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About me

Mikhail Svetkin

Principal Software Engineer at reMarkable

Areas:

e Architecture

e |Internal frameworks and libraries
e Build systems



Motivation

C++Now 2025

Library in a week

It became beman.monadics - part of the Beman project
This talk is the design retrospective



Disclaimer

e Practical talk - not a functional programming lecture
e Goal: a pipeline that works for your existing types

e “Box” - atype that either holds a value or signals its absence
o optionally with an associated error

e All names in the talk are provisional - not proposals



Agenda

The Extensibility Gap

The Pattern is Already There
box_traits

Beman.monadics

Beyond Standard Types
Extending the API

Let's See What We Got



You’'ve written
something like this?



The Extensibility Gap - C++20

std::optional<Payload> extractPayload(
const Blob& blob)
{



The Extensibility Gap - C++20

std::optional<Payload> extractPayload(
const Blob& blob)
{
if (auto hdr = parseHeader(blob)) {



The Extensibility Gap - C++20

std::optional<Payload> extractPayload(
const Blob& blob)
{
if (auto hdr = parseHeader(blob)) {
if (auto payload = parsePayload(*hdr)) {

hy
hy



The Extensibility Gap - C++20

std::optional<Payload> extractPayload(
const Blob& blob)
{
if (auto hdr = parseHeader(blob)) {
if (auto payload = parsePayload(*hdr)) {
return normalize(*payload);
+
+
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The Extensibility Gap - C++20

std::optional<Payload> extractPayload(
const Blob& blob)
{
if (auto hdr = parseHeader(blob)) {
if (auto payload = parsePayload(*hdr)) {
return normalize(*payload);
+
+

return recover();

}
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The Extensibility Gap - C++20

std::optional<Payload> extractPayload( std::optional<Payload> extractPayload(
const Blob& blob) const Blob& blob)
{ {
if (auto hdr = parseHeader(blob)) { auto hdr = parseHeader(blob);
if (auto payload = parsePayload(*hdr)) { if (!'hdr.has_value()) {
return normalize(*payload); return recover();
+ +
+
auto payload = parsePayload(xhdr);
return recover(); if (!payload.has_value()) {
+ return recover();
+

return normalize(*payload);
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The Extensibility Gap - Pick Your Poison

e Early returns
e Nested ifs
e EXxceptions
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C++23 changes this



The Extensibility Gap - C++23

std::optional<Payload> extractPayload(const Blob& blob) {
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The Extensibility Gap - C++23

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
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The Extensibility Gap - C++23

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
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The Extensibility Gap - C++23

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)

18



The Extensibility Gap - C++23

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - std::optional

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - std::optional

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)
.or_else(recover);

Chain fails 2 nullopt.
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The Extensibility Gap - std::optional

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)
.or_else(recover);

Chain fails 2 nullopt.
Which step? Why? No way to know.
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The Extensibility Gap - std::expected

std:: expected<Payload, ParseError> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - Real-world reality
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The Extensibility Gap - Real-world reality

e The codebase you're maintaining didn't wait for C++23
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The Extensibility Gap - Real-world reality

e The codebase you're maintaining didn't wait for C++23

e Some of these are in your codebase:
o boost::optional, tl::expected
o absl::StatusOr, folly::Expected
o  Your own Result<T, E>
o CAPI
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The Extensibility Gap - Real-world reality

e The codebase you're maintaining didn't wait for C++23

e Some of these are in your codebase:
o boost::optional, tl::expected
o absl::StatusOr, folly::Expected
o  Your own Result<T, E>
o CAPI

e You own some of it.
e You don't own the rest
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The Extensibility Gap - boost::optional

boost :: optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - boost::optional

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - boost::optional

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.flat_map(parsePayload) // X and_then
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - boost::optional

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.flat_map(parsePayload) // X and_then
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - boost::optional

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.flat_map(parsePayload) // X and_then
.map(normalize) // X transform
.or_else(recover);
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The Extensibility Gap - boost::optional

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.flat_map(parsePayload) // X and_then
.map(normalize) // X transform
.or_else(recover);
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The Extensibility Gap - boost::optional

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.flat_map(parsePayload) // X and_then
.map(normalize) // X transform
.or_else(recover); /] X
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The Extensibility Gap - boost::optional

boost ::optional<Payload> extractPayload(const Blob& blob) {
auto payload = parseHeader(blob)

.flat_map(parsePayload) // X and_then
.map(normalize) // X transform
return payload ? payload : recover(); // X or_else
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The Extensibility Gap - absl::StatusOr

absl::StatusOr<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - absl::StatusOr

absl::StatusOr<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - absl::StatusOr

absl::StatusOr<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload) // X
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - absl::StatusOr

absl::StatusOr<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload) // x
.transform(normalize)
.or_else(recover);
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The Extensibility Gap - absl::StatusOr

absl::StatusOr<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload) // X
.transform(normalize) /] X
.or_else(recover);
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The Extensibility Gap - absl::StatusOr

absl::StatusOr<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload) // x
.transform(normalize) /] X
.or_else(recover);
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The Extensibility Gap - absl::StatusOr

absl::StatusOr<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload) // X
.transform(normalize) /] X
.or_else(recover); /] X
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The Extensibility Gap - absl::StatusOr

absl::StatusOr<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload) // X
.transform(normalize) /] X
.or_else(recover); /] X
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The Extensibility Gap - Summary

e (C++23: monadic operations for std::optional and std::expected
e Two types. Your codebase has more.
e Can we generalize? Can we define extension points?
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The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize);

45



The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

boost :: optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize);
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The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

boost :: optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize); // X vyields std::optional<Payload>
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The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

boost :: optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize); // X vyields std::optional<Payload>
// not boost::optional<Payload>
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The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize);
.value_or(boost::none);
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The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize);
.value_or(boost::none);
// X value_or argument is T, not the boost::none
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The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

boost ::optional<Payload> extractPayload(const Blob& blob) {
auto result = parseHeader(blob)

.and_then(parsePayload)
.transform(normalize);

return result ? boost::optional<Payload>(*result) : boost

..none;
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The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize);
.to<boost::optional>;
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The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

boost ::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize);
.to<boost::optional>; // like std::ranges::to
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The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

std:: expected<Payload, ParseError> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize);
.to<std:: expected>(ParseError:: NoPayload);

54



The Extensibility Gap - The Goal

std::optional<Header> parseHeader(const Blob& blob);

template<typename Box>
auto extractPayload(const Blob& blob, ...) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize);
.to<Box>(...);
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What can we do about it?



Is the pattern already there?



The Pattern Is Already There - and_then

std::optional<T>::and_then(f) std::expected<T, E>::and_then(f)
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The Pattern Is Already There - and_then

std::optional<T>::and_then(f) std::expected<T, E>::and_then(f)
// f : T — optional<U> // f : T — expected<U, E>

59



The Pattern Is Already There - and_then

std::optional<T>::and_then(f)
// f : T — optional<U>

Algorithm:

e has value, call f(T) and return
result

std::expected<T, E>::and_then(f)
// f : T — expected<U, E>

Algorithm:

e has value, call f(T) and return
result
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The Pattern Is Already There - and_then

std::optional<T>::and_then(f) std::expected<T, E>::and_then(f)

// f : T — optional<U> // f : T — expected<U, E>

Algorithm: Algorithm:

e has value, call f(T) and return e has value, call f(T) and return
result result

e empty, propagate empty e has error, propagate error
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The Pattern Is Already There - and_then

std::optional<T>::and_then(f) std::expected<T, E>::and_then(f)

// f : T — optional<U> // f : T — expected<U, E>

Algorithm: Algorithm:

e has value, call f(T) and return e has value, call f(T) and return
result result

e empty, propagate empty e has error, propagate error

f : T — Box<U> f : T — Box<U, E>
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The Pattern Is Already There - transform

std::optional<T>::transform(f) std::expected<T, E>::transform(f)
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The Pattern Is Already There - transform

std::optional<T>::transform(f) std::expected<T, E>::transform(f)

/f T U /T > U
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The Pattern Is Already There - transform

std::optional<T>::transform(f)
/S f T - U
// res : std::optional<U>

std::expected<T, E>::transform(f)
/] f T = U
// res : std::expected<U, E>
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The Pattern Is Already There - transform

std::optional<T>::transform(f) std::expected<T, E>::transform(f)
//f T ->U /f T —>U

// res : std::optional<U> // res : std::expected<U, E>
Algorithm: Algorithm:

e has value - call f(T), wrap result e has value - call f(T), wrap result

66



The Pattern Is Already There - transform

std:
/] f

:optional<T>::transform(f)
T = U

// res : std::optional<U>

Algorithm:

has value - call f(T), wrap result
empty, propagate empty

std::expected<T, E>::transform(f)
/f T > U
// res : std::expected<U, E>

Algorithm:

e has value - call f(T), wrap result
e has error, propagate error
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The Pattern Is Already There - transform

std:
/] f

:optional<T>::transform(f)

: T = U

// res : std::optional<U>

Algorithm:

f

res :

has value - call f(T), wrap result
empty, propagate empty

: T > U
Box<U>

std::expected<T, E>::transform(f)

//f T —>U
// res : std::expected<U, E>

Algorithm:

e has value - call f(T), wrap result
e has error, propagate error

f T = U
res : Box<U, E>
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The Pattern Is Already There - or_else

std::optional<T>::or_else(f) std::expected<T, E>::or_else(f)
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The Pattern Is Already There - or_else

std::optional<T>::or_else(f) std::expected<T, E>::or_else(f)
// f : () — optional<T> // f : E — expected<T, F>
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The Pattern Is Already There - or_else

std::optional<T>::or_else(f)
// f : (O — optional<T>

Algorithm:

e has value, return as-is

std::expected<T, E>::or_else(f)
// f : E = expected<T, F>

Algorithm:

e has value, return as-is
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The Pattern Is Already There - or_else

std::optional<T>::or_else(f)
// f : (O — optional<T>

Algorithm:

e has value, return as-is
e empty, call f, return result

std::expected<T, E>::or_else(f)
// f : E = expected<T, F>

Algorithm:

has value, return as-is
has error, call f(E), return result
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The Pattern Is Already There - or_else

std::optional<T>::or_else(f)
// f : (O — optional<T>

Algorithm:

e has value, return as-is
e empty, call f, return result

f : () — Box<T>

std::expected<T, E>::or_else(f)
// f : E — expected<T, F>

Algorithm:

e has value, return as-is
e has error, call f(E), return result

f : E — Box<T, F>
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The Pattern Is Already There - transform_error

std::optional<T>::transform_error(f) std::expected<T, E>::transform_error(f)
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The Pattern Is Already There - transform_error

std::optional<T>:: transform_error(f) std::expected<T, E>::transform_error(f)
// X no error channel // f :E—>F
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The Pattern Is Already There - transform_error

std::optional<T>::transform_error(f) std::expected<T, E>::transform_error(f)
// X no error channel // f :E—>F
// res : expected<T, F>
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The Pattern Is Already There - transform_error

std::optional<T>::transform_error(f) std::expected<T, E>::transform_error(f)
// X no error channel // f :E—>F
// res : expected<T, F>

