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2. Velky domdci Ukol — Kalkulacka vyrazu

» \ Recodexu (viz web)
» Do 3.1. (nedele) 23:59

» -10b za kazdy dalsi zapocaty tyden
» Body: 25b

» funkcionalitu

» -Xb za nefunkC&nosti véc
» kulturu koédu (Citelnost, konvence, ...)
» -Xb za pouziti nekulturnich véci
» Testovani:

» Pfesmérovdani vstupU prg.exe < input > output




Sablony
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Sablony (1/2)

class complex {
int real ; int im_;
public:
int &re() { return real ; }
int re() const { return real_; };
int &im() { return im_; };
int im() const { return im_; };

}s

void print(int v) { cout << v; }
void print(double v) { cout << v; }

void print(const string &str) { cout << str; }

int main() {
complex c;
print(c.re());

}

template<typename T>
class complex {
T real_; T im_;
public:
T &re() { return real ; }
T re() const { return real_; };
T &im() { return im_; };
T im() const { return im_; };

}s

template<class T>
void print(const T &v) { cout << v;

int main() {
complex<int> c;
print(c.re());

}



Sablony (2/2)

template<class Cont>
class container_wrapper {
Cont cont;

public:
void push_back(const typename Cont::value_type& val) {
cont.push_back(val);

}

void push_back(typename Cont::value_type &&rval) {
cont.push _back(std::move(rval));

}
}s

template<class Cont>
auto make_wrapper() {
return container_holder<Cont>();

}

auto vector_wrapper = make wrapper<std::vector<int>>();
vector_wrapper.push_back(3);




Ukoly

1. Vlastni genericky vector
2. std::pair<T1,T2>

» hitps://en.cppreference.com/w/cpp/utility/pair



https://en.cppreference.com/w/cpp/utility/pair

Programovani v C++
cviceni 8 (25.11.2020)

faltin@ksi.mff.cuni.cz
https://fan1x.github.io/cpp20.html



mailto:faltin@ksi.mff.cuni.cz
https://fan1x.github.io/cpp20.html

Pripomenuti

» Vymyslet & domluvit zdpoctovy program do konce listopadu




Zkusenosti z Ukolu

Member initializer list
Pouzivat unsigned typy
Pouzivat konstanty

Nemixovat dynamické alokovani paméti



Ukol: databdze zvifat v Zoo

» Vytvorte fridy na databdzi zvirat v Zoo
» Alespon 5 riznych zvirat
» Spolecné atributy: vék, iméno
» Kazdé zvire md svUj viastni/jiny atribut
» Ndpoveda: <algorithm> + containers + iterators (of containers)

// API

print_all() // vypis vsechna zvirata

add() // pridej nove zvire

get_all sorted by name() // vrati iteratory na setridene zvirata podle jmena
get all sorted by age() // vrati iteratory na setridene zvirata podle veku
get name_range() // vrati iteratory na zvirata se jmenem v danem rozmezi

get _age range() // vrati iteratory na zvirata s vekem v danem rozmezi
erase(iterator) // vymaz zvire podle daneho iteratoru



Ukol: databdze zvifat v Zoo - piiklad

/

// API priklad, nemusi byt stejne

db.add(Dog(“Anna”, 15, “Prague”));

db.add(Cat(“Binie”, 10, 10));

db.print_all();

// “Anna(dog, 15y) from Prague”, “Binie(cat, 10y) caught 10 mice)*

auto [first, last] = db.get _all sorted by name();
for(; first != last; ++first) { (*first)->print(); }
// “Anna(dog, 15y) from Prague”, “Binie(cat, 10y) caught 10 mice)*

auto [first, last] = db.get _all sorted by age();
for(; first != last; ++first) { (*first)->print(); }
// “Binie(cat, 10y) caught 10 mice)“, “Anna(dog, 15y) from Prague”

auto [first, last] = db.get name_range(“A”, “Azzzz”);
for(; first != last; ++first) { (*first)->print(); }
// “Anna(dog, 15y) from Prague”

auto [first, last] = db.get _age range(10, 14);

for(; first != last; ++first) { (*first)->print(); }
// “Binie(cat, 10y) caught 10 mice)*
db.erase(first);

db.print_all();

// “Anna(dog, 15y) from Prague”
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Pripomenuti

» Vymyslet & domluvit zdpoctovy program do konce listopadu




1. Velky domaci ukol — Agregator dat

» \ Recodexu (viz web)
» Do 20.12. (nedele) 23:59

» -5b za kazdy dalsi zapocaty tyden
» Body: 10+5b

» ]10b za funkcionalitu

» 5b za kulturu kédu (Citelnost, konvence, ...)




