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C+-+ BTOpOIt cemecTp [TabmoHbI

1. IHT1ab10HDBI

1.1. ITTabgoHHBIE KJIACCHI

[IycTs MbI HAIMCAJIM CBOU KJIACC, XPAHSIIN BHYTpU cebsi 0OObEKTHI KAKOTO-TO Tulla. PanbIe 3Tu

THUIIbI (bI/IKCI/IpOBaJ'[I/ICb BO BpeMd HalluCaHUA KOIaA.

O ~NO O WN -

class MyArray {
private:
int *array;
s
class Scoped_ptr {
GaussNumber x*ptr;

}s

Ho unora nam xo4eTcs 3aBeCTH BEKTOP WM YMHBIN yKa3aTe b Jipyroro tuma. llpuxoaurcsa Bpyd-

HYIO IIE€PEINChIBATh BECH KJIACC. Kak TaKYyIo HpO6.H€My peniaTb B pa3HbIX CTUJIAX HallMCaHWA KOﬂa?

1.1.1. C-style

Ucnonibzyem mpemnporteccop. ObOpatnTe BHUMaHWE Ha CJISIIN B KOHIE CTPOK. OHU HYXKHBI JIJTst

MHOT'OCTPOYHOTO Aedaiina, ## — i ckienBanusg MyArray_ u Tumna, mojcTaBjieHHOro Ha MecTo TYPE.

O 00 NO O WN -

~NOo O WwN -

MyArray.h:

#define Mydrray(TYPE) class Mydrray_##TYPE { \
private:
size_t size;
TYPE *array;
public:
TYPE get(size_t index) {
return array[index];

PP A

}
}s

main.c:

#include “Mydrray.h”
MyArray (int); // nodcmasasem onpedenerue KAGCCA C UHMAMU
MyArray(double); // nodcmaeasem onpedenerue kaacca c dabaamu
int main() {

MyArray_int a;

MyArray_double b;
b

Ecnu xouercst mocMoTpeTh, KaK U3MEHUJICS KOJI TIOCJIe TIPEIPOIECCOPa, MOXKHO 3aIlyCTUTh ECC C KJTIO-
yeM -H.

1 u3 56



C+-+ BTOpOIt cemecTp [TabmoHbI

Paccmorpum ocobeHHOCTH TAHHOTO TOIXOIA.

1)

2)

O W N

3)

Bce metonpr Kacca JIOMKHBI ObITH inline, MOTOMY YTO, €CJIM KJIACC OObABJIEH B Pa3HBIX (haii-
JIlaxX, TO Ha CTaJuu JUHKOBKHU OymeT multiple definition.

IIpemnporieccop yesnoBek mpocroit. Bumaut crpoky — 3amender e€. [losTomy Bo3HUKAIOT criemdd-
dexThI. B mpuBesieHHOM HI2Ke KO/le HazBaHWe MyHKIMHN MyArray 3aMeHUTCS Ha KaKyIO-TO IyITb
u OyJeT OYeHb MHOI'O HECypa3HbIX CUHTaKcHdecKux omubok. Hesb3sd mcnoab3oBaTh MmMpode)ibl,
THUIo long long.

#define Mydrray(TYPE)

MyArray (int) ;
MyArray_int arr;

int MyArray(int args) {return 42;}

Henb3st nenars ciioxubie 00bapienus. Cirelyiomnas CTpoYKa y IPEpoIeccopa MOJIyUnTCs He
JIVIIITUM 00pa30M.

1“MyArray(MyArray(int)) arr;

1.1.2. C++ style — mabJyioHbI

© 00 ~NO O WN -

L S e = S =
~NOo ok WD - O

~NOo o WN -

[11a6/I0HBI TO3BOJILIOT JI€IaTh BCE TO ¥Ke caMoe, HO Ha YPOBHE KOMIIMJIATOPA. DTOT CTUJIL HA3bI-
Baercs 0000IIeHHOe (generic) mporpaMMupoBaHre. PaccMoTpuM CHHTAKCHUC.

MyArray.h:

}

s

template <typename T>
class MyArray {
private:

size_t size;
T *xarray;

public:

T& get(size_t index) {
return array[index];
}
T& operator[](size_t index);
MyArray<T>& operator=(const MyArray<T>& obj);

template <typename T> // <class T> skeusanexwmno <typename T>
T& MyArray<T>::operator[] (size_t index) {

return array[index];

main. cpp:

3

#include “Mydrray.h”
int main() {

MyArray<int> a;

MyArray<double> b;

MyArray<MyArray<int> > arr; // pabomaem ecezda
MyArray<MyArray<int>> arr2; // moavko e 11 cmandapme

5 CTPOYKA OTJIMYAETCS OT 6 HAJIU4IreM IIpodesia Me¥K/1y 3aKPbIBAIOIINMHE YTJIOBBIMU CKOOKAMU. KOMITH-
JIATOPBI ¢++ 10 11 crapgapTa myTaioT ~'>>" ¢ onepaTopoM CJIBUTA, TIOITOMY JIYUIIEe BCErJla CTABUTH
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C++ BTOpOU ceMecTp labmoms

pobeJt.

T — Tun MabJIOHHBIX [TEPEMEHHBIX KJIACCA, €r0 MPUHATO 0003HAYATH UMEHHO TaK, HO MOYKHO KaK yTO/I-
HO. 3anuch template <typename T> skBuBajieHTHa template <class T>.

[MTabsioH ropa3io ymMHEE MPEnpoIeCCOPHOil MOJICTAHOBKU: OH pa3dUpaeT TO, 9TO eMy IepeaacéTcs BO
BpeMsi KOMITWJIAIIAY, 1T03TOMY mpobsem C-mmogxoma He Bo3HukHeT. Hukakmx multiple definition, Bce
CYACTJIUBBI.

[To cyTn mpoucxouT BOT 9TO: KOMIUJISATOP CO3/A€T OTJIEJIbHBIN KJIACC JIJI KAXKJIOTO TUIA, KOTOPbI
MbI B IIpOrpaMMe TIOCTABJIAEM B MIA0JIOH, TTOJTyvYaeTcs Takoit "compile-time mosmmmopduzm”.

Baxxno, 910 3/1€CH HEpUMEHUMa, WJies Pa3/IeTbHON KOMITMIAINN, TaK KaK HEM3BECTHO 3apaHee, Ka-
KO THUII 3aX04eT MOJIb30BaTelb. [[09TOMY peanm3aruio He BBIHOCAT B OT/AEIbHBINA .cpp daiir. Takum
0bpa3oM BpeMs KOMIUJIAIUNA U 00bEM (hail/IoB yBEIMINBAIOTCS.

Ecnu B3siTh cranmaprayto 6ubanoreKky si3bika ¢+, To He Oyzer .so (.dll) daitnos (B ormane or 6ub-
JIMOTEK A3BbIKA CH). D10 nmoromy 4ro B STL B HammcaHo ¢ mabioHaMy U He KOMIUJIMPYETCs 3apaHee.

1.2. Kyiaccel ¢ HECKOJIBbKUMU ITIAOJIOHHBIMY IapaMeTpaMu

Kiacc moxkeT nmeTh HECKOJIBKO IIAOJIOHHBIX HapaMeTpPOB.

template <typename K, typename V>
class Treeltem {

K key;

V value;

(SIS GVIN O R

3

Bce meTosibl B MIabIOHHBIX KJIACCAX 110 yMOJTYaHUIO inline HE3aBUCHMMO OT TOTO, TJie HAXOIUTCS
peanuzarus MeTonoB. Bes inline moxkuo mosyuyuts multiple definition.

1.3. IITabsouubIe DYHKITUU

[To Tpamuiun peanusanuio QYHKIUNE ¥ METOIOB KJAacCa BCE »Ke BBIHOCAT B OTIEJbHBIN .h daii.
Ho emie pa3 mamomuio, YTo pasjesibHasg KOMIWJIAIU 3/1eCh HEIIPUMEHUMA.

swap.h:

1||template <typename T>
void swap(T& a, T& b);
3 || #include swap_ind.h”

swap_ind.h:

1|/ template <typename T>
2||void swap(T& a, T& b) {
3 T t(a);

4 a = by

5 b = t;

6

3

EC.HI/I MO2KHO OJHO3HAYHO BBLIBECTU THUIILI apPI'yMEHTOB, TO THUII OJId (byHKLH/H/I MO2KHO H€ YKa3bl-
BaThb. i KJ1aCCOB HET aBTOMATUYECKOTO BBIBEJIEHUS THIIOB, a I (DYHKIWI ITOPOIl 9TO MOYKET He
cpaboTaTh.
int main() {

int a = 2;
int b = 3;
swap<int> (a, b);

W N -
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C++ BTOpOU ceMecTp labmoms

© 00 ~NO O d WN -

I N = =N
> w NN - O

swap(a, b) // swap<int> evieedemcs aemomamuywecku;

}

[Tpumepsl, KOT/Ia KOMIUISITOP HE CMOXKET BBIBECTH TTAOJIOHHBIN TTapamMeTp:

template <typename T>
class MyArray {
private:

size_t size;

T *array;

public:
MyArray(size_t s) {
array = new T[sizel;
}
};

MyArray arr(10); // Owubka. Heuseecmen mun TPAHUMbIZ 00%eEKMOS.
MyArray<MyArray<int> > arr(10); // Ouwubka. Jas enymperrezo obsekma omcymcmeyem
// KOHCMDYKMOp NO YMOAUGHUW.

B menoMm ¢ kaccaMu, Kak HAIIICAHO BBIIIE, He paboTaeT aBTOOIpeIeIeHne TUTIA

Emé npumep:

1||template <typename T>

2 ||bool less(const T& a, const T& b) {

3 return a < b;

412

5

6 ||int a, b;

7 || double c;

8|/ less(a, b); // OK. Komnuasmop esieedem mun int.
9||less(a, c); // Ouubra. He nonamuo int uau double.

~NOo O WN -

Paccmorpum mpumep OyHKIMH ¢ HECKOJIBKUMHE MIAOJTOHHBIMU THIIAMU.

template <typename T, typename V>
void copy(MyArray<T>& a, MyArray<V>& b) { }

MyArray<int> a;

MyArray<double> b;

copy(a, b); // Tunsl 00kO3HAUHKO 66I6800AMCSH.

copy<int, int>(a, b); // error: ne Haldém no wabarory HYXHYwL OAf NAPAMEMPO8 GYHKYUN.

XapaKTepHbIil mpuMep madJI0HHON DYHKINU — (PYHKIIUA COPTUPOBKHU. PaccMoTpuM Tpu peasin3aliuu.

[ e S S
O Ok WN - O

1) Ilponemyproe mporpaMMupoBaHue (S3bIK CH).

1 || #2nclude <algorithm>
2
3|/ int compare(const void *a, comnst voidx* b) {
4 int* aa = (intx*)a;
5 int* bb = (int*) Db;
6 return *aa < *bb;
(8l
8
9 || typedef int (*func_ptr) (const void *a, comnst void *b);
void sort(void *array, size_t n, size_t elem_size, func_ptr cmp) {
//mym doaxna 6bimb COPMUPoOEKa
}
int main() {
int al[] = {1, 3, 2};
sort(a, 3, sizeof (int), compare);

4 uz 56
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17
18

return O;

}

2) OOIL

1
2
3
4

w

O W N

class comparable { //6asoesli kaacc 0as 6CeT CPABHUBAEMBIT MUNOE
virtual int compare(const comparable *o0) const = 0;
+s

void sort(comparable **array, size_t n);

YT106bI 06 BEKTHI MOYXKHO OBLIIO OTCOPTUPOBATH, OHU JIOJIZKHBI HACJIEI0OBATHCs OT comparable u y
HUX JIOJI?KHA OBITh peajit30BaHa BUPTyasbHas pyHKIMsS compare ().
Ilo cytu MBI cOpTUPYEM MacCUB yKa3aTesiei, 4TOObl BHYTPU COPTUPOBKUA HE3ABUCHUMO OT THUIIA
MOKHO OBLIIO BCerjia CMeIIAaThCs Ha OJHO W TO ke 4ducjo OaiitoB. Orcioma Gepercst IBONHOI
ykazaresb (comparable **array).
Henocrarku OOII nonxona:

— Bupryanbubie dyuknun. lunamMudeckoe cBs3bIBaHHe PabOTAET JI0JIbIIIE.

— Hesb3a Ha XaagaBy oTcopTHpoBaTh MHTHI. [IpuxomuTcs ropoauTs HOBBIM Kjacc.

generic programming (ma6I0HbI):

template <typename T>
void sort(T *array, size_t n);

GaussNumber a[100];
sort(a, 100) ;//llabaokkslli mun esigedemca asmoMamu4eckKu

31ech HeT MPOHBJIEM CO CMEIIEHUEM, TIOTOMY YTO KOJI KOMITMJIMPYETCS C y?Ke U3BECTHBIMH THIIa-
Mu. Kaxkplit Kjace J10/2KeH UMeThb olepaTop <.

HenmocraTrku 1mabI0HHOTO OIXOIA:

— yBe/IM4€eHUE BPEMEHU KOMIINJIAIIUU U pa6OTbI.

— yBeJIMYeHHue pasMepa MCIOJHAEMOro daiiia (KOMIMIATOp reHepupyeT (DyHKIUKE U KIaCChl
JUUIST KAsKJI0TO THUTIA).

— HeJIb3d 3apaHee CKOMIINJINPOBATD.

1.4. /Ipyrue Buabl mapaMeTpPoOB ITIabJIOHA

B kauectBe mapamerpa mMoxKeT ObITH HE THII, &, HAIPUMeD, YnucJio. JlomycTum s He X049y BBIIEIATH

MaCCUB B Ky4e, II09TOMY § BBIJEIAI0 MAaCCUB Ha CTAJIUM KOMIHWJIANUA. Ho Ha cTajuu KOMIIUISINT
pa3Mep MaccuBa JI0JKeH ObITh (bukcupoBad. [Ipumep — 6utoBoe muokecTBO (Bitset).

© 00 ~NO O WN -

-
o

template <size_t Size>
class Bitsetd{
private:

char m[((int)Size — 1) / 8 + 1];

public:

bool get(size_t index) { }

}s

Bitset <128> bil;
Bitset <7> b2;

5 3 H6
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Korma emé npumensiercsa takast mryka?! B s3biKe ¢ Ha10 ObLIO TIOMHUTH U TE€pelaBaTh pa3Mep Mac-
cuBa (Hampumep Jis GYyHKIUUA COPTUPOBKH). IT00OBI 9TOr0 m36eKaTh, MOXKHO CO3/aTh 0DEPTKY HAa/T
MaccuBOM ¢ momornbio 1maboros. Henb3sa npenaTts float uiam He const B mabiioHbr

1.5. HemHcTaHIIMMpPOBaHHBIN IIa0JIOH

MokHO TIepejiaBaTh B KadeCTBe IMapaMeTpPOB IIab/I0Ha Apyrue MabI0HbI
MozxHO 3a/1aBaTh, HAIIPUMEDP, Ha Y€M PEaJIU30BaTh CTEK — Ha BEKTOPE WJIA Ha CIIUCKE, TIepeIaB eMy B
KadecTBe 1MabJIOHa UMs COOTBETCTBYIOIIETO KJIACCA.

template <typename T, class Container>
class Stackq
private:
Container c;
public:
void push(const T& v) {}
}s

~N O O WN -

[Ipu 3TOM MOTYT BO3HUKATH TPOOJIEMBIL.

1|/ Stack <int, List<int> > sl; //OK
2 || Stack <double, Vector<int> > s2; //Bydem pabomame, Ho 6ydem nomeps mowHOCMU

Bo BTOpOoM ciydyae Mbl gKOObI XpaHuM abJjibl, HO Ha CaMOM Jiejie YUCJia Oy/yT CKJIAJIbIBATHCS B
WHTOBBII BEKTOP U 00pe3aThCsl.
YT10o06BI 3TOr0 M30€KaTh, MOKHO HE 33JaBaTh TUIl BEKTOPA NPU OObABJIECHUM, & CJAECJIATH 3TO BHYTPHU

KJ1acca.

1|/ template <typename T, template <typename> class Container>
2 || class Stack {

3 ||private:

4 Container<T> c;

51 F;

6 || Stack <int, List> sl ; // List<int>

7 || Stack <double, Vector> s2 ; // Vector<double>

1.6. 3HavyeHUe MO YMOJJIYAHUIO

MozkHO 3a/1aBaTh 3HAUEHN MIa0JI0HA IO YMOJTIAHUIO.

1||template <typename T, template <typename> class Container = Deque>
2|l class Stack { ... };

3||Stack <int> s1; // Deque<int>

[Ipumep koja, paboraroriero ¢ STL KoHTeliHepaMu:

1 || template<class T,

2 template<class, class> class Container = std::vector,
3 template<class> class Alloc = std::allocator>

4 || class Stack {

5 Container<T, Alloc<T>> data;

6| 1};

7

8| int main() {

9 Stack<int, std::vector> a;//std::vector ykasar O0as Ha2AKOHOCMU
10 || }
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1.7. Coeuunajgu3anud rabdbJjioHa

Homyctrm XoTuM OOEPTKY HaJl MaccuBOM Jiioboro tumna. Ho mjs xpanenunst bool MOXKHO cliesiaTh
0oJiee ONTUMAJIBHYIO 0 MAMSITH PeaJU3aInio. B 3ToM HaM ITOMOXKET CIIeIUAIN3AIINA.
B cnemyromnem npumepe MacCcuB AUHAMUYECKUI, TIO9TOMY pPa3Mep B KadecTBe MabJIOHHOTO mapaMerpa
He TIepeIacTcsd.
Kox mst obriero cirydast:

1| template <typename T>
2 || class Array {

3 ||private:

4 T* a;

51 ...

6 || public:

7 Array(size_t size) {
8 a = new T[size];

9 }

10 || };

Konx cnenmanasao ajisgt bool:

template <>
class Array <bool> {
private:
charx a ;
public:
Array(size_t size) {
a = new char[(size — 1) / 8 + 1];

O 00 NO O WN =

}
}s

—
o

O6paruTe BHUMaHUE, YTO B CHENUATBHON pean3aiuy HaJl0 3aHOBO MMUCATH BCE METOJbI (axKe ecsin
HEKOTOPBIE UX HUX COBIAIAIOT ¢ METOIAMHU JIJisi ODIIEro CIydasi).

ZKenatenbHO 9TOOBI CUTHATYPBI METOJIOB COBIIAJIAJIM B CIEIIMAJIU3AINN ¢ OOIUM CJIydaeM, HHAUe I10-
JIydaeTcss OUeHb HeOUeBUIHBIN KO/I, KOT/Ia IIPU PA3HBIX MapaMeTpax Iad/IoHa (DYHKIUN BbI3bIBAIOTCSI
II0-Pa3HOMY ¥ BO3BPAIIAIOT Pa3HbIE BEIU, C STUM IIOYTA HEBO3MOXKHO PabOTATh.

He Bce cnermmanmsanuu xopormu, vector<bool> — 310 He camad yjaadHas creruau3amnusd. OHa
paboTaeT MejjieHHEee, & KOJIMYECTBO OATrOB HA KBAJIPATHBIN CAHTUMETDP KOJA YBEJIUIUBACTCH U3-33
Bit_reference B 11epByIO 0OUYepeib.

1.8. HacTuuyHasi creruajn3anusi

B cnenpanmmsanyuy MOYKHO OCTABUTBH YacCTh IapaMeTPOB IIAOJIOHHBIMU.
Hampumep, xoTuM, 9TOOBI MaCCUB MaCCHBOB XPAHUJICH OJHUM IOCTIEIOBATE/IbHBIM KYCKOM, & HE Mac-
CHBOM OOBEKTOB THIa Array:

template<class T>
class Arrayl {
T*x a;

}s

template <class T>

class Arrayl <Arrayl<T>> {
Tx*x a;

}s

© 00 ~NO O WN -
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Wnu MBI XOTUM peasin30BaTh CIIENUAJIN3aINi0 bool y MaccuBa C MIAOJIOHHBIM PA3MEPOM.

template <class T, size_t N>
class Array2 {

};
template <size_t N>
class Array2<bool, N> {

O ~NO O WN -

};

1.9. dkK30THNYECKHUE CJiyYvau IITabJIOHOB

Ha JA0CyTre MO2KeTe IIOYUTATh IIPO UCIIOJIb30BaHUE

- YKa3aTeJld B Ka49eCTBe 1a0JIOHHOMN l'IepeMGHHOI‘/’I7

- T100aJIbHOM IIepeMeHHOII B KadecTBe MIa0JIOHHON ITepeMeHHOI.
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2. NckiaroueHnus

2.1. Buapl omumbok
Bunpr omuboxk:

1. Omubku no Bune nporpammvucta. [Ipumepsr:

char *s = NULL;
size_t 1 = strlen(s);
Array a(—1);

Yro ¢ HUMH IeIaTh:

. Jlydie BBISBUTH Ha CTaJuu TeCcTHpoBaHus (assert, unit test, etc).
. IIpu BBIIOSTHEHUN UJI€AJIBHON TPOrPAMMBI UX HE TTPOUCXOJIUT.
. Bubnmoreka C momobubie ommOKu He 00pabaTHIBAET.

. bubmmoreka C+-+ — mo-pa3HomMy B Pa3HbIX MECTaXx:
vector.at (i) memaer, a vector[i] He mesaer.

. ObpabaTsIBaTh WJIM HET — HA YCMOTPEHUE TTPOIPAMMUCTA.
2. Omubku 10 BUHE OKPY:KeHUs porpaMmbl. [Ipumepsr:

. Daiis1 He CyIIeCTBYeT.
. CepBep paz3opBaJl ceTeBoe COoeIuHEeHNE.

. Ilonb30BaTe/ b BMECTO YHCIa BBEJT OYKBY.
Yro ¢ HuMU JIeJ1aTh:

. MoryTt mpou3oiiTu 1 mpu BBHITIOJTHEHUYU UJI€aJIbHON TPOrPaMMBI.

