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assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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assertqstate — IDLE || state — DISCONNECTING || state =— DISCONNECTED):
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

variadic function template

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>

bool is_any_of(state_type s, const Ts& ... ts)
{

}

return ((s = ts) || ...);

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>

bool is_any_of(state_type s, const Ts& ... ts)
{

}

return ((s = ts) || ...)

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>

bool is_any_of(state_type s, const Ts& ... ts)
{

}

return |(((s"= ts) || ...)

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>

bool is_any_of(state_type s, const Ts& ... ts)
{

}

return ((s = ts) || ...);

assert(is_any_of(state, IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
bool is_any_of(state_type s, const Ts& ... ts)

{
return ((s = ts) || ...);
} ) )
e BN
Utterly unreadable
trash code!
\\ -

assert(is_any_of(state, IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

variadic non-type template parameter function template

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };
template <state_type ... states>

bool is_any_of(state_type t)
{

}

return ((t = states) || ...);

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <state_type ... states>
bool is_any_of(state_type t)

{
}

return ((t = states) || ...);

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <state_type ... states>

bool is_any_of(state_type t)
{

}

return ((t = states) || ...);

assert(is_any_ of<IDLE, DISCONNECTING, DISCONNECTED>(state));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <auto ... alternatives, typename T>

bool 1s _dan ) —~—
return ((t = alternatives) || ...);
} -

auto for non-type template
w parameters from C++17

assert(is_any_of<IDLE, DISCONNECTING, DISCONNECTED>(state));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <auto ... alternatives, typename T>
bool is_any_of(const T& t)

{ : " Notall types can be
return ((t = alternatives) || ...); USEE £ HOTTIE
} template parameters
~~ Only constexpr values
7
= 2 //5{/”//\\ Yoda speak //
PN

assert(is_any_ of<IDLE, DISCONNECTING, DISCONNECTED>(state));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

construct then test

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

Bjorn Fahller N
@bjorn_fahller

Smallest is_in() yet?

template <class T>
auto is_in(T&& t) { return [t](auto&& ...v) { return
((v==1) || ..y }i}

godbolt.org/g/AVVMWs

10:16 PM - Aug 18, 2016 - Twitter Web Client

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename T>
auto is_in(const T& t)

{
}

return [t](const auto§ ... vs) { return ((t = vs) || ...); };

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename T>
auto is_in(const T& t)

{
}

return [t](const auto§ ... vs) { return ((t = vs) || ...); };

assert(is_in(state)(IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename T>
auto is_in(const T& t)

{
}

return [t](lconst auto§ ... vs) { return ((t = vs) || ...); };

assert(is_in(state)(IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename T>
auto is_in(const T& t)

{
}

return [t](const auto§ ... vs) { return ((t = vs) || ...); };

e ™~
Works with all types

Looks horrible

Is a bit too terse

assert(is_in(state)(IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

explicit construct and compare function

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };
template <typename T>

struct 1is {
T t;

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename T>
struct 1is {
T t;
template <typename ... Ts>
bool any_of(const Ts& ... ts) const { return ((t = ts) || ...); }

i

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename T>
struct 1is {

T t;
template <typename ... Ts>
bool any_of(const Ts& ... ts) const { return ((t = ts) || ...); }

i

template <typename T>

C++17 Deduction Guide for

Constructor Template Argument Deduction

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

cppcon | 2018 cppcon:| 2018

array CTAD Is Awesome

array arr = { "lion"sv, "direwolf"sv,
“stag“sv, "dragon“sv };
estring view,
« Both element type and size are deduced (by a guide)
reater{} i5 an object of type greater<void

g 5 | TIMUR DOUMLER
- CTAD works with default template arouments . 4 A el e

« template <typenase T = woids struct grester; - !

- Slightly less verbose than greaterds{} Class Template P, k ! 1 Class template

+ Gtill need preaterc: when forming types, not objects Argument Deduction ' argument deduction
for Everyone in C++17

CppCon.org | ' CppCon.org

https://youtu.be/-H-ut6j1BYU | | https://youtu.be/UDs90b0y]]jQ

asS>oCcl L\>lalEe — 1ULLC || Sladalc — UJ.DLUN?\IELIJ.I\IU I Sltalc — UIOLUNNLCCITED ),
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename T>
struct 1is {

T t;
template <typename ... Ts>
bool any_of(const Ts& ... ts) const { return ((t = ts) || ...); }
bi o RN

template <typename T> Works with all types

is(T) — 1s<T>; .
Explicit

Still Yoda speak |

J . \ //////////
\ _rj

assert(is{state}.any_of(IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

time passes...

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

your mildly annoyed developer stays annoyed...

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

Then one day, two years later!

assert(state = IDLE || state = DISCONNECTING || state = DISCONNECTED);
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enum state_type| £ Bjorn Fahller
@bjorn_fahller

Too cute?

template <class ... T>
class any_of : tuple<T...>{
public:
using tuple<T...>::ituple;
template <class U>
bool operator==(U u) const {

Oihtuple<T.. >&)*this);
}
|3

assert(state =/| if(any_of{1,3,5}==Xx)...

