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3ayemM nucaTtb CBOU gpauBep?



3ayem nucaTtb cBOU gpauBep?
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2 .ACUHXPOHHO
3.Prepared statements
4 .bHAPHBLIA NPOTOKOJ



3ayemM nucaTtb cBOU gpauBep?

TeKCTOBbIMN NPOTOKOS VS OMHaPHbLIU
10 OOOnS binary B text

1678ns 2 032ns

1 219ns 1173ns
100ns
p1ne 2Ens 35ns
14ns

Int 64, Read Int 64, Write Ts, Read Ts, Write




05

APl c «<yenoBeyecKnmMm» nmuom

OTnpaBKka 3anpocoB
ObpaboTka OTBETOB



AcnonHeHUe 3anpocoB

auto trx = cluster.Begin({});

trx.Execute ("insert into foobar (foo, bar) wvalues (S1, S$2)", 42, "baz");
trx.Commit () ;



PaboTta c pe3ynbratamMu 3anpoca

auto trx cluster.Begin () ;
auto res trx.Execute("select foo,
for (auto row : res) {

for (auto field : row) {

J
J

trx.Commit () ;

bar from foobar where foo

$1",

42) ;
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PaboTta c pe3ynbratamMu 3anpoca

auto trx cluster.Begin () ;
auto res trx.Execute ("select foo, bar from foobar where foo = $S1", 42);
for (auto row : res) {

row[0] .As<int> () ;
row[l] .As<std::string>();

auto foo
auto bar

J

trx.Commit () ;



PaboTta c pe3ynbratamMu 3anpoca

auto trx cluster.Begin () ;

auto res trx.Execute ("select foo, bar from foobar where foo = $S1", 42);
for (auto row : res) {
auto [foo, bar] = row.As<int, std::string>();

J

trx.Commit () ;



PaboTta c pe3ynbratamMu 3anpoca

struct FooBar { int foo; std::string bar; };

auto trx = cluster.Begin();
auto res = trx.Execute("select foo,
for (auto row : res) {

auto foobar = row.As<FooBar>() ;

J

trx.Commit () ;

https://www.ietf.org/rfc/rfc3092.txt

bar from foobar where foo

$1",

42) ;
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PaboTta c pe3ynbratamMu 3anpoca

struct FooBar { int foo; std::string bar; };

auto trx = cluster.Begin();
auto res = trx.Execute("select foo, bar from foobar where foo
auto foobars = res.AsContalner<std::vector<kFooBRBar>>/();

trx.Commit () ;

$1",

42) ;
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YTeHue n 3anucb oydepoB oTAeNIbHbLIX
nosnewu

) fold expression n 3anucob

) 3ameHa tag switching Ha if constexpr

) OnpegenexHve Hann4usa cneunanusayum
Y SFINAE onsa cneymanusauumn
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3anucb apryMmeHToB 3anpoca
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OTnpaBKa 3anpoca

auto trx = cluster.Begin({});
trx.Execute("insert into foobar (foo,
trx.Commit () ;

bar)

values

(1,

S2)",

42,

"baZ") ;
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3anucb NnapamMeTpoB 3anpoca

/// Execute statement with arbitrary parameters

/// Suspends coroutine for execution

/// Qthrows NotInTransaction, SyntaxError, ConstraintViolation,
/// InvalidParameterType

template <typename... >
ResultSet Transaction: :Execute (const std::string& statement,

detail::QueryParameters params;
1f constexpr (sizeof... ( ) > 0) |
params.Write (GetConnectionUserTypes (), args...);

J

return DoExecute (statement, params, {});

consté&. ..

args)

{
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3anucb NnapamMeTpoB 3anpoca

template <typename... T>

void QueryParameters: :Write (const UserTypes& types, const
(Write (types, args), ...);

}

&oo

args)

{
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3anucb NnapamMeTpoB 3anpoca

template <typename 7>
void QueryParameters::Write (const UserTypesé& types, const

static assert(io::traits::kIsMappedToPg<i>,

& arqg)

"Type doesn't have a mapping to Postgres type");

WriteParamType (types, arqg);
WriteNullable (types, arg, 1o::traits::IsNullable<iI>{});

J

template <typename TI>
void QueryParameters: :WriteNullable (const UserTypesé& types,

using NullDetector = 10::trailts::GetSetNull<T>;
1if (NullDetector::IsNull (arg)) {
WriteNull () ;
} else {
WriteData (types, arqg);
}
}

template <typename 7>
void QueryParameters: :WriteNullable (const UserTypesé& types,

WriteData (types, arqg);
}

const

const

{

& arg,

& arg,

std::true type)

std::false type)

