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1 Laboratory work №1. Using basic and additional structures C ++ to
solve computational problems

Objective: learn how to practically apply the knowledge gained in the course
of Informatics, to solving computational problems in high-level language C ++.

1.1 General information

 1.1.1 Any complex algorithm can be represented using three basic control
structures. The basic ones include:

a) pursuit - means sequential execution of actions;
b) branching - the choice of one of two options;
c)  cycle-until -  specifies  a  repetition  of  actions  until  some  condition  is

violated, the fulfillment of which is checked at the beginning of the cycle.
In addition to the basic, procedural high-level programming languages use

three additional constructions implemented through basic ones:
a) selection - selection of one option from several, depending on the values of

some quantity;
b) cycle-up - repetition of actions before the fulfillment of a given condition,

which is checked after performing the actions in the cycle;
c) cycle with a given number of repetitions (counting cycle) - repeating some

actions a specified number of times.
The above constructions were used as a basis for structural programming, and

in  the  high-level  programming  languages  the  control  operators  appeared  to
implement them.

For the representation of algorithms of structural programs, the following can
be used:

- block diagrams;
- pseudo-codes;
- Flow-forms;
- Nassi-Shneiderman’s diagrams.

1.1.2 The programs written by using only structured control transfer operators
are called structured to emphasize their difference from programs developed using
low-level methods of transferring control.

The C ++ operator can correspond to each control structure considered in
1.1.1. Therefore, for example, the following should be referred to basic:

a) assignment operator variable = expression;
b) operator of a conditional branch:
- in full form if (condition) operator 1; else operator 2;
- in short form if (condition) operator;
c) operator of the cycle with precondition 
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while (condition) or while (condition)
{ operator;
operator 1;
operator 2;
operator N;
}

Additional structures should be put in line:
a) the operator switch (operator choice or option)

switch (expression)
{
case n1: operator 1; break;
case n2: operator 2; break;
case nk: operator K; break;
default: operator N; break;
}

b) ternary conditional operator
(expression1)? Expression 2: expression 3;

c) operator of the cycle by followed condition (a post condition)

do, or do {
{ operator;} operator 1;
while (condition); operator 2;
...
operator N;
} While (condition);
d) cycle operator with parameter
for (initialization; test; increment)
{ operator 1;
operator 2;
...
operator N; }

1.2 Assignment for the laboratory work

Select  a  variant  from  Table  1.1  and  solve  the  problem  using  basic  and
additional structures. Build a block diagram for each task. Organize a dialogue with
the user.

Table 1.1 – Task variants
Variant Task

Calculate:
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1 Conductor resistance if we know (user-defined): resistivity ρ, cross-
sectional area S, and conductor length L varies from 1 to 20 cm

2 All the displacements of the point in the propagation of undamped
oscillations by given amplitude A, oscillation period T, propagation
velocity c, spaced from the oscillation source at distance L with t
varying from 0 to 10 sec in 0.5 s increments

3 The height of liquid rise in a capillary tube, if tube radius r, density
of  liquid  ρ,  surface  tension coefficient  α  are  given,  and angle  θ
varies from 0 to π

4 The greatest common divisor of two integers

5 All  displacements  of  the  point  performing  harmonic  oscillations
with given amplitude A, period of oscillation T and initial phase φ
from the equilibrium position with a variation of t from 0 to 10 sec
in 0.5-second increments

Display:

6 Working "electronic clock", which operates before pressing any
key

7 Multiplication tables by number n, defined by the user

8 Table of first m squares of positive integers

9 A timer that, after a predetermined time interval t, the value of
which is input from the keyboard, produces an audible signal

10 The image of the chessboard: black cells display the "asterisk",
white - space

11 Table degrees (from zero to k-th) of Z; the number of degree k is
specified by the user

Check:

12 Is y=
1
x

sin x
, 

a periodic function if the argument x varies in the

range [0; 5T], and period T = 2π?

13 Knowledge  of  the  multiplication  table  by  a  user:  output  k
examples  and  give  an  assessment  (90-100% correct  answers  -
"excellent", 75-89% - as "good" for 55-74% - "satisfactory", less
than 55% - "bad")

14 Suggest the user to guess the computer-generated integer from 1
to 10 for 5 attempts

15 Are k integers entered by the user, simple?
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1.3 Control questions

1.3.1 What algorithmic structures are classified basic? What additional? Give
examples of basic and additional structures.

1.3.2 How can algorithmic diagrams be drawn? What advantage do Flow-
chart forms and Nassi-Shneiderman’ diagrams have? What are the advantages and
disadvantages of bloc-diagrams?

1.3.3 What is the difference between the operator and operation? What kinds
of operations are there?

1.3.4 What is the assignment operator in C ++.
1.3.5  What  operators  C  ++  implement  branching?  What  are  their

characteristics? Give examples of their using.
1.3.6 What is the structure of the operator of choice? What is the purpose of

the operator “break”?
1.3.7 What are the features of formatted input - output?
1.3.8 What operators C ++ realize the cycles? What are their characteristics?

