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Agenda

¢ MOdUla I‘Ita, Objekty I hate myself

* \Vlastnictni a RAII @ | ié;

* Pointery a reference

* Raw pointery Wou!

I hate this more

* std::unique_ptr
* std::shared_ptr

e std::move

NPRGO041 Programovani v C++ - cviCeni Jifi Klepl



Sprava pameti: RAII

e Zivot C++ objektu za&ina konstruktorem a koné&i destruktorem
e Konstruktor: mUze alokovat pamét, otevfit soubor, atd.
* Destruktor: dealokuje pamét, zavira soubor, atd.

* Objekt ,,umira“ pri struct object {

std::string name_;
Object(string name) : name_(name) {

° KoneC SCOpU, ve kterém byl definOVén cout << "Object " << name_ << " created" << endl;
. v y . }
 Smrtrodicovskeho objektu ~Object() {
. . ] cout << "Object " << name_ << " destroyed" << endl;
* std::vector<T> zabiji svoje objekty }

I std::span<T> ne (je jen reference na pole) b
int main() {

Object a("a");

Object b("b");

{

Object c("c");
} // c is destroyed here
Object d("d");

}
// destroyed in reverse order:
// d, b, a
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https://godbolt.org/#z:OYLghAFBqd5QCxAYwPYBMCmBRdBLAF1QCcAaPECAMzwBtMA7AQwFtMQByARg9KtQYEAysib0QXACx8BBAKoBnTAAUAHpwAMvAFYTStJg1DIApACYAQuYukl9ZATwDKjdAGFUtAK4sGe1wAyeAyYAHI%2BAEaYxCBmZqQADqgKhE4MHt6%2BekkpjgJBIeEsUTFxtpj2eQxCBEzEBBk%2BflzllWk1dQQFYZHRsfEKtfWNWS2Dnd1FJf0AlLaoXsTI7BzmAMzByN5YANQma25Og8SYrPvYJhoAguub25h7B8fBwOeXN9fHXg47APIR2kwPxMAHYrNcdpCdoN0CAQM8jDtmGwAPr7cFXKF/AFAggQGFwhHAJGsTAzHYgEmoiDIsl7MHvLFYgkoBYER5ufZuPZxf6A4FxDlcqmYFFCg48sw7ZAnJgETDocxSrnClmuWjoxlQ0EAES1kIAfnzcRByaCMUyoSy0F52SqJUrjQLlQdhbSxfbuUqdlhjqgAJ4K72e6EEWEgdWaiHakF6666qMfK7BdksJjBU30i1Qp3spgQJVMJUzRNY3M7CIFuIRYulmPZy3l5BVsymOIltYN%2Bk6nYAel70p2eAUPswfsD6B2CGimH12P57PQLcV7cTur7A99BGIAYVQ4YOxOADdokodiQsDEfaQKzei9cOHNaJwAKy8PwcLSkVCcTmWazQgsSwPOsPCkAQmiPnMADWICSAAnAAdBoXBcCCAAcqEgghABsCHofonCSO%2BkHfpwvAKCAGjgZBcxwLAMCIKyLAJHQ0TkJQaAsWxMTAAozAJAoCCoAQpBYEeeDLAAangmAAO6/AkjCcGBNC0PKxCURAESkREwR1P6Km8HpzDEP6uZGaQXFsIIvwMLQhmfrwWARF4wBuGItCUdwzmYGmRjiE5Yl4CcDh4Ce3lfpgqhAraKxfimFSkbQeARMQBkeFgpHbngLC0XwBh8TJ8mKcpPkyIIIhiOwUgVfIShqKRugtAYRgoNY1j6KllGQHMqAJFU3kALQwvsOptlYlhmF%2BqAnsQxB4L68BzHYuJpC4DDuJ4TT%2BJtky9DELQ5KkAgjM0iTJCdDD7cUfRjBUa0CB0wzbaMrSPdUQxdMEPS3YdthfWdejjPUN3TFwK1AcsEhPq%2BJFBT%2BHA7Ko6E4UNeE7MAyDIDsEDbl4DDQeSEC4IQJA8msEO8BBTkzDBIAvhoiHweh6FmFwrNmIzazc9Iz4cMRpB5YzpAfjN5G2FRNG06Q9FMWyCS2hxEBcax9DEKEpKcCjaMY1jON48QBNE7wCpkwtsItPwlWiOItXW/VKjqEFzWkHJ6UJEZsMcG%2BoukYjvy2or7KoFQyOo%2BjkiY9juP44TxMeNx6sU1T0taHTpDTkwl6UN7gvC9RYu8IjFFSzT6f04zzOcxzbPc7zhEcGs8Pixw1O0d7Zi8HlXAaIX/sS%2BXUGkHNKTOJIQA%3D%3D%3D

