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A proposed wording for the replacement, in new code, of the system header <system_error> with
a substantially refactored and lighter weight design, which meets modern C+-+ design and imple-
mentation. In the Issaquah 2023 meeting, LEWG requested IS wording for this proposal targeting
the C++ 26 standard release.

You can find the arguments about design rationale in R4 (https://wg21.1ink/P1028R4). From R5
onwards, this has been condensed into a set of design goals and change tracking log.

A C++ 11 reference implementation of the proposed replacement can be found at https://github.
com/nedl4/status-code. Support for the proposed objects has been wired into Boost.Outcome [1]
which has been shipping with the Boost C++ Libraries for four years.

The reference implementation has been found to work well on recent editions of GCC, clang and
Microsoft Visual Studio, on x86, x64, ARM and AArch64. It has been quite popular with the C+-+
userbase, indeed there are two known complete re-implementations, one of which was described by
[P2170] Feedback on implementing the proposed std::error type. This proposed design has shipped
on every recent copy of Microsoft Windows and Apple i0S, and a fair chunk of Android devices. 1
believe it is amongst the best tested designs proposed for library standardisation in recent years.

This proposal is a much richer and more powerful framework than <system_error>, whilst re-
maining fully backwards compatible with it. Indeed, it can almost completely replace the dynamic
exception mechanism with a fully deterministic alternative, and it has been proposed as the std::
error implementation for [P0709] Zero overhead deterministic exceptions in [P1095] Zero overhead
deterministic failure.
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1 Design goals

These were originally set by SG14, and have to date survived LEWG discussion of this paper. You
can read their original paper [P0824] Summary of SG14 discussion on <system_error> for more
detail.

1.

10.

Do not cause #include <string>.

Summary of P0824 rationale: No need to be dragging in string handling, the allocator ma-
chinery et al. This proposal is designed to work well on Freestanding.

. All constexpr sourcing, construction and destruction.

Summary of P0824 rationale: std::error_category is impossible to optimise out, and thus
introduces unnecessary runtime overhead every time a std::error_code is constructed.

. Header only libraries can now safely define custom code categories.

Summary of P0824 rationale: std::error_category is completely broken in header only
libraries, and can never work reliably at all.

. No more if(lec)...

Summary of P0824 rationale: That boolean test is unreliable/confusing and doesn’t do what
most developers think it does.

. No more filtering codes returned by systems APIs.

Summary of P0824 rationale: Stop special casing/working around all bits zero error code
values.

. All comparisons between codes are now semantic, not literal.

Summary of P082/4 rationale: std::error_code comparison semantics are inconsistently con-
fusing even for the expert.

std::error_condition is removed entirely (i.e. not modelled in this proposal,
though we retain 100% compatibility with it).

Summary of P0824 rationale: std::error_code comparison semantics are inconsistently con-
fusing even for the expert.

. status_code’s value type is set by its domain.

Summary of P0824 rationale: std::error_code’s value type is hard coded to an int which
is limiting. status_code can carry any value of any arbitrary type T.

. status_code<DomainType> is type erasable.

Summary of P0824 rationale: If a status_code’s arbitrary value type T can be safely bit
copied (e.g. is trivially copyable), we allow conversion to an erased status code.

More than one ‘system’ error coding domain: system_code.



Summary of P0824 rationale: Platforms have multiple system error coding schemas, and this
ought to be modelled into standard C++ instead of claiming that there is only one ‘system’
coding domain (std::system category).

11. std::errc gets its own code domain generic_code, eliminating modelling std::
error—_condition.

Summary of P0824 rationale: By giving std::errc its own domain, we regularise seman-
tic comparisons between unknown status code types into a consistent logic with predictable
meanings and outcomes.

2 Change tracking log for LWG since R4

The WG21 tracker for this paper can be found at https://github.com/cplusplus/papers/issues/
405.

e R5 => RG6:
— errc::success => errc::invalid as per LEWG request.

— Added constexpr string view constructor to status code domain as per LEWG request.

Underscores from do_* () protected member functions of status_code_domain have been
removed as per LEWG request.

Operator spaceship is now used in status_code domain.

status_code_domain’s proposed normative wording said it was trivially copyable, which
is of course not possible for a vptr-based type. Now says that the type is a literal type.

For erased status codes, the from-other-erased copy constructor status_code(const

status_code<void> &v) => status_code(in_place_t, const status_code<void> &
V) to prevent trait detection of an always usable copy constructor for erased status
codes.

e R4 => R5:
— string ref => ‘implementation defined type’ as per LEWG request.
— status_code ptr => nested status code as per LEWG request.

— make_nested_status_code() now takes a STL allocator, as per LEWG request.

erased<T> has been removed as per LEWG request. A new type alias erased_status_code
<T> alias to the appropriate tagged specialisation of status_code.

3 Delta from N4928

The following normative wording delta is against https://www.open-std.org/jtcl/sc22/wg21/
docs/papers/2023/n4928.pdf. For existing normative wording, green text is wording to be added,
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red text is wording to be removed, black text is generally notes to LEWG which shall be removed
if the paper is sent to LWG. For the entirely new sections, assume it as if it were all green.

