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Agenda

e \lyjimky
* std::exception, std::runtime_error, std::logic_error
* noexcept a exception safety

* Assertions
* Atributy
* Tooly

I hate myself

Wow!
I hate this more




Vyjimky

class DivisionError :
{
public:
virtual const char* what() const
noexcept override {
return "Division by zero";

public exception

}
}s

int divide(int a, int b) {
if (b == 0) {
throw DivisionError();

¥

return a / b;

¥

int main() try {

¥

divide(10, 0);

catch (const DivisionError& e) {

cout <«
<< e.what() << endl;

catch (const exception& e) {

cout << "An error occurred:
<< e.what() << endl;

catch (...) {

cout << "Unknown error" << endl;

"An arithmetic error occurred:
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Vyjimky

[ Vyjimka dédi od std::exception ]

L

class DivisionError : public exception

\

1

{ Qwa metodu what
public:

virtual const char* what() const
noexcept override {
return "Division by zero";

}
}s

int divide(int a, int b) {
if (b == 0) {
throw DivisionError();

¥

return a / b;

¥

int}main() try {

¥

divide(10, 0);

catch (const DivisionError& e) {

cout <«
<< e.what() << endl;

catch (const exception& e) {

cout << "An error occurred:
<< e.what() << endl;

catch (...) {

cout << "Unknown error" << endl;

"An arithmetic error occurred:

NPRGO041 Programovani v C++ - cviCeni Jifi Klepl



https://godbolt.org/z/hGM7KWG36
https://godbolt.org/z/hGM7KWG36

Jy o0

Vyjimky

[ Vyjimka dédi od std::exception ]

class DivisionError :

L

public exception

1

int}main() try {

{ Qwa metodu what()
public:
virtual const char* what() const
noexcept override { }
return "Division by zero";
}
}s }
int divide(int a, int b) {
if (b == 09) { }
throw DivisionError();
return a / b; Hazeni hodnotou ]

¥

Chytani referenci J

divide(10, 0);
catch (const DivisionError& e) {
cout <«
<< e.what() << endl;
catch (const exception& e) {
cout << "An error occurred:
<< e.what() << endl;
catch (...) {
cout << "Unknown error" << endl;

"An arithmetic error occurred:
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RAIl a vyjimky

class C {

public: ~C() { cout << "C::~C()" <X
endl; }
¥
class D {

public: ~D() { cout << "D::~D()" <<
endl; }
¥

int f() {
vector<C> v(4, C());

{
D d;
throw runtime_error("error");

C c;

¥
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RAIl a vyjimky

class C {

public: ~C() { cout << "C::~C()" <X
endl; }
¥
class D {

public: ~D() { cout << "D::~D()" <<
endl; }
¥

int f() {
vector<C> v(4, C());

{
D d; 1. Zacne unrollovat stack ]
throw Puntime_error("error");;;EZ;/

C c;

¥
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RAIl a vyjimky

class C {

public: ~C() { cout << "C::~C()" <X
endl; }
¥
class D {

public: ~D() { cout << "D::~D()" <<
endl; }
¥

int f() {
vector<C> v(4, C());

{ 4 2. Uklidid ]
D d; 1. Zacne unrollovat stack ]

throw runtime_error("error");

C c;

¥

NPRGO041 Programovani v C++ - cviCeni Jifi Klepl 8



https://godbolt.org/z/Knscze8PE

RAIl a vyjimky

class C {
public: ~C() { cout << "C::~C()" <X
endl; }
¥
class D {
public: ~D() { cout << "D::~D()" <<
endl; }
¥
int £() { L&%Uklidl'véechnyc ]
vector<C> v(4, C());

{ 4 2. Uklidid ]
D d; 1. Zacne unrollovat stack }

throw runtime_error("error");

C c;
}
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Exception safety (kdyz funkce skonci vyjimkou)

1. Funkce dava ,,no exception guarantee®

== Program se mohl rozbit, mizZzeme ho postupné ukoncéovat (funkce nenapravuje
chyby souvisejici s vyjimkou, hrozi memory corruption atd.)
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Exception safety (kdyz funkce skonci vyjimkou)

1. Funkce dava ,,no exception guarantee®

== Program se mohl rozbit, mizZzeme ho postupné ukoncéovat (funkce nenapravuje
chyby souvisejici s vyjimkou, hrozi memory corruption atd.)

2. Basic exception guarantee
I. Funkce mohla byt prerusena uprostred provadeni zmen (hrozi napr ztrata dat)
. Funkce napravila vdechny chyby souvisejici s vyjimkou, program stéle validni
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Exception safety (kdyz funkce skonci vyjimkou)

1. Funkce dava ,,no exception guarantee®

== Program se mohl rozbit, mizZzeme ho postupné ukoncéovat (funkce nenapravuje
chyby souvisejici s vyjimkou, hrozi memory corruption atd.)

