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HaBHasa 6onb .NET pa3pa60TumMKoB

public static T Sum<T>(this T[] array, T initial)
{
var result initial;
for (var 1 = 0; i < array.Length; i++)
result += array[i];
return result;



me 6onb .NET paspaéoTumkos

public static T Sum<T>(this T[] array, T initial)
I

var result
for (var 1

nitial;
- i < array.Length: i++)

i
0

return result;

Error CSOO019:
Operator '+=' cannot be applied to operands of type 'T' and 'T"



HaBHasa 6onb .NET pa3pa60TumMKoB

public static T Sum<T>(this T[] array, T initial)
where T : +
{

var result initial;

for (var 1 = 0; i < array.Length; i++)
result += arrayl[i];

return result;



JaeHssa 6onb .NET paspa6oTumKos

public static T Sum<T>(this T[] array, T initial)

where T :
{
var result = initial;
for (var 1 = 0; i < array.Length; i++)
result += arrayl[i];
} return result;

Error CS1031:
Type expected
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[0806iliEnHas MaTemaTHKa

BnepBble npeacrasneHa
29 vioHa 2020

https://aithub.com/dotnet/csharplang
/blob/main/meetings/2020 /L DM-
2020-06-29.md

lNMpuHaTue n oé6cyxneHme
3gechb:

https://agithub.com/dotnet/csharplang

/issues/ 4436
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O606LEHHOa MAOTEeMATUKA

* AGCTPOKTHbIE CTAOTUYECKME UNIEHBI B MHTEPGENCAX

interface IAddable<T> where T : IAddable<T>

g
static abstract T Zero { get:; }

static abstract T operator +(T t1, T t2);



O606LEHHOa MAOTEeMATUKA

* AGCTPOKTHbIE CTAOTUYECKME UNIEHBI B MHTEPGENCAX

struct Int32 : IAddable<Inti2>
{

static int operator +(int x, int y) => x + vy;
public static int Zero => 0;



O606LEHHOa MAOTEeMATUKA

* Tenepb MOXEM HAMUCOTb CYMMATOP

public static T Sum<T>(this T[] array)
. where T : IAddable<T>

var result = T.Zero;

for (var i = 0; i < array.Length; i++)
result += array[i]:

return result;



O606LEHHOa MAOTEeMATUKA

* Tenepb MOXEM HAMUCOTb CYMMATOP

public static T Sum<T>(this T[] array)
. where T : IAddable<T> MaTrepH CRTP
var result I.Zero;
for (var i O; 1 < array.Length; i++)
result I array[i];
return result;



10606u.|.é|-||-|cm MATEeMATUKA

 Ho camoMm gene oH 6ygeT BbirngaeTb No-apyroMy

public static T Sum<T>(this T[] array) where T :
IAdditivelIdentity<T, T>,
IAdditionOperators<T, T, T>

var result T.Additiveldentity;

for (var i O; i < array.Length; i++)
result += arrayl[i]:

return result;



;;’O6o6u.|.éH|-|cm MATEMATUKA

« Ho camom pgene oH 6yOeT BolMMaaeTh No-4pyromMy
« NET Numerics!

public static T Sum<T>(this T[] array) where T :
IAdditiveldentity<T, T>,
IAdditionOperators<T, T, T>

var result T.Additiveldentity;

for (var i = 0; 1 < array.Length; i++)
result += arrayl[i];

return result;
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IEquatabIe<T>

IEqualityOperators<TSelf, TOther> IComparable<T>

IComparisonOperators<TSeIf, TOther>,

lIncrementOperators<TSelf>

IModqusOperators<TSeIf, TOther,

—
-
~7

—————

o
ISignedNumber<TSelf>

©Object IShiftOperators<TSelf, TOther, TResult>
<[ ===

A

==

e

T ——

= e

e

IConvertible

@ValueType

IBinarylnteger<TSelf>!

(@) IunsignedNumber<TSelf> IMinMaxValue<TSelf> @) Iserializable

IDeserializationCallback

©@uintte|  |©uinte4. |(©Byte. (©)char |©uint32|  (©)UIntPtr ©ntPtr

©DecimaI\

K@Double

/,—:A:f//':/,”'

©Haif

17



O606LEHHOa MAOTEeMATUKA

MraHcTkmm U

He Takag ruraHTCKas CChinka:
https://t.me/steponeitchat/3395



https://t.me/steponeitchat/3395

NET Numerics

e INt32.CS

public readonly struct Int32 :
IComparable,
IConvertible,
ISpanFormattable,
IFormattable,
IComparable<int>,
IEquatable<int>,
IBinaryInteger<int>,
IBinaryNumber<int>,
IBitwiseOperators<int, int, int>,
INumber<int>,



merics

 INumberBase.cs

public interface INumberBase<TSelf> :

IAdditionOperators<TSelf, TSelf, TSelf>,
IAdditiveIdentity<TSelf, TSelf>,
IDecrementOperators<TSelf>,
IDivisionOperators<TSelf, TSelf, TSelf>,
IEquatable<TSelf>,
IEqualityOperators<TSelf, TSelf, bool>,
IIncrementOperators<TSelf>,
IMultiplicativeldentity<TSelf, TSelf>,
IMultiplyOperators<TSelf, TSelf, TSelf>,
ISpanFormattable,

IFormattable,

ISpanParsable<TSelf>,

IParsable<TSelf>,
ISubtractionOperators<TSelf, TSelf, TSelf>,
IUnaryPlusOperators<TSelf, TSelf>,
IUnaryNegationOperators<TSelf, TSelf>,
IUtf8SpanFormattable,
IUtf8SpanParsable<TSelf>

where TSelf : INumberBase<TSelf>?



mumerics

« |[AdditionOperators.cs

public interface IAdditionOperators<TSelf, TOther,
TResult>

where TSelf : IAdditionOperators<TSelf, TOther,
TResult>?
{
static abstract TResult operator +(TSelf left, TOther
right);

static virtual TResult operator checked +(TSelf left,
TOther right)

=> left + right;
}.



