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Preface

Welcome to the world of programming – a realm often perceived as both exhilarating and challenging. This book is crafted with a dedicated focus on students who find themselves grappling with the complexities of coding, seeking a guiding light through the intricate pathways of programming languages.

Programming is not just about writing lines of code; it is about solving problems, thinking critically, and fostering creativity. In these pages, I aim to demystify the art of programming, providing a comprehensive and accessible resource that caters specifically to the needs of students navigating their way through the intricate landscape of computer science.

The solutions presented in this book are not mere templates to be mindlessly replicated. Instead, they are adaptable tools, designed to be understood, dissected, and reassembled according to your unique needs. We encourage you to explore, experiment, and reimplement the solutions using different approaches. After all, programming is an art, and there is often more than one way to create a masterpiece.

Whether you are a novice taking your first steps in coding or an experienced learner seeking deeper insights, this book is crafted to be your companion in the journey of understanding programming. It is my sincere hope that the knowledge and insights contained within these pages will empower you to not only conquer the challenges you face but also to flourish as a creative and proficient programmer.

Remember, learning to code is a journey, not a destination. Embrace the challenges, celebrate the victories, and enjoy the process of becoming a proficient programmer.

Happy coding!

Andrei Timo
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Chapter 1 – Linear Structure
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The linear (sequential) structure represents a sequence of instructions that are unconditionally executed only once.

	Variables declaration:



variable_type variable_name;





	Assignment statement:


	Logical Diagram

	Pseudocode

	C++ language
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x = expression;



Effect: The variable 'x' is assigned the value of the expression.

	Data input statement:


	Logical Diagram

	Pseudocode

	C++ Language
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read a,b

	
––––––––
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cin>>a>>b;



Effect: The variables 'a' and 'b' receive the values provided by the user from the keyboard.

	Data output/display statement:


	Logical Diagram

	Pseudocode

	C++ Language
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write a,b

	
––––––––
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cout<<a<<b;



Effect: The values stored in variables 'a' and 'b' will be displayed to the user on the screen.

Applications:

––––––––
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1.  Variables 'a' and 'b' store values for two integers from the keyboard. Swap the values of these variables.

Solution: The Glass Rule: Let's assume we have two glasses filled with juice, one with Coca-Cola and the other with Fanta, representing the variables 'a' and 'b'. We also have a third empty glass, representing the auxiliary variable 'aux'. Using the third glass, we want to transfer Fanta into the glass initially holding Coca-Cola, and vice versa. To achieve this, we'll pour Coca-Cola from glass 'a' into the empty glass 'aux', then pour Fanta from glass 'b' into glass 'a' (where there initially was Coca-Cola), and finally, pour Coca-Cola from glass 'aux' into glass 'b', which originally held Fanta.

The graphical representation of this example is as follows: 

[image: Diagram

Description automatically generated]

Implementation:

#include <iostream>

using namespace std;

int main()

{

int a,b,aux;

///Reading data from keyboard

cout<<"a=";

cin>>a;

cout<<"b=";

cin>>b;

cout<<"Values before  swapping:"<<a<<","<<b<<endl;

///Swapping a and b

aux = a;

a = b;

b = aux;

cout<<"Values after swapping:"<<a<<","<<b;

return 0;

}

2.  Knowing the 3 marks obtained by a student in the computer science subject throughout a semester and the grade from the final exam, write a program to display their average. The 4 values are read from the keyboard.

Solution: To calculate the student's final average, we consider the following formula:

Final_Average = (Average_Marks * 3 + Exam_Mark) / 4.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int n1,n2,n3,exam;

float final_average,marks_average;

cin>>n1>>n2>>n3>exam;

///Calculating the average

marks_average = (n1+n2+n3) / 3;

final_average = (3 * marks_average + exam) / 4;

cout<<"The final average is: "<<final_average;

return 0;

}

3.  Let x be a number consisting of exactly 3 digits read from the keyboard. Display the digits of the number starting from the units digit with spaces between them.

Solution: Let's take the example of the number 863. Its representation in base 10 is as follows:

863 = 8 × 102 + 6 × 101 + 3 × 100. 

To access the last digit of this number, we need to divide it by 10 and find the remainder:

863 : 10 = 86 remainder 3

To access the next digit, we use the same procedure as above:

86 : 10 = 8 remainder 6

We continue this process until the initial number x has no more digits (it becomes 0 through repeated division by 10):

8 : 10 = 0 remainder 8

In programming, accessing the units digit is done using the "%" (modulo) operator, which returns the remainder of dividing a number x by y.

Using the example given above, with x = 863, the digit 3 is obtained using the command x%10. To access the tens digit, following the algorithm explained earlier, we divide the number x by 10 and extract the remainder when divided by 10 using x/10%10.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x;

cout<<"Give the value of x ? (>=100 and <=999) ";

cin>>x;///863

cout<<"The units digit is "<<x%10<<endl;///3

cout<<"The tens digit is "<<(x/10)%10<<endl;///6

cout<<"The hundreds digit is "<<(x/100)%10;///8

return 0;

}

4.  Let x be a number composed of exactly three digits read from the keyboard. Reverse the digit in the units place with the digit in the hundreds place and display the result.

Solution: To reverse the requested digits, it is necessary to swap them. (See problem 1)

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x,u,t,h,aux;

cout<<"x=";

cin>>x;

u=x%10; //units digit

t=(x/10)%10; //tens digit

h=(x/100)%10; //hundreds digit

//Swapping the digits

aux=u;

u=h;

h=aux;

//Make the new number with the new digits

x=100*h+10*t+u;

cout<<"The new number is: "<<x;

return 0;

}

5.   A number x composed of exactly 4 digits is read. Replace the middle two digits with 8 and 9, respectively, and display the result.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x; // x=1000*th+100*h+10*t+u

int th,u;

cout<<" x: ";cin>>x;

u=x%10;//units digit

th=(x/1000)%10; //thousands digit

x=th*1000+8*100+9*10+u;

cout<<"The new number is: "<<x;

return 0;

}

6.  A number x composed of exactly 4 digits is read. Display the number obtained by removing the middle digits.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x; // x=1000*th+100*h+10*t+u

int th,u;

cout<<" x: ";cin>>x;

u=x%10;//units digit

th=(x/1000)%10; //thousands digit

x=th*10+u;

cout<<"The new number is: "<<x;

return 0;

}

7.  A natural number x composed of 4 nonzero digits is read. Display the numbers obtained in the following ways:

a. By swapping the first digit with the last;

b. By swapping the middle digits with each other;

c. By replacing the middle digits with two "0" digits;

d. By decreasing each digit by one unit.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x,x1; // x=1000*th+100*h+10*t+u

int mii,sute,zeci,unitati,aux;

cout<<" x: ";cin>>x;

x1=x; //Save x to use it for other manipulations

u = x%10;

t = (x/10)%10;

h = (x/100)%10;

th = (x/1000)%10;

//a. Swap the first digit with the last

aux = u;

u = th;

th = aux;

//Make the new number

x = th*1000+h*100+t*10+u;

cout<<x<<endl;

// Save x to use it for other manipulations

x=x1;

u = x%10;

t = (x/10)%10;

h = (x/100)%10;

th= (x/1000)%10;

//b. Swap the middle digits with each other

aux = t;

t = h;

h = aux;

//Make the new number

x = th*1000+h*100+t*10+u;

cout<<"The new number is: "<<x<<endl;

––––––––
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// Save x to use it for other manipulations

x=x1;

//c. Replace the middle digits with 0

u = x%10;

th= (x/1000)%10;

//Make the new number

x = th*1000+u;

cout<<"The new number is: "<<x<<endl;

––––––––
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// Save x to use it for other manipulations

x=x1;

u = x%10-1;

t = (x/10)%10-1;

h = (x/100)%10-1;

th= (x/1000)%10-1;

//d. Decrease each digit by one unit

//Make the new number

x = th*1000+h*100+t*10+u;

cout<<"The new number is: "<<x<<endl;

8.  A natural number x composed of 4 digits is read. Display the quotient and remainder of dividing the number formed by the first two digits of x by the number formed by the last two digits of x."

Implementation:

int main()

{

int x,nr1,nr2;

cout<<"x=";

cin>>x;

//nr1 first number

//nr2 second number

int th,t,h,u;

u = x%10;

t = x/10%10;

h = x/100%10;

th = x/1000%10;

nr1 = th*10+h;

nr2 = t*10+u;

cout<<"The numbers are: "<<nr1<<","<<nr2<<endl;

cout<<"The quotient is: "<<nr1/nr2<<endl;

cout<<"The remainder is: "<<nr1%nr2;

return 0;

}

9.  A natural number x composed of 4 digits is read. Display the number obtained from the sum of the numbers obtained by successively removing one of the digits of x.

Example: If x=2347, the result is 347+247+237+234=1065.

Implementation:

int main()

{

int x,nr1,nr2,nr3,nr4;

cout<<"x=";//2347

cin>>x;

int m,s,z,u;

u = x%10;

z = x/10%10;

s = x/100%10;

m = x/1000%10;

nr1 = s*100+z*10+u;

nr2 = m*100+z*10+u;

nr3 = m*100+s*10+u;

nr4 = m*100+s*10+z;

cout<<nr1<<"+"<<nr2<<"+"<<nr3<<"+"<<nr4<<"="<<nr1+nr2+nr3+nr4;

return 0;

}

10.  A natural number x composed of 4 digits is read. Display the number obtained from the sum of the numbers obtained by successively eliminating the first digit of x, then the first two digits, and then the first three digits.

