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CobabpxaHue

@ Busepetine 8 C++ wabnonn
o LLlabnoHHu dyHKLMM
o LllabnoHHu knacose
@ He-tunosm wabnoHHu napametpn

© LUabnonute & aetaiinu
@ MHCTaHuuMpaHe Ha wabnoHu
@ Name lookup
o Cneuymannsauymsi Ha WabnoHw

© Tricky details
o Kniouoea pyma typename
o Knrouyoea ayma template
o CuHTakTM4YHM npobnemu
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

Obua nHbopmauus -

e Epgna ot nocnegHo BMbkHaTuTe B ctangapta (C+498)
Bb3MOXKHOCTU Ha €3M1Ka

o [lo-nowa nopapbxka OT CTpaHa Ha KOMMUIATOPUTE U
NO-roNeMmn Pasfnku Mexgy Tax

o keyword “export”

e Jlnnca Ha OPTOrOHaNHOCT NOPaAM TEXHUHECKMA WM
NCTOPUYECKN MPUHNHN

© napameTpu no nogpasbupane 3a WabNoHHU PyHKLUN
o floating-point croliHocTn 3a wabnoHHN aprymeHTn

o PasznuyHm cuHTakTU4HM 0cobeHoCTH
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

Obuwa nHbopmauus +

@ EaHo ot Haii-mowHuTe napasutentn cpegerea Ha C++

o Lllabnonute B C++ ca turing-complete (T.e. ca nbneH e3uk 3a
nporpamupanxe)

e metaprogramming - N34MCAEHNS NO BPEME HA KOMMMIALMA 1
“cmsiTane” ¢ Tunose

e expression templates u gpyrn Domain Specific Languages
BMbkHaTK B C++

e lambda n3pasu n n-topku

e type traits
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CobabpxaHue

@ Busepetine 8 C++ wabnonn
o LLlabnoHHu dyHKLMM
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

Obuy, BuA Ha Aeknapauus Ha WwabnoHHa yHKLUUS

template <"tungnapamerspl" "ume Haynapamerspl"
{, "tunynapamersp2" "ume Haynapamernvp2"}>

<Tun Ha pe3yartarta>

f(<dopmanun aprymeHTn Ha PyHKUMATA>);
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Bbeepnenne 8 C++ wabnoHn Function templates

Classs templates
Non-type parameters

LLIabnoHHu napameTpn

@ “Tnn napameTbp’ - TUNBT Ha NapaMeTbpa

e typename, class - T03n napameTbp 03Ha4YaBa MMe Ha Tun

@ typename u class ca eaHO 1 CbLIO B TO3U KOHTEKCT, HO
typename e 3a npegno4mnTaHe

@ TYK He MOXeTe Aa usnonseare struct BmecTo class

@ VIMe Ha Tun - TO31 napaMeTbp e Obae CTolHOCT OT
NOCOYEHMUs Thn

@ TYK HE MOXXeTe Aa M3NoN3BaTe NPOU3BOJIEH TUN

e Jeknapauusi Ha Apyr wabnox !
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

[Mpnmep 3a wabnoHHa dpyHKUMS

template <typename T>
inline const T& max(const T& x, const T& y) {
return (x < y)? y @ x;
}
int main() {
// using ::max to avoid std::max
std ::cout << ::max(24, 42) << std::endl;
std :: cout << ::max<double>(9.8, 3.14) <<
std :: endl;
// sBHo 3ajaBaHe Ha T
std :: cout <<
c:max(std ::string ("path"),
std::string ("pathology"));
return 0;
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

MHCTAHUMpaHe

o LllabnoHnaTa pyHKUMS max He ce KOMMUAUpPa SO ef4Ha
dyHKUNA, KoATO Aa paboT C BCMYKM TUNOBE apryMeHTw, a 3a
BCEKN TWUM apryMeHTU Ce Cb3ZaBa oThenHa hbyHKUUS max.
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MHCTAHUMpaHe

o LllabnoHnaTa pyHKUMS max He ce KOMMUAUpPa SO ef4Ha
dyHKUNA, KoATO Aa paboT C BCMYKM TUNOBE apryMeHTw, a 3a
BCEKN TWUM apryMeHTU Ce Cb3ZaBa oThenHa hbyHKUUS max.

o ToBa cb3pgaBaHe ce Hapuya uHcTaHuympate (instantiation)

@ WHCTAHUMPAHETO € aBTOMAaTU4YHO, HO MOXXE Oa 6'b,u,e N ABHO.
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

MHCTAHUMpaHe

o LllabnoHnaTa pyHKUMS max He ce KOMMUAUpPa SO ef4Ha
dyHKUNA, KoATO Aa paboT C BCMYKM TUNOBE apryMeHTw, a 3a
BCEKN TWUM apryMeHTU Ce Cb3ZaBa oThenHa hbyHKUUS max.

o ToBa cb3pgaBaHe ce Hapuya uHcTaHuympate (instantiation)

@ WHCTAHUMPAHETO € aBTOMAaTU4YHO, HO MOXXE Oa 6'b,u,e N ABHO.

