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Свойства
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Свойства — C++ и Java?
C++
#include <iostream>

void main () {
  std::cout.width(10);
  std::cout << std::cout.width();
}

// =>         10

Java
import java.util.ArrayList;

public class Main {
  public static void main() {
    ArrayList<String> s =
      new ArrayList<String>();

    s.add(“foo”);
    s.add(“bar”);
    
    System.out.println(s.get(0));
    System.out.println(s.size());
  }
}
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Свойства — C++ и Java?
Java
public class Main {
  public static void main() {
    int[] a = new int[3];

    System.out.println(a.length);
  }
}

Java
import java.awt.geom.Arc2D;

public class Main {
  public static void main() {
    Arc2D shape =
      new Arc2D.Double(Arc2D.Pie);
    shape.setAngleExtent(200);

    System.out.println(
      shape.getAngleExtent()
    );
  }
}
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Свойства — Delphi (Object Pascal)
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Свойства — Visual BASIC
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Свойства — синтаксический сахар, но…
interface IFieldAndProperty
{
    int field;

    int Property { get; set; }
}

9



Свойства — синтаксический сахар, но…
class Base
{
    int field;

    virtual void Method()
    {
    }

    virtual void Abstract() = 0;
}class DerivedA : Base

{
    override void Method()
    {
        field = field + 4;
    }
}

class DerivedB : Base
{
    override void Method()
    {
        field = field * 2;
    }
}

class DerivedAB : DerivedA, DerivedB
{
    int NextField()
    {
        Method(); // ???

        return field; // ???

        Abstract(); // !!!
    }
}
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События
interface IFieldPropertyDelegateAndEvent
{
    int field;

    int Property { get; set; }

    Action<object, EventArgs> action;

    event Action<object, EventArgs> Event;
}
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Отличие событий от делегатов?
> Func<int, int> f = i => i + 2;
> f(2)
4
> f += i => i * 4;
> f(2)
8
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Делегаты — как это было в C
#include <stdio.h>
#include <stdlib.h>

int int_compare(const int* a, const int* b) {
  return *a - *b;
}

void main() {
  int a[7] = { 23, 17, 34, 75, 45, 94, 21 };
  qsort(a, 7, sizeof(int), int_compare);

  for (size_t i = 0; i < 7; i++)
    printf("%d\n", a[i]);
}            
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Делегаты — как это стало в C++
class Foo
{
private:
  int value;

public:
  Foo(int value) { this->value = value; }

  int get_value() const { return value; }

  int compare(const Foo& other) const {
    return value - other.value;
  }

  static int compare2(const void* a, const void* b) {
    return static_cast<const Foo*>(a)->compare(*static_cast<const Foo*>(b));
  }
}; 15



Делегаты — как это стало в Java
import java.util.Arrays;
import java.util.Comparator;

class Main {
  public static void main(String[] args) {
    Integer[] a = new Integer[] { 23, 17, 34, 75, 45, 94, 21 };

    Arrays.sort(a, new Comparator<Integer>() {
      public int compare(Integer a, Integer b) {
        return a - b;
      }
    });

    for (int i = 0; i < a.length; i++)
      System.out.println(a[i]);
  }
}
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Делегаты — как это стало в C#
using System;

class Program {
  static int Compare(int a, int b) {
    return a - b;
  }
  
  public static void Main (string[] args) {
    int[] a = new int[] { 23, 17, 34, 75, 45, 94, 21 };
    Array.Sort(a, Compare);

    for (int i = 0; i < a.Length; i++)
      Console.WriteLine(a[i]);
  }
}
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Делегаты сейчас
> delegate int F(int value);
> F f = i => i + 2;
> f(1)
3
> f += i => i * 2;
> f(1)
2

> Func<int, int> f = i => i + 2;
> f(1)
3
> f += i => i * 4;
> f(1)
2
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Полиморфизм
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Полиморфизм
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Ad hoc полиморфизм
decimal Sum(this IEnumerable<decimal> source) {…}

double Sum(this IEnumerable<double> source) {…}

int Sum(this IEnumerable<int> source) {…}

long Sum(this IEnumerable<long> source) {…}

decimal? Sum(this IEnumerable<decimal?> source) {…}

double? Sum(this IEnumerable<double?> source) {…}

int? Sum(this IEnumerable<int?> source) {…}

long? Sum(this IEnumerable<long?> source) {…}
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Generic Math в C# 11
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public static TResult Sum<T, TResult>(IEnumerable<T> values)
    where T : INumber<T>
    where TResult : INumber<TResult>
{
    TResult result = TResult.Zero;

    foreach (var value in values)
    {
        result += TResult.Create(value);
    }

    return result;
}



Параметрический полиморфизм в C++
#include <iostream>

template <int N> struct Factorial 
{
  enum { value = N * Factorial<N - 1>::value };
};

template <> struct Factorial<0> 
{
  enum { value = 1 };
};

void main()
{
  std::cout << 4 << "!" << " = " << Factorial<4>::value << "\n";
  std::cout << 8 << "!" << " = " << Factorial<8>::value << "\n";
  std::cout << 16 << "!" << " = " << Factorial<16>::value << "\n";
} 23



