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Agenda

* Sestd dloha: Interpret Vyrazi

I hate myself

Wow!
I hate this more




Dynamicky polymorfismus

struct Nepolymorfni { void foo() { } };

* Nedefinuje zadnou virtualni metodu
* Objekty té tridy presné odpovidaji definici (nemaji nic navic)
* VVSechny volani jsou efektivni a dohledatelné podle typu objektu

struct Polymorfni { virtual void foo() { } };

e Definuje alespon jednu virtualni metodu
e Diky tomu dostane tzv. ,v-pointer”, ktery ukazuje na tzv. ,v-table”
e V-pointer je neviditelnym fieldem té tfidy, kazdy objekt je o néco vétsi, nez bychom cekali

* Ve v-table jsou spravné implementace metod pro ten dany objekt (tfida definuje jen
interface)

* Objekty té trfidy ukazované pointerem nemusi byt nutné té tridy, ale i Derived
* Virtualni metody jsou pak typicky volany pres ten v-table



Engine je abstraktni trida — nejde ho vyrobit

(protoze ma aspon jednu pure-virtualmetodu)

Dynamicky polymorfismus
_ Deklarace virtualniho destruktoru

e Virtualni metody class Engine { Ale implementaci nechame na compileru

. , : , public:
(I;/Ie?R/%l:j ?%&g\rﬁrrldovany virtual ~Engine() "noexcept = default;

.y c sy, Virtualni metoda s default implementaci
* Volaji se specialnim

mechanismem (vtable) virtual void start() { ... }
* Podle skutecného typu virtual void stop() = 9;

objektu (ne jak je v kodu): virtual void rev() = 0;
Engine* x = make_diesel(); o _ .
decltype(x) == Engine* }; ,Pure virtual“ metody (abstraktni)
class DieselEngine : public Engine { Explicitni override
// calls DieselEngine::start: | p1ic:
x->start();

void start() override { ... }

e Virtualni destruktor void stop() final { ... } Final override
. . i3k void rev() { ... }
Pov!n.nost, J',na me,gram e Pozor! Implicitni override
nevi, jak spravnée objekt }s
znicit (musi byt volan class PetrolEngine : public Engine { ... };

pres vtable) class ElectricEngine : public Engine { ... };




Sklad motoru

std::unordered_map<int, std::unique_ptr<Engine>> warehouse{...};

* Engine nejde vyrobit, tak jak ho pridame do skladu?

e unique_ptr (i shared_ptr) nastésti chape dynamicky polymorfismus:
warehouse.insert({last_id++, std::make_unique<DieselEngine>(...)});
warehouse.insert({last_id++, std::make_unique<PetrolEngine>(...)});

» Reference také funguji s polymorfismem: void start(Engine& engine)
prijme libovolny motor a bude volat spravné verze virtualnich metod

 for (auto&& engine : warehouse) engine->rev(); // zavola spravné



Auto s polymorfnim motorem

* Auto ma pointer na motor,
oboji je polymorfni a tak
m(zeme mit Skodovku s
Dieselem a nebo elektricky
Seat (ruzné kombinace)

e Tim mizeme rozdélit
implementacni detaily ruznych
komponent:

3 + 4 je udrzitelnéjsinez 3 * 4

class Car {
public:
virtual ~Car() noexcept = default;

virtual void start() = 0;

virtual void stop() = 9;
private:

std::unique_ptr<Engine> engine_;

}s

Skoda je typ VW (ne jen auta)

class Volkswagen : public Car { ... }

class Audi : public Car { ... };
class Skoda final : public Volkswagen { ... };
class Seat final : public Volkswagen { ... };

Od skody a seatu nelze dal dédit




Auto s polymorfnim motorem

* Auto ma pointer na motor,
oboji je polymorfni a tak
m(zeme mit Skodovku s
Dieselem a nebo elektricky
Seat (ruzné kombinace)

e Tim mizeme rozdélit
implementacni detaily ruznych
komponent:

3 + 4 je udrzitelnéjsinez 3 * 4

e Jak ale okopirovat auto?