Example. If x=2347, the result is 347+47+7=401.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x,nr1,nr2,nr3;

cout<<"x=";//2347

cin>>x;

int mii,sute,zeci,unitati;

unitati = x%10;

zeci = x/10%10;

sute = x/100%10;

mii = x/1000%10;

nr1 = sute*100+zeci*10+unitati; // 1st digit

nr2 = zeci*10+unitati; // 2 digits

nr3 = unitati; // 3 digits

cout<<nr1<<"+"<<nr2<<"+"<<nr3<<"="<<nr1+nr2+nr3;

return 0;

}

11.  A natural number x composed of 4 digits is read. Display the number obtained from the sum of the numbers obtained by successively eliminating the last digit of x, then the last two digits, and then the last three digits.

Example. If x=2347, the result is 234+23+2=259.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x,nr1,nr2,nr3;

cout<<"x=";//2347

cin>>x;

int mii,sute,zeci,unitati;

unitati = x%10;

zeci = x/10%10;

sute = x/100%10;

mii = x/1000%10;

nr1 = mii*100+sute*10+zeci; // 1st digit

nr2 = mii*10+sute; // 2 digits

nr3 = mii; // 3 digits

cout<<nr1<<"+"<<nr2<<"+"<<nr3<<"="<<nr1+nr2+nr3;

return 0;

}

12.  Let a be a natural number read from the keyboard, composed of exactly 5 digits. Write a program (algorithm) to determine and display the number formed by the first, third, and fifth digits of the number a.

Example. If a is 23479, the result is the number 249.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x,c1,c2,c3,nr;

cout<<"x=";//23479

cin>>x;

c3 = x%10;

c2 = x/100%10;

c1 = x/10000%10;

nr = c1*100 + c2*10 + c3;

cout<<nr;

return 0;

}

13.  Determine the last digit of the sum x+y+z, where x, y, and z are natural numbers read from the keyboard.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x,y,z;

cin>>x>>y>>z;

cout<<"The last digit of the sum is: "<<(x+y+z)%10;

return 0;

}

14.  Two natural numbers, x and y, each with 3 digits, are read. Generate the number a composed of the digits of x and y taken alternately, starting with the digits of x.

Example: x=246, y=357 we get a=234567.

Implementation:

int main()

{

int x,y,a;

cin>>x>>y;

int x1,x2,x3,y1,y2,y3;

x3=x%10;//last digit

x2=x/10%10;//tens digit of x

x1=x/100%10;//hundreds digit of x

y3=y%10;//last digit of y

y2=y/10%10;//tens digit of y

y1=y/100%10;//hundreds digit of y

a=x1*100000+y1*10000+x2*1000+y2*100+x3*10+y3;

cout<<a;

return 0;

}

15.  Two natural numbers, x and y, each with 3 digits, are read. Generate the real number a composed of the digits of x for the integer part and the digits of y for the decimal part.

Example. For x=246 and y=357, the result is a=234.567.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x,y;

double a;

cout<<"x=";

cin>>x;

cout<<"y=";

cin>>y;

double y1 = (double)y/1000;

a = (double)x + y1;

cout<<a;

return 0;

}

16.  Determine the area of a triangle given the lengths of its sides: a, b, c read from the keyboard. It is assumed that the input data is valid.

Solution: We can apply Heron’s formula: 

A = [image: image] , where [image: image].

Implementation:

#include <iostream>

#include <cmath>

using namespace std;

int main()

{

double a,b,c,p,A;

cout<<"a=";

cin>>a;

cout<<"b=";

cin>>b;

cout<<"c=";

cin>>c;

p=(a+b+c)/2;

A=sqrt(p*(p-a)*(p-b)*(p-c));

cout<<"Area: "<<A;

return 0;

}

17.  Determine the area of a trapezoid, given the lengths of the bases b1 and b2, as well as the height h. All three values will be read from the keyboard.

Solution: We can apply the following formula: A = [image: image]

Implementation:

#include <iostream>

#include <cmath>

using namespace std;

int main()

{

double b1,b2,h,A;

cout<<"b1=";

cin>>b1;

cout<<"b2=";

cin>>b2;

cout<<"h=";

cin>>h;

A = (b1+b2)/2 * h;

cout<<"Area: "<<A;

return 0;

}

18.  Determine the circumference and area of a circle, given the length of the circle's radius, read from the keyboard.

Solution: We will apply the following formulas: [image: image].

Implementation:

#include <iostream>

#include <cmath>

#define PI 3.1415

using namespace std;

int main()

{

double R,L,A;

cout<<"R=";

cin>>R;

L = 2*PI*R;

A = PI*R*R;

cout<<"Circumference: "<<L<<endl;

cout<<"Area: "<<A;

return 0;

}

––––––––
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19.  Determine the perimeter and area of a rectangle, given the length and width of the rectangle.

Solution: We will apply the following formulas: [image: image].

Implementation:

#include <iostream>

using namespace std;

int main()

{

double L,l,P,A;

cout<<"L=";

cin>>L;

cout<<"l=";

cin>>l;

P = 2*(L+l);

A = L * l;

cout<<"Perimeter: "<<P<<endl;

cout<<"Area: "<<A;

return 0;

}

20.  A ship covers a distance d (in km) in a weeks and b days (d, a, b are read from the keyboard). What is the speed of the ship in m/s?

Solution: We will apply the formula for speed: [image: image]. Conversion of kilometers to meters and weeks to seconds will be necessary.

Implementation:

int main()

{

int d,a,b;

cout<<"Distance: ";

cin>>d;

cout<<"Weeks: ";

cin>>a;

cout<<"Days: ";

cin>>b;

float v;

d = d * 1000; //Convert km in m

b = b + a*7; //Convert weeks in days & sum up the days;

b = b * 24 * 60 * 60; //Convert days in seconds

v = (float) d/b;

cout<<"The speed is: "<<v<<" m/s";

return 0;

}

21.  Determine the distance between two Cartesian points A and B, for which the coordinates are read from the keyboard.

Solution: We will apply the mathematical formula: [image: image].

Implementation:

#include <iostream>

#include <cmath>

using namespace std;

int main()

{

double xa,xb,ya,yb;

cin>>xa;

cin>>ya;

cin>>xb;

cin>>yb;

double d = sqrt((xb-xa)*(xb-xa) + (yb-ya)*(yb-ya));

cout<<"The distance between A("<<xa<<","<<ya<<") and B("<<xb<<","<<yb<<") is: "<<d;

return 0;

}

22.  Determine the coordinates of the midpoint of the segment defined by the two Cartesian points A and B. The coordinates will be read from the keyboard.

Solution: We will apply the formula [image: image].

Implementation:

#include <iostream>

#include <cmath>

using namespace std;

int main()

{

double xa,xb,ya,yb;

cin>>xa;

cin>>ya;

cin>>xb;

cin>>yb;

double xm,ym;

xm = (xa+xb)/2;

ym = (ya+yb)/2;

cout<<"M("<<xm<<","<<ym<<")";

return 0;

}

23.  Cartesian coordinates are read for 3 points A, B, C. Determine the perimeter and area of the triangle formed by these 3 points. It is assumed that the input data is valid (the points are not collinear).

Solution: With the coordinates of the points known, we will determine the lengths of the segments formed by the 3 points (See problem 21) and apply Heron's formula for area (See problem 16).

Implementation:

#include <iostream>

#include <cmath>

using namespace std;

int main()

{

double xa,xb,ya,yb,xc,yc;

cin>>xa;

cin>>ya;

cin>>xb;

cin>>yb;

cin>>xc;

cin>>yc;

double AB,AC,BC,P,A,p;

AB = sqrt((xb-xa)*(xb-xa) + (yb-ya)*(yb-ya));

AC = sqrt((xc-xa)*(xc-xa) + (yc-ya)*(yc-ya));

BC = sqrt((xb-xc)*(xb-xc) + (yb-yc)*(yb-yc));

p = (AB+AC+BC)/2;

A = sqrt(p*(p-AB)*(p-AC)*(p-BC));

P = (AB+AC+BC);

cout<<"Area: "<<A<<endl;

cout<<"Perimeter: "<<P<<endl;

return 0;

}

24.  Determine the value of the sum S = 1+2+3+ ... + n, for n a natural number read from the keyboard.

Solution: For this sum, we will apply Gauss's formula: [image: image].

Implementation:

#include <iostream>

using namespace std;

int main()

{

unsigned int n;

cout<<"n=";

cin>>n;

cout<<"Calculate the sum S = 1+2+3+...+"<<n<<endl;

unsigned int S = (n*(n+1))/2;

cout<<"The value of the sum is: "<<S;

return 0;

}

25.  John and Daniel live in the villages of Stanton and Hope Cove, respectively. Knowing that there is a distance d between the two villages (expressed in km), and the two children plan to meet somewhere on the road between the two villages by cycling as follows: John at a speed of v1 (expressed in m/s), and Daniel at a speed of v2 (expressed in m/s). After how much time do the two friends meet? At what distances from Stanton and Hope Cove did they meet?

[image: image]Implementation:
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Chapter 2 – Conditional Structure
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2.1 Problems of Minima/Maxima/Equality

2.2 Divisibility Problems

2.3 Determining the Last Digit of a Power: xy

2.4 Geometry Problems:

2.4.1 Determining the Type of a Geometric Figure


2.4.2 Problems that Determine the Relationship between Two Geometric  Figures


2.5 Calculating the Value of Expressions

2.6 Solving Equations

2.7 Intervals

Conditional (Decision) Structure executes a specific set of instructions if a condition is met; otherwise, it executes another set of instructions. The general form of the conditional structure is as follows:

[image: image]

––––––––
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The condition will always return a BOOLEAN result (TRUE or FALSE).

Applications:

	[image: ]
	 	[image: ]


[image: ]

2.1 Problems of Minima/Maxima/Equality
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26.  Write a program that determines the largest among the three integer numbers read from the keyboard.

