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What is type erasure?

std:: variant <int , float , MyType> discriminatedUnion ;

discriminatedUnion = 42;

if (std:: holds_alternative <int >( discriminatedUnion ))

auto x = std:: get <int >( discriminatedUnion );

std:: visit ( visitor , discriminatedUnion );
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holds an object of type 
from a closed set



What is type erasure?

std:: any typeErasedObj ;

struct MyType {};

typeErasedObj = MyType{};

MyType &object = std:: any_cast <MyType&>(typeErasedObj );
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holds an object of literally any type

put an object into instance

retrieve the object
(if you "guess" the type right)



What is type erasure?

std:: function <void ()> f = & foo ;

f = [ value ]() { /*...*/ };

f = Functor {};
5

wraps pointer to function

or closure object

or functor object



Basic idea

public class Program

{

public static void foo()

{ }

public static void bar([Name( "count" )] int i )

{ }

public static void baz([Name( "count" )] int i ,

[Name("id" )] string s,

[Name("payload" )] JsonElement json)

{ }

}
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message:
{

"request" : " baz" ,
"count" : 1,
"id" : "two" ,
"payload" : { "three" : 3 }

}
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²Ƙŀǘ ǿŜΩƭƭ ǳǎŜ

taoJSON

github.com/taocpp/json

namespace json = tao ::json;

We will use C++20 (though it can be done in C++11..17)

Åsupported by latest MSVC (VS 2019 v. 16.11; VS 2022 v. 17)

Åkindasupported by latest Clang (v. 12, 13 and 14)
Åand GCC to a lesser degree (v. 11)
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https://github.com/taocpp/json


Disclaimer

void foo ( const json:: value &parameter ) {

std:: cout << " parameter= \ n"

<< json:: to_string ( parameter ) << " \ n" ;

}

foo ( argument );
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Annoying way to do it in C++

void foo ( const json:: value &request ) {

std:: cout << " got 'foo' request \ n" ;

}
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Annoying way to do it in C++

void bar ( const json:: value &request ) {

auto * id = request . find ( " id " );

if (! id )

throw std:: invalid_argument { " missing parameter 'id' " };

if (! id - >is_string ())

throw std:: invalid_argument {

" parameter 'id' has unexpected type (expected: string) "

};

std:: cout << " got 'bar' request with \ n"

" id=' " << id - >get_string () << " ' \ n" ;

} 10
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Annoying way to do it in C++

std:: cout << " got 'bar' request with \ n"

" id=' " << id - >get_string () << " ' \ n" ;
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Annoying way to do it in C++
void baz( const json:: value &request ) {

auto * count = request . find ( " count " );

if (! count )

throw std:: invalid_argument { " missing parameter 'count' " };

if (! count - >is_integer ())

throw std:: invalid_argument { " parameter 'count' has unexpected type (expected: integer) " };

auto * id = request . find ( " id " );

if (! id )

throw std:: invalid_argument { " missing parameter 'id' " };

if (! id - >is_string ())

throw std:: invalid_argument { " parameter 'id' has unexpected type (expected: string) " };

auto * payload = request . find ( " payload " );

if (! payload )

throw std:: invalid_argument { " missing parameter 'payload' " };

if (! payload - >is_object ())

throw std:: invalid_argument { " parameter 'payload' has unexpected type (expected: object) " };

std:: cout << " got ' baz' request with \ n"

" count= " << count - >as<int >() << " , \ n"

" id=' " << id - >get_string () << " ', \ n"

" and\ n"

" payload= \ n"

<< json:: to_string (* payload ) << " \ n" ;

}
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actual
logic



Annoying way to do it in C++

using Name= std:: string_view ;

using Handler = void (*)( const json:: value &);



Annoying way to do it in C++

constexpr std:: tuple <Name, Handler > handlers[] = {

{ " foo " , & foo },

{ " bar " , & bar },

{ " baz" , & baz }

};