2. Basic exception guarantee
I. Funkce mohla byt prerusena uprostred provadeni zmen (hrozi napr ztrata dat)
.. Funkce napravila vdechny chyby souvisejici s vyjimkou, program stéle validni

3. Strong exception guarantee
. Pokud funkce byla pferuSena uprostied prace, rollbackne vSechny zmény
Ll Tohle guarantee nam dévaji napf. standardni kontejnery (vector.push_back)
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Exception safety (kdyz funkce skonci vyjimkou)

1. Funkce dava ,,no exception guarantee®

== Program se mohl rozbit, mizZzeme ho postupné ukoncéovat (funkce nenapravuje
chyby souvisejici s vyjimkou, hrozi memory corruption atd.)

2. Basic exception guarantee
I. Funkce mohla byt prerusena uprostred provadeni zmen (hrozi napr ztrata dat)
.. Funkce napravila vdechny chyby souvisejici s vyjimkou, program stéle validni

3. Strong exception guarantee
. Pokud funkce byla pferuSena uprostied prace, rollbackne vSechny zmény
Ll Tohle guarantee nam dévaji napf. standardni kontejnery (vector.push_back)

4. Nothrow exception guarantee
. Funkce neskong&i vyjimkou; keywordem noexcept to mizem slibit
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noexcept

* Oznacuje, ze funkce neskonci vyjimkou
1 Pokud funkce neni oznadena noexcept, tak potencialné vzdy haze
1. Pokud se pleteme a nastane nechycena vyjimka, program se ukonci

NPRGO041 Programovani v C++ - cviceni Jifi Klepl
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noexcept

* Oznacuje, ze funkce neskonci vyjimkou
1] Pokud funkce neni ozna&ena noexcept, tak potencialné vzdy haze
1. Pokud se pleteme a nastane nechycena vyjimka, program se ukonci

clas§ Myvalue { [ Zavzpominame na The Rule of Five ]

public:
MyValue(int v) : value(v) { /* ... */ }
MyValue(const MyValue& other) : value(other.value) { /* ... */ }
MyValue(MyValue&& other) noexcept : value(other.value) { /* ... */ }
MyValue& operator=(const MyValue& other) { /* ... */ return *this; }
MyValue& operator=(MyValue&& other) noexcept { /* ... */ return *this; }
int value;

}s5
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Jak zajistit strong guarantee typicky

Naivniimplementace

MyContainer& operator=(const MyContainer&
other) {
values.clear();
values.reserve(other.values.size());

for (const auto& v : other.values) {
values.push back(v);

¥

NPRGO041 Programovani v C++ - cviceni Jifi Klepl
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Jak zajistit strong guarantee typicky

Naivniimplementace

Strong exception gurantee

MyContainer& operator=(const MyContainer&

values.clear();

other) {

values.reserve(other.values.size());

for (const auto& v : other.values) {
values.push back(v);

¥
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MyContainer& operator=(const MyContainer&
other) {
if (this == &other) {
// skip self-assignment
return *this;

¥

MyContainer temp(other);
// we can swap the vectors
std::swap(values, temp.values);

return *this;

17



Assertions (na usnadneni debuggingu)

static_assert(cond, "message")

* Kontrola provadéna za prekladu
=d Zadny runtime overhead

* Typicky dava readable errory

* Pro jednoduché podminky vypise
hodnoty

* Vypisuje requirementy conceptu

» Zastavi compilaci pri nalezu
chyby

NPRGO041 Programovani v C++ - cviceni Jifi Klepl

assert(cond)

* Runtimovy check v DEBUG verzi
1] V Releasu automaticky smazany

* Typicky na kontrolu nasledujicich

* Preconditions (véci, co funkce
ocekava — napr. Binary sort napr.
ocekava setridené pole)

* Invariants (podle logiky programu)

* Postconditions (Stav zarizeny
funkci — napfr. sort vraci sesorténé
pole)

* Vypne program pri nalezu chyby

18



[[Attributes]]

e C++ nabizi nékolik standardnich atributl a compilery fadu dalSich
* Typicky neméni vyznam kodu, ale fidi kontroly/optimalizace prekladace

* UziteCcné na predchazeni chyb a dokumentaci kodu:

* [[nodiscard("reason")]] - vysledek funkce by nemeél byt zahazovan
* [[maybe_unused]] - oznacuje, ze proménna/parametr funkce neni pouzit umyslné

* [[noreturn]] — funkce nevrati hodnotu (nekonecnha smycka, throw, exit, ...)

