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https://github.com/apolukhin

JTOT goknag

HeMHoro o Tom, uto y>ke ectb B C++26.

1 o ToM, YTO Mbl Ha caMoM pene »xneM ot C++26.

KpaTtko o Pattern Matching. =
Kpatko o Pedhnekcun.

MHoro Kopa.

onPr e e

MHOro aHrMNCKMX TEPMUNHOB N aHTITTMUN3MOB.

A npoynTan obcy>KgaeMble NPeaNoXKeHUs B CTaHOaPT M MPUCYTCTBOBAs Ha 06Cy>KOeHNAX B
KoMUTETE, YTOObl BaM He MpULLIOCh 3TOro Aenathb.



HoBocTun co BcTpeun B TOKMO

» YTeHne HeMHUUMaNM3NPOBaAHHOM NaMATK TeNEpPb He ABNAeTCa "HeonpeaeneHHbIM
nosegeHnem" (UB). NMoaBunocb noHaTmne "owmnboyHoro noseneHmsa" (erroneous behavior).
= Hayanocb obcy>KaeHne NoINTUK KOMUTETA.
» Opobpunu nonntuky o [ [nodiscard]] — He ucnonbsosats [[nodiscard]] s
CTaHpapTe.
»  Havanu obcykageHne nonmtukm o noexcept.

m std::string + std::string_view.

= delete("should have a reason");

..M ele HeMHOIro no Meno4n.



Y710 y>Ke ecTb B C++26

» std::function_ref unstd::copyable_function.
= pack..[indexing].

B _ 0114 HEUCMOJ1Ib3yeMbIX NMepeMeHHbIX.

= Bbubnmnorteka NMHerMHoOM anrebpbl Ha ocHoBe BLAS.

» [logpoep>kka namombl RCU.

= is_debugger_present() v breakpoint().

..M ele HeMHOIro no Meno4n.
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Y70 HY>KHO 0ObIYHBIM NPOrPaMMmMCTam

HawnbonbLuyro nonb3y 419 coobujecrBa ripuHeceT pattern matching. A
rpoBOAMNIT SKCEPUMEHTbI C 3TM 15 net Hazasn. Mbi He MoXKem oXKuagaTb, YTO
pattern matching npocto nosasutca B C++, 104N AOJIXKHbI paboTaTb Hag 3TUM.
U g xoten 6bl yBuaeTh 3aBeplLUeHne paboTbl Hag senders, 3To TAHETCSH yrKe Tpu
cTaHgapTa rnoapsaa. Y1 nocse 3toro, BO3MOXKHO, CTaTUHYECKYHO pPe/IEKCUIO.

— bbépH CrpaycTtpyn,
nocnepHee 3acefaHme KoMuTeTa.




Pattern matching

N—
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Pattern matching: 3auem?

using Expression = std::variant<AddNode, MulNode, double>;

double evaluate(const Expression &e) {
return std::visit<double>([]l<class T>(const T &arg) {

if constexpr (std::is_same_v<T, AddNode>)
return evaluate(*xarg.l) + evaluate(*arg.r);

else if constexpr (std::is_same_v<T, MulNode>)
return evaluate(*xarg.l) * evaluate(*arg.r);

else if constexpr (std::is_same_v<T, double>)
return arg;

else
static_assert(always_false_v<T>, "Non-exhaustive visitor!");

},oe);

struct AddNode {
std::unique_ptr<Expression> 1, r;

I

struct MulNode {
std::unique_ptr<Expression> 1, r;

};
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Pattern matching: 3auem?

using Expression = std::variant<AddNode, MulNode, double>;

double evaluate(const Expression &e) {
double value = 0.0;
if (std::holds_alternative<AddNode>(e))
value = evaluate(*std::get<AddNode>(e).1l) + evaluate(*std::get<AddNode>(e).r);
else if (std::holds_alternative<MulNode>(e))
value = evaluate(*std::get<MulNode>(e).1l) * evaluate(*std::get<MulNode>(e).r);
else if (std::holds_alternative<double>(e))
value = std::get<double>(e);
else
assert(false && "eeeh?");

C++ — y»KacHbIV A3bIK.