Implementation:

int main()

{

int a,b,c,max1,max2;

cin>>a>>b>>c;

if(a>b)

max1=a;

else 

max1=b;

if(max1>c)

max2=max1;

else

max2=c;

cout<<"Maximum is: "<<max2;

return 0;

}

27.  Write a program that determines the largest among the four integer numbers read from the keyboard.

Implementation:

int main()

{

int a,b,c,d,max1,max2,max3;

cin>>a>>b>>c>>d;

//max(a,b)

if(a>b)

max1=a;

else 

max1=b;

//max(c,d)

if(c>d)

max2=c;

else

max2=d;

//max(max1,max2)

if(max1>max2)

max3=max1;

else

max3=max2;

cout<<"Max is: "<<max3;

return 0;

}

28.  Determine whether 3 integer numbers x, y, and z are equal. It will be displayed “YES” or “NO”.

Solution: We’ll use the mathematical identity as follows: [image: image].

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x,y,z;

cin>>x;

cin>>y;

cin>>z;

if(x==y && y==z)

cout<<"YES";

else

cout<<"NO";

return 0;

}

29.  Determine if three integer numbers x, y, and z are distinct. "YES" will be displayed if they are distinct, and "NO" will be displayed otherwise.

Solution: Negating the condition from problem 28, with the addition of checking the first with the third number.

Implementation:

int main()

{

int x,y,z;

cin>>x>>y>>z;

if(x!=y && y!=z && x!=z)

cout<<"YES";

else

cout<<"NO”;

return 0;

}

30.  Write a program that reads three numerical values a, b, c from the keyboard and then displays on the screen the largest difference between any two values.

Example: a=100, b=15, c=105. The output will be 90.

Implementation:

#include <iostream>

#include <cmath>

using namespace std;

int main()

{

int a,b,c,max1,max2;

cin>>a>>b>>c;

int x,y,z;

x = abs(a-b); //abs difference a & b

y = abs(b-c); // abs difference c & b

z = abs(a-c); // abs difference a & c

if(x>y)

max1=x;

else

max1=y;

if(max1>z)

max2=max1;

else

max2=z;

cout<<"The largest difference is: "<<max2;

return 0;

}

31.  A natural number x with exactly 3 digits is read. Generate the largest number that has the same digits as x.

Example: x=192. The output will be 921.

x=244. The output will be 422.

Implementation:

int main()

{

int x,x1,x2,x3,max1,max2;

cout<<"x=";

cin>>x;

//save its digits

x1=x%10;

x2=x/10%10;

x3=x/100%10;

if(x1<x2)

{

if(x3<x1)

cout<<x2<<x1<<x3;

else if((x3>x1) && (x3<x2))

cout<<x2<<x3<<x1;

else

cout<<x3<<x2<<x1;

}

else

{

if(x3<x2)

cout<<x1<<x2<<x3;

else 

if((x3>x2)&&(x3<x1))

cout<<x1<<x3<<x2;

else 

cout<<x3<<x1<<x2;

}

return 0;

}

32.  A natural number x with exactly 3 digits is read. Generate the smallest number that has the same digits as x.

Example: x=192. The output will be 129.

x=242. The output will be 224.

x=801. The output will be 108.

Implementation:

int main()

{

int x,x1,x2,x3,max1,max2;

cout<<"x=";

cin>>x;

//save its digits

x1=x%10;

x2=x/10%10;

x3=x/100%10;

if(x1<x2)

{

if(x3<=x1)

cout<<x3<<x1<<x2;

else

if((x3>=x1) && (x3<=x2))

cout<<x1<<x3<<x2;

else

cout<<x1<<x2<<x3;

}

else

{

if(x3<=x2)

cout<<x3<<x2<<x1;

else

if((x3>=x2) && (x3<=x1))

cout<<x2<<x3<<x1;

else 

cout<<x2<<x1<<x3;

}

return 0;

}

33.  Two numbers x and y, each with exactly 4 digits, are read. Display the number that has the greater sum of its digits.

Example: x=1902 and y=8001. The output will be 1902.

Implementation:

int main()

{

int x,y;

int sx,sy;

cout<<"Dati valoarea lui x ";cin>>x;

cout<<"Dati valoarea lui y ";cin>>y;

//Sum up each digits for x and y

sx=x%10+x/10%10+x/100%10+x/1000%10;

sy=y%10+y/10%10+y/100%10+y/1000%10;

//Check the sums

if(sx==sy)

cout<<"The numbers have an equal sum of digits!";

else

if(sx<sy)

cout<<x<<" has the sum of digits less than "<<y;

else

cout<<x<<" has the sum of digits greater than "<<y;

return 0;

}

34.  Four non-zero integer numbers are read: a, b, c, and d, representing the numerators and denominators of two fractions, [image: image] Display the fraction with the greater value.

Example: a=2, b=3, c=4, d=5. The output will be: 4/5.

Implementation:

int main()

{

int a,b,c,d;

cout<<"a=";cin>>a;

cout<<"b=";cin>>b;

cout<<"c=";cin>>c;

cout<<"d=";cin>>d;

if(a*d == b*c)

cout<<"Equal fractions ";

else

if(a*d<b*c)

cout<<c<<"/"<<d;

else 

cout<<a<<"/"<<b;

return 0;

}

35.  Determine whether 3 numbers x, y, z read from the keyboard are Pythagorean (a squared value is equal to the sum of the squares of the other two values). Display "YES" or "NO".

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x,y,z;

cin>>x;

cin>>y;

cin>>z;

if((x*x==y*y+z*z) ||  (y*y==x*x+z*z) || (z*z==x*x+y*y))

cout<<"YES";

else

cout<<"NO";

return 0;

}

36.  Determine whether 3 natural numbers read from the keyboard can represent a calendar date (in the format: day, month, year).

Implementation:

int main()

{

int zi,luna, an;

cout<<"a day (>=1 si <=31) ";cin>>zi;

cout<<"a month (>=1 si <= 12) ";cin>>luna;

cout<<"a year (>=1000 si <9999) ";cin>>an;

if((zi>=1 && zi<=31) && (luna>=1 && luna<=12) && (an>=1000 && an<=9999))

cout<<"Date is correct!";

else

cout<<"Date is not correct. Try again!";

return 0;

}

37.  Three integer numbers x, y, z are read. Display the numbers in ascending order.

Solution: Apply the solution from problem 32.

Implementation:

int main()

{

int x,y,z;

cin>>x>>y>>z;

if(x<y)

{

if(z<x)

cout<<z<<" "<<x<<" "<<y;

else

if((z>x) && (z<y))

cout<<x<<" "<<z<<" "<<y;

else cout<<x<<" "<<y<<" "<<z;

}

else

{

if(z<y)

cout<<z<<" "<<y<<" "<<x;

else

if((z>y) && (z<x))

cout<<y<<" "<<z<<" "<<x;

else cout<<y<<" "<<x<<" "<<z;

}

return 0;

}

38.  Four integer numbers x, y, z, w are read. Determine if they can form a set. Display a message.

Solution: A set is formed by distinct elements.

Implementation:

int main()

{

int x,y,z,w;

cout<<"x=";cin>>x;

cout<<"y=";cin>>y;

cout<<"z=";cin>>z;

cout<<"w=";cin>>w;

if(x == y || 

x == z || 

x == w || 

y == z || 

y == w || 

z == w)

cout<<"NO";

else

cout<<"YES";

return 0;

}

39.  Four integer numbers x, y, z, w are read. Determine if they can form a proportion. Display a message.

Solution: Two fractions [image: image]

Implementation:

int main()

{

int x,y,z,w;

cin>>x>>y>>z>>w;

if(x*w == y*z)

cout<<"YES";

else

cout<<"NO";

return 0;

}
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2.2 Divisibility Problems
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40.  Check whether an integer number x read from the keyboard is even or odd. Display a message.

Implementation:

int main()

{

int x;

cout<<"x=";

cin>>x;

if(x%2==0)

cout<<"Even number";

else

cout<<"Odd number";

return 0;

}

41.  Determine whether an integer number x is a multiple of another integer number y, both read from the keyboard. Display a message.

Implementation:

int main()

{

int x,y;

cout<<"x=";cin>>x;

cout<<"y=";cin>>y;

if(y%x==0)

cout<<x<<" is a multiple of "<<y;

else

cout<<"It’s not multiple";

return 0;

}

42.  Determine whether x is a multiple of the numbers a, b, c.

Implementation:

int main()

{

int x,a,b,c;

cin>>x>>a>>b>>c;

if(x%a==0 && x%b==0 && x%c==0)

cout<<x<<" is multiple of "<<a<<","<<b<<","<<c;

else

cout<<"It’s not multiple";

return 0;

}

43.  Determine whether x is a divisor of the numbers a, b, c.

Implementation:

int main()

{

int x,a,b,c;

cin>>x>>a>>b>>c;

if(a%x==0 && b%x==0 && c%x==0)

cout<<x<<" is divisor of "<<a<<","<<b<<","<<c;

else

cout<<"Not a multiple";

return 0;

}

44.  Two non-zero integers a and b are read, representing the numerator and denominator of a fraction [image: image], respectively, and a non-zero natural number k is given. Determine whether the fraction [image: image] simplifies by k. If so, display the fraction obtained after simplification; otherwise, display the message 'NO'.

Example. a=24, b=40, k=8. Output: 3/5.

a=24, b=40, k=5. Output: NO.

Implementation:

int main()

{

int a,b,k;

cout<<"a=";cin>>a;

cout<<"b=";cin>>b;

cout<<"k=";cin>>k;

if(a%k==0 && b%k==0)

cout<<a/k<<"/"<<b/k;

else

cout<<"NO";

return 0;

}
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2.3 Determining the last digit of a power: xy
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45.  Determine the last digit of 9x, where x is a natural number read from the keyboard.

