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Type switching - npumep

public double GetArea(Shape shape)
{

var r = shape as Rectangle;
if (r !'= null) return r.Height * r.Width;
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Type switching - npumep

public double GetArea(Shape shape)
{
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Type switching - npumep

public double GetArea(Shape shape)
{

var r
if (r

shape as Rectangle;
= null) return r.Height * r.Width;

© —

var ¢ = shape as Circle;
if (c !'= null) return Math.PI * c.Radius * c.Radius;

throw new NotSupportedException();
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shape as Rectangle;
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var ¢ = shape as Circle;
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Type switching — C# 7

public double GetArea(Shape shape)

{
switch (shape)
{
case Rectangle r:
return r.Height * r.Width;
case Circle c:
return Math.PI * c.Radius * c.Radius;
default:
throw new NotSupportedException();
}
}
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Type switching — C# 7

public double GetArea(Shape shape)

{
switch (shape)
{
case Rectangle r:
return r.Height * r.Width;
case Circle c:
return Math.PI * c.Radius * c.Radius;
default:
throw new NotSupportedException(); F /
}
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Type switching — HacnegoBaHue

Ho Beab moxxHO metoa GetArea() caenatb
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Discriminated Unions

Enum-like 3Ha4yeHusa

CopgepxaT pasHble AaHHble AN pa3HbIX KENCOB

Henb3s pacwumnpaTs Habop KENCOB N3BHE
McuyepnbiBatoLwmin matching ¢ NpoBePKON KOMMNUITATOPOM

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017

16



Discriminated Unions — F#

type Shape =

Deutsche Bank
Deutsche Bank Technology Centre

Nikolay Gusev
DotNext conference, 12-13 November 2017

17



Discriminated Unions — F#

type Shape =
|Rectangle of height : double *
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Discriminated Unions — F#

type Shape =
|Rectangle of height : double
|Circle of radius : double
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Discriminated Unions — F#

let getArea (shape: Shape) : double =
match shape with
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Discriminated Unions — F#

let getArea (shape: Shape) : double =
match shape with
|Rectangle(height, width) -> height * width

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017

18



Discriminated Unions — F#

let getArea (shape: Shape) : double =
match shape with
|Rectangle(height, width) -> height * width
|Circle (radius) -> Math.Pi * radius * radius
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Discriminated Unions — F#

let getArea (shape: Shape) : double =
match shape with
|Rectangle(height, width) -> height * width
|Circle (radius) -> Math.Pi * radius * radius

@ No exception
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Discriminated Unions — F#

type Shape =
|Rectangle of height : double
|Circle of radius : double
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Discriminated Unions — F#

type Shape =
Rectangle of height : double * width
Circle of radius : double

Triangle of side : double
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Discriminated Unions — F#

let getArea (shape: Shape) =
match shape with
|Rectangle(height, width) -> height * width
|Circle (radius) -> Math.Pi * radius * radius
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Discriminated Unions — F#

let getArea (shape: Shape) =
match shape with
|Rectangle(height, width) -> height * width
|Circle (radius) -> Math.Pi * radius * radius

K FS0025He3aBepLueHHbIN WabsioH COOTBETCTBYET AaHHOMY
BblpaxkeHuto. K npumepy, 3HadyeHue "Triangle ()" moxeT
yKasblBaTb Ha Crny4yan, He NoKpbITbIn WabnoHomM(amm).
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Discriminated Unions — onucbiBaemM Kewuchl
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public abstract partial class Shape { }
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Discriminated Unions — onucbiBaemM Kewuchl

public abstract partial class Shape { }

public partial class Rectangle : Shape

{
public double Height { get; }
public double Width { get; }
}
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public partial class Rectangle : Shape
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public double Width { get; }
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Discriminated Unions — onucbiBaemM Kewuchl

[UnionBase]
public abstract partial class Shape { }

public partial class Rectangle : Shape

{
public double Height { get; }

public double Width { get; }
}

public partial class Circle : Shape
{
public double Radius { get; }
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Discriminated Unions — onucbiBaemM Kewuchl

[UnionBase] & —— Marker Attribute
public abstract partial class Shape { }

public partial class Rectangle : Shape

{
public double Height { get; }

public double Width { get; }
}

public partial class Circle : Shape
{
public double Radius { get; }
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[UnionBase] & —— Marker Attribute
public abstract partial class Shape { }

public partial class Rectangle : Shape

{ I
public double Height { get; }

public double Width { get; }
}

public partial class Circle : Shape
{ |

public double Radius { get; }
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Discriminated Unions — onucebiBaem KeUchl

[UnionBase] & —— Marker Attribute
public abstract partial class Shape { }

public partial class Rectangle : Shape
{ . ]

public double Height { get; }

public double Width { get; } OnuncaB BO3MOXHblE KEUCHI, 3anyckaem
} KoagoreHepauuo n nepexognm K ...

public partial class Circle : Shape
{ |

public double Radius { get; }
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Discriminated Unions — ncnonb3osaHme Match

public static double GetArea(Shape shape)
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Discriminated Unions — ncnonb3osaHme Match

public static double GetArea(Shape shape)
=>shape.Match(

J

ABTOCreHepnpoBaHHbIW
MeTo[q
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Discriminated Unions — ncnonb3osaHme Match

public static double GetArea(Shape shape)
=>shape.Match(rectangle: r => r.Height * r.Width,
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Discriminated Unions — ncnonb3osaHme Match

public static double GetArea(Shape shape)
=>shape.Match(rectangle: r => r.Height * r.Width,

typeof(Rectangle)

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017

23



Discriminated Unions — ncnonb3osaHme Match

public static double GetArea(Shape shape)
=>shape.Match(rectangle: r => r.Height * r.Width,
circle: c => Math.Pi * c.Radius * c.Radius);
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Discriminated Unions — ncnonb3osaHme Match

public static double GetArea(Shape shape)
=>shape.Match(rectangle: r => r.Height * r.Width,
circle: c => Math.Pi * c.Radius * c.Radius);

typeof(Circle)
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Discriminated Unions — ncnonb3osaHme Match

public static double GetArea(Shape shape)
=>shape.Match(rectangle: r => r.Height * r.Width,
circle: c => Math.Pi * c.Radius * c.Radius);

typeof(Circle)

iIMeHOBaHHLIe NapamMeTpbl
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Discriminated Unions — C#

[UnionBase]
public abstract partial class Shape { }

public partial class Rectangle : Shape

{
public double Height { get; }

public double Width { get; }
}

public partial class Circle : Shape

{
}

public double Radius { get; }
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Discriminated Unions — C#

[UnionBase]
public abstract partial class Shape { }

public partial class Triangle : Shape

{
public double Side { get; }

}

public partial class Rectangle : Shape

{
public double Height { get; }

public double Width { get; }
}

public partial class Circle : Shape

{
}

public double Radius { get; }
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Discriminated Unions — C#

[UnionBase]
public abstract partial class Shape { }

public partial class Triangle : Shape

{
public double Side { get; } 3anyckaem KogoreHepaumio U NMbiTaeMcs
} cKoMmnunupoBarthb...
public partial class Rectangle : Shape
{
public double Height { get; }
public double Width { get; }
}
public partial class Circle : Shape
{
public double Radius { get; }
}
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Discriminated Unions — C#

public static double GetArea(Shape shape)
=>shape.Match(rectangle: r => r.Height * r.Width,
circle: c => Math.Pi * c.Radius * c.Radius);
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Discriminated Unions — C#

public static double GetArea(Shape shape)
=>shape.Match(rectangle: r => r.Height * r.Width,
circle: c => Math.Pi * c.Radius * c.Radius);

K CS7036 OTCcyTCTBYET @apryMeHT, COOTBETCTBYHOLLNN
Tpebyemomy dpopmarnibHOMY napameTpy "triangle”. ..
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Discriminated Unions — 3a Kynucamu
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Discriminated Unions — 3a Kynucamu

// ABTO-CreHepupoBaHHbIN KOJ
public abstract partial class Shape

{
public T Match<T>(Func<Rectangle, T> rectangle,
Func<Circle, T> circle)
{
}
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Discriminated Unions — 3a Kynucamu

// ABTO-CreHepupoBaHHbIN KOJ
public abstract partial class Shape

{
public T Match<T>(Func<Rectangle, T> rectangle,
Func<Circle, T> circle)
{
var r = this as Rectangle;
if (r != null) return rectangle(r);
var ¢ = this as Circle;
if (c != null) return circle(c);
}
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// ABTO-CreHepupoBaHHbIN KOJ
public abstract partial class Shape

{
public T Match<T>(Func<Rectangle, T> rectangle,
Func<Circle, T> circle)
{
var r = this as Rectangle;
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var ¢ = this as Circle;
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throw new NotSupportedException();
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// ABTO-CreHepupoBaHHbIN KOJ
public abstract partial class Shape

{
public T Match<T>(Func<Rectangle, T> rectangle,
Func<Circle, T> circle)
{
var r = this as Rectangle;
if (r != null) return rectangle(r);
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Discriminated Unions — 3a Kynucamu

