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1 LOGICAL TRANSFORMATIONS
Learning objectives : To reinforce the definitions of logical operations on propositions, to
learn how to compile truth tables for propositional algebra formulas, to reinforce the skills of
using the laws of logic to prove equivalences, to master the principle of duality in propositional
algebra.

1.1 Educational questions classes:
1. Execution logical transformations.
2. Solution tasks With using laws logic statements.

1.2 Questions For checks readiness students To practical lesson
1. All sorts of things whether offer natural language is a statement?

What means union "or" V non-exclusive what do you mean?

Provide verbal definitions of logical operations on statements and provide their

designations.

Define concept formulas algebra statements.

Which formula it's called tautology?

Which formula it's called identically false?

Which formula it's called feasible?

Which formulas are called equivalent?

Write down main laws logic (tautologies).

0 Formulate law duality For Boolean formulas.

o

Se@Nane

1. Execution logical transformations

Let's agree For further meaning "true" designate digital 1, A meaning
"false" - the number O (in the literature the notations 7 (true) and F' (false) are also used) etc.)
Then The definitions of the five basic logical operations on statements (negation, conjunction,
disjunction, implication and equivalence) can be summarized in one table (Table 1.1), which is
called a truth table :

Table 1.1 - Table truth For definitions main logical

operations
X y X x&y XV at X7at| Xy
0 0 | 0 0 | |
0 1 1 0 1 1 0
1 0 0 0 1 0 0
1 1 0 1 1 1 1

Similar tables truth often use For proof logical identities and equivalences, laws of
logic, in various applications of Boolean algebra. this practical lesson on basis definitions
logical operations and laws logic We we will install, To which one class (tautologies,
(identically false or satisfiable) belong to the given formulas of Boolean algebra. In addition, we
will learn to express some logical operations through others, as well as find formulas dual to
data formulas. Material this practical classes necessary for fastening And acquisitions
protozoa skills For ghosts logical

functions To SDNF (SKNF), their optimization And synthesis logical schemes.
Let us recall that any complex statement that can be obtained from elementary statements by
applying logical operations and parentheses, regulating order their execution, it's called

formula algebra logic .



Moreover , the elementary statements themselves, as well as the constants 0 and 1, are also the
simplest formulas.
All possible logical values of a formula, depending on the values of the elementary statements

included in it, can be described completely using a truth table.
By definition, the formula 1 X, x ,...,3;15 is called the dual formula

f( XX ek )it (X3 ey )Efi x_h,x ,._..,xn) , at this column values f~ tables

The truth value is obtained from the column of values of the function f by inverting the latter and
negating it.

For Boolean formulas, the dual formula can be obtained by replacing the & operation with v ,
the v omepartiov with &, 1 with 0, and 0 with 1, all while preserving the formula's structure (i.e.,
the corresponding order of operations). If the formulas contain implication and equivalence
operations, they are first expressed through the operations of negation, conjunction, and
disjunction.

To perform identical transformations of propositional logic formulas, it is necessary fo know :

A) definition logical operations over statements; b) the basic

laws of Boolean algebra;

be able to : make up tables truth For complex statements.

Let us list the main properties (laws) of Boolean operations of propositional algebra. In this
case, we agree the equivalence relation on a set of statements (formulas) is denoted by the sign

. x&x=x
- laws idempotency
2. XVX=Xx

3. x&lzx\
4., xvl=1
- zero laws and units;
5. x&0=0
6. 0=
XV x)

7. x&x=0 -law contradictions;

8. x V)_C =] - law of the excluded middle;

9. x&(yvx)=
- absorption laws ;
10. xv(y&x)=
11. X = - law double denials;
X
_ Y
12. x&y=xv

y | -laws de Morgan;

13. xvy=x&



4. x&y=y&x

- commutative laws
I5. xvy=yvx

16. x&(y&z)=(x&y)&
- associative laws
17. xv(yvz)y=xvy vz

18. x&(yvz)=(x&y)v(x&z)
- distributive laws
19. xv(y&z)=(xvy) &xvz)

20. x> y= )_/ >x law counterpositions.

Necessary Also be able to express alone logical operations through other. Among Among such
equivalences, the following equivalences play a special role:

l. x>and=(x—> and)& (and - x);

2. x—>yE)_ceey;x—>yEngy;

3. Laws where Morgana 12 and 13.

4. x& and=xv
and ;

5. xv andzx(_&

and ; and
_ dro.
6. x> and=x 3apaumn
& and

10.1.Compose tables truth For following formulas And install, which of them are

tautologies. To what class do the remaining formulas belong?
10.1.1. (x v ) = (6 & y v x) = );
10.1.2. (x & y) = (¥ v x) = 2);

10.1.3. (x v 2) & (¥ = (z = X);

10.14. xvy > x&y;
10.1.5. ((x — ) & ¥) —> x;

10.1.6. (p & (g — p)) — p.



IN quality example let's consider formula 1.1.2

X y z x )_/ z X &; YV x v X ) s A
0 0 0 1 1 1 0 1 1 1
0 0 1 1 1 0 0 1 0 1
0 1 0 1 0 1 0 1 1 1
0 1 1 1 0 0 0 1 0 1
1 0 0 0 1 1 1 0 1 1
1 0 1 0 1 0 1 0 1 1
1 1 0 0 0 1 0 1 1 1
1 1 1 0 0 0 0 1 0 1
Formula 1.1.2 is tautology, So How meaning this formulas on everyone sets
equals 1.

10.2.  Using the basic laws of logic, prove the following relationships with the help of

equivalent transformations:

102.1. xvy=x&y;

102.2. (x& y)v(x&y) = x;

10.23. xvx&y=x

1024, xvy=y—>x

1025 x & Y) v (x & p) v (x & ¥) = x —> )

10.2.6. (x—)})z(y—;x) .

Let's prove, for example, 1.2.5.

(x&y)v(;c&)_/)v (x&y)z(x&y)v(_x&(}vy))E(x&y)vx_z (xv;)&(yv;)zyva_czx—)y.

10.3.  Prove identical truth or identical falsity formulas, applying equivalent

transformations:

103.1. (v x&y) ~(yva);
1032. (x>p)v(x>);
1033. (xvy)&x—y;

1034, x&(x—>»)&(x>):

1035 (x> y)&y—>x;
10



10.3.6. ( x—>y)—>( xvy) .
Let's prove it identical falsity formulas 1.3.4.
x&(x—)y)& (x—>y_)sx& (;cvy)& (xv})sx& (xv (y&_y )Ex&_vaEx&;EO.
10.4. Next formulas transform So, to They contained only operations of conjunction

and negation:

104.1. xv y;
104.2. x> y;

1043. x> y;
1044.xv(x<oy);

10.4.5. (x&_and)7—>(y—>x) ;

10.4.6. (xvy)—)( x—)z) .

Let's consider, For example, 1.4.4:

xv(x(—)y)zxv((x—>y)&(y—>x))zxv(;vy)&(;vx)E

=xv (|k(7&7) &_ij )x\gl f(x &y)&(y& E)\jl

10.5. Find dual formulas to the formulas:
105.1. x&(yv 2);
10.5.2. (x & y)v (x & 2);
1053 v )& (v (ve:);
1054, (&) v (p&2)v (z&x)) & (v yvz);
1055 (v & Gvz)v (c&en) W (Gvy) &zvx);
1056 (x&y&z)v (rayaz)v(x&y &z (r&y&:).

IN quality example let's build formula f*, dual formula 1.5.3, based on from the
definition of the dual formula:

[32)=f(602)=(cv ) &V (v &)= &) &V (y & 2) =

=& vy&))=x&)vir&(y&))=x&y)Vvx&(yv2),

which coincides with the formula obtained from formula 1.5.3 by replacing the operation &
for surgery v and vice versa.

At decision tasks 1.1 - 1.5 Can stick to next methods. One Go over the problem in detail at the
board. Then divide the board into two parts and invite two students to it, who will solve two
more problems simultaneously. Divide the entire group into two subgroups, each from which
will track for solution tasks at boards your own

11



representative. Those the most will more wide coverage tasks, at boards More students will work
and there will be time savings.

2. Solution tasks With using laws logic statements

Based on on law contrapositions (x> y)=(y— For theorems Pythagoras
x)
formulate the inverse, opposite, and converse of the opposite proposition and establish the truth
of each of them.

Solution . We formulate the Pythagorean theorem in the language of implication "if, ..., then
.W"Uif a triangle is right-angled |, then the sum of the squares of the legs is equal to the square of
the hypotenuse - a true statement (x —>y) .

The opposite statement has view at— X: If V some triangle sum
squares length any sides equal square lengths third sides , That This triangle is a right triangle .
This statement is also true.

The opposite statement: If triangle Not rectangular , That V him sum

squares length none two sides Not equal square lengths third (X—y).

Applying the law of contraposition in the form (at S X )= X — at, we are convinced of the truth of
this statement. o
Finally, expressing verbally formula y—x, weget offer, the opposite

opposite to the Pythagorean theorem: if in a triangle the sum of the squares of the lengths If the
length of any two sides is not equal to the square of the length of the third side , then this triangle
is not a right triangle . By the law of contraposition, written at the beginning of the problem, we
see that this statement is also true.

Note, What law contrapositions lies V basis proof statements
method from contrary .

2.1. Formulate four types of statements, as in problem 2.1, and establish the truth of each of

them for theorems:
A) dot intersections diagonals parallelogram is his center of symmetry;

b) all sorts monotonous And limited subsequence has limit.

2.2.Find statement X, If (XvA)v(XvA)=h.

Answer : X=b.
2.3. The Sheffer prime of two statements x and y is the statement denoted by x | y (read " x is

not compatible with y "), which is false if and only if When both statements are true. Compose

table truth stroke Sheffer and express it through the operations &, v,  and vice versa, the
operations &, v,  express through the Sheffer stroke.
Answer : xy=x& and_ExT/y;_ x=xx; x&and=(xand)(x and); xv and=(xx ) (and

and) | || |1

2.4. Pierce's Arrow (Lukasiewicz's stroke) of two statements x and y is called the statement

denoted by x|y (read "neither x nor y "), which is true in that and only V volume case, When

both data statements are false. Compose table

12



truth arrows Pierce And express her through &, v, and back, operations &, Vv,

express through Pierce's arrow .

dnswer xly=xvy=x&y;
;Ex¢m
XV ands(xi and)»l«(x»l« and);
x&yE(xix)i«(yi«y).
On lesson recommended decide from p.1 tasks With even numbers And tasks 2.1 And 2.4.

Conclusion

Let given arbitrary non-empty set Mz{ a,b,with,..x,at ,z,... } And

on him
Two binary algebraic operations, conventionally called multiplication and addition, are defined
and have properties similar to those in 1-20. The set M in this case is called a Boolean algebra .
This algebra is abstract. If we consider specific sets and specific operations on them, we obtain
various interpretations of the Boolean algebra. Thus, the algebra of logic is one interpretation of
the Boolean algebra. Other examples of interpretations of the Boolean algebra include the
algebra of sets, the algebra of combinational circuits, and so on.

The duality principle allows us to almost halve the effort required to derive identities when
examining the properties of elementary Boolean functions. There are other applications of the
duality principle.

1.3 Exercise students For independent work

1. From this methodological developments decide tasks 1.1.1, 1.1.3, 1.1.5, 1.2.1,
1.2.3,1.2.5,13.1,13.3,1.3.5,14.1,1.43,14.5,1.5.1,1.5.3,1.5.5,2.2,2.3,25.

2. Prepare for a practical lesson on the topic "Minimization of Boolean functions". In
addition, prepare questions related to the reduction of Boolean functions to perfect
disjunctive and conjunctive normal forms.

13



2 MINIMIZATION BOOLEAN FUNCTIONS

Learning objectives : Acquire skills in reducing Boolean functions with a small number of
variables to a minimal form using analytical methods (Quine's method) and graphical methods
(Karnaugh maps), including the minimization of partially defined functions. Learn how to
transform a Boolean function to a determinate function (SDNF) using truth tables.

2.1 Educational questions classes:
1. Minimization Boolean functions method Quina
2. Minimization Boolean functions method kart Carnot
3. Minimization Not fully certain logical functions.

2.2  Questions For checks readiness students to class

What it's called implicant Boolean functions ' ( x1,..., x,, )? What such implicent?

Which implicant it's called simple?

Which implicant it's called significant?

IN how the essence minimization Boolean functions Quine's method ?

What it's called abbreviated disjunctive normal form (SokDNF) of a Boolean

function? What does the algorithm for finding the SOkDNF boil down to?

What it's called dead-end DNF (TDNF) Boolean functions? How her find?

7. What way from TDNF choose minimum DNF (MDNF) Boolean functions?

8. What represents by yourself map Carnot? To depict blanks kart Carnot for
functions of 2, 3 and 4 variables.

9. Describe algorithm searches MDNF Boolean functions on basis Karnaugh maps .

10. Which Boolean function it's called Not fully (partially) certain?

11. How is the definition of a partially defined function carried out during its minimization?

Sk Wb =

o

1. Minimization Boolean functions method Quine
Abbreviated and Dead-End DNFs (KNFs)
Definition 1. The reduced disjunctive normal form is the disjunction of all prime implicants
of a given function.
Therefore, finding the reduced DNF of a function is the problem of finding all its prime
implicants.
Similar way Can enter abbreviated KNF.
Definition 2. Disjunction (conjunction) of prime implicants (implicents), none of which is not
redundant, is called its dead-end disjunctive (conjunctive) normal form — DDNF (TCNF).
Logical function Maybe be presented one or several TDNF And TKNF. Definition 3.
TDNF (TKNF) logical functions, containing the least possible number variables And their
denials, it's called minimal disjunctive
(conjunctive) normal form - MDNF (ICNF).
An exact solution to the Boolean function minimization problem involves finding their
MDNF (MCNF). Solving this problem involves the following steps:
1. Performance Boolean functions V SDNF or SKNF.
2. Receipt abbreviated DNF (KNF).
3. Finding all TDNF (TKNF).
4. Choice from received dead-end forms MDNF (ICNF).
Minimization of Boolean functions by Quine's method is carried out in strict accordance with
the main stages of minimization indicated above. Since the
representation

14



The minimization of the function in the SDNF is a separate problem, independent of the
minimization; for a better understanding of Quine's method, we will limit ourselves to functions
already reduced to the SDNF.

Obtaining a reduced DNF by Quine's method is as follows. By successive conducting
everyone possible operations incomplete gluing type

xyv xy =x each minterma SDNF With each to others minterm, A then everyone
possible acquisitions constituent units species xyv x = x, We we will receive All simple

Implicants of the function being minimized. This step is most conveniently performed using a
rectangular table whose row and column names represent all the minterms included in the DNF.
Using such a table, pairs of minterms are selected that differ from each other by only one
variable in their proper parts. The result of this partial concatenation is written into the table at
the intersection of the concatenated minterms. The table will be symmetrical with respect to the
main diagonal, so to avoid unnecessary implicants, the disjunction of implicants is taken only in
the upper (or lower) part of the table. The resulting implicants yield the reduced DNF.

Finding all dead-end DNFs can also be produced with Using a rectangular table ( an implicant
matrix), the columns of which correspond to the constituents of unity (minterms), and the rows
to the prime implicants. From the resulting matrix, the minimum numbers of the shortest prime
implicants are selected that jointly absorb (overlap) all the minterms of the SDNF of the function
being minimized, and none of which is redundant. The disjunction of the prime implicants thus
selected is a dead-end. In the implicant matrix, the cells at the intersection of rows and columns
in which a prime implicant occurs in a given minterm are labeled. Of all the dead-end forms, the
minimal one is selected.

In more complex examples, when the number of variables is greater than 3, when finding a
reduced DNF, it is necessary to perform gluing and absorption operations on the newly obtained
implicants several times, since they may not be simple. Note at this, What implicant, which V the
only one number overlaps one or another constituent of the unit (minterm) are called essential .
Essential implicants are always included in the MDNF.

Tasks

1.1. Method Quina find MDNF And ICNF functions, given in SDNF:

fx,y,z2)= x;z vV Xyz v ;;Z_V Xyz vV Xyz vV Xyz, 2.1)
Solution . Let's fill it out rectangular table 1 By specified higher algorithm.

Table 2.1 - Primary gluing minterms in task 1.1

w¢e

Minter xyz

xyz

xXyz

xyz

xyz 0z

xyz

yz

XZ

xyz

yz

Xy

xXyz

Xy

XZ

xyz

XZ

yz

xyz

yz

Xy

Xyz

Xy
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Since all the implicants at the top of Table 1 are prime (that is, they are no longer glued
together in pairs), the reduced DNF of this function will be the function
Scokone (X, ,2) = YZV XXV XY VXXV YZV XY, (2.2)
Let's make it up implicant matrix V view tables 2.2, using abbreviated DNF (2.2).
Table 2.2 - Implicant matrix To task 1.1

Minterm xXyz xXyz xXyz xXyz xyz

Prime N
implicants

Xy

yz
" < | >
Xz

From implicant matrices it is visible, What All mlnterms glven functlons turn out to be

blocked two ways: implicants yz, xz And xy; xy, yz, xz; hence
We we have two dead-end DNFs: fi(x,y,z)= xyv yz vV Xz, (2.3)

LGy, z)=xy Vv yzvVvaxz. (2.4)
Each one from dead-end forms (3) And (4) is minimal, So How contains the same number
of letters — 6 each and the same number of negatives — 3 each.
ICNF this functions Can write down, using principle duahty

f3(x.y.z)=(xvy)yvz)xvz) or fa(x.,y.z)=(xvy)yvz)xvz).
1.2. Minimize method Quina logical function

f (X1, X2, X3, X4) = X1X2X3X4 V X1X2X3X4 V X1 X2 X3X4 V X1X2X3X4 V X1 X2X3X4 V X1 X2X3X4 V

VX1X2X3X4 VX IX2X3X4.
Function presented V SDNF. Necessary determine MDNF.
Answer : V process minimization we will receive three dead-end DNF:

a) Sfi(x1,x2,x3 x4) X 1x3x4 v x 1x2x4 v x2x3;

)fz(xl X2,X3, x4) x2X3x4vx1x2x4\/x1x2x4vx2x3,
0) fz(x1,x2,x3,x4)—X2x3x4 Vv X 1x2x4 vx1x3x4 v x2Xx3.

Function f,(x,,x,,x;,x,) contains the smallest quantity conjunctions And variables,

That's why she is MDNF.
1.3. Minimize functlon glven in SDNF

f(Xx,y,z2,v)=Xyzv Vv XyzvV XyzVV XYZV V XYZV V XYZV V XYZV V XYZV V XVZV V XYZV
b
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Solution : Let's create a rectangular table 2.3 and perform a rank reduction. The original
minterms are multiplied by 1. Minterm gluing and absorption are performed as before: pairs of
minterms that differ only in a variable and its negation are merged and absorbed. Due to the
symmetry of the table, it is sufficient to fill only the upper part.

Table 2.3 - Primary gluing minterms in task 1.3

Minter xyzlin  xyzjin ;yz in ;cyzv xXyzin  xyzlin = xyzp X yz\ XYZn el

w¢€

xXyzv Xzv yzv

xyzv Xzv xyv

xyzv xyv xyz yzv

xyzv X2z XV

xyzv yzv Xy xyv

Xyzv x| xyz xzv

xyzv xyv xyz Xzv

xyz
Xyzv yzv xzv

xyzv yzv Xzv xyz

From received 13 implicant let's make up new table 2.4, because Not All They
are simple. IN That same time Not involved implicants xzv, yzv, xyv V
operations gluing will be simple. Except Togo, simple turn out to be implicants

vz ,xy And xz, since they are not subject to further gluing are subject to.
Table 2.4 - Secondary gluing of minterms in problem 1.3

WMot xiv  yav  x xyz vz Y xpz ox)jv ompv wiz xgy Y Y

HN-KaHThI

Xzv

yzv

dd

xXyz .

yzv .

yzv yz
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xXyz XD X

XzZv

Xzv

Thus , the reduced DNF  of the original function takes

~ the form
S sokpnE =XVZ NV XZV YZ NV XYV XZVV VZV.
We'll find it Now All dead-end And minimum DNF this functions. We are building
implicant matrix (table 2.5):

Table 2.5 - Implicant matrix To task 1.3

interms xyzv | xyzv | xyzv | xyzv | xyzv | xyzv | xyzv | xyzv | xyzv

Pros-
the implicant

- * * * *
X yes

Xz

yz % %

xXyv

- % %
XzZv

- % %
yzv

IN ours case, How shows implicant matrix, significant are two
simple implicants xy (only she overlaps minterm xyzv) And yz (only she
overlaps minterm xyzv)._Thglt's why They Necessarily should log in V minimal form.

Together implicants xy And yz overlap All minterms, except first xyzv And xyzv.
Absorption specified two minterms Maybe be received two ways: or
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implicant yzv, “or two implicants xyv And yzv. 'IN result we get two
dead-end DNFs
fi(x,y, from ,_in)= xy_z_vyzvxzv’ fo(x,y.from ,in)=xyzv yzvVv xyzv
Because first TDNF contains 7 letters, A second - 10, That minimal form
this functions is first TDNF f';.

1.4. Define method Quina All TDNF And MDNF logical function

SOx X X0 2300, 3,7, 8,9, 1),
On the rest sets given function accepts meaning 0.

Answer : we will receive two TDNF: f1(x1,x2,x3,x4)= x_1x3x4 v Xx1x2x4 v x2x3x4;

fa(xl ,xz,x3,x4_)=x IX3X4VX2X3X4VX1X2X3VX2X3X4.
Obviously, What MDNF this functions matches With TDNF £ (x ,,x,,x;,x,).

2. Minimization Boolean functions method kart Carnot

One of the possible ways of graphical representation of a logical function of a small number
of variables is Karnaugh maps (Veitch diagrams).

Cards Carnot consists of 2 ™ cells, where m is the number of function arguments, and
represent transformed truth tables. Each cell corresponds to a specific set of arguments. The cells
contain either zeros or ones, depending on the values the function takes on each set. The
presence of a one V cage indicates on that which corresponding her constituent units must be
included in the SDNF function.

Karnaugh maps for functions of two variables consist of four cells. The columns and rows of
the map can be designated either by the numbers 0 and 1 (Table 2.6) or by a bar (Fig. 2.1). The
bar denotes the value 1 for the corresponding variable.

y
Table 2.6 - Map Carnot for 2 changes
X
y 1 0
X xy Xy
x - —_——
0 xy xy

Figure 2.1 - The line indicates the value, equal 1, the variable indicated near this line

In Fig. 1, the top row of cells corresponds to an argument x equal to 1, the bottom row to an
argument x equal to 0. Similarly, the left column corresponds to an argument y equal to 1, the
right column to an argument y equal to 0. If a specific function is given, the cells will contain the
values of this function for the corresponding set of arguments.

Units located in adjacent (horizontal or vertical, but not diagonal) cells can stick together,
What correspond gluing minterms V
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SDNF for one of the arguments. In the case of two arguments, two or four units can be glued
together.

The basis for minimizing Boolean functions using Karnaugh maps is the following reasoning.
Two minterma, located V neighboring cells cards, can be are replaced by a single conjunction
containing one less variable. If two pairs of minterms are adjacent, then such a group of four
minterms can be replaced by a conjunction that contains two fewer variables. In general, the
presence of minterms in 2 ¥ neighboring cells allows us to exclude k variables. This is easy to
verify if adjacent pairs of minterms are transformed by the method of successive elimination of
variables, using the distributive laws of conjunction with respect to disjunctions And disjunctions
with respect to conjunctions, rules absorption and adhesion.

When minimizing Boolean functions using Karnaugh maps, it's important to remember that
adjacent cells include not only cells adjacent horizontally and vertically, but also cells on
opposite edges of the Karnaugh map. Cells can be grouped in groups of 2, 4, 8, and so on, and
the same cell can be part of multiple groups.

Karnaugh maps can be used to minimize Boolean functions defined in both SDNF and SKNF.
In the latter case, each cell must be assigned a specific zero constituent (maxterm). The presence
of a 0 in a Karnaugh map cell indicates that the corresponding zero constituent must be included
in the SKNF of the function. Adjacent zeros can be merged according to the same rules as ones.

Finding the MDNF comes down to determining the most rational option in which all units of
the Karnaugh map of a given function are covered by the smallest number of short conjunctions.

Tasks

WITH help kart Carnot minimize functions previous point:

2.1. J(»,2) =Xyz vV XYz V XYz VVXYZV XYZV XYz

f (1, X2, X3, X4) = X1X2X3X4 V X1X2 X3 X4 V X1X2 X3X4 V X1X2X3X4 V X1 X2 X3X4 V

22 V X1X2X3X4 V X1X2 X3 X4 V X1X2 X3X4.

f(X,y,Z2,Vv)=Xyzv VvV XYZVV XYZV V XVZV V XVZV V XVZV V XYZV V XYZV V XYZV V XYZV

2.3.

24, f(x,%,,%5,%,)= 2 (0,3,7,8,9, 11).
Solution 2.1. We get the following cards Carnot (rice. 2a) and 2b)).

y y
yz |11 [10 |00 o1 Noz |11 10 |00 ol
X X
x| |1 1|1 o |1 T U O B
0 o |1 |1 i1 o |o L] 1
Z z z z
Figure 2.2a) - First gluing option Figure 2.2b) - Second

gluing option
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IN map Carnot on Fig. 2a) All minterms form three groups: 1)xyzAnd xyz, where

Xyz v xyz_z xy;2) x_yz_I/I Xyz , OTKyJa ;yz_v Xyz = xz ; 3)xy_z U Xyz ,OTKyJAA XyZV Xyz = yZ U

V result we get MDNF f| = xyvxz v yz, ‘What matches With MDNF (3). Grouping

units in a different way (Fig. 2b)), we get: - 1) xyz_ v ;yz_ = Xz;
2)xyz v xyz = yz;

3)xyz v xyz = xy . Then MDNF will function f> = xzv yz v xy, What matches With MDNF

(4).

Solution 2.3. Grouping three groups minterms, How shown below on rice. 3, we get:

1)XVZV N XYZV N XYZV NV XYZV = XYZ N XYZ = XY 9)

XYZVV XYZVV XYZV NV XYZV = XYzZV XyZ = YZ .
b

3) ;cyz_v vV Xyzv = xzv , Where f . = xy_v yzv xzv , What matches With previously received
minimal form.

z

Y 10 11 0l 00

Xy

10 1< |1 1 1>

N N e N S
11 e 1 N o 0
‘\‘\ /;' ,/”‘\\ y

01 b (1 1y o

00 0 0 18/ o

\%

Drawing 2.3 - Map Carnot For functions 2.3
3. Minimization Not fully certain logical functions

Minimization of partially defined logical functions—function values for unspecified
combinations of argument values—must be further defined to obtain the minimal DNF.
Minimization of such logical functions can be performed using either Karnaugh maps or Quine's
method.

Tasks

3. A partially defined function f( x 1, x 2, x 3, x 4) is given by a truth table, and Namely, the
numbers of the sets of arguments on which it takes on certain values are indicated. On the
remaining sets of arguments, this function is undefined. Minimize the following functions.

3.1.

Set number N

11213416789 11]12
Function
value Oj(oj1{oj1y1fof1}{1 |0
f(x1,x2,x3,
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X4)
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3.2.

Set Number N

The value of
the function 0|1{0(0f(1|1]0]|0]1 |O
f(x1,x2,x3,
X4)

Conclusion

At a large number of variables ( # > 5) method Quina as And method kart Carnot at
Manual minimization methods become tedious and ineffective. However, using a given
algorithm, it is possible to create a computer program that can automate the minimization
process for a sufficiently large number of variables.

The material covered in this practical lesson serves as the basis for the synthesis of
combinational circuits, which will be the subject of the next practical lesson.

2.3 Exercise students For independent work

1. From this methodological developments decide tasks 1.2, 1.4, 2.2,2.4, 3.2.
2. Getready To practical occupation on topic "Synthesis combinational circuits."
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3 SYNTHESIS LOGICAL DIAGRAM

Learning objectives : To understand the problem of synthesizing combinational circuits in
functionally complete sets of elements. To reinforce the methodology and main stages of the
structural synthesis process, and to acquire basic skills and abilities in constructing
combinational circuits in various functionally complete sets of elements.

3.1 Educational questions classes:
1. Sequential And parallel connections valves.
2. Main stages of constructing a combinational circuit in the selected functionally complete
set.

3.2 Questions For checks readiness students to class

1. What such combinational scheme? Why We her we identify With

"black "box"?
2. What logical operations correspond to serial
and parallel connections of conductors?

3. What it's called basis Boolean functions?
Formulate production tasks synthesis logical schemes.
5. List the main stages  of the process of

structural synthesis of logical (combinational) circuits.

b

1. Sequential And parallel compound valves

Synthesis of a logic circuit is the design of this circuit if the law of its operation is given. In its
most general formulation, the task of structural synthesis consists of constructing combinational
circuits that implement given algorithms with using simple gates - a conjunctor , a disjunctor ,
an inverter , etc.

As a result of structural synthesis, a list of logical elements included in the combinational
circuit and the order of their connection to each other must be determined. functionally
complete systems functions initially Can take

redundant system &,{v .

This practical lesson is final course in a series of lectures and practical classes in which
propositional algebra was studied.

Tasks
Draw the discrete signal circuits consisting of from contacts connected in series and in parallel.
Draw electrical and standard graphical representations

(diagrams) of an inverter, disjunctor, conjunctor, Pierce arrow and Schaeffer

stroke.

Bring examples functionally full systems functions (ligaments) algebra logic.
Bring examples bases.

1.4. Build combinational schemes, given functions:

141, f(xy,2)=xzvvzvxy

1.4.2. f(x,y,z) =x(yzvyz)vx(yzv yz) :

143, [@y.z0) = (v )V VD) v,

144, fx,2) =& > y)(y > 2)

Note, What at decision tasks 1.4.1-1.4.4 Not follows achieve optimality
schemes, those. data functions Not follows on this stage to minimize.

24



As an example, let's consider function 1.4.2. Since the right-hand side of the function contains
the expression yz, we will use De Morgan's law and bring this function to the form

S, ,2) =Xyzv Xy vV Xz V Xyz V Xyz

Then corresponding combinational diagram V functionally full set
{;, &, v } Can depict drawing 3.1:
Xy z

X
[ ' g e
—>
_ 7 & };7
X
L > > o
Yy
y ]
el y
y & _
> Xy
f(x,,2)
z > & Xz
}
z
X > Xy3
¢ > > >
[ >

Figure 3.1 - Combination circuit corresponding to function 1.4.2 It is advisable on some

sets check right work built
combinational schemes.
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On lesson recommended decide tasks 1.1-1.3, 1.4.2 And 1.4.4.

2. The main stages of constructing a combinational circuit in selected functionally complete
set

Process structural synthesis logical schemes consists of from the following main stages:

1. Formalization verbal tasks schemes.

2. Compilation tables truth.

3. Recording logical functions V SDNF or SKNF.

4. Choice functionally complete systems logical elements.

5. Minimization logical functions.

6. Construction combinational schemes, corresponding logical functions.
7. Examination correctness work combinational schemes.

Although when synthesizing a combinational circuit, the formalization of a verbal task usually
does not cause any particular difficulties and comes down to identifying sets of variables on
which the function is equal to 0 or I, in the lesson it is recommended to solve one of the
problems using the first stage.

Tasks
2.1. Atagiven signal, each player , A and B, closes or opens the switch they control. If both
do the same, then player A wins ; otherwise, player B wins . Construct a circuit so that if player
A wins , the light bulb lights.
Solution . Let x denote the state of player A's switch , and y denote the state of player B's
switch . Then, according to the problem statement, the function f'( x , y ) takes the value 1 on

sets (0, 0) And (1, 1) SDNF this functions The f( X,y ) =XyVvVXxy.
corresponding diagram looks like this (Fig. 3.2):
Xy
X X
g ————
g f(x,

Drawing 3.2 - Combinational scheme, feasible function tasks 2.1

Task 2.2. There is one light bulb in the stairwell of a two-story house. Design a circuit so that
each floor's switch can turn the light bulb on and off independently of the other switch's position.
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Answer J(X,y)=xy vy,

From received V table 3.1 implicant let's make up new table 3.2, because Not All
They are simple.
Table 3.2 - Secondary bonding

M acd béd abd abc bed Y¢d  abc abd abd abc aed a¢d abc

bed bq

bed b

abc ab

agg ap

abd a

abc ab

ac
acd

acd a

abc b ac

Abbreviated DI\IF oriig;inal functions takes the form:
f(a.b,c,d) =acd v bed v abd v bev abv ac

Now we'll find All dead-end And minimum DNF this functions With help construction
of the implicant matrix (table 3.3).
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Table 3.3 - Implicant matrix

abbd abed abtd abgd abtd abbd abed abtd abed abyd
MuHTEPME]
NmrivkanT
bl
ab x| x| =
ac * * % %
bc * * * *
abd * *
acd *
bed * *
We have two dead-end forms  f1 = abv be v acd f2=abv bc v abd v bed ,
And
at this implicants ab And be are essential.
Let's build it combinational diagram, corresponding minimal form this functions.
a b ¢ d
+ alp |
. }
} » bc f (Cl,b, c, d)
® >
? } acyl

I

[
»

Drawing 3.3 - Combinational scheme, feasible function tasks 2.3

Remains to carry out check correctness work this combinational schemes.
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Boolean function given in video numerical works f(x,in,z)= H (3.5) on 3rd and on
5th sets. Following the main stages of combinational circuit synthesis, synthesize this function in
the set {&, v, }, as well as in the bases Pierce arrow { |} and Sheffer stroke {|} .

Solution . A) Function f( x, at, z) By definition numerical works on 3rd set
<0, 1, 1> and on the 5th set <1, 0, 1> takes the value 0, on the remaining sets this function takes
the value 1. b) The truth table for this function takes the form of table 3.4:

Table 3.4 - Table truth For functions f(X,at,z)

0 0 0 0 1 1 1 1
0 0 1 1 0 0 1 1
z 0
f(x,y,z) 1
Number folds 0

¢) The SDNF of this function is its entry in the form f'(x, y, z) = £ (0, 1, 2, 4, 6, 7) (under the
sum sign are the numbers of sets on which the function f takes the value 1). Then The SDNF of

the function f'takes the form f(x, v, z)=xyz v huzv xy3 v xy3 v xy3 v xy3 . From that same
tables truth easily we get SKNF this functions: f(x, y, z) =

(xvinvz)(xvinvz).
G) Let's consider at first excess functionally complete system {&, v, }.d) We will

carry out minimization using the Karnaugh map.
By gluing the minterms as  shown in  Figure 3.4, weobtain the minimum

disjunctive normal form functions f: f=huv hu v z.

\oo o1 [11 10

Z

N @

0 1(> 0 1\
/ N

Drawing 3.4 - Map Carnot For minimized functions f'

The MCNF is obtained immediately in the form of a numerical product f( X, y,_z );( Xv atv
z)(xv atv z).e) We will construct the CS in two versions: for MDNF (Fig. 3.5) and for

MCNF (Fig. 3.6).
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Drawing 3.5 - Combination circuit built on the basis of the MDNF of this function
Comparing two received KS, Can notice, What V this case cost on
construction Togo or other options schemes are practically identical.
g) We will verbally check the correct operation of the obtained KS on some sets.
Let us proceed to the synthesis of this function in the bases {|} and { |}. Let us recall the rules

for the transition of this function to the specified bases. If the function f'has the form DNF f'=d |
vdav...vdy,then, taking from right parts this DNF double negation And having applied
To him rule where Z‘ d,| |d,

Morgana, we will .. . From here we have

receive f=

Rule 1. In order to move from the DNF of a Boolean function to its representation in the basis
{|} , it 1s necessary to replace all disjunction and conjunction signs with Sheffer symbols | and
enclose the groups of letters included in each elementary conjunction in brackets.

For compactness records can be former performance save inversions, having at

this V view, What X =_xx=JX X And etc. Then finding minimal forms V basis {|}

is performed according to the following algorithm: 1) determine the MDNF of the function; 2)
replace all v and & operations with a Sheffer stroke and we put in brackets the letters that are
part of the elementary conjunctions MDNF functions; 3) we replace denials arguments
X, at ,...expressions x | x,y |y ,... and etc.

For ours functions MDNF has view f = hu v hu v z. MDNF V basis {|} according to
formulated algorithm accepts view f=(x |y )((x|x)|(y|y))|z . Likewise we have

Rule 2. In order to obtain a representation of a logical function in the basis {|}, it is sufficient
to replace all the signs & and v 1v 1toc XN® with a Peirce arrow and enclose in brackets the
groups of letters included in each elementary disjunction.

The algorithm for finding the minimal representation of a function in the basis {|} is based on
rule 2 and includes the following steps: 1) determining the minimal finite-valued form of the
function; 2) replacing everyone signs & And v familiar | And conclusion V brackets letters,

incoming V elementary
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disjunctions ICNF functions; 3) replacement denials arguments x,y ,...expression species
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x| x,y |y And etc. For ours functions ICNF has view f(x, y, z) = (Xv atv z )va atv z
). The MCNEF in the basis {|} according to the above algorithm takes the form f=(x [(y | ¥ ){(

zlz)I(x | x)]lyl(z]z)).
KS this functions V basis {|} has view:

X Y

B
——

V4

| JC02) R

Drawing 3.7 - Combinational scheme, implementing given function V basis {|}

In Fig. 3.7, microcircuits D1-D2 are used to obtain the inversions of the signals x , y . Often,
in the circuit preceding the synthesized circuit, not only variables are formed, but also their
negations. In these cases, microcircuits D1-D2 can be excluded from the circuit. The expression,
standing in the first in brackets is being implemented D3 microcircuit (2AND-NOT). On her
inputs are supplied signals X And ar. Expression, standing in second brackets, is
being implemented
microcircuit D4 (2NAND). Signals are fed to its inputs X And y . Finally, the D5 (3I-NOT)
microcircuit implements the entire function (the number in front of the letter I indicates the
number of inputs V diagram).On drawing 3.8 shown synthesis KS V basis {]},
implementing ours

function.
X y J14 (BUJIN-
1 6 (2UJIN-
‘ H6 (
hi| O—
.__
. O fx 7, 2) >
._[ | 5 (BUJIN-
AL
. _
i % -
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Figure 3.8 - Combination circuit implementing a given function in the basis {|} Remains
check right work schemes, presented drawings 3.7 And 3.8.

2.5. For these Boolean functions, construct the corresponding combinational circuits in
redundancy functionally complete set {&, v, }, as well as in bases Pierce arrow { |} and
Sheffer stroke {|} .

2.5.1. f(x,y,z) defined so that £(1,0,1)= £(1,1,0) = 1, rest values functions
fequal zero.

252, [(y.2) =@V y)(zr v ).
2.5.3. f(x,y,z) = (x - y) - (x(y VZ))-
2154 Jx,y,2)=xzVvxyzvy.

255 f(x..2)=xzv((xvy)vz).

From point 2, in class it is recommended to solve problems 2.1, 2.3, 2.5.1, 2.5.2, 2.5.4 and
analyze in detail the solution to problem 2.4.

Conclusion

We've examined the problem statement for synthesis of a control system and developed an
algorithm for the structural synthesis process. The technology for synthesis of a control system
itself depends on the selection of a functionally complete system of logical operations.

We did not touch on the synthesis of logic circuits with multiple outputs, that is, circuits
defined by a system of Boolean functions. This material, like the synthesis of incompletely
defined functions,

can be found in many books on discrete mathematics and digital circuit design. However, the
material covered in this practical lesson allows us to solve synthesis problems for a fairly wide
class of circuits.

It's worth noting that there are a number of circuit simulation systems designed to automate
the modeling and analysis of fairly complex analog, digital, and digital-to-analog circuits on
personal computers. Among these, the Electronics Workbench circuit simulation system
occupies a special place, boasting a large library of common electronic components whose
parameters can be adjusted over a wide range of values.

3.3 Exercise students For independent work
1. From this methodological developments decide tasks 1.4.1, 1.4.3,2.2,2.5.3 And 2.5.5.
2. Get ready To practical occupation By topic Applications "Propositional calculus
to proof theory."
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4 APPENDICES CALCULATIONS STATEMENTS TO THEORY
EVIDENCE

Learning objectives: To master the basic principles of the axiomatic construction of formal
theories using propositional calculus as an example; to learn to use the axioms and inference
rules of propositional calculus to establish the provability of simple formulas of propositional
calculus; and to acquire the skills of constructing derivations of simple formulas.

4.1 Educational questions classes:
1. Provability formulas
2. Construction conclusions from aggregates formulas

4.2 Questions For checks student readiness to class

Formulate main principles axiomatic constructions formal theory (calculus).

From what consists of alphabet propositional calculus ?

Give inductive definition formulas And subformulas propositional calculus .

Write down system axioms calculus statements. What such axiom scheme ?

Formulate main rules conclusion calculus statements (inference rule and substitution

rule).

Give definition output formulas, theorems.

What such derivatives rules conclusion. Formulate some such rules.

Concept conclusion from aggregates formulas — This definition or theorem?

Formulate theorem deductions V calculus statements.

0. What kind theorems is expressed connection between algebra statements And
propositional calculus ?

Nk W=

e SR R

Historically, the concept of a formal theory was developed during the period of intensive
research in the field of foundations of mathematics for the formalization of the proper logic and
proof theory. This apparatus is now widely used in the development of specialized calculi for
solving specific applied problems.

Truth tables in propositional algebra allow us to answer questions many questions concerning
logic statements. However more complex questions logic statements can no longer be solved
using truth tables. In describing propositional algebra, we used the logical values of statements
(true, false). But the concepts of truth and falsehood are not mathematical. These concepts in In
many cases, they are subjective and relate more to the methodology of knowledge. In this regard,
it is desirable to construct a theory without using the concept of truth and falsity without
applying the laws of logic. Such a theory, in particular, is calculus statements that are
constructed according to general rules construction of formal axiomatic (deductive) systems (or
calculi). Constructing such a formal system or theory is one way to model our reasoning in many
practically important applications.

Formal theory is being built next way.

1. A set of formulas, or well-formed expressions, is defined, forming the language of the
theory. This set is defined by constructive means (usually by inductive definition) and,
therefore, is enumerable, and in most cases, decidable.

2. A subset of formulas, called the axioms of the theory, is identified that must be decidable.
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3. They are asked rules of inference of the theory, that is, a computable relation on the set of
formulas.

Process constructions theorems V such theories it's called formal conclusion or
proof V formal theory.

One such formal theory is propositional calculus. Propositional calculus is an axiomatic a
logical system whose interpretation is propositional algebra.

The description of any calculus includes a description of the symbols of this calculus
(alphabet), formulas that are finite configurations of symbols, and a definition of the formulas to
be derived.

The provability of propositional calculus formulas is based on its axioms and fundamental and
derived rules of inference. Therefore, mastering the rules of inference in practice, especially the
inference rule and the substitution rule, is of great importance.

The second important component of propositional calculus is the ability to construct a
derivation for various formulas and to establish the derivability of formulas from a set of
formulas.

Of particular importance for propositional calculus is the deduction theorem, which, on the
one hand, serves as the basis for one of the methods of proving theorems of propositional
calculus, and on the other hand, it is also used in other calculi.

1. Provability formulas

Alphabet, formulas And subformulas calculus statements

Alphabet calculus statements consists of from symbols three categories:

1.  Symbols, which denote variables statements: lowercase letters of x,y,z,...,xX |, X,,... -
the Latin alphabet (with or without indices).

2. Logical ligaments: &, v, —,

3. Round brackets ( , ).

Others symbols alphabet calculus statements Not has.

Formulas calculus statements represent by yourself final Sequences of symbols of the
propositional calculus alphabet. We will use capital letters of the Latin alphabet to denote
formulas. These letters are not symbols of the propositional calculus alphabet, but merely
represent conventional notations for formulas—that is, they are symbols of the so-called
metatheory , which is used to describe propositional calculus.

A lot of formulas is usually given by an inductive definition using formal grammar. As a
rule, this set is infinite.

Definition formulas:
1. All sorts of things variable statement x,y,z,... is formula.
2. If A And B - formulas, That formulas is And next combinations
description: (A & B), (AvB), (A—>B), (4)....

3. No other combination of symbols is a formula. Variables statements
we will call elementary formulas .
Simultaneously With concept formulas is introduced concept subformulas or parts of the

formula.

Definition subformulas:

1. Subformula elementary formulas is only she herself.

2. If formula has view A4, That her subformulas are: she herself, formula
A And All subformulas formulas A4 .
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3. If formula has view ( A*B ), Where under symbol * understood any from
logical ligaments v, &, =, then her subformulas are: she herself,
formulas A and B and that's all subformulas formulas 4 And IN .

Let's introduce V recording formulas some simplifications, A exactly: we will let down
outer brackets And some internal, If subsequence execution of logical
& VvV, —.

The next step in describing propositional calculus will be to identify a certain class of
formulas, which we will call initial provable ones. ( derivable ) formulas or axioms of
propositional calculus.

One of the possible systems of axioms for propositional calculus consists of 11 axioms, which
are divided into four groups.

operations Not causes doubts in view of their priority:

9

System axioms calculus statements
First group axioms:
[,.X— (y—>x);

[, (x2>0-oz)>(x>y)—>(x—>2)).

Second group of axioms:
m. X &y &x;

L. x&y—)y;

L. (z=>x)=>(z=>y)>(z>x&y)).
Third group axioms:

I x—)xvand;

I and = xv and .

>

2.
;. (x>z)>((y—>z)>(xvy—>2)).
Fourth group axioms: 1y,

(x=>y)=>—>x),

IV, x> x;

IV x—>x.

3.
All axioms first groups from logical ligaments contain only implication. This

bunch enters And in All rest groups, But in the second group To

implications are attached conjunction, V third group - disjunction, A V fourth - denial.

Main inference rules

Revealing the fact that from a set of statements (formulas of propositional calculus) some
other statement logically follows (formula) and is, in essence, one of the main problems of
propositional calculus.

The definition of provable formulas has the same character as the definition of a formula.
After the introduction of the initial provable formulas (axioms), the basic rules of inference are
defined , which allow new provable formulas to be obtained from existing provable formulas.
Formation of a provable formulas from initial provable formulas by applying the rules of
inference are called the logical deduction of a given formula, proof or logical consequence .

Rule conclusions. If formulas 4 Sc atically This rule are writing
and statements, then he down So:
the formula B is also provable. m
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A,4—

3B 4.1)
IN literature provability formulas F more often total denote symbol |— F or
symbol |= F (We we will use designation |— F). Then rule the conclusions
can be written as:
|— A, |— A— B

B
Comma over feature means union "And".
Rule conclusions accepted call rule modus ponens . IN this rule We
we accept procedure transition from two formulas species 4 And A — B To one formula /N . IN

conclusion By to this rule (That There is V application this rules) formulas 4 And 4 — B
are parcels , A formula IN - conclusion .

In some sources the provability symbol is denoted by the symbol logical consequence « = »
(record P = Q means that formula Q logically follows from formula P , that is, that the
implication P — Q is a tautology). The concept of logical consequence is commonly used in
logic programming and artificial intelligence to describe logical inference methods. Note that
implication is sometimes denoted by the symbol «>".

In proof theory, in most cases the rule modus ponens (or the separation rule, as it is also
called) is accepted as the only basic rule of inference. However, often another basic rule of
inference is introduced substitution rule .

Substitution rule . If a formula A is provable in propositional calculus, x is a variable, B is
an arbitrary formula in propositional calculus, then the formula, obtained by replacing the
variable x in formula A everywhere where it appears with the formula IN, is also a provable
formula.

Symbolically This rule Can write down V view

)
-A(B)

The formulas used in rules (4.1) and (4.2) are called metaformulas or formula schemes . The
meaning of metaformulas is that they denote the set of all formulas of a calculus that are obtained
if its metavariables are considered formulas of the calculus. The use of formula schemes can be
extended to axioms. For example, if in the first group of axioms the propositional variables x , y,
z replacing X with metavariables , Y , Z , That it turns out two schemes axioms, asking three
endless sets axioms. As a result, another way of constructing a propositional calculus with an
infinite set of axioms (defined by a finite number of schemata) arises, but without a substitution
rule, since it is implicitly contained in the interpretation of axiom schemes. The first method,
that is, the method we used, is more constructive: all its means are clearly fixed and finite. On the
other hand, the second method is more in line with mathematical traditions interpretations
formulas: For example, algebraic identity

4.2)

(x+y)?=x2+2xy+y2or identities Boolean algebra are interpreted exactly as schemes

of identities, rather than specific identities that are true only for specific letters.
Now some let's clarify rule substitutions.
A ) If the formula A4 There is variable x , That substitution (4.2) gives formula B .
b ) If formula A There is variable y # x, then the substitution (4.2) gives formula 4.
V) If A - formula, For which substitution already determined, That substitution IN
instead of x V negation formulas 4 there is a negation of the substitution.
G)If41 And A4 - formulas, For which substitutions already defined, That
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- 4,%4,
|- 41(B)*42(B) ’
Where under symbol * understood any from logical ligaments v, &, —

Definition of provable (deducible) formulas
1. Each one axiom is provable formula.
2. Formula IN, received from provable formulas A4 and A— B by way
applications rules conclusions, There is provable formula.
3. The formula obtained from the provable formula by applying the substitution rule
instead of the variable x of an arbitrary formula B is provable formula.
4. No other formula of propositional calculus is considered provable.
Process receipt provable formulas it's called proof .

Derivatives rules conclusion

Let us denote by T is a formal theory of propositional calculus. Then, by a proof of formula B
in theory T we will mean a derivation in which only axioms are used as initial formulas. A
formula B for which a proof exists is called a formula provable in theory T or a theorem of
theory T , and the fact that formula B is provable we will, as before, denote by the symbol |-B )

However, the derivation of formula B can be carried out Not only from axioms but also from
other formulas, that is, from a set of a certain number of formulas that are not necessarily just
axioms. Thus, the concept of proof is a special case of the concept of derivability. Along this
path, with the further development of the theory of propositional calculus, we can obtain a
number of new rules of inference, distinct from the rules of inference and substitution, which in
turn can be used to prove most of the laws of logic and establish a connection between
propositional algebra and propositional calculus. These rules (that is, rules distinct from axioms)
are called derived rules of inference . Let us consider the most important derived rules of
inference.

Rule simultaneous substitutions : let A - provable formula; x ,x,,...,x , -

variables statements, A B 1,B2,...,B , - any formulas theories T . Then result

n

simultaneous substitutions V formula A instead of variables x 1,x 2,...,x , respectively

formulas B |,B ,,...,B
Rule complex conclusions:
A, FA2 o FAL FAT 5 (A2 (A3 (.An—2)..)
Fz.
The rules of simultaneous substitution and complex inference are a natural generalization of the
rules of substitution and inference, respectively. in the case of n formulas.

n

is provable formula theories T .

n

Rule syllogism:
— B, I:B —>C
|—A —C.
Rule contrapositions:
F4—B
|_IN —> 4
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Rules removals double denials:

|—A—>_B A>B

FA4—B , F4—B.
Tasks

1.1. Which from following expressions are formulas calculus statements:
11 (Pi&Py) = (P VP,

1.12. (PvP)V(PP)) > Py

113, Pr> P>V P)) > P

1.1.4. (P1—>P2)—>((P1_—>1_32)—>P1);

1.1.5 P1& (= P2) = (P2 > P);

1.1.6. (P, — P)(P, —> P;) = (P, v P) — Py)),
117, ((Pi—> P) &P, — P3)) > (P, —> (P, & Py));
1.1.8. ((P1 & P2) = (P1v vPy)) <> (VP1 v P2).

Answer : expressions 1.1.2, 1.1.5 And 1.1.8 formulas Not are.
1.2. Write out All subformulas formulas:

121, X2 —=>x);
122 a&cvb,
1.2.3. XVy&Z—)X.

124, Xx>yvx&y.

1.2.5. ¢; o
126. (x=>y)>(x—>y)—>p).

1.3. Install provability formulas:

131.A&B—>A&Bv(C;

1.32.(A&B—>(C—>B&(C) > (A& B —>C)—> (A& B —> B&(Q));
133.AvA—> 4,

134, A&B>B&A;

1.3.5. 'A\/B—)B\/A
Instructions . 1.3.1. B axiom III | perform a substitution instead of x 4 & B, instead of y — C'.
1.3.2. TO provability leads production V axiom I > instead of x , y , z respectively

formulas A& B,C,B&C.

1.3.3. In axiom III 3 substitute formula 4 for x , y , z . We obtain a provable formula (

A—>A)—>({(A—> A)—>(Av A— A). Then apply the rule of complexity
conclusions

1.3.4. IN axiom II 3 substitute instead of x , y , z respectively formulas B , 4 , A& B.

Then apply the rule of complex inference again.

1.3.5. IN axiom III 3 substitute instead of x , y , z respectively formulas 4 , B, use Bv 4 And

the rule of complex inference.

1.4. Using derivatives rules conclusion show, What provable the following formulas:
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143. A&B—>AVB,
Instructions . 1.4.1. IN axiom III 3 instead of x, y, z substitute respectively A, B,A&B And

further take advantage of axioms II 1, IT >, rules contrapositions and a complex
conclusion.
1.4.2. To implement sequentially substitutions: V axiom 1> instead x, y, z

respectively (4 > B)& B, B, A , V axiom 1I 2 - instead of x, y respectively 4 — B And

B, V axiom II | - instead of x, y respectively 4 - BAnd B And take advantage of rule of
complex inference.

1.43. IN axiom III; do substitution, replacing V her z on x &)_/ and further

take advantage of axioms Il 1, IT> And rules contrapositions, removals double
negation and complex inference.

1.5. Applying rule substitutions, install provability formulas:

151 (A&B)—>((A&B)v C);

1.6. Applying the substitution rule and the modus ponens rule , establish the provability of
formulas:

162, P> P&Q.
1.7. Show, What next formulas are provable:

1.7.1.a—>(;1&b 172 pvp 173, r&s—rvs.
); ;

1.8. Prove derivatives rules conclusion:
-4 B, |-B

>
\—Z

1.8.1.

.
9

—A4,-B

1.8.2.

.
9

—-A— B

1.8.3.

-P-> 0, —I_’—>Q
-0

1.8.4.

1.9. Prove:
1.9.1. Rule syllogism.
1.9.2. Rule contrapositions.
1.9.3. Rules removals double negative.
Let's prove it V quality example rule contrapositions, which lies V basis a powerful method of
proving theorems - the method by contradiction . To prove the axiom IV 1 (X — y) — (at
— X)) let's do it simultaneous substitution: instead of X let's substitute

formula 4 , A instead of at - formula /N . We will receive provable formula |— (A— IN )_—> (_IN — A
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. From parcels rules contrapositions Formula A — In provable, That's why, By
applying the rule of modus ponens , we obtain the conclusion of the rule of contraposition.
1.10. Using derivatives rules conclusion show, What provable the following formulas:

1.103. A& B —> AV B

Instructions . 1.10.1. IN axiom III ;3 instead of x, y, z substitute respectively formulas

Z,E, A& B . Then apply To axioms II1 And II» rule contrapositions, after what

take advantage of rule complex conclusions.
1.10.2. IN axiom I, substitute instead of x, y, z according to the formula

(A—> B)&B, B,A4,V axiom II » substitute instead of x , y respectively formulas A — B And

B, V axiom II; substitute instead of x, y respectively formulas 4 — BAnd B, then
apply the rule We will receive a complex conclusion.

1.10.3. IN axiom III 3 replace z on x &_y And apply axioms II 1 And II.. After this

apply consistently contraposition rule, double removal rule negation, the rule of complex
inference and again the rule of contraposition and the rule of removing double negation.

2. Construction  conclusions from aggregates

formulas Let's consider a finite set of formulas I'={ A4 1,42, ...,4.} .

The derivation of formula B from the formulas of the set I is called the sequence of formulas
F1,F2, ..., F nsuchthat F ,, = B, and any of the formulas F 1, F 2, ..., F i, either an axiom or
one from the original formulas A 1, A 2, ..., A n, or directly derivable from the formulas
preceding it, according to one of the rules of derivation.

If there is a derivation of formula B from a set of formulas I, then they say that the formula
IN deducible from aggregates formulas I' And are writing down I' |-In or A1,A2,...,4x |- V.
Formulas 4 1,4 2, ..., A » are called hypotheses or premises of the inference . The transition in
the inference F' ;.1 To F ;is called the i -th step of inference. Obviously, adding formulas to
hypotheses does not violate derivability. Therefore, if |— B, then 4 |—B ,andif 41,42, ..., 44

FB,thend1,42,...;44, Avn1 } B.

At an intuitive level, in relation to some concrete and meaningful theory T, the conclusion is
nothing more than obtaining V in the process of proving some statement (theorem, lemma,
formula, etc.) intermediate statements, based either on axioms or on previously obtained
statements according to existing rules of inference (inferences).

Theorem deductions . Let I - set formulas, A and B - formulas. Then
r, AFIN_
I f4—IN.
Rule introduction conjunctions:
T4, TN
I FA&IN .
Rule introduction disjunctions:
I.,4 }FwITH,T,IN }
WITH
[',AvIN } wiTH
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Law permutations parcels : |-( x>W-oz)>0—>(x—>2)).

Law connections parcels: |-(x—>(y—>z)) —(x&y—7z).

Law disconnection parcels : |-( x&y—z)—-(x—(y—2)).

Tasks
2.1. Write down conclusion For the following formulas:
211.N={ 4.B} |N - A&B;
2.12.G={ 4—>B,B—>C},G/ AND—C;

2.13.G= { Zna’,AND—>|B } ,G - B;

204 H={A4—->(B—>C)},H-B>(A->C).

IN quality example let's write it down conclusion For tasks 2.1.1.

F,=4; F,=B; F;=(A—>A)>(A—>B)—>(4A—> A& B ))(substitution in axiom
Il 5 instead of x , y, z respectively formulas 4, IN, A); F4=A—> A (How provable formula);

F;=(A—>B)—>(4—> A&B)(By rule conclusions from F3 And F4; F¢=B—>(A—>B)

(substitution V axiom I instead of x, y respectively IN And 4); F,=A4— B(By rule

conclusions from F > And Fs); F'y = A—> A& B(By rule conclusions from FsAnd F7); Fy=4

&B
(By rule conclusions from F'1 And F's).

2.2. Prove, WhatIfG={ 4 —>B } ,That |-(B—>C)—>(4—>C).
G

Instruction. Use rule syllogism And theorem deduction.
2.3. Prove rules introduction conjunctions, disjunctions And laws permutations,
connections and disconnections of parcels
Conclusion
The problems considered, related to propositional calculus, allow one to master individual
logical rules of inference for proving formulas and constructing conclusions for various
formulas.

Exercise students For independent work
Decide tasks With odd numbers.
. By alone from literary sources disassemble proof theorem deduction.
3. Getready To practical occupation By topic "Method resolutions V "propositional
calculus ."

N —
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S METHOD RESOLUTIONS IN CALCULATION STATEMENTS

Learning objectives : to expand and deepen students' knowledge gained in lectures, which
can be used in solving problems using the resolution method in propositional calculus; to bring
the symbolism and terminology of the resolution method as close as possible to the language of
logical programming.

5.1 Educational questions classes:
3. Proof truth logical Clause method resolutions.
4. Main principles logical programming.

5.2 Questions For checks student readiness to class
What kind properties possesses attitude order?
What understood under /etter And atom ?
What V logical conclusion understand under clause and a legend ?
How is different Horn clause from others types of clauses?
Give definitions Khornovsky disjunct , sets disjuncts.
What such Erbranovsky universe » this sets disjuncts?
Give definition interpretations sets disjuncts over Herbrand's universe.
Formulate theorem Herbrana O impracticability sets disjuncts.
What it's called resolvent two disjuncts?
. Formulate rule resolutions For calculus statements.
. How is determined logical investigation disjuncts through their resolution?
. How it's called conclusion empty disjunct from this sets disjuncts?
. From what kind types proposals consists of program on language programming
Prologue?

Sl A

—_— = \O
W N = O

In Boolean algebra, all proofs were based on the equivalence relation . Two logical functions
were considered equivalent if they yielded absolutely identical values of zeros and ones on the
corresponding sets of arguments. When using the formal notation of logical expressions,
individual links in the chain of any proof were connected by the equality symbol "=". In
propositional calculus, all proofs are based on the order relation , which is established between
cause and effect. Here, individual links in the chain of evidence are connected by the implication
symbol "—". As in Boolean algebra, in propositional calculus there are axiomatic and
constructive approaches to proving logical expressions. Axiomatic construction calculus
statements consists of volume, to attempt to isolate from the infinite number of true formulas an
independent system of axioms by which the validity of any other formulas could be established.
Propositional calculus, as we already know, is an extension of propositional algebra. In other
words, propositional algebra serves as one interpretation of propositional calculus.

The constructive approach to proving logical expressions includes the method of compiling
truth tables.

In addition to the axiomatic and constructive methods of proving logical formulas, there are
also mixed proof methods, among which the resolution method occupies a special place . A
resolution rule is an inference rule that generates resolutions for a set of clauses.

To prove theorems using the resolution rule, the original is transformed formula To set
Hornovskys disjuncts S o. Next are building all sorts
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resolvents R={R ,R,,.,R, }from disjuncts, belonging set Sy. Next
we get set S1 =50 URAnd let's repeat All at first to those pores, Bye Not we will receive

set S, , containing empty disjunct.

1. Proof truth logical Clause method resolutions
In logical inference, we will replace the implication symbol “—

bk

symbol " = ". The symbol

"—" is objective , and the symbol " = " is subjective. Thus, it is necessary to distinguish

language logic statements and metalanguage researcher. In avoid To avoid confusion, we will
introduce two more metasymbols : instead of the objective conjunction “&”, we will use the

subjective metaconjunction symbol “,”, and instead of the objective disjunction “ v " - the
subjective metadisjunction " ; ". Then the statement that needs to be proved is formalized in the
propositional calculus as the following cause-and-effect relation :
P,P,,.,P,_,P,=C, (5.1
Where P, - package (reason), C - conclusion ( consequence). Reads: "If parcels
P,,P,,...,P, ,,P, true, That conclusion C Same truly" or, in another way: "If

reasons P, P,,..., P P , had place, That will have place And investigation C".

n—1»
To avoid confusing the objective statement (sentence) with the subjective statement , the
validity of which we intend to establish, we will agree to call sentences of type (5.1) a clause . A

clause is a meta-sentence in which an order relation is used, formalized through the symbol of
meta-implication. " = " Like the equivalence relation, the order relation satisfies three axioms

(laws):
reflexivity : A=A,
antisymmetry: if 4= B, That B=A ;
transitivity: if A=B And B = C,That 4 =C.

Law of antisymmetry you can write it down And So: If 4 =B And B = A4, That 4=B.

Clause There is exactly formal recording provable offers. Instead of letters V It is possible to
substitute objective statements into it, and then the clause is filled with specific content, which is
called semantics or legend . An example of a clause:

A—>B,A=B.

If we accept that A = lightning flashed, B = thunder struck, then the following legend can be
made: it is known that if lightning flashes, thunder will follow. Lightning flashed. Therefore,
thunder must also strike.

Above the subject that formulates meta-sentences there may be another subject, for whom
already offers first subject will turn out to be objective. Then clause (5.1) the second subject or
metasubject will write for itself the following logical expression:

(P, &P,&..&P, &P ,)— C.

Having transformed This expression V disjunction, we get:

P, vP,v..vP, vP, vC.

From here easily we find: o

(P &P, &...&P, ) —>(P,v O).

That's why Clause (5.1) Maybe be presented V another equivalent form:

P,,P,..,P, =P,;C. (5.2)

n—
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IN force commutativity conjunctions on place parcels P , can turn out to be any
other, and not just one. For example, a clause

P,P,,P,,P,=C;C,;C;
Maybe be transformed V another, equivalent form:
P4>C27P1>C1:>P1;C3;P2' (53)
However, clause (5.1), compared to (5.2) and other similar forms like (5.3), has certain
advantages and is used, in particular, in the logical programming language PROLOG. 1t is called

a Horn clause . Any clause can always be reduced to a Horn clause by equivalent
transformations.

If the symbol of metaimplication If the " = " clause (5.2) is shifted to the extreme left, it

will become a fautology ; if it is shifted to the extreme right, it will become a contradiction :
=P ;P,;.;P, ;P,; C—tautology,

n-15

P,,P,,.,Pn_,,Pn,C= 0 — contradiction.

Let us remind you Now rule (principle) resolutions For calculus statements:

If for any two clauses C 1 and C > there is a letter L | in clause C ;, which is inverse
(contrary) to the letter L 2 in C 2, then, having crossed out L 1 and L 2 from C | and C »
respectively, MOCTPOMM JMU3BIOHKIUIO OCTABIIMXCS TU3BIOHKTOB. [1OCTPOCHHBIN TU3BIOHKT
Ha3bIBaeTCs pe30JibBeHToM n13bIoHKTOB C 1 and C ».

The following theorem holds: let two clauses C 1 be given and C 2. Then the resolution C of
clauses C 1 and C » there is a logical consequence of the clauses C 1 and C ».

The method of proving the truth of logical clauses using the resolution principle is a semi-
constructive proof method. The resolution principle plays the role of an axiom of order and at the
same time generates a very effective constructive procedure. Thus, the essence of this principle
comes down to the fact that two parcels disjunct With opposite letters (terms) Always Can glue
in one final disjunct (resolution) in which there will no longer be opposite letters:

XvTO,AND vA—= X vAND,
Where X And Y - arbitrary baths or disjuncts With any set terms, including
empty disjunct @ (V further We his we will designate zero "0"); A And 4

- arbitrary terms.

With the consistent application of the resolution method, the number of letters decreases,
eventually disappearing entirely. In this case, the initial clause is constructed in the form of a
conjunctive contradiction:

Pi,P3,..,P,=0.

Some of the inference rules of the propositional calculus we've considered are special cases of
the resolution rule. For example, using the resolution method, we'll prove the modus ponens rule
, which, in the notation we've introduced here, is written as follows:

Oh,A—>B=Bor OvVOh,AvB,Bv0=0.

There are three clauses here. By combining them sequentially, we obtain an empty clause (0),
which indicates the incompatibility of the conclusion and premises. This is precisely what
confirms the truth of the original clause.

The resolution principle completely replaces the axiom of order, since this axiom itself can be
proven within the framework of the resolution method. Indeed,

A B= A, A,B, A =0, 0,B= 0.
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It's worth noting that premise B isn't used at all here. This is important to keep in mind: it's not
necessary to use all the premises (their number is often excessive) — the main thing is to obtain
an empty disjunct.

Let given Clause A—>B,CvA B = A Proof her justice

—->C

9

follows begin With ghosts her VNKF: AvB, CvA4,BvC, A=0.

Let's write out all the premises in order and then begin to glue them together in order. To the
right of each new clause, we'll write the numbers of the clauses used. We'll get the following
chain of derivation for the empty clause:

1. AVB,
2. Cv4,

3. EVE,

4. 4,

5. AvC, (1,3)
6. B, (1, 4)
7. AvB, 2,3)
8. C, (2, 4)
9. 4, (2, 5)
10. C, (3, 6)
11. B, 3, 8)
12.C, (4, 5)
13.B, 4,7
14. 0. (4,9)

This strategy for searching for an empty clause is very unproductive. If you approach the
same problem more creatively, the empty clause will be discovered in the fourth step of the
search:

5. B (1,4), 6.C (2,4, 17.B (3,6), 8.0 (5,7.

So far, we've used the conjunctive contradiction form . Based on the duality principle , the
resolution method can be formulated relative to disjunctive tautology , with the resolution
principle naturally changing:

X&YSX&A; Y&A.

Let's prove it ode And that same clause two ways - V form contradictions And V form
tautologies. Let given Clause: 4, 4 >B, B—>(4—> C)=C.

Proof' V form contradictions looks like next way:

A, TélvB, BvAv C,E’ = 0.

1 2 3 4

Gluing: 5. B (1,2), 6. AvC (1,6), 7.C (3,5, 8.0 (4, 7).

Proof' V form tautologies looks like similarly:

1=4; A& B; B&A&C; C.

1 2 3 4

Comeita:. 5B (L2, 6.4&C (L),  7.C (3.5, 81 (4,7).
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One of the disadvantages of the resolution method is that the original clause is necessarily
should be presented V normal disjunctive or conjunctive form.

Tasks
1. Given below clauses prove method resolutions:

1.1. A-B, C—>D, B>FE,D—>F, E—)IF, A>C=A.
|7 (A>C) > (A& B)= AV B.
13, AvD, BVE, D>C, DvC=A4&C;E&D; B.

14 A—>B,C—>D,AvC,A—>D,C —>B= (4 v B)— (4&B).
Example proof Clause V form contradictions And V form tautologies given above.
2. Compose legends For following Clause:

21. A>B,B—>E, A>C, C—>D, D>F, E&F = 4.

22. JoH,K—>H, I >J, H>I,H= J&XK.

Let us give example legends For clauses 2.1:

If a person is involved in sports ( 4 ), then he wants to be healthy ( B ). Good health ( B )
leads to a happy life ( £ ). In addition, if a person is involved in sports ( 4 ), then, as a rule, he
strives to achieve high athletic results ( C ). Having high results ( C ) allows one to win
competitions ( D ). Victories in competitions ( D ) attract for itself is universal confession ( F').
However Human Not wants live

happily and have universal recognition ( E & F'). Therefore, he will not do sports. (4 ) ».

3. For given legends make up clauses, responsible text or context these
legends, for which it is necessary to formulate the necessary premises and two
consequences: one true, the other false.

If there's a large voltage drop in the circuit, the fuse will blow, requiring replacement. If the
fuse is intact, the TV will still work, but only if it's plugged in. If the TV works Fine, That I I
will see today's "News" So, I I'm watching television
"News" provided there is no voltage drop and the TV is connected to power supply networks.

Solution . If enter designations: A - emergence difference voltage V networks; B
- the fuse has blown; C - the fuse needs to be replaced; D - the TV is working properly; E - the
TV is connected to the power supply; F' - I am watching the News, then for legend 3.1 you can
create the following clause:

A—B, B—>C, E—>(B—D), D>F = (B& AKE) >F.
In this clause the conclusion is true, while the conclusion given in the legend is (A & £) > F
), 1s false.

A decrease in temperature leads to a decrease in pressure and a decrease in volume. An
increase in volume leads to an increase in flow velocity. An increase in pressure leads to a
decrease in level, if the temperature is also decreased. A decrease in velocity leads to a decrease
in pressure. or an increase in temperature. Technologist Ivanov reasoned: "I need to increase the
pressure while simultaneously reducing the flow rate, so I must increase the volume and
temperature."

I didn't notice the motorcycle at first, because it was hidden by a fuel truck, and the Volga
turned the corner when the Zhiguli was already near the traffic light. The foreign car ran the red
light. light And appeared, How to me Seems, reason all this accidents. Because of her Volga
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braked sharply, and the motorcyclist ended up on the asphalt. The Zhiguli, in order to avoid
running over the motorcyclist, turned away on sidewalk, A fuel tanker V This time crashed V
Volga. If would If there had been no motorcyclist, the dangerous situation might not have
occurred. Although the driver is also at fault.

Volga, because He obviously exceeded the speed limit.

3.4. Increasing the complexity of a device's circuitry will increase its performance, and
using new components will extend its service life. Only when both its performance and service
life increase will the device sell well. However, demand for the device is low.

3.5. An increase in money in circulation leads to inflation. But the money supply grows for
two reasons: through money emission or a decline in trade turnover. A decline in trade turnover
leads to unemployment and a decline in production. Inflation causes the exchange rate of the
currency to fall. Economist Ivanov's recommendation: increase money emission and boost
production, then we'll avoid unemployment, and the exchange rate will remain unchanged.

3.6. If something decreases in one place, something will increase in another—that's a self-
evident truth. But there's a theory that claims that somewhere in deep space, there are "black
holes" into which everything falls, but nothing comes out. does not appear. This theory says
nothing about the existence of "white holes" that would act opposite to "black holes." One
foreign astronomical journal reported coordinates "black hole." Russian astronomer Petrov
directed He pointed his powerful telescope there and found nothing. "Well, well," said Petrov,
"but I'll still discover the 'white hole'."

2. Main principles logical programming

At the initial stage of artificial intelligence (AI) development, languages and systems
specifically designed for the creation of knowledge-based applications did not exist. On the one
hand, the approach itself, in which knowledge was central, had not yet taken shape. place was
allocated would presentation theories in form programs, and with Another was that the field of
Al itself was just emerging as a scientific field. It was also significant that the high-level
universal programming languages that had emerged by that time seemed adequate. a tool for
creating any, including and intelligent systems. However, the complexity and labor-intensive
nature of development here are so great that practically useful intelligent systems become
unachievable. Given this, symbolic information processing languages and systems were
developed, which became the primary programming tool for intelligent systems for several
decades.

Until recently, Lisp was the most popular base language for implementing Al systems in
general and expert systems (ES) in particular . This language was developed at Stanford under
the leadership of J. McCarthy in the early 1960s and was not initially intended for programming
Al tasks. It was a language that was supposed to be the next step after Fortran in the automation
of programming. By the time the first Lisp interpreters were created, interactive mode was
becoming commonplace on computers, and the interpretation mode naturally fit into the general
structure of interactive work. Around the same time, the principles underlying the Lisp language
were finally formed : the use of a unified list representation for programs and data; the use of
expressions to define functions; and the language's bracket syntax. The development of the
language culminated in the creation of version Lisp 1.5, which determined the path of its
development for many years. In parallel with the development of the Lisp language and its
various versions, other programming systems for Al were also being developed, among which
we note the languages Snobol and Refal .
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In the early 1970s, another new language emerged that could compete with Lisp in the
implementation of systems oriented towards knowledge, is the Prolog language . It does not
provide new super-powerful programming tools compared to Lisp , but supports a different
model for organizing computations. Just as Lisp hid the structure of computer memory from the
programmer, PROLOG allowed him not to worry (unnecessarily) about the flow of control in the
program. PROLOG offers a paradigm of thinking in which the description of the problem being
solved is presented in the form of a weakly structured set of relations. This is convenient if the
number of relations is not too large and each relation is described by a small number of
alternatives. Otherwise, a PROLOG program becomes very difficult to understand and modify.
Problems with the efficiency of language implementation also arise, since in the general case the
inference mechanisms built into PROLOG provide a solution search based on enumerating
possible alternatives and declarative return from dead ends. It belongs more to relational or
declarative ( descriptive ) languages, rather than to functional languages, and is a programming
language of logical type. The logical basis of the PROLOG language is unification and the
resolution method .

Let us explain the application of the principle of resolutions using an example and unification
of the inference procedure in the PROLOG language.