. ObsizaTeIbHO HAIO 00pPAbATHIBATH!

2.2. O6paborka onrmmbdoOK

Kak ke obpabaTbiBaTh OMMOKM?

1. IIpoBepurh HamM4Yne OMMOKU B MOTEHIMAIBHO ONACHBIX MecTax (1if).

2. OcBoOOIUTH PECYPCHI.

delete [] array;
fclose(file);

3. CoolIUTh OJIb30BATENIO U/ WJIN BBI3BIBAIOIIEH (DyHKIUH.

FILEx f = fopen( s )
if (f == NULL) {
printf ( )
} //uau
if (f == NULL) {

return—1;

}
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4. IlpenupuHsATh JeHCTBUS 110 YCTPAHEHHIO ONMIMOKN (HAIIPUMED, He CMOIJIH COEIMHATHCS — HOIPO-
6oBaJsn €Ié mATh pas).

Ho kak ke coobIars mojIb30BaTesto 00 ommokax”?
PaccMmorpuM HAMBHYIO peanu3aluio.
class GUI_VIew {
load_config() {
f = fopen();
if (f == NULL)
printf ( )
// uau
fprintf (stderr, );

}

3nech ectb npobisiema — dyukims load_config B3sia B ceds CIAMINKOM MHOTO, WOO HEM3BECTHO,
¢ KakuM mHTepdeiicom oHa pabortaer. OHa MOXKeT OBITH BbI3BaHA B KOHCOJIM, MOXKET B Opay3epe u
1.1. Takke BO3MOXKHO, ecyii (pailsl HE OTKPBLICH - He BO3MOXKHO ITPOJIOJIKATHL paboTy M 4TO JinhO
HAIEYaTATh.
Kak crenars 6ostee rpamMoTHO?

2.3. Obpaborka ommbok B C style
2.3.1. Yepes Bo3BpaliaeMoe 3HaUYEHUE

B ciygae omubku dbyHKITNS MOXKET BEPHYTH 3HAUCHUE, 3aPE3EPBUPOBAHHOE IO, TUIT JAHHON OITu0-

=
a

int load_config() {

f = fopen();

if (£ == NULL)
return —1;

r = load_config();
if (r == —1) {
//obpabomka owubru

© 00 N O d WN -~
(-

e
o

}

Ho takum criocobomM MbI y3HAEM CJIUIIKOM MaJio MHMOPMAIU 00 OIHIOKe.

2.3.2. Yepes ri1o6aJibHYIO IIEPEMEHHY IO

QyHKINS MOXKET 3allUChIBATh B IVIODAJIHHYIO TIEPEMEHHYIO HH(POPMAIIUIO O TTPOU3O0IIEIITeH Omno-

Ke.

1 || #include <errno.h>

2 ||FILE*x fopen(...) {

3 if (file not found) {
4 errno = 666;

5 return NULL;

6 }

7 if (permission denied) {
8 errno = 777,

9 return NULL;

10 }

11 || }
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12

13 ||file = fopen( )

14 ||if (errno == 666) {

15 //obpabomka owubku file not found
16|}

17 ||else if (errno == 777) {

18 //obpabomka owubku permisstion denied
19 || }

2.4. Henocrarku C style

- He Bcerja xBaTaer aumamnaszoHa BO3BPAIIAEMbIX 3HAYEHUN.
Hanpumep, dyukiusa strtol(*’a’’) BepHeT HOJIb, KaK u strtol (*’0”’).

- Kom noruku n o6paborka OmmbOK mepeMeriaHbl.

r = fread(...);
if (r < ...) {
//error

}

r = fseek(...);

if (r'=0) {
//error

}

2.5. C++ style, uckiarouyenus

CyTb Takas — B JTI000I HEMOHSTHON CUTyaIMu OpOCail UCKJIFOYEHNE U BBIXOIN U3 (DYHKITUH.
Bonee dopmanbuo. Ecian BHyTpu (DyHKIMM TPOU3OILIA CUTyallsd, B KOTOPOil (DYyHKIUS HE 3HAET,
qTO eil JesiaThb, OHa OpocaeT 'HMCKIYeHHe — 00beKT ocoboro KJjacca. IIpm 3Tom e€ BbImosHeHHE
[IPpEKPAIAEeTCs, a UCKJIIOUeHne repenaércs pyHKImu, Koropasd e€ Bor3Basa. [Ipumep:

1|/ class MyException {

2 ||private:

3 char message [256];

4 // posstible fields: filename, line, function name
5 || public:

6 const charx get() {

7 return message;

8 }

91%};

10 || double divide(int a, int b) {

11 if (b == 0) {

12 throw MyException( )
13 +

14 return a / b;

15 || }

QOyukius divide He 3HaET, KaK JEJIUTh HA HOJb. Korma e€ mpocdaT 3TO ¢AeiaTh, OHA KUJIAET UCKJIIO-
JeHue W CO cJIoBaMu ~oii BcE!” mpekpalnaer BBITOJHATHCA. Kak ke moiiMarTh HCKIYeHne?

try {
x = divide(c, d);

}

catch(MyException& e) {
std::cout << e.get();
//obpabomka owubru

~N O O WN -

}
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Ecnu BuyTpu 6710Ka try dyuknus divide 6pocuiia UCKIIOUEHNE, OHO CPa3y Ke JIOBUTCS, CChLIKA Ha
HEro IO IaeT B IEPEMEHHYIO € U HAaYUWHAEeTCs BhInoiHeHue 6/10ka catch. Ecu nckirouenue ne ObL10

OpoiieHo, O6JIOK catch BBIIOJIHATHCS He Oyer.
BriBaeT Takoe, uTo (DyHKIUA, TOMNMABIIAasd MCKIIOYEHUE MOXKET CJeJIaTh TOJbKO YacTb PabOThI 110

obpaboTke ommbKu. B TakoMm ciydae 3Ta PyHKIMST MOXKET OPOCUTH €ro JIaJIbIIe:

try {
x = divide(c, d);

}

catch(MyException& e) {
std::cout << e.get();
throw e;

3

~N O O WN e

Mpr peruimm pobsemy Cu cTuiisI, Teepb eCTh OTAeIbHBIN MEeXaHU3M JJIsi BO3BpaTa 3HAUEHUI, a eCTh
MEXaHU3M JIJId OIITUOOK.

2.6. Stack unwinding

[Iycts Mbl n3 pyHKIIM main BbI3BaIM MYHKIMIO g, a u3 Heé — pyukmmio £. Oyaknusa £ 6pocuia
nckiiodenue. [Ipocienum 3a ero nosérom.
Bo Bpems Boinoinenust dyakimu £ cTeK BBITVISIET TAK:
f0)
g0)

main()
Jlasiee IPOMCXOUT CIIeyToIee:

1. HopmabHBIN TIPOIECC BBITOJIHEHUS MTPOTPAMMbBI 3aKAHIUBAETCS, T.€. MOTOK YIPABJIEHUS 10
printf BuyTpu f He nolimer.

2. Haumnaercs stack unwinding: mocyieqoBaTeIbHBIN TPOCMOTP CTEKa 0 TeX IIOp, MOKa He Oyaer
HallJIeH OJIXOAIINI IO TUITy WCKJIIOYeHus (B HarreM npumepe Tuil MyException ) 60K try-
catch. @ysrnun 6e3 try-catch yomBaroTcs aBTOMATHIECKN.

3. Ecan moaxomsrmuit 6,10k He ObLI HaieH, W UCKJIIOYEHHE BbLIETe 0 3a main() , To mporpamma
aBapUiHO 3aBepIIacTCd.
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2.7. Tunel uckJJIroYeHum

Eciu B mporpamme neckobko nogcucrem (GUI, Network, Model), 10 MOXKHO y KazKI0i mOJI-
CHCTEMBI CJIeJIaTh CBOil Tun uckiodenusi (GuiException, NetworkException, ModelException) u
00pabaTeBATh WX MO-PA3HOMY.

1{main() {

2 try {

3 doGame () ;

4 }

5 catch(GuiException& e) {

6 showMessageBox (...);

7 }

8 catch(NetworkException& e) {
9 showMessageBox (...);

10 logger.log(...);

11 }

12 catch(ModelException& e) {
13 logger.log(...);

14 }

15|}

MO}I(HO HacCJ/JieJ0BaThb UCKJ/IIOYEeHUA APYT OT ApYyTra, LITO6E)I r1e-TO JIOBUTH HUCKJ/IIOYEeHUA Cpa3y HECKOJIb-
KHUX THUIIOB, a I'Ie-TO Ka2KJ0I'0 THUIlla OTIEJILHO.

class MyException {};

class GuiException:public MyException {};

1

2

3|/ class NetworkException:public MyException {};
4 ||class ModelException:public MyException {};

Ho na 10 ObITh aKKypaTHBIM U IIOMHUTD, 9TO UCKJIOYEHUE MTORMAaeTCd MePBbIM OJI0OKOM catch, 1moJixo-
A4 TUILY .

B cienyromem dparmente Koma Oyer Bcerja cpabaTbiBaTh TOJBKO NMEPBBI catch:

1iltry { ... 2

2 ||catch(MyException& e) {...}
3||catch(GuiException& e) {...}

Yro0bI BCE pa60TaJ’IO IPpaBUJIbHO, Ha/J10 IIOMEHATDH IMOPAIOK:

1|ltry { ... 2
2 || catch(GuiException& e) {...}
3||catch(MyException& e) {...}

B STL Bce uckiiouenus — Hacjaeuuku std: :exception.

2.8. NUckiaroyenud J1r000ro Tura

Ecnu s He 3HAI0, KAKOTO TUIIA UCKIIOYEHNE MOYKET OPOCUTHCS BHYTPH OJIOKA try, s MOTY HAIHCATH
catch, KOTOpBIIl TOiiMaeT ucKJo4YeHne Jirodoro tuma. [Ipu 3ToM MBI He Oy/eM 3HATH CTPYKTYPbI
MONMAHHOTO OObEKTA M HE CMOYKEM W3 HEro BBITAHYTH mHboOpMarmio (1axke eciau paboraem B PCB).
SaTO MbI, KaK U paHbIIl€e, MO2KEM KHUHYTDH €r0 JaJIbIIIE.

1|ltry {

2 doMainWork () ;
3}

4 catch (...) {

5 throw;

61}
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3nechb catch(...) 3TO UMEHHO CHHTAKCUC, TaM JOJKHO OBITh MHOTOTOYHE. throw B JAHHOM CJIydae

ruIeTcs 6e3 mapamMerpa.
Ha camom mesnie KumaTh MOXKHO MepeMeHHbe U O0BeKThI JTI000ro Tuma (int, charx, ...), HO g Bam

3TOro He roBopui! ;)

2.9. IlogBogHbIe KAMHU HUCKJIIOYEHUI

[Ipn ncrno/ib30BaHUN UCKJTIOYEHUN YBEJIUYUBAETCS BBIJIEITEMOE MECTO Ha CTEKE W yBEJTUIUBAECTCS
BpeMs paboTsl. Hy TyT mongarHo, 3a y/100cTBa HAJIO TJIATUTD.
O tHako MexXaHu3M UCKJIIOYeHHI TauT B cebe DoJiee cepbe3Hble OMACHOCTH, C KOTOPHIMHU MOXKET CTOJIK-
HYTBHCS HEOIBITHBI TPOTPAMMUCT.

2.9.1. YTeuka nmamMaTu

[Ipu Stack unwinding nponcxofsT BbI30BbI JIECTPYKTOPOB JIOKAJIbHBIX IIEPEMEHHBIX, KOTOPbIE CHU-
MAaIOTCS CO CTEKA, OJIHAKO €CJIU KAKHEe-TO OObEKThI BHYTPHU (DYHKIIUY OBLIN BbIICICHBI TUHAMUIECKU,
JIO UX yJTAJIEHUsI MOYXKET U He JIOWTHU. Torja mpou3oieT yTeuKa Me3FeB NaMsITH.

1f O A

2 int *buffer = new int[n];

3 if ( ... ) throw MyException(...);
4 delete[] buffer; // ne evinoanumcs.
5|}

2.9.2. mauoma RAII

RAII — Resource Acquisition Is Initialization ("Basarue Pecypca doszkuo IIpoucxomurs gepes
Wunnmaimsanuio”, wiM Kak-To Tak). B3sTue pecypca Hy»KHO MHKAIICYJIMPOBATh B KJIacC, YTOOBI B
CIIy9Jae MCKJIFOUEHUs BBI3BAJICS JECTPYKTOP W OCBOOOIHI PECYPC.

1|lvoid £ {

2 auto_ptr p(new Person( , 36, true)); // uau Opyzol ymuell ykasamens
3 divide(c, e); // moxem 6pocums uckawuerue
4

3

B koze Bbime, eciiv divide OGpOCUT MCKJIIOYEHUE, TO y yKa3aTesisi BI30BETCS JECTPYKTOP U CJIeJIaeT
c 2Keneit BCé 4TO HY2KHO.

2.9.3. UckirouyeHnnsa B KOHCTPYKTOPE

B cienyromem npumepe BO BpeMs KOHCTpyupoBaHusi o0bekTa (yHKius divide moxkeT OpocuTh
HUCKJIFOUEHNEe, 1 00bEeKT OCTAHEeTCs HeJIOCTPOEHHBIM.

1|/ class PhoneBookItem {

2 PhoneBookItem(const char* audio, const char* pic) {
3 af = fopen(audio, );

4 pf = fopen(pic, )

5 divide(c, e); // moxem 6pocumsb uckawuerue
6 £0O;

7 }

8 “PhoneBookItem() {

9 fclose(af);

10 fclose (pf);

11 }

12 || };
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YV HeIOCTPOEHHOI0 0ObEKTA He Oy/IeT BhI3bIBATH JECTPYKTOP, HaMATh OCTAHETCST HEOCBOOOXK IEHHOM. A
BOT JIECTPYKTOPHI TOJIEH KJIacCa BbI30OBYTCs, €CJIM OyAeT OpOIeHO ucKJoueHue. [IpaBuibHbIN 1101XO0]T
- JIOBUTH WCKJIIOUEHUsI B KOHCTPYKTOpE, YJAJATh CO3JIaHHBIE PECypChl (HAIpUMEp, ecd y HaC JBa
new MOJPsJI, TO BTOPOIl HAI0 OOGEpHYTh W B catch yIaduTh Pe3yJbTaT IMepBOro) W mpodpachiBaTh
WCKJII0YeHne HaBepX. EIé jiydinmii moixos - ucioib3oBaTh Be3jie RAII-1os1s1, TOT/Ia He MOTpedyeTcs
0oOpabaThiBaTh MCKJIIOYEHU; JI000€ MCKII0YEHNEe B KOHCTPYKTOPE BBI3OBET JIECTPYKTOPBI IOJEH U
yTeueK IMaMsATH He ITPOU30HIET.

B cnyuae, Korja y Hac BCE Ke WJIET JUHAMHYECKOE BBIJEJIEHUE MaMATH, HYKHO 00pabaThiBaTh BCe
HUCKJIFOUEeHUs W BBICBOOOXKIATDH €€.

1|/ class PhoneBookItem {

2 PhoneBookItem(const char* audio, const char* pic) {
3 try {

4 af = fopen(audio, )

5 pf = fopen(pic, )

6 divide(c, e); // moxem bpocums uckawuerue
7 £0O;

8 }

9

10 catch(MyException& e) {

11 fclose(af);

12 fclose(pf);

13 throw e; // omnpaessem e aemems Oanbwe

14 }

15 }

16 RN

17 (| };

2.9.4. UckJiroueHns B OeCTPyKTOpe

Kak yxke roBopuiiocs, B mporecce Stack unwinding Bwi3biBatorcs jgectpyTopsl. 1lo aToit mpuunne
JIECTPYKTOPBI HUKOT/IA HU 32 9YTO HEe JOJIPKHBI KUJIATh UCKJ/I04YeHust! /leji0 B TOM, 9TO MeXaHU3M
UCKJIIOYEHUN TIOJIJIEPXKUBAET He O0Jiee OJIHOIO OJITHOBPEMEHHO JIETHAIErO0 UCKJIoUeHusd. Kak ToJbKo
HOABJIETCS IBa OJJHOBPEMEHHO JIETAINNX HUCKJIIOUEHUS], IPOrpaMMa aBapUiHO 3aBEPIIAETCS.

[Ipumep — B dyukimn £ 6pocrioch MCKIIIOYEHNE W BBI3BAJICA JECTPYKTOP 0a3bl JAHHBIX. JTOT Jie-
CTPYKTOP XOUEeT MOCJATh HA CEPBEP COODINEHnE OT TOM, 9TO Oa3a 3akpbiTa. CepBep MOXKET OKa3aThCs
HEJIOCTYTIEH, 1 OPOCUTCSA BTOPOE UCKJIIOUYEHUE, U BCE YITQJIET.
class PersonDatabase {

“PersonDatabase () {

// 6pocaem uckmouerue, ecau cepeep HedoCmyner.
networkLogger.log( )

}
}s
£O {

PersonDatabase db;

if (...) throw MyException( )

© 00 ~NO O WN =

—
o

[EE
[E

}

Y1006BI 3TOr0 HE IMPOU3OIILIO:

PersonDatabase:: " PersonDatabase () {
try {
networkLogger.log( );
}

catch(...) { } // nolimame ecé

O O WN -
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2.10. 'apaaTum mpm paboTe C UCKIIOYEHUSIMU

lapanTum — 9TO CBOEro poja JAOKYMEHTAIMsS JJIsi POrPAMMUCTA, KOTOPBIA paboTaeT ¢ HAIIUM
MeToioM /dyHKImeit. Mbl rapanTupyem, 4ro B ciiydae omubku (pyHKIms obsa3aHa Oyer Bectu cebst
KaKUM-TO OOJiee-MeHee BMEHSIEMbIM 00Pa30M.
lapanTumu ObIBatOT TPEX BUIOB, pa3depeMcsi ¢ HUMU II0IPOOHee.

2.10.1. Basic guarantee

BazoBag rapantus oberiaer, 9TO MIpU BO3HUKHOBEHUN HCKJIIOYUTEILHON CUTyalnu He OyJeT yTe-
4Jek rmaMaTu. Takyke rapaHTUPYeTCs, YTO BCe OObEKTHI B KAKOM-TO KOPPEKTHOM COCTOSTHUW, ¥ X MHBa~
PUAHTHI cOXpaHeHbl. be3 3Toit rapaHTun y HaC MOXKeT IOy YUThCs TaK, YTO IIPU BblIeTe exception Ha-
pylIaeTcs Kakoi-TO BHYTPEHHUI WHBAPUAHT, IOCJIe KOToporo ciaydaercd undefined behavior. Tak
cebe rapaHTHsl, €CJIM WHBAPUAHTHI HE COOJIIOIAIOTCSI.

IIpu sToM, eciiu B XOJie BBINOJHEHUS (PYHKIINU KAKHE-TO OOBEKTHI TMTOMEHSIN CBOW 3HAYEHUS, OHU,
CKOpee BCEero, He BEPHYTCA B UCXOTHOE COCTOAHUE.

Hamnpuwmep, 31eck B mukie for moxker 6GpOCUTHCS MCKJIOUEHUE, Y yKasarTesas Ha Person BbI3oBeTCH
JIECTPYKTOp ¥ yTeuku He npousoiiger. OHaKO KaKne-TO JIEMEHThl MaCCUBa, KOTOPbIE YCIEIIHO I10-
MEHAJU CBOU 3HAYEHUS U BBIBEJUCH B stdout, TaK M OCTAHYTCA C HOBBIMU 3HQYEHUAMM, U U3 IIOTOKA
BBIBOJIa UX OyJIeT y»Ke He BbIHYTh, TOTJIa KAK OCTaJbHBIE OYyIyT CO CTapbIMU 3HAYEHUAMU U HE BbIBE-

OyTCA.

class PersonDatabase {
MyVector<Person> array;
void process() {
auto_ptr <Person> p(new Person(...));
for (int i = 0; i < array.length(); i++) {
int a = divide(rand(), rand()); // moxem 6pocums uckawwerue
array[i]l—>setAge(a);
std::cout << p << endl;

© 00 NO O WN =

}

e
o

}
111}

Qyukmuu, B KoTopbix nmpumensiercs RAIL obecrieunBator kKak MuaEMYM basic guarantee.

2.10.2. Strong guarantee

lapanTupyer He TOJBHKO OTCYTCTBUE yTEUYEK IMaMATU, HO U TO, YTO B CJIydae ONIMOKM BCe IePEMEH-
HbIE€ COXPaHAT CBOU SHAYCHUA, KOTOPbIC OHU UMEJIN JO Ha4daJla BBIIIOJTHECHUA d)yHKIlI/II/I
Cawmprit gacThIii TpuMep — 910 OaHKOBCKUit epesos. Jlomycrum, ¢ oHOTO caéTa crnucagach Kpyrias
CyMMa, & BO BpeMs HAYUCJIEHUS Ha BTOPO# CUET MPOU30IILIa omnoKa. Bes cymma 06si3ana BEPHY ThCA
Ha IIEPBBINA CUET.
CubHOU rapaHnTuy MOYKHO JOOUTBHCS, HAIIPUMED, UCHOIb3ysd ujauomy copy-and-swap. Korma Mbr xo-
THUM IIOMEHATH 3HAYCHUEC O6"beKTa, MBbI CO3,ZLaéM €ro KOIINIO, IIpUMEHAEM K Heh HeO6XO,ZLI/IMbIe N3MEHE-
HU$ ¥ TOTOM CBOIIAEM C HAINM 00beKTOM (HJIM IIPOCTO MIPUCBANBAEM ), €CJid paboTa ¢ KOMHeil mpoIiia
YCIIEIITHO.
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1|/ class PersonDatabase {

2 MyVector <Person> array;

3 void process() {

4 auto_ptr<Person> p (new Person (...));
5 MyVector<Person> copy (array);

6 for (int i = 0; i < array.length(); i++) {
7 int a = divide(rand(), rand());

8 copy[i] —> setAge(a);

9 }

10 array = copy;

11 }

12 (| };

2.10.3. No throw

Takwue dyHKIMU TapaHTUDPYIOT, 9TO OHM HE Oy/IyT OpocaThb MCKJIIOYEHUN HU IPU KAKUX OOCTOsI-
TesbcTBaX. Eciu Takas yHKIHMS BbI30BET JPYTYIO, KOTOpas OpocaeT MCKJ/IIOYEHUs, TO OHA JIOJI2KHA,
ero moMaTh u 06paboTaTh BHYTpU CeOs.