// ABTO-CreHepupoBaHHbIN KOJ
public abstract partial class Shape

{
public T Match<T>(Func<Rectangle, T> rectangle,
Func<Circle, T> circle)
{
var r = this as Rectangle;
if (r != null) return rectangle(r);
var ¢ = this as Circle;
if (c != null) return circle(c);
// HepocTwmxumbin Kop,!
throw new NotSupportedException();
}
internal abstract void Seal(); // He paem HacnegoBaTbcCcA oT Shape.
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Discriminated Unions — 3a Kynucamu

// ABTO-CreHepupoBaHHbIN KOJ
public abstract partial class Shape

{
public T Match<T>(Func<Rectangle, T> rectangle,
Func<Circle, T> circle)
{
var r = this as Rectangle;
if (r != null) return rectangle(r);
var ¢ = this as Circle;
if (c != null) return circle(c);
// HepocTwmxumbin Kop,!
throw new NotSupportedException();
}
internal abstract void Seal(); // He paem HacnegoBaTbcCcA oT Shape.
// Kencbl 3akpbiBaem 4epes
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Discriminated Unions — 3a Kynucamu

// ABTO-CreHepupoBaHHbIN KOJ
public abstract partial class Shape

{
public T Match<T>(Func<Rectangle, T> rectangle,
Func<Circle, T> circle)
{
var r = this as Rectangle;
if (r != null) return rectangle(r);
var ¢ = this as Circle;
if (c != null) return circle(c);
// HepocTwmxumbin Kop,!
throw new NotSupportedException();
}
internal abstract void Seal(); // He paem HacnegoBaTbcCcA oT Shape.
// Kencbl 3akpbiBaem 4epes
// “partial sealed class Rectangle/Circle”
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Discriminated Unions — 3a Kynucamu

// ABTO-CreHepupOBaHHbIN KOA

public abstract partial class Shape

{
public void Do(Action<Rectangle> rectangle,
Action<Circle> circle)
{
var r = shape as Rectangle;
if (r !'= null) rectangle(r);
var ¢ = shape as Circle;
if (c !'= null) circle(c);
// HepocTmxmmbin kop!
throw new NotSupportedException();
}
}
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Discriminated Unions — 3a Kynucamu

YT0 elle reHepupyeTcs aBTOMaTUYECKN:
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Discriminated Unions — 3a Kynucamu

YT0 elle reHepupyeTcs aBTOMaTUYECKN:

« KoHcTtpykTopbl Rectangle, Circle
« Crtatunyeckue KoHCTpyKkTOpbl Shape.Rectangle, Shape.Circle
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Discriminated Unions — 3a Kynucamu

YT0 elle reHepupyeTcs aBTOMaTUYECKN:

« KoHcTtpykTopbl Rectangle, Circle
« Crtatunyeckue KoHCTpyKkTOpbl Shape.Rectangle, Shape.Circle
» Equals, GetHashCode, ==, I=
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HacnenoBaHue vnu Discriminated Unions?
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Discriminated Unions n HacneposaHue
OOMONHAT ApYr apyra

Discriminated
Unions

Tshxkerno dobasume HoBble Tunbl HoBble meToabl

HacnepoBaHue

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017 31



HacnepgosaHue

Shape

Method 1
Method 2
Method 3

Rectangle

Method 1
Method 2
Method 3

Circle

Method 1
Method 2
Method 3

Shape

|Rectangle
|Circle
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HacnepgosaHue

Shape

Method 1
Method 2
Method 3

Rectangle

Method 1
Method 2
Method 3

Circle

Method 1
Method 2
Method 3

Discriminated Unions

Shape

|Rectangle
|Circle

Method 2
Method 1
Method 3

Method 4
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Asbiky, nogaepxusatowne Discriminated Unions
(aka Algebraic Data Types)
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Asbiky, nogaepxusatowne Discriminated Unions
(aka Algebraic Data Types)

- F#

« Haskell

« Scala

« TypeScript (2.0)
o Swift

* Rust
 Nemerle

« Kotlin
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Discriminated Unions — ntoru

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017

34



Discriminated Unions — ntoru

« Switch no Tmnam
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Discriminated Unions — ntoru

« Switch no Tnam
« [lpoBepka KOMOUNATOPOM MOKPLITUA BCEX KENCOB
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Discriminated Unions — ntoru

« Switch no Tnnam
« [lpoBepka KOMOUNATOPOM MOKPLITUA BCEX KENCOB
. Composition over Inheritance @
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Discriminated Unions — ntoru

« Switch no Tnnam

« [lpoBepka KOMOUNATOPOM MOKPLITUA BCEX KENCOB
« Composition over Inheritance @

« 3aMeHa nepapxumsm
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Discriminated Unions — ntoru

« Switch no Tnam

« [lpoBepka KOMOUNATOPOM MOKPLITUA BCEX KENCOB
« Composition over Inheritance @

« 3aMeHa nepapxumsm

* WHorga HacnepgoBaHue noaxoauT borbLue
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2. Null 3HaueHns

A NpuBOXY K Kaxxgomn
BTOPOW OLLIMOKe BaLLMX
NPUNOXEHNAX.
MoxxHo 3angy?

Deutsche Bank Nikolay Gusev
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Null 3Ha4yeHus

"I call it my billion-dollar mistake. It was the invention
of the null reference in 1965...My goal was to ensure
that all use of references should be absolutely safe,
with checking performed automatically by the
compiler. But | couldn't resist the temptation to put in a
null reference, simply because it was so easy to
iImplement. This has led to innumerable errors,
vulnerabilities, and system crashes, which have
probably caused a billion dollars of pain and damage
In the last forty years."

- Cap YHapnba SHTOHU Prnyapg Xoap

Deutsche Bank Nikolay Gusev
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Null 3HayeHunsa - HegocTaTku
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Null 3HaueHusa - HegocTaTKK

« MoXXeT nn aprymeHT, norne unn cBOMCTBO NPUHMUMaTL 3HadYeHue null
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Null 3HaueHusa - HegocTaTKK

* MoXeT nn aprymMeHT, nosie unm CBOUCTBO NpPMHMUMAaTL 3HavyeHne null
« Komnunatop He HaxoguT obpauieHus K null
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Null 3HayeHunsa - HegocTaTku

MoXXeT nu aprymeHT, rnosne unu CBOMCTBO NPpUHUMATL 3Ha4YyeHue null
KomnunaTtop He HaxoguT obpatleHus K null

Pa3mbiTe CUCTEMbI TUMOB

BecnonesHoble null-yeku
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Null 3HaueHusa - HegocTaTKK

* MoXeT nn aprymMeHT, nosie unm CBOUCTBO NpPMHMUMAaTL 3HavyeHne null
« Komnunatop He HaxoguT obpauieHus K null
* Pa3mbiTne cncrtemol TMNOB

» becnonesHbie null-yeku

« Java Optional

Deutsche Bank Nikolay Gusev
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Option<T>
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Option<T>

 Ananor Nullable
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Option<T>

* Ananor Nullable
« Xopoluas ansrepHaTtuBa ncnosrb3oBaHuto null-aHavyeHumn
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Option<T>

* Ananor Nullable
« Xopoluas ansrepHaTtuBa ncnosrb3oBaHuto null-aHavyeHumn

 MoxeT cogepaTtb 3HadeHue Tuna T...
* WM HEe coaepXaTb HUYero

Deutsche Bank Nikolay Gusev
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Option MOXHO npeactasnTb B Buae Discriminated union

// F# Discriminated Union
type Option<'T> =

| Some of 'T

| None

Deutsche Bank Nikolay Gusev
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Option - npumep co3gaHna 3K3eMNNApoB
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Option - npumep co3gaHna 3K3eMNNApoB

public Option<string> CreateSome() => Option.Some("abc");
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Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017

40



Option - npumep co3gaHna 3K3eMNNApoB

using static Option;

public Option<string> CreateSome() => Option.Some("abc");
public Option<string> CreateSome() => Some("abc");

@ JIaKOHUYHbIN,

MOXOXKMWN Ha
BCTPOEHHLIN B A3bIK
BapuaHT

Deutsche Bank Nikolay Gusev
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Option - npumep co3gaHnA IK3eMNIFpoB

using static Option;

public Option<string> CreateSome() => Option.Some("abc");
public Option<string> CreateSome() => Some("abc");

public Option<string> CreateNone() => Option.None;
public Option<string> CreateNone() => None;

Deutsche Bank Nikolay Gusev
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Option - npumep co3gaHna 3K3eMNNApoB

public Option<string> FromUntrustedRef(string s)
=> s.OptionFromNullable();
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Option — n3eneyeHmne 3Ha4eHus

[1rioxon BapuaHT

Option<string> option = Some("C#");
if (option.HasValue)

return option.Value;
return “No value";
/ / mn C# mn
Deutsche Bank Nikolay Gusev
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Option — n3eneyeHmne 3Ha4eHus

