Algorithms and Data Structures

1. Classes and objects, methods.
2. Arrays.

03

Task 1 (C++) Creating new objects. Concepts related to development of new objects.

[t1.cpp]

#include <iostream>
#include <string>
#include <cstdlib>

using namespace std;
//keyword 'class'

class dog

{

//private - you can get access only through member function(s)

private:
//data (member) wvariable(s):
string name; //member variable
double weight; //member variable

public:

name ("1==") , weight(9)

//keyword 'private'

//keyword 'public'
dog() : //Default constructor
//initializer list

(of type string)
(of type double)

(Default C-tor)

{ cout << "Default constructor" << endl; }

//C-tor with parameters
dog(string i, double w=10)

{

name=i;

welght=w;

cout << "Constructor with parameters'<<endl;
}
//member function(s) - method(s):

void info(){

cout<<'"name: ""<<name<<'", welidght:

}

};//semicolon!

int main()

"<« weight <<"kg''<<endl;

{
int ay //a 1s an object of type int
a=>0 -
dog x; //% 13 an object/instance of type/class dog
x.info(); //calling a method for an object x
x=dog("Murphy'™,a) s
o info ()
dog y("Lucky") ;
yieinfoe ().4
system ("pause")
return ;
}
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An array is a fragment of a memory with a specific number of elements. Below we will see
how to manage arrays (inserting a new key value to an array, delete the item containing a key

value, finding item with specified key).

Task 2 (C++) An example of a procedural program for arrays.

[array.cpp]

//array.cpp
//demonstrates arrays
#include <iostream>
using namespace std;

LALLO LD CERL L P LA CE L LA L L F LA L Pt L L

int main/()

{
int arr[100]; //array
int nElems = 0; //number of items
It //loop counter
int searchKey; //key of item to search for

==
arr[0] = 77; Jfinsert 10 1items
arr[l] = ;
arr[2] = 44;
arr[3] = 55;
arr[4] = 22;
arr[5] = £
arr[e] = 11;
arr[7] = 00;
arr[B] = 66;
arr[9] = 33;
nElems = 10; //now 10 items in array

e e e e e e e e
for(j=0; J<nElems; J++) //display items

cout << arr[j] << " ";
cout << endl;

[
searchKey = tc; //find item with key 66
for(j=0; J<nElems; J++) //for each element,

if(arr[]] == searchKey) //found item?
break; //ves, exit before end
if (] == nElems) //at the end?
cout << "Can't find " << searchKey << endl; //vyes
else
cout << "Founcd " << searchKey << endl;

e
searchKey = 550 //delete item with key
cout << "Deleting " << searchKey << endl;
for(j=0; J<nElems; J++) L Bele B 4t

if (arr[j)] = searchKey)
break;
for(int k=7j; k<nElems; k++) //move higher ones down
arr[k] = arr[k+1];
nElemns—-; //decrement size

== e e e
for(j=0; jJ<nElems; Jj++) //display items

cout << arr[j] << " "¢
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cout << endl;
return U ;
} J/end mainf()

Inserting new an item.
Inserting into an array is simple:
arr[0] = 77,

Searching an item.

Variable searchKey stores the searched value. In order to find item such as
searchKey, we need to look through the entire array step by step. Once the varnable j
has reached the last cell without hitting it means that search value is not in the array.

Deleting an item.

Erasing starts with finding specified item. If the item with a specific search value
occurs in the array we need to move all the items of index greater than erased down
one item. Then we reduce the value of the variable nElems.

Viewing the contents of the array.
The course of the entire array by displaying the value of each array element.

Gradually, in the next two examples, using an arrays we will be approached in an
object-oriented way:.

Task 3 (C++) First approach.