class Car {
public:
virtual ~Car() noexcept = default;

virtual void start() = 0;

virtual void stop() = 9;
private:

std::unique_ptr<Engine> engine_;

}s

Skoda je typ VW (ne jen auta)

class Volkswagen : public Car { ... }
class Audi : public Car { ... };
class Skoda final : public Volkswagen { ... };
class Seat final : public Volkswagen { ... };

Od skody a seatu nelze dal dédit




Auto s polymortnim motorem a klonovanim

Misto std::unique_ptr<Engine>

class Engine {
public:
using ptr =

staci psat ptr, popr. Engine::ptr

std::unique ptr<Engine>;

virtual ~Engine() noexcept = default;

s

virtual ptr clone() const = 0;
class Car {

Virtualni metoda na vyrobu kopie
public:

using ptr = std::unique ptr<Car>;

virtual ~Car() noexcept = default;
virtual ptr clone() const = 0;
private:
std::unique_ptr<Engine> engine ;

s

Jak bude vypadat useful
instance?



Auto s polymortnim motorem a klonovanim

Misto std::unique_ptr<Engine>

class Engine {
public:
using ptr =

staci psat ptr, popr. Engine::ptr

std::unique ptr<Engine>;

virtual ~Engine() noexcept = default;

s

virtual ptr clone() const = 0;
class Car {

Virtualni metoda na vyrobu kopie
public:

using ptr = std::unique ptr<Car>;

virtual ~Car() noexcept = default;
virtual ptr clone() const = 0;
private:
std::unique_ptr<Engine> engine ;

s

Pro Citelnost schovame implementace

class DieselEngine :

public Engine {

public: DieselEngine(int capacity, int power)

: capacity (capacity), power_ (power) {}

DieselEngine(const DieselEngine& other)
: DieselEngine(other.capacity , other.power_) {}
DieselEngine& operator=(const DieselEngine& other) {
capacity = other.capacity_; power_ = other.power_;
return *this; }

DieselEngine(DieselEngine&& other) noexcept
: DieselEngine(other.capacity , other.power_) {}
DieselEngine& operator=(DieselEngine&& other) noexcept {
capacity = other.capacity_; power_ = other.power_;
return *this; }

~DieselEngine() noexcept {
engine registry.unregister(this); }

ptr clone() const override {
return std::make _unique<DieselEngine>(*this); }

private: int capacity_, power_;

s




Polymorfnim motor s klonovanim

. Pokud tfida definuje jednu z vyznacenych péti funkci
T h e R u | e Of F IVe (zde definuje destructor, ktery néco dél3,) tak by méla definovat vSechny:

copy constructor + assignment, move constructor + assignment, destruktor

class DieselEngine : public Engine {

pubLac: Copy constructor a copy assignment
DieselEngine(int capacity, int power) { .. } Py Py g .

DieselEngine(const DieselEngine& other) : ..

{ .} -]

DieselEngine& operator=(const DieselEngine& other) ﬁf

{ .} -
DieselEngine(DieselEngine&& other) noexcept : .. EE

{ .}

DieselEngine& operator=(DieselEngine&& other) Move constructor a move assignment }
{ ..}

Ne&jaky specialni desktruktor ~DieselEngine() noexcept { Vyrobime ptr na novy Diesel a vratime

engine registry.unregister(this); } ptr na obecny Engine, abychom splnili API

Kvuli tomuhle musime
definovat vSechny
z the five

ptr clone() const override {
return std::make_unique<DieselEngine>(*this);

private: ..
1.

Klonovani pouziva copy constructor



Polymorfnim motor s klonovanim
The Rule of Five s defaultovanim

Pokud ty funkce nedélaji nic zajimavého a compiler
class DieselEngine : public Engine { je dokaze odvodit, mizeme pouZit = default

public:
DieselEngine(int capacity, int power) = default;

DieselEngine(const DieselEngine& other) = default;
DieselEngine& operator=(const DieselEngine& other) = default;