Annoying way to do it in C++

void processRequest ( const std:: string_view &message);



const auto json = json:: from_string ( message);
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if (! json . is_object ())

throw std:: invalid_argument { " request is not a valid JSON " };
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auto * request = json . find ( " request " );
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if (! request )

throw std:: invalid_argument { " request does not contain name " };
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auto &name = request - >get_string ();

std:: cout << " * trying to process " << name << ' \ n' ;
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for ( auto handler : handlers) {

if (std:: get <Name>( handler ) == name) {

std:: get <Handler >( handler )( json );

return ;

}

}
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std:: cout << " * could not handle request " << name << ' \ n' ;
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Annoying way to do it in C++

auto request = R"({

"request":" baz",

"count":1,

" id":"two ",

"payload":{ "three":3 }

})" sv;

processRequest ( request );
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Annoying way to do it in C++

auto request = R"({

"request":" baz",

"count":1,

" id":"two ",

"payload":{ "three":3 }

})" sv;

processRequest ( request );
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output:
* trying to process baz
got ' baz' request with
count=1,
id='two',
and
payload=

{"three":3}



How "normal" people do it

[ System.AttributeUsage ( System.AttributeTargets.Parameter )]

public class Name: System.Attribute {

public string name;

public Name( string name) {

this .name = name;

}

}
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How "normal" people do it
public class Program {

public static void foo() {

Console.WriteLine ( "got 'foo' request" );

}

public static void bar([Name( "count" )] int i ) {

Console.WriteLine ( "got 'bar' request with" );

Console.WriteLine ( $" count=' { i } '" );

}

public static void baz([Name( "count" )] int i , [Name( "id" )] string s, [Name( "payload" )] JsonElement p) {

Console.WriteLine ( "got ' baz' request with" );

Console.WriteLine ( $" count=' { i } '" );

Console.WriteLine ( $" id=' {s} '" );

Console.WriteLine ( $" payload= \ n{ p.ToString ()} " );

}

// ...

}
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public static void processRequest ( string msg) {

var json = JsonDocument.Parse (msg). RootElement ;

var name = json.GetProperty ( "request" ). GetString ();

var method = typeof (Program). GetMethod(name);

var args = new List< object >();

foreach (var p in method.GetParameters()) {

var paramName= p.GetCustomAttribute <Name>().name;

var value = json.GetProperty ( paramName);

args.Add ( getArg ( p.ParameterType , value));

}

method.Invoke ( null , args.ToArray ());

}
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var paramName= p.GetCustomAttribute <Name>().name;
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var value = json.GetProperty ( paramName);
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args.Add ( getArg ( p.ParameterType , value));
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args.Add ( getArg ( p.ParameterType , value));

17

public static object getArg (Type t, JsonElement v)
{

if (t == typeof ( int ))
return v.GetInt32();

if (t == typeof ( string ))
return v.GetString ();

if (t == typeof ( JsonElement ))
return v;

throw new Exception( "unsupported type" );
}



method.Invoke ( null , args.ToArray ());

17



How "normal" people do it

public class Program {

// ...

public static void Main()

{

const string msg = @"{

"request" : " baz" ,

"count" :1,

" id" : "two " ,

"payload" :{ "three" :3 }

}" ;

processRequest (msg);

}

} 18

output:
got ' baz' request with
count='1'
id='two'
payload=

{ "three":3 }



Back to C++
void baz( const json:: value &request ) {

auto * count = request . find ( " count " );

if (! count )

throw std:: invalid_argument { " missing parameter 'count' " };

if (! count - >is_integer ())

throw std:: invalid_argument { " parameter 'count' has unexpected type (expected: integer) " };

auto * id = request . find ( " id " );

if (! id )

throw std:: invalid_argument { " missing parameter 'id' " };

if (! id - >is_string ())

throw std:: invalid_argument { " parameter 'id' has unexpected type (expected: string) " };

auto * payload = request . find ( " payload " );

if (! payload )

throw std:: invalid_argument { " missing parameter 'payload' " };

if (! payload - >is_object ())

throw std:: invalid_argument { " parameter 'payload' has unexpected type (expected: object) " };

std:: cout << " got ' baz' request with \ n"