Raw (observer) pointery

* Definice: T* ptr = &object
* Operatory & (ziskani adresy) a * (dereference) jsou opaky
»« Nepiseme ptr = new Object
= Raw pointery by nikdy nemely vlastnit objekty, pouze observovat
I Pointerova aritmetika (spise nepouzivat)

std::vector<int> vec{0, 1, 2, 3, 4};
int* beg = &vec[9];
int* end = &vec[vec.size() - 1];
for (; beg < end; ++beg, --end) {
std: :swap(*beg, *end);
} j Funkce na prohozeni objekt( ]
for (int i : vec) {
std: :println("{}", 1);

}
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-
Smart pointery — -

e unique_ptr<Object>
* Reprezentuje unikatni vlastnictvi objektu na halde
L1l nejde kopirovat
* Automaticky dealokuje pamét
* Pokud ten pointer umre / nastavime ho na nullptr

* shared_ptr<Object>

* Reprezentuje sdilené vlastnictvi objektu na halde
L1l ma schovany reference-counter vlastnikd a automaticky dealokuje, pokud 0

I prace s nim je drazsi




-
Smart pointery — -

e unique_ptr<Object>
* VVyrobeni objektu na haldé: pointer = std::make_unique<Object>(parametry)

* shared _ptr<Object>

* Vlyrobeni objektu na haldé: pointer = std::make_shared<Object>(parametry)

* Oboji se chova jako normalni pointer
* *ptr dereference
* ptr->o0bj_method() volani metod

* Pfevedeni na observer pointer Object*: ptr.get()

* Predani vlastnictvi objektu pomoci: dst = std::move(src)
* dst ukazuje na objekt, src ma hodnotu nullptr (nic)



std::move(objekt)

* Tato funkce nic nedéla, jen objekt castne na T&& referenci
* T&& typicky ukazuje na temporary objekty

* Napf. navratova hodnota funkce ve vyrazu: obj = func()

* T&& se jmenuje rvalue reference (T& je lvalue reference)
* rjako right/return (navratova hodnota func()); | jako left (obj)

e /naci, ze objekt ma byt chapan jako temporary
* Funkce, co jej pfijme, ho muze volné ,,vykrast“ — prevzit jeho data
e Diky std::move muzeme zavolat T&& overload funkce namisto T&

* func(T& obj) bude obj typicky kopirovat/Cist nebo néjak modifikovat
* func(T&& obj) prevezme data z obj a obj necha prazdny/nepouzitelny

I move-ovani typicky negarantuje vyprazdneni movovaneho obj.



