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Bonpoc

YT0 HaneuyaTaeT nporpamma’?

void f(unsigned i) {
std::cout << "f(int)" << std::endl;
}

template <typename T>
void f(const T& i) {
std::cout << "template f" << std::endl;

int main() {
£(3);
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SFINAE: Substitution Failure Is Not An Error

A ecnn Tak?

unsigned f(unsigned i) {
std::cout << "f(int)" << std::endl;
return i + 1;

template <typename T>

typename T::value_type f(const T& i) {
std::cout << "template f" << std::endl;
return i + 1;

int main() {
£(3);



SFINAE: Substitution Failure Is Not An Error

A ecnn Tak?

unsigned f(unsigned i) {
std::cout << "f(int)" << std::endl;
return i + 1;

template <typename T>

typename T::value_type f(const T& i) {
std::cout << "template f" << std::endl;
return i + 1;

int main() {
£(3);
}
f(int)
MNMoacTaHoBka int::value_type f(const int i) HeBanugHa.



std::enable_if

std::enable_if: ecnn nepepaHo true, TO B CTPYKTYpE
npucyTcTByeT Tun type (BTOpO mapaMeTp), ecim nepesaHo
false, TO HNKaAKOro type HeT.

template<bool B, class T = void >

struct enable_if;

C++14 pobasnsieT annac:

template <bool B, typename T = void>
using enable_if_t = typename enable_if<B, T>::type;



std::enable if: npumep

Vicnonb3oBaHue B BO3BpPaLLa€MOM 3HAYEHNN!

template <typename T>

std: :enable_if_t<std::is_floating_point<T>::value, T> Do(const T& x) {
std::cout << "float type" << std::endl;
return x;

template <typename T>

std: :enable_if_t<std::is_integral<T>::value, T> Do(const T& x) {
std::cout << "integral type" << std::endl;
return x;



std::enable if: npumep

B knaccax:
template<typename T, typename = void>

class A;

template<class T>
class A<T, std::enable_if_t<std::is_integral<T>::value>> {

};
> std::enable_if_t<std::is_integral<int>::value> — void

P> std::enable_if_t<std::is_integral<float>::value> —
OLIMBKa KOMNUAALNN



lNeperpy3ka n yHnBepcanbHble CCbIIKN — 2

#include <string>

class A {
private:
std::string text;
public:
template <typename T>
explicit A(T&& str) : text(std::forward<T>(str)) {}
explicit A(int x) : text(std::to_string(x)) {}
I

int main() {
A x("123");
auto copyX(x); // error!



lNeperpy3ka n yHnBepcanbHble CCbIIKN — 2

XoyeTca HanucaTb Tak B LWABAOHHBIIA KOHCTPYKTOP:

template <typename T, typename = std::enable_if_ t<CONDITION>>
explicit A(T&& str) : text(std::forward<T>(str)) {}

CONDITION — Ttun T He saBnsieTca knaccom A.
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lNeperpy3ka n yHnBepcanbHble CCbIIKN — 2

XoyeTca HanucaTb Tak B LWABAOHHBIIA KOHCTPYKTOP:

template <typename T, typename = std::enable_if_ t<CONDITION>>
explicit A(T&& str) : text(std::forward<T>(str)) {}

CONDITION — Ttun T He saBnsieTca knaccom A.

W

!std::is_same<A, T>::value

Twun T moxeT bbITh BbiBeAeH Kak lvalue-ccbinka A&, a 370 He A.

HA

!'std::is_same<A, std::decay_t<T>>::value



lNeperpy3ka n yHnBepcanbHble CCbIIKN — 2

Bcé ok, HO ecTb npobnema:

class B: public A {

public:
B(const B& other) : A(other) {...}

/).
};



lNeperpy3ka n yHnBepcanbHble CCbIIKN — 2

Bcé ok, HO ecTb npobnema:
class B: public A {

public:
B(const B& other) : A(other) {...}
/.