— Jlnnyc TopBanbac, paccoinka git.
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Pattern matching: std:: variant

using Expression = std::variant<AddNode, MulNode, double>;

double evaluate(const Expression &e) {
return e match {

AddNode: let arg

MulNode: let arg

double: Tlet arg

evaluate(xarg.1l) + evaluate(*xarg.r);
evaluate(xarg.1l) * evaluate(xarg.r);
arg;

=
=
=
= throw EvaluationException();

};

= MaTuy BbIYNCAAKOTCA NO NOPAAKY.
= let ncnonbsyetca gnga ob6bvasneHus binding’os..
= [locne = MOX>XHO MCMOb30BaTb TONIbKO BblPaXKeHMUS.

=  Ecnm MaTy He 6bin1 HaligeH, To Bbi3biBaeTca std :: terminate ().



Pattern matching: std :: any

using Expression

= std::any;

double evaluate(const Expression &e) {
return e match {

AddNode:
MulNode:
double:

AnekcaHap ®okuH | O630p C++26

let arg
let arg
let arg

=
=
=
=

evaluate(arg.l) + evaluate(arg.r);
evaluate(arg.l) * evaluate(arg.r);

arg;

throw EvaluationException(); // ALl other types.
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Pattern matching: std :: any

using Expression = std::any;

double evaluate(const Expression &e) {
return e match {
AddNode: let arg = evaluate(arg.l) + evaluate(arg.r);
MulNode: let arg = evaluate(arg.l) * evaluate(arg.r);
double: Tlet arg = arg;
= throw EvaluationException();

};

Bam He Hy»KHO 6eCroKOMUTbCS O TOM, YTO He Ba)kHo. B sTtom kpacota C++. OH
[103BOJISET BaM COCPEAOTOYNTLCA Ha TOM, YTO Bbl CYUTAETE Ba)KHbIM.

— BbépH CrpaycTpyn, Kak HaranntoumHuposan ChatGPT.



Pattern matching: kak?

struct Expression : std::variant<AddNode, MulNode, double> {};

double evaluate(const Expression &e) {
// return e match {
switch (e.index()) {
// AddNode: let arg =fevaluate(*arg.l) + evaluate(*arg.r)i__‘_)
case 0: {

auto 8&arg = get<0>(e);
return evaluate(*xarg.l) + evaluate(xarg.r);

}
/! ..
// double: Tlet arg = arg;
case 2: {
auto 8&arg = get<2>(e);
return arg;
}
// . = throw EvaluationException(); // e.valueless_by_exception().
default:
throw EvaluationException(); // e.valueless_by_exception().
}
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Pattern matching: kak?

using Expression = std::any;

double evaluate(const Expression &e) {
// return e match {
// AddNodgs = evaluate(xar
if (auto *p =‘std::cast<ExpPession>::operator
auto &&arg = *p;
return evaluate(*xarg.l) + evaluate(xarg.r);

.1) + evaluate(x*
<AddNode>(e)) {

// e
// double: Tlet arg = arg;
} else if (auto *p = std::cast<Expression>::operator()<double>(e)) {
auto &&arg = *p;
return arg;
// = throw EvaluationException(); // e.valueless_by_exception().

} else {
throw EvaluationException(); // e.valueless_by_exception().

hy
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Pattern matching: nonnmMopdHble Knaccol

struct Expression { virtual ~Expression() = default; };

double evaluate(const Expression &e) {
return e match {
AddNode: let arg
MulNode: let arg
ValNode: let arg

evaluate(xarg.1l) + evaluate(xarg.r);
evaluate(xarg.1l) * evaluate(xarg.r);
arg.v;

—
—
—
= throw EvaluationException();

Y

=  Bbl HE [0/I>KHbI 3TOr0 XOTETb, HO BAOPYT ...
= BHyTpu Te e camble Bbi3oBbl Std :: cast, koTopbiit y»ke Bbi3biBaeT dynamic_cast.
= ECTb TEXHMKM, NO3BONAKOLLIME BbINOHUTL 3TOT KO, 6bICTpee, YeM LIeNoYKYy BbiI3OBOB

dynamic_cast.