'Numerics

e |[Additiveldentity.cs

public interface IAdditiveIdentity<TSelf, TResult>
. where TSelf : IAdditiveIdentity<TSelf, TResult>?

static abstract TResult AdditiveIdentity { get; }
1



'ﬁumerics

* [UnaryNegationOperators.cs

public i1nterface IUnaryNegationOperators<TSelf, TResult>

where TSelf : IUnaryNegationOperators<TSelf,
TResult>?

g
static abstract TResult operator -(TSelf value);

static virtual TResult operator checked -(TSelf value)
=> -value;



mumerics

e |SubstractionOperators.cs

public i1nterface ISubtractionOperators<TSelf, TOther,
TResult>

where TSelf : ISubtractionOperators<TSelf, TO0ther,
TResult>?

{
static abstract TResult operator -(TSelf left, TOther
right);

static virtual TResult operator checked -(TSelf left,
TOther right)

=> left - right;
1



mumerics

 IMultiplyOperators.cs

public interface IMultiplyOperators<TSelf, TOther, TResult>

where TSelf : IMultiplyOperators<TSelf, TOther,
TResult>?

{
static abstract TResult operator *(TSelf left, TOther
right);

static virtual TResult operator checked *(TSelf left,
TOther right)

=> left * right;
1



'Numerics

 [Multiplicativeldentity.cs

public interface IMultiplicativeIdentity<TSelf, TResult>
. where TSelf : IMultiplicativeldentity<TSelf, TResult>?

static abstract TResult MultiplicativeIdentity { get; }
1



'fauncsl .NET Numerics?

https://qgithub.com/dotnet/runtime/pulls?g=is%3Apr+author
Pacuuumpunu BCL %SAtannergooding+generic+tmath+label% 3Aarea-

System.Numerics

{9 0 Open + 18 Closed Author ~ Label v Projects ~ Milestones ~

i~ Expose the FusedMultiplyAdd and MultiplyAddEstimate APIs on relevant vector and scalar types v

area-System.Numerics QUENEE] 1B EET B LT T E1iTe]y

#102181 by tannergooding was merged on May 17 - Approved

¥ Fix some generic math DIMs to have the correct behavior X ' area-System.Numerics
#98510 by tannergooding was merged on Mar 19 - Approved

¥ Ensure the IBinarylnteger.RotateLeft/Right DIMs use unsigned right shift X ' area-System.Numerics
#98119 by tannergooding was merged on Feb 8 - Approved

I~ Improve Math.Round, Math.ILogB, and do some minor cleanup of Half, Single, and Double X ' area-System.Numerics
#98040 by tannergooding was merged on Feb 7 - Approved


https://github.com/dotnet/runtime/pulls?q=is%3Apr+author%3Atannergooding+generic+math+label%3Aarea-System.Numerics
https://github.com/dotnet/runtime/pulls?q=is%3Apr+author%3Atannergooding+generic+math+label%3Aarea-System.Numerics
https://github.com/dotnet/runtime/pulls?q=is%3Apr+author%3Atannergooding+generic+math+label%3Aarea-System.Numerics

':muue BCL

https://qithubb.com/dotnet/runtime/pull /54650

Expose and implement generic math interfaces on core types #54650

el M tannergooding merged 15 commits into dotnet:main from tannergooding:generic-math |'_E,] on Jul 3, 2021

Files changed 52 +15,921 -27 EEEE


https://github.com/dotnet/runtime/pull/54650

mpel-me BCL
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upeHue BCL

public readonly partial struct DateTime : IComparable, ISpanFormattable, IConvertible, IComparable<DateTime>, IEquatable<DateTime>, ISerializable

+ #if FEATURE_GENERIC_MATH
+ #pragma warning disable SA1001

+

+ + + + +

-

, IAdditionOperators<DateTime, TimeSpan, DateTime>,
IAdditiveIdentity<DateTime, TimeSpan>,
IComparisonOperators<DateTime, DateTime>,
IMinMaxValue<DateTime>,

ISpanParseable<DateTime>,
ISubtractionOperators<DateTime, TimeSpan, DateTime>,
ISubtractionOperators<DateTime, DateTime, TimeSpan>

+ #pragma warning restore SA1001
+ #endif // FEATURE_GENERIC_MATH

[RequiresPreviewFeatures]
static DateTime IParseable<DateTime>.Parse(string s, IFormatProvider? provider)
=> Parse(s, provider);

[RequiresPreviewFeatures]
static bool IParseable<DateTime>.TryParse([NotNullWhen(true)] string? s, IFormatProvider? provider, out DateTime result)
=> TryParse(s, provider, DateTimeStyles.None, out result);



nupel-me BCL

I I B I B I N P R I I I B I A P

IAdditionOperators.cs
IAdditiveldentity.cs
IBitwiseOperators.cs
IComparisonOperators.cs
IDecrementOperators.cs
IDivisionOperators.cs
IEqualityOperators.cs
IFloatingPoint.cs
lIncrementOperators.cs
linteger.cs

IMinMaxValue.cs

O I O I B I 2 [ 2 B £ I £

B I P I R I O A P I D I

IModulusOperators.cs
IMultiplicativeldentity.cs
IMultiplyOperators.cs
INumber.cs
|Parseable.cs
IShiftOperators.cs
ISpanParseable.cs

ISubtractionOperators.cs

IlUnaryNegationOperator...

IUnaryPlusOperators.cs




'pel-me BCL

v 2,787 mEEE src/libraries/System.Runtime/ref/System.Runtime.cs |'_|;1 (3 viewed

Load diff

Large diffs are not rendered by default.

v [ System.Runtime
v B ref

Y System.Runtime.cs :

Y System.Runtime.csproj .
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+ + + + + + + + + + + + + + + + + + + + o+

708
709
710 , System.IBinaryInteger<byte>,

+ #if FEATURE_GENERIC_MATH
T
+
711 + System.IMinMaxValue<byte>,
-
-
+

#pragma warning disable SA1001

712 System.IUnsignedNumber<byte>
713 #pragma warning restore SA1001

714 #endif // FEATURE_GENERIC_MATH

715 {

#if FEATURE_GENERIC_MATH
[System.Runtime.Versioning.RequiresPreviewFeaturesAttribute]
static byte IAdditiveIdentity<byte, byte>.AdditiveIdentity { get { throw null; } }