Solution:

91 = 9

92 = 81

93 = 729

94 = ...1

It can be observed that the last digit of powers of 9 repeats every 2 times, as follows: odd powers have the last digit 9, while even powers have the last digit 1.

Implementation:

int main()

{

int x;

cout<<"Exponent, x=";

cin>>x;

if(x%2==0)

cout<<"Last digit of 9"<<"^"<<x<<" is "<<1;

else

cout<<"Last digit of 9"<<"^"<<x<<" este "<<9;

return 0;

}

46.  Determine the last digit of 2x, where x is a natural number read from the keyboard.

Solution:

21 = 2

22 = 4

23 = 8

24 = 16

25 = 32

26 = 64

.........

It can be observed that the last digit of powers of 2 repeats every 4 times.

Implementation:

int main()

{

int x;

cout<<"Power, x=";

cin>>x;

if(x==0)

cout<<1;

else if(x%4==0)

cout<<6;

else if(x%4==1)

cout<<2;

else if(x%4==2)

cout<<4;

else if(x%4==3)

cout<<8;

return 0;

}

47.  Determine the last digit of xy, where x and y are natural numbers read from the keyboard.

Solution:

Method 1: We calculate the value of xy using the "pow" function, and then extract the last digit using the modulo operator. This method can cause errors for large values of x and y.

Method 2: We find the last digit of x and calculate the value of the last digit raised to the power y modulo 10.

Implementation:

#include <iostream>

#include <bits/stdc++.h>

using namespace std;

int main()

{

int x,y;

cin>>x>>y;

//Method 1

int power = pow(x,y);

cout<<power%10<<endl;

//Method 2 

power=1;

int i;

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

power = (power*x)%10;

cout<<power;

return 0;

}

48.  Determine the last digit of the expression 9x + 4y, where x and y are natural numbers read from the keyboard.

Solution: According to problem 45, we know that the powers of 9 repeat every 2 powers.

41 = 4

42 = 16

43 = 64

44 = 256

45 = 1024

Therefore, the powers of 4 also repeat every 2 powers.

Implementation:

int main()

{

int x,y;

cout<<"Exponent, x=";cin>>x;

cout<<"Exponent, y=";cin>>y;

if(x%2==0 && y%2==0)

cout<<7;//1 from 9^x and 6 from 4^y

else if(x%2==1 && y%2==1)

cout<<3;//9 from 9^x and 4 from 4^y => 13%10 => 3

else if(x%2==0 && y%2==1)

cout<<5;//1 from 9^x and 4 from 4^y

else if(x%2==1 && y%2==0)

cout<<5;//1 from 9^x and 4 from 4^y

return 0;

}

49.  Determine the last digit of the expression 7x * 8y, where x and y are natural numbers read from the keyboard.

Solution:

71 = 7   81 = 8

72 = 49    82 = 64

73 = 343  83 = 512

74 = 2401  84 = 4096

75 = 16807  85 = 32768

We observe that the powers of both numbers repeat every 4 powers.

Implementation:

int main()

{

int x,y,ux,uy;

cout<<"Exponent, x=";cin>>x;

cout<<"Exponent, y=";cin>>y;

//save last digit of 7^x

if(x%4==1)

ux = 7;

else if(x%4==2)

ux = 9;

else if(x%4==3)

ux = 3;

else if(x%4==0)

ux = 1;

//save last digit of 8^y

if(y%4==1)

uy = 8;

else if(y%4==2)

uy = 4;

else if(y%4==3)

uy = 2;

else if(y%4==0)

uy = 6;

cout<<(ux*uy)%10;

return 0;

}
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2.4 Geometry Problems
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50.  Determine whether the point P(x1, y1) belongs to the interior of the segment [AB], where A(x2, y2) and B(x3, y3) are given points, the six real values: x1, x2, x3, y1, y2, y3 are read from the keyboard.

Solution: One approach involves checking if AP + PB = AB.

Implementation:

int main()

{

float x1,y1,x2,y2,x3,y3;

cout<<"x1=";cin>>x1;

cout<<"y1=";cin>>y1;

cout<<"x2=";cin>>x2;

cout<<"y2=";cin>>y2;

cout<<"x3=";cin>>x3;

cout<<"y3=";cin>>y3;

float AB,AP,PB;

AB = sqrt((x2-x3)*

(x2-x3) + (y2-  y3)*(y2-y3));

AP = sqrt((x1-x2)*

(x1-x2) + (y1-y2)*(y1-y2));

PB = sqrt((x1-x3)*(x1-x3) + (y1-y3)*(y1-y3));

if(AP + PB == AB)

cout<<"P("<<x1<<","<<y1<<") does belong to the interior of AB";

else

cout<<"It does not belong";

return 0;

}

51.  Determine in which quadrant the point P(x, y) is located, where x and y are read from the keyboard.

[image: image]Solution: 

––––––––
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Implementation:

int main()

{

float x,y;

cin>>x>>y;

if(x>0 && y>0)

cout<<"Quadrant I.";

else if(x<0 && y>0)

cout<<"Quadrant II.";

else if(x<0 && y<0)

cout<<"Quadrant III.";

else if(x>0 && y<0)

cout<<"Quadrant IV.";

return 0;

}

52.  Three real numbers a, b, c are read. Determine if they can represent the lengths of the sides of a triangle. If affirmative, display the type of triangle (scalene, isosceles, or equilateral).

Solution: In mathematics, to determine if three numbers represent the sides of a triangle, the following formulas are used: a+b > c or a+c > b or b+c > a.

Implementation:

#include <iostream>

using namespace std;

int main()

{

float a,b,c;

cout<<"a=";cin>>a;

cout<<"b=";cin>>b;

cout<<"c=";cin>>c;

if(a+b>c && a+c>b && b+c>a)

{

cout<<a<<","<<b<<","<<c<<" can be the lengths of the sides of a triangle."<<endl;

if(a==b && b==c)

cout<<"Equilateral triangle "<<endl;

else if(a*a == b*b + c*c || b*b == a*a + c*c || c*c == a*a + b*b)

cout<<"Right-angled triangle."<<endl;

else if(a==b || a==c || b==c)

cout<<"Isosceles triangle."<<endl;

else if(a!=b && b!=c)

cout<<"Scalene triangle."<<endl;

}

else

cout<<"The numbers "<<a<<","<<b<<","<<c<<" cannot be the lengths of the sides of a triangle."<<endl;

return 0;

}

53.  Cartesian coordinates x and y of the three vertices of a triangle are read from the keyboard. Write an algorithm that checks whether these can form the vertices of a triangle. If affirmative, display the type of triangle (scalene, isosceles, or equilateral). Note: If the three points are collinear, they cannot form a triangle.

Implementation:

#include <iostream>

#include <cmath>

using namespace std;

int main()

{

//declare the coordinates

int x1, y1, x2, y2, x3, y3;

cin >> x1 >> y1;

cin >> x2 >> y2;

cin >> x3 >> y3;

double a,b,c;

a = sqrt((x1-x2)*(x1-x2) + (y1-y2)*(y1-y2));

b = sqrt((x1-x3)*(x1-x3) + (y1-y3)*(y1-y3));

c = sqrt((x3-x2)*(x3-x2) + (y3-y2)*(y3-y2));

if(a+b>c && a+c>b && b+c>a)

{

cout<<"The vertices determine a triangle."<<endl;

if(a!=b && b!=c && a!=c)

cout<<"Scalene triangle.";

else if(a==b || b==c || a==c)

cout<<"Isosceles triangle.";

else if(a*a == b*b + c*c || b*b == a*a + c*c || c*c == a*a + b*b)

cout<<"Right-angled triangle.";

}

else

cout<<"The vertices do not form a triangle.";

return 0;

}

54.  Determine whether the point P(x1, y1) belongs to the line determined by the points A(x2, y2) and B(x3, y3). The six values are read from the keyboard.

Implementation:

#include <iostream>

#include <cmath>

using namespace std;

int main()

{

//declare and read coordinates

float x1, y1, x2, y2, x3, y3;

cout << "P: ";

cin >> x1 >> y1;

cout << "A: ";

cin >> x2 >> y2;

cout << "B: ";

cin >> x3 >> y3;

// calculate the slope of the line determined by points A and B.

float panta;

panta = (y3-y2)/(x3-x2);

//display the equation

cout<<"Equation of AB: y+"<<y2<<"="<<panta<<"*(x-"<<x2<<")"<<endl;

//Check if P belongs to AB

if(y1+y2 == panta*(x1+x2))

cout<<"P("<<x1<<","<<y1<<" belong to the interior of AB.";

else

cout<<"The points does not belong.";

return 0;

}

55.   Determine whether two lines, d1 and d2, determined by points A(x1, y1) and B(x2, y2), respectively C(x3, y3) and D(x4, y4), intersect. The eight values are read from the keyboard. Display YES or NO.

Solution: In mathematics, given two lines, d1 and d2. They do not intersect if and only if the two lines have equal slopes, and the two lines are not coincident.

Implementation:

int main() 

{ 

float x1, y1, x2, y2, x3, y3, x4, y4; 

cout << "A: ";cin >> x1 >> y1; 

cout << "B: ";cin >> x2 >> y2; 

cout << "C: ";cin >> x3 >> y3; 

cout << "D: ";cin >> x4 >> y4; 

//calculate the slopes for both lines 

float m1,m2,b1,b2; 

m1 = (y2-y1)/(x2-x1); 

m2 = (y4-y3)/(x4-x3); 

//check if the slopes are equal and the lines are different 

b1 = m1 * x1 

b2 = m2 * x3 

if(m1 == m2 && b1 != b2) 

cout<<"NO"; 

else 

cout<<"YES"; 

return 0; 

}

56.  Determine the relationship of point A(x1, y1) with circle C, centered at O(x2, y2), with radius R. The five values are read from the keyboard. Display whether the point is inside, outside, or on the circle.