Pattern matching: switch

double evaluate(Operation op, double 1, double r) {
return op match {
Operation::Add = 1 + r;
Operation::Mul = 1 * r;
Operation::Val = 1;
= throw EvaluationException();

};

= MeTKK ABNATCA KOHCTAHTHbIMU BblpaXkeHUAMM.
=  MaTuuy npoBepsaTCs Mo NopsaKy c nomollbio operator=.

» Ha pene komnunupyetca B switch.



Pattern matching: nyuywe yem switch!

Color colorFromString(std::string_view s) {
return s match {
"red" = Color::Red;

"green" = Color::Green;

"blue" = Color::Blue;

"orange" = Color::0range;
= Color::Unknown;

};

= [loMHUTE, YTO MaTUYM BbIYUCNAIOTCA MO nopAanKy.
= EcTb BO3MOXKHOCTM ona ontTmMm3aunm ecCjii no3BOJINTb KOMIMUNATOPY NMPUMEHUTb

HEMHOIro Marmn.



Pattern matching: std :: tuple

double evaluate(const std::tuple<Operation, double, double> &op) {

retl&

Operation::Addj let 1, let r] = 1 + r;

Operation::Mul, let 1, let r] = 1 * r;
[Operation::Val, let v, _] = v;

_ = throw EvaluationException();

};

H KO,EI, CTpaHHbIVI, NCKTIOYUTEJIbHO A1 UJTIOCTPaLl .

= [loka3biBaeT, NoYeMy HaM Hy»keH Let.



Pattern matching: structured bindings

double classify(Point point) {
return point match {
[0, 8] = PointClass::0rigin;
[0, _1 = PointClass::YAxis;
[_, 0] = PointClass::XAxis;
= PointClass:: 0ther;

Y
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[laTTepHbl MOXXHO KOMMNOHOBATD!

using Expression = std::any;

double evaluate(const std::any &e) {
return e match {
AddNode: let [1, r]
MulNode: let [1, rl]
double: Tlet v

evaluate(l) + evaluate(r);
evaluate(l) * evaluate(r);
A

throw EvaluationException();

| I T

Y

=  Tak>Ke BO3MOXHO:
= let [[a, b], cl.
= [[0, 0], let cl.
= [MyPair: let [a, b], O].



Pattern matching: ncnono3sosaHue 1f

int fib(int n) {
return n match {
let x if (x < 0) = 0;
1 = n;
2 = n;
let x = fib(x - 1) + fib(x - 2);

if (expr match M]) {

“foo' is available here
}
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Pattern matching: Toukn KactoMmmnlaumnm

u oper‘ator‘= Ond MaTUYMHIMra KOHCTAHTHbIX Bblpa>KeHMVI.

= std::tuple_size<T>, std::tuple_element<I, T> mnget<I>(v) ans Tmnos,
nonobHbix std:: tuple.

= std::variant_size<T>, std::variant_alternative<I, T>,uv.index() u
get<I>(v) pnsa Tvnos, nogobHbix std :: variant.

m std::cast gnastd::any, std::exception_ptr, u nonuMopdHbIX TMMOB.



Pattern matching: oTKpbITbie BOonpocChl

= MaTyuHr gna std:: variant<T, T>.
= MatunHr gna std :: expected<T, T>.
= Bbizos std::terminate ecnm maTy He 6bI HaMOEH — 3TO KaK-TO Yepecyyp...
= Mo>keM i1 Mbl MPOBEPUTb BO BpeMa KoMmnunaumu, yto std:: terminate touHo He

OyneT Bbi3BaH?