Let us write the expression “ X is a footballer” as footballer ( X ). Here, footballer is a
predicate letter, and X is a variable term. Furthermore, we write the expression " X is an athlete ."
in the form of sportsman ( X ). Thus, the expression “a football player is an athlete” can be
written as footballer ( X' ) — sportsman ( X).

Let us now try, given the expression “Pele is a footballer”, that is, footballer (Pele), where
Pele is a constant term (or simply a constant), to derive the expression sportsman (Pele) using the
resolution method.

Before intotal, let'sadd To original set formulas negation statements,

which We we want prove, That There is sportsman( Pele) :

footballer(X) v sportsman(X) (5.4)
footballer ( Pele ) (5.5)
sportsman ( Pele ). (5.6)

Formula  footballer(X) v sportsman(X) logically equivalent formula

footballer (X) — sportsman (X).

That's why necessary to carry out unifying substitution X = Pele
into disjunction formulas (5.4) And (5.5). IN result is being removed identically true formula
species_ a v a And remains only expression sportsman (Pele). After this, having joined To
expression sportsman (Pele) With help operations disjunctions formula (5.5), we
again obtain an identically true expression

sportsman (Pe le) v sportsman ( Pele),
which Also is removed, giving at this empty disjunct. This shows impracticability formulas
(5.4) - (5.6) And, hence, hatchability method
refutations formulas sportsman (Pele), That There is truth theorems footballer ( X') —
sportsman ( X).
On language Prologue given example proof Maybe look next
way :
sportsman (X) : - footballer (X). footballer(
Pele ).
? - sportsman (Pele).
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This short program contains three sentences. The first one is a rule, the second one is a fact,
and third - a question. In general, Prologue sentences are only three types: facts , rules and
questions (or requests ). We appeal Note that every sentence in a Prolog program ends with a
period.

Prologue programs Can expand, adding V them new offers.

Facts contain statements that are always unconditionally true. In our example, the fact is the
sentence "footballer"” (Pele).

Rules contain statements whose truth depends on certain conditions. Therefore, rules have a
conditional part (the right half of the rule after the symbol : -, which is read as "if") and the
conclusion part (the left half of the rule). The conclusion is also called the head sentence, and
the conditional part is its body . It follows that facts are sentences with an empty body, and rules
have a head and a non-empty body. In our example, there is only one rule—the first sentence. It
reads: If X is a soccer player, then he is an athlete. Generally, the body of a rule is a list of goals ,
separated by commas. A comma is understood as a conjunction . For example, a rule for the
relation "to be a sister" might look like this:

Sister (X, Y): - parent (Z, X), parent (Z, Y), woman (X), different (X, Y).

During the course of calculations, another object may be substituted into the predicate instead
of a variable. In this case, the variable is said to be instantiated . It is assumed that All variables
are bound by a universal quantifier, although for variables appearing only in the body of rules,
binding by an existential quantifier is also possible.

With the help of questions The user can ask the system which statements are true. The
question is the target statement. Typically, the answer to the question is either affirmative or
negative. "yes" (yes), or the negative "no" (no). In the Prolog programming language , as in the
resolution method, taking the negation of a given formula as a starting point, the refutation
method can be used to prove the formula itself.

One of the most important aspects of Prolog programming is are the concepts of unification
(identification) and concretization of variables . Prolog attempts to identify terms when proving
or matching a target sentence. For example, to match the query ?- dog ( X'), the target sentence
dog ( X) can be identified with the fact dog (rex), as a result of which the variable X has become
concretized: X = rex. Variables included in sentences are identified in a special way - they are
compared. A fact is proved for all values of the variable (variables). A rule is proved for all
values of the variables in the head target sentence, provided that the target statements in the rule
body are proved. Variables take on specific values for the duration of the proof of the target
sentence. In the case where variables are contained only in the target sentences of the rule body,
the rule is considered proven if The target proposition of the body is true for one or more values
of the variables. Thus, they take on specific values at the time the target proposition in which the
variables were agreed upon remains proven.

A term X is matched with a term Y according to the following rules. If X and Y are constants,
they are comparable if and only if they are the same. If X is a constant or structure and Y is an
uninstantiated variable, then X and Y are comparable and Y takes the value X (and vice versa). If
X and Y are structures, then they are comparable if and only if they have the same principal
operator and arity, and each of their corresponding components is comparable. If X and Y are
uninstantiated (free) variables, then they are comparable; in this case, they are said to be
concatenated . Note that Prolog finds the most general unifier of terms. Let us consider a
concrete example of a Prolog program .
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Example : The following legend exists: Ivan is interested in computers, books, and cars. Peter
is interested in something that interests Ivan, but only if that something is technology and if it is
produced in Russia. It is known that computers and cars are technology. Furthermore, it is known
that computers Machines are produced in America, and cars are produced in the US and Russia.
The question is, "What interests Peter?" For ease of analysis of the program below, all predicates
and specific variable values will be denoted not by individual letters, but by words that convey
their semantics. Furthermore, program objects (facts, rules, and queries) will be numbered, and
symbolic expressions will be provided to the right of the program text so that we can further
demonstrate in analytical form the resolution method , which underlies Prolog's functioning .

Program

1) interest (Ivan, computers). A(i,a)
2) interest (Ivan, books). A(i, b)
3) interest (Ivan, cars). A(i c)
4) interest (Peter, x )<= A(p, x)
5) <interest (Ivan, x), A(ix)
6) technique ( x ), T(x)

7) produced ( x , Russia). P(xr)
8) technique (computers). T(a)
9) technique (cars). T(c)
10) produced (computers, USA). P(as)
11) produced (cars, USA). P(cs)
12) produced (cars, Russia). P(cr)
Target : interest (Peter, x). A(p, x)

This program allows you to create the following contradiction, which can be resolved using the
resolution method:

A(i, A(i, A(i,c), T(a), T A(p,x)v A(i,x)vT(x) v P(x,r), P(a,s), P(c,s), P(c,r),

) b) (el A(p,x)=0.

Zero Can get only V volume case, If x = c . Then the disjunct

A(p,c)v A, c)vT(c)v P(c,r)

is neutralized by predicates numbers 3, 9, 12, and 13. The search for the required value is
carried out through the unification procedure, which can be tracked by program tracing . Tracing
is the step-by-step recording of program execution.

Let us introduce the following notations: B - call of a new predicate; P - repeated call of the
predicate; Y - successful completion of the unification procedure, i.e. the called The predicate
corresponds to some fact; H is the unsuccessful completion of unification; Y is a pointer
indicating that at least one more fact with a suitable unification exists. The underscore in place of
x is an anonymous variable and completely replaces x in the program trace. The trace line ends
with a number corresponding to the program listing number. Here is the trace of our program:

1. IN: target( )-13,

2. IN: interest (Peter, ) -

3. P: interest (Peter, )- 2,
4. P: interest (Peter, )-3,
5 ) -
6 ) -
7

U : interest (Peter, _ 4
IN : interest (Ivan, _
U : interest (Ivan, computers) -ly,

2
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8. IN: equipment (computers) - 6,

9. U : equipment (computers) - 8,

10. IN : produced (computers, Russia) - 7,
11. P : produced (computers, Russia) - 10,
12. P : produced (computers, Russia) - 11,
13. H : produced (computers, Russia) - 12,
14. P :interest (Ivan, ) -5,

15. U : interest (Ivan, books) -2 at,

16. IN : technique (books) - 6,

17. P : technique (books) - 8,

18. H : technique (books) - 9,

19. P :interest (Ivan, ) -5,

20. U : interest (Ivan, cars) - 3,

21. IN : technique (cars) - 6,

22. P :technique (cars) - 8,

23. U : technique (cars) - 9,

24. IN : produced (cars, Russia) - 7,

25. P : produced (cars, Russia) - 10,

26. P : produced (cars, Russia) - 11,

27. U : produced (cars, Russia) - 12,

28. U : target ()—13.

To answer the question "What interests Peter?" or, in predicate form, interest (Peter, x ), the
Prolog system searches for facts and rule headings that match the goal. The search always begins
with the first line of the program. The first three facts are not matched with the goal; then follows
a rule whose heading is replaced. three subgoals. In the line 6 the first subgoal is called. Then
Prolog - the system returns to the beginning programs, where is her success awaits . Exhibited
pointer " U " , To to whom the system will return in case of failure , which may appear
elsewhere in the program. In Line 8 calls the second subgoal, equipment (computer), for which a
suitable fact is immediately found (line 9). However, for the third subgoal ( computers, Russia),
the required fact is not found (line 13). Then the variable x is released from its previous
specification (computers) and takes on a new value, books. This specification does not satisfy the
second subgoal (line 18). The variable is released again and takes on the value cars. With this
specification, all three subgoals are satisfied, and therefore the search for an answer to the main
question ends with success: Peter is interested in cars, that is, inferest (Peter, cars) is the a
specified predicate that ensures the truth of the entire clause.

Tasks

2.1. A Prolog program called "Family Relationships" is given . It is necessary to trace the
program separately for two targets, having first introduced the missing predicates and rules.
Since there may be multiple values for the variables x and y that satisfy the same target, it is
permissible to limit the tracing to one. true meaning x or y . In addition, due to the large number
of repeated calls, only the first and last lines of repeated calls are allowed, for example:

81. IN : husband (Felix) - 85,
82. P : husband (Felix) - 1,
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99. P : husband (Felix) - 18,

100. U : husband (Felix) - 19.

Prologue program '"Related relationship"

husband (x) - x male,
female (x) - X woman,
father (x, y) - x father

y, mother (x, y) - x
mother y, daughter (x,

y) - x daughter y, son

(X, y)—xsonofy,

genus (X, y) - X parent y,
brother (x, y) — x brother y,
sister (X, y) - X sister y.

Clauses:

1) husband (Nikolai).

3) husband (Stepan).

5) husband (Pavel).

7) husband (Anatoly).

9) husband (Roman).

11) husband (Dmitry).

13) husband (Eugene).

15) husband (Efim).

17) husband (Vadim).

19) husband (Felix).

21) female (Olga).

23) wives (Jeanne).

25) female (Alice).

27) female (Elena).

29) female (Polina).

31) female (Natalia).

33) wives (Bella).

35) father (Nikolai, Ivan).
37) father (Ivan, Olga).
39) father (Ivan, Tatyana).
41) father (Pavel, Roman).
43) father (Joseph, Irina).
45) father (Efim, Polina).
47) father (Peter, Efim).
49) father (Peter, Anna).
51) father (Dmitry, Natalia).
53) father (Oleg, Eugene).

55) mother (Catherine, Elena).

57) mother (Elena, Yuri).

59) mother (Maria, Olga).
61) mother (Louise, Eugene).
63) mother (Maria, Sergey).

65) mother (Tatiana, Anatoly).

67) mother (Victoria, Bella).
69) mother (Olga, Zhanna).
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2) husband (Ivan).

4) husband (Sergey).

6) husband (Igor).

8) husband (Joseph).

10) husband (Kirill).

12) husband (Maxim).

14) husband (Peter).

16) husband (Yuri).

18) husband (Oleg).

20) wives (Maria).

22) wives (Tatiana).

24) wives (Irina).

26) wives (Catherine).

28) wives (Victoria).

30) wives (Louise).

32) wives (Louise).

34) wives (Anna).

36) father (Stepan, Maria).
38) father (Ivan, Sergey).
40) father (Sergey, Victoria).
42) father (Sergey, Dmitry).
44) father (Efim, Anatoly).
46) father (Yuri, Vadim).
48) father (Peter, Yuri).

50) father (Maxim, Peter).
52) father (Felix, Oleg).

54) mother (Alice, Peter).
56) mother (Elena, Efim).
58) mother (Elena, Anna).
60) mother (Anna, Victoria).
62) mother (Tatiana, Polina).
64) mother (Anna, Oleg).
66) mother (Anna, Dmitry).
68) mother (Maria, Tatiana).
70) mother (Olga, Paul).



71) mother (Jeanne, Irina). 72) mother (Irina, Igor).
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73) mother (Irina, Kirill). 74) mother (Barbara, Novel).
75) genus (¥+¥) < father (¥>7)

76) genus (X5 = mother(*-).

77) son(x,y) < genus (y,x ), husband ( x).

78) daughter (x ,y ) < genus (y, x ), wives (x).

79) brother (x ,y )< genus(z ,x), genus(z,y ), husband(x),x #y .

80) sister (x,y )< genus(z,x ), genus(z,y), wives(x),x#Y).

Options goals:

1. father-in-law (Felix, x ), nephew (Paul, y).

2. aunt (Anna, y ), grandson ( x , Alice).

3. cousin Brother (Vadim, y ), granddaughter ( x , Sergey).

4. uncle (Efim, y ), mother-in-law (Maria, y ).

5. daughter-in-law ( x , Maxim), grandson ( x , Anna).

6. niece (Jeanne, y ), grandson (Novel, y).

7. mother-in-law (Elena, y ), granddaughter (Bella, y ).

8. mother-in-law (Maria, y ), father-in-law ( x , Elena).

9. grandson (Eugene, y ), uncle (Yuri, y ).

10. aunt (Tatiana, y ), cousin Brother (Dmitry, y ).

11. son-in-law (Peter, y ), aunt (Olga, y ).

12. mother-in-law ( x , Louise), uncle (Sergey, y ).

13. father-in-law ( x , Sergey), cousin Brother (Vadim, y ).

14. mother-in-law ( x , Sergey), cousin sister ( x , Victoria).

15. nephew (Vadim, y ), granddaughter (Irina, y ).

16. father-in-law (Peter, y ), granddaughter (Pauline, y ).

As an example, we will trace the Prolog program “Family Relationships” for the first goal of
option 16. For We will supplement this existing program with the following clause:

81) father-in-law (x,y) <

82) father (x , z),

83) father (z , u),

84) mother (y ,u).

Target : 85) father-in-law

(Peter, y ). Program tracing:

1. IN: target ()- 85,

2. IN: father-in-law (Peter, )- 81,
3. IN: father (Peter, )- 82,

4. P: father (Peter, )- 35,

15. P: father (Peter, ) - 46,
16. U : father (Peter, Efim) - 47,
17. IN : father (Efim, )- 83,
18. P: father (Efim, )-35,

26. P: father (Efim, ) -43,

27. U : father (Efim, Anatoly)—44 vy,
28. IN : mother ( _, Anatoly) - 84,
29. P : mother ( _, Anatoly) - 54,
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39. P: mother ( _, Anatoly) - 64,

40. U : mother (Tatiana, Anatoly) - 65 at,

41. U: target () — 85.

From corresponding facts And rules let's make up contradiction:

father-in-law (Peter, y) v father (Peter, z ) v father ( z , u ) v mother (y ,u ),
father (Peter, Efim), father(Efim, Anatoly), mother (Tatiana, Anatoly) = 0.

The target clause is neutralized by predicates numbers 47, 44 and 65 when the variables take
on specific values: y = Tatyana, z = Efim, u = Anatoly.

2.2. Using predicate spouses ( wife , husband ), describe relationship mother-in-law , brother-in-law
And son-in-law .

2.3. Write the following statement as a rule in Prolog: a ) everyone who has a child is happy;
b ) every X who has a child who has a sister has two children.

Hint : In case a ) introduce the one-argument relation happy ; in case b ) introduce the new
relation have two_children .

2.4. Suppose a rectangle is represented by the term rectangle (p 1,p2,p3,p 4), where p 1,
p2,p s, paare ordered vertices of the rectangle. Determine the regular relation ( R ), which
holds if R is a rectangle with vertical and horizontal sides.

Indication . Apply specification.

2.5. A tower of cubes can be described by a set of facts of the form (‘cube / , cube 2), which
are true if cube 1 is placed on cube 2. Determine the predicate above ( cube 1, cube 2), which is
true if cube 1 is located higher in the tower than cube 2.

2.6. Write a logic program that defines the logical relation fib ( n , F') to determine n -th
Fibonacci number F'.

Indication . Use recursion.

2.7. Write definition type Boolean formula".

2.8. Write a program that recognizes logical formulas in conjunctive normal form, that is,
formulas that are conjunctions of disjunctions of literals, where a literal is an atomic formula or
its negation.

2.9. Write a program that defines the relation negation ( F 1, F 2 ), which is satisfied if the
logical formula F > is obtained from the logical formula F ; by introducing all negation
operations into conjunctions and disjunctions.

2.10. Write a program to reduce a logical formula to conjunctive normal form, that is, to a
conjunction of literal disjunctions.

Conclusion
The practical ~ significance and originality of the resolution method
are determined by its two following properties.

1. The control over movement through the "and-or" tree, typically required for any proof, is
absent in this case. This function is performed by a standardized set of clauses, and a simple
"choice + unification" processing procedure can be defined.

2. Hypotheses, assumptions, and intermediate propositions play the same role here. Proofs are
obtained by moving simultaneously in two directions: from hypotheses to conclusions and
from conclusions to hypotheses, and proof is achieved when these two paths of observation
meet.

A significant disadvantage of the resolution method is that by its very design it is intended
only For proof theorems, A Not receive new theorems. TO to that same,
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If the proposition is not a theorem, the resolution can lead to the construction of an infinite
decision tree. Thus, the resolution method is interesting due to its simplicity and systematicity,
but is applicable only to a limited number of cases (proof Not should have big depth, A number
potential resolutions should not be big).

Exercise students For independent work

3. From methodological developments decide tasks With even numbers.
1. Get ready To practical occupation By topic "Logics predicates."
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6 LOGICS PREDICATES
Educational objectives : The main objectives of the lesson are: the transition from
propositional algebra to its extension — predicate logic, and the development of primary skills in
using logical and quantifier operations on predicates to solve practical problems.

6.1 Educational questions classes:
1. Finding regions truth predicates.
2. Proof equivalence formulas logic predicates.
3. Application logic predicates For records mathematical definitions And proposals.

The language of predicate logic is an extension of the language of propositional logic.
Therefore, both the alphabet and the set of operations are expanded. Predicate logic formulas
receive a specific interpretation if a nonempty set M is specified and the truth values of each of
the components of the formula are given. Of particular interest are universally valid formulas
(identities, logical laws), whose truth value is equal to 1 in any interpretation. Therefore, students
must master a sufficiently rich set of identities in predicate logic and be able to justify them using
substantive set-theoretic considerations.

6.2 Questions For checks student readiness to class

What distinguishes predicate logic from propositional logic?

What represents by yourself statement form?

Give a definition of a one-place predicate, its domain of definition and truth set.
What predicates are called identically true (identically false)?

How can the concept of a one-place predicate be generalized to the concept of a
multi-place predicate?

Define logical operations on predicates. How are the results of logical operations on
predicates related to the truth sets of the original predicates?

Give definition quantifiers operations.

Formulate rule O introduction sign denials under sign quantifier.

Give definition formulas And subformulas logic predicates.

O Give definition equivalent formulas logic predicates.

kW=

S

= oo

1. Finding regions truth predicates

The conjunction of unary predicates P ( x ) and Q ( x ) is a predicate P ( x )& QO ( x ) that turns
into a true statement if and only if each of the predicates P ( x ) and Q ( x ) turns into a true
statement.

It Jp, Jo, JP&o - areas truth predicates P(x), OQ(x) And P(x)& Q(x)
respectively, the J .., =J , NJ ,.

Disjunction predicates P (x) and Q(x) it'scalled predicate P(x)v Q(x), which
turns into a true statement for those and only those values of the variable x from the domain of
definition of the given predicates for which at least one of the predicates P ( x ) or Q ( x ) turns
into a true statement.
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Region truth J ,,, disjunctions P(x)v Q(x) isset J, UJ,.

Denial predicate P (x), given on set M, it's called predicate P (x),
which turns into a true statement for those and only those values x € M for which the predicate P ( x )
turns into a false statement.

If Jp - region truth predicate P(x), Jp- addition sets Jp to
sets M, That region truth predicate P (x)is set Jp = M\Jp.

The implication of predicates P ( x ) and Q ( x ) defined on a set M is called the predicate P ( x
) > Q(x), which appeals V false statement For those And only x values € M, for which
the predicate P ( x ) turns into a true statement, and the predicate O ( x ) - into false.

Freeing oneself from implications, easily show, What region truth predicate
P(x)—> O(x)isset Jpsp=JpUdg.

The definitions of conjunction, disjunction, negation and implication can be generalized to
the case of multi-place predicates.

6.3 Tasks
1.1. On set M={ 1,2,3....,20 } asked predicates:
A (x)="x Not is divided on 57;
B (x)="x - even number";
C (x)="x - number simple ”;
D (x)="x multiple 3”.
Find areas truth following predicates:
1.1.1. A(x)&B(x);
1.12. B(x)&C(x);
1.13. B(x)V D(x);
114, A(x)vB(x)vD(x),
1.1.5. C(x)A4(x);
1.1.6. D) — Cx) .
1.1.7. (A(x) & C(x)) e d D(X);
1.1.8.  (4(x) & D(x)) — C(x)
Answers

111 J,e = {2,4.6,8,12,14,16,18 } ;

1.1.2. Jpep = {2};

1.13.J, =1{1,2,457.8,10,11,13,14,16,17,19,20 };

114 Ty pn=J,0J, UJ, =1{1,2,3,4,6,7,8,9,11,12,13,14,16,17,18,19 } U

U{2,4,6,8,10,12,14,16,18,20 }U {3,6,9,12,15,18 } = M\ {5 };

Jesa=J cud a={1,4689,10,12,14,15,16,18,20 } U
U{1,2,3,4,6,7,89,11,12,13,14,16,17,18,19} = M\ {5}.

16, Jooc = JpUJ-=1{1,2,45,7.8,10,11,13,14,16,17,19, 20 fU

U{l1,4,6,8,9,10,12,14,15,18,20} = M\ {3};

:J_A&C UJD7= JaNJc UJD7=J_A UJ_C UJ_D =

1.1.5.

1.1.7. Jrsers

=J,NJc.nJ,=M\{3};
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=JupIJ =T, 0JcUJp
C

1.1.8. &
=J,NJcnJ,=M\{3}.

1.2. To depict on diagrams Euler-Venn areas truth For following predicates:

12,1, P(x) &0 (x); -
122, (PE) = 0@) v (R(x) & O(X));
12.3. PO) = () v Q());
1.2.4. P(x) & O(x) = R(x).
1.3. Show on valid coordinate planes areas truth predicates:
1.3.1. (x=3) > (¥ <5);
132, @>2)&x<y)
133, (@427 <> (w>0);

y>2x—4;
y<l3x+2;

1
y>—-——x+3.
2

1.3.4.

2. Proof equivalence formulas logic predicates

Quantifier universality . Let P ( x ) - predicate, definite on set M . Then
under the expression V xP ( x ) understand a statement that is true when
the predicate P (x)
appeals V true statement For each element x € M, And V false -
otherwise.

Existential quantifier . The expression 3 xP ( x ) is understood as a statement that is true V
volume And only V volume case, When exists Although would one element x € M for which
the predicate P ( x ) turns into a true statement.

Variable x V predicate P (x) theycall free, A V expressions V xP (x) And
3 xP (x)- bound variable. Quantifiers V And 3 are called dual to each other . The negation sign
can be introduced under the quantifier sign, replacing the quantifier its dual quantifier.

Predicate symbols from subject permanent And variables, A Also variables
Statements are called elementary formulas . From elementary formulas, using the operations of
conjunction, disjunction, negation, implication, and binding by universal and existential
quantifiers, one can obtain more complex formulas of predicate logic.

6.4 Tasks
2.1. Which Which of the following expressions (words) are formulas of predicate logic? In
each formula, identify the free and bound variables.
1.1. IxVz(P(x,y) = P(y,2);
2 1.2 Vx(P(x) > O(x)) = (FxP(x) > xR(x, y));
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213 (p—>q) &(rvp)

2.1.4. PO) & VxO(x);

715 (Px) = OX) v IN(VYR(y));
2 1.6. FXVz(P(x,y) = P(y,2));
2.1.7. P = YxP(x,y);

2.1.8. 3% YP(X, y).
Answer : The formulas are 2.1.1, 2.1.2, 2.1.3, 2.1.6 and 2.1.7. The remaining expressions are

not formulas.

2.2. Calculate values formulas:

221 VXx(P(x)&Q(x) > R(x));

799 Vx3yP(x,and) —>3IxV yP(x,and),

Where P (x )= « x isdivided on 3", O (x)= « x is divided on 4", R (x)= « x is divided
on 2» and predicates defined on the set of natural numbers; P (x ,y )= " the number x is less
than the number y " and P (x, y ) is defined on the set N 2.

Answer : V case 2.2.1 given formula accepts meaning "true"; formula 2.2.2
accepts meaning "lie". In second case statement V x 3 yP (x,y)- truly, A
statement I xV yP(x,y ) - false, hence, all formula accepts meaning

"lie" By definition implications statements.
2.3. Prove next equivalence:

731 VxA(X)=3xA4(x);

239 JxA(x)=VxA4(x),
233 ¢&VxA(x) = x(c & A(x));
2.3.4. ¢v cA(x) = Vx(c v A(x));
2.3.5. Ax(A(x) v B(x)) = IxA(x) v IxB(x);
2.3.6.3x(c v A(x)) = ¢ v IxA(x).
IN quality example we will prove it equivalence predicates V 2.3.3. Let's consider two cases.

A) Let statement With - false. Then For any x false will be statements
c&VxA(x) and Vx(c&A(x). Hence, V this case both original formulas

identically are false.

b) Now let the statement ¢ be true. Then, obviously, the values of the original formulas will be
entirely depend from values predicate 4 (x ). If 4 (x) - identically true
predicate, That will identically true And predicate ¢ & 4 (x), And, hence, will be

identically true statements VxA(x), c&VxA(x), Vx(c&
A(x)), That Thereis

identically true original formulas. If same predicate 4 (x) Not identically
true, That will Not identically true And predicate ¢& 4 (x), A statements

VxA(x), c&VxA(x), Vx(c& A(x)) will be false, That There is false values accept

both original formulas, What V in the end proves their equivalence.
2.4. Find denials following formulas:
241 Ix(A(x) & B(x) & C(x));
2 4.2 Vx(Ax) v 3IyB(y));
244 VxX(A(x) > B(x)) & 3x(S(x) & R(x));
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Let's decide, For example, 2.4.2 And 2.4.3.

9 4.2 VX(A(x) v IyB(y)) = VxA(x) & FyB(y) = IxA(x) & yB(y).

Vx(A(x) = VyB(y)) = 3x(A(x) = VyB(y)) = Ix(A(x) & VyB(y)) =
2 4.3 = 3x(A(x) &3FyB(y)) = IxA(x) & yB(y).
We took advantage of rule introduction denials under quantifier sign .
2.5. Let A(x) And B (x) - two single predicate, certain on set M
such  that thestatement Jx(A(x)— (A(x)v(B(x)— A(x)))is true.
Prove that the statement V x4 ( x ) is false.
Proof easily is being carried out method from the contrary.

3. Application logic predicates For records mathematical
definitions and propositions

3.1. Write down on language logic predicates definitions:
3.1.1. A linearly ordered set (a set is called linearly ordered if for any elements of
this set x and y eitherx=y,orx<y,orx>y).
3.1.2. Limited functions (function f(x) it's called limited on the set M, If
exists such non-negative number /, What For everyone x e M
fair inequality f(x) </). | |
Answer :3.1.1. V(xe M)V (and e M)((x = and )v (x > and ) v ( x < and)).

3.12.3(leR)V (xe M)(f(x) <1).

3.2. Write down on language logic predicates next statements:
3.2.1. Some valid numbers are rational.
3.2.2. No one simple number Not is accurate square.
3.2.3. Some even numbers Not are divided on 8.
3.2.4. All sorts of things number, multiple 6, is divided on 3.
3.2.5. Numbers 5 And 12 Not have common divisors, excellent from +1 And -1.
3.2.6. Natural number, divisible on 6, is divided on 2 And on 3.
3.2.7. For anyone whole numbers x exists such whole number y, what X
=2yor x=2y+1.
3.2.8. For any natural number, there is another natural number that is greater than

the first.

3.2.9. Exists the smallest natural number.

3.2.10. Not exists such rational numbers x , that x 2— 2 = 0.

3.2.11. For all sorts whole numbers x And z exists whole number y such, what  x
ty=z.

3.2.12. For any two rational numbers x And y exists rational
number z is such, that x< z And z<y.
Let P(x) means « x - simple number", O (x ) — « x - even number", R ( x ) - « x - integer", D (
x, y)—"x divides y ". Formulate the following statements in words, written in the language of
predicate logic. Indicate which of them are true and which are false:
3.3.1. VxP(x) = O(x);
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3.3.2. Vx(P(x)—> Yy P(y) > D(z,)));
3.3.3. Vx(Q(x) >V y(D(x,y) >0());
334, Vx3y(R(x)& R(y) = D(x,));

3.3.5. VyVx(R(x) & R(y) = D(x,y));
33.6. IxVy(R(x)&R(y)—>D(x,y)).

Conclusion

By studying and researching a series of problems on predicate logic, we effectively transition
to a new level of abstraction, similar to that achieved in school—from the arithmetic of real
numbers to the algebra of numerical functions. What's new here, compared to propositional
algebra and propositional calculus, is the introduction of quantifier operations. These operations
are widely used to write definitions and compactly represent the proofs of various theorems.

6.5 Exercise students For independent work
Decide tasks No. 1.1.2, 1.1.6, 1.1.8, 1.2.2, 1.2.3, 1.3.2, 1.3.4, 2.2.2, 2.3.2, 2.34, 2.3.6,
24.1,243,245,25,3.1.2,3.2.2,3.24,3.2.6,3.2.8,3.2.10,3.2.12,3.3.2,3.3.4, 3.3.6.
Prepare for a practical lesson on the topic "Constructing inferences in predicate calculus."
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7 CONSTRUCTION CONCLUSIONS IN CALCULATION PREDICATES

Learning objectives : To consolidate the basic concepts of calculus when solving problems
predicates as a theory that forms the next level of abstraction in the construction of formal
systems.

7.1 Educational questions classes:

1. Feasibility And general significance formulas logic predicates.

2. Pre-prepared, Skolemovskaya And clausal forms performances formulas in
predicate calculus.

7.2  Questions For checks readiness students to class

1. Give definition alphabet predicate calculus .

2. Give inductive definition formulas And subformulas predicate calculus .

3. Prove, What expressions 3x (F!(x)—> VyG?(y, z)) And VxF'(x)vWx3IyG?(x
, v) are formulas, but the expression 3 xF ' (x )& 3 yG 2 (x,y) is not a formula.

4. Explain, Why V formula free And related variables must be designated by
different letters.

5. Why, If any quantifier located V areas actions another quantifier, then the variables
associated with these quantifiers should be denoted by different letters?

6. Which formula it's called identically true V calculus predicates?

7. Formulate axioms, specific only For calculus predicates.

8. Formulate For calculus predicates main rules conclusion.

9. Formulate theorem deductions V calculus predicates.

10.How differ concepts feasible formulas V given areas from the concept of a formula that
is simply executable?

11. Give definition generally significant formulas predicate logic .

12. Define concepts conclusion And provable formulas V predicate calculus.

13.Formulate necessary And sufficient conditions general significance predicate calculus
formulas.

14. Define concepts pre-predicate, Skolem and clausal forms
of representation of formulas of predicate calculus.

Preliminary intelligence

Predicate calculus, like any axiomatic system, contains symbols (an alphabet) from which
formulas are composed. Then, among all the formulas, formulas called derivable formulas are
identified. The identification of derivable formulas in predicate calculus is also as in
propositional calculus, it is carried out by specifying a certain finite set of formulas, which are
called axioms, and by specifying the rules of inference that allow one to obtain new derivable
formulas from the formulas being derived.

Definition formulas predicate calculus

Each formula of the predicate calculus represents a finite sequence of symbols of this calculus
(alphabet). The alphabet of the predicate calculus can be divided into six groups.

1. Small Latin letters With indices or without them: a ,b,c,...,x,y,z,...,a1,a2,...,X 1,
.. These symbols are called object variables (object variables).
2. Uppercase Latin letters With indices down or without them: 4 ,B, ..., 41,42, ... . These

symbols are called statement variables .
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3. Uppercase Latin letters With indices up: F ¥, G”, ..., S”, ..., And these same symbols With
indexesbelow : FZ F? ... G? G7,. S ST, .. .Thissymbol wear names
1 2 1 2 1 2

variables predicates from r variables (=1, 2,..., n).
4. Signs operations calculus statements: T, &,v, .
5. Symbols quantifiers V, 3.
6. Round brackets: (,).

Each formula is @ word in the alphabet containing The symbols specified above in points 1-6.
Therefore, we will determine which words are called formulas.

1. Each variable statement There is a formula.

2. If F?is a symbol of a variable predicate, @ 1, a2 ,..., a , - symbols of subject variables,
not necessarily different, that is, the word F”(a1,a2,..., a p)isaformia We will retain the name
variable predicate for such formulas.

Formulas, certain V p.p.1 And 2, We we will call elementary .

3. Let formula F contains free variable X . Then words

V xF,3xF (7.1)
Also are formulas.
Let us recall that the symbols V and 3, as in predicate logic, are called quantifiers: the first
is a universal quantifier, the second an existential quantifier. The variable x in formulas (1) is a
bound variable. The remaining subject variables, which are free in formula F, remain free in
both formulas (7.1). Variables that are bound in formula F remain bound in formulas (7.1).
4. Let F' | and F > - formulas, and they do not contain such subject variables that are
bound in one formula and free in another. Then the words

(F1&F»), (F1v F2), (F1—F>2), (F,) (7.2)
are formulas. In this case, the free variables in the formulas F | and F > remain free in all
formulas (7.2), and the bound variables in formulas /1 And F 2 remain connected in formulas
(7.2).

The definition of the formula of predicate calculus has the same inductive character, which is
the definition of formulas in propositional calculus.

To prove any statements about formulas one can apply the principle of complete
mathematical induction to construct formulas. Namely, such The proof is as follows. The
statement is proved for elementary formulas 1 and 2. Then it is proved that from the assumption
of the truth of this statement for formula F follows its truth for formulas V xF and 3 xF', and
from its truth for formulas F | and F ; its truth for formulas (2) follows. From this, we conclude

that our statement is true for any formula.

From the definition of a formula, it is clear that all formulas of the propositional calculus are
also formulas of the predicate calculus. Indeed, among the formulas of the predicate calculus are
propositional variables, and we can, starting from them, form formulas using the same operations
as in the calculus. statements. However, the restrictions specified in paragraph 4 of the definition
of a formula do not apply to formulas constructed only from statement variables (i.e., not
including predicate symbols), since they apply only to formulas containing subject variables.

As in propositional calculus, we will agree to introduce some simplifications in the notation of
formulas: omit external brackets and some internal ones if the sequence of operations, based on
their priority, is not in doubt; sometimes round brackets are replaced by square ones; in the
notation F' # omit the superscript p indicating the number of variables if these variables are
specified explicitly in the formula F .

Except Togo, from conditions 4 inductive definitions formulas follows, What:
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A) V formula free And related variables should be designated different letters;

b) If any quantifier located V areas actions another quantifier, then the variables
associated with these quantifiers are also denoted by different letters.

Violation conditions 4 ) And b) it's called collision variables. For example, word
Vx(F(x)—3xG(x,y)) formula Not is, So How For him violated condition b ).

Axioms calculus predicates

Axioms calculus predicates are divided on two groups:

1) Axioms calculus statements, consisting out of 11 axioms and separated on four groups 11,12
I =113, 10 —II3,IV -1V 3.
2) Two predicate axioms: V 1.

VxF(x)—>F(y).

Vo, F(y)—3IxF(x).

In axioms V 1and V 2 F ( x ) is any formula containing free occurrences of the variable x ,
none of which is in the scope of the quantifier over y ; the formula F ( y ) is obtained from F ( x )
by replacing all free occurrences of the variable x with y .

To clarify the importance of the requirement for x fo appear in the formula F', let us consider
as a formula F ( x ) the formula 3y P (y , x ), where this requirement is violated: the free
occurrence x is in the domain of 3 y . Substituting this formula into axiom V | yields the formula
Vx3yP(y,x)—>3yP(y,y) If we interpret it on the set N of natural numbers with the
predicate P (u , v ) =" u is greater than v ", we obtain the statement: "if for every natural number
x there is a natural number y greater than x , then there is a natural number y greater than itself."
The premise of this implication is true on the set N, but its conclusion is false, and therefore the
statement itself is false.

Main inference rules

1. Rule conclusions ( modus ponens ): if G And G — H - output formulas, then H is also a
derivable formula.

We see that this rule is formulated in the same way as in propositional calculus, only the

scope of formulas to which this rule is applied is wider here.
2. Rule introduction quantifier universality:

F—>G(x)

F—>VxG(x

)

2

Where G ( x ) contains free occurrences variable x , A formula F' their does not contain.
3. Rule introduction quantifier existence:

G)=>F
WG(x) > F

at those same requirements To formulas F And G, What And V rule 2.

Violations rules 1-3 can bring To false conclusions from true statements.
Let's consider V confirmation this is an example.

Example 1. Let P ( x ) be a one-place predicate ““ x is divisible by 6”, O ( x ) be a predicate " x
is divisible by 3." The statement P ( x ) — Q ( x ) is obviously true for any x , but applying the
rule of introducing the universal quantifier to it yields the statement P (x ) — V xQ ( x ), which
is not always true. If we apply the rule of introducing the existential quantifier to the formula P (
x ) — QO (x), we obtain the predicate I3 xP ( x ) — Q ( x ), from which by way already
correct) applications rules 3 we will receive statement
3 xP (x)— V xQ (x), false on set natural numbers.

Note that the substitution rule has finally disappeared from the presentation; thus, from the
two possible interpretations of the system of axioms (which was discussed in the propositional
calculus), the interpretation in which the substitution rule is absent has been chosen, and instead

axioms are being considered schemes axioms. Actually this choice happened already
68



then, when axioms V1 and V' > were accompanied by a verbal description of the restrictions on
the occurrence of variables. Thus, the axioms ceased to be expressions of the calculus, and along
with this verbal text, they turned into meta-descriptions of the set of formulas that are axioms,
that is, into axiom schemas .

Constructing a predicate calculus with a substitution rule is significantly more cumbersome
due to the need to distinguish between free and bound occurrences of subject variables.
Therefore, most modern books on logic use the approach with axiom schemes.

The concepts of inference and provable formula in predicate calculus are defined analogously
to these concepts in propositional calculus. The assertion that a formula F is deducible in
predicate calculus and is denoted in the same way as in propositional calculus: |-F .

Since all formulas derivable in propositional calculus are also derivable in predicate calculus,
then, by making substitutions into derivable formulas of propositional calculus, we will obtain
derivable formulas of predicate calculus.

Example 2. Replacing V output formula calculus statements |—Av A formula

A formula F' ( x ), we will receive output formula calculus predicates |-F (x)vF(x )_

Example 3. Replacing in the derived formula |-A — A v B formula 4 with formula F ( x ),
formula B with formula V yG (y ), we get |—F(x)—>F(x)v VyG(y).

By substituting into the derivable formulas of the propositional calculus, one can easily obtain
many derivable formulas of the predicate calculus; however, in this way, every derivable formula
calculus predicates withdraw it is forbidden, those more What We have abandoned the
substitution rule in predicate calculus, but only imply this rule in axiom schemas.

In predicate calculus, the following derivative is often used: inference rule: if a formula F(x)
containing a free subject variable x is derivable, then the formula V x F(x) is also derivable in the
predicate calculus.

So, if it has place |-F (x ), That output will and the formula |- V x F (x), That There is:

F(x)
VxF(x)

This rule it's called derivative rule bindings quantifier universality .
It applicable To any subject variable.

In predicate calculus, there is a theorem analogous to the deduction theorem in propositional
calculus: if a formula G is deducible from a formula F , then the formula F — G is also
deducible in predicate calculus .

This theorem allows obtain derivable formulas of the predicate calculus without performing
all the operations of formal deduction on them, which significantly shortens the direct path to
deriving provable formulas. Note that the proof of this theorem (like most other theorems of
predicate calculus) is quite complex and requires special study.

1. Feasibility And general significance formulas logic predicates

Definition 1. Formula And predicate logic is called satisfiable. V area M, if there are values
of variables from areca M included in this formula, for which formula A turns into a true
statement.

Definition 2. Formula A is called satisfiable if there is a domain on which this formula is
satisfiable.

From definitions 1 and 2 it follows that if formula A4 is satisfiable, this does not mean that it is
satisfiable in any domain.
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Definition 3. Formula A is called identically true on a set M if it takes a true value for all
values of the variables included in this formula and assigned to the domain M.

Definition 4. A formula A is called universally valid if it is identically true in any domain.

From definitions 1- 4 follows:

1°. If the formula A4 is of general significance, That she And feasible on all sorts areas.

2°. If formula 4 is identically true in domain M , then it is also satisfiable in this domain.

3°. If the formula 4 Not feasible, That she identically false on all sorts areas.

There are two classes of predicate logic formulas: the class of satisfiable and the class of
unsatisfiable formulas. A universally valid formula is called a logical law .

Example 4. The formulas Vx 3 yP (x,y)and 3x Iy (P (x )& P (y)) are feasible: the first
is identically true in the region M =N ox N o ( N ois the set of non-negative integers ) , if in as P

(x,y) take a predicate « x < at »; second - if in quality R ( x , y ) take the predicate “The
number x is even” on the same set N .

Example 5. Formula Vx(P(x)VvR(X)) identically true V any areas M,
therefore, it is generally valid, that is, it is a logical law (the law of the excluded middle). At the
same time, the formula V x ( P (x )& P ( x)) is identically false in any region M and therefore
impossible to implement.

There are some criteria, allowing define, generally significant formula
or not. These criteria are based on the relationship between the general validity and satisfiability
of predicate calculus formulas. This relationship can be expressed by the following two
theorems.

Theorem 1. For a formula A to be generally valid, it is necessary and sufficient that its
negation be unsatisfiable.

Theorem 2. For a formula A to be satisfiable, it is necessary and sufficient that its negation is
not universally valid.

7.3 Tasks
1.1. Feasible whether next formulas:
1.1.1. 3xP (x);
1.1.2. VXP(x);

1.1.3. IXVyP(x, y);

1.1.4. VN0, x) & O(x, y));

115,339 (P(x) & P(y).

Hint : To prove the satisfiability of a given formula, it is sufficient to find the domain of
definition of the corresponding predicates and their values such that in this area the formula
takes on true values.

1.2. Are whether identically true next formulas:
121, 3xP(x) > VxP(x);

122 3xP(x) > VxP(x),

123, 3X9p00x, x) > VyAx0(x, );

12.4. Vx3yQ(x,and) — 3 and ¥V xQ (x, and).

Answer : Formula 1.2.1 represents the law of excluded middle, therefore, this formula
identically true. Obviously, What formula 1.2.2 -
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is identically false. Formula 1.2.3 is identically true, for example, on the set N 2 ' we take the
relation "as Q (x,y )y *x" Formula 1.2.4 is identically true on any set.

1.3. Prove, What next formulas Not are generally significant:

13.1. (VxEI and P(x,and) —> 3andV xP (x, and);

132, Ix(Pi(x) > Py(x)) = (Fx P, (x) > 3x P, (x)).
1.4. Which from below formulas are generally valid:
1.4.1, P(Py(x) & P,(x)) = (IxPy(x) & IxP,(x));
142 VXU >V ) = (VxU(x) = VXV (x));
1.4.3, WPx) = VxP(x);

1.4.4. IxPX) & (r > 0(x)) > (Vx(P(x) > O(x)) = r).

Answer : Using equivalent transformations Can prove, What formulas 1.4.1 And
1.4.4 are identically true on any set and, therefore, are generally valid, which cannot be said
about formulas 1.4.2 and 1.4.3.

2. Prepositional, Skolemian ,and clausal forms of
representation of predicate calculus formulas

In propositional algebra, disjunctive and conjunctive normal forms were introduced, which
allow for the simplification of many proofs in propositional algebra. The problems that arise in
predicate logic when dealing with quantifiers and quantifier domains can be quite complex. In
particular, the presence of the same variable both bound and free in a formula can lead to certain
difficulties. Therefore, in predicate calculus, by identity transformations, this formula is also
reduced to a simpler or standard form—to normal form. A formula in predicate logic is said to
be in normal form if it contains only conjunction, disjunction, and quantifier operations, with the
negation operation relegated to elementary formulas . normal forms of predicate logic are large
meaning have prenex normal forms . In these forms, quantifier operations are either completely
absent or used after all propositional algebra operations. Let us give a rigorous definition of a
prenex normal form.

Definition 5. Preliminary form formulas calculus predicates it's called

formula F=K x ,K,x,...K,x,R, Where K; - one from two quantifiers, x; - variables,

incoming V formula F, (i=1n),R - formula, Not containing quantifiers. Expression
K x K,x,.. K, x, it'scalled formula prefix F, a formula R - her matrix .

Theorem 3. For any formulas calculus predicates exists logically equivalent to it is
the prenex normal form.

We can propose the following algorithm for reducing a predicate calculus formula to a
preliminary normal form, based on the use of the laws of logic.

1. Exclude from this formulas All implications (If They are present V formula)
By law: P—>Q=Pv Q. Those the most given formula is transformed To normal form.

2. Reduce the scope of the negation operation so that the negation symbol is applied to no
more than one predicate letter. To do this, use the rules for constructing negations of formulas
containing quantifiers, as well as De Morgan's laws and the law of double negation:

71



VxP(x)=3xP(x);
IxP(x) = VxP(x);

P&Q=Pv Q;
PvO=P&O;
]_)EP.

3. Rename bound variables, if necessary, so that within the scope of each quantifier, each
bound variable has a unique name, and the names of free and bound variables are distinct. This
can be done because the name of a variable bound by a quantifier does not affect the value of the
formula, for example:

VxU(x, y) & IxV(x, y) vU (x) = VxU(x, y) & 3zV (z, y) v U (m).

4. Remove quantifiers if their scope does not contain the variable bound by the quantifier, for
example: Vx3zP(x,y,c)=VxP(x,y,c).

5. Move quantifiers V start formulas, for example:

VxP(x) & VxQ(x) = Vx(P(x) & O(x)); FxP(x) v Ix0(x) = Ix(P(x) v O(x)).

6. If Pis a formula that does not contain a free variable x , then the following will take
place: the following equivalences:

P& VxQO(x) = Vx(P & O(x)); P& 3IxQO(x)=3Ax(P & O(x)).

The required algorithm has been constructed. Of course, in the process of reducing the
formula to prenormal form, some steps of the algorithm discussed above can be omitted as
unnecessary.

Example 5. Bring To preliminary normal form formula

F = Vx (P(x) > (Vy (P(y) = P(g(x, ) &V ¥ (Q(x, y) = P(y)))).
Solution . 1. Let's get rid of it V formula F' from implications:

F=Vx(Px)Vv(VyP) v PEkx, 1)) &Y (0, y) v P(»)))).
2. Let's reduce it volume actions operations denials:

F = Vx(P(x) v (Vy(@P(y)v Pk, ) &3y (O, y) & P(y)))).
3. Let's rename it related quantifier existence variable yon z:

F = Vx(P(x) v (V y (P(y) v P(g(x, ) & F2(Q(x, 2) & PR))).
4. By moving the quantifiers to the beginning of the formula according to point 5 of the
algorithm, we obtain the desired normal preform of the formula F :

F=vxVy3z(Px)v((P(y) Vv Pk, ) & (O, z) & P(2)))).

Definition 6. A formula of predicate logic is called closed if it does not contain free subject
variables.

The same predicate calculus formula admits many equivalent prenex forms. The resulting
result depends on the order of application of the rules, as well as on the arbitrary renaming of
variables (step 3 of the algorithm). Nevertheless, prenex and normal forms retain all the
expressive power of predicate calculus. In particular, there is a connection between the general
validity of a predicate logic formula and its prenex normal form. This connection is expressed by
the following two statements, which can be proved by contradiction.

1. If a closed formula of predicate logic in prenex normal form contains only existential
quantifiers and is identically true on any domain consisting of one element, then it is universally
valid.

2. [If a closed formula of predicate logic in prenex normal form contains only universal
quantifiers and is identically true on any domain consisting of elements, the number of which
does not exceed the number of variables included in a given formula, then it is generally valid.
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Working with formulas containing quantifiers is much more difficult than with quantifier-free
ones. In 1928, T. A. Skolem (1887—1963) proposed a method of replacing quantifiers in formulas
with certain functional symbols. Without loss of generality, only prenex forms can be
considered, since by Theorem 3 any formula Maybe be transformed V equivalent to her
preliminary form. More Moreover, it is sufficient to operate with closed formulas. The essence of
Skolem's method boils down to the following reasoning.

Let, for example, F=3xVy3zVuVvIwP(x,y,z,u,v,w)- closed

formula
predicate calculus. Let us denote the value of the variable x that exists according to the first
quantifier by an object constant, for example, the letter @ , while discarding the first existential
quantifier in the formula F'. As a result, we obtain the formula

Fiy=Vy3azVuVvawP(a,y,z, u,v,w).

That fact, What By to everyone meaning variable y Maybe be found meaning
variable z can be expressed by some z=f(y), called

function
Skolemovsky . Then formula F 1 is transformed V formula

>, =VyYuVvawP(a,y, f(»), u,v,w).

The fact that for any values of the variables y, u and v there is a value for the variable z , can
be expressed by another Skolem function w =g ( y, u, v ), which in the previous formula is
substituted for the variable w :

F3 =VyYuVvP(a,y, f(y), u,v,g(y,u,v)).

Since, by the condition, all variables included in the formula F must be bound by quantifiers,
existential quantifiers are excluded, and the order of universal quantifiers does not play a role in
calculating the value of the formula, then universal quantifiers are also discarded, assuming that
all variables are bound by them. As a result, we obtain Skolemovskaya form
performances this formulas F:S,=P(a,y,f(y)u,v,g(y,u,v)).

So, For formulas example 5 her Skolemov form has view

Sp = PX) v ((P(y) v P(g(x, y))) & (Q(x, h(x)) & P(h(x)))),

Where z = & (x)- Skolemovskaya function.

So, We compared formula F formula S, more simple buildings With guarantee,

What formulas ' And S, or both feasible, or both are impossible to implement. This
connection between

formulas F and S, weaker, how logical equivalence, But she Very useful at

proof that some conclusion is a logical consequence of given hypotheses.

Definition 7. The clausal form of a formula of predicate calculus is called its Skolem form.
form, which one matrix presented V view conjunctive normal form, that is, as a conjunction of
elementary disjunctions. Any Skolem form admits an equivalent clausal form.

Using distributive law disjunctions relatively conjunctions, let's bring
Skolemovskaya form S, example 5 To conjunctive normal form. IN result
we will receive clausal form § functions § .

S =(P(x) v P(y) v P(g(x, ) & (P(x) v Q(x, h(x))) & (P(x) v P(h(x))),

which, replacing symbol conjunctions comma, are writing down V view So called set of
clauses :

S = {P(X)v P(y)v P(g(x, ), P(x)v Q(x,h(x)), P(x)v P(h(x)) 5.
Substantive meaning formulas, output in predicate calculus, shows that these formulas
represent by yourself identically true statements, That There is

73



logical tautologies. Conversely, every identically true formula is derivable in the predicate
calculus. It follows from this that no meaningful statement, in particular a mathematical one, can
be deduced in the predicate calculus. However, if we apply the axioms of the predicate calculus
If we add any non-derivable formulas as new axioms (while maintaining the same rules of
inference), we will get another calculus in which, in addition to identically true formulas, other
formulas are also derivable.

7.4 Tasks

Bring To preliminary normal form next formulas predicate logic :
2.1.1. F=3xVy3zVYuP(x,y,zu);
212, F=VxR(x)vIxO(x,y);
2.13. F=p—>3xR(x);
2.14. F=Vx(Ax) >3y C(»));
2.1.5. F=3xVyP(x,y)&3IxV yQ(x,y);
2.1.6. F=3xVyP(x,y)vaxV yQO(x,y).
Answer : Vx.yVz3uP(x,y,z,u), 212, x(R(xvQ(x,y));
2.1.3. Vx(p&R®X)); 2.1.4. ¥ x3y (Ax)v C(»));
715 3xIzVy (P, )& 0z,3); 216 IXVyVz(P(x,y)vOx,2)).
2.2. Prove hatchability following formulas V predicate calculus
221 F(x) vF(x),
2.2.2. F(x)—F(x) v Yy G(y).
Instructions . 2.2.1. Replacing V output formula calculus statements |-A v A

formula 4 on F ( x ), we will receive output formula calculus predicates |-F (x)vF(x).

2.2.2. Replacing in the output formula |—A — A v B formula 4 formula F ( x ), formula IN
formula V yG (), we will receive |—F(x)—>F(x)nyG(y).

In axioms and formulas We have nowhere discussed propositional calculus and predicate
calculus used operation equivalence. However in many cases meet
formulas species (x > y )& (y — x ), which We For brevity we will designate symbol
equivalences, That Thereis (x > y ) & (y > x ) =x <> y . Except Togo, let's introduce concept
sequences:
sequents are expressions of A, A4,,.,A4,—B(read: from
the form

formulas 4 1, 4 2,..., A, follows formula B or formula B- provable). Here n > 0, A

A1,42,.,A4 ,, B- arbitrary formulas calculus predicates (or (propositional calculus). A
sequent is said to be derivable in predicate calculus if there is a derivation from a finite sequence
of sequents.

2.3. Let the variable x not enter freely into the formula 4. Prove the derivability of the
following sequents:

231, [ (Vxdo4);
232, [F (340 4);
233 |— (VxVandB (x,and ) <>V andV x( x , and));
234, |— (Ix3JandB (x,and ) <«>Jand3 xB (x , and));

235. [-(VxVyB(xy) = VxB(x.x));
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| (IxB(x,x)—>3IxIyB(x,y)).
% Z’t ‘Prove, What output sequences:
241 (A<—>B)| (4 © B);

© B|-((4&C) <> (B&O));

(A © B)|~((4v C) & (Bv O));

(A<—>B|) (A—>C)<>(B—>C)).
% % ﬁ’rove hatcgablhty following formulas V predicate calculus :
2.5.1. F(x)v F(x);
2.5.2. F(x) > F(x)v VyG(y).

Instructions . 2.5.1. Replace V output formula calculus statements |— Av A

formula 4 formula ' ( x ). 2.5.2. Replace V output formula |-A—>A v B formula 4
formula F' ( x ), formula /N formula V yG (y).

2.6. Build conclusions, corresponding next reasoning (legends):

2.6.1. No drug dealer is an addict. Some addicts have been prosecuted. Therefore, some
people who have been prosecuted are not drug dealers.

2.6.2. All rational numbers are real numbers. Some rational numbers are integers. Therefore,
some real numbers are integers.

Hint : These arguments should be formalized (construct clauses ). Next, using the axioms and
inference rules of predicate calculus, construct a derivation of the conclusion from these
premises, writing out all the steps of the proof sequentially.

Conclusion
Substitution into the output many derivable formulas of the predicate calculus can be easily
obtained from formulas of the propositional calculus; however, in this way any derivable formula
calculus predicates withdraw it is forbidden, those more What We We have abandoned the
substitution rule in predicate calculus, but only imply this rule in axiom schemas.

7.5 Exercise students For independent work
1. Decide from methodological developments tasks No. 1.1.2, 1.1.4, 1.2.2, 1.2.4, 1.3.2,
142,144,2.12,2.14,2.1.6,22.2,23.2,2.3.4,2.3.6,24.2,24.4,2.52,2.6.2.
2. Prepare for apractical lesson on the topic
"Models of theories of first-order logic".
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8 MODELS FIRST-ORDER LOGIC

Learning objectives : To expand and deepen the fundamental concepts of constructing first-
order theories. To acquire basic skills in studying the properties of objects in specific
mathematical theories from linear and general algebra, and the arithmetic of natural numbers
using specific axioms.

8.1 Educational questions classes:
1. Theories With equality And partial ordering
2. Theory groups, rings and fields
3. Theory natural numbers
4. Theory vector spaces

8.2 Questions For checks readiness students to class
1. Define concepts alphabet language theories first order, words V in this alphabet,
the equality of words, the set of expressions of the theory.

2. Give definition signatures language theories first order.

3. Formulate inductive definition terma And formulas theories first order.

4. Bring examples meaningful mathematical theories first order.

5 Formulate therule ofinference and the rule of binding

by the universal quantifier of a first-order theory.

6. What it's called proof V theories first order? And the theorem?

7. What understand under interpretation language theories first order?

8. Prove that if I” is the set of axioms of a theory T of signature 6, M is an algebraic
signature system o, in which all formulas from the set are true /7, then in abundance M all
theorems of the theory T are true .

Indication . Apply induction By length conclusion from sets /7.

9. Prove that if all axioms of a theory T are true in some algebraic system M , then there
exists a model of the theory T .

Indication . Let V system M =<M; c > true All axioms theories T . Let's put it this way

x~yeoM |— (x=y), Where symbol ~ designated binary attitude. Necessary prove, What

~ 1s an equivalence relation in the set M. Then the quotient set M / - and will be the required
model.

Preliminary intelligence

In propositional algebra and propositional calculus, the use of truth tables provided an
effective way to decide whether a given formula is a tautology (identically true) or not. In
predicate logic, there is no effective way to For each formula, it is necessary to decide whether it
is generally valid or not (except in special cases). Therefore, in mathematical theories that use
the concept of a predicate and the related concepts of quantifier operations, the axiomatic method
becomes essential. This method is based on simple relationships between symbols and
expressions of precise formal languages and utilizes fairly simple arithmetic methods.

An axiomatic theory constructed on the basis of a given system of axioms is understood to be
the set of all theorems proven on the basis of this system of axioms.

Axiomatic theories are divided on formal And informal theories.

Informal axiomatic theories are filled with set-theoretic content, the concept of derivability in
them is rather vague and relies largely on common sense.
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A formal axiomatic theory is said to be definite if the following
conditions are met :

Asked language theories.

Definitely concept formulas V this theories.

Highlighted some set formulas, called axioms. The rules are defined conclusion in

this theory.

Here, the language of a theory is understood as the set of all words of the theory over a given
alphabet, together with this alphabet.

The substantive meaning of formulas derived in predicate calculus shows that these formulas
are identically true statements, that is, logical tautologies. Conversely, every identically true
formula is derivable in predicate calculus. It follows that no essentially meaningful statement,
particularly a mathematical one, can be derived in predicate calculus. However, if we apply the
axioms of predicate calculus add any non-derivable formulas as new axioms (keeping those (the
same rules of inference), then we get another calculus in which, in addition to identically true
formulas, other formulas are also derivable.

Among the numerous mathematical theories, so-called first-order theories stand out. They
differ from higher-order theories in that they do not allow predicates that have other predicates as
possible values of their arguments. Furthermore, they do not allow quantifier operations on
predicates. Predicate calculus is an example of a first-order theory. In second-order calculi, for
example, predicate quantifiers are possible, that is, expressions of the form V P(P(x)).
Applications of such calculi are much less common.

First-order theories are, in principle, sufficient to describe most mathematical theories. Most
higher-order theories can be reduced to first-order theories.

First-order theories are also related to applied calculus, characterized by the fact that What V
them To logical axioms are added own axioms. IN proper axioms, as a rule, involve specific
(individual) predicate letters (for example, =, <), functional letters (+, -, - ) and subject
constants (for example, natural numbers, the empty set in set theory, etc.).

The value of any formal theory is ultimately determined by its ability to describe certain
objects and the relationships between them. Therefore, one of the first questions for any theory
is: what objects is this theory suitable for describing? Of course, if we pose this question as the
general problem of the correspondence of scientific knowledge about the world to the world
itself, then it cannot be discussed solely by means of mathematics (since mathematics, unlike the
natural sciences, does not deal with directly with the world, but with a formal description of its
various fragments) and becomes a fundamental problem of the philosophy and methodology of
science. This problem goes far beyond the scope of our discipline. We are talking about a
simpler case, when the set of objects for which a formal theory is constructed is itself a
sufficiently strictly described subject of research. More precisely, the problem of the adequacy of
a formal theory and the objects it describes is considered as a mathematical problem of the
correspondence between a substantively constructed theory and a set of statements about this
theory, constructed as the formal meaning of calculi. Therefore, the assignment of values
(meaning) to mathematical expressions (symbols, formulas, etc.), that is, the interpretation of the
theory.

Let us introduce the basic concepts of first-order formal axiomatic theories. These concepts
include the concepts of alphabet, language theory, language signatures, terms and formulas.
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Definition 1. Alphabet A language theories first order it's called a non-empty finite
set of symbols called letters.

Definition 2. A word in the alphabet A is any finite sequence of letters. alphabet A. An empty
sequence of letters is called an empty word.

Empty word We let's agree designate symbol A .

Definition 3. Two words ajand2...an And b1 b2... bx V alphabet A are called equal,

If k=nAnd Vi(ai=bi), i=1, n.IN this case they write a1 and>... an = b1 b2... bx.
Number n is called the length of the word.

Definition 4. Let T be some theory. Denote by A( T ) the alphabet of this theory. The set A ™ (
T ) of words of the alphabet A( T ) is called the set expressions of theory T.

Definition 5. Language Theory T it's called pair <A(T ), A (T ) >.

First-order languages serve first-order theories. Into the alphabet of every Theory T The first
order essentially includes the same symbols as in the construction of the predicate calculus.

Definition 6. Set predicate letters (or predicate variables) F7, .

FF..., SF, SP, ... together With variables statements and values subject

variables (constant) it's called signature language this theories And is its specific part.
Different first-order theories may differ from each other in the composition of the letters in
alphabet and signature.
Further description theories first order T requires inductive definitions of terms and
formulas. Terms and formulas are two classes of words in the set A( T ).
Definition 7 (inductive definition term).
1. Subject variables And constants are terms.
2. Ifr,r,..,r,-baths And A - symbol n-local operations , That
A"(r,r,...,r)-term.
i 1 2

3. No other terms other than the terms listed in paragraphs 1 and 2, V There is no
theory T.

According to the natural interpretation, a term is the name of some object. Besides variables
and object constants, terms are also chains formed from variables and object constants by means
of operation symbols, since in the implied interpretation of a term it is understood as the value of
some function.

Definition 8 (inductive definition formulas).

1. If A — predicate or function ,a r, r2 ..., rn-term ,wedding A (1, r2, ..., rn)- Formula .
IN in particular , If A variable predicate, then by A"(r, ., ..., ) iscalled

2

an elementary formula .

2. If A And IN - formulas, then (A & B), (A v IN), (A — B), (A) - formulas.

3. If A is a formula, and y is a subject variable, free in A or not contained in formula A, then
the expressions V yA, 3 yA — formulas. In this case, A is called the domain of the quantifier.

4. None others formulas, except listed V p.p. 1-3, No.

Axioms of first-order theory T are divided into two classes: logical axioms and special ones
(special axioms are also called proper axioms of theory T ).

Logical And special axioms

What are would no were formulas A, IN And WITH theories T, next formulas are
schemes of logical axioms of theory T:

78



A — (In—> A), (8.1)

i (Af) B —>C) > (A—>IN) > (A->Q)), (8.2)
(IN > 4) —>(((IN—>A) — B), (8.3)
V xi A(xi) 7 A(t), (8.4)

Where A(xi) There is formula theories T, A t - term this theories, free V formula A(xi).
Let us note, what t Maybe and coincide with hi, AND Then We we are coming To axiom
vV xi A(xi) ™ A(xi).
Vxi (A>B) >(A—>Vx;iB), (8.5)

if x ; does not enter freely into formula A.

Special axioms cannot be formulated in the general case, since they vary from theory to
theory.

A first-order theory that does not contain its own axioms is obviously a purely logical theory.
It is called first-order predicate calculus. Note that predicate calculus, like propositional calculus,
may not necessarily be constructed on the axiom systems we formulated in studying these issues.
These calculi may be constructed on other axiom systems with a significantly smaller number of
them. A first-order theory is a restriction of predicate calculus to a given domain. The axiomatic
system of any particular theory is obtained by adding axioms specific to this theory to an
adequate complete axiomatic system of predicate calculus. This does not mean that a theorem of
predicate calculus remains a theorem in the theory under consideration, since the language of this
theory is, generally speaking, more limited than the language of predicate calculus. Very often, it
has only a finite number of different predicate and functional constants.

There may be various reasons for the creation and development of a formal or informal
theory. In most cases, a theory is developed to reflect some real objects and their properties. The
goal of the theory then is to derive other true facts (formulas, expressions) of this theory from a
set of true expressions (formulas) accepted as axioms of the given theory.

Rules of inference and the concept of proof in first-order theory, deduction theorem
IN number rules conclusion theories first order enters two rules:
1. Rule conclusions (modus ponens):

\— A,|-4—> B >
T ¢
2. Rule bindings quantifier universality (or generalization rule ):
|— A
. 8.
|— VxA 8.7)

In axiomatic theory concept true the statement makes sense only in connection with the
possible applications of this theory.

Definition 9. Proof in theory T is called a finite sequence S 1,S 2, ..., S k statements of theory
T, each of which is either an axiom, or is derived from the previous statements of this sequence
according to logical rules of inference.

Definition 10. A theorem or provable statement is a statement that is the last statement of
some proof.

It is clear that any axiom is a theorem, and its proof consists of one step.
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Many proofs are based on the deduction theorem, which we are already familiar with, we
looked at it in propositional calculus and in predicate calculus, but In first-order theories, the
deduction theorem takes place in a somewhat weakened form. Before formulating the deduction
theorem for first-order theories, let us clarify The concept of inference from a set of formulas in
propositional calculus can be generalized to the case of first-order theories with two caveats.

Let us consider the set of formulas { I, 4 } and the derivation of F' 1, F 2, ..., F , from this
set. We will assume that the formula F' , where 1 < £ < m , depends on formula A4 in this
derivation in two cases:

1) the formula F ; coincides with the formula 4 and it is included in the derivation as a
formula contained in the set {T", 4 };

2) formula F  obtained by the rules of inference and binding by the universal quantifier
formulated at the beginning of this section, from the formulas preceding it in the
derivation, of which at least one depends on the formula 4 .

Theorem deductions . et ', A |- F and let there be such a conclusion F from the set of
formulas { ', A}, in which, under any application of the rule of binding by a universal quantifier
to formulas that depend in this derivation on A, no free variable included in A is bound by a
quantifier. Then I" |- A—F.

The conditions of the deduction theorem are too cumbersome, so in practice weaker
consequences are often useful.

Investigation 1. If I, 4 —}F And exists conclusion, built without applications rules

(5) To free variable formulas A, That I |- A—F.
Investigation 2. If formula A closed And 7", 4 —}F ,then I |— A—F.

Let's consider example . Make sure, thilt -VxVyA—>VyVxA. Really, formula

VxVyA, How hypothesis, provable. By scheme axioms (4) provable is formula
VxVyA—>VYyA. Then By rule modus ponens we will receive |—V vy A And, again applying
diagram axioms (4), we will receive provability formulas Vy A4 — A. Again applying rule

modus ponens , we get |— A, A By rule (5.7) atfirst we get |—VxA, then

|—‘v’x VyA. IN result everyone these reasoning We we have VxVyA |— VyVxA, at

this V built conclusion We no at one application rules (7) Not connects
free variable of the formula VxVyA, therefore, based on
Corollary 1,

|—va yA—>V yVxA , What And was required.
Concepts interpretations And models theories. Isomorphism interpretations
Under interpretation theories T understand all sorts system, including V myself:
1) Not empty set M, called region interpretations .
2) Any correspondence fthat to each element of the
language of  the theory T

compares the only one element sets M : <A(T), A*(T)>»~ M.
IN in particular, each predicate letter 4" € <A(T ), A*(T)> f puts V correspondence

some # -local attitude in set M; each functional letter
; " e <A(T), A*(T)> is put V correspondence some 7 -local operation V- M, That There is

function M " — M ; each subject variable X - some element from sets M. Any formula
without free variables represents by yourself a statement that true or
false, A all sorts formula with free variables expresses some attitude on areas interpretations.
This attitude Maybe be true
For some values variables from areas interpretations And false For others.
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Let some interpretation of a theory T with domain M be given , and G be the set of all
countable sequences of elements from M.

WITH help sequences S = (b1, b2,....,b4, ...) eG let's define inductively function S *,
displaying all terms in the set M , as follows:

if term t — subject constant, the S* (t) = purpose;

If term t - subject constant, That S*(t) matches With interpretation this constant in the set
M;

if S / - functional letter, interpreted as operation g in M, And t1, t2, ..., tn -
thermal baths , that With (f"(t,t ,... t )3 = g(S*(tl), S*(t2),..., S*(tn)).
j 1 2 n

In simple terms, for any sequence S = (bl, b2,...,bn, ...) and for anyone term t S*(t) is an
element of the set M that is obtained by substituting, for each i, the element bi into the places of
all occurrences of the variable xi in the term t and then performing all interpretation operations
corresponding to the functional letters of the term t.

For example, let the term t = f2(x3, fl(x1, al)); M = Z - interpretation area; fl will be
interpreted as an operation of addition of integers, f2 - as a multiplication operation, al - How
whole number 15. Then for everyone sequences S = (bl, b2,....bn, ...) integers S*(t) is the
integer b3-(b1+15).

Definition 11 (inductive definition completed formulas).

1. If A is an elementary formula Aj (t1, t2, ..., tn) (here the superscript omitted) and Bj is the
relation corresponding to formula A in the interpretation of the theory, then formula A is
considered to be satisfied on the sequence S if and only if Bj(S*(t1),..., S*(tn)) belongs to
relation Bj.

Formula 4 is satisfied on a sequence S if and only if the formula And not performed on S.
3. The formula A—B is satisfied on S if and only if the formula A is not satisfied on S or if
the formula B is satisfied on S (cf. the definition of the operation of predicate implication).

4. Formula Vx4 completed on S Then And only Then, When formula A completed on

any sequence from G that differs from S by no more than its i-th component.

Not follows confuse concepts feasible And completed formulas.

Definition 12. A formula A is called true in a given interpretation if and only if it holds for
every sequence in G. This formula is called false in the same interpretation if it does not hold for
any sequence in G.

Definition 13. Interpretation I is called a model for a set of formulas I" if any formula in the
set I' is true in a given interpretation I. An interpretation I is called a model of a theory T if itis a
model of the set of all theorems of the theory T, that is, if every formula in T that is provable in T
is true in interpretation .

The concept of a model of a theory T can be viewed as an interpretation of the language of
that theory. Specifically, given a theory T, we ascribe a new meaning to the initial concepts of
that theory. If a certain set of objects and relations between them, chosen as the initial concepts
of an axiomatic theory, is V quality her interpretations, satisfies to everyone axioms theories,
That she is called a model of a given axiomatic theory.

Definition 14. An interpretation I1 of a given first-order theory T is isomorphic to an
interpretation 12 of the same theory if there exists a bijective mapping g (called an isomorphism)
of the domain M1 of the interpretation I1 onto the domain M2 of the interpretation I2 such that:
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1. If Alj And A2j — interpretations of the predicate letter Aj respectively in the
interpretations I1 and 12, then whatever bl, b2,....,bn € M1 Alj (bl, b2,...,bn) is satisfied if and
only if A2j (g(bl), g(b2),..., g(bn)) is satisfied.

2. If f1j and f2j are the interpretations of the functional letter fj in I1 and 12, respectively,
then V bl V b2... Vbn € M1 f1j(bl, b2,...,bn) = f2j (g(bl), g(b2),..., g(bn)).

If alj And a2j - interpretations subject constant respectively V 11 And 12, That
A, = g(a 1)

It is clear that if the interpretations I1 and 12 are isomorphic (they write 12 = I1), then the
areas of these interpretations have the same powers.

Theories With equality And partial ordering

1. Theories with equality . Many theories that can be axiomatized as first-order theories use
the concept of equality and the special axioms that define it:

I. Vx(x=X).

1. IfX,y,z- various subject variables And F ( z ) - formula, That

VxVy(x=yo F(x)=F(»).

Any theory that contains the special axioms 1 and 2 is called a theory with equality . From
axioms 1 and 2, the basic properties of equality are derived: reflexivity , symmetry and
transitivity :

1) |—t=tf0ranyterm t;
2) (x=and) = (and=x);
3) (x=and) > ((and=z)—> (x=2)).

These properties of equality are of great importance for applied calculus. From the properties
of equality it follows that the relation of equality of objects in any theory with equality is an
equivalence relation, which allows us to partition the set of all objects on which this relation is
defined into pairwise disjoint classes. Axiom 2 of a theory with equality expresses the identity
(indistinguishability) of equal elements. The meaning of this concept is that if x and y are
identical, then they denote the same object. Moreover, each of the classes into which the set of
all objects of a theory with equality under the relation "=" is partitioned consists of only one
object. If we consider first-order predicate calculus from the point of view of naive set theory,
then equality, which is defined by axioms 1 and 2, represents precisely a set-theoretical identity.

2. Theory partial ordering . Let theory T contains one predicate

letter A’ And Not contains functional letters And subject constants. Instead of formulas

A*(x1_x2) And A2(X, X ) usually they write x1 < x> And x1 < x2. Except Togo, let
theory T
1

1 1 2
contains two special axioms:

1.V xi1(x1 <« x1)- irreflexivity;
2.Vx1VxaVxszs((x1<x2)&(x2<x3)— (x1<x3)) - transitivity.
Any model this theories it's called partially ordered structure .

Tasks
1.1. To prove the basic properties of equality - reflexivity, symmetry and transitivity.
1.2. Show, What VxVy (x<y)&(y<x).
This property of partial order shows that in any interpretation of theory T no element can
simultaneously precede and follow any other element.

82



1.3. If To axioms 1 And 2 theories partial ordering add more one
axiom 3: VxVy(x<yvy<x), That order With signature « < » it's called full, A
The set on which it is defined is called a well-ordered set or a chain . In any chain of any two
distinct elements, one necessarily precedes the other. An example is the standard relation " <" on
the sets of natural, integer, rational, and real numbers. On the set R of real numbers, one can
define And other relationship strict linear order. For example,

VxVy(x<y),if (xy#0&x<y)v (x#0&y=0). Prove for
given such
way relationship order execution axioms 1 - 3.

1.4. Let us define on the set N 2= N x N is a set of ordered pairs of natural numbers (x, y),
for which the difference x — y is a positive even number. Prove that the corresponding binary
relation is a partial order relation.

1.5. Define a complete linear ordering relation on the set { @, b, ¢ }. In how many ways can
this be done? Give an example of a linear ordering relation on a given set such that no element in
the set precedes the other elements.

1.6. Let us define a binary relation " <» in some interpretation of I theory P as a relation with
the following three properties:

1) Vx(x <x)- reflexivity;

2) VxVy(x<y&y<x—x=y) -antisymmetry;

3) VxVyVz(x<y&y<z—x<z) -transitivity.

