


fi3biku nporpammupoBaHusa C n C++

* He cywecTByeT si3blKa nporpammmupoBaHusa C/C++. ECTb gBa
pa3HbIX A3blKa.

* OHM pa3pabaTbiBAOTCA Pa3HbIMK FpyNnamMu 1o4eu.
* OHU UMEIDT Pa3Hble KOMOUAATOPbI.

* XOTS 3TN A93bIKN UMEOT 00LIMe 6Aa30Bble KOHCTPYKUMW, CTUb U MPUEMBI
MPOrpaMMMpPOBaAHUS HA HX CUBHO OTAMYAKOTCH.

* OOVH A3bIK He 9BNSETCA MOAMHOXeCTBOM Apyroro. CnyvyanHo B3g1as
nporpamma Ha C BpsAa N1 OKaXKETCS BanyMaHOW NnporpamMmount Ha C++,

* [lpaBga, MognduKaLmmy Tpebyemble 4Tobbl caenaTh €€ BanuaHoW nporpammMont Ha C++
HebonbLmne.



NMpumep oTAnuun mexxay C n C++

a?b:c=42

a?b: (c=142) // C++
(a ?7 b :c) =142 // C




LleniouMc/ieHHble TUMbI

° Ll,eflO‘-II/ICJ'IeHHbIe TUMbI 3alMNCbIBAOTCA HECKOJIbKUMU
K/1lo4eBbIMU C/1TOBAMU

* signed/unsigned 0603Ha4yalOT 3HAKOBOCTb
* short/long gna o6o3HavatoT pasmep

e 1nt




LleniouMc/ieHHble TUMbI

short short unsigned short
(06bI4HOrO pasmepa) int unsigned
long long unsigned long
long long long long unsigned long long

CUMBO/JIbHbIN signed char char unsigned char




IKBUBANIGHTHOCTb TUNOB

Kak npoBepuTb 4TO ABa TUNA oguMHaKoBble? icnonb3oBaThb
neperpysky.

void f(int a) void f(char a)

{1 {}

void f(signed int a) z;id f(signed char a)
{3

4:6: error: redefinition of 'void f(int)'
4 | void f(signed int a)
| A
1:6: note: 'void f(int)' previously defined here

1 | void f(int a)

| N




LleniouMc/ieHHble TUMbI

char 1 6anT 1 6aunt 1 6ant
short 2 baniTa 2 banTta 2 banTa
int 4 baiita 4 6anta 4 banTta
long 4 6alita 8 6aiToB 4 6aunTta
long long 8 banToB 8 6anToB 8 banTos




#include <cstdint>

* [lpepocTaBndaeT TUNbI:
e Int8_t,uint8_t
e 1ntl16_t,uintl6_t
e 1nt32_t,uint32_t
e Int64_t,uilnt64_t




#include <cstdint>

typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef

char

unsigned char
short

unsigned short
int

unsigned 1int
long

unsigned long

int8 t;
uint8 t;
intlo t;
uintlo t;
int32 t;
uint32 t;
into4 t;
uinto4d t;




Kakon TN ucnosib3oBaThb A9 MHAEKCALMM B MacCcuBe?

for (??7? 1

arr[1i]

0; 1 = 100; ++1)
42 ;




Kakon TN ucnosib3oBaThb A9 MHAEKCALMM B MacCcuBe?

for (size_t 1
arr[i] = 42,

NHaekc B maccuee ptrdiff_t size_t

0; 1 '= 100; ++1)



Anroputm Bblbopa TMNa

* [paBaa Nun, 4TO 3HAYEHUE MPUXOAUT U3 KaKOU CYLLLeCTBYHOLWEN
PYHKLNN?

* Ecnum ga, nuweM TOT Xe TuM, YTO 1 B CUrHaType gyHKuun. He Hago genatb
NLLIHME KOHBEPCUN, MOCKOJIbKY KaXKaast KOHBEPCUS 3TO NOTEHLMANBHO
NOTEpPSAHHbIE AlaHHbIE.

* [lpaBga N1, 4YTO 3TO MHAEKC B MAacCUBe NMHBO YNCNO 06 BHEKTOB B
namMmaTu?

* Ecnn ga, nuwem size twuamptrdiff t.

* MHaye Bbibpaem Tvn [u]1ntN t B cooTBeTcTBUM C
npegMeTHOW 06/1acTbio.



Anroputm Bblbopa TMNa

Q: YTO ecnu MHe HY)XHO npocTo 1Nt?

A: MpocTto 1nt B komnbloTepax He 6biBaeT. OHU BCe UMEIOT
onpeaeneHHy 6MTHOCTb.




