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Abstract

Introduction and aim: Converting numbers from one number system to @mnothan important
skill, used commonly in millions of computers alles the world. However, even a beginner pro-
grammer should face the problem of converting nusiwéth the support of the programming
languageC™. This article shall briefly described two numergbtems, and after a short pro-
gramming introduction il€** the source code would be offered which easily edisva numbers
within both systems.

Material and methods: After a short introduction of programming @, there was proposed
the program source code, which easily converts mbeus within both systems. To create the
program the user will need some basic knowleddbeyntax of2™", a wide range of books and
courses available in the market.

Results: It is presented the program is written and coatpihOrwell Dev-C* 5.1.1.0.

Conclusion: Conversion of numbers within the two most commamaerical systems is
widespread, so the ability to create the source clod example, €™ .

Keywords: Decimal and the binary numeral system, programim@ig language.
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KONWERSJA W EZYKU C™ MIEDZY SYSTEMAMI
DZIESIATKOWYM | BINARNYM

Streszczenie

Wstep i cel: Konwersja liczb w olbie dwoch najbardziej rozpowszechnionych systernmoalvd-
wych jest stosowana codziennie w milionach komputgech umystow na catyswiecie. Jednak

I pocztkujgcy programista mee zmierzy Sie z problemem konwersiji liczb, przy wspareinyka
programowania C . W niniejszym artykule pokrétce zostaspisane dwa wspomniane systemy
liczbowe, z& po krétkim wstpie dotyczcym programowania wegyku C*, zaproponowany oraz
pokrétce opisany zostanie kadddtowy programu, ktory w prosty sposéb konwertligzby

w obrebie obu systeméw.

Materiat i metody:Po krétkim wprowadzeniu do programowania W Czostat zaproponowany
kod Zrodtowy programu, ktéry tatwo przeksztatca liczliygu obu systemow. Aby utwofzyro-
gram, wytkownik musi posiadapodstawow wiedz o sktadni C*, szeroki wybér pogcznikow

I kursow dostpnych na rynku.

Wyniki: Przedstawiono program napisany i skompilowany wélrDev-C* 5.1.1.0.

Whiosek: Konwersja liczb w dwoch najbardziej powszechnyahesyach numerycznych jest po-
wszechne znana, to zdafi@o tworzenia koddrédtowego na przyktad w'C.

Stowa kluczoweDecymalny i binarny system numeryczny, programasyguziyk C™ .
(Otrzymano: 11.12.2012; Zrecenzowano: 20.08.20HakEeptowano: 31.08.2013)
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1. Decimal and binary numeral systems
1.1 Numeral system in mathematical expression

The decimal numeral system (also knowrbase teror denary has ten as its base. It is
most commonly used in modern world. The exemplamyloer 21 is given below as decimal:

21y = 210" +1010° = 20+ 1= 2]y (1)

The binary numeral system, (also called base-2beursystem) is only using two symbols:
0 and 1. More specifically, the usual base-2 systempositional notation with a radix of 2.
The binary system is used internally by almostraddern computers.

1.2 Conversion within numeral systems

To convert an decimal integer (or an integer pag number) to a binary number, it has to
be divided repeatedly by 2, until down to 1, legvanremainder (1) or lack of the remainder
(0). Then the remainders should be read from bottotap. The exemplary number 31 can be
converted as following:

30:2|0
15:2 |1
7:2 |1 (2)
3:2 |1
1:2 |1

The binary equivalent for 30 is 11110.

To convert a binary number to a decimal for theger part, the appropriate powers of 2
has to be added beginning from the smallest patttedhumber, as in the exemplary follow-

ing:
10101y, =102* +0[2° +1[2° + 02" +1(2° =16+ 0+4+0+1=21y,. ()

2. The short introduction to C** language
2.1 TheC™ language

The C™ is a continuation and an extension of the C prognang language. It was de-
signed by Bjarne Stroustrup and allows both stmectuand object-oriented programming.
Each program is opened by a reference to the Vilftay the commandt includg. This is
a library brings a series of operations, for exanjplenables the input/output operations.

Each program also encloses the main functmairf()), that contents the body of the pro-
gram, which are commands executed and performeithdoyprogram. The instructions exe-
cuted in the main function, as well as in otheralben features are framed by curly braces
{}). Like any other language, thé'Qas its own syntax. Ending each statement witna-s
colon is also one of its elements.

Basic commands, control statements, types of aatstvariables used by the program-
mer, operators, or the way to create functionsetmeen described
in many widely available manuals and books. Basiormation contained in them allowed
me to develop this program.
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Conversion within a decimal and binary numeral syst in C* language

To write a program that will convert the numbets tiser should become familiar with
different types of variables and instructions, alperators and functions shall be used. There
are several books that introduce the basid8*6f so in this article, these instructions will be

omitted.

The program is written and compiled@mwell Dev-C++ 5.1.1.0on GNU.

2.2 The program sour ce code

To create a program, first enter a specific lipr&uring compilation, the transformation
of the program language to one that is readablmdghine, it will also load the library (it is
also called linking) (Fig. 1 and Fig. 2).