In 17.3.2 [version.syn| paragraph 2:

#define __cpp_lib_system_status <number> //also in <system status>

In 19.5.2 [system.error.syn]:

enum class errc {

unknown = -1,

invalid = 0,

address_family_not_supported, //EAFNOSUPPORT

[Note: Tt is suggested that the following sections be appended after 19.6 [stacktrace| as
section 19.7 — end note|

System status support [sysstatus]
General [sysstatus.general]

Subclause 19.7 describes components that the standard library and C++- programs may use to report
error, warning, informational and success conditions originating from code behind an opaque ABI
boundary, which includes the operating system. It is a fully compatible superset of the components
within 19.5 [syserr]|, and is intended to completely replace those in newly written code.

Header <system_status> [system.status.syn]|
Class status_code_domain [system.status.code domain]

An implementation of abstract base class status_code_domain defines the coding and interpretation
of status codes of that domain.

status_code_domain can be constructed and destructed at compile-time. It meets the literal type
named requirements.

namespace std {
using generic_code = status_code</* implementation defined domain type x*/>;

class status_code_domain {
template <class DomainType> friend class status_code;

public:
using unique_id_type = /* implementation defined unsigned, at least 64 bits */;



10 class string_ref; // implementation defined

11 class atomic_refcounted_string_ref; // implementation defined, refines string_ref

12

13 struct payload_info_t {

14 size t payload_size{0}; // The payload size in bytes

15 size_t total_size{0}; // The total status code size in bytes (includes domain pointer and

mixins state)

16 size t total_alignment{@}; // The total status code alignment in bytes

17

18 payload_info_t() = default;

19 constexpr payload_info_t(size_ t _payload_size, size t _total_size, size t _total_alignment);

20 };

21 private:

22 const unique_id_type _id; // exposition only

23

24 protected:

25 constexpr explicit status_code_domain(unique_id_type id) noexcept;

26 template<size_t N>

27 constexpr explicit status_code_domain(const char (&uuid)[N]) noexcept;

28 constexpr explicit status_code_domain(string_view uuid);

29

30 // All trivial

31 status_code_domain(const status_code_domain &) = default;

32 status_code_domain(status_code_domain &&) = default;

33 status_code_domain &operator=(const status_code_domain &) = default;

34 status_code_domain &operator=(status_code_domain &&) = default;

35 ~status_code_domain() = default;

36

37 public:

38 constexpr auto operator<=>(const status_code_domain &o) const noexcept;

39

40 constexpr unique_id type id() const noexcept;

41 constexpr virtual string_ref name() const noexcept = 0;

42 constexpr virtual payload_info_t payload_info() const noexcept = 0;

43

44 protected:

45 constexpr virtual bool do_failure(const status_code<void> &code) const noexcept = 0;

46 constexpr virtual bool do_equivalent(const status_code<void> &codel, const status_code<void> &
code2) const noexcept = 0;

47 constexpr virtual generic_code do_generic_code(const status_code<void> &code) const noexcept = 0;

48 constexpr virtual string_ref do_message(const status_code<void> &code) const noexcept = 0;

49 [[noreturn]] constexpr virtual void do_throw_exception(const status_code<void> &code) const = 0;

50 constexpr virtual bool do_erased_copy(status_code<void> &dst, const status_code<void> &src,
payload_info_t dstinfo);

51 +

52}

string_ref is an implementation defined type with the public interface of a string view which
refers to a string stored somewhere which lasts the lifetime of the program.
atomic_refcounted_string_ ref is an implementation defined type refining string_ref which
maintains a thread-safe reference counted shared state containing the string, like a shared ptr.
Upon the reference count reaching zero, the resources backing the string are deallocated.

payload_info_t describes metadata about the payload which shall be carried by values of status_code
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48

with this implementation of domain.

This is a minimal example of a valid implementation of status code domain:

// The payload for the status_code, which has representation of int
enum class arithmetic_errc : int {

success = 0,

divide_by_zero,

integer_divide overflows,

not_integer_division

}

// Forward declare the domain for the payload type, and its status code
class _arithmetic_errc_domain;
using arithmetic_errc_code = status_code<_arithmetic_errc_domain>;

// Only final domain types should be marked final!
class _arithmetic_errc_domain final : public status_code_domain {
using _base = status_code_domain;

public:
// Typedef value_type to the desired payload type
using value_type = arithmetic_errc;

// Best form is a constructor taking an overridable unique id
// (this is more composable later). The ID chosen MUST be VERY
// random. Do NOT invent your own ids! Always use a truly random

// source such as https://www.random.org/cgi-bin/randbyte?nbytes=8&format=h

// to avoid statistical collision.
constexpr explicit _arithmetic_errc_domain

typename _base::unique_id_type id = 0x290f170194f0c6c7) noexcept
: _base(id) {}

// Every domain must provide a static constexpr factory function
// for itself. As domains are trivially copyable, this is very cheap.
static inline constexpr const _arithmetic_errc_domain &get();

// You must supply the name of the domain
constexpr virtual _base::string_ref name() const noexcept override {

}

static string_ref v("arithmetic error domain");
return v;

// You must supply metadata about the payload. This implementation

// 1is usually good for 99.9% of payload types and can be copy and pasted.
constexpr virtual payload_info_t payload_info() const noexcept override {

return {
sizeof(value_type),
sizeof(status_code_domain *) + sizeof(value_type),
(alignof(value_type) > alignof(status_code_domain x))
? alignof(value_type)
: alignof(status_code_domain *)};

protected:

constexpr virtual bool do_failure(const status_code<void> &code) const noexcept override