®  [IpoTokonbl KactoMusauuu. NpoTtokon anga Tmnos, nogobHbix std :: variant, cetuac
BbI3bIBaeT Bonpochbl (Hanpumep, std::visit He peannsosBaH B TepMMHax 3Toro

NpPoTOKoNa).



Pednekcus



Pednekcmna: HeMHOro nctopum

=  PaboTa Hag NpeaoXKeHUM Havyanacb Ao nossneHus constexpr, koraa y Hac 6b1n10
TONIbKO MeTanporpaMMmMpoBaHmMe Ha WabsioHax.
m  Reflection TS c reflexpr yxogut kopHamm B 2010-e.
= Jliogn ycnenun HaBenocunegmtb 6onblle YeM BNne3aeT Ha OAWH cnainig;
= Boost.Describe.
= Boost.PFR.
= refl-cpp.
.
»  [ln3aiiH nocnegHen utepauum npenroxeHms ocHoBaH Ha consteval dyHKkumnax,

KoTopble noaBunmcb Tonbko B C++20.



Pednekcna: 6a3oBble onepaumnm

constexpr std::meta::info r = ~int;
[:r:] value = 42;

std::vector<[:r:]> v = { value };

[:Avector<int>:]):iterator it;

= std::meta::info — 310 Henpo3payHbI TMM Ona pedneKcumn.
= [IpeduUKcHbIN onepaTop " BbiNONHAET pedieKcuto.

= [:u:] co3paloT rpaMMaTMUECcKME KOHCTPYKLMK A3blKa U3 06beKTOB TUMNa

std::meta::info.



Pednekcna: 6a3oBble onepaumnm

constexpr std::meta::info v Astd::vector;
constexpr std::meta::info a Aint;
constexpr std::meta::info va = std::meta::substitute(v, {a});

[:va:]fvec = {1, 2, 3};

= Pednekcnsa paboTtaeT o4 WaboOHOB.

= Ectb pag consteval dpyHkumit, pabotaowmx ¢ std::meta:: info.



Pednekcna: goctyn K nongam

struct Person {
std::string name;
std::string surname;

Y

consteval auto member_named(std::string_view name) {
for (std::meta::info field : nonstatic_data_members_of(~Person)) {

if (name_of(field) = name) return field;
}
}
int main() {
Person p;
s:,:member_named("name"):] = "John";
[ :member_named("surname"):] = "Doe";
p.[:member_named("nickname"):] = "Coder"; // Error.

hy
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Pednekcna: kogoreHepauma ¢ MOMOLLbIO
template for

using StringHandler = std::string(*)(const void *);

template<class T>
static std::string stringize(const void *ptr) {
return std::to_string(*static_cast<const T *>(ptr));

¥
constexpr std::array types = {*int, ~float, ~double}; // And maybe more.

constexpr std::array handlers = [] {
std::array<StringHandler, types.size()> result;
template for (std::size_t i = 0; constexpr auto e : types)
result[i++] = &stringize<typename[:e:]>;
return result; -

Y0

m  CerogHs Bbl MOXKETE CAEMATb TO & CaMOoe C NOMOLLbIO MaKpOCOB 1JIN CINMMCKOB TUTOB.

AnexkcaHap ®okuH | O630p C++26 30/39



Pecdbnexkcma: enum — std::string

template <typename E>
requires std::is_enum_v<E>
constexpr std::string enum_to_string(E value) {
template for (constexpr auto e : std::meta::enumerators_of(”E)) {
if (value = [:e:]) {
return std::string(std::meta::name_of(e));