" count= " << count - >as<int >() << " , \ n"

" id=' " << id - >get_string () << " ', \ n"

" and\ n"

" payload= \ n"

<< json:: to_string (* payload ) << " \ n" ;

}
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²Ƙŀǘ ƛŦΧ
void baz( const json:: value &request ) {

auto * count = request . find ( " count " );

if (! count )

throw std:: invalid_argument { " missing parameter 'count' " };

if (! count - >is_integer ())

throw std:: invalid_argument { " parameter 'count' has unexpected type (expected: integer) " };

auto * id = request . find ( " id " );

if (! id )

throw std:: invalid_argument { " missing parameter 'id' " };

if (! id - >is_string ())

throw std:: invalid_argument { " parameter 'id' has unexpected type (expected: string) " };

auto * payload = request . find ( " payload " );

if (! payload )

throw std:: invalid_argument { " missing parameter 'payload' " };

if (! payload - >is_object ())

throw std:: invalid_argument { " parameter 'payload' has unexpected type (expected: object) " };

std:: cout << " got ' baz' request with \ n"

" count= " << count - >as<int >() << " , \ n"

" id=' " << id - >get_string () << " ', \ n"

" and\ n"

" payload= \ n"

<< json:: to_string (* payload ) << " \ n" ;

}

message:
{

"request" : " baz" ,
"count" : 1,
"id" : "two" ,
"payload" : { "three" : 3 }

}

message:
{

"request" : " baz" ,
" args " : [ 1, "two" , { "three" : 3 } ]

}



²Ƙŀǘ ƛŦΧ
void baz( const json:: value &request ) {

auto * count = request . find ( " count " );

if (! count )

throw std:: invalid_argument { " missing parameter 'count' " };

if (! count - >is_integer ())

throw std:: invalid_argument { " parameter 'count' has unexpected type (expected: integer) " };

auto * id = request . find ( " id " );

if (! id )

throw std:: invalid_argument { " missing parameter 'id' " };

if (! id - >is_string ())

throw std:: invalid_argument { " parameter 'id' has unexpected type (expected: string) " };

auto * payload = request . find ( " payload " );

if (! payload )

throw std:: invalid_argument { " missing parameter 'payload' " };

if (! payload - >is_object ())

throw std:: invalid_argument { " parameter 'payload' has unexpected type (expected: object) " };

std:: cout << " got ' baz' request with \ n"

" count= " << count - >as<int >() << " , \ n"

" id=' " << id - >get_string () << " ', \ n"

" and\ n"

" payload= \ n"

<< json:: to_string (* payload ) << " \ n" ;

}

void baz( int i ,

std:: string_view s,

const json:: value &json ) {

std:: cout

<< " got ' baz' request with \ n"

" ' " << i << " ', \ n"

" ' " << s << " ', \ n"

" and\ n"

<< json:: to_string ( json ) << ' \ n' ;

}

message:
{

"request" : " baz" ,
"count" : 1,
"id" : "two" ,
"payload" : { "three" : 3 }

}

message:
{

"request" : " baz" ,
" args " : [ 1, "two" , { "three" : 3 } ]

}



Unpacking array into function parameters

void foo () {

std:: cout << " got 'foo' request \ n" ;

}

void bar (std:: string_view s) {

std:: cout << " got 'bar' request with \ n"

" ' " << s << " ' \ n" ;

}

void baz( int i , std:: string_view s, const json:: value &json ) {

std:: cout << " got ' baz' request with \ n"

" ' " << i << " ', \ n"

" ' " << s << " ', \ n"

" and\ n"

<< json:: to_string ( json ) << ' \ n' ;

} 21

fits on a slide!!!