[lowArray.cpp]

//lowArray.cpp

//demonstrates array class with low-level interface

#include <iostream>

#include <vector>

using namespace std;

CEREEE LR LA B LR LB B LR B O L8 EH L BB P B Ll A E

class LowArray

{

private:
vector<double> v; //vector holds doubles

ruklic

fm e e R e R R T e R S S e e
LowArray (int max) [/ constriuctor
{ v.resize (max); } //size the vector

I e T T e e e e
void setElem(int index, double value) //put element into
{ viindex] = value; } //array, at index

B T T T T T T T T T T T T T T T T T T T L TR T T T T T T T TR AR
double getElem (int index) //get element from
{ return v[index]; } //array, at index
e i S 0 e S

b //end class LowArray
LA LA LS LKL L P LS AL L F L L E L L L
int main()

{




LowArray arr (100); //create a LowArray

int nElems = (O; //rmmber of items
hltia il //loop variable

e e e e e
arr.setElem (0, 77); //insert 10 items
arr.setElem(/, Yz
arr.setElem(-, 44);
arr.setElem (3, 55);
arr.zsetElem (4, ~2);
arr.setElem(5, 88);
arr.setElem(c, 11);
arr.setElem(7, oz
arr.setElem (-, }
arr.setElem (", ) i
nElems = 10; //now 10 items in array

f e
for (J=0; jJ<nElems; J++) //display items

cout << arr.getElem(]j) << " ";
cout << endl;

//' ______________________________________________________________
int searchKey = 2¢; //search for item
for(j=0; J<nElems; j++) //for each element,

if (arr.getElem(]) == searchKey) //found item?
break;
if (j == nElems) //no
cout << "Can't find " << searchKey << endl;
else //ves
cout << "Founcl " << searchKey << endl;

== e e
dotulble deleteKey = 55; //delete value 55
cout << "Deleting element " << deleteKey << endl;
for (J=0; J<nElems; J++) /{1lock Ter it

if (arr.getElem(]) == deleteKey)
break;
for (int k=7j; k<nElems; k++) //higher ones down
arr.setElem(k, arr.getElem(k+1l) ),
nElems—--; //decrement size

R BT T T e R TR T T T
for (j=0; J<nElems; j++) //display items

cout << arr.getElem(]j) << " ";

cout << endl;
return U ;
} //end main()

Instead of arrays we used class vector. In many aspects, the operations on objects such as
vector are similar into operations on the arrays. Use of class vector allows us to determine
the size of the vector (this is in a class constructor lowArray using the method resize()).

It allows to store any amount of data as opposed to arrays which were restricted into the same
size of an array.

Often structure to store data (vector) will be called simply array.

In the class lowArray array is hidden from the outside world. Only member functions of
class lowArray can get access to an array (private). These functions are:
setElem(), getElem() and a constructor.
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Task 4 (C++) Second approach.

[highArray.cpp]

//highArray. cpp

//demonstrates array class with high-level interface

#include <iostream>

#include <vector>

using namespace std;

GG e RS R R RS RE  e
class HighArray

{
private:
vector<double> v; //vector v
int nElems; //number of data items
ksl te
e e e e el o e
HighArray () nElems (U) //default constructor
{ 1}
e e
HighArray (int max) nElems () //l-arg constructor
{ v.resize (max); } //size the vector
e e e e e T T T R R T R e e
bool find(double searchKey) //find specified value
{
inkt ¢
for (J=0; J<nElems; J++) //for each element,
if(v[j] == searchKey) //found item?
break; //exit loop before end
if (] == nElens) //gone to end?
return false; //yes, can't find it
else
return true; //no, found it
} //end find()
L R R i B e
vold insert(double value) //put element into array
{
vinElems] = value; ¢ lansert It
nElems++; //increment size
}
e R
bool remove (double value) //remove element from array
{
TrE O
for (j=0; J<nElems; j++) {ilosk Tor it
if( value = v[]] )
break;
if (J==nElems) Jlcan™t find 3
return false;
else //ftound it
{
for(int k=7j; k<nElems; k++) //move higher ones down
v[k] = v[k+Ll];
nElems—--; //decrement size
return true;
}
} //end delete()
R e e s
void display () //displays array contents



{

for(int J=0; Jj<nElems; Jj++) //for each element,
cout << v[j] << " "} lldisplay it

cout << endl;