[1rioxon BapuaHT

Option<string> option = Some("C#");
if (option.HasValue)
{

return option.Value;

} MOXXHO BbI3BaTb 3TO CBOUCTBO @
return “No value"; 6e3 npenBapuTenbHON
J

1/ ey NpoBepKu

Deutsche Bank Nikolay Gusev
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Option — n3eneyeHmne 3Ha4eHus

bes3onacHbI BapuaHT

Option<string> option = Some("C#");

Deutsche Bank Nikolay Gusev
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Option — n3eneyeHmne 3Ha4eHus

be3onacHbIn BapmnaHT

Option<string> option
return

Some("C#");

option.Match(some: str => str,

Deutsche Bank Nikolay Gusev
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Option — n3eneyeHmne 3Ha4eHus

bes3onacHbI BapuaHT

typeof(string) \’

Option<string> option = Some("C#");
return

option.Match(some: str => str,

N

typeof(string)
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Option — n3eneyeHmne 3Ha4eHus

bes3onacHbI BapuaHT

Option<string> option = Some("C#");
return

option.Match(some: str => str,

none: () => “No value");
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Option — n3eneyeHmne 3Ha4eHus

bes3onacHbI BapuaHT

Option<string> option = Some("C#");
return

option.Match(some: str => str,

none: () => “No value");
// IIC#II
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Option - 6e3onacHbIn gocTyn K Dictionary
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Option - 6e3onacHbIn goctyn K Dictionary

Option<TV> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)
{
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Option - 6e3onacHbIn goctyn K Dictionary

Option<TV> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)
{

TV value;
if (dictionary.TryGetValue(key, out value)) return Some(value);
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Option - 6e3onacHbIn goctyn K Dictionary

Option<TV> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)
{

TV value;

if (dictionary.TryGetValue(key, out value)) return Some(value);

return None;
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Option - 6e3onacHbI gocTyn K Dictionary

Option<TV> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)
{

TV value;

if (dictionary.TryGetValue(key, out value)) return Some(value);

return None;

var dictionary = new Dictionary<string, int> { { "C#", 42 } };
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Option - 6e3onacHbI gocTyn K Dictionary

Option<TV> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)
{

TV value;

if (dictionary.TryGetValue(key, out value)) return Some(value);

return None;

var dictionary = new Dictionary<string, int> { { "C#", 42 } };
Option<int> option = dictionary.TryGetValue("C#");
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Option - 6e3onacHbI gocTyn K Dictionary

Option<TV> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)
{

TV value;

if (dictionary.TryGetValue(key, out value)) return Some(value);

return None;

var dictionary = new Dictionary<string, int> { { "C#", 42 } };
Option<int> option = dictionary.TryGetValue("C#");
var str = option.Match(some: i => "Got value:" + i,
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Option - 6e3onacHbI gocTyn K Dictionary

Option<TV> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)
{

TV value;

if (dictionary.TryGetValue(key, out value)) return Some(value);

return None;

var dictionary = new Dictionary<string, int> { { "C#", 42 } };
Option<int> option = dictionary.TryGetValue("C#");
var str = option.Match(some: i => "Got value:" + i,

none: () => "No value");
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Option - 6e3onacHbI gocTyn K Dictionary

Option<TV> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)
{

TV value;

if (dictionary.TryGetValue(key, out value)) return Some(value);

return None;

var dictionary = new Dictionary<string, int> { { "C#", 42 } };
Option<int> option = dictionary.TryGetValue("C#");
var str = option.Match(some: i => "Got value:" + i,

none: () => "No value");
Console.WritelLine(str); // “Got value 42”
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Bce elle npoeepsieTe aprymeHThbl Ha null B 20177

public void TransferMoney(Bank bank,
Offshore offshore,
Client client,

)
{
}
Deutsche Bank Nikolay Gusev
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Bce elle npoeepsieTe aprymeHThbl Ha null B 20177

public void TransferMoney(Bank bank,
Offshore offshore,
Client client,

o)
{
if (bank == null) throw new ArgumentNullException();
if (offshore == null) throw new ArgumentNullException();
if (client == null) throw new ArgumentNullException();
}

I\ becnone3Hbin Koa,
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Our app
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No nulls zone

Our app
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No nulls zone

Databas

e

Libraries O ur ap p e
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No nulls zone null

Databas
e

null
. . Web
Libraries : null
Service
null

null

null

null null
null

nut | WPF
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No nulls zone null

Databas
e

null
- - Web
Libraries| acL ACL  JService null

null

null

null

null null
null

null

S

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017 45



Option - utoru
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Option - utoru

YcnelwHo 3ameHsaeT cobon null-saHayeHusa
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Option - utoru

* YcnewHo 3ameHseT codon null-sHadyeHus
« Compile-time npoBepka

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017

46



Option - utoru

* YcnewHo 3ameHsieT coboun null-3HauveHus
« Compile-time npoBepka
« ObopaynBaem BHellHUEe nullable 3Ha4eHus

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017

46



Option - utoru

YcnelwHo 3ameHseT cobon null-3HaveHus
Compile-time npoBepka

Obopauyneaem BHellHUEe nullable 3Ha4eHus
Resharper “Implicit Nullability” plugin

Deutsche Bank Nikolay Gusev
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https://resharper-plugins.jetbrains.com/packages/ReSharper.ImplicitNullability/
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3. cknodeHunsa
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Ncknro4yeHunsa - ocobeHHOCTU
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Ncknro4yeHunsa - ocobeHHOCTU

o «WcknroueHuna»
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Ncknro4yeHunsa - ocobeHHOCTU

o «l/cknovyeHnsa»
* TryParse, TryX...
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Ncknro4yeHunsa - ocobeHHOCTU

* «WNcknroveHua»
* TryParse, TryX...
* Ypap no npon3BoanTESIbHOCTU
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Ncknro4yeHunsa - ocobeHHOCTU

* «WNcknroveHua»

* TryParse, TryX...

* Ypap no npon3BoanTESIbHOCTU
« CKpbITbIK gotO
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Ncknro4yeHunsa - ocobeHHOCTU

* «WNcknroveHua»

* TryParse, TryX...

* Ypap no npon3BoanTESIbHOCTU

« CKpbITbIK gotO

* [lpmBoOaT K HeOB6QYMaAHHOMY KOAOY
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Ncknro4yeHunsa - ocobeHHOCTU

* «WNcknroveHua»

* TryParse, TryX...

* Ypap no npon3BoanTESIbHOCTU

« CKpbITbIK gotO

* [lpmBoOaT K HeOB6QYMaAHHOMY KOAOY
 HesiIBHOCTbL KOHTpakKTa
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Result<T, Terror>

» CopepXxuTt nndo obbekT TMna T...
* nubo owmnobky Tnna TError
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Result moxxHo npeactasuth B BUAe Discriminated
union

type Result<'T, 'TError> =
| Success of 'T
| Failure of 'TError

Deutsche Bank Nikolay Gusev
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Result<T, TError> - 6e3onacHbI goctyn K Dictionary
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Result<T, TError> - 6esonacHbln goctyn K Dictionary

Result<TV, string> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)
{
TV value;

if (dictionary.TryGetValue(key, out value)) return Success(value);
return Failure($"No element with key=${key} found!");
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Result<T, TError> - 6esonacHbln goctyn K Dictionary

Result<TV, string> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)

{
TV value;

if (dictionary.TryGetValue(key, out value)) return Success(value);
return Failure($"No element with key=${key} found!");

Dictionary<string, int> dictionary = new Dictionary<string, int> { { "C#", 42 } };
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Result<T, TError> - 6esonacHbln goctyn K Dictionary

Result<TV, string> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)

{
TV value;

if (dictionary.TryGetValue(key, out value)) return Success(value);
return Failure($"No element with key=${key} found!");

Dictionary<string, int> dictionary = new Dictionary<string, int> { { "C#", 42 } };
Result<int, string> result = dictionary.TryGetValue("C#");
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Result<T, TError> - 6esonacHbln goctyn K Dictionary

Result<TV, string> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)

{
TV value;

if (dictionary.TryGetValue(key, out value)) return Success(value);
return Failure($"No element with key=${key} found!");

Dictionary<string, int> dictionary = new Dictionary<string, int> { { "C#", 42 } };
Result<int, string> result = dictionary.TryGetValue("C#");

var str = result.Match(success: i => "Got value:" + i,
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Result<T, TError> - 6esonacHbln goctyn K Dictionary

Result<TV, string> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)

{
TV value;

if (dictionary.TryGetValue(key, out value)) return Success(value);
return Failure($"No element with key=${key} found!");

Dictionary<string, int> dictionary = new Dictionary<string, int> { { "C#", 42 } };
Result<int, string> result = dictionary.TryGetValue("C#");

var str = result.Match(success: i => "Got value:" + i,
K typeof(int)
Deutsche Bank Nikolay Gusev 51
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Result<T, TError> - 6esonacHbln goctyn K Dictionary

Result<TV, string> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)