Give examples of their using.
1.3.9 Give examples of the organization of empty and endless cycles.
1.3.10 How will you simulate the loop “for” by means of a while loop?

2 Laboratory work №2. Typical techniques of programming

Goal:  to get practical skills with standard algorithms - typical methods of
programming in C ++, as well as skills in using numerical methods.

2.1 General information

2.1.1 In solving various kinds of computational tasks one must often use the
same standard algorithms to produce the sum product,  number of elements of a
structure, find the maximum or minimum values, the so-called typical programming
techniques. In practice, the implementation of specific methods is as follows:

- Before opening the cycle an initial value of accumulated or suspected one of
a parameter desired value is given;

- the accumulation or searching is carried out directly within the cycle.
Guidelines  for  the  practical  implementation  of  specific  programming

techniques are shown in table 2.1.

Table 2.1 - Typical programming techniques
Programming technique Actions performed

before the cycle
Actions performed within

the cycle

Accumulating the sum S = 0; S+= array element;

Accumulating the product P = 1; P*= array element;
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Accumulating the amount k = 0; k++;

Search for the maximum

value

max=assumed value; if (current unit>max)

    max= current unit;

Search for the minimum

value 

min= assumed value; if (current unit <min)

    min= current unit;

2.1.2  It  is  necessary  to  define  the  sum of  an  infinite  series  with  a  given
accuracy in  mathematical  calculations.  A strict  condition  is  imposed  on  such
problems:  the  series  must  be  convergent;  i.e.,  the  absolute  value  of  the  current
element of the series must be less than the absolute value of its previous element.

In such cases,  it  is  possible to use iterative cycles,  implemented by cycle
operators  with  preliminary  and  subsequent  conditions.  Otherwise,  the  output
condition from the loop will never be satisfied and the loop will become infinite.

2.1.3  If  a  method  is  defined  for  calculating  the  current  value  of  a  given
sequence from the previous value,  then it  is  said that  the  recursion formula for
calculating the element of the sequence is given. In this task, there is a necessary
attribute - an explicitly given initial value of this sequence.

When calculating elements of a recurrently defined sequence, any of the loop
operators can be used depending on the task.

2.2 Assignment for the laboratory work

Select  a  variant  from  table  2.2  and  solve  the  problem  by  using  known
numerical  methods  and  specific  programming  techniques.  Construct  a  block
diagram for each task. Organize a dialogue with the user.

Table 2.2 – Variants of tasks
Variant Tasks 

Calculate :

1 The arithmetic mean of a sequence of fractional numbers entered 
from the keyboard; the user must specify the amount of numbers

2 The time t, at which the maximum velocity of the point is reached, 
if the equation of point motion is given in the form:

x=2sin(
π
2

t+
π
4
)

3 The number π with a user-specified accuracy, for which use a 

numerical series 1−
1
3
+

1
5
−

1
7
+

1
9

. .. whose partial sum value 

approaches to a π / 4 value when summing a sufficiently large 
number of terms

4 The minimum value among the generated sequence of k random 
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numbers in the range from 0 to 100, display these numbers on the 
screen

5 The factorial of a number entered from the keyboard

6 The geometric mean among the generated sequence of 10 random 
numbers in the range from 1 to 10, output these numbers to the 
screen

7 How many years will it take the tenant to accumulate the amount of
money S, sufficient for the purchase of his own premises, if his 
starting capital is k tenge, the monthly income is n%, the rent of 
rooms is m tenge?

8 The maximum value among the generated sequence of k random 
numbers in the range from 0 to 50, display these numbers on the 
screen

9 The time t in which the maximum acceleration of the point will be 
reached if the equation of motion of the point is given in the form:

x=sin(
π
4

t+
π
8
)

Numerically  verify  the  validity  of  the  equality, for  which for  a  user-
defined value of argument x, calculate the left part of it and the expansion on
the right-hand side with a given error:

10 x+
x2

2
+

x3

3
+. ..+

xn

n
+. .. ,   x<1.

ln(1−x )=−¿

11 n−1¿
2 π2

(¿¿) . ..

1−
x2

¿

sin x=x (1−
x2

π2 )(1−
x2

4π 2 ). ..¿
12 −1¿

n x2n+1

2n+1
+. ..

arctgx=x−
x3

3
+

x5

5
− . ..+¿

13 2n+1¿
2

¿
¿

π2

8
−

π
4
|x|=

cos3 x

32
+

cos5 x

52
+.. .+

cos (2n+1) x
¿
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14 −1¿
n−1sin nx

n
+. . .

sin x−
sin2 x

2
+

sin 3 x
3

− .. .+(¿) ,   −π<x<π .

x=2 ¿

15 x lna¿
2

¿
x ln a¿n

¿
¿
¿

ax
=1+

x ln a
1!

