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P Mikhail Matrosov
i \\ake them static constexpr.

Classification: Improvement desirable ' Ranking: Minor

Reply - Edit - + Add to favourites - Create issue - 17 Sep

Turmets Makoev marked as QoA =00 20 Sep Reopen

Viktor Sazhaev
Why static constexpr? Just constexpr without any static. Compile-time objects don't need storage class.

Reply -+ Mark as unread - Mark as needs resolution - Create issue - 18 Sep

W Mikhail Matrosov
? This is a little mind-blowing, | understand, but these are orthogonal. constexpr is related to compile time, static is related to runtime. Historically, static
integral variables are known at compile time, thus you can use static without constexpr (but not vice versa) to achieve the same behavior as for static
constexpr. But the latter better expresses your intent: constexpr to highlight the fact the value is known at compile time, static to highlight the fact
single value is shared for all objects of the class.

Compile-time objects don't need storage class

They do, since they are also available at runtime.

See also https://stackoverflow.com/a/41125798/261217

Reply - Edit - - Mark as needs resolution - Create issue - 18 Sep

Viktor Sazhaev

We can use both words. They are formally orthogonal. Though static makes little sense with constexpr. Visibility can be different but storage
class is always "the most global".

Usually | also separate such declarations from classes. But for conceptually static members that may be okay.

Reply - Mark as unread - Mark as needs resolution - Create issue - 24 Sep




Building a C/C++ program

a.hpp

b.hpp

\

preprocess

>

a.cpp

#include “a.hpp”
#include “b.hpp”

b.cpp

#include “a.hpp”
#include “b.hpp”

source files

~N

compile object
I HES
a.obj/.o || b.obj/.o }

l.mk

translation units

result.lib/.dll/.exe/
.a/.so/.out

library / executable



ObbsaBneHue n onpegeneHmne

// Function declaration - CKO/IbKO YrogHo ob6bABAEHUM
int sqgr(int x);
- POBHO 0gHO onpepneneHue

// Function definition * B HEKOTOpbIX cnyyasx

int sgr(int x) { return x * x; } A0NyCKaeTca MHOXeCTBO
OI'IpE,LI,EJ'IEHVIVI, HO OHU BCe

// Variliable definition OONKHbl ObITb OAMHAKOBbLIMMU

int n;

// Variable declaration
extern int n;




Linkage

a.cpp b.cpp
int sqgr(int x) { int sgr(int x);

return x * x;
} bool check(int a, int b, int c) {
external linkage } return sqr(a) + sqgr(b) == sqr(c);
a’.cpp
static int sgr(int x) {

return x * x; = link time error: sgr not found in b.obj
}

internal linkage



Linkage

can be referred to from
external linkage All translation units
internal linkage Current translation unit

no linkage Current scope



Storage duration

bool beetlejuice() bool beetlejuice()

»

{ {

static int counter = 0;
return ++counter >= 3;

int counter = 0;
return ++counter >= 3;

} }

automatic storage duration static storage duration



Storage duration

storage allocated/deallocated

When entering/leaving the scope or
when creating/destroying an object of a class

When the program begins/ends
When the thread begins/ends

When new/delete is called

- Applicable only to objects
- Time of initialization/destruction is more complicated

- Storage class specifiers: static, extern, thread local, mutable



Yto? [ne? Korna?

*Y10? — 0OBbEKT
-[pe? —

- Korpa? — storage duration
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common.hpp
const double thickness = 0.65;

const char* name = "tooth";
a.cpp b.cpp
#include "common.hpp” #include "common.hpp”

Any of the following names declared at namespace scope have

internal linkage:

non-volatile non-template non-inline const-qualified variables (including
constexpr) that aren't declared extern and aren't previously declared to have

external linkage;



common.hpp
constexpr double thickness = 0.65;

const std::string name = "tooth";
a.cpp b.cpp
#include "common.hpp” #include "common.hpp”

A constexpr specifier used in an object declaration implies const.