{

assert(code.domain() == xthis);
const auto &cl = static_cast<const arithmetic_errc_error &> (code);
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return cl.value() != arithmetic_errc::success;
}
constexpr virtual bool do_equivalent(const status_code<void> &codel,
const status_code<void> &code2) const noexcept override {
// Our status codes are never equivalent to any other in comparisons
return false;
}
constexpr virtual generic_code
do_generic_code(const status_code<void> &code) const noexcept override {
// Our status codes do not map onto generic codes
return {};
}
constexpr virtual _base::string_ref
do_message(const status_code<void> &code) const noexcept override {
assert(code.domain() == xthis);
const auto &cl = static_cast<const arithmetic_errc_error &>(code);
switch(cl.value())
{
case arithmetic_errc::success:
return _base::string_ref("success");
case arithmetic_errc::divide_by_zero:
return _base::string_ref("divide by zero");
case arithmetic_errc::integer_divide_overflows:
return _base::string_ref("integer divide overflows");
case arithmetic_errc::not_integer_division:
return _base::string_ref("not integer division");
}
return _base::string_ref("unknown");
}
[[noreturn]] constexpr virtual void
do_throw_exception(const status_code<void> &code) const override {
// Attempting to convert us into a C++ exception throw is not allowed
abort();
}
}

// Factory implementation

constexpr _arithmetic_errc_domain arithmetic_errc_domain;

inline constexpr const _arithmetic_errc_domain & arithmetic_errc_domain::get() {
return arithmetic_errc_domain;

// OPTIONAL: Tell status code via ADL customisation point about the available
// implicit conversion such that status code specialisation ‘arithmetic_errc_code’
// will implicitly construct from all values of type ‘arithmetic_errc’
inline arithmetic_errc_code make_status_code(arithmetic_errc e) {
return arithmetic_errc_code(in_place, e);

}

Construction and assignment [system.status.code domain.cons]|

constexpr explicit status_code_domain(unique_id_type id) noexcept;



Effects: Constructs an object of class status_code_domain whose unique identifier shall be id.

Ensures: id()== id.

template<size_t N>
constexpr explicit status_code_domain(const char (&uuid)[N]) noexcept;

Effects: Constructs an object of class status_code_domain whose unique identifier shall be parsed
from a hexadecimal character string of the format {430f1201-94fc-06c7-4301-120194fc06c7} or
43011201-94fc-06c7-4301-120194fc06c7. Incorrectly formatted strings cause process termination.

Ensures: id() is a value derived from parsing the hexadecimal string?.

constexpr explicit status_code_domain(string_view uuid);

Effects: Constructs an object of class status_code domain whose unique identifier shall be parsed
from a hexadecimal character string of the format {430f1201-94fc-06c7-430f-120194fc06c7} or
430f1201-94fc-06c7-430-120194fc06¢7. Incorrectly formatted strings cause an exception throw.

Ensures: id() is a value derived from parsing the hexadecimal string.
Observers [system.status.code domain.observers]
constexpr auto operator<=>(const status_code_domain &o) const noexcept;

Returns: The strict comparison and ordering of status code domains by their unsigned integer
unique identifier.

constexpr unique_id_type id() const noexcept;

Returns: The unique identifier of the status code domain.
constexpr virtual string_ref name() const noexcept = 0;

Returns: The string representation of the status code domain.
constexpr virtual payload_info_t payload_info() const noexcept = 0;

Returns: Metadata about the payload carried by status codes of this domain.

!The reference implementation uses 64 bit integers for the unique identifier, as SG14 decided that was sufficient
and 128-bit integers will not become portable until C23 is merged into the C+-+ IS. The reference implementation
XOR combines the first and latter halves of the 128-bit UUID string into a 64 bit unique identifier. If 128-bit integers
have become supported in the IS using standard code which works in compile time by the time library implementers
implement this proposal, it would be encouraged to use an unsigned 128-bit integer for the unique id type.



constexpr virtual bool do_failure(const status_code<void> &code) const noexcept = 0;

Returns: True if the status code’s value represents a failure.

constexpr virtual bool do_equivalent(const status_code<void> &codel, const status_code<void> &
code?2) const noexcept = 0;

Returns: True if the first status code’s value is semantically equivalent to the second status code’s
value. Semantic equivalence is defined as:

1. If both status codes have equivalent domains to this domain, semantic equivalence is whether
the values are equal.

2. Optionally, if the second code’s domain is the generic code domain, semantic equivalence is
whether this domain considers the first code’s value as being equivalent.

3. Optionally, this domain may consider values in the second code as equivalent for any other
domains of its choosing.

constexpr virtual generic_code do_generic_code(const status_code<void> &code) const noexcept = 0;

Returns: The generic code most closely mapping onto the status code’s value.

constexpr virtual string_ref do_message(const status_code<void> &code) const noexcept = 0;

Returns: The string representation of the status code’s value.

[[noreturn]] constexpr virtual void do_throw_exception(const status_code<void> &code) const = 0;

Throws: Throws an exception most closely representing the status code’s value.

constexpr virtual bool do_erased_copy(status_code<void> &dst, const status_code<void> &src,
payload_info_t dstinfo);

Returns: True if dst was successfully configured.

Effects: Using payload metadata from dstinfo to configure dst correctly, set dst to have a value
corresponding that from src. dst is permitted to be empty (and therefore have no domain set).
The default implementation retrieves the source payload metadata, and returns false having done
nothing if the destination’s total_size is smaller than the source’s total_size. If the destination
is sufficiently large, memcpy is used to copy the representation bits from src to dst.