Such attitude it's called attitude non-strict order. Let's take V quality
sets I set Z everyone whole numbers, And let x <y means, What number x is divided

an integer y#0 Prove that the divisibility relation is a partial order relation.
1.7. Letus denote through E theory With equality. Are whether next offers
theorems theories E :

1.7.1. Vx3IyVz(z=xvy=z)

1.7.0. VxEIszEIv(v:z&z:x&;:y&v:y)).

2. Theory groups, rings and fields
Let us remind you definitions groups, rings And fields.

Monoid G =( G, *,e) it's called group relatively binary operations * , If For
each element g e G exists symmetric to him element. Group it's called

commutative (or Abelian), If group operation, except Togo, commutative.
Here through e designated neutral element relatively operations «.

More in detail, With points vision theories first order, definition groups Can
formulate So. Let theory T contains one predicate letter A%, one

functional letter / 12 And one subject constant a 1. Taking advantage of accepted V
algebra designations, we will write:
e t=s instead A4°(¢,s),

of
fi(t,s),
e s instead
of
e yes instead
of a 1.

Special axioms Theory T Here are next formulas:
A)YVx1Vxa2Vxs3(xi1#(x2+x3))=((x1%x2)*x3) - associativity;
b)V x1(exx1=x1) - property neutral element;
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VYV xi13dx2(x1+x2=e) - existence opposite element;
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G)V x1(x1=x1) - reflexivity of equality;

d)YVxi1Vx2((x1=x2)— (x2=x1))-symmetry of equality;

e) Vxi1Vx2Vxs3(((x1=x2)&(x2=x3)) — (x1=x3)) - transitivity equality;

and ) Vx1VxaoVx3((x2=x3) > (x1* x2=x1*x3)& (x2+*Xx1=Xx3*Xx1)) -
substitutivity of equality.

Any model this theories it's called group . If V group true formula

VxiVxa(xi1xx2=x2%x1),

That group it's called Abelian or commutative .

A ring is a non-empty set K in which two binary algebraic operations are defined: addition
and multiplication, and by addition This must be Abelian group - additive group rings K, A
multiplication should be connected with
addition left And right laws distributivity: For any elements a,b,c € K
a(b+c)=ab+ac,(b+c)a=ba+ca.

There are no restrictions on multiplication in the general case, that is, the ring K by
multiplication is only a groupoid (a set with a multiplicative binary algebraic operation). If
multiplication in a ring is associative, then the ring is called associative. In this case, we can talk
about the multiplicative semigroup of the ring K. If multiplication in a ring K is associative and
commutative, then this ring is called associative-commutative. If (K, -, €) is a monoid, then the
ring (K, -, 0, ) is called a ring with unity or a unitary ring. A commutative ring K is called an
integral domain ifithas Ox#ex andVae KV b e K (a-b=0 = a=0 v b=0). Elements a and
b rings K are called zero divisorsif (a0 & b#0)=(a-b=0vb-a=0).

A field P is an associative-commutative ring with unity. (Not coinciding with the additive

neutral element), in which each element a # 0 is invertible (that is, for each element a # 0 there

is an inverse a ).

It follows from the definition of a field that, with respect to multiplication, nonzero elements
of the field form a commutative group, which is called the multiplicative group of the field P.
Thus, a field is a hybrid of two Abelian groups - additive and multiplicative, related by the law of
distributivity (due to the commutativity of multiplication, the left and right distributivity laws
coincide). The product ab ! is usually written as a fraction (or ratio, quotient) a/b. Therefore, the

fraction a/b, which has meaning only when b # 0 is the unique solution to the equation bx = a,

and operations on fractions obey the usual rules familiar from high school mathematics and
following from the definition of a field. Thus, fields are a class of division rings.

Tasks

2.1. Does this form set relatively the specified operation group. If so, will it be Abelian? If
not, indicate which group axioms are not satisfied.

2.1.1. Set all mutually unambiguous mappings sets M on itself,
considered together with the operation superposition of mappings.

2.1.2. Set non-negative whole numbers relatively addition.

2.1.3. Set Z everyone whole numbers relatively addition operations .

2.1.4. Set In » everyone vectors planes relatively operations addition.

2.1.5. Set everyone is safe even numbers regarding subtraction.

2.1.6.  Set everyone positive valid numbers, If operation is defined as follows: a * b =

at.
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2.1.7. The set of all vectors of an n- dimensional arithmetic space with respect to the
operation of coordinate-wise addition of vectors (the coordinates of the vectors are real
numbers).

2.1.8. The set of all real matrices of the same size with respect to the operation addition.

2.1.9. n -th roots of unity (real and imaginary) with respect to multiplication.

2.1.10. Set everyone positive whole numbers relatively multiplication.

2.1.11. Set everyone odd numbers relatively addition.

2.1.12. Set everyone rational numbers relatively multiplication.

2.1.13. The set of all square matrices of order n with real entries under multiplication.

2.1.14. The set of real polynomials of degree n with respect to addition of polynomials.

2.1.15. The set of all rotations with a common center on a plane relative to their sequential
execution (composition).

2.1.16. Set all square matrices of order n with integer elements and determinant equal to one,
with respect to matrix multiplication.

2.2. Determine which of the following sets are rings (but not fields) and which are fields
with respect to the specified operations. If the operations are not specified, addition and
multiplication are assumed.

2.2.1. Set whole numbers.

2.2.2. Set even numbers.
2.2.3. The set of integers that are multiples of a given number m (consider, in
particular, the case m =0).

2.2.4. Setrational numbers.

2.2.5. Set valid numbers.

2.2.6. Set complex numbers.

2.2.7. Set numbers species a+b V2 With whole aand b .

2.2.8. Set numbers species a +b /3 With rational @ And b .

2.2.9. The set of complex numbers of the form a + bi with rational @ and b . 2.2.10.Set

square matrices order n With whole elements relatively
additions And multiplication matrices.

2.2.11. Set square matrices order n With valid elements with respect to addition and
multiplication of matrices.

2.2.12. Set polynomials from one variable With whole coefficients relative to the usual
operations of addition and multiplication of polynomiaﬁs.

a b
2.2.13.  The set of all matrices of \ with rational
the form \2b a) or
valid elements @ And b relatively additions And matrix multiplication .

Answer : 2.2.1 —2.2.3. Rings. In 2.2.3, for m = 0, we obtain the zero ring, consisting of a
single number 0, which is the identity of the ring and its own inverse. The zero ring is not a field,
since a field must contain more than one element. 2.2.4 —2.2.6. Fields. 2.2.7. Ring. 2.2.8. Field.
2.2.9. Field. 2.2.10. Ring. 2.2.11. Ring. 2.2.12. Ring.

2.2.13. Matrices With rational elements a And b form field, A With valid
a and b — ring, but Not field.

2.3. Prove that the set of numbers of thevform +/ a+b35+¢3 25
with rational

coefficients a, b And ¢ form field; find V this field number, the opposite number

x=2+35-f 25.
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3. Theory natural numbers

An axiomatic construction of the natural series of numbers, proposed by the Italian
mathematician D. Peano.

Initial concepts: a non-empty set NV, called a set natural numbers; the succession relation
and the highlighted element 1. Special axioms:

I. VxeN(x'#1)

2. VxVu(X=at—>x"=at'),

3. VxVu(x'=at')y->x=at),

4, LetMcN.Then(1eM)&Vx(xeM—->x'e M))>(M=N).

Axiom 4 is called the axiom of mathematical induction. It is based on the principle of
mathematical induction, which underlies the method of proving theorems called the method of
complete mathematical induction. In order to To prove that all natural numbers have some
property P ( x ), first prove, What them possesses number 1, A then prove his For arbitrary
numbers x ' at
"inductive assumption" that the number x already has the property P ( x ). Due to Axiom 4: The
set of numbers with property P ( x ) must contain the set of all natural numbers.

Axiomatic construction systems natural numbers

Let us assume that the natural numbers are already constructed in such a way that Peano
axioms 1-4 are satisfied. Each pair of natural numbers x , y can be uniquely assigned a natural
number, denoted by x + y , such that the following axioms are satisfied:

5 Vxe N(x'=x+1)

6. VXxeNVande N((x+ and)'=x+ and’).

Number x + y it'scalled sum natural numbers x And y, A corresponding
display N?> — N - operation additions .

Each pair of natural numbers x, y can be uniquely assigned a natural number, denoted by x[1y
or by xy, so that the poAromivy two axioms are satisfied:

7 VxeN(x-1=x);

g VxeNVyeN(x-y'=x-y+x).

Number x -y it's called work numbers x And y, A corresponding display
N? = N - operation multiplications .

Numerical system N = <N, 1, +,->, operations additions And multiplication V which

nrn

satisfy axioms 1-8, it's called system natural numbers .

Based on special axioms of the system of natural numbers, logical axioms of first-order
theories, using the method of complete mathematical induction and the rules of inference, one
can prove most of the properties of the operations of addition and multiplication of natural
numbers (commutativity and associativity of these operations, the distributive law of
multiplication with respect to addition, etc.), introduce a linear order relation on the set N, etc.
One can also prove the following important theorem: every non-empty set of natural numbers
contains the smallest number, that is, such a number, which less everyone the rest numbers
this sets . If To axioms 1-8
add more two axioms zero 9. x+0=x, 10. x-0=0,We we will receive system

non-negative integers .

Tasks
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3.1. Prove method complete mathematical induction, What For any the following equalities
hold for a natural number:

1 1 1 "
_+—+...+ 6 ;
311 1 ?15 (Tn+6)(Tn+ 7Tn+l
)
8
1 22 nZ 1 n(n+1)

312 — =gy =
1.3 3.5 Qnl)2n+l) lﬂﬂ

314.1:2+2 -3+ +n(n +1)=1_n(n +1)(n + 2);
3

3.1.5. (62n +32n+2430n ) 11;
316 (3 3n+2+5. 23n+1) 19.

IN as an example we will prove it equality 3.1.1. Let us denote amount, standing V left parts

provable equality through S,,That Sy, L+ L et 1 .
. 1- 8 (7Tn=6)(Tn+1)
There is = ¢ 15
1 n
Obviously, S, =S+ . It is necessary to prove, = :
What o Tn+1)(Tn+ What S, Tn+1

8)
1. We're checking original equality For n=1. From last equality at n=1
we get S1 =_, hence, For n = 1 original the equality is true.

2. Let'sassume, What given equality true For some natural

k
numbers k=n, S, ——, And we will prove it at this assumption truth
That There is _ Tk+
this equality at k=n +1. For this let's consider the sum St
1 to 1 7 Ifz +8k k+1
_l_

S =5 ;A

ThA1 Y 7h+8) Tkl (Thr1 ) 7k+8) (Th+1) 7k+8) Tk+8

Expression S x+1 matches With those, which it turns out from S, at n=k+ 1 . Replacing

k . .. .
k , We those the most, used assumption, What original equality
Tk+1
through
trueat n==r.
Conclusion :  on basis principle complete mathematical induction This equality is true

for any natural number.

3.2. Let s denote the symbol of a one-place operation; through "+" and " - " - symbols of two-
place additive and multiplicative operations, respectively; through 1 - the neutral element with
respect to the operation " - ". Then 6 n=<s , +, -, 0> is the signature of the system of natural

numbers. Define these symbols so that The models of the theory of natural numbers became
sets:

321.Nu {a}={1,2,3, ...; a} (ag N);
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322.NU {a,b}=1{1,2,3, ...;a,b} (a, be N);

323.Nu{ai,az,...}={1,2,3,...;a1,a2,...} (a;¢g Nforeveryoneiandati#ja;#a;).
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4. Theory vector spaces

For every natural number n > 0 let's define the theory E , - elementary theory of vector space
of dimension n . This theory is built on the language of vectors. Special axioms £ , are divided
into two groups. The first group is simply the axioms of the field of real numbers with the usual
operations of addition and multiplication, relating to the variables x , y , z , ... , formulas and
terms of real number theory. The second group of special axioms are the well-known axioms of
linear space:

In the axioms below, the initial letters of the Latin alphabet denote vectors, and the symbol ®
denotes the zero vector. The last two axioms express the fact that the dimension of the implied
space is equal to n .

Natural model of the theory E , is n -dimensional linear vector space over the field of real
numbers.

1) a+0O=a;
2)a+b=b+a;
3)(a+b)+c=a(b+c),
4)3Ib(a+b=0);
5)x(a+b)=x-a+x-b;
(x+y)-a=x-a+y-a,
6) x-(and-to)=(x-and)- to;
7) a-l=a;
8) da,3a,..3qa, Vx,Vx,.Vx, (x,to,+-+x,-a=0->x,=0&x,=0& --- &x,
:@);
9)Va,..Va
Tasks

we1dXx, . 3x, ., (x,#20v..vx,, #0)&x, from +..+x,,,-a,,,=0).

4.1. Is each of the following sets of vectors a linear subspace of the corresponding vector
space:

4.1.1.  All vectors n -dimensional vector space whose coordinates are integers?

4.1.2. All vectors planes, every from which lies on one from axles coordinates?

4.1.3. All vectors planes, beginning And ends which are lying down on this direct?

4.1.4. All vectors of a plane whose ends lie in the first quadrant of the coordinate system?

4.1.5. All vectors of an arithmetic vector space over the field of real numbers, the sum of
all coordinates of which is equal to 0?

4.1.6. Prove that everything square matrices of order » with real elements form a vector space
over the field of real numbers if we take the addition of matrices and multiplication of a matrix
by a number as operations.

4.1.7. Prove that all symmetric matrices form a linear subspace of the space of all square
matrices of order n .

Conclusion
Methods of mathematical logic for describing models find the most wide application in the
formalization of various subject areas. Roughly speaking, when constructing a subject area
model, everything begins with the introduction of suitable notations and relations, followed by
an investigation of their properties. Introduction of mathematical terminology logic, like this in
this way, enters V arsenal funds, necessary For
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abstract modeling preceding practical programming of tasks in a specific subject area.

Any specific mathematical theory T can be translated into the language of a suitable formal system .S in such
a way that every meaningful (false or true) sentence of the theory T expressed by some formula of the system
S. However, K. Godel showed in the 1930s that such a method of formalization does not allow one to construct
all the positive content of mathematical theories. Therefore, there is certain boundaries possibilities of the
axiomatic method in the form it acquired within the framework of Hilbert's formalism (it was D. Hilbert who
first proposed such a formalism at the end of the 19th century).

8.3 Exercise students For independent work

1. Decide from methodological developments tasks With even numbers.
2. Get ready To control work By topics 1- 8.
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1. Main concepts algorithmization And programming
1.1. Stages solutions tasks on computer

Problems solved with the help of computers can be classified according to various
criteria: by the type of information and information technologies, by the method of
finding a solution (simple and enumeration), by the nature of the goals (problems of
optimization, control, training, information retrieval), by functional purpose, as well as
by the level of achievement of the goal and the level of their solution, including the
level of automation of the stages of their solution.

A problem becomes solvable if a rule, a method for obtaining a result, is found. In
computer science, such a rule is called an algorithm.

Solving a problem on a computer consists of several stages , the main ones
being the following:

1. Production tasks:
- collection information O task;
- formulation conditions tasks;
- definition final goals solutions tasks;
- definition forms issuance results;
- description data (their types, ranges quantities, structures And T. p.).

Formalization (analysis And study tasks, models, performance it in the form of
equations, relationships, constraints, etc.):

- analysis existing analogues tasks;

- analysis technical And software funds;

- development mathematical models;

- development structures data.

Concept modeling
At decision tasks usually are exploring Not real object, A his model.

A model is an artificially created object that possesses  all the
essential characteristics of a real object, phenomenon or process.

Modeling is a method of cognition that consists of creating
and exploring models.

Goals modeling:
1) understand essence studied object;
2) learn manage object And determine the best control methods ;
3) to predict straight or indirect consequences;
4) decide applied tasks.

A mathematical model is a system of mathematical relationships (data) —
formulas, equations, inequalities, etc. and the relationships between them, describing the
behavior of an object with a certain degree of accuracy and reflecting the essential
properties of the modeled process (object or phenomenon).
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Order compilation mathematical models:

- select a real object on which the mathematical model will be based, and from
the multitude of its properties, patterns, internal connections, individual
characteristics of the phenomenon and parameters, we select those that are
essential for the problem being solved, and discard those that are unimportant;

- define, What count original data And results;

- select a mathematical object with the same number of similar parameters,
reflecting the essence of a real object; write down mathematical relationships
that link the results with the original data.

3. Choice method solutions.

Development algorithm:

- choice method design algorithm;

- choice forms records algorithm (block diagrams, pseudocode And etc.);
- choice tests And testing method ;

- design algorithm.

5. Programming:
- choice language programming;
- clarification ways organizations data;
- recording algorithm on selected language programming.

6. Testing, debugging And correction discovered errors:
- syntactic debugging;
- debugging semantics And logical structures;
- test calculations And analysis results testing;
- improvement programs.

Debugging programs

Debugging a program is the process of finding and eliminating errors in a
program based on the results of running it on a computer.

In modern software systems, debugging is accomplished using specialized
software tools called debuggers. These tools allow one to examine the internal
behavior of a program .

Debugger program usually provides next possibilities:

- step-by-step execution of a program with a stop after each command (operator);

- viewing the current value of any variable or finding the value of any
expression , including using standard functions; if necessary, you can set a new
value for the variable;

- setting up "checkpoints'" in the program , i.e. points at which the program
temporarily stops its execution so that intermediate results can be assessed, etc.

At debugging programs important remember following:
- At the beginning of the debugging process, you should use simple test data ;
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- the difficulties that arise should be clearly separated and resolved strictly
one by one ;

- There is no need to consider the machine as the cause of errors , since
modern machines and translators are extremely reliable.

Test And testing programs

Testing is a test, a check of the correct operation of a program as a whole or its
components.

Debugging identifies and corrects syntax errors and obvious coding errors, while
testing verifies the functionality of a program that is free of obvious errors. Testing
establishes the presence of errors, while debugging identifies the cause of the program's
malfunction.

No matter how carefully a program is debugged, the decisive stage in determining
its suitability for work is the program control based on the results of its execution on a
test system.

A program can be considered conditionally correct if its execution for the selected
system of test input data in all cases yields correct results. But, as the famous
programming theorist E. Dijkstra argued that testing can only reveal the presence of
errors, not their absence. It's not uncommon for new input data to cause a program that
was previously considered fully debugged to fail or produce incorrect results.

To implement the testing method, reference results must be prepared or known in
advance. Calculating reference results is essential. to, A Not after receipt machine
results. IN otherwise In this case, there is a risk of involuntary adjustment of the
calculated values to the desired ones, previously obtained by the machine.

Analysis of the results of solving the problem and refinement of the mathematical
model by repeating stages 2—6 (if necessary).

Program maintenance: these are works related to servicing programs during their
operation:
- revision programs For solutions specific tasks;
- compilation documentation To solved task, To mathematical models, to the
algorithm, to the program, to the test set, to the use of the program.

1.2. Basics algorithmization

An algorithm is a method (technique) for solving a problem, written according to
certain rules, in the form of a finite sequence of unambiguous instructions, the execution
of which allows, using a finite number of steps, to obtain a solution to the problem,
uniquely determined by the initial data from a certain set of values.
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Properties algorithm

. Discreteness (discontinuity, separateness). The algorithm should represent the

problem-solving process as the sequential execution of a finite number of simple (or
previously defined) complete steps.

. Clarity For performer — those. executor algorithm must know, how to perform it.
. Certainty (precision, determinism). Each rule The algorithm must be clear and

unambiguous, containing actions on known data. Each action must be
understandable to the performer (each algorithm assumes a specific performer).

Note : Often, the property of determinism of an algorithm is understood as the

simultaneous fulfillment of the properties of accuracy and clarity.

. Efficiency (or finiteness). An algorithm must solve a problem, achieving a specific

result in a finite number of steps.

. Correctness. The ability of an algorithm to produce exactly the desired result.

Incorrectness can be explained by incompleteness of our understanding of the
object's properties or an omission in the solution. To prove the correctness of an
algorithm, the problem is often divided into blocks, and correctness is proven for
each block, although such verification is not complete.

. Massivity . The algorithm for solving a problem is developed in a general form,

meaning it must be applicable to a certain class of problems that differ only in their
initial data. The initial data may be selected from a specific domain, called the
algorithm's domain of applicability.

. Universality . The algorithm should be designed so that anyone can use it to solve a

similar problem. (For example, the rules for addition and multiplication of numbers
are valid for any number, not just specific ones.)

. Efficiency. Selecting an algorithm that will execute in minimal time and with

minimal resource expenditure.

Thus, the performer acts formally , 1.e. is distracted from the content delivered tasks, A
only strictly performs some rules, instructions and at the same time get the desired

result.

Criteria quality algorithm

l. Connectedness. Determined quantity intermediate results. The higher the
number of intermediate results, the lower the coupling.

2. The size of an algorithm 1s the number  of
operations or  steps that must be performed, as well as
the complexity of these steps.

3. Logical complexity. It is being determined quantity branches And cycles.

Order execution algorithm

1. Actions V algorithm are being carried out V in order their records.

2. It is forbidden change in some places none two actions algorithm.

3. It is forbidden Not having finished one actions cross over To to the next one.
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Methods descriptions algorithms

Verbal-formulaic. Description of the algorithm using words and formulas in
natural language.

The verbal method is not widely used for the following reasons:

such descriptions strictly Not formalizable;

suffer verbosity records;

allow for ambiguity in the interpretation of individual prescriptions. "He met her
in a field of flowers."

Example. Create a salary calculation algorithm according to the following rule: if

the employee's length of service is less than 5 years, then the salary is 130 rubles, work
experience from 5 to 15 years - 180 rubles, with experience over 15 years, the salary
increases every year by 10 rubles.

Verbal-formulaic description algorithm solutions tasks:

. Enter ST, go to To p. 2.

AfST<S, That ZP:.=130, go to To p. 4, otherwise - go to To p. 3.

LI ST <15, That ZP =180, go to To p.4, otherwise ZP :=180+( ST -15)10, go to To p. 4.
. Withdraw (print) meaning ZP, go to To p. 5.

. Calculations stop.

Tabular. Algorithm seemstobe V form tables And calculated formulas
(physics, chemistry, etc.).

Structogram

FTCoIOBHE

o HHa4e

oencTeMe 1 IEHCTEHED

Syntactic diagram ( formulas) Backus- Naur )

»| IEHCTEHMEL -

WCIOBHE

OEHCTEHEZ

Pseudocodes. Semi-formalized descriptions of algorithms in a conventional
algorithmic language, incorporating both programming language elements and
natural language phrases, commonly accepted mathematical notations, etc.

Pseudocode occupies a middle ground between natural and formal languages. On

the one hand, it is close to ordinary natural language, so algorithms can be written and
read in it like plain text. WITH another sides, V pseudocode are used some formal
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constructions and mathematical symbols, which brings the recording of the algorithm
closer to the generally accepted mathematical notation.

Pseudocode does not adopt strict syntactic rules for writing commands, which are
inherent in formal languages, which makes it easier to write an algorithm in its design
stage and allows for a wider range of commands. However, pseudocode, just like formal
languages, contains function words whose meaning is defined once and for all.

There is no single or formal definition of pseudocode, so various pseudocodes are
possible, differing in the set of function words and basic (base) constructions.

Example pseudocode is school algorithmic language.

An algorithmic language is a means for writing algorithms in an analytical form,
intermediate between writing an algorithm in natural (human) language and writing it in
computer language (programming language).

Recording algorithm solutions tasks example 1 on algorithmic language:
algae salary (goal. ST, thing ZP)

arg ST
cut ZP
beginning
if ST<5
then ZP:=150
otherwise
if ST<=15
then ZP:=180
otherwise ZP:=180+(ST- 15)*10
everything
eve
horse ryt
hin
g

6. Software . Description algorithm With help languages programming.

7. Graphical. The algorithm is depicted as a sequence. interconnected functional
blocks, each of which corresponds to the execution of one or more actions. Such a
graphical representation it's called scheme algorithm or flowchart .

The flowchart of the algorithm is a system of interconnected geometric figures.
Rules constructions block diagram

1. In the flowchart, each type of action (input of initial data, A geometric figure,
represented as a block symbol , corresponds to the calculation of expression
values, condition checking, control of action repetition, termination of processing, etc.
For clarity, operations of different types are depicted in the diagram using different
geometric figures.

2. Block symbols are connected by transition lines , which determine the order in which
actions are performed. The order of actions is indicated by arrows connecting the
blocks.

3. IN scheme blocks they are trying place above down, V in order their execution.
4. All turns connecting lines are being carried out under angle 90 degrees.
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IN table given most often used symbols.

Designation
Name and an example Performed function (explanation)
of filling out
Start/end C) Start or end programs, entrance or exit into a
(input/output) subroutine
. Beon
Blocks input/output Input/output data

|

Conclusion data on printing device

Block calculations

x=(a-b)sin(l)

Arithmetic block defines computational action or
sequence of actions

HERM

b |

The logic block checks the truth or falsehood of a
condition and selects the direction of execution

Logical block algorithm V dependencies from conditions. The block
must specify the question, condition, or comparison it
defines.
Predetermined Calculations By standard or user subroutine
process

Block modifications

1i=1,50,2

Execution actions, changing points of the algorithm, the
beginning of the cycle.

Inside block is being recorded parameter cycle, for
which its initial value, boundary condition and step of
changing the parameter value for each repetition are
indicated.

Interpage connector

u

Instruction connections between in parts
diagrams located on different pages

General rules constructions schemes algorithm of the problem

1. Identify original data, results, appoint them names.

2. Choose method (order) solutions tasks.

3. Break method solutions tasks on stages (With taking into account opportunities

COMPUTER).

. To depict every stage V view corresponding block schemes algorithm and indicate
the order of their execution with arrows.
5. IN received scheme at any option calculations:

A) provide for issuance results or messages about their absence;

b) provide opportunity after execution any operations, So or otherwise, go to

the Stop block (to the circuit output).

These rules constitute the '"Basic Principles of Algorithmization." We will
assume that knowledge and application of these "principles" are essential when

developing an algorithm for any problem.
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Types algorithms
- structured;
- unstructured (i.e. with violation  of structure -
with unconditional jump operators );

- auxiliary (used V composition others algorithms).

Types algorithms

- linear algorithm;

- branching algorithm ;

- cyclical algorithm;

- algorithm With subroutines;

- mixed (those. containing And cycles, And branching, And functions).

- recursive algorithm appeals To myself to myself, Bye Not a certain
condition will be met.

Basic algorithmic designs

Structured programming — development methodology software software ,
which is based on the representation of the program in the form of a hierarchical block
structures . Suggested V 70s years XX centuries E. Dijkstra , developed and
supplemented by N. Wirth . Based on the structure theorem.

According to the structure theorem (theorem Boehm — Jacopini, 1966) logical
structure any algorithm Maybe be presented combination three basic structures:
sequence, branching, cycle.

A characteristic feature of basic structures is the presence of one input and one
output.

The basic structure of a sequence (linear algorithm) is formed from a sequence of
actions following one after another:

oeHcTEeHeE 1
1

OIeHCTRHE 2
[

I
OEHCTEHE h

branching structure (branching algorithm) ensures that, depending on the result of
checking a condition, one of the alternative paths of the algorithm's operation is
selected. A condition is a question with two possible answers. Answer: yes or no. Each
path leads to a common exit , so the algorithm will continue regardless of which path is
chosen. Branching notation comes in two forms: complete and incomplete.
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Structure branching exists V four main options:

Incomplete form records Full form records
+ _
WCoIOBME
1.if- 2.if-then - i :
then else ‘ JIEMC;TBME 1 ‘ h ‘ I[EI’ICTBI‘TE 1 ‘
3. choice 4. ch01ce.- |
otherwise i

nefiermir M1

Examples teams If

|
L L
yi=sin(x) as=a*®; bi=1 b= %h
I |

e

oaT
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Example: find the smallest from three numbers.

1 option solutions: 2 option solutions:

Hauamno
=a

I

Haua o

KOHEIT

Basic structure of the cycle ensures the repeated execution of some aggregates
actions, which it's called body cycle, over new data.

CYCLES

With unknown number of repetitions With famous number
/ \ repetitions (cycle

With
precondition
(while loop)

Ycnosue

+

Teo nukia

Hforﬂ)

With
postcondition
(the "before"
cycle)

Huka Tuna «noka» (Lukia ¢ npexyciaoBuem)

BrinonHeHne 1nukia «moka» HauuHACTCS C MPOBEPKHU
YCJIOBHUS, TO3TOMY TaKyl pPa3HOBUAHOCTh IIHMKJIOB
Ha3bIBAIOT LHMKJIaMHuC TpeaycaoBueM. Ilepexom k
BBITIOJIHEHUIO JIEUCTBUSA OCYILECTBIISIETCA TOJIBKO B
TOM CJy4dae, €CIU YCJIOBHUE BBINOJIHSAETCS, WHA4ye
OPOMCXOAUT  BBIXOA M3 mukia. Teno  nukia
BBIIIOJHAETCS [0 TeX TMOp, II0OKa BBIMOJHAETCA
yCJoBHE. YCJOBHE IIMKJIAa HEOOXOAMMO MO0100paTh
TaK, YTOOR) JEHCTBUSA, BBIIOJIHAEMbIE B LUKIE,
NPUBEIA K HaApPYIIEHHIO €ro HWCTHUHHOCTH, HHa4e



102

will happen looping.

Looping - infinite repetition performed actions.

-

Body of the

+ ConHition

Cycle type "to" (Cycle With postcondition)

Execution Loop cycle it begins With execution actions.

Such in this way, body cycle will implemented Although
would

once . After that, the condition  is checked
. Therefore, cycle "to" theycall cycle With
postcondition .
If the condition 1S met, then a
return to
execution of actions, otherwise an exit 1s
performed
cycle. To prevent looping, it is necessary

provide for actions, leading To falsities conditions.

Cycle type "For"

Cycle With parameter, or cycle with counter, or

_>< X0.Xn.h >_ arithmetic cycle - This cycle With in advance
’ famous number repetitions. Prescribes

fulfill body cycle For all values

The body of thp cycle

of some variable (parameter cycle) within a
given range.

X o - initial meaning parameter; h - step; X n — the last

v

value of the parameter.

For creation cycles With parameter necessary use rules:

1. Parameter cycle, his initial And final values And step should be of the same

type.

2. Forbidden change V body cycle initial, current and the final value for the

parameter.

3. Forbidden enter V cycle, bypassing block modifications.

4. After exit from cycle meaning variable parameter uncertainly And cannot be used
in further calculations.

3. From cycle Can go out, Not having finished his, Then variable the
parameter retains its last value.

1.3. Theoretical basics programming

Programming is a branch of computer science that studies the methods and
techniques of writing programs for computers. In addition, programming — this is the
preparation of a problem for solving it on a computer.

A program is a sequence of actions {ffat a computer must perform in a strictly
specified order to achieve a specific result.
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Programming languages are a set of tools and rules for representing an
algorithm in a form acceptable to a computer.

Programming systems are a set of tools for entering, editing, translating and
executing programs on a computer.

A translator is a device or a set of programs that translates a program written in a
symbolic language into a set of machine commands, or transmits/converts data or
another program.

For example , a translator accepts operators of one language and produces
corresponding operators of another language.

A compiler is a translator that translates a program written in an algorithmic
language into a set of machine commands without executing it on a computer.

The compiler evaluates the source text according to the syntactic construction of
the language and translates it into machine language.

For example , a compiler takes a program written in C and converts it into an
assembly language program.

An interpreter is a translator that ensures the translation of each construction of
an algorithmic language into machine commands and the simultaneous execution of this
construction in a computer.

When executing program statements, the interpreter must first scan each
statement to read its contents and then perform the requested operation.

1.4. Rules records V C++ arithmetic expressions

Arithmetic expressions

An expression consists of operators and operands. Operands can be, in turn,
expressions or one of its special cases — numbers (constants) or variables; operators denote
the actions performed on them (+ addition, - subtraction, * multiplication, / division (for
integer operands — the integer part of the division), % remainder of the division (only for
integers), ...).

All main operations C++ language Can break on next groups:

- arithmetic operations; - operations with lines;

- logical operations; - operations assignment;

- operations relationship; - operationsizeof;

- operations With bits information; - conditional operation (?:).

Examples expressions:

(a + 0.12)/6

x & || !z

(t * sin(x)-1.05e4)/((2 * k + 2) * (2 * k + 3))

The expression may include operands of different types, which is strictly
speaking, Not follows admit. If operands have same type, That the result of the
operation will have the same type. If the operands are of different types, before the
calculations are being carried out transformations types By certain rules,

10
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providing for the conversion of shorter types into longer ones to preserve significance
and precision.

The order of expression evaluation is determined by the rank (priority) of the
operations included in it (Table 3). The rank of operations adopted in C++ is closest to
the mathematical one, as 1s the adopted order of their evaluation. Thus, multiplication
and division (multiplicative operations) are higher than addition and subtraction
(additive operations). Unary operations + and - are higher than binary ones, i.¢., the sign
of the operand is evaluated first. Assignment-type operations are lower than others,
which allows them to be executed only after the value of the expression is fully
evaluated. Relational operations are lower than arithmetic operations, which allows the
use of natural notation of logical expressions, for example, x>0 && y>0 . Here V first of
all are calculated relational values, which are then the operands of the conjunction.

Table 1 - Order calculations expressions

Group Type actions Operations or elements
1 Calculations V in parentheses ( )
2 Calculations values functions Functions
3 Unary operations ++, --, ~, |, unary - And +, &, * (deaddressing), ...
4 Operations type of multiplication | *,/, %
5 Operations type additions +,—
6 Operations relationship s>, >=, == 1=

Arithmetic expressions are constructed from operands, arithmetic operations,
and parentheses.

Parentheses are used to enclose the portion of an expression whose values must
be evaluated first. An expression can contain any number of parentheses, but the
number of opening parentheses must be equal to the number of closing parentheses.
Subexpressions enclosed in parentheses must either be non-intersecting or nested within
each other.

Arithmetic expressions are being recorded By next rules:

— Recording is being conducted V line.

— It is forbidden let down sign multiplication between factors.

— For designations variables are used letters Latin alphabet.

— Operations are performed according to priorities : first, functions are calculated,
then multiplication and division, then addition and subtraction.

— When multiple operators of the same precedence are written in a single expression,
unary operators, the conditional operator, and assignment operators are evaluated
from right to left , while other operators are evaluated from left to right . For
example,a=b=cmeansa=(b=c),anda+b+cmeans(a+b)+c.

— For changes order actions are used round brackets.

— When using standard functions, the argument must be in parentheses.

— IN language C++ provided basic mathematical operations (cm. adj. 2). Examples

of writing expressions:

10




Mathematical expression

Recording on C++

1. 10x + 3+/cosx

I. 10*x + 3*sqrtf(cos(x))

sin 2x —1

2. ———— 2. (sin(2*x)-1)/(pow(x, 2)-1)
x% -1

3. |x|+2ctgx 3. abs(x) + 2*cos(x)/sin(x)

10:
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Laboratory Job No. 1
Recording arithmetic expressions

PURPOSE OF THE WORK: to consolidate knowledge on theoretical foundations
algorithmization and programming, acquisition of skills in using

arithmetic operations,

functions and rules records arithmetic

expressions according to syntax of the C++ language.
EXECUTION WORKS: write down next expressions By rules language

C++.
Exercise |
2 xy +4x?
1. sin5x+2tgx? 50—
Sy
2. 2x + 3y *-sin3x 6. 4,/cos3 b2owvh;
sin y?
Y
+2| tgy — 25| 7. —2cosx?+2y7;
2cos2y
2a+g3q
4, [1- " +|x° -3x 8. ‘—
x* ‘ ‘ J1+b8 +11
Exercise Il

Execute according to option:

2COS(x—E\ _ with?
-y b1 )
1. a= R 3+W17l‘h
0.5+son? y 5
[N —( )u(u)
2 s=x" —3\/i+lnx, [=\y—x e )2.
X +\W—Xx
2 3 4 (5 ,
3. S:1+x+x_+x_+x_, l—x(smx + cos y)_
21 31 41
4. and = and =" without(/|at +b|)— s = bSin(aﬂ COSZf)— 1.
bt +to ,
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b?sin*(x +a) ) 3 x
5. w=ix +b-— , y=008" X T 00—
x Va? +b?
6. S:x3'tg2(x+b)2+ = ; :bx2 — ¢
Nx+b e 1
7 D)
z : sin x a R S:\/Y_E—COSZ(X'Fb)?,.
b a
3( 42 2_ X :x2+ (+ )3
8. :n(x +Cl) —\/i, z — cosx b .
b a
9. z=mecos(bt-sint)+c.
bx
10. y:btgzx—._c{ixAT, d=a-e‘f~cos(_\.
Sin o a
(o)
11. f:ln(a+x +sm2(x\ “er X+Ax+a
z=e 7 -
(o) -
a® +b -cos(a +b)x ax
x+1 2
13. za@/-sin2x+e‘2x~(x)+b), =e3-‘sinbx‘—x—3.
a
» a’x +e™ -coshx f=e* -n(a+x)-b3-In(b)—x
: u= ,
bx—e ™ -sinbx+1 ) .
5. oo sin x —em-n(mx), s=e @ AJx+1+e? - Jx+15.
V14 m? sin? x
16. = ome YT b=1n(02+1/c+y)+e‘cy.
a e T
v
17. Sz(m2 +y2)-e’"y +/3m+In(m +4y).

z=x3-sin?(x+b)+ >
(.erb2 )
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3 {5

T w:sm(x —a)ﬂbk

sin a + bxcosb — e* cos(ax +b)

3
2 wb)?
19. y:cosz(x+a2) + /x , Z:a_+a,(%;'rb)
b* 3 x?
x ~ sin(x)+y)—te(y—x) -
20. S:xy—S\/E, }tnj(x—y)
y 1+(x-y) 2

21 g— e n m-= v = ‘bt—a‘—e*/l;-sin(bt+a).

2+ 5x ‘Za‘

. ) '
2. y=14+ bsm(at COS?’t), f= 3\/m +1g t + |esin 3|
12x
2 b d=b-e b cod Ci14)
23. and=to-1g>(x+a)— (t0) > =b-e £~-cos  +L4.
with utj b
E
= /x B 2y 2 X+4/|x—b
24, z L — ln(g Ty ), f=e_cx-#.
b x—~x+1o
_(mz-l—anaﬂ)++ ~ ) 2y
25. s \/‘m‘ fgm 2and f=— ¢  —b3-sin(b-x).
’ 5a 6-In(a+x)
Control questions
1.  What What is an algorithm?
2. List properties algorithms.
3. Methods records algorithm.
4. List the basic algorithmic constructs . Whatis a
flow chart?

3. What is it? block diagram complete (incomplete) forms teams branching?
6.  Whatis it? block diagram cycle With precondition?
7. What is 1t? flowchart of the cycle With postcondition?
8. What s it? flowchart of the cycle With parameter?
9. What such program?
10.  What such translator?
11.  What such compiler?
12.  What such interpreter?




13.
14.

15.

106
What such operator and the operand?

IN what kind cases at records mathematical expressions on language Does
C++ use parentheses?

How are used standard mathematical functions in C++?
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2.  Programming algorithms linear structures
2.1. General characteristic language programming C++

C++ - compiled statically typed language general-purpose programming.

It supports programming paradigms such as procedural programming, object-
oriented programming, and generic programming. It provides modularity, separate
compilation, exception handling, data abstraction, declaration of object types (classes),
and virtual functions. The standard library includes, among other things, commonly
used containers and algorithms. C++ combines features of both high-level and low-level
languages. Compared to its predecessor, C, it places greater emphasis on supporting
object-oriented and generic programming.

C++ 1s widely used for software development, being one of the most popular
programming languages. Its applications include the creation of operating systems,
various Applications, device drivers, embedded systems, high-performance servers, and
entertainment applications (games). There are many implementations of the C++
language, both free and commercial, and for various platforms. For example , on the
x86 platform , these include GCC, Visual C++, Intel C++ Compiler, Embarcadero
(Borland) C++ Builder , and others . C++ has had a huge influence on other
programming languages, most notably in Java and C#.

The syntax of C++ is inherited from the C language. One of the design principles
was to maintain compatibility with C. However, C++ is not strictly a superset of C; the
set of programs that can be translated equally well by both C and C++ compilers is quite
large, but does not include all possible C programs [1].

2.2. Main concepts language

The basis of any programming language is formed by three components:
alphabet, syntax and semantics.

An alphabet is a fixed set of basic symbols (letters of the alphabet) for a given
programming language, which constitutes any text in that language. No other symbols
are allowed in the text. All symbols in the text are encoded using the standard ASCII
code table. Each ASCII character has a non-negative ordinal number, meaning the set of
all symbols is ordered.

Alphabet WITH ++ includes:
Uppercase And lowercase Latin letters And sign underscores.
. Arab numbers from 0 to 9.
3. Special signs:
“Uoll1O+-7%* N\ 2<=>1&#~; "

N —
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4.  Whitespace characters: space, tab characters, newline characters.

Syntax is a system of rules defining the permissible constructions of alphabetic
characters. These constructions are used to represent individual components of an
algorithm and the algorithm as a whole, written in a given programming language.
Thus, for each sequence of alphabetic characters, syntax allows one to determine
whether it is text in the given programming language.

C++ syntax defines how to form correct text and write programs in this language.
A syntactically correct program compiles without errors.

From symbols alphabet are being formed /exemes language:

- identifiers;

- key (reserved) words;

- signs operations;

- constants;

- separators (brackets, dot, comma, whitespace symbols).

A lexeme , or elementary construction, is the smallest unit of language that has
independent meaning. Lexeme boundaries are defined by other lexemes, such as
separators or operation signs.

One of the most important syntactic concepts of any programming language is the
concept of an identifier .

Identifier - Name software object.

The identifier may contain Latin letters, numbers, and underscores. Uppercase
and lowercase letters are distinguished, for example, alpha , Alpha and ALPHA — three
different names. The first character of the identifier may be a letter or an underscore, but
not a number. Spaces are not allowed within the names.

To improve program readability, objects should be given meaningful names.
There is a naming convention called Hungarian notation (since it was proposed by a
Hungarian Microsoft employee), according to which each word that makes up an
identifier begins with a capital letter and is preceded by a prefix corresponding to the
value type, for example, 1pfnSetFirstDialog . Another tradition is to separate the
words that make up a name with underscores: max_length , number_of_galosh [2].

The standard doesn't limit the length of an identifier, but some compilers and
linkers impose restrictions. An identifier is created when declaring a variable, function,
type, etc., and can then be used in subsequent program statements. When choosing an
identifier, keep the following in mind:

— the identifier must not coincide with the keywords and names of the standard
language objects used;
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— It is not recommended to start identifiers with an underscore character, since they
may coincide with the names of system functions or variables, and, in addition, this
reduces the portability of the program;

— Identifiers used to define external variables are subject to linker restrictions.

Examples of correct identifiers: value25, My File, index, Operation

Examples of syntactically incorrect identifiers:

1_Side (Name Not should start off from the number),
Volume 2 (no spaces allowed),

New-Name (Not allowed hyphen),

break (service word),

exp (predetermined Name exponential functions ).

Note, what are the names, constants, service words it is forbidden write together
with each other, they must be separated from each other by a space, a line break, or a
comment.

Reserved (keywords) are identifiers that have special meaning to the compiler.
They can only be used in the sense in which they are defined. For example , const — a
keyword that indicates that a value cannot be modified, int — a keyword used to denote
an integer data type.

Operator signs. An operator sign is one or more symbols that define the action
on the operands. Spaces are not allowed within the operator sign. Operators are divided
into unary, binary, and ternary. the number of operands involved. The same sign can be
interpreted differently depending on the context. All operation signs except [ ], () and ?
: are separate lexemes.

The semantics of a language is the semantic meaning of words. In
programming, this is the initial semantic meaning of operators, basic language
constructs, etc. [1].

Example . First code: i=0; while(i<5){i++;}
Second code :i=0; do{i++;}while(i<5);
Logically, these two code fragments perform the same function, and their results
are identical. However, semantically, they are two different loops.
Like this in this way,
- syntax is a formal set of rules that determines the method of constructing any
language constructs;
- Semantics is a set of rules that determine the meaning of syntactic constructions.

Comments are text that is ignored during compilation, which can be useful for
programmers to clarify certain sections of code. The compiler treats comments as white
space. Comments can also be used to temporarily disable parts of the code during
debugging.

Comments V program on C++ or are beginning With two symbols
"forward slash" (// single-1line comment ) and ends with an escape character on new
line, or consists of between symbols - brackets
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/* multi-line comment */. You can use any characters valid on your computer within a
comment, not just characters from the C++ alphabet, since the compiler ignores
comments. Nested comments (brackets) are not allowed by the standard, although they
are allowed in some compilers.

2.3. Data And methods their organizations

Data - This information, presented V view suitable For automatic processing
means, V particulars COMPUTER, at possible participation person.

IN programs processed data appear V quality values certain program objects.
Data that is fixed in the text and does not change during program execution is called
constants ; other data is the values of objects, called variables , since the values of
these objects can change during program execution.

The data a program works with is stored in RAM. The compiler needs to know
exactly how much space it takes up, how it's encoded, and what operations can be
performed on it. All of this is specified during the description. data With help type.

Type data definitely defines:
. Format performances data V memory computer.
. The set of valid values accepted by a variable or constant belonging to a selected

type.
3. The set of valid actions applicable to this type (operations and functions).

N —

For example, whole And material numbers, occupy same volume memory (
longint And float ), But have different ranges possible values.

Table 2 - Classification types data C++

Basic Determined programmer
Simple (scalar) Simple Compounds
Logical (bool) E :
t A
Whole (shortint, int, longint) Real (float, Pg?rﬁl gji?glis S trrljgtires
double, long double) Character (char, Unions
wchar t) 1
Empty type (void) Classes
Constants V language C++

So, a constant represents a value that cannot be changed. Constants have a type,
and the type is determined by the constant's notation. The syntax of the language
distinguishes five types constants: whole, valid (real), symbolic, enumerable, null pointer.

For example:

constint k=1; // integer named constant
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constfloat Pi = 3.1415926, Eps = 0.le-5; // valid constants

constchar a = 'a'; // symbolic constant enum
DAY {SUNDAY, MONDAY, TUESDAY, WEDNESDAY,

THURSDAY, FRIDAY, SATURDAY}; // enumeration
char *pc = nullptr; // null pointer

Order announcements And initialization variables

A variable is a named memory location that stores data of a specific type. type.
Each one variable should be announced V text programs before first her use. For beginners
recommended declare variables in beginning bodies programs before first feasible
operator. At variable declaration indicated her type And Name:

type_name variable_name;

When describing Can appropriate variable initial meaning, This it's called
initialization .

For example:

int d = 5; // Integer variable d is initialized to 5
float b; // A real variable is declared b

char s = '+'; /*Variable s announced How symbolic And initialized to '+' */

Can simultaneously announce some variables, Then V list names they separate Friend from
friend comma, For example:

int a, b, c; // Signed integers
char ch, sh; // Single-byte characters
long 1, m, k; // Long integers [-2147483648 - 2147483647]

float x, y, z; // Real
longdouble u,v,w; // Long double- precision floats

So, before using avariable, four characteristicsneed  to be
defined :

- Name;

- type;

meaning (Not Necessarily);
region visibility.

Name variable (identifier) means V text programs a quantity that changes its
meaning. For each variable in the computer's memory some stands out region memory,
capable keep meaning. Name allows gain access To areas memory, storing meaning
variable.

type determines the amount of memory allocated and how the value is stored.

Variable value . If a variable is not initialized to an initial value, its value will be
undefined before its first use . Regardless from Togo was given or No initial meaning a
variable (when it is described or when it is entered from the keyboard, for example) its
value can change V in the course execution programs.
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Region visibility. Variables V language Si are classified By scopes and are divided
into two categories: local and global.

A local variable is a variable declared within a block (in C, a block is a sequence
of statements enclosed in curly braces). Memory for this variable is allocated when its
declaration statement is executed. Upon completion of the block, this variable is
destroyed, and the memory it occupied is freed. In other words, the lifetime of such a
variable is limited to the block in which it is declared.

A global variable is a variable declared outside of any block. Therefore, its
lifetime is the lifetime of the program itself.

Another difference between a local variable and a global variable is their
initialization procedure. Any global variable is automatically initialized to zero when
declared, but a local variable is not. Therefore, if the initial value of a local variable is
not yet known when declared, it is best to force it to zero.

To summarize All From the above, we can conclude that before than to describe any
data, necessary execute next actions:

— choose Name variable (describe identifier);

— determine the variable  type based on the required range of
number representation ;

— define region visibility variable;

— reset or initialize variable initial meaning.

2.4. Standard simple types data

In any algorithmic language, every constant, variable, expression result, or
function must have a specific type. All C++ types can be divided into basic and
composite. C++ defines six basic data types for representing integer, real, symbolic, and
logical values. Based on these types, the programmer can define composite types.

Basic (standard) data types are often called arithmetic because they can be used
in arithmetic operations. The following keywords are defined to describe the basic
types:

- int (whole);

- char (symbol);

- wchar_t (extended) symbolic);

- bool (logical);

- float (real);

- double (real With double accuracy).

The first four types are called integers , the last two are floating-point types. The
code that the compiler generates for The code for handling integer values differs from
the code for floating-point values.

11:
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There are four type specifiers that specify
the internal representation and value range of standard types:
- short (short); - signed (iconic);
- long ; - unsigned .
By default, all integer types are considered signed, meaning the signed specifier
can be omitted.

The basic types in the C++ language type system are the simple types presented
in the following table:

Table 3 - Standard simple types data

Simple Size,
types Type Name bytes Range
Logical bool Boolean (logical) 1 false, true (0, 1)
) signed char symbol 1 -128... 127
Symbolic unsigned unsigned 1 kit acceptable symbols With codes
char symbolic 0...255
short int short whole (short) 2 32768..32767 (2P ..2-1)
uns1gr}ed unsigned short integer ) 0..65535(0.215-1)
Whol short int (word)
o Jong int long whole (long) 4 2147483648 ... 2 147483 647
unsigned unsigned long 4 0 ... 4294967295
ong int whole
float real 4 3.4e-38 ...3.4e+38
Real double double accuracy 8 1.7¢-308 ... 1.7e+308
long double extended 10 3.4e-4932 ... 3.4e+4923

For real types, the table shows the absolute values of the minimum and maximum
values.

The ANSI standard does not specify ranges of values for the basic types; it only
defines the relationships between their sizes, for example:

sizeof (float) <=sizeof(double) <=sizeof(long double)
sizeof (char)<=sizeof(short) <=sizeof(int)<=sizeof(long)

A derived type (programmer-defined) is a type that must be declared by the user
before use. These include arrays, enumerations, functions, structures, references, unions,
and classes.

Primary in the type hierarchy are the standard scalar types, including which
include integer, real, symbolic, Boolean types and their modifications, taking into
account the architectural features of the hardware.

1.  The Boolean (logical) type is denoted by the standard identifier bool . In
C++, there are two Boolean constants, which are also denoted by standard identifiers:
true and false . The internal representation of the value false-0 (zero). Any other value
is interpreted as true. When converted to an integer type, true has the value 1.
Comparison operations are allowed on Boolean values, moreover, counts, What
false < True. Except Togo, there are four,
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standard logical operations, denoted by the symbols & (conjunction), || (disjunction),

and ! (not — logical negation). These operations have the following precedence:
subsequence ! - & - || . Values Bulevsky type occupy one byte of memory.

2. The character type has the standard identifier char . The values of variables
of this type are characters from the ASCII set. This set consists of 256 different
characters, ordered in a specific way, and contains uppercase and lowercase letters,
digits, and various other symbols, including special control characters. If a character
value has a graphic image, it is represented by the corresponding character enclosed in
apostrophes, for example: '*', '1', ';'. The char type , like other integer types, can be
signed or unsigned. Values of the char type are also used to store integers that do not
exceed the boundaries of the specified ranges (see Table 3).

The wide character type ( wchar_t ) is designed to handle character sets that
cannot be encoded in a single byte, such as Unicode. The size of this type is
implementation-dependent; it typically corresponds to the short type . String
constants of type wchar_t are written with the prefix L, for example, L”Gates”.

3. Integer types — this group of types represents sets of integers in various
ranges. C++ has five integer types, differing in their range of values and the amount of
RAM they occupy. Integer types are designated by the identifiers int , shortint ,
longint , unsignedshortint , and unsignedlongint ; their characteristics are listed in
Table 3. The size of the int type The size of the int type is not defined by the standard,
but depends on the computer, compiler, and operating system. For a 16-bit processor, 2
bytes are allocated for values of this type; for a 32-bit processor, 4 bytes. Therefore,
when writing programs that will be portable across different platforms, one should not
make assumptions about the size of the int type . To obtain it, one must use the
sizeof operation , which returns the size of the type in bytes.

A number is of integer type if and only if its notation contains neither a decimal
point nor an order sign e.

Constants found in a program are assigned a type according to their type. If for
some reason this type is not suitable for the programmer, he can explicitly indicate the
required type using the suffixes L, 1 ( 1long ) and U, u ( unsigned ). For example, the
constant 321 will be of type long and occupy 4 bytes. You can use suffixes L and U at
the same time, for example, 0x22UL or 05Lu.

Four arithmetic operations are allowed on integer values, each with its usual

meaning and denoted by symbols: + — addition, - — subtraction, * — multiplication, / —
the integer part of division. In addition, in C++ Can use more unary operations (++, --,
unary minus And plus,
...), division-type operations: % — finding the remainder of a division, assignment
operations (=, *=, /=, %=, +=, -=). All of the above operations with integer operands
produce an integer result. Also, with integer data It is possible to perform bitwise,
logical and comparison operations.

1
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4. Real types - this group of types represents sets of real values in various
ranges. C++ supports three real types, which are denoted by the standard identifiers
float , double , longdouble (see table. 3). Real numbers can be represented in two
forms: in fixed-point form (whole and fractional parts) separated from each other by a
period, e.g. -19.324, 0.1281) and in floating point form (<mantissa>e<order>, e.g.
16.2e21, 2e-48).

Floating-point constants are of type double by default. You can explicitly specify
the constant's type using the suffixes F, f ( float ) and L, | ( long ). For example, the
constant 2E+6L will be of type longdouble , and the constant 1.82f will be of type
float .

Four arithmetic operations are allowed on real numbers: addition, subtraction,
multiplication and division; assignment and comparison operations.

For real data types, as well as for integer data types, it's possible for the result of
an arithmetic operation to be outside the acceptable range. In this case, the computer
will return a result converted to the type described for the given result, which bears no
resemblance to the true value.

5. void type . In addition to those listed, the void type is one of the language's
fundamental types , but the value set of this type is empty. It is used to define functions
that do not return values, to specify an empty list of function arguments, as a base type
for pointers, and in type casting .

2.5. Structure programs

A C++ program consists of functions , declarations , and preprocessor directives .
One of the functions must be named main . Execution The program begins with the
first statement of this function.

Format simplest definitions functions:

return_type function _name([parameters]) // function header

{
// Function body block :

object definitions ;

// executable operators;

// return expression; // if the function returns a value.
}

Typically, a function is used to calculate a value, so its type (the return type) is
specified before the function name. If the function should not return a value, the void
type is specified . The function body is block And, hence, consists of curly
Brackets. Any function other than main can be called from within another function.
Examples of functions are library functions, such as sin (x), fabs (a).

Example structures
of the simplest
program

Text programs, consisting from one functions And containing
components that may be almost all absent
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1. Preprocessor #include<iostream> /* inclusion of a directive (header file)

directives For organizations input-output V C++ */
2. Descriptions using namespace std; // description spaces names std
int main() // title main functions
3. Definition of {
the main // Block bodies functions
function // Here located program code
¥

A block (compound statement) is an arbitrary sequence of definitions and

statements enclosed in curly braces. A block is used to enlargements structures
programs. Dot With comma V at the end block Not is put.

C++ program text has a structure. The general principles for writing a

syntactically correct program are as follows:

l.

Each statement ends with a '";" character. A common beginner's mistake is the
";" character ending function headers or loop statements. In the first case, the
syntax error is recognized How absence bodies functions, in second case body
cycle is an empty statement, which is not a syntax error, and the program is

executed.

Before using functions, variables, data types, you should declare them or include
files with their declarations (make (known to the compiler). In C++, a variable
(object) can be declared not only at the beginning of a program, but also
anywhere in the text before it is first accessed. The scope of such an object is only
the block immediately enclosing it. Typically, working variables are declared this
way.

In order for a function call to be executed, the function must be defined, i.e. the
actions it performs must be described.

When defining a function, it is useful to follow these guidelines:

announce And initialize entrance And weekend variables;

intermediate variables declare And initialize at the beginning blocks or before the
statements in which they are used.

In any sequence of actions, you need to strive for a triad: initialization (input),
processing, returning a value (output).

Example structures programs, containing 2 functions: main And mysum.

Comments area // my first program

Zone directives preprocessor #include <iostream.h> #include
<conio.h>

Custom Prototype Declaration Zone functions

And global variables and data structures int a = 10;

int mysum( int x);
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4 | DOT ENTRANCE IN THE PROGRAM int main()
Zone main() functions {
int . = 15,
c; C =
mysum(b) ;
cout<<c;
_getch();
}
5 | Zone definitions user-defined functions int mysum( int x)
{
int z = x + a;
return z;
}

When analyzing the given program, the following major parts of a typical source

module can be identified:

connection headings files libraries;

declarations of user-defined symbolic constants, auxiliary
functions, classes and data types, global variables;

title main functions;

definition main functions - block, containing:

- announcement local variables And constants And their initialization
(assigning initial values);
- input original data (dialogue With user);
- processing — calling functions , evaluating
expressions, executing operators;
conclusion result;

return code completion main functions;

definitions custom auxiliary functions And methods classes; for each function, after
the header, there is a block containing:

announcement local variables And their initialization;

processing formal parameters With using local variables;

return result.

This structuring of the source module text, which is located in a single file with the cpp
extension , is not the only possible approach. However, following this pattern makes
programs easier to understand and debug.

The rules for formatting program text, aimed at facilitating understanding of

the meaning and increasing clarity, are as follows:

divide logical parts programs empty lines;

divide operands And operations spaces;

For each curly brackets take away separate line;

V each line should be, How rule, Not more one operator;
limit length lines 60-70 symbols;

indents left reflect nesting operators And blocks;

long operators to arrange V several lines;lz'
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— carry out algorithmization in such a way that the definition of one function takes up,
as a rule, no more than one screen of text;

— strive to use standard templates of program fragments, including the standard
structure of the block and the program as a whole.

Certainly, these rules need to use together With rules naming

elements programs And commenting text programs:

— comments V text necessary;

— The names of program objects are chosen thoughtfully. Each name emphasizes
the purpose and logic of the object, for example, the names of the library functions
sin , abs , printf and others speak for themselves. The names of objects entered
by the programmer emphasize their abstract meaning, for example, Count , Square ,
Point.x , Point.y and so on.

2.6. Operators

An operator is a basic element of a programming language, representing a
complete phrase and defining a certain logically complete stage of data processing.

Operators can be conditionally divided into two categories: executable ones - with
their help the algorithm of the problem being solved is implemented, and descriptive
ones , necessary for defining user types and declaring program objects, for example,
variables.

Among executable operators Can highlight:
- simple operators (operator-expression, operators transmissions management);
- composite operators (composite operator, block)
- structured operators (conditional, choice, cycle). Let's consider

simple operators

Operator "expression"

Any expression ending with a semicolon is considered a statement, the execution
of which consists of evaluating the expression. A special case of an expression is the
empty operator (;). It is used when the syntax requires an operator, but the meaning
does not.

Examples:

X ++; // expression - operator; is being carried out operation
increment ¢ = a * 1.5; // expression with assignment operation

a *= b + ¢; // 1s being carried out multiplication With assignment: a
=a * (b + c) fun(i, k); // the function is called

assignment operator in the C++ language; it is replaced by an expression that
contains the assignment operation .

General view:
identifier = expression;

Example: X =y + 4; // expression with assignment operation
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In progress V two stages:

a) the value of the expression on the right side of
the assignment sign is calculated ;

b) calculated meaning is assigned variable, standing V left parts from the assignment
sign, in which case the previous value of this variable is lost.

It is recommended to be strict about data types, not to mix types in expressions,
and to ensure that the type of the left operand of an assignment matches the type of the
expression on the right side.

When performing an assignment, if the types of the left and right sides do not
match, is happening implicit transformation. C++ Always is trying This to do, and in
simple terms, we can consider that the conversion occurs without data loss from a
smaller type to a larger one, for example from int to float or from char to int , and
with data loss from a larger type to smaller, for example, from float to int . This is
easy to understand if you remember that the data type is the amount of memory it
occupies.

Obvious transformation types is being carried out at assignment type:

name = (type) expression;
For example:

int a=5,b=2;
float C;
c = a/b;

It would be tempting to think that the value of ¢ would be 2.5, since it is a real
number, but the order of operations is such that division comes before assignment, and
it is performed with integer operands, and its result is 2, meaning that the type
conversion will only be performed during assignment.

For obvious transformations types is used famous reception:

¢ = ( float ) a/( float ) b; // c = 2.5

The assignment operation is right-associative, i.e. calculations are performed
from right to left, so it is possible to write chains of assignments, for example:

X =y =z =1; // Each variable will be equal to 1.

In complex assignment operations (+=, *=, /=, etc.), the L-value from the left-
hand side is also used when evaluating the expression on the right-hand side. For
example, in addition with assignment, the first operand is added to the second operand,
and the result is written to the first operand. That is, the expression a += b is a more
compact notation for the expressiona = a + b.

Another type of operator that can be classified as an expression operator is This
operator appeals To functions (call functions). His The operands are the function
parameters.

format :
Name functions ([list of actual parameters] - may be absent);
For example:

scanf("%d%f", &my_int, &my_ float); // input data
printf ("Whole = %d, Material = %f\n", my_int, my_float) //
conclusion 12
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Spaces in a line of text are significant, that is, if you enter the integer 5 and
fractional 9.9, then the output line will look like:

Integer = 5, Real = 9.900000

Operators transmissions management let's consider Later (p. 3.6, p. 4.1)
2.7. Organization input/output data

To input a given value means to assign an arbitrary value to a variable during
program execution. To output a given value means to print the variable's value on the
screen during program execution.

C++ has no built-in I/O capabilities—it's handled through functions, types, and
objects contained in standard libraries. Two methods are used: functions inherited from
the C language and C++ objects.

12
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Organization input/output V style WITH

The simplest method of input and output (exchange) data is formatted, with
defined rules for data placement in the input and output streams. Implementing this type
of exchange requires the stdio.h library (standard input/output library), which is
included in the program with the #include <stdio.h> directive.

To enter a value from the keyboard (with echoing on the screen), the scanf
function is used, the syntax of which is:

scanf("format string", input_list);

Here the "input list" is the names of the variables whose values will be entered
from the keyboard when executing the scanf function. The variable names are preceded
by the & symbol, which is a flag for an address operation and means that the entered
value is sent to the address specified variable name. When entering data, separate it with
spaces or by pressing Enter.

To display the value of this data on the screen, the printf function is used, the
syntax of which is:

printf("format string", output_list);

Here, the "output list" 1s a list of variable names and expressions (including
constants) whose values will appear on the screen when the printf function is
executed .

A format (control) string is a string of characters enclosed in double quotation
marks, containing control characters and text. When inputting data, the scanf function
reads the text from the input stream character by character, recognizes the tokens, and
converts them to machine representation according to the format flag associated with
the variable expecting the data. When outputting, the printf function takes the
machine representation of the variable's value and, according to the format flag,
converts it to text representation and displays it on the screen.

Number managers symbols equals number objects V list input- output.
Control symbol has sign %, And one from following values:

%d - input/output of an integer decimal number (int);

%u - input/output of unsigned integer ;

%f - input/output of floating point numbers (float and double);
%e — input/output of a number in exponential form (double and float);
%Cc - input/output of character (char);

%1 - input/output of a long value 5

and others.

At input And conclusion necessary strict correspondence type entered given the
format control character.

Example formatted input And conclusion.
# include <stdio.h>
void main(void)

{
12:
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int my_int;

float my_ float;

printf("\nEnter whole And fractional
number\n"); scanf ("%d", &my_int);
scanf("%f", &my_float);

printf("%d %f", my_int, my_float);

}

When the program starts, it will display a prompt for data entry, then wait for data
entry each time it executes scanf. The user must enter the required amount of data,
separating each entry with spaces or by pressing the Enter key. Once the input is
complete, the data will be immediately displayed on the screen in the most primitive
manner. So, if you enter integer 5 and fractional 9.9, then the output line will look like
this:

59.900000

Since the scanf function is waiting for input when entering data, it is
recommended to precede each input with a prompt that displays a data entry prompt,
detailing to the user what and how to enter the data correctly. This simple technique will
significantly improve the interface of any program.

When outputting data, it is recommended to use some techniques to improve
readability.

1. Managers symbols flow, For example:

\n for line feed in output;
\t to perform tabulation.

2. Arbitrary text in the format string for prompting for input and for explanations
during output, for example, the output function can be written like this:

printf(" Integer = %d, Real = %f\n", my_int, my float);

Spaces in a line of text are significant. Now, if you enter the integer 5 and
fractional 9.9, then the output line will look like:

Integer = 5, Real = 9.900000

3. Modifiers formats. They are used For design conclusion. By default (without
modifiers), data is displayed in a minimum-width field with a precision of 6 decimal
places, aligned to the right edge of the field. This display can be controlled.

a) Field width is a string of numbers that defines the smallest size of the output
field (positioning). Any number not included in the field is ignored.

b) Output precision, two digits that determine the total size of the output field and
the number of decimal places. Used for real numbers.

IN examples let's designate familiar _, spaces, which will be V line output.
printf ("Integer = %4d, Real = %5.2f\n", my_int, my_float); Ifyou
enter the values 10 and 2.3, the output line will look like this:

12
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Integer = _ 10, Real = _2.30
If enter values 19951 And 12.9999, That line conclusion will have the form:
Integer = 19951, Real = 13.00

It can be concluded that the integer, despite the output field being limited to 4

characters, will be output unchanged, and the real number will be rounded to
hundredths.

c¢) The minus sign is used to left-justify the number within the output field.
printf ("Whole = %-4d, Material = %-5.2f\n", my_int, my float); If
you enter the values 2 and 2.36666, the output line will look like this: Integer
=2 Real = 2.37_

——n )

If enter values -1999 And 12.9999, That line conclusion will have view:
Integer = -1999, Real = 13.00

Example use formatted input- output.

# include <stdio.h>

# define STR "Program" // To illustrate the output of lines.
void main ( void )

{
// Output the integer 336

printf("%d\n", 336); // 336

printf("%2d\n", 336); // 336, 2d format is ignored
printf("%8d\n", 336); // _._._..336 // output field width = 8
printf ("%-8d\n", 336); // 336 // pressed leftwidth fields8

e

printf("\n"); // Skip a line when outputting
// Output the real number 12.345
printf("%f\n", 12.345); // 12.345000

printf ("%e\n",12.345); // 1.234500e+01 printf
("%10.1f\n", 12.345); // _ . . ... 12.3 printf
("%-12.1f\n", 12.345);// 12.3 printf("\n");

// Output a character string by format s

printf("%s\n", STR); // Program
printf ("%12s\n", STR);// __._Program
printf("%12.5s\n", STR); /], Prog
printf ("%-12.5s\n", STR); // Program

printf("\n");

Organization input/output V style C++

To manage input/output of data in C++ style, the header is used file
<iostream.h> . IN him defined standard the stream objects cin for keyboard input and
cout for screen output, as well as the operations of putting into a stream and reading
from a stream.

Cin»input_list; //input values this With keyboard
cout"output_list; //output the value of this data to
the screen

121



Example programs, using functions input/output V style WITH:
# include <stdio.h>

int main()

{
int i;
printf(" Enter whole number \n");
scanf("%d",&1i);
printf(" You introduced number %d, thank
you !",i); return 0;

}

A Here How looks like same program With using libraries classes
C++:

# include <iostream.h>

int main()

{
int i;
cout«” Enter whole number \n";
cinn»i;
cout«"You entered the number "«i«", thank youl!";
return ©;
¥

Formatted input/output V C++

The ability to control input/output in C++ is provided by formatting member
functions, flags, and manipulators. Flags, functions, and manipulators all perform the
same task: they specify a specific format for input/output information in streams.
Input/output to/from the screen in C++ is performed With help cin operators
And cout respectively, This means that formatting manipulators are used in
conjunction with these input/output operators. The difference between functions, flags,
and formatting manipulators lies in how they are used. Now let's look at how formatting
objects are used.

//Basic formatting member functions: cout.fill('/*symbol*/");
// sets symbol aggregate
//where symbol is a placeholder symbol, the symbol is passed in single quotes

cout.width(/*width_field*/); // sets the field width
//where width field is the number of positions (one position holds one
character)

cout.precision(/*number*/); //sets the number of digits after the decimal
// points, where number is the number of digits after the decimal point

Functions are accessed using the dot operator , and the argument is passed in
parentheses. The argument to the fill() function It can be passed as a character
enclosed in single quotes or as a number (character code). Functions alone are not
sufficient for formatting input/output streams, so C++ provides another formatting
method: flags.

12
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Formatting flags allow you to enable or disable one of the input/output options.
To set the I/0 flag, you must call the function setf() , if it is necessary to disable the

output flag, then use function unsetf()

removing output flags.

// setting the output flag
cout.setf( ios::/*name_flag*/ );
// where name_flag is the name of the flag

. Next shown designs installations And

Access to the output operator functions is performed through the dot operator.
Method setf() takes one argument — the flag name. Output flags are declared in the class
10s, so before accessing the flag, you need to write the class name - 10s, after which,
using the scope resolution operation, call the required flag.

// clearing the output flag

cout.unsetf( ios::/*name_flag*/ );

// where name_flag is the name of the flag

If you need to set/clear several flags during input/output, you can use the bitwise
logical OR operation. |. In this case, the C++ language construct will be as follows:

// setting multiple flags
cout.setf( ios::/*name_flagl*/| ios::/*name_flag2*/| ios::/*name_flag n*/);
// removing multiple flags
cout.unsetf( ios::/*name_flagl*/| ios::/*name_flag2*/| ios::/*name_flag n*/);

Table 4 describes some of the basic formatting flags and shows examples of their

use.
Table 4 - Some flags formatting V C++
Flag Purpose Example Result
scientific | Conclusion numbers With cout.setf(ios::scientific); | 1.024165e+003
floating point V exponential | double value = 1024.165;
form cout << value << endl;
fixed Output ﬂoating_point numbers | double value = 1024.165; 1024.165
in fixed form (default) cout << value << endl;
right Right-aligned (default). You | cout.width(4e); __cppstudio.com
must first set the field | cout << "cppstudio.com" <<
width | el
(width) fields should
be deliberately greater than the
length of the output line).
left First, cout.setf(ios::left); cppstudio.com___

Left alignment .
you need to set the field width
(the field width should be
significantly larger). how,
length

output lines).

cout.width(40);
cout << «cppstudio.com» <<
endl;

12:
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Another way to format is using handles. A handle is a special type of object that
controls input/output streams, for formatting the data transferred to the streams
Information. Manipulators partially supplement the functionality for formatting
input/output. However, most manipulators perform exactly the same functions as
formatting flags. There are cases where it's easier to use formatting flags or functions,
while other times it's more convenient to use formatting manipulators. This is why C++
provides several input/output formatting tools. Table 5 shows the main C++ formatting
manipulators.

Table 5 — Some manipulators formatting V C++

Manipulato
v p Purpose Example Result
endl Transition on new line at conclusion cout << "website:" website:
<< endl << cppstudio.com
"cppstudio.com”;
scientific Printing ﬂ()ating - point numbers double value = 1.024165e+003
in scientific notation 1024.165;
cout << scientific
<< value << endl;
fixed Output ﬂoaﬁng p()int numbers double value = 1024.165
in fixed form (default) . 1024.165;
cout << fixed <«
value << endl;
setw(int Install width fields, Where number - number | cout << setw(40) << | _cppstudio.c
number) of positions, characters | cppstudio.com << om
(default  alignment is  right-aligned). endl;
Manipulator with parameter.
right Right-aligned (default). First, you need to set | cout << setw(40) << | _cppstudio.c
the field width (the field width must be | right ;‘ om
greater than the length of the output line). :Eg;tu 10 com <<
3
left Left alignment. First, you need to set the field | cout << setw(40) << | cppstudio.com
width (the field width must be greater than 1eftt<;_ —
the length of the output line). cppstudio.com <<
endl;
setprecisi | Specifies the number of decimal places, | cout << fixed << 6,750
on(int where count - quantity signs after the | Setprecision(3) <<
count) . . (13.5 / 2) << endl;
decimal point
setfill(in | Set the filler character. If the field width is | cout << setfill(’e’) | @e15
t symbol) << setw(4) << 15 <<

greater than the output value, the empty
spaces in the field will be filled. symbol
symbol - placeholder symbol

ends << endl;

12
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When using manipulators, you must include the <iomanip> header file.
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Laboratory Job No. 2
Programming algorithms linear structures

TARGET WORKS: consolidation knowledge O types data, transformations types,
acquiring skills in composing and debugging linear programs in the
C++ programming language
EXECUTION WORKS: in in accordance With option make up And implement
programs.

Exercise |

Write a program to calculate using two formulas. Prepare test examples for the
second formula using a calculator (the calculation results for both formulas must
match). A list of standard C++ mathematical functions is provided in Appendix 2.
Express functions missing from the language using existing ones.

