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TYPE
CLASSIFICATION

C++

Variables can hold only certain types of values.

Variables must be declared before they're used and
can't change type.

strongly typed

Fundamental types

Numbers, booleans, single characters.

User-defined libraries

your programs

Classes, Structures, Enumerations, Unions.

References, pointers.



Reminder: fundamental-types

int 11 = 1;
int 12(5);
int 13{7};

float r1 = 3.14159, r2(0.12345), r3{6.789};
double dl = 6e-4, d2(0.4), d3{6.46546764};

O @ -zsh — dOm T 3#1

» O@l-usertypes clang++ —-std=c++17 —-o fundamental-types fundamental-types.cpp
— 1 | | | | | .
char cl1 = 'A y CZ( B ), C3{ C }, » 0@l-usertypes ./fundamental-types
11 1 -12 =5 - 13 =7

rl 3.14159 - r2 = 0.12345 - r3 = 6.789

dl 0.0006 d2 = 0.4 — d3 = 6.46547

true, b2(false), b3{true}; IS EESIFEECE.
bl =1 - b2 0 — b3 1
c_int = 10
» 0@l1l-usertypes I

bool bl

const 1nt c_1nt = 10;



int 10;

auto 11 = 1;

auto rl = 3.14159; i

auto cl = 'A'; auto-types.cpp:14:7:

auto strl = "hello, world"; aUto Str2:
1 error generated.

auto Strz; - 01—usertypesl

® O -zsh — dOm

auto-types

-zsh — dOm

381

» ©Ol-usertypes clang++ -std=c++17 -0 auto-types auto-types.cpp
error: declaration of variable 'str2' with deduced type
'auto' requires an initializer

@l-usertypes clang++ —-std=c++17 -0 auto-types auto-types.cpp
@1l-usertypes ./auto-types

153751589

1

3.14159

A

strl = hello, world

» 0@l-usertypes I

381

Best practices

auto

O

LA
INnitialize .
C++11 compiller.



Photo by LearnByExample

User-defined types

To grapple with complex problems, you need to create
precise representations of the data that you are talking about.

The closer these representations correspond to reality, the easier it Is to write the program.

In C++, the most workable representations are classes and objects.


https://www.learnbyexample.org/python-classes-and-objects/
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Class
Definition of objects that share
structure, properties and behaviours.

Instance
Concrete object, created froma
certain class.

lllustration by Sencha

class: model for a new type of objects represented by a collection of variables combined
with a set of related functions.

object: single instance of a class with its own copy of member variables and member
functions that operate on these member variables.


https://docs.sencha.com/extjs/6.2.0/guides/other_resources/oop_concepts.html

A first basic
example

Let's create a class for a person
that includes

firstname (string)
lastname (string)

gender (int)

And constructs the full
identity of the person
("Mr Dom Ginhac”).

Photo by on


https://unsplash.com/@benjaminsweet?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/silhouette?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Declaration in .h / Definition in .cpp

eader file

Source file

H c his #included in .cpp c.|..|.
—’
CPP
Interface Implementation

Declaration of classes, functions, ...

USE SEPARATE FILES FOR THE
DECLARATION AND THE
DEFINITION OF CLASSES

Definition of how it is implemented

So, when you define a new class Person,
you write Person.h and Person.cpp and you
iINnclude Person.h in each source file that
uses Person objects.



class Person {

public:
Person(std::string firstname,
std::string lastname, int gender) ;

std::string getFullName() ;

private:
std::string _firstname;

std::string _lastname;
int _gender;

}s

DECLARATION
OF A CLASS

Syntax

The keyword class and the name
of the class introduce the declaration.

Brace brackets surround the contents.

Public declarations are generally made
oefore private declarations.

Don't forget the final semi-colon!

Variables
Member variables are generally private.

i n

Variables are prefixed by

Functions
~unctions are generally public.

—unctions are only declared here with input/
output data types. Definition Is elsewhere.

The special function named Person Is the
constructor of the class that will initialize the
member variables.



A reminder on Functions

What is a function?
fx

Block of statements that take specific input, does some computations, and finally produces a result as output.

Two types of functions: library functions and user-defined functions

CpPP

-zsh — dOm 31
int add(int x1, int x2) { > @l-usertypes clang++ -std=c++17 functions.cpp -o functions
return x1+x2; -+ @l-usertypes ./functions
4+5=9
} 4A3=64

int main() { > 01l-usertypes |
int result = add(4,5);
std::cout << "4+45=" << result << std::endl;
int a = 4; 1nt b=3;
result = pow(a,b);
std::cout << a << “A" <K< b << "=" << result << std::endl;
return 0;



CPP

#include "person.h"

Person: :Person(std::string f, std::string 1, int g) {
_firstname = f;
_Llastname = 1;
_gender = g;

¥

std: :string Person::getFullName() {
std::string gender;
it (_gender==1) {

| gender = e DEFINITION
shee ! OF A CLASS
}

— " " .
gender = "Ms'";
return gender + " " + _firstname + " " + _lastname;

Do not forget

Syntax

to Include

‘person.n” to get access to the

declaration of the c

adSs.