Algorithm:

e has value - return as-is
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The Pattern Is Already There - transform_error

std::optional<T>::transform_error(f)

/X

no error channel

std::expected<T, E>::transform_error(f)
// f E—>F
// res : expected<T, F>

Algorithm:

e has value - return as-is
e has error - call f(E), wrap result
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The Pattern Is Already There - transform_error

std::optional<T>::transform_error(f)

/X

no error channel

std::expected<T, E>::transform_error(f)
// f E—>F
// res : expected<T, F>

Algorithm:

e has value - return as-is
e has error - call f(E), wrap result

/] f : E > F
// res : Box<T, F>
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The Pattern Is Already There - Summary

and_then
transform
or_else

transform_error

input

Box<T,
Box<T,
Box<T,

Box<T,

E>

E>

E>

E>

f

T — Box<U, E>
T > U
()/E — Box<T, F>

f:E—>F

output
Box<U,
Box<U,
Box<T,

Box<T,

E>

E>

F>

F>
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto and_then(Box&& box, F&& f)

{

81



The Pattern Is Already There - Requirements

template <typename Box, typename F> Box interface:
auto and_then(Box&& box, F&& f)

— decltype(f(box.value())) e has value
{ e value

if (!box.has_value()) {
return box.error();

}

® efror

return f(box.value());

}



The Pattern Is Already There - Requirements

template <typename Box, typename F> Box interface:
auto and_then(Box&& box, F&& f)

— decltype(f(box.value())) e has value
{ e value

if (!box.has_value()) {
return box.error();

}

® efror

return f(box.value());
// expected<void, E>::value() — void

}



The Pattern Is Already There - Requirements

template <typename Box, typename F> Box interface:
auto and_then(Box&& box, F&& f)

— decltype(f(...)) e has value
{ e value

if (!box.has_value()) {
return box.error();

® efror

}

if constexpr (Box::value_type = void) {
return f();

} else {
return f(box.value());

}

}



The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto and_then(Box&& box, F&& f)
— decltype(f(...))
{
if (!'box.has_value()) {
return box.error();

}

if constexpr (Box::value_type = void) {
return f();

} else {
return f(box.value());

}

}

Box interface:

has_value
value

error
value_type
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto and_then(Box&& box, F&& f)
— decltype(f(...))
{
if (!'box.has_value()) A{
return box.error();

}

if constexpr (Box::value_type = void) {
return f();

} else {
return f(box.value());

}

}

Box interface:

has_value
value
error
value_type
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto and_then(Box&& box, F&& f)
— decltype(f(...))
{
if (!'box.has_value()) A{
return box.error();

}

if constexpr (Box::value_type = void) {
return f();

} else {
return f(box.value());

}

}

Box interface:

has_value
value
error
value_type
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto and_then(Box&& box, F&& f)

{

}

— decltype(f(...))

if (!box.has_value()) {
return box.error();
// expected<T, E>::error() — E
// expected<T, E>{unexpected{E}};
I

if constexpr (Box::value_type = void) {
return £();

} else {
return f(box.value());

+

Box interface:

has_value
value
error
value_type
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto and_then(Box&& box, F&& f)

{

}

— decltype(f(...))
using NewBox = decltype(f(...));

if (!box.has_value()) {
return NewBox ::make_error(box.error());

}

if constexpr (Box::value_type = void) {
return f();

} else {
return f(box.value());

}

Box interface:

has_value
value
error
value_type
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto and_then(Box&& box, F&& f)

{

}

— decltype(f(...))
using NewBox = decltype(f(...));

if (!box.has_value()) {
return NewBox ::make_error(box.error());

}

if constexpr (Box::value_type = void) {
return f();

} else {
return f(box.value());

}

Box interface:

has_value
value

error
value_type
make_error
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto and_then(Box&& box, F&& f)

{

}

— decltype(f(...))
using NewBox = decltype(f(...));

if (!box.has_value()) {
return NewBox::make_error(box.error());

}

if constexpr (Box::value_type = void) {
return f();

} else {
return f(box.value());

}

Box interface:

has_value
value

error
value_type
make_error
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto and_then(Box&& box, F&& f)
— decltype(f(...))

Box interface:

requires same_box<Box, f(...)>
{
USing NeWrA\, A Tdsiimnanlcl N .
template<typename Box, typename NewBox>
. concept same_box = std::same_as<
if (!box.H P - -
NewBox,
return N Box :: rebind<NewBox :: value_type>
+ >;
if constexpr (Box::value_type = void) {
return £();
} else {
return f(box.value());
I
I

has_value
value

error
value_type
make_error
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto and_then(Box&& box, F&& f)
— decltype(f(...))

requires same_box<Box, f(...)>
{
USing NeWrA\, A Tdsiimnanlcl N .
template<typename Box, typename NewBox>
. concept same_box = std::same_as<
if (!box.H P - -
NewBox,
return N Box :: rebind<NewBox :: value_type>
+ >;
if constexpr (Box::value_type = void) {
return £();
} else {
return f(box.value());
I
I

Box interface:

has_value
value

error
value_type
make_error
rebind
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The Pattern Is Already There - Requirements

template <typename Box, typename F> Box interface:
auto and_then(Box&& box, F&& f)

— decltype(f(...)) e has value

requires same_box<Box, f(...)> e value
" ysing Newsox = decttype(FC...)) © o

using NewBox = decltype ..2)); e value type

if (!box.has_value()) { ¢ rnake_ewor
return NewBox ::make_error(box.error()); e rebind

+

if constexpr (Box::value_type = void) {
return £();

} else {
return f(box.value());

+

}



The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto or_else(Box8&& box, F&& f)

Box interface:

— decltype(f(...)) e has value
requires same_box<Box, f(...)> e value
{ o error
template<typename Box, typename NewBox> ® value_type
concept same_box = std::same_as< ° make error
NewBox, .
Box ::rebind_error<NewBox::error_type> ¢ rebind
>
by
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The Pattern Is Already There -

template <typename Box, typename F>
auto or_else(Box8&& box, F&& f)

Requirements

Box interface:

— decltype(f(...)) e has value
requires same_box<Box, f(...)> e value
{ [ error
template<typename Box, typename NewBox> ® value_type
concept same_box = std::same_as< ° make error
NewBox, .
Box :: rebind_error<NewBox :: error_type> ® rebind
>: e rebind_error
e error_type
I
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto or_else(Box8&& box, F&& f)
— decltype(f(...))
requires same_box<Box, f(...)>
{
using NewBox = decltype(f(...));
if (box.has_value()) {
return NewBox ::make(box.value());

}

Box interface:

has_value
value

error
value_type
make_error
rebind
rebind_error
error_type
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto or_else(Box8&& box, F&& f)

— decltype(f(...))

requires same_box<Box, f(...)>
{

using NewBox = decltype(f(...));

if (box.has_value()) A{

return NewBox ::make(box.value());

}

Box interface:

has_value
value

error
value_type
make_error
rebind
rebind_error
error_type
make
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The Pattern Is Already There - Requirements

template <typename Box, typename F>
auto or_else(Box8&& box, F&& f)

Box interface:

— decltype(f(...)) e has value
requires same_box<Box, f(...)> e value
{ o
error
using NewBox = decltype(f(...)); e value tvpe
if (box.has_value()) { P
return NewBox ::make(box.value()); e make_error
} e rebind
e rebind_error
if constexpr (has_error_channel<Box>) { e error_type
return f(box.error()); e make
} else {
return f(); template<typename Box>
} concept has_error_channel requires {
} typename Box::error_type
};




The Pattern Is Already There - Requirements

Box interface:

value_type
error_type
rebind
rebind_error
has_value
value

error

make
make_error
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The Pattern Is Already There - Requirements

Box interface:

value_type
error_type
rebind
rebind_error
has_value
value

error

make
make_error

9 requirements. How do we provide them?