1:09 PM - Jul 11, 2018 - Twitter Web Client

return apply([u](auto ... a) { return ((u ==a) | |

v DISCONNECTED };

CONNECTED);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any of : private std::tuple<Ts...>

{
using std::tuple<Ts...>::tuple;
template <typename T>
bool operator=(const T& t) const {
return std::apply([&t](const autos.. ts){ return ((ts = t) || ...);},
static_cast<const std::tuple<Ts...>6>(*this));
}
b

template <typename ... Ts>
any_of(Ts...) — any_of<Ts...>;

assert(any_of(IDLE, DISCONNECTING, DISCONNECTED) = state);

Modern DRY C++ — C++Russia, St. Petersburg, 2019 © Bjorn Fahller y@bj orn_fahller 36/126



enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any_of : private std::tuple<Ts...>
{

using std::tuple<Ts ... >:: tuple;

template <typename > .
bool operator=(const T& t) const‘%

return std::apply([st](const autoé?<3\ts){ return ((ts = t) || ...);},
static_cast<const std: Tup1e<Ts . >6>(*this));
} - RN

Pure laziness, but these
give me 18 constructors

b

template <typename ... Ts>
any_of(Ts...) — any_of<Ts...>;

assert(any_of(IDLE, DISCONNECTING, DISCONNECTED) = state);
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any of : private std::tuple<Ts...>

{

using std::tuple<Ts...>::tuple;

template <typename T>

bool operator=(const T& t) const {

return std::apply([&t](const auto§... ts){ return ((ts = t) || ...);},
“—static_cast<const std::tuple<Ts ... >6>(*this));
b [ A
Call function with each member

template <typename ... Ts> of the tuple as a parameter.
any_of(Ts...) — any_of<Ts...>; g P,

assert(state = any_of(IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any of : private std::tuple<Ts...>

{

using std::tuple<Ts...>::tuple;

template <typename T>

bool operator=(const T& t) const {

return std::apply([&t](const auto§... ts){ return ((ts = t) || ...);},
static_cast<const std::tuple<Ts...>6>(*this));

}

template <typename T>

friend bool operator=(const T& lh, const any_of& rh) { return rh = 1h;}
s —
template <typename ... Ts> I -
any_of(Ts...) — any_of<Ts...>; { Provide symmetric operator==

assert(state = any_of(IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts> — —

struct any of : private std::tuple<Ts...>

{

b

template <typename ... Ts>

Maybe exaggerated

using std::tuple<Ts ... >:: tuple; cuteness, but I like this!
template <typename T> -

bool operator=(const T& t) const {
return std::apply([&t](const auto&... ts){ re
static_cast<const std:: tu

ts = t) || oo )r}y
.. >8>(*this));

}

template <typename T>

friend bool operator=(const T& 1h, const ar,_of& rh) { return rh = 1h;}

i X . B

any_of(Ts...) — any_of<Ts...>;

assert(state = any_of(IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any of : private std::tuple<Ts...>

{
using std::tuple<Ts...>::tuple;
template <typename T>
bool operator=(const T& t) const {
return std::applv([&t]l(const auto&... ts)f return ((ts = t) Il ...);},
https://gcc.godbolt.org/z/1Y865r
;
|4
b

template <typename ... Ts>
any_of(Ts...) — any_of<Ts...>;

assert(state = any_of(IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any of : private std::tuple<Ts...>

{

using std::tuple<Ts...>::tuple;

template <typename T>

bool operator=(const T& t) const {

return std::apply([&t](const auto§... ts){ return ((ts = t) || ...);},
static_cast<const std::tuple<Ts...>6>(*this));

}

template <typename T>

friend bool operator=(const T& lh, const any_of& rh) { return rh = 1h;}
b

template <typename ... Ts>
any_of(Ts...) — any_of<Ts...>;

assert(state = any_of(IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any of : private std::tuple<Ts...>

{
using std:: tuple<Ts ... >:: tuple; T
template <typename T> //”“< / i
bool operator=(const T& t) const { N )
return std::apply([&t](const auto&... ts){ 1 Add relational operators! A,
static_cast<const std::tup. - N/
template <typename T> = / -
friend bool operator=(const T& lh, const any_ofl ) { re wen rh = lh;}
¥ O
template <typename ... Ts> W
any of(Ts...) — any_of<Ts ... >; N

assert(state = any_of(IDLE, DISCONNECTING, DISCONNECTED));
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any of : private std::tuple<Ts...>

{
using std::tuple<Ts...>::tuple;
template <typename T>
bool operator=(const T& t) const {
return std::apply([&t](const auto§... ts){ return ((ts = t) || ...);},
static_cast<const std::tuple<Ts...>6>(*this));
}
template <typename T>
bool operator<(const T& t) const {
return std::apply([&6t](const auto&... ts){ return ((ts < t) || ...);},
static_cast<const std::tuple<Ts ... >&>(*this));
}
b

while (any_of(a, b, c) < 0)
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any of : private std::tuple<Ts...>

{
using std::tuple<Ts...>::tuple;
template <typename T>
bool operator=(const T& t) const {
return std::apply([&t](const auto§... ts Ar%ff“v/Affﬁ\ﬁ; t) |l ...);},
static_cast<const std /j Rthls))
}
template <typename T>
bool operator<(const T& t) const { >\
return std::apply([6t](const auto§... t } t) ... )5},
static_cast<const std»gi\; g\\ >(*th1$)),
} ,
b

) —

while (any_of(a, b, c) < 0
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename eee IS>

str

{

b

while (any_of(a, b, c) < 0

https://gcc.godbolt.org/z/YyvAtT
M — — oo
return std: apply([&t](const auto& . ts)iAIQf o Y = t) |l ...)s ),
static_cast<const std // \thls))
; -~ v
template <typename T> a\ |
bool operator<(const T& t) const { 5 6 \}/
return std::apply([&t](const auto&... t_ /ﬁ t) Il ...);),
static_cast<const std»ii\ s ///>a>(*th15))
} o \\’7
N~

o

) —
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any of : private std::tuple<Ts...>

