1

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

Data Structures

Fall, 2000

(Feod or F. Dragan)

Department of Mathematics and Computer Science

Kent State Universit y

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

Contents

¯ Introduction

¯ Stacks and Queues ( simp le data structures )

¯ Basics of STL: C ontainers and Iterators

¯ Sequences, Sets and Lin ked Lists

¯ Priorit yQueues

CHAPTER 7

The Standard Template Library

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

Introduction

¯ Man yalgorithms require proper DS

¯ Ho w to create a DS,

¯ How to insert data

Î arrays vs. stack vs. queue

¯ How to delete data Î arra ys vs. stack vs. queue

¯ How to access data Î arrays vs. stack vs. queue

¯ Data Structure = Data representation + Operations

¯ Recent lyadopted C++ Standard allo w support ing for Standard Temp late

Library(STL)

¯ STL co ntains DS + Algorit hms guaranteed availa ble o nco mpilers

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

Stack
push
pop

top

                                                                Stacks and Queues

                                                                                                                   Stacks

¯
      Stack is a list in whic h all insert io ns and delet io ns are made a t one end,

called t he top .

¯ When we add an ite m to a stack, we push it into the stack and when we

remo ve an it em, we pop it fro m t he stack.

¯ So met imes t he term push - down list is used syno nymo usly wit h stack.

¯ Operat io ns: Given a stack s and an ite m i , the fo llowing operat io ns can be

performed.

                  ¯
                        push(s, i)     Î only if s is not full. O(1)

                  ¯ pop(s)          Î only if s is not empt y. O(1)

                  ¯ empty(s) O(1)

                  ¯ top(s)           Î only if s is not empt y. O(1)

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

                                                                            Applications of stacks.

                  ¯ Subprogram implementation :
Suppo se A call B, B call C, C call D.

                  Then the subprogra m which is recent ly called will finish first. That is why

                  we call a stack LIFO list.

                  ¯

                        Reversing a list

                  ¯ Checking the correctness of nested paren thesis in an

                  expression (vs. parenthesis count).

                                                      A stack can be used to imple me nt this procedure by pushing a

                                                      ^ ( ^ into the stack and popp ing it when we encounter a ^ ) ~ .  At

                                                      the end the stack sho uld rema in e mpt y.

                                                      m + (  ( a + b )  ˘ ( c + e *  ( f  + g )  )  )

                                                        0 0 1 2 2 2 2 1  1 2 2 2 2 2 3 3 3 3 2 1 0

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

¯ This procedure can be generalized to handle ^ ( ^ , ^ [ ^ , ^ { ^ .

m + {  [ a + b } ˘ ( c + e *  ( f  + g )  )  ]

0 0 1 2 2 2 2 1 1 2 2 2 2 2 3 3 3 3 2 1 0

valid = true;

s = the empty stack;

while ( not the end of expression) {

read the next symbol ( symb );

if ( symb == ` ( ` || symb == ` [ ` || symb == ` { ` )

push(s, symb );

if ( symb == ` ) ` || symb == ` ] ` || symb == ` } ` )

if (empty(s)) valid = false;

else { i = pop(s);

if (i is not the matching opener of symb )

valid = false;

}

}

if (!empt y(s)) valid = false;

if (valid) cout << ^ the string is valid ~ ;

else cout << ^ the string is not valid ~ ;

*

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

                                                                                                       Queues

 ¯ A queue is an ordered list in which item may b e deleted at one end

 ( front ) and inserted at the other end ( r ear ).

 ¯ A queue is called FIFO list.

 ¯ Operations on Queue

                ¯
                      insert(Q, x)        ( enqueue ) O(1)

                ¯ remove(Q) ( dequeue ) O(1)

                ¯ x = getFront (Q) O(1)

                ¯ empty(Q) O(1)

enqueue
dequeue

Queue

get Fro nt

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

Basics of STL: Containers and Iterators

¯
An iterator is an o bject that is used to traverse a co llect io n o f o bjects

¯ In STL such a co llect io n is called a container

¯ An it erator maintains a not io n o f current posit io n in the co ntainer

¯ It provides basic operat io ns

Container

¯
Represents a group o f o bjects, kno wn as it s ele ments

¯ STL operat io ns:

¯
bool empty() const            returns true if the container is empt y, else false

¯ iterator begin() const       returns an iterator that can be used t o begin traversing

¯ iterator end() const          returns an it erator that repr esents the end marker , a

position one past the last element in the container

¯ int size() const                  returns the number of elements in the container

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

        ¯
              An o bject that allo ws access to and iteration through all ele me nts in the

        co ntainer

        ¯ Basic operat io ns:

                                                                                                               The Iterator

           ¯
                 Bidirect io nal it erator

                                         ¯ Forward iterator via operator ++

                                         ¯ Backward iterator via operator --

           ¯ Rando m access iterator :

                                                                                                          itr +100

                     ¯ itr ++
                                                                                   adva nces t he iterator (

++ itr )

                     ¯ * itr
                                                                                    returns a refer ence t o the object stor ed at
itr
´ s location

                     ¯

                            itr1==itr2
                                                                                    returns true if
itr1
and
itr2
point to the sa me location,

                                                                                    otherwise false

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

Example: Printing the contents of an y container

//
print t he co ntent s o f co ntainer c

template <class Container>

void printCollection ( const Container& c )

{

typename Container::const_ iterator itr ;

for ( itr = c.begin(); itr != c.end(); ++ itr )

cout << * itr << ` \ n ´ ;

