Program: “RPNConsole”

Program created with Visual Studio 2008
to make algebraic operations with two numbers,
a calculator working in console mode using the RPN
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Lecture Aims:

Introduction of programming concepts for the C/C++ language by
using an example of a RPN (Reversed Polish Notation) Calculator.

Contents/Issues Addressed:
- Introduction to C/C++ programming language.
- Introduction to the concepts of classes and objects in C++.

Capabilities/Skills:

- Know the basic resources of C/C++ language.

- Ability to create a console project in Visual Studio 2008.

- Capacity of understanding algorithms and data structures.

- Understanding the use of functions and mechanisms for passing
parameters to functions in C/C++ language.

- Students should be able to develop practical applications.



What does a RPN (Reserved Polish Notation) Calculator mean?
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Reverse Polish notation

From Wikipedia, the free encyclopedia

Reverse Polish notation (RPN) is a mathematical notation in which every operator follows all of its operands, in contrast to
Polish notation, which puts the operator in the prefix position. It is also known as postfix notation and is parenthesis-free as
long as operator arities are fixed. The description "Polish" refers to the nationality of logician Jan tukasiewicz, who invented
(prefix) Polish notation in the 1920s.

The reverse Polish scheme was proposed in 1954 by Burks, Warren, and Wright"] and was independently reinvented by F. L.

Bauer and E. W. Dijkstra in the early 1960s to reduce computer memory access and utilize the stack to evaluate expressions.
The algorithms and notation for this scheme were extended by Australian philosopher and computer scientist Charles Hamblin
in the mid-1950s. 213!

During the 1970s and 1980s, RPN was known to many calculator users, as it was used in some handheld calculators of the time designed for

advanced users: for example, the HP-10C series and Sinclair Scientific calculators.

In computer science, postfix notation is often used in stack-based and concatenative programming languages. It is also common in dataflow and

pipeline-based systems. including Unix pipelines.

Most of what follows is about binary operators. A unary operator for which the reverse Polish notation is the general convention is the factorial.
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Classical Example of a calculator that utilizes the
Reverse Polish Notation (RPN)

File Edit View Tools Help

How to create our
own calculator using a
programming language and
a graphical user interface?
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Creation of a new Visual Studio 2008 project type: Console

Let’s start programming a calculator without a graphical interface

Mew Project @
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Wizard for the creation of an “Empty” Console project type

- Welcome to the Win32 Application Wizard

Overview These are the current project settings:
Application Settings * Console application
Click Finish from any window to accept the current settings.

After you create the project, see the project’s readme. txt file for information
about the project features and files that are generated.

< Previous fi

Overview Application type: Add common header files for:

Application Settings (O Windows application Oan
(® Console application wrc
Oou
() Static library

Additional options:

Empty project
|| Export symbols
Precompiled header
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- Creating project 'ConsoleRPN'... project creation successful.

How to start the development
of a program from scratch?




Creation of a new file, calling it by “main” and with extension “.cpp”
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Implementation of the “main.cpp” file

Basic structure of a C program

ConsoleRPN - Microsoft Visual Studio =)
File Edit View Ot VAssistd Project Build Debug Tools Window Help
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f,: Solution 'ConsoleRPMN' (1 project] g . o i g

(Global Scope) v “@main( - |[l=

& (5 ConsoleRPN
3 Header Files
[ Resource Files void main() 1
& [ Source Files
L &4 main.cpp

A pair of brackets defines |__&
a block of code
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starts by calling the Ry B T 1 s
main function. S
Every C program contains at least one
The main function may have different signatures function:
e main|() main
* int main(int argc, char **argv) This case void main () requires no
« int main(int argc, char **argv, char **env) parameter and returns no parameter.




Documentation and reference to programming in C and C++

(=& sy

4% cplusplus.com - The C++ Rasnur(EsNEtml + \

' How to output data in the
rem—— screen of a console programr:
Tutorials
Reference = =
Articles Information Tutorials
Fonmn General information about the C4+ programming [ carm the G4+ language from its basics up to its most
Ianguage, including non-technical documents and advanced features.
descriptions:
« C++ Language: Collection.of tutorials covering all
* Description of the C++ language the features of this versatile and pawerful
+ History of the C++ language language. Including détailed explanations of L
« F.A.Q., Frequently Asked Questions pointers, functions, classes and templates; I |
among others...
* mMore...
LS| 5 ¢ library - C++ Reference [ +] BN
Reference Articles < PlE- &+ #
Description of the most important dasses, functions and||User-contributed articles, orgas 5
objects of the Standard Language Library, with lcategories: " _ 1
descriptive fully-functional short programs as examples: Search: = ey
5 o
o Clibrary: The popular C library, is also part of the andard library Reference  C library register log in
of C++ language library. ++11
O TESm Nbraty. The standard LT ¥ WBrary windows API 3
Input/Output operations. « Other... C++ library
« String library. Library defining the string class. ) N =]
« Standard containers. Vectors, lists, maps, sets.., |||You can contribute your own articles! | (Information C libra ry
* more... Tutorials
Reference C Language Library
Articles The C++ library includes the same definitions as the C language library organized in the same structure of header
Forum C++ Search Forum files, with the following differences:
Message boards where members can exchange Search this website: * Each header file has the same name as the C language version but with a "c" prefix and no extension. For
knowledge and comments. Ordered by topics: Se |5 Chtrary: example, the C++ equivalent for the C language header file <atdlib.h> is <catdlibs.
++ Programming Sht:evzgggf:re also available to search] o (asserth) » Every element of the library is defined within the std namespace.
" <cctype> (ctype-h) Mevertheless, for compatibility with C, the traditional header names name.h (like stdlib.kh) are also provided with
<cerro> (errno.h) - the same definitions within the global namespace. In the examples provided in this reference, this version is used
‘ - <cfenv> (fenv.h) “ | so that the examples are fully C-compatible, although its use is deprecated in C++.
header 3 -
- w 1= <cfloat> (float.h)
<cstdio> (Stdlo.h) - <cinttypes> (inttypes.h) il | The are also certain specific changes in the C++ implementation:
" <ciso646> (iso646.h
C library to perform Input/Output 0 <dlimitss (é-mh n) ) ® wchar_t, charlé_t, char32_t and kool are fundamental types in C++ and therefore are not defined in the
Input and Output operations can also be perfori + using the C Standard Input and Output Library i corresponding header where they appear in C. The same applies to several macros in the header

devices such as keyboards, printers, terminals or with any othel Waf files supported by the system. Streams
are an abstraction to interact with these in an uniform way; All stream imilar properties independently of
the individual characteristics of the physical media they are associated with.
Streams are handled in the cstdic library as pointers to FILE objects. A pointer to a FILE 0B iquely identifies
a stream, and is used as a parameter in the operations involving that stream.

There also exist three standard streams: stdin, stdout and stderr, which are automatically created and opened
all programs using the library.

@ stream properties

Streams have some properties that define which functions can be used on them and how these will treat the data
input or output through them. Most of these properties are defined at the moment the stream is associated with a
file (opened) using the fopen function:

Read/Write Access
Specifies whether the stream has read or write access (or both) to the physical media they are associated
with.