DieselEngine(DieselEngine&& other) noexcept = default;
DieselEngine& operator=(DieselEngine&& other) noexcept = default;

anl4 oyl

~DieselEngine() noexcept {
engine_registry.unregister(this); }

ptr clone() const override {
return std::make unique<DieselEngine>(*this); }
private:
int capacity , power ;

s




Polymorfnim motor bez klonovani

The Rule of Five s deletem

Co ale kdyz nechceme klonovat a nepotfebujeme,

s

class DieselEngine : public Engine {
public:

private:

aby ten typ Slo treba kopirovat, pouzijeme = delete

DieselEngine(int capacity, int power) = default;

Explicitné zakazané kopirovani

DieselEngine(const DieselEngine& other) = delete;
DieselEngine& operator=(const DieselEngine& other) = delete;

DieselEngine(DieselEngine&& other) noexcept = default;
DieselEngine& operator=(DieselEngine&& other) noexcept = default;

anl4 oyl

~DieselEngine() noexcept {
engine_registry.unregister(this); }

int capacity , power ;




Polymorfnim motor s klonovanim
The Rule of Zero

Ideal je ale The Rule of Zero
To specialni chovani odvedeme do fieldu
a nemusime psat zadné z the five, vSe za nas udéla compiler

class DieselEngine : public Engine {

public:
DieselEngine(int capacity, int power) = default;

/* all are implemented by the compiler */

ptr clone() const override {
return std::make unique<DieselEngine>(*this); }

anl4 ayL

private:
int capacity , power ;
registry_handle registry_handle_;

s

To specialni chovani destruktoru jsme

odvedli do pomocného objektu,
takze tady nemusime resit nic

E Jiny piiklad tohodle jsou: }

smart pointery a kontejnery




Pretypovavani
C-Style a functional-style

, double d = 42.;
* V C++ mame 4 druhy castu: int i = (int)d;

* (C-style)cast a functional_style(cast) =g ERat el

» Dédictvi z C, zkouSeji postupné casty vypsané nize (const, static, reinterpret)

* Nepouzivat!!!

* Neni v kddu jasné, co udéla (musime odvodit z cilového typu a z typu proménné)
e const_cast<DestType>(arg)
* static_cast<DestType>(arg) (a dynamic_cast<DestType>(arg))

* reinterpret_cast<DestType>(arg)



Pretypovavani
const_cast

e \V C++ mame 4 druhy castu:

e (C-style)cast a functional _style(cast)

e const_cast<DestType>(arg)
* MlzZeme pouzit na pridani const k typu
(i odebrani, ale u toho pozor!)

* Typické pouziti je treba implementace const
a non-const verzi metod u kontejnerd

class T {
public:

value* find(key) {
/* dlouha definice */

}

const value* find(key) const {
return const cast<const value*>(

g

const _cast<T*>(this)->find()

* static_cast<DestType>(arg) (a dynamic_cast<DestType>(arg))

* reinterpret_cast<DestType>(arg)




Pretypovavani
static cast a dynamic cast

int 1

= 42;
float f =

e \/ C++ mame 4 druhy castu: static_cast<float>(i);

e (C-style)cast a functional _style(cast)
const_cast<DestType>(arg)

static_cast<DestType>(arg)
 Compile-time typova konverze
* Musi existovat cesta z typu arg do DestType
 Efektivni, typicky bezpecny zplsob

// Enum to int
enum class Color { RED, GREEN, BLUE };
int value = static_cast<int>(Color::RED);

* Lze pouzit vdynamickém polymorfismu: auto p_orig = make_unique<Derived>();
» Z Derived™ na Base™ —to je bezpecné
 Z Base* na Derived* — musime si byt jisti, // Pointer upcasting
ze je skutecCne Derived, takze vidy pozor!!l! ' Base* p b = static_cast<Base*>(p_orig);

dynamic_cast<DestType>(arg)

reinterpret_cast<DestType>(arg) // Pointer downcasting (with caution!!!)