Traits [system.status.traits]
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namespace std::system_code {
template <class Base, class DomainType> struct mixin : public Base {
using Base::Base;
+i
}

The system_code: :mixin template is a customisation point. Users can specialise the template for
their status code domain implementation type to cause the contents of the mixin type to be inher-
ited into status codes of that domain. Mixin types may include state, or be stateless.

namespace std {
template <T> struct is_status_code_erasable {
static constexpr bool value = is_trivially_copyable_v<T>;
b
template <class T> static constexpr bool is_status_code_erasable_v;
template <class T> concept status_code_erasable = is_status_code_erasable_v<T>;

}

This is a trait indicating whether a type is safe for erasure into a trivially copyable type of equal
or larger size when stored within a status_code. Additional specialisations may be added for user-
defined types.

namespace std {
template <class ErasedType>
using status_code_erased_tag type = /* implementation defined */;

}
This is a convenience type alias making available the implementation defined tag type used to
specialise erased editions of status code.

Constraints: ErasedType satisfies requirement TriviallyCopyable?.

namespace std {
template <class T> struct is_status_code;
template <class T> static constexpr bool is_status_code_v;

}

Trait types used to detect status_code specialisations.

Quick status codes from enumeration [system.status.quick status code from enum]

For most users who only wish to wrap an enumeration into a status code domain, there is a conve-
nience facility which generates a custom status code domain from your enumeration.

2If a trivial relocation or move bitcopying implementation reaches the IS at some future point, trivially relocatable
or move bitcopying objects are probably also safe to use here.

10
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namespace std {

template <class Enum> using quick_status_code_from_enum_code

code domain x/>;

status_code</* implementation defined

template <class Enum> struct quick_status_code_from_enum_defaults {

using code_type = quick_status_code_from_enum_code<Enum>;

struct mapping {
using enumeration_type = Enum;

const Enum value;
const char *message;
const std::initializer_list<errc> code_mappings;

}i

template <class Base> struct mixin : Base {
using Base::Base;
}i
+

// Specialised by user enumeration types
template <class T> struct quick_status_code_from_enum;

template <>
struct std::quick_status_code_from_enum<arithmetic_errc> :

std::quick_status_code_from_enum_defaults<arithmetic_errc> {

// Text name of the enum

An example of use also based around arithmetic_errc from the earlier example:

static constexpr const auto domain_name = "arithmetic error domain";

// Unique UUID for the enum. PLEASE use https://www.random.org/cgi-bin/randbyte?nbytes=16&format=h
static constexpr const auto domain_uuid = "{be201f65-3962-dd0e-1266-a72e63776a42}";

// Map of each enum value to its text string, and list of semantically equivalent errc’s

static const std::initializer_list<mapping> &value_mappings()

{

// Format is: { enum value, "string representation", { list of errc mappings ... } }

static const std::initializer_list<mapping<AnotherCode>> v

{arithmetic_errc::success, "success", {std::errc::success}},
{arithmetic_errc::divide_by zero, "divide by zero", {std::errc::argument_out_of_domain}},
{arithmetic_errc::integer_divide_overflows, "integer divide overflows", {std::errc::

result_out_of_range}},

{

{arithmetic_errc::not_integer_division, "not integer division", {std::errc::invalid_argument}},

1

return v;

// Completely optional definition of mixin for the status code
// synthesised from ‘arithmetic_errc’. It can be omitted, and the

// empty mixin from the defaults base class will be used.
template <class Base> struct mixin : Base {
using Base::Base;

11
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constexpr int custom_method() const { return 42; }

Class status_code<void> [system.status.code.void]

There are two forms of type erased status code, this is the first. This form is always available
irrespective of the domain’s value type, but cannot be directly copied, moved, nor destructed. Thus

one

always passes this around by const lvalue reference.

namespace std {
template <> class status_code<void> {

template <class T> friend class status_code;

public:

using domain_type = void;
using value_type = void;
using string_ref = typename status_code_domain::string_ref;

protected:

const status_code_domain x_domain{nullptr}; // exposition only

constexpr explicit status_code(const status_code_domain *v) noexcept;
status_code() = default;

status_code(const status_code &) = default;

status_code(status_code &&) = default;

status_code &operator=(const status_code &) = default;

status_code &operator=(status_code &&) = default;

~status_code() = default;

public:

constexpr const status_code_domain &domain() const noexcept;
[[nodiscard]] constexpr bool empty() const noexcept;

constexpr string_ref message() const noexcept;
constexpr bool success() const noexcept;

constexpr bool failure() const noexcept;

template <class T> constexpr bool strictly_equivalent(const status_code<T> &o0) const noexcept;
template <class T> constexpr bool equivalent(const status_code<T> &0) const noexcept;

[[noreturn]] constexpr void throw_exception() const;

Construction and assignment [system.status.code.void.cons]|

constexpr explicit status_code(const status_code_domain #*v) noexcept;

Effects: Constructs an object of class status code<void> whose domain reference shall be *v.

Ensures: domain()== x*v.

12



Observers [system.status.code.void.observers]|

constexpr const status_code_domain &domain() const noexcept;

Returns: A constant lvalue reference to the domain of this status code.

