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B ntore y Hac byayT cTaHAapTHble KAaTanorm O606WEHHbBIX KOMMNOHEHTOB C
YETKO onpeaesieHHbIMU MHTepdencamMm M YETKO OonpeaesieHHbIMU CNOXHOCTHbLIMMU
XapakTepucTmkamu. [llporpamMmmcTbol 60nble He O6yayT NporpaMMmMpoBaTb Ha
MUKpPO-ypOoBHe. BaM HuMKOrpa He nNpuAETCcs nmMcaTb OMHAPHLIN MOUCK CHOBA.

AnekcaHap CtenaHoB, aBTop STL, 1995-bim rop



std::notl(boost: :make adaptable<bool,char t>(boost::bind(&std::
ctype<char_t>::is, &ct, std::ctype base::space, 1)));

[lpumep M3 AoOKyMeHTauun bubnunoTekn Boost, 2016-bin ron



[MpyHUMNbl HanncaHuma obobuweHHoro kopga B C++ CAMWKOM CUbHO
OT/INYAKWTCA OT TOTLO, KaK MUWETCSA OCTa/IbHOW KOA.

boépH CTpaycTpyn, aBTop fi3bika C++, 2017/-bn ropg



OyHKUMsA max s Tvna int

int max(int x, int y) {
return (x > y) ? X : Vy;

}



OyHKUMsA max s Tvna int

int max(int x, int y) {
return (x > y) ? X : Vy;

}

A ecnn HanmcaTb max gna tvmna float, B 4ém OyayT oTAMUMN?



OyHKUMsA max s Tvna int

int max(int x, int y) {
return (x > y) ? X : Vy;

}

A ecnn HanmcaTb max gna tvmna float, B 4ém OyayT oTAMUMN?

float max(float x, float y) {
return (x > y) ? X ! Vy;

}



OyHKUMsA max s Tvna int

int max(int x, int y) {
return (x > y) ? X : Vy;

}

A ecnn HanmcaTb max gna tvmna float, B 4ém OyayT oTAMUMN?

float max(float x, float y) {
return (x > y) ? X ! Vy;

}



OyHKUMS max 41 Apyroro Tvna

int max(int x, int y) {
return (x > y) ? X : Vy;

}

float max(float x, float y) {
return (x > y) ? X : Vy;

}



OyHKUMS max 41 Apyroro Tvna

int max(int x, int y) {
return (x > y) ? X : Vy;

}

float max(float x, float y) {
return (x > y) ? X : Vy;

}

Matrix max(Matrix x, Matrix y) {
return (x > y) ? X : Vy;

}
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OyHKUMS max 41 Apyroro Tvna

int max(int x, int y) {
return (x > y) ? X : Vy;

}

float max(float x, float y) {
return (x > y) ? X : Vy;

}

Matrix max(Matrix x, Matrix y) {
return (x > y) ? X : Vy;

}

YTo Ana STOro AO/MKHO OblTb
B kJjlacce Matrix?

11



OyHKUMS max 41 Apyroro Tvna

Matrix max(Matrix x, Matrix y) {
return (x > y) ? X : Vy;

int max(int x, int y) {
return (x > y) ? X : Vy;

} }

YTo Ana 3TOro A0/KHO ObITb

float max(float x, float y) { B Kknacce Matrix?

return (x > y) ? x :y; 1. Onepatop >

2. (ApexkBaTHbIN) KOHCTPYKTOP
KonmpoBaHus !

}



OyHKUMS max 41 Apyroro Tvna

int max(int x, int y) {

}

float max(float x, float y) {
return (x > y) ? X :

}

return (x > y) ? X

- Yo

Y,

Matrix max(Matrix x, Matrix y) {
return (x > y) ? X : Vy;

}

B dyHKUMM max OnNATb OTAMYME TOJIbKO
B TuUNax.

YTo pgenaTb C aynamkaumen kopa?
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DOyHKUMA max A8 Npov3Bo/IbHOro Tvna T

XoyeTca KakKk-TO TakK:

T max(T x, Ty) {
return (x > y) ? X

¥

LY
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DYHKLMS max 4151 NPOM3BOJIbHOrG* Tvna T

XoyeTca KakKk-TO TakK:

T max(T x, Ty) {
return (X > y) ? X : Vy;

¥

Takon kKon HakfagpiBaeT orpaHumyeHms Ha T:

1. [donxeH ObITb nepeonpeneneH oneparop >,
2. KOppeKTHbIN KOHCTPYKTOP KOMUPOBAHUSA

15



DYHKLMS COPTMPOBKM MACCMBA Liesibix Yncel

void sort(int* arr, int len) {
for (int 1 = 0; i < len-1; i++) {
for (int j =0; j < len - i - 1; j++) {
if (arr[j] > arr[j+1]) {
int tmp = arr[j];
arr[j] = arr[j+1];
arr[j+1] = tmp;
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DYHKLMS COPTMPOBKM MACCMBA Liesibix Yncel

void sort(int* arr, int len) {
for (int 1 = 0; i < len-1; i++) {
for (int j =0; j < len - i - 1; j++) {
if (arr[j] > arr[j+1]) {
int tmp = arr[j];
arr[j] = arr[j+1];
arr[j+1] = tmp;

YTOo 380€ecb OT
T™Mna int?
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DOYHKLMS COPTMPOBKM MAccmBa

YTOo 380€ecb OT

void sort(T* arr, int len) { TMna int?

for (int 1 = 0; i < len-1; i++) {
for (int j =0; j < len - i - 1; j++) {
if (arr[j] > arr[j+1]) {
T tmp = arr[j];
arr[j] = arr[j+1];
arr[j+1] = tmp;

Yro HyxHO oT T,
yTOobbl 060OWUTDbL
aNTOPUTM?
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DOYHKLMS COPTMPOBKM MAccmBa

YTOo 380€ecb OT

void sort(T* arr, int len) { TMna int?

for (int 1 = 0; i < len-1; i++) {
for (int j =0; j < len - i - 1; j++) {
if (arr[j] > arr[j+1]) {
T tmp = arr[j];
arr[j] = arr[j+1];
arr[j+1] = tmp;

Yro HyxHO oT T,
yTOobbl 060OWUTDbL
aNTOPUTM?

OnepaTop >
OnepaTop =
KOHCTpPYKTOpP KOMuUn
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DOYHKLMS COPTMPOBKM MAccmBa

YTOo 380€ecb OT

void sort(T* arr, int len) { TMna int?

for (int 1 = 0; i < len-1; i++) {
for (int j =0; j < len - i - 1; j++) {
if (arr[j] > arr[j+1]) {
T tmp = arr[j];
arr[j] = arr[j+1];
arr[j+1] = tmp;

Yro HyxHO oT T,
yTOobbl 060OWUTDbL
aNTOPUTM?

OnepaTop >
OnepaTop =
KOHCTPVYKTOpP KOMun

20



DOYHKLMS, CyMMAPYHOLLAS MACCHB LiefIbiX YnCes]

int sum(int* arr, int len) {
int sum = 0;
for (int 1 = 0; i < len-1; i++) {
sum += arr[i];

}

return sum;

21



DOYHKLMS, CyMMAPYHOLLAS MACCHB LiefIbiX YnCes]

int sum(int* arr, int len) { YTo 3mecb oT Tmna int?

int sum = 0;

for (int i = 0; 1 < len-1; i++) {
sum += arr[i];

}

return sum;
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DOYHKLMS, CyMMAPYHOLLAS MACCHB LiefIbiX YnCes]

int sum(int* arr, int len) {

int sum = 0;

for (int 1 = 0; i < len-1; i++) {
sum += arr[i];

}

return sum;

YrTo 3pecb oT Twmna int?