Anroputm Bblbopa TMNa

[pnBEeOEHHBIN anropmuTM HENONHbIN. Kakon Tun BbibpaTb 3aech?

? max(? a, ? b)

{

return a < b ? b : a:




Anroputm Bblbopa TMNa

Ecnv pyHKUMS NpUMeHnMa K N106OMY TUMY BO3MOXKHO €€ MOXHO
caenaTtb WabMOHHOMN:

template< class T >
T max(T a, T b)

{

return a < b ? b : a:




Anroputm Bblbopa TMNa

Ecnn HeobxogMMo nepevncanTb BCe TUMbI CIeayeT UCNOb30BaTb
BCTPOEHHbIE TUMbI, @ He TUMbl 3 <cstdint>:

char unsigned char signed char int8 t uint8 t
short unsigned short intle t wuintle t
int unsigned int32 t uint32 t
long unsigned long inte4 t uint64 t

long long wunsigned long long



Anroputm Bblbopa TMNa

[lepeyncneHmne TUNOB MOXET ObITb HEOOXOANMMO NPU HANUCAHUE
traits-knaccos. HanpuMep TaK HanucaH
std: :numeric_limits<T>:

int64_t m = std::numeric_limits<int64_t>::max();



Yucna c nnaBaoLley TOYKOM

Py BbIYUCAEHUAX TIOAM NCMONb3YIOT IKCMOHEHLManbHY0 3anuck Bugam - 10",
Hanpumep:

* 6.02214076 - 10%3
* 160217662 - 1071°

B KOMMNbOTEPAX UCTMOJIb3YETCA TOXE CaMO€ TOJIbKO B ﬂ,BOl/I‘-IHOl\/JI cncremMe
CHUCNEeEHUA:

*1.0000 - 2°=1
*1.1000 - 2°=15
*1.1010 - 2°=1.625

*1.1011 - 2°=1.6875




Yucna c nnaBaoLley TOYKOM

O6paTum BHMMAHNE, YTO B AABONYHOU CUCTEME CHUCNEHUS NepBas
undpa scerga 1:

* 1.0000 -2°=1

* 1.1000 - 2°=15

* 1.1010 - 2°=1.625
* 1.1011 -2 =1.6875

Kpome Hynsa. Honb nmeeT ocoboe npegcraBneHume.



Yucna c nnaBaoLley TOYKOM

+1.0000 - 2°

8 buTOB 23 6uTa

CocCTaBHble YaCTW Ha3bIBAKTCA MaHTMCCA, SKCMNOHEHTA, 3HAK,



Yucna c naaBaloLLey TOUKOU

TOYHOCTb

[MonoBUHHAA
(Half)

bfloat16

OanHapHas
(Single)

[BoiHas
(Double)

PaclumpeHHas
(Extended)

UeTBepHas
(Quadruple)

GCC

__fpl6
N/A

float

double

long double

__float128

MSVC

N/A
N/A

float

double
long double

N/A

N/A

Pa3mep
MaHTUCChI

11

23

52

63+1

112

Pa3mep
9KCMNOHEHTHI

5

11

15

15



NMpumepbl KOAUPOBaHUSA




NMpumepbl KOAUPOBaHUSA




NMpumepbl KOAUPOBaHUSA

: ©01000000000000000000000000000000
?



NMpumepbl KOAUPOBaHUSA

TN
)




NMpumepbl KOAUPOBaHUSA

~ W NN =




NMpumepbl KOAUPOBaHUSA




NMpumepbl KOAUPOBaHUSA




NMpumepbl KOAUPOBaHUSA

N

~ W NN =

NaN



PacnonoxxeHue yucen ¢ njaBaroLiey TONKOU




PacnonoxxeHue yucen ¢ njaBaroLiey TONKOU




PacnonoixeHue ymcen ¢ nj1aBaloLLey TOUKOU

1+2%




PacnonoxxeHue yucen ¢ njaBaroLiey TONKOU




PacnonoixeHue ymcen ¢ nj1aBaloLLey TOUKOU




PacnonoxxeHue yucen ¢ njaBaroLiey TONKOU

I ] -
0 1% 2 3 4
1+27% 2+222




PacnonoxxeHue yucen ¢ njaBaroLiey TONKOU

i ] —
0 1 2 ‘ 3 4 | ‘
1422 2422 242




2+2°
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AeHopManin3oBaHHbIe YUcCa

1f (a !'= b)
c / (a —Db)

MOXHO N1 006aBUTb YMCeN MexAy HYTEM U MUHUMasbHbIM, 4TOObI
n3bexaTb aeneHns Ha 0?