[[nodiscard]] constexpr bool empty() const noexcept;

Returns: True if this status code was default constructed.

constexpr string_ref message() const noexcept;

Returns: If not empty, domain().do_message(xthis), otherwise the string " (empty)".

constexpr bool success() const noexcept;

Returns: If not empty, ! domain().do_failure(xthis), otherwise false.

constexpr bool failure() const noexcept;

Returns: If not empty, domain().do_failure(xthis), otherwise false.

template <class T> constexpr bool strictly_equivalent(const status_code<T> &o) const noexcept;

Returns: If both empty, true; if neither empty, domain().do_equivalent(xthis, 0); otherwise
false.

template <class T> constexpr bool equivalent(const status_code<T> &o) const noexcept;

Returns: If both empty, true; if one empty and the other not, false; otherwise the following algorithm
is performed:

1. If domain().do_equivalent(xthis, o), return true.
2. If domain().do_equivalent(o, *this), return true.

3. If o.domain().do_generic_code(o)!= errc::unknown and domain().do_equivalent (*xthis
, 0.domain().do_generic_code(0)), return true.

4. If o.domain().do_generic_code(o)!= errc::unknown and domain().do_equivalent(o.domain
().do _generic code(o), *this), return true.

5. Otherwise, return false;

[[noreturn]] constexpr void throw_exception() const;

13
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Throws: If not empty, domain().do_throw_exception(xthis), otherwise implementation defined.

Class status_code<DomainType> [system.status.code]

This is a typed status code whose payload type is defined by the status code’s domain type. The
customisation point system code::mixin may inject additional state and/or member functions.

It is required to inherit publicly from status_code<void> and
std::system_code: :mixin</*implementation defined base type */, DomainType>.

It is required that if the status code’s domain’s value type is trivially copyable, and so is any mixin,
then so must be the resulting status code.

It is required that if the status code’s domain’s value type meets the literal type requirement, and
so does any mixin, then so must the resulting status code.

An ADL discovered customisation point make status code(T, Args...) is looked up by one of
the constructors. If it is found, and it generates a status code compatible with this status code,
implicit construction from T, Args... is made available.

namespace std {
template <class DomainType>
requires(
(!'is_default_constructible_v<typename DomainType::value_type>
|| is_nothrow_default_constructible_v<typename DomainType::value_type>)
&& (!is_move_constructible_v<typename DomainType::value_type>
|| is_nothrow_move_constructible_v<typename DomainType::value_type>)
&& is_nothrow_destructible_v<typename DomainType::value_type>
)
class status_code : public /* implementation defined x/ {
template <class T> friend class status_code;
public:
using domain_type = DomainType;
using value_type = typename domain_type::value_type;
using string_ref = typename domain_type::string_ref;
protected:
value_type _value; // exposition only
public:
status_code() = default;
status_code(const status_code &) = default;
status_code(status_code &&) = default;
status_code &operator=(const status_code &) = default;
status_code &operator=(status_code &&) = default;
~status_code() = default;
void swap(status_code &) noexcept(is_nothrow_swappable_v<status_code>);

template <class T, class... Args,
class MakeStatusCodeResult = /x safe ADL lookup of make_status_code() */>
requires(!is_same_v<decay_t<T>, status_code> // not copy/move of self
&& !'is same<decay t<T>, in_place_ t> // not in_place_t
&& is_status_code_v<MakeStatusCodeResult> // ADL makes a status code
&& is_constructible v<status_code, MakeStatusCodeResult>) // ADLed status code is
compatible
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)
constexpr status_code(T &&wv, Args &&... args) noexcept(noexcept(make_status_code(declval<T>(),
declval<Args>()...)));

template<class Enum, class QuickStatusCodeType
= typename quick_status_code_from_enum<Enum>::code_type> // Enumeration has been activated
requires(is_constructible_v<status_code, QuickStatusCodeType>) // Its status code is compatible
constexpr status_code(Enum &&v) noexcept(is_nothrow_constructible_v<status_code,
QuickStatusCodeType>::value);

template <class... Args>
constexpr explicit status_code(in_place_t /*unused x/, Args &&... args) noexcept(
is_nothrow_constructible_v<value_type, Args &&...>);

template <class T, class... Args>
constexpr explicit status_code(in_place_t /*unused =/, initializer_list<T> il, Args &&... args)
noexcept(is_nothrow_constructible_v<value_type, initializer_list<T>, Args &&...>);

constexpr explicit status_code(const value_type &v) noexcept(is_nothrow_copy_constructible_v<
value_type>);

constexpr explicit status_code(value_type &&v) noexcept(is_nothrow_move_constructible<value_type>)

’

template <class ErasedType>

requires(/* if construction from erased type is safe x/)

constexpr explicit status_code(const erased_status_code<ErasedType> &v) noexcept(
is_nothrow_copy_constructible<value_type>);

constexpr const domain_type &domain() const noexcept;
constexpr string_ref message() const noexcept;

constexpr value_type &value() & noexcept;

constexpr value_type &&value() && noexcept;

constexpr const value_type &value() const& noexcept;
constexpr const value_type &&value() const&& noexcept;

constexpr status_code clone() const;
constexpr void clear() noexcept;

Construction and assignment [system.status.code.cons]|

status_code() = default;

Effects: Constructs an empty status code<DomainType>.

FEnsures: empty()== true.

status_code(const status_code &) = default;
status_code(status_code &&) = default;
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status_code &operator=(const status_code &) = default;

status_code &operator=(status_code &&) = default;

~status_code() = default;

void swap(status_code &) noexcept(is_nothrow_swappable_v<status_code>);

Effects: Status code’s copy and move constructors and special member functions replicate the
availability and noexcept of those of its value_ type.