UTo HyXHO oT T, 4TOOG®I
0600WNTb aNTCOPUTM?
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DOYHKLMS, CyMMAPYHOLLAS MACCHB LiefIbiX YnCes]

int sum(int* arr, int len) {

int sum = 0;

for (int 1 = 0; i < len-1; i++) {
sum += arr[i];

}

return sum;

YrTo 3pecb oT Twmna int?

UTo HyXHO oT T, 4TOOG®I
0600WNTb aNTCOPUTM?

onepaTop +=
KOHCTPYKTOP KOMUPOBaHUSA

24



DOYHKLMS, CyMMAPYHOLLAS MACCHB LiefIbiX YnCes]

int sum(int* arr, int len) {

int sum = 0;

for (int 1 = 0; i < len-1; i++) {
sum += arr[i];

}

return sum;

YrTo 3pecb oT Twmna int?

UTo HyXHO oT T, 4TOOG®I
0600WNTb aNTCOPUTM?

onepaTop +=

KOHCTPYKTOP KOMUPOBAHUSA
onepatop =(int val)

25



DOYHKLMS, CyMMAPYHOLLAS MACCHB LiefIbiX YnCes]

int sum(int* arr, int len) {

int sum = 0;

for (int 1 = 0; i < len-1; i++) {
sum += arr[i];

}

return sum;

YrTo 3pecb oT Twmna int?

UTo HyXHO oT T, 4TOOG®I
0600WNTb aNTCOPUTM?

onepaTop +=
KOHCTPYKTOP KOMUPOBAHUSA
onepatop =(int val)

HeyaobHOo nonydaercs!
26



DOYHKLMS, CyMMAPYHOLLAS MACCHB LiefIbiX YnCes]

int sum(int* arr, int len) { YTo 3mecb oT Tmna int?
int sum = arr[0];
for (int 1 = 1; i < len-1; i++) {

YTo HyxHO oT T, 4TOOGbI
sum += arr[i];

) 0600WNTb aNTCOPUTM?

return sum; onepaTop +=

KOHCTPYKTOP KOMUPOBaHUSA

4 L

HeyROEHO—FOfyHaeTent
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DOYHKLMS, CymmrpyHOLLAS MACcCHB

int sum(T* arr, int len) { YTo 3mecb oT Tmna int?
T sum = arr[0];
for (int 1 = 1; i < len-1; i++) {

YTo HyxHO oT T, 4TOOGbI
sum += arr[i];

0600WNTb aNTCOPUTM?

}

return sum; onepaTop +=

KOHCTPYKTOP KOMUPOBaHUSA

4 L

HeyROEHO—FOfyHaeTent
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0606LLEHHOe NporpammrpOBaHite
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0606LLEHHOe NporpammrpOBaHite

KoHuenuusa - cnmcok MeToAoB C OMNMCaHUEM CUrHaTvp m CeMaHTUKU

Hanpumep, koHuenumsa T:

1) bool operator > (const T& that)
2) T(const T& that)

30



0606LLEHHOe NporpammrpOBaHite

KoHuenuusa - cnmcok MeToAoB C OMNMCaHUEM CUTCHATVYPp N CEMAHTUKMN

Hanpumep, koHuenumsa T:
1) bool operator > (const T& that)

Bo3BpawaeT true, ecnm this 6onbwe that

2) T(const T& that)

CO30aET He3aBUCUMVID Konumw that

31



0606LLEHHOe NporpammrpOBaHite

KoHuenuusa - cnmcok MeToAoB C OMNMCaHUEM CUTHATYP N CEMAHTUKMUN

KoHuenuum noxoxm Ha abCcTpaKTHble KNAaCCbl, HO He TPebywT SABHOTO
BbIpaXEHNS B CUCTEME TUMNOB
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0606LLEHHOe NporpammrpOBaHite

KoHuenuusa - cnmcok MeToAoB C OMNMCaHUEM CUTHATYP N CEMAHTUKMUN

KoHuenuum noxoxm Ha abCcTpaKTHble KNAaCCbl, HO He TPebywT SABHOTO

BblpaXeHua B cucTtemMe TMNoB (BMECTO 3TOrO Bbl MPOCTO MUWAUTE
0606wWweHHbI KOopA)
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0606LLEHHOe NporpammrpOBaHite

KoHuenuusa - cnmcok MeToAoB C OMNMCaHUEM CUTHATYP N CEMAHTUKMUN

KoHuenumm noxoxm Ha abCTpaKTHblE KAACCbl, HO He TPebywT SABHOTO
BblpaXeHua B cucTtemMe TMNoB (BMECTO 3TOrO Bbl MPOCTO MUWAUTE
0606wWweHHbI KOopA)

Ol He sBasiercsa YacTbio 000N
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0606LLEHHOe NporpammrpOBaHite

AﬂPOpMTM MOXET MnoJslaraTbCd HE Ha KOHerTHHm TN AOadHHbIX, a
Ha KOHLEMLINIK

Ecnn BCcE, 4TO OH ncrnonb3ldyeT OT 3TOr'o TUMNa - 3TO 3J1IEMEHTLI
KOHUEMUNIN

Hanpumep, ¢yHKUMS max nonaraeTcsa Ha KoHuenuuw T
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0606LLEHHOe NporpammrpOBaHite

TN OaHHBIX MOXET VAOBNETBOPATbL KoOHUENnuunnm,

Ecnn B HEM peann3oBaHbl BCe 3JIEMEHTbl 3TOM KOHUENUUN B
COOTBETCTBUM C CUTCHATYPOMU U CEMAHTUKOM

Bce NMPUMUTMBHbLIE TWMbl YAOBNETBOPANT KOHUEMLUNA T ns (byHKLI,l/Il/I maxX

Knacc 6yueT VOOBNETBOPATb KOHUEMUNUA T, ecnu o00bABUT cooTBeTCTBYKOWME OnepaTopebl
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0606LLEHHOe NporpammrpOBaHite

ANTOPUTMblI OO/MKHbI ObITb MPUMEHUMBI KO BCEM TUMNAM AaHHbIX,
VAOBNETBOPSAWIMM NUX KOHLEMUUAM

Yem Oonble noaxoasuwmx TUNOB, TEM y4ywe = CTOUT UCMNO/b30BaTb
MNMHUMaAJTMCTUNYHbIE (l/l ﬂpOCTeVILLIl/Ie no CeMaHTl/IKe) KOHUEMUNN

37



LLlabnionbl C4++

NHcTpyMmeHT peanusauun Ofl

template <typename T>
T max(T x, Ty) {
return (x > y) ? X : Vy;

}
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LLlabnionbl C4++

NHcTpyMmeHT peanusauun Ofl

template <typename T>
T max(T x, Ty) {
return (x > y) ? X : Vy;

}

T - dopmanbHbM Tun (KOHUENUUA)

39



LLlabnionbl C4++

NHcTpyMmeHT peanusauun Ofl

template <typename T>
T max(T x, Ty) {
return (x > y) ? X : Vy;

int a, b, c;

a = max<int>(b, c);

T - dopmanbHbM Tun (KOHUENUUA)

int - ¢aKTM4YecKun Twun

40



LLlabnionbl C4++

NHcTpyMmeHT peanusauun Ofl

template <typename T>
T max(T x, Ty) {
return (x > y) ? X : Vy;

float a, b, c;

a = max<float>(b, c);

T - dopmanbHbM Tun (KOHUENUUA)

float - dakTnyeckmn TUnN

41



LLlabnionbl C4++

NHcTpyMmeHT peanusauun Ofl

template <typename T>
T max(T x, Ty) {
return (x > y) ? X : Vy;

Rational a, b, c;

a = max<Rational>(b, c);

T - dopmanbHbM Tun (KOHUENUUA)

Takoe ckomnunupyetcsa?