{
TV value;

if (dictionary.TryGetValue(key, out value)) return Success(value);
return Failure($"No element with key=${key} found!");

Dictionary<string, int> dictionary = new Dictionary<string, int> { { "C#", 42 } };
Result<int, string> result = dictionary.TryGetValue("C#");

var str = result.Match(success: i => "Got value:" + i,
failure: err => err);
Deutsche Bank Nikolay Gusev 51
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Result<T, TError> - 6esonacHbln goctyn K Dictionary

Result<TV, string> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)

{
TV value;

if (dictionary.TryGetValue(key, out value)) return Success(value);
return Failure($"No element with key=${key} found!");

Dictionary<string, int> dictionary = new Dictionary<string, int> { { "C#", 42 } };
Result<int, string> result = dictionary.TryGetValue("C#");

var str = result.Match(success: i => "Got value:" + i,

failure: err => err);

K typeof(string) — Tun TError
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Result<T, TError> - 6esonacHbln goctyn K Dictionary

Result<TV, string> TryGetValue<TK, TV>(this Dictionary<TK, TV> dictionary, TK key)

{
TV value;

if (dictionary.TryGetValue(key, out value)) return Success(value);
return Failure($"No element with key=${key} found!");

Dictionary<string, int> dictionary = new Dictionary<string, int> { { "C#", 42 } };
Result<int, string> result = dictionary.TryGetValue("C#");

var str = result.Match(success: i => "Got value:" + i,
failure: err => err);

Console.WritelLine(str); // Got value 42
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Result nnn Option?
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Result nnn Option?

OpgHa npuynHa - Option
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Result nnn Option?

OpgHa npuynHa - Option
— Dictionary.TryGetValue(TKey key)
— Enumerable.SingleOrNone()
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Result nnn Option?

OpgHa npuynHa - Option
— Dictionary.TryGetValue(TKey key)
— Enumerable.SingleOrNone()

HeckonbKko npuymH — ncnosnb3dyem Result
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Result nnn Option?

OpgHa npuynHa - Option
— Dictionary.TryGetValue(TKey key)
— Enumerable.SingleOrNone()

HeckonbKko npuymH — ncnosnb3dyem Result
— File.Open
— SglConnection.Open
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Result — nepega4va owMBOK NO Lierno4ke
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Result — nepega4va owMBOK NO Lierno4ke

public Result<Customerld, IdError> TryGetCustomerId(string id){...}
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Result — nepega4va owMBOK NO Lierno4ke

// IdError = ParseError | CannotBeEmpty
public Result<Customerld, IdError> TryGetCustomerId(string id){...}
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Result — nepega4va owMBOK NO Lierno4ke

// IdError = ParseError | CannotBeEmpty
public Result<Customerld, IdError> TryGetCustomerId(string id){...}

public Result<Customer, CustomerError> TryGetCustomer(...)
{ ... GetCustomerId(...); ... }
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Result — nepegaya ownMboOK no Leno4ke

// IdError = ParseError | CannotBeEmpty
public Result<Customerld, IdError> TryGetCustomerId(string id){...}

public Result<Customer, CustomerError> TryGetCustomer(...) w

{ ... GetCustomerId(...); ... }
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Result — nepegaya ownMboOK no Leno4ke

// IdError = ParseError | CannotBeEmpty
public Result<Customerld, IdError> TryGetCustomerId(string id){...}

// GetCustomerError = IdError
public Result<Customer, CustomerError> TryGetCustomer(...) i ’

{ ... GetCustomerId(...); ... }

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017 53



Result — nepega4va owMBOK NO Lierno4ke

// IdError = ParseError | CannotBeEmpty

public Result<CustomerId, IdError> TryGetCustomerId(string id){...

// GetCustomerError = IdError | DbReadError | TimeoutError
public Result<Customer, CustomerError> TryGetCustomer(...)
{ ... GetCustomerId(...); ... }
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Result — nepegaya ownMboOK no Leno4ke

// IdError = ParseError | CannotBeEmpty
public Result<Customerld, IdError> TryGetCustomerId(string id){...}

// GetCustomerError = IdError | DbReadError | TimeoutError
public Result<Customer, CustomerError> TryGetCustomer(...) i ’

{ ... GetCustomerId(...); ... }

public Result<HttpResponse, CustomerRenderError> TryRender (...)
{ ... TryGetCustomer(...); ... }
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Result — nepegaya ownMboOK no Leno4ke

// IdError = ParseError | CannotBeEmpty
public Result<Customerld, IdError> TryGetCustomerId(string id){...}

// GetCustomerError = IdError | DbReadError | TimeoutError
public Result<Customer, CustomerError> TryGetCustomer(...) i ’

{ ... GetCustomerId(...); ... }

// CustomerRenderError = CustomerError |
public Result<HttpResponse, CustomerRenderError> TryRender (...)
{ ... TryGetCustomer(...); ... }
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I DON'T ALWAYS USE
EXCEPTIONS..

\

BUT WHEN | DO, THEY ARE TRULY
EXGEPTIONAL
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wemegenerator.net
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Ntorn - npenmyuiectsa Result<T, TError>
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Ntorn - npenmyuiectsa Result<T, TError>

* £BHO nNponucaHHbLIN KOHTPAKT
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Ntorn - npenmyuiectsa Result<T, TError>

* £BHO nNponucaHHbLIN KOHTPAKT
* HeT nobo4yHoro addekra - ucknoveHne
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Ntorn - npenmyuiectsa Result<T, TError>

* £BHO nNponucaHHbLIN KOHTPAKT
* HeT nobo4yHoro addekra - ucknoveHne
* Het adppekta goto
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Ntorn - npenmyuiectsa Result<T, TError>

ABHO nNponucaHHbIN KOHTPAKT

HeT nobo4Horo agpdekta - NcKnoYeHme

HeT adpdoekTa goto

KomMnnnaTtop 3actaBndeT npoBepuUTb pesynbraT Ha OLLNOKY
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Ntorn - npenmyliectsa Result<T, TError>

* £BHO nNponucaHHbLIN KOHTPAKT

* HeT nobo4yHoro addekra - ucknoveHne

* Het adppekta goto

« KomMmnunaTtop 3acTtaBnsieT NpoBEPUTL pe3ynbTaT Ha OLUNBKY
» Resharper “Exceptional” plugin
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https://resharper-plugins.jetbrains.com/packages?q=exceptional

YacTsh |
Paclunpsaem apceHan @1 npuemos
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ll. Pacwumnpsaem apceHan @I npnemos
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ll. Pacwumnpsaem apceHan @I npnemos

« Totality
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ll. Pacwumnpsaem apceHan @I npnemos

« Totality
« Select, SelectMany u Ling
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4. Totality
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Purity

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017 59



Purity

* CDyHKLI,I/IFI BO3BpallaeT 04HO U TO Ke 3Ha4vYeHne AJ1id O QHUX N TEX XKe
BXOAHbIX apryMeHTOB.
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Purity

CDyHKLI,I/IFl BO3BpallaeT 04HO U TO Ke 3Ha4vYeHne AJ1id O QHUX N TEX XKe
BXOAHbIX apryMeHTOB.

CDyHKLI,I/IFl NCMOJIb3YET TOJIbKO CBOUN aprymeHTbl 4514 BblHNCIT1EHUA
pe3yrbrarta. CDyHKLI,I/IFl HE MOXET YNTaTb BHELLHEE COCTOAHUE.
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Purity

CDyHKLI,I/IFl BO3BpallaeT 04HO U TO Ke 3Ha4vYeHne AJ1id O QHUX N TEX XKe
BXOAHbIX apryMeHTOB.

CDyHKLI,I/IFl NCMOJIb3YET TOJIbKO CBOUN aprymeHTbl 4514 BblHNCIT1EHUA
pe3yrbrarta. CDyHKLI,I/IFl HE MOXET YNTaTb BHELLHEE COCTOAHUE.