Use the fully qualr

‘led name for

the definition of each function.

Functions acce

SS member

variables with no special syntax.

The constructor |

nitializes the

member variables with the

values passed as pa

rameters.

Other functions output data with
the "return” instruction.



Using class

#include <iostream> main.cpp Syntax

#include '"person.h" |
Do not forget to include

ol ° ° ! .h”.
int main(int argc, char const xargv[]) { Person

Person p("Dom", "Ginhac", 1); Create a Person variable (p).

std::string fullname = p.getFullName() Access to class function
std::cout << "Hello " << fullname << std::endl; with p.getFullName().
std::cout << "That's all folks" << std::endl;
return 0;

} 0O -zsh — dOm

» Person make

clang++ -Wall -std=c++17 -MMD -c person.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app person.o main.o

- Person ./app
Hello Mr Dom Ginhac
That's all folks

» Person I
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time.cpp

A first realistic example of class

What is the star wars day? May, 4 (i.e 05/04)
What is you birthday? May, 26 (i.e 05/26)
It 1s ?? Days until your next birthday.

need dates

#include <ctime>
#include <iostream>

C++ does not provide

int main(int argc, char const xargv[]) { Date objects, only
std::time_t result = std::time(nullptr); time-related types in

std::cout << std::asctime(std::localtime(&result)) ctirme library that are
<< result << " seconds since the Epoch\n"; Y
fﬁOtE%M%/tOlJSG.

return 0;

¥

\ !y
. @ ) only create Date class.




class declaration

@ Variables

We need two variables month and day represented as integers.

int _month;
int _day;

@ Constructor

We also need a constructor to initialise new objects.

Date(int month, int day):;

@ Functions

At least, we need two getter functions to read the variables.

INn a second step, we will add other functions that will implement specific tasks.

int month() ;
int day();

Photo by Charles Deluvio on Unsplash
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Variables

Public

Always available

>< Public variables form an interface to the class
and are accessible outside the class.

Imagine a Date class in which everyone can
>< code a month outside the range [1-12].

Imagine a Bank account class in which
>< everyone can change the owner of the
account or the balance.

class Date {

public:
int _month;
int _day;

<

<

class Date {

private:
int _month;
int _day;

Private variables are not accessible outside the
class; they can be accessed only through
methods of the class.

Need to write public functions to initialize, read,
or write variables.

Encapsulation protects the objects by hiding
their internal representation from the outside.

Encapsulated variables

Private




Private

Always design user-defined types so that
values are guaranteed to be valid.

Hide the internal representation with private variables, provide constructors that
create only valid objects and design public/private member functions to process
validated data and return only valid values.




#1fndef DATE_H
#define DATE_H

class Date {
public:
Date (int month,
int month() ;

int day();
private:

int _month;

int _day;

b
#tendif

int day);

date.h

Each new file (.h or .cpp) begins with an
HEADER Iincluding a detailed description in
comments.

Hiftndef #define #endif isan HEADER
GUARD, I.e. a protection to avoid the problem
of multiple inclusions of this .h file by
different .cpp files. We can also use
“Hpragma once’.

The public constructor with its 2 parameters
creates and initializes new objects.

The two getters functions retrieve the data
stored In the private variables.

No need here to have setters, I.e. functions
that update the variables.



The first two pillars of OOP

Abstraction

First pillar of OOP, omnipresent in all programming concepts.

Mechanism of hiding the implementation details from the
user, only the functionality will be provided to the user.

Abstraction expresses the intent of a class, I.e. the information
on what the object does instead of how It does It.

Encapsulation

Mechanism, also known as Data hiding, that refers to the
bundling of data/methods into a single coherent unit.

Restrict the direct access to some data/functions
to prevent misuse and errors.

Member variables are kept private and functions
are made public to control access to the data.




Abstraction focuses on the
observable behavior of an object.

Encapsulation focuses on the
implementation that gives rise to
this behavior.

GRADY BOOCH

Object-Oriented Analysis and Design
with applications
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Constructor

@ Special class functions

Constructors allocate storage to the new created objects and
perform initialization of each new object.

@ How to create a constructor?

Constructors have the same name as the class itself and can
take arguments that are used to initialize the member variables.

A class can have several constructors with different parameters.

No return type for constructors.

@ How to use a constructor?

Constructors are automatically called when a new object Is
created. No need to explicitly call them.

Photo by Silvia Brazzoduro on Unsplash
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3 TYPES OF

CONSTRUCTORS

Parametrized

It's @ customized constructor
with parameters.

Date pi_day(3,14);

A

Default

The most basic constructor
With no input parameter.

Date d;

Copy

Used to declare and initialise an
object from another object.

Date another_pi_day = pi_day;



Default constructor

» 0@l-no-constructor make
clang++ -Wall -std=c++17 -MMD -c date.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp

main.cpp

#include '"date.h"
#include <iostream>
int main(int argc, char const *argv[]) {
Date d;
std::cout << '"Default date: "<< d.day()
<< "/ <K< d.month() << std::endl;
return 0;

Be careful, with a default constructor provided by the C++
compller, the Int variables are automatically zero-initialized,
leading to an invalid date).