@ Ako ce onuTame ga MHCTaHuupame WabnoHHa yHkuns 3a
TUMN aprymMeHTu, KOMTO HE N3MbAHABA BCUYKM N3NCKBAHUA Ha
wabnona ( B cnyyass Ha max - operator< ), e ce noayyu
FpewKka npyu KoMNuaaLus
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

KomnunnpaHe Ha wabnoHn

@ LllabnoHuTte ce komnuaMpaT Ha ABa eTana:

© lpean nHcTaHuMpaHe - KOMNUAATOPa NPaBM CamMoO NPOBEPKA
Ha CUHTaKCMCa - Hanpumep 3a aunceawm ;"

@ [llo Bpeme Ha MHCTaHUMpPaHE - KOMNUIATOPa KOMMUAMPA KOAA
Ha WwabnoHa 1 NpaBu NPOBEpKa 3a BaJIMAHOCTTA HA BCUYKM

13M0a3BaHN (PYHKLMUN, METOAU 1 ONEpaTopn
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

KomnunnpaHe Ha wabnoHn

@ LllabnoHuTte ce komnuaMpaT Ha ABa eTana:

© lpean nHcTaHuMpaHe - KOMNUAATOPa NPaBM CamMoO NPOBEPKA

Ha CMHTAKCKCA - HanpuMep 3a Junceawy

@ Tllo Bpeme Ha MHCTAHLMPAHE - KOMMUIATOPA KOMMUIMPA KOAQA
Ha WwabnoHa 1 NpaBu NPOBEpKa 3a BaJIMAHOCTTA HA BCUYKM
13M0a3BaHN (PYHKLMUN, METOAU 1 ONEpaTopn

@ 3a pga 6bae mHcTaHUMpaH eanH WabnoH, KOMNUAATOPBT
Tpsibea Oa BUXKAA HerosaTa AgebuHULMS.

o Tosa Hanara noeedyeto wabnoHun ga 6vaaT agedpuHUpaHu B
header caiinose, konTo ce BkAOYBaT B NonsBawwmTe wWabnoxa
chaiinose
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

Benexxkn

o LllabnoHnuTe dpyHkumn gecbunupat hamunus ot yHKLUM 3a
pasnuyHnTe WabaoHHN aprymeHTw.

o Korato nogasate wabnoHHM aprymenTn, wabnorHaTa
hyHKUNA Ce MHCTaHLMpa 3a Te3U TUMOBE.

o MoxeTe sBHO fa 3afaBaTe Wab/OHHN aprymMeHTM.
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
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CobabpxaHue

@ Busepetine 8 C++ wabnonn

o LLlabnonHu knacose
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

Obuy, BuA Ha Aeknapauus Ha WabaoHeH kiac

template <"tun napametrspl" "ume Haynapamersbpl"
{, "tunynapamersp2" "ume, na,napamerbp2"}>
[class|struct] A;
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

template <typename T>
class Stack {
public:
void push(const T&);
void pop();
T top() const;
bool empty() const;
private:
std ::vector<T> _s;

o

template <typename T>
void Stack<T>::push(const T& x) { _s.push back(

x)i }
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

Ianon3eaHe Ha Stack

int main ()

{

Stack<int> stacklnts;

// npeanssuksa mHcTaHyumpaHe Ha Stack<int >,
HO HE Ha BCUYKU PYyHKLUNM

Stack<string> stackStrings;

// Stack<int> u Stack<string> ca pgBa
Hanm®BJIHO

// pasaudnn tTuna !

stacklnts.push(42);

//

return 0;
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

Ianon3eaHe Ha Stack

void f(Stack &s);

// rpewka, Stack e ume Ha wabnon, a He TUN

void f(Stack<int>& s);
// ok, Stack<int> e ume Ha Tun

template <typename T>

void f(Stack<T>& s);

// ok, f e wabnonHa c¢yukyus, Stack<T> we
// 6bge ume Ha TR npu MHCTaAaHYympaHeTo Ha f
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

[Noapasbupalyyn ce aprymeHTn Ha LabaoH

template <typename T,
typename Cont = std ::vector<T> >

class Stack {
public:

//

private:
Cont _s;

o

int main ()

{

Stack<int> stacklntsVector;
Stack<int , deque<int> > stackIntsDeque;
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

HcTaHuupaHe Ha WabnoHHM Kiacose

@ LllabnoHuTe ce npoBepsiBaT 3a CMHTAKTUYHM FPELLKM, a
OCTaHafuUTe NPOBEPKU CE NPABSAT NPU UHCTAHLMUPAHETO

@ MHCTaHUMpaT Ce CaMO MeToauTe, KOTo ce usnonseat!

o Hskost cemaHTU4YHA rpewwka Moxe ga MuHe HesabensizaHa ot
KoMmnuiaTopa

e 3a ga ce MHCTAHUMPAT BCMYKM MeToan Ha wabnowa
u3nonseaiite sBHO nHctaHympanre (explicit instantiation)
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

[Mpvmep 3a MHCTaHUMpaHe Ha WabnoHeH Knac

template <typename T>
bool Stack<T>::empty() const { return s == 0;

}

// vector<T> wama operator==(int);

int

main () {

Stack<int> s;
s.push(42);
return 0;

}

// He wusnonssame Hukvge Stack<int >::empty!
// Kopa ce komnuampa v u3nbaHsBa 4YyJeCHO
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

Benexxkn

@ VHCTaHLMpaT Ce CaMo Te3n MeTonm Ha wabioHa, KouTo ce
n3nonzear!

