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[dcl.attr.grammar] p1 

Attributes specify additional information for various source 
constructs such as types, variables, names, blocks, or 
translation units.







https://wg21.link/N2761
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// MSVC pre-C++11 
__declspec(noreturn) void terminate() { /* ... */ } 

// GCC pre-C++11 
__attribute__((unused)) void test() { /* ... */ } 
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[[...]] 



12Copyright (c) Timur Doumler   |        @timur_audio   |    https://timur.audio

// MSVC pre-C++11 
__declspec(noreturn) void terminate() { /* ... */ } 

// GCC pre-C++11 
__attribute__((unused)) void test() { /* ... */ } 
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// added in C++11: 
[[noreturn]] void terminate() { /* ... */ } 

// added in C++17: 
[[maybe_unused]] void test() { /* ... */ } 
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// Standard attributes 
[[nodiscard]] 
[[fallthrough]] 
[[deprecated("Use this other thing instead")]] 
... 

// Non-standard ("vendor-specific") attributes 
[[clang::always_inline]] 
[[gnu::pure]] 
[[omp::sequence(directive(parallel), directive(for))]]  
... 
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// Standard attributes 
[[nodiscard]] 
[[fallthrough]] 
[[deprecated("Use this other thing instead")]] 
... 

// Non-standard ("vendor-specific") attributes 
[[clang::always_inline]] 
[[gnu::pure]] 
[[omp::sequence(directive(parallel), directive(for))]]  
... 
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[[...]] 
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int main() { 
  int a[2] = {666, 42}; 
  return a[1]; 
} 
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int main() { 
  int a[2] = {666, 42}; 
  return a[[]{ return 1; }()]; 
} 



19Copyright (c) Timur Doumler   |        @timur_audio   |    https://timur.audio

int main() { 
  int a[2] = {666, 42}; 
  return a[[]{ return 1; }()]; // Error! 
} 
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int main() { 
  int a[2] = {666, 42}; 
  return a[ []{ return 1; }()]; // Error! 
} 
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int main() { 
  int a[2] = {666, 42}; 
  return a[([]{ return 1; }())]; // OK 
} 
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[dcl.attr.grammar] p5 

Each attribute-specifier-seq is said to appertain to some 
entity or statement, identified by the syntactic context 
where it appears.
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// Attribute appertaining to class template declaration: 
template <typename T> 
class [[deprecated]] auto_ptr; 
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// Attribute appertaining to class template declaration: 
template <typename T> 
class [[deprecated]] auto_ptr; 

// Attribute appertaining to function declaration: 
[[nodiscard]] bool empty() const noexcept; 
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// Attribute appertaining to class template declaration: 
template <typename T> 
class [[deprecated]] auto_ptr; 

// Attribute appertaining to function declaration: 
[[nodiscard]] bool empty() const noexcept; 

// Attributes appertaining to statements and labels: 
int f(int i) { 
    switch(i) { 
        case 1: [[fallthrough]]; 
        [[likely]] case 2: return 1; 
    } 
    return 2; 
}
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// C++11 
[[noreturn]] 
[[carries_dependency]] 
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// C++11 
[[noreturn]] 
[[carries_dependency]] 

// C++14 
[[deprecated]] 
[[deprecated("reason")]] 
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// C++11 
[[noreturn]] 
[[carries_dependency]] 

// C++14 
[[deprecated]] 
[[deprecated("reason")]] 

// C++17 
[[fallthrough]] 
[[nodiscard]] 
[[maybe_unused]] 
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// C++11 
[[noreturn]] 
[[carries_dependency]] 

// C++14 
[[deprecated]] 
[[deprecated("reason")]] 

// C++17 
[[fallthrough]] 
[[nodiscard]] 
[[maybe_unused]] 
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//C++23 
[[assume(expression)]] 
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// C++11 
[[noreturn]] 
[[carries_dependency]] 

// C++14 
[[deprecated]] 
[[deprecated("reason")]] 

// C++17 
[[fallthrough]] 
[[nodiscard]] 
[[maybe_unused]] 

// C++20 
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// C23 
[[noreturn]] 
[[deprecated]] 
[[fallthrough]] 
[[nodiscard]] 
[[maybe_unused]] 
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// C23 
[[noreturn]] 
[[deprecated]] 
[[fallthrough]] 
[[nodiscard]] 
[[maybe_unused]] 
[[unsequenced]] 
[[reproducible]] 
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// C23 
[[noreturn]] 
[[deprecated]] 
[[fallthrough]] 
[[nodiscard]] 
[[maybe_unused]] 
[[unsequenced]] 
[[reproducible]] 
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// Attributes to enable/disable warnings 
[[deprecated]] 
[[maybe_unused]] 
[[fallthrough]] 
[[nodiscard]] 
 