1. z=2sin?(3n-2a)cos?(S5n+2a); z = — sin p-8a

| > | E
4 4 2
\

. (T
2. z =Cartaa +mya +Cart3a +my3a; z =2 2cosa -sin +2\oc

1 > Y e )

sin2 o+sin5 a—sin3 o
z = ;

3. z =2sina .
' cosa +1-2sin? 2a 2
sino+sinS o —sin3 o
4., z = ; z,=1g3a.
I coso —cos3aL + cos5a
R
5. z=1-— without”2 ot +cos2 o ; z =cos?o +costal.
1 4 2
o 5
6. z =coso +cos20a +cos60 +cos7a; 22=4COS -COS_ 0L -cos4 .
‘ 2 2
3 o 11 .o
7. zl:cos2|( p— D—cosf( p+0(}\; zzzx/%sm :
g 7 % 7 > 7
\ ) \ )
4 .2 L. : :
8. z =cos*x+sin’?y+ sin®2x—1; z =sin(y + x)-sin(y — x).
1 " 2
4

9. z =(cosa—cosP)*—(sina—sinp)?; 22:—4sin2a—_ﬁ-cos(a+B).
: 13 2
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sin|(2p+3 OLD 53
10. z,= \ ). z,=ctg|_n+ _a|.
1-sin(3a — ) \4 2 )
" 1-2sin? o 1 —tgal
.oz = ; Z 4= :
"1+ Chinese 2 o 2 I+tga
in 4 2 3
1 , _-—Snda _cos2a ; ; :ctg( p—\oc
1+ cosd4a 1+ cos2a 2 |k2 )|
13, 5 _sina+cos(2B-a) . 14sin2f
~ 1 coso—sin(2p —a) 27 cos2p
cosQL +sin a 1
14. zy =" 3 z_ =tg2d +seczoc.|secx: j
cosaL —sin o 2 L cosxj
1 \/2b+21/b2 I
5. Zny =
\Vb? "4 4bh+2 Jb+2
x2+2x-3+(x+ x* =9 XF
16. z1 = Z2 = :
x2 —2x -3+ (x -1 x2 - x-3
\/(3m+2)‘—24m
17. z1 = ; z2 =m.(m > 0)
3Jm -
\/m
8. s (02 e 2 g o D @)
l K\/2_a \/2_a+2 a2\/_) a+2 2 \/;2\/_
[|1+a+a l-a+a \_ 2 4—q?
19. Zl—Lm_'i‘z 2—2_ (5 2ag = _2_.
_(m—l)\/n7—(n—1)\/;_ Jm —In
20. z;= ; Z, = .
Vm?3n+mm+m? —m m
1
21. 0]1”=(1+tga)(1+ctgoc)—2; 222

sin oL something o
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1
22. z =1l+ctg’o + ; z =
! cos? a 2 sin’acos’a
1 1
23, z =1-___ z =___ .
! 1+ ctg’a 2 1+tg’
1 —-2cos® o
24, zy=_ . +ctg o ; zZ, =1tga .
Chinese a cos o
25. z | =without* ot — 1+ 2without? o cos? o ; z,=—cos*a.

10.

11.

12.
13.

14.

Exercise Il

Compose program calculations volume cone By given diameter and forming.

Given aside of an equilateral triangle, write a program
to find the area of this triangle and the radius of the circumscribed circle.

Known radii two concentric circles. Compose a program to find the area of the ring
formed by these circles.

Create aprogram  to find the sum of ~n terms of an
arithmetic progression for which the first term, the difference, and the number n are
known .

Calculate the volume of a prism whose lateral faces are squares and whose base is
an equilateral triangle inscribed in a circle of radius 7 .

Calculate square rectangle, inscribed V circle radius 7, if the ratio of its sides is
equal to R .

Given two sides triangle And corner between them. Define third side and area.

Calculate percent material, departed V waste, If from Cuba With on edge A4
was chiseled ball radius r (< A4).

Calculate the area of a ring whose width is a and the ratio of the radii of the circles
isbh.

Calculate perimeter And square rectangular triangle, described around a circle of
radius r if the hypotenuse of the triangle is equal 7o c .

Calculate  the diameter of a pipe whose capacity allows it
to replace two pipes with diameters d ;and d » .

Calculate heights triangle with sides a , b And With .

Calculate  thearea ofaregular 7 -gon circumscribed about
a circle of radius r .

Height cone equal /4, A radius grounds ». Calculate volume a ball inscribed
in a cone.

13
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16.

17.

18.

19.

20.

21.

22.
23.

24.

25.
26.

27.

28.

29.
30.
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Calculate the mass of a lead pipe whose length is » m (the density of lead is 11.4
g/cm ?), the wall thickness is @ mm, and the internal diameter of the pipe is d mm.

Given an equilateral triangle, calculate the side, height, and area of this triangle if
the radius of the inscribed circle is 7 .

A steel shaft, b mm long and d mm in diameter, is turned on a lathe. The diameter
decreases by s mm during turning . Calculate the decrease in mass (the density of
steel is 7.4 g/cm3 ).

Calculate volume prisms, lateral edges which - squares. The base of the prism is
an equilateral triangle, defined by the length of its side.

IN cone With radius grounds » And height # inscribed cylinder, the radius
of the base of which is equal to a . Calculate the volume of the cylinder.

Given two sides of a triangle d and ¢ and the angle between them ( . Find the radii
circles: inscribed in a triangle and circumscribed around it.

Given the length of a cube's edge find the cube's volume
and its lateral surface area

Triangle asked three parties. Calculate his heights.

Determine the perimeter of a regular n -gon
circumscribed around a circle of radius R.

V| liters of water at temperature 7'; and V', liters of water at temperature 7, are
mixed . Find the volume and temperature of the resulting mixture.

Known length circles. Find square circle, limited this circle.

Given hypotenuse And leg rectangular triangle. Find second leg and the radius of
the inscribed circle.

Find square rings, interior radius whom equal R |, A external - R ,
( R>,>R 1).

Determine the time after which two bodies moving towards each other with
uniform acceleration will meet if their initial velocities, acceleration, and initial
distance between them are known.

Calculate distance between two dots With coordinates (x 1,y 1) And (x2,y2).

Given legs rectangular triangle. Find his hypotenuse And square.
Exercise lll

Radon baths used for treatment contain 1.8 x 10 ° radon atoms in 1.0 dm 3 °f water |
How many water molecules are there per radon atom in a therapeutic bath?

How many mercury atoms are contained in 1.0 m3 of air " a room contaminated
with mercury at a temperature of 20 ° C, if the saturated vapor pressure of mercury
at this temperature is 133 mPa?

13
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11.
12.

13.

14.

15.

16.

17.

18.
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What is the length of the edge of a cube containing 1.0 x 10 ® molecules of an ideal
gas under standard conditions?

At what temperature do helium molecules have the same average speed as oxygen
molecules at 23 ° C?

Find the average kinetic energy of translational motion hydrogen molecules, if at a
pressure of 0.5 atm. their concentration is equal to 1.5-10 % |, 3

The gas is heated in an open vessel at normal atmospheric pressure from 27 © C to
327 ° C. What increase does the number of molecules per unit volume of gas
receive?

A vessel with a volume of 1 dm 3 contains a certain gas at a temperature of 17 ° C.
Find the increment gas pressure, if due to gas leakage from 10 %' molecules will
come out of it.

A vessel with a volume of 3.0 dm 3 contains helium with a mass of 4.0 mg, nitrogen
with a mass of 70 mg and 5.0 x 10 2! hydrogen molecules. What is the pressure of
the mixture if its temperature 27 ° C?

Determine the average kinetic energy of rotational motion of hydrogen molecules
contained in 1.0 mol at 18 ° C.

At what temperature do oxygen molecules have the same average speed as
hydrogen molecules at 25 ° C?

How many molecules contains at normal conditions V 1m 3 air?

A vessel with a volume of 2.0 dm3 " gas yunder a pressure of 0.50 MPa. What is
the average kinetic energy of the translational motion of gas molecules?

Oxygen weighing 12 g is at a temperature of 700 ° C, with 40% of the molecules
dissociated on atoms. What equal average kinetic energy of thermal motion of
particles? The vibrational degrees of freedom of oxygen molecules are not get
excited.

The volume of a room is 50 m3 - The air temperature in winter is 0 ° C, and in
summer — 40 ° C. What is the difference in the mass of air filling the room in
winter and summer? Take p =29 kg/mol.

The density of air under normal conditions is 1.3 g/I. What is the density of air at a
temperature of 100 ° C and a pressure of 4.0 10 >’ N/ ™29

The air temperature in a 10 m3 cylinder * a pressure of 700 mmHg was 15 ° C.
After heating the air to 20 ° C, some of the air was displaced. Find the mass of the
displaced air.

How many particles (atoms and molecules) are in nitrogen with a mass of 1.0 g if
the degree of dissociation of nitrogen is 7.0%.

What pressure on the walls of a vessel does oxygen produce if the mean square
velocity of its molecules is 400 m/s and the concentration of molecules is 2.7-10
m3?

13:



19.

20.

21.

22.

23.

24.

25.

10.

11.
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Find the average kinetic energy of the translational motion of helium molecules if
at a pressure of 0.5 atm their concentration is 1.5-10 °m *.

Determine the temperature of the gas if the average kinetic energy of the
translational motion of its molecules is 1.6-10 "1°J.

What is the pressure of a gas if each cubic centimeter contains 1.0-10 ¢ molecules
and the gas temperature is 87 © C?

The gas is heated in an open vessel at normal atmospheric pressure from 22 ° C to
320 ° C. What increase does the number of molecules per unit volume of gas
receive?

A vessel with a volume of 15.0 dm3 " 3 gas under a pressure of 0.50 MPa.
What is the average kinetic energy of the translational motion of the molecules?
gas?

At what temperature do helium molecules have the same average speed as
hydrogen molecules at 27 ° C?

The gas occupies a volume of 2 liters at a pressure of 5-10 > N/m 2. Determine the
total energy of the translational motion of the gas molecules.

Tasks For independent work
Given two valid numbers. Find average arithmetic And the geometric mean of
these numbers.

Given four whole numbers. Find average arithmetic these numbers and the
geometric mean of these numbers.

A triangle is defined by the lengths of its sides. Using Heron's formula, find the
area of this triangle.

It's coming k -ya second days. Define How many full hours A , full minutes
M passed To to this moment.

Given two moment time some days: H ;, H, - watch, M |, M, - minutes.
Determine the interval between these moments in hours. /H and minutes M .

By three coordinates peaks some triangle find his height.

Find the volume and lateral surface area of a cone of radius » , height # and forming
[.

Calculate lateral surface pyramids (pyramid correct, truncated), if p and p/ are known -
the semiperimeters of the lower and upper bases and & is the apothem.

Find the volume and total surface area of a hollow sphere if 7 | and 7  are known - the
radii of the outer and inner spherical surfaces.

Calculate the surface area and volume of a truncated cone of height % , radii » ; and
r 2, and generator / .

A cone with an angle a at the apex in the axial section is inscribed in a sphere of

radius » cone. Determine the volume and total surface area of the cone.
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Calculate  the volume of a cylinder inscribed n a regular
hexagonal prism, each edge of which is equal 70 a .

Find square isosceles trapezoids With grounds 4 And /N And angle o with a
larger base 4 .

A triangle is defined by the magnitudes of'its angles
and the radius of the circumscribed circle. Find the sides
of the triangle.

Find the volume of a regular triangular pyramid if the sides of its base are equal to
a and the plane angle at its apex is equal to o .

Calculate the radius of a sphere inscribed in a regular quadrangular pyramid if the
sides of the base of the pyramid are equal to a and the dihedral angle at the base is
equal to o .

Calculate the area of a circle and an isosceles trapezoid described around it if the
perimeter of the trapezoid is equal to p and the angle at the lower base is equal to a

Calculate the volume of a prism whose lateral faces are squares. The base of the
prism is an equilateral triangle, and the radius of the inscribed circle is known to be
r.

Control questions

What such program on C++?

Which program is linear?

What is it? structure programs on C++?

What such identifier?

By what rules are being created identifiers V C++?
What such type of quantity?

Which types quantities are used V language C++?
Which types quantities relate To simple types?

IN what range can change variables type int and float ?
How are described variables V C++? (Bring example.)
What such operator brackets? What their appointment?
How is being carried out team assignment?

Which instructions intended For conclusion on screen messages?
Which instructions intended For input data?

What such heading file? Bring example heading file.
What is it like? appointment headings files?

How save program? (Orally)

How to carry out compilation text programs? (Orally)
How to carry out launch programs? (Orally)

How count ready program With disk? (Orally)

13
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Task I. Write program For calculation By two formulas. Absent In the language library,

1.

express functions through existing ones.

7
z=tg(x)-cg,
1
. 6
i T
zZ =news . =.
! _3 nevgs g ( X )
Peuienue
Mathematical model
The C++ math.h library does not have
the function ctg (x), so we will express it through the existing

function #g ( x ), using the well-known relation:

2.

3.

1
ctg(x):m).

Recording expressions on language C++ will take the form:

zl =tan (x)- 1/ tan (7*pi1/6); z2 = tan (7*p1/8)- sqrt (3.0)* tan (p1/8)* tan ( x ).

Arguments: x - material type.

Results : z |, z ,— material type.

Algorithm (block - scheme)

¥

BBox x

v
z1 = tan(x) - 1/tan(7*pi/6);
72 = tan(7*pi/8) - sqrt(3.0) * tan(pi/8) * tan(x);
v

BriBog z1, 22

y

Program
//connection headings files

#include <iostream> //for organizing input/output in C++
#include <conio.h> //to organize console input/output #include
<math.h> //For work With mathematical functions

usingnamespace std; // description of the namespace

std int main() // title main functions

{

//body functions

constdouble pi = 3.14159265359; // description

constants double z1, z2, x; // variable descriptions

cout<< " Enter X = " ; // conclusion messages on screen
cin>>x; 4§‘input variable X

//calculate values variables z1, z2 '

z1 = tan(x)-1/tan(7*pi/6); //assignment variable z1 values expressions
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z2 = tan(7*pi/8)- sqrt(3.0)*tan(pi/8)*tan(x);

cout<< " zl = " <<z1l<< " z2 = " <«z2; // conclusion data on screen
_getch(); //function expectations pressing keys from conio.h
return 0; //main function returns integer value ©

}

4. Result work programs
Enter X = 4

z1 = -0.57

z2 = - 1.24

Exercise II. Write program For calculations lengths circles And area of a circle of a given
radius.

Solution

1. Mathematical model [=2-t-r S=m -r2 )

b

Arguments: radius circles 7 , material type.

Results: length circles / And square circle S, material type.

2. Block - scheme 3. Program

//program findings length circles and squares
// circle given radius #include
<iostream> #include <conio.h>

usingnamespace std; int main() //
v

main function header

Input { // description variables , initial installations
v setlocale(LC_ALL, "Rus" );
[=2%pi *r; S =pi* double pi = 3.14;
rr; double r, 1, S;
v cout<< "Enter the radius: r
=" ; cin>>r; // variable

Conclusion/, S .
input

v //calculation By
formulas 1 =
2*pi*r;

S = pi*r*r;
//conclusion data

cout<<endl<< "Circle length: 1 = " <<1;
coutc<endl<< "Circle area: S = " <<S;
_getch();

//home function returns whole meaning © return 0;

}

4. Result work programs:

Enter the radius: =5
Length circles: 1 = 31.4

r
Area of a circle: S = 78.5 13
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3.  Operators branching

3.1. Simple And composite conditions

In C++, a condition is an expression of logical type ( bool ) that can take one of
two values: "true" ( true ) or "false" ( false ). The internal form of representing the
value false - 0 (zero). Any other value is interpreted as true . When converted to an
integer, true has the value 1.

Six operators are used to compare the values of expressions, numeric variables,
and the value of a variable and a constant:

> (more), = (Not equals),
< (less), >= (more or equals),
== <= (less or equals).
(equals),
Conditions that are constructed  using a single

comparison operator are called simple conditions, for example, x +
y>0.

General view:

expression comparison operator expression

From simple conditions, which are expressions of logical type, it is possible to
construct complex conditions by applying logical operators to them as operands: !
(not), & (and), | | (or).

Logical operations are performed from left to right. If the value of the first
operand is sufficient to determine the result of the operation, the second operand is not
evaluated. Parentheses are used to change the order of operations.

So, compound conditions are simple conditions connected using logical
operators: (x > 5) || (a + b < @).

Operation &&
The logical operator && (and) is used when you want two conditions to be met
simultaneously. In C++, this is written like this:
(conditionl) && (condition2)

In practice, this logical operation is often used to create a condition for a variable
to belong to a specified range. For example, let's create a condition that will be true if
and only if the variable x belongs to the range from 10 to 20: 10 < x < 20. That is, when
x> 10 and x <20. In C++, this is written as follows: (x> 10) & & (x< 20) .

Operation | |

The logical operation || (or) is used when one wants to formulate a condition
that will be true if at least one condition is true. of two. In C++, this operation is used
like this:

(conditionl) || (condition2)
141
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Operation !

The logical operator ! (not — logical negation) is used when you need to test a
condition (expression) for falsity. This operation makes a true condition false and a false
condition true. The operation is written as:

! (condition)

Table 6 shows the results of applying logical operators to operands of a Boolean
type. For clarity, 0 and true are used instead of the false value. — 1.

Table 6 - Logical operations

a b al& b al|l b la
0 0 0 0 1
0 1 0 1 1
1 0 0 1 0
1 1 1 1 0

When writing complex conditions, it is necessary to take into account the priority
of operations and, in If necessary, use parentheses.

3.2. Composite operator

TO composite operators relate actually composite operators and blocks.

A compound statement is a sequence of statements enclosed in statement
brackets. Operators, incoming V him, should be carried out V in the order in which they
are written.

Format operator:

{
operatorl;
operator2;
operatorN;
3

A block is distinguished by the fact that it contains descriptions of certain
program objects. For example:

{// This composite g/élg?kis is
oper_‘at?r‘ n++; int n - o;
AR n ++;
) S += n;

}

Blocks are most often used as function bodies. A compound statement is used
whenever several statements need to be combined into one. This is necessary in
conditional statements and loop statements, whose syntax dictates that only one
statement is executable. More often

14
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total, composite operator forms a branch of a conditional statement or a loop body in loop
statements.

3.3. Conditional operation (?:)

This operation ternary, That There is has three operand.
Format operations:

operand_1 ? operand_2 : operand_3

First operand Maybe have arithmetic type or be a pointer. It is evaluated for its
equivalence to zero (an operand equal to zero is considered false , a non-zero operand is
considered true ). If the result If operand 1 is true , then the result of the conditional
operation will be the value of the second operand, otherwise it will be the value of the
third. operand. Either the second or the third operand is always evaluated. Their types
may differ. The conditional operator is a shortened form of the if operator .

Example: Withdraw on screen minimum from two values.

#include <stdio.h>
int main ( )

{
int a = 10, b = 5, min;

min = (b < a) ? b :a;
printf(“ Smallest number : %d”, min);
return 9;

}
Result work programs:

The greatest number: 5

Another example of using a conditional operation. It is required that some integer
value was increased by 1 if its value did not exceed n, and otherwise took the value 1:

i=(@(i<n)y?2i+1:1;
3.4. Conditional operator if
It is intended to select one of two possible operators for execution depending on
the fulfillment of a certain condition.
Format operator:
if (condition) operator 1; else operator 2;
Instructions is being carried out next way:

1. The value of the condition (expression) is calculated, which can have an
arithmetic type or a pointer type.

2. If the value of the expression (condition) is not equal to zero (has the value
true ), the first statement following the condition is executed. If the value of
the expression (condition) is equal to false , then the statements following
the word else are executed.

14
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Quite often, no action is required if a condition is false. A short form of the
conditional operator is acceptable:

if( condition ) operator ;

If the logical expression evaluates to true, the statements following the condition
are executed. If the expression evaluates to false, the statement immediately following
the if statement is executed .

else keyword it is necessary to execute several statements, they are written as a
compound statement.

Table 7 - Graphic interpretation of the conditional operator.

Incomplete form records Full form records
a) 4 — -
| R e
oper. Ttor operator 1 operator 2
I I [
|
+ . _
5 b) + condition 8 /%Tﬂlfﬁ'ﬂﬂ\
= )
< | \/ |
hI _ :
h—| operator 1 2 opera| or 1 operator 1
~
1
opera| or 2 = operator 2 operator 2
n L |
operator n operator n operator n

.
|

Note: Table 7 shows the flowcharts of possible variants of the "Branching"
command (conditional operator) algorithm.

a)For simple operators;

b) for composites, when the condition is met or not met it is required to
fulfill some operators : operator 1, operator 2, .., operator n .In a program,
this series of operators: operator 1, operator 2, .., operator n, are presented as a
compound operator or block, enclosed in operator brackets.

The "Branch" command structure is called nested if conditional statements are
used again after the condition or else keyword . The number of nestings is arbitrary.
However, the following rule applies: the else keyword always refers to the closest if .

14



the keyboard.
1 option solutions:
numbers a, b, ¢
+
max:=a

Conclusion max

v
End

144

Example. Compose program location minimum from three numbers entered from

2 option solutions:

numbers a, b, ¢

Conclusion max

v

End

IIporpamma na C++

//min_of_3_numbers;
#include<conio.h>

#include<iostream>
usingnamespace std;

int main()

{

setlocale(LC_ALL,"Rus");

int a, b, c, max;

cout<< "\nEnter 3 numbers through space: " ;
cin>>a>>b>>c;
if (a < b)

if (a < ¢) max
max = c;

else

if (b < c) max = b; // case , When a >= b else
max = c;

cout<< "Minimum number =
_getch();

return 0;

a; // case , When a < b else

<< max;

Result work programs:

Enter 3 numbers through space:

125 -7

Minimum number = - 7

14

//min_of_3_numbers;
#tinclude<conio.h>

#tinclude<iostream>
usingnamespace std;

int main()

{
setlocale(LC_ALL, "Rus" );
int a, b, c, max;
cout<< "\nEnter 3 numbers separated
by spaces: " ;
cin>>a>>b>>c;
max = a;
if (b < max) max = b;
if (c < max) max = c;
cout<< "Minimum number = " <<max;
_getch();
return 0;
}
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3.5. Operator switch
If a program needs to implement a choice between more than two options, then a
multiple branching instruction (switch) can be used.

Switch statement A switch is used to branch the computational process into
several directions. The block diagram of the switch operator is shown in Table 8.

Format operator:

switch ( expression )

{
case constant_expression_1: [operator_1];
case constant_expression_2: [operator_2];
case constant_expression_n: [operator_n]; [
default: operator_n + 1];

}

The switch operator is a generalization of the conditional operator. Operator
execution begins with the evaluation of the expression (it must be an integer), and then
control is transferred to the first operator in the list marked with a constant expression
whose value matches the evaluated one. After this, if the exit from the switch is not
explicitly specified, all other branches are executed sequentially. Then control is passed
to the operator following the selection operator. If the value of the expression does not
match any constant expression, then operator n + 1 is executed.

Table 8— Operator choice (block diagram)

Incomplete form records Full form records
+
-/'L operator |
condition 1
operator 1 [ =
~ tor2 [
condition 2 i || operator
operator 2

choice

/-L @ operatorn [

operator n+1

+

choice - otherwise

+

- l<
|

<
<

The expression and constant values of the switch statement must be of the
same type. The type can be any integer. A list of constants can be used as a constant
(e.g., casel: case3: case5: [ statement_1 ];), and a compound statement can be used
as an operator.

14:



14¢

If the constants represent a range of numbers, then instead of a list, you can
specify the first and last constant of the range, separating them with three dots (valid for
some programming environments, for example, MinGW).

Exit from A switch is typically executed using the break or return statements
. The break statement exits the innermost enclosing statement. its operators switch ,
for ,while and do . return statement exits the function in whose body it is written.

3.6. Operator transition goto

The unconditional jump operator 1s used to change
the order of execution of statements.

format :
goto label;
IN body that one same functions should be present smooth one design type:
label: operator;
Operator goto transmits control on marked operator.

Label - This ordinary identifier, region visibility whom is the function in whose
body it is defined.

The use of the unconditional jump operator is justified, as a rule, in two cases:
— forced exit down By text programs from multiple nested loops or
switches;
— transition from several places functions V one (For example, If before exit It is
always necessary to perform some actions from a function).

In all other cases, the algorithm should be brought to a structural form. form, that
is, transform it so that it can be written using basic constructions.

Using an unconditional jump operator is considered bad programming style
because it violates the principles of structured and modular programming, which state
that all blocks that make up a program should have only one input and one output.

14
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Example : Given number m (1 < m < 7). Withdraw on screen Name days weeks, which

corresponds to this number.

block diagram program
//switch; #include
( start ) <conio.h> #include
> <iostream> usingnamespace
; std;
mput n
T ?nt main()
M setlocale(LC_ALL, "Rus" );
) int n;
mark : cout<< "\nEnter number day of the
week: " ;
B cin>>n;
<:::::::::::::>§;;;:;;:::::;z; switch (n)
ednesday’ {
case 1 : cout<<"\nloHepenbHuK" ;break;
’M case 2 : cout<<"\nBTopHuk";break;
y case 3 : cout<<"\nCpega";break;
case 4 : cout<< "\n Thursday "

“rvatid momber

<
<

end

break ; case 5
; break ; case 6
Saturday "

: cout<< "\n
; break ; case 7 :

cout<< "\n Invalid input \n" ;
goto mark;

}
_getch();
return 0;

: cout<< "\n Friday

cout<<
"\n Sunday " ; break ; default :

Result work programs:

Enter number days weeks: 12
Incorrect input
Enter number days weeks: 2

Tuesday

14
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Laboratory Job No. 3
Programming algorithms branching structures

PURPOSE OF THE WORK: acquisition of skills in programming computational
branching processes using conditional, composite operators, operator
choice (multiple branching) and the unconditional jump operator.

EXECUTION WORKS: in in accordance With option make up And implement
programs.

Exercise |

Decide task With using designs branching:

1. Distance from Houses before school S km. To beginning lesson there are ¢ left
minutes. A student walks at speed v . Determine whether he will arrive before the
bell, after the bell, or on time.

2. Given valid numbers x ,y And z . Find min( x , y , z).

[ .
3. Calculate meaning functions f= | 2%5/x, ifx>1,
X
—, Ifx<0.
500

Build V square more from three given numbers.
Define, There is whether among three given numbers even.

Withdraw on screen three given numbers V in order decrease.

Nk

Determine whether thepoint A (a;, aj) belongs to
the ring defined by the circles: x 2+ y?=1and x 2+ y 2= 16.

() w3,
8. Calculate meaning functions arctg JAf x> 3.
|L 2x+1

9. Two circles are given coordinates of the center and radii. How many points of
intersection do these circles have?

10. Two vessels, one spherical with radius R 1 and the other cube-shaped with edge
length 4 , are filled to the brim with water. Compare the amounts of water in the

vessels.
[ xsin2x, ifx<1,
11. Calculate meaning functions: f=A
| e", IfX=2.
12. Given three arbitrary real numbers, is it possible

to construct a triangle with these side lengths?
13. Which from points 4 (a 1,a ) or B (b 1, b ») located further from origin ?

14. Two straight asked equations: a ;x + b 1y+ ¢ =0 And a,x + br,y+ ¢

=0. Determine if they intersect.
14
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16.

17.

18.

19.

20.

21.

22.
23.

24.
25.
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Will the current 4 (a 1, a ») fall into a circle of a given radius with its center at the
origin ?
ax? +bx+c,If x<12,

a
Calculate meaning functions Y=E{x T 2+1,Ifx=12,
a+ bx

Afx>1.2,
t x? +1
Where a=2.8,b=-0.3, c=4.
A rectangular hole of known dimensions is cut into a fence. Determine whether a
ball of a given radius will fit through this hole.

Two circles are given coordinates of their center and radii. Determine whether they
intersect, touch, or have no common points.

In the Gregorian calendar, every year divisible by 4 is a leap year, except for those
divisible by 100 and not evenly divisible by 400. Determine the number of days in
a year based on the year number. Thus, 1900 is not a leap year, while 2000 is.

Define, There is whether among four given numbers multiples five.
(at?Int, If1<t<2,

Calculate meaning functions V= 1, Ift<1, , Where 4 =-0.5, b =2.
Te“’cost, Ift>2.

From three valid numbers a , b And ¢ choose those, modules which more 4.

Given three arbitrary real numbers, is it possible to construct a triangle with these
side lengths? If so, derive on the screen whether the given triangle is equilateral,
1sosceles or scalene.

Given valid numbers x And y . Find U=max ? (x 2y, xy ?).

Decide square equation.
Exercise |l

Decide task With using designs choice:

Given anumber c. Print the value this
number  in verbal form, taking into account its sign. Provide that -7
<c<T.

Given number m (1 <m < 12). Determine, How many days V month With
number m . The year is not a leap year.

A natural number # is entered from the keyboard — the number of faces of the
convex polyhedron. IN dependencies from values n withdraw on screen
phrase

"Convex polyhedron has n facets", having agreed ending the word "edge" With
number n. To provide, What 0 < m4< 25. If convex



10.

11.

12.

13.

14.
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If a polyhedron with the given number of faces does not exist, display the
appropriate message.

Enter the number m (from 1 to 4) from the keyboard. Display the names of the
months corresponding to the season with the number m (count winter) season
number 1).

Enter a natural number n —the number of faces of a convex polyhedron—from the
keyboard. Depending on the value of n , display the name of a regular convex
polyhedron or report that a regular convex polyhedron with that number of faces
does not exist.

To provide, What 4 <n < 20.

Note: There are five convex regular polyhedra: tetrahedron (4 faces);
hexahedron or cube (6 faces); octahedron (8 faces); dodecahedron (12 faces);
icosahedron (20 faces)

Given a natural number n <25, display the phrase "I am » years old (year or years)"
accordingly.

[ 2sin?x, if—1<x<I,

Find meaning functions: f {3x 3,If—-10< x<—1,

{ 0 V the rest cases .

Given number m (1 <m < 12). Determine, To which one time years refers to month
with number m .

Introduced whole numb}er ‘ <5.1If C >0, That withdraw on screen Name this
C

numbers in verbal form. Otherwise, indicate that the number is negative.
Enter a natural number » —the number of angles in the polygon—from the
keyboard. Depending on the value of n , display the name of the polygon or
indicate that a polygon with that number of angles does not exist.

To provide, What 0 <n <6.

n is entered from the keyboard . Depending on the value of the remainder » when
dividing n by 7, display the number n as n = 7 k + r , where r is represented in
verbal form.

Given a number m , determine the half-year in which month m occurs and the
number of days in that month. Assume that 1 < m < 12. The year is not a leap year.

Given number n . Type phrase "We successfully handed over n exams", by
matching the ending of the word "exam" with the number #n . Provide that 1 <n <
25.

Determine the time of year to which the month m belongs and determine the
number of days in this month. Assume that 1 <m < 12. The year is a leap year.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

151
Given a number c , print its value in words. Assume that 0 < ¢ <7.

Given two numbers, D (day) and M (month), determine K , the ordinal number of
the day of a leap year that has dates D and M.

Given three numbers D , M, and G , defining the day, month, and year, check
whether they form a valid date and display the appropriate message. For example,
June 31, 1990 is an invalid date. The year is not a leap year.

A number from 0 to 9 is entered from the keyboard. Display the name of this
number in verbal form on the screen.

On Monday, the company is open from 9:00 AM to 4:00 PM; on Tuesday,
Wednesday, Thursday, and Friday, from 8:00 AM to 7:00 PM; on Saturday, from
10:00 AM to 3:00 PM; and Sunday is a day off. Find the working hours by the day

of the week you entered.
(

|| dm/xl—az,]fx:awtl;

Find the meaning functions: y = cos2x, l[f0<x<a;wherea=4.

17 2
| e, lIf —a<x<0;
|

| 1 Vothers cases .

n is entered from the keyboard . Depending on the value of the remainder » when
dividing n by 5, display the number n as n = 5 k + r , where r is represented in
verbal form.

In the first year, students from four groups take a computer science exam. In the
second year, group No. 1 takes an exam in the subject "Information Technology"
V economy", group No. 2 - exam By discipline

"Information Technology in Physics," Group 3 — exam in "Information Technology
in Geography," Group 4 — exam in "Information Technology in Mathematical
Research." Enter the course number and group number using the keyboard and
display a message indicating which test or exam the group will take.

An integer N was entered from the keyboard. < 5. 1f it 1s positive, display its name
in verbal form. Otherwise, find the square of this number.

Students are picking apples. The quotas are as follows: first-year students must
pick at least 50 kg of apples per day, second-year students at least 60 kg per day,
and third-year students at least 70 kg per day. Knowing the student's year of study
can help determine whether they have met their daily quota.

Given a number m (1 <m < 12). Determine how many days are in the month with
number m . Take into account whether it is a leap year or not.

15
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Tasks For independent work

Determine D and M -date K -th in a row day of a leap year. Express the month
verbally. D is the day, M is the month. Assume that 1 < K < 366.

The electricity supply company charges customers according to the following
tariff:

e 7 r. for 1 kWh for first 250 kWh;

e 17 p. per kWh if consumption exceeds 250 but does not exceed 300 kWh;

o 20 r. for kW/h, If consumption over 300 kW/h. The
consumer consumed n kW/h. Calculate the fee.

Schoolchildren take long jump tests. If the jump is over 2.50 meters, the score is a
"5," and if it's between 2 meters and 2.5 meters, the score is a "5." Score "4"; from
[.5mto 2 m - score "3"; if less than 1.5 m - "2". Assign a score to the student if the
length of his jump is known. Note: 1 m = 100 cm.

When purchasing goods worth from 200 to 500 rubles, a 3% discount is provided,
when purchasing goods worth from 500 to 800 - a 5% discount, when purchasing
goods worth from 800 to 1000 rubles - a 7% discount, Over 1,000 rubles — 10%
discount. The buyer purchased 8 rolls of wallpaper at a price of X7 and two cans of
paint at a price of X2 . How much did he pay?

Students harvest tomatoes. For harvesting up to 50 kg per day, the work is paid at a
rate of 30 rubles per 1 kg; for harvesting from 50 to 75 kg per day, the rate is 50
rubles per 1 kg; for harvesting from 75 to 90 kg per day — 65 rubles per 1 kg; for
harvesting over 90 kg per day — 70 rubles per 1 kg plus a 120 ruble bonus. The
student harvested X kg in a day. Calculate his earnings.

Elementary school students schools are renting out equipment readings. IN 1st
grade speed A reading speed of up to 20 words per minute is considered low, 21 to
40 words per minute is average, 41 to 50 words per minute is above average, and
more than 51 words per minute is high. In second grade, a reading speed of up to
30 words per minute is considered low, 31 to 60 words per minute is average, 61 to
70 words per minute is above average, and more than 71 words per minute is high.
Use the keyboard to enter the class number and the number of words the student
reads per minute. Assess the reading speed.

Students picking apples. First-year students have to work up to 50 kg per day. paid
for from calculation 30 kopecks for 1 kg; at collection from 50 to 75 kg V day - 50
kopecks per 1 kg; when collecting from 75 to 90 kg per day - 65 kopecks per 1 kg;
when collecting over 90 kg per day - 70 kopecks per 1 kg plus a 20 ruble bonus.
For second-year students, when collecting up to 60 kg per day, work is paid at the
rate of 35 kopecks per 1 kg; when collecting from 61 to 80 kg per day - 55 kopecks
per 1 kg; when collecting from 81 to 95 kg per day — 65 kopecks per 1 kg; when
collecting over 95 kg per day — 70 kopecks per 1 kg plus a 30 ruble bonus.
Student collected X kg apples for day. Define his earnings.

An integer number 4 is specified from the keyboard > -5. For a positive single-digit
number, determine whether it is even; for a positive two-digit number, determine
whether it is even. multiple whether 1t5;3; For positive three-digit numbers
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11.
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13.

14.

15.
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determine whether it is a multiple of 5; for a number greater than 999, determine
whether it is a multiple of 10. If the number 4 < 0, then display its name in words
form.

Schoolchildren are taking long jump tests. For fifth-grade students, the standards
are as follows: if the jump is longer than 2.50 meters, the score is 5; if it's between
2 and 2.5 meters, the score is 5. score 4; from 1.5 m to 2 m - score 3; if less than
1.5 m - 2. Standards for students 6 class: if length jump more 3.0 m, That grade - 5,
If from 2.5 m to 3.0 - grade 4; from 2.0 m to 2.5 m - grade 3; If less 2.0 m - grade
2. Students from other classes do not take the jump test.

Give a grade to a student if his class number and jump length are known.

Schoolchildren are taking long jump tests. For second-graders, the minimum jump
length must be at least 1.2 meters; for third-graders, at least 1.5 meters; for fourth-
graders, at least 1.7 meters; and for fifth-graders, at least 2.0 meters.

Knowing number class And length jump student, define, handed over
whether the standard is met.

N < 100 from the keyboard. If it is single-digit, display its name in verbal form. If
the number is two-digit, report this and determine the remainder when dividing it
by 2, 3, or 5.

The electricity supply company charges customers according to the following
tarift:

v' 7. for 1 kW/h for first 250 kW/h;

v’ 17 r. for kW/h, If consumption over 250, But Not exceeds 300 kW/h;

v 20 r. for kW/h, If consumption over 300 kW/h.

There are three categories of consumers. The Category 1 tariff accounts for
75% of the total cost, the Category 2 tariff accounts for half the total cost. The rest
pay the full price.

The consumer has consumed n kWh. Calculate the fee knowing his category.

N is entered from the keyboard. < 10000. Report whether it is one-digit, two-digit,
three-digit, or four-digit. In each case, determine whether it is even or odd.

Elementary school students take a reading proficiency test. The standards are as
follows: in first grade, a child should read at least 20 words per minute; in second
grade, at least 50 words per minute; in third grade, at least 60 words per minute;
and in fourth grade, at least 70 words per minute. By entering the student's grade
number and the number of words read per minute on the keyboard, you can
determine whether the reading proficiency test has been passed.

Given three integers defining a date: year, month, and day. Assuming the year is
not a leap year, determine the date of the next day.

Control questions

What such composite operator?

15
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10.
11.
12.
13.

14.
15.

Exercise I. Two circles asked radii. Define which from of these circles will have

What is it? full (incomplete) form teams branching (block diagram)?
What algorithm execution teams branching?
What is the execution algorithm? plural commands branching (choice)?

Flowchart.

Which operators comparisons are used V C++?
What it's called simple condition? Bring examples.
What such composite condition? Bring examples.
What logical

conditions?

operators

are allowed  when creating

What result applications operator logical "AND" ( && )?
What result applications operator logical "OR" ( || )?
What result applications operator logical negation (!)?
What general view (format) instructions "Branching"?
What is the algorithm for performing the conditional (ternary) operation (?:)? Give

an example.

What general view (format) instructions "Choice"?
Maybe whether operator branching contain inside myself other branching?

Example execution laboratory work

a larger area. Display the value of the larger area on the screen.
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complex

Solution
1. Mathematical model
The greatest square will at circles With the greatest radius.
Arguments: rl, r2 material type - radii circles.
Results: S material type - meaning the greatest area.
2. Algorithm 3. Program

rl, 12

#include <iostream>
#include <conio.h>
#include <math.h>

usingnamespace std;

int main()

{

double ri, r2, S;

Not o really

S=r *rl*rl

T *12

*r2

end

cout<<" BBeauTepaauycbirl ur2:
cin>>ril>>r2;

if (ri1>r2)

S = pi*pow(rli, 2.90);
else

S = pi*pow(r2, 2.0);
cout<< " S = " «<S;

15

constdouble pi = 3.14159265359;

)
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_getch();
return 0;

4.  Result work programs

Enter radii rl And r2: 6 3 S
= 113.04

15:
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Exercise II. Dan number months m . Withdraw on screen Name this month.

Solution
1. Mathematical model
For solutions tasks necessary use instructions choice.

Arguments: m integer type - number months.
Results: text message.

2. Algorithm 3. Program

#include <iostream>

#include <conio.h>

v usingnamespace std;

values m

int main()

{
int a;
cout<< "Enter number months: " <<endl;
cin>>a;
switch (a)
) {
i case 1: cout<<"fHBapb"<<endl; break;
@ case 2: cout<<"®eBpanb"<<endl; break;
N case 3: cout<<" MapTt "<<endl; break;
The given month case 4: cout<<"Anpenb"<<endl; break;
. case 5: cout<<" Man"<<endl; break;
number is
 eaproct! case 6: cout<<" MwHb"<<endl; break;
4, case 7: cout<<" WMwonb"<<endl; break;
v 8: cout<<" ABryct"<<endl; break;

case 8:
( ) case 9: cout<<"CeHTabpb"<<endl;break;

case 10 : cout<<"OkTabpb"<<endl; break;
case 11 : cout<<"Hosbpb"<<endl; break;
case 12 : cout<<"llekabpb"<<endl; break;
default : cout<<" OuwmbkaBBoga "<<endl;
}

_getch();

return 0;

4. Result work programs

Enter number months: May
5

15
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4. Cycles

A loop is a type of construct used to perform calculations that are repeated many
times.

The block for which the loop is organized is called the loop body . The remaining
statements control the process of repeating the calculations: these include initial
settings, checking the loop continuation condition, and modifying the loop parameter
(Fig. 1). One pass through the loop is called an iteration.

l J

HagansHbIe
HagansHpIe
YCTaHOBKH
YCTaHOBKHU
>
- \ 4
Ycnosue [
oTepaTopbl
_l’_
v
OTIePaTOPEI Moaudukarms
mapamerpa
LIUKJIa
L 4
Moudukarvs
mapamerpa + _
HHKJIa : YcinoBue

l__ a) | b)
Figure 4.1 - Structural schemes execution cycle

Initial settings are used to set the values of the variables used in the loop before
entering it.

The loop continuation condition is checked at each iteration either before the loop
body (then we speak of a loop with a precondition, Fig. 4.1a) or after the loop body (a
loop with a postcondition, Fig. 4.1b). The difference between them is that the loop body
with a postcondition is always executed at least once, after which a check is made to see
if it needs to be executed again. Checking the necessity execution of the cycle With
precondition done before the body cycle, That's why Maybe, that it will never be
fulfilled.

A loop parameter is a variable used to test the loop condition and is forced to
change at each iteration, typically by the same amount. If the loop parameter is an
integer, it is called the loop counter.

Three operators are provided for implementing cyclic computations: a loop with a
precondition, a loop with a postcondition, and a loop with a parameter. The first two
operators are used when the number of loop iterations is unknown. If the number of
loop iterations can be determined before the loop begins, the loop with a parameter is
used.

15
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4.1. Operator cycle With parameter (for)
A loop with a parameter (a loop with a counter, an arithmetic loop, or a "for"
loop) is a loop with a predetermined number of repetitions. It is suitable only for

programming cyclical fragments in which the initial and final values of the loop's
repetition counter are known before the loop is executed.

Format operator:
for (initialization; expression; modifications) operator;

Graphical interpretation of the for loop operator

< By >
* WELL - initial installations (initialization)

Teso mika UV- conditional expression

MPC modification parameter cycle

Initialization 1s used to declare and assign initial values to the variables used in
the loop. Multiple statements, separated by commas, can be written in this section.

For example, So:

for (int i =90, j = 2; .

or

int k, m;

for (k =1, m =20 ..

Region actions variables, announced V parts initialization
cycle, is a cycle. Initialization is performed once at the beginning of the loop execution.

The expression defines the loop execution condition: if its result, cast to type bool
, 1s true , the loop is executed. A loop with a parameter is implemented as a loop with a
precondition.

Modifications are performed after each loop iteration and are typically used to
change the loop parameters. Multiple statements can be written in the modification part,
separated by commas. A simple or compound statement represents the loop body. Any
part of the for statement can be omitted (but the semicolons must remain in place).
places!).

The value of the counter variable can be used in the loop body; Changing its
value is also allowed, but is considered bad programming style.

Note: A loop with a parameter does not cause a loop, since it assumes a finite
number of repetitions.

For all loop operators, exit from the loop is carried out either as a result of the
natural termination of the loop operator, or using transition operators (goto —
unconditional transition, continue — transition to the next iteration) and exit (break — exit
from the loop).

15
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Example: Withdraw on screen table squares first five numbers.

//numbers_and_them_squares
#include<conio.h>

Hauano #include<iostream>
usingnamespace std;

> i=1,i<6,i++ . .
| int main(){
setlocale(LC_ALL,"Rus");

=1i¥ n "
s~ cout<<"\nYucna u ux keagpatei:\n ";

for (int i=1;i<6;i++)
{
int s=i*i; cout<< "\n"
<<i<k "2 = " KKs;

}
_getch();
Konerg return 0;

}

4.2. Operator cycle With precondition (while)

Format operator:
while ( expression ) operator ;
Graphic interpretation operator:

while statement allows you to perform the same actions

- repeatedly depending on the value of an expression
| (condition). The expression must be arithmetic or convertible
+ to arithmetic. The expression is evaluated before each loop
Teno mukia iteration.
3 Job operator
—

false upon entry , the loop is not entered and control is
transferred to the statement immediately following the loop statement. If the condition
evaluates to true (not false), the loop is entered and the loop body, represented by a
simple or compound statement, is executed once. Once the end of the loop is reached,
control is transferred back to its header, where the expression is evaluated again. If the
expression still evaluates to true , the loop body is executed again, and so on until the
condition evaluates to false . If it will always be equals true , then the cycle will
endless, i.e. a loop will occur.

Notes:

— 1in order for the loop body to be executed at least once, the expression (condition)
must be true before the loop body is executed;

— In order for the loop to complete, the values of the variables included in the
condition must change in the loop body.

15
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Example: Withdraw on screen numbers from 1 to 100.

//Schet_ot 1 do 100;

#include<conio.h>
#tinclude<iostream>

i=1 usingnamespace std;
_ int main(){
@ setlocale(LC_ALL,"Rus");
+ cout<<"\nYucna ot 1 go 100:\n ";
_ int i=1; //initial meaning parameter while loop
(i<=100) // we're sorting through first 100
numbers
i=it1 { . .
cout<< " " <<i<< " " ; // conclusion on screen
| values i i++; // Increment the loop parameter by 1

)
J _geten();
return ©;

4.3. Operator cycle with a postcondition (dowhile)

Format operator: Graphic interpretation operator

Y

do
operator;

while (expression ); n
-

Job operator -

Teno mukna

First, the simple or compound statement that makes up the loop body is executed,
and then the expression (condition) is evaluated. If it is true (not false ), the loop body
1s executed again. The loop terminates when the expression evaluates to false or when
any control transfer statement is executed within the loop body. The expression type
must be arithmetic or convertible to arithmetic.

Notes:

— the sequence of statements between do and while will always be executed at least
once;

— In order for the loop to complete, the values of the variables included in the
condition must change in the loop body .

The difference operator cycle while
from operator cycle do. . .while

IN operator while body cycle Maybe Not be carried out no once, If the logical
expression will immediately turn out to be false.

16



161
Example: Withdraw on screen numbers from 1 to 100.

//Chet_ot 1 do_100;

#include <conio.h> #include

<iostream> usingnamespace
i=1 std;

>
=

int main(){ setlocale(LC_ALL, "Rus"

Boisox i )5 cout<< "\n Numbers from 1 to
100:\n " ;
int i=1; //initial meaning parameter do { loop

i+ cout<< " " <kikk ; //conclusion on screen
values i i++; // Increment the loop parameter

by 1
+ } while (i<=100) //we're iterating first 100 numbers

_getch();
return 0;

}

Konernn

4.4. Nested cycles

The loop body can contain any operator, including the operator A loop structure
containing a nested loop is called a multiple loop . The number of nested loops can be
arbitrary. If a loop contains one nested loop, it is called a double loop (Figure 4.2).

£ £ 1 @
+

> || > o>

+
TEJO IUKIIa TEJO LUKIIA TEJO IUKJIa
Y Y Y
Y Y Y
a) b) ¢)
Drawing 4.2 - Block diagrams of some from possible options implementation double
cycle

A loop that contains a nested loop is called an outer loop . In a double loop,
nested cycle is called internal. On Figure 4.2.a shows a flowchart of an algorithm in
which a loop operator with a parameter ( for ) is used to implement both the outer and
inner loops. This type of double loop is used when working with two-dimensional
arrays (tables). In Figure 4.2.b, a loop operator with a precondition ( while ) is used to
implement the outer loop, and a loop operator with a parameter ( for ) is used to
implement the inner loop. In Figure 4.2.c, the outer loop is represented by a loop
operator with a parameter ( for ), and the inner loop is represented by a loop operator
with a precondition ( while ).

16
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Internal variable cycle Always is changing faster, than external. This means that
for each value of the outer loop variable, all values of the inner variable change.

The outer and inner loops can use any type of C++ loop statements ( while,
dowhile, for ) (Figure 4.2).

Example: Given a number of the form ab , where a = 1..2, b = 0..9. Display all
numbers ab on the screen .

1. Mathematical model
Let's write it out All these numbers V row:
10111213 1415161718192021222324252627 2829

First, the units are incremented from 0 to 9, while the tens digit remains
unchanged. Only when the units digit is complete are the tens digits incremented by 1.
After this, the units digits are incremented again, from 0 to 9. In variable a — will be
tens, in b — units.

2. Block diagram 3. Program

Hauano #include <iostream> #include
<conio.h> #include <math.h>

A usingnamespace std;
int main()
{
int s;
s=a*10+b
for(int a=1;a<=2;a++)
1{:or‘(1nt b=1;b<=9;b++)
s = a*1e+b;
< y cout<<" "<«s;
' )
geen(;
return 0;
}

Pe3yabTat paboThl NpOrpaMmbl

10111213 14151617 18192021 222324252627 2829

16:
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Laboratory Job No. 4
Programming algorithms cyclical structures

TARGET WORKS: acquisition skills programming computational repetitive

processes using cyclic operators.

EXECUTION WORKS: V in accordance With option make up And

10.

11.

implement programs.
Exercise |

Using operator cycle With parameter, decide proposed task:

Calculate the sum and product of the first n
natural numbers. Allow 7 fo be entered from the keyboard.
k n
Calculate S = n? k>10.

2 (=1) "
n=1
Calculate amount first n members rows With general ay=—"_— ,k=1,n.

member
VEkZ+2

Determine the average height of girls and boys in a class. There are n students in
the class (n > 15).

Entering 4 grades for each student in a group in a loop, calculate the number of
students who do not have grades 2 and 3. There are n students in the group. Provide
for keyboard input of n .

By entering four grades earned by students during a session in a cycle, determine
the average group score for all exams. There are n students in the group. Allow for
keyboard input of n .

Given n triples of numbers a, b, ¢, enter them one by one from the keyboard in
ascending order and interpret them as the lengths of the sides of a triangle.
Determine how many triples can be used to construct a triangle.

The computer receives the results of the 200m swimming competition, in which n
athletes ( » > 10) are participating, one by one. The display screen shows the best
result after entering the result of the next athlete.

n points ( n > 10) are entered into the computer one by one . Determine how many
of them fall within a circle of radius 7 centered at point (a , b ).

First-grade students are assigned a glass of milk (200 ml) if they weigh less than 30
kg. Determine how many liters of milk are needed daily for a class of n students.
After weighing, each student's weight is entered into the computer.

The list number and height of 10th-grade students are entered into the computer.

Display the list numbers of those students whose height is over 170 cm.
16
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24.

25.
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N athletes compete in a 100-meter sprint . By entering their queue numbers and
results into a computer, determine how many of them met the standard and print
their numbers (the standard is 13.2 seconds).

n points are entered into a computer one by one . Determine how many of them fall
within a ring with an inner radius of 7 ;, an outer radius of » ,, and a center at the
origin .

of n points are entered into the computer one by one . Determine how many of
them belong to the figure bounded by the x-axis and the arc of the sine wave
constructed for an argument with values from 0 to 7 .

A circle of radius » centered at the origin is given. By sequentially entering the
coordinates of n points that are the centers of other circles of the same radius into a
computer, determine how many of these circles intersect the given circle.

Find all three-digit natural numbers whose sum of digits 1s equal to their product.

Find the sum of positive integers greater than 20, less than 100 and multiples of 3.

With =1 +l+...+i
1 3
b3
P

Calculate amount , where n > 10.

By entering the grades received by students during the exam period in a cycle of 4,
determine the number of failing students in the group. There are n students in the
group. Allow for keyboard input of n .

A cylinder with a volume of 1 cubic unit has a height of # . Determine the radius of
the base for values of & from 1 to 6 in 0.5 unit increments.

Withdraw on seal subsequence With common member a :sin( k? +b) , Where

k=0,1, .., K.Provide input of K and b from the keyboard. Calculate the number
of elements satisfying the condition: 0 <a ;,<0.5.

N points are entered into the computer one by one . Determine how many of them
belong to the figure bounded by the ordinate axis and the right semicircle x 2+ y 2=

r2.

of n points are entered into a computer one by one . Determine how many of them
belong to the figure bounded by the line | x |+ |y |=1.

Create a program to calculate the values of a function

p(x)zl( 231 x6—315x4+105x2—5) at change x 0 to 1 With step by step 0.1.
16

. , (x-2)(x-4)(x-6) .(x-64) |
Calculate meaning expressions (x=1)(x-3)(x=5) .. (x-63) For arbitrary

valid numbers X from areas definitions this expressions.

16
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Exercise Il

In two ways (using a loop operator with a precondition and a loop operator with
a postcondition) for a given value x, find the sum of the series S accurate to within a
term of the series whose absolute value is less than eps = 0.0001. Compare this sum
with the value of the control function y .

© N x x2
1. Szzx—:1+—+—+...; x=1.5; and=ex.
= o2
n!
“ x"1n"3 xIn3 x?In?3
2. = =1+ + +.; x=1; y=3~.
P 1! 2!

oo( )nxn 1 X xz
-y _ =———+_—— :x=12; and=
4, S ;) 1 o 2 4% X
5 Szgql 51\ n—1 5+13x+ x2+..; x=-08;y 5-2x
20 v 6% e PPy
2
o n._on 2 4
6. S Z((lz)n;: - X2T+X4_'_ ; x=03; y=cosx
%o
00 n x2 .2(’3_
7 S:Z(—ln—lx—:x_7+ 3 —.; x=04; y=h(l+x)
—~ . [ J )
8 S= Oo(—l)nJrl Aty :sinx—smzx+...; x:—E; y:ﬁ,
nz:‘; n 2 2 2
© 2n+1 3 ) ex_e—x
9 = = —+ » X =2, y:
nzzo(znﬂ)v 3! 2
0 . (2 53
10. = -1 =x—-_—+ _ 0.6:
S ng‘)( ) Y X 3 5 DX , y=arctg x
21 e
1. §= Z;( 1) (2 +1j{c—?+... x=1.4; y=without x.
P n P
00 x2n xZ X4 (andx+e—x)
12. + 4. x=05; y=
n0(2}’l)' 4! 2

. T s
(2n-1) : =" ="
13. S:Zsm n— xzsmxi_s1n3x+m;16x ; and

h 2n—1l
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15.

16.

17.

18.

19.
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21.

22.

23.

24.

25..

l.

” 2
S:Z:(—l)n+1 Cosnx:COSX_COS x+...; x:n; and = In (ZCOSx\
— — .
S= O™ _cosx+ O x+...; x=m; and =—In" 2without

25 2 )

@:200)6211 ﬁ TL, x=-04; y=lhl+x

pmi2e ] ) I
Szi _1_1+1 +1_+...;x:3;y=_1nx+1
n=1 (2]’1 — l)xz"‘ X 3 5x° 2 x-1
g et o x-10 1(x-1 1
z:(2111— )Ver}\{ = +—| ;tlw +..; x=0.6; y=-olnx
- 1\x ) 1 3\x J
® 2 x2  x* x%
_ X =1- + — _ _ —x?
S_g( ) TR T f07- y=e .

!

S:Z(n+1)x”=1+2x+3x2+4x3+...; x=-0.7, ! 5
n=0 y_(l_x)
© 2n+1 3 5 7

X X X X 1+x
S=> =x+—+—+—+.; x=035 y=In
“on+1 35 7 1-x

2n
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OO(_1)11 ) g )4 1
S = x+1 ——x+1 +17 +..; x=-12; y=In .
S = _w(_l)n+11-3 5-.-(2n— 3) T=l+Tx-T X%+ X -
X
E{ 2:4.-6-...-2n 2 2.4 2.4.6
x=-08; y=+1+x |
— ©1.3...(2n— 2" =14+~ x2 6
S—1+1_) (2n I+ x +1_3x4+135x x=0.64
X
— 2-4 2n 2 2.4 2.4.6
1
Y= .
Vi out
without x(jru n,x—withoutx+ x:n; fthe = —x
o on 2 3 2
Task

Which quantity warmth will be requiregy For evaporation 100 g water at 100,

110, ..., 200°C?
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2. Determine internal energy 1 G helium at temperature 10, 15, ..., 50°C.

16:
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IN vessel volume 1 c¢cm? located 10 '® molecules gas. Define gas pressure in a
vessel at a temperature of 0, 1,...,10°C.

What is it? average quadratic speed molecules oxygen at 10, 12, ..., 20°C?
How many warmth stand out at condensation 100, 200, ..., 900 g water vapor?

™ boiler contains 25 kg of superheated steam. What is the steam pressure if its
temperature is 200, 220, ..., 300°C?

What is it? average quadratic speed molecules hydrogen at temperature 10, 15,
..., 50°C?

Determine internal energy 1 G helium at temperature 20, 22, ..., 40°C.

In a vessel with a volume of 480 cm * at a pressure of 2.5-10 * N/m2 ' the gas.
Calculate the number of gas molecules for temperatures of 10, 11, ..., 20°C.

How many warmth will be required For evaporation 200 g water at temperature
100, 110, ..., 200°C?

What is the root mean square velocity of carbon dioxide molecules at a temperature
of 0.5, ..., 30°C?

Determine the root mean square velocity of hydrogen molecules at 0, 5,..., 50°C.

In a vessel with a volume of 450 cm * At a pressure of 2.5 x 10 * N/m ? there is a
gas. Calculate the number of gas molecules for temperatures of 10, 12,..., 20°C.

Determine the internal energy of 1 g of hydrogen at a temperature of 20, 21, ...,
30°C.

Determine the average kinetic energy of rotational motion of hydrogen molecules
contained in 1.0 mol at 10, 11, ..., 20°C.

The density of air under normal conditions 1s 1.3 g/l. What is the density of air at a
pressure of 4.0 x 10 3’ N/m ? and at a temperature of 50, 60, ..., 100°C?

Determine the internal energy of 1 g of carbon dioxide at a temperature of 10, 15,
..., 50°C.

A flask contains a gas under standard conditions. How many molecules of the gas
does the flask contain if its capacity 1s 0.1, 0.2, ..., 0.5 liters?

What is it? average quadratic speed molecules hydrogen at 0, 2, ..., 20°C ?

What is the root mean square velocity of oxygen molecules at temperature 0, 2,
..., 10°C?

In a vessel with a volume of 400 cm ® There is a gas ata pressure of 2.5x 104
N/m ? Calculate the number of gas molecules for temperatures of 0, 1,..., 10°C.

16
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22. How many warmth will be required For evaporation 150 G water at temperature
100, 105, ..., 150°C?

23. Determine internal energy 1 G helium at temperature 20, 21, ..., 30°C.

24. What is theroot = mean square velocity of carbon
dioxide molecules at a temperature of 0.5, ..., 30°C?

25. Determine the internal energy of 1 g of oxygen at a temperature of 10, 15, ...,
50°C.

Control questions

1. What  basic algorithmic constructs can be
implemented using the C++ language?

What it's called cycle?

What such body cycle?

What such loop parameter ?

What such iteration?

What such looping?

Which types cycles do they exist?

Which instructions are used For implementation cycles in C++?

Which instructions is used For implementation cycle With parameter?
10. Can whether use V body cycle variable, being loop parameter ?

11.  Which instructions is used For implementation cycle With precondition?
12.  From what depends quantity repetitions bodies cycle With precondition?
13.  Which instructions is used For implementation cycle With postcondition?
14.  Which from designs repetitions can bring To looping?

15.  How works cycle with counter?

16. IN what case V body cycle are used operator brackets?

17. What are differences between cycles With pre- And With postcondition?

WX NNk WD

Example execution laboratory Work Task 1.

Create a program for tabulating the function

L 242x —647x+1.03

y=e* 3 53 on segment [-4, 4] With step by step 0.2.
X — .
Solution
1. Mathematical model
. : 4—-(-4
Before in total, we will determine number repetitions bodies cycle:S = (=4 +1=41.
0.2

Arguments: variable x of real type. Results: value given functions

y(real type). Intermediate values: integer type counter.

171
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2. Algorithm 3. Program

#include<iostream>
#tinclude<conio.h>

#include<math.h>

. usingnamespace std;
|

int main()
242 x2 - 6.47x+1.03 {

x—5.8

y=e

double x = -4, y;
for(int i=1;i<=41;i++)

t
|

|
y = exp(x)*(2.42*pow(x, 2.0)-
6.47*x+1.03)/(x-5.8);
cout<< " x = " «kx<< "y ="
, <cy<<endl; x+=0.2;

ﬂ#ﬁ% } .
oD o

End

X, yX =

4. Result work programs

X =-3.6 y=-0.161865
X =- 3.4 y = - 0.185016
X =-2.2 y=-0.373639

Exercise II. For x = 0.47 find amount rows

[LX 13 x 1-3-5-...-QV)— x2" )
y=x+ 3_3" : +...+ 41 + .
23 5,
2:4 5 2-4-6-...-2n %’H

accurate to a term of the series smaller (in absolute value) eps = 0.0001, using a loop
operator with a precondition. Compare the resulting sum with the value of the function

for control Y = arcsin x

Solution

1.  Mathematical model. Let p1 denote successive products odd numbers.Through
p2 - sequential works even numbers.

In C++ (math.h ), there is arcsin function x , therefore To calculate the control
function, we use the relation: y = asin(x).

Arguments: x - variable material like, -1 < x <1 .

Results: summa - sum members rows material type;
y is the value control functions (real type).

Intermediate quantities: 17
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eps — a constant with which the absolute value of the current member of the series is
compared: the members of the series represent a decreasing sequence, therefore,
according to the condition, the calculation of the sum of the members of the series will
continue until the absolute value of the current member of the series is less than eps ;

pl — consecutive works odd numbers, material type;

p2 —sequential works even numbers, material type;

p - private, received at division p1 on p2 , material type;

n - number member rows, whole type;u - current member rows, computable By

2n

formula u = 1o thing type;

2n+
1

2. Algorithm

3. Program

=1le-4

summa = 0

u=x;pl=1;p2=2

summa = summa +u

|
p=pl/p2

x2n+1

2n+1

|
n=n+1
|
pl=pl1(2n-1)
|
p2 =2np2

]

u=p

|
‘yzammn(x)‘

sunj, y

// calculation amounts members
rows #include <iostream>
#include <conio.h> #include
<math.h>

usingnamespace std;

int main()
{ // description And initialization given accuracy
double eps = 0.0001;
// description variables, input X, initial
// installations
double x, u, pl, p2, p; cout<<
"Enter the value of x: " ;
cin>>x;
int n = 1;
double summa = 0;
u = X;
pl = 1;
p2 = 2;
// organization calculations amounts members
series while (abs(u) > eps)

{
summa += u;
p = pl/p2;
u = p*pow(x, 2*n+1)/(2*n+1);
n++;
pl = p1*(2*n-1);
p2 = p2*2*n;
}
// calculation values control functions double y
= asin(x);
// conclusion results
cout<< " Sum this rows at x = " <<x<< ", with an
accuracy of 0.0001, S = " << summa<<endl;
cout<< " Meaning control functions, at = " <Ky;
_getch();
return 0;

} 17.
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4.  Result work programs

Enter the value x: 0.47
Sum this rows at X = 0.4700 precision to 0.0001, S = 0.4893 Control
function value, y = 0.4893

Conclusion: Accuracy to 0.0001 meaning amounts rows And meaning control
functions coincide, therefore, the calculation of the sum of the terms of the series is
programmed correctly.

Note : To write a program using a loop with a postcondition, it is enough V
given below program the while (abs(u)> = construct eps)
{ body cycle } replace on do{ body cycle } while (abs(u) >= eps);

17:
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5. Subroutines

5.1. Concept subroutines

When solving problems, we often encounter situations where the same commands
must be executed for different sets of input data. In some cases, a repeat command can
be used to organize repetitive calculations. Sometimes, it makes sense to isolate
repetitive command sequences into a separate block, placing it outside the main
program, and then calling this block at the appropriate location by specifying the
appropriate set of parameters. Such a block, which implements a complete stage of data
processing and can be accessed from various parts of the main

program, is called a subroutine. A subroutine is designed as
a closed program section with a clearly defined input and output. Using subroutines
saves RAM, since memory is allocated to store variables used only within the
subroutine for the duration of its execution.

Most programming languages contain the following types of subroutines:

- built-in subroutines;
- library subroutines;
- subroutines, created programmer.

In C++ (as in C), subroutines are implemented as functions. A distinction is made
between library (standard) functions and functions created by the programmer.

Library (standard) functions

C++ provides standard functions that have specific names and perform standard
actions. These functions are defined in the language and bundled into header files or
libraries. To use a library function, you must include the corresponding header file in
your program. To call such a function, simply In the body of the main or user-defined
function, specify its name and list of actual parameters.

Functions, created programmer
C++ allows a programmer to define his own function and then use it in the same
way as library functions.

5.2. Formal And factual parameters

A subroutine (or, in C++, a function) is composed formally. The variables used
within it are called formal because they do not exist in the same capacity as ordinary
variables and constants.

Formal parameters are variable identifiers that pass information from the main
program to the subroutine and back. Their names are used in the body of the subroutine,
but in reality, it will process factual parameters, transmitted at call, which

171
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may have completely different names. When a subroutine is called from the main
program, the formal parameters are replaced by actual ones , establishing a one-to-one
correspondence between them that satisfies one condition: the corresponding parameters
must match in order and type. The subroutine block is executed for the actual set of
parameters.

Actual parameters are information about what values to pass to the subroutine's
arguments and what program names to pass the subroutine's result values to.

Description subroutines asks formal diagram processing information, while the
subroutine call operator configures this formal scheme for the specific processing of
actual data.

5.3. Local And global variables

A variable 1s a named memory location that stores data of a specific type. A
variable has a name and a value. The name is used to refer to the memory location
where the value is stored. A variable's value can be changed during program execution.
Any variable must be declared before use.

A variable's declaration, in addition to its type and storage class, explicitly or by
default defines its scope. The storage class and scope depend not only on the declaration
itself but also on its placement in the program text.

The scope of an identifier is the part of the program in which it can be used to
access the associated memory location. Depending on the scope, a variable can be local
or global .

If a variable is defined inside a block (remember that a block is delimited by curly
braces), she is called local , region her actions — from declaration point to the end of the
block, including all nested blocks. If a variable is defined outside of any block, it is
called global and its scope The action is considered to be the file in which it is defined,
from the point of description to its end.

The memory class determines the lifetime of the scope of a software object (in
particulars variable). If Class memory Not specified obvious in this way, It is
determined by the compiler based on the context of the declaration.

Time life Maybe be constant(in flow execution block).

Region the visibility of an identifier is called part program text from which
normal access to the memory region associated with the identifier is permitted. Most
often, the visibility scope coincides with the action scope. An exception is when a
variable is declared in a nested block. with the same name. In this case, the outer
variable in the nested block is invisible, even though the block is within its scope.
However, this variable, if global, can be accessed using the scope access operator "::".

For tasks class memory are used next specifiers:

17
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— auto - automatic variable. Memory for it is allocated on the stack and, if necessary,
initialized each time the statement containing it is executed her definition. Liberation
memory is happening at exit From the block in which the variable is declared. Its
lifetime is from the moment of its declaration until the end of the block. This
specifier is not used for global variables, and for local variables it is accepted by
default, so specifying it explicitly doesn't make much sense.

— extern — means that the variable is defined elsewhere in the program (in another file
or further down the text). This is used to create variables that are accessible in all
program modules in which they are declared.

— static — a static variable. Lifetime is constant. Initialized once during the first
execution of the statement containing the variable definition. Depending on the
location of the declaration statement, static variables can be global or local. Global
static variables are visible only within the module in which they are declared.

— register — similar to auto, but memory is allocated in processor registers whenever
possible. If the compiler doesn't have this capability, variables are treated as auto.

int a; // 1 global variable a
int main()
{
int b; // 2 local variable b
extern int x; // 3 variable x is defined elsewhere
static int c; // 4 local static variable with a= 1;
// 5 assignment to a global variable
int a; // 6 local variable a
a= a; // 7 assignment to a local variable
t:a= 3; // 8 assignment to a global variable
return 9;
}
int x=4; // 9 defining and initializing x

In this example, the global variable a is defined outside of blocks. Memory for it
is allocated in the data segment at program start, and its scope is the entire program. Its
visibility scope is the entire program, except for lines 6-8, since the first of these defines
a local variable with the same name. Its scope begins at the point of its declaration and
ends when the block is exited. Variables b and ¢ are local, their scope is the block, but
their lifetimes differ: memory for b is allocated on the stack upon block entry and freed
upon exit, while variable ¢ is located in the data segment and exists for the entire
duration of the program.

If the initial value of variables is not explicitly specified during definition, the
compiler assigns global and static variables the zero value of the corresponding type.
Automatic variables are not initialized.

17
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A variable name must be unique within its scope (for example, there cannot be
two variables with the same name in one block).

17
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To determine the scope of identifiers, one must adhere to rules:
- every identifier must be declared before itis wused ;
- region actions identifier is block, V which He described;
- Allidentifiers V block should be unique, those. Not repeat;
- one And That same identifier Maybe be differently defined V each individual
block.

If the identifier of a user-defined function matches the name of a standard
function, the latter is not available in the scope of the user-defined function, i.e. the
standard function is ignored, and the user-defined function is executed.

5.4. Functions

A function is understood as a set of operators that jointly perform a certain action
with a specific purpose, designed in accordance with the requirements of a
programming language.

WITH concept functions V language C++ connected three the following components:
— description functions;

— prototype;
— call functions.

A function description consists of two parts: a header and a body. The function
description is written as follows:

result type function _name ([parameter_list]) // header

{

/* declarations and operators
or, in other words, the body of the function*/

}

Here, result_type is the return type. If the type specifier is missing, the function
i1s assumed to return an integer ( int ). If the function does not return any
value, the void specifier is used in place of the type . The parameter list must
specify a type for each parameter. If there are no parameters, the list may be empty or
have the void specifier .

The function body is a sequence of declarations and statements describing a
specific algorithm. An important statement in the function body is the return statement:
return [expression];. The return statement has a dual purpose. It ensures immediate
return to the calling function and can be used to pass the calculated value to the
function. A function body may contain multiple return statements , but it may also
contain none. In the latter case, return to the calling program occurs after the last
statement in the function body is executed.

A function prototype can be specified before calling the function instead of a
declaration functions For Togo, to compiler could execute check

18!
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Argument and parameter types correspond. A function prototype is the same form as a
function header, ending with " ;5 ". Function parameters in a prototype may have names ,
but the compiler doesn't need them .

The compiler uses a function prototype to compare argument types with
parameter types. The C language does not provide automatic type conversion when
arguments do not match their corresponding parameter types; thus, C provides strict
type checking. With a prototype, called functions do not have to be located in the same
file as the calling function. This means that function body declarations can be placed in
another file, which must be included in the source file using the #include directive .

A function call can be written as a statement if the function has no return value,
or as an expression if it does have a return value.

IN first case operator has next format:

function_name ([argument_list]);

For example: Print(“HelloWorld!”);

In second case expression is being recorded next way:
Variable = function_name (argument_list);

For example: z=max(x,y);

The value of the evaluated expression is the return value of the function. The
return value is passed to the function caller and is the result of its execution.

The number and types of actual parameters (arguments) must match the number
and types of the function's formal parameters (parameters). When a function is called,
the actual parameters (arguments) are substituted for the formal parameters
(parameters). Thus, the function declaration defines a formal information processing
scheme, while the function call operator configures this formal scheme for the specific
processing of actual data.

Below is given example functions With returnable meaning.
Example 1. Create a program containing a call to the function for calculating the
maximum of two numbers.

Possible solution this tasks has view:

//description functionsmax located V this file below bodies main functions #
include <conio.h>

# include <iostream>

usingnamespace std;

// description of the user-defined function
int max ( int a, int b) // function header

{
int c; //
c=(a>b)?a:b; // function body

18
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return c ; //
}
void main()
{
setlocale(LC_ALL,"Rus");
int x,y,z;
cout << "\n one by one enter X And at \n";
cin >> x >> y;
z=max(X,y); // call
functions cout << "z=" << z;
return ;
¥
Description functions located V one file With main program.
The function call 1s the expression on the
right side of the operator
assignment z = max(x,y); , at execution whom values arguments x And y are

substituted instead of parameters a and b, respectively (passing parameters to a
function by value). After executing the function body, the return value is passed to the
function caller and assigned to the variable z .

In the program discussed above, the function has a return value. There are tasks
that don't require a return value. Such an example is given below.

Example 2. Usage functions without returned values.

Create a program that includes a function, When accessed, the character typed on
the keyboard is displayed on the screen. Pressing the Enter key terminates the
program.

void print(char); // function prototype

void main()

{
char x;
cout<<”\nEnter the characters.”<<” Enter - end of input”;
do
{
x = getch();
print (x);
}
while (x! == 13);
return 0;
}

void print(char a) { cout <<a << “\t“; }

IN functions print() absent returned meaning, That's why The function is called
using the print(x); function call operator . As aresult of calling the function, the

character entered from the keyboard using the x = getch() operator will be
displayed on the screen .

18:
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Laboratory Job No. 5
Usage functions For solutions applied tasks

PURPOSE OF THE WORK: to consolidate theoretical knowledge and acquire skills
in programming functions.

EXECUTION WORKS: master theoretical material, execute general
for all task I and in accordance with the option, create a
program (task II), implementing the user function.

Exercise |

Study order announcements And descriptions functions:

— implement (debug and run programs) examples 1, 2,
paragraph 5.4 given in the theoretical information;

— design V notebooks, having written down condition, block diagram And
result operation of the relevant programs (examples 1, 2, paragraph 5.4).

Exercise Il

IN in accordance With option make up And implement program:

1. Three right triangles are given by their legs. Determine which one has the larger
area.

2. Three segments are given vertex coordinates. Determine whether any of them are
of equal length.

3. On average, three ships arrive at the port per day. What is the probability that Will
2 ships arrive at the port? 4 ships? The probability is calculated using the formula:
P=3ke3/k!.

4. Find the arithmetic mean of the real roots of three quadratic equations.

Three different blocks, each shaped like a cube with a given edge, are given. A
regular quadrangular pyramid (the base being the cube's edge) is cut from each
block. Calculate the volume of material wasted .

6. Given valid numbers 4 And b . Calculate,
(). o)

g(lza a)+g(b: a)-g(Za- 1) ab)9 rneg x,y =

x2+2xy+3y2+4

7. edge lengths of an arbitrary triangular pyramid are given
Calculate the total surface area of this pyramid.

8. Calculate the volume of a "snowman" consisting of three balls with arbitrary radii.

18:
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Each of the three rings is defined by an inner and outer radius. What is the area of
the largest ring?

Calculate meaning expressions a! +b! +c! + d!.

Calculate the area of a "Christmas tree" consisting of
four triangles with known sides.

Find minimum meaning among roots three square equations (each equation is
defined by three coefficients).

Given valid numbers a And b. Calculate
max (u +12, 3.14),

Where u=max(a,b), v=max(ab,a+b), A max - subroutine For calculating the
maximum value for two given numbers.

The radii of three spheres are given. Calculate the arithmetic mean of their volumes

Dana arithmetic progression a , , a ;— first her element, d - difference. Find the
second, third, fourth, and seventh elements and their sum.

Given valid numbers s And ¢ . Calculate /' (¢,-2s,1.17) +f(2.2,¢,5-1),

f(x’y,Z)_Zx—y—sinz
5+‘Z‘

Find  the largest of five given numbers using the
find largest of two numbers routine .