With your own explicit constructor, the Int variables are
INnitialized to specific values, leading to a valid date (Jan, 1).

-zsh — dO

clang++ -Wall -std=c++17 -0 app date.o main.o
» @l-no-constructor ./app

Default date: 0/0
» 01-no-constructor I

-zsh — dO

- 02-minimal-constructor make

clang++ -Wall -std=c++17 -MMD -c date.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app date.o main.o
- 02-minimal-constructor ./app

Default date: 1/1

> @2-minimal-constructor |

Best practices g

Always provide a constructor
that create valid objects.




Constructor

PARAMETRIZED

date.h date.cpp
class Date { Date: :Date() {
public: _month = 1;
Date() ; _day = 1;
Date(int month, int day); }
int month() ;
int day(); Date::Date(int month, int day) {
private: _month = month;
int _month; _day = day;
int _day; }
s

A customized constructor with parameters can be added to the class.
Each new object is initialized with specific values passed as arguments of the constructor.



Parametrized constructor

main.cpp

int main(int argc, char const *argv[]) {
Date d;
std::cout << "Default: " << d.day() << "/" << d.month() << std::endl;
Date pi_day(3,14);

std::cout << "Pi day: " << pi_day.day() << "/" << pi_day.month() << std::endl;
return 0;

¥

» @3-parametrized-constructor make

clang++ -Wall -std=c++17 -MMD -c date.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app date.o main.o

-zsh — dOm 381

» @3-parametrized-constructor ./app
Default: 1/1

P1 day: 14/3
> @3-parametrized-constructor |}




Parametrized constructor

T a class is defined with a parametrized
constructor, the compiler will not
generate a default constructor.

If we create a hew object:

Date d;

The compiler will complain that
we have no default constructor.

We can force the compiler to automatically
provide this constructor by using the default
specifier (C++11 extension).

Here, the default constructor zero-initializes
the variables, leading to invalid dates.

O O -zsh — dOm

» 0@4-parametrized-and-no-default-constructor make
clang++ -Wall -std=c++17 -MMD -c date.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app date.o main.o
Undefined symbols for architecture armo4:

"Date: :Date()", referenced from:
_main in main.o
ld: symbol(s) not found for architecture armoe4
clang: error: linker command failed with exit code 1 (use -v to see invocation)
make: *** [app] Error 1
» 04-parametrized-and-no-default-constructor I

class Date {

public:
Date() = default;
Date(int month, int day);
int month() ;
int day();

private:
int _month;
int _day;



Reducing the #constructors

Constructors code Is often somewhat redundant.

Default and parametrized constructors are overloaded functions (i.e. the same name, but different
and unigue parameters!)

Using default values expresses that there is really just ONE constructor to provide.

date.h date.cpp
class Date { Date::Date(int month, int day) {
public: _month = month;
Date(int month=1, 1nt day=1); _day = day;
int month(); }
int day();
private:
int _month; Default values are explicitly indicated in the declaration of the constructor (.h).

int _day;
I

The definition of the constructor (.cpp) remains unchanged.



Reducing the #fconstructors

main.cpp

int main(int argc, char const *argv[]) {
Date d;
std::cout << "Default: " << d.day() << "/" << d.month() << std::endl;
Date pi_day(3,14);

std::cout << "Pi day: " << pi_day.day() << "/" << pi_day.month() << std::endl;
return 0;

¥

O O -zsh — dOm 381

- @5-one-constructor make

clang++ -Wall -std=c++17 -MMD -c date.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app date.o main.o

» @5-one-constructor ./app
Default: 1/1

P1 day: 14/3

> @5-one-constructor |




Member Initialiser lists

Our class member data are initialized using the assignment operator. It works perfectly for most of the types
but does not work In some specific cases including const, references, ...

C++ provides “Member initialiser list” starting with a colon after the list of parameters.

date.cpp date.cpp
Date::Date(int month, int day) { Date::Date(int month, int day)
_month = month; _month(month), _day(day) {
_day = day;
} }
any user-defined type Best practices Q
concise efficient Preferably use Initialiser lists

rather than assignments.



Constructor

COPY

Used to declare and initialise an object from another object in
the following 3 cases:

@ Object constructed from another object

Date starwars(5,4);
Date other_starwars_day = starwars;
Date another_starwars(starwars) ;

@ Object returned by a function

Date tomorrow = today.nextDay() ;

@ Object passed to a function

Date pi_day(3,14);
bool b starwars.before(pi_day);

Photo by Sharon McCutcheon on Unsplash
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Copy constructor

Do we need writing specific code for Copy constructor?
NO because the C++ compller creates a default copy constructor making a memberwise copy.

main Cpp ® ® -zsh — dOm

- @7-copy make

- clang++ -Wall -std=c++17 -MMD -c date.cpp
" "
#1 nC-LUde date . h clang++ -Wall -std=c++17 -MMD -c main.cpp

. . clang++ -Wall -std=c++17 -0 app date.o main.o
#include <iostream> S o7 copy . /app