Solution: A point M0(x0, y0) belongs to the circle C(O, R), where O(a, b), if and only if it satisfies the relationship: [image: image]. If the result of the left-hand side is smaller than the square of the radius, then point M0 is inside the circle. If the result is greater than the square of the radius, then point M0 is outside the circle.

Implementation:

int main() 

{ 

float x1, y1, x2, y2, R; 

cout << "A: ";cin >> x1 >> y1; 

cout << "C: ";cin >> x2 >> y2; 

cout << "R: ";cin >> R; 

float result = (x1-x2) * (x1-x2) + (y1-y2)*(y1-y2); 

if(result == R*R) 

cout<<"A("<<x1<<","<<y1<<") is on the circle."; 

else if(rezultat < R*R) 

cout<<"A("<<x1<<","<<y1<<") is inside of the circle."; 

else if(rezultat > R*R) 

cout<<"A("<<x1<<","<<y1<<") is outside of the circle."; 

return 0; 

}

57.  Determine the relationship between the circles: C1 with center O1(x1, y1) and radius R1, and C2 with center O2(x2, y2) and radius R2. The six values are read from the keyboard. Display whether the circles are inner, outer, tangent, or intersecting.

Solution: To determine the relative position of the two circles, we need to calculate the distance between their centers, denoted as d.

If:

	d = 0 and R1 ≠ R2, then the circles are concentric.

	d = 0 and R1 = R2, then the circles are identical.

	R1 = d + R2 or R2 = d + R1, then the circles are internally tangent.

	d > R1 + R2, then the circles are disjoint (externally tangent or disjoint).

	One circle is inside the other if R1 > d + R2.

	d < R1 + R2 and R1 < d + R2 and R2 < d + R1, then the circles are intersecting.


Implementation:

int main() 

{ 

int x1,y1,R1,x2,y2,R2; 

float d; 

cout<<"1st circle:";cin>>x1>>y1>>R1; 

cout<<"2nd circle:";cin>>x2>>y2>>R2; 

d = sqrt((x1-x2) * (x1-x2) + (y1-y2) * (y1-y2)); 

if(d==0 && R1 != R2) 

cout<<"Circles are concentric"; 

else if(d==0 && R1==R2) 

cout<<"Circles are identical"; 

else if(R1 == d + R2 || R2 == d + R1) 

cout<<"Circles are internally tangent"; 

else if(d > R1 + R2) 

cout<<"Circles are externally tangent/disjoint"; 

else if(R1 > d + R2) 

cout<<"Cercuri interioare"; 

else if(d < R1 + R2 && R1 < d + R2 && R2 < d + R1) 

cout<<"Circles are intersecting"; 

return 0; 

}

58.  Determine whether 4 points can form a square. The coordinates in the plane of the 4 points are read from the keyboard.

Solution: A square represents a rectangle with 2 consecutive congruent sides (and congruent diagonals).

Implementation:

int main() 

{ 

int x1,y1,x2,y2,x3,y3,x4,y4; 

float l1,l2,l3,l4,d1,d2; 

cin>>x1>>y1; 

cin>>x2>>y2; 

cin>>x3>>y3; 

cin>>x4>>y4; 

l1 = sqrt((x1-x2) * (x1-x2) + (y1-y2) * (y1-y2)); 

l2 = sqrt((x3-x2) * (x3-x2) + (y3-y2) * (y3-y2)); 

l3 = sqrt((x3-x4) * (x3-x4) + (y3-y4) * (y3-y4)); 

l4 = sqrt((x1-x4) * (x1-x4) + (y1-y4) * (y1-y4));

d1 = sqrt((x1-x3) * (x1-x3) + (y1-y3) * (y1-y3)); 

d2 = sqrt((x2-x4) * (x2-x4) + (y2-y4) * (y2-y4)); 

if(l1 == l2 && l2 == l3 && l3 == l4 && l4 == l1 && d1 == d2) 

cout<<"It’s a square"; 

else 

cout<<"It’s not a square"; 

return 0; 

}

59.  The Cartesian coordinates of three non-collinear points A, B, and C are read, as well as the coordinates of a point M. Determine the relative position of point M with respect to the triangle: inside the triangle, outside the triangle, on one of the sides, or on one of the vertices.

Solution: If point M belongs to the interior of the triangle, then the sum of the areas determined by the triangles that share the common point M is equal to the area of triangle ABC.

Implementation:

#include <iostream> 

#include <cmath> 

using namespace std; 

float area(int x1, int y1, int x2, int y2, int x3, int y3) 

{ 

return abs((x1 * (y2 - y3) + x2 * (y3 - y1) + x3 * (y1 - y2)) / 2.0); 

}

float distance(int x1, int y1, int x2, int y2) 

{ 

return sqrt((x1 - x2) * (x1 - x2) + (y1 - y2) * (y1 - y2)); 

}

int main() 

{ 

int x1, y1, x2, y2, x3, y3, x, y; 

float A1, A2, A3, At; 

float AM, MB, MC, AB, AC, BC; 

cout << "Coordinates of the first point:"; cin >> x1 >> y1; 

cout << "Coordinates of the second point:"; cin >> x2 >> y2; 

cout << "Coordinates of the third point:"; cin >> x3 >> y3; 

cout << "Coordinates of the fourth point:"; cin >> x >> y; 

// Calculate the lengths of the triangle sides and the sides that can contain point M 

AB = distance(x1, y1, x2, y2); 

AC = distance(x1, y1, x3, y3); 

BC = distance(x2, y2, x3, y3); 

AM = distance(x1, y1, x, y); 

MB = distance(x, y, x2, y2); 

MC = distance(x, y, x2, y2); 

// Area of triangle MBC 

A1 = area(x, y, x2, y2, x3, y3); 

// Area of triangle MAC 

A2 = area(x1, y1, x, y, x3, y3); 

// Area of triangle MAB 

A3 = area(x1, y1, x2, y2, x, y); 

// Area of triangle ABC 

At = area(x1, y1, x2, y2, x3, y3); 

// Check conditions: 

if (A1 + A2 + A3 == At) 

cout << "The point is inside the triangle."; 

if (A1 + A2 + A3 != At) 

cout << "The point is outside the triangle."; 

if ((x == x1 && y == y1) || (x == x2 && y == y2) || (x == x3 && y == y3)) 

cout << "The point belongs to one of the vertices."; 

if (AM + MB == AB) 

cout << "The point lies on line AB."; 

if (MB + MC == BC) 

cout << "The point lies on line BC."; 

if (AM + MC == AC) 

cout << "The point lies on line AC."; 

return 0; 

}

60.  The coordinates of four points A, B, C, and D in a plane are read. Determine whether ABCD is a parallelogram.

Implementation:

#include <iostream> 

#include <cmath> 

using namespace std; 

float distance(int x1, int y1, int x2, int y2) 

{ 

return sqrt((x1 - x2) * (x1 - x2) + (y1 - y2) * (y1 - y2)); 

} 

int main() 

{ 

int x1, y1, x2, y2, x3, y3, x4, y4; 

cout << "Coordinates of the first point:"; cin >> x1 >> y1; 

cout << "Coordinates of the second point:"; cin >> x2 >> y2; 

cout << "Coordinates of the third point:"; cin >> x3 >> y3; 

cout << "Coordinates of the fourth point:"; cin >> x4 >> y4; 

// Check if the lengths of sides AB are equal to CD and BC are equal to AD

if ((distance(x1, y1, x2, y2) == distance(x3, y3, x4, y4)) && 

(distance(x2, y2, x3, y3) == distance(x1, y1, x4, y4)) && 

(distance(x1, y1, x3, y3) != distance(x2, y2, x4, y4))) 

{ 

cout << "It is a parallelogram"; 

} 

else 

{ 

cout << "It is not a parallelogram"; 

} 

return 0; 

}

61.   The coordinates of four points A, B, C, and D in a plane are read. Determine whether ABCD is a rectangle.

Solution: A rectangle is a parallelogram with congruent diagonals. Additionally, to the previous problem, we will check if the two diagonals are congruent.

Implementation:

#include <iostream> 

#include <cmath> 

using namespace std; 

float distance(int x1, int y1, int x2, int y2) 

{ 

return sqrt((x1 - x2) * (x1 - x2) + (y1 - y2) * (y1 - y2)); 

} 

int main() 

{ 

int x1, y1, x2, y2, x3, y3, x4, y4; 

cout << "Coordinates of the first point:"; cin >> x1 >> y1; 

cout << "Coordinates of the second point:"; cin >> x2 >> y2; 

cout << "Coordinates of the third point:"; cin >> x3 >> y3; 

cout << "Coordinates of the fourth point:"; cin >> x4 >> y4; 

// Check if the lengths of sides AB are equal to CD, BC is equal to AD, and diagonals AC and BD are congruent 

if ((distance(x1, y1, x2, y2) == distance(x3, y3, x4, y4)) && 

(distance(x2, y2, x3, y3) == distance(x1, y1, x4, y4)) && 

(distance(x1, y1, x3, y3) == distance(x2, y2, x4, y4))) 

{ 

cout << "It is a rectangle"; 

} 

else 

{ 

cout << "It is not a rectangle"; 

} 

return 0; 

}

62.  The coordinates of four points A, B, C, and D in a plane are read. Determine whether ABCD is a rhombus.

Solution: Refer to problem 58. We check if all four sides are congruent, while the diagonals are not congruent.