[System.Runtime.Versioning.RequiresPreviewFeaturesAttribute]
static byte IMinMaxValue<byte>.MinValue { get { throw null; } }
[System.Runtime.Versioning.RequiresPreviewFeaturesAttribute]
static byte IMinMaxValue<byte>.MaxValue { get { throw null; } }

[System.Runtime.Versioning.RequiresPreviewFeaturesAttribute]
static byte IMultiplicativeldentity<byte, byte>.MultiplicativeIldentity { get { throw null; } }

[System.Runtime.Versioning.RequiresPreviewFeaturesAttribute]
static byte INumber<byte>.0One { get { throw null; } }
[System.Runtime.Versioning.RequiresPreviewFeaturesAttributel
static byte INumber<byte>.Zero { get { throw null; } }

[System.Runtime.Versioning.RequiresPreviewFeaturesAttributel
static byte IAdditionOperators<byte, byte, byte>.operator +(byte left, byte right) { throw null; }

707 public readonly partial struct Byte :



"ro paéoTaeT?

B IL Tenepb gonyckaeTcy PaHee 3710 66110 [TnaTdopMa 6bina
static abstract 3ANpPeLLEHO rOTOBA CO BpeMéH C# 8




'xzé 3TO pa6éoraeT?

» [ eHepupyeTca constrained. call

(7] 1 usage

public static T Sum<T>(this T[] array) where T :
IAdditiveIdentity<T, T>,
IAdditionOperators<T, T, T>

{
kar result:T = T.AdditiveIdentity;
for (var i = 0; i < array.Length; i+)
result += array[il;
return result;
}

/] [91 9 - 91 41]

IL_0BOO constrained.| !10/*Tx/

IL_BQBb\ call ‘!1/*T*/ class [System.Runtime]System.Numerics.IAdditiveIdentity 2<!!10/*Tx/, !10/*Tx/>::get_AdditiveIdentity()
IL_000b: stloc.0 // result




Fne NnpuMeHaTb

KpOMe MATeMATUKU?

VIHCTRYKLMS K MPOUMEHEHMUIO

36



'able.cs

public 1nterface IParsable<TSelf>

where TSelf : IParsable<TSelf>?
{

static abstract TSelf Parse(string s, IFormatProvider?
provider);

static abstract bool TryParse(
[NotNullWhen(true)] string? s,
IFormatProvider? provider,
[MaybeNullWhen(false)] out TSelf result);



me object ASP.NET

public class DateRange

{
public DateOnly? From { get; init; }

public DateOnly? To { get; init; }



/ASP.NET old model binding

internal class DateRangeModelBinder : IModelBinder

{
public Task BindModelAsync(ModelBindingContext bindingContext)
{
ArgumentNullException.ThrowIfNull(bindingContext);
var fieldName = bindingContext.FieldName;
var valueProviderResult = bindingContext.ValueProvider.GetValue(fieldName);
if (valueProviderResult == ValueProviderResult.None)
return Task.CompletedTask;
bindingContext.ModelState.SetModelValue(fieldName, valueProviderResult);
var value = valueProviderResult.FirstValue;
if (string.IsNullOrEmpty(value))
{
bindingContext.Result = ModelBindingResult.Failed();
return Task.CompletedTask;
1
//...
1



/ASP.NET old model binding

internal class DateRangeModelBinder : IModelBinder

.{

public Task BindModelAsync(ModelBindingContext bindingContext)

{

//...
var segments = value.Split(',"',
StringSplitOptions.RemoveEmptyEntries |
StringSplitOptions.TrimEntries);
var dtfi = new DateTimeFormatInfo { DateSeparator = "/" };
if (segments.Length == 2 &&
DateOnly.TryParse(segments[0], dtfi, out var fromDate) &&
DateOnly.TryParse(segments[1], dtfi, out var toDate))

{
var dateRange = new DateRange { From = fromDate, To = toDate };
bindingContext.Result = ModelBindingResult.Success(dateRange);
return Task.CompletedTask;

}

bindingContext.Result = ModelBindingResult.Failed();
return Task.CompletedTask;



mET old model binding

// GET /WeatherForecast/ByRange?range=7/24/2022,07/26/2622
public IActionResult ByRange(
[ModelBinder<DateRangeModelBinder>] DateRange range)

/] ...



".NET new model binding

public class DateRange : IParsable<DateRange>

1
public DateOnly? From { get; init; }
public DateOnly? To { get; init; }

public static DateRange Parse(string value, IFormatProvider? providem)

1
if (!TryParse(value, provider, out var result))
throw new ArgumentException(
Y "Could not parse supplied value.", nameof(value));
return result;
1



'%NET new model binding

Eublic class DateRange : IParsable<DateRange>

public static bool TryParse(string? value,
IFormatProvider? provider, out DateRange dateRange)

{
var segments = value?.Split(
S%PingSplitOptions.RemoveEmptyEntPies |
StringSplitOptions.TrimEntries);
if (segments?.Length ==
&& DateOnly.TryParse(segments[0], provider, out var fromDate)
: && DateOnly.TryParse(segments[1], provider, out var toDate))
dateRange = new DateRange { From = fromDate, To = toDate };
return true;
}
dateRange = new DateRange { From = default, To = default };
y return false;



'.NET new model binding

// GET /WeatherForecast/ByRange?range=7/24/2022,07/26/2022
public IActionResult ByRange([FromQuery] DateRange range)
{

/] ...



nuau'rbl NPUMEHEeHUs

* 300040: CNPOEKTMPOBATL cache-like xpaHunuLle, rae KoY
3ABUCUT OT TUMA XPAHUMOIO 3M1EMEHTA

class Cache

{

public void Set<TResource>(TResource resource)

{
// string cacheKey = ???
// knw4 3aBucut oT TResource



BapuaHTbl pewieHus 6e3 GM

e DOK3EeMMIAPHAS AOCTOAKLNS
interface IResource

{
}.

