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Lifetime extension



Yro takoe lifetime extension u BpemeHHbIe 06bEKTDI

Korpa lifetime extension pabotaer

Korpa lifetime extension e pabotaer



YTO TAKOE LIFETIME EXTENSION M BPEMEHHbBIE OBBEKTHI

YA
N36uThIM nprmep N

struct Data

{
/] ...

std::vector<int> const& items();

I
Data getData();

for (auto const& item : getData().items())

{
// ...
}



4HTO TAKOE LIFETIME EXTENSION M BPEMEHHbBIE OBbEKTHI

YA
Y1o takoe lifetime extension? (ISO\IEC 14882 nap. 6.7.7.6) IR

5 There are three contexts in which temporaries are destroyed at a different point than the end of the full-
expression. The first context is when a default constructor is called to initialize an element
of an array with no corresponding initializer (9.4). The second context is when a copy constructor is called
to copy an element of an array while the entire array is copied (7.5.5.2, 11.4.4.2). In either case,
if the constructor has one or more default arguments, the destruction of every temporary created in a default
argument is sequenced before the construction of the next array element, if any.



YTO TAKOE LIFETIME EXTENSION M BPEMEHHbBIE OBBEKTHI

YA
Y1o takoe lifetime extension? (ISO\IEC 14882 nap. 6.7.7.6) IR

6 The third context is when a reference is bound to a temporary object.>® The temporary object to which the reference is bound or the temporary object that
is the complete object of a subobject to which the reference is bound persists for the lifetime of the reference if the glvalue to which the reference is bound was
obtained through one of the following:

(6.1) — atemporary materialization conversion (7.3.4),
(6.2) — (expression), where expression is one of these expressions,
(6.3) — subscripting (7.6.1.1) of an array operand, where that operand is one of these expressions,
(6.4) — a class member access (7.6.1.4) using the . operator where the left operand is one of these expressions and the right operand designates a non-static data member
of non-reference type,
(6.5) — a pointer-to-member operation (7.6.4) using the .* operator where the left operand is one of these expressions and the right operand is a pointer to data member
of non-reference type,
(6.6) —a
(6.6.1) — const_cast (/.6.1.10),
(6.6.2) — static_cast (/.6.1.8),
(6.6.3) — dynamic_cast (/.6.1.6), or
(6.6.4) — reinterpret_cast (/.6.1.9)

converting, without a user-defined conversion, a glvalue operand that is one of these expressions to a glvalue that refers to the object designated by the operand,
or fo its complete object or a subobiject thereof,

(6.7) — a conditional expression (7.6.16) that is a glvalue where the second or third operand is one of these expressions, or

(6.8) — a comma expression (7.6.20) that is a glvalue where the right operand is one of these expressions.



4HTO TAKOE LIFETIME EXTENSION M BPEMEHHbBIE OBbEKTHI
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Yto Takoe lifetime extension?® e

¢ Ecnu BO BPEMA MHNLINATTN3AUMN NN KOTIMPOBAHWA MACCKMBOB BO3HNKAIOT
BOEMEHHbBIE O6beKTbI, BOEMA X KN3HW NMPOANAETCA 0O KOHLUA NMHNLUMATTM3ALUNN
J1IEMEHTA MACCKMBA

* Korana ectb cchinka Ha BpemeHHbii 0bbekT no T const& nnm T&E&, Bpems xmaHu
BOEMEHHOrO OObEKTA NPOANSETCA HO BPEMS XM3HU CChITKM
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6.7.7 Temporary objects [class.temporary]

1 Temporary objects are created

(1.1)  — when a prvalue is converted to an xvalue (/.3.4)
(1.2)  — when needed by the implementation to pass or return an object of trivially-copyable type (see below), and
(1.3) — when throwing an exception (14.2). [Note: The lifetime of exception objects is described in 14.2. — end

note]
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2 The materialization of a temporary object is generally delayed as long as possible in order to avoid creating
unnecessary temporary objects. [Note: Temporary objects are materialized:

(2.1)  — when binding a reference to a prvalue (9.4.3, 7.6.1.3, 7.6.1.6, 7.6.1.8, 7.6.1.10, 7.6.3),

(2.2)  — when performing member access on a class prvalue (7.6.1.4, 7.6.4),

(2.3)  — when performing an array-to-pointer conversion or subscripting on an array prvalue (7.3.2, 7.6.1.1),
(2.4)  — when initializing an object of type std::initializer_list<T> from a braced-init-list (9.4.4),

(2.5)  — for certain unevaluated operands (7.6.1.7, 7.6.2.4), and

(2.6)  — when a prvalue that has type other than cu void appears as a discarded-value expression (/.2).
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6.7.7 Temporary objects [class.temporary]

1 Temporary objects are created

(1.1)  — when a prvalue is converted to an xvalue (/.3.4)

(1.2)  — when needed by the implementation to pass or return an object of trivially-copyable type (see below), and