AeHopManu3oBaHHbIe Yucaa

0 /% Y 1 2 3 4
1427 2+27%2 2+2°%

[leHopManmn3oBaHHbIE YMCNa

denorm nin  9006600000000000000000060000001
nin 90060000100000000000000000000000




Onepauum

* Ka)x0e YnC1o € NNaBatoLLLeN TOYKOM COOTBETCTBYET KOHKPETHOMY
BELLLeCTBEHHOMY YuMCAY.

* IEEE 754 onpepenset onepauuun +, -, -, /, 4.

* OHW BbIYMCNSAIOT pe3y/bTaT B BEWECTBEHHbIX YMC1AX, A 3aTEM OKPYIAOT €ro K
6navxKanwemy NnpeacTaBMMOMY YMCY C M1aBakowWen TOYKOW B COOTBETCTBUMN C
TEKYLLMM PEXXMMOM OKPYINEeHUS.

* PeXXxnmMbl OKpyrneHus:
* Kb6nuxanwemy npeactaBMmMoMy (MCNONb3yeTcsl MO YMONYAHUIO)
* KHynto
* KMMHYC BECKOHEYHOCTH

* Knnoc 6eCKOHEeYHOCTU



Jlio6onbITHBIN NpUMeEp

#include <iostream>

int main()

{
bool x = (0.1 * 3) == 0.3;
std::cout << std::boolalpha << x;



Jlio6onbITHBIN NpUMeEp

#include <iostream>

int main()

{
bool x = (0.1 * 3) == 0.3;
std::cout << std::boolalpha << x;
}
$ ./a.out
false




Jlio6onbITHBIN NpUMeEp

#include <iostream>
#include <iomanip>

int main()

{

std::cout << std::setprecision(1000);

std::cout << "0.1 =" << 0.1 << '\n';
std::cout << "0.1 * 3 =" << 0.1 * 3 << '\n';
std::cout << "0.3 =" << 0.3 << '\n';
}
$ ./a.out
0.1 = 0.1000000000000000055511151231257827021181583404541015625

0.1 * 3 = 0.3000000000000000444089209850062616169452667236328125
0.3 0.299999999999999988897769753748434595763683319091796875

I



Jlio6onbITHBIN NpUMeEp

$ ./a.out

0.1 0.1000000000000000055511151231257827021181583404541015625
0.1 * 3 = 0.3000000000000000444089209850062616169452667236328125
0.3 0.299999999999999988897769753748434595763683319091796875

0.1 90111101110011001100110011001101




Shortest round-trip conversion




CBOUCTBa

* BbINONHAETCA X ANA YNCEN C NNABAKOLLE TOYKOM
KOMMYTaTUBHOCTb? a+b=Db+a




CBOUCTBa

* BbINONHAETCA X ANA YNCEN C NNABAKOLLE TOYKOM
KOMMYTaTUBHOCTb? a+b=Db+a

* A accoUMaTUBHOCTbL? (a + b) +c=a+ (b + c)







NMoTepsa TOYHOCTHU

double f(double x)

{

return x * x + sqrt(x);

double f inverse(double c)

{
double u
16.0);
double v
double w
return w
}

*

cbrt(sqrt(l.0 / 27.0 * pow(c, 3) + 1.0 / 256.0) + 1.0 /

-2.0 / 3.0 * ¢/ u+ 2 * u;

-0.5 * sqrt(v) + 0.5 * sqrt(-v + 2 / sqrt(v));

W;



NMoTepsa TOYHOCTHU

double f inverse(double c)

{

s < © 0 X

double u = cbrt(sqrt(1.0 / 27.0 * pow(c, 3) + 1.0 / 256.0) + 1.0 / 16.0);
double v = -2.0 / 3.0 * ¢ / u + 2 * u;
double w = -0.5 * sqgrt(v) + 0.5 * sqrt(-v + 2 / sqrt(v));

return w * w;

80000
6400000282.8427124
46188.022555790791
7.2759576141834259%¢e-11
242.10984763985175




NMoTepsa TOYHOCTHU

double f inverse(double c)

{

s < © 0 X

double u = cbrt(sqrt(1.0 / 27.0 * pow(c, 3) + 1.0 / 256.0) + 1.0 / 16.0);
double v = -2.0 / 3.0 * ¢ / u + 2 * u;
double w = -0.5 * sqgrt(v) + 0.5 * sqrt(-v + 2 / sqrt(v));

return w * w;

80000
6400000282.8427124
46188.022555790791
7.2759576141834259%¢e-11
242.10984763985175




