YKasaTenu 1 CCbINKu



Obwas naesi: KocBeHHoe obpatlleHue
int x = 0;
int* x_ptr = &x;

int& x_ref = x;

*X_ptr = 42;

std::cout << x << ‘\n’"; // x =2
x_ref = 314;
std::cout << x << '\n’"; // x =72



Obwas naesi: KocBeHHoe obpatlleHue
int x = 0;
int* x_ptr = &x;

int& x_ref = x;

*X_ptr = 42;

std::cout << x << ‘\n’"; // x = 42
x_ref = 314;
std::cout << x << ‘\n’"; // x = 314



HemHoro o6 onpeneneHnsix

Kakne ns atnx onpegeneHnn CKOMNUNMpyrTca?

int x1 = 1;

const int x2 = 2;
int const x3 = 3;
int x4 = x3;

const int x5;

extern const int x6;



HemHoro o6 onpeneneHnsix

Kakne ns atnx onpegeneHnn CKOMNUNMpyrTca?

int x1 = 1; // ok  Onpedenenue cogdaem cywrocme
const int x2 = 2, // Ok

int const x3 = 3; // Ok

int x4 = x3; // 0Ok

const int x5; // Error: uninitialized

extern const int x6; // Ok

™

Odesbrerue C8odum ums



HemHoro o6 onpeneneHnsix

int const x3 = 3;
int x4 = x3;

Junwvir chefo u cn,bafa oMAUYAOMCS



YTo 13 3TOro ckoMnunmMpyeTca?

unsigned int x1 = 1;

int unsigned x2 = 2;

const unsigned int x3 =
unsigned const int x4 =
int const unsigned x5 =
unsigned int const x6 =
const int const x7 = 7;
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YTO 13 3TOrO0 CKOMNUNNPYyeTca?

unsigned int x1 = 1; // 0k
int unsigned x2 = 2; // 0Ok
const unsigned int x3 = 3; // Ok
unsigned const int x4 = 4; // Ok, HO He nNuuuUTe Tak
int const unsigned x5 = 5; // 0Ok, HO He nuuuTe TakK
unsigned int const x6 = 6; // Ok

const int const x7 = 7; // Error: duplicate const



YTo 13 3TOro ckoMnunmMpyeTca?

int v = 42;
const int ¢ = 13;

int* pvl = &v;
const int* pv2 = &v;
int* pcl = &c;
const int* pc2 = &c;



YTo 13 3TOro ckoMnunmMpyeTca?

int v = 42;
const int ¢ = 13;

int* pvl = &v; // 0Ok
const int* pv2 = &v; // Ok
int* pcl = &c; // Error

const int* pc2 = &c; // Ok
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YTo 13 3TOro ckoMnunmMpyeTca?

int v = 42;
int* pvl = &v;

const int* pv2 = pvi;
int* pv3 = pv2,
int* const pv4 = pvi;
int* pv5 = pv4,
const int* pve6;
int* const pv7;
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YTO 13 3TOrO0 CKOMNUNNPYyeTca?

int v
int*

const
int*
int*
int*
const
int*

= 42;
pvl =

int*
pv3 =
const
pvd =
int*
const

&V ;

pv2
pvZ;
pv4

pva;
pve6;
pv7;

pvl;

pvl;

//
//
//
//
//
//

ok

Error:

ok
ok
ok

Error:

12

invalid conversion

uninitialized



Top-level const

const int* pv2 = ...,
int* pv3 = pv2; // Error: invalid conversion

int* const pv4 = pvi;
int* pvb = pv4; // 0k

[Tpu konupofaruu const fepxuero ypobua urtopupyemes
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YTo 13 3TOro ckoMnunmMpyeTca?

int vl = 1;
const int v2 = 2;

int& rvl = vi;
int& rv2 = v2;
const int& rv3 = vi
const 1int& rv4 v2
const inté& rv5;
int& const rvé6;
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YTo 13 3TOro ckoMnunmMpyeTca?

int vl = 1;
const int v2 =

int& rvl = vi;
int& rv2 = v2;
const inté& rv3
const 1int& rv4
const inté& rv5;
int& const rvé6;

2;

vl;
V2,

//
//
//
//
//
//

ok
Error
ok
ok
Error
Error
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HeKkoTopble CBOUCTBA CCbINOK

- CcbInkn 065s3aHbl 6bITb MHULNANU3NPOBAHDI
- Y ccbInok He MOXeT bbITb top-level const
- CcbInkun cBA3bIBAOTCA eANHOXAbI

B smom cevinku noxoxu Ho KoHcmaHmHble ykagamenu

T* const ptr = ...;