}

}; //end class HighArray
LLELEEERLL L8 LB B LR LR L R R EE EEE ERL LY

int main/()

{
int maxSize = 100; //array size
HighArray arr (maxSize) ; //vector
arr.insert (77) ; //insert 10 items

arr.insert (29) ;
arr.insert (44);
arr.insert (55);
arr.insert(22):;
arr.insert (02)
):
€) ;
3):

r

r
r

arr.insert (L L
arr. insert (0) ;
arr.insert (¢
arr.insert (-

r

r

r

arr.display() //display items
int searchKey = =5 //search for item
if( arr.find(searchKey) )

cout << "Founcl " << searchKey << endl;
else

cout << "Can't find " << searchKey << endl;
cout << "Deleting 0, 55, and 99" << endl;
arr.remove (L) ; //delete 3 items

arr.remove (55)
arr.remove (-%)

arr.display(); //display items again
return U;
} //end main()

User of class (ie. main()) does not have to keep an eye on the indexing table. Moreover, the
user class does not need to know anything about the structure that stores data used in
highArray. This structure is hidden behind the interface. In the next example, we'll see the
same interface with a different data structure.

Abstraction
The separation process how from what (how operations are performed in the class, in contrast
to what 1s seen by the user class) 1s called abstraction.
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Task 5 (C++) An example of a class with an array containing ordered data. In this example, to
element 1dentification has been applied binary search (only ordered data).

[orderedArray.cpp]

//orderedirray. cpp

//demonstrates ordered array class
#include <iostream>

#include <vector>

using namespace std;

AL L LSRG TALTL LS LR8P LN B AL A
class OrdArray

{
private:
vector<double> v; //vector v
int nElems; //number of data items
ksl te
e e e
OrdArray (int max) : nElems () //constructor
{ v.resize (max); } //size the wector
[
int getSize() //return number of
{ return nElems; } //elements
== e
int find(double searchKey)
{
int lowerBound = (O;
int upperBound = nElems-|;
int curln;
while (true)
{
curIn = (lowerBound + upperBound ) / 2:
if (v[curIn]==searchKey)
return curln; //found it
else if(lowerBound > upperBound)
return nElems; //ean't find 1t
else //divide range
{
if (v[curIn] < searchKey)
lowerBound = curIn + 1; //it’'s in upper half
else
upperBound = curIn - 1; //it’'s in lower half
} //end else divide range
} //end while
} //fend Eind()
/== e
voild insert(double value) //put element inte array
{
Imt %
for(j=U; j<nElems; J++) //find where it goes
if(v[j] > value) // (linear search)
break;
for(int k=nElems; k>j; k--) //move bigger ones up
vIik] = v[k-11;
v[i] = value; //lingsert 1t
nkElemns++; //increment size
} //end insert()
== e

bool remove (double value)




int J = find(value):;
if (j=nElems)
return false;
else
{
for(int k=j; k<nElems;
v[k] = v[k+1l];
nkElems—-=;
return true;

}

} //end remove()

vold display ()

{
for(int j=0; j<nElems; Jj++)

cout << v[j] << " ";

cout << endl;

}

}; //end class OrdArray

k++)

//earn’t find 1t
//found it
//move bigger ones down

//decrement =size

//displays array contents

//for each element,
//display it

LA LS TALTLA AL VAL LA LTS EEVAATLLS A TALLE LT TAATALLS LA TAL LTSS

int main()

{
int maxSize = 100;
OrdArray arr (maxSize);

arr.ingsert (77) ;
arr.insert (99) ;
arr.insert (44);
arr.insert{(55) ;
arr.insert(22) ;
arr.insert (B8) ;
arr.insert(l11l) ;
arr.insert (00) ;
arr.insert (€66) ;
arr.insert (33) ;

int searchKey = L5,

if( arr.find(searchKey)

//array size
//create the array

//insert 10 items

lilssareh for dtem

= arr.getSize ()

)

cout << "Founc " << searchKey << endl;

else
cout << "Can't

arr.display()

cout << "Deleting 0, 55, and
arr.remove (L0U)
arr.remove (55) ;
arr.remove (-%) ;

arr.display():
return ;
} //end main()

GO << endl;

fincd " << searchKey << endl;

//display 1items

//delete 3 items

//display items again

Benefit of applying of ordered arrays

The main benefit is faster searching. However, we lose on the speed of inserting new data into
an array (data with higher values must be moved up an array to make room for the new
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Task 6 (C++) Object storage. Implementation of class Person. An example of a class that
can be used for staff data storage.