(1.3) — when throwing an exception (14.2). [Note: The lifetime of exception objects is described in 14.2. — end
note]

[Tpo kaTeropum BEIPAXEHMIA:
e Crangapt - 8.2.1 Value category
* "New" Value Terminology (B.Stroustrup)



https://www.stroustrup.com/terminology.pdf

YTO TAKOE LIFETIME EXTENSION M BPEMEHHbBIE OBbEKThI le‘
Y710 TaKOE BpemeHHbIN 0ObeKT? N

Ob6bekT, KOTOPLIM AOMXEH

YHUYTOXMUTBCS FAE-TO HEAANEKO
B NOME 3PEHNS

— Do you see a lifetime expiration?
Me neither. But there is one.
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4 When an implementation infroduces a temporary object of a class that has a non-trivial
constructor (11.4.4.1, 11.4.4.2), it shall ensure that a constructor is called for the
temporary object. Similarly, the destructor shall be called for a temporary with a non-
trivial destructor (11.4.6). Temporary objects are destroyed as the last step in evaluating
the full-expression (6.9.1) that (lexically) contains the point where they were created.
This is frue even if that evaluation ends in throwing an exception. The value computations
and side effects of destroying a temporary object are associated only with the full-
expression, not with any specific subexpression.

(Howe scero — go ")
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[MNopepxatsb T const&

Lifetime extension

[Nopepxats T&&

Ckonuposars

[lepemecTnts

Note: Copy elision moxeT Brrnagets noxoxe Ha obpatllerne No ccuinike, Ho 3To He lifefime extension

Note 2: [MNepemeluerne MOXET BHIMAAETs NOXOXE Ha obpaLlleHne no ccoinke, Ho 370 He lifetime extension



Y1o Takoe litetime extension 1 BpemeHHbie 0ObEKTH

Korga lifetime extension paboraer

Korpa lifetime extension e pabotaer



KOTOA LIFETIME EXTENSION PABOTAET?

YA
Nna T const& mnu T&& ne

class Data {}; Korga T const& mnn T&&
MHULMANN3NPYETCS PE3YNBTATOM
BHIPAXEHMA (HaNpUMED, BEI3OBO
OYHKLMM), BO3BPALLAIOLIETO:

auto const& datal = Data(); // lifetime extension
auto&& data2 = Data(); // lifetime extension

struct S * BPEeMEeHHbIM 0bbekT T, nnu
{ * 0ObekT [ BHYTPW BDEMEHHOTO
} Data d; obbekTa (Hanpumep,

CTPYKTYpbI, cogepxatiehn T)

auto const& data3 = S().d; // lifetime extension



Y1o Takoe litetime extension 1 BpemeHHbie 0ObEKTH
Korpa lifetime extension pabotaer

Korga lifetime extension He paboTtaer




KOTOA LIFETIME EXTENSION HE PABOTAET? \ /
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[1pn He npsIMOM JoCTyne K BNIOXEHHOMY OObLEKTY e

struct S TIP: Minnmumanmanpys cceinky

{ Data o LOYroW CChiNkoW, ybeamTecs, YTo

ata d; 3
Data const& getData() const { return d; } 6epeTe €€ HE N3 BPEMEHHOTO
1 obbeKTa

auto const& datal = S().d; // lifetime extension
auto const& data2 = S().getData(); // possibly dangling
reference



KOTOA LIFETIME EXTENSION HE PABOTAET?
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Copy elision — 310 gpyroe N

Data getData()

{
Data d;

return d;

}

auto datal = getData(); // Data, NRVO
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) /.
Copy elision — 310 gpyroe N

I{)ata getData() TIP: std::move nomaet NRVOI

Data d;
return std::move(d);

}

auto datal = getData(); // Move ctor, no NRVO



KOTOA LIFETIME EXTENSION HE PABOTAET?

. YA
Copy elision — 310 gpyroe N

I{)ata getData() TIP: std::move nomaet NRVOI

Data d; TIP 2: nobon decay nomaert
return d; lifetime extension

}

auto datal = getData(); // Data, NRVO
decltype(auto) data2 = getData(); // Data, NRVO
decltype(getData()) data3 = getData(); // Data, NRVO
decltype(std::declval<Data>()) data4 = getData(); //
Data&&, lifetime extension



KOTOA LIFETIME EXTENSION HE PABOTAET?

Copy elision — 310 gpyroe

Data getData()

{
Data d;

return d;

}

template <class T>
void f(T par) {}

f(data3); // Data, copy

YA
e

TIP: std::move nomaer NRVOI

TIP 2: nobon decay nomaert
lifetime extension, B T.u.
BbIBEfEHME LUAONOHHbLIX TUMOB

20



KOTOA LIFETIME EXTENSION HE PABOTAET?

A/
B range based for no BpemeHHoMy 0bbekTy N

struct Data

{
// ...

std::vector<int> const& items();

5

B C++23 obelwany noYmHMTS.