{
using std::tuple<Ts...>::tuple;
template <typename T>
bool operator=(const T& t) const {
return std::apply([&t](const auto§... ts){ return ((ts = t) || ...);}
static_cast<const std::tuple<Ts ... >6>(*this));
}
template <typename T>
bool operatoconst T& t) const {
return std::apply([&t](const auto&... ts){ return ((ts t) I ...);},
static_cast<const std::tuple<Ts ... >&6>(*this));
}
b

while (any_of(a, b, c) < 0)
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enum state_type { IDLE, CONNECTING, CONNECTED, DISCONNECTING, DISCONNECTED };

template <typename ... Ts>
struct any_of : private st

{

using std:: tuple<Ts...

d::tuple<Ts...>

>::tuple; ——

template <typename T>

return std::apply(

}

template <typename T>

return std::apply

b

while (any_of(a, b, c) < 0

bool operator=(const T§ t) con~ An awful lot of

[st](consr repetition here!  _irn ((ts = t) || ..);}
static_ca§t<\\)\\ A e<Ts ... >6>(*this));

O

bool operatoconst T& t) cor~%t {

(const autog... ts){ return ((ts t) ...,
_cast<const std::tuple<Ts... >6>(*this));

)
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template <typename F, typename ... Ts>
bool or_elements(const F& f, const std::tuple<Ts...>& t)

{

return std::apply([&6f](const auto& ... ts){ return (f(ts) |l ...);}, t);
}
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template <typename F, typename ... Ts>

bool or_elements(const F& f, const std::tuple<Ts...>& t)

{
return std::apply([&f](const auto§ ts){ return (f(ts) || )5, t);
}
template <typename ... Ts>
struct any of : private std::tuple<Ts...
{
using std:: tuple<Ts ... >:: tuple;
template <typename T>
bool operator=(const T& t) const {
return or_elements([&t](const auto§ v){ return v = t;}, *this);
}
template <typename T>
bool operator<(const T& t) const {
return or_elements([&t](const auto& v){ return v < t;}, *this);
}
b

while (any_of(a, b, c) < 0)
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template <typename F, typename ... Ts>
bool or_elements(const F& f, const std::tuple<Ts...>& t)

{

return std::apply([&6f](const auto& ... ts){ return (f(ts) |l ...);}, t);
}
template <typename ... Ts>
struct any of : private std::tuple<Ts...>
{

https://godbolt.org/z/SP8P0OJ

§

template <typename T>

bool operator<(const T& t) const {

return or_elements([&t](const auto& v){ return v < t;}, *this);

}

b

while (any_of(a, b, c) < 0)
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https://godbolt.org/z/SP8POJ

template <typename F, typename ... Ts>

bool or_elements(const F& f, const std::tuple<Ts...>& t)
{
return std::apply([&f](const auto& ts){ return (f(ts) || ...);}, t);
} R
/ —~ hofo
template <typename ... Ts> each_o |
struct any of : private std::tuple<Ts...> A
i Repeat w
using std::tuple<Ts...>::tuple; Everything \\L//
template <typename T> Again?
bool operator=(const T& t) const { S
return or_elements([&6t](const auto& v){(/ﬁturn V)ékf/} *xthis);
}
template <typename T> i‘
bool operator<(const T& t) const —
return or_elements([&t](const - { return v < t;}, *this);
}
b

while (any_of(a, b, c) < 0)
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struct or_elements {
template <typename F, typename ... Ts>
static bool apply(const F& f, const std::tuple<Ts...>&6 t) {
return std::apply([&](const auto& ... ts){ return (f(ts) |l ...);}, t);
}

b
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struct or_elements {
template <typename F, typename ... Ts>
static bool apply(const F& f, const std::tuple<Ts...>&6 t) {
return std::apply([&](const auto& ... ts){ return (f(ts) |l ...);}, t);
}

b

template <typename Op, typename ... Ts>
struct op t : private std::tuple<Ts...> {
using std:: tuple<Ts ... >:: tuple;
template <typename T>
bool operator=(const T& t) const {
return Op::apply([&6t](const auto& v){ return v = t;}, *this);
}
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struct or_elements {
template <typename F, typename ... Ts>
static bool apply(const F& f, const std::tuple<Ts...>&6 t) {
return std::apply([&](const auto& ... ts){ return (f(ts) |l ...);}, t);
}

b

template <typename Op, typename ... Ts>
struct op t : private std::tuple<Ts...> {
using std:: tuple<Ts ... >:: tuple;
template <typename T>
bool operator=(const T& t) const {

return Op::apply([&t](const auto& v){ return v = t;}, *this);
}
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struct or_elements {
template <typename F, typename ... Ts>
static bool apply(const F& f, const std::tuple<Ts...>&6 t) {
return std::apply([&](const auto& ... ts){ return (f(ts) |l ...);}, t);
}

b

template <typename Op, typename ... Ts>
struct op t : private std::tuple<Ts...> {
using std:: tuple<Ts ... >:: tuple;
template <typename T>
bool operator=(const T& t) const {
return Op::apply([&6t](const auto& v){ return v = t;}, *this);
}

b
template <typename ... Ts>

struct any of : op_t<or_elements, Ts...> {
using op_t<or_elements, Ts...>::op_t;
b
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struct and_elements {
template <typename F, typename ... Ts>
static bool apply(const F& f, const std::tuple<Ts...>&6 t) {
return std::apply([&](const auto& ... ts){ return (f(ts) | & ...);}, t);
}