Any of the following names declared at namespace scope have

internal linkage:

non-volatile non-template non-inline const-qualified variables (including
constexpr) that aren't declared extern and aren't previously declared to have

external linkage;

12



common.hpp

const char* getName();

const std::string name = "tooth"; |internal linkage

a.cpp

#include "common.hpp"
#include <iostream>

bool dumbCmp(const char* sl1, const char* s2) {
return sl == s2;

¥

int main() {
std::cout << std::boolalpha
<< dumbCmp(name.data(), getName());

b.cpp

#include "common.hpp"

const char* getName() {
return name.data();

¥

= false

13



common.hpp

const char* getName();

inline const std::string name = "tooth";

a.cpp

b.cpp

#include "common.hpp"
#include <iostream>

bool dumbCmp(const char* sl1, const char* s2) {

return sl == s2;
1

#include "common.hpp"

const char* getName() {

return name.data();
1

Any of the following names declared at namespace scope have

internal linkage:

non-volatile non-template non-inline const-qualified variables (including
constexpr) that aren't declared extern and aren't previously declared to have

external linkage;

14



common.hpp

int sgr(int x) {
return x * Xx;

¥

external linkage

a.cpp

#include "common.hpp"

b.cpp

#include "common.hpp"

= link time error: multiple definitions of symbol “sqr”

15



common.hpp

return x * x;

¥

constexpr int sqgr(int x) {

external (weak) linkage

a.cpp

#include "common.hpp"

A constexpr specifier used in a function or static member variable

declaration implies inline.

b.cpp

#include "common.hpp"

16



main.cpp

void other();

struct Local {
static void foo() {
std::cout <«

}
s

int main() {
Local: :foo();
other();

}

"main "

J

other.cpp

struct Local {

std: :cout <<

}
}s

external
linkage

void other() {
Local: :foo();

}

static void foo() {
"other "

J

= main main

external
linkage

Every program shall contain exactly one definition of every non-inline function or
variable that is odr-used in that program outside of a discarded statement
(9.4.1); no diagnostic required.

17



main.cpp

void other();

namespace {
struct Local {
static void foo() {

}
}s
}

int main() {
Local: :foo();
other();

}

std::cout << "main "

J

other.cpp

namespace {

struct Local { internal
static void foo() { :
internal std::cout << "other "; llnkage
linkage }}

}

void other() {
Local: :foo();

}

= main other

In addition, all names declared in unnamed namespace or a namespace within an
unnamed namespace, even ones explicitly declared extern, have internal linkage.

18



Cobupaem B Ky4y




LIBeTa umetoT 3HayeHune

- static keyword
- static storage duration

- internal linkage

20



[lonyctMmble KombuHaumm storage duration u linkage

Storage i TEE & no linkage internal linkage external linkage
static
e

variable variable variable

dynamic

21



How to identify storage duration of an object?

thread local?

yes

thread

block (local) or
class (member)

sco@

static?

yes

namespace (global) 4

static

no

automatic

22



Apply in order

Properties of entities with static and thread storage duration in C++17

Entity local global member global member
# Property variable variable variable function function

1 no linkage -

2 external linkage ----
3 constexpr = const ---
a constexpr = inline ---
5 const =* internal linkage - N/A

6 inline = external (weak) linkage  wa ---
7 static = internal linkage Required - Required - Required

8 anonymous (unnamed) namespace = internal linkage

* if not volatile and not template

23
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common.hpp

const char* getName();

const std::string name = "tooth"; [internal linkage

a.cpp

#include "common.hpp"
#include <iostream>

bool dumbCmp(const char* sl1, const char* s2) {
return sl == s2;

¥

int main() {
std::cout << std::boolalpha
<< dumbCmp(name.data(), getName());

b.cpp

#include "common.hpp"

const char* getName() {
return name.data();

¥

= false

26



common.hpp

const char* getName();

a.cpp

#include "common.hpp"
#include <iostream>

const std::string name = "tooth";

bool dumbCmp(const char* sl1, const char* s2) {
return sl == s2;

¥

int main() {
std::cout << std::boolalpha
<< dumbCmp(name.data(), getName());

extern const std::string name; [external linkage (declaration)

b.cpp

#include "common.hpp"

const char* getName() {
return name.data();