* A KAK pPeanmMa3oBaTh onepaumo Get?

string CacheKey { get: }



“MCIHTBI peweHus 6e3 GM

o ATPUOYT-KOHTENHEP + pedriekCus
[CacheKey(nameof(MyResource) + "suffix")]

record MyResource;

class CacheKeyAttribute(string value) : Attribute
{

}.

public string Value { get; } = value;



WMCIHTbI peweHus 6e3 GM

* BoloeneHume fnorvkn B CepBucC
* KOK pacnpoOCTRAHATL M NPeaoCTABNATL?
abstract class KeyProvider

.{
}.

abstract class Resource<TKeyProvider>
. where TKeyProvider : KeyProvider, new()

public abstract string Key { get; }

public string CacheKey =>
new TKeyProvider().Key;



WMCIHTbI peweHus 6e3 GM

* A4BHO OTOOPA3UTL TUMbI HO KJTKOUM

class Cache

{
private readonly IReadOnlyDictionary<Type, string>
_resourcelypeToKeyMap;

public Cache(IReadOnlyDictionary<Type, string>
resourceTypeToKeyMap) =>

_resourceTlypeToKeyMap = resourcelypeloKeyMap;

}.



wel-me c GM

%nterface IResource
static abstract string CacheKey { get: }

Elass Cache

public void Set<TResource>(TResource resource)
where TResource : IResource

?7Ping cacheKey = TResource.CacheKey;



HoBblit NOAXO0A K peanv3aumm NaTTepHoB

public interface IAsyncFactory<T>

{
static abstract Task<T> CreateAsync();

1

public i1nterface IExampleStrategy

{

static abstract bool IsEnabled(string foo);

void DoStuff(string foo);



'ﬁu.l.ém-lble ATpU6yTHI

public AutoDataAttribute()
: this(
(Func<IFixture>) (() =>
(IFixture) new AutoFixture.Fixture()))

A



ﬁ6u.|.ém-|ble aTpuéyTbl

public interface IFixtureCustomizer

.{
}.

static abstract void Customize(IFixture fixture);



'I.I.l,éHHble ATpUGYTHI

public class AutoDataAttribute<TFixtureCustomizer> :

AutoDataAttribute . . _
; where TFixtureCustomizer : IFixtureCustomizer

public AutoDataAttribute() : base(
fixtureFactory: () =>

I
var fixture = new Fixture():
TFixtureCustomizer.Customize (fixture);
return fixture;

})

{

1



'6u.|.éH|-|ble ATpUGYTHI

public class TenElementsInCollection : IFixtureCustomizer

{

public static void Customize(IFixture fixture) =>
fixture.RepeatCount = 10;

}

public class Tests

{
[Theory, AutoData<TenElementsInCollection>]

gublic void SomeTest(IReadOnlyCollection<int> ints)

}.

ints.Count.Should().Be(10);



W npuém ana DDD

interface IDomainEvent;

interface IEntityCreated<T> : IDomalnEvent

{
}.

T Entity { get; }

record CustomerCreated(Customer Entity)
IEntityCreated<Customer>;



m npuém ansa DDD

interface IFactory<TEntity, TEntityCreateDto>
where TEntity : class, IFactory<TEntity,

TEntityCreateDto>

. where TEntityCreateDto : class

static abstract IEntityCreated<TEntity> Create(
TEntityCreateDto createDto);



W npuém ansa DDD

record CustomerCreateDto(string Name, DateTimeOffset DateOfBirth);

class Customer(Guid id, string name, DateTimeOffset? dateOfBirth)
IFactory<Customer, CustomerCreateDto>
{

/] ...

public static IEntityCreated<Customer> Create(

CustomerCreateDto createDto) =>
new CustomerCreated(
new Customer(
id: Guid.NewGuid(),
createDto.Name,
createDto.Date0fBirth));



ﬁ npuém ansa DDD

record CustomerCreateDto(string Name, DateTimeOffset DateOfBirth);
record CustomerCreateWithoutDateOfBirthDto(string Name);

class Customer(Guid id, string name, DateTimeOffset? dateOfBirth)

IFactory<Customer, CustomerCreateDto>,
IFactory<Customer, CustomerCreateWithoutDateOfBirthDto>

/] ...

public static IEntityCreated<Customer> Create(
CustomerCreateWithoutDateOfBirthDto createDto) =>
new CustomerCreated(
new Customer(
id: Guid.NewGuid(),
createDto.Name,
date0fBirth: null));



BbijeneHne KOHTPAKTOB CreHepUpOBAHHbIX Moaenen Ttaénuuy bl

e Document.cs

partial class Document

.{

public required string Name { get; set; }

/] ...
public static int NamelLengthConstraint { get; }



BbijeneHne KOHTPAKTOB CreHepUpOBAHHbIX Moaenen Ttaénuy bl

e DK3EMMIAPHbLINM KOHTPRAKT
interface IDocument

{

/[

public string Name { get; set; }
1

e A cTOTUMYEcCKkMe constraint'sl?



ﬂeneuue KOHTPAKTOB CreHepMpoOBAHHbIX Mogeneun Taénuy b/l

* O606LWEHHAA MATEMATUKA MPULLINA HA NMOMOLL!

interface IDocumentConstraints<TDocument>
where TDocument

IDocumentConstraints<TDocument>

static abstract int NamelengthConstraint { get; *



'enel-me KOHTPAKTOB CreHepUpPOBAHHbIX Moaenei Taénuy b/l

e Document.Contract.cs

partial class Document
IDocument,
IDocumentConstraints<Document>;



ApxwreK'rypHcm rPAHULLA CIOEB

SlC

https://qithub.com/Stepami/hydrascript

Domain

G HydraScript.Domain.IR

¢ HydraScript.Domain.BackEnd

€ HydraScript.Domain.FrontEnd npoeKT - MHTepnpeTaTop

1. HaHo: DDD + Clean Architecture

Application 2. Jlekcumyeckad CTPyKTypd, OnMcbiBaAeMad
"G HydraScript.Application.StaticAnalysis peryﬂﬂpKOl?l o CyLU'HOCTb B 'D'OMeHe

3. Peryngdpka KOHCTPYMpYeTCsa ClyXeOHbIM
CYPC reHepaTOpPOM

G HydraScript.Application.CodeGeneratior

Infrastructure

'@ HydraScript.Infrastructure < 'S HydraScript



https://github.com/Stepami/hydrascript

'wrek'rypucm rPAHULLA CIOEB

public interface IStructure : IEnumerable<TokenType>

I
public Regex Regex { get; }

public TokenType FindByTag(string tag);



mwrek'rypucm rPAHULLA CIOEB

o TOT X& TaKTUYeCKMn NaTTePH, HO yxe ¢ GM

public 1nterface IGeneratedRegexContailner

{
}.

