_].name[o] = "\0";
public: node[i].next = -1;
arr_listsQ);
void read(); header.next = -1;
void show(); }
private: [arrlist.cpp]

int predecessor(char *value);
void insert_node(char *value);

header array of nodes
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List traversal and insertion

void arr_lists::show()
// Displays list in alphabetical order.

int i = header.next;
while (i !=-1)

cout << node[i]-name << endl;
i = node[i].next;

}
» Toprepend anode, use next available array
element (subscriptnum_recs)
» Assignitsnext thevalue of header.next, then
make header .next the node’' s subscript
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Array-implementation code

struct nodes

{ Node has a subscript as
char name@/ itslink to next node
int next;

¥ Initialize empty list

void main()

{

nodes list[4], header = {*”,- 1};
list[0] = {“Ed”,- 1};

Linked-list insertion algorithm

List-insert (target, value)

> Inserts node storing
value into list after node
referred to as target

1. Create new node
using value

2. Let p point to new node

3. next(p) = next (target)

4. next(target) = p
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header.next = 0; T Insert a node
list[3] = {“Ana”,- 1};
ist[3].next = 0; ™~ Insert another
header.next = 3;
}
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Node insertion by prepend
struct nodes struct lists
{
char name[20]; nodes header;
nodes* next; 1
};
void list_prepend(lists* Ist,char *s)
{
nodes* new_node = new nodes;
strcpy(new_node->name,s);
new_node->next = Ist->header.next;
Ist->header.next = new_node;
}

« List_prepend inserts anode containing datavalue
sat the beginning of linked list Ist.
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Inserting into a sorted list

void list_insert_in_order(lists* Ist,char *s)
// Inserts string <s> into <st> in alphabetical order
{
nodes *p1 = &(Ist->header),*p2 = pl- >next,
*new_node = (nodes*)mal loc(sizeof nodes);
bool done = false;
// Preconditions: <Ist> points to header node, s !'= NULL
strcpy(new_node->name,s) ;
while(pl ! = NULL && !done)
{
// Loop invariant: all nodes up to pl have values < <s>
if (p2 == NULL || strcmp (p2- >name,s) > 0)
¢ new_node- >next = p2;
pl->next = new_node;
done = true;
}1 2
gz = SZ'—>next;

3
// Postcondition: <Ist> contains <s> and is in slphabetical order

pavid[KFiQ lest] 12
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List-traversal algorithm

Iterator = next(header);

While iterator not null
Visit value(iterator)
Iterator = next(iterator)

* “Vigt” iswhatever operation isto
be carried out on each node of the
list; e.g., display datavalue
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Listtraversal in C

void list_display(lists Ist)

/* Outputs data values of all nodes of
list <Ist>. */

{

/* Counter is stored in pointer: */
nodes* p_node = lIst_header.next;

/* Loop through list, displaying data: +erator
while (p_node != NULL)

printf("%s ",p_node->value);
p_node = p_node->next;
}
}
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Linked-list node deletion

(given address of predecessor)

| Hi-;:: . Beforedeletion process

e

1.Save address of target node

nodes* target = pred- >next;

i el
by 2. Link predecessor to target's
Ml s successor

pred->next = target- >next;

. ,=77 3. Dedlocatedeleted node:
I— :|7 delete target; // C++
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C++ codeto delete a node

void list_delete_node(nodes* pred)
// Deletes the node after <pred> from list.
{
/* No action on null parm or null
successor to it: */
if (pred == NULL) return;
if (pred->next == NULL) return;
/* Link predecessor of target to
<pred>"s successor: */
nodes* target = pred- >next;
pred- >next = target- >next;
/* Deallocated deleted node: */
delete target;

C++ operator; in C use functionfree

3 situationsto avoid

* Series of nodes inaccessible:

= { ==

» Two nodes have same next:
I mas-wan s

(T T o T

* Cycle (infinite loop on traversal):

i
I [ I S I I I I
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C++ classfor list nodes

class list_nodes

{

public:
list_nodes() { *value = next = NULL; };
list_nodes(char *s)

{ strcpy(value,s); next = NULL; };
char *get_value() { return value; };
list_nodes *get_next() { return next; };

private:
char value[80];
list_nodes *next;

Y
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C++ classfor linked list

class linked_lists

public:
linked_lists() { header.next = NULL; };
void prepend(char *s);
void append(char* s);
nodes* search(char* s);
void delete_node(list_nodes *pred);
void display();
list_nodes *first() { return header.next; };
list_nodes *get_header() { return &header; };
private:
list_nodes header;

}
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Inserting and deleting with list of strings

void main()

linked_lists list;

char input[80];

cout << endl << endl;
1 do

This program
{ (1) builds a linked list of
cout << “Enter a string (* to quit): "} stringsfrom user input,
cin > input; (2) displaysitin reverse order,
if I( _sttrcmp(mpt;_,"*"t)) = 0) (3) prompts for deletions, and
ist.prepend(input); 4) displ It.
} while (strcmp(input,™™) 1= 0); (@) displaysresu
list.display();
2 list_nodes *p_node = list.first(),*p_prev = list.get_header();
while (p_node != NULL) {
cout << "Delete " << p_node->get_value() << "?\n";
it (toupper (getch()) == "Y")
list.delete_node(p_prev) ;

else
p_prev = p_node;
p_node = p_prev->get_next(); [strlist.cop]

cout << "\nWhat remains is:\n";
list.display(Q;
4y
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Prepend for linked list of strings

void linked_lists::prepend(char *s)

/* Inserts a node containing value <s>
into linked list. */

{

list_nodes *new_node =
new list_nodes(s);
if (header.next != NULL)
new_node- >next = header.next;
header.next = new_node;

}
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Deletefor linked list of strings

void linked_lists::delete_node(list_nodes *pred)
// Deletes the node following <pred> from list.
// Precondition: <pred> points to a node or NULL

// Take no action on null parameter:
if (pred != NULL)
{

// Record address of node to be deleted:
list_nodes *deleted_node = pred- >next;
// Link predecessor of deleted node to
// its successor:

pred- >next = deleted_node- >next;

delete deleted_node;

// Postcondition: list containing <pred>
// no longer contains <pred>’s successor.
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Searching alinked list of int

struct nodes { int data; nodes* next; };
struct lists { nodes hdr; nodes* search(int); };

nodes* lists::search(int key)
// Returns pointer to predecessor of node
// with value <key>, or NULL on failure.

nodes *iter = ghdr,*nx = hdr .next;
while (nx != NULL)
{

// Loop invariants: 1. <key> not found yet;

// 2. <«x> points to node after <iter>.

if (key == nx->data)

return iter;

iter = nx;

nx = nx->next;
}
return NULL; [to tes[]
// Postcondition: either pointer to predecessor of node

// containing <ey> is returned, or <key> not in list
// and search returns NULL.
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Examples of list search
— \%](EI* el T
Start

iter nx

g Hejdir I ; :‘7‘
e ilerl_I nx

Successful search

L- 6 I IR o I
7 2
key ‘”I_f
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Generic linked lists

* |f the data member of a node can
be of any type, the collectionis
general-purpose

+ One way to do this: o
use void pointers ﬁ_

» Another way, in C++:

class template, e.g., as donein the
Standard Template Library (STL)
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