o MoxeTe ga aecbuHunpaTe CTOWHOCT No noapasbupaHe 3a
napameTpu Ha WwabnoHa, Te MoraT Aa U3NoA3BaT NPEAXOHUTE
napamertpu.
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
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CobabpxaHue

@ Busepetine 8 C++ wabnonn

@ He-TunoBu wabnoHHu napameTpu
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

He-Tunosun wabnonHu napameTpu

o LllabnoHHuTe napaMeTpu OCBEH TUMNOBE MOraT Aa W
0bMKHOBEHN CTOMHOCTW, HO OT TWMNOBE OTrOBapsiLLMA Ha
onpeneneHn ycnoeus
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

[Tpumep 3a He-TUNOBK NapameTpu

template <typename T, unsigned Size>
class Array {
public:
T& operator[] (size t i) { return _a[i]; }
T& at(size t i) {
if (i > Size)
throw std ::out of range("iytooy
large");
return _a[i];
;
private:
T[Size] _a;
b
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

[Tpumep 3a He-TUNOBK NapameTpu

template <typename T, T Value>
T increase(const T& x) { return x + Value; }
// CbBCEM He [OCTaTb4HO generic

int main() {

cout << increase<int, 10>(32) << endl;
return 0;
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

VcnoBusl 3a He-TUNOBUTE LWADAOHHN NapaMeTpu

@ MoraT aa 6b4aT KOHCTAHTHW WHTErpasHN CTORHOCTN
(BKAKOUNTENHO enum) AN yKasaTenn KbM O0DEKTN C BBHLIHO
CBbp3BaHe

® MHTerpaJjiHa CTOMHOCT - NpOCTa, HeJennMa CTOMHOCT

] yKa3aTe.n KbM O6eKT C BbHLWIHO CBbpP3BaHE - yKa3aTen KbM
rnobasieH 3a uanarta nporpama

@ He moraT ga 6bgaT floating-point uncna n obekTu ot
HENnPUMUTMBEH TN

o floating-point He ce pa3pelaBa nNo MCTOPMYECKN NPUYMHU, B
Obaelle MOXe fa ce AonycHe
o Beue TpsibBa ga e sicHO 3aw10 increase He e AOCTaTBYHO generic
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Bbeepnenne 8 C++ wabnoHn Function templates
Classs templates
Non-type parameters

[Mpymepn 3a He-TMNOBKM NapameTpu

template <const charx s>
class MyClass;

MyClass<"Hello"> e;
// rpewka, "Hello" e string literal

const charx s = "hello";

MyClass<s> e2;

// rpewka, s e ykazaten kbm obekT ¢ internal
linkage

extern const char[] s2 = "hello";
MyClass<s2> o; // ok
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

CobabpxaHue

© LUabnonute & aetaiinu
@ MHCTaHuuMpaHe Ha wabnoHu
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

KomnunnpaHe Ha wabnoHn

@ LllabnoHuTte ce komnuaMpaT Ha ABa eTana:

© lpean nHcTaHuMpaHe - KOMNUAATOPa NPaBM CamMoO NPOBEPKA
Ha CUHTaKCMCa - Hanpumep 3a aunceawm ;"

@ [llo Bpeme Ha MHCTaHUMpPaHE - KOMNUIATOPa KOMMUAMPA KOAA
Ha WwabnoHa 1 NpaBu NPOBEpKa 3a BaJIMAHOCTTA HA BCUYKM

13M0a3BaHN (PYHKLMUN, METOAU 1 ONEpaTopn
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KomnunnpaHe Ha wabnoHn

@ LllabnoHuTte ce komnuaMpaT Ha ABa eTana:

© lpean nHcTaHuMpaHe - KOMNUAATOPa NPaBM CamMoO NPOBEPKA

Ha CMHTAKCKCA - HanpuMep 3a Junceawy

@ Tllo Bpeme Ha MHCTAHLMPAHE - KOMMUIATOPA KOMMUIMPA KOAQA
Ha WwabnoHa 1 NpaBu NPOBEpKa 3a BaJIMAHOCTTA HA BCUYKM
13M0a3BaHN (PYHKLMUN, METOAU 1 ONEpaTopn

@ 3a pga 6bae mHcTaHUMpaH eanH WabnoH, KOMNUAATOPBT
Tpsibea Oa BUXKAA HerosaTa AgebuHULMS.

o Tosa Hanara noeedyeto wabnoHun ga 6vaaT agedpuHUpaHu B
header caiinose, konTo ce BkAOYBaT B NonsBawwmTe wWabnoxa
chaiinose
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

MHCTAaHUWPAHE Ha LabnoHu

@ He siBHO - aBTOMaTU4HO NpM M3nonssaHe Ha wabnoHHa
yHKLMUA MamM Knac

e SleHo (explicit instantiation)

@ nNpean3BMKBa MHCTAHUNPAHETO HAa BCUYKN METOAN Ha Knaca
o template int f<double, double>(double, double);
o template class MyStack<int>;
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

WHCTaHLUMpaHe Ha LWabnoH

template <typename T> class C; // forward
int>x p; // ok
template <typename T>
class C {
public:
void f(); // mexknapauyus na C::f()
Y ;s // Bedpunuyns Ha C

void g((int>& c)

{ c.f(); } // wnsnonssa gedpuunynsra na C
// Heobxoguma e pgepunnyns Ha C::f()
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