Dedicnost

» Chcete podédit(=pourzit) vliastnosti (funkce, proménné) svého predka

class container {
public:
using size type = size t;

size t size() const { return size ; }

protected:
size t size_;

}s

class vector_int : public container { ... };
class list int : public container { ... };

int main() {
vector_int vi;
cout << vi.size();

}




Priklady dedicnosti

Z

class
class
class

class
class
class

class
class

class
class
class

class
class

car {};
volvo : public car {};

skoda : public car {};

animal {};
dog : public animal {};
cat : public animal {};

employee {};
accountant : public employee {};

expression {};
binary : public expression {};
plus : public binary {};

object {}; // JAVA
XYZ : public object {};

expression




Deédichost vs. skladani

» Dedicnost - existuje logickd podrazenost (OOP)
» Skladdani - jeden obsahuje druhy bez zadné logické ndvaznosti

» MUZe byt implementovdno pomoci dédi¢nosti

vehicle




Dynamicky polymorfismus

» Funkce musi byt virtual a voldme ji pres referenci/ukazatel!

class base {
protected:
int value = 0;
public:
virtual ~base() = default;
virtual void print() const { std::cout << "base: " << value; };

}s

class derived : public base {
public:
void print() const override { std::cout << "derived: " << value; };

}s

int main() {
derived d;
d.print(); // derived: @
base & = d;
b.print(); // derived: @
base *b_ptr = &d;
b_ptr->print(); // derived: @
base b2 = d;
b2.print(); // base: ©




Ukol: pole libovolnych typd

» Podpora pro: int, double, string

» Pouzit dédicnost (NE union/variant/...)

// API:

push_back(value); // insert a value

print(size type i); // print the value of i-th element
print_all(); // print all values inside the array

int main() {
my_vec Vv;
v.push_back(1); v.push_back(2.3); v.push_back(“four”);
v.print(e); // 1
v.print(2); // “four”
v.print_all(); // [1, 2.3, “four”]
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C++ vs. ++C (1/2)

» C++ dovoluje overloading operatorU (*, ++, -, +,-, &&, *, ...)

» Neménte semantiku

// ex 1
for (size t i =0; 1 < N; ++1i) { .. }
// vs.

for (size t i =0; 1 < N; i++) { .. }

// ex 2
for (auto it

// vs.
for (auto it = my class.begin(); it != my class.end(); it++) { .. }

my class.begin(); it != my class.end(); ++it) { .. }




C++ vs. ++C (2/2)

class C {
size t idx;
public:
C &operator++() { // ++1i
++idx;
return *this;

}

C operator++(int) { // i++
C copy(*this);
++idx;
return copy;

s




Pripomenuti

» Téma zapoctového programu do 30.11.

~ I~

» |.velky DU pristé
» Malé domdaci ukoly:
= Warnings!

» (Jkol uzndn, pokud dostanete approval (od dU5 — vector)




Najdi chyby

®» ex06-matrix.cpp (web, slack)




Ukol (voliteln&): databdze lidi

Data jsou uklddand ve formé nevyvazeného bindarniho stromu

= Na vytvdreni jednotlivych uzlb se pouzivd dynamicka alokace (ne
kontainery)

» Premyslejte nad ndvrhem AP

// API:

class person { name, age, address }, id=name

insert(person) // vloz osobu pokud neexistuje

find(person) // najdi osobu a vrat na ni nejaky odkaz nebo dej vedet, ze
neexistuje

erase(person) // odstran osobu
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Dynamickd alokace v modernim C++ (1/3)

/4
struct Complex {

int r, 1i;

Complex(int r, int i) : r{r}, i{i} {}
}s

void print(const Complex *c) {
std::cout << "[" << ¢c->r << "," << c->1 << "]";

}

void clear(Complex *c) {
c->r = 0;
c->i = 0;

}

int main() {
std::unique_ ptr<Complex> ptr _c = std::make_unique<Complex>(1, 2);
print(ptr_c.get());
clear(ptr_c.get());




Dynamickd alokace v modernim C++ (2/3)

/4
struct Complex {

int r, 1i;

Complex(int r, int i) : r{r}, i{i} {}
}s

void print(const Complex *c) {
std::cout << "[" << Cc->r << "," << c->1 << "]";

}

void clear(Complex *c) {
c->r = 0;
c->i = 0;

