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How not to do 
type punning  
in modern C++
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How to write portable code 
that achieves the same effect as 
type punning  
in modern C++
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How to write portable code 
that achieves the same effect as 
type punning  
in modern C++ 
without causing undefined behaviour
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struct Widget { 
    virtual void doSomething() { 
        printf("Widget"); 
    } 
}; 

struct Gizmo { 
    virtual void doSomethingCompletelyDifferent() { 
        printf("Gizmo"); 
    } 
}; 

int main() { 
    Gizmo g; 
    Widget* w = (Widget*)&g; 
    w->doSomething(); 
} Example from Luna  

@lunasorcery
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Example from Luna  
@lunasorcery
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Don’t use C-style casts.



struct Widget { 
    virtual void doSomething() { 
        printf("Widget"); 
    } 
}; 

struct Gizmo { 
    virtual void doSomethingCompletelyDifferent() { 
        printf("Gizmo"); 
    } 
}; 

int main() { 
    Gizmo g; 
    Widget* w = (Widget*)&g; 
    w->doSomething(); 
} 
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Example from Luna  
@lunasorcery
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F0 00 80 01float

F0 00 80 01int
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F0 00 80 01float

F0 00 80 01int

F0 00 80 01float

F0 00 80 01char*
std::byte*
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F0 00 80 01float

F0 00 80 01char*
std::byte*

F0 00 80 01float[2] 01 BD 83 E3

F0 00 80 01Widget 01 BD 83 E3
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float Q_rsqrt( float number ) 
{ 
    int i; 
    float x2, y; 
    const float threehalfs = 1.5F; 

    x2 = number * 0.5F; 
    y  = number; 
    i  = * ( int * ) &y;                       // evil floating point bit level hacking 
    i  = 0x5f3759df - ( i >> 1 );               // what the ****? 
    y  = * ( float * ) &i; 
    y  = y * ( threehalfs - ( x2 * y * y ) );   // 1st iteration 
//  y  = y * ( threehalfs - ( x2 * y * y ) );   // 2nd iteration, this can be removed 

    return y; 
} 

Fast inverse square root from Quake III Arena (1999, original code w/ comments)
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float Q_rsqrt( float number ) 
{ 
    int i; 
    float x2, y; 
    const float threehalfs = 1.5F; 
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    i  = 0x5f3759df - ( i >> 1 );               // what the ****? 
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} 

Fast inverse square root from Quake III Arena (1999, original code w/ comments)
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float Q_rsqrt( float number ) 
{ 
    const float x2 = number * 0.5F; 
    const float threehalfs = 1.5F; 

    union { 
        float f; 
        int i; 
    } conv = {number}; // member 'f' set to value of 'number'. 
     
    conv.i  = 0x5f3759df - ( conv.i >> 1 ); 
    conv.f  *= ( threehalfs - ( x2 * conv.f * conv.f ) ); 
     
    return conv.f; 
} 
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float Q_rsqrt( float number ) 
{ 
    const float x2 = number * 0.5F; 
    const float threehalfs = 1.5F; 

    union { 
        float f; 
        int i; 
    } conv = {number}; // member 'f' set to value of 'number'. 
     
    conv.i  = 0x5f3759df - ( conv.i >> 1 ); 
    conv.f  *= ( threehalfs - ( x2 * conv.f * conv.f ) ); 
     
    return conv.f; 
} 



30



31



32

Don’t use unions. 
Use std::variant.
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You can’t do type  
punning in C++.
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…but why?
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• aliasing rules 
• object lifetime rules 
• alignment rules  
• rules for valid value representations