WHCTaHLUMpaHe Ha LWabnoH

template <typename T>

class C {
public:
C(int); // moxe ga ce nosnszea 3a
KOHBEPTUPAHUS

b
void f(C<double> &);
void f(int);

void g() { f(42); }

// kKomnunatopwvT mMoxe ga uuctanyumpa C<double>
// 3a pa nposepu ganu kos f pa u3Buka
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

Mbp3ennBo MHCTaHUMpaHe

Kakea 4acT oT egnH wabnoHeH Knac ce MHCTaHLMpa Npu HEesiBHO
WHCTaHuupaHe?
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

Mbp3ennBo MHCTaHUMpaHe

Kakea 4acT oT egnH wabnoHeH Knac ce MHCTaHLMpa Npu HEesiBHO
WHCTaHuupaHe?

o KonkoTo ce MoXKe no-mMafiko

@ [AEKapaunmnTe Ha BCUYKM YJ1EHOBE HA KJ1aca W HA YJIeHOBETE
Ha CbABPXALLM Ce aHOHMMHMU union

o peduHnumnTe Ha virtual ynen dpyHkymm buxa mornm ga bbvaat
nUan aa He 6bAAT UHCTAHLUMPAHN

@ MOBEYETO KOMMNWAATOPW WE MM MHCTAaHUMpaT, Tbil KaTo
VMMIEMEHTALNATA UM Ha virtual MexaHW3Ma n3nckBa Te3u
dyHKUNM aa cbliecTByBaT

e napameTtpu no nogpasbupaHe Ha PYHKLMN CE MHCTAHUMPAT
CaMO aKo MMe U3BNKBAHE Ha PYHKLUATA, NPU KOETO
napaMeTbpbT Mo nogpasdupaHe ce n3nonsea
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

CobabpxaHue

© LUabnonute & aetaiinu

@ Name lookup
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

Name Lookup?

name lookup npouechT, Npu KOWTO KOMNUNATOPLT CBBHP3Ba
W3MON3BaHUTE NMEHA C 0beKTUTE, KOUTO Te
npeacTasnssaTt

@ B C/yyas nog obektn pasbupame pyHKLUM, OnepaTopu U
TNNoBe
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

Bupose nmena B C++

o Pasnpegensiveto Ha umenata B C++ B Kjacoee e gocra
CNOXHO
@ Haii-ocHOBHO (1 CpPaBHUTENHO JOCTATBYHO 33 HALLUTE Leu
TYK) € CNefHOTO paspaensiHe
e KBanM@UUUPAHO NME € UMe, YNATO ODXBAT € SIBHO yKa3aH
upe3 onepaTopa :: (scope resolution operator) nnu
onepatopute . n -> (member access operators)
e this->count n count He ca cbBCeM eAHO 1 CbLO, HO Ca ABe
NMMEHa Ha €4HO N CbWwO B PAMKUTE Ha ,D,erI/IHI/ILWIﬂ Ha Knac
© 3aBUCMMO UME € UMe, KOETO 3aBUCU MO HAKAKBB HAYMH OT
wabnoHeH napaMeTbp

o std:: vector <T>::iterator e 3aBucumo ume ako T e wabnoHew
napaMeTsbp 1 € HE3aBUCUMO UMe ako T e MMe Ha N3BECTeH TuM

@ this->x - x e 3aBucMmo nme, koraTo ce cpewa B WaboH

o f(x) e 3aBnCMMO nMe, ako TUNBT Ha X 3aBUCK OT WabnoHeH
napamersp
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

[MpaBuna 3a TbpceHe Ha MMeHa

@ [lpaBunaTa 3a TbpCeHe Ha UME Ca MBJHU C PasNYHU JeTaliau
3a ga paboTAT MHTYNTUBHO B 0BLMA ClyYail N KOPEKTHO B
CNOXXHU HaCTHU cay4dau.
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

OcHoBHYM npaBua

@ kBanunUUpaHn UMEHA CE THPCAT B MOCOYEHOTO OT
KBasnpnKaLumusaTa NPOCTPAHCTBO OT NMEHA

@ HekBanudULMPaHUTE UMEHA Ce THPCAT B NOCNELOBATENHO
pa3LWMpsBaLLL/ CE NPOCTPAHCTBA OT MMEHA

@ 3ano4Ba Ce OT TEKYLLOTO MPOCTPAHCTBO, C/ef TOBA CE TbPCU B
NPOCTPAHCTBOTO CbAbPXKALLO TEKYLLIOTO M TakKa HATATBK
[OKaTO He Ce Hamepu ODEKT OnpefeneH OT TOBa UMe
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

Argument Dependent Lookup

@ 3a HekBanMUUMpPaHTe UMeHa ce npuiara u Argument
Dependent Lookup (ADL, Koenig Lookup)

@ KOraTo ce TbpcU (PYHKLMS C ONpPeSeNeHO NME OCBEH B
TEKYLOTO 1 0DXBaLLaLMTE ro NPOCTPAHCTBA OT MMEHA Ce
TbPCY 1 B NPOCTPAHCTBATA, aCOLMMPAHN CbC TUMOBETE HA
aprymMeHTuTe

o Bbasnpa ce Ha ngeata, 4e nHTedelichT Ha eguH Knac e
CbCTaBeH OT NyOAUYHUTE MY METOAM 1N BCUYKMN PyHKLMN
neduHNpaHn B CbLOTO NPOCTPAHCTBO OT MMEHA, KOWTO
nprvemaT napamMeTpu OT TO3uW Knac
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