b

template <typename Op, typename ... Ts>
struct op t : private std::tuple<Ts...> {
using std:: tuple<Ts ... >:: tuple;
template <typename T>
bool operator=(const T& t) const {
return Op::apply([&6t](const auto& v){ return v = t;}, *this);
}

b
template <typename ... Ts>

struct of : op_t_elements, Ts ... >
using op_t<and_elements, Ts...>::o0p_t;
b
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struct and_elements {
template <typename F, typename ... Ts>
static bool apply(const F& f, const std::tuple<Ts...>&6 t) {
return std::apply([&](const auto& ... ts){ return (f(ts) & ...);}, t);

a2 A
}; template <typename ... Ts> 4 N
using each_of = op_t<and _elements, Ts...>; | In a better world ‘
temp . _ ~~we could deduce |
struct op t : private std::tuple<Ts...> { _constructor template
using std:: tuple<Ts ... >::tuple; \F EHgSforahases\\//
template <typename T> \&n too /
bool operator=(const T& t) const { (/\\\
return Op::apply([&t](const auto& v){ returr §‘== <ﬁés)
} O
b

template <typename ... Ts>
struct each of : op_t<and_elements, Ts...> {

using op_t<and_elements, Ts...>::o0p_t;
b
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struct and_elements {
template <typename F, typename ... Ts>
static bool apply(const F& f, const std::tuple<Ts...>&6 t) {
return std::apply([&](const auto& ... ts){ return (f(ts) & ...);}, t);

}
b

template <typename Op, typename ... Ts>
struct op t : private std::tuple<Ts...> {

https://gcc.godbolt.org/z/Ay1TA_

b

template <typename ... Ts>
struct each_of : op_t<and_elements, Ts...>

using op_t<and_elements, Ts...>::o0p_t;
b
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/ Can we try
Qmething else?
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/ Can we try
\ something else? -

ey T
\I\tf]l rlk lambdas are/c}:?/o/l/!/

Modern DRY C++ — C++Russia, St. Petersburg, 2019 © Bjorn Fahller @bjorn_fahller 61/126
g ) J



constexpr auto tuple = [](auto ... ts)

{
return [=](const auto& func) { return func(ts...); };
b
assert(tuple(a,b,c)([]1(auto ... e){ return ((e > 0) & ...); }));
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constexpr auto tuple = [](auto ... ts)

{
¥

return [=](const auto& func) { return func(ts...); };

assert(

tuple(a,b,c)([]Cauto ... e){ return ((e > 0) &6 ...); }));
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constexpr auto tuple

{
¥

return [=](const auto§ func) { return func(ts...);

= [1(auto

ts)

assert(tuple(a,b,c)(

[ 1(auto

e){ return ((e > 0) & ...); }));
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constexpr auto tuple = [](auto ... ts)

{
return [=](const auto& func) { return func(ts...); };
b
constexpr auto and_elements = [](auto func)
{
return [=](auto ... elements) { return (func(elements) & ...); };
b

assert(tuple(a,b,c)(and_elements([](auto e){ return e > 0;}));
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constexpr auto tuple = [](auto ... ts)

{
return [=](const auto& func) { return func(ts...); };
b
constexpr auto and_elements = [](auto func)
{
return [=](auto ... elements) { return (func(elements) & ...); };
b

assert(tuple(a,b,c)(and_elements([](auto e){ return e > 0;}));
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constexpr auto tuple = [](auto ... ts)

{
return [=](const auto& func) { return func(ts...); };
b
constexpr auto and_elements = [](auto func)
{
return [=](auto ... elements) { return (func(elements) & ...); };
b

assert(tuple(a,b,c)(and_elements([](auto e){ return e > 0;}));
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constexpr auto bind_rh = [](auto func, auto rh)

{
b

return [=](auto 1h) { return func(lh, rh); };
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constexpr auto bind_rh = [](auto func, auto rh)

{
b

return [=](auto 1h) { return func(lh, rh); };

constexpr auto greater_than = [](auto rh)

{
b

return bind_rh(std:: greater{}, rh);
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constexpr auto tuple = [](auto ... ts)

{

return [=](const auto& func) { return func(ts...); };

¥

constexpr auto and_elements = [](auto func)

{

return [=](auto .. elements) { return (func(elements) & ...); };

b

constexpr auto bind_rh = [](auto func, auto rh)

{
b

return [=](auto 1h) { return func(lh, rh); };

constexpr auto greater_than = [](auto rh)

{
b

return bind_rh(std:: greater{}, rh);

assert(tuple(a,b,c)(and_elements(greater_than(0)));
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constexpr auto tuple

{
¥

return [=](const auto§ func) { return func(ts...

= [1(auto

ts)

constexpr auto and_elements = [](auto func)

{
b

return [=](auto ..

constexpr auto bind_

{

rh = [](auto

func, auto rh)

return [=](auto 1h) { return func(lh, rh); };

b

constexpr auto greater_than = [](auto rh)

{

return bind_rh(std:: greater{}, rh);

b

assert(tuple(a,b,c)(

and_elements(

greater_than(0)

N
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
Func func;
template <typename F>
auto apply(F f) const{ return tup(func(f)); }
public:
op_t(Func f, Tuple t) : tup(t), func(f) {}
template <typename T>
auto operator=(const T& t) const { return apply(equal_to(t)); }
template <typename T>
auto operator>(const T& t) const{ return apply(greater_than(t)); }
b

constexpr auto each_of=[](auto...ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>
class op_t {

Tuple tup;