[[nodiscard]] int computeSquare(int number)

{ [ [noreturn]] void fatalError(const string& msg)
return number * number; {
} cerr << "Fatal error: " << msg << endl;
exit (EXIT_FAILURE); // exit the program
}
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Co muzeme pouzit na predchazeni/feseni chyb
mMimo vyjimky
1. if statementy

* Typicke bezne nastavajici corner-casy, hranice poli, atd.

2. std::optional<Value>, std::expected<Value, Error>
* Néjaky krok procesu mohl selhat, nejde vratit hledanou hodnotu, atd.
 Vlastné tim muzeme lip nahradit nullptr (hlavné u typl bez nulové hodnoty)

3. assert
* Na kontrolu, Ze je program spravné naprogramovany (preconditions, invariants)

4. static_assert
* Na véci, co umime rozhodnout za prekladu

5. concept
* Na restrikci typu, se kterymi muze algoritmus pracovat, atd.
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Nesnadno odhalitelné chyby a ruzné compilery

Output of x36-64 gcc (trunk) (Compiler #1) & X 86-64 gcc (trunk) (Editor #1) &
A~ [OWraplines = Selectall

ASM generation compiler returned: @
Execution bulild compiler returned: @
Program returned: @

| g++-Og-Wall -Wextra -pedantic -DDEBUG

in-t main Output of x64 msvc v19.latest (Compiler #2) # X 64 msvc v19 latest (Editor #1) #
std: :vector V{@ ::Il.,2,3 }; A~ OWraplines = Selectall
<

A
J J
std::cout << V[5 std::endl; example. cpp
ASM generation compiler returned: @

example.cpp
Execution bulild compiler returned: @
Program returned: @

cl.exe /std:c++latest /W4 /permissive- /DDEBUG /RTC1

Output of x36-64 clang (trunk) (Compiler #3) # X 36-G4 clang (trunk) (Editor #1) &
A~ [OWraplines = Selectall

ASM generation compiler returned: @
Execution build compiler returned: @
Program returned: @

" | clang++-Og -Wall -Wextra -pedantic -DDEBUG |
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Nesnadno odhalitelné chyby a ruzné compilery

Output of x36-64 gcc (trunk) (Compiler #1) & X 86-64 gcc (trunk) (Editor #1) &
A~ [OWraplines = Selectall

ASM generation compiler returned: @
Execution bulild compiler returned: @
Program returned: @

| g++-Og-Wall -Wextra -pedantic -DDEBUG

in-t main Qutput of x64 msvc w19 latest (Compiler #2) & X 64 msvc v19.latest (Editor #1) #
std: :vector V{@ 1, 2, 3,4, }; A~ OWraplines = Selectall
std::cout << v[5] << std::endl; \ eomple.con
ASM generation compiler returned: @
Program je obviously example.cpp

Execution bulild compiler returned: @

beZ bugu :D Program returned: @

cl.exe /std:c++latest /W4 /permissive- /DDEBUG /RTC1

Output of x36-64 clang (trunk) (Compiler #3) # X 36-G4 clang (trunk) (Editor #1) &
A~ [OWraplines = Selectall

ASM generation compiler returned: @
Execution build compiler returned: @
Program returned: @

| clang++-Og -Wall -Wextra -pedantic -DDEBUG |
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Tak udelame release verze

Qutput of x36-64 gce (trunk) (Compiler #1) & X ¥86-64 goc (trunk) (Editor #1) &
A~ [OWraplines = Selectall

<source*: In function "int main()":
<source>:8:21: warning: array subscript 5 is outside array boun
g | std::cout << v[5] << std::endl;

- | g++-02 -g -Wall -Wextra -pedantic -DNDEBUG

int main () Qutput of x64 fnsu-j,: v19. atTt (Compiler #2) & X 064 msvc v19. latest (Editor #1)
std: :vector V{eél’z 3,4,}; A~ [OWraplines = Selectall
std::cout << v[5] << std::endl; example. cpp
ASM generation compiler returned: @

example.cpp
Execution bulild compiler returned: @
Program returned: @

[ cl.exe /std:c++latest /02 /Zi /W4 /permlsswe /DNDEBUG
Output of x86-64 clang (trunk) (Compiler #3) £ X | x86-64 clang (trunk) (Editor &

A~ [OWraplines = Selectall

ASM generation compiler returned: @
Execution bulld compiler returned: @
Program returned: @

—-177693253¢8

[ clang++ -02 -g -flto -Wall -Wextra -pedantic -DNDEBUG }
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Tak udelame release verze

