Data Structures, Feodor F. Dragan, Kent State University 1

Data S truc tures

Fall, 2000

(Fe odor F. Dra gan)

Department of Mathematics and Computer Science

Ke nt State Universit y

Data Structures, Feodor F. Dragan, Kent State University 2

Contents

¯ How to allow access to any item byusing a general linked list;

¯ The general algorithms for the linked list operations;

¯ How the iterator class provides a safe mechanism for traversing and accessing linked lists;

¯ List variations, such a s doubl y linked lists and circularly lin ked lists;

¯ How to use inheritance to derive a sorted linked list class; an d

¯ How to implement the ST L list class

CHAPTER 17

Sequences and Linked Lists: Implementations

We will learn:

Data Structures, Feodor F. Dragan, Kent State University 3

Sequences and Linked Lists

¯ Sequences vs. stacks and queues ( allow insertions and deletio ns in the middle o fthe container )

¯ Access is performed by iterator class

¯ Representation

Sequences

vectors, arra ys linked lists arra y linked list first

last

a1 a0 a3 a2 a6 a4 a5

a[1] a[o] a[2] a[5] a[3] a[6] a[7] a[4]

Data Structures, Feodor F. Dragan, Kent State University 4

Operations on sequences include

¯ void push_back( const Object & element ) appends an element at the end

¯ void push_front( const Object & element ) prep ends an element to the front

¯ Object & front( ) returns the first element

¯ Object & back( ) returns the last element

¯ void pop_front( ) removes the first element

¯ void pop_back( ) removes the last eleme nt

¯ iterator insert( iterator pos, const Object & obj ) ins erts obj after the element in t he posit ion referred to b y pos , returns t he posit ion of the newly ins erted element ( time for list vs vector )

¯ iterator erase( iterator pos ) removes the object at the position referred to b y pos , returns the pos ition of t he element that followed pos prior to t he call to erase ( time for list vs vector )

Data Structures, Feodor F. Dragan, Kent State University 5

Linked lists vs. vectors arra y linked list first

last

a1 a0 a3 a2 a6 a4 a5

a[1] a[0] a[2] a[5] a[3] a[6] a[7] a[4]

¯ Rando maccess iterators are available only for vectors

¯ Insertio n and remo valfro mthe middle o fa container is efficie nt ly supported for lists only

¯ Linked lists are used to avoid large amount ofdata movement

We choose repre sentation bylinked list.

Data Structures, Feodor F. Dragan, Kent State University 6

Sequences/Linked Lists: Basic Ideas

A0 A1 A2 A3 fro ntOfList

The st ructu re definition is struct Node

{

Object element; //Some element

Node *next;

}; Node * frontOfList ;

We will use name linked list as a synonym for the data structure sequence.

¯ Linked lists allo w generalaccess (arbitrar yinsertion, delet ion , and find operations) through the list.

Data Structures, Feodor F. Dragan, Kent State University 7

a b current

Insertion

¯ Ins ertion consists of splicing a node into t he list and can b e accomplished wit h one statement.

current - >next = new Node(x, current - >next );

... ...

x

Insertion in a linked list:

¯ Create new node ( t mp ),

¯ Cop y in x,

¯ Set t mp ´ s next point er, and

¯ Set current ´ s next pointer.

Data Structures, Feodor F. Dragan, Kent State University 8

a b current

Deletion

¯ Removal can be accomplis hed b yb ypassing the node. We need a p ointer to t he node prior to the one we want to remove.

Node * delet edNode = current - >next; // Save pointer current - >next = current - >next - >next ; // Bypass the node delet e delet edNode ; // Free the memory

... ... x

Li nked list operations use onl y a constant number of data movements.

Data Structures, Feodor F. Dragan, Kent State University 9

Header N odes

¯ A header node holds no data but serves to satisfythe requirem ent that every node have previous node.

¯ A header node allows us to avoid a sp ecial cases such as ins ert ion of a new first element and removal of the first element.