Modify the type? Only for types we own

CPOs?
Traits specialization

O

Non-intrusive. Works for anything
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What makes a type Box-like??



box_traits

template<typename T, typename E>
struct box_traits<Box<T, E>> {
using value_type = T;
using error_type = E;

template <typename U> using rebind = Box<U, E>;
template <typename F> using rebind_error = Box<T, F>;

static bool has_value(const auto &box);
static value_type value(auto &&box);
static error_type error(avto &&box);

static Box<T, E> make(auto &&value);

static Box<T, E> make_error(auto &&error);

};
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box_traits - std:.expected

template<typename T, typename E>

struct box_traits<std::expected<T, E>> {
using value_type T;
using error_type E;

template <typename U> using rebind = std::expected<U, E>;
template <typename F> using rebind_error = std::expected<T, F>;

static bool has_value(const auto &box) { return box.has_value(); }
static auto value(auto 8&&box) { return std::forward<decltype(box)>(box).value(); }

static auto error(auto 8&&box) { return std::forward<decltype(box)>(box).error(); }

static std::expected<T, E> make(auto&& v) { return {std::forward<decltype(v)>(v)}; }
static std::expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>

struct box_traits<std::expected<T, E>> {
using value_type = T;
using error_type E;

template <typename U> using rebind = std::expected<U, E>;
template <typename F> using rebind_error = std::expected<T, F>;

static bool has_value(const auto &box) { return box.has_value(); }
static auto value(auto 8&&box) { return std::forward<decltype(box)>(box).value(); }

static auto error(auto 8&&box) { return std::forward<decltype(box)>(box).error(); }

static std::expected<T, E> make(auto&& v) { return {std::forward<decltype(v)>(v)}; }
static std::expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>

struct box_traits<std::expected<T, E>> {
// std::expected<T, E>::value_type
using error_type = E;

template <typename U> using rebind = std::expected<U, E>;
template <typename F> using rebind_error = std::expected<T, F>;

static bool has_value(const auto &box) { return box.has_value(); }
static auto value(auto 8&&box) { return std::forward<decltype(box)>(box).value(); }

static auto error(auto 8&&box) { return std::forward<decltype(box)>(box).error(); }

static std::expected<T, E> make(auto&& v) { return {std::forward<decltype(v)>(v)}; }
static std::expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>

struct box_traits<std::expected<T, E>> {
// std::expected<T, E>::value_type
using error_type = E;

template <typename U> using rebind = std::expected<U, E>;
template <typename F> using rebind_error = std::expected<T, F>;

static bool has_value(const auto &box) { return box.has_value(); }
static auto value(auto 8&&box) { return std::forward<decltype(box)>(box).value(); }

static auto error(auto 8&&box) { return std::forward<decltype(box)>(box).error(); }

static std::expected<T, E> make(auto&& v) { return {std::forward<decltype(v)>(v)}; }
static std::expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>

struct box_traits<std::expected<T, E>> {
// std::expected<T, E>::value_type

// std::expected<T, E>::error_type

template <typename U> using rebind = std::expected<U, E>;
template <typename F> using rebind_error = std::expected<T, F>;

static
static
static

static
static

bool
auto
auto

std::
std::

has_value(const auto &box) { return box.has_value(); }
value(auto &&box) { return std::forward<decltype(box)>(box).value(); }
error(avto &&box) { return std::forward<decltype(box)>(box).error(); }

expected<T, E> moke(auto&8& v) { return {std::forward<decltype(v)>(v)}; }
expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>

struct box_traits<std::expected<T, E>> {
// std::expected<T, E>::value_type
// std::expected<T, E>::error_type

template <typename U> using rebind = std::expected<U, E>;
template <typename F> using rebind_error = std::expected<T, F>;

static bool has_value(const auto &box) { return box.has_value(); }
static auto value(auto 8&&box) { return std::forward<decltype(box)>(box).value(); }

static auto error(auto 8&&box) { return std::forward<decltype(box)>(box).error(); }

static std::expected<T, E> make(auto&& v) { return {std::forward<decltype(v)>(v)}; }
static std::expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>

struct box_traits<std::expected<T, E>> {
// std::expected<T, E>::value_type

// std::expected<T, E>::error_type

// std::expected<T, E>::rebind<U>
template <typename F> using rebind_error = std::expected<T, F>;

static
static
static

static
static

bool
auto
auto

std::
std::

has_value(const auto &box) { return box.has_value(); }
value(auto &&box) { return std::forward<decltype(box)>(box).value(); }
error(avto &&box) { return std::forward<decltype(box)>(box).error(); }

expected<T, E> moke(auto&8& v) { return {std::forward<decltype(v)>(v)}; }
expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>

struct box_traits<std::expected<T, E>> {
// std::expected<T, E>::value_type

// std::expected<T, E>::error_type

// std::expected<T, E>::rebind<U>
template <typename F> using rebind_error = std::expected<T, F>;

static
static
static

static
static

bool
auto
auto

std::
std::

has_value(const auto &box) { return box.has_value(); }
value(auto &&box) { return std::forward<decltype(box)>(box).value(); }
error(avto &&box) { return std::forward<decltype(box)>(box).error(); }

expected<T, E> moke(auto&8& v) { return {std::forward<decltype(v)>(v)}; }
expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>

struct box_traits<std::expected<T, E>> {
// std::expected<T, E>::value_type
// std::expected<T, E>::error_type

// std::expected<T, E>::rebind<U>
// meta_rebind_error<F>

static bool has_value(const auto &box) { return box.has_value(); }
static auto value(auto 8&&box) { return std::forward<decltype(box)>(box).value(); }

static auto error(auto 8&&box) { return std::forward<decltype(box)>(box).error(); }

static std::expected<T, E> make(auto&& v) { return {std::forward<decltype(v)>(v)}; }
static std::expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>

struct box_traits<std::expected<T, E>> {
// std::expected<T, E>::value_type
// std::expected<T, E>::error_type

// std::expected<T, E>::rebind<U>
// meta_rebind_error<F>

static bool has_value(const auto &box) { return box.has_value(); }
static auto value(auto &&box) { return std::forward<decltype(box)>(box).value(); }

static auto error(auvto &&box) { return std::forward<decltype(box)>(box).error(); }

static std::expected<T, E> make(auto&& v) { return {std::forward<decltype(v)>(v)}; }
static std::expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>
struct box_traits<std::expected<T, E>> {

// std

// std::expected<T, E>::
// meta_rebind_error<F>

// std
/] std
// std

static
static

:rexpected<T, E>::
// std::expected<T, E>::

:rexpected<T, E>::
:rexpected<T, E>::
:rexpected<T, E>::

std::expected<T,
std::expected<T,

value_type
error_type

rebind<U>
has_value
value

error

E> moke(auto8& v) { return {std::forward<decltype(v)>(v)}; }
E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>
struct box_traits<std::expected<T, E>> {

// std

// std::expected<T, E>::
// meta_rebind_error<F>

// std
/] std
// std

static
static

:rexpected<T, E>::
// std::expected<T, E>::

:rexpected<T, E>::
:rexpected<T, E>::
:rexpected<T, E>::

std:: expected<T,
std::expected<T,

value_type
error_type

rebind<U>
has_value
value

error

E> make(auto&& v) { return {std::forward<decltype(v)>(v)}; }
E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>
struct box_traits<std::expected<T, E>> {

// std

// std::expected<T, E>::
// meta_rebind_error<F>

// std
/] std
// std

// std
static

:rexpected<T, E>::
// std::expected<T, E>::

:rexpected<T, E>::
:rexpected<T, E>::
:rexpected<T, E>::

:rexpected<T, E>::

std::expected<T,

value_type
error_type

rebind<U>
has_value
value

error

expected{value}
E> make_error(auto 8&e) { return {std

::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>
struct box_traits<std::expected<T, E>> {

// std

// std::expected<T, E>::
// meta_rebind_error<F>

// std
/] std
// std

// std
static

:rexpected<T, E>::
// std::expected<T, E>::

:rexpected<T, E>::
:rexpected<T, E>::
:rexpected<T, E>::

:rexpected<T, E>::

std::expected<T,

value_type
error_type

rebind<U>
has_value
value

error

expected{value}
E> make_error(auvto 8&&e) { return {std

::unexpect, std::forward<decltype(e)>(e)}; }
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box_traits - std:.expected

template<typename T, typename E>
struct box_traits<std::expected<T, E>> {
static std::expected<T, E> make_error(auto &&e) { return {std::unexpect, std::forward<decltype(e)>(e)}; }

};
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box_traits - std::optional

template<typename T>

struct box_traits<std::optional<T>> {
using value_type = T;
using error_type = std::nullopt_t;

template <typename U> using rebind = std::optional<U>;
template <typename F> using rebind_error = std::optional<T>;

static bool has_value(const auto &box) { return box.has_value(); }
static value_type value(auto &&box) { return std::forward<decltype(box)>(box).value(); }

static error_type error() { return std::nullopt; }

static std::optional<T> make(auto&& v) { return std::forward<decltype(v)>(v); }
static std::optional<T> make_error(auvto &&e) { return std::forward<decltype(e)>(e); }
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box_traits - std::optional

template<typename T>

struct box_traits<std::optional<T>> {
using value_type = T;
using error_type std::nullopt_t;

template <typename U> using rebind = std::optional<U>;
template <typename F> using rebind_error = std::optional<T>;

static bool has_value(const auto &box) { return box.has_value(); }
static value_type value(auto &&box) { return std::forward<decltype(box)>(box).value(); }

static error_type error() { return std::nullopt; }

static std::optional<T> make(auto&& v) { return std::forward<decltype(v)>(v); }
static std::optional<T> make_error(auvto &&e) { return std::forward<decltype(e)>(e); }
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box_traits - std::optional

template<typename T>
struct box_traits<std::optional<T>> {

// std

::optional<T>::value_type

using error_type = std::nullopt_t;

template <typename U> using rebind = std::optional<U>;
template <typename F> using rebind_error = std::optional<T>;

static
static
static

static
static

bool has_value(const auto &box) { return box.has_value(); }
value_type value(auto &&box) { return std::forward<decltype(box)>(box).value(); }
error_type error() { return std::nullopt; }

std::optional<T> make(auto&& v) { return std::forward<decltype(v)>(v); }
std::optional<T> make_error(auvto &&e) { return std::forward<decltype(e)>(e); }
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box_traits - std::optional

template<typename T>
struct box_traits<std::optional<T>> {

// std

::optional<T>::value_type

using error_type = std::nullopt_t;

template <typename U> using rebind = std::optional<U>;
template <typename F> using rebind_error = std::optional<T>;

static
static
static

static
static

bool has_value(const auto &box) { return box.has_value(); }
value_type value(auto &&box) { return std::forward<decltype(box)>(box).value(); }
error_type error() { return std::nullopt; }

std::optional<T> make(auto&& v) { return std::forward<decltype(v)>(v); }
std::optional<T> make_error(auvto &&e) { return std::forward<decltype(e)>(e); }
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box_traits - std::optional

template<typename T>

struct box_traits<std::optional<T>> {
// std::optional<T>::value_type
using error_type = std::nullopt_t;

// meta_rebind<U>
template <typename F> using rebind_error = std::optional<T>;

static bool has_value(const auto &box) { return box.has_value(); }
static value_type value(auto &&box) { return std::forward<decltype(box)>(box).value(); }

static error_type error() { return std::nullopt; }

static std::optional<T> make(auto&& v) { return std::forward<decltype(v)>(v); }
static std::optional<T> make_error(auvto &&e) { return std::forward<decltype(e)>(e); }

123



box_traits - std::optional

template<typename T>

struct box_traits<std::optional<T>> {
// std::optional<T>::value_type
using error_type = std::nullopt_t;