+¿

2.3 Control questions

2.3.1 What computational processes are considered as iterative?
2.3.2 What formulas are called as recursion ones?
2.3.3 What is approximation of functions?
2.3.4 What are the advantages of numerical integration methods?
2.3.5 When is it advisable to use numerical integration methods?
2.3.6 Why is it advisable to initialize the initial value before the cycle while

accumulating the amount, sum or product?
2.3.7 Give an algorithm for finding the maximum value among the elements

of the sequence a1, a2, a3 ... a10.
2.3.8 How to choose an assumed value when searching a minimum value?
2.3.9  Give  an  algorithm  for  finding  the  arithmetic  mean  of  elements  in

sequence a1, a2, a3 ... a10.
2.3.10 What is the difference in searching a geometric mean of elements of

described in p.2.3.8 sequence?

3 Laboratory work №3. Arrays and their processing

Objective: to acquire practical skills for working with arrays and understand
the methods of their processing.

3.1 General Information

An array is an ordered set of elements of the same type that have a common
name. All elements of the array are numbered. The ordinal number of an element in
an array is called an index. Arrays must always be described before being used in
the program. There are  one-dimensional  (vectors),  two-dimensional  (matrix)  and
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multidimensional arrays. However in practice, arrays of dimension more than three
are extremely rare. General view of the array declaration:

type of elements    array name [N1] [N2] ... [Nk];
The number of indices [N1] [N2] ...  [Nk] determines the size of an array.

When you declare an array, you specify the total number of elements in the array.
The indexing of array elements in C ++ by default starts from zero. The size of an
array can be specified by a constant or by a constant expression. You cannot specify
an array of variable size, for this purpose a separate mechanism is used - dynamic
memory allocation. In C ++, the array can be initialized when it is declared.

Two operations are applicable to array elements:  assignment and selection.
The  cycles  are  most  often  used  for  the  selection  of  array  elements  and  their
processing.

3.2 Assignment for laboratory work

Solve the problem of the corresponding variant selected in table 3.1. Draw a
block diagram of the program and input data, if necessary, using a random number
generator.

Table 3.1 – Variants of tasks
Variant Tasks

1 An integer rectangular matrix is given. Determine the number of rows
that do not contain any zero element, as well as the maximum of the
numbers occurring in the given matrix more than once

2 An integer rectangular matrix containing elements equal to 1 is given.
Determine the number of columns that  do not  contain any element
equal  to  1;  geometric  mean of  the elements  of  the  row containing
minimal elements of the secondary diagonal

3 An integer rectangular matrix is given. Define the number of columns
containing at least one zero element; the number of the row containing
the longest series of identical elements

4 An integer rectangular matrix is given. Define the product of elements
in those lines that do not contain negative elements; maximum among
the sums of the elements of diagonals parallel to the main diagonal of
the matrix

5 An integer rectangular matrix is given. Define the sum of the elements
in  those  columns  that  do  not  contain  positive  elements;  minimum
among the sums of the moduli of the diagonal elements parallel to the
secondary diagonal of the matrix

6 An integer rectangular matrix is given. Matrix A has a saddle point Аij,
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if Аij is the minimal element in the i-th line and the maximal element in
the  j-column.  Define  the  sum  of  the  elements  in  those  lines  that
contain at least one negative element

7 For  a  given  matrix  of  size  10x10,  find  such  k  that  the  k- th  line
coincides with the k-th column. Find the sum of the elements in those
lines that contain at least one negative element

8 The characteristic of a column of an integer matrix is the sum of the
moduli of its negative odd elements. Rearranging the columns of the
given  matrix,  arrange  them  in  accordance  with  the  growth  of  the
characteristics

9 An element of a matrix is called a local minimum if it is strictly less
than all its neighbors. Calculate the number of local minima of a given
matrix of 10x10

10 The characteristic of a column of an integer matrix is the sum of the
moduli  of its  negative odd elements.  Rearranging the columns of a
given  matrix,  arrange  them  in  accordance  with  the  growth  of
characteristics

11 Seal the given matrix, removing from it the lines and columns filled
with zeroes. Find the number of the first of the lines containing at least
one positive element

12 Transpose the elements of a square integer matrix so that its minimum
element is in the upper left corner, the next largest is - (1,1), the next
largest - in position (2,2), etc., filling the entire main diagonal

13 Transpose the elements of the square real matrix so that its maximum
element is in the upper left corner, the next largest - (1,1), the next
largest - in position (2,2), etc., filling the entire main diagonal

14 An integer square matrix is given. Determine the arithmetic average of
the  elements  in  those  rows  that  do  not  contain  negative  elements.
Rewrite the result into the vector