{

{
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If constexpr

template <typename T>
void QueryParameters: :Write (const UserTypes& types, const T7T& arqg)
static assert(io::trailts::kIsMappedToPg<i>,
"Type doesn't have a mappling to Postgres type");
WriteParamType (types, arqg);
1f constexpr (l1o::traits::kIsNullable<i>) {
using NullDetector = 10::traits::GetSetNull<T>;
1f (NullDetector::IsNull (arqg)) {
WriteNull () ;
return;

}
WriteData (types, argqg):;

{
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UTeHue 3anmcu no croram nonsm
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UTeHune noneu B nepemMeHHbIe

auto trx cluster.Begin({})
auto res trx.Execute ("select foo, bar from foobar where foo >= S$S1",
for (auto row : res) {
auto foo row[0] .As<int> () ;
auto bar row[l] .As<std::string>();
}

trx.Commit () ;

42) ;
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UTeHune noneu B nepemMeHHbIe

auto trx cluster.Begin({})

auto res trx.Execute ("select foo, bar from foobar where foo >= S$S1",
for (auto row : res) {
int foo;

std: :string bar;

row[0O] .To (foo) ;

row|[1l].To (bar) ;
}

trx.Commit () ;

42) ;
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YUTteHune Oydepa nona 3anucm

/// Read the field's buffer into user-provided variable.
/// @throws FieldValueIsNull If the field is null and the C++ type is
/// not nullable.

template <typename T>
vold Field::To(7&& val) const {
using ValueType = typename std::decay<I>::type;
auto fb = GetBuffer();
if (fb.1is null) |
1f constexpr (1o::traits::kIsNullable<ValueType>) {
using NullSetter = 10::traits::GetSetNull<ValueType>;
NullSetter::SetNull (val);

} else {
throw FieldValueIsNull{field 1index };

J

} else {
Read (fb, std::forward<i>(val));
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YUTteHune Oydepa nona 3anucm

template <typename T>

void Field::Read(const 10::FileldBuffer& buffer, 7&& val)
using ValueType = typename std::decay<TI>::type;
static assert(i1o::traits::kHasAnyParser<vValueType>,

"Type doesn't have any parsers defined");

4

1f (buffer.format == 10::DataFormat::kTextDatalFormat)
ReadText (buffer, std::forward<i>(val));
} else {

ReadBinary (buffer, std::forward<i>(val));
J

{

const {
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YUTteHune Oydepa nona 3anucm

template <typename T>
void Field: :ReadBinary (const 10::FileldBuffer& buffer, 7&& val)
using ValueType = typename std::decay<TI>::type;
1f constexpr (1o::trailits::kHasBilnaryParser<ValueType>) {
10::ReadBinary (buffer, std::forward<i>(val));
} else {
throw NoValueParser{::utils::GetTypeName<i> (),
10::DataFormat: :kBinaryDataFormat};

const {
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YUTteHune Oydepa nona 3anucm

template <typename T>

void ReadBinary (const FieldBuffer& buffer, &§& value) {

using ValueType std::decay t<Ii>;

static assert( traits::kHasBilnaryParser<vValueType>,

"Type doesn't have a bilnary parser");

ReadBuffer<DataFormat: :kBinaryDataFormat> (buffer,

template <DataFormat F, typename T>

void ReadBuffer (const FieldBuffer& buffer, &§& value
using ValueType = std::decay t<I>;
static assert((traits::kHasParser<vValueType, FI>),

4

std: :forward<i> (value)) ;

)

"Type doesn't have an appropriate parser");

using BufferReader = typename traits::I0<ValueType
BufferReader{std: :forward<i>(value) } (buffer);

, >: :ParserType;

29
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Cuctema «cBoucTB» (traits)
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IsNullable

template <typename T>

struct IsNullable : std::false type {};

template <typename TI>
constexpr bool kIsNullable

template <typename T>
struct GetSetNull ({

= TsNullable<T>::value;

inline static bool IsNull (const T&) { return false;
inline static wvoid SetNull (7&) {

throw TypeCannotBeNull (:

}
}r

:utils: :GetTypeName<i>()) ;

J

31



IsNullable

template <typename T>
struct IsNullable<std::optional<T>> : std::true type {};

template <typename T>
struct GetSetNull<std::optional<T>> {
using ValueType = std::optional<T>;
inline static bool IsNull (const ValueType& v) { return !!v; }
inline static void SetNull (ValueType& v) { ValueType () .swap(v);
b

J
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Pabouve nowaaku

/// Qbrief Primary template for Postgre buffer parser.