…but why?
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• aliasing rules 
• object lifetime rules 
• alignment rules  
• rules for valid value representations
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void test(int* a, int* b)  
{ 
    *a = 1; 
    *b = 2; 
    *a += *b; 
} 
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void test(int* a, int* b)  
{ 
    *a = 1; 
    *b = 2; 
    *a += *b; 
} 

int main()  
{ 
    int x = 0; 
    int y = 0; 

    test(&x, &y); 
    return x; 
} 
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void test(int* a, int* b)  
{ 
    *a = 1; 
    *b = 2; 
    *a += *b; 
} 

int main()  
{ 
    int x = 0; 
    int y = 0; 

    test(&x, &y); 
    return x;    // a == 3 
} 
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void test(int* a, int* b)  
{ 
    *a = 1; 
    *b = 2; 
    *a += *b; 
} 

int main()  
{ 
    int x = 0; 

    test(&x, &x); 
    return x; 
} 
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void test(int* a, int* b) 
{ 
    *a = 1; 
    *b = 2; 
    *a += *b; 
} 

int main()  
{ 
    int x = 0; 

    test(&x, &x); 
    return x;      // a == 4 
} 
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void test(int* a, int* b)    // b is aliasing a. OK because same type 
{ 
    *a = 1; 
    *b = 2; 
    *a += *b; 
} 

int main()  
{ 
    int x = 0; 

    test(&x, &x);  // OK 
    return x;      // a == 4 
} 
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void test(int* a, float* b)    // b CANNOT be aliasing a. 
{ 
    *a = 1; 
    *b = 2; 
    *a += static_cast<int> (*b); 
} 
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void test(int* a, float* b)    // b CANNOT be aliasing a. 
{ 
    *a = 1; 
    *b = 2; 
    *a += static_cast<int> (*b); 
} 

int main() 
{ 
    int x = 0; 

    test(&x, reinterpret_cast<float*>(&x));  // Undefined behaviour! 
    return x;      // x == 
} 

💩
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• aliasing rules 
• object lifetime rules 
• alignment rules  
• rules for valid value representations
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F0 00 80 01float

F0 00 80 01int

F0 00 80 01float

F0 00 80 01char*
std::byte*

F0 00 80 01float[2] 01 BD 83 E3

F0 00 80 01Widget 01 BD 83 E3
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struct X  
{ 
    int a; 
    int b; 
}; 

X* make_x()  
{ 
    X* p = (X*)malloc(sizeof(struct X)); 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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struct X  
{ 
    int a; 
    int b; 
}; 

X* make_x()  
{ 
    X* p = (X*)malloc(sizeof(struct X)); 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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struct X  
{ 
    int a; 
    int b; 
}; 

X* make_x()  
{ 
    X* p = (X*)malloc(sizeof(struct X));   // UB: there is no object of type X here! 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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std::launder is unrelated to this. 
It does not help here. 

std::launder is for pointers 
to actual existing, alive objects.
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struct X  
{ 
    int a; 
    int b; 
}; 

X* make_x()  
{ 
    X* p = (X*)malloc(sizeof(struct X));   // UB: there is no object of type X here! 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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void process(Stream* stream)  
{ 
    std::unique_ptr<char[]> buffer = stream->read(); 
     
    if (buffer[0] == WIDGET) 
        processWidget(reinterpret_cast<Widget*>(buffer.get()));  
    else 
        // ... 
} 
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void process(Stream* stream)  
{ 
    std::unique_ptr<char[]> buffer = stream->read(); 
     
    if (buffer[0] == WIDGET) 
        processWidget(reinterpret_cast<Widget*>(buffer.get()));    // UB :( 
    else 
        // ... 
} 
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…so how do we fix this?
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struct X  
{ 
    int a; 
    int b; 
}; 

X* make_x()  
{ 
    X* p = (X*)malloc(sizeof(struct X));   // UB: there is no object of type X here! 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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struct X 
{ 
    int a; 
    int b; 
}; 

X* make_x() 
{ 
    char storage[sizeof(X)]; 
    X* p = new(storage) X;  
    p->a = 1; 
    p->b = 2; 
    return p; 
} 



68

struct X 
{ 
    int a; 
    int b; 
}; 

X* make_x() 
{ 
    char storage[sizeof(X)]; 
    X* p = new(storage) X;  // char array “provides storage” for object p 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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struct X 
{ 
    int a; 
    int b; 
}; 