A B C header header

Empt ylist when a header node is us ed

Data Structures, Feodor F. Dragan, Kent State University 10

C++ Implementation

¯ Alist is implemented as three separate classes:

1. The list itself ( LList class);

2. The node ( LListNode class);

3. The posit ion ( LListItr class). template < class Object> class LList ; // Incomplete decla ration.

template < class Object> class LListItr ; // Incomplete decla ration.

template < class Object> class LListNode

{

LListNode ( const Object & theElement = Object( ),

LListNode * n = NULL)

: element( theElement ), next( n ) { }

Object element;

LListNode *next;

friend class LList <Object>;

friend class LListItr <Object>;

};

¯ consists of t wo data memb ers:

the stored element and the link to the next node

¯ the only methods are the construct ors

¯ A friend of a class is granted access to t he class ´ s privat e s ection.

¯ An incomp lete class declaration is us ed to inform the compiler of the existence of another class.

T ype declaration of the linked list node LListNode

Data Structures, Feodor F. Dragan, Kent State University 11

// LListItr class; mainta ins "current pos ition".

//

// CONSTRUC TION: With no para meters. The LList class ma y

// construct a LListItr with a pointer to a LLis tNode .

// ******************PUBLIC OPERATIONS*********************

// bool isPastEnd ( ) -- > True ifpast end position in list

// void adva nce( ) -- > Advance (if not already NULL)

// Object retrieve( ) -- > Return item in current position

// ******************ERRORS********************************

// Throws BadIterator for illegal retrieve.

template < class Object> class LListItr

{public:

LListItr ( ) : current( NULL ) { } bool isPastEnd ( ) const

{ return current == NULL; } void advance( )

{ if( ! is PastEnd ( ) ) current = current - >next; } const Object & retrieve( ) const

{ if( isPastEnd ( ) ) throw BadIterator ( );

return current - >element; }

Iterator class LListItr private:

LListNode <Object> *current;

// Current position

LListItr ( LListNode <Object> * theNode )

: current( theNode ) { } friend class LList <Object>;

// Grant a ccess to constructor

};

Data Structures, Feodor F. Dragan, Kent State University 12

// LList class.

//

// CONSTRUC TION: with no initializer .

// Access is via LLis tItr class.

// ******************PUBLIC OPERATIONS********

// bool isEmpty ( ) -- > R eturn true if empty; els e fals e

// void makeEmpty ( ) -- > Remove all items

// LListItr zeroth ( ) -- > Return position to prior to first

// LListItr first( ) -- > R eturn first position

// void insert( x, p ) -- > Ins ert x a fter current iterator position p

// void remove( x ) -- > Remove x

// LListItr find( x ) -- > Return position that views x

// LListItr findPrevious ( x ) -- > Return position prior to x

// ******************ERRORS********************

// No special errors.

template < class Object> class LList

{public:

LList ( );

LList ( c onst LList & r hs );

~ LList ( );

bool isEmpty ( ) const;

void makeEmpty ( );

LListItr <Object> zeroth ( ) const;

The LList class interface

LListItr <Object> first( ) const;

void ins ert( cons t Object & x, const LListItr <Object> & p );

LListItr <Object> find( const Object & x ) const;

LListItr <Object> findPrevious ( const Object & x ) cons t;

void remove( const Object & x );

cons t LList & operator= ( c onst LList & r hs );

private:

LListNode <Object> *header;

};

#include " LinkedList . cpp "

Data Structures, Feodor F. Dragan, Kent State University 13

#include " LinkedList .h^

// C onstruct the list.

template < class Object>

LList <Object>:: LList ( )

{ header = new LLis tNode <Object>; }

// Destructor.

template < class Object>

LList <Object>::~ LList ( )

{ makeEmpty ( );

delete header; }

// Test if the list is logically empt y.