// meta_rebind<U>
template <typename F> using rebind_error = std::optional<T>;

static bool has_valuve(const auto &box) { return box.has_value(); }
static value_type value(auto &&box) { return std::forward<decltype(box)>(box).value(); }

static error_type error() { return std::nullopt; }

static std::optional<T> make(auto&& v) { return std::forward<decltype(v)>(v); }
static std::optional<T> make_error(auvto &&e) { return std::forward<decltype(e)>(e); }
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box_traits - std::optional

template<typename T>

struct box_traits<std::optional<T>> {
// std::optional<T>::value_type
using error_type = std::nullopt_t;

// meta_rebind<U>
template <typename F> using rebind_error = std::optional<T>;

// std::optional<T>::has_value
// std::optional<T>::value

static error_type error() { return std::nullopt; }

static std::optional<T> make(auto&& v) { return std::forward<decltype(v)>(v); }
static std::optional<T> make_error(auvto &&e) { return std::forward<decltype(e)>(e); }
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box_traits - std::optional

template<typename T>

struct box_traits<std::optional<T>> {
// std::optional<T>::value_type
using error_type = std::nullopt_t;

// meta_rebind<U>
template <typename F> using rebind_error = std::optional<T>;

// std::optional<T>::has_value
// std::optional<T>::value
static error_type error() { return std::nullopt; }

static std::optional<T> make(auto&& v) { return std::forward<decltype(v)>(v); }
static std::optional<T> make_error(avto &&e) { return std::forward<decltype(e)>(e); }
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box_traits - std::optional

template<typename T>
struct box_traits<std::optional<T>> {

// std::optional<T>::value_type
using error_type = std::nullopt_t;

// meta_rebind<U>
template <typename F> using rebind_error = std::optional<T>;

// std::optional<T>::has_value
// std::optional<T>::value
static error_type error() { return std::nullopt; }

// std::optional<T>::optional{value}
// std::optional<T>::optional{nullopt}
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box_traits - std::optional

template<typename T>
struct box_traits<std::optional<T>> {
using error_type = std::nullopt_t;

template <typename F> using rebind_error = std::optional<T>;

static error_type error() { return std::nullopt; }

};
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box_traits - std::optional

template<typename T>
struct box_traits<std::optional<T>> {
using error_type = std::nullopt_t;

template <typename F> using rebind_error = std::optional<T>;

static error_type error() { return std::nullopt; }

};
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box_traits - std::optional

template<typename T>
struct box_traits<std::optional<T>> {
static auto error() { return std::nullopt; }

};
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box_traits: has_error _channel

template<typename T> template<typename T, typename E>

struct box_traits<std::optional<T>> { struct box_traits<std::expected<T, E>> {
static auto error() { return std::nullopt; } // std::expected<T, E>::error()

} }
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box_traits: has_error _channel

template<typename T> template<typename T, typename E>

struct box_traits<std::optional<T>> { struct box_traits<std::expected<T, E>> {
static auto error() { return std::nullopt; } // std::expected<T, E>::error()

} }
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box_traits: has_error _channel

template<typename Box>
concept has_error_channel = requires {
{ box_traits<Box>::error(std::declval<Box>()); }

};

133



box_traits: has_error _channel

template<typename Box>
concept has_error_channel = requires {
{ box_traits<Box>::error(std::declval<Box>()); }

};

template <has_error_channel Box, typename F>
auto transform_error(Box8&&, F&&);
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beman.monadics
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beman.monadics: get box_ftraits

template<typename Box, typename Traits>

struct get_box_traits {
using value_type = get_value_type_t<Box, Traits>;
using error_type = get_error_type_t<Box, Traits>;

template<typename T>
using rebind = get_rebind_t<Box, Traits, value_type>::template rebind<T>;

template<typename E>
using rebind_error = get_rebind_error_t<Box, Traits, value_type>::template rebind_error<Eg>;

static constexpr auto has_value = get_value_query_fn<Box, Traits>();
static constexpr auto value = get_value_fn<Box, Traits>();
static constexpr auto error get_error_fn<Box, Traits>();

static constexpr auto make = get_make_fn<Box, Traits, value_type>();
static constexpr auto make_error = get_make_error_fn<Box, Traits, error_type>();
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beman.monadics: value_type

template<typename Box, typename Traits>
consteval auto get_value_type() {
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beman.monadics: value_type

template<typename Box, typename Traits>
consteval auto get_value_type() {
if constexpr (requires { typename Traits::value_type; }) {
return std::type_identity<typename Traits::value_type>{};

}
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beman.monadics: value_type

template<typename Box, typename Traits>
consteval auto get_value_type() {
if constexpr (requires { typename Traits::value_type; }) {
return std::type_identity<typename Traits::value_type>{};
} else if constexpr (requires { typename Box::value_type; }) {
return std::type_identity<typename Box::value_type>{};

}
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beman.monadics: value_type

template<typename Box, typename Traits>
consteval auto get_value_type() {
if constexpr (requires { typename Traits::value_type; }) {
return std::type_identity<typename Traits::value_type>{};
} else if constexpr (requires { typename Box::value_type; }) {
return std::type_identity<typename Box::value_type>{};
} else if constexpr (requires { meta_extract_value_type<Box>(); }) {
return meta_extract_value_type<Box>();

}

}

template<typename Box>
inline constexpr meta_extract_value_type = []
<template<typename...> typename T, typename V, typename... Args>
(T<V, Args...>%)
{
return std::type_identity<V>{};
}(static_cast<Box*>(nullptr));
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beman.monadics: value_type

template<typename Box,
concept has_value_type

b

typename Traits>
= requires {

{ get_value_type<Box, Traits>() } — instance_of<std::type_identity>;

R

template<typename T, template<typename...> typename U>
concept instance_of = requires {
[I<typename... Args>(U<Args...>%) {
}(static_cast<T*>(nullptr));
b
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beman.monadics: has_value

template<typename Box, typename Traits>
consteval auto get_value_query_fn() {
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beman.monadics: has_value

template<typename Box, typename Traits>
consteval auto get_value_query_fn() {
if constexpr (requires { Traits::has_value(std::declval<Box>()); }) {
return [](const auto& box) {
return Traits::has_value(box);
F
}
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beman.monadics: has_value

template<typename Box, typename Traits>
consteval auto get_value_query_fn() {
if constexpr (requires { Traits::has_value(std::declval<Box>()); }) {
return [](const auto& box) {
return Traits::has_value(box);
F
} else if constexpr (requires { std::declval<Box>().has_value(); }) {
return [](const auto& box) {
return box.has_value();
F
}
+
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beman.monadics: has_value

template<typename Box, typename Traits>
concept has_value_query_fn = requires {
{ get_value_query_fn<Box, Traits>() } — not_void;

}; %

template<typename T>

concept not_void = !std::is_void_v<T>;
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beman.monadics: rebind

template<typename Box, typename Traits, typename T>
consteval auto get_rebind() A{
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beman.monadics: rebind

template<typename Box, typename Traits, typename T>
consteval auto get_rebind() A{
if constexpr (requires { typename Traits::template rebind<T>; }) {
return std::type_identity<Traits>{};
+
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beman.monadics: rebind

template<typename Box, typename Traits, typename T>
consteval auto get_rebind() A{
if constexpr (requires { typename Traits::template rebind<T>; }) {
return std::type_identity<Traits>{};
} else if constexpr (requires { typename Box::template rebind<T>; }) {
return std::type_identity<Box>{};
+
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beman.monadics: rebind

template<typename Box, typename Traits, typename T>
consteval auto get_rebind() {
if constexpr (requires { typename Traits::template rebind<T>; }) {
return std::type_identity<Traits>{};
} else if constexpr (requires { typename Box::template rebind<T>; }) {

r‘etur‘r} std ”type—ldentl-t':y<80} template<template<typename...> class Box, typename...Args>
} else if constexpr (requires 1 struct meta_rebind {

return get_meta_rebind<Box>(]  template<typename T>

} using rebind = Box<T, Args...>;
|E };

template<typename Box>
inline constexpr get_meta_rebind = []
<template<typename...> typename T, typename V, typename...Args>
(T<V, Args...>%)
{
return std::type_identity<meta_rebind<T, Args...>>{};

}(static_cast<Box*>(nullptr)); e




beman.monadics: rebind

template<typename Box, typename Traits, typename T>
consteval auto get_rebind() A{
if constexpr (requires { typename Traits::template rebind<T>; }) {
return std::type_identity<Traits>{};
} else if constexpr (requires { typename Box::template rebind<T>; }) {
return std::type_identity<Box>{};
} else if constexpr (requires { get_meta_rebind<Box>(); }) {
return get_meta_rebind<Box>();
+
+
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beman.monadics: value_type

template<typename Box, typename Traits>
concept has_rebind = requires {
{ get_rebind<Box, Traits>() } — instance_of<std::type_identity>;

b

151



beman.monadics: box

template<typename Box, typename Traits>
concept box = has_box_traits<Box>
&& has_value_type<Box, Traits>
8&& has_error_type<Box, Traits>
&& has_rebind<Box, Traits, get_value_type_t<Box, Traits>>
8&& has_rebind_error<Box, Traits, get_error_type_t<Box, Traits>>
&& has_value_query_fn<Box, Traits>
&& has_value_fn<Box, Traits>
8&& has_error_fn<Box, Traits>
8&& has_make_fn<Box, Traits, get_value_type_t<Box, Traits>>
&& has_make_error_fn<Box, Traits, get_error_type_t<Box, Traits>>;
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beman.monadics: and_then

template<typename Fn>
class and_then_t {
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beman.monadics: and_then

template<typename Fn>
class and_then_t {
Fn fn;

public:
constexpr explicit and_then_t(Fn fn) : fn_(std::move(fn)) {}
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beman.monadics: and_then

template<typename Fn>
class and_then_t {
// ctor and fn
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beman.monadics: and_then

template<typename Fn>
class and_then_t {
// ctor and fn
template<box Box>
requires and_thenable<Box, Fn>
friend constexpr decltype(auto) operator|(Box&& box, and_then_t&& op) {
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beman.monadics: and_then

template<typename Fn>
class and_then_t {
// ctor and fn
template<box Box>
requires and_thenable<Box, Fn>
friend constexpr decltype(auto) operator|(Box&& box, and_then_t&& op) {
using Traits = get_box_traits<Box>;
if (Traits::has_value(box)) {
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beman.monadics: and_then

template<typename Fn>
class and_then_t {
// ctor and fn
template<box Box>
requires and_thenable<Box, Fn>
friend constexpr decltype(auto) operator|(Box&& box, and_then_t&& op) {
using Traits = get_box_traits<Box>;
if (Traits::has_value(box)) {
if constexpr (std::is_void_v<typename Traits::value_type>) {
return std::move(fn)();
} else {
return std::move<Fn>(fn)(Traits::value(std:: forward<Box>(box)));
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beman.monadics: and_then

template<typename Fn>
class and_then_t {
// ctor and fn
template<box Box>
requires and_thenable<Box, Fn>
friend constexpr decltype(auto) operator|(Box&& box, and_then_t&& op) {
using Traits = get_box_traits<Box>;
if (Traits::has_value(box)) {
return invoke_with_value(std::move(op.fn), std::forward<Box>(box));