Text / Binary
Text streams are thought to represent a set of text lines, each one ending with a new-line character.
Depending on the envirenment where the application is run, some character translation may occur with text
streams to adapt some special characters to the text file specifications of the environment. A binary stream,
on the other hand, is a sequence of characters written or read from the physical media with ne translation,
having a one-to-one correspondence with the characters read or written to the stream.

Buffer
A buffer is a block of memory where data is accumulated before being physically read or written to the
associated file or device. Streams can be either fully buffered, line buffered or unbuffered. On fully buffered
streams, data is read/written when the buffer is filled, on line buffered streams this happens when a
new-line character is encountered, and on unbuffered streams characters are intended to be read/written
as soon as possible.

Orientation
On anenina_streams have na arientation A2 snan ac an innutfantnut anaratinn is narfarmad an tham thay

- <clocale> (locale.h)

- <cmath> (math.h)

- <csetjimp> (setimp.h)
<csignal> (signalh)
=cstdarg> (stdarg.h)

- <cstdbool> (stdboolh)

- <cstddef> (stddef.h)

- <cstdint> (stdinth

-~ <cstring> (string.h)

- <ctgmath> (tgmath.h})

- «ctime> (time.h)
=cuchar> (uchar.h)

- <cwchar> (wchar.h)

- <cwctype> (wctype.h)

® Containers:

& Input/Output:

wnw.cplusplus.com/reference/cstdio/

conll

ol

ol

ol

<iso646.h=, which are keywords in C++.

The following functions have changes in their declarations related to the constness of their parameters:
strchr, strpbrk, strrchr, strstr, memchr.

= The functions atexit, exit and abort, defined in <cstdlib> have additions to their behavior in C++.
Overloaded versions of some functions are provided with additional types as parameters and the same

semantics, like float and long deouble versions of the functions in the cmath header file, or 1ong versions for

abs and div.

© Note on versions

C++98 includes the C library as described by the 1290 150 C standard and its amendment #1 (ISO/IEC 9899:1990

and ISO/IEC 9899:1990/DAM 1).

C++11 includes the C library as described by the 1999 150 C standard and its Technical Corrigenda 1, 2 and 3
(ISO/IEC 9599:1999 and ISO/IEC 9899:1999/Cor.1,2,3), plus <cuchar> (as by [SO/IEC 197569:2004).

Other introductions by the 2011 ISO C standard are not compatible with C++.

“ Headers




Treatment of input and output (io) in a program with C language

Bt | s < cstdio> (stdio.h) - C++ Reference [ +] = |

1 <cstdio>
printf
SEarch:_E int printf { const char * fOFMAT, ... ):

Print formatted data to stdout
Writes the C string pointed by format to the standard output (stdout). If format includes format specifiers

Reference  <cstdio>

header (subsequences beginning with ), the additional arguments following format are formatted and inserted in the
Tformaon <cstdio> (sl:dio h) resulting string replacing their respective specifiers.
Tutorials
Reference C library to perform Input/Output operations
Articles Input and Output operations can also be performed in C++ using the C Standard Input and Output Library . Parameters
Forum (cstdie, known as stdic.h in the C language). This library uses what are called streams to operate with physi

devices such as keyboards, printers, terminals or with any other type of files supparted by the system. Streamll rformac
are an abstraction to interact with these in an uniform way; All streams have similar properties independently C string that contains the text to be written to stdout
2 z the individual characteristics of the physical media they are associated with. ; T . .

Z’z::b (asserth) s i 1t can optionally contain embedded format specifiers that are replaced by the values specified in subsequent
<cctype> (ctype.h) Streams are handled in the cstdic library as pointers to FILE objects. A pointer to a FILE object uniquely identi additional arguments and formatted as requested.
a stream, and is used as a parameter in the operations involving that stream.

Reference

<cerrno> (errno.h)
<cfenv> (fenv.h) Sesil
o «cfloat> (float.h)

A format specifier follows this prototype: [see
% [flags] [width] [.precision] [length] speci.

mpatibility note below]
er

There also exist three standard streams: stdin, stdout and stderr, which are automatically created and opene
all programs using the library.

Where the specifier character at the end is the most significant component, since it defines the type and the
interpretation of its corresponding argument:

T specifier]| Qutput E I
s <cstdio> (stdio.h) - C++ Reference | eE | E Lk o - - B
dori Signed decimal integer 392
€ -cplusplus.com/referencecetdio/ C || B~ Google £ B+ u Unsigned decimal integer 7235
apﬂ\a Formatted input/output: o Unsigned octal 610
un;z:[m fprintf Write formatted data to stream (function ) L Unsigned hexadecimal integer 7fa
whprintf fscanf Read formatted data from stream (function ) K4 Unsigned hexadecimal integer (uppercase) TFL
vfscanf < | printf Print formatted data to stdout (function ) £ Decimal floating point, lowercase 392.85
::;::; | | SCANF Read formatted data from stdin (function ) F Decimal floating point, uppercase 92.65
vsmprintf caf | snprintf e Write formatted output to sized buffer (function ) = Scientific notation (mantissa/exponent), lowercase 3.9265e+2
wsprintf sprintf Write formatted data to string (function ) E Scientific notation (mantissa/exponent), uppercase 3.9265E42
G - =
= ::_ca”f ) | [} sscanf Read formatted data from string (function ) | g Use the shortest representation: e or $£ 392.85
ST viprintf Write formatted data from variable argument list to stream (function ) 3 Use the shortest representation: 3E or 3F 382.65
stdin vfscanf s Read formatted data from stream into variable argument list (function ) a Hexadecimal floating point, lowercase -0xc.90fep-2
a I vprintf Print formatted data from variable argument list to stdout (function ) n Hexadecimal floating point, uppercase -0XC.90FEP-2
=l types:
FIE vscanf & Read formatted data into variable argument list (function ) c Character a
fpos_t. wvsnprintf & Write formatted data from variable argument list to sized buffer (function ) = String of characters sample
size_t : = 3
5 ! wvsprintf Write formatted data from variable argument list to string (function ) 2000
B macro constants: == P Pointer address be0ooooo
BUFSIZ wvsscanf e Read formatted data from string into variable argument list (function ) = s
EOF n J_Example
FILENAME MAX Character input/output: : — p
FOPEM_MAX fgetc Get character from stream (function ) L|/* printf example */
L_tmpnam fgets Get string from stream (function ) f=relodeleapty: B
NULL =
ST fputc write Dhé.iracter to stream (function ) L ]
fputs Write string to stream (function ) {
getc Get character from stream (function ) pmn:? ("Characters: tc 3c \n", 'a’, 65);
: printf ("Decimals: ¥d $ld\n", 1977, 650000L);:
getchar Get character from stdin (function ) i ("Preceding with blanks: $10d \n", 1977):
| gets Get string from stdin (function ) | | { ("Breceding with zeros: %010d \n", 1977);
T Write character to stream (function ) printf ("Some different radices: 3d %x %o %4x 3o \n", 100, 100, 100, 100, 100);
—— printf ("floats: %4.2f %+.0e %E \n", 3.1416, 3.1416, 3.1416);
putchar Write character to stdout (function ) printf ("Width trick: $*d \n", 5, 10):
£ : ¢ 5 :
puts Write string to stdout (function ) 3 printf ("%$s \n", "A string™);
ungetc Unget character from stream (function ] =5 ; return 07
Direct input foutput:
fread Read block of data from stream (function
Quiput:
fwrite Write block of data to stream (function )
g Characters: a A
] T = = ] o — — — i Decimals: 1977 650000
Preceding with klanks: 1977
Preceding with zeros: 0000001877
Some different radices: 100 64 144 0x64 0144
floats: 3.14 +3e+000 3.141600E+000
Width trick: 10
4 atring