NMoTepsa TOYHOCTHU

double f inverse(double c)

{

s < © 0 X

double u = cbrt(sqrt(1.0 / 27.0 * pow(c, 3) + 1.0 / 256.0) + 1.0 / 16.0);
double v = -2.0 / 3.0 * ¢ / u + 2 * u;
double w = sqrt(2 / sqrt(v));

return w * w;

80000
6400000282.8427124
46188.022555790791
7.2759576141834259%¢e-11
242.10984763985175




NMoTepsa TOYHOCTHU

double f inverse(double c)

{
double u = sqrt(c/3);
double v = -2.0 / 3.0 * ¢ / u + 2 * u;
double w = sqrt(2 / sqrt(v));

u

return w * w;

80000

= 6400000282.8427124
46188.022555790791
7.2759576141834259%¢e-11
242.10984763985175

s < © 0 X
Il




NMoTepsa TOYHOCTHU

double f inverse(double c)
{
double u = sqrt(c/3);
double v = -2.0 / 3.0 * ¢ * sqrt(3/c) + 2 * sqrt(c/3)
= -2 * sqrt(c/3) + 2 * sqrt(c/3)
=~ 0:
double w = sqrt(2 / sqrt(v));

Q

return w * w;

= 80000

= 6400000282.8427124
46188.022555790791

= 7.2759576141834259%e-11
= 242.10984763985175

s < c 0o X
I




enum class color

{

red,
green,
blue

}i
volid draw(color);

int main()

{
}

draw(color::green);




3a4eM HYXXHbl enum’bl? [ToYeMy He MoIb30BaTLCA MPOCTO
LeNnoYNCNeHHbIMWU KOHCTaHTaMmn?

enum class color int32 t const RED = 0;
{ int32 t const GREEN = 1;
red, int32 t const BLUE = 2;
green,
blue void draw(int32 t);
};
int main()
volid draw(color); {
draw (GREEN) ;
int main() }
{

draw(color::green);

}




* Tunnsayng

* void draw(color, pen style, brush style);

* https://radekvit.medium.com/writing-interfaces-stay-true-in-booleans-ed52b
5f1b720



https://radekvit.medium.com/writing-interfaces-stay-true-in-booleans-ed52b5f1b720
https://radekvit.medium.com/writing-interfaces-stay-true-in-booleans-ed52b5f1b720

Enum (4)

* Tunnusaumns
* void draw(color, pen style, brush style);

* https://radekvit.medium.com/writing-interfaces-stay-true-in-booleans-ed52b
5f1b720

* Jlornyeckasa rpynnmpoBKa



https://radekvit.medium.com/writing-interfaces-stay-true-in-booleans-ed52b5f1b720
https://radekvit.medium.com/writing-interfaces-stay-true-in-booleans-ed52b5f1b720

int32 t
int32 t
int32 t
int32 t
int32 t
int32 t
int32 t

int32 t
int32 t
int32 t
int32 t
int32 t

const
const
const
const
const
const
const

const
const
const
const
const

no pen = 0;
solid line =
dash line = 2;

dot line = 3;
dash dot line = 4;
dash dot dot line =
custom dash line =

1;

5,
6;

no brush = 0;

solid pattern = 1;
dense pattern = 2;
cross pattern = 3;

linear gradient pattern




int32 t
int32 t
int32 t
int32 t
int32 t
int32 t
int32 t

int32 t
int32 t
int32 t
int32 t
int32 t

const
const
const
const
const
const
const

const
const
const
const
const

no pen = 0;

solid line = 1;

dash line = 2;

dot line = 3;
dash dot line = 4;
dash dot dot line = 5;
custom dash line = 6;

no brush = 0;
solid pattern =
dense pattern = 2;
cross pattern =

linear gradient pattern

enum class pen style

{

no_pen,
solid line,

dash line,

dot line,
dash dot line,
dash dot dot line,
custom dash line,

}i

enum class brush style
{
no brush,
solid pattern,
dense pattern,
cross pattern,
linear gradient pattern,

}i



enum’bl KOMIUANPYHTCA U PaboOTaOT NPOCTO KaK Yncna.
HasbiBaeTcs underlying type. Mo-ymon4aHuio 31o int. Ho MOXXHO

yKa3aTb gpyrou tun.

enum class color : uint8 t

{
}i

/.




o yMonyaHuto enumerator’sl UMEeoT 3HaYeHKe, Ha 1 bonblie

npenblayLero, HO BO3MOXHO 3aAaTh 3HAaYeHUE SABHO:

enum class color : uint8 t

{
blue = 1,
green = 2,
red = 4,
}i

enum -> underlying type
static cast<int8 t>(color::green);
std::to underlying(c);

underlying type -> enum

static cast<color>(2);




enum class color

{
red,
green,
blue
¥
int main()
{
color a = color::green;
int b = static cast<int>(a);
}

enum color

{

red,
green,
blue
b
int main()
{
color
int b
}

a

a,;

green;



Knaccbl Cnonb3yoTcs 4Tobbl FpynnMpoBaTh AaHHbIE:

struct point

{
float x;
float vy;
float z;
}i
int main()
{
pOint p = {1’ 0; 0}1
float t = p.x;
}




* [Iprmep BBEPXY B34T 13
DeanbHOW NPOrpaMmbl.