Func func;

template <typename F>

auto apply(F f) const{ return tup(func(f)); }

public:

op_t(Func f, Tuple t) : tup(t), func(f) {}

template <typename T>

auto operator=(const T& t) const { return apply(equal_to(t)); }

template <typename T>
auto operator>(const T& t) const{ return
b

constexpr auto each_of=[](auto...ts){ return

assert(each _of(a,b,c) > 0);

apply(greater_than(t)); }

op_t(and_elements,tuple(ts ... ))
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>
class op t {

Tuple tup;
Func func;
template <typename F>

auto apply(F f) const{ return tup(func(f)); }

public:

op_t(Func f, Tuple t) : tup(t), func(f) {}

template <typename T>

auto operator=(const T& t) const { return apply(equal_to(t)); }

template <typename T>
auto operator>(const T& t) const{ return

b

constexpr auto each_of=[](auto...ts){ return

assert(each _of(a,b,c) > 0);

apply(greater_than(t)); }

op_t(and_elements,tuple(ts ... ))
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
Func func;
template <typename F>
auto apply(F f) const{ return tup(func(f)); }
public:
op_t(Func f, Tuple t) : tup(t), func(f) {}
template <typename T>
auto operator=(const T& t) const { return apply(equal_to(t)); }
template <typename T>
auto operator>(const T& t) const{ return apply(greater_than(t)); }

b

constexpr auto each_of=[](auto ... ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
Func func;
template <typename F>
auto apply(F f) const{ return tup(func(f));
public:
op_t(Func f, Tuple t) : tup(t), func(f) {}
template <typename T>
auto operator=(const T& t) const { return apply(equal_to(t)); }
template <typename T>
auto operator>(const T& t) const{ return apply(greater_than(t)); }

--
—

b

constexpr auto each_of=[](auto ... ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts) ... C++20 attribute to make

constexpr auto and_elements = [](auto func) ...  empty member take no space.
constexpr auto equal_to = [](auto rh)

constexpr auto greater_than = [](auto rh) ... ' |fsaving this byte is important

pre C++20, use private inheritance
\ for Empty Base Class Optimization.

template <typename Func, typename Tuplp‘ -

class op_t {

T||n'|n tupn:

el S J

[[no_unlque_address]] Func func;

template <typename F>

auto apply(F f) const{ return tup(func(f)); }

public:

op_t(Func f, Tuple t) : tup(t), func(f) {}

template <typename T>

auto operator=(const T& t) const { return apply(equal_to(t)); }
template <typename T>

auto operator>(const T& t) const{ return apply(greater_than(t)); }

b

constexpr auto each_of=[](auto ... ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
[[no_unique_address]] Func func; Y T

template <typename F> / e \

auto apply(F f) const{ return tup(func(f))/

public:
op_t(Func f, Tuple t) : tup(t), func(f) {}§ e \/

template <typename T> //

auto operator=(const T& t) const { return/ﬂQs\ e //fU\t)),

template <typename T>

auto operator>(const T& t) cong tUQ%CQ%ply(greater_than(t)), }
b ’

constexpr auto each_of=[](auto ... rn op_t(and_elements,tuple(ts ... ));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal to = [J(auto rh)

] Nttps://gcc.godbolt.org/z/uyDzC8
cla

“Tuple tup;

[[no_unique_address]] Func func; P

template <typename F> /-

auto apply(F f) const{ return tup(func(f))/\
public:
op_t(Func f, Tuple t) : tup(t), func(f) {}\x

7 / \
™~
\
|
]
/
\
\

template <typename T> L

auto operator=(const T& t) const { return/ﬂQs L /fU\t)) }
template <typename T> \w

auto operator>(const T& t) cong +urn apply(greater than(t)); }

b
constexpr auto each_of=[](auto... @ rn op_t(and_elements,tuple(ts ... ));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>
class op_t { Things to improve:
Tuple tup;
[[no_unique_address]] Func func;
template <typename F>
auto apply(F f) const{ return tup(fun
public:
op_t(Func f, Tuple t) : tup(t), func(
template <typename T>
auto operator=(const T& t) const
template <typename T>
auto operator>(const T& t) const{ return apply(greater_than(t)); }
b

constexpr auto each_of=[](auto ... ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>

class op_t { Things to improve:
Tuple tup;
[[no_unique_address]] Func func;
template <typename F> ° Constexpr
auto apply(F f) const{ return tup(fun
public:

op_t(Func f, Tuple t) : tup(t), func(

template <typename T>

auto operator=(const T& t) const [/

template <typename T>

auto operator>(const T& t) const{ return apply(greater_than(t)); }
b

constexpr auto each_of=[](auto ... ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr
constexpr
constexpr
constexpr

auto tuple = [](auto ... ts)

auto and_elements = [](auto func)
auto equal_to = [](auto rh)

auto greater_than = [](auto rh)

template <typename Func, typename Tuple>
class op_t {

Things to improve:

Tuple tup;
[[no_unique_address]] Func func;
template <typename F> ° Constexpr
constexpr auto apply(F f) const{ retu
public:
constexpr op_t(Func f, Tuple t) : tup
template <typename T>
constexpr auto operator=(const T§ (t)); }

template <typename T>

constexpr

b

auto operator>(const T& t) const{ return apply(greater_than(t));}

constexpr auto each_of=[](auto ... ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>

class op_t { Things to improve:
Tuple tup;
[[no_unique_address]] Func func;
template <typename F> v Constexpr
constexpr auto apply(F f) const{ retu :
public: * Perfect forwarding

constexpr op_t(Func f, Tuple t) : tup

template <typename T>

constexpr auto operator=(const T§ (t)); }

template <typename T>

constexpr auto operator>(const T& t) const{ return apply(greater_than(t));}
b

constexpr auto each_of=[](auto ... ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>

class op_t { Things to improve:
Tuple tup;
[[no_unique_address]] Func func;
template <typename F> v Constexpr
constexpr auto apply(F f) const{ retu :
public: * Perfect forwarding

constexpr op_t(Func f, Tuple t) : tup e« Conditional noexcept

template <typename T>

constexpr auto operator=(const T§ (t)); }

template <typename T>

constexpr auto operator>(const T& t) const{ return apply(greater_than(t));}
b

constexpr auto each_of=[](auto ... ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>

class op_t { Things to improve:
Tuple tup;
[[no_unique_address]] Func func;
template <typename F> v Constexpr
constexpr auto apply(F f) const{ retu :
public: * Perfect forwarding

constexpr op_t(Func f, Tuple t) : tup e« Conditional noexcept

template <typename T> ..
constexpr auto operator=(const T§ * EXplICIt return type (t)); }

template <typename T>
constexpr auto operator>(const T& t) const{ return apply(greater_than(t));}

b

constexpr auto each_of=[](auto ... ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr auto tuple = [](auto ... ts)
constexpr auto and_elements = [](auto func)
constexpr auto equal_to = [](auto rh)
constexpr auto greater_than = [](auto rh)

template <typename Func, typename Tuple>

class op_t { Things to improve:
Tuple tup;
[[no_unique_address]] Func func;
template <typename F> v Constexpr
constexpr auto apply(F f) const :
public: Perfect forwarding

constexpr op_t(Func f, Tuple t) : tup e« Conditional noexcept

template <typename T> ..
constexpr auto operator=(const T§ * EXplICIt return type (t)); }

template <typename T>
constexpr auto operator>(const T& t) const{ return apply(greater_than(t));}

b

constexpr auto each_of=[](auto ... ts){ return op_t(and_elements,tuple(ts...));};

assert(each_of(a,b,c) > 0);
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constexpr auto and_elements = [](auto func)

{
b

return [=](auto ... elements) { return (func(elements) & ...); };
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constexpr auto and_elements = [](auto&6 func)

{

return [func = std:: forward<decltype(func)>(func)](auto ... elements) {
return (func(elements) & ... );
b
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constexpr auto and_elements = [](auto&6 func)

{
return [func = std:: forward<decltype(func)>(func)](auto ... elements) {
return (func(elements) & ... );
b
b
. “=
-~ -
PN
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constexpr auto and_elements = []<typename T>(T& func)

{

return [func = std:: forward<T>(func)](auto ... elements) {
return (func(elements) & ... );
s

b C++20 allows us to
explicitly state template
parameters to lambdas.
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constexpr auto tuple = [](auto ... ts)

{

return [=](const auto& func) { return func(ts...); };
b
constexpr auto and_elements = []<typename T>(T& func)
{

return [func = std:: forward<T>(func)](auto ... elements) {

return (func(elements) & ... );
b

b
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constexpr auto tuple = [](auto&6 ... ts)

{
return [=](const auto& func) { return func(ts...); };
b
constexpr auto and_elements = []<typename T>(T& func)
{
return [func = std:: forward<T>(func)](auto ... elementslgif
return (func(elements) & ... ); —
}s / Not possible to forward \
}s parameter packs in )
. C++14 or C++17! S/

-
- -
- -
- o -
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constexpr auto tuple = [](auto&6 ... ts)

{
return [ ...ts = std:: forward<decltype(ts)>(ts)](const auto& func) {
return func(ts ... );
b
b
constexpr auto and_elements = []<typename T>(T& func)
{
return [func = std:: forward<T>(func)](auto ... elements) {
return (func(elements) & ...); " _—
. b C++20 parameter pack
b capture with perfect
§ forwarding. )
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)

{
return [ ...ts = std:: forward<Ts>(ts)](const auto§ func) {
return func(ts ... );
b
b
constexpr auto and_elements = []<typename T>(T& func)
{
return [func = std:: forward<T>(func)](auto ... elements) {
return (func(elements) & ... );
b
¥
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constexpr auto tuple = []<typename ... T§>(T%8Q ... ts)
constexpr auto and_elements = []<typename T>(T& func)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
[[no_unique_address]] Func func;
template <typename F>
constexpr auto apply(F&5 f) const { return tup(func(
public:

constexpr op_t(Func f, Tuple t) : Func(std::move(f)), tup(

template <typename T>

std:: forward<F>(f)

std :: move(t)

)); }
) {}

constexpr auto operator=(const T& t) const { return apply(equal_to(t)); }

template <typename T>

constexpr auto operator>(const T& t) const{ return apply(greater_than(t));}

b

constexpr auto each_of=[]<typename ... Ts>(Ts&6 ... ts){
return op_t(and_elements,tuple(std:: forward<Ts>(ts) ...

b

));
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
constexpr auto and_elements = []<typename T>(T& func)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
[[no_unique_address]] Func func; Th|ngs to improve:
template <typename F>
constexpr auto apply(F&& f) const { r (f))); }

pUbli(C)r;stexpr op_t(Func f, Tuple t)_g ’ COﬂSteXpr (t)) {}
template <typename > ﬂs" Perfect forwarding
constexpr auto operator=(const T& t) o Conditional noexcept (t)); }
template <typename T>

constexpr auto operator>(const T& * EXpliCit return type an(t));}

b
constexpr auto each_of=[]<typename ... Ts>(Ts&6 ... ts){

return op_t(and_elements,tuple(std:: forward<Ts>(ts) ... ));
b
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
constexpr auto and_elements = []<typename T>(T& func)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
[[no_unique_address]] Func func; Th|ngs to improve:
template <typename F>
constexpr auto apply(F&& f) const { r (f))); }

public: v constexpr
constexpr op_t(Func f, Tuple t) : (t)) {}
template <typename T> v Perfect forwardlng
constexpr auto operator=(cons (t)); }
template <typename T> @ Conditional noexcept

constexpr auto operator>(const T& * EXpliCit return type an(t));}

b
constexpr auto each_of=[]<typename ... Ts>(Ts&6 ... ts){

return op_t(and_elements,tuple(std:: forward<Ts>(ts) ... ));
b
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)