Calculate meaning functions:

y=0(3)+¢(76)-(o( 11.2)—cp(5)),1f(p(xQ(%x2 —4x + €

Calculate meaning functions

2x?
f(x)=2sinx—42cosx+ Andg

. (x)= 10V5x

For values X= 0.1; 0.35; 0.53.
Calculate meaning functions x=2f(15-4f(-1)g(11)+g(32),If

f(x)=10x+e?*; g(x)~2x+x>.
From Cuba with side A sawed out cube with side b (a> b ). Which percent
material went to waste?

Each one from three circles given coordinates center And coordinates of a point
on a circle. What is the greatest circumference of the circle?

Find the smallest from four given numbers, using subroutine finding the smaller
of two numbers.

Given valid numbers a And b. Calculate
min Q u-v?,4.5),

where u = min(a, b), v=min(a/b, 4% b), and min is a subroutine for
calculating the minimum value for two given numbers.



185

25. Calculate big material roots square equations ax?-+bx+ With=0and t
x 2+ px+q=0 if they exist. In Otherwise, display the corresponding message on
the monitor screen.

Control questions

What such subroutine?

How subroutine is possible implement V C++?

Which parameters are called formal?

Which parameters are called factual?

What is a variable?

What such region actions identifier?

What such local variable? What such global variable?

What 1s it? region actions local identifiers?

9. What is it? region actions global identifiers?

10. What such function?

11. How is different announcement functions from her definitions (descriptions)?
12. List composite parts descriptions functions.

13. What such prototype functions?

14. How is described function user V program?

15. What such returned meaning functions?

16. How is being carried out call functions from basic programs?

A

Example execution laboratory work

Exercise. Asking With keyboards coordinates peaks triangle, determine whether it is
equilateral.

Solution

1. Mathematical model

A triangle is equilateral if the lengths of its sides are equal. We find lengths sides
triangle, using subroutine finding the distance between two points.

Arguments: al, bl, cl, a2, b2, c2 whole type - coordinates vertices of the
triangle.

Results: text message.

Intermediate quantities: a b, b s, ace material type - lengths sides of the triangle.
Distance between two dots A(x1,yl) And B(x2,y2) we find By formula: AB =

sqrt(sqr(x2 - x1) + sqr(y2 - y1).

18:
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2. Algorithm — main program: — subroutine:
{ Hayajio ) @na(xl ,y1,x2,y2) >

A4 v
al,a2,bl,b2,cl,c2 dlina =sqrt(sqr(x2-x1)

+sqr(y2-yl)

v

ab = dlina(al,bl,a2,b2) v

KOHCEI]
v

bc = dlina (bl,c1,b2,c2)

Y
ace = length (al,c1,a2,c2)

(ab=bc)&&( be=ac)
&&(ab=ac)

A 4

SIBJISIETCS HC ABJIICTCA
A4
( KOHECI )
3. Program 4. Pe3yabTaTpadoThInporpaMmmsi:
#include<iostream>
#include<conio.h> 3apanTte KoopaMHaTbl To4dek A, B, C
#include<math.h> 006651
constdouble eps = 0.01;
usingnamespacestd; TpeyrofbHUK He fABNSETCHA PABHOCTOPOHHUM

double Dlina (double x1,double yl,double x2,double y2){
return (sqrt((x1-yl)*(x1-yl)+(x2-y2)*(x2-y2)));
}

int main(){
cout<<endl<<"3apante koopaumHaTel To4yek A, B, C"<<endl;
double al, a2, bl, b2, cl1, c2;
cin>>al>>a2>>b1>>b2>>c1>>c2;

double ab, bc, ac;

ab = Dlina(al, bl, a2, b2);
bc = Dlina(bl, cl1, b2, c2);
ac Dlina(al, c1, a2, c2);

if ((fabs(ac-bc)<eps) && (fabs(bc-ab)<eps) && (fabs(ac-ab)<eps))

cout<<endl<< " Triangle is equilateral " ;
else cout<<endl<< "The triangle is not equilateral” ;
_getch();
return 0;

} 18!
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6. Iteration And recursion
6.1. Concept iterative process

An iterative process can be defined as a computational process based on on
repetition sequences operations, at which on Each iteration step uses the result of the
previous step. Examples of iterative algorithms include algorithms for calculating the
factorial of a natural number, the Fibonacci sequence, the sum of the terms of a
sequence with a given number of terms, and so on. Iterative processes are usually
programmed using loop constructs.

Example Computing factorially number 7 .
int factor ( int n)

{
int f=1;
for (int i = 2; i <=n; i++)f *= i;
return f;

}
6.2. Conceptrecursion

At the same time, repeating the sequence of actions can be This can also be
accomplished using another method based on the principle of the possibility of
explicitly including a construct of the same type in programming language constructs.
In particular, in the C++ programming language, any function can call itself. Such a call
1s called recursion. A function that calls itself is called recursive .

In general, an algorithm for solving a problem is called recursive if it is expressed
in terms of solving a simpler version of the same problem and, in addition, it provides a
solution to the simplest version of the problem.

When calling functions recursively in C++, a stack is used. organizing storage of
local parameters.

A stack is the simplest dynamic data structure. Elements are added to and
retrieved from the stack from one end, called the top of the stack. This is said to be that
the stack implements the LIFO (last-in-first-out) service principle.

Stacks are widely used in system software, compilers, and various recursive
algorithms.

Differences between iteration And recursion:

iteration requires a loop and auxiliary quantities, while recursion does not require
auxiliary quantities and is usually easier to understand, shorter and more visual than
iteration;

iteration requires less memory space and less computer time than recursion, which
requires stack management costs;

3) atimplementation recursion great probability overflow stack.

18
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Therefore, when choosing a method for describing a function, one should first
decide whether to prioritize program efficiency or compactness. However, recursions
should be avoided where there is an obvious iterative solution. However, there are
many good examples of recursion applications (constructing graphical images of
various patterns, working with binary trees).

When describing a function recursively, the latter must always contain at least
one alternative non-recursive branch of the algorithm with condition for the termination
of calculations, ending with the return statement of the result.

Distinguish two forms recursive subroutines:

- straight recursion ;
- indirect recursion .

IN first case function contains call this same functions.

Indirect recursion occurs when two or more functions call each other. In the
case of two functions, one function calls another function, which in turn calls the
original function. To prevent looping, one or both functions must check a termination
condition.

Example: Create a recursive function that calculates the factorial of a number » using
the formula (remember that 0! = 1):

nl'= JL n :1;
n-(=1)L,n>1.
long fact (longn)
{
if(n==0 || n == 1)return 1;
return(n*fact(n-1));
}

That same the most Can write down Briefly speaking:

long fact ( long n)
{

}

return (n> 1) ? n*fact(nl) : 1;

Example: Print sequence, consisting of n letters A and n letters B.

void abn ( int n)

{
COUut<<”A”;
if (n > 1) abn(nl);
cout<<”B”;
return
¥

18:
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Laboratory Job No. 6
Programming recursive algorithms

TARGET WORKS: consolidation skills programming With using recursive functions.

EXECUTION WORKS: V in accordance With option , using straight
recursion, compose And implement program.

Exercise

1. Describe the recursive function NOD(A, B) of integer type that finds the largest
general divider (NOD) two whole positive numbers A and B, using algorithm
Euclid: GCD(A, B) = GCD(B, A mod B), if B # 0; GCD(A, 0) = A. WITH
help this functions find GCD(A, B), GCD(A, C), GCD(A, D), if the numbers
A, B, C, D are given.

2. For n = 12 find numbers Fibonacci. Numbers Fibonacci: F(0) =1, F(1) =1 F(
n)=F(n-2)+F(n-1)

3. Given whole numbers m And n, Where 00<m <n calcu;yallte using recursion,
RYmkg,- combinations C( 7, m) By =C"Z1, C"2C n 1C at
n n n n -1
-1
. Cm = n!
0 <m <n. Taking advantage of formula Can check
nm! ( n-—
right result. m)!
4. Describe a recursive function that, given a real x and an integer n, calculates the
value x " according to the formula:
{ I,n=0,
X }’l: |—1”— N n< 0
x|
X (xn_1 ), n>0.
5. Given a sequence of positive numbers, each ending in a negative number,
calculate the number of numbers and their sum using recursion.
6.  Write a recursive function K ( n ) that returns the number of digits in a given
natural number » using th‘e formula:
K ( n)= If n<l10,
) +1,

7. Let us define a function S (#) thatcalculates the sum of the digits of
a given natural number:

§(n)= (n, Ifn<10,
iS(n div10) + modl0, Ifn=10.
n
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Describe a recursive function DigitSum( K ) of integer type that finds the sum of
the digits of an integer K , not Using the loop operator, find the sum of the digits

for five given integers.

of the followilﬁg fg)%‘m:
e

cos”_lx(acosx+nwithoutx)+

8. Given a vector X of n real numbers, find the minimum element of the vector
using an auxiliary recursive function that finds the minimum among the elements
of X, starting with the nth .
0. Write a recursive function to find the binomial coefficients (for a given M >i>j
>0, calculate all C l-j ):
I,Ilfn=morm=0;
amn j ( J'n— lf m
| €1 €y
10.  Write aprogram  to calculate the Ackermann function for all
non-negative integer arguments m and n:
A(0,n)=n+1,
A(m,n)=4 A(m,0)=A(m—1,1),m>0,
L|A(m,n) =A(m—1,4(m,n—1)),m,n>0.
11. For given integration boundaries a
and b, calculate the value of the definite integral

n—1 ax n-—2

€ >
| a2+l’l2 a2+n2 COoSs xdx,n>2,
o 7 —e* (sin x + a cosx)
Ie cos Xdx= T3 ,n=1,
a” +n
ean
—,n=0
| a
12.  For given integration boundaries a
and b, calculate the value of the definite integral
of the following form:
7= xsine x _
j €08 N " 1]005”—2xdx,n>2,
n n
. 1
jcos xdx=4—+ —sin2x,n =
sinx, =1.
n
13.  For given integration boundaries a
and b, calculate the value of the definite integral

of the following form: 191
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without” = - Without 2x,n=2,

I,V thﬂut
J -

—cosx,n=1.
14. For given integration boundaries a
and b, calculate the value of the definite integral
of the following form:
1 _cosx +n—2J~ dx 2,
n=1 gin""! n-1"gin"" %%
dx X
= X
_[ . n kvtg_anzla
sin” x
x,n=0;
15. For given integration boundaries a
and b, calculate the value of the definite integral
of the following form:
(1 sin x n—2 dx
+ ,n=>2,
n-1 cos"lx n—1"cos"? x
J. de | ( T X
TaInigl __+4ln=1,
cos x \Z j
x,n=0.
16. For given integration boundaries a
and b, calculate the value of the definite integral
f the following form:
of the following form [x”e“x_n L
— _[ x e dx, n>1,
J. a
1
a
17.  For given integration boundaries a
and b, calculate the value of the definite integral
of the following form:
[Xna _ n I%an—ladx,n>l,

x " a™ right = TLXW #ln a
j a ready™
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|\ min
|mha e
——> n=1
m (Inand
) 2
18. For given integration boundaries a
and b, calculate

the value of the definite integral
of the following form:

19
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Iln” HXIH x—nIlnn_lxdx,n>1,
n
xdx =1
| XInx—x,n=1.
For given integration boundaries a
and b, calculate the value of the definite integral

of the following form:

xmt 1 I n
W x— X" p !
M " {m+1 X WI In"" xdx,n>1,
JJ xdx = 4
- =1.
For given integration boundaries a
and b, calculate the value of the definite integral
of the following form:
[f 1 ] X dx |
7|[1 \an +(2n- 3)I \”1|,n>1,
J-( ) B 2(n 1)a 2+ 2 ) (g2+x2) J
— arctg —,n=1L
a a
For  given integration boundaries a
and b, calculate the value of the definite integral
of the following form:
j tg xdx SN2,
J.author"xdx =4 -In cobx,n=1,
x,n=0.

|

boundaries a
the value of the definite integral

n—2
ctg  xdx ,n>2,

boundaries a

For  given integration
and b, calculate
of the following form:
n—1
[ l— ctg X
| n—1
J.ctgnxdx:{ Inkine X,n=1,
x,n=0.
|
For given integration
and b, calculate

of the following form: ( m

_X 19/M
| __cosax + _J.X
a

'fx sin ax =4

the value of the definite integral

m—1
cosaxdx,m >1, |
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cosax a
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24.  For given integration boundaries a
and b, calculate the value of the definite integral
of the following form: ( m
_ X m m—1
| _sinax+_jx sin axdx,m >1,
m a a
j X cosax= '
_ sinax

,m=0.
[ a

25.  Write a recursive function that multiplies two integers, one of which is non-
negative, without using the multiplication operation.

Control questions

Which process is called iterative?

What way are being implemented iterative processes?

What algorithm? it's called recursive?

Which function it's called directly recursive? Indirectly recursive?

What such stack?In Which sequences is happening filling a stack and

popping elements from the stack?

What should Necessarily be present V body recursively described function?

7. List differences between iteration And recursion.

8. What will happen, If recursive algorithm will call myself myself
"infinite" number once?

0. How prevent infinite execution recursive algorithm?

10. Right whether, What solution tasks, feasible recursive algorithm, can be

expressed using iteration?

Nl S e

a

Example of completing laboratory work Assignment.
For given borders integration a And b calculate meaning
certain integral next type:

(X" n
|
Ix"ecxdx:<1 egf

n—1 cx

_ij e dx,n>1,

() -
|Lc_2€x 1,n 1;

Solution

1. Mathematical model
Arguments: boundaries integration a, bwhole type; degree
nl of an integer type.

Results: difference int_b - int_areal type.

19:
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Intermediate quantities: the value of the integral for the lower boundary of integration

int_a; the value of the integral for the upper boundary of integration int_b

(real type).

2.  Algorithm

(Integrati (n, X) )
o0

v s _
BBoma, b,nl

v

int_a = Integrate (nl, a) Integrate— e’ (cx—1)
v c’

int_b= Integrate (nl, b) v

v

\ + -
BeiBogint_a-int b

x"e n
Integrate = .. —— -Integrate(n—1,x)
—

c L

3. Program

//calculation values certain integral #include <iostream>
#include<conio.h>
#include<math.h>

usingnamespace std;
double Integrate(int n, double x);

int main()
{
double b, a;
int nl;
cout<< "Enter A And b, Where b more a : "
cin>>a>>b;
cout<<endl;
cout<< " Enter degree n : 5
cin>>nil;
cout<<endl;

)

double int_a, int_b;
int_a = Integrate(nl, a);
int_b = Integrate(nl, b);

19
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cout<< "Meaning certain integral at A = " <<a<< " And b = " <<bxx

equals " <<int_b-int_a;
_getch();
return 0;
}
double Integrate( int n, double x)
{
double ¢ = 2.0; // meaning constants A is selected arbitrary
if (n == 1) return (exp(c*x)/(c*c)*(c*x-1));
if (n > 1) return (pow(x, n)*exp(c*x)/c-(n/c)*Integrate(n-1, x));
}

4. Result work programs

Enter a And b, Where b more a: 2 4
Enter the power of n: 3

The value of the definite integral at a = 2 and b = 4 equals 67328.1534

19
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7.  One-dimensional arrays
7.1. Concept structured type data

Synonyms names "base type" are names "standard",

"predefined." The implementation of these types is defined in the language standard,
and the programmer has no right to change the predefined ones. Derived type (defined
by the programmer) is this type, which should be declared by the user before use.
Derived types include arrays, enumerations, functions, structures, references, unions,
and classes. It is useful to remember that the type of a data item determines its
placement in memory and the set of operations.

A structured type is a set of elements—data—combined by the programmer into a
single block in accordance with the specifics of the problem being solved. The data
included in the block can be of the same or different types. all block data has general
Name. Every element is different from others either by a serial number (index) — in an
array, or by their name and, possibly, type - V structure.

Any of the structured data types are characterized by the multiplicity of elements that
form this type. Variable or a constant of a structured type is always has several components.
Each of these components, in turn, can belong to a structured type, which allows us to talk
about possible nesting types.

In C++, the following structured types can be distinguished: arrays, structures,
associations, classes, files.

7.2. Concept description type array

When using simple variables, each memory area for storing data has its own
name. If a group of values of the same type require similar operations, they are given a
single name, and are distinguished by their ordinal number. This allows for a compact
recording of multiple operations using loops. A finite named sequence of identical
values is called an array . The declaration of an array in a program differs from the
declaration of a simple variable by the presence after the name of the square brackets, in
which the number of array elements (size) is specified.

General view descriptions array:
data_type array_name [number_of_elements 1]..[number_of_elements n ];

Here:

1) data_type is the type of the array elements. This can be any standard or user-
defined data type. For example, you could define an array of coordinates of points on a
plane, in which case one array element contains two coordinates of a single point. You
could define an array of student information, in which case one array element contains a
variety of information. O student, For example, surname, Name, age, address And
others. IN these
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cases For definitions type one element array isused also a derived type, such as an
array or structure;
2) array_name — correct identifier;
3)number_of_elements - This constant, given obviously or named (constant
expression). Variables cannot be used! ;
4) n —dimension array.
At n =1 description corresponds one-dimensional array (vector),
n =2 - two-dimensional array (matrix),
n > 2 - multidimensional array.
On dimension arrays restrictions Not is imposed.

Dimension array Always equal quantity indices (dimensions). Size is
usually understood as the number of elements in an array.

Example fixed array on C/C++

float a[1@]; // description one-dimensional array from 10 material
numbers int Array[1@]; // one-dimensional array of integers with
size 10
// numbering of elements from © to 9 double
Array[12][15]; // Two-dimensional array material numbers double
// size accuracy 12 by 15. Numbering
// by rows from @ to 11, by columns from © to 14

Note: When declaring arrays, square brackets are a syntax element and do not
indicate that the construct is optional.

Array elements are numbered starting from zero. Initialization values for arrays
are written in curly brackets. Values are assigned to elements in order. If there are more
elements in the array, the elements for which the values not specified, reset to zero:

int b[5] = {3,2, 1}; //b[@] = 3,b[1] = 2, b[2] = 1, b[3] =@, b[4] = ©

Note: Each array element can be accessed directly. To do this, you must specify
the array name and the element number (index) in squares. in brackets.

The array size, along with the type of its elements, determines the amount of
memory required to allocate the array, which i1s done at compile time. Therefore, the
size can only be specified by a positive integer constant or a constant expression. If the
size is not specified when declaring an array, an initializer must be present, in which
case the compiler will allocate memory equal to the number of initialization values.

7.3. One-dimensional arrays

A one-dimensional array is an array with one parameter (dimension)
characterizing the number of elements in the one-dimensional array. The dimension is
n=1.

Figure 7.1 shows the structure of a  one-
dimensional integer array ~ a . The size of this array is 10 elements (cells).

-5 2] 0 |-6]12]5 ] 8 | 23| 4 |-3]
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a[e] a[1] a[2] a[3] a[4] a[5] a[6] a[7] a[8] a[9]
Figure 7.1 - One-dimensional array V C++

The maximum index of a one-dimensional array a is equal to 9, but the size of the
array is 10 cells, since the numbering of the array cells is always starts with 0. A cell
index is a non-negative integer that allows you to access each cell of the array and
perform any actions on it (the cell).

int a[1@]; //an example of declaring the array shown in the figure 7.1,
// where int is an integer data type ;
// a is the name of a one-dimensional array;
// 10 is the size of the one-dimensional array a.

Typically, when describing an array, its size is specified as a named constant, for
example:

constant n = 6;
int a[n], b[n]; //two one-dimensional arrays of 6 integers are described

No operations are defined on an array as a single structure. All actions are
performed on individual array elements. Moreover, all operations defined for variables
of the same type are valid on array elements.

To contact element array after name array indicated element number in square
brackets, for example: a[4],b[1].

IN next example is being counted sum elements array.

#tinclude <iostream>
int main()

{
const int n = 10;
int i, sum;
int marks[n] = {3, 4, 5, 4, 4};
for (1 =0, sum = @; i<n; i++) sum += marks[i];
cout <<”CymmasnemeHTOB: ” << sum;
return 0;
}

It is preferable to specify the size of arrays using named constants, as is done in
the example, since with this approach, to change it, it is enough to adjust the value of
the constant in just one place in the program.

Note: When accessing array elements, automatic checking for index out-of-
bounds is not performed, which can lead to errors.

7.4. Main actions over elements arrays

Initialization array: assignment to everyone element initial values:
a ) initialization :

int a[6] = {@, 5, -7, 180, 15}; //a[@] = @, a[1] = 5, a[2] = - 7,
//a[3] = 100, a[4] = 15, a[5] = @
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Initialization of a one-dimensional array is performed within curly braces after the
equal sign, with each array element separated from the previous one by a comma. The
number of constants must correspond to the number of array elements. Otherwise, if the
array size is greater than the number of initializers, then elements for which values are
not specified are zeroed.

int a[]={5,-12,9,10}; //initialization array without defining its size

In this case, the compiler will automatically determine the size of the one-
dimensional array. The array size can be omitted only during initialization; a standard
array declaration requires specifying the array size. To programmatically determine the
number of elements in such an array, use the sizeof operator:

int len; // number elements
len = sizeof(month) / sizeof (int);

So, when defining an array, you can initialize its element values by defining a list
of initialization values. For example, a year always has 12 months, and the number of
days in each month is known, so this structure can be defined as an array:

int month[12] = {31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31};
Equivalent initialization is simple assignment type:
month[@] = 31; // 3January

ﬁgnth[ll] = 31; // December
b) input elements array from the keyboard:

constant n = 10; int
a[n];
for (i = 0; i<n; i++)
{
cout<< ” Enter ” <<i<< ” element :
»” ;cin>>alil];

}

V) formation array With help generator pseudo-random numbers:

#include <time.h> // for time(0)
#include <stdlib.h> // for srand() and rand()

constant n = 10; int

a[n], b[n];

srand(time(09)); // Written once at the beginning

for (i = 0; i<n; i++) a[i] = rand()%10; //a[i] € [0, 10)

for (i =0; i < n; b [i++] = rand()%51-25); //a[i] € [-25, 25]

srand() function is used to update the generation base when using the rand()
function , which generates pseudo-random numbers from the interval
[0, RAND MAX], where RAND MAX is a constant containing the largest possible
meaning For like, selected V quality bases generation. IN example,

20
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The above  generates elements oftype int and the value
RAND MAX = 32767

20:
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d) calculation elements array By formula:
for (1 =0; i<n; i++) a[i] =6 * 1 - 2;
2. Outputting the array to the screen:

cout<< ” ArrayA: ” <<endl;
for (i = 0; i<n; i++) cout<<a[i]<< ”\t” ;

3. Processing array

When working with one-dimensional arrays, there are a large number of
algorithms that are considered typical, i.e., frequently encountered in practical tasks:
array input/output, calculating the values of array elements, finding the sum and/or
product of array elements, finding the maximum (minimum) element of an array,
ordering array elements, adding (inserting) new elements to an array, deleting data from
an array, etc.

Example: Given an array of real numbers with n elements, find the element with
the largest absolute value and divide all the array elements by the resulting value.
Display the array on the monitor screen after processing.

Possible text programs:

#include <math.h>
#include <iostream>

using namespace std;

int main()
{

const int n=5;
double x[n], max;
int i; // further set an array of n real numbers
cout << "Input " << n << numbers:" << endl;
for (1 = 0; i < n; i++)

cin >> x[1i];

// Finding the maximum absolute value of an array element

// Let's assume that x[@] is the maximum
// By module element array: max
= fabs(x[9]);

// Now let's try to refute ourselves:

for(i = 1; i<n; i++) //iterate All elements array With first if(fabs(x[i])
>max) // compare with the current maximum

max = fabs(x[i]); // we are performing

reassignment cout<< "max=" <<max<<endl; //

Maximum found

for (i = @; i<n; i++)

x[1i] /= max; // Divide all elements by max
cout<< "Array:" <<endl; // Printing an array
for (i = @; i<n; i++)

cout<<x[i] <<endl;

return 0; 20
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Laboratory Job No. 7
Usage numerical one-dimensional arrays

PURPOSE OF THE WORK: mastering methods of describing an array, acquiring
skills in organizing input-output and array processing.

EXECUTION OF WORK: master theoretical material, execute general
for all task I and in accordance with the option, create a

program (task II), if necessary, implementing a user
function.

Exercise |

Study order descriptions, input-output And processing arrays:

Type and debug a program to find the sum of array elements in odd positions.
Document the program in your notebook, recording the conditions, code, flowchart, and
results, and explain the purpose of operators 0-4.

# include <time.h>
# include
<stdlib.h> int
main()
{
setlocale(LC_ALL,”Rus”);
srand(time(9)); // OnepaTop ©
const int N=10;
int Arr[N];

int sum=0; // Onepatop 1
for (int i=0;i<N;i++)
{

Arr[i]= rand()%100; // OnepaTtop 2
cout<<Arr[i]<<"\t";

}
for ( int i=1;i<N;i+=2) // Operator 3
sum+=Arr[i]; // Operator 4
cout<<"\n Sum ="<<sum<<endl;
return O;

}
Type and debug a program to find the sum of array elements that are multiples of 3.
Format it in your notebook, writing down the condition, code, flowchart, and result, and
explain the purpose of operators 0-3.
#include<time.h>
#include<stdlib.h>
int main()
{
time_t t;
srand((unsigned)time(&t)); // OnepaTtop ©
const int N=10;
int Arr[N];
int sum=0; // Onepatop 1
for (int 1=0;i<N;i++)
{ 20:



}

206

Arr[i]=rand()%50; // OnepaTop 2
cout<<Arr[i]<<"\t";
}
for (int i=1;i<N;i++)
if (Arr[i]%3==0) sum+=Arr[i]; // OnepaTop 3
cout<<"\nSumma="<<sum<<endl;
return O;

3. Type and debug a program to find the maximum element of an array of N integers, with
the output of the numbers of the largest elements. In your notebook, write down the
condition, code, flowchart and result of the work, explain the purpose of operators 1-6.

# include <time.h>
# include
<stdlib.h> int
main()

{

srand(time(9));

const int N=10;

int Arr[N];

int index[N]={0}; // Onepatop 1

int max, k=0;

for (int i=0;i<N;i++){
Arr[i]=rand()%100-50; // OnepaTtop 2
cout<<Arr[i]<<"\t";

}
max=Arr[0]; // Onepatop 3
for (int i=1;i<N;i++)
if (Arr[i]>=max) // Onepatop 4
{
max=Arr[i];
index[k]=i+1; // OnepaTtop 5
K++;
}
k=0;
cout<<"\nMax="<<max<<"\nMHoekcb: ";
while(index[k]>0) // OnepaTtop 6
{
cout<<index[k]-1<<"\t";
k++;
}
return O;

Task Il

IN in accordance With option make up And implement program:

1. Given two array different sizes. Define, which elements first array and how
many times they occur in the second array.

2. Array contains 2 n numbers. From amounts first #» his elements subtract the
sum of the last n elements.

20
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Transpose the array, i.e. by a ,a2,...,a ,forma ,,a ,.1, ..., a ;. In the resulting
array, find the index of the minimum element.

From a given integer array, remove all duplicate elements, leaving only their first
occurrences, 1.e., from a given array, obtain a new array consisting of distinct
integers.

Replace negative numbers in the array with their squares, leaving the rest
unchanged.

In a given array, find the arithmetic mean of positive numbers, the arithmetic
mean of negative numbers, and the number of zeros.

In an array of 2 n numbers, find the sum of the squares of the elements with even
indices and the sum of the cubes of the elements with odd indices.

From the numbers a |, a » ..., a , select those that are greater in absolute value
than the given one numbers c, and form a new array from them, preserving the
order of the elements.

From the array of integers, create three others, the first of which contains
numbers that are multiples of 5, the second contains numbers that are multiples of
7, and the third contains the remaining numbers.

An array of 100 random integers in the interval [0, 100] is given. Find the sum of
those elements of the array that are greater than 15 but less than 45, and also
calculate the number of these elements.

In a linear array, replace all elements with the number m ( m is the index of the
maximum element).

Given an array consisting of both positive and negative numbers, you need to
write the positive numbers first, and then the negative ones. in the same order as
they were located in the original array. If there are zeros, write them last.

Find the sum of the elements of a given array. Divide each element of the original
array by the resulting value.

Calculate amount And difference arrays one size.

Find the arithmetic mean of the elements of a given array. Transform the original
array by subtracting the mean from each element .

Given two arrays of the same size, consider them as arithmetic vectors and find
their lengths and their dot product.

Given two arrays of different sizes, combine them into one array by including the
second array between the k -th and ( k£ + 1) the first element ( k& is entered from the
keyboard).

SUbtraCt the element With number k 1 from the positive e]ements Of the given array and add the
element with number £ 1 i the negative clements - R€place zero elements with 1. Numbers
k 1 and k , are entered from the keyboard.

20
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Add a given number a fo the even elements of an integer array, and subtract a
given number b from the elements with even numbers .

Given the first term of a geometric progression and its denominator, create a one-
dimensional array whose elements are the first n terms of this progression.

Form array from first 30 members sequences Fibonacci.

Insert the same number entered from the keyboard before each negative element
of the given integer array.

Given an array of even size, swap its halves as follows: the first element with the
last, the second with the second-to-last element, and so on.

Given two integer arrays of the same size, obtain a third array of the same size,
each element of which is equal to the larger of the corresponding elements in
these arrays.

Asked array from n whole random numbers, belonging interval [-25, 25]. Find
the product of those array elements that are greater than 1 but less than 15, and
also calculate the number of even array elements.

Control questions

Give it to me definition derivative type data, structured type.

Give it to me definition array.

What Maybe be type elements array?

Name, size And dimension array.

What is it? structure one-dimensional array?

Rules descriptions one-dimensional array.

How is being carried out access To elements one-dimensional array?
How is being carried out input array?

Which methods input array You do you know?

Conclusion linear array.

Example of completing task II of laboratory work Task. Array D

contains 24 values atmospheric pressure for every hour V

flow days. Define, which meaning atmospheric pressure was the largest and at
what time it was recorded.

Solution
Mathematical model

The atmospheric pressure values are the elements of the array D[24], and the time

values are the indices of the elements. Solving the problem boils down to finding the
maximum element in the array and determining its index.

Arguments: D[24] - array integer type.

Results: imax whole type - index maximum element;

20:



D[imax]whole type - meaning maximum element.

Intermediate value: maxwhole type - maximum meaning element

array.
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2.  Algorithm

3. Program

BBog
MaccHBa

v

BriBox
MaccHBa

Y

max=D][0]

#include <iostream> #include
<conio.h> #include <math.h>

usingnamespace std;

void Input( int mass[24]);
void Print( int mass[24]);

int main()

{
int D[24];
cout<< " Enter array " <<endl;
Input(D);

cout<< "Array pressure values :"
<<endl;
Print(D);

int max = D[@], imax = 1;
for(int i=0; i<24; i++)

if (D[i]>max)

{
imax = i+1;
max = D[i];
Not eally }
}
: : cout<< " Maximum meaning pressure
Imax=1 " <<D[imax-1]<< " V " <<imax<< " h. " ;
_getch();
¢ return 9;
max=DIi] ¥
void Input( int mass[24])
{
for(int i=0; i<24; i++) {
cin>>mass[i];
}
}
- / - void Print(int mass[24])
imax, D[imax] {
for(int i=0; i<24; i++) {
¢ cout<<mass[i]<<" ";
}
end cout<<endl;
}
4. Result work programs:
Array of pressure values
748 743 756 748 741 760 748 743 757 748 756 756 751 760 754

756 752 758 758 757 750 747 759 750

Maximum pressure value is 760 at 6 o'cjgck.




210

8. Two-dimensional arrays

So, an array is a data structure that allows you to store under one name a set of
data of any, but only one, specific type. An array is characterized by its name, the type
of stored elements, its size (the number of stored elements), the numbering of the
elements, and its dimensions.

Declaring a variable as a one-dimensional array (an array with dimension 1) looks
like this:

data_type id [constant_expression];
For example, operator
intA[1@];//declares an array with the name A containing 10 integers

Access To elements of this array is realized by the expression A[i] , where i - an
index, which in this example is an integer in the range 0 - 9. For example, A[@] - the
value of the first element, A[1] - second, A[9] - the last one.

Let's remember that declaring an array variable can be combined with assigning
initial values to array elements. For example, the operator:

int A[10] = {@};// assigns noughties values to everyone elements array

int A[10] = {1,2,3,4,5,6,7,8,9,10};//A[0] = 1, A[2] = 2,.., A[9] =

If there are fewer initial values than elements in the array, the remaining elements
are automatically given initial values of zero.

If an array is not initialized when it is declared, its elements have random values.
Elements of such an array cannot be used in expressions until they are assigned values.

Can declare multidimensional arrays, those. arrays, elements which are arrays.
For example, a two-dimensional array can be declared like this:

int A2[10][3];

This operator describes two-dimensional array, which Can introduce as a table consisting
of 10 rows and 3 columns.

Like this in this way (}wo -dimensional array - This arra% dimension who
equal 2. Visually, two-dimensional array - ThlS ordinary tdble, with lines An

columns or  matrix A= { a F}in . In fact, a two-dimensional array
is

one-dimensional array one-dimensional arrays. Structure two-dimensional array,

With named A , size m on n shown below (see Fig. 8.1).

A[e][e] | A[e][1] | .. | A[@][n-1]

A[1][e] | A[11[1] | .. | A[1][n-1] ( a a e agp—1 )

A[2]1[e] | A[21[1] | . | A[2][n-1] | A=| 00 01 o -

A[m-1][@]|A[m-1][1]] .. |A[m-1][n-1] {m-10 am e am—1n-1]
~11

Drawing 8.1— Two-dimensional array V view tables (left)or matrices (on the right)
21
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On drawing 8.1 m - quantity lines two-dimensional array;
n - quantity columns two-dimensional array;
m * n - quantity elements array.

General view descriptions two-dimensional array:
data_type array_name [number_of_rows][number_of_columns];

IN announcement two-dimensional array, Also How And V announcement one-

dimensional array, first of all, you need to specify:
« type data;
« name.

Access to the values of elements in a multidimensional array is provided through
indices, each of which is enclosed in square brackets. For example, A2[3][2] is the
value of the element located at the intersection of the fourth row and third column
(remember that indices start at 0).

When a multidimensional array is initialized when it is declared, the list of values
for each dimension is enclosed in curly braces. The statement below declares a three-
dimensional array A3 with dimensions 4 by 3 by 2.

int A3[4][3][2] = {{{e,1},{2,3},{4,5}},
{{6,7},{8,9},{10,11}},
{{12,13},{14,15},{16,17}},
{{18,19},{20,21},{22,23}}};

This statement creates an array A3, the four rows of which are matrices of the

form:
0 1 6 7 12 13 18 19
2 3 8 9 14 15 20 21
4 5 10 11 16 17 22 23

For example, element A3[@][1][0] equal 2, element A3[3][0][1] equal 19 and
etc. If V list initialization V some from dimensions Not there is not enough data,
That All further Not listed elements are considered equal
ZEeros.
All array dimensions must be constants or constant expressions, since memory
allocation instructions are generated by the compiler before program execution.
IN memory multidimensional array is located By lines.
Array rows are not separated from each other in any way, meaning, for example,
a two-dimensional array is a rectangular matrix only in our imagination. When viewing
an array from the beginning, the right index (column number) changes first.
An element of a two-dimensional array is addressed by specifying the row
number and column number at the intersection of which it is located, for example:

a[1][4] a[1][]]

The compiler treats the first index as a line number, no matter how it is
designated in the program.

Initialization of two-dimensional arrays is similar to initialization of
one-dimensional arrays:
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a) initialization :
constant n = 3; // number of lines
constint m = 4; // number of columns
// allocate memory for the matrix with simultaneous
// initialization of elements
double a[n][m] =

{
{3, -3.1, 4.6, 5.5},
{2, 1.2, -10, - 2.5},
{7.6, 3.1, 1.6, 0.5}
+s

At initialization two-dimensional array V in the course work programs, it is
necessary to organize nested loops:

b) input data from the keyboard:
for (i =0; 1 < n; i++)
for (j =0; j < m; j++)
cin>>a[i][]];
In accordance with the order of the cycles given here Array elements must be
entered row by row.

V) formation array With help generator pseudo-random numbers; d) direct

assignment (calculation using a formula):

output must be implemented in a readable format, i.e., one matrix row must be
displayed on each line of the screen. To achieve this, the outer loop, in addition to the
inner loop, also includes the cout<<endl; operator , which moves the cursor to the

beginning of the next line of the screen after the current matrix row is displayed.
for (i = 0; 1 < n; i++)

{
for (3 = ©; j < m; j++)
cout << a[i][j] << "\t ";
cout << endl;
}

Example : Given a rectangular matrix of real numbers of size n X m . Normalize this
matrix, i.e., divide the value of all matrix elements by the element with the greatest
absolute value.

Possible text programs:

# include <iostream> #
include <cmath>

using namespace std;

int main()
{
const int n = 3; // number of lines
constint m = 4; // number of columns double
a[n][m]; // we highlight memory under matrix
int i, j;
double max;
21.
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// Input matrix from keyboard
cout << "Matriza A("<< n << "*" <<m << "):" << endl;
for(i = 0; i < n; i++)
for(j = 0; j < m; j++)
cin>>a[i][]];

// Search V matrix maximum By module values max =
fabs(a[@][@]);
for (i =0; 1 < n; i++)
for (j = 0; j < m; j++)
if (fabs(a[i][j]) > max)
max = fabs(a[i][j]);
cout<< "max=" <<max<<endl;

// Normalize the matrix
for (1 = 0; i < n; i++)
for (j =0; j < m; j++)
a[i][]j] /= max;

// Output the matrix as a table on the monitor screen
for (1 = 0; i < n; i++)

{
for (j = 0; j < m; j++)
cout << a[i][j] << "\t ";
cout << endl;
}
return 9;

}

As the program code shows, working with a matrix almost always requires double
loops. Particular attention should be paid to the output of a two-dimensional array as a
table.
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Laboratory Job #8 Two-dimensional
arrays

TARGET WORKS: acquisition skills announcements, organizations input-output and

processing of a two-dimensional array.

EXECUTION WORKS: V in accordance With option make up And

10.

11.

implement program.
Task |

Write a program to generate a matrix, the number of rows and columns of which
is determined How random natural number V interval [3, 8], and the elements are
random integers from -50 to 50. Replace non-negative numbers in the resulting
matrix with one, and negative numbers with zero.

In an integer rectangular matrix, numbers that are multiples of a given number m
entered from the keyboard are replaced by the quotient of division by m , and the
remaining numbers are replaced by their remainders of division by m .

In a square matrix of order n , find the sum of all those elements whose index
sum is equal to n .

Determine whether a given square matrix is symmetric about its main diagonal.
Find the trace of this matrix. Enter the matrix elements from the keyboard.

Find the number of elements in each of the odd rows of the matrix that are equal
to the given number entered from the keyboard.

Transform the given rectangular matrix so that all elements in its rows are written
in reverse order.

Calculate the number and sum of positive elements in the lower left triangle of a
given square matrix, including the diagonal ones elements.

Given real numbers a 1, a 2, ..., a , and a real square matrix of order n (n>
5). Form material matrix size n x ( n + 1), by inserting into the original
matrix between the fifth and sixth columns a new column with elements a ;, a >,
vy d oy

Given a real square matrix of order 7 , transform this matrix according to the rule:
make the row with number £ into a column with number & , and make the column
with number & into a row with the same number.

In this real matrix of size n x m (n > 2, m > 2) swap rows with numbers 7 - 2 and
n-1.

Positive elements of the first row of a rectangular matrix multiply by the first
element of the same row, and the negative ones by its last element; do the same
with the remaining rows.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
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Replace all elements of the row with number s and column with number £ of the
rectangular matrix with those of opposite sign (the element located at the
intersection of the selected row and the selected column is not changed).

From a square matrix, obtain another matrix by eliminating the diagonal elements
and subtracting the trace of the original matrix from each element .

Given an integer one-dimensional array: a ;,a 2, ..., a ,. Form a square matrix of
order n , whose elements located on the main diagonal are equalto a 1, a2, ..., a
n  respectively ; €lements located above the main diagonal are equal to one, and
elements located below the main diagonal are equal to minus one.

Given two rectangular integer matrices A and B of the same size m x n . Create a
matrix of the same size in which the elements are equal to 1 if the corresponding
elements of matrices A and B have the same sign; - 1 if the corresponding
elements have different signs, and zero if at least one of the corresponding
elements 1s zero.

Write a program to display an arithmetic square on the screen: the first column
and first row are filled with ones, and each of the remaining elements is equal to
the sum of its neighbors above and to the left.

From a rectangular matrix of size m x n, delete the row with number s and the
column with number k (0 <s<m ,0<k<n).

Form a one-dimensional array, each element of which is equal to the sum of the
negative elements of the corresponding row of a given integer rectangular matrix.

Find the number of elements in each column of a rectangular real matrix that are
less than the arithmetic mean of the elements of the column in question.

Display the maximum elements of each row of a two-dimensional array,
indicating their indices.

Given two two-dimensional arrays containing positive and negative elements,
determine which one has more positive elements.

An array of random integers belonging to the interval is given [0, 200].
Determine which elements are more numerous in it: those exceeding £ 1 or those
not exceeding k 2.

Asked array whole random numbers, belonging interval [-50, 50]. Find
amount those elements array, which greater than a, But less than b, and also
calculate the number of these elements.

Swap the maximum and minimum elements of a given two-dimensional array.
Display the result as a matrix.
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Given an integer matrix, form a matrix obtained by permuting the first column
with the last, and the second with the penultimate.

From a given matrix, obtain another one in the following way: place the second
row in place of the first, the third in place of the second, and so on, and place the
first in place of the last.

Exercise Il

Square matrix 4 third order formed from real numbers belonging to the range

[-10, 10]. Find with accuracy up to € = 10 3:

Y

2)
3)
4)
S)

matrix B By given formula calculations her elements b ; through indices
iAnd j (i=1,2,3;j=1,2,3);

amount matrices 4 And B ;

matrix, transposed matrix 4 + B ;

matrix, reverse matrix 4 + B ;

work matrices A+B And (A+B)".

Withdraw, using auxiliary function, on screen matrices A, B, A+B,(A+B

Y, (A+B)T, (A+B)A+B)".

10.

11.

12.

Vitj+2 In(i 2 +4)
= ; 13. = —
by 7"7"'_1' 3 b cosi+2 ’
y
p = — it 14 b = cos (i+j/2)
3+ (i+j+5) : v In (7j+7) +i°
y __ 25In(i+0.5) | — tani+5 In
b T iyt 15 b (5+y) +20
5(i+1)+2y 2 ' _ 1ly+2y+7
y y - >
16. b
by 3y+1 e
izt
b _ cos(i+2k) 17. b = € :
Y2 Agsini iy iyt
_ i+In(44j) In(i+0.5)+2;j
5. 2143 18. by =—=mte-
.10 *3
= 0.5 +
b i+1 19. by=3+\7§y+4_
ij cos i+y i+1 >
by =315 20. by =ﬂ;
sin i+cos j+5
b = 10+tan (i4+2j)
. 1 _ Yittay+l,
y ° Vij+a ' 5+7y
e 2ity y
by =123y 22. by=_3g .
9+In i+y+10)
b sin (i+2j) +10 5
y——_ . __ tan(2i+3)+i”,
J1tzy o 23. by =—0p""73
i+6+7] .
.= : z+2]4
Y In(i+5)+10° 24, —

U 5B+
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2 2
_5(i +2j) . | _ 2i7+In((+3)
25. bij "~ sneeze ’ 26. bl] T 2(iH)HL
j+2
Note : It is recommended to calculate the inverse matrix
using the adjoint matrix, and the determinant of the matrix

using Sarrus's rule.
Control questions

Give it to me definition array.

Which types data Not acceptable For components array?

Maybe whether left border indices array be negative?

Which array it's called two-dimensional?

Rules descriptions two-dimensional array.

How is being carried out access To elements two-dimensional array?
How is being carried out input two-dimensional array?

Which methods input two-dimensional array You do you know?
Accommodation array V memory COMPUTER.

Conclusion two-dimensional array.

Maybe whether instruction cout<<x; enter array X entirely?

— =0 XNNR LD =

—_ O

Example execution laboratory work
Task: A program that, given a 3 x 4 integer matrix, determines the arithmetic mean of
its elements and the number of positive elements in each row.

Solution

1. Mathematical model

To find the arithmetic mean of an array of elements, you need to find their total
sum and then divide it by the number of elements. The order in which you iterate over
the array elements (row by row or column by column) does not matter. Finding
quantities positive elements each lines requires scanning the matrix row by row.

Arguments: integer array; integer m and n — number of rows and columns.

Results: arithmetic mean of elements sred (real type); number of positive elements in
each row n_pos_el (integer type).

Intermediate quantities: counters i, j (whole type).
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2. Algorithm 3. Program
( Start m=
#include <iostream>
Y #include <conio.h>
| 3;n=4 | #tinclude <math.h>

sred =0
Y

>=0.m- 1 >——>

Y
n_pos el=0

v

> J=V..n-1

Y
sred= sred + a1, j]

<

inc(n_pos_el) -

i+&,n_pos_gL/’

{

¥

sred :=sred/m/n

¥

sred

Y
End

constant m = 3, n = 4;
usingnamespace std;

int main()
{
int a[m][n]; cout<< "Enter the array
elements " <<endl; for ( int i=0; i<m;
i++)
for(int j=0; j<n; j++)
cin>>al[i][j]1;

double sred = 0;
int n_pos_el;
for(int i=0; i<m; i++)
{
n_pos_el = 0;
for(int j=0; j<n; j++)
{
sred += a[i][]j]; if
(a[i][]j1>9) n_pos_el++;
}
cout<< "In " <<i+l1l<< "-th line"
<<n_pos_el<< " positive elements"”
<<endl;

}

sred = sred/m/n;

cout<< "Average arithmetic:"

<<sred<<endl;
_getch();
return 0;
¥

4. Result of the work programs:
Enter the array elements

1 2 3 4 -2 0 -3 -1 1 1 1 o0
B 1st line 4 positive elements B 2nd
line © positive elements B 3rd line 3
elements Arithmetic

positive mean:

0.58
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9. Algorithms solutions tasks internal sorting and
information retrieval algorithms

9.1. Complexity algorithms

Complexity theory provides a methodology for analyzing the computational
complexity of various cryptographic methods and algorithms.

An algorithm is a formally described computational procedure that receives
initial data, also called the algorithm's input or its argument, and produces the result of
the computation as an output[4].

Most often, when discussing complexity, we mean the time complexity of an
algorithm : T. The running time of an algorithm is the number of elementary steps it
performs. Elementary steps include basic operations such as addition, multiplication,
substitutions, unconditional control transfers, and subroutine calls. 7 is usually
represented as a function of n , where n is the size of the input data. The computational
time functionis T 4(n).

Typically, the computational complexity of an algorithm is expressed using Big O
notation , i.e., it is described by the order of magnitude of the computational
complexity. This is simply the term in the complexity expansion that grows fastest with
n ; all lower-order terms are ignored. For example, if the time complexity of a given
algorithm is 4 n 2+ 7 n + 2, then the computational complexity is of order n. %, written
as O (n?)[4].

This notation allows us to see how the size of the input data affects the time and
memory requirements. For example, if 7= O(n), then doubling the input data will also
double the execution time of the algorithm. If 7= O( ?*), then adding one bit to the
input data will double the running time of the algorithm.

Algorithms are usually classified according to their time or space complexity. An
algorithm is called constant if its complexity does not depend on n: O (1). An algorithm
is linear if its time complexity is O ( n ). Algorithms can be quadratic, cubic , etc. All
of these algorithms are polynomial, their complexity is O ( n ™), where m is a constant.
Algorithms with polynomial time complexity are called polynomial-time algorithms.

Algorithms whose complexity is O ( t/("))  where ¢ is a constant greater than 1
and f ( n ) is some polynomial function of n , are called exponential. The subset of
exponential algorithms whose complexity is O ( ¢)/(")), where ¢ is a constant and f( n )
increases faster than the constant but slower than a linear function, is called
superpolynomial. Algorithms whose complexity is O ( n!), are called algorithms with
factorial complexity. Thus, the following relation holds:

O (log n) < O (n) < O (n log n) < O(n?) <O(n*) <O(2") <O(n!).

Currently, the algorithm is considered to be practically useful only if If his
temporary function is growing polynomially relatively
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sizes of input data, and to a limited extent. Practical are algorithms of complexity O ( n
), O ( n2 ) . Exponential and factorial algorithms are impractical. Their complexity
exceeds any polynomial estimate.

9.2. Production tasks search

In practice, we often encounter applied problems that require local or autonomous
searches for desired objects. Consider the problem of searching for an element in an
array.

Let an array consisting of one or more elements be given any type other than a
file. Suppose that an array stores a set of n ( nxm ) elements, and it is necessary to
determine the position of a certain element in this array. Each element of the array has
an index (indices), and the indices are distinct and uniquely identify the elements of the
array.

The search task in this case is to find the index(es) element by a given element
rope

There are two possible result search:
the search was successful, i.e. it allowed us to determine the position of the element in
the array;
the search was unsuccessful, i.e. the end of the array was reached, but the element with
the specified property was missing.

9.3. Consistent (linear) search

The simplest search method is to sequentially scan the table, one-dimensional
array or lines to location element With required properties or establishing the fact that
such an element does not exist. For an array whose data is not sorted, the only way to
find a given element is to compare each element in the array with the given one. If an
array element matches the given one, its position in the array is fixed. This algorithm is
called sequential, or linear, search. The core of such an algorithm is a loop over the
array index. For example, if we need to find an integer x entered from the keyboard in
the array inta[n] , about which no additional information is available, the
corresponding loop can be written as follows:

for (i = 9; i < n; i++) if (a[i] == x) k = i;

This way solutions possesses two significant disadvantages:
e if the value x occurs in the array several times, the last one will be found;
e After the required value has already been found, the array is scanned to the end, that
1S, n is always performed comparisons.
To address these shortcomings, it's necessary to stop scanning the array
immediately after encountering a given number. Since the number of repetitions is
unknown in this case, a loop with a precondition must be used:
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while ((i < n) && (a[i] != x)) i++;

9.4. Binary search

The most efficient and widespread method for non-sequential search in one-
dimensional ordered arrays is binary search, also known as the bisection method, the
dichotomy method , the logarithmic search method , or the bisection method. The basic
idea of binary search is that the searched element x is first compared with the
middle element of the array a[n] . The result of the comparison either solves the
problem or allows one to determine in which part of the array—the left or the right—to
continue the search. After each such iteration, the search space is reduced by half and in
no more than [log2n] comparisons we will finish the search, that is, we will either hit
the element x , or show that x does not belong to the array a[n] . For example, for n =
1000 Binary search is 100 times faster than sequential search, and for n = 1,000,000 —
50,000 times. Of course, if the array is unordered, binary search cannot be applied to it.
Therefore, the ordering of the elements in the array plays a key role in binary search.

9.5. Production tasks sorting data

The order in which data is arranged in the computer memory largely determines
the speed and ease of execution of algorithms designed to process this data. Therefore V
programming often arises task rearranging data into non-ascending or non-decreasing
order. This task is called ordering or sorting the elements of a given structure, or in the
simplest case, the elements of a one-dimensional array.

Task sorting connected with by many important applications, except Moreover,
they serve as a good illustration of algorithm complexity analysis and thus allow one to
intelligently select the best among seemingly equivalent methods. Each sorting
algorithm has its own advantages and disadvantages, and algorithms should be selected
based on the specific problem statement. Algorithm Selection sorting depends
significantly from structure of the data being processed, so all sorting methods are
divided into two classes: internal (array sorting) and external (sequential file sorting).
The difference is that with internal sorting, all data is stored in the computer's RAM,
while with external sorting, it is stored in external memory. Internal sorting offers more
flexible options for constructing algorithms, since all data is arranged in the form of an
array and appears to lie in front of user, He sees each element And has To him direct
access. At external sorting access To The data is limited because it does not fit into the
RAM due to its size .

Let's clarify mathematical production sorting tasks data[7].

Let us suppose that we need to order »n elements m ;, m », ..., m ,, which we will
call records. Each record m ; we will associate our key k ;, which will control process
sorting. In addition to the key entry may contain and additional information, which
Not influences on sorting, But Always
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remains V this records. Task consists of V' location such permutations m b
1

M, 5 ey records m i, ma, ...,m,, after which keys will be be located V
non-decreasing ( non-increasing) in order:

k, <k, =..=<k, (k, 2k, 2.2 k,)

1 b — D n

A sorting is called stable if it satisfies an
additional condition: records With identical keys remain V former
in order, those. p; <p;, If k, =k, Andi<j.

Since each key identifies the corresponding record, these records may not be
determined during sorting, considering only their keys (in the simplest case, when a
record consists only of sortable elements , the concepts of record and key coincide).

When sorting internally, the method chosen should use the material sparingly.
time processor operation And memory. Good ones algorithms it takes about n log n time
to sort n records , and the measure of efficiency can be the number of required key
comparisons and the number of record permutations. These numbers are functions from
n - numbers sorted records.

When sorting arrays, we assume that permutations that move the array elements
into the desired order must be performed in the same place, i.e., without using an
intermediate array. Methods in which elements from array A are passed to the resulting
array B are of significantly less interest.

9.6. Straight And fast methods internal sorting

All internal sorting methods are divided into direct and fast (or improved)[7].

Direct sorting methods require about n 2 key comparisons and are simpler and
more convenient for explaining the characteristics of the underlying principles. majority
sortings. Programs these methods easily understand and they are shorter than fast
algorithm programs.

Improved sorting methods require a small number of operations, but these
operations are usually more complex themselves, and so for sufficiently small n, direct
methods are faster, although for larger values of n they should not be used.

Internal sorting methods can be divided into three classes according to the
principles that define them:

. Insertion sort : Elements are scanned one at a time, and each new element is inserted
into the appropriate position among the previously ordered elements.

. Selection sort : first, the smallest (or largest) element is selected and somehow
separated from the rest, then the smallest (largest) of the remaining elements is selected,
and so on.
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3. Sorting by swapping : pairs of adjacent elements are examined sequentially; if the
elements in a pair form an inversion (i.e. are not ordered), then they are swapped.

All direct sorting methods actually move each element of the array on each
elementary step on one position. That's why require O ( n2 ) such steps. Any
improved methods are based on the principle of moving elements over large distances at
each sorting step. This approach can significantly reduce sorting time, ® complicate the
execution algorithms.

Improved exchange method - Shaker sort, Hoare method (the most the fastest of the
currently known internal sorting methods), an improvement of the direct inclusion sort -
Shell method,
direct choice - sorting With help binary tree.

9.7. Sorting inserts

Let us consider the process of sorting by the insertion method (direct inclusion) of
the array a[1], a[2]....,a[n]. First, an already sorted part, for example in non-decreasing
order, a[1] < a[2] <...< a[i-1] and an unsorted part a[i], a[i+l],..., a[n] are selected in the
original array. Then, with step 1, starting with 1 = 2, alternating comparisons and moves
of the element a[i], an index (key) j (1 <j <1 -1) is determined in the sorted part of the
array such that the inequalities a[jl] < a[i] < a[j] are satisfied. If such an index is found,
the element a[i] is inserted in the corresponding place. To do this, the elements of the
sorted part are shifted one position to the right: a[j], ..., a[i-1]. After this, the next value
of 1 1s moved. Otherwise, the next value of 1 is simply moved. With each step, the sorted
portion of the array increases by one element. Clearly, a complete sort requires n - 1
steps, where n is the number of elements in the original array.

Let us demonstrate the process of insertion sorting using the example of an
integer array a[1..12], consisting of the numbers 22, -14, 13, 28, 6, 41, -5, 18, 0, 35, 6, -
15 (the inserted elements are marked with *, the elements of the sorted part are

highlighted)
Source array: 22 -14 13 28 6 41 -5 18 0O 35 6 -15
Ist step - }4 22 13 28 6 41 -5 18 0 35 6 -15
2nd step: -14 137 22 28 6 41 -5 18 0 35 6 -15
3rd step: -14 13 22 28° 6 41 -5 18 0 35 6 -15
4th step: -14 6" 13 22 28 41 -5 18 0 35 6 -15
Sth step: -14 6 13 22 28 41° -5 18 0 35 6 -15
6th step: -14-5" 6 13 22 28 41 18 0 35 6 -15
7th step: -14 -5 6 13 18" 22 28 41 0 35 6 -15
8th step: -14 -5 0 6 13 18 22 28 41 35 6 -15
Oth step: -14 -5 0 6 13 18 22 28 35" 41 6 -15
10th step: -14 -5 0 6 6" 13 18 22 28 35 41 -15
Step 11: - }5 -14 -5 0 6 6 13 18 22 28 35 41

As can be seen from For example, in the sorting process, at the first step, the first
element original array counts sorted, A next for him
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The element is compared with it. If this element is greater, it remains in its place;
otherwise, the first element is shifted to the second position, and the second element is
placed in the first position (as in our example). Next, all selected elements from the
unsorted part of the array are sequentially compared with the elements of the sorted part,
starting with the first, until a greater or equal element is encountered. This element and
all subsequent elements of the sorted part are moved one position to the right (or down,
if the array is arranged in a column), making room for the new element. This process
ends when one of two conditions is met:

o the first element from the left a[j] > a[i] is found, which indicates the need to insert
a[i] between a[j] and a[j-1], in particular, if j=I, then a[i] is placed in the first
position, which entails the need to increase the array index range by one;

e the right end of the sorted part of the array (the right barrier) has been reached,
therefore the element a[i] should be left in its original place.

Note that comparing and moving an element a[i] in the sorted part of the array
can be and conduct from right to left, starting from the (i-1)th element.

9.8. Sorting With help direct choice

Sorting array of size n in non-decreasing (non-increasing) order by the direct
selection method is performed according to the following algorithm.
. The element of the given array with the minimum (maximum) value (or key) is selected.
2. Selected element And first element are changing in places.
. This process is repeated with the remaining n - 1 elements, then with n - 2 elements,
etc., until there is only one, largest/smaller element left.

In total you will need n - Perform the specified sequence of actions once. During
the sorting process, the sorted portion of the array will increase, and the unsorted
portion will decrease accordingly.

Unlike insertion sort, where at each step only one element of the original array
and all elements of the sorted part are considered, among which a place for insertion is
sought, with direct selection, all elements of the original array are looked at to find one
element with the smallest (largest) key, and the found element is placed as the next one
in the sorted part of the array.

Let us remember that in all the sorting methods considered we do not use
intermediate arrays.

Scheme sorting method direct choice let's illustrate on The example array
discussed in the previous section. Elements that are swapped in the next step are
highlighted in bold, and the minimum elements of the unsorted portion are also
marked with an asterisk. The sorted portion is underlined.

Source array: 22 -14 13 28 6 41 -5 18 0 35 6 -15

1st step -15-14" 13 28 6 41 -5 18 0 35 6 22
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2nd step: -15-14 13 28 6 41 -5"18 0 35 6 22
3rd step: -15-14 -5 28 6 41 13 18 0° 35 6 22
4th step: -15-14 -5 06" 41 13 18 28 35 6 22
Sth step: -15-14 -5 0 6 41 13 18 28 35 6* 22
6th step: -15-14 -5 0 6 6 137 18 28 35 41 22
7th step: -15-14 -5 0 6 6 13 18" 28 35 41 22
8th step: -15-14 -5 0 6 6 13 18 28 35 41 22°
Oth step: -15-14 -5 0 6 6 13 18 22 35 41 28"
Step 10: -15-14 -5 0 6 6 13 18 22 28 41 35
Step 11: -15-14 -5 0 6 6 13 18 22 28 35 41

9.9. Sorting With help direct exchange

The algorithm of this sorting method consists of sequentially scanning the array
from the beginning to the end and swapping adjacent elements, if they form an
inversion. Let's describe the non-decreasing sorting algorithm in more detail.

Let an array a of size n be given. We begin scanning the array with the first pair
of elements, a[1] and a[2]. If the first element of this pair is greater than the second, we
swap them; otherwise, we leave them unchanged and compare the second pair of
elements. a[2] And a[3]. If a|2] > a[3], then we change in their places And etc. On the
first In this step, all pairs of array elements will be scanned: a[i] and a[i+1] for 1 from 1
ton - 1. As a result of this scan and the necessary exchanges, the maximum element will
move to the end of the array and will be the sorted part. In the second step, a similar
procedure is carried out from the first to (n - 1)-th element. This will move the second-
largest element of the array to the second-to-last place. The sorted portion will contain
two elements. These steps continue until the number of elements in the unsorted portion
of the array is reduced to two. The final step is to sort the remaining two elements. After
(n - 1) steps, the array will be sorted in non-descending order. For illustration
purposes, we'll sort the array in non-descending order using the simple swap method.
The sorted portion is highlighted in bold.

SourceArray: 22 -14 13 28 6 41 -5 18 O 35 6 -15

Ist step -14 13 22 6 28 -5 18 0O 35 6 -15 41
2nd step: -14 13 6 22 -5 18 0 28 6 -15 35 41
3rd step: -14 6 13 -5 18 0 22 6 -15 28 35 41
4th step: -14 6 -5 13 0 18 6 -15 22 28 35 41
Sth step: -14 -5 6 0 13 6 - 18 22 28 35 41
15
6th step: -14 -5 0 6 6 -1513 18 22 28 35 41
7th step: -14 -5 0 6 -15 6 13 18 22 28 35 41
8th step: -14 55— 6——15 6~ 6— 13- 18 22 28 35 41
Oth step: -14 -5 -15 0 6 6 13 18 22 28 35 41
Step 10: -14 -15 -5 0 6 6 13 18 22 28 35 41
Step 11: -15-14 -5 0 6 6 13 18 22 28 35 41
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Sorting by the direct exchange method is also called the method "bubble" This

name comes from the figurative interpretation, in which the elements of a given array

are arranged vertically and, during the sorting process , at each step the lighter
elements, like bubbles in a bath of water, rise to a level corresponding to their weight.
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Laboratory work No. 9 Tasks sorting
And search

PURPOSE OF THE WORK: Consolidation of theoretical knowledge and acquisition
of practical skills skills By compilation algorithms And programs of
various sorting methods.

EXECUTION WORKS: V in accordance With tasks points 1-4, considering
option (p. 3), make up And implement program.
Exercise
1. Using a pseudo-random number generator, generate a linear integer array A[20]
such that the array elements belong to the segment [-50, 50].
2. Execute V him linear search given element.

3. Sort the array using a specific method according to the option (see table).

Method sorting Option
Insert 1,4,7,10, 13,16, 19, 22
Exchange 2,5,8,11,14,17, 20, 23
Choice 3,6,9,12,15, 18, 21, 25

4. Execute binary search element.

Formation array, conclusion his on screen, linear search, Sorting and binary
search should be formalized as corresponding functions.

Control questions

[—
.

Concept difficulties algorithms.

On which classes are divided algorithms V in accordance With their temporal
or spatial complexity?

Production tasks sorting data.

Straight And fast methods internal sorting.
Algorithm sorting array method inserts.
Algorithm sorting array method direct choice.
Algorithm sorting array method direct exchange.
Concept inversions.

Production tasks search element V array.
Algorithm sequential (linear) search.

Algorithm binary search.

N

—~ =0 XN U AW

_ O
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10. Signposts And arrays
10.1. Concept static And dynamic variable

Previously, we discussed simple and structured data types, which are defined at
the beginning of a program or subroutine and their structure remains unchanged
throughout the entire program's execution. The compiler, after analysis, section
variables takes away each variable corresponding The number of cells and fixes them
for the entire duration of the block's execution. The size of the allocated space depends
on the variable type. Such variables are created upon entering the block and cease to
exist when the computational process exits the block. They do not change their size and
are called static.

However, there is a class of problems in which memory must be allocated
dynamically during the solution process. The most common are lists with an unknown
number of objects. For such problems, dynamic variables are used. They are stored in a
specific memory location, not designated by an identifier, but with a reference to this
location. This type of access allows for dynamic allocation and deallocation of memory
during program (block) execution. Dynamic variables are created using a reference data
type. When a dynamic variable is created, a reference value is created—the address of
the memory location where the newly created variable is located. variable.

10.2. Signposts

A pointer is a variable whose value is equal to the memory address of the value
of another variable. In this sense, the name of the other variable refers to its value
directly, while the pointer refers to its value indirectly. Referencing a value via a pointer
is called indirect addressing.

Pointers, like any other variables, must be declared before they can be used. A
pointer declaration looks like this:

type *ptr;
Where type - one from predetermined or certain user types, A
ptr - pointer. For example,

int *countPtr, count;

declares a variable countPtr of type int* (i.e., a pointer to an integer) and a variable
count of type integer. The * symbol in the declaration refers only to countPtr . Every
variable declared as a pointer must be preceded by an asterisk ( * ). If in the given
example it is desired that the variable count was a pointer, it is necessary to write down:

int *countPtr, *count;

Symbol * V these records means operation indirect addressing. A pointer to
void can also be declared :

void *Pv;
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This is a universal pointer to any data type. But before it can be used, it must be
assigned a pointer value during operation. some specific data type. For example:

Pv = countPtr;

Pointers are widely used in C. They must be initialized either when declared or
using the assignment operator. A pointer can be initialized with 0 or NULL. or address.
Index with initial meaning O or NULL no what not points to. NULL is a symbolic constant
defined to indicate that a given pointer points to nothing. An example of declaring a
pointer with its initialization:

int *countPtr = NULL;

To assign the address of a variable to a pointer, the addressing operator & is
used , which returns the address of its operand. For example, if there are declarations

int Step = 5;
int *ptr, Num;

then the operator
ptr = &Step;

appropriates address variable Step pointer ptr .

To get the value pointed to by a pointer, use operation * , usually called operation
indirect addressing or the dereference operator. It returns the value of the object pointed
to by its operand (i.e., the pointer). For example, continuing the example above, the
operator

Num = *ptr;

assign to variable Num value 5, i.e. the value of the Step variable pointed to by ptr .
Operation dereferences it is forbidden apply To pointer on void,
because For him unknown, Which size memory necessary dereference.
Here, it's important to note the different interpretations of the " * " symbol. If the
symbol appears before a variable identifier when declaring it, the meaning of this
"asterisk" is to indicate that a pointer variable, not a regular variable, is being declared.
In all other cases, the " * " symbol is read and interpreted by the program as "taking a
value by address," i.e., an indirect addressing operation.

"y n

10.3. Interrelationship between arrays And pointers

Arrays and pointers in C are closely related and can be used almost
interchangeably. An array name can be thought of as a constant pointer to the first
element. array. His difference from regular pointer only in volume, What it can't be
modify. For example, asked integer array A consisting of 5 elements:

int A[5]={-2,5,4,- 17,3};
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Let's see, How this array will be accommodated V operational memory (Fig. 10.1).

A[4] - 3 —]
— —| <—0ox0012FF90

A[3] - - 17 -
— —] < Ox0012FF8C

A[2] — a4 |
— < OxP012FF88

A[1] — 5 ]
— —| <—0Ox0012FF84

ALe] - >
— —] < Ox0012FF80

const int *A 0x0012FF80

< 0OX0P012FF70

Drawing 10.1 - Performance array elements V memory computer

It's worth noting that four 8-bit memory cells are allocated to store the value of
each array element. Figure 10.1 on the right shows a sequence of memory cell addresses
containing values that differ by four bytes. This is because the element type of this array
1s int . Moreover, four bytes are also allocated to store the address of the beginning of
the array, since all pointers for 32-bit processors are 4-byte.

Pointers can be used to perform any operation, including indexing an array.
Consider the following declaration:

int b[5] = {1,2,3,4,5}, *Pt;

Here an array of integers b[5] and a pointer to an integer Pt are declared .

Since the array name is a pointer to the first element of the array, then You can assign
the pointer Pt the address of the first element of the array b using the operator Pt = b;

This is equivalent to assigning the address of the first element of the array as
follows: Pt = &b[0];

Now Can refer on element array b[3] With help expressions
*(Pt + 3).

Pointers can be indexed in the same way as arrays. For example, the expression
Pt[3] refers to the array element b[3].

Or, for example, the definition int a[5]; defines an array of five elements a[®@],
a[1], a[2], a[3], a[4]. Ifthe object *y defined as

int *at; That operator at = &a[0];

assigns the address of the element a[@] to the variable y . If the variable y points to
the next element of array a , then y+1 points to the next element, and here is being
carried out corresponding scaling For increments addresses With
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taking into account the length of the object (for the int type — 4 bytes, long — 4
bytes, double — 8 bytes and etc.). So How itself Name array There is address his
zero element, That operator y = &a[@]; can be written in another form: at = a
Then the element a[1] can be represented as *(a+1) . On the other hand, if y is a
pointer to an array a , then the following two entries: a[i] and *(y+i) are equivalent.
Let's consider an example:

intmain()

{
inta[5]={-5,0,34,12,-17};
cout<<endl<<(a+2); // onepatop 1
cout<<endl<<&a[2]; // onepaTtop 2
cout<<endl<<*(a+2); // onepaTtop 3
cout<<endl<<a[2]; // onepaTtop 4
cout<<endl;
return 0O;

So, operators 1 And 2 will be taken out one And That same meaning - address

element
array With index 2. A operators 3 and 4 - one And That same meaning 34.

There is one important difference between the array name and the corresponding
pointer. A pointer is a variable, and y = a or y++ are valid operations. The array name
1S a constant, so constructions like a = y , a++ cannot be used because the value of the
constant is permanent and cannot be changed.

Pointers can be used as operands in arithmetic expressions, assignment
expressions, and comparison expressions. However, not all operations commonly used
in these expressions are permitted on pointer variables.

A limited number of arithmetic operations can be performed on pointers. A
pointer can be incremented (++), decremented (--), and integers can be added to a
pointer (+ or +=), subtract from it integers (- or -=) or subtract one pointer from another.

Adding pointers to integers differs from regular arithmetic. Adding 1 to a pointer
means shifting it by the number of bytes contained in the variable it pointed to.
Typically, such operations are applied to pointers to arrays. Continuing with the
example above, where the pointer Pt the value b was assigned — a pointer to the first
element of the array, then after executing the operator

Pt += 2;

Pt will point to the third element of the b array . The actual value of the Pt pointer
will change to the number of bytes occupied by one element of the array, multiplied by
2. For example, if each element of the b array occupies 2 bytes, then the value of Pt
(i.e. the memory address pointed to by Pt ) will increase by 4.

Similar rules apply when subtracting an integer value from a pointer.

Pointer variables can be subtracted from each other. For example, if Pt points to
to the first element of the array b , and the pointer Pt1 - on the third, then the result of
the expression Pt1 - Pt will be equal to 2 — the difference between the indices of the
elements pointed to these pointers. AND So will, despite on That, What addresses,
contained in these pointers, differ by 4 (if the array element occupies 2 bytes).
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Pointer arithmetic is meaningless unless it's performed on pointers to an array.
Comparing pointers with the >, <, >=, and <= operators also only makes sense for
pointers to the same array. However, the relational operators == and != make sense for
any pointers. Pointers are considered equal if they point to the same memory address.

10.4. Order announcements dynamic arrays

Dynamic arrays are created using the new operation , and the type and
dimensions must be specified, for example:

int a=10;

int *ptr=new int [a];

This line creates a pointer variable to an int , allocates a contiguous area of
dynamic memory large enough to hold 10 integer elements, and stores its start address
in the ptr pointer . Dynamic arrays cannot be initialized upon creation and are not
zeroed out.

Access to elements of a dynamic array is carried out in the same way as to static
ones, for example, element number 5 can be accessed as ptr[5] or *(ptr+5) .

An alternative way to create a dynamic array is to use the malloc function. C
libraries:

int a=10;

int *ptr=( int *)malloc(a* sizeof ( int ));

Operation transformations like, recorded before appeal To malloc functions,
required That's why, What function returns meaning pointer type void * . Memory,
reserved under dynamic array With help new[] , should to free oneself delete

operator [1, A memory, dedicated function
malloc - by means of functions free , For example:

delete [] ptr;
free(ptr);

The array size is not specified in the delete operation , but the square brackets
are required.

10.5. Broadcast arrays V quality parameters functions

When using an array as a parameter, a pointer to its first element is passed to the
function; in other words, the array is always passed by address. At this information O
quantity elements array is lost, And its dimension should be passed through a separate
parameter (in the case of an array of characters, that is, a string, its actual length can be
determined by the value of the null character):

#include<iostream>

int sum(const int*mas, const int n);
int const n = 10;
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int main()

{
int marks[n]= {3, 4, 5, 4, 4};
cout<<”cymma sanemeHTOB MaccuBa: “<<sum(marks,n);
return 0;

}

int sum( constint *mas, constint n) //(the value n must be a constant)

{

int s =0;
for ( int i=@; i<n; i++) s += mas[i];
return s;

}

At transfer multidimensional arrays All dimensions, If They Not known on
At the compilation stage, they must be passed as parameters. Inside the function, the
array is interpreted as one-dimensional, and its index is recalculated in the program. In
the example below, the function calculates the sum of the elements of two two-
dimensional arrays. The dimension of the array is b known at compile time, under array
a memory is allocated dynamically.

#include<conio.h>
#include<iostream>
#include<stdio.h>
#include<stdlib.h>

usingnamespace std;
int sum(const int *a, const int nstr, const int nstb);

int main()
{
int b[2][2] = {{2,2},{4,3}};

printf(cymma snemeHTOB b: %d\n”,sum(&b[0][0],2,2));
//the array name cannot be passed to sum due to a type mismatch

int i,j, nstr, nstb,*a;
printf(“enter quantity lines And columns: \n");
scanf("%d%d",&nstr, &nstb);

//forming a matrix: allocating memory a=(
int *)malloc(nstr *nstb* sizeof ( int ));
// input array elements
for (i=0; i<nstr; i++)

for (j=0; j<nstb; j++) scanf(“%d”,&a[i * nstb+j]);
// display the result of the sum function printf(“sum
elements a: %d\n”, sum(a,nstr,nstb));

//release memory
free(a);

_getch();
return 9;

}

int sum(const int *a,const int nstr, const int nstb)
{ 23
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int i,j,s=0;
for (i=0;i<nstr; i++)
for (j=0;j<nstb; j++) s+=a[i * nstb + j];
returns;

}

For Togo to work With two-dimensional array natural in this way,
Can apply alternative way discharge memory:

#include<conio.h>
#include<iostream>
#include<stdio.h>
#include<stdlib.h>

usingnamespace std;
int sum(int **a, constint nstr, constint nstb);

int main()
{
int nstr, nstb;

cin>>nstr>>nstb;
int **a, i, j;
//formation matrices: selection memory a
= newint * [nstr]; // nstrstringsinarray
for (1 = @; 1 < nstr; i++)

a[i] = newint [nstb]; //and nstb columns

// input array elements
for (i=0; i<nstr; i++)

for (j=0; j<nstb; j++) cin>>a[i]l[j];
//conclusion on screen result work functions
sum cout<<sum(a, nstr, nstb);

//release memory diverted under two-dimensional dynamic array: for
(i = @; i<nstr; i++) //where nstr is the number of strings in the
array delete [] a[i]; // deleted the array of pointers

delete [] a; // deleted the pointer to the array of pointers

_getch();
return 0;

}

int sum(int **a, constint nstr, constint nstb)
{
int i, j, s=0;
for(i=0; i<nstr; i++)
for(j=0; j<nstb; j++) s+=a[i][j];
return s;

}

In this case, memory is allocated in two stages: first for a column of pointers on
lines matrices, A then V cycle under every line. Memory release must be performed in
reverse order.
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Laboratory Job No. 10
Application arrays And pointers For solutions applied tasks

TARGET WORKS: acquisition skills organizations input-output And array processing
using pointers and functions.