42



LLlabnionbl C4++

NHcTpyMmeHT peanusauun Ofl

template <typename T>
T max(T x, Ty) {
return (x > y) ? X : Vy;

Rational a, b, c;

a = max<Rational>(b, c);

T - dopmanbHbM Tun (KOHUENUUA)

Takoe ckomnunupyetcsa?

3aBucutT oT Rational!

43



LLlabnionbl C4++

NHcTpyMmeHT peanusauun Ofl

template <typename T>
T max(T x, Ty) {
return (x > y) ? X : Vy;

Rational a, b, c;

a = max<Rational>(b, c);

struct Rational {
int numerator;
unsigned int denominator;

s

Takoe ckomnunupyetcsa?
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LLlabnionbl C4++

NHcTpyMmeHT peanusauun Ofl

template <typename T>
T max(T x, Ty) {
return (x > y) ? X : Vy;

struct Rational {
int numerator;
unsigned int denominator;

s

Takoe ckomnunupyetcsa?

Rational a, b, c; HeT. Takoii TWUMN He
9

VOOBNETBOPAET KOHUEenuum, T.K.
onepaTop > He nepeonpenenex

a = max<Rational>(b, c);
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LLlabnionbl C4++

NHcTpyMmeHT peanusauun Ofl

template <typename T>
T max(T x, Ty) {
return (x > y) ? X : Vy;

Rational a, b, c;

a = max<Rational>(b, c);

struct Rational {
int numerator;
unsigned int denominator;
bool operator>
(const Rational& t) {

}s

CkomnunaupyeTcs, Tenepb
Rational yaoBneTBOpSeET
KOHUEeNnuun.
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LLlabnionbl C4++

Kak 3To paboTaet?

47



template <typename T>
T max(T x, Ty) {

return (x > y) ? X :

}

V'

int a, b = 3, c= 10;
a = max<int>(b, c);

Rational k, 1, m;

k = max<Rational>(1l, m);
48



KOMI'IMJ'IFITO'p HaxXoamnT MHOXEeCTBO

template <typename T>
BO3MOXHbIX (aKTUYECKUX TUMOB:

T max(T x, Ty){
return (x > y) ? X : Vy;

) T = {int, Rational}

int a, b = 3, c= 10;
a = max<int>(b, c);

Rational k, 1, m;

k = max<Rational>(1l, m);
49



KOMI'IMJ'IFITO'p HaxXoamnT MHOXEeCTBO

template <typename T>
BO3MOXHbIX (aKTUYECKUX TUMOB:

T max(T x, Ty){
return (x > y) ? X : Vy;

) T = {int, Rational}

TeHEPUPYET BEPCUM METOLOB max,

int max_1(int x, int y) {
return (x > y) ? X : Vy;

}
int a, b = 3, c= 10;
Rational max_2(Rational x, a = max<int>(b, c);
Rational y) {
return (x > y) ? X : Vy; Rational k, 1, m;

) k = max<Rational>(1l, m);
50



KOMI'IMJ'IFITO'p HaxXoamnT MHOXEeCTBO

template <typename T>
BO3MOXHbIX (aKTUYECKUX TUMOB:

T max(T x, Ty){
return (x > y) ? X : Vy;

T = {int, Rational}

}
reHepupyeT BepCUM MeTOoA0B max,

int max_1(int x, int y) { 3aMeHsieT Bbi30Bbl HAa HOBbIE

return (x > y) ? X ! Vy;
}

int a, b = 3, c= 10;
Rational max_2(Rational x, a = max_1(b, c);
Rational y) {
return (x > y) ? X : Vy; Rational k, 1, m;

} k = max_2(1, m);
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[LlabnoHbl C++ peasin3avms

[1nwochbl:
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[LlabnoHbl C++ peasin3avms

[1nwochbl:

1. BECIJIATHO (BO BpemMa wucnofsHeHus, T.e. paboTaTb
nporpamma b6ygeT Tak Xe 6bicTpo, Kak 6e3 wabnoHoB)
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[LlabnoHbl C++ peasin3avms

[1nwochbl:

1. BECIJIATHO (BO BpemMa wucnofsHeHus, T.e. paboTaTb
nporpamma b6ygeT Tak Xe 6bicTpo, Kak 6e3 wabnoHoB)

2. bezonacHo no Tunam (KOMNMAATOP MPOBEPUT)
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[LlabnoHbl C++ peasin3avms

[1nwochbl:

1. BECIJIATHO (BO BpemMa wucnofsHeHus, T.e. paboTaTb
nporpamma b6ygeT Tak Xe 6bicTpo, Kak 6e3 wabnoHoB)

2. bezonacHo no Tunam (KOMNMAATOP MPOBEPUT)

MUHYCbI :




[LlabnoHbl C++ peasin3avms

[1nwochbl:

1. BECIJIATHO (BO BpemMa wucnofsHeHus, T.e. paboTaTb
nporpamma b6ygeT Tak Xe 6bicTpo, Kak 6e3 wabnoHoB)

2. bezonacHo no Tunam (KOMNMAATOP MPOBEPUT)

MUHYCbI :

Q 1. MNnaTut KOMNMaAaAToOp. BpeMeHEM KoOMNuiaaumn m pa3MepoM KoJda
A

«@ 2. KoMmnunaTop He NpoBEPUT CEMAHTUKY
56



[LlabnoHbl C++ peasin3avms
MUHYCbI:

3. OTnagka wabnoHHoro koga - 3To 60ONb
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[LlabioHbl C++: peann3aums

MUHyCbl

isitorApplicatorImpl<g,

VT>::apply(const Visitor&, const T&) [with Visitor = nonstd::variants::detail::Typedvisitorunwrapper<2ul, jinjaz::value, jinja2::detail::uCInvoker<const
usercallableTest_SimpleUsercallablewithParams2_Test: :TestBody()::<lambda(const stringg, const string&)>&>, jinja2::Emptyvalu 3
/home/travis/build/flexferrun/Jinja2cpp/thirdparty/nonstd/variant-1ight/include/nonstd/variant . hpp: 180 required from ‘static R

::variants: :detail: :visitorApplicator<i>: :apply_visitor(const Visitorg, const Vi) [with long unsigned int Idx = 1ul; Visitor = nonstd::variants: :detail::Typedvisitorunwrapper<2ul,
CInvoker=<const UserCallableTest SimpleUsercCallablewithParams2 Test::TestBody()::<lambda(const stringg, const string&)>&>, jinja2::Emptyvalue>; Vi =

basic_string<char>, std::basic_string<wchar_t>, long int, double, nonstd::vptr
>, std::default_delete<std::vector<jinja2::value> > >, nonstd::vptr::value ptr<std: :unordered_map<std::basic_string<char>,

alue> >, std::default_delete<std: :unordered_map<std::basic_string<char>, jinja2::value> >
sercallable>, std::default delete<jinja2::userCallable> > >; R

= bool]”

:detail: :default_clone<std: :vector<jinja2::value>
nordered_map<std: :basic_string<char>,
alue_ptr<jinjaz::usercallable, nonstd lefault_clone<jinja2

::valuel”
/home/travis/build/flexferrum/Jinja2cpp/thirdparty/nonstd/variant-light/include/nonstd/variant .hpp:1778:44:  required from ‘static R nonstd::variants::detail::visitorApplicator<g>::apply(const
visitorg, const viz) [with Visitor ::detail: :Typedvisitorunwrapper<zul, jinja2::value, jinja:
usercallableTest_SimpleusercCallablewithParams2_Test: :TestBody()::<lambda(const string&, const stringg)>g>, jinja2 = nonstd: :variants: :variant<jinja2: :Emptyvalue, bool,

basic_string<char>, std::basic_string<wchar_t>, long int, double, nonstd::vptr::value ptr<std::vector<jinja2::value>, ptr::detail::default_clone<std: :vector<jinja2: :value>

default_delete<std:: ::vptr::value_ptr<std::unordered_map<std::basic_string<char>, jinjaz::value>,