1|lvoid £ O A{

2 try {

3 divide(a , b );

4 }

5 catch(...){ // aosum ecé
6 }

7

}

[Ipu Hanmmcanum Ko/Ia PEKOMEH/IYeTCs 10 BO3MOXKHOCTH CTPEMUTHC K Strong guarantee. Onako
9TO HEe BCerja BO3MOXKHO, HO XOTsi ObI Oa30Basi TapaHTHUsI JI0J2KHA OBITH.
Nckmtouenust — 3T0 JOBOJIBHO YJIOOHBIN CIOCOD OTJIABIMBATH OIIMOKY IO BUHE OKPY2KEHUSI, OJIHAKO He
Bce ux Jio0sAT u npusnaior. Hanmpumep B Google mMu 1moib30BaThCs 3aIPEIIEHO, OTHAKO ITO OOJIbIIe
CBI3aHO C TEM, UTO TaK UCTOPUIECKU CJIOYKUJIOCH, HE 3aX0TEJIOCH IIEPENUChIBATH BECh KO/ U TPEOOBATH
Be3Jle TapaHTHi, a MMOJIb30BATHCS MCKJIIOYEHUAMU 0€3 TapaHTUil — 3TO CILIONIHBbIE OITUOKU, KOTOPbIE
HEBO3MOXKHO HOPMAJIbHO J1e0aKUTh.
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3. CrangapTHasi Oubjgnoreka I111abJIOHOB

B sTom pazzesie Mbl HEMHOTO pACCMOTPHUM OCHOBHBIE ACIIEKTHI CTAHIAPTHOM OMOJIMOTEKN MabJIOHOB
(STL) si3bika C++ crangapra 2001 roma. Crangapt C++11 6ymer paccMOTPeH OTIEIBHO TO3Ke.

3.1. KoHTeliHephI

[TompobHee 1po pa3Hble KOHTEHHEPHI MOXKHO ITOYUTATH 3/1€Ch U 3/I€Ch.
Konreitnepn! 6b1BaIOT:

1. IlocnemoBaTesbibie

array (C++11) — 06épTKa HAJI CTATHYECKIM MACCHBOM.

vector — JMHAMWYECKAN CAMOPACIIAPAIONINIC TOCAEI0BATEIbHBIA MACCUB.

deque — JBYCTOPOHHMI MacCuB (MOYKHO JTOOABJSATHL B HAa4Yalao u Kowerr). Ilommep:kuBaer
Random Access (ObICTPBIiT JOCTYIT K JTIOOOMY 9JIEMEHTY ).

forward_list (C++11) — 0HOCBSA3HBII CIHCOK.

list — OBYXCBA3HBIA CIUCOK.
2. AcconuaTuBHBIE

- set — MHOXECTBO, XPAHUT YHOPSAJOYEHHbIE YHUKAJIbHBIE 3JIEMEHTHI B COAJIAHCUPOBAHHOM
JepeBe IIOUCKA.
- map — MHOXKECTBO Iap < KJI04, 3HAYEeHNe >, yIOPJ0UYEeHHbBIX 10 KJII01y. Kirfoun yHUKaJIbHBI.

- multiset — ynopamodyennoe MyJIbTUMHOZKECTBO.

- multimap — ynopgaa0o4eHHoe MYJIbTUMHOXKECTBO Hap.

3. Heymnopsamouenubie accormaTuBHBIE

unordered_set (C++11) — xem Tabynmna yHUKAIBHBIX JIEMEHTOB.

unordered_map (C-++11) — xemr Tabsuna map ¢ yHUKAJIbHBIME KJIIOYAMH.

unordered_multiset (C++11) — xenr Tabyuia MOBTOPSIIONIMXCS SJIEMEHTOB.

unordered_multimap (C++11) — xemn Tabuuma nap ¢ HOBTOPSIOMIUMUCS KJTFOIAMHU.

4. A,Z[aHTepr HOCJeI0BATEIbHBIX KOHTEHHEPOB
- stack — cTek.
- queue — o4epenb.
- priority_queue — o4epesb C IPUOPUTETAMUA (61/1HapHa51 qua).

A manrepbl — 3T0 06EPTKU HAJL TIOCJIEJ0BATE/IbHBIMEI KOHTeHHEpaMy (MX MOXKHO IIOCTPOUTH HA JIFOOOM
THUIIE TIOCJIe]. KOHTeHHepa, MOJCYHYB 9TOT TUI B KadeCcTBe MIabJI0HHOIO MapaMeTpa.).
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3.2. UrepaTopsl

Mpbr XoTUM J06UThCsT TIOTUMOPdI3Ma paboThl ¢ KOHTeliHepaMu. XOTUM yMeTh nepebupars /106as-
JISITH / yJIAJISITh 9JIEMEHThI KOHTeiHepa JII00ro TUla, He 3a/[yMbIBasiCh O TOM, KAK OHU XPaHATCS U B
KaKOM TOPsIIKe nX mepedupars. st 9T0ro ects urepaTtopbl. DTO ITO-TO BPOJIE yKa3aTeJei, TOTbKO
¢ 6oJiee CJIOXKHON cTPYKTYpoil. OHU MOJIEPKUBAIOT ONEPAIUY ++, *(pa3bIMEHOBAHWUE) U ->.

Takum 06pa3oM Jirobast MOCIeI0BATEILHOCTD 33Ia8TCsI JIBYMsI HT€PATOPAME — HAYAJIO U KOHeI (KOHeIl
He BKJIIOYAETCs B MOCJIEI0BATEIBHOCT ). PaccMorpum npumep.

1 vector<int> arr;

2 set<int> st;

3

4 for (vector<int>::iterator it = arr.begin(); it != arr.end(); ++it) {...}
5 for (set<int>::iterator it = st.begin(); it != st.end(); ++it) {...}

st mTepaTopoB NPUHSATO MCIOJH30BATH MPEMUKCHBIN OIepaTop ++, IOTOMY YTO OH paboTaeT ObICT-
pee MOCTPUKCHOIO B CUJIYy TOI'O 9TO HE COXPAHSET MPOMEKYTOUYHOE 3HAUEHUE.

A BOT Kak omeparop ++ MOKeT ObITh peaju30BaH y PA3HbIX TUIIOB UTEPATOPOB.

s BekTOpa:

1||template <class T>
2|l class vector {

3 Tx array;

4 class iterator {
5 T *pos;

6 iterator& operator++() {
7 pos++;

8 return *this;
9 }

10 }

11}

s criucka:

template <class T>
class list {
Node* head;
class iterator {
Node pos;
iterator& operator++() {
pos = pos—>next;
return *this;

© 00 NO O WN -
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3.3. IuBanuganus uTepaTopoB

Ureparopsl BHYyTpHU cebsi XpaHAT yKa3aTeb WA CCHIIKY Ha dJEeMEHT KOoHTelnepa. Vnorma npu
pabore ¢ KOHTeTHEpaMU MOXKET OUMIIATHCS /TIEPEBBIIE/ISITHCSA TTaMSTh, JIEMEHTHI MOTYT TIepee3KaTh
C MecTa Ha, MECTO.

HepasuHblil nmepaTop — TOT, KOTOPBIHA YKa3bIBAET HA JIEMEHT, KOTOPbIi ObLI TIepeMelneH | yIaaéH.
Campblii IPOCTON TpUMEDP WHBAJUIAINN — KOTJA CO3/Ial0T UTEPATOP Ha IJIEMEHT, a IIOTOM 3JIeMEHT
yaassior. Ilocite aToro nrepaTop ykasblBaeT HEIIOHATHO Ky/1a. bojiee MHTEpecHbIe Crydae pacCMOTPUM
Ha IIPUMEpPE BEKTOPA.
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push_back() BekTop mepuogutiecku paciiupsiercs U MepeBbLIessieT IaMsTh, TI0CJIe STOIO BCe UTepa-
TOPBI UHBAJIUIMPYIOTCS, TaK KaK BCe 3JIEMEHTHI IIepee3KaloT Ha HOBBIE MeCTa.

insert () Ilpm mobaBenuu 3jieMeHTa B CEpPeIMHY BEKTOpPa BCE 3JEMEHTHI CIIpaBa OT JI00aBJIEHHOTO
CIABUTAIOTCS HA OJHY SIYEHKY MaMsITH BIIPABO, UTEPATOPHI HA HUX CTAHOBATCS HEIIPABUJIbHBIMHU.

erase() To ke, uTo u npu insert (), TOJIBKO 3J€MEHTHI CABUTAIOTCS BJIEBO.
Ob6paTuTe BHUMAaHUE, UYTO B CIIMCKE HUKAKAas U3 ITUX TPEX MPOOIEM HE BCTPEYAETCs, TaK KaK J100aB-

JIeHUe / yJIaJIeHne OJIHUX 3JIEMEHTOB HUKAK HE BJIMSIET HA TIOJIOXKEHUE JIPYTUX.
MoxkHO TTPO/IOJIKUTD IMO3HABATH UTEPATOPHI 37eCh: subsection 3.8.

3.4. Uckarouenus 8 STL

B STL ectsb cBOM KJIACCHI JJII MCKIIOYEHMIA.

Bazosbrii:

1| std::exception {

2 const char* what(); // coobuyenue 06 owubke
312

N ynacnenoBanubre:

logic_error:

invalid_argument;

out_of_range (vector::at(-1))
runtime_error:
bad_alloc (new int[10000000000])

ios_base::failure.

Mbr MO2KeM yHACJIEI0BATH CBOI KJIACC MCKJIIOYEHU OT cTaHAapTHOrO. [ls 3TOro OoH 00s3aTesIbHO
JIOJIZKEH UMeTh KOHCTPYKTOD, IPUHUMAIOIINIT CTPOUKY C cooOIeHneM 00 ormuoKe.

1 ||matrix_exception : public std::logic_error {
2 matrix_exception(char* s) : logic_error(s) {}
313}

[Tpu pabore ¢ morokamu BBOJIA/BbIBOJIA MOXKHO HACTPAMBATH, B KAKUX CJIy4asiX OHU OYyT KHUJATH
uckJiroueHusd. Ilogpobuee 06 3Tom 3/1eCh.
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3.5. HeckoJ/ibKO JITUpUYECKUX OTCTYIIJIEHUN
3.5.1. Ilouemy 00Osi3aTEJIbHO 3aKPBIBATH (bailjl IIOCJIE UCIIOJIHb30BaAHUSA

C daittamu, OTKPBITBIME JIJTS 3aIIUCH BCE DOJIee-MeHee MOHATHO. Ecu Mbl OTKPBLIN Paiis, a moToOM
€ro 3axoTeJjia OTKPBITH JIpyras ImporpaMMma, To y Heé uan y Hac OyayT npoodsembl. Pait aub0 BTOPOIt
pa3 He OTKpOoeTCs, MO0 OTKpoeTcs U nepe3anuirercd. [109ToMy OTKPBITHIN 11 3amucu (aiis JIydiine
KaK MOXKHO ObICTpee 3aKPbITh.

[Touemy ke Tak BayKHO 3aKpbIBATH (haily s uyreHusi! Ha 310 ecTh psij NpuduH.

1. Korma Mbl oTKpbIBaeM daiiji, B IporpaMMe BBIIEJIAETCS HaMsTh IO CTPYKTYPY /I TOrO
daitna u Oydep. laa skoHOMUN TAMATH €€ JIydIlie OCBOOOIUT.

2. B pa3u4uHBbIX ONEpaIMOHHBIX CUCTEMAaX €CTh OT'PAHUYEHHMS HA KOJUYECTBO OJHOBPEMEHHO OT-
KPBITBIX (DailioB.

3. Kak u B cayuae ¢ daityiom jij1s 3a1ucu, ecjii Mbl OTKPbIBaeM (haiiyl Jiisd YTeHUs, JTOCTYI K HEMY
JIPYTHUX MIPUJIOKEHW OTPAHUINBAETCs (B BUHJIE, HAIPUMED, €r0 HEeJIb3sl Y/IATUTh).

4. Jlydie 3akpbiBaTh BCE BCErya U Be3Je, YTOOBI BbIpAbOTAIACh TPUBBIYKA. Kcu 3a/1yMbIBaTHCS
"3aKPBITh, WK HE 3aKPbITh? BOT B 4éMm BOIpPOC’, TO MOXKHO 3a0bITh 3aKPBITh YTO-TO JIEHCTBU-
TEeJIbHO BayKHOE.

3.5.2. BpemenHbie 00bEKTHI

B C++ ecTb aHOHUMHBIE IEpEMEHHBIE — TO TIEpEMEHHbIe 03 UMEHM.
Ilycte y HaC ecTh Kitacc MyArray n hyHKIHS, KOTOpas IPHHAMAET 0OBEKT 9TOro Kjacca. Mpl MoxkeM
HAITICATh 9TO TaK:
1||void f(MyVector& v) {...}
2
3||MyVector arr(10);
4 || f(arr);

A 470 ectm MBI HE XOTUM OT/IEJIBHO 3aBOJIUTH IIEPEMEHHYIO, TIOTOM XpaHUTh €67 MbI MOXKeM TepeIaTh
B (byHKIIHIO Cpa3y TO, 9TO BEPHET KOHCTPYKTOP.

void f(MyVector v) {...}

//unu

void f(const MyVector& v) {...}
//Ho He

void f(MyVector& v) {...}

O ~NO O WN -

f (MyVector (10));

Ob6paTuTre BHUMaHMe, 9YTO Telephb PYHKIUS HE MOXKET IPUHUMATHh HEKOHCTAHTHYIO CChLIKY HA OOBHEKT,
MOTOMY YTO BPEMEHHBIN OOBEKT siBJisieTcsi rvalue (OH MOYXKET HAXOJUTHCSI TOJBKO CIIPaBa OT 3HAKA
paBercTBa). MOXKHO MO0 KOHCTAHTHYIO CCBLIKY, JTHOO KOIIHIO.

Kakwne ObiBatoT mpuMenenus B peajbHOi )ku3un?! [lycts MBI B vector<int> arr cjesajii MHOTO pa3
push_back(), a morom MuOro pa3 pop_back(). Ilpu sTom capacity ocranace 6ombimnoit. B C++11
nosiBuJict MeToi shrink_to_fit (), KOTOpBIH C:KEUMaeT MmaMsATh 0 JIOCTaTOYHOro oObéMa. B Gosee
PaHHUX CTAHIAPTAX TO MOYKHO OBLIO C/IeJIATh TaK:

1“vector<int>(arr).swap(arr);
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MpbI co3mam BpeMeHHbI 00beKT — KONUIO arr (P 9TOM capacity yMeHbIIUIACh) U BbI3BAJIU Y HETO
METOJI, KOTOPBIIl CBOITaeT Bce ToJjsd ¢ mosigmu arr. Ilociie aToro y BpeMeHHOro 0ObeKTa BBI3OBETCH
JIECTPYKTOP, & arr MPOJIOJIZKUT CYIIEeCTBOBATH C YMEHBIIIEHHBIM O0HEMOM.

3.5.3. OmnepaTopbl cpaBHEHUSA

MpbI xoTUM yMeTh CpaBHUBATH O0LEKTHI JIFOOBIX KaaccoB. Ho BOT He3amaua, HaM MOJICyHyJ I OObEKT,
y KOTOPOTO OIIpesiesieH TOIbKO onepaTop <. Ha camom siesie HaM 3TOTO JJOCTATOYHO YTOOBI BBIPA3UTH
BCe OCTAJIbHBIE.
Nrak, MbI TOYHO 3HaeM, 4TO y Kjacca T ompejiesieH onepaTop <.

1|/ template<class T>

2 ||bool operator > (T& a, T& b) {
3 return b < a;

412

5| template<class T>

6 || bool operator >= (T& a, T& b) {
7 return !(a < b);

81

9 || template<class T>

10 || bool operator <= (T& a, T& b) {
11 return b >= a;

12 || }

13 || template<class T>

14 || bool operator == (T& a, T& b) {
15 return (a <= b) && (b <= a);
16 || ¥

17 || template<class T>

18 || bool operator != (T& a, T& b) {
19 return !(a == b);

20 || ¥

MokHO ObLIO BhIpaXkaThb U B JIPYTOM HOPsiAke. B KadecTBe yIparKHEHUsT MOXKETE BbIPA3UTH KaXKJIbIi
OIIepaTop TOJILKO depe3 <.

3.6. OyHKTOPBHI

Homyctum y kmacca Person onepaTop < cpaBHHBaeT OObEKTHI IO UMEHAM, & MbI XOTUM I10 BO3PACTY.
MpbI He MOXKEM MEPEOPEJIeTUTE OnlepaTop < Jijisd Person, moToMy 49TO OH yKe ecTh. MOXXHO co3/1aTh

dyHKTOD.

class by_age {
bool operator () (const Person &pl, const Person &p2) const {
return pl.age < p2.age;
}
s

~NOo O WwN -

set<Person, by_age>;

DyHKTOP — 9TO KJIACC, JIJIsI KOTOPOro meperpykeH orneparop (). O6bekT TaKoro Kaacca 9eM-TO TOXOXK
Ha (PYHKIUIO, HO ¢ HEKOTOphiMu (udamu. Hampumep, oH MOXKeT XpaHUTb BHYTPHU ceOsl KAKYIO-TO
WHMOPMAIIHIIO, a eI ero MOYKHO IEePEIaTh Ky/a-HUOY/Ib B KAYECTBE apaMeTpa, HallPUMep MOIPOCUTD,
4T00OBI set cpaBHUBaJI Person nammumm (pyHKTOPOM.

@yHKTOP, BO3BpAIIAIONINI bool, TPUHATO HA3BIBATH ITPETUKATOM.
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Emé npumep.

[
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};

accum f;

£(13);

£(16);

cout << f.acc; // 29

struct accum {

int acc;

accum() : acc(0) { }

void operator () (int a) {
acc += a;

}

f akkymysupyer (cymmupyer) B cebe Bce 3HAYEHUsI, KOTOPbIE Mbl €My HepeIaéM.

3.7. AaropurMbl

B STL peamuzosano 6osee 100 aaropurmoB. 3jeCh MbI pa30epeM TOJbKO HEKOTOPbIe U3 HHX.
Bomabme nadopmarun o 6ubsmoreke aJropuTMoB s3bika C-+-+ ummTe 371eCh U 31€Ch.

3.7.1. Mukpo-aJropuTMsbI

PaccmorpuM HEKOTODBIE TIOIYJISTPHBIE:

10.

11.

12.

. swap(T &a, T &b)

iter_swap(It p, It q) — MeHsIeT MeCTaMM 3HAYEHHS JIEMEHTOB, Ha KOTOPbIE YKa3bIBAIOT UTe-
paToOpBHI.

. max(const T &a, const T &b) mmin(const T &a, const T &b)

Y HUX MOXKeT OBbITh IO TPU ITapaMeTpa - IEePBbIE /IBa TaKUe ¥Ke, & TPEeTU - KOMIIOPATOD.

count (It p, It q, const T &x) — BO3BpAIIAET, CKOJIbKO Pa3 9JIEMEHT CO 3HAUEHUEM X BXOJIUT
B II0CJIE/IOBATEJIBHOCTD, 3a/IJaHHYIO0 UTEPATOPAMU P U J.

count_if (It p, It g, Pr pred) — BOB3paIaeT, CKOJIbKO 3JIEMEHTOB MOJIXOST IO IPEINKAT,
T.€. HA HUX BO3BpalljaeTcd true.

find(It p, It gq, const T &x) — BO3BpAIlaeT UTEPATOP HA MEPBOE BXOXKJICHUE X.

find_if (It p, It q, Pr pred) — aHaJOruvHO BO3BpAIIAET UTEPATOP MIPU UCTUHHOCTH IIPETU-
Kara pred.

min_element (It p, It q) max_element(It p, It q).
equal(It p, It q, Itr i) — cpaBHEUBAET HA SKBUBAJEHTHOCTH. OT P JI0 q U OT i 10 i + ( - P.

pair<It, Itr> mismatch(It p, It g, Itr i) — BO3BpamaeT mapy MTEPATOPOB, YKa3bIBAIO-
IO Ha [IepBOE HECOBITAJIEHNE.

F for_each(It p, It q, F func) — mj1g KaxKJ0ro 3JieMeHTa [TOC/IeI0BATEIbHOCTH ITPUMEHSAET
dyuKTOp func m BoB3pAIAET €ro Mmocje BCeX MPUMEHEHUIH.

fill(It p, It q, const T &x) — 3alOJHSIET MOCJEI0BATETHHOCTD SJIEMEHTOM X.
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13. generate(It p, It q, F gen) —3amoyHseT NOCJIEI0BATEILHOCTD TEM, YTO CT€HEPUPOBAJT (PYHK-
TOp gen.

14. copy(It p, It q, Itr out) — Komupyer B out.
15. reverse(It p, It q) — mepeBOpavYMBAaeT.

16. sort(It p, It q) — asroputm Intro sort, ecTb BapuaHT ¢ TpeTHM ITapaMeTPOM — KOMIIApATO-
pOM.

17. transform(It p, It q, Itr out, F func) — K mOCJIEI0BATEIBHOCTU OT P JIO q IPUMEHSIET
func u 3anuceIBaeT pe3yJsibTaT B IIOCJIEA0BATEILHOCT Oout.