};

Bocnonbyemcsi atum:

std::is_base_of<T1,T2>::value; // ucmurxo, ecau
// T2 - npouseodnusili om T1

std::is_base_of<int,int>::value; // false
std::is_base_of<A,A>: :value; // true



lNeperpy3ka n yHnBepcanbHble CCbIIKN — 2

template <
typename T,
typename = std::enable_if_t<
!'std::is_base_of<A, std::decay_t<T>>::value

>
explicit A(T&& str) : text(std::forward<T>(str)) {}

Ho ecTb ewe BTOpas neperpyska, KOTOPYO HaM HY>XHO BbI3blBaTb
ONS LUeNOYNCNIEHHBIX TUMOB:

explicit A(int x) : text(std::to_string(x)) {}



lNeperpy3ka n yHnBepcanbHble CCbIIKN — 2

OTktoyaem WabioHHbIA KOHCTPYKTOP AJist 0bpaboTkm
LEIOYMCNEHHBIX apryMEHTOB:

class A {
private:
std: :string text;
public:
template <
typename T,

typename = std::enable_if_t<
!'std::is_base_of<A, std::decay_t<T>>::value
&&

!std::is_integral<std::remove_reference_t<T>>::value

>

explicit A(T&& str) : text(std::forward<T>(str)) {}
explicit A(int x) : text(std::to_string(x)) {}
3



3ameyaHune

is_arithmetic<T>: ecnu T sBnsieTca apudpmMeTNHECKUM TUTNOM
(uenoumncnerHsIM nan B popmate C niaBatoLeil 3ansToii), To
MMEETCs1 KOHCTaHTa-4eH value, koTopasi Oyget pasHa true. [ns
BCEX OCTasibHbIX TUNOB value byaer paBHa false.

std::is_arithmetic<int#*>::value; // false
std::is_arithmetic<int const>::value; // true
std::is_arithmetic<int&>::value; // false



Npumep c 3aKpbITbIM KOHCTPYKTOPOM

class C {
public:
C() = delete;
int £() { return 5; }
};

int main() {
decltype(C().£(0)) a = 5; // ne komnurupyemcs



Npumep c 3aKpbITbIM KOHCTPYKTOPOM

class C {
public:
C() = delete;
int £() { return 5; }
};

int main() {
decltype(std: :declval<C>().£()) a = 5; // ok!



ﬂpmmep C 3dKpPbITbIM KOHCTPYKTOPOM

class C {
public:
C() = delete;
int £() { return 5; }
+;

int main() {
decltype(std: :declval<C>().£()) a = 5; // ok!
}
MpouncxoamnT ToNbKO BbIBOA Tuna. PaboTaeT BO Bpems KoMAMAsSLMM
N TONBKO B TaKMX KOHTEKCTaXx.



ﬂpmmep C 3dKpPbITbIM KOHCTPYKTOPOM

class C {
public:
C() = delete;
int £() { return 5; }
+;

int main() {
decltype(std: :declval<C>().£()) a = 5; // ok!

MpouncxoanT TonbKo BbiBOA TUNa. PaboTaeT BO BpeMsi KoMNuAALUN
N TOJIbKO B TaKUX KOHTEKCTaX.

template<typename T, typename U>
using TSum = decltype(std::declval<T>() + std::declval<U>());



Ectb nn B knacce merton?

template<class...> using dummy = void;

template <class T, typename = void>
struct does_have_super_func : public std::false_type {};

template <class T>
struct does_have_super_func<

T,

dummy<decltype(std: :declval<T>() .super_func())>
> : public std::true_type {};

struct A { int super_func(); 7};
struct B { int func(); };

int main() {
std::cout << does_have_super_func<A>::value << std::endl;
std::cout << does_have_super_func<B>::value << std::endl;
std::cout << does_have_super_func<int>::value << std::endl;



C++417: constexpr if Bmecto SFINAE

template<class TIt>
void Sort(TIt first, TIt last) {
using T = std::iterator_traits<TIt>::value_type;
if constexpr (std::is_integral_v<T>) {
RadixSort(first, last);
} else {
QuickSort (first, last);



Readability, Correctness, Efficiency

» Xopowo an HanucaH kog?
» KoppekTHO nu HanucaH kog?
» DddekTusHo nn pabotaet koa?