// Attributes targeting backend (can trigger optimisations and UB) 
[[noreturn]] 
[[carries_dependency]] 
[[likely]] 
[[unlikely]] 
[[assume]] 
 

// Attribute targeting ABI 
[[no_unique_address]] 
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[[deprecated]] 
[[maybe_unused]] 
[[fallthrough]] 
[[nodiscard]]
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template <typename T> 
class [[deprecated]] 
auto_ptr { 
    // Implementation... 
}; 
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template <typename T> 
class [[deprecated]] 
auto_ptr { 
    // Implementation... 
}; 

int main() { 
    auto_ptr<int> ptr;   // Warning: auto_ptr is deprecated 
}                        
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template <typename T> 
class [[deprecated("Use unique_ptr instead!")]] 
auto_ptr { 
    // Implementation... 
}; 

int main() { 
    auto_ptr<int> ptr;   // Warning: auto_ptr is deprecated:  
}                        // Use unique_ptr instead! 
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• Syntax: 
• Has optional character literal argument 
• Appertains to declarations of a class, typedef, variable, data member, 

function, namespace, enum, template, or template specialisation 
• Availability: 

• since C++14 
• MSVC, GCC, Clang, ICC  

• Recommendation: 
• Use in your library when needed 
• Always use string argument to tell user what to use instead 

[[deprecated]]



[[deprecated]] 
[[maybe_unused]] 
[[fallthrough]] 
[[nodiscard]]
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void didFinishProcessingWidget(const Widget& widget, const Error& error) 
{ 
    String errorString = error ? error.description : {}; 
    DEBUG_LOG("didFinishProcessingWidget, error: " + errorString); 
 
    // do stuff.. 
}



62Copyright (c) Timur Doumler   |        @timur_audio   |    https://timur.audio

void didFinishProcessingWidget(const Widget& widget, const Error& error) 
{ 
    String errorString = error ? error.description : {}; 
    // Warning: unused variable: 'errorString' 
    DEBUG_LOG("didFinishProcessingWidget, error: " + errorString); 

    // do stuff.. 
}
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#define UNUSED(x) (void)(x) 

void didFinishProcessingWidget(const Widget& widget, const Error& error) 
{ 
    String errorString = error ? error.description : {}; 
    UNUSED(errorString); 
    DEBUG_LOG("didFinishProcessingWidget, error: " + errorString); 

    // do stuff.. 
}
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template <typename... Types> 
void ignoreUnused(Types&&...) noexcept {} 

void didFinishProcessingWidget(const Widget& widget, const Error& error) 
{ 
    String errorString = error ? error.description : {}; 
    ignoreUnused(errorString); 
    DEBUG_LOG("didFinishProcessingWidget, error: " + errorString); 

    // do stuff.. 
}
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void didFinishProcessingWidget(const Widget& widget, const Error& error) 
{ 
    [[maybe_unused]] String errorString = error ? error.description : {}; 
    DEBUG_LOG("didFinishProcessingWidget, error: " + errorString); 

    // do stuff.. 
}
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• Syntax: 
• Appertains to declarations of a class, typedef, variable, data member, 

function, enum, or structured binding 
• Availability: 

• since C++17 
• MSVC, GCC, Clang, ICC 

• Recommendation: 
• Use when needed 
• Consider replacing your existing solution with [[maybe_unused]] 

[[maybe_unused]]
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struct A {}; 
struct [[maybe_unused]] B {}; 

int main() { 
  A a1; 
  [[maybe_unused]] A a2; 

  B b1; 
  [[maybe_unused]] B b2; 
} 
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struct A {}; 
struct [[maybe_unused]] B {}; 

int main() { 
  A a1; 
  [[maybe_unused]] A a2; 

  B b1; 
  [[maybe_unused]] B b2; 
} 
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struct A {}; 
struct [[maybe_unused]] B {}; 

int main() { 
  A a1;   // MSVC/GCC/Clang: warning: a1 is unused 
  [[maybe_unused]] A a2;  // No warning 

  B b1;   // MSVC: warning: b1 is unused; GCC/Clang: no warning 
  [[maybe_unused]] B b2;  // No warning 
} 