¥

= true

27



extern
- CBOUCTBA:

* [MpMmeHnMm TONIbKO K rnobasibHbiM GYHKUMAM U NEPEMEHHbIM

* He coBmecTnm co static

* He nmeet cmbicna ¢ constexpr u c inline

* 3HaYeHUe He BUAHO B TOYKe 06bABAeHMNA (0ObIYHO HEeA0CTaTOK)

- HeaocTtaTKu:
* Heobxoanmo BpyyHYIO caenatb onpeaeseHne

- IOCTOUHCTBA:
* MoKeT N03BONNTb ONTUMMN3UPOBATL Bpema COOpKM

- PekomeHaauUunn:
* BMecTo Hero ny4ywe ncnonb3osaThb inline

28



Properties of entities with static and thread storage duration in C++17

1 no linkage -

3 constexpr = const

4 constexpr = inline
const =* internal linkage - N/A

6 inline = external (weak) linkage b e ---

Apply in order
Ul

9 anonymous (unnamed) namespace = internal linkage

*if not volatile, not template, and not previously declared extern

Entity local global member global member
# Property variable variable variable function function

2 external linkage ----

7 static = internal linkage Required - Required - Required

8 extern = external linkage (declaration) n/a - N/A - N/A

29



Practice time!




struct A
{
double x1;
static double x2;
static const double x3;
static inline const double x4 = 4.0;
static constexpr double x5 = 5.0;

i




Properties of entities with static and thread storage duration in C++17

1 no linkage -

3 constexpr = const

4 constexpr = inline
const =* internal linkage - N/A

6 inline = external (weak) linkage b e ---

Apply in order
Ul

9 anonymous (unnamed) namespace = internal linkage

*if not volatile, not template, and not previously declared extern

Entity local global member global member
# Property variable variable variable function function

2 external linkage ----

7 static = internal linkage Required - Required - Required

8 extern = external linkage (declaration) n/a - N/A - N/A

32



struct A

{

iz

double
static
static
static
static

x1;
double x2;
const double x3;

inline const double x4 = 4.0;

constexpr double x5

5.90;

//  storage |
// duration |

linkage

[/ =—===------- X====---=--------

// automatic
// static
// static
// static
// static

no linkage
external
external
external (weak)
external (weak)

33



* when used to
modify storage
duration

34



const — moxem 1im meol
MEHATb 0O BbEeKT?

volatile — moxeTt "M kmo-mo
Opy2oU MeHATb (M YnTaThb)
0OBbEeKT?
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LLIa6/10HbI




- PeneBaHTHble CYLWHOCTU: PYHKLMNN, KNACCbl, MEPEMEHHbIE

- He bbiBaeT WwWabnoHHbIX cywHocTen (template entity),
ecTb WwabnoHbl cywHocten (entity template)

» CyLHOCTb nNony4yaeTcs n3 wabaoHa B MOMEHT MHCTAHLUMaLUN

- YnobHO AymMmaTb, YTO cneumndPmnKaTopbl NPUMEHAIOTCA K
UHCMAHUUPOBAHHOU CYyWHOCMU, a HEe K wabs1oHy

- KOMNOHOBLWMK cam No3aboTuUtca 06 0AMHAKOBbLIX HEABHbIX
MHCTAaHUMAUMAX B Pa3HbIX MOAYAAX TPAHCAALUMN.
Nx linkage He TaK Ba*KeH, U AarKe He Bceraa NoHATEH.



I'm taking addresses of the following instantiated variable templates from two translation units:

template<class T> bool b = true;
template<class T> const bool cb = true;
template<class T> inline const bool icb = true;

I'm printing addresses of b<int>, cb<int> and icb<int> . Here is what clang_says:

Ox6030cO Ox40l1laed Ox401ae5
Ox6030cO Ox40l1laed Ox401aes5

All addresses are the same, kind of expected. And here is what gcc says:

Ox6015b0 0x400ef5 Ox400ef4
Ox6015b0 0x400ef6 0x400ef4

The address of cb<int> changes. Huh? Is this a bug? If not, could someone please explain this
effect to me?




