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holds an object of type

What Is type erasure? /from a closed set

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

discriminatedUnion = 42:

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

std:: wvisit (visitor , discriminatedUnion );



What Is type erasure?

std:: any typeErasedObj ;: <+— holds an object of literally any type

struct  MyType {}; o
typeErasedObj = MyTypd}; < Putan object into instance

MyType &bject =std:: any cast <MyType&>(typeErasedObj );
*

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



What Is type erasure?

std:: function <void ()> f =&foo; <— wraps pointer to function

f=lvalue]Ot /=5 % “——— or closure object

f = Functor {}; < or functor object




Basic i1dea message:

{
"request” : "baz",
_ “count” : 1,

public class Program 7 tid r wo”
{ / "payload" :{ “three" :3}

public static void foo() // }

{} |

public static void bar([Na/me( "count” )] int 1)

{} &

public static void baz([Name("count” )] iInt 1,
[Name("id" )] string s,
[IName("payload” )] JsonElement json)

{ }
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Astraightforward and annoying way to do it in C++

|II

* how “normal” people do it: example of a way to do it in C#
e good: unpacking array into function parameters
e better: unpacking dictionary into function parameters

e automatically printing descriptions; supporting optional parameters,
member functions; constexpr-ization

* a lot of code
e surprisingly, a lot of template programming, but fear not!
* lots and lots and LOTS of code
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taoJSON
github.com/taocpp/json

namespace json = tao ::json;

We will use C++2@hough it can be done in C++11..17)
Asupported by latest MSV@S 2019 v. 16.11; VS 2022 ). 17

Akindasupported by latest Clang. 12, 13 and 14)
Aand GCC to a lesser degfeel1)


https://github.com/taocpp/json

Disclaimer

void foo (const json:: value &parameter )({
std:: cout << "parameter=\n"
<< Jjson::. to string (parameter) << "\n";

foo (argument);



Annoying way to do it in C++

void foo (const json:: value &equest )({
std:: cout << "got 'foo' request

}

10



Annoying way to do it in C++

void bar(const json:: value &equest ){
auto *id = request .find ("id");
it (1id)
throw std:: invalid argument { "missing parameter 'id'
it ('id->is _string ()
throw std:: invalid argument {
" parameter 'id' has unexpected type (expected: string)

3

std:: cout << "got 'bar' request with \ n"
d=" " << id ->get_string () << ""\n";

10



Annoying way to do it in C++

auto *id = request .find ("id");
it (1id)
throw std:: invalid argument { "missing parameter 'id'
it ('id->is _string ()
throw std:: invalid argument {
" parameter 'id' has unexpected type (expected: string)

3

10



Annoying way to do it in C++

std:: cout << "got 'bar' request with
"d=" " << id->get_string () << "'

10



Annoying way to do it In

void baz(const json: value &equest ){
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");
it (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 ())

"k

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";

++

11



Annoying way to do it In

void baz(const json: value &equest ){
auto *count = request . find ("count");

if (! count)

throw std:: invalid_argument { "missing parameter 'count'
if (! count ->is_integer
throw std:: invalid_argument vected (@ cxpected: integer) "%

parameter
auto *id = request . find (!
if (tid)
throw <@ en missing parameter 'id'
. )
wvalid_argument  { "paramet@d' ha® ‘pe (e (W Cteu. suing) "k
“n\Ag parameter 'payload’ "%

)

auto © payload = request . fi

if (! payload)
throw std:: in @ c¥arc
if (! paylc i W Dj

throw std:: _argument " parameter '‘payload' has unexpected type (expected: object) "%

-actu al

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

Ind\n
'g le) << "\n";

11



Annoying way to do it In C++

using Name=std:: string view
using Handler = void (*)( const json:: value &);

constexpr std:: < , > handlers[] = {
{ , &foo },

{ , &bar },

1 , &baz }

}s

void (const std:: &

)5



Annoying way to do it In C++

using = std:: >
using = void(*)(const json:: &);

constexpr std:: tuple <Nameg Handler > handlers[] = {
{ "foo", & foo 1},
{ "bar", & bar },
{ "baz", & baz }

%

void (const std:: &

)5



Annoying way to do it In C++

using = std:: ;
using = void(*)(const json:: &);
constexpr std:: < , > handlers[] = {