[[deprecated]] 
[[maybe_unused]] 
[[fallthrough]] 
[[nodiscard]]
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void f(int n) { 
    switch (n) { 
        case 0: 
        case 1: 
            doSomething(); 
        case 2: 
            doSomethingElse(); 
            break; 
        default: 
            assert("Something went wrong"); 
            break; 
    } 
} 
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void f(int n) { 
    switch (n) { 
        case 0: 
        case 1: 
            doSomething(); 
        case 2: 
            doSomethingElse(); 
            break; 
        default: 
            assert("Something went wrong"); 
            break; 
    } 
} 
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void f(int n) { 
    switch (n) { 
        case 0: 
        case 1: 
            doSomething();   
        case 2:                 // Warning: implicit fallthrough 
            doSomethingElse(); 
            break; 
        default: 
            assert("Something went wrong"); 
            break; 
    } 
} 
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void f(int n) { 
    switch (n) { 
        case 0: 
        case 1: 
            doSomething(); 
            doSomethingElse(); 
            break; 
        case 2: 
            doSomethingElse(); 
            break; 
        default: 
            assert("Something went wrong"); 
            break; 
    } 
} 
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void f(int n) { 
    switch (n) { 
        case 0: 
        case 1: 
            doSomething(); 
            [[fallthrough]]; 
        case 2: 
            doSomethingElse(); 
            break; 
        default: 
            assert("Something went wrong"); 
            break; 
    } 
} 
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• Syntax: 
• Can appear only as a single statement: [[fallthrough]]; 

("Appertains to a null statement") 
• Only inside a switch statement, just before a case label 

• Availability: 
• since C++17 
• MSVC, GCC, Clang, ICC 

• Recommendation: 
• Use whenever needed

[[fallthrough]]
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switch (n) { 
  case 1: 
  case 2: 
    g(); 
    [[fallthrough]]; 
  case 3:                // warning on fallthrough discouraged 
    do { 
      [[fallthrough]];   // error: next statement is not part of the same substatement execution 
    } while (false); 
  case 6: 
    do { 
      [[fallthrough]];   // error: next statement is not part of the same substatement execution 
    } while (n--); 
  case 7: 
    while (false) { 
      [[fallthrough]];   // error: next statement is not part of the same substatement execution 
    } 
  case 5: 
    h(); 
  case 4:                // implementation may warn on fallthrough 
    i(); 
    [[fallthrough]];     // error 
}



[[deprecated]] 
[[maybe_unused]] 
[[fallthrough]] 
[[nodiscard]]
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[[nodiscard]] int f() { 
    return 42; 
} 
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[[nodiscard]] int f() { 
    return 42; 
} 

int main() { 
    f();  // Warning: ignoring return value of nodiscard function 
} 
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• Use when discarding return value would be a wrong use of the API,  
that can lead to bugs, for example: 
• memory leaks 
• race conditions 
• undefined behaviour 
• wrong functionality

[[nodiscard]]
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template <typename T> 
class vector { 
public: 
    bool empty() const noexcept; 
    // Other stuff... 
}; 
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template <typename T> 
class vector { 
public: 
    bool empty() const noexcept; 
    // Other stuff... 
}; 

int main() { 
    vector<int> v = {1, 2, 3}; 
    v.empty();  // User expects that now vector.size() == 0 but it's not :( 
} 
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template <typename T> 
class vector { 
public: 
    [[nodiscard]] bool empty() const noexcept; 
    // Other stuff... 
}; 

int main() { 
    vector<int> v = {1, 2, 3}; 
    v.empty();  // Warning: ignoring return value of nodiscard function 
} 
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template <typename T> 
class vector { 
public: 
    [[nodiscard("Did you mean to call clear?")]] bool empty() const noexcept; 
    // Other stuff... 
}; 

int main() { 
    vector<int> v = {1, 2, 3}; 
    v.empty();  // Warning: ignoring return value of nodiscard function: 
}               // Did you mean to call clear? 
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// Other examples: 

smartPtr.release(); 
seqLock.lock(); 
std::launder(ptr); 
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• Syntax: 
• Appertains to a function, enum or class declaration 

• Availability: 
• since C++17 (without character literal argument) 
• since C++20 (with character literal argument) 
• MSVC, GCC, Clang, ICC 

• Recommendation: 
• Use when discarding return value would be a wrong use of the API 

(wrong functionality, memory leak, UB, ...) 
• If on C++20 or above, use character literal argument

[[nodiscard]]
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[[noreturn]] 
[[carries_dependency]] 

[[likely]] 
[[unlikely]]  
[[assume]]
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[[noreturn]] void f() { 
  throw "error"; 
} 



94Copyright (c) Timur Doumler   |        @timur_audio   |    https://timur.audio

// Always throw: 
std::rethrow_exception 
std::rethrow_nested 
std::throw_with_nested 

// Always terminate the program: 
std::abort 
std::exit 
std::quick_exit 
std::terminate 

// Always jump: 
std::longjmp 

// Always undefined behaviour: 
std::unreachable

[[noreturn]] in the C++ Standard Library
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[[noreturn]] void f(); 

int main() { 
  f(); 
  return 42;  // Dead code 
} 
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[[noreturn]] void f() {} 
  
int main() { 
  f();  // Undefined behaviour! 
  return 42; 
} 
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• Syntax: 
• Appertains to a function declaration 