1: 4/5
2: 4/5
int main(int argc, char const *argv[]) { 3: 4/5
Date starwars(5,4); .

std::cout << "1: " << starwars.day() << "/" << starwars.month() << std::endl;

Date s2 = starwars;
std::cout << "2: " << s2.day() << "/" << s2.month() << std::endl;

Date s3(starwars);
std::cout << "3: " << s3.day() << "/" << s3.month() << std::endl;

return 0;

07-copy I

¥



Questions o



01 - Basics of Objects / Classes
02 - A realistic example of class
03 — Constructors for object initialization
AG E N DA 04 - Member vs non member functions

05 - Other user-defined types

06 - Organize your types In namespaces



Methods

GETTERS

date.h date.cpp
class Date { Date: :Date(int month, int day)
public: _month(month), _day(day) {
Date(int month=1, int day=1); }
int month(); int Date::month() {
int day(); return _month;
private: }
int _month; int Date::day() ({
int _day; return _day;
}s }

For each private variable, a public get method must be defined to access and read its value.
Naming with Obj-C/Swift style (int Date:month()) or java style (int Date:getMonth()).
No input argument and return type is the same as the type of the member variable.



Const Methods

GETTERS

date.cpp date.cpp

int Date::month() { int Date::month() const {
return _month; return _month;

¥ }

int Date::day() { int Date::day() const {
return _day; return _day;

¥ I

‘const method” informs compiler that you will not modify the object on which this method is
called. So if you try to modify your object inside the method, then compiler will issue error.

Always mark functions as const unless you can't. Getters should always be marked as const
because they only read the member variables.

It Is a very useful information for the compiler which can do optimizations and for humans
who read and understand your code.



Getters

main.cpp

int main(int argc, char const *argv[]) {

Date starwars(5,4);

std::cout << "Starwars: " << starwars.day() << "/"
<< starwars.month() << std::endl;

Date pi_day(3,14);

std::cout << "Pi day: " << pi_day.day() << "/"
<< pi_day.month() << std::endl;

return 0;

-zsh — dOm \ 381

» 08-getters make

clang++ -Wall -std=c++17 -MMD -c date.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app date.o main.o

» @8-getters ./app
Starwars: 4/5

Pi day: 14/3
> 08-getters |




Methods

SETTERS

date.h date.cpp
class Date { void Date: :updateMonth(int month) {
public: _month = month;
Date(int month=1, int day=1); }
int month() ;
int day(); void Date: :updateDay(int day) {
void updateMonth(int month) ; _day = day;
void updateDay(int day); ks
b3

T a memlber variable needs to be modified after its initialization, a setter must be defined.
A setter can not be a const method because it updates the object.

Input argument has same type than member variable, no return type.



Setters

main.cpp

int main(int argc, char const *argv[]) {

Date a_day(6,21);
std::cout << "Summer: " << a_day.day() << "/" << a_day.month() << std::endl;

a_day.updateMonth(9) ;
std::cout << "Automn: " << a_day.day() << "/" << a_day.month() << std::endl;

return 0;

¥

-zsh — dOm 31

» @9-setters make
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app date.o main.o

» 09-setters ./app
Summer: 21/6
Automn: 21/9

> 09-setters |}




SOME RULES

To choose If you need
Getters and/or Setters

1. Some data members may be entirely internal to the object,
and should have neither getters nor setters.

2.S5ome data members should be read-only, so they may
need getters but not setters.

3.50me data members may need to be kept consistent with
each other. In such a case you would not provide a setter for
each one, but a single method for setting them at the same
time, so that you can check the values for consistency.

4.Some data members may only need to be changed in a
certain way, such as incremented or decremented by a
fixed amount. In this case, you would provide an
increment() and/or decrement() method, rather than a
setter.

5.Yet others may actually need to be read-write, and would
have both a getter and a setter.

Photo by Egor Myznik on Unsplash
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Reminder

Always design user-defined types so
that values are guaranteed to be valid.

Ide the internal representation with
orivate variables, provide constructors,
setters and functions that create/

update only valid objects.

How to create/update
a valid object

Photo by Sigmund on Unsplash
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Check a date

class Date { date.h

public:
Date(int month=1, int day=1); IsDate Is private because the
orivate: function does not need tq be
int _month; reachable from outside.
int _day; IsDate Is used aF the creation of a
bool isDate(int month, int day): new Date and inside the setters.
s
bool Date::isDate(int month, int day) { date.cpp
if ((day < 1) || (day>31)) return false;
if ((month <1) || (month>12)) return false; || = OR
1T ((month == 2) && (day > 28)) return false; && = AND
if (((month == 4) || (month == 6) ||
(month == 9) || (month == 11)) && (day > 30)) return false;
return true;
}
Date::Date(int month, int day) : _month(month), _day(day) {
bool status = isDate(month, day);
assert(status && "Date s not valid"); €A Using assertions to exit.
} ((@’) Lecture to come soon



Check a date

int main(int argc, char const *argv[]) {
Date pi_day_ok(3,14);
std::cout << "ok: " << pi_day_ok.day() << "/"
<< pi_day_ok.month() << std::endl;
Date pi_day_error(14,3);
std::cout << "nok: " << pi_day_error.day() << "/"
<< pi_day_error.month() << std::endl;

return 0;