Priklad: bst (binarni vyhledavaci strom)

Ll nejsou pozadavky na vyvazovani

e Zadani: dokoncete implementaci zdrojového kodu bst.cpp
1. Program Cte stdin nebo soubor (pokud je zadan vcmd argumentu)
2. Nakazdém NEPRAZDNEM Fadku vstupu je piikaz

* insert <rest of the line after ws> < pfida novy node
* remove <rest of the line after ws> < odebere node (rozebrano na dalSich slidech)
* print <& vytiskne obsah stromu v In-Order poradi (prvky indentované /t podle hloubky od 0)

* clear € smaze obsah stromu
3. Konec vstupu/error ukonci program

e Strom bude ulozeny pomoci std: :unique_ptr
e <rest of the line after ws>: to, co precte: std: :getline(input, str)
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Remove Node —the most difficult method

e First, find the deleted node
 |f it already doesn’t exist, we are done

* Otherwise, perform changes to the tree according to the following three

CasSesS

1) The node has up to one child
2) The node has two children, and its right child is also its successor

3) The node has two children, and its right child is not its successor
All three cases are discussed in detail on the following three slides




Remove Node —first two easy cases

* The deleted node has at most 1 child

=>»Just replace the node with the child
=>Or nullptr ifithas none

Pred smazanim

‘ The deleted node
‘ The replacement for the deleted node
== DPyrent-child connection that stays
Parent-child connection that changes
e New parent-child connection
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Remove Node —first two easy cases

* The deleted node has at most 1 child

=>»Just replace the node with the child
=>Or nullptr ifithas none

Po smazani

‘ The deleted node
‘ The replacement for the deleted node
== DPyrent-child connection that stays
Parent-child connection that changes
e New parent-child connection



Remove Node —the second case

* The deleted node has two children

* And the right child is the successor
(has no left child)

=» Give the deleted node’s left child to the successor
=» Replace the node with the successor

‘ The deleted node
‘ The replacement for the deleted node
== DPyrent-child connection that stays
Parent-child connection that changes
e New parent-child connection

Pred smazanim



Remove Node —the second case

* The deleted node has two children

* And the right child is the successor
(has no left child)

=» Give the deleted node’s left child to the successor e
=» Replace the node with the successor

‘ The deleted node
‘ The replacement for the deleted node
== DPyrent-child connection that stays
Parent-child connection that changes
e New parent-child connection

Prfi mazani



Remove Node —the second case

* The deleted node has two children

* And the right child is the successor
(has no left child)

=» Give the deleted node’s left child to the successor
=» Replace the node with the successor

‘ The deleted node
‘ The replacement for the deleted node
=== DPgrent-child connection that stays Po smazani
Parent-child connection that changes
e New parent-child connection



Remove Node — the scary case

* The deleted node has two children
* And the right child is not the successor

One solution is:

Pfed smazanim

=» Store the successor in a new unique_ptr
=>» Give its right child to its parent as a replacement

=>»Then, give it the deleted node’s children
(it didn’t have left child and we moved the right one)

=>» Finally, replace the original node with the successor

‘ The deleted node
‘ The replacement for the deleted node
Parent-child connection that stays
Parent-child connection that changes
G New parent-child connection
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Remove Node — the scary case

* The deleted node has two children
* And the right child is not the successor

One solution is:

=» Store the successor in a new unique_ptr
=>» Give its right child to its parent as a replacement

=>»Then, give it the deleted node’s children
(it didn’t have left child and we moved the right one)

=>» Finally, replace the original node with the successor

‘ The deleted node
@ Thereplacement for the deleted node Po smazani
Parent-child connection that stays
Parent-child connection that changes
G New parent-child connection



Pocitani Ovecek
pocitani znakd, radek, slov a vét v textu; soucet

* Program cCte

* stdin (std::cin), pokud nedostane cmd argumenty

* jinak pro kazdy atgument otevre soubor s danou cestou - std:cin, stdzifstream, ...