15 A two-dimensional array 4x7, filled with integers is given. Create a
one-dimensional array, each element of which is equal to the largest
element of the corresponding column in the module

16 Find the geometric mean of the elements located above the secondary
diagonal of the real matrix 10x10. Rewrite elements located after the
minimum element in the vector

17 A two-dimensional array 6x5 filled with integers is given. Create a
one-dimensional array, each element of which is equal to the number
of negative elements that are multiples of 2 or 4, of the corresponding
line

18 An element  of  a  matrix  is  called  a  local  maximum if  it  is  strictly
greater  than  all  its  neighbors  are.  Calculate  the  number  of  local
maxima of a given matrix of 12x12

19 A two-dimensional array 6x5 filled with integers is given. Create a
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one-dimensional array, each element of which is equal to the first even
element of the corresponding column. If there is no such, then it is
equal to zero

20 The characteristic of a string of an integer matrix A 10 × 8 is the sum
of its positive even elements. By rearranging the lines of the given
matrix,  arrange  them  in  accordance  with  the  growth  of  the
characteristics

21 An integer  rectangular  matrix  is  given.  The matrix  A has  a  saddle
point Аij, if Аij is the minimal element in the i-th line and the maximal
element in the j-column. Define the product of elements in those lines
that contain at least one positive element

22 A two-dimensional array 9x5 is given filled with integers. Form a one-
dimensional  array, each  element  of  which  is  equal  to  the  smallest
element of the corresponding column in the module

23 Find the sum of elements of integer matrix 10x8 in those columns that
contain  at  least  one  negative  element.  Rewrite  them  into  a  one-
dimensional array

24 Find the geometric mean of the modules of the elements of the integer
matrix located on the secondary diagonal.  Determine the maximum
element in the matrix and its location

25 An integer square matrix is given. Determine the minimum among the
sums of the elements of the diagonals parallel to the main diagonal of
the matrix. Rewrite the sums into a one-dimensional array

26 Find  the  number  of  the  first  of  the  lines  of  the  real  matrix,  not
containing any negative element. Determine the maximum amount in
the columns of the matrix

27 Find the number of the first of the columns of an integer matrix that
does  not  contain  any  positive  elements.  Determine  the  minimal
product in the rows of the matrix

28 Find the sum of the modules of the elements located above the main 
diagonal of the integer matrix 10x10. Rewrite the elements located 
after the maximum element into the vector

29 Find the product of elements in those columns of an integer matrix
that contain at least one positive element. Rewrite the elements that
are located up to the minimum element in a one-dimensional array

30 An integer square matrix is given. Determine the geometric mean of
the elements in those rows that do not contain negative elements; the
maximum among the sums of the elements of diagonals parallel to the
main diagonal of the matrix

3.3 Control questions

3.3.1 What is an array of elements?
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3.3.2 What is the maximum dimension of a multidimensional array?
3.3.3 How to declare an array?
3.3.4 What is the purpose of using a dynamic memory allocation mechanism?
3.3.5 How are array elements initialized?
3.3.6 How can we form a random array of elements?
3.3.7 What are the elements of the array input methods exist in C ++?
3.3.8 Give an algorithm for finding the maximum value in each line of the

matrix of any size.
3.3.9 What are the characteristics of processing a square matrix?

4 Laboratory work №4. Methods for sorting arrays

Objective:  to  get  practical  skills  of  using  various  algorithms  for  sorting
arrays in C ++.

4.1 General Information

In many tasks, it may be necessary to rearrange the elements of the array in
such a way that they are arranged in ascending or descending order. Such arrays are
called ordered, and the process of obtaining them is the choice.

4.1.1 Sorting by means of a simple choice.
The simplest algorithm is  sorting by a simple choice. In the sorted array, a

minimal element exchanges places with an element at the beginning of the array.
The rest  of  the array  is  considered as an independent  array, which the smallest
element  is  also  searched and exchanged with the first  element  of  the shortened
array. The actions are repeated until the array is shortened to one element.

4.1.2 Bubble sorting method.
By  bubble  sorting  we  mean  an  entire  class  of  sorting  algorithms.  In  its

simplest  form,  bubble  sorting  is  extremely  slow;  therefore,  bubble  sorting  with
optimization  elements  is  usually  used.  All  algorithms  of  bubble  sorting  have  a
common feature -  the exchange of  elements is performed between two adjacent
elements of the array.

You can reduce the number of sorting passes by making them not (N-1) 2
times, but until the array is sorted. To define this fact is simple enough: if the array
is already sorted, then during the passage there are no transposition in it. Before
starting the preview, you need to understand the reason of no transpositions (flag).
In the case of at least one transportation is performed, the flag changes its value. If
by the time of the end of the pass, the value of the flag remains initial, then the array
is sorted and no further passes are needed.
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To optimize the method of bubble sorting by the execution time of each pass,
one can use the fact that after the first pass the largest element will be at the end of
the array in the place assigned to it. During the second pass, the same thing happens
with  the  next  largest  element,  etc.  Therefore,  with  subsequent  passes,  one  can
reduce  the  length  of  the  view of  the  array, which  will  significantly  reduce  the
overall execution time of the algorithm. If we combine this optimization method
with the check of sorting completion criterion, we will get an exchange sort of the
algorithm with the completion sign.