}
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beman.monadics: and_then

template<typename Fn>
class and_then_t {
// ctor and fn
template<box Box>
requires and_thenable<Box, Fn>
friend constexpr decltype(auto) operator|(Box&& box, and_then_t&& op) {
using Traits = get_box_traits<Box>;
if (Traits::has_value(box)) {
return invoke_with_value(std::move(op.fn), std::forward<Box>(box));
+
using NewBoxTraits = get_box_traits<decltype(invoke_with_value(...));
if constexpr (has_error_channel<Box>) {
return NewBoxTraits::make_error(Traits::error(std:: forward<Box>(box)));
} else {
return NewBoxTraits::make_error(Traits::error());
}
+
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beman.monadics: and_then

template<typename Fn>
class and_then_t {
// ctor and fn
template<box Box>
requires and_thenable<Box, Fn>
friend constexpr decltype(auto) operator|(Box&& box, and_then_t&& op) {
using Traits = get_box_traits<Box>;
if (Traits::has_value(box)) {
return invoke_with_value(std::move(op.fn), std::forward<Box>(box));

}

using NewBox = decltype(invoke_with_value(...));
return propagate_error<NewBox>(std:: forward<Box>(box));
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beman.monadics: callable adaptor

template<template<typename> 0p>
struct callable_adaptor {
template<typename Fn>
constexpr auto operator() (Fn&& fn) {
return Op<std::decay_t<Fn>>(std::forward<Fn>(fn));
+
F;

inline constexpr callable_adaptor<and_then_t> and_then{};
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What happens when it goes wrong?



eman.monadics: diagnostics

C++Now 2019:

Mateusz Pusz

“Implementing

Physical Units
Library for C++”

2019

MAY 6-10
cppnow.org

C++ now

User experience: Compilation: Boost.Units

length_base_dimension, boost::units::static_rational<l> >, boost::units::dimensionless_type>,
homogeneous_system<boost: :units::list<boost::units::si::meter_base_unit,
::cgs::gram_base_unit, boost::units::scale<1o,
static_rational<3> > >, boost i::second_base_unit,
list<boost:: ampere_base_unit, boost::units::list<boost::units::si::kelvin_base_unit,
i i ::mole_base_unit, boost::units:: i andela_base_unit,
ngle: :radian_base unit, boost 1l : :Tsteradian base_unit,
dimensionless_type> > > > > > > > > > >; Unit2 = boost: ::unit<boost: ::list<boost::units::dim
1t i ::units::static_rational<1> >, nits::dimensionless_type>,
: thomogeneous_system<boost: :units::1ist<boost:: si::meter_base_unit,
list<boost: sunits: :scaled_base_unit<boost: gs: :gram_base_unit, boost::units Mateusz Pusz
static_rational<3> > >, boost {7:second_base_unit, boos
::anpere_base_unit, boost: :ilist<boost::units::si::kelvin_base_unit, boost:: : - -
i::imole_base_unit, boost::units::list<boost::units::si::candela_base_unit, boost:
ngle::radian_base unit, boost::units::list<boost::units::angle::steradian base_unit,
::dimensionless_type> > > > > > > > > > >; X = double; Y = double; typename
nultiply_typeof_helper<boost::units::quantity<Unitl, X>, boost::units::quantity<Unit2, Y> >::type =

Implementing Physical
Units Library for C++

C++Now 2019 | Implementing a Physical Units Library for C++

C++Now 2019: Mateusz Pusz “Implementing Physical Units Library for C++"
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beman.monadics: diagnostics

std::optional{10}.or_else([] {
return std::optional{10.0};
});
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beman.monadics: diagnostics

std::optional{10}.or_else([] {
return std::optional{10.0};

});

error: static assertion failed:
the function passed to std::optional<T>::or_else must return a std::optional<T>
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beman.monadics: diagnostics

std::optional{10}.or_else([] (auto e) {
return std::optional{e};

});
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beman.monadics: diagnostics

std::optional{10}.or_else([] (auto e) {
return std::optional{e};

});
error: no matching member function for call to 'or_else'

note: candidate template ignored: constraints not satisfied
[with _Fn = (lambda at <source>:15:27)]
or_else(_Fn&& __f) const&

note: because '(lambda at <source>:15:27)' does not satisfy 'invocable'
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beman.monadics: diagnostics

e static _assert

o User friendly
o Hard fault

e concept

o Sometimes user friendly
o Soft fault
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beman.monadics: diagnostics

namespace bms = beman::monadics;

std::optional{10} | bms::or_else([] {
return std::optional{10.0};
});
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beman.monadics: diagnostics

namespace bms = beman::monadics;

std::optional{10} | bms::or_else([] {
return std::optional{10.0};

});

error: invalid operands to binary expression (std::optional<int> and or_else_t)
note: candidate function not viable:

inline constexpr byte operator|(byte __1hs, byte __rhs)
note: candidate function not viable:

inline constexpr byte operator|(chars_format __1lhs, chars_format __rhs)
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beman.monadics: diagnostics

namespace bms = beman::monadics;

std::optional{10} | bms::or_else([] {
return std::optional{10.0};

});

error: invalid operands to binary expression (std::optional<int> and or_else_t)

note: candidate template ignored: constraints not satisfied
[with Box = std::optional<int>, Op = or_else_t]
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beman.monadics: diagnostics

namespace bms = beman::monadics;

std::optional{10} | bms::or_else([] {
return std::optional{10.0};

});

error: invalid operands to binary expression (std::optional<int> and or_else_t)

note: candidate template ignored: constraints not satisfied

[with Box = std::optional<int>, Op = or_else_t]

note: because 'same_box_and_value<std::optional<double>, std::optional<int>>'
evaluated to false
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beman.monadics: diagnostics

namespace bms = beman::monadics;

std::optional{10} | bms::or_else([] {
return std::optional{10.0};

});

error: invalid operands to binary expression (std::optional<int> and or_else_t)
note: candidate template ignored: constraints not satisfied

[with Box = std::optional<int>, Op = or_else_t]
note: because 'Should return the Box with same value_type’
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beman.monadics: on_error

template<typename NewBox, typename 0ldBox>
concept or_elseable_return =
(same_box<NewBox, 0ldBox>
|| on_error<"Should return the same type of Box">)
8&& (same_box_and_value<NewBox, 0ldBox>
|| on_error<"Should return the Box with same value_type">);
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beman.monadics: on_error

template<typename NewBox, typename 0ldBox>
concept or_elseable_return =
(same_box<NewBox, 0ldBox>
|| on_error<"Should return the same type of Box">)
8&& (same_box_and_value<NewBox, 0ldBox>
|| on_error<"Should return the Box with same value_type">);

template<msg>
concept on_error = false;
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beman.monadics: on_error

template<typename NewBox, typename 0ldBox>
concept or_elseable_return =
(same_box<NewBox, 0ldBox>
|| on_error<"Should return the same type of Box">)
8&& (same_box_and_value<NewBox, 0ldBox>
|| on_error<"Should return the Box with same value_type">);

template<msg>
concept on_error = false;

template<std::size_t N>
struct msg {
char data[N];
consteval msg(const char (&m)[N]) { std::ranges::copy(m, data); }

}i 177



beman.monadics: on_error

namespace bms = beman::monadics;

std::optional{10} | bms::or_else([] {
return std::optional{10.0};

});

error: invalid operands to binary expression (std::optional<int> and or_else_t)

note: candidate template ignored: constraints not satisfied

[with Box = std::optional<int>, Op = or_else_t]

note: and "Should return the Box with same value_type" does not satisfy
'on_error'
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beman.monadics: diagnostics

#include <beman/monadics.hpp>
#include <optional>

namespace bms = beman::monadics;
int main() {

std::optional{10} | bms::or_else([] { return std::optional{l}; });
}
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#include <beman/monadics.hpp>
#include <optional>

namespace bms = beman::monadics;
int main() {

std::optional{10} | bms::or_else([] { return std::optional{l}; });
+

error: invalid operands to binary expression (std::optional<int> and or_else_t)

note: and "Missing explicit box_traits<T> specialization'
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beman.monadics: diagnostics

#include <beman/monadics.hpp>
#include <optional>

namespace bms = beman::monadics;

template<typename T>
struct bms::box_traits<std::optional<T>> {};

int main() {
std::optional{10} | bms::or_else([] { return std
+

:roptional{l}; });
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beman.monadics: diagnostics

#include <beman/monadics.hpp>
#include <optional>

namespace bms = beman::monadics;

template<typename T>
struct bms::box_traits<std::optional<T>> {};

int main() {
std::optional{10} | bms::or_else([] { return std::optional{l}; });
+

error: invalid operands to binary expression (std::optional<int> and or_else_t)

note: and "provide Traits::error_type, Box::error_type, or Traits::error()”
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beman.monadics: diagnostics

#include <beman/monadics.hpp>
#include <optional>

namespace bms = beman::monadics;

template<typename T>
struct bms::box_traits<std::optional<T>> {
static auto error() { return std::nullopt; }

};

int main() {
std::optional{10} | bms::or_else([] { return std
+

:roptional{l}; });
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beman.monadics: diagnostics C++26

e delete(”reason”) - P2573
e Reflection for C++26 - P2996

o Allowing exception throwing in constant-evaluation - P3068
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beman.monadics: diagnostics C++26 - delete(“reason”)

template<typename Box, typename Traits>
concept has_value_type = requires {
{ get_value_type<Box, Traits>() } — instance_of<std::type_identity>;