• Availability: 
• since C++11 
• MSVC, GCC, Clang, ICC 

• Recommendation: 
• Expert-only usage (should be rare) 
• Keep in mind it can introduce UB

[[noreturn]]



[[noreturn]] 
[[carries_dependency]] 

[[likely]] 
[[unlikely]]  
[[assume]]
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void print(int* [[carries_dependency]] val); 

std::atomic<int*> p; 
// ... 

int* local = p.load(std::memory_order_consume); 
if(local) 
    print(local);
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void print(int* [[carries_dependency]] val); 

std::atomic<int*> p; 
// ... 

int* local = p.load(std::memory_order_consume); 
if(local) 
    print(local);
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• Syntax: 
• Appertains to a function parameter declaration 

• Availability: 
• since C++11 (but will probably be deprecated/removed) 
• no compiler implements it 

• Recommendation: 
• Never use

[[carries_dependency]]



[[noreturn]] 
[[carries_dependency]] 

[[likely]] 
[[unlikely]]  
[[assume]]
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if (condition) [[likely]] { 
  f(); 
} 
else { 
  g(); 
}
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if (shouldSendOrder) [[likely]] 
  sendOrder(order); 
else 
  doSomethingElse(); 
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• Do not influence branch predictor, only code layout! 
→ no CPU instructions to give hints to branch predictor 

• Many caveats when using them 
→ Aaron Ballman: "Don’t use the [[likely]] or [[unlikely]] attributes" 

• Often it does not actually optimise, and sometimes it pessimises! 
→ Amir Kirsh & Tomer Vromen: "C++20’s [[likely]] Attribute -  
    Optimizations, Pessimizations, and [[unlikely]] Consequences"

Caveats
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• Syntax: 
• Appertain to labels and statements (other than declarations) 

• Availability: 
• since C++20 
• MSVC, GCC, Clang, ICC 

• Recommendation: 
• Avoid 
• Consider using only if it leads to a measurable perf improvement 
• Keep in mind this might change with a different compiler 
• Keep in mind non-straightforward semantic rules

[[likely]], [[unlikely]]
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if (shouldSendOrder) [[likely]] 
  sendOrder(order); 
else 
  doSomethingElse(); 



[[noreturn]] 
[[carries_dependency]] 

[[likely]] 
[[unlikely]]  
[[assume]]
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[[assume(expr)]];   
// assume that expr == true, without checking it, 
// and optimise based on that assumption.
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[[assume(expr)]];   
// assume that expr == true, without checking it, 
// and optimise based on that assumption. 
// If expr does not evaluate to true, you get UB.



119Copyright (c) Timur Doumler   |        @timur_audio   |    https://timur.audio

int divide_by_32(int x) {  
  return x/32;  
} 

// compiler output on x86: 
mov eax, edi 
sar eax, 31 
shr eax, 27 
add eax, edi 
sar eax, 5 
ret
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int divide_by_32(int x) {  
  return x/32;  
} 

// compiler output on x86: 
mov eax, edi 
sar eax, 31 
shr eax, 27 
add eax, edi 
sar eax, 5 
ret

int divide_by_32(int x) {  
  [[assume(x >= 0)]]; 
  return x/32;  
} 

// compiler output on x86: 
mov eax, edi 
shr eax, 5 
ret
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void limiter(float* data, size_t size) {  
  for (size_t i = 0; i < size; ++i)  
    data[i] = std::clamp(data[i], -1.0f, 1.0f);  
}
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void limiter(float* data, size_t size) { 
  [[assume(size > 0)]]; 
  [[assume(size % 32 == 0)]];  
  for (size_t i = 0; i < size; ++i)  
    [[assume(std::isfinite(data[i]))]]; 
    data[i] = std::clamp(data[i], -1.0f, 1.0f);  
}
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int f(int y) { 
  [[assume(++y == 43)]];      
  return y;    
}
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int f(int y) { 
  [[assume(++y == 43)]];      
  return y;    
} 

// can be optimised to: 
int f(int) { 
  return 42; 
}
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• Syntax: 
• Argument: [[assume(expr)]]; where expr convertible to bool 

• Availability: 
• since C++23 
• GCC13 
• MSVC and ICC have __assume, Clang has __builtin_assume 

• Recommendation: 
• Expert-only usage (should be very rare) 
• expr == true must be an invariant in your code, otherwise UB 
• Consider using only if it leads to a measurable perf improvement