:basic_string<char>, jinja2::value> >, std::default delete<std::unordered_map<std::basic_string<char>, jinja2::value>

sivptr: - -
= “tvalue.ptr<jinjaz: :usercallable, nonstd::vptr: :detail::default_clonesjinjaz:-usercallable>, std::default_deletesjinja::usercallables > >; R =

/home/travis/build/flexferrum/Jinja2cpp/thirdparty/nonstd/variant - 1ight/include/nonstd/variant . hpp:1735: [ skipping 5 instantiation contexts, use -ftemplate-backtrace-limit=o to disable ]
/nolle/trav]s/bullu/flexferrum/Janachpltmrdpartylncnstn/varlant 1ight/include/nonstd/variant . hpp:187: required from ‘typename nonstd::variants::detail::VisitorImpl<sizeof... (V), Visitor, v
= CInvoker<const UsercallableTest_simpleusercallablewithParams2 Test::TestBody()

:basic_string<char, std::char_traits<char>, std::allocator<char> >, std::basic_string<wchar_t,

lambda (const

std: :default_delete<std: :vector<jinja2::value, std::allocator<jinja2::value> > >

::hash<std: :basic_string<char, std::char_traits<char>,
asic_string<char, std::char_traits<char>,

jinjaz2::value,

11ocator<char> >

:char_traits<char>, std::allocator<char> >,

equal_to<std: :basic_string<char, std::char_traits<char>, std::allocator<char> > >,

alue> > > lefault_delete<std: :unordered map<std::basic_string<char,
, std::equal_to<std: :basic_string<char,

::allocator<char> > >, std::
::char_traits<char>, std::allocator<char> >, jinja:
jinja2::value, std::hash<std::basic_string<char, std::char_traits<char>, std::allocator<char
basic_string<char, std::char_traits<char>, std::allocator<char> », jinja2::value> > > > >, jinja2
detail::default_clone<jinja2::usercallable>, std::default_delete<jinja2::usercallable>
i , nonstd: :variants:

::char_traits<char>, std::allocator<char> >,

::TX<nonstd: :variants: :detail: :S15> >, nonstd:
asic_string<wchar_t, std::char_traits<wchar_t>, std
o L T RS PR L, oL B EA Ty AP o [ S o ST G o A PSP PP AT Mk s e S PP P S =
std::allocator<jinja2::value> > > >, nonstd: :vptr X basic_string<char, std::char_traits<char>, std::allocator<char> >,
char_traits<char>, std::allocator<char> > >, std::equal_to<std: :basic_string<char, std::char_traits<char>, std::allocator<char> > >,
::char_traits<char>, std::allocator<char> >, jinja2::value» > >,
asic_string<char, std::char_traits<char>, std::allocator<char> >, jinja:
sic_string<char, std::char_traits<char>, std::allocator<char> >
>, std::default_delete<std::unordered_map<std::basic_string<char, std::char_traits<char>, std::allocator<char> >,
asic_string<char, std::char_traits<char>, st

, long int, double,

nonstd: :vptr::

asic_string<char
asic_string<char,
jinja2::value,

std: :allocator<std: :pair<const std::basic_string<char, std

nonstd: :vptr: :detail: :default_clone<std::unordered_map<std
char_traits<char>, std::allocator<char> > >, std

::char_traits<char>, std::allocator<char> >, jinja2::value» > >

har_traits<char>, std::allocator<char> > >, std::equal_to<std:

har_traits<char>, std::allocator<char> >, jinja

SN S SR S G AR

nonstd: :vptr:

valueJtr<nnJaz usercauanle, nonstd: :vptr:




BuiBeaeHne GpakTrieckoro Tvna

template <typename T>
T max(T x, Ty) { ..}

int a, b;
float f, g;

max<int>(a, b);
max<float>(f, g);
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BuiBeaeHne GpakTrieckoro Tvna

template <typename T>
T max(T x, Ty) { ..}

int a, b;
float f, g;

max<int>(a, b);
max<float>(f, g);

KoMnunsaTop MOXeT M caMm
AgoragaTbcsa 0 GaKTUYECKOM
TUne, pas Bbl nepenaéTre ABa
3Ha4YeHMs OAMHAKOBOLO TMNa
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BuiBeaeHne GpakTrieckoro Tvna

template <typename T>
T max(T x, Ty) { ..}

int a, b;
float f, g;

max(a, b);
max(f, g);

KoMnunsaTop MOXeT M caM
AoragaTbca O GaKTUYECKOM
TUMNe, pas3 Bbl NnepefaéTe ABa
3Ha4YeHnsa OAMHAKOBOT'O TuNa
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BuiBeaeHne GpakTrieckoro Tvna

template <typename T>
T max(T x, Ty) { ..}

int a, b;
float f, g;

max(a, b);
max(f, g);

KoMnunsaTop MOXeT M caM
AoragaTbca O GaKTUYECKOM
TUMNe, pas3 Bbl NnepefaéTe ABa
3Ha4YeHnsa OAMHAKOBOT'O TuNa

A BOT 34eCb KOMNMAATOP Bac
yXe He noHmmaer!
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BuiBeaeHne GpakTrieckoro Tvna

template <typename T>
T max(T x, Ty) { ..}

int a, b;
float f, g;

max(a, b);
max(f, g);

max<float>(a, f);
// max<float>((float) a, f);

KoMnunsaTop MOXeT M caM
AoragaTbca O GaKTUYECKOM
TUMNe, pas3 Bbl NnepefaéTe ABa
3Ha4YeHnsa OAMHAKOBOT'O TuNa

A BOT 34eCb KOMNMAATOP Bac
yXe He noHmmaer!



BuiBeaeHne GpakTrieckoro Tvna

template <typename T>
T max(T x, Ty) { ..}

int a, b;
float f, g;

max(a, b);
max(f, g);

max<int>(a, f);
// max<float>(a, (int) f);

KoMnunsaTop MOXeT M caM
AoragaTbca O GaKTUYECKOM
TUMNe, pas3 Bbl NnepefaéTe ABa
3Ha4YeHnsa OAMHAKOBOT'O TuNa

A BOT 34eCb KOMNMAATOP Bac
yXe He noHmmaer!
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Crieumanvsaums Wwabaoua

template <typename T>
T max(T x, Ty){
return (x > y) ? X : Vy;

}

template <>

int max(int x, int y) {
cout << "Specialized!\n";
return (x > y) ? X : Vy;
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Crieumanvsaums Wwabaoua

template <typename T>
T max(T x, Ty){
return (x > y) ? X : Vy;

}

template <>

int max(int x, int y) {
cout << "Specialized!\n";
return (x > y) ? X : Vy;

cout << max(3.14, 5.27);

5.27

cout << max(5, 9);

Specialized!
9
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LIa6/10Hb! OT 3HaYeHnn
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LIa6/10Hb! OT 3HaYeHnn

template <int N>
void foo() {
for (int 1 = 0; i < N; i++) {
cout << "Hil\n";
}
}

void main() {
f00<5>();

}
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LIa6/10Hb! OT 3HaYeHnn

template <int N>
void foo() {

}

for (int 1 = 0; i < N; i++) {
cout << "Hil\n";

}

void main() {

}

f00<5>();

Hi!
Hi!
Hi!
Hi!
Hi!
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lLab/1oHbI OT 3HaYeHnn (cneumanmsaums)

template <int N>
void foo() {
for (int 1 = 0; i < N; i++) {
cout << "Hil\n";
}
}

template <>
void foo<0> {
cout << "No greetings for zeroes"”;

¥
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lLab/1oHbI OT 3HaYeHnn (cneumanmsaums)

template <int N>
void foo() {
for (int 1 = 0; i < N; i++) {

. . YMeeM reHepumpoBaTb GYHKLMU
cout << "Hil\n";

ana N v ona KOHKPEeTHOro

} yncna BO BpEeEMS
} KOMAUASALMA. . .
template <> YTo 6bl HAM TakoOro C 3TUM
void foo<0> { chenarb?