CDyHKLI,I/IH HE BITNAET Ha BHELLIHEE COCTOAHNE.
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Totality
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Totality

« OYHKUMSA BO3BpaLLLAeT BanvaHble 3HaYeHns Afist BCero AManasoHa
BO3MOXHbIX BXOAHbIX 3HA4YEHUI
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Totality

« OYHKUMSA BO3BpaLLLAeT BanvaHble 3HaYeHns Afist BCero AManasoHa
BO3MOXHbIX BXOAHbIX 3HAYEeHUMN
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Totality - npumep

public static double Divide(double dividend,
double divisor)

if (divisor == 0.0) ???
return dividend / divisor;
Deutsche Bank Nikolay Gusev
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Totality - npumep

public static double Divide(double dividend,
double divisor)

if (divisor == 0.0) ???

return dividend / divisor; & HTto genatb
} C HYyJ1€EBbIM ,El,eJ'II/ITeJ'IeM?
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Totality — npumep, peweHne Ne1

public static double Divide(double dividend,
double divisor)

if (divisor == 0.0) throw new Exception();
return dividend / divisor;
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Totality — npumep, peweHne Ne1

public static double Divide(double dividend,
double divisor)

if (divisor == 0.0) throw new Exception();
return dividend / divisor;

} k Exception
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Totality

double Divide(double dividend, double divisor)

K ObmaH

Everybody lies.
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Totality — npnumep, pewieHmne Ne2

public static Option<double> Divide(double dividend,
double divisor)

if (divisor == 0.0) return None;
return Some(dividend / divisor);
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Totality — npumep, pewieHmne Ne3

public static T Divide<T>(double dividend,
double divisor,
Func<double, T> onSuccess,
Func<T> onFail)

if (divisor == 0.0) return onFail();
return onSuccess(dividend / divisor);
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Totality — npumep, peweHmne Ned

public static double Divide(double dividend,
NonZeroDouble divisor)

return dividend / divisor.Value;
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Totality — npumepbl HapyLLeHU NpUHLKNA
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Totality — npumepbl HapyLLeHU NpUHLKNA

class Dictionary<T, TKey> {
T Get(TKey key) {..}

}
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Totality — npumepbl HapyLLeHU NpUHLKNA

class Dictionary<T, TKey> {
T Get(TKey key) {..}
}
struct DateTime {
DateTime Parse(string str) {..}
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Totality — npumepbl HapyLLeHU NpUHLKNA

class Dictionary<T, TKey> {

T Get(TKey key) {..}
}
struct DateTime {

DateTime Parse(string str) {..}
}
class Repository {

Client GetClient(string id) {..}
}
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Totality — npnembl
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Totality — npnembl

« PaclumpsieM MHOXeCTBO BbIXOAHbIX 3HA4YEHUN
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Totality — npnembl

« PaclumpsieM MHOXeCTBO BbIXOAHbIX 3HA4YEHUN
« CyXaeM MHOXeCTBO BXOAHbIX 3HAYEHUI
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Totality — npnembl

« PaclumpsieM MHOXeCTBO BbIXOAHbIX 3HA4YEHUN
« CyXaeM MHOXeCTBO BXOAHbIX 3HAYEHUI
« [laem KnNneHTy peluaTb, YTO Aenartb
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Totality — npnembl

Paclumpsem MHOXeCTBO BbIXOAHbIX 3HA4YEHUNN
CyXaeM MHOXeCTBO BXOAHbIX 3HAYEHUI

[laem KnneHTy pewatb, YTO AenaTthb
Dependently typed languages (ldris, Agda, Coq)
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Totality — npeumyuiecTsa npuMeHeHUS
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Totality — npeumyuiecTsa npuMeHeHUS

« KomnunaTtop npoBepsieT KOPPEKTHOCTb Koaa
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Totality — npeumyuiecTsa npuMeHeHUS

« Komnunatop npoBepsaeT KOPPEKTHOCTb KoAa
* YecTHble «PYyHKUMNY
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Totality — npeumyuiecTsa npuMeHeHUS

« Komnunatop npoBepsaeT KOPPEKTHOCTb KoAa
* YecTHble «PYyHKUMNY
* MeHbLUe baros
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5. Select, SelectMany un Linqg

Nikolay Gusev
DotNext conference, 12-13 November 2017

70



CnoXHOCTb Matepuana
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UT0 xXo4eTcsa nonyyunThb

Option<string> value = Some(l).Select(x => x * 2); // Some(2)

Option<int> sum =
from a in Some(1)
from b in Some(2)
from ¢ in Some(3)
select a + b + c; // Some(6)
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Select - IEnumerable

TEnumerable<TR> Select<T, TR>(this IEnumerable<T> e,
Func<T, TR> f)
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Select - IEnumerable

TEnumerable<int> a
TEnumerable<int> resultl

new List<int> { 1, 2, 3 };

a.Select(x => x * 2); // { 2, 4, 6}
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Select - IEnumerable
typeof(int)

TEnumerable<int> a
TEnumerable<int> resultl

new List<int> { 1, 2, 3 };

a.Select(x => x * 2); // { 2, 4, 6}

N

typeof(int)
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Select - IEnumerable

IEnumerable<int> a new List<int> { 1, 2, 3 };
TEnumerable<int> resultl = a.Select(x => x * 2);

TEnumerable<int> b = new List<int>();
TEnumerable<int> result2 = b.Select(x => x * 2);

// {2, 4, 6}

/1 { }
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Select - Option
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Select - Option

Option<int> a = Some(1);

Option<int> resultl

a.Select(x => x * 2); // Some(2)
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Select - Option

Option<int> a = Some(1l);

Option<int> resultl

a.Select(x => x * 2); // Some(2)

N

PacnakoBaHHOe 3Ha4eHue - typeof(int)
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Select - Option

Option<int> a = Some(1l);
Option<int> resultl = a.Select(x => x * 2); // Some(2)

Option<int> b = None;
Option<int> result2 = b.Select(x => x * 2); // None;
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Select - Option

Option<int> a = Some(1l);
Option<int> resultl = a.Select(x => x * 2); // Some(2)

Option<int> b = None;
Option<int> result2 = b.Select(x => x * 2); // None;

[lpocmas aHarnoaus:.
Option — IEnumerable 6e3 anemeHmMoe unu ¢ 0OHUM 351eMEHIMOM
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Select - Result
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Select - Result

public IEnumerable<Order> GetCustomerOrders(CustomerId id) => ..
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Select - Result

public IEnumerable<Order> GetCustomerOrders(CustomerId id) =>

Result<CustomerId, string> idl = Success(new CustomerId(123));
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Select - Result

public IEnumerable<Order> GetCustomerOrders(CustomerId id) =>

Result<CustomerId, string> idl = Success(new CustomerId(123));
idl.Select(id => GetCustomerOrders(id));

K typeof(Customerld)
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Select - Result

public IEnumerable<Order> GetCustomerOrders(CustomerId id) => ...

Result<Customerld, string> idl = Success(new CustomerId(123));
Result<IEnumerable<Order>, string> resultl = idl.Select(id => GetCustomerOrders(id));

& GetCustomerOrders(...) return type K typeof(Customerld)
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Select - Result

public IEnumerable<Order> GetCustomerOrders(CustomerId id) =>

Result<CustomerId, string> idl = Success(new CustomerId(123));
Result<IEnumerable<Order>, string> resultl = idl.Select(id => GetCustomerOrders(id));
// resultl: Success(..orders..)
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Select - Result

public IEnumerable<Order> GetCustomerOrders(CustomerId id) =>

Result<CustomerId, string> idl = Success(new CustomerId(123));
Result<IEnumerable<Order>, string> resultl = idl.Select(id => GetCustomerOrders(id));
// resultl: Success(..orders..)

Result<CustomerId, string> id2 = Failure("Terrible things happened");
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Select - Result

public IEnumerable<Order> GetCustomerOrders(CustomerId id) => ...

Result<CustomerId, string> idl = Success(new CustomerId(123));
Result<IEnumerable<Order>, string> resultl = idl.Select(id => GetCustomerOrders(id));
// resultl: Success(..orders..)

Result<CustomerId, string> id2 = Failure("Terrible things happened");
Result<IEnumerable<Order>, string> result2 = id2.Select(id => GetCustomerOrders(id));
// result2: Failure("Terrible things happened");
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Select
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Select

TEnumerable<TR> Select<T, TR> (this IEnumerable<T> e, Func<T, TR> f)
Option<TR> Select<T, TR> (this Option<T> o, Func<T, TR> f)
Result<TR, TErr> Select<T, TR, TErr>(this Result<T, TErr> r, Func<T, TR> f)
Deutsche Bank Nikolay Gusev

Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017 77



Select

TEnumerable<TR> Select<T, TR> (this IEnumerable<T> e, Func<T, TR> f)
Option<TR> Select<T, TR> (this Option<T> o, Func<T, TR> f)
Result<TR, TErr> Select<T, TR, TErr>(this Result<T, TErr> r, Func<T, TR> f)
// OAMH N TOT Xe WabnoH:

F<TR> Select<T, TR> (this F<T> m, Func<T, TR> f)
Bgﬂigﬂg Egﬂt Technology Centre gicl)(t(l)\llgitcf:lcj)?\?grence, 12-13 November 2017 77



Select

TR

IEnumerable<T> e,

3anakoBaHHoe T
TEnumerable<TR> Select<T, TR> (this
Option<TR> Select<T, TR> (this Option<T> o,

Result<TR, TErr> Select«T,

// OOUH U TOT Xe wWabsoH:
F<TR> Select«T,

TR, TErr>(this

TR> (this

Result<T, TErr> r,

F<T> m,

é\

TR, 3anakoBaHHOE B

Ty XXe 00epTKy
Func<T, TR> f)
Func<T, TR> f)
Func<T, TR> f)

Func<T, TR> f)
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Select

/) T f:T->TR T e\

3anakoBaHHoe T TR, 3anakoBaHHOE B

Ty Xe 0b6epTKy

/.) T f:T->TR R 4\

IEnumerable<T> I[Enumerable<TR>
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Select

/) T f:T->TR

3anakoBaHHoe T

/a T f:T->TR

IEnumerable<T>

f-T->TR

TR AR

TR, 3anakoBaHHOE B
Ty XXe 00epTKy

TR A

IEnumerable<TR>

/)

Option<T>

(-\

Option<TR>
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Select (aka 'map’)

/) T f:T->TR T e\

3anakoBaHHoe T TR, 3anakoBaHHOE B

Ty Xe 0b6epTKy

/a T f:T->TR R 4\\

IEnumerable<T>

/)

Option<T>

IEnumerable<TR>

(-\

Option<TR>

f-T->TR
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Select — Yero mbl fobunucek?
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Select — Yero mbl fobunucek?