Printing a message in the console using the C standard 1/O library

% ConsoleRPN - Microsoft Visual Studio
File Edit View Ot WVAssistX Project Build Debug Tools

éﬂ'\_]'ﬁgﬁh% By @ |9 - - -5 | p <P Debug ~ Win32 ~ | [# Tnetforce .|@ﬁ3§5@; :
MERMRY A B Ehba | EE|S2|0HE3HE58895

Window Help

=== )

Tells the compiler that
the functions of the

‘Solution Explorer - Solution 'Console.. & X ~ main.cpp*

T x standard 1/0 library

25| E 4

@ main

i :“| |$ veid main()

!__',J Selution 'ConsoleRPN' (1 project)
=1 24 ConsoleRPN

.(G\.t.)ba.l S‘c ope) v

* ““main)

will be used.

.. [ Header Files

El#include <stdio.h> I
LS

[ Resource Files
B+ [ Source Files [Flvoid main()

I printf("calculator RPN - Console\n"):

SR

— \n produces a new
‘_ line in the console.

oy Soluti... [@EVAD... [@VAVI. [FClass .. ] || « | in y 4 ’
Output % ConsoleRPN - Micr Visual Studic EI
Show eutput from: Build = & | 11 2| =|F= File Edit View VAssist{  Project | Build | Debug Toels Window Help
_éj - 5 A | # E3 @ |9 Build Selution F1 Win32 - | [# Tnetforce - | LZ’E Bz B |
= % #y & 0, /ubc 'a§ . Rebuild Solution  Ctrl+ Alt+F7 3 5@ & B ET
Solution Explorer - folution 'Console., » 1 X Clean Solution - X
| & | [#¥ Build ConsoleRPN ——— ~|[@s9)
[ Solution '@hnsoleRPN' (1 project) Rebuild ConsoleRPN e 0
Fag * “¥main -
B ‘33 C“ RPN Clean ConsoleRPM
3 H¥eader Files P O =
[dffResource Files el k —
[ff Source Files Profile Guided Optimization 2 L
f & maincpp Batch Build...
s 1 my | 4
7 Configuration Manager... il CanSoleNnn);
ECDGE Definition Window l;EICaII Bruwser|§| CQutput % Finfj Results1 @ Compile Cerl+F7 -
Ready it [EVAC. [@VAVL. [ogClass .| ||« i :
-~ TEX
. . . how output frem: Build - 3|8 S| E
Writes a string in the standard T BE e TEIEHER; TP e MU £ y
1:Compiling. ..

output of the console.
print£ is a C function that is
part of the C standard library.

Every declaration ends with a
semicolon, except for the bracket
that closes a block ( }).

1main_cpp

1sLinking. ..
1>Embedding manifest...
1Build log was saved st "file://c:%\CIV2802\ConscleREN\Debug\BuildLog.htm”
1>ConsoleRDN - 0 erroris), O warning(s)

Build: 1 succeeded, 0 failed, 0 up-to-date, 0 skipped

1

What happens when
the program is built
(compiled and linked)?

73 Code Definition Window '}EI Call Erowser|E| Output % Find Results1

Build succeeded

Lng Coll Chi INS




From C codes to an executable binary file

C source Assembly

files source

files

h C Compiler can ge- :_ o
nerate assembly
2

C header
files

] )
C-Compiler [ gee code (option —S) _ [ as ]
additional (GNU C, cc) Assembler
Libraries Object files
Object files
.0
, Id Archiver ar ]
Linker
GEeae ) Executable
Debugger ! gdb  K----- file

Ve - Z a.out

Source: René Miiller, Introduction to the C-Language and Programming Environment,
Winter Semester 2005/06



Printing to the console (output) the sum of two numbers

| ConsoleRPN - Microsoft Visual Studio

File Edit View Qt

VAssistX  Project  Build Debug Tools

B - e | # G @ A SR - g

Window  Help

+ Win32

m = W o 23T Ly L T 7l 5
C & % B O S i cutDehuggmgL o 5

Solution Explorer - Solution ‘Console.. ~ & X main.cpp

= | & | E "ﬁ; % main -

j Solution 'ConsoleRPN' (1 project)

A ConsoleRPN

[J Header Files include <stdioc.h>
1 Resource Files

(Global Scope)

= [ Source Files [Flvoid main()

== )|

- | [# Tnetforce = _;l e Y| 2

- x

-@sd

* Y main( -
=]

m

[ ™ E
printf{"Calculator RPN - Conso
|
double a = 10.5;
double b = 13.3; |
double ¢ = a + b;

printf{"Sum: %f\n", C);

i

3] 5aluti.. v

T
Output
Show output from: Build -

%=

[P — Build started: Project: ConsoleRPN, Configuration: Debug Win32 —-————-
1>Compiling. ..

1smain.cpp

1>Linking. ..

1>Embedding manifest. ..

1»Build log was saved at "file://c:NCIVZ3802\ConsoleRPN'Debug\Buildlog. htm™

m

Local variables, just
available in the scope
of main ()

1>ConsoleRPN - 0 erroris), 0 warning(s)

Build: 1 succeeded, 0 failed, 0 up-to-date, 0 skipped

|54 Code Definition Window |5 Call Browser | =] Output [ Find Results 1

Ready

Which are the type of native
variables and operators of the
C/C++ programming language?

Bl C\Windows\systemn32\cmd.exe

Calculator RPN — Console
Sum:= 23 .8000080Q

Fresz any key to continue

[o-C- el




C data types

= Four basic data types

char: character

int: integer

float: real or floating point
double: double precision float

= Four modifiers

signed
unsigned
long
short

= Four storage classes

auto: variable is not required outside its
block (the default)

register: the variable will be allocated on a
CPU register

static: allows a local variable to retain its
previous value upon reentry

extern: global variable declared in another
file

= Additionally, C supports

¢ the null data type: void
¢ Any user-defined types

Source: Ricardo Gutierrez-Osuna, Microprocessor-based System Design,

Wright State University.

Type Width Minimum range
(hits)

char 8 -127 0127
unsigned char 8 0 to 255
signed char 8 127 10127
int 16 -32, 767 to 32,767
unsigned int 16 0 to 65,535
signed int 16 Same as int
short int 16 Same as int
unsigned short int 8 010 65,535
signed short int 8 Same as short int
long int 32 -2,147 483 647 to 2,147 483,647
signed long int 32 --2,147 483 647 10 2 147 483 647
unsigned long int 32 0 to 4,294 967 295
float 32 Six-digit precision
double 64 Ten-digit precision
long double 128 | Ten-digit precision




C operators

Type Operator

Arithmetic

Action

Subtraction

Adittion

Multiplication

Division

Modulus

Decrement (by 1)

Increment (by 1)

Increment (a+=b means a=a+b)
Decrement (a-=b means a=a-b)

Relational

Greater than

Greater than or equal to
Less than

Less than or equal to
Equal to

Different from

— R nn

Logic

AND
OR
NOT

s—|e=m— = A AV WV

Bit-wise

t

>>
<<

AND

OR

XOR
NOT
Right shift
Left shitf

?