[*] Untitledl | |

1 #include -:in:rstrea:m)l
Fig. 1. Linking<iostream>library
Source: Made by the Author

[*] Untitledl

1 f#include <iostream:

main )

=

[n Ty Y L B o8

Fig. 2. The main function. In between the bracemigred everything what the program is to perform

Source: Made by the Author

The program will use variables of different typ@ge will need integers, which will be
introduced by a variabiat. If the letter is needed, a varialglear should be declared.

Declaration of variables (we declare that we wsié them) is defined at the same moment
(we define their type - integer, or floating poistrings, etc..).

In this program, the declaration (and the defimifiavill take place before the function
main(), but the language features allow this initiatiopvahere in the program (Fig. 3):

[*] Untitted1 |

1

N =] oo Um S o B

10

Fincludes <ioStreams
Binelude Somerings

A4 this iz the commeatary

char wybor
int decy, licz:
srring bing

A1 name my vadable wyvborn decy, lics et

main [}

11 3 ¢

12
13

L}

Fig. 3. The variables initiation
Source: Made by the Author
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2.3 An exemplary conversion programin C™

In the program the user will have the choice tavest numbers from binary to decimal
numeral systems and inversely. To allow such acehotihe function is written. Function dec-
laration is placed before the functiorain ()as shown in the figure (Fig. 4), and
its definitions can be placed behind the bodgnafn () function:

#include<iostream: S 1ibraries
#include<cmaths

#inolude<catrings

#include<conio.hs

using namespace std:

char wybor:;

int i, deecy, licz, liczh:
string hin:
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.
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16 3
17

18 int main () A4 main function

19 B {

20 L

z1 Ly

22

BE
24

25 void choose () A4 the definition of void choose() function

26 3 {

27 ; cout<<"\nChoose: ‘\n\t If you want to convert the binary number, type b."<<endl:

28 g cout<<"y\t If wou want to convert the decimal mumber, type d.."<<endl:

29 E cink»wybor; /4 the variagble iz stored

30 H

Fig. 4. Placing the declaration and definitionwfidtion. To use freely within andcoutcommands,
type the commandsing namespace stahich allows you to use a standard namespace
Source: Made by the Author

2.4 Definitions of functions

There are two definitions of converting functioiibe first of these will convert a number
from decimal to binary, the other inversely. Comven from decimal to binary is presented in
the form of block diagram (Fig. 5), and convert t@ms from decimal to binary system, is
presented in the figure 6.

In the functionbinarnal define the rest, as the result of modulo twaj anter a loopf that
from the moment when the count value is greatar three, the program performs the division
by two and using the recursion calls the binaryirag&/hen the count value is less than or
equal to one, then the loop is interrupted andri@sef numbers is displayed (the last saved
character will be displayed first).

Note that the function is introduced recursivection. This is a function, which in its own
definition (body) calls itself.

In the function decimal an variable nanpaveris declared. The highest power is one less
than the numberin the binary system, which cosvwle numberin decimal.
There was also declared integg, which is an array of as many characters, asarvé#miable
power (int tab[power]).
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Conversion within a decimal and binary numeral syst in C* language

Make tab[potega]

VT,

I < | power = binarsize() -1
|
Make liczb =0
Make i

Yes | <
N

i=binarsize() I
|ticzb = liczb + tabli] |

L

tab[i] = (binar[i] = 0)*pow(2, power #**) A
[

Fig. 5. The block diagram of functidasinarna Fig. 6. The block diagram of functiaecimal
Source: Made by the Author Source: Made by the Author

Rest = licz962 licz=1licz/2

To convert a number of forms infar loop for each item number, starting from zero
(inti = 0), until there will be one number less than the dedaize of the binary number,
then follow the commands and siefi. For each character array multiply the mark #oed
power of the two, the result is the sum of the neraland as a result of the multiplication.

When condition are finished, the loop will be brolkend the results would be viewed, us-
ing cout.

2.5 Content of main ()

In the body of the functiomain()function, there will be called ehoose() which places
the appropriate function calls. Content of the ction is shown in the figure 7.

In the function, the program asks the user tocsdéitee method of converting. The user has
to write the letter. Somebody can wrlidor the binary systend for decimal system, may
also write the rest of the characters from the kayth. Therefore, if the lettéris typed (so if
the condition is made for the first loop), the piag stores a binary number. It should then
perform the function of switching on this variabfd.this point the program goes back to the
definition of the function to repeat the actionf{ the new variable substitutes a variable bin.
If the condition of the first loop is not fulfilledhe program goes on and encounters an alter-
nate loop, in which a decimal number is conversed.