* [lpeobpasoBaHne 3anakoBaHHbIX 3HA4YEHUI
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Select — Yero mbl fobunucek?

* [lpeobpasoBaHne 3anakoBaHHbIX 3HA4YEHUI
* B0O3MOXHOCTb NpUMEHeHUs NoObIX CTaHAAPTHBLIX OYHKLUNNA

BXYX
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SelectMany - IEnumerable
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SelectMany - IEnumerable

TEnumerable<TR> SelectMany<T, TR>(this IEnumerable<T> e,
Func<T, IEnumerable<TR>> f)

// CpaBHuM c Select:
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SelectMany - IEnumerable

TEnumerable<TR> SelectMany<T, TR>(this IEnumerable<T> e,
Func<T, IEnumerable<TR>> f)

// CpaBHuM c Select:
TEnumerable<TR> Select<T, TR>(this IEnumerable<T> e,
Func<T, TR> f)
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SelectMany - IEnumerable

TEnumerable<TR> SelectMany<T, TR>(this IEnumerable<T> e,
Func<T, IEnumerable<TR>> f)

// CpaBHuM c Select:
TEnumerable<TR> Select<T, TR>(this IEnumerable<T> e,
(‘ Func<T, TR> f)

J‘

Kaxabin anemeHT T npeobpasyetca B TR
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SelectMany - IEnumerable

TEnumerable<TR> SelectMany<T, TR>(this IEnumerable<T> e,

’K\ Func<T, IEnumerable<TR>> f)
Kaxxabin anemeHT T npeobpasyeTtcs B A
Enumerable<TR>. Bce IEnumerable<TR>
KOHKaTEHUPYIOTCS.

// CpaBHuM c Select:
TEnumerable<TR> Select<T, TR>(this IEnumerable<T> e,
(‘ Func<T, TR> f)

Kaxabin anemeHT T npeobpasyetca B TR
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SelectMany - IEnumerable

TEnumerable<int> e

new List<int> { 1, 2, 3 };
TEnumerable<int> result = e.SelectMany(x => new[] {x, x * 2});
// result - {1, 2, 2, 4, 3, 6 }
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SelectMany — Ling Bepcusa IEnumerable
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SelectMany — Ling Bepcusa IEnumerable

IEnumerable<int> list = new List<int> { 1, 2, 3 };
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SelectMany — Ling Bepcusa IEnumerable

IEnumerable<int> list = new List<int> { 1, 2, 3 };
TEnumerable<int> result = from x in list

K typeof(int)
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SelectMany — Ling Bepcusa IEnumerable

IEnumerable<int> list = new List<int> { 1, 2, 3 };
TEnumerable<int> result = from x in list
from y in new[] { x, x * 2 }

K typeof(int)
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SelectMany — Linq Bepcua IEnumerable

IEnumerable<int> list = new List<int> { 1, 2, 3 };
TEnumerable<int> result = from x in list
from y in new[] { x, x * 2 }
select y;
// {1, 2, 2, 4, 3, 6 }

K Bce 'y’ KOHKaTeHMpytoTcs
B pe3ynbLTUPYHOLLNK
IEnumerable<int>
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SelectMany — IEnumerable nmnnemeHTauus

IEnumerable<TR> SelectMany<T, TR>(IEnumerable<T> enumerable,
Func<T, IEnumerable<TR>> selector)
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SelectMany — IEnumerable nmnnemeHTauus

IEnumerable<TR> SelectMany<T, TR>(IEnumerable<T> enumerable,
Func<T, IEnumerable<TR>> selector)

{
foreach (T e in enumerable)
{
}

}
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SelectMany — IEnumerable nmnnemeHTauus

IEnumerable<TR> SelectMany<T, TR>(IEnumerable<T> enumerable,
Func<T, IEnumerable<TR>> selector)

{
foreach (T e in enumerable)
{
foreach (TR result in selector(e))
}
}
Deutsche Bank Nikolay Gusev
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SelectMany — IEnumerable nmnnemeHTayus

IEnumerable<TR> SelectMany<T, TR>(IEnumerable<T> enumerable,
Func<T, IEnumerable<TR>> selector)

foreach (T e in enumerable)

{

foreach (TR result in selector(e))

yield return result; é\
} Ybupaem BNOXEHHOCTb

} KOHKaTeHauuneu
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SelectMany — IEnumerable nmnnemeHTayus

IEnumerable<TR> SelectMany<T, TR>(IEnumerable<T> enumerable,
Func<T, IEnumerable<TR>> selector)

foreach (T e in enumerable) Select aka ‘map’
{ SelectMany aka ‘flatMap’

foreach (TR result in selector(e))
yield return result;
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SelectMany — Option nmnnemMmeHTaums

Option<TR> SelectMany<T, TR>(Option<T> option,
Func<T, Option<TR>> selector)
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SelectMany — Option nmnnemMmeHTaums

Option<TR> SelectMany<T, TR>(Option<T> option,
Func<T, Option<TR>> selector)
=> option.Match(some: value => selector(value),
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SelectMany — Option nmnnemMmeHTaums

Option<TR> SelectMany<T, TR>(Option<T> option,
Func<T, Option<TR>> selector)
=> option.Match(some: value => selector(value),
none: () => None);
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SelectMany — Option Ling

Option<int> sum =
from a in Some(1)
from b in Some(2)
from ¢ in Some(3)
select a + b + ¢; // Some(6)
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SelectMany — Option Ling
typeof(int)

Option<int¥/sum =
from|{a [in Some(1)
from|{b in Some(2)

from|c fin Some(3)
select a + b + ¢; // Some(6)
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SelectMany — Option Ling
typeof(int)

Option<iq£3(éum =
from|a in Some(1)
from|b in Some(2)

from|c [in Some(3)
selectfa + b + c; |// Some(6)

K [TpmeHaem yHKUMIO, paboTatoLLyto
C int 3Ha4YeHnAMMn, a He ¢ Option<int>
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SelectMany — Option Ling

Option<int> sum =
from a in Some(1)

, [Tony4unun cymmy, 3aBepHyTyto B Option,
from b in Some(2)

, ( He pacrnakoBblBasi 3HAYEHUIN BPYYHYIO
from ¢ in Some(3)

select a + b + ¢; // Some(6)
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SelectMany — nepegadya no ueno4yke

Option<string> greeting =
from a in Some("Hello")

K “Hello”
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SelectMany — nepegadya no ueno4yke

Option<string> greeting =
from a in Some("Hello")
from b in Some(a + " World")

K “Hello World”
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SelectMany — nepegadya no ueno4yke

Option<string> greeting =
from a in Some("Hello")
from b in Some(a + " World")
from ¢ in Some(b + "!")

& “Hello World!”
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SelectMany — nepegadya no ueno4yke

Option<string> greeting =
from a in Some("Hello")
from b in Some(a + " World")
from ¢ in Some(b + "!")

select c; // Some("Hello World!")

oo
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SelectMany — Option, paHHUX BbIXO4

Option<int> sum =
from a in Some(1)
from b in None
from ¢ in Some(3)
select a + b + ¢; // None
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SelectMany — Option, paHHUX BbIXO4

Option<int> sum =
from a in Some(1) €— None? Hert, npogomkaem
from b in None
from ¢ in Some(3)
select a + b + ¢; // None
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SelectMany — Option, paHHUX BbIXO4

Option<int> sum =

from a in Some(1) €— None? Hert, npogomkaem
from b in None ¢&— None! Bo3spaliaem None

from c in Some(3) A4 BCEro Bblpa*KeHnN4A

select a + b + ¢; // None
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SelectMany — Option, paHHu BbIXoA 4

3 qjq)eKTn
"6, - OBEpy,
Option<int> sum = A Hg NOne Ka)lgqol.o

from a in Some(1) €— None? Hert, npogomkaem
from b in None ¢&— None! Bo3spaliaem None

from c in Some(3) A4 BCEro Bblpa*KeHnN4A

select a + b + ¢; // None
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SelectMany — Result umnnemeHTauug

Result<TR, TError> SelectMany<T, TR, TError>(Result<T, TError> result,

selector)

{

Deutsche Bank
Deutsche Bank Technology Centre

Nikolay Gusev
DotNext conference, 12-13 November 2017

Func<T, Result<TR, TError>>
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SelectMany — Result umnnemeHTauns

Result<TR, TError> SelectMany<T, TR, TError>(Result<T, TError> result,

Func<T, Result<TR, TError>>
selector)

{

return result.Match(success: value => selector(value),

} K typeof(T)
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SelectMany — Result umnnemeHTauns

Result<TR, TError> SelectMany<T, TR, TError>(Result<T, TError> result,

Func<T, Result<TR, TError>>
selector)

{

return result.Match(success: value => selector(value),
failure: err => Failure(err));

} K
typeof(TError)
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SelectMany - Result
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SelectMany - Result

CustomerId customerId =
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SelectMany - Result

CustomerId customerld = ...