This, to me, appears to be related to CWG Issue 1713:

Linkage of variable template specializations

Given a namespace-scope declaration like
template<typename T> T var = T();

should T<const int> have internal linkage by virtue of its const-qualified type? Or should it inherit
the linkage of the template?

Notes from the February, 2014 meeting:

CWG noted that linkage is by name, and a specialization of a variable template does not have a
name separate from that of the variable template, thus the specialization will have the linkage of
the template.

Clang seems to be following it. The template name has external linkage, and so does the variable
spun from it.

Ultimately, the intended linkage of variable template specialization is not too well specified currently
by the standard itself. It is specified for regular variables, but the templates are a different beast.




inline HUKoraa He noaBeaeT

template<class T>
inline constexpr bool is const v

is _const<T>::value;

40



inline function templates

- HeT cmbicna o6basaaTb wWabnoH yHKUMK inline, HO MOXKeT meTb
CMbICAN YKa3aTb ero Anda cneumnanmilaumm

template<class T>

void swap(T& a, T& b) {
T t = std::move(a);
a = std::move(b);
b = std::move(t);

¥

template<>

inline void swap(std::filesystem::path& lhs, std::filesystem::path& rhs) {
lhs.swap(rhs);

¥




O6bABNeHUe ABHOM MHCTaHUMaUum (explicit instantiation declaration)
header.hpp

template<class T>

int complicatedTemplateFunction(const T& x) {
// Some complicated stuff

¥

extern template int complicatedTemplateFunction(const std::string& x);

source.cpp

template int complicatedTemplateFunction(const std::string& x);

- MoKeT yCKopUTb Bpemsa cOOpKM
- [1o3BO/IAET NOZIHOCTbLIO CNPATATb TeNo wabsoHa

42



Long road to const




How to declare a constant before C++17°7

// header.hpp

#define n 42 // Cannot contain expressions; simply evil

const int n = 42; // Duplicated in each translation unit

extern const int n; // Initializer is not visible; need manual definition

inline int n() { // Needs parens to be used; returns rvalue
return 42;

¥

enum {
n =42 // Works only for integers

}s

44



How to declare a constant with an initializer?

// header.hpp
inline constexpr int nl = 1; // Default choice
inline const std::string s2 = "2"; // If not a literal type

// source.cpp or module.ixx
constexpr int n3 = 3; // Default choice; implicitly static
const std::string s4 = "4"; // If not a literal type; implicitly static

// Anywhere
struct A {

static constexpr int n = 5; // Default choice; implicitly inline
static inline const std::string s = "6"; // If not a literal type

}s

void f() {
static constexpr int n = 7; // Default choice
static const std::string s = "8"; // If not a literal type

¥

45



How to declare a constant with an initializer in an ideal world?

// headers are no longer used
// whatever possible is constexpr

// module.ixx
constexpr int n3 = 3;

// Anywhere
struct A {
static constexpr int n = 5;

}s

void f() {
static constexpr int n = 7;

46



How to declare a constant with an initializer?

+constexpr

+static — +const
h 4
. +inline
1. If not global add static
2. If possible add constexpr,
\ 4

lobal && header?

const member?

no

otherwise add const

3. If global in a header, or ttype name = init;

no

<

const member, add inline

47



[lpnumep




template<class T>

static inline thread local constexpr const volatile T x =

H_J
Implied by constexpr

{};




template<class T>

static\inling’thread_local constexpr volatile T x
Y

Overridden by static

{};




template<class T>
étatic thread_loca% constexpr volatile T x = {};

VAN

internal thread storage duration
linkage

constexpr volatile variable template with thread storage duration
and internal linkage



C++20




Modules

C++17

can be referred to from
All translation units
Current translation unit

Current scope

»

C++20

can be referred to from

All modules

All translation units
within this module

Current translation unit

Current scope
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consteval specifier

- DYHKUMA 06A3aHa BO3BpaLLaTb KOHCTAHTY
- consteval = constexpr (= inline)

constexpr int sqgr(int n) {
return n * n;