Implementation:

#include <iostream> 

#include <cmath> 

using namespace std; 

int main() 

{ 

int x1, y1, x2, y2, x3, y3, x4, y4; 

float l1, l2, l3, l4, d1, d2; 

cout << "Coordinates of the first point:"; cin >> x1 >> y1; 

cout << "Coordinates of the second point:"; cin >> x2 >> y2; 

cout << "Coordinates of the third point:"; cin >> x3 >> y3; 

cout << "Coordinates of the fourth point:"; cin >> x4 >> y4; 

l1 = sqrt((x1 - x2) * (x1 - x2) + (y1 - y2) * (y1 - y2)); 

l2 = sqrt((x3 - x2) * (x3 - x2) + (y3 - y2) * (y3 - y2)); 

l3 = sqrt((x3 - x4) * (x3 - x4) + (y3 - y4) * (y3 - y4)); 

l4 = sqrt((x1 - x4) * (x1 - x4) + (y1 - y4) * (y1 - y4)); 

d1 = sqrt((x1 - x3) * (x1 - x3) + (y1 - y3) * (y1 - y3)); 

d2 = sqrt((x2 - x4) * (x2 - x4) + (y2 - y4) * (y2 - y4)); 

if (l1 == l2 && l2 == l3 && l3 == l4 && l4 == l1 && d1 != d2) 

cout << "It is a rhombus"; 

else 

cout << "It is not a rhombus"; 

return 0; 

}

––––––––
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63.  The coordinates of four points A, B, C, and D in a plane are read. Determine whether ABCD is a trapezoid.

Implementation:

int main()

{

int x1, y1, x2, y2, x3, y3, x4, y4;

cout << "Coordinates of the first point:"; cin >> x1 >> y1;

cout << "Coordinates of the second point:"; cin >> x2 >> y2;

cout << "Coordinates of the third point:"; cin >> x3 >> y3;

cout << "Coordinates of the fourth point:"; cin >> x4 >> y4;

// Check if the slopes of the sides are parallel and non-parallel

float mAB, mBC, mCD, mAD;

mAB = static_cast<float>(y2 - y1) / (x2 - x1);

mBC = static_cast<float>(y3 - y2) / (x3 - x2);

mCD = static_cast<float>(y4 - y3) / (x4 - x3);

mAD = static_cast<float>(y4 - y1) / (x4 - x1);

if (mAB == mCD && mBC != mAD)

cout << "It is a trapezoid";

else

cout << "It is not a trapezoid";

return 0;

}

	[image: ]
	 	[image: ]


[image: ]

2.5 Calculating the values of expressions
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64.  Determine the value of the sum S = 1 – 2 + 3 – 4 + 5 – 6 + 7 – 8 + ... ± n, for a natural number n read from the keyboard.

Solution: A simple approach to solving the problem is to find the general term of the series and then calculate the sum up to the n-th term. Calculating the sum using the formula will reduce the execution time to O(1).  

sum(1) = 1

sum(2) = 1 - 2 = -1

sum(3) = 1 - 2 + 3 = 2

sum(4) = 1 - 2 + 3 - 4 = -2

sum(5) = 1 - 2 + 3 - 4 + 5 = 3

sum(6) = 1 - 2 + 3 - 4 + 5 - 6 = -3

sum(7) = 1 - 2 + 3 - 4 + 5 - 6 + 7 = 4

sum(8) = 1 - 2 + 3 - 4 + 5 - 6 + 7 - 8 = -4

From here, we can deduce that the sum can be written in the following pattern:

[image: image]

Implementation:

#include <iostream>

using namespace std;

int main()

{

int n;

cout<<"n=";cin>>n;

if(n%2==0)

cout<<(-1)*(n/2);

else

cout<<(n+1)/2;

return 0;

}

65.   Determine the last digit of the product 1 * 2 * 3 * ... * n, for n read from the keyboard.

Solution: The last digit of a product of natural numbers is equal to the last digit of the product of the last digits of the factors in the product.

Last digit (1 * 2) = 2

Last digit (1 * 2 * 3) = 6

Last digit (1 * 2 * 3 * 4) = 4

Last digit (1 * 2 * 3 * 4 * 5) = 0

Last digit (1 * 2 * 3 * 4 * 5 * 6) = 0

...

This pattern continues for higher values of n.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int n;

cout << "n="; cin >> n;

if (n == 1)

cout << "The last digit is 1";

else if (n == 2)

cout << "The last digit is 2";

else if (n == 3)

cout << "The last digit is 6";

else if (n == 4)

cout << "The last digit is 4";

else if (n >= 5)

cout << "The last digit is 0";

return 0;

}

66.  Determine the value of the following function for x, a real number read from the keyboard:

[image: image]

Implementation:

#include <iostream>

using namespace std;

int main()

{

double x;

cout<<"x=";cin>>x;

if(x<=2)

cout<<5*x*x+1;

else if(x>2 && x<3)

cout<<x-1;

else if(x>=3)

cout<<x*x-4*x+5;

return 0;

}

67.  Determine the value of the following function for x, a real number read from the keyboard:

[image: image]
Implementation:

#include <iostream>

using namespace std;

int main()

{

double x;

cout<<"x=";cin>>x;

if(x<=1)

cout<<x*x+1;

else if(x>1 && x<5)

cout<<x-1;

else if(x>=5)

cout<<x*x-x+5;

return 0;

}
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2.6 Solving equations
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68.  Solve the first-degree equation with one unknown: ax+b=0, where a and b are real coefficients read from the keyboard. Consider all possible situations.

Solution:

[image: image]
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[image: image]
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Implementation:

#include <iostream>

using namespace std;

int main()

{

float a, b, x;

cout << "a="; cin >> a;

cout << "b="; cin >> b;

if (a != 0)

{

if (b != 0)

cout << "x=" << -b/a;

else

cout << "An infinite number of solutions";

}

if (a == 0)

{

if (b == 0)

cout << 0;

else

cout << "Empty set";

}

return 0;

}

69.  Solve the second-degree equation with two unknowns: ax2+bc+c = 0, where a,b and c are real coefficients read from the keyboard. Consider all possible situations.

Implementation:

#include <iostream>

#include <cmath>

using namespace std;

int main()

{

float a, b, c, delta, x1, x2;

cout << "a="; cin >> a;

cout << "b="; cin >> b;

cout << "c="; cin >> c;

if (a != 0 && b != 0)

delta = b * b - 4 * a * c;

else if (a == 0 && b == 0)

cout << "Empty set";

else if (a == 0 && b == 0 && c == 0)

cout << "The equation has an infinite number of solutions!";

if (a == 0)

{

if (c != 0)

{

x1 = -b / c;

cout << "x=" << x1;

}

else 

cout << "The equation has no solutions!";

}

else if (b == 0)

{

if (-c / a >= 0 && c != 0)

{

x1 = sqrt(-c / a);

cout << "x=" << x1;

}

else if (c == 0)

{

cout << "x=0";

}

else 

cout << "The equation has no solutions!";

}

if (delta > 0)

{

x1 = (-b + sqrt(delta)) / (2 * a);

x2 = (-b - sqrt(delta)) / (2 * a);

cout << "x1=" << x1;

cout << "x2=" << x2;

}

else if (delta == 0)

{

x1 = -b / (2 * a);

cout << "The unique solution is:" << x1;

}

70.  Solve the following system of equations: 
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where a,b,c,d,e,f are non-zero real numbers read from the  keyboard.

Implementation:

#include <iostream>

#include <cmath>

using namespace std;

int main()

{

float a, b, c, d, e, f, ds, dx, dy, x, y;

cout << "a="; cin >> a;

cout << "b="; cin >> b;

cout << "c="; cin >> c;

cout << "d="; cin >> d;

cout << "e="; cin >> e;

cout << "f="; cin >> f;

ds = (a * e - b * d);

dx = (e * c - b * f);

dy = (a * f - d * c);

if (ds == 0) 

{

if (dx == 0) 

cout << "Undetermined system."; 

else 

cout << "Incompatible system.";

}

else

{ 

x = dx / ds; 

y = dy / ds; 

cout << "x=" << x << endl; 

cout << "y=" << y; 

}

return 0;

}

2.7 Intervals

71.  Determine whether the value of x belongs to the interval [a, b], where x, a, and b are real numbers read from the keyboard. Display YES or NO.

Implementation:

#include <iostream>

using namespace std;

int main()

{

float a, b, x;

cout << "a="; cin >> a;

cout << "b="; cin >> b;

cout << "x="; cin >> x;

if (a <= x && x <= b)

cout << "YES";

else

cout << "NO";

return 0;

}

72.  Four real numbers a, b, c, d are read, representing the endpoints of two intervals of real numbers [a, b] and [c, d], respectively. Determine whether these two intervals intersect. If they do, display the intersection interval; otherwise, display "NO."

Implementation:

#include <iostream>

using namespace std;

int main()

{

float a, b, c, d, max_val, min_val;

cout << "a="; cin >> a;

cout << "b="; cin >> b;

cout << "c="; cin >> c;

cout << "d="; cin >> d;

max_val = a;

min_val = b;

if (c > max_val)

max_val = c;

if (d < min_val)

min_val = d;

if (max_val <= min_val)

cout << "The intersection is the interval [" << max_val << "," << min_val << "]";

else

cout << "The intersection is the empty set";

return 0;

}

73.  Six real numbers a, b, c, d, e, f are read, representing the endpoints of three intervals of real numbers [a, b], [c, d], and [e, f], respectively. Determine whether these three intervals intersect. If they do, display the intersection interval; otherwise, display “Empty set”.