Derived* p_d = static_cast<Derived*>(p_b);



Pretypovavani

static cast a dynamic cast

e V C++ mame 4 druhy castu:
 (C-style)cast a functional_style(cast)
e const_cast<DestType>(arg)
* static_cast<DestType>(arg)
* dynamic_cast<DestType>(arg)
* Funguje jen na polymorfnich tridach
* Bere pointery nebo reference

* Na téch, které maji virtualni metodu

* Pouzijeme, pokud si nejsme jisti,
jaka konkrétni derived trida to je

e Stara se o bezpecnost:

unique ptr<Base> p = make_unique<Derived>();

// succeeds
Derived* d = static_cast<Derived*>(p.get());

// fails, "d2 == nullptr’
Derived2* d2 = static_cast<Derived2*>(p.get());

// succeeds
Derived& d3 = static _cast<Derived&> (*p);

// fails, throws " std::bad_cast’
Derived2& d4 = static_cast<Derived2& (*p);

* Cast na Spatné dité, pointer -> return nullptr
e Cast na Spatné dité, reference -> throw std::bad_cast

* reinterpret_cast<DestType>(arg)



Pretypovavani
reinterpret cast

e \V C++ mame 4 druhy castu:

» (C-style)cast a functional_style(cast)
const_cast<DestType>(arg)
static_cast<DestType>(arg)
dynamic_cast<DestType>(arg)

reinterpret_cast<DestType>(arg)
* Na pointerech a referencich

« Zapomene na typ argumentu
a vymysli pro néj novy typ
 Ten typ MUSI byt kompatibilni
e Velice nebezpecny!!!

* Pouzivany typicky na prevod
data->byty->data

SERVER SIDE
auto server_data = std::vector<int>(100);

char* server bytes = reinterpret_cast<char*>(
server_data.data()

CLIENT SIDE
auto client data = std::vector<int>();

// copy the bytes to data client

client data.resize(server_data.size());

char* client _bytes = reinterpret _cast<char*>(
client data.data()

)5

std: :memcpy(client bytes,
server_bytes,
server_data.size()*sizeof(int)

)5



Cyklicka dependence mezi dvéma tridami

Compiler ¢te postupné,

struct A { takze B jesté neexistuje

void interact with(B b) const {
b.do_something();

}

void do _something() const {
std::cout << "A::do something()" << std::endl;

}
s

struct B {
void interact with(A a) const {
a.do_something();
}
void do _something() const {
std::cout << "B::do something()" << std::endl;

}



Cyklicka ¢

forward c

ependence mezi dvéma tridami
eklarace tridy

Ok, B bylo deklarovano

struct A; tak vime, Ze existuje

struct

struct A {

B;

void interact with(B b) const {

}

void do _something() const {

}
s

struct

b.do_something(); Ale nic o B nevime,
tak nemUzeme vyrobit objekt b

std::cout << "A::do something()" << std::endl;

B A

void interact with(A a) const {

}

a.do_something();

void do _something() const {

}

std::cout << "B::do something()" << std::endl;



A\ 4

Cyklicka dependence mezi dvéema tridami
vyndani definice funkce ven

struct A;
struct B;
struct A {
void interact with(B b) const;
void do _something() const {
std::cout << "A::do something()" << std::endl;

}
s

struct B {
void interact with(A a) const;
void do _something() const {
std::cout << "B::do something()" << std::endl;

¥

¥ Ted uz vse OK

void A::interact with(B b) const { b.do_something(); }
void B::interact with(A 2a) const { a.do_something(); }




A\ 4

Cyklicka dependence mezi dvéema tridami
vyndani definice funkce ven NV header s

pridat inline

struct A;
struct BT e U vSech funkci

J . ’ .
struct A { definovanych mimo

void interact with(B b) const; ) tt'el.olf\ejake trldY{
void do_something() const { ozor! inline nesouvisi s

std::cout << "A::do_something()" << std::endl; !n”novanwnkogu
} * inline znamena:

,Pokud to uvidiS i v jiném

g modulu, sjednot to s
struct B { twnhf o
void interact with(A a) const; .oses?ane vuli

h includiim

void do _something() const {

std::cout << "B::do_something()" << std::endl; ‘ Da@lduvod,pmxﬂhnkce
} definovat v .cpp souborech

} Ted uz vse OK

inline void A::interact with(B b) const { b.do_something(); }
inline void B::interact with(A a) const { a.do_something(); }
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