{
return [ ...ts = std:: forward<Ts>(ts)](const auto& func)
{
return func(ts...);
b
b
constexpr auto and_elements = []<typename T>(T& func)
{
return [func = std:: forward<T>(func)](auto .. elements)
{
return (func(elements) & ... );
¥
b
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)

{
return [ ... ts = std:: forward<Ts>(ts)](const auto& func)
noexcept(noexcept(func(ts ... )))
{
return func(ts...);
b
b
constexpr auto and_elements = []<typename T>(T& func)
{
return [func = std:: forward<T>(func)](auto ... elements)
noexcept(noexcept((func(elements) & ... )))
return (func(elements) & ...);
b
b Yes, double parenthesis
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
{

return [ ...ts = std:: forward<Ts>(ts)](const auto& func)
noexcept(noexcept(func(ts ... )))
{ -
return| func(ts ... ); —
b /.

/ There’s no way around
b | this repetition! /

constexpr auto and_elements = []<typename T>(T& func) \\\

{ -
return [func = std:: forward<T>(func)](auto ... elements)
noexcept(noexcept((func(elements) & ...)))
{
return (func(elements) &5 ... ); P
¥ [P SN
¥ - 00
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
constexpr auto and_elements = []<typename T>(T& func)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
[[no_unique_address]] Func func;
template <typename F>
constexpr auto apply(F&s f) const
noexcept(noexcept(tup(func(std:: forward<F>(f)))))
{

}
public:
constexpr op_t(Func f, Tuple t) : tup(std::move(t)), func(std::move(f)) {}
template <typename T>
constexpr auto operator=(const T& t) const
noexcept(noexcept(apply(equal_to(t))))
{ return apply(equal_to(t)); }

return tup(func(std:: forward<F>(f)));

b
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
constexpr auto and_elements = []<typename T>(T& func)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
[[no_unique_address]] Func func;
template <typename F>
constexpr auto apply(F&5 f) const
noexcept(noexcept(tup(func(std:: forward<F>(f)))))
{

}
public:

constexpr op_t(Func f, Tuple t) : tup(std::move(t)), func(std::move(f)) {}

template <typename T>

constexpr auto operator={(const T& t) const
noexcept(noexcept(apply(equal_to(t))))
{ return appty(equat_to(t)); }

return tup(func(std:: forward<F>(f)));

b

Modern DRY C++ — C++Russia, St. Petersburg, 2019 © Bjérn Fahller 9 ebjorn_fahller 102/126



constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
constexpr auto and_elements = []<typename T>(T& func)

template <typename Func, typename Tuple>
class op_t {

Tuple tup;

[[no_unique_address]] Func func;

template <typename F>

constexpr auto apply(F&6 f) const
noexcept(noexcept(tup(func(std forward<F>(f))))ﬂ

return tup(func(std:: forward<F>(f))); f/ Ugh/quWepeUUOn' )
} ~ T
public:
constexpr op_t(Func f, Tuple t) : tup(std::move(t)), c(std::move(f)) {}
template <typename T> ,
constexpr auto operator=(const T& t) cONSt //

noexcept(noexcept(apply(equal_ to(t)))ﬂ /N

{ return apply(equal_to(t)); } | @ @ _;
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
constexpr auto and_elements = []<typename T>(T& func)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
[[no_unique_address]] Func func; Th|ngs to improve:
template <typename F>
constexpr auto apply(F&s f) const

noexcept(noexcept(tup(func(std:: f v Constexpr
{

return tup(func(std:: forward<F>(f ¥ Perfect fOrwarding
} ——> Conditional noexcept

public: ..

constexpr op_t(Func f, Tuple t) : ° EXp|ICIt return type (f)) {}

template <typename T>

constexpr auto operator=(const T& t) const
noexcept(noexcept(apply(equal_to(t))))

{ return apply(equal_to(t)); }

b
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
constexpr auto and_elements = []<typename T>(T& func)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
[[no_unique_address]] Func func; Th|ngs to improve:
template <typename F>
constexpr auto apply(F&s f) const

noexcept(noexcept(tup(func(std:: f v Constexpr

{ .
return tup(func(std:: forward<F>(f ¥ Perfect fOrwardlng
public. « Conditional noexcept

constexpr op_t(Func f, Tuple t).=>' EXp"Cit return type (f)) {}

template <typename T>

constexpr auto operator=(const T& t) const
noexcept(noexcept(apply(equal_to(t))))

{ return apply(equal_to(t)); }

b
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constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
{

return [ ...ts = std:: forward<Ts>(ts)](const auto& func)
noexcept(noexcept(func(ts..)))

{
b

return func(ts...);

b
constexpr auto and_elements = []<typename T>(T& func)

{
return [func = std:: forward<T>(func)](auto ... elements)
noexcept(noexcept((func(elements) & ...)))