When no condition is not fulfilled, then the pragr will perform alternativelefaultstate-
ment, which is designed to display a message that lnias not selected any number and to
shut the program down.
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38

3 void choose () £ the definition of void choese() function
40 B {

41 cout<<"\nChoose: \n\t If you want to convert the binary number, type b "<<endl:
42 couc<<*\t If you want to convert the decimal mmber, type d..*<<endl:

43 Cin-uybor : /f the variable is stored

44 if {uybor == 'B') /¢ an IX operation

45 5 {

46 cout<<"\nEmter the binary number:: °:

47 cilsshin:

44 decimal (bin): Jfparformby the function woid decimal(), desceibed balow
9 F ]

&0 olee if {wyhor == 'd")

51 0 {

52 :uut<:{"||,;|.Ehlrr the decimal number: "

53 cinFndecy;

54 cout<<"Your decimal mumber, written as binary, ia: °:

55 binacns (dscy)

56 | i

L] else cout<<'¥ou didn't choose any number. The prograwme will be shut,*;

£g L |

59

Fig. 7. The body of the function void choose ()
Source: Made by the Author

Throughout the program source code is shown ofighee 8 below:

#inelude<iostreams /¢ libraries
#include<cmaths

#include<cstr ing:

#include<conio. he

using namespace 3td;

char wybor:

int i, decy, licz, liceh:
string bin:

L R Y o O o B S T

[Er—
= O
e
e

declaration of functions

[y
[Nl
.
.

13 double binarna {(int lice):

14  void decimal (string binar):;

15 void choose ();

16

17 A e
13

19 int main () S main function

20 H{

21 | cout RR kR R R Rk kR

2z choose() ; Sfperforming the function void choose()

23 | cout<<"\n\tThank you for using the programme.":

L e A L T e L A

25 | getchi):

26 L}

27 o e

Z8 /f programme finishes.
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29 A4 Defipitions are kehind the main function
30 void choose () A4 the definition of woid choose() function
31 H {

3z cout<<"y\nChoose: Yn\t If you want to convert the binary number, type b."<<endl:;
33 cout<<"%t If you want to convert the decimal number, type d.."<<endl:;

34 cins=wyhor J4 the variable is stored

35 if {wybor == 'h'} S an if operation

36 H {

37 cout<<"ynEmter the binary mumber:: " :

38 cin=Fhin:

39 decimal {(bin): Ffperforming the Ffunction void decimaly), described below
40 1

41 else if (wybor == 'd'}

42 [ {

43 cout<<"ynEnter the decimal number: " :

44 cinFrdecy;

45 cout<<"¥Your decimal number, written as binary, is: ”4

45 hinarna {decy}):

47 }

45 else cout=<"¥ou didn't choose any number. The programme will be shut.":

495 L 3

50

51 douhle hinarna (int licz)

sz = {

53 dnt rest = lice%2;

54 Af{licz>1)

55 [ Fd

56 ; ilicz = licefZ:

57 : hinarna(lics) ;

58 - : 3

59 Ecnut<<rest;

60 L H

g1

62 A4 THe function, that converts decimal to bhinary
63 void decimal {(string bhinar)

64 [H i

65 int power = binar.size{)-1:

=] int tab[power] :

a7

68 liceh = 0O;

[S=]

o for {int i=0; i<bhinar.size{}: i++}

71 & ki

7e Etab[i] = {bhinar[i] - '0'} * pow{Z, poOwer--}):

73 licezh = liczh + tab[i]:

74 - H

75 cout=<"Your binary numbher, written as decimal, is: "<<liczbh:
78 L 1

Fig. 8. The program source code
Source: Made by the Author

Once it is compiled, the program can be called ghalog box. Calling a program on the
screen is shown in the figure 9, 10 and 11, depemd¢he letter the user chooses. After
choosing the letter b and the binary number 1084 ptogram will proceed:

Choose:
If you want to convert the binary numbher, type b.
If you want to convert the decimal number,. type d..
b

Emter the hinary number:: 1881
Your binary number, written as decimal, is: 9
Thank vou for using the programme.

Fig. 9. Calling the program if user chooses thieidi.
Source: Made by the Author
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After choosing the letter d and the decimal nunthehe program will proceed:

Choose:
If you want to convert the hinary number, type h.

If you want to convert the decimal numbher, type d..
d

Enter the decimal numher: 9
Your decimal numbher. written as hinary, is: 18681
Thank vou for using the programme .

Fig. 10. Calling the program if user chooses ttiedal
Source: Made by the Author

After choosing the other symbolic or a letter, pnegram will proceed:

|[Choose:
If you want to convert the binary number. tupe b.
If you want to convert the decimal number. type d..
£
You didn’t choose any number. The programme will be shut.
Thank you for uwusing the programme.

Fig. 11. Calling the program if user chooses tlneioletter
Source: Made by the Author

. Conclusions

After a short introduction of programming @i ", there was proposed the program source
code, which easily converts a numbers within bgtiesns.

To create the program the user will need some dasievledge of the syntax o™,

a wide range of books and courses available imitudket.

This should all be the opportunity to learn morewtttheC™ programming language.
Conversion of numbers within the two most commomaercal systems is widespread, so
the ability to create the source code, for exampl&™, to convert within the systems,
can be very useful.
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