Ensures: If not empty, domain()== DomainType::get().

template <class T, class... Args,
class MakeStatusCodeResult = /* safe ADL lookup of make_status_code() */>

requires(!is_same_v<decay_t<T>, status_code> // not copy/move of self
&& !'is same<decay t<T>, in_place_t> // not in_place_t
&& is_status_code_v<MakeStatusCodeResult> // ADL makes a status code
&& is_constructible_v<status_code, MakeStatusCodeResult>) // ADLed status code is

compatible
)
constexpr status_code(T &&v, Args &&... args) noexcept(noexcept(make_status_code(declval<T>(),

declval<Args>()...)));

Effects: Implicitly constructs an object of class status code<DomainType> from the value yielded
by the ADL customisation point make status code(T, Args...).

Constraints: T cannot be status_code; T cannot be in_place_t; make_status_code(T, Args...)
must yield a status code from which this status code can be constructed.

Ensures: domain()== DomainType::get().

template<class Enum, class QuickStatusCodeType
= typename quick_status_code_from_enum<Enum>::code_type> // Enumeration has been activated
requires(is_constructible_v<status_code, QuickStatusCodeType>) // Its status code is compatible
constexpr status_code(Enum &&v) noexcept(is_nothrow_constructible_v<status_code,
QuickStatusCodeType>::value);

Effects: Implicitly constructs an object of class status code<DomainType> from the enumeration
value.

Constraints: Enum must have a quick status_code from_ enum specialisation;
quick status_ code from_ enum<Enum>::code type must be a type from which this status code can
be constructed.

Ensures: domain()== DomainType::get(); value()== v.

template <class... Args>
constexpr explicit status_code(in_place_t /*unused */, Args &&... args) noexcept(
is_nothrow_constructible_v<value_type, Args &&...>);

Effects: Explicitly constructs an object of class status code<DomainType> whose value() is em-
placement constructed from Args. ...

16



Ensures: domain()== DomainType::get(); value()== value_type(Args...).

template <class T, class... Args>
constexpr explicit status_code(in_place_t /*unused x*/, initializer_list<T> il, Args &&... args)
noexcept(is_nothrow_constructible_v<value_type, initializer_list<T>, Args &&...>);

Effects: Explicitly constructs an object of class status_code<DomainType> whose value() is em-
placement constructed from il, Args....

Ensures: domain()== DomainType::get(); value()== value_ type(il, Args...).

constexpr explicit status_code(const value_type &v) noexcept(is_nothrow_copy_constructible_v<
value_type>);

Effects: Explicitly constructs an object of class status_code<DomainType> whose value() is copy
constructed from v.

FEnsures: domain()== DomainType::get(); value()== v.

constexpr explicit status_code(value_type &&v) noexcept(is_nothrow_move_constructible<value_type>)

Effects: Explicitly constructs an object of class status code<DomainType> whose value() is move
constructed from v.
Ensures: domain()== DomainType::get(); value()== v.
template <class ErasedType>
requires(/x if construction from erased type is safe x/)
constexpr explicit status_code(const erased_status_code<ErasedType> &v);
FEzxpects: domain()== v.domain().

Effects: Explicitly constructs an object of class status code<DomainType> whose value() is bit
copied from the erased value type of the erased status code v.

Constraints: value_ type must be StatusCodeErasable and ErasedType and any mixin must be
trivially copyable; v’s size must be smaller or equal to *this’s size.

FEnsures: domain()== DomainType::get().

Observers [system.status.code.observers|

constexpr const domain_type &domain() const noexcept;
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Returns: A constant lvalue reference to the domain of this status code.

Remarks: This overrides status_code<void>::domain() to return the implementation domain
type.

constexpr string_ref message() const noexcept;

Returns: If not empty, domain().do_message(*this), otherwise the string " (empty)".

Remarks: This overrides status_code<void>::message() to return the implementation domain
type’s string_ref rather than the base type.

constexpr value_type &value() & noexcept;

constexpr value_type &&value() && noexcept;

constexpr const value_type &value() const& noexcept;
constexpr const value_type &&value() const&& noexcept;

Returns: A reference to the payload value of this status code.

constexpr status_code clone() const;

Ezxpects: value_type is copy constructible.

Returns: A copy of this status code.

Modifiers [system.status.code.modifiers]

constexpr void clear() noexcept;

Effects: If not empty, destroy the payload value and set the status code’s value to empty.

Ensures: empty()== true.

Typedef erased_status_code<ErasedType> [system.status.erased.code]

Constraints: ErasedType satisfies requirement TriviallyCopyable3.

There are two forms of type erased status code, this is a type alias to the second. This form is move-
only, retaining the domain of its source, but erasing the payload value into a trivially copyable storage
type if DomainType: :value_type is StatusCodeErasable. The customisation point system_code
1 :mixin may inject additional state and/or member functions.