[[assume]]
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[[no_unique_address]]
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struct Empty {}; 
static_assert(sizeof(Empty) == 1); 
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struct Empty {}; 
static_assert(sizeof(Empty) == 1); 

struct Derived : Empty {  
  int i = 0;  
}; 
static_assert(sizeof(Derived) == sizeof(int)); 
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struct Empty {}; 
static_assert(sizeof(Empty) == 1); 

struct Composed {  
  Empty e; 
  int i = 0;  
}; 
static_assert(sizeof(Composed) == sizeof(int)); // fail 
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struct Empty {}; 
static_assert(sizeof(Empty) == 1); 

struct Composed {  
  [[no_unique_address]] Empty e;  // "potentially overlapping subobject" 
  int i = 0;  
}; 
static_assert(sizeof(Composed) == sizeof(int)); // OK if supported  
                                                // by compiler 
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• Modifies the class layout – but only optionally 
• Adding it is a potential ABI break 
• Not every major compiler supports it (MSVC doesn't)

Why is [[no_unique_address]] odd?
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• Modifies the class layout – but only optionally 
• Adding it is a potential ABI break 
• Not every major compiler supports it (MSVC doesn't) 
• "Remove it and declaration still makes sense" does not work:

Why is [[no_unique_address]] odd?

struct Empty {}; 
struct Composed {  
  [[no_unique_address]] Empty e; 
  int i = 0;  
}; 
static_assert(sizeof(Composed) == sizeof(int));
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• Syntax: 
• Appertains to a non-static data member 

• Availability: 
• since C++20 
• GCC, Clang, and ICC (not enabled in MSVC by default) 

• Recommendation: 
• Use if binary size is critical 
• Don't rely on the effects being reliable or portable

[[no_unique_address]]



136Copyright (c) Timur Doumler   |        @timur_audio   |    https://timur.audio

• What are standard attributes? 
• History of standardisation 
• Standard attributes in C++ 

• Classification 
• Usage 
• Caveats 
• Availability in major compilers 

• Standard attributes in C 
• Are standard attributes "ignorable"? 

• Syntactic ignorability 
• Semantic ignorability 
• Language design rule 

• Future work
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// C23 
[[noreturn]] 
[[deprecated]] 
[[fallthrough]] 
[[nodiscard]] 
[[maybe_unused]] 
[[reproducible]] 
[[unsequenced]] 
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// C23 
[[noreturn]] 
[[deprecated]] 
[[fallthrough]] 
[[nodiscard]] 
[[maybe_unused]] 
[[reproducible]] 
[[unsequenced]] 
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// C23 
[[noreturn]] 
[[deprecated]] 
[[fallthrough]] 
[[nodiscard]] 
[[maybe_unused]] 
[[reproducible]] 
[[unsequenced]] 



[[reproducible]] 
[[unsequenced]] 
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[[reproducible]] ≈ [[gnu::pure]] 
[[unsequenced]] ≈ [[gnu::const]] 
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• stateless: function that does not define mutable static or thread-
local objects (nor do functions that are called by it) 

• effectless: function that does not have observable side effects 
• idempotent: repeated evaluation gives the same result (hence 

may read global state) 
• independent: does not depend on other state than the 

arguments or constants (hence may write to globals)

Sub-properties of reproducible & unsequenced
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• stateless: function that does not define mutable static or thread-
local objects (nor do functions that are called by it) 

• effectless: function that does not have observable side effects 
• idempotent: repeated evaluation gives the same result (hence 

may read global state) 
• independent: does not depend on other state than the 

arguments or constants (hence may write to globals) 
• reproducible: effectless and idempotent 
• unsequenced: stateless, effectless, idempotent, and independent 
•

Sub-properties of reproducible & unsequenced
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double cos(double x); 

if ((cos(angle1) > cos(angle2)) || (cos(angle1) > cos(angle3))) { 
    ... 
} 
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double cos(double x) [[unsequenced]]; 

if ((cos(angle1) > cos(angle2)) || (cos(angle1) > cos(angle3))) { 
    ... 
} 
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double cos(double x) [[unsequenced]]; 

if ((cos(angle1) > cos(angle2)) || (cos(angle1) > cos(angle3))) { 
    ... 
} 
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• The compiler is not required to check the declared property 
• In general, it will be assumed and optimised on 
• If the assumption does not hold, you get UB

[[reproducible]], [[unsequenced]]
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• Syntax: 
• Appertain to function declarations 

• Availability: 
• since C23 (C only – for now...) 
• No implementations yet afaik  
• But GCC and Clang have [[gnu::pure]] and [[gnu::const]] 

• Recommendation: 
• Use if you're sure what you're doing 
• If you get it wrong, you get UB

[[reproducible]], [[unsequenced]]
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• What are standard attributes? 
• History of standardisation 
• Standard attributes in C++ 

• Classification 
• Usage 
• Caveats 
• Availability in major compilers 

• Standard attributes in C 
• Are standard attributes "ignorable"? 

• Syntactic ignorability 
• Semantic ignorability 
• Language design rule 

• Future work
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Question 1: 
Is an implementation allowed to ignore a 
standard attribute? 

