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About me

KDAB senior software engineer
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KDE developer
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Disclaimer

Make your code readable. Pretend the next person who looks at
your code is a psychopath and they know where you live.

Philip Wadler
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Far away worlds

Values belonging to a linear type must be used exactly once: like
the world, they can not be duplicated or destroyed. Such values
require no reference counting or garbage collection...

Linear types can change the world!
Philip Wadler
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RAII

}
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Clones

std::getline(std::cin, s);

Side-effects

In and out parameters

Unintuitive return value

12



@ivan_cukicIvan ČukićItalian C++ 2020

Far away worlds Attack of the Clones Linear in C++ Performance The End

Clones

&&
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Clones

Move semantics:

Resource ownership transfer

Optimization

API documentation / usage restriction
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Clones

void foo(type&& v)

{

⋯

}
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Clones

class type {

void foo() && *this is a temporary
{

⋯

}

}
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Clones

type&& foo()

{

⋯

}
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Clones

type&& foo(type&& v)

{

⋯

}
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Clones

std::getline(std::cin, s);
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Clones

std::string&& getline(std::istream& in, std::string&& buf);

s = getline(std::cin, std::move(s));
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Concepts and constraints

How to enforce moves with generic programming?

template <typename T>

void foo(T&& val)

{

⋯

}
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Clones

template <typename T>

requires (???)

void foo(T&& val)

{

⋯

}
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Clones

typedef T& lref;

typedef T&& rref;

T value;

lref& r1 = value; // type of r1 is T&

lref&& r2 = value; // type of r2 is T&

rref& r3 = value; // type of r3 is T&

rref&& r4 = T(); // type of r4 is T&&
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Clones

template <typename T>

requires (!std::is_lvalue_reference_v<T>)

void foo(T&& v)

{

⋯

}
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Attack of the clones

istream_sequence<std::string> in{std::cin};

std::string result;

for (const auto& token: in) {

result.append(token);

}
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Attack of the clones

istream_sequence<std::string> in{std::cin};

const auto result =

accumulate(in, string{});
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Attack of the clones

template <typename InputIt, typename T>

T accumulate(InputIt first, InputIt last, T init)

{

while (first != last) {

init = init + *first;

++first;

}

return init;

}

28



@ivan_cukicIvan ČukićItalian C++ 2020

Far away worlds Attack of the Clones Linear in C++ Performance The End

Attack of the clones

29



@ivan_cukicIvan ČukićItalian C++ 2020

Far away worlds Attack of the Clones Linear in C++ Performance The End

Attack of the clones

template <typename InputIt, typename T>

T accumulate(InputIt first, InputIt last, T init)

{

while (first != last) {

init = std::move(init) + *first;

++first;

}

return init;

}
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Attack of the clones

Copying is the silent (performance) killer
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Move-only types

Can we enforce linearity?
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Move-only types

For unit testing generic code

For message passing, ranges, reactive streams

For compile-time type tagging
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Linear in C++

Moving is required

Copies should be disallowed

Moves should be efficient (*)
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Moving

T can be seen as T

T&& can be seen as T
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Moving

detail::linear_usable_as_v<T, T> and

detail::linear_usable_as_v<T, T&&>
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Moving

namespace detail {

template <typename T, typename U>

constexpr bool linear_usable_as_v =

std::is_nothrow_constructible_v<T, U> and

std::is_nothrow_assignable_v<T&, U> and

std::is_nothrow_convertible_v<U, T>;

}
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No copies allowed

T& is not T

const T& is not T

const T is not T

39



@ivan_cukicIvan ČukićItalian C++ 2020

Far away worlds Attack of the Clones Linear in C++ Performance The End

Gray place

There’s a thin line between love and hate
Wider divide that you can see between good and bad
There’s a grey place between black and white

