YKasaTenu 1 CCbINKu



Maccus VS ykasaTenb

const char fst[] “hello”;

const char* const snd “"world”;

B «em pagrusa?



ma maccmBa — He O0bekKT

const char fst[] = “hello”;

fst

\O




YKkasatenb — 3TO O0ObeKT

const char* const snd = “world”;

snd

&snd[0] . | w |l o

\O




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



https://godbolt.org/z/T6javz54b

[lpumeHeHue ykasaTteneu



[lpumeHeHue ykasaTteneu

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

Co3aaHne ANHaAMUYECKNX CTPYKTYP AaHHbIX

a >~ L nh =

CemaHTMKa OTCYTCTBUSA OObeKTa



MaccuBbl 1 agpecHada apudmeTuka

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

Torga cnenywuwmne BblpaXeHnda 3KBUBAJIEHTHDI:

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

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



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

[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);



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);
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D,I/IHaMI/ILIeCKI/Ie CTPYKTYPbI AaHHbIX

struct TreeNode {
TreeNode* left_;
TreeNode* right_;

+s
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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;
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nullptr

B C++ pekomeHayeTcsa ncnonb3osaTtb hullptr:

// gcc
typedef decltype(nullptr) nullptr_t;

ES.47: Use nullptr rather than 0 or NULL
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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*)

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



https://godbolt.org/z/dMWKT5M3s

[lpumeHeHue ykasaTteneu

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

Co3aaHne ANHaAMUYECKNX CTPYKTYP AaHHbIX

o H 0 Ddh =

CemaHTMKa OTCYTCTBUSA OObeKTa

Imo ouers mroro dna eduncmberrod adempakyuu
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OObsACHMUTE pasnuyus B onpeaeneHnsax

char* si;

char const* s2;
const char* s3;
char* const s4;

const char* const s5;
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OObsACHMUTE pasnuyus B onpeaeneHnsax

char* si;

char const* s2; // east const
const char* s3; // const west
char* const s4;

const char* const s5;
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Ccblllka — 3TO CMHOHMM 00ObEeKTa

int X = 42;
int& xref = x; r

42

xref
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CcbIfnku NpPo3payHbl An4 onepauvu}i
int range[] = {3, 5};
auto* p = &range[0];

auto& r = range[0];

++p;
++r;

*p == 2 r == ?
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CcbIfnku NpPo3payHbl An4 onepauvu}i
int range[] = {3, 5};
auto* p = &range[0];

auto& r = range[0];

++p;
++r;

*p == r ==

22



HeKkoTopble CBOUCTBA CCbINOK

1. He nopagepxmnBatoT agpecHyro apudMeTuky.
int& r = Xx;
++r; // TO Xe, 4YTO nN ++X

2. 06sa3aHbl ObITb MHULNANU3NPOBAHbI (CBSA3aHbI C OOGBEKTOM)
int& r; // Oumbka Komnunsauuu

3. He obrnapgatoT cemaHTUKoOn OTCYTCTBUSA 3HaYeHust (HeT nullref)

23



KOHCTaHTHOCTb yKa3aTesien 1 CCbINoK

char* si; char& r1 = ..;
char const* s2; N/A

const char* s3; N/A

char* const s4 = ..; char const& r2

const char* const s5 = ..; const charé& r3
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KOHCTAHTHOCTb CCbIJTOK

const int& — ccbinka Ha KoHcTaHTy (reference to const).

OB6bIYHO Anst NPOCTOTbI FTOBOPAT «KOHCTAHTHAsA CCbINKa»
(constant reference, const ref), HO Mbl MOHMMaeM, 4YTO KakK TaKOBbIX
«KOHCTaHTHBIX» CCbIITOK HE ObIBaeT.

25



B yem pasHuua?

void fp(int* p) {
*P = OXAB;
¥

void fr(int& r) {
r = OXAB;
¥
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int main() {
int g = 0;
fp(&g);
fr(g);

https://godbolt.org/z/rqdv8Maqc9



https://godbolt.org/z/rqdv8Mqc9

[lpMeHeHne cChInok

[lepenayva aprymeHToB B OYHKLMIO

JlokarnibHble CUHOHUMBbI

KopoTkui CMHOHUM ans ry0oKo BNOXEHHOro obbekTa
[lepenaya maccuBoB B OYHKLUUIO (KpanHe peaKo)

Bwn -~
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[lepepaya aprymMmeHToB B (PYHKLMIO

In napameTp:

void f(const std::vector<widget>& widgets);

Out/In-out napameTp:

void f(std::vector<wWidget>& widgets);
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CpaBHuUTE 3TN Noaxoabl

vold get_screen_size_p(int* x, int* vy);

vold get_screen_size_r(int& x, int& vy);

get_screen_size(&x, &Yy);

get_screen_size(Xx, VY);
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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

30 CppCoreGuidelines



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

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?

int&* ptr_to_ref = .;
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[1po this

struct Point {
double x_, y_;

void move(/*Point* this, */ const Vec2d* vec) {
/*this->*/ x_ += vec->x_;
/*this->*/ y_ += vec->y_;
}
i

[Towemy thic — yka amens, a He ccoinka?
y yKkay
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[1po this

- [nga this Bam He noHagobuTca agpecHas apndmeTuka
- OO6bI4HO OH He bbiBaeT nullptr
- Bcerga nHuuuanmanpoBaH cunamMmm KoMnmnstopa

thic nosfuncs € 33vike parbwe cevinok
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ObbACHUTE, YTO 30€eCb MOrNoO Obl NPONCXOAUTL

void f(int& x) {

+4+X;

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

34



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);
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