[orderedArray.cpp]

//classDatalArray. cpp

//data items as class objects
#include <iostream>

#include <string>

#include <vector>

using namespace std;

FLEL LA LEALLILAL T LEL L ESETETA TLL LTS ELESETL IO LA AL LS T

class Person

{
private:
string lastName;
string firstlName;
int age;
50 A MR v
e e e e e e e
Person(string last, string first, int a) J foanstogcter
lastName (last) , firstName(first), age(a)
{ 1}
e
void displayPerson()
{
cout << " La=zt name: " << lastName;
cout << " First name: " << firstName;
cout << "', Rge: " << age << endl;
}
/] == e
string getlast () //get last name
{ return lastName; }
}; //end class Person

A R A R A R R S R R R R R L B At R R
clasz ClassDataBrray

{
private:
vector<Person*> v; //vector of pointers
int nElems; //number of data items
public:
T
ClassDataArray (int max) nElems (0) //constructor
{ v.resize(max); } //create the array
] == -
~ClassDatahrray () //destructor
{
for(int j=0; Jj<nElems; J++) //delete each element
delete v[]],
}
[
Person* find(string searchName)
{ //find specified wvalue
ing s
for(j=0; j<nElems; j++) //for each element,
if( v[j]l->getLast() == searchName ) //found item?
break; //exit loop before end
if (] == nElems) //gone to end?
return NULL; Jiyes, can"t find it
else



return v[]]; //no, found it
}: //end find()

[ =
//put person into array
vold insert(string last, string first, int age)
{
v[nElems] = new Person(last, first, age);
nElems++; //increment size
}
== e
bool remove(string searchlName) //delete person from array
{
inkt 2
for (j=0; J<nElems; j++) {1 lenk for it
if( v[J]->getlast() == searchlName )
break;
if (J==nElems) Llcan™t fEird 3E
return false;
else Ll Forid HEE
{
delete v[]]; //delete Person object
for(int k=3j; k<nElems; k++) //shift down
vik] = v[k+1];
nElems-=-; //decrement size
return true;
}
} //end removel()
e
void displayk() //displays array contents
{
for(int j=0; Jj<nElems; J++) //for each element,
v[jl->displayPerson() ; //display it
}
e e e it T e e e e e R

}: //end claszs ClassDataArray
T SR S e i e e R R S S e P S N S
int main()
{
int maxSize = 100; //array size
ClaszDatalfrray arr (maxSize); //array
arr. insert ("Evans'", 24); //insert 10 itens
arr.insert ("Smith",
arr.insert ("Yee"
arr. insert ("Ade
arr.insert (""H

arr. o e
arr. Tage™: 72).;
arr.insert ("Lamarcque", "Henry", 54);
arr:insert("Vang", "Minh"; 22);:

arr.insert ("Creswell", "Lucinda", 18);

arr.displayh() //display items
string searchKey = "Stim=on'; //search for item
cout << "Searching for Stimson" << endl;

Person* found;
found=arr. find (searchKey) ;
if (found != NULL)

{

cout << " Found ";
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found->displayPerson() ;

}
else

cout << Can't find "
cout << "Deleting Smith, Yee,

arr.remove ("Smith") ;
arr.remove ("Yee'") ;
arr.remove ("Crezwell™) ;

arr.displavRA() ;
return (;
} //end main()

<< searchKey << endl;

03

and Creswell" << endl;
//delete 3 items

//display items again

Based on: Robert Lafore — “Tleach Yourself Data Structures And Algorithms In

24 Hours”
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