/// Specialisations must provide call operators that parse FieldBuffer.

template <typename T, DataFormat, typename = ::utils::volid t<>>
struct BufferParser;

/// @brief Primary template for Postgre buffer formatter

/// Specialisations must provide call operators that write to a buffer.

template <typename T, DataFormat, typename = ::utils::volid t<>>
struct RBufferFormatter;
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Pabouue nowagku

namespace tralits {
template <typename 7, DataFormat
struct Input {

using type = BufferParser<T, F>;

}r

template <typename 7, DataFormat
struct Output {
using type = BufferFormatter<T,

}y

template <typename T, DataFormat
struct I0 {

’/

’/

>

typename

typename

>

using ParserType = typename Input<T, F>::t
using FormatterType = typename Output<T,

}y

// namespace traits

YPes
> rtype;

c:tutils::ivolid t<>>

c:tutils::ivolid t<>>
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BcnomoratenbHble CBOUCTBA

template <typename 7, DataFormat >
struct HasParser : utils::IsDeclComplete<typename I0<T, >::ParserType> {};
template <typename 7, DataFormat >

struct Hasltormatter
utlls::IsDeclComplete<typename IO<T,

template <typename 7, DataFormat F>

>::FormatterType> {};

struct CustomParserDefined : utils::IsDeclComplete<BufferParser<T, F>> {};

template <typename T>
using CustomBinaryParserDefined =

CustomParserDefined<T, DataFormat::kBinaryDataFormat>;

template <typename T>
constexpr bool kCustomBinaryParserDefined

CustomBinaryParserDefined<T>: :value;
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YepHaa marus

namespace detail {

template <typename T, std::size t = sizeof (T)>
std::true type IsCompletelImpl (T*);

std::false type IsCompleteImpl(...);
}  // namespace detail

template <typename T>

using IsDeclComplete = decltype (detail::IsCompleteImpl (std::declval<T*>()))

4
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[lpmepbl
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Cneuvanusaunm ans bool

template <>

struct BufferParser<bool,
bool& value;

explicit BufferParser (bool& val)

DataFormat: :kBinaryDataFormat> {

value{val} {}

void operator () (const FieldBuffer& buf) {

i1f (buf.length !'= 1) {

J

value = *puf.buffer !=
}
by
template <>

struct BufferFormatter<bool,

bool value;

explicit BufferFormatter (bool wval)

template <typename

void operator () (const UserTypesé,

buf.push back(value ? 1
}

}y

throw InvalidInputBufferSize{buf.length,

"for boolean type"};
0;

DataFormat::kBinaryDataFormat> {

value (val) {}
>

& buf) const {
0);
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Cneuvanusauunsa BBoaa/BbiBoga Anst MacCUBOB

template <typename >
struct ArrayBinaryParser; // contents skipped
template <typename >

struct ArrayBinaryFormatter; // contents skipped

namespace tralts
template <typename T>
struct Input<?”, DataFormat::kBinaryDataFormat,
std::enable 1f t<ldetail::kCustomBinaryParserDefined<i> &&
10::detail: :kEnableArrayParser<i>>> {
using type = 10::detaill::ArrayBlinaryParser<T>;

}r

template <typename 1>
struct Output<?, DataFormat::kBinaryDataFormat,
std: :enable 1f t<ldetail::kCustomBinaryFormatterDefined<I> &&
10::detail::kEnableArrayFormatter<i>>> ({
using type = 10::detaill::ArrayBinaryFormatter<T>;

}r

39
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Pabota ¢ 3anucsamu bl

) BbluncrneHune aprymeHToB LLIabnoHHOro aprymeHTa LwabnoHa
) fold expressions n yteHue
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BapnaHTbl nCnonb30BaHUA

[foo, bar] = row.As< , std::string>();
row.To (foo, bar);
foobar = row.As<FooBar>();

row.To (foobar) ;

41



Peanusauuna meuThbl

class Row {
public:
template <typename T>
void To (7&& val) const; // 1
template <typename T>
void To (7&& val, RowTag) const; // 2
template <typename T>
void To (7&& val, FieldTag) const; // 3

template <typename... T>
void To(7&&... val) const; // 4
}r
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Peanusauuna meuThbl

template <typename... T>
volid Row: :To (7&&... val) const {
1f (sizeof... (7)) > Size()) {
throw InvalidTupleSizeRequested(Size (), sizeof...(T));
}
detail::RowbhatakExtractor<TI...>::ExtractValues (*this, std::forward<i>(val)...);

template <typename T>
void Row: :To(7&& val, RowTag) const
using ValueType = std::decay t<I>;
static assert(io::traits::kIsRowType<ValueTlype>,
"This type cannot be used as a row type");
using RowType = 10::RowType<ValueType>;
using TupleType = typename RowType::TupleType;
detail::TuplebDatakExtractor<TupleType>::ExtractTuple (
*this, RowType::GetTuple(std::forward<i>(val)));
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Peanu3auuvsa MmeuJThbl

template <typename , typename... T>
struct RowDatakExtractorBase;

template <std::size t... , typename... 1>

struct RowDataExtractorBase<std::i1ndex sequence<
static void ExtractValues (const Rowé& row, &§&. .. val)