}
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beman.monadics: diagnostics C++26 - delete(“reason”)

template<typename Box, typename Traits>
concept valid_value_type = requires {
{ get_value_type<Box, Traits>() } — instance_of<std::type_identity>;

}
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beman.monadics: diagnostics C++26 - delete(“reason”)

template<typename Box, typename Traits>
concept valid_value_type = requires { ... };

template<typename Box, typename Traits>

requires valid_value_type<Box, Traits>()
consteval auto try_get_value_type() { return get_value_type<Box, Traits>(); }
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beman.monadics: diagnostics C++26 - delete(“reason”)

template<typename Box, typename Traits>
concept valid_value_type = requires { ... };

template<typename Box, typename Traits>
requires valid_value_type<Box, Traits>()
consteval auto try_get_value_type() { return get_value_type<Box, Traits>(); }

template<typename Box, typename Traits>
requires !valid_value_type<Box, Traits>()
consteval auto try_get_value_type() = delete(
"provide Traits::value_type, Box::value_type, or a deducible template parameter");
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beman.monadics: diagnostics C++26 - delete(“reason”)

template<typename Box, typename Traits>
concept valid_value_type = requires { ... };

template<typename Box, typename Traits>
requires valid_value_type<Box, Traits>()
consteval auto try_get_value_type() { return get_value_type<Box, Traits>(); }

template<typename Box, typename Traits>
requires !valid_value_type<Box, Traits>()
consteval auto try_get_value_type() = delete(
"provide Traits::value_type, Box::value_type, or a deducible template parameter");

template<typename Box, typename Traits>
concept has_value_type = requires {

{ try_get_value_type<Box, Traits>() };
F;
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beman.monadics: has_value C++26 - reflection

template<typename Box, typename Traits>
consteval std::meta::info get_value_query_fn() {
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beman.monadics: diagnostics C++26 - reflection

template<typename Box, typename Traits>
consteval std::meta::info get_value_query_fn() {
if constexpr (constexpr auto m = get_member<Traits>("has_value");
m = std::meta::info()) {

191



beman.monadics: diagnostics C++26 - reflection

template<typename Box, typename Traits>
consteval std::meta::info get_value_query_fn() {
if constexpr (constexpr auto m = get_member<Traits>("has_value");
m == std::meta::info()) { Df

template<typename T>
consteval std::meta::info get_member(std::string_view name)
{
if constexpr (is_class_type(*AT)) {
constexpr auto ctx = std::meta::access_context::unchecked();
auto members = members_of (AT, ctx)
| std::views::filter(std::meta::has_identifier);
const auto it = std::ranges::find(members, name, std::meta::identifier_of);
if (it == std::ranges::end(members)) {
return *it;
I }
+
I .
return std::meta::info();
I 192




beman.monadics: diagnostics C++26 - reflection

template<typename Box, typename Traits>
consteval std::meta::info get_value_query_fn() {
if constexpr (constexpr auto m = get_member<Traits>("has_value");
m == std::meta::info()) {
if (!is_function(m)) {
throw "Traits::has_value should be function";
} else if (parameters_of(m).size() = 1) {
throw "Traits::has_value should accept one argument";
} else if (is_same_type(parameters_of(m)[0], ~*Box)) A{
throw "Traits::has_value should accept Box";

}

return m;

}
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beman.monadics: diagnostics C++26 - reflection

template<typename Box, typename Traits>
consteval std::meta::info get_value_query_fn() {
if constexpr (constexpr auto m = get_member<Traits>("has_value");
m = std::meta::info()) {
// all checks
return m;

}
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beman.monadics: diagnostics C++26 - reflection

template<typename Box, typename Traits>
consteval std::meta::info get_value_query_fn() {
if constexpr (constexpr auto m = get_member<Traits>("has_value");
m = std::meta::info()) {
// all checks
return m;
} else if constexpr (constexpr auto m = get_member<Box>("has_value");
m == std::meta::info()) {
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beman.monadics: diagnostics C++26 - reflection

template<typename Box, typename Traits>
consteval std::meta::info get_value_query_fn() {
if constexpr (constexpr auto m = get_member<Traits>("has_value");
m == std::meta::info()) {
// all checks
return m;
} else if constexpr (constexpr auto m = get_member<Box>("has_value");
m == std::meta::info()) {
if (!is_function(m)) {
throw "Box::has_value should be a function";
} else if (parameters_of(m).size() == 0) {
throw "Box::has_value should not accept any arguments";
I
return m;

}
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beman.monadics: diagnostics C++26 - reflection

template<typename Box, typename Traits>
consteval std::meta::info get_value_query_fn() {
if constexpr (constexpr auto m = get_member<Traits>("has_value");
m = std::meta::info()) {
// all checks
return m;
} else if constexpr (constexpr auto m = get_member<Box>("has_value");
m == std::meta::info()) {
// all checks
return m;

}
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beman.monadics: diagnostics C++26 - reflection

template<typename Box, typename Traits>
consteval std::meta::info get_value_query_fn() {
if constexpr (constexpr auto m = get_member<Traits>("has_value");
m == std::meta::info()) {
// all checks
return m;
} else if constexpr (constexpr auto m = get_member<Box>("has_value");
m == std::meta::info()) {
// all checks
return m;
} else {
throw "provide box_traits<Box>::has_value(Box) or Box::has_value()";
return {};
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beman.monadics: diagnostics C++26 - reflection

get_box_traits<std::optional<int>>; // works
get_box_traits<int>; !l X

using OptTraits
using IntTraits

error: uncaught exception '(const charx)"provide box_traits<Box>::has_value(Box) or
Box::has_value()"'
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Does the Design Hold
Beyond Standard Types?
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Beyond Standard Types - boost:.optional

boost ::optional<Payload> extractPayload(const Blob& blob) {
auto payload = parseHeader(blob)
.flat_map(parsePayload)
.map(normalize)
return payload ? payload : recover();
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Beyond Standard Types - boost:.optional

template<typename T>
struct box_traits<boost::optional<T>> {
static auto error() { return boost::none; };

};
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Beyond Standard Types - boost:.optional

boost ::optional<Payload> extractPayload(const Blob& blob) {
namespace bms = beman::monadics;

return parseHeader(blob)
| bms::and_then(parsePayload)
| bms::transform(normalize)
| bms::or_else(recover);
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Beyond Standard Types - absl::StatusOr

absl::StatusOr<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload) // X
.transform(normalize) /] X
.or_else(recover); /] X
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Beyond Standard Types - absl::StatusOr

template<typename T>
struct box_traits<absl::StatusOr<T>> {
using error_type = absl::Status;
template <typename F> using rebind_error = absl::StatusOr<T>;

static bool has_value(const auto &box) { return box.ok(); };
static auto error(avto &&box) {
return std:: forward<decltype(box)>(box).status();
}
F
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Beyond Standard Types - absl::StatusOr

absl::StatusOr<Payload> extractPayload(const Blob& blob) {
namespace bms = beman::monadics;

return parseHeader(blob)
| bms::and_then(parsePayload)
| bms::transform(normalize)
| bms::or_else(recover);
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What else |Is Box-Like?



Beyond Standard Types - T*

e unrealcommunity.wiki - Pointers & References

// Recommended shortcut for deep object graphs
FArmorStruct* TheArmor = &GetGalaxy()
—GetSolarSystem()
—GetPlanet()
—GetMainCharacter()
—Armor;
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https://unrealcommunity.wiki/pointers-and-references-8b09d2

Beyond Standard Types - T*

// Recommended shortcut // Safe version

FArmorStruct* TheArmor = &GetGalaxy() auto galaxy = GetGalaxy();
—GetSolarSystem() if (!galaxy) return;
—GetPlanet()
—GetMainCharacter() auto solarSystem = galaxy—GetSolarSystem();
SArmor: if (!solarSystem) return;

auto planet = solarSystem—GetPlanet();
if (!planet) return;

auto character = planet—GetMainCharacter();
if (!character) return;

auto TheArmor2 = &character—Armor;
if (!TheArmor2) return;
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Beyond Standard Types - T*

template<typename T>
struct beman::monadics::box_traits<Tx> {
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Beyond Standard Types - T*

template<typename T>

struct beman::monadics::box_traits<T*x> {
using value_type = T;
using error_type = std::nullptr_t;

211



Beyond Standard Types - T*

template<typename T>
struct beman::monadics::box_traits<Tx> {

using value_type = T;
using error_type = std::nullptr_t;

template<typename V>
using rebind = Vx;

template<typename>
using rebind_error = Tx%;
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Beyond Standard Types - T*

template<typename T>

struct beman::monadics::box_traits<T*x> {
using value_type = T;
using error_type = std::nullptr_t;

template<typename V>
using rebind = Vx;

template<typename>
using rebind_error = Tx*;

static constexpr bool has_value(const auto box) noexcept { return static_cast<bool>(box); }

static constexpr value_type& value(T *box) noexcept { return *box; }
static constexpr auto error() noexcept { return nullptr; }
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Beyond Standard Types - T*

template<typename T>

struct beman::monadics::box_traits<T*x> {
using value_type
using error_type

:T;
= std::nullptr_t;

template<typename V>
using rebind = Vx;

template<typename>
using rebind_error = T*;

static
static
static

static
static

constexpr
constexpr
constexpr

constexpr
constexpr

bool has_value(const auto box) noexcept { return static_cast<bool>(box); }
value_type& value(T *box) noexcept { return xbox; }
auto error() noexcept { return nullptr; }

T+ make(value_type& v) noexcept { return &v; }
T* make_error() noexcept { return nullptr; }
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Beyond Standard Types - T*

namespace bms beman :: monadics;

auto TheArmor = GetGalaxy()
| bms::and_then([](Galaxy& g) { return g.GetSolarSystem(); })
| bms::and_then([](SolarSystem& ss) { return ss.GetPlanet(); })
| bms::and_then([](Planet& p) { return p.GetMainCharacter(); })

| bms::and_then([](ACharacter& c) { return &c.Armor; });
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Beyond Standard Types - T*

namespace bms beman :: monadics;

auto TheArmor = GetGalaxy()
| bms::and_then(&Galaxy ::GetSolarSystem)
| bms::and_then(&SolarSystem::GetPlanet)
| bms::and_then(&Planet::GetMainCharacter)
| bms::and_then(&ACharacter::Armor);
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Beyond Standard Types - T*

namespace bms beman :: monadics;

auto TheArmor = GetGalaxy()
| bms::and_then(&Galaxy ::GetSolarSystem)
| bms::and_then(&SolarSystem::GetPlanet)
| bms::and_then(&Planet::GetMainCharacter)
| bms::and_then(&ACharacter::Armor);