public static abstract Regex GetRegex();



WTQKTypHCISI rPAHULLA CIOEB

o TOT X& TaKTUYeCKMn NaTTePH, HO yxe ¢ GM

public class Structure<TContainer>(ITokenTypesProvider provider) : IStructure
where TContainer : IGeneratedRegexContainer
{

//...
public Regex Regex { get; } = TContainer.GetRegex();

} 1

services.AddSingleton<IStructure, Structure<GeneratedRegexContainer>>();



'HemHoro npo ML.NET

3TO MHCTPYMEHT, KOTOPbIN MPUBHOCUT MALLMHHOE
M |_ N E ‘ o6yderHme B .NET nmpunoxeHus Kak B online, Tak 1
[ ]

offline cueHapwmax

LieHTpanbHbiM noHdTrem and MLNET
dBNSETCA MOLENb MALLUMHHOIO O6Yy4YeHs




'HemHoro npo ML.NET

BmecTte ¢ ML.INET MOXHO 06y4OTh COOCTBEHHYIO MOOENN UK
MMMNOPTUPOBATL NpefodydeHHble mogenm TensorkFlow 1 ONNX

Kak peannsyror HEMPOCETU Ha NpPakT1Ke

MUTOHUCTLI

- Microsoft Cognitive Toolkit (CNTK)

ML.NET

+ Windows ML / ONNX — anq BbiBOAa

- Tensorflow / Keras C++ Binding

- YnpasneHue sHewHuUM Tensorflow ¢ Python (Gradient)

Amutpuin ColwHUKoOB
Bcé, uyto paspaboruunk .NET xoren 3Hatb npo rnybokoe obyyeHue, Ho 60snCs CNpOCUTb. -

NET
-RU



puHr ML.NET +2,615 -43,918 EEEE

Tenepb ana ML.NET oTkpbiTa https://github.com/dotnet/machinelearning/

asepb B Mup My6okoro O6yueHus pull /6664

v 5,328 mEEE src/Microsoft.Data.Analysis/PrimitiveDataFrameColumnArithmetic.cs |'_|,:I Oviewed L[J -

machinelearning / src / Microsoft.Data.Analysis /| NumberDataFrameColumnArithmetic.cs M Top

Blame 177 lines (175 loc) - 6.9 KB Raw 0 & 2 ~ [9

using System;

using System.Collections.Generic;
using System.Linq;

using System.Text;

using System.Threading.Tasks;

namespace Microsoft.Data.Analysis

{
v internal class NumberDataFrameColumnArithmetic<T> : FloatingPointDataFrameColumnArithmetic<T>, IPrimitiveDataFrameColumnArithmetic<T>
where T : unmanaged, INumber<T>, IShiftOperators<T, T>, IBitwiseOperators<T, T, T>
{
public NumberDataFrameColumnArithmetic() : base()
{
}

70


https://github.com/dotnet/machinelearning/pull/6664
https://github.com/dotnet/machinelearning/pull/6664

iPedaktopunr ML.NET

internal interface IPrimitiveDataFrameColumnArithmetic<T>
where T : unmanaged

void Add(PrimitiveColumnContainer<T> left, PrimitiveColumnContainer<T> right);

void Add(PrimitiveColumnContainer<T> column, T scalar);

void Add(T scalar, PrimitiveColumnContainer<T> column);

void Subtract(PrimitiveColumnContainer<T> left, PrimitiveColumnContainer<T> right);
void Subtract(PrimitiveColumnContainer<T> column, T scalar);

void Subtract(T scalar, PrimitiveColumnContainer<T> column);

void Multiply(PrimitiveColumnContainer<T> left, PrimitiveColumnContainer<T> right);
void Multiply(PrimitiveColumnContainer<T> column, T scalar);

void Multiply(T scalar, PrimitiveColumnContainer<T> column);

void Divide(PrimitiveColumnContainer<T> left, PrimitiveColumnContainer<T> right);
void Divide(PrimitiveColumnContainer<T> column, T scalar);

void Divide(T scalar, PrimitiveColumnContainer<T> column);



iPedaktopunr ML.NET

internal class BoolArithmetic : IPrimitiveDataFrameColumnArithmetic<bool>

{

public void Add(PrimitiveColumnContainer<bool> left, PrimitiveColumnContainer<bool> right)
{

throw new NotSupportedException();

public void Add(PrimitiveColumnContainer<bool> column, bool scalar)
{
throw new NotSupportedException();

public void Add(bool scalar, PrimitiveColumnContainer<bool> column)

{

throw new NotSupportedException();



else if (typeof(T

{

}

TopuHr ML.NET

== typeof(byte))

return (IPrimitiveDataFrameColumnArithmetic<T>)new
return (IPrimitiveDataFrameColumnArithmetic<T>)new

else if (typeof(T) == typeof(char))

{

b

return (IPrimitiveDataFrameColumnArithmetic<T>)new
return (IPrimitiveDataFrameColumnArithmetic<T>)new

else if (typeof(T) == typeof(decimal))

{

3

return (IPrimitiveDataFrameColumnArithmetic<T>)new
return (IPrimitiveDataFrameColumnArithmetic<T>)new

else if (typeof(T) == typeof(double))

{

}

return (IPrimitiveDataFrameColumnArithmetic<T>)new
return (IPrimitiveDataFrameColumnArithmetic<T>)new

else if (typeof(T) == typeof(float))

{

}

return (IPrimitiveDataFrameColumnArithmetic<T>)new
return (IPrimitiveDataFrameColumnArithmetic<T>)new

else if (typeof(T) == typeof(int))

{

return (IPrimitiveDataFrameColumnArithmetic<T>)new
return (IPrimitiveDataFrameColumnArithmetic<T>)new

ByteArithmetic();
NumberDataFrameColumnArithmetic<byte>();

CharArithmetic();
NumberDataFrameColumnArithmetic<char>();

DecimalArithmetic();
FloatingPointDataFrameColumnArithmetic<decimal>();