Qutput of x36-64 gce (trunk) (Compiler #1) & X ¥86-64 goc (trunk) (Editor #1) &
A~ [OWraplines = Selectall

<source*: In function "int main()":
<source>:8:21: warning: array subscript 5 is outside array boun
g | std::cout << v[5] << std::endl;

- | g++-02 -g -Wall -Wextra -pedantic -DNDEBUG

int main()
std: :vector v{©
std::cout << Vv[5

[ M—
-
/\I\J

UJ

I hate myself

&

Output of x64 meve vi19 latest (Compiler #2) & X 064 msvc v19 latest (Editor #1) #
A~ OWraplines = Selectall

example.cpp
ASM generation compiler returned: @

C++ ﬁ
w1

Wow!
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example.cpp
Execution bulild compiler returned: @
Program returned: @

[ cl.exe /std:c++latest /02 /Zi /W4 /permlsswe /DNDEBUG
Output of x86-64 clang (trunk) (Compiler #3) £ X | x86-64 clang (trunk) (Editor &

A~ [OWraplines = Selectall

ASM generation compiler returned: @
Execution bulld compiler returned: @
Program returned: @

—-177693253¢8

[ clang++ -02 -g -flto -Wall -Wextra -pedantic -DNDEBUG }
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Nastesti existuji tooly: napr. sanitizery

| gl WV L T HHTIRWEI s

Qutput of x86-64 goc (trunk) (Compiler #1) & X 56-64 gcc (trunk) (Editor

A~ [OWraplines = Selectall

SUMMARY: AddressSanitizer: heap-buffer-overflow /app/example.cpp:8 in main
Shadow bytes arcund the buggy address:
:.HE.EL:.HE_:'_ _;EF | -:: | () 00 |:. | () 1] (] | : | )

int main() {
std: :vector v{90,1,2,3,4,};
std::cout << V[5] << std:iendl;

Output of x86-64 clang (trunk) (Compiler #3) & X 86-64 clang (trunk) (Editor #1) #

A~ [OWraplines = Selectall

SUMMARY: RddressSanitizer: heap-buffer-cwverflow /app/example.cpp 18 i aji
Shadow bytes arcund the buggy address:

Ox76687041£d480: 00 00 00 00 OO 00 00 QO OO 00 0O OO OO OO |._”_. 00

NxTRAATN41 Faifl 0 00 an an o o0 oo an an 00 an o an on nn i

[ clang++ -Og -g -DDEBUG -fsanitize=undefined -fsanitize=address ]
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Nastesti existuji tooly: nebo treba clang-tidy

int main() {
std: vector v{0,1,2 3 4,%};
std::cout << v[5] << 5td:*endl;

[clang -tidy -checks=cppcoreguidelines*,performance*,bugprone* readability*,clang-analyzer-* test.cpp ]

TR S T T T T T

fhnmefj1rkafteach;nginprg@dlfweb{test cpp:7:17: warning: variable name 'v' is too short
7 | std: :vector v{0,1,2,3,4,};
| .
/home/jirka/teaching/nprgddl/web/test.cpp:8:20: warning: 5 is a magic number; consider
g | std: :cout << v[5] << std::endl;
| A
fhome/jirka/teaching/nprg4l/web/test.cpp:8:26: warning: do not use 'std::endl' with st
8 | std::cout << v[5] << std::endl;

| M P P o P Pogen P P P

| "\n’
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Uloha: checked_expressions

* Vlychazejte z jedné uloh pro expressions (tfeba lab-06 nebo 07)

 Pokud mate implementaci s polymorfni Value

* Vytvorte koncept kontrolujici, ze jde typ T scCitat, odecitat, atd. (a printit); prosté semicolon-
separated list vyraz(, ve kterych muZete proménnou toho typu pouzit

* Definujte ValueExEressmn s timhle conceptem; u scCitani atd staci podporovat jen operace s
hodnotami stejnych typu (abychom to ZjeandUSIlI)

 Pokud mate implementaci s variantem

* Vytvorte koncept kontrolujici, Ze jde typ T scitat, odecitat, atd. (a printit); prosté semicolon-
separated list vyrazu, ve kterych muzete proménnou toho typu pouzit

* Dovolte nekde definovat, jaké typy ma variant podporovat (treba jeden templatovy parametr
v8ech expressionu); u s&itani atd stadi podporovat jen operace s hodnotami stejnych typu

 Kéd rozumné proloZte ruznymi asserty (a static_asserty) a funkce oznacte atributy
podle toho, jestli nevyuziti hodnoty nedava smysl

Vytvorte priklady implementaci (tfreba bonusove cpp fily), které postupne vse vyse
porusi
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