Question 2: 
What does it mean to “ignore” a standard 
attribute? 
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C 

A strictly conforming program using a standard attribute remains 
strictly conforming in the absence of that attribute. [...] Standard 
attributes specified by this document can be parsed but ignored 
by an implementation without changing the semantics of a correct 
program; the same is not true for attributes not specified by this 
document.
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C 

A strictly conforming program using a standard attribute remains 
strictly conforming in the absence of that attribute. [...] Standard 
attributes specified by this document can be parsed but ignored 
by an implementation without changing the semantics of a correct 
program; the same is not true for attributes not specified by this 
document.
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C++20 

[dcl.attr.grammar]/6 

For an attribute-token (including an attribute-scoped-token) not 
specified in this document, the behavior is implementation-
defined. Any attribute-token that is not recognized by the 
implementation is ignored.

http://eel.is/c++draft/dcl.attr#nt:attribute-token
http://eel.is/c++draft/dcl.attr#nt:attribute-scoped-token
http://eel.is/c++draft/dcl.attr#grammar-6.sentence-1
http://eel.is/c++draft/dcl.attr#nt:attribute-token
http://eel.is/c++draft/dcl.attr#grammar-6.sentence-2
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C++20 

[dcl.attr.grammar]/6 

For an attribute-token (including an attribute-scoped-token) not 
specified in this document, the behavior is implementation-
defined. Any attribute-token that is not recognized by the 
implementation is ignored.

http://eel.is/c++draft/dcl.attr#nt:attribute-token
http://eel.is/c++draft/dcl.attr#nt:attribute-scoped-token
http://eel.is/c++draft/dcl.attr#grammar-6.sentence-1
http://eel.is/c++draft/dcl.attr#nt:attribute-token
http://eel.is/c++draft/dcl.attr#grammar-6.sentence-2
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For an attribute-token (including an attribute-scoped-token) not 
specified in this document, the behavior is implementation-
defined. Any attribute-token that is not recognized by the 
implementation is ignored.

– Any attribute-token not specified in this document? 

– Any attribute-token, including those specified in this document?

http://eel.is/c++draft/dcl.attr#nt:attribute-token
http://eel.is/c++draft/dcl.attr#nt:attribute-scoped-token
http://eel.is/c++draft/dcl.attr#grammar-6.sentence-1
http://eel.is/c++draft/dcl.attr#nt:attribute-token
http://eel.is/c++draft/dcl.attr#grammar-6.sentence-2
http://eel.is/c++draft/dcl.attr#nt:attribute-token
http://eel.is/c++draft/dcl.attr#nt:attribute-token
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• Syntactic ignorability 
• Semantic ignorability
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• Syntactic ignorability 
• Semantic ignorability
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int main() { 
  [[no_unique_address]] int i;   // Error or ignorable? 
}; 
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int main() { 
  [[no_unique_address]] int i;   // Error or ignorable? 
  [[assume(a %)]];  // Error or ignorable? 
}; 
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int main() { 
  [[no_unique_address]] int i;   // Error or ignorable? 
  [[assume(a %)]];  // Error or ignorable? 
}; 

template <typename T> 
struct X { 
  static_assert(sizeof(T) > 1); 
  bool f() { return true; } 
}; 

int main() { 
  [[assume(X<char>().f())]]; // Error or ignorable? 
} 
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• Syntactic ignorability – no 
• Semantic ignorability?
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Semantic ignorability in C++ today is implicit 

• Attribute only produces diagnostics ("Recommended practice") 
   deprecated, fallthrough, maybe_unused, nodiscard 

• Attribute is an optimisation hint ("Recommended practice") 
   likely, unlikely, noreturn, assume 

• Attribute turns well-defined into undefined behaviour 
   noreturn, assume 

• Attribute has explicitly optional semantics 
("potentially-overlapping subobject") 
   no_unique_address
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What is semantic ignorability? 

• "A program has the same behaviour/semantics  
with or without the attribute"
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What is semantic ignorability? 

• "A program has the same behaviour/semantics  
with or without the attribute" 
→ No! 
 
[[noreturn]] int f() { return 0; } 
int main() { return f(); }
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What is semantic ignorability? 

• "Given a well-formed program with well-defined behaviour, 
omitting an attribute does not change the behaviour/semantics"
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What is semantic ignorability? 

• "Given a well-formed program with well-defined behaviour, 
omitting an attribute does not change the behaviour/semantics" 
→ No!

struct X {}; 
struct Y { 
  [[no_unique_address]] X x; 
  int i;  
}; 

int main() { return (sizeof(Y) == sizeof(int)); }
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What is semantic ignorability? 

• "Given a well-formed program with well-defined behaviour, 
omitting an attribute does not change the behaviour/semantics" 
→ No!

struct X {}; 
struct Y { 
  [[no_unique_address]] X x; 
  int i; 
}; 

static_assert(sizeof(Y) == sizeof(int));
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What is semantic ignorability? 