ADL B peiictBue

namespace Lib {
class A { // ... };
ostream& operator<<(ostream& s,const A& a);
bool operator==(const A& |, const A& r);

int main() {

Lib::A al, a2;
cout << al << """ << endl;
cout << a2 == al << endl;
return O0;
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

AcouunpaHn npocTpaHCTBa OT UMeHa - 1

@ 33 NPUMUTUBHUTE TUNOBE - MPA3HOTO MHOXXECTBO

@ 3a yKasaTenm n MaCmeun - NPpOCTPAHCTBOTO aCOUUNPAHO CBC
CbOTBETHNA TN HA COYEHWNA / CbAbpPXKaHUA obekT

@ 33 enum - NPOCTPAHCTBOTO, B KOETO € AedpMHMpPaH enum-bT

@ 3a YJIEHOBE€ Ha KNaC - NPOCTPaHCTBOTO € CaMNAT Kjac
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instantiation
LLlabnoHuTe B getaiinn name lookup
specialization

AcouunpaHun npocTpaHCTBa OT UMeHa - 2

@ 33 KJACOBE - MHOXXECTBOTO OT acoLWMpaHn KIacoBe € CaMusiT
KNac, CbAbPXKALUAT FO KAac U BCEKU NPSIK UAW HENPSIK
poanTenckn knac. AcoummpaHoTo NPOCTPAHCTBO OT UMEHA Ca
MPOCTpPaHCTBaTa OT WMEHAa, B KOUTO Ca AeKfaapupaHue
acouMnpaHnTe Knacoee

® MNpu WHCTaHUMpaHe Ha WabAoH, KNacoBeTe Ha TUNOBUTE
WabnoHHM NapameTpu 1 KIAaCOBETE 1 NPOCTPaHCTBaTa, B
KOMTO Ca fAeknapupaHn wabnoHHUTe WabnoHHN aprymMeHTm
CbLUO Ce BKOYBAT

@ 3a yKasaTes KbM YJIeH Ha knac X - OCBEH acouummpannte ¢ X
MPOCTPAHCTBA CE BKAKOYBAT U NPOCTPAHCTBATa acouuupaHu ¢
TWMa Ha COYEHMS 4JieH

@ 3a yKa3saTesm KbM METOAW - TWNA Ha pe3ynTaTta u TUNOBETE Ha

napameTpuTe CbLLO JONPUHACSAT C TEXHUTE AaCOLUNPAHM
NPOCTPAHCTBA OT MMEHa
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LLlabnoHuTe B getaiinn name lookup
specialization

@ ADL Tbpcu nmeTo BBB BCAKO OT aCOLMMPAHUTE NPOCTPaAHCTBA
BCE eAHO UMeTo € buno keannduunpaHo B ToBa
NPOCTPAHCTBO, KaTO WFHOPUPA USING AVUPEKTUBUTE
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LLlabnoHuTe B getaiinn name lookup
specialization

ADL B pelicTBue c noeeye getainnu

namespace X {
template <typename T> void f(T);
}

namespace N {
using namespace X;
enum E { el } ;
void f(E) { cout << "N::f(E)\n"; }

int) { cout << "::f()\n"; }
N::el); // keanugpuyuparo, 6e3 ADL

::el); // HekBanugpmyupano, ADL
// X::f() usobwo He ce pasrnexpa
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instantiation

LLlabnoHuTe B getaiinn name lookup
specialization

Two-Phase Lookup

@ [lpn nbpBOHa4anHOTO KOMNMAMPaHe Ha wabiona, 3aBUCMMUTE
MMEHA He MoraT aa 6baaT cebp3aHu ¢ PyHKLMM U TUMOBE.
@ 3aToBa ce BbBexaa two-phase lookup

© HeszasucumuTte rMeHa ce CBBP3BAT CbC CHOTBETHUTE (DYHKLNM
1 TUMOBE MO BPEME HA KOMMWiauus Ha wabnoHa
@ 3aBucumunTe nMeHa ce CBbP3BAT B MOMEHTA HAa MHCTaHUMPaHE

- name lookup ce npasu &8 POI
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LLlabnoHuTe B getaiinn name lookup
specialization

Two-Phase Lookup - Template.hpp

void g(double);

template <typename T> class A {
public:
AQ) : x(0) £}
void f() {
(3.14);
this—>x);

);
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LLlabnoHuTe B getaiinn name lookup
specialization

Two-Phase Lookup - main.cpp

#include "Template.hpp"
void g(int x) {

cout << "f(int)," << x << endl;
}

void g(double x) {
cout << "f(double)," << x << endl;

}

int main() {
A<int> a;
a.f();
return O0;

}
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LLlabnoHuTe B getaiinn name lookup
specialization

Two-Phase Lookup - usxos

// npaBunex
f(double) 3.14

f(int) 0
f(int) 0
f(double) 42

// aKko KoMnuaatopwvT HE NOAABPXKA
// two—phase lookup
f(double) 3.14

f(double) 0
f(double) 0
f(double) 42
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LLlabnoHuTe B getaiinn name lookup
specialization