3If a trivial relocation or move bitcopying implementation reaches the IS at some future point, trivially relocatable
or move bitcopying objects are probably also safe to use here.
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It is required to inherit publicly from status_code<void> and
system_code: :mixin</*implementation defined base type %/, status_code_erased_tag_type
<ErasedType>>.

namespace std {
template <class ErasedType>
using erased_status_code = status_code</* implementation defined x*/>;

template <class ErasedType>
class status_code</* implementation defined */>
: public /* implementation defined */ {
template <class T> friend class status_code;
public:
using domain_type = void;
using value_type = ErasedType;
using string_ref = typename status_code<void>::string_ref;
protected:
value_type _value; // exposition only
public:
status_code() = default;
status_code(const status_code &) = delete;
status_code(status_code &&) = default;
status_code &operator=(const status_code &) = delete;
status_code &operator=(status_code &&) = default;
constexpr ~status_code();

template <class DomainType>
requires(/* domain value type erasure is safe x/

&& !is_erased_status_code_v<status_code<DomainType>)
constexpr status_code(const status_code<DomainType> &v) noexcept;

template <class DomainType>
requires(/* domain value type erasure is safe x/)
constexpr status_code(status_code<DomainType> &&v) noexcept;

template <class T, class... Args,
class MakeStatusCodeResult =/* safe ADL lookup of make_status_code() */>
requires(!is_same_v<decay_t<T>, status_code> // not copy/move of self
&& !is same<decay t<T>, value type> // not in_place_t
&& is_status_code_v<MakeStatusCodeResult> // ADL makes a status code
&& is_constructible_v<status_code, MakeStatusCodeResult>)) // ADLed status code is
compatible
)
constexpr status_code(T &&wv, Args &&... args) noexcept(noexcept(make_status_code(declval<T>(),

declval<Args>()...)));

template<class Enum,
class QuickStatusCodeType = typename quick status_code_from_enum<Enum>::code_type)
// Enumeration has been activated
requires(is_constructible_v<status_code, QuickStatusCodeType>) // Its status code is
compatible
constexpr status_code(Enum &&v) noexcept(is_nothrow_constructible_v<status_code,
QuickStatusCodeType>);

explicit constexpr status_code(in_place_t, const status_code<void> &v);
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constexpr status_code(nothrow_t, const status_code<void> &v) noexcept

constexpr status_code clone() const;
constexpr void clear() noexcept;
b
}

Construction and assignment [system.status.erased.code.cons]

status_code() = default;

Effects: Constructs an empty status code.

Ensures: empty()== true.

status_code(const status_code &) = delete;
status_code(status_code &&) = default;

status_code &operator=(const status_code &) = delete;
status_code &operator=(status_code &&) = default;

Effects: Erased status codes are move-only.

Ensures: If the source is not empty, domain() becomes the source domain, and the source object
becomes empty, otherwise results in an empty status code.

template <class DomainType>
requires(/* domain value type erasure is safe x/

&& !is_erased_status_code_v<status_code<DomainType>)
constexpr status_code(const status_code<DomainType> &v) noexcept;

Effects: If the source is not empty, implicitly constructs an object of alias erased status code<
ErasedType> through bit copying of the value of v.

Constraints: value type must be StatusCodeErasable and ErasedType and any mixin must be
trivially copyable; v’s size must be smaller or equal to *this’s size; status_code<DomainType>
cannot be an erased status code.

Ensures: If source was not empty, domain()== v.domain(), otherwise results in an empty status
code.

template <class DomainType>
requires(/* domain value type erasure is safe x/)
constexpr status_code(status_code<DomainType> &&v) noexcept;

Effects: If the source is not empty, implicitly constructs an object of alias erased_status_code<
ErasedType> through bit copying of the value of v, afterwards the source value is left in a state as
if it had a move constructor performed upon it.
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Constraints: value_type must be StatusCodeErasable and ErasedType and any mixin must be
trivially copyable; v’s size must be smaller or equal to *this’s size.

Ensures: If not empty, domain() becomes the source domain, and the source object becomes empty,
otherwise results in an empty status code.

template <class T, class... Args,
class MakeStatusCodeResult = /x safe ADL lookup of make_status_code() */>

requires(!is_same_v<decay_t<T>, status_code> // not copy/move of self
&& !'is same<decay t<T>, in_place_ t> // not in_place_t
&& is_status_code_v<MakeStatusCodeResult> // ADL makes a status code
&& is_constructible v<status_code, MakeStatusCodeResult>) // ADLed status code is

compatible
)
constexpr status_code(T &&v, Args &&... args) noexcept(noexcept(make_status_code(declval<T>(),

declval<Args>()...)));

Effects: Implicitly constructs an object of the erased status code from the value yielded by the ADL
customisation point make status code(T, Args...).

Constraints: T cannot be status_code; T cannot be in_place_t; make_status_code(T, Args...)
must yield a status code from which this status code can be constructed.

FEnsures: domain()== make_status_code(T, Args...).domain().

template<class Enum, class QuickStatusCodeType
= typename quick_status_code_from_enum<Enum>::code_type> // Enumeration has been activated
requires(is_constructible_v<status_code, QuickStatusCodeType>) // Its status code is compatible
constexpr status_code(Enum &&v) noexcept(is_nothrow_constructible_v<status_code,
QuickStatusCodeType>::value);
Effects: Implicitly constructs an object of the erased status code from the enumeration value.

Constraints: Enum must have a quick status_ code from enum specialisation;
quick status_code_from_enum<Enum>::code_type must be a type from which this status code can
be constructed.

FEnsures: domain()== make_status_code(T, Args...).domain().

explicit constexpr status_code(in_place_t, const status_code<void> &v);

Effects: Explicitly constructs an object of the erased status code from the other kind of erased status
code by invoking v.domain().do_erased_copy(*this, v, payload_info_t{sizeof(value_type)
, sizeof(status_code), alignof(status_code)}) to perform the copy.