{ "foo", & }

{ "bar", & },

{ "baz", & }
}s

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



void processRequest(const std::string view &message) {
const auto json =json:. from string (Mmessage);
if (!json.is object())
throw std::invalid argument{ "request is not a valid JSON" };
auto *request = json.find("request");
if (!request)
throw std::invalid argument{ "request does not contain name" };

auto &name = request->get string();
std::cout << "* trying to process "
for (auto handler : handlers) {
if (std::get<Name>(handler) == name) {
std: :get<Handler>(handler)(json);
return;

<< name << ;

¥
¥

std::cout << "* could not handle request

<< name << ;

13



void processRequest(const std::string view &message) {
const auto json = json::from string(message);
if (! json .is _object ())
throw std:: invalid argument { "requestis not a valid JSON "k
auto *request = json.find("request");
if (!request)
throw std::invalid argument{ "request does not contain name" };

auto &name = request->get string();
std::cout << "* trying to process "
for (auto handler : handlers) {
if (std::get<Name>(handler) == name) {
std: :get<Handler>(handler)(json);
return;

¥
¥

std::cout << "* could not handle request

<< name << ;

<< name << ;
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void processRequest(const std::string view &message) {
const auto json = json::from string(message);
if (!json.is object())
throw std::invalid argument{ "request is not a valid JSON" };
auto *request = json.find ("request "),
if (!request)
throw std::invalid argument{ "request does not contain name" };

auto &name = request->get string();
std::cout << "* trying to process "
for (auto handler : handlers) {
if (std::get<Name>(handler) == name) {
std: :get<Handler>(handler)(json);
return;

<< name << ;

¥
¥

std::cout << "* could not handle request " << name << "\n’';

J

13



void processRequest(const std::string view &message) {
const auto json = json::from string(message);
if (!json.is object())
throw std::invalid argument{ "request is not a valid JSON" };
auto *request = json.find("request");
if (! request )
throw std:: invalid argument { "request does not contain name "k

auto &name = request->get string();
std::cout << "* trying to process "
for (auto handler : handlers) {
if (std::get<Name>(handler) == name) {
std: :get<Handler>(handler)(json);
return;

<< name << ;

¥
¥

std::cout << "* could not handle request

<< name << ;

13



void processRequest(const std::string view &message) {

const auto json = json::from string(message);
if (!json.is object())
throw std::invalid argument{ "request is not a valid JSON" };
auto *request = json.find("request");
if (!request)
throw std::invalid argument{ "request does not contain name" };

auto &name = request ->get_string ();
std:: cout << "*trying to process
for (auto handler : handlers) {
if (std::get<Name>(handler) == name) {
std: :get<Handler>(handler)(json);
return;

<< name<< '\n';

¥
¥

std::cout << "* could not handle request

<< name << ;

13



void processRequest(const std:: & ) o

const auto json = json::from string( )
if (!json.is object())
throw std:: { "request is not a valid JSON" };

auto *request = json.find("request");
if (!request)
throw std:: { "request does not contain name" };

auto &name = request->get string();
std::cout << "* trying to process "
for (auto handler :handlers) {
if (std:: get<Name(handler ) == namg {
std:: get <Handler >(handler )( json );
return

}
}

std::cout << "* could not handle request

<< name << ;

<< name << ;

13



void processRequest(const std::string view &message) {

const auto json = json::from string(message);
if (!json.is object())
throw std::invalid argument{ "request is not a valid JSON" };
auto *request = json.find("request");
if (!request)
throw std::invalid argument{ "request does not contain name" };

auto &name = request->get string();
std::cout << "* trying to process "
for (auto handler : handlers) {
if (std::get<Name>(handler) == name) {
std: :get<Handler>(handler)(json);
return;

<< name << ;

¥
¥

std:: cout << "*could not handle request " << name<< '\n';

13



Annoying way to do it In C++

auto request = R"({
"request™." baz",
‘count™: 1,

"id":"two ",
"payload":{ "three":3 }
D" osv;

processRequest (request );

14



Annoying way to do it In C++

auto request = R"({
"request™." baz",
"count™:1,

"d":"two ",

"payload":{ "three":3 }
D" osv;

processRequest (request );

output:
*trying to process baz
got' Dbaz'request with
count=1,
Id="two',
and
payload=
{"three":3}

14



How "normal” people do it

| System.AttributeUsage

( System.AttributeTargets.Parameter

public class Name: System.Attribute {
public string name,

public Naméstring
this .name = name,;

name) {

)]



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
Console.WriteLine ("got' baz'request with" );
Console.WriteLine  ($" count="{i}™ );
Console.WriteLine  ($"id=" {s} " );

Console.WriteLine

...