{
b

return (func(elements) & ... );
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constexpr auto tuple = []<typename

Ts>(Tsé&6

noexcept(noexcept(func(ts ... )))

decltype(func(ts...))

return func(ts...);

ts)

.ts = std:: forward<Ts>(ts)](const auto& func)

constexpr auto and_elements = []<typename T>(T& func)

return [func = std:: forward<T>(func)](auto

{
return [ ..
%
{
s
i
{
%
{
b
s

Modern DRY C++ — C++Russia, St. Petersburg, 2019

noexcept(noexcept((func(elements) &6

decltype((func(elements) & ... ))

|-
-

return (func(elements) & ...);

© Bjorn Fahller

elements)

e )))

Yes, double parenthesis

YW ebjorn_fahller 107/126



constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
{

return [ ...ts = std:: forward<Ts>(ts)](const auto& func)
noexcept(noexcept(func(ts ... )))
— decltype(func(ts ... ))

{

¥
b
constexpr auto and_elements = []<typename T>(T& func)

{

return|func(ts ... );

return [func = std:: forward<T>(func)](auto ... elements)
noexcept(noexcept((func(elements) & ...)))
— decltype((func(elements) &6 ...))

{
b

return (func(elements) & ...);

"Ellie, Colorkey, cateye" by Isaril is licensed under CC BY-NC-SA 2.0

https://flic.kr/p/Ip53FM
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https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=ccsearch&atype=rich
https://flic.kr/p/Jp53FM

{
b . : : 5
cons Why can't the compiler do this for us:
{

Vittorio Romeo

You must type it
three times

b

www . youtube.com/watch?v=I3T41lePH-yA
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http://www.youtube.com/watch?v=I3T4lePH-yA

constexpr auto tuple = []<typename ... Ts>(Ts& ... ts)
constexpr auto and_elements = []<typename T>(T& func)

template <typename Func, typename Tuple>
class op_t {
Tuple tup;
[[no_unique_address]] Func func; Th|ngs to improve:
template <typename F>
constexpr auto apply(F&s f) const

noexcept(noexcept(tup(func(std:: f v COﬂSteXpr
— decltype(tup(func(std:: forward<F>(

{ v Perfect forwarding
return tup(func(std:: forward<F>(f ., Conditional noexcept
} ..
public: v Explicit return type
constexpr op_t(Func f, Tuple 1) : topcccvimoranassg romanoewemeaa(f)) {}

template <typename T>

constexpr auto operator=(const T& t) const
noexcept(noexcept(apply(equal_to(t))))

— decltype(apply(equal_to(t)))

{ return apply(equal_to(t)); }
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That was
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That was

Modern Techniques for Keeping Your Code DRY
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That was

Modern Techniques for Keeping Your Code DRY

Bjorn Fahller
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That was

Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

Remember
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That was

Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

Remember

* Fold expressions are awesome
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Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

Remember

* Fold expressions are awesome
e std::tuple<>and std: :apply() is awsome
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Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

Remember

* Fold expressions are awesome
e std::tuple<>and std: :apply() is awsome
* Higher order functions are awesome

Modern DRY C++ — C++Russia, St. Petersburg, 2019 © Bjérn Fahller 9 ebjorn_faniler 117/126




Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

Remember

Fold expressions are awesome

std: :tuple<>and std: :apply() is awsome
Higher order functions are awesome

Lambdas are awesome
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Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

Remember

* Fold expressions are awesome
e std::tuple<>and std: :apply() is awsome
* Higher order functions are awesome
* Lambdas are awesome
* C++20 lambdas are awsomer!
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Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

Remember

* Fold expressions are awesome

std: :tuple<>and std: :apply() is awsome
* Higher order functions are awesome

* Lambdas are awesome

* C++20 lambdas are awsomer!

Compilers are awesome
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Modern Techniques for Keeping Your Code DRY

® oo | /”/ - - )
Bjorn Fahller e
7 @ isawesome!
Remember R b

* Fold expressions are awesome C
std: :tuple<>and std: :apply() is awsome
Higher order functions are awesome -

Lambdas are awesome
e C++20 lambdas are awsomer!

Compilers are awesome %
N
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Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

Remember

* Fold expressions are awesome
e std::tuple<>and std: :apply() is awsome
* Higher order functions are awesome
* Lambdas are awesome
* C++20 lambdas are awsomer!
e Compilers are awesome
* noexcept/SFINAE-return is aweso”H"Hful
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Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

Remember

* Fold expressions are awesome
e std::tuple<>and std: :apply() is awsome
* Higher order functions are awesome
* Lambdas are awesome
* C++20 lambdas are awsomer!
e Compilers are awesome
* noexcept/SFINAE-return is aweso”H"Hful
* Sweating the small stuff makes you annoyed
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Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

Remember

* Fold expressions are awesome
e std::tuple<>and std: :apply() is awsome
* Higher order functions are awesome
* Lambdas are awesome
* C++20 lambdas are awsomer!
e Compilers are awesome
* noexcept/SFINAE-return is aweso”H"Hful
* Sweating the small stuff makes you annoyed
e But it can lead to neat code
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Modern Techniques for Keeping Your Code DRY

Bjorn Fahller O 14 ¥

Remember

* Fold expressions are awesome
e std::tuple<>and std: :apply() is awsome
* Higher order functions are awesome
* Lambdas are awesome
* C++20 lambdas are awsomer!
e Compilers are awesome
* noexcept/SFINAE-return is aweso”H"Hful
* Sweating the small stuff makes you annoyed
e But it can lead to neat code

<C+>
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Modern Techniques for Keeping Your Code DRY

Bjorn Fahller

bjorn@fahller.se =

@bjorn_fahller \ 4

@rollbear Y’ m . 4

#include <C++>
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