X* make_x() 
{ 
    char storage[sizeof(X)]; 
    X* p = new(storage) X;  
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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struct X 
{ 
    int a; 
    int b; 
}; 

X* make_x() 
{ 
    char storage[sizeof(X)]; 
    X* p = new(storage) X;  // Undefined behaviour :( 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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• aliasing rules 
• object lifetime rules 
• alignment rules  
• rules for valid value representations

…but why?
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struct X 
{ 
    int a; 
    int b; 
}; 

X* make_x() 
{ 
    char storage[sizeof(X)]; 
    X* p = new(storage) X;  // Undefined behaviour :( 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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struct X 
{ 
    int a; 
    int b; 
}; 

X* make_x() 
{ 
    std::aligned_storage_t<sizeof(X), alignof(X)> storage; 
    X* p = new(&storage) X;  // OK :) 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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Creating char arrays for placement-
newing objects into them: 

on the stack – std::aligned_storage 
on the heap – std::aligned_alloc
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float Q_rsqrt( float number ) 
{ 
    int i; 
    float x2, y; 
    const float threehalfs = 1.5F; 

    x2 = number * 0.5F; 
    y  = number; 

    i  = * ( int * ) &y; 
    i  = 0x5f3759df - ( i >> 1 ); 

    y  = * ( float * ) &i; 
    y  = y * ( threehalfs - ( x2 * y * y ) ); 

    return y; 
} 
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C++17
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C++17

std::memcpy 
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float Q_rsqrt( float number ) 
{ 
    int i; 
    float x2, y; 
    const float threehalfs = 1.5F; 

    x2 = number * 0.5F; 
    y  = number; 

    i  = * ( int * ) &y; 
    i  = 0x5f3759df - ( i >> 1 ); 

    y  = * ( float * ) &i; 
    y  = y * ( threehalfs - ( x2 * y * y ) ); 

    return y; 
} 
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float Q_rsqrt( float number ) 
{ 
    int i; 
    float x2, y; 
    const float threehalfs = 1.5F; 

    x2 = number * 0.5F; 
    y  = number; 

    std::memcpy(&i, &y, sizeof(float)); 
    i  = 0x5f3759df - ( i >> 1 ); 

    std::memcpy(&y, &i, sizeof(float)); 
    y  = y * ( threehalfs - ( x2 * y * y ) ); 

    return y; 
} 
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int main() 
{ 
    T t = {}; 
    U u; 

    std::memcpy(&u, &t, sizeof(U)); 
} 
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int main() 
{ 
    T t = {}; 
    U u; 

    static_assert(sizeof(T) == sizeof(U)); 
    std::memcpy(&u, &t, sizeof(U)); 
} 
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int main() 
{ 
    T t = {}; 
    U u; 

    static_assert(sizeof(T) == sizeof(U)); 
    static_assert(std::is_trivially_copyable_v<T>); 
    static_assert(std::is_trivially_copyable_v<U>); 
    std::memcpy(&u, &t, sizeof(U)); 
} 
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template <typename To,  
          typename From, 
          typename = std::enable_if_t< 
              (sizeof(To) == sizeof(From)) && 
              std::is_trivially_copyable_v<From> && 
              std::is_trivially_copyable_v<To>>> 
To bit_cast(const From &src) noexcept 
{ 
    To dst; 
    std::memcpy(&dst, &src, sizeof(To)); 
    return dst; 
} 
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C++20

std::bit_cast 



100

float Q_rsqrt( float y ) 
{ 
    const auto threehalfs = 1.5f; 
    const auto x2 = y * 0.5f; 

    auto i = std::bit_cast<int>(y); 
    i  = 0x5f3759df - ( i >> 1 ); 

    y = std::bit_cast<float>(i); 
    y  = y * ( threehalfs - ( x2 * y * y ) ); 