}
int arr[sqgr(2)]; // OK

int X
int r

std::rand();
sgr(x); // OK

consteval int sqgr(int n) {
return n * n;

}
int arr[sqr(2)]; // OK

int X
int r

std::rand();
sqr(x);

54



consteval specifier

- YnobHo aymatb, 4to consteval (a.k.a. immediate) pyHKUMA
° HeAOCTYMHA Ha 3Tane KOMMOHOBKU U BbIMO/NHEHUSA
°* HE reHepupyeT CUMBO1A B OO bEKTHOM panne
° CBOEro poaa pyHKUMOHANbHbIN MAaKPOC

- Ha camom aene ato He coBcem TaK. CTaHAQPT HUYEero He 3HaeT npo
KOMMUAALMIO, KOMNOHOBKY U BblINOJIHEHME.

55



constinit specifier

constexpr int sqr(int n) { * [IpUMEHNM TONbKO K NepemMeHHbIM
return n * n; - constexpr =* constinit # const

¥

constinit int r = sqr(10); // OK

int x = std::rand();
constinit int r2 = sgr(x);

void foo() {
r =20; // Works: constinit does not imply const

¥

* HanpAMYIo 3TO He yTBepXKaaeTca, HO constexpr HaknagbiBaeT bosee cTporne orpaHnYeHuns, yem constinit

56



constinit specifier

epemeHHaa AoMKHa umeTb static nnm thread storage duration

o3BoN1daeT n3bexkarb static initialization order fiasco

57



Core constant expressions

A core constant expression is any expression whose evaluation would not evaluate any one of the following:
1. the this pointer, except in a constexpr function or a constexpr constructor that is being evaluated as part of
the expression
. a function call expression that calls a function (or a constructor) that is not declared constexpr

constexpr int n = std::numeric_limits<int>::max();
constexpr int m std::time(nullptr); : ::

. a function call to a constexpr function which is declared, but not defined

. a function call to a constexpr function/constructor template instantiation where the instantiation fails to satisfy
constexpr function/constructor requirements.

. (since C++20) a function call to a constexpr virtual function, invoked on an object not usable in constant
expressions (see below) and whose lifetime began outside this expression.

. an expression that would exceed the implementation-defined limits

. an expression whose evaluation leads to any form of core language undefined behavior (including signed
integer overflow, division by zero, pointer arithmetic outside array bounds, etc). Whether standard library

. {until C++20) a typeid expression applied to a glvalue of polymorphic type
. @ hew-expression or a delete-expression
. an equality or relational operator when the result is unspecified

1. a throw expression

. inside a lambda-expression, a reference to this or to a variable defined outside that lambda, if that reference
would be an odr-use




Apply in order

A4

Properties of entities with static and thread storage duration in C++20**

Entity local global member global member
# Property variable variable variable function function

1 no linkage -

2 external linkage ----

3 consteval = constexpr N/A

4 constexpr = const && constinit ---

5 constexpr = inline
6 const =>* internal linkage -

7 inline = external (weak) linkage ----

8 static = internal linkage

o extern = external linkage (declaration) ~» [N ~» N -
10 anonymous (unnamed) namespace = internal linkage

*if not volatile, not template, and not previously declared extern ** jgnoring modules

Required - Required - Required
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constexpr const




constexpr const

constexpr const char* foo() {
return "cppcont”;

¥
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constexpr const

struct Params {
double paraml;
double param2;

}s
constexpr Params GlobalParamsWithDescriptiveName = { 3.14, 2.72 };

void foo() {
constexpr Params& params = GlobalParamsWithDescriptiveName;

¥

= error: binding reference of type ‘Params&’ to ‘const Params’ discards qualifiers
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constexpr const

struct Params {
double paraml;
double param2;

}s
constexpr Params GlobalParamsWithDescriptiveName = { 3.14, 2.72 };

void foo() {
constexpr const Params& params = GlobalParamsWithDescriptiveName;