Toyka Ha MHCTaHUMpaHe

Point of Instantiation (POI) ToukaTa Ha MHCTaHUMpaHe Ha
wabnoHa - Ha TOBA MACTO KOMANMAATOPBLT Cnara
AebuHNLNATA HA UHCTaHUMpPpaHUS WabnoH
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LLlabnoHuTe B getaiinn name lookup
specialization

Point of instantiation 3a wabsoHHu dyHKLNN

template <typaname T>
void (T x) {

if (x> 0) g(x);
}

// (1)

namespace Lib {

/7 (2)
void g(Mylnt y) {

/7 (3)

f<Mylnt >(42); // To4yka Ha u3BMKBaHE
, /7 (4)
, /7 (5)
// (6)
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LLlabnoHuTe B getaiinn name lookup
specialization

Touka Ha MHCTaHUMpaHe 33 yHKLWM

@ TouykaTa Ha MHCTaHUMpaHe HE MOXe Aa CbBNAAHE C TOYKaTa
Ha M3BUKBaHe, 3aLLOTO HE MOXETE fa feduHnparte dyHKLMUS B

Apyra dyHKuns
e CbLOTBETHO oTnagat Toukn (3) u (4)
e B to4kn (1) n (2) g(Mylnt x) He e BUAMMA, KOETO He €
0CODEHO MHTYNTUBHO
e B8 Touka (5) n (6) g(Mylnt x) e Bugnma

@ ToukaTa Ha MHCTaHUMpaHe Ha wWabnoHHM dyHKLMN e BegHara
cnen Haii-bnuskaTa geknapauus uanm aeduHnLUA, KoATo
Cbabpxka obpblieHne kbM wabnona (B noaxoasms
namespace) - (6) B Hawus npumep
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LLlabnoHuTe B getaiinn name lookup
specialization

Kak Bwu ce ctpysa 1031 kop?

template <typaname T>
void (T x) {
if (x> 0)
g(x);
}

namespace Lib {
void g(int y) {
// (2)

f<int >(42);
// (3)
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LLlabnoHuTe B getaiinn name lookup
specialization

OTtrosop

[MpeanwHMsAT npumep He ce KOMNUAMPA, 3aLLOTO:
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LLlabnoHuTe B getaiinn name lookup
specialization

OTtrosop

[MpeanwHMsAT npumep He ce KOMNUAMPA, 3aLLOTO:

e template void f(T) e rnobanen wabnoH n nHcTHaunsTa Ha
wabnoHa cLOTBETHO € B rnobanHus namespace
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LLlabnoHuTe B getaiinn name lookup
specialization

OTtrosop

[MpeanwHMsAT npumep He ce KOMNUAMPA, 3aLLOTO:

e template void f(T) e rnobanen wabnoH n nHcTHaunsTa Ha
wabnoHa cLOTBETHO € B rnobanHus namespace

@ HAMa rnobanHa pyHkuns g
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LLlabnoHuTe B getaiinn name lookup
specialization

OTtrosop

[MpeanwHMsAT npumep He ce KOMNUAMPA, 3aLLOTO:

e template void f(T) e rnobanen wabnoH n nHcTHaunsTa Ha
wabnoHa cLOTBETHO € B rnobanHus namespace

@ HAMa rnobanHa pyHkuns g

@ ADL He moxxe Aa HaMepu g, MOHexe int € NPpUMUTUBEH Tun
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LLlabnoHuTe B getaiinn name lookup
specialization

Point of instantiation 3a wabnoHHU Knacoge

template <typename T> class S {

public:

T m;
¥
/7 (7)
unsigned long
h() {

/7 (8)

return (unsigned long)sizeof(S<int>);
) /7 (9)
// (10)
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LLlabnoHuTe B getaiinn name lookup
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3d MHCTAaHUWPaHE Ha K/1aCoBE

(8) n (9) oTnapat noHexe He MOXe AePUHNLMATA Ha
namespace-BUANM KNac He MOXe fa bbje BbTpe BbB (hyHKLUS
(n He MOxeM aa umame wabnown BbB yHKLNS)

Ako nsbepem (10) n3passt sizeof(S<int>) HaAma ga bbae
BasngeH

Ocraga (7)

Touka Ha MHCTaHUMpaHe 3a WabNOHHN K1acoBe € BeaHara
npean Hai-bamskaTa geknapauns uam aeduHnyns, KOsSTO
Cbabpxa obpblueHUe KbM Knaca (B NOAXOAALLNS namespace)
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LLlabnoHuTe B getaiinn name lookup
specialization

Point of instantiation 3a wabnoHHU Knacoge

template <typename T>

class S {
public:
typedef int |;
¥
// (1)
template <typename T>
void f() {

S<char >:: | varl = 41;
typename S<T>::| var2 = 42;

int main() {
f<double>();
}

[/ (2): (2a), (2b)
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LLlabnoHuTe B getaiinn name lookup
specialization

Toyka 3a MHCTaHUMpaHe Ha Kjacose - 2

e (1) - S<char>
@ (2a) - S<double>
@ (2b) - f<double>
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LLlabnoHuTe B getaiinn name lookup
specialization

Mognenn Ha BKIKOYBAHE U eKCMOpPTUpPaHe

Mpu MHCTaHUMpaHeTo Ha wabnoHa, KOMNUAATOpbT Tpsibea aa
BUXKJa HerosaTa AeduHMLMA

O Axo gedunnumsTa e B header caiin, MoxeM aa st BKAOUUM

@ Moxem aa ekcnopTupame geduHuunsaTa Ha wabnoHa v Ts Aa
bboe B gpyr source dpaiin
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LLlabnoHuTe B getaiinn name lookup
specialization