// Return true ifempty, fals e, otherwise.

template < class Object> bool LList <Object>:: isEmpty ( ) const

{ return header - >next == NULL; }

// Make the list logica lly empty.

template < class Object> void LList <Object>:: makeEmpty ( )

{ while( ! isEmpty ( ) ) remove( first( ).retrieve( ) ); }

Member function implementations (

LinkedList . cpp )

// Return an iterator repres enting the header node.

template < class Object>

LListItr <Object> LList <Object>:: zeroth ( ) const

{ return LListItr <Object>( header ); }

// Return an iterator repres enting the first node in the list.

// This operation is valid for empty lis ts.

template < class Object>

LListItr <Object> LList <Object>::first( ) const

{ return LListItr <Object>( header - >next ); }

// Return itera tor corresponding to the first node

// containing an item x. ( takes O(N) time )

// Iterator isPastEnd if item is not found.

template < class Object>

LListItr <Object> LList <Object>::find( const Object & x ) cons t

{ LListNode <Object> *p = header - >next;

while( p != NULL && p - > element != x ) p = p - >next;

return LListItr <Object>( p );

}

Data Structures, Feodor F. Dragan, Kent State University 14

// Ins ert item x a fter p. ( takes constant time ) template < class Object> void LList <Object>::insert( const Object & x, const LListItr < Object> & p )

{ if( p.current != NULL ) p.current - >next = new LLis tNode <Object>( x, p.current - > next ); }

// Return itera tor prior to the first node containing an item x. ( takes O(N) time ) template < class Object>

LListItr <Object> LList <Object>:: findPrevious ( const Object & x ) const

{ LListNode <Object> *p = header;

while( p - >next != NULL && p - >next - > element != x ) p = p - >next;

return LListItr <Object>( p ); }

// Remove the first occurrence ofan item x.

template < class Object> void LList <Object>::remove( const Object & x )

{ LListNode <Object> *p = findPrevious ( x ).current;

if( p - >next != NULL)

{

LListNode <Object> * oldNode = p - >next;

p - >next = p - >next - >next; // Bypass deleted node delete oldNode ;

}

}

Member function implementations (cont.)

Data Structures, Feodor F. Dragan, Kent State University 15

#include " LinkedList .h"

#include < iostrea m > using namespace std;

// Simple print function.

template < class Object> void printList ( const LList <Object> & theList )

{ if( theList . isEmpty ( ) ) cout << "Empty list"<< endl ;

els e

{ LListItr <Object> itr = theList .first( );

for( ; ! itr . isPastEnd ( ); itr .advance( ) ) cout << itr .retrieve( ) << ""; } cout << endl ;

} int main( )

{ LList < int > theList ;

LListItr < int > theItr = theList . zeroth ( );

int i;

printList ( theList );

for( i = 0; i < 10; i++ )

{ theList .ins ert( i, theItr );

printList ( theList );

theItr .advance( ); }

Test program for( i = 0; i < 10; i += 2 ) theList .remove( i );

for( i = 0; i < 10; i++ ) if( ( i % 2 == 0 ) != ( theList .find( i ). isPastEnd ( ) ) ) cout << "Find fails !" << endl ;

cout << "Finished deletions " << endl ;

printList ( theList );

cout << "A cop y" << endl ;

LList < int > list2; list2 = theList ; printList ( list2 );

list2 = LList < int > ( );

cout << "The origina l and an empty list"<< endl ;

printList ( theList ); printList ( list2 );

cout << "Sorted list3" << endl ;

SortedLList < int > list3;

list3.ins ert( 3 ); list3.insert( 1 ); list3.ins ert( 7 );

list3.ins ert( 5 ); list3.insert( 9 ); printList ( list3 );

return 0;

}

Data Structures, Feodor F. Dragan, Kent State University 16

DoublyLinked Lists

A B head

The st ructu re definition is struct Node

{

Object element; //Some element

Node *next;

Node * prev ;

};

Node *head;

Node *tail;

¯ A doubly linked list allows bidirectional traversal by storing two pointers per node.

tail

¯ Symmetrydemands that we use both a he ad and a tail and that we support roughl y t wice as manyoperations.