& and *
sizeof

. and ->
[]

Miscellaneus

Ternary (y=x=97100:200)
Pointer operators

Width of a datatype (in bytes)
Acceess to structures
Access 1o arrays

Precedence Operator

Most () [ 1 -> .
A I ~ ++ -- - (cast) * &
sizeof

Least

Source: Ricardo Gutierrez-Osuna, Microprocessor-based System Design,
Wright State University.



Variable declaration and scope

s Variables MUST be declared before they are used
» Any declaration MUST precede the first statement in a block

m Variables declared inside a block are local to that block
= They cannot be accessed from outside the block

= Variables can be initialized when they are declared of afterwards

int i; /* Integer i is global to the entire program
and is wvisible to everything from this point */
vold function_1 (void) /* A function with no parameters */
{
int k; /* Integer k is local to function_1 */
{
int q; /* Integer g exists only in this block */
int J; /* Integer j is local and not the same as j in main */

}
}
volid main(void)
{
int j; /* Integer j is local to this block within function main */

} /* This is the point at which integer j ceases to exist */

Function (function)? What is this?
How to perform a sum operation using a function?

Source: Ricardo Gutierrez-Osuna, Microprocessor-based System Design,
Wright State University.



Implementando uma funcao para executar a soma de dois numeros

" ) ConsoleRPN - Microsoft Visual Studio
File Edit View Ot WAssist{ Project Build
G-E- SRR -B-5]
1 d|e =(E%Ha % @3- O OERML F 0y B3

ihom

25 EA

‘Solution Explorer - Solution 'Consol. v & X

(- 4 ConsoleRPN

3 Header Files

: L3 Resource Files
E| [ Source Files

- &

[ Solution 'ConsoleRPN' (1 project)

The sum
function return
a double value

Debug Tools Test Window Help

> Debug + Win32

- main.cpp

- i [# lineEditNumSubdiv

IR N I (= N =)

3 &l (3 & 5B

i‘i) main.cpp

» ][> cACV2802\ConsoleRPN\main.cpp

(Global Scope) * “@main()
1] #include-<stdio.h> /
2
31 || double - sum (double -nl, -double n2) ; |
435
5i-void-main()
el |
7 printf("Calculator -RPN:-.Console\n"};
o
53| -double-a.-=-10.5;
10 double.b.=.13_ 3;
11 -double-c-:-sum(a,.b),-|
12
134| -printf("Sum::$f\n", :Cc};
143]
15]-
oif] /*-Function-to-add:two-double-variables.
7 - *.Returns-as-function-value-the result.
ail .«

double- sum({double -nl, -double - n2)
—

{
.return-nl.+.n2;

}o

m

Declaration (prototype)
of the sum funtion

Calls the sum function

A pair of /* */ defines a
comment that is ignored
by the compiler

\

< |

i

Output

Show outout from:

w

5] Qutput |0Q] VA Find References Results

Ready

Implementation of the
sum function

How to input data in C/C++ language?

The sum function
receives two values of
double type in the list
of parameters




Inserting by the console (input) the two number to be added

%] ConsoleRPN - Microsoft Visual Studio [= = @
File Edit View Qt VAssist{ Project Build Debug Tools Window Help
A-E-sd e % =B s bug - Win3? - | [# Tnetforce S| RFEEER 2
= = Pole'] o~ 32 = = 2 =2
Bl ® S G U 5. Mot Debugging 48 5 =
Solution Explorer - Solution 'Console... » 1 X main.cpp - x
E = A —
I SARE % main - - |t:}GO‘
Aj Solution 'CensoleRPN' (1 project) -
i -_;E ConsoleRPN (Global Scope) +* ““main() -
i [ Header Files [F #include <stdio.h> s
- |1 Resource Files
= |5 Source Files [El void main{)
Leoed ol | 1
printf("Calculator RPN - ConsoN\n");
char string[20]; £
double a;
double b;
double ¢c;
with first number to add: ");
"$1f", sa);
printf("Enter with second number to add: ");
gets(string) ;
sscanf (string, "%1f", &b);
c = a + b;
printf("Sum: %f\n", <€} ‘
- i Bl C:\Windows\system32\cmd.exe
R Soluti.. @VAO.. [@ VAV [FClass .| ||« Ll
= : RPN - Console
Output with first number
Show output from: Build " AB=|E Enter with szecond number to add: 4
S . | = i Sum: 9.8000880
Code Definition Window |*=Call Browser | =] Output (5] Find Results 1 = .
7] sl weer| & Outeut [ ! Press any key to continue .
Ready

In the scope of the RPN calculator, we

need to input multiple values before

performing operations. How to input
an arbitrary amount of data?

=N | e




[ oops and iterations

= In C any expression different than ZERO is TRUE, including negative

humbers, strings, ...
= C provides the following constructs

if (expr2) {
block2;

} else if (expr3) {
block3;

if-else | ciie ¢ for

default_block;

while (expression) {
block;
1
while, do-while
do {
block;
} while (expression);

switch-case

goto label;
blockl;
label:
block?;

goto

for (initialization;condition;increment) {
block;
1

for (;;;) {
block;

if (expr)

break;

switch (expression) {

case constantl:
blockl;
break;

case constant2:
block2;
break;

default:
block_default;

Source: Ricardo Gutierrez-Osuna, Microprocessor-based System Design,

Wright State University.



Preparing the program to insert any amount of numbers,
and definition of a command to quit the program

Vﬁ ConsoleRPN - Microsoft Visual Studio
File Edit View Qt VAssistX Project Build Debug Tools Window Help

A-E-sHd | % BRB| 9o + Win32
s =3 A ] = = —_— =
A *a E‘-) (E O g B3 - k e gout Debuggingi & 5
Solution Explorer - Selution '‘Console. » 1 X main.cpp —
B =]
= | @ | E D 5 main -
_:1 Selution 'ConsoleRPN' (1 project) =
5 53 ConsoleRFN (Global Scope)

- [ Header Files [l #include <stdio.h>

-- [ Resource Files

=} [ Source Files

[Fvoid main()

I

printf{"Calculator RPN

char string[20];

+ | [# Tnetforce

* % main()

- Console N

double a;

M LB e P

[E=5 HoE =)

v x
~|[@Ga

-

—

-

m

(lql

(lql

(Jql

do
{
printf("Enter with a number ('g' te quit): ");
gets (string) ;
if{ sscanf(string, "%1f", ga) = 1 )
{
printf("Number: %f\n", a);
}
} while (string[0] != 'g');
ik EA C:\Windows\systern32\cmd.exe
Calculator RPN — Console
Enter with a number
. : Number: 23.400088
] Soluti... [ & Cis « UMEFnter with a nunbher
T Number: 96 .3000008
S Enter with a numher
Show cutput frorm: Build = \,‘.J _", = = Humber: 45 .A0808604

(g Code Definition Window ";jCaII Browser | =] Output ‘ﬂ Find Results 1

Ready

Enter with a number
Enter with a number

What is the best strategy
for organizing, storing and
accessing data entered?