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

s, [Name( "payload" )]

JsonElement p) {

16



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 (varp Iin method.GetParameters()) {
var paramName= p.GetCustomAttribute <Name>().name;
var value = json.GetProperty (paramNamg
args.Add (getArg ( p.ParameterType , value));

}

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



public class {
//...

pu

blic 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());

17
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var args = new List< object >();

foreach (varp Iin method.GetParameters()) {
var paramName= p.GetCustomAttribute <Name>().name;
var value = json.GetProperty (paramNamg
args.Add (getArg ( p.ParameterType , value));

}
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public static object getArg (Typet, JsonElement v)

if (t== typeof (int ))
return v.Getlnt32();
if (t== typeof (string ))
return v.GetString ();
if (t== typeof (JsonElement))
return v;
- throw new Exception( "unsupported type" );

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

17



public class {
/[/...
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 ());

17



How "normal” people do It

public class Program {

Il ...
public static void Main()
{
const string msg= @"{
"request” ": ""baz"",
“count” ":1,
"id" " ""two " T,

"payload" ":{ ""three" ":3}
|

processRequest (msgQ);

}
}

output:

got' baz' request with
count="1"'
Id="two'
payload=

{ "three":3 }

18



Back to C++

void baz(const json: value &equest ){
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");
it (id)

throw std:: invalid_argument { "missing parameter 'id' "k
it (1id->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 >() << ",6\n"

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

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

19



2 K | L,J A F X Enessage:

void baz(const json: value &equest ){ requeSt baz ]
auto *count = request . find (" count"); args " [ 1 "tWO" , { "three" 3 } ]

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");

it (id) }
throw std:: invalid_argument { "missing parameter 'id' "k

it (1id->is_string ()

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

message.

{

1 1 "k

"request"” : "baz",
‘count” 1,

“id" o "two"
"payload" :{ "three" :3}



2 K |- l] A F X  message:

{
void baz(const json: value &equest ){ "requeSt" ! baz )
o et = s (ot targs":[ 1, "two" ,{ ‘three" :3} ]

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"); VOid baZ( int i y

it (id)

throw std:: invalid_argument { "missing parameter 'id' "k Std : : Stri ng_Vi eW S .

it (1id->is_string ()

throw std:: invalid_argument { "parameter 'id' has unexpected type (expected: string) "% CO nst jSO n : : Val u e 84 SO n ) {

message: std:: cout
{ << "got' baz'requestwith \n
"request” : "baz", " < o< "\
‘count” :1, T cc g << o\
Ilidll : IltWOll
’ " and\ n"
"payload" :{ ‘"three" :3}

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



Unpacking array into function parameters

void foo () {
std:: cout << "got 'foo' request

}

fits on a slide!!!
void bar(std:: string view  s){ /

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

1 << S << mni
}
void baz(int 1,std:: string view s, const json:: value &son){
std:: cout << "got' baz'request with
1 << i << mi 1
s << !
' and

<< json::. to string (json) <<



Unpacking array into function parameters

using Name=std:: string view
/[ Handler = ???

const std:: tuple <Nameg Handler > handlers[] = {
{ "foo", & foo 1},
{ "bar", & bar },
{ "baz", & baz }

%

void processRequest (const std:: string view  &mnessage);,



void processRequest(const std::string view &message) {
const auto json = json::from string(message);
if (!json.is object())
throw std::invalid argument{ "request is not a valid JSON" };
auto *request = json.find("request");
if (!request)
throw std::invalid argument{ "request does not contain name" };
auto *args = json . find ("args");

auto &name = request->get string();
std::cout << "* trying to process "
for (auto handler : handlers) {
if (std::get<Name>(handler) == name) {
std:: get <Handler >(handler ) (args);
return;

<< nhame << ;

¥
¥

std::cout << "* could not handle request

}

<< name << ;



Unpacking array into function parameters

template<typename... >
void nope(void(* ) ( o)) o

void *erased = func; // nope
reinterpret cast<void*>( ); // UB
sizeof(void*) ?= sizeof(void(*)()); // ???

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

24



Unpacking array into function parameters

template<typename... >
void (void(*func)(Args...)) {
void *erased = ; // nope

reinterpret_cast <void *>( func); //UB
sizeof(void*) ?= sizeof(void(*)()); // ???

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

24



Unpacking array into function parameters

template<typename... >
void (void(* ) ( o)) o

void *erased = ; // nope
reinterpret cast<void*>( ); // UB
sizeof (void *) ?= sizeof (void (*)();  // 2?7

reinterpret cast<void(*) ()>( ); // OK

24



Unpacking array into function parameters

template<typename... >

void (void(* ) ( o)) o
void *erased = ; // nope
reinterpret cast<void*>( ); // UB

sizeof(void*) ?= sizeof(void(*)()); // ???