DoubleArithmetic();
FloatingPointDataFrameColumnArithmetic<double>();

FloatArithmetic();
FloatingPointDataFrameColumnArithmetic<float>();

IntArithmetic();
NumberDataFrameColumnArithmetic<int>();



KTopuHr ML.NET

internal class FloatingPointDataFrameColumnArithmetic<T> : IPrimitiveDataFrameColumnArithmetic<T>
where T : unmanaged, INumber<T>

public FloatingPointDataFrameColumnArithmetic() : base()
%
}

internal class NumberDataFrameColumnArithmetic<T> : FloatingPointDataFrameColumnArithmetic<T>, IPrimitiveDataFrameColumnArithmetic<T>
where T : unmanaged, INumber<T>, IShiftOperators<T, T>, IBitwiseOperators<T, T, T4

public NumberDataFrameColumnArithmetic() : base()
{
}
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o A YTO ecnn 9 Xouy caenaTtb TaK?

interface IAdditive<TAdditive> :
IAdditivelIdentity<TAdditive, TAdditive>,
IAdditionOperators<TAdditive, TAdditive, TAdditive>
where TAdditive : IAdditive<TAdditive>;

-

/8




'Bblﬁ MMHYC

e B3gnm nonpb3oBATENBCKMM TUM OAHHbIX

class AdditiveString(string s) : IAdditive<AdditiveString>
.{

private readonly string _string = s;
public static AdditiveString AdditiveIdentity => new(string.Empty);

public static AdditiveString operator +(
AdditiveString left,

AdditiveString right) =>
new(left._string + right._string);



'ﬂepBblﬁ MUHYC

* Ho Tenepb 3a6yabTe MPO BCTPOEHHbIE TUMbl JAHHbIX

IAdditive<int>

The type 'int' must be convertible to 'lAdditive<int>' in order to use it as parameter 'TAdditive' in the generic interface 'lAdditive<TAdditive>'

public readonly struct Int32
: IComparable,

ISpanFormattable,
IUtf8SpanFormattable,
IConvertible,
IComparable<int>,
IEquatable<int>,
IMinMaxValue<int>,
IBinaryInteger<int>,
ISignedNumber<int>

in namespace System

in assembly System.Runtime (System.Runtime.dl1l)

Represents a 32-bit signed integer.

IS

"Int32" on docs.microsoft.com »



mﬁ MMHYC

* BpeMeHHble pelleHns — NMMCATb O6EPTKN NN

e OO0sIbLUME constraint’bl

» Pelluenune, koTopoe Morno 6bl 66T — iMplicit interface
« https://github.com/dotnet/roslyn/issues/2146
 Hayanu B 2015, 3arnoxno 8 2020

limplicit |interface IAdditive<TAdditive> :

1 1tiveldentity<TAdditive, TAdditive>,
IAdditionOperators<TAdditive, TAdditive, TAdditive>
where TAdditive : IAdditive<TAdditive>;



https://github.com/dotnet/roslyn/issues/2146

Wﬁ MMHYC

e Henb3g coenaTb TaK

abstract class AdditiveBase<TAdditive> : IAdditive<TAdditive>
where TAdditive : IAdditive<TAdditive>
{

public abstract static TAdditive AdditivelIdentity { get; }

public abstract static TAdditive operator +(
TAdditive left,
TAdditive right);






Tpy BuAG nonuMopdusMa

3AnAqA CO300Tb MPUHTEP, PACNEYATbIBOIOLLMK HECKOSTbKO

BMOOB OOBbEKTOB

OKQ3bIBAETCH, UTO Y HEE eCTb
HEeCKOJbKO peLleHnI




WBMACI nonuMmop$usMa

e [1ONMMOPOUIM NOOTHMNOB

interface IPrintable

{
string Content { get; }

1

%nterface IPrinter

void Print(IPrintable printable);
1



Tpu Buaa nonmmopPpmsma

* [lapameTpunydeckmnint NoaMMopPPr3am

interface IPrinter<in T>

{
}.

void Print(T item);:



Tpu Buaa nonuMopdusma

* Ad-hoc nonmmMopeusm

interface IPrinter

{
void Print(int 1i);

void Print(string s);

void Print(bool b);



Ad-hoc nonumopdusm

* Ad-hOC NONMMMOPOGN3IM — MPUBA3KA K KOHKPETHOMY TUMY OAHHbIX
* B 30BUCMMOCTM OT TUMA MCMOSb3YIOTCH PA3HbIE PEATN3ALLNN

* [leperpys3ka MeTogoB — OgMH 13 MPUMEPOB TAKOro NOIMMOPOM3Ma



Knaccel Tvunos

» KOK 30CTABUTb KOMMUAATOPR NPOAOIKATE MOMOraTh M CO3A40Th OAMH
YHUBEPCASbHbIM KOHTPAKT BMECTO MHOXECTBA Neperpy3ok?

e« OTOENNTb orepaunto oT AAdHHbIX

interface IPrintable<T>

{
}.

string GetContent(T item);



Wbl TUMNOB

class Printer

{
public void Print<T, TPrintable>(T item)
where TPrintable : struct, IPrintable<T>
{
var content = default(TPrintable).GetContent(item);
Console.WriteLine(content);
1
1



Wbl TUNOB

struct PrintableInt : IPrintable<int>

{
public string GetContent(int item) =>

item.ToString();
1

struct PrintableBool : IPrintable<bool>

I
public string GetContent(bool item) =>

item ? "true" : "false";



TMpo6yeM peLuuTb 60b JOTHET PA3PAGOTUMUKOB

interface IAdder<T>

.{
T Zero { get; }

T Plus(T left, T right);

public static T SumTypeClass<T, TAdder>(
this IReadOnlyList<T> array,
TAdder adder = default)
where TAdder : struct, IAdder<T>

var result adder.”Zero;
var count = array.Count;
for (var i = 0; i < count; i++)
result = adder.Plus(result, array[i]);
return result;



llpo6yeM peunTb 605b AOTHET PA3PAGOTUUKOB

int[] array = [1, 2, 3];
var sum = array.SumTypeClass<int, IntAdder>();

struct IntAdder : IAdder<int>
{

public 1nt Zero => 0;

public int Plus(int 1left, int right) =>
left + right;



'bICTpO 3TO paéoraer?