    return y; 
} 
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constexpr float Q_rsqrt( float y ) 
{ 
    constexpr auto threehalfs = 1.5f; 
    constexpr auto x2 = y * 0.5f; 

    auto i = std::bit_cast<int>(y); 
    i  = 0x5f3759df - ( i >> 1 ); 

    y = std::bit_cast<float>(i); 
    y  = y * ( threehalfs - ( x2 * y * y ) ); 

    return y; 
} 
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• aliasing rules 
• object lifetime rules 
• alignment rules  
• rules for valid value representations
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constexpr float Q_rsqrt( float y ) 
{ 
    constexpr auto threehalfs = 1.5f; 
    constexpr auto x2 = y * 0.5f; 

    auto i = std::bit_cast<int>(y); 
    i  = 0x5f3759df - ( i >> 1 ); 

    y = std::bit_cast<float>(i); 
    y  = y * ( threehalfs - ( x2 * y * y ) ); 

    return y; 
} 
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C++23?
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F0 00 80 01float

F0 00 80 01int

F0 00 80 01float

F0 00 80 01char*
std::byte*

F0 00 80 01float[2] 01 BD 83 E3

F0 00 80 01Widget 01 BD 83 E3
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F0 00 80 01float

F0 00 80 01int

F0 00 80 01float

F0 00 80 01char*
std::byte*

F0 00 80 01float[2] 01 BD 83 E3

F0 00 80 01Widget 01 BD 83 E3
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struct X  
{ 
    int a; 
    int b; 
}; 

X* make_x()  
{ 
    X* p = (X*)malloc(sizeof(struct X));   // UB: there is no object of type X here! 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 
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void process(Stream* stream)  
{ 
    std::unique_ptr<char[]> buffer = stream->read(); 
     
    if (buffer[0] == WIDGET) 
        processWidget(reinterpret_cast<Widget*>(buffer.get()));    // UB :( 
    else 
        // ... 
} 
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struct X  
{ 
    int a; 
    int b; 
}; 

X* make_x()  
{ 
    X* p = (X*)malloc(sizeof(struct X));   // P0593: malloc implicitly creates an X :) 
    p->a = 1; 
    p->b = 2; 
    return p; 
} 



void process(Stream* stream)  
{ 
    std::unique_ptr<char[]> buffer = stream->read(); 
     
    if (buffer[0] == WIDGET) 
        processWidget(std::start_lifetime_as<Widget>(buffer.get()));  // new in P0593        
    else 
        // ... 
} 
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F0 00 80 01float

F0 00 80 01int

F0 00 80 01float

F0 00 80 01char*
std::byte*

F0 00 80 01float[2] 01 BD 83 E3

F0 00 80 01Widget 01 BD 83 E3



119

void printBitRepresentation(float f) 
{ 
    // implementation ??? 
} 
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void printBitRepresentation(float f) 
{ 
    auto* buf = reinterpret_cast<unsigned char*>(&f); 
    for (int i = 0; i < sizeof(float); ++i) 
        std::cout << buf[i]; 
} 
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void printBitRepresentation(float f) 
{ 
    auto* buf = reinterpret_cast<unsigned char*>(&f); 
    for (int i = 0; i < sizeof(float); ++i) 
        std::cout << buf[i]; 
} 



122

void printBitRepresentation(float f) 
{ 
    auto* buf = reinterpret_cast<unsigned char*>(&f); 
    for (int i = 0; i < sizeof(float); ++i) 
        std::cout << buf[i];  
} 



123

void printBitRepresentation(float f) 
{ 
    auto* buf = reinterpret_cast<unsigned char*>(&f); 
    for (int i = 0; i < sizeof(float); ++i) 
        std::cout << buf[i];    // UB :( 
} 
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void printBitRepresentation(float f) 
{ 
    unsigned char buf[sizeof(float)]; 
    std::memcpy(&buf, &f, sizeof(float)); 
    for (auto c : buf) 
        std::cout << c; 
} 
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void printBitRepresentation(float f) 
{ 
    auto* buf = reinterpret_cast<unsigned char*>(&f); 
    for (int i = 0; i < sizeof(float); ++i) 
        std::cout << buf[i];    // UB :( 
} 
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F0 00 80 01float