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 fa8-bit AVR microcontrollers:

Afunction pointer is16 bits
Adata pointer can bel6 or 24 bit depending on the device memory
capabillity

In a C compiler fa8-bit and 16bit PIC microcontrollers:
Afunction pointer can beB, 16 or 24 bits

Adata pointer can beB, 16, 24 or 32 bits
(depending on the device, config, and optimizations)

25



Side note

// returns pointer to object or pointer to function
void *getentity (ID id);
reinterpret_cast <int (*)O)>( getentity (42)); //UB

union {
void *object;
void(*function)();
¥
( )5
reinterpret _cast<int(*)()>( (42) .function);

26



Side note

union TypeErasedEntity {
void *object;
void (*function)();

I3
TypeErasedEntity getentity (ID id);
reinterpret_cast <int (*)()>( getentity (42).function); /| OK

26



Unpacking array into function parameters

struct Handler { notconstexpr
template <typename... Args> /

Handler (void (* handler )( Args...)):
erasedHandler { reinterpret cast <void (*)()>( handler )},
handlerimpl {
[J( void (* erasedHandler )(), const json:: value *args)({
...

b}
{

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

struct { not constexpr
template <typename... Args> /
Handler (void (* handler )( Args...)):
erasedHandler{ reinterpret_cast<void(*)()>( )},
handlerImpl{
[ ](void(* )(), const json:: * ) {
//...
}o)
{}
void (const json:: * ) const {
handlerImpl(erasedHandler, );
}
private:
void(*erasedHandler)() = nullptr;
void(*handlerImpl) (void(*erasedHandler)(), const json:: *)

s

nullptr;



Unpacking array into function parameters

struct { not constexpr
template<typename... > A(///
(void(* ) ( cel))
erasedHandler { reinterpret_cast <void (*)()>( handler )},
handlerImpl{
[ ](void(* )(), const json:: * ) {
}o}
{}
void (const json:: * ) const {
handlerImpl(erasedHandler, );
}
private:
void (* erasedHandler )() = nullptr
void(*handlerImpl) (void(*erasedHandler)(), const json:: *) = nullptr;

s



Unpacking array into function parameters

struct { not constexpr
template<typename... > A(///
(void(* ) ( ce)) o
erasedHandler{ reinterpret_cast<void(*)()>( ) T,

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

/...
1}
{}
void (const json:: * ) const {
handlerImpl(erasedHandler, );
}
private:

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

s



Unpacking array into function parameters

struct { not constexpr
template<typename... > A(/// ’
(void(* ) ( cel))
erasedHandler{ reinterpret_cast<void(*)()>( )},
handlerImpl{
[ ](void(* )(), const json:: * ) {
//...
}o)
1}

void operator() (const json:: value *args) const {
handlerimpl (erasedHandler , args);

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

s



handlerimpl {

[1( void (* erasedHandler )(),

auto handler

If constexpr
I ...

}

else {
I ...

}
b}

= reinterpret_cast

const json:: value *args){

<void (*)( Args...)>(

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

erasedHandler ),

28



struct {

template<typename... >

Handler(void(* ) ( cea)) d
erasedHandler{ reinterpret cast<void(*)()>( ) },
handlerImpl{

[](void(* )(), const json:: * )
auto handler = reinterpret_cast <void (*)( Args...)>(
if constexpr (sizeof...( ) == 0) {

//...
}
else {
//...
}
b}
{1}
//...
}s

{

erasedHandler ),

28



struct {

template<typename... >
Handler(void(* ) ( cea)) d
erasedHandler{ reinterpret cast<void(*)()>(
handlerImpl{
[](void(* )(), const json::

auto handler = reinterpret _cast<void(*)(

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

Il ...
}
else {
...
}
b}
1}
//...
¥

*

) s

) A
e )>(

)5
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If

}

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

If
If

If

}

han

(args){
(! args ->is_array ())
throw std:: invalid argument { "request'

(I args - >get_array (). empty())

args ' is not an array

throw std:: invalid argument { "handler expects O arguments

dler ();

.
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handlerImpl{
[ ](void(* )(), const json:: * ) {

auto

= reinterpret_cast<void(*)( e )>(

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

If

If

If

(args){

(! args ->is_array ())

throw std:: invalid argument { "request' args'is notan array
(! args ->get_array (). empty())

throw std:: invalid argument { "handler expects O arguments

();

)s

.
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