Data Structures, Feodor F. Dragan, Kent State University 17

An empty doubly linked list

¯ head

Æ prev and tail Æ next are not needed and are not even initialized.

¯ The t est for emptiness is now head Æ next == tail (or tail Æ prev == head ) head tail

¯ The advance operation is imp lemented b y current=current Æ next

¯ The retreat operat ion is imp lemented b y current=current Æ prev

¯ When we advance past the end of the list, we now hit t he tail no de instead of NULL

A B

head tail

current

Advance and Retreat

Data Structures, Feodor F. Dragan, Kent State University 18 b

current

Insertion

¯ We can consider both insertBefore and insertAfter

... ...

x

Insertion in a doublylinked list:

¯ newNode = new Node( x );

¯ newNode

Æ prev = current; // Set x ´ s prev pointer

¯ newNode Æ next = current Æ next ; // Set x ´ s next pointer

¯ newNode Æ prev Æ next = newNode ; // Set a ´ s next pointer

¯ newNode Æ next Æ prev = newNode ; // Set b ´ s prev pointer

¯ current = newNode ;

¯ Insertion and removal invol ve twice as manypointer changes as

for a singl y linked list.

1

3 2

4 a

4

Data Structures, Feodor F. Dragan, Kent State University 19 b x a current

Deletion

¯ The remove op eration can proceed from the current node b ecause we can obtain

the previous node instantly.

... ...

Delet ion in a doubly linked list:

¯ oldN ode = current;

¯ oldNode Æ prev Æ next = oldNode Æ next ; // Set a ´ s next pointer

¯ oldNode Æ next Æ prev = oldNode Æ prev ; // Set b ´ s prev pointer

¯ delete oldNode ;

¯ current = head; // So current is not stale

¯ Adoubl ylinked list is used to implement the ST L list class.

Data Structures, Feodor F. Dragan, Kent State University 20

CircularlyLinked Lists

b c

fir st

¯ In a circularly linked list, the last cell ´ s next pointer points to

first . This action is useful when wraparound matters (head and tail

are not needed).

a d

X A B C

fir st

Data Structures, Feodor F. Dragan, Kent State University 21

Sorted Linked Lists

¯ We can maintain items in sorted order byder iving a SortedLList class fro m LList .

¯ The insert method should be declar ed virtualin the base class.

#include " LinkedList .h"

// SortedList class

// CONSTRUC TION: with no initializer . Access is via LListItr class

//// ******************PUBLIC OPERATIONS******

// bool isEmpty ( ) -- > R eturn true if empty; els e fals e

// void makeEmpty ( ) -- > Remove all items

// LListItr zeroth ( ) -- > Return position to prior to first

// LListItr first( ) -- > Return first position

// void insert( x ) -- > Ins ert x in s orted order

// void insert( x, p ) -- > Ins ert x in s orted order; ignore p

// void remove( x ) -- > Remove x

// LListItr find( x ) -- > Return pos ition that views x

// LListItr findPrevious ( x ) -- > Return pos ition prior to x

// ******************ERRORS********************

// No special errors

template < class Object>

class SortedLList : public LList <Object>

{ public:

void ins ert( cons t Object & x );

void ins ert( cons t Object & x, const LListItr <Object> & p )

{ ins ert( x ); } };

Data Structures, Feodor F. Dragan, Kent State University 22

// Ins ert item x into the list.

template < class Object>

void SortedLList <Object>::ins ert( const Object & x )

{

LListItr <Object> prev = zeroth ( );

LListItr <Object> curr = first( );

while( ! curr . isPastEnd ( ) && curr .retrieve( ) < x )

{

prev .advance( );

curr .advance( );

}

LList <Object>::ins ert( x, prev );

}

Sorted Linked Lists:Insertion

1. Problem 17.6 pages 599 - 600 of the t ext

2. Problem 17.9 page 600 of the text

3. Problem 17.10 page 600 of the t ext

4. Problem 17.17 page 601 of the t ext

Homework