¥
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constexpr references

Params p; // Value;

const Params* pcp = &p; // Pointer to const
Params* const cpp = &p; // Const pointer
const Params& rcp = p; // Reference to const
Params& const crp = p;

static _assert(!std::is const v<decltype(rcp)>);

void foo() { Applies to object

constexpr const Params& params = GlobalParamsWithDescriptiveName;

Applies to reference itself
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AAA

void foo() {
constexpr auto& params = GlobalParamsWithDescriptiveName;

¥
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3aKn4yeHue




PekomeHaaumu

- [TomelwanTe BCE B aHOHMMHOE NPOCTPAHCTBO MMEH eC/I BO3MOXKHO

* PaccmoTpuTe BapuaHT NONHOCTbIO OTKa3aTtbes oT static anAa rnobanbHbIX
cywHocTen (ero xotenun caenatb deprecated)

- Mpeanountante inline Bmecto extern

- MMpegnoyntanTe constexpr BmecTto const

- CTapanTecb NCMNONb30BaTb NEePEMEHHbIE CO 7 storage
duration TONbKO ANA KOHCTAHT

67



Enrolled

About How It Works Courses Instructors Enrollment Options FAQ

COURSE OcHoOBbI pa3paboTku Ha C++: KOpUYHEBbLIX NOSAC

fl 67 ratings + 10 reviews

OcHOBHas LEenb 3T0ro KypCa — Hay4uUTb ManomMam A3blKa C++, TO eCTb NOKa3aTh, Kak C MNOMOLLbIO Pa3nYHbIX BO3MOXHOCTEN A3blKa co34aBaTb
3neraHTHble, ahMEKTUBHBbIE U HAAEXHbIE BNOKM Koaa. B COBOKYIMHOCTW CO 3HAHWAMW, NOJTYy4YEHHbIMW Ha «KpacHom nosice», 3TO NO3BONUT BaM

SHOW ALL

COURSE OcHoOBbI pa3paboTku Ha C++: YepHbIN NOAC
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METOA0B, BUPTYyasibHble AECTPYKTOPbI, HEONpeAen&HHOe NoBeAeHNe, LABNOHbI C NPOW3BOMbHLIM YMCIIOM apryMmeHToB U forwarding-ccbinku. Bo-
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constexpr trap

- constexpr implies inline for a function

- constexpr functions with same signature and different
bodies might interfere!
* Note that return type is not part of a mangled name!
* Different behavior depending on optimization!

- If the functions weren’t inline, the linker would warn you
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OnucaHue

Yke B C++98 y Hac bbiam const, volatile, static, extern, inline, u,
KOHe4YHOo, wabnoHbl. B C++11 ,u,o6aBW1MCb thread Iocal
constexpr a Takxe extern gnda wabnoHos. B C++14 ,£I,O6aBW'IMCb
WwWabnoHbl nepemeHHbiX. B C++17 — inline nepemeHHble. B C++20
obewatoT noase3tn consteval u constinit. A Bbl Korga-Hnbyab

3a4yMbIBanncb, 4to Takoe template static inline thread local
constexpr volatile nepemeHHasn?..

B sTOM AOKNade 1 NnonbITaloCb PA3N10XKMUTb MO NOSIOYKAM BCE 3TO
MHOroobpasue Kntoyesbix cnos. Mbl BcnomHum npo linkage,
storage duration n nHctaHymauum wabnoHos. Pazbepémcsa, KaKkan
cBA3b mexay template u inline, mexay static n constexpr.
[Tonmém, 3a4yem Ham extern, Koraa y Hac ectb inline. 1 oco3Haem,
Kak Ham notpebosanocb noytn 20 net, 4Tobbl HAYYUTHLCA
HOPMa/IbHO 06BABNATL KOHCTAHTI.

71



[1naH AoOKNa4a

C nocnenoBaTe/IbHOCTbIO U3/I0XKEHUA A A0 KOHUA He onpeaenunacs. Ho cogepxnmoe npMmMepHo TaKkoe:

- CHayvana HeboNbLIOK TEOPETUUECKUI IKCKYPC: moayaun TpaHcaaumm, linkage, storage duration. Choso-nepeBépTblill static — B pa3HbIX KOHTEKCTaXxX
3Ha4YMUT COBEPLUEHHO pa3Hble BeLLu.