(Jql
(Jql

to
to
to

to
to

Press any key to continue .

gquit»: 23 .4
gquit»: 96.3
quit>: 45.@
quit»: s
quit): q

B8 [Ech ==




Data Structures

/W Data structure - Wikipedi= x § _
€ - C # [3enwikipedia.org/wiki/Data_structure i
2if Aplicativos M Gmail 2 BOL (] UFF [ Ensino [ Pesquisa (] CompGraph (] Outros m baustatik [ Outros faveritos

s - 5 = -
5 Q “ Article  Talk Read Edit View history |Search Q ‘
N :
WikipEpiA  Data structure
The Free Encyclopedia S -
From Wikipedia, the free encyclopedia
LB AR In computer science, a data structure is a particular way of storing and organizing data in a
Contents = =
computer so that it can be used efficiently [112]
Featured content P Y has_h
Current events Different kinds of data structures are suited to different kinds of applications, and some are keys  function buckets
Random article highly specialized to specific tasks. For example, B-trees are particularly well-suited for
EloECAe ot implementation of databases. while compiler implementations usually use hash tables to look 521-8976
SEEeE
Wikimedia Shop up identifiers. 521-1234
Interaction . =
Help Data structures provide a means to manage large amounts of data efficiently, such as large
About Wikipedia databases and internet indexing services. Usually, efficient data structures are a key to
Community portal designing efficient algorithms. Some formal design methods and programming languages 521-9655
Recent changes emphasize data structures, rather than algorithms, as the key organizing factor in software
Contadt pa ) ) - ) . )
page design. Storing and retrieving can be carried out on data stored in both main memory and in AT &=
Tools secondary memory.
WWhatlinks here i Abstract data types i
Related changes Contents [hidz] typ [Ed|t]
1 Overview
Jplosatie . » Array
Special pages 2 Basic principles
Permanent link 3 Language support o Container
Page information 4 See also M JI'IA . t _ll'D I
Eitat:em 5 Refersnces « NMap/Associatve array/Lictionary
ite this page . :
e 6 Further reading M Mu|t|map.
Printiexport 7 Extemnal links i
Create a book s List
+ Set
» Multiset
What is the most suitable " Prontyquese
« Queue
data structure for the « Deque
problem of RPN calculator? « Stack
» 5String
« Tree
« Graph



The Stack Data Structure

€ - C A [ enwikipedia.org/wiki/Stack_(abstract data_type) | =
== Aplicativos M Gmail 03 BOL (CJ UFF (] Ensine [ Pesquisa (] CompGraph (] Outros baustatik [ Outros favoritos

Create account & Login Ij

T
Article Talk Read Edit View history |° Q |
wikieepia | Otack (abstract data type)
The Free Encyclopedia . . .
From Wikipedia, the free encyclopedia
e naus "Pushdown" redirects here. For the strength fraining exercise, see Pushdown (exercise).
Contents
Featured content | This article includes a list of references, but its sources remain unclear because it has insufficient
Current events inline citations. Please help to improve this article by introducing more precise citations. (September 2003)
Random article
\Dl_mate 1§ Wikipedia In computer science, a stack is a particular kind of abstract data type or collection in which the principal (or only) ] —. - [ ]
Wikimedia Shop operations on the collection are the addition of an entity to the collection, known as push and removal of an entity, Push y | Pop
Interaction known as pop [V The relation between the push and pop operations is such that the stack is a Last-In-First-Qut (LIFOQ) —
Help data structure. In a LIFO data structure, the last element added to the structure must be the first one to be removed. ==
About Wikipedia This is equivalent fo the requirement that, considered as a linear data struciure, or more abstractly a sequential =

Community portal

collection, the push and pop operations occur only at one end of the structure, referred to as the fop of the stack.
Recent changes

Often a peek or top operation is also implemented, returning the value of the top element without removing it.

Contact page X i . . Simple representation of a stack &2
Todls A stack may be implemented to have a bounded capacity. If the stack is full and does not contain enough space to

What links here accept an entity to be pushed, the stack is then considered to be in an overflow state. The pop operation removes an

Related changes item from the top of the stack A pop either reveals previously concealed items or results in an empty stack, but, if the stack is empty, it goes into underflow

Upload file state. which means no items are present in stack to be removed.

Special pages . . . )
ey A stack is a resiricled dala sfructure, because only a small number of operations are performed on it. The nature of the pop and push operations also

Page information means that stack elements have a natural order. Elements are removed from the stack in the reverse order to the order of their addition. Therefore, the
Data item lower elements are those that have been on the stack the longest [2]

Cite this page
Contents [hide]

Print/export .
1 History

2 Abstract definition
3 Inessential operations

Create a book
Download as PDF
Printable version
4 Software stacks

Lar:fuages o 4.1 Implementation
c e’: — 411 Array
(Tapaukegiua) 4.1.2 Linked list
Brnrapcki 4.2 Stacks and programming languages
Catala 5 Hardware stacks
Cestina 5.1 Basic architecture of a stack
Dansk o

5.2 Hardware support

How to implement a stack data structure using the C/C++ language?



W Object-oriented program: x % ¥

Object Oriented Programming

€ >CNH

[ enwikipedia.org/wiki/Object-oriented_programming

HE Aplicativos [~ Gmail ﬂ BOL [ UFF (] Ensine ] Pesquisa [l CompGraph 3 Outros baustatik

X4
n

[ Outros faveritos

WIKIPEDIA

Article Talk

Read Edit View history

Object-oriented programming

Create account & Login

Q|

The Free Encyclopedia

From Wikipedia, the free encyclopedia

Main page
Contents
Featured content
Current events
Random article

"Object-oriented" redirects here. For other meaning of object-oriented, see Object-orientation.

Not to be confused with Object-based programming.

Donate to Wikipedia
Wikimedia Shop

Interaction
Help
About Wikipedia
Community portal
Recent changes
Contact page

"Object-oriented programming language” redirects here. For a list of object-oriented programming languages, see List of object-oriented programming
languages.

\) This article may be in need of reorganization to comply with Wikipedia's layout guidelines. Please
help by editing the article to make improvements to the overall structure. (Movember 2012)

What links here
Related changes
Upload file
Special pages
Permanent link
FPage information
Data item

Cite this page

Printlexport
Create a book
Download as PDF
Printable version

Contents [hide]

1 Overview
2 History
3 Fundamental features and concepts

3.1 Decoupling

4 Additional features
5 Formal semantics
6 OOP languages

6.1 DOP in dynamic languages

7 Design patterns

7.1 Inheritance and behavioral subtyping

Languages & 7.2 Gang of Four design patterns
Afrikaans 7.3 Object-orientation and databases
sl 7.4 Real-world modeling and relationships
TS 7.5 DOP and control flow
i 7.6 Responsibility- vs. data-driven design
Benapyckan o £ Vi <
Benapyckan 8 Criticism
(Tapawkesiya) 9 See also

Object-oriented programming (OOP) is a programming paradigm that represents the concept of "objects”
that have data fields (attributes that describe the object) and associated procedures known as methods.
Objects, which are usually instances of classes, are used to interact with one another to design applications
and computer programs.["12] C++. Objective-C. Smalitalk, Delphi, Java. C#, Perl, Python, Ruby and PHP are
Toals examples of object-oriented programming languages.