EXECUTION WORKS: V in accordance With option make up And implement
program.

Task |

Study order descriptions And use pointers.:

e dial And debug next program:

int main()

{

int a=7, b=2;

int *ptr=NULL;

cout<<"\na="<<a<<", &a="<<&a;

cout<<", b="<<b<<", &b="<<&b;

ptr=8&a;

cout<<"\nfleincTtBue: ptr=8&a. PesynbTaT: ptr="<<ptr", *ptr="<<*ptr;

ptr=&b;

cout<<"\nfleincTtBue: ptr=&b. Pe3ynbTaTt: ptr="<<ptr", *ptr="<<*ptr;

*ptr=137;

cout<<"\nfleincTtBue: *ptr=137. PesynbTaT: b="<<b;

ptr++;//van ptr+=2;

*ptr=-105;

cout<<"\nAction: ptr++, *ptr=-105. Result: ptr="

<«<ptr<<", *ptr="<<*ptr<<endl;

return 0O;
}

e present result And be able to explain work programs.
Exercise Il
Implement using pointers and
function mechanism n

in accordance With number options:
l. IN one-dimensional array, consisting from » material elements, calculate:

- amount negative elements array;
- work elements array, located between maximum And minimal elements.

2. IN one-dimensional array, consisting from » material elements, calculate:
« amount positive elements array;
« work elements array, located between maximum modulo And minimal By
module elements.

3. IN one-dimensional array, consisting from » whole elements, calculate:
- amount elements array, located between first And the last zero elements;

- transform array like this in this way, to at first were located All
23:
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positive elements, A Then - All negative (elements, equal 0, consider positive); do
not change the order of the array elements in the selected groups.

IN one-dimensional array, consisting from » material elements, calculate:
amount array elements With odd numbers;
compress array, having deleted from him All elements, module which Not exceeds 1.

IN one-dimensional array, consisting from » material elements, calculate:
maximum element array;
the sum of the array elements located before the last positive element.

IN one-dimensional array, consisting from » material elements, calculate:
minimum element array;
the sum of the array elements located between the first and last positive elements.

IN one-dimensional array, consisting from » whole elements, calculate:

number maximum element array;

transform the array so that the first half contains elements in odd positions, and
the second half contains elements in odd positions. - elements, standing V even
positions.

IN one-dimensional array, consisting from » material elements, calculate:

the sum of the array elements located between the first and second negative
elements.

transform the array so that all elements are located first, module which Not
exceeds 1, A Then - All rest; order of succession elements array V allocated
groups Not change.

IN one-dimensional array, consisting from » material elements, calculate:

maximum by module element array;

transform the array so that the elements equal to zero are located after everyone
the rest.

IN one-dimensional array, consisting from » whole elements, calculate:
minimum By module element array;
amount modules elements array, located after first element equal to zero.

IN one-dimensional array, consisting from » material elements, calculate:

number minimum By module element array;

the sum of the moduli of the array elements located after the first negative
element.

IN one-dimensional array, consisting from » material elements, calculate:
number maximum By module element array;
the sum of the array elements located after the first positive element.

IN one-dimensional array, consisting from » material elements, calculate:
quantity elements array, lying V range from 4 to IN ;
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amount elements array, located after maximum element.

IN one-dimensional array, consisting from » material elements, calculate:
quantity elements array, equal 0;
amount array elements, located after minimum element.

IN one-dimensional array, consisting from » material elements, calculate:

quantity elements array, large WITH ;

transform the array so that all negative ones are located first elements, A Then -
All positive (elements, equal 0, consider positive); the order of the array elements
in the selected groups should not be changed.

IN one-dimensional array, consisting from » whole elements, calculate:

the sum of the array elements located between the first and last zero elements.
transform the array so that all positive ones are located first elements, A Then -
All negative (elements, equal 0, consider positive); do not change the order of the
array elements in the selected groups.

IN one-dimensional array, consisting from n material elements, calculate:

amount array elements With odd numbers;

compress array, having deleted from him All elements, module which Not exceeds
1. Liberated V at the end array elements fill out zeros.

IN one-dimensional array, consisting from n material elements, calculate:
maximum element array;
amount elements array, located to last positive element .

IN one-dimensional array, consisting from n material elements, calculate:
minimum element array;
the sum of the array elements located between the first and last positive elements.

IN one-dimensional array, consisting from n whole elements, calculate:

number maximum element array;

transform the array so that its first half contains elements, standing V odd positions,
A in second half — elements, standing V even positions.

IN one-dimensional array, consisting from n material elements, calculate:

the sum of the array elements located between the first and second negative
elements.

transform the array so that all elements are located first, module which Not
exceeds 1, A Then - All rest.

IN one-dimensional array, consisting from n material elements, calculate:

maximum by module element array;

transform the array so that the elements equal to zero are located before by
everyone the rest elements.
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IN one-dimensional array, consisting from n whole elements, calculate:
minimum By module element array;
amount modules elements array, located after the first element equal to zero.

IN one-dimensional array, consisting from n material elements, calculate:

number minimum By module element array;

the sum of the moduli  of the array elements
located  after the first negative element.

IN one-dimensional array, consisting from n material elements, calculate:
number maximum By module of the element array;
amount elements array, located after first positive element.

Exercise Il

In accordance with the option, using pointers and user-defined functions,

compose and implement the program:

Elements of a real one-dimensional dynamic array of size x n > 20 are generated

by a pseudo-random number generator in the range [-10, 10]. Generate the array y using
the formula and perform the specified calculations. Write the formula using
mathematical symbols in a familiar form. Display the original array and the results of
the problem solution. Round all numbers to hundredths. Analyze the results using well-
known mathematical packages.

l.

yv[ii]=exp(x[i]-i), i=0,1,..,n-1, n=2k. Calculate amount works
P=x[0]and [2k-1]+x[1]and [2k-2]+..+x[2 k-1]and[O].
yv[i]=x[i]/In(abs(x[i]+ 1.23)),i=0,1, ..., n-1. Subtract the sum of the
negative values of the elements of array x from the first 15 elements of array y .

vii]=exp(x[i])/x[i], i=L2,..,n. Calculate  the sum
of all products of the corresponding elements of
the arrays x and y.

yv[ii]=In(x[i]+104)/(x[i]+]),i=0,1, .., n-1. Subtract amount positive
values of the elements of the array x from the last 12 elements of the array y .

v[i]=cos(x[i])+sin(x[i])+2.6, i=0,1,..,n-1. Calculate amount
squares of the elements of the array y , standing in odd places.

n=2k,y[0]=x[1], and [1]=x[1] x[3], v[2]=x[1]x[3]x[5], ...,
)[/2[]k—1]=x[1]x[3]x[5] . X[n-1], y[k]=x[0], y[k+1]=x[0]x
y[,k+2]=x[0]x[2]x[4], oy [n-1]=x[0]x[1]..x[n-2]

Subtract from amounts first k£ elements array at amount latest k& its elements.
y[i]=sqrt(abs(x[i])), i=0,1,.., n-1. Calculate

the number of elements of the array y that are greater than
the arithmetic mean of the elements of the array x .
in[0]1=52,in[11=43,in[2]=0.09,in [3]=-0.5, in[4]=7.15;
and[i]=cos(and[i-l]+and[i-2l;rand[i-3])/(and[i-4] ~and [ Yo -5]),i=5,
6,..,n-1. '
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Calculate work everyone negative numbers array at (V there is no
array x in this problem ).

n=2k, and [0]=x[0] x[1], y[l]=x[2]x[3], ... and[k

-l]=x[n-2]x[n-1].
Calculate amount squares elements array at .

y[il=x[i]%?,i=0,1,..,n-1. Sum the elements of array y in increments of 3,
starting from the first element.

n=2k, y[i]=sqrt(abs(cos(x[i])+6.7), i=0,1,..,n-1.
Calculate the sum

works S=x [0]y [1]+x[2]at[3]+..+x[n-2]y[n-1].

v[i]=isin(x[i]), i=0,1,..,n-1. Subtract

the product of  the positive values of the y array from the
last 14 elements of the x array .
y[i]=sin(exp(x[i])), i=0,1,..,n-1. Calculate quantity negative elements
of the array y with odd indices.
y[0] = sqrt(abs(x[0] - x[1])), y[1]= sqrt(abs(x[1] - x[2])), ...,
y[n-3]=sqrt(abs(x[n-3]-x[n-2])), y[n-2]=sqrt(abs(x [ n -
2] -x[ n-1])). Sum the elements of array y that have an index multiple of 3.
at[0]=x[0], y[1]=x[0]+x[1], ..., y[n-1]=x[0]+x[1]+..+x[n-1].
Calculate
amount cubes negative elements array at .

n=2k,y[0]=x[0]-x[n-1], y[l]=x[1]-x[n-2], .., y[k-1]=x[k-1]-x]

k]. From
each element array at subtract average arithmetic elements of array x .

y[i]=exp(cos(x[i]), i=0,1,..,n-1. Calculate quantity elements of the
array y that fall within the interval [0, 1].

y[i]=18tg(x[i]), i=0,1,..,n-1. Calculate quantity negative elements of
array x and the sum of the inverse elements of array y .

at [0]=x[0], y[n-1]=x[n-1],y[i]l=(x[i-1]+x[i]+x[i+]1])/3.
Calculate the number of positive elements of the array y with even indices and
find their sum.

yv[i]=exp(x[i])sin(x[i]),i=0,1,..., n-1. Calculate amount elements array
at , standing on even places.

y[i]=tg2~li1), i=0,1, .., n-1. Calculate quantity elements array y , smaller
in their values than the corresponding elements of the array x .

y[i]=3¢xliD 7=0,1, .., n-1. Calculate the number of elements of the array
y that do not fall within the interval [0, 1].

yli]=x[i]*sin(l/x[i]),i=0,1,..., n-1. Subtract the sum of positive values

from the first 14 elements of the array y .

y[i]=cos(x[i])-abs(x[i]), 23 i=0,1,..,n-1. Subtract the sum of

the squares of the elements of the array y from the sum of
the squares of the elements of the array x .
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25. in[0]=4.5,in[1]=-3.6, in[2]=-8.2, in[3]=6;
y[i=In(abs(y[i-1]))/sin(y[i-2]/(y[i-4]y[i-3]), and=4,5, ..., n- 1(where
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10.
11.

12.
13.

14.
15.
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array X No, and the elements of the array y are calculated with help recurrence
relations). Calculate the sum of the negative elements of the array y .

Control questions

What is this a pointer?

What general type of advertisement pointer? Bring example.

How describe some pointers on data one And Togo same like?

What are peculiarities initialization pointers?

What means NULL ?

Give an example of using the addressing operation. Explain the principle of the
illustrated operation.

Give an example of using the "indirect addressing" operation (or dereferencing).
Explain the principle behind the illustrated operation.

Peculiarities use symbol "*".

What is it? relationship between name array And pointer?

How ask pointer address first element array.

How to get the value of the i -th element ofanarray using a
pointer?

What is it like? difference between name array And appropriate pointer?

What is the order of declaring dynamic arrays using the new

operator ? Using the malloc function ?
How free memory, allotted under dynamic array?
What are the basic  rules for passing arrays as function parameters ?

Example execution tasks III laboratory work

Task: In accordance with the option, using pointers and user-defined functions,

write and implement the following program:

Elements of a real one-dimensional dynamic array of size x n > 20 are generated

by a pseudo-random number generator in the range [-10, 10]. Generate the array y using
the formula and perform the specified calculations. Write the formula using
mathematical symbols in a familiar form. Display the original array and the results of
the problem solution. Round all numbers to hundredths. Analyze the results using well-
known mathematical packages.

1.

y[i] = (15+exp(x[i] — D)(2+1),i=0, 1, ., n - 1.

Calculate amount works elements given arrays:

S=x[0]x[1]...x[n-1]+y[0]y[1] ... y[n-1].

Solution

Mathematical model

Elements material one-dimensional dynamic array X size

n > 20 let's generate sensor pseudo-random numbers V range [-10, 10].
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For location elements we will use the y array formula:

15+ Gi—i%)
Yi= "2

We organize the array output using an auxiliary function that uses formatted data
output with rounding up to hundredths.

Required find amount works elements given arrays:

n—1 n—1
S=Gx,+Gy;.
i=0 i=0

We will formulate the finding of the product of array elements as an auxiliary
function.

Arguments: real one-dimensional dynamic array x ; integer
n - quantity elements array.

Results: real one-dimensional dynamic array y ; sum of products of elements of given
arrays S (double-precision real type).

Intermediate values: counter i (of integer type), the name of the array lit (of
character type), the product of the elements of the given arrays p (of double-
precision real type).

The result of the program ( see the algorithm and
program listing on the next page) :

Enter the number of array elements n = 21
X:
- 8.42 9.06 7:00 10.45 4.15 - 6.26 8.49 9.48 0.98 4.11

- 6.55 - 5.25 0.95 1.95 -6.64 -2.19 6.58 6.67 -2.11 -7.30
5.56

y:
15.00 1590.15 7.02 1.93 0.88 0.58 0.41 0.30 0.23 0.18

0.15 0.12 0.106 0.09 0.08 0.07 0.06 0.05 0.05 0.04
0.04

S = 163630350633731.37

5. Analysis results With using famous mathematical packages to complete
independently.
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2. Algorithm

3. Program

Inputn

Generation material
x[i] € [-10, 10]

|
{

Output of array x:
list_mass(x, n, 'X' );

!

y[i] = (15 + exp(x[i]-
i*i))/(i*i+1)

|
{

Output of array y:
list_mass(y, n, 'y' );

v

S=p_el(x,n)+p_el(y,n)

v

Conclusion S

Y
Release memory, allocated for dynamic
arrays X and at

end

The function double p_el( float *a, int np)
calculates work elements array.

The function void list_mass( float *a, int nl,
char 1it) implements formatted displaying a one-
dimensional array on the screen

#include<conio.h>

#include<iomanip>

#include<iostream>

#include<stdio.h>

#include<time.h> // ana time(©)
#tinclude<stdlib.h> // ana srand() u rand()

usingnamespace std;

double p_el(float *a, int ns);
void list mass( float *a, int nl, char 1lit);

int main()
{
srand(time(0));
cout<< "Enter quantity array
elements n = " ;
int n;
cin>>n;

//forming array x: float
*x = newfloat [n]; for (
int i =0; 1 < n; i++)

x[i] = ( float )(rand()%2100- 1000)/100;

list mass(x, n, 'x' ); //output in
arrays
//formation massive in:
float *y = newfloat [n];
for ( int i=0; i<n; i++)
y[i] = (15 + exp(x[i]-
i*i))/(i*i+1);
list_mass(y, n,

"\n S = " << fixed << setprecision(2)
<<S;

//release memory, diverted for
dynamic arrays:

delete [] y;

delete [] x;

_getch();

return 0;

}
double p_el(float *a, int np)

{
double p = 1;
for(int i=0; i<np; i++)
p*=a[i];
return p;

}

void list _mass(float *a, int nl, char 1lit)
{
cout<<"\n"<<1lit<<":\n "<<endl;
for(int i=@; i<nl; i++)
printf ("%5.2f\t",a[i]);
cout<<"\n";

y' ); //output array y
double S = p_el(x,n) + p_el(y,n); cout<<
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11. Peculiarities work with functions

11.1. Methods transmissions parameters V function

All variables declared in the function body without specifying a memory class
have the auto memory class , meaning they are local. When the function is called,
local variables are allocated memory on the stack and initialized. Control is transferred
to the first statement in the function body, and execution of the function begins,
continuing until a return statement is encountered. or the last statement of the
function body. Control then returns to the point following the call point, and local
variables become inaccessible. When the function is called again, local variables
memory is allocated again, and therefore the old values of local variables are lost.

Function parameters are passed by value and can be considered as local variables
for which memory is allocated when the function is called and initialized with the
values of the actual parameters. On exit The values of these variables are lost from the
function. Since parameters are passed by value, the values of variables that are actual
parameters in the calling function cannot be changed within the function body.
However, if a pointer to a variable is passed as a parameter, the value of that variable
can be changed using the dereference operator.

IHpumep.
/* MCNoNb30BaHWEe MNapaMeTpoB MO 3Ha4vYeHuw */

void change (int x, int y);

void main()

{
int a=5,b=15;
cout<<”\na="<<a<<”, b="<«b;
change(a,b);
cout<<”\na="<<a<<”, b="<<b;
return;
}
void change (int x, int y)
{
int
k=x;
X=Y;
y=K;
}

In this function the values of the variables x and y , which are formal parameters,
are swapped, but since these variables exist only inside the change function , the
values of the actual parameters used in when calling a function, will remain unchanged,
that is, the values of the variables a and b as there were 5 And 15 respectively, So and
remained. For Togo so that they change To replace the values of the actual arguments,
you can use the function shown in the following example.
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Example.
/* using parameters at address */

void change ( int *x, int *y)

{ 1int k=*x;

*X=*y;
*y=k;}

When calling such a function, the actual parameters should be not the values of
the variables, but their addresses. change (&a,&b);. Then the function will operate not
with local values, but with the values at the addresses passed to the function as
parameters, which will lead to an exchange of the values of the variables a and b .

There's another way to pass parameters to a function: by reference. Using
references is very convenient and easy to use. Let's look at the same example, but using
references.

Example.
/* use parameters by reference */
void change ( int &x, int &y)
{ int
k=x; x=y;
y=Kk;}

When calling such a function, the variable names must be used as actual
parameters: change (a,b);. In this function, we will work with the wvariables
themselves a and b , but through their alternative names: x and y .

Any function can return a value as a result of its execution. A function cannot
return an array or a function, but it can return a pointer to any type, including an array or
a function. The return type specified in the function definition must match the type in
the function declaration.

A function returns a value if its execution ends with a return statement
containing an expression. The specified expression is evaluated, converted if necessary
to the return type, and returned to the caller as the function's result. If the return
statement does not contain an expression, or if the function's execution ends after
executing its last statement (without executing the return statement ), the return value

1s undefined. For functions that do not use a return value, the void type must be
used, indicating the absence of a return value. If a function is defined as

returning a value and the return statement does not contain an expression upon
exiting, the behavior of the calling function after control is transferred to it may be
unpredictable.

11.2. Broadcast names functions V quality parameters

A function can be called through a pointer to it. To do this, a pointer of the
appropriate type is declared and the function's address is assigned to it using the
address-of operator:

244



247
void f( int a){ /*.*/ } // definition of a function

void (*pf)( int ); // function pointer

pf=&f; //the pointer is assigned the address of the function
//(you can write pf=f;)

pf(10); //function f is called through a pointer pf

//(you can write (*pf)(10) )

To make programs easier to read, typedefs are used when declaring function
pointers . Arrays of function pointers can be declared (this can be useful, for example,
when implementing a menu):

//Description type PF How pointer
//on function With one parameter type int :

typedef void (*PF)( int );
//Description And initialization array pointers:
PF menu[]= {&new, &open, save};
// Call functions open
menu[1](10);

Here , new , open , and save are the names of functions that must be declared
previously. Function pointers are passed into the program in the same way as
parameters of other types:

# include <iostream.h>
typedef void (*PF)( int );
void f1(PFpf)

{ //function f1 receives V quality parameter pointer type PF
pf(5) //call the function passed via the pointer
}

void f( int i ) {cout <«i}

int main()

{
f1(f);
return 0;

}
The type of a pointer and the type of the function called through that pointer must
match exactly.

11.3. Overload functions

Often It happens comfortable, so that the functions, implementing one and That
same Algorithms for different data types have the same name. If this name is
mnemonic, that is, it conveys the necessary information, it makes the program more
understandable, since only one name needs to be remembered for each action.

Using multiple functions with the same name but different parameter types is
called function overloading .

The compiler determines which function needs to be called by type actual

parameters. This process it's called resolution
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Overloading (translated from the English word "resolution" as "clarification"). The
return type of the function is not involved in the resolution. The resolution mechanism
is based on a fairly complex set of rules, the essence of which boils down to using the
function with the most suitable arguments and returning a message if one is not found.
Let's say there are four variants of the function that determine the largest value:

// Returns the larger of two integers:

int max( int , int );

// Returns the longest substring :

char * max( char *, char *);

// Returns the largest of the first parameter and the length of the second:
int max ( int , char *);

// Returns the largest of the second parameter and the length of the first:
int max (char*, int);

void f(int a, int b, char* c, char* d)

{
}

cout << max (a,b) << max (c,d) << max (a,c) << max (c,b);

At call functions max compiler chooses corresponding type
actual parameters of the function variant (in the given example, all four function
variants will be called sequentially).

If no exact match is found, promotions of ordinal types are performed according
to the general rules (see [2] p. 38 and Appendix 3), for example, bool and char to int
, float and double , etc. Then standard type conversions are performed, for example,
int to double or pointers to void * . The next step is to perform user-specified type
conversions (these conversions are discussed in second part [2], p. 195), as well as
searching for matches due to a variable number of function arguments. If a match at the
same stage can be obtained in more than one way, the call is considered ambiguous and
an error message is issued.

Ambiguity Maybe appear at:

— transformation type;

— use parameters- links;

- use arguments By default.

Below given rules descriptions overloaded functions.
Overloaded functions must be in the same scope, otherwise hiding will occur similar to
identical variable names in nested blocks.
Overloaded functions can have default parameters, but the values of the same parameter
in different functions must match. Different versions of overloaded functions may have
different numbers of default parameters.

Functions cannot be overloaded if their parameter declarations differ only by the
const modifier. or using a reference (for example, int and constint or int & ).
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Laboratory work No. 11 Research ways work
With functions

TARGET WORK: Improving skills in programming using pointers, exploring ways to
pass parameters to a function and the order of returning parameters
from a function

EXECUTION WORKS: master theoretical material, execute general
For everyone exercise I And V in accordance With
option to create a program (task II).

Exercise |

Research mechanism overloads And methods transmissions parameters at
implementation of user-defined functions

o Implement V environment programming listings 1- 3.

o Analyze process execution programs. Convert attention on the method and
location of storing the values of local variables a, b and c .

o Make written conclusions on the considered

methods of passing parameters to functions 1-3.

1.  Study method transmissions parameters V function By meaning
void Swap( int a, int b);
int main(){

int x,y;
cout<<"\nEnter two numbers: ";
cin>>x>>y;
cout<<"\nx="<<x<<", y="<<y<<endl;
Swap(Xx,y);
cout<<"\nx="<<x<<", y="<<y<<endl;
return 9;
¥
void Swap(int a, int b){
int c;
c=a;
a=b;
b=c;
return;

}
2. Study method transmissions parameters V function By address
void Swap( int *a, int *b);

int main(){

intxy;

cout<<"\nEnter two numbers: ";
cin>>x>>y;

cout<<"\nx="<<x<<", y="<<y<<endl;
Swap (&x,8&y) ;

cout<<"\nx="<<x<<", y="<<y<§2ndl;
(



return ©;
¥
void Swap(int *a, int *b){
int c;
c=*a;
*a=*b;
*b=c;
return;

}
Study method transmissions parameters V function By link
void Swap( int &a, int

&b); int main(){
int x,y;
cout<<"\nEnter two numbers: ";
cin>>x>>y;
cout<<"\nx="<<x<<", y="<y;
Swap(Xx,y);
cout<<"\nx="<<x<<", y="<<y<<endl;
return 9;
}
void Swap(int&a, int&b){
int c;
c=a;
a=b;
b=c;
return;

}
Study order returns parameters from functions

e implement V environment programming next listing:
in t* GetMem();

int main(){
int *a=GetMem();
cout<<"\na is "<<a;
cout<<"\n*a is "<<*a;
cout<<endl;
return 0;

}

int * GetMem(){
int *c=new int
(5); return c;

}

e Analyze the program implementation

process

and the results obtained ; make written

conclusions.
Usage mechanism overloads functions

e implement V environment programming next listing:

void PrintData( int *s, int N);
void PrintData( char *w); 251
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int main() |

int *a,n; char str[50];
cout<<”\nEnter the array size:
a = new int[n];

for (int i=0;i<n;i++) a[i] = rand()%101-50;
PrintData(a,n);
cout<<”\nEnter a string:
PrintData(str);

return 0;

}
void PrintData(int *s, int N) {

({3

; cin>>n;

({3

; cin>>str;

cout<kendl;
for (int i=0;i<N;i++) cout<<s[i]<<” *;
return;

}

void PrintData( char *w) {

cout<<endl<<w;
return ;

}

e do written conclusions about use mechanism function overloading in this
program.

Exercise Il

In accordance with the option, compose and implement a program, explain which

method of passing parameters to the function was used and why:

l.

Given four natural numbers, calculate their greatest common divisor using the
subroutine for calculating the greatest common divisor of two numbers.

Given the coordinates of the vertices of two triangles, determine which one has
the larger area.

Find the least common multiple of four given natural numbers using the least
common multiple routine for two numbers.

Two natural numbers are called "friendly" if each of them is equal to the sum of
all dividers another, for excluding itself (for example, 284 and 220). Find all pairs
of "friendly" numbers that do not exceed a given natural number.

Given the lengths of the sides of a triangle, calculate the lengths of the medians of
a triangle whose sides are the medians of the original triangle.

Calculate the area of an arbitrary convex hexagon given by the coordinates of its
vertices.

Given lengths sides triangle. Calculate average arithmetic lengths of the bisectors
of this triangle.
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8.  Calculate the total surface  area of aregular  pentagonal
pyramid given the edge length.

9. Compose program, which will calculate amount needed numbers n
members this arithmetic progressions By any two her members,

(a1+an)-111

numbers which are known. Note : a,=a+d(n-1 s = a

L)
— the first term of the progression; d — the difference of the progression; n — the

number of the taken member, s , — the sum of the first » terms of an arithmetic
progression.

10. Create a program that will calculate the sum of the required number n of terms of
a given arithmetic progression, given any term of the progression whose number
is known, and the difference of the progression. See the note to the problem. 9.

11. Three points are given by their coordinates on a plane. Find the area and lengths
of the diagonals of a parallelogram whose vertices are these points.

12.  Calculate the perimeters of three triangles and their arithmetic mean. Each
triangle is given by the coordinates of its vertices.

13.  Find the total surface area of a regular n -gonal pyramid along the side of the base
when n = 4.

14.  Generate members rows Fibonacci, Not superior in advance given number 7 .
Check that if the Fibonacci number f'( k£ > 4) is prime, then £ is also prime.

15. Calculate the area of an arbitrary convex pentagon given by the coordinates of its
vertices.

16. Create a program that will calculate the sum of the required number # of terms of
a given geometric progression for any term of the progression whose number is
known and the denominator of the progression.

n

h Where q #

o)

Note : b,=b,q"
-1 1,b
) — 1
n q - 1
g - denominator progressions; n - number taken member, s, - sum first
n members geometric progressions.

- first member progressions;

17.  Create a program that will calculate the sum of the required number # of terms of
a given geometric progression for any two of its terms whose numbers are known
(see note to option 16)

18. Calculate the terms of the Fibonacci series that do not exceed a predetermined
number n . Check For several fours f;, f;+1,fi+2, fi+3consecutive members
rows Fibonacci justice ratios

2 2
ﬁ+2 - ﬂ+1 :ﬁ'ﬁ+3 .
19. Program the game "Guess the number". Program using a random generator
numbers chooses whole number V range from 0 to 9. Guess This
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number for three attempts. After each attempts reported more or less than the
stated number of the intended one.

20. Find All simple numbers V interval between natural numbers 4 And b
(A4>2000,b-A4=>20)
1.7¢(5)+2¢t(1+a) 10 L 2k+1

21.  Given whole number 4 . ,tae H(x)=) ——.
Calculate 6—1t(a* -1) k:0(2x + 1)!

22.  How many? ways Can take away team V composition m people from n
candidates? Conduct calculations at m =5, n = 8; at m =6, n = 11.

I
C =
m!(n—m)!)

(

23. n intervals asked coordinates their own ends on coordinate direct and numbered.
A point x on this line is also given. Find out how many intervals the point x
belongs to and indicate their numbers.

24. Given three pairs of complex numbers, represented in algebraic form, organize
the execution of four arithmetic operations on a pair of complex numbers into a
subroutine. Create a program to perform these operations for each pair of given
numbers.

25. Given the coordinates of the vertices of a triangle and the coordinates of two
points on a plane, determine whether they lie inside the triangle.

Control questions

1. List methods transmissions parameters V function.

2. Peculiarities transmissions parameters V function By meaning.

3. Peculiarities transmissions parameters V function By address.

4, What are peculiarities transmissions parameters V function By link?
5. Can a function return an array or a function as its result?

6. List methods call functions.

7. Which official word use to rename types?

8. What understand under overload functions?

0. Which process they call resolution clarification overload?

10.  On how founded mechanism permissions overload? Give it to me explanations.

11. Listrules descriptions overloaded functions.
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12. Lineshow array elements type char

12.1. Methods performances lines V Sl; implementation some typical
operations on strings

C doesn't have a special string type. Strings are treated as arrays of characters
terminated by a null character ("\0'). A string is accessed through a pointer to the first
character in the string. The value of a string is the address of its first character. Thus, in
C, a string can be said to be a pointer—a pointer to the first character of the string. In
this sense, strings are similar to arrays because an array is also a pointer to its first
element (Figure 12.1).

\O0
Af4] < 0x0012FF84

A[3 .
[3] < 0x0012FF83

A[2 ¢
[2] « 0x0012FF82

Al a
[1] « 0x0012FF81

A[O] B
« 0x0012FF80

e
const char *A 0x0012FF80

« 0x0012FF70

Drawing 12.1 - Performance array elements V memory computer

IN given example announced symbolic array A on 5 elements:
char A[]="Vasya”;

Please note that one byte of memory is allocated for storing each character, and 4
bytes will be allocated for the pointer. It's important to note that in the example above,
the array size is not specified; it is determined automatically. By length initializer
strings, moreover, automatically Added end of line character.

A string can be declared either as an array of characters or as a variable of type
char *. Each of the two declarations below is equivalent :

char S[]
char *Sp

"string";
"string";

assigns the initial value "string" to a string variable. The first declaration creates a 7-
element array S containing the characters 'c', 't', 'p', 'o', 'To', 'A' And
'\@' . Second announcement creates pointer variable Sp ,
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which points to a string containing the text "string" stored somewhere in the
computer's memory. However, in any case, the number of stored characters is one
greater than the number of significant characters due to the terminating null character.
Individual characters in a string are accessed using zero-based indices. For
example, S[0] and Sp[@] - the first characters of the above declared strings, S[1] and
Sp[1] - the second, etc.
In the declarations given, the length of the strings was determined automatically

by the compiler. Can declare string variables given lengths.
For example, operator

char buff[100];

declares a variable buff that can contain a string of up to 99 significant characters plus
a terminating null character.

Now let's explore the most useful application of symbolic pointers: storing arrays
of strings. While you can't actually create an array of strings, you can store an array of
symbolic pointers, each of which contains the address of a string in memory.

Defining an array of character pointers creates a dynamic array . This array is
similar to a two-dimensional table, with one exception: each row in this array can have a
different length (a different number of characters per row).

For example, let's declare a character table with 5 rows and 10 columns, each row
containing the same number of characters. It can be defined as follows:

char names [ 5 ] [ 106 ] = { { "Sergey" 1},
{ "Michael” 1},
{ Nikolai }s
{ "Ivan" }s

{ "Alexey" }};

It is shown in Figure 12.2. Note that the table contains a lot of whitespace. Each
row takes up 10 characters, even though the row contains much fewer characters. The
empty elements contain the line terminator character because C writes this character to
all uninitialized array elements. This type of table takes up too much memory.

Columns
e N
r N
0O 1 2 3 4 5 6 7 8 9 10
F0|Cle |p|r |e |#1|\O
1/IM|u|x|a|u|lx|\0
Lines < 20 H|u | k|o|x|a|i#|\0
3/ U | B|a|lu|\0
L 41A|lna|le|xk|cl|le|n|\0

Drawing 12.2 - Example two-dimensional symbolic array lines
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To address the memory waste problem, we declare a one-dimensional array of
character pointers. Each pointer contains the address of a string in memory, and these
strings can have different lengths.

Here examples definitions (initialization) such arrays:

char *names [ 5 ] = char *names [ ] =

{ {

{ "Sergey" 1}, { "sergey" },

{ "Mikhail®™ }, { "Mikhail"

{ "Nikolai" }, or Just Y,

{ "Ivan" }s { "Nikolai" 1},

{ "Alexey" } { "Ivan" 1,

}s { "Alexey" }
}s

These are one-dimensional arrays. The asterisk before names indicates that this is
an array of pointers. The pointers are of character type. Strings are not assigned to the
array elements, but the array contains the addresses of these strings. Figure 12.3 shows
this array of pointers. The strings can be located anywhere in memory. Their location is
not important, since each pointer contains the address of the first element of the
corresponding string. The strings do not take up extra space. memory; each line uses
exactly as much space as it needs to accommodate itself and the line terminator
character. This structure contains data in a jagged form.

names

[0] 3| Cle|(plgle|lyl|\0

[1] ———3 | Mjand| x | a |and| 1 | \O

[2] ——+—> | Hland| k [oh| 1 | a |y |\0 \

[3] ——| [ |in|a|n|\0

[4] — 1> A| 1| e |To|Witl e |y | \0
h

Drawing 12.3 - Array of pointers

For conclusion first lines Can use cout operator : cout « *names;
// Print Sergey
For conclusion second lines is used next operator cout:

cout«*(names+1); // Print Mikhail

When accessing an array element using the * operator, we access one of the
array's rows. The value returned by this operator can be used anywhere a string constant
or character array can be used.

Let's list some of the basic operations provided for a built-in string type
(character array):

« initialization array symbols (line built-in type);

« input/output;

o Accessing individual characters of a string for reading and writing: This is done
using the index operation or indirect addressing.
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12.2. Main functions Si For work with lines

When working with character arrays, the task of processing them (comparing
strings, concatenating strings, searching for a substring in a string, and so on) often
arises. The C header file <string.h> describes many functions. for working with strings.

For example, functions:

copying lines ( strcpy, strncpy );

comparisons lines ( stremp , strncmp );

associations lines ( strcat , strncat );

search substrings ( strstr );

search occurrences symbol ( strchr , strrchr , strpbrk );
definitions lengths lines ( strlen );

transformations lines V number ( atoi , atoll , atof

); and so on.

Given that strings are made up of characters, it's useful to know some functions
for working with characters. The ctype library (header file ctype.h ) is used to work
with characters . It contains:

1. Functions checks on affiliation symbol set:

isalmum

(c)

isalfa (c)

iscntrl
isdigit
isgraph
islower
isprint
ispunct
isspace
isupper

isxdigit (c)

(c)
(c)
(c)
(c)
(c)
(c)
(c)
(c)

- letters and numbers (AZ, az, 0- 9);
- letters (AZ, a- z);
- managers symbols (With codes 0...31 And 127);
- numbers ( 0-9);
- printed symbols except space;
- letters lower register (a- z);
- printed characters;
- signs punctuation;
— separator symbols;
- letters top register (A- Z);
- hexadecimal numbers.

2. Functions transformations characters:

e tolower (c)

- to the bottom register;

e toupper (c)-— to top register.
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Lab Work No. 12 Processing
symbolic arrays

TARGET WORKS: ereceiving skills announcements, initialization, use of symbols arrays at
processing lines in C/C++.

EXECUTION WORKS: master theoretical material, execute general
For everyone exercise I And V in accordance With
option to create a program (task II).

Task |

1. Studying ways formations lines V language Si

e Dial And debug program:
int main()

{
char Arrl[25];

char Arr2[]={"Second string!"};
char Arr3[]={'T','h",'1",'r"','d"," ',
'S')'t')'r\l) Iil) 'n') 'g'};

char *Arr4="Fouth string";
cout<<"\nEnter string: \"First string\": ";
cin>>Arrl;
cout<<"\nString 1: "<<Arrl; // OnepaTtop 1
cout<<"\nString 2: "<<Arr2; // OnepaTtop 2
cout<<"\nString 3: "<<Arr3; // OnepaTtop 3
cout<<"\nString 4: "<<Arr4; // OnepaTtop 4
return O;
}

e Analyze the output of the program and answer the question why Operator 2
and Operator 4 display their phrases on the screen in full , while operator 1

displays only part of it.
e Why Operator 3 outputs all phrase lines Arr3 and Part another line.
e What need to do, to Operator 3 brought out only my phrase.
2. Using string functions to process character arrays

e Dial And debug program filling numerical array of character string:
int main(){
char str[]="2, 75.3, 24.45, 55, 0, 0.37";

char *ptr=str; //Operator 1
float Arr[10];
int i=0;
printf("\nOriginal string:\n%s\n",str);
do {
Arr[i] = atof(ptr); //OnepaTtop 2

25



10.

11.

12.

13.

259
i++;
if (i>9) break;
}
while(ptr==strchr(ptr,',"),ptr++); //OnepaTop 3
printf(“\nMaccuB 4mncen: \n“)
for (int s=0;s<i;s++)
printf("%5.2f\n", Arr[s]);
return 9;

}
e Analyze result work programs And answer on Question: What happens
when Operators 1-3 are executed ?

Exercise Il

In the given text, insert a comma and a space between words instead of spaces .
Given text. Insert the given sequence of characters after the 7 -th character of each word.

Display words from a given text in one column on the screen ending in a consonant
letter, in another column - words ending in a vowel letter, in the third - all the remaining
words.

From the given text, remove the part of it enclosed in parentheses together with the
parentheses.

5. Each word text transform So, to it it was read vice versa.

From a given sequence of words separated by commas, remove words containing the
character entered from the keyboard.

Create a program to count the number of words in a telegram and print a receipt for its
payment.

Given a text of n characters, display only the lowercase Russian letters contained in this
text.

Given a text in lowercase Latin letters, followed by a period. Display this text on the
screen using capital Latin letters.

After each vowel letter x in a sequence of words separated by spaces, insert the letter
combination pxx (for example, the word order is transformed into
porosoryasyasadorosok).

Given a text, find how many double letters it contains. Replace each pair with the *
symbol.

Define, Not using standard procedure, is whether The entered string is a correct
representation of an unsigned decimal integer.

IN text words separated spaces. Define, what percent words in the text ends with the
Russian letter a.

14.  Asked text on Russian language. Delete from him spaces, b, .
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Words in the text are separated by spaces. Determine what percentage of words in the
text end with the Russian letter a.

Given two strings of characters consisting solely of digits (each more than 10 characters
long), assume these strings contain very long integers and form a third string—the sum
of these numbers.

Find and display double letters in the given text. Count the number of double vowels
and the number of double consonants.

Given a square matrix whose elements are positive integers, find the square root of the
number formed by the digits of the numbers on the main diagonal.

Given some arbitrary text, edit the text so that there is exactly one space between words
and exactly two spaces between sentences.

Remove a character entered from the keyboard from the input string. Display the
number of removed characters and the resulting string.

Words in the text are separated by spaces. Determine what percentage of words in the
text begin with the Russian letter "m. "

22.  Withdraw on screen the most long word from given text.

The text 1s defined as follows: the first character i1s a number indicating the length of the
first word, after the first word is another number indicating the length the second word
(the length of each word is no more than 9 characters), etc. Write out the k -th word
from the text (the number £ is entered from the keyboard).

Let's define the complexity of a sentence as the sum of the number of words and
punctuation marks. Determine the complexity of a given sentence.

IN given line replace All occurrences one substrings on another. Both substrings are
entered from the keyboard.

Select from the text all words that contain two or more identical symbols.
Given a square integer matrix whose elements are positive numbers, find the square root

of the number formed by the digits of the numbers on the secondary diagonal.

Control questions

[E—
.

What represents from myself line V program, written on JP C?
2. What represents by yourself line:
A) subsequence English letters; b) a
sequence of Russian letters;
V) subsequence symbols PC?
How Maybe be described line V Si?
Bring example announcements lines How array symbols.
Bring example announcements lines How pointer variable on line.
What is sign endings lines?
How is being carried out access To elements lines?

Nk Ww

26!



261

8. Which maximum quantity symbols Maybe contain line?

9.  How at description lines can be given her length?

10. During program execution, can the actual string length become larger than the
length declared in the declaration section? What happens in this case?

11. List typical operations over lines.

12.  List main functions processing lines.

Example execution tasks II laboratory work

Task: You are given a sentence with one space between words and a period at the end
of the sentence . Count the number of words in this sentence and Display in a column
on the screen those words that begin with the letter or symbol entered from the
keyboard, and their number. If there are no such words in the entered sentence, display a
message to that effect.

Solution (mathematical model) . We will enter a sentence into the character array
text[100] . We will break this sentence into individual words and store them as
elements of a two-dimensional character array mas . We will denote the character
entered from the keyboard by x , the number of words in this sentence by m (int) , and
the number of words beginning with the entered character (the result of the program) by
kol_x (int) . Formation of the array mas We'll execute this using a loop with a
postcondition until a period is encountered. Each word will be processed character-by-
character in the loop, processing the one-dimensional array text until a space is
encountered, incrementing the word counter by one after each space.

2. Solution program this tasks Maybe have next view:

#include <conio.h> // to work correctly with Cyrillic, you must #include
<iostream> // save the project file in DOS 866 encoding file — #include
<cstdio> // additional parameters saving — Cyrillic (DOS)

usingnamespace std;

int main() {
char ch, x, mas[25][100], text[100]; // mas - two-dimensional array
words cout<< "Enter a sentence ending with a period" <<endl;
gets(text); // organize the input of all text characters
int i=0; // character number of the word
int j=0, m=0; // we are considering first

word do {

ch=text[j];

if ((ch!= " ") & & (ch!="," ) & & (ch!= "."))
{

mas[m][i]=ch; //form current word i++;
}
else
if
(i!'=0)

{
mas[m][i]= "\@"' ;
m++; //increase the word counter
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i=0;
}
J++s
}
while (ch!= '." );
cout<< "Number of words in this sentence: " <<m<<endl; cout<«

"Enter the character with which words displayed on the screen

should begin: ;

cin>>x;
int kol_x=0; // reset the counter of searched words
cout<< "Words starting with the character '" <<x<< "':"

<kendl; for (i=0; i<m; i++)
if (mas[i][©@]==x)
{ // If introduced symbol V current word on first positions, then
cout<<mas[i]«<endl;;

kol x++;
}
if (kol_x==0) cout<< "absent" ;
else
{ cout<< "Total in sentence " <<kol_x;

switch (kol_x)
{ //organizing the output of the correct
ending case 1: case 2l:cout<< " word,
; break ;
case 2: case 3: case 4: case 22: case 23: case 24:
cout<<" cnoma, ";break;
default:cout<<" cnoB, ";

}
} cout<< "starting with """ <<x<< """ ;
_getch();
return 0;
}
3. Result work programs:
1)

Enter a sentence

Some People see V puddle only puddle, A some see V puddle stars. Number of
words in this sentence: 13

Enter symbol, With whom should start off output on screen words: 1
Words, beginning on symbol "L"

people

pudd

le

just

pudd

le

pudd

le

There are 5 words in the sentence that start with '1°'.

2)

Enter a sentence

And the sun shone brighter.

The number of words in this sentence ix 4 .

Enter symbol, With whom should start off output on screen words:1 Words
starting with the symbol '1'
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are absent
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13. Lines How object special class string
13.1. Description lines V C++ And typical operations over them

To use the capabilities of the string class in a program It is necessary to
include the header file string at the beginning of the program :

# include <string>

Unlike the char type , string is a class. Classes, roughly speaking, contain
variables, constants, and functions (methods) for working with variables. string uses
the only one string object for string handling. Being part of the C++ standard library,
this object is also part of the standard namespace — std . Thus, to use the capabilities of
the string header file , it is necessary to declare the standard namespace std in the
global object declaration area of the program .

Now For creation lines enough write:

strings;

For records V line Can use operator assignment (=):
s="Hello";

Example work (input/output) With object class string :

string name;

cout<<"Enter your name"<<endl;

cin>>name;// the line is counted up to the first space
//therefore, when working with string, it is better to use
getline(cin,name);

//orcin.getline(name[, 50]); V [] specified optional parameter
cout<<"Hi "<<name<<"!"<<endl;

Let's look at some basic operations implemented for an object of the string class

« initialization with a character array (a built-in string) or another object of type
string ;

string st( "For work With Cyrillic Dos 866\n" );// or
strings@=st;// or
string s1 = " file —» additional parameters saving — Cyrillic (DOS) ";

« copying one lines V another;

st2 = st3;//Using the assignment operation, we copy st3 to st2
« access To separate symbols lines For readings and records;
« comparison two lines for equality;

if ( st == st3 )
// initialization worked

« concatenate two strings, producing the result as either a third string or instead of
one of the original ones;
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string s1( "hello, " );

string s2( "world\n" );

string s3 = s1 + s2;// 3rd line - result concatenation the first two
sl += s2;// or same possible addition s2 V end sl

We can rewrite the example above so that special characters and punctuation

marks are represented by a built-in type, and meaningful words are represented by
objects of the string class:

const char *pc = ", ";// Operation additions Maybe concatenate
string s1( "hello" );// objects of class string
string s2( "world" );// and with lines built-in type

string s3 = s1 + pc + s2 + "\n";

Expressions like these work because the compiler knows how to automatically

convert objects of the built-in type to objects of the string class . Maybe And
simple assignment built-in lines object string :

string s1;
const char *pc = "a character array";
sl = pc; // correct
13.2. Main functions class string For work with lines

Let's look at some of the basic methods (functions) provided for working with

strings that are instances of the string class:

s.append(str) - adds V end lines line str . Can write How
s.append(variable) , so and s.append("string");

s.assign(str) - appropriates line s meaning lines str . Likewise records
s=str;

int i=s.begin() - writes down V i index first element lines;

int i=s.end() - similarly, but the last one;

s.clear() — as the name suggests, clears a string, i.e. removes all elements in it;
s.compare(str) — compares the string s with the string str and returns 0 if
there is a match (in fact, it compares the character codes and returns their
difference);

s.copy(str, len (how much), start (starting from which)) — copies from
string s into the string str ( str can be either of the string type or a string of
the char type ). The last two parameters are optional (you can use a function
with 1, 2 or 3 parameters);

bool b=s.empty() - If line empty, returns true , otherwise false;
s.erase(start, len) deletes len elements With given start positions ;
s.find(str, start) - is looking for line str starting With given start positions ;
s.insert(start,str, beg, count) - inserts V line s, starting With
positions start part of string str, starting from the begcount position
symbols;

s.replace(start, n,str)- beret n first symbols from str and replaces
characters of the string s on them, starting from the start position;

replace(str.begin(), str.end(), '.', '_");//runs through range from
// begin() to end() And replaces elements, equal to the third
parameter, 26:

// on the fourth



e int len=s.length() - writes down V len length lines;

o s.push_back(symbol) - adds V end strings character;

o str=s.substr(n,m) -returns m characters starting With position n;
o s.swap(str) - changes content s And str in places;

e s.size() - returns number elements V line.

Example research features input/output string data.

string s, sl1, ss;

cout<<"\nEnter string: \"1 string\": "<<endl;
cin>>s;

getline(cin,sl);

cout<<"\nEnter string: \"2 string\": "<<endl;
getline(cin,ss);

cout<<"\nString 1: "<<s;
cout<<"\nnpogomkeHune String 1: "<<sl;
cout<<"\nString 2: "<<ss<<endl;

string str = "Hello, world!";

cout << str <<endl;

string name, surname,text,fullname,s2,s3,user;
user = "Petya Petrov";

cout << user <<endl;

cout<<"Enter your name"<<endl;
getline(cin,name);

cout<<"Enter your surname"<<endl;
getline(cin,surname);

fullname=name;

fullname+=" "; // pobaBnsemnpoben
fullname.append(surname);

cout <<"fullname = "<<fullname <<endl;

if (fullname.compare(user)==0) // <=> if (!(fullname.compare(user)))

cout<<"Your are good user'<<endl;
else cout<<"Bad user'"<<endl;
cout<<"enter sl"<<endl;
getline(cin,sl);
cout<<"enter s2"<<endl;
getline(cin,s2);
sl.swap(s2);
cout<<"new sl: "<<sl<<endl<<"new s2: "<<s2<<endl;
cout<<"Enter big text with your name"<<endl;
getline(cin,text);
cout <<"old text = "<<text <<endl;
int i=text.find(name);
while (i) // <=> while (i!=0) {
text.replace(@,name.length(),name); //replace the first
characters in text with name s3=text.substr(i,name.length());
//place the substring from text into s3
cout<< "Replaced: "
substring name in the string text
}
cout<< "New text:" <<endl<<text<<endl;
text.clear(); //clear the string cout<§6

"text: " <<text<<endl; '

<<s3<<endl; i=text.find(name); //search for the
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Laboratory Job No. 13
Programming tasks on processing data string type

TARGET WORKS: receiving skills announcements, initialization And using objects of the

string class C++.
EXECUTION WORKS: master theoretical material, in in accordance with

option to solve the problem, create and implement a program

With using functions class string.
Exercise

Enter a sentence with words separated by spaces and commas. Print this sentence,
removing any words that appear more than once.

Find the set of all words that occur in each of the two given sentences.
3. Delete from this lines those words, which already met V her before.

Enter a string consisting only of numbers and letters. Print those groups of numbers in
which the number 7 appears no more than twice (a group of numbers is a sequence of
numbers surrounded by letters).

Enter a sentence with words separated by spaces and commas. Print the words that are
grammatical precedents of other words in the sentence. If the required words are
missing, report them.

Print the entered sentence, removing from it words that consist of less than three letters.

Print the entered words, other than the last one, by rearranging them as follows: move
the last letter of each word to its beginning and leave only the first occurrences of each
letter in each word.

Print the string that is obtained from the input string as follows: each digit is replaced by
a sequence of characters enclosed in parentheses: “+” if the digit is even, or “-” if the
digit is odd. The length of the sequence is equal to the number represented by the digit.

Students encrypt their notes by writing all the words backwards. Create a program that
decrypts the students' messages.

Print the entered string, removing odd-numbered words from it. and reversing the even-
numbered words. For example, the line "the cold stream burned my face and hands"
should become "yechuur otsil ikur."”

Enter a string that can only contain numbers and letters. Print those groups of letters in
which the letter 4 occurs at least twice (a group of letters is a sequence of letters
surrounded by numbers).

Enter any text consisting of several sentences. Calculate average number of words per
sentence and average sentence length.
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Given a text in which words are separated by spaces, create a list of words in the text,
indicating the number of letters in them.

Print, starting from the last word, the inverted words of the entered sentence.

From the first line, select all words beginning with a vowel, and from the second line,
select words beginning with a consonant. Create a third line consisting of the selected
words from both lines. In the new line, words should be separated by two spaces.

From the entered text, print only those words that are symmetrical (for example, radar,
anna, hut) or in which the letters are arranged in reverse alphabetical order (for
example, current, three, term).

Students encrypt their notes by writing each word of the text backwards. Compose
program, allowing encrypt messages in the manner described .

For each word in a given sentence, indicate how many times it appears in the sentence.
Replace the ending ing of each word occurring in the given sentence in English with ed.

Given a sequence of words separated by spaces, print all the words, first removing all
previous occurrences of the last letter from each word.

From a given sequence of words separated by commas, remove words containing the
sequence of characters entered from the keyboard.

Given a sequence of words separated by spaces, print all the words, first removing from
each word all occurrences of the last letter of the previous word.

Display on the screen those words from the entered text that do not contain repeated
letters.

Given a text consisting of several sentences, display all words other than the last word
of the current sentence for each sentence.

Given a sequence of words, each of which contains from 2 to 10 Latin letters. Between
adjacent words - space, for last one Word-period. If the word is odd-length, remove the
middle letter; if it is even-length, move the first letter to the end of the word. Display all
converted words on the screen.

In the given text, words are separated by spaces or commas. Display a list of words that
contain at least one character entered from the keyboard.

27.  Withdraw on screen display list words, having prefix.
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Tasks For independent work

Next group tasks is Not mandatory For solutions And This problem relates to the
field of cryptography, i.e., the encryption and decryption of texts. Solving problems in
this group will improve your string processing skills and expand your knowledge of
their practical applications.

Encrypt the text using the Gronsfeld method. The key is a finite sequence of digits
written consecutively above the characters of the text being encrypted. The digit above
each character is the offset (i.e., it indicates how many positions must be moved forward
in the encoding table from the current character to obtain its replacement). Test the
program you've written.

To encrypt text written using Russian letters and punctuation marks, it can be rewritten
by replacing each letter with the one immediately following it in the alphabet (the letter
" a" is replaced by the letter " a "). This encryption method can be generalized by
shifting not one letter, but » letters, where # is a given natural number (you can imagine
the letters written in a circle, like the numbers on a clock face). Write and test a program
that encrypts and decrypts this text.

Let a message be transmitted over a certain communication channel, which has the form
of a sequence of zeros and ones (or similarly, dots and dashes). Due to interference, it is
possible erroneous reception some signals: zero Maybe be perceived as one and vice
versa. Each signal can be transmitted three times, replacing, for example, the sequence
1, 0, 1 with the sequence 1, 1, 1, 0, 0, 0, 1, 1, 1. Three consecutive digits are replaced
during decryption with the digit that appears at least twice among them. This
concealment of signals increases the likelihood of correct reception of the message.
Write a program to decrypt a given message.

4. The following method is designed to encrypt sequences zeros and ones (or, for
example, dots and dashes). Leta ;,a», ..., a , - such a sequence. What is proposed as its
cipher is the sequence b 1, b, ..., b ,, educated By to the next one rule: b 1=a ;b

=lifai=a,;.1and b ;=0 otherwise (i =1, 2,..., n ).
Using the described method, encrypt and decrypt the given sequence of zeros and
ones (or dots and dashes).

To encrypt a text consisting of 121 letters, it can be written in a square matrix of order
11, row by row, and then read in a spiral, starting from the center (i.e., from the element
with indices 6, 6). Encrypt and decrypt this text using this method. Having chosen a
table, develop a method for replacing each symbol with another symbol—its cipher.
Encrypt and decrypt this text using the specified method.
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Control questions

1. Howis astring variable declared that is an instance of
the string class ?

How is being carried out access To elements lines?

List typical operations over lines.

How is being carried out initialization lines?

How is being carried out input/output lines, being object class string ?

How is being carried out comparison lines?

How is being carried out concatenation lines?

Maybe whether V process execution programs change actual length of the
string?

9.  List main functions processing lines.

NV AW

Example execution laboratory Work Task: Find the

sum of the digits of the entered natural number.

. Solution (mathematical model + verbal algorithm) . We'll read the natural number
into the string variable stroke . We'll reset the adder to s = 0. We'll calculate the
string length and then loop through the following:
- We will convert each character of the string into a number, thereby obtaining the
digit of the entered number;
- Increment the adder by the value of the resulting digit of the

number. After the loop completes, we display the result—the sum of the
digits of the number s . Arguments: line (string) - whole number
entered With keyboard. Results: s (int) — Sum of the digits of a number

Intermediate values: counter i, number of elements in row n, numerical performance
symbol introduced lines si — whole type.

2. Solution program this tasks Maybe have next view:

#include <conio.h> #include
<iostreams> #include 3. Pe3yabTaT padoThl NPOrpamMMbl:

<string> BBeauTe HaTypa/lbHOE YUCAO:

usingnamespace std; 12345678

Cymma uu yncna: 36
int main() { y Lmep

string ;
cout<< "Enter a natural number:
getline(cin,string);
int si, s=0, n=stroka.length();
for (int i=0; i<=n-1;i++) {
si=stroka[i]-'0";

<<endl;

S=S+S1i;
}
cout<<"Cymma umdp uymcna: "<<s<<endl;
_getch();
return 0;
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14. CrpykTyphl

14.1. Order announcements And initialization structures

Structures in C are used to logically group related data. Unlike arrays, a structure
can contain data of different types.

In the C++ language, a structure is a type of class and has all its properties, but at
this stage of learning the C++ language, it is enough to use structures as they are defined
in the C language:

struct [ type_name ]

{
type_ 1 element_1;
type_2 element_2;

type n element_n;
} [ list of descriptors ];

The elements of a structure are called the structure's fields and can be of any type
except the structure's own type, but can also be pointers to it. If a type name is missing,
a list of descriptors must be provided: variables, pointers, or arrays. In this case, the
structure declaration serves as a definition of the elements of this list:

struct // An example of a structure describing student profile data

{
char fam[20];

char name[15];
intage;
} stud[30], *ptr;

This example describes a structure containing three fields: a 20-element character
array named fam , a 15-element character array named name , and an integer variable
named age , which are used to store information about a student's last name, first name,
and age, respectively. The descriptor list specifies an array of 30 instances of this
structure and a pointer to the structure (which also specifies an instance of the structure,
but 1s identified not by the instance name, but by the name of the pointer storing the
address of the beginning of the memory allocated for the instance of the structure, but
without the instance name). If the descriptor list is missing, the structure description
defines new type, Name which can be used V further along with standard types, for
example:

struct student

{
char fam[20];
char name[15];
int age;
}s
int main()
{ .
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student stud[30], *ptr;

return 0;

}

This example describes a global data structure of the struct type with the
definition of a new data type, student . The definition of instances of this structure is
performed within the main() function .

Variables of structured type can also be placed in dynamic memory area, for this
you need to describe a pointer to the structure and allocate space for it:

student *ptr=new student; // copy structures
student *stud=new student[N];// array of instances
// structures

To initialize a structure with values, the same methods are used as for ordinary
data types, but with a small addition: to access a field of a structure, an instance of
which was created as an ordinary variable or array, use the “point” operation, and to
access a field of a structure, an instance of which was created as a pointer to a structure,
use the “arrow” operation:

stud[1].fam="Sidorov”’; // Access instance name
stud[1].name="Alexander”;
stud[1].age=23;
prt->fam="Petrov”; // Access via pointer
ptr->name="Semyon”; // to the structure
ptr- >age=21;
In practice, the input of field values of a structure described by an array of
instances is carried out using loops with a parameter:
for (int i=0; i<N; i++)
{

cout<<”\nEnter last name student: “;

cin >>stud[i].fam;

cout<<”\nEnter Name student: ”’;

cin >>stud[i].name;

cout<<”\nEnter age student: *”; cin>>stud[i].age;

}

In this example the number of students is N must be defined (introduced With
keyboards) higher By text programs, to moment use.

14.2. Programming With using structures

For variables of the same structural type, the assignment operation is defined ,
which involves element-by-element copying.

By themselves structures are only means descriptions Complex data types, but
their main advantage is the ease of searching and analyzing the data described in this

format. For example, we need to display data on all students currently under 22 years
old:

k=0;
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for (j=0; j<N; j++)
if ( stud[j].age<=22 )

{
cout<<”\nLast name: *<<stud[j].fam;
cout<<”\tName: ”<<stud[j].name;
cout<<”\tAge: ”<<stud[j].age; k++;
}

if (k==0) cout<<”\nThere are no such students!”;
or O students, whose surname " Petrov ":

k=0; //f=true;
for (j=0; j<N; j++)
if ( strcmp(stud[j].fam, “Petrov”)==0 )

{
cout<<”\nLast name: *<<stud[j].fam;
cout<<”\tName: »<<stud[j].name;
cout<<”\tAge: "<<stud[j].age; k++;
// f=false;

}

if (k==0) cout<<”\nThere are no such students!”;
// if (f) cout<<”\nThere are no such students!”;

Proposed V comments alternative boolf for considered V intk example is a more
correct implementation of the required operation.

14.3. Usage functions For work With derivatives data types

A structure can be passed to a function and returned as the function's value.
IN in accordance With modular approach To programming It is advisable to implement
search questions in separate functions, for example:

void RequestFamily(student *k, char *f);
int main()

{.

char *family;

cout<<”\nEnter last name For search: ”’;
cin >>family;

RequestFamily(courses, family);

return 9;

}

void RequestFamily(student *k, char *f)

{
k=0;
for (j=0; j<N; j++)
if ( strcmp(k[j].fam, f)==0 )
{

cout<<”\nLast name: ”<<k[j].fam;
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cout<<”\tName: ”<<k[j].name;

cout<<”\tAge: “<<k[j].age; k++;
}

if (k==0) cout<<”\nThere are no such students!”;
return ;

}

In this example, two pointers are passed to the function: one of type student , the
other of type char . What are these pointers, why are they passed, and what do they
mean?

The first pointer is a pointer to the student data type , that is, to a structure.
Why is a pointer passed? Because structure instances are declared as an array of
instances, and it's known that the array name is a pointer to the zeroth element of the
array. Thus, we pass the entire array of structure instances to the function via a pointer.

The second pointer is a pointer to the char data type , that is, a character data
type. This pointer is used to pass the string to the function to search for the student's last
name.

The function returns nothing as a result (the return type is void ), but we don’t
need to return anything, since the function already displays a list of students we are
interested in.
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Laboratory Job No. 14
Application structures For solutions applied tasks

PURPOSE OF THE WORK: to acquire basic skills in declaring, initializing and using
derived data types, to improve skills descriptions And use functions V

programs.
EXECUTION WORKS: V in accordance With option make up And implement
programs.
Exercise |

Using a structured type — struct (structure), create a program entering a list of
objects from the keyboard (at least 10) On the topic specified in the corresponding
assignment, 4-6 characteristics of these objects and displaying the data on the screen in
the form of a rectangular table. Organize a data search based on one of the specified
characteristics.

The information must be reliable. It can be obtained from reference books,
encyclopedias, advertisements, books, etc.

1. Signs zodiac 14. Materials For repairs apartments
2. Industrial goods 15. Universities Russia
3. Products nutrition 16. Intelligence O students groups
4. States Europe 17. Painting eras Renaissance
5. Russians writers 18. Chemicals elements of the
6. Homemade And wild animals periodic table
7.  Flowers 19. Medicine
8. Household technique 20. Tourism And rest
9. Computers And components 21. Transport
10. Precious stones 22. Citrus plants
11. Rivers Russia 23. Mountains Northern Caucasus
12. Types sports 24. Perfumery
13. Music 25. Stationery goods
Exercise |l

In accordance with the option, draw up and implement a program. Provide
processing data With using MENU, containing the following items. data entry, data
viewing, search 1, search 2, exit.

Option 1
1. Describe the STUDENT structure , which contains
the following fields: last name and initials, group

number, academic performance (array of five elements).
2. Write program, performing next actions:
* entering data from the keyboard into an array of structure instances consisting of
five records;
 search records, V which average ball student more 4.0;
» search records, V which match numbers groups students.
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Option 2

. Describe the AEROFLOT structure, which contains the following fields: flight

destination name, flight number, capacity, aircraft type.

. Write program, performing next actions:

+ entering data from the keyboard into an array of structure instances consisting of
five records;
 search for records n which the destination
matches the one entered from the keyboard;
» search records, V which capacity airplane Not less introduced With
keyboards.
Option 3

. Describe the structure of TRAIN, which contains the following

fields: train number , destination name, departure time,
travel time.

. Write program, performing next actions:

+ entering data from the keyboard into an array of structure instances consisting of
five records;
» search trains, departing after time, introduced With keyboards within the next
two hours;
 search trains, departing V paragraph appointments, introduced With keyboards.
Option 4

. Describe the TOURIST structure, which contains the following fields: route number,

name of the starting point of the route, name of the final point of the route, travel time.

. Write program, performing next actions:

« entering data from the keyboard into an array of structure instances consisting of
five records;

» search for routes starting at the point whose name is entered from the keyboard;

+ search for routes whose total travel time does not exceed the time entered from the
keyboard.

Option 5

. Describe structure NOTE, containing next fields: surname, Name, phone number .
. Write program, performing next actions:

+ entering data from the keyboard into an array of structure instances consisting of
five records;

+ search information O person, whose surname introduced With keyboards;

 search information O person, whose number phone introduced With keyboards.

Option 6

. Describe structure SIGN, containing next fields: surname, Name, Date of birth,

zodiac sign.

. Write program, performing next actions:
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* entering data from the keyboard into an array of structure instances consisting of
five records;

+ search information O people, born Today;

» search information O people, born under led familiar zodiac.

Option 7

. Describe the PRICE structure, which contains the following fields: product name, name

of the store to which the product was shipped, and product cost.

. Write program, performing next actions:

* entering data from the keyboard into an array of structure instances consisting of
five records;

» search for information about stores to which the product, the name of which was
entered from the keyboard, was shipped;

» search information O goods, price which Not exceeds the cost entered from the
keyboard.

Option 8

. Describe the ORDER structure, which contains the following fields: taxpayer's last

name, taxpayer's initials, taxpayer's TIN, tax amount.

. Write program, performing next actions:

* entering data from the keyboard into an array of structure instances consisting of
five records;

« search information O taxpayer, last name whom introduced
from the keyboard;

« search information O taxpayers, whose total tax exceeds the amount entered from
the keyboard.

Option 9

. Describe the structure of a CAR containing the following fields: vehicle make, state

registration number, owner's last name, owner's initials, quarterly mileage (an array of

four elements).

. Write program, performing next actions:

» entering data from the keyboard into an array of structure instances consisting of
five records;

» search information O owners cars, brand whom introduced from the keyboard;

» search information about cars, at which total mileage for 2 And 3 quarters does
not exceed the value entered from the keyboard.

Option 10

. Describe structure STUDENT, containing next fields: surname, Name, patronymic,

passport series, passport number, date of issue.

. Write program, performing next actions:

« entering data from the keyboard into an array of structure instances consisting of
five records;
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» search records, V which matches Name student;
» search records, V which matches month issuance passports.

Option 11

. Describe the AEROFLOT structure, which contains the following fields: flight number,

departure time, check-in start time, aircraft type.

. Write program, performing next actions:

* entering data from the keyboard into an array of structure instances consisting of
five records;

» search for flights for which check-in has already started in relation to the time
entered from the keyboard, but has not yet ended (the end time of check-in is
considered to be the departure time minus 20 minutes).

Option 12

. Describe the WORKER structure, which contains the following fields: employee's last

name and initials, date of birth, year of commencement of employment, year of

employment.

. Write program, performing next actions:

* entering data from the keyboard into an array of structure instances consisting of
five records;

» search employees, whose labor experience Not less introduced With keyboards;

» search employees, born V flow months, introduced With keyboards.

Option 13

. Describe the structure of TRAIN, which contains the following fields: train number,

name of the route destination, number of sleeping, compartment and reserved seat

berths (array of three elements), number of available sleeping, compartment and

reserved seat berths (array of three elements).

. Write program, performing next actions:

» entering data from the keyboard into an array of structure instances consisting of
five records;

» search for trains departing to the destination entered from the keyboard and having
the number of free reserved seats specified by the user.

* conclusion information O on the train, number whom introduced With keyboards.

Option 14

. Describe the structure of a NOTE containing the following fields: last name, first name,

meeting date, meeting location.

. Write program, performing next actions:

+ entering data from the keyboard into an array of structure instances consisting of
five records;

+ search information O meetings, appointed on date, introduced With keyboards;

» search information O meetings, appointed V place, introduced With keyboards.

Option 15
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1. Describe the PRICE structure, which contains the following fields: store name, product
name, quantity of product in stock, product cost.
2. Write program, performing next actions:
» entering data from the keyboard into an array of structure instances consisting of
five records;
» search for information about stores that have the product whose name was entered
using the keyboard;
» Search for information about stores that have a product whose name is entered using
the keyboard, with a price not exceeding the value entered using the keyboard.

Control questions

Which types data relate To simple, A which to the composite?

What such structure ( struct) ?

How are announced structures?

Right whether, What fields structures should have one And That same type?
How is different structure from array?

Which operations acceptable over structure V in general?

How is being carried out link on components structures?

Can whether in quality fields of the structure describe structure?

NI AW =

Example execution tasks I laboratory work

Assignment: Using the struct structured type , create a program to enter a list
of objects (at least 10) on the topic specified in the corresponding assignment, along with
4-6 characteristics of these objects, and display the data on the screen as a rectangular
table. Organize a data search based on one of the specified characteristics.

The information must be reliable. It can be obtained from reference books,
encyclopedias, advertisements, books, etc.

Subject: Planets Solar systems .

1. Solution (information model + verbal algorithm) . So, as an example of a
primitive relational database, we will provide some information about the planets of the
solar system, formatted as a table. The table will consist of a header with field names, 9
records (the number of planets in the solar system), and 6 fields: the ordinal number, the
name of the planet, its distance from the Sun in astronomical units (an astronomical unit is
the distance from the Earth to the Sun, equal 149.6 million km), period appeals planets
around Suns V light years, the presence of the planet's own satellites and the basic
chemical composition of the planet's atmosphere.

Preparing such a table manually is called constructing an information model of the
problem being solved. This is where you should begin completing an individual
assignment.
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Like this in this way, table should have next view:

No. Name of Distance Period of Availabili Main cast
the planet | from the Sun | revolution (in St.G.) | ty of a atmosphere
(ina.e.) satellite
1 Mercury 0.387 0.21 - Ar, No, He
2 Venus 0.700 0.61 - CO2
3 Earth 1,000 1.00 + N,O,
4 Mars 1,520 1.88 - CO,
5 Jupiter 5,200 11.90 + H,,CH 4, NH3
6 Saturn 9,500 29.46 + CH4,H,, No
7 Uranus 19,180 84.00 + H,, No, SN 4
8 Neptune 30,070 164.80 + CH4,H,,No
9 Pluto 39,400 247.70 + CH4 — methane

When compiling a data input/output program in the form of the table below, we will
use a one-dimensional array mas of size 20, elements which have the struct type . The
number of structures (records <> planets) (the actual number of array elements) — n will
be entered from the keyboard.

In addition to the description of variables, we will describe three more procedures
with the names 1ist (formation of the table header and output of all data in the form of a
table on the screen), vinput (data entry) and search (search for information by planet
name).

The width of each table column is determined by the values of the corresponding
record fields. However, the width of the field names in the table header and the screen
width must also be taken into account. Therefore, when describing the 1list function ,
it's important to keep in mind the possibility of formatted data output.

Then program Can introduce V next view:

2. Program

#include<conio.h>
#include<iomanip>
#include<iostream>
#include<string>

usingnamespace std;

struct
{
string planeta;
string sostav;
float rasst,period;
char sputnik;
} mas[20];
intn;

stringbuff;// variable, used V program For cleaning buffer void list();
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void input();
void search();

int main()

{
cout<< "Enter quantity planets: " ;
cin>>n;
system("CLS");
vvod();
list();
search();
return 9;
}
voidvvod() // MpoueanypaBBOAAAAHHbIX
{

system("color 17");
system("CLS");
for (int i=1; i<=n; i++)
{
system("CLS");
cout<< " Enter data For " <<ik< records :
getline(cin,buff); // clear the buffer
cout<< " Planet name - " ;
getline(cin,mas[i].planeta);
cout<< " Distance from the
Sun - ; cin>>mas[i].rasst;
cout<<" MepuopobpaweHua - ";
cin>>mas[i].period;
do
{

<<endl;

cout<<"HanuuumecnyTtHuka (+,-) - ";
char x = getch();
if ((x=="+") || (x=="-"))
{ cout<<x<<"\n";
mas[i].sputnik=x;
¥
else cout<< "\r" ;
¥
while ( (mas[i].sputnik!= "+' ) && (mas[i].sputnik!= "-"));
cout<k Main composition of the atmosphere - " ;

cin>>mas[i].composition;

}
}

//Formation title tables And conclusion data V view tables on void list()
screen

{
system( "CLS" ); system(
"color 1f" );
cout<<endl<<endl<<endl;
cout<< " Table: 'SPACE EXPLORATION'" <<endl;
system( "color 17" );
cout<< " In I 1] 1] " <<endl;
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cout<< " " N ” Name " Distanck Period "Availabimity Main compwsition "
<<endl;
cout<< " " No. M planets From the bun appealf satellifle atmosphere [ <<endl;
cout<< " I ] h H " <<endl;
for ( int i=1; i<=n; i++)
{
cout<<" | "<<i<<™ ["<<setw(10)<<mas[i].planeta<<"
""<<setw(7)<<fixed<<setprecision(2)<< mas[i].rasst<<" ""<<setw(7)<<mas[i].period;
cout<<” |P<<setw(5)<<mas[i].sputnik<<" ""<<setw(15)<<mas[i].sostav<<"""<<end1;
}
cout<< " I L I I " <<endl;

system( "pause" );

}

void search() // Procedure for searching for information on the name of a planet
{
string s;
getline(cin,buff); // clear the buffer
cout<< " Enter sought after Name planets:" ;
getline(cin,s);;
system( "CLS"
); bool f= true
)
cout<<endl<<endl<<endl;
for ( int i=1; i<=n;

i++) if
(mas[i].planeta==s)
{
cout<< " Planet name: "

Distance from the Sun:
" <<mas[i].rasst<<endl;
<<mas[i].period<<endl;

<<mas[i].planeta<<endl; cout<<

cout<<
cout<<
<<mas[i].sputnik<<endl; cout<<

Orbital period:
Presence of a satellite:

Main composition of the

atmosphere: " <<mas[i].socomposition<<endl; f= false ;
}
if (f) cout<< " There is no such planet! " <<endl;
system( "pause" );
}
When drawing table frames, youcan use symbols

pseudographics (Alt+code) corresponding symbol V code table ASCII typed using the
numeric keypad).

The program  should result n a table similar to
the one shown above.
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15. Files

File they call way storage information on physical device. A file is a concept that
applies to everything from a file on a disk to a terminal. The C and C++ languages have

different capabilities for working with file streams. The C language
does not have operators for working with
files.  All necessary actions are performed

using  functions included inthe standard library. They

allow work With various devices, such, How disks, printer, communication channels
And etc. These devices are very differ Friend from friend. However file system
transforms their V

united abstract logical device, called stream .

Unlike C, C++ handles file streams using stream classes based on the <ifsream>
and <ofstream> libraries . Let 's look at each of these methods in more detail .

15.1. Approach With using opportunities language Si

IN Si exists two type streams : text ( text ) And binary ( binary ).

A text stream is a sequence of characters. When characters from the stream are
transferred to the screen, some are not displayed (for example, carriage returns and line
feeds).