3.7.2. Peanmu3zaliust ajaropuTMoB

template<class InputIt, class OutputIt, class UnaryPredicate>
OQutputIt copy_if (InputIt first, Inputlt last,
OutputIt d_first, UnaryPredicate pred) {
while (first != last) {
if (pred(xfirst))
*d_first++ = xfirst;
first++;
}
return d_first;

3
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Kak moctars Tun oobekTa n3 nreparopa’ ¥ KaxKJI0ro UTEPATOPa €CcTh value_type, MOXKHO JIOCTATH
ero. Ho ecTb mpobJiiema, KOrja HaM MepejaioT He UTEPATOP, & OOBIYHBIN yKA3aTe b, Y HErO HET ITOr0
roJisg. [Ijis aToro ecth iterator_traits, y KOTOPOTo y»kKe MOYKHO B34Tb THII, OyJTO MbI OEPEM €ro
OT UTepaTopa, HE3ABUCUMO OT TOT'O, YTO MbI B HETO IEPEJIAIH.

1||template <class It, class P>

2 ||void foo(It first, It last, P p) {

3 while (first != last && !p(xfirst)) ++first;
4 if (first == 1last)

5 return;

6 typename std::iterator_traits<It>::value_type val = *xfirst;
7

8 while (first !'= last) {

9 if (p(xfirst))

10 x*first = val;

11 ++first;

12 }

13|}

OTa PYHKIUS HAXOJUT MEPBbIN 3JIEMEHT, KOTOPBIH YIOBIETBOPSIET MPEIUKATY, COXPAHAET €ro 3Hade-
HUe, a IIOTOM 3allUChIBaeT BO BCE CJICYIOIIME 3JIEMEHTOBI, yI0BJIeTBOPLAIONINe IIDeIUKATy, 3TO 3HaUe-
HHUE.
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3.8. IloapobHee mpo urepaTopsbl
3.8.1. iterator category

YV urepaTopoB ecTh pa3Hble KATETOPUH, OIIPEIEIIONINE X BO3MOXKHOCTH U TapaHTu. PaccMoTprm
caMble PacIpoCTpaHEHHbIE U3 HUX. L'yT ecThb OoJjiee 1Mo IpoObHOE OITMCAHUE.

1. Forward iterator(Fwd) — mo/jiepKuBaeT TOJbKO +-+ U pa3biMeHoBaHwue. [lo3BosisieT dreHme
U 3alUCh.

2. Bidirectional iterator (BiDi) — moauep:kKuBaeT emg u ——.

3. Random access iterator (RA) — mo/AepKUBAET CIABUI' HA MPOU3BOJILHBI IIAr, T.€. apudMeTn-
YeCKue Onepalum TUulla + =.

Bekrtop u jiexk B STL peasmm3oBanbl Ha RA mTeparopax, ocrajibHe KOHTeliHephbl Ha BiDi. Kak noudaTs,
Kakoil mreparop JiexKuT B Kjacce? Kakoro tumra 3unadenne oH 1o, coboit npader?! B HEM HaxomuTcs
9TO-TO TAKOE:

template <class T>
class vector {
T *array;
public:
class iterator {
typedef ra_teg iterator_category;
typedef T value_type;
X

O 00 NO O WN -

}

typename vector<int>::iterator::value_type a;

e
o

YT0o0BbI 1TOJIYIUTDH 9TH I10JIsI HE TOJIBKO U3 UTEPaTOPOB, HO U U3 yKa3aTeJiell, cyliecTByeT iterator_traits.
[Ipumep ucrossb30BaHMS:

11| //template<It>

21| // It 4t

3 || typename std::iterator_traits<It>::value_type val = x*xit;

3.8.2. distance u advance

Ectp nBe miabsionnble (QyHKIME, KOTOPBIE IMOMOTaloT B paboTe ¢ ureparopamu — distance u
advance.
[lepBas std: :distance(itl, it2) Bo3BpalaeT pacCTOeHUE MEXKTy uTepaTopaMu, a std: :advance (it, n)
Jnenaer Juid ureparopa + = n. Ucnonb3yer += jiyig RA u ++ st BiDi.
Pacemorpum nx peasuzariuio:

1|/ template <class Iterator>

2 || Iterator advance(Iterator it, int amount) {

3 typedef template Iterator::iterator_category tag;

4 advance (it, amount, tag());

51 %

6 || template <class RAIterator>

7 ||RAIterator advance(RAIterator it, int amount, ra_tag t) {
8 return it + amount;

91 %

10 || template <class BiDilIterator>

11 ||BiDilterator advance(BiDiIterator it, int amoint, bidi_tag t) {
12 for (; amount; ——amount) ++it;

13 return it;

14 || }
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3.9. Beoa/BriBog,

B aswike C HJIgl 9TeHud U3 cbaﬁna 1 U3 KOHCOJIXM HCIIOJIb30BAJIUCh Pa3HbIE d)YHKHI/II/I

1 ||FILEx f = fopen( s )
2|l int rf;

3 || fscanf (f, , &rf);

4 ||int rc;

5 || scanf ( , &rc);

B C++ MBI xX0THM J100aBUTH YPOBEHBb abOCTPAKIMU, YTOOBI BBO/I-BBIBOJI JIJIsI BCETO OBLIT OINHAKOBBIM.
Dra abcrpaknus — motoku (He thread, a stream!). Cambrit mpocToii TpuMep MOTOKA BBOJIA-BHIBO/IA —
KOHCOJIbHBIE std::cin u std::cout.

3.9.1. Nepapxusa KJiaccoB

Bce moroku - Hacieanukn Kiiacca ios (oH cam Hacjemyercs oT ios_base), oT ios Hac/eIyOTCS
istream m ostream - MOTOKM JIJisd BBOJIA U BBIBOJIA COOTBETCTBEHHO.
Ot istream nacsieayiorca ifstream u istringstream - moToKu /it uYTeHus u3 (HailyioB U CTPOK.
Ot ostream, coorBeTcTBeHHO, of sStream u ostringstream - jyis 3amucu B Gails/cTpoky.
Takxke ecTh iostream, KOTOpBIII HacJieayeTcd OT istream m OT ostream, OH MOJIEP:KUBAET KakK
qTeHne, TaK U 3almch. Ero Hacieqnuky - fstream u stringstream, oHm feJ1aioT, He TOBEPUTE, YTEHUE
" 3anuch B ailyi uiam cTpoKy. BHyTpH NMpakTUYecKu HEe OTJIMYAeTCs OT POJIMTEIbCKUX KJIACCOB, HO
PEKOMEHJTyeTCsl KCIIO/Ib30BaTh istream uim ostream, ecju HYKHO JIMOO TOJTBKO YATAThH, JIMOO TOJHKO
MMICATDh - TAK MEHbBIIIE BO3MOXKHOCTEH BBICTPEIUTH cebe B HOTY.

ios_base

108
istream ostream

istringstream | lostream | | ofstream | ostringstream
N
stringstream

3.9.2. Meroap! aJisi 9TeHUs /3aUCH B KOHCOJIb

Campblif IpoCTOi TpUMeEpP TOTOKA BBOJA-BBIBOJIA - KOHCOJIbHBIE std: :cin u std: : cout.

int r1, r2;
std::cin >> r1 >> r2;
std::cout << << rl1 << << r2 << std::endl;

W N -

std::cerr << ;

cin - 0ObekT Kiacca istream. OH CYMTHIBAET U3 CTAHJAPTHOIO MOTOKA BBOJA (110 YMOJIYAHUIO ITO
KOHCOJIb) 3HAYEHWs] HY>KHOTO HaM Tuna. MOXKHO CUMTHIBATH HECKOJBKO 3HAUEHUI Cpa3y, pasiesiss
I/IX ”»”

cout, 0OOBEKT KJIacca ostream, OCyIIeCTB/IsIET 3alliCh B CTAHIAPTHBII TOTOK BBOJA. MOXKHO BBIBOIUTH
HECKOJIbKO OO'bEKTOB, pas3jiesss ux >’«’’.

BriBos OydepusoBaHHbIil, TO €CTh 3alUCbIBAETCS CHadaJja B Oydep, a moToMm yxke Kyaa Hajo. Ecan
XOTUM HACHJIBHO OIIyCTOIMTH Oydep, MoxkeM BbI3BaTh cout.flush(), moxkem BbiBecTH std::endl
(aT0 TIEpeBoOJI CTPOKU ¢ O4YKMCTKOMN Oydepa). A morok std: : cerr He Oydepusyercs.
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3.9.3. Pabota c daiistamu

Yrobbl paborarh ¢ daiiiamu, cHavaa HaM HaJl0 OTKPBITh UX HA YTEHUe WJIU 3aluch (UIu Ha 06a).
Mpsr sestaem 3TO, KOTJIa BBI3bIBAEM KOHCTPYKTODP IIOTOKA, JInO0 KoMaH0# open (). 3akpbiBaeM (aiir

KOMaHIoit close().
Hapaiite cauraem umcio n3 daitia “inputl.txt”, emé omao umciao n3 daiiaa “input2.txt” u BbIBegEM

pesyabtat B daita "output.txt’:

int a, b;

std::ifstream fin( )
fin >> a;

fin.close();

fin.open( )

fin >> b;

std::ofstream fout( )
fout << a + b;

O ~NO Ok WN -

Qaits1 caM 3aKpbIBAeTCd B JIECTPYKTOPE, KOTOPBIN BBI30BETCS, KOTJA Mbl BBIIJIEM W3 HAIIETO SCOpe
(dysKIHS, UK, yCIOBUE - BCe, 9TO B (DUTYPHBIX CKOOOYKAX), B KOTOPOM CO3/aiu moTok. He Ham0
3aKpbIBaTh ero pykamu 0e3 namobnoctu! Xorh HUYEro n He cjaomaercs, 31o oymaer ve mo RAIL.
Dait1 MOYKHO OTKPBIBATh B PA3HBIX PEXKMMAaX:

1. ios_base::in - Ha BBOJ

2. ios_base: :out - Ha BBIBOJ

3. ios_base: :ate - mIpu OTKPBLITUHU MIEPEMECTUTH yKa3aTeb B KOHEI] (haiiia
4. ios_base: :app - OTKPBITH (ail s 3ammucu B Konerr daitia

5. ios_base: :trunc - yIajguTh cojiep:KuMoe (aiiyia, eCJau OH CyIIeCTBYeT

6. ios_base::binary - OTKPBITb (Al B TBOMIHOM PEKUME

Dt Irary 1mo CyTu SBJSIIOTCH OGUTOBBIMU MAaCKaMU, TI09TOMY UX MOYKHO KOMOMHMPOBATH C TIOMOIIBIO
| (mobuToBoe "min”) BOT TaK:

1“std::ifstream fin( , ios_base::in | ios_base::binary);

Korma mbr oTkpbiBaeM (ailsi B JIBOUYHOM PEKUME, JJIsi UT€HUSA HYXKHO UCIOIb30BaTh MeTo ] read (),
KOTOPBI €CTh y HaIllero moroka. KMy morpebyercs O0ydep, Kyla OoH OyIeT 3alucChiBaTh CIYUTAHHBIE
OaliThl U KOJIUYIECTBO DAMT, KOTOPbIE OH OYy/IeT CUUTHIBATD.

fin.read(buffer, 1);
cout << buffer[0];

1
2

s 3amucu TO Ke camMoe:

std::ofstream fout( , ios_base::out | ios_base::binary);
fout.write(buffer, 1);

1
2

Sabapublit dakT: write() Bo3Bpammaer ostream&, Tak YTO MbI MOYKEM IHACATH KOHCTPYKIIUU THIIA
fout.write(...).write(...).write(...). Anajgoruano c read().

tellg() Bo3Bparmaer nmo3uIuio B daitsie, seekg () mepemeraer Ha 3aJlaHHyI0 o3utuio B (aitie. eof ()
BO3BpAIIaeT, JOCTULJIN JIX Mbl KOHI[a pailjaa Wian HerT.
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3.9.4. Mauunyaaropbl

A eme ectb ManuITysIITOPBI. X MOXKHO BBIBOAUTH B MOTOK, M OHU OYJLyT Y4TO-TO MEHSITD (IIOJIKJIIO-
qure 6ubsmoreky iomanip). Hanpuwmep,

1. std: :hex - BBIBOJ B IIECTHAIIATEPUIHON CUCTEME CUUCITICHUSI
2. std::flush - BeIBOOUT cojiep:kuMoe Oydepa
3. std::endl - mepeBoauT cTPoKy U Aesaer flush

4. std::setprecision(p) - ycTaHaBIuBaeT 4HUCJIO UMD TOCJIE 3AIATOMN

1“std::cout << std::hex << 15 << std::endl; // eweedem ’f’, nepeeod cmpoku u coeaaem flush

3.9.5. Obpaborka omboK

[ToToku mIpeaoCTaBIAIOT HAM MHOXKECTBO BO3MOXKHOCTEH BBISIBJIEHUsI 1 0OPabOTKHU OIINOOK.
YV OTOKOB o1peiesiéH orepaTop bool, mo3BoJisioniuii, Harrpumep, B popme if ('fin) y3HaTH, CMOTIIH
Jin MbI OTKPBITH paiti. Touno Tak ke if (cin » X) OTBETUT PO KOHKPETHYIO OMEPAIUIO0 CIUTHIBA-
HU4.
Bosbie neraseit 10CTyITHO MPU BHI30BE METOJIOB:

1. good() - BepHeT true, ecjiu BCE B MOPSIIKE
2. bad() - ecsmm Bo3HUKJA (baTabHAS OIMIHOKA

3. fail() - ecam mpoumsomUIa HEyAadHAs ONEPAIys C MMOTOKOM (HAIPHUMED, MOMBITAJUCH CINTATH
CJIOBO B int)

4. eof () - ecyim JOCTUTIA KOHIIA aiiia.

C Temu Ke IeTaIsIMI MBI MOXKEM JIOBUTB UCKJIIOUeHUd. J[7I9 9TOr0 IOTOKY HEOOXOAUMO 33/1aTh, KAKUe
HCKJIIOYeHus OH OyJierT Kujarh (B hopmare GUTMACOK).

1||std::ifstream fin;

2||file.exceptions(std::ifstream::failbit | std::ifstream::badbit);
3|lint x;

4 try {

5 fin.open ( )

6 fin >> x;

7

8|/ catch (std::ifstream::failure e) {

9 std::cerr << ;

10 || }

3.9.6. BBoa-BBIBO M0OJIH30BaATEJIbCKUX TUIIOB

[IycTh y Hac ecTh CBOW TUII, © MBI XOTHM, 9TOOBI IIOTOKU MOIJIM €TI0 CYUTHIBATH U BHIBOIUTD.
Jtst 5TOTO HAM HY?KHO OyJIeT IIeperpy3uTh oneparop *’»’’ u/uau >’«’’. Ilpu sToM ecsin MbI TAHIPYeM
BBIBOJIUTH IPUBATHBIE IOJIsI KJIACCA WJIM BBI3BIBATH IPUBATHBIE METObI, HYXKHO OyIeT TakKe 00b-
ABUTH onepaTop Kak friend.

[Tpuwmep:
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© 00 ~NO O WN -

L O e S
~NOo Ok WD e, O

class MyClass {
private:

int value;
public:

friend ostream& operator<<(ostream& os, const MyClass& mc);
friend istream& operator>>(istream& is, MyClass& mc);

}s

ostream& operator<<(ostream& os, const MyClass& mc) {

os << mc.value;
return os;

}

istream& operator>>(istream& is, MyClass& mc) {
is >> mc.value;
return is;

}

BamMeTnm, 9TO MbI BO3BPAIAEM TOT K€ MOTOK, 4TO0BI MOJJIEPXKUBATH BBOJ/BBIBOJL MHOTUX OOBEKTOB
gepe3 HECKOJIBKO >’’’/ ’«”’

3.10. IIpuBenenue Tunos B C++

O ~NO Ok WN -

B asbike C KOMIINJIATOP ITO3BOJIAJI IIPUCBAaUBATDH JIT00bIEe TUIIBI, OIIaCHBIC U HE OY€Hb.

int a = 3;
char b = 0;
b = a;

const int c = 3;
int *p = &c;

double d = (double)l / 5;// umobel he noaywums ukm.

[Iporpamma ua Cu ycnerrao ckomnuinpyercsi. EcTb 6osiee TOHKHIT MOMEHT ¢ TTpeoOpa30BaHreM const:

S wWw N -

const char* s = 3 // mym const 6ydem yme e deouurom kode,
//ecau cdenams mak:

char *pc = s;

pcl0] = 0;// - aeapulino sasepuwumcs, ubo namame e Tead only.

Emé mpumep, Korjia HUYEro He CJIOMaeTCd, HO JIydIlle TaK He JIeJIaTh:

© 00 NO O WN -

Kaxk utor - mpeobpa3oBaHue TUIIOB - 3TO OY€Hb OIlaCHAas BEIIlb.

f(const int *pi) {
pi;

main() {
char s[] = H
f(s);

}

Teneps Bepuémcs K C++
Sanpernsi HesiBHbIE TIPUBEIEHNS TUIOB(IIOYTH BE3/IE):

1
2

int *pij;
char *pc;

3||pc = pi; // ERROR!
4 ||pc = (charx*)pi;//cool
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0 N o ;

void *pv;

pv = pi; //y void* nem adpecHnol apugmemuku, w060l YyKa3zamesb RPUBOOUMCA HEA8HO
// nosmomy komnuasmop e 6ydem pyzamecs

pi = (int*)pv; // 6es asnozo npusedenus 6ydem nioxo.

Takke mogBUINCH KJaacChl U Hacaeauuku. Ilycts B — Hacyieanuk kiacca A. Oyukiuga f ectb B 000ux
KJlaccax, a BOT g IOABMJIACH TOJILKO B B.
Curyanust "kacryeM peGEHKa K POJUTENI0” Ha3biBaeTcs: Upcast (M BBIMOJIHSIETCs HesiBHO). [Ipumep:

1

2
3

//upcast - kacmyem pebérka Kk podumeanio

B *pb = new B;

A *pa = pb; // ne nyxen (A4*), m.k. B seasemcs u A, ece noas u MemoOdsl UMEOMCSH
pa—>g () ; // ERROR: nem makozo &

OpaTHas cuTyarsd HasbiBaeTca downcast, i He€ HyKHO SBHOe ImpeobpasoBanue. IIpumep:

//douncast - kacmyem podumess k pebEHKY
B *pb = new B;

A xpa = pb;

B *pbl = (B*)pa;

pbl—>g() //0K

[Lnoxoit mpumep:

A *xpa = new A;
B *pbl = (Bx)pa;
pbl—>g(); //TRASH AND CRUSH!!

Ut 11oJIh30BaTEIbCKUX KJIACCOB TIOPOM XOYETCsd TOXKE JeaTh mpeodpa3oanus. dTobbl mpeodpa3oBaTh
KJIacC K KakoMy-TO Tuiry(Hampumep double, KOTOPOTO Mbl HE MOXKEM HM3MEHUTH CAM THII), HYXKHO
KCIIOJIb30BATH CIEIUAIbHBIN OrepaTop, a 4To0bl Mpeodpa3oBaTh KJIacC K JPYroMy KJACCy, MOXKHO
BMECTE 3TOr0 y TOrO KJIACCA CO3/IaTh KOHCTPYKTOP OT IIEPBOTO.

© 00 NO O WN -

NDNNNDNNDMNDNNNMNNNRE P PP B 2 2R
O 0O NO TP WNEFE, O WOWOWNOOd WN - O

class fraction_array {
public:
int array[2];

fraction_array(int a, int b) {
array[0] = a, array[1l] = b;
}

int operator [](int i) comnst {
return array[i];

}

}s

class fraction_pair {
public:
int a;
int b;
fraction_pair(int x, int y) : a(x), b(y) {}

operator double() const {
return a * 1.0 / b;

}

fraction_pair(const fraction_array &arr) {
a = arr[0];
arr[1];

o
]
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30| int main() {
31 fraction_pair p(1, 1);
32 double d = p; //6e3 asubix npueederul

33 fraction_array a (2, 2);
34 fraction_pair pa = a; // moxe 6es npusedenul.
35}

Takyke B C++ mosiBUIINCH explicit KOHCTPYKTOPBI U OllepaTopbl npuBegenus Tuna. OHU 3alpenanT
HesiBHOE TIpuBejieHne K Tuity. Hanpumep oyeHb 1oJsie3Ho Beerja nucarh explicit operator bool(),
IIOTOMY 9YTO €CJIi Y O00beKTa eCTh KacT K bool, To oH OyJeT MCHoJab30BaThcd Tje moraJio. Harmpu-
Mep, JABa 00beKTa ¢ KacToM K OyJy oTJimdHO cpaBHHBaioTcd (a < b), Korja Ha Jejie CPaBHUBAIOTCS
ux Oysibi(bool)a < (bool)b. Explicit ke 3amperaer nx cpaBHUBATH 0€3 SBHOIO ITPeOOPA3OBAHUSI.
Kakwne-To HesiBHBIE OYeBHUIHBIE KACTHI OcTaioTcst, Hampumep if (a) wiaum return a && (4 < b).

B C++ nosiBustoch 4 popMbl 3amucu Ipeodpa30BaHus THIA, KOTOPbIEe YETKO OTPAHUYINBAIOT 00/1aCTh
IPUMEHEHUSI:

1. static_cast<> Hy)keH jaJs:

(a) cranmapTHBIE TUIBI
(b) HacienoBaHue(CIPABIISIETCS C TEM, C Y€M MOXKET CIHPABUTHCH BO BPEMs KOMIIUJIAIIN )
(c)

(d) mpeobpazoBanue B void*

I0JIb30BaTe/IbCKIEe TTpeoOpa3oBanmsi, Tuma operator double

Ecan nonbsoBaThea HEaKKypaTHO, MHOI'u€ HpO6JI€MbI ocTarorcd. Ecimm Kitacchl HUKaK HE CBA3a-
HbI OTHOIIEHUEM HacCJeAO0BaHUA - OHO HE CKOMIIMJIUPDYETCH.
On IIpUMEHAEeTCd IIOYTH BCerda, KOra HOTpe6OBaJIOCb ABHOE IIPUBEICHNE TUIIOB.