// Safe version

auto galaxy = GetGalaxy(Q);
if (!galaxy) return;

auto solarSystem = galaxy—GetSolarSystem();
if (!solarSystem) return;

auto planet = solarSystem—GetPlanet();
if (!'planet) return;

auto character = planet—GetMainCharacter();
if (!character) return;

auto TheArmor2 = &character—Armor;
if (!TheArmor2) return;
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Beyond Standard Types - T*

namespace bms beman ::monadics;

auto TheArmor = GetGalaxy()
| bms::and_then(&Galaxy ::GetSolarSystem)
| bms::and_then(&SolarSystem::GetPlanet)
| bms::and_then(&Planet::GetMainCharacter)
| bms::and_then(&ACharacter::Armor);

// Unsafe version

FArmorStruct* TheArmor = &GetGalaxy()
—GetSolarSystem()
—GetPlanet()
—GetMainCharacter()
—Armor;
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Beyond Standard Types - C API
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Beyond Standard Types - C API

/* Based on the official libcurl HTTP/3 example %/
CURL* curl = curl_easy_init();
CURLcode result = curl_global_init(CURL_GLOBAL_ALL);

if (curl) {
curl_easy_setopt(curl, CURLOPT_URL, "https://example.com");
curl_easy_setopt(curl, CURLOPT_HTTP_VERSION, CURL_HTTP_VERSION_3);

result = curl_easy_perform(curl);

if (result == CURLE_OK) A
fprintf(stderr, "curl_easy_perform() failed: %s\n", curl_easy_strerror(result));

}

curl_easy_cleanup(curl);

}

curl_global_cleanup();
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Beyond Standard Types - C API

/* Based on the official libcurl HTTP/3 example %/

CURL* curl = curl_easy_init();
CURLcode result = curl_global_init(CURL_GLOBAL_ALL); // result not checked

if (curl) {
curl_easy_setopt(curl, CURLOPT_URL, "https://example.com"); // return discarded
curl_easy_setopt(curl, CURLOPT_HTTP_VERSION, CURL_HTTP_VERSION_3); // return discarded

result = curl_easy_perform(curl);

if (result == CURLE_OK) A
fprintf(stderr, "curl_easy_perform() failed: %s\n", curl_easy_strerror(result));

}

curl_easy_cleanup(curl);

}

curl_global_cleanup();
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Beyond Standard Types - C API

CURL* curl = curl_easy_init();
if (curl == nullptr) A
CURLcode result = curl_global_init(CURL_GLOBAL_ALL);
if (result == CURLE_OK) A
result = curl_easy_setopt(curl, CURLOPT_URL, "https://example.com");
if (result == CURLE_OK) A
result = curl_easy_setopt(curl, CURLOPT_HTTP_VERSION, CURL_HTTP_VERSION_3);
if (result == CURLE_OK) A
result = curl_easy_perform(curl);

hy
hy

// printf result on error
curl_global_cleanup();
}

curl_easy_cleanup(curl);

}
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Beyond Standard Types - C API

enum CURLcode {

CURLE_OK = 0O,

CURLE_UNSUPPORTED_PROTOCOL, /* 1 %/
CURLE_FAILED_INIT, /* 2 %/
CURLE_URL_MALFORMAT, /* 3 */

};
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Beyond Standard Types - C API

enum CURLcode {
CURLE_OK = 0,
CURLE_UNSUPPORTED_PROTOCOL, /* 1 %/
CURLE_FAILED_INIT, /* 2 %/
CURLE_URL_MALFORMAT, /* 3 %/

};

CURLE_OK is success
Everything else is failure
CURLcode mimics std::expected<void, CURLCode>
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Beyond Standard Types - C API

template<
struct beman::monadics::box_traits<CURLcode> {
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Beyond Standard Types - C API

template<

struct beman::monadics::box_traits<CURLcode> {
using value_type = void;
using error_type = CURLcode;
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Beyond Standard Types - C API

template<

struct beman::monadics::box_traits<CURLcode> {
using value_type = void;
using error_type = CURLcode;

template<typename V>
using rebind = CURLcode;

template<typename>
using rebind_error = CURLcode;
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Beyond Standard Types - C API

template<

struct beman::monadics::box_traits<CURLcode> {
using value_type = void;
using error_type = CURLcode;

template<typename V>
using rebind = CURLcode;

template<typename>
using rebind_error = CURLcode;

static constexpr bool has_value(const auto& box) noexcept { return box = CURLE_OK; }

static constexpr value_type value(auto&&) noexcept {}
static constexpr auto error(auto&& box) noexcept { return std::forward<decltype(box)>(box); }
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Beyond Standard Types - C API

template<

struct beman::monadics::box_traits<CURLcode> {
using value_type
using error_type

= void;
= CURLcode;

template<typename V>
using rebind = CURLcode;

template<typename>
using rebind_error = CURLcode;

static
static
static

static
static

constexpr
constexpr
constexpr

constexpr
constexpr

bool has_value(const auto& box) noexcept { return box = CURLE_OK; }
value_type value(auto&&) noexcept {}
auto error(auto8& box) noexcept { return std::forward<decltype(box)>(box); }

auto make(auto&& v) noexcept { return std::forward<decltype(v)>(v); }
auto make_error(auto&& e) noexcept { return std::forward<decltype(e)>(e); }
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Beyond Standard Types - C API

CURL* curl = curl_easy_init();

auto result = curl_global_init(CURL_GLOBAL_ALL)
| bms::and_then([curl] A
return curl_easy_setopt(curl, CURLOPT_URL, "https://example.com") })
| bms::and_then([curl] A{
return curl_easy_setopt(curl, CURLOPT_HTTP_VERSION, CURL_HTTP_VERSION_3); })
| bms::and_then([curl] { return curl_easy_perform(curl); });

if (result == CURLE_OK) {
fprintf(stderr, "failed: %s\n", curl_easy_strerror(result));

}

curl_easy_cleanup(curl);
curl_global_cleanup();
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Beyond Standard Types - C API

CURL* curl = curl_easy_init();

auto result = curl_global_init(CURL_GLOBAL_ALL)
| bms::and_then(curl_easy_setopt, curl, CURLOPT_URL, "https://example.com")
| bms::and_then(curl_easy_setopt, curl, CURLOPT_HTTP_VERSION, CURL_HTTP_VERSION_3)
| bms::and_then(curl_easy_perform, curl)

if (result == CURLE_OK) {
fprintf(stderr, "failed: %s\n", curl_easy_strerror(result));

}

curl_easy_cleanup(curl);
curl_global_cleanup();
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Extending API



Extending the API: value _or

auto vl = opt.value_or(...);
auto v2 = exp.value_or(...);
auto v3 = ptr ? *ptr : ...;
auto v4 = cres = CURLE_OK ? ... : ...;
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Extending the API: value _or

template <beman::monadics::box Box, typename U>
auto value_or(Box8&& box, U&& fallback) {
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Extending the API: value _or

template <beman::monadics::box Box, typename U>
auto value_or(Box8&& box, U&& fallback) {
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Extending the API: value or

template <beman::monadics::box Box, typename U>
auto value_or(Box8&& box, U&& fallback) {
using Traits = beman::monadics::get_box_traits<Box>;
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Extending the API: value or

template <beman::monadics::box Box, typename U>
auto value_or(Box8&& box, U&& fallback) {
using Traits = beman::monadics::get_box_traits<Box>;

if (Traits::has_value(box)) {

return Traits::value(std:: forward<Box>(box));

}
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Extending the API: value or

template <beman::monadics::box Box, typename U>
auto value_or(Box8&& box, U&& fallback) {
using Traits = beman::monadics::get_box_traits<Box>;

if (Traits::has_value(box)) A{
return Traits::value(std::forward<Box>(box));

}

return std:: forward<U>(fallback);
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Extending the API: value _or

namespace bms = beman::monadics;

auto vl = opt | bms::value_or(...);
auto v2 = exp | bms::value_or(...);
auto v3 = ptr | bms::value_or(...);
auto v4 = cres | bms::value_or(...);
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Extending the API: P3413R0

e Proposes value_or_else for std::optional/expected

auto v = opt.value_or_else([] {
return compute_default();

});
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Extending the API: P3413R0

e Proposes value or_else for std::optional/expected

auto v = opt.value_or_else([] {
return compute_default();

});

e \With box traits

namespace bms = beman::monadics;

auto vl = opt | bms::value_or_else([] { return compute_default(); });
auto v2 = exp | bms::value_or_else([] { return compute_default(); });
auto v3 = ptr | bms::value_or_else([] { return fallback_value(); });
auto v4 = cres | bms::value_or_else([] { return default_value(); });

241



Extending the API: inspect

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize)
.or_else(recover);
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Extending the API: inspect

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.and_then([] (const auto &p) { log("payload: {}", p); }
.transform(normalize)
.or_else(recover);
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Extending the API: inspect

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.and_then([] (const auto &p) { log("payload: {}", p); })
.transform(normalize)
.or_else(recover);
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Extending the API: inspect

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.and_then([] (auto &&p) {
log("payload: {}", p);
return std::optional{std:: forward<decltype(p)>(p)};
})
.transform(normalize)
.or_else(recover);
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Extending the API: inspect

std::optional<Payload> extractPayload(const Blob& blob) {
auto payload = parseHeader(blob)
.and_then(parsePayload);

if (payload) A
log("payload: {}", payload);
}

return payload
.transform(normalize)
.or_else(recover);

