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CTapoe n nsBectHoe




CTtapoe n nsBectHoe

include <boost/array.hpp>

inline unsigned factorial(unsigned n) {

return n ? n * factorial(n - 1) : 1;
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CTtapoe n nsBectHoe

include <boost/array.hpp>

inline unsigned factorial(unsigned n) {

return n ? n * factorial(n - 1) : 1;

boost::array<int, factorial(3)> a;
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CTtapoe n nsBectHoe

error: call to non-constexpr function ‘unsigned int factorial(unsigned int)’

boost::array<int, factorial(3)> a;

~~~~~~~~~A~~

error: call to non-constexpr function ‘unsigned int factorial(unsigned int)’
note: in template argument for type ‘long unsigned int’

boost::array<int, factorial(3)> a;

[Tone3Hbin constexpr 7 /67



CTtapoe n nsBectHoe

include <array>

constexpr unsigned factorial(unsigned n) {

return n ? n * factorial(n - 1) : 1;

std::array<int, factorial(3)> a;
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Ctapoe n nssectHoe (2)

include <stdexcept>

int do something(unsigned n) {

constexpr auto 1 = 7 + 20;

/] ...

return i;
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Ctapoe n nssectHoe (2)

include <stdexcept>

int do something(unsigned n) {

constexpr auto 1 = 7 + 20;

/] ...

return i;
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Ctapoe n nssectHoe (2)

include <stdexcept>
constexpr unsigned factorial(unsigned n) {
if (n > 10)
throw std::out of range("n is greater than 10");
return n ? n * factorial(n - 1) : 1;
}
int do_something(unsigned n) {

auto 1 = factorial(17);

/] ...

return i;
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Ctapoe n nssectHoe (2)

include <stdexcept>

constexpr unsigned factorial(unsigned n) {
if (n > 10)
throw std::out of range("n is greater than 10");
return n ? n * factorial(n - 1) : 1;
}
int do_something(unsigned n) {

throw std::out_of _range("n is greater than 10");
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Ctapoe n nssectHoe (2)

include <stdexcept>
constexpr unsigned factorial(unsigned n) {
if (n > 10)
throw std::out of range("n is greater than 10");
return n ? n * factorial(n - 1) : 1;
}
int do_something(unsigned n) {

constexpr auto i1 = factorial(17);

/] ...

return i;
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Ctapoe n nssectHoe (2)

In function ‘int do_something(unsigned int)’:
in constexpr expansion of ‘factorial(17)’
error: expression ‘<throw-expression>’ is not a constant expression

throw std::out of range("n is greater than 10");
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Ctapoe n He3sHakoMoe



All static initialization strongly happens before any
CTaTquCKaH dynamic initialization.
NMHNUMNANn3auung

int do_something(unsigned n) {

static const int 1 = 17;
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All static initialization strongly happens before any
CTaTquCKaH dynamic initialization.
NMHNUMNANn3auung

int do_something(unsigned n) {

static const int 1 = n;
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All static initialization strongly happens before any
CTaTquCKaH dynamic initialization.
NMHNUMNANn3auung

int do_something(unsigned n) {

static const int 1 = factorial(7);
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CTapoe n He3HaKoMoe

namespace std {
class mutex {
public:
constexpr mutex() noexcept;

~mutex();

mutex(const mutex&) = delete;

mutex& operator=(const mutex&) = delete;

[*...%/
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CTapoe n He3HaKoMoe

namespace std {
class mutex {
public:
constexpr mutex() noexcept;

~mutex();

mutex(const mutex&) = delete;
mutex& operator=(const mutex&) = delete;
[*...%/

¥
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A constant initializer for a variable or temporary object o is an
CTaTquCKaH initializer whose full-expression is a constant expression, except