* Tipy

* Nejspis vyuzijeme Cteni znak po znaku:
* Nechceme ukladat cely obsah souboru

for (auto&& file : files) {
std::ifstream in(file);

if (lin.good()) ...
func(in);

—

void func(std::istream& in) {
for (55) {

char ¢ = in.get();

// check if successful:

if (in.fail()) break;

| 1 Detekce chyb/EOF |

process(c);
} (%l’me, Jecje
} platny znak

|

ﬁ

I Detekce chyb

]



https://recodex.mff.cuni.cz/app/assignment/c89cc6ea-46d1-4bfb-ad8f-963bfb594c3d

Pozadavky na reseni

* Modularita
e Stav programu ulozeny v objektu nejakeé tridy
* Rozumné rozdéleni na .cpp a .hpp soubory

* V .hpp budou definice API, tfidy
I. Nezapomenout na header-guardy (ukazka na dalsim slidu)
* V.cpp budou implementace funkci (,,one-liner* funkce mohou byt primo ve tfide)

* Dlouhé funkce rozdeleny na vice funkci
* Funkce déla jednu akci

* Kvalita
 Reseni pouziva véci podle cvigeni, prednasek, cppreference, ...
1. Kontrola chyb nacitani soubord, ...
1. Datové polozky ve tfidach inicializovany pomoci initializer-listU:
Trida(int argument) : polozka {argument}, { /* konstrukror */ }

NPRGO041 Programovani v C++ - cviceni Jifi Klepl
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Modularita a zdrojové soubory

**
*
-

guard ne #pragma 5
. definice
o
#in lude <iostres .> ovecky.h
#ifndef OVECKY_H_
#define OVECKY_H_
urovneé
class Ovecky { API
public:
void zpracuj_znak( char c);
void spocitej( std::istream& s); deklarace
int pocet_znaku() { return ..; }
int pocet _slov() { return ..; }
private:
int pocet znaku_;
int pocet_slov_; inline
}s5
#endif

NIKDY! using namespace v .h

.- #include "ovecky.h" ovecky.cpp

void Ovecky::zpracuj_znak( ....) {

} e

void Ovecky::spocitej( istream& s) {

}



Modularita a zdrojové soubory

R #include "ovecky.h" ovecky.cpp
ankﬂnentég’ void Ovecky::zpracuj_znak( ....) {
guard ne #pragma 5
'definice!’ t
= void Ovecky: :spocitej( istream& s
#in lude <iostre:s .> ovecky.h ., J £ 3( ) A
#ifndef OVECKY H_ )
#define OVECKY_H_
Urovné e . .
*»,, #include <iostream> main.cpp
ClaS§ OveCky { AP' ’.. #include "Ovecky.h"
public:
void zpracuj_znak( char c); int main()
void spocitej( std::istream& s); deklarace { Nitkni
int pocet_znaku() { return ..; } Ovecky ov; Y el
int pocet_slov() { return ..; } ov.spocitej( cin); JlEEs
private: cout << ov.pocet();
int pocet znaku_; }
int pocet_slov_; inline
}s5
#endif

NIKDY! using namespace v .h



Modularita a zdrojové soubory

guard

#in lude <iostrer .>

ne #pragma

o*

#ifndef OVECKY_H_
#define OVECKY_H_

class Ovecky {
public:

urovné
AP

void zpracuj_znak( char c);

void spocitej( std::istream& s);
int pocet_znaku() { return ..; }
int pocet _slov() { return ..; }

private:

int pocet znaku_;
int pocet_slov_; inline

s

#tendif

NIKDY! using namespace v .h

ovecky.h .

R #include "ovecky.h" ovecky.cpp
ankﬂnentég’ void Ovecky::zpracuj_znak( ....) {
e
'definice’ }
void Ovecky::spocitej( istream& s) {
0#0...‘ }
.."u. #include <iostream> main.cpp
‘» #include "ovecky.h"
int main()
deklarace { o
Ovecky ov; Y””rm
ov.spocitej( cin); B CE
cout << ov.pocet();
}
{ vnejsi
Ovecky ov; .
for( ....) { TRIEIEE
c = get char_from_universe()
ov.zpracuj_znak( c);
}

cout << ov.pocet();