Result<Customer, string> TryGetCustomer(Customerld id) =>
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SelectMany - Result

CustomerId customerld = ...

Result<Customer, string> TryGetCustomer(Customerld id) =>
Result<IEnumerable<Order>, string> TryGetOrders(Customer customer) =>
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SelectMany - Result

CustomerId customerld = ...

Result<Customer, string> TryGetCustomer(Customerld id) =>
Result<IEnumerable<Order>, string> TryGetOrders(Customer customer) =>
Result<IEnumerable<Item>, string> TryGetItems(IEnumerable<Order> orders) =>
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SelectMany - Result

CustomerId customerld = ...

var customerItems =

from customer in |TryGetCustomerf customerlId)

typeof(Customer)

Result<Customer, string>|TryGetCustomer|CustomerId id) =>
Result<IEnumerable<Order>, string> TryGetOrders(Customer customer) => ...
Result<IEnumerable<Item>, string> TryGetItems(IEnumerable<Order> orders) => ...
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SelectMany - Result

CustomerId customerld = ...

var customerItems =
from customer in TryGetCustomer(customerlId)
from orders in TryGetOrders(customer)

Result<Customer, string> TryGetCustomer(Customerld id) =>
Result<IEnumerable<Order>, string> TryGetOrders(Customer customer) => ...

Result<IEnumerable<Item>, string> TryGetItems(IEnumerable<Order> orders) => ...
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SelectMany - Result

CustomerId customerld = ...

var customerItems =
from customer in TryGetCustomer(customerlId)
from orders in TryGetOrders(customer)
from items in TryGetItems(orders)

Result<Customer, string> TryGetCustomer(Customerld id) =>
Result<IEnumerable<Order>, string> TryGetOrders(Customer customer) => ...

Result<IEnumerable<Item>, string> TryGetItems(IEnumerable<Order> orders) => ...
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SelectMany - Result

CustomerId customerld = ...

var customerItems =
from customer in TryGetCustomer(customerlId)
from orders in TryGetOrders(customer)
from items in TryGetItems(orders)
select items;

Result<Customer, string> TryGetCustomer(Customerld id) =>
Result<IEnumerable<Order>, string> TryGetOrders(Customer customer) => ...

Result<IEnumerable<Item>, string> TryGetItems(IEnumerable<Order> orders) => ...
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SelectMany - Result

CustomerId customerld = ...

customerItems =
from customer in TryGetCustomer(customerlId)
from orders in TryGetOrders(customer)
from items in TryGetItems(orders)
select items;

Result<Customer, string> TryGetCustomer(Customerld id) =>
Result<IEnumerable<Order>, string> TryGetOrders(Customer customer) => ...

IResult<IEnumerable<Item>, string;ITryGetItems IEnumerable<Order> orders) => ...
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SelectMany - Result

CustomerId customerld = ...

var customerItems = Owwmnbka Ha nobdom
from customer in TryGetCustomer(customerId) sTane ocTaHaBnMBaeT
from orders in TryGetOrders(customer) BbIMONHEHUE LEMNOYKU U
from items in TryGetItems(orders) 3anncbiBaeTca B
select items; pe3ynberart.

Result<Customer, string> TryGetCustomer(Customerld id) => ...
Result<IEnumerable<Order>, string> TryGetOrders(Customer customer) => ...
Result<IEnumerable<Item>, string> TryGetItems(IEnumerable<Order> orders) => ...
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SelectMany - Result

B
CustomerId customerld = ... 613083 Ha

var customerItems =
from customer in TryGetCustomer(customerlId)
from orders in TryGetOrders(customer)
from items in TryGetItems(orders)
select items;

Result<Customer, string> TryGetCustomer(Customerld id) => ...
Result<IEnumerable<Order>, string> TryGetOrders(Customer customer) => ...
Result<IEnumerable<Item>, string> TryGetItems(IEnumerable<Order> orders) => ...
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SelectMany - Result

CustomerId customerld = ...

var customerItems =
from customer in TryGetCustomer(customerlId)
from orders in TryGetOrders(customer)
from items in TryGetItems(orders)
select items;

Result<Customer, string> TryGetCustomer(Customerld id) =>
Result<IEnumerable<Order>, string> TryGetOrders(Customer customer) => ...
Result<IEnumerable<Item>, string> TryGetItems(IEnumerable<Order> orders) => ...
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SelectMany - Result

Ha camom pgene Bce AOBOJIbHO NPOCTO..
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SelectMany - Result

var customer = GetCustomer(customerId);
var orders = GetOrders(customer);

var items = GetItems(orders);
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SelectMany - Result

var customer = GetCustomer(customerId); from customer in TryGetCustomer(customerId)

var orders = GetOrders(customer); from orders in TryGetOrders(customer)

var items = GetItems(orders); from items in TryGetItems(orders)

select items;

/L OauHakoBbIv KOA j\
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SelectMany - Result

var customer = GetCustomer(customerId);
var orders = GetOrders(customer);

var items = GetItems(orders);

from customer in TryGetCustomer(customerId)
from orders in TryGetOrders(customer)

from items in TryGetItems(orders)

select items;

iMnepaTmBHbLIN KO C
OONOSTHUTENbHbBIM
adopeKkTOM NPoOBEPKU Ha
OLINBKN

Deutsche Bank Nikolay Gusev
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SelectMany (aka ‘flatMap')

IEnumerable<TR> SelectMany<T, TR> this IEnumerable<T> e, Func<T, IEnumerable<TR>> f);
Option<TR> SelectMany<T, TR> this Option<T> o, Func<T, Option<TR>> f);
Result<TR, TErr> SelectMany<T, TR, TErr>(this Result<T, TErr> r, Func<T, Result<TR, TErr>> f);

// OAMH U TOT Xe wabsoH:

M<TR> SelectMany<T, TR> this M<T> m, Func<T, M<TR>> f);
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SelectMany (aka ‘flatMap')

/) T f: T->M<TR> R 6\

3anakoBaHHoe T

f: T -> IEnumerable<TR>
o T L TR B

IEnumerable<T>

TR, 3anakoBaHHOE B
Ty XXe 00epTKy

IEnumerable<TR>

/9 ] f. T -> Option<TR> f (-\

Option<T> J L Option<TR>
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‘ , 3a cyeT yganeHus .
SelectMany (aka ‘flatMap’) BIIOXXEHHOCTW NOMy4aem
gon. adodpekT

/) T f: T->M<TR> R 6\

3anakoBaHHoe T

TR, 3anakoBaHHOE B
Ty XXe 00epTKy

KoHkaTeHauus

f: T -> IEnumerable<TR>
o T L TR B

IEnumerable<T>

IEnumerable<TR>

] [lpoBepka Ha None(

/9 J f. T -> Option<TR> 1 (-\

Option<T>

Option<TR>
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Okenl, MOXHO WUCMoNbL30BaTb
Ling ona IEnumerable, Option
n Result. A Kakme ewe TUMbl-
0bepTkn noadepKXMBaeT ISTOT
CUHTaKcuc?
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«Tbicaum mnx!»
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bubnnoteka Sprache - napcep
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bubnnoteka Sprache - napcep

Parser<string> idParser =
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bubnnoteka Sprache - napcep

Parser<string> idParser =

var id = idParser.Parse(" abc123 ");

Assert.AreEqual("abc123", id);
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bubnnoteka Sprache - napcep

Parser<string> idParser =
from leading in Parse.WhiteSpace.Many/()

var id = idParser.Parse(" abc123 ");

Assert.AreEqual("abc123", id);
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bubnnoteka Sprache - napcep

Parser<string> idParser =
from leading in Parse.WhiteSpace.Many()
from first in Parse.lLetter.Once()
from rest in Parse.LetterOrDigit.Many()

var id = idParser.Parse(" abc123 ");

Assert.AreEqual("abc123", id);
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bubnnoteka Sprache - napcep

Parser<string> idParser =
from leading in Parse.WhiteSpace.Many()
from first in Parse.lLetter.Once()
from rest in Parse.LetterOrDigit.Many()
from trailing in Parse.WhiteSpace.Many()

var id = idParser.Parse(" abc123 ");

Assert.AreEqual("abc123", id);
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bubnnoteka Sprache - napcep

Parser<string> idParser =
from leading in Parse.WhiteSpace.Many()
from first in Parse.lLetter.Once()
from rest in Parse.LetterOrDigit.Many()
from trailing in Parse.WhiteSpace.Many()
select new string(first.Concat(rest).ToArray());

var id = idParser.Parse(" abc123 ");