(row [ Indexes] .To (std::forward<T>(val)), ...);

J

static void ExtractTuple (const Row& row, std::tuple<
(row[ Indexes] .To (std: :get<Indexes> (val)), ...);

J

static void ExtractTuple (const Rowé& row, std::tuple<
(row [ Indexes] .To(std::get<Indexes> (val)), ...);

}
}r

{

.y e
...>& val)
...>&& val)

{

{
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Peanu3auuvsa MmeuJThbl

template <typename... T>
struct RowDatakExtractor
RowDataExtractorBase<std::1ndex sequence for<

template <typename T>

struct TupleDataExtractor;

template <typename... T>

struct TupleDatakExtractor<std::tuple<i...>>
RowDataExtractorBase<std::1ndex sequence for<

..o {1}

..o {1}

45
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Bce — tuple

(HO 3TO He TOYHO)

46



Tak oTKyaa Xe tuple?

template <typename T>
void Row: :To (7&& val, RowTag) const
using ValueType = std::decay t<I>;
static assert(i1o::traits::kIsRowType<ValueTlype>,

"This type cannot be used as a row type");

using RowType = 10::RowType<ValueType>;

using TupleType = typename RowType::TupleType;

detail::TupleDatabExtractor<TupleType>::ExtractTuple (
*this, RowType::GetTuple (std::forward<’>(val)));
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Rowlype

template <typename T>

struct RowType

detail::RowTypelmpl<T,

traits::kRowCategory<i>> {};

48



std::tuple — TpaTmM MeHbLLE cUN

template <typename T>

struct RowTypelmpl<T, traits::RowCategoryType::kTuple> {
using ValueType = T;

using TupleType = T;

static TupleType& GetTuple (ValueType& v) { return v; }

static const TupleType& GetTuple (const ValueType& v) { return v;

}r

J

49



class FooClass {
int foo;
std::string bar;
public:
auto Introspect ()

{

MHTpPY3UBHbLIN MeTOoA

return std::tie(foo, bar);

}
}r

namespace 10 {

template <typename
struct RowTypelmpl<
using ValueType =

>

’

°
4

traits::RowCategoryType::kintrusivelntrospection> {

static auto GetTuple (ValueType& v) { return v.Introspect(); }

}r

} // namespace 1o
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BonuweOHbLIN meTOA

#include <boost/pfr/precise.hpp>

struct FooBRBar {
int foo;
std: :string bar;
b

namespace 10 {

template <typename T>
struct RowTypelmpl<T, traits::RowCategoryType::kAggregate> {
using ValueType = T;
static auto GetTuple (ValueType& v) {
return boost::pfr::structure tie(v);

}
}y

} // namespace 1o

https://github.com/apolukhin/magic_get
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https://github.com/apolukhin/magic_get

30

PaboTta ¢ HAbopoOM AaHHbIX

if constexpr ana ocobbix cry4vyaes
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A 4yTOoObLI COBCEM KpacuBo

struct FooBar { int foo; std::string bar; };

auto trx = cluster.Begin();
auto res = trx.Execute("select foo, bar from foobar where foo
auto foobars = res.AsContalner<std::vector<kFooBRBar>>/();

trx.Commit () ;

$1",

42) ;
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OcoObiu war

template <typename >
ResultSet: :AsContainer () const {
using ValueType = typename ::value type;
Cr
1f constexpr (10::traits::kCanReserve< >) |
c.reserve (Si1ize());

}
auto res = AsSetOf<ValueType> () ;

std: :copy(res.begin(), res.end(),
return c;

10::traits::Inserter (

) ) ;
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Kak 31O nomMmoXxet mMHe?

PeuenTbl
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PeuenTbl

Cuncrtema napcepos

Tag switching

Variadic recursion

Bbluncnutb napameTp wabnoHa
Ocoboe gencrteue ansa tuna

Hanunyne cneunanunsauumn

Cuncrema «CBOUCTB» TUMNOB

iIf constexpr

fold expression

[lepBUYHbIN LLAONOH O6e3 cneunanmsaymnm

CBouncTtBo U If constexpr

Marmsa
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Bonpocbl U, BO3MOXHO, OTBEeThl

Bonpockl
Bo3MOXHO OTBETHI

S7
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