* UTO 6yaemM CPpABHUBATL?

public static T SumTypeClass<T, TAdder>(
this IReadOnlyList<T> array,
TAdder adder = default)
where TAdder : struct, IAdder<T>

var result:T = adder.Zero;

var count:int = array.Count;

O; i < count; i++)
adder.Plus(left: result,

return result;

for (var i

result

right: array[i]);

public static T SumGenericMath<T>(
this IReadOnlyList<T> array) where T :
IAdditiveIdentity<T, T>,
IAdditionOperators<T, T, T>

{
var result:T = T.AdditivelIdentity;
var count:int = array.Count;
for (var i = 0; i < count; i+)

result += arrayl[il];
return result;

}



-po 3TO pa6boraer?

BenchmarkDotNet vO.13.12

macOS Monterey 12.3

KoHdurypaumus 6eHumapka: Apple M1 Pro, 1 CPU, 10 logical and 10
physical cores

NET SDK 8.0.100




'po 3TO paéoTaeT?

Pe3ynbtaTt 6eH4YMapKa:

180
160
140
120
100
80
60
40

20

B SumLing

Bpems (Mc)

m SumTypeClass

m SumGenericMath

Q6



WMCTPO 3TO paéoraeT?

Pe3ynstaTt 6eH4YMapKa:

private static TResult Sum<TSource, TResult>(this
IEnumerable<TSource> source)

where TSource : struct, INumber<TSource>

where TResult : struct, INumber<TResult>

ReadOnlySpan<TSource> span;

if (source.TryGetSpan<TSource>(out span))
return Enumerable.Sum<TSource, TResult>(span);

"TRESULC Zero = TResuCL.Zero,
foreach (TSource sourcel in source)

checked { zero +=
TResult.CreateChecked<TSource>(sourcel); }
return zero;

}.



WMCTPO 3TO paéoraeT?

PesynbTaT 6€HUYMAPKA:

[MethodImpl(MethodImplOptions.AggressiveInlining)]
private static bool TryGetSpan<TSource>(

this IEnumerable<TSource> source,

out ReadOnlySpan<TSource> span)

where TSource : struct

if (source == null)
ThrowHelper.ThrowArgumentNullException(ExceptionArgument.source);

if (source.GetType == typeof (TSource ) -
span = (ReadOnlySpan<TSource>) Unsafe.As<TSource£}>((object) source);
else if (source.GetType() == typeof (List<TSource>

span = (ReadOnlySpan<TSource>) CollectionsMarshal.AsSpan<TSource>(Unsafe.As<List<TSource>>((object) source));

{
span = new ReadOnlySpan<TSource>();
spanl = false;

return spanl;




NET 8 nogHan npounssoamntenbHOCTb LINQ

lcnonb3yinTe no BO3MOXHOCTH
UTorn 6eHuUMapka:
T[] vnm List<T>

Ecnuv He MoxeTe — 0606 anNTE C MOMOLLBIO
GM




TMpo6yeM peLuuTb 60b JOTHET PA3PAGOTUMUKOB

e [lodyemy TOK?

int[] array = [1, 2, 3];
var sum = array.SumTypeClasskint, IntAdder>|();

struct IntAdder : IAdder<int>
{

public 1nt Zero => 0;

public int Plus(int 1left, int right) =>
left + right;



mCIGOTdeT BbiBOA TUNOB B C#?

° L‘|@}C)@3 AHAJING BXOOALLETO MNOTOKA OAHHbIX

var id = Guid.NewGuid();

var dateTask = Task.FromResult(DateTime.Now)

var strings = new List<int> { 1, 2, 3 }
.Select(x => x.ToString())

.ToList();



'm B C# knacchl TMnoB?

« 201/: Concept C#: Type Classes for the Masses

* https://qgithub.com/dotnet/csharplang/issues/110

e https://qgithubb.com/MattWindsor?1/roslyn/blob/master/concepts/doc
s/csconcepts.md



https://github.com/dotnet/csharplang/issues/110
https://github.com/MattWindsor91/roslyn/blob/master/concepts/docs/csconcepts.md
https://github.com/MattWindsor91/roslyn/blob/master/concepts/docs/csconcepts.md

C# concept

concept Num<A>

.{

A operator +(A a, A b);
A operator *(A a, A b);
A operator -(A a, A b);
implicit operator A(int 1i);




C# instance

instance NumInt

.{

int operator +(int a, int
int operator *x(int a, int
int operator -(int a, int

) =>
) =>
) =>

implicit operator int(int i) =>



C# implicit type argument

* HeaBHbIM GOPMASIbHbLIM TUMOBOM NAPAMETP

public static A F<A, |implicit NumA>|(A x)

where NumA : Num<A>—=
X * X + X + 666;



oBeHue ot Scala

* He nyywiaga noes)

trait Comparator[A] {
def compare(x: A, y: A): Int
}

object Comparator {
implicit object IntComparator extends Comparator[Int] {
def compare(x: Int, y: Int): Int = Integer.compare(x, y)

}

implicit object StringComparator extends Comparator[String] {
def compare(x: String, y: String): Int = x.compareTo(y)

}
}

def max[A](x: A, y: A)(implicit comparator: Comparator[A]): A =
if (comparator.compare(x, y) >= 0) X
else y

println(max(10, 6)) // 160
println(max("hello", "world")) // world



e C++ concepts
e Scalaimplicits
e Rust traits

« Swift protocols

Ho He C# nnun F#...

107



Haskeil npakTuuecky ugean

An Extended Comparative Study of Language
Support for Generic Programming

RONALD GARCIAL. JAAKKO JARVIZ, ANDREW LUMSDAINE!

JEREMY SIEK®, JEREMIAH WILLCOCK!
1 Open Systems Lab, Indiana University, Bloomangton, IN USA
2 Texas AEM University, Computer Science, College Station, TX USA
¥ Rice University, Computer Science, Houston, TX USA
(e-marl: {garcia,lums,jewillco}Rosl.iu.edu, jeremy.g.siek@rice.edu, jarvi@cs.tamu.ed



NpAKTUYECKU upean
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1 Open Systems Lab, Indiana University, Bloomington, IN USA
2 Texas AEM University, Computer Science, College Station, TX USA *Using the multhpasamoter type clios oxwesion 1o Haakell (Poytca Joms ot ol 1997),
3 Rice University, Computer Science, Houston, TX USA *Using the fusctional dopendoncis exwasion 1o Haskell (Jones, 2000).