}

int main() {
std: :unique_ptr<Complex[]> ptr_c = std::make_unique<Complex[]>(10);
print(&ptr_c[0]);
clear(&ptr_c[0]);




Dynamickd alokace v modernim C++ (3/3)

/4
struct Complex {

int r, 1i;

Complex(int r, int i) : r{r}, i{i} {}
}s

void print(const Complex *c) {
std::cout << "[" << Cc->r << "," << c->1 << "]";

}

void clear(Complex *c) {
c->r = 0;
c->i = 0;

}

int main() {
std: :shared _ptr<Complex[]> ptr_c = std::make_shared<Complex[]>(10);
print(&ptr_c[0]);
clear(&ptr_c[0]);




Dynamickd alokace v modernim C++ (3/3)

» Moderni
» std::unique_pir<T>, std::unique_pir<T[]>
» std::ishared_ptr<T>, std::;shared_ptr<T[]>
» std:weak_pfir<T>

» | ow-level

®» new T, new T[], delete, delete]]




Ukoly

1. Vlastni implemententace vectoru pro Cisla

» ctor(size_t, value_type), size(), capacity(), reserve(), resize(), push_back(),
operator(]()
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Trigraphs (do C++17)

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

{

std::cout << "Hello World";



Ukoly (zkusenosti)

» /apnout varovani prekladace (warnings)
» GCC: -Wall -Wexira, VS: /Wall

» Nezdporné typy: unsigned int, size_t, ...
» yintX_t: uint8_t, int8_1, ..., uinté4_t, inté4_t
» velikost v bytech sizeof(X) — sizeof(size_t)

» const-funkce: neméni data, pouze Cte obsah tridy
static funkce: funkce, kterd nepotrebuje pristupovat k vnitfnim datum tfidy

» std:vector
» resize(N, default_value),

» vector<vector<int>> vi(3, vector<int>(10, default_value))




7
using row_t = vector<int>;
using matrix_t = vector<row_t>;

void print(const matrix_t &m) {
for (auto &&row : m) {
for (auto &&element : row) {
std: :cout << element;

}
}

const row_t &get row(const matrix_t &m,
size t row id) {
return m[row_id];

¥

matrix_t data;

class matrix {
public:

using row_t = vector<int>;
using data_t = vector<row_ t>;

void print() const {
for (auto &&row : data) {
for (auto &&element : row) {
std: :cout << element;

}
}

const row_t &get row(size_ t row_id) const {
return data[row_id];

}

private:

}s

data_t data;



Deklarace/definice

// file: my class.hpp // file: my class.cpp
#ifndef MY_CLASS HPP #include “my class.hpp”
#define MY_CLASS HPP #include <iostream>
void fn(int x); void fn(int x) {
cout << “fn()”;
class my class { }
public:
my_class(); my class::my _class() : d(1.9) {
int exec(int x); cout << “ctor”;
}
private:
double d; int my class::exec(int x) {
static size t ij; for(int i=0; i < x; ++1i) { .. }
3 }

#endif // MY_CLASS HPP size t my class::i = 0;




Ukoly

» PiSkvorky pro 2 hrace (5 v radé)
» Hraci se stridaji v zaddvani souradnic
» Konfroluje se spravnost souradnic
» Konfroluje se, jestli néktery hrdc nevyhrdl

®» mafice<vector<eee>>
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Operdator ,,down fo*

// vypise 9, 8, 7, ..., ©
void op_downto() {

int x = 10;

while (x --> 0) {
cout << Xx;

}

}




class/struct

» Specidlni metody: constructor, copy-constructor, move-constructor,
destructor, copy-operator, move-operator

class C {
int x = 0;
public:
C() { cout << "ctor\n"; }
C(const C &c) : x(c.x) { cout << "copy-ctor\n"; }
C(C &&c) : x(c.x) { cout << "move-ctor\n"; }
~C() { cout << "dtor\n"; }
C &operator=(const C &c) {
X = C.X;
cout << "copy-op\n";
return *this;

}
C &operator=(C &&c) {

X = C.X;

cout << "move-op\n";
}

}s




Ukol 1: implementace fiidy C

Implementovat frfidy C, aby program vypsal Cisla 1, 2, 3, ..., 20

= NE exit() apod...
class C { .. }; // implement
// nesahat na véci nize!
void fn_copy(C) {}
void fn_cref(const C&) {}

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

{

cout << "1";

C c;

cout << "5";
fn_copy(c);

cout << "10";
fn_cref(c);
fn_copy(std: :move(c));
cout << "15";