Ensures: domain()== v.domain().
Throws: An exception if do_erased_copy() returns false.
[Note: On implementations with exceptions globally disabled, one might consider omit-

ting this overload entirely. — end note|
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constexpr status_code(nothrow_t, const status_code<void> &v) noexcept

Effects: Constructs an object of the erased status code from the other kind of erased status
code by invoking v.domain().do_erased_copy(xthis, v, payload_info_t{sizeof(value_type
), sizeof(status_code), alignof(status_code)}) to perform the copy. If that invocation re-
turns false, the constructed object shall be empty.

Ensures: domain()== v.domain() if do_erased copy() returns true, empty otherwise.

Destructor [system.status.erased.code.cons]

constexpr ~status_code();

Effects: If not empty, invokes domain().do_erased destroy(xthis, payload_info_t{sizeof(
value_type), sizeof(status_code), alignof(status_code)}).

Observers [system.status.erased.code.observers]

constexpr status_code clone() const;

Returns: A copy of this erased status code, which if non-empty is obtained by invoking domain().
do_erased_copy(ret, *this, domain().payload_info()).

Throws: An exception if do_erased_copy() returns false.

Modifiers [system.status.erased.code.modifiers]

constexpr void clear() noexcept;

Effects: If not empty, destroy the payload value by invoking domain().do_erased_destroy(xthis,
payload_info_t{sizeof(value_type), sizeof(status_code), alignof(status_code)}), and set
the status code’s value to empty.

Ensures: empty()== true.

Status code comparisons [system.status.code.comparisons]

namespace std {
//! True if the status code’s are semantically equal via ‘equivalent()‘.
template <class DomainTypel, class DomainType2>
constexpr bool operator==(const status_code<DomainTypel> &a, const status_code<DomainType2> &b)
noexcept;
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//!' True if the status code’s are not semantically equal via ‘equivalent()‘.
template <class DomainTypel, class DomainType2>

constexpr bool operator!=(const status_code<DomainTypel> &a, const status_code<DomainType2> &b)

noexcept;

//! True if the status code’s are semantically equal via ‘equivalent()‘ to ‘make_status_code(T)".

template<class DomainTypel, class T, class MakeStatusCodeResult

= typename detail::safe_get_make_status_code_result<const T &>::type> // Safe ADL lookup of

make_status_code(), returns void if not found
requires(is_status_code<MakeStatusCodeResult>::value)
status code
constexpr bool operator==(const status_code<DomainTypel> &a, const T &b);

//!' True if the status code’s are semantically equal via ‘equivalent()‘ to ‘make_status_code(T)".

template<class DomainTypel, class T, class MakeStatusCodeResult

= typename detail::safe_get_make_status_code_result<const T &>::type> // Safe ADL lookup of

make_status_code(), returns void if not found
requires(is_status_code<MakeStatusCodeResult>::value)
status code
constexpr bool operator==(const T &a, const status_code<DomainTypel> &b);

//! True if the status code’s are not semantically equal via ‘equivalent()‘ to ‘make_status_code(T)

‘

template<class DomainTypel, class T, class MakeStatusCodeResult

= typename detail::safe_get_make_status_code_result<const T &>::type> // Safe ADL lookup of

make_status_code(), returns void if not found
requires(is_status_code<MakeStatusCodeResult>::value)
status code
constexpr bool operator!=(const status_code<DomainTypel> &a, const T &b);

//! True if the status code’s are not semantically equal via ‘equivalent()‘ to ‘make_status_code(T)

‘

template<class DomainTypel, class T, class MakeStatusCodeResult

= typename detail::safe_get_make_status_code_result<const T &>::type> // Safe ADL lookup of

make_status_code(), returns void if not found
requires(is_status_code<MakeStatusCodeResult>::value)
status code
constexpr bool operator!=(const T &a, const status_code<DomainTypel> &b);
//! True if the status code’s are semantically equal via ‘equivalent()’ to ‘
quick_status_code_from_enum<T>::code_type(b) ‘.
template <class DomainTypel, class T, class QuickStatusCodeType

= typename quick_status_code_from_enum<T>::code_type // Enumeration has been activated

>
constexpr bool operator==(const status_code<DomainTypel> &a, const T &b);

//' True if the status code’s are semantically equal via ‘equivalent()‘ to
quick_status_code_from_enum<T>::code_type(a)“.
template <class DomainTypel, class T, class QuickStatusCodeType

= typename quick_ status_code_from_enum<T>::code_type // Enumeration has been activated

>
constexpr bool operator==(const T &a, const status_code<DomainTypel> &b);

//!' True if the status code’s are not semantically equal via ‘equivalent()‘ to

quick_status_code_from_enum<T>::code_type(b) ‘.
template <class DomainTypel, class T, class QuickStatusCodeType
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= typename quick_status_code_from_enum<T>::code_type // Enumeration has been activated
>
constexpr bool operator!=(const status_code<DomainTypel> &a, const T &b);

‘

//! True if the status code’s are not semantically equal via ‘equivalent()‘ to
quick_status_code_from_enum<T>::code_type(a) ‘.
template <class DomainTypel, class T, class QuickStatusCodeType
= typename quick_status_code_from_enum<T>::code_type // Enumeration has been activated
>
constexpr bool operator!=(const T &a, const status_code<DomainTypel> &b);

Exception types [system.status.code.excepts|

For status codes with no natural mapping to an obvious exception type equivalent to their mean-
ing, class status_error provides exception types modelling status_code. This is a reasonable
type to throw from implementations of status code domain::throw exception() if nothing more
appropriate is to hand.

Class status_error<void> [system.status.