   4.2 Assignment for laboratory work

Solve the problem of the corresponding variant selected in table 3.1. Draw a
block diagram of the program and input data, if necessary, using a random number
generator.

Table 4.1 - Variants of tasks 
Variant Tasks

1 An integer rectangular matrix A (8,8) is given. Using the simple 
sorting method, arrange the elements in its lines in ascending order

2 An integer rectangular matrix В (10,10) ) is given. Using the bubble 
sorting method without optimization, arrange the elements in its 
columns in ascending order

3 An integer matrix К (6,8) is given. Using the bubble sorting method 
with optimization by the execution time of each pass, arrange the 
elements in descending order in the columns

4 An integer matrix В (10,7) is given. Using the bubble sort method, 
optimizing the execution time of each pass, arrange the elements in 
ascending order in the lines

5 An integer matrix А (8,7) is given. Rewrite all the positive elements 
into the vector. Using the bubble sorting method, without 
optimization, arrange the elements in ascending order

6 Rewrite all the positive elements of matrix Х (10,10) into vector Y. 
Using the bubble sorting method with optimization by the number of 
passes, arrange in ascending order

7 Rewrite all the non-zero elements of matrix A (6,5) into vector B. Using 
the bubble sorting method with optimization by the number of passes, 
arrange in descending order

8 An integer rectangular matrix С (9,9) is given. Using the simple 
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sorting method, arrange the elements in its columns in descending 
order

9 Rewrite all the non-zero elements of matrix А (8,5) into vector В. Using 
the method of exchange sorting with the sign of completion, arrange in 
descending order

10 An integer matrix А (6,9) is given. Rewrite all negative elements into 
the vector. Using the bubble sorting method without optimization, 
arrange the elements in descending order

11 An integer matrix Р (7,5) is given. Using the bubble sorting method 
with optimization in the execution time of each pass, arrange the 
elements in descending order in the lines

12 An integer matrix А (5,9) is given. Rewrite all the elements into the 
vector by columns. Using the bubble sorting method without 
optimization, arrange the elements in ascending order

13 An integer matrix С (6,7) is given. Rewrite all the elements into the 
vector by rows. Using the exchange sorting method with the 
completion sign, arrange the elements in ascending order

14 An integer matrix Х (6,6) is given. Rewrite all the elements into the 
vector by columns. Using the exchange sorting method with the 
completion sign, arrange the elements in descending order

15 An integer rectangular matrix А (10,10) is given. Using the simple 
sorting method, arrange the elements in its columns in ascending order

4.3 Control questions

4.3.1 What sorting methods do you know?
4.3.2 What is the essence of the simple sorting method?
4.3.3 What is a block diagram of the method of sorting by a simple choice?
4.3.4 What are the features of the method of bubble sorting?
4.3.5 What is the purpose of optimization of the method of bubble sorting?
4.3.6 How can we reduce the number of passes when using the method of

bubble sorting?
4.3.7 What is the purpose of a sign of lack of transpositions while optimizing

the method of bubble sorting?
4.3.8 What is the essence of the optimization method of bubble sorting by the

execution time of each pass?
4.3.9 What is a block diagram of the optimization method of bubble sorting

by the execution time of each pass?
4.3.10 Give an example of an algorithm of sorting exchange with a sign of

completion.
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5 Laboratory work №5. Processing character data

Objective: to get practical skills of processing symbolic information - lines.

5.1 General Information

A string is an array of values of  char  type, terminated by a null byte '\ 0',
which should be taken into account when declaring a string, i.e. specify not N, but
N + 1 element. When you initialize rows, you use traditional methods of declaring.

To determine a constant equal to the length of the initialized string variable,
you can use the size of () function.

To enter character variables and strings in C, the functions scanf () (input to
the  first  whitespace)  or  gets  ()  from the  library  <stdio.h>  are  used.  C  ++  also
provides  the  user  with  two  functions  cin,  get  and  cin.getline  from  the  library
<iostream.h>. For output, there are similar functions in the same libraries.

When working with strings, the functions of the library <string.h> are most
often used, in particular:

a) joining - a consistent merge of several strings:
strcat (str1, str2);

b) copying strings:
strcpy (str1, str2);

c) comparing strings:
strcmp (str1, str2);

d) length of the string:
lenth = strlen (str1);

e) conversion of lowercase into uppercase:
strlwr (str1);

f) conversion of uppercase characters to lowercase:
strupr (str1);

g) filling the string with a character:
strset (str1, 'a');

h) get the code of a character:
n = int (a);

5.2 Assignments for laboratory work

Solve the problem corresponding to the variant selected in table 5.1. Draw a
block diagram of the program and organize the user input.