cout << "No greetings for zeroes";

¥
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Boldncienns Bpemenn Komnnisiumm

template <int N>
int fib() {

return fib<N-1>() + fib<N-2>();
}

template <> int fib<1>() { return 1; }
template <> int fib<2>() { return 1; }

void main() {
cout << fib<4>();

¥
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Boldncienns Bpemenn Komnnisiumm

template <int N>
int fib() {

return fib<N-1>() + fib<N-2>();
}

template <>/int fib<1>() { return 1; }
template <>\int fib<2>() { return 1; }

void main() {
cout << fib<4>()

)
fib<3>() fib<4>()
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Boldncienns Bpemenn Komnnisiumm

template <int N>
int fib() {

return fib<N-1>() + fib<N-2>();
}

template <> int fib<1>() { return 1; }
template <> int fib<2>() { return 1; }

void main() {
cout << fib<4>();

¥

OrBeT - 3

Pasmep .exe - 58K6
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Boldncienns Bpemenn Komnnisiumm

template <int N>
int fib() {

return fib<N-1>() + fib<N-2>();
}

template <> int fib<1>() { return 1; }
template <> int fib<2>() { return 1; }

void main() {
cout << fib<17>();

¥

OrBeT - 1597

Pasmep .exe - 61KO6
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Boldncienns Bpemenn Komnnisiumm

template <int N>
int fib() {
return fib<N-1>() + fib<N-2>();

}

template <> int fib<1>() { return 1; }
template <> int fib<2>() { return 1; }

void main() {
cout << fib<1000>();

¥

OrBeT - 77?7

Pasmep .exe - 204K6
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Bolncneqns Bpemedin KomnvisiLmu

template <int N>
int fib() {
return fib<N-1>() + fib<N-2>(); Orser - 277

}

template <> int fib<1>() { return 1; }
template <> int fib<2>() { return 1; }

Pasmep .exe - 204K6

void main() {
cout << fib<1000>();

¥




3a4em 3TO0 HYXXHO?

1) [lapamMeTp nepepaérca no-gpyroMy, HO MNPOLECC BbIMUCNEHUN HE
MeHseTCs

2) Wcnonnsaembin Gpann nyxHeT OT BeEPCUN GYHKLUU

78



3acTaBnm KOMNWIATOp caefaTh inline

1) [Ho6asum cneunpmkaTop inline Kk MeTomam (3TO He 00s3bIBaeT,
HO peKOMeHOVyeT KOMNUANATOopy caenaTb inline)

2) BkawuymMM arpeccuBHO ONTUMUIUPYHOWMA pPexuMm kKomnunaTopa (B
MSVC - Release KoOHburypauuw)
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Boldncienns Bpemenn Komnnisiumm

template <int N>
inline int fib() {
return fib<N-1>() + fib<N-2>();

}

template <> inline int fib<1>() { return 1; }
template <> inline int fib<2>() { return 1; }

void main() {
cout << fib<4>();

}
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Boldncienns Bpemenn Komnnisiumm

inline int fib _1() { return 1; }
inline int fib _2() { return 1; }
inline int fib _3() { return fib 2() + fib 1(); }
inline int fib _4() { return fib_3() + fib _2(); }

void main() {
cout << fib_4();

}
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Boldncienns Bpemenn Komnnisiumm

inline

inline

inline

inline

int fib_1() {
int fib_2() {
int fib_3() {

int fib_4() {

void main() {
cout << fib_4();

}

return

return

return

return

1; }
1; }
fib 2() + fib_1(); }

fib_3() + fib_2(); }
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Boldncienns Bpemenn Komnnisiumm

inline int fib _2() { return 1; }
inline int fib 3() { return fib 2() + 1; }
inline int fib _4() { return fib_3() + fib _2(); }

void main() {
cout << fib_4();

}
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Boldncienns Bpemenn Komnnisiumm

inline int fib 3() { return 1 + 1; }
inline int fib _4() { return fib 3() + 1; }

void main() {
cout << fib_4();

}

INLINE!
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Boldncienns Bpemenn Komnnisiumm

inline int fib 4() { return 1 + 1 + 1; }

void main() {
cout << fib_4();

}
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Boldncienns Bpemenn Komnnisiumm

void main() {
cout <« 1 + 1 + 1;

}
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Boldncienns Bpemenn Komnnisiumm

void main() A
cout << 3;

¥

NcnonHaTca 6yaeT yxe BOT Takon kopg!

OcTanbHOE BbLIYMNCNEHO BO BpeMA KOMIMUAALUNN.
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Boldncienns Bpemenn Komnnisiumm

template <int N>
inline int fib() {
return fib<N-1>() + fib<N-2>();

}

template <> inline int fib<1>() { return 1; }
template <> inline int fib<2>() { return 1; }

void main() {
cout << fib<4>();

}

OrBeT - 3

Pasmep .exe - 10K6
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Boldncienns Bpemenn Komnnisiumm

template <int N>
inline int fib() {
return fib<N-1>() + fib<N-2>(); Orser - 1579

}
Pasmep .exe - 10K6

template <> inline int fib<1>() { return 1; }

template <> inline int fib<2>() { return 1; } Ho Bpems komnuasumu
yXe 4yBCTBYeTCH

void main() {
cout << fib<17>();

}
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Boldncienns Bpemenn Komnnisiumm

template <int N>
inline int fib() {
return fib<N-1>() + fib<N-2>(); OrBer - 6765

}
Pasmep .exe - 10K6

template <> inline int fib<1>() { return 1; }

template <> inline int fib<2>() { return 1; } Ho Bpems komnuasumu
OYeHb 4vyBCTBYeTCS!

void main() {
cout << fib<20>();

}

90



Boldncienns Bpemenn Komnnisiumm

template <int N>
inline int fib() {
return fib<N-1>() + fib<N-2>();

}

template <> inline int fib<1>() { return 1; }
template <> inline int fib<2>() { return 1; }

void main() {
cout << fib<1000>();

}

OrBeT - 77?7
Pasmep .exe - 777
He pnoxpancs

pe3ynbTaTa
KOMMUALUN
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Boldncienns Bpemenn Komnnisiumm

C nomMouwbk WabNOHOB OT 3HAYEHUN MOXHO 3aCTaBUTb KOMMUNATOP B
npouecce cBoen paboTbl BbIMUCAATb 3HAYEHUSA GYHKUUA.
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Boldncienns Bpemenn Komnnisiumm

C nomMouwbk WabNOHOB OT 3HAYEHUN MOXHO 3aCTaBUTb KOMMUNATOP B
npouecce cBoen paboTbl BbIMUCAATb 3HAYEHUSA GYHKUUA.

Peannsauyma wabnoHoB B nwboM komnunaTope a3blka C++ obpasyeT
TbOPUHL -NOJIHBIA S13bIK NMPOCPaMMUPOBAHUSA

To ecTb cnocobHa BbINOMHUTb NMpon3BoOJiIbHYKH BbIYHNCJTMMYIKO d)yHKLI,l/HO
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Boldncienns Bpemenn Komnnisiumm

C nomouwbk WabsOHOB OT 3HAYEHUN MOXHO 3aCTaBUTb KOMMUAATOP B
npouecce cBoen paboTbl BbIMUCAATb 3HAYEHUSA GYHKUUA.