BknoysaHe

// mytemplate. hpp
#ifndef MYTEMPLATE HPP
#define MYTEMPLATE HPP
template <typename T>
void f(T) { /x...x/ }
#endif

// main.cpp
#include "mytemplate. hpp"

void g() { f(42); }
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LLlabnoHuTe B getaiinn name lookup
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ExkcnopTupate

// mytemplate.cpp
export template <typename T>

void f(T) { /x...x/ }

// mytemplate. hpp
export template <typename T>
void f(T);

// main.cpp
#include "mytemplate. hpp"

void g() { f(42); }
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@ “export” He ce UMNIEMEHTNPA OT HUKOM OT Pa3NpPOCTPaHEHNTE
KoMAuAaToOpu

DOMU C++ 3a HanpegHanu



instantiation
LLlabnoHuTe B getaiinn name lookup
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CobabpxaHue

© LUabnonute & aetaiinu

o Cneumanusaums Ha wabnoHu
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LLlabnoHuTe B getaiinn name lookup
specialization

Cneunanusauyms Ha wabnaoH

Cneumnanusauns Ha wabnon lMpomsiHa Ha gedbuHnumMATa Ha
WwaboH 3a HSAKaKBM “CrieymanHu’ aprymMeHTun Ha
wabnoHa
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Cneuunannsaumsa Ha WabNoHHN yHKLNN

@ Hsawma cneuymnanusaunsa Ha wabnonHu dyHkyus
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LLlabnoHuTe B getaiinn name lookup
specialization

Cneuunannsaumsa Ha WabNoHHN yHKLNN

@ Hsawma cneuymnanusaunsa Ha wabnonHu dyHkyus

e limawme function overloading
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LLlabnoHuTe B getaiinn name lookup
specialization

Function Overloading Ha kpaTko

© Dopmupa ce MHOXECTBOTO OT hyHKLMM, UMaALLM €4HO U CbLLO
nMe C n3BnkBaHaTa yHKUUS

@ Ot TOBa MHOXECTBO Ce NMpemMaxBaT BCUYKU, KOUTO HAMA LUAHC
4a ca nogxogsiwm (pasnuuen 6poii napameTpu, aunca Ha
KOHBEPTMPAHE HA TUMOBETE HA aPryMEHTUTE 1 NapameTpuTe)

© Ot octananoto mMHoxecTBO ce n3bupa “Hail - nobpoTo
cbBnageHne’ unm ce n3Bexiaa cboblieHune, 4e Ma nosede oT
e[HO TaKMBa

Q B cnyuaii ye nma “naii - gobpoTto chenageHne” ce nposepsiea
HerosaTa BannWAHOCT (He e private meTtos, Hanpumep)

DOMU C++ 3a HanpegHanu



instantiation
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Haii-gobpo cbBnagexve

@ EpHa dbyHkuus e no-gobpo cbBnageHme oT Apyra, ako BCEKN
HeliH napamMeTsbp € No-HBAM3bK JO ApryMEHTUTE CrPSIMO

apyrata dpyHKUus
@ banzocrt Ha aprymeHTuTe

To4HO cbBnageHue ¢ eBeHTyanHo fobassiHe Ha const/volatile
Mankn nanacBaHusi - array KbM ykasaTes

MpomoTupane Ha Tun. [peobpasysane Ha Tunose 6e3 3aryba
Ha TOYHOCT - char -> int, float -> double

CraHpapTHU KOHBEpCUN

MoTtpebutenckn koneepcuu - operator int(), implicit ctor
CoBnageHne cbe ...

©00 000
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LLlabnoHuTe B getaiinn name lookup
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Function Overloading + Templates

@ 3a pa yyactea egHa wabsoHHa PyHKLMS BB MHOXECTBOTO
yHkunmn TS Tpsibea fa b6bhe TOYHO ChBNageHue

o He-wabnonHa pyHkumMs, KOATO € TOYHO CHBNALEHNE BUHAMM Ce
npeano4unTa npes wabnoHna dyHKumMs
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Function overloading and templates - 1

const int& max(const int& x, const int& y); //
(1)

template <typename T>

const T& max(const T&, const T&); // (2)

int main () {

max(4, 3); // (1)
::max(3.13, 3 14); // (2)
ccmax('a', 'b"); // (2)
rmax<>(2, 4); // (2)

:: max<double >(3, 4);

cimax('a’, 3.14): // (1)
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Function overloading and templates - 2

const charx const&
max(const charx const&, const charx const&);
// const charx max(const charx, const charx);

template <typename T>
const T& max(const T& a, const T& b, const T& ¢

) A

return max(max(a, b), c);