* /IMea noaxoaaulyro
abCTPaKLUMIO €ro MOXHO
3aMEHUTb Ha CTPOYKY
BHI3Y.

p[O] = 0;

p[l] = fabs( r );

p[2] = -dist;

projected[0] = p[0] * tr.viewParms.projectionMatrix[0] +
p[l] * tr.viewParms.projectionMatrix[4] +
pl[2] * tr.viewParms.projectionMatrix[8] +
tr.viewParms.projectionMatrix[12];

projected[1l] = p[0@] * tr.viewParms.projectionMatrix[1] +
p[l] * tr.viewParms.projectionMatrix[5] +
p[2] * tr.viewParms.projectionMatrix[9] +
tr.viewParms.projectionMatrix[13];

projected[2] = p[0] * tr.viewParms.projectionMatrix[2] +
p[l] * tr.viewParms.projectionMatrix[6] +
pl[2] * tr.viewParms.projectionMatrix[10] +
tr.viewParms.projectionMatrix[14];

projected[3] = p[0] * tr.viewParms.projectionMatrix[3] +

pl[l] * tr.viewParms.projectionMatrix[7] +
p[2] * tr.viewParms.projectionMatrix[11] +
tr.viewParms.projectionMatrix[15];

float4 projected = tr.viewParms.projectionMatrix
* float4(0.f, fabs(r), -dist, 1.f);



* [pynnmMpoBKa AaHHbIX

* YmMeHblaeT boilerplate

* CHWKaeT BEPOSATHOCTb OWNOKN (X, Y, Z) > (X, Y, V)




Knaccoi (4)

Knaccbl MOXXHO MCNONb30BaTh, HTOObI BO3BPALLATb HECKOJIbKO
3HAYEHUN U3 DYHKLUNMN.

#include <algorithm>
#include <cstdint>
#include <vector>

void test()

{
std::vector<int32 t>v ={ 4, 8, 15, 16, 23, 42 };
std::ranges::minmax_result r = std::ranges::minmax(v);
r.min;
r.max;

}



Knaccbl MOXXHO MCNONb30BaTh, €CNIN HYXXHO NnepegaTb MHOMO NapaMeTpoB B
DYHKLMIO.

https://www.reddit.com/r/cpp/comments/m2tgx1/comment/ggnwojf/

struct tea input {
TeaType type;
bool milk;
bool lemon;
bool sugar;
bool leave bag;

b
Beverage MakeTea(const tea inputd&);

auto beverage = MakeTea({
.type = TeaType::EarlGrey,
.milk = true,
. Lemon false,
.sugar = false,
. leave bag = true,



https://www.reddit.com/r/cpp/comments/m2tgx1/comment/gqnw0jf/

double const PI = 3;
size t const BUFFER SIZE

8192;

int32 t const NUMBERS[6] {4, 8, 15, 16, 23, 42},

struct complex

{
¥
complex const C = {0.866, 0.5};

double re, im;




size t const BUFFER SIZE = 8192;

int main()

{
}

error: assignment of read-only variable

‘BUFFER SIZE’
7 | BUFFER SIZE = 8193;

BUFFER SIZE = 8193; // ERROR




double const PI = 3;
What is the type of &PI?




double const PI = 3:

What is the type of &PI?
* double* causes problems:

double* ptr = &PI;
*ptr = 4;




double const PI = 3;

double const* ptr = &PI;
*ptr = 4; // error




A pointer is a object too. Const is applicable to them too:

int32 t a
int32 t b

42 ;
42;

int32 _t* p = &a;
p = &b; // OK

int32_t* const q = &a;
q = &b; // ERROR




int32 t
int32 t

* a
* const b
C

int32 t const*
int32_t const* const d

nullptr;
nullptr;
nullptr;
nullptr;

const means pointer itself can not be modified.

‘ptr

. is forbidden.

const means the object the pointer points to can not be modified.

e ¥*ptr = ...

is forbidden.
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