Peannsauyma wabnoHoB B nwboM komnunaTope a3blka C++ obpasyeT
TbOPUHL -NOJIHBIA S13bIK NMPOCPaMMUPOBAHUSA

To ecTb cnocobHa BbINOMHUTb NMpon3BoOJiIbHYKH BbIYHNCJTMMYIKO q)yHKLI,l/HO




LlabioHbl Knaccos
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LlabioHbl Knaccos

Konnekumn - CnUCKM, paclMpsaeMble MacCUBbl, CTEKM, MHOXecCTBa,
X3W-Tabnuupl U Npoyme - NpakKTUYECKW HUKAK He 3aBUCAT OT
XPaHUMOTO B HWUX TWUNa [AaHHbIX
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LlabioHbl Knaccos

class List {
Elem* head;

public:
List(): head(NULL) {}
~List();

void addHead(int x) {
Elem* e = new Elem();
e->data = x;
e->next = head;
head = e;

}s

struct Elem {

s

int data;
Elem* next;
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LlabioHbl Knaccos

class List {
Elem* head;

public:
List(): head(NULL) {}
~List();

void addHead(int x) {
Elem* e = new Elem();
e->data = Xx;
e->next = head;
head = e;

}s

struct Elem {
int data;
Elem* next;

s

YTO HYXHO OT TuUMa, €C/N XOTUM
obobOwnTb int?
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LlabioHbl Knaccos

class List {
Elem* head;

public:
List(): head(NULL) {}
~List();

void addHead(int x) {
Elem* e = new Elem();
e->data = Xx;
e->next = head;
head = e;

}s

struct Elem {
int data;
Elem* next;

s

YTO HYXHO OT TuUMa, €C/N XOTUM
obobOwnTb int?

1. KOHCTpYKTOp KOMMpOBaHUA
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LlabioHbl Knaccos

class List {
Elem* head;

public:
List(): head(NULL) {}
~List();

void addHead(int x) {
Elem* e = new Elem();
e->data = Xx;
e->next = head;
head = e;

}s

struct Elem {
int data;
Elem* next;

s

YTO HYXHO OT TuUMa, €C/N XOTUM
obobOwnTb int?

1. KOHCTpYKTOp KOMMpOBaHUA
2. OnepaTop npuceBanBaHuUA
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LlabioHbl Knaccos

class List {
Elem* head;

public:
List(): head(NULL) {}
~List();

void addHead(int x) {
Elem* e = new Elem();
e->data = Xx;
e->next = head;
head = e;

}s

struct Elem {
int data;
Elem* next;

s

YTO HYXHO OT TuUMa, €C/N XOTUM
obobOwnTb int?

1. KOHCTpYKTOp KOMMpOBaHUA

2. OnepaTop npuceBanBaHuUA

3. KoHcTpykTOp 6€3
napaMeTpoB 101



LlabioHbl Knaccos

class List {
Elem* head;

public:
List(): head(NULL) {}
~List();

void addHead(int x) {
Elem* e = new Elem();
e->data = Xx;
e->next = head;
head = e;

}s

MHOrune Twunbl NnoaxogaT !

struct Elem {
int data;
Elem* next;

s

YTO HYXHO OT TuUMa, €C/N XOTUM
obobOwnTb int?

1. KOHCTpYKTOp KOMMpOBaHUA

2. OnepaTop npuceBanBaHuUA

3. KoHcTpykTOp 6€3
napaMeTpoB 102



LlabioHbl Knaccos

template <typename T>

class List { struct Elem {
Elem<int>* head; T data;
public: Elem<T>* next;
List(): head(NULL) {} };
~List();

void addHead(int x) {
Elem<int>* e = new Elem<int>();
e->data = Xx;
e->next = head;
head = e;

}s
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LlabioHbl Knaccos

template <typename T>
class List {

Elem<T>* head;
public:

List(): head(NULL) {}

~List();

void addHead(T x) {
Elem<T>* e = new Elem<T>();
e->data = x;
e->next = head;
head = e;

}s

template <typename T>

struct Elem {

}s

T data;
Elem<T>* next;
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LlabioHbl Knaccos

template <typename T>
class List {

Elem<T>* head;
public:

List(): head(NULL) {}

~List();

void addHead(T x) {
Elem<T>* e = new Elem<T>();
e->data = x;
e->next = head;
head = e;

}s

template <typename T>
struct Elem {

T data;

Elem<T>* next;

}s

CBoun hbopmanbHbIM TUN MOXHO
yKasblBaTb, KaK (pakTnyeckum
ons gpyrux wabnoHos
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LlabioHbl Knaccos

template <typename T>
class List {

Elem<T>* head;
public:

List(): head(NULL) {}

~List();

void addHead(T x) {
Elem<T>* e = new Elem<T>();

e->data = x;
e->next = head;
head = e;

}s

template <typename T>
struct Elem {

T data;

Elem<T>* next;

}s

List<int> 1il;
il.add(42);

List<float> fl;
fl.add(4.2);
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LlabioHbl Knaccos

template <typename T>
class List {

Elem<T>* head;
public:

List(): head(NULL) {}

~List();

void addHead(T x) {
Elem<T>* e = new Elem<T>();
e->data = x;
e->next = head;
head = e;

}s

template <typename T>
struct Elem {

T data;

Elem<T>* next;

}s

CBoun hbopmanbHbIM TUN MOXHO
yKasblBaTb, KaK (pakTnyeckum
ons gpyrux wabnoHos
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MeTonpl WabIOHHOrO Knacca

AsnsawTca wWabnoHHbLIMU GYHKUMAMMK

['eHepupyTCa ONS KOHKPEeTHbIX (GaKTU4YeCKMX TUMOB MO
HeobXxoaMMoCTu

EcAn TuUn He COOTBETCTBYET KOHUEMUWW, STO MOXET
OBHAPYKMTbCA He cpasy
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MeTonpl WabIOHHOrO Knacca

template <typename T>
class Foo {
T X;
public:
Foo(T x): x(x) {}
bool operator > (const Foo& that) const {
return this->x > that.x;
}
}s

109



MeTonpl WabIOHHOrO Knacca

template <typename T>
class Foo {

T X;

public:
Foo(T x): x(x) {}

}s

bool operator > (const Foo& that) const {

}

return this->x > that.x;

class Bar {

}s
Bar bl;
Foo<Bar> f1(bl);

Bar b2;
Foo<Bar> f2(b2);
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MeTonpl WabIOHHOrO Knacca

template <typename T> class Bar {
class Foo { };
T X;
public:
Foo(T x): x(x) {} Bar bil;
bool operator > (const Foo& that) const { Foo<Bar> f1(bl);
return this->x > that.x;
} Bar b2;
}s Foo<Bar> f2(b2);

KoMnunupyercs !
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MeTonpl WabIOHHOrO Knacca

template <typename T>
class Foo {

T X;

public:
Foo(T x): x(x) {}

}s

bool operator > (const Foo& that) const {

}

return this->x > that.x;

class Bar {

¥
Bar bl;

Foo<Bar> f1(bl);

Bar b2;
Foo<Bar> f2(b2);

bool t = f1 > f2;
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MeTonpl WabIOHHOrO Knacca

template <typename T>
class Foo {

T X;

public:
Foo(T x): x(x) {}

}s

bool operator > (const Foo& that) const {

}

return this->x > that.x;

He komnunupyeTcs!

class Bar {

s

Bar bl;
Foo<Bar> f1(bl);

Bar b2;
Foo<Bar> f2(b2);
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Boiumciennst Bpemenn komnwsiumm strike back!
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Boiumciennst Bpemenn komnwsiumm strike back!

template<int X, int Y>
struct Pow {

s
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Boiumciennst Bpemenn komnwsiumm strike back!

template<int X, int Y>
struct Pow {
static const int result = X * Pow<X, Y - 1>::result;

s
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Boiumciennst Bpemenn komnwsiumm strike back!

template<int X, int Y>
struct Pow {

static const int result = X * Pow<X, Y - 1>::result;

s

template<int X>
struct Pow<X, 1> {

static const int result Cneunannsmpyem!