2. const_cast<> - mpeobpa3oBaHUs B/I/13 const
Ucnonn3yercs mubo B peanmsanuu He-const-qualified operator [] uepes const-qualified, 6o
pu paboTe CO CTAapbIMU CUIITHBIME HHTEp(deicaMu, KOTOPbIE TIOYEeMY-TO IPUHUMAIOT JIaHHBIE He
no const char*, a mo char*, XoTb U HE MEHAIOT

3. reinterpret_cast<> - npeobpa3oBanue ykasaresell pa3HbIX TUIIOB(HACUIBLHO TOBOPUT "T'bI Te-
nepb Takoro tumna’, 6e3 Kakux Jimbo yMHBIX IPOBEPOK win mpeobpasosanuii). JIyurie um Boobie
HE MTOJIb30BAaThCS, TOJTBKO B CAMBIX 9KCTPEHHBIX CJIydasiX, KOT/Ia Bbl yBEPEHbBI, YTO HUIETO HE CJIO-
MaeTCs.

4. dynamic_cast<> - 3TOT KacT, B OTJIMYAM OT IPEJbIIYIINX, TPOUCXOJIUT HA ITAIE BBITOJTHEHUS
porpaMMbl, a He KoMmmmidiuu. 1Ipo Hero 9yTh mosxe.

Hamnpumep:

1| int *pi;
2 || char *pc;
3||pc = static_cast<char*>(pi); // wabaounsili napamemp - mo, Kk uemy npeobpasosieaem

st wero vy KHBI 9T KacThl! Tak Tenepb ux Jjierde UCKaTh B KOJE, IPOTPAMMUCT JyMAeT, IIPeXKIe
9eM c/esiaTh KacT, 100 HaJI0 TMOHATH, KAKO KacT ymMecTHee. BaxKHO TO, 9TO IPUBBIYHBIE KOHCTPYKITT
npeobpazoBanus TunoB u3 Cu, Bpojie (int) mepeorpeie/inim, Terepb OH IIPOCTO MBITAETCS TPUMEHUTD
BCe KaCThI TIO0YepPe IH, ITOKa y HErO 9TO-TO U3 ITOr0 He TOJIYIUTCs. DTO He CaMbIil 6€30TAaCHBIN CTI0C00,
0COOEHHO €CJIM YIUTBIBATH TO, YTO B KOHIIE KOHIIOB OH ITPOCTO JIOHIET /10 reinterpret_cast<>. Ecian
y Bac He KacTyeTcs YTO-TO depe3 static_cast, ToO KOMIWIATOP cKaxKeT o mpobiieme, a (type) Oyier
OUTHCA B KOHBYJIbCUSX, [TIOKA HE CKACTYET, MOIYTHO CTPEJIsAsl MPOIPAMMUCTY B HOTH.
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C reinterpret HaJi0 BCE paBHO ObITh aKKypaTHbIM. Eciu static mojBuHeT yKasarejb, YTOOBI CO-
IIJINCH BCE T0JIsl, CAEJIaeT KOPPEKTHOE Mpeo0pa30BaHmue TUIIOB, MO3a00TUTCS O HAC, TO reinterpret
IIPOCTO CKaKeT KOMIWJIATOPY ~'CHUTAM, UTO ITO JPYTOM THUIT .

Tenepp morosopuMm o dynamic_cast.

1| //4 < B

2||A*x pA = new A;

3||B*x pb = static_cast<B*> (pA);

4 pb—>g(); // npocmo noOCMOMPUM, 4MO 8CE 5MO HACAEOHUK

5|/ //on ne nolimém, wmo y podumeas Hem Makol PYHKYUU, Ynadém 60 8pPeMi UCMOAKEHUS.

6| //-—=-----

7||B *pb = dynamic_cast<Bx*> (pA); // on aubo cdenaem kacm, ecau smo sezasvho, aubo eeprém NULL
8||if (pb == NULL) {

9 cout << ;

102

Hawm my>XHO 4TO-TO, 9TO B OHJIAHH MOXKET MOHUMATh HACTOSAIIUAN TUI KJIACCA.
YT1006bI 3TO BCE pabOTAIO, CTPOTO JIOJIZKEH OBbITH XOTs ObI OJIMH BUPTYaJbHBIA METOJ y KJacca, HO He
00s13aTeILHO JIOJIPKHA ObITH TabJIUIA BUPTYAILHBIX QyHKIWIH(H60 ¢ 3TUMHU TabJIUIAME Y KOMIHJISITOPA
OoJibIlie CBOOO/IBI JIEMCTBUIl, HO, B OCHOBHOM, OHHU BCE K€ CO3JIAI0TCS IPU CO3/IAHUUA BUPTYAJIBHOIO
METOJ[a), TOTJA MOYKHO OYJIET MO yKa3aTeJl0 HA POJUTEIHCKUN KJIACC MOHSITH €ro MepBOHAYATILHBIM
TUII, KaK HacJaeHnKa. Harmsaaupiii mpuMep npuMeHeHus:
IIycte y Hac ecth mporpaMma ¢ KjaccoM IShape, KOTODBIII mMeeT HAcJIeTHUKOB Square, Circle m
Rectangle.
std::vector<IShape*> shapes;
for (...) {

ISpahe *ps = shapes[i];

if (dynamic_cast<Rectangle*>(ps)){ //type_traits<> eepnyso 6el Ishape

//coxparums 6 Ouraprell @als.

} else {
//coxzparums 6 mekcmoesll $ala.

}

O 00 NO O WN =

}

o710 Bcé: RTTI - runtime type information.
Ectp noxoxkasga Bemp — typeinfo

intersect (IShape *p, std::vector<IShape> &v) {
type_info til = typeid(*p);
for (...)
type_info ti2 = typeid(xv[il);
if (strcmp(til.name, ) == 0 && strcmp(ti2.name, )
epemMs pabomel ysanaem UL Mmun
// u nocmompum uMms.
// Kkod nepeceuweHnus Puzayp

O WN -

0) { // eo

}

© 00 N O®

}

IIpu sTOM He cTOMT CMOTpETh Ha MMS Kjacca depe3 typeinfo, HEMOHATHO, YTO TaM JE€HCTBUTEIb-
HO OyJeT, 371eCh IIOKAa3aHO B KadecTBe Ipumepa. besomnacuee cpaBHuBarTh typeinfo omeparopom ==.
Takke typeid pabortaer ToJsibko mjist RTTI KjaccoB, Jijis JAPYTUX OHO Oy/eT MOCYUTAHO HA ITAIe
KOMITNJIATII.
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4. Crangapt C+-+11

4.1. HemHoro o cranmaprax

Kakwe ects cranmaprel sa3bika C++-:
Major — 9TO OCHOBHBIE CTaHJAPTHI, COJIEPKAIINE CYIIECTBEHHbIE H3MEHEHNS.

C++98 — cranmapt A3bIKa B TOM BHJIe, KAK MBI €r0 U3yYaJd ¢ HAYaJIa CEMECTPA.
C++11 — nobapyeno auto, move, lambda, thread, unordered_map u MHOTOE JAPyTOE.

C++17 — HaxomuTcst B COCTOSTHWH 4YepHOBUKA. Jlo7KeH BbIiTH B (DUHAJIBLHONW BEPCUM B KOHIIE
roja.

Minor — mpomexxyrounbie cramngaptsl. Cozep:Kar, B TOM 9HCJE, UCIPABJIEHUS OMIMOOK OCHOBHBIX
craagaproB. C++03, C++14.

gcc 10 YMOJIYaHUIO UCHosb3yeT 98 crangapt. YTobbl BKIIOUUTH MOAAEPKKY 11 crammapra, HeoOXo-
JIIMO KOMITIJIMPOBATD ¢ (psrarom -std=c++11.

4.2. default & delete

Pamnbirie, 9T06bI 3aIIPETUTh UCIOJIB30BATH KAKOW-IM00 MeTO Kiaacca (HampuMep OmepaTrop KO-
POBaHUs), ero Jiejaju IPUBATHBIM. Takoil TPIOK MCIIOJIb30BaJICs, HanpuMep, B Singletone (o6bexT,
CYIIECTBYIOIIUI B €IMHCTBEHHOM 3K3eMIIsipe) U B scoped_ptr (06E6pTKa HaJ yKa3aTeseMm).

KpOMe TOIr'o, KOrga MbI O6’1)HBJIH.HI/I KOHCTPYKTOD C IlapaMe€TpaMMt, KOHCTPYKTODP IIO0 YMOJIYaHUIO HE
PeHEPUPOBAJICH, TPUXOJINIIOCH €TI0 TOXKE OObABJIATH U ONPEJIEIITh. BBITJISAIEI0 3TO TaK:
class A {
public:

A(int);

AO {}; // m.k. ecme komcmpykmop om uwma - He czenepupyemcs OedoamHbll

// on moxem npuzodumbcs, Hanpumep, 0as Ounamuweckozo maccusa (4 *arr = new A[100])

private:

A(const A&); // meneps usene konupoeamv Heab3s

A% operator= (const A&); // u mak moxe Heab3s

O 00 NO O WN =

}

Taxkoii crtocod mMeeT HEJIOCTATOK — MPUBATHBIE METOJIbI MOYKHO BBI3BIBATH BHYTPU CAMOTO KJIACCA U B
JIPYKECTBEHHBIX KjaccaxX. B C++03, eciin 00bABUTH METO/T IPUBATHBIM, HO HE JeJIaTh EMY PeaJIn3aIuu
- Ha dTane JUHKOBKe OyJer ommoOka. Ecth oqun TorKMit MOMenT. HampuMmep Mbl 3anmcanm operator=,
KaK MPUBATHBIN U 0e3 peaju3anyy B KJlacCe point, TakKe B caMOM KJiacce cjesanu PyHKIumo f,
KOTOpasi €ro BbI3bIBaeT. Kcii Hurae He BhI3BaTh B cAMOM Kojie (DyHKIHIO £, TO OMMOKY MbI HE HAWIEM,
ecJin ke operator= 00bIBUTDH, KAK yIaJEHHBI MeTo/ B C++11, To ommubKa Oy/1eT He3aBUCUMO OT TOTO,
€CTh Jii BbI30B (pyHKIHHU £. ITO MOXKET CHIIPATH POJIb, €CJIM MbI, HAIIPUMED, ITUIIeM OUOJIHOTEKY U He
HAIIUCAJIM T€CTOB JIJIA (DYHKITUU.

B C++11 mogBuiach BO3MOXKHOCTE JIeJIaTh BCE ABHO:

1| class A {

2 || public:

3 A(int);

4 A() = default; // koncmpykmop no Yymoawaruo

5 A(const A&) = delete; // ydasnennsii memod (ucnoabsoeams Heab3s)

6 A% operator= (const A&) = delete; // ydasnennsili memod (ucnoavsoeams Henb3s)
713
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4.3. override & final

Panbme nucaim Tak:

1|/ class Base {

2 || public:

3 virtual void f(int);

4 virtual int g() const;

5 void h(int);

61

1|/ class Derived : public Base {

2 || public:

3 void f(int);

4 int g(0); // ne nepekpoemcs (sabbiau const)
5 void h(int); // e nepekpoemcs (Memod ke supmyanbHsll)
61}

YT00bI IOHATH, ABJA0TCA i1 MeTonb! £ (), h() BUpPTyaJIbHBIMHU, HAJIO IOCMOTPETH 0A30BBII KJIacc.
Y merona g() 3abbLM const, U OH MOJIyYUIACh Heperpy3ka BMecTo nepekpbitus. (Jebakurh oueHb
cJ10KHO!)

B C++11 mMoxkHO cKa3aTh - EPeKpbIBailt MHE (DYHKIIUN STBHO!

1| class Derived : public Base {

2 || public:

3 void f(int) override; // ok

4 int g() override; // compilation error
5 void h(int) override; // compilation error
61 };

Mucrpyknus final cBsa3ana, B OCHOBHOM, C ONTUMH3aIeil. BbI30BbI BUPTYaJIbHBIX (DYHKITUI CBA3aHbI
¢ HaKJIQJHbIME pacxoyiaMu. final roBopuT, 9TO € 3TOTO dTalla HACIeI0BaHU (DYHKIINS HEe BUPTYaJIbHA.
T.e. y Bcex mOTOMKOB OHa He OyJieT BUPTyaJbHOI. Torma BbI30B OyaeT ObIcTpee IOTOMY YTO U3BECTHO,
9TO €€ MePEKPHITh HEJIb34.

1|/ struct Base {

2 virtual void f();

313}

4 || struct Derived : public Base {

5 void f() final; // PyHrkyus eupmyarbrHas, KO Y NOMOMKU €& nepeKpbLimb He CMOZ2Ym
6 void g() { £0O; Y} // f() ewisosemcsa 6es npocmompa eupmyasbrol mabAuYb!

T3}

8|/ struct DerivedDerived : public Derived {

9 void £(); // owubka: nepekpeisams Heab3s

10 || };

Kiaccer Toxke moryT 6biTh final. Takue Kjacchl He MOTYT UMETH Jereit :(

1
2

struct Basel final { };
struct Derivedl : Basel { }; // compilation error
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4.4. HoBble HpUNIKN KOHCTPYKTOPOB

Panbire u3 KoHCTPYKTOpA HEJIb3s OBLIO BBI3BATH JIPYTOil KOHCTPYKTOP 3TOTO Ke Kjacca. Temepnb
MO2KHO.

class A {
int avg = 1; // momxno sadame HawaabHOE 3HAYEHUE
A(int al, a2) { avg = (al + a2) / 2; }
// MOXHO 6bl38amMb 00UH KOHCMPYKMOP u3 0pya020
A (int *array) : A (array[0], array([1]) { }
};

o U WN -

IogBritncs crimcku MHUNWAJIN3alIun JJId BEKTOPOB.

std::vector<std::string> v = { s s };
std::vector<std::string> v ({ , , 1
std::vector<std::string> v{ , , };

w N =

HpI/IMep HMCIIOJIb30BaHUA 31€Ch:

template <class T>
struct S {
std::vector<T> v;
S(std::initializer_1ist<T> 1) : v(1) {
std::cout << << l.size() <<
}
void append(std::initializer_list<T> 1) {
v.insert(v.end(), 1l.begin(), 1l.end());

© 00 ~NO O WN -

3

—
o

}s

OOparuM BHUMAaHWE, 9TO UTEPATOP B HEM MMEHHO const T*, HO 9TO HaM He CUJILHO ITOMEIIAEeT,
MOYKHO MUTEPUPOBATHLCA W IO HUM, TO €CTh €CJIM XOUEeTCs JOCTAaTh KaKhe-TO 3HAYEHUS - MUCHOJIb3yeM
CJIETYTONTYI0 KOHCTPYKITHIO:

1||template<class T>

2|l class vector {

3 || public:

4 vector(std::initializer_list<T> 1list) {
5 data = new T[list.size()];
6 T* dest = data;

7 for (auto &val : 1list) {

8 *dest++ = val;

9 }

10 }

11 || private:

12 T* data;

13 || };

Heb6ompImoit Borpoc Ha moayMaTh — UeM OTIndaeTcs vector<int> v(4) or vector<int> v{4}?

[IpaBuIbHBI OTBET — B IIEPBOM CJIyYae CO3/IACTCS BEKTOP Ha 4 3jIeMeHTa, 8 BO BTOPOM OJIMH BEKTOP
C TIEPBBIM 3JIEMEHTOM 4.
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4.5. lvalue u rvalue

KTo xo4er mosiyauTs mepesioMm Mo3ra - MOI'YT MOYATATh pOopMaJIbHO B cTangapre. lamamm menee
dopmaIbHOE, HO He MeHee KOPPEKTHOE ONUCAHMUE.

lvalue — MOXKeT ObITh M B JIEBOIi, ¥ B IPABOil YacTu IpucBauBaHus (lI€PEMEHHbIE, BKJIIOUas KOHCTAH-
ThI)

- TPOMIOJIZKAET CYIECTBOBATH 3a MpPEJeJaMi MeCTa, Iie ObLI WCIOIH30BaH(HAIIPUMED apry-
MEHT JIJIsI BBI30Ba (DYHKITVH )
- eCTb UMd

- MOXKHO B34Th aJIpec
rvalue — BbIpaKeHHE, KOTOPOE MOXKET ObITh TOJBKO B IIPABOI YaCTU NPUCBANBAHUS

- HE€ CYIIECTBYET 3a IIpeJejlaMiu CBOET'0 SCOpe

- BpEMEHHOE€ 3Ha4YeHue

Hampuwmep:

int a = 42;

int b = 43;

int c a * b; //smo rvalue u ecé okell

a *x b 42; //ecé ne okel, nomomy uwmo smo Tvalue, aoeume error

W N -

[

vector<Person> people;
2 || people.push_back (Person( , 9999)); //Person(”Antient evil”, 9999) - smo
rvalue

1| int square(int x) {return x * x;}
int a = square(5); // 9mo mowe rvalue

Jlorn4aHbrit BOpoc: 3adeM MHE 3TO BCE?
OTBer: BO nMsl OINTUMU3AINHI, KOHETHO K€. C-++ - 9TO OBICTPBIN A3BIK JJIsT YMHBIX JISI€9YEK, KOTOPHIM
He JIEHb CJIeJIaTh OT/eIbHbIE KOHCTPYKTOPHI JIJIsT PA3HBIX BUJIOB 3HAYEHUT, YTOOBI IIporpaMMa pabora-
Jia opictpee. [louemy 6e3 pazzesnenus: Ha 1mo00HbIE THIBI TporpaMma padboraer Mmemyentee? Ceituac
pasbepémcs.
IIycth X - 9TO KaKOW-TO BECOMBIN KJacC, KOTOPBI XPAHUT PECYpPChl: yKa3aTeJb Ha JTUHAMHYECKU
BBIJICJICHHYIO TTaMATh, (pailjIibl U T.II.
1(|X foo() {/#peamumsamus*/)}

21X a;
3la = foo();

Yro TosbKo uTo mpousonio? Odyenb MHOTO dero. OyHKIMS BEPHET KaKOe-TO 3HAYEHHUE, ero HyKHO
OylleT CKJIOHUPOBATH BO BPEMEHHYIO IMaMsTh, IIOTOM HYKHO OTYHUCTUTH TO, 9TO YK€ BAJISJIOCh B a,
[IOCJIe TIPUCBOUTD B @ BCE M3 BPEMEHHOM aMATH 1 OCBOOOIUTH PECYPCHI BO BDEMEHHOM maMsiTu. A ecu
foo BozBparmmaer 80 Béxep Tekcra? He mopsamok, HaM HET Jejia 0 BPEMEHHON MaMsITH, OHA YXOIUT U
MIPUXOJIAT, TIO3TOMY MbI XOTUM Cpa3y BCE CKOITMPOBATH B IIepeMEHHYI0 Oe3 jumuux 3arpat. JJobaBum
KJIaCCY €eIlE OJINH KOHCTPYKTOP, TaK Ha3blBaeMbIil move constructor

1“X(X&& x) {std::swap(this—>data, x.data);}

&& — »7o rvalue reference. 3amernm BOT emié uTo, y HAC OBLT peaan30BaH operator=, KOTOPbIN TOXKe
3aHUMAJICSA HYJHBIM KOIMPOBAHWEM, HAM XOUYETCS M €r0 CJeJaTh ObICTpee, HO eCTh I'DS3HbIE XaKW, a
MMeHHO - swap idiom. Omeparop nmpucBamBaHusl MOKHO He MEHSATH, €CJIU B HETO TEPETAETCS He CChLII-
Ka, a Korus obobekTa. [louemy? ¥V Hac nepesaéres B onepaTop KOIus OObEeKTa, OH B HEM KOITUPYETCs

36 u3 56



C+-+ BTOpOIt cemecTp Cranmapr C+-+11

¢ TIOMOIIBIO rvalue, MOTOMY YTO MbI HAIIMCAJA TAKOH KOHCTPYKTOP JJIsi 9TOW CUTYAIUU, a IMOTOM
BHYTPHU JAHHBIE 9TOW KOIWUM MOJAMEHs0TCA. T.e. 0 CyTu OH paboTaeT Tak 2Ke OBICTPO... HY MOXKET
caMyio MAaJIOCTh MeJIJIEHHee, 3aTO TOYHO He OIMUOETCs.

Tertepn s1aBaiiTe pa3dbepém 1modOJIbIIIE KpaeyroJabHbIX caydaeB. Hamuirem cBoit cBorr.

1 || template <class T>
2||void swap(T& a, T&b) {
3 T tmp(a);

4 a = b;

5 b = tmp;

6

3

Buaumanue, Bonipoc. Eciu peasimzoBan move KOHCTPYKTOP y Kjacca T, Oy/eT Jjix 910 paborars ObicTpee?
Her. Tak kak a u b - 310 1lvalue, y HUX ecTh UMeHa. Fcam mporpaMMHCT C+-+ MOXKET BBICTPEIUTD
cebe B HOI'y — HY2KHO HM B KOEM CJIlydae He JIUIIATh €ro 3TOI BO3MOXKHOCTH, TOITOMY JI00aBJIEH
cuenuaJabnblii kKacT lvalue reference K rvalue, a umda emy — std: :move.

template <class T>
void swap(T& a, T&b) {
T tmp(std::move(a));
a = std::move(b);
b = std::move(tmp);
}

o Ol WN =

Tertepnb BCE OBICTPEHBKO.
B sToMm nmpumepe 6e3 swap HaM He 000HTUCH, HO CTOUT MCIOJIb30BATh €r0 aKKypaTHO, KOO OH HE JeIaeT
Hu4gero ocoboe ymuee, Kpome Kak mpuBojuT lvalue K rvalue

4.5.1. std::forward u universal reference

B C++ ecTp emé omna npeBocxoHas Benb — perfect forwarding.
Haywmnas ¢ 14oro crangapra nosgBuiachk pyHKIMS make_unique, KOTOpas CO3/IaeT YHUKAJIbHBIA yKa-
3aTesib. Pa3bepém e€, Kak mpumep.
Mpbr xoTHM cesaTh TaKyio MyHKIIUIO, 9TOOBI OHA KOHCTPYHUPOBaJa KJIacC unique_ptr orT aprymenTa,
tunsl A n T mabaonnbre
template<A, T>
unique_ptr<A> make_unique (T a) {

return unique_ptr(new A(a));

3

W N -

Y nac mabsoanubrit T, MO3TOMY BO3HUKAIOT IIPOOJIEMbI, KOT/Ia Mbl HAYMHAEM XOTEThb II€PEIaBaTh TY/Ia
9TO JIyIIe YIOJHO: CChLIKM, KOHCTAHTHBIE CChLIKM, rvalue, lvalue.

