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Takeaway of this talk

1. Reflection based design enables :-
Better reusability

Lower zero!  overhead( )

Simpler code

Than class based polymorphism for media frameworks-

Jean-Michael Celerier
Some ideas in common with Nick's talk 
on functional programming yesterday ; in particular 
: way too much boilerplate ! 

but this talk focus on al the "metadata" 
surrounding audio processors, 
not DSP 



Takeaway of this talk

2. Current C++ (20) enables
 
    reflection based design -
      RBD ?( )
    struct oriented declarative specification-
      SODS?( )

... if anyone can come up with a better acronym, call me  :D

Jean-Michael Celerier
No undefined behaviour or "non-portable" tricks



MOTIVATION

















Experimental observation

class based inheritance works for-
organisation wide-  polymorphism

but not

ecosystem wide-



All of those : 

implement ad hoc runtime OO-  

because

C++ does not have reflection

yet many systems in which we want to 
use C++ for

need that info



Motivation

Reusability: Max MSP objects, audio and video /
processors, "OOP" types  …

Portability:

Ideological purity:

C++ : SUPER portable. 
Frameworks? No.

Separate algo from binding

RAGE AGAINST THE GLUE

Canonical definition of an "object" 

                   MxN problem

Faust, SOUL: non C- ++ solutions to the 
same problem 



Motivation

What is an audio processor ?
Simple definition for this talk :

Problem !

"Easy" : defining f

Hard : enumerating, declaring INS & OUTS

C  historically bad at that
++ ( ) People do it 

at run time-
Not zero cost-
Framework ization-



Motivation

Most existing solutions: 
enum based or array access based- -

enum Parameters {
  kGain,
  kCutoff,
  kResonance, 
  ...
};

switch (paramId) {
  case kGain:
    this->gain = param;
    break;
  ...
}



Motivation

The processor should entirely be defined 
through elements that the compiler can 
type check.-

Removes an entire class of bugs

Reduces duplication, improves legibility

struct Filter {
  float gain;
  void process(

double** in, double** out, int N) {
      for(each sample) 
        out = in * gain;
  }
};

This ought to be enough !!!!



Motivation

In 2021, C++ compilers are not advanced 
enough to allow defining everything with 
only the above 



Motivation

In 2021, C++ compilers are not advanced 
enough to allow defining everything with 
only the above 

No reflection on member names :(

BUT  we can get very close ! 

Thanks to a structured binding technique-
Implemented in Boost.PFR

One limitation: aggregate types
In practice: very OK 

Jean-Michael Celerier
there are limits ! the point of this talk is taht you can send 
kindly-worded mails to your closest committee members, national ISO body, to tell them "we need a proper version of this !"
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a bare C  ++a bare C  ++
structstruct

vst3 plug in-vst3 plug in-
osc apiosc api
python bindingpython binding
autogenerated UIautogenerated UI
puredata objectpuredata object
max msp object/max msp object/



avendish

GPLv3  Commercial/
Verrryyy experimental

  

github.com celtera avendish/ /Demo



Jean-Michael Celerier
you can't do ANYTHING against your processor being 
an "avendish" processor

YOUR OBJECT WILL BE CONSUMED











Jean-Michael Celerier
-> buried: inheritance for code reuse
->tired: inheritance as API reuse
-> wired: let the shape of objects be enough
(actually wired since Stepanov's work on generic programming)



Demo                             Getting there 

 First tentative : -
  ossia score’s Fx API 

 Second tentative : -
  github.com jcelerier vintage/ /
 Third tentative : -

  github.com jcelerier score simple api 2/ / - - -
 Fourth final?- ( )

  github.com celtera avendish/ /



Jean-Michael Celerier
Consuming the "wrappers library": 
print example
python binding example



DEEP   DIVE



constexpr bool ok = 
  requires { 2 + 2; };

requires { foo.bar(123); };

if constexpr (requires { obj(N) ; }) 
  obj(N);
else if constexpr(requires { 
    obj(in, out, N); 
  }) 
  obj(in, out, N);