16



CcbIfnku NpPo3payHbl An4 onepaLu/u‘/i
int x = 42, y = 314;

int& ref = x;

int* ptrl = &x;

int* ptr2 = &y,

ref =vy; // X
ptrl = ptr2; // X

i u
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<T <
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CcCbInKu NpPo3payHbl An4 onepaumﬁ
int x = 42, y = 314;
int& ref = x;

int* ptrl = &x;
int* ptr2 = &y,

314
314

ref =vy; // x =314 y
ptrl = ptr2; // x 314 y
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CcblnKku

const auto& group_name = students[i].group.full_label;

// use group_name

Cevinku ydoduwi kak curorumol raydoko EnoxeHHbix
odsekmof
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HedopmanbHble onpegeneHusa

YKkasaTtesib — 9T0 00bEeKT, XpaHALWmMn agpec apyroro obbekra’.
Ccbinka — 3T0 CMHOHMM (MMA) obbekTa’.

int X = 42; "
int& xref = Xx; 1
v
42
A
-

xref
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ObbAcHUTE, YTO 30eCb 3annucaHo

int*& a ce e
int&* b = ...;
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ObbAcHUTE, YTO 30eCb 3annucaHo

int*& a ..., // OK: ccbhisIKa Ha yKasaTe/sb
int&* b = ...; // Error: y CCb/KN HeT ajgpeca
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Maccus VS ykasaTenb

const char fst[] “hello”;

const char* const snd “"world”;

B «em pagrusa?
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ma maccmBa — He O0bekKT

const char fst[] = “hello”;
M
fst
|
v
h e 1 1 o |\O
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YKkasatenb — 3TO O0ObeKT

const char* const snd = “world”;

snd

&snd[0O] R

\O
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ma maccmBa — He O0bekKT

const char fst[] = “hello”;
const char* const snd = “world”;
&fst = Ox7ffcO85ec43a

&fst[0] = Ox7ffcO85ec43a

&snd = Ox7ffcO85ec430

&snd[0] = 0x402004

https://godbolt.orq/z/T6javz54b
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https://godbolt.org/z/T6javz54b

MaccuBbl 1 agpecHada apudmeTuka

[lycTb
int pi[] = {3, 14, 15, 92, 65};

Torga cnenywuwmne BblpaXeHnda 3KBUBAJIEHTHDI:

pi[2]  *(p1 + 2)
2[p1] *(2 + p1)

27 https://godbolt.ora/z/9f1rd3v6q



https://godbolt.org/z/9f1rd3v6q

MaccuBbl 1 agpecHaqa apugpmeTmka

[lycTb
int pi[] = {3, 14, 15, 92, 65};

CchbInKy Npo3payHbl Ans onepawumm:

int& ref = pi[0];
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YkazaTenu, cCbinikn 1 PyHKLUK

- [lepepaya Tshkenbix 06bLEKTOB 6€3 KonMpoBaHus
- out-napameTpbl
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[lepepayva TsKenbIX 3Ha4eHUN Be3 KonnpoBaHUS

MaccuBbl:
int strcmp(const char *sl1, const char *s2);

char si[] = “...", s2[] = “...";
strcmp(sl, s2); // array to pointer decay

Tsokenble 06beKThI:
print(const Matrix* matrix);

30



UT0 BbI MOXeTe cka3aTb O ts?

void f(const Triangle* ts);

31



UT0 BbI MOXeTe cka3aTb O ts?

void f(const Triangle* ts);

Imo adpec 0dnoro snemerma unu venoidi maccul?
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UT0 BbI MOXeTe cka3aTb O ts?

volid f(const Triangle* ts);
void f(const Triangle* ts, size_t n);

Imo adpec 0dnoro snemerma unu venoidi maccul?

Ecnu smo maceul, mo Hyxen pasmep unu centinel
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UT0 BbI MOXeTe cka3aTb O ts?

volid f(const Triangle* ts);
void f(const Triangle* ts, size_t n);

vold f(const Triangle& t)

void f(const std::vector<Triangle>& ts);

B C++ npednouumaem kormedinepni
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Array to pointer decay

void f(const char* s),

char str[] = “Hello, very very long string!”;
f(str),
f(“Hello, very very long string!”);

Oda boigofa & decnnamtpr
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Co3gaHne BpeEMEHHOIo 0o0beKkTa

void f(const std::string& s);

std::string str = “Hello, very very long string!”;
f(str);

f(“Hello, very very long string!”);

