Dedicnost
Filosoficky pohled




« Mechanismus dedicnosti v C++ je velmi silny
 Byva pouzivan i pro nevhodné Ucely
« Idealni pouziti dédiCnosti je pouze toto
- IS-A hierarchie (typicky pro objekty s vlastni identitou)
. Zivotich-Obratlovec-Savec-Pes-Jezevéik
- Objekt-Viditelny-Editovatelny-Polygon-Ctverec
« Vztah interface-implementace
« Readable-InputFile
« Writable-OutputFile
» (Readable+Writable)-IOFile



« IS-A hierarchie

« C++: Jednoducha nevirtualni verejna dédicnost
class Derived : public Base

« Abstraktni tridy nékdy obsahuiji datové polozky

« Vztah interface-implementace
« C++: Nasobna virtuaini verejna dédic¢nost
class Derived : virtual public Basel,
virtual public Base2
« Abstraktni tridy obvykle neobsahuiji datové polozky
- Interface nebyvaji vyuzivany k destrukci objektu

« Oba pristupy se ¢asto kombinuji
class Derived : public Base,
virtual public Interfacel,
virtual public Interface2



- Idealni pouziti dédicnosti je pouze toto
- ISA hierarchie (typicky pro objekty s viastni identitou)
« Vztah interface-implementace
« Jina pouziti dédic¢nosti obvykle signalizuji chybu v navrhu
« Vyjimky samoziejmeé existuji (traits...)
« Specialné, dédicnost neni spravnym nastrojem pro reusabilitu kodu

« Divod nevhodnosti: automatické konverze potomek-predek
void f(container & k) { k.insert(/*...*/); }

class improved container : public container { public:
void insert(/*...*/) { container::insert(/*...*/); index_.insert(/*...*/); }
private: index_data index_;
}s5
void g( improved container & ik) { f(ik); }
« Problém: Funkce f neaktualizuje index_
« Kdyby funkce container::insert byla virtualni, bylo by to funk¢ni reseni
« Poznamka: Kvalifikované jméno container::insert vypina virtualni volani
« V C++ ale nechceme zbytecné platit za virtualni funkce ztratou vykonnosti
« Spravné reseni je datova polozka
class improved_container {
void insert(/*...*/) { c_.insert(/*...*/); index_ .insert(/*...*/); }
private: container c¢_; index_data index_;
¥
void g( improved_container & ik) { f(ik);}
+ Prekladova chyba vynuti reimplementaci f pro improved_container - Ize i genericky:
template< typename K> void f(K && k) { k.insert(/*...*/); }



Nespravneé uziti dediCnosti

« Nespravné uziti dédicnosti €. 1

class Real { public: double Re; };
class Complex : public Real { public: double Im; };

« Porusuje pravidlo "kazdy potomek ma vSechny vlastnosti predka"

* napr. pro vlastnost "ma nulovou imaginarni slozku
« Ddlsledek - slicing:

double abs( const Real & p) { return p.Re > @ ? p.Re : - p.Re; }

Complex Xx;
double a = abs( x); // tento koéd LZE prelozit, a to je Spatné

« DuUvod: Referenci na potomka Ize prifadit do reference na predka
« Complex => Complex & => Real & => const Real &



Nespravneé uziti dediCnosti

« Nespravné uziti dédicnosti €. 2

class Complex { public: double Re, Im; };
class Real : public Complex { public: Real( double r); };

 Vlypada jako korektni specializace:
"kazde realne Cislo ma vsechny vlastnosti komplexniho Cisla"

« Chyba: Objekty v C++ nejsou hodnoty v matematice

« Trida Complex ma vlastnost "lze do mne prifadit Complex"
« Tuto vlastnost tfida Real logicky nema mit, s touto dédicnosti ji mit bude

void set _to i( Complex & p) { p.Re = 0; p.Im = 1; }

Real x;

set _to i( x); // tento kéd LZE prelozit, a to je Spatné
« Divod: Referenci na potomka Ize prifadit do reference na predka
» Real => Real & => Complex &



Virtualni funkce

class Base {
virtual ~Base() noexcept {}

virtual void f() { /* ... */ }
}s
class Derived : public Base {

virtual void f() override { /* ... */ }
¥

. M?chanig,mus virtualnich funkci se uplatni pouze v pritomnosti ukazatell nebo
referenci

» Podstatou objektoveho programovani v jakémkoliv jazyce je konverze odkaz(
(ukazatelu/referenci) ve smeru potomek-predek
std::unique _ptr<Base> p = std::make unique< Derived>();// konverze ukazatell

p->f(); // vola Derived::f

« V jiné situaci neni virtualnost funkci uziteCna
Derived d;
d.f(); // vola Derived::f i kdyby nebyla virtualni