Table 5.1 - Variants of tasks
1 Double each occurrence of Z in s string.
2 Replace every first letter of the words beginning with a vowel to a capital

one in s string
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3 Determine how many words consisting of no more than four letters there
are in the entered s string. 

4 Display the entered sentence, interchanging every two adjacent words.
5 Display all the words of the sentence beginning with vowels.
6 Remove the middle letter from the string, if the line length is odd, otherwise

remove two middle letters. A central letter is considered to be placed exactly in the
center of the string.

7 Determine the position of the beginning of the word with number n in the
string s.

8 Determine the length of a word with number n in the string s.
9 Count the number of letters in a word with the number n in the string s.
10Display the sentence writing all the words in reverse order.
11 Replace all occurrences of substring str1 by substring str2 in the string s.
12 Remove substring s1, starting at position n, the length l from the string s.
13 Insert substring s1, starting at position n in the string s.
14 Count the number of words in the string s.
15 Copy the substring s into string s1 n times.

5.3 Control questions

5.3.1 What is the string?
5.3.2 How are string variables declared?
5.3.3 What are the main features of strings?
5.3.4 How can you determine the length of an initialized string variable?
5.3.5 How can we input strings?
5.3.6  Give  an  example  of  a  fixed-length  string  input  using  the  library
<stdio.h>.
5.3.7 What are the functions of strings output?
5.3.8 Give an example of character data input row -by -row.
5.3.9 Give an example of the input character-by-character strings.
5.3.10 What are the main functions for working with strings?

6 Laboratory work №6. Work with structures and unions

Objective: to get practical skills how to work with complex data types in C +
+ as structures and unions.

6.1 General Information

A structure (struct) consists of a fixed number of components (elements) of
different types. The description of type struct has the following form:

struct name_ structure
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{
type1 name_ element 1;
...
Type N name _element N; }
name_ variable _type_ structure;

To refer to a structure element, you must specify the variable name and the
name  of  structure  element,  separated  by  a  dot.  An  assignment  operation  is
applicable to the structure element.

Unions  in C ++ differ from structures by the way of data storage. At any
instant, the union stores the value of only one element. The memory is allocated to
store the largest element of the union. The description of type union looks like this:

union name_union
{
type1 name_element1;
...
typeN name_elementN;
} name_variable _type_union;

One can refer to the combining element similarly to the structure element. It
is obviously, the use of unions in programs can save the memory of computer. One
can save even greater memory in C ++ programs by using anonymous unions. There
is no name in anonymous unions, the union variable is not declared:

union {
type1 name_element1;
...
Type N name element N;
};

The elements of an anonymous union are addressed by name (without a dot),
as to ordinary variables in the program.

6.2 Assignment for laboratory work

Solve the problem corresponding to the selected variant according to table
6.1.  Draw a  block  diagram of  the  program.  Organize  input  and  output  of  data
structures (not less than 10 records). Perform the proposed sample using the fields
of a created structure.

Table 6.1 - Variants of tasks
1 The structure, in which the data on flights of aircraft is stored, is given: the

name of the destination of flight, flight number, type of aircraft. Display the flight
numbers and types of aircraft departing to the destination, whose name coincides
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with the name entered from the keyboard. If  there are no such flights,  you will
display a corresponding message.

2  There are  data  on  employees  working in  the company:  last  name,  first
name, patronymic, address (street, house, apartment) and the date of admission to
employment (month, year). Display on the screen the data of only those who have
worked for at least 5 years.

3  There  are  data  on  those  working in  the  factory:  last  name,  first  name,
patronymic, address (street, house, apartment) and the date of employment (month,
year). Determine if there is a person with the name indicated in the list. If there is,
display his address.

4 There are data on the customers of the rental office: last name, first name,
address  (street,  house,  apartment)  and  that  they  have  taken  (only  one  subject).
Display only the data of those who took the specified item.

5 The information is given: a surname, a name, zodiac sign, date of birth.
Output the information about people born in a month entered from the keyboard.
Determine those who were born in the same year.

6 There are data on the train schedule: train number, route, time of arrival at
the station, departure time (hours, minutes). We will assume that all trains arrive
every day. At a given time, determine which of the trains are now at the station
(time entered from the keyboard).

7 the information about  the  repertoire  of  cinemas:  a  cinema;  film;  genre;
display period; time. Display the list of films shown in one cinema.

8 The structure of data about the employees of the enterprise is given: name,
surname, address (street, house, and apartment), and department. Display the names
of employees of this department who live on the indicated street.

9 A structure, in which information about the goods is stored, is given: the
name of goods, name of the store in which the goods are sold, price of the goods in
tenge. Display the information about the product, whose name is entered from the
keyboard. If there are no such goods, display a corresponding message.

10  There  are  data  about  the  students  of  the  group:  surname,  name,
patronymic, address - street, house, apartment, home phone. Display on the screen
the name, first name and address of those students who cannot be reached by phone.

11 The  structure  in  which  the  information  about  payers  and recipients  is
stored:  the  payer's  current  account,  name  of  the  payer,  beneficiary's  operating
account, name of the recipient, transferred amount. Display the information on the
amount withdrawn from the payer's current account entered from the keyboard. If
there is no such settlement account, give a corresponding message

12 The information about the dogs participating in the exhibition is given:
breed; gender; nickname; age; owner. Display the information about participants of
the same age.

13 A structure is given in which the information about books in a library is
stored:  the author  of  the book;  name;  publishing house;  year  of  issue;  quantity.
Determine how many books of the author in question are available.
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14  The  structure,  in  which  the  information  about  sportsmen  is  stored,  is
given: name; citizenship; kind of sport; club (team); date of birth. Determine which
of the athletes favor one team.

15 The information on the cars available in the showroom is given: model;
year of issue; specifications; technical condition; cost. Display the list of cars of the
same year.

6.3 Control questions

6.3.1 What is the structure?
6.3.2 What is the difference between the structure and the union?
6.3.3 How are the structure elements described?
6.3.4 How can we refer to the elements of structures and unions?
6.3.5 What is an anonymous union?
6.3.6 How to determine the amount of memory allocated to the structure?
6.3.7 How many items can be stored in a structure? In a union?
6.3.8 What is a structural tag?
6.3.9 How is the structure type determined?
6.3.10 What will be changed if to replace the program structure by a union in

the developed laboratory work?

7 Laboratory work №7. Files and work with them

Objective: to get practical skills how to work with files in C ++.

7.1 General Information

A file is a sequence of elements of the same type that have a common name.
The number of elements (length of the file) is  unlimited.  Files are created on a
magnetic tape, magnetic disk, other external devices and also in the computer RAM.

In order a C ++ program could work with files, it is necessary to include the
header file <fstream.h> at the beginning of the program:

a) writing data in a file in two modes:
- creating a new file (overwriting the existing, previously created file) with

the help of the operator:
ofstream _name of stream ("filename.ext");

- adding data to an existing file:
ofstream out_file ("filename. ext", ios :: app);

Output to the file is done by means of the insertion operator (<<).
To close a file, the function close () is used.
b) input (reading) data from a file. To open a file in input mode the operator is

used:
ifstream in_file ("filename.ext");

Input from a file is done by using the extraction operator (>>).
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Sometimes  we  need  to  write  down  to  a  file  and  read  from the  file  not
symbolic strings,  but  complex data types such as arrays and structures.  For this
purpose, C ++ uses the write and read functions.

7.2 Assignments for the laboratory work

Solve the problem corresponding to the variant selected in table 7.1. Draw a
block diagram of the program. Organize data I / O using files.

Table 7.1 - Variants of tasks 
1 Copy from one file to another only user-specified characters and count the

total number.
2 Read a text from the file and display only citations, i.e. quoted sentences.
3 Read a text from the file and display it on the screen, swapping every two

adjacent words.
4 Read a text from the file and display only the sentences consisting of a

predetermined number of words.
5 Read a text from the file and display all the sentences in reverse order.
6 Form and output into the file a square matrix A (10,10), in which all zero

elements are placed in squares 2 × 2 in staggered order.
7 Form and output into the file a square matrix C (12,12), in which the values

of the elements placed in places with even indices of rows and columns are equal to
the square of the index of the row.

8 Form and output into the file a square matrix A (6,6), in which the value of
each element is defined as the sum of its indices.

9 There is a file in which the flight schedule is stored: flight number, aircraft
type,  days  and  time  of  flight  departure,  the  name  of  places  of  departure  and
destination of the flight, travel time. Display the schedule sorted by flight numbers

10 Form and output into the file a square matrix B (7,7), all nonzero elements
of which are placed in a staggered order, beginning with the 1st element of the 1st
row.

11 There is information about the results of the session of students of one
faculty, which are stored in the structure. Output to the file the information about
the results of the session of students of the specified group.

12 There is information about the results of the session of students of one
group, which are stored in a file. Display information on the results of the specified
examination.

13 A square matrix C (8.8) is given. Transpose it and output the result to a
file.

14 A file is given in which natural four-digit numbers are written through a
space. Display the sum of the digits of each number 

15 A file with a training schedule is given. Display on the screen the number
of lecture, practical and laboratory classes in the specified discipline.
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7.3 Control questions

7.3.1 What are the files?
7.3.2 What types of files do you know?
7.3.3 What library functions are used when working with files?
7.3.4 What are the steps for working with files?
7.3.5 Which operators are used when working with files?
7.3.6 What are the modes of data recording to the file?
7.3.7 How to add data to a file?
7.3.8 Give an example of reading data from the file.
7.3.9 Give an example of array recording into the file.
7.3.10 What are the features of array recording into the file?

8 Laboratory work №8. Functions. Recursion

Objective: to get practical skills of using the functions in C ++.

8.1 General Information

In addition to the standard functions placed in the header files,  the C ++
language allows you to create user functions. It is advisable to create these functions
if, when solving problems, it becomes necessary to perform calculations many times
over the same algorithms. The use of functions allows you to divide the program
into  simple,  easily  controlled  parts.  When  using  functions,  it  is  necessary  to
distinguish between a function description and a function call operator.

The structure of the function is similar to the structure of the main program.
The function description contains the function header, variable declarations and the
operators:

Function_type function_name (list of formal_parameters)
{
variable declaration;
operator1;
...;
operators; }
Here: Function_type - the type of the result returned to the main program;
function_name - a unique name within the meaning of the relevant operations that
perform the functions (for example, max - determination of the maximum of two
numbers);
list of formal_parameters - a list of formal parameters and their types.

Formal  parameters  -  these  are  the  names  of  variables  through  which
information is transferred from the main program to the function.

To call  a  function  it  is  enough  to  specify  its  name  with  a  list  of  actual
parameters in any expression of the calling program:
function_name (list of formal_parameters);
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Actual parameters are names of variables whose values, when accessing a
function, are assigned to the corresponding formal parameters.

To return  the  calculated  value  to  the  main  program,  the  operator  return
(result) is used in the functions;

If the function description is placed in the program after addressing to it, the
prototype of  the function must  be placed at  the beginning of  the program. The
function prototype contains the information about the function name, type of the
return value, number and type of formal parameters, for example:

float max (float, float);
In addition to variables, arrays can serve as formal parameters in functions.
Recursion is a computational process aimed at solving a particular problem in

such a way that the solution itself uses the same process solving a similar subtask.
In programming, by recursion, we mean a realization in which a subprogram uses a
call to itself in its body. Such calls are called recursive. When a function A in its
body calls only one recursive function (itself), then this is a simple recursion. The
indirect recursion is a phenomenon where recursive functions call each other (for
example, function A calls B, and function B calls A).

Recursive algorithms are more difficult to debug, but sometimes they allow a
very flexible and beautiful solution to the problem. It is known that a non-recursive
algorithm  can  replace  any  recursive  algorithm,  but  this  will  cost  more
implementation time. The main thing is that the recursive function does not call
itself  infinitely;  otherwise,  the  program  will  not  work.  Therefore,  when
implementing recursive algorithms, it is necessary to pay attention to the fact that
the algorithm would be finite, i.e. the execution of a recursive function should ever
be completed.

8.2 Assignment for the laboratory work

Solve the problem by using a recursive function (Table 8.1). Draw a block
diagram of the program. Organize data input and output.

Table 8.1 – Variants of tasks
Variants Tasks

1 A=
C!

(C−n)!
(C+n) !

2
Z=

(n+1)!
(m−n)!(m+n)!

3
Y=

(n+1) !(n+2) !
(kn) !k !

4
y=∑

n=1

n=20
xn

(2n−1)!
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5 x ln a¿
n

¿
¿
¿

ax
=1+∑

n=1

n=15

¿

6
S=∑

n=1

n=10
sin xn !

2n!

7
S=∑

n=1

n=15
n!

(n !+1)−(n+2)!

8
S=

2
1!

+
22

2 !
+…+

2n

n !

9 x lna¿
2

¿
x ln a¿n

¿
¿
¿

ax
=1+

x ln a
1!

+¿

10
P=

2
1!
∗ 22

2 !
∗…∗ 2n

n !

11
S=

2
2 !

+
22

4 !
+…+

2n

2n!

12
z=1+

x
(2n−1)!

−
x2

(2n−3)!
+ .. .−

xn

1 !

13
y=1+

x
1!

+
x2

3 !
+.. .+

xn

(2n−1)!

14 z=x−
1

1 !
+

1
3 !

− . ..+
1

(2n−1)!

15
S=

x
n !

+
x2

(n−1)!
+…+

xn

1 !

8.3 Control questions

8.3.1 What is the function?
8.3.2 Describe the structure of the function.
8.3.3 What are the rules of making functions?
8.3.4 What is the difference between formal and actual parameters?
8.3.5 How is local and global variables classified?
8.3.6 What is the purpose using function prototypes in programs?
8.3.7 What is the function overloading?
8.3.8  What  is  the  recursion?  What  is  the  difference  between  simple  and

indirect recursion?
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8.3.9 What are the advantages and disadvantages of recursive functions?
8.3.10 Give examples of recursive functions usage.
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