How to implement a
stack using object
orientation in C++?

Programming paradigms

* Action
= Agent-oriented
» Aspect-oriented
* Automata-based
« Concurrent computing
« Relativistic programming
« Data-driven
» Declarative (contrast: Imperative)
« Constraint
« Dataflow
* Flow-based
» Cell-oriented (spreadshests)
+ Reactive
« Functional
» Functional logic
» Logic
» Abductive logic
* Answer set
= Constraint logic
« Functional logic
= [nductive logic
= End-user programming
« Event-driven =




Implementing a Stack.

ConsoleRPN - Microsoft Visual Studio
View Qt VAssistX

File Edit Project

Build Debug Toeols Winc

Creating the file: “stack.h”

Add Mew Item - ConsoleRPN

= - NI e ST, Jo | b b Deb Categories: Templates:
=) @ 9 A 0 g = T % | a Wisual C++ Visual Studic installed templates &
* Jhc 52 e = -
Solution Explorer - Solution ‘Console.. ~ & X main.cpp g{ ; EElWindows Form () ¢+ File (.cpp)
| — D"t £ |#] HTML Page (htm) 3 static Discovery File (.disco)
= & main o | |n] Header File (k) 5] Mid File (.idl)
L: Solution 'ConscleRPN' (1 project] = Resource = y
2 (3 ConsoleRPN (Globzl Scope) Wi Resource File (.rc) |##k Server Response File (.srf)
- E_;ﬁuincl;de <ste Utility ] Medule-Definition File (.def) @Regl;tratlon Script (.rgs) =
[ Resource Fil Add y I e e Property Sheets Property Sheet (vsprops) 4 Bitmap File (bmp)
- [EF Source Files| % Cuti T 1) Qt Forms (4 Assembly Resource File (.resx) ] Component Class
- € main.cp 2 S st Ot Resources =] Configuration file (app.config) & Installer Class
53| Copy New Filter Cal @User Control XML Schema
| Paste Class... [ %SLT File By | Cursor File (.cur) L
K Remove Resource... ring 1) Icon File ica) =] Frameset (.htm)
Rename O i @ResourceTemplata File {ret) 35QL Seript File (.sql)
P | =] Text File () =] XML File (xml)
= Properties = L.
do Rhc | o e & o e
{ Creates a C++ header file
” - Name:
ConsoleRPN - Microsoft Visual Studio
File Edit View Qt VAssistX Project Build Debug Tools Window Help ocatiorg C\ENIBINCoTsolEREN
- G| % B9 E-E | b b Debug - Win32 - | [# Tnetforce - l ;l I
i i m - 7 g Add E Cancel
ERRML ® g B 00k |[E2|083 883850
‘Solution Explorer - Solution 'Console.. » I X /ﬂm}/m - X
L& ) |¢ Stack ‘f} class Stack
m Solution 'ConsoleRPN' (1 project) = z
5 0 ConsoleRPN “Pilha ~ “9Stack() -
= [LF Header Files [J#ifndef STACK H
: B stackh] #define STACK H -
i [l Resource Files
= & Source Files [Hclass stack =
‘fﬂ main.cpp {
public:
Stack(): L
void push( double n ); 1
double pop()r
void show () :
private:
int tops; =
double *elems;
}i
#endif
e Soluti... (VA [@VAVL. [Flass...] ||« I 8
Output > 3 x
Show output from: Build o B NS NN =
@ Code Definition Wmdowl'}ElCall Erowserl@ Output |ﬁ Find Results 1 |
Itemn(s) Saved




Implementing a Stack. Creating the file: “stack.cpp”

] ConsaleRPN - Microsoft Visual Studio Add New Item - ConsoleRPN
File Edit View Qt VAssist{ Project Build Debug Tools Winc
E Categories: Templates:
e e = 2y |9 - - = | b b Deb -
M= Ry | = Visual C++ Visual Studio installed templates I~
=3 '@ #a EI-:| (El' it fn:: Ba - EE u EWinduw;Fnrm
Solution Explorer - Solution ‘Console... v & X Code |#] HTML Page (-htm) Static Discovery File {.disco)
| & [ stack [R)::ZWE ] Header File (h) 5 Midll File (i)
D Solution 'ConsoleRPM' (1 project) “iz Web @Remur{a File (.rc) :_]&Servar Response File (.srf)
=~ (5 ConsoleRPN e Utiity #&] Module-Definition File (def) “&] Registration Script (1gs) 3
- [ Header Files [= #1fn":i9f STACI Property Sheets El Property Sheet (vsprops) 1% Bitmap File (.bmp)
[n] stack.h #define STACI QtForms (i Assembly Resource File [resy) &) Component Class
- Emw{FIIES Qt Resources Configuration file (app.config) &) Installer Class
B —LSlass Stack [# User Control [&) XML Schema
& main.c| = :
i | i Newltem.. > (A'XSLT File 13| Cursor File {.cur) L4
& | Cut A Bisting Itern... i) Icon File (ico) [Z]Frameset (htm)
(i
B3| Copy Mew Filter r '] 3 Resource Template File (.rct) £235QL Script File (.sql)
=  |pus
- ! Text File { bd) @XML File {xml}
. . Khe o en o0 o e - b
% ConsoleRPN - Microsoft Visual Studio Creates a file containing C++ source code
File Edit Miew Qt VAssist{X Project Build Debug JTools Window Help i
Mame:
- e @ % B9 - S| b och Debug - Win32 ~ | [@# Tnetforce -
x Location: c\CIV28024 ConsoleRPN
EFEMmY 3 g 5 == pelier = P Hogen)
‘Solution Explorer - Solution ‘Console., » & X — [m
- |7 = ancel
| 2 E Ds‘i |a Stack.elems ~ = g% double “elems .
!_u Solution 'ConsoleRPN' (1 project) - z
£} (51 ConsoleRPN FgStack v @Stack( <
|5 Header Files H #include <stdio.h>
2 -
- 1] stackh #include "stack.h" -
[ Resource Files
- |7 Source Files [ 8tack: :Stack()
- &4 main.cpp T
i c:] elems = new double[50];
top = 0;
} =
[ void Stack::push( double n ) > q
{
elems [top++]=n;
}
[§ double Stack::pop() HOW to use the
. .
return elems[-—-top]l;: I St k
} ClasSs >tack In
3 id k how () h . ?
4 Vvol Stack: :show
{ the main programs
for(int 1 = 0; i < top; 1i++)
{
printf("pos %d> %$f\n", i, elems[i]):
H
} -
g Soluti.. [@LVAO.. [@ VAL [BgCias..| ||« | i /
Qutput > o x
Show output from: Build =B E | x| &

|ijCUdE Definition Wmdowl'}ElCall Eruwserl;g Output [% Find Results 1 |

Ready




Using the Stack class in the main program to store the data

“g ConsoleRPN - Microsoft Visual Studio
File Edit Miew Qt VAssistX Project Build Debug Tools Window Help

- i - e # S A L T I b b Debug - Win32 - | @ Tnetforce
CERmE @ £ 50 ki : 219 A5
Solution Explorer - Solution 'Console.. = I X stack.cpp| stack.h’ main.cpp
2@ B 4a = main + = | % void main)
Ll (@bl Scope) « emaing

|Z Header Files [Fl#include <stdio_h:>
- [n] stackh
1 Resource Files

= &7 Sou

I nclude "stack.h" l

[Flvoid main()
{

printf("Calculator RPN — Console\n");

char string[20];
double a;

- € stack.cpp

do

ts(string) ;
if( sscanf(string, "%1f", ga) = 1)

printf("Number: $f\n", a);

‘[ stack.push (a); ]
i
} while (string[0] != 'gq'):

] Soluti.. eV @ VAV :_/‘50& ] Il
Qutput
Show output frem:  Build = = =

& Code Definition Window 23 Call Browser | [Z] Output [ Find Results 1

Item(s) Saved

printf("Enter with a number ('g' to quit):

")

[E=3 Bl )

How to use an object
of the Stack class to
perform the operations
with the calculator?