Deep dive Concepts

require expression : "is this code valid ?"-



template<typename T>
concept HasBar = requires (T t) { 
  t.bar(); 
};

template<typename T>
concept FloatBar = requires (T t) { 
 { t.bar() } -> std::floating_point; 
};

Deep dive Concepts

an application from the type domain 
to the boolean domain

concept



if constexpr(HasFoo<T>) …

template<typename T> struct X;

template<HasFoo T> struct X<T>;

template<typename T>
requires (!HasFoo<T>) 
struct X<T>;

void f(HasFoo auto x); 
template<HasFoo T> 
void f(T x); 

Deep dive Concepts

Usage :

For us : is it... 
... A per sample audio processor ? -
... Per block ? -
... A synth voice ? 



Jean-Michael Celerier
Let's come up as a community and define the "concepts" we need

That is similar to how people do in Rust, Haskell, etc.



generator<int> counter() { 
  int i = 0 ;
  while(1) 
    co_yield i++;
}

generator<int> gen = counter();

print(gen()); // 0
print(gen()); // 1
print(gen()); // 2

Deep dive Coroutines

Resumable functions



Deep dive Coroutines: why ?

 Allows for generic collection iteration.-
  With ranges: bee’s knees.

 In our case: we do not want to pay the -
cost of a container for the "single object" 
case.

 Also useful for async work HTTP... , less - ( )
relevant for this talk.





Jean-Michael Celerier
Remember Timur's talk yesterday.

Here we rely on compiler optimizations - 
with clang the coroutine entirely gets optimized out ; the calling code directly iterates thing like with a simple for loop





https://gcc.godbolt.org/z/PvjzETzP8



Deep dive Template lambdas: what for ?

 Removes the need for many helper -
functions which could improve codegen! .( )
 Simplify generic lambdas: no more-

 
    using T = std::decay_t<decltype(value)>;

 Easier for doing type level operations.- -







Deep dive Generalized NTTP : why ?

 Optimize cache for "parameter" types ; -
we want

   sizeof(my_parameter) == sizeof(float)

 In existing parameter systems, effective -
value interspesed with irrelevant metadata

 But CPU caches will still be wasted loading -
them upon access...



constexpr int add(int a, int b) {
  return a + b;
}

int x = add(2, 3);           // RUNTIME 
constexpr int y = add(2, 3); // COMPTIME
std::array<float, y> arr;    // OK

https://gcc.godbolt.org/z/na3q4K5P9

consteval int add(int a, int b)...
int x = add(2, 3);      // COMPTIME :-)
int y = add(rand(), 3); // ERROR :-)



struct Foo { 
  int x;
  float y;
} foo;

boost::pfr::for_each_field(
  foo, 
  []<typename F>(F field) {
    fmt::print("{}", field);
  }
);

O Fortuna theme playing 

Reflection !!

Jean-Michael Celerier
compile-time performance: log(number of members)



Jean-Michael Celerier
Order in which we do things 
may lead to less or more string comparisons



Deep dive Boost.PFR : what for ?

 Combined with concepts: filter the fields -
of a struct depending on a predicate.

   "Dear compiler, can you give me all the 
MIDI inputs of my struct ?"

 Automatically map controls to atomics.-



https://gcc.godbolt.org/z/s5P74cvPf



Closing words 2( )
C++ somewhat deservedly( )
has a reputation for feature bloatitis.-

But, when writing the library, it 
constantly felt like when something 
was needed, the language provided it in 
a way that made sense. 
So thanks committee :  -)

C++20 is neat, use it !
tested w  GCC 11, Clang 13, VS2022  ( / )





https://ossia.io

Promo !
Digital
   Art
      Workstation

    free & OSS !
 linux, mac & win ! ossia score

Sequencer for interactivity

Modular & timeline in a single UI

Sequencer for media art :
OSC, DMX, GLSL, NDI, PureData, Faust...



https://github.com/sponsors/jcelerier

Thanks for your attention ! 

Questions ? 

Find this work useful ?

Jean-Michael Celerier
Demo: VST2 in bitwig (controls ; speak about enum, presets, midi), pd 
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