A binary stream is a sequence of bytes that uniquely correspond to what is on the
external device.

Before reading or writing information to a file, it must be opened and thus
associated with a stream. This can be done using the fopen () library function .
She beret external performance file - it complete The physical name, or, in other words,
the specification (for example, c:\my_prog.txt ), is associated with an internal logical
name, which is used later in the program. The logical name is a pointer to the required
file. It must be defined; this is done, for example, like this:

FILE *fp;

Here FILE is the type name defined in the standard header file stdio.h , fp is the
file pointer. Calling the fopen() function in the program it is implemented by the
expression:

fp = fopen("file_specification”, "file_use_method");

Specification file (those. physical Name file And path To to him) Maybe, for
example, it should look like this : "c:\\my_prog.txt" — for the file my_prog.txt ondisk c: .
Way use file is being asked next symbols:
* r —(fromread) open existing file For readings;
* w — (from write) create new file For records (If file With specified the name
exists, then it will be overwritten);
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* a — (from add) to append to a file (open an existing file to write information starting
from the end of the file, or create a file if it does not exist).

Type file the flow is specified by the key t (text) or b (binary). If the mode t or b
is not specified (for example, r , w , or a ), then it is determined by the value of the
global variable _fmode . If fmode=6_BINARY , then files are opened in binary mode, and if
_fmode=0_TEXT , then in text mode. Constants @ BINARY and @_TEXT are defined in the
fcntl.h file .

Table 9 -Full table permissible modes

"rt Opens file For readings. (Opens By default How text file.)
"w" Creates file For records. (Opens By default How text file.)
"A" Attaches To file. (Opens By default How text file.)

"rb" Opens binary file For readings.

"wb" Opens binary file For records.

"ab" Attaches To binary file.

"r+" Opens file For read/write. (Opens By default How text file.)
"w+" Creates file For read/write. (Opens By default How text file.)

Attaches or creates file For read/write. (Opens By default as a text file.)

nggn
"r+b" Opens binary file For read/write.

"w+b" Creates binary file For read/write.

"a+b" Attaches or creates binary file For read/write.
"rt" Opens text file For readings.

"wt" Creates text file For records.

"at" Attaches To text file.

"r+t" Opens text file For readings.

"w+t" Creates text file For read/write.

"a+t" Opens or creates text file For read/write.

the fopen() function If an error occurs, it returns a pointer to the NULL constant.
Recommended use next way discoveries file:

if ((fp = fopen("c:\\my_prog.txt", "rt")) == NULL) {
puts("Failed to open file\n")
return 9;

}

After endings work With file He must be closed. This is being done using the library
function fclose() . It has the following prototype:

int fclose(FILE *fp);

If the operation is successful, the function fclose() returns a value of zero. Any
other value indicates an error.
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Let's consider standard functions for working with files sequential access:
1. Function putc() writes down symbol V file And has next prototype:

int putc( int c, FILE *fp);

Here fp — a pointer to the file returned by the fopen() function, - symbol to
write (variable with has the int type , but only the low byte is used). If putc()
completes successfully, returns the written character, otherwise the constant EOF is
returned . It is defined in the stdio.h file. and has a value of (-1).

2. Function getc() reads symbol from file And has next prototype:

int getc(FILE *fp);

Here fp is a pointer to the file returned by the fopen() function. This function
returns the character read. The corresponding value is of type int , but the high byte is
zero. If the end of file is reached, getc returns EOF.

. The feof() function determines the end of file when reading binary data and has the

following prototype:
int feof(FILE *fp);

Here, fp is a file pointer returned by the fopen() function. A nonzero value is
returned when the end of the file is reached; otherwise, 0 is returned.
. fputs() function writes a string of characters to a file. It differs from the function puts()
only in that the second parameter must be a pointer to a file type variable.

For example:

fputs("Example", fp);

At occurrence mistakes is coming back meaning EOF.
. The fgets() function reads a string of characters from a file. It differs from the gets( )
The second parameter must be the maximum number of characters to be entered plus one,
and the third parameter must be a pointer to a file-type variable. The string is read in its
entirety if its length does not exceed the specified number of characters; otherwise, the
function returns only the specified number of characters. Let's look at an example:

fgets(string, n, fp);
The function returns a pointer to the string string upon successful completion and the
constant NULL. in case of an error or reaching the end of the file.
Functions, used For work With files direct access (all they are described in the
stdio.h file ):

1. Function fseek() allows fulfill reading And recording With random access
and has the following prototype:

int fseek( FILE *fp, long count, int access);
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Here fp - a pointer to the file returned by the fopen() function, count is the
byte number relative to the specified starting position, starting from which the operation
will be performed, access is the method for specifying the starting position.

Variable access can accept next values:

0 - initial position given V beginning file;

1 - initial position counts current;

2 - initial position given V at the end file.

At successful completion is coming back zero, at error - non-zero value.
2. Function ferror() allows check right execution the last operation when working
with files. It has the following prototype:

int ferror( FILE *fp);

IN case mistakes is coming back non-zero meaning, V otherwise In this case, zero
is returned.
3. Function remove( ) deletes file And has next prototype:

int remove( char *file_name);

Here, file_name is a pointer to a string containing the file specification. Zero is
returned on success; otherwise, a non-zero value is returned.
4. The rewind() function sets the current position pointer to the beginning of the file
and has the following prototype:

void rewind( FILE *fp);
5. fread() function is used to read blocks of data from a stream. It has the following

prototype:
unsigned fread( void *ptr, unsigned size,

unsigned n, FILE *fp);

It reads n data elements, each size bytes long, from the given input stream fp into
the block pointed to by ptr . The total number of bytes read is equal to n * size . Upon
successful completion, the fread() function returns the number of data elements read,
on error — 0.

6. fwrite() function is used to write blocks of data to a file. It has a prototype:

unsigned fwrite( void *ptr, unsigned size,
unsigned n, FILE *fp);

It appends n data elements, each size bytes long, to the given output file fp . The
data is written starting at the position pointed to by the pointer ptr. If the operation
completes successfully, the fwrite() function returns the number of data elements
written, or, on error, an invalid number of data elements.
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15.2. Approach With using opportunities language C++

A stream is an abstract concept that refers to any transfer of data from a source to a
destination. C++ streams, in contrast, C-style input/output functions are based on the
concept of a class. Let's consider the procedure for using C++ file streams.

To work with files in C++, you need to include the fstream header file:
#include < fstream >
File flow For readings opens next way:
ifstream stream_id(file name,stream keys);
For example:
ifstream input("input.txt", ios ::in);

Here, a file stream with the identifier input is opened for reading from a file.
Such a file stream must be closed, as in C: input.close();
File flow For records opens So:

ofstream stream_id(file_name,stream_keys);
For example:
offstream output("output.txt"”, ios
::out); This stream should also be closed:
output.close();

Table 10 — modes discoveries files

Constant Description

ios_base::in open file For readings

ios_base::out open file For records

ios_base::ate at opening move pointer to the end file
ios_base::app open file For records V end file
ios_base::trunc delete content file, If He exists
ios_base::binary opening file V binary mode

How same work With such streams? Very simple:

int main(){
int n,k;
float f;
char str[100];
ifstream input("input.txt",ios::in);
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ofstream output("output.txt",ios::out);
input>>n;
input>>k;
n=n+k;
output<<n<<endl;
input>>f;
f=f+2;
output<<f<<endl;
input>>str; output<<str<<”, ;
input>>str; output<<str<<”!!”;
input.close();
output.close();
return 9;

}

If original contents file input.txt was following:

5

10

- 5.56783345
Helloworld!

That V file output.txt trefdimirgwill be written :

15
- 3.56783
Hello, peace!!!
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Laboratory work No. 15 Research methods
access To files data

TARGET WORKS: improvement skills V programming With using pointers, exploring
sequential and direct file access functions.

EXECUTION WORKS: V in accordance With option make up And implement
programs.

Exercise |

Job With unstructured data

To explore different methods of accessing data files, the following preparatory steps must
be completed:

l. Create V Notepad next text file:

U me asked: How many will x Oper y ? I
don't know! And n Oper k ? Neither!
Help!

For example:

U me asked: How many will 7 * 2 ? I
don't know! And 9/4? Neither!
Help!

2. To you known structure file. Withdraw content file on screen, A write the
results to the output file:

X Oper y = Resl
n Oper k = Res2

For example:

7 ¥ 2 =14
9 /4 =2.25
3. Initial data are taken from tables according to options:
Var., x Oper 'y n Oper k | Var., x Oper y n Oper k
1 15 + 4 7 * 8 9 23 + 37 13 * 5
2 18 - 19 18 / 4 10 7 - 42 37 / 6
3 9 * 6 56 - 37 11 34 * 3 14 - 53
4 23 / 5 31 + 29 12 21 / 5 11 + 77
5 7 + 23 14 / 4 13 12 + 25 20 / 6
6 34 - 67 11 * 3 14 15 - 72 54 * 2
7 21 * 2 20 + 11 15 18 * 4 7 + 55
8 12 / 5 54 - 32 16 9 / 18 18 - 81
4, Explore the possibility of solving this  problem using two
methods :
— approach language Si;

— file streams C++.

28!
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5. Draw conclusions about the advisability of using one or another method of reading
or writing data to a file.

Exercise Il

Job with structured data

1) Using the program obtained during laboratory work 14, implement the ability to save
data to a file and then read the entered data from the file.
2) Explore the possibility of solving this problem using one of two methods:
— approach language Si;
— file streams C++.
3) Draw conclusions about the advisability of using one or another method of reading or
writing structured data to a file.

Exercise lll

IN in accordance With option write And debug program:

1. Information about four students is given. The structure is as follows: last name, year
of birth, place of birth, faculty. Display information about the oldest student.

2. Information on six savings bank depositors is provided. The structure is as follows:
last name, district, social status, and deposit amount. Display data on farmers. Calculate
their number.

3. Information on five schools is provided. The structure is as follows: school number,
year, number of graduates, and number of university applicants. Display data for the
school with the highest ratio of applicants to graduates.

4. Information about five students is provided. The structure is as follows: last name,
first name, patronymic, and four exam grades. Display data about students who passed the
session with excellent grades.

5. Information about five workers in a workshop is given. The structure is as follows:
last name, gender, salary, and length of service. Display information about the worker with
the highest salary.

6. Information about four universities is given. The structure is as follows: university
name, number of students, number of faculties, number of departments. Display the total
number of students.

7. Information about five students is given. The structure is as follows: last name, first
name, patronymic, and four exam grades. Display data on students who passed the session
without failing.

8. Information on six Sberbank depositors is given. The structure is as follows: last
name, district, social status, and deposit amount. Find out how many of the depositors are
employees. Calculate their total deposit.
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9. Dana information about five patients. The structure has type: surname, age, Gender,
blood pressure. Display data on patients with high blood pressure (over 140) and calculate
their number.

10. Information about five apartments is provided. The structure is as follows: owner's
name, area, number of rooms, floor. Display information about apartments with an area
less than 30 square meters and count their number.

11. Information about six students is provided. The structure is as follows: last name,
year of birth, department, and year. Display information about students aged 17 to 19 and
their number.

12. Information on six bank depositors is provided. The structure is as follows: last name,
district, social status, and deposit amount. Display data on depositors in the district entered
using the keyboard.

13. Information about six students is given. The structure is as follows: last name, height,
weight, year of birth. Display data about the students with the shortest height and a weight
between 65 and 75 kg.

14. Information is provided on five dormitory rooms. The structure is as follows: faculty,
number rooms and her square, quantity living in her students. Display data about the room
with the smallest area per student.

15. Information on six savings bank depositors is provided. The structure is as follows:
last name, district, social status, and deposit amount. Display information on the depositor
with the largest deposit amount.

16. Information on five shop floor workers is provided. The structure is as follows: last
name, gender, salary, and length of service. Display information about the worker with the
longest length of service.

17. Information on five athletes is provided. The structure is as follows: last name,
gender, year of birth, and height. Display information about the tallest athlete over 20
years old.

18. Information on five publications is provided. The structure is as follows: name of
publication, newspaper, or magazine, price of one copy, and number of copies per year.
Print information on the least expensive publication.

19. Information on six of the bank's investors is provided. The structure is as follows: last
name, district, social security number. Position and amount of contribution. Display data
on the total contribution of investors in a given area.

20. Information about six students is given. The structure is as follows: last name, height,
weight, hair color. Display data about the blondes with the highest height.

21. Information about four universities is given. The structure is as follows: university
name, number of students, number of faculties, number of departments. Display data about
the university with the largest number of students.

22. Information on five musical instruments is provided. The structure is as follows:
instrument name, date, month, and year of manufacture. Print information about the
instrument with the longest lifespan. 29
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23. Information about five copies of a structure is provided. The structure is as follows:
newspaper or magazine, publication title, cost per copy, number of copies per year. Print
information about the annual subscription price for all newspaper publications.

24. Information about five workers in a workshop is given. The structure is as follows:
last name, gender, salary, and length of service. Display information about the man with
the highest salary.

25. Information about five books is given. The structure is as follows: book title, author,
price, and number of pages. Display information about a given book (by title and author)
with the minimum price.

26. The file contains information about five people in the phone book. The structure is as
follows: last name, phone number, date of birth. Add information about three new contacts
to the end of the list.

27. The file contains information about five Russian universities. It is structured as
follows: wuniversity name, number of students, number of departments. Append
information about multiple universities to the end of the file.

Control questions

Concept file V C/C+.

Classification files.

What the type can be components file?

Need to whether at definition file in advance indicate his length?

How is different file from array?

Concept O logical And physical name file.

What understood under readingfrom files What under recording V file?
Types access To files.

What such consistent file?

What is it? general form creation file (C)?

What is it? general form readings file (C)?

How is being carried out processing files With using approach V style C++ language
o

List standard functions For work With files sequential access

List library functions, used For work With direct access files.

i A i

—_—t = \O
N = o

—_—
> w

Example execution tasks I laboratory work

Task : Information about five apartments is given. The structure is as follows: owner's last
name, area, floor, and district. Display data on apartments on a given floor level whose
area is greater than min but less than max. The user enters the min, max, and 1vl values
using the keyboard.

1. Algorithm.

29
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Havyano

OTKPLITWE haina ans YTeHus
OTKPEITWE halna ans 3anucu

na HET

=(Dain He OTKPLI
JOLWNOKa OTKPBITHA
panna"

!

SaKpbiTe dhaiina ANA YTeHHs
SAKPEITUE halina nga 3anucK

choice = Menulnput()

<>

aa
case 1 Recording(&fout) f—
HeT
aa
case 2 Viewing(&fin) | —
HeT
aa
case 3 ByOption(&fin) | F—
HeT
Clear(&fout) | |—

fout.close()
HET fin.close()_
3akpeITUE haiina

rI:LVIFLI =

KOHEL

Description used V program functions.

| int MenuInput(); | Organizes input teams V menu

29




void PrintMenu();

Outputs V console menu

void PrintHeadTable();

Outputs V console top Part
(hat) tables

void PrintEndTable();

Outputs V console lower Part
tables

void Print( Apartment * ap , int *
counter );

Outputs a string with information about the
structure ap. counter - counter, necessary
For numbering structures V table

void Recording( ofstream * file );

Organizes recording information O
structures from consoles to file

void Viewing( ifstream * file );

Organizes conclusion information about
structures from file V console

void Clear( ofstream * file );

Produces cleaning file

bool Check_correctly( int x );

Checks right introduced V
menu teams

void ByOption( ifstream * file );

Outputs information O records,
corresponding task V option

void set_color( int text ,
int background = @);

Installs color text for console

void write_colored_text( string text ,
int color , int background = 0);

Outputs on screen colored text

#tinclude <iostream>
#include <iomanip>
#include <string>
#include <fstream>
#tinclude <conio.h>
#tinclude <windows.h>

using namespace std;

// description ours structures
struct Apartment {

char surname[20] {}; // surname owner
double square = 9; // area

int level = 0; // floor

char district[25] {}; // paioH

}s

int MenuInput();
void PrintMenu();
void PrintHeadTable();
void PrintEndTable();

void Print(Apartment* ap, int* counter);

void Recording(ofstream* file);
void Viewing(ifstream* file);
void Clear(ofstream* file);
bool Check_correctly(int x);
void ByOption(ifstream* file);

// function, which sets necessary color For textjﬁyery cool)

294
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void set_color(int text, int background = @) { // Installation flowers For text And his
background HANDLE hStdOut = GetStdHandle(STD_OUTPUT_HANDLE);
SetConsoleTextAttribute(hStdout, (WORD)((background << 4) | text));

}

// function, output on screen colored text
void write_colored_text(string text, int color, int background = @) {
// change the text color
set_color(color, background);
// we are deducing
this text cout <<
text;
// we are installing back color text By default (white)
set_color(15, background);

}

// mainfunction
intmain() {
// we do setting For work With Russian language
setlocale(LC_ALL, "Rus");
SetConsoleCP(1251);
SetConsoleOutputCP(1251);

offstream fout("example.dat", ios::out | ios::app);
ifstream fin("primer.dat", ios::in | ios::app);

if (!fout.is_open() or !fin.is_open()) {
cout << "Owubka oTkpbiTuA dannal\n";
exit(0);

}

fout.close();

fin.close();

short choice;
do {

choice = MenuInput();

switch (choice) {

case 1:
Recording(&fout);
break;

case 2:
Viewing(&fin);
break;

case 3:
ByOption(&fin);
break;

case 4:
Clear(&fout);
break;

case 0O:
fout.close();
fin.close();
return EXIT_SUCCESS;

}
} while (true);

system("pause");
return 0;

}

// outputs V console "hat" ours tables void
PrintHeadTable() {
cout << " Table \"INFORMATZBN ABOUT APARTMENTS " << endl;
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cout <<
" << endl;

cout << " | | | |
|" << endl;

cout << " | No. | Last name | Area | Floor |
|" << endl;

cout <<
| | | | | |" << endl;

}

// outputs V console lower "closer" ours tables void
PrintEndTable() {
cout <<
| | | | | " << endl;
}

// prints line With information O structure [ap]
void Print(Apartment* ap, int* counter) {
cout << " | "
<< left << setw(3) << *counter << "|
<< left << setw(15) << ap->surname << "|
<< left << setw(10) << ap->square << "|
<< left << setw(8) << ap->level << "| "
<< left << setw(18) << ap->district << "|\n";
(*counter)++;

}

// ne4YaTaeTuBeTHOEMEHH

void PrintMenu() {
write_colored_text("\n MENU\Nn", 2);
write_colored_text(" e [1] Adding an owner \n", 14);
write_colored_text(" e [2] Viewing owner information \n", 14);
write_colored_text(" e [3] Search data By floor And area \n", 14);
write_colored_text(" o [4] Clearing file\n", 14);
write_colored_text(" o [0] Exit \n", 14);
write_colored_text("Select an item: ", 15);

}

// organizes the introduction of a
command (numbers 0-4) int MenuInput()
{

PrintMenu();

int m;

do {
cin >> m;

// examination on happening, If introduced
NOT number if (cin.fail()) {

cin.clear();

cin.ignore(32767, '\n');

system("cls");
PrintMenu();

write_colored_text("\nYou entered a non-number! Repeat attempt:

4); continue;

}

// If introduced number, But Not correct, we write
about in this if (!Check_correctly(m)) {
system("cls");
PrintMenu(); 29

\n",
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write colored_text("\nThe entered number is invalid. Repeat attempt: \n",

4);
continue;
}
return m;
} while (true);
return m;
}

// function checks on right introduced teams (What would be included V interval 0-4)
bool Check_correctly(int x) {
switch (x) {
case 1:
case
case
case
case

[

oOhwnN

return true;
default:
return false;

}
}

// function entries(input) fields

structures void Recording(ofstream*

file) {
file->open("example.dat", ios::out | ofstream::app);
system("cls");

cout << "Get started data entry\n[Esc] - Completion data entry\nUse This after completing
the data entry into the structure.\n\n";

Apartment home;

do {

cout << Owner's name: "; cin
>> home.surname;
cout << "Apartment area: ";
cin >> home.square;
cout << "Floor: ";
cin >> home.level;
cout << "District:
J

// we delete With flow input symbol new lines
cin.ignore(1024, '\n');
gets_s(home.district);

// we're writing it down all ours sturku V file
file->write((char*)&home, sizeof(Apartment)); write_colored_text("Data
successfully recorded! [Esc] - exit.\n", 2);

} while (_getch() != 27); // 27 - koakHonku Esc

file->close();
system("cls");

}

// is browsing And outputs information O everyone structures V file V view
void Viewing(ifstream* file) tables {

file->open("example.dat", ios::in);

system("cls");

// If file empty, we are deducing message
about in this if (file->peek() == EOF)
write_colored_text("\nFile is empty!\n\n", 4);
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else {
Apartment home{};
PrintHeadTable();

// counter for numbering structures in

the table int counter = 1;

while (file->read((char*)&home, sizeof(Apartment))) {
Print(&home, &counter);

}

PrintEndTable();

}

file->close();
system("pause");
system("cls");

}

// cleanses file from all

information void Clear(ofstream*

file) {
// cleaning is happening thanks to flag ::trunc
file->open("example.dat", ofstream::out | ofstream::trunc);
system("cls");

write_colored_text("\nFile successfully cleared!\n\n", 2);

file->close();
system("pause");
system("cls");

}

// performs conclusion information O records, corresponding tasks options
void ByOption(ifstream* file) {

file->open("example.dat", ios::in | ios::app);

system("cls");

// If file empty, we are deducing message about
in this if (file->peek() == EOF)
write _colored_text("\nFile is empty!\n\n", 4);
else {
int LVL; // sought after floor
double min, max; // interval sought after area rooms

write_colored_text("Enter below floor And interval area, By which need to
search\n\n", 14);

write_colored_text("Enter floor: ", 15);

cin >> LVL;

write_colored_text("Enter the lower bound area: ", 15);

cin>>min;

write_colored_text("Enter the upper limit area: ", 15); cin

>> max;

// flag, inspector, There is whether Although would 1 office, suitable
under our conditions bool flag = false;

// counter For numbering structures V table

int counter = 1;

Apartment home{};

while (file->read((char*)&hhome, sizeof(Apartment))) {

if (LVL == home.level && home.square > min && home.square < max) {
if (!flag)
PrintHeadTable();

Print(&home, &counter);9:



}
}
if (flag)
else

write colored text("\nThere are no such entries!\n\n", 4);

}

file->clear();

flag = true;

PrintEndTable();

file->seekg(@, ios::beg);

file->close();
system("pause");
system("cls");

Entrance data:

Testing programs 15 laboratory

Surname | Square Floor | District
Chernyshev| 40 3 Chernyshevsky
Lazarev 25 1 Lazarevsky
Volkova 30 1 Volkovsky
Borisova | 15 2 Borisovsky
Eremin 50 1 Ereminsky
Testing

1. Data entry

29!
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HauWHanTe BEEOA AAHHLIX
[Esc] - JaBepleHne BBEOAA AAHHLIX
MCNoNb3IyWTe 3TO NOCAe 3aBeplleHWA BHECeHWA AAHHLIX B CTPYKTYPY.

daMWIWA Bnafensla: YepHolles
Mnowast KeapTupsel: 40

ITax: 3 _
PavoH: YepHLIWEBCKWK

damunuAa Enajensua: flazapee
Mnowask KEapTupul: 25

JTam: 1

PaWoH: JlazapeBCKWR

daMunKMA enagensua: Bonkoea
Mnowape kKeapTupw: 30

ITax: 1

Paiou: BONMKOBCKWA

damunnA Bnagencua: bopucoea
Mnowape kKeapTupwl: 15

3Tax: 2 .

PawoH: BOpPUCOBCKMK

daMUInA Bnafensua: Epemud
Mnowast KeapTupsel: 50
ITax: 1 _

PavoH: EpeMMHCKWK

2. Conclusion information on screen

Tabnuua "WHHOPMALMA O KBAPTHMPAX"

=

damunua Mnowaak PaioH

|

|

|

|  YepHoues 40 : YepHEIERCKWIA
| Nazapee 25 NazapeBCcKnK
| Bonkoea 30 BONKOBCKWKA

| Bopucoea 15 . BEOpHCOBCKMIA
I EpeMHUHCKHIA

[V NN WISy

JinA npoaoMEeHMA HaxMUTES J'HOEI}-"I-D Knagyury .

3. Testing search
Testing search is happening V 6 stages V in accordance With table tests
Table tests:

No. test | Floor search | Range area For search
1 1 0-30

2 1 30-60

3 2 0-30

4 2 30-60

5 3 0-30

30!



6 3 30-60

Expected result

1 test - data output O 2 And 3 apartment
2 test - conclusion data O 5 apartment

3 test - conclusion data O 4 apartment

4 test - absence data, satisfying search

5 test - absence data, satisfying search

6 test - conclusion data O 1 apartment

Result testing:
I test:

2 HHMAEe 3Tax W NpOMexyTOK Nnowagk, No KOTOPpeM HYXHO NpPOMIEECTH NOWCK

e sTa%: 1
¢ HUMHIOW Fpaduyy nnowaguw: 0
8 BEpPXHOW rpaduuy nnowaau: 30
Tabnwua "WMHSOPMALIMA O KBAPTHPAX"

damMunua

Nazapee
Bonkoea

A NpoaocIsxeHMA HAAMHUTE nmﬁym HAaBHuny .

PaioH

NazapeBECKHH
EONKOBCKWA

2 HHMAEe 3Tax W NpOMexyTOK Nnowagk, No KOTOPpeM HYXHO NpPOMIEECTH NOWCK

e 3Taw: 1
¢ HHEHIW rpaHKyy naowaau: 30
e BepXHION rpaduuy nnowaau: 60
Tabnwua "WMHSOPMALIMA O KBAPTHPAX"

A NpoaocIgEeHMA HAAMHUTE nmﬁym HnagMyuny .

30

PaioH

EpeMHHCKHIA
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& HM#E 3Ta® M NMPOMEXYTOK NACWAAM, MO KOTOPEM HY#HO NMPOM3IBEECTH MOWCH
¢ 3Taw: 2
BeeguTe HU#HIOW rpaduly nnowaauw: 0
BeeauTe BepxHWw rpaHuuy nnowagu: 30
Tabnuua ”HH¢EPMAHHH 0 KBAPTHPAX"

damMunua ITaH PaioH

Eopucoea EOpPHMCOBECKHI

A NpoaocIgEeHMA HAAMHUTE nmﬁym HnaeMuny”

2 HHAE 3Tas W NMpOMeXyTOK Nnowagn, No KOTOPbBM HYAHO NPpOWM3IEECTH NOWCH

¢ 3Taw: 2
e HMMHKW Tpaduyy nnowagw: 30
¢ BEPXHHH rpaHMduy nnowagwn: 60

A NpoacIxeHNA HAAMHUTE nmﬁym HKAdEWLUNY

HM#e 3Tax M NPOMERyTOK NAOWAaAKW, NO KOTOPHM HY#HO NPOM3IEECTH NOMCK
aTax: 3
BEEOMTE HUEHIW rpaHuwy nnowapw: 0
BEeauTe EBepXHHH rpaHuvuy nnowagwu: 30

AnA NpoAocn¥eHWA HAXMUTE nmﬁym KNAEWUNY

HHUEE 3ITax M NpOMeXyTOK nnowagn, No KOTOpPBEM HY¥HO NPOMZEECTH NOMCK

ITa%: 3
HHUEHIW TpaHuyy niowanw: 30
EEpXHIW TpaHduy naowaaW: 60

Tabnuua "MHBOPMALIMA O KBAPTHUPAX"

dammnua PawoH
YepHuwes 4 ] UepHLIIEBCKMIA

IlnAa npogonxeHNd HaRMHTES ﬂmﬁym HKAAE Iy

30:



4. Testing buttons '"Cleaning file»:

InA npoAoMEeHWA HARMWUTE nmﬁym KAaguury”

5. Examination cleaning

na NnpogonseHnA HAxMHUTE nmﬁym KAaBeHuny .

6. Exit from programs:

] Dobaenenwe enapensua

?] NpocmoTp AaHHLX O ENagenLUax

3] Nomck padHEX No 3Tasy W NACWAAMW

[4] OumcTka davna

« [0] Buxog

Bulbepute nyukT: 0
C:\Users\Lisa\source‘\repos‘Project3\Debug\Project3.exe (npouecc
UTobLl ABTOMATHMUYECKM 3aKPLIEATL KOMCONL NPU OCTAHOEKE OTA3AKM, BKA
M OCTAHOEKe oTnagku". A
HaxmuTe mobyio wnaewury, 4Tobel 3aKpeTe 3TO OKHO.

Jobaenenwe enapensua

[1
[2] NMpocMmoTp AaHHLX © EA3AENLUAX
[3] Nowck pauHHbLX Mo 3Tasy W NNowLagW
[4] OuwcTka davna
» [0] Buixop
Bolbepute nyHkT: 0

UTobul aBTOMATMYECKM 2AKPLIEATE KOHCOAL NMPU ODCTAHOBKE OTNAAKHW, BKA
M OCTAHOBKE OTNaAKu' . )
HasxmuTe mobyio knaewwy, 4Tobul 3aKpuTe 3TO OKHO..

C:\Users'Lisa\source\repos\Project3\Debug\Project3.exe (npouecc

30:
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16. List

16.1 Study formations elements related list

A linked list is the simplest data type of a dynamic structure consisting of elements
(nodes). Each node typically contains two fields:

— data (data can be a variable, a class object or structures, etc.)

— pointer on next knot V list.

Each element of a list contains a key that identifies that element. The key is usually
either an integer or a string and is part of fields data. Different parts of a data field can act
as a key when working with a list. For example, if a linear list is created from records
containing last name, year of birth, length of service, and gender, any part of the record
can act as a key: when sorting the list alphabetically, the key would be the last name, and
when searching, for example, for veterans of labor, the key would be length of service.
The keys of different list elements can be the same.

*next *next *next *next

Drawing 16.1 - Unidirectional list

// description structures, allowing create linear list struct
List{

// -- data fields --

char name[20]; // name

intage; // age
// -- connection fields -- -
List *next; // pointer to the next
s // list element
List *start; // start - special global

// pointer to enter the list
// for an empty list should
// be equal to zero

For this list defined three operations:

- addition new element list Add () ;

- removal element from list Del () ;

- transition To to the next one element list Next ()
Let's take a look at them.

16.2 Study operations With elements related lists

1. Addition new element list Add ()

// function for adding elements to the list

30
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List* Add(List *cur) { // cur - current value
// allocate memory for the new list element
List *p=(List*)malloc(sizeof(List)); // p - new element if (!p)
{ // If highlight memory Not succeeded
cout<<"” Error !";
return 0;
}
if(!start) { // if the list is empty
start=p; // That new element will first
p->next=NULL; // and last in the list
returnp;
}
// if the list is not empty, then add the element
// after the current one and bind the new element to
// subsequent
p->next=cur- >next;
cur->next=p; // we connect current element With
new returnp; // return a pointer to the new element

}

Dynamic creation of new list elements is performed using the standard memory
management function malloc ()

List *p=(List*)malloc(sizeof(List));

Let's take a closer look at this operator. The sizeof (List) function
determines the size structures List in bytes. The malloc() function allocates a
memory block of this size. The result of this function is converted to a pointer to a
structure type. List - (List*) , That There is returns pointer p type List
structure address of the first byte of allocated memory.

2. Removal element from list Del ()
// function to remove a list element
voidDel(List *cur) {// cur - pointer to the element to be removed
// create a pointer to move and
// we are installing on
start List *p=start;
if (cur==start) {// if we delete the first element
of the list free(start); // free up
memory start=start-»>next;// second we do
first return ;
}
// execute until we reach the end of the list
// or previous current while
(p&&p->next!=cur)
p=Next(p); // move on to the next
if(!p) {// we arrived to end Not having found
previous
cout<< "Not found element";
return ;
}
// we connect previous With
subsequent p->next=cur->next;
// we are freeing memory current
free(cur); 30:
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return;

}
3. Transition To to the next one element list Next ()
// function transition To to the next one
element list List* Next(List *cur) {
// we return pointer on next element list return
(cur->next);

}

Laboratory work No. 16 Research related
lists data

TARGET WORKS:
- Improvement skills developments programs V environment programming
- Improvement skills V programming With using pointers
— Study process formations elements related list
— Study operations With elements related lists

EXECUTION WORKS: V in accordance With option make up And Implement programs.
Time to complete the work: 6 hours

Exercise |

To investigate the operating principles of the operations described in the theoretical
part and, based on this, to develop graphic diagrams reflecting the operations defined for
the list.

Write a program that allows you to perform work using the menu and the operations
described above. With a linked list, inputting data into the list from a file, outputting the
entire list, and processing the data stored in the list while solving the problem according to
the variant, and then dumping the list to a file. A solution without files is possible, but the
maximum rating for the result is "good."

Exercise Il

IN in accordance With option write And debug program, using dynamic data
structure: Singly linked list.
1. Recordings contain last name And 4 assessments. Delete from list underachievers.
2. Recordings contain last name And 4 assessments. Delete having 2, 3.

3. Recordings contain Name books, author, year publications. Delete publications
with a year less than the specified one.

4. Recordings contain Name books, author, year publications. Delete books
specified author.

5. Recordings contain Name, price, quantity goods. Delete records With
product of a given name.
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6. Records contain the name, price, and quantity of the product. Delete product
batches exceeding the specified value.

7. Entries contain last name and year of birth. Add new entries so that the list is sorted
alphabetically.

8. Entries contain last name and year of birth. Add new entries so the list is sorted by
age.

9. Entries contain the title of the publication, newspaper or magazine, and the price
per copy. Add new entries so that magazines appear first, then newspapers.

10. Entries contain the title of the publication, newspaper or magazine, and the price
per copy. Add new entries so that the titles are sorted alphabetically.

11. Records contain the athlete's name, sport, and point total. Add new records so that
information for each sport is arranged sequentially.

12. Records contain the athlete's last name, sport, and point total. Add new records so
they are sorted by descending points total.

13. The records contain the product name, price, and quantity. Sort the list items in
descending order by price using direct sorting.

14. In the solution to the previous problem (option 14), when sorting a list,
exchanging two list elements is implemented as exchanging information parts. In real-
world problems, exchanging information parts is inefficient due to their large size.
Therefore, it is more efficient to reset the pointers in the list without affecting the
information parts. Based on this observation, implement a procedure that sorts list
elements in descending order.

15. The entries contain the book title, author, and year of publication. Merge the two
alphabetically ordered lists into one (also alphabetically ordered), creating a new list.

16. Given an ordered list of book titles, we need to add information about a new book
while maintaining the order of the list.

17. Let's assume we're given a list of students. Each list element contains: last name,
first name, patronymic, year number, group number, and grades for the five exams of
the last session. Assuming the students' names in the list are sorted alphabetically,
delete the sublist of students starting with the last name Petrov and ending with the
last name Sidorov, inclusive.

18. Let's assume we're given a list of students. Each list element contains: last name,
first name, patronymic, year number, group number, and grades for the five exams of
the last session. Assuming the student information in the list is sorted by year number,
move the second-year students to the end of the list.

19. Consider a list of students. Each element of the list contains: last name, first
name, patronymic, year number, group number, and grades for the five exams of the
last session. Delete information about fifth-year students and promote the remaining
students to the next year.
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20. Let's assume a list of students. Each element of the list contains: last name, first
name, patronymic, year number, group number, and grades for the five exams of the
last session. Print information about the accrued stipend, assuming that excellent
students are paid S1, students with only Bs and A's are paid S2, and students with Cs
are not paid a stipend.

21. Let's say a file stores records with information about cars and their owners (make,
traffic police number, owner's last name). For each car make, we need to create a list
containing the last names of the owners of cars of that make.

22. Let's say a file stores records with information about cars and their owners (make,
traffic police number, owner's last name). For each owner's last name, we need to
create a list containing information about the cars owned by that owner.

23. Given a text file, create a doubly linked list, each element of which contains the
number of characters in the corresponding line of text.
Exercise lll

Polynomial p(x)=a x"+ax""'+..+a x+a s whole coefficients Can
n n—1 1 0

present it as a list (see fig.), and if a , =0, then the corresponding link is not included in
the list.

Tt la ] Tl an] == .. [ 0] a |Nil]

First

Describe type data corresponding such presentation And program For working with
lists of such a structure, which includes:

» procedure (P), which reads from the keyboard kit numbers and forms a polynomial
list P.

» procedure deletions specified element from list.

» procedure inserts element V arbitrary position list

» logical function equals(P,Q), checking on equality two polynomial.

» procedure output(P,x), which  prints the polynomial p  as a
polynomial in the variable x.

2. Polynomial p(x)=ax"+a x" I+ . +ax+a s whole

coefficients Can

n n—1 1 0

represent in the form list (see fig.), and if a; =0 , then the corresponding link is not
included in the list.

T=tnlal T 0ty == . [0 a |Ni]

First

Des
lists

cribe type data corresponding such presentation And program For working with
of such a structure, which includes:
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» procedure input(P), which  reads a set of numbers
from the keyboard and forms a polynomial list P.

» procedure deletions specified element from list.

» procedure inserts element V arbitrary position list

» the procedure diff(P,Q), which  constructs  the polynomial Q
— the derivative of the polynomial P.

» procedure output(P,x), which prints polynomial p How polynomial from the

variable Xx.
3. Polynomial é)(x)za x"+a x" I+ +ax+a s whole
coefficients Can

n n—1 1 0
present it as a list (see fig.), and if a, =0, then the corresponding link is not included in

the list.

L T =tnlal T=(ni] Jagr>=] .. [0]a|Ni]

First

Describe type data corresponding such presentation And program For working with
lists of such a structure, which includes:

» procedure input(P), which  reads a set of numbers
from the keyboard and forms a polynomial list P.
» procedure deletions specified element from list.
» procedure inserts element V arbitrary position list
» procedure addition(P,Q,R), which builds polynomial R, How amount
polynomials P and Q.
» procedure output(P,x), which prints polynomial p How polynomial from
variable x.
4. Polynomial éo(x)za x"+a x" 1+ +ax+a s whole
coefficients Can
n n—1 1 0

present it as a list (see fig.), and if a, =0, then the corresponding link is not included in
the list.

L T =tnlal] T =Indlau] == .. |0 |a |Ni]

First

Describe type data corresponding such presentation And program For working with
lists of such a structure, which includes:

» procedure input(P), which  reads a set of numbers
from the keyboard and forms a polynomial list P.

» procedure deletions specified element from list.

» procedure inserts element V arbitrary position list

» function value(P,x), computing meaning polynomial P, V some integer point
X.

» procedure output(P,x), which prints polynomial p How polynomial from
variable x. 30"
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5. N children are arranged in a circle. Starting from the first, they remove each kth child,
closing the circle after each removal. Determine the order in which children are removed
from the circle.
Solution this tasks describe V view programs, which
» forms annular list;
» prints names Guys V volume in order, V which They are deleted from circle.

6. IN file system catalog files organized How linear list. For Each file in the directory
contains the following information:
» Name file;
» Date of creation;
» Number of file accesses; Compose
program, which provides:
> Initial formation catalog files;
» Conclusion catalog file;
» Removal files, date creation which less required;
» Conclusion file With the greatest quantity appeals.
7. Questionnaire For survey population contains two groups
questions. The first group contains information about the
respondent:
Age;
Floor
Education (initial, average, higher)
Second group contains actually question questionnaires, answer on which can be
either "YES" or "NO"
Compose program, which:
» Provides elementary input questionnaires And forms from them linear list;
» On basis analysis questionnaires gives out answers on next questions:
1)  How many men older 40 years, having higher education, answered
“YES” to the survey question,;
2)  How many women younger 30 years, having average education,
answered “NO” to the questionnaire question;
3)  How many men under 25 years of age with primary education answered
“YES” to the survey question;
» Produces conclusion everyone questionnaires And answers on questions.
8. Create a program that contains dynamic information about the availability of buses in
the bus depot.
Intelligence O each The bus contains:
» Number bus;
» Full name driver;
» Number route.
Program should provide next possibilities:
> Initial formation data about everyone buses V in the park V view list;
> When each bus leaves the depot ,the bus  number
is entered and the program deletes the data  about this
bus  from the list  oflbuses,
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located in the park and records this data in the list of buses on the route;

» When a bus enters the depot, the bus number is entered, and the program removes
the data about this bus from the list of buses on the route, and writes the data
about this bus to the list of buses in the depot;

» Upon request, it provides a list of all buses in the depot or on the route.

9. Given a polynomial (in variable x) of arbitrary degree with integer coefficients, these
coefficients may be unordered by powers of x, and monomials of the same degree may be
repeated (for example, -8x * +3x ° +2x 4 -1). You are required to write a program that
performs the following functions:

» procedure input(P), which  reads a set of numbers

from the keyboard and forms a polynomial list P.

» deletes specified element from list.

» inserts element V arbitrary position list

» procedure, which will lead similar And will form new polynomial.

» procedure output(P,x), which prints polynomial p How polynomial from

variable x.

10. Create a program that contains dynamic information about books in a library.
Intelligence O each book contain:
» Number UDC;
» Full name author;
» Name;
» Year publications;
» Quantity copies V library
Program should provide next possibilities:
» Initial formation data about everyone books V library V view list;
» Addition data O books, again received V library;
» Removal data O written off books;
» Upon request, information about the availability of books
in the library is provided , sorted by year of publication.

11. Compose program, which contains dynamic information O requests for air tickets.
Each one The application contains:
» Paragraph appointments;
» Number flight;
» Full name passenger;
» Date departure;
Program should provide next possibilities:
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» Initial formation data about everyone applications V view list;

» Addition data O again received applications;

» Removal data O completed applications;

» By request are issued intelligence By given number flight And date departure.

12. Create a program that contains dynamic information about books in a library.
Intelligence O each book contain:
» Number UDC;
» Full name author;
» Name;
» Year publications;
» Quantity copies V library.
Program should provide next possibilities:
» Initial formation of data on all books in the library in the form of a list;
» Changing the number of copies when issuing a book and inserting information
about the issued book into the list of issued books or displaying a message that
the book is currently issued (if the number of copies is 0);
» When a book is returned, the program should increase the number of copies by
one;
» Upon request, information about the availability of books in the library or books
on hand is provided.

13. Intelligence about student contain

» Full name

» names class (years training And letters), V which He studies.
Create a program that allows:

> create a list containing information about the
school's students in alphabetical order;

» add an entry to a list in such a way that the order of the list is not changed;

» view content list;

» delete intelligence about student;

» find out there are whether V school namesakes With identical names. Access

to all the above procedures should be provided as a menu.

14. Intelligence O luggage passenger include intelligence
» Full name passenger;
» quantity things;
» common weight things.
Create a program that provides the following functionality:
» Initial formation ofalist containing information about  the
baggage of all passengers;
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» At admission new luggage - addition information O him V list;
» At issuance luggage - removal information O him;
» By request are issued surnames passengers, weight luggage which exceeds the
norm.
Access ko to everyone the above procedures design V view menu.

15. Intelligence about student include
» Name And last name

» names class (years training And letters), V which He studies.

Compose program allowing:

» create a list containing information about the school's
students in alphabetical order of last names;
» add recording V list, like this in this way, to order increase alphabetically
unchanged;

» view content list;
» delete indicated recording from list;
» find out there are whether V school namesakes.
Access ko to everyone the above procedures design V view menu.

16. Intelligence about student include
» Name And last name
» names class (years training And letters), V which He studies.

Compose program allowing:

form queue, containing intelligence about students schools;

add recording V queue;

view content queues;

delete n records from queues;

form a queue g containing information about students in grades 9 and 10, placing
information about students in grade 9A at the beginning, then 9B, etc., then 10A,
10B, etc.

Access ko to everyone the above procedures design V view menu.

VVVVY

17. Intelligence about exported product consist from following entries:
» Name goods,
» country importing, product
» volume of the supplied batch.
Compile program allowing:
» form queue, containing intelligence O supplied goods;
» add recording V queue;
» view content queues;
» If goods delivered V country appointments - delete intelligence O them from
queues;

3L
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» on request, display the names of goods exported to a given country and find the total
volume of goods imported by a given country.
Access ko to everyone the above procedures design V view menu.

18. Intelligence about those on the waiting list on improvement housing
conditions contain the following data:
» Full name,
» Address,
» Number queues.
Compose program allowing
form queue, containing necessary intelligence;
add recording V queue;
view content queues;
at input V exploitation N apartments print queue lucky ones to receive orders and
remove them from the original queue;
Access ko to everyone the above procedures design V view menu.

YV VVY

19. Intelligence O goods on warehouse consist from the following entries:
» Name goods,
» price,
» quantity this species goods. Create
a program that allows:
» form list, containing intelligence O goods;
» add an entry to the list as follows: if information about a certain product is already
present in the list, then increase its number, if not, add it to the end;
» view intelligence O goods, existing on warehouse;
» when selling a product, reduce its quantity; if the quantity of the product is 0,
remove information about the product from the list;
Access ko to everyone the above procedures design V view menu.

20. Card index V bureau exchange apartments organized How linear list.
Information about each apartment contains:

» Quantity rooms;

» Floor;

» Square;

» Address;

Compose program, which provides:

» Initial formation card indexes;

» Input applications on exchange;

» Search the card index for a suitable option: if the number of rooms and floors are
equal and the difference in area is within 10% the corresponding card is displayed,
which then is being removed from list; V otherwise case the received application is
included in the list;

» Conclusion the entire list.
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21. Given expression V postfix form records (This recording, V which the operation
sign is placed after the operands, for example,
ab—ab-—

a*bc — ab*c + a*(b+c)

—abc+%*)

1) describe procedure creation stack;

2) describe procedure inserts element V stack;

3) describe procedure deletions element from stack;

4) using described procedures, describe function, which calculates How An integer value
of an expression written in postfix notation in a text file or string (use the following
algorithm: the expression is scanned from left to right. If an operand (number) is
encountered, its value (as an integer) is pushed onto the stack. If an operator sign is
encountered, the last two elements (the operands of the given operation) are popped
from the stack, the operation is performed on them, and its result is pushed onto the
stack. At the end, only one number remains on the stack—the value of the entire
expression).

Option 22

1) describe procedure creation stack;

2) describe procedure inserts element V stack;

3) describe procedure deletions element from stack;

4) describe a procedure that prints the contents of a text file, writing out the characters of
each line in reverse order (you can use the following algorithm: read the characters of
the text file and push them onto the stack until the end of the line is reached, then

remove elements from the stack and write them to the screen. Do this for each line of
the file).

23. IN text file (or line) recorded without mistakes formula of the form:

<formula>::=<digit>| M(<formula>,<<formula>)| m(<formula>,<formula>) where

M denotes the maximum function, and m - minimum.

1. describe procedure creation stack;

2. describe procedure inserts element V stack;

3. describe procedure deletions element from stack;

4. Using the procedures described, describe a procedure or function that calculates (as an
integer) the value of a given formula (for example, M(5, m(6,8)) = 6).

Control questions

[E—

How differ static And dynamic quantities?
What such pointer? What such link?
3. Which types pointers to you are known?

N
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13.
14.
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How is determined address variable?

How to allocate memory for a dynamic variable? How to free memory from a dynamic
variable variable?

What such "dereference"?

Which situations lead To emergence V dynamically distributed memory of "garbage"?

What 1s meant bya "linked list"? Definition. Graphical

representation.

How classify related lists?

What are the basic operations on lists and list
components that are  typically implemented?

How is described list?

Concept stack, queues.
Typical operations, performed over stack.
Typical operations, performed over queue.

Example execution tasks II

Exercise II :

Information about office premises is provided. The structure is as follows: owner's

last name, area, floor, address (district + actual address). Display data on offices located in

the desired LOC district and whose area is greater than the min but less than the max. The

LOC, min, and max are entered by the user using the keyboard. If one of the office

premises is purchased, it will need to be deleted from the database.
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1. Algorithm

2. Description used functions

HaYano
OTKpEITHE dhaina
ANA 3anucK
na - HET

<{hain He OTKPbI

/Ou.mﬁka OTKPBLITHA q:aﬂna/

3akpeiTue anna
ANA 3anucu
OTKpEITHE daina
ANA 4TEHWA
aa - HeT
=—Tpaiin He oTKpLI
/OU.IHGKE OTKPLITHA q:aﬁna/
KOHeL
3akpeiTue anna
ANA 4TEHWA

FromFileToList(&fin I}| |
|

}

choice = Menulnput() | |

HET

Recording(&fout, 1)
ViewingAll(l)
SearchAndPrint(l)

I:romListToFiIe{&fo ut, 1)

|
1

a
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void set_color( int text , int background = @) —setting
the desired color for the text

void write_colored_text( string text , int color , int
background = @) -displaying colored text on the screen

void push_back( DynamicList & List , Node * note ) —
adding a note element to the end of a List

void ViewingAll( DynamiclList list ) —displaying a dynamic
list list in the form of a table

void ViewingSingle( DynamicList list , Node * to_delete )
— output information about the requested element to_delete
from a dynamic list list

void Recording( ofstream * file , DynamiclList & list ) —
writing the fields of the list structure to the file

void FromFileTolList( ifstream * file , DynamiclList & list
) —adding all entries from the file included. list list

void FromListToFile( ofstream * file , DynamiclList list )
— write data from the dynamic list list to the file file

void DeleteNode( DynamiclList & list , Node * to delete )
— deleting the to_delete entry from the dynamic list

void SearchAndPrint( DynamiclList list ) —search for records
in a dynamic list

Node * Search( DynamiclList list , int number ) -
search for a record in a dynamic list list by the specified number
number

void Buy( DynamiclList & list ) -"purchase" premises - Find
and delete the specified entry from the dynamic list

void PrintMenu() -conclusion menu on the screen

bool Check_correctly( int x ) -examination onthe
correctness of the entered command x (must be in the range 0-5)

int MenuInput() -organizationinput teamsO0-5

void Change( DynamiclList & list ) -change dataina dynamic
list

3. Program

#include <iostream>
#include <iomanip>
#include <string>

U




#tinclude <fstream>
#tinclude <conio.h>
#include <windows.h>

using namespace std;

struct Location {

char district[20] = ""; // district

char address[20] = ""; // actually, address
¥

structNode {
// fields data
charsurname[20] = ; // surname owner
double square = @; // area
int price = 0; // price
Location loc; // location
// link on next node Node*
next = nullptr;

}s

structDynamicList {
// at creation dynamic sheet initially empty, those. no on What Not specifies
Node* Head = nullptr;

}s

// sets necessary color For text (very cool)

voidset_color(inttext, intbackground = @) { // Installation flowers For text And his
background HANDLE hStdOut = GetStdHandle(STD_OUTPUT_HANDLE);
SetConsoleTextAttribute(hStdout, (WORD)((background << 4) | text));

}

// outputs on screen colored text

void write_colored_text(string text, int color, int background = @) {
// change the text color
set_color(color, background);
// we are deducing this text
cout<<text;
// we are installing back color text By default (white)
set_color(15, background);

}

// adds V element V end list

void push_back(DynamicList& Leaf, Node* notes) {
Node* NewNode = new Node{};
// we copy structure
strcpy_s(NewNode->surname, 20, notes-
>surname); NewNode->square = note->square;
NewNode->price = note- >price;
strcpy_s(NewNode->loc.district, 20, note- >loc.district);
strcpy_s(NewNode->loc.address, 20, note- >loc.address);

// If our din. list empty, That new element will first if
(List.Head == nullptr)
List.Head = NewNode;
else {
Node* current = List.Head;
// we are looking for last element, those. That, which indicates
to NULL while (current->next != nullptr)
current = current->next;
current->next = NewNode;

3L
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}

// outputs our All dynamic list void
ViewingAll(DynamicList 1list) {
system("cls");

if (list.Head == nullptr) {
write_colored_text("\nList empty!\n\n", 4);

}
else {
cout<< " Table \"INFORMATION ABOUT OFFICE PREMISES " <<endl;
cout<« "
"<<endl;
cout<< " | | | | [
Location |" <<endl;
cout<< " | No. Surname | Square | Price | District
I
| Address |" <<endl;
coutk< "
| | | | | "
<<endl;
// counter For numbering elements
int counter = 1;
while (list.Head != nullptr)
cout << " | "
<< left << setw(3) << counter << "| "
<< left << setw(15) << list.Head->surname << "| "
<< left << setw(1@) << list.Head->square << "| "
<< left << setw(8) << list.Head->price << "| "
<< left << setw(16) << list.Head->loc.district << "| "
<< left << setw(16) << list.Head->loc.address << "|\n";
counter++;
list.Head = list.Head->next;
}
cout << "
| | | | | "o
endl;
}
}
void ViewingSingle(DynamicList list, Node* to_delete) {
cout << " | "
<< left << setw(15) << to_delete->surname << "| "
<< left << setw(10) << to_delete->square << "| "
<< left << setw(8) << to_delete->price << "| "
<< left << setw(16) << to_delete->loc.district << "| "
<< left << setw(16) << to_delete->loc.address << "|[\n";
}

// writes down fields structures V file

void Recording(ofstream* file, DynamicList& list) {
system("cls");
// we're writing it down list V file, What would them Can was to use
later file->open("primer.txt", ios::out | ios::app);

cout<< "Start entering data\n[Esc] - End entering data\nUse this after you have finished
entering data into the structure.\n\n";
Nodehome{};
31



// we delete symbol new lines from thread
cin.ignore();
do {
cout<< "Surname owner premises: ";
gets_s(home.surname);
cout << "Mnowaab nomeuweHusa: ";
cin >> home.square;
cout << "lUeHa: ";
cin >> home.price;

cin.ignore(1024, '\n');
cout << "PanoH: ";
gets_s(home.loc.district);

cout << "Appec: ";
gets_s(home.loc.address);

file->write((char*)&home, sizeof(Node));

write_colored_text("Data successfully recorded! [Esc] - exit.\n", 2);
// we add structure V dynamic list push_back(list,
&home) ;

} while (_getch() != 27); // 27 - code buttons Esc

file->close();
system("cls");

}

// adds all records from the file to a dynamic void list
FromFileToList(ifstream* file, DynamicList& list) {
file->open("example.txt", ios::in | ios::app);

// If file Not empty, we take from there
data if (file->peek() != EOF) {
Node home{};
while (file->read((char*)&home, sizeof(Node))) {
push_back(list, &home);

}
}

file->close();

}

// writes down from dynamic list All records V void file
FromListToFile(ofstream* file, DynamiclList list) {
// For beginning we clean file
file->open("primer.txt", ios::trunc);
file->close();

file->open("primer.txt", ios::out | ofstream::app);

Node* current = list.Head;

while (current != nullptr) {
file->write((char*)current, sizeof(Node));
current = current->next;

}

file->close();

}

// deletes recording from dynamic list

321
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void DeleteNode(DynamicList& list, Node* to_delete) {
// if the component is the first (that is, the head points to it), then it is enough to
just move the reference to the first element forward
if (to_delete == list.Head)
list.Head = to_delete->next;
else {
Node* current = list.Head;
while (current->next != to_delete)
current = current->next;
current->next = to_delete->next;

}
delete to_delete;

}

void SearchAndPrint(DynamicList list) {
system("CLS");
cout<< "\nIt begins search data..\n\n";
cout<< "Enter minimum square: ";
doublesqr_min;
cin>>sqr_min;

cout<< "Enter maximum square: "; double
sqr_max;

cin >> sqr_max;

cout << "Enter district: ";
char distr[20] = "";
cin.ignore(1024, '\n');
gets_s(distr);

int counter = 0;
boolflag = false; // If will Although would one suitable recording, Then let's
change the flag's state
while (list.Head != nullptr) {
if (!strcmp(list.Head->loc.district, distr) & (sqr_min < list.Head->square) &&
(sqr_max > list.Head->square)) {

if (!flag) {
cout << "
" << endl;
cout << " | | | |
MecTornosioxeHne |" << endl;
cout << " | Last name | Area | Price |
District | Address |" << endl;
cout<< "
| | | | | |" <<endl;
flag = true; // we change state flag, because found Although
would one
record
ing }
ViewingSingle(list, list.Head);
}
list.Head = list.Head->next;
}
if (flag) {
cout << "
| | | " << endl;
}
else

write_colored_text("\nTakux 3anucei HeT!\n\n", 4);
system("pause");
system("CLS"); 32



}

Node* Search(DynamicList list, int number) {

}

int counter = 1;

while (list.Head != nullptr) {
if (number == counter)
return list.Head;

counter++;

list.Head = list.Head->next;

}

return list.Head;

// nokynka
void Buy(DynamicList& list) {
if (list.Head == nullptr) {

system("CLS");

write_colored_text("\nCnucok nyct!\n\n", 4);

system("pause");
system("CLS");
return;

}

ViewingAll(list);
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write_colored_text("Room under what number You do you want purchase?\n", 14);

int number = 1;
cin >> number;

Node* to_buy = Search(list, number);

if (to_buy == nullptr) {

system("CLS");

write_colored_text("\nRecords With like this number No! \n", 4);

system("pause");
system("CLS");

return;
}
cout << "
" << endl;

cout << " | | | Location
|" << endl;

cout << " | Last name | Area Price | District |
Address |" << endl;

cout << "
| | | | |" << endl;

ViewingSingle(list, to_buy);

cout << "
| | | | |" << endl;

14);

write_colored_text("\nYou we are sure What do you want buy This premises? (+ Yes; - No)

\n",

char choose;

do {

choose = getch();
} while ((choose != '+') && (choose != '-"));
if (choose == "+") {

system("CLS");
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write_colored_text("\nWrite successfully removed!\n\n", 2);
DeleteNode(list, to_buy);

system("pause");

system("CLS");

}

// prints a color menu

void PrintMenu() {
write colored text("\n MENU\n", 2);
write colored_text(" e [1] Add a record to a file \n", 14);
write_colored_text(" o [2] View data \n", 14);
write_colored_text(" e [3] Search By area And district \n",
14); write_colored_text(" e [4] Purchase of premises \n", 14);
write_colored_text(" ¢ [5] Change of information \n", 14);
write_colored_text(" e [0] Exit \n", 14);
write_colored_text("Select an item: ", 15);

}

// checks on right introduced team (What would was included V interval ©-5)
bool Check_correctly(int x) {
switch (x) {
case 1:
case
case
case
case
case

I

ouvihwnN

return true;
default:
return false;
}
}

// organizes the introduction of a
command (numbers ©-5) int MenuInput()

{
PrintMenu();
int m;
do {
cin>>m;
// examination on happening, If introduced
NOT number if (cin.fail()) {
cin.clear();
cin.ignore(32767, '\n');
system("cls");
PrintMenu();
write_colored_text("\nYou introduced Not number! Repeat attempt: \n",
4); continue;
}
// If introduced number, But Not correct, we write
about in this if (!Check_correctly(m)) {
system("cls");
PrintMenu();
write _colored_text("\nEntered unacceptable number. Repeat attempt: \n",
4);
continue;
}
returnm;
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} while (true);
return m;

}

void Change(DynamicList& 1list) {
if (list.Head == nullptr) {
system("CLS");

write_colored_text("\nList empty!\n\n", 4);

system("pause");
system("CLS");
return;

}

ViewingAll(list);

write_colored_text("Enter number premises For changes data O him:

number = 1;
cin >> number;

Node* to_change = Search(list, number);

if (to_change == nullptr) {
system("CLS");

write_colored_text("\n3anucu ¢ Takum Homepom HeT! \n", 4);

system("pause");

system("CLS");

return;
cout<< "Surname owner premises: ";
gets_s(to_change->surname);
cout << "Square premises: ";
cin >> to_change->square;
cout << "Price: ";
cin >> to_change- >price;

cin.ignore(1024, '\n');
cout << "District: ";
gets_s(to_change->loc.district);
cout << "Address: ";
gets_s(to_change->loc.address);
system("CLS");

}

// home function
int main() {

// we do setting For work With Russian language

setlocale(LC_ALL, "Rus");
SetConsoleCP(1251);
SetConsoleOutputCP(1251);

ofstream fout("primer.txt", ios::out | ios::app);

if (!fout.is_open()) {

write_colored_text("Owubka oTkpbiTua ¢aitnal\n", 4);

exit(0);
}

fout.close();

ifstream fin("primer.txt", ios::in | ios::app);

if (!fin.is_open()) { 39

\n", 14); int
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write_colored_text("Owubka oTkpbiTUa dainall\n", 4);
exit(0);
}

fin.close();

DynamiclList 1;
FromFileToList(&fin, 1);

short choice;
do {
choice = MenuInput();
switch (choice) {
case 1:
Recording(&fout, 1);
break;
case 2:
ViewingAll(1l);
system("pause");
system("CLS");
break;
case 3:
SearchAndPrint(1);
break;
case 4:
Buy(1);
break;
case 5:
Change(1);
break;
case 0O:
FromListToFile(&fout, 1);
fout.close();
fin.close();
return EXIT_SUCCESS;

} while (true);

system("pause");
return 0;
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4. Testing programs

Task: Information about office premises is given. The structure is as follows: Owner's last
name, area, floor, address (district + address). Display data on offices located in the
desired LOC district and whose area is greater than the min but less than the max. The
LOC, min, and max are entered by the user using the keyboard. When one of the office
spaces is purchased, its entry is removed from the list.

Entrance data:

Surname | Square Price Location

District Address
Ilvanov 35 18500 | Leninist Vavilov 23
Petrova 20 11000 | Shpakovsky | Pirogova 45
Kurochkin | 30 17,000 | Seaside Lenin 678
Volkova 20 9300 | Leninist Chekhov 1
Lysenko |40 20,000 | October Mira 9B

External menu view :

 [1] NlobaeuTk 3anuck B Qain

e [2] MNpocMOTPp MAaHHLIX

e [3] MNouck no nnowaau W paloHy
L]

L]

[4] MNokynka nomeweHWA
[5] M3meHeHWe WHOOpMaUWK
« [B] Beixon
BuibepuTe nMyHKT:
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1. Input data V structure. (Pressed team 1)

HayuHaiTe BBOA [OaHHLIX
3aBepueHue BBOAA AAHHLIX
Mcnone3yiTe 3To nocne 3aBepllieHWA BHECEHWMA [laHHbIX B CTPYKTYPY .-

DPamunuAa Bnagencua nomeweHwAa: WeaHoe
Mnowagbs nomeweHuA: 35

llena: 18500

PailoH: JleHMHCKWIA

Anpec: Baeunoea 23

MamunuAa Bnagenbua nomeueHua: [leTpoea
Mnowaak nomeweHua: 20

Llena: 11000

Paion: linakoBckuin

Appec: luporoesa 45

DamnnuAa Bnagencua nomeweHua: KypouxkuH
Mnowaabs nomeweHuAa: 36

llena: 17600

PaitoH: MMpuMOpCKUiA

Anpec: JlenuHa 678

Mammnua Bnagenbua nomeueHua: Bonkoea
Mnowaak nomeweHua: 20

Llena: 9300

PaioH: JleHMHCKWIA

Anpec: Yexosa 1

MamunuAa Bnagencua nomeweHuAa: JlbiceHKo
Mnowaabs nomeweHuA: 468

llena: 20600

PaitoH: OkTAbpbCKWA

Anpec: Mupa 9b

2. View data (pressed team 2).

Tabnuua "WHOOPMALMA O O®WCHLIX MOMEWEHMAX"

MecTononoxeHue
Oamuana o e H¢ PaiioH | Appec

MeaHoB NleHWHC KU Baeuwnoea 23

leTpoBa 0 11660 linakoBCcKKWiA [Mporoesa 45
KypoukuH 0 17000 MpumopcKuin Nenuna 678
Bonkoea 0 4 NeHUuHCKui HYexoea 1
Neicenko 0 PEO OKTABPLCKWIA Mupa 9B
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3. Search By area And district (pressed team 3).
Table tests:

Ne tecta min max PaiioH OXupaemblit pesynbrart
naowaab | naowaab 1
1 15 49 JTeHnHCKnM BoiBOg, uHPOpmaumm o
nomeLLeHnAX th
Bnagenoues: WMBaHOB M| os
Bonkosa
2 35 200 MpuMmopcKkum CoobuweHne 06
OTCYTCTBUM NCKOMBbIX
3anucen
3 19.9 20.1 LLInakoBCKuMM BoiBOg, uHPOpmaumm o
nomeLLeHUn BAagenbua:
MNeTposa
4 1 300000 OKTABpPbCKMIA BoiBOg, MWHPOpmaumm o
NoOMeLLEHUM BAageNbLa:
JlbiceHKo
5 34 56 MpomblwneHHbIn | CoobuieHune 06
OTCYTCTBUM NCKOMbIX
3anucemn

those

HauyMHaeTcA NOMCK AaHHbIX. .

BeeguTe MMHMMANcHYW naowagb: 35
BeeauTe makcuMMmanebHyw nnowasb: 200

BeeguTe paion: [Mpumopckuid

InA NpoAONMKEeHUA HaXMMTe Nubyio Knaewuwy . . .

3 test.

HauyuMHaeTcA NOMCK AaHHLIX. .
BeeguTe mMMHMManbHyw nnowaas: 19.9
BeeauTe mMakcMManbHyw naouwanb: 20.1

BeeauTe paioH: lInakoBCKUM

MecTononoxeHue
PaioH Appec

linakoBCKKA Muporoea 45

Ilna Nnpogc/IXeHWA HaxMHUTE nmﬁym Knaevwy . . .
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4 test.

HauynHaeTcA NOMCK AaHHbIX. .

BeeguTe mMMHMManbHyw naowage: 1
BeeaMTe MakcMManbHyw naowaiks :
BeeauTe paioH: OkTABpbLCKUA

| MecTononoxenue
| Damunua ol S H: Anpec

NbiceHKo ) bpbCKHA Muwpa 96

5 test.

HaunMHaeTcA NOMCK [aHHbIX. .

BeeguTe MMHMManbHYW naowagdb:
BeeguTe MakcMManbHyw naowaib:
56

BeeguTe paioH: [lpoMbilneHHbIR

Ina npoaonkKeHMAa HaxMuTE ﬂmﬁym Knagypwy . . .
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4. Purchase premises (pressed team 4).

Tabnuua "WHOOPMALWA O O®MCHBIX NMOMELIEHWAX"

MecTononoxeHue
PaiicH | Aanpec

Pamunua Olllé LleHa
MBaHoB 18500 Baeunoea 23
Muporosa 45

JIeHUHCKWA
|

[pumopckmnin | Nenuna 678
I

KypoukuH
Bonkoea
NbiceHko

JNleHUHC KK Yexoea 1
OkTABPbCKUIA Mupa 9b

I
I
I
I
[eTpoea B 116006 | Wwnaxkosckwii
I
I
|
I

MecTononoxeHue

Gamunua Paiion Anpec

MeTpoBa

Bbl YBEEpeHbl, YTO XOTWUTE KYMWTb 3TO MomemeHue? (+ Aa; - HeT)

Muporosa 45

At pressing "+" appears message:

Now the deleted entry will 0o | oYS\/115 NposonKeHMA HaxawmTe Moyl Knaswwy . . .
displayed. at viewing tables (team 2). Alternative

option:

Tabnuua "MHOOPMALIMA O OOWCHBIX MOMEWEHWAX™

MecTononoxeHue
PaiioH | Aapec

Pamunua

| |
| |
| |
MBaHoB | |  Nenunckwii Baeunosa 23
| |
| |
| |
| |

Bonkoea JleHWHCKMIA Yexosa 1
OkTADpPLCKMIA Mupa 9B

|
KypoukuH Mpumopckunin | Nenuna 678
|

JleiceHKko

MecTononoxeHue
PaiioH | Aapec

JNleHWHC KW Baeuwnoea 23

Bul yEEpEeHbl, 4TO XOTMTE KYNWTL 3TO nomeweHwe! (+ ga; - HeT)

At pressing "—" will return menu, removal Not will happen And recording will remain V

table.
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5. Change information (pressed team 5).
Tabnuua "WHOOPMALMA O OO®MCHLIX MOMEWEHMAX™
MecTononoxeHune

PaiioH | Appec

Damunna

]

JNleHMHC KK Baewnoea 23

|
|
|
WBanoB |
|  Wnakoeckwii [uporoea 45
|
|
|
|

|
|
|
|
| nNetpoea
|
|
|
|

[V )
(s e N |

Kypo4ykuH
Bonkoea
JlbiceHKO

Yexoea 1
Mupa 9B

JNleHMHC KK
OkTABpLCKMIA

L9, RN FU T N

|
|

MprMopcKui |  Nenuna 678
|

(o]
]

|
BeeguMTe HOMEp MOMEWEHMA ANA WM3MEHEHWA AEHHBIX O HEM:
4
DamunuA Bnagencua nomeweHua: Bonkoe
[lnowage nomeweHua: 45
leHa: 29000
PaioH: [lpomelwneHHbIA
Agpec: Epmonoea 150

After changing  the information in the table , the updated information will
be displayed when  viewing (command 2)

6. Exit from programs (pressed command 0).

[1] NobaBuTe 3anuck B Qain
[2] MpocmoTp AaHHbIX
[3] Mowck no nnowaaw W paioHy
[4] Mokynka nomeueHua
[5] WUsmeHeHWe wHpopmaumu
[08] Beixon

BuibepuTe nyHkT: ©

C:\Users\ANNA\source\repos\labl6example\Debug\labl6oexample.e
YTobbl AaBTOMaTWYECKM 3aKpLBATb KOHCOMNb NMPU OCTAHOBKE OTNAAKM,
TOMaTHYECKH 3aKpbiTb KOHCOMb NPW OCTAHOBKE OTnaaku”.

HayenTe nmobyw knaBumwy, 4TobBbl IakpbTb 3TO OKHO..
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17. Trees
17.1 Concept tree

A tree is one of the most fundamental data structures, widely used in programming.
It stores data hierarchically rather than linearly .

A tree is a hierarchical data structure consisting of nodes arranged at levels and
connected by branches.

Trees combine the advantages of the other two
o structures: ordered array And linked list.

If in a list access is carried out on average in O(N),
then in a binary tree it is O(log2(N))

° ° = A - KOpHeBOW y3en (HyneBoW YpOBEHS).

« B,C - NOTOMKW NEpBOro YPOBHSA.
« D,E - NOTOMKW BTOPOIO YPOBHS.

« B,D,E-nucTbl.
o ° my6wuHa gepesa - 2.

17.2 Classification trees

®® ® ©

®

Main classifications trees.
* By maximum quantity descendants at one node:
— binary (2 descendant);
— ternary (3 descendant);
— M-ary (M- descendants);
* By character data:
— With ordered data;
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— With disordered data;
« [0 CTPYKTYpe:

¢ CHAMMETPHUYHLIE,

> cDanaHCHpOBaHHLIE;
HecDannaHCHpOBaHHLIE;
NOJHbIE;

> BbIpOXOeHHLIE;

e MO BUOY:

DWHAPHLIE C YNOpAOOYEHHLIMKW OaHHLIMKA (NOWCKA);
B-NepeBkbA;
KpacHo-Y&pHele (C DBanaHCUPOBKOW);

17.3 Binary tree

10 A binary tree is an unbalanced
tree in which each node has at most

F‘ B ‘\' two children . Typically, the first is
called the parent node, and the

" - children are called the left and right
descendants .
- | =l = A binary tree is not an ordered
f \ \ oriented tree.
1 8 20 30
olo ol|o o ol|o

21

17.4 Job With binary tree

To work with a binary tree, three variables are used: a pointer to the left child, a pointer
to the right child, and the node value.
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Structure node (example):

struct BinaryTree {
int value;
BinaryTree* left;
BinaryTree* right;

s

Filling tree

if (key < leaf->value) { //npoBepka 3Ha4eHus
if (leaf->left != NULL) //ecnu y3en He nycTow
insertFromChild(leaf->left, key); //oTnpaBnaem B peKkypcuio
else { //ecnum nycTtou
leaf->left = new BinaryTree; //3anonHAem ero noAaHHbIM 3HaYeHWEM
leaf->left->value = key;
leaf->left->left = NULL;
leaf->left->right = NULL;

}

Bypasses
Bypass - This a procedure in which each node is processed exactly once in a

uniform manner. Tree traversal consists of partitioning the tree into a root, left, and right
subtrees, and applying the appropriate processing procedure to each subtree until the
partitioning process yields an empty tree.

Bypass — is a procedure in which each node is processed exactly once in a uniform

manner. Tree traversal consists of splitting the tree into a root, left, and right subtrees, and
applying the appropriate processing procedure to each subtree until the splitting process
yields an empty tree.

Descending (direct) bypass is performed according to the formula “root-left-right”

(RLR) .

process root knot;
go around left subtree V descending in order;

go around right subtree V descending in order.
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Laboratory Job No. 17
Study features processing data at using a binary tree

TARGET WORKS:
Improvement skills developments programs V environment programming
Improvement skills V programming With using pointers
Study process formations elements the simplest dynamic structure data - binary

tree

Study operations at work With binary trees

EXECUTION WORKS: V in accordance With option make up And implement programs.
Time to complete work: 4 hours

Exercise |

According to the option, write and debug a program using a dynamic data

structure: Binary Trees.

l.

2.

9.

Develop a program that constructs a binary tree T. Describe a logical procedure or
function that determines whether some element E is included in the tree T.

Develop a program that builds a binary tree T. Describe a procedure or function that
determines the number occurrences of some element E in the tree T.

. Develop a program that constructs a binary tree T. Describe a procedure or function

that calculates the sum of the elements of a non-empty tree T.
Develop a program that constructs a binary tree T. Describe a procedure or function
that determines the value of the largest element of a non-empty tree T.

. Develop a program that constructs a binary tree T. Describe a procedure or function

that determines the maximum depth of a non-empty tree T, i.e., the number of branches
in the longest path from the root to the leaves.

Develop a procedure that constructs a binary tree T. Describe a procedure or function
that tests trees T1 and T2 for equality.

Develop a program that constructs a binary tree T. Describe a procedure or function
that determines whether the tree T contains at least two identical elements.

Develop a program that constructs a binary tree T. Describe a procedure or function
that determines the arithmetic mean of all elements of the tree T.

Develop a program that constructs a binary tree T. Describe a procedure that replaces
all negative elements in the tree T with their absolute values. values.

10. Develop a program that constructs a binary tree T. Describe a procedure that swaps the

maximum and minimum elements of a non-empty tree T, all of whose elements are
distinct.
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11. Develop a program that constructs a binary tree T. Describe a procedure that prints
elements from all leaves of tree T.

12. Develop a program that constructs a binary tree T. Describe a procedure or function
that determines the length of the path from the root to the nearest vertex with element
E; if E is not included in the tree, take -1 as the answer.

13. Develop a procedure that constructs a binary tree T. Describe the procedure
copy(T,T1), which constructs T1 — a copy of the tree T.

14. Develop a program that constructs a binary tree T. Describe a procedure or function
that assigns to the parameter E an element from the leftmost leaf of the non-empty tree
T.