+ Yytb 6bonee noapobHbI 3KCKypc npo constexpr. Ecau linkage onpeaenser obnactb BUAMMOCTH, TO constexpr onpeaenser BpeMsa BUANMOCTH
(compile/run time). Kak couyeTatoTca static n constexpr.

« MoxKeT bbITb CKaXKy, 3a4eM HY}KeH constexpr const Ana nepemeHHbIX (Hanpumep, Heobxoaum, 4Tobbl 06BABUTL CoNStexpr CCbiNKy).
- KpaTKo npo const u volatile — agByx 6patbes 6a113He0B. OAMH U3 KOTOPbIX YPOAEL, U NPO HETO HUKTO HE BCMOMMUHAET.

- Y10 TaKoe extern? OH npeBpallaeT onpeaeneHmne B obvasneHne. HeasHo npucyTcTByeT Y GYHKLUNA.

- o3TanHO NpPO KOHCTaHTbI: Makpochl, const, getter-function, constexpr, inline.

« OTtnnume extern u inline nepemeHHbIX. Uccneayem obbeKkTHbie parinbl. KOMNOHOBLUKK AnMbo youpaet anwHee, nMbo BbiIbUpaeT e AUHCTBEHHOE
[OCTYNHOE onpeaeneHme.

- B uém cBsasb template n inline pyHKUMIA? U Te n apyrue moryt MPMBOAMUTb K MHOXECTBEHHbIM OonpeaesieHnsamM. Ho 3To pasHble Bewn. MoxkeT ObITb
ynomsHy, Koraa Heobxoammo nomeyatb template ¢pyHKuUMIO KaK inline (npu sBHOM cneymanunsauunm).

- Korga umeet cmbicn aenatb extern template. Kak cebsa B aTom ciyyae BeAyT HesABHble MHCTaHUMAUMKU. YTO NpU 3TOM BUAUT KOMMNOHOBLWMK. Ecnn
ycneto, caenato 3aMepbl Ha peasibHOM MPOEKTE.

« B3rnap B C++20: consteval u constinit
« WTOr: B KaKMUX CLEHApUAX Kakme KombuHaummn cneayeT yKasbiBaTb. Camblii MPAKTUUYHbIN — KaK pa3 robasibHble KOHCTaHTbI.

B npouecce aetanbHOM NOATOTOBKM MOXKET OKa3aTbCs, YTO TEM CULLKOM MHOTO. B 3ToM cayyae A nnaHUpPYo COKPaTUTb MYyOUHY, HO He LWWMPUHY A0KNAAa.
T.K. naes MMeHHO B TOM, YTOObI CO3A4aTb HEKOTOPYHO 0OLLLYIO KapTUHY, B KOTOPYIO ByayT yKnaabiBaTbcA Bce cywHOCTU C++ (HY, xoTa 6b1 C++17). MNycTb
naxe 6e3 nogpobHOCTEN M HIOAHCOB.
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Out of scope

- virtual/override/final

- mutable — xoTa aBasetca “storage class specifier”
* hoexcept

- extern for language linkage

- dynamic libraries

- pre-C++-17 approaches and hacks

- different declarations/definitions in different places
- exception: consider inline functions to understand how linker works
» exception: const for function parameter in function definition
* exception: extern
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Random

- An inline function or variable with external linkage must be
declared inline in every translation unit
- However, works for gcc/clang (clang —c;  , weak symbol)
* Indeed does not work for VC++ (dumpbin /symbols)

74


https://sourceware.org/binutils/docs/binutils/nm.html

Things to clarify

— why need inline
definitions for integral static members?

- Does inline slow down linker?

- linkage of template instantiations

- inline and extern,
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https://github.com/ericniebler/range-v3/blob/9930c89e005e203ff8294f461e5ac99277d3b088/include/range/v3/iterator/diffmax_t.hpp
https://stackoverflow.com/a/14017155/261217

-implies — Bneyeér

- linking — KOMNOHOBKa

[lepeBoapbl
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