Параметрический полиморфизм в Java
class DoublePoint { public double x; public double y; }

String json = """
  {
    "foo": { "x": 1.0, "y": 2 },
    "bar": { "x": 3, "y": 4.0 },
    "baz": { "x": 5, "y": 6 }
  }
""";

Map<String, DoublePoint> m = new Gson().fromJson(json, Map.class);

for (Map.Entry<String, DoublePoint> p: m.entrySet()) {
  System.out.println(p.getKey());
  System.out.println(p.getValue().x);
  System.out.println(p.getValue().y);
}
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Параметрический полиморфизм в C#
public class Node<T>
{
    public T Value { get; set; }

    public Node<T> Next { get; set; }
}

public class List<T>
{
    public Node<T> Head { get; set; }
}

public bool Contains(T value)
{
    var current = this.Head;

    while (current != null)
    {
        if (current.value == value)
            return true;

        current = current.next;
    }

    return false;
}
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Вывод типов
let contains value list =
  let rec check node =
      match node with
      | None -> false
      | Some node ->
        if node.value = value
        then true
        else check node.next 

  check list.head

type Node<'a> = {
    value: 'a
    next: Node<'a> option
}

type List<'a> = {
    head: Node<'a> option
}
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Вывод типов

27



28

C#

Visual BASIC Delphi

JavaC++ VB.NET

F#

TypeScript

Kotlin

Scala

Python

JavaScript



LINQ
DateTime[] dateTimes = …;

// Понедельники в хронологическом порядке
var result = dateTimes.Where(x => x.DayOfWeek == DayOfWeek.Monday)
                      .OrderBy(x => x);

29



Почему лямбда-функции?
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Почему лямбда-функции?
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Почему лямбда-функции?

32



Почему лямбда-функции?
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Почему лямбда-функции?
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Почему лямбда-функции?

35



Почему лямбда-функции?

(lambda (x y) (sqrt (+ (* x x) (* y y))))
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Почему лямбда-функции?

(lambda (x y) (sqrt (+ (* x x) (* y y))))

37

(x, y) => Math.Sqrt(x * x + y * y)
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Деревья выражений
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Цитирование в LISP
> (+ (/ 1 1) (/ 1 1) (/ 1 2) (/ 1 6) (/ 1 24) (/ 1 120) (/ 1 720) (/ 1 5040))
2.7182539682539684

> ’(+ (/ 1 1) (/ 1 1) (/ 1 2) (/ 1 6) (/ 1 24) (/ 1 120) (/ 1 720) (/ 1 5040))
(+ (/ 1 1) (/ 1 1) (/ 1 2) (/ 1 6) (/ 1 24) (/ 1 120) (/ 1 720) (/ 1 5040))
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Макросы
(define (display-value value)
    (display value)
    (display " = ")
    (display (eval value))
    (newline))

(define a 15)
(define x 3)

(display-value ‘(* a x))
(* a x) = 45
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Цитирование в F#
> let f = <@ fun x -> x + 2 @>

val f: Quotations.Expr<(int -> int)> =
  Lambda (x, Call (None, op_Addition, [x, Value (2)]))
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Деревья выражений
> Func<double, double> square = x => x * x;
> square(2)
4

> Expression<Func<double, double>> expSquare = x => x * x;
> expSquare(2)
error CS1955: Невызываемый член "expSquare" не может использоваться как метод.

> expSquare.Compile()(2)
4
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Производная
> #r "SySharp.dll"
> using SySharp;
> Symbolic.Derivative(x => x + 3).ToString()
"x => (1 + 0)"

> Symbolic.Derivative(x => x + 3).Simplify().ToString()
"x => 1"

> var a = 15;
> Symbolic.Derivative(x => a * x * (x + 3)).Simplify().ToString()
"x => (a * x) + (a * (x + 3))"
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Ленивые вычисления
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Haskell

47

fibs = 0 : 1 : zipWith (+) fibs (tail fibs)
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Ленивые вычисления — целые числа
static IEnumerable<BigInteger> Integers()
{
    var i = BigInteger.One;

    while (true)
        yield return i++;
}

// Integers(): 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,…
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Ленивые вычисления — простые числа
static IEnumerable<BigInteger> Primes()
{
    return Integers().Where(IsPrime);
}