[Tpu boipofe kouempyupyemes ctd::ctring

36



BapuaHT 1: neperpyska

void f(const std::string& s);
void f(const char* s);

std::string str = “Hello, very very long string!”;

f(str),
f(“Hello, very very long string!”);

37



BapuaHT 2: std::string_view

void f(std::string_view s),
std::string str = “Hello, very very long string!”;

f(str),
f(“Hello, very very long string!”);

38



BapuaHT 2: std::string_view

string_view — napa {size t len, const char” str}
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Out 1 in-out napameTpbl PYHKUMN

int SDL_GetRendererOutputSize(
SDL_Renderer* renderer,
/* out */ int* w, int* h);

// In-out
int pthread_mutex_lock(pthread_mutex_t* mutex);
int pthread_mutex_unlock(pthread_mutex_t* mutex);

40



Pe3ynetaT paboTtbl hyHKLNN

void split_to(
const std::string& s,
std::vector<std::string>* words);

void split_to(

const std::string& s,
std::vector<std::string>& words);

41



Pesynbrat paboTtbl hyHKLUM

// BUAHO, 4TO 3TO out-napaweTp
split_to(“a b c”, &words);

// words He moxeT ObITb “nullptr”
split_to(“a b c”, words);

Oba fapuarma xyxe
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Pe3yn bTaT pa6OTbI beH KL
std::vector<std::string> split(const std::string& s);

auto words = split_to(“a b c”)

3dece re dydem maxenors konupofarus bekmopa
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[lepenaya napameTpoB B PYHKLUIO

Out
In/Out
In

In & retain “copy”

Cheap or

impossible to Cheap to move (e.g., vector<T>, string)

or Moderate cost to move (e.g., array<vector>, BigPOD)

Expensive to move

(e.g., BigPODI],

czgiyq(lféﬁlp’)ti:)t’ or Don’t know (e.g., unfamiliar type, template) array<BigPOD>)
X1()
f(X&)
f(X) f(const X&)

“Cheap” ~ a handful of hot int copies
“Moderate cost” ~ memcpy hot/contiguous ~1KB and no allocation

* or return unique_ptr<X>/make_shared_<X> at the cost of a dynamic allocation

44 CppCoreGuidelines



https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#f15-prefer-simple-and-conventional-ways-of-passing-information

B yem pasHuua?

void fp(int* p) {
*P = OXAB;
¥

void fr(int& r) {
r = OXAB;
¥

45

int main() {
int g = 0;
fp(&g);
fr(g);

https://godbolt.org/z/rqdv8Maqc9



https://godbolt.org/z/rqdv8Mqc9

CemaHTuKa OTCyTCTBUA OObEKTa
FILE *fopen(const char *pathname, const char *mode);

RETURN VALUE
Upon successful completion [...] return a FILE pointer.
Otherwise, NULL is returned

Kaxoro muna NULL?
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MSVC: Onpenenenne NULL

// veruntime.h B C++ /\/Ull He moxem dvimo void”
#ifndef NULL

#ifdef _ cplusplus
#define NULL 0

#else
#define NULL ((void *)0)

#endif
#endif
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[Moyemy B C++ NULL ==

XoTum Hanucarb: C++ CIMPOXKE OMHOCUMCS

char* str = NULL; K n,beaJ}amofaHaﬁo gkaoeamefleii

KoppekTHo B C, HekoppekTHO B C++:

char* str = (void*)o0;

KoppektHo B C 1 B C++:;

char* str = 0;

48



nullptr

B C++ pekomeHayeTcsa ncnonb3osaTtb hullptr:

// gcc
typedef decltype(nullptr) nullptr_t;

ES.47: Use nullptr rather than 0 or NULL

49


https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#es47-use-nullptr-rather-than-0-or-null

MoTumsauuna nullptr: paspelueHne neperpyskm

const char* f(double*) { return "f(double*)\n"; }
const char* f(long) { return "f(long)\n"; }
int main() {

std: :cout

<< "f(NULL) -> " << f(NULL) // f(long)
<< "f(nullptr) -> " << f(nullptr),; // f(double*)

50 https://godbolt.org/z/dMWKT5M3s



https://godbolt.org/z/dMWKT5M3s

std::optional

Y ccobinok HeT nullref, ucnonbaynte std: :optional<T>

std::optional<widget> maybe_create_wigdet();
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D,I/IHaMI/ILIeCKI/Ie CTPYKTYPbI AaHHbIX

struct TreeNode {
TreeNode* left_;
TreeNode* right_;

+s
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[lpumeHeHue ykasaTteneu

MaccuBbl 1 agpecHas apndmMeTuka
[Mepenava TaxenbIX 3Ha4eHUn B PyHKLMN Be3 KonMpoBaHUS
Out 1 in-out napameTpbl PyHKUUN