Inline a ne-inline metody

class Trida trida.h
{
string slozitaFce( int x); #include "trida.h"
{
Trida q;
s = q.slozitaFce( 1);
}s5
}
#include "trida.h" trida.cpp
string Trida::slozitaFce( int x) predani parametr( a volani
{ . push 1
int y; s = call g.slozitaFce
for( i = @; i<x+y; ++i) { add esp, 8
}

}



Inline a ne-inline metody

inline metoda
rozvinuti misto volani

class Trida trida.h
; S=q.r
string getResult () { return r; }
string slozitaFce( int x); #include "trida.h"
inline metoda
{
Trida q;
s = q.getResult();
s = q.slozitaFce( 1);
}s
}
#include "trida.h" trida.cpp
string Trida::slozitaFce( int x) predani parametr( a volani
{ . push 1
int ys . . s = call g.slozitaFce
for( i = @; icx+y; ++i) { add esp, 8
}

}



Inline a ne-inline metody

inline metoda
rozvinuti misto volani

class Trida trida.h
{ S=q.r
string getResult () { return r; }
string slozitaFce( int x); #include "trida.h"
int inlineFce( int x) inline metoda
{ int y = -1; {
for( i = 0; 1 < x+y; ++i) Trida q;
cee s = g.getResult();
} s = q.slozitaFce( 1);
}; z = g.inlineFce( 2);
}
#include "trida.h" trida.cpp
string Trida::slozitaFce( int x) predani parametrd a voldni
{ push 1
int y; s = call g.slozitaFce y=-1
for( 1 = 0@; i<x+y; ++i) { add esp, 8 i=0
loop:
} if(i>=2+y) goto ...
} )
++i

goto loop



Inline a ne-inline metody

inline metoda
rozvinuti misto volani

class Trida trida.h
{ S=q.r
string getResult () { return r; }
string slozitaFce( int x); #include "trida.h"
int inlineFce( int Xx) inline metoda
{ Ty = -1; {
for( I==_0471 < X+y; ++1) Trida q;
oo s = q.getResult();
} s = g.slozitaFce( 1);
}; z = g.inlineFce( 2);
}
#include "trida.h" trida.cpp
string Trida::slozitaFce( int x) predani parametrd a voldni
{ push 1
int y; s = call g.slozitaFce y=-1
for( i = 0; i<x+y; ++1i) { add esp, 8 N 0
.. loORx
} if(i >3Q+y) ggto ...
} |
++i
gotaggdop

slozité metody v samostatném modulu
prehlednost rozhrani

separatni kompilace - ¢as
vygenerovany kod



Inline a ne-inline metody

inline metoda
rozvinuti misto volani

Elass Trida trida.h s=q.r

string getResult () { return r; }

string slozitaFce( int x); #include "trida.h"

int inlineFce( int x) inline metoda

{ {

< X+y; ++i) Trida q;
s = q.getResult();

} s = g.slozitaFce( 1);

}; z = g.inlineFce( 2);
}

#include "trida.h" trida.cpp
string Trida::slozitaFce( int x) predani parametrtd a volani
{ push 1

int y; s = call g.slozitaFce

for( i = 0; i<x+y; ++i) { add esp, 8

}

}

sloZité metody v samostatném modulu
prehlednost rozhrani
separatni kompilace - ¢as
vygenerovany kod

ale: Sablony!
nutna definice pfi kompilaci
= vSe v headeru



Inline a ne-inline metody

inline metoda
rozvinuti misto volani

Elass Trida trida.h s=q.r

string getResult () { return r; }

string slozitaFce( int x); #include "trida.h"

int inlineFce( int x) inline metoda

{ {

< X+y; ++i) Trida q;
s = q.getResult();

} s = g.slozitaFce( 1);

}; z = g.inlineFce( 2);
}

#include "trida.h" trida.cpp
string Trida::slozitaFce( int x) predani parametrtd a volani
{ push 1

int y; s = call g.slozitaFce

for( i = 0; i<x+y; ++i) { add esp, 8

}

}

sloZité metody v samostatném modulu
prehlednost rozhrani
separatni kompilace - ¢as
vygenerovany kod

ale: Sablony!
nutna definice pfi kompilaci

= vsSe v headeru
~~» C++20 Modules



Pocitani ovecek — upresnéni (okopirovano)

» pocet znakd, fadek, slov, vét, pocet a soucet Cisel

* znaky: vSe v€etné mezer, koncu radek apod.