• "Given a well-formed program with well-defined behaviour, 
omitting an attribute does not change the behaviour/semantics" 
→ No!

struct X {}; 
struct Y { 
  [[no_unique_address]] X x; 
  int i; 
}; 

static_assert(sizeof(Y) == sizeof(int));
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Our proposed rule of semantic ignorability 

• "Given a well-formed program, removing all instances of a 
particular attribute results in a program whose observable 
behaviour is a conforming realisation of the original program." 
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Our proposed rule of semantic ignorability 

• "Given a well-formed program, removing all instances of a 
particular attribute results in a program whose observable 
behaviour is a conforming realisation of the original program." 
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[dcl.attr.grammar] p6
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Levels of program behaviour

Mandated behaviour

Implementation-defined behaviour

Unspecified behaviour

Undefined behaviour

Behaviour exhibited by the program

Defined behaviour

Specified behaviour

Behaviour specified by the standard
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Our proposed rule of semantic ignorability 

• "Given a well-formed program, removing all instances of a 
particular attribute results in a program whose observable 
behaviour is a conforming realisation of the original program." 



Needs to be fixed: 
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__has_cpp_attribute 
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#if __has_cpp_attribute(assume) 

  #define ASSUME(expr) [[assume(expr)]] 

#elif defined(__clang__) 

  #define ASSUME(expr) __builtin_assume(expr)  

#elif defined(_MSC_VER) || defined(__ICC) 

  #define ASSUME(expr) __assume(expr)  

#elif defined(__GNUC__)  

  #define ASSUME(expr) if (expr) {} else { __builtin_unreachable(); } 

#else 

  #define ASSUME(expr) if (expr) {} else { *(char*)nullptr; } 

#endif
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Should __has_cpp_attribute have a non-zero value 
for an "ignored" attribute?

[cpp.cond]/6 

For an attribute specified in this 
document, the value of the has-
attribute-expression is given by 
Table 22. For other attributes 
recognized by the 
implementation, the value 
is implementation-defined.

https://eel.is/c++draft/cpp.cond#nt:has-attribute-expression
https://eel.is/c++draft/cpp.cond#nt:has-attribute-expression
https://eel.is/c++draft/cpp.cond#tab:cpp.cond.ha
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Should __has_cpp_attribute have a non-zero value 
for an "ignored" attribute?

[cpp.cond]/6 

For an attribute specified in this 
document, the value of the has-
attribute-expression is given by 
Table 22. For other attributes 
recognized by the 
implementation, the value 
is implementation-defined.

[cpp.cond]/5 

Each has-attribute-expression is 
replaced by a non-zero pp-number 
matching the form of an integer-
literal if the implementation supports 
an attribute with the name specified by 
interpreting the pp-tokens, after macro 
expansion, as an attribute-token, and 
by 0 otherwise.

https://eel.is/c++draft/cpp.cond#nt:has-attribute-expression
https://eel.is/c++draft/cpp.cond#nt:has-attribute-expression
https://eel.is/c++draft/cpp.cond#tab:cpp.cond.ha
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Clang GCC ICC MSVC

carries_dependency ❌ ❌ ❌ ❌

deprecated ✅ ✅ ✅ ✅

fallthrough ✅ ✅ ? ✅

likely/unlikely ✅ ✅ ? ?
maybe_unused ✅ ✅ ✅ ✅

no_unique_address ✅ ✅ ✅ ❌

nodiscard ✅ ✅ ✅ ✅

noreturn ✅ ✅ ✅ ✅

Does the attribute "do anything"? 

Clang GCC ICC MSVC

carries_dependency ✅ ❌ ✅ ✅

deprecated ✅ ✅ ✅ ✅

fallthrough ✅ ✅ ✅ ✅

likely/unlikely ✅ ✅ ✅ ✅

maybe_unused ✅ ✅ ✅ ✅

no_unique_address ✅ ✅ ✅ ❌

nodiscard ✅ ✅ ✅ ✅

noreturn ✅ ✅ ✅ ✅

Is __has_cpp_attribute > 0?
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Clang GCC ICC MSVC

carries_dependency ❌ ❌ ❌ ❌

deprecated ✅ ✅ ✅ ✅

fallthrough ✅ ✅ ? ✅

likely/unlikely ✅ ✅ ? ?
maybe_unused ✅ ✅ ✅ ✅

no_unique_address ✅ ✅ ✅ ❌

nodiscard ✅ ✅ ✅ ✅

noreturn ✅ ✅ ✅ ✅

Does the attribute "do anything"? 