MHNUNAJIN3adLUNA that if o is an object, such an initializer may also invoke

constexpr constructors for o and its subobjects even if those
objects are of non-literal class types.

[ Note: Such a class may have a non-trivial destructor. — end
note |

All static initialization strongly happens before any dynamic
initialization.
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CTapoe n He3HaKoMoe

/] 1.cpp

namespace {

std: :mutex m;

}
std: :mutex& global mutex() { return m; }

/] 2.cpp
std: :vector<int> data = []() {

std::lock guard<std::mutex> 1(global mutex()); // Oops?

return some creepy api();

HOF
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Ctapoe n He3Hakomoe (2)



Ctapoe n He3Hakomoe (2)

// Bubble-like sort. Anything complex enough will work
template <class It>

vold sort(It first, It last) { /*...*/ }

inline int generate(int 1) {
'.LITt 8[7] — {3, 7’ 4) -.L, 8’ 0) 1};
sort(a + 0, a + 7);

return a[0] + al[6];

int no constexpr() { return generate(1); }
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Ctapoe n He3Hakomoe (2)

no constexpr():

movabs rax, 30064771075

mov DWORD PTR [rsp-20], ©
lea rdx, [rsp-40]

mov QWORD PTR [rsp-40], rax
lea rsi, [rdx+28]

movabs rax, 4294967300

mov QWORD PTR [rsp-32], rax
lea rax, [rsp-40]

mov DWORD PTR [rsp-16], 1
add rax, 4

mov DWORD PTR [rsp-24], 8

[Tone3HbIn constexpr

MoV

L2:

add
cmp

je

.L6:

Mmov
Mmov
cmp
jge
Mmov

add

MoV

rcx, rax

rax, 4

rax, rsti

.L8

edi, DWORD PTR [rax]
r8d, DWORD PTR [rdx]
edi, r8d

L2

DWORD PTR [rax], r8d
rax, 4

DWORD PTR [rdx], edi

cmp

jne

.L8:

lea
cmp
je

mov

MoV

jmp

.L3:

MoV
add

ret

rax,

.L6

rax,

rax,

.L3

rdx,
rcx,

.L6

eax,DWORD PTR[rsp-16]}
eax,DWORD PTR[rsp-40]

rsi

[ rex+4]

rsi

CX

ax
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Ctapoe n He3Hakomoe (2)

// Bubble-like sort. Anything complex enough will work
template <class It>

constexpr void sort(It first, It last) { /*...*/ }

constexpr int generate(int i) {
'.LITt 8[7] — {3, 7’ 4) -.L, 8’ 0) 1};
sort(a + 0, a + 7);

return a[0] + al[6];

int no constexpr() { return generate(1); }
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Ctapoe n He3Hakomoe (2)

no _constexpr():
mov eax, 8

ret
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A noyemy TakK?
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AHaToMuma kKomnunsatTopa (ynpoLweHHO)

C N ; I

Middle end

Alpha X86_64 N
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AHaTomMmua komnunartopa (6es constexpr)

C N ; I

Middle end 0

Alpha X86_64 N
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Ctapoe n He3Hakomoe (2)

no constexpr():

movabs rax, 30064771075

mov DWORD PTR [rsp-20], ©
lea rdx, [rsp-40]

mov QWORD PTR [rsp-40], rax
lea rsi, [rdx+28]

movabs rax, 4294967300

mov QWORD PTR [rsp-32], rax
lea rax, [rsp-40]

mov DWORD PTR [rsp-16], 1
add rax, 4

mov DWORD PTR [rsp-24], 8

[Tone3HbIn constexpr

MoV

L2:

add
cmp

je

.L6:

Mmov
Mmov
cmp
jge
Mmov

add

MoV

rcx, rax

rax, 4

rax, rsti

.L8

edi, DWORD PTR [rax]
r8d, DWORD PTR [rdx]
edi, r8d

L2

DWORD PTR [rax], r8d
rax, 4

DWORD PTR [rdx], edi

cmp

jne

.L8:

lea
cmp
je

mov

MoV

jmp

.L3:

MoV
add

ret

rax,

.L6

rax,

rax,

.L3

rdx,
rcx,

.L6

eax,DWORD PTR[rsp-16]}
eax,DWORD PTR[rsp-40]

rsi

[ rex+4]

rsi

CX

ax
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AHaToMusa koMmnunatopa (constexpr)

C N ; I

Middle end

Alpha X86_64 N
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Ctapoe n He3Hakomoe (2)

no _constexpr():
mov eax, 8

ret
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Ctapoe n He3Hakomoe (3)



Crapoe n He3Hakomoe (3)

include <stdexcept>
constexpr int factorial(int n) {
return n ? n * factorial(n - 1) : 1;
}
int do_something(unsigned n) {
constexpr auto 1 = factorial(27);

/] ...

return i;
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Crapoe n He3Hakomoe (3)

main.
main.
main.