Unpacking array into function parameters

using Name= std:: string_view ;

// Handler = ???

const std:: tuple <Name, Handler > handlers[] = {

{ " foo " , & foo },

{ " bar " , & bar },

{ " baz" , & baz }

};

void processRequest ( const std:: string_view &message);



auto * args = json . find ( " args " );

std:: get <Handler >( handler ) ( args ) ;



Unpacking array into function parameters

void * erased = func ; // nope
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Unpacking array into function parameters

reinterpret_cast <void *>( func ); // UB
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Unpacking array into function parameters

sizeof ( void *) ?= sizeof ( void (*)()); // ???
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Unpacking array into function parameters

reinterpret_cast <void (*)()>( func ); // OK

24



Unpacking array into function parameters

Different address widths for data and code are typical for
(modified) Harvard architecture.

In a C compiler for 8-bit AVR microcontrollers:
Åfunction pointer is 16bits
Ådata pointer can be 16or 24bit depending on the device memory 

capability

In a C compiler for 8-bit and 16-bit PIC microcontrollers:
Åfunction pointer can be 8, 16or 24bits
Ådata pointer can be 8, 16, 24or 32bits
(depending on the device, config, and optimizations)
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Side note

// returns pointer to object or pointer to function

void * getEntity ( ID id );

reinterpret_cast <int (*)()>( getEntity (42)); // UB
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Side note

union TypeErasedEntity {

void *object;

void (*function)();

};

TypeErasedEntity getEntity ( ID id );

reinterpret_cast <int (*)()>( getEntity (42).function); // OK
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struct Handler {

template <typename... Args >

Handler ( void (* handler )( Args ...)) :

erasedHandler { reinterpret_cast <void (*)()>( handler ) },

handlerImpl {

[]( void (* erasedHandler )(), const json:: value * args ) {

// ...

} }

{}

void operator() ( const json:: value * args ) const {

handlerImpl ( erasedHandler , args );

}

private :

void (* erasedHandler )() = nullptr ;

void (* handlerImpl )( void (* erasedHandler )(), const json:: value *) = nullptr ;

};

Unpacking array into function parameters

not constexpr



template <typename... Args >

Handler ( void (* handler )( Args ...)) :

{}

Unpacking array into function parameters

not constexpr



erasedHandler { reinterpret_cast <void (*)()>( handler ) },

void (* erasedHandler )() = nullptr ;

Unpacking array into function parameters



handlerImpl {

[]( void (* erasedHandler )(), const json:: value * args ) {

// ...

} }

void (* handlerImpl )( void (* erasedHandler )(), const json:: value *) = nullptr ;

Unpacking array into function parameters



void operator() ( const json:: value * args ) const {

handlerImpl ( erasedHandler , args );

}

Unpacking array into function parameters



handlerImpl {

[]( void (* erasedHandler )(), const json:: value * args ) {

auto handler = reinterpret_cast <void (*)( Args ...)>( erasedHandler );

if constexpr ( sizeof ...( Args ) == 0) {

// ...

}

else {

// ...

}

} }
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auto handler = reinterpret_cast <void (*)( Args ...)>( erasedHandler );
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if constexpr ( sizeof ...( Args ) == 0) {

// ...

}

else {

// ...

}
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if constexpr ( sizeof ...( Args ) == 0) {

if ( args ) {

if (! args - >is_array ())

throw std:: invalid_argument { " request ' args ' is not an array " };

if (! args - >get_array (). empty())

throw std:: invalid_argument { " handler expects 0 arguments " };

}

handler ();

}
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if ( args ) {

if (! args - >is_array ())

throw std:: invalid_argument { " request ' args ' is not an array " };

if (! args - >get_array (). empty())

throw std:: invalid_argument { " handler expects 0 arguments " };

}
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