-zsh — dOm

» 10-valid-values make

clang++ -Wall -std=c++17 -MMD -c date.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app date.o main.o

-» 10-valid-values ./app

ok: 14/3

Assertion failed: (status==true && "Date 1s not valid"), function Date, file date.cpp, line 14.
[1] 7161 abort ./app

-» 10-valid-values I

381

main.cpp



Check a date

void Date: :updateMonth(int month) { void Date::updateDay(int day) {
bool status = isDate(month, _day); bool status = isDate(_month, day);
assert(status && "New month 1s not assert(status & & '"New day 1s not
valid"); valid");
_month = month; _day = day;
} ¥ date.cpp
int main(int argc, char const xargv[]) { main.cpp

Date love(2,14);

std::cout << "Valentine day: " << love.day() << "/" << love.month() << std::endl;
love.updateDay (30) ;
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return 0; 06 -zsh — dOm 381

}' -» 11-valid-setters make
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app date.o main.o
-» 11-valid-setters ./app

Valentine day: 14/2

Assertion failed: (status==true & & "New day 1s not valid"), function updateDay, file date.cpp, line 33.
[1] 7527 abort ./app

> 11-valid-setters |}




Adding

methods

int main(int argc, char const *argv[]) { main.cpp

¥

Date a_day(7,31);

std::cout << "a day: " << a_day.day() << "/" << a_day.month() << std::endl;
std::cout << "day #" << a_day.dayOfYear() << std::endl;

a_day.next();

std::cout << "a day++: " << a_day.day() << "/" << a_day.month() << std::endl;
a_day.back();

std::cout << "a day: " << a_day.day() << "/" << a_day.month() << std::endl;
return 0;
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-» 12-methods make

clang++ -Wall -std=c++17 -MMD -c date.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app date.o main.o
» 12-methods ./app

a day: 31/7

day #212

a day++: 1/8

a day: 31/7

> 12-methods |}

See detalled code on Github



Function

A function Is a block of statements that take
specific Inputs, does some computations, and
finally produces a result as output.

A function Is defined independently of any other
code and can be used anywhere in the program.

Method

A method also works as a function.

A method is declared / defined into a class, belongs
to an object of this class, and only be invoked by its
object.

A method Is able to operate on data that is
contained within the object.

FUNCTION
METHOD




Method

int Date::dayOfYear () const {
auto day=0;
for (auto 1i=1;i<_monthji++) {
day+=getDaysInMonth (1) ;

}
day+= _day;
METHOD : return day;
FUNCTION :
Function

int dayOfYear (Date d) {
auto day=0;
for (auto 1=1;i<d.month();i1++) {
day+=getDaysInMonth (i) ;
}
day+= d.day();
return day;




Photo by Jon Flobrant on Unsplash

HOW

To choose between
methods and functions?

1. Design classes to be minimal to avoid complex code
modification when a change to the representation is
considered.

2.Make a function a member only If it needs direct access
to the representation of a class.

3.Every other function must be defined as a “helper
function”, l.e. a function that can be associated with the
class but does not require to access the internal
representation of the class.

4.Declare helper functions in the .h file of the class and
define helper functions in the .cpp file of the class.
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Final Date

date.h date.h

class Date { class Date {

public: public:
Date(int month=1, int day=1); Date(int month=1, int day=1);
int month() const; int month() const;
int day() const; int day() const;
void updateMonth(int month) ; void updateMonth(int month) ;
void updateDay(int day); void updateDay(int day) ;

void next() ;
void back();

int dayOfYear () const;

void next();
void back() ;

private:
private: int _month;
int _month; int _day;
int _day; s
bool 1isDate(int month, int day) const; bool isDate(int month, int day);
int getDaysInMonth(int month) const; int getDaysInMonth(int month) ;
}s int dayOfYear (Date d);

std::string toString(Date d);



Date

int main(int argc, char const *argv[]) { main.cpp
Date a_day(7,31);
std::cout << "a day: " << toString(a_day) << std::endl;
std::cout << '"day #" << dayOfYear(a_day) << std::endl;
a_day.next();
std::cout << "a day++: " << toString(a_day) << std::endl;
a_day.back() ;
std::cout << "a day: " << toString(a_day) << std::endl;
return 0;

¥

Final
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-» 13-helpers make

clang++ -Wall -std=c++17 -MMD -c date.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app date.o main.o
» 13-helpers ./app

a day: 31/7

day #212

a day++: 1/8

a day: 31/7

» 13-helpers |}

See detailled code on Github



TAKE

HOME MESSAGE
CLASSES

Small classes with few methods are better.
Provide as many helper functions as you want.

Classes must be easy to use.
Always create / update valid objects.

Always provide declaration (.h) and definition
(.cpp) files.