CemaHTMKa OTCYTCTBUSA OObeKTa

o H 0 Ddh =

Co3aaHne ANHaAMUYECKNX CTPYKTYP AaHHbIX

Imo ouers mroro dna eduncmberrod adempakyuu
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icnonb3yute anstepHaTuBbI

MaccuBbl 1 agpecHas apndmeTnka = STL
[lepenava TXKenNbIX 3HAYEHUN B PYHKUNM = const&
Out 1 in-out napameTpbl PyHKUUN = return, &

CemaHTuKa oTcyTcTBUS 0bbekTa = std::optional

a k 0 Dd -~

Co3paaHue AHaMnU4eCcKux CTPYKTYP AaHHbIX

54



[la, Ho...
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MHOromepHoOCTb

int x = 42; int x = 42;
int* px = &x; int& rx1 = Xx;
int** ppx = &px; int& rx2 = rxi,;
int*** pppx = &ppx; int& rx3 = rx2;

Ceovinku Ha ccoinky He doifaem

56



MHoromepHoCTb B NpUKNagHoOM Koge

$ grep -ER "\wH+\*\*'
./test/AllTests.cpp:int main(int argc, char** argv)

57



YkasaTenu un ccbifikn Ha YHKLMIO

void call_by_ptr(void (*fptr)(int)) {
fptr(42);
}

void call _by_ref(void (&fref)(int)) {
fref(314);

}

- https://godbolt.org/z/aETh3TKd3



https://godbolt.org/z/aETh3TKd3

[lpoBUCaHMEe yKasaTeneu

int* x_ptr = nullptr;
{

int x 42;

X_ptr = &x;
¥

*X_ptr; // oops.. dangling pointer

59



B kaknx cnydaax doyHKUUA KOppeKTHa?

Widget* create_widget();

60



B kaknx cnydaax doyHKUUA KOppeKTHa?

Widget* create_widget();
Ok:

- return new Widget(...);
- static Widget w; return &w;
- BosBpalwaet ykasartenb Ha rnobanbHbini 06bekT

Error;

- BosBpalaet ykasaTesrib Ha fiokanbHbIM OObEKT

61



Bo3BpaT ccbifiku 13 cBo60gHON PYHKUMN

Widget& create_widget();

Kax npabuno, nnoxas udes
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A Tak MOXXHO

class IndexBuilder {
public:

const Index& index() const & { return index_; }

private:
Index index_;

I
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OrpaHun4eHune cCbInokK

Henb3sa co3gaTb MaccuB UMW KOHTENHEP CCIMOK.
Henb3s co3gaTb ykasaTtenb Ha CCbINKY.

Bce 310 — owmbka KoMnunauuu:

int& rarr[10];
std::vector<int&> refs; Kax So1 dymaeme, nouemy?

64



CCbINKN N KOHCTAHTHOCTb

void f(int& x);
void g(const int& Xx);

int a = 42;
const int b = 314;

f(a);
f(b);
g(a);
g(b);

65



ObbACHUTE, YTO 30€eCb MOrNoO Obl NPONCXOAUTL

void f(int& x) {

+4+X;

int main() { Imo He ckomnunupyemes
double x = 42;
£(x);

66



BpemeHHble 00beKThI cBA3bIBatOTCA € const ref

volid f(const int& x) {

// ++X;

Imo xok cpecial case

Kaxemces, 20ece Hyxen cneyuantrbid mexanuzm
int main() {

double x = 42;
f(x);

67



OcTtanocbk 3a Kagpom

- [Monumopdusm noaTunos
- rvalue-ccbinku: int&&

- lvalue/rvalue-kBanuukaTopsl:

void f() &;

void f() &&;
- YMHble yKasaTtenu: std: :unique_ptr<T>, std::shared_ptr<T>
- YkasaTtenu Ha nonsa n metoabl (int C::* p), onepatopbl . * K ->*
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3agada

[aH KkoHTenHep cTpok: std::vector<std::string>.

Hy>HO crpynnupoBaTb Ux no anuHe: std::size t->?

BapwuaHT 1: std::size t -> std::.vector<std::string*>

BapuaHT 2: std::size_t -> std::.vector<std::size t> (len -> [word_idx])

BapwvaHT 3: std::vector<std::string> -> std::vector<std::string*> +
std::size_t -> std::vector<std::string*>

https://qodbolt.ora/z/4eWrW5obc
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https://godbolt.org/z/4eWrW5obc
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