// Primes(): 2, 3, 5, 7, 11, 13, 17, 19, 23, 29,…
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Ленивые вычисления — другие простые числа
static IEnumerable<BigInteger> Primes()
{
    return Integers().Skip(1).PrimesRecursive();
}

static IEnumerable<BigInteger> PrimesRecursive(this IEnumerable<BigInteger> s)
{
    var (nextPrime, tailPrimes) = s.HeadTail();
    yield return nextPrime;

    var filteredTail = tailPrimes.Where(i => i % nextPrime != BigInteger.Zero)
                                 .PrimesRecursive();

    foreach (var prime in filteredTail)
        yield return prime;
}

// Primes(): 2, 3, 5, 7, 11, 13, 17, 19, 23, 29,… 52



static IEnumerable<BigInteger> Fibs()
{
    yield return BigInteger.Zero;
    yield return BigInteger.One;

    foreach (var s in Fibs().Zip(Fibs().Skip(1), (a, b) => a + b))
        yield return s;
}

// Fibs(): 0, 1, 1, 2, 3, 5, 8, 13, 21, 34,…
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Ленивые вычисления — практический пример
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public static IEnumerable<RegistryKey> GetAllKeys(RegistryKey root)
{
    yield return root;

    foreach (var subKeyName in root.GetSubKeyNames())
    {
        using (var subKey = root.OpenSubKey(subKeyName))
        {
            foreach (var descendantKey in GetAllKeys(subKey))
                yield return descendantKey;
        }
    }
}
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Асинхронность
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Callback Hell
static void AsyncProcessRequest(IAsyncResult asyncResult)
{
    var listener = (HttpListener)asyncResult.AsyncState;
    listener!.BeginGetContext(AsyncProcessRequest, listener);
    var context = listener.EndGetContext(asyncResult);

    if (context.Request.HttpMethod == "GET")
    {
        if (context.Request.RawUrl == "/")
        {
            context.Response.StatusCode = 200;
            var buffer = Encoding.UTF8.GetBytes("<!DOCTYPE html>\n");
            context.Response.OutputStream.BeginWrite(buffer, 0, buffer.Length, result =>
            {
                var response = (HttpListenerResponse)asyncResult.AsyncState;
                buffer = Encoding.UTF8.GetBytes("<html lang='en'>\n");
                response!.OutputStream.BeginWrite(buffer, 0, buffer.Length, result =>
                {
                    response = (HttpListenerResponse)asyncResult.AsyncState;
                    buffer = Encoding.UTF8.GetBytes("<head><meta charset='utf-8'><title>Example HTTP server</title></head>\n");
                    response!.OutputStream.BeginWrite(buffer, 0, buffer.Length, result =>
                    {
                        response = (HttpListenerResponse)asyncResult.AsyncState;
                        buffer = Encoding.UTF8.GetBytes("<body><p>Example HTTP server</p></body>\n");
                        response!.OutputStream.BeginWrite(buffer, 0, buffer.Length, result =>
                        {
                            response = (HttpListenerResponse)asyncResult.AsyncState;
                            buffer = Encoding.UTF8.GetBytes("</html>");
                            response!.OutputStream.BeginWrite(buffer, 0, buffer.Length, result =>
                            {
                                response = (HttpListenerResponse)asyncResult.AsyncState;
                                response!.OutputStream.Close();
                            }, response);
                        }, response);
                    }, response);
                }, response);
            }, context.Response);
        }
        else
        {
            context.Response.StatusCode = 404;
            context.Response.OutputStream.Close();
        }
    }
    else
    {
        context.Response.StatusCode = 405;
        context.Response.OutputStream.Close();
    }
} 57



async/await
private static async void GetContextAsync(HttpListener listener)
{
    await Task.Yield();
    var context = await listener.GetContextAsync();
    GetContextAsync(listener);
    await Console.Out.WriteLineAsync($"{context.Request.HttpMethod} {context.Request.RawUrl}");

    if (context.Request.HttpMethod == "GET")
    {
        if (context.Request.RawUrl == "/")
        {
            await Task.Delay(100);
            context.Response.StatusCode = 200;

            await using var writer = new StreamWriter(context.Response.OutputStream);
            await writer.WriteLineAsync("<!DOCTYPE html>");
            await writer.WriteLineAsync("<html lang='en' xmlns='http://www.w3.org/1999/xhtml'>");
            await writer.WriteLineAsync("  <head>");
            await writer.WriteLineAsync("  <meta charset='utf-8' />");
            await writer.WriteLineAsync("  <title>Example HTTP server</title>");
            await writer.WriteLineAsync("  </head>");
            await writer.WriteLineAsync("  <body>");
            await writer.WriteLineAsync("    <p>Example HTTP server</p>");
            await writer.WriteLineAsync("  </body>");
            await writer.WriteLineAsync("</html>");
        }
        else
        {
            context.Response.StatusCode = 404;
            context.Response.OutputStream.Close();
        }
    }
    else
    {
        context.Response.StatusCode = 405;
        context.Response.OutputStream.Close();
    }
}
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Было/стало
private static async void GetContextAsync(HttpListener listener)
{
    await Task.Yield();
    var context = await listener.GetContextAsync();
    GetContextAsync(listener);
    await Console.Out.WriteLineAsync($"{context.Request.HttpMethod} {context.Request.RawUrl}");

    if (context.Request.HttpMethod == "GET")
    {
        if (context.Request.RawUrl == "/")
        {
            await Task.Delay(100);
            context.Response.StatusCode = 200;

            await using var writer = new StreamWriter(context.Response.OutputStream);
            await writer.WriteLineAsync("<!DOCTYPE html>");
            await writer.WriteLineAsync("<html lang='en' xmlns='http://www.w3.org/1999/xhtml'>");
            await writer.WriteLineAsync("  <head>");
            await writer.WriteLineAsync("  <meta charset='utf-8' />");
            await writer.WriteLineAsync("  <title>Example HTTP server</title>");
            await writer.WriteLineAsync("  </head>");
            await writer.WriteLineAsync("  <body>");
            await writer.WriteLineAsync("    <p>Example HTTP server</p>");
            await writer.WriteLineAsync("  </body>");
            await writer.WriteLineAsync("</html>");
        }
        else
        {
            context.Response.StatusCode = 404;
            context.Response.OutputStream.Close();
        }
    }
    else
    {
        context.Response.StatusCode = 405;
        context.Response.OutputStream.Close();
    }
}
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static void AsyncProcessRequest(IAsyncResult asyncResult)
{
    var listener = (HttpListener)asyncResult.AsyncState;
    listener!.BeginGetContext(AsyncProcessRequest, listener);
    var context = listener.EndGetContext(asyncResult);

    if (context.Request.HttpMethod == "GET")
    {
        if (context.Request.RawUrl == "/")
        {
            context.Response.StatusCode = 200;
            var buffer = Encoding.UTF8.GetBytes("<!DOCTYPE html>\n");
            context.Response.OutputStream.BeginWrite(buffer, 0, buffer.Length, result =>
            {
                var response = (HttpListenerResponse)asyncResult.AsyncState;
                buffer = Encoding.UTF8.GetBytes("<html lang='en'>\n");
                response!.OutputStream.BeginWrite(buffer, 0, buffer.Length, result =>
                {
                    response = (HttpListenerResponse)asyncResult.AsyncState;
                    buffer = Encoding.UTF8.GetBytes("<head><meta charset='utf-8'><title>Example HTTP server</title></head>\n");
                    response!.OutputStream.BeginWrite(buffer, 0, buffer.Length, result =>
                    {
                        response = (HttpListenerResponse)asyncResult.AsyncState;
                        buffer = Encoding.UTF8.GetBytes("<body><p>Example HTTP server</p></body>\n");
                        response!.OutputStream.BeginWrite(buffer, 0, buffer.Length, result =>
                        {
                            response = (HttpListenerResponse)asyncResult.AsyncState;
                            buffer = Encoding.UTF8.GetBytes("</html>");
                            response!.OutputStream.BeginWrite(buffer, 0, buffer.Length, result =>
                            {
                                response = (HttpListenerResponse)asyncResult.AsyncState;
                                response!.OutputStream.Close();
                            }, response);
                        }, response);
                    }, response);
                }, response);
            }, context.Response);
        }
        else
        {
            context.Response.StatusCode = 404;
            context.Response.OutputStream.Close();
        }
    }
    else
    {
        context.Response.StatusCode = 405;
        context.Response.OutputStream.Close();
    }
}



A poor man’s concurrency monad
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Atom

Fork

Stop

Atom

Atom Atom
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Stop
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Combining Events And Threads For Scalable Network
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Introducing F# Asynchronous Workflows
let AsyncHttp(url:string) = async {
    let req = WebRequest.Create(url)

    let! rsp = req.GetResponseAsync()

    use stream = rsp.GetResponseStream()
    use reader = new System.IO.StreamReader(stream)

    return reader.ReadToEnd()
}
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Идет набор в Школу бэкенд-разработки!
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Подать заявку и выполнить вступительное задание нужно до 23 июня 23.59 по 
московскому времени

● Обучение в школе проходит на двух треках: Python и Java

● Студентов школы ждут два этапа: онлайн с лекциями и практическими занятиями и 
очный в Москве с реализацией проектов в командах (Яндекс оплатит билеты и 
проживание студентам из других городов)

● Обучение полностью бесплатное
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● Свойства.
● События и делегаты.
● Полиморфизм.
● Вывод типов.
● Лямбды.
● Деревья выражений.
● Ленивые вычисления.
● Оператор GOTO.
● Асинхронный код.
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