+
+
return "<unnamed>";
+
enum Color { red, green, blue };
static_assert(enum_to_string(Color::red) = "red");
static_assert(enum_to_string(Color(42)) = "<unnamed>");
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Pecdbnexkcua: std:: string — enum

template <typename E>
requires std::is_enum_v<E>
constexpr std::optional<E> string_to_enum(std::string_view name) {
template for (constexpr auto e : std::meta::enumerators_of(”E)) {
if (name = std::meta::name_of(e)) {
return [:e:];

i

return std::nullopt;
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Pecdbnekcua: std :: string — enum, Ho
nydtue

template<class E>
requires std::is_enum_v<E>
consteval make_enum_pairs() {
constexpr auto size = std::meta::enumerators_of(”E).size();
std::array<std::pair<std::string_view, E>, size> result;
for (std::size_t i = 0; auto e : std::meta::enumerators_of(*E)) {
result[i++] = {name_of(e), value_of<E>(e)};
¥
return result;

i

enum Color { red, green, blue };
constexpr auto mapping = frozen::make_unordered_map(make_enum_pairs<Color>());
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Pednekcua: std :: tuple

template<typename... Ts> struct Tuple {

struct storage;

[:define_class(”storage, { data_member_spec(~Ts)... }):] data;
Tuple(): data{} {}

Tuple(Ts const& ...vs): data{ vs... } {}

I

template<std::size_t I, typename... Ts>
struct std::tuple_element<I, Tuple<Ts...>> {

static constexpr std::array types = { Ts...};

using type = [: types[I] :1; // Or you can do pack...[indexing].
I

consteval std::meta::info get_nth_nsdm(std::meta::info r, std::size_t n) {
return nonstatic_data_members_of(r)[nl;

by

template<std::size_t I, typename... Ts>

constexpr auto get(Tuple<Ts...> &t) noexcept — std::tuple_element_t<I, Tuple<Ts...>& {
return t.data.[:get_nth_nsdm(~decltype(t.data), I):]1;

¥
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Pednekcna: MHTEpPeCHOCTH

H PerﬂEH(CMﬂ YNTaET TEKYyLLEeEe COCTOAHNE KOMIMUNTALNI.

H PerﬂEH(CMﬂ N3MEHAET TeKYyLLeEe COCTOAHNE KOMMUNALINN.

constexpr auto type = “std::vector<int>;

constexpr auto members = nonstatic_data_members_of(type);

constexpr bool fun = is_incomplete_type(type);

Bbl MoXkeTe co3gaTb cyeTumnk (Kak Makpoc __COUNTER__) c nomMouibto pedniekecmn. PaHee
3TO MOXXHO ObINI0 caenaTth Yepes 06baBNeHUs, Tenepb 3To Bbi3oB consteval dpyHKuum.



Pednekcna: oTKpbITble BOMPOChHI

Y10 penaet aToT KOA?

constexpr auto tmpl = template_of(”int);

=  BbpocaeT ncknoveHue?
= Bos3Bpawaet std:: expected?
» Bosspauwaet nycton std::meta:: info?

m  Kakoi-To gpyrov MmexaHnaM? Owmnbka komnunauum ¢ "not-a-constant-expression"?

Bbino 661 Xopollo caenatb 06paboTKy OWKMOOK Yepe3 UCKTOYEHNS, HO HY>KHa noaaep»Ka
WUCKOYEeHUM B CONStexXpr KoHTeKCTe.



Pednekcna: oTKpbITble BOMPOChHI

m  Tekyllee NpeanoXXeHne He pellaeT BOMpPOC reHepaumnm Koga.

»  Kak creHepupoBaTb Switch? AkTyanbHbii Bonpoc ans MHormx!
m APl define_class B ero Tekyluen gpopMe Bbi3biBaeT BOMPOCHI.

= Kak pob6aBnatb MeToabi?

» Kak go6asutb [ [no_unique_address]] k nonio?



XoTuTe y3HaTb 6bonbLie?

P2688R1: Pattern Matching: match Expression.


https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2024/p2688r1.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2024/p2996r2.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2024/p2300r9.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p1673r13.html
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2023/p1928r8.pdf
https://www.open-std.org/jtc1/sc22/wg21/docs/papers/2024/p2900r6.pdf

END