}

// He buxme mornu ga unznonzsame overload—a 3a
// HMW30Be, ako npesaBame apryMeHTUTE MO
CTONHOCT
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LLlabnoHuTe B getaiinn name lookup
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Cneymnannsauns Ha WwWabnoHHN KNacose

o CI'IELI,VIaJ'IVI3aLI,|/|ﬂ Ha K/aCOB€ NO3BOJIABA Aa ONTUMWN3NPATE
wabnoHa 3a onpegesieHn TUMOBE WAKM Aa ro “HanacHeTe” 3a
ONpeneHn apryMeHTur

o Moxerte ga cneuymanmsupaTte LeAnsa Kaac Wan camo eanH
MEeTOoZ OT Hero
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LLlabnoHuTe B getaiinn name lookup
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Cneymnannsaums Ha wabnoH Ha knac

template <typename T> class Stack

{ /« ... =/ }

// mckame CcTek OT Cc—Hu30Be,

// KaTo CTeKbT nasu Komusi Ha HU30BETE
template <>

class Stack<const charx>

{
// nvana cneymanusaymsi Ha Stack

o
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Cneymannsaums Ha MeTon Ha WabnoH Ha Knac

template <typename T> class Stack

template <>
bool Stack<std ::string >::empty() const

{
//
}
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YacTuyHa cneunanmsayus

o LllabnoHuTte 3a knacose moraT ga 6baaT cneunanusnpaHn oT
yacTu

@ [lpn yactuuyna cneunannszauns Tpabea ga cneumannsmpaTe
uenus wabnox
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LLlabnoHuTe B getaiinn name lookup

specialization

Yactuyna Crneumnannsauma Ha MeTo Ha WwabnoH Ha Knac

template <typename T1, typename T2> class
MyClass

template <typename T> class MyClass<T, T>

template <typename T> class MyClass<int, T>

template <typename T1, typename T2>
class MyClass<T1lx, T2%>
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template
Tricky details syntax

CobabpxaHue

© Tricky details
o Kniouoea pyma typename
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template
Tricky details syntax

HeobxoanmocTTta oT typename

template <typename T>

class MyClass {
typename T::SubType * ptr; // static member
// T::SubType % ptr; // multiplication

} o
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template
Tricky details syntax

Knto4oBa gyma “typename’

o KeannduuympaHo 3aBUCMMO UME HE CE€ CMATA 3a TWUM, OCBEH
aKo He e npegaLlecTBaHoO OT typename
@ typename e 3a4b/XKUTENHO Ja Ce NOCTABW Npes e4HO UME, ako
@ wumeTo ce nossasa B WabAoH
@ umeTo e KBaNUULMPaAHO
© He e N3N0ON3BaHO B CMNCBHK Ha Ba30BUTE KIACOBE MM B CMUCHK

3a MHMLMANM3auns Ha 6a30BMTE KNACoBe
@ wvmeTo 3aBKUCKM OT NapaMeTbp Ha WabnoHa

@ AKO elHO OT MbpBUTE 3 HE € U3NBJHEHO € Tpellka a ce
n3non3ea typename
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Tricky details syntax

Quiz time!

template<typename 1 T>
struct S: typename 2 X<T>::Base {
S(): typename 3 X<T>::Base(typename 4 X<T
>::Base(0)) {}
typename 5 X<T> f() {
typename 6 X<T>::C % p;

X<T>::D % q;
}
typename 7 X<int >::C % s;
¥
struct U {
typename 8 X<int >::C x pc;
1
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Tricky details syntax

OTtrosop

o
2]
o
o
o
o
7
o

AeKnapauusi Ha napameTbp Ha wabnoHa

FPELWwHo - CNUChbK Ha Bbasosm knacose

FPELUHO - MHULMANN3MPaLL, CNUCHK

Heobxoaumo - cb3faeaHe Ha obekT oT X<T>::Base
rpewHo - X<T> He e kBannpuympaHo

334 B/OKMTENHO, aKO AeKaprupaMe ykasaTen
OMUMOHAJIHO - TOBA € HE3aBUCHMO NME

rpelka - U3BbH Wabnox
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Tricky details syntax

CobabpxaHue

© Tricky details

o Knrouyoea ayma template
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Tricky details syntax

HeobxoanmocTTa o1 template

template<int N>
void printBitset (std::bitset<N> const& bs)
{
cout << bs.template to string<char,
char traits<char>,
allocator<
char>

>();

// bs e 3asucumo ume u KOMNUAATOPBT HE 3Hae
Adann < npeaun

// char e operator< unam ckoba 3a wabnoHnn
aprymeHTu

// pasbupa ce uma p—>template to string<
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Tricky details syntax

CobabpxaHue

© Tricky details

o CuHTakTM4YHM npobnemu
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Tricky details syntax

typedef vector<vector<int>> Matrix;

// >> operator>>

typedef vector<vector<int> > Matrix;

// HAKOW KoMmunaTtopum Beye Ce CnpsBarT C TOBa
// copmanHo Hapywasaiikm cTaHgapra

// token—ute Tpsbsa ga ca MakCUManHO AbATU
// B HOBMA CTaHgapT e ce pa3pelasa
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class A;

namespace B {

typedef vector <::A> Matrix;
/) <:e [

}

namespace B {
typedef vector< ::A> Matrix;

}
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References

Inside C++4 Object Model, chapter 7.1
Effective C++, Items 42, 43
More Exceptional C++, Items 5, 10

Modern C++ Design: Generic Programming and Design
Patterns Applied

o HE 1psibea pa 3HaeTe kakBO nuwe B KHurarta!
@ MPOCTO A NPEXBBPJIETE, AKO NCKATE Ad BNANTE HANCTUHA
NOSE3HN NPUSIOXKEHNST HA WABNOHN
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