Bruto nepesionayeno Kyda mpaBusl MIadJIOHOB U IIpoYee, JIUIIb Obl 9TO padoTalio.

B 1loMm cTranmapTe HOSIBUJIOCH HPABUJIO CXJIOIBIBAHUS CCHLIOK:

Ay & — A&

Ak & — A&

Ay && — A&

Ak && — A&&

MoxkHO HE 3allOMUHATH BCE 9TU IIPABUJIA, IIPOCTO 3AIIOMHUM, YTO OHU €CTh.

[Ipurna nmopa morosopuTh 1po universal reference - make_unique(T&& a)

C y4érom Toro, uro T — 310 mabjoHHbIl Tull, T&& — 3T0 universal reference, MOKeT y Bac Jie-
2KaBIO W BBl TaKOE Y Ke BUJIMJIA, HO 3TO He rvalue, Takoe BhIpaKeHUE MPUHUMAET BCE, KOHCTAHTHBIE,
HEKOHCTAHTHbBIE CCBLIKH, rvalue, urepasibl u JIIOOYIO IyIIb.

Ono paboTaer 10 TpaBUJIaM CXJIONBIBAHUS CCHLIOK.

Ho kax Mbl HOMHMM, €CJii y TIEPEMEHHO eCTh UM - 3HAYUT OHO Oy/eT lvalue, a Mbl XOTUM JAJIbIIIE
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paboTaTh C Heil, Kak ¢ rvalue
Ectb 3ameuarebaas mab/oHHAS Marus, KOTOPas CIEJaHHO POBHO TOJIBKO Jijist 9TOro: std: :forward
template<A, T>
unique_ptr<A> make_unique (T&& a) {
return unique_ptr(new A(std::forward<T>(a)));

3

W N -

std: :forward paboTaeT TOJBKO C YHUBEPCAJBHON CCHIIKOM, IOCJEe TOr0, KaK MbI €r0 HMPUMEHSIEM -
TO, YTO OH BEPHET, Oy/IeT POBHO TOTO K€ THUIIa, 9TO OBLI IepejiaH B (pYHKIUIO Yepe3 YHUBEPCAJIbHYIO
CCBLIIKY.

1
2

make_unique<A>(£()) // kak 6ydmo 6s coenaem new A(f());
make_unique<A>(b); // kak 6ydmo new A4A(b)

4.6. auto & decltype

auto - ya00HBIN cIOCOO JIjIsi CAMBIX JIEHUBBIX JIIOJIEH, JarKe CJUIITKOM yI00HBIM.
auto x = expression;

//ebieedem cam no expression.

decltype (expression) y = x;
//mun 6ydem makol xe, Kak Yy erpression.

o U WN -

//m.e. on cdesaem y c munom, Kak Yy erpression, Ho 3anuwem myda T;

Hemuoro 6ojiee HATJISIHBIX IPUMEPOB, YTOOBI ITOYYBCTBOBATH PA3HUILY

1|/ const std::vector<int> v(1);

2|lauto a = v[0]; // a - int

3| decltype(v[0]) b = 1; // b - const intl

4

5 || //auto mMoxHO YymouHUMb OAS KOKCMAKM, CCbLOK U YKasamenel
6| std::string s = 5

7 ||auto &sl = s; // s1 - std::string¥
8|/ const auto &c = v[0]; // ¢ - const intl

9

10 || //Takxe moxro ucnoavsoeams decltype e typedef
11 || typedef decltype(v[0]) new_type;

VYBIiIeKaThCs aBTO HE HAJIO, €CJIU CTABUTE aBTO BE3JIE - UJes IJI0Xasd, €CJIM y BAC €CTh COOCTBEHHBIN
KJIACC, IPYTUM Oy/IeT HEIIOHSITHO, YTO BbIBeeTCsI, B oryimaue oT STL, KoTopblit Bce 60j1ee MeHee 3HAIOT.

OObIYHO UCIIOJIL3YIOT BCE-TAKU auto - OHO pabOTAeT B TOM K€ CMBICJIE, YTO U aBTOMATHYECKOEe
BBIBE/ICHUE THUIIOB IIPHU BBI30BE MIAOJIOHHBIX yHKNuit. TaM ceMaHTHKa crapaeTcs 0TOOpakaTb MMEH-
HO cMbicst T - Hy 9T0 MGO int, smbo string, aubo int*” (T.e. He 3axBaThIBasg const W CCHLIKM).
decltype - JI0BOJIbHO crernudUIHAs ITyKa, KOI/la Hy?KHO HMEHHO IIOJIyIUTh TO, KaK ObLIa 00bsBIIe-
HA HeKasl TIePeMeHHasi WK MOJIyYUTh THIl BbIPAXKEHHUsl, KOIJIa HeJIb3sl IPUMEHUTh auto (Hampumep,
9TOOBI 3AIMXHYTh €r0 B MAOJOHHHBIA apamerp).
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4.7. nullptr

IBa cioBa o nullptr
00661900 B C+-+ THUIITYT YTO-TO BPOJIE

1| #define NULL 0

A 3T0 He ecTh XOPOIIO, HAIIPUMED TAKON KOJI:

[

void f(int *ptr) {...}
void f(int n) {...}

f(NULL); // we noumém
f(nullptr); // noiumém

o> W N

ITopoit HeKoTOpBbIE KOMITMJIATOPDI onpeaeasior NULL HEMHOIrO CJIOXKHee:
1 || #define NULL (void *)0

[Toyemy Tak TOKe He BcE xoporio? Jleno B IpeoOpPa3oBaHUAX THUIIOB.
Crout Be3ze BMecto NULL mcrosb3oBaTh nullptr, Tak HAMHOTO HaJEXKHEe.

4.8. BpruucsieHnus B compile time

1. static_assert

1“static_assert(sizeof(unsigned int) * 8 == 32, )
TH TO K€ caMoe, 9TO U OObIYHbBIN assert, H TaeT BO BPpEeMsi KOMITAJISIIAHN.
Ilo ¢ 0 Ke camMoe, 9TO 1 00 t, HO paboTaeT BO Bpe 0

constexpr

constexpr unsigned fibonacci(unsigned i) {
return (i <= 1u) ? i : (fibonacci(i—1) + fibonacci(i—-2));

w N - N

(-

DTOT MOHCTP OYyIET CUNTATHCA BO BPEMs KOMITMJIAINU, €CJIM Ha BXOJ Oy/IyT MOJABATHCI KOH-
CTAHTBHI.

[TomoOHBIE Bl MOTYT TPUTOAUTHCH, KOT/Ia HYXKHO MOCYATATH (DYHKIIMIO BO BPEMST KOMITHJIS-
1M, HAITPUMED, /I KOHCTAHTHOI'O MacCUBa WK TapaMeTpa madbsaona. Kcm Bbl geaere Kakoii-
TO KJIacC S_group u XoTuTe Yepe3 00bsaBjaeHue S_group<7> s MOJIyYUTb IPYIIILY HEPECTAHOBOK
pasmepa 7!. constexpr mogoRIET Kak pa3, YTOObI BHIIETUTH MaCCHB HYXKHOTO Pa3Mepa.

4.9. begin(), end(), for(:)

[MosgBuucs 1mabaonnbie dyukimu begin() u end(), oHU He J€JAIOT HUYETO yYMHEe, KpOMe KakK
noacTaBigoT .begin() m .end() COOTBETCTBEHHO, €CIM OHU €CTh, & €CJIM TaM MAacCUB - paboTaroT
KaK JIOJIKHBI paboTaTh C MaCCUBOM.

Emé nosgsuiica for mo KouTelinepam u MacCuBaM.

1| for (auto& x : v) {

2 ++x;

3|

4| //0x npocmo packpoem smo 60 4mo-mo makoe:

5|lauto &__range = v;

6 ||for (auto __begin = begin(__range), __end = end(__range); __begin != __end; ++
__begin) {

7 x = *__begin;

8 ++x;

91 %
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31ech BaXKHO, UTO MEPEJl X UMeeT THUIll auto&, TO eCThb CChUIKY. B mpoTuBHOM ciiydae B X OyIyT KOIH-
poBaThCs 3HAYUEHUS U3 V, U ++X Oy/IeT U3MEHSATH TOJIBKO €r0, a COJEPKUMOe KOHTeWHepa OCTAHETCS
Henm3MeHHbIME. BoJiee Toro, Bepcus 6e3 cchliku OyIeT padoTaTh MeJIIeHHee, TaK KaK Oy/JIeT TPaTUThCA
BpeMs Ha KOTTUPOBAHHUE.

Takasa koHcTpyKIud nukiaa for me Oymer padboTaTh 19 MACCUBOB, MAMATDH IO/, KOTOPbIE ObLIa BbIJIe-
JIEHa JTMHAMWYECKH, BeJlb HEM3BECTHO HA dTalle KOMIUJISINAN, IJle Y UX KoHell. Fcaum ke pa3zMep 3a7aH
Ha dTare KOMIUWISIANA, BCE HOPM.

CrouT TakKe 10 BO3MOXKHOCTHU BCErJa UCIOJIb30BATh CCLIKY(6CTh CIy4dae, KOIJIa HeJIb3s TaK JIeJIaTh,
9TOOBI HE MOPTUTH KOHTEHED ), n60 Tak paboraer ObICTpee U He HyKHO BCEr/ia KOMMPOBATH SJIEMEHTHI.

4.10. lambda

Yro-TO MOJIE3HOE W MHTEPECHOE.
Pambime MbI nircam KOMIIapaTopbl, YTOOBI, HAIIpUMEp, TIepeIaTh uX B pyHKINIO copTupoBKu. Ceitgyac
MOSIBUJICST OOJIee KOPOTKUI CIIOCO0 3amucarhb (DYHKIUHA, KOTOPBIM HE HY>KHO KaK0e-TO 0CO00e MMsI.
JIambOna byHKIIMT UMEIOT TPU CEKITUU:

1. capture list
DTO mepeMeHHbIe B KBaJIPATHBIX CKOOOYKAX, KOTOPbIE UCIIOJIB3YIOTCSI B Teje (DYHKIUU, HO He
ABJIAOTCs €€ aprymenTtamu. OHE "3aXBaTbIBalOTCs W3 TON 00JACTH BUIAMMOCTH, T JIAMOIA
CO3/1aeTCsl.

2. apryMeHTBI
B xpyribix ckoOKax 3alMcaHbl apryMEHThI, KaK U Y OOBIYHOM (DyHKIUH

3. Tesio pyHKIIN
Tyt Toxke BCE Kak U y OOBIYHON (DyHKITIH.

[Tpumepsbr:

1 || //Omcopmuposams no abCOAOMHbIM 3HAYEHUAM

2||std::sort(v.begin(), v.end(), [](int a, int b){return abs(a) < abs(b);} );
3

4 || //Hamensem total, npubasue K HeMmy 6ce 3HAYEHUS U3 EKMOPQ

5|/ for_each(v.begin(), v.end(), [&totall(int x) { total += x; 1});

6

7 || //He usmensem total, nepedas ezo 6e3 ccbiky.

8|/ for_each(v.begin(), v.end(), [totall(int x) { x —= total; });

MozkHo B capture list mepejaBaTh 0COOEHHBIE CUMBOJBL: [=] — B34Th BCE 110 3Ha4YeHUIO, [&] — B3ATH
BC€ 110 cchlike, [] — nudero we 6parb. MoKHO TakKe KOMOMHUDPOBATHL 3TO, HanpuMep: [=, &x], [&x,
yl, [&, y].

Tak:ke MOXKHO $IBHO yKa3aThb BO3BpalllaeMoe 3HadyeHune lambda yHKIMU, KAK B IPUMEPE HUKE, &
TaK>Ke MOXKHO JIaTh €fi nMs.

1|lauto func = []J(int a, int b)—>bool {return a > b;};

bool res = func(4, 5);
3||sort(v.begin(), v.end(), func);

[Tapa BompocoB Ha 3acChIIKYy. YTO BBIBEJIET 9TOT KO !

int y = 0;

auto x = [yl (O{ std::cout « ++y « N
x0;

xO;

W N -
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[IpaBusbabIil 0oTBeT: coobienue oo ommubke. OH cuntaer y Kak read-only mepemenmyio, mosromy He
MOZKeT JIeJIaTh €l THKPEMEHT.
Kakoii xxe tunt y navma dyakmun? Kakaas jsamb/ia reaepupyer CBOM THIL.

4.11. Variadic templates

MHororouuss B 3ToM pa3/eJie - 3TO CHUHTAKCHC, & He JIeHb aBTopa.
CuadgaJia HEMHOTO B 1eJIoM TIpo 11a0JioHbl B C+-+11.
Ucnpasiena mpobieMa ¢ JBORHBIME TPEYTOJIbLHBIMU CKOOKAMU, OHU OOJIBIIE HE BOCIIPUHUMAIOTCS, KAK
ornepaTop.
[TostBHTach gymecHas BOSMOXKHOCTD JlesilaTh typedef iis mabI0HOB, HCHOJIB3Y4 using:

1 || template<typename T>

2 ||using 2dvector = std::vector<std::vector<T>>;
Tertepn O6s2Ke K CcyTH:

1|| template <typename T>

2||T sum(T n) {return n;}

3

4 || template<typename T, typename ...Args>

5||T sum(T n, Args... rest) {return n + sum(rest...);}

6| // smo pekypcus, KOmopas Pa36eHEMCS 8 MOMEHM KOMNUAAYUU

7

8 || double d = sum(3, (double)4.3, 5);

Komvmmunarop nauunnaer paborarb. # mepenaio uerwipe mapamerpa. OH reHepupyer Hy>KHYIO MHE
dyHKIHMIO, Tenepb eMy HyKHA (DYHKIHS OT TPEX IMapamMeTpoB, OH PeKypcuBHO reHepupyer u eé. Ho
JIJI PEKYPCHUU HyKHa 0a3a — (QYHKIUS C OJHUM WJIM HYJIEM apryMEHTOB.

>?,..”7 - OTIIMIBIBAET OJWH aPTYMEHT, 3aTeM TOT K€ Mab/J0H MPUMEHSETCsS eIIé pa3, MOoKa He
noiaém 1o 6a3er “Tadbiaonnoit pekypeuu” ¢ ogaum aprymenTom T sum(T n)
it 9TOTO TIpEMEpa KOMITUJISTODP CreHEHPUPYET TpH (DYHKITUN:

1| T sum(T, Args ...) { } //[with T = int; Adrgs = {double, int}]
2||T sum(T, Args ...) { } //[with T = double; Args = {int}]
3T sum(T) { } //[with T = int]

Kak crnenanb! printf, scanf B #3bike cu?
Korna Mpr dpuKCHpyeM 9mCIO U THAII apryMEHTOB, KOMIIMJIATOP caM I'eHEPUPYeT KO/I.
3/iech HaM IepealoT CTPOKY, & BCE OCTAJIBHOE IIPOCTO KJIQJIETCS HA CTEK, U Mbl CAMH B DaHTaiiMe
JIOJIZKHBI PACIIaPCUTh, CKOJIBKO U KAKUX TaM apryMeHTOB. CTeK He 3HAeT, CKOJIbKO Ha HEM IT€PEMEHHbBIX
U KaKMX OHU TUIIOB, 3TO JOJIXKHbI KOHTPOJIUPOBATDH MBI.
TpyaHOOOHOPYKHUMBIE — 3TO Te ONIMOKM, KOTOPble KOMIMJIATOD He HaiijeT. Hukakoii BO3MOXKHOCTH
IIPOBEPUTL apryMEHTBI HET.
PaccmoTrpum, Kak npumMepno peasm3oBana ¢yukims printf B s3bike Cu.
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1| // va_arg, va_list, wva_start - samo makpocs

2||void simple_printf (const char* fmt, ...) {

31||// Ok ne 6ydem 6o epems KOMRUALYUU NOHUMAMb, KAKOE MAM KOA-80 NAPAMEMPOE,
4 || // oH npocmo sacyHem Ka cmek 8cCé€, umo 660 nepedaro

5 va_list args;

6 va_start (args, fmt);

7 while (*fmt != ’\0’) {

8 if (xfmt == ’d’) {

9 int i = va_arg(args, int) // Ecau ’d’ - Havwuxas ¢ smozo adpeca KORUPYU nepemerryio
10 // pasmepa unm no 6balmam, a nomom cdeukb aTgs Ha makoe ke Koauwecmso balmoe.
11
12 // danee pasbop kyuu cayuaes
13 }

14 fmt++;

15 by

16 va_end (args) ;

17 ||}

18

19 || //owubku e 6ydym samevwerbl KOMRUAAMODOM:
20 || printf (’%s’’, 5);

21 || printf (’%d %4, 4);

22 || printf (*’%d’, 5, 4);

Cnenaem TO Ke caMoe, HO ¢ KOHTPOJIEM THUIIOB WJIM XOTs ObI IIPOBEPKOIl B paHTaiiMe.
Hawm momoxker ToBapury C++:

1|/ void printf (const char x*s) {

2 while (*s) {

3 if (*s == 7%’ && *(++s) 1= 777)

4 throw std::runtime_error (“’invalid format’);

5 std::cout << *xg++;

6 }

713

8

9 || template<typename T, typename ...Args> // makol cuxmakcuc

10 || void printf (const char *s, T value, Args... rest) { // makol cuwmarcuc
11 while (*s) {

12 if (xs == 777 && *(++s) = "7’) {

13 std::cout << value;

14 printf (++s, rest...); // makol cuwmakcuc

15 return;

16 }

17 std::cout << *s++;

18 }

19 throw std::logic_error (extra arguments provided to printf”’);
20 || }

Bompoc k sk3ameny. Kakue ommbku sTa Bepcusi JIEIUT, & Kakue HeT? (ec/iu 3/1eCh BCE HAIMCAHO
IPABUJILHO, JOJIKHBI BLLICUUThLCA OECKOHEIHBIE XOXKICHUS 110 IAMATH U BBIXOJ, 32 TPAHUIILI BbIJIC/ICH-
HOI mamsTH).

BasKHO MOMHUTH, YTO KOMIUJISITOD CreHepupyer Kydy (DyHKIM (/1JIs BCeX MPOMeKYTOUHBIX COCTOSI-
HUIi PeKypcun).
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4.12. hash

© 00 NO O WN -

T e S e S Y
©O© 00 ~NO O WN - O

st unordered_map m unordered_set Hy:KeH X3III, JIaBaliTe €ro CJIEJIaeM:

class Point {

private:
int x, y;
public:
bool operator ==(const Point& rhs) const {
return x == rhs.x && y == rhs.y;
X

}
namespace std {
template<>
struct hash<Point> {
size_t operator () (Point const & p) const {
return (std::hash<int>() (p.getX()) * 51 + std::hash<int>() (p.getY()));
¥
s
}

std::unordered_set<Point> // moxHo 6bino omedesvro cdenamv C80U THW U KoMmnapamop
std::unordered_set<Point, Point_comparator, Point_hasher>

4.13. unique_ptr, array, tuple, regex

unique_ptr — 3TO TO 2Ke camoe, 4YTO U auto_ptr, B HEro TOXKe MOXKHO KOIIMPOBATH TOJIBKO OIUH

pa3, HO B OTJIMYHE OT CBOErO IPEJIIECTBEHHUKA, Y HErO0 He pPeajn30BaH ONepaTOp KOIMUPOBAHUS U
npucBamBaHus Jjisi lvalue, IO9TOMY €ro MOXKHO I€pPe/IaTh TOJBKO C MOMOIIbIO std: :move, 4TO 00s-
3bIBAET MPOrPAMMUCTA MOAyMaTh, MPEXkKJIe YeM CKONMPOBATH KY/Ia-TO YHUKAJbHBIA yKa3aTe/b. dyTh
oJIpobHee eCTh Ha I'MCTE C TMTPAKTUKU.

1. TlosgBusics 11abJIOHHBI MAaCCUB C UT€pATOPaAMU U TApoil yaIo0HBIX (utiek. Mbl peaim30BbIBAII
9TO-TO MOJI00HOE Ha IPAKTHUKE:

1“std::array<int, 3> arr = {1, 2, 3};

2. TakxKe Temepb ecTh tuple - 3T0 060OIIACHME pair Ha HECKOJBKO mouieii(caenan na variadic
templates).

1|auto t = std::make_tuple( , 5.2, 1);
2 || std::cout << std::get<0>(t) <<

3 << std::get<i>(t) <<

4 << std::get<2>(t) << ;

3. regex, regex_search u regex_match Toxe nossuiauch B C++11, myTh OHM U HTOMEJJICHHEE,
YeM CBOIl mapcep, 3aTo yJI00Hee.