Bl C\Windows\system324cmd.exe

Calculator RPN — Console
Enter with a number ('qg’
Number: 3.080000
Enter with a number ('g’
Number: 4.080008
Enter with a number ('g’
Number: 5.080008
Enter with a number ('g’
Number: ?.080008
Enter with a number ('g’
MNumbe r 8 . BBBBRA
Enter with a number ('g’
3 .BabBRRa
4 _PABBAA
5 .BabBARn
2 .PAPBAA
-8 . ABBABB
Press any key to continue

quit>:
quit>:
quit>:

quit>:

quit>:

quitl»: g

=N o




Implementation of addition operation using the stack data

) ConsoleRPN - Microsoft Visual Studio
File Edit Miew Ot VAssistX Project
-S| s G o
CEFE®REL D O &5
Solution Explorer - Solution 'Console.. » I X
= | & | E 5
_j Solution 'ConsoleRPN' (1 project)
= 4 ConsoleRPN
= LT Header Files
i 0] stackh
[ Resource Files
= [ SourceFiles
i € main.cpp
- €9 stack.cpp

o

galsoluti... [@VAO.. |@VAVI. [FClass ..
Output

Ready

Build Debug Tools Window Help
- &~ b P Debug - Win32 + | (@ pilha
S T b A El=S @ % 5 =l
stack.cpp | stack.h” main.cpp
2 main.do -
(Global Scope) - ““main(
do
printf("Enter with a number ('g' to gquit})
gets(string) ;
if( sseanf(string, "%1f", sa) == 1 )
printf("Number: %f\n", a):
stack.push (a);
L
else
i
switch(string[0])
case '+':
{
double vl = stack.pop();
double v2 = stack.pop():
double ¥v3 = vl + v2;
printf("sum: 3%f\n", v3)
stack.push (v3) ;
H
break;
H
¥
} while (string[0] '= "q');
stack.show () ;
=T
F] I
Lnil

[E=S ol =

]

How to ensure robustness
in the operation of the
calculator?

Bl C\Windows\system324cmd.exe
Calculator RPN — Console

Enter with a number

Numbe r . ABBA0E
ith a number
4. A0BBRA
ith a number
5 . ABBBRA
ith a number
9 . 0BOPA
ith a number

8 . BBBBRA

6 . AOBOPA
Enter with a number
Bum: aeBa
Enter with a number
Bum: 13.000808
Enter with a number
pos B> 13.080008

Press any key to continue

<y

Cot
Cot
Cot
Cot
Cot

o
o
o
o

to

to

to

to

to

to

to

to

to

to

quit>:
quit>:
quit>:
quit>:
quit>:
quit>:
quitl:
quitl:
quitl:
quitl:

=N o




Checking for empty stack and

removing the used memory

C‘omol‘:‘R‘I;N - h“ﬁcms‘o{"l \ﬁ:sual'S't'mf'ln
File  Edit

DEFMD W g 28 0

View Ot VAssist{ Project Build
H-E- S KB R[9-0 -
b, By

Debug

A2 |

Tools
‘ b =l Debug
S0P AR

Window Help

- Win32 - | @ pilha

'Solution Explorer - Solution 'Console... » I X
|5 | B &

stack.cpr’ stack.h | main.cpp|

[J Solution ‘ConsoleRPN' (1 project)
£ (ZH ConsoleRPN

= (£ Header Files

)

- [ Resource Files

- [ Source Files
i ¢ main.cpp
i €] stack.cpp

|¢ sta

ck.h

2] |9 c\CV2802\ConsoleRPNstack.h

(Global Scope)

-

[Fl #ifndef STACK H
#define STACE_H

{

public:

Stack() s
void D double n );

Helass stack

double popl) s

n

What kind of problems
might occur in the
implementation and
how to avoid them?

| bOOé 1}51Em£{=§yﬂ;l ) CansoleRPN - Microsoft Visual Studio ===
void show () ;
File Edit View Qt VAssistX Project Build Debug Tools Window Help
private: -G @ % G- S| B ocb Debug - Win32 - | # pilha - | e
Lnit EOps iy o S 2 = 2
ézmlzp*elemS' ICERE %Y E O 83 0 Rk A | S @SB EEAERQ
’. 7 . - e s
s mMm-s&ﬁm Console... » & X stack.cpp| stackh ] main.cpp| i
- | & | og‘" 2 stack.cpp A |¢> c\CIV2802\ ConscleRPN\stack.cpp v|
#endif g Solution 'ConsoleRPN' (1 project) eru =
- EE ConsoleRPN (Global Scope) - -
B (i Header Files L =
[ - - ioil |h] stack.h H stack: :~Stack()
oy Soluti... (@ VAD.. [@VAVI. Class ... 4 d
3 s t | : “E i | ‘ i [d Resource Files {
Output B- b Source Files delete elems;
Show outout from: L& 14 = | = b 6] main.cpp top = 0 F
54 Code Definition Window |33 Call Browser | =] Output (5 Find Results 1 | (] stack.cpp| }
Ready =
Elvoid Stack::push( double n ) =
{
elems[toptt]=n;
¥ 4
Eldouble Stack: :pop ()
{
return elems[--topls
k
bool Stack::isEmpty({)
{
return top == 0;
I } o
gSoluti.. [@VA Q. [@VAVI. [FCass .| ||« | n r
Output ~ 1 x
Show outout from: S s NN |

[T Code Definition Window [2E1Call Browser| 5] Output ﬁ Find Results 1]

Ready




Auxiliary function to obtain both operands of an operation
with the handling of possible errors

| ConsoleRPN - Microsoft Visual Studio EI [
Eile Edit View Ot VAssistX Project Build Debug Tools Window Help
- E- S o % B9 - BE-E | b =b Debug * Win32 - | [# pilha R EEe R
MERMP B eLB . Owh» | EFE=200383880:;

‘Solution Explorer - Solution ‘Console. + & X - stack.cpp| stack.h’” main.cpp - X
L& ) |=€> main.cpp v :l | o c\CIV2802\ConsoleRPNYmain.cpp v! &co
[ Solution 'ConsoleRPN' (1 project) e
2. 53 ConsoleRPN (Global Scope) - -

[ Header Files El #include «<stdio.h>
N =
i e [n] stackh L#lnclude "stack.h" -
----- [ Resource Files
&+ [ Source Files Eﬁbool getop (Stack* s, double* nl, double* n2) E
----- f;ﬂmain.cpp {
| <tack.cop | if (s->isEmpty()) 3
{
printf{"Empty stack!\n"):;
return false;
}
*n2 = s—>pop():
if(s->isEmptv{})
{
s->push (*n2) ;
printf("Two operands needed!\n");
return false;
}
*nl = s->pop()};
return true;
}
_
Evoid main()
{
_ printf("Calculator RPN — Consoleln"); -
iy Soluti... [@VAO.. [@ VAV, [FClass .| || < | n C
Output > 3 x
| Show outout from: Build - 5| A=<
|j Code Definition WindowkEICall Erowser|;§| Qutput a Find Results 1
Ready

What are the mechanisms for passing parameters to function in C/C++ language?