Questions o



01 - Basics of Objects / Classes
02 - A realistic example of class
03 — Constructors for object initialization
AG E N DA 04 - Member vs non member functions

05 - Other user-defined types

06 - Organize your types In namespaces



user-defined types

INn addition to classes, C++ offers the possibility to
create other user-defined types.
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STRUCTURES ENUMERATION UNION
PUBLIC CLASSES RANGE OF VALUES SPECIAL CLASS TYPE
Used mainly for plain old data. Used for variables that can only take Used to save memory by holding only

Inherited from C. one value out of a set of possible values. one data at a time.



example o' struct

Struct = Public class

Used mainly for plain old data (i.e. a bundle that just stores data with little logic).

Default access Is public for backwards compatibility with C whereas default access is private for class.

point.h

#ifndef POINT_H
#define POINT_H

struct Point {
float x;
float y;
b3
#tendif




struct Point

main.cpp

#include <iostream>
#include "point.h"

int main(int argc, char const *argv[]) f{

Point pl;

std::cout << “Create P(" << pl.x << """ <K< pl.y << ")"<< "\n';
pl.x = 4.5;

pl.y = 3.2;

std::cout << "Update P ("s=tEpilivdaail il aipilt e bl Nt

return 0; CJON -zsh — dOm %1

} > 00-struct make
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app main.o

» @0-struct ./app
Create P(0,0)
Update P(4.5,3.2)
> 00-struct I




struct Point class

Struct can also have constructors and functions as standard classes.
No real difference between class and structure: a structure can be viewed as a public class!

point.h point.cpp

struct Point { #include "point.h"
float x; Point::Point(float x, float y) : x(x), y(y) {}
float v; void Point::move(float dx, float dy) {
Point(float x=0.0, float y=0.0); Xx+= dx;
void move(float dx, float dy); y+= dy;



struct Point class
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» @1-functions make

clang++ -Wall -std=c++17 -MMD -c point.cpp
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app point.o main.o

. - @l1-functions ./app
main Cpp Create P1 : (0,0)
Update x: (4.5,0)
Create P2: (1,-3)
Move P2 (1.1,-2.8)
> @1-functions J

int main(int argc, char const *argv[]) {

#include "point.h"

Point pl;
std::cout << "Create P1 : (" << pl.x << """ <K< pl.y << ")"<< std::endl;
pl.x = 4.5;

std::cout << "Update x: (" << pl.x << """ <K< pl.y << ")"<< std::endl;
Point p2(1.0, -3.0);

std::cout << "Create P2: (" << p2.x << """ K< p2.y << ")"<< std::endl;
p2.move(0.1, 0.2);

std::cout << "Move P2 (" << p2.x << """ <K< p2.y << ")"<< std::endl;
return 0;



enum

example

enum = range of predefined values

User-defined data type which can be assigned a set of unigue values that are defined by the
programmer at the time of declaring the enumerated type.

status.h

O N #ifndef STATUS_H

#tdefine STATUS_H

enum Status {
Pending,
Urgent,

o N Delayed,
Cancelled,
Done

Fs

#tendif




example o enum

main.cpp status.h

#include <iostream> enum Status {

#include "status.h" Pending,

int main(int argc, char const *argv[]) { Urgent,
Status status; Delayed,
status = Delayed; Cancelled,

Done

std::cout << "Delayed: " << status << std::endl; }s

status = Urgent;
std::cout << "Urgent: " << status << std::endl;

return 0;
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- 00-enum make
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app main.o

» 00-enum ./app
Delayed: 2
Urgent: 1

> 00-enum |}




example o enum

main.cpp status.h

#include <iostream> enum Status {

#include "status.h" Pending = 12,

int main(int argc, char const xargv[]) { Urgent = -8,
Status status; Delayed = 5,
status = Delayed; Cancelled = 9,

Done = 4

std::cout << "Delayed: " << status << std::endl; }s

status = Urgent;
std::cout << "Urgent: " << status << std::endl;

return 0;

} O O -zsh — dOm

- 0l-enum-with-values make
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app main.o

» @l-enum-with-values ./app
Delayed: 5

Urgent: -8

> @l-enum-with-values |}

381




values

Uniqueness

colors.h

#1fndef COLORS H

-zsh — dOm 381

#define COLORS_H clang++ TWall —std=c++1? -MMD -c main.cpp
In file included from main.cpp:11:
enum RGB { Red; Green, Blue }; ./colors.h:17:4: error: redefinition of enumerator 'Red’
enum ROYGBIV { Red, Orange, Yellow, Green, ied, Orange, Yellow, Green, Blue, Indigo, Violet
Blue, Iﬂd'igO, Violet }; ./colors.h:14:4: note: previous definition is here
- Red, Green, Blue
#tendif A
./colors.h:17:25: error: redefinition of enumerator 'Green'
o Red, Orange, Yellow, Green, Blue, Indigo, Violet
main.cpp A
. ./colors.h:14:9: note: previous definition is here
#include "colors.h" Red, Green, Blue
o o o A
x
nt ma-ln(-lnt 2lriges char const argv[]) { ./colors.h:17:32: error: redefinition of enumerator 'Blue’
RGB colorl = Red; Red, Orange, Yellow, Green, Blue, Indigo, Violet
.« o " e« M .« o A
std::cout << RGB: << colorl << std::endl ./colors.h:14:16: note: previous definition is here
ROYGBIV color2 = Violet ; Red, Green, Blue
A
- - " o I . o
std: :cout << "ROYGBIV: << color2 << std: : oy
return @; make: *** [main.o] Error 1