Ukoly

1. Implementovat tfidu C

2. Trida pro komplexni Cisla

» naimplementovat viechny specidlni metody
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Ukoly (zkusenosti)

» Nepouzivat copy&paste
» Rozdélovat do funkci
» Misto komentdr0 pouzivat funkce

» Vyuzivat funkce z STL (napr.: std::stoi, std::list<T>)

» pozor na slozitost funkci (std::vector::delete())

= Minimalizovat continue, break, gofo

T COULD RESTRUCTURE
THE PROGRAMS FLOW

OR UJSE ONE LITILE
‘GOTD INSTEAD.

g

EH, SCREW (00D PRACTICE.
HOW BAD CAN 1T BE?

\ goto main_sub3;

!

: : i? *COMPILE*




Ukoly (zkusenosti)

®» Rozumné pojmenovavani

» Preddvdni parametrd

P

e
l ml{ zumne

I; I|‘ =
|

{lelromennych

fﬁﬁ‘mé
il

promennych

Rozumné




Ukoly (zkusenosti)

» Do GITu pouze zdrojdky, konf. soubory, ...
» NE:.obj, .log, .pdb, ...
» Dalsi Ukoly odevzdat + vytvorit merge request (pridat mé)

» NAvod na strdnkdch




Preddvani parametru

» hodnotou (by value): void fn(string sir)
» Vytvori se kopie, kterd se predd do funkce
» odkazem (by reference)
» reference: void fn(string &str)
» Funkce modifikuje parametr uvnitf
» Vystupni parametry (pokud nelze ndvratovou hodnotou)

» const-reference: void fn(const string &str)

» Preddvd se parametr, ale nechci vytvdret kopii (pro velké tridy, kde je kopirovdni drahé)
» r-value reference: void fn(string &&str)

» Pozdéji

» *ykazatelem (by pointer)
» Nenito zpUsob preddvani parametry (ukazatel je preddvdan hodnotou)

» V C-Cku-nemd reference




class/struct (1/2)

» Chceme strukturovat data, funkce , .k sobé"

class calculator {
void sum(); // private by default
public:
void calc(const std::string &expression); // change internals
void print() const; // doesn’t change internals
private:

/] ...

}s
}s

calculator c; // no need for “new
c.calc("1+2*3/4");

» const funkce mize volat pouze const funkci




class/struct (2/2)

struct coordinate {
int x;
int y;
int z;
void set(int x, int y, int z);

s

» C|ass Vvs. struct

» Use class if the class has an invariant; use struct if the data members can
vary independently

http://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#c-classes-and-class-hierarchies

http://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#c2-use-class-if-the-class-has-an-invariant-use-struct-if-the-data-
members-can-vary-independently
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std::vector<l>

#include <vector>

int main() {
std::vector<int> vi{l, 2, 3, 4, 5, 6};
std::vector<float> vf(5, 0.0f);
std::cout << vi[3] << “ “ << vf.at(3) << std::endl;
std::cout << vi.size();
vi[3] = 100; vi.at(6) = 600;

vT.
vT.
vi.
vT.
i.clear();
vi.

V1

}

push_back(100.0f); vf.emplace back(200.0f);
insert(3, 300.0f); vf.emplace(3, 300.0f);
pop_back();

erase(3);

resize(10); vi.reserve(100);

» Pozor na Casovou slozitost operaci

» vector<bool>

https://en.cppreference.com/w/cpp/header/vector



https://en.cppreference.com/w/cpp/header/vector

Ukoly

1. matice pro Cisla
» sef(x, y, value), get(x, y). print()
» set_width(), set_height(), get_width(), get_height()
» get_row(x), get_column(x) — vraf Fadek/sloupec x
» get_rows(), get_columns() — vrati pole viech radkl/sloupct
» clear() — nastav vSechny hodnoty na 0

» fill_with_value(value) — nastav vSechny hodnoty na danou hodnotu

®» reverse() — prohod hodnoty z [x, y] na [y, X]
® is_negative() —jsou viechny Cisla v matici zdpornd?
» get_negative(), get_positive() — vrati vSechna negativni/pozitivni Cisla v matici

» zero_count() — pocet 0 v matici

» POZOR: const metody, preddvdani parametrd

» (Odevzdat do Gitlabu + merge request
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Distancni vyuko

» Web: hitps://fanlx.qithub.io/cpp?20.html

» Zoom: online cviceni

» |nformace k prihldseni v SIS/Ndasténka
» Slack: rychld komunikace se cvicicim/predndsejicim/kolegy