Readability, Correctness, Efficiency

Xopowo nu HanucaH koa?

KoppekTHo nu HanucaH kog?!

>
>
» DddekTusHo nn pabotaet koa?
» TectuposaHue

>

PopmasbHas BepudurKaums
(aBTOMaTnyYeckasi/nony-aBToMaTNYeCKast)



TecTupoBaHue

» Llenb TecTupoBaHus koga?
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TecTupoBaHue
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TecTupoBaHue

» Llens Tectuposanus koga?

» Kak uckaTb 6aru B kogie 1 ynpocTuThb cebe XusHb?
Xopownit gnsaiiH koga u code review
unit-TectTmpoBaHue

WuTerpaunonHoe TecTuposaHue

Ul-TecTbi

MoHuTopuHru

Acceptance TecTupoBaHue

VVVYVYYVYY



TecTupoBaHue

Unit-TecTbl (MogysibHOE TeCcTMpoBaHue):
» bBbicTpble

» [lonHble Anst CBOEro KOMMOHEHTA



TecTupoBaHue

Unit-TecTbl (MogysibHOE TeCcTMpoBaHue):
P> BbicTpble
» [onHble Aast CBOEro KOMMOHEHTa
ViHTerpauuoHrHble TecTbi:
» MepneHHble
» [lpoBepuTb BCE HEBO3MOXKHO

» MoryT yawe cdnanaTb



Unit-TtectupoBaHune

3apava: gobasnsiem private-metog B knacc ¢ 100500 meTtonamu un
nonsmu. Hy>xHo npoTecTnposaTb 3TOT METOA.



Behavior and State Based Testing

> TecTbl, NpoBepsitoLLME YTO METOL UK byHKLNs oTpaboTanu
KOPPEKTHO, MPOBEPSIIOT COCTOSIHUS 0OBbEKTA NOC/NEe BbI3OBa.

» TecTbl Ha KOPPEKTHOCTb CaMOro B3aMMOAENCTBUS OOBEKTOB C
Apyrummn obbektamu (a He pesynbTata).



gtest /gmock

Google C++ Testing Framework.
» OTkpbiTas bBubnnoteka ans unit-TeCTUpoBaHus.
P> KnoueBoe noHsiTue — assert

» PesynbTaT BbINOAHEHUS:

P> success
» nonfatal failure
» fatal failure

» Tect — Habop assert’'os

v

Habop TectoB — TecToBast nporpamma unu testing suite



gtest

ASSERT_TRUE (condition) ;
ASSERT_FALSE(condition) ;
ASSERT_EQ(vall, val2);
ASSERT_NE(valil, val2);
ASSERT_LT(vall, val2);
ASSERT_LE(valil, val2);
ASSERT_GT(vall, val2);
ASSERT_GE(vall, val2);
ASSERT_FLOAT_EQ(vall, val2);
ASSERT_DOUBLE_EQ(vall, val2);
ASSERT_NEAR(vall, val2, abs_error);

// strings

ASSERT_STREQ(stril, str2);
ASSERT_STRNE(strl, str2);
ASSERT_STRCASEEQ(strl, str2);
ASSERT_STRCASENE(stri1, str2);



gtest

// ezceptions

ASSERT_THROW (statement, exception_type);
ASSERT_ANY_THROW (statement) ;
ASSERT_NO_THROW(statement) ;



gtest

// ezceptions

ASSERT_THROW (statement, exception_type);
ASSERT_ANY_THROW (statement) ;
ASSERT_NO_THROW(statement) ;

MoxHo pobaBnsTbL message:
ASSERT_EQ(1, 2) << "i dont know why, but 1 != 2";



gtest

// ezceptions

ASSERT_THROW (statement, exception_type);
ASSERT_ANY_THROW (statement) ;
ASSERT_NO_THROW(statement) ;

MoxHo pobaBnsTbL message:
ASSERT_EQ(1, 2) << "i dont know why, but 1 != 2";

» TEST — MaKpocC AJisi onpefesieHns TecTa
> RUN_ALL_TESTS() — 3anyck Bcex TeCTOB