1l
o

}s
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Boiumciennst Bpemenn komnwsiumm strike back!

template<int X, int Y>
struct Pow {
static const int result = X * Pow<X, Y - 1>::result;

s

template<int X>
struct Pow<X, 1> {
static const int result

X; Cneunanmsunpyem!

}s

const int z = Pow<5, 3>::result; Boiuncnmnt 125
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Boiumciennst Bpemenn komnwsiumm strike back!

template<int X, int Y>
struct Pow {

static const int result = X * Pow<X, Y - 1>::result;

s

template<int X>
struct Pow<X, 1> {
static const int result = X; Cneunannsmpyem!

}s

const int z = Pow<5, 3>::result; Boiuncnmnt 125

Bo Bpems koMnunauum!
119




Curiously Recurring Template Pattern (CRTP)
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Curiously Recurring Template Pattern (CRTP)

3ajadya: NOCYMTATb BCE CO3[JaHHbIE U BCE XMBblE Ha
ONAHHbIA MOMEHT SK3eMNNApbl KnaccCa.
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Curiously Recurring Template Pattern (CRTP)

3ajadya: NOCYMTATb BCE CO3[JaHHbIE U BCE XMBblE Ha
ONAHHbIA MOMEHT SK3eMNNApbl KnaccCa.

[loBTOpUTL ANA nNwWbOro ksacca.
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template <typename T>
struct Counter {

}s 123



template <typename T>

struct Counter {
static int objects created;
static int objects alive;

}s 124



template <typename T>

struct Counter {
static int objects created;
static int objects alive;

Counter() {
++objects created;
++objects alive;

}

Counter(const Counter&) {
++objects created;
++objects _alive;

}s 125



template <typename T>

struct Counter {
static int objects created;
static int objects alive;

Counter() {
++objects created;
++objects alive;

}

Counter(const Counter&) {
++objects created;
++objects _alive;

}

protected:

~Counter() {

--objects_alive;

}

}s 126



template <typename T>

struct Counter {
static int objects created;
static int objects alive;

template <typename T> int Counter<T>::
objects created(0);

template <typename T> int Counter<T>::
objects _alive(0);

Counter() {
++objects created;
++objects alive;

}

Counter(const Counter&) {
++objects created;
++objects _alive;

}

protected:

~Counter() {

--objects_alive;

}

}s
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template <typename T>

struct Counter {
static int objects created;
static int objects alive;

class X : Counter<X> {
/] ...
3

class Y : Counter<Y> {

Counter() { /...

++objects created;
++objects alive;

}s
}

Counter(const Counter&) {
++objects created;
++objects _alive;

}

protected:

~Counter() {

--objects_alive;

}

}s
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template <typename T>

struct Counter {
static int objects created;
static int objects alive;

class X : Counter<X> {
X(const X& other):Counter<X>(other) { }

/] ...
}s

Counter() {
++objects created;
++objects alive;

class Y : Counter<Y> {
Y(const X& other):Counter<Y>(other) { }

} /] ...

¥
Counter(const Counter&) {
++objects created;
++objects _alive;
}
protected:
~Counter() {
--objects_alive;

}

}s
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template <typename T>

struct Counter {
static int objects created;
static int objects alive;

class X : Counter<X> {
//
3

class Y : Counter<Y> {

Counter() { //

++objects created;
++objects alive;

}s
}

Counter(const Counter&) {
++objects created;
++objects _alive;

}

protected:

~Counter() {

--objects_alive;

}

}s
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template <typename T>

struct Counter {
static int objects created;
static int objects alive;

class X : Counter<X> {
//
3

class Y : Counter<Y> {

Counter() { /)

++objects created;
++objects alive;

}s
}

Knaccel HacnegywT Counter,

Counter(const Counter&) { NapaMeTPU30BaHHbLIA 3TUMUN Xe KJlaCcCaMu
++objects created;
++objects _alive;

}
protected:
~Counter() {
--objects_alive;

}

}s
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template <typename T>

struct Counter {
static int objects created;
static int objects alive;

class X : Counter<X> {
//
3

class Y : Counter<Y> {

Counter() { /)

++objects created;
++objects alive;

}s
}

Knaccel HacnegywT Counter,

Counter(const Counter&) { NapaMeTPU30BaHHbLIA 3TUMUN Xe KJlaCcCaMu
++objects created;

++objects_alive; [lna Kaxooro kjacca CreHepupyeTcs

ceon Counter!

}
protected:

~Counter() {
--objects_alive;

}

}s
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class X : Counter<X> {
/]l ...
}s;

class Y : Counter<Y> {
/]l ...
}s;

X a, b, ¢, d;

{
Ye, f, j, k;
cout << "alive X = " << Counter<X>::objects alive << endl; // 4
cout << "alive Y = " << Counter<Y>::objects alive << endl; /] 4
}
cout << "alive X = " << Counter<X>::objects alive << endl; // 4

cout << "alive Y = " << Counter<Y>::objects alive << endl; // ©
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Curiously Recurring Template Pattern (CRTP)

CRTP Ha camoMm pgene ropa3s3ao Kpyde:
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Curiously Recurring Template Pattern (CRTP)

CRTP Ha camoMm pgene ropa3s3ao Kpyde:

1. TlosBongeTr sABHO BblpaxaTb UHTepdpencol (C
ncnonb3oBaHMeMm static cast)

2. '"lNogoMewmBaTb" B KjNacCbl HOBVYK
byHKUMOHaNbHOCTL (MixIn)

3. [logMeHATb Ga30Bble KJACCbl B MeEpapXuMnM B Pa3HbIX
cny4aax
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LLlabnionbl C4++

1) OTAWMYHBIA MHCTPYMEHT ANA co3aaHusa OOO0OWEHHbLIX aNTOPUTMOB U
CTPVYKTYP AaHHbIX
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LLlabnionbl C4++

1) OTAWYHBIN MHCTPYMEHT ANs co3faHnsa OBOOWEHHbIX anNTOPUTMOB WU
CTPYKTYP AaHHbIX (HO U He TOoNnbko!)
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LLlabnionbl C4++

D

2)

OTAUYHBIN UHCTPYMEHT ANS CcO34aHMa OBO0OWEHHLIX aNTCOPUTMOB WU
CTPYKTYP AaHHbIX (HO U He TOoNnbko!)

[TO3BONAKNT nMUcCaTb BblYMCAMMbIE B compile-time nporpammel B
byHKUMOHaNbHOM napagurme !
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LLlabnionbl C4++

D

2)

3)

OTAUYHBIN UHCTPYMEHT ANS CcO34aHMa OBO0OWEHHLIX aNTCOPUTMOB WU
CTPYKTYP AaHHbIX (HO U He TOoNnbko!)

[TO3BONAKNT nMUcCaTb BblYMCAMMbIE B compile-time nporpammel B
byHKUMOHaNbHOM napagurme !

OTNNYHBIN MHCTPYMEHT AN CO34aHUS
KaTaCcTpodnyecky 3amnyTaHHbIX CUCTEM
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LLlabnionbl C4++

D

2)

3)

OTANYHBIA MHCTPYMEHT ANs co34aHUA OOOOWEHHLIX anTrOpUTMOB WU
CTPYKTYP AaHHbIX (HO M He Tonbko!)

[lo3BONAKNT nNMcaTb BblYMCIMMble B compile-time nporpammbl B
byHKUMOHaNbHOM napagurme !

OTNNYHBIN MHCTPYMEHT AN CO34aHUS
KaTaCTpoPUUYECKM 3anyTaHHbIX CUCTEM




Y6enunTecn, YTO BblHEC/M C 3TOW JIeKLMK

[loHaTHe KoHuenuun, CBSA3b C CUCTEMOM TUMNOB
Noesa o060OWEHHOrO NPOrpPaMMUPOBAHMUS
CuHTakcmc wabnoHos C++

BoiBEOEHME TWMNOB, chneuuanmMsauuns

lla6noHbl OT 3HAYEHUN, BbIYNCNEHUSA BpeEMEHN KOMMUIAUNN

O U1 p N N P

lla6noHbl KlaccoBs
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[lpoBepoYHbie BONpOCHI

D
2)
3)
4)

OnnwnTe KOoHUenuuw, noaxoaswyw ona OMHAPHOTO NOMCKa

Kak orpaHM4ynTb TWMbl OAHHbIX, NPUMEHUMblE K WABNOHY?