1| regex reg( )
2 || //30ecv dea caswa, 0dun wmobbl sKparHuposams mMouKYy, O0pyzol, wmobbl 3KPAKUPOBAMbL CASW
3 || regex_search( , reg);
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4.14. std: :function u std::bind

Ham npuromurcst XpanuTh rj1e-T0 (DYyHKIUY I TIOTOKOB
Ha C++ mousitue "10 9T0 MOXKEM 3aIyCTUTh PACHIUPUIOCH, Y HAC €CTh KAK MUHUMYM TPU CYITHOCTH:

1. ykazaresb Ha PyHKIIAIO

2. dyaKTOP

3. JIaMO/Ia BhIpaYKEHUd

He xouercs nucarh Tpu BapuanTa Koja (115 Becex BapuanTos ¢yukimii). B STL ectb std: : function,
KOTOpas yIKe IeperpyzKeHa Jijis BCeX TPEX BapUAHTOB.

Bor y mens ects dyuKIns execute (), oHa moydaeT BEKTOP TAKUX CYIIHOCTeH. MOXKHO MPOWTH 110
BEKTODPY U BCE BBI3BATH.

1||void execute(const vector<function<void ()>> &fs) {
2 for (auto &f : fs)

3 £0;

4}

5

6 || void plain_old_func() {

7 cout << << endl;
81}

9

10 || struct functor {

11 void operator () () comnst {

12 cout << << endl;

13 }

14 (| };

15

16 || int main () {

17 vector <function<void ()>> x;

18 x.push_back(plain_old_func);

19

20 functor functor_instance;

21 x.push_back(functor_instance) ;

22

23 x.push_back ([J () {cout << << endl; 1});
24 execute (x);

25|}

Tak:xe nosiBuics std: :bind, KOTOPBIH TO3BOJIAET CO3AaTh OOEPTKY HaI (DYHKITUEH U T€M CaMbIM
YMEHBIATH KOJI-BO €€ ITapaMeTPOB, & BCEM HEUCIIOJIb3yeEMbIM ITPUCBOUTH KOHCTAHTHBIE 3HAYEHUS.

1||void show_text(const string &t) {

2 cout << << t << endl;

3|

4

5|lint main() {

6 std::vector<function<void ()>> x;

7 function<void ()> f = bind(show_text, )
8 || //Xowy pynkyuw uwmobsl y Heé kak 6Obl O6blLO0 HOAL NAPAMEMPOE U f MO2 NOAOKUML SMO EHYMPb
9

10 x.push_back(f);

11 execute (x);

12| }

Tertepn 3axorenun cjenaThb PYyHKIUIO, KOTOpas Oy/JAeT OJWH HapaMeTp JepKaTb KOHCTAHTHBIM, a
JpYTOll IEpeMEHHBIM.
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1 ||using namespace std::placeholders;

2|/ int multiply(int a, int b) {

3 return a * b;

4}

5

6|l int main() {

7 auto f = bind(multiply, 5, _1); //_1 - placeholder
8 //nepesili napamemp Pyrkyuu f nodcmasumcs Ha emopoe mecmo Pyrkyuu multiply
9 // int f(int _1) return multiply(5, _1);

10 cout << out: 7 << f(6);

11|}

VY std::function dukcuposanubiii pazmep, GNU g+-+ rosoputr, uro sro 32 Gaiita. Borpocs! s
[IPOJIBUHY THIX (HAIUIIIATE B Oecery, ecu OTBeTUTE): UTO MPOU30#IET, eC/in TOJI0KUTH B HETO JISIMOLY,
B KOTOPO# 110 3HAYEHUIO 3aXBadeHa TOHHA MEPEMEHHBIX, U KOTOpas cujibHO 6osibire std::function?
KakoBsl mocsieicTBusI Tpon3BoInTe IbHOCTH OT ipuMeHeHus std::function?

4.15. std: :thread

1||void f1(int n) {

2 std::cout << 7"fl: 77 << n << std::endl;

3|

4

5|lvoid f2(int &n) {

6 n++;

7

8

9 ||int main() { // mpu nomoka - oduw MouHK, nomom eyé dea.
10 int m = 45;

11 std::thread t1(f1, m); // e nepeom nomoke esizosemcs f1 u 6ydem nepedarHo m NO 3HAYEHUNW

12 std::thread t2(f2, std::ref(m));

13 // mym 6ydem evizearo no ccerke f2;

14 // 3sauwem ref? umobel std::function NOHAA, HMO HKYKKO CZEHUPUPOBAMb GYHKYUIN.
15 // Brympu smozo mpeda kak 6bl evizeaemcas std::function.

16 // Hyxno A6HO yKasamb, 4mo 3mo cculaka, ubo 3mo 6cé wabaoHsl,

17 // U KoMnuasmop QoaKeH NOHAMb, KAKYWL PYHKYUIW 2eHepuposams

18 tl.join();

19 t2.join(); // domdamecsa nepeozo u emopozo NROMOKG

20 cout << m;

21}

1||std::vector<std::thread> threads;

2

3|[for(int i = 0; i < 5; i++) {

4 threads.push_back(std::thread(

5 [0 { std::cout << std::this_thread::get_id() << std::endl; }
6 ));

712

8

9 ||for (auto &thread : threads) {

10 thread. join();

112
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4.16. IlogpobHee Npo MHOTOIIOTOYHOCTh

4.16.1. KpaTkoe HanloMUHaHUE

,ZLH?I Ha4daJla BCIIOMHUM, 9€M OTJIMIaIOTCAd IIPOIECChI U IIOTOKH.

e ITporecchr (mporpaMme):

- Heckosbko mporpaMm 3aImyIieHo OJIHOBPEMEHHO
- OHU UMET HE3aBUCUMbIE A IPECHBIE ITPOCTPAHCTBA
- Kaxkmag nmporpaMmma gyMaeT, TO OHa YKUBET B CUCTEME OJTHA

- OneparmoHHbie CUCTEMbI TIO/[JIEPXKUBAIOT JTUHAMUIECKYIO aJ[PECCAIUIO, TO €CTh eCJiu 00e
IIPOTPaMMBbI XOTAT OOPATUTHCS K IMaMsTU 1O aJjipecy 42, Ha caMOM Jiejie OHU OOpaIlatoTCs
K PAa3HOU MaMATH.

e [loroku (dpyHKIMU B Iporpamme):

- B oxnoit mporpaMme MOKHO HECKOJIHKO (DYHKITUI 3aIlyCTUTDh B IMapPaJIEIbHBIX TOTOKAX
- YV mux Gyger ogHa 06JacTh HaMsTH (aIpecHoe IIPOCTPAHCTBO)

- Obmenre MeXK Iy MOTOKAMHU IPOUCXOIAT OBICTPO

Tenepb paccMoTpuM puMmep. Y HAC €CThb BEKTOpP. XOTHM IIPOCYMMHUPOBATH €ro 3jeMeHTbl. Moxkem
9TO CeJIaTh JIJIS JABYX MOJMBUHOK HE3aBUCHUMO — B Pa3HbBIX MMOTOKAX:

1 || typedef vector<int> ivec;

21| // dynkyus, esinoanawyas pabomy:

3||void sum_vec(const ivec& vl, size_t start, size_t end, const ivec& v2, ivec& res) {
4 for (int i = start; i < end; i++) {

5 res[i] = v1[i] + v2[i]l;

6 }

713

8 || void parallel_sum_vec(const ivec& vl, const ivec& v2, ivec& res) {

9 // nomok das nepeol NOAOBUHbL:

10 std::thread ti1(sum_vec, (size_t)0, vi.size() / 2, cref(vl), cref(v2), ref(res));
11 // nomok Oas 6mopol NOAOBUHbL:

12 std::thread t2(sum_vec, vl.size() / 2, vl.size(), cref(vl), cref(v2), ref(res));
13 // std::cref() denaem KoOHCmMAKMHYW CCHAKY

14 tl.join(); // O6ssamesvbno Hado domxdambcs 3a8epwenus pPabomsl NOMOKA

15 t2.join(); // do mozo, kak nepemennas thread ympem.

16|}

17 || parallel _sum_vec(vl, v2, res);

Kommmupyem 310 cuactbe ¢ KiodoMm -pthread (#0 3o Topko B GCC. B npyrux kommumiastopax
HAJI0 CMOTPETh Ha UX TPEOOBAHWS).

BaxkHo MoMHUTD, 9TO He BCe aJITOPUTMbI MOXKHO pacnapaJjuie/mTh. Hanpumep B aaropurme EBkimmaa

KaxKJiasi CJIEIYIOIIas Olepaliys J0/2KHa ObITh BBITIOJIHEHA TTOCJIE ITPEIbIIYIIe.

4.16.2. IloToKu Ha OJHOIPOIIECCOPHOM KOMITIOTEPE

Tertepn 1IpeaIoNIOKuUM, 4TO y HAC OTHOIIPOIECCOPHBIN KoMIToTep. Kak HU cTpaHHO, HA HEM TOXKe

MOXKHO BBITIOJIHATH MHOTOIIOTOYHBIE TporpaMMbl. Kak 3To paboraer?
B OC ecrp mranuposmuk. Ha marepunckoii mirare kommna ectb Taiimep. Kaxkmomy moToky rianu-
POBIIUK JIAET MMOTOKY HA BBIMOJIHEHUE OIpe/ie/IeHHOe (PUKCUPOBAHHOE KOJNYIeCTBO MuLincekyH . [lo
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IPOIIECTBUN OTBEAEHHOI'O BPEMEHU OH IIEPEHOCHUT BCE PErUCTPHBI 3TOrO IIOTOKA B IIAMATH, HEPEXOIUT
K HOBOMY IIOTOKY, 3aIPy?KaeT €ro NaMsaTh B PErUCTPBI U BO30OHOBJISIET €r0. JTO HA3BIBAETCH Iepe-
KJIIOYEHUE KOHTEKCTA.

[Tepekirrouenne KOHTEKCTa padOTAeT HE MIHOBEHHO, TO €CTh CBA3aHO C HAKJAJIHBIMU pacxogamu. B
CJIEJICTBE STOIO MHOT'OTIOTOYHBIE TTPOTPAMMBI HA OJIHOIIPOIIECCOPHBIX MaIllMHAX PaDOTAIOT eIlé MeJJIeH-
Hee, YeM UX OJHOIOTOYHBIE TOBAPUIIIH.

Tem HE MeHee MHOIOIOTOYHBIE TMTPOrPAMMBI MHIIYT U JJIsI OJHOIPOIECCOPHBIX KOMMOB. Hampuwmep,
€CThb IIOTOK, KOTOPKIil paboTaeT ¢ mepedepuitibiM yerpoiictBoM. OH >KIET CUTHAJIA OT CETEBO KapThl
(nmm BBOJIA ¢ KJIaBUATYPHI). B TakoM ciiydae pacrnapaJsiienBaHie MOXKeT ObITb 3 MEKTHBHO, Beb B
TO BpeMsI, KOIJIa OJIUH IMOTOK KJIET, OCTAJIbHBIEC PabOTAIOT.

4.16.3. CocTogHue roHKn

Camoe ryiaBHOE, YTO HAJ0 3HATH O MHOTOIIOTOYHOCTH, M C Y€M BCEI/Ia BO3HUKAET OOJIbIIE BCETO
upobsiem — 910 "Cocrostnne roukn” (Race condition).
Jeso B TOM, 9TO IEpeKJIIOYEHnEe MOXKET IIPOU30HTH abCOJIIOTHO B JIIO0OH MOMEHT, JaKe BO BpeMsI
BbBITIOJIHEHUA OIlepalunl X += 5 (KaK MbI IIOMHUM, O,Z[HOﬁ TaKOMI olrepanu COOTBETCTBYET [AJIMHHAaA
HOCJIEI0BATEIBHOCTD TIPOIECCOPHBIX MHCTPYKIWIA). V1 mporpaMmucT He 3HAET, KOT/[a MPOU30MIET me-
peKJIovYeHre. A KOrja MpoIeccopoB (MM siiep) HECKOJIBKO, TO BOOOIIE HEBO3MOXKHO ONPE/IC/IUTH, B
KaKOM IIOP$IJIKe HECKOJIBKO IIPOIECCOB Oy/IyT BBIIOIHATH CBOM KOMAH/IBL.
Paccmorpum npumep:

1| void hello () {

2 std::cout << << std::this_thread::get_id() << std::endl;
3%

4

5|int main() {

6 std::vector<std::thread> threads;

7 for (int i = 0; i < 5; ++i) {

8 threads.push_back(std::thread(hello));
9 }

10 for (auto& thread : threads) {

11 thread. join();

12 }

13 return O;

14 || }

Cozmaresib 9TOI TPOrPaMMBbI PACCIUTBIBAJ, UTO CO3/A/LYyTCS MATh TTOTOKOB, KAaK/Iblil U3 HUX BBIBEET
CTPOYKY CO CBOMM id, ¥ 9TU CTPOYKU B KAKOM-TO TOPSJIKE TMOABATCA Ha dKpaHe. 10 ecTh BOT Tak:

Hello from thread 140276650997504
Hello from thread 140276667782912
Hello from thread 140276659390208
Hello from thread 140276642604800
Hello from thread 140276676175616

O 1HakKo U3-3a MEepeKJIIoYeHnsT KOHTEKCTA U OJTHOBPEMEHHO pabOThl HECKOJBKIUX ITPOIECCOPOB CTPOUKH
MOIJIM BKJIMHUTLCS JIPYT B JIPYyTa U IPEBPATUTHCS B OECCMBIC/IEHHDBI HAOOD CJIOB:

Hello from thread Hello from thread Hello from
thread 139810974787328Hello

from thread 139810983180032Hello from thread
139810966394624

139810991572736

139810958001920

o Ol WN -

Korma Mbr 3ammyckaeM mporpamMmy B OTJIQIYUKE, CKOPOCTb BBITIOJTHEHUSA OyIeT HU3KOM, ITO9TOMY OIle-
parnmu OyayT yCIeBaTh BBITOJHATHCS MOJHOCTBIO, U TAKUX IIPOOJIEM MbI ITOUTH He yBUAUM. IloaTomy
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OTJIa’KMBATh MHOTOIOTOYHBbIE NPUJIOXKeHUs Jydine printf-amm. Opnako printf-sr Toxke 3amesis-
10T paboTy HPOrpaMMbl, IOITOMY IIPH UX HMCIIOJIb30BAHUM ONIIMOKM OYIYT TOXKE IPOABIIATHCI PEKe.
Orcrozia BBIBOJI — MHOTOIIOTOYHBIN KOJI HAJO HCATh CPpa3y MPABUIBHO!

4.16.4. ATomapHbIe TUIIbI U OIIepPaIU

ATromapHble onepanyu — 9T0 T€, KOTOPble He MOT'YT OBbITh ITPEPBAHBI MEPEKJIIOUEHNEM KOHTEKCTA.
ATomapHbIe THITBI — 9TO Te, BCE OlEepAIi ¢ KOTOPbIMU aToMapHbie. B s3bike C+-+ BCe IPUMUTHBHBIE
TUIIBI HE {ABJIAIOTCHA aTOMapHBbIMH. EC/iM mepeMeHHas BJIe3aeT B PETHCTP IPOIECCOPa, TO ONEpPaIlis
YTEeHUs /3a1UCh, CKOpee Bcero, He npepsercs. [lepemenHast Tura int yKJIaJIpIBaeTCsl B OJUH PETHUCTD,
[I0O3TOMY 3allUCh OyJ/IeT aATOMAPHOM, & €CJIU THUII IT0DOJIbIIIEe, TO OIEePAIsS MOYXKET U IPEPBATHCS.

Paccmorpum nmpumep co ¢Bg3HbIM ciuckoM. [IepBbIit TOTOK BCTABJIAET JIEMEHTHI B CEPEJIMHY CITUCKA
U TePEeNpUCBauBaeT yKas3aTeau. B 3TO BpeMs BTOPOW MOTOK BBIBOJAUT IJEMEHTHI CIUCKA HA dKPaH.
Ecnun nepex/miouenue mpou3oiiier B TO BpeMs, KOrJIa IIEePBbIbIil IOTOK €I¢ He 3aKOHYHUJI TPUCBANBATD
yKa3aTesJad, BTOPOil MMOTOK IOJIYYUT CIUCOK B HEKOPPEKTHOM COCTOSHUU.

Emé onuna knaccuaecknit npumep. OuH TOTOK MMOCTOSHHO yBEJIMYNUBAET 3HAYEHUE TEPEMEHHON Ha
1, a apyroit MOTOK mpoBepsieT €€ Ha YeTHOCTh, W €CJIU OHA YEeTHAs, BBIBOJIUT €€ Ha SKpaH. Tem mHe
MeHee, Ha 9KpaHe MOT'YT HOsIBUThCd HeYEeTHbIE YUCJIa, IIOTOMY YTO MEXKJy IIPOBEPKOIl M BBIBOJIOM Ha
S9KPaH IePBbBIil TOTOK MOT U3MEHUTH 3HaYEHUe IepeMeHHol Ha 1.

N nocneauuit npumep. Co3maeM msiTh TOTOKOB, KAXKIBIN U3 KOTOPBIX 3aXBATHIBACT CUCTUUK 110 CCHLIKE
¥ CTO Pa3 yBEJUYUBAECT €ro 3HAYCHUEC.

1| struct Counter {

2 int value;

3 Counter () : value(0) { }

4 void increment () {

5 ++value;

6 }

713}

8

9 int main() {

10 Counter counter;

11 vector<thread> threads;

12 for(int i = 0; i < 5; ++i) A{
13 threads.push_back(thread(

14 [&counter] () {

15 for(int i = 0; 1 < 100; ++1i)
16 counter.increment () ;
17 }

18 1)

19 }

20 for (auto& thread : threads) { thread.join(); 1}
21 cout << counter.value << endl;
22 (|}

Mpbr oxkupaem, uto BbiBeZeTca 500, OgHAKO, 3aIlyCTUB 3TO MHOI'O pPa3, Mbl BUJIUM, YTO PE3YJIbLTAT
MeHsieTcs (IIpUYeM KapIuHAJIBHO) OT 3allyCKa K 3amycKy. [logemy Tak mpoucxoaur?

JomycTrM TIepBbIiA MOTOK MPOYUTAJI 3HAYEHNE CUETUYNKa, OHO paBHO ().

Cpasy mocJie 5Toro BTOpO#i MOTOK TOXKE MPOYUTAT U TOXKe oIy dIu 0.

3areM mepBbBIN OTOK YBEJIUYUJI 3HAYCHNE U 3aIUCAJ Tyaa 1.

Bropoit moTok cesrar To Ke caMoe M TOXKe 3amnucatt Tyja 1.

B pesysbraTe cueTumK yBeJMYNCIJICA HE HA 2, KaK OXKHUJIAJIOCh, a TOJBKO Ha 1.
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4.16.5. std: :mutex

Mpbroreke (mmm MyTreke, Kak Osuzke BaieMmy cepiy) — adri. mutual exclusion — ”"B3aumuoe uc-
KJI04YeHne” — 00bEeKT, MO3BOJIAIONINI OJITHOMY IOTOKY 3aKPBITh JOCTYI K KAKOMY-TO yYacCTKYy KOJIa
JIJIS IPYTUX TIOTOKOB. DTO MOYKHO IIPEJ/ICABUTH, KAK KOMHATY, Yy KOTODPOIl JIBEPb 3aKPBIBAETCS W OT-
KPbIBaeTCA TOJIBKO U3HYTpHU. [[0TOK 3aX0UT B 3Ty KOMHATY, 3aKPbIBAECT JIBEPh, U JPYyTUAe ITIOTOKU HE
MOI'yT BOUTH, IIOK& TOT HE OTKPOET U He BbIAJET.

N3menum kog, Kiaacca Counter, 9ToObI THKPEMEHT PabOTaJ aTOMAPHO:

struct Counter {

mutex mtx; // cosdaau obzekm ’Mbiomexc’

int value;

Counter () : value(0) { %}

void increment () {
mtx.lock(); // eowsau u 3akpsiau deeps
++value;
mtx.unlock () ; // omkpeu deepe u ebwau

© 00 NO O WN -

}
}s

—
o

Tenepb KOHKYPPEHTHOrO JOCTYIa K HAMATH ITPOUCXOJUTH He Oyrer, u value OyJeT KaxKJblil pas
YBEJIMYUBATHCA HA €IUHUILY.

4.16.6. std::lock_guard

lock_guard — 9TO OOBEKT-O00JIOYKA HAJ[ MBIOTEKCOM, KOTOPBI JE€PKUT MbIOTEKC 3aKPBIM, II0-
Ka cymiectByer. B komcrykTOope lock_guard Bbi3biBaeT mtx.lock(), a B JIECTPYKTOPE BbI3bIBAET
mtx.unlock(). Ilepenmmenm TOT Ke cyeT4HK ¢ momomipo lock_guard:

struct Counter {

mutex mtx; // cosdaau obsekm ’Mbomekc’

int value;

Counter () : value(0) { }

void increment () {
lock_guard<mutex> lg(mtx); // cosdasu zapd, ox 3a6A0KUPOEAA MblOMEKC
++value;

} // evizeanca decmpykmop 2apda u 0ce0600us MbomeEKC

};

© 00 ~NO O WN -

MozkHO 3amMeTuTh, 9T0 std: : lock_guard ucnosbdyer uauomy RAII (Resource Acquisition Is Initialization).
DTa mamoMa XOpOoIlla B TOM YHCJIE U TeM, 9TO 0DecrmednBaeT 0e30IaCHOCTh OTHOCHUTAJIBHO MCKJIIOUe-
HUIA.