> 02-unique |}



C++11 has introduced enum classes (also called
scoped enum), that makes enumerations
both strongly typed and strongly scoped. _,

colors.h

#1fndef COLORS H
#define COLORS_H

enum class RGB {
Red, Green, Blue };

enum class ROYGBIV {
Red, Orange, Yellow,
Green, Blue, Indigo,
Violet };

#tendif

-

clang++ -Wall

03-scoped-enum make
clang++ -Wall

Scoped enum
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-std=c++17 -MMD -c main.cpp
-std=c++17 -0 app main.o

@3-scoped-enum ./app
RGB: 0

ROYGBIV: 3
ROYGBIV: 0

main cpp -+ @3-scoped-enum I

int main(int argc, char const xargv[]) {

RGB colorl =
std: :cout <K<

std: :cout <K<

RGB: :Red;

"RGB: " << static_cast<int>(colorl);
ROYGBIV color2 = ROYGBIV::Green ;

"ROYGBIV:

" << static_cast<int>(color2);

ROYGBIV color3 = ROYGBIV::Red ;

std: :cout <K<
return 0;

"ROYGBIV:

" << static_cast<int>(color3);



example o7 union

Union = Special class type

Used to save memory by holding only one data at a time.

number.h

#ifndef NUMBER_H
#define NUMBER_H

union Number {
float real;
int 1nteger;

}s

#endif



union
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example

» 00-basic make
clang++ -Wall -std=c++17 -MMD -c main.cpp
clang++ -Wall -std=c++17 -0 app main.o

o - @0-basic ./app
mMaln.cpp Real (ok): 1.23
) ) Int (nok): 1067282596
#i1nclude <iostream> Real (nok): 7.00649e-45

#include "number.h" Int Cok): 5
> 00-basic I

int main(int argc, char const *argv[]) {
Number nb;
nb.real = 1.23;
std::cout << "Real (ok): " << nb.real << std::endl;
std::cout << "Int (nok): " << nb.integer << std::endl;
nb.1nteger=5;
std::cout << "Real (nok): " << nb.real << std::endl;
std::cout << "Int (ok): " << nb.integer << std::endl;
return 0;



complex

number.h main cpp
union Number { #include "number.h"
int 1nteger;
float real; int main(int argc, char const *argv[]) {
b3 Rawnumber nb1l;
enum class Type { nbl.display();
integer, real int int_nb = 42;
I § Rawnumber nb2(int_nb);
class Rawnumber { nb2.display();
public: float real_nb = 3.14159;
Rawnumber (int number=0) ; Rawnumber nb3(real_nb);
Rawnumber (float number) ; nb3.display();
void display(); return 0;
private: } sco  wndm
Type _type ; Z{ag;;:a?ﬁgﬁer:zggémﬂz :mg :c number . cpp
N um be I . NUMm be I ; clgng: —ngl —std;c++l7 -0 app numbel;.zpmain.o

-» @l-rawnumber ./app
} ; Integer: 0

Integer: 42

Real: 3.14159

> 01-rawnumber |




Questions o



01 - Basics of Objects / Classes
02 - A realistic example of class
03 — Constructors for object initialization
AG E N DA 04 - Member vs non member functions

05 - Other user-defined types

06 - Organize your types In namespaces



USING
NAMESPACES

Namespaces in C++ are used to
organize code into logical groups and
to prevent name collisions that can
occur with large projects.

Photo by Damir Kopezhanov on Unsplash
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Namespaces

A typical situation

Consider a situation, we are writing a function called abc() and
there is another predefined library with the same function abc().

Now at the time of compilation, the compiler has no clue which
version of abc() function we are referring to within our code.

The need for Namespaces

Namespace are used to organize and differentiate similar
functions, variables, classes, etc. with the same name.

P — Using hamespace, we can define the context (i.e. scope) in which
— names are defined.

All C++ standard library types and functions are declared in the std
namespace or namespaces nested inside std thus it is widely used
IN Most of the programs.

: The std namespace




Introduction ‘© namespace

INn each scope, a name can only represent one entity.
So, there cannot be two variables with the same hame Iin the same scope.

O @ -zsh 381

(base) » ©1-no-namespace make
clang++ -Wall -std=c++17 -MMD —-c mailn.cpp

main.cpp:6:9: error: redefinition of 'val' with a different type: 'double' vs 'int'
double val = 3.14;
A

main.cpp:4:6: note: previous definition 1s here

1 int val = 42;
main.cpp Lnt va
) ) 1 error generated.
1Nt ma'ln() { make: s*** [main.o] Error 1

(base) » @1-no-namespace [}

int val = 42;
std::cout << “The answer: " << val << std::endl;
double val = 3.14;

std::cout << “pi: " << val << std::endl;

return 0;



“bad” namespaces

A namespace Is a container for identifiers.