246



Extending the API: inspect

std::optional<Payload> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.inspect([] (const auto &p) { log("payload: {}", p); })
.transform(normalize)
.or_else(recover);
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Extending the API: inspect

namespace bms = beman::monadics;

template <bms::box Box, typename Fn>
auto inspect(Box&& box, Fn&& fn) {
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Extending the API: inspect

namespace bms = beman::monadics;
template <bms::box Box, typename Fn>

auto inspect(Box&& box, Fn&& fn) {
using Traits = bms::get_box_traits<Box>;
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Extending the API: inspect

namespace bms = beman::monadics;

template <bms::box Box, typename Fn>
auto inspect(Box&& box, Fn&& fn) {
using Traits = bms::get_box_traits<Box>;

if (Traits::has_value(box)) {

bms ::invoke_with_value(std::move(fn), std::forward<Box>(box));

}
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Extending the API: inspect

namespace bms = beman::monadics;

template <bms::box Box, typename Fn>
auto inspect(Box&& box, Fn&& fn) {
using Traits = bms::get_box_traits<Box>;

if (Traits::has_value(box)) A{
bms::invoke_with_value(std::move(fn), std::forward<Box>(box));

}

return std:: forward<Box>(box);

}.
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Extending the API: inspect

std::optional<Payload> extractPayload(const Blob& blob) {
namespace bms = beman::monadics;

return parseHeader(blob)
| bms::and_then(parsePayload)
| bms::inspect([] (const auto &p) { log("payload: {}", p); }
| bms::transform(normalize)
| bms::or_else(recover);
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Extending the API: flatten

namespace bms = beman::monadics;

auto process(std::optional<int> v, auto f) { return v | bms::transform(f); }

int increment(int x) { return x + 1; }

std::optional<int> validate_positive(int x) { return x > 0 ? ; return std::nullopt; }
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Extending the API: flatten

namespace bms = beman::monadics;

auto process(std::optional<int> v, auto f) { return v | bms::transform(f); }

int increment(int x) { return x + 1; }

std::optional<int> validate_positive(int x) { return x > 0 ? ; return std::nullopt; }

process(10, increment); // yields to std::optional<int>
process(10, validate_positive); // yields to std::optional<std::optional<int>>

auto rl
auto r2
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Extending the API: flatten

namespace bms = beman::monadics;
auto process(std::optional<int> v, auto f) { return v | bms::transform(f); }
int increment(int x) { return x + 1; }

std::optional<int> validate_positive(int x) { return x > 0 ? ; return std::nullopt; }

auto rl process(10, increment); // yields to std::optional<int>
auto r2 process(10, validate_positive); // yields to std::optional<std::optional<int>>
auto r2f = r2 ? *r2 : std::optional<int>{};
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Extending the API: flatten

template<flattenable_box Box>
auto flatten(Box&& outer) {
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Extending the API: flatten

template<flattenable_box Box>
auto flatten(Box&& outer) A{
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Extending the API: flatten

template<flattenable_box Box>
auto flatten(Box&& outer) {

using OuterTraits
using Inner
using InnerTraits

beman :: monadics :: get_box_traits<Box>;
typename OuterTraits::value_type;
beman :: monadics :: get_box_traits<Inner>;
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Extending the API: flatten

template<flattenable_box Box>

auto flatten(Box&& outer) {
using OuterTraits = beman::monadics::get_box_traits<Box>;
using Inner typename OuterTraits::value_type;
using InnerTraits beman::monadics::get_box_traits<Inner>;

if (OuterTraits::has_value(outer)) {
return OuterTraits::value(std:: forward<Box>(outer));

}
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Extending the API: flatten

template<flattenable_box Box>

auto flatten(Box&& outer) {
using OuterTraits beman::monadics::get_box_traits<Box>;
using Inner typename OuterTraits::value_type;
using InnerTraits beman::monadics::get_box_traits<Inner>;

if (OuterTraits::has_value(outer)) {
return OuterTraits::value(std:: forward<Box>(outer));

}

if constexpr (beman::monadics::has_error_channel<Box>) {
return InnerTraits::make_error(OuterTraits::error(std::forward<Box>(outer)));
} else {
return InnerTraits::make_error(OuterTraits::error());
}
+
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Extending the API: flatten

namespace bms = beman::monadics;

std::optional<std::optional<int>> opt{...};
auto opt2 = opt | bms::flatten; // yields to std::optional<int>

std::expected<std::expected<int, int>, int> exp{...};
auto exp2 = exp | bms::flatten; // yields to std::expected<int, int>
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Extending the API: to

std::optional a{42};
boost ::optional b{42};

262



Extending the API: to

std::optional a{42};
boost::optional b{42};

// Repack from std::optional
boost::optional<int> from_a

a,
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Extending the API: to

std::optional a{42};
boost::optional b{42};

// Repack from std::optional
boost::optional<int> from_a =

a,

// X no implicit conversion
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Extending the API: to

std::optional a{42};
boost::optional b{42};

// Repack from std::optional
boost::optional<int> from_a = a;

// Repack from boost::optional
std::optional<int> from_b = b;

// X no implicit conversion
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Extending the API: to

std::optional a{42};
boost::optional b{42};

// Repack from std::optional
boost::optional<int> from_a = a;

// Repack from boost::optional
std::optional<int> from_b = b;

// X no implicit conversion

// X no implicit conversion
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Extending the API: to

std::optional a{42};
boost::optional b{42};

// Repack from std::optional
boost::optional<int> from_a = a; // X no implicit conversion

// Repack from boost::optional
std::optional<int> from_b = b; // X no implicit conversion

Same concept. Different types.
No common interface to cross the boundary.
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Extending the API: to

template<beman::monadics::box To, beman::monadics::box From>
auto to(From&& from) {
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Extending the API: to

template<beman::monadics::box To, beman::monadics::box From>

auto to(From&& from) {
using FromTraits = beman::monadics::get_box_traits<From>;

using ToTraits = beman::monadics::get_box_traits<To>;
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Extending the API: to

template<beman::monadics::box To, beman::monadics::box From>

auto to(From&& from) {
using FromTraits = beman::monadics::get_box_traits<From>;

using ToTraits = beman::monadics::get_box_traits<To>;

if (FromTraits::has_value(from)) {
return ToTraits::make(FromTraits::value(std:: forward<From>(from)));

}
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Extending the API: to

template<beman::monadics::box To, beman::monadics::box From>

auto to(From&& from) {
using FromTraits = beman::monadics::get_box_traits<From>;
using ToTraits = beman::monadics::get_box_traits<To>;

if (FromTraits::has_value(from)) A

return ToTraits::make(FromTraits::value(std::forward<From>(from)));

}

return ToTraits::make_error(ToTraits::error());
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Extending the API: to

std::optional a{42};
boost::optional b{42};

// Repack from std::optional
boost::optional<int> from_a = a;

// Repack from boost::optional
std::optional<int> from_b = b;

// X no implicit conversion

// X no implicit conversion
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Extending the API: to

std::optional a{42};
boost::optional b{42};

// Repack from std::optional
auto from_a = to<boost::optional<int>>(a);

// Repack from std::optional
auto from_b = to<std::optional<int>>(b);
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Extending the API: to

std::optional a{42};
boost::optional b{42};

// Repack from std::optional
auto from_a = to<boost::optional<int>>(a);

// Repack from std::optional
auto from_b = to<std::optional<int>>(b);
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Extending the API: to

std::optional a{42};
boost::optional b{42};

// Repack from std::optional
auto from_a = to<boost::optional>(a);

// Repack from std::optional
auto from_b = to<std::optional>(b);
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Extending the API: to

std::optional opt{42};
std::expected<int, std::string> exp{42};

// Repack from std::optional
std::expected<int, int> from_opt

opt; // X no implicit conversion

// Repack from std::expected
std::optional<int> from_exp

exp; // X no implicit conversion
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Extending the API: to

std::optional opt{42};
std::expected<int, std::string> exp{42};

// Repack from std::optional
auto from_opt = to<std::expected<int, std::string>>(opt, “ups”);

// Repack from std::expected
auto from_exp = to<std::optional<int>>(opt) // error dismissed
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Extending the API: to

std::optional opt{42};
std::expected<int, std::string> exp{42};

// Repack from std::optional
auto from_opt = to<std::expected<int, std::string>>(opt, “ups”);

// Repack from std::expected
auto from_exp = to<std::optional<int>>(opt) // error dismissed
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Extending the API: to

std::optional opt{42};
std::expected<int, std::string> exp{42};

// Repack from std::optional
auto from_opt = to<std::expected>(opt, “ups”);

// Repack from std::expected
auto from_exp = to<std::optional>(opt) // error missed
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Extending the API: to

std::optional<Header> parseHeader(const Blob& blob);

std::expected<Payload, ParseError> extractPayload(const Blob& blob) {
return parseHeader(blob)
.and_then(parsePayload)
.transform(normalize); // X yields std::optional<Payload>
// not std::expected<Payload, ParseError>
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Extending the API: to

std::optional<Header> parseHeader(const Blob& blob);

std::expected<Payload, ParseError> extractPayload(const Blob& blob) {
namespace bms = beman::monadics;

return parseHeader(blob)
| bms::and_then(parsePayload)
| bms::transform(normalize);
| bms::to<std::expected<Payload, ParseError>>(ParseError::NoPayload);
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Extending the API: to

std::optional<Header> parseHeader(const Blob& blob);

std::expected<Payload, ParseError> extractPayload(const Blob& blob) {
namespace bms = beman::monadics;

return parseHeader(blob)
| bms::and_then(parsePayload)
| bms::transform(normalize);
| bms::to<std::expected<Payload, ParseError>>(ParseError::NoPayload);

282



Extending the API: to

std::optional<Header> parseHeader(const Blob& blob);

std::expected<Payload, ParseError> extractPayload(const Blob& blob) {
namespace bms = beman::monadics;

return parseHeader(blob)
| bms::and_then(parsePayload)
| bms::transform(normalize);
| bms::to<std::expected>(ParseError::NoPayload);
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Let’'s see What We Got



Let's see What We Got

All monadic operations are free functions
Any box-like type can participate

Write operations once

Works with types you don't own

Extend the API, provide your own operations
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Where it is now

e beman.monadics - part of the Beman project
o https://github.com/bemanproject/monadics

e Live design review:
o Tomorrow at 8:00 Library in a Week
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https://github.com/bemanproject/monadics

Thank you!
Questions?

email: mikhail.svetkin@agmail.com Q https://t.me/msvetkin
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