* slovo: nejdelsi posloupnost alfanumerickych znakl nezacinajici Cislici
* neuvazujte diakritiku, resp. vSechny specialni (ne-isalnum()) znaky povazujte za nepismena

* Cislo: posloupnost Cislic nasledujici za nealfanumerickym znakem
e '.12ab."' jejedno Cislo azadné slovo

» fadky: zapocitat jen ty, kde je alespon jedno slovo nebo Cislo
 posledni fddka nemusi byt ukonéend '\n'

e véta: neprazdna posloupnost slov ukoncena oddélovacem
 oddélovacevétjsou '. "', "!", "2
e ', .. ani'31.12.2049" neninékolik vét



Pocitani ovecek — upresnéni (okopirovano)

» pocet znakd, fadek, slov, vét, pocet a soucet Cisel

* znaky: vSe v€etné mezer, koncu radek apod.

* slovo: nejdelsi posloupnost alfanumerickych znakl nezacinajici Cislici
* neuvazujte diakritiku, resp. vSechny specialni (ne-isalnum()) znaky povazujte za nepismena

* Cislo: posloupnost Cislic nasledujici za nealfanumerickym znakem
e '.12ab."' jejedno Cislo azadné slovo

» fadky: zapocitat jen ty, kde je alespon jedno slovo nebo Cislo
 posledni fddka nemusi byt ukonéend '\n'

e véta: neprazdna posloupnost slov ukoncena oddélovacem
 oddélovacevétjsou '. "', "!", "2
e ', " ani'31.12.2049" neni nékolik vét

 spocitat z cin nebo ze vSech souborl uvedenych na prikazové radce
» 7adné Cislo/slovo/véta/radek nejde pres hranici souboru

» dekompozice, objektovost, modularita, efektivita

 elegantni a efektivni rozhrani tridy pro vstup (data) a vystup (vysledky)
» separace vypoctu al/O



Pocitani ovecek — upresnéni (okopirovano)
» pocet znakd, fadek, slov, vét, pocet a soucet Cisel
* znaky: vSe v€etné mezer, koncu radek apod.
* slovo: nejdelsi posloupnost alfanumerickych znakl nezacinajici Cislici
* neuvazujte diakritiku, resp. vSechny specialni (ne-isalnum()) znaky povazujte za nepismena
* Cislo: posloupnost Cislic nasledujici za nealfanumerickym znakem
e '.12ab."' jejedno Cislo azadné slovo
» fadky: zapocitat jen ty, kde je alespon jedno slovo nebo Cislo
 posledni fddka nemusi byt ukonéend '\n'

e véta: neprazdna posloupnost slov ukoncena oddélovacem

 oddélovacevétjsou '. "', "!", "2
e ', .. ani'31.12.2049" neninékolik vét
 spocitat z cin nebo ze vSech souborl uvedenych na prikazové radce znaku: 999
» 7adné Cislo/slovo/véta/radek nejde pres hranici souboru f/ft\:/:999999
» dekompozice, objektovost, modularita, efektivita radku: 999
* elegantni a efektivni rozhrani tfidy pro vstup (data) a vystup (vysledky) cisel: 939
» separace vypoctu al/O soucet 95
DU - Recodex
» opét do plilnoci pred nasledujicim cvicenim
» dukladné otestujte vé. okrajovych pfipadd multiplatformnost

* bez warningu


https://recodex.mff.cuni.cz/app/assignment/c89cc6ea-46d1-4bfb-ad8f-963bfb594c3d
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