Base b = d; // konverze zpusobuje slicing = kopie casti objektu
b.f(); // vola Base::f ikdyz je virtualni
« Slicing je specifikum jazyka C++
 Je nezadouci, ale nelze jej z jazyka odstranit

« Copy/move metody predka...
Base: :Base(const Base &)

« ...vzdy akceptuiji reference na potomka



Two worlds of (instantiated) classes in C++

Classes without inheritance

« No virtual functions
« No visible pointers usually required

« When multiple objects exist

Allocated usually via containers
std: :vector< MyClass> k;

« When standalone
MyClass c;

 If ownership must be transferred, moving

may be used
std::vector< MyClass> k2 = move( k);
MyClass c2 = std::move( c);
« Move required
 For insertion into containers
 For transfer of ownership

« Copy often required too

« Individual allocation required only if
« ownership must be transferred

« and observers are required
auto p = std::make unique< MyClass>();
MyClass * observer = p.get();
auto p2 = move( p);

« User-defined operators may be used
MyClass operator+(
const MyClass & a, const MyClass & b);
k[@] = k[1] + k[2];

Classes with inheritance

« Concrete classes of different size
and layout

« Usually mixed in a data structure

« Cannot be allocated in a common
block

 Individual dynamic allocation
« Common base class

+ Serves as a unified handle for
different concrete classes

 Pointers required
std::vector<std: :unique_ptr<Base>> k;
« Virtual destructor required
+ Copy/move not
required/supported

 Pointers are copied/moved
instead

» Obijects often have identity

» User-defined operators useless
class Base { public:
virtual std::unique_ptr<Base>
operator+(const Base &b) const=0;
¥

k[@] = *k[1] + *k[2]; // 2??
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class X {
VALY,
¥
 Trida v C++ je velmi silna univerzalni konstrukce
« Jiné jazyky vétSinou mivaji nékolik slabsich (class+interface)
« VlyZzaduje opatrnost a dodrzovani konvenci

« Tri stupne pouziti konstrukce class
 Ne-instanciovana trida = balik deklaraci (pro generické programovani)
« Trida s datovymi polozkami a metodami (nejCastéjsi pouziti v C++)
« Trida s dédicnosti a virtualnimi funkcemi (objektové programovani)

* class = struct
« struct: prvky implicitné verejné
« konvence: neinstanciované tridy a jednoduché tridy s daty
« class: prvky implicitné privatni
 konvence: slozité tridy s daty a tridy s dédicnosti



Tri stupné pouziti class

Neinstanciovana trida

class X {
public:
using t = int;
static constexpr int
c = 1;
static int f( int p)
{ return p + 1; }

s

Trida nesouci data

class Y {
public:
Y() : m_( @) {}

int get m() const
{ return m_; }
void set m( int m)
{m_=m; }
private:
int m_;

s

Tridy s dédi¢nosti

class U {
public:

virtual ~U() noexcept
{1}

void g() { f_(); }
private:

virtual void f () = 0;
¥

class V :
public:

V() : m_( @) {}
private:

int m_;

virtual void f ()
override

{ ++ m_; }

public U {

s
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Typy, konstanty a statické polozky ve tridach

class X {

public:
class N { /*...*/ };
typedef unsigned long t;
using t2 = unsigned long;
static constexpr t ¢ = 1;
static t f( t p)
{ return p + v_; }

private:
static t v_;

X:iiv_

}s

// declaration of

X::t Xiiv_ = Xi:c; // definition of

void £2()

{

X::t a=1;

a = X::f( a);
}

« Typové a statické polozky...
« nested class definitions
« typedef definitions
« static member constants
« static member functions
« static member variables
* ... Nejsou vazany na zadnou
instanci tridy (objekt)
« Ekvivalentni globalnim typlm a
proménnym, ale

« Pouzivany s kvalifikovanymi jmény

(prefix X::)
- Zapouzdreni chrani proti kolizim
 Ale namespace to dokaze Iépe
 Neékteré prvky mohou byt privatni
- Trida mlze byt parametrem
Sablony

niv C++ -
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Uninstantiated classes vs. namespaces

Uninstantiated class

« Class definitions are intended for
objects

 Static members must be explicitly
marked

« Class members may be
public/protected/private
class X {
public:
class N { /*...*/ };
typedef unsigned long t;
static const t ¢ = 1;
static t f( t p)
{ return p + v; }
y static t v; // declaration of X::v
 Class must be defined in one piece
» Definitions of class members may be
placed outside
X::t Xi:v = X:i:c;// definition of X::v

void f2()

X::ta=1;
a = X::f( a);
}
« A class may become a template
argument
using T = some_generic _class< X>;