Mechanisms for passing parameters to function in C/C++

Consider the following program with a "swap" function whose purpose is to exchange values of

two integers.
#include <stdio.h>

void swap( int x, int y )

{

int temp;

temp = x;
X =y

y = temp;
}

volid main( void )
{
int a = 2, b = 5;

swap( a, b );

printf( "a: %d b: 3d\n", a, b );
}

Write the result of the program, i.e. what is printed by the program?
Please, justify your answer.



Mechanisms for passing parameters to function in C/C++

Consider the following program with a "swap" function whose purpose is to exchange values of

two integers.
& Corrected Program:

#include <stdio.h> #include <stdio.h>

void swap( int x, int y ) void swap( int *px, int *py )
{ r
{

int temp;

int temp;
temp = x; temp = *px;
X =Y *pPxX = *py;
} }
void main( veoid ) void main( void )
{ {
int a = 2, b = 5; int a = 2, b = 5;
swap( a, b ); swap( &a, &b );
printf( "a: %d b: %d\n", a, b ); printf( "a: %d b: %d\n", a, b );
} }
Program output:
a: 2 b: 5

It is observed that there was no exchange in the values of two numbers.

The reason is that the only mechanism for parameter passing to function in C/C++ is by value.

In this mechanism, a copy of the variable value is passed for the parameter.

The "swap" function is only changing the values of the copies, not the values of the variables "a" and "b".

The solution is to simulate a parameter passing by reference. This is done by passing (by value) the address of
variables. The parameters of the "swap" function shall be pointers to integers.



Implementation of other operations on the calculator via the console

“/’ﬂ ConsoleRPN - Microsoft Visual Studic = i |
File Edit Wiew Ot VAssist{ Project Build Debug Tools Window Help
IRSERA=A" - NP W R R = b b Debug - Win32 - | [# pilha - | B R e Bl
=3 0@’ 9 H 0, B3 z b = r & =

Selution Explorer - Solution 'Console.. » 1 X stack.cpp| stack.p main.cpp -~ X
[ 5 & = ]
= || E S & main.cpp v +| | e\CV2802\ConsoleRPN\main.cpp il |K'G°|
j Solution 'ConsoleRPN' (1 project)

= :ﬂ ConsoleRPN (Global Scope) i s

| Header Files elses —
- |n] stackh {

1 Resource Files double v1;
7 Source Files double v2;

A

double v3;
stack.cpp switch(string[0])
case '+':
if(getop(estack, &avl, &av2))

v3 = vl + v2; Build Debug Tools Window Help
printf("sum: $f\n", v3); U b 41 Ipebug » Win32 | @ pilha
stack.push (v3) ; —a
; k =N | L= A
break; stack.cppgftack.h” main.cpp
Ca_lSe TR > maigffop v | |® c\CIV2802\ConsoleRPN\main.cpp
if(getop(sstack, svl, &v2))
i (Gl Scope) A4
v3 = vl - v2; case: "%z
printEA{"Ditts $t\n®; ¥3); if(getop(estack, avl, &v2))
stack.push (v3); {
} v3 = vl * v2;
break; printf("Prod: %f\n", v3):
il Soluti. =3 « [ stack.push (v3);
} }
break;
EX C:\Windows\system32\cmd.exe =n = case '/':
Calculator RPN - Console if (getop(estack, &avl, &v2))
with a number (’'qg’ quit): 1
: 3.808080 3 = yi 5.
with a number {’'qg’ quit): v3 = vl / v2;
= 4.000000 2 g N printf{"Div: $f\n", v3);
7\-%ggaganumher g quit>: stack.push (v3) ;
gt quit): }
with a number ('qg’ quit): Drea}f; y
2 .880888 case :
with a number ('g’ gquit>: 8 break:;
: 8.908080 1:3 eal .
with a number ('g’ quit): = default:
: 16.8806800 printf("Input error!\n");
with a number ('g’ quit>: -4 foial s e
1 —4.000008 HEoacts
with a number ('qg’ quit>: 1
—4.080888 }
Enter with a number {(’'qg’ quit): g —
pos B> —4.A000808 } wnile (Strang[O0] 7= Tg'};
Fress any key to continue o < T




Testing the treatment of

“/’ﬂ ConsoleRPN - Microsoft Visual Studic
File Edit Wiew Ot WVAssist{ Project
-3 65 i @ % G "
PERWS @ 0.6 63

Selution Explorer - Solution 'Console.. » 1 X
= | & | E &y
j Solution 'ConsoleRPN' (1 project)

=1 ConsoleRPN

| Header Files

- [n] stackh
1 Resource Files

. Source Files

A

:gSqut\.‘

&
|

Build

Debug  Tools

Window Help
b -I> Debug

by

~ Win32

stack.cpp | stack.r’ main.cpp
& main.cpp -
(Global Scope)
else

i

S| % cACIV2802\ConsoleRPN\main.cpp

-

double vl;
double v2;
double v3;
switch({string[0])
case '+':

if (getop (astack,

&vl,
v3 = vl + v2;
printf("sum: %f\n",
stack.push (v3) ;

}

break;

case '-':

if (getop(&stack, avl,
w3 = vl - v2;
priotfA{"Ditf: $f\n";
stack.push (v3);

}

break;

&v2))

&v2))

v3);

errors in the implementation of the program

BN C\Windows\system32\cmd.exe

Calculator RPN - Console
with a number ’'qg’
stack?
with a number <'qg’

[5]5]5]
Cg’

Cg’
7.808080

Enter with a number
Two operands needed?
Enter with a number ('qg’
pos B> 7.0000080

o’

Press any key to continue

to
to
to
to
to

to

quit):
quit):
quit):
quit):
quit):
gquit?:

E=SEch

e

== EoRE
b BB
- x
~|[@aof
=
Build Debug Tools Window Help
- - ¥ d-I> fDebug + Win32 @ pilha
b |2 2|0 as .
stack.cppgftack.k main.cpp
> maigffop v | |® c\CIV2802\ConsoleRPN\main.cpp
(Gl Scope) -
case '%':
if (getop (e&stack, avl, &v2))
{
w3i= ol * Wk
printf("Prod: %f\n", v3):
stack.push (v3);
}
break;
case '/':
if (getop(estack, &avl, &v2))
{
v3 = vl f v2;
printf{"Div: $f\n", v3);
stack.push (v3) ;
}
break:
case 'g':
break;
default:
printf{"Input error!\n"};
break;
}
I
} while (stringl[U0] T= "g');

m