Assert.AreEqual("abc123", id);
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Bubnnoteka Sprache - napcep

kT

C Ne

Parser<string> idParser = T'OOKI/I Cre 'Oe:qat-/[,, ocr
from leading in Parse.WhiteSpace.Many() 'qnyLqu " ATk
from first in Parse.lLetter.Once() aPCepy

from rest in Parse.LetterOrDigit.Many()
from trailing in Parse.WhiteSpace.Many()
select new string(first.Concat(rest).ToArray());

var id = idParser.Parse(" abc123 ");

Assert.AreEqual("abc123", id);

Deutsche Bank Nikolay Gusev
Deutsche Bank Technology Centre DotNext conference, 12-13 November 2017 93



bubnnoteka FsCheck - reHepaTop cny4YanHbix 3Ha4YEHUN

Gen<Person> personGenerator =
from age in Arb.Default.Int32().Generator
from name in Arb.Default.String().Generator
select new Person(age, name);
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bubnnoteka FsCheck - reHepaTop cny4YanHbix 3Ha4YEHUN

Gen<Person> personGenerator =

from age in Arb.Default.Int32().Generator l'eHepaTopsl
from name in Arb.Default.String().Generator Gen<int> u

Gen<string>
select new Person(age, name);
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bubnnoteka FsCheck - reHepaTop cny4YanHbix 3Ha4YEHUN

Gen<Person> personGenerator =

from age in Arb.Default.Int32().Generator l'eHepaTope
from name in Arb.Default.String().Generator Gen<1nt? /

Gen<string>
select new Person(age, name);

Mony4yuBwutca 2eHepamop Gen<Person> MOXHO
ucnosne3obame 014 co30aHUA HoBbix 2eHepamopob!
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bubnnoteka FsCheck - reHepaTop cny4YanHbix 3Ha4YEHUN

Gen<Person>|personGenerator|=
from age in Arb.Default.Int32().Generator :;::> [eHepaToOpbI

from name in Arb.Default.String().Generator Gen<int> u
Gen<string>
select new Person(age, name);

Gen<Worker> workerGenerator =

from person in|personGenerator|

from salary in Arb.Default.Double().Generator
select new Worker(person, salary);

Worker worker = workerGenerator.Eval(..);
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bubnnoteka FsCheck - reHepaTop cny4YanHbix 3Ha4YEHUN

Gen<Person> [personGenerator |= CVUﬂﬂa“
from age in Arb.Default.Int32().Generator Cﬁﬁaqe
from name in Arb.Default.String().Generator
select new Person(age, name);

Gen<Worker> workerGenerator =

from person in|personGenerator|

from salary in Arb.Default.Double().Generator
select new Worker(person, salary);

Worker worker = workerGenerator.Eval(..);
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Select, SelectMany n Ling - ntoru
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Select, SelectMany n Ling - ntoru

 Select
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Select, SelectMany n Ling - ntoru

» Select
« SelectMany
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Select, SelectMany n Ling - ntoru

« Select
« SelectMany
* Ling
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Select, SelectMany n Ling - ntoru

* Select

« SelectMany

* Ling

 MeHbLe Koga — MeHbLUe baros.
Deutsche Bank Nikolay Gusev
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NTOI'M
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UTO Mbl cerogHa paccMmoTpenu
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UTO Mbl cerogHa paccMmoTpenu

* Discriminated Unions kak anstepHatusy HacnegosaHutio
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UTO Mbl cerogHa paccMmoTpenu

* Discriminated Unions kak anstepHatuey HacnegosaHutio

« Option kak 3ameHy null 3Ha4yeHnn
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UTO Mbl cerogHa paccMmoTpenu

* Discriminated Unions kak anstepHatuey HacnegosaHutio
« Option kak 3ameHy null 3Ha4yeHnn

« 3ameHy Exception’am — Result, He NO3BONAOLWMNA BO3MOXHbIM

oLIMOKaM NPoNTU HE3aMEYEHHbIMU
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UTO Mbl cerogHa paccMmoTpenu
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YTO MbI cerogHAa paccmMmoTpenu

« Totality n Purity, genatowme Halwm MeToabl NPOCTbIMU U MOHATHBLIMU
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YTO MbI cerogHAa paccmMmoTpenu

« Totality n Purity, genatowme Halwm MeToabl NPOCTbIMU U MOHATHBLIMU

* Kcnonb3oBaHue Select n Ling gna Kopobo4HbIX TUNoB M<T>
(IEnumerable, Option, Result, Parser, Gen)
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* [lpocToTa 1 coyeTaemMoCTb KOHLEeNunm
« CTporas Tunnsaumsa - nyyqwmnm gpyr
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YTO MbI cerogHAa paccmMmoTpenu

* [lpocToTa 1 coyeTaemMoCTb KOHLEeNunm
« CTporas Tunnsaumsa - nyyqwmnm gpyr
« C# + OI
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YTO MbI cerogHAa paccmMmoTpenu

[lpocTOoTa U coMeTAEMOCTb KOHLENLUA
CTporas Tunusaumsa - nyyqwmnm apyr
C# + Ol

[Mntocel OI1
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YTO MbI cerogHAa paccmMmoTpenu

[lpocTOoTa U coMeTAEMOCTb KOHLENLUA
CTporas Tunusaumsa - nyyqwmnm apyr
C# + Ol

[Mntocel OI1
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cxoaHUKH

https://qgithub.com/NikolayGusev/CSharp FP Presentation
https://github.com/NikolayGusev/DiscriminatedUnions

Lang ext (C# functional library)
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https://github.com/louthy/language-ext
https://github.com/louthy/language-ext
https://github.com/louthy/language-ext

UTo ewle nocnywatsb?

Basic
Functional programming design patterns by Scott Wlaschin
Functional Principles for Object Oriented Development by Jessica Kerr

Advanced

Railway oriented programming: Error handling in functional languages by Scott Wlaschin
Simple Made Easy by Rich Hickey

Functional Programming from First Principles by Erik Meijer

Expert
Don't fear the Monad by Brian Beckman
Functional Programming Fundamentals by Dr. Erik Meijer
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https://www.youtube.com/watch?v=E8I19uA-wGY
https://www.youtube.com/watch?v=pMGY9ViIGNU
https://vimeo.com/113707214
https://www.infoq.com/presentations/Simple-Made-Easy
https://www.youtube.com/watch?v=a-RAltgH8tw
https://www.youtube.com/watch?v=ZhuHCtR3xq8
https://www.youtube.com/playlist?list=PLX15ZXZzrWp5l1WkN5VkhmrbVp_ybNFRZ

YTOo ewe noyntaTtb?

http://fsharpforfunandprofit.com/
Learn You a Haskell

bubnnoteku

Lang ext (C# functional library)
FsCheck (Property Based Testing)
Sprache (parser)
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http://fsharpforfunandprofit.com/
http://learnyouahaskell.com/chapters
https://github.com/louthy/language-ext
https://github.com/fscheck/FsCheck/issues/189
https://github.com/sprache/Sprache

BOIPOCbI?

—
J

A

b&
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[aHHbIN MaTepman He ABNAETCA NpeasioKeHNeM Unu NpeaocTaBneHMem Kakon-nmdo ycnyrn. JaHHbIn
Martepuan npegHasHa4yeH UCKMIYNTENbHO AN MHHOOPMALMOHHbBIX U UNNIOCTPATUBHBLIX LIENen n He
npeaHasHavyeH Ans pacnpocTpaHeHns B peknamHbix uensix. Jllobon aHanna TpeTbnx CTOPOH He
npeanonaraet Kakoro-nmbo ogodbpeHnsa nnn pekomeHaaunn. MHeHus1, BblpaXkeHHble B JaHHOM
Martepwuane, ABnATCS akTyanbHbIMU Ha TEKYLLIMKA MOMEHT, NOSIBISOTCS TOMbKO B 3TOM MaTtepuarne u
MOryT ObITb N3MEHEHbI 6e3 NpeaBapuUTENbHOIO yBe4OMMEHUS. ITa MHOPMaLNA NPeaoCTaBnAeTCs ¢
MOHMMaHMEM TOro, YTO B OTHOLLEHMM MaTepunana, NpegoCcTaBeHHOro 34ech, Bbl byaete npuHUMaThb
CaMOCTOSATENbHOE peLleHne B OTHOLWEHMN NOBbIX AENCTBUN B CBA3U C HACTOSALWMM MaTtepuanom, n ato
pelleHne aBnaeTcss OCHOBaHHbIM Ha BalleM COBCTBEHHOM CYXXOEHUWN, U YTO Bbl CMOCOOHbLI MOHATL U
oueHuTb nocneacteus atux gencteun. OO0 “TexHonorndeckmin LleHtp Jonve baHka" He HeceT
HWUKaKOM OTBETCTBEHHOCTM 3a Ntobble yObITKM N0OOro poaa, OTHOCALLMXCA K 3TOMY MaTepuany.
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