(e-mail: {garcia,lums,jewillco}Rosl.iu.edu, jeremy.g.siek@rice.edu, jarviQcs.tamu.ed  'Planned haguage addisions.

Table 1: The level of support for important properties for generic progrommeng in
the evaluated lenguages. A black cirele indicates full support, a white cirele

indicates poor support, and a half-filled circle indicates partial support. The rating

We also identify eight language properties that support this broader view of generic programming: support

Many for multi-type concepts, multiple constraints on type parameters, convenient associated type access,

type-s . o o . . ks .

.ndin constraints on associated types, retroactive modeling, type aliases, separate compilation of algorithms and
paper - data structures, and implicit argument type deduction for generic algorithms. We find that these features are

f;‘.’ﬁf“l necessary to avoid awkward designs, poor maintainability, and painfully verbose code.

in each of these languages, we illustrate how the basic roles of generic programming can
be represented in cach language. We also identify eight language properties that support
this broader view of generic programming: support for multi-type concepts, multiple con-
straints on type parameters, convenient associated type access, constraints on associated
types, retroactive modeling, type aliases, separate compilation of algorithms and data
structures, and implicit argument type deduction for generic algorithms. We find that
these features are necessary to avoid awkward designs, poor maintainability, and painfully
verbose code. As languages increasingly support generics, it is important that language
designers understand the features necessary to enable the effective use of generics and that
their absence can cause difficulties for programmers.




Kkell vs C#

class Eq a where %nterface Eg<A>

==) =-- -> -> Boo'l

( a 9 00 bool Equal(A a, A b);
(:: . . (Eq a) == a -> a -> }
Boo'l ?tatic class Overloads

public static bool
Equals<A, EqA>(A a, A b)
where EgA : struct,
EQ<A> =>

gefault(EqA).Equal(a, b);



le npo ad-hoc nonumopPusm

https://github.com/louthy/language-ext https://habr.com/ru/companies/ruvds/

articles/757118

‘= README.md

language-ext

C# Functional Programming Language Extensions »

This library uses and abuses the features of C# to provide a functional-programming 'base class library' that, if
you squint, can look like extensions to the language itself. The desire here is to make programming in C# much
more reliable and to make the engineer's inertia flow in the direction of declarative and functional code rather than
imperative.

“ Stefanio 20 ser g 16:00
Ad-hoc-nonumopduam n natrepH type class 8 C#
CpegHuit 8 MuH 6.4K

Bnor xomnanin RUVDS.com, Mporpammuposanne®, NET*, C#*, GYHKUHOHANBHOE NPOrpamMM

3ra cratbs obbscHaeT, YTo Takoe ad-hoc-nonmmMopdusm, kakue Npobiembl OH PewaeT 1 Kak sooblue

ero peanuaoBaTh, UCNONb3YA NATTEPH type class Ha a3bike NporpaMmupoBanus CH#.

“uTats ganbwe -

+39 52 36


https://github.com/louthy/language-ext
https://habr.com/ru/companies/ruvds/articles/757118
https://habr.com/ru/companies/ruvds/articles/757118

BonbLue NPo KNACChbl TUNOB

https://www.youtube.com/watch?v=Wé4C3FsxiXE

DOTNEXT

2020 PITER

Knacce! TMNOB
Ha C#

Kupunn MaypuH — Knaccbl TunoB Ha C#

3,9 TbiC. NPOCMOTPOB * 3 roga Hasaj


https://www.youtube.com/watch?v=W64C3FsxjXE

AnbTepHaTtusa ot Swift

* protocol

protocol Animal {
var maxBabiesCount: Int { get }

y func getSound() -> String

class Cat : Animal {
Let maxBabiesCount: Int = 5

funcuﬂet89und() -> String {
eow



AnbTepHaTtusa ot Swift

e gssociatedtype

protocol Animal {

assoclatedtype BabyType

} var babies: [BabyType] { get set }

class Cat : Animal {
) var babies = [Kitten]()

class Kitten { }



AnbTepHaTtusa ot Swift

o Self

protocol Animal {
func mate(with: Self)
1

class Cat : Animal {
func mate(with: Cat) {
print("mating with another cat")
1



'epl-lcrruaa oT Swift

https://aithub.com/apple/swift-
evolution/blob/main/proposals/0233-additive-arithmetic-protocol.md

public protocol AdditiveArithmetic : Equatable {
static var zero: Self { get }

static func + (lhs: Self, rhs: Self) -> Self
1


https://github.com/apple/swift-evolution/blob/main/proposals/0233-additive-arithmetic-protocol.md
https://github.com/apple/swift-evolution/blob/main/proposals/0233-additive-arithmetic-protocol.md

-MBCI oT Swift

o Swift Numerics

[IOpomtorEquatabIoj [IOporatorComparablo]

IEquatable IComparable

117



* YTO, KOK 1 O19 Yero Mbl Y3HOM

* H3blK OBUIrAETCYH BNEepEn

° OTKprﬂOCb MHOIO HOBbIX
BO3MOXHOCTEMN

118
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https://habr.com/ru/articles

https://habr.com/ru/articles

/655059

“ Stefanio 10 mMap 2022 g 22:44
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nies/ruvds/articles/726368
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Abstract Algebra for Scala.

View on GitHub



https://github.com/twitter/algebird
https://www.michael-noll.com/blog/2013/12/02/twitter-algebird-monoid-monad-for-large-scala-data-analytics/
https://www.michael-noll.com/blog/2013/12/02/twitter-algebird-monoid-monad-for-large-scala-data-analytics/




CtrenaH MuHuH

Senior C#

https://t.me/steponeit

https://youtube.com/@steponeit

https://habr.com/ru/users/Stefanio/

https://github.com/Stepam



https://t.me/steponeit
https://youtube.com/@steponeit
https://habr.com/ru/users/Stefanio/
https://github.com/Stepami

