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Agenda

* Modularita, objekty
e Vlastnictni a RAlI

* Pointery a reference
* Raw pointery
e std: :unique_ ptr
e std: :shared ptr

e std: :move
e std: :swap
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I hate myself

Wow!
I hate this more




Sprava pameti: RAII

e Zivot C++ objektu za&ina konstruktorem a koné&i destruktorem
» 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

NPRGO041 Programovani v C++ - cviCeni Jifi Klepl


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);

}

NPRGO041 Programovani v C++ - cviceni Jifi Klepl


https://godbolt.org/z/KEKM1e3Ps

-
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>
* Vlyrobeni objektu na halde: pointer = std::make_unique<Object>(parametry) K

* 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.



Ukol: 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. Na kazdém 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)
e print <& vytiskne obsah stromu v “In-Order” poradi indentované (hloubka x '/t') od O

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

 Strom 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
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Po smazani

‘ The deleted node
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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
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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
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‘ The deleted node
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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:

Pfed smazanim

=» Move the successor to 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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