Data getData();
for (auto const& item : getData().items()) { /* ... */ }

// Workaround since C++20
for (Data d = getData(); auto const& item d.items())

{/*..%/}



KOTOA LIFETIME EXTENSION HE PABOTAET?

T4
ns xvalue DO

Data getData() expreSS|on
{

Data data;
return data;
}
Data const& datal = getData(); // lifetime extension

// dangling reference

Data const& data2 = std::move(getData());
// dangling reference

Data&& data3 = std::move(getData());

22



KOTOA LIFETIME EXTENSION HE PABOTAET? A /

A
[ns xvalue e

17  Data getData() C——

18 { .

19 Data data; e

20 return data;

21}

22

23 int main()

24 {

25 auto const& data = getData();

26 auto const& datal = std::move(getData());

27 | auto&& data2 = std::move(getData());

28}

29
Output of x86-64 gcc 13.2 (Compiler #1) & X 0O X Output of x86-64 clang (trunk) (Compiler #2) & X O
A~ [OWraplines = Select all A~ [EWraplines = Selectall

Compiler returned: @ <source>:26:35: warning: temporary bound to local reference 'datal’

will be destroyed at the end of the full-expression [-Wdangling]

26 | auto const& datal = std::move(getData());
| Ameaercranenns
<source>:27:30: warning: temporary bound to local reference 'data2’
will be destroyed at the end of the full-expression [-Wdangling]
27 | auto&& dataz = std::move(getData());

| A e rurrsna e

godbolt.org/z/P1gvn3aYe

23


https://godbolt.org/z/P1qvn3aYe

KOTOA LIFETIME EXTENSION HE PABOTAET?
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[1pu XpaHeHMHM ccbiikM HO BPEMEHHbBIM 0OBEKT Nonem Knacca e

Data getData()

{
Data data;

return data;

}

struct S

{
Data const& data = getData(); // dangling reference

5

24



KOTOA LIFETIME EXTENSION HE PABOTAET? A/
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[lpn XpaHeHUn ccoinku Ha BpeMeHHbI 0bbekT nonem knacca RO

19  Data getData()

20 f

21 Data data;

22 return data;

23}

24

25 struct s

26 {

27 Data const& data = getData(); // dangling reference

28 };

24
Output of x86-64 gcc 13.2 (Compiler #1) & X o X Output of x86-64 clang (trunk) (Compiler #2) & X m
A~ [OWraplines = Select all A~ Wrap lines = Select all

Compiler returned: @ <source>:25:8: error: reference member 'data’ binds to a temporary object whose

lifetime would be shorter than the lifetime of the constructed object
25 | struct s
| A
<source>:34:7: note: in implicit default constructor for 'S' first required here
34 | S s;
| A
<source>»:27:17: note: initializing field 'data’ with default member initializer
27 | Data const& data = getData(); // dangling reference
| A s
1 error generated.
Compiler returned: 1

25


https://godbolt.org/z/hb9zMnMb5

KOTOA LIFETIME EXTENSION HE PABOTAET?
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C TepHAPHLIM OMEPATOPOM HUKAKMX TAPAHTUI N

Data getData()

{
Data data;

return data;

}

Data&& refData = getData();
Data const& crefData = getData();

decltype(auto) datal = condition ? crefData : crefData;
decltype(auto) data2 = condition ? refData : refData;

// probably copy
decltype(auto) data3 = condition ? refData : crefData;

26



KOTOA LIFETIME EXTENSION HE PABOTAET?

He Bcerna pabotaert

* [lpK MCNONB3OBAHMM HE NONUMOPDHLIX NPECOPA30BAHMIA
TMNOB

» [na RAIl o6vexToB (3aBMCHT OT ypOBHA ONTUMM3ALIKN)
* [lpu ucnonssoearuu std:reference_wrapper
* [lpu ucnonsazosaHuu std:ranges

* [lou nepenaye ccunok Ha BpeMeHHbIE ODbEKT
B operafor new

* [Ing ccbiNku HO 3MEMEHT BPEMEHHOTO MACCHBA
(saBucut ot KomnunaTopal

YA

ihe

27



KOTOA LIFETIME EXTENSION HE PABOTAET?

A
PekomeHaoaumm D@

* T const& n T&& ymecTHb HO KOPOTKUX AUCTAHLMSIX
* [lonro xpaHmTb BpeMEeHHbIN 0OBEKT — 3TO ]P P ]P
*  (OCTOPOXHO UCNOMb30OBATL CChINKM HA CChINKM
* |3berats:
*  XPOHWUTb CCHINIKW NOMEM KIACCa
*  YMHble ykasaTenu Bcerga besonacHee
* ..M Oaxe rmynbie MoryT ObiTb GesonacHee
*  XPOHWTb CCHIIKM B KOHTEMHEPAX
*  OCTOPOXHO UTEPUPOBATLCSH MO BPEMEHHbBIM OOBLEKTAM

28
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