CkoNbko peanusaumm wabnoHHon GyHKUMKM nosiBUTCA B OMHapHOM danne?
CkonbKo peanms3auun wabnoHHONM GYHKUMM KOHKPETHOro (GaKTM4YeCKOro Tuna

nossuTca B OuHapHoM danne?

* - 3aCTaBbTe KOMNUAATOP nocymTaTb (QyHKUMW AkkepmaHa oT (4, 4)

*¥ - peanusynTte wabnoHHbim knacc Tensor<typename T, int size, int rank>

*%¥- OOKaXUTe, 4YTO WwabnoHbl 06pasywT TopuHT nonHbin Al 142



[lpo 3apa4u
B CNOXHbIX BapMaHTax HYXHO peasm3oBaTb Xew-Tabnuupl.
NcTouyHnKM mnHbpopMaumn:

1. CeMuHapesl

2. KopmeH:
http://staff.ustc.edu.cn/~csli/graduate/algorithms/booké6/chapl2.htm

3. Bupeo:

https://www.coursera.org/lecture/algorithms-graphs-data-structures/hash-

tables-implementation-details-part-i-0boOKY7/

143


http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap12.htm
https://www.coursera.org/lecture/algorithms-graphs-data-structures/hash-tables-implementation-details-part-i-Ob0K7
https://www.coursera.org/lecture/algorithms-graphs-data-structures/hash-tables-implementation-details-part-i-Ob0K7
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0cobeHHOCTH KOMMNASILK

1)

2)

3)

OnuncaHune wabrnoHa (BKNo4vaa peannsayuno) He ABsieTcs Kogom. Ero MoxHo
paccMaTpuBaTtb, Kak MakpocC - MHCTPYKUMIO A9 KOMMUSTopa

B kaxxgon eguHMLe KOMOUNAUMK O118 KaXXgoro KOHKPETHOro pakTnyeckoro
TMNa KOMMUIATOP CO3AaET peanusauuto WabnoHa - KOHKPETHbIN Ko,

Brnocneacteumn JINHKEP O6'beﬂ,I/IHI/IT TN peasrim3aumnn B 6I/IHapHOM cba|7|ne
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0co6eHHOCTM KOMIUASILMH

lib.h
template <typename T>

T foo() {
// impl
}
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0co6eHHOCTM KOMIUASILMH

A.cpp

#include “lib.h”

] void bar() {
lib.h / foo<int>():

}

template <typename T>
T foo() {
// impl

} B.cpp
\ #include “lib.h”

void baz() {

}

foo<int>();
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0co6eHHOCTM KOMIUASILMH

A.cpp A.obj
#include “lib.h” int foo@int() { // impl }
_ void bar() { . void bar() {
lib.h foo<int>(); foo@int();
template <typename T> } }
T foo() {
/[ impl
} B.cpp B.obj
\ #include “lib.h” int foo@int() { // impl }
void baz() { > void baz() {
foo<int>(); foo@int();
} }
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0co6eHHOCTM KOMIUASILMH

A.cpp A.obj
#include “lib.h” int foo@int() { // impl }
] void bar() { : void bar() {
lib.h foo<int>(): foo@int();
template <typename T> ) ) binary
T foo() { int foo_int() { // impl }
I/ impl void bar() { foo_int(); }

void baz() { foo_int(); }

} B.cpp B.obj
\ #include “lib.h” int foo@int() {// impl } /
EE—

void baz() { void baz() {
foo<int>(); foo@int();
} } 149



0cobeHHOCTH KOMMNASILK

1)

2)

PasgeneHune wabnoHa Ha o0bsiBNeHNe B 3arofioBOMHOM dohanse u
peanusaunio B He3aBUCUMON eanHNLE KOMNUNALNK He paboTaeT

[ns aToro 6bINo Kno4YeBoe cnoBo export, Ho ero yépanu u3 ctaHgapTa, HadymHasa ¢ C++11

Takum pasgeneHnemM MOXHO orpaHndYnTb Habop TMNOB, NoAaepPKMBaeMbIX
LLIaOOHOM
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0co6eHHOCTM KOMIUASILMH

lib.h
lib.cpp template <typename T>
T foo();

#include <lib.h>
template <typename T> main.cpp
T foo() {

I/ impl #include <lib.h>
}

void main() {

void compiler_anchor() { foo<int>();

foo<int>(); foo<float>();

foo<float>(); }
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0co6eHHOCTM KOMIUASILMH

lib.h
lib.cpp template <typename T>
T foo();
#include <lib.h>
template <typename T> main.cpp
T foo() {
I/ impl #include <lib.h>
}
void main() {
void compiler_anchor() { foo<int>();
foo<int>(); foo<float>();
foo<float>(); foo<char>();
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0co6eHHOCTM KOMIUASILMH

main.cpp
foo<int> n foo<float> HangyTtcs B lib.obj

#include <lib.h> foo<char> Hurge He co3gaHoO KOMMUNATOPOM

void main() {
foo<int>();
foo<float>();
foo<char>();
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0co6eHHOCTM KOMIUASILMH

main.cpp
foo<int> n foo<float> HangyTtcs B lib.obj

#include <lib.h> foo<char> Hurge He co3gaHoO KOMMUNATOPOM

template <>
char foo() { MoxHo onpeaenuTb crneumanm3npoBaHHyo Bepcuio!

/[ impl

}

void main() {
foo<int>();
foo<float>();
foo<char>();

154



0co6eHHOCTM KOMIUASILMH

main.cpp
P foo<int> n foo<float> HangyTtcs B lib.obj

#include <lib.h> foo<char> Hurge He co3gaHoO KOMMUNATOPOM

template <typename T>

T foo() { MoXHO onpefenuTb cneumanmu3apoBaHHYO BEPCUIO!
/[ impl
} Wnu paxxe nepeonpenenutb obuyto!
void main() {
foo<int>();
foo<float>();
foo<char>();
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0co6eHHOCTM KOMIUASILMH

main.cpp

#include <lib.h>

template <typename T>
T foo() {

cout << “Hil”;

/Il 'impl
}

void main() {
foo<int>();
foo<float>();
foo<char>();

foo<int> n foo<float> HangyTcs B lib.obj
foo<char> Hurge He co3gaHo KOMMUAATOPOM

MoXHO onpefenuTb cneumanmu3apoBaHHYO BEPCUIO!

Wnu paxxe nepeonpenenutb obuyto!

Mpuyém c nobon peanusaumen!
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0co6eHHOCTM KOMIUASILMH

lib.h ]
lib.cpp main.cpp
template <typename T> . :

#include <lib.h> T foo(); #include <lib.h>
template <typename T> template <typename T>
T foo() { T foo() {

cout << “Hi from lib!” cout << “Hi from main!”
} Yoo
void compiler_anchor() { void main() {

foo<int>(); foo<int>();
} foo<float>();
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0co6eHHOCTM KOMIUASILMH

lib.h ]
lib.cpp main.cpp
template <typename T> . :
#include <lib.h> T foo(); #include <lib.h>
template <typename T> template <typename T>
T foo() { T foo() {
cout << “Hi from lib!” cout << “Hi from main!”
} Yoo
void compiler_anchor() { void main() {
foo<int>(); foo<int>();
} foo<float>();

PesynbraT 3aBvcuT OT nopsgka komnunauum lib.cpp 1 main.cpp
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