4.17. MHO>XecTBeHHOe HacJIeJOBaHUe

MmuozkectBenHoe HaciemoBanue (multiple inheritance) — BO3MOXKHOCTB HACJIEOBATHCST CPA3y OT
HECKOJIbKUX KJIACCOB.

struct Student {

string name() const { return name_; 1}

string university() comnst { return university_; 1}
private:

string name_, university_;

}s

© 00 NO O WN =
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10
11
12
13
14
15
16
17
18
19

struct FullTimeEmployee {

string name() const { return name_; }

string company() const { return company_; }
private:

string name_, company_;

}s

struct RichStudent : Student, FullTimeEmployee {
string name() const { return Student::name(); }

};

B npumepe Bbiire kiracc '00raThlit CTYIEHT HACIEIyeTCs OT KJIaccoB 'cTyaeHT u 'pabornuk’. 1lpm

9TOM BO3HHUKAET IpodsieMa. Y 60raToro cTy/ieHTa 1Ba MeHHN — Student : :name_ u FullTimeEmployee: :name_
[Touemy Tak mpoucxoaut? PaccMoTpum, KaK MOTYT OBITh PaCIOJIOXKEHBI 00BEKThI 0A30BBIX KJIACCOB

[IpY MHOYKECTBEHHOM HACJIE/IOBAHUN:

Student

FullTimeEmployee

roJiga RichStudent

910 BejieT 3a coboit psaa apyrux marepecHocteit. Hampumep B ciemytomem koje st_p u re_p Oy-
AyT yKa3blBaThb HA pasHble aJpeca B IaMATU, IIOTOMY 4TO reinterpret_cast Tymo momender TUIl, a
static_cast moiimer, YTO HAJI0 CABUHYTHCS HA3a/, ITOOBI ITOMecTu/icsd Student.

1

FullTimeEmployee e;

2 [|RichStudent *st_p = static_cast<RichStudent *>(&e);
3||RichStudent *re_p = reinterpret_cast<RichStudent *>(&e);

[Ipobisiemy c jryOsmpoBaHueM TMOJieil MOXKHO PEIUTh, 3aBeid emé boJiee obIuiit 6a30BbIi KJIaCC U Cle-
JIaB CTyJ/IeHTa W pabOTHUKa MHTepdeiicaMu — KJIacCaM#, ¥ KOTOPBIX BCE METOJIbl YUCTO BUPTYAJIbHBIE
U HET LOoJIeil:

© 00 ~NO O WN -
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struct Person {
string name() const { return name_; }
string name_;

}s

struct IStudent {
virtual string name() const = 0;
virtual string university() const = 0;

virtual ~“IStudent(){ }
};

struct IFullTimeEmployee {
virtual string name() const = 0
virtual string company() const
virtual “IFullTimeEmployee(){ }
s

0;

struct RichStudent : Person, IStudent, IFullTimeEmployee {
string name() const override { return Person::name(); }

string university() const override { return university_; }
string company() const { return company_; }
string university_, company_;

}s

[Tapy cmoB 0 TOM, 94TO Takoe mHTEPQEiic. DTO XKe He IMPOCTO KJIACC, y HEro HEMHOIo apyrue eau. Ha-
[IpUMep, paHbIlle y HAC MOXKHO OBLIO CO37aBaTh OT/eJbHO Student, oTnenbHO FullTimeEmployee n
Kakue-To (PYyHKIINYA TPUHUMAJIN STH ITePEMEHHBIE TI0 3HAYEHUI0. dTO N3MEHUIIOCh, €CJIU MbI TIEPEXOIUM
Kk uarepdeiicam? Hy, 10BOJILHO MHOTO Yero — Temnepb 10 3HAYEHUIO HEJIb3s, HAJI0 CO3/IaBATh OT/IEJIHLHO
kjacc Student (peanusarusi uarepdeiica IStudent) u FullTimeEmployee, UTOrO MOJIy4YaeTCs JBA
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unTepdeiica, oauH 6a30BbIi Ki1ace (/U1 BCex JIIOeil) 1 Tpu peasm3aiuu. 1Torja y Hac B HACJIEIOBAHUN
[IOJTy 9YaeTCsl BCEria He 0oJiee OTHOTO "OOBIYHOTO KJiacca ¢ JaHHbiMU u >= ( mHTEepdEiicoB — MPSIMO
Kak B Java (ecsm KTO-TO €€ 3Haer).

Ecnu maTEpdeEiich cienarh He MOTyYaeTcs, MOXKHO clesarTh, 4To0bl Student u FullTimeEmployee
HaCJIeI0BaIuCh OT Person BupTrya/bHO. Torga B mX OOIIMX HAC/IEIHUKAX Bce 10Jisi Person OyayT
BCTpPeEYaThCd 110 OJHOMY Pa3y:

struct Person { };

struct Student : virtual Person { };

1

2

3| struct Employee : virtual Person { };

4 || struct RichStudent : Student, Employee { };

SameTuM, uTO virtual HaJI0 MKUCATH UMEHHO MPU HACIEIOBAHUU KOTI'O YIOIHO OT KJiacca Person, a
He HIKe 10 MePpApXUU KakK pa3 Jijig TOTO 4TOObI Person He CKJIAJIBIBAJICA B TAMATDH JIBaK/Ibl. lenepb
jomyctuM, 94To 1 Student, n Employee BBI3BIBAIOT KOHCTPYKTOP Person:

1|/ struct Person {

2 explicit Person(string const& name): name_(name) { }

3 string name_;

4|1}

5| struct Student : virtual Person {

6 explicit Student(string const& name): Person(name) { }
71}

8 || struct Employee : virtual Person {

9 explicit Employee(string const& name): Person(name) { }
10 || };

Ho npu koncrpympoBannu RichStudent Mbl XOTUM BBI3BATH €r0 TOJBKO OJWH pa3. g aToro Hamso
€r'0 4BHO BbI3BATb:

struct RichStudent : Student, Employee {

explicit RichStudent(string const& name): Person(name), Student(name),
Employee (name) { 2

s

S wWw N -

Ternrepy KOHCTPYKTOP Person BBI3OBETCS TOJIBKO OJUH pa3.

4.18. MeTanporpaMmmMupoBaHue

MeranporpaMmMupoBaHue — 3T0 KOTJia MPOrpaMMa reHepupyeT/MoauduIiupyer JApyryio Wid cama
ceOsl.
MeranporpammuposBatue B C++ — 970 KOrjja KakKue-To onepanuu (BbIYUCIEHNS) TIPOU3BOJISITCS BO
BpeMs KOMITUJIATINN.
MetadyHKIus BO BpeMs KOMITUJIATIIN:

- BBIYUCJIIET 3HaYeHne,/KOHCTAHTy (constexpr) miu THUI
- BBIOMpAET TOT WJIM MHOW BapuaHT ajropurma (#ifdef)

- TeHepupyer ajroputM (variadic templates)
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Paccmorpum citepyromuii Kot:

template <int N>
struct Factorial {
static int value = N *x Factorial<N—1>::value;

}s

template <>
struct Factorial<0> {
static int value = 1;

};

© 00 N O WN -
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11 || std::cout << Factorial<10>::value << std::endl;

[Ipr KoMmmJIAIIMM IIOCJIeIHEel CTPOUKM CO3HAacTCcdA KJiace Factorial<10>, [jid KOTOPOI'O CO3IACTCsI
KJjacc Factorial<9>, u.T.1.

To ectb KOMIMIIATOP OYIET PEKYPCUBHO T'€HEPUPOBATHL KJIACCHI, ITOKa He Jioier /10 Factorial<0>,
KOTOPBII ABJIgeTCS 6a30i PEKYPCUMN.

[Tocste aToro B runtime daxkropuasst ances ot 0 10 10 6ymxyT Berauciaarbes 3a O(1) 6e3 npeanoacaeral

Paccmorpum spyroit ipumep. OyHKIMSA, BBIYACIAIONIAA, €BKJIMIOBO PACCTOSAHAE MEXKLy JIBYMs TOY-
KaMu "BTYIIYIO:

float euclidean_baseline(int n, float* x, float* y) {
for (int i = 0; i < n; ++i) {
float num = x[i] — y[il;
result += num * num;

}

~N O O WN =

}

KoMmmuigropbl uMeroT pa3Hble pacIInpPeHusi, IIO3BOJIAIONINE 3aCTABUTD ITPOIECCOP UTO-TO JIeIaTh dP-
dexkTuBHee. Hanmpumep, ciieyromnuii Ko/ peraer Ty 2Ke 3aJa9y, HO C IIOMOIIbIO CyIep-KPYThIX -
(beKTUBHBIX KOMaHJI, BCTPOEHHBIX B Iporieccop (intrinsic functions):

1|/ float euclidean_intrinsic(int n, float* x, float* y) {
2 __m128 euclidean = _mm_setzero_ps();

3 for(; n > 3; n —= 4) {

4 __m128 a = _mm_loadu_ps(x);

5 __m128 b = _mm_loadu_ps(y);

6 __m128 a_minus_b = _mm_sub_ps(a, b);

7 __m128 a_minus_b_sq = _mm_mul_ps(a_minus_b, a_minus_b);
8 euclidean = _mm_add_ps(euclidean, a_minus_b_sq);

9 X += 4;

10 y += 4;

11 }

12

13|}

He Oynem pazbuparbces, Kak 9T0 paboTaeT, TyIaBHOE YTO 9TO paboTaeT ObICTPO, HO HE Ha BCEX IPO-
neccopax. Ilosromy mHOrIA TPU KOMIUJISIIIAYA HYKHO BBIOMPATH "TYIyI0~ peaju3aruio. 3/1ech HaM Ha
ITOMOIITh CHOBA MPUIET METAIPOrPAMMUPOBAHUE:

1| float euclidean(int dim, float* x ,float* y) {

2 float (*xeuclidean) (int, float*, float*) = euclidean_baseline;
3 || #ifdef __SSE__

4 euclidean = euclidean_intrinsic;

5| #endaf

6 return euclidean(dim, x, y);

71}
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Oyukius euclidean 1o-yMOJTYaHUIO UMeeT BHYTPH cedsl yKa3aTesb Ha OOBITHYIO Peain3aIluio, OJI-
HAKO, €CJIM IIPOIECCOp TOJIep:KuBaeT paciupenue koMan SSE (B TakoM ciiyyae B CTaHIAPTHBIX
3aroJioBKax ecthb jedaitn __SSE__), TO yKa3aTe/lb CTAHOBUTCS Ha MPOJABUHYTYIO PEATH3AIIUIO.

4.18.1. SFINAE

SFINAE pacmudposbsiBaercs "Substitution Failure Is Not An Error” — meymaunas mojcranoBka —
He OIUOKA.
Yo ke 3T0 03HAUAET?!
[Iycts ecTh m1absioHHAast DYHKINS, UMEIOIasl HECKOJILKO 1eperpy30k. Hekoropbie meperpy3ku BbI3bi-
BAIOT CUHTAKCUYECKYIO IIPU MOMBITKE TO/ICTABUTH Ty/la Hammu mabyioHHble napaMmerpbl. Ho mpu sTom
HE MTPOUCXO/IUT OIMIMOKA KOMITUJISIIIUN, & Meperpy3Ka MPOCTO UCKIIYAeTCs U3 CIUCKA KAHINIATOB, U
KOMITHJISITOP HUITET 00Jiee TOIXOIAIILYI0 BEPCHIO.
Paccmorpum npumep.

template <typename T>
void show (typename T::iterator x, typename T::iterator y) {
for(; x != y; ++x)
cout<< *xx << ;
cout << endl;

3
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show<int>(16, 18);

31ech OyaeT onmmbKa KOMITHJISINK, [IOTOMY 9TO BHYTpH int’a HeT Kjacca iterator.
KommnunsaTop ckaxker:

error: no matching function for call to ’show(int, int)?’
note: candidate is:
note: template void show(typename T::iterator, typename T::iterator)

A Tenephb m00aBUM €IE OJIHY PEATHIAINIO ITOM Ke (PYHKITUN

1|/ template <typename T>

2 ||void show (typename T::iterator x, typename T::iterator y) {
3 for(; x != y; ++x)

4 cout << *x << ;

5 cout << endl;

6|}

7

8 || template <typename T>

9||void show(T a, T b) {

10 cout << a <K< << b << endl;
11}

12

13 || show<int>(16, 18);

14 || vector<int> arr = {16, 17, 18};

15 || show<int>(arr.begin(), arr.end());

Temepb BCE yCHEITHO CKOMIMJIUPYETCs, IPUYEM IIPU TIEPBOM BbI30BE BBIBEIETCS
16; 18

a IIpu BTOPOM
16 17 18

To ectb eciim j1j11 KaKOM-TO MIaOJIOHHON TOICTAHOBKY TIOIXO/SIT HECKOJBbKO BapUAaHTOB, BHIOMPAETCS
THEePBbIIA.
Terreps XoTuUM HaIMCATh KJIACC, B KOTOPBIA MOXKHO MepeaTh KAKOH-TO THII U BO BPpEeMsi KOMITAJISIIAN
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MIOHSATh, €CTh Ji y Hero ureparop. [locsie yero na ocHoBaHMU TOM MIPOBEPKU MOYKHO OYIET BHIOMPATDH
TOT WJIM WHOW aJITOPUTM.

template <typename T>
struct has_iterator {
template <typename U>
static char test(typename U::iterator* x);
template <typename U>
static long test (Ux x);
static const bool value = sizeof (test<T>(nullptr)) == 1;

}s

© 00 NO O WN -
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bool first = has_iterator<int>::value;
11 || bool second = has_iterator<std::vector<int>>::value;

IITA 3xecy npoucxoaur? /lapaiire pazduparbes.

B kadecrBe mabJIOHHOrO mMapamMerpa B KJIACC TepeaeTcst Kakoii-To Tuil. B mepBom ciydae (cTpoka
10) s1o int.

Cpasy ke BBIYHCJISETCsT CTaTHYecKas lepeMeHHas has_iterator<T>::value. Ona paBHa true eciu
pa3Mep 3HadeHUs, BO3BpaIiaemMoro gpynkimeit has_iterator<T>::test<T> paBen 1 Oaiity u false
— uHadJe.

QOyukiusa has_iterator<T>::test<T> momy4aer ykasareiab Ha T. Mbl nmepeaeM B HEE HOJIb, KOTO-
DBIii HESIBHO TIPUBOJIUTCS K HYKHOMY THITYy (HYJIEBON yKa3aTejlb — TOXKe yKa3aTelb).

[Ipu mosicTanoBKe int* B MEPBYIO peaM3aIuio BO3HUKAET OIMNOKA, TaK KaK HeT ureparopa. [losromy
BBIOMpaeTcs BTopas. Tum eé Bo3BpamaeMoro 3uadenns ’long’ 3armMmaet 4 Oaiita. 4 !'= 1, mosromy
B value npucBaumBaeTcd false.

Ecim ke Mbl ntepemaauM Kjaccy Tul std: :vector<int>, y Hero Oyzer ureparop. SHAYUT JJIsd MO/~
CTAHOBKHM TOAXOAAT 00a BapuanTa (PyHKINKM test<T>, u3 Hux poibeperca nepsas. OHa BO3BpalleT
char, koTopsblit umeer pa3mep 1 Oaitr. value Oyzer paBHO true.

Takum obpasom B mepementoit first Gyzer false (meficTBuTesIbHO, int He WMeeT uTepaTopa), a B
nepemenHoit second Oyzer true. 1 Bcé aTo mocumTasoch B compile time.

4.18.2. Orcryniienue npo typename

B wmamrem koje ObL1a CTpPOYKa

Hstatic char test(typename U::iterator* x);

3aueM 371eChb KJIIOYEBOE CJIOBO typename?

Ecnu ero e Oymer, KOMIIUISTOP 3aIlyTAETCA U BBIJIACT OIMUOKY, IIOTOMY YUTO KOT/Ia OH BUJIUT BhIpazkKe-
nue U::iterator* x, OH He 3HAET, YTO MpeJcTaBjsieT u3 cedsa U: :iterator. DTo MOKeT OBITH THII,
TOT/Ia BbIpakKeHUe 33/1aeT yKa3aTeJab Ha 3TOT TUI. A MOXKeT ObITh CTATUYIECKON MepeMeHHOI, Toraa
’*? B 9TOM BBIPaKeHUU OYIET ONepaTopoM yMHOKeHHs. UToObI SBHO CKa3aTh KOMIUJIATOPY, YTO 3TO
THUII, HaJ0 HallucCaTh KJYEeBOE CJIOBO typename.

4.18.3. enable_if

enable_if — 310 Mertakiacc B STL, KOTOpBIil MO3BOJIsIET BKJIIOYATH B UCXOIHUK (PYHKITUIO TOJIBKO
€CJIX BBIIIOJIHEHO YCJIOBUE
Paccmorpum emé oany napy dyakIimii show.
template <typename T>

typename enable_if<!has_iterator<T>::value, void>::type show(const T& x) {
cout << x << endl ;

W N -
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template <typename T>
typename enable_if<has_iterator<T>::value, void>::type show(const T& x) {
for (auto& i : x)
cout << i << endl;

© 00 N o O,

3

Ota napa QyHKINUH OTJINYaeTCsd OT TPEIbIIYIEHl TeM, YTO Y HUX OJMHAKOBAsS CUTHATYPA, IOITOMY
KOMINJIATOD HE MOXKET IIOHATH, KAKyI0 pean3aluio HaJI0 BKJIIOYaTh. enable_if nesaer Tak, 41O
riepBast (QYHKINS KOMIIMJIUPYETCA TOJILKO JIJIs T€X THUIOB, Y KOTOPBIX HET UTEPATOPA (,[[JISI KOTOPBIX
has_iterator<T>::value == false), a BTOpasi TOJBKO JIsi TeX, y KOTOPBIX ecTh. [lasee B urpy
Berynaer SFINAE u BeiOupaer 1O 9T0 HYKHO.

VY enable_if ecrb JBa mabJOHHBIX HapamMerpa. [lepBbrit — 3TO ycaoBUe, TyJa MOYXKHO TepeIaBaTh
Jiioboe BbIpazkenwe Tumna bool. Bropoit mapamerp — 3TO THI, KOTOPBII IMOJACTABUTCSA BMECTO 3TOM
CTPAIIIHOMA CTPOYKU B CJIydae yclexa.

Kaxk peamm3oBan enable_if:

template <bool B, class T>
struct enable_if {};

template <class T>

struct enable_if<true, T> {
typedef T type;

3

~N O O WN -

Bcé ogenn mpocTo. YV 3TOrO0 Kjacca ecTb 00Ias pean3alius, y KOTOPOil HeT HUKAKOro enable_if: :type.
N ectb crermanu3zaiius enable_if<true, T> jid ciydasi, KOT/a YCJIOBHE UCTUHHO. Y 3TOH crierua-
JIN3aIiy BHYTPH €CTh Taiiraed, KOTOPHIil JenaeT enable_if: :type cuHOHNMOM T, TO €CTH TOTO THIIA,
KOTOPBIII MBI IIepeiajii BTOPbIM IapaMeTPOM.

Korna mbl B Koj1e tumiiem enable_if<EXPR, TYPE>: :type, To B ciydae Korjia EXPR == false, Huuero
HEe CKOMIIWJINpYyeTcd, a B caydae korjga EXPR == true, cCKOMIWIupyercd, 1 Ha 3TO MECTO IIOJICTaBUTCA
TYPE.

Emé npumepunk npumenenusi enable_if. Bce Mbl 3HAaeM, 9TO MPOIECCOPHI M CUCTEMbI MMEIOT Pa3-
Hble OuTHOCTH. B 3aBucHMOCTH OT 3TOro ObIBaeT 3(PPEKTUBHO JIeJaTh OIEPAIUU C T€M WJIM WHBIM
KOJIMYECTBOM OMTOB OJHOBPEMEHHO. B cietyiomeM npumepe B 3aBUCUMOCTHA OT OUTHOCTU CHCTEMBI
IIPOUCXO/IUT KOIMPOBaHMe ImaM«ATu 1o 32 uiau 64 oura:

1||struct is_64_bit {

2 static const bool value = sizeof (voidx) == 8; // true ecau ykasameasb 3anumaem 64 6Guma
313

4

5|/ template <typename T = void>

6 || typename enable_if<is_64_bit::value, T>::type

7 my_memcpy (void* target, const void* source, size_t n) {
8 cout << << endl;

9|l

10

11 || template <typename T = void>

12 || typename enable_if<!is_64_bit::value, T>::type

13 my_memcpy (void* target, const void* source, size_t n) {
14 cout << << endl;

15 ||}

Buumaresbublil 9uTATENb YIUBUTCH, 3a9€M MbI MCKYCCTBEHHO BBOAMM MIAOJIOHHBIN mapamerp T =
void, eciiu byHKIMS HUYEro BO3BpalnaTh He MoxkeT! Jleso B ToM, 4To enable_if paboraeT TOJIBKO
C Hla6JIOHHI)IMI/I (1)yHKI_LI/IEIMI/I7 IIO9TOMY IIPUXOJUTCA BCTaBJIATH KOCTBLJIb.

55 u3 56



C+-+ BTOpOIt cemecTp Cranmapr C+-+11

4.18.4. type_traits

B zarosioBounom daiise <type_traits> peaqn3oBaHO MHOXKECTBO KJIaCCOB B CTUJIe Halero has_iterator
Onu HazwpIBatoTCs TPEATHI (traits). VIx MoxKHO ncnonb3oBaTh B enable_if. Hanpuwmep sTo is_integral,
is_pointer, is_copy_assignable,

Be3 Hux mpunuiock Obl ucaTh peaau3anuio MYHKIUN [T KazKJI0r0 MPUMATUBHOIO THIIA WJIM OJIUH
o0t ciydail 1 HECKOJIBKO CIIEIUMAJIBHBIX Peasin3alius IPU MOMOIIH MabJIOHOB.

enable_if u type_traits MOXKHO CJI€JIaTh PEAJIUBAIAIO JIJId 11eJION MaYKU TUIOB, Y/I0BJIETBOPAIONINAX
OIIPEJIEJIEHHOMY YCJIOBHIO (HAIIPUMED OTJIEIBHO JIJIsl IEJIbIX THIIOB U OTIEJbHO JJIsi BEIECTBEHHBIX ).

HonosiauTebHY 10 TH(MOPMAIIUIO MOYKHO TTOCMOTPETH B
IpE3CHTAINAX C JICKIINA;
KocTunbix yepHoBukax;
Bacunbix uepHOBUKAX;
[IpakTuke npo rvalue, move, forward u unique ptr.
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