Namespace

» Namespace members are always static

« No objects can be made from
hamespaces

« Functions/variables are not
automatically inline/extern
namespace X {
class N { /*...*/ };
typedef unsigned long t;
const t ¢ = 1;
. extern t v; // declaration of X::v
« Namespace may be reopened
« Namespace may be split into several
header files
namespace X {
inline t f( t p)
{ return p + v; }
) tv=oc; // definition of X::v
« Namespace members can be made
directly visible

« "using namespace"
void f2()

using namespace X;
ta=1;
a=*f(a);

}
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Namespaces and name lookup

namespace X {

class N { /*...*/ };

typedef unsigned long t;

const t ¢ = 1;

extern t v; // declaration of X::v
inline t f( N p) { return p.m + v; }

¥
« Namespace members can be made directly visible
« "using", "using namespace"
« Functions in namespaces are visible by argument-dependent lookup
« functions from a namespace may be visible even without "using"
« "using" on functions does not hide previously visible versions
void f2()
{
X::N a;

auto b = f( a); // calls X::f because the class type of a is a member of X
using X::t;

t b= 2;

using namespace X;

b = c;

gin C++ -
2019/2020

14



Classes as value types




Class with data members

class Y {
public:
Y(O)
:m_( 9)
{r
int get m() const
{ return m_; }
void set m( int m)
{m_=m; }
private:
int m_;

}s

« Class (i.e. type) may be
instantiated (into objects)

 Using a variable of class type
Y vl;

» This is NOT a reference!
« Dynamically allocated
» Held by a (raw/smart) pointer
Y* r = new Y;
std::unique ptr< Y> p =
std: :make_unique< Y>();
std::shared ptr< Y> g =
std: :make_shared< Y>();

« Element of a larger type
typedef std::array< Y, 5> A;
class C1 { public: Y v; };
class C2 : public Y {};
« Embedded into the larger type

» NO explicit instantiation by new!
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Class with data members

class Y {
public:
Y()
:m_( 9)
{r
int get m() const
{ return m_; }
void set m( int m)
{m_=m; }
private:
int m_;

}s

« Class (i.e. type) may be
instantiated (into objects)

Y vl;

std: :unique ptr<y¥Y> p =

std: :make_unique<Y>();

- Non-static data members
constitute the object

- Non-static member functions are
invoked on the object

« Object must be specified when
referring to non-static members
vli.get m()
p->set m(9)
« References from outside may be

prohibited by "private"/"protected"
vi.m_ // error

* Only "const" methods may be
called on const objects
const Y * pp = p.get(); // secondary
pointer

pp->set _ m(@) // error

niv C++ -
2019/2020
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Conversions



» Conversion constructors
class T {
T( U x);
}s
» Generalized copy constructor
« Defines conversion from Uto T

« If conversion effect is not desired, all one-argument constructors must be "explicit":
explicit T( U v);

» Conversion operators
class T {
operator U() const;

}s
« Defines conversion from T to U

« Returns U by value (using copy-constructor of U, if U is a class)
« U may be a reference like V& if life-time considerations allow

« Compilers will never use more than one user-defined conversion in a chain
« The user-defined conversion may be combined with several built-in conversions



Type cast

« Various syntax styles
» C-style cast
(T)e
 Inherited from C
» Function-style cast
T(e)
« Equivalent to (T)e
« T must be single type identifier or single keyword
» Type conversion operators

« Differentiated by intent (strength and associated danger) of cast:
const_cast<T>(e)
static_cast<T>(e)

reinterpret _cast<T>(e)

 New - run-time assisted cast:
dynamic_cast<T>(e)



const_cast<T>(e)

« Suppressing const flags of pointers/references
e constU & =>U&
e constU*=>U*

It allows violation of const-ness

« In most cases, mutable is a better solution

« Example: Counting references to a logically constant object

class Data {
public:

void register_pointer() const

{ references++; }
private:

/* ... data ... */

mutable int references;

s



static _cast<T>(e)

« All implicit conversions
 Explicit cast used to enforce the conversion in ambiguous situations
 Loss-less and lossy number conversions (e.g. int <=> double)
« Adding const/volatile modifiers to pointers/references
 Pointer to void*
 Derived-to-base pointer/reference conversions

« Invoke any constructor of T capable to accept e
 Including copy/move-constructors and explicit constructors
 Invoke a conversion operator T()

« Some explicit conversions
« Anything to void, i.e. discarding the value (e.g. in a conditional expression)
« Base-to-derived pointer/reference conversions
« No runtime checks, it may produce invalid pointers — use dynamic_cast to check
« Integer to an enumeration
» May produce undefined results if not mappable
 void* to any pointer
« No runtime checks possible (even if the object contain type information)



dynamic_cast<T>(e)

« Base-to-derived pointer/reference conversions
« Runtime checks included — requires type information in the e object
» At least one virtual function required in the type of e
« If the dynamic type of e is not T (or derived from T)...