}

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

                                         Sequences and Linked Lists

           ¯ Sequences vs stacks and queues (
allo w insert io ns and delet io ns in t he

           midd le o f the co ntainer

                                                                                          )

           ¯ Access is  performed b y iterator class

           ¯ Representation

                                  Sequences

                                                                                                       vectors, arra ys

                                                                                                       linked lists   ( class <list> )

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 12

Operations on sequences include

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

¯ void push_front( const Object & element ) pr epends an element to t he front

(not for vectors)

¯ Object & front(  ) returns the first element

¯ Object & back(  ) r eturns the last element

¯ void pop_front(  ) r emoves t he first element

(not for vect or)

¯ void pop_back(  ) removes t he last eleme nt

¯ iterator insert( iterator pos, const Object & obj ) inserts obj prior to the element

in the position r eferred t o by

pos , returns the position of the

newly insert ed element ( time

for list vs vector )

¯ iterator erase( iterator pos ) r emoves the object at the

position r eferred t o by pos ,

returns the position of the

element that followed pos

prior to the ca ll t o erase ( time

for list vs vector )

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

                                                                                          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 m access iterators are available o nly for vectors

           ¯ Insert io n and remo val fro m t he middle o f a co ntainer is effic ie nt ly

           supported for list s o nly

           ¯ Linked list s are used to avo id large a mo unt o f data mo veme nt

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

Sets

¯ The set is an ordered container that allows no duplicates  ( multiset

allows duplicate)

¯ In additional to the usual operations on containers begin , end ,

size , empty , the set provides the following operations

pair< iterator , bool > insert( const Object & element)

adds el ement to t he set if it is not alrea dy ther e

bool component of the r eturn is true if the set did not already contain

element ; other wise, false

the iterator component of the r eturn is t he location of element in the set

iterator find( const Object & element ) const

returns an iterator containing the location of element in the set, or end( )

if element is not in the set

int erase( const Object & element )

removes element from t he set if it is present;  returns the number of

elements removed (eit her 0 or 1)

¯
using the binary search tree (Chapter 19) and its variants, the find , erase and insert can be

implemented to run in O( logN ) time (direct implementations give O(N) time bound)

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

                                                                                                    Illustration of set

                       #include < iostream >

                       #include <set>

                       #include <functional>

                       #include <string>

                       using namespace std;

                       int main( )

                       {

                                                        set<string, greater<string> >  s; // use reverse order

                                                        s.insert( ^ joe ~ );

                                                        s.insert( ^ bob ~ );

                                                        printCollection ( s ): // previous lecture

                                                        return 0;

                       }

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

Priority Queues

¯ The priority queue supports access to th e minimum item onl y

¯ Useful for multi - user OS en vironment

¯ Cannot be implemented be set, queues allows duplicates

¯ We can implement it as  multiset , but multiset is overkill, it

provides more operations than needed

¯ the priority queue supports the followin g operations

¯
using the binary heap (Chapter 21) , the f indMin , deleteMin and insert can be implemented

to run in O( logN ) worst case time ( insert in constant average time)

¯ insert(PQ, x)

¯ deleteMin (PQ)

¯ findMin (PQ)

¯ empty(PQ)

Priorit y

Queue
insert
delet eMin

findMin

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

Priorit y

Queue
push
pop

top

                                                                                           The STL Priorit y Queue

                     ¯
                             uses push , top , and pop and accesses t he maximum, rat her

                     than the minimu m, it e m

                     ¯ Operat io ns fro m STL

maximum

                       template <class Object, class Container, class Less>

                       class priority_queue

                                                                                                       requires the specification of the t ype of object being stored, t he

                                                                                                       typ e of container storing it, and the class that defines the

                                                                                                       function object for  comparison

                       void push( const Object & element )

                                                           adds element to the container

                       void pop( )

                                                           removes the largest item in the container

                       const Object & top( ) const

                                                           returns the lar gest item in the container

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

#include < iostream >

#include <vector>

#include <queue>

#include <functional>

#include <string>

using namespace std;

// Empty the priority queue and print its contents.

template <class PriorityQueue >

void dumpContents ( const string & msg , PriorityQ ueue & pq )

{ cout << msg << ":" << endl ;

while( ! pq .empty( ) )

{ cout << pq .top( ) << endl ;

pq .pop( );

}

}

// Do some inserts and removes (done in dumpContents ).

int main( )

{  priority_queue< int ,vector< int >,greater< int >> minPQ ;

priority_queue< int ,vector< int >,less < int >    > maxPQ ;

minPQ .push( 4 ); minPQ .push( 3 ); minPQ .push( 5 );

maxPQ .push( 4 ); maxPQ .push( 3 ); maxPQ .push( 5 );

dumpContents ( " minPQ ", minPQ );          // 3 4 5

dumpContents ( " maxPQ ", maxPQ );         // 5 4 3

return 0;

}

Illustration of priority queue

Data Structures, Feodor F. Dragan, Kent State University 19
b y binary s earch

tree

An y item

O( logN )

                             Ordered set

insert is O(1) in

average, O( logN )

worst case

                                                                                                                      findMin , O(1)

                                                                                                           deleteMin , O( logN )

                      Priority queue

O(N)

An y item

                              Linked list

Ver y ver y fast

                                                                                                               Least resent only,

                                                                                                                      dequeue , O(1)

                                         Queue

Ver y ver y fast

                                                                                                                Most resent only,

pop , O(1)

                                           Stack

                                  Data Structure Access Comments

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

Homework

1. Problems 7.9, 7.10 page 260 of the text

2. Problem 7.13(a,b), page 261 of the text

3. Problem 7.15(a,b,c), page 261 - 262