main.

<0.0>

mailn.
main.
main.

main.

cpp:
cpp:
cpp:
cpp:

Cpp:
cpp:
Cpp:
Cpp:

In

200
197:
197:

197:
197:
197:
200:

function
33: 1n
29: 1n
29: 1n
29: 1n
29: 1n
29: 1n
36: error:

‘int do something(unsigned int)’:

constexpr
constexpr

constexpr

constexpr
constexpr

constexpr

expansion
expansion

expansion

expansion
expansion

expansion

constexpr auto i1 = factorial(27);

[Tone3sHbIn constexpr
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‘factorial((n
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[Tone3sHbIn constexpr



CcnSteXpr: * Nlo3BoAIA€T MCNOAb30BAaTb PYHKUMWM ANA BbIMUCJIEHUA KOHCTAHT
* «3acTaBadgeT» BbIYUNCNATb KOHCTAHTHI
* [lo3BoaA€T CTATUYECKN MHULUMANN3NPOBATb 0O6bEKTh
* OnTumMnsnpyeT Koj

* [lo3BondgeT npoBepATb Ha UB
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bnvxaniwee 6yayuiee



A paBanvTe pas3pelinM Bbi3biBAaTb NeW B constexpr PpyHKLUSAX,
COﬂStexpr new ec/nii B 3TOU Xe constexpr dyHKUMKM namMaTb ocBoboxpaetcsa. Hy

N eCTPYKTOPbI pa3peLwumnm genaTtb constexpr:

constexpr auto precompute_series(int n, inti){
std::vector<int> v(n);
[*..%/

return v[il;
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A paBaviTe OygemM nMamMsaTb BblAENEHHYIO Yepe3 new B constexpr
COﬂStexpr NeEw OYHKLUMAX 3anucbiBatb NpsM B OMHApPHWMK M He Bbi3biBATb

aecTpyktop pang obbvekta [*] (NnpaMm Kak npuM KOHCTAaHTHOW
MHUUMANN3aUnNn);

constexpr auto precompute_whole_series(int n) {
std::vector<int> v(n);
[*..%/

return v;

[*] - eCTb TOHKOCTWU
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A paBaviTe OygemM nMamMsaTb BblAENEHHYIO Yepe3 new B constexpr
COﬂStexpr NeEw OYHKLUMAX 3anucbiBatb NpsM B OMHApPHWMK M He Bbi3biBATb

aecTpyktop pang obbvekta [*] (NnpaMm Kak npuM KOHCTAaHTHOW
MHUUMANN3aUnNn);

const std::string we_need_this = "Something usefull";

const std::string time_format="YYYY-MM-DDTHH:MM:SS";
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bnvyxanwee oyayuiee (2)

[Tone3sHbIn constexpr



Peryn;lpKM Meal1eHHO MHNUNATTN3aNpPYyOTCA:

Perynapku

bool is_valid_mail(std::string_view mail) {
/] ~260Us

static const std::regex mail_regex(R"((?:(?:["<>(\[\].,;:\s@\" |+
(Z:\LP<>0N\];:\s@\"H)*)\" A\ )@(?:(2:["<>O\\].,; :\s@\"][+\. )+
["<>O\[\]..;:\s@\"}2,}))");

return std::regex_match(
std::cbegin(mail),
std::cend(mail),
mail_regex

);
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On, cMoTpuTe, Mbl Xe Tenepb MOXeM caenatb constexpr
Constexprregex .0 0

bool is_valid_mail(std::string_view mail) {
// TIPOMHUNLMaNnN3nNPYeTCa Ha 3Tane KOMNUIALUnn

static const std::regex mail_regex(/*...*/);

return std::regex_match(
std::cbegin(mail),
std::cend(mail),
mail_regex

);
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COnSteXpI’ std::boyer_moore_horspool_searcher — nHoraa nweTt 6bICTPO, a

BOT KOHCTPYUNPYETCA MEONNTEHHO.
boyer_moore_ho
rspool_searcher

BM bmh construction 118 ns 118 ns 4644219
BM bmh construction huge 184 ns 184 ns 3779484
BM bmh apply 34 ns 34 ns 20578297

BM bmh apply huge 73 ns 73 ns 9311461

MoxxHO BbyaeT coenaTb constexpr KOHCTPYKTOP, M HacnaXaaTbCH
KOHCTPYMUPOBAHMEM Ha 3Tane KoOMNUaumu, a He Ha paHTamme.
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OuyeHb panekoe Gyayuiee



Pednekcus

struct User {
std::string name;

unsigned age;

[[orm "1d"]]

unsigned uuid;
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Pednekcus

// CnHTAKCUC M3MeHnTCA!

template <class Db, class Data>
void fill from db(Db& db, Data& d) {
auto it = Sd.fields.name("1d") || Sd.fields.attributes("orm \"id\"").fields()[0O];
db.start(*it);
for (auto field: Sd.fields()) {
constexpr std::string name {
field.attribute("orm") ? field.attribute("orm") : field.name()
}s
db[name] >> field;

}
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Pednekcus

// CnHTAKCUC M3MeHnTCA!
template <class Db, class Data>
void fill from db(Db& db, Data& d) { // User
auto it = Sd.fields.name("1d") || Sd.fields.attributes("orm \"id\"").fields()[0O];