Clang GCC ICC MSVC

carries_dependency ✅ ❌ ✅ ✅

deprecated ✅ ✅ ✅ ✅

fallthrough ✅ ✅ ✅ ✅

likely/unlikely ✅ ✅ ✅ ✅

maybe_unused ✅ ✅ ✅ ✅

no_unique_address ✅ ✅ ✅ ❌

nodiscard ✅ ✅ ✅ ✅

noreturn ✅ ✅ ✅ ✅

Is __has_cpp_attribute > 0?



185Copyright (c) Timur Doumler   |        @timur_audio   |    https://timur.audio

Clang GCC ICC MSVC

carries_dependency ❌ ❌ ❌ ❌

deprecated ✅ ✅ ✅ ✅

fallthrough ✅ ✅ ? ✅

likely/unlikely ✅ ✅ ? ?
maybe_unused ✅ ✅ ✅ ✅

no_unique_address ✅ ✅ ✅ ❌

nodiscard ✅ ✅ ✅ ✅

noreturn ✅ ✅ ✅ ✅

Does the attribute "do anything"? 

Clang GCC ICC MSVC

carries_dependency ✅ ❌ ✅ ✅

deprecated ✅ ✅ ✅ ✅

fallthrough ✅ ✅ ✅ ✅

likely/unlikely ✅ ✅ ✅ ✅

maybe_unused ✅ ✅ ✅ ✅

no_unique_address ✅ ✅ ✅ ❌

nodiscard ✅ ✅ ✅ ✅

noreturn ✅ ✅ ✅ ✅

Is __has_cpp_attribute > 0?
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#if __has_cpp_attribute(assume) 

  #define ASSUME(expr) [[assume(expr)]] 

#elif defined(__clang__) 

  #define ASSUME(expr) __builtin_assume(expr)  

#elif defined(_MSC_VER) || defined(__ICC) 

  #define ASSUME(expr) __assume(expr)  

#elif defined(__GNUC__)  

  #define ASSUME(expr) if (expr) {} else { __builtin_unreachable(); } 

#else 

  #define ASSUME(expr) if (expr) {} else { *(char*)nullptr; } 

#endif
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Clang GCC ICC MSVC

carries_dependency ❌ ❌ ❌ ❌

deprecated ✅ ✅ ✅ ✅

fallthrough ✅ ✅ ? ✅

likely/unlikely ✅ ✅ ? ?
maybe_unused ✅ ✅ ✅ ✅

no_unique_address ✅ ✅ ✅ ❌

nodiscard ✅ ✅ ✅ ✅

noreturn ✅ ✅ ✅ ✅

Does the attribute "do anything"? 

Clang GCC ICC MSVC

carries_dependency ✅ ❌ ✅ ✅

deprecated ✅ ✅ ✅ ✅

fallthrough ✅ ✅ ✅ ✅

likely/unlikely ✅ ✅ ✅ ✅

maybe_unused ✅ ✅ ✅ ✅

no_unique_address ✅ ✅ ✅ ❌

nodiscard ✅ ✅ ✅ ✅

noreturn ✅ ✅ ✅ ✅

Is __has_cpp_attribute > 0?
These should be compiler bugs!
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P2552R2 

• will propose that __has_cpp_attribute should have a 
positive value only if the attribute is supported in the sense of 
"the compiler makes its best effort to provide the optional 
semantics". 
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#if __has_cpp_attribute(assume) 

  #define ASSUME(expr) [[assume(expr)]] 

#elif defined(__clang__) 

  #define ASSUME(expr) __builtin_assume(expr)  

#elif defined(_MSC_VER) || defined(__ICC) 

  #define ASSUME(expr) __assume(expr)  

#elif defined(__GNUC__)  

  #define ASSUME(expr) if (expr) {} else { __builtin_unreachable(); } 

#else 

  #define ASSUME(expr) if (expr) {} else { *(char*)nullptr; } 

#endif
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• What are standard attributes? 
• History of standardisation 
• Standard attributes in C++ 

• Classification 
• Usage 
• Caveats 
• Availability in major compilers 

• Standard attributes in C 
• Are standard attributes "ignorable"? 

• Syntactic ignorability 
• Semantic ignorability 
• Language design rule 

• Future work
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• Fix __has_cpp_attribute (P2552R2) 
• Get [[assume]] into C 
• Get [[unsequenced]] and [[reproducible]] into C++26 
• Propose [[noalias]] for C++26

Future standard committee work



Timur Doumler 

ACCU Conference 
19 April 2023

Standard attributes 
in C and C++ 

@timur_audio

Uranus' Rings 
Image by  NASA/Hubble Team/Kevin M. Gill 
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• 3 simple questions (one of which is optional) 
• anonymous

The C++ Undefined Behaviour Survey
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• 3 simple questions (one of which is optional) 
• anonymous 
• https://timur.audio/survey

The C++ Undefined Behaviour Survey

https://timur.audio/survey