Dave Murray, Steve Harris
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No copies allowed

detail::linear_unusable_as_v<T, T&> and

detail::linear_unusable_as_v<T, const T&> and

detail::linear_unusable_as_v<T, const T>
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No copies allowed

namespace detail {

template <typename T, typename U>

constexpr bool linear_unusable_as_v =

not std::is_constructible_v<T, U> and

not std::is_assignable_v<T&, U> and

not std::is_convertible_v<U, T>;

}
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Linear in C++

template <typename T>

concept Linear =

std::is_nothrow_destructible_v<T> and

detail::linear_usable_as<T, T> and

detail::linear_usable_as<T, T&&> and

detail::linear_unusable_as<T, T&> and

detail::linear_unusable_as<T, const T&> and

detail::linear_unusable_as<T, const T>;
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Linear in C++

auto ptr = std::make_unique<person>();

auto str = ”Hello, Italian C++!”s;
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Linear in C++

Linear ptr = std::make_unique<person>(); // OK

Linear str = ”Hello, Italian C++!”s; // ERROR
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Linear in C++

template <typename T>

requires(Linear<T>)

auto accumulate(auto xs, T init)

{

⋯

}
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Linear in C++

auto accumulate(auto xs, Linear auto init)

{

⋯

}
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Wrapper

What to do with non-linear types?
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Linear wrapper

template <typename T>

class linear_wrapper {

public:

linear(const linear&) = delete;

linear(linear&&) = default; // noexcept

linear& operator=(const linear&) = delete;

linear& operator=(linear&&) = default; // noexcept

⋯

private:

T m_value;

};
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Linear wrapper

template <typename T>

class linear_wrapper {

public:

linear_wrapper(T&& value) rvalue ref. -- so
: m_value{std::move(value)} we use move on it

{

}

⋯

private:

T m_value;

};
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Linear wrapper

template <typename T>

class linear_wrapper {

public:

template <typename... Args>

linear_wrapper(std::in_place_t, Args&&... args)

: m_value(std::forward<Args>(args)...)

{

}

⋯

private:

T m_value;

};
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Linear wrapper

template <typename T>

class linear_wrapper {

public:

[[nodiscard]] T&& get() && noexcept

{

return std::move(value);

}

⋯

private:

T m_value;

};
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Linear wrapper

template <typename T>

class linear_wrapper {

public:

[[nodiscard]] T&& operator*() && noexcept

{

return std::move(value);

}

⋯

private:

T m_value;

};
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Linear wrapper

auto operator”” _ls(const char* data,

std::size_t len)

{

return linear_wrapper<std::string>(std::in_place, data);

}

accumulate(in, ”Concatenated:”_ls); // ERROR before C++20
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Testing strings

Better than RVO?

/tongue-in-cheek/
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Returning values

(N)RVO – result is constructed in the caller

Moved to the caller (CWG 1579)

Copied into the caller
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Returning values

All temporary objects are destroyed as the last step in evaluating the
full-expression that (lexically) contains the point where they were created,
and if multiple temporary objects were created, they are destroyed in the
order opposite to the order of creation.
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Testing strings

template <typename InputIt, typename T>

T accumulate(InputIt first, InputIt last, T init)

{

while (first != last) {

init = init + *first;

++first;

}

return init;

}
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Testing strings

Consider returning &&

But be cautious of dangling references

Store result by-value
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Testing strings

for (auto x: foo().value()) {

}
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Testing strings

for (auto f = foo(); auto x: f.value()) {

}
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Additional

Use after move
(clang-tidy:bugprone-use-after-move)

Unused variable error
(-Werror=unused-variable)

Error handling
(optional<T>, expected<T,E>)
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Answers? Questions! Questions? Answers!

Reaching me

Web: https://cukic.co
Mail: ivan@cukic.co
Twitter: @ivan_cukic

@KDAB

Web: https://kdab.com
Mail: ivan.cukic@kdab.com

Functional Programming in C++
cukic.co/to/fp-in-cpp
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