F0 00 80 01int

F0 00 80 01float

F0 00 80 01char*
std::byte*

F0 00 80 01float[2] 01 BD 83 E3

F0 00 80 01Widget 01 BD 83 E3
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struct Widget  
{ 
    int i = 42; 
    float f = 0; 
}; 

int main()  
{ 
    Widget w; 
    int i = *reinterpret_cast<int*>(&w);  
   return i;                           
} 
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struct Widget  
{ 
    int i = 42; 
    float f = 0; 
}; 

int main()  
{ 
    Widget w; 
    int i = *reinterpret_cast<int*>(&w);  
   return i;                           
} 
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struct Widget  
{ 
    int i = 42; 
    float f = 0; 
}; 

int main()  
{ 
    Widget w; 
    int i = *reinterpret_cast<int*>(&w);  // OK: Widget and int are 
   return i;                             // pointer-interconvertible 
} 
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template <typename T> 
struct complex  
{ 
    T data[2]; 
}; 

int main()  
{ 
    complex<float> c = {1.0, 0.0}; 
    float real = reinterpret_cast<float(&)[2]>(c)[0];   // OK 
} 
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template <typename T> 
struct complex  
{ 
    T real, imag; 
}; 

int main()  
{ 
    complex<float> c = {1.0, 0.0}; 
    float real = reinterpret_cast<float(&)[2]>(c)[0];   // UB, unless you are 
}                                                       // the compiler vendor 
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struct __m128 
{ 
    // four floats as a SIMD pack 
}; 

void processBlock (float* inBlock) 
{ 
    auto* simdBlock = reinterpret_cast<__m128*> (inBlock); 
    processVectorised (simdBlock); 
} 
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struct __m128 
{ 
    // four floats as a SIMD pack 
}; 

void processBlock (float* inBlock) 
{ 
    auto* simdBlock = reinterpret_cast<__m128*> (inBlock);  // UB 
    processVectorised (simdBlock); 
} 
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struct __m128 
{ 
    // four floats as a SIMD pack 
}; 

void processBlock (float* inBlock) 
{ 
    auto* simdBlock = reinterpret_cast<__m128*> (inBlock);  // UB 
    processVectorised (simdBlock); 
} 
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struct __m128 layoutas(float[4])  // possible new attribute-like thing here... 
{ 
    // four floats as a SIMD pack 
}; 

void processBlock (float* inBlock) 
{ 
    auto* simdBlock = reinterpret_cast<__m128*> (inBlock);  // ...to make this OK! 
    processVectorised (simdBlock); 
} 
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Takeaways



• Don’t use C style casts 
• Don’t use reinterpret_cast 
• Don’t use unions

142

Takeaways



• Don’t use C style casts 
• Don’t use reinterpret_cast 
• Don’t use unions
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Takeaways

• Aliasing rules 
• object lifetime rules 
• alignment rules 
• rules for valid value representations

Because:



• Don’t use C style casts 
• Don’t use reinterpret_cast 
• Don’t use unions
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Takeaways
• placement new 
• memcpy

• Aliasing rules 
• object lifetime rules 
• alignment rules 
• rules for valid value representations

Because:

C++17



• Don’t use C style casts 
• Don’t use reinterpret_cast 
• Don’t use unions
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Takeaways
• placement new 
• memcpy

• Aliasing rules 
• object lifetime rules 
• alignment rules 
• rules for valid value representations

Because:

C++17

C++20
• bit_cast



• Don’t use C style casts 
• Don’t use reinterpret_cast 
• Don’t use unions
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Takeaways
• placement new 
• memcpy

• Aliasing rules 
• object lifetime rules 
• alignment rules 
• rules for valid value representations

Because:

C++17

C++20

C++23

• bit_cast

• more tools and fixes 
coming!
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