Implementation:

int main()

{

float a, b, c, d, e, f, max_val, min_val;

cout << "a="; cin >> a;

cout << "b="; cin >> b;

cout << "c="; cin >> c;

cout << "d="; cin >> d;

cout << "e="; cin >> e;

cout << "f="; cin >> f;

max_val = a;

if (c > max_val)

max_val = c;

if (e > max_val)

max_val = e;

min_val = b;

if (d < min_val)

min_val = d;

if (f < min_val)

min_val = f;

if (max_val <= min_val)

cout << "The intersection is the interval [" << max_val << "," << min_val << "]";

else

cout << "Empty set";

return 0;

}
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Chapter 3 – Repetitive Structure
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3.1 Processing the Digits of a Number

3.2 Greatest Common Divisor. Least Common Multiple. Prime Factorization

3.3 Divisors of a Number. Checking for Prime Number Property

3.4 Processing Numbers in the Interval [a, b]

3.5 Processing n Integer Numbers Read from the Keyboard

3.6 Generating the First n Numbers That Satisfy a Given Condition

3.7 Generating the First n Pairs of Numbers (a, b) That Satisfy a Given Condition

3.8 Generating the Nearest Number x to a Given n (Number x Satisfies a Given   Condition)

3.9 Decomposing a Number into a Sum/Product of Two or More Terms That Satisfy a   Condition

3.10 Fibonacci Sequence

3.11 Evaluating Expressions

3.12 Pattern Display Problems

The repetitive structure is a set of instructions that repeats until a condition is no longer satisfied. The repetitive structure can be:

	Repetitive structure with initial test;

	Repetitive structure with final test;

	Repetitive structure with a known number of steps (or repetitive structure with a counter)


The repetitive structure with an initial test has the specificity of checking a condition before executing the first cycle of instructions. The general form of the repetitive structure with an initial test is:

[image: image]
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[image: image]In the C++ programming language, the repetitive structure with an initial test is structured as follows:

The repetitive structure with a final test executes the set of instructions within the structure once and then checks the validity of the condition. We can say that the repetitive structure with a final test is the opposite of the repetitive structure with an initial test.

The general form of the repetitive structure with a final test is:

––––––––
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[image: image]In the C++ programming language, the repetitive structure with an initial test is structured as follows:

The repetitive structure with a known number of steps (or the repetitive structure with a counter) executes a set of instructions a fixed number of times. For example, to determine the number of digits in a number, we don't know the number of steps in advance, but for finding the sum of the first n natural numbers, we know the number of steps: n. A repetitive structure with a known number of steps requires 3 parameters: the counter variable (usually denoted as i), the loop termination condition, and the increment or decrement step of the counter variable.

The general form of such a structure is:

[image: image]

execute ...

In C++, the structure with a known number of steps is the "for" loop. It is structured as follows:

for(int i = a; i <= n; i++)
{
...
}
where:

	a is the initial value of the counter variable i;

	n is the final value of the counter variable i;

	i is the counter variable itself;

	The loop will execute as long as the condition i <= n is true.

	The loop iterates with the increment of i (you can also use a decrement with “i—“ if needed).


Applications:
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3.1 Processing the digits of a number
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74.  Determine the following for an integer number x with at most 9 digits read from the keyboard:

	Sum of the digits;

	Product of the digits;

	Number of its digits.


Implementation:

#include <iostream>

using namespace std;

int main()

{

int x, x1;

int s, p, nr;

cout << "Enter the value of x: ";

cin >> x;

x1 = x; // Save the value of x

s = 0;  // Sum of the digits

p = 1;  // Product of the digits

nr = 0; // Number of digits

if (x == 0)

nr = 1;

while (x1 != 0)

{

s = s + x1 % 10;

p = p * (x1 % 10);

nr++;

x1 = x1 / 10;

}

cout << "Sum of the digits of " << x << " is " << s << endl;

cout << "Product of the digits of " << x << " is " << p << endl;

cout << "Number of digits in " << x << " is " << nr;

return 0;

}

––––––––
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75.  Determine the reverse of an integer number x with at most 9 digits read from the keyboard.

Implementation:

int main()

{

int x, x1;

cout << "Enter the value of x: ";

cin >> x;

x1 = 0; // Construct the new number

while (x != 0)

{

x1 = x1 * 10 + x % 10;

x = x / 10;

}

cout << "The reverse of the number is " << x1;

return 0;

}

––––––––
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76.  Determine whether an integer number x with at most 9 digits, read from the keyboard, is a palindrome.

Solution: A number is a palindrome if and only if it is equal to its reverse.

Implementation: 

#include <iostream>

using namespace std;

int main()

{

int x, x1, t;

cout << "x= ";

cin >> x;

// Save a copy of x for comparison with its reverse

t = x;

// Construct the reverse

x1 = 0;

while (t != 0)

{

x1 = x1 * 10 + t % 10;

t = t / 10;

}

if (x == x1)

cout << "The number is a palindrome!";

else

cout << "The number is not a palindrome!";

return 0;

}

77.   Determine whether it is possible to construct a palindrome number using the digits of an integer number x with at most 9 digits, read from the keyboard. If possible, construct and display the largest palindrome number.

Example: For x=55566577, the generated palindrome number is 765555567.

Implementation:

#include <iostream>

using namespace std;

int aparitii_cifre[10]; // introduce a vector to store the frequency of each digit

int main()

{

long int x, result = 0;

int i, digit, nr_cifre = 0, odd_freq_digit = -1, nr_odd_freq = 0, aparitie_cifra;

cout << "Enter the number: ";

cin >> x;

// Calculate the number of digits in n and the frequency of each digit

while (x > 0)

{

digit = x % 10;

aparitii_cifre[digit]++;

nr_cifre++;

x = x / 10;

}

// Determine the number of digits that appear an odd number of times

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

{

cout << aparitii_cifre[i] << " ";

if (aparitii_cifre[i] % 2 == 1)

nr_odd_freq++;

}

cout << endl;

// Check the conditions for forming a palindrome

if ((nr_cifre % 2 == 0 && nr_odd_freq > 0) || (nr_cifre % 2 == 1 && nr_odd_freq != 1))

cout << "A palindrome cannot be formed.";

// Construct the palindrome by reading the digits in the appropriate order

for (i = 9; i >= 0; i—)

{

if (aparitii_cifre[i] > 0)

{

aparitie_cifra = aparitii_cifre[i];

while (aparitie_cifra > 1)

{

result = result * 10 + i;

aparitie_cifra = aparitie_cifra / 2;

}

if (aparitii_cifre[i] % 2 == 1)

odd_freq_digit = i;

}

}

if (nr_odd_freq == 1)

result = result * 10 + odd_freq_digit;

for (i = 0; i <= 9; i++)

{

if (aparitii_cifre[i] > 0)

{

aparitie_cifra = aparitii_cifre[i];

while (aparitie_cifra > 1)

{

result = result * 10 + i;

aparitie_cifra = aparitie_cifra / 2;

}

}

}

cout << result;

return 0;

}

78.  Display the following for an integer number x with at least 3 digits and at most 9 digits:

	The units digit.

	The tens digit.

	The first digit from the left.

	The number formed from the last two digits.

	The number formed from the first two digits.

	The number formed from the first, third, (fifth, if applicable), etc. digits from the right.


Implementation:

#include <iostream>

using namespace std;

int main()

{

int x;

cout << "Enter the value of x: ";

cin >> x;

cout << "The units digit is " << x % 10 << endl;

cout << "The tens digit is " << (x / 10) % 10 << endl;

int x1;

x1 = x;

while (x1 > 10)

x1 = x1 / 10;

cout << "The first digit from the left is " << x1 << endl;

cout << "The number formed from the last two digits is " << x % 100 << endl;

x1 = x;

while (x1 > 100)

x1 = x1 / 10;

cout << "The number formed from the first two digits is " << x1 << endl;

x1 = x;

int x2 = 0;

while (x1 != 0)

{

x2 = x2 * 10 + x1 % 10;

x1 = x1 / 100;

}

x1 = 0;

while (x2 != 0)

{

x1 = x1 * 10 + x2 % 10;

x2 = x2 / 10;

}

cout << "The number formed from the first, third, fifth digits ... is " << x1;

return 0;

}

79.  Determine the maximum digit of a natural number x with a maximum of 9 digits, and find out how many times this digit appears in the representation of the number x.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x, x1;

int max_digit, occurrences;

cout << "Enter the value of x: ";

cin >> x;

x1 = x;

max_digit = x1 % 10;

while (x1 != 0)

{

if (max_digit < (x1 / 10) % 10)

max_digit = (x1 / 10) % 10;

x1 = x1 / 10;

}

x1 = x;

occurrences = 0;

while (x1 != 0)

{

if (x1 % 10 == max_digit)

occurrences = occurrences + 1;

x1 = x1 / 10;

}

cout << "The maximum digit is " << max_digit << " and it appears " << occurrences << " times in the number!";

return 0;

}

80.  Determine whether an integer number xwith a maximum of 9 digits, read from the keyboard, has all its digits equal. Display "Yes" or "No".

Example: For x=5555, display "Yes".

For x=54455, display "No".

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x;

bool equalDigits;

cout << "Enter the value of x: ";

cin >> x;

int x1 = x;

equalDigits = true; // Assume that the digits of number x are equal

while ((x1 >= 10) && (equalDigits != false))

{

if (x1 % 10 != (x1 / 10) % 10)

equalDigits = false;

x1 = x1 / 10;

}

if (equalDigits == true)

cout << "Yes!";

else

cout << "No!";

return 0;

}

81.  Determine whether an integer number x with a maximum of 9 digits, read from the keyboard, has all its digits arranged in ascending order. Display "Yes" or "No".

Example: For x=145589, display "Yes".

For x=2145389, display "No".

Implementation:

int main() 

{ 

int x; 

bool ascending; 

cout << "Enter the value of x: "; 

cin >> x; 

ascending = true; // Assume that the digits of number x are in ascending order 

while ((x > 10) && (ascending != false)) 

{ 

if (x % 10 < (x / 10) % 10) 


ascending = false; 


x = x / 10; 

} 

if (ascending == true) 

cout << "Yes"; 

else 

cout << "No"; 

return 0; 

}

82.  Determine the number obtained from an integer number x with a maximum of 9 digits, read from the keyboard, by removing the digit(s) from the middle.