db.start(*it);
for (auto field: Sd.fields()) {
constexpr std::string name {
field.attribute("orm") ? field.attribute("orm") : field.name()
}s
db[name] >> field;

}
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Pednekcus

// CnHTAKCUC M3MeHnTCA!
template <class Db, class Data>
void fill from db(Db& db, Data& d) { // User
auto it = Sd.fields.name("1d") || Sd.fields.attributes("orm \"id\"").fields()[0O];
db.start(*i1t); // d.uuld
for (auto field: Sd.fields()) {
constexpr std::string name {
field.attribute("orm") ? field.attribute("orm") : field.name()
}s
db[name] >> field;

}
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Pednekcus

// CnHTaKcuc mameHnTCAa!
template <class Db, class Data>
void fill from db(Db& db, Data& d) { // User
auto it = Sd.fields.name("1d") || Sd.fields.attributes("orm \"id\"").fields()[0O];
db.start(*i1t); // d.uuld
for (auto field: Sd.fields()) {
constexpr std::string name {
field.attribute("orm") ? field.attribute("orm") : field.name()
}s

db[name] >> field; // «age», «name» => d.age, d.name

}
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Pednekcus

// CnHTAKCUC M3MeHnTCA!

template <class Db, class Data>
void fill from db(Db& db, Data& d) {
auto it = Sd.fields.name("1d") || $Sd.fields.attributes("orm \"1d\"").fields()[0];
db.start(*it);
for (auto field: $d.fields()) { // constexpr std::vector<field>
constexpr std::string name {
field.attribute("orm") ? field.attribute("orm") : field.name()
33
db/name ] >> field;

}
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Pednekcus

template <class Db>

void fill from db(Db& db, User& d) {
db.start(d.uuid);
db[ "age"] >> d.age;

db[ "name"] >> d.name;
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Pednekcus

int main() {
Mongo m;
User u{.uuid=42};
fill from db(m, u)

std::cout << "User with 1d = 42 1s " << u.name;
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[TnowKkun pna pedpnekcmmn



Pednekcma v npobnembi

// CnHTAKCUC M3MeHnTCA!
template <class Db, class Data>
void fill from db(Db& db, class Data& d) {
auto 1t = Sd.fields.name("1d") || Sd.fields.attributes("orm \"id\"").fields()[0O];
db.start(*it);
for (auto field: Sd.fields()) { // constexpr std::vector<field>
constexpr std::string name {
field.attribute("orm") ? field.attribute("orm") : field.name()
}s
db[name] >> field;

}
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constexpr pyHKLUUU

C N I ; I

Middle end

Alpha X86_64 N
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constexpr! pyHKLUNU

\'4
C o - ) I

Middle end

Alpha X86_64 N
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Pednekcupyrouime Knacchbl



MeTaknacchl

sorm User {
std::string name;

unsigned age;

[[orm "1d"]]

unsigned uuid;
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MeTaknacchl

sorm User {
std::string name;

unsigned age;

[[orm "1d"]]

unsigned uuid;
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MeTaknacchl

int main() {
Mongo m;
User u(42, m);

std::cout << "User with id = 42 is " << u.name();

[Tone3HbIn constexpr 63 /67



MeTaknacchl

Sclass orm {
for (auto field: Sthis->fields()) {

S"auto " + field.name() + "() const { return m " + field.name() + "; }";

S$"void set_" + field.name() + "(auto v) { m_" + field.name() + "=std::move(v); }";

field.make private().set name("m " + field.name());
}
$"template <class Db>" +
Sthis->name() + S$"(unsigned id, Db& db) : m uuid(id) { " +
"fill_from_db(db, *this);" +
1
}s
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MeTaknacchl

class User {
std::string m name;
unsigned m_age;
unsigned m uuild;

public:
auto name() const { return m_name; }
auto age() const { return m_age; }
auto uuid() const { return m_uuid; }

/] ...

template <class Db>
User(unsigned id, Db& db) : m uuid(id) { fill from db(db, *this); }
}s

[Tone3HbIn constexpr 65 /67



Cnacunbo
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