» |nformace k prihldseni v SIS/Ndsténka

» Gitlab: odevzddavani Ukold
» Nhifps://aitlab.mff.cuni.cz/

» Recodex: odevzddvdni vétsich UkolU + automatickd oprava

» Nhitps://recodex.mff.cuni.cz/



https://fan1x.github.io/cpp20.html
https://gitlab.mff.cuni.cz/
https://recodex.mff.cuni.cz/

Pozadavky na zapocet

» Dokoncené + odladéné piiklady ze cviceni v Gitlabu do pondéli 23:59 pred
dalsim cvicenim

» |kdyz se neUcCastnite cviceni
» 2 DU v ReCodexu

» . mensi Ukol: listopad, 15b

» 2. vétsi Ukol: prosinec, 25b

» Body se zapocitdvaiji do zkousky
» /dpoctovy program
» Téma do 30.11.
» |, odevzddni do 30.4.
» Findlni odevzddni do 28.5.
» |nvidividudini podminky je mozné domluvit na zacdtku semestru




Pozadavky na Ukoly

» Konzistence (alespon v ramci jednoho Ukolu)
» Citelny kéd

» Citelny kdéd >> komentdre
» Bezpecny kod

» std::vector<int> a(20); >> int *a = new int[20];
» Moderni kéd

» sid::.array<int, 20> a; >> int a[20];

» Funkcnost



Budte aktivhi ©

» Nebojte se zeptat na Slacku/mailu/...
» Stdze

» CppCon

» Google, Microsoft, Oracle, ...

= BP, DP, SWP, PhD




ProCc C++

» "C makes it easy to shoot yourself in the footf. C++
makes it harder, but when you do, it blows away your
whole leg." - Bjarne Stroustrup
» C++ s like teenage sex:
» |t's on everyone's mind all the fime.
» FEveryone talks about it all the time.
» Fveryone thinks everyone else is doing it.
» Almost no one is really doing it.
» The few who are doing it are
» doing it poorly;
» sure it will be better next time;
» not practicing it safely.

» C++ |=speed

Source: http://devhumor.com/media/languages-as-essays

I'M TWO PAGES IN AND I STILL
HAVE NO IDEA WHAT YOU'RE SAYING.

Y

d




Prostredi

» |DE

» Visual Studio (https://portal.azure.com/...)

» Clion
» Code::Blocks

» Eclipse

» Prekladace
» MSVC, GCC, Clang+LLVM, ICC, ...



https://portal.azure.com/?Microsoft_Azure_Education_correlationId=a21d82e6-7c59-480a-8942-8164763b1ba2#blade/Microsoft_Azure_Education/EducationMenuBlade/software

C++ (interesting) links

=» Reddif, Slack, ...
» hitp://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines

» Nhifps://www.youtube.com/user/CppCon

» hitps://isocpp.org/

» Nhitp://www.open-std.org/jtcl/sc22/wa?2l/docs/papers/

» hitps://acc.godbolt.org/

» Nhifps://en.cppreference.com/w/

» hitp://www.cplusplus.com/



http://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines
https://www.youtube.com/user/CppCon
https://isocpp.org/
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/
https://gcc.godbolt.org/
https://en.cppreference.com/w/
http://www.cplusplus.com/

Hello world

#include <iostream>
#include <string>

int main() {
std::string name;
std::cin >> name;
std::cout << “Greetings from ” << name << std::endl;
return O;

}




UziteCny kod
#include <iostream>
#include <string>

#include <vector>

using namespace std;

int length(const string&s) { ... }

void pretty_print(const vector<string>& a) { ... q][i] ... }

int main(int argc, char** argv) {
vector<string> arg(argv, argv+argc);

if (arg.size() > 1 && arg[1] =="--help") {
cout << "Usage: myprg [OPT]... [FILE]..." << endl;
return 8;

}

pretty_print(arg);

return O;

}




Ukoly 30.9.2020

1. Hello world
2. Program pozdravi vsechny lidi (jména zadand jako argumenty programu)
» "Hello.exe Adam Bedrich Cecilie’

» Pozor na prvni argument, tedy “arg[0]

3. Scitani Cisel zadanych jako argumenty
» std:stoi(), ...

4. Jednoduchd kalkulacka nad zadanymi argumenty
» Jenom Cisla a bindrni operace +, -, *, /

» Calc.exe 1+2*3-4/5