Example: For x=34567, the result is 3467.

For x=345678, the result is 3478.

Implementation:

int main()

{

int x;

int indice, x1, nr_cifre, poz, poz1, poz2, invers;

cout << "Enter the value of x: ";

cin >> x;

x1 = x;

nr_cifre = 0;

if ((x >= 0) && (x <= 9))

nr_cifre = 1;

while (x != 0)

{

x = x / 10;

nr_cifre++;

}

cout << "Number of digits: " << nr_cifre << endl;

if (nr_cifre % 2 != 0)

{

poz = (nr_cifre / 2) + 1;

x = x1;

invers = 0;

indice = 1;

while (x != 0)

{

if (indice != poz)

invers = invers * 10 + x % 10;

x = x / 10;

indice++;

}

x = 0;

while (invers != 0)

{

x = x * 10 + invers % 10;

invers = invers / 10;

}

}

else

{

poz1 = (nr_cifre / 2);

poz2 = poz1 + 1;

x = x1;

invers = 0;

indice = 1;

while (x != 0)

{

if ((indice != poz1) && (indice != poz2))

invers = invers * 10 + x % 10;

x = x / 10;

indice++;

}

x = 0;

while (invers != 0)

{

x = x * 10 + invers % 10;

invers = invers / 10;

}

}

cout << "Number obtained after removal: " << x;

return 0;

}

83. Determine the number obtained from the even-positioned digits of an integer number x with a maximum of 9 digits, read from the keyboard, in the order they appear in the original number.

Example: For x=34567, the result is 46.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x, x1;

int p = 1; // will help in constructing the number and maintaining the position of the digits

cout << "Enter the value of x: ";

cin >> x;

x1 = 0;

while (x != 0)

{

int last_digit = x % 10;

if (last_digit % 2 == 0)

{

x1 = x1 + last_digit * p;

p = p * 10;

}

x = x / 10;

}

cout << "Obtained number: " << x1;

return 0;

}

84.  Determine the largest number with the same digits as an integer number x with a maximum of 9 digits, read from the keyboard.

Example: For x=88349984, the result is 99888443.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x, x1, i, x2;

cout << "x=";

cin >> x;

x2 = 0;

// Iterate in decreasing order through the digits

for (i = 9; i >= 0; i—)

{  

// Construct the number if and only if digit i is found in x

x1 = x;

while (x1 != 0)

{

if (x1 % 10 == i)

x2 = x2 * 10 + x1 % 10;

x1 = x1 / 10;

}

}

cout << "The largest number obtained is " << x2;

return 0;

}

––––––––
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85.  Determine the smallest number with the same digits as an integer number x with a maximum of 9 digits, read from the keyboard.

Example: For x=88349984, the result is 34488899.

For x=40404767, the result is 40044677.

Implementation:

#include <iostream>

#include <algorithm>

using namespace std;

int cifre[10]; // store digits and their frequency

int main()

{

int i;

long x;

cout << "x=";

cin >> x;

int numar_zerouri = 0;

i = 0;

// Separate the digits and count the number of zeros

while (x != 0)

{

if (x % 10 == 0)

numar_zerouri++;

else

cifre[i++] = x % 10;

x = x / 10;

}

// Sort the non-zero digits

sort(cifre, cifre + i);

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

{  

// When reaching the second digit

if (i == 1)

{  

// Check if there are any zeros in the number. If yes, add them to the new constructed number

if (numar_zerouri != 0)

{

for (int j = 1; j <= numar_zerouri; j++)

x = x * 10;

}

}

// Construct the number with non-zero digits

x = x * 10 + cifre[i];

}

cout << x;

return 0;

}

86.   Display for an integer number x with a maximum of 9 digits read from the keyboard:

	The digits that appear in the number's representation in ascending order and the frequency of each digit in the number.

	The digits that do not appear in the number's representation in descending order.


Implementation:

#include <iostream>

using namespace std;

int main()

{

int x, x1, i, nr_ap;

cout << "x = ";

cin >> x;

for (i = 0; i <= 9; i++)

{

x1 = x;

nr_ap = 0;

while (x1 != 0)

{

if (x1 % 10 == i)

nr_ap++;

x1 = x1 / 10;

}

if (nr_ap != 0)

cout << " Digit " << i << " appears " << nr_ap << " times!" << endl;

}

// Requirement b)

for (i = 9; i >= 0; i—)

{

x1 = x;

nr_ap = 0;

while (x1 != 0)

{

if (x1 % 10 == i)

nr_ap++;

x1 = x1 / 10;

}

if (nr_ap == 0)

cout << " Digit " << i << " does not appear" << endl;

}

return 0;

}

87.  For two integers x and y, each with at most 9 digits, display:

	The common digits only once in ascending order;

	The largest digit that appears in both numbers;

	The digits that do not appear in either of the two input numbers;

	The message "Yes" if the two numbers have the same digits but in a different order.


Implementation:

int main()

{

int x, y, x1, y1;

int i;

int max_digit;

int nr_apx, nr_apy;

cout << "Enter the value of x = ";

cin >> x;

cout << "Enter the value of y = ";

cin >> y;

// Requirement a)

for (i = 0; i <= 9; i++)

{

nr_apx = 0;

x1 = x;

while (x1 != 0)

{

if (x1 % 10 == i)

nr_apx++;

x1 = x1 / 10;

}

nr_apy = 0;

y1 = y;

while (y1 != 0)

{

if (y1 % 10 == i)

nr_apy++;

y1 = y1 / 10;

}

if ((nr_apx != 0) && (nr_apy != 0))

cout << "Common digit " << i << "!" << endl;

}

// Requirement b)

x1 = x;

max_digit = x1 % 10;

while (x1 != 0)

{

if (max_digit < (x1 / 10) % 10)

max_digit = (x1 / 10) % 10;

x1 = x1 / 10;

}

nr_apy = 0;

y1 = y;

while (y1 != 0)

{

if (y1 % 10 == max_digit)

nr_apy++;

y1 = y1 / 10;

}

if (nr_apy == 0)

cout << "Numbers " << x << " and " << y << " do not have a common highest digit!" << endl;

else

cout << "The common highest digit in both numbers is " << max_digit << " and it appears " << nr_apy << " times!" << endl;

// Requirement c)

for (i = 0; i <= 9; i++)

{

x1 = x;

nr_apx = 0;

while (x1 != 0)

{

if (x1 % 10 == i)

nr_apx++;

x1 = x1 / 10;

}

y1 = y;

nr_apy = 0;

while (y1 != 0)

{

if (y1 % 10 == i)

nr_apy++;

y1 = y1 / 10;

}

if ((nr_apx == 0) && (nr_apy == 0))

cout << "Digit " << i << " does not appear in " << x << " or " << y << endl;

}

// Requirement d)

bool equal_digits = true;

for (i = 0; i <= 9; i++)

{

x1 = x;

nr_apx = 0;

while (x1 != 0)

{

if (x1 % 10 == i)

nr_apx++;

x1 = x1 / 10;

}

y1 = y;

nr_apy = 0;

while (y1 != 0)

{

if (y1 % 10 == i)

nr_apy++;

y1 = y1 / 10;

}

if (nr_apx != nr_apy)

{

equal_digits = false;

break;

}

}

if (equal_digits)

cout << "YES";

else

cout << "NO";

return 0;

}

88.  Display the control digit (the digit obtained by adding the digits of the number until a single digit is obtained) for an integer number x with at most 9 digits read from the keyboard.

Example: For x=55566577, the sums obtained are 46, then 10, then 1. The control digit is 1.

Implementation:

int main()

{

int x;

cout << "Enter the value of x = ";

cin >> x;

while (x > 9)

{

int x1 = x, s = 0;

while (x1 != 0)

{

s = s + x1 % 10;

x1 = x1 / 10;

}

x = s;

}

cout << "The control digit of the number is " << x;

return 0;

}

89.  Display the number obtained by concatenating the digits of two integer numbers, x and y, each with at most 4 digits.

Example: For x=123 and y=5677, the result is 1235677.

Implementation:

#include <iostream>

using namespace std;

int main()

{

int x, y;

int y1;

cout << "Enter the value of x = ";

cin >> x;

cout << "Enter the value of y = ";

cin >> y;

y1 = 0;

while (y != 0)

{

y1 = y1 * 10 + y % 10;

y = y / 10;

}

// Reversing the digits of y and appending it to x

while (y1 != 0)

{

x = x * 10 + y1 % 10;

y1 = y1 / 10;

}

cout << "The number obtained by concatenation is " << x;

return 0;

}

90.  Display the largest number formed by the digits of two integer numbers, x and y, each with at most 4 digits.

Example: For x=123 and y=5677, the result is 77655321.

Implementation:

int main() 

{ 

int x, y, y1 = 0; 

cout << "x="; 

cin >> x; 

cout << "y="; 

cin >> y; 

while (y != 0) 

{ 


y1 = y1 * 10 + y % 10; 

y = y / 10; 


} 

y = y1; 

while (y != 0) 

{ 


x = x * 10 + y % 10; 

y = y / 10; 


}

for (int i = 9; i >= 0; i—) 

{ 

int x1 = x; 

while (x1 != 0) 

{ 


if (x1 % 10 == i) 

cout << i; 

x1 = x1 / 10; 


} 

} 

return 0;

} 

91.  Display the number obtained by removing the digit at position k from an integer number x with at most 9 digits read from the keyboard.

	Counting starts from the right to the left.

	Counting starts from the left to the right.


Implementation:

#include <iostream>

using namespace std;

int main()

{

int x, k, t;

int pos = 0;

cout << "x="
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