» Pointers: Returns nullptr

» References: Throws std::bad_cast

class Base { public:

virtual ~Base();

s

/* base class must have at least one virtual function */

class X : public Base { /* ... */

class Y : public Base { /* ... */

}s

}s

Base * p = /* ...
X * xp =

if (xp) {/* ...

*/5

dynamic_cast< X *>( p);

Y * yp = dynamic_cast< Y *>( p);

if Cyp) {/* ...



Reinterpret cast

reinterpret _cast<T>(e)

« Implementation-dependent conversions
 Pointer to integer
» Integer to pointer
 Any function-pointer to any function-pointer

« Any data-pointer to any other data-pointer
« No address correction even if pointers are related by inheritance

 Any reference to any other reference

« Mostly used to read/write binary files/packets/...
void put_double( std::ostream & o, const double & d)

{

o.write( reinterpret_cast< char *>( & d), sizeof( double));

}

» The file contents is implementation-dependent — not portable



Dedichost a virtualni funkce




class Base { /* ... */ };
class Derived : public Base { /* ... */ }

- Trida Derived je odvozena z tfidy Base
« Obsahuje vSechny datové polozky i metody tridy Base
« Mdze k nim doplnit dalsi
« Neni vhodné novymi zakryvat staré, vyjma virtualnich
« Mdize zménit chovani metod, které jsou v Base deklarovany jako virtualni

class Base {
virtual ~Base() noexcept {}
virtual void f() { /* ... */ }

}s

class Derived final : public Base {
virtual void f() override { /* ... */ }
}s
« final — zakaz dalSich potomk{
« override — test existence této virtualni metody v nékterém predku



«Abstraktni trida

« Definice v C++: Trida obsahujici alespon jednu Cisté virtualni funkci

+ Nasledkem toho nesmi byt samostatné instanciovana
class Base {

//...
virtual void f() = 0;

¥
« BéZna definice: Trida, ktera sama nebude instanciovana
- Predstavuje rozhrani, které maji z ni odvozené tridy (potomci) implementovat

Konkrétni trida
« Trida, uréenad k samostatné instanciaci
 Implementuje rozhrani, predepsané abstraktni tfidou, ze které je odvozena



Dédicnost a destruktor

{

class Base { Base * p = new Derived;
public: /] ...

virtual ~Base() noexcept {} delete p;

/] ... }
}s {

std: :unique ptr<Base> p =

class Derived : public Base { std: :make_unique< Derived>();
public: /] ...

/] ... // destruktor unique_ptr vola delete
}s }

 Pokud je objekt destruovan
operatorem delete aplikovanym na
ukazatel na predka, musi byt
destruktor v tomto predku
deklarovan jako virtualni

« Odvozené pravidlo:

« Kazda abstraktni tfida ma mit
virtualni destruktor
« Je to zadarmo
+ Mdize se to hodit



Single non-virtual inheritance - example

class S

{ public:
virtual ~S() = default;
virtual void seek(int) = ©;

s

class R
: public S
{ public:
virtual int read() = 0;

s

class C

: public R

{
virtual void seek(int) {/**/}
virtual int read() {/**/}
std::istream d_;

}s

auto p = std::make unique<C>();
std::unique_ptr<R> r = move(p);
S* s = &*r;

r.reset(); // C::~C()




Multiple non-virtual inheritance - example

class S
{ public: R g W
virtual ~S() = default; ,’
virtual void seek(int) = ©;
s
class R is iS-in-R | |
. public S Iseek | Iseek | Iseek i
{ public: IR ! W !
virtual int read() = 0; read Iwrite
s
class W "
: public S R s S
{ public: ,’ Q\
virtual void write(int) = 0; ’ ‘
}s / \
1S-in-M | 1S-in-M |
?IZEEl?C R iseek ! iseek i
" public W RoinMi Weino
{ iread | write |
virtual void seek(int) {/**/} M
// ERROR: which seek? —r—ees '

}s



Virtual inheritance - example

class S
{ public:
virtual ~S() = default;

virtual void seek(int) = ©;

s

class R
: public virtual S
{ public:
virtual int read() = 0;

s

class W
: public virtual S
{ public:

virtual void write(int) = 0;

s

class M
: public virtual R,
public virtual W

{};

void copy(W &, R &);
void sort(M &);

off-RS off-WS

A 4

A

<

iR I 1S-in-R | W 1 1S-in-W |
iread 1 1seek i iwrite 1 1seek i
joff-RS 1 == =-~ ' 1off-Ws 1 = ==+~ '
off-MW
off-RS
off-MR off-WS

M , iR-in-M 1 {W-in-M 1 iS-in-M |
loff-MR ; iread ! iwrite 1 iseek 1
I0ff-MW i 10fF-RS I joff-WS 1 = ==~ '
[ SNES N
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