It puts the names of its members in a distinct space so that they don't conflict with the names in other
namespaces or global namespace.

namespace nsl { ®0® e X Main.cpp
. — . - @2-namespace-variables make
int val 42 ) clang++ -Wall -std=c++17 -MMD -c main.cpp

} clang++ -Wall -std=c++17 -0 app main.o

-» (@2-namespace-variables ./app
The answer: 42

namespace ns2 {
double val = 3.14; ESEEBE

Golden number: 1.01803
} Euler's number: 2.718
- o > 02- = 1abl
double val = 2.718; @2-namespace-variables |

int main() {
std::cout << "The answer: " << nsl::val << std::endl;
std::cout << "pi: " << ns2::val << std::endl;
double val = 1.6180339887;
std::cout << "Golden number: " << val << std::endl;
std::cout << "Euler's number: " << ::val << std::endl;
return 0;



A second example of namespaces

Imagine we want to write a function that compute the absolute value of a real number.

An abs function already exists and is declared in stdlib.h.
The solution is to embed the abs function into a namespace.

double abs(double nb) { main.cpp
1T (nb<®) return -nb;
return nb;
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rm -f app
}_ » 03-namespace-functions make
clang++ -Wall -std=c++17 -MMD -c main.cpp
: : main.cpp:5:9: error: 'abs' is missing exception specification 'noexcept’
1 nt main ( ) { double abs(double nb) {
- . A
double numberl = -3.14; -

o o /Library/Developer/CommandLineTools/SDKs/MacOSX. sdk/usr/include/c++/v1/stdlib.h:122:41: note: previous declaration is here
std::cout << abs(numberl) s P

inline _LIBCPP_INLINE_VISIBILITY double abs(double __lcpp_x) _NOEXCEPT {
[ [ [ A
<< std::endl;

1 error generated.
make: *** [main.o] Error 1

return 0 ’ > @3-namespace-functions |




A second example of namespaces

The solution is to embed the abs function into a namespace.

namespace myMath { main.cpp
double abs(double nb) {
std::cout << "dnside abs: " << nb << std::endl;
1T (nb<O®) return —-nb;

return nb; 0O -zsh —dOm
} -» @3-namespace-functions make
clang++ -Wall -std=c++17 -MMD -c main.cpp
} clang++ -Wall -std=c++17 -0 app main.o
-» @3-namespace-functions ./app
3.14
int ma'in() { inside abs: -3.14

double numberl = -3.14; e functs
> pace-functions |}
std::cout << abs(numberl) << std::endl;
std::cout << myMath::abs(numberl) << std::endl;
return 0;




‘Using hamespace” directive

To avoid writing the fully qualified name (namespace:function), you can use the “using namespace”
directive.

main.cpp
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#include <jostream>

-» @4-using-namespace make
clang++ -Wall -std=c++17 -MMD -c main.cpp

US'i ng namespace Std; clang++ -Wall -std=c++17 -0 app main.o

»> 04-using-namespace ./app
hello, world

> @4-using-namespace |

int main() {

cout << "hello, world" << endl;
return 0;

Jsing hamespace directive Is considered BAD PRACTICE.

t's not safe because there may be ambiguity between elements from different namespaces
that can have same name.




‘Using hamespace” directive

main.cpp

#include <iostream>

namespace myMath {
double abs(double nb) {
1T (nb<®) return —-nb;
return nb;

¥

using namespace std;
using namespace myMath;

int main() {
double numberl = -3.14;
cout << abs(numberl) << endl;
return 0;
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-» @5-ambiguity make
clang++ -Wall -std=c++17 -MMD -c main.cpp
main.cpp:15:10: error: call to "abs' 1s ambiguous
cout << absCnhumberl) << endl;
Ao
/Library/Developer/CommandLineTools/SDKs/Mac0OSX. sdk/usr/include/c++/v1/stdlib.h:
122:41: note: candidate function

inline _LIBCPP_INLINE_VISIBILITY double abs(double
A

lcpp_x) _NOEXCEPT {

main.cpp:4:9: note: candidate function

double abs(double nb) {
A

1 error generated.
make: *** [main.o] Error 1
> @5-ambiguity |}

Do not use ‘using namespace’ directive. Limit to
Import specific identifiers with the ‘using’ directive:

using std::cout;
using std::endl;

If you still want to import entire namespaces, try to do
so Inside limited scope and not In global scope. Do
not import namespace in .h file !



SOME RULES

to use namespaces efficiently

1. Place code In namespaces.

2.Increase readability using fully qualified names rather than
using “using directives’.

3.A class and its helper functions must be defined into the
same namespace.

4.Group all the user-defined types that are related to each
other into the same namespace.
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TAKE HOME
MESSAGE
USER TYPES

C++ mainly relies on user-defined types that
are collections of data describing an object's
attributes and state.

Classes are the main user-defined types and
struct, enum and union are marginally
employed

Jser-defined namespaces organize code Into
ogical groups and prevent name collisions.




Questions o



Contacts

Pr. Dominique Ginhac

dginhac@u-bourgogne.fr

Come visit us at
https://github.com/dginhac/esirem-itc313
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