15. Develop a program that constructs a perfectly balanced binary tree T. Describe a
logical procedure or function that determines whether some element E is included in
the tree T.

16. Develop a program that builds a binary tree T. Describe a procedure or function that
determines the number occurrences of some element E in the tree T.

17.Develop a program that constructs a perfectly balanced binary tree T. Describe a
procedure or function that calculates the sum of the elements of a non-empty tree T.

18. Develop a program that constructs a binary tree T. Describe a procedure or function
that determines the value of the largest element of a non-empty tree T.

19. Develop a program that constructs a binary tree T. Describe a procedure or function
that determines the maximum depth of a non-empty tree T, i.e., the number of branches
in the longest path from the root to the leaves.

20. Develop a procedure that constructs a binary tree T. Describe a procedure or function
that tests trees T1 and T2 for equality.

21. Develop a program that constructs a binary tree T. Describe a procedure or function
that determines whether the tree T contains at least two identical elements.

22. Develop a program that constructs a binary tree T. Describe a procedure or function
that determines the arithmetic mean of all elements of the tree T.

23. Develop a program that constructs a binary tree T. Describe a procedure that replaces
all negative elements in the tree T with their absolute values. values.

24. Develop a program that constructs a binary tree T. Describe a procedure that swaps the
maximum and minimum elements of a non-empty tree T, all of whose elements are
distinct.

25.Develop a program that constructs a binary tree T. Describe a procedure that prints
elements from all leaves of tree T.
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Control questions

What such tree?

Classification trees.

Which tree they call binary?

What such knot, descendant, ancestor, leaves, root?
Description structures node.

What such bypass? Types bypasses

Which dynamic structures data to you are known?
Which main advantage tree before list?

Example execution tasks I

13. Develop a procedure that builds a binary tree T. Describe the procedure copy(T,T1),
which builds T1 — a copy of the tree T.

[ Hauano ] Execution work
1. Mathematical model
Input data: n — the number of elements to insert into a
binary tree (of type int), req — arbitrary meaning key
node tree (type int) Weekend data: n elements binary
tree and the output of tree leaves
Intermediate quantities: counters 1, vl
2. Algorithm

Let's watch block diagram (rice.
Left) buildTree() — building a tree
initCopyTree() — initializing the copy

3 preorderPrint() - formation conclusion V in the form

/Bblso,q Cutput tree:/

W

buildTree()

h

initCopyTree()

of a tree
destroyTree() - removal nodes trees from allocated
memory
W
3. Program
precrderPrint(root2, 0) #include <iostream>

usingnamespace std ;

¥ struct TreeNode {

int data ;
TreeNode * left ;
TreeNode * right ;

Y

destroyTree(root1)

h

TreeNode *rootl =NULL, *root2 =NULL;
destroyTree(root2)

void buildTree();
void initCopyTree();
1 void insertFromChild(TreeNode*, int);

void insertFromRoot(int);
KoHey void destroyTree(TreeNode*);
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void preorderPrint(TreeNode*, int);
void copyTree(TreeNode*, TreeNode*);

int main(){
setlocale(LC_ALL, "rus");

buildTree();
initCopyTree();

cout<<"Output tree: \n";
preorderPrint(root2, 0);

destroyTree(root2);
destroyTree(rootl);
returno;

}

void insertFromChild(TreeNode *leaf, int key){

if(key < leaf->data){

if(leaf->left !=NULL)
insertFromChild(leaf->left, key);

else{
leaf->left =new TreeNode;
leaf->left->data = key;
leaf->left->left =NULL;
leaf->left->right =NULL;

}

}

else{

if(leaf->right !=NULL)
insertFromChild(leaf->right, key);

else{
leaf->right =new TreeNode;
leaf->right->data = key;
leaf->right->left =NULL;
leaf->right->right =NULL;

}

}

}

void insertFromRoot(int key){
if(rootl !=NULL){
insertFromChild(rootl, key);

}

else{
rootl =new TreeNode;
rootl->data = key;
rootl->left =NULL;
rootl->right =NULL;

}

}

void buildTree(){

int n;

cout<<"Enter count of elements to insert in bintree:\n";

cin>> n;

cout<<"Input elements:\n";
for(int 1 =0; i < n; i++){
int req;
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cin>> req;
insertFromRoot(req);

}

}

void destroyTree(TreeNode *1leaf){

if(leaf !=NULL){
destroyTree(leaf->left);
destroyTree(leaf->right);

delete leaf;

}

}

void preorderPrint(TreeNode *root, int 1lvl){
if(root ==NULL){
return;
}

preorderPrint(root->left, ++1lvl);
for(int i =0; i < 1lvl;++i)

cout<<"|";
cout<< root->data <<'\n';
1vl--;

preorderPrint(root->right, ++1vl);

void initCopyTree(){

if(rootl !=NULL&& root2 ==NULL){
root2 =new TreeNode;
root2->data = rootl->data;
root2->left =NULL;
root2->right =NULL;
copyTree(rootl, root2);

void copyTree(TreeNode *rootFrom, TreeNode *rootTo){
if(rootFrom->left !=NULL){
rootTo->left =new TreeNode;
rootTo->left->data = rootFrom->left->data;
rootTo->left->left =NULL;
rootTo->left->right =NULL;
copyTree(rootFrom->left, rootTo->left);

else{
rootTo->left =NULL;

if(rootFrom->right !=NULL){
rootTo->right =new TreeNode;
rootTo->right->data = rootFrom->right->data;
rootTo->right->left =NULL;
rootTo->right->right =NULL;
copyTree(rootFrom->right, rootTo->right);

else{
rootTo->right =NULL;

33

339



340

4. Result work programs

Enter count of elements to insert in
8
Input elements:

25 -10 1847 -31
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18. Vector

Lab 10 examined dynamic arrays. Only the necessary memory was allocated for
their storage. Lab 16 demonstrated that working with pointers and dynamic memory
allocation requires great care and precision. To make life easier for programmers, the STL
standard library, which contains many very useful structures and classes, is available. STL
appeared quite a while ago, proved very convenient, and quickly became a standard part of
C++. STL is the most efficient library for C++ currently available.

This library was used to study strings (string is an integral part of the STL). Let's
take a closer look at the library.

Today, there are a great many implementations of the STL standard library that
follow the standard but also offer their own extensions, which is a plus on the one hand,
but not very good on the other, since it is not always possible to reuse the code with
another compiler.

Let's look at the most frequently used features of the STL library. STL actually
contains a large number of classes, but first, let's look at the most popular ones that are
most likely to appear in other people's code. These classes are more than sufficient to solve
99% of real-world problems.

vector - collection elements type T, saved V array, increasing By measure necessity. For Togo, to
begin usage this collections, turn on #include
<vector>.

list - collection elements type T, saved, How bidirectional connected list.

For Togo, to begin usage this collections, turn on #include <list>.

A map is a collection that stores pairs of values pair<const Key, T>. This collection is designed to
quickly look up a value T by key. const Key. Anything can be used as a key, such as a string or an int, but
it's important to remember that the key's main feature is the ability to apply a comparison operation to it.
Fast value lookup by key is achieved because pairs are stored in sorted order. This collection also has a
corresponding drawback—insertion speed. the new pair is inversely proportional to the number of
elements stored in the collection, Because simply appending a new value to the end of the collection
won't work. Another important thing to remember when using this collection is that the key must be
unique. To start using this collection, include #include <map>.

A set is a collection of unique const Key values—each of which is also a key—that is, simply put,
a sorted collection designed for quickly finding a specific value. The requirements for a key are the same
as for a map key. Naturally, using it for this purpose doesn't make sense if you want to store simple data
types in it; at a minimum, you need to define your own class storing key-value pairs and defining a
comparison operation by key. This collection is very convenient if you want to avoid storing the same
value twice. To start using this collection, include #include <set>.

A multimap is a modified map that does not require a unique key. - That There is, If You you will
produce search By key, That to you will return Not one meaning, A kit
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values stored with this key. To start using this collection, include #include <map>.

Multiset - The same applies to this collection. It doesn't require unique keys, which means it's
possible to store duplicate values. However, it's possible to quickly find values by key if you define a
custom class. Since all values in map and set are stored sorted, we can very quickly find the required
value by key in these collections, but inserting a new element into T will be somewhat more expensive
than, say, in a vector. To start using this collection, include #include <set>.

Let's consider more details vector . He named V honor mathematical term
"vector" And means numbered subsequence objects.

18.1 Concept vectors. Format descriptions

Vector Can introduce, How one-dimensional dynamic array.

Format descriptions:

#include<vector>

vector<base type> vector name(number_ of vector_elements);

Where
vector - official word;
base type - type vector elements ;
vector_name - correct With points vision C++ identifier;
number_of_vector_elements - constant or variable integer type.

For example,

#include <vector>

int n;
cin >> n;
vector <int> a(n); // 1
//reading:
for (int 1 = 0; 1 < n; i++) // 2
cin >> a[i]; // 3
/] 4
// BbIBOA:
for (int i =n - 1; i >=0; i--)
cout << a[i] << " ";

Let's take a closer look at the new code. Line 1 creates a new vector. First, write the
word vector, then the type of the vector elements in angle brackets (for example, int or
double ), then the vector name and, in parentheses, the number of elements in it. You can't
read an entire vector in C++, so we'll read each number and store it in the vector element
with the corresponding number (lines 2-3).

Any processing vectors, So same, How And array, is being carried out element by
element. For appeals To element vectors, need to indicate number V square in
brackets
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after its name. Any arithmetic expression is allowed inside the parentheses, and an
individual vector element can be treated as a regular variable. If you specify a number in
parentheses that exceeds the vector's size (or a negative number), the program will compile
but will run incorrectly or even crash. This is because such an access falls into a memory
area that is not related to our vector.

So, a vector is almost the same as an array; its elements can be accessed just like
array elements. However, vectors have some advantages. You don't need to specifically
manage their size, as a vector knows its size. Changing the size is as simple as removing or
adding elements at runtime.

To use a vector in a program, you need to include the vector header file and specify
the std namespace to use.

Conclusion:

= Vectors are part STL And relate To consistent containers.
« Sequential containers - This ordered collections, V in which each element
occupies a specific position.

According to standard C++, any container must contain methods begin() , end() ,
size() , max_size() , empty() , and swap() .

18.2 Main methods Vectors

size() - returns quantity elements V vector.

capacity() — returns number elements, which vector Maybe contain without allocation of
additional space.

emplace(pos, value) - inserts the element value at the position pointed to by the iterator pos

push_back(element) — add an element to the end of the

vector , and pop_back(element) — delete last element

vector- a

insert(***) - three options (method overload) for insertion into any area in vector, first
parameter - position inserts, given iterators, the rest indicate on container, or quantity
And container, or couple iterators indicating from which position to which position from
another container to take data. erase (iterator or iterator from, And before) - deletes
element or sequence of elements from a vector

begin() - returns iterator, pointing on start collections.

end() — returns iterator, pointing on end collections. At this it points not to the very last
element, but to an imaginary element after the last one. at(index) — method access, To
elements collections, V difference from operator [], checks for collection bounds and throws
an exception if so.
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clear() — deletes all elements of a collection. If it contains class objects, it calls their
destructors. If it contains pointers to objects, you'll have a memory leak ( memory leaks=
), since delete No one will call for you.

IN addition To functions direct access To elements, elements Vectors can be
obtained using iterators.

18.3 Iterators

Iterator - this is an object, which is capable of sorting through elements container
class without the user needing to know the implementation of a particular container class.

Iterators are usually used in pairs, one of which is needed for indicates the current
iteration, and the second serves to indicate the end of the container. Iterators are created
using standard methods such as begin() and end(). Function begin() returns pointer on
first element, and end() - to an imaginary non-existent element following the last one.

Vector uses the most feature-rich iterator type, the RandomAccesslterator, which
allows traversing the container in any order and modifying the vector's contents during
traversal. However, modifying the vector may invalidate the iterator.

Example counting amounts elements vectors at help iterators:

vector<int> the_vector;
vector<int>::iterator the_iterator;

for (int i=0; i < 10; i++)
the_vector.push_back(i);

int total = 9;

the_iterator = the_vector.begin();

while (the_iterator != the_vector.end()) {

total += *the_iterator; /* Please pay attention attention, What

access To an element can be accessed by dereferencing the iterator */
++the_iterator;

}

cout << "Total=" << total << endl;

Vectors are iterable objects. It's possible to loop through all the values of a vector using an
iterator, for example:

#include <iostream>
#include <vector>

int main()

{

std::vector<int> numbers; // empty vector
numbers.push_back(5);
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numbers.push_back(3);
numbers.push_back(10);
for(int n : numbers) /* n - iterator, running through iterable Object
numbers */
cout << n << "\t"; // 5 3 10

std::cout << std::endl;
return 0;

501050

#include <vector>

#include <iostream>

int main() {
std::vector<int> array { 0, 1, 2 };
array.resize(7); // v3meHAeM AnvHY array Ha 7
std::cout << "The length is: " << array.size() << '\n’;
for (auto const &element: array)

std::cout << element << ' ';

return 0;

}

PesynbTaT:

The length is: 7

0120000
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JlabopamopHasi paboma Ne 18
Usage vectors at decision tasks

TARGET WORKS:

e Improvement skills developments programs V environment MSV Studio
programming

e Improvement skills V programming With using vectors

e Study process formations vectors

e Study operations With elements vectors

EXECUTION WORKS: V in accordance With option make up And Implement programs.
Time to complete the work: 4 hours

Exercise |

Using the program obtained during laboratory work 7 in Task II, implement the
ability to save and process data using a vector.

Exercise ll

1. Develop a program corresponding to the option using the existing descriptions,
debug her And re-decide With using vectors.

2. Prepare kit tests, confirming right operation of the program.

3. Design report, turning on V him production tasks codes programs and the
results of their work.

1. Given description:

typedefloat * Vector [100];
Vector x;

Considering, What All elements vectors x excellent from NULL , describe
— function max(x) For location more from numbers, on which refer to the elements
of the vector x ;
— function void Inp(x) - formations vectors x ;
— function void out(x) - conclusion numbers, on which refer elements vectors
X .

2. Given description:

typedefloat * Vector [100];
Vector x;

Considering, What All elements vectors x excellent from NULL , describe
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— function negl(x), the value of which is the first element of the vector x ,
referring on negative numbers, or NULL , If there are none;

— function void Inp(x) - formations vectors x ;

— function void out(x) - conclusion numbers, on which refer elements of
vector x .

3. Given description:

typedefloat * Vector [100];
Vector x;

Considering, What All elements vectors x excellent from NuLL, describe
— logical function same(x) value which is true (TRUE) if in vector x there are at
least two links pointing to the same numbers, otherwise — false ;
— function void Inp(x) - formations vector x ;
— function void out(x) - conclusion numbers, on which refer elements of
vector x .

4. Given description:

typedefloat * Vector [100];
Vector x;

Considering, What All elements vectors x excellent from NULL , describe
— function void unique(x), which V vector x All elements, referring to equal
numbers, replaces with the first of these elements;
— function void Inp(x) - formations vectors x ;
— function void out(x) - conclusion numbers, on which refer elements of
vector x .

5. Given description:

typedefloat * Vector [100];
Vector x;

Considering, What All elements vectors x excellent from NuULL , describe
— function min(x) For location the smallest from numbers, on which refer to the
elements of the vector x ;
— function void Inp(x) - formations vectors x ;
— function void out(x) - conclusion numbers, on which refer elements of
vector x.
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6. Given description:

typedefloat * Vector [100];
Vector x;

Considering, What All elements vectors x are distinct from NULL , describe
— function posit(x) , meaning which is first from elements vectors
x , referring on positive numbers, or NuULL , If such No;
— function void Inp(x) - formations vectors x ;

— function void out(x) - conclusion numbers, on which refer elements of
vector x .

7. Given description:

typedefloat * Vector [100];
Vector x;

Considering, What All elements vectors x excellent from NULL , describe

348

— logical function same(x) meaning which is true (TRUE) if in vector x there are

no links pointing to the same numbers, otherwise — false ;

— procedure Inp(x) - formations vectors x ;

— procedure Out(x) - conclusion numbers, on which refer elements vectors
X .

8. Given description:

typedefloat * Vector [100];
Vector X;

Considering, What All elements vectors x excellent from NULL , describe
— procedure unique(x) , which V vector x All elements, referring by equal
numbers, replaces with the first of these elements;
— procedure Inp(x) - formations vectors x ;
— procedure Out(x) - conclusion numbers, on which refer elements vectors
X .

9. Given description:

typedefloat * Vector [100];
Vector Xx;

Considering, What All elements vectors x excellent from NULL , describe
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— procedure del(x) , which V vector x All links indicating replaces
duplicate elements with the NULL value ;

— procedure Inp(x) - formations vectors x ;

— procedure Out(x) - conclusion numbers, on which refer elements vectors
x excellent from NULL .

10. Given description:

typedefloat * Vector [100];
Vector x;

Considering, What All elements vectors x excellent from NULL , describe
— function NOL(x) value which is first from elements vectors x , referring to
numbers equal to 0, or NULL if there are none;
— procedure Inp(x) - formations vectors x ;
— procedure Out(x) - conclusion numbers, on which refer elements vectors x .

Exercise lll

IN in accordance With option write And debug program, using a data structure. a) an
array of string references, b) vector of strings;

One of the possible representations of a “long text” is to divide it into sections (strings) of
equal length and creating an array of references to these strings:

constant d = .., n = ..; //length lines And maximum number string typedefchar
string [d];
line * Text[n];

n lines in the text , then the last elements of the array are NULL ; at the beginning of the
array of links are NULL should not be. If the text operation specifies the number of a
missing line, i.e., the array element with this number is NULL , then such an operation is
not performed).

1. Using given performance text, describe

— function int KolStrok(T) for counting numbers lines V text T ;

— the void Inp(T) function , which reads a sequence of characters from the
input file up to the first * ( - the end-of-text symbol) and forms the text T from
them (the last line, if necessary, can be supplemented with spaces);

— function void out(T) , printing line by line text T .

2. Using this text representation, describe the logical function Elem(T,
i, j, With), checking, There is whether in text T line with number i, and, if present,
assigning the j-th character of this string to parameter c.

3. Using given performance text, describe void function
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— function void Change(T, i, j) , changing in some places i -yu And j -
yu lines of text T

— void Inp(T) function, which reads from the input file a sequence of
characters up to the first * ( - the end-of-text symbol) and forms from them
text T (last line, If necessary, fill in with spaces);

— function void out(T) , printing line by line text T .

Using given performance text, describe

— function voidSwap(T, i, j) ,changing in some places 1 -yu And j -yu lines of text
T J.

— void Inp(T) function, which reads from the input file a sequence of
characters up to the first * ( - the end-of-text symbol) and forms from them
text T (last line, If necessary, fill in with spaces);

— function void out(T) , printing line by line text T .

Using given performance text, describe
function void Copy(T, i, j ),replacing i- yulinetext T on copy j -and
lines;
function void Inp(T), reading from input file a sequence of letters up to the first * (
- the end-of-text symbol) and forming the text T from them (the last line, if necessary,
should be supplemented with spaces);
function void out(T), printing line by line text T .

Using given performance text, describe
— function void Add(T, i, j), addingafter i -th lines of text
T copy j- throw;
— void function Inp(T), which reads from the input file a sequence of
characters up to the first * ( - the end-of-text symbol) and forms from them
text T (last line, If necessary, fill in with spaces);

— function void out(T), printing line by line text T .

Using given performance text, describe
— function void delete(T, i), removing i-th line from text T ;
— void function Inp(T), which reads from the input file a sequence of
characters up to the first * ( - the end-of-text symbol) and forms from them
text T (last line, If necessary, fill in with spaces);

— function void out(T), printing line by line textT .

Using given performance text, describe
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— void function find(T, c, f, i, j), which assigns ¥ the value true if the
letter ¢ is contained in the text T , and if ¥ = true , which assigns to the
parameters 1 and j the “coordinates” of the first occurrence of this letter , i
is the line number, and j — position number in this line;

— void function Inp(T), which reads from the input file a sequence of
characters up to the first * ( - the end-of-text symbol) and forms from them
text T (last line, If necessary, fill in with spaces);

— function void out(T) , printing line by line text T .

Using given performance text, describe
— function find(T, c), determining, How many once litera with enters V text
T -
— void Inp(T) function , which reads from the input file a sequence of
characters up to the first * ( - the end-of-text symbol) and forms from them
text T (last line, If necessary, fill in with spaces);
— void function out(T), printing line by line text T .

Control questions

What such STL?

Which varieties collections to you are known?
What such vector V C++?

What format descriptions vectors?

What are peculiarities processing vectors?
How to carry out access To element vectors?
What such sequential containers?

What such iterator?

What such iterable object?

How organize bypass vectors at help iterator?
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Example execution tasks I And II laboratory work 17

Exercise :

Array D contains 24 atmospheric pressure readings for each hour of the day. Determine
which atmospheric pressure reading was the highest and at what time it was recorded.

Solution:

The atmospheric pressure values are the elements of the 24-element vector D, and the time
values are the element indices. Solving the problem boils down to finding the maximum
element in the array and determining its index.

1. Algorithm

2. Description functions used .

Ha4dano

SIZE =24

!

Input(D)

!

Print(D)

!

max = D[0]
imax =1

imax=1+1
max = DJ[i]

i
/D[imax -1l imax/

void Input( vector < int >&
arr ) — function for inputting array
elements arr void Print( vector
< int >& arr ) - function
conclusion elements array arr to the
screen

#include <iostream>
#include <vector>

usingnamespace std;
constint SIZE = 24;

void Input(vector<int>&arr);
void Print(vector<int>&arr);
int main() {

3. Program code
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setlocale(LC_ALL, "Rus");

// we create our vector from 24 elements. By default They are initialized zeros
vector < int > D(SIZE);

cout << " Enter array from 24 elements: \n" ;
Input(D);

cout << " Array values pressure: \n" ;
Print(D);

int max = D[@], imax = 1;
for (int i = @; 1 < SIZE; i++)
if (D[i]> max) {
imax = i + 1;
max = D[i];

}

cout << Maximum meaning pressure:
system( "pause" );
return 0;

<< D [ imax - 1 J<< " V " << IMAX << " h.\n" ;

}

void Input(vector<int>&arr) {
for (int i = @; i < SIZE; i++) {
cout << i + 1 <<"-nanemeHT: ";
cin >>arr[i];

}

void Print(vector<int>&arr) {
// we are deducing on screen, using iterators
for ( auto i = arr .begin(); i != arr .end();

i ++ ) cout <<* i << 5
cout << endl;

4. Result work programs.

BeeauTe MaccHe W3 24-X 3NeMEHTOB:
1-i - 737

-n . 736
- 736
- 738
: 736
- 737
: 741
: 743
» 741
: 743
: 746
- 749
: 752
: 752
: 750
: 747
: 746
. 747
: 746
: 745
: 745
: 743

(=2 Y, [ = WV Y

e

3 3

m m
2 = =
M M D
I I T
4 4 4

3 =
m M
= =
M M
5= &g
-4 -

=
3
3
IneMeHT
=,
=
3

=
']
=
(0]
=
- 4

MaccvB 3HayeHWA pae :

737 736 736 738 736 737 TA1 7A3 741 743 746 749 752 752 758 747 746 747 746 745 745 743 VAT 750
MakcumaneHoe 3HadeHuwe paeneHwA: 752 B 13 4.

lna npomonkeHMsa HaxmuTe nwbyw knasuwy .
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Exercise II
Given description:

typedefloat * Vector [100];
Vector Xx;

Considering, What All elements vectors x excellent from NULL , describe
— procedure Middle(x) , defining average arithmetic numbers, referenced by
the elements of the vector x ;
— procedure Inp(x) - formations vectors x ;
— procedure Out(x) - conclusion numbers, on which refer elements vectors
X .

Solution:

#include <fstream>
#include <iostream>
#include <cstdlib>
#include <cstdio>
#include <iomanip>
#include <windows.h>

using namespace std;
void new1();
ifstream fin;
ofstream fout;

typedef float* Vector[100];

void newX();

void print();

void del(Vector, int);
int printArr(Vector);

float Middle(Vector, int);

int main() {
SetConsoleCP(1251);
SetConsoleOutputCP(1251);

Vector x;
int N=0;
short n;
do {
system("cls");
cout << " Menu " << endl;
cout <<"[1] - Co3znmatp aitn yucen " << endl;
cout << "[2] - Finish writing V file new number " <<

endl; cout << "[3] - Show numbers from file" << endl;
35
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cout << "[4] - Download numbers from file V array" << endl;

cout << "[5] - Process array: Define average arithmetic" << endl; cout <<"[6] - Clear
dynamic memory" << endl;

cout << "[7] - Beixon" << endl;

cout << "Bri6op: ";

cin >> n;

switch (n) {
case 1: newl(); break;
case 2: newX(); break;
case 3:
system("cls");
print();
cout << endl;
system("pause");
break;
case 4:
system("cls");
N = printArr(x);
cout << endl;
system("pause");
break;
case 5:
if (N == 0) cout << "For calculation average arithmetic
material numbers required execute paragraph [4]";
else cout << "Average arithmetic numbers equals: " << Middle(x, N); cout
<< endl;
system("pause");
break;
Case 6:
if (N == 0) cout << "For execution cleaning memory it is required
at first use, created array, having completed paragraph [4]"; else
{
del(x, N);
cout << "[lamsaTpumncra)";
b
cout << endl;
system("pause");
break;
}
} while (n !=7);
system("PAUSE");
return 0;

float Middle(Vector X, int n) {
float s = 0;

for (int1=0;1<n; i++)
s += *X[i];
s/=n;
35!



return s;

}

void new1() {
fout.open("data.txt");
char ch ='d";
if (fout) { //1f file exists, That
cout << "file exists -> attempt records V file will lead To loss data.
Let's continue (d/n)";
cin >> ch;
if (ch =="n") return;

}

inti=0;

do {
cout <<j<<">"
float £X;
cin >> fX;

fout << fX << endl;
cout << '"\n mpogonkum? (d/n)";
cin>>ch;
i+t
}+ while (ch!='n");
fout.close();
}
void newX() {
ofstream app("data.txt", ofstream::app);
cout << "BBeauTE BEIl. YHCIO: ";
float fX;
cin >> X
app << fX <<endl;
app.close();

}
void del(Vector X, int n) {

for (inti=n-1;1>=0;1--)
delete X[i];
}
void print() {
fin.open("data.txt");
if (!fin) { //f file Not exists, That
cout << "file Not created -> necessary produce recording data V file"; return;
§
inti=0;
cout << "BemecTBeHHbI€e uncia B ¢aitne:\n";
while (!fin.eof())
if (!fin.eof()) {
float fX;
fin >> £X;
if (!fin.eof())
cout <<i<<"->"<<fX <<endl
i+t

3
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}

fin.close();
}
int printArr(Vector X) {
fin.open("data.txt");
if (fin) { //If file Not exists, That
cout << "file Not created -> necessary produce recording data V file"; return 0;

}

inti=-1;
cout << "Material numbers we are unloading from file.\n";
while (!fin.eof()) {
i++;
float fX;
fin >> fX;
if (fin.eof()) {
X[i] = new float;
*X[i] = £X;
cout <<i<<"->"<<*X[i] << end],

}

fin.close();
return i;
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19. Sets

19.1 Sets How computing structures: definition, description and
limitations

A set 1s a finite, unindexed collection of similar elements that are logically related to
one another. The nature of these relationships is implied by the programmer and is not
controlled by the language syntax. A set is an iterable object of the set class, a container
that can store unique elements (that is, each element can only appear in the set once). To
use the set container, you must include the header file.
<set>.

Format descriptions has view:
#include<set>

set<base type > set name;

Here set_name - correct identifier;

set - reserved word (set);

<basic type> - base type elements sets. For example, a set of
elements of type int is declared as follows:

set<int>SetInt;

A set is a data structure equivalent to sets in mathematics. A set consists of distinct
elements of a given type and supports operations such as adding an element to the set,
removing an element from the set, and checking whether an element belongs to the set.

In the STL library, the set container is implemented using a balanced binary search
tree (red-black tree), so sets in the STL are stored as an ordered structure, which allows
you to iterate over the elements of the set in ascending order of their values.

19.2 Operations over sets

Set 1s container, So What has All standard For function container :
- Job With set elements :

S.swap(S2) - changes content containers in places,

S.insert(a) - insert element a,

Instead of insert, youcan use the emplace function , which
checks whether the element already exists before adding it, and if not, adds it.

S.erase(S2) - deletes subsequence elements,

S.clear() - cleaning container set,

S.count() - quantity elements V container,
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For checks accessories element set The count method is used . This
method returns the number of occurrences of the passed parameter in the given container,
but since all elements in the set unique, then count For type set Always returns 0 or
1. That There is for verification accessories values X setS Can use the following code:

if (S.count(x)) { ...

S.find(a) - find element a in a container,

This method returns iterator on the element, and if the element is not found, it
returns iterator end () (i.e., on a dummy element following the last element of the set.
Using this method, you can check whether an element belongs to a set like this:

if (S.find(x) != S.end()) { ...

S.lower_bound(a) - first element, Not less how a,

S.upper_bound(a) - first element, more how a,

S.equal_range(a) - pair elements, first - lower border elements with such same
values, What And a, second - top border elements With such the same values as a.

- Job With memory:

S.size() - container size ,
S.max_size() - maximum Size container.

- Job With container:

S.begin() - pointer on beginning of the container,
S.end() - pointer on end of the container,

S.rbegin() - reversible pointer on end of the container,
S.rend() - reversible pointer on start container.

Unification sets:

Unification sets; result contains elements first sets, supplemented with missing
elements from the second set

If us given two sets And us necessary unite their V third, then we use set.insert():

M, N - sets, which necessary unite, O - resulting set:

O.insert(M.begin(), M.end()); //insert in set ABOUT set M from start to
finish

O.insert(N.begin(), N.end()); //insert in set ABOUT set N from start to
finish
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Intersection sets:
We use set_intersection(), Where we'll find intersection sets setland set2, which will be
written to the resulting set _out set. We loop through the data set from beginning to end and

insert identical elements into the result, starting from the beginning:
set_intersection(setl.begin(), setl.end(), set2.begin(), set2.end(),
inserter(set_out, set out.begin()));

Addition sets: is being implemented similarly unification, So How in a set, elements are not
repeated

Difference sets:

Located difference sets a And b (from first subtracted second), ¢ - result of the difference:
set_difference(a.begin(),a.end(), b.begin(),b.end(), inserter(c, c.begin()));

Example 1:

#include <string> // let's connect lines string
#include <iostream> // include cout

using namespace std; // to Not write std::

int main()

{

set <string> S; // wHuumanusauma set

S.insert("January");

S.insert("February");

S.insert("March");

S.insert("April");

cout<<S.size()<<'\n'; // bypeT BbiBegeHo 4
cout<<S.max_size()<<'\n';

cout<<*(S.begin())<<'\n'; // April
cout<<*(S.rbegin())<<'\n'; // March
cout<<S.count("January")<<'\n'; // 1
cout<<*S.lower_bound("January")<<'\n'; // January
cout<<*S.upper_bound("January")<<'\n'; // March
cout<<*(S.equal_range("January")).first<<'\n'; // January
cout<<*(S.equal_range("January")).second<<'\n'; // March
cout<<*S.find("January")<<'\n'; // January
S.erase("January");

cout<<S.count("January")<<'\n'; // ©

S.clear();

cout<<S.size()<<'\n'; // ©

cin.get(); // we are expecting pressing user keys

return @; // we issue @ - rule good manners

}

Example 2: Dana non-empty subsequence symbols And set, consisting from the signs of
arithmetic operations and numbers from 0 to 9. It is required to be displayed on the screen
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symbols, encountered V this sequences And belonging to a given set.

#include <iostream>
#include <set>

#include <string.h>
#include <algorithm>

using namespace std;

int main() {

cout<<"Enter subsequence characters:\n";
string str_vvoda;

getline(cin, str_input);

set <char> set_str, set_const = {'+',"'-

|J|*'J|/'J| ')'1|)'2')'3|)'4|J'5|J|6'J|7|J|8'J|9'};
for (char i : str_input)
set_str.insert(i);
set <char> set_out;
set_intersection(set_const.begin(), set_const.end(),set_str.begin(),
set_str.end(), inserter(set_out, set_out.begin()));

cout<<"Symbols, encountered V this sequences And belonging to a given set: ";
for (char i : set_out)

cout << i <« ;
return 0;

19.3 Iterators

With iterators of the set container You can perform increment (which means
moving to the next element) and decrement (moving to the previous element). Iterators can
be compared for equality and inequality. Iterator comparison operations using "<", "<=",
">"">=" are not possible, and it is also not possible to use operations to add a number to
an iterator.

Dereferencing iterator (application unary operator *) Returns the value of the
element of the set pointed to by the iterator.

The set has a begin() method , which returns an iterator to the first element of the
set, and the end () method , which returns a dummy iterator to the element, next for last
one element V set. Like this in this way, You can display all the elements of a set like this:

set <int> S;
set <int>::iterator it;

for (it = S.begin(); it != S.end(); ++it)
cout << *it << " "

36



362

Thanks to to that, What sets are stored V orderly view, All The elements will be
displayed in ascending order of values.

IN standard C++11 allowed enumeration everyone element sets using range-
based cycle:

for (auto elem: S)

cout << elem << ;
Elements Also will be withdrawn V in order increase.

For conclusion elements V in order decrease Can use
reverse_iterator similarly vectors:

for (auto it = S.rbegin(); it != S.rend(); ++it)

cout << *it <« ;

Functions deletions elements can accept iterator V quality parameter. In this case,
the element pointed to by the iterator is removed. For example, to remove the smallest
element:

S.erase(S.begin());

But to remove the last (largest) element in a set , you can't use a
reverse_iterator , you need to take a regular iterator pointing to end(), decrement it, and
remove it:

auto it = S.begin();

-- it;
S.erase(it);
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Laboratory Job No. 19
Usage sets at decision tasks

TARGET WORKS:

e Improvement skills developments programs V environment MS Visual Studio
programming

e Improvement skills V programming With using sets

e Study process formations sets

e Study operations With elements sets

EXECUTION WORKS: V in accordance With option make up And Implement programs.
Time to complete the work: 4 hours

Exercise |

l. You are given 100 integers ranging from 1 to 50. Determine how many of them are
Fibonacci numbers and how many numbers begin with 1 or 2.

2. A non-empty sequence of words made of lowercase Russian letters is given;
between adjacent words there is a comma, and after the last word there is a period. Print in
alphabetical order of voiceless consonants (k, p, s, t, f, kh, ts, ch, sh, shch), which are
included in every odd word and are not included in at least one even word.

3. Given a text of numbers and lowercase Latin letters followed by a period.
Determine, what kind letters - vowels (a, e, 1, O, And) or consonants - more V this text.

4. A non-empty sequence of words made of lowercase Russian letters is given;
between adjacent words there is a comma, and after the last word there is a period. Print in
In alphabetical order, all consonants that are not part of any word.

5. The text is given from lowercase Latin letters, followed by followed by a period.
Display the first occurrences of letters in the text, preserving their original mutual order.

6. A non-empty sequence of words made of lowercase Russian letters is given;
between adjacent words there is a comma, and after the last word there is a period. Print in
alphabetical order of all voiced consonants (b, c, g, d, zh, z, I, m, n, r) that are included in
more than one word.

7. The text is given from lowercase Latin letters, followed by followed by a period.
Display on the screen all letters that appear in the text at least twice.

8. A non-empty sequence of words made of lowercase Russian letters is given;
between adjacent words there is a comma, and after the last word there is a period. Print in
alphabetical order of all voiced consonants (b, v, g, d, zh, z, I, m, n, r) that are included in
at least one word.

0. The text is given from lowercase Latin letters, followed by followed by a period.
Display all the letters in the text on the screen once.

10. A non-empty sequence of words made of lowercase Russian letters is given;
between adjacent words there is a comma, and after the last word there is a period. Print in
alphabetical order of all vowel letters that do not appear in more than one word.

11.  Dan text, for which follows dot. IN alph%getical in order withdraw on screen
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(one by one once) all lowercase Russians vowels letters (A, e, and, oh, y, y, uh, me),
included in this text.

12.  IN increasing in order type All whole numbers from range from 1 to 255,
representable as n2 + m2, n, m > 0.

13. A non-empty sequence of words made of lowercase Russian letters is given;
between adjacent words there is a comma, and after the last word there is a period. Print in
alphabetical order of all consonants that are included in only one word.

14.  Withdraw on screen All words given offers, which consist from those the same
letters as the first word of the sentence.

15. Given a non-empty sequence of words consisting of lowercase Russian letters and
digits, with a space between adjacent words and a period after the last word. Form sets
from the lowercase letters of each word and print all the lowercase vowels of each word.

16. In descending order, print all integers from 1 to 255 that are representable as n2 +
2k2 but not as 7ij +j + 3, where n, k, 1,j>0.

17. A non-empty sequence of words made of lowercase Russian letters is given;
between adjacent words there is a comma, after the last word there is a period. Print in
alphabetically, the vowels that appear in each word.

18. Given a non-empty sequence of words made up of lowercase Russian letters and
numbers, with a space between each word and a period after the last word. Print all the
voiceless consonants (k, p, s, t, f, kh, ts, ch, sh, shch) that are not part of any word.

19. List all the words in a given sentence that consist of the same letters as the first word
of the sentence.

20. A non-empty sequence of words made of lowercase Russian letters is given;
between adjacent words there is a comma, and after the last word there is a period. Print in
in alphabetical order all the voiced consonants (b, v, g, d, zh, z, 1, m, n, r) that are included
in every odd word and are not included in any even word.

21. A non-empty sequence of words consisting of lowercase Russian letters and
numbers is given. There is a space between adjacent words, and a period follows the last
word. Determine, which letters: vowels or consonants are there more in each word.

22. Given a non-empty sequence of words made up of lowercase Russian letters and
digits, with a space between each word and a period after the last word. Print all the digits
for each word in ascending order.

23. Print in reverse alphabetical order all letters that appear in the text at least three
times.

24. Given a non-empty sequence of words made up of lowercase Russian letters and
numbers, with a space between each word and a period after the last word. Print all the
voiceless consonants (k, p, s, t, f, kh, ts, ch, sh, shch) that appear in each word.

25. Given a non-empty sequence of words from lowercase Russian letters and numbers,
between neighboring in words - space, for last one in a word - dot. Type All
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deaf consonants letters, which are included V each odd word And voiced consonants
that appear in every even word.

26. Given whole number n from 2 to 127. Using method sieves Eratosthenes",
print in descending order all prime numbers from the range [n .. 2n].

Exercise ll

Given arbitrary sets 4 , B, and C with C++ constraints, illustrate the truth of the
following properties of set operations and relations between them (With lower index V formulas

1s used complement of a set to the corresponding base type 7', i.e. B, =T — B, where
: set of T).

1. A\B=A4nN By; 14.(A\B)\C=(4\C)\ B;
2. A\N(4\B)=AN B; 15.4\(BUC)=(4\B)N (4\C);
3. BU(4\B)=A4U B; 16.4U(B\C)>(4U B)\C;
4. BN (4\B)=0; 17.(4\B)U C>(4U C)\ B;
5. AN(BUC)=(4\B)n (4\C); 18.(A\B) ;=40 (ANC);
6. AAN(BNC)=(4\B)u (4\C); 19.4U(BUC)=(4UB)UC;
7. ANBC AU B; 20.An(BNC)=(4n B)NC;
8. A=(4\B)U (4N B); 21.(ANBy),=A7 U B;
Q%MByﬂAmmz@; 2 (AU B = 4 me
10.(4\B) N B=;
(A)BTZ
23. =
(STT
1L A\B=A\(4N B); 24.40 (B\C)=(4n B)\ (4 O)

12.4n(BUC)=(AnB)u(4nC),
13.4U(BNC)=(4UB)n (4 U C),
Tasks For independent work

25.4\(BUC)=(4\B)\C.

In options 1-14, a non-empty sequence of characters is given. The task is to
construct and display a set whose elements are the characters occurring in the sequence:
1. Numbers from '0' to '9', letters from 'A' to 'F' And from 'X' to 'Z'".

2. Letters from 'G' to 'N' And numbers from '0' up to '9'".

3. Signs punctuation.

4. Letters from 'A' to 'Z' And numbers from '0' up to '5'.

5. Letters from 'T' to 'X' And signs punctuation.

6. Numbers from '5' to '9' And signs arithmetic operations.

7. Signs arithmetic operations And signs punctuation.

8. Signs punctuation And letters from 'e' to 'n'.

9. Letters from 'f' to 'k' And signs punctuation.

10.All  characters ofthe text in alphabetical order that
appear n the given sequence more than twice.

11. All symbols given sequences, incoming V her By alone once.

12.Numbers And signs arithmetic operations.
36:
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13.All  characters ofthe text in alphabetical order,
appearing n the given sequence at least twice.
14.Signs arithmetic operations And binary relationships.

Control questions

Give it to me definition sets.

How is described set V program, written on C++?
What it's called basic type For sets?

Which type let's say V quality basic For sets?

What it's called power sets? What such empty set?
How is being carried out access To elements sets?
Which operations acceptable over sets?

Which methods premises elements in set You do you know?
9. Can whether withdraw set X entirely?

10. How is being carried out conclusion elements sets?
11. Maybe whether set contain some identical elements?
12. Maybe whether set contain elements different types?

e

Example execution tasks I laboratory work

Task : Given a non-empty sequence of symbols and a non-empty set, you must
construct and display in standard format a set whose elements are the objects of the
given set that occur in the sequence.

#include <iostream>
#tinclude <set>
#include <string>
#include <algorithm>
#include <windows.h>
#include <conio.h>

int main() {

using namespace std;
setlocale(LC_ALL, "Rus");
SetConsoleCP(1251);
SetConsoleOutputCP(1251);

string subsequence_1;
cout << "Enter the sequence of characters: ";
getline(cin, subsequence_1);

set<char> set_1;
for (int i = @; i < (int)subsequence_1.size(); i++) {
set_1.insert(subsequence_1[i]);

}

cout << "Enter nonemptyset(Esc or Enter - exit):
while (true) {
char symbol;
symbol = _getch();
if (symbol == 13 || symbol == 27) // 13 - button code Enter, 27 - code
Esc break;

; set<char> set_2;
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cout << symbol <« ;
set_2.insert(symbol);

}

set<char> result;

// the intersection of set_1 and set_2 is placed in the third set result
set_intersection(set_1.begin(), set_1.end(), set_2.begin(), set_2.end(),
inserter(result, result.begin()));

cout << "\n\nIntersection of sets:
"; for (auto now : result)

cout << now << K

return 0;
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20. Modules

20.1 Modular programming

Modular programming - This organization programs as a collection of small
independent units called modules, whose structure and behavior are governed by
specific rules. Using modular programming simplifies program testing and error
detection. Hardware-dependent subtasks can be strictly separated from other subtasks,
improving the portability of the resulting programs.

Module — a functionally complete fragment of a program. In many languages
(But far Not Necessarily) isbeingdrawnup V  in the form of a separate
file With original code or named continuous part of the program. Some languages
provide for unification modules in bags.

20.2 Modular programming means languages C And C++

The module logically consists of two files: a source file and a header file.

The source code file (module.cpp) includes function definitions, as well as
definitions of global variables and constants (if any); first line usually connects heading
file the same module:

#include "module.h"

The header file (module.h) includes function prototypes, constant definitions, and
global variable declarations—but only for those module elements that other modules
should know about.

If any module uses this one, you need to include its header file (in double quotes -
this indicates that the header file is not a system one, but your own): #include
"module.h"

The main module of a program usually contains only the main function and does
not have a header file (since the main function is not used in other modules)

Some modules include only a header file—for example, one containing
definitions of global constants.

Recording type extern int Var;

Which indicates, What V one from files With original code on At the top level, a
global variable is defined: int Var;

A declared variable can be used even if it is not defined in the file. There is no
definition of it in the source code.

If several modules use the same constants, they usually are defined in the header file;
constant declarations are not used

The concept of modular programming provides a deeper understanding of the
steps involved in creating an executable program.

Assembly (build) executable the program consists of from 3 main stages:

1) on stage preprocessing (preprocessing)

directives preprocessor (For example, #include) are replaced contents
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the header file specified in them, as a result, the source code file is supplemented with
prototypes of the functions specified there and declarations of global variables - due to
this, the file can call the specified functions (the prototype in front) and use global
variables (declaration ahead).

The preprocessor can create temporary files on disk, which, however, they are
removed after the assembly is completed

2) At the compilation stage , tables of functions and global variables defined in
each source file are created, and all defined functions are translated into machine
language (compiler errors may be detected during translation into machine language).
The output of the compiler is module.obj files (object files) for each module used in the
program.

3) During the linking phase, all used (called) functions and global variables are
bound to the table in which they are defined; if the definitions are not found in any
table, a linking error occurs (unresolved external symbol...). The result of linking is the
program.exe file (for MV, the name is the same as the project name) — an executable
file.

What at assembly is happening With library functions?

Function prototypes are located in header files (iostream, math.h, stdio.h, string.h,
etc.)

Object files with function definitions already translated into machine language are
pre-assembled into libraries (files with the .lib or .dll extension). Definitions from static
libraries (.lib extension) are added to the program's executable file at the linking stage,
while definitions from dynamic libraries (.dll extension) are not added to the executable
file; instead, the link to the corresponding function indicates that it is in a dynamic
library, and when it is called, the library is accessed. Therefore, static libraries are
needed only at the linking stage, while dynamic libraries are also needed at the program
execution stage.
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Laboratory Job No. 20
Usage vectors at decision tasks

TARGET WORKS:
e Improvement skills developments programs V environment MS Visual C++

programming
e Improvement skills V programming With using modular approach

EXECUTION WORKS: V in accordance With option make up And implement programs.
Time to complete work: 2 hours

Exercise |

With a prototype, called functions don't have to be in the same file as the calling
function. That is, the function body declarations can be placed in another file, which
must be included in the original file using the #include directive .

Create a program that contains a call to the function for calculating the maximum
of two numbers:

Possible solution this tasks has view:
1) Header file max.h. His text:

#pragmaonce
int max( int a , int b );

This file (max.h )is added V folder Header files :

OBo3pesaTens peLUEHNA
@E o-Sadam oo

OBospesatens pewweqnii — nowck (Ctrl 2O -

5] Pewenne "MaxH" (npoektsi: 113 1)
4 [%] MaxH
P u-B Coeineu
P @ BHewHwe zaBncrmMocTi
4 w7l McxogHeie dabing
P+ max.cpp
P ++ Source.cpp
4 ) Daine 3arcnoBKoE

P mazx.h

7! Daiinel pecypcoe

2) File Source.cpp contains original code project:

/* inclusion heading file max.h, containing the prototype
of the function max */

#include <iostream>
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#include "max.h"
using namespace std;

int main()

{

int x, y, z;

cout<< "\n one by one enter X And at \n";

cin>>x>>y;

z = max(x, y); /* call functions

*/ cout << "z=" << z;

return 0;

}

3)  Description functions max contained 0OBospesarens pewenmii -
in a separate file - file implementation: NE m-2al <
max.cpp , located in the dlI'@CtOI'y from OEozpesartent peweHnii — nownck (Ctrl
which the source program is launched , 7 pewsenme "MaxH" (npoeiren 1wz T
and has the following form: 4 5] MaxH

P n-B Cobnen
int max (int a, int b) I m' BHeEwHWe 3aEMCAMOCTH
{ 4  y) WcxogHere daine
int c; // E :;”ax"pp
c=(a>b) ?a:b; // body e
. r] T D'alnel 3aronoBKDE
functions return c; // b [ mach
} frainel pecypcos
T pecyp
A function call is anexy . i ot

parts operator assignments:
z = max(x,y); ,

during the execution of which the values of the arguments X and at are substituted
instead of parameters A and b, respectively (passing parameters to a function by
value). After executing the function body, the return value is passed to the function call
site and assigned to the variable z . The function description is in the max.cpp file
, so To include a file in a program, you must specify the preprocessor directive
#include "max.h" in the program text .

The function description may be in one file with the main program. In this case,
the directive #include "max.h" is not specified, and the function description is
placed instead.

Exercise Il

In accordance with your version of Lab 16, Task II , formulate the functions
implementing the basic algorithms for working with dynamic data structures as a
module. Organize the program to call the module.
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Control questions

IN how consists of principle modular programming?

What such module?

From what kind parts logically consists of module?

What includes heading file (module.h) /file With source code
(module.cpp)?

IN what section programs indicated connection modules?

IN how consists of difference spheres actions variables V module And functions?
From what kind sections consists of module And What is described V each from
sections?

How is being organized module on language C/C++?

How is happening assembly programs?

10. What at assembly is happening With library functions?
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21. Classes in C++

Classes and objects in C++ are the core concepts of object-oriented programming
(OOP). Object-oriented programming is an extension of structured programming, in
which the core concepts are classes and objects. The difference between the C++
programming language and C is that C does not have classes, and therefore the C
language does not support OOP, unlike C++.

To understand why classes are really needed, let's draw an analogy with an
everyday object, for example, a bicycle. A bicycle is an object that was built according
to blueprints. These blueprints play the role of classes in OOP. Thus, classes are
descriptions, diagrams, and blueprints from which objects are created. Now it's clear
that to create an object in OOP, you first need to create blueprints, or classes. Classes
have their own functions, which are called class methods. A bicycle moves by rotating
the pedals; if we consider a bicycle from an OOP perspective, the pedaling mechanism
is a class method. Each bicycle has its own color, weight, and various components—all
these are properties. Moreover, each created object may have different properties. With
one class, you can create There's an unlimited number of objects (bicycles), each of
which will have the same set of methods. There's no need to worry about the internal
implementation of the pedaling mechanism, wheels, or braking system, as all of this will
already be defined in the class. Having clarified the purpose of the class, let's give it a
proper definition.

Classes in C++ are an abstraction describing methods and properties that do not yet
exist. objects. Objects — a concrete representation of an abstraction, with its own
properties and methods. Objects created based on a single class are called instances of
that class. These objects may have different behavior and properties, but they will still
be objects of the same class. In OOP, there are three main principles for constructing
classes:

7. Encapsulation - This is a property that allows a class to combine both data and methods that work with it,
while hiding implementation details from the user.

8. Inheritance - This property, allowing create new descendantclass on basis already existing,
while all the characteristics of the parent class are assigned to the child class.

9. Polymorphism - property classes, allowing use objects classes With the same interface without
information about the type and internal structure of the object.

We'll examine each class construction property in detail as needed, but for now,
just remember these three. Now, back to classes, let's first look at the class declaration
structure.

1 // announcement classes V C++

2 class/*name class*/

3 {

4 private:

5 /* list properties And methods For use inside class */
6 public:

7

/* list methods available to others functions And objects programs */
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8 protected:
9 /*1list funds, available at inheritance*/
10 }i

Announcement class it begins With reserved key words class , after
whom is written Name class. IN curly in brackets, lines
3 - 101is announced body class, moreover after closing brackets
It is necessary to put a semicolon, line 10. In the class body, three access specification
labels are declared, lines 4, 6, 8, After each label, you must put a colon. In line 4 access
specifier label declared private . All methods and properties of the class declared after
specifier access private will be available only inside class. In line 6 the access
specifier public is declared , all methods and properties of the class declared after
the access specifier public will be accessible to other functions and objects in the
program. For now, let's stop there, the access specifier protected disassemble Now
Not we will, Just remember, What he is. When declaring a class, you don't have to
declare three access specifiers, and you don't have to declare them in this order.
However, it's best to decide on the order of access specifier declarations and try to stick
to it. Let's develop a program declaring a simple class containing a single function that
prints a message.

1. // classes.cpp: defines point entrance For console applications.

2. #include stdafx.h
3. #include <iostream>
4 . usingnamespacestd;
5. // start announcements class
6. classCppStudio // Name class
7.
8. public: // specifier access
9. voidmessage () // function (method class) output message on screen
10. {
a. cout << "website: cppstudio.com\ntheme: Classes and Objects in C +
+\n";
11. }
12. }; // end of class declaration CppStudio
13. intmain (intargc, char* argv[])
14. {
15. CppStudio objMessage; // object declaration
16. objMessage.message (); // class function call message
17. system ("pause") ;
18. return0;
19. }

IN lines 7-14 A class named CppStudio is defined . Class names are usually
capitalized, and subsequent words in the name must also begin with a capital letter. This
combination of letters is called camel case, as the alternating uppercase and lowercase
letters resemble the silhouette of a camel. The class body declares the public access
specifier , which allows other functions to call class methods declared after public

exactly That's why V main functions, V line 19 We were able to call
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function message (). In class cppstudio Only one function is declared, which has no
parameters and displays a message on the screen, line 12. Class methods are the same
functions, only they are declared inside the class, so everything that relates to functions
is also relevant for class methods. Class declarations are performed in the same way as
function declarations, that is, a class can be declared in a separate file or V the main
thing file, Later We'll see How This is being done. In line 18 the variable is
declared objMessage type CppStudio , so here's the variable objMessage - This
object class Cppstudio . Like this in this way, A class is a complex data type. Once
an object of the class i1s declared, its methods can be used. There is only one method — a
function message (). To do this, we turn to To method objMessage object through

point, as shown in line 19, As a result, the program will display a text message (see
Figure 6.1).

Ll

CppStudio.com

website: cppstudio.com

theme: Classes and Objects in C + +

Drawing 6.1 - Classes in C++
21.1 set - functions And get — class functions

Every object has certain properties or attributes that characterize it throughout its
lifetime. An object's attributes are stored in variables declared within the class to which
the object belongs. Moreover, variable declarations must be made with an access
specifier. private . Such variables are called data elements. Since data elements are
declared private , only class methods can access them; external access to data
elements is prohibited. Therefore, it is customary to declare V special methods in classes
- the so-called set And get functions, using which Can manipulate elements data.
set - functions initialize data elements, get functions allow you to view
values elements data. We'll work on it. CppStudio class so that it can store the date
in the dd.mm.yy format. To change and view the date, we implement set and get
functions.

1. // classes.cpp: defines point entrance For console applications.

2. #include stdafx.h

3. #include <iostream>

4. usingnamespacestd;

5. classCppStudio // class name

6. {

7. private: // access specifier private
8. intday, // day

9. month, // month

10. year; // year

11. public: // access specifier public
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12.voidmessage() // function (method class) output message on screen

13. ¢

14. cout << "\nwebsite: cppstudio.comntheme: Classes and Objects in C +
+\n";

15.

16. voidsetDate (intdate day, intdate month, intdate year) //
Set the date to dd.mm.yy

17. {

18. day = date _day; // initialization day

19. month = date month; // initialization month

20. year = date year; // initialization year

21.}

22.voidgetDate () // display current date

23. {

24. cout << "Date: "<< day << "."<< month << "."<< year << endl;
25.)

26.}; // xoHeLOGLABIEHMUAKIIACCA CppStudio

27.intmain(intargc, char* argvl([])

28. {

29.setlocale(LC_ALL, "rus"); // locale installation
30. intday, month, year;

31. cout << "Enter current day month And year'\n";

32. cout << "meHb: "; cin >> day;
33. cout << "wmecsu: "; cin >> month;
34. cout << "rvom: "; cin >> year;

35. cppStudio objCppstudio; // object declaration

36. objCppstudio.message(); // class function call message

37. objCppstudio.setDate (day, month, year); // date initialization
38. objCppstudio.getDate(); // display date

39. system("pause") ;

40. return0;

41.

IN  definition class appeared new  access specifier private , line
9. This access specifier restricts access to variables, which announced after him And
to beginning access specifier public , lines 9 — 12. Thus, the variables day , month ,
year can only be accessed by class methods. Functions that do not belong class
members cannot access these variables. Data members or class methods declared after
the private access specifier but before the next access specifier are called
private data members. and private class methods. Following the principle of least
privilege and the principle of good programming, it is advisable to declare data elements
after the private access specifier , and class methods after the public access
specifier . Then, to manipulate data elements, special functions - get And set . IN
Class cppstudio We added two  method setDate () And getDate (),  in detail
let's consider  each method. Method setbate () defined with 18 By 23 lines. How
already previously mentioned, set — functions initialize elements data, therefore the
method setbate () performs exactly such function. That There
1s
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method setDate () initializes day variables , month , year . To view, values V
closed eclements data the getbate () function is declared , which returns values
from day variables , month , year V as a date. This completes the class definition. In
main (), as always, we create an object of the class and call its methods through the
object (lines 39-41). If elements data were declared after the specifier public We
could access them just like class methods. The program's output is shown in Figure 6.2.

©©® CppStudio.com
BeegnTe Tekywwid geHe mecay W rog!
AeHb: 18
mecay: 11
rog: 281l

website: cppstudio.comntheme: Classes and Objects in C + +
Date: 1&.11.2811

Drawing 6.2 - Classes in C++
21.2 Constructors

the CppStudio class data members that could store date information were
declared. When an object of the class was created, We first called set — a function to
set the current date (thereby initializing the data elements), and then — called get -
function and saw the corresponding date on the screen. If we had first called get —
function, instead of a date we would see some numbers — garbage. So, when creating
objects, you can immediately initialize the class's data elements, which performs this
constructor function. Constructor — a special function that performs the initialization of
data elements, and the constructor name must match the class name. An important
difference between a constructor and other functions is that it does not return any
values, including void . In any class should be designer, even If obvious way the
designer is not declared (as in the previous class), the compiler provides a default
constructor without parameters. Let's modify the CppsStudio class by adding a
constructor to it.

1. // classes.cpp: defines point entrance For console applications.

#include stdafx.h

#include <iostream>

. usingnamespacestd;

classCppStudio // class name

{

. private: // access specifier private

intday, // day

9. month, // month

10. year; // year

11. public: // access specifier public

12. CppStudio (intdate day, intdate month, intdate year ) //
class constructor

13. {

0 J oy U bdx W N
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14. setDate (date _day, date month, date year); //
call the datesetting function

15. }

l6. voidmessage () // function (method class) output message on screen

17. {

18. cout << "\nwebsite: cppstudio.com\ntheme: Classes and Objects in C +
+\n";

19. }

20. voidsetDate (intdate day, intdate month, intdate year) //

YCTaHOBKAaIATHBbOOPMATE N . MM, I'T'

21. {

22. day = date day; // initialization day

23. month = date _month; // initialization month

24 . year = date year; // initialization year

25. }

26. voidgetDate () // display current date

27. {

28. cout << "date: "<< day << "."<< month << "."<< year << endl;

29. }

30. }; // end of class declaration CppStudio

31. intmain (intargc, char* argv[])

32. {

33.CppStudio objCppstudio(11,11,2011); // object declaration and
data member initialization

34. objCppstudio.message(); // call functions message
35. objCppstudio.getDate(); // display date

36. system("pause") ;

37. return0O;

38. }

The constructor is declared in lines 13 — 16. The constructor has three parameters,
through which He receives information O date, V body the constructor is called set
1s a function for setting the date. It was possible to implement the initial initialization of
class data elements without set - functions, but since this function was provided, it
would be more correct to use this function, line 15. IN line 35 We declare a class object,
passing three arguments in parentheses after the object name. This is how the
initialization of data elements is performed using a constructor (see Figure 6.3).

[ Tl

CppStudio.com

website: cppstudio.com

theme: Classes and Objects in C + +
date: 11.11.2811

Drawing 6.3 - Classes V C++
21.3 Announcement class V separate file

Until now, the class declaration was done in the file with the main function and
everything worked. Let's say we need to write some program, for this we need take
advantage of class Cppstudio - developed previously class. To use this class, you
need to include the file in which it is declared. As we already mentioned, including files
1s done using preprocessor # include directives . But even, If We we can
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connect file with class, will appear new the problem is like this as in file with If the
class already has a main() function, the compiler will return an error when building the
project. The error message is: "Multiple main () functions found in the project" —
functions." This is why a class must be declared in a separate file so it can be reused.
Previously, we declared functions in a separate file; placing a class in a separate file is
similar. To do this, three steps are required:

1. addV project heading file *.h ;
V title file announce user Class, V ours case - CppStudio ;
3. connect heading file To program, V ours case - #include "CppStudio.h" .

Depending on the development environment, the methods for adding files to a
project may differ, but the essence of the task remains the same. In MVS2010, the
header file Can add, having called contextual menu(click) right button mice) V
"Solution Explorer" by selecting "Create new item". In the dialog box that appears,
window we choose necessary us type file — This *.h And we fill in field
"File name". As before, choose a meaningful name, usually the same as the class name.
Now a new header file has been added to our project - CppStudio .h.

In the newly created In the header file, we declare the class and, if necessary,
include additional header files. This is what it should look like:

1. // header file CppStudio.h

D

#include <iostream>

(O8]

usingnamespacestd;

// class announcement

classCppStudio // class name

{

private: // access specifier private
intday, // day

9. month, // month

10. year; // year

XN s

11. public: // access specifier public
12.CppStudio(intdate_day, intdate month, intdate year ) // class constructor
13. ¢

14. setDate (date day, date month, date year); //
call the datesetting function

15.

16. voidmessage () // function (method class) output message on screen

17. ¢

18. cout << "nwebsite: cppstudio.comntheme: Classes and Objects in C +
+n";

19.

20. voidsetDate (intdate day, intdate month, intdate year) //
Set the date to dd.mm.yy

21. {
22. day = date day; // initialization day
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23. month = date month; // initialization month

24. year = date year; // initialization year

25

26. voidgetDate () // display current date

27. {

28. cout << "date: "<< day << "."<< month << "."<< year << endl;
29.

30.}; // xoueu o6wsapienus wiacca CppStudio

In order for the main function to see and use the class we've created, we need to
include the class definition in the executable file, along with the main() function. This is
done like this:

1. // classes.cpp: defines point entrance For console applications.

2. #include stdafx.h
// connecting the class CppStudio
4. #include "CppStudio.h"

(O8]

5. intmain (intargc, char*argv([])
6. {

7. CppStudio objCppstudio(11,11,2011); // announcement object And
initialization of data elements

8. objCppstudio.message(); // call functions message
9. obijCppstudio.getDate(); // display date

10. system ("pause") ;

11. returno;

12,
IN line 5 connected definition class cppstudio , only After this, you can create
objects of the class, use its methods, etc. The result of the program is exactly the same
as before, it has changed only the structure of the project.

21.4 Department interface from implementation

Class interface — a construct that defines the methods and properties provided by
a class. Class implementation — this is the way a class implements its functionality.
Previously, we didn't separate a class's interface from its implementation, meaning the
methods were implemented within the class. Separating a class's interface from its
implementation is done to hide how the class operates. Separating the interface from its
implementation is accomplished in five steps:

add V project heading file *.h ;

define interface class V title file

add V project performing file *.cpp ;

V executable file execute implementation class;
connect heading file To program.

Nk =

We already know how to add a header file to a project; an executable file is added

in the same way; these files are usually given the same names. The class interface
should look like this:
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*

10.
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// heading file class CppStudio.h
// interface class

// announcement class
classCppStudio // Name class
{
private: // access specifier private
intday, // day
a. month, // month
b. year; // year
public: // access specifier public
CppStudio (int, int, int); // constructor class

voidmessage (); // function (method class) output message on screen

.voidsetDate (int, int, int); // installation dates V format dd.mm.yy

12.
13.

voidgetDate(); // display current date

}; // end announcements class CppStudio

The class interface contains the declared variables and prototypes of the class

methods. Now let's look at the contents of the class method implementation file.

wbkh v

*

10.

11.
12.
13.

14.

15.
16.
17.
18.
19.

20.
21.
22.

// file implementation class CppStudio.cpp

#include <iostream>

usingnamespacestd;

// let's connect interface class To file his implementation
#include "CppStudio.h"

CppStudio: :CppStudio (intdate day, intdate month, intdate year ) //
class constructor

{
setDate (date day, date month, date year); // call the datesetting function

}

voidCppStudio: :message () // function (method class) output message on the
screen

{

cout << "nwebsite: cppstudio.comntheme: Classes and Objects in C + +n";

}

voidCppStudio: :setDate (intdate day, intdate month, intdate year) //
Set the date to dd.mm.yy

{

day = date _day; // initialization day
month = date month; // initialization month
year = date year; // initialization year

}

voidCppStudio: :getDate() // display current date

{
cout << "date: "<< day << "."<< month << "."<< year << endl;
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To link a class interface and its implementation, it is necessary in the
implementation file connect heading file With definition class, string 6
(highlighted line). After this, you can declare class methods. Class methods are declared
in the same way as functions, except that you must precede the method name with the

class name and the unary scope resolution operator "::".

1. // syntax announcements methods class outside bodies class
/*returned type data*//*name class*/::/*name method*/ (/* method
parameters*/)

{

4. // operators
}

(98]

Since class methods are declared outside the class body, it's necessary to associate
the method implementation with the class, and to do this, we use the binary scope
resolution operator. The binary scope resolution operator binds an externally declared
method to the class whose name matches the name in the method declaration. This is
why the class name and the scope resolution operator must be added to the class method
declaration.

So, the class interface is defined, the class methods are declared, all that remains
1s to include the header file in the executable file with main () function and the program
1s ready.

1. // classes.cpp: defines point entrance For console applications.

2. #include stdafx.h
3. // connecting the class CppStudio
4. #include "CppStudio.h"

5. intmain (intargc, char*argv[])

6. {

7. CppStudio objCppstudio(11,11,2011); // announcement object And
initialization of data elements

8. objCppstudio.message(); // function call message
9. objCppstudio.getDate(); // display date

10. system("pause") ;

11. return0O;

12. }

IN line 5 We include the class header file, after which we can create objects of
this class.

Some tips on how to shape the interface of the future class and what needs or
doesn't need to be done for this.

Laboratory Job No. 21
Usage objects at decision tasks

TARGET WORKS:
— Improvement skills developments programs V MS Visual C++

programming environment

— Improvement skills V programming With using
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modular approach

EXECUTION OF WORK: in accordance with the option, draw up and implement
programs. Time for completion work: 4 hours

Exercise
Option 1
Describe a class implementing a stack. Write a program using this class to model
a T-shaped railway marshalling yard. The program must split a train consisting of two

types of cars into two directions (a train of one type of car is formed for each direction).

Provide the ability to create a train from a file and from the keyboard.

Option 2
Describe a class that implements a binary tree that has the ability to add new
elements, delete existing ones, search for an element by key, and also sequentially
access all elements.
Write a program that uses this class to represent an English-Russian dictionary.

Provide the ability to generate the dictionary from a file and from the keyboard.

Option 3
Build a class system to describe flat geometric figures: circle, square, rectangle.
Provide methods for creating objects, moving them on the plane, resizing them, and

rotating them by a given angle.

Write program, demonstrating work With these classes.

Option 4
Create a class definition for a class containing information about an organization's
postal address. Provide the ability to separately modify the address's components,
create, and destroy objects of this class. Use dynamic fields in the object.

Write program, demonstrating work With this class.
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Option 5
Create a class definition for representing complex numbers. Provide operations
for addition, subtraction, and multiplication of complex numbers.

Write program, demonstrating work With this class.

Option 6
Create a class description for vector objects defined by the coordinates of their
endpoints in three-dimensional space. Provide operations for adding and subtracting
vectors to produce a new vector (sum or difference), calculating the scalar product of
two vectors, the length of a vector, and the cosine of the angle between vectors.

Write program, demonstrating work With this class.

Option 7
Create a description of a class of rectangles with sides parallel to the coordinate
axes. Provide the ability to move the rectangles on a plane, change their sizes, and
construct the smallest rectangle containing two given rectangles and a rectangle that is
the common part (intersection) of the two rectangles.

Write program, demonstrating work With this class.

Option 8
Compose description class For definitions one-dimensional arrays integers
(vectors). Provide the following options:
— appeal To separate element array With control exit beyond
array;
— exercise arbitrary borders indices at creation object;

— execution operations element-by-element additions And

subtraction of arrays with the same index boundaries;

— Multiplication And division everyone elements array on scalar;
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— conclusion on screen element array By given index And the entire
array.

Write program, demonstrating work With this class.

Option 9
Compose description class For definitions one-dimensional arrays fixed-length
strings. Provide the following options:

— appeal To separate lines array By indexes; array out-of-

bounds control;

— execution operations element-by-element clutch two arrays with the

formation of a new array;
— mergers two arrays With exception recurring elements;

— conclusion on screen element array By given index And the entire
array.

Write program, demonstrating work With this class.

Option 10
Create a description of a class of polynomials in one variable, defined by the
degree of the polynomial and an array of coefficients. Provide methods that implement :
— calculation values polynomial For given argument;

— operation additions, subtractions And multiplication polynomials

with the receipt of a new polynomial object;
— conclusion on screen descriptions polynomial.

Write program, demonstrating work With this class.

Option 11
Write a description of a class of one-dimensional arrays of strings, where each
string is specified by its length and a pointer to the memory allocated for it. Provide the
following capabilities:
— appeal To separate lines array By indices;

— control exit for limits arrays;
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— execution operations element-by-element clutch two arrays with the
formation of a new array;
— merger two arrays With exception recurring elements;
— displaying an array element and the entire array. Write

program, demonstrating work With this class.

Option 12

Create a description of a class that provides the representation of a matrix of
arbitrary size with the ability to change the number of rows and columns, as well as
display a submatrix of any size and the entire matrix on the screen.

Write program, demonstrating work With this class.

Option 13
Write Class For work with lines, allowing keep V them as long, integer numbers

and perform addition and subtraction operations on them.

Write program, demonstrating work With this class.

Option 14
Describe the class "home library". Provide the possibility working with an
arbitrary number of books, searching for a book by any characteristic (for example, by
author or by year of publication), adding books to the library, removing books from it,
sorting books by different fields.

Written by» program, demonstrating work With this class.

Option 15

Describe the "Notebook" class. Provide the ability to work with an arbitrary
number of entries, search for entries by any attribute (for example, last name, date of
birth, or phone number), add and delete entries, and sort by various fields. Write a

program demonstrating how to work with this class.

Option 16

Describe Class student group". Provide for opportunity work
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with a variable number of students, searching for a student by some characteristic (for
example, by last name, date of birth, or phone number), adding and deleting records,

sorting by different fields. Write a program demonstrating how to work with this class.

Option 17
Describe a class implementing the "real matrix" data type and how to work with
it. The class should implement the following operations on matrices:

— addition, subtraction, multiplication, division (multiplication And

division by both another matrix and a number);
— calculation reverse And transposed matrices;

— methods, implementing check type matrices (square, diagonal,
zero, unit).

Write program, demonstrating work With this class.

Option 18
Describe Class, implementing type data "material matrix" And working with
them. The class must implement the following operations on matrices:
— calculation determinant And norms;
— methods, implementing check type matrices (symmetrical, upper
triangular, lower triangular);
— comparison on equality- inequality;
— construction to the degree;

Write program, demonstrating work With this class.

Option 19
Describe Class, implementing stack. Write program, using this class to find a
passage through a maze.
The maze is represented as a matrix of squares. Each square is either open or
closed. Entry into a closed square is prohibited. If a square is open, entry is possible
from the side, but not from the corner. Each square is determined his coordinates V

matrix. After searches passage
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program prints found path V view coordinates squares.

Option 20

Describe the class "subject index". Each index component contains word And

numbers pages, on which This word occurs. The permissible number of page numbers

per word is from one to ten. The following options should be provided:

e formation pointer With keyboards And from file;
e conclusion pointer;

e conclusion numbers pages For given words;

removal element from pointer.

Write program, demonstrating work With this class.

Control questions

Concept object-oriented programming.

Extensions C++ relatively C.

What such Class? What are his Features? How? are called specific values of
the data type "class"?

What V OOP understand under message? How is being implemented
message mechanism ?

What understand under event-driven model"?

What such interface And What is interface class?

What understand under fields And methods class?

What are differences between classes And structures?

Give definitions encapsulation, inheritance And polymorphism

Describe general structure announcements class

Appeal To components class.

Initialization objects.

Inheritance properties And access modifiers .

Role specifiers access private, public And protected

What such set And get functions?

What such constructor And For what is it used?

What such destructor And For what is it used?

How announce Class V separate file And use his V further?

At creation instance class at help operator new, Where it is created, on
the stack or in dynamic memory.

Maybe whether one method class call another?

If the members of a class are private and no friend class or function is declared
for 1t, who can access its members ?
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Application 1

Order execution laboratory works

Familiarize yourself with the theoretical material relevant to the topic of the
laboratory work and prepare answers to the proposed questions control
questions.
From the list of problems, select the ones that match your option. For each
problem, develop a mathematical model, algorithm, and solution program.
Implement program on a computer.
To defend your laboratory work, you must know the answers to the control
questions and provide a written report containing;:
A) Name laboratory works; b)
version number;
V) solution each tasks, inclusive V myself:
- condition tasks;
- mathematical model;
- algorithm;
- listing programs With mark teacher O her execution;
- original kit data And corresponding to him result;

- analysis results work programs.
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Appendi
X2
Basic
function
S
Function Description Example
abs(x) returns module or absolute meaning from x abs(-3.0) = 3.0
abs(5.0) =5.0
fabs(x) absolute magnitude (numbers With floating point)
sqrt(x) root square from the whole x, moreover x Not negatively sqrt(9) = 3
sqrtf(x) root square fractional x, moreover x Not negatively sqrt(9.0) = 3.0
pow(a, b) construction AV degree b pow(2,3) =8
ceil(x) rounding x to the smallest whole, But Not less how x ceil(2.3) =3.0
ceil(-2.3)=-2.0
floor(x) rounding x to nearest smaller whole numbers floor(12.4) =12
floor(-2.9) =- 3
fmod(a, b) | calculation remainder departments completely For numbers With fmod(4.4, 7.5
floating fmod( 7.5, 4.4) -
point (a/b)
modf(x,p) extracts the integer and fractional parts (including sign) from a
floating-point number
exp(a) calculation exhibitors e @ exp(0)=1
frexp(x) breaks number x With floating point on mantissa and the
exponent.
Idexp(x) multiplication numbers With floating point on kiss degree two
acos(x) arccosine of x
asin(x) arcsine of x , Where -1.0 <x<1.0 asin(1)=1.5708
atan(x) arctangent x
atan2(a, b) | arctangent With two parameters
cos(x) cosine x ( x is being asked V radians)
sin(x) sine x ( x is being asked V radians)
sinh(x) hyperbolic sinus x
tan(x) tangent x
tanh(x) hyperbolic tangent x
log(x) natural logarithm x (base is exponent) log(1.0)=0.0
log10(x) decimal logarithm x Log10(10)=1

The table shows the basic mathematical functions, prototypes which
are contained in the header file <math.h>

math.h - heading file standard libraries language programming C ,
designed for performing simple mathematical operations. Most functions
rely on floating-point numbers. C++ also implements these functions for
compatibility; they are all contained in the cmath header file.

All these functions accept doubles unless otherwise specified. To work
with float and long double types, use functions